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I. INTRODUCTION

Corona is induced when the electric field normal to a conducting line
exceeds the dielectric strength of the surrounding material. Massive
ionization begins to occur in the surrounding material and a coaxial
sheath of free charges appears around the line. The radius of this sheath
is determined by the point at which the local electric field can no longer

support ionization of the medium.

Corona effects on a conducting wire have been studied for many years
[1,2,3,4,5] when the 1ine was excited either by injecting a current pulse
on the wire [6,7] or by i1lumination with an appropriate electromagnetic
field with a fairly slow rise time [8,9]. A typical HEMP (High altitude

" ElectroMagnetic Pulse) field has a faster rise time than waves considered

in previous corona studies. In addition, the response of a conducting
line subject to an incident EMP field is more appropriately modelIéd by a
series of distributed sources on a transmission line [10] than by the
injected pulse model used previously [5].

Several corona models have been proposed for lines subject to EMP
fields [11]. This memo presents the results of a calculation model of
corona effects on a line with an incident EMP plane wave based upon a
transmission line model described by Dr. Carl Baum [12]. In this model,
the per-unit-length capacitance between the conducting line and an
effective reference conductor (whose definition is based upon experiment
geometry) is altered by the presence of corona, reducing the current seen
on the line from the value expected without corona.



Baum's model considers corona effects on an infinite line in terms of
a normalized charge-per-unit-length. In the present paper, the normalized
results of his model are extended to obtain expected line current as a
function of time. Based upon this, an experiment is being considered to
test the effects of corona (in terms of current responses) on a line
excited by an HEMP field. This report serves to define the geometry and
expected current responses'for the experiment. '

After postulating an experiment geometry, the effects of varying some
of the parameters of the model are discussed. Consideration is then given
to experimental limitations. The infinite line assumption in Baum's model
is appropriate only for a limited time (i.e. the clear time) before
reflections from the line ends interfere with local corona observations.
Studiqs of variation of current with test wire length are presented in
connection with clear time calculations.

Because of the large number of electrical and physical parameters
involved in the generation of corona, several assumptions and
simplifications have been made in this study. Some of these are discussed
in the summary of this report. The final test of the validity of these
assumptions will be the experiment measuring corona effects discussed

here.




II. CORONA MODEL

Figure 1 shows an E-field incident at an angle a upon a conducting
wire of radius o If the normal component of the incident E-field is
sufficiently large, a corona of radius re forms. An effective reference
conductor of radius r_ surrounds the conducting wire as shown.

Equivalent transmission line models of a conducting line with ipduced
corona are shown in Figures 2 and 3. (As discussed in [12], the case of a
wire in free space and the case of a wire above an infinitely conducting
ground plane may be treated in the same manner provided the geometry is
appropriately defined.) When the corona conductivity is sufficiently high
(a reasonable assumption since corona is comprised of highly ionized gas),
the circuit model of Figure 3.a. reduces to that of Figure 3.b.
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Figure 1. Corona Model of Infinite Wire in Free Space[12]
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Figuré 2. Equivalent Corona Radius Model [12]
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Figure 3. Per-Unit-Length Transmission-Line
Equivalent Circuit Representation [12]




The circuit in Figure 3.b is described by the following
telegrapher's equations:

ﬂ = - | Ql l
2> "L st t Vs (1)
al . 3 (e ;
32 at.(C V) + Is (2)
Q.

C' =¢C'(Q") = y~ = capacitance per unit length

Q' = charge per unit length

L' = inductance per unit length

V; = Jongitudinal voltage source per unit length

I; = transverse current source per unit length

l ‘ Choosing an appropriate path of integration, these equations can be

simplified to

S IEl= L RvE, (3)
I 1)
2.3 "

where Et is the tangential component of the local electric field,



Choosing a plane wave excitation of the line, equations (3) and (4)
assume the form

S L R &
p
z El g(f) | . (5)
with
Yp © cogla) 7 (6a)
E, = E,f(t - §—p) sin(a) (6b)
Tt -.%; | (6c)
gf{t) = fzm f(<') de' - (6d)
s Et(t') ét' = Elg(r) (6e)
E, = E, sin(a), (6f)
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Neglecfing the effects of corona, the line capacitance remains
constant, and equation 5 simplifies to

[ .— '1 1 ’
Q'(x) = fecosla) + gaereyf T 7 E9le). (7)
. 7o
with
7. =f_ 1 (characteristic impedance) (8)

