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SECTION I

INTRODUCTION

The effects of lightning on aircraft have been of interest for many
years, not only from the aspect of personnel safety, but also from that
of system reliability. Because newer aircraft often use poorly conducting
advanced composite materials, the natural electrical protection usually
provided by the skin of the aircraft is not present. Furthermore, with
the increasing use of microelectronic circuitry in airborne systems, the
damage or susceptibility levels of the components are being drastically
reduced, resulting in a higher probability of system failure in the event
of a lightning strike. As illustrated in Figure 1, such a lightning
strike may be nearby the aircraft, in which case the radiated
electromagnetic fields induce currents on the conducting portions of the
aircraft, or it may be a direct strike in which the bolt current is
injected directly onto the aircraft.

As a result of this change in aircraft design, it is desirable to
understand the effects of lightning on aircraft as accurately as
possible, so as to take countermeasures against damage or upset. To this
end NASA has initiated a test program for the acquisition of direct and
nearby strike lightning data for an aircraft. The hope of this effort is
that the acquired data will provide a better understanding of the
fundamental nature of lightning itself, as well as an indication of how
lightning interacts with the aircraft.

This report documents the efforts of investigators at LuTech, Inc.
in analyzing the lightning data acquired by NASA in the test programs
described in references [11 and [2], and in the area of modeling
lightning/aircraft interactions. Other research groups have also been
involved in similar analysis and measurement programs. Reference [3]
describes a finite difference approach for modeling lightning interaction
with an aircraft, and proposes several interpretations of the measured
1980 and 1981 data. Extensive calculations are performed in this report
for the case of a nearby lightning strike exciting the F-106 aircraft.

In addition, an experimental scale model study has been undertaken
in an attempt to simulate the aircraft response undergoing a direct
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lightning strike (Reference [4]). The data obtained from these
measurements are useful in determining the natural resonant frequencies
of the F-106 test aircraft, and in understanding how they change with an
attachment of the lightning channel.

In Section II of this report, the theoretical basis for
interpreting aircraft-measured lightning data is discussed. These
concepts involve the use of relatively simple transmission line models of
the aircraft and lightning channel. Section III discusses the
determination of the resonances of an isolated aircraft, and then applies
this to the specific F-106 aircraft used by NASA. In Section IV, the
methods used for extracting the aircraft resonances from the measured
data are presented, and a direct strike and a nearby strike data record
are processed to illustrate the data processing techniques on real data.
Section V then discusses various experimental aspects of lightning
measurements. In Section VI a summary of this work is given and
conclusions made, and finally in the Appendix, the 1981 lightning data
are presented, along with their spectral (FFT) and pole, residue (Prony)
representations.
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SECTION II

THEORETICAL CONSIDERATIONS FOR DIRECT STRIKE

LIGHTNING DATA ANALYSIS AND INTERPRETATION

A. Overview

One of the difficulties'in attempting to interpret measured
lightning data from an aircraft by using a finite difference
calculational model [3] is it is relatively time-consuming and costly,
when compared with alternate approaches. Although a reasonable degree of
accuracy may be obtained by using finite difference computational
techniques for modeling EMP and LEMP excitation, it requires a large
computer facility to perform the calculation. Furthermore, the addition
of the lightning channel in a finite difference code is not
straightforward, since it must extend outside of the computational mesh,
and it also has a non-zero impedance (whose value is presently not well
understood.)

In an attempt to circumvent some of these computational problems
for the purpose of understanding the NASA direct-strike lightning data,
an alternate calculational approach has been investigated by LuTech, Inc.
This involves utilizing a transmission line model for both the lightning
channel and the aircraft. As an example, consider the isolated lightning
discharge shown in Figure 2a. In the absence of the aircraft, a
cloud-to-ground potential initiates a discharge through the channel,
which may be described by a generalized time-varying surge impedance and
propagation velocity. The bolt current at any point along the channel
length, i^t), may be determined from the solution of the appropriate
equations for the transmission line model of the channel shown in Figure
2b.

The fact that the channel impedance varies with time adds some
complexity in determining the bolt current. One useful approximation is
to assume that the channel impedance is constant and this results in a
simple solution for the current. The problem is, of course, that the time
dependence of the excitation voltage source in this model is not known,
and hence, it is difficult to calculate the lightning bolt current from
first principles.

-4-
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Figure 2. Cloud-to-Ground Lightning Discharge and Electrical
Propagation Model.
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With the addition of an aircraft in the lightning channel, it is
possible to make measurements of local aircraft currents and charges in
an attempt to determine experimentally the lightning bolt current. As
illustrated in Figure 3a, the lightning channel and the aircraft may be
regarded as a suitable collection of intersecting wires or "sticks". The
behavior of the channel current and the current on the aircraft structure
depends on the transmission line properties of each of the sticks, as
well as on the channel impedance. Figure 3b shows a detailed transmission
line model for this case.

The presence of the fuselage, wing, and stabilizer wires in the
lightning/aircraft model serves to contaminate the measured response of
the bolt current with the exterior resonant frequencies of the aircraft.
Such natural frequencies for an isolated aircraft are reasonably well
understood and have been determined for. several different aircraft
through integral equation solutions [5] involving the moment method [6,7]
or by transmission line methods of analysis [8]. However, with the
lightning channel attached, it is expected that.the resonant behavior of
the aircraft will be modified. As may be noted'from Figure 3b, if the
surge impedance of the lightning channel is significantly larger than
that of the conductors comprising the aircraft, it will be expected that
the observed natural resonances will be similar.to those of the isolated
aircraft.

As discussed in references [9,10], the characteristic impedance of
a segment of conductor of length L and radius a may be approximated as

z B _o.en (I/a) (1)

where ZQ is the impedance of free space. This impedance may be utilized
in the transmission line model for the lightning/aircraft interaction. In
most instances, it is expected that the lightning channel is rather long
and thin, so that the impedance as given by Eq.(l)..is relatively high
compared with that computed for the shorter, thicker wire segments of the
aircraft model. .

Another consideration in interpreting measured lightning data is
that of the location of the electromagnetic field .sensors on the
aircraft, relative to the points of channel attachment and detachment.
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Figure 3. Direct Strike of Lightning with Aircraft and
Corresponding Transmission Line Model.
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For example, the B-dot sensor labeled "A" in Figure 4a will be strongly
influenced by the total channel current- passing through the aircraft,
especially at times after the local aircraft resonances have died out and
only the lightning channel current is flowing. However, sensor "B" is not
as strongly excited and may not provide a true measure of the bolt current.

On the other hand, if the lightning detaches from a wing as
indicated in Figure 4b, the roles of sensors A and B are reversed. This
illustrates the fact that for proper interpretation of measured
direct-strike lightning data, it is imperative to know the geometrical
locations of the attachment and detachment points on the aircraft, as
well as having information on the individual time histories of the
measured sensor data.

B. Representation of Lightning Responses

From concepts developed from the singularity expansion method (SEM)
[11], it is possible to obtain an approximate understanding of the
unperturbed lightning characteristics from the measured aircraft current
responses. In the following discussions it will be assumed that any
derivative sensor measurements (i.e., B-dot) have been integrated and
converted to a total current quantity'by multiplying.by the circumference
of the fuselage.

One model for the lightning channel is a two wire transmission line
of length L and excited by a zero impedance voltage source as
illustrated in Figure 5a. The load impedance is taken to be zero and the
characteristic impedance Z and propagation constant y are relatedc c
to the electrical properties of the channel. In the actual channel, the
propagation constant is complex, with a propagation velocity significantly
less than the speed of light in free space. Similarly, the characteristic
impedance may be complex.

The addition of an aircraft in the lightning channel is illustrated
in Figure 5b. This is modeled as discontinuity in the transmission line
with a length L, and a different characteristic impedance and

a
propagation constant. Of special interest is the current at some point on
the section of transmission line representing the aircraft. This may be
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a.

Figure 4. Direct Strike of Aircraft Strongly Exciting
Measurement Sensor A (a) and B (b).

\
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C. Equivalent Circuit For Aircraft.
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d. Equivalent Circuit for Aircraft with Sensor Point
Not in Current Path.

Figure 5. Equivalent Circuits for Different Sensor Locations
for Direct Strike Lightning Excitation of Aircraft
in Figure 4a.
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determined by transforming the source voltage and short circuit load
through the lengths of transmission line denoted as L, and Lo respectively,
to yield the equivalent circuit in Figure 5c. In this figure, the
excitation is provided by a Thevenin voltage source and the load is a
lumped impedance element.

The current flowing on the aircraft at a position x can be
expressed in simple terms as .;

-Yax Ya(x-2La)
v e " PI e

(l-p) - L _ (2)
,1 - Ps PL e

where the reflection coefficients are given in terms of the load and
source impedances as

PL = (ZL-Za)/(ZL+Za) (3a)

and

Z) (3b)

In this equation, it is important to notice that there are a series
of resonances in the current response at those frequencies where the
denominator goes to zero. These frequencies are clearly a function of the
reflection coefficients at each end of the aircraft transmission line
section and as a result depend on the electrical parameters of the
lightning channel .

In addition, note that the voltage source exciting the line is
itself a function of the line parameters, and varies with frequency. If
the aircraft were absent from the channel, the current flowing in the
channel at this point would be given by Ib = V/(ZL+ZS) , a fact which
may be verified from Eq.(2) by setting L = 0 .

It is known from SEM that the current on the aircraft can be
expressed as a sum of complex pole terms as

E R

. ̂
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where s are the complex natural resonances and R are the complexa a
residues. As may be noted from linear system theory, the natural
frequencies s are either due to resonances of current on the
aircraft/channel set of conductors, or are due to the time variation of
the excitation source. As a result, it is possible to write Eq.(4) in

i

two terms as

r
structure
poles

where the first part 1^ represents the contributions from the lightning
excitation and the second is from the resonances on the aircraft.

It should be realized that the natural frequencies in Eq.(5) are
those for the aircraft loaded by the lightning channel impedance, and not
those for the isolated aircraft. This may be verified by looking at the
denominator in Eq.(3) which clearly shows the dependence on the reflection
coefficients. The resonant frequencies for the isolated aircraft are
found with the relection coefficients equal to unity. Hence, it is
expected that any measured resonances from the direct-strike lightning
data will be different from those of the isolated aircraft. If, however,
the channel impedance is significantly higher than the aircraft impedance,
we expect that the measured resonances will be close to those for the
isolated aircraft.

For the case of the sensor not in the primary current path on the
aircraft, as illustrated for sensor B in Figure 4a, it becomes more
difficult to determine the channel current using the expression discussed
above. In this case, the transmission line model shown in Figure 5d is
more appropriate. In this case, we expect that the respons.e is dominated

\

by resonance response of the aircraft, not by the injected current from
the lightning channel.

C. Estimation of Lightning Current

For those direct stike data obtained with the electromagnetic
sensor in the primary current path, it is possible to remove the
influence of the aircraft in the measured data using the representation
of the response as given by Eq. (4). ; Suppose that a time domain
measurement of the current (or the time derivation of the current) is

-12-
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made at the sensor location. If this waveform is transformed into the
frequency domain, it will have a number of resonances related to the
aircraft, and others related to the lightning bolt current. If the
aircraft resonances and the corresponding residues are known, they may be
subtracted from the total response, leaving only the contributions from
the channel current.

One method of determining the resonant frequencies and residues of
a measured time domain response is through the use of Prony's method
[12,13]. This involves fitting a time domain function with a series of
exponentially damped sinusoids whose amplitudes, frequencies, and damping
constants are related to the excitation of the natural resonances of the
aircraft and lightning channel. Ideally, one would like to process a
particular time domain measurement, obtain the residues and natural
frequencies, identify those resonances arising from the aircraft, and
then subtract them from a response representation given by Eq.(4) to
estimate the lightning current.

Unfortunately, this approach has several problems, which were
studied in the course of this effort. The first, and perhaps most severe,
is that although Prony's method is capable of representing a complicated
time domain waveform in terms of poles and residues, there is no real
guarantee that the Prony poles correspond to the physical poles of the
problem. In other words, the Prony method will curve-fit the transient
waveform with suitable damped sine waves, but they may not be the correct
ones. A second problem is that it is often difficult to identify which
resonances in a complex frequency representation of the aircraft current
response are due to the aircraft, and which are due to the driving
waveform.

Notwithstanding these problems, the NASA acquired lightning data
has been examined from this viewpoint in an attempt to determine if it is
possible to extract a knowledge of the lightning current from the
aircraft data. In the next section, a detailed discussion of the
stick-wire aircraft model is presented in an attempt to get a better
understanding of the nature of the natural resonances of the F-106
aircraft.

-13-
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SECTION III

DETERMINATION OF AIRCRAFT RESONANCES

A. Overview

As previously discussed, the primary goals of this effort are
analysis and interpretation of the in-flight test data and determination
of lightning characteristics. In doing this, we assume that as lightning
attaches to an aircraft and detaches from it, certain "natural
resonances" are excited as currents flow along various segments of the
aircraft. These segments include the fuselage, the wings, and the
horizontal and vertical stabilizers, and may also combine into various
other possible current channels. These "resonances" would then be present
in the .actual aircraft data and must be filtered out so that only the
lightning characteristics remain.

From this basic assumption, we then proceed in two complementary
directions. On the one hand, we seek to construct appropriate aircraft
models in order to determine its "natural resonances". On the other hand,
we wish to model the test traces correctly so that appropriate
characteristics of the trace can be correlated with modeling predictions.

In this section, we discuss the development of three different
aircraft models, leading to a determination of natural or free resonances
of the aircraft. The results from the three models are compared with each
other, as well as other available independent studies. Then, the problem
of processing the test data using Prony analysis, so that the appropriate
features of the measurement can be compared with model predictions, forms
the subject of the following Section IV.

Current aircraft modeling methods in electromagnetic theory have
essentially dealt with studying the behavior of current over an aircraft
body. These methods range from the elaborate study of dynamic current
behavior to the simple study of steady state current behavior. It is the
latter approach that we have taken.

-14-
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Our models are derived from initial work reported by Bedrosian [8],
which attempts to model various aircrafts by considering the main
structures, such as the fuselage, wings, horizontal and vertical
stabilizers, as long, conducting wires, whence came the name "stick
model". The main objective here is to determine the "natural resonances"
of the current that would flow on these wires. This technique has proven
to model quite well various aircraft with long wing spans, such as the
B-l, B-52 and E-4. Bedrosian's work [8] is adapted here with some
improvements, described in this section. This may be referred to as the
"modified stick model". The other two models are named "wire-plate model"
and "wire-mesh model". In the wire-plate model, the delta wing is
approximated by a rectangular plate such that the portion of the main
fuselage attached to it is subdivided into many individual wire segments.
In the wire-mesh model, the delta wing is approximated by a wire-mesh,
where each wire in the mesh assumes the same character as wires
elsewhere.

The three models outlined above are discussed in detail in Sections
IIIA, IIIB and IIIC. Later, in Section HID, comparison of results from
different models is carried out.

B. Modified Stick Model of Aircraft.

As was pointed out earlier, Bedrosian's work [8] employs a constant
stick-parameter fi = 2 £n [2(stick length)/(stick radius)] for all of the
six sticks used in modeling an aircraft. This results in the use of
realistic lengths for individual sticks, but somewhat adjusted radii in
order that the parameter ft is the same for all sticks. The process of
determining the natural frequencies also requires the satisfaction of the
Kirchoff's current condition at all junctions, the end conditions and a
condition on the charge densities at all junctions. Reference [8] uses
the condition that the charge per unit length Q. (not the surface
charge density n.) be continuous at the junction. In the present work, a
frequency-dependent junction condition derived by Wu and King [14] has
been employed. This condition is that the quantity [tyj Qn-] is continuous
at the junction with ^ = 2 [£n(2/(kai)} - Y]. Unlike the continuity of
the linear (Q̂ ) or the surface (n^) density of charge, the condition used

-15-
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here is frequency-dependent and is expected to yield more accurate
results.

The modification of earlier work of Bedrosian [8] consists of
letting each stick have its own radius and consequently, different n.
parameters. In view of this, the induced current on an individual stick
by an incident plane wave is approximated by

47TJE

I1nd>n (k, x, nr 6) =kZo exp(jkxcos9)

where (see Figure 6),

fin = 2 £n [(nth stick length)/nth stick radius)]

k = wave number of the incident field

x = position along the stick

ZQ = impedance of free space

EQ = electric field strength of the incident wave

_ - > . - » •
9 = angle between k and -1 .

As in reference [8], the phase of the incident field is set to zero at
x = 0 and H is polarized perpendicular to the stick. Note that the

induced current of Eq.(6) is devoid of the end condition and that the
lengths and radii of the six sticks modeling a general aircraft are
specified in Figure 6.

-16-
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To a first order in (1/fi ), the current on each stick can be written
as a directly induced component plus a sine and a cosine component,
as given by

= Itndjn (k, V £, e) + Sn sin[kU - y] + Cn cos[k(£ - (7)

for n =1 to 6

Tine constants •$„ and C must be chosen to satisfy the free endn n
conditions In (£end) = 0 and the junction conditions of current and
and charge. The free end conditions lead to the following expressions

= I i n d j l (k» n, x, 6) + S, sin[k(x - ^ - £3)]

> e) cos £k(x ' L ~

I2(y) = S2 sin [k,(y - 12)J (y > 0)

I3(x) = I f n d > 3 (k, %, x, 6) + S3 sin [k(x - t^ + C3 cos [k(x - (8)

) = -I,-ndy4 (k, £4, z, TT/2-9) + S4 sin [k(z - cos [k(z -

I5<y) = S5 sin [k(y - (y > 0)

S6 S1'n

Ji:nd,6 */ ' 9) cos
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Equation (8) satisfies the following four end conditions:

x =

I5U5)=0

= 0 j z -

The remaining eiqht unknowns in Eq. (6),

, $ > Ss S, S, S, C. and

are determined from three Kirchoff's law equations and five
equations of continuity at the stick junctions:

1) £ (currents) = 0 at x = £ 3,y =

2) J] (currents) = 0 at x = z = 0

3) £ (currents) = 0 at y = 0, z = £
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ORIGINAL PAGg IS
OF POOR QUALITY

5) Q2 ̂  = Q a ; t x = t , y = ; 0

6) Q ij; = Q ^ at x = z = 0

Q4 *4 = Q5 % & 8) Q4 ̂  = .Q6 ^ at z = ^ y = ;0

where the charge per unit length Qn and the expansion parameter

ij^ are given by

with

; w = 2irf ; f •= frequency in Hz and

c = free space speed of light

radius of the nth wire

Y = 0 . 5 7 7 Euler's constant

Qn (?) = - 3^ —dT~ • for n - 1 to 6

= 2 W'n (~) - Y'];l for n = 1 to 6 (11)

-20-
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Eight boundary conditions needed in solvinq for the eiaht unknowns are

(i) Ij (x = £3) + 2 I2 (y = 0) = I3 (x = (12)

(11) I3 (x = 0) + I4 (z = 0) = 0 (13)

(iii) I6 (z = £4) + 2 I5 (y = 0) = I4 (z = £4) (14)

3I(x)

x = £- x = £,

(15)

ai3(x)
9JT~

y = 0 x = I.
(16)

, M 3I3(X)(vi) -~~
3I(z)

x = 0 z = 0
(17)

(vi i) 3z
ai(y)

z = y = 0
(18)

(viii)

z = z =
(19)

After applying the above conditions, one gets the following matrix
equation for the unknown quantities.

-21-
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-sinkij -2sinka2 0 - 1 0 0 0 0

coskn. 0 - — 0 0 0 0 0

0 coskH 0 0 0 0 0

0 -sinkS3 coskt, cosk£4 -sinkS.4 0 0

0 0 cosks,3 sink£3 ^-UinkJl4 -coski4 0 0 '

0 0 0 0 0 ' coskt5 0

0 0 C 0 - •• 0 cosktg

D •' 0 ' 0 0 -1 0 -2sink£6 -sinkig

-22- _
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It is observed that the present matrix equation (20) of Table I reduces

identically to the matrix equation (4) of reference [8] in the case of
\j> = i|> and ftn = Q for n = 1 to 6.

