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1.0 NOISE INTERFERENCE PROBLEM AREAS

) P Noise Problem

A severe noisc problem exists at numerous Air Traffic Control

= Tower (ATCT) locations in the VIHE /UL receivers during ccrtain
rainstorms, snowstorms or thunderstorms. The noisce is often con-
tinuous and is characterized by a high pitched hissing or sc rcaming

sound. It can last for many tens of minutcs and be so intense that the

- controllers arc unable to reccive conunmunications from aircralt for a

considerable pcriod,

A number of airports are investigating the problem while other
airports have carricd out certain questionable solutions to the problem.
Static dischargers have been purchascd Lo alleviate the radio inter-
ference, but these dischargers arc considered to play no part in correcting
the problem. The Midway Tower in Chicago purchased ten such dischargers
in the Fall of 1975 and since that time, the devices have been installed at the

following airports:

Midway Bismark Atlanta
Flint Pueblo Louisville
Youngstown Minot Stanford
Indianapolis Colorado Springs Tampa
Darwin Denver-Arapaho Parkesbury
Rhinelandcr

Fairmont

There are undoubtedly many more facilitics in these and other regions

with similar problems. The investigation performed provides recommendations

. to all ATCT locations which, when carried out, would eliminate this potential
hazard.
i Electrical breakthrough on the VHF receivers has occurred at various

times at Logan International Airport, Boston, and to illustrate the problem,

excerpts from an internal memorandum arc reproduced.




"On Sunday, August 1, at 15004, the tower reported electrical
breakthrvouph an main 119, IRX, which is located on the 21 st

Moar of the tower with its antenna above the cab, 'hey switched
to standby T IRX, whick is presently an the cquptient coom of
the old tower bildicg with it antenna on the old tower Laalding

roof,

The weather conditions at this time were muasty and overcast, with
clectrical storin cells in a line approxunately 4 miles wide and 25
miles long stretching north and south,  This line was located 10
miles west of the airport moving in an custerly direction,

During the period 15004 to 1529 ¢, both receivers were monitored
at the jack pancl on the Gth floor. The ratio of short bursts of
clectrical static breaktheough on the main 119, 1RX to the standby
119, 1RX was approximately 3:1,

The electrical storm cell reached the aivport at 1530, Electrical
breakthrough became more frequent and lonper in duration on the
main 119, IRX, Tho standby 119, IRKX continued to have short
clectrical breakthrough sunilar to when the storm was 10 miles

west of the uil‘pul‘l.

At 15314, the main 119, 1RX scoemed to poanto oscillations which
lasted nearly I ianute, The standby 119, IRX continued to have
short burst of clectrical breakthrough,  Kain was very heavy at

this tune,

During 15324 1t0 15334, the main 119, 1RX went into oscillations
again (causcd by clectrical discharpe). This time the RE pain was
decreased to eliminate the oscillution, At this gain sctting, SuV
from a signal gencerator (HP-608D) was necessary to break the
squelchs The receiver was then retarned to 24V squeleh break.

The electrical storm had dissipated some over Boston, and by

15404 it was approximately 2 to 4 miles at see.. Our main 119, 1RN
during the period 15324 (o 15404 returned to normal operation, with
electrical breakthrough decrcasing in duration.  The standby 119, 1R\
also decrecased in clectrical breakthrough during this period,

1.8 Logan Airport l.ayout

The new control tower at Logan Airport, shown in Figure 1, is
approximately 301 feet highy The receiving antennas for aircraft
communicatior s arc on top of the tower and spaced around a walkway

which circumscribes a radome. A hghtning rod is placed on top of the

radome and other lightning rods are spaced around the walkway parapet.




Figure 1. The air traffic control tower at Boston's lLogan Airport,




The layout of the antennas and Lightning rods s shown in
Figure 2. Figures 3a- 3¢ show the approsimate positions ol sonmie ol
the antennas relative to the are ternanals and the approximate distanc os
to the probable corona source at the tip ol the hiphtning rod.  Anteana
mount number six shows a VIE antenna only 18 1/2 inches from a corona
source, and other antennas arc spaced not too much further away from

other lightning rods. The ncarest ULl antenna is some 35 inches away.,

The parapet, radome framcwork and air terminals appear to be ex-
cellently grounded with all lines being inter-connected before the grounding
system is reached. It was, however, difficult to decide if the coaxial lines

from the antennas were grounded at both e¢nds or just at one end.

1.3 Reduction of the Noisc Problem by Installation of
Static Dischargers

In September of 1976 the Midway Tower, Chicago successfully re-
duced their corona problem with the installation of static discha rgers on
the lightning rods. Other locations installed similar devices and the over-
all results were usually significant, Chicago indicate about an 80-90%,
reduction in the occasions of corona noisc, although the devices gave 1o
improvement at Fairmont,  Logan Airport installed them in inid Aupust
which secemed to improve the sitvation, since during some local storis
in the following month no noise problems existed,  However, noisc was
monitored again during snowstorin and hich wind conditions darig the

winter,

The static dischargers uscd al most of these facilities are primuarily tor
aircraft use where they offer a controlled path to bleed off the accumulated
charge on an aircraft. They attenuate the resultant broadband radio (requency
noise by approximately 50db, as compared to a discharge from the tip of a

wing without dischargers installod, hecause more frequent low amplitude dis-
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charge pulses will occur with the sinall points ol the dischargers than
with larger points,  In effect, they attempt to brang the potential ot the
body on which they stard to the potential of therr surroundings using the
principle of point-discharge over many thousands of special tour macron
diameter wires to reduce the noise coupling to the aircraft., Such devices

no doubt work extremecly well on the aircraft for which they were designed,

For the purposes of reducing the noise at ATCT locations, the static
dischargers were connected to the lightning rods, as shown in Figures
4 and 5, utilizing 3/4" x 3/4" x 10" angle iron to support them, These
figures show that the static discharging wires point downward, which, due
to the mounting configuration of the Lightning rods, is always in a reglon

of reduced field over the surrounding arca,

It will be shown later that the static discharges play no role in the
reduction of the RF noise, bul that the associated installation hardware
reduces the corona at the tip of the lightning rod. In arder to understand
the source of the noise, it is ned cssary to explain the physical process of

corona discharge.
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2.0 CORONA DISCHARGE

The initial process of ionization involves the removal of an clectron

from a molecule, which in turn leaves a positively charged 1on. Normally

this electron will attach itself to a neutral molecule for:ming a negative ion,

If the electric field is sufficiently large, an clectron will acquire a con-
sidcrable amount of energy from the time it was produced to its first
collision with a molecule. This encrygy can be great enough to ionize the
molecule, thercby producing a new electron and ion. The process may
continue such that from one clectron an avalanche process occurs which
produces a considerable number of ions. Because the clectrons are
amaller than the positive ion it has just left, it will travel further than

the positive ion before collision and pather preater energy. This mcans

that electrons will produce ionization by collision at lower ficlds than
positive ions. When this process of ionization by collision is confincd to

the small volume near a point because of the enhanced field, we have the

pPhenomena of point discharge.

In air at atmospheric pressure, a ficld strength of about 30, 000 V/cin
18 required for ionizaticn to occur. When a charge builds up in a thunder-

cloud, the ficlds ncarby will increase and the highest ficlds will be close
to sharp points, These points can therefore provide a point-discharae

current when the field is sufficiently intense. Where the potential continues
to rise, the conditions may rcach those necessary for spark discharge or
lightning to occur., At heights of several hundred feet, an isolated grounded
point may causc ficld enhancement above its tip of sufficient magnitudes to

be in corona discharge cven unddr normal fair weather skies. This corong

discharge will, at such times, probably cause currents of less than

1/4 UA to flow down the rod to ground. Under the higher fields that exist
in storm conditions, blowing snow, or near to ocean breakers the corona

current may approach values of 100 gA for periods of about a minute.

