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| ABSTRACT _

Several workers have suggested tﬁat the current flowing to earth
th¥ough an earthed radio-active collector could; if wind speed was
considered,'be used to measure the earth's vertical potential gradient.
Without measurement of wind speed such a collector has been used to give
an approximate estimate of the potential gradient.

The present work Sets out to show whether, in fact, an accurate estimafe
of potential gradient can be got from the simultaneous recording of the
current flowing to earth from an earthed radio-active collector and wind
speed. Records were taken at the Durham University Observatory of the
two variables mentioned and were compared with records of potentia; gréaient
as measured with a field mill.

The records showed agreement:with the results of other workers iﬁ-that
~there was: a highly siénificant correlation between thé collector current and
the potential gradient; and -in almost all cases; a significant correlation
between collecfor current andlwind speed. However, the results showed
that nO'reliAble estiméte cduld be got of potential grédient from the ofher
two records. Tt was found that the errors in such.an estimate wefe about
8% over short periods (up to three hours) and appreciably éreater over
longer periods.

It is suggested thaf tﬁe apparently random short term errors are
due to rapid-fluctuatioﬁs in wind speed which are not accurately b
recorded on the anemometer 5écause of the-smnothigé which was necessary.
The ldng term errors are thought to be due to variations in the effective

activity of the collector because of contamination on the surface of the

radio-active laminae restricting the emission of radiation.
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PREFAGE

The units employed in this WOrk_are retionalised M.K.S. However,

for convenience practical units have been gquoted in some diagrams.

Extensive use has been madé:of diagrams to help in the description

of apparatus and expression 5f'results.

The following abbreviations and symbols have been used:

¢ - curie

€ - permittivity of air,taken as 8.85 x 10712 F/n

and the following prefiies:-

M=106 =
K=107 -
m=40"9 -
M= 10'6 -
n=140"2 -
b = 10712

as
as
as
as
as

as

in megohm

in kilo-ohm
in milliamp
in microamp
in hahoamp

in picocoulomb

The less conventional n is especially useful in the expression of

values of coliexpr-cufrent.



ABSTRACT

Several workers have suggested that the current flowing to
earth through an earthed radlo-actlve collector could, if wind
-speed was. con51dered, be used to measure the earth's vertical
potential gradient. Without measurement of w1nd speed such a«
collector has been used to'give an approximate estimate of the
potential gradient. | |

The present work sets eut to show whether, in fact, an
accurate estlmate of potent1al gradlent can be got from the
: 81multaneous recordlng of’ the current flowing to earth from an
earthed radlo-active_collector_and the wind speede. Records were
taken at the Durham University Observatory of the two veriables
mentioned and were compared. with records of potential gradient as
measured with a field mill,
| The records ehoyd agreement with the results of other workers
in that there was: . a hlghly significant correlation between the
collector cqrrent and the potential gradient; and in almost all
cases a significant correlation between collector current and wind
epeed. However, the-resuits showed that no reliable estimate
could be got of potential gradient from.the other two records,
It was found that the errors in such an estimate were about 8%
over short periods (up to three hours) and appreciably greater
over longer periods. '

It is suggeste&'thet the apparently random short term errors
are due to rapid fluctuations iﬁ.wind speed which are not
accuratelj recorded on the anemometer because of the smo@thing

which was necessary.’ The_long term errors are thought to be due



to varlations in the effective activity of the collector
because of contamination on the surface of the radio-—active

“laminae restricting the émission of radiation.
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CHAPTER 1

INTRODUCTION

. Measurement of the earth's vertical potential gradient

. The vertical potential gradient in the space between the earth
and the ionosphere can be measured by two methods.
The first to be used was that of measuring the potential, V,

at two heights, a & b, vertically above one another and computing

the potential gradient, F, from

F=vb-va ee s oseoesseODOEODOOIBES (1.1)

b-a
It is now conventional to take b as the higher o} the two points
of measurement thus giving the potential gradient a positive Qalue
in fine weather. It is often convenient, for measurements close to
the earth, to take a = O where, by definition, Va= o. Thus
equation 1.1 is reduced to

by =_,V.bé?-b- cecsccccsns (142)

The second method of méasurement makes use of the charge bound
onto the earth's surface by the lines of force ending thereon. The

surface charge density,6 4of this bound charge is given by
- 0 :
F- /e eeeovseeeeno (103)
It can be seen from equation 4.3 that the charge on any area exposed
to potentiallgradient is directly proportional to that potential

N Q“““dm?w;r?; ¢ ';"’/p
radient U emdnn
g ¢ 2 4 FEB 1964
L liﬂ" ' j

Simple bound charge method

A simple method of measuring the bound charge has been

described by CHALMERS (41955).
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A.plate is exposed to the potential gradieﬁt and is electrically
comected to the grid of an amplifying triode. When the plate is
removed from the potential gradient the bound charge will leak away
through the grid resistor of the valve giving an amplified impulse
in the output circuit. Oon re—éxpdsing the plate charge will flow
back to the plate. The amplitude of the pulses in the anode circuit
givesa measure of thé potential gradient.

The field mill and agrimeter are two field machines which
employ the above principles to give a continuous measurement of
potential gradient. Both these machines have been amply described
elsewhere but since a field mill has been used in this work it has
been thought worth while to describe it again here. A,description
of the agrimeter can be found in CHALMERS (195;).

The Field Mill '

In the mill two identical vanes are set coaxially such that when
the upper earthed vane is rotated it alternatély covers and exposes
" the lower vane., Hence the flowing of the bound charge through the
resistance to earth produces an alterﬁating voltage which can be
amplified and measured. The amplitude of the voltage is directly
proportional to the potential gradient. A more detailed descriptioﬂ
of the mill will be given in MMMZ
§igg discrimination

Because thé mill gives an alternating output it is not possible
from tﬁe output to detefmine_the sign of the potential gradient.

Several methods of sign discrimination have been employed by

' several workers; all.involve further complicating the apparatus.
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A method used by MAPLESON & WHITLOCK (1955), among others,
involves a secondary pair of smaller vanes driven on the same axle
and a phase sensitive amplifier;

COLLIN (1962) has deséribgd how the sign of the potentiél
gradient may be determined by applying pulses to the rotating vanes
at intervals. | ) _ |

A similar method is'to;&pply an additional field large enoughff
to render the sum of the applied dand natural potential gradiehts
positive for all natural negative potential gradients §9 be -
encountered, | ,
Problems in the use of the Mill

If phere is any contact potential between the two vanes a high
zero output will be-encowmered. Contact potentials are of'the.
6rder of a few volts but the-separation of the vanes is small, about
Smm., Thus for a contact potential of 4 volt there will be a
sﬁurious field of 200'volts/met?e.

The usual way of overcdming,this problem is to use highly
polished chromium plated vanes which aré unlikely to tarnish.
.However, it would seem that in an industrial area certainly, the veme:
vanes will become coated with fcreign'matper.

Regular cleaning may appear to be the solution to the problem.
This would remove the foreign matter and iherefore the contact
potential, but one could not befcertain that the vanes would be
restored to their former state. It would seem then that regular

r
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cleaning'would cauée the contact potential to vary in an erratic
manner.

The alternative is to éllow foreign ﬁattep to be éepbsited on
the vanes and'measufe the zero output regularly; using an
extrapoiation‘of these fesults to obtain a corréction.

* A second problem is that of exposure. If a mill is to be used
at any position, other than that of having the vanes at ground level,
an exposure féctor has to be found. If there is any space charge
between the'leveis of the mills used in deterﬁining'the exposure
factor it will be subject to error. (COLLIN 1963). |

ISRAEL (1963) has proposed that all measurements be stand-
ardised to height other than ground level, say 2m., and that all
apparatus should be installed at this height. If this were done
_ the mill would have to be kept at the potential of the surroundings
which would involve mofe electronics.

