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ABSTRACT

This paper presents electromagnetic data recorded from
lightning strikes. The data analysis reveals general
characteristics of fast electromagnetic fields measured at the
ground including rise times, amplitudes, and time patterns. A
look at the electromagnetic structure of lightning shows that the
shortest rise times in the vicinity of 30 ns are associated with
leader streamers. Lightning location is based on electromagnetic
field characteristics and 1is compared to a nearby whole-sky
camera. The fields from both leaders and return strokes have been

i measured and are discussed.

The data were obtained during 1978 and 1979 from lightning
strikes occurring within 5 kilometers of an underground metal
instrumentation room located on South Baldy peak near langmuir
Laboratory, New Mexico. The computer controlled instrumentation
consisted of sensors previously used for measuring the nuclear
electromagnetic pulse (EMP) and analog-digital recorders with 10
ns sampling, 256 levels of resolution, and 2 kilobytes of internal
memory.

FOREWORD

This paper represents an expanded version of a previous paper
with the same title appearing in a symposium proceedings in 1980
[6]. The purpose of this revision is primarily to include more of
the data taken in the summers of 1978 and 1979 that were not
prepared for the earlier version. Section 6 (the earlier section
(g 5) now contains 9 analyzed waveform sets (compared to the previous
4 which are retained). In addition, the various pulses in the
waveform sets are tabulated in digital format so that the reader
may get a better understanding of the structure of these fast
pulses. Also, the peak values of various parameters in the pulses
are tabulated so that these numbers do not need to be read fronm
: the graphs. Finally, the graphical procedure for estimating
' direction to lightning pulses has been improved, and a new section
4 has been added to discuss this.
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I. INTRODUCTION

In the summers of 1978 and 1979 a set of measurements of the
electromagnetic fields from natural lightning was made near the top of
South Baldy peak (elevation 3275 m) which also houses Langmuir
Laboratory near Socorro, New Mexico, U.S.A. As will be discussed in
this paper the data consist of time waveforms of about 20 us duration
at a 10 ns sample spacing for the three electromagnetic field
components (one electric and two magnetic) which exist adjacent to a
conducting ground plane on top of the "iron Kiva" (or Kiva) (our
screen room buried in the top of the mountain) and the surrounding
earth surface (see fig. 1.1). The details of the instrumentation
System are discussed in other papers [5,7].

As background, these measurements resulted from some interest in
the difference between lightning and the nuclear electromagnetic
pulse. For nuclear detection purposes it is desirable to reliably
detect a nuclear EMP event without false triggering by lightning. The

environment in mind [2]. For this purpose magnetic (loop) sensors
were used to avoid the 10w-frequency electric field from lightning and
local static charging effects. 1In addition the sensors respond to the
derivative of the field to emphasize the high frequencies present in
the high-altitude nuclear EMP. Essentially one is looking for a pulse
with 10 ns to 100 ns important characteristic times.

In order to understand the sensitivity of the ARGUS-1A to
lightning two things were done. First the detectors were placed on
South Baldy peak and their response to lightning monitored. Second,
and more important for this paper, the fast transient characteristics
of the transient electromagnetic fields (in time derivative form) were

measured. It is these measurements and some analysis of them which
are presented here.

The field sensors consist of two MGL-3 B-dot sensors and one
ACD-5 D-dot sensor located on the roof (ground plane) of a buried
shield enclosure (Kiva). The roof of the Kiva is flush with the earth
surface and is electrically connected to the center of a 30 m X30 m
wire-mesh ground plane. Data recording is accomplished by Biomation
8100 waveform recorders controlled by an HP 9825 calculator. A more
complete description of the instrumentation is presented in [5].

At first we had little idea of what to expect. We made some
measurements (section 2) which showed us some of the signal levels and
patterns in the waveforms of the field time derivatives, and in the
time integral of these waveforms. Based on the kinds of pulses
observed and their time patterns it appeared that these related to
individual fast pulses along some leader formation process. This led
to a model (sections 3 and 4) which with ranging information (section
5) allowed us to infer some of the characteristics of the current in
the lightning streamer. Section 6 then applies this to some of the
data obtained.
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Iron Kiva altitude: 3275m. m.s.l.
map contour decrements: 13m

Figure 1.1 Top view of electromagnetic and related

measurement layout around South Baldy
Peak, New Mexico
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1I. GENERAL CHARACTERISTICS OF OBSERVED ELECTROMAGNETIC FIELDS

With the instrumentation at the Kiva discussed in [5,7]
measurements were begun in the summer of 1978. For_.use in our data
analysis the 3B/ 5t sensors (MGL-3) had Aheq = 0.1 m“, and the 9D/ 5t
sensor (ACD-5) had A, = 1.0 m2 for use in the formulas

eq
vh = Kh . 53?3 (open circuit voltage)
eq
' (2.1)
I =-4 --2-3‘ (short circuit current)
e eeq ot

where the fields are those in the presence of the ground plane (i.e.,
including reflection). The response times (10-90 rise times of
integrated output for step-function exciting field) into 5082 1loads are
short compared to our 10 ns sampling resolution and hence neglected.

The three sensors responded to the north and east components of
3B/ 9t and to the vertical (up) component of 5D/ 3t. The signal from
9B/3t north was attenuated a factor of 2 by a power splitter used to
send this signal to an additional recorder for other purposes. These
corrections and_the equivalent areas are all removed for the displays
of 9B/ 3t and 3D/ 9t in this paper. The B and D waveforms are
determined by numerical integration of the digital data provided by the
Biomation 8100 waveform recorders. Note that the integrated waveforms
exhibit baseline slope which is at least partly due to errors in
determining the baseline values for the original waveforms; this
baseline shift is partly removed by estimating the baseline position
near the beginning of the recording. The long-time variaton of the
integrated waveforms should not be trusted, nevertheless; the purpose

of the integration is to see the shape and amplitude of the fast pulses
which are more reliable.

A nice property of the Biomation 8100 waveform recorder is that
one has a significant length of recording time before the pulse which
triggers the system is recorded. This pretrigger data time was set at
about 4 us, The self trigger was used on all three channels with the
first trigger level being exceeded triggering all the recorders.
Triggering in this case means freezing the data stream and transferring
the 20 us of information to magnetic disk.

Since the recording is digital there is also some limitation in
the signal amplitude (voltage) resolution. The full scale is 256
uniformly spaced levels with zero approximately centered. Typical
signals deviated about one third from baseline (zero) to the full level
on one side ot zero.

For some preliminary information let us now consider two examples
of the kinds of waveforms we have seen. Detailed analysis of such
waveforms is considered in section 6. A representative example of a
leader waveform is given in figures 2.1 and 2.2. A representative
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Figure 2.1 Leader example: 20 us scale
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example of a return-stroke waveform is given in figures 2.3 and 2.4. C:)

In both cases only the east components of Bﬁ/at and of B are
exhibited.

Consider the leader waveform in figure 2.1. ©Note the complex
structure with many individual pulses indicating the progression of the

leader as a sequence of impulsive events. The horizontal distance (by
flash to bang) to this stroke was about 350 m.

Note the large pulse at about 4 us whiech triggered the recording.
The first 7 ys of the record is expanded in figure 2.2. From a

printout of the digital data this pulse has the approximate
characteristics:

pulse at 4.0 ys

peak = 2.42 T/s

g%-BE zero to peak rise = 90 ns
10-90 rise = 50 ns (2.2)
baseline to peak = 0.169 uT
baseline to peak rise = 150 ns ﬂ:)
°E 10-90 rise = 80 ns
width = 500 ns
T =70 ns

Here T has been defined as a characteristic time for the rise portion
of the waveform with the formula

- waveform peak (2.3)
" derivative waveform peak

Selecting a few more pulses from this waveform for comparison we have

pulse at 1.3 ys
peak = 1.48 T/s
é% By zero to peak rise =~ 50 ns ([)

10-90 rise ~ 30 ns
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baseline to peak ~ .079 ur
baseline to peakirise = 100 ns
10-90 rise = 60 @s
width = 250 ns
. T =53 ns
and another
pulse ;t 12.9.ué

peak ~ - .86 T/s

g% BE zero to peak risel ~ 60 ns
10-90 rise =~ 30 ns
(2.5)
baseline to peak ¥ -.03 uT
‘!’ baseline to peak iise = 80 ns
BE v L
10-90 rise = 40 ns
width = 160 ns
T = 35 ns
and another
pulse at 14.0 us
peak = -.547 T/s
] e
T BE zero to peak rise = 40 ns
. - 10-90 rise =~ 30 ns
(2.6)
baseline to peak * ~.014 uT

baseline to peak rise = 50 ns

10-90 rise = 35 ng

Q width = 70 ns

T = 26 ns
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Comparing these individual pulses we have seen characteristic
times for the rise ranging from about 70 ns to less than 30 ns. Also
o6ne can note that there seems to be a general trend in that smaller
Pulses have shorter characteristiec times for the rise and shorter pulse
widths. Pulse widths vary from about 500 ns to about 70 ns.

was about 850 m, Comparing the peak derivative signals between return
stroke (fig. 2.3) and leader (fig. 2.1) note that they are of
comparable magnitude. Assuming that the leader is elevated somewhat
above the ground, the inferred slant ranges to the sources for the two

examples are crudely of the same order as well. It therefore seems

The main pulse at about 4 us which triggered the recording is
expanded in figure 2.4 for the first 7 ps. Note the wide pulse
characteristic of the return stroke as indicated in the east component
of the B waveform. From a printout of the digital data this pulse has
the approximate characteristics:

pulse at 4.0 ps

5 peak = -2.81 T/s

d .
Y BE zero to peak rise = 110 ns

\ 10-90 rise = 35 ns

(2.7)
( baseline to peak = -,129 puT
} baseline to peak rise = 160 ns
BE

] 10-90 rise = 60 ns

\ width = 1000 ns
T = 46 ns

It does seem that return strokes can be somewhat fast, We have looked
at other return strokes and noticed similarly small values of T . For
this type of pulse of B the concept of width is somewhat problematical
because of the current that continues in the arec after the fast part of
the pulse has occurred.

12
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ITII. FAST TRANSIENT ELECTROMAGNETIC FIELDS AT EARTH SURFACE
RELATED TO INDIVIDUAL LIGHTNING CURRENT PULSES

Having seen some of the transient waveforms in section 2, and
noting that many of the individual pulses are extremely fast with rise
times of the order of some tens of ns, it appeared that one might be
able to model these pulses as events somewhat localized in space. This
concept uses the limitation of the speed of light on current
propagation as compared to the distances of hundreds to thousands of
meters from source to observer. As will appear later, this approach

yields some valuable insight into the lightning streamer currents and
propagation.

Let us begin by defining a spherical (r, 6 ,$) coordinate system
based on the Kiva as in figure 3.1A. For our purposes (r ,06 ,¢)
signifies some position in space which is the source of the observed
lightning signals at (near) £ = 0 (the Kiva). 1In addition to the
spherical coordinates we have cylindrical (¥, ¢ ,z) and cartesian

X,y,z) coordinates all related via

‘ x = Y cos(¢) = r sin(6) cos(¢)
® y = ¥ sin(¢) = r sin(8) sin($)
z = r cos(8)
(3.1)
2= y?y 2
W22 g2

sin(¢) _ cos(¢)
y X

with x and y taking the signs of cos(¢) and sin( ¢) respectively. As
indicated in figure 3.1A the coordinate system is oriented so that

x is north (geographical)
is west
. ¢ (3.2)
z is up

§ is zenith angle

. ¢ is counterclockwise from north

13
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“location

y
5 west
observer at Kiva :
coQrdinate origin
grigace oriaing~, -
¢ y
X
north

A. Coordinate systems

A positive Ee

T3
i, 1,
< O} >
T1=—Tr “\~positive Ep
I, v

B. Reference directions seen by observer at r = 0

Figure 3,1 Coordinates for lightning data analysis
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Associated with these coordinates sets there are sets of unit
’ vectors (right-handed) as

-> -> -> -> - ->
1 x1 =1 , 1 x 1 = 3> > -7
X y z y z 1x i 1z X 1x ly
. 3 e > > > <> ->
Ly x1, =1 , = T -3
¥ o 2 l¢ X lz 1,*, , lz X l‘i’ 1¢ (3.3)
-> -+ -> > - > -
. 1 x1. = 1 1. x = 1 = 1
rTe T Yg g M1y =1, g ¥ 1. = 1

which are related by
->

IW = Tx cos(¢) + Ty sin(¢)

<>
1

¢ = _Tx sin($) + Ty cos(¢)

(3.4)

-> _ -> . >

I = Iy sin(®) +1_ cos()

> -

lg = 1, cos(e) - Tz sin(8)

‘I’ In addition to the coordinates for the source point with respect
to the observation point let us define a set of unit vectors for
describing the wave propagation to the observer. These are a
right-handed system

i x1

| 2=13,12x13=‘f1,13x11=12 (3.5)

which are related to our previously defined coordinate unit vectors as

> _ >
1~ -lr
1 =1 |
2° 7% (3.6)
+=-+
» 13 = 1e

Viewed from an observer at the Kiva one has the picture in figure 3.1B
» in which

ll = direction of propagation

pointing to observer

= horizontal to right (3.7)

N
"

1L}

3 "up" as modified by being perpendicular to Yl

15




Note that I, and 1 are polarization vectors for the wave. The plane <:)
of incidence 1is dg?i

e N ned by .r and the axis; it contains I and 1., as
well as 1_, 1

r s, ly , and lz; l2 and l¢ are perpendicular to the plane
of incidence.

'3 e ] ) + .
Next consider some distribution of current density j(r,t) in free

space. The electromagnetic fields from this can be represented as [1] '
3 < > o X
Einc(f',s) = - Z(r',x";s) J(r”,si:>
(3.8)
> -> 1 < 3 -
Hine(F1h8) = o= <V x 2 2gs) 3<€-",s>
o

>
with the sgbsgript ine indicating incident at the observer at F' = 0
and where r',r" are now general coordinates (positions), s is the

Laplace-transform variable (or complex frequency) with respect to time
t (in general two sided) and the tilde " indicates a
Laplace-transformed quantity. The impedance kernel is

-~

' S >
*Z(’;l";n;s) = SUOGO(I",I";S)
& -2 ~ 3> >
G°(¥',¥";s) = [ﬁ}— Y V'V'] Go(r',r";s)
= dyadic Green's function of free space Q:)
3o v Es ot AT
= scalar Green's function of free space
Y = %-E free space propagation constant (3.9)
c = 1. 3 x 108 m/s
vu €
00
= speed of light (in free space) .
U
z = [===377Q .
o €
o
= wave impedance of free space,
> >
L = .erv - "

16




The symbol <,> indicates integration over the s

to the two terms (r” in (3.8)). The free-space dyadic Green's function
has the explicit form
S 5> o
G 1 Zn, . ‘Cj[_ -2 - 3|3
o(r yr'ss) ar © l 2¢ 2g lRlR
3 - -
+ [ﬁ + 7% 4 g 1][?’— 11 l+-—3—-6(?' - T
R'R ’ 2
3y
- 3.10
1 = identity dyad ( )
-> ->
- - r’ - r" -> ->
1 e ——————— f v i)
R ];'-;"l or r'#r

where the delta function is introduced so that the remaining part can

be handled in (3.8) as a principal value integral with a small
spherical zone of exclusion centered on ' = £ [3].

For our present pur

poses we assume that the distance from source
to observer is large com

pared to the size of the source, i.e.,

-
rl

>
=0

3.11
" "'l’.'nl z.r >> l;c - -;"l : ( )

where r is taken as some effective center of the source.
we assume that frequencies of interegﬁ ar
the leading term for large r" (the 'r' -

Furthermore
e sgfficientl¥ high that only

r or [ term in (3.10)
need be included giving
+ >
[ _er' - r"l
*(';:,(';l’;n;s) ~ e ~ = Yy
41['1:" - rnl t
YTR-r"
T nr t
(3.12)
*Yt ET— TRTR = transverse dyad

17
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Now referring to figure 3.1 we can approximate as

> -+ >

g =1 =L

> > > > ©« > >
e T 14l =1~ 1r r

This allows us to write (from 3.8))

> ~ _ _0O > . >
Einc(o’s) B 4Ty lt T(s)
>
x Y(r-1 «r")
r
T(s) = g f e J(r'",s) dv"
\'

In time domain we have

$“)=§¢ Jam e + L o1 2 3nyy gy
t v (o] r

This T can be thought of
Assuming that changes in
velocities slow compared to ¢ we have

%(s)

[

s I J@E",s) ave
\'4

n

oy = 2| a0 av
tly

The magnetic field incident at r

term) has a plane
field as

~

1 > -+
Hinc(o,s) E: 11 X Einc(o’s)

R

e -+ 3
~ Zmre 1 X T(s)

[

In time domain the fields are

u

> 0o« = r
Einc(o’t) T e lt T(e - c)

-> 1 = 3 r
Him(o,t) z - 1, x T(t - c)

(3.13)

(3.14)

(3.15)

as a kind of effective source vector.
propagate over the source volume at

(3.16)

= dycan be found by expanding
from (3.8), or by simply noting that the far field (|l - +""1
~“wave relation between the electriec and magnetic

(3.17)

(3.18)




Near ' = § the incident field is an approximate plane wave
‘opagating in the _il direction; it can be represented as

1 .3 1. .7
E. (¥',t) = E (¢t - - )1+s(“r+
inc'f » h 2 7 Bt - ) 14
T .¥‘ T ¥' (3.19)
-> >, =_1_ 1 1'
H,  (',0) 2 B, (6 =~ ) 1, - E (¢ - )I2

This decomposes the fields incident at the observer into two parts,
and E wave (or TM wave) denoted by a subscript e, and an H wave

(or TE wave) denoted by a subscript h. This decomposition is

based on the polarization with respect to the z axis (i.e., a TM
wave has the magnetic field perpendicular to the z axis, and a TE
wave has the electric field perpendicular to the z axis).

Now when the incident fields reach the ground plane (the x,
y plane), the conducting ground plane reflects the fields so that
(at least at the higher frequencies because of the finite dimension
of the ground plane on the earth) approximately we have

tr
N
R

- -»>
21: ' Einc

H =21 -®
x x Hinc = HN - -HS (3.20)

H =21 R}
y “y inc HW“HE

The remaining three fields components are approximately zero. Note the
orientation of the cartesian coordinates with respect to the

(geographical) compass positions (north = N, east = E, south = S, west
= W).

On the ground plane we then have

Ez = 2 sin(0) Ee

Hy = -H, = 72- E, (3.21)
[o]

==}
]

2
y ~-cos(6) H3 = - 2: cos(6) Eh

19




Then construct

—;- E, = sin(8) E_

z z

-2 H, = - {-H_ sin(¢) + B cos(9)) = E (3.22) .
z z

7? HW = 7§'{"x cos(¢) + Hy sin(¢)} = -cos(8) Eh

From our measurements we have three pieces of information: E » H_, and
Hy' We have four unknowns: Ee’ Eh’ 0, and ¢ . z X

If we knew the source angles (0,0), or at least one of these, then
the two waves E_ and E, could be constructed. Let us for the moment
assume that 6 and ¢ are known. From (3.18) and (3.19) together with Ee

and Eh we can find

<—>.-> £ _ 4'"!""
1. T(t-c)--TE (0,t) @

U EXOREER 13{ (3.23)

This shows that we can obtain the relative strength of the transverse
(2 and 3) components of the source 7T by comparing E, and E +, Referring
to figure 3.1B one can plot on such a diagram an angle thaf T makes
with respect to say l, as another vector on the plane perpendicular to
1.. Note that the 1 tomponent of T 1s not obtained in this technique
since it does not appear in the far-field expansion at #' = 0. If one
knew r then the 2 and 3 components of T would be completely known.
Techniques for estimating r are discussed in another section of this
paper. Having r then one can use (3.23) to fin@ﬁé and T 33 this is
used for later plots of the transverse part of T .

20
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Figure 3.2 illustrates the components of.T: - 7 and its angle o

. (CCW) with respect to 11 as

sin (a) =

T (3.24)

Angles away from 0° (or 3600) and 180° indicate the presence of an H
(or TE) wave component. This kind of information can be used to infer
the direction of the curxent at yvarious times. This same kind of
display also is used for 1t . %I for the same purpose.
t
Having+Y * ? one can also make some estimates concerning currents
in the fast puilses in the source region near r by writing

2

NG 7t Jv" IE,e) dV"} (3.25)

>
eff)

Here A 1indicates the change in the quantity; for later plots this is
the change from the ambient value before a fast pulse to the peak of
the pulse. (This convention is employed for 3T/ ot also.) An effective
streamer speed Vegg can be used to obtain some indication of the
current I, or at {east some rough bound on it.

21




Fig 3.2 T components and angle as seen by observer.
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IV. ESTIMATION OF DIRECTION TO LIGHTNING CURRENT PULSES

Now consider the determination of (6,6). Figure 4.1 shows a type
of display of coordinates which is useful for our purposes.,
Superimposed on the horizontal (x,y) cartesian and compass coordinates
we have a polar plot in which a function of § as Y(6) is a radial

o
coordinate with 0°< 0 < 7m/2 r71pe azimuthal coordinate is ¢
with 0 <¢ < 2,

Returning to (3.22) our three measurements (E , H H_) can be

H
used to find a relationship between 6 and ¢ . S%ecificaXIy the first
two of (3.22) can be used to eliminate Ee giving

E

Z "H = -——z

0 { x 81n(8) + 1, °°s(¢’)} 51n(6) (4.1)

as our 6 , ¢ relation. Constraining O‘Se.Sﬂ'/Z and § real gives a curve
in the ( (6), ¢)"plane” of acceptable solutions of (4.1). For each
pulse we can consider the change in the fields (ambient to peak) in
(4.1) or some other aspect of the pulse waveforms. Besides the field
change we have used the change in the time derivatives of the fields

( JE_/3t, BHx/Bt, OH_/3t) in (4.1) to determine the 9,6 curves. Both
the ffeld changes and thanges in field time derivatives (on the rise of
the pulses) typically give comparable results, as will be seen later.

To place the relationship between Y(6) and ¢ in a convenient form
construct cartesian (u,v) coordinates for the (Y(8),¢ ) plane as

u = () cos(¢)
v o= $(9) sin( ) (4.2}

Substituting for sin(¢) and cos(¢) from (4.2) into (4.1) and
rearranging terms gives

E
_ __z v
Hyy + Rou = Z_ sin(0) (4.3)

Inspecting this equation gives the result that if

v(8) = sin(8) (4.4)

then the solutions of (4.3), or equivalently (4.1) are straight lines
in cartesian coordinates (u,v), or equivalently circular polar
coordinates (sin(®), ¢). We adopt the convention (4.4) and thereby
characterize the display in Fig. 4.1. by

0 <sin(6) <1, 0 < ¢ < 27 (4.5)

This makes our domain of interest bounded by a unit circle sin(g) = 1

23




N (geographic)

horizon circle
(® = 90°)

Figure 4.1 Polar plot for determining direction to source.
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If we view a unit sphere with spherical polar coordinates (6,¢) on it
with its equator 6 = /2 coinecident with the unit cirecle in Fig. 4.1,
then the curves (straight lines) on the plane are projections from the
upper hemisphere of the 059 curves on the unit sphere. The curves on
the unit sphere are circles because they correspond to the
intersections of vertical planes with the unit sphere.

To solve for any particular u,v straight line from (4.3) and (4.4)

one needs to find only two points to define the straight line. For
this purpose define

1/2
H= [u2+uz] (4.6)
X y
and rewrite (4.1) as
Ez,sin(¢) - Ez cos(¢) = - E, 1 (4.7)
H ’ H ZOH sin(0)

This straight line intersects the unit circle at points given by

sin(6) = 1
(4.8)
Eg sin(¢n) - Ex_ cos(¢n) = - Ez
H H ZOH

which normally has one or two solutions except for errors in Hx’ H , and
Ez' Noting that

3:_:_ < 1, 31 < 1 (4.9)
. |H H ‘
with equality ideally achieved for special angles, we use the formula
cos(q>n - ¢°) = cos(¢n) cos(¢o) + s1n(¢n) sln(¢°) (4.10)
to identify
H
cos(¢) = - =¥
Hx (4.11)
sin(¢.) = T
giving
EZ
- = - 4,12
cos(¢n ¢°) 7 ( )

o

To solve first. for ¢o one can observe the signs of cos(¢ ) and
sin(¢ ) to find in which quadrant of the (u,v) plane ¢° lies.” Use’

of any of several inverse trigonometric functions with "(4.11) will give

a ¢° which can be adjusted to lie in the proper quadrant. Next we find

E

z
¢ = ¢ ¢+ arccos |- (4.13)
n o ( ZOH )




as our two solutions (or one if the arccos is zero). Note the minus

sign in the argument of the arccos. This convention has been chosen (:)
because in our data analysis the electric field or electric-field
derivatives are normally negative jumps corresponding to pulse rises

for negative lightning (current positive upward). The arccos of the
positive resulting argument then gives an angle less than T/2, making

¢ less than m/2 away from both ¢n. As the signal source reaches
the horizon we have

8 =+ 7/2 from below

-Ez -+ 1 from below

ZOH (4.14)

¢n > ¢o from both sides

Hence ¢o in the limit as 6 > 7/2 becomes the azimuth to the source.

In the rare case of positive lightning (negative vertical current)
the situation is reversed. The jumps in the electric field or its
derivative are then in general positive, and the argument of the arccos
becomes negative. In the limit as 6 - /2 then ¢ . £ T becomes the
azimuth. There is, of course, the possibility of see?ng positive
electric charges with negative lightning if the streamers are tortuous
enough to occasionally turn up. The case of cloud to cloud lightning
can have both signs for charges in electric fields and derivatives. Q:)

Having two ¢n on the unit circle, the straight line connecting
them gives the possible (9,$) combinations solving (4.1). If there is
only one ¢ _then the one point on the unit cirecle is the (g, ¢) point
of interesP.

Since there is in general some error in each field-component
measurement, and in our assumptions concerning how these measurements
relate to the incident fields, there is some error in our determination
of (6, ¢). If the electric fields are too large compared to the
magnetic fields, the plane-wave character of the fields is violated and
we can have ‘Ez'> on which is occasionally observed.

Setting

-E
Z

Z H
o

=1+ (4.15)

if ¢ > 0 then the arccos does not give a rcal-valued ¢“— ¢0. This
difficulty is remedied by setting

_EZ
arccos 71 =0
° (4.16)

6 = an error indicator
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Generally for fields incident from near the horizon § can sometimes be
.positive, but it is still small.

Having a straight-line contour in the (sin(8),¢ ) "plane" .
resulting from a particular measured fast electromagnetic~field pulse
(or its time derivative) one would like to find some point along that
contour that represents the true angles ( 9, ¢) to the source.

- to do this uses an assumption that another pulse in a particular
recording (about 20 Js wide in the presented data) comes from
approximately the same source location. This is physically reasonable

- if one considers a leader propagating through the air to establish the
lightning channel, and if the distance the streamer propagates during
the pulse is small compared to the distance to the observer, then the
change in ( 6, ¢) 1is small. Furthermore, if the two pulses under
consideration have different polarizations Q%iffe%ent proportions of E
and H waves) due to different directions of !, then (4.1) will
give in general different o , ¢ contours for fhe two pulses. The
intersection of the two contours can then be taken as an experimental
determination of ( 8, ¢) for both pulses.

One way

Going further, it will be observed in considering the data that
the intersection of 6, ¢ contours is remarkably successful in
letermining ( 9, ¢) values. In some cases all the 8 , ¢ contours (of
the order of ten contours) can all pass quite near a common (6§ ,¢ )
approximate intersection. 1In other cases subsets of the contours for a
particular waveform set form a few distinct approximate (9,¢) values.

Some cases are presented in the data illustrating some of the
‘\complexity‘ fhat can be unravelled in this way.

Having determined the ( 6, ¢) values appropriate to particular
pulses, and estimating the corresponding r, one goes back to (3.22) to
find Ee and E, (or their derivatives with respect to time). Then
(3.23) gives ?he transverse components of T for plots with respect to
the Tz and T3 directions as in figure 3.1B.
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V. ESTIMATION OF RANGE TO LIGHTNING CURRENT PULSES <:)

The electric field changes produced by lightning in this study
were also sensed with a "slow antenna” field change meter and recorded
onto FM magnetic tape, together with the IRIG B, 1 kHz time code that
was distributed to coordinate the thunderstorm and lightning
measurements. This time code was synchronized with Radio Station WWV
and permitted the slow measurements to be correlated with a time
resolution of 1 ms. A Globe 100 B microphone with an extended low
frequency response was mounted on the metal mesh adjacent to the Kiva
and was used to detect the arrival of thunder. The thunder signals
were recorded on a second FM magnetic tape channel. 1In this manner,
the time of occurrence, the nature of the lightning flash and the time
from flash-to-thunder could be determined.

Two acoustic arrays, each consisting of three microphones at the
vertices of 30 m, equilateral triangles were located in the meadow,
south of the Kiva. (See Figure 1.1) The time- difference of arrival
of individual thunder peals across each of these triangular arrays
permitted a determination of the direction cosines for the normal to
the acoustic wave front. With these and the distance from each source
to the array calculated from the speed of sound and the time interval
from field change to peal arrival, a first estimate could be made for
location of each source. Corrections were then made for the local
winds and for thermal refraction in a second approximation for the
source location using the technique described by Winn et al [4].

In addition to the use of these acoustic techniques for the QZ)
location of lightning, the flashes in the vicinity of the Kiva were
video-recorded with a time resolution of 16 ms per TV frame. One TV
camera recorded the view from an all-sky reflecting, parabolic mirror
located on top of South Baldy peak about 50 m north of the Kiva, while
another TV system located at Langmuir Laboratory recorded the view of
lightning over South Baldy peak as seen from 2 km to the SSE.

These video recordings have been played back, frame by frame,
onto a video monitor where they were photographed together with an
output displaying the IRIG B time code that was also recorded on the
audio tracks of the video tape recorders.

All of the flashes reported in this study were "cloud-to-ground"”
discharges. Our first approximation for the slant range from the Kiva
to the lightning current element of interest is based on the
assumption that the time from flash to thunder multiplied by the speed
of sound in air gives the horizontal distance from the Kiva microphone
to the closest part of the lightning channel (that is striking the
earth approximately vertically).

From section 4, the zenith angle 6 and the azimuth angle ¢ can

be estimated for the current element from the electromagnetic signal
that it produced.
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The approximate slant range r from the Kiva to the current
element is therefore given by

r =~ (336 m/s)(At)/sin(p) (5.1)
The cartesian coordinates of the current element are therefore

x = (336 m/s)(At) cos(¢), toward the north

y (336 m/s)(At) sin(¢), toward the west

z r/cos(0), above the Kiva (5.2)

In the nine cases to date in which we have compared the thunder
source maps with current element coordinates, there has been a fair
agreement between the two somewhat independent location systems., If
the range chosen from the horizontal distance assumption is too small

’
a better estimate for the range can be extracted from the intersection

of the vector r-- directed along the calculated values of 0 and ¢
==with the thunder channels mapped by the acoustice technique.

29




VI. ANALYZED WAVEFORM SETS

In this seetion the teechniques discussed in sections 3
through 5 are applied to nine seleated waveform sets for whieh
e¢omplete sets of waveforms and auxiliary data such as photographs
and adoustie data exist. Eaeh set of data is eontained in a
subseetion 6.n for n = 1,2,...,9. Following the text in each
subseetion there is a set of figures; for econvenience the figure
numbers for section 6.n are all of the form 6.n. =+ with tabular
data also assigned a figure number. Eaech data set is given a
desériptive name corresponding to the subsedtion title; note there
is some repetition in the deseriptions. Eaeh data set or reeceord
is also decomposed into a set of events, each event aorresponding
to an identified pulse in the eleectromagnetia waveforms; each
event is labelled aceording to its approximate time in the
waveform set in Us. Sinece we use both the derivative waveforms
and their numeric¢al integrals to give the field waveforms we label
figures based on the derivative waveforms with A at the end of the
figure number, and we label figures based on the field waveforms
with B at the end of the figure number.
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The "figures"” in each nth subsection are then organized as

follows:
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

6.n.1A
6.n.1B

6-n-2.1

".B

6.n.3

6.n.4

6.n.5A

60[1053

6.n.6A

6.n.6B

6.n..7A

6.n.7B

Derivative fields from ...
Fields from ...

Digital data for event ...

Digital data for event .

Slow electric field change and thunder
microphone record from ...
(sometimes varies)

Acoustic location of ...

sin(6), ¢ contours for ...

derivative waveform set and whole-sky
videotape photograph

sin(g), ¢ contours for ...

waveform set and whole-sky videotape
photograph

Tabulation of peak values for each event from
derivative waveform set for ...

Tabulation of peak values for each event from
waveform set for ...

>
9T/ 3t for ...

T for ...
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6.1 Roeket-Triggered Lightning

Our first example 1is given in figures 6.1l. **+, It is a good (:)
example of leader-like behavior and is assoeiated with a triggered
lightning event. The lightning stroke was triggered by a wire—-trailing
rocket launched from the position indiecated in figure 1.1 whieh is 350
m in horizontal range at an azimuth of ¢ = 155° yith respect to the
Kiva. The rocket was laundhed approximately vertieally. Based on .
visual observations its height was estimated as about 600 m above the
Kiva when it initiated a lightning disaharge. This sorresponds to a
zenith angle of 0 =30° with respeet to the Kiva. Based on the extreme -
eleatrid-field enhandement at the roeket, it was expeated that the
streamer direetion of interest was upward, beginning from the roecket.

This polarity is assumed later in the data analysis.

Looking at figure 6.1.1A we see the leader~like behavior on the 20
Us waveform for the three derivative field components. For eonvenience
10 pulses are identified by numbers eorresponding to their peak times
of oadurrence (within the redord event) in midroseconds; the north
component of af/at had the generally largest pulses and was used for
this labelling. Figure 6.1.1B results from the numerieal integration
of the digital data from whigh figure 6.1.1A was produced. Here the
Pulses are also identified (on the east component of B in this ease).
Note the general drift in the baseline which may be partially due to a
little offset in the redording of the derivative data, but probably is
a result of a dontinuing current flowing up the channel initiated by

the rocdket. Q:)

Figure 6.1.3 shows the slow ahanges in the eleetria field, first
from the rising of the grounded wire, followed by the emission of
upward—-going positive streamers. Also shown is a recording of the
narrowband RF power redeived dentered on 34 MHz, as measured by a
different experiment (Hayenga) with a eomplex antenna pattern. For our
purposes it is interesting to note that the RF power emissions began at
about 0.6 s after rocket launeh indieating some ecorona-like discharges
before the main lightning event.

The acoustically determined (per seection 5) thunder sources are
displayed in figure 6.1.4. This indieates that the lightning discharge
turned south and extended about 4 km at a height of about 2 km. This
can be compared to the whole-sky videotape photograph in figure 6.1.5A
obtained at the balloon hangar (fig. 1.1) about 700 m south of the
rocket launéher. This indicates the main streamer rising and
propagating to the south near aloud-base level at a height of about 1
"km. Figure 6.1.5B shows the same event at about 160 ms later. Note in
the whole-sky photographs the TV éamera in the @enter since it is above
a paraboloidal mirror.

The §, ¢ eontours from the ten pulses identified for the
derivative waveform in figure 6.1.1A are displayed in figure 6.1.5A.
This shows a remarkably tight set of interseetions in whiech all 10
contours pass through nearly the same pgint. Tge estimated angles from
the Kiva to the souree are (g, ¢)=(22.5", 172.77). ([)
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This is in quite good agreement with the estimated rosket position.

The major differende is in azimuth (173° Vs 1SS°), but there are
undertainties in the exaet position of the rocket because it impaated
to the south near the comet observatory (fig. 1.1), despite its near
vertiéal aiming. The slant range 1s estimated as r~ 915 m based on 6
= 22.5° and a horizontal distan¢e of 350 m. The same eontours, exeept
now based on the field (numerically integrated) waveform are shown in
figure 6.1.5B. Here the intersection is not so tightly aslustered
indieating that more aceuracy 1is generally obtained from the
derivative-format data. This is not surprising sinee the analysis is
based on a high-frequendy approximation and besause the integration has
some error. For domparison the estimated source loecation (based on the
derivative data) is superimposed on the plot of aaoustie¢ source
lo¢ations in figure 6.1.4.

Now we reconstrudt the source. In figure 6.1.6A the derivative
~waveform with the estimated r" (as discussed) 1s used to find the peak
values of the 31/ ot pulses. Figure 6.1.7A shows the individual veator
pulses (as seen from the Kiva) oriented to the right and slightly
downward. Assuming that the streamer veloeity v ¢ 1s parallel to I
and in the same direetion for this aase we have Eﬁe effeative
reconstruction of the positive streamer in figure 6.1.7A. For this
type of assumed positive streamer, denoted by ?e 4+J we take the
individual veetor pulses in their order of oscuffénce and lay them out
from the graph origin sequentially in a ecumulative manner (tail of
Veetor coineident with head of previous veetor). Figures 6.1.6B and
6.1.7B do the same thing for the Pulses from the field waveforms and
give a daomparable piature.

While this lightning event was a positive-going streamer, it is
interesting to note that the impulsive nature of the fields is similar
to that of natural negative step leaders.
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east component of 3B/at

north component of 3B/st

15 20

14.6
17.6
ZoaDz/at
T/s
10 15 20
ﬂo Sr‘Jr::ﬂ-::l.::‘::.J,L.:
t in us
Date: 79228 M.S.T.: 1545:12
Figure 6.1.1A Derivative fields from rocket-triggered lightning
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Date: 79228 M.S.T.:
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Figure 6.1.1B Fields from rocket-triggered lightning



Figure 6.1.2.1 Digital data for event 0.7

O

[1= baseline which is subtracted for peaks and numerical integration

Yeardate: 79228 Time: 15:45:12 M.S.T.
Time dBp/at IBy/ ot 253D, /8t ' Bp By Z,D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
0.60 -0.156 0.156 0.118 -0.000 0.000 -0.000
0.61 -0.156 0.156 [ 0.118] -0.000 0.000 -0.000
0.62 0.156 0.177 -0.000 0.000 0.001
0.63 0.078 0.295 0.002 0.000 0.002
0.6k 0.156 -0.469 0.530 0.005 -0.006 0.006
0.65 0.547 -1.250 .41k 0.012 -0.020 0.019
0.66 1.250 -2.500 1.708 0.027 -0.0L47 0.035
0.67 3.0Lk7 -3.125 1.6Lk9 0.059 -0.080 0.051
0.68 3.125 -3.281 1.001 0.091 -0.114 0.059
0.69 2.500 -3.906 0.530 0.118 -0.155 0.064
0. 70 1.797 -3.906 0.295 0.137 -0.195 0.065
0.71 1.172 -2.656 0.059 0.151 -0.223 0.065
0.72 0.5k4T -1.406 0.059 0.158 -0.239 0.06L
0.73 0.313 -0.156 0.059 0.162 -0.2k42 0.064
0. Th 0.234 0.469 -0.177 0.166 -0.239 0.061
0.75 -0.313 1.250 -0.177 0.165 -0.228 0.058
0.76 -0.391 1.406 -0.177 0.163 -0.215 0.055 q:)
0.77 -0.391 1.406 -0.118 0.160  -0.203 0.053
0.78 -0.391 1.094 -0.177 0.158 -0.194 0.050
0.79 -0.391 0.781 -0.177 0.156 -0.187 0.047
0.80 -0.469 0.625 -0.177 0.152 -0.183 0.044
0.81 -0.469 0.000 -0.118 0.149 ~-0.184% 0.041
0.82 -0.469 0.000 -0.118 0.146 -0.186 0.039
0.83 -0.469 -0.156 -0.118 0.143 -0.189 0.037
0.84 -0.391 -0.469 -0.059 0.141 -0.195 0.035
0.85 -0.313 -0.469 -0.059 0.139 -0.201 0.033
0.86 -0.313 -0.625 -0.059 0.138 -0.209 0.031
0.87 -0.234 -0.625 -0.059 0.137 -0.217 0.030
0.88 -0.234 -0.469 -0.059 0.136 -0.223 0.028
0.89 -0.234 -0.469 -0.118 0.135 -0.230  0.026
0.90 -0.391 -0.313 -0.118 0.133 -0.234 0.023
0.91 -0.391 0.156 -0.118 0.131 -0.234 0.021
0.92 -0.469 0.313 -0.059 0.127 -0.233 0.019
0.93 -0.547 0.313 -0.059 0.124 -0.231 0.017
0.94 -0.547 0.469 0.118 0.120 -0.228 0.017
0.95 -0.547 0.469 0.118 0.116 -0.225 0.017
0.96 -0.469 0.469 0.118 0.113 ~ =0.222 0.017
0.97 -0.469 0.625 0.118 0.109 -0.217 0.017
0.98 -0.391 1.094 0.118 0.107 -0.208 0.017
0.99 -0.469 1.406 0.118 0.104 -0.195 0.017
1.00 -0.391 1.406 0.118 0.102 -0.183 0.017
1.01 -0.391 1.406 0.118 0.099 -0.170 0.017
1.02 -0.391 1.250 0.118 0.097 -0.159 0.017 ([)
1.03 -0.391 1.094 0.118 0.095 -0.150 0.017
1.04 -0.313 0.781 0.118 0.093 -0.144 0.017
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Figure 6.1.2.1

Time
(us)

1.05
1.06
1.07
1.08
1.09
1.10
1.11
1.12
1.13
1.14
1.15
1.16
1.17

1.18
1.19

1.20
1.21
1.22
1.23
1.24
1.25
1.26
1.27
1.28
1.29
1.30
1.31
1.32
1.33
1.34
1.35
1.36
1.37
1.38
1.39
1.40
1.41
1.42
1.43
1.44
1.45
1.46
1.47
1.48
1.49
1.50
1.51
1.52
1.53
1.54

aBp/ot
(T/s)

-0.313
-0.234
-0.313
-0.313
-0.313
-0.313
-0.391
-0.391
-0.391
-0.391
-0.391
-0.391
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.234
-0.234
-0.234
-0.234

-0.234
-0.234

~-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
~0.234
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313

BBN/Bt
(T/s)

0.625
0.469
0.313
0.000
0.000
0.000
0.000
0.313
0.313
0.469
0.469
0.625
0.625
0.625
0.625
0.469
0.469
0.313
0.313
0.313
0.313
0.313
0.313
0.625
0.625

0.625
0.625

0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.625
0.781
0.781
0.781
0.781
0.781
0.625
0.625
0.625
0.625

Zo3D, /3t
(T/s)

-0.059
-0.059
-0.059
-0.059
-0.118
-0.118
-0.118
-0.118
-0.118
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
~-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059

-0.059

-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.118
-0.118
-0.118
-0.118
~-0.118
-0.118
-0.118
-0.118
-0.118
-0.118
-0.118
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Bg
(uT)

0.091
0.091
0.089
0.088
0.086
0.084
0.082
0.080
0.077
0.075
0.073
0.070
0.069
0.067
0.066
0.064
0.063
0.061
0.059
0.058
0.056
0.055
0.055
0.054
0.053

0.052
0.052

0.051
0.050
0.049
0.048
0.048
0.047
0.046
0.045
0.045
0.044
0.043
0.042
0.041
0.039
0.037
0.036
0.034
0.033
0.031
0.030
0.028
0.027
0.025

Digital data for event 0.7 (continued)

By
(uT)

-0.139
-0.136
-0.134
-0.136
-0.137
-0.139
-0.140
-0.139
-0.137
-0.134
-0.131
-0.126
-0.122
-0.117
-0.112
-0.109
-0.106
-0.104
-0.103
-0.101
-0.100
-0.098
-0.097
-0.092
-0.087

-0.083

-0.073
-0.068
-0.064
-0.059
-0.054
-0.050
-0.045
-0.040
~-0.036
-0.031
-0.026
-0.022
-0.017
-0.012
-0.006
0.000
0.007
0.013
0.019
0.024
0.028
0.033
0.038

Z5D4
(uT)

0.016

0.014

0.012

0.010

0.008

0.006

0.003

0.001
-0.002
-0.003
-0.005
-0.007
-0.009
-0.010
-0.012
-0.014
-0.016
-0.017
-0.019
-0.021
-0.023
-0.025
-0.026
-0.028
~0.030
-0.032
-0.033
-0.035
-0.037
-0.039
-0.040
-0.042
-0.044
-0.046
-0.048
-0.049
-0.052
-0.054
-0.056
-0.059
-0.061
-0.063
-0.066
-0.068
-0.071
-0.073
-0.075
-0.078
-0.080
-0.082




Figure 6.1.2.1

Time
(us)

1.55
1.56
1.57
1.58
1.59
1.60
1.61
1.62
1.63
1.64
1.65
1.66
1.67
1.68
1.69
1.70
1.71
1.72

QBE/Qt
(T/s)

-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.234
-0.234
-0.234
-0.234
-0.234%
-0.234
-0.156
-0.156

Digital data for event 0.7 (continued)

BBN/Bt
(T/s)

0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.313
0.313
0.313
0.313
0.313
0.313
0.313

203D, /0t
(T/s)

-0.118
-0.118
-0.118
-0.118
-0.118
~-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
~-0.059
-0.059
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Bg
(uT)

0.023
0.022
0.020
0.019
0.017
0.016
0.014
0.013
0.011
0.010
0.009
0.008
0.007
0.007
0.006
0.005
0.005
0.005

By
(uT)

0.041
0.044
0.047
0.050
0.053

0.057
0.060
0.063
0.066
0.070
0.073
0.074
0.076
0.077
0.079
0.080
0.082
0.084

20Dy,
(uT)

-0.085
-0.087
-0.089
-0.092
-0.094
-0.096
~-0.098
-0.100
-0.101
-0.105
-0.108
-0.110
-0.112
-0.114
-0.115
-0.117




. Figure 6.1.2.2 Digital data for event 2.7

[ 1= vaseline which is subtracted for peaks and numerical integration

Yeardate: 79228 Time: 15:45:12 M.S.T.
Time 3Bgp/at 9By/3t 258D,/3t BE By ZoD,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
2.60 -0.156 0.156 0.118 -0.000 0.000 -0.000
2.61 -0.156 -0.000 0.000 -0.000
2.62 -0.156 -0.313 04177 -0.000 -0.005 0.001
2.63 -0.938 0.471 -0.000 -0.016 0.00k
2.64 0.156 -2.500 0O.471 0.003 -0.042 0.008
2.65 0.313 -3.750 0.471 0.008 -0.081 0.011
2.66 0.313 -3.906 0.4T1 0.012 -0.122 0.015
2.67 0.391 -4.375 0.295 0.018 -0.167 0.016
2.68 0.391 -2.656 0.236 0.023 -0.195 0.018
2.69 0.234 -1.406 0.059 0.027 -0.211 0.017
2. 70 0.000 -0.625 0.059 0.029 -0.219 0.016
2. 71 0.000 0.000 0.000 0.030 -0.220 0.015
2.72 -0.078 - 0.L469 -0.059 0.031 -0.217 0.01k
2,72 -0.156 0.625 -0.059 0.031 -0.212 0.012
2.74 -0.156 0.625 -0.059 0.031 -0.207 0.010
2.75 -0.156 0.625 -0.059 0.031 -0.203 0.008
. 2.76 -0.156 0.625 -0.059 0.031 -0.198 0.007
2.77 -0.234% 0.781 -0.059 0.030 -0.192 0.005
2.78 -0.234 0.781 -0.059 0.029 -0.185 0.003
2.79 -0.234 0.625 -0.059 0.029 -0.181 0.001
2.80 -0.156 0.625 -0.059 0.029 -0.176 -0.000
2.81 -0.156 0.625 -0.059 0.029 -0.171 -0.002
2.82 -0.156 1.094 -0.059 0.029 -0.162 -0.004
2.83 -0.156 1.094 -0.059 0.029 -0.153 -0.006
2.84 -0.156 1.250 -0.059 0.029 -0.142 -0.007
2.85 -0.156" 1.250 -0.059 0.029 -0.131 -0.009
2.86 -0.156 1.250 -0.059 0.029 -0.120 -0.011
2.87 -0.156 1.250 -0.059 0.029 -0.109 -0.013
2.88 -0.156 1.094 -0.059 0.029 -0.099 -0.015
2.89 -0.156 0.625 -0.059 0.029 -0.095 -0.016
2.90 0.078 0.625 0.118 0.031 -0.090 -0.016
2.91 0.078 0.469 0.118 0.033 -0.087 -0.016
2.92 0.078 0.469 0.118 0.036 -0.084 ~0.016
2.93 0.078 0.469 0.118 0.038 -0.081 -0.016
2.94 0.078 0.625 0.118 0.040 -0.076 -0.016
2.95 0.078 0.625 0.118 0.043 -0.071 -0.016
2.96 0.078 0.625 0.118 0.045 -0.067 -0.016
2.97 0.078 0.625 0.118 0.047 -0.062 -0.016
2.98 0.078 0.625 0.118 0.050 -0.057 -0.016
2.99 -0.156 0.781 0.118 0.050 -0.051 -0.016
3.00 -0.156 0.781 0.118 0.050 -0.045 -0.016
3.01 -0.156 0.781 0.118 0.050 -0.038 -0.016
. 3.02 -0.156 0.625 -~ 0.118 0.050 -0.034 -0.016
3.03 -0.156 0.625 0.118 0.050 -0.029 -0.016
3.04 -0.156 0.469 0.118 0.050 -0.026 -0.016
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Digital data for event 2.7 (continued)
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26Dy
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‘0.039
-0.041
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. Figure 6.1.2.3 Digital data for event 4.1

[ J= baseline which is subtracted for peaks and numerical integration

Yeardate: 79228 Time: 15:45:12 M.S.T.