Significant levels of corona current can also occur on much lower

structures under high field condiiions. Basically corona current magnitude

12
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1% a function of point height, radias of cuarvature and wind speed, 1h»
ficld enhancement or exposure tactor at the tip for a 30 m tower 1s shown

in Figure 11, and for stractures of different heights i Figure 12

LY

Corona discharge will, therciore, occur e the are above elevated
sharp points,  The breabdown from these extremitios occurs not as a
continuous flow of charp s, bat as aseries ot pulses with voughly 10 nsec
risctime and 200 nsece doration, and at therefore generates radio noise

over a broad spectrum,

The effects of wind on corona arce illustrated wn Figure 6, In thas
approach only horizontal winds are considered neglecting any updrafts
as might exist before and during thunderstorms, The last 2 m of a
pointed 30 m high tower are plotted in a storm field of <10, 000 V/m.,
lonization along the rod surface will take place only where the field is
; cnhanced to values grearer than the breakdown potential gradient which

is roughly assumed at 1 malhion V/m,

First, to deternune the outermost boundary of a possible space
charge cloud, consider the simpie picture where space charpe does not
cffect the field, Two cases for winds of about 10 and 30 knots are shown.
Under effect of the field the 1ons move upward and out to the sides, and
the wind adds an extra horitzonta! component to their movement, creating
a sort of concentrated line charge as the 1on - travel around the tower,

The won speed right at the tower as very high and drops ofl radidly with

distance,

The situation can now be consadered with space charge limiting,

Once corona is tormed and starts moving out from the tower, its charge
. would reduce the ficld around the tower to below the breakdown poter tial
gradient, and corona discharge would cease. Within a fraction of a
sccond the wind would blow the charge clear of the tower, exposing it
again to high fields, and ions would be formed again etc, This causes
the corona currents to be given off in bursts, as first observed by
Trichcl“)in 1938, Chalmers and r:nv(‘” have reported some interesting

cases of this phenomena at a negative point,

i3
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The magnmitude of the corona current increases with rising winc spced,
as shown in Figurc 7, for 0 and 35 knots. In the equation relating the
corona current i to the wind speed v and the point potential V, Vy is the
starting potential, D/} is the ratio of the atmospheric density to the

standard, and k the ion mobility,

Rl
i=1.315 4 v (v-v,,)(:—;—‘) t 1,785 & k(%l) V(V-Vo)

Since the point geometry such as the radius of curvature does not enter
the cquation explicitly but is inhcrent in the coefficients and Vo, it is
difficult to compute theorctical values of corona current for a particular

configuration.

The degree to which the radio frequency noise generated by corona
discharge couples into clectronic systems is determined by the relative
locations of the noise source, and the antenna via which the noise is
coupled into the affected system,  In addition, the coupling depends on

frequency and the size of the antenna.

It can be shown that individual pulscs associated with a corona dis-
charge can be approximated by a decaying exponential with zero rise time,
as follows:

oA

F (1) - Ac

where A is the pulse amplitude and @ is the pulse decay constant, The
noise spectrum produccd by V such pulses occurring cach second as a

function of frequency W is given by,

P A .\.,.) :l-“ (w;’ & \l;‘) < l‘—
n

Figure 8 shows the relative noisc-current spectral density plotted as
a function of frequency indicating a rapid drop in the spectrum magnitude
with increasing frequency, The effects will, therefore, be much lower at

UHF than VHF,

15
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RELATIVE NOISE-CURRENT SPECTRAL DENSITY
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3.0 SHARP VS, BLUNT I'OINTS

In order to better ixﬁdcr&tand the atmospheric conditions around
structures of various shapes and heights, a theoretical investigation
was performed of the corona currents given off from sharp and blunt
points, and of the electric ficlds influencing the corona. Very simplified
situations of static field conditions were examined, from which con-
clusions could be drawn about the dynamically changing situations.
The results of these investigations lead to some surprising conclusions
which, at the moment, are causing several questions to be asked in the
scientific community on the types of points that should exist on lightning

protective air terminals.

3.1 Equations

In the theorctical calculations the tower structures were approxi-
matcd by prolate spheraids, which bear good resemblance to the over-
all shape and are convenicnt for mathematical treatment. A uniform
ambient electric field was assumed parallel to the vertical axis of the
structures, and the structurcs were considered to be at ground potertial.
For these conditions Laplace's clectric field equations were solved in
clliptical or prolate spheroidal coordinates as discussed in references

5 and f,, to give the potential and potential gradient.

The resulting equation for the potential as a function of the elliptical

coordinate § with major and minor half axes a and b is,

dg
) € +b°)

il
E

o0

=®Wo + (®s -c.oo)’—L-

r -
© =@ 4 (0s - ©p) bt -
2

oo d~
J (&§+a°)3%( € +b°)

0

The potential at the surface ®¢ = 0, because the conducting ellipsoid

is grounded, and the potential at height b in the unperturbed parallei field
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The vertical and horizontal components of the electric field are,
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The equation of the ellipsoid,
2 2 a

i‘-.k i — b R

€ +a €+b €+c

is simplified for the symmetrical case of the prolate spheroid, where the
semimajor axis is a, the two semiminor axes b = ¢, the radial coordinate
is the horizontal distance from the center of the ellipsoid P o= ya + z", and

the height coordinate h = '8

- — = l - ,
+ - d »

The partial derivatives are,

: 2 2
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Setting ¢ = a¥ - b, the evaluation of the integrals yields,
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Hence the equations for the potential ¢, the vertical co:ﬁponcnt E, and
the horizontal component E, of the electric field around a conducted grounded

prolate spheroid in a parallel electric field E, are as follows:
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These equations were programmed and a variety of conditions were

computed and plotted.

3.2 Theoretical Resalt

—— - —

Figure 9 shows two cases of cquipotential lines around 30 m high
towers of diffcrent diameter, Fair weather field conditions of 200 V/m
are assumed, however, the equipotential line distribution gives the
nenceral picture for any value of the ambient ficld, requiring only a change
in scale. The left plot is of a pointed tower having a 3.3 ¢m radius of
curvature and shows the cquipotential lines just around the tower are
greatly modified from the parallel field situation. It is striking how
closely the lines follow the tower along the vertical structure and how
they are concentrated just around the top. But just a short distance
away from the tower the parallel field situation is regained. Around
the blunt structure with 3, 3 m radius of curvature, the picture looks

quite different. The equipotential lines are not as closely gathered

around the blunt structure as they are around the pointed one, but the

field is effected more at greater distances as is apparent by the line
concentration. This implies that under appropriate high fields corona
1onization occurs only in the immediate vicinity of the sharp point, but

over a larger volume around the blunt point,

The field lines run perpendicular to the cquipotential lines as

represented in Figure 10,0 The collection arca is marked off, jor

\
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which the ficld lines terminate on (he tower, 1 Lightnimg leader was
coming down, and the phenomena was assumed very weak, then theo-
retically it would follow one of the field lines.  But of course the high
charge carried in a downcoming leader modifics the entire ticld line

pattern.

The exposure factors help determine how soon and out to what
distance a tower will go into corona. Figure 11 shows two 30 m high
towers with radius of curvature of —:0 mm and 10 ¢m,  Lines of equal
value were drawn for the exposure factors in an arca around the top of
the towers, using double logarithmic scales to show detail neat and far,
Starting from the tower top upward, conditions were examined 1

10
Imm, lem, 10cm, 1m above the tower; the same was done going down

mm,

from the top and going outward trom the center. The discontinuity in

the center of the graph, where the data sets are merged, 1s ansignificant.
The enhancement at the tip is of the order of 10, 000 for the sharp point,
but only 100 for the blunt point. This means that only fields of the order
of 100 V/m are requirced for the sharp point to be in corona, which is in
agreement with experimental results from a sharp point giving up to

3 Y4 3MP current in fair weather ficlds,  For the blunt point however, con-
ditions of 10,000 V/m are required before corona s given off, 1t should
be noted that the enhancement tor the sharp point drops off rapidly with
distance, it is down to a factor o 10 only 30 ¢m above the tip. The on-
hancement of the blunt point s 1 rger at these distances and drops down

to 10 only at twice this distance, or 60 ¢cm above the top.

The sharp point goes into corona in low fields and just immediately
around the tip, the blunt point goecs into corona only in high fields but out

to greater distances from the tower.

