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INTRODUCTION

In the past, sailplane pilots
have had no sensor for determining
the location of regions of 1ift other
than their eyes. They might have
headed for a cumulus cloud or a cohn=
venient ridpe oriented perpendicular
to the wind when searching for rising
air. Atmospheric electric field
measurements from a sailplane may of-
fer another means of locating ther-
mals and using them more effectively
by indicating the regions of maximum
1ift, Tais technique has been sug-
rested in the past by MacCready (199,
1971).

The basic principle is dependent
on the vertical gradient of space
charre density in the atmospherc.

In peneral an cxcess of positive ions
(compared to negative ions) exists in
the atmosphere, and the concentration
decreases with altitude. A particu~
larly dense region exists in the
planetary boundary layer within a few
tens of meters from the earth's sur-
face. This charge can be fed into
conveclive updrafts through aorizon-
tal convergence near the ground and
be carried aloft by the thermal.
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Thus pockets or columns of positive
charge can accumulate in thermals,
particularly near the top, where they
will set up electric fields. HMea-
surements of the horizontal component
will indicate the direction of the
charge center (marking the thermal)
from a sailplane. This paper will
discuss use of sucn measurements to
increase soaring efficiency.

Review of fair-weather atmospheric
electrical conditions

In order to understand the me-
chanism it is necessary to understand
some aspects of fair-weather electri-
city., The subject is gone into more
completely in texts by Chalmers (1967)
and Israel (1971), "Fair-weather" in
atmospheric electricity esscentially
implies regions distant from thunder-
storms, dust storms (or other elec-
trical generators), precipitation or
extensive cloud layers. Thunderstomms
generally are considered the main
electrical generator maintaining the
earth's electric field, Potential
sradient, the term used in making
electric field measurements, is the
negative of the electric field, i.e.,
it is a vector of egual magnitude but




in the opposite direction. While the
mechanism by which thunderstorms make
clectricity is still not agreed upon
(and probably several exist), most
investigators concur that the upper
portion of a thundercloud contains
excess positive charge and the bottom
contains negative charge excess.

Thus a dipole model can be assumed in
explaining how thunderclouds maintain
the earth's electric field,

The atmosphere contains ions of
both signs mostly caused by cosmic
radiation ionizing air molecules.,
Because of the variation of conducti-
vity with height, a small excess in
ions of one sign will occur. Since
the earth is charged nepatively and
the upper atmosphere positively due
to the polarity of thunderclouds,
this excess charge in the atmosphere
is positive., Typically, near the
earth's surface 1000 ion,pairs (an
ion of each sign) per cm” will be
present, However, the net positive
charge is only a few ions ver cm”
generally. There appears to be great
variation from one location to anotler,
and this is a function of air mixing,
pollution, radioactive gases and
other factors. While 1 to 10 elemen-
tary charges per cm”’ may be typical
over land with convection present,
measurements on a mountain in New
Mexico_indicate 200 elementary charges
per cm’ were tyvical ‘and at'times
space charge densilties of_over 1000
elementary charges per cm”? were re-
corded (Vonnegut and Moore, (19583) ).

A thunderstorm acts as a genera-
tor by causing the positive space
charge above it to move upward into
the highly conductive upper layers of
the atmosphere. Similarly negative
ions move downward. Because of high
conductivity in the upper atmosphere
the charge moves sideways redistribut-
ing itself homogeneously around the
earth in much less than a second at a
height of 60 km. For purposes of at-
mospheric electricity this height is
called the "equalizing layer". It is
at a potential that is fairly constant
at any given time all over the world.
This potential is about +300,000 volts
relative to the earth. The "egualiz-
ing layer" can be considered the outer
conductor of a spherical capacitor,
the inner conductor of which 1s the
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earth. Between them the atmosphere
acts as a leaky dielectric through
which charge drifts. Under a thunder-
storm large electric fields exist;
these can be sufficient to cause point
discharge from sharp cbjects on the
earth's surface., 'When most pronounced
this is recognized as Saint Elmo's

fire. Because the bottom of a thunder
storm is charged nega SLL1VE
charge enters € atmosphere 1n tne

DOLT ischarge leaving nega.iv
YT T T N T T TR
PrIMary TacTtor accounting Tor The
eartn's charge tloud To ground
IEEH?EIEE_§F§V£305 an additional 10%.
Because the earth is a good conductor
the negative charge distributes it-
self uniformly over the surface, and
a vertical electric field is estab-
lished in the atmospnere all over the
world. The fair-weather electric
field intensity is about 120 volts
per meter in all Talr-weather regions
rnear the earth's surface. It de-
creases exponentlally wicth altltude

ue to the exponentlal 1hcrease 1h
atmogpheric conductivitye.

In fair-weather regions positive
ions in the atmosphere drift down=-
ward toward the negative charge on
the earth, and negative ions drift
upward., Two-thirds of the atmospheric
charge would be lost in about 20
minutes in the lower atmosphere due
to conductivity allowing the charge
to leak away if the electrical gene-
rator maintaining the field, thunder-
storms, were turned off. However,
thunderstorms are always occurring at
various places on earth, particularly
near longitudes where it ig afternoon.

fhe fair-weather field intensity
varies simultaneous a over the
AT,

WOor.d : ’
I
worl
minimum occurs at about O400 GMT and
the maximum (about 30% higher) about
1900 GMT.,

dengilt
5 1
ihen there is strong mixing

the inversion the density gradient
will be small, and the average space
charge through the mixing layer ma
be only 1 elementary charge per cm
although there still may be a layer
of space charge close to the earth
depending on the details of low
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level mixing and terrain. With wealk
or widely-gspaced convection a rela-
tively dense layer of space charge
can exist near the earth, and_10 to
100 elementary charges per cm? may
occur in the lowest 100 meters of the
atmosphere, The particular high
values measured on a mountain in New
Mexico were probably confined to a
layer less than 50 meters thick.