(for infinite line in
free space ) (8a)

(Q"h
o
1]
e
3
o*ls
N——

-t
L[]

%; arccosh (%—) (for infinite line ata  (8b)
0 height, h, above a
ground plane )

When corona occurs, the capacitance of the line is altered and
direct solution of equation 5 becomes difficult. Solving for the
local charge per unit length, Q'(t), one obtains the parametric equation

Q ' EQ(T)
1 0 Q'(z) . _1
{-cosla) + goeray * coste) (o;) S S )
inﬁr 0
)
when 1964111 21
“o
with Qé = ZneoroEb (10)

(For |Q'(t)]| < Qé, the capacitance is assumed unaltered, and equation 7
applies.).
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As discussed by Baum [12], I(t) = Qs(t) * v (where v_ is the wave
phase velocity defined in equation (6a)). Equations (7) and (9) transform
to "

' 1 -1 cElg(t)
I(‘l‘) = {'C?S(a) + m} m (11)
o
cE;9(r)
~cos(a) * ara] - 33;34 ]n<c05( )) _9;1_1 in(1(o))] 1) = Tc_léﬁm (12)
0

respectively.
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IIT. EXPERIMENT GEOMETRY

An experiment to test this model is diagrammed in Figure 4. A test
conductor wire is strung from the fop of an EMP simulator called VPD
(Vertically Polarized Dipole; also known as ATHAMAS II (AFWL Terrestrial
HEMP Alert Mode Aircraft Simulator)) diagonally down to the ground plane.
An observation point is choseﬁ'somewhere along this wire. The optimum
lTocation of this observation point will be discussed in section V.
Although the wave fronts emanating from the VPD are essentially spherical,
at a sufficient distance from the source they may be considered locally
planar. Note that the local angle of E-field incidence with the wire at
an observation point, «, is typically different from the angle the wire
makes with the ground plane, ¢. The dashed lines below the ground plane
indicate an image of the experiment setup that is the electrical
equivalent of the gﬁound plane shown..

For the purposes of the calculations in this memo, the VPD is assumed
to have a slant height, L, of 53 meters and a cone half angle of 41°,
(These values are quite close to the actual mechanical and electrical
specifications for VPD given in references [13,14].) These correspond to
a vertical VPD height of 40 meters. Hence, a test conductor in this
configuration could not be less than 40 meters.

The next section examines the impact of changes in some of the model
parameters in light of this experiment design.
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Figure 4. Experiment Setup




IV. DISCUSSION OF EQUATION PARAMETERS

Examining equations (11) and (12), model parameters which could vary
are v, a, E;g(t), Z_, f, , and Q). From equations (8,8a,8b), Z_ is
c g o Co
directly proportiona? to ?90 with proportionality constant Zo’ the
impedance of free space. Hence, variations in Z. are the same as
0
variations ‘in fg . From equation (10), the corona charge-per-unit-length,
Qé, is directly proportional to the radius of the test conductor, Tos

which is a more directly measurable parameter.

This experiment will be concerned with the response of the test
conductor to a time varying E-field as measured by the time varying
current, I(t), seen on the wire. From the discussion above, the unique
parameters that may vary in this model are t (retarded time), o (angle of
E-field incidence with the test conductor wire), Elg(r) (from equation
(5), a measure of the time varying incident E-field), fgo (discussed in
detail below), and "o (test conductor radius). In each subsection below,
one of these parameters will be varied (beginning with the Elg(r) and .
followed, respectively, by ro fgo’ and o) to determine its impact on
expected model results in the experiment configuration described earlier.
Default values (i.e. values used implicitly) for parameters not being
examined are summarized in Table 1. '
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Angle of incidence = 36 degrees

Elg(r) as shown in Figure 5.

fg 1.0 (This corresponds to an observation point ~ 2.68
meters above the ground plane for a wire of radius 1.0 cm.)

