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ABSTRACT

The purpose of the investigaiion waa to
study the atmospheric space chargo nesr the
surfece of the earth, The effects on the space
charge of some atmospheric varisbles were
studied. B8pace charge of both signs wes
observed and nogative space charge was found
to be pradomin&nt in the period from lurch 30
to April 30, 1993, the tine during which the
study was made, Positive space charge was
obs&rvaé on & few occasions, however. The
usual space-charge densiby was found to lis in
the runge from -100 to -600 electronic cﬁarges/cm3.
Qeaults comparabie to those obtalnad in the course

of the investigation have bean obzerved by other

Ainvestigators In various parts of the world.



A STUDY OF ATMOSPHIRIC SPACE-CHABGE DENSIVY

NEAR THE SURFACE OF THE BARTH
INTRODUSTION

Because of the ionization of air by natural radioactivity,
by cosmic radiation, and, to a lesser extenit, by ultraviolet
radiation from the sun, there exlst in the stmosphere free
electrical charges (Table 1). These charges reside on particles
which range in size from that of electrons to that of gas
molecules, aggregates of moleculss, dust particles, and water
droplets, In the lower atmosphere, another source of ions
whieh ecan become very important during times of high convec-
tion of the sir is dust particles rising from the earth. Due
to the pntﬁati&l gradient which sxists between the earih and
the upper atmosphere, the earth has a high surface charge
density. Dust particles rising from ths earth are charged as
thoy lsave the surface, Ions also are produced by thunderstorms,

In general, a given parcel of air near the ground surface
containg both positive and negative ions, with a density of a
few hundred to several thousand electronic charges/cmB. Usually,
trone positive and negative charges are not present in equal

numberss the excess of those of the one sign over the other



Igive& rise to whet is defined asyggggg char&a.' This gpace charge
may be of elther sign and may very in_magnitude frum.mera to
wany thousand elactronie chargss/am3u ?he present inveatigation
is concerned with this space charge: means have been developed
for meagurement of the Spacé chargé and gome preliminary

meaguraments have been nade,

Table 1. Rate of Production of Ton Pairst
(cm=3 sec~1) ‘

Dus to natural Due 1o

radioactivity cogmic rays
Qceanic air 0 2
Country air 8 2

City air ‘ : 2

One pilece of evidence which points to the presence of
space charge in the atmosphere is the.variation<with altitude
of the electric field which exists between the upper atmosphere
and the earth. This system of the earth and the upper atmoa~

pherae may be considered as a charged spherical capaecitor, with

1. T. %, Wormel, ®Atmospheric Slectricity--Some Recent
Trends and Problems," Quarterly Journal of the Roysl
Yoteorological Society, (9, 1953, D be




the earth as the center elscirode. A polential gradisnt exists
betwesn thess two slecirodes, and in the absence of space gharge,
the field batween the two elsctrodes is approximately uniform.
In the actual maﬁe\ef 1he esarth and the upper atmosphere, con-
stdering the air as the dielsctric rediue between the two,
variations in the Tield exist., This variation, an exaple of
which is shown In Teble 2, indicates that space charge, upon
which 1inéa of force may terminate, resides in the slr beltween
the electrodes, In general, it is found that this variation is
most pronounced in the lower atmosphere in that region where haze
is present, indicating the presence of particles larger than gas

molecules.

Table 2. Potential Gradient at Various ﬁltitudaaz

Altitude (k) 0 0.5 1.5 3 6 9

Field (volts/meter} 130 50 30 20 10 5

The air between the plates of the earth-~upper atmogphers
capaci tor is actuslly a peor insulator because of the presence of

1ong. The current leaksge between the plates of this capacitor

2, 0., H. 0ish, "Atmospheric Flectriciiy,™ in Terrestrial
Kagnetism and Electricity, edited by 5, 4, Fleming, Jover
ublications, new York, 1953, p 212.
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has been estimated by Gishd to be about 1800 amp, directed
toward the earth. It has also been estimated that & leakage of
thisg 5rd@r would almost completely discharge the capaciter in
twe hours. To maintein the charge on the capacitor, there must
be en upward supply current; the accepted view is that this
current is generated by thunderstorms. To pressrve the ¢lec-
trical balance, the supply current from all thunderstorms over
the earth must equal the air-earth current of 1800 amp.