Another region where high space
charge densities will occur is at the
interface of two horizontal layers of
different conductivity such as at the
inversion when thick haze exists be-
low that level, Here through a depth
of 50 melers a positive space charge
degsity of 50 elementary charges per
cm” may existe. Thermals acguire ex-
cess positive charge densitles COm-—
pared to thelr surroundings from
tThese Lwo recions of relatively nigh
positive space charge denslileSe.

The technique to be descrived opera-
fes by sensing tne directlon Irom a
sallplane to the refions Ol Telative-
1y nigh censity pogltive space charge
in thermals.

Mechanism for electrical thermal
detection

Figure 1 illustrates how space
charge should be redistributed in the
atmosphere by a thermal and the re-
sulting electric field equipotential
lines., Whether a thermal is continu-
ous (as a column extending up from
the earth), a bubble, a plume or a
vortex ring, essentially the same
electric field configuration will
exist. Near the earth's surface air
carrying positive charge converges
toward the thermal and is entrained
in the rising air. Near the top of
the column, where a cloud may form
if the air is sufficiently wmoist, the
air will decelerate; the space charge
concentration will be greater in this
volume than in the surrounding air,
Simiiarly, a buoyant bubble formed
near the earth will contain higher
density space charge than its sur-—
roundings. The diagram shows these
volumes as positive charge centers,
Because the earth is a good conducton
an image of the electrical charges in
the atmosphere but of opposite sign
can be considered to exist in the
earth in mapping the electric field.
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To a first approximation the two
charge centers can be considered as

a dipole that would have an electric
field confipuration resembling that
of Figure l. It 1s seen that an air-
craft measuring the horizontal field
component would nave the largest sig-
nal to work with near the altitude of
the top of a thermal column or near
the heizght of a bubble, However, ex-
positive charge also exists
within the column, and the horigzontal
components at altitudes between the
top of the thermal and the earth will
be greater tnan suggested by the dia-
sram. Another factor not deplcted is
that horizontal compornents near the
garth will be larger than [further up
because the charged alr enterdng the

cess

BTG i,

DIPOLE MODEL OF ELECTRIC
FIELD CREATED BY AN ACCUMULATION
OF POSITIVE SPACE CHARGE AT THE TOP
OF A THERMAL,
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base of the column will mix with en- o *
i{ralned surrounding air through the = 5 - ?
sides of the thermal during its as- *

cent and be diluted. The decrease in ’ - )
charge concentration with altitude in _ * 4 *

the thermal will be enhanced because
of the increase in conductivity with
altitude which will increase the rate
of change dissipation. On the other
nand, the entrainment of surrounding
alr into the thermal as it passes
through an inversion could supply a
fresh supply of positive charge to
the upper porlion of the thermal.

In Figure 2 a columnar thermal
is envisioned 1n more detail. The
semi~circular dome near the top de-

y picts a cloud which may or may not be
present devending on the mositure of
the air., Air trajectories are depic-
ted by arrows. At the top of the
thermal a vortex-ring type of circu-
lation is shown. The air rises asbove
the neutral bucyancy level -- which
migznt be in the lower portion of the
cloud == and falls back to the sides
as in a fountain. Some of the air
recirculates back into the central
portion where there is rising air,
some may continue downward with appre-
ciable velocity, and some may spread

.
out sideways. Positive charge from ‘:?;%r ’:'\‘\.:“ ¥
near the earth is shown being carried s hertomp, T s e D e
aloft in the thermal., A difiuse poc—
oL Steund shen B The top of the FIG. 2. AIR MOTIONS AND DISTRIBUTION
' thermal. This charge would generate OF SPACE CHARGE IN AND AROUND A

an electrical force on the ions of
the atmosphere such that positive
ones would move away and negative
ones would move toward the cloud of
vogitive charge at the top of a ther-
mals If a licguid water cloud exists,

i the negative ions become attached to

cloud droplets necar the cloud surface, : s i ’

; : - ' ; : in the downdraft regicons. Unless

a - A o : .

jp‘m]r a layer of RC&?thC ehargs these factors were understood. elec—

that is pIOudﬂj‘ less than 10 meters : i

Folirt This bee hoen salled o trLc field detection of thermals
;*' i ol ”“‘? g - be guite confusing and the

screening layer" because it can pre- patterns scem chaotic TF 5. Bail

1 AR i i sk R 1 L tLerns s ! «L1 - 4 ) -
if?;iﬁhf-“l:jggg ?Ogltéli inar;e plane came near a local pocket of
gieéLfﬁcg?Lg' uEW;ﬁ ?i‘;;ﬁ% o ;ioud negative charge while flying toward

i . - 4 Y J (P34 i H o - . . e

of water .d ;m = 1 o r mf_ . a thermal marked by positive charge
2f water drops, a similar effect nmay L pa okl b 8 Faybeel. nf Ll
take place if sufficient haze or pol=- "bzegtiai cradient. The quhq} -
n 5 - T4 T4 e - LI 82 1L L=
*HPlES"EafEQSJ:? %YCIDFCbigt ;?r tire parently encountered such conditions
pkédr Lt?vehiég i:)me aOJ:c g a5 will be described subsequently.