In Figure 12 the exposure factors are plotted versus height for two
values of radius of curvature, lmim and 3. 3 cm. This data can be useful

in corrchting measurements from different heights, or for determining
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Figure 12, Exposure factors at top of structures, vertically above, and
below at side of structures.
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the minimum hcight of a structure for corona breakdown to occur, given

the values for the ambient field and the sharpness of the structure. The
thick line gives the enhancement relationship at the top of the structure,
the solid lines are valid at distances vertically above the structure, and

the dashed lines are valid at the edge of the structure below the top.

The exposure factors for the sharp point are very large immediately
around the tip, but they are excceded by the exposure factors for the blunt
points at greater distances out from the structures, say 1m above. This
indicates that when the blunt point goes into corona it will do so over a
much larger volume, but this will only happen when the fields are exception-
ally high as is the case in close proximity to an advancing lightning leader.
It is highly likely therefore, that a lightning rod with a blunt point will
attract lightning to it much casicr than a sharp point would do at the same
location. Results such as these were the reason why a ball was placed on
top of the lightning rod standing on the Saturn launch hardware during the

Apollo launches from Cape Kennedy.

3.3 Experimental Results of Blunt versus Sharp Points

Experimental results on sharp and blunt points have been obtained by
Dr. C. B. Moore of New Mexico I'cch, who summarizes the behavior of

the lightning rod in the following parugraphsg)

""Benjamin Franklin invented the lightning rod around the
year 1749 when he discovercd that a sharpened metal rod
brought near a charged isolated ball could cause electricity
to flow through the air and to discharge the ball without a
visible spark. This observation led him to suggest that
elevated, sharpened rods might possibly discharge thunder-
clouds and thus prevent the occurrence of lightning. When
he tried out his idea, he found instead that his elevated,
metal rod often became a preferential path to ground for

the lightning which occurred despite his efforts: his lightning
rod had a different mode of opcration than the one that prompted
his experiment. Franklin thercafter promoted the usc of
lightning rods, but adhered to the view that they should be
sharpened in the hope that the first process might also occur
and thereby be beneficial,




Two schools of thought subscquently developed: one favored
Franklin's sharpencd rod for Lightning protection and the other,
the English school led by Benjamin Wilson and George 111, urged
the use of blunt hightning rods on the basis that sharpened rods
might promote the striking of lightning when otherwise a dis-
charge weuld not have occurred,  Contemporary American
practice 1s to usc sharpened lightning rods, but appreciable
evidence exists that objects within the nominal ""cone of protection'
of a sharpend rod can be struck by lightning and no explanation for
this behavior has been sugpested,

We have modelled lightning rods both numerically and oexperi-
mentally to determine their response to an approaching lightning
streamer. Our results indicate that hightning can be induced to
'strike' any surface, bat that a sharpened rod 1s much less likely

to be "struck' than a blunt onc. Sharpened rods seem to protect
themselves appreciably by the copious emission of point discharge
ions so that they are poorer candidates to launch an upward-going
return streamer when lightnming approaches than is a blunt rod which
is passive until the ficld becomes very strong.  When the electric
field becomes sufficiently strong over a blunt rod, dielectric break-
down of the air occurs at the blunt tip and a streamer propagates
upward and often participates in a major discharge, For these
reasons it appears that a blunt rod may be a better protector of a
structure than is a sharpened one which may protect itself but leave
other objects in its vicinity vulnerable.

Perhaps more attention should have been given to the opinions of
George 111"

8)
: An exampl~ of experimental results by St.-uullor( 18 given in
Figure 13, where the current and charge release ¢f a blunt and sharp
i rod are presented that were obtained in response to two close lightning

strokes monitored by the clectric field. The blunt rod emitted + 11y

coulomb in less than 10 msece from the first ficld pulse received from

the lightning flesh, while the sharp rod released only +2, 24 coulomb.,
During the firs' 460 msce of this flash the charge transfer for blunt and
sharp rods arc +25 and -8, ° - »wlomb respectively., The corona current
graphs also illvstrate that under the extremely high fields of close lightning

much more current is given off by the blunt rod than by the sharp one.
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4.0 ANALYSIS OF THE LLOGAN AIRFPORT NOISE PROBLEM

The radio noise that occurs under high ficld conditions at VHF
frequencies and occasiunally on UHF recceivers can be gencrated from

one of several sources:

S -

1) Corona discharge under high ambient field conditions from,

a) the lightning rod on top of the radome,
b) the lightning rods around the parapet.
c) the antennas around the parapet.

R i oo

2) Corona discharge in high ficlds due to the radome charge.

ra—

3) Streamer noisc from the radome surface.
4) Charge transfer to the antenna rods from rain.

In order to attempt to determine the specific source of noisc and to
deduce the onsct conditions, measurements of electric field and corona
current were taken at Logan Airport, theoretical calculations were per-
formed, and the results of both were correlated with their cffect on voice
communications as a function of distance between antenna and corona point,

and other factors which influcnce the noisce interference problem.

4.1 Effect of the Static Dischargers

It is necessary first to analyze the corrective procedures which have

been carried out at several ATCT locations with a certain amount o!

success, namely the usc of the 1'-static dischargers. The devices are
designed to bring the potentiul of the structure on which they are fasiencd
to the potential of their surroundings. In this case, the lightning rod is at
the potential of the control tower and ground, and there is absolutely no way

that one can dissipate the charge on the grounded elevated structure to bring '

it to the potential of its surroundings. Apart trom this, it 1s unlikely that
corona will occur at the P-static dischargers which are installed in an arca

of reduced field underneath the grounded cross-member. Corona discharge

29 {




only occurs in high ficld arcas. No matter how many P-static dis-
chargers were connected to the tower, the hightning rods would still
remain at ground potential, the ficld above would be unchanged and

corona would still form there.

The question remains, therclore, as to what caused the improve-
ment when the devices were attached to the lightning rods? The answer
18 quite simple and can be explained again by looking at Figure 9. Around
the sharp point the equipotential lines hug the structure. If we now intro-
duce a grounded horizontal cross-member, which subtends an angle of

almost 90° at the top of the lightning rod, then the equipotential lines must

Figure 14, Equipotential Lines around Lightning Rod before and after
Installation of Static IMischargers

The effect is to lower the po ential gradicent at the tip by making the
structure look clectrically morce like a rounded object, This reduced
potential gradient makes it necessary for a much larger clectrie fie'd

to be present before corona breakdown is initiated.

Placing the cross-member lower would mean that corona would sceur
earlier as the ficld at the tip would increase; placing it higher delays the
onset of corona until the clectric field is exceptionally high, Care must
be taken, howsver, not to lift the horizontal member too high to avoid
corona being formed on its extremities. The above figure shows that no
corona will be forthcoming from the P-static dischargers, owing to its

environment being a low field condition.
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4.2 Determinations of Flectric Field and Corona

4,2.1 Lightning Rod on Top of Radome

Theoretical estimates can be made of the fields under which the
highest lightning rod on top of the radome will go into corona. Verifi-
cations with mcasurcements could unfortunately not be obtained because
the top was inaccessible due to high winds during the brief test period.

For an air terminal with a radius of curvature of lmm, which is not i

particularly sharp, placed on top of a very narrow grounded structure
of the height of the control tower of about 300 ft, an enhancement of about
18,000 above the ambient electric ficld can be determined at the tip of
the rod from Figure 12, As a result of the radome and the wide grounded

structure below it, howevir, the cxposure factor at the tip of the air

terminal on top of the radome is much lower.

Calculations were performed to approximate the Logan tower situation.
A 4 ft rod with 1/2 mm radius of curvaturc was considered, placed on top
of a rounded structure with a 19 ft diameter at the top and 112 ft at the
bottom. The exposure factor at the tip of the rod was determined as
1,700. For Logan Airport this figure is representative for the field en-
hancement at the top, but for other similar control towers without a
radome and with an cffectively higher lightning rod, the field enhance-

ment could be very much higher,

Under fair weather ficlds of say 200 V/m, the field at the tip of the
highest Logan Airport lightning rod will be over 1, 700 x 200 V/m, or
above 340,000 V/m which is not ¢nough for corona breakdown., Assuming
a starting potential of 10° V/m for corona, we need a field of 600 V/m
at ground level to cause breakdown at the point. Such a value will occur
prior to thunderstorm onset, anc later in the storm the fields may reach
values in excess of 10,000 V/m. With these fields more current will

flow and the radio noise will reach a level above the receiver noise level.