41

Time dBp/at aBy/ ot 253D, /03t BE By ZoDy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
4.00 -0.156 0.156 0.118 -0.000 0.000 -0.000
4.01 -0.156 0.156 -0.000 0.000 -0.000
L.o2 0.156 0.353 -0.000 0.000 0.002
4,03 0.391 0.156 0.943 0.005 0.000 0.011
h.ob 1.172 0.156 l.h41h 0.019 0.000 0.02L4
4.05 2.500 1.708 0.0L45 0.000 0.039
4.06 3.438 -0.469 1.6k49 0.081 -0.006 0.055
b.oT 3.672 -0.625 1.001 0.120 -0.014 0.06k
4.08 3.125 0.625 0.530 0.152 -0.009 0.068
L.o9 1.875 1.250 0.295 0.173 0.002 0.069
Lh.10 0.625 0.000 0.059 0.180 0.000 0.069
b.11 0.547 0.000 0.059 0.187 -0.002 0.068
.12 0.000 -0.156 0.000 0.189 -0.005 0.067
h.13 -0.313 -0.313 -0.177 0.187 -0.009 0.06}4
4.14 -0.625 -0.313 -0.177 0.182 -0.014 0.061
4.15 -0.703 -0.313 -0.177 0.177 -0.018 0.058
. 4.16 -0.781 -0.469 -0.177 0.171 -0.025 0.055
4.17 -0.781 -0.469 -0.177 0.164 -0.031 0.052
4.18 -0.781 -0.469 -0.177 0.158 -0.037 0.049
4.19 -0.703 -0.469 -0.177 0.153 -0.043 0.046
4.20 -0.625 -0.469 -0.177 0.148 -0.050 0.043
4.21 -0.625 -0.781 -0.177 0.143 -0.059 0.040
4.22 -0.625 -0.781 -0.118 0.139 -0.068 0.038
- 4.23 -0.625 -0.781 -0.118 0.134 -0.078 0.036
4.24 -0.703 -1.094 -0.118 0.128 -0.090 0.033
4.25 -0.703 -1.094 -0.118 0.123 -0.103 0.031
4.26 -0.625 -1.250 -0.118 0.118 -0.117 0.029
4.27 -0.625 -1.250 -0.059 0.114 -0.131 0.027
4.28 -0.547 -1.250 -0.059 0.110 -0.145 0.025
4.29 -0.547 -0.781 -0.059 0.106 -0.154 0.023
4.30 -0.547 -0.625 -0.059 0.102 -0.162 0.022
4.31 -0.703 -0.625 -0.059 0.096 -0.170 0.020
4.32 -0.703 -0.156 -0.059 0.091 -0.173 0.018
4.33 -0.703 -0.156 0.118 0.085 -0.176 0.018
4.34 -0.703 0.000 0.118 0.080 -0.178 0.018
4.35 -0.703 0.000 0.118 0.074 -0.179 0.018
4.36 -0.625 0.000 0.118 0.070 -0.181 0.018
4.37 -0.625 0.469 0.118 0.065 -0.178 0.318
. -0.46 0.625 0.118 0.062 -0.173 0.018
2,33 —8.463 0.938 0.118 0.059 -0.165 0.018
4.40 -0.469 0.938 0.118 0.056 -0.157 0.018
4.41 -0.391 0.938 0.118 0.053 -0.150 0.018
. 4.42 -0.391 0.781 -0.059 0.051 -0.143 0.016
4.43 -0.391 0.781 -0.059 0.049 -0.137 0.014
A -0.313 0.625 -0.059 0.047 -0.132 0.013




Figure 6.1.2.3
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Bg
(nT)

0.046
0.044
0.043
0.042
0.042
0.041
0.040
0.039
0.038
0.036
0.035
0.033
0.031
0.030
0.028
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Digital data for event 4.1 (continued)

By
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-0.003
-0.005
~0.007
-0.009
-0.010
-0.012
-0.014
~-0.016
-0.017
-0.019
~0.021
-0.023
-0.024
-0.026
-0.028
-0.030
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-0.039
-0.040
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. Figure 6.1.2.4 Digital data for event 4.9

[[]= vaseline which is subtracted for peaks and numerical integration

Yeardate: 79228 Time: 15:45:12 M.sS.T.

'flme aBp/at 3By/at 253D,/3t BE By ZoD,
(ws) (T/s) (T/s) (T/s) (uT) (uT) (uT)
4.83 -0.156 0.469. ~0.059 -0.000 ~-0.000 0.000
4.8) -0.156 -0.059 -0.000 -0.000 0.000
4,85 -0.156 0.000 -0.000 -0.005 0.000
4.86 -0.156 -0.625 0.118 -0.000 -0.016 0.002
4.87 [50.158] -0.469 0.118 -0.000 -0.025 0.004
4.88 0.078 -0.781 0.177 0.002 -0.038 0.006
4.89 0.078 -2.500 0.295 0.005 -0.067 0.009
k.90 0.156 -3.750 0.295 0.008 -0.109 0.013
h.o91 0.156 -3.281 0.236 0.011 -0.147 0.016
h.g2 0.234 -1.406 0.059 0.015 -0.166 0.017
4.93 0.156 -0.625 0.000 0.018 -0.17T7 0.018
L.ok 0.078 ~-0.625 -0.177 0.020 -0.188 0.017
L.95 -0.156 1.094 -0.177 0.020 -0.181 0.015
4.96 -0.234 1.719 -0.236 0.019 -0.169 0.013
4.97 -0.391 1.719 -0.236 0.017 -0.156 0.011
4.98 -0.391 1.719 -0.236 0.015 -0.144 0.010
‘l’ 4.99 -0.391 1.719 -0.177 0.012 -0.131 0.009
5.00 -0.313 1.250 -0.177 0.011 -0.123 0.007
5.01 -0.313 0.625 -0.118 0.009 -0.122 0.007
5.02 -0.313 0.625 -0.118 0.007 -0.120 0.006
5.03 -0.234 0.469 -0.118 0.007 -0.120 0.006
5.04 -0.234 0.469 -0.118 0.006 -0.120 0.005
5.05 -0.234 0.469 -0.118 0.005 -0.120 0.004
5.06 . -0.234 0.625 -0.118 0.004 -0.119 0.004
5.07 -0.156 0.625 -0.059 0.004 -0.117 0.004
5.08 -0.156 0.625 -0.059 0.004 -0.115 0.004
5.09 -0.156 0.625 -0.059 0.004 -0.114 0.004
5.10 -0.156 0.781 -0.059 0.004 -0.111 0.004
5.11 -0.156 0.625 -0.059 0.004 -0.109 0.004
5.12 -0.156 0.625 -0.059 0.004 -0.108 0.004
5.13 -0.156 0.781 -0.059 0.004 -0.104 0.004
5.14 -0.156 0.781 -0.059 0.004 -0.101 0.004
5.15 -0.156 0.781 -0.059 0.004 -0.098 0.004
5.16 -0.156 0.781 -0.059 0.004 -0.095 0.004
5.17 -0.156 0.781 -0.059 0.004 -0.092 0.004
5.18 -0.156 0.781 -0.059 - 0.004 -0.089 0.004
5.19 -0.156 0.781 -0.059 0.004 -0.086 0.004
5.20 -0.156 0.625 -0.059 0.004 -0.084 0.004
5.21 -0.156 0.625 -0.059 0.004 -0.083 0.004
5.22 -0.156 0.625 -0.059 0.004 -0.081 0.004
5.23 -0.156 0.625 -0.059 0.004 -0.080 0.004
. 5.24 -0.156 0.781 -0.059 0.004 -0.076 0.004
5.25 -0.156 0.781 -0.059 0.004 -0.073 0.004
5.26 -0.156 0.625 -0.059 0.004 -0.072 0.004
5.27 -0.156 0.781 -0.059 0.004 -0.069 0.004
5.28 -0.156 0.625 -0.059 0.004 -0.067 0.004
5.29 -0.156 0.469 -0.059 0.004 -0.067 0.004
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e 6.1.2.5 Digital data for event 6.5

baseline which is subtracted for peaks and numerical integration

Yeardate:
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0.010
0.007
0.005
0.003
0.001
-0.000
-0.002
-0.004
-0.006
-0.007
-0.009
-0.011
-0.013
-0.013
-0.013
-0.013
-0.013
-0.013
-0.013
-0.013
-0.013
-0.013
-0.013
-0.013

O




Figure 6.102.5

Time
(us)

6.85
6.86
6.87
6.88
6.89
6.90
6.91
6.92
6.93
6.94
6.95
2.96
6.97
6.98
6.99
7.00
7.01
7.02
7.03
7.04
7.05
7.06
7.07
7.08
7.09
7.10
7.11
7.12
7.13

7.14
7.15

7.16
7.17

7.18

7.19
7.20
7.21
7.22
7.23
7.24
7.25
7.26
7.27
7.28
7.29
7.30
7.31
7.32
7.33
7.34

dBp/at
(T/s)

-0.156
-0.156

0.078

0.156

0.156

0.156

0.313

0.547

0.625

0.781

0.781

0.703

0.313

0.234

9.000
-0.313
-0.391
-0.391
-0.547
-0.547
-0.547
-0.547
-0.469
-0.469
-0.469
-0.469
-0.391
-0.391
-0.391
-0.391
-0.391
-0.469
-0.469
-0.469
-0.469
-0.547
-0.547
-0.469
-0.469
-0.469
-0.469
-0.391
-0.391
-0.391
-0.313
-0.313
-0.313
-0.313
-0.313
-0.234

aBy/at
(T/s)

0.313
0.313
0.313
0.313
0.156
0.156
-0.313
-0.313
-00313
-0.469
-0.469
0.313
0.313
0.469
0.469
0.469
0.469
0.469
0.313
0.000
0.000
0.000
-0.156
-0.156
-0.156
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
0.156
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.469
0.469
0.469
0.625
0.625
0.625
0.625
0.469

253D, /3t
(T/s)

0.118
0.118
0.118
0.118
0.118
0.177
0.295
0.353
0.412
0.412
0.353
0.236
0.059
0.059
0.000
—0.118
'0.118
-0.118
-0.118
-0.118
-0.118
-0.118
-0.118
-0.118
‘0.118
-00118
-0.118
-0.118
-0.118
-0.118
-0.118
‘00118
-0.059
-0.059
-0.059
-0.059
-0.059

-0.059
-00059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-00059
-00059

45

B
(uT)

0.074
0.074
0.077
0.080
0.083
0.086
0.091
0.098
0.105
0.115
0.124
0.133
0.137
0.141
0.143

- 0.141

0.139
o‘ 137
0.133
0.129
0.125
0.121
0.118
0.115
0.112
0.109
0.106
0.104
0.101
0.099
0.097
0.094

0.090 -

0.087
0.084
0.080
0.076
0.073
0.070
0.067
0.064
0.061
0.059
0.057
0.055
0.054
0.052
0.051
0.049
0.048

{
Digital data for event 6.5 (continued)

By
(uT)

-0.035
-0.034
-0.032
-0.031
=-0.031
”00031
-0.035
-0.040
-0.045
-0.051
-00057
-0.056

.-03054

-0'051
-0.048
-0.045
-0.042
-0.038
-00037
-0.038
-0.040
<0.042
-0.045
-0.048
-0.051
-0.056
-0.060
-0.065
-0.070
-0.074
-0.079
-0.083
-0.088
-0.088
-0.086
-0.085
-0.083
-0.082
-0.080
-0.079
-0.077
°00076
’00072
-00069
-0.066
-0.061
-0.057
-0.052
-0.047
-00044

25D,
(uT)

-0.013
-0.013
-0.013
‘00013
-0.013
-0.012
-0.010
-0.008
-0.005
-0.002
0.000
0.001
0.001
0.000
-0.001
-0.003
-0.006
-0.008
-0.010
-0.013
-0.015
-0.017
-0.020
-0.022
=-0.025
-0.027
-0.029
-0.032
~0.034
-00036
-0.038
~00041
-0.042
-0.044
-00046
-0.048
-0.050 -
-0.051
-0.053
-0.055
-0.057
-0.058
-0.060
-0.062
-0.064
-0.065
-0.067
-0.069
-0.071
-0.073




Figure 601.205

Time

(us)

7.35
7.36
7.37
7.38
7.39
7.40
7.41
7.42
7.43
7.44
7.45
7.46
7.47
7.48
7.49
7.50

3Bp/at
(T/s)

-0.234
-0.234
=-0.234
-0.234%
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
~-0.234
-0.234
-0.234
-0.234

BBN/at
(T/s)

0.469
0.469
0.469
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313

ZodD, /3t
(T/s)

-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059

46

BE
(uT)

0.047
0.047
0.046
0.045
0.044
0.043
0.043
0.042
0.041
0.040
0.040
0.039
0.038
0.037
0.036
0.036

Digital data for event 6.5 (continued)

By
(uT)

-0.041
-0.038
-0.035
-0.033
-0.032
-0.030
-0.029
-0.027
-0.025
-0.024
-0.022
-0.021
-0.019
-0.018
~0.016
-0.015

ZODZ
(uT)

-0.074
-0.076
-0.078
-0.080
-0.081
-0.083
~0.085
-0.087
-0.088
-0.090
-0.092
-0.094
~0.096
~-0.097
-0.099
-0.101

R R O

T :oeots 0o st 3 b oo bei s s vl R




[__1= baseline which is subtracted for peaks and numerical integration

Figure 6.1.2.6

Time
(us)

9.49
9.50
9.51
9.52
9.53
9.5k
9.55
9.56
9.57
9.58
9.59
9.60
9.61
9.62
9.63
9.64
9.65
9.66
9.67
9.68
9.69
9.70
9.71

9.72 .

9.73
9.74
9.75
9.76
9.77
9.78
9.79
9.80
9.81
9.82
9.83
9.84
9.85
9.86
9.87
9.88
9.89

Q@ !

9.92
9.93
9.94

Yeardate:

dBp/at
(T/s)

[0.1586]

0.078
0.078
0.156
0.547
2.500
3.750
3.125
1.250
0.625
0.859
00938
0.625
0.234
0.000
-0.078
-0.313
-0.313
-0.391
-0.625
-0.625
-0.469
-0.469
-0.469
-0.469
-0.469
-0.547
-0.625
-0.625
-0.703
-0.703
-0.781
-0.781
-0.703
-0.703
-0.703
-0.703
-0.703
-0.625
-0.547
-0.469
-0.469
-0.391
-0.391
-0.313
-0.313

79228

aBN/Bt
(T/s)

0.156
[0.156
-0.469
~-0.469
-2.500

-5.156

—20 500
0.625
1.250
0.000
0.469
1.094
1.094
0.625
0.625
0.625
0.469
0.313
0.469
0.313
0.313
0.156
0.156
0.156

-0.313

-0.313

-0.469

-0.469

-0.781

-0.781

-0.625

-0.469

-0.469

-0.469

-0.469

-0.313

-0.313

-0.313
0.156
0.313
0.625
0.625
0.781
0.625
0.625
0.469

Digital data for event 9.5

Time: 15:45:12 M.S.T.

203D, /3t
(T/s)
0.118

(0.118]
0.177
0.471
1.885
2.121
1.001
0.059
0.059
0.295
0.353
0.236
0.059
0.059

-0.177
~0.177
~0.177
~0.236
-0.236
-0.236
-0.236
-0.177
-0.177
-0.177
-0.177
-0.177
-0.236
-0.236
-0.177
-0.177
-0.059
0.000
0.000
0.000
-0.059
-0.059
0.118
0.118
0.118
0.118
0.118
0.118
0.118
-0.059
-0.059
-0.059
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Bgp
(uT)

-0.000
0.002
0.005
0.008
0.015
0.041
0.080
0.113
0.127
0.135
0.1L45
0.156
0.164
0.168
0.169
0.170
0.169
0.167
0.165
0.160
0.156
0.153
0.149
0.146
0.143
0.140
0.136
0.131
0.127
0.121
0.1l16
0.110
0.103
0.098
0.092
0.087
0.081
0.076
0.071
0.067
0.064
0.061
0.059
0.056
0.055
0.053

By
(uT)

0.000

0.000
-0.006
-0.012
-0.039
-0.092
-0.119
-0.11k
-0.103
-0.105
-0.102
-0.092
-0.078
-0.073
-0.069
-0.066
-0.064
-0.061
-0.060
-0.058
-0.058
-0.058

—0.058 ’

-0.063
-0.068
-0.074
-0.080
-0.089
-0.099
-0.107
-0.113
-0.119
-0.125
-0.132
-0.136
-0.141
-0.146
-0.146
-0.144
-0. 1/39
-0.135
-0.128
-0.124
-0.119
-0.116

ZODZ
(uT)

-0.000
-0.000
0.001
0.00k
0.022
0.0k42
0.051
0.050
0.0k49
0.051
0.05k
0.055
0.054
0.05)k
0.051
0.0L48
0.0L4s
0.041
0.038
0.034
0.031
0.028
0.025
0.022
0.019
0.016
0.013
0.009
0.006
0.003
0.001
0.000
-0.001
-0.002
-0.004
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.007
-0.009

- -0.011




Fig‘lre 6-1-2&6

Time
(us)

9.95

9.96

9.97

9.98

9.99
10.00
10.01
10.02
10.03
10.04
10.05
10.06
10.07
10.08
10.09
10.10
10.11
10.12
10.13
10.14
10.15
10.16
10.17
10.18
10.19
10.20
10.21
10.22
10.23

10.24°

10.25
10.26
10.27

10.28
10.29

dBp/ot
(T/s)

-0.391
-0.391
-0.313
-0.313
-0.313
-0.313
-0.234%
-0.234
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.156

BBN/at
(T/s)

0.469
0.313
0.469
0.469
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.156
0.156
0.156
0.156
0.156
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.156
-0.781

253D,/ 3t
(T/s)

-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
~0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
~-0.059
-0.118
-0.118
-0.118
-0.118
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
-0.059
~-0.059
-0.059
-0.059
-0.059

0.118

48

Bp
(vT)

0.051
0.049
0.047
0.045
0.044
0.042
0.042
0.041
0.039
0.038
0.036
0.035
0.033
0.031
0.030
0.028
0.027
0.025
0.024
0.022
0.020
0.019
0.017
0.016
0.014
0.013
0.013
0.012
0.011
0.010
0.009
0.009
0.008
0.007
0.007

Digital data for event 9.5 (continued)

-0.113
-0.111
-0.108
-0.105
-0.103
-0.102
-0.100
-0.099
-0.097
-0.096
-0.094
-0.092
~0.091
-0.089
-0.088
-0.086
-0.085
-0.083
-0.083
-0.083
-0.083
-0.083
-0.083
-0.081
-0.080
-0.078
-0.077
-0.075
-0.074
-0.072
-0.071
-0.069
-0.067
-0.067
-0.077

-0.029
-0.030
-0.032
-0.034
-0.036
-0.038
-0.039
~0.042
-0.044
-0.045
-0.049
-0.051
-0.052
-0.054
-0.056
-0.058
-0.059
-0.061
-0.063
-0.065
-0.066
-0.068
-0.070
-0.072
-0.074
-0.074




Figure 6.1.2.7 Digital data for event 10.3

E:::]= baseline which is subtracted for peaks and numerical integration

Yeardate: 79228 Time: 15:45:12 M.S.T.
Time 9Bp/dt  3By/at  Z,3D,/at Bp By ZoDy,
fus) (T/s) (T/s) (T/s) (uT) - (uT) (uT)
10.26 -0.234 0.313 -0.059 -0.000 ~-0.000 0.000

10.27 -0.23) -0.059 ~0.000 -0.000 0.000
10.28 0.156 -0.000 -0.002 0.000

10.29 -0.156 -0.781 0.118 0.001 -0.013 0.002
10.30 -0.156 -2.500 0.177 0.002  -0.041 0.00k4
10.31 0.156 ~-2.656 0.295 0.005 -0.070 0.008
10.32 0.234 -1.875 0.236 0.010 -0.092 0.011
10.33 . 0.156 -1.250 0.059 0.01k -0.108 © 0.012
10.3%4 0.000 -0.625 0.059 0.016 -0.117 0.013
10.35 0.000 -0.625 0.059 0.019 -0.127 0.01k
10.36 0.000 -1.250 0.059 0.021 -0.142 0.015
10.37 0.078 -1.406 0.177 0.024 -0.159 0.018
10.38 0.078 -1.406 0.177 0.027 -0.177 0.020
10.39 0.156 -0. 781 0.177 0.031 -0.188 0.022
10.40 0.156 -0.156 0.118 0.035 -0.192 0.024
10.41 0.078 -0.156 0.118 0.038 -0.197 0.026
.10.&2 0.078 0.000 -0.059 0.0L41 -0.200 0.026
10.43 -0.156 0.313 -0.059 0.0k2 -0.200 0.026
10. 44 -0.156 0.625 -0.059 0.043 -0.197 0.026
10.45 -0.156 1.09k -0.118 0.0Lk4 -0.189 0.025
10.46 -0.156 1.250 -0.118 0.0L4Y -0.180 0.025
10.h47 -0.23k 1.875 -0.177 0.0L)k -0.16k4 0.02k
10.48 -0.234 2.344 -0.236 0.044 -0.144 0.022
10.49 -0.234 2.344 -0.236 0.044 -0.123 0.020
10.50 -0.313 2.500 -0.236 0.043 -0.102 0.019
10.51 -0.313 2.500 -0.236 0.042 -0.080 0.017
10.52 -0.313 2.344 -0.236 0.042 -0.059 0.015
10.53 -0.313 2.031 -0.236 0.041 -0.042 0.013
10.54 -0.313 2.031 -0.236 0.040  -0.025 0.012
10.55 -0.313 1.875 -0.236 0.039 -0.009 0.010
10.56 -0.313 1.719 -0.236 0.038 0.005 0.008
10.57 -0.313 1.563 -0.177 0.038 0.017 0.007
10.58 -0.313 1.250 -0.177 0.037 0.027 0.006
10.59 -0.313 1.250 -0.177 0.036 0.036 0.005
10.60 -0.313 1.250 -0.118 0.035 0.045 0.004
10.61 -0.234 1.094 -0.118 0.035 0.053 0.003
10.62 -0.234 0.781 -0.118 0.035 0.058 0.003
10.63 -0.234 0.781 -0.059 0.035 0.062 0.003

49




Figure 6.1.2.8 Digital data for event 12.3

O

[ | = baseline which is subtracted for peaks and numerical integration

Yeardate: 79228 Time: 15:45:12 M.S.T.
Time dBgp/at dBy/at 253D, /a3t Bp By 75Dy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
12.25 -0.156 0.156 ~-0.059 -0.000 0.000 0.000
12.26 -0.156 0.156 [=0.059] -0.000 0.000 0.000
12.27 -0.156 0.156 0.000 -0.000 0.000 0.001
12.28 -0.156 [0.156] 0.059 -0.000 0.000 0.002
12.29 {-0.156] -0.313 0.118 -0.000 -0.005 0.00L
12.30 0.078 -0.313 0.118 0.002 -0.009 0.005
12.31 0.078 -0.469 0.177 0.005 -0.016 0.008
12.32 0.156 -2.500 0.295 0.008 -0.0k42 0.011
12.33 0.547 -5.156 1.885 0.015 -0.095 0.031
12.3k 2.422 -8.906 2.651 0.0Lk1 -0.186 0.058
12.35 4.375 -5.000 1.9k4k 0.086 -0.237 0.078
12.36 3.750 2.34Y4 0.530 0.125 -0.216 0.08%4
12.37 1.875 3.594 0.000 0.1h45 -0.181 0.08%4
12.38 0.625 2.500 -0.177 0.153 -0.158 . 0.083
12.39 0.234 1.250 -0.177 0.157 -0.1kh7 0.082
12.40 0.23L4 1.250 0.059 0.161 -0.136 0.083
12.41 0.547 1.875 0.059 0.168 -0.119 - 0.08k Q:)
12.42 0.313 1.875 -0.059 0.173 -0.102 0.08%k
12.43 0.000 1.875 -0.236 0.17k -0.08L 0.082
12.44 -0.313 1.719 -0.236 0.173 -0.069 0.081
12.45 -0.391 1.250 -0.295 0.171 -0.058 0.079
12.46 -0.547 1.094 -0.295 0.167 -0.049 0.076
12.47 -0.547 0.781 -0.353 0.163 -0.042 0.073
12.48 -0.625 0.625 -0.353 0.158 -0.038 0.070
12.50 -0.703 0.625 -0.295 0.148 -0.028 0.066
12.51 -0.703 0.625 -0.295 0.143 -0.024 0.063
12.52 -0.625 0.469 -0.236 0.138 -0.021 0.062
12.53 -0.547 0.469 -0.236 0.134 -0.017 0.060
12.54 -0.547 0.000 -0.236 0.130 -0.019 0.058
12.55 -0.547 0.000 -0.177 0.126 -0.021 0.057
12.56 -0.547 -0.156 -0.236 0.122 -0.024 0.055
12.57 -0.547 -0.469 -0.236 0.118 -0.030 0.053
12.58 -0.625 -0.469 -0.177 0.114 -0.036 0.052
12.59 -0.703 -0.469 0.000 0.108 -0.042 0.053
12.60 -0.703 -0.469 0.000 0.103 -0.049 0.053
12.61 -0.703 -0.469 0.059 0.097 -0.055 0.055
12.62 -0.625 -0.469 0.059 0.092 -0.061 0.056
12.63 -0.625 -0.313 0.118 0.088 -0.066 0.057
12.64 -0.625 -0.313 0.118 o.ogg —0.8;1 g.ggz
-0. .156 0.118 0.0 -0.071 .
%%:gg -8.2%2 01313 0.118 0.074 -0.069 0.063
12.67 -0.625 0.313 0.118 0.069 -0.067 0.065
12.68 -0.625 0.313 0.118 0.064 -0.066 0.066
12.69 -0.547 0.313 0.118 0.060 -0.064 0.068 q:)
12.70 -0.469 0.469 0.118 0.057 -0.061 0.070
12.71 -0.469 0.625 -0.059 0.054 -0.056 0.070




I Figure 6.1.2.8 Digital data for event 12.3 (continued)

Time
(us)

12.72
12.73
12.74
12.75
12.76
12.77
12.78
12.79
12.80
12.81
12.82
12.83
12.84
12.85
12.86
12.87
12.88
12.89
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dBp/at
(T/s)

-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234%
-0.313

-0.234
-0.234
-0.234
~-0.234
-0.234
~0.234
-0.234
-0.234
-0.156
-0.156
-0.156

BBN/Bt
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e 6.1.2.9 Digital data for event 1L4.6§

baseline which is subtracted for peaks and numerical integration
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1.406
1.250
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Time: 15:45:12 M.S.T.
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0.032
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0.031
0.030
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-0.006
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-0.323
-0.306
-0.28Y
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-0.2k42
-0.222
-0.203
-0.192
-0.181
-0.170
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0.000
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0.00k
0.005
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0.035
0.0541
0.0L42
0.0L)L
0.0ks
0.0L46
0.048
0.048
0.0L7
0.0L46

0.044
0.042
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0.039
0.038
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0.034
0.034
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0.032
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0.029
0.029
0.029
0.029
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Figure 6.1.2.10 Digital data for event 17.6

] ] = baseline which is subtracted for peaks and numerical integration

Yeardate: 79228 Time: 15:45:12 M.S.T.
Time dBg/at 3By/at 253D,/3t BE By ZoDy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
17.50 -0.156 0.156 -0.059 -0.000 0.000 0.000
17.51 -0.156 [ 0.156] -0.059 -0.000 0.000 0.000
17.52 -0.156 -0.313 -0.059 -0.000 -0.005 0.000
17.53 -0.156 -0.469 -0.000 -0.011 0.000
17.54 -0.156 -0.469 0.118 ~0.000 -0.017 0.002
17.52 -0.152 -0.781 o.112 -0.000 -0.027 0.00kL
17.5 -0.15 -1.250 0.11 -0.000 -0.0L41 0.005
17.57 -2.656 0.118 -0.000 -0.069 0.007
17.58 0.078 ~10.156 0.118 0.002 -0.172 0.009
17.59 0.078 -15.000 0.353 0.005 -0.323 0.013
17.60 0.078 -5.156 0.530 0.007 -0.377 0.019
17.61 0.078 -1.406 0.530 0.009 -0.392 0.025
17.62 0.391 ~1.250 0.295 0.015 -0.406 0.028
17.63 0.313 -1.250 0.k71 0.019 -0.420 0.03%4
17.64 0.547 -1.406 0.70T7 0.027 -0.436 0.041
17.65 0.938 -0.781 0.707 0.037 -0.445 0.049
‘l' 17.66 0.938 -0.781 0.471 0.048 ~0.455 0.05k
17.67 0.625 -1.250 0.k12 0.056 -0.469 0.059
17.68 0.625 ~-0. 781 0.412 0.06L4 -0.478 0.06L
17.69 0.547 -0.625 O.412 0.0T71 -0.486 0.068
17.70 0.547 0.000 0.k412 0.078 -0.487 0.073
17.71 0.625 0.469 0.412 0.086 -0.48k 0.078
17.72 0.859 -1.250 0.530 0.096 -0.498 0.084
17.73 1.250 -1.875 1.885 0.110 -0.519 0.103
17. 74 3.672 -0.156 1.94)4 0.148 ~0.522 0.123
17.75 h.297 0.000 1.001 0.193 -0.523 0.134
17.76 2.500 2.500 0.059 0.219 -0.500 0.135
17.77 1.172 T.34)4 -0.412 0.233 -0.428 0.131
17.78 0.23h 6.7T19 -0.T707 0.237 -0.362 0.125
17.79 -0.391 5.000 -0.88%4 0.234 -0.31k4 0.117
17.80 -0.938 4.844 -0.707 0.226 -0.267 0.111
17.81 -0.938 4.375 -0.648 0.218 -0.225 0.105
17.82 -0.938 3.750 -0.471 0.211 -0.189 0.101
17.83 -0.859 2.344 -0.471 0.204 -0.167 0.096
17.84 -0.859 1.875 -0.530 0.196 -0.150 0.092
17.85 -0.781 1.875 -0.471 0.190 -0.133 0.088
17.86 -0.625 1.719 -0.471 0.186 -0.117 0.083
17.87 -0.625 1.250 -0.471 0.181 -0.106 0.079
17.88 -0.469 1.250 -0.412 0.178 -0.095 0.076
17.89 -0.469 1.094 -0.353 0.175 -0.086 0.073
17.90 -0.469 1.094 -0.295 0.171 -0.076 0.070
17.91 -0.547 1.094 -0.295 0.168 -0.067 0.068
. 17.92 -0.547 1.094 -0.236 0.164 -0.058 0.066
17.93 -0.547 0.781 -0.177 0.160 -0.051 0.065
17.94 -0.547 0.781 -0.177 0.156 -0.045 0.064
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Figure 6.1.2.10
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Digital data for event 17.6 (continued)
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Date: 79228 M.S.T.: 1545:12

Figure 6.1.3  Slow electric field change and RF power

received at 34 MHz from rocket-triggered
lightning
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f peak values for each event from derivative
t-triggered lightning

Figure 6.1.6A Tabulation i
waveform set for rock

Yeardate: 79228 M.S.T.:1345,12
$=172.7°+0.6°, 06=225°+1.8°, r=0915m

Event  qype Z 83D /3t  A3B /3t  A3B /3t  A3B, /3t  A3B_/3t  |adB/3tl

El
Number (us) (T/s) (T/s) (T/s) (T/s) (T/8) (T/8)
0.7 0.69 1.59 3.28 -4.06 -2.45 1.42 2.83
2.7 2.67 0.35 0.55 -4.53 -2.55 0.04 2.55
4.1 4,07 1.59 3.83 -0.78 -0.66 1.86 1.98
4.9 4,90 0.35 0.39 -4,22 -2.36 -0.03 2.37
6.5 6.49 0.53 0.78 -5.78 -3.25 0.09 3.26
9.5 9.54 2,00 3.67 -5.31 -3.16 1.55 3.52
10.3 10.31 0.35 0.39 -2.81 -1.58 0.05 1.58
12.3 12.34 2.59 4,53 -9.06 =5.30 1.78 5.59
14.6 14.63 1.24 1,41 -15.16 -8.50 -0.09 8.50
17.6 17.59 0.59 0.55 -15.16'\ -8.45 -0.52 8.46

CALCULATED VALUES FOR 3T/3t

Event aT, /3t 3T, /3t 19%/a¢l a
2

Number  (101° Am/s?) (101° am/s?) 10Y? Am/s%) (deg)
0.7 5777 -3351 6679 240
2.7 6015 ~83 6016 269
4.1 1551 -4399 4664 199
4.9 5585 63 5585 271
6.5 7686 -204 7689 268
9.5 7470 -3656 8317 244
10.3 3740 -111 3742 268
12.3 12505 -4202 13192 251
14.6 20063 220 20064 271
17.6 19945 1228 19983 274
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Figure 6.1.6B  Tabulation of peak values for each event from waveform set
for rocket-triggered lightning

Yeardate: 79228 M.S.T.:1545.12

¢ =165.82 +0.1°, 0 =16.1°42.5°, r=1262m

>
Event Time Z,AD_ AB ABy AB, AB |ABI
Number (us) (uT) (uT) (uT) (uT) (uT) (uT)
0.7 0.73 0.07 0.17 -0.24 -0.14 0.06 0.16
2.7 2.71 0.02 0.03 -0.22 -0.12 -0.00 0.12
4.1 4,07 0.07 0.12  -0.01 -0.02 0.06 0.06
4.9 4,94 0.02 0.02 -0.19 -0.10 -0.00 0.10
6.5 6.54 0.03 0.05 -0.33 -0.18 0.00 0.18
9.5 9.55 0.05 0.06 -0.12 -0.07 0.02 0.07
10.3 10.42 0.03 0.03 -0.18 -0.10 0.00 0.10
12.3 12.35 0.07 0.13 -0.24 -0.14 0.04 0.14
14.6 14.65 0.04 0.02 -0.39 -0.21 -0.02 0.21
17.6  17.59 0.03 0.02 -0.32 -0.17 -0.02 0.18

—
CALCULATED VALUES FOR 1t.?

—

Event T T IT|

2 3 ¢
Number (1()9 Am/s) (109 Am/s) (109 Am/s) (deg)
0.7 388 -174 425 246
2.7 326 3 327 270
4.1 46 -158 165 196
4.9 278 11 278 272
6.5 496 -4 496 269
9.5 187 -62 197 252
10.3 261 -4 261 269
12.3 372 -120 391 252
14.6 574 53 576 275
17.6

473 45 475 275
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6.2 Midrange Leader(s)

Our second example is given in figures 6.2.***, Ags will be seen
this is a case of significant branching. For sake of a label let us
refer to this case asg "midrange leader(s)."” Figures 6.2.1A and 6.2.1B
show the derivative fields and fields for the 20 pus record indicating
leader-1ike behavior.

Figure 6.2.3 shows the slow electric field and thunder microphone
records from which a horizontal range of 400 m is estimated. Figure
6.2.4 gives the acoustic source reconstruction indicating an
interesting streamer-path structure. Extending from about 3 km
height, about 3 km to the east (slightly north of east), the pattern
divides at about 2.5 km above the Kiva and descends to the mountain in
at least three major channels. On this is superimposed three EM
source locations determined from the derivative waveform.

The whole-sky videotape photographs in figures 6.2.5A and 6.2.5B
show these three channels quite clearly as seen from the Kiva. Figure
6.2.5B corresponds to 32 ms later than figure 6.2.5A.

Looking at the 6, ¢ contours in figure 6.2.5A from the derivative
waveform in figure 6.2.1A, we do not see all the contours passing near
a common ( 8,6 ). It appears that several sources are located above
the Kiva. From figure 6.2.5A three (9 » ) values were found as
indicated on the figure. These angles are combined with the
horizontal range of 400 m to give the estimated EM source locations in
figure 6.2.4. As an aid in identifying the three sets of pulses
corresponding to the three locatiogs, the directions of 37/3t were
considered so as to have all the 9T7/3t pulses in a particular set
have the same general direction (as in figure 6.2.7A).

Considering the field waveform in figure 6.2.1B the plot of
contours in figure 6.2.5B was made. Here four sets of pulses were
identified. Sets 1, 2, and 3 correspond reasonably to those from the

derivative waveforms as do the directions of the ~ pulses as
compared to the corresponding 3T/t pulses. Set 4 in F gure 6.2.5B
was defined based on a disagreement in the direction of pulses from

those in set 1 as based on the directions in figures 6.2.7B.1 and
6.2.7B.4. However, noting the small g values for this case the change
in ¢ still corresponds to only a small distance cgangg on the unit
sphere, but a large rotation of the unit vectors 1 , 13. Identifying
these set & T'pulses with the corresponding 3?/%t Pulses it appears
that set 4 pulses likely belong combined with set 1.

Since set 1 corresponds to small © an estimate of slant range
based on 400 m horizontal range is likely in error because the
lightning arc is not exactly vertical. Based on figure 6.2.4 the
lower heights as in figure 6.2.7A for 0 = %20 are more reasonable.
This is consistent with relying more on 97/93 data for 6 s ¢
determination.
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For this negative step leader we have Véff ¥4 3'(antiparallel).
So in the effective streamer reconstruction in figures 6.2.7A and
6.2.7B the vectors for the sequential pulses are started from the
graph origin with each vector head placed at the previous vector tail.