LS S = shieath © {*‘ he sugzested model iz supported by
tov and sides of the cloud of L e omarte B it Bt ] v
droniate B hame ticles would move measurements of Vonnegut, et al.,
ArEReELE OF 2878 PAPULC.ES WOh.g mowe (1962) in which the vertical poten-
along with the- alr .unfolding at the e el B el N P I

P f = S SR v Ll [l PR S 4 AL

top of tac thermal and descendirs dawn alrplane passing under cumulus

THERMAL.

the sides as depicted in Figure 2.
Pockets of negative charge could ac-
cumulate to the sides of thermals
near the neutral buoyancy level and

"—_i ;-J
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clouds charged from the ground by
space charge generating apparatus.
The charge was carried aloft into

the clouds by the mechanism sugges-—
ted in Figures 1 and 2. Their data
showed positive charge overhead when
the airplane was passing under the
central portion of the cloud and pos=
itive charge was being released on
the ground. Negative charge was en-
countered near the lower edges of the
cioud as suggested in Figure 2.

Previous electrical measurements
of convection

Before the electric field
measurements from a sailplane were
begun, several years experience in
making such measurements had been
acquired during a program in which
a powered aircraft was used, This
aircraft, a Starfire one-of-a-kind
nome-built, is equipped to measure
the vertical component of the atmos-
pheric electric field using pelonium
(radiocactive) probes seen at the left
wing tip in Figure 3. During thne
course of this work, measurements
made when flying at constant altitude
have suggested that convective pat-
terns were being recorded. A brief
look at some of these data will 1llu-
strate the potential for airborne
electric field detection of convec-
tion and how space charge may be ac-
cumulated by convection in the atmos-
phere.

Figure 4 was made during con-
stant level runs at heights of 5, 50
and 160 meters over the ocean in the
SBahamas. Atmoscheric conditions fa-
vored organized convection. Just
above an ocean surface is a region
particularly rich in positive space
charge produced by the breaking of
bubbles and the '"electrode effect!
(see Chalmers (1967)). Measurements
indicated a space charge dengity of
72 elementary charges per cm? in the
5 to 50 meter height layer. Sharp
increases in the vertical potential

gradient when flying at 5 meters sug-

gest the presence of positive charge
above the plane at the time these
anomalies were recorded. They were
probably caused by organized convec-—
tion =~ pernaps in the form of hori-

zontal roll vortices (Kuettner (1971))

~~ with & spacing of about 2 km be-

tween rolls. The updrafts were weak
and periodicity in the potential
gradient record was no longer present
at a heipght of 160 meters probably
because the space charge had dissi-
pated through conduction and air mix-
inge.

FIG. 3. STARFIRE AIRCRAFT USED IN
ATMOSPHERIC ELECTRICAL RESEARCH.

ot

ok e

FIG. 4. GRAPHIC RECORDINGS OF VERTI-
CAL POTENTIAL GRADIENT ILLUSTRATING
ORGANIZED CONVECTION OVER THE OCEAN,

18
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FIG. 5. GRAPHIC RECORDING OF VERTI-
CAL POTENTIAL GRADIENT MADE ABOVE
THE INVERSION ILLUSTRATING ORGANIZED
CONVECTION WITHIN THE MIXING LAYER.

Figure 5, showing data taken at
another time and location, illustrates
sharp decreases in the vertical po-
tential gradient flying at 3.4 km
crossing the Gulf Stream east of
Miami. Here the spacing of the ano-
malous changes in potential gradient
is about 5 km. These were presumed
to be caused by pockets (or lines)
of positive space charge accumulating
at the inversion beneath the aircraft
due to organized convection in the
mixing layer. The air mass over the
Gulf Stream when this flight was made
in December would favor instability
with cool air over warmer water.

Fipure 6, depicting air flow
patterns and the relative space charges
distribution during organized convec-
tion over the ocean, is a schematlic
attempt to explain Figures 4 and 5.
In the case of the airplane flying.

2 near the sea, positive charge den=-

i sity is increased in the air column

| above the airplane when 1t i1s passing
!: through a rising plume; thus the po-
i tential gradient increases at these

locations. When the airplane is fly=-
ing above Lhe inversion it passes
over pockets (or lines) of positive
charge which are alt the inversion over
the thermal plumes. The potential
gradient decreases when the airplane
is over these regions, Details con-
cerning these measurements will be
published separately.

These data suggested Lhatlt the
horizontal electric field measure-
ment mlgh e useful 1n locatlng un=-
drafts and thHE airplanc was 1nstrue

19
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POTENTIAL GRADIEMT

V. V.

4

SCHEMATIC EXPLANATION OF
FIGURES 4 and 5.

FIG. 6.
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mented to measure the potential gra-
dient between wingtip probes, Nor-
mally, clear of cilouds and over flat
land, there should be 1ittle or no
lhorigzontal component of the atmos=
pheric electric field., However, inil=-
tial meagurements indicated that fre-
guently during convective conciilonsg
in both clear ard cloudy skies appre-
ciavle horizontal fields were presents
“ypical values were 1 to 2 V/m (volts
per meter}. Somelimes as much as 5
YV/m was cbserved. These values were
at a helght of % km where typlical
vertical field intensities are 15 to
20 ‘J/m.