The natural frequencies are found by setting the incident field
amplitude E = 0 and investigating Eq.(20) for nontrivial solutions.
Setting.the determinant equal to zero, one obtains

0 = 2 Cl c4 c5 c6 s2 4*32 - 2

4 cl C3 C6 S2 S4 S5 ̂32 ̂ 43 % ' 4 cl C4 C6 S2 S3 S5

- 2 C c c s s S 4; - 2

C2 C3 C4 C5 C6 Sl *31 ' C2 C3 C5 sl S4 S6

- 2 c c c S s s * ip ^ - 2

C2 C5 C6 sl S3 S4 % * C2 C4 C5 sl S3 S6

cl C2 C3 C4 C5 S6 ̂ 46 + 2 cl C2 C3 C4 S5 ̂ 45 C6

cl C2 C3 C5 C6 S4 + cl C2 C4 C5 S3 C6

- 2 GI c2 c6 s3 S4 S

(16)

where the following abbreviated notation is employed

ci = cos(k£i) ; Si =

and (17)
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It has also been verified that the above equation (21) reduces to
equation (5) of reference [8] in the limit of fy = n for
n = 1 to 6. However, while in this limiting case of reference [8],
the solution for the six constants in terms of one of the arbitrary
constants can be written in closed form, such elegance is not
possible in the present general case. The matrix equation has
been solved numerically. The natural modes are then determined
by substituting the matrix solution into equation (3).

The final task is to find the imaginary components of the
natural,frequencies. The procedure followed is same as in reference
[8] and the temporal damping constant a is given by

am ~ m
423)

where P = average radiated power and W = stored magnetic
energy per cycle. The denominator D is given bym

6

£
n = 1

(24)

and the numerator factor Pm is given by

/ / [PC,-
sticks' sticks11

I(S')

?m r1 - r1

(25)
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and,

P ( ' , " ) =
0 if stick1 is perpendicular to stick1

1 if stick1 is parallel to stick"
(26)

The modified stick model described above was initially used in
computing the first several natural frequencies for other aircrafts e.g.,
B-l, E-4 and EC-135 for comparison with Bedrosian's [8] results. These
example aircraft results are not reported here, since the present
interest is in the F-106 aircraft.
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In this model, the aircraft wing is modeled by a rectangular plate,
while all other aircraft elements such as fuselage and stabilizers are
approximated by wires as before. The model is shown in Figure 7. Similar
to the stick model, the assumed current distributions in the different
aircraft elements can be written as follows:

Ijfx) = I1ndjl(k, ftp x, 9) + Sj sinfkCx-^)] + Cj cos[k(x-£1)]

I2(x) = F(x)

I3(x) = I1ndj3(k, fl3, x, 9) + S3 sin[k(x-e3)] + C3 cos[k(x-£3)]

, y) = G(x) (on the wing,
parallel to fuselage)

, y) = S(x) cos k(y - a2 - -0 (on the wing,
orthogonal to fuselage).

J6(z) = I1ndi6(k, «6, z, 9) + Sg sin[k(z-£g)] + Cg cos[k(z-£fi)]

(27)

where the induced currents on wires 1, 3 and 6 are similar to what was
employed in the stick model. The constants S^, S3, Sg and Cp C3, Cg are
determined by application of end and junction conditions. The assumed
functions F(x), G(x) and S(x) are approximated by using a finite number
(n) of points along the mid-fuselage. The end condition leads to
vanishing currents at free ends of rods and wing plate edges. The
junction condition includes the application of Kirchoff's current rule as
well as both the frequency independent charge condition [Q^ = Qj] and the
frequency dependent charge condition [1^ Q^ = ̂  Qj]. Once again, the
results are deferred to Section HID.
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Fiaure 7. Wire-Plate Model of Aircraft.
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D. Wire-Mesh Model

In this model, the aircraft wing is modeled by a wire-mesh rather
than a plate as in the previous model. The model is schematically shown
in Figure 8. Although Figure 8 is a line diagram, each wire is
characterized by a certain length and radius and assumes the same
character as wires elsewhere. Junction conditions are imposed at every
wire intersection. The intersection or joining of wires is always at
right angles, so that all of the wire segments are along one of the
orthogonal coordinate axes. Thus it is seen that this model does not
differ conceptually from the stick model described earlier, except that
it gives rise to a similar and larger system of linear equations. Since
the mathematical description of the model is identical to that of the
stick model, it is not repeated here. In the following subsection, the
results of the computations for all three models are presented and
compared.

E. Numerical Results and Comparisons

Computer routines were written to determine the natural resonances

of the aircraft, using all three models. We will first report the
computed results, followed by a discussion of their interpretation.

1) Modified stick model
Figure 9, along with the accompanying tabulation, shows all of the

eleven cases considered in this parametric study. For each case, the
length and radius of each stick is tabulated. In the sets identified
under the 'a1 and 'c' group, only one cross member is used for the wing,
while the 'b1 group employs two cross wires to simulate.the wing.

Figure 10 plots the computed resonances for each of the eleven cases.
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x x //'

¥-.

Figure 8. Wire-Mesh Model of Aircraft.
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2) Wire-plate model
Figure 11, along with the accompanying tabulation, shows all the

eleven cases considered in this parametric study. The lengths and radii
of all sticks together with the plate dimensions are tabulated. The
location and size of the plates are varied. Figure 12 plots the computed
resonances for the various cases.

3) Wire-mesh model

Figure 13, along with the accompanying tabulation, shows the
parametric values considered for this model. For each set of parameters,
the resonances are computed two different ways employing (1) the simple
continuity of charge at junction (Q. = Q.) and (2) the frequency-

' J

dependent junction condition (ip. Q. = ip. Q.) at the junction of
conductors i and j. A plot of the results is shown in Figure 14.

In Figure 15 the resonances determined by scale model tests [12]
are plotted for comparison. These show the fundamental fuselage resonance
at approximately 7.5 MHz and its harmonics at approximately 15 MHz and 23
MHz. Other resonances occur around 12 and 19 MHz due to combination of
aircraft element lengths. It is observed that all three analytical models
described above also yield the fundamental resonances accurately and the
harmonics approximately. However, there is a 2 MHz resonance appearing in
the wire-plate model, corresponding to a 150m wavelength. The perimeter
of the plate is approximately 35m suggesting a resonance occurring with
the perimeter becoming a quarter-wavelength. This is only speculative,
since the plate is in physical contact with a wire modeling the fuselage.
More detailed work is required to interpret the 2 MHz resonance, which is
the result of model topology and should not be present ;in the F-106
aircraft resonances.

In all three models, the computed resonances are seen to be quite
sensitive to changes in lengths and radii. There is a certain amount of
flexibility in choosing the appropriate values for lengths and radii
starting with the known dimensions of the aircraft. Consequently, we have
varied these values in this study.
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SECTION IV

DATA PROCESSING TECHNIQUES FOR LIGHTNING DATA INTERPRETATION

A. Overview

As mentioned earlier, the approach taken for the interpretation of
direct strike lightning data is to first process the measured data,
identify the natural resonances in the response which are due to the
aircraft, and remove these from the data, with the remainder being a
measure of the unperturbed lightning current. In this section, details of
this procedure are discussed, and the feasibility of doing this with real
lightning data is investigated. In addition, the processed 1981 data are
presented in the Appendix.

B. Data Analysis Techniques

There are two methods useful for calculating the dominant
frequencies of a lightning data record. They are the fast Fourier
transform (FFT) [16] and the Prony algorithm [12,13]. The FFT performs a
fast calculation of the spectral contribution F^ at. a number of discrete
frequencies of an N-point real data sequence fn, using the formula

N - l . . .
F = f e"J27Tnk/N (k = 0, 1, ...,.N-1) (28)k n

n=0 .

Frequently, zero-padding of the real data interpolates the spectral
values and smoothes the appearance of the spectrum in frequency -domain. A
peak in the spectrum indicates a dominant frequency, or pole, and the
damping constant, a , is related to the Q of the measured resonance. In
most practical applications, it is fairly easy to determine the resonant
frequency from the FFT spectral data, but the damping constant is more
difficult to determine. ' .

An alternate approach in treating the measured data is to use the
Prony method. This analysis extracts both the resonant frequency and the

V)
damping constants of the data, but suffers from numerous disadvantages,
most notably a failure to inspire confidence in the results. A more
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complete discussion of Prony analysis may be found in the literature and
a brief review of the theory is presented here for completeness.

For analysis of measured data using the Prony method, the data is
assumed to be a uniformly spaced sampling

i = i«At, yi =

s t'
k

(cos u>kt + j sin U|ct) (29)

of a time-domain waveform composed of N damped sinusoids, written as
N

f (t) = ̂  Rke
k=l k=i

where s. and R. are complex poles and residues to be determined. The
"Prony order", N, or the number of assumed poles in the data, is limited
to m/2 to derive an invertible matrix, as is discussed in reference [4].

Si.t
By defining z^ = e * , the Prony algorithm has a concise matrix

representation. Multiplying both sides of the original non-linear system
of equations

1 1 ... 1 ^

Zl Z2 ZN

72 72 72
Ll L2 ZN

• « . •

7m-l 7m-l 7m-l
_1 L2 '" ̂ N

•R'
R2

:3

.RN

by the N x 2N matrix

aO al a2 '*' aN-2 aN-l

0 a0
 al '•• aN-3 aN-2

0 ° ao -• aN-4 aN-3
• • • • •

0 0 0 .-. 0 aQ

aN 0 0

aN-l aN °

aN-2 aN-l aN

a, a

(30)

o-
0

a

(31)
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on the left yields, the following matrix equation:

N
" P(Zj.) P(Z2) ... P(ZN) '

•ZlP<Zl) Z2P<V - ZNP(ZN>

Z?P(Zr) Z2
2P(Z2) ... ZN

2P(ZN)

'. • •• .
• »v »-• *

*

N— 1- , Ml W 1
. PYZ' \ 7 pr/ ^ • • • 7 Pf7 ^

*

1

V

R2

•R3
.
:

_RN

E
K=0

N

• E
K=0

N

E
: K=0

N

! E
K=0

«fc
akN

ak
•,

*

ak

(32:)

-1

Since the ẑ 's are roots of a polynomial

P(z) = (ẑ Xz-ẑ .̂ z-ẑ j,)
_ .. _N , .. _N-1 . + (33)

where aN = 1 without loss of generality,, the left hand matrix vanishes,
eaving the system of equations as

aQ

a

(34)

."* y2N-2J LaN-

which may be solved for the coefficients ex. Once these are determined,
the roots of Eq.(33) may be determined,, and the. poles and residues
calculated.
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The major drawback of the Prony algorithm is that several
parameters must be chosen carefully to obtain "reliable" results. The
assumed number of degrees of freedom (Prony order) N and sampling rate At
determine a "window" of data points of width 2NAt. If this window is too
small the waveform is not fairly represented by the data points. If the
sampling rate At is less than twice the frequency of the highest pole
then aliasing can occur, in the same manner as with the discrete Fourier
transform. If the order is too small, the resulting poles are incorrect,
but too large an order causes incorrect "curve-fitting" poles to be
given.

Even if these parameters are varied until the poles are consistent,
the only way to check them is by reconstruction of a waveform from its
Prony representation, and then comparing the time domain response with
the measured data. In some cases the inclusion of poles with positive
real parts improves the reconstruction, despite their lack of physical
significance. Such poles arise not only from assuming too large an order
but also from the shape of the waveform in the window.

C. Selected Numerical Results

In order to assess the feasibility of using the Prony method in the
analysis of the NASA lightning data, a computer program was written in
BASIC to execute to perform the previously described calculations. This
code used Gaussian elimination to solve for the coefficients a. and
residues R. and the Muller algorithm to calculate the complex roots of
the polynomial P(z). This section discusses the processing performed on
the various data records.

As an example of a typical data record, Figure 16a is the response
of a D-dot sensor located at the forward fuselage of the aircraft, as
illustrated in reference [2]. This particular record was for Flight
81-026, Record 10, which was excited by a nearby lightning strike on

7/1/81. As a result, it is expected that the aircraft resonances in the
measured data will be those of the isolated aircraft. Figure 16b shows
the corresponding frequency domain spectrum for this data record as
calculated by the FFT. Note that there are several resonances which are
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in the 6 to 20 Mhz region and which correspond to the aircraft
resonances.

Table II illustrates the various resonant frequencies for this data
record as determined from an examination of the spectral response. Note
that this table shows the various peak values, in increasing frequency, as
well as ordered according to their magnitudes. The resonances at 7.8,
12.1, 16.4, and 19.5 Mhz appear to agree reasonably well with those given
in reference [4] for the nearby strike excitation.

For the Prony processing of the lightning data, a sliding window
technique was used to help identify aircraft resonances. Poles which
appear in several different windows are more likely due to aircraft
resonance than to the lightning. The amount of interpolation, movement
and size of the window, and Prony order were varied for each data trace.
Since the order is unknown for lightning data (but limited by computer
time and memory) a maximum of 30 poles was requested. Initially the
window was located after the largest spike, and was backed up to include
it. As an example, Table III presents the Prony poles and residues for
the sample data record presented in Figure 16a. It is to be noted that
these data include both the physical (aircraft) poles, as well as the
nonphysical, curve-fitting poles. In order to reduce the number of Prony
poles in the data, the order was decreased until the calculated poles
appeared to lose physical significance (see criteria below).

For low frequencies, the Laplace transform of the assumed form of
the measured response along the jw axis is given by

5^ <35>
and at low frequencies, this becomes

F(ju>) * -^-r (36)
K

A measure of the importance of the contribution of any pole to the
response is thus given by the magnitude of the ratio R̂ /SI.. The prony
poles were thus ranked according to this ratio.
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TABLE II
PEAK VALUES OF FFT SPECTRUM FOR DATA RECORD 81-026-10

* Relative peak height for this run -- .01 *
* Bounds set for this run : 2 to 50 Mhz *

* Win pt — 47.66 MHz , 2.00E-03 amplitude *

* Increasing .frequency representation *

* # * * MHz * * amplitude *
1 3.52 l.OOE-02
2 7.81 5.04E-02
3 10.16 3.21E-02
4 12.11 3.81E-02
5 16.41 4.53E-02
6 19.53 5.79E-02
7 27.34 2.49E-02
8 30.47 1.55E-02
9 32.03 1.36E-02

10 35.55 1.28E-02
11 38.67 1.03E-02
12 40.23 9.89E-03
13 43.36 1.45E-02
14 46.88 5.39E-03
15 48.83 5.41E-03
16 50.00 5.43E-03

* Decreasing amplitude representation *
* the 10 highest peaks *

* # * * MHz * * amplitude * * % *
1 19.53 5.79E-02 100.00
2 7.81 5.04E-02 87.02
3 16.41 4.53E-02 78.24
4 12.11 3.81E-02 65.78
5 10.16 3.21E-02 55.36
6 27.34 2.4.9E-02 43.06
7 30.47 1.55E-02 26.73
8 43.36 1.45E-02 25.06
9 32.03 1.36E-02 23.42
10 35.55 1.28E-02 22.05
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TABLE III
PRONY POLES AND RESIDUES FOR DATA RECORD 81-026-10

#

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

P 0
damping

-2.056
-19.586
-8.703
-8.703
-14.873
-14.873
-16.513
-16.513
-9.458
-9.458
-12.318
-12.318
-4.583
-4.583
-3.992
-3.992
-2.795
-2.795
3.652
3.652
-2.562
-2.562
-1.866
-1.866
-1.285
-1.285
-0.949
-0.949
1.048
1.048

L E S
freq(MHz)

0.000
-0.000
7.490
-7.490
-19.959
19.959
10.401
-10.401
26.314
-26.314
-41.188
41.188
-13.286
13.286
-43.414
43.414
16.949
-16.949
-2.846
2.846
33.929
-33.929
22.036
-22.036
28.838
-28.838
47.079
-47.079
-36.284
36.284

R E S
real

0.341
-0.374
0.476
0.476
-0.593
-0.593
0.484
0.484
-0.028
-0.028
-0.179
-0.179
-0.019
-0.019
-0.077
-0.077
-0.000
-0.000
0.003
0.003
-0.028
-0.028
-0.007
-0.007
-0.009
-0.009
-0.005
-0.005
-0.002
-0.002

I D U E S
imag

0.000
-0.000
-0.288
0.288
-1.027
1.027
0.207
-0.207
0.203
-0.203
-0.009
0.009
-0.054
0.054
0.078
-0.078
0.026
-0.026
0.000
-0.000
-0.003
0.003
0.017
-0.017
-0.007
0.007
0.015
-0.015
0.007
-0.007

RES/POL

1.66E-01
1.91E-02
1.16E-02
1.16E-02
9.39E-03
9.39E-03
7.82E-03
7.82E-03
1.24E-03
1.24E-03
6.90E-04
6.90E-04
6.80E-04
6.80E-04
4.00E-04
4.00E-04
2.46E-04
2.46E-04
1.92E-04
1.92E-04
1.34E-04
1.34E-04
1.32E-04
1.32E-04
6.30E-05
6.30E-05
5.36E-05
5.36E-05
3.14E-05
3.14E-05

%

100.00
11.51
7.01
7.01
5.66
5.66
4.71
4.71
0.75
0.75
0.42
0.42
0.41
0.41
0.24
0.24
0.15
0.15
0.12
0.12
0.08
0.08
0.08
0.08
0.04
0.04
0.03
0.03
0.02
0.02
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The poles must be purely real or occur in conjugate pairs, but the
Prony algorithm is very sensitive to noise in the data [12,13], so that
poles which were not precisely complex conjugates were noted in some
cases. Poles in the tabulated data were rejected if they met any of the
following criteria:

Criterion Reasons
1. Real part of pole positive No physical significance
2. Complex conjugates not found Numerical error, noise,

and curve-fitting
3. Frequency to/27r too high Aliasing
4. Residue-to-pole ratio too small Contribution to F(s)

insignificant

Table IV presents the selected Prony poles and residues for the data
record of Figure 16. Note that the complex conjugate poles are not listed
explicitly in this table. The pole pairs 3, 4, 5 and 8 correspond
approximately to those aircraft resonances identified in the FFT spectrum.

As previously mentioned, it is useful to observe the convergence of
the numerically constructed Prony response as a function of the number of
poles taken in the response. Figure 17a shows the reconstructed time
domain response for the data record corresponding to Flight 81-026, Record
10. This reconstruction involves the first two real poles and the first
complex pole pair tabulated in Table IV. Figure 17b presents the
reconstructed waveform for 8 poles, and Figure 17c shows similar results
for 18 poles. Figure 18 presents an overlay of the original time domain
measured data with the Prony reconstruction of the data. As may be noted,
the agreement is reasonable.

The reconstructed Fourier spectrum of this data is shown in Figure

19. Note that Prony reconstruction compares reasonably well with the
FFT calculated spectrum, with the exception of the high frequency
response. The poor comparison at the high frequencies is possibly due to
the effects of aliasing in the FFT calculation. In the aircraft resonance
region, however, the two calculations agree well.
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TABLE IV
FILTERED PRONY POLES AND RESIDUES FOR DATA RECORD 81-026-10

* Filename — d8102610 * dt =0.010 *
* Window 0 * 30 poles * t = .04 to .64 ys *

Pole
Pair

1
2
3
4
5
6
7
8
9

Prony Pole
damp. freq(MHz)

Prony Residue
real imag

-2.06
-19.59
-8.70
-14.87
-16.51
-9.46
-12.32
-4.58

0.0
0.0
•7.5
20.0
10.
26.
41,
13.

.4

.3

.2
,3

-3.99 43.4

0.341
0.374
0.476
0.593
0.484
0.028

179
0.019
0.077

-0

0.0000
0.0000
-0.2885
.0272
.2070

0.2033
0.0093
0.0538
-0.0778

1,
0.

Residue
pole

0.166
0.019
0.012
0.009
0.008

.001

.001
0.001
0.000

0.
0.

100.00
11.51

7,
5.