Conductor wire radius, r_ = 0.01 meters = 1.0 centimeters

(o]
2 TABLE 1 : DEFAULT PARAMETERS
3.0 x 10
2.5 x 10°
Ef(T)  20x10
V/m ‘ ‘
1.8 x 10
1.0 x 10
8 x 103 \\\\\-‘\
0 k[ iso
3 time (ns) ‘*\\~/-
-5 x 10 T
Figure Sa. VPD E-field as measured 100 meters Taterally from
base of VPD and 20 meters above ground plane.
1.2 x 107 : eI
Ce.sx 10t
E.qlT
190 o 107t
V-sec
m
0.8 x 107"
2.4x107' |,
0 ///
0 30 60 90 120 150
time (ns)

Figure 5b, Integrated VPD E-field from Figure Sa.
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A'. Ebreakdown; Elg(r)

From equation (5), Elg(r) is, in some sense, a measure of the local
time-varying E-field incident upon the wire. This incident E-field
generates a current on the test line and it is the local E-field due to
the current on the test line that may generate corona. Without the
current excited on the line, the E-field from the the pulser would be
insufficient to cause corona. This is why corona is seen only in the
vicinity of local conductors and not throughout the rest of the pulser
work volume. If the local E-field due to the current on the line exceeds
the maximdm E~-field value the air can support, Ebreakdown
(consisting of a coaxial sheath of ionized air molecuies) forms around the
breakdown; or E,, ig also called the dielectric strength of the
medium; for air, Eb = 3x10~ [15]. Since the magnitude of the driving E-
field varies as (1/R), corona is less likely to form for points farther
away from the source.

s COrona

wire. E

B. Conductor Radius

Figures 6a and 6b demonstrate how changes in wire radius are
reflected in both the magnitude of the line current and in the corona
onset time. Figure 6a compares the late time responses of wires of
different radii, while Figure 6b shows the early time responses, where
differences in corona onset times are more apparent. Corona onset times
for various wire radii are summarized in Table 2.

WIRE RADIUS CORONA ONSET TIME (ns) ‘
1/2 inch 27.7
1.0 cm 22.3
1/4 inch 15.9
1/8 inch 10.4
1/16 inch 7.11

TABLE 2 : CORONA ONSET TIMES WITH VARYING WIRE RADIUS

17
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Figure 6b. Early Time Current Respcnse for Varying Wire Radii
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C. Parameter f
9

Baum's model assumes a transmission line model approximating the_
response of a conducting wire to an incident EMP. When the wire is placed
fairly close to a ground plane, the ground plane may serve as the return
path for the induced current (i.e. the ground plane is the reference
conductor of Figure 1) and the transmission line approximation is
reasonable. Calculations'of inductance-per-unit-length (L') and
capacitance-per-unit-length (C') of the line are straightforward if the
line is parallel to the ground plane.

However, analysis of the current induced on a wire in free space by
an incident EMP is actually a scattering problem (see [16]). The
reference conductor for this geometry may be assumed to be at infinity,
but the calculation ‘of per-unit-length inductance and capacitance is not

. clear. Without appropriate values for L' and C', the use of the
transmission line approx%mation may be ambiéuous.

The term fgo used here gives a measure of the dependence of the
transmission line parameters on the geometry of the problem. It has been
seen experimentally that the current response of a wire in free space is
not especially sensitive to the distance of the reference conductor from
the test conductor and that a logarithmic dependence such as that shown in
equation (8a) is reasonable for the wire in free space. Other authors
[17] have suggested other values for this parameter which may be
appropriate. The beauty of the form (8a) is that one may use a
Togarithmic expansion of the arccosh term in equation (8b) to obtain an
approximation of equation (8b) of the same form as equation (8a), with
reference conductor radius = 2h (where h = height of test conductor above
ground plane) (see reference [12]). It might be noted that in reality
most wires "in free space" are actually located above a ground plane.
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When the formation of corona is not considered, the per-unit-length
current on the wire is given by equation (11):

) -1 ckg(x) (11)
1(t) = {-cos(a) + o5 (a) Zofq cos(a}
9o .

Note that a change 1“,fgo directly changes the magnitude of the induced
line current. This is illustrated in Figure 7.

Looking at the equation for induced 1ine current when corona
formation is considered (equation (12)),

Qc o cEy9(x)
I}cos(a) + coi(a) - g::;a) ]n(;og(a)) + gg;él 1n(|I(r)|i]I(r) = 7;?;;55g(;7 (12)
0 0

dependence of the Tine current on fgo is not immediately apparent. To
solve this equation for the current, I(t), one must find the zeroes of an .
equation of the form:

F(X) = (A+B 1InX) X - C (15)
where

Q) c .

= 1 - Q 5
A = -cos(a) + 5s(a) §§?;°) n (cos(aj‘) (15a)

0 )
B - COSSG! (15b)
%
. Zofgo cos(a) ' c




10000
8000 .
f 6000
i(t)
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- . 4000
2000
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time (ns) —

- neglecting corona effects.