Note that values of T pulses depend on choice of r. For sets 1
and 4 r is clearly overestimated indicating the true values are

somewhat less (by perhaps a factor of 2) than indicated in figures
6. 2. 7B.
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4.1 east component of 3B/3t

north component of 38/at

Z 3D /ot
(@] Z

t in us

Date: 79219 M.S.T.: 1022:51
Figure 6.2.1 A Derivative fields from midrange leader(s)
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Figure 6.2.2.1 Digital data for event 1.3

(:> [:::]= baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:22:51 M.S.T.
Time dBp/at 9By/at zoaDz/at B By ZoDy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
1.27 0.000 0.234 0.059 0.000 0.000 -0.000
1.28 0.23L 0.000 0.000 -0.000
1.29 0.078 0.234 0.118 0.001 0.000 0.001
1.30 0.234 0.177 0.003 0.000 0.002
1.31 0.547 0.313 0.236 0.009 0.001 0.00L
1.32 1.172 0.5L47 0.236 0.020 0.00k 0.005
1.33 1.48)% 0.547 0.236 0.035 0.007 0.007
1.3h 1.48Y% 0.313 0.118 0.050 0.008 0.008
1.35 1.250 0.000 0.059 0.063 0.006 0.008
1.36 0.859 -0.078 0.059 0.071 0.002 0.008
1.37 0.547 -0.078 0.118 0.077 -0.001 0.008
1.38 0.234 -0.078 0.118 0.079 -0.00k 0.009
1.39 0.000 ~-0.078 0.118 0.079 -0.007 0.009
1.40 -0.078 -0.078 0.059 0.078 -0.010 0.009
1.41 -0.625 -0.078 0.059 0.072 -0.013 0.009
1.42 -0.703 -0.078 0.000 0.065 -0.016 0.008
1.43 -0.703 -0.078 0.000 0.058 -0.019 0.008
Q:) 1.44 -0.781 0.000 0.000 0.050 -0.022 0.007
1.45 -0.703 0.234 0.000 0.043 -0.022 0.007
1.46 -0.703 0.156 0.000 0.036 -0.022 0.006
1.47 -0.703 0.156 0.000 0.029 -0.023 0.005
1.48 -0.703 0.000 0.000 0.022 -0.026 0.005
1.49 -0.781 0.000 0.000 0.014 -0.028 0.004
1.50 -0.781 0.000 0.059 0.006 ~0.030 0.004
1.51 -0.781 0.000 0.059 -0.002 -0.033 0.004
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Figure 6.2.2.2 Digital data for event 3.6

[ 1= vaseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:22:51 M.S.T.
Time dBp/at 3By /3t Zo3D, /03t B By 25D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
3.52 0.156 0.059 -0.000 0.000 -0.000

3.53  -0.078 0.156 0.001 0.000 -0.000
3.54  -0.078 0.118 0.002 0.000 0.001

3.55 0.000 0.313 0.118 0.003 0.002 0.001
3.56 0.234 0.313 0.118 0.007 0.003 0.002
3.57 0.313 0.391 0.118 0.012 0.005 0.002
3.58 0.391 0.234 0.059 0.017 0.006 0.002
3.59 0.000 0.23L4 0.000 0.019 0.007 0.002
3.60 -0.313 0.234 0.000 0.017 0.008 0.001
3.61 -0.625 0.234 0.000 0.012 0.009 0.001
362 -0.625 0.313 0.000 0.008 0.010 -0.000
3.63 -0.703 0.391 0.000 0.002 0.013 -0.001
3.6L4 ~-0.625 0.313 0.059 -0.002 0.01k -0.001
3.65 -0.391  0.234 0.059 -0.005 0.015 -0.001
3.66 -0.313 0.000 0.059 -0.006 0.013 -0.001
3.67 -0.078 0.000 0.059 -0.005 0.011 -0.001
3.68 -0.078 0.000 0.118 -0.004 0.010 -0.000
3.69 0.000 0.000 0.118 -0.003 0.008 0.000
3.70 0.078 0.000 0.118 -0.001 0.007 0.001
3.71 0.078 0.000 0.118 0.002 0.005 0.001
3.72 0.078 0.000 0.118 0.004 0.004 0.002
3.73 0.078 0.000 0.118 0.006 0.002 0.003
3.74 0.078  0.000 0.059 0.009 0.001 0.003
3.75 -0.156 0.156 0.059 0.009 0.001 0.003
3.76 -0.234 0.156 0.059 0.008 0.001 0.003
3.77 -0.313 0.156 0.059 0.006 0.001 0.003
3.78 -0.391 0.156 0.118 0.004 0.001 0.003
3.79 -0.313 0.078 0.118 0.003 -0.000 -0.004
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Figure 6.2.2.3 Digital data for event 4.1

O

l | = baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:22:51 M.S.T.

(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
- 3.91 0.078 0.156 0.118 0.000 0.000 -0.000
3.92 0.078 [0.156] 0.118 0.000 0.000 -0.000
3.93 0.078 0.234 0.118 0.000 0.001 -0.000
3.94 0.078 0.313 0.118 0.000 0.002 -0.000
3.92 o.oTS 0.313 0.118 0.000 0.00k -0.000
3.9 0.078 0.313 0.118 0.000 0.005 -0.000
3.97 [z 078] 0.313 0.118 0.000 0.007 -0.000
3.98 0.156 0.313 0.118 0.001 0.009 -0.000
3.99 0.156 0.391 [0.118] 0.002 0.011 -0.000
L.00 0.156 0.469 0.177 0.002 0.01k 0.001
h.o1 0.313 0.625 0.236 0.005 0.019 0.002
h.o2 0.625 0.938 0.236 0.010 0.027 0.003
4.03 1.172 1.797 0.236 0.021 0.0L43 0.00L
4h.olk 1.250 2.500 0.236 0.033 0.066 0.005
4,05 1.875 2.734 0.236 0.051 0.092 0.006
4,06 2.500 1.875 0.236 0.075 0.109 0.008
QI} L.oT 2.500 1.563 0.177 0.099 0.123 0.008
4,08 2.109 1.250 0.118 0.120 0.134 0.008
4.09 1.797 1.172 0.118 0.137 0.145 0.008
h.10 1.48Y4 0.938 0.059 0.151 0.152 0.008
h.11 0.938 0.859 0.059 0.159 0.159 0.007
h,12 0.625 0.703 0.000 0.165 0.165 0.006
4.13 0.313 0.625 0.000 0.167 0.170 0.005
h.1y 0.234 0.625 -0.059 0.169 0.17h 0.003
4.15 0.000 0.625 -0.059 0.168 0.179 0.001
4.16 -0.313 0.547 -0.118 0.164 0.183 -0.001
ho17 -0.625 0.391 -0.118 0.157 0.185 -0.00k
4,18 -0. 703 0.313 -0.177 0.1k9 0.187 -0.007
h.19 -0.938 0.234 -0.177 0.139 0.188 -0.009
4.20 -1.250 0.234 -0.177 0.126 0.188 ~-0.012
h.21 -1.250 0.000 -0.118 0.113 0.187 -0.015
4.22 -1.328 0.000 -0.059 0.099 0.185 -0.017
4.23 -1.328 0.000 0.000 0.085 0.184 -0.018
\ 4.24 -1.328 -0.078 0.000 0.071 0.182 -0.019
4.25 -1.250 -0.078 0.059 0.058 0.179 -0.020
4.26 -1.172 -0.234 0.059 0.045 0.175 -0.020
4,27 -1.094 -0.313 0.236 0.033 0.171 -0.019
4.28 -1.094 -0.391 0.236 0.022 0.165 -0.018
4.29 -0.938 -0.313 0.295 0.011 0.160 -0.016
4.30 -0.938 -0.313 0.295 0.001 0.156 -0.014
4.31 -0.859 -0.313 0.295 -0.008 0.151 -0.013
4,32 -0.859 -0.313 0.295 -0.017 0.146 -0.011
4.33  -0.859  -0.313 0.295  -0.027 0.142  -0.009
.34 -0.859 -0.313 0.295 -0.036 0.137 -0.007
4.35 -0.859 -0.313 0.295 -0.046 0.132 -0.006
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Figure 6.2.2.3

Time
(us)

4.36
4.37
4.38
4.39
4.40
4.41
4.42
4.43
b.44
4.45
4.46
4.47
4.48
4.49
4.50
4.51
4.52
4.53
4.54
4.55
4.56
4.57
4.58
4.59
4.60
4.61
4.62
4.63
4.64
4.65
4.66
4.67

3Bp/at
(T/s)

~-0.781

-0.781
-0.781
-0.781
-0.781
-0.781
-0.781
-0.781
-0.781
-0.703
~-0.625
-0.625
-0.625
-0.625
-0.625
-0.547
-0.547
-0.469
~0.391
-0.469
-0.391
-0.313
-0.313
-0.234
-0.234
-0.313
-0.313
-0.234
-0.313
-0.313
-0.313

Digital data for event 4.1 (continued)

aBN/at
(T/s)

-0.234
-0.234
-0.234
-0.156
-0.156
-0.156
-0.234
-0.313
-0.391
-0.391
-0.313
-0.391
-0.391
-0.391
-0.313
-0.313
-0.313
-0.391
-0.391
-0.313
-0.313
-0.313
-0.313
-0.078
-0.078
-0.156
-0.078
-0.078
-0.313
-0.313
-0.078
-0.078

253D, /3t
(T/s)

0.295
0.236
0.236
0.236
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.177
0.236
0.177
0.177
0.236
0.236
0.236
0.236
0.177
0.177
0.177
0.177
0.177
0.177
0.177
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Bg
(uT)

-0.054
-0.063
-0.071
-0.080
-0.089
=0.097
-0.106
-0.114
~0.123
-0.132
-0.139
-0.146
-0.153
-0.160
-0.167
-0.174
-0.181
-0.187
-0.192
-0.197
-0.203
-0.207
-0.211
-0.215
-0.218
-0.221
-0.225
-0.229
-0.232
-0.236
-0.240
~-0.244

By
(uT)

0.128
0.125
0.121
0.118
0.114
0.111
0.107
0.103
0.097
0.092
0.087
0.082
0.076
0.071
0.066
0.061
0.057
0.051
0.046
0.041
0.036
0.032
0.027
0.025
0.022
0.019
0.017
0.014
0.010
0.005
0.003
0.000

ZoDy,
(uT)

-0.004
-0.003
-0.001
-0.000
0.000
0.001
0.001
0.002
0.003
0.003
0.004
0.004
0.005
0.006
0.006
0.007
0.007
0.008
0.0009
0.010
0.010
0.011
0.013
0.014
0.015
0.016
0.016
0.017
0.017
0.018
0.018
0.019
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Figure 6.2.2.4 Digital data for event 6.2

O

(1= vaseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:22:51 M.S.T.
Time 3Bp/at aBN/ ot ZoaDz/ ot B By 25D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
6.16 ~-0.078 0.000 0.059 -0.000 0.000 -0.000
6.17 -0.078 0.059 -0.000 0.000 -0.000
6.18 -0.078 -0.078 -0.000 -0.001 -0.000
6.19 -0.078 -0.625 -0.177 -0.000 -0.007 -0.002
6.20 -0.703 -0.236 -0.000 -0.01k -0.005
6.21 -0.391 -0.391 -0.236 -0.003 -0.018 -0.008
6.22 -0.625 -0.078 0.000 -0.009 -0.019 -0.009
6.23 ~-0.625 -0.078 0.000 -0.014 -0.020 -0.009
6.24 -0.391 0.234 0.236 -0.017 -0.017 -0.008
6.25 -0.313 0.5L47T 0.295 -0.020 -0.012 -0.005
6.26 -0.078 0.625 0.353 -0.020 -0.005 -0.002
6.27 0.234 0.703 0.353 -0.017 0.002 0.001
6.28 0.313 0.703 0.353 -0.013 0.009 0.004
6.29 0.313 0.703 0.236 -0.009 0.016 0.006
6.30 0.313 0.625 0.236 -0.005 0.022 0.007
6.31 0.313 0.313 0.177 -0.001 0.025 0.009
(E) 6.32 0.234 0.313 0.177 0.002 0.029 0.010
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Figure 6.2.2.5 Digital data for event 7.4

[ J= vaseline which is subtracted for peaks and numerical integration

Yeardate:

Time dBp/at
(us) (T/s)

-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
[£0.156]

0.078

0.234

0.547

0.547

0.547

0.234

0.000
-0.313
-0.391
-0.391
-0.391
-0.391
-0.313
7.54 -0.313
7.55 -0.234
7.56 -0.156
7.57 -0.156
7.58 -0.078
7.59 -0.078
7.60 -0.078
7.61 -0.078
7.62 -0.078
7.63 -0.078
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79219

BBN/Bt
(T/s)

0.000

0.078
0.156
0.156
0.156
0.5L4T
0.625
0.859
0.625
0.313
0.000
-0.078

-0.391

-0.391
-0.469
-0.313
-0.078
0.000
0.234
0.234
0.234
0.234
0.156
0.156
0.156
0.078
0.000
0.000
0.000
0.000

Time: 10:22:51 M.S.T.
Z53D,/3t Bg

(T/s) (uT)
0.118 -0.000
0.118 -0.000
0.118 -0.000
0.118 -0.000
0.118 -0.000
0.118 -0.000
0.118 -0.000
0.118 -0.000
0.118 0.002
0.118 0.006
0.118 0.013
0.118 0.020

0.027
0.059 0.031
0.059 0.033
0.118 0.031
0.118 0.029
0.118 0.027
0.118 0.024
0.118 0.022
0.118 0.020
0.118 0.019
0.118 0.018
0.118 0.018
0.118 0.018
0.118 0.019
0.118 0.019
0.118 0.020
0.118 0.021
0.118 0.022
0.177 0.022
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By
(uT)

0.000
0.000
0.001
0.002
0.00k
0.005
0.011
0.017
0.026
0.032
0.035
0.035
0.03h
0.030
00027
0.022
0.019
0.018
0.018
0.020
0.023
0.025
0.027
0.029
0.031
0.032
0.033
0.033
0.033
0.033
0.033

ZoD,
(uT)

-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
~0.000
-0.000
-0.001
-0.001
-0.001
-0.001
-0.001
~-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.001
-0.000

O

DR ) T L I SR B I T D S S T R N Y P T




- “ —— S

Figure 6.2.2. 6 Digital data for event 12.9

O

[:::]= baseline which is subtracted for pPeaks and numerical integration

Yeardate: 79219 Time: 10:22:51 M.S.T.

Time 3Bp/at aBy/at 269D,/ 0t B By 25D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
12.82 -0.156 0.078 0.059 -0.000 0.000 -0.000
12.83 !-o.igél 0.078 0.059 -0.000 0.000 -0.000
12.8L -0.23k 0.059 -0.001 0.000 -0.000
12.85 -0.23} 0.000 ~0.002 ~0.001 -0.000
12.86 -0.234 0.000 0.000 -0.002 -0.002 -0.001
12.87 -0.313 0.000 -0.236 -0.00k -0.002 -0.004
12.88 -0.625 0.234 -0.295 -0.009 -0.001 -0.007
12.89 -1.016 0.23}4 0.000 -0.017 0.001 -0.008
12.90 -0.938 0.234 0.059 -0.025 0.002 -0.008
12.91 -0.625 0.234 0.236 -0.030 0.00k -0.006
12.92 -0.078 0.234 0.236 -0.029 0.005 -0.00k
12.93 -0.078 0.234 0.177 -0.028 0.007 -0.003
12.94 0.000 0.313 0.118 -0.027 0.009 -0.002
12.95 0.078 0.313 0.059 -0.02k4 0.012 -0.002
12.96 0.000 0.313 0.118 -0.023 0.01L -0.002
12.97 0.000 0.313 0.177 -0.021 0.016 -0.001
\ 12.98 0.000 0.313 0.177 -0.020 0.019 0.001
QID 12.99 0.156 0.313 0.177 -0.016 0.021 0.002
13.00 0.156 0.234 0.177 -0.013 0.023 0.003
13.01 0.078 0.234 0.118 -0.011 0.024 0.00L
13.02 0.078 0.000 0.118 -0.009 0.023 0.00L
13.03 0.078 0.000 0.059 - =-0.007 0.022 0.004
13.04 0.000 0.000 0.059 -0.005 0.021 0.004
13.05 0.000 0.000 0.059 -0.004 0.021 0.004
13.06 0.000 0.000 0.059 -0.002 0.020 0.004
13.07 -0.078 0.000 0.118 -0.001 0.019 0.005
13.08 -0.078 0.000 0.118 -0.000 0.018 0.005
13.09 -0.078 0.000 0.118 0.000 0.018 0.006
13.10 0.000 0.000 0.118 0.002 0.017 0.006
13.11 0.000 0.000 0.059 0.003 0.016 0.006
13.12 0.000 0.000 0.059 0.005 0.015 0.006
13.13 -0.078 0.000 0.059 0.006 0.014 0.006
13.14 -0.078 0.000 0.059 0.007 0.014 0.006
13.15 -0.078 0.000 0.059 0.007 0.013 0.006
13.16 -0.078 0.000 0.059 0.008 0.012 0.006
13.17 -0.078 0.000 0.059 0.009 0.011 0.006
13.18 -0.078 0.078 0.059 0.010 0.011 0.006
13.19 -0.156 0.078 0.059 0.010 0.011 0.006
13.20 -0.156 0.000 0.059 0.010 0.011 0.006
13.21 -0.156 0.000 0.059 0.010 0.010 0.006
13.22 -0.156 0.078 0.059 0.010 0.010 0.006
13.23 -0.156 0.078 0.059 0.010 0.010 0.006
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Figure 6.2.2.7 Digital data for event 13.3

[ 1= vaseline which is subtracted for peaks and numerical integration

Time
(us)

13.28
13.29
13.30
13.31
13.32
13.33
13.34
13.35
13.36
13.37
13.38
13.39
13.40
13.41
13.42
13.43
13.44
13.45
13.46
13.47
13.48
13.49
13.50

13.51
13.52

Yeardate: 79219
3Bp/at dBy/at
(T/s) (T/s)
-0.23L4 0.156
-0.23k [0.156]

£o0.234] 0.547
-0.156 0.859
-0.156 0.859
0.078 0.547
0.547 0.234
0.547 0.000
0.000 0.000
-0.625 -0.078
-0.703 -0.078
-0.859 -0.078
-0.781 -0.078
-0.703 -0.078
-0.703 0.000
-0.625 0.000
-0.078 0.078
0.000 0.078
0.313 0.000
0.313 0.000
0.313 0.000
0.234 -0.078
0.234 -0.078
0.156 -0.078
0.078 -0.078

Time: 10:22:51 M.S.T.

253D, /3
(T/s)

0.059
0.059
0.059
0.059
0.059

t

(0.059]

0.000
0.000
-0.118
-0.059
-00059
0.000
0.000
0.000
0.000
0.059
0.177
0.177
0.177
0.118
0.118
0.118
0.118

0.118
0.118
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Bg
(uT)

-0.000
-0.000
-0.000
0.001
0.002
0.005
0.012
0.020
0.023
0.019
0.014
0.008
0.003
-0.002
-0.007
-0.011
-0.009
-0.007
-0.001
0.004
0.010
0.014
0.019
0.023
0.026

By
(uT)

0.000
0.000
0.00L
0.011
0.018
0.022
0-023
0.021
0.020
0.017
0.015
0.012
0.010
0.008
0.006
0.005
0.004
0.003
0.001
-0.000
-0.002
-0.004
-0.006
-0.009
-0.011

20Dy

(uT)

-0.000
-0.000
-0.000
-0.000
-0.000
-0.001
-0.001
-0.003
-0.004
-0.005
-0.006
-0.006
-0.007
-0.008
-0.008
-0.006
-0.005
-0.004
-0.003
-0.003
-0.002
~-0.002
-0.001
-0.000




Figure 6.2.2.8 Digital data for event 1L4.0

(Z)

[ 1= baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:22:51 M.S.T.
Time 3Bp/at dBy/at 259D,/0t BE By ZoDy,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
13.94 -0.078 0.000 0.059 -0.000 0.000 -0.000
13.95 0.000 0.059 -0.000 0.000 -0.000
13.96 Z0.156 0.000 -0.001 0.000 -0.000
13.97 -0.156 0.000 0.000 -0.002 0.000 -0.001
13.98 -0.234 [6.000] 0.000 -0.003 0.000 -0.001
13.99 -0.625 0.156 ~-0.059 -0.009 0.002 -0.002
14.00 -0.625 0.156 0.059 -0.01k 0.003 -0.002
14.01 -0.078 0.156 0.236 -0.014 0.005 -0.001
14.02 -0.078 0.156 0.236 -0.01% 0.006 0.001
14.03 0.234 0.000 0.236 -0.011 0.006 0.003
14.0L 0.234 0.000 0.059 -0.008 0.006 0.003
14.05 0.234 0.000 0.059 -0.005 0.006 0.003
14.06 0.000 0.000 0.059 -0.004 0.006 0.003
14.07 -0.078 0.000 0.059 -0.004 0.006 0.003
14.08 -0.078 0.000 0.059 -0.004 0.006 0.003
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Figure 6.2.2.9

[ 1= baseline which is subtracted for peaks and numerical integration

Time
(us)

18.69
18. 70
18. 71
18. 72
18. 73
18. 74
18. 75
18. 76
18. 77
18. 78
18. 99
18.80
18.81
18.82
18.83
18.8%4
18.85
18.86
18.87
18.88
18.89
18.90
18.91
18.92
18.93
18.94
18.95
18.96
18.97

Yeardate:

dBp/at
(T/s)

-0.156
-0.156
-0.156
-0.156

[co.15¢6]

~-0.234
-0.234
-0.391
-0.625
-0.313
-0.078
0.000
0.234
0.23L4
0.000
0.000
0.000
0.000
0.000
-0.078
-0.078
-0.156
-0.156
-0.234
-0.234
-0.234
-0.234
-0.391
-0.625

79219

BBN/St
(T/s)

0.000
[0~ 000l
~0.078
~0.23)
~0.156
0.000
0.234
0.313
0.391
0.391
0.391
0.391
0.313
0.23L4

- 0.156

0.000
0.000
0.000
0.000
-0.078
-0.078
-0.313
-0.938
-0.625
0.000

1.172
1.172
1.250

Time: 10:22:51' M.S.T.

203D,/ 0t

(T/s)

0.059
0.059
0.059
0.059

0.059
0.000
0.000
0.059
0.17T7
0.17T7
0.17T7
0.118
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.000
0.000
-0.059
0.000
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Digital data for event 18.8

Bp
(uT)

-0.000
~0.000
-0.000
~0.000
~0.000
-0.001
-0.002
-0.00k4
-0.009
-0.010
-0.009
-0.008
-0.00k
-0.000
0.002
0.003
0.005
0.006
0.008
0.008
0.009
0.009
0.009
0.008
0.008
0.007
0.006
0.004
-0.001

By
(uT)

0.000
0.000
-0.001
-0.003
-0.005
-0.005
-0.002
0.001
0.005
0.009
0.013
0.016
0.020
0.022
0.023
0.023
0.023
0.023
0.023
0.022
0.021
0.018
0.009
-0.000
-0.007
-0.007
0.005
0.017
0.029

ZODZ
(uT)

-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.001
-0.001
-0.001
-0.000
0.001
0.002
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.002
0.002
0.001
0.000
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Figure 6.2.2.10 Digital data for event 18.9

:: [J= baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:22:51 M.S.T.
Time dBp/at  aBy/at 253D, /3t Bg By ZoD,,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
18.86 0.000 0.000 0.059 0.000 0.000 ~-0.000
18.87 [0.000] [0.000] 0.059 0.000 0.000 -0.000
18.88 -0.078 -0.078 0.059 -0.001 -0.001 -0.000
18.89 -0.078 -0.078 0.059 -0.002 ~-0.002 -0.000
18.90 ~0.156 -0.313 0.059 -0.003 -0.005 -0.000
18.91 -0.156 -0.938 0.059 -0.005 -0.01k -0.000
18.92 -0.234 -0.938 0.059 -0.007 -0.023 -0.000
18.93 -0.23k4 -0.625 -0.009 -0.030 -0.000
18.94 -0.23%4 0.000 0.000 ~-0.012 -0.030 -0.001
18.95 -0.234 1.172 0.000 -0.01k -0.018 -0.001
18.96 -0.391 1.172 -0.059 -0.018 -0.006 -0.002
18.97 -0.625 1.250 0.000 -0.024 0.006 -0.003
18.98 -0.625 0.938 0.059 -0.030 0.016 -0.003
18.99 -0.391 0.625 0.236 -0.034 0.022 -0.001
19.00 -0.078 0.313 0.177 -0.035 0.025 -0.000
19.01 0.234 0.234 0.177 -0.033 0.027 0.001
19.02 0.313 0.000 0.118 -0.030 0.027 0.002
19.03 0.391 0.000 0.059 ~0.026 0.027 0.002
19.04 0.391 0.000 0.059 -0.022 0.027 0.002
19.05 0.234 0.000 0.059 -0.020 0.027 0.002
19.06 0.000 0.000 0.059 -0.020 0.027 0.002
19.07 0.000 0.000 0.059 -0.020 0.027 0.002
19.08 -0.078 0.078 0.059 -0.021 0.028 0.002
19.09 -0.234 0.078 0.059 -0.023 0.029 0.002
19.10 -0.234 0.078 0.059 -0.025 0.029 0.002
19.11 -0.234 0.078 0.059 -0.028 0.030 0.002
19.12 -0.234 0.000 0.059 -0.030 0.030 0.002
19.13 -0.156 0.000 0.000 -0.031 0.030 0.001
19.14 -0.156 0.000 0.000 -0.033 0.030 0.000
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Figure 6.2.2.11 Digital data for event 19.3

O

Q“
[ | = baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:22:51 M.S.T.

Time -  9Bp/at 3By/dt  Z,3D,/3t BE By ZoDg,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
19.18 -0.156 0.078 0.000 -0.000 0.000 0.000
19.19 0.078 0.000 -0.000 0.000 0.000
19.20 -0.23L4 0.078 0.000 -0.001 0.000 0.000
19.21 -0.234 0.000 -0.002 0.000 0.000
19.22 -0.23L 0.000 0.000 -0.002 -0.001 0.000
19.23 -0.313 0.000 -0.00k ~0.002 0.000
19.24 -0.391 -0.078 -0.118 -0.006 -0.003 -0.001
19.25 -0.391 0.000 -0.236 -0.009 -0.00k -0.00kL
19.26 -0.625 0.313 -0.khk12 -0.013 -0.002 -0.008
19.27 -1.016 0.5k47 -0.h71 -0.022 0.003 -0.012
19.28 -1.563 0.625 -0.236 -0.036 0.009 -0.015
19.29 -1.563 0.625 -0.177 -0.050 0.014 -0.016
19.30 -1.250 0.625 0.000 -0.061 0.020 -0.016
19.31 -0.703 0.547 0.000  -0.066 0.024 -0.016
19.32 -0.391 0.313 0.059 -0.069 0.027 -0.016
19.33 -0.313 0.313 0.059 -0.070 0.029 -0.015
19.3L —0.078 0.23L 0.059 -0.070 0.030 -0.015
19.35 0.000 0.000 0.059 -0.068 0.030 -0.01k ‘
19.36 0.078 0.000 0.059 ~-0.066 0.029 -0.013
19.37 0.078 0.000 0.059 -0.063 0.028 -0.013
19.38 0.078 0.000 0.059 -0.061 0.028 -0.012
19.39 0.078 0.000 0.059 -0.059 0.027 -0.012
19.40 0.078 0.000 0.059 -0.056 0.026 -0.011
19.41 0.078 0.000 0.059 -0.054 0.025 -0.010
19.42 0.078 0.000 0.059 -0.052 0.025 -0.010
19.43 0.078 0.000 0.059 -0.049 0.024 -0.009
19.44 0.078 0.000 0.059 ~0.047 0.023 -0.009
19.45 0.000 0.000 0.118 -0.045 0.022 -0.008
19.46 0.078 0.156 0.118 -0.043 0.023 -0.006
19.47 0.078 0.234 0.118 -0.041 0.025 -0.005
19.48 0.078 0.234 0.118 -0.038 0.026 -0.004
19.49 0.156 0.000 0.118 -0.035 0.025 -0.003
19.50 0.156 0.000 0.118 -0.032 0.025 -0.002
19.51 0.234 0.000 0.118 -0.028 0.024 -0.000
19.52 0.313 0.000 0.059 -0.024 0.023 0.000
19.53 0.313 0.000 0.059 -0.019 0.83% 8.881

. . .05 -0.015 0. .001
igigg 8.%%2 8.888 8.053 -0.011 0.021 0.002
19.56 0.156 0.000 0.059 -0.008 0.020 0.002
19.57 0.234 0.000 0.059 -0.004 0.019 0.003
19.58 0.234 0.000 0.059 -0.000 0.018 0.004
19.59 0.234 0.000 0.059 0.004 0.018 0.004
19.60 0.000 0.000 0.000 0.005 0.017 0.004
19.61 0.000 0.000 0.000 0.007 0.016 0.004
19.62 -0.078 0.000 0.000 0.008 0.015 0.004
19.63 -0.078 0.000 0.059 0.008 0.014 0.005
19.64 -0.078 0.000 0.059 0.009 0.014 0.005
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Figure 6-202011

Time
(us)

19.65
19.66
19.67
19.68
19.69
19.70
19.71
19.72
19.73
19.74
19.75
19.76
19.77
19.78
19.79
19.80
19.81
19.82

3Bp/at
(T/s)

-0.078
-0.078
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.078
-0.078
-0.156
-0.156
-0.156
-0.156
-0.156

Digital data for event 19.3 (continued)

3BN/3t
(T/s)

0.078
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

259D, /3t
(T/s)

0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
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Bg
(uT)

0.010
0.011
0.012
0.013
0.015
0.016
0.018
0.019
0.021
0.023
0.023
0.024
0.025
0.025
0.025
0.025
0.025
0.025

By
(uT)

0.014
0.013
0.012
0.011
0.011
0.010
0.009
0.008
0.007
0.007
0.006
0.005
0.004
0.003
0.003
0.002
0.001
0.000

ZIODZ
(uT)

0.006
0.007
0.007
0.008
0.008
0.009
0.010
0.010
0.011
0.011
0.012
0.013
0.013
0.014
0.014
0.015
0.016
0.016




Thunder
microphone
output
D
+
Slow
antenna
AE
0 = o= 7

—t 1.2 sec. |w&—
horizontal range = 400 m

Date: 79219 M.S.T.: 1022:51

Figure 6.2.3 Slow E field change and thunder microphone
record of midrange leader

80




@ ZENITH
)

-+
1

V4

L7 7EL
PSS 770NVS
LS LA SUSRCES |

CNSLANCHLLZA L AL

SLLTHA

2

EAST

ORLTELTN A7 TARLON A7 LA

ticks on axes at 1 km intervals,

Date : 79219 M.S.T. : 1022:51

Note: Three lightning channels to earth

1,2,3 indicate set numbers of 3T/t pulses.

Figuee 6.2.4 Acoustic location of midrange leader(s)
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from derivative waveform
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SiN(¢),¢ contour plot
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Whole-sky photogroph Folamilla o
Date: 79219 M.S.T.: 102950

Figure 6.2.5A sin(6),¢ contours for midrange leader(s) derivative

waveform and whole-sky videctape photograph ( )
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Figure 6.2.5B sin(6), ¢ contours for midrange leader(s)
.waveform and whole-sky videotape photograph
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Figure 6.2.6A.1 Tabulation of peak values for each event
waveform set for midrange leader(s)

Yeardate: 79219

from derivative

M.S.T.: 1022.51 SET 1
¢ = 319° ; g= 32° s r = 755 m
et mime  Z,A9D, /3t 9B /at  AdB />t  A2B /ot  49B /ot  |adB/acl
Number (1) (T/s) (1/s) (T/s) (T/s) (T/s) (T/s)
1.3 1.33 0.18 1.48 0.31 -0.71 -0.46 0.85
3.6 3.58 -0.06 0.39 0.24 -0.26 -0.07 0.27
4.1 4.05 0.12 2.42 2.58 -2.08 -0.07 2.09
7.4 7.41 0.00 0.70 0.86 -0.65 0.02 0.65
13.3  13.32 -0.06 0.70 0.70 -0.58 -0.03 0.59
CALCULATED VALUES FOR 3T/3t
Event 3T, /3¢ aT,/ 3t 13T/ 5¢l a
2
Number (1015 Am/sz) (1015 Am/sz) (1015 Am/s”) (deg)
1.3 1615 1036 1919 303
3.6 579 160 601 285
4.1 4719 155 4722 272
7.4 1481 -37 1482 269
13.3 1324 79 1326 273

Figure 6.2.6A.2 Tabulation of peak values for each event
waveform set for midrange leader(s) '

from derivative

Yeardate: 79219 M.S.T.: 1023.51 SET 2
6 = 176° ;8=236 ; r = 68l m
Event  pyne Z,A3D /3t  A3B /3t  AdB /3t  AdB /3t  A3B /ot 183B/atl
Number — (,;q) (1/s) (T/s) (T/s) (T/5) (T/s) (T/5)
6.2 6.23 -0.30 -0.55 -0.70 -0.46 -0.25 0.5
18.9  18.92 -0.06 -0.16 -0.94 -0.59 -0.05 0.59
CALCULATED VALUES FOR 3T/3t
Event 3T, /3t AT,/ 3¢ 1aT/at| a
2
Number (1015 Am/sz) (1015 Am/sz) (1015 Am/s”) (deg)
6.2 933 507 1062 299
18.9 1194 92 1198 274
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Figure 6.2.6A.3
waveform set for midrange leader(s)

Yeardate:

$ = 230° ; = 67° 5 r = 435 p
Event Time Z,A%D /3t A3BL/3t A3B /3t
Number (T/s) (T/s) (T/s)
12.9 12.89  -0.35 -0.86 0.16
12 8 18.77 0.12 -0.47 0.55
19.3 19.28  -0.47 -1.41 0.55
CALCULATED VALUES FOR 3T/t
Event 3T2/8t 3T3/8c
Number (lO15 Am/sz) (1015 Am/sz)
12.9 -1266 282
18.8 -1186 -77
19.3 -2385 316

85

Tabulation of peak values for each event from derivative

SET 3
838, /ot A3B_/ot 1458/ 3¢ ]
(T/s) (T/s) (T/s)
0.97 -0.22 1.00
0.91 0.06 0.91
1.83 -0.24 1.85
19T/ ¢l a
(10%% an/s?) (deg)
1297 77
1188 94
2405 82




Figure 6.2.6B.1 Tabulation of peak values for each event from waveform set

for midrange leader(s)

Yeardate: 79219

=340 ; 8= 6°

M.S.T.:1022.51

; r =3827 m
Event )
n Time ZOADa ABE ABN ABh ABe

Number (us) (uT) (uT) (uT) (uT) (uT)

7.4 7.43 0.00 0.02 0.04 -0.02 -0.00
13.3 13.34 -0.00 0.01 0.02 -0.01 -0.00
18.8 18.78 0.00 -0.01 0.03 -0.01 0.01

CALCULATED VALUES FOR‘T;.¥
Event T
T, T, IT|

Number (10? Am/s) (10° Am/s) (10° An/s)

7.4 229 39 233

13.53 152 30 155

18.8 121 -105 160

Figure 6.2.6B.2 Tabulation of peak values for each event from waveform set

for midrange leader(s)

Yeardate: 79219 M.S.T.:1022.51
0 0
¢ = 172 ; 0= 55 ; r = 488 m

Event Time ZOADa ABE ABN ABh ABe
Number (us) (uT) (uT) (uT) (uT) (uT)

6.2 6.23 -0.01 -0.01 -0.02 -0.02 -0.01
18.9 18.94 -0.00 -0.01 -0.03 -0.03 -0.00

CALCULATED VALUES FOR‘IL.?
Event IT|
TZ T3 IT|
9

Number (109 Am/s) (109 Am/s) (10" Am/s)

6.2 "8 8 29

18.9 39 1 39
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SET 1

|AB|
(uT)

0.02
0.01
0.01

]

(deg)
280
D8
229

SET 2

| AR
(uT)

0.02
0.03

(deg)
286
271
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Figure 6.2.6B.3 Tabulation of peak values for each event fronm waveform set
for midrange leader(s)

i I e S R DR |

Yeardate: 79219 M.S.T.:1022,51 SET 3
0 0
b= 242 ; 8 =55 ; T = 488 m
. AR
Event  Time Z,8D 8B 8By 8B, AB, |
Number (us) (u1) (pT) (nT) (uT) (uT) (uT)
12.9 12.91 -0.01 -0.03 0.01 0.03 -0.00 0.03
14.0 14.00 -0.00 -0.01 0.01 0.01 -0.00 0.01
19.3 19.29 -0.02 -0.05 0.02 0.05 -0.00 0.05
qm——
CALCULATED VALUES FOR lt.$
Event H] a
ven TZ T3
Number (]_()9 Am/s) (109 Am/s) (10° Am/s) (deg)
12.9 -37 7 37 79
14.0 -19 2 19 85
19.3 ~68 5 68 86

Figure 6.2.6B.4

Tabulation of
for midrange leader(s)

peak values for each event from waveform set

Yeardate: 79219 M.S.T.:1022.51 SET 4
$ = 195 ; 6 = 11° ; r =2096 m
|aBI
Event Time zoADa ABE ABN ABh ABe
Number (us) (uT) (uT) (ut) (uT) (uT) (uT)
1.3 1.34 0.01 0.05 0.01 -0.00 0.03 0.03
3.6 3.58 0.00 0.01 0.01 0.00 0.00 0.00
4.1 4,05 0.01 0.10 0.09 0.03 0.06 0.07
4
T.7
CALCULATED VALUES FOR lt.
Event T, T, IT a
9
Number (109 Am/s) (109 Am/s) (10” Am/s) (deg)
1.3 20 -158 159 187
O 3 -17 -24 29 145
4.1 -203 -376 427 152
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6.3 Nearby Leader

O

Our third example is given in figures 6.3.°++. Thig is
labelled "nearby leader.” Figures 6.3.1A and 6.3.1B show the
derivative fields and fields for the 20 Us record.

Figure 6.3.3 shows the slow electric field and thunder
microphone records, from which a horizontal range of 95 m is
estimated. Figure 6.3.4 gives the acoustic source reconstruction
indicating one principal streamer channel near the Kiva.

Extending from about 5 km height there is some branching also
collecting charge about 1.5 km a little north of west. On this is
superimposed the location of the two EM sources which were very
close together on this scale. Figures 6.3.5A and 6.3.5B show the
same whole-sky videotape photograph indicating a channel to the
west. Noting that this whole-sky camera is not exactly at the
Kiva, but about 50 m north of it on the highest point of South
Baldy peak (see fig. 1.1), the several channel location techniques
give quite good agreement.

Looking at the 6, ¢ contours for derivative data in figure
6.3.5A we find two approximate sets of contour intersections.
This was aided by noting the direction of 91/3t pulses in figure
6.3.7A. Figure 6.3.5B does the same for the field waveform pulses
with good agreement, including the directions of the pulses in
figures 6.3.7B.

(E} Noting the two sources approximately above and below each
other, these appear to be on or near the same main channel. It 1is
conceivable that the lower source is a positive streamer and the
upper streamer a negative one with the two streamers heading
toward each other. For the plots of the BT/Gt and T pulses in
figures 6.3.7A and 6.3.7B we have chosen the convention ¥ eg M
since such an above possibility is difficult to confirm. ©
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Figure 6.3.1A Derivative fields from nearby leader
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Figure 6.3.2.1 Digital data for event 3.0

O

[ 1= vaseline which is subtracted for peaks and numerical integration

Yeardate: 79225 Time: 12:46:19 M.S.T.