T1e onset of corona can be delayed by modifying the radius of

curvature of the rod. By placing a 10 ¢m diameter corona ball over the
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tip of the air terminal, the exposuare factor on top would be reduced

by a factor of about 8 to around 210, and ambicnt fields of at least

4,800 V/m are then required instead of the low 600 V/m ficlds to

v cause corona breakdown., This modification, however, will not

ciimirrate corona. Removing the rod altogether will result in an

enhancement of 23 over the ambicnt ficld right on top of the radome,
a figure low enosugh to suppress corona breakdown even under storm
conditions. Only the ficlds of an approaching lightning leader would
then be large eaough to causc corona, howcever, the tower would be

without lightning protection.
4.2.2 Lightning Rods and Antennas around Parapet

It is difficult to theoretically come up with rcasonable enhance-
ment figures for the complex layout of lightning rods and antennas
around the parapet, hence it was neccssary to take measurcments to
determine these values. Two ficld mills were run simultancously, by one
at ground level and one on the parapet around the radome. This gave
a calibration for the enhancement over the ambient field at the second
field mill location. Then two ficld mills were run simultaneous, one at
the calibrated reference location on the parapet, and with the other one
measurements werc taken at the locations and heights of the lightning
rods and antennas around the radome.  I'rom these data the enhance-
ments over the ambient field were computaed at the rod locations in the
presence of the ficld mill which resembles a blunted object,  With the
aid of theoretical calculations, correction factors were applied to these
numbers to detcrmine the exposurce factors at the tips of the air terniinals

and antennas unmodified by the presence of the field mill,

These results are shown in Figure 15, The exposure factors are
largest for high rods with small radius of curvature well scparated from
other rods and field reducing structural features. The highest electric
ficlds are above the sharp points of the 6 ft air terminals. The fields are

significantly lower above the blunt, 1'" diamcter VHF antennas which are

s
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nearly 5 ft high, and even much lower above the wide 3 £t hagh UHE

antenna structures,

The greatest enhancement of 118 ¢xists above one of the lightning
rods; under storm conditions with ambient ficlds above 8, 500 V/m the
point will be in corona. If corona balls of 10 cm diameter were placed
over the points of the air terminals, the exposure factors would be
reduced by a tactor of 8 and ambicent fields of 68, 000 V/m would be
required for corona onset. Such high ficlds are not found under usual
storm conditions, but only in the vicinity of an approaching lightning

leader,

The exposure factors above the VHE and UHLE antennas vary be-
tween 3 and 31 and ambient ficlds of 32,000 V/m and higher are required
for corona onset. It can therefore be assumed that the antennas will
probably not go into corona even under storm conditions. Corona
measurements were taken at sceveral locations on top of the tower and
were related to electric field data in order to understand the ficld line
concentration around the tower., The diagram in Figure 16 illustrates
the results. The edge of the parapet is in a region of reduced field
produced by the shape of the structure., The ficld increases in a
radially outward direction and reaches a maximum at about 4. 5 ft out
beyond which it decreases again, The largest corona currents were
measured as 2.3 A and associated with ficlds o1 100, 000 V/m in the
dense field line region. The corrvesponding ambient field had a high
positive valuce ol 1, 200 V/m probably caused by snow conditions north of

the Boston region,

Sumilar corona measuremoents were taken below and above the
lightning rods, and it was found that the tip of the rod is still in a re-
duced field, Three feet above its tip the field is four times as large as
1 ft above. To fulfill the purposc of lightning protection, the air

terminals must have a minimum height of 6 ft, which is just 1 ft above
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the height of the VHF antennas.  If the lightning rods, however, were much

higher, then their points would be in a more concentrated field line region,
and corona onsct and associated noise problems could be much more frequent
and persistent. However, a modcerately effective trade-off might result if
raising the tip of the lightning rod produced a sulficient increasce in distance
between point and antenna, Then the more frequent outbursts ol noise might
be found to occur at acceptably low levels., The effect of distance on corona

noise levels is examined in a following scction of this report,

It appcars that the noise problems may have becn associated with
corona discharge from the lightning rods around the parapet, which are
located in close proximity to the receiver antennas. Corona discharye
from the antennas themselves docs not scem likely, The lightning rods
have probably been placed close to the antennas to protect them from
direct strikes. By moving the lightning rods further away we have the
result that corona noise may be roeduced but the possibility of a direct
strike to the antenna is incrcased. llowever, in the existing positions
there is a very great possibility of a sideflash from the lightning rod to
the antenna over several feet becausc of the inductance of the receiving
system. The corona onset can bc suppressed by placing 10 cm diameter
corona balls over the point of the lightning rod. With such a modification
it appears that corona from the rods around the parapct should not be the
source of a noise problem under high field conditions. Only when lightning
is about to strike the tower or the immediate vicinity could corona caused

noise problems be experienced.
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4.3 Effect of the Radome Charge

Under severe snow and blowing conditions a very large potential
difference may occur between the diclectric surface of the radome and
the surrounding structuyes. If this surface has an electric ficld intensity
that is sufficiently lugh to causc voltapge breakdown across the plastic
surface, then a streamer discharge may occur which can generate serious
radio interference. Near the occan where high charges exist due to charge
separation in breaking waves, such charges may be transported in a high
wind and may cause rapid buildup on the radome. Driving snow will also
cause a charge buildup. Hence, the possibility that the radome can become

sufficiently charged to cause strcamer discharges has to be considered.

The charge accumulated on the radome may have a sccond effect, It
may create high enough fields 0 causce corona discharge from points
in its vicinity such as the lightning rods which are about 4 ft away or the

sharp edges of the ladder only lft away.

To investigate the magnitude of the charge that may reside on the
dielectric surface, electric ficld measurements were taken a short dis-
tance away from some radome pancls that were charged by rubbing with
a glove. The results are shown in Figure 17. The radome was charged
to -29,000 V crcating an electric ficld of -24,000 V/m at a distance of
4 ft at the tips of the lightning rods around the papapet as well as on top
of the radome. Since an enhancement of 12 above the ambient ficld exists
4 ft above the radome in the abscnce of the air terminal, the charged
radome would, at the distance of 4 ft, have an effect equivalent to a
change in the ambient field of -2 000 V/m. Whatever the effect is, it
would persist for extended periods of time, as it was found that the charge

remained on the radome beyond the duration of the experiment and did

not drain off.

The field of the charged radome may rcinforce or counteract the
existing ambient field. It is difficult to estimate the effect on corona

formation above the rods, as the equipotential lines there are not normal
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to the rods, hence their effect 1s reduced. To understand this problem
would requirc involved computations and additional measurcements, At
the location of the ladder about It away (rom the radome the ficlds, duce
to the radome charge, are even much higher of the order ot =95, 000 V/m,
and at the ladder support and the bottom of the highest lightning roa the
ficld might be so high th at there exists continuous corona discharge.

Furthermore, the potential ol the rademe could reach values much higher

than those wce caused with a fur glove.

Charge deposited on a diclectric surface such as the radome is bound
there because the surface is an insulator. As a result , under precipi-
tation charging conditions, it is possible for a potential difference of tens
of kilovolts or more to ¢xist between a dielectric surface and the neigh-
boring structural parts. As charge continues to accumulate on the die-
lectric, the potential to the structural parts rises until the electric ficld
intensity at the dielectric surface becomes sufficiently high that voltage
breakdown or strecamer discharge occurs across the plastic surface. A
surface strcamer involves the rapid transfer of charge over a substantial

distance, and also generates serious radio frequency interference.