.01

.66
4.71
0.75
0.42
0.41
0.24

* 14 of 30 poles rejected.
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Figure 17. Reconstruction of D-dot Data Using Various Numbers

of Prony Poles.
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Figure 20a illustrates another type of data obtained in the NASA
direct strike program. This is.a B-dot measurement for Flight 81-043,
Record 2, performed at the mid-fuselage position of the aircraft, and
oriented in such a way that the sensor measures the longitudinal current.
Furthermore, this particular data record involved a direct strike to the
aircraft.

Figure 20b shows the corresponding FFT spectrum for this direct
strike data record. It may be observed that several of the lowest
resonances have shifted downward in frequency when compared with the
spectrum in Figure 16b, a fact that is attributable to the addition of the
lightning channel to the aircraft. For this data record, the various peaks
in the FFT spectrum are presented in Table V.

The application of the Prony processing techniques to this data set
provides the poles and residues shown in Table VI. Upon suitable filtering
in order to remove the unphysical poles, the pole pairs presented in Table
VII remain, and may be identified as arising from the lightning current
and the aircraft resonances.

From the Prony pole data presented for the nearby strike D-dot
measurement in Table IV and those for the direct strike B-dot measurement
in Table VII, it is possible to infer the behavior of the unperturbed
lightning by identifying the aircraft resonances and removing them from
the reconstructed response. For example, if we assume that all oscillatory
contributions in the response arise from the aircraft, it is possible to
remove them, and reconstruct the responses shown in Figures 21 and 22.
Note that the D-dot response for the nearby excitation shown in Figure 21
is not as large as is that for the B-dot response for the direct strike
shown in Figure 22. This is presumably due to the fact that there is much
more of a contribution of the lightning characteristics in the direct
strike data.
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Figure 20. Plot of Time History (a) and Fourier Transform (b)

of B-dot Response for Flight 81-043-02.
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TABLE V
PEAK VALUES OF FFT SPECTRUM FOR DATA RECORD 81-043-02

* Relative peak height for this run -- .01 *
* Bounds set for this run : 0 to 50 Mhz *
* Min pt — 1.17 MHz , 5.17E-01 amplitude *

Increasing frequency representation *

#
1
2
3
4
5
6
7
8
9

MHz *
0.00
6.64
11.72
21.09
27.73
36.72
42.19
47.27
50.00

* amplitude *
5.25E-01
2.46E+00
3.88E+00
5.65E+00
2.93E+00
1.59E+00
1.20E+00
1.59E+00
1.37E+00

* Decreasing amplitude representation *
* the 9 highest peaks *

#
1
2
3
4
5
6
7
8
9

MHz
21.09
11.72
27.73

6.64
36.72
47.27
50.00
42.19
0.00

amplitude
.65E+00
.88E+00
.93E+00
.46E+00

1.59E+00
1.59E+00
1.37E+00
1.20E+00
5.25E-01

100.00
68.68
51.87
43.56
28.17
28.17
24
21

19
20

9.30
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TABLE VI
PRONY POLES AND RESIDUES FOR DATA RECORD 81-043-02

#

1
2
3
4
5
6
7
8
9
10
11
12
13

P 0
damping

-34.479
-27.138
-27.138
-17.256
-17.256
-13.906
-13.906
-13.619
-13.619

0.298
0.298
6.223
6.223

L E S
freq(MHz)

0.000
-5.793
5.793

-21.306
21.306

-49.103
49.103
28.138

-28.138
10.825

-10.825
-36.407
36.407

R E S
real

100.820
-19.314
-19.314
-55.921
-55.921
48.477
48.477

-25.078
-25.078

2.621
2.621

-1.194
-1.194

I D U E S
imag

-0.000
-114.907
114.907
99.674

-99.674
42.336

-42.336
-17.827

17.827
3.903

-3.903
-0.219
0.219

RES/POL

2.92E+00
2.57E+00
2.57E+00
8.47E-01
8.47E-01
2.08E-01
2.08E-01
1.74E-01
1.74E-01
6.91E-02
6.91E-02
5.30E-03
5.30E-03

%

100.00
87.77
87.77
28.96
28.96
7.13
7.13
5.93
5.93
2.36
2.36
0.18
0.18
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TABLE VII
FILTERED PRONY POLES AND RESIDUES FOR DATA RECORD 81-043-02

* Filename — 5810432 * dt =0.010 *
* Window 0 * 13 poles * t = .04 to .3 us *

Pole
Pair

1
2
3
4
5

Prony Pole
damp. freq(MHz)

Prony Residue
real imag

Residue
pole

-34.48
-27.14
-17.26
-13.91
-13.62

0.0
5.8

21.3
49.1
28.1

100.820
-19.314
-55.921
48.477
-25.078

-0.000
114.907
-99.674
-42.336
-17.827

2.
2.
.924
.566

0.847
0.208
0.174

100.00
87.77
28.96
7.13
5.93

4 of 13 poles rejected.
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The above discussion has described a technique for analyzing the
" *j

NASA lightning data for the purpose of-determining the characteristics of
the exciting lightning bolt. As may be seen from the B-dot and D-dot
examples, it is necessary to identify which of the Prony poles in the
measured response arise from the aircraft interaction, and which are
inherent in the lightning response. In the examples, it was assumed that
all of the oscillatory resonances were from the aircraft, but it is not
clear that this is correct. It is possible to conceive of having
oscillations in the lightning channel as well.

Furthermore, the accurate analysis of data of this type requires a
better knowledge of the response transfer impedance as discussed in
Section II. For nearby strikes, this implies needing to know where the
strike occurred in relation to the aircraft. For the direct strike case, a
knowledge of the attachment and detachment points is similarly needed. In
much of the present lightning data, the required details of the strikes
are not available for further analysis. However, the 1981 lightning data
have been processed to yield the pertinent pole and residue data which
describe their behavior. These data are presented in the Appendix.

Appendix A presents the time domain measurements for 1981. These
data have been digitized, and processed with an FFT algorithm, with the
results also being displayed. Note that no attempt has been made to
.integrate these data to provide B or D information. Along with each data
trace, the peak values in the frequency domain for the FFT data are given.
These were computed by simply searching the FFT records for the various
peaks and ranking them by frequency and magnitude. The results of the
Prony processing of these data are also presented in this Appendix. Note
that the poles and residues for several different sliding time windows are
presented, and any unphysical poles have been filtered out using the
previously discussed criteria.
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SECTION V

EXPERIMENTAL CONSIDERATIONS

The F-106 aircraft was instrumented to measure B-dot and D-dot for
both the direct attachment and nearby lightning phenomena. Some of the
in-flight data have been processed in the previous section IV and the
"free" resonances computed in Section III. In this section, we describe a
full scale experimental procedure, in which the aircraft was excited by a
two-wire transmission line field with the objective of determining its
natural resonances.

During the week of March 29, 1982, a ground lightning simulation
test was performed by MCAIR with the assistance of LuTech personnel. One
of the objectives of this series of experiments was to attempt the
simulation of a nearby lightning stroke on an aircraft. Since the precise
spatial and spectral or temporal characteristics of the lightning
phenomenon are not well understood, our approach was to excite the
isolated F-106B aircraft with a known electromagnetic field and
experimentally obtain its response with D-dot sensors placed at several
locations on the aircraft. From these measurements, one can extract the
natural frequencies of the aircraft. The natural frequencies are
independent of the nature of the incident or the exciting field in this
case, since the source of the electromagnetic field and the aircraft as a
scattering object are physically removed from each other. This is in
contrast with the simulation of the direct strike with hardwired
attachment, where in effect the source and the scatterer are physically
connected. Such a configuration where the source and scatterer are in
contact significantly impacts the natural frequencies of the scatterer.

Consequently, with the intent to obtain the natural frequencies of
the aircraft and thus provide an experimental verification of prior
calculations reported in Section III, a two-wire transmission line was
designed. The aircraft, parked on ground is excited by the transmission
line field and data is collected using the D-dot sensors and the data
acquisition instrumentation. The raw time domain data has been
transformed into the frequency domain by using a fast Fourier transform

(FFT) software package, built into the data acquisition system. The FFT
results give a reasonable indication of the aircraft natural resonances.
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A. Design Considerations and Description of the Experimental Setup.

Basically, the experiment consisted of a two-wire transmission line
above ground. The transmission line was oriented such that the principal
electric field was horizontal and parallel to the fuselage of the F-106B
aircraft parked on ground. The two-wire transmission line is
schematically shown in Figure 23. The wires have a diameter d, separated
by a distance D, and both are above ground at a height h. The line was
excited by a Marx generator at one end and terminated by a load
resistance at the far end. In order to avoid the aircraft responding to
the reflected wave after the main forward wave had traversed the width
of the aircraft, it was essential to terminate the line in its matched or
characteristic impedance. An unterminated or open circuited line would be
prohibitively long to discriminate between the forward and reflected
waves in the simulator. The characteristic impedance of the two-wire
transmission line of Figure 23 is given by

= 120 In {*%/ I + U£M } , for d «D , h (37)

The parameter values used here, determined mainly by practical
considerations, were

D = 40m , h = 3.58m , d = 2.4 x 10~3m (12 gauge)

These values yield a characteristic impedance of about 1060 Ohms.
However, if one neglects the effects of the ground, a simpler formula for
Zc is given by

\
Z *= 120 ̂ n (2D/d) = 1250 Ohms (38)
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® ° © c

ground

mfiiiliiiiiiiiii/iiiiiim^̂ ^

Figure 23. Two-wire transmission line above ground.

-61-



ORIGINAL PAGE IS
OF POOR QUALITY

A resistor having this value was used and the resistance was constructed-
using a graphite fiber material. The fiber resistor was approximately- 180
feet long with a resistance of about 7 ohms/foot. The same Marx generator
employed in direct attachment simulation testing was used here. The two
wires that form the transmission line were supported on wooden stands
roughly 10 feet above ground. The wires were 12 gauge, multistranded and
plastic coated. The effect of the plastic insulation, was cons-idered
negligible. The 40m between the wires was about twice the, aircraft length
and insured a reasonably uniform excitation of the aircraft. Also,
estimates were made of the expected levels of sensor pick up voltages
given the Marx parameters. This indicated that one can record data with a
reasonable signal to noise ratios.

B. Experimental Results

This section contains the complete set of experimental raw data
collected, as indexed in Table VIII. The shot numbers are identified by
the date (4/2/82) and a letter code (A, B, C, D ...). They are also
identifiable by the track and file number for the cassette storage. If
additional inductance is added to the Marx output for wave shaping, it is
indicated in the index. The sensor type, location and attenuation are
also indicated. The quantities measured are mainly D-dot at various
locations and I-dot or I(t) from the Marx generator. In the section which
follows the compilation of the raw data, we have examined the FFT data of
selected shots.
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Change Voltage - 45kV/stage
6 stages

F-106 TEST
DATE: 4/2/82

SHOT NO ADDED SENSORS MONITORED
TRK - FILE INDUCTANCE OUTPUT TYPE LOCATION ATTN. - COMMENTS

4/2 CAL RADIATED EM

(actually 4/2A) DOORS OPEN

,1'9 DN

6N

4/2 CAL CALIBRATION

1-10

4/2 CAL RADIATED DN
(actually 4/2B) DOORS OPEN

1-H EM

°N

DN

4/2 C, D RADIATED DN
DOORS OPEN

1-12, 13 EM

DN

6N

4/2 E, F RADIATED

DOORS OPEN

0-0, 1 EM
DN
DN

4/2 G RADIATED

DOORS OPEN

°-2 EM

DN

6N
-63- .

L. WING

R. WING

LF FUS.

L. WING

^ear L. WING

R. WING

FUS.

L. WING

Near L. WING

R. WING

FUS.

Near L. WING
R. WING

FUS.

Near L. WING

R. WING

FUS.

No signal

Ix The magnitudes for

lx these 3 sensors are

not calibrated exactly,
2x but they should be

close.

lx Memory Dropout

25x

lx Batteries Going Down

2x

lx Memory Dropout

25x

lx Batteries

2x

Grounding Plug

attached to plane

25x on these two shots,

Ix and possibly, all shots

2x previous to this.

25x

.5x Changed from .2 to .1
Input Range

lx Changed from .2 to .1
Input Range



TABLE VIII. INDEX OF EXPERIMENTAL DATA (cont.)

F-106 TEST

DATE: 4/2/82

PAGE ?S
OF POOR QUALITY

SHOT NO.
. TRK - FILE

4/2 T-7

0-3

4/2 H, I,

0-4, 5, 6

4/2 K, L,

0-7, 8, 9

4/2 NF

0-10

4/2 N, 0,

-•

0-11, 12,

4/2 Q, R,

0-14

1-0, 1, 2

4/2 U, V,

1-3, 4, 5

ADDED
INDUCTANCE OUTPUT

Replaced Transmitter 9

J RADIATED

DOORS OPEN

M RADIATED

DOORS CLOSED

-

Started using Nanofast

recalibrate. Stored a

P RADIATED

DOORS OPEN

13

S, T RADIATED

DOORS CLOSED

SENSORS MONITORED
TYPE LOCATION ATTN. - COMMENTS

with Tran.

--

--

EM

DN

6N

--

--

. EM

DN

DN

fiber optic

triangle wa

--

--

<M

DN

DN

--

--

(Second shot ;R didn't IM
sound quite as loud as DN
the rest. Generator problem)D..

W, X, Y RADIATED

DOORS CLOSED

, 6, 7

--

--

in
DN
DN

-64-

-7 - Ston

lear L. WING

R. WING

FUS.

Near L. WING.

R. WING

FUS.

system on d

ve to scale 1

L. WING

TAIL

L. WING

TAIL

PCT - OUTPUT

L. WING

TAIL

id a triangle wave to scale t

25x

.5x

.Ix

25.;

.5.:

1;;

annel 3. Did not

o. (.IV 0* pk)

50x - lOOx - lOOx All
saturated

.5x

Ix

500x

.5x
Ix

50x Current measured at

. 5x generator output.

Ix
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ABBREVIATIONS

Subscript N with sensor type means NASA sensor.

Subscript M with sensor type means MACAIR sensor.

DN R. WING

DN L. WING

DN FUS.

DM LF FUS.
N

DN TAIL

DOORS OPEN

DOORS CLOSED

V
PCT

- NASA D sensor beneath right wing.

- NASA D sensor beneath left wing.

- NASA D sensor on lower forward fuselage.

- Same as DN FUS.
*

- NASA D sensor on vertical stabilator.

- MACAIR I sensor.

- MACAIR E-field sensor.

- Cockpit and Bombay doors open.

- Cockpit and Bombay doors closed.

- MACAIR I sensor.

- Pearson Current Transformer (This is the I..).
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SENSOR INFORMATION

Aeq = 4.1 x 10"2 m2 for NASA TAIL and FUS.

Aeq = 2.7 x 10"2 m2 for NASA L.WING and

NASA D sensors:

VOUT =

R = 50.Q

x 10"2 m2 for r

D sensors

MSA L.WINC

R.WING D sensors

*

MACAIR I sensor:

EG&G VQUT = MI

CPM-1A

I-DOT PROBE M = 10"2 yH

MACAIR I sensor:

PEARSON CURRENT TRANSFORMER

MODEL 3025

CALIBRATION: .025F/Amp

used into 50ft input as in this test it becomes;

.0125V/Amp

MACAIR E-FIELD sensor:

CALIBRATION: 100 V/m/VOLT OUTPUT OF SENSOR
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QUAU7Y RADIATED // DOORS OPEN

ii ppf h

?

,
*

|||
1"

ir

|
1r
|
I
In Type: E

Loc :
Attn: 250x
x : 0 - 0 us
V • +/- 0 53 V
min: V
max: V

Type:
Loc :
Attn :
x : 0 - ys
v • +/- Vj • T« •
min: V
max: V

Type:DN
Loc : L. Wing
Attn: Ix
x : 0 - 0 ys
y : +/- 0 V

min: V
max: V

Type D
Loc R1: Wing
Attn Ix
x 0 - 2 0 us
y +/-0.56 V

min -0.22 V
max 0.15 V

Type D..
Loc FlJs.
Attn 2x
x 0 - 2 0 ys
y +/-0.51 V

min -0.38 V
max 0.46 V

•

c -i

•• 5

Test: 4/2 Cal (A)
TRK File: 1-9
Notes

We probably had
calibrated at least
one time before this
shot but had not
stored it. (Else
the no. wouldn't
have come out in
this range.)
But I don't know
if the same trans-
mitters were left
in or if they might
have been adjusted.
Therefore, these
members are probably
in the right ballpark,
but I wouldn't
entirely trust them.



ORIGINAL PAGE IS
OF POOR QUALITY RADIATED // DOORS OPEN

Type:
Loc :
Attn:
x : 0
y : +/

min:
max:

Type: T-4, R-l
Loc :
Attn:
x : 0 - 100
y : +/- 0.10
min: -.078
max: .084

T-5, R-4

0 - 100
+/- 0.60

-0.51
0.50

T-9, R-5

0 - 1 0 0
+/-0.54

-0.52
0.50

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
v
V
V

ys
V
V
V

Test: 4/2 Cal (A)
TRK File: i_io
Notes

Cal. w/50ft input.

Ran w/high impedance
input.

-68-



PAGE ft
POOR QUAL/T£ RADIATED // DOORS OPEN

Type
Loc
Attn
x
y
min
max

UNL. Wing
Ix
0-20
+/-0.53

-0.53
0.50

0 -
+/-

MType:
Loc :
Attn: 25x
x : 0 - 20
y : +/-2.50
min: -1.60
max: 0.45

Type: DN
Loc : R. Wing
Attn: Ix
x : 0 -10
y : +/-0.60
min: -0.13
max: 0.07

Type:DN
Loc : Fus.
Attn: 2x
x : 0 -10
y '• +/- 1.08
min: -0.66
max: 0.32

-69-

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

V
V

Test: 4/2 Cal (B)
TRK File: 1-H
Notes

250x at E-field
sensor.
Ran Biomation on
.1 Input Range.
•*• 25x Attn.

Batteries going
dead.



ORIGINAL PAGE B
OF POOR QUALITY

RADIATED // DOORS OPEN

Type:
Loc :
Attn:
x : 0 -
Y : +/-

min:
max:

E
Mac
25x
0 - 20
+/- 2.50

-1.70
0.50

Type:
Loc :
Attn:
x :
Y :

min:
max:

DN
R. Wing
Ix
0 - 1 0
+/- 0.60

-0.08
0.04

Type:
Loc :
Attn:
x :
y :

min:
max:

Fus.
2x
0 -10
+/-1.08

-0.33
0.28

Vis
V
V
V

VIS
V
V
V

Vis
V
V
V

ys
v
V
V

ys
v
v
v

Test: 4/2 C
TRK File: 1-12
Notes

Batteries

J-70-



ORIGINAL PAGE
OF POOR

RADIATED // DOORS OPEN

Type:
Loc
Attn

min:
max:

Type:
Loc :
Attn:
x :

min:
max:

Dw
L. Wing
lx
0 - 20
+/- 0.53
-0.53
0.50

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type:
Loc :
Attn:
x :
y :
min:
max:

E
Mac
25x
0 - 20
+/-2.50
.1.70
0.50

DN
R. Wing

0 -10
+/-0.60
-0.05
0.05

Type:
Loc :
Attn:
x :
y
min:
max:

-71-

DNFus.
2x
0 - 1 0
+/- 1.08
-0.38
0.48

PS
V
V
V

ys
V
V
V

us
V
V
V

Vis
V
V
V

us
V
V
V

Test: 4/2 D
TRK File: 1-13
Notes

Batteries



ORIQIHM:
OF P°OR RADIATED // DOORS OPEN

Type:
Loc :
Attn:
x : 0 -
y : +/•
min:
max:

ys
V
V
V

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type:T-4, R-l
Loc :
Attn:
x : 0 -100
y : +/-0.12
min: -0.094
max: 0.096

Type:
Loc :
Attn:
x :
y :
min:
max:

T-l, R-4

0 -100
+/-0.50

-ff.50
0.50

Type:T-9, R-5
Loc :
Attn:
x : 0 -100

: +/-0.53
min: -0.51
max: 0.50

ys
V
V
V

us
V
V
V

ys
V
V
V

V
V
V

Test:4/2 C12
TRK File:. 1-14
Notes .__

Cal 50J2 input.