Other bound charge methods have been described by CHALMERS {1 95;{
and IMANIATOV (1962). | '

Collectors

The potential gradient is measured with collectors by measuring
the potential at two heights as described previously. The potential
is measured by éllowing the always highly insulated collector to
reach .the potential of its surroundings after which this potential
is measured with an electrometer.

Some of the earliest measurements in Atmospheric Electricity
were made by Lomonosov and Rikhman with an "electric gnomon" or

point. . Infsufficiently high fields a highly insulated point will
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discharge until its potential is equal to that of its surroundings.
It would.reach the potential of its surroundihgs even in low fields
if it was allowed sufficient time to collect (or give off) the
necessary charge by conduction current. For a reasonably rapid
response thé point collector is only suitable for high fields.

More recently Crozier has used a method employing an extremely
highly insulated p&int with a high degree of electronic feed-back.
He refers to his arrangement as a "passive anfenna", The détails
of the set up are awaiting publication, but it is clear that it will
need a good deal of electronic amplification.

Water Droppers and Atomiseré |
The water dropper devised by KELVIN (1859) attains the potential
of its surroundings by having the éxcess charge carried away by the
water drops. When there is a potentialldifference there will also
be a potential gradient (in addition to the earth's).so lines of
‘force will end on the dropper and a drop sbout to leave. If the
dropper is negative with respect to the surroundings the lines of
force will end on negatiye charges on the dropper énd drop and vice
versa. Hence-when a drop leaves it will carry away an amount of
charge depending upon the potential difference and the capacity of
the dropper. As the drops leave the dropper the charge left and
potential difference will become. smaller and smaller until drops
evenfually,cease to carry any nét charge. Whep this state has been

reached the dropper must be at the potential of the surroundings.
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For any given collectof and potential difference the rate at
“which the potential is equalised dépends ﬁpon the rate at which
drops are expelled. In order to gain a fast response SMIRNOV (190L)
used a water collector in which the water was forced out and
atomised under pressure. It is possible, with sufficient water, to
‘use water collectors for continuous pecording.

Collectors which increase ionisation

The instantaneous current, i, flbwing to a collector is given Dby:

L= (v-ve) /R eeereeeeea(1l)

where V 1is
the potential of the surroundings; V, is that of the collector and
R is the resistance between the air layer of potential V and the
collector usually called the "effective resistance', The change of
charge of the collector is dQ = idt. If the capacity of the
collector and.its measuring device is C the relative change in

potential of the collector in time 4t is:

AV‘/(v-vc)'—" J,t/gc veeeeeseeea(l45)

integrating equation 4 .5
gives

(for V,R & €. constant)

Ve (€) -V ‘-'(V=(°)"V) e e ceccecoccee(leb)
where Vo (t) is the potential of the collector
at time t. .
It can be seen from equétioh 1.6 that Vo(t) will approach V

exppn#ehtially with time., A measure of the effectiveness of a

-~
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collector is obtained from the relaxation time T= RC. ¥ is

the time in.which the fraction (Ve = ¥) / (Ve(t) - V) becomes equal
to e, the base of natural logarithms. Clearly to decrease Tone
can decrease R. Now R dépendé upon the lionisation of the airiso

to decrease the relaxation time of a collector ohe must increase the
ionisation in the air close ﬁo the collector. The earliest way, of
increasing ionisation was to use burning or smouldering wicks,
candles and fuses.

The Radio~active collector as an equaliser

More recently radio-active substances have been used to enhance
the natural ionisation close to the collector. Many workérs both
experimental WICHMAN (1953), HANNFELD (1932), ISRAEL (1939), |
MUHLEISEN (1951), and theoretical WAGNER (41955) have investigated
the operation of the radio-active colleétor. They'have found that
the magnitude of the effective resistance depends upon the radio—<
active substance used, the current flowing to the éollector and
upon the ventilation of the collector. The nature of the inter-
relation has only been givén in a very much gimplified'case. From
a consideration of the ionic currents in the electric field round
a.spherical collector located in the centre of a spherical conducting
shell WAGNER (4955) cbncluded'that the effective reé}ance depends
upon both the potential applied to it and on the wind speed.

DOLEZALEK (41960) in a continuation of Wagner's wofk has given
the equifalent circuit of a radio—active collector. He considers

the collector as behaving as an "active, non-linear and asymmetrical

four-pole", In his paper he gives characteristics for different

loads, (the load being the resistance of the recording apparatus?
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and indicatesvhqw the values of the components of the>equiva1§nt
circuit‘may be determined.

A danger with ionising coliectors is that thé ionisation may
distort.the conditibns they are attempting to measure, If they are
used in conjuction with other apparatus, to measure conductivity for
instance, great care must bg taken to rejeqt readings taken when wind
was blowing from the ionising collector to the other apparatus.

‘It should be noticed that a wind which blows away ions will
cause the effective resistance to incfease and so wili increase the
relaxation time.

KOBMASHI & KYOZUKA (4962) found that radio-active collectors
were not suitable fbr'the measurement of potential gradient during
balloon ascents because of the.variable influence of wind speed.

Ihe earthed radio-ac@@ve“coiiector

Another way of psing the rédio—active collector is to earth it
through a galvanometer., If the air close to the collector is at a
positive potential, then negative charge will flow up from earth in an
attempt to neutralise this potential i.e. in a positive potential
gradient a positive current flows from the collector to earth.
Similarly a negative potential gradient produces a negative current.

Previous work done with earthed radio-active collectors

Schaefer's work

In an investigationlon;the Atmospheric Electfical effects of Jet
steams SCHAEFER (41955) used a brass needle wrapped with a small strip
of gold foil impregnated with a Radium salt, the activity of which
was 250 MC (microcuries). This he nounted on a 36 ft. mast taking

the current to earth as an indication of potential gradient.
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Schaefer reports that on days with wind speed less than 3 m/sec’
the effeét of even émalllgusts of wind is considerable. Schaefer
suggests that during positive, say, potential gradient the negative
space charge left by the positive current forms a sheath masking the'
potential gradient. On removal of the space. charge sheath by a gust
éf wind there is an incregse in current due tthhe increased potentia.
- graddient. Presumably on déys with wind SPeed greater than 3m/sec .
the wind effectively removes the space éharge so that the effect of
gusts is not appreciable. | |

.. Schaefer regards the earthed rgadio-active collector as a cheap

and efficieny instrument with which to measure potential gradient.
_ In his'paper Schaefer does not mention any attempt to calibrate phé
collector but refers throughout to the values of the collector
current. |

Bent's work

At Mount Washington ObServ¢atory BENT (1955) has used a collecto
of 250/uc mounted on a 44 ft. tower. Simultaneous records were |
taken by Bent of the collector-earth current and the meteorological
parameters: temperature, wind-speed aﬁd dew-pointe. From his
records he computed mean hourly values and so produced a single 24
hour-oscillation which indicated the diurnal variations noted by other
workers. Bent found aléé.that the current was high on days of high
wind-speed and suggests that in his case this may be due to the high
winds bringing in atmospheric poilution from downwind.

In summing up he suégests ‘that the earthed radio-active
collector is "a simple tool with which to study local pollution and

convection".
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Bent, like Schaefer, did not make any attempt to get absoluteL-
values of potential gradient but merely used ;he collector current
to give an indication of potential gradient.

Chapman's Work |

CHAPMAN (1956) has made wind tunnel and free atmosphere
measurements with earthed radio-active collectors. His collector
was a point round ﬁhich was wrapped a foil centaining 320/uc of
radium.

The collector was placed in a wind tunnel between two plates
separated by one metre. His measurements showed that there were
three regimes of currenty - the first at low plate voltages was one
of ion collection, described above; the second was that of
saturatioh wﬂen the current increased very little or not at all with
increasing field; the third regime occurred at very high fields and
was that of simple corona or point discharge.