. B Z.D
Time aBE/ ot aBN/ at ZoaDz/ 9t BB N o~z
(us) (T/s) (T/s) (T/s) (wT) (uT) (uT)
2.93 -0.078 0.078 0.000 -0.000 0.000 0.000 -
2.94 -0.078 0.078 0.000 -0.000 0.000 0.000
2.95 -0.156 0.078 0.000 -0.001 0.000 0.000
2.96 -0.156 [0.078] 0.000 -0.002 0.000 0.000
2.97 -0.23k4 0.156 0.000 -0.003 0.001 0.000
2.98 -0.625 0.156 0.000 -0.009 0.002 0.000
2.99 -0.938 0.156 0.000 -0.017 0.002 0.000
3.00 -0.078 0.5k47 -0.017 0.007 0.000
3.01 0.547 0.547 0.059 -0.011 0.012 0.001
3.02 0.859 0.547 0.236 -0.002 0.016 0.003
3.03 0.000 0.23k4 0.295 -0.001 0.018 0.006
3.0k 0.000 0.000 0.236 -0.000 0.017 0.008
3.05 -0.078 -0.078 -0.k412 -0.000 0.016 0.00L4
3.06 -0.313 -0.078 -0.471 -0.002 0.014 -0.001
3.07 -0.313 -0.078 0.000 -0.005 0.013 -0.001
3.08 -0.313 -0.078 0.059 -0.007 0.011 -0.000
3.09 -0.078 -0.078 0.059 -0.007 0.010 0.000
3.10 -0.078 -0.078 0.118 -0.007 0.008 0.002 (:)
3.11 -0.078 -0.078 0.177 -0.007 0.007 0.003
3.12 -0.078 -0.078 0.177 -0.007 0.005 0.005
3.13 -0.078 -0.078 0.118 -0.007 0.004 0.006
3.14 -0.078 -0.078 0.059 -0.007 0.002 0.007
3.15 -0.078 0.000 0.000 -0.007 0.001 0.007
3.16 -0.078 0.000 0.000 -0.007 0.000 0.007
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Figure 6.3.2.2 Digital data for event 3.9

qE) [_J = baseline which is subtracted for peaks and numerical integration

Yeardate: 79225 Time: 12:46:19 M.S.T.
Time dBp/at aBy/at 253D, /0t BE By 25D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
3.83 0.000 0.078 0.000 0.000 0.000 0.000
3.8L 0.000 0.000 0.000 0.000
3.85 0.313 0.156 0.000 0.003 0.001 0.000
3.86 1.172 0.156 0.000 0.015 0.002 0.000
3.87 2.109 0.234 (0. 000] 0.036 0.003 0.000
3.88 1.875 0.5k47 -0.059 0.055 0.008 -0.001
3.89 0.5L47 0.859 ~0.236 0.060 0.016 -0.003
-~ 3.90 -0.391 0.859 -0.884 0.056 0.023 -0.012
3.91 -1.250 0.625 -1l.414 0.0L4) 0.029 -0.026
3.92 ~-1.563 0.313 -1.826 0.028 0.031 -0.04k
3.93 -1.563 0.000 -0.4T71 0.013 0.030 -0.0k49
3.9L4 -1.250 -0.078 0.000 0.000 0.029 -0.0k9
3.95 -0.703 -0.313 0.530 -0.007 0.025 -0.044
3.96 -0.625 -0.313 0.943 -0.013 0.021 -0.034
3.97 -0.313 -0.313 0.943 -0.016 0.017 -0.025
3.98 -0.078 -0.313 0.766 -0.017 0.013 -0.017
, 3.99 -0.078 -0.313 0.530 -0.018 0.009 -0.012
4.00 0.234 -0.078 0.471 -0.016 0.008 -0.007
' 4.01 0.313 -0.078 0.295 -0.013 0.006 -0.004
4.02 0.547 0.000 0.059 -0.007 0.006 -0.004
4.03 1.172 0.313 0.059 0.005 0.008 -0.003
4.04 1.797 0.625 0.000 0.023 0.013 -0.003
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Figure 6.3.2.3 Digital data for event k.1

[J= baseline which is subtracted for peaks and numerical integration :

Yeardate: 79225 Time: 12:46:19 M.S.T.
Time 3Bgp/at 3By/at 253D, /3t B By ZoDy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
4.00 2238  -0.078 [Lnl 0.000  -0.000 0.000
L.o1 0.313 [£0.078] 0.295 0.001 -0.000 -0.002
k,02 0.5kLT 0.000 0.059 0.004 0.001 -0.006
4.03 1.172 0.313 0.059 0.013 0.005 -0.010
Lh.ok 1.797 0.625 0.000 0.029 0.012 -0.015
4.05 2.188 1.250 -0.236 0.048 0.025 -0.022
L.06 2.422 1.875 -0.412 0.070 0.0L45 -0.031
h.oT 1.87s5 2.500 -0.884 0.087 0.070 -0.0L4}
L.08 0.625 2.422 -1.826 0.091 0.095 -0.067
L.o9 0.54T 1.250 -2.297 0.09k 0.109 -0.095
L.10 0.23}4 0.547 -2.356 0.09L4 0.115 -0.123
4,11 0.000 0.000 -1.885 0.091 0.116 -0.1L47
h.12 -0.078 -0.391 -0.943 0.088 0.112 -0.161
h.,13 -0.625 -0.625 -0.177 0.080 0.107 -0.167
h.1k -1.250 -0.938 0.000 0.065 0.098 -0.172
h.15 -1.563 -1.016 -0.059 0.0L7T 0.089 -0.177
h.16 -1.641 -1.328 0.118 0.028 0.077 -0.181
ho17 -1.719 -1.563 O.LT1 0.009 0.062 -0.181 (:)
4.18 -1.641 -1.563 0.766 -0.010 0.047 -0.178
4.19 -1.328 -1.328 1.178 -0.025 0.035 -0.171
4.20 -1.016 -0.938 1.237 -0.038 0.026 -0.163
4.21 -0.938 -0.391 1.355 -0.050 0.023 -0.154
4.22 -0.703 -0.313 1.296 -0.059 0.021 . -0.146
4.23 -0.625 -0.078 1.178 -0.068 0.021 -0.139
4.24 -0.391 0.000 0.943 -0.074 0.021 -0.134
4.25 -0.391 0.234 0.707 -0.080 0.024 -0.132
4.26 -0.313 0.313 0.530 -0.085 0.028 -0.131
4,27 -0.313 0.469 0.471 -0.091 0.034 -0.131
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Figure 6.3.2.4 Digital data for event L.8

O

[ 1= baseline which is subtracted for peaks and numerical integration

Yeardate: T9225 Time: 12:46:19 M.S.T.
Time BBE/ ot QBN/ at ZoaDz/ ot Bg BN ZODZ
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
N 2 -0.313 0.000 0.295 0.000 0.000 -0.000
L. 78 0.000 0.295 0.000 0.000 -0.000
4. 79 -0.391 [0.000] 0.29 -0.001 0.000 ~0.000
4.80 -0.703 -0.078 -0.005 -0.001 -0.000
4.81 -1.250 -0.078 0.236 -0.01k -0.002 -0.001
k.82 -0.703 -0.391 0.295 -0.018 -0.005 -0.001
4.83 -0.078 -0.391 0.295 -0.016 -0.009 -0.001
4.84 0.547 -0.313 0.4T1 -0.007 -0.013 0.001
4.85 0.547 -0.078 0.707 0.002 -0.013 0.005
4.86 0.313 0.000 0.530 0.008 ~-0.013 0.008
4.87 0.234 0.234 0.059 0.013 -0.011 0.005
4.88 0.000 0.313 0.000 0.016 -0.008 0.002
4,89 -0.078 0.313 -0.177 0.018 -0.005 -0.003
4.90 -0.313 0.313 -0.177 0.018 -0.002 -0.007
4.91 -0.234 0.234 0.000 0.019 0.001 -0.010

O

Figure 6.3.2.5 Digital data for event T.3

[ = vaseline which is subtracted for peaks and numerical integration

Yeardate: 79225 Time: 12:46:19 M.S.T.
Time dBp/at aBy/at 253D,/3t B By ZoDy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
7.23 -0.078 0.078 . 0.000 -0.000 0.000 0.000
T.2L4 [C0.078] 0.078 0.000 -0.000 0.000 0.000
T.25 0.547 0.000 0.006 0.000 0.000
T.26 0.547 0.156 0.000 0.012 0.001 0.000
T.27 0.000 0.156 0.000 0.013 0.002 0.000
7.28 -0.313 0.078 0. 000] 0.011 0.002 0.000
T.29 -0.391 0.000 -0.177 0.008 0.001 -0.002
7.30 -0.391 0.000 -0.471 0.005 0.000 -0.006
7.31 -0.391 0.000 -0.412 0.002 -0.001 -0.011
7.32 -0.391 0.000 0.059 -0.002 -0.002 -0.010
7.33 -0.313 0.078 0.295 -0.004 -0.002 -0.007
7.34 -0.313 0.156 0.295 -0.007 -0.001 -0.004
7.35 -0.156 0.156 0.236 -0.007 -0.000 -0.002
7.36 -0.078 0.156 0.177 -0.007 0.000 0.000
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Figure 6.3.2.6 Digital data for event 13.1

1=

Time
(us)

13.02
13'03
13.04
13.05
13.06
13.07
13.08
13.09
13.10
13.11
13.12
13.13
13.14
13.15
13.16
13.17
13.18
13.19
13.20
13.21
13.22
13.23
13.24
13.25
13.26
13.27
13.28

baseline which is subtracted for peaks and numerical integration (:)

Yeardate:

aBp/at
(T/s)

-0.078
-0.078
~0.078]
0.000
0.234
0.313
0.625
0.547
0.234
0.000
-0.313
-0.391
-0.391
-0.469
-0.469
-0.469
-0.469
-0.391
-0.313
-0.156
-0.156
-0.078
-0.078
-0.078
-0.156
-0.156
-0.078

79225 Time: 12:46:19 M.S.T.

3By/3t  2,3D,/0t

(T/s) (T/s)
0.078 0.059
0.059
0.156 0.059
0.156
0.156 0.000 _
0.156 0.000
0.078 0.000
0.000 0.000
0.000 -0.118
0.000 -0.236
-0.078 -0.412
-0.078 -0.4T71
0.000 -0.236
0.000 0.000
0.000 0.059
0.156 0.236
0.156 0.295
0.156 0.295
0.156 0.295
0.156 0.295
0.156 0.295
0.234 0.236
0.234 0.236
0.234 0.177
0.234 0.118
0.156 0.118
0.156 0.059
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Bg
(uT)

-0.000
-0.000
-0.000
0.001
0.00k
0.008
0.015
0.021
0.024
0.025
0.023
0.020
0.016
0.012
0.009
0.005
0.001
-0.002
-0.004
-0.005
-0.006
-0.006
-0.006
-0.006
-0.007
-0.007
-0.007

(uT)

0.000
0.000
0.001
0.002
0.002
0.003
0.003
0.002
0.002
0.001
-0.001
-0.002
-0.003
-0.00k
-0.005
-0.004
-0.003
-0.003
-0.002
-0.001
-0.000
0.001
0.003
0.004
0.006
0.007
0.008

ZoD,
(uT)

-0.000
-0.000
-0.000
~0.000
-0.001
-0.001
-0.002
-0.002
-0.004
-0.007
-0.012
-0.017
-0.020
-0.021
-0.021
-0.019
-0.017
-0.015
-0.012
-0.010
-0.007
-0.006
~0.004
-0.003
-0.002
-0.002
-0.002
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from waveform -
. 0
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Figure 6.3.6A.1

Tabulation of peak values for

Yeardate:

waveform set for nearby leader

79225 M.S.T.: 1246.19
0 [o]
¢= 61 ; 6= 18 5 £ = 307 m
Event Time ZoAaDz/at AaBE/Bt AaBN/Bt
Number (us) (T/s) (T/s) (T/s)
3.0 2.99 0.00 ~-0.86 0.47
4.8 4,81 0.24 -0.94 -0.39
CALCI'LATED VALUES FOR 3%/3¢
Event 3T2/3t 3T3/3t
Number (1015 Am/sz) (1015 Am/sz)
3.0 475 -3
4,8 305 -367

Figure 6.3.6A.2 Tabulation of

waveform set for nearby leader
Yeardate: 79225 M.S.T.: 1246.19
¢ = 74° ;0 = 50° sy r = 124 m
Event .00 Z,83D /ot A3B. /3t 3B /3t
Number ()5 (T/s) (T/s) (T/s)
3.9 3.87 -0.88 2.11 0.70
4.1 4.06 -2.36 2.19 2.58
7.3 7.26 0.00 0.63 0.08
13.1 13.08 -0.24 0.70 0.08
CALCULATED VALUES FOR 3T/3t
Event 3T2/ac 8T3/8t
15 2
Number (1015 Am/sz) (107" Am/s”)
3.9 -531 234
4.1 -403 573
7.3 -168 46
13.1 -189 50
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each event from derivative

SET 1
A9B, /3t A3B_/dt 1438/ 3¢l
(T/s) (T/s) (T/s)
-0.51 0.00 0.51
-0.33 0.40 0.52
[9T/a¢l a
(1015 Am/sz) (deg)
475 270
478 220

Aanh/at
(T/s)

1.43
1.08
0.45
0.51

[9T/3tl

AaBe/at
(T/s)

-0.63
-1.54
-0.12
-0.13

105 an/s?)

580
701
174
196

peak values for each event from derivative

SET 2

1A38/ 3t
(T/s)

1.56
1.88
0.47
0.53

(deg)

66
35
75
75




Figure 6.3.6B.1
for nearby leader

Yeardate: 79225 M.S.T.:1246.19

) 0
¢ = 68 ; 9=19 ;T =292 m
Ev
ent Time ZOADa ABE ABN
Number (ps) (uT) (uT) (uT)
3.0 2.99 0.00 -0.02 0.01
4.8 4,82 0.01 -0.02 -0.01
CALCULATED VALUES FOR‘TZ.$
Event
T2 T3
Number (109 Am/s) (109 An/s)
3.0 9 0
4,8 5 -8

Figure 6.3.6B.2
for nearby leader

Yeardate: 79225 M.S.T.:1246.19

¢ = 86° ;0 =53 ; r=119m
Event Time ZoADn ABE ABN
Number (us) (uT) (uT) (uT)
3.8 3089 -0001 0.06 0.02
4.1 4011 _0.09 0009 Ooll
7. 7.27 0.00 0.01 0.00
13.1 13.11 -0.01 0.03 0.00

.
CALCULATED VALUES FOR 1t.$

Event
ven TZ T3
Number (10° anm/s) (10° Am/s)
3.8 -17 4
4.1 -25 21
7.3 =4 1
13.1 -7 1
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AB

(uT)

-0.01
-0.01

ABh

(uT)

0.05
0.07
0.01
0.02

AB

(uT)

-0.00
0.01

AB
e
(uT)

-0.01
-0.06
-0.00
-0.00

Tabulation of peak values for each event from waveform set

SET 1

1B

(uT)

0.01
0.01

o

(deg)

270
214

Tabulation of peak values for each event from waveform set

SET 2

|aBI
(uT)

0.05
0.09
0.01
0.02

(deg)

78
49
82
83

O
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Figure 6.3.7A.1

a?/at for nearby leader (set 1)
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6.4 Distant Return Stroke

Our fourth example is given in figures 6.4, cc+, Thisg is
labelled "return stroke”" based on the wide (1 us) pulses as
indicated in figure 6.4.1B, as well as the sustained deviation of
the later-time portions of the waveform. Figures 6.4.1A and
6.4.1B show the derivative fields and fields for the 20 s
reéords.

Figure 6.4.3 shows the slow electrie field and thunder
mierophone records, from whieh a horizontal range of 1775 m is
estimated. Figure 6.4.4 gives the acoustia sourece reeonstruetion
indieating two possible alosures to ground. Extending from about
4 km height a little north of east of the Kiva the channel
approac¢hes the Kiva striking the ground about 2 km due east. On
this is superimposed the estimated loeations of the EM souree, one
each for the derivative waveform and the field waveform. Figures
6.4.5A and 6.4.5B show the same whole-sky videotape photograph
indicating a ehannel to the east, in agreement with the aeoustie
source loaation,

Looking at the 6, ¢ contours for derivative data in figure
6.4.5A we find a single approximate econtour interseection somewhat
north of east and at a high elevation. Similar results are found
from the field waveform pulses in figure 6.4.5B. These two (¢,
¢)values are cdombined with the horizontal range to give the two
estimates for the sourée lodation in figure 6.4.4. Note, however,
that the lightning dhannel is not vertical and the true sourae
loesation is likely to be farther to the east, and at a high
elevation, unless some branc¢hing oc¢eurs bask toward the west.

Figures 6.4.7A and 6.4.7B give the rough streamer
reconstrud¢tion based on 5T /3t and respectively. The streamer
is assumed positive, i.e., Véf 4+ 7, in keeping with the
charaéter of a return stroke. Note, however, the high elevation.
This return-stroke corresponds to a large and wide eurrent pulse
in the elouds. A larger range (as 1s possible) would give larger
3T/8t and T pulses than indicated in figures 6.4.7A and 6.5.7B.
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Figure 6.4.1A Derivative fields from distant return-stroke
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Figure 6.4.2.1 Digital data for event L.l

[ = baseline which is subtracted for peaks and numerical integration <:)

Yeardate: 79219 Time: 10:13:04 M.S.T.
Time aBp/at dBy/at 253D, /3t BE By ZoD,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
3.81 0.000 -0.078 -0.353 '0.000 0.001 -0.000
3.82 0.000 -0.078 -0.353 0.000 0.002 -0.000
3.83 0.000 [=0.078] 0.000 0.002 -0.000
3.84 0.000 -0.156 -0.412 0.000 0.002 -0.001
3.85 -0.23L4 -0.k412 0.000 0.002 -0.001
3.86 0.078 -0.156 -0.k412 0.001 0.002 -0.002
3.87 0.156 -0.234 -0.kT71 0.002 0.001 -0.003
3.88 0.156 -0.313 -0.530 0.00L -0.001 -0.005
3.89 0.156 -0.391 -0.589 0.005 -0.003 -0.007
3.90 0.156 -0.391 -0.589 0.007 -0.005 -0.009
3.91 0.156 -0.313 -0.530 0.009 -0.007 -0.011
3.92 0.078 -0.313 -0.530 0.009 -0.009 -0.013
3.93 0.078 -0.234 -0.4T71 0.010 -0.009 -0.01%4
3.94 0.078 -0.23k -0.k71 0.011 -0.010 -0.015
3.95 0.078 -0.313 -0.589 0.012 -0.012 -0.018
3.96 0.078 -0.313 -0.589 0.013 -0.013 -0.020
3.97 0.156 -0.313 -0.589 0.01k -0.015 -0.022
3.98 0.156 -0.391 -0.648 0.016 -0.017 -0.025 {:)
3.99 0.156 -0.391 -0.707 0.017 -0.020 -0.029
k.00 0.156 -0.547 -0.825 0.019 -0.023 -0.034
h.o1 0.156 -0.625 -0.88%4 0.020 -0.028 -0.039
.02 0.156 -0.703 -1.119 0.022 -0.03% -0.047
k.03 0.156 -0.859 -1.119 0.023 -0.041 -0.054
L.ok 0.313 -0.781 -0.943 0.027 -0.0k47 -0.060
4.05 0.313 -0.703 -0.884 0.030 -0.052 -0.065
4.06 0.391 -0.703 -0.825 0.03%4 -0.058 -0.070
L.07 0.469 -0. 703 -0.88%4 0.038 -0.063 -0.076
4.08 0.391 -0.703 -0.943 0.042 -0.069 -0.081
4.09 0.391 -0.938 -1.178 0.0L46 -0.077 -0.090
4,10 0.234 -1.016 -1.355 0.048 -0.085 -0.100
h.11 0.000 -0.938 -1.178 0.048 -0.093 -0.108
h,12 0.000 -0.703 -0.943 0.0L48 -0.099 -0.114
h.13 0.000 -0.625 -0.707 0.048 -0.103 -0.117
L1k -0.078 -0.469 -0.6L48 0.0L48 -0.106 -0.120
4,15 -0.078 -0.391 -0.648 0.0L47 -0.109 -0.123
L.16 -0.078 -0.391 -0.589 0.046 -0.111 -0.126
Lh.17 -0.078 -0.391 -0.589 0.045 -0.113 -0.128
4.18 -0.078 -0.391 -0.6L48 0.0L5 -0.116 -0.131
4.19 0.000 -0.391 -0.707 0.045 -0.118 -0.134
L4.20 0.000 -0.469 -0. 766 0.0L45 -0.121 -0.139
L.21 0.000 -0.469 -0. 766 0.0k4s -0.124 -0.143
Lh.22 0.000 -0.469 -0.707 0.0L45 -0.127 -0.146
4.23 0.000 -0.391 -0.648 0.0k4s -0.130 -0.1L49 Q:)
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Figure 6.4.2.1
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Digital data for event 4.1 (continued)
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-0.158
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-0.151
-0.147
-0.144
-0.140
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-0.131
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Figure 6.4.2.1
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0.469
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0.469
0.391
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0.391
0.391
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0.391
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253D,/ 3t
(T/s)

0.059
0.059
0.059
0.118
0.059
0.118
0.177
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0.177
0.236
0.236
0.236
0.236
0.295
0.295
0.295
0.295
0.295
0.295
0.295
0.295
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0.295
0.295
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0.295

118

Bg
(uT)

0.026
0.025
0.025
0.024
0.023
0.022
0.022
0.021
0.020
0.019
0.018
0.018
0.017
0.016
0.015
0.015
0.014
0.013
0.012
0.011
0.011
0.010
0.009
0.007
0.006
0.004
0.003
0.001
-0.000

Digital data for event 4.1 (continued)
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(uT)

-0.080
-0.076
-0.072
-0.068
-0.064
-0.060
-0.056
-0.051
-0.046
-0.042
-0.037
-0.032
~-0.028
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-0.017
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0.005
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~0.084
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-0.034
-0.027
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Figure 6.4.2.2 Digital data for event 8.1

([)[:::] = baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:13:04 M.S.T.
Time 3Bp/at aBy/at 259D,/3t Bp By ZoD,
(ps) (T/s) (T/s) (T/s) (uT) (uT) (uT)
T7.91 0.078 -0.23%4 -0.353 0.000 0.002 -0.000
7.92 0.078 -0.23L 0.000 0.005 -0.000
7.93 0.078 -0.23L4 -0.412 0.000 0.007 -0.001
T7.94 0.078 -0.23k -0.k412 0.000 0.009 -0.001
7.95 0.078 -0.k71 0.000 0.012 -0.002
7.96 0.078 -0.313 -0.hkT1 0.000 0.013 -0.00k
T.97 0.078 -0.391 -0.471 0.000 0.01k -0.005
7.98 0.078 -0.391 -0.530 0.000 0.015 -0.007
7.99 0.078 -0.469 -0.589 0.000 0.015 -0.009
8.00 0.078 -0.547 -0.648 0.000 0.01k -0.012
8.01 0.078 -0.703 -0.707 0.000 0.012 -0.015
8.02 0.078 -0.703 -0.884 0.000 0.009 -0.021
8.03 -1.016 -0.943 0.000 0.00k -0.027
8.0k -0.156 -1.016 -1.119 -0.002 -0.002 -0.03}4
8.05 -0.156 -1.016 -1.178 -0.005 -0.007 -0.0Lk2
8.06 0.078 -0.938 -1.119 -0.005 -0.012 -0.050
8.07 0.234 -0.703 -0.88L4 -0.003 -0.01k -0.055
(]) 8.08 0.313 -0.625 -0.707 -0.001 -0.016 -0.059
8.09 0.313 -0.469 -0.648 0.002 -0.016 -0.062
8.10 0.391 -0.469 -0.589 0.005 -0.016 -0.064
8.11 0.469 -0.469 -0.648 0.009 -0.016 -0.067
8.12 0.5L47 -0.5k47 -0.707 0.013 -0.016 -0.0T1
8.13 0.547 -0.625 -0.884 0.018 -0.018 -0.076
8.1k 0.547 -0.703 -0.943 0.023 -0.020 -0.082
8.15 0.469 -0.859 -1.119 0.027 -0.024 -0.090
8.16 0.469 -1.016 -1.178 0.031 -0.030 -0.098
8.17 0.469 -0.938 -1.178 0.034 -0.03%4 -0.106
8.18 0.469 -0.938 -1.178 0.038 -0.039 -0.114
8.19 0.469 -0. 781 -1.119 0.0L4k2 -0.0k2 -0.122
8.20 0.469 -0.703 -1.001 0.0L46 -0.0LY -0.129
8.21 0.469 -0.703 -0.943 0.050 -0.0k7 -0.13k
8.22 0.391 -0.625 -0.884 0.053 ~0.048 -0.140
8.23 0.391 -0.469 -0.88Y 0.056 -0.048 -0.1L45
8.24 0.313 -0.391 -0. 766 0.059 -0.048 -0.1L49
8.25 0.313 -0.313 -0.648 0.061 -0.0L46 -0.152
8.26 0.234 -0.078 -0.471 0.063 -0.0k42 -0.153
8.27 0.234 -0.078 -0.471 0.06L -0.038 -0.154
8.28 0.234 -0.078 -0.k71 0.066 -0.03k -0.156
8.29 0.156 -0.078 -0.412 0.066 -0.030 -0.156
8.30 0.078 -0.078 -0.353 0.066 -0.026 -0.156
8.31 0.000 -0.078 -0.353 0.065 -0.024 -0.156
8.32 0.000 -0.078 -0.353 0.064 -0.023 -0.156
8.33 0.000 -0.078 -0.353 0.064 -0.021 -0.156
O 8.34 -0.078  -0.078 -0.353 0.062 -0.020  -0.156
8.35 -0.156 -0.078 -0.353 0.060 -0.018 -0.156
8.36 -0.156 -0.078 -0.353 0.057 -0.017 -0.156
8.37 -0.234 -0.078 -0.353 0.054 -0.015 -0.156
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Figure 6.4.2.2
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Digital data for event 8.1 (continued)
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Figure 6.4.2.2
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Digital data for event 8.1 (continued)
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Figure 6.4.2.3 Digital data for event 11.5

[:::] = baseline which is subtracted for peaks and numerical integratio(:)

Yeardate: 79219 Time: 10:13:04 M.S.T.

Time aBE/at aBN/at Zo3D, /0t BE By - ZgD,
(us) (T/s) (T/s) (T/s) (uT) (uT) - (uT)
11.43 0.000 [0.000] 0.000 ~ 0.000 0.000
11.k4)h 0.000 -0.078 -0.059 0.000 -0.001 -0.001
11.L45 - -0.078 ~0.118 0.000 -0.002 -0.002
11.46 0.078 -0.313 -0.177 0.001  -0.005 ~0.004
11.47 ~ 0.156  -0.391 -0.236 0.002 -0.009 ~0.006
11.48 - 0.234 -0.391 - =0.h12 0.005 "=0.013 -0.010
11.k49 0.234 '-0.391 -0.h72 0.007 -0.016 -0.015
11.50 0.234 -0.313 -0.530 0.009 -0.020 = -0.020
11.51 0.23%4 -0.234 -0.k71  0.012 = -0.022  -0.025
11.52  0.234 -0.234  -0.h12 0.01k4 -0.024 -0.029
11.53 0.23L4 -0.156 -0.kh12 0.016 -0.026 -0.033
11.54 0.234 -0.156 -0.k412 0.019 ~0.027 - =0.037
11.55 0.156 -0.156 -0.353 0.020 -0.029 -0.041
11.56 0.078 -0.156 -0.353 0.021 -0.030 -0.0k4Y
11.57 0.078 -0.078 -0.353 0.022 -0.031 -0.0L48
11.58 0.000 -0.078 -0.353 0.022 -0.032 -0.051
11.59 0.000 -0.078 -0.295 0.022 -0.033 -0.054
11.60 0.000 -0.078 -0.295 0.022 -0.03k4 -0.057
11.61 0.000 -0.078 -0.295 0.022 ~-0.034 -0.060 (:)
11.62 0.000 -0.078 -0.295 0.022 -0.035 -0.063
11.63 0.000 -0.078 -0.177 0.022 -0.036 -0.065 °
11.64 0.000 -0.078 -0.177 0.022 -0.037 -0.067
11.65 0.000 0.000 -0.177 0.022 -0.037 -0.068 "
11.66 0.000 0.000 -0.118 0.022 -0.037 -0.070
11.67 0.000 0.000 -0.177 0.022 -0.037 -0.0T71
11.68 0.000 0.000 -0.118 0.022 -0.037 -0.072
11.69 0.000 0.000 -0.118 0.022 -0.037 -0.074
11. 70 0.000 0.000 -0.177 0.022 -0.037 -0.075
11. 71 0.000 0.000 -0.118 0.022 -0.037 -0.077
11. 72 -0.078 0.000 -0.118 0.021 -0.037 -0.078
11. 73 -0.078 0.000 -0.059 0.020 -0.037 -0.078
11.7h -0.078 0.000 0.000 0.020 -0.037 -0.078
11.75 -0.078 0.000 -0.059 0.019 -0.037 -0.079
11.76 -0.078 0.000 -0.059 0.018 -0.037 -0.079
11.77 -0.078 0.000 -0.059 0.018 -0.037 -0.080
11.78 -0.078 0.000 -0.059 0.017 -0.037 -0.080
11.79 -0.078 0.078 -0.059 0.016 -0.036 -0.081
11.80 -0.078 0.078 0.000 0.015 -0.035 -0.081
11.81 -0.078 0.000 0.000 0.015 -0.035 -0.081
11.82 -0.078 0.000 0.000 0.014 -0.035 -0.081
11.83 -0.078 0.156 0.000 0.013, -0.034 -0.081
11.84 -0.078 0.078 0.000 0.012 -0.033 -0.081
11.85 -0.078 0.078 0.000 0.011 -0.032 -0.081
11.86 -0.078 0.156 0.000 0.011 -0.031 -0.081 @
11.87 - -0.078 0.156 0.000 0.010 -0.029 -0.081
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Figure 6.4.2.3

Time
(us)

11.88
11.89
11.90
11.91
11.92
11.93
11.94
11.95
11.96
11.97
11.98
11.99
12.00
12.01
12.02
12.03
12.04
12.05
12.06
12.07
12.08
12.09
12.10
12.11
12.12
12.13
12.14
12.15
12.16
12.17
12.18
12.19
12.20
12.21
12.22
12.23
12.24
12.25
12.26
12.27
12.28
12.29
12.30
12.31
12.32
12.33
12.34
12.35

3Bp/at
(T/s)

-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.156
-0.156
-0.156
-00156
-0.156
-0.156
-0.078
-0.156
-0.156
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.234
-0.156
-0.156
-0.156
-0.156
-0.156
-00156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156

aBN/at
(T/s)

0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.234
0.234
0.234
0.234
0.234
0.234
0.234
0.234
0.313
0.313
0.313
0.313
0.234
0.234
0.234
0.234
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.391
0.313
0.313

253D,/ 3t
(T/s)

0.000
0.000
0.000
0.000
0.000
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.118
0.118
0.177
0.118
0.118
0.118
0.118
0.118
0.177
0.177
0.177
0.236
0.236
0.236
0.236
0.177
0.177
0.177
0.177
0.177
0.177
0.236
0.236
0.177
0.295
0.236
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Be
(uT)

0.009

0.008

0.008

0.007

0.006

0.005

0.004

0.004

0.003

0.002

0.001

0.000
-0.000
-0.001
-0.002
-0.003
-0.005
-0.007
-0.008
-0.010
-0.011
-0.012
-0.014
-0.015
-0.018
-0.020
-0.022
-0.025
-0.027
-0.029
-0.032
-0.034
-0.036
-0.039
-0.040
-0.042
-0.043
-0.045
-0.046
-0.048
-0.050
-0.051
-0.053
-0.054
-0.056
-0.057
-0.059
-0.060

Digital data for event 11.5 (continued)

By
(uT)

-0.028
-0.026
-0.025
-0.023
-0.021
-0.020
-0.018
-0.017
-0.015
-0.014
-0.012
-0.010
-0.009
-0.007
-0.004
-0.002
0.001
0.003
0.005
0.008
0.010
0.013
0.016

0.019

0.022
0.025
0.027
0.029
0.032
0.035
0.038
0.041
0.044
0.047
0.051
0.054
0.057
0.060
0.063
0.066
0.069
0.072
0.076
0.079
0.082
0.086
0.089
0.092

ZoDy
(uT)

-0.081
-0.081
-0.081
-0.081
-0.081
-0.080
~0.080
-0.079
-0.079
~0.078
-0.077
-0.077
-0.076
-0.076
-0.075
~-0.074
-0.074
-0.073
-0.073
-0.072
-0.072
-0.071
-0.070
-0.069
-0.067
-0.066
-0.064
-0.063
-0.062
-0.061
-0.059
-0.057
-0.056
-0.053
-0.051
-0.049
-0.046
-0.044
-0.043
-0.041
-0.039
-0.037
-0.036
-0.033
-0.031
-0.029
-0.026
-0.024




Figure 6.4.2.3

Time
(us)

12.36
12.37
12.38
12.39
12.40
12.41
12.42
12.43
12.44

3Bp/at
(T/s)

-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.234

Figure 6.4.2.4

[ ] = baseline which is subtracted for peaks and numerical

Time
(us)

12.93
12.94
12.95
12.96
12.97
12.98
12.99
13.00
13.01

13.02

13.03
13.04
13.05
13.06
13.07
13.08
13.09
13.10
13.11
13.12
13.13
13.14
13.15

aBN/at
(T/s)

0.391
0.391
0.313
0.313
0.391
0.391
0.391
0.313
0.313

Z53D,/8t BE
(T/s) (uT)
0.236 -0.062
0.236 -0.064
0.295 -0.065
0.236 -0.067
0.236 -0.068
0.295 -0.070
0.295 -0.071
0.295 -0.073
0.295 -0.075

Digital data for event 13.0

Yeardate: 79219

dBg/at
(T/s)

-0.156
- =0.156
-0.156
[-0.156
-0.078
-0.078
-0.078
-0.078
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.234
-0.234
-0.234%
-0.234
-0.234
-0.234
-0.234
-0.234

aBy/at
(T/s)

0.313

0.234
0.23h
0.234
0.000
0.000
0.234
0.234
0.313
0.313
0.391
0.391
0.391
0.391
0.469
0.391
0.391
0.391
0.391
0.391
0.391
0.391

Digital data for event 11.5 (continued)

By
(uT)

0.096
0.100
0.103
0.106

0.110

0.114
0.118

0.121

0.124

Time: 10:13:04 M.S.T.

Zo3D, /0t
(T/s)

0.295
0.295
0.295
0.295

0.2
0.236
0.177
0.177
0.17T7
0.295
0.295
0.412
0.412
0.412
0.412
0.412
0.412
0.471
0.471
0.471
0.530
0.530
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Bp
(uT)

-0.000
-0.000
-0.000
-0.000
0.001
0.002
0.002
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.002
0.001
0.001
-0.000
-0.001
-0.002
-0.002
-0.003

By
(uT)

~0.000
-0.000
-0.001
-0.002
-0.002
-0.005
-0.009
-0.009
-0.010
-0.010
-0.010
-0.009
-0.008
-0.008
-0.007
-0.005
-0.005
-0.004
-0.003

-0.002

-0.001
-0.001
0.000

ZoD,
(uT)

-0.021
-0.019
-0.016
-0.014
-0.011
-0.008
-0.006
-0.003

0.000

integration

26Dy

(UT)(:)

-0.000
-0.000
-0.000
-0.000
-0.000
-0.000
-0.001
-0.002
-0.003
-0.00k
-0.00L
-0.004
-0.003
-0.002
-0.000
0.001
0.002
0.003
0.005
0.007
0.008
0.011
0.013
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Figure 6.4.3 Slow E field change and thunder
microphone record of distant return-stroke
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Figure 6.4.4 Acoustic location of distant return stroke
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Figure 6.4.5A sin(0),¢ contours for distant return stroke derivative
waveform and whole-sky videotape photograph
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Figure 6.4.5B sin(6),¢ contours for distant return stroke waveform and
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Figure 6.4.6A

derivative waveform set for distant return stroke

Yeardate: 79219

¢ = 298° ;9 = 32°

Event Time
Number (us)
4.1 4.10
8.1 8.05

11.5 11.49
13.0 12.99

CALCULATED VALUES
Event

Number
4.1
8.1

11.5
13.0

zoAaDz/at
(T/s)

-1.00
-0.94
~0.53

0.12

FOR 31/t
aT2/3t

15 Am/sz)

-161
289
139

=454

(10

M.S.T.:

1013.04

;3 * = 3350 m

AaBE/Gt AaBN/at
(T/s) (T/s)
0-47 -0094
0.47 -0.78
0.23 -0.39
0-08 "0031

3T, /3t
(10" anm/s?)
5276
4569
2282
1559

129

A3B_ /a3t AB3B /ot
h e
(T/s) (T/s)
0.02 -0.53
-0.03 -0.45
-0.01 -0.23
0005 -0016
19T/t
(103 An/s?)
5279
4578
2286
1624

Tabulation of peak values for each event from

1838/ 3¢l

(T/s)

0.53
0.46
0.23
0.16

(deg)

356
357

16




Figure 6.4.6B

Yeardate: 79219 M.S.T.: 1013.04

o =280° ; 68 = 23

Event
Number

4.1
8.1

(o}

Time Z AD AB
o B8

E

(us) (uT) (uT)

4.10 -0.16 0.05

8.05 -0.16 0.07

11049 —0001 0.02
13.02 -0.00 0.00

CALCULATED VALUES FOR‘I;.T

Event

ven T2

Number (109 Am/s)
4.1 183
8.1 446
11.5 94
13.0 9

Tabulation of peak values for each
waveform set for distant return stroke

r = 4543 n

AB
(uT)

-0.13
-0.05
-0.04
-0.01

AB
(uT)

-0.01
-0.03
-0.01
-0.00

T3

(10° An/s)

130

929
418
292

71

AB
(uT)

-0.07
-0.03
-0.02
-0.01

—

IT]
(109 Am/s)

947
612
307

71

event from

1B
(uT)

0.07
0.04
0.02
0.01

a
(degg::)

349
313
342
353
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145
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1
%) -3
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Date s+ 78219 M.S.T.: 10813.04

Figuse 6.4.7A 3T/3t for distant return-stroke
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6.5 Midrange Leader(s)

Our fifth example is given in Figures 6.5. *** ., This is labelled
"midrange leader(s)". Figures 6.5.1A and 6.5.1B show the derivative
fields and fields -for the 20 us record.

Figure 6.5.3 shows the slow electric field and thunder microphone
records, from which a horizontal range of 672 m is estimated. Figure
6.5.4 gives the acoustic Source reconstruction. This strike extends
from about 3 km height. This can be compared to the videotape
Photographs showing the lightning arec reaching the ground east of the
Kiva.

The 6, ¢ contours give two approximate sets of contour
intersections estimated in Figures 6.5.5. Figures 6.5.7 are of
significant help in noting the directions of the yf/at pulses for
each set.
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T/s1 east component of 0B/st
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Date: 79219 M.S.T.: 0939:39
Figure 6.5.1A Derivative fields from midrange leader(s)
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uT 4.1 east component of B
\, 46
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Figure 6.5.1B

Date: 79219 M.S.T.:

Fields from midrange leader(s)
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Figure 6.5.2.1 Digital data for event 4.1

[ 1= baseline which is subtracted for peaks and numerical integrati(:)

Yeardate: 79219 Time: 09:39:39 M.S.T.
Time dBg/at 3By/ ot 253D,/ 3t Bp By ZoD,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
3.95 0.000 0.000 0.000 0.000 0.000 0.000
3.96 0.000 0.000 0.000 0.000
3.97 0.078 0.000 -0.059 0.001 0.000 -0.001
3.98 0.078 0.000 -0.118 0.002 0.000 -0.002
3.99 0.156 0.000  =-0.118 0.003 0.000 -0.003
4,00 0.234 0.000 -0.118 0.005 0.000 -0.004
4,01 . 0.313 0.000 -0.118 0.009 0.000 -0.005
4.02 0.313 -0.118 0.012 0.000 -0.006
4.03 0.547 -0.078 -0.236 0.017 -0.001 -0.009
4.04 1.172 -0.078 -0.236 0.029 -0.002 -0.011
4.05 2.422 -0.078 -0.295 0.053 -0.002 -0.014
4.06 3.125  -0.313 -0.353 0.084 -0.005 -0.018
4.07 3.125 -0.625 -0.648 0.116 -0.012 -0.024
4,08 2.422 -1.016 -1.355 0.140 -0.022 -0.038
4.09 1.250 -0.938 -2.297 0.152 -0.031 -0.061
4.10 0.547 -0.703 -2.592 0.158 -0.038 -0.087
4,11 0.000 -0.391 -1.885 0.158 -0.042 -0.105
4,12 0.000 -0.313 -1.355 0.158 -0.045 -0.119
4.13 ~0.313 ~0.391 -0.471 0.155 -0.049 -0.124 (:)
4.l4 -0.391 -0.391 -0.236 0.151 -0.053 -0.126
4.15 -0.703 -0.469 -0.177 0.144 -0.058 -0.128
4,16 -1.016 -0.313 -0.177 0.134 -0.061 -0.130
4,17 -1.016 , =-0.078 0.000 0.123 -0.062 -0.130
4.18 -0.938 0.000 0.236 0.114 -0.062 -0.127
4.19 -0.859 0.234 0.471 0.105 -0.060 -0.122
4.20 -0.859 0.234 0.707 0.097 -0.057 -0.115
4.21 = -0.859 0.234 0.707 0.088 -0.055 -0.108
4.22 -0.938 0.156 0.589 0.079 -0.053 ~0.102
4.23 -0.938 0.156 0.648 0.069 -0.052 -0.096
4,24 -0.625 0.313 0.707 0.063 -0.049 -0.089
4.25 -0.313 0.547  0.766 0.060 -0.043 -0.081
4.26 -0.625 0.625 0.766 0.054 -0.037 -0.073
4.27 -0.938 0.703 0.707 0.044 -0.030 -0.066
4.28 -0.781 0.625 0.295 0.037 -0.024 -0.063
4.29 -0.703 0.625 0.471 0.030 -0.017 -0.059
4.30 -0.625 0.625 0.766 0.023 -0.011 -0.051
4.31 -0.391 0.547 0.766 0.019 -0.006 ~0.043
4.32 -0.313 0.391 0.707 0.016 =~ =-0.002 -0.036
4.33 -0.078 0.469 0.471 0.016 0.003 -0.032
4.34 -0.078 0.547 0.412 0.015 0.008 -0.027
4.35 -0.078 0.547 0.353 0.014 0.014 -0.024
4.36 -0.078 0.313 0.236 0.013 0.017 -0.022
4.37 -0.078 0.313 0.059 0.012 0.020 -0.021
4.38 0.000 0.313 0.059 0.012 0.023 -0.020
4.39 0.000 0.313 0.059 0.012 0.026 -0.020
4.40 -0.078 0.313 0.059 0.012 0.029 -0.019
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Figure 6.5.2.1 Digital data for event 4.1 (continued)

Time dBgp/at dBy/at 253D, /3t Bp By ZoD,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
4.41 -0.078 0.313 0.059 0.011 0.032 -0.018
4.42 -0.078 0.313 0.059 0.010 0.035 -0.018
4.43 -0.078 0.313 0.059 0.010 0.038 ~-0.017
4.44 -0.078 0.234 0.059 0.009 0.041 -0.017
4.45 -0.078 0.234 0.059 0.008 0.043 -0.016
4.46 -0.078 0.156 0.000 0.007 0.045 -0.016
4.47 -0.078 0.156 0.000 0.007 0.046 -0.016
4.48 -0.078 0.234 0.000 0.006 0.049 -0.016
4.49 -0.078 0.234 0.000 0.005 0.051 -0.016
4.50 -0.078 0.234 0.000 0.004 0.053 -0.016
4.51 -0.078 0.234 0.000 0.003 0.056 -0.016
4.52 -0.078 0.234 0.000 0.003 0.058 -0.016

Figure 6.5.2.2 Digital data for event 4.6

[:::] = baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:39:39 M.S.T.

(:> Time dBp/at aBN/at zoaDz/at BE By Z4D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
4.52 -0.078 0.234 0.000 -0.000 0.000 0.000
4.53 0.234 0.000 -0.000 0.000 0.000
4,54 0.000 0.234 0.000 0.001 0.000 0.000
4,55 1.172 [0.23%] 0.000 0.013 0.000 0.000
4.56 1.484 0.156 0.000 0.029 -0.001 0.000
4.57 0.625 0.078 0.036 -0.002 0.000
4,58 0.234 0.000 -0.412 0.039 -0.005 -0.004
4.59 -0.703 0.156 -0.943 0.033 -0.005 -0.014
4.60 -0.938 0.234 -1.119 0.024 -0.005 -0.025
4,61 -0.938 0.234 -0.412 0.016 -0.005 -0.029
4.62 -0.703 0.234 0.471 0.009 -0.005 -0.024
4.63 -0.703 0.234 0.707 0.003 -0.005 -0.017
4.64 -0.625 0.000 0.707 -0.002 -0.008 -0.010
4.65 -0.391 0.000 0.471 -0.005 -0.010 -0.005
4.66 -0.391 -0.078 0.295 -0.009 -0.013 -0.002
4.67 -0.313 -0.078 0.295 -0.011 -0.016 0.001
4.68 -0.078 0.000 0.236 -0.011 -0.019 0.003
4.69 -0.078 0.234 0.236 -0.011 -0.019 0.005
4.70 -0.078 0.313 0.236 -0.011 -0.018 0.007
4.71 0.000 0.313 0.236 -0.010 -0.017 0.010
4.72 0.000 0.391 0.177 -0.009 -0.016 0.011
4.73 0.000 0.391 0.118 -0.009 -0.014 0.013
8.7 =8:918 8:313 8:838  =8:897  -8:8%4 8:813

(]> 4.76 -0.391 0.234 0.000 -0.014 -0.013 0.013
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Figure 6.5.2.3 Digital data for event 5.5

[__1= baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:39:39 M.S.T.
Time 3Bp/at 3By /at 253D, /03t B By ZoDy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
5.41 -0.078 0.000 0.000 -0.000 0.000 0.000
5.42 0.000 0.000 -0.000 0.000 0.000
5.43 0.000 0.000 0.000 0.001 0.000 0.000
5.44 0.234 0.000 0.000 0.004 0.000 0.000
5.45 1 0.547 0.000 0.000 0.010 0.000 0.000
5.46 0.625 [0.000] 0.000 0.017 0.000 0.000
5.47 0.547 0.234 0.023 0.002 0.000
5.48 0.000 0.234 -0.236 0.024 0.005 -0.002
5.49 -0.078 0.234 -0.471 0.024 0.007 -0.007
5.50 -0.391 0.000 -0.530 0.021 0.007 -0.012
5.51 -0.547 0.000 -0.236 0.016 0.007 -0.015
5.52 ~0.547 0.000 0.000 0.012 0.007 -0.015
5.53 -0.547 0.000 0.236 0.007 0.007 -0.012
5.54 -0.547 0.000 0.295 0.002 0.007 -0.009
5.55 -0.469 0.000 0.295 -0.002 0.007 -0.006
5.56 -0.469 0.000 0.295 -0.005 0.007 -0.004
5.57 -0.313 0.000 0.295 -0.008 0.007 -0.001
5.58 -0.313 0.000 0.295 -0.010 0.007 0.002 (:)
5.59 -0.078 0.000 0.295 -0.010 0.007 0.005
5.60 -0.078 0.000 0.295 -0.010 0.007 0.008
5.61 -0.078 0.156 0.236 -0.010 0.009 0.010
5.62 -0.078 0.156 0.236 -0.010 0.010 0.013
5.63 0.000 0.156 0.118 -0.009 . 0.012 0.014
5.64 0.000 0.156 0.059 -0.008 0.013 0.014
5.65 0.000 0.156 0.059 -0.008 0.015 0.015
5.66 0.000 0.156 0.059 -0.007 0.016 0.016
5.67 0.000 0.156 0.059 -0.006 0.018 0.016
5.68 0.000 0.156 0.000 -0.005 0.020 0.016
5.69 0.000 0.156 0.000 -0.005 0.021 0.016
5.70 0.000 0.078 0.000 -0.004 0.022 0.016
5.71 -0.078 0.078 0.000 -0.004 0.023 0.016
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O

Figur

-

Time
(us)

8.39
8.40
8.41
8.42
8.43
8.44
8.45
8.46
8.47
8.48
8.49
8. 50
8.51
8.52
8.53
8.54
8.55
8.56
8.57
8.58

e 6.5.2.4 Digital data for event 8.5

baseline which is subtracted for peaks and numerical integration

Yeardate:

dBp/oat
(T/s)

-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
Eo.078]
-0.313
-0.391
=-0.391
-0.078
-0.078
0.000
0.000
0.000
0.078
0.078
0.078
0.000
0.000

79219

BBN/Bt
(T/s)

0.000
[o.000]
0.078
0.156
0.156
0.156
0.156
0.313
0.547
0.859
0.625
0.000
-0.078
-0.313
-0.313
-0.391
-0.313
-0.313
-0.078
0.000

Time: 09:39:39 M.S.T.