Ran w/high impedance
input.



ORIGINAL

"-"&S3ZS RADIATED // DOORS OPEN

II 1 II

"̂"IIT^X i ijLi JiiMfe^̂ ^1^̂ ^̂

PffpfFI""1

Itlk ..
• • BIT

[

i

ML**
' *"* ' • '• -' " l "IjSnl*̂  <** u J.u_ jn. • Wi • H J

Is

Type:
Loc :
Attn:
x :
y :

min:
max:

Type
Loc
Attn
x
y

min
max

Type:
Loc :
Attn :
x :
y *•

min :
max:

Type:
Loc :
Attn :
x
y :

min:
max:

Type:
Loc :
Attn:
x :
y :

min:
max:

.73-

0 -
+/-

0 -
+/-

E
Mac
25x
0 - 2 0
+/- i inT f •» O • 1 \J

-1.96
0.58

R. Wing
Ix
0 - 10
+/- 0.50

-0.14
0.07

DM

FBs.
2x
0 - 1 0
_i_ / l f\ ~t+/- 1.07

-0.39
0.38

ys
V
V
V

ys
V
V
V

ys
v
V

V
V

ys
V
V
V

ys

V
V

Test: 4/2 E
TRK File: 0-0
Notes

Ground Plus attached
to plane.



ORIGINAL PAGE IS
OF POOR QUALITY

RADIATED // DOORS OPEN

Type:
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type:
Loc :
Attn:

X

y

0 -
+/-

min:
max:

Type: E
Loc : Mac
Attn: 25x
x
y

0 - 2 0
+/- 3.10

mm:
max:

-2.04
0.66

Type: DN
Loc : R. Wing
Attn: Ix
x : 0 - 10
y : +/- 0.50

min: -0.12
max: 0.05

Type: D
Loc : Fus.
Attn: 2x

mm:
max:

0-10
+/- 1.07
-0.30
0.31

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

Test: 4/2 F
TRK File:0-1
Notes

Ground Plug attached
to plane

J-74-



RADIATED / /DOORS OPEN

ORIGINAL PAGE FS
OF POOR QUALITY

it«(imii
Wl . .,,!.,.. LJiyl|iuĴ tâ i

L/iBiî Jil&î MwW^̂ ^̂ ^

Ll~~~ -CSVyfl. It . . P.IU- .. _, . J J . r u ,

11

Type :
Loc :
Attn:
x : 0 -
y : +/-J I

min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type: E
Loc : Mac
Attn: 25x
x : 0 - 20
y : +/-3.10

min: -1.96
max: 0.58

Type: i)
Loc : R1. Wing
Attn: 0.5x
x : 0 - 10
y : +/- 0.252
min: -0.085
max: 0.055

Type: DN

Loc : FHs.
Attn: Ix
x : 0 - 10
y : +/- 0.54

min: -0.08
max: 0.05

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

Test: 4/2 G
TRK File: 0-2
Notes

Batteries



ORIGINAL PAGE IS
OF POOR QUALITY RADIATED // DOORS OPEN

Type:
Loc :
Attn:
x : 0 -
Y : +/-
min:
max:

Type
Loc
Attn
x
y
min
max

0 -

Type:
Loc :
Attn:
x :
Y :
min:
max:

0 -

Type
Loc
Attn
x
y
min
max

0 -

Type:
Loc :
Attn:
x :
y ;
min:
max:

-76-

T-7

0-80
+/-0.37
-0.37
0.37

ys
V
V
V

ys
V
V
V

V
V
V

ys
v
v
v

ys
v
V
V

Test: 4/2 T-7
TRK File: 0-3
Notes

Replaced T-9 with
T-7

Did not Recalibrate.



ORIGINAL PAGE IS
OF POOR QUALITY

RADIATED // DOORS OPEN

Type:
Loc :
Attn :
x : 0 -
v • +/-j • -f
min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type: E
Loc : Mac
Attn: 25x

u-uiA&Jiil 1 x : 0 - 20

^̂ ^̂ iUly^̂ ^̂ ^wP'1 y™n' +/"-2'-°°
"I'r 11 1

Jll i

n

i
Hj

IP

1

max: 0.58

Type: DN
Loc : R. Wing
Attn: 0.5x
x : 0 - 10
y : +/-0.252

min: -0.122
max: 0.051

Type : DN
Loc :Flls.
Attn:lx
x : 0 -10
y : +/-0.37

min: -0.35
max: 0.26

77

ys
V
v
v

ys
V
V
V

ys
V
V
v

ys
V
V
V

ys
V
V
V

Test: 4/2 H
TRK File: 0-4
Notes



ORIGINAL PAGE IS RADIATED // DOORS QpEN

OF POOR

li 1 1 *L ft.

B^J^^^^^^m^^Wi^^^lilHftpflPr8" '

.
"irtfJL

Tfjp r

I

'
III,. fcli. , , __ . . t.
JjjlflWJMtl -.tVftll *« •r1tMw*

Type:
Loc :
Attn :
x : 0 -
y : +/-

min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type: E
Loc : Mac
Attn: 25x
x : 0 - 20
y : +/- 3.10

min: -1.94
max: 0.56

Type: DN
Loc : R. Wing
Attn: 0.5x
x : 0 - 10
y : +/- 0.252

min: -0.106
max: 0.053

Type: DN
Loc : FOs.
Attn: Ix
x : 0 - 10
y : +/- 0.37

min: -0.26
max: 0.21

•7r»

ys
V
V
V

us
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V
•

Test: 4/2 I
TRK File: 0-5.
Notes



ORIGINAL PAGE IS
OF POOR QUALITY

RADIATED // DOORS OPEN

..

„
yffl&&K8ygL i
InPr*̂  • jiaiiLJhu&iJ^yyii

llpp̂ P?1^ ̂

f <-(i «*T U i

I

MI itVSP^Vuftrytrtft-LtrtJcuiT *lt
1 ^1 '̂ JrL

IP

Type :
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type:
Loc :
Attn :
x : 0 -
y : +/-

min:
max:

Type: E
Loc : Mac
Attn: 25x
x : 0 - 20
y : +/- 3.10

min: _2 .Q4
max: 0.58

Type: DN
Loc : R. Wing
Attn: 0.5x
x : 0 - 10
y : +/- 0.252

min: -0.102
max: 0.032

Type: DN

Loc : Fus.
Attn: ix
x : 0 - 10
y : +/- 0.37

min: -0.16
max : 0.13

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

Test: 4/2 J
TRK File: 0-6
Notes

-79-



.
OF POOR QUALITY RADIATED // DOORS CLOSED

1 ;

1 •
y&tk

Type :
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-

min:
max: .

Type : E
Loc :Mac
Attn: 25x
x : 0 -20

WW1\ . ijJiuifodiJ^^^^^^^ f̂tS y : +/-3.10
Lĵ J^J^^^P Î̂ rY^Fin min: -2.14

1

i
L- i KlU- -- --r -r- ^ — r - u - - uf * -

1

1

n.fKOTL.vrr; JT ff ir.. i ..._L-liT.

1
1

max: 0.76

Type:DN
Loc : R. Wing
Attn:Q.5x
x : 0 -10
y : +/- 0.252

min: -0.096
max: 0.051

Type: DN

Loc : Fus.
Attn: lx
x : 0 - 10
y : +/-0.37

min: -0.24
max:, 0.22

Lan

ys
V
V
V

ys
V
V
V

ys
V.
V
V

ys
V
V
V

ys
V
V
V

Test: 4/2 K
-TRK File: 0-7
Notes



RADIATED // DOORS CLOSED

n..
P \

*!ljiJU-«-ii w i u LI i .inn m- i

1

.

id

f

Type : DN

Loc : R'; Wing
Attn: o.5x
x : 0 -10
y : +/- 0.252

min: -0.134
max: 0.081

Type: DN

Loc : Fus.
Attn: lx
x : 0 -10
y : +/-0.37

min: -0.25
max: 0.24

*-» *

ys
V
V
V

ys
V
V
V

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type :
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

ORIGINAL
OF

ys
V
V
V

ys
V
V
V

Type:
Loc :
Attn:
x :
y ;
min:
max:

E
Mac
25x
0 -20
+/-3.10

-1.96
0.58

ys
V
V
V

Test: 4/2 L
TRK File: 0-8
Notes



ORIGINAL PAGE IS
OF POOR QUALITY RADIATED // DOORS CLOSED

'

.

iMl̂ ^̂ l L L-rfLuUiyt/P*fj^W\ I .. ^ . JiL.Jil|ŷ U^#JBraS™JBi

^JjtraM^w^f^^ '̂̂ ^^IfflPT

- t&Bft-'- . _^

I

liiii

« - -.J iifiiiA-i- •--!..* J - - — —

i

Type: .
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type
Loc
Attn
x 0 -
y +/-

min
max

Type : E
Loc :Mac
Attn: 25x
x : 0 -20
y : +/-3.10

min: -1.96
max: 0.56

Type: f)
Loc : R1: wi ng
Attn:0.5x
x • 0 - in^ . \j j \j
y : +/- 0.252
min: -0.144
max: 0.065

Type : DN

Loc :FUS.
Attn:ix
x • 0 - in** • u 1 U

y : +/-0.37
min: -0.30
max: 0.25

oo_

us
V
V
V

us
V
V
V

ys
V
V
V

usHa

V
V
V

USM-*

V
V
V
•

Test: 4/2 M
TRK File: 0-9-
Notes



RADIATED // DOORS CLOSED

Type
Loc
Attn
x
y
min
max

0 -

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

0 - 100
+/- 0.10

-0.10
0.10

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

-83-

ORIGfNAL PAGE fg
OF POOR QUALITY

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

us
V
V
V

Test: 4/2 NF
TRK File: 0-10
Notes

Replaced Transmitter
No. 4 with Nanofast
system.

Triangle wave to
scale to for Nanofast
Fiber Optic System.



ORIGINAL PAGE IS
OF POOR QUALITY RADIATED // DOORS CLOSED

1
n1 III „

1 fwir^^~"^~
Iff

1

f t>rw»

'

& u« i ton* it H j j V . i l . 1 rjr

Type : .
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type: I
Loc :
Attn : 50x
x : 0 - 20
y : +/-5.00
min: -4.75
max: >5.

Type; DN
Loc : L. Wing
Attn: Q.5x
x : 0 -.10
y : +/- 0.252
min: -0.096
max: 0.045

Type: DN
Loc : T'ail
Attn: Ix
x : 0 - 10
y : +/-0.37

min: -0.19
max: 0.29

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

Test: 4/2 N
TRK File:o-ll
Notes



RADIATED // DOORS CLOSED

1 ,
LV*U

..„ . ^ -^ . .. j
*

w
jfflfu*fi1_*_j». «.tt.«_.u_iL i L iirrr-m i

T

LHJ

T

Type: .
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type:
Loc :
Attn :
x : 0 -
y : +/-

min :
max:

Type: I
Loc :
Attn: lOOx
y - 0 - 2 0A • \J *-v

y : +/- 10.00
min: -5.00
max: >10.

Type: DN

Loc : L. Wing
Attn: 0.5x
x : 0 - 10
y : +/-0.252

min: -0.120
max: 0.053

Type: DN

Loc : Tail
Attn: Ix
x : 0 - 10
y : +/- 0.37

min: -0.20
max: 0.32

»•* r~

ys
V
V
V

ys
V
V
V

_

V
V
V

ys
V
V
V

ys
V
V
V

Test: 4/2 0
TRK File:Q-12
Notes



ORIGINAL PAGE IS
OF POOR QUALITY RADIATED // DOORS CLOSED

'

1
1
jl
Ifllljl^wv"*-* - -

»

ifiiu ti tttmm 4 %fat*M*t»CDn • J mil • MIpjplWir

Type :
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type: I
Loc :
Attn: iQOx
x : 0 - 20
y : +/- 10.

min: -4.5
max: >10.

Type: DN
Loc : L. Wing
Attn: 0.5x
x : 0 - 10
y : +/- 0.252
min: -0.108
max: 0.063

Type: DN
Loc : Tail
Attn: Ix
x : 0 - 10
y : +/- 0.37

min: -0.17
max: 0.30

Rfi-

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V
•

Test: 4/29,
TRK File: 0-13
Notes



ORIGINAL PAGE gS
OF POOR QUALITY RADIATED // DOORS CLOSED

I
n̂

.!&tf
•̂ F

$

Type :
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type: I
Loc :
Attn: 500x
x :0-20
y : +/-50.
min: -3.75
max: 18.75

Type: DN
Loc : L. Wing
Attn: Q.5x
x : 0 - 10
y : +/- 0.252
min: -0.126
max: 0.059

Type: D.,
Loc : TSil
Attn : l x
x : 0 -10
y : +/-0.37
min: -0.24
max: >0.37

Q7_

ys
V
V
V

US
V
V
V

us
V
V
V

ys
V
V
V

ys
V
V
V

Test: 4/2 Q ;.
TRK File: 0-14
Notes



ORIGINAL PAGE IS
OF POOR QUALITY

RADIATED / /DOORS CLOSED

\

I
V

k.IP& «j- -„, L r t

r1

U»*M»*M.~«. rim n- mi* t jtip. l t W r , „„,.,

Type : .
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type : I
Loc :
Attn: 500x
x : 0 - 20
y : +/- 50.

min: -5.
max: 12.50

Type: DN

Loc : L. Wing
Attn: 0.5x
x • n -inA • \J I \J

y : +/-0.252
min: -0.106
max: 0.045

Type: DN
Loc : Tail
Attn: Ix
x • n -inA • \J i \J

y : +/-0.37
min: -0.18
max: 0.27

_««_

ys
V
V
V

Vis
V
V
V

-

ys
V
V
V

1 1CMV
V
V
V

T 1CMO

V
V
V
•

Test: 4/2 R
TRK File: 1-0
Notes



ORIGINAL PAGE *«j RADIATED // DOORS CLOSED
[iff ^^f\f\r^ "*J

vr ruOR QUAL/TV

i

i
idrflh IVm r i i * j i * i • • n

1•

• A.

P

Type: .
Loc :
Attn :
x : 0 -
y : +/-

mi n :
max:

Type:
Loc :
Attn :
x : 0 -
y : +/-
min:
max:

Type: i
Loc :
Attn : soox
x : 0 -20
y : +/-50

min: -3.75
max: 16.25

Type: DN

Loc : L. Wing
Attn: o.5x
x : 0 - 10
y : +/- 0.252

min: -0.089
max: Q.047

Type: DN
Loc : Tail
Attn: Ix
x : 0 - 10
y : +/- 0.37

min: -0.15
max: 0.24

on

us
V

V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

ys
V
V
V

Test: 4/2 S
TRK File:1-1
Notes



ORIGINAL PAGE 13
OF POOR QUALITY RADIATED // DOORS CLOSED

-

t!•"

fthl
jmrnfifliur

pf
1

hi• Eli

T

Type :
Loc :
Attn:
x : 0 -
y : +/-

min:
max:

Type:
Loc. :
Attn:
x- : 0 -
y : +/-

min:
max:

Type: I
Loc :
Attn: 500x
x - 0 - 2 0
y : +/- 50

min: -4.38
max: 18-75

Type: DN

Loc : L. Wing
Attn: o.5x
x • 0 - inf\ • W | \J

y : +/- 0.252
min: -0..102
max:' 0..041

Type: DN

Loc : Tail
Attn: lx

, x : 0 - 10
y : +/- 0.37

min: -0..18
max: 0.31

ys
V:

V
V

ps
V
V
V

ucf-O

V
V
V

us
V
V
V

ys
V
V
V

Test: 4/2 fr
TRKTFtTe;: \
Notes



ORIGINAL PAGE IS
OF POOR QUALITY

RADIATED // DOORS CLOSED
Test: 4/2 U
TRK File: 1-3

___ 1" —

1

1
1

1 *

r

Type : .
Loc :
Attn :
x : 0 -
y : +/-
min:
max:

Type:
Loc :
Attn :
x : 0 -
y : +/-
min:
max:

Type : I
L°c : PCT, at
Attn: 5 Ox
x : 0 - 100
y : +/- 5.0
min: -5.0
max:

Type: DN
Loc : L. Wing
Attn: 0.5x
x : 0 - 10
y : +/-0.252
min: -0.102
max: 0.041

Type: DN
Loc : Tail
Attn: lx
x : 0 - 10
y : +/-0.37
min: -0.17
max: 0.32

-91-

Notes

ys
V
V
V

ys
V
V
V

Gen. Output

ys
V
V
V

ys
V
V
V

ys
V
V
V

s '



ORIGINAL PAGE IS
OF POOR QUALITY RADIATED // DOORS CLOSED

Test: 4/2 V
TRK file: 1-4

v~~~
ifiLtn-

^

Ml -.

Type: .
Loc :
Attn :
x : 0 -
y : +/-
min:
max:

Type :
Loc :
Attn :
x : 0 -
y : +/-

mi n :
max:

Type: I
Loc : PCT, at
Attn: 50x
x : 0 - 20
y : +/- 5.0

min: -4.0
max:

Type: DN
Loc : L. Wing
Attn: 0.5x
x : 0 -10
y •: +/- 0.252

min: -0.102
max: 0.041

Type: DN

Loc : Tail
Attn: lx
x : 0 -10^\ • \j l \j

y : +/-0.37
min: -0.18
max: 0.31

Notes

us
V
V
V

ys
V
V
V

Gen Output

US
V
V
V

USt* **

V
V
V

usr**^

V
V
V
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^̂ *̂~* "

Y

1

. M

Type : .
Loc :
Attn:
x : 0 -
y . : +/-
min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type: I

Notes

ys
V
V
V

ys
V
V
V

Loc : PCT, at Gen. Ouput
Attn: 50x
x : 0 - 20
y : +/- 5.
min: -4.63
max:

Type: DN
Loc : L. Wing
Attn: 0.5x
x : 0 - 10
y : +/- 0.252
min: -0.102
max: 0.041

Type: DN
Loc : TSil
Attn: ix
x : 0 - 10
y : V- 0.37
min: -0.17
max: 0.32

ys
V
V
V

ys
V
V
V

ys
V
V
V
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RADIATED // DOORS CLOSED
Test: 4/2 X
TRK'File: 146

•

*"•

• • ^̂ ^̂ __̂ ,̂ M̂ ^̂

~̂

' i» •I'Sn.Vjfcr**.*.*." 11- r-TO,

I

L.

Type: .
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type: I

Notes

us
V
V
V

ys
V
V
V

Loc : PCT, at Gen. Output
Attn: 50x
x : 0 - 20
y : +/-5.0
min: -5.0
max:

Type: DM
Loc : 1. Wing
Attn: 0.5x
x : 0 - 10
y : +/- 0.252
min: -0.102
max: 0.041

Type: DM
Loc : TaS'l
Attn: ix
x : 0 - 10
y : +/-0.37
min: -Q.17
max: -0.32

o/L-

ys
V
V
V

ys
V
V
V

US
V
V
V
•
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ihL
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ft
1

u

1

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type:
Loc :
Attn:
x : 0 -
y : +/-
min:
max:

Type : I
Loc : PCT, at
Attn:
x : 0 -40
y : +/-5.0
min: .4.95
max:

Type: DN
Loc : L. Wing
Attn: 0.5x
x : 0 - 10
y : +/-0.252

min: -0.102
max: " 0.041

Type: DN
Loc : Tail
Attn: lx
x : 0 -10
y : +/-0.37

min: -0.17
max: 0.32

Test: 4/2 Y
TRK File: 1-7
Notes

ps
V
V
V

US
V
V
V

•

Gen. Output

ys
V
V
V

ys
V
V
V

ys
V
V
V
•
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C. Interpretation of Experimental Data

Out of all the raw data presented, the following representative

samples were selected and FFT data obtained:

TABLE IX. SELECTED DATA FOR ANALYSIS

Bomb-bay and Cockpit OPEN

Shot No. Qty. Location FFT range
4/2 H DN R. Wing (0 to 50 MHz.)