The airplane vproved to be a poor
platform for electric field measure-~
ments relative to thermals because of
its relatively fast speed and large
turning radius, 2ven more importantl
was the problem of Uie vertical field
compofient. 1lhtroduced into the wing=-
Ltip=-Lo=wingtlp MEASUT ENEent L 4 bank.
TT quickly became apparent Chat 1t
would bve necessary to measure the po=
tential gradient longitudinally,
Large vertical separalion occurs be=
tween wingtips when a plane is banked
compared to the longitudinal axis
which remains essentially horizontal
in a turn. Even if the vertical com=-
ponent were compensated for by flying
al a constant bank angle and intro-
ducing abias voltage, 1t 1s dinherent-
ly more difficult to maintain a con-
stant bank anpgle lharn a constant
pitch angle. Alsgo, wien flying a
gallplane, it 1s necessary to ire-
guently vary the banlk angle while
gsearcaing for lift and thermaling,.

A single engine alrplane dges
not nrovide good giteg Tor locating
antennas at the nosgse and tall which
would liave becnh reguired Lo measure
the Llongitudinal horizontal compo-
nent, Thus a sallplane was acgulred
and instrumented to conlinue the in-
vestigation. Besides flying slowly
it offers suilable mounting locatilons
at the nose and tall for the neces-
sary anitennas.

Kgtimates of horizontal eleclric
field associated with Lnermals

Two simple charge geometries
lave been assumed ~-- a sphere and
ylinder =- in order to estimate

[

b
c
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Tield strength as a function of cis-
tance from a charged thermal. For
simplicity, mirror ilmage charge which
will decrease the horizontal field
somewhat, particularly near tne
earth's surface, nas been neglected.
On the other hand, cnarge in tihe ris-—
ing thermal column whnich will increase
the horizontal field Lo the sides of
the thermal column nas been omitted,
Figure ¢ is a set of tables listing
volential gradient al distances from
O.1 to 30 &m from a charge center for
space charge densilies of from_ 0.1 to
1000 elementary charges per cm2. For
simplicity, all the charge is consi=-
dered L0 be at the center of the
spheres or along the axis of the cy-
linder, The three top tables are for
spherical clouds ol charge while the
bottom one is for an infinitely long
cylindrical column of charge. The
latter would approximate conditions
nalf way up and to the side of a
column of charge, without the charge
concentration at the top of the ther-
mal that would add to the horizontal
component of the column iiself,

For example, it is seen that in
the case of a 10U wmeter diameter
sphere of charge with a dgnsity of 10
elementary charpges per cm~ the elec-—
tric field would be C.2 V/m at a dis-
tance of 0.5 km from the center.

This i1s about the detection threshold
of the measuring system indicated by
Lhe diagonal dashed lines (to be dis-
cussed)., IL is estimated that field
intensities to the left of the line
can be detected. These tableg supg-
gesl that thermals of typilcal sizes

might be detected from a sallplaie

several Km—away, particularly it the
sallplane were at an altitude about

the same as tne Lop of tne thermal,
Thils would be near cloud base, an al-
titude where sailplanes freguently
fly. A particularly suitable region
for electrostatic thermal detection
should be above the inversion since
tne vertical electric field, the
major source of noise, is typically
reduced by a factor of two to ten
passing up through the inversion be-
cause of the corresponding increase
in conductivity.
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For 100 m Sphere (V/M) amounts of power to drive the rota-
i ting parts. Mounting them on an air-
D:O'l(km) 0.3 1 . 3 ; 10 A%P_ craft requires structural modifica-
p=0.1(e/ .m;G%f -ggxl = - - - tion of tne airframe, IFor these rea-
31 0.2+ .02 |-003] - _ - sons they are not atiractive for use
~‘“ =2 in a sailplane.
10 2.0 -1 1+CL | .05 =
100} 20 (2.0 0.2+ 0> |.002 lodern miniature solid state
i002ec | 20 (2.0l eniiox J-0e2 electrometers offer light weight, low

noise, low power reguirement devices
capable of measuring the picoamp cur-
rents rcqalrcd Their high input re-
For 300 m Sphere sistance, 10*% ohms when field-effect
0.1L «5 E:in.oafﬂ LT transistors are used, makes them
i e suitable for electric field measure-