203D,/ 3t
(T/s)

0.000
0.000
0.000
"0.000
0.000
0.000
0.000
0.000
[0 000]
0.059
0.059
0.236
0.236
0.059
0.000
-0.177
-0.177
-0.118
-0.118
~-0.118
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Bg
(uT)

-=0.000
-0.000
-0.000
~-0.000
-0.000
-0.000
-0.000
-0.002
-0.005
-0.009
-0.009
-0.009
-0.008
-0.007
-0.006
-0.005
-0.003
-0.002
=-0.001
-0.000

By
(uT)

0.000
0.000
0.001
0.002
0.004
0.005
0.007
0.010
0.016
0.024
0.030
0.030
0.030
0.027
0.023
0.020
0.016
0.013
0.013
0.013

20D,
(uT)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.004
0.006
0.006
0.006
0.005
0.003
0.002
0.001
-0.001




Figure 6.5.2.5 Digital data for event 13.7

[ 1= baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:39:39 M.S.T.
Time dBp/at IBy/at ZoaDz/at Bp By ZoD,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
13.57 -0.078 0.000 0.059 -0.000 0.000 -0.000
13.58 -0.078 0.059 -0.000 0.000 °  =-0.000
13.59 -0.078 0.078 0.059 -0.000 0.001 -0.000
13.60 -0.078 0.156 0.059 -0.000 0.002 -0.000
13.61 -0.078 0.156 0.059 -0.000  0.004 -0.000
13.62  -0.078 0.156 0.059 -0.000 0.005 -0.000
13.63 -0.078 0.156 0.059 -0.000 0.007 -0.000
13.64 -0.078 0.156 0.059 -0.000 0.009 -0.000
13.65 0.234 0.059 -0.000 0.011 -0.000
13.66 -0.156 0.234 0.059 -0.001 0.013 -0.000
13.67 -0.234 0.313 0.059 -0.002 0.016 -0.000
13.68 -0.391 0.547 0.059 -0.005 0.022 -0.000
13.69 -0.625 1.172 0.059 -0.011 0.034 -0.000
13.70 -1.250 1.484 [0.059] -0.023 0.048 -0.000
13.71 -1.328 1.484 0.177 -0.035 0.063 0.001
13.72 -0.703 0.625 0.295 -0.041 0.070 0.004
13.73 -0.078 0.234 0.530 -0.041 0.072 0.008
13.74 -0.078 0.000 0.943 -0.041 0.072 0.017 (:)
13.75 0.000 -0.313 0.530 -0.041 0.069 0.022
13.76 0.000 -0.391 0.059 -0.040 0.065 0.022
13.77 0.000 -0.313 0.059 -0.039 . 0.062 0.022
13.78 0.000 -0.078 0.000 -0.038 0.061 0.021
13.79 0.234 -0.078 -0.059 -0.035 0.060 0.020
13.80 0.234 -0.078 0.000 -0.032 0.060 0.020
13.81 0.234 -0.078 0.000 -0.029 0.059 0.019
13.82 0.234 -0.078 0.000 -0.026 0.058 0.018
13.83 0.234 -0.078 -0.118 -0.023 0.057 0.017
13.84 0.078 -0.078 -0.118 -0.021 0.056 0.015
13.85 0.078 -0.078 -0.177 -0.020 0.056 0.013
13.86 0.078 -0.078 -0.177 -0.018 0.055 0.010
13.87 0.078 ~-0.078 -0.177  -0.017 0.054 0.008
13.88 0.078 -0.078 -0.177 -0.015 0.053 0.005
13.89 0.078 -0.078 -0.177 -0.013 0.053 0.003
13.90 0.078 -0.078 -0.177 -0.012 0.052 0.001
13.91 0.078 -0.078 -0.177 -0.010 0.051 -0.002
13.92 0.078 -0.078 -0.118 -0.009 0.050 -0.003
13.93 0.078 0.000 -0.118 -0.007 °  0.050 -0.005
13.94 0.000 0.000 -0.118 -0.006 0.050 -0.007
13.95 0.000 0.000 -0.118 -0.006 0.050 -0.009
13.96 0.000 0.000 -0.118 -0.005 0.050 -0.010
13.97 0.000 0.000 -0.059 -0.004 0.050 -0.012
13.98 0.000 0.000 -0.059 -0.003 0.050 -0.013
13.99 0.000 0.000 0.000 -0.003 0.050 -0.013 (:)
14.00 0.000 0.000 0.000 -0.002 0.050 -0.014
14.01 0.000 0.000 0.000 -0.001 0.050 -0.015
14.02 0.000 0.000 0.000 -0.000 0.050 -0.015
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Figure 6.5.2.6 Digital data for event 15.3

(I)

(] = vaseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:39:39 M.S.T.

Time 3Bp/at dBy/3t ZoaDz/at BE By Z5D,
(us) (T/s) (T/s) (T/s) (T (uT) (uT)
15.21 -0.156 0.000 0.059 -0.000 0.000 -0.000
15.22 -0.156 0.000 0.059 -0.000 0.000 -0.000
15.23 -0.156 0.000 0.059 -0.000 0.000 -0.000
15.24 FO0.159] 0.234 0.059 -0.000 0.002 -0.000
15.25 -0.078 0.234 0.059 0.001 0.005 -0.000
15.26 -0.078 0.234 0.059 0.002 0.007 -0.000
15.27 -0.313 0.000 0.059 -0.000 0.007 -0.000
15.28 -0.625 -0.078 0.059 -0.005 0.006 -0.000
15.29 -0.078 -0.078 0.059 -0.004 0.005 -0.000
15.30 -0.078 0.234 -0.003 0.008 -0.000
15.31 0.000 0.547 0.236 -0.002 0.013 0.002
15.32 0.234 0.625 0.236 0.002 0.020 0.004
15.33 0.234 0.625 0.059 0.006 0.026 0.004
15.34 0.234 0.547 0.000 0.010 0.031 0.003
15.35 0.234 0.313 0.000 0.014 0.034 0.002
15.36 0.000 0.234 0.000 0.016 0.037 0.002
- 15.37 0.000 0.000 0.000 0.017 0.037 0.001
15.38 0.000 0.000 ~0.059 0.019 0.037  -0.000

Figure 6.5.2.7 Digital data for event 16.1

[:::j = baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:39:39 M.S.T.
Time 3Bp/at 3By /3t 259D, /3t Bp By ZoDy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
16,02 -0.078 0.000 0.000 ~0.000 0.000 0.000
16.03 [=0.078] 0.000 -0.000 0.000 0.000
16.04 0.000 -0.078 0.000 0.001 -0.001 0.000
16.05 0.234 -0.078 0.000 0.004 -0.002 0.000
16.06 0.234 -0.078 0.000 0.007 -0.002 0.000
16.07 0.000 0.234 0. 000] 0.008 0.000 0.000
16.08 -0.078 0.313 -0.177 0.008 0.003 -0.002
16.09 -0.313 0.313 -0.236 0.005 0.006 -0.004
16.10 -0.313 0.313 -0.177 0.003 0.009 -0.006
16.11 -0.313 0.313 0.000 0.001 0.013 ~0.006
16.12 -0.313 0.234 0.059 -0.002 0.015 -0.005
16 13 -0.078 0.156 0.236 -0.002 0.016 -0.003
16.14 -0.078 0.078 0.236 -0.002 0.017 -0.001
16.15 -0.078 0.000 0.236 -0.002 0.017 0.002
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sin(6),¢ contour plot
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Date: 79219 M. ST 09:39:39
Figure 6.5.5A sin(8),¢ contours for midrange leader derivative waveform
and whole-sky videotape photograph \/
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o

188° S
sin(y), ¢ contour plot

Iy

Whole-sky photograph from Kiva
Date: 79219 M. S. T ¢ 09:39:39

Figure 6.5.5B sin(6),¢ contours for midrange leader waveform and
whole-sky videotape photograph
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Figure 6.5.6A.1
waveform set for mid

range leader(s)

Tabulation of peak values for each event from derivative

O

Yeardate: 79219 M.S.T.: 93939
(o]
G=1345" ;0=150° ; r= 877 nm Set 1
Event Time 2,83D,/3t 3B /ot 438 /3t A3B, /3t A3B_/dt 1838/ 3t |
Number (u:8) (T/s) (T/s) (T/s) (T/s) (T/s) (T/s)
4.1 4.06  -2.59 3.13 -1.02 0.14 -1.64 1.65
4.6 4,60 -1.12 1.56 -0.23 -0.14 -0.78 0.80
5.5 5.46 -0.53, 0.70 0.23 -0.31 -0.31 0.44
16.1 16.10 -0.24 0.31 0.03 -0.08 -0.15 0.17
CALCULATED VALUES FOR 37T/at
>
Event 3T2/3t 8T3/3t [aT/otl a
2 15 2
Number (1015 Am/sz) (].015 Am/s”) (107" Am/s”) (deg)
4.1 -359 4326 4340 5
4.6 372 2061 2094 350
5.5 826 811 1158 314 (:)
16.1 224 384 444 330

Figure 6.5.6A.2

Tabulation of peak values for each event from derivative
waveform set for midrange leader(s)

Yeardate: 79219 M.S.T.: 93939

@=308° ;8=120° ; r=1965nm Set 2
Event Time 2,03 /3t 03B./3t  A3B /ot A3B, /ot a9B_/ot 1638/ 3t
Number (. (T/s) (T/s) (T/s) (T/s) (T/s) (T/s)
13,7 13.70 0.88 -1.25 1.48 0.04 0.97 0.97
15.3 15.32 0.18 -0.47 0.63 -0.01 0.39 0.39

CALCULATED VALUES FOR 3T/3t
<>
Event 3T, /3t 3T3/3t [aT/atl o
2 15 2

Number (1015 Am/sz) (1015 Am/s”) (107" Am/s™) (deg)

13.7 -232 -5705 5710 178 (:)

15.3 55 -2316 2317 181
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Figure 6.5.6B.1 Tabulation of peak values for each event from waveform set
for midrange leader(s)

Yeardate: 79219 M.S.T.: 93939

=338 ; 6=50° ; r =877 m Set 1
>
Event Time Z,4D_ AB 8By BB, OB, |ABI
Number (us) (uT) (uT) (uT) (uT) (uT) (uT)
4.1 4.07 -0.13 0.16 -0.06 -0.00 =-0.09 0.09
4.6 4.58 -0.03 0.04 -0.01 -0.00 -0.02 0.02
5.5 5.48 -0.01 0.02 0.01 -0.01 -0.01 0.01
16.1 16.10 =-0.01 0.01 0.02 -0.02 -0.00 0.02
CALCULATED VALUES FOR‘I;.?
Event T T Fﬁ o
2 3
9

Number (109 Am/s) (109 Am/s) (10° Am/s) (deg)

4.1 9 225 225 358

4o 12 54 55 348

5.5 34 19 39 300

16.1 46 2 46 273

Figure 6.5.§B.2 Tabulation of peak values for each event from waveform set
for midrange leader(s)

Yeardate: 79219 M.S.T.: 93939

@=1358° ; ©=130° ; r =1344 n Set 2
Event  Time z, 4D 8B 8B 2B, 2B, |AB
Number  (us) (uT) (vT) (uT) (uT) (uT) (uT)
13,7 13.73 0.02 -0.04 0.07 =0.04 0.02 0.04
15.3 15.32 0.00 -0.01 0.04 -0.02 0.01 0.02

CALCULATED VALUES FOR‘I;.?

—

Event

T2 T3 IT| a
Number 10° An/s) 10? An/s) (10° An/s) (deg)
13,7 160 -86 181 242
15.3 92 -23 95 256
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Figure 6.5.7A.1 3T/at for midrange leader
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Figure 6.5.7A.2 3T/3t for midrange leader
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Figure 6.5.7B.2
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6.6 Midrange Return Stroke

O

Our sixth example is given in Figures 6.6. *++ . This is labelled
"midrange return stroke". Figures 6.6.1A and 6.6.1B show the
derivative fields and fields for the 20 us record.

Figure 6.6.3 shows the slow electric field and thunder
microphone records, from which a horizontal range of 356 m is
estimated. Figure 6.6.4 gives the acoustic source reconstruction
showing a stroke extending from about 4 km height in the northeast.
It strikes the ground north of the Kiva as also seen in the videotape
photographs.

The p , ¢ contours give two approximate sets of contour
intersections estimated in Figures 6.6.5.
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Date: 79219 M.S.T.: 0941:31

Derivative fields from midrange return stroke
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Figure 6.6.2.1 Digital data for event 4.2

L1 = baseline which 1is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:41:31 M.S.T.
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
3.93 0.391 0.234 ~1.001 -0.000 0.000 -0.000
3.94 0.234 -0.000 0.000 -0.000
3.95 0.469 0.234 -1.060 0.001 0.000 -0.001
3.96 0.469 0.234 ~1.060 0.002 0.000 -0.001
3.97 0.469 0.234 -1.060 0.002 0.000 -0.002
3.98 0.547 0.234 -1.119 0.004 0.000 -0.003
3.99 0.547 0.234 -1.119 0.005 0.000 -0.004
4,00 0.625 0.234 -1.178 0.008 0.000 -0.006
4.01 0.625 0.234 -1.178 0.010 0.000 -0.008
4.02 0.703 0.234 -1.237 0.013 0.000 -0.010
4.03 0.781 0.234 -1.296 0.017 0.000 -0.013
4.04 0.859 0.234 -1.296 0.022 0.000 -0.016
4.05 0.938 0.234 -1.414 0.027 0.000 -0.020
4.06 0.938 0.234 -1.414 0.033 0.000 -0.024
4.07 1.094 0.234 -1.590 0.040 0.000 -0.030
4.08 1.172 -1.649 0.048 0.000 -0.037
4.09 1.172 0.313 -1.649 0.055 0.001 -0.043
(:> 4.10 1.094 0.313 -1.767 0.062 0.002 -0.051
4.11 1.094 0.391 -1.885 0.069 0.003 -0.060
4.12 1.484 0.391 -2.062 0.080 0.005 -0.070
4.13 1.563 0.391 -2.062 0.092 0.006 -0.081
4,14 1.875 0.391 -1.944 0.107 0.008 -0.090
4.15 1.875 0.391 -2.003 0.122 0.009 -0.100
4.16 1.953 0.313 -2.297 0.137 0.010 -0.113
4.17 1.953 0.313 -2.533 0.153 0.011 -0.129
4.18 1.875 0.234 -2.769 0.168 0.011 -0.146
4.19 1.797 0.234 -2.828 0.182 0.011 -0.164
4.20 1.797 0.234 -2.886 0.196 0.011 -0.183
4.21 1.797 0.234 -2.828 0.210 0.011 -0.202
4,22 1.797 0.234 -2.769 0.224 0.011 -0.219
4.23 1.797 0.313 -2.769 0.238 0.012 -0.237
4,24 1.719 0.313 -2.769 0.251 0.013 -0.255
4.25 1.641 0.313 -2.828 0.264 0.013 -0.273
4.26 1.563 0.391 -2.886 0.276 0.015 -0.292
4.27 1.563 0.391 -2.886 0.287 0.017 -0.311
4.28 1.641 0.391 -2.886 0.300 0.018 -0.329
4,29 1.797 0.391 -2.769 0.314 0.020 -0.347
4.30 1.797 0.391 -2.769 0.328 0.021 -0.365
4.31 1.875 0.391 -2.710 0.343 0.023 -0.382
4.32 1.875 0.313 -2.769 0.358 0.024 -0.400
4.33 1.875 0.313 -2.828 0.373 0.024 -0.418
4.34 1.875 0.313 -3.004 0.387 0.025 -0.438
(]) 4.35 1.797 0.313 -3.063 0.401 0.026 -0.458
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Figure 6.6.2.1

Time
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(T/s)
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-3.063
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-2.533
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-1.885
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-1.885
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-1.767
-1.708
-1.708
-1.708
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-1.767
-1.767
-1.767
-1.767
-1.767
-1.767
-1.708
-1.708
~1.649
-1.590
-1.532
-1.473
-1.473
-1.355
-1.296
-1.237
-1.178
~1.119
~-1.060
-1.001
-1.001
-0.884
-0.884
-0.766
-0.766
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Bp
(uT)

0.413
0.424
0.433
0.440
0.446
0.451
0.455
0.458
0.462
0.465
0.468
0.472
0.476
0.479
0.483
0.486
0.489
0.492
0.495
0.498
0.501
0.504
0.508
0.511
0.515
0.518
0.522
0.526
0.529
0.531
0.533
0.534
0.535
0.535
0.534
0.533
0.532
0.530
0.529
0.526
0.523
0.520
0.516
0.512
0.508
0.503
0.499
0.494
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Digital data for event 4.2 (continued)
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(uT)
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0.029
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0.031
0.031
0.032
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0.035
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0.019
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0.016
0.014
0.013
0.010
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0.006
0.003
0.001
-0.001
-0.004
-0.006
-0.008
-0.010
-0.012
-0.015
-0.017
-0.019
-0.022

ZoD,
(uT)

=-0.479
-0.500
-0.520
-0.540
-0.558
~0.574
-0.589
-0.603
-0.616
-0.627
-0.638
-0.646
-0.655
. =0.664
~-0.673
-0.682
-0.691
-0.699
-0.707
~0.715
-0.722
-0.729
-0.736
-0.743
-0.751
-0.758
-0.766
-0.774
-0.781
-0.789
-0.796
-0.803
-0.810
-0.816
-0.821
-0.826
-0.830
~-0.834
-0.837
-0.839
-0.841
-0.842
-0.843
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-0.842
-0.841
-0.838
-0.836
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Digital data for event 4.2 (continued)
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253D, /3t
(T/3)

-0.707
-0.707
-0.648
-0.648
-0.648
-0.589
-0.589
-0.589
-0.530
-0.530
-0.530
-0.530
-0.471
-0.471
-0.471
-0.471
-0.471
-0.471
-0.471
-0.412
-0.412
-0.412
-0.412
-0.412
-0.412
-0.353
-0.353
-0.295
-0.295
-0.295
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-0.295
-0.236
-0.236
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-0.236
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-0.177
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-0.177
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-0.177
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Bg
(uT)

0.484
0.478
0.473
0.467
0.462
0.456
0.451
0.445
0.439
0.432
0.426
0.420
0.413
0.407
0.401
0.395
0.388
0.382
0.376
0.370
0.363
0.357
0.351
0.344
0.337
0.330
0.323
0.316
0.309
0.302
0.295
0.288
0.281
0.273
0.265
0.257
0.249
0.242
0.234
-0.226
0.218
0.210
0.202
0.195
0.187
0.179
0.171
0.163
0.156
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By
(uT)

-0.024
-0.026
-0.029
-0.031
-0.033
-0.036
-0.038
-0.040
-0.043
-0.045
-0.047
-0.050
-0.052
-0.054

-00057 ¢

-0.059
-0.061
-0.064
-0.066
-0.069
-0.071
-0.073
-0.076
-0.078
-0.080
-0.083
-0.085
-0.087
-0.090
-0.092
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-0.118
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(uT)

-0.833
-0.830
~-0.827
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-0.783
-0.778
-0.772
-0.767
-0.762
-0.757
-0.751
-0.745
-0.739
-0.734
-0.728
-0.722
-0.716
~-0.709
-0.703
-0.696
-0.689
-0.682
-0.675
-0.668
-0.661
~0.653
-0.645
-0.638
-0.630
-0.622
-0.615
-0.606
-0.598
-0.590
-0.582
-0.573
-0.565
-0.557
-0.549
-0.540
-0.532




Figure 6.6.2.1

Time
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Digital data for event 4.2 (continued)
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(T/s)
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0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Zo3D, /3t
(T/s)

-0.177
-0.118
-0.118
-0.177
-0.177
-0.236
-0.236
-0.236
-0.236
-0.236
-0.236
-0.236
-0.236
-0.236
-0.295
~0.295
-0.353
-0.353
-0.353
-0.412
~0.412
-0.412
-0.412
-0.412
-0.412
-0.471
-0.471
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Bp
(wT)

0.148
0.141
0.134
0.127
0.120
0.113
0.106
0.098
0.091
0.085
0.079
0.073
0.066
0.061
0.055
0.050
0.045
0.039
0.034
0.028
0.023
0.019
0.014
0.010
0.006
0.002
-0.002

By
(uT)

-0.139
-0.141
-0.143
-0.146
-0.148
-0.150
-0.153
-0.155
-0.157
-0.160
-0.162
-0.164
-0.167
-0.169
-0.171
-0.174
-0.176
-0.178
-0.181
-0.183
-0.186
-0.188
-0.190
-0.193
-0.195
-0.197
-0.200

ZODZ
(uT)

-0.524
-0.5153
-0.506
-0.498
-0.4990
-0.482
-0.474
-0.467
-0.459
~0.452
-0.444
~0.4136
-0.429
-0.421
-0.414
~-0.407
-0.400
-0.394
-0.387
-0.381
-0.376
-0.370
-0.364
-0.358
-0.352
-0.347
-0.341
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Figure 6.6.2.2 Digital data for event 8.9 Sosonen B

(:> = baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:41:31 M.S.T.
Time 3Bp/at BBN/at ZoaDz/at Bg By ZoD,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
8.42 -0.156 0.156 -0.530 -0.000 0.000 -0.000
8.43 0.156 -0.000 0.000 -0.000
8.44 -0.234 0.156 -0.589 -0.001 0.000 -0.001
8.45 -0.313 0.156 -0.589 -0.002 0.000 -0.001
8.46 -0.313 0.156 -0.648 -0.004 0.000 -0.002
8.47 -0.391 0.156 -0.648 -0.006 0.000 -0.004
8.48 -0.391 0.156 -0.471 -0.009 0.000 -0.003
8.49 -0.469 0.156 -0.412 -0.012 0.000 -0.002
8.50 -0.469 [6?156] -0.412 . -0.015 0.000 -0.001
8.51 -0.469 0.078 -0.412 -0.018 -0.001 0.001
8.52 -0.469 0.078 -0.295 -0.021 -0.002 0.003
8.53 -0.469 0.078 -0.295 -0.024 -0.002 0.005
8.54 -0.391 0.078 -0.236 -0.027 -0.003 0.008
8.55 -0.391 0.078 -0.177 -0.029 -0.004 0.012
8.56 -0.391 0.078 -0.236 -0.031 -0.005 0.015
8.57 -0.391 0.078 -0.236 -0.034 -0.005 0.018
8.58 -0.391 0.078 -0.236 -0.036 -0.006 0.021
(:) 8.59 -0.391 0.078 -0.236 -0.038 -0.007 0.024
8.60 -0.469 0.078 -0.295 -0.041 -0.008 0.026
8.61 -0.469 0.078 -0.295 -0.045 -0.009 0.028
8.62 -0.547 0.078 -0.295 -0.048 -0.009 0.031
8.63 -0.547 0.078 -0.236 -0.052 -0.010 0.034
8.64 -0.625 0.078 -0.177 -0.057 -0.011 0.037
8.65 -0.625 0.078 -0.177 -0.062 -0.012 0.041
8.66 -0.625 0.078 -0.177 -0.066 -0.012 0.044
8.67 -0.625 0.078 -0.177 -0.071 -0.013 0.048
8.68 -0.625 0.078 -0.118 -0.076 -0.014 0.052
8.69 -0.625 0.078 -0.118 -0.081 -0.015 0.056
8.70 -0.625 0.078 -0.118 -0.085 -0.016 0.060
8.71 -0.625 0.078 -0.059 -0.090 -0.016 0.065
8.72 -0.625 0.078 -0.059 -0.095 -0.017 0.069
8.73 -0.625 0.078 -0.059 -0.099 -0.018 0.074
8.74 -0.625 0.078 -0.059 -0.104 -0.019 0.079
8.75 ~0.703 0.078 -0.059 -0.109 ~-0.019 0.084
8.76 -0.938 0.078 -0.059 -0.117 -0.020 0.088
8.77 -0.781 0.078 -0.059 -0.124 -0.021 0.093
8.78 -0.625 0.078 0.000 -0.128 -0.022 0.098
8.79 -0.625 0.078 0.000 -0.133 -0.023 0.104
8.80 -0.625 0.000 0.059 -0.138 -0.024 0.110
8.81 -0.625 0.000 0.118 -0.142 -0.026 0.116
8.82 -0.625 0.000 0.000 -0.147 -0.027 0.121
8.83 -0.625 0.000 -0.177 -0.152 -0.029 0.125
8.84 -0.625 0.000 -0.118 -0.156 -0.030 0.129

159
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8.89
8.90
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0.000
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0.236
0.177
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Bg
(uT)

-0.161
-0.166
-0.170
=-0.175
-0.181
-0.188
-0.196
-0.205
-0.214
-0.222
-0.230
-0.237
=0.244
-0.251
-0.259
-0.267
-0.274
-0.282
-0.290
-0.298
-0.306
-0.313
-0.320
-0.327
-0.333
-0.338
-0.343
-0.348
-0.353
-0.359
-0.364
~0.370
-0.374
-0.379
-0.383
-0.386
-0.388
-0.390
-0.392
-0.394
-0.396
-0.399
-0.401
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Digital data for event 8.9 (continued)

By
(uT)

~-0.032
-0.033
-0.035
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-0.038
-0.040
-0.041
~0.043
-0.044
-0.046
-0.048
-0.049
-0.051
-0.052
-0.054
-0.055
-0.057
-0.058
-0.060
-0.062
-0.063
-0.065
-0.066
-0.068
~-0.069
-0.071
-0.072
-0.074
-0.076
-0.076
-0.076
-0.076
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-0.076
-0.076
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-0.078
-0.079
-0.081
-0.083
-0.084
-0.086
-0.087
-0.089
-0.090
-0.092

ZODZ
(T

0.134
0.140
0.144
0.150
0.155
0.160
0.165
0.169
0.174
0.180
0.187
0.195
0.204
0.212
0.220
0.227
0.235
0.243
0.251
0.259
0.267
0.276
0.284
0.292
0.300
0.309
0.316
0.324
0.331
0.337
0.343
0.349
0.355
0.361
0.367
0.373
0.379
0.385
0.390
0.393
0.396
0.399
0.402
0.405
0.409
0.412
0.416
0.419
0.423
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9.39
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3Bp/at
(T/s)
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-0.391
~0.469
-0.469
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-0.469
-0.547
=0.547
-0.469
-0.391
-0.391
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-0.391
-0.313
-0.078
-0.078
-0.078
-0.391
-0.313
-0.313
-0.234
-0.078

0.000
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0.078
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0.000
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-0.313
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-0.391
-0.469

aBN/at
(T/s)

0.000
0.000
0.000
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-0.078
-0.078
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0.000
0.000
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Zo9D, /3t
(T/s)

-0.177
-0.177
-0.177
-0.177
-0.177
-0.177
-0.177
-0.177
-0.118
-0.118
-0.059
-0.059
-0.118
-0.236
-0.236
-0.236
-0.236
-0.236
-0.412
-0.648
-0.471
-0.236
-0.236
-0.412
-0.412
-0.648
-0.884
~-0.884
-0.884
-0.766
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-0.648
-0.648

Bp

(pT)
-0.422
~-0.424
-0.428
-0.431
-0.434
~0.437
-0.441
-0.445
-0.448
-0.450
-0.453
-0.455
-0.457
~0.459
-0.458
-0.457
-0.457
-0.459
~0.460
-0.462
-0.463
-0.462
-0.460
-0.458
-0.456
-0.453
-0.451
-0.450
-0.449
-0.450
-0.452
-0.454
-0.457
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Digital data for event 8.9 (continued)

By
(uT)

-0.094
-0.095
-0.097
-0.098
-0.101
-0.103
-0.105
-0.108
-0.110
-0.112
-0.115
-0.117
~0.119
-0.122
-0.124
-0.126
-0.129
-0.131
-0.133
-0.134
-0.135
-0.136
-0.136
-0.136
-0.136
-0.136
-0.136
-0.136
-0.136
-0.136
-0.136
-0.136
-0.136

ZoDz
(uT)

0.426
0.430
0.433
0.437
0.440
0.444
0.448
0.451
0.455
0.459
0.464
0.469
0.473
0.476
0.479
0.482
0.485
0.488
0.489
0.488
0.489
0.492
0.494
0.496
0.497
0.496
0.492
0.489
0.485
0.483
0.480
0.479
0.478

"
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Figure 6.6.2.3 Digital data for event 9.8

[:::] = baseline which is subtracted for peaks and numerical integratio®d

Yeardate: 79219 Time: 09:41:31 M.S.T.
Time 3Bp/at eBN/ ot ZOGDZ/ ot Bg By 25Dy
(us) (T/s) (T/s) (T/s) (nT) (uT) (nT)
9.56 0.156 0.000 0.000 0.000
9.57 0.078 0.156 -0.412 0.001 0.000 -0.002
9.58 0.078 0.156 -0.412 0.002 0.000 -0.004
9.59 0.078 0.156 -0.648 0.002 0.000 -0.008
9.60 0.078 0.156 -0.884 0.003 0.000 -0.014
9.61 0.000 0.156 -0.884 0.003 0.000 -0.021
9.62 -0.078 0.156 -0.884 0.002 0.000 -0.027
9.63 -0.313 0.156 -0.766 -0.001 0.000 -0.032
9.64 -0.313 0.156 -0.766 -0.004 0.000 -0.038
9.65 -0.391 0.156 -0.648 -0.008 0.000 -0.042
9.66 - -0.469 [0.156] -0.648 -0.013 0.000 -0.046
9.67 -0.625 0.078 -0.471 -0.019 -0.001 -0.048
9.68 -0.625 0.000 -0.412 -0.025 -0.002 -0.050
9.69 -0.625 0.000 -0.295 -0.031 -0.004 -0.051
9.70 -0.547 0.000 -0.236 -0.037 -0.005 -0.051
9.71 -0.547 0.000 -0.177 -0.042 -0.007 -0.050
9.72 -0.547 0.000 -0.177 -0.048 -0.009 -0.049
9.73 -0.547 0.000 -0.059 -0.053 -0.010 -0.048 ﬂ:)
9.74 -0.625 0.000 -0.059 -0.059 -0.012 -0.046
9.75 -0.703 0.000 -0.118 -0.066 -0.013 -0.045
9.76 -0.703 0.000 -0.118 -0.073 -0.015 -0.044
9.77 -0.703 0.000 -0.059 -0.080 -0.016 -0.042
9.78 -0.703 0.000 0.000 -0.088 -0.018 -0.039
9.79 -0.625 0.000 0.059 -0.094 -0.019 -0.036
9.80 -0.625 0.000 0.059 -0.100 -0.021 -0.033
9.81 -0.625 0.000 0.059 -0.106 -0.023 -0.031
9.82 -0.469 0.078 0.059 -0.111 -0.023 -0.028
9.83 -0.313 0.156 0.059 -0.114 -0.023 -0.025
9.84 -0.313 0.156 0.000 -0.117" -0.023 -0.022
9.85 -0.391 0.156 0.000 -0.121 -0.023 -0.020
9.86 -0.391 0.078 -0.118 -0.125 -0.024 -0.019
9.87 -0.547 0.000 -0.236 -0.130 -0.026 -0.019
9.88 -0.547 0.000 -0.412 -0.136 -0.027 -0.020
9.89 -0.547 0.000 -0.295 -0.141 -0.029 -0.021
9.90 -0.547 -0.078 -0.177 -0.147 -0.031 -0.020
9.91 -0.547 -0.078 0.000 -0.152 -0.034 -0.018
9.92 -0.547 -0.078 0.000 -0.158 -0.036 -0.016
9.93 -0.547 -0.078 0.000 -0.163 -0.038 -0.013
9.94 -0.547 -0.078 0.000 -0.169 -0.041 -0.011
9.95 -0.625 -0.078 0.000 -0.175 -0.043 -0.009
9.96 -0.625 -0.078 0.000 -0.181 -0.045 -0.006
9.97 -0.625 -0.078 0.000 -0.188 -0.048 -0.004
9.98 -0.625 -0.078 0.000 -0.194 -0.050 -0.002 @:)
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Figure 6.6.2.3

Time
(us)

9.99
10.00
10.01
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10.05
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-0.313
-0.313
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-0.156
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-0.234
-0.234
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-0.234
-0.234

BBN/Bt
(T/s)

-0.078
-0.078
-0.078
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.078
0.078
0.078
0.078
0.078
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.156
0.078
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

253D, /3t

(T/s)

0.000
0.000
0.000
0.000
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.118
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.000
0.000
0.000
0.000
0.000
-0.059
-0.118
-0.118
-0.177
-0.177
-0.236
-0.236
-0.236
-0.236
-0.295
-0.295
-0.353
-0.353
-0.353
-0.412
-0.295
-0.295
-0.353
-0.353
-0.412
~0.412
-0.412
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BE
(uT)

-0.200
-0.206
-0.213
-0.219
-0.225
-0.231
-0.238
-0.244
-0.250
-0.256
-0.263
-0.269
-0.275
-0.281
-0.288
~-0.294
-0.299
-0.305
-0.310
-0.316
-0.321
-0.326
-0.330
~0.335
-0.340
-0.344
-0.347
~-0.350
-0.353
-0.356
-0.359
-0.363
-0.366
-0.368
-0.370
-0.373
-0.374
-0.376
-0.378
-0.381
-0.384
-0.388
-0.390
-0.392
-0.395
-0.397
-0.399
~0.402
-0.404

Digital data for event 9.8 (continued)

By
(uT)

~0.052
-0.055
-0.057
~0.058
-0.060
-0.062
-0.063
-0.065
~-0.066
-0.068
-0.069
-0.071
-0.073
-0.074
-0.076
-0.077
-0.079
-0.080
-0.082
-0.083
-0.085
-0.086
-0.087
-0.087
-0.088
-0.089
-0.090
-0.092
-0.094
-0.095
-0.097
-0.098

-0.100

-0.101
-0.103
-0.104
-0.106
-0.108
-0.109
-0.109
-0.110
-0.112
~-0.113
-0.115
-0.116
-0.118
-0.119
-0.121
-0.122

(uT)

0.001
0.003
0.005
0.008
0.011
0.014
0.017
0.020
0.023
0.026
0.028
0.031
0.035
0.038
0.041
0.044
0.047
0.050
0.053
0.056
0.059
0.062
0.064
0.066
0.069
0.071
0.073
0.075
0.076
0.077
0.078
0.079
0.079
0.079
0.079
0.079
0.078
0.077
0.076
0.075
0.074
0.072
0.072
0.071
0.070
0.069
0.067
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0.063




Figure 6.6.2.3 Digital data for event 9.8 (continued)

Time 3Bp/at dBy/at 203D, /0t Bg ‘ By 20Dz O
(us) (T/s) (T/s) (T/s) (uT) (»T) (MT)
10.48 -0.234 0.000 -0.353 -0.406 -0.124 0.062
10.49 -0.234 0.000 -0.353 -0.409 -0.126 0.061
10.50 -0.234 0.000 -0.353 ~0.411 -0.127 0.060
10.51 -0.234 0.000 -0.353 ~0.413 -0.129 0.059
10.52 -0.313 0.000 -0.353 -0.416 -0.130 0.058
10.53 -0.313 0.000 -0.353 -0.420 -0.132 0.056
10.54 -0.313 0.000 -0.353 -0.423 -0.133 0.055
10.55 -0.313 0.000 -0.353 -0.426 -0.135 0.054
10.56 -0.313 0.000 -0.295 -0.429 -0.136 0.053
10.57 -0.313 0.000 -0.295 -0.432 -0.138 0.053
10.58 -0.234 0.000 -0.295 -0.434 -0.140 0.052
10.59 -0.234 0.000 -0.295 -0.437 -0.141  0.052
10.60 ~0.234 0.000 -0.295 -0.439 -0.143 0.051
10.61 -0.234 0.000 -0.295 -0.441 -0.144 0.050
10.62 -0.234 0.000 -0.295 -0. 444 -0.146 0.050
10.63 -0.234 0.000 -0.353 -0.446 -0.147 0.049
10.64 -0.234 0.000 -0.353 -0.448 -0.149 0.048
10.65 -0.234 0.000 -0.353 -0.451 -0.151 0.046
10.66 -0.234 0.000 -0.353 -0.453 -0.152 0.045
10.67 -0.234 0.000 -0.353 -0.455 -0.154 0.044
10.68 -0.234 0.000 -0.353 -0.458 ~0.155 0.043
10.69 -0.234 0.000 -0.353 -0.460 -0.157 0.042
10.70 -0.234 0.000 -0.353 ~0.463 -0.158 0.040
10.71 ~0.234 0.000 -0.353 ~0.465 ~0.160 0.039 *
10.72 -0.234 0.000 -0.353 -0.467 -0.161 0.038
10.73 -0.234 0.000 -0.353 -0.470 -0.163 0.037
10.74 -0.234 0.000 -0.353 ~0.472 -0.165 0.036
10.75 -0.234 0.000 -0.353 -0.474 -0.166 0.035
10.76 -0.156 0.000 -0.353 -0.476 -0.168 0.033
10.77 -0.156 0.000 -0.353 -0.477 -0.169 0.032
10.78 -0.156 0.000 -0.353 ~0.479 -0.171 0.031
10.79 -0.156 0.000 -0.353 -0.480 -0.172 0.030
10.80 -0.156 0.000 -0.353 -0.482 -0.174 0.029
10.81 -0.156 0.000 -0.353 -0.484 -0.175 0.028
10.82 -0.078 0.000 -0.412 -0.484 -0.177 0.026
10.83 -0.078 0.000 ~0.412 -0.485 -0.179 0.024
10.84 -0.078 0.000 ~0.412 -0.486 -0.180 0.022
10.85 -0.078 0.000 -0.412 -0.487 -0.182 0.021
10.86 -0.078 0.000 -0.412 -0.488 -0.183 0.019
10.87 -0.078 0.000 -0.471 -0.488 -0.185 0.016
10.88 -0.078 0.000 ~0.471 -0.489 -0.186 0.014
10.89 -0.078 0.000 -0.530 -0.490  -0.188 0.011
10.90 -0.078 0.000 -0.589 -0.491 -0.190 0.008
10.91 -0.078 0.000 -0.589 -0.491 -0.191 0.004
10.92 -0.078 0.000 -0.530 -0.492 -0.193 0.001
10.93 -0.078 0.000 -0.530 -0.493 -0.194 -0.002
10.94 -0.078 0.000 -0.530 -0.494 -0.196 -0.005
10.95 -0.078 0.000 -0.471 -0.495 -0.197 —0.0071“.
10.96 -0.078 0.000 -0.471 -0.495 -0.199 -0.009
10.97 -0.078 0.000 -0.471 -0.496 -0.200 -0.012
10.98 0.000 0.000 -0.530 ~0.496 -0.202 -0.015
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Figure 6.6.2.4 Digital data for event 13.1

[[1= baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:41:31 M.S.T.
Time 3Bp/at 3By /3t Zo3D, /3t Bg By 25D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
12.91 0.078 0.000 0.000 -0.000
12.92 0.156 0.078 -1.119 0.001 0.000 0.001
12.93 0.156 0. 078] -1.001 0.002 0.000 0.004
12.94 0.156 0.156 -0.943 0.002 0.001 0.006
12.95 0.313 0.156 -0.943 0.005 0.002 0.009
12.96 0.391 0.156 -0.943 0.008 0.002 0.012
12.97 0.469 0.156 -1.119 0.012 0.003 0.014
12.98 0.547 0.156 -1.119 0.016 0.004 0.015
12.99 0.547 0.156 -1.178 0.021 0.005 0.015
13.00 0.547 0.156 -1.355 0.026 0.005 0.014
13.01 0.547 0.078 -1.355 0.030 0.005 0.013
13.02 0.547 0.078 -1.473 0.035 0.005 0.011
13.03 0.547 0.000 -1.473 0.040 0.005 0.008
13.04 0.547 0.000 -1.414 0.045 0.004 0.006
13.05 0.547 0.000 —1.414 0.049 0.003 0.005
13.06 0.625 0.000 -1.355 0.055 0.002 0.004
13.07 0.625 0.000 -1.355 0.060 0.002 0.002
(:> 13.08 0.703 0.000 -1.414 0.066 0.001 0.001
13.09 0.625 0.000 -1.414 0.072 0.000 -0.001
13.10 0.625 0.000 -1.590 0.077 -0.001 -0.005
13.11 0.625 0.000 -1.649 0.083 -0.002 -0.009
13.12 0.625 0.000 -1.649 0.088 -0.002 -0.013
13.13 0.625 0.000 -1.590 0.094 -0.003 -0.017
13.14 0.547 0.000 -1.532 0.098 -0.004 -0.019
13.15 0.547 0.000 -1.532 0.103 -0.005 -0.022
13.16 0.469 0.000 -1.590 0.107 -0.005 -0.026
13.17 0.391 0.000 -1.532 0.110 -0.006 -0.029
13.18 0.391 0.000 -1.532 0.113 -0.007 -0.032
13.19 0.391 0.000 -1.473 0.116 -0.008 -0.034
13.20 0.391 0.000 -1.355 0.120 -0.009 -0.035
13.21 0.313 0.000 -1.355 0.122 -0.009 -0.037
13.22 0.313 0.000 -1.355 0.124 -0.010 -0.038
13.23 0.234 0.000 -1.355 0.126 -0.011 ~0.039
13.24 0.234 0.000 -1.355 0.127 -0.012 -0.040
13.25 0.234 0.000 -1.355 0.129 -0.012 -0.041
13.26 0.234 0.000 -1.237 0.131 -0.013 -0.041
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Figure 6.6.2.5 Digital data for event 16.4

[T = baseline which is subtracted for peaks and numerical integrati£;)

Yeardate: 79219 Time: 09:41:31 M.S.T.