The degree to which the radio frequency noise generated by corona
and streamer discharges couples into electronic systems is determined
by the relative locations of the noisce source, and the receiving antennas
via which the noise is coupled into the affected system. In addition, the
coupling depends on frequency and the size of the antennas., These

subjects are examined in the final scctions of this report,

4.4 Charge Transfer from Rain

The charge on rain hitting the receiver antennas will cause a current
to flow to ground through the receiving circuit that might be of the same
order of magnitude as the normal signals and hence produce noise inter-
fecrence. To investigate this hypothesis, a maximum charge on a single
raindrop was assumed as -2.3 x 107 "C = -1 4 x 107 electrons from

(9)

Chalmers.  If 100 such raindrops fell on the antenna per second trans-




-4
ferring their charges, a current of 2.3 x 10 1A would be flowing. This
would result in a voltage of 1.2 x lO-'uV across the receiver impedance

of 5000, at a power of 2.6 x 10-18 Watt,

The receivers operate at a signal level of 2,5 to 3 4V with a normal
ambient noise level of 1uV, which is about two orders of magnitude preater
than the noise attributed to the charge transferred from rain. It is there-
fore unlikely to be a source of the noise. If, however, the assumed figures
of number of drops per second and charge per raindrop do not represent
maximum values, then radio interference from charged rain might still be
possible. This is more likely to be the case above the Logan tower where
the rain may gather an enormous charge due to excessive corona in that
environment. The fact that UHF communications have had no noisc problems
with their antenna's in the same vicinity indicates that charged rain is not a

problem.,
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5 0 EXPERIMENTAL EXAMINATION OF INTERFERENCE DUE TO
CORONA DISCHARGE

The study of the factors which influence noise interference due to corona dis-
charge has been carried out with an experimental arrangement which used cquipment
similar to that found at an air traffic control center. Two types of VHE communi-
cations reccivers, three antennas, and (wo corona discharpe devices were employed
in this study and effects of corona current and distance were examined. As pre-
dicted in previous sections of this report, corona discharge could be suppressed by
placing a metal sphere on top of the corona point. The initial phase of the study was
concerned with finding an objective means to measurce noise levels which would
closcly correspond to the subjective impressions of a listener. It was found that
the automatic volume control (AVC) circuit of one of the receivers produced a voltage
which could serve as a mcasure of noise level and ine ominyg signal strength as well,
By rccording this voltage level, it was possible to make direct comparisons of noise
level and RF signal strength, The use of a pair of receivers tuned to the same VHE
channel made it possible to document cases in which a voice signal heard in one
receiver was totally masked by noisc in the other receiver. However, careful in-
spection of the recorded traces is necessary to distinguish noise from voice signals,
This is made possible by the compartsons of the AVC and AGC traces from the pair
of receivers. The presence of noise would increase the baseline of an AVC trace

while a voice signal would be scen as a roughly rectangular increase above the noise

level, if the voice was not totally masked by the noise, In addition, the event marke
of the strip chart recorder was used to indicate those voice signals which could be
clearly heard through a receiver's lou speaker output, This marker is seen in many
of the following chart records as a stroight line at the bottom of the chart, which
drops down by about | mm whenever the listener heard a voice signal and actuated

the marker control.

Noise from positive and negative point discharges was studied since both of
thesc polarities can be naturally induced. However, the physical processes involyod
are quite different for the two different polarities, The positive point attracts
negative electrons toward itself where the electric field strength is highest,

As the clectrons accelerate toward the point, their collisions with air molecule s
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produce new 1ons and secondary electrons which then add to the avalanche of

clectrons accelerating toward the point. Meanwhile, the positive ions which
move very slowly compared to clectrons are being repelled by the positive point

and are moving outward. This process continues until (his space charge

i weakens the original ficld and the avalanche stops. Thus, the corona current
: is not steady but consists of a series of pulses. The negative point discharge
] also consists of pulses, but the electrons and ions move oppositely. The positive

ions are slowly drawn into the region of high ficld strength near the point, while
the fast moving electrons arc repelled and move outward. Conscquently, it is
expected that the relation between noise and corona current will be different for
the two point polarities. The magnitude of corona current is also affected by the
wind specd which removes the charge being repelled by the point and allows

another corona pulse to occur.

5.1 Description of Equipment used for Noise Tests

Two types of VHF fixed-tuncd receivers were used to monitor inter-
ference with voice communication due to noise from the electrical discharge
at a sharp point, The RV-I12B is a tube-type receiver which has a single
crystal controlled channel (124. 1 MII2) and is cquipped with automatic noise
limiter, delayed and amplified automatic volume control (AVC) and a carrior.
operated squelch, The AN/GRR-23 is a solid state receciver which is also
¢rystal controlled and is equipped with noise filtering circuitry and an auto-

matic gain control (AGC). Three vertical dipole antennas of various design

B o

were used, all manufactured by the Technical Appliance Corporation. The
stmplest of the thrce is the D-2216, a halfwave dipole enclosed in a fibe rglass
radome with a height of 54,50 inches. The D-2213 has a height of 84,25 inches
and contains a UHF scction (not used) in addition to its multiple collincar dipole
array for VHF, The D-2212 has a height of 152,25 inches and contains (wo
independently opcrating VHF dipole arrays of which only onc was uscd with
cach receiver, The position of the point discharpe apparatus, relative to these

antennas is shown in Figure 18, and further details are in Appendix A,
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Electrical discharge at a sharp point (corona) was produced using a
50KV D.C. power supply with a variable input voltage so that clectrical break
down or arcing could be limited, Either a long sharpened copper rod or a

steel needle was attached to one terminal of the high-voltage power supply and

a flat metal plate was connected Lo the other terminal, The plate was positioned

a few inches from the tip of the point with its surface perpendicular to the long

axis of the point, Two diffcrent geometries were employed to assemble the pe

and plate apparatus. Oue of these,as shown in Figurel9, was quite compact,

built up directly on the power supply itself. The other was much la rger and was .
supported by a mectal tripod with the power supply placed approximately 10 feet

away and is shown in Figurc 20. The large unit was used to study dimensional and

geometric effects on the coupling of corona noisc to the receiver input while ti

compact unit provided necessary portability for the study of effccts due to var

anteana to corona point distance.  In order to determine the corona current, a

100 ohm resistor was piaced in scrics between the point and the power supply
ground, The voltage drop across this resistor was then measured with a
vacuum-tube voltmeter which could indicate currents as small as 0. I uA.

The maximum corona current produced was on the order of 5004A. Highcer
currents were not possible (nor would they be expected under niost con-
ditions) due to clectrical breakdown of the air which leads to arcing between
the plate and corona puint,  When arcing did occur, sensitive n casuring
ecquipment was protected by a proprictary device which shunted the over

voltage to ground.

While experimental tests of noisc interference were underway, a 4-channel

strip chart recorder was used to monitor the audio output of a VHF receiver,
AVC and/or AGC voltage from one or both receivers, and the VI'VM outnut

which indicated corona current, The DC preamplifiers of the chart recorder

yint

being

e

ying

had 5 Hz low-pass [ilters which were used to smooth the noise level recordings,

A block diagram of the experimental arrangement is drawn in Pigure 21,
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o2 Method of Noise Mecasurement

Since the AVC and AGC voltages of the receivers are refated to RF signal
strength it was decided to monitor these voltapes as indicators of the intensity
of the radio noise produced by the corona or point discharge. This provides
mcasurements which are directly related to sensitivity of each particular type
of receiver and which could, in the future, be readily examined by a technician
at any air traffic control center for the receivers that are in use., Because the
relation between AVC/AGC voltage and RF signal is not a simple one, cali-
bration curves were determined for the two types of receivers used in this
study, The measurements were made using the same receivers that were
employed to monitor corona noise and arce shown in FiguredZ2and Figure 23, The
AVC curve for the RV-12B receiver shows a much greater voltage swing for
small increments in signal strength than does the AGC curve of the AN/GRR .23
receiver, especially in the ragion of low signal strength (I to 104V), Theretore,
it is the RV-12B which was used as the primary source of data for the comparison

of corona noisc levels.