In the lower atmosphere, the sign of space charge has
usually been assumed to be pogitive under normal stwospherie
conditions. Positive ions formed by commic radlation move
‘downward under the influence of the earth's electric field and
enrich the surface air with positive charge. It eppears quite
likely, howsver, that during disturbed atmospheric conditions,
negative lons comlng frow the surface of the earth (and residing
on duat particles) may essily reVersé tﬁa slgn of the space
charge, These negative ions presumebly originate principally
in the surface charge as a result of the potential gradient.
Another source of ions which is of importance in the lower

atmogphere i ionization by natural radioactiviiy.in the sarth,

3. 0. H, Gish, "Universal Aspects of Atmospheric Hlectricity,m
Sompendium of Heteorolozy, imerican Heteorclogical Society, Boston,
Massachusebts, 1951, p 113. '
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METHOL AND APPARATUS

Kethod

In this investigation, the determination of space~charge
density involved the use of a space shlelded from externel fields
by a conducting enclogure. Such & shielded enclosurs is comaonly
called & Farad&y cage. Air containing the space chargs to be
nesgured was allowad to eirculate through the walls of the cage,
which were formed of copper wire mesh, and the field arising from
'tha apace charge was messured, Located at the lower boundary of
the Faraday cuge, asg ahwwﬁ in Pigure 1, was an electrode which
was sensibive to the fields arising from the space charge within
the vage, A sensitive @l@Qtremater was used to measgure the charge
induced on the slectrode by the field arising from the space
gharge. Tn order that measurements could be made by this means,
it was necessary to cover the @i@ctrad@ periodically so that the
charge induced on the electrode by the field could be removed.
Covering the electrode reduced the field essentielly to zaro.
Re—exposing the slectrode to the existing fleld induced on it a
charge proportional te the flald strength.

Pigure 2, 8 schematic dlagram of the sensing electrode
aggembly, illustrates the cycle of opsrations of the space-~charge
apyaratusi Starbing with the cover, or shader (3), in a position

uncovering the geusing electrode (E), the shader (3) moves into



Hegion shown
in
Flgure 2

Figure 1. Faraday Cage and Sensing Electrode Assembly



the position ghown, During movement of the shader (8) in that
direction, & switch (P} s closed to remove the Iinduced charge

on the glectrods (I). The pwitch (P) is then opensd and the
shader (3) is moved sway to axpose Lhe olectrods (E) to the field
to be messured. In normal ayﬁr&%i@n, the duratlon of this cyele
is sbout ten seconda,

To compensate for fluelds originsting laside the cags from
gources obhier then gpaee chargs, & gmxdl blas polontisl waa
spplied to the shader, which induced on the electrode & chargs
equal in magnitude, huﬁ.apguaihw in sign, to the charge induced
by the stray fields, The stray fields concerned in this study
wers contact potentials and flelde ardsing from f£ilms on the metal
surfaces exposed, The surfaces of filme on metal srs not alweys
at the same pobential as the subsbrata, and contact potentials
ariegas from differences in work function of metel surfaeces. This
contact patamt&&l.ia & function of the history of ihe surface, the
type of materisl, the lmpurities in the materisl, end wvarious
othayr factors,

SJetails of Aurarstug

1. The Fareday lage. (Flgures 1, 3, and i) The cage is
¢yiindricsl in shape, huving a dlameter of 1.22 m, & height of
0,91 m, and 3 volume of 1,07 m3, The sides are conmstracted of
1/l-inch e sh COUNET BOPEany ﬁhe top end bottom are of nlywoeod
covered with 1/16«ingh mﬁéh copper soraen. Attached to the

botton plywood member 18 & eylindricel iron frame inside of

which is secured the eylinder of 1/h~inch mesh copper screen,
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which may be geen in Figure 3. The ton of the cage is clamped
to the iron frame in such a way that it nay be eagily removed
for sceess to the interior of the cage for repairs and adjuste
manté.