T3 dBp/ 3 3By /3t Z.3D. /a3t B ZoD

ime /9t N o%Y, B N o~z
(ps) (T/s) (T/s) (T/s) (pT) 1 T) (LT)
16.05 0.000 0.000 -1.119 0.000 0.000 -0.000
16.06 (0. 000] 0.000 -1.119 0.000 0.000 -0.000
16.07 -0.078 0.000 -1.119] -0.001 0.000 -0.000
16.08 -0.078 0.000 -0.884 -0.002 0.000 0.002
16.09 -0.078 0.000 -0.884 -0.002 0.000 0.005
16.10 -0.078 0.000 -0.884 -0.003 0.000 0.007
16.11 -0.234 [0,000] -0.884 -0.005 0.000 0.009
16.12 -0.313 0.156 -0.884 -0.009 0.002 0.012
16.13 -0.313 0.156 -0.884 -0.012 0.003 0.014
16.14 -0.313 0.156 -0.884 -0.015 0.005 0.016
16.15 -0.313 0.156 -0.707 -0.018 0.006 0.021
16.16 -0.313 0.156 -0.648 -0.021 0.008 0.025
16,17 -0.391 0.234 -0.648 -0.025 0.010 0.030
16.18 -0.391 0.234 -0.648 -0.029 0.013 0.035
16.19 -0.391 0.156 -0.648 -0.033 0.014 0.039
16.20 -0.391 0.234 -0.648 -0.037 0.016 0.044
16.21 -0.391 0.234 -0.530 -0.041 0.019  0.050
16.22 -0.391 0.156 -0.471 -0.045 0.020 0.057 ([)
16.23 -0.313 0.156 -0.530 -0.048 0.022 0.062
16.24 -0.313 0.156 -0.530 -0.051 0.023 0.068
16.25 -0.313 0.156 -0.530 -0.054 0.025 0.074
16.26 -0.313 0.234 -0.530 -0.057 0.027 0.080
16.27 -0.313 0.234 -0.589 -0.060 0.030 0.085
16.28 -0.313 0.313 -0.648 -0.063 0.033 0.090
16.29 -0.391 0.313 -0.648 -0.067 0.036 0.095
16.30 -0.391 0.313 -0.589 -0.071 0.039 0.100
16.31 -0.391 0.313 -0.589 -0.075 0.042 0.105
16.32 -0.625 0.313 -0.589 -0.081 0.045 0.111
16.33 -0.625 0.313 -0.589 -0.088 0.048 0.116
16.34 -0.625 0.313 -0.530 -0.094 0.052 0.122
16.35 -0.547 0.313 -0.530 -0.099 0.055 0.128
16.36 -0.469 0.313 -0.530 ~0.1064 0.058 0.134
16.37 -0.469 0.313 -0.236 -0.109 0.061 0.142
16.38 -0.469 0.234 -0.412 -0.113 0.063 0.150
16.39 -0.469 0.234 -0.412 -0.118 0.066 0.157
16.40 -0.391 0.234 -0.412 -0.122 0.068 0.164
16.41 -0.391 0.234 -0.412 -0.126 0.070 0.171
16.42 -0.313 0.313 -0.412 -0.129 0.073 0.178
16.43 -0.078 0.234 -0.471 -0.130 0.076 0.184
16.44 -0.078 0.234 -0.530 -0.130 0.078 0.190
16.45 -0.156 0.156 -0.471 -0.132 0.080 0.197
16.46 -0.156 0.078 -0.589 -0.134 0.080 0.202
16.47 -0.156 0.000 -0.648 -0.135 0.080 0.207 @:)
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Figure 6.6.2.5
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0.000
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0.156
0.156
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-0.884
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167

Bg
(nT)

~-0.137
-0.138
-0.138
-0.139
-0.140
-0.141
=0.141
~0.141
-0.141
-0.141
=0.141
-0.141
=0.141
-0.141
-0.141
-0.141
-0.141
-0.141
=0.141
-0.141
-0.141
-0.141
-0.141
-0.141
=0.141
-0.141
-0.142
-0.143
~0.144
-0.145
=0.145
~0.146
-0.147
=0.147
-0.146
~0.145
~0.143
~0.140
-0.137
-0.133
~0.129
-0.125
-0.122
-0.120
-0.117
-0.116
-0.115
-0.114
-0.114

Digital data for event 16.4 (continued)

By
(uT)

0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.080
0.081
0.083
0.084
0.086
0.088
0.088
0.088
0.088
0.088
0.088
0.088
0.088
0.088
0.089
0.090
0.091
0.093
0.094
0.096
0.097

ZODZ
(uT)

0.211
0.214
0.218
0.223
0.226

"0.228

0.230
0.233
0.235
0.237
0.240
0.241
0.243
0.246
0.248
0.250
0.253
0.255
0.257
0.258
0.260
0.262
0.264
0.266
0.268
0.270
0.273
0.275
0.277
0.280
0.283
0.287
0.291
0.294
0.298
0.301
0.304
0.307
0.308
0.310
0.310
0.310
0.309
0.308
0.307
0.306
0.305
0.305
0.305




Figdr

-

Time
(us)

18.63
18.64
18.65
18.66
18.67
18.68
18.69
18.70
18.71
18.72
18.73
18.74
18.75
18.76
18.77
18.78
18.79
18.80
18.81
18.82
18.83
18.84
18.85
18.86
18.87
18.88
18.89
18.90
18.91
18.92
18.93
18.94
18.95
18.96
18.97
18.98
18.99
19.00
19.01
19.02
19.03
19.04
19.05

e 6.6.2.6 Digital data for event 19.0

baseline which is subtracted for peaks and numerical integration

Yeardate:

3Bp/3t
(T/s)

-0.078
(=0.078]

0.000

0.000

0.078

0.078

0.078

0.000
-0.156
-0.234
-0.391
-0.391
-0.391
~-0.313
-0.313
-0.391
-0.391
-0.391
-0.391
-0.391
-0.391
-0.391
-0.391
-0.547
-0.547
-0.625
-0.625
-0.625
~-0.625
-0.703
-0.703
-0.703
-0.703
-0.703
-0.703
-0.625
-0.625
-0.625
-0.625
-0.625
-0.625
-0.625
-0.547

79219

BBN/at
(T/s)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
[0.000]
0.078
0.078
0.078
0.078
0.078
0.156
0.156
0.156
0.156
0.156
0.234
0.234
0.234
0.234
0.156

Time: 09:41:31 M.S.T.

ZodD, /3t
(T/s)

-0.648
-0.648
[£0.648]
-0.707
-0.707
-0.707
-0.707
-0.884
-0.884
-0.884
~0.707
-0.648
-0.471
-0.471
-0.412
-0.353
-0.353
-0.412
-0.471
-0.412
-0.353
-0.353
-0.353
-0.353
-0.353
-0.353
-0.353
-0.295
-0.236
-0.177
-0.177
-0.177
-0.118
~0.118
-0.118
-0.118
~-0.059
-0.059
-0.059
-0.059
~-0.059
-0.118
-0.059
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Bg
(pT)

-0.000
-0.000

0.001

0.002

0.003

0.005

0.006

0.007

0.006

0.005

0.002
-0.002
-0.005
-0.007
-0.009
-0.013
-0.016
-0.019
-0.022
-0.025
-0.028
-0.031
~0.034
-0.039
-0.044
-0.049
-0.055
-0.060
-0.066
-0.072
-0.078
-0.084
-0.091
-0.097
-0.103
-0.109
-0.114
-0.120
-0.125
-0.131
-0.136
-0.141
-0.146

BN
(»T)

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.002
0.002
0.003
0.004
0.005
0.007
0.009
0.010
0.012
0.014
0.016
0.019
0.021
0.023

26D,
(uT)

0.000
0.000
0.000
-0.001
~0.001
-0.002
-0.002
-0.005
-0.007
-0.009
-0.010
-0.010
-0.008
-0.006
~-0.004
-0.001
0.002
0.004
0.006
0.008
0.011
0.014
0.017
0.020
0.023
0.026
0.029
0.032
0.037
0.041
0.046
0.051
0.056
0.061
0.067
0.072
0.078
0.084
0.090
0.095
0.101
0.107
0.113

~
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Figure 6.6.2.6

Time
(ps)

19.06
19.07
19.08
19.09
19.10
19.11
19.12
19.13
19.14
19.15
19.16
19.17
19.18
19.19
19.20
19.21
19.22
19.23
19.24
19.25
19.26
19.27
19.28
19.29
19.30
19.31
19.32
19.33
19.34
19.35

dBp/ot
(T/s)

-0.469
-0.469
-0.469
=0.547
-0.469
-0.469
-0.469
-0.391
-0.391
~0.391
-0.469
-0.391
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.313
-0.234
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078

BBN/at
(T/s)

0.156
0.156.
0.156
0.078
0.078
0.078
0.078
0.078
0.078
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

ZodD, /3t

(T/s)

-0.059
-0.059
-0.059
-0.118
-0.118
-0.177
-0.177
-0.177
-0.177
-0.236
-0.236
-0.236
-0,353
=0.295
-0.295
-0.295
-0.353
~0.412
-0.412
-0.412
-0.412
=0.412
-0.412
-0.412
-0.412
-0.412
-0.471
-0.589
-0.589
-0.648
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Bp
(nD)

-0.150
-0.154
~0.158
-0.163
-0.166
-0.170
-0.174

=0.177

-0.181
-0.184
-0.188
-0.191
-0.193
-0.195
-0.198
-0.200
-0.202
-0.205
~0.207
-0.209
-0.212
~0.213
-0.213
~-0.213
-0.213
-0.213
-0.213
-0.213
-0.213
-0.213

Digital data for event 19.0 (continued)

By
(nT)

0.024
0.026
0.027
0.028
0.029
0.030
0.030
0.031
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032
0.032

ZODZ
(uT)

0.118
0.124
0.130
0.135
0.141
0.146
0.150
0.155
0.160
0.164
0.168
0.172
0.175
0.179
0.182
0.186
0.189
0.191
0.193
0.196
0.198
0.200
0.203
0.205
0.207
0.210
0.211
0.212
0.213
0.213




Figure 6.6.2.7 Digital data for event 19.6

[:::]= baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:41:31 M.S.T.
Time IBp/ 9t BBN/at ZoaDz/at Bg By 25D,
(us) (T/s) (T/s) (T/s) (pT) (uT) (uT)
19.40 -0.078 0.000 -0.648 -0.000 0.000 0.000
19.41 -0.078 0.000 [-0.648] -0.000 0.000 0.000
19.42 -0.078 10.000] -0.589 -0.000 0.000 0.001
19.43 [-0.078] 0.156 -0.589 -0.000 0.002 0.001
19.44 -0.313 0.156 -0.589 -0.002 0.003 0.002
19.45 -0.313 0.156 -0.589 -0.005 0.005 0.002
19.46 ~-0.391 0.156 -0.530 -0.008 0.006 0.004
19.47 -0.391 0.234 -0.530 -0.011 0.009 0.005
19.48 -0.391 0.234 -0.412 -0.014 0.011 0.007
19.49 -0.625 0.234 ~0.412 -0.020 '0.013 0.009
19.50 -0.625 0.234 -0.353 -0.025 0.016 0.012
19.51 -0.547 0.156 -0.295 -0.030 0.017 0.016
19.52 -0.547 0.156 -0.295 -0.034 0.019 0.019
19.53 -0.547 0.156 -0.118 -0.039 0.020 0.025
19.54 -0.625 0.156 -0.177 -0.045 0.022 0.029
19.55 -0.625 0.156 -0.177 -0.050 0.023 0.034
19.56 -0.391 0.156 -0.177 -0.053 0.025 0.039
19.57 -0.469 0.156 -0.177 -0.057 0.027 0.044
19.58 -0.469 0.156 0.000 -0.061 0.028 0.050
19.59 -0.469 0.156 -0.177 -0.065 0.030 0.055
19.60 -0.391 0.156 -0.236 -0.068 0.031 0.059
19.61 -0.313 0.156 -0.295 -0.070 0.033 0.062
19.62 -0.313 0.156 -0.236 -0.073 0.034 0.067
19.63 -0.313 0.156 -0.236 -0.075 0.036 0.071
19.64 -0.313 0.156 -0.236 -0.077 0.038 0.075
19.65 -0.313 0.156 -0.353 -0.080 0.039 0.078
19.66 -0.313 0.156 -0.353 -0.082 0.041 0.081
19.67 -0.313 0.156 -0.412 -0.084% 0.042 0.083
19.68 -0.313 0.078 -0.412 -0.087 0.043 0.085
19.69 -0.313 0.156 -0.353 -0.089 0.045 0.088
19.70 -0.313 0.078 -0.412 -0.091 0.045 0.091
19.71 -0.313 0.078 -0.412 -0.094 0.046 0.093
19.72 ~0.234 0.078 -0.412 -0.095 0.047 0.095
19.73 -0.234 0.156 -0.412 -0.097 0.048 0.098
19.74 -0.234 0.156 -0.412 -0.098 0.050 0.100
19.75 ~-0.156 0.156 -0.471 -0.099 0.052 0.102
19.76 -0.156 0.156 -0.530 -0.100 0.053 0.103
19.77 -0.156 0.156 -0.530 -0.101 0.055 0.104
19.78 -0.156 0.234 -0.530 -0.102 0.057 0.105
19.79 -0.156 0.234 -0.589 -0.102 0.059 0.106
19.80 -0.156 0.234 -0.589 ~0.103 0.062 0.107
19.81 -0.156 0.156 -0.589 -0.104 0.063 0.107
19.82 -0.156 0.156 -0.589 -0.105 0.065 0.108
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Figure 606. 2.7

Time

(us)
19.83
19.84%
19.85
19.86
19.87
19.88
19.89
19.90
19.91
19.92
19.93
19,94
19.95
19.96
19.97
19.98
19.99
20.00
20.01

3Bp/ot
(T/s)

-0.156
-0.156
-0.156
-0.156
-0.234
-0.234
-0.234
-0.234
-0.156
-0.156
-0.156
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078

0.000

BBN/Bt

(T/s)

0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.078
0.000

ZodD, /3t
(T/s)
-0.589
-0.648
-0.648
-0.589
-0.589
-0.589
-0.589
-0.589
-0.530
-0.530
-0.530
-0.530
-0.589
-0.589
-0.648
-0.707
-0.707
-0.707
-0.707

171

Bg

(nT)
-0.106
-0.106
-0.107
-0.108
-0.109
-0.111
-0.113
-0.114
-0.115
-0.116
-0.116
-0.116
-0.116
-0.116
-0.116
-0.116
-0.116
-0.116
-0.116

Digital data for event 19.6 (continued)

By
(uT)
0.066
0.068
0.070
0.071
0.073
0.074
0.076
0.077
0.079
0.080
0.082
0.084
0.085
0.087
0.088
0.090
0.091
0.092
0.092

ZoDy
(MT)

0.108
0.108
0.108
0.109
0.110
0.110
0.111
0.111
0.113
0.114
0.115
0.116
0.117
0.117
0.117
0.117
0.116
0.115
0.115




Time Code WWWWWVWWW

Thunder f
Microphone
Output : -
HEWLETT-PACKARD
+
Slow
Antenna 0 °E
AE -

__4 i.O6 sec. k___

horizontal range = 356 m

Date : 79219 Time : 9:41:31

Figure 6.6.3 Slow E field change and thunder microphone record of
midrange return stroke
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Date : 79219 Time : 9:41:31

Figure 6.6.4  Acoustic location of midrange return stroke
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Figure 6.6.5A sin(6),¢ contours for midrange return stroke derivative
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6.u from waveform
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Figure 6.6.6A.1

Yeardate: 79219
#= 10° ;8= 60
Event Time ZoAaDZ/Bt
Number (us) (T/s)
4,2 4.20 -2.06
8.9 8.93 0.83
9.8 9.75 -0.65
13.1 13.08 -0.41

CALCULATED VALUES FOR 3T/3t

Event

H
Number

4.2
8.9
9.8
13.1

3T2/3t

(1015
-123
6

-39
=33

M.S.T.:

Am/sz)

94131
3 r = 465 n
ABBE/at AaBN/Bt
(T/s) (T/s)
1.56 0.16
-0.94 -0.16
-0.70 -0.16
0.63 0.08
3T3/8t
(101 An/s?)
1090
-665
-500
442

Set 1
Ath/at AaBe/at
(1/s) (T/s)
0.09 -0.78
-0.00 0.48
0.03 0.36
0.02 -0.32
19T/3t|
2
(10%° Am/s?)
1097
665
501
443

Tabulation of peak values for each event from derivative
waveform set for midrange return stroke

1858/ 3¢

(T/s)

0.79
0.48
0.36
0.32

o

(deg)

6
15.
176

4

Figure 6.6.6A.2 Tabulation of peak values for cach event frouw derivative
waveform set for midrange return stroke

Yeardate: 79219 M.S.T.: 94131

¢=1337° ;0=7° . 1= 379 Set 2
Event Time Z,83D /3t A3B /3t A3B /3t 40B, /ot.. A3B /3t 1808/ 3¢
Number (us) (T/s) (T/s) (T/s) (T/s) (T/s) (T/s)
16.4 16.37 0.88 -0.63 1 0.31 -0.06 0.35 0.36
19.0 18.97 0.59 -0.63 0.23 0.05 0.33 0.34
19.6 19.58 0.65 -0.55 0.23 0.00 0.30 0.30

CALCULATED VALUES FOR 3T/3t
>
Event aTZ/at 3T3/3t [aT/atl a
2 15 2,

Number  (10%° Am/s?) (10%° am/s?) (10™ Am/s®) (deg)

16.4 65 -398 404 189

19.0 -57 -381 385 171

19.6 -5 -339 339 179

176

O




Figure 6.6.6B,1

for midrange return stroke

Yeardate: 79219 M.S.T.:
¢= 50 ; 6 = 500 H

Event Time Z AD AB
o B E
Number (us) (1) (uT)
4.2 4,20 -0.84 0.53
8.9 8.93 0.50 -0.46
9.8 9.75 -0.05 -0.50
13.1 13.09 -0.05 0.13

CALCULATED VALUES FOR‘I;.¥

Event

Number

«2
.9
.8
.1

WO o &

1

Figure 6.6.6B.2

T2

(10° An/s)

-7
=43
26
-1

Tabulation of peak values for each event from waveform set

r=

94131

AB
(uT)

0.04
-0.08
-0.02

0.01

m
3
9

(10” Am/s)
370
=324

-348
91

for midrange return stroke

Yeardate: 79219 M.S.T.:
¢=1335° ; @=170% ;
Event Time ZoADa ABE
Number (us) (uT) (uT)
16.4 16.37 0.31 —0.14
19.6 19.55 0.11 ~-0.12

T.7
CALCULATED VALUES FOR'1 .

Event

Number

16.4
19.0
19.6

Ty

(10° Am/s)

22
-102
51

94131

=379 m

ABN

(uT)

0.08
0.03
0.09

m

3
(109 Am/s)

-91
=115
-83

177

465 m

Set

1
ABh ABe
(uT) (uT)
0.00 -0.27
0.03 0.23
-0.02 0.25
0.00 -0007
IT]
9
(10” Am/s)
371
327
349
91

Set 2
ABh ABe
(uT) (uT)
-0.02 0.08
0.09 0.10
-0.05 0.07
IT|
9
(107 Am/s)
94
154

Tabulation of peak values for each event from waveform set

1R
(uT)

0.27
0.23
0.25
0.07

(deg)

172
184

| AB
(uT)

0.08
0.14
0.09

(deg)

194
138




41
3
x O
- 3
ot ipeak
- ->
Veff++ J
T2
0 —»
(Units of
-3 18 2

Effective reconstruction of positive streamer

2
A1, of
t |peak
L,2 . [)
13,1
T2
0 | > h
2.8
8,9
(Units of
_2 ] :
-2 0 2 1018 A m/sz)
Peaks of 3T/3t
¢ = 10° 6 = g0° r = 411m Set 1
Date: 79219 M.S.T.: 09:41:31

Figure 6.6.7A.1 8%/3t for midrange return stroke
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2
41,
)
d —
2: ot lpeak
-+ ->
veff++ J
I2
0 »
(Units of
2 0 2 1018 A w/s?)
Effective reconstruction of positive streamer
1
A1, ot
9t |peak
T2
L J P ' 4
19,0
19,6 16.4
(Units of
'1_1 0 1 1018 A m/sz)
Peaks of a?/ac
o = 337° o = 75° r = 369m Set 2

Date: 79219 M.S.T.:

Figure 6.6.7A.2 aT/at for midrange return stroke
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1.5 ‘ T

3 Z+ _'Flpeak
v PO
Veff
I2
0 —p

(Units of
12
-1.5 0 1.5 10 A m/s)

-1.5

Effective reconstruction of positive streamer

0.4
4,2 _f3 +l
T|peak
13,1
I2
0 >
e L's (Uni £
~0.4 Uni;s o)
-0.4 0 0.4 10 A m/s)

->

Peaks of T
¢ = 5° 6 = 50° r = 465 m set 1
Date: 79219 M.S.T.: 09:41:31

Figure 6.6.7B.1 T for midrange return stroke
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0.4
?[3 .
2:+ Tlpeak
Voee 1103
‘ Veff
e
0 »
(Units of
0.4 5% 0 0.4 1012 A m/s)

Effective reconstruction of positive streamer

0.2 4
13 R
T)peak "
I2
0 >
19,6
16,4
19,0
0.2 (Un;;s of
-0.2 0 0.2 10 A m/s)
->
Peaks of T '
¢ = 335° 6 =70° r = 379m Set 2
Date: 79219 M.S.T.: 09:41:31
Figure 6.6.7B.2 T for midrange return stroke
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6.7 Midrange Return Stroke

O

Our seventh example is glven in Figures 6.7. *++., This 1is _
labelled "midrange return stroke". Figures 6.7.1A and 6.7.1B show
the derivative fields and fields for the 20 ys record.

Figure 6.7.3 shows the slow electric field and thunder microphone -
records, from which a horizontal range of 1115 m is estimated. The
acoustic source reconstruction in Figure 6.7.4 shows a complex strike
extending to 4 km height with significant components extending 4 km
to the northeast and 2.5 km to the south; the strike reaches the
ground approximately north of the Kiva.

The 0 , ¢ contours give four approximate sets of contour
intersections, all generally north as seen in figures 6.7.5 aided by
figures 6.7.7. These would appear to correspond to signals fronm
different locations along the arc channel.
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Figure 6.7.2.1 Digital data for event 1.7

(:) [ 1= baseline which is subtracted for peaks and numerical integration
Yeardate: 79219 Time: 09:53:39 M.S.T.
Time 3Bp/ a3t IBy/ 3t 2o59D,/3t B By Z,D,
(ps) (T/s) (T/s) (T/s) (pT) (rT) (pT)
1.63 0.000 0.156 0.000 0.000 0.000 0.000

1.64 : 0.000 0.000 0.000 0.000
1.65 0.078 0.313 0.000 0.001 0.002 0.000
1.66 0.156 0.313 0.002 0.003 0.000
1.67 0.313 0.547 -0.059 0.005 0.007 -0.001
1.68 0.547 0.859 -0.118 0.011 0.014 ~0.002
1.69 0.625 1.797 -0.177 0.017 0.030 -0.004
1.70 0.703 2.422 -0.412 0.024 0.053 -0.008
1.71 0.703 2.109 -0.471 0.031 0.073 -0.012
1.72 0.703 1.172 -0.589 0.038 0.083 ~0.018
1.73 0.703 0.234 -0.648 0.045 0.084 ~0.025
1.74 0.469 0.000 -0.648 0.050 0.082 ~0.031
1.75 0.234 -0.078 ~0.648 0.052 0.080 ~0.038
1.76 0.234 -0.078 -0.648 0.055 0.077 -0.044
1.77 0.156 0.000 ~0.412 0.056 0.076 ~0.048
1.78 0.156 0.234 ~0.177 0.058 0.077 -0.050
1.79 0.156 0.313 -0.177 0.059 0.078 -0.052
q:) 1.80 0.234 0.313 ~0.177 0.062 0.080 -0.054
1.81 0.234 0.313 ~0.177 0.064 0.081 -0.055
1.82 0.156 0.313 -0.177 0.066 0.083 -0.057
1.83 0.078 0.234 -0.177 0.066 0.084 -0.059
1.84 0.000 0.234 ~0.177 0.066 0.084 -0.061
1.85 -0.078 0.000 ~0.118 0.066 0.083 -0.062
1.86 -0.313 -0.078 -0.059 0.063 0.081 -0.062
1.87 -0.391 -0.078 0.000 0.059 0.078 ~0.062
1.88 -0.469 -0.234 0.059 0.054 0.074 -0.061
1.89 -0.469 -0.234 0.236 0.050 0.070 ~0.059
1.90 -0.469 -0.234 0.295 0.045 0.066 -0.056
1.91 -0.469 -0.234 0.295 0.040 0.062 -0.053
1.92 -0.391 -0.156 0.353 0.036 0.059 -0.050
1.93 -0.313 -0.156 0.353 0.033 0.056 -0.046
1.94 -0.313 -0.156 0.353 0.030 0.053 -0.043
1.95 -0.234 -0.078 0.295 0.028 0.051 -0.040
1.96 -0.156 -0.078 0.295 0.026 0.048 -0.037
1.97 -0.078 -0.078 0.236 0.025 0.046 -0.034
1.98 -0.078 -0.078 0.236 0.025 0.044 -0.032
1.99 -0.078 -0.078 0.177 0.024 0.041 -0.030
2.00 -0.078 -0.078 0.118 0.023 0.039 -0.029
2.01 ~0.078 -0.078 0.118 0.022 0.037 -0.028
2.02 -0.078 0.000 0.118 0.022 0.035 -0.027
2.03 0.000 0.000 0.118 0.022 0.034 -0.025
2.04 0.000 0.000 0.059 0.022 0.032 -0.025
2.05 0.000 0.000 0.059 0.022 o.ogo —o.ozz
. . .059 0.022 0.029 -0.02
2:09 2:000 9:000 0:090 0.022 0.027 ~0.024
2.08 0.000 0.000 0.000 0.022 0.026 ~0.024
2.09 0.000 0.000 0.000 0.022 0.024 -0.024
2.10 0.078 0.078 0.000 0.022 0.023 -0.024
2.11 0.078 0.078 0.000 0.023 0.023 -0 024
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Figure 6.7.2.2 Digital data for event 2.3

| | = baseline which is subtracted for peaks and numerical integratig:)

Yeardate: 79219 Time: 09:53:39 M.S.T.
Time dBgp/ ot BBN/ ot ZoaDz/ 3t Bp By Z5D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (T
2.08 0.000 0.000 0.000 10.000 0.000 0.000
2.09 0.000 [0.000] 0.000 0.000 0.000 0.000
2.10 0.078 0.078 0.000 0.001 0.001 0.000
2.11 0.078 0.078 0.000 0.002 0.002 0.000
2.12 0.078 0.156 0.000 0.002 0.003 0.000
2.13 0.078 0.156 0.000 0.003 0.005 0.000
2.14 0.156 0.156 0.000 0.005 0.006 0.000
2.15 0.156 0.156 0.000 0.006 0.008 0.000
2.16 0.156 0.234 0.000] 0.008 0.010 0.000
2.17 0.234 0.234 -0.118 0.010 0.013 -0.001
2.18 0.234 0.234 -0.118 0.013 0.015 -0.002
2.19 0.234 0.313 -0.118 0.015 0.018 -0.004
2.20 0.313 0.313 -0.177 0.018 0.021 -0.005
2.21 0.313 0.313 -0.177 0.021  0.024 -0.007
2.22 0.547 0.391 -0.177 0.027 0.028 -0.009
2.23 0.547 0.469 -0.236 0.032 0.033 -0.011
2.24 0.938 0.547 -0.236 0.041 0.038 -0.014
2.25 1.797 0.859 -0.412 0.059 0.047 -0.018 (:)
2.26 1.875 1.250 -0.471 0.078 0.059 -0.022
2,27 1.797 1.875 -0.884 0.096 0.078 -0.031
2.28 0.938 2.109 -1.414 0.105 0.099 -0.045
2,29 0.625 1.875 -1.649 0.112 0.118 -0.062
2.30 0.547 1.250 -0.943 0.117 0.130 -0.071
2.31 0.234 0.938 -0.648 0.120 0.140 -0.078
2.32 0.000 0.859 -0.471 0.120 0.148 -0.082
2.33 -0.625 0.625 -0.412 0.113 0.155 -0.087
2.34 -0.625 0.313 -0.177 0.107 0.158 -0.088
2.35 -0.625 0.000 0.059 0.101 0.158 -0.088
2.36 -0.625 -0.078 0.295 0.095 0.157 -0.085
2.37 -0.391 -0.313 0.471 0.091 0.154 -0.080
2.38 -0.078 -0.391 0.353 0.090 0.150 -0.077
2.39 -0.078 -0.313 0.295 0.089 0.147 -0.074
2.40 0.000 -0.313 0.236 0.089 0.144 -0.072
2.41 0.234 -0.078 0.059 0.092 0.143 -0.071
2.42 0.234 -0.078 0.059 0.094 0.142 -0.070
2.43 0.234 -0.078 0.000 0.096 0.142 -0.070
2.44 0.234 -0.078 -0.059 0.099 0.141 -0.071
2.45 0.234 -0.078 -0.059 0.101 0.140 -0.072
2.46 0.234 0.000 -0.118 0.103 0.140 -0.073
2.47 0.234 0.000 -0.118 0.106 0.140 -0.074
2.48 0.234 0.000 -0.118 0.108 0.140 -0.075
2.49 0.156 0.000 -0.177 0.110 0.140 -0.077
2.50 0.078 0.000 -0.118 0.110 0.140 -0.078
2.51 0.078 0.000 -0.118 0.111 0.140 ~0.079 (:)
2.52 0.000 0.000 -0.059 0.111 0.140 -0.080
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( 3Bp/at QBN/Bt ZoaDz/at B By 25D,
us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
2.53 0.000 0.000 -0.059 0.111 . -
2.54 -0.078 0.000 -0.059 0.110 3.%23 _8‘822
2.55 -0.078 0.000 0.059 0.110 0.140 -0.080
2.56 -0.078 0.000 0.059 0.109 0.140 -0.080
2.57 -0.156 0.000 0.059 0.107 0.140 -0.079
2.58 -0.156 0.000 0.118 0.106 0.140 ~0.078
2.59  -0.078  -0.078 0.177 0.105 0.139  -0.076
2.60 -0.156 -0.078 0.177 0.103 0.138 ~0.074
2.61 -0.078 -0.078 0.118 0.103 0.138 -0.073
2.62 -0.078 0.000 0.177 0.102 0.138 -0.072
2.63 -0.078 0.000 0.177 0.101 0.138 ~0.070
2.64 -0.078 0.000 0.118 0.100 0.138 ~0.069
2.65 0.078 0.000 0.118 0.101 0.138 -0.067
2.66 -0.156 0.000 0.177 0.099 0.138 -0.066
2.67 -0.078 0.000 0.177 0.099 0.138 -0.064
2.68 0.078 0.000 0.059 0.099 0.138 ~0.063
2.69 0.078 0.000 0.059 0.100 0.138 -0.063
Figure 6.7.2.3 Digital data for event 3.3
Q:> [ ] = baseline which is subtracted for peaks and numerical integration
Yeardate: 79219 Time: 09:53:39 M.S.T.
Time dBg/at aBy/at 253D,/ 3t Bp By ZoDy
(us) (T/s) (T/s) (T/s) (nT) (uT) (uT)
3.12 0.000 0.234 0.059 0.000 0.000 -0.000
3.13 [0.000] [0-23%] 0.059 0.000 0.000 -0.000
3.14 0.078 0.313 0.059 0.001 0.001 -0.000
3.15 0.156 0.313 0.059 0.002 0.002 -0.000
3.16 0.156 0.313 [0.059] 0.004 0,002 -0.000
3.17 0.156 0.313 0.000 0.005 0.003 -0.001
3.18 0.156 0.313 -0.118 0.007 0.004 -0.002
3.19 0.234 0.313 -0.059 0.009 0.005 -0.004
3.20 0.547 0.313 -0.059 0.015 0.006 -0.005
3.21 0.547 0.313 -0.118 0.020 0.006 -0.006
3.22 0.547 0.391 -0.236 0.026 0.008 -0.009
3.23 0.000 0.234 -0.412 0.026 0.008 -0.014
3.24 0.000 0.234 -0.412 0.026 0.008 -0.019
3.25 -0.313 0.156 -0.412 0.023 0.007 -0.024
3.26 -0.391 0.156 0.000 0.019 0.006 -0.024
3.27 -0.313 0.000 0.059 0.016 0.004 -0.024
3.28 -0.391 0.000 0.471 0.012 0.002 -0.020
3.29 -0.313 0.000 0.295 0.009 -0.001 -0.018
3.30 -0.078 0.000 0.236 0.008 -0.003 -0.016
3.31 0.234 0.000 0.295 0.011 -0.005 -0.013
3.32 0.234 0.000 0.059 0.013 -0.008 -0.013

Figure 6.7.2.2
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Digital data for event 2.3 (continued)




Figure 6.7.2.4 Digital data for event 4.1

[:::] = baseline which is subtracted for peaks and numerical integrati£:3

Yeardate: 79219 Time: 09:53:39 M.S.T.
(us) (T/s) (T/s) (T/s) (nT) (pT) (T)
3.90 0.156 0.234 0.000 0.000 0.000 0.000
3.91 0.156 0.234 [0.000] 0.000 0.000 0.000
3.92 0.234 -0.059 0.000 0.000 -0.001
3.93 0.234 0.234 -0.059 0.001 0.000 -0.001
3.94 0.234 -0.059 0.002 0.000 -0.002
3.95 0.313 0.313 -0.118 0.003 0.001 -0.003
3.96 0.313 0.313 -0.118 0.005 0.0902 -0.004
3.97 0.391 0.234 -0.118 0.007 0.002 -0.005
3.98 0.391 0.234 -0.236 0.009 0.002 ~-0.008
3.99 0.391 0.234 -0.236 0.012 0.002 -0.010
4.00 0.391 0.313 -0.236 0.014 0.002 -0.012
4.01 0.469 0.313 -0.236 0.017 0.003 -0.015
4.02 0.625 0.391 -0.236 0.022 0.005 -0.017
4,03 0.625 0.469 -0.236 0.027 0.007 -0.019
4.04 1.250 0.547 -0.412 0.038 0.010 -0.024
4.05 2.422 0.625 -0.471 0.060 0.014 -0.028
4.06 2.500 0.938 -0.707 0.084 0.021 -0.035
4.07 2.422 1.250 -1.355 0.106 0.031 -0.049 <:)
4.08 2.188 1.563 -2.062 0.127 0.045 -0.070
4.09 1.250 1.250 -1.885 0.138 0.055 -0.088
4.10 0.625 0.625 -1.649 0.142 0.059 -0.105
4.11 0.313 0.625 -1.414 0.144 0.063 -0.119
4,12 0.313 0.859 -0.943 0.145 0.069 -0.128
4.13 0.625 0.938 -0.412 0.150 0.076 -0.133
4.l4 0.859 1.250 -0.236 0.157 0.086 -0.135
4.15 0.938 1.250 -0.412 0.165 0.096 -0.139
4.16 0.938 1.172 -0.648 0.173 0.106 -0.145
4,17 0.938 1.172 -0.707 0.181 0.115 -0.153
4,18 0.938 1.016 -0.825 0.188 0.123 -0.161
4.19 0.859 0.859 -0.766 0.195 0.129 -0.168
4.20 0.781 0.625 -0.766 0.202 0.133 -0.176
4.21 0.625 0.547 -0.648 0.206 0.136 -0.183
4.22 0.313 0.313 -0.530 0.208 0.137 -0.188
4.23 0.313 0.313 -0.471 0.209 0.138 -0.193
4,24 0.234 0.234 -0.412 0.210 0.138 -0.197
4.25 0.234 0.313 -0.236 0.211 0.138 -0.199
4.26 0.156 0.313 -0.236 0.211 . 0.139 -0.201
4.27 0.078 0.391 -0.177 0.210 0.141 -0.203
4.28 0.078 0.469 -0.177 0.209 0.143 -0.205
4.29 0.156 0.547 -0.059 0.209 0.146 -0.206
4.30 0.234 0.625 0.000 0.210 0.150 -0.206
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Figure 6.7.2.5 Digital data for event 4.3

(:) [::::]= baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 09:53:39 M.S.T.
Time 3B/ 3t aBy/at 253D,/ 3t BE By ZoDg
(us) (T/s) (T/s) (T/s) (nT) {(1T) (uT)
4,27 0.078 (0.391] -0.177 0.000 -0.000 0.000
4.28 [0-07%] 0.469 0.000 0.001 0.000
4.29 0.156 0.547 -0.059 0.001 0.002 0.001
4,30 0.234 0.625 0.000 0.002 0.005 0.003
4,31 0.547 0.625 -0.059 0.007 0.007 0.004
4,32 0.625 0.625 -0.059 0.013 0.009 0.005
4.33 1.250 0.703 -0.236 0.024 0.012 0.005
4,34 1.328 0.781 -0.412 0.037 0.016 0.002
4,35 0.625 0.938 -0.707 0.042 0.022 -0.003
4.36 0.000 0.938 -0.943 0.041 0.027 -0.011
4.37 -0.078 0.625 -0.943 0.040 0.030 -0.018
4.38 -0.703 0.234 -0.471 0.032 0.028 -0.021
4.39 -1.016 -0.078 0.000 0.021 0.023 -0.019
4.40 -1.094 -0.625 0.471 0.009 0.013 -0.013
4.41 -0.703 -0.703 0.766 0.001 0.002 -0.003
4,42 -0.625 -0.391 0.943 -0.006 -0.006 0.008
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Figure 6.7.2.6 Digital data for event 5.1

[:::] = baseline which is subtracted for peaks and numerical integration(:)

Yeardate: 79219 Time: 09:53:39 M.S.T.

Time 3Bp/at BBN/at ZoaDz/at BE By ZoD,,
(ps) (T/s) (T/s) (T/s) (1) (uT) (uT)
5.00 0.000 0.000 0.236 0.000 0.000 -0.000
5.01 l0.000! 0.000 0.000 - =-0.000
5.02 0.547 0.234 0.177 0.005 0.002 -0.001
5.03 0.625 0.313 0.059 0.012 0.005 -0.002
5.04 0.000 0.313 0.059 0.012 0.009 -0.004
5.05 0.000 0.313 -0.412 0.012 0.012 -0.011
5.06 -0.313 0.234 -0.412 0.009 0.014 -0.017
5.07 -0.313 0.156 0.000 0.005 0.016 -0.019
5.08 0.000 0.000 0.471 0.005 0.016 -0.017
5.09 0.000 0.000 0.471 0.005 0.016 -0.015
5.10 0.234 0.000 0.059 0.007 0.016 -0.016
5.11 0.000 0.000 0.059 0.007 0.016 -0.018
5.12 0.000 0.000 0.000 0.007 0.016 -0.021
5.13 -0.313 0.000 -0.177 0.004 0.016 -0.025
5.14 -0.313 0.000 0.059 0.001 0.016 -0.026
5.15 -0.313 0.000 0.295 -0.002 0.016 -0.026
5.16 -0.313 0.000 0.471 ~-0.005 0.016 -0.024
5.17 -0.078 0.000 0.471 -0.006 0.016 -0.021 (:)
5.18 -0.313 0.156 0.412 -0.009 0.018 -0.019
5.19 -0.313 0.156 0.353 -0.012 0.019 -0.018
5.20 -0.313 0.156 0.295 -0.015 0.021 -0.018
5.21 -0.313 0.156 0.471 -0.018 0.022 -0.015
5.22 -0.234 0.156 0.471 -0.021 0.024 -0.013
5.23 -0.234% 0.156 0.412 -0.023 0.025 -0.011
5.24 -0.234 0.156 0.412 -0.025 0.027 -0.009
5.25 -0.391 0.156 0.412 -0.029 0.029 -0.008
5.26 -0.391 0.078 0.412 -0.033 0.029 -0.006
5.27 -0.313 0.078 0.412 -0.036 0.030 -0.004
5.28 -0.078 0.078 0.530 -0.037 0.031 -0.001
5.29 -0.078 0.000 0.471 -0.038 0.031 0.001
5.30 -0.078 0.000 0.295 -0.039 0.031 0.002
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Figure 6.7.2.7

Digital data for event 9.8

C:I'—' baseline which is subtracted for peaks and numerical integration

Time
(us)

9.75
9.76
9.77
9.78
9.79
9.80
9.81
9.82
9.83
9.84
9.85
9.86
9.87
9.88
9.89
9.90
9.91
9.92
9.93
9.94
9.95
9.96
9.97
9.98
9.99
10.00
10.01
10.02
10.03
10.04

Yeardate:

3Bp/at
(T/s)

-0.078
-0.078
|=0.078]
-0.156
-0.234
-0.625
-0.703
-0.703
-0.313
-0.078
0.234
0.234
0.234
0.000
0.000
0.000
-0.078
-0.078
-0.078
-0.078
-0.078
0.000
0.078
0.078
0.078
0.078
0.078
0.000
0.000
0.000

79219

BBN/at
(T/s)

[0. 0007
0.156
0.156
0.078
0.156
0.156
0.313
0.391
0.313
0.000
0.000
-0.078
-0.078
-0.078
~-0.078
-0.078
-0.078
-0.078
0.000
0.234
0.156
0.234
0.234
0.234
0.156
0.156
0.000
0.000
0.000
0.000

Time: 09:53:39 M.S.T.

253D,/ 3t
(T/s)

0.059
0.059
0.059
0.059
0.059
[0.059]
0.118
0.177
0.471
0.530
0.295
0.059
0.000
-0.177
-0.236
-0.177
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.059
-0.059
-0.059
0.000

191

Bp
(pT)

-0.000
-0.000
-0.000
-0.001
-0.002
-0.008
-0.014
-0.020
~-0.023
-0.023
-0.020
-0.016
-0.013
-0.012
-0.011
-0.011
-0.011
-0.011
-0.011
-0.011
-0.011
-0.010
-0.008
-0.007
-0.005
-0.004
-0.002
-0.001
-0.000

0.000

BN
(T

0.000
0.002
0.003
0.004
0.005
0.007
0.010
0.014
0.017
0.017
0.017
0.016
0.015
0.014
0.014
0.013
0.012
0.011
0.011
0.014
0.015
0.018
0.020
0.022
0.024
0.025
0.025
0.025
0.025
0.025

ZODZ
(uT)

-0.000
-0.000
-0.000
~0.000
-0.000
~-0.000
0.001
0.002
0.006
0.011
0.013
0.013
0.012
0.010
0.007
0.005
0.004
0.004
0.003
0.002
0.002
0.001
0.001
0.000
-0.001
-0.001
-0.002
-0.004
-0.005
-0.005




Figure 6.7.2.8 Digital data for event 10.3

[ N | = baseline which is subtracted for peaks and numerical integration (:)

Yeardate: 79219 Time: 09:53:39 M.S.T.
Time dBp/at BBN/Bt ZoaDz/at B By ZoD,
(us) (T/s) (T/s) (T/s) (1T) (uT) (uT)
10.18 [<0.078 0.000 0.059 -0.000 0.000 -0.000
10.19 0.234 0.000 0.059 0.003 0.000 -0.000
10.20 0.234 0.000 [0.059] 0.006 0.000 -0.000
10.21 0.000 (0. 000] 0.000 0.007 0.000 -0.001
10.22 -0.078 0.156 -0.177 0.007 0.002 -0.003
10.23 -0.313 0.156 -0.177 0.005 0.003 -0.005
10.24 -0.313 0.156 0.000 0.002 0.005 -0.006
10.25 -0.313 0.078 0.236 -0.000 0.005 -0.004
10.26 -0.313 0.078 0.295 -0.002 0.006 -0.002
10.27 -0.156 0.078 0.236 -0.003 0.007 -0.000
10.28 -0.078 0.078 0.236 -0.003 0.008 0.002
10.29 -0.078 0.078 0.177 -0.003 0.009 0.003
10.30 0.000 0.078 0.118 -0.002 0.009 0.004
10.31 0.000 0.000 0.059 -0.002 0.009 0.004
10.32 0.000 0.000 0.059 -0.001 0.009 0.004
10.33 0.000 0.000 0.059 -0.000 0.009 0.004
10.34 0.000 0.000 0.059 0.001 0.009 0.004
10.35 0.000 0.000 0.000 0.002 0.009 0.003 (:)
10.36 0.000 0.000 0.000 0.003 0.009 0.002
10.37 -0.078 0.000 0.000 0.003 0.009 0.002
10.38 -0.078 0.000 0.059 0.003 0.009 0.002
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Figure 6.7.2.9 Digital data for event 11.3

E:]= baseline which is subtracted for peaks and numerical integration
Yeardate: 79219 Time: 09:53:39 M.S.T.
Time 3Bp/dt  9By/3t  Z,3D,/3t B By LoDz
(us) (T/s) (T/s) (T/s) (pT) (T (D)
11.20 [-0,078] 0.000 0.059 -0.000 0.000 -0.000
11.21 0.000 0.000 0.059 0.001 0.000 -0.000
11.22 0.234 0.000 0.059 0.004 0.000 -0.000
11.23 0.313 0.000 0.059 0.008 0.000 -0.000
11.24 0.313 0.000 [0.059] 0.012 0.000 -0.000
11.25 0.234 0.000 -0.177 0.015 0.000 -0.002
11.26 0.000 0.000 ~0.412 0.016 0.000 -0.007
11.27 -0.078 0.000 -0.236 0.016 0.000 -0.010
11.28 -0.313 0.000 0.000 0.013 0.000 -0.011
11.29 -0.313 0.059 0.011 0.000 -0.011
11.30 -0.391 0.078 0.059 0.008 0.001 -0.011
11.31 -0.469 0.078 0.236 0.004 0.002 -0.009
11.32 -0.469 0.156 0.295 -0.000 0.003 -0.006
11.33 -0.391 0.078 0.295 -0.003 0.004 -0.004
11.34 -0.313 0.078 0.353 -0.005 0.005 -0.001
11.35 -0.313 0.000 0.353 -0.008 0.005 0.002
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Figure 6.7.2.10 Digital data for event 12.5

[__]= baseline which is subtracted for peaks and numérical 1ntegration(:)

Yeardate: 79219 Time: 09:53:39 M.S.T.
Time dBgp/at aBy/at 253D, /3t BE By ZoDy
(ps) (T/s) (T/s) (T/s) (nT) (pT) (e T)
12.40 -0.078 0.000 0.059 -0.000 0.000 -0.000
12.41 0.000 0.059 -0.000 0.000 -0.000
12,42 -0.156 0.000 0.059 -0.001 0.000 -0.000
12.43 -0.156 0.000 0.059 ~0.002 0.000 -0.000
12.44 -0.156 0.000 0.059 -0.002 0.000 ~0.000
12.45 -0.156 0.000 0.059 -0.003 0.000 -0.000
12.46 -0.156 0.000 0.059 -0.004 0.000 -0.000
12.47 -0.156 0.000 0.059 -0.005 0.000 -0.000
12.48 -0.156 0.000 0.059 -0.005 0.000 -0.000
12.49 -0.234 0.059 -0.007 0.000 -0.000
12.50 -0.234 -0.078 0.059 -0.009 -0.001 -0.000
12.51 -0.391 -0.078 0.059 -0.012 -0.002 -0.000
12.52 -0.625 -0.234 0.059 -0.017 -0.004 -0.000
12.53 -1.016 -0.234 0.059] -0.027 -0.006 -0.000
12.54 -1.250 -0.156 0.236 -0.038 -0.008 0.002
12.55 -1.250 -0.234 0.471 -0.050 -0.010 0.006
12.56 -0.938 -0.234 0.530 -0.059 -0.013 0.011
12,57 -0.625 -0.156 0.648 -0.064 -0.014 0.016 (:)
12.58 -0.391 -0.078 0.589 -0.067 -0.015 0.022
12.59 -0.313 0.000 0.295 -0.070  -0.015 0.024
12.60 -0.078 0.000 0.236 -0.070  -0.015 0.026
12.61 0.000 0.156 0.236 -0.069 -0.013 0.028
12.62 0.234 0.156 0.177 -0.066 -0.012 0.029
12.63 0.234 0.234 0.059 -0.063  -0.009 0.029
12.64 0.234 0.234 0.000 -0.060 -0.007 0.028
12.65 0.313 0.234 -0.177 -0.056 -0.004 0.026
12.66 0.313 0.156 -0.118 -0.052 -0.003 0.024
12.67 0.391 0.156 -0.118 -0.047 -0.001 0.023
12.68 0.313 0.156 -0.118 -0.043 0.000 0.021
12.69 0.313 0.078 -0.236 -0.040 0.001 0.018
12.70 0.234 0.078 -0.236 -0.036 0.002 0.015
12.71 0.234 0.000 -0.236 -0.033 0.002 0.012
12.72 0.234 0.000 -0.177 -0.030 0.002 0.010
12.73 0.156 0.000 -0.177 -0.028 0.002 0.007
12.74 0.078 0.000 -0.177 -0.026 0.002 0.005
12.75 0.078 0.000 -0.118 -0.025 0.002 0.003
12.76 0.000 0.000 -0.118 -0.024 0.002 0.001
12.77 0.000 0.000 -0.059 -0.023 0.002 0.000
12.78 0.000 0.000 -0.059 -0.022 0.002 -0.001
12.79 0.000 0.000 0.000 -0.022 0.002 -0.002
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Figure 6.7.2.11

Digital data for event 17.9

(:) [ ] = baseline which is subtracted for peaks and numerical integration

Time
(us)

17.87
17.88
17.89
17.90
17.91
17.92
17.93
17.94
17.95
17.96
17.97
17.98
17.99
18.00
18.01
18.02
18.03
18.04
18.05
18.06
18.07
18.08
18.09
18.10
18.11
18.12
18.13
18.14
18.15
18.16
18.17

Yeardate:

3Bgp/at
(T/s)

[-0.078]
0.000
0.234
0.547
0.234

-0.391
-0.391
-0.313
-0.078
-0.078
0.000
0.000
0.078
0.078
0.078
0.000
0.000
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
-0.078
0.000
0.000
0.000
0.000
0.000
0.000
0.000

79219

QBN/Bt
(T/s)

0.078
(0. 078]
0.156
0.156
0.156
0.156
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.000
0.000
-0.078

Time: 09:53:39 M.S.T.