4/2 H DN Fuselage (0 to 50 MHz)

4/2 P DN L. Wing (0 to 50 MHz)

4/2 P DN Tail (0 to 50 MHz)

4/2 P iM (0 to 50 MHz.)

Bomb-bay and Cockpit CLOSED

Shot No.

4/2 L

4/2 L

4/2 Q

4/2 Q

4/2 Q

Qty.

5N

6N

5N

DN

i

Location

R. Wing

Fuselage

"""'L. Wxing

Tail

FFT range

(0 to 50 MHz)

(0 to 50 MHz)

(0 to 50 MHz)

(0 to 50 MHz)

(0 to 50 MHz)
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It is noted that the amplitude scale on the FFT data is a linear but
arbitrary scale. Furthermore, the FFT data presented here are the
magnitudes of the transforms of derivative data. To get the transform or
the spectral content of the D-dot or I-dot traces, one needs to divide
the FFT's presented here by a factor of 2Trf, where f is the frequency.
This explains why the higher harmonics appear to have a larger amplitude
in the FFT curves. The main aircraft resonance corresponding to fuselage
= *res/2 , is about 7.5 MHz. This resonance is identifiable in all of the
data, in addition to the generator resonance of approximately 0.35 MHz.*
This value also compares well with the results of aircraft models
described in Section III. The higher harmonics of principal resonance are
seen in addition to more complicated resonances, e.g., forward fuselage
plus one wing, aft fuselage plus one wings, etc.

Comparisons can be made between FFT's at the same locations with
the bomb bay door and cockpit canopy open and closed indicating
differences due to field penetration. In this experimental configuration,
since the electric field is mainly in the plane of the aircraft, the
difference between doors open and closed is much less than a situation
where the entire aircraft is immersed in an electromagnetic field.

Finally, it is observed that the main current I (Pearson Current
Transformer) (see Shot 4/2 x 1-6 for example) has a notch roughly 600ns
after the starNt of the pulse. This is the time of arrival of the
reflected pulse at the measurement location. The reflected pulse,
although not significant, could have been reduced by lowering the
termination resistance from the 1250 ohms used in the experiment. This
refinement was not done in the time spent on this phase of the overall
lightning simulation study.

This number for the generator resonance was supplied by MACAIR.
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SECTION VI

SUMMARY AND CONCLUSIONS

This report has discussed a transmission line model useful for
interpreting nearby and direct strike lightning data measured on
aircraft. The basic approach is to process the measured transient data in
order to determine a knowledge of the natural resonances of the aircraft,
and then remove these from the data. The data processed in this manner is
thus a more accurate representation of the actual lightning excitation of
the aircraft.

In doing this, there are several uncertainties which arise. First,
the process of extracting the natural resonances or poles by the Prony
method or by an FFT calculation may not be accurate. Furthermore, once
this is done, it is difficult to identify which poles are due to the
aircraft, and which arise from the time domain dependence of the exciting
source.

In an attempt to determine the sensitivity of the aircraft poles to
the modeling of the aircraft and channel, a series of stick wire
calculations have been performed. These indicate that there can be a
significant variation of pole location in the complex frequency plane
with the calculational model used, thereby adding to difficulty in
identifying which poles should be extracted from the measured data.
Finally, the effect of the lightning channel on the measured data was
seen to reduce the resonant frequencies of the aircraft, and otherwise
add more difficulty in interpreting the lightning data.

Notwithstanding these difficulties, the data processing technique
suggested in this report is illustrated by processing several data
records for the 1981 flight test. This is done by removing all
oscillatory poles and the remaining data appear to be that of one or more
exponential functions. The corrected response for the case of a direct
strike excitation of the aircraft is seen to be significantly larger than
the response of the nearby strike, as expected.

The 1981 measured data has been processed to yield the FFT and
Prony poles and residues, and these are presented in this report.
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Unfortunately, time does not permit a more detailed analysis of the pole
data in this effort. It would be particularly useful to divide the data
into nearby and direct strike categories, and study the statistical
distributions of the Prony pole locations in order to obtain a more
detailed knowledge of the effects of the lightning channel on the
aircraft response.

In addition, in the theoretical development in Section II, the
effects of the transfer function on the aircraft have been discussed, but
not calculated explicitly due to the fact that knowledge of the angle of
incidence of the nearby strikes, and the attachment and detachment points
for the direct strike case were not always available. It would be useful
in future efforts to have a better understanding of these quantities, so
that this type of data analysis can be used.
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APPENDIX

This appendix presents the measured 1981 lightning data acquired by
NASA on the F-106 aircraft. In addition to the raw B-dot or D-dot data
which is reproduced here for completeness, the FFT transformed data is
also plotted. Following these, the peak values (resonances) in the
spectral domain are tabulated, as are the Prony poles and residues. The
following table summarizes the individual data records and the pages in
which these data are found.
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TABLE: x
INDEX OF PROCESSED 1981

IN-FLIGHT LIGHTNING DATA

ORIGINAL PAGE PsOF POOR QUALITY

Paqe Figure Strike # Record # Type Notes

109

112
116

118

121

124

128

132

135

139

143

146

149

153

159

163

166

171

174

177

180

185

189

192

195

197

Al

A2

A3

A4

A5

A6

A7

A8

A9

A10

All

A12

A13

A14

A15

A15

A17

A18

A19

A20

A2I

A22

A23

A24

A25

A26

81-026

81-026

81-026

81-026

81-026

81-026

81-026

81-026

81-026

81-026

81-026

81-026

81-026

81-026

81-026

81-041

81-041

81-042

81-043

81-043

81-043

81-043

81-045

81-045

81-045

81-045

1

2A

2B

3

4

5

5

6

7

8

8

9

9

10

1.0
1

2

1

2

3

4

1

2

3

4

• V

D nearby
D nearby
D nearby
D nearby
D nearby
D nearby
B nearby
D nearby
D nearby
D nearby
B nearby
D nearby
B nearby
D nearby
B nearby
B nearby
B nearby
B direct
B direct
B direct
B direct
B direct
B nearby
B nearby
B nearby
B nearby

2 excitations for this record
2nd followed 1st by - 4 ys

no record. # given
-
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i
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.8

Figure Al.

10 20 30

Frequency (MHz)

40 50

Measured D-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-01.
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P E A K P .1 C K
Relative peak height for this run —> 5E-03 '*
Bounds set for this run '? .2 t.o SO Mhz

FILENAME • -> D810261/FRQ
Min pt ---••> 44.92 MHz , 5,36E~Q4 .amplitude

* increasing frequency representation *

•* x * MHz * * 3Mp'J.itude *
1 7 .03 1.95E-02
2 8,98 ..1.67E-02
3 10,55 l ^ O E - O Z
^ 12,09 1.29E-0.2

•5 15,23 1.06E--02
6 21.48 4.Q6E-03
7 23,05 4.38E-03
8 25,39 2.-97E-03
9 27.34 '5.91E-03
10 29,69 3.97E-03
11 31,25 3.69E-03

x decreasing awplitude representation *
* the 10 highest peaks *

* >* * MHz * * «3Mpl itucie * * % x
1 7 .03 1.95E-02 1 0 0 , 0 0
2 8,98 1.67E-02 85,69
3 10,55 1.40E-02 71,63
4 12,09 1.29E-02 66,10
5 15,23 1.-06E-02 . 54 ,06
6 27,34 5.9 IE- 03 30. .27
7 23,05 4.38E-03 22,42
8 2.1,48 4 ,06E- -03 .'20.80
9 29,69 3.97E-03 20,33
10 31,25 3.69E-03 18,89
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F'ole
Pair

1
2
3
4
5
6
7
&
9

1 0

P R 0 N Y

x Filenane -

»x Window 0

Prony Pole
dswp ,

-3,86
-11,04
-7,94

•-26,22
-144,96

-6,74
-10,66
•-6,93
-0,79
-3,00

freq(MHz)

0.0
0,0
6,6

21,4
0,0

23,2
' 33,2
45,0
27,2
4 1 , 7

A N A L Y

--- > d810261

x 26 poles

S I S

x dt

x t

Prony Fees i due
real

-0,776
0 ,705

-0.085
0 ,155

--0,162
-0,02.3
0,011
0.011
0,006
0,000

iM3Q

0,0000
0,0000
0 ,0747
0,0832
0,0003
0,0284
0,0153
0.0013
0,0017
0,0048

Pole
F' a i r

1
r>

F'ole
F'air

3
4

-0 .010

== ,04 to .56 us

x 9 of 26 poles re jected. x

xx W i n d o w 0 * 18 poles x t

F'rony F'ole
. f r e q ( M H : z >

0 , 0

Prony Residue
real j .Ma«

-1,41
• 13 , 0 0

-0,355 0 , 0 0 0
22.1 0 , 0 8 3 - 0 , 0 6 7
15 o f 18 p o 1 e s r e j e c t e d, *

W i n d o w 0 * 10 poles .1 .„.
\t ""

F'rony F'ole
dsnp » f req ( M!-l:z )

•-29,88
•127,63
-24,26

-0.35

0 , 0
0 , 0

33,3
19.7

F'rony
r e a 1

-0 ,827
0,727

- 0 , 0 0 1

Residue

0 , 0 0 0
- 0 , 0 0 0
-0,051

0.01 6

Residue
pole

0,2.01
0,064
0,003
0,001
0,001
0,000
0,000
0,000
0,000
0,000

,04 to ,4

Residue
p o 1 e

0,252
0.001

.04 to ,24

Residue
p o 1 e

0,028
0,006
0,000
0.000

7.

100.000
31,722
1,333
0,639
0.557*
0,125
0,044
0,020
0 .019
0.009

us **

7,

100,00
0,30

us *x

•/

100,00
20,58
0,88
0,78

x 4 of 10 poles rejected, x
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50

Figure A2. Measured D-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-02.
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P E: A K PIC K
* Relative peak height for this run —> 5E-03
* Bounds set for this run J 2 to 50 Mhz

FILENAME > D810262A/FRQ
Min pt > 30.47 MH:z , 7.63E-05 awplitude

* increasing frequency representation *

* * * MH:r * * aMplitude *
1 5,86 2,53E-02
2 9,77 3.55E-03
3 11,72 3.83E-03
4 13,67 5.71E-03
5 15,23 6.15E-03
6 17,58 1.09E-02
7 23,44 5.03E-03
8 25,00 4.56E-03
9 26,95 4.55E-03
10 34,77 4,36E-03
11 38,67 3.34E-03

* d e c r e s s i n g a M p 1 i t«.." d e r e p r e s e n t a t :i. o n *
* the 10 highest peaks *

1 5,86 2,53E-02 1 0 0 , 0 0
2 17,58 1.09E-Q2 43.21
3 15,23 A,15E-Q3 24.32
4 13.67 5.7IE-03 22,56
5 23.44 5.03E-Q3 19,86
6 25 ,00 4,56E--03 18,02
7 26,95 4.55E-03 17,99
8 34.77 4.36E--03 17,25
9 11,72 3.83E-03 15,16
10 9,77 3.55E-03 14,04
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A N A L Y -S I :S

> c.1810262 * tit = = 0 , 0 1 0 •*

xx Window 6 * 30 poles x t - ,1 to .7 us

Pole
Pair

1
X..

3

P o 1 e
Pair

1
2

6
7
8
9

F'rony Pole
dawp » freq(MHz)

•-4,84 0,4
-57,19 0,0
-3,95 5.3
-6,33 17,7
-8,76 43.6
-2,75 38.8

x 19 of 30

xx Window 4

F'rony Pole
dacip , freq(MHz)

-2,94 0,5
-55,28 0,0
-4,20 17,6

x 25 of 30

xx Window 2

F'rony Pole
daw , f req (MHz )

-3,53 0,0
-12,99 0,0
-2,19 5,7
-19,09 20,7
-3,30 7,2
•-5,51 17,3
-11,27 35.0
-14.45 45,2
-3.84 39,1

.x 14 of 30

Prony Residue
real iwag

-0,0921 0,4972
0,0966 -0.0057
-0,0495 -0,0212
-0,0379 -0.0168
-0,0098 -0,0277
-0.0047 -0,0074

poles rejected, x

x 30 poles x t

Prony Residue
real ipiag

-0,1242 0., 1992
0,5062 -0..0267
0.0154 0.0237

poles rejected. x

x 30 poles x t

Prony Residue
real i.M3<2

-0,6230 0.0000
0,7630 -0,0000
0,0115 0,0460

-0,1267 0,03.19
0,0108 0,0284
0,0806 -0,0178
0,0277 -0,0230
0,0110 -0.0362
0.0106 -0.0016

poles rejected, x

,08 to ,68 us xx

Residue %
pole

0 ,055
0 , 0 0 9
0 , 0 0 0

100,00
16,76
0,47

,06 to .66 us

Residue

XX

pole

0,177
0,059
0 , 0 0 1
0 ,0.0 1
0 , 0 0 1
0 , 0 0 0
0 , 0 0 0
0 , 0 0 0
0 . 0 0 0

1 0 0 , 0 0
33,25

0,,75
0,56
0 .38
0..18
0 ,09
0,08
0,'02
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dt = 0 . 0 1 0 *

xx Window 0 * 30 poles x w "*"

Pole
F'eiir

1
2
3

Pole
Pair

1
2
3
4
b
6
7
8
9

1 0

Pole
Pair

1
2
3
/t
5
6

F'rony Pole
clawp » f r eq<MH:z : >

Prony Residue
real

0 , 0 0 0-3,55 0 -0,6744
-12, £30 0 0 ,9779 -0,0515

-20.4.83 0 -0,8178 -1.014
* 27 of 30 poles rejected, *

** Window 0 * 22 poles

F'rony Pole
f r e q ( M H z )

•-2,67
-24,87
-78,31
-8.15

-30,29
-1.77

-11.67
-•9, 36
-7.61
-0.20

0 , 0
0 , 0
0 . 0
5,4

39,6
0 . 0

18.3
36.8
42 ,2
27,3

x 6 of

xx W i n d o w 0

Prony Pole
f r e q ( M H z )

1.5
6,3

19,1
32, 0
14,5
45.8

-0 .05
-5.83
•12.69
-31.15
-8.64

-13,87

Prony Residue
re ail

-0.4625
1,5091

-1 ,2200
0,0393
0,1995
0,0028

-0 .0877
0,0256

-0,0209
0,0010

poles rejected

x 14 poles

j.M3<2

0,0000
0,0043
0,0032
0,1890
0,4398
0,0000
0,1306
0,0510
0,0226
0,0027

x

x t

Prony Residue
real

0.029
0,104

-0,005
-0,158
0.022.
0.008

iMaq

0, -.1.319
0.0230
0,1399
0,0663
0,0069
0,0487

04 to .64 us *x

Residue %
pole

0.1.90
0.076
0,006

,04 to ,48

Residue
p o 1 e

0,173
0.061
0,016
0.006
0.002
0,002
0.001
0.000
0.000
0.000

.04 to .32

Residue
p o 1 e

0,015
0.003
0.001
0.001
0.000
0.000

100,00
40.30
3.35

us xx

%

100.000
35.045
8,998
3,207
1.142
0,917
0.786
0,142
0,067
0 , 0 1 0

US *<X

%

100,00
18.09
7 . 85
5,71
1.73
1.16

2 of 14 poles rejected. *
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Figure A3. Measured D-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-02 (continued).
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ORIGINAL PAGS s
OF POOR OIMLIT?

P E A K P I C K
x Relative peak height for this run —> 5E-03 *

x Bounds r>et for this run : 2 to 50 Mhz

*
FILENAME
Mir. Pt — >

> D81G262B/FRO.
48, 41 MHz , 1,09E~04 awplitude

increasing frequency representation x

* * x MHz
1 3,91
2 5,86
3 7,81
4 9,38
5 11.72
6 12,89
7 15.23
8 17.19
9 18,36
10 20,70
11 24,22
12 26,17
13 29,69

5.72E-03
1..26E---02
1.27E-02
1.14E--02
9.15E-03
9.44E--03
1.08E-02
1.13E-02
1.10E
1.02E
5.Q4E
4,17E
3.05E

02
02
03
03
03

d e c r e a s i r i Q 3 M p '1 :i. t u d e r e p r e s e n t a t i o n *
x the 10 highest peaks *

X $ XC

6
7
8
9
10

x MHz *
7,81
5,86
9,38
17.19
18,36
15,23
20,70
12,89
11.72
3,91

x snplitude x
1
1
1
1
1
1
1
9
9
5

,27E
,26E
,14E
,13E
• IDE
,08E
*02E
,44E
,15E
,72E

-0-2
-02
-02
-02
-02
-02
-02
-03
-03
-03

x %
100
99
90
89
86
85
80
74
71
44

x
,00
,27
.01
,05
.80
.13
.10
,25
,92
,97

-117-



.,25

s. o
o
•o

-.25

ORIGINAL PAGE ^
OF POOR QUALITY

i r
.4

Time
.6 .8 1.

10
10 20 30

Frequency (MHz)
40

Figure A4. Measured D-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-03.
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ORIGINAL PAGE IS
OF POOR QUALITY

f E A K P I C K
* Relative peak height for this run —> 5E-03
* Bounds set for this run I Z to 50 Mhz

FILENAME > D810263/FRQ
Min pt —> 29,69 MHz , 8.47E-05 anplitude

* increasing frequency representation *

».
1
2
3
4
5
6
7
8
9
10
11

MHz
2,73
4. 30
6.25
8 , 2 0

11
12

20,70
22,66
2.4,6:1
26,17
32,42

* 3Mplitude *
2.01E-D2
9, 691:.-03
2.04E-02
2.30E-02
1.29E-02
9,38E-03
7.39E-03
4.03E-03 '
4.52E-03
4, 2 2 E:--03
5.53E-03
3,0 IE-03

* decreasing awplitude representation
* the 10 highest peaks »

* * * MHz *
1 8,20
2 6,25
3 2.73
4 11.33
5 4,30
6 12,89
7 14,84
8 26.17
9 22,66
10 24,61

3Mp'.l. itucie *
2.30E-02
2.04E-02
2,0 IE- 02
1.29E-02
9, 69 E- 03
9.38E-03
7.59E-03
5,53E--03
4.52E-03
4.22E-03

x "/. *•
1 00,00
88,57
87,23
55.97
42,09
40,74
32,95
24.04
19.64
18.32
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ORIGINAL PAGE IS
OF POOR QUALITY

P R Q N Y A N A L Y 8 I S

x TilensMe > d.810263 * dt ==0 .010 *

** Window 0 * 30 poles t ~ ,04 to .64 us

-Pol'e
Pair

1
2
3
4
5
6

Prony
dawp , f r

-2 . 27
-80.02
-10.91
-75,25
-2,74
-2.03

Pole
e?q<MH:z>

0.0
0.0
5.4
0.0
0.0
14.7

Prony
real

-0.4780
1.3138
-0.2772
-0.2518
0.0071
0.0059

Residue
ifisq

0.000
0.019

-0.041
-0.048
-0.001
0.004

'Residue
P o 1 e

0,211
0,016
0,008
0,003
0.003
0.000

100
7
3
1
1
0

%

,00
.80
.74
.62
.24
,04

* 22 of 30 poles rejected, *

XX Window 0 22 poles * t - to ,48 us xx

Pole
Pair

1
2
3
4
5
6
7
8
;9

Prony Pole
d«3Mp , f req < MHz )

-i
_.o
-19
-14
- 15
-1:0

.... Q

-•22
-17

,87
,,84
,2.0
,79
, 53
,41
,37
,66
,14

0,
5.
<),
8,
26.
22.
16.
45,
34 .

0
0
0
4
4
0
4
0
3

Prony Residue
r e a 1

— 0 »
— 0 »
0.
0.
0.