From his data Chapman has shown that in the ion collection
regime a small increase in wind speed can increase the magnitude of
the current by a factor of almost ten. He explains that this is due
to the space charge which on its removal causes the field at the
collector to be restored to the prevailing value of the surroundings.

For very high wind speeds (above 20 m/sec.) in the first two
regimes there is a decrease in current instead of the normal incfease
This is due to the wind removing ions which would contribute to the
current before they are able" to reach the collector. -

From his out of doors measurements Chapman found that sometimes
he had steady records while at other times they fluctuated greatly.
He found that the steady records were those taken in the saturation

~ regime or on perfectly calm nights. The records which fluctuated .
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were those taken with the current less than saturation in periods of
fluctuating wind speed (almost always).

From his data, which he admits, is "rough" he is gble to show
that the effect of wind is considerable; for examble, at 100 ¥/ the
collector current was found to vary 'betwe"en 10 M.amps and 70 n.aﬁps
with varying wind speeds.

Summary of main points.

It can been seen from the foregoing sections that there is a
wide range of methods of measuring potential gradient., It 1s
desirable to have the simplest instrument possible. | This-oriterion
rules out the bound charge methods because of the relatively
complicated machines. Of the collectors Pable 1, reproduced here
from IMANIATOV (1962),may help the choice.

- The_collectors with the fastest relaxation times are the high -
speed atomising collector and the radio—active collector. OF these
two the radio-active collector is certainly the most convenient as it
does not involve ejecting water at high pressures.

MUBLEISEN (1951) has studied experimentally the effect of wind
on radioc—active collectors. 'Using polonium cellectors of sa;uration
current 20 n.amps he found that in light winds (apparent calm) there
were variations in collector output of up to 30% of the mean. He
recommends that for potenﬁial measurement the collector should be
ventilZated (to blow away space charge) by a flow of air in the
direction of the equipotential surfaces. The presence of this
artificial air flow will obscure the natural wind thiés leaving the
collector current unaffected by natural wind fluctpations. The

supply of air flow to the radio—acfive collector would make it almost
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as inconvenient as a water dropper. . ' . [
The only instrument ﬁot yet rejected as being unsuitable for
obtaining a measure of potential gradieﬁt simgix is the'earthea

radio-active collector.

Object of reéearch
SCHAEFER (41955) and BENT (4955) have used the earthed radio-

active cdllector to give them an indication of potential gradient.
However, without a knowledge of the wind speed it is certainly not
possible to get anything better than an indication. CHAPMAN (1956)
has said "one can draw any significant conclusions about the (radio=-
active) corona current record as an indication of the earth's
electric field only if the wind speed is measured .too".

From this-report of Chapman's it would seem thaf it may be
- possible to get a méasure of potential gradient from simultaneous
measurements of radig-active collector current énd wind speed. The
object of the present work is to detefmine whether or not this is so..

If it is possible to get a reliable measure of potential graaien
from apparatus as simple as a radio-active collector and an
anemometer it would prove a most useful tool to workers in the field
of Atmospheric Electricity. | .
. If it can be done the probleﬁ of measuring potential gradient
would be very much simplified. - |

It would be possible to make measurements anywhere without the
problem of supplying power to thé apparatus either by battery or
mains supply. The recording would also be very simple for all that
would be needed would be two sensitive galvanometers.

This apparatus would be able to be left for véry long periods
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without maintenance,

Note on the effect of wind on radio-active collectors ~

- Above it was said that wind would tend to increase the effective
resistance of an equalising collector.by removing ionisation and so
reducing conductivity. Thus for collectors as egqualisers, increase
in wind speed will reduce the current. In the cése of the earthed
collector there will alwayé be a very large potential difference
between the air close to the collector and the collector itself.

Thus the ions will be in a very high figld and so virtuaily unaffecte
by the wind. (CHALMERS (19625'has discussed this subjeét in the
similar prﬁﬁlem of point diséhargé). Hence the effect of wind is
to blow away the excess ions in the space charge sheath which had
reduced the field i.e. the effect of an increase in wind speed is an

increase of current.
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. CHAPTER _2

DESCRIPTION OF APPARATUS

Overall requirements

For the investigation it is necessary to measure the vertical
potential gradient, the current down theé éafthed radio=active
collector and the wind speed. -

Site of investigation |

It has been suggested that tﬁis investigation-could be best-
performed in a wind tunnel. Here steaéy conditions can be practicall
realised, and varisbles which cannot be controlled (e.g. temperature
and humidity) could be kept constant, such that .there would be no.
disturbing influences. The drawback to this propositioﬁ is evident
when one considers the mechanism of tﬁe collector current. Ions are
repelled from (as well as attracted to) the collector. These ions
affect the field close -to the collector. The effect on the field of
'any ion deﬁends.upon its distance from the collector. Even at great
distances (theoretiéally infinite) it has some effect - although small,
The integrated effect of many.ions may however be appreciable. If
the éollecfor wefe enclosed inh_wind tunnel the ions would be
prevented'from diffusing naturally away from the cbllectqr, thus
- making any free atmosphere interpretation of results obtained
virtually meaningless. Purthermore if the wind tunnel walls were
conducting there would be distortion of the equipotential surfaces
round the collector possibly giving misleading results.

The investiéation has been carried out at the Durham University .

Observatory.' The apparatus was mounted on a wooden telegraph pole
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and the cables led to the Afmospheric Physics Laboratory of the
Observatory where records were taken. . |

In this work, as with any using natural air flow, it was
necessary for the feitch of the wind to be undisturbed. From the
pole this is the case if the wihd is blowing from anywhere betweén
NW and SW. Fortunately the prevailing wind is westerly in Durham,
80 there was little inconvenience involved in imposing this

restriction on observations.

The measurement of radio-active collector current

- The ideal requirements for the collector is that its response
should be close to linear for fields less than those giving point
. discharge. (i.e. saturation is not reached before the.onsef of
point discharge). #his will depend on the height of the collector
and its geometrical propertles. .It was thought that a radio-active
nghtnlng Preventor, which was on hand, would be suitable. The
Preventor used was a model Qf the British Lightning Preventor Ltd.
(Pig. 2.4)

The radio-active Lightning Preventor, which from henceforth shall
be referred to as ™he collector", has radio-active material in three
laminae distributed symmetrically sbout the surface of the middle
plate. The total activity'éf the laminae is 460 MC giving an-
intensity of ionisation of-{.5 X 1012 ion pairs / sec. Now if the
field is sufficiently large to aeparaté all the ion pairs the maximum

.or saturation current will be

2x1.5x1012x1.6x10'49 0.48 Mamps.
The radio-active material used is 88 Radium 226 which has a half—llfe

of 1650 years so there need be no worries about any decrease in
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activity over the time of the investigation.
The collector was mounted on the top of the pole, béing 7.3

4 .

metres above the ground.
The measurément of potential gradient.

A Field Mill was chosen to measufe pofential gradient; being an
instrument with which the group has had conéiderahle experience, It
was mounted 4 metaws above the ground on the West side of the post so
that during observations the 8pé¢e charge from the collector would ﬁot
be blown over the Mill where it would affect the potential gradient.
The Mill waé.operated upside down to keep out the rain.

Principles of operation of the Field Mill"

The Mill consists of two exactly similar vanes, one of which is
the rotor which iéjgade to spin above the stator by an electric motor.
The stator is highly insulated by pdlyétyrene blocks and is connected.
electrically to earth by a 100 M resistor. When the stator is
exposed to the potential gradient (as it is four times in each
revolution of the rotor) 1;nes'of force end:: on the stator. Hence

~ there will be a bound charge, g, on the stator where

Q= =€FA ceeerreeesi{2e1)
where A is the
expésed aréa of the stator. This bound charge can be seen to be
directly proportional to the potential gradient. As the rotor
covers the stator the lines of force will cease to reach the stator,
so the bound charge will flow to éarth through the high resistor.
As soon as.the rotor completely covers the stator it begins to

re-expose the stator causing the bound charge. to flow back from earth

through the high resistor'to the stator. The alternating current
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through the high resistor has a triangular wave form and a frequency
four times that of the rotation of the rotor. The alternating
poﬁential difference. across the 100.M resistor is amflified,.rectified
and recorded'as a measuré of the'potential gradient.