. Figure 7. EMP induced Hné current with varying fg
0
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Setting C=0 for convenience, this equation is plotted as a function of
I(t) for various values of fgo in Figure 8.

It may be seen that for fgo 2 1.3, the number of roots of the
equation go from three to one and the function plot becomes linear. To
find out why this is, set equation (15) equal to zero and take the limit
as fg becomes large. A approaches -{cos(a) + I./cos(a)} and B goes to
) .
zero. Equation (15) assumes the form
CElg(T)

1
-cos(a) + cosla5§ X = 7 cos(a] (16)
0

With X=I(1), this is exactly the form of equation {11)! Hence, as fgo
gets larger, this model predicts corona is less and less likely to form.
This is. shown graphically in Figure 9, where the EMP-induced Tine current
with corona present (dashed line) approaches that without corona (solid
line) as fgo increases. ’

(Note that foy is 111-defined for a wire not parallel to a ground
plane. Here, it is assumed the 1ine is parallel to the ground plane at
the altitude of the observation point. For wires at a small angle of
incidence with respect to the ground plane, this may be a reasonable
assumption. The experiment to be performed based upon these calculations
will check the validity of this assumption.)
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Figure 8. Graph of Corona Response Function
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for different values of parameter fg .
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D. Angle of Inciderice

Figures 10 and 11 show the effects of changing angle of incidence for
lines with no corona and with corona assumed, respectively. Notice that a
change in the angle of E-field incidence upon the wire has more impact
upon the magnitude of current when the formation of corona is NOT assumed.
Figure 12 compares the corona with no corona responses of conducting lines
for different angles of incidence. (Dashed lines indicate the current
expected on the line using the corona model. Solid line curves assume no
corona formation.) Although values on the vertical axes vary from graph
to graph, the important thing to note is the relative value of corona to
no corona response at differing angles of incidence. It is apparent that
smalier angles of incidence lead to earlier corona onset and more distinct
differences between the expected corona and no corona (i.e. if no corona
forms) current responses. Table 3 provides examples of corona onset times
as the angle of E-field incidence varies.

ANGLE OF INCIDENCE (deg) CORONA ONSET TIME ( ns)
18 12.8
27 . 17.1
36 22.5
54 45.2

TABLE 3 : CORONA ONSET TIMES WITH VARYING ANGLE OF INCIDENCE
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Figure 10. EMP- induced line current for differing angles of E- f1eld
, incidence---corona effects neglected.
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Figure ii: EMP induced line current with corona for varying angle
of E-field incidence
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V. . EXPERIMENTAL LIMITATIONS: CLEAR TIME

¢ Clear time (t ) is defined as the difference in arrival time between
the original signal from the VPD at the observation point and the arrival
of any disturbance due to a discontinuity in impedance or experiment
geometry (cf. [13]). Possible end effects l1imiting clear time in the
proposed experiment are diagrammed in Figure 13 where path #1 is the
direct path of a wave from the base of the VPD to the observation point. A
wave from the base of the VPD may also travel slightly above the ground
plane and induce a.current at the bottom end of the wire that would travel
up to.the observation point (path #2). Similarly, a wave from the top of
the VPD may travel to the observation point via a current induced at the
upper wire end (path #3).

Since the clear time l1mit is determined strictly by the shortest
s1gnif1cant interference path, only those paths shown in Figure 13 are
considered. Reflections from the ground plane could also limit the clear
time of the experiment. However, such scattering paths generally cause
only small perturbations in the current response of interest since the
magnitude of the incident E-field is reduced in each reflection. Current
reflections arising from impedance discontinuities at the line ends are
much more important in the determination of clear time limits. These are
diagrammed in Figure 14, The current induced at the observation point may
travel down the line and be reflected at the ground end back to the
" observation point (path a) or it may travel up the line towards the VPD
and be reflected back to the observation point (path b). Comparing
Figures 13 and 14, path #2 is always shorter than path a (as the
observation point gets closer to the ground, the length of path #2
approaches that of path a) and path #3 is always shorter than path b.