2. The Sensing Flectrode issembly, (Figures 2 and L)

Located at the center of the bottom of the Farsdsy cige 18 the
sensing electrode asserbly. This unit ponsists of a flange (¥),
the sensing slectrode (), and & housing {H). The flange is

so0 congbructed that it seats down in electrical contact with
tha screen farm*ng the bottom of the cagp. A portion of the
fange mrow@rta dowrmard fhrenwh 4 hole in the plywood base of
the cage. The 3ansing electrode is a flat, copper disc five
inches in diameter, The electrods is supported by 2 1/L~inch
copper rod (?), which in turn is supported by two fluorothene
insulators (I) mounted in a housing of copper tubing. The
1/l~inch copper rod teminates lumediately below the lower
insulator in such a2 way that 1t conbtacts the electrometer
terminal, The housing fits into & recess in the electrometer
head and is attachsed mechanieally, as well a3 electrically, to
the guard ring of the electrometer, the function of which will
be discussed later. Attaching the housing to the guard ring
keeps the cage and the entlire sensing glectrods assenbly, with
the exception of the sensing slecirode itself and the shader (8),

i

at the potential of the gusrd ring.



Figure 2. Faraday Cage with Calibrating Plate

Figure L. Shader with Sensing Electrode Uncovered
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3. Electrometber and Recorder, The electromeler uzsed in

this experiment was a vibrating reed slectrometer made by the
Applied Physics Corporation of Cslifornia. This electrometer
consists of two unitgr 1lhe alectrometer head and the ammlilier
cabinet. Its available ranges are 1 milliveolt to 1000 millivolis
full scala. The distinctive feature of this electroneter is the
vibrating capacitor. This capacitor is formed by the close
proximity of an anvil, which is grounded, Lo a reed Lo which the
input signal is applied. 7The reed is vibrated by means of a
mien bridge oscillator and is driven at & frequency of L30 cps.
A DC potential applied to the reed of the vibrating cspadcitor
results in a L50 cps signal which is applied to the grid of

the first amplifier tube, The cutput of the amplifier goes to
a rectifier which operates in synchronism with the Wien obridge
ogelllator. The signal from this rectifier goes through a
cathods follower circult to & meter which indicaltes the megni-
tude of tiie potential applied teo the reeds Alvo from the
cathode follower & signal goes through a feedback circuit., The
volitage developed in Lhe feedback clreuit Is epplied to a guard
ring surrounding the vibrating reed assembly, malntaining it at
ths same potential as the reed. Halntalning ihe guard ring at
the potential of the electrumeter probe keeps the capacilunce

of the systenm i a minimam, The theory of the vivrating reed
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alectrometer i given by Palevsky, Swank, and Gr@nchik.h

The signal from the electrometer was recorded by a
potentiometer-type, Varian recordsr. Two chart speeds {2 in./min,
bv

and L in./hr,) were used during the course of the study. Figurs é

ig a8 section teken from one of the records showing ihe charac-
teristic trace obtsined from the operation of the instrument.

i The Shader. (Figures 2 and ) The shuder was a flatb,
tear-shaped, copper plate which gould be swung lnlo position
over tﬁé’aeﬁsing electrode, Then the shader was in position over
the sensing elecirode, the separabion between the iwo was about
1.5 cm. The shader was operated fron below the cage (Figure 2)
by & motor-drivan gear éystam meghing with gear §. Alsc operas

ting off this gesr system was & device to squeeze a rubbsr bulb

which sctuated the shorting swilbeh,

5. The Shorting gwiteh, (Figure 2) The term "shoriing
3w$teh“ iz used in thls diacu@&ion in preference to "grounding
awitch, " sinee the function of the switch was, not to ground
the sensing slectrode, bub to short the elsctrada to the guard
ring, which was at a potential different from ground. Its
fanction was ta,ramove the charge on the sensing electrode. A
special switch was pade which would n@tlleave a chargs on the
electrode when the system was unshorisd; & rubbing or £liding-

type of contact gwitch would be likely to do this. In this

4. H. Palevsky, R. K. Swank, and R, Qrenchik, "Design of
Dynamic Condenser Electrometers,” Review of Scientific Instruments,
18, 1947, pp 298-31L. ‘
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Figure 5. Installation on Roof, with "Can®
covering Faraday Cage
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switch & section of 0.030-inch drill rod (D) was mounted

axially on a small dise bellows {Be). Upon expansion of the
tellows, an amalgamsted platinum contact (P) touched, without
gliding, an esmalgamated platinum plate on the 1/l~inch shafts (R)
gupperting the sensing electrode. The bellows was controlled by
& rubber bulb,

6. Accessory Equipment. Operating simultansously with the

space~-chargs apperatus wag & three-cup, gontinuous~recording
anémometer. The roitating vanes operated an AC generator, the
slgnal from which went through a rectifier to an Taterling-
ingus recorder. Imuring the latter part of the study, an instri-
ment to measure the air-egarth glactric fisld was in operation.