Since the output of ﬁhe Mill is'alternating ip is not possible to
distinguish between positive and negative potential gradients.
However, in this work the sign of the potential gradient cén be found
from the collector current record. The collector current to earth
has the same sign as’ the ﬁotential gradient.,

Blectronics of the Field Mill

In order to maintain the high insulation of the stator a cathode
follower is used as the first sfage of the Mill amplifier (Fig 2.2).
The cathode follower has a veiy high imput impedance (equal to the
cathode-grid 1§akage resistance) and serves to isolate the head unit
described above from the amplifying unit. The cathode follower also
. provided the energy necéssary-to-convéy the signal from the head unit
along the cables to the fecording apparatus.

Snags and precautions in construction

The snags encountered in the construction are :-

(i) contact potential on vanes (see Chapter 1)
(ii) pick-up from various sources. This is serious because the
output is AC, any pick-up is therefore registered as signal
(iii) non linearity of thé amplifier diode.
Contact potentiai
The vanes are made of stainless steel. They afe polished.so
that they have as near idéntical surfaces as possible, thus minimisi

the effects of contact potential. -
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Sources of pick-up
Plezo=electric or microghonic pick-up

Vibgration of any cable or valve can produce interference due fo

the piezo-electric effect. The valve in the cathode follower is very
susceptible because -of iis having to be in the héad unit witg the motx
Valves have been designed especially to minimise microphonic pick-up,
e.gs EF 37A and EF 86, Such a:valve was used with the extra
precaution of mounting it on.a frame suspended by rubber bands. The
components associated with the cathode follower were also mounted on
this anti-vibration mountinge.
After the cathode fdllower there appeared to be no appreciable
microphonic pick-ﬁb so0 that it was not necessary to support the
signal cable rigidly between the cathode follower and the amplifier.
Radiated eléctric pick-up

Any component or wire cérrying alternating currents will radiate.
This radiation will be received:by'any oufput wires unless prqcautions
are taken. Each-section of the head unit is screened from every
other by a sheet of earthed aluminium. The outer cése of the head
unit is also screened against radiation from external sourcés.
Further precautions are to use screened mains cables throughout and
to screen the input (grid) ahd output (Cathode) leads of the cathode
follower. The ohly paft of the field mill which cannot be effectively
screened is the stator which, being large, can pick-up a considerdble'
spurious signal. This can be minimised by employing an earthed'
guard ring at the Jevel of the vanes.

If the heaters of the cathode follower tube are AC the radiation

is effectively eliminated by the use of a "humdinger".
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- This is a low value potentiometer (up to 50 ohms) put in paraliel with
the heater windings of the tranéformer with the centre tap earthed.
This system acts as an L - R filter, the centre tap is adjusted until
the 50 ¢/s pick-up as observed on an oscilloscope is a minimum. The
humdinger was found to be as effective as using DC heaters.

The motor used wasla 240 volt, 50 ¢/s mains synchronous motor.
The synchronous motor was used éfter an attempt had been ma@e with a
commutator motor. The signal from the sparking of the commutator
could not be reduced to a sufficiently low level so as to be
insignificant in'fine weather fields. (There is of course no
commutator in a synchronous moto#),

Magnetic pick=up’

The only source is the transformer; the trouble could 5e
removed by enclosing the transformer in a mu-metal box. However,
the easier course of moving the transformer a few feet rfom the mill
Was'adopted with complete success.

Faulty earﬁhigg ;

Pick-up due to faulty earthing of the rotdr will appear on the
displayed signal as "grass". Some workers have found that it is
necessary to use a mercury éup to earth the rotor (e.g. ECCLES 1961 ).
Trouble was not however encountered with the more_convential carbon
bfush earthing.::

Non-linearity of the amplifier diode

The AC output of the mill has to be rectified before being
recorded. Crystalldiodes of the usual type are not linear for émall
outputs. In ordér fhat'most fields would be recorded on the linear

part of the ¢harateristic an amplifier was employed.
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The amplifier
The amplifier employed was a hybrid_of the desigh successfully
used by MILNER (4960) and RA];SBECK (1'963') the circuit diagram is showm
in Pig. 2.2. |
The power for the amplifier was obtained from a conventional

power pack with HT stablisefs.

Egg;Measupgmggp of wind speed

Since the site chosen was the Durham University Observatory it
was at first thought that theiDines Pressure Tube anemometer on the
top of the building might be used to measure wind speed. - There are
however, several disadvantages to this proposition. The chart speed

. of the Dines is only one inch per hour. This could not be interfere
“:fas it wéuld disturb the meteorological recordings of the Geography
Department. The Dines hés, for the convenience of the Geography
Department been biased so that the sensitivity bvelow 5 meters per
second is greatly supressed;_ Short-term wind changes occur very
locally so that the wind speed at the Dines position may be (and very
often is, as later comparisons’ have shown) very different from the
"wind at the position of the collector.

Any one of these points is sufficient justification for the
adopted procedure of using an anemometer at the same height as the
collector on the pole. The anemometer is mounted to the side of an
east-west line drawn through the collectof'so that the rotating cups
do not interfere with any space charge close to the collector when the
wind is westerly.

The type of anemometer employed is a three cup generator, Its

‘operation depends simply upon the principles of electro-magnetic
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inductione. The wind causes the cupslto rotate with a permanent
magnet. The magnet rotates betﬁeen the ends of two 41000ohm relay
coils (Fig. 2.3). The size of the alternating emf. induced in the
coils is directly proportiohal to the angular velocity of the magnet.
The output is recthified and recorded'with a ﬁofing coil galv%@eter.
The long period of the galvaﬁeter (30 sec.) causes the peaks of the
full wave rectification to be shbothed and also causes the record to
give the average value of the wi:nd of the past half minute. (This is
also the case with the other two records).

IThe detection of wind direction

In order that no records would have been-taken.when the wind was
| fiot from the west a wind vane.waé constructed. - Instead of recording
the direction from which the wind was blowing the vane wés arranged to
actuate a switch which passed current only whén thé wind was between
NW and SW. . This switch closed a ¢ircuit allowing lights to shiné,
one at the monitoring pannel and the other onto the photographic
recording paper, whenever the wihd was in the-quarter suitable.fbr
recording.

The moving vane carried a carbon brush 6n an arm which made
contact in the 900 arc when the vane pointed between NW and SW.

The vane was mounted on a post close to the telegraph pole. It
was not mounted on the telegraph pole in case its swinging disturbed
any space charge present,

Ihe recording appargtus

The thfee variables Were-photogréphically recorded by directing

the reflected beam from the mirror.galvanometers onto a rotating

w

drum camera. The galvonometeps were used at critical damping, this
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.condition being maintained throughout range changes by the use of
Ayrton éhunté. _ _ | |

The monitoring apparatus

_ Little monitoring was found to be necessary in this work. The
wind speed was recorded on dniy two fanges, either one of which waé
usually suitable for long périods. f The potential gradient record
was monitored with a moving coil miéroammeter. The collector current
was found to follow the field, for monitoring purposes, quite closely.
' If it had been necessary to ﬁonitor the collector curreht
independently a high gain D.C. amplifier would have been needed.