|

| = e . : :
l°OLu§: S ! s8] 008 i E ments using radiocactive probes as an-
10 & e | ous .Oogl = ¢ tennas. Hadiocaclive probeg are well
;f, 5 o iig; L et suited for aircraft measurements be-
00 1},05 2 f# = = I'QQI cause of adeqguate ventilation which
1000 [Se soo0l50 | & | o |08 removes space charge from the vici-
. 1 nity of the probes which otherwise
Hox o km chhere i - , could distort the measurement., The
~ ! electrometer/radicactive probe tech-
L e a2 - I e e
0.1l &0 L Pl oo nique seems clearly preferable to
1.0{200]| 20j 2 s 2 gy |vess field milig for potential gradient
o measurements from a sailplane.
10 |2ooojaco| 20| 2 | +2.|.0n!
B S The main problem in making air-
2 X167 2000 ;. : : =
100 0713000 20p0] 208 | 2 |2, borne potential gradient measure-
1000 |zxi0°laxiot 2000l 2001 2.0 | 2 ments is eliminating fields created
by charge on tne aircraft from the
. . ’ measurement, This is difficult with
For 100 mrplameter Cylindexr : a powered aircraft because the engine
03 b B 3| P ' cnarges the alrframe and considerable
0.11% o “eQ i'faf - precaution and experience ls regulred.
With a sailplane the problem is con-
. "--02 - i | - ‘J:P . B
1.0 3" # D!l «063 r00)) slderably easier but still the Pystum
: | : : must be able to handle charging that
B » O ) | - F ’ {5} o 2 iy
Lo 3 5'3 3 o/ |-003 OQZ_ can occur when the craflt strikes par-
f i i ticles in the air or by movements in
: 'j | - H F 1 s = -
458 Jo . 3 : 03' of '0031 the cockpit; rubbing a plexiglas
1000 gﬁﬂof 30! 3 e 3 te03|.ori canopy can give it a high charge.
T =k

Pigure % is a block diagram of

FIG. 7. POTENTIAL GRADIENT AS A FUNC- the major components in the sail-

TION OF DISTANCE AND SPACE CHARGE plane electric field measuring sys-
DENSITY FOR CHARGED SPHERES OF DIF - tem. An antenna with a radio;ouLfe
FERENT DIAMETER AND A LONG CHARGED prove 1s in fronl ol the nose; anao-
CYLINDER, ther 15 venind the rudder. An input

buffer amplifier is near eacn shltenna.
Their signals go to a differential

Instrumentation amplifier in the cockplit. Readout is
N e _ ‘ ) on a HAustrak recorder on the cabin
_Potenngl gradient has been mea- floor. This diagram 1llustrates how

sured from aircraft by electric field charge on the aircraflt is eliminated

mills (Clark (1956) ) and electrome- from the measurement. 4 more de-
ters with radioactive probe antennas tailed deacriplion of the instrumen-

(Vonnegut and Moore (1961) ). TField Lation and ils development will be

mills suffer from inherent noise pro- publisied DeparatﬂLy.' The potential

blems due to contact potentials and difference is measured between two

rotaling componentis. They are rela- radiocactive proves on highly insu-

tively heavy, and require large lated antennas. Since the effective
2l
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FIG. 8. BLOCK DIAGRAM IN ELECTRIC
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istance of tne zon cloud created
i dioactive material whica
ntchnna Lo e atmosphere

ks _about 19 ohms, higher 1dpul re-
gletance is reguired ror ohe Leagur-

ihpg syarem. In the sailplanc 10°
onms 1is used Lo minimize the time
constant. For thermal detection only
qualitative data is needed, Guanti-
taEgve measurements require at least
10™ ohms input resistance. I'icld
effect transistors at the inputs to
the viil operational amplifiers un-
load the signal source, Charge on
the aircraft is eliminated from the
measurement through differential
function of another operational am-
plifier with its common connection
grounded, In a differential neasure-—
ment the potential of the common
point can vary since this votential
does not effect the potential dif-
ference between both inputs; Lwges Lt
one input voltage is A, the other in-

22

put voltage is C and the common vol=
tage is B, then AB = CB = AB + BC =
ACe The output of the differential
amplifier goes to a recorder that
serves as a meter as well as a device
for letting the pilot remember the
field intensity as a function of
headings flown. CGain and zero con-
trols are provided.

Figure § igs a side view of the
Tern sallplane used in this rescarch.
The front to baclkt potential differecrce
is measured between antennas at the
nose and tail.

FIG., 9. SIDE VIEW OF TERN SAILPLANE
SHOWING LOCATION OF FRONT AND REAR
ANTENNAS

A close up of the front antenna
is seen in Figure 10, The radicac-
tive element is mounted on an an-
tenna wnich 1s a metal tube exten-
sion of the pitot tube. This ar-
rangement does not effect the func-
tion of the airspeed indicator and
allows the antenna to be positioned
at a point of electrical symetry in
front of the nose to reduce problems
associated with aircraft charge.

The antenna is insulated from the
pitot by a teflon sleeve and is con-
nected to the input amplifier by a
wire routed through the air duct,

In Figure 11 the rear antenna is
shown. It is a flexible rod mounted
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Figure 12 is a picture of the
aifferential amplifier (large box)
and front antenna input amplifier
(small box) mounted in front of the
instrument parel, Zach input ampli-
fier is located as close to its an-~
Ltenna as vossible to minimize the
time constant. Tae differential am-
plifier box can be considerably
smaller than the one pictured which
nad been used in the airvplane and
contains a power supply.

FIG. 10, CLOSE UP OF FRONT ANTENNA
SHOWING RADICACTIVE ELEMENT.