The audio output of a receiver was recorded and simultaneously monitored
with a simple loudspcaker so that a subjective impression of noise characteristics
could be gained, While a test was in progress, the event marker on the strip
chart recorder was depressed Lo indicate which noise transmissions were in-
telligible, as in Figure 24 at the bottom of trace D, The audio output is
not a good indicator of the absolute strength of the corona noise since the output
level is, of course, controlled by the circuitry of the receiver and is supposcd to
remain constant over a wide range of incoming signal strengths. Nonetheless,
it was felt important to kcep a graphic record of the audio since it clearly shows
the presence of corona noise. In some cases the A, C. audio voltage was fed
directly to the D.C. preamplifier of the chart recorder so that peak voliages
could be recorded, in other cases a simple full-wave rectifier was inserted
between the audio output and the input of the strip chart preamplifier in order to

obtain a record of the loudness of the audio output,
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In order to study the masking ol voice communications by ¢orona noisec,
twu' reccivers were tuned to the same VIHE channel (124, 1| MH2). The antenna s,
receivers, and corona noise apparatus were arranged so that one receiver would
be relatively free from noise interference while the other was strongly alfected
(compare Figure 24, B and D). The notse-tree receiver acted as an indicator of
the presence of a signal even when the voice message could not be heard while
Listening to the recceiver which was strongly atfected by the noisce. In this way,

the total loss of a transmission could be clearly documented.

Three levels of noisce interference can be ¢stablished according to the
intelligibility of a voice message.  Level I corona noise will open the receiver
squelch circuit but will not cause any difficulty in the reception of the voice-
transmitted information, Often, level I noise is so weak that it becomes in-
audible during a voice transmission duc to the action of the recciver AGC,  If
the voice transmission has an REF carricr of fair strength, then when the AGC
reduces the audio level of the voice (o its appropriate value, the loudness of the
corona noisc will simultancously be reduced, becoming inaudible or at least
masked by the voice communication. 'This level § noise can be bothersome sice
it will open the squelch on a receiver, but it poscs no real threat to the integrity
of communications. Level 1 corona noise is strong cnough to be heard as a back-
ground component of all communications and will blank out the weakest signals,
It may require that many messages be repeated in order to clearly relay desirved
information. Level I noise (sce Figure 39B) is so high that only the strongest
signals can be clearly received while signals ol average strength arc complately
masked and cannot be heard, There are no distinet dividing lincs between the
three levels since the transition from one to the next is pradual and depends
somewhat on the subjective impressions of the listener as to that level of noise

which contributes serious interference.

Corona noisc was heard in conjunction with voice communications using a
large number of receiver and antenna combinitions with corona points which had
positive and negative clectrical polarity. (It is the positive point polarity which
will be induced on the tip of an air terminal by the passage of a ncegatively

charged cloud.) The horizontal distance between the corona point and various




antennas ranged [rom 7 inches to [2 feet. Figure 24 is a typical recording and
contains examples of serious interference due to level I noise and minimal
interference due to level I noise, both produced by a positive point discharge.
Corona current from 0 to 100yA is recorded on the top trace (A) while the AGC
level recorded in the bottom trace (D) gives a definite marker for all voice
communication on the 124. 1 MHz channel which is common to both of the

receivers used during this test. Notice that the AGC of this recciver (AN/GRR-23)
is not visibly affected by the corona noise and that the cvent marker immediately
below the AGC trace is not depressed for every case in which the AGC level
indicates a voice signal, The audio output of the other receiver (RV-12B) is re-
corded by trace C and was used by the listener to decide when to depress the event
marker. Any case in which an AGC level of 3.5V to 4V in trace D shows a signal
without a corresponding notch in the cvent marker, is a case in which the voice
transmission was masked by corona noisc, The AVC level of the RV-12B receiver
is recorded by trace B and shows barcly discernable changes due to the presence
of a signal while the noisec is in the level 1l region. In the level I region the AVC
increases when voice signals stand out clearly above the noise which is near the
baseline of the trace. When examining Figurc 24, it is important to note that all

of the AGC increases shown in trace D arce duce lo voice transmissions.

Noise in the level 1 region incrcases the AVC baseline by less than 0.1V,
is heard in the background, bul doces not impair the clarity of a voice transmission.
Level I noise corresponds to AVC increascs of more than 0. 5V and renders the
channel useless for reliable communication. In the intermediate region of level
I1 (0.1V to 0.5V increase in AVC), the c'urona.nuisc causes scrious interference

which demands that a message be repeated before it can be clearly understood.




5.3 Results of Noise Mceasurcments

5. % | Introduction

Because of the dif[v(-n-n( ¢s in the physical process of discharge, (he positin e
and negative point discharges will be discussed separately.  In cach casce data
will be presented to show the dependence of noise interference on corona current
and distance between the corona point and receiving antenna.  The use of the AV
voltage of the RV-12B receiver as a measure of noise level pruduccs a chart record
which closely corresponds to the subjective aural impression obtained when listening
to the audio output of cither the RV-12B or the AN/GRR-23 receivers, This is s
pecially true when the chart recorder preamplifier is adjusted so that its D. C.
offsct cancels the quicscent AVC vollage (ak_)out 0. 37V) which exists ¢ven wheﬁ no
signal or courona noisc is present. This is not unexpected since the AVC voltage is
related to the logarithm of signal strength (see Figure 22),in much the same way
that the human ear responds logarithmically to different intensitics of sound. I he
AGC voltage of the AN/GRR-23 recciver is uscelul for a different purpose, since it
Jumps suddenly from 3.2V to 6.5V as its threshold is reached and then increascs
by only another volt or so over a very broad range ol signal strengths.,  This
behavior allowed it to function nicely as a monitor for the presence of signals
which can bhe obscrved as clear rectanpular :-{tvps in the chart recorder trace, oven
when the same signals cannot be scen in the trace of the AVC from the RV. 12'B.
If 4 signal did not produce a visible, rectangular step in the AGC trace, it could not
be heard above the corona noise when listening to the output of the AN/GRR-23,
On the other hand, many signals which caused a clear increase in the recorded
trace of the RV-12B AVC voltage could not be heard in the audio output of that
receiver.  Generally, a signal which did not at least double the implitude of the
recorded trace of RV-12B AVC voltage would not be even marpinally useful for

voice communication through that recciver.,

In order to record noisc ¢ven at the lowest levels, both receivers were
operated with the squelch controls turned off, The bias controls of the chart
recorder preamplifiers were adjusted so that quiescent state AVC and AGC voltapes,

ambient noise, and internal recciver noise do not appear as part of the recordings,
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5, ‘.2 Corona Nolsce Due to A Positive ot

The maximum corona current obsceved for a positive poimnt discharge was
close to 100pA. When this upper himit was reached, avcing between the point
and plate would begin, typically at an applicd voltage of 30kV with an air gap
of one inch between the point and plate,  Larger paps between the point and plate

would allow higher applicd veoltages, but avcing would still take place at about

the same maximum current.  As expected, the noise level heard in the receivers

would increase as the corona current inerceasced.,

To show the relation between noise and corona current, strip chart records
were analyzed on a point-by-point basis, measuring an AVC voltage and the
corresponding corona current and plotting the results as in Figure 25, This graph
does not include a constant D, C. offsct of 0,372V which 1s the quicscent valuce ot
the AVC voltage. The same receiver-antenna combination (RV-12B, D-2210) was
analyzed for three different distances from the corona point. The noisc versus
current relation is the same not only tar these three distances, but for all tested
distances and recciver-antenna combinations, although the actual AVC voltages
may vary greatly from one combination to another.  Covona currents below 400
would barely perturb the quiescent AVC level indicating that no appreciable noisc
15 belng generated as far as a Lypleal communications receiver is concerned,
Listening Lo the audio outputs of the receivers confirms this since it was hard o
cdhstinguish corona noisce fronm ambient background noise until corona currents

began to exceed 25 7A,

As can be scen in Figure 26, the cifect of distance between receiving antenna
and corona point is important in determining the resultant noise level at the
receiver, Here again, the AVC voltage is taken as the measure of noisce level and
indicates that serious noisce interference is to be expected whenever a positive
point discharge occurs within 24 inches of a receiving antenna, - The curves shown
in this figure were derived from recosled date on a "worst case' basis, i.c¢., the
noaximum noise-induced AVC voltage vas used to represent the noise level at
cach distance. Some data was obtained o cdistances greater than 50 inches, but

it was difficult to obtain reliable measurements at these distances since the noise
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level was so low, ‘Lhuas, it is seen that some noise reduction can be achieved
by placing recerving antennas as far as possible from arr termunals and othe r

sharply pointed objects whicnh would be expected to give rise to corona discharge

when subject to antense clectrie ficlds,

Using very simple statistics, the offect of corona noise on the reliability
of VHE communications can be shown in another way. Samples of chart data
Were arbitrarily sclected from recordings made while the corona current was
held constant.,  In each sample the person listening to the volce transmissions
and noise has indicated, by depressing the event marker, which ol the trans -
missions came Lhrough the noise clearly cnough to be useful,  Since a second
receiver was tuned to the same channel, but free from serious interterence,