The wave trace from the mill was monitored on an oscilloscope so
that any pick-up could be detected when it afose. (None was in fact
detected). Such monitoring by.oscilloscope, although helpful, is
not really necessary but since an oscilloscope was available it was

put to this use.
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GHAPTER 3

THE CALIBRATION AND OPERATION OF AfPARATUS

The Collector

Calibration

It was necessary to_measﬁre the current flowing to earth from the
collector. This,. as has been said, was done with a sensitive
galvanometer., The galvanometer had a sensitivity for 41 metre
separation of scale and galvanometer of 0.9 x 410“2 amp/cm. Fig.
(3.1) shows the calibration curves for the collector current against
defleétion on the photqgrapﬁic paper for the ranges used.’

The ranges were chosen so that a fairly ﬁigh resolution could be
‘made in all conditions of fiéld of interest. . Table 3.1 shows the
factors of interest regarding the collector ranges.

It can be seen from the table that the ranges will not-allow
study of currents much greater than'1 microamp. This is not however;
of any consequence because this is in the regibn of point discharge
and is above the region of the collectors séturation, |
Operation

On closing the collectbr circuit there is a very large.surgé
current three or four times the value it falls to after the surge.
When the collector circuit is not closed the collector is not earthedd
It.is therefore acting as an equaliser so will be at the potential of
its surroundings; on being earthed»the'collector will diécharge an
amount of charge depending upon the potential of its surroundings and
its capacitance. 'This surge. current may lead to confusion when the

collector is switched on because the long period‘of the galvanometer
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dropper effect.:~:In addition the dropper effect would produceé &

current dependent upon the magnitude of the potential gradient.
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The current due to the charge on rain drops would be far too small
to have any appreciable or even detectable effect on the collector
current. .

The most probable cause of the effect is_watef bridgihg the
rubber insulation which holds the collector to the pole. On either
side of the O« inch of rubber there is a metal fitting. A |
1éboratory experiment showed that the voltage between the pieqes of
an exactly similar arrangement sosked in water was 20 mV,

There is then during rain.a closed circuit tolearth through the
galvonometer and from earth up the pole the emf. being a volﬁaic cell
of the metal pieces bounding the insulation. Assuming the pole to
have a resiétapce during rain less thaﬁ'its'dfy value of 75k.a.
the total resistance-of the loop is the same order as that of the
galvonometer, 3kf.. The current flowing‘in the loop wili be of the
order of 1-0/"amps-.

This would account for the value observed.

Evidehce in support of this theory is that during the winter of
41962-63 the collector showed this current for many days on end while
there was no precipitation but a thick layer of snow béunding the
collector-insulation. |

The collector could only be used with its insulation as it is

when dry conditions were present. This was not regarded as_too
serious a drawback as if the insulation had been made ‘'safe' the other
. effects described would have come ‘into blay. So that in any event
the dry and wet behaviour of the collector would be so different as to

be incompatible.
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The Field Mill

Calibration

The field mill is calibrated very simply by putting it into an
artificial field between two plates énd apblying a potential difference
to the plates. Care héd to be taken to keep separate calibration
curves for positive and hegative'potential gradiénts on the lowest
range because of the systematic¢ error due to contact potential, The
calibration curves are shown in Fig. 3.2.

E;posure factor _

Since the mill was not operated upright with the vanes at ground
level the potential grédient measured would not be that at ground
level., Two attempts to determine the exposure factor were made.

The exposure e is given by

F=eF' weeeessaciceses (3e1) |
where F.is the potential gradient at fhe ground and F' is thé pptentﬂﬂ
gradient measured by the field mill. F*' is a measure of the number
of’ 11nes of force ending on the stator of the m111.

The exposure ‘factor has been defined to be the factor by whidh

the field has been concentrated. This definition gives the reciproc@
of that in equation 3.i. The attempts to determine e were made by

running two mills simultaneously. One in its position on the post

and the other in the observatory ca;ibration pit with its vanes at
ground letel. The mill in the calibration pit was constructed'for
work on precipitation electricity reported elsewhere by Collin,
Raisbeck and Chalmers (1963) by Mr. H.li. Collin to whom the author is
indebted. It Was calibrated by the author in the manner described

above. Prom a comparision of the records of the two mills the
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exposure factor can pe easily found.

For the two attempts, two fine still da&s with clear sky,wére
chosen as being the most suitable for the non-existence. of spacé
charge in the layer between the levels of the mills. Space chafge
would cause the poténtial gradient to be different at the tﬁo”heights
so the value of e found would be false.

The first attempt producedva record for 75 minutes and gave,_
taking readings at & minute intervals,a méan for e of 0,265 with a
variance of 0.,034. The'second'depermination about a fortnight later-
gllave for é 66 minute record a mean value for e of 0.3 9 With 8
variance §f 0.058. _

Statistical tests show that the apparent'differences aré'in factf
significant differences. There is a variance ratio of

=.-va-i:iw_ - 1713

"2, 132 wariance 2 which is

significant at 0.5%. Here.the convention statistical notation is
'being used i.e, The probability of getting a value of F with degrees
. of freedoﬁ 149 and 132 as large as 41.743 by chance from samples having
the same variance is less than 1 in 200,
A 'student's t' test on the difference of the means shows the
- difference to be 6verwhe1ming1y significant. The value of t is
. 9.687. Since t is a normalised function the probability of this

value of t by change from populations of the same mean is equal to
that of getting a value of 9.687 standard deviationg from the mean of a
normal population a probability &f very much less than 1.1in 101.o

' - These figures show that there can be no doubt that the

determination of exposure factor was erroneous on at least one of the

‘I‘i‘iaﬁs iIIIIE- . - -- N - - —_
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A similar account to'the following has been éiven by Collin (4963

but is worth'repeating-here"with emphasis on error in exposure féctor

rather than potential gradient.

Y Y

The rniotation used is as follows:—

Potential gradient at ground =f vm

Potential gradient at height h =F v/m -
Potential gradient component at ground due to the space charge

between the ground and the height h = s v/m
- 8o F=fa=-38

Potential gradient as measured by the field mill at height
h=M vn

The true exposure factor e

The measured exposure factor e'

from the experiment the exposure factor will be given asj—
e' =f/M oc-oo.ooo (302)

This assumes that there is no space chargé.

NOWM:_F/e ooooo;o.’ (3.3)
SO e' =:e . ococeeeece (3.“—) -
F i ‘ o
therefore ¢' = £ =_F¢ = ___1 .
F: f - .8 1 -_ 5 f -ao.oo-.ooo (305)

‘ e

ALt
Sl ed N

error Eh.fié determination made is about 20%

ioeo gl = . = 1.2
e 1 -5/
hence 8 = 1.2 -1 ¢
1.2 .
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On days suitable for exposure factor determination f is of the

order of 100 v/m. So-to'giée 20% error

8= 20/1.2.& {6.6 v/m

: . h
Now for uniformly distributed space charge density,/’, s = A%E-

-/- :-'—R LR (3.6) . ‘
Thus the space charge denSity'neceSsary to give an error of 20% in

exposure factor is

= 16,6 X 8.35 x;10912 couloumbs / m3

. = 36;9_;PC/m3
So if_there exists about_35 'PC/m3 one can expect a very lafge
error in e, Since this is of the same order of magnitude as the
typical average valuéS'Whieh have been found (although higher) it
would seem to be sufficient reason for disregarding'ény experimental
determination of exposure fagtof using the mefhod.described.

| An alternative determination could be made for simple cases by
geometry but in this investigation the_proximity of 1arge.bu3hes
renders this approach impracticable.

The potential gradients'referred to.throughout, except where

otherﬁise stated, réfer to fhe potential grgdient'at the vanes of

the mill, It should be noted that this potential gradient is

related by a constant of the order of 0.3 to the normally quoted
potential gradient at'the.earth's surface. This constant,
however, cannot be reliably deter@ined.

Operation

It was mentioned ih the introduction that with field mills
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there is a danger of a drift in calibratlon due to changing contact
potentials between the vanes. In view of this calibratlon was
repeated at the end of the investigation, On the higher ran€és;ﬁ§
B and C, there was no difference that could matter. On the |
lowest range A there was a difference, the zero output had changed
slightly and the calibfation had a systematic difference from the
initial calibration. HOWEVcr a closer‘excmination of the
calibration data showed that fhe second calibration lay within the
errors of the first (and vice-versa). In view of this, the first
calibration was used throughout.