-0,
0,
0,
0,

433
162
094
157
0 1 4
034
0 1 4
087
012

0
-0
-0
0

-0
-.0
-0
-0
-0

1M3«2

,000
, 169
,000
,045
,119
,041
, 0 3-6
,048
,068

Residue
p o 1 e

0,232
0,007
0,005
0.003
0.001
0.000
0 ,000
0,000
0 . 0 0 0

100
3
2
1
0
0
0
0
0

%

,00
.09
,11
,29
.31
,17
,16
, 15
,14

X

O I , vJ :U , U .1 i.

6 of .22 poles rejected.

xx Window 0 » 14 pole t =-- ,04 to .32 us

Pole
Pair

1
2
3

^

Prony Pole
dawp, freq(

-42
-2
o

— 3

,32
.23
,93
,42

16
6
0

42

MHz )

,3
,6
.0
,0

0
— 0
0

-0

Prony
real

,1686
,0630
.,0068
,0058

Residue

— 0
0

-0
0

1M3Q

,136
, 050
.000
.005

Residue

0
0
0
0

pole

,002
,002
.002
,000

%

100.00
98,11
8:8 , 44
1,48

w 7 of 14 poles rejected,
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Figure A5. Measured D-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-04.
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ORIGINAL PAGE IS
OF POOR QUALITY

P E A K PI C K
Relative peak height for this run —> SE-03 *
Bounds set for this run I 2 to 50 Mhz

FILENAME ---> D810264/FRQ
Min pt —> 35*16 MHz » 4.<HE~04 amplitude

* increasing frequency representation x

f xc * MHz * * amplitude *
1 2,73 2.05E-02
2 ^},69 1.01E-02
3 6,6^ 2»19E~G2
^ 11.72 1429E-02
5 - 15*23 4.13E-Q3
6 19»53 A.03E-03
7 21.88 ^aOE~03
8 23,83 3.94E-03
9 30,08 3»87E-03
10 32»03 2.98E-03

*. decreasing amplitude representation *
* the 10 highest peaks *

1 6*64 2*19E-02 1.00*00
2 2.73 2.05E-02 93,60
3 11*72 1.29E-Q2 59,01
4 4.49 l .O^E-02 ^7.^0
5 19.53 6.03E-03 27,58
6 IS.23 t.l3E~03 18,90
7 2.1.88 4» lQE-03 18,78
8 23.83 3,9^E~Q3 18,02
9 30*08 3.87E-03 17,70
10 32,03 2.98E-Q3 13,63
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ORIGINAL PAGE »
OF POOR QUALITY

P R 0 N Y

* Filenane --

A N A L Y S I S

=• d810264 * dt =0.01.0 *

Pole
Pair

1
2
3
4
5
6
7

F'ro
danp ,

-2
-74

-11 1
— K:i
-7
-14
...4

,44
,91
.84
,83
,05
.15
,46

** Window 0

iy Pole
freq(MHz)

0,0
0,0
0,0
3,9
19,1
28,1
11,3

* 17 of 28 poles rejected.

28 poles * t = .04 to .6 us **

0
1
0
0
0
0
0

FT on a
real

.4770

.0424

.4062
,0521
,0364
.0224
.0194

Residue

0
0
0

-0
-0
0
0

t

*

*

«

*

*

*

iwag

0000
0013
1605
0302
0245
0596
0 1 1.3

Residue %

0
0
0
0
0
0
0

pole

.195

.014

.004
,002
.000
.000
.000

100.
7,
2,
1,
0,
0,
0,

00
13
00
24
19
18
16

Window 0 20 poles * t -• ,04 to ,44 us

F' o 1 e
F1 a :l T"

1
2
3
4
5
6

Prony Pole
d a M p » f r e q ( M H :z )

-0
•-88
-4

.- '1 O.L jC..

- 1 6
— 1

,03
,60
,43
,88
,87
.29

0,0
23,7
5,7
19,3
27 , 7
1 0 , 7

... Q

0
-0
-0
...()
-0

Prony
r e a 1

,3390
,3730
,0888
,0870
,0442
,0127

R e s i

0
-0
0

— ft
0

-0

due?
1M3Q

.000

.553

.012
,032
,084
,002

Residue %

11
0
0
0
0
0

p o I e

,113
.004
.002
.001
,001
,000

100
0
0
0
0
0

.000
,035
,022
,007
.005
, 0 0 2

9 o f 2 0 p o 1 e s r e j e e t e d .

** Window 0 12 poles t " ,04 to ,28 us

Pole
F'air

1
2
3
4
5

Prony Pole
dawp , f r eq (

-6
-95
-12

... ir;\j
•[

,06
,72
,58
,11
,73

0
0

17
33
44

M H z )

.0

.0

.5
,7
,2

Prony Residue; Residue "/.
real i<*ia<2

-0
0
0
0

-0

.569

.520
, 0 0 0
, 0 0 1
. 0 0 2

0
-0
-0
-0
-0

. 0 0 0

. 0 0 0

.087

.019

. 007

0
0
0
0
0

pole

.094

.005

.001

. 0 0 0

. 0 0 0

100
5
0
0
0

.00

.79

.84

.10
,03

* 4 of 12 poles rejected,
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Figure A6. Measured D-dot Data (a) and Computed Spectral Response (bj)
for Flight 81-026-05.
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ORIGINAL PAGE IS
OF POOR QUALITY

F E A K PIC K
Relative peak height for this run —> ,01
Bounds set for this run JO to 50 Mhz

FILENAME > D810265/FRQ
* Min pt —> 46.48 MHz , 4.43E-03 amplitude

* increasing frequency representation *

* # x * MHz x< x 3Mplitude *
1 1.17 1.47E-02
2 6,64 2.42E--02
3 8,59 2.05E--02
-1 l^.^JS 2.1QE-02
5 17,97 3»25E-02
6 20,3:1. 2.87E-02
7 25,78 2*65E-02
8 32,81 1.65E-02
9 35,16 1*78E-02
10 37,50 9.98E-03
11 41.02 1.78E-02
12 42.97 1.78E-02
13 48.83 1.44E-02
14 50,00 1.15E-02

x decreasing amplitude representation *
x the 10 higheiit peaks *

x * * x MHz x x anp'J. itude x x % x
1 17.97 • 3.25E-02 100.00
2 20.31 2.87E-02 88.48
3 25.78 2.65E-02 81.68
4 6.64 2.42E-02 74,62
5 14.45 2.10E-02 64.78
6 8,59 2.Q5E-02 62,98
7 41,02 1.78E-02 54.95
8 42,97 1,78E-02 54,87
9 35,16 1.78E-02 54,81
10 32,81 1.A5E-02 50.93
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P R O N Y

* Filename -

ORIGINAL PAGE IS
OF POOR QUALITY

A N A L Y S I S

-> d810265 * dt -0,010 *

xx Window 0 x 29 poles x t - .04 to .62 us xx

Residue: %-
pole

0.035 1.00'. 00
0.024 69.76
0.015 4.3.-.vl5"
0.010' 2 8-. 08
0.005 1-3.78'
0.00:2. 4'.-87-
0.001 L.,85:
0.001 l.,4'4;

0.000 l',06

Pole
Pair

1
2
3
4
5
6
7
8
9

Pole
Pair

1
2
3
4

Pole
P 3 i r

1
2
3
4
5

Prony Pole
daMp . freq(MH:z)

-1-05,54
-21,70
-15,77
-8,50
-2.34.
-6,36
-8 , 93
-4 . 8,9
-5 , 82

*

XX

Prony
dafip , f p

-75,16
-8,69
-5 , 54
-7 , 70

*

XX

Prony
dafip , f P

-7 . 84
-21,07
-7 . 85
-2,87
-5.24

0,0
28,9
24,3
4,4
0,0

11,3
31,7
16,9
40,9
13 of 29

Window 0'

Pole
eq(MHz)

0,0
4, 7

1 1 , 5
17,4
16 of 21

Window 0

Pole
eq-(MHz)

0,0
18,8
42,8
26.3
35,0

Ppony Residue
real iMag

3,6711 -0,0000
-3,2484 1,7183
1,6880 -1.5656

-0,2420 0,1430
-0,0112 0.0000
-0,0948 0.0746
-0,0861 -0,0954
0,0457 -0-.0277

-0,0023 0,0952
P o 1 e <j; reject e d , x

x 21 poles x t =

Prony Residue
real iMa<3

3.1785 0,0000
-0,2058 0,2355
-0,0565 0,0856
0,0634 -0,1039

pole s r e j e c t e d , x

x 13 poles x t :

Prony Residue'
real inag

0,2813 0,000
-0,2428 .. -0,762
0,2357 0,102
-0,0895 -0,036
0,0047 0,085

.04 to .46 us- *x

Resi.d'ue °
poler

0 . 0 4 2

0 . 0 0 1
0 . 0 0^1

1.00:, 00
23...B8

3,35

- ,04 to ,3" us

Residue'

XX

0
0
0
0

pole?

036
007
0 0 1,
OO'l

o,ooo:

2.. 6 6
1..63
1..08

x 4 of 13 poles rejected. x
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ORIGINAL PAGE 18
OF POOR QUAUTy

P R 0 N Y

* Filenane -

A N A L Y S I S

-> d810265 (cont inued) * dt = 0 , 0 1 0 *

K X W i n d o w 0 * 5 poles

Pole
Pair

1
2
3

Prony Pole
f r e q ( M H : r )

19,9
0,0

•38,14
••10.87
•47.96

Prony Residue
real

-0 ,6055
•0.3685
0,7898

•1.437
0 . 0 0 0
0 . 6 0 9

to .14 u<

Residue
pole .

0 ,012
0 , 0 0 9
0 , 0 0 4

100,00
75,62
30,60
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Figure A7. Measured B-dot Data (a) and Computed Spectral Response (b):

for Flight 81-026-05.
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ORIGINAL PAGE IS
OF POOR QUALITY

P E A K P I C K
Relative peak height for this run —> ,01 *
Bounds set for this run t 0 to 50 Mhz

FILENAME > B810265/FRQ
x Min pt —> 37,50 MHz , 7.83E-02 awplitude

x increasing frequency representation x

$ » * MHz x x
1 0,00 1.70E-01
2 8»5? 2.87E-01
3 19,92 3.^8E~01
•1 28,13 1*07E-01
5 33,59 1.26E-01
6 48,83 1.77E-01
7 50,00 1.73E-01

x decreasing amplitude representation *
* the 10 highest peaks *

* * x MH:z * x aMplitude * * % *
1 19,92 3.48E-Q1 100.00
2 8,59 2,87E-01 82*34
3 48,83 1,77E-01 50,87
4 50,00 1,73E-01 49.77
5 0,00 1.70E-01 48,88
6 33,59 1.26E-01 36,11
7 28,13 1.07E-01 30,80
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ORIGINAL PAGE IS
OF POOR QUALITY

P R. 0 • N; Y A. N> A L Y S. I. S:

x Fi lenaMe > b81.0265 * d* "0,005 x;

xx Window^ 0 * 1.8 poles x: t. = , Q<4 to .22 us,

F'ol'e
Pa :l r

1.
2-
3
4

Pole
Pair,-

1
2
3.
4
3

Pole.-
F'alr

:t
2
3

Po 1 e>
Pair

1
2
3

1? rainy
d.3:Mp>*. fr

-13.. 9 8
-31.31
-13'. 25.

-3;*. 4 5,
x

XX

F'roriy

Pole
eq<MH:;c.>.

8,1
50 , 0
21*4
36.9
10 of 18

Window 0

Poile
da M p , f r e.q ( M H "r. )

<7'er ~r '•j/i/_>.(/ , OT

-a .,3 9
-1.8 0.1.7

-9,8-6
-15. ,-31

x

xx:

F'ron.y

0' . 0
6 ..5
0 . 0,

2.1 ..8
49 » 4
7 o--f 15

Window 0

Pole
diacip , f r eq < .MH:z •)

-27,95
-1.2 , 20.

0 ,89
X'

XX

Prony

9.8
4.8 . 4?
2.0. .8
6 of 12

Window 0

Pole
dawp , f r e q ( M H z )

"" \Ji7 O », O.O

-30,11
-24,35

x

31.3
0 . 0

22.5
4 o.f 9 p

Prony Residue
r e a 1 i M:a.g-

1,703, 1,696
-14,188 2,058

1,091. -3,.364
-0,409 0,0.94-

poles rejected* x

x 15 po.l.es x t -

Pr-ony Res i due.
real iwacj,

28:,.6805- O . . Q O O .
-0 ,0290 ' 1,757'
-6,5396 0..00.0:

0,24,17 -2, .673
-4,8899- -0'.416.

polles rejected.,, x:

x- 1.2: poles x- t -

P r. o n.y : R:e.s i d'u e
real iMa<3,

5,. 0480 2,2449
-•4,0114 ~1,.3232.

0,9828- -1,28:02:
poles rejected,, x

x 9 poles x: t. ~ <

F'roFiy: Residue
real irtag,

16,0783 -187..569
-6,3797 0 , 0 0 0
-1,2322 -4,894

ole.s rejected, x

Re;s.i.du.e-
p o I.e.-

0 .046
0,.0:45i
0 ,-026
0. .002

, 04 to, *4'.9-; us

R-esi.d.,.e
pole

0,111
0 , 042-
0...036.
0-,,020!
0.016

,04 to- ,4',6 us.

Residue:
pole1

0 . 0 82
0,,0-1.4,-
0', 0:1.2:

,04 to, ,,1.3! us-.

Re.si.due/
p-o 1 e.

0.2.99
0.212
0,035

%

100,. 0:0:
9 9. .201
5 7, ,3^0;

3,96:

: !KX

%;

1.00. ..0.0
3,8;,, 00.
32:.,S7
17.. 50
I:4,vl7

XX'.

%

1.0;0:,:00i
1:6: ,,9 9
SS.vO-9/

X'X^

/j;

1.00. ,00,
7-0,. 9 2
11.. 79
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ORIGINAL

P R 0 N Y A N A L Y S I S

Filenawe > b810265 (continued) * dt =0 ,005 *

Pole
Pair

Window 0*6 poles * t == ,04 to ,1 us

Prony
danp * f

1 -29,70
2 -40 ,30
3 -239.22

Pole
q(MH:x)

14,5
0.0
0.0
2 of 6

Prony Res
r e a 1

8,0668
-0,9479
3,4996

poles rejected.

idue
ifiaq

0,536
0,000
0,000

yf.

Residue
pole

0.084
0.024
0,015

%

100,00
27,85
17,32
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Figure A8. Measured D-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-06.

-132-



ORIGINAL PAGE E§
OF POOR QUALITY

P
x R e 131 i v e p e a k

x Bounds set for

E A K P I C K
height for this run -••-> 5E-
this run *. 2 to 50 Mhz

03 x

FILENAME ••»> D810Z66/FRQ
Mir. pt •--•> 41,02 MHz , 1.87E-04 awplitude

x increasing frequency representation x

2
3
4
5
6
7
8
9
10

* MHz *
3.13
4,69
7*03
12.11
11.45
16.80
20,70
24.61
29,69
32,81
35.16

x amplitude *
2.10E-02
1,02E--02
2.65E-02
7,63E~03
5,0 IE-03
3.19E-03
1.Q5E-02
6.42E-03
3.32E-03
3,2IE-03
4.20E-03

ye. # :
:l.
2
3
4
5
6
7
8
9
10

d e c r e a s i n g a ri p 1 i t u d e r e p r e ?; e n t a t :i. o n
x the 10 highest peaks x

( x MHz x
7,03
3,13
2 0 , 7 0
4,69
12 ,11
24,61

35,16
2.9,69

x 3Mpl itude *
2
2.
1
1
7
6
5
4
3
3

, 65E
,1 OE
.05E
,02E
,63E
,42E'
,01E
,20E

-02
-02
-02
-02
-03
-03
-03
-03

.32E-03
,21E -03

x %
100
79
39
38
28
24
18
15
12
12

X

.00
,42
,55
.38
,80
.24
.92
,88
.54
.14
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P R 0 N Y A N A L Y S .1 S

* Filename > d810266 * tit ==0,010

ORIGINAL PAGE S3
OF POOR Q"a"TY

Pole
Pair

Pole
Pair

1
2
3
4
5
6
7
8
9

Pole
P a i r

1
2
3
4

Pole-
Pair

1
7

XX

Prony

Window

Pole
dawp , freq(MI-lz)

-2.82
••35,95

x

XX

Prony
darip . f r

-1.24
-55.39
-9,70
-25,79
-65,90
-25.75
-7,89
-6,66
-3,33

x

XX

Prony

0
0
2.6 of 2

Window

Pole
eq(MHz)

0,0
2 0 , 1
5,6
9,6
0,0

24,8
23.4
34,1
46,7
4 of 20

Window

Pole
darcp , f r eq (MHz )

-1,74
-2.1,83
-24,89
-0,45

x

XX

Prony

0,0
1 7 , 3
44,5
29,5
5 of 12

Window

Pole
dawp , f req(MH:z )

-25,85
-83,05

8
0

0 x 28 poles

Prony Res
real

-0,740
-0.219

8 poles rejected

0 x 20 poles

Prony Res
r e a 1

-0.3723
1,2930
-0.2233
— 0,34 3 3
-0,3611
-0.4245
0,0799

•-0,0168
0,0035

p o 1 e s r e j e c t e d ,

0 x 12 poles

x t ~

id Lie
iM3<2

0.000
0.133

x

x t -

i d u e
1M3Q

0.000
0,910
0 , 1 6 0
0,318
0,000
0,375
0,029
0 ,004
0.012

x

x t "

Prony Residue
real

-0 .343
0,267

-0,093
0 , 0 1 7

poles rejected.

0 x 4 poles x

inacj

0,000
0.054
0 , 0 1 2
0,006

x

t — ,

Prony Residue
real

0.2.42 0
-0.485 0

ifiag

,7030
,000 0

,04 to ,6 us

Residue
p o 1 e

0,265
0.007

.04 to .44 us

Residue
p o .1. e

0.300
0 . 0 1 1
0 ,008
0.007
0.005
0 .004
0,001
0.000
0.000

,04 to ,28 us

Residue
p o 1 e

0,198
0,002
0.000
0.000

04 to .12 us

Residue
pole

0.013
0.006

7

100,00
2,69

XX

%

100.00
3 , 82
2.52
2.38
1 . 83
1,19
0,19
0,03
0.01

XX

7,

100,00
1,25
0.17
0.05

XX

%

100,00
45 . 34

x 1 of 4 poles rejected. x
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ORIGINAL PAGE IB
OF POOR QUALITY

P £ A K P 1 € .;K
x< .RejLatiye .p;.eak Ivei.ghrU for this run •—> 5E--;Q3 .«
.Bounds set for this run J 2 -to '5'Q Mbx

FILENAME — > D8.10267/F-RQ
* Win pt •-•-••> 33,59 MHz f 3..11E-tH anplitude

« increasing frequency re.pT^esentat.ion *

>*: * » * MH:z x * awplitude *
:i. 3,:l3 :U67E--02
2 7.03 2.77E-02
3 10»:l6 2, OOE 02
."'{ 1^,06 1426E--02
5 17,58 7«70E-03
6 21,88 7.99E-03
7 2^,22 &.99E-03
8 " 25,78 5.76E-03
9 27,73 3.81E-03
10 3^,77 2,95E-03
11 36,33 3.86E-03

* deer easing 3MP'.I. itude representation »
* the 10 highest peaks *

t * * MHz * * 3MP'J.itude * x % *
1 7,03 2.77E-02 100,00
2 10,16 2*OOE-02 71*98
3 3,13 1.67E-02 • 60,29
*\ l<i,()6 :U26E--02 5̂,26
5 21,88 . 7.99E-03 28,82
6 17,58 7.70E-03 27,77
7 2^,22 6,99E-03 25.20
8 ' 25,78 5.76E-03 20,76
9 86,33 3.86E-03 18,92
10 27,73 3,8IE-03 13,75
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ORIGINAL PAGE IS
OF POOR QUALITY

P R 0 N Y A N A L. Y S I S

F'i lenawe > dS10267 * dt -0.010 *

Window 0 >« 28 poles x ,04 to .6 us

Pole
Pair

1
2
3
4
5
6
7
8
9

F'r ony Pole
da MP , f req(

'3

-15
-6

•-• 1 0
-7

••- 1 2
••••5
-2
"7

.53
, 10
,06
,18
.26
,83
,26
,10
,20

0
0
6

11
14
24
21
17
35

MH:z>

.0

.0
,5
,1
,1
,3
,8
.6
,6

Prony Residue
real iMacj

-0
0

-0
0
0
0

-0
0

•-0

,764
,719
, 1 1 1
,064
, 0 0 8
,085
,018
, 0 1 3
, 0 1 6

0
0
0
0
0

.... Q

-0
0
0

,0000
,0002
,1005
,0262
,0494
,0607
,0365
,0076
,0180

Residue
P o 1 e

0.217
0.048
0.004
0 . 0 0 1
0.001 '
0 .000
0 .000
0 , 0 0 0
0 ,000

100
22
1
0
0
0
0
0
0

%

.00

.00

.68

.46

.26
,21
,14
.06
.05

>x 12 of 28 poles rejected.