It was also possible to count the total number of transmissions during a sample
period. By counting the number of clear, or at least readable, transmissions
and comparing this number to the total number of transmissions, the percentage
of lost messagces can be easily calculated,  The result of analyzing several such
samples with varying distances between corona point and recewving antenna 1=
shown in Figure 27. When the corona point 1s within 10 inches of the antenna,

the channel becomes uscless since the messape loss rate approaches 100%, while
at distances of greater than 50 inches the 1oss "ale is essentially acre, oven thoagh
some corona noise might still be faintly heard in the background.  Some qualifi-
cations neced to be added to these results. The statistical population of si1gnal
strengths at the site of the experiment s difterent than that in the neighborhood

of an air traffic control center. Al the experiment site, signals of average
strength are reccived from nearby control centers while the strongest signals come
from those aircraft which fly ncarcest the site. The listener has only one task and
can concentrate on trying to hear even the worst sipnals on a single channel while

a traftic controller would ordinarily carry a more complex load of tusks and could
riss many ol the messages which have marvgin 1 intelligibility in o background o
severe corona noisce,  Hence, these lost-message statistics should not be assumed
to apply quantitatively at different locations unless it is first established that the

statistical populations of weak and strong signais are the same at cach location,
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The qualitative result , however, renmains un hanped and s quite simple: 1
corona discharge cannot be climinated, some reliel from the problem of noise
interference can be obtained by judicious placement of antennas with respect to

objects which will induce corona discharpes,

It is obvious that it should be more effective Lo ehiminate corona discharpe
than to attempt to reduce the noise effects which must be present whenever the
discharge occurs, A well known result of the theory of electrostatic fields has
been discussed previously (Sce. 3), i, ¢, the electric field will be con-
centrated in the neighborhood of any sharp, electrically conducting object,  ‘This
1s the reason that electrical discha rpe (corona) will be initiated at the sharpuost
point or irregularity on a conducting surface, Conscquently, if a conducting
sphere were placed so as to cover the point of the corona apparatus, the discharpe
would be suppressed,  Confirmation of this is seen in the pair ot chart records
shown in Figurce 28, One recording was made immediately after the other with no
change except to cover the corona point with a brass sphere of one inch diametoer,
The air gap space between the plate and sphere was the same as it was between
the plate and point (1,6 in,) and the distance from the corona apparatus to the
antenna (D-2213) was S inches. While the point was exposed, corona discha rpe
took place at increasing currents until arcing occurrved at 94 A with an pplied
voltage of 25kV., When the sphere was used to cover the point, arcing did not
becur, even at potentials of 50kV and no corona currvent greater then 24 A could
have existed as is indicated by the zero-line trace in the corond current section
of the chart record, Voice transnussiors occurred during both tests and are

clearly indicated by the tall, off-scale excursions in the AVG trace.
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5. 3.3 Corona Noise Due to a Negative Paint

Flectrical discharge from o point of nepative palaeity will not ordimarily
be tound during periods of thunderstorm activity but may be ainduced by snow -
storms or, possibly, by positive charpe accumulated by a ncarby radome
structurc.  When discharge from a negative point does occur the VHE noise
generated may be more mtense than the noise penerated by a positive point
discharge. The maximum notse levels produced during this study were generated
by negative point discharges and considerable noise was gencrated by low currents.
Highe st noise levels were in the neighborhood of 50uA, as shown by Figure 29,
The AVC level of the RVo12B receiver and the D=2213 antenna was plotted by
analyzing chart records on a point-by-point basis as was done for the positive
poiat data shown carher. The three curves, cach representing a difterent distang o
between antenna and corona point, all conform to the same pattern and arc typical
of the negative point noise data in genceral, This figure does not, however, show
two features of the noise and current relation which were discovered for negative
point discharges, a high current cut-off and a noisc peak at the corvna discharyge

threshold,

At high corona currents, the radio noise detected by the receiver would
svddenly decrease as the corona current continuously incrcased. Using an
oscilloscope to obscerve the rapid pulses of current which are ltypical of any point
discharge in the atmosphere, it was found that the frequency of the pulsces would
increase as the voltage applicd to the corona apparatus was increased,  1his
accounts for the increasce in average current measurced by the VIVM, even though
the amplitude of the pulses was decreasing. At a pulse rate of about 2 x 1g" purt
second the front of one pulse begins to step on the tail of the previous pulse and
the pulsations cease, being replaced by more continuous flow of charpe. At
the same instant the AVC voltage would drop to its quicscent level and noyse would

ccase to be heard in the receiver, W ois quite clear, therefore, that it is the
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pulsating character of the discharge which s responsible for the production ol

noise in the VHEF part of the electromagnetic spectrum,. The corona pulses vary
difterently at currents of 100 to 15040 A and noisce does not begin to be emitted again
until currents exceed 20000 A, This sccondary emission of noisce is associated

with the commencement of "lresh' discharge points which can be seen in addition
te the primary discharge at the tip of the needle when the corona apparatus is
placed in a darkencd room. ‘The sccondary emission points are most likely due

te surface irregularities along the side of the needle whose point serves as the
primary location of corona discharge. The high current noise cut-off phenomena

ts seenin Figure 30 which s a typical chart record of negative point noise.  The
bottom trace is a rcecord of the AGC voltage which serves as the noise free monitor
for any voice transmissions on 124, 1 Mz, The event marker immediately bencath
the AGC trace was depressed whenever a usceful voice transmission could be heard
while listening to the audio output of the RV-12B receiver and D-2210 antenna. 1 he
full-wave rectified audio output and AVC voltage of the RVaI2B are recorded i the
two middle traces while corona current is recorded in the top trace.  For negative
point data, corona current increases as the pen trace goes toward the bottom of

the chart and the VI'VM scale is changed during the trace so that fair ace uracy can
be maintained throughout the broad ranpe of currents.  In this particular case, noisce

cut-off occurred when the corona current reached 130xA.