Except for the trivial maintenance of replacing the rubber
bands which perished while supporting the catﬁode follower unit
the mill worked perfectly throughoﬁt the investigation. |

There was also no iroubie wiﬁh the amplifier and its power—pacﬁ
The Anemometer

| Calibration and operation

The anemometer was cglibrated in the wind tunnel at the
National Coal Board, Scienpific Division, Benton, Newcastle upon
The emf, génerated by the_anemometer was recorded on a portable
'Scalamp' galvonometer. .To obtain.the calibration curves shoéwn
in Fig 3.4 the recording galvonometer was calibrated against the
Scalamp for the two ranges used. J

The upper curye was extrapolated when the wind was very high
~order that winds in the higher levels did not have to be rejected.

At a first calibration it was noticed that there was a |
systematic error involved. The anemometcr was more sensitive

when wind speeds were reéched by decreasing the wind from a higher
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value that ®F it was for the same wind speed having been reached
from a lower value. This was subsequently found to be a
lubrication fault. It wa; found that the error could be
eliminated if the bearings were kept in a bath of light oil or a
felt oil trap Fig. 2.3.

The Benton calibration showed that the anemometer had an onset
vg;ue of wind speed for rotation of just belbw one metre per
second thus, values of wind speed below thié value (1 m/sec), which
were in'fact récordea, were sﬁbject to large errors.

The only maintenance ﬁhich was foﬁnﬂ to bé'necessary was
occasional oiling of the beérings;

A.répetition of the calibration at the end of the investigation
showed that the anemometer was still functionihg satisfactorily.
Wind Vane

No calibration of this instrument was necessary - it only had
to be set up such that ﬁhe,8witCh closed between NW and SW.

Soon after the investigation was begun the vanes developed an
electrical fault. Since it could easily be seen from the

laboratory it was not repaired but used simply as a visual

indicator.
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CHAPTER U
RESULTS

Records were taken from the beginning of January 4963 until
the end of May 41963. At the beginning of March the camera was
changed as mentioned in Chapter 2. Before this time records were
each of 36 minutes duration. None of.theée short records were
analysed in detail. Some however, were analysed graphically (see
Fig. 5.8 example) to help decide on the method of analysis finally
adopted.

During this period of two months when the half hour records
were taken, all weather conditions apd wind‘directions investigated,
A brief glance at records taken in rain or when snow was én the
ground showed the anomalous behaviour described in Chapter 3.

After the new éamera was installed longer records cou;d be
taken. These were taken almost entirely in fine or at least ary
weather. Only occasionally were records taken in the wind blowing
from direction other than WEST.

Of the ten records finally analysed eight were with Westerly

winds comprising a total observation time of 12 hrs. 4O mins, one

of Wme 70 mins. was with a Southerly wind and one of 105 mins. was
ﬁith-a Northerly wind. The object of taking the records with win
direction other than West was to see if there was in fact any
difference as suspected. (Chapter.2)

A typical record is shown in Fig. 4.1. This shows an
obvious correlation between the collector current, the upper trace

and the potential gradient, and the middle trace. Another record
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fig. 4.2 shows a good correlation between ﬁhe collector current and
the potential gradient. Superimposed on the collector current
record are peaks corresponding to the peaks in the wind speed i.e.
gusts. This shows how the current increases when the wind blows
away the space charge sheath. )

The ihird record shown Fig. L.3 shows &n effect of interest.
There is a very large gust of wind which dées not cause an increase
in the collector current. This is because here the potential
gradient is so low that the current is only 1 n.amp hence the
negative sheath left screening the collector is virtually non-

existent, so that its being blown away is of no consequence.

THE TAKING OF RESULTS FROM THE RECORDS

It can be seen from the records shown that there are ﬁertieal
lines drawn at regular spacing due to the switching off of a
fogging lamp. These lines are drawn each half minute. Now at
each of these half minute lines, measurements were made with scales
constructed with reference to the calibration curves and enteréd
on data sheets. The information from the data sheets was punched
into five hole paper tape suitable for entry into the University
"Pegasus" Computer at Newcastle.

Having got the data in a form that could be handled by the

computér empirical linee of best fit could very quickly be obtained

THE ANALYSIS OF DATA
Graphical analysis had shown that there seemed to be

differences in behaviour of the collector from day to day. In
view of this the data were kept separate and not mixed so that the

day-to-day differences could be observed. in detail and if possible










explained. .

The computer performs the operation of_multiple regression in
the conventional stafisticgl manner of minimis;ng the sqguares of
the'deviations of poinps from the regression equation. Ir deéired
the significahce-of the regression equation can be tested up td the
0% levei i.e. any'coeffiCient which is not significantly differemnt
from zero will be set equai*to zero and a corrected eguation for
the remaining variables calculated. The statistical principles
employed can be found in any fairly advanced statistical text book.

Two regression eqﬁations were found for the ten records

selected for analysis and thése were:-

I=a+DPF+cW+diP coceeeo(i)
and IT+kFPWL L oiiieieeeneao(ii)
The radio-active collector-in-some ways resembles the
' discharging point collector. There has been a good deal of work

done on the mechanism of point discharge e.g. CHALMERS (41952, 1952&
1957a, 1962).

' From theoretical considerations CHALMERS (41962) has derived‘an
approximate expression for pbint discharge current:-

1= kW (F - Fg) |

It was suspected that an equation of this form may fit the resuits.

obtained with the radio-active collector. With a radio—active ‘
collector the onsét field should be zero so that we should have:-
i= kWP ‘
o test this equation (ii) was Pitted with the expectation that
both p and g would be unity. | |

Equation (i) was fittéd to see whether there were any onset
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- values. If all the coefficients in equation (i) were non zero the

equation could be rearranged into a form such as:-

1= k(W = mWy) (F ~ nF,).

Egquation (i) cannot be fitted by straightforward multiple
regression unless WF is treated as a third independent variable.
This can be done without any loss of generality, by expanding the
data to produce the product WF. _

Equation (ii) cannot be fitted by multiple regression of I
against any wvariables, however, a straightfbrward'multiple
regression can be performed to fit'the equation:-

-log I=kK+D1log P+ G log W ecoeecccceeass (1ia)
from which a simple transformatien to equation (ii) can be made.
To save laborious calculations the computer was used to expand the
data to give WF and the nétural 1ogarithms.

A further two equations were fitted to the six longer records:

F

a + bl + cW'..,............... (iii)
F = a' +b' I a.'o_ouoooooooo-eooo-.o (iV)

N.B. a,b,c, are not the same as those in equation (i)

In fitting planar and linear eQuations one must expect to run
into trouble when the coilector saturates. To avoid this irouble
only those values qf the collector curreﬁt 6n the linear current -
field curve should be used. Erroneous values for“;he coefficients
would be got from readings on the curved portion of same. Clear
it ié not possible to determine where the linearity énds until the
curve has been drawn. The curve is a statistical fit so there wi

be difficulty in finding a criterion for rejection on the grounds
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of non-linearity.

A cr;terion.can; howe%er,.be found from the data of CHAPMAN .
(1955). The characteristics-he-draws ére linear until the
collector current reacﬁgs 0.56 of the saturation current. 1In this
case the saturation current is 480 n;amps, so that the only useable
data for planar and iinear équations must have collector current

0.56 x 480 = 270 n.amps.

Table 1 shows that in no case did the collector current exceed
this value thus making no rejéction necessary. The reason that nol
values of. collector current near saturatlon were observed is |
because it was not possible tontake records in wet conditions when
most high fields occur. The author was not fortunate enough to
observé any occasions when a storm cloud was approaching yieiding‘,
high fields before the onset of precipitation. Nor was any other.
"3ry" high field observed. - “

The results are summarised in Tables 1, 2, 3, L.