Calibration and Adjusiment

Contact Potential Bias, For adjustment of the blas voliage

spplied to the shader, the space inside the cage must be free of
gpace charge, bacanse the presence of space charge produces an
sffect indistinguishable from the effect of the conbtact polential.
To elininate spacs charge, a cylindrical can was consiructed to
agnclose the Faré&ay cage and to prevent air clrculetion (Figure Y.
With the eylindrical can in position and grounded, a potential of
ZhOO'vcltm was applied between the sides of the cage and an axlal
pin, 24 inches in length., With thiavfialﬁ, approximately one

‘hour was found to be sufficlent to remove essentlally all of the

space charge. After the space charge had been swept out, the
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nin was removed and the field meaguring apparatus wasg get into
operation., The shader potential was then adjusted to give a
null upon unshading,

Upon completion of the adjustment of the shader potential,
the eylindricel can was removed and the aiy allowed to circulate
through the cage. The value of the field, then, gave a true
representation of the space-chsrze density in the cage.

The above procedure was rapeated periodically to correct
any drift which might be present, Generally, variations in
the contact potential werse 3ma11; however, censiderable variation
was noted when radical disturbance of the shader and enclosure
oceurred in the courss of rgpairﬁlar after exposure io rain,

Calibration. For interpr@tation of the data obtained from
the &py&raéua,‘tﬁa scale @eflec#ionﬁ mugt be related tc the
&paﬁﬁmqh&rge’ﬁansity in the Fapﬁﬁay G&gﬁ*’ A direct calibration

of the apparstus, that is, putting a known number of ions into
the cage and obesrving the scale deflection, would be difficult
and uncertéim due te such factors as recowbinaticn and muliiplie~
cation of the ionmz. To avoid this difficulty, the calibration
wag divided into two parts; namely, relating the effect of &
field at the slecirode Lo a scale déflecﬁion, and relating the
spece~charge denaity to the fisld., These two steps will be
discugsed sepérataly below.

The first part of this determination, which was to relate

the affect of & known field to the scale deflections, waz done
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by placing over the sensing electrode a metal plate, 2l inches
by 36 inches, to which a known potential was applled. The
metal plate was supported by insulating rods. It stood 1h.6 cm
above ths bot%om‘of the cage, and is shown in.plaaa in Figure 3.
The eylindrical can wag then placed over the cage and the space
charge swept oub, This done, the shader potential was adjusted
to nullify ths affﬂct of the new contact petential introduced
by the calibrating plate., Potentizls of from 20 to 1500 millivelts
wara applied to the calibrating plate, and their effects on the
electromeler were recorded by the Varian recorder. Table 3
shows the magnitude aﬁd“ effects of the applied fislds. 4 check
of the contast potential after ﬁhe calibration had been com-
pleted revealed that ne change inyion congentration ag contact
potential had oceurrsd during the calibration, i

In relatung the spage-charge density to the fial% at the
sensing electraia, an approximation was made, in the &anner shown
in Figure 7, to the field configuration produced by & homogsneous
chargs densiiy existing in the cylindrical volume of the cage.
Gauss® law was then applied to a velume bounded by & surfacs of
rotation defined by lines of force {L) snd the sensing elactrode
(E}, enabling caleculation of the field strength at the sensing
electrode. Dlgturbance of the equipotential surfaces due to the
presence of tha seusing electrude does not occur because, 25 was
pmintaﬁyout éarlier, the cage is kept at the same potential as
the sensing electrode. There will be, however, a slight disturbe

ance of the equipotentlial surfaces because of the yap bebtween the
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sensing electrode and the [lange (g in Yigure 2). 'The lines of
forece which form part of the surface enclesing the volume are
chosen in such a way that they intersect the base of the cage
at the midpoint of the gap betwesn the sensing elecirode and
the flange.

Tn the calculations to follow, the symbels below are uzedy

dt = the element of surfacs area of the
Gousaian surface (meters?),

a = the effective radius of the senging
slectrode (0.0625 m).

¥V & the Caussian volume (matarsa)a

L = the average electric field strength
at the sensing electrode (volts/meter).

§ = the entire space charge In the volume V
{Cowlombs ).