Also seenan the AVC trace of Figure 30 is the occurrence of a very strong peak
in corona noise which occurred while the corona current was being ad justed from
zcro to 10uA,  This noisc, which occurs in the threshold of corona discharge, is an
erratic but [requently occurring phenomena that can give rise to noise levels that are
preater than those associated with much higher corona currents, Morcover, the
th eshold noise sounds much different than the noise produced by the higher currents,
having a whistling or howling character instead of the hissing sound which a -
companics corona noise produced by higher currents. The threshold peak is very
sharply defined as a function of corona current and usually reaches its maximum
when the current is near 4pA. I the corona current is not increased very slowly
the threshold peak can be easily missed.  In Figure 31 the chart recorder was

operated at a specd of 5 mum/sec rather than the usual 0.5 nan/sce to obtain
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better time resolution of the corrclation between the AVC and peak audio voltages
in the threshold noise region, The phenomenon was not confined to any one
combination of recciver, antenna, and corona point apparatus and therefore seemis
to be a consequence of low current discharges rather than an artifice of the initial
action of a receiver's AVC circuitry, Corona discharpe pulses have greater

amplitudes at low current levels and this may be related to the exceptionally high

noise level which is produced occasionally between 0-10 w A, Wind speed and other

local changing conditions could be the reason why the phenomena is not always presoent,

As was scen before with positive point data, the intensity of noise from a
negative point varies inverscly with the distance between the corona point and re- {
ceiving antenna (D-2216) as shown in Fipure 3¢, This graph was prepared by tinding
the maximum AVC voltage for currents between 20 and 100gA for cach of several
distances between corona point and antenna. The AVC voltage for the threshold noise
peak was ignored becausc of its erratic character, but threshold noisce also varies
with distance in much the same manner,  As with the noise from positive point dis-
charges, the noise level is very low when the distance botween point and antenna is
greater than 50 inches. Likewise, placing a | inch diameter sphere on top of the
corona point inhibits the discharge process so that no noise is produced as secn in
Figure 33, In this record, the two top traces are from the RV-12B receiver and
show its audio output and AVC voltage, The bottom trace is a record of the audio
preampliflicr output from the AN/GRR-23 receiver which was operated with the
squelch circuit turned on. The corona point was at a distance of 12 inches from
the D-2213 antenna which was feeding the RV-12B and 35 inches from the D-221o ‘

antenna which was connected to the AN/GRR-23,

Since the noisc produced by negative point discharges was generally stronger
and more stable than that from positive points, it was used to study the variations
in noise level which could be produced by most of the many possible combations
ol recciver, antenna, and corona point position, Figurces 34 through 38 show some
of the many ways in which the corona noise level at the receiver is influenced by
the relative positions of the corona point and antennas. In all of these recordings
the horizontal distances between antennas and corona points werc kept as nearly
constant as possible while the vertical position of the point was changed relative to

the antenna. This was accomplished by moving both the ¢corona point and the antenna

67




up and down, The distances referved to are shown in Fipure 18 and, in addition,
the straight line distance between the tops of antennas 22216 and D-2213 are
gaiven as d and | |, respectively. ‘Chese distances can be compared directly to
those shown in Figures 3a, 3p, and 3¢. In the first three of this series of re-
cordings, Figurces 34, 35, and 36, the carona point is moved up and antenna
D-2216 is moved down so that the vertical position of the point goes from the
middle of the antenna to a position about 14 inches above the top of the antenna.
Since the maximum scnsitivity of a dipole antenna lics in a plane perpendicular

to the dipole and passing through the middle of the dipole, the noisc reccived by
the antenna is seen to decrease as the point is moved from the middle position

to the top position. Hence, the maximum noise induced AVC level in the RV-12B
receiver is decreased from 1.0V in Figure 34 to 0. 7V in Figure 36. Without
chanying the corona point and antenna locations, the antenna connections to the
receivers were interchanged so that the performance of different combinations

of receiver and antenna could be evaluated by comparing the records shown in
Figures 37 and 38 to those of the three previous figures. In all of the combinations
of receiver, antenna, and point location which were surveyed during this study,

no cases were observed which werc contrary to the pattern shown here. The
greatest variation that could be achieved has been seen in many of the previous
figures where the AN/GRR-23 receiver was used with the D-2212 antenna to pro-
duce the relatively noise-free combinations which served as a monitor for the
presence of signals which could not be detected in another receiver due to corona
noise. The reason for the small amount of noise input to the D-2212 antenna is

the placement of the corona point in a null region of the vertical gain pattern of
this antenna. Moving the corona point toward the region of maximum response was
found to increase the noise received by the D-2212 antenna, just as it was for the
other antennas. Nonc of the data presented in this report should be construed as an
c¢valuation of antenna performance or an endorsement of any particular antenna

design.

Notice also in Figures 34 through 38, that the levels of corona noise are not
perfectly reproducible. This is characteristic of the erratic nature of the discharge

process itself which gives data that are '"notoriously nonrepeatable' (3). The
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threshold peaks arc missing in the AVOC trace of Figure 34, but give rise

to the highest AVC levels recorded in Figure 38, The presence of the
lhrcshbld peaks in many of the audio output triaces is an indication of the
presence of this low-current phenomena, but cannot be taken as a measure
of its strength in competition with incoming voice signals., Rather, the
audio peaks indicate the failure of the AVC circuit to function optimally when
the noise level is Jow. In otber recordings, however, the threshold noisce
peak can give rise to the maximum perturbation in AVC level as was seen

in Figure 30,

Noise interference from a negative point discharge was studied as a
function of corona current by keeping the current adjusted to a constant value
for minutes at a time and listening to the combined noise and voice message
in the audio output of the RV-12B recciver while the AN JGRR-23 acted to
indicate the presence of voice which could not be audibly detected. Currents
from 8 to 10 A produced level 1 noise which could be heard as a background
to an otherwise clear message and produced an increase in AVC level of only
0.05V, as seen at the left side of Figure 39, In the middle of this figure,
currents range from 10 to 25uA and produce level 1l noise which caused great
difficulty in understanding the content ol any message even though the presence
of a voice was heard in every case but one. At the right, currents are between
42 and 45 A and produce level I noise which blanked out communications
almost completely and cven clevated the AGC bascline of the usually noise-
free AN/GRR-23 and D-2212 recciver-antenna combination. The event marker
was depressed whenever voice was heard, ceven if a message could not be
clearly understood. In onc case, which is mmarked by an asterisx (*) in the
level Il period, the listener became confused while trying to indicate even the
most marginal presence of a voice.  While straining to hcar anything at all,
the voice marker was kept dewn for a foew seconds after the signal itself had
ceased, In the middle of the transimis«ion the marker was released as the
noise momentarily covered the voice «pletely. At the extreme right, an

exceptionally strong signal broke throagh the nuise quite clearly,

The highest noisc level produced during the coursc of this study (except

fo= thteshold peaks) pushed the AVC levei of the RV-12B up to 1,63V at which
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time the corona current was SOpA,  Antenna D-2216 was placed 10 inches trom

the corona point which was negative, According to the calibration for the RV-12RB
(Figure 22), an RF inpat of 16V, 30% modulated with 1000 Hz, would be needed

to produce an AVC level the samne as that trom the corona noise.  The highest noise
level for a threshold peak occucred at a corona current of Sy A with the corona paoint
L0 inches from antenna D-2213, Here, the AVC level went to 1,75V, corresponding
to an REF signal of 18,5V, Other exceptionally high noise levels were tound to
correspond to corona currents ol 14, 37 and 050 A, llence, the masimum nolsce
level 1s not adequately predicted simply by mcasuring the corona current and may
be more dependent on factors related to the pulsating character of the discharge.

A Fourier analysis of the frequency components in different pulse shapes might

be revealing since it 1s suspected that pulses in the threshold region have shorter
rise times and longer decay times than those in the high current region, The time
between successive pulses is on the order of a microsecond, decreasing and
becoming more regular as the average current increases. Thus, if the attack and
decay time constants of a particular recceiver are on the order of 100 milliscconds,
something on the order of 100, 000 pulses of corona notse could be recerved while
the AGC circuit of the receiver is turning itself on. It is conceivable that bursts

ot several thousand noise pulses slip through the noise limiting circuits of a receiver
and that in the threshold region of corona discharpe, the bursts arce separated by
sufficient time for the AGC to turn itself off during quict periods.  If this is the
casc, the noise limiting ability of the ¢ircuit would be effectively destroyed.,  On

the other hand, the threshold noise peaks could be explained by supposing that the
noise pulses produced in this (lunmi.n arc particularly rich in the high frequency
part of the spectrum to which the receiver is sensitive. Further study will be
necessary to answer these questions. It as quite clear, however, that there 1s no
necd to look for the maximum corona currents when trying to {ind serious noise
interference due to a negative point discharge. The greatest noise levels tound in
this study were produced by currents under 100 A which 1s much less than the
500p A maximum which was trequently obtained. It is in this respect that the noise
from a negative point discharpge is most ditferent from that duc to a positive point

which was only seen to increasce as the corona current increased,
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Figure 32. Noise level vs. distance for a negative
point discharge
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