FIG, 12. FRONT INPUT AMPLIFIER AND
DIFFERENTIAL AMPLIFIER., UNITS LO-
CATED IN FRONT OF INSTRUMENTS IN
CABIN.

ihe output of the gifl
amplifier is displayed on

chart recorder mounted on

floor where 1t can ve re

witih the rest of the f1i

ments (see Figure 13).

fapvid response time is desiravle
FIG. 11. CLOSE UP OF REAR ANTENNA in tne system s0 that field strengta
=S i can he asgoclated with variations in
heading when the sailplane is circl-
ing. Flying a tight circle in which
it takes 20 seconds to complete 5&0_
degrees, the heading varlation is 13

on the bottom of the rudder by tef-
lon insulators and hent upward s0 as
to be level witn the front anienna dearoes per second.  The Lime cone
when tne sailplane is in ils normal e i
-7 F R S o inimize 1 ALS B S : . =Ea
flirht attitude., This is to m : e HeEEL B i e h e
theheffect of the vertical electric proximately one-th c

field in the measurement. The rear

tenna is connected to its input am- It was decided 0 measure the
anten > 0N I i

: : : b - horizontal potential gradient from
i fier DV 1 ¢ running through a n : : : : v ; g
pigglercgﬁli ;égg in the fuselapge front to rear since the longitucinal
ru er 2 1 1 1 S2ldfc.
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FIG. 13. PILOT'S EYE VIEW OF INSTRU-
MENTS. RECORDER MOUNTED ON THE
FLOOR DISPLAYS ELECTRIC FIELD DATA,
ELECTRIC FIELD SENSITIVITY AND ZEROC-
ING CONTROLS SHOWN,

axis remains relatively horizontal
during turns; if the measurements
were made between wingtips, a large
signal would be introduced in a bank,
Wingtip probes on a 15 meter wingspan
sallplane in a 30 degree bank would
sense a potential difference of 150
volts in a vertical field of 20 V/m.
This is ten times the horizontal po-
tential difference available if the
horizontal potential gradient is 1
V/m, 1.e., the noise would be ten
times the signal. The limiting fac-
tor in determining the sensitivity of
the system is the vertical component
of the electric field. With front to
back probes, it 1s important to mini=-
mize variations in the pitch axis.

It the distance between front and
rear probes is '/ meters, a pitch
variation of 1 degree causes a 12.5
cm vertical separation between the
probes. In a vertical field of 20
V/m, this is 2.5 volts. A norizontal
tield of L V/m would produce a signal
of 7 volts between the probes. In
practice, small variations in pitch
will be occuring, but they can be
somewhat averaged out -- especially
with the graphic¢ recorder -- so that
a mean value can be estimated, This
will be a function of angle of attack,
i.es, alr speed. The mean needle

position can be shifted to the center
of the recorder scale with the zero
control. When the sailplane can be
flown smoothly with little variation
in pitch angle, 1t is estimated that
a field as small as 0.2 V/m can be
detecteds The diagonal dashed lines
in Figure '/ were thus placed at this
sensitivity limit, The ultimate
sensitivity of the system 1s a few
mV/m obtalinable only in a static
situation., Piloting skill in main-
taining constant pitch angles will be
an important factor in maximizing the
sensitivity oif the instrument. In
rough air near thermals larger pitch
variations will occur, but stronger
field strengths will produce a com-
pensating effect,

Operational procedure

How is this instrumentation
used? Before takeoff the zero is ad-
justed so the needle is in the center
of the meter and sensitivity is low.
The system is set up so that a de-
flection of the needle to the right
indicates positive charge is ahead
of the glider and deflection to the
left means positive charge is to the
rear. On tow the needle should move
to the right as the glider's nose is
up and the vertical field is sensed.
If the needle does not move the sen=-
sitivity should be increased; if it
goes off scale, sensitivity should be
reduced or the needle can be brought
back on scale with the zero control.
Rocking the nose up and down should
cause corresponding needle movements
to the right and left., This is a
test that the system is operating
properly., The sensitivity is adjus=-
ted so typical pitch variations of a
few degrees correspond to about + 15%
of full scale deflection. The device
may not work on tow because of charge
on a non~conducting tow rope., This
can be recognized by the needle de-
flecting to full scale on either side
and the zero control being unable to
bring it back on scale. After re-
lease from the tow plane, the appara-
tus should work normally. The reedle
will come back on scale and be ad-
justable with the controls. Read-
justment of the zero center position
is necessary whenever alrspeed is
changed because of the pitch angle
varlation,

1t is dmportant to main-
tain as constant an alrspeed as pOS—

5
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sible to alloy the most sengi

setting when searching ror thermals.
Biten variation 1s The critical noise
source, limiting the gain at which
the instrument may be set. When
regions of space charge are approa-
ched, the galn will have to be
greatly reduced.

To locate 1lift, the sailplane is
flown in a circle, and generally
there will be enough horizontal field
present so that the needle will have
a maximum right deflection on one side
of the circle and a maximum left de-
flection on the other side. Flying
in continuous circles with the chart
paper moving in the recorder, a sine
wave will be produced on the charte.
The heading al maximum right needle
deflection will be toward positive
charge; for maximum lLeft deflection
the reciprocal heading can be flown
toward the positive charge. Zero and
sensitivity controls are adjusted so
the maximum and minimum of the sine
wave occur near the edges of the

chart. The zero position can be set
by centering lhe sine wave on the
chart, Another zeroing procedure

that can be used when not flyling in a
circlie is to rock the longitudinal
axis of the plane through the horizon.
The needle should be near center

scale when the plane is horizontal
and move back and forth through this
position as the sailplane's nose
passes up and down through the hori-
Z0OTl o