€,® the permittivity of fvea space
(8.8 x 10~12 farads/meter).

@ = the volums charge density
Conlombs/meteors3 ).

H = the volume charge density
(electronic charges/em3),

From CGauss' law we may write
fran = & (1)
{ ]
The value of this surface inteygral over the boundary of the
volome under discussion is everywhers zero except ai the sensing

elactrode, The value of the integral is than'Eag

M. Equation (1)
now becomes

TalH 2 e (2)
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whence
Q = TmafeB. (3)
By definition,
Q =vf (L)
Substituting in {3), we then have
p= na‘»";ﬁ ) )

From Figure 7, V was determined, with as high & degree of
precision as the method permits, to be L.5 x 10733, Substie
tuting numerical cuantities in ammation (5), we then have

C = 2.k x 10715 toulonbs/m, (6)
Changing units, this becomes

¥ T 1L8E electronic cherges/cmd. (M
In Table 3 are given values N for different values of E obtained
in the first sbep of the cullbratlon, ALlso glven are values of

i per division on the Varisn chart paper, The mean vaiue of §

3
slectrenic chargs s/cm“,
division

per division is 38 .

The error incurrsd by this approximation wes eastimated at
15 per cent. Sinmce the varistions in the space-charge density
for a particular time interval were large, trends, not high
precligion in the absolute values, are‘impartant.

& very satisfactory degrsee of linearidy in the apparatus

can be seen in the Tifth column in Table 3.



20

Table 3, Calibration

Applied Secals " electronic

Voltage ~deflection B alectroni ¢harges/cn

{volts {divisions ) {volts/meter) cherges/om divisions
1.2 33 8.2 1215 ‘ 37
1.0 27 6.9 1015 37
0.9 25 6.2 912 3
0.8 22 5.5 - 80 37
0.7 19.5 L.8 710 36
0.6 16 hel 608 38
0.5 13.5 3.4 506 38
0.4 11 2 Los 37
0.3 8 2.1 30k 38
0.2 5 1.3 203 Lo
01 2.6 7 01 39

#(ipplied voltage refers to the potential of the calibrating
plate; divislon referg to the unit scale on the Varian recorder
chart papar.5 ,
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RESULTS

Initially, the space~charge spperatus was operebed in the
laboratory in oxder that necessary aiterstlons could be made and
go that fosiliarity with the operation could be aitained. Later,
the apparatus wes moved to the roof of the Research and Development
Mvision Laboratery on the campug of the MNew Vexleo Institube of
Hining and Technology.

Data. Heasurenents with the apparatus in place on the
roof began Harch 30, 1953, ad continued wutlil April 30, 1958.
Visusl observatlons of westher conditlons and other pertinent |
factors were made pericdically during the tine the appuratus wag
ooerating. These observationy includod héze concentration,
cloudiness, pracipitation, wind direction, @nd possible local
sources of space charge, such @3 dast fvom road twralfle and
watar from nearby sprinkling systems, In addition to the
vigual cuservations, records Wér«e kept of relative hunididy,

and, in the seyly pard of April, & hote-wirs anemometer waw used

Lo t;:fie&ff;ﬁi‘m wind velocitiss. 'i"mw tha thrgowoup anemoroter had
besn installed, @ conbinuous record of wind velocities was kept.
The ragnitude of the space—charge densiiy varied greatly,
depending largely upon atmosphoric conditions. The value of the
space=charye ‘dﬁn@i Ly undar thoe wual atmogpheric conditions ranged

from approximataly -100 to 600 sleetronlc e::harg%/cmj « During

pariods of high wind, the apparent space-charge density reached
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péaks of 3000 to LOOO electronic charges/am>. During periods of
high winds and gustiness, fluctuations in the space-charge density
of 50 per cent or more were not uncommon,

When precipitetion was present, the apparent values of
space-charge density were as high as thoss observed during high
winds, and the fluctustlions were very great. In fact, the
obgerved values varied from large (3000 to L000 electronic
charges/emd) negative values to equally large positive values.

Shortepariod fluctuations in the ap&ca;mharg& denzity of about
10 per cent, which were obssrvable within the five~second senasitive
interval of the apparabtuz, occurred during periods of high wind and
gustiness. DBome of these small fluctuations can be geen (circled
regions) in Figure §.