28
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'Figure 13. Possible End Effects Limiting Experiment Clear Time
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. | Figure 14,

Current reflections from impedance discontinuities at line ends

29



Using the geometry of Figure 13, maximum clear times are calculated
for varying lengths of conducting test wire. Maximum clear time is
defined as follows: The minimum of paths (#2-#1) and (#3-#1) (i.e. the
relative lengths with respect to the most direct path from the chosen
observation point) is found for many possible observation points sampled
along a given length of line. The maximum of these minimum paths (there is
one minimum path for each sample observation point) is chosen for the
gfven line length and is converted to units of time by multiplication by
" 1/c (where ¢ = speed of light). This gives the optimum clear time (and,
from the coordinates of that path, the best observation point) for a given
conducting wire length. The results of these calculations are graphed in
Figures 15 and 16 for possible wire lengths between 40 and 145 meters.
Maximum clear time versus wire length is shown in Figure 15 while optimum
observation point (as measured from the lower wire end) is plotted against
wire length in figure 16.
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LONGEST CLEAR TIME: 9.510 x 10 Ssec
WIRE LENGTH = 54.0 meters
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Time
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Wire Length (meters)

Figuré 15. Clear Time vs. Wire Length
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- Unfortunately, at the optimum observation point on a wire 54 meters
long (i.e. obtaining maximum clear time), the angle of E-field incidence
with the wire is 60.4°. As discussed earlier, the difference between
expected current values_with'and without corona is not as distinct at this
angle as for smaller angles of incidence. In fact, corona effects may not
appear before clear time limitations are encountered.

As the test wire becomes longer than 54 meters, the clear time, angle
of incidence, and the magnitude of Elg(T) at the observation point with
optimum clear time for that wire length grow smaller. Figure 17 indicates
the expected current as a function of time for different lengths of wire.
Appropriate local angle of incidence, local magnitude of E-field, local
fg estimate, and a constant test wire radius of 1 cm are used for each
sef of curves, so the results are more realistic than those of section IV.
(Again, solid lines ‘indicate response with no corona and dashed lines
indicate the expected response if corona formation is assumed.). Notice
that the results for a wire 50 meters long -show no difference between the
corona and no corona responses. This case is very close to that of the
optimum clear time case mentioned above. As the wire becomes longer, the
angle of incidence decreases as does as the magnitude of the local E-
field. The decrease in angle of incidence can be seen in the larger
difference between no corona and corona responses. In all cases, the Tocal
value of Elg(T) is sufficient to cause corona. (For these calculations, a
test wire radius of 1 cm was used.) A dark bar below the horizontal axis

indicates the clear time expected for each case considered.
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VI.

SUMMARY

From the preceding discussion, it is apparent there is a traqe-cff
to be made among many parameters: test conductor radius, fgo, magnitude of

local E-field, angle of incidence, wire length, and clear time.

are summarized in the table below:

These

PARAMETER

IDEAL FOR MAXIMUM CORONA

wire radius small

f small=- less than~

99
local E-field large; E 2 Ey

angle of small, but not 0°

incidence

wire length

1.3

long to get small angle

of incidence; short to
get Targer E-field and

longer clear times

clear time longest possible

CONFLICTING LIMITATIONS

must be able to hold
EG&G OMM i current probe

geometric constraints on
experiment; not well defined

an otherwise optimum observation
point may be too far from source

if too small, observation
point may be too far from
source (E-field too small)

longer wire is more expensive
and heavier (harder to keep
known angle of incidence)

optimum clear time for chosen
geometry yields too large an
angle of incidence.

TABLE 4 : ANALYSIS OF PARAMETERS IN CORONA MODEL

35




Some of these restrictions are not as critical as others. It has
been shown that at the optimum observation point for maximum clear time,
there is not much difference between the current response expected when
corona is present and when it is not. Figure 15 indicates there is a
reasonable amount of clear time for other lengths of test wire, so it is
not essential to use that optimum position.

A Tonger test wire seems to be better. The local angle of incidence
at the optimum observation point would be smaller. The value of the '
parameter fg, would be smaller since the observation point would be closer
to the ground, and the definition chosen for fgo is more likely to be
correct since the wire would be closer to parallel to the ground plane.
There are 1imits to this: The wire cannot be so long as to put the
observation point outside the region where the local E-field is sufficient
to cause corona before clear time limitations set in,

Restrictions on wire radius seem to be related to the current probe
manufacture. Although conductor wire radius does have an impact on corona
onset time, the expected clear times are almost an order of magnitude
larger than the corona onset time differences. Nevertheless, the minimum
possible wire radius should be chosen to increase the time corona effects
are observed.
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Combining all of these effects, except variation in wire radius, a
more realistic picture of expected experiment results emerges. Figures
18a-e show the values of different parameters plotted as a function of
wire length for the experiment geometry described above. In general, the
only default value used was setting'the wire radius equal to 1 cm.