Table 1 gives a summary of thé data and the recording
conditions. |

Table 2 gives the coefficients in equation (i)

Where the coefficient is zero it has made no significant

improvement to the fit at the 0.1% level of significance.
Table 3 gives the coefficient and indices in equation (ii)_
the vaelue of k has been taken from equation (iia) as exp(k').

Table L4 gives the coefficients of éguations (iii) and'(iv)é
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111.2
17645
130.2

. 202,5

110.0

b ¢
5¢530 - 54621
5755 - 6,276
4,920 - 54226
7409 - 8,715
64207 =12,20
8,188 v =16,77

Coefficlents of equations

P=z=a+bl +O0Wand F = a' + b*I

IABLE 4

81.12

72.98

96,46

69.92
67.29
65.27

b
m.m...w..
4,285
465
64289
5.472
50968
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CHAPTER _5

DISCUSSION OF RESULTS AND CONCLUSIONS

Statistical Method employed

The results have been treated sfatistically. The analysié
shows that none of the equations give coefficients which agree for
all the records. To avoid th¢ mass of figures necessary to show
the inconsistency from a rigorbus_statistical view point a
simplified demonstration of the lack of agreement is given ‘here.

Confidence Intervals |

When any experimental observaﬁionnis madé iﬁ has a certain
inherent error depending upon ﬁhe precision of the apparatus and
care taken in making the reading. Similarly when a figure, a
coefficient for example, is derived statistically from a set of
readings the figure has an error associated With it. The exact
value of this error is‘difficult'to:aséess. .However, it is a
simple matter to find the standard deviation of the figure, this
depends upon the number and spread of the readings; |

From the standard deviatioh a confidence interval can be
computed. The confidence-intErvalriSLa range aﬁout an estimate
of a parameter within which one -can be sure, to a certain .
probability, that the true value of the parameter lies. e.é. If
an estimate, A' of a pérameter, A, has a '95% confidence interval'
extending from A4 to Ap, it can be said with a certainty of 95% that
A lies between Ayand Ap. - |

Applications '

(1) If an estimate has a confidence interval not including a
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number, N, it can be safd that the estimate is not an estimate of N
with certainty or confidence to the appropriate probability. If this
is the case the esfimate is isald to be significantly different from N

(2) 1If two estimates have confidences intervals not including
each other they are said to be significantly different.

Computation of Confidence Intervals

The width of a confidence interval depends upon the level of
significance required. The greater the precision desired the Wider
the confildence interval must be.

For normally distrﬁﬂ&ed data the confidence-intervals for

different probabilities are given below.

~
-

Confidence Interval Probability %
Estimate ¥ 1 standard deviation 68.3

A " 9545

w3 " 99.73

" i', Ll» n [ L 99.99

Discussion of Results

The summary of the data given in Table 41 is self explandtory.

The correlation coefficients are those given by the computer. It
was expected from graphical anélyses and study of records that there
would be a high correlation between the potential gra&ient, F, and
the colllector current, I, and also between the wind speed, W, and I.
Table 1 shows this generally to be the case except for W = I in reco,
L.

Record 4 is that of least range in wind speed, only 2.1 m/sec
i . _ .
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between minimum and maximum. With such a small range wind effects.
cannot ﬁe expected tq?%ery apparent, except with very many observation:s
Unfortunately record 4 was too short for wind effects to be deteeted.
The fdew significant correlations between F and W were entirely
unexpected, It is just possible that this effect could be due to
~space charge blowing along the?valley from the Consett Iron Works.
The town of Consett liges WNW of Durham and the two are linked by a
valley. The valley may-be narrow enough to hafe held the space
' charge cloud together while it drifted with the West wind towards
Durham. There would be correlation between W and F if the process
was similar to that observed on the Nopth German coast during off sea
winds. This effect in Germany was described by MUHLEISEN (4963)
at the Montreux anference. A very strong correlation between wind
speed and potentiad gradient was observed due to space charge being
blown off the sea. It must be stated that the conditions in Durham
for this effect are very poor compared with the coastal observations.
.In the author's opinion this eiplanation is impsgkible but the only
one of which he is aware.

The coefficients of eguation (i) :-

I=2a4+bBF + cW + aWF

are given in Table 2, . If an equation of
this form is to give a useful representation of thé results then the
estimates of the coefficients must be the same, subject to experiment
error. Even a brief glance at Table 2 is sufficient to show that a
number of the coefficients are zero. This signifies'that the
variable in question makes no significant contribution to fitting the

data at the 0.1% level. It is clear then that there are great
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'differences among the ten equatioﬁs represented in Table 2. These
great differences make it evident that an equation of the form of
equation (i) will not represent the data. |

Table 3 gives the constants in the equation :-

I = KFPW? ,.c0vcceenccesese(ii)

Examination of the table shows that p is about unity and é is about
~a half, This would give a nice simple equation. To test whether -
or not the values of p are estimates of unity we assume that p has a
normal distribution with mean unity and standard deviation as given
by the computer. (The eomputer gives the standard deviation of each
estimate it calculates). For a normal population the probability ;
that a value will deviate from the mean by 3 standard deviations by-=
chance alone is 0.3%. ,

Fig (5.1) shows the values of p with their deviations. If they:
were estimates of unity then each spread would include unitye. Such
a spread is called a confidence interval and has a probability
assigned to it. €.g. given the 99.7% confidence interval one can be
-gure that on average an estimate of a guantity will like in the
interval of 99,7% of ﬁrials. The 99.7% confidence intervals are
shown in Fig. (541 ).

- It can be seen that only five ouf of the ten estimates include
unity in their confidence inperval. Thus showing that the apparent
similarity is not real.

It can also be seen that the confidence intervals are not
consistent. They do not all include each other, therefore it can be
concluded that all the data éannot be accurately representedzény'

one of equations of type (ii).
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Fig. (5.2) showing the comfidence intervals for the power of W
shows a very similar picture. The tendency t§ assume that the values
obtained are estimates of 0.5 is not valid. The only estimate which
is consistent with all others is that of No.4 whose confidence interval
includes all the others.

The great width of the confidence interval of No.4 shows that the
estimate is subject to great inaccuracy. (The contribution of wind_ii
record 4 has been discussed previously in relation to the non signifie‘
cant correlation coefficient)

| The same considerations apply heref~

Inspection of Table 3 shows that the estimates of k range over a_‘
whole order of magnitude. This range is not as bad as it appears if !
one examines the original regression coefficient, k', in equation (iig)
before the transformation to equation (ii) was made. Although even
here the minimum and maximum differ by a factor of-nearly four.

From Table 3 it will be noticed that records 2 and 9 are very
much different from all the others. However, even if they are
omitted the differences mentioned above are still highly significant

although not so striking. The differences between records 2 and 9

and all the others is apparent in every representation of the data.
Examination of meteorological elements shows no difference in
conditions which would render records 2 and 9 to be exceptional.
Both records are suffidiently long to smooth any freak effects which
.may have occurred for a short time. The author is unable to effer
any plausible explanation for the di§crépancy.

It has been mentioned that equation (1) and (ii) were fitted with

physical considerations in mindi Equations (iii) and (v) represent
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the simple approach of fitting straightforward regréssibn equations.
Fig. (5.3),'(5;h), (5.5) show the constants a,b,c, of equation .(iii)
with their 99.7% confidence interval.

Reference to Pigs. (5.3), (5.4), and (5.5) shows that the values
of the coéfficients are not:Consistent with each other. The values
and confidence intervals for the coefficients of equation (iv) are
shown in Figs. (5.6) and (5.7). .