A& large percentage of the measurements recorded during the
time that the spacewcharge apparatus was in position showed a
negative space charge to be present, Fositive space charge was
recorded on some occasions, however, Four such periocds of positiva
space charge, which are especially notewerthy, will be discugsed
in some detail below.

The first of thesc perioeds of vositive space charge oceurred
April 6 and 7, 1958, A plot of the space-charge density over an
10-hour intervel including that period is shown in Figure 8. The
initial reversal occurred at 21330 M3T on april 6., In the hours

preceding 20:30 ST, a slight wind was recordsd. From 20:30 3T,



23

April 6, until 06100 ST, ipril 7, there was 1o appreciable wind,
and the sky was clesr. Since observation of haze could not be
made abt night, the haze conditlons were recorded in the late after-
noon of April 6 and in the early morning of ipril 7., These obger-
vations indicsted a less than ususl amount of hase was prasent
daring this pericd. The reversal to typical negative space charge
came at 05:L5 MST on &piil 7, which was colnecident with sunrise.

The second period of positive mpaée charge ocﬁurreﬁ on April 1l,
veginning at 01:15 MST. Pigure 10 shows the original chart for a
2 3/h~hour iﬁtarval ineluding the initial reversal from negative
to positlve space charge. Figure 11 shows & graph of space~charge
density covering & 2=hour interval beginaing at 08100 EST on
Lpril 10. From 08:00 to 21130 %ET,'ﬁpril 10, thers was a slight
wing with gusts up to 10 mph., The negative space~charge density
during this interval was higher (8000 to 1500 elaatrnnic charges/a’)
than that recorded on most other days when similar atmospheric
conditions were obgervaed. There was no appreciasble wind from
21130 MST, April 10, to 08:00 M3T, spril 1l. The reversal from
negative to positlve space charge occurred at a time when atmos-
pheric conditions were similar t0 those described during the positive
space-charge period of April 6. On April 11, the time required for
the reversal from =500 to 700 alemtr@nic‘cha&gas/¢m3 was only one=
half hour. The return to typical negitive space-charge conditions

came in midmorning on the 1llth.



harges/cmd)

1¢ C

2

e~charge density

etron

Spa
{ele

3)

Space-charge density
{elsctronic charges/cn

)
=

1000

500 [

=1000 |-

| | 1 ! 1 | | | { | 1

3500 2000 0000 0400 0800 1200
Time

Figure 8. Space-charge Density, April 6-7, 1958

1006 |

500 | I g i

w500 |- -

'”"E_" S —

~O0 I l ! ! ! l j I | !

¥ 0800 1400 o000 0800
Time

e

Figurs 2. Zpace-charge Density, April 19-21, 1958



ity
gas/com3)

Space=-charge densl
(electronic char

1500

1000

500

o

=1500

Figure

Time

G

fr2z

CHART N¢

6230

0100

LO ALTO, CALIF,

r
Q

INSTRUMENT PLVISION. VARIAN ASSOCIATES. PAI

o108

U e

D rrivEs 1N Uaa,

o
=3
°

10. Varian Chart Showing Initial Reversal, April 11, 1958

|

1 1 1 1 |

!
1200

Figare 1

5
e

!
2000
Time
ceg-charge Density, April 10-11, 1958

| 1
1600 QC00 OLOO

0800




26

Two wmore instances of positive space charge occurred during
& period of continucus recording of some L2 hours durétion, April
19~21. The graph of space charge ve. time is shown in Figure 3.
An initial reversal from negative to positive space charge must
have occurred before 21:00 MST, April 12, at which time the instru~
ments wers started., There was & slight breeze and a clesr sky
from this time until ap@reximataly 12209 ¥ST, April 20, Heversal
Yo, 1 {(Figure 9) to nagaﬁive’space charge was coincident with
sunrise, April 20, as in one of the cases previously discussed,
The space chargs remained negabtive during the dsy of April 20
until 20100 K97, From 12:00 to 16500 MST, April 20, the wind
velovity was almost zerc. There were slight winds from 16:00
to 19100 MST, at which time & calm began which lasted until 07:00,
Aprdl 21, AL 20:00 MST, reversal Wo. 2 acdurreﬁ'under atmospheriec
conditions whinh were similar to those of previous cases. An
overall trend between reversals Nos, 2 and 5 was interrupted by a
slight fluctnation which appeared as a short period.of negative
apace charge designated by reversals Wos. 3 and L. Reversal Wo. g
from vositive to typleal negative space charge is seen to have
occurred at spproximstely sunrise (95:3@ ¥3T), ag on April 7 and
April 20, After sunrise, the nagative space-charge density showsd
an inereasing trénd; after 07:00 M3T, this trend was roughly
mateched by increasing wind velocity and dustiness.