253D,/ 3t
(T/s)

0.000
0.000
0.000
0.000
-0.236
-0.412
0.000
0.471
0.295
0.236
0.059
0.000
-0.059
-0.059
-0.059
-0.059
-0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.059
0.000
0.000
0.000
0.000
0.000
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BE
(uT)

-0.000
0.001
0.004
0.010
0.013
0.010
0.007
0.005
0.005
0.005
0.006
0.007
0.008
0.010
0.011
0.012
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.014
0.014
0.015
0.016
0.017
0.017
0.018

By
(wT)

0.000
0.000
0.001
0.002
0.002
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.002
0.001
-0.000

ZoDyg

(uT)

0.000
0.000
0.000
0.000
0.000
-0.002
-0.006
-0.006

0.001

0.003
0.004
0.004
0.003
0.003
0.002
0.002
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.005
0.006
0.006
0.006
0.006
0.006
0.006




Figure 6.7.2.12 Digital data for event 18.2

E:::]= baseline which is subtracted for peaks and numerical integrati&:)

Yeardate: 79219 Time: 09:53:39 M.S.T.
Tlme BBE/ ot 3BN/3t ZoaDz/ ot BB BN ZODZ
(ps) (T/s) (T/s) (T/s) (pT) (»T) (u7)
18.15 0.000 0.000 0.000 0.000 0.000 0.000
18.16 0.000 0.000 0.000 0.000 0.000
18.17 0.000 -0.078 0.000 0.000 -0.001 0.000
18.18 (0.000 -0.234 0.000 0.000 -0.003 0.000
18.19 0.547 -0.078 0.000 0.005 -0.004 0.000
18.20 0.938 0.000 {0.000] 0.015 -0.004 0.000
18.21 0.859 0.078 -0.177 0.023 -0.003 -0.002
18.22 0.000 0.078 -0.471 0.023 -0.002 -0.006
18.23 0.000 0.078 -0.884 0.023 -0.002 -0.015
18.24 -0.078 0.156 -0.471 0.023 0.000 -0.020
18.25 -0.313 0.156 0.000 0.020 0.002 -0.020
18.26 -0.313 0.156 0.059 0.017 0.004 -0.019
18.27 -0.313 0.156 0.236 0.014 0.005 -0.017
18.28 -0.234  0.156 0.177 0.011 0.007 -0.015
18.29 -0.156 0.156 0.177 0.010 0.008 -0.014
18.30 -0.156 0.156 0.177 0.008 0.010 -0.012
18.31 -0.156 0.156 0.118 0.007 - 0.011 -0.011
18.32 -0.156 0.156 0.118 0.005 0.013 -0.009
18.33 -0.156 0.156 0.118 0.004 0.015 -0.008 (:)
18.34 -0.156 0.156 0.118 0.002 0.016 -0.007
18.35 -0.156 0.156 0.118 0.000 0.018 -0.006
18.36 -0.078 0.156 0.177 -0.000 0.019 -0.004
18.37 -0.078 0.156 0.177 -0.001 0.021 -0.002
18.38 -0.078 0.156 0.118 -0.002 0.022 -0.001
18.39 -0.078 0.156 0.059 -0.003 0.024 -0.001
18.40 -0.078 0.156 0.059 -0.003 0.025 0.000
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Figure 6.7.2.13 Digital data for event 19.5

[ 1= baseline which is subtracted for peaks and numerical integration
Yeardate: 79219 Time: 09:53:39 M.S.T.

Time  3Bp/at 3By/dt  Z,9D, /03t BE By ZoD,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
19.51 [0.000] 0.000 0.000 0.000 -0.000
19.52 0.547 0.000 0.000 0.005 0.000 -0.001
19.53 0.859 0.000] 0.000 0.014 0.000 ~0.001
19.54 0.547 0.156 0.000 0.020 0.002 -0.002
19.55 0.000 0.156 -0.412 0.020 0.003 -0.006
19.56 -0.391 0.156 -0.648 0.016 0.005 -0.014
19.57 -0.625 0.156 -0.412 0.009 0.006 -0.018
19.58 -0.625 0.156 0.059 0.003 0.008 -0.018
19.59 -0.625 0.156 0.471 -0.003 0.009 -0.014
19.60 -0.625 0.156 0.471 -0.009 0.011 -0.010
19.61 -0.391 0.156 0.471 -0.013 0.013 -0.006
19.62 -0.078 0.156 0.471 -0.014 0.014 -0.002
19.63 -0.078 0.156 0.412 -0.015 0.016 0.002
19.64 0.000 0.156 0.236 -0.015 0.017 0.004
19.65 0.234 0.156 0.059 -0.013 0.019 0.004
19.66 0.156 0.156 0.059 -0.011 0.020 0.004
19.67 0.156 0.156 0.000 -0.009 0.022 0.003

i 19.68 0.078 0.156 -0.059 -0.009 0.023 0.002

‘W 19.69 0.000 0.156 -0.059 -0.009 0.025 0.001
19.70 0.000 0.156 0.000 -0.009 0.027 -0.000
19.71 -0.078 0.156 0.000 -0.009 0.028 -0.001
19.72 -0.078 0.078 0.000 -0.010 0.029 -0.001
19.73 -0.078 0.078 0.000 -0.011 0.030 ~-0.002
19.74 -0.078 0.078 0.000 -0.012 0.030 -0.002
19.75 -0.078 0.078 0.059 -0.013 0.031 -0.002
19.76 -0.078 0.078 0.059 -0.013 0.032 -0.002
19.77 -0.078 0.078 0.059 -0.014 0.033 -0.002
19.78 -0.078 0.078 0.059 -0.015 0.034 -0.002
19.79 -0.078 0.078 0.059 -0.016 0.034 -0.002
19.80 ~0.078 0.078 0.059 -0.016 0.035 ~-0.002
19.81 -0.078 0.078 0.059 -0.017 0.036 -0.002
19.82 -0.078 0.078 0.059 -0.018 0.037 -0.002
19.83 -0.078 0.078 0.059 -0.019 0.038 -0.002
19.84 -0.078 0.078 0.059 -0.020 0.038 -0.002
19.85 -0.156 0.078 0.059 -0.021 0.039 ~0.002
19.86 -0.156 0.000 0.059 -0.023 0.039 -0.002
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Figure 6.7.3 Slow E field change and thunder microphone record of
midrange return stroke
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Figure 6.7.4  Acoustic location of midrange return stroke
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sin(s),¢ contour plot

Ty

No -photograph available

Whole-sky photograph from Kiva
Date: 79219

Figure 6.7.5A
waveform and whole-sky videotape photograph
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Date: 79219 M.S.T.: 09:53:39

Figure 6.7.5B sin(8),¢ contours for midrange return stroke waveform
and whole-sky videotape photograph
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Figure 6.7.6A.1 Tabulation of peak values for each event from derivative .
waveform set for midrange return stroke

Yeardate: 79219 M.S.T.: 95339
¢ = 2 ;0 = 69o ; T = 1194 nm Set 1
Event Time 2,830 /3t  A3B /3t  A3B /3t A9B, /3t A3B_[3t 138/ 3¢l
Number ()¢ (T/5s) (t/s)  (1/s) (T/s) (T/s) (T/s)
1.7 1.70 -0.65 0.70 2.27 -3.13 -0.39 3.16
2.3 2.28 -1.65 1.88 2.11 -2.85 -0.98 3.01
3.3 3.26  -0.47 0.55 0.16 -0.20 -0.28 0.34
18.2 18.23  -0.88 0.94 -0.23 0.37 -0.47 0.59
CALCULATED VALUES FOR 37/3t
>
Event aTz/Bt 8T3/8t [aT/atl o
15 2
Number  (10%° Am/s?) (10%° am/s?) (101 Am/s%) (deg)
1.7 11219 1395 11305 277
2.3 10214 3498 10796 289
3.3 703 995 1218 325
18.2 -1313 1669 2123 38
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Figure 6.7.6A.2

waveform set for midrange return stroke

Yeardate: 79

®= 26

Event Time
Number (us)

4.1 4.06
4.3 4.34
5.1 5.05
11.3 11.34

219 MOSOT':

le) (o]
;© =50

Z A3D /a3t
(o] z
(T/s)
_2.06
-0.77

-0065
-0.47

CALCULATED VALUES FOR 8?/3t

Event

Number

4.1
4.3
5.1
1.3

1

aTzlat

15 Am/sz)
576
-182

8
-92

(10

95339
; r = 1456 m
AaBE/at AaBN/ac
(T/s) (1/s)
2.34 1.33
1.25 0.55
0.63 0.31
0.39 0.16
3T3/3t
(1015 Am/sz)
5865
2979
1533
918

203

Set 2
Ath/at AaBelat
(T/s) (T/s)
-0.13 -1.34
0.04 -0.68
_0.00 —0035
0.02 -0.21
19T/3tl
(1015 Am/sz)
5893
2985
1533
923

Tabulation of peak values for each event from derivative

1a3B/3tl
(T/s)

1.35
0.68
0.35
0.21

(deg)

354

360




Figure 6.7.6A.3

Yeardate:

79219 M.S.T.: 95339
@=1327° ;=148 . ¢ = 1500 n
Event Time 2,830 /3t 438 /3t A3B /3t
Number (us) (T/s) (T/s) (T/s)
9.8 9.81 0.47 -0.63 0.39
10.3  10.26 0.24 -0.24 0.16
CALCULATED VALUES FOR 3T/3t
Event 9T,/3t aT. /3t
2 3
Number (1015 Am/sz) (1015 Am/sz)
9.8 -54 -1667
10.3 12 -649

Figure 6.7.6A.4

Yeardate: 79219

)

g= 8° ;0=41

Event Time ZOABDz/at
Number (us) (T/s)
12.5 12.54 0.59
17.9 17.90 -0.41
19.5 19.56 -0.71

CALCULATED VALUES FOR 8¥/at

Event

Number

12.5
17.9
19.5

8T2/3t

15

(10 Am/sz)

-219
-29
131

MeS.T.:

95339
5 r = 1700 m
M9B /3t 3B /3t
(T/s) (T/s)
-1.17 -0.23
0.63 0.08
0.86 0.16
3T3/8t
(1015 Am/sz)
-3035
1619
2228

204

Set 3

Ath/at
(T/s)

0.01
-0.00

19T/ 5t |

15

(10 Am/

1668
649

Tabulation of peak values for each event from
waveform set for midrange return stroke

A3B /3t
e

(T/s)

0.37
0.14

sz)

Set 4
Ath/at AaBe/ac
(T/s) (T/s)
0.04 0.60
0.01 -0.32
-0.03 -0.44
[aT/3tl
2
(10%° Am/s?)
3043
1619
2232

Tabulation of peak values for each event from derivative
waveform set for midrange return stroke

1858/ 3¢l

(T/s)

0.37
0.14

(deg)

178
181

derivative

1638/ 3¢l
(T/s)

0.60
0.32
0.44

a

(deg)

176
1
357

O




Figure 6.7.6B.1 Tabulation of peak values for each event from waveform set

for midrange return stroke

Yeardate: 79219 M.S.T.: 95339
@= 20° ; ©@=40° ; r =1735 m Set 1
E t
vent  Time Z,8D_ BB 8B AB_ 0B
Number (us) (uT) (uT) (uT) (uT) (uT)
1.7 1.70 -0.06 0.06 0.08 -0.04 -0.04
2.3 2,26 -0.09 0.12 0.16 -0.07 -0.08
3.3 3.25 -0.02 0.03 0.01 0.00 -0.02
1802 18c23 -0.02 0.02 0000 0000 -Oool

CALCULATED VALUES FOR‘Tt T

—

Event
ven T, T, IT|
9
Number (109 Am/s) (109 Am/s) (10" Am/s)
1.7 186 218 286
2.3 371 436 573
3.3 -3 82 82
18.2 -23 49 54
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|ABI
(uT)

0.06
0.11
0.02
0.01

(deg)

320
320

25




Figure 6.7.6B.2

Yeardate: 79219 M.S.T.:
¢= 37° ; 6= 42° ;

Event Time Z AD AB
o & E
Number (us) (uT) (uT)
4.1 4,06 -0.21 0.21
4,3 4.35 -0.02 0.04
5.1 5.07 -0.02 0.01
11.3 11.34 -0.01 0.02

CALCULATED VALUES FOR‘I;.$

Event

Number

1

— oD

1
3
1
3

T2

(10° Anm/s)

-49
-0
33

=14

Tabulation of peak values for each event from waveform set
for midrange return stroke

95339
r =1666 m Set 2
-
A .
BN ABh ABe |ABI
(uT) (uT) (uT) (uT)
0.14 0.01 -0.13 0.13
0.03 0.00 -0.02 0.03
0.02 -0.01 -0.01 0.01
0.01 0.00 -0.01 0.01
™ iT|
T, ; a
(10° Am/s) (10" Am/s) (deg)
630 632 4
125 125 0
50 60 326
55 57 14
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O

Figure 6.7.6B.3
for midrange return stroke

Yeardate: 79219 M.S.T.: 95339

(o}
¢=2317° ; ©=34" ; r =199 m

Event Time Z AD AB AB
o & E N
Number (us) (uT) (uT) (uT)
9.8 9.83 0.01 -0.02 0.02
10.3 10.21 0.01 -0.01 0.01

CALCULATED VALUES FOR’I;.T

Event T T
2 3
Number (109 Am/s) (109 Am/s)
9.8 4 , -85
10.3 2 —42

Figure 6.7.6B.4
for midrange return stroke

Yeardate: 79219 M.S.T.: 95339

@= 12° ; ©=43° ; r =1635 m
E
vent Time ZoADa ABE ABN
Number  (us) (1) (uT) (uT)
12.5 12.59 0.03 -0.07 -0.02
17.9 17.91 -0001 0.01 0000
19.5 19.54 -0.02 0.02 0.04

CALCULATED VALUES FOR‘IL.?

Bvent T2 T3
Wumber (10° Aw/s) (10° Am/s)
12.5 -17 -178
17.9 -7 24
19.5 117 68

207

Set 3
ABh ABe
(uT) (uT)
-0.00 0.01
-0.00 0.01
B
9
(107 Am/s)
85
42

Set 4
ABh ABe
€uT) (uT)
0.00 0.04
0.00 -0.00
-0.02 -0.01
iT|
9
(10” Am/s)
179
25
136

Tabulation of peak values for each event from waveform set

1B
(uT)

0.01
0.01

o
(deg)

182
182

Tabulation of peak values for each event from waveform set

|ABI
(uT)

0.04
0.01
0.03

(deg)

175
16
300
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41,
Se il O
ot lpeak
-> ->
veff++ J
// 1,
0 = -»
-26 (Uni;; of ,
-26 0 26 10 A m/s%)
Effective reconstruction of positive streamer
12
A1, af
: at |peak
12
0 »
(Units of
=12
18
-12 0 12 107 A m/sz)
Peaks of 37/dt
¢ = 2° 6 = 69° r = 1194 m Set 1
Date: 79219 M.S.T.: 09:53:39

Figure 6.7.7A.1 3T/t for midrange return stroke
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12
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Effective reconstruction of positive streamer
6
L,1 37;
3 X3 peak
4,3
5.1
11,3 TZ
0 pm —»
(Units of
-6
-3 0 6 1018 A w/s?)
Peaks of aT/at
¢ = 26° 6 = s50° T o= 1456 m  Set 2
Date: 79219 M.S.T.: 09:53:39

Figure 6.7.7A.2 aT/at for midrange return stroke
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Figure 6.7.7A.3 *3%/3t for midrange return stroke
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Figure 6.7.7A.4 37/3t for midrange return stroke
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Figure 6.7.7B.1
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T for midrange return stroke
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Figure 6.7.7B.2 T for midrange return stroke
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Figure 6.7.7B.3 T for midrange return stroke
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Figure 6.7.7B.4
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6.8 Midrange Return Stroke

O

Our eighth example is given in figures 6.8.°*°* . Thig 1is
labelled "midrange return stroke". Figures 6.8.1A and 6.8.1B show
the derivative fields and fields for the 20 us record.

Figure 6.8.3 shows the slow electric field and thunder microphone
records, from which a horizontal range of 833 m is estimated. The 4
acoustic source reconstruction in Figure 6.8.4 shows a very extended
strike of about 3.5 km height ranging about 3 km to the northeast and
5 km to the west of south; the strike reaches the ground southeast
of the Kiva.

F

The 6, ¢ contours give two approximate sets of contour
intersections. These agree with the videotape photographs and the
acoustic reconstruction.
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east component of 3B/st
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north component of 3B/st
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Date: 79219 M.S.T.: 1034:22

Figure 6.8.1A Derivative fields from midrange return stroke
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east component of B

11

X L i L ?‘5 20
11.9 95,8
3
north component of B
. L 115 - . 'S L 20
ZD
0z
-*
ﬂ 10 5 10 15 20
2 i 3 i 3 m‘ 1 1 i 4 I
4
T t in uys
Date: 79219 M.S.T. 1034:22

Figure 6.8.1B

Fields from midrange return stroke
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Figure 6.8.2.1 Digital data for event 0.7

(:) []= baseline which is subtracted for peaks and numerical integration
Yeardate: 79219 Time: 10:34:22 M.S.T.

Time 3Bp/at BBN/at ZoaDz/Qt Bg BN 14D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
0.63 0.000 0.000 -0.000 0.000 0.000
0.64 -0.391 0.000 0.000 -0.002 0.000 0.000
0.65 -0.703 0.000 0.000 -0.006 0.000 0.000
0.66 -0.781 0.000 0.000 -0.012 0.000 0.000
0.67 -0.391 0.000 -0.236 -0.013 0.000 -0.002
0.68 -0.078 0.000 ~0.353 -0.012 0.000 -0.006
0.69 -0.078 0.078 -0.177 -0.010 0.001 -0.008
0.70 0.000 0.000 0.000 -0.008 0.001 -0.008
0.72 0.000 0.000 0.236 -0.003 0.001 -0.005
0.73 0.000 0.000 0.177 -0.001 0.001 -0.003
0.74 -0.078 0.000 0.118 0.001 0.001 -0.002
0.75 -0.391 0.000 0.118 -0.001 0.001 -0.001
0.76 -0.625 0.000 0.059 -0.005 0.001 -0.000
0.77 -0.391 0.000 0.000 -0.006 0.001 -0.000

Figure 6.8.2.2 Digital data for event 0.8

[ ] = baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:34:22 M.S.T.
Time 3Bp/at 3By/9t 253D, /0t BE By ZoDy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
0.73 0.000 0.000 0.000 -0.000
0.74 -0.078 0.000 0.118 -0.001 0.000 -0.001
0.75 -0.391 0.000 0.118 -0.005 0.000 -0.001
0.76 -0.625 0.000 0.059 -0.011 0.000 -0.002
0.77 -0.391 0.000 0.000 -0.015 0.000 -0.004
0.78 -0.078 b.OO@l -0.177 -0.016 0.000 -0.008
0.79 -0.078 0.234 -0.177 -0.016 0.002 -0.011
0.80 0.000 0.234 0.059 -0.016 0.005 -0.012
0.81 0.078 0.234 0.236 -0.016 0.007 -0.012
0.82 0.000 0.156 0.295 -0.016 0.009 -0.011
0.83 0.000 0.000 0.236 -0.016 0.009 -0.010
0.84 -0.156 0.000 0.236 -0.018 0.009 -0.009
0.85 -0.156 0.000 0.059 -0.019 0.009 -0.011

219




Figure 6.8.2.3 Digital data for event 4.1

[T ]= baseline which is subtracted for peaks and numerical integrati(:)

Yeardate: 79219 Time: 10:34:22 M.S.T.
Time dBp/at aBy/at ZoaDz/ ot Bg By ZoDy,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
3.98 -0.391 -0.078 -0.118 0.000 -0.000 0.000
3.99 -0.391 [z0.078] -0.118 - 0.000 -0.000 0.000
4,00 [F0.391] -0.156 0.000 -0.001 0.000
4,01 -0.469 -0.234% -0.177 -0.001 -0.002 -0.001
4,02 -0.547 ~-0.234 -0.236 -0.002 -0.004 -0.002
4,03 -0.547 -0.234 -0.236 -0.004 -0.005 -0.003
4,04 -0.703 -0.391 -0.236 -0.007 -0.009 -0.004
4,05 -0.938 ~0.625 -0.295 -0.012 -0.014 -0.006
4,06 -1.328 -0.938 -0.353 -0.022 -0.023 -0.008
4,07 -2.578 -1.328 -0.471 -0.044 -0.035 -0.012
4.08 -3.125 -2.500 -0.884 -0.071 -0.059 -0.019
4,009 -2.578 -2.266 -1.826 -0.093 -0.081 -0.036
4,10 ~-1.328 -1.875 -2.356 -0.102 -0.099 -0.059
4,11 -1.250 -1.563 -2.356 -0.111 -0.114 -0.081
4,12 -0.938 -1.328 -1.414 -0.116 -0.127 -0.094
4,13 -0.391 -0.938 -0.943 -0.116 -0.135 -0.102
4,14 -0.078 -0.938 -0.943 -0.113 -0.144 -0.111
4,15 -0.078 -0.859 -0.471 -0.110 -0.152 -0.114
4.16 -0.078 -0.781 -0.412 -0.107 -0.159 -0.117 (:)
4,17 -0.078 -0.781 -0.353 -0.104 ~-0.166 -0.120
4,18 -0.313 -0.625 -0.412 -0.103 -0.171 -0.122
4,19 -0.391 -0.391 -0.412 -0.103 -0.174 -0.125
4.20 -0.625 -0.469 -0.471 -0.105 -0.178 -0.129
4,21 -0.703 -0.313 -0.471 -0.109 -0.180 -0.132
4,22 -0.703 -0.313 -0.471 -0.112 -0.183 -0.136
4,23 -0.703 -0.234 -0.471 -0.115 -0.184 -0.140
4,24 -0.703 -0.234 -0.412 -0.118 -0.186 -0.143
4,25 -0.703 -0.234 -0.353 -0.121 -0.188 -0.145
4,26 -0.391 -0.234 -0.353 -0.121 -0.189 ~0.147
4,27 -0.313 -0.156 -0.353 -0.120 -0.190 -0.150
4,28 -0.078 -0.156 -0.295 -0.117 -0.191 -0.151
4.29 -0.078 -0.156 -0.177 -0.114 -0.191 -0.152
4.30 0.234 -0.156 -0.177 -0.108 -0.192 -0.153
4,31 0.313 -0.156 -0.118 -0.101 -0.193 -0.153
4,32 0.313 -0.156 0.000 -0.094  -0.194 -0.151
4,33 0.469 -0.078 0.000 -0.085 -0.194 -0.150
4,34 0.469 -0.078 0.000 -0.076 -0.194 -0.149
4.35 0.156 -0.078 0.000 -0.071 -0.194 -0.148
4,36 0.234 0.000 0.000 -0.065 -0.193 -0.146
4.37 0.000 0.000 0.000 -0.061 -0.192 -0.145
4.38 0.000 0.000 -0.118 -0.057 -0.192 -0.145
4.39 -0.078 0.156 -0.118 -0.054 -0.189 -0.145
4,40 -0.078 0.156 -0.118 -0.051 -0.187 -0.145
4.41 -0.156 0.234 -0.059 ~0.048 -0.184 -0.145
4.42 -0.156 0.313 0.059 -0.046 -0.180 -0.143
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{Z}

Figure 6.8.2.3

Time
(us)

4.43
4.44

4.45

4.46
4.47
4.48
4.49
4.50
4.51
4.52

3Bp/at
(T/s)

-0.156
0.078
0.078
0.078

0.156

0.156
0.156
0.156
0.078
0.078

Digital data for event 4.1 (continued)

BBN/at
(T/s)

0.313
0.391
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469

253D, /3t
(T/s)

0.059
0.059
0.059
0.177
0.236
0.177
0.177
0.177
0.177
0.177
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Bg
(uT)

-0.044
-0.039
-0.034
-0.029
-0.024
-0.019
-0.013
-0.008
-0.003

0.002

By
(uT)

-0.176
-0.171
-0.166
-0.160
-0.155
-0.149
-0.144
-0.139
-0.133
-0.128

ZODZ
(uT)

-0.141
-0.139
-0.138
-0.135
-0.131
-0.128
-0.125
-0.122
-0.119
-0.116




Figure 6.8.2.4 Digital data for event 4.4

[ 1= baseline which is subtracted for peaks and numerical intégratio(:}

Yeardate: 79219 Time: 10:34:22 M.S.T.
Time 3Bp/at BBN/at ZoaDz/Bt BE By Z5D,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
4,37 0.000 0.000 (3.000] 0.000 0.000  0.000
4.38 {0.000] [0.000) -0.118 0.000 0.000 -0.001
4,39 -0.078 0.156 -0.118 -0.001 0.002 -0.002
4,40 -0.078 0.156 -0.118 -0.002 0.003 -0.004
441 -0.156 0.234 -0.059 -0.003 0.005 -0.004
bob2 -0.156 0.313 0.059 -0.005 0.009 -0.004
4,43 -0.156 0.313 0.059 -0.006 0.012 -0.003
Lobk 0.078 0.391 0.059 -0.005 0.016 -0.002
4,45 0.078 0.469 0.059 -0.005 0.020 -0.002
4.46  0.078 0.469 0.177 -0.004 0.025 0.000
bob? 0.156 0.469 0.236 -0.002 0.030 0,002
4,48 0.156 0.469 0.177 -0.001 0.034 0.004
4,49 0.156 0.469 0.177 0.001 0.039 0.006
4,50 0.156 0.469 0.177 0.002 0.044 0.008
4.51 0.078 0.469 0.177 0.003 0.048 0.009
4.52 0.078 0.469 0.177 0.004 0.053 0.011
4.53 0.078 0.469 0.177 0.005 0.058 0,013
4,54 0.078 0.469 0.177 0.005  0.063  0.015
4.55 0.000 0.547 0.118 0.005 0.068" 0.016 (:)
4.56 -0.078 0.547 0.118 0.005 0.073 0.017
4.57 -0.078 0.547 0.118 0.004 0.079 0.018 .
' 4.58 0.000 0.547 0.177 0.004 0.084 0.020
4.59 0.078 0.547 0.177 0.005 0.090 0.022
4.60 0.078 0.547 0.177 0.005 0.095 0.024
4.61 0.078 0.547 0.236 0.006 © 0.101 0.026
4,62 -~ 0.156 0.469 0.295 0.008 0.105 0.029
4.63 0.156 0.469 0.295 0.009 0.110 0.032
4. 64 0.156 0.391 0.295 0.011 0.114 0.035
4,65 0.156 0.391 0.295 0.013 0.118 0.038
4.66 0.156 0.391 0.295 0.014 0.122 0.041
4,67 0.156 0.391 0.295 0.016 0.126 0.044
4.68 0.156 0.391 0.295 0.017 0.130 0.047
4.69 0.156 0.313 0.236 0.019 0.133 0.049 .
4.70 0.078 0.313 0.236 0.020 0.136 0.051 °
4.71 0.078 0.313 0.236 0.020 0.139 0.054
4.72 0.078 0.313 0.236 0.021 0.142 0.056
4.73 0.078 0.313 0.236 0.022 0.145 0.058
4.74 0.078 0.313 0.177 0.023 0.148 0.060
4.75 0.078 0.313 0.177 0.023 0.152 0.062
4.76 0.078 0.313 0.177 0.024 0.155 0.064
4,77 0.078 0.234 0.177 0.025 0.157 0.065
4.78 0.078 0.234 0.177 0.026 0.159 0.067
4.79 0.078 0.234 0.177 0.027 0.162  0.069
4.80 0.078 0.234 0.177 0.027 0.164 0.071 (:)
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Figure 6.8.2.4 Digital data for event 4.4 (continued)

O Time dBp/at 9By/at Zo3D, /03t BE By ZoD,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
4,81 0.000 0.234 0.177 0.027 0.166 0.072
4,82 0.078 0.234 0.177 0.028 0.169 0.074
4,83 0.078 0.234 0.177 0.029 0.171 0.076
4,84 0.078 0.234 0.177 0.030 0.173 0.078
4,85 0.078 0.156 0.236 0.030 0.175 0.080
4,86 0.078 0.156 0.236 0.031 0.177 0.082
4,87 0.078 0.156 0.236 0.032 0.178 0.085
4,88 0.078 0.156 0.236 0.033 0.180 0.087
4.89 0.078 0.156 0.177 0.034 0.181 0.089
4,90 0.078 0.156 0.177 0.034 0.183 0.091
4.91 0.078 0.156 0.177 0.035 0.184 0.092
4.92 0.078 0.078 0.177 0.036 0.185 0.094
4,93 0.078 0.078 0.177 0.037 0.186 0.096
4,94 0.078 0.078 0.177 0.038 0.187 0.098
4,95 0.078 0.078 0.177 0.038 0.188 0.100
4,96 0.078 0.078 0.177 0.039 0.188 0.101
4,97 0.078 0.078 0.177 0.040 0.189 0.103
4,98 0.078 0.078 0.118 0.041 0.190 0.104
4,99 0.078 0.000 0.118 0.041 0.190 0.105

Figure 6.8.2.5 Digital data for event 11.9

[C_1= baseline which is subtracted for peaks and numerical integration

Yeardate: 79219 Time: 10:34:22 M.S.T.
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
11.90 -0.156 0.000 0.059 -0.000 0.000 -0.000
11.91 0.000 0.059 -0.000 0.000 -0.000
11.92 -0.469 0.000 0.059 -0.003 0.000 -0.000
11.93 -0.391 0.000 -0.005 0.000 -0.000
11.94 -0.313 0.000 0.000 -0.007 0.000 -0.001
11.95 -0.078 _ul:]:] -0.177 -0.006 0.000 -0.003
11.96 -0.078 0.078 -0.177 -0.005 0.001 -0.005
11.97 -0.078 0.078 0.059 -0.005 0.002 -0.005
11.98 -0.078 0.078 0.059 -0.004 0.002 -0.005
11.99 -0.078 0.078 0.118 -0.003 0.003 -0.005
12.00 -0.078" 0.078 0.059 -0.002 0.004 -0.005
12.01 -0.078 0.078 0.059 -0.002 0.005 -0.005
12.02 -0.078 0.078 0.059 -0.001 0.005 -0.005
12,03 -0.078 0.078 0.059 -0.000 0.006 ~-0.005
12;04 -0.078 0.000 0.059 0.001 0.006 -0.005
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Figure 6.8.2.6 Digital data for event 12.8

[:::]= baseline which is subtracted for peaks and numerical 1ntegratio(:)

Yeardate: 79219 Time: 10:34:22 M.S.T.

Time dBp/ot aBy/at 253D, /3t Bg By Z,D,

(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
12.72 -0.156 0.000 0.059 -0.000 0.000 -0.000
12.73 0.000 0.059 -0.000 0.000 -0.000
12.74 -0.234 0.000 0.059 -0.001 0.000 -0.000
12.75 -0.234 [0.000] 0.059 -0.002 0.000 -0.000
12.76 -0.234 0.156 0.059 -0.002 0.002 -0.000
12.77 -0.234 0.156 0.059 -0.003 0.003 -0.000
12.78 = -0.391 0.078 0.059 -0.005 0.004 -0.000
12.79 -0.469 0.000 -0.009 0.004 -0.000
"12.80 -0.313 0.000 0.000 -0.010 0.004 -0.001
12.81 -0.078 0.000 0.000 -0.009 0.004 -0.001
12.82 -0.078 0.000 -0.059 -0.009 0.004 ~-0.002
12.83 -0.078 0.000 0.000 -0.008 0.004 -0.003
12.84 0.000 0.000 0.059 -0.006 0.004 -0.003
12.85 0.000 0.156 0.059 -0.004 0.006 -0.003
12.86 0.000 0.156 - 0.059 -0.003 0.007 -0.003
12.87 -0.078 0.234 0.118 -0.002 0.009 -0.002
12.88 -0.078 0.156 © 0.118 -0.001 0.011 -0.002
12.89 -0.078 0.156 0.118 . -0.001 0.013 -0.001 C:)
12.90 -0.156 0.078 -~ 0.118 -0.001 0.013 -0.001
12.91 -0.234 0.078 0.059 -0.001 0.014 -0.001
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Figure 6.8.3 Slow E field change and thunder microphone record of
midrange return stroke
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Whole—sky photogroph o Kivie
Date: 79219

Figure 6.8.5A sin(6),¢ contours for midrange return
waveform and whole-sky videotape photograph
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Figure 6.8.6A.1

Yeardate: 79219
®=160° ;9= 33°
Event Time ZOABDZ/Bt
Number (us) (T/s)
0.8 0.80 -0.35
11.9 11.90 —0024
1208 12.80 —0012
CALCULATED VALUES FOR 3T/3t
Event aTz/at
Number (1015 Am/sz)
0.8 -2
11.9 84
12.8 -121

Figure 6.8.6A.2

Yeardate: 79219

O=187° ;0= 45°

Event

M.S.T.:103422

5 r = 1529 n
83B_ /3t 03B, /3t
(T/s) (T/s)
-0.63 0.23
-0.31 0.08
-0.31 0.16
3T3/at
(10%° Am/s?)
1539

731
794

M.S.T.:103422

Time ZOABDZ/Bt
Number (us) (T/s)
0.7 0.70 =-0.35
4.1 4.08 -2.24
4.4 4.45 =0.12
CALCULATED VALUES FOR 3T/3t
Event 3T2/3t

Number (1015 Am/sz)
0.7 ' -366
4.1 5171

3y r = 1178 m
AaBE/at AaBN/at
(T/s) (1/s)
-0.55 0.08
-2.73 -2.42
-0.16 0.55
3T3/8t
(10%° Am/s?)

947
5309
162
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Tabulation of peak values for each event from derivative
waveform set for midrange return stroke

Set 1
83B, /ot 83B_/ot 138/ 3t
(T/s) (T/s) (T/s)
0.00 -0.34 0.34
-0.02 -0.16 0.16
0.03 -0.17 0.18
[a%/atl a
(1022 Am/s?) (deg)
1539 0
736 353
803 9

Set 2

Ath/Bt
(T/s)

0.10
—1046
0.40

|aT/atl

(101> An/s?)

1016
7411
1422

Tabulation of peak values for each event from derivative
waveform set for midrange return stroke

83B_/3t 1838/ 3¢l
(T/s) (T/s)
-0.27 0.29
-1.50 2.10
-0.05 0.40
a
(deg)
21
316
83




Figure 6.806301

Tabulation of peak values for each event from

waveform set for midrange return stroke

Yeardate: 79219 M.S.T.:103422
o= 155° ;3 8 =21° ; r =2324 m Set 1

Event  Time Z_AD_ AB 8B, 8B, AB_
Number (us) (uT) (uT) (uT) (uT) (uT)
0.8 0.80 =-0.01 -0.02 0.01 0.00 -0.01
11.9 11.90 =-0.01 =-0.01 0.01 0.00 -0.01
12.8 12.80 0.00 =-0.01 0.00 -0.00 -0.00
CALCULATED VALUES FOR‘I;.?

Event ]

ven TZ T3

Number (10° Anm/s) (10° Am/s) (10° Am/s)

0.8 -2 78 78

11.9 -18 46 50

12.8 16 32 35

Figure 6.8.6B.2
for midrange return

Tabulation of peak values for

stroke

Yeardate: 79219 M.S.T.:103422
o
=184 ; ©6=287° ; r = 834 q Set 2
Event
en Time ZOADz ABE ABN ABh ABe
Number (ps) (uT) (»T) (uT) (uT) (uT)
0.7 0.70 -0.01 -0.01 0.00 0.00 -0.00
4.1 4.08 -0.15 -0.12 -0.19 -0.09 -0.07
4.4 4.42 0.00 -0.01 0.19 0.10 0.00
CALCULATED VALUES FOR‘T;.?
Event ]
T, T, IT|
Number (109 Am/s) (109 Am/s) (109 Am/s)
0.7 -1 12 13
4.1 227 166 281
4.4 -238 -4 238

[AB|
(uT)

0.01
0.].1
0.10

(deg)

306
91

|aBI
(uT)

0.01

0.01
0.01

o

(deg)

2
21
333

each event from waveform set

O
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Figure 6.8.7A.1 3?/3t for midrange return stroke
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Figure 6.8.7A.2 3T/3t for midrange return stroke
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6.9 Midrange Return Stroke

Our ninth example is given in Figures 6.9.°°°*. This is labelled
"midrange return stroke". Figures 6.9.1A and 6.9.1B show the
derivative fields and fields for the 20 s record.

Figure 6.9.3 shows the slow electric field and thunder
microphone records, from which a horizontal range of 759 m is
estimated. The acoustic source reconstruction in Figure 6.9.4 shows
a very extended strike of about 4 km height ranging about 3 km to the
east and 5 km to the southwest; the strike reaches ground generally
south or somewhat southeast of the Kiva.