Gain can be increased if the
glider pgains height since the verti=-
cal field decreases with altitude and
this noise source will pe less. In
practice it is freguently neccessary
to readjust gain depending on field
strenghts over a range of as much as
100 to 1. ''he needle centering zero
contrel may also have to be readjus-
ted if gain is increased becausec some
of the vertical electric field is
probably being sensed and nulled out
by the zeroing voltage Centering a
thermal requires the same technique
as locating one from a distance. It
is interesting that, when SElrallnﬁ
in what appeared to e Tiae cenlter of
a thermal or under Che midale ol a
cloud base, sine waveg generally ap-
peared gn the recorder indlcating
the precise center of charge was still
to one side,
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The recorder display helps show
the direction to fly for 1lift. In
addition it provides a reminder of
the relative field strength. ¥lying
toward charged regions field strength
should increase. However, the situa-
tion may be confused by coming near
pockets of space charge of the oppo=-
site sign. As previously describved,
the meter movements trequently do not
present a colierent plciure.

While the operational procedure
may sound confusing at first, in
practice one rapidly learns to use
the equipment. The challenge lies
in integrating the continual varia-
tions of field strength and direction
with other factors such as the loca-
tions and configurations of clouds
and mountains, wind flow, type of
terrain, haze, turbulence and vario-
meter readings. It is believed most
soaring pilots will find the chal-
lenge enjoyable and rewarding,

Initial results

During the summer of 1972
flights were conducted from the
North Adams, Massachusetts, airport
to test the electric field detecting
system. In general, it was necessary
to fly in ridge 1ift or in thermals
close to the mountains which surround
the airport. It was apparent that,
while the s_stLP operated 5 Siac—
K A A R T AR A T 'ori—
g i QI r of the fair-wea
electric field created by Lhe moun«
taing Figure 14 illustrates haw the
vertical fair-weather electric field
lines of force would bend toward
mountains and create horizontal com=
ponents. These in effect are noise
and made it difficult to separate
horizontal fields due to thermals
from those caused by the terrain.

Although there were suggestions of
thermals sensed a ainst the bacK-

.

blnce moun-
fains and rld res are particularly
favorable soarlng locations, the
above illustrated a limitation that
electric field thermal detection

will have to live with., In addition,
standing waves may carry space charge

evaluate the'o? tem, .
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FIG. 14. DISTORTION OF THE VERTICAL
ELECTRIC FIELD LINES DUE TO UNEVEN
TERRAIN,

aloft and confuse the picture in
mountainous terrain while possibly
offering a new way to locate waves.

On October 15, 1972, a strong
W§ flow brought excellent soaring
conditions with clouabtreetq to the
North Adams area. n
when it was po 51019 to get hlgh and
[ s, tine elecirl
10 stem

appeared ' ocati cgions
o} t. It seemed particularly ef-

fective when flying near cloud-base
at about 2 km and appeared capable of
locating thermals from distances of

1 to 2 kmi The clouds appeared to be
about 200 to 400 meters in diameter
and 100 to 200 meters high.

Of particular interest were re-
versals in the sign of the potential
gradient and strong downdrafts en-
countered when flying toward a region
of positive charge.
preted as possipbly due to negative
charge pockets associated with down-
drafts at the periphery of thermals
as suggested in Figure 2. By contin-
uing on course, regions of good 1ift
were generally encountered. In one
case, away from clouds wnile flying
toward positive charge, very strong
descending air was flown into with no
warning on the electric field meter.

These are 1inter-

Pushing through the strong downdraft
while holding course, a thermal was
eventually reached. This downdraft
with no negative charge may have been
in agreement with Figure 2 but, since
there was no cloud or haze, a screen-
ing layer did not form. Large fluc-
tuations of the needle were frequent-
ly observed when 1lift was nearby.

On this day, like others, any-
time a circle was flown, a sine wave
was generated on the chart. Thus
information suggesting preferential
neadings to locate llft regions was
always avallable. i
oward DOSi

i on _this stronsly caonyective day
It 185 DSuibTe that fﬂ;fﬁﬁls mig?t
Rave been encogntered eve
any rando 54 own _Jlong
ENOUED & ?owcverE 1L was not necessay

0 the ele icg SUE
gurses for very lona before fln 1ng
1lift, and 15 e

sion that thermals were be1n€ lnratpd
through the electric field measg -
ments. When flying at cloud base
along a cloud street, positive charge
areas could be assoclated with the
location of clouds. Once lift was
encountered and the sailplane started
spiraling, a maximum positive needle
deflection was usually observed at
one side of the circle during each
turn. It appeared that correcting

the circle in the direction indicated
resulted in better 1lift.

It is emphasized that so far
very little experience has been ac=-
quired with this technique., However,
in good soaring weather, there have
been encouraging indications that
thermals can be located and centered
using the system. Sufficient elec~-
trical signals certainly are avail-
able., The problem is to make sense
out of them because they can be quite
variable., The picture is not as
clear as the idealized model sugges-
ted in the figures of this article.
Undoubtedly the structure of ther-
mals and space charge distributions
can be complex. Potential gradient
measuring instruments will sense a
field that is the resultant of com-
ponents contributed by all sources
of charge, With several charged re-
gions close to the point of measure-
ment, the electrical picture is ambi-




guous., This is why 1t is still im=-
possible to locate precisely the
numerous charge centers in a thunder-
cloud. When two or more charge cen~
ters are close to each other, and
each has about the same charge, it
will be necessary for the sallplane
to be closer to one of them in order
to define its direction. This is be-
cause electric field intensity is in-
versely proportional te the square
of the distance from the measuring
location to the center of charge.
charged regions contain unequal
charge, field intensity is directly
proportional to the quantity of
charge so the measurement will be in-
fluenced more by the larger charged
region of equidistant sources. These

If

considerations tend to illustrate

Future plans and possibilities

The research described above
will be continued to explore the
practical possibilities of electric
field thermal detection. It would
be important to try the system in
various parts of the country where
different space charge concentra-
tions and convective patterns exist,.