8pecial atmospheric conditions seem to have bsen necessary

for reversal of the sizn of the space charge Trom negative o
Le s = A .
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sogltlve. Tu overy cees whore reversals ware obsarved, the
aimospherice conditlone nesr the time of the reversal wore 4approxt-
matsly the smme; nwsely, the wind veleoldy wis rero o vsry'
mearly ang the sky was glaﬁf, and bhe haze densliy appeared o be
lepz than 1t wes ob obthor times diring the period of the siudy.

Discugsion. Az wag seailoned ssrller, & large percontige
of the data showed & negatlive gpace ¢harge Lo be present. The
spacewchargs denaiiles ranged fran O to 1500 slectronde charges/ond
with an average of about LU electronic mhﬁrgaa/am3m The generél
texthook view is thab speoe eharge zust be pesitivi.  Thls cone
elusion L2 resghed by an malysls of whal hes been generslly
glven a8 the gradient of the fleld intenzity, Tho magnituds of
the speceechirge denally oblelucd from this type of ﬂﬁn@id@?&%&éﬁ
16 such smeller (20 to 30 olecironic charges/end) than that
ohgervad In this study.

In acbusl measuresents of gpace charge, obther lovesbigetors
have obbalned results which are ﬁ“Wilﬁr %o those obbained ln the
pongse of thiz mtudy, In Washington, D. C., Clah snd Shersand
opsrated simmliansously two instvupents for seasaring spsce w%ﬁrgaa 
Tne of these lnstrosonts wey loosted some 18 melors abovs the
othar. Tor the lowsr ingtrument, the yearly aversge space-charge

donaity wae determined to be +1L3 clectronic chavges w3, Yor the
; b4 £

g, g f, Glah, "stacpheric flectrelly,” op. clie
el ik S T
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higher instrumént, a space~-charge demsity of +111 electronie
charges/co> was obtained. ﬁarih&@ré found negative values of
space charge on the average both for summer and winter. This
work presumably was done in 8weden, Baund@rer,7 in Germany,
reported larpe average values of +1260 electronic charges/cm3
for summer and ~1000 elsctronic ehargee/bm3 for winter, Obser—
vations by Obol@nsky;a in Russia, indicated that, on the average,
space charge for the months of August and September was negative,
Heasurements of space charge by uge of a Faraday cage, made by
Vonnegut and ¥oore,? indicatéd a predominance of positive space
charge, bubt perdods of negative space charge were not uncemmon.
The magnitudes of the space charge Iln the npeasuremeonts
cited above ars comparable to those observed during this
experiment, All investigators of space-charge phenomena hawe
roported negative space charge at one time or mother, even

those who found predominantly positive space charge, In all

6. H, YHorinder, "Hesearches on the Height Varlation of the
Atmogpheric—slectrie Potentialw-gradient in the Lowest Layers of
the Air," QOeog. Ann., 3, 1921, pp 1-96; L, 1922, pp 116-121
(cited ibid., p 22k,

7. A. Daunderer, Yiuftelektrische Messungen,® Physik %s.,
8, 1907, pp 281-286 (cited ibid., p 224).

8. ¥. Y. Obolensky, "Uber elekirische Ladungen in der
Atmosphiire, " inn, Physik, 77, 1925, pp 6Li~666 (cited ibid,, p 22L).

9. B. YVomnegut and C. R. Moore; 4 Study'gg Technioues for
Measuring the Concentra tion of Space Ga&rge in the lLower Atmoanhers,
Tontract AP 19(8DL)1620, Finsl Report of ¢ adﬁﬁ&aicéwﬁésearch
Directorate, Arthur D, Little, Inec., Gambridga, ﬁ&ssachus@tta,
January, 1958, pp 61-63.
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cazes, a radical difference 13 observed between msagured
space=charge dengities and the values calculated from gengralimad
textbook field intensity data, It seems reasonable to conclude
that the space-charge situstion needs further investigation,