Figure 18a shows the local E-field correction necessary at the
optimum observation point (obtained from Figure 16) for varying wire
lengths. This correction is applied to the default E-field shown in
figure 5. The curve shown is not exactly linear since, as indicated in
figure 16, the location of the optimum observation point is not linear
with wire length.

Variation in f_ as a function of wire length is shown in Figure 18b
where the wire is asgumed to be locally parallel to the ground plane at
the optimum observation point for the given wire 1éngth. This
approximation becomes more realistic for increasing wire lengths. This
graph also shows that for increasing wire lengths the default fgo value of
1.0 used earlier is reasonable.

Fighre 18c demonstrates the changing local angle of E-field incidence
with wire length. Since smaller angles of incidence yield greater
distinctions between corona and no corona responses, it is clear from this
graph that a longer test wire is preferred.
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When each of these variations is taken into consideration, corona

. onset time changes. This is demonstrated in Figure 18d (In all curves
shown in this plot, increasing wire length is synonymous with decreasing
angle of E-field incidence with the wire.)

Curve a of Figure 18d takes into consideration only the variation in
local angle of E-field incidence (Default values of E0 and fgo from Table
1 are used). The results plotted here are consistent with Table 3. Curve
: b includes the effects of declining E-field with distance, but retains the
default value for fg . Curve ¢ uses a local calculation of fgo
appropriate for the height above ground of the optimum observation point
on the line but retains the default E-field values. Finally, curve d
combines all of these effects (using only the default value of wire radius
= 1 cm) to give the most realistic plot of expected corona onset times.

In Figure 18e, the results plotted in curve léd-ﬂ are subtracted from
the clear time curve of figure 15 to give total expected length of clear -
time (or "clear time window") for wire lengths between 40 and 145 meters.
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Many assumptions are made in this model that may be invalidated by
experiment. The wave incident upon the test conductor is assumed to be
(at least locally) planar.. In fact, waves from the VPD are spherical. At
sufficient distances from the VPD the plane wave assumption may be
reasonable.

The onset of corona is assumed to be immediate. In fact, the air
chemistry involved in the generation of corona occurs in a finite time
after a normal E-field of magnitude Targer than the breakdown strength of
air is attained. If this time is much much less than the corona onset
times calculated, it may be considered negligible, as it was in this

model.

Variations in air pressure and moisture may effect the breakdown
strength of air. The value chosen for these calculations (3 x 10?) may be
conservative. Other authors [11] have used half this value in their ' .
calculations. Since the experiment is expected to be conducted at the VPD
facility near Albuquerque, New Mexico where the air is drier and less
dense, the Tower value may be more appropriate. Notice that a smaller
value of Eb would lead to earlier corona onset. Hence the calculated
corona onset times shown here may be conservative. )

A test conductor which is not smooth may exhibit local variations in
corona (i.e. more corona at sharper points). If the wire is not exactly
straight, both the local corona and angle of incidence will be changed.
It will be necessary in the experiment to minimize the sag in the Tine.

Clear time calculations assumed ﬁaves traveiling at the same speed on

the VPD, in air, and on the line. If there are significant differences
between the actual speeds, the clear times calculated will be inaccurate.
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VII. CONCLUSIONS

An experiment geometry (as diagrammed in Figure 4) is postulated. to
test corona effects due to EMP fields incident on a conducting wire based
upon a corona model first described by Baum [11]. After analysis of the
parameters of this model, as well as experimental Timitations, a test wire
longer than 75 meters would seem best for observation of corona. Wire
lengths shorter than 75 meters imply a more ill-defined fg , increasing
angles of incidence, and delayed corona onset times. °

From Figure 18e,'1t is apparent that clear time will continue to de-
crease with longer lines. (This may also be seen in the diagram of Figure
13 where the length of path #1 approaches that of path #3 for longer test
conductor wires.) In addition, the magnitude of the local E-field continues
to fall of beyond this point, implying later corona onset times. However,
it has been shown that for. wires up to 125 meters in length, a distinction
between corona and no corona responses is still apparent.

A number of other restrictions also put a general upper bound 6n the
length of the wire which are hard to quantify at this time. Among them
are cost constraints (for wire and supports), weight limitations on the
wire, and area in which to perform the experiment. These will be studied
and discussed further as experiment design continues.
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