The 6 , ¢ contours give two approximate sets of contour
intersections near the horizon to the southeast in agreement with the
videotape photographs.
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T/s4 east component of 3B/at

1 14.0

41 north component of 3B/3t

Z 3D_/at
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Date: 79230 M.S.T.: 1315:17

Figure 6.9.1 A Derivative fields from midrange return stroke
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Figure 6.9.1B Fields from midrange return stroke
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Figure 6.9.2.1 Digital data for event L.1

[ 1= baseline which is subtracted for peaks and numerical integratio(Z)

Yeardate: 79230 Time: 13:15:17 M.S.T.
Time dBp/at aBy/at 263D, /3t B By ZoDy
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
3.93 -0.547 0.000 -0.648 0.000 0.000 0.000
3.94 Eo.5L7] 0.000 -0.648 0.000 0.000 0.000
3.95 -0.625 0.000 ~-0.648 -0.001 0.000 0.000
3.96 -0.703 0.000 [F0.6L8 = -0.002 0.000 0.000
3.97 -0.703  0.000 -0.707 -0.00k 0.000 -0.001
3.98 -0. 703 0.000 -0.825 -0.005 0.000 -0.002
3.99 -0.703 0.000 -0.88% -0.007 0.000 -0.005
4.00 -0. 781 [0.000] ~-0.88%4 -0.009 0.000 -0.007
4h.01 -0.859 -0.156 -0.943 -0.012 -0.002 -0.010
h.o2 -0.859  -0.156 -0.943 -0.016 ~0.003 -0.013
4,03 -0.938 -0.156 -0.943 -0.020 -0.005 -0.016
4.0l -1.016 -0.156 -1.060 -0.024 -0.006 -0.020
4.05 -1.250 -0.156 -1.119 -0.031 -0.008 -0.025
4.06 -1.328 -0.156 -1.178 -0.039 -0.009 -0.030
L.oT -2.500 -0.156 -1.355 -0.059 -0.011 -0.037
4.08 -3.125 -0.625 -1.6L49 -0.08%4 -0.017 -0.047
k.09 -3.125 -1.250 -2.297 -0.110 ~-0.030 -0.06L4
h.10 -2.891 -1.4%06 -3.240 -0.13%4 -0.0k4k -0.090
bh.11 -2.813 -1.406 -3.711 -0.156 -0.058 -0.120 (:)
h,12 -2.578 -1.406 -3.534 -0.177 -0.072 -0.1k9
h.13 -2.500 -1.406 -3.299 -0.196 -0.086 -0.176
ho1kh -2.422 -1.250 -3.240 -0.215 -0.098 -0.201
h.15 -2.344 -1.250 -3.063 -0.233 -0.111 -0.226
h.16 -2.344 -1.250 -3.00k -0.251 -0.123 -0.2ko
ho17 -2.188 ~1.250 -3.004 -0.267 -0.136 -0.273
4.18 -1.953 -1.250 -2.945 -0.281 -0.1L48 -0.296
h.19 -1.641 -0.938 -2.886 -0.292 -0.158 -0.318
4.20 -1.563 -0. 781 -2.533 -0.302 -0.166 -0.337
.21 -1.328 -0.625 -2.297 -0.310 -0.172 -0.353
h,22 -1.016 -0.156 -1.885 -0.315 -0.173 -0.366
.23 -0.938 -0.156 -1.6L49 -0.319 -0.175 -0.376
4,2k -0.859 0.000 -1.590 -0.322 -0.175 -0.385
4,25 -0.781 0.313 -1.178 -0.324 -0.172 -0.391
4.26 -0. 781 0.313 -0.943 -0.327 -0.169 -0.393
h.27 -0. 781 0.313 -0.943 -0.329 -0.166 -0.396
4.28 -0.703 0.313 - -0.884 -0.330 -0.163 -0.399
.29 -0.703 0.313 -0.884 -0.332 -0.159 -0.401
4.30 -0.625 0.313 -0.884 -0.333 -0.156 -0.403
4.31 -0.547 0.313 -0.884 -0.333 -0.153 -0.406
4.32 -0.469 0.313 -0.766 -0.332 -0.150 -0.407
4.33 -0.391 0.313 -0.648 -0.330 -0.1kL7 -0.407
4.34 -0.313 0.313 -0.471 -0.328 ~o.1gg -0.283
.35 -0.313 0.469 -0.471 -0.325 -0.1 -0.
2.36 -0.078 0.625 -0.412 -0.321 -0.133 -0.401 (:)
4.37 -0.078 0.625 -0.353 -0.316 -0.127 -0.398
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Figure 609'201

Time
(us)

4.38
4.39
4.40
4.41
4.42
4.43
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0.234
0.234
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0.156
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0.078
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0.078
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-0.156
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‘00156
-0.156
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-0.156
-0.234
-0.234

aBN/at
(T/s)

0.625
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0.625
0.781
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0.781
0.781
0.781
0.625
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0.625
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0.625
0.625
0.469
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0046y
0.46&

0.313
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0.313
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0.313
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(T/s)
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-00177
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-0'118
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0.000
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-00177
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-0.236
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‘00236
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-00295
°00295
-0.353

253D,/ 0t
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Bg
(uT)

-0.310
-0.303
-0.296
-0.288
-0.279
-0.271
-0.262
-0.253
-0.244
-0.235
-0.225
-0.216
-0.207
-0.197
-0.188
-0.179
~00171
-0.162
-0.153
-0.143
-0.134
-0.124
-0.115
—00107
-0.098
-0.089
-0.082
-00074
-0.066
-0.058
-0.050
-0.043
-0.036
-0.030
—00024
-0.017
~-0.011
-0.005
0.001
0.008
0.014
0.018
- 0.022
0.026
0.029
0.033
0.037
0.040

0.044

Digital data for event 4.1 (continued)

By
(uT)

=0.120

-0.114
-0.108
-0.102
~0.094
-0.086
-0.078
-0.070
-0.063
-0.055
-0.047
-0.041
-0.035
-0.028
-0.022
-0.016
-0.010
-0.003
0.001
0.006
0.011
0.016
0.020
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0.056
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26D,
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-00394
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-0.385
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~-0.368
-0.362
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-0.342
-0.336
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-0.323
-0.316
-0.310
-0.303
-0.297
-0.290
-0.283
-0.276
-0.269
-0.261
-0.253
-0.246
-0.239
-0.232
-0.226
-0.220
-0.214
-0.208
-0.203
-0.197
-0.191
-0.186
-0.180
-0.175
-0.170
-0.165
-0.160
-0.155
-0.151
-0.146
-00142
-0.138
-0.134
-0.130
-0.126
-0.122
-0.120




Figure 6.9.2.1

Time
(us)

4.87
4.88
4.89
4.90
4.91
4.92
4.93
4.94
4.95
4.96
4.97
4.98
4.99
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5.02
5.03
5.04
5.05

aBp/at
(T/s)

-0.234
-0.234
-0.313
-0.313
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-0.313
-0.313
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-0.313
-0.313
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Digital data for event 4.1 (continued)

BBN/at
(T/s)
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0.156
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0.000
0.000
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0.000
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0.000
0.000
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0.000
0.000
0.000

Zo3D, /0t
(T/s)

-0.353
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-0.412
-0.412
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-0.471
-0.471
-0.471
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-0.471
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Bg
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0.076
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0.078
0.079
0.080

By
(uT)

0.080
0.081
0.083
0.084
0.086
0.086
0.086
0.086
0.086
0.086
0.086
0.086
0.086
0.086
0.086
0.086
0.086
0.086
0.086

ZC).‘DZ
(uT)

-0.117
-0.114
-0.111
-0.109
-0.107
-0.104
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-0.101
-0.099
-0.097
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-0.091
-0.090
-0.088
-0.088
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-0.087




Figure 6.9.2.2 Digital data for event 5.7

[ ] = baseline which is subtracted for peaks and numerical integration

Yeardate: 79230 ‘Time: 13:15:17 M.S.T.

flme dBp/at aBy/at 253D,/at Bp By ZoD,
us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
5.59 -0. 781 -0.156 -1.178 -0.000 -0.000 -0.000
5.60 -0.156 [:—J:IJJE ~0.000 -0.000 -0.000
5.61 -0.859 -0.156 -1.119 -0.001 -0.000 0.001
5.62 -1.016 -0.156 -1.178 -0.003 -0.000  0.001
5.63 -1.328 -1.178 -0.009 -0.000 0.001
5.64 -1.328 -0.469 -1.355 -0.014 -0.003 -0.001
5.65 -1.563 -0.469 -1.826 -0.022 -0.006 -0.008
5.66 -1.641 -0.625 -1.885 -0.030 -0.011 -0.015
5.67 -1.641 -0. 781 ~-1.885 -0.039 -0.017 -0.022
5.68 -1.875 -0.625 -2.356 -0.050 -0.022 -0.03)%
5.69 -1.953 -0.625 -2.121 -0.062 -0.027 -0.043
5. 70 -2.109 -0.781 -2.121 -0.075 -0.033 -0.052
5.T1 -2.109 -0.938 -2.769 -0.088 -0.041 -0.068
5. 72 -2.031 -0.938 -2.828 -0.101 -0.0L48 -0.085
5.73 -1.953 -0.938 -2.769 -0.113 -0.056 -0.101
5.Th -1.953 -0.781 -2.769 -0.12)4 -0.063 -0.117
5.75 -1.953 -0. 781 -2.592 -0.136 -0.069 -0.131
([} 5.76 -1.953 -0. 781 -2.592 -0.148 -0.075 -0.145
5.7T7 -1.953 -0.781 -2.592 -0.159 -0.081 -0.159
5.78 -1.875 -0. 781 -2.651 -0.170 -0.088 -0.17hk
5.79 -1.875 -0. 781 -2.592 -0.181 -0.09L -0.188
5.80 =1.797 -0.625 -2.592 -0.191 -0.098 -0.202
5.81 -1.797 -0.625 -2.533 -0.202 -0.103 -0.216
5.82 -1.797 -0.625 ~2.474 -0.212 -0.108 -0.229
5.83 -1.719 -0.625 -2.47h4 -0.221 -0.113 -0.242
5.8L4 -1.7T19 -0.625 -2.47h -0.231 -0.117 -0.255
5.85 ~1.641 -0.625 -2.474 -0.239 -0.122 -0.267
5.86 -1.641 -0.625 -2.415 -0.248 -0.127 -0.280
5.87 -1.641 -0.625 -2.356 -0.256 -0.131 -0.292
5.88 -1.641 -0.469 -2.356 -0.265 ~0.13L -0.303
5.89 -1.641 -0.469 -2.356 -0.27h -0.138 -0.315
5.90 -1.563 -0.L469 -2.297 -0.281 -0.1k1 -0.326
5.91 -1.563 -0.k469 -2.297 -0.289 -0.1k4) -0.338
5.92 -1.563 -0.469 -2.238 -0.297 -0.147 -0.348
5.93 -1.563 -0.469 -2.180 -0.305 -0.150 -0.358
5.9k -1.563 -0.313 -2.180 -0.313 -0.152 -0.368
5.95 -1.563 -0.469 -2.238 -0.320 -0.155 -0.379
5.96 -1.563 -0.469 -2.238 -0.328 -0.158 -0.389
5.97 -1.563 -0.469 -2.238 -0.336 -0.161 -0.400
5.98 -1.406 -0.313 -2.297 -0.3k42 -0.163 -0.411
5.99 -1.328 -0.313 -2.238 -0.348 -0.164 -0.k422
6.00 -1.250 -0.313 -2.180 -0.352 -0.166 -0.432
(I> 6.01 -1.250 -0.313 -2.121 -0.357 -0.167 -0.441
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Figure 6.9.2.2
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-1.119
-1.178
-1.178

242

Bg
(uT)

-0.362
~-0.366
-0.370
-0.373
-0.377
-0.381
-0.385
-0.389
-0.393
-0.397
=0.401
-0.405
-0.409
-0.412
-0.415
-0.418
=0.421
~0.423
-0.426
-0.428
-0.430
-0.432
-0.434
-0.435
-0.436
~0.437
-0.437
-0.437
-0.437
-0.436
-0.435
-0.434
-0.433
-0.431
-0.430
-0.427
-0.425
-0.423
-0.420
-0.418
-0.415
-0.411
~0.407
-0.402
-0.397
-0.393
-0.392
-0.390

Digital data for event 5.7 (continued)

By
(uT)

-0.169
-0.170
-0.172
-0.172
-0.172
-0.172
-0.172
-0.172
-0.172
-0.172
-0.172
-0.172
-0.170
-0.169
-0.167
-0.165
-0.164
-0.162
-0.161
-0.159
-0.158
-0.156
-0.155
-0.153
-0.151
=0.150
~0.148
-0.147
~0.145
-0.144
-0.142
-0.141
-0.139
-0.137
-0.136
-0.134
-0.133
-0.131
-0.130
-0.128
-0.125
-0.122
-0.119
-0.116
-0.114
-0.113
-0.111
-0.110

ZODZ
(uT)

-0.450
-0.459
-0.468
-0.476
-0.485
-0.492
-0.500
-0.508
-0.515
-0.522
-0.529
~0.536
-0.544
~0.551
-0.558
-0.565
-0.572
-0.578
-0.585
-0.591
-0.598

-0.604 (:)
-0.610
~-0.616
~0.621
-0.627
-0.631

~=0.636

~0.640
-0.644
-0.648
-0.651
-0.654
~0.656
-0.658
-0.660
-0.661
~0.663
-0.663
-0.664
-0.664
-0.665
-0.665
-0.665
-00664
-0.664

—0.664 ()

-0.664

TR B T O TR PRI P B ey
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O

Figure 6.9.2.2

Time
(us)

6.49
6.50
6.51
6.52
6.53
6.54
6.55
6.56
6.57
6.58
6‘59
6.60
6.61
6.62
6.63
6.64
6.65
6.66
6.67
6.68
6.69
6.70
6.71
6.72
6.73
6.74
6.75
6.76
6.77
6.78
6.79
6.80
" 6.81
6.82
6.83
6.84
6.85
6.86
6.87
6.88
6.89
6.90
6.91

3Bp/at
(T/s)

-0.625
-0.625
-0.469
-0.391
-0.391
-0.391
-0.391
-0.469
-0.469
-0.469
-0.547
-0.547
-0.469
-0.469
-0.391
-0.391
-0.313
-0.313
-0.313
-0.391
-0.391
-0.391
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-0.469
-00547

GBN/St
(T/s)

0.000
0.000
0.000
0.000
0.156
0.156
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-0.156

Zo3D, /3t
(T/s)

-1.355
-1.355
-1.355
-1.355
-1.355
-1.119
-1.119
-1.178
-1.355
-1.237
-1.355
-1.355
-1.414
-1.355
-1.414
-1.355
-1.178
-1.119
-1.178
-1.178
-1.178
-1.178
-1.178
-1.237
-1.237
-1.237
-1.237
-1.237
-1.237
-1.237
-1.237
-1.237
-1.237
-1.237
-1.296
-1.296
-1.296
-1.296
-1.296
-1.296
-1.296
-1.296
-1.296

243

Bg
(uT)

-0.389
-0.387
-0.384
-0.380
-0.376
-0.372
-0.368
-0.365
-0.362
-0.359
-0.357
-0.354
-0.351
-0.348
-0.344
-0.340
-0.336
-0.332
-0.327
-0.322
-0.318
-0.315
-0.311
-0.307
-0.304
-0.301
-0.297
-0.294
-0.291
-0.288
-0.285
-0.282
-Oo 279
-0.276
-0.272
-0.269
-0.266
-0.263
-0.260
-0.257
-0.254
-0.251
-0.248

Digital data for event 5.7 (continued)

By
(uT)

-0.108
-0.107
-0.105
-0.104
-0.100
-0.097
-0.096
-0.094
-0.093
-0.091
-0.089
-0.088
-0.086
-0.085
-0.083
-0.082
-0.080
-0.079
-0.077
-0.075
-0.074
-0.072
-0.071
-0.069
-0.068
-0.066
-0.065
-0.061
-0.060
-0.058
-0.057
-0.055
-0.054
-0.052
-0.050
-0.049
-0.047
-0.046
_00044
-0.043
-0.041
-0.041

ZODZ
(uT)

-0.666
-0.667
-0.669
-0.671
-0.673
-0.672
-0.671
-0.671
-0.673
-0.674
-0.676
-0.677
-0.680
-0.682
-0.684
-0.686
-0.686
-0.685
-0.685
-0.685
-0.685
-0.685
-0.685
-0.686
-0.686
-0.687
-0.687
-0.688
-0.689
-0.689
-0.690
-0.690
-0.691
-00692
-0.693
-0.694
-0.695
"00696
-0.697
-0.699
-0.700
-0.701
-0.702




Figure 6.9.2.3

Digital data for event 11.8

[[] = baseline which is subtracted for peaks and numerical integration

Time

(us)

11.63
11.64
11.65
11.66
11.67
11.68
11.69
11. 70
11. 71
11. 72
11.73
11. 74
11. 75
11. 76
110 77

11.78

11.79
11.80
11.81
11.82
11.83
11.8k
11.85
11.86
11.87
11.88
11.89
11.90
11.91
11.92
11.93
11.94
11.95
11.96
11.97
11.98
11.99
12.00
12.01
12.02
12.03
12.04
12.05
12.06
12.07

Yeardate:

BBE/at
(T/s)

-0.547
F£O.5L 7
-0.625
-0.625
-0.703
-0. 703
-0.703
-0. 781
-0.859
-0.859
-0.859
-0.938
-1.016
-1.016
-1.094
-1.094
-1.172
-1.250
-1.250
-1.328
-1.250
-1.016
-0.938
-0.938
-0.938
-0.938
-0.859
-0. 781
-0.781
-0. 781
-0. 703
-0.625
~-0.625
-0.469
-0.391
-0.313
-0.313
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156

79230

3BN/3t
(T/s)

0.625
0.62

0.469
0.469
0.313
0.313
0.313
00313
0.313
0.313
0.313
00313
00313
0.313
0.313
0.313
0-313
0.156
0.156
0.156
0.156
00313
0.313
0.625
0.625
0. 781
0. 781
0. 781
0. 781
0.781
0. 781
0. 781
0. 781
0. 781
0.781
0.938
0.938
0.938
0.938
0.938
0.938
0.938
0.938
0.781

Time: 13:15:17 M.S.T.

Zo3D,/at
(T/s)

-1.001
-1.001
[-1.001]
-1.060
-1.119
-1.178
-1.178
-1.237
-1.237
~1.296
-1.296
-1.355
-1l.hk1)
-1l.41%
-1l.h41)h
-1.532
-1.532
-1.590
-1.590
-1.6Lk49
-1.826
-1.826
-1.826
-1.590
-1.hk1)
-1.hk1k
-1.414
-1.355
-1.178
-1.178
-1.178
-1.178
-1.178
-1.119
-1.001
-0.943
-0.884
-0.825
-0.766
-0.648
-0.648
-0.530
-0.530
-0.589
-0.648

244

Bg
(uT)

0.000

0.000
-0.001
-0.002
-0.003
-0.005
-0.006
-0.009
-0.012
-0.015
-0.018
-0.022
-0.027
-0.031
-0.037
-0.0L42
-0.048
-0.055
-0.062
-0.070
-0.07T7
-0.082
-0.086
-0.090
-0.09k
-0.098
-0.101
-0.103
-0.105
-0.108
-0.109
-0.110
-0.111
~0.110
-0.109
-0.107
-0.104
-0.100
-0.096
-0.093
-0.089
-0.085
-0.081
-0.077
~0.073

By
(uT)

0.000

0.000

0.000
-0.002
-0.003
-0.006
-0.009
-0.013
~-0.016
-0.019
-0.022
-0.025
-0.028
-0.031
—0.031}
-0.038
-0.041
-0.0kk
-0.048
-0.053
-0.058
-0.063
-0.066
-0.069
-0.069
-0.069
-0.067
-0.066
-0.064
-0.063
-0.061
-0.059
-0.058
-0.056
-0.055
-0.053
-0.050
-0.047
-0.044
-00041
-0.038
—00035
-0.032
-0.028
-0.027

ZoDy
(uT)

-0.000
-0.000
-0.000
-0.001
-0.002
-0.004
-0.005
-0.008
-0.010
~-0.013
-0.016
-0.019
-0.02k
-0.028
-0.032
-0.037
-0.0L42
-0.0L48
-0.054k
-0.061
-0.069
-0.077
-0.086
-0.091
-0.096
-0.100
-0.10k
—0-107
-0.109
-0.111
-0.114
-0.116
-0.117
—00117
-0.116
-0.115
-0.113
-0.111
-0.108
-0.104
-0.099
-0.095
-0.091
-0.087




Figure 6.9.2.3 Digitﬁl data for event 11.8 (continued)

Time
(us)

12.08
12.09
12.10
12.11
12.12
12.13
12.14
12.15
12.16
12.17
12.18
12.19
12.20
12.21
12.22
12.24
12.25
12.26
12.27
12.28
12.30
12.31
12.32
12.33
12.34
12.35
12.36
12.37
12.38
12.39
12.40
12.41
12.42
12.43
12.44
12.45
12.46

3Bp/at
(T/s)

-0.156
-0.234
-0.313
-0.391
-0.391
-0.469
-0.547
-0.469
-0.469
-0.469
-0.391
-0.391
-0.469
-0.625
-0.625
-0.625
-0.625
-0.625
-0.625
-00547
-0.469
-0.391
-Oo 313
-0.313
-0.313
-00234
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-0.156
-00156
-0.156
-0.156

BBN/at
(T/s)

0.781
0.625
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.469
0.469
0.469
0.625
0.625
0.625
0.625
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469

263D, /3t
(T/s)

-0.648
-0.648
-0.707
-0.884
-0.943
-1.119
~1.178
-1.178
-1.237
-1.237
-1.178
-1.119
-1.119
-1.060
-1.060
-1.178
-1.355
-1.355
-1.355
-1.296
-1.237
-1.237
-1.237
-1.119
-OQ 943
-0.884
-0.884
-0.825
-0.766
-0.766
-0.766
-0.766
-0.766
-0.766
-0.766
-0.766
-00825

245

Bg
(wT)

-0.069
-0.066
-0.064
-0.062
-0.061
-0.060
-0.060
~-0.059
-0.058
-0.057
-0.056
-0.054
-0.054
-0.054
-0.055
-0.056
-0.057

-00057

-0.058
-0.058
-0.057
-0.056
-0.051
-0.049
-0.046
-0.043
-0.039
-0.036
-0.032
-0.028
_00024
-0.020
-0.016
-0.012
-0.008
-0.004
-0.000

0.004

By
(uT)

-0.025
-0.025
-0.027
-0.028
-0.030
-0.032
-0.035
-0.036
-0.038
-0.039
-0.041
-0.043
-0.046
-0.049
-0.052
-0.055
-0.058
-0.061
-0.064
-0.068
-0.071
-0.074
-0.077
-0.078
-0.080
-0.082
-0.082
-0.082
-0.082
-0.083
-0.085
-0.086
-0.088
-0.089
-0.091
-0.094

25D,
(uT)

-0.083
-0.080
-0.077
-0.076
-0.075
-0.076
-0.078
-0.080
-0.082
-0.085
-0.086
-0.088
-0.089
-0.089
-0.090
-0.092
-0.095
-0.099
-0.102
-0.105
-0.108
-0.110
-0.112
-0.114
-0.113
-0.112
-0.111
-0.110
-0.108
-0.107
-0.104
-0.102
-0.100
-0.097
-0.095
-0.092
-0.090
-0.088
-0.086




Figure 6.9.2.4 Digital data for event 12.2

[ 1= vaseline which is subtracted for peaks and numerical integratio$:)

Yeardate: 79230 Time: 13:15:17 M.S.T.

Time 3Bgp/at aBN/at 203D, /3t Bg By Z,D,
(us) (T/s) (T/s) (T/s) (vT) (uT) (uT)
12.04 -0.156 0.938 ° -0.530 -0.000 -0.000 -0.000
12.05 -0.156 0.938 -0.000 ~0.000 -0.000
12.06 -0.156 -0.589 -0.000 -0.000 -0.001
12.07 -0.156 0.781 -0.648 ~-0.000 -0.002 -0.002
12.08 0.781 * -0.648 -0.000 -0.003 -0.003
12.09 -0.23k 0.625 -0.6L48 -0.001 -0.006 ~0.00L
12.10 -0.313 0.469 -0.707 -0.002 -0.011 -0.006
12.11 -0.391 0.469 -0.884 -0.005 -0.016 -0.009
12.12 -0.391 0.469 -0.943 -0.007 -0.020 -0.01k
12.13 -0.469 0.469 -1.119 -0.010 -0.025 -0.019
12.14 -0.547 0.469 -1.178 -0.01k -0.030 -0.026
12.15 -0.469 0.469 -1.178 -0.017 -0.03% -0.032
12.16 -0.469 0.469 -1.237 -0.020 -0.039 -0.039
12.17 -0.469 0.469 -1.237 -0.023 -0.0k4k -0.0k47
12.18 -0.391 0.469 -1.178 -0.026 -0.0L49 -0.053
12.19 -0.391 0.469 -1.119 -0.028 -0.053 -0.059
12.20 -0.469 0.469 -1.119 -0.031 -0.058 -0.065
12.21 -0.625 0.313 -1.060 -0.036 -0.06L -0.070 (:)
12.22 -0.625 0.313 -1.060 -0.041 -0.070 -0.075
12.23 -0.625 0.313 -1.178 -0.045 -0.077 -0.082
12.24 -0.625 0.313 -1.355 -0.050 -0.083 -0.090
12.25 -0.625 0.313 -1.355 -0.055 -0.089 -0.098
12.26 -0.625 0.313 -1.355 -0.059 -0.095 -0.107
12.27 -0.547 0.313 -1.296 -0.063 -0.102 -0.11k
12.28 -0.469 0.313 -1.237 -0.066 -0.108 -0.121
12.29 -0.391 0.313 -1.237 -0.069  -0.11k -0.128
12.30 -0.313 0.313 -1.237 -0.070 ° -0.120 -0.136
12.31 -0.313 0.313 -1.119 -0.072 -0.127 -0.1k1
12.32 -0.313 0.469 -0.943 -0.0Th -0.131 -0.146
12.33 -0.23}4 0.469 -0.943 -0.0Th -0.136 -0.150
12.34 -0.23L4 0.469 -0.88L -0.075 -0.141 -0.153
12.35 -0.23h 0.625 -0.88%4 -0.076 -0.1h4k -0.157
12.36 -0.156 0.625 -0.825 -0.076 ~0.1L47 -0.160
12.37 -0.156 0.625 -0.825 -0.076 -0.150 -0.163
12.38 -0.156 0.625 -0.766 ~0.076 -0.153 -0.165
12.39 -0.156 0.469 -0. 766 -0.076 -0.158 -0.167
12.40 -0.156 0.469 -0. 766 -0.076 -0.163 -0.170
12.41 -0.156 0.469 -0. 766 0.076 -0.167 -0.172
12.k2 -0.156 0.L469 -0. 766 -0.076 -0.172 -0.17k
12.43 -0.156 0.469 -0. 766 -0.076 -0.177 -0.177
12.44 -0.156 0.469 -0. 766 -0.076 -0.181 -0.179
12.45 -0.156 0.469 -0. 766 -0.076 -0.186 -0.181
12.46 -0.156 0.469 -0.825 -0.076 -0.191 -0.18%4 <:)

246




Figure

<:> Time

(us)

12.47
12.48
12.49
12.50
12.51
b 12052
12.53
12.54
12.55
12.56
12.57
12.58
12.59
12.60
12.61
12.62
12.63
12.64
12.65
12.66
12.67
12.68
1]' 12.69
12. 70
12. 71
12. 72
12.73
12.7Th
12. 75
12. 76
12.77
12.78
12.79
12.80
12.81
12.82
12.83
12.84
12.85
12.86
12.87
12.88
12.89
12.90
12.91
12.92
12.93
12.94
1“' 12.95

12'96

6.9.2.4 Digital data for event 12.2(continued)

dBp/at
(T/s)

0'078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.078
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.23%4
0.313
0.313
00391
0.469
0.547
0.625
0.625
0.703
0.703
0.703
0.703
0.703
0.625
0.547
0.547
0.547
0.469
0.469
0.391
0.391
0.391
0.391
0.313

BBN/at
(T/s)

0.469
0.469
0.625
0.625
0.625
00625
0.625
0.625
0.625
0-625
0.625
0.469
00%69
0.469
0.469
0.469
0.469
0.469
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.469
0.469
0.469
0.469
0.313
0.313
0.313
0.156
0.156
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

ZodD, /3t
(T/s)

-0.825
-0.825
-0. 766
-0.T707
-0.T707
-0.707
-0.648
-0.648
-0.648
~0o6h8
-0.648
-0.648
-0.6L48
-0.707
-0.707
-0.707
-0.707
-0.T70T7
-0.T707
-0.648
-0.6L48
-0.648
-0.648
-0.648
-0.6L48
-0.648
-0.648
-0.648
-0.589
-0.530
-0.530
-0.471
-0.412
-0.295
-0.236
-00177
-0.177
-0.118
-0.118
-0.118
-0.118
-00177
-0.236
-0.236
-00353
-0.412
-0.412
-0.412
-0.471
-00530

247

(uT)

-0.0Th
-0.0T1
-0.069
-0.067
-0.064
-0.062
-0.060
-0.057
—00055
-0.052
-0.050

-0.048

-0.045
-0.0L43
-0.0L41
-0.038
-0.036
-0.031
-0.028
-0.025
-0.022
-0.019
-0.016
-0.013
-0.010
-0.006
-0.001
0.004
0.009
0.015
0.022
0.030
0.038
0.046
0.055
0.064
0.072
0.081
0.089
0.096
0.103
0.110
0.116
0.122
0.128

0.133

0.139
0.144
0.149

By
(uT)

-0.196
-0.200
-0.203
-0.206
-0.210
-0.213
-0.216
-0.219
-0.222
-0.225
-0.228
-0.233
-0.238
-0.242
-0.247
-0.252
-0.257
-0.261
-0.267
-0.2Th
-0.280
-0.286
-0.293
-0.299
-0-305

-0.311

-0.324
-0.330
-0.342
-0.347
-0.352
-0.356
-0.361
-00367
-0.374
-0.380
-0.388
-0.395
-0.405
-0.414
-0.424
-0.433
-0.442
-0.452
-0.461
-0.470
-0.480
-0.489

20D,
(uT)

-0.187
-0.190
-0.193
~0.19L
-0.196
-0.198
-0.199
-0.200
-0.202
-0.203
-0.204
-0.205
-0.206
-0.208
~0.210
-0.212
—0.213
-0.215
-0.217
-0.219
~0.220
-0.222
-0.223
-0.224
-0.225
-0.226
-0.227
~-0.228
-0.228
-0.228
-0.227
-0.226
-0.224
-0.221
-0.217
-0.214
-0.210
-0.206
-0.202
-0.197
-0.194
-0.191
-0.188
-0.186
-0.185
-0.184
-0.183
-0.182
-0.182




Figure 6.9.2.4

Time
(us)

12.97
12.98
12.99
13.00
13.01
13.02
13.03
13.04
13.05
13.06
13.07
13.08
13.09
13.10
13.11
13.12
13.13
13.14
13.15
13.16
13.17
13.18
13.19
13.20
13.21
13.22
13.23
13.24
13.25
13.26
13.27
13.28
13.29
13.30
13.31
13.32
13.33
13.34
13.35
13.36
13.37
13.38
13.39
13.40
13.41

3Bp/at
(T/s)

0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.391
0.391
0.391
0.391
0.391
0.391
0.469
0.469
0.469
0.469
0.469
0.391
0.391
0.313
0.234
0.234
0.156
0.078
0.078
0.078
0.078
0.078
0.078
-0.156
-0.156
-0.234
-0.234
-0.234
-0.156
-0.156
-0.156
-0.156

aBN/at
(T/s)

0.000
0.000
0.000
0.000
0.000
0.156
0.313
0.313
0.313
0.313
0.313
0.313
0.313
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.469
0.313
0.313
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.156
0.313
0.313
0.625
0.625
0.781
0.781
0.781
0.781

253D, /3t
(T/s)

-0.530
-0.530
-0.530
-0.530
-0.530
-0.530
-0.530
-0.530
-0.530
-0.471
-0.471
-0.471
-0.471
-0.412
-0.412
=0.412
-0.353
=0.295
-0.295
-0.236
-0.236
-0.177
-0.177
-0.177
-0.236
-0.236
-0.236
-0.353
-0.412
-0.471
-0.530
-0.530
-0.530
-0.589
-0.648
-0.589
-0.648
-0.707
-0.825
-0.884%
-0.884
-0.648
-0.589
-0.530
=0.471
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Bg
(uT)

0.153
0.158
0.163
0.168
0.172
0.177
0.182
0.186
0.191
0.196
0.200
0.206
0.211
0.217
0.222
0.228
0.233
0.239
0.246
0.252
0.258
0.264
0.270
0.275
0.280
0.284
0.288
0.291
0.293
0.296
0.298
0.300
0.303
0.305
0.305
0.305
0.304
0.303
0.303
0.303
0.303
0.303
0.303
0.303
0.303

Digital data for event 12.2 (continued)

By
(uT)

-0.499
-0.508
-0.517
-0.527
-0.536
-0.544
-0.550
-0.556
-0.563
-0.569
-0.575
-0.581
-0.588
-0.592
-0.597
-0.602
-0.606
-0.611
-00616
-0.621
-0.625
-0.630
-0.635
-0.639
-0.644
-0.650
-0.657
-0.664
-0.672
-0.680
~0.688
-0.696
~0.703
-0.711
-0.719
-0.727
=0.735
-0.741
-0.747
=0.750
-0.753
=0.755
-0.757
-0.758
-0.760

20D,
(uT)

~-0.182
~0.182
-0.182
-0.182
-0.182
-0.182
-0.182
~0.182
-0.182
-0.182
-0.181
-0.180
-0.180
-0.179
-0.177
-0.176
-0.174
-0.172
~-0.170
-0.167
-0.164
-0.160
-0.157
-0.153
-0.150
-0.147
-0.144
-0.143
-0.141
-0.141
-0.141
-0.141
-0.141
-0.141
-0.143
-0.143
-0.144
-0.146
-0.149
-0.153
-0.156

. =0.157

-0.158
-0.157

O




Figure 6.9.2.5 Digital data for event 1L4.0

O

[ | = baseline which is subtracted for peaks and numerical integration

Yeardate: 79230 Time: 13:15:17 M.S.T.
Time 3Bg/at aBy/at 259D, /0t B By ZoD,
(us) (T/s) (T/s) (T/s) (uT) (uT) (uT)
13.90 -0.156 0.625 -0.589 -0.000 0.000 -0.000
13.91 -0.156 (0.%25] [=0.589] -0.000 0.000 -0.000
13.92 [z0.15¢6] 1.250 -0.530 -0.000 0.006 0.001
13.93 1.250 2.34)4 -0.4T71 0.01k 0.023 0.002
13.94 1.250 1.250 -0.471 0.028 0.030 0.003
13.95 0.625 1.250 -0.412 0.036 0.036 0.005
13.96 0.313 1.09L4 l.k1h 0.0k1 0.041 0.025
13.97 0.313 1.094 1.001 0.0ks " 0.0k4s 0.041
13.98 0.234 0.469 0.059 0.0k49 0.0L4Y 0.0L7
13.99 -0.391 0.000 0.059 0.0k 0.038 0.05k
14.00 -0.938 -0.156 0.059 0.039 0.030 0.060
14.01 -1.250 ~0.625 -0.412 0.028 0.017 0.062
1L4.02 -1.328 -0.781 -1.355 0.016 0.003 0.05Lk
14.03 -1.328 -0.625 -1.826 0.004 -0.010 0.042
14.04 -0.938 -0.156 -2.062 -0.004 -0.017 0.027
14.05 -0.703 -0.156 -2.121 -0.009 -0.025 0.012
; 14.06 -0.625 0.000 -1.885 -0.014 -0.031 -0.001
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Time Code

Thunder 1F e -+
Microphone | ==r—c= Eecili
Output =

+
Slow ¥
Antenna 0 = &
AE X y Al

2.26 sec.

— —

horizontal range = 759 m

Date : 79230 Time : 13:15:17

Figure 6.9.3 Slow E field change and thunder microphone record of
midrange return stroke
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ticks on-axes at 1 km intervals

Date : 79230 Time : 13:15:17

Figure 6.9.4  Acoustic location of midrange return stroke
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=

60 ¢
det 1 .78 210°
4.1
5.1
11.8 =
Set 2 757 232°
12.2
14.0
W
o
90
,’\)
Sin(9),¢ contour plot 3
It
1
Whole-sky photogroph Fhom Kiva
Date: 79230 M.SET. ¢ 13:15:17
Figure 6.9.5A sin(6),¢ contours for midrange return stroke derivative

waveform and whole-sky videotape photograph
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from waveform

0 )

Set o <

4.

5.

11
Set

12,

14.

1
1
7
8
3 .0 8P e
2

0

sin(9),¢ contour plot

T

(&

Whole-sky photograph from Kiva

Date: 79230 MiS. T2 d8:15:17

Figure 6.9.5B 8in(6),9 contours for midrange return stroke waveform and
whole-sky videotape photograph
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Figure 6.9.6A.1 Tabulation of peak values for each event from derivative
waveform set for midrange return stroke

O

Yeardate: 79230 MeS.T.:131517
@ =1210° ;06=178° ; r= 776m Set 1
Event Time Z,83D_/dt B3B /3t A3B /a3t A3B, /ot AaBelac 1838/ 3¢l
Number () (T/8) (1/s) (T/s) (T/8) (T/s) (T/s)
4.1 4,11 =-3.06 -2.58 -1.41 0.03 -1.47 1.47
5.7 5072 —1065 -1u33 —0078 —'0-01 _0077 0.77
CALCULATED VALUES FOR 31/3t
Event aT, /3t aT /3t [3%/at! a
15 2
Number (1015 Am/sz) (1015 Am/sz) (107" Am/s”) (deg)
4.1 -80 3421 3422 1
5.7 12 1795 1795 360
11.8 20 1060 1060 359

Figure 6.9.6A,2

Tabulation of peak values for each event from derivative
waveform set for midrange return stroke

Yeardate: 79230 MeS.T.:131517

B=232° ;0=75° ; r= 78 m Set 2
Event Time Z,49D,/dt  A3B /ot A3B /ot 3B, /ot A3B /3t 1aaB/atl
Number (.0 (T/s) (T/s) (T/s) (T/s) (T/s8) (T/s)
12.2 12.20 -0.83 -0.47 -0.63 -0.03 -0.39 0.39
14.0 13.96 2.00 1.41 1.72 -0.10 1.11 1.12

s
CALCULATED VALUES FOR 3T/at
Event aT, /ot aT,/ 3t 137 /3¢l a
15 2

Number (1015 Am/az) (1015 Am/sz) (107" Am/s”) (deg)

12.2 80 926 930 355

14.0 238 -2621 2631 185
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Figure 6.9.6B.1. Tabulation of peak values for each event from waveform set

for midrange return stroke

Yeardate: 79230 M.S.T.:131517

@=207° ; §=75° ; r =786 m

Event Time zoADs AB AB

E N

Number (us) (uT) (uT) (uT)
4.1 4011 _0041 -0033 -0018

507 5.71 -0.67 -0043 -0.17

1108 11.83 —0012 -0011 -0007

—
CALCULATED VALUES FOR 1t.$

Event T T

2 3
Number (109 Am/s) (109 Am/s)
4.1 48 443
5.7 -199 543
11.8 57 153

Figure 6.9.6B.2
for midrange return stroke

Yeardate: 79230 M.S.T.:131517

@=235° ; @=175° ; r =786 n

Event Time ZOAD. ABE_ ABN
Number (us) (uT) (uwT) (uT)
12.2 12.20 -0.23 -0.08 -0.20

14.0 13.99 0.06 0.05 0.05

CALCULATED VALUES FOR‘T;.?

Event T T

2 3
Kumber (107 am/s) (107 An/s)
12.2 224 247
14.0 56 -82

255

Set 11
ABh ABe
(T) (uT)
-0002 -0.19
0.08 -0.23
-0.02 -0.06
iT|
9
(10° Am/s)
445
578
163

Set 2
ABh ABe
(uT) (»T)
-0.10 -0.10
-0.02 0.03
Tl
9
(10" Am/s)
334
99

|81
(uT)

0.19
0.25
0.07

[+ ]

(deg)

354
20
340

Tabulation of peak values for each event from waveform set

1aBI
(uT)

0.14
0.04

(deg)

318
214




T3
. 4 o
ot |lpeak
-> ->
veff++ J
I2
0 >
; (Units of
-7 0 7 1018 A m/sz)

Effective reconstruction of positive streamer

4
| i, af
el 9t |peak
Q
5,7
1,8
IZ
0 —»
(Units of
-4 |
5 5 G 1018 A m/s?)
Peaks of 8$/at
¢ = 210° 6 = 78° r = _776m Set 1
Date: 79230 M.S.T.: 13:15:17
>
Figure 6.9.7A.1 3T/3t for midrange return stroke
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4
f 1
3
5 o
ot Ipeak
- >
veff++ J
IZ
0 —p
(Units of
-4 18 2
-4 0 4 10 A m/s%)

Effective reconstruction of positive streamer

3
1, af
t |peak
12,2
1
0 f= L
4,0 (Units of
-3 !
-3 0 3 1018 4 m/sz)

Peaks of 8Tlat
¢ = 232° 6 = 75° r = 78 m Set 2
Date: 79230 M.S.T.: 13:15:17

N .
Figure 6.9.7A.2 9T/t for midrange return stroke
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1.5 ‘I
3 3+ Flpear O
v 14 3
Veff
0 —p
(Units of
-5 15 0 1.5 1012 A n/s)
Effective reconstruction of positive streamer
0.6
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4.1 - Tipeak
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T2
0 >
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-
Peaks of T
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Date: 79230 M.S.T.: 13:15:17
Figure 6.9.7B.1 T for midrange return stroke
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VII. Some Comments Concerning the Data

These nine examples give representative characteristies of <:)
lightning near South Baldy peak. From the examples given thf values of T
have magnitudes (from transverii eomponents) of about 2 x 10 2 Amn/s for
return strokes to about 5 X 10 Am/s for leader-like sourses (noting
order of magnitudes and direetions of streamers toward {(or away from)
the observer at the Kiva). Assuming a v gg of about 10 m/s gives 20
kA for return strokes and 5 kA for leade%—iike pulses. These are very
variable and the number is quite approximate. Further analysis of the
data may shed more insight into sueh results.

For these data all the lightning events represent negative eharge
being, in effeet, lowered to earth. It would be interesting to see
what would oedéur in the rare event of positive eharge being lowered to
earth.

In the reeordings for the three components of field time
derivative at the Kiva the peaks did not oc¢eur at exaatly the same
time. The separation of the sensors on the ground plane was about 11
ns, and the difference in eable transit times was about 14 ns, giving a
maXimum time shift of about 25 ns. This resulted in peaks on the
digital printout having a relative time displasement of up to three
time intervals, or 30 ns, as was observed. For the present analysis
the adtual peaks of the individual ¢omponents, regardless of time, were
used.

Unfortunately the trigger signal for the Biomation reeorders waéz)
not redorded on magnetie¢ tape in 1979, whereas it had been so recorded
in 1978. This would have given even more definitiveness to the
interpretations of the 3-¢omponent 1979 data. However, analysis of
'1978 waveforms does indicate that to the 1 ms tape resolution, the
waveforms all dorrespond to the first return stroke or the leader-like
antisipation of this return stroke.
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VIII. Summary

As the foregoing data and assoaiated data analysis has indicated,
fast nuc¢lear~-EMP related sensors and appropriate fast transient
recorders have muah to offer for the measurement and assosiated
understanding of lightning eledtromagnetia environments. The lightning
and nuelear EMP phenomena have some similar characteristias because of
their d4ommon nature as transient electromagnetie phenomena.

In this report we have disc¢ussed some of the results obtained
conderning lightning environments from our measurements using suah
instrumentation on South Baldy peak. Three electromagnetie field
components (one eleatria, two magnetid) were measured on a ground plane
with 10 ns resolution for redording times of about 20ps. By eomparing
the three field components to eaech other, and by the use of agoustia
ranging, the lightning eleatromagnetie sourees were approximately
losated and their charadteristias were studied.

The individual lightning waveforms yielded information doneerning
the temporal ¢harasteristias of leader electromagnetia fields. Pulse
widths of the elestromagnetie-field individual pulses varied from about
half a mieroseeond to less than 100 ns. Charaaeteristie times for the
rise (peak field divided by peak derivative) varied from something
approadhing 100 ns to something less than 30 ns; rise times were a
little longer than these aharaateristie times for the rise.

Information was also obtained econserning the temporal
charaeteristies of return—-stroke eleetromagnetiec fields. Pulse widths
(of the magnetid field) of the order of 1 s were observed, and rise
times less than 100 ns were also observed. Characteristie times for
the rise of the order of 50 ns were observed.

Comparing the fast eleatromagnetic-field pulses from leaders and
return strokes at comparable distances from source to observer shows
that the return stroke field waveforms have generally larger amplitudes
than those for leaders. However, for the time derivatives of the
eledtromagnetie¢ fields, the amplitudes for the leaders and return
strokes are quite ecomparable. :

Combining the three eleetromagnetic-field time-derivative
waveforms (or their time integrals) one ean obtain for eaeh pulse a
relation between g and ¢ giving a contour in the O, ¢ “plane.”
Interseations of su¢h contours ean give approximate (6,,¢ ) values for
sourde loecationd providing the eorresponding pulses originate from
nearly the same lodations. With location, source orientation (current
density transverse polarization) ean then be determined. Acoustiec data
can be used to estimate distancees to these soureses. The souree veetors

T. . T (their peaks or peak time derivatives) aan then be plotted to

sge how the current direation changes from pulse to pulse. Conneating
these vedtors end to end gives a crude piceture of the tortuousity of
the leader path. From the magnitudes of the c¢omponents of T one aan
obtain some information ceoneerning eurrents and streamer speeds by
giving these domponents the form Iveff' Typieal eurrent values of less
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than to gregter than 10 kA are consistent with streamer speeds of the
order of 10° m/s for leader strokes and return strokes respeactively. (:)

This data has some implieations ceoncerning the formulation of
eriterion lightning eleatromagnetis environment(s). The pulses
endountered are signifieantly faster than a miaroseeond in their rise
charadteristie¢s, even less than 100 ns. In terms of frequendy speatrum
this means mueh more high frequendy content for the individual pulses.

A detailed frequenday spectral analysis of these kinds of pulses would ﬁ
be quite useful for the formulation of lightning eleetromagnetic
eriteria. One should note that these waveforms are not striatly 1
appliecable for diredt-strike lightning sinde measurements were not made
in sudh an environment. One may expedat some of the presently observed
environmental sharadteristie¢s to apply in the direet-strike case, but
this is not a full desdaription.

The measurements reported here were made on South Baldy peak.
Measurements at other geographieal loecations with different atmospheric
conditions might reveal some differenses in the eleatromagnetias
waveforms from those obtained here. Future measurements may also
obtain more c¢omplete lightning waveform information by finer time
resolution, longer red¢ording time windows, and/or additional and/or
more adéurate tie-ins with other physidéal phenomena.
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