Window 0 20 poles ,04 to ,44 us

Pole
Pair

1
2
3
4
1""

6
7

Pr ony
darip , f r

-4 ,
.... o

-6 ,
-3 ,

•••• 1 9 ,
'"' /
A. '..) *

-6,

18
65
62
16
37
89
83

Pole
eqCMI-b:)

0,
0.
6.
0,
0,

20,
35,

0
0
3
0
0
0
9

P
re

1 *
0,

- 0 ,
- 0 ,
0,
0,

- 0 ,

rony
a I

078
875
147
009
047
193
009

R e s i

0
0
0
0
0

-•0
0

due
:i. Mao

,000
, 0 0 0
,074
, 0 0 0
,000
,184
,020

Residue
p o 1 e

0 , 258
0 , 0 9 1
0 , 0 0 4
0 ,003
0 , 0 0 2
0 , 0 0 2
0,000

100,
35,
1,
1,
0.
0,
0,

%,

00
15
60
14
94
80
04

10 of 20 poles rejected*

xx Window 0 12 poles t == ,04 to

3 of 12 poles rejected.

XX

Pole
F' a i r

1
2
3
4
5

F'r ony Pole
dawp , freq(

c-
— %J

-60
-21
_. 1 *"l-I- \.5

- 1 3

,86
,40
,61
,11
,96

7
0

19
35
28

Ml-b: >

,1
.0
,1
,4
,5

Prony Residue Residue %
r e a 1 i M a <2

-0,
0,
o,

-o,
-0,

,0792
,1482
,1723
,0304
,0191

0
0

-0
0

— 0

.1042

. 0 0 0 0
,0755
.02.84
.0023

0
0
0
0
0

p o 1 e

.003

.002

.002
,000
,000

1 0 0 , 0 0
84,53
53,24
6,43
3.69
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P R 0 N Y

FilenaMe -

ORIGINAL PAGE PS
OF POOR QUALITY

A N A L. Y S I S

• dB10267 (cantinued) * dt =0,010 *

Window 0 4 poles

Pole
Pair

1
2
3

Prony Pole
dsMp , f req ( MHz)

-32,
-103*
— o%3 ,

84
95
09

0,
0,

26,

0
0
4

.... 'I.1

2
-0

Prony
r e a 1

,7946
,0602
,1744

Residue

0
0

-0

in 39

.000
, 0 0 0
,216

Residue 7.

0
0
0

P o 1 e

,055
,020
,002

100
36
3

,00
,27
, 0 1
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Figure A10. Measured D-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-08.
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PAGE IS

OF POOR QUALITY

:P £ A K :P I C <K
x Relative -p.eak height for this run --> + B1 *
Bou.nds set for this run ? 0 to 50 .Mhz

F11... E N A M E • - > D 81 0 2 6 8 / F R Q
* Min pt —> 2,73 MHz , 5.87E-04 anplitude

* :i.nereas:i.ng frequency representation *

* # *' ». Ml-lz * * 3fip'l. itude *
1 0,78 1 .-4 IE-02
2 6*6^ 2.91E 02
3 11.72 2.28E-02
4 14.84 2.49E-02
5 16.80 3.09E-02
6 18,36 .3,23E:~ 02
7 20,31 3.83E-02
8 26,17 2.25E-02
9 28,52 1+45E-.02
10 32,81 1,1IE-02
11 34.38 1.1-6E-02
12 37,89 4.38E--03
13 40,23 7.05E--03
14 43,75 1..50E-02
15 48,05 1..23E-02
16 50,00 3.81E-03

« d e c r e a s i n g a M p 1 :i. t LI ci e r e p r e s e n t a t :i. o n *
* the 10 highest peaks »

#' * x< MHz x * amplitude * * % »
1 2 0 , 31 3 , 3 3 F.: - 0 2 1 0 0 , 0 0
2 18,36 3..23E-02 84,33
3 16,80 3..09E-02 80,61
4 6,64 2,9IE-02 75,91
5 14,84 2.49E-02 64,99
6 11.72 2..28E-02 59,44
7 26.17 2.25E-02 58,60
8 43,75 1.50E-02 39,19
9 28,52 1.45E-02 37,90
10 0,78 1.41E-02 36,88
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P R 0 N Y

Filename ---

ORIGINAL PAGE ES
OF POOR QUALITY

A N A L Y S I S

> d81G268 x dt = 0 , 0 1 0 x

xx Window 6 * 30 poles *
* 30 of 30 poles rejected,

t " , 1 to ,7 us

xx Window 4 x 30 poles x

Pole
Pair

1

Prony Pole
dswp » f r eq (MH:z )

F'rony
real

Residue
inag

-196,25 0.0 3,2070 0,7307
-5,39 43,3 -0.1201 -0,0837
-4,29 -18,2 -0,0 668 0 . 0437

x 25 of 30 poles rejected. x

,08 to ,68 us

Residue
pole

0,017
0,001
0.000

100.00
3.21
1.57

xx Window 2

Pole Prony Pole
P a i r d a M p , f r e q (M H :z )

30 poles x t =

Prony Residue
real iwag

-49.50 0 0,6370 3,8083
x 29 of 30 poles rejected. x

.06 to ,66 us xx

Residue
p o 1 e

0,078 100,00

Pole
F' a i T%

1

xx Window 0

Prony Pole
danp , freq(MH:z)

30 poles x t - ,04 to ,64 us *x

Residue 7,Prony Residue
real inaq

-40,34 0 --3,383 -0.945
x 29 of 30 poles rejected. x

pole

0,087 100,00

-141-





25

o•o
m

-25

OF

I I J i

Time
.6 .8

10-6

10-7

10,-8 I I
10

I I
20 30
Frequency (MHz)

Figure All. Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-08.

-143-



ORIGINAL PAQE &
OF POOR QUALITY

P E A K P I C K
* Relative peak -'height, for this run --> ,.01
* Bounds set for this run JO to 50 Mhz

FILENAME > B81Q268/FRG
<Ml;n pt •--> 29.69 :MHz ., .&..13E-0.2 SMplitud.e

* increasing frequency representation *

-* * * MHz * x 3MP1 itude *
I 5-. 0.8 2.59.E-0.1
•2 12-,5(0 1 *-.9.6'E-.01
'3 19,. 92 •3.7BE-.01
^ 33.20 1..12E-«1
*5 -18.̂ ^ 2.B2E-01
6 50.00 2..73.E-.01

'* decireasing sMp'lrtude rrepreserit.ation *
x. the 10 t-»ir.jhest ;pe;aks *

XI 19.92 :3,.7;8E-01 ljO''0«(0(0
'2 ^8,.^^ 2..aZE-,OU 7 ,̂,;6:6
•3 '50, .iQ.0 :2..;7.3E--0-1 7.2.33
"*» 5, ..08 :2V.59E-:01- ^S,*^
'S 12.. &0 .l..*9/A'E-0-l :51,,<9{0
% 33,. 2^0 ?l..l:-2E-B.l :2'9,.;S8



ORIGINAL PAGE SS
POOR QUALITY

P R O N Y A N A L Y S I S

Fi lename > b810268 x dt = 0 , 0 0 5 x

xx W i n d o w 0 15 poles x t = ,04 to ,19 us

Pole?
Pair •

1
2
3
4
5

Pole
Pair

1
2
3

Pole
Pair

1

Pole
Pair

1

Prony Pole
dawp . freq(MHz)

-10,95 3,4
-14,97 20.5
-24,24 47.2
-15,24 44,7
-0.92 33,4

x 5 of 15

xx Window

Prony Pole
dsMp , freq(MHz)

-10,30 3,1
-35,98 46,5
-14,66 20,6

x 6 of 12

xx Window

Prony Pole
daMp , freq<MH:z>

-49.95 5
* 7 of 9

xx Window

Prony Pole
dawp , freq<«H'.i>

-10,48 46.5

Prony Residue
real iMag

-2,9648 1.260
3.1231 -5,066
-1,7876 -8,997
-2,0561 -0,451
-0.0264 -0,327

poles rejected, x

0 x 12 poles x t -

Prony Residue
real ifiag

-3,173 0,802
-3,227 -13,665
2,904 -5,072

p o 1 es r e j ec t ed , x

0 x 9 poles x t =

Prony Residue
real ifiag

2,9311 18,1932
poles rejected, x

0x6 poles * t =

Prony Residue
real inag

-2,735 -2.315

Residue
pole

0,135
0,046
0,031
0,007
0,002

,04 to ,16 us

Residue
pole

0 , 1 49
0.048
0.045

,04 to ,13 us

Residue
pole

0.315

,04 to ,1 us

Residue
pole

0,012

Y,

100.00
33.87
22.79
5.53
1.15

XX

%

100.00
32.00
30.15

XX

%

100.00

XX

%

100.00
x 4 of 6 poles rejected. x
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OR/GfNAL
OF POOR QUALITY

P E A K P I C K
* Relative peak height for this run —> 5E-03
Bounds set for this run 12 to 50 Mhz

FILENAME > D810269/FRQ
* Mir. pt —> 38,28 MHz , 1.18E-01 amplitude

* increasing frequency representation x

x $ x - x MHz x x amplitude x
1 3,91 1.20E-02
2 7,12 2.12E-02
3 10,1.55 1.37E-02
I 12,50 7.90E-Q3
5 11.81 8.32E-03
6 16.80 5.68E-03
7 17.97 5.78E-03
8 20,31 5,23E-03
9 22,27 1.23E-03
10 24,61 1.93E-03
II 26,95 6.01E-Q3
12 . 29.69 3.5^E-03
13 31.61 5,57E-03
11 33,20 3,80E-03
15 11.80 1.97E-03
16 13.36 3.20E-03
17 18,83 2.95E-03

x decreasing amplitude representation x
x the 10 highest peaks x

* * * x MHz x x amplitude x x % x
1 7.12 2.12E-02 100.00
2 10,55 1.37E-02 61.10
3 3.91 1.20E-02 56.73
1 11.81 8.32E-03 39.26
5 12.50 7.90E-03 37.28
6 26.95 6,0 IE-03 28.32
7 17.97 5.78E-03 27.26
8 16.80 5.68E-03 26,78
9 31.61 5.57E-03 26,25
10 20,31 5.23E-03 21,67
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ORIGINAL PAGE IS
OF POOR QUALITY

P *R 0 :N Y A N A 1. Y S .1 S

* Filenawe --- > d810269 * cit =0,010 *

x* Window 4 * 30 poles * t •= .08 to .68 us **

Pole Prony Pole
f'ai.r dawp» freq(MH:z>

Prony Residue
real

Residue
pole

1
2
3
4
5
6
7

— »j .
-ZQ,
-37 .
— 7 »
— 6 »
~9 »
— 0.

42
,26
94
19
.29
40
•5.1

*

0.4
0 ,;()
0.0
6,0

28.4
3.8-. 3
30.9
19 of 30 f

-0
-0
0

-0
-0
-0
-0
JOl

,1187
,2532
.432.1
.098.1
.0124
.0155
.0051
es re

0.
-0.
0.

-0,
-0.
~ 0 .
-0,

jected.

9527
0047
0.1 10
0392
0233
0291
0022

X

0,
0.
0.
o..
0.
•0.
0.

160
012
Oil
003
000
000
000

10 0
7
7
1
-0
0
0

„ 00
,,Ell
. 12
..71
, 09
... 09
,02

** Window 0 30 poles * t = ,04 to ,64 us

Pole
Pair

1
2

. 3

. . 4
5
6
7
8
.9
10

Prony Pole
danp , f req (

*cr
\J

-9
— 6

-117
_o /.TO
«. 1 '*7
i £.

-18
-11
_,q
—3

,40
,22
,70
,.46
.81
,71
.69
,33
,53
.42

*

0
0
6
0
0
18
41
37
22
•31
13

MHz)

,4
,0
.0
,0
.0
.0
,7
,2
,9
.2
of 30

Pron.y
real

-0,01-50
-0,0617
— 0 . 0599
0,3554
0,2262
0,0212

-0,1401
-0.0382
-0,0122
0.0040

Residue Resi due 7.
iM3<2 pole

1,
-0.
0,

-0.
-0,
0,

*"*.U *
0,
0.
0,

poles rejected.

1488
0000
1098
0000
0000
0795
0780
0378
0072
0118
*

0,
0,
0.
0.
0.
0.
0,
0,
0,
0,

190
007
003
003
002
001
001
000
000
000

100,.
3.
1.
1.
1.
0.
0.
0.
0-.
0 r

00
52
72
59
23
38
32
12
05
;03
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Figure A13. Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-09.
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P E-iA K .*P
x Relative pe;ak toe.iQht for
Bowicls -sret -for frhiis run I 2

ORIGINAL PAGE IS
OF POOR QUALITY

C ;K
vrun

-to 50

FILENAME ----- > B8.r0269/FR«
, 1.51E-B3

* increas.irig fre'quenc.y :re;p:re.senti3t*ion x

•I
'2
-3

^
5
•6,
•7'
'8
9

5,, 86
.10,9^
15.63
19-.T4
'2^.22
28,91
33 ,.20
37,5.0
42,19
47,66
50 .0^0

.2V'9«E-0'1
9, 6 IE- 02
6.-78E~i02

02

-3/21E-02
2,:89E»02
1,99E~-02
:l,63E~02
.1-.12E--02

*

1
2
;3

'5
6
7

awpli'tude •
* the 10 hi-Q'hest peaks *

* MHz 'X
5,86

19, 1*}
15, .63

^^^^28,91
33,20
37,50
42,1'9
47,66

;2,9-OE-01
9v61'E~02

6.78E--02

4>'59E-02
3-,2tE~02

l,99E-()2
1.63E--02

'% *
® 0*0^0
33.a'9
28.71
23,39
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P R O N Y

Filename —

ORIGINAL PAGE PS
OF POOR QUALITY

A N A L Y S I S

•> 5810269 x dt = 0 . 0 0 5 x

xx Window 0 x 23 poles t = .04 to .27 us

Pole
Pair

1
2
3
4

Prony.. Pole
d3Mp . freq(MHz)

-6,34
-78.81
-1.65
-1.67

x

0,0
34.1
16,8
50,0
16 of 23

Prony
real

-2,800
0,949

-0,128
-0,092

Residue
iMSQ

0.000
-3.227
0.319

-0.003

Residue
pole.

0.442
0.015
0.003
0.000

poles rejected. x

%

100.00
3.33*
0,74
0.07

i

xx Window 0 x 20 poles x t = to .24 us xx

Pole
Pair

1
2
3
4
5
6

Prony
d3«p « f r

-20.11
-17.50
-13.67
-5:1.65
-0.05
-13.33

Pole
eq(MH:/.)

0.0
6.2
18.1
0,0

35,1
49.9

Prony
real

— 3 . 416
1.601
0,393

-0,201
0,102
-0,292

Residue
ir-iag

0.0000
2.0103
0.9061

-0.0000
-0.1816
-0.0003

Residue
pole

0.170
0.060
0.009
0.004
0.001
0,001

%

100.00
35,39
5.09
2.29
0,56
0,55

x 10 of 20 poles rejected. x

xx W i n d o w 0 x 17 poles x - ,04 to !1 us xx

Pole
Pair

1
2
3
4
5

F'rony Pole
dafip , freq(MH:z)

-39.54
-33.04
-29.27
-25.18
-13.27

0,0
9.3

20.2
32.3
43.8

Prony
real

-17,532
4,064
2.811
1,227
0,250

Residue
in 39

-0.000
-5,252
-0,068
-0.295
-0.007

Residue
P o 1 e

0.443
0.099
0.022
0.006
0.001

%

100.00
22.24
4.88
1.39
0.20

x 8 of 17 poles rejected, x
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A?: N-! At L. Y. S E S

(;c;o;rit*i:Rtied1:)s *? dt, =;0?.,QiO:3>> *,

1
•7>

Prona: Po;lSe

-1:6'. o:s?
-7\ 5%

-7V98'

1:8.3.
0-.Q'

A O O-
I -y- »• 7

5 of

0? t =-

pporry Residue,
real:.

a.59
0..6093?

-0, .00:00i
0 ,282.

-0'.353:
0 , 2M

poies rey.acted.. *i

OSOOA

O'.vO'Ol,.

3;,,50;

Pole.
Pa IT

2,

d;a.Mp .

-8:,85.

Window 0. » 1:1. poles * t

P"o'?l.e P;r-o;na: Resi.due
r'e-3'1

8 of r^li poles re/j;e:c:t.ed?«,

\. to ,1:5 us

Re.s i-di.-.!:e.'
. pole

Oi, (M^
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j
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Time (us)
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Figure A14.

10 20 30
Frequency (MHz)

40

Measured D-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-10.
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OF POOR QUALITY

p E ft K >F • i c K
x Rel'ativ/e .peak heiqht fttr this run "—> -*:

•* liourttte set for this run ; 2 to 5rO Mhz

* Mi;n ;pt
-• — > D8:iQ26io/FRQ

-17,66 MHz , 2.00E-03

increasing frequency representation x

x $ »
1
'2
3
'1
•§
6
7
8
9
I'd
11
12
13
1 1
15
16

x

X ft X

1
2
3
q
5
6
7
r8
'9
I'D

x MH:z x
3,52
7,81

1;Q , 16
12.11
16.11
19.53
27 .31
30.17
32.03
35,55
38.67
10,23
'13.36
16. '8 8
18.83
5*0 ,00

x amplitude x
1.-OOE-02
5.0 IE- 02
3, 2 IE- 02
3-. 8 IE- 02
1-.-53E-02
5.79E~d2
'2 .19E-02
1V55E-02
1.-3&E-02
1.28E-02
1.03E-02
9.89E-03
1,15E-02
5,39E-03
5, 11 E- 03
5.13E-03

deer eas ing anp 1 i t ude rep r esen t a ti on *-
x the 10 :hi

x MHz *
19 , 53
7,81

16,11
l-2-.li
10,16
27,31
30.17
13,36
32,03
35 . 55

ghest pea'ks x
x 3Mpli tude x

S*79E>Q2
S,d lE~02
^•»'5'3E-0'2
3. 8 IE- 02
3, 21 E- 02
2,19E~-d2
1.55E-d2

: l,15E-d2
l*36E-d2
1.28E-02

x % x
i d d . d d

87 » 02
78,2^
65 1 78
55.36
'13«iQ6
26 . 73
25/06
"2'3 , '42
22/05
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OF POOR QUALITY

P R O N Y A N A L Y S I S

x Filenapie > d81G261Q x dt =0.010 *

Pole
Pair

xx Window 5 x 30 poles x t =

Prony Pole
freq<MH:z>

1 -4.95
2 -20,16
3 -188.36

Prony Residue
real

0,0 0,683 0.0408
20,3 -0,185 0,9953
0,0 -1,017 0,3090

26 of 30 poles rejected, x

,09 to ,69 us xx

Residue %
pole

0,138
0 .008
0 . 0 0 6

100.00
5,66
4,08

xx Window 3 x 30 poles x t

Pole
Pair

1
2
3
4

Pole
Pair

1
2
3

Prony Pole Prony Resi due
dafip . freq(MHz) real iM3<2

-1,76
-9,14

-516,34
-4.23

x

XX

Prony
diimp , f r

-2.08
-72.61
-8,45

x

0.0
7,6
0 , 0

34,2
24 of 30

Window 2

Pole
eq<MHz>

0
0
7
26 of 30

0.3018
0.3761
1.4134

-0,0537

0.0000
0.3162
0.3476
0,0120

poles rejected, x

x 3 0 p o 1 es

Prony Re
real

0,314
-1,193
0,390

x t

si due
i«a<2

0,0000
0,3793
0,2191

poles rejected. x

,07 to ,67 us *x

Residue
p o 1 e

0,1.71
0 , 0 1 0
0 , 0 0 3
0 . 0 0 0

100.00
5.92
1.65
0.15

,06 to ,66 us xx

Residue %
pole

0,151
0,017
0.009

100,00
11, '12
6,2.3
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ORIGINAL PAGE IS
OF POOR QUALITY

W -.ft L Y IB iiE B

d:3:lQ2.610 <coir..tir.ue:d>
*

Window 1 3"0 ;pol:es * :t » ..05 to .65 us

F'o.ile
f' 3 l.F

It
2
3
4
•5
6
7
8
9

F'rony F'O.3:

damp , f r eq (<MH:z )

-1,80 .0,0
-35V.,:20
-9 .,9 8

-14,,: 37
— ,1,2 , 22
-6,70^
-7 ,47
•~4.,'28
-9, ,51

0,
7 .