The abnormally high apparent wvalues of spage-~charge density
{3000 to hOOO elsctronic charges/om-) observed during times of
high gusty winds may have been, in part, the resuli of frictional
electrification on the wire mesh of the cage., Hxperiments con-
ducted 4o study the effects of frictional and impaction electri-
fication carried on by Richards®® and Langmuir and Tanis,+t
indicated that such materiala as quarts, fluorite, and calcite,
impacted on metal, become nepatively charged upon leaving the
metal, Similarly, high values observed when precipltation was
present could have resulted in part from electrificatioﬁ caused
by fracturing of the water droplets at the sides of the cage.
This electrification also has been observed on fleld meters,

An attempt was made to dbtain a correlation between the
anemometer dats and the data obtained by the spice-charge apparatus,

and, in many instances, a close relationship was found to exist

10. Harold F, Richards, "Electriflcation by Impaci,®
Physicsl Review, 16, 1920, pp 299-30k.

1l. Irving Langmuir and H, E. Tanis, The Hlsctrical Charging
of Surfaces Produced the Impact of Hiph Veloclty Solid Parvicles,
Trmy Contract No. We33=108-30~65, General Llectric Research
Laboratory, Schenectady, MNew York, May, 1545, p 3.
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between the two. An example of this relationship, which
cceurred April 2L, cen be seen in Figure 12. A broad peak in
the neighborhood of 19145 ¥ST zppears on both records. Another
such peak occurs at 19:00 ¥IT on both records. Preceding 1B8:30
M2T, o consistent high space~charge density is matched by a
general high level on the snemometer records.

An attempt was mad@ to find a correlation betwesn space
charge dsnsity and trende in the air-ezrth potential gradient,
but the comparatively small amount of data available offersd
no bagls for ¢orreiation. This is not conclusive avidence,
of course, énﬁ in any event, the principai correlation should
ba sxpached with the gradient of the field intensity rather
than with the notential gradient. It seems reasonable, however,
that thers would be somo disturbance of the magnitude of the
potential gradient at the surface at those time intervals during

which larze changes in the space charge are taking place.
SUMRARY

The space-charge density in the lower abtmosphere was
neasured by means of a Faraday cage and & sensitive electrometer,
Puring a large part of the time the apparstus was in gperatién,
negative space charge was nresenit, with a density usually in
the range from 100 to 430 elsctronic aharges/cm3. Periods of
positive gpace charge were also obgerved with charge densities

comparable to those of the negative spacs charge.
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The order of megnitude of the space-charge density was
higher than was expected, bubt a search of the literaturs reveals
that the values obtalned here are comparable to those obgerved
by other investigators, A possible explanation of the high
values obtained is the large amount of wind and dust present
during the time the observations were made, It ssems probable
that clouds of dust coming from the surface of the earth carry
large émounta of negative charge; the earth's surface will
almost alweys have a negative surface charge because of the
presence of the downwsrd-directed elsctric fisld,

Abnormally high apparsent values of gpace charze obtained
during high gusty winds and during times of precipitation are
thought to be due in part to electrification effects on the
sides of the cage.‘

The space-charge densitles observed here are much too high
to be consistent with the simple textbook descriptions of the
atmogpheric slectric field. Large gradients of electric-field
intensity must be present, at least in limited regions, a con-
clusion that seems to be in agrecment with the resultas of
Koﬁnigsfeld12 and other investigators who have made actual measures

ments of the variatimn‘of glectric field with altitude.

12, L, Koenigsfeld, "Investigations of the Potential
Gradient at the Zarth's Ground Surface and Within the Free
Atmosphere," in Thunderstorn Electricity, edited by Horace K.
Byers, The University of Chicago Press, Chicago, 1953, pp 2L-45.
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BUGGESTIONS FOR FPURTHER INVESTICATION

Por further investigation of space charge, the following
suggestions wight be considsred. The apparatus snould be made
nOTe perﬁ&ﬁl& and more weather-proof. Studies of the space
charge should be made in connection with thunderstorss, at
different altitudes on the surface, and at different heights in
the atmosphere; for exasple, with ingtruments making simultanecus
recordings at & number of different heighls above ihe surface,
Observations covering leng periods of time would be desirabls.
Studies could be made of the effect of electrification of dust
by impaction al the sldes @f the cage. Laboratory and field
studies might be made of the electrification of dust, water
vapor, or other particles picked up under the influence of

glectric fields.
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