Figs (5.6) shows that the estimates of the constant a' in
equation (iv) are nearly consistent (i.e. even though the chance of
them all being estimates of the same value is less than 0.3%, they
are at least the most consistént yet considered). It is to be
expected that equation (iv) should appear to be consistént. Since
1t fits only one variable the deviations from the best straight line
will be large, yielding a large standard deviation and so a wide
conf'idence interval.

Fig. (5.§) shows that the éstimates'of b' are not consistent
with the hypothesis that they'are estimates of a single value of b'.

Possible value of fitting other eguations

Four equations have been fitted to the data and nome of these
are consistant between records. i.e. The equation of a particular
type which gives best £it to the data of one record does not give a
£it to the data of another. | Therefore it can be said that the
investigation has fakled to find a way of relati ng the radio-active
-collector curfent to the potential gradient and wind speed in such
a way thét an accurate estimate of potential gradient can be found -
from the other two. |

It may be said that only four eguations have been triéd and

[ S .
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phefe may well be an equation which, although not bried, would fit

the data of all records without having to chenge the coefficients.

Fig. (5.8) shows very clearly that this is not the case. The crosses
and dots represent data taken from two different records with the same
winﬁ d;reciibn. Both sets show clearly that individually some cﬁrve'
will give algood fit to the data; Equélly clearly they show that
one equation will not give a good representation of all the data ]

together.

Advantage of wind measurement

BENT (1955) and SCHAEFER (1955) got an estimate of potential
gradient from only the collector current. The high positive
correlations obtained in this investigation confirm this. The
correlations between wind and collectof current generally obtained
show that wind has an influence. Since none of the equationé found
givesa useable relation for accurate détermination of potential

gradient it must be asked "How,éood the equations are as estimators?"|

In order to get an estimate of the accuracy of the predictions o
potential gradient for each equation the following procedure was
adopted. A number of sets of'values of F, I and W were taken from
.the record. The estimate of F was calculated for each equation froﬁ
the values of I and W, The root mean square of the values of
(F - estimated F) was taken as an estimate .of the error. It was
found that ten randomly seledted sets of data would give an estimate
of the error relisble to about one or two parts in ten. This was
regarded as being sufficiently accurate for an estimate of an estimat

Since equation (i) was not even consistant in its form, there

being different terms omglitted on different occasions, it was not
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considered in this analysis. _
Equation (iia) was re-arranged to give F in terms of I-and W o~

'i‘ﬁ i  =}I<'-; rlg,l’]iqyltjyd

ceecesseses (iia)

S deqg F ==k, Llegl- ¥ legW
S R R

-k . -

Hewee F = ei'é’ {$ W 1/%

ok Fr= A.'-I /wc.

The values of these estimates of error in percentages are shown

sevsencsecos (iib)

in Table 5.

The teble shows that there is no appreciable difference in
accuracy between the estimates from'different-equations except for
record 10. Hence in all but record 10 nothing has really been géined
by the measurement of wind speed. f o

In the cases where the less general equation (iii)-exclﬁding
wind gives a more accurate result than equafion (ii) incluaing wingd,

the danger of the use of small sémpies is in evidence. If the error

of these figuresgpto 20%, is recalled it can be seen that there is no
real paradox. | |
The difference in accuracy between equations (iv) and the others
in record 10 im due a phenoména Gbserved by CHAPMAN (1956). 1In
conditions of low field and high winds.Chapman observed very great
fluctuations over short periods. - Because of the great effect of
wind in these conditions, those of record 10, & large gain in
accuracy is made if wind isgtakgn'into account., The mention of

"low field" by Chapman isfﬁ% ensure that there is not saturation wher
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wind changes have little or no effect.

Statemeht of Conclusions

As far as this investigation cén show it is not possible to get
an accurage measure of potentiad gradient from the records of radio-
active collector current and wind speed. n

An equation derived from simultaneous reading of I, F
and W gives an error of about 8% on average for an estimaté of F from
I and W taken during the record. If such an equation were used to
estimate F beyond the period of the record an accurancy of 8% would be
the best one could hope for. .

| However, en the occasions where recerds were taken soon‘after one
another (e.g. records 5 and 6,and 7 and 8), there is significanf
differences in the coefficients of the equations. Thus it can be:
seen that although an equation may give estimates to an accuracy of
8% initially the error rises very quickly due, possibly,to‘fluctuatim$
in meteorological parameters not measured. Tables 2,3 and 4 show
without doubt that no one equation is suitable for any length of tiﬁe.

The only use of the earthed radio-active collector is to give an

idea of the potential gradient as used by BENT (1955) and SCHAEFER
(1955). The accuracy gained by measurement of wind is en average
3e7%e This, -however, leaves the residual error of 8%. Thus it
can be seen that the trouble of measuring wind speed does not'yield
a worthwhile dividend in accuracy of estimation. - An acceuracy of
14 .7% being not a great deal ;222;% than one of 8% if only an
estimate is required.

The error of 8% should not be taken as an indication of the

accuracy of potential gradient. This error is that taken over a
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short period when the. best fi; to conditipns prevailing at that time
only was made.. | -

The constants in the equations were all found to be inconsistant
with each other. In view of this it is not pdssiblé to make any
conclusions as to the effect of different wind directions. Although
the tables and figures show differences between the West énd non West
(Records 1 end 10) results, these differences are no greaﬁer than
those within the West results alone.

Possible reasons for inconsistency

In view of the simple way that it is possible, gualitatively at
least, to describe the action of the earthed radio-active collector
it is strange that the results should be so erratic.

Short-term fluctuations

The cause of rapid fluctuations in collectof current is rapid
changes in potential gradient or wind speed. The rapid changes in
wind speed are most likely in fine weather to be predominant. It is
a common eiperience that wind speed quite close to the ground is
extremely variable.. The gusts and eddies in the air mbving past the
collector will interfere with the space charge there all the time.
These changes in space charge affect the current. The duration of
the changes is very small. This is the crux of the matter. For the
reasons described the wind speed galvonometer had a long (26 sec)
period. Hence as well as smoothing_thé peaks of the generated AC it
will have smoothed the small period gusts and eddies. - The wind speed
measured was an average as were thé others. It may be that an averag

is not good enough while a system with a faster responsé time may be.
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To achieve a guicker response time is not gquite as easy as it
may appear. It could not be done with the present system. The wind

would have to be measured.with a non-mechanical anemometer (e.g. hot

wire or thermistor). - With all records now having a period of 41 or 2

secs. photographic recording becomes difficult for the trace will be

very faint because of its rapid movement. The camera would have to De
sbeeded up to avoid the rapid deflections producing a wide blur on the
paper.

- The speeding up would facilitate the obtaining of data rapidly
but would result in eithér using a great deal of photographic paper
or sampling over shorter times}

Other sgources of variation are hard to find. Temperature and
bPressure can have only a marginal effect on the range of the radiation
particles. No natural atmospheric change in temperature or pressure
could have any appreciable effect on the-mobility of the iomns. High
relative humidity would not cause any difference other than marginal
in the range of the emitted particles.

The range is.of importance because ‘ere—ferm ion pairs formed a

long way from the collector will have less chance of readiing it, and
contributing to the current, than those formed close to the collector
which do not have to suffer the efféct of wind for so long.

If some metwrological effect allowed the range to increase more
ion pairs would be blown away before they cpuld separate and migrate
as part of the current. |

Effect of surface contamination on day to day variations

It is probable that the surface of the radio-active laminae may

become covered with foreign matter owing to dew and rain leaving
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deposits on their eventual evaporation. Such deposits would absorb
radiation leaving the laminae and so woiild reduce the number of ion-
pairs produced in the air around the collector. Now since the
accumulétion of deposits would be variasble it is to be expected that
the characteristics of the collector current will vary from time to
time according to the amount of depdsit present.

It is of interest to note that this variation in effective
activity would not affect the operation of an equalising collector.
Provided that some effective activity remained to pefform the

equalising,accumulation of deposits would be of no conseguence.
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