The system might be particularly use-
ful over flat country ahd where ther=-—
mals are large and widely separated
such as in desert regions., Also,
nigh space charge concentrations,
such as apparently exist over some
mountains in the southwest United
States, should produce relatively
large horizontal electric fields

when convection is present and may
make possible thermal detection at
greater distances than elsewhere,

It 15 planned to experiment with
other techniques that may improve
soaring efficiency. One will be to
measure conductivity with a Gerdien
capacitor. The conductivity ot air
near the ground is increased by
radicactive gases and radioactive
emanations from the earth., This air
carried aloft in a tnermal can be
much more conductive (two to ten
times) than the surrounding air.
Glider flights by Rossmann (Israel,
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19/1) have been conducted in which
guchh measurements were made,

Another approach will be to mea-
sure wet-bulb temperature gradients
between the wingtips as well as pos-
sibly from nose to tall., Wet=bulb
measurements indicate humidity, and
thermals are significantly moister
than their surroundings. Both com=—
ponents can be displayed simultaneais-
ly on a dual-channel graphic recorder
or with cross=pointers on a single
meter, The instrumentation is being
designed initially so <hat a tempera-
ture difference of 0..1°9C will give
full-scale deflection on the meter at
maximum sensitivity. MacCready
(1971) suggested this technique to
provide information that would indi-

-cate which direction to turn to posi-

tion the sailplane in the region of
maximum 1ift once a thermal is loca-
ted, It will be interesting to com=-
pare the wet-bulb, conductivity and
electric fileld measuring techniques.
While the first two cannot be used
for remote thermal detection, all
three should be useful in obtaining
information on the thermal structure.
Centering thermals may also be en-
hanced through measurements of the
vertical electric field as suggested
by Figure 6.

In the future, variometer read-
ings will pe graphically recorded.
With simultaneous records of the
electric field, conductivity, mois-
ture and 1lift, it may be possible to
gain a better understanding of the
structure and growth patterns of
thermals. 4 tape recorder would be
useful for verbally recording addi-
tional data such as air-speed,
proximity to clouds, the location of
smoke and haze, temperature and ter-
rain. A limited amount of this in-
formation can be written on the
charts.

An attempt may be made to
measure the lateral (left-to-right)
horizontal electric field component
in addition to the front-to-back com-
ponent. Eliminating the vertical
component would be the big problem in
this measurement. It might be done
by electrically bilasing the signal
with a voltage proportional to the
sine of the bank angle sensed by a
gyro horizon., The vertical field
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magnitude would also have to be
known and could be measured with ver-
tical probes when the wings were
level. Continuous recording of the
vertical component should be valuable
in centering 1ift as suggested in
Figure 6.

4 simpler approach to measuring
the left-to-right horizontal componet
would be to position the radiocactive
elements alt the ends of the horizon-
tal member of a tee shaped antenna.
The vertical member of the antenna
would be the mast. It would be moun-
ted on a longitudinal pin in the top
of the canopy so it could be pivoted
left or right. The bottom of the
antenna mast would come down in the
cockpit in front of the pilot. When
circling, the pilot could move the
mast by hand to keep it perpendicular
to the horizon; thus the top of the
tee with the radioactive elements
could be kept parallel to the horizon
at any bank angle and the vertical
component eliminated. Having both
horizontal field components, the re-
sultant total horizontal electric
field would be known at all times,
and it would not bhe necessary toc cir=
cle in order to find the direction of
the positive charge. Figure 15 illus-
trates how both electric field com=-
ponents could be displayed on a

meter with cross pointers -- an ILS
indicator with glide slope could be
used. In Figure 15, F/B indicates
the front to back component and the
L/R is for the left to right com-
ponent, The system would be arranged
so that the direction from the center
qf the meter to the point where the
needles cross would be the direction
toward the positive charge from the
aircraft. While it would be nice to
have both horizontal components, this
is not necessary for bthermal detec-=
tion since the circling technigque
utilizing the front to back component
alone seems sufficient. In fact, it
is generally not necessary to fly
complete circles; the nose can be
swung back and forth horizontally
through a heading corresponding to
maximum right deflection of the
needle in order to define the direc-
tion to fly for 1lift.

Besides directly improving
soaring efficiency, electric field
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CROSS POINTER DISPLAY OF TWO

FIG.
COMPONENTS OF THE HORIZONTAL ELEC
TRIC FIELD,

15.

measurements from sallplanes may
benefit soaring indirectly by pro-
viding a new tool for learning more
about convection., MacCready (1971)
has suggested that instrumentation
techniques should provide a consider-
ably more efficient path toward im-
proved soaring performance than fur-
ther developments in sailplanes them-
selves,. Preliminary results in the
present program indicate that elec-
tric field thermal detection is pos-
sible., The potential of this tech-
nigue seems considerable.
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