119 .
9,
16,
,26.,
12,
41 ,

0
4
5
0
7
3
8
7

'Prony
.T> e.a 1

0,3128
'0
0
o

— 0
-0
-0
-0
0

,8543
,671;'5
.8199
.2969
.0937
.1191
,0393
,004:0

Residue 'Res-rdue %

0
0
0

-0
-0
-0
--.0
-0
--.0

,000
,000
,144
.,540
,-2:04
,0:07
»<0;29
,,030
, 1 42

;po'ke

0
0
0
0
0
0
•0
0

.»!'

• *

,

,

•»

,'

.«

«•

024
014
0 0®
00:6

00.1
001
001
001

•i:3r.«;95:s,;29
'4 ,57
3 »J56
'0,̂ 51
0 ,43

'. 0..3 5
'-0 ,31

)K of 30 poles rejected:.

Window 0 * 30 j.poles .04 to .,64 us

)le F'rony Pole
*-i,-r da.Mp* ifreqCMIiiz )

.1
2
3
4
5
6
7
8
9

™ *7

-19.
-•8

-14
-16:

-.9
-12
-^
-3

,0,6
,59
.7-0
,. 87
...51
.'4:6

, 32
.58
.99

0 .. 0
0 , 0
7 .5

20,:0
10, '4
26.3
41,2
13,3
43,4

F'rony Fees i due
real

0
-0

0
-0

0
-0
-0
-0
-0

, 34 1
.374
,476
,.593
,484
,028
,179
,019
,077

0
0

-0
1
0
:0
0
0

. -0

1M3Q

. , 0 0 0 0
. 000*0
.2885
.0272
.2070
,,2033
.0093
.0538
. 0,778

'Residue '%
,P o 1 e

0.
!:0 ,
0.
p..

;.0 .
0.
0.
.0,.
0,

166
019
012
009
00.8
001
00 1
001
0 0 0

100
1.1

7
5
4
0
;o
0
0

. o;o
,51
..01
.66
.71
,75
,42
,4.1
.24

14 of 30 poles rejected, x

xx Window 0

Pole
P.a i-r

1
2
3

F'rony Pole
darop , freq(MHz)

„„ *i

-27
-15

.0̂ 0
,1:5
,22

x

0,0
.0,0
20.0
20 of

24 poles x t =

F'rony Residue
real

24

0.265 0.0000
0,292 -0.0715
-0.638 1,0059

poles .rejected. x

,04 to ,52 'US xs:

Residue ''
pole

.0 ,265
0.011
0..009

1.00.00
4.18
.3.. 55
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P R O N Y A N A L Y S I S

Filename > d81G2610 (continued) x dt =0,010 *

Pole
F'air

1 -0,75
-30,86

21 poles * t =

Prony Residue
real

*x Window 0

F'rony Pole
4 freq(MHz)

0 0,1852 0.000
0 1.3854 -0.359
0 -0.0223 -0.028

x 18 of 21 poles rejected. x

,04 to .46 us

Residue

x*

pole

0.252
0.046
0.007

100,00
18.43
2,65

Pole
F'air

xx Window 0 * 18 poles * t

Prony Pole
freq<MH:r>

•16,45

Prony Residue
real iwa<2

0,0 0,358 0,0000
20,1 -0,659 1,1744
15 of 18 poles rejected, *

.04 to .4 us

Residue
pole

0.161
0 , 011

100.00
6.57

xx Window 0 15 poles * t

Pole
F'air

1
2
3
4

F'rony Pole
dawp » freq(MHz)

-58
-42
-17
-6

,86
,95
.46
.05

0,
0,

19.
6,

0
0
9
0

Prony Res idue Residue %
real iwa<3

-_*7
A..

1

"" fi

0

,556
,759
,912
,245

0
*— f 1

1
0

,1994
,1294
.1369
,2651

0
0
0
0

pole

.044
,041
,012
,009

100
94
26
21

,00
,28
,55
,59

9 of 15 poles rejected, x

wx Window 0 x 12 poles x t = .04 to ,28 us

Pole
F'air

1
2
3
4
5

Prony Pole
dawp, freq(MH:z)

-10,84
-11,77
-15,80
-24,57
-7 . 57

0,0
5,7
19.8
43,4
27.8

Prony
real

0.9868
0,5613
-0.7468
-0.3985
0.0931

Residue
1M3Q

0,0000
0.5210
0.9364
-0.2142
0.0895

Residue
pole

0.091
0.020
0.010
0.002
0.001

%

100.00
22.15
10.51
1.82
0.81

3 of 12 poles rejected, x
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P R O N Y A N A L Y S T S

x Fi lename > d8102610 (cont inued) x dt --Q.010 *

xx Window 0*9 poles x t ~ .04 to .22 us . XX

Pole
Pair

1
2
3
4

Prony Pole
dai*ip .

-11,97
-7 , 31

-38,10
-17,43

f r e q ( M H z )

11.8
1.8 . 0
28..4
41,2

Prony
real

-0,3603
-0,6326

1.0190
-0.0314

Residue
iwag

-0.479
-0.139
-0,192
-0.255

Residue
pole

0 . 0 0 8
0 . 0 0 6
0 . 0 0 6
.0..001

%

100. OiO
71.92
71.46
12.42

1 of 9 poles rejected.

xx Window 0 x 6 poles

Pole
Pair

1
2
3

Prony Pole
f r e q ( M H z )

16,4
26.7
39,5

-30., 44
•52,35
-14,9-8

F'rony Residue
real

••?., 532
2,433
0 , 0 9 9

t. == .04 to .16 us

Residue

1.084
0,738
0,194

pole

0,026
0.014
0,001

1 0 0 , 0 0
56.46

3.40
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•o

-25
.4 .6
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40 50

Figure A15. Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-026-10.
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P E A K F:> I C K
* Relative peak height for this run —> ,01

x Bounds set for this run : 0 to 50 Mhz

FILENAME > B8102610/FRQ
* Min pt —> 1,56 MHz , 1,79E-02 awplitude

* increasing frequency representation *

* * * x MHz * x aMplitude x
1 0 , 0 0 . 8,75E--02
2 7,81 4.03E-01
3 11,72 4.30E-01
4 20,70 6.17E-01
5 29,69 2.18E-01
6 34.38 1,36E-01
7 -11,02 7.32E-02
8 45.31 1.09E-01
9 ^9,61 1.19E-01
10 50 ,00 1.19E-01

* decreasing awplitude representation *
x the 10 highest peaks *

Hf » x MHz x x aMplitude x x % x
1 20,70 6.17E-01 100,00
2- 11.72 4,30E-01 69,72
3 7,81 -=J,03E-01 65,39
^ 29', 69 2,18E~Q1 35,̂ 2
5 3-4,38 1.36E--01 22,00
6 49.6-1 1,19E-01 19,35
7 50,00' 1.19E--01 l! 9s* 32
8 45.. 31 1.09E-01 17,62
9 0..00 &.75E--02 1^,19
1:0: 4:1 ..02 7.32E-02 11', 87
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P R 0 N Y A N A L Y S I S

* Filensne > b8102610 * dt = 0 . 0 0 5 *

xx Window 0 * 26 poles x t = .04 to .3 us x*

Pole
Pair

1
2
3
4
5
6

Prony Pole
d3«p , freq<MH:z)

-44.65
--14.39
-4.38
-7,50
-27,51
-3,69

49,5
20.3
5,9
10.2
37.1
28.1

Prony
real

-32.031
-9,845
1.518
1.621

-1.89-2
-0.364

Residue
iM3Q

-11.719
3.017
0.980
-1.730
-2,599
0,312

Residue
pole

0,109
0,080
0,048
0,037
0.014
0.003

%

100.00
73,71
44,48
33,£)8
12,60
2.50

x 14 of 26 poles rejected. *

xx W i n d o w 0 * 23 poles * t
x 23 of 23 poles rejected, *

= ,04 to ,27 us

Window 0 x 20 poles ,04 to ,24 us

Pole
Pair da

1 -16
2 -11
3 -25

F'rony Pole
MP , freq(

,15
,20
,73

x

7
20
30
14

MH:z>

,9
,7
,3
of 20

Prony
r e B I

7,8145
-6,5100
3,1903

Res

-0
3
2

poles rejected

idue
3.M3Q

.3903

.8561
,9437
. x

Residue %

0
0
0

p o 1 e

.150

.058

.023

100
38
15

.00

.66
,08

xx Window 0 17 poles x t =

Pole
Pair

1
2
3
4

Prony Pole
dsMp , freq(MHz)

-15,03
-12,19
-22.02
-7.04

7,9
20.6
31*2
47.5

Prony
real

7.175
-7.305
2.866

-1,000

Residue
iM3Q

-0,3334
3,7913
1.3892

-0.3279

Residue
pole

0.139
0.063
0.016
0.004

'/,

100,00
45.60
11,64
2.54

9 of 17 poles rejected.
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A -N rA 1. -Y S I -S

0 -x dt

x* 14 x t = V04 ±o „ 1'8 '-u;s

fPo-Le
jPa.-ir

1
;2
3
-4
•5
6

|P,o lie
P.air

;1

•2
3
4

Pole
p. a i p

1
2

;prony
d.3M.p,» f-J

— 1-4,».'1~7
-:MK«..6;8

-4:1'S.«;37
-m,13
-2'Q .«.6vS

—.Q / /i•— ;CJ « .C) y
X

XX

P-rony
<d.3.M.p , f ;r

-132.42
-23.66
-33,56

-161, SI
x

XX

FTony

•Po.^e
•e=i(;MH;£)

7. ,7
2.iOr,:.8

•o'.«
o,,o

49,,:8

31 ,.3
4 ,of 14

W ihd.ow

l"'o.le
•e^MHz)

O.:0
0 , 0

20,1
0 , 0

6 of 11

Window

Pole
da.Mp . f r e q ( M H z )

-1.56
-26.51

15,6
31,9

P r.ony lR.es i due
•p;ea;l - imacj

6̂ 58115 -0,. 24.72
-18,6.6.13 5,091:2
16. 4 747 O v O O O - 0
-1V7!85:3 -'O^OWO
-4., 2 474 JJ...0731

:1,02;02 ,0., 6942
sP,o3te® r. ejected, «

0 x i;i ,p.oles x t.--

Prony Residue .
real IMSQ

115,115 O . O O f l O
-15,570 - 0 , 0 0 0 0
-26,449 12,3019
-.15.343 0 . 0 0 0 0

poles rejected, x

0 x 8 poles x t -

Prony Residue
real ifiag

-4,2391 -5,951
6,5597 2.122.

iResi-'due
Piol^e

:0<,,131
•0 « :0.7 6
iO , ' 040
*0 . 0:25
• O . s O l ' 4
I0..006

= ,04 to .15 'us

Residue
pole

0.869
0.658
0.223
0,095

,04 to ,12 us

Residue
pole

0 ,074
0.034

%

i:o:o .:o<o
5 8-. 46
30-, 32
19,'4'6
10.35

4,80

!KX

%

1 0 0 . 0 0
75,68
25,64
10,93

XX

%

1 0 0 , 0 0
45,95

of 8 poles rejected, x

xx Window 0 x 5 poles x t
x 5 of 5 poles rejected, x

,04 to ,09 us xx

-162-



ORIGINAL PAGE IS
OF POOR QUALITY

250

~ 0
o
•o

-250
.4 .6

Time (ys)

.8

10
20 30

Frequency (MHz)

Figure A16. Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-041-01.
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P iE -.A :K
'Relative peak

f;or

P :i C K
for vthis rum

:J ;0 to v5i *

FILENAME
-pt

1
;2
.3
4
.5
6
7

BBlO^ll/PRQ
8-0 MHz ., Iv,:16E--01

in caress ing '.frequency r'eprje&enr^tatiori

MHz :•
1.56

10.55
21.09
30.86
36.72
46.88
& 0 . 0 0

3Mp.l:itucJe
:1.35E*'0:0
1.77:E+0<0
2.,72E+0:0
5,60E-;01
5.93E-01

itude representation
* the 10 highest peaks *

-X * *
1
2
3
•4
5
.6
7

MHz
21.09
10.55
1.56
36.72
30.86
4.6*8.8
:50.0t)

* BMP lit ude
2,72E+Ofl
1 .'77E-+:0.-0
1.35E-*00
5.93E-01
5.60E-01
5.02E-01
4,.,31E-01

-* % *
1^0.00
65. .16
49.6V9
.21.82
2-0 .59
1-8.46
.15,85
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OF POOR QUALITY

A N A L Y S E S

-> &810411 * dt = 0 . 0 0 5 x

xx Window 0 x :17 poles x t =

Pole
Pair

1
2
3
4

Pole
Pair

1
2
3
4

Pole
Pair

1
2
3
4

Pole
Pair

1

Prony Pole
da«p . freq(MH:z>

-19,36 7.1
-11.15 22.0
-3.01 49.9
-1.07 37.8

x 9 of 17

xx Window 0

Prony Pole
d<3MR, freq<MH:z)

-•27.38 5.7
-13.31 22.3
-65.22 0.0
-0.56 19.3

x 7 of 11

xx Window 0

Prony Pole
d3Mp, freq<MI-l:z:>

-11.79 0.0
-152.58 0,0
-21.43 21,2
-160.83 0.0

x 6 of 11

*x Window 0

Prony Pole
danp. freq<MHz>

-414.93 0

Prony Residue
real- ipiaq

31,993 27.0373
-40,572 -2.6931
6.823 -0.0191
3,712 0,0557

poles rejected, x

x 14 poles x t =

Prony Residue
real ifiaq

47,6953 62.4649
-45.3143 2.9021
-4.9616 0.0000
4,6990 1,3225

poles rejected. x

x 11 poles x t -

Prony Residue
real iwaqj

-60,059 0.000
273,525 0.000
-80,880 -17,738
-37.290 -0.000

poles rejected* x

x 8 poles x t - ,

Prony Residue
real i.M3<3

-104.379 0,0000

Residue
pole

0,905
0,293
0.022
0.016

,04 to ,18 us

Residue
pole

1.751
0.323
0.076
0.016

,04 to ,15 us

Residue
pole

4.062
1.793
0.613
0,232

04 to .12 us

Residue
pole

0.285

%

100.00
32.41
2,40
1.73

XX

%

100.00
18.43
4,34
0,90

XX

%

100,00
44.14
15.09
5,71

XK

%

100,00
x 7.of 8 poles rejected. x
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Figure A17. Measured B-dbt Data (a) and Computed Spectral Response (b)
for Flight 81-041-02.
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P E A K P I C K
* Relative peak height for this run—> ,01 *
x Bounds set for this run : 0 to 50 Mhz

FILENAME — —> B810412/FRG
* Min pt —> 2*73 MHz * 2.87E-01 awplitude

x increasing frequency representation *

x $ x * MHz x x afiplitude x
1 0.00 3,05E+00
2 3.91 9.87E-01
3 6.2.5 5.64E+OQ
4 12.50 5.17E+QQ
5 16.02 2.28E+00
6 19,1^ ^.18E+00
7 22.66 1.98E+00
8 26,17 3.62E+00
9 2.8.91 2.33E+00
10 31,64 2.23E+00
11 35,16 1.52E+00
12 38,67 1.56E+00
13 41*80 2.05E+00
14 44,92 2.85E+00
15 48,44 3.09E+QO
16 50,00 1.13E+00

x decreasing anplitude representation x
x the 10 highest peaks *

* >« * MHz * x 3Mpl itude x x % *
1 6,25 5,64E+00 100,00
2 12,50 5.17E+00 91.70
3 19,14 4.18E+00 74,10
4 26,17 3.62E+00 64,18
5 48,44 3.09E+00 54.06
6 0.00 3.05E+00 54.09
7 44.92 2.85E+00 50.52
8 28.91 2.33E+00 41.23
9 16,02 2.28E+00 40.34
10 31,64 2.23E+00 39,55
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P R 0 N Y

* FilenaMe -•

ORIGINAL PAGE ES
OF POOR 0"A'-ITY

A N A L. Y S I S

-> b810412 * dt -0,005 x

xx Window 0 x 15 poles x t ~ ,04 to ,19 us xx

Pole
Pair

1
2
3
4

Pole

.1
2
3

Pole
'Pa.i-r

1.
2
3:

Pole
Pair

Pro n-.y Pole
damp, f r e q ( M Hz >

-10,06 0.0
-19,87 20,8

O '*̂? O /I Q *"1T-» z~O "O * O

-13,15 0,0
x 9 of 15

xx Window

Pr.oiriy Pole

/i -|: C' /, •! /
T .1. »-*j'G>' -L « C>

-17.38 20.1

x 6 of 12

xx. Window

F'romy Pole
damp. freq<MKI:z>

~14.:4;0
: 0.0

-57.52 48'. 7
-29,18: 20.7

x 4 of 9

xx Window

F'rony Pole
damp. freq<MH;z)

Prony Residue
real InaQ

-33.121 0,000
12,538 .-11,832
-19,985 7.266

0,018 0.00-0
poles rejected. x

0 x 12 poles x t =

P r o ny Res i d u e
real inaq

4. ,3-2 8 139.443
14.0'21 -6.887
-23.597 -1,2,442

ponies re.j,ecte:d., x

0*9 poles x t == ,

Prony Residue
rea-1 iwaQ

-28,7169 0-^0*0=0'
86,5492 -90,589
19.1125 -18.327

poles rejected. x

0*6 poles X t = .

Prony Residue
real inaq

Residue
pole

3.292
0.131
0.070
0.001

, .0'4 to .161 Us

;Re:sidue
pole

3 ,265
0,123
0.089

O^J to »li3 us

Residue
po}ie

t . 99^
0,40'2

04 to- *•!'- us

Residue
pole

%

itfo.oo
3.96

XX

%

i o'd . oo
3U 75
2 .74:

XX

%

9,, 9 4

**

%:

-3:0 ..60 11.9 32,9191 32,.9080
x. 4 of 6 poles rejected, x
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ORIGINAL PAGE IS
OF POOR QUALITY

P R 0 N Y A N A L Y S I S

F'ilenane > 5810112 * dt = 0 . 0 0 5 *

xx Window 0 » 26 poles t = ,01 to .3 us

Pole
Pair

1
2
3
4
5
6

Prony F'ole
danp .

-28,90
-37.66
-16.87
-28,69
-9 . EJ6

-13.11

freq(MHz)

0.0
1.1

21,1
50,0
27,1
10.5

Prony
real

118.183
75,122 '

-137,660
-103,012
-13.291
7.2.91

Residue
ifiag

0.000
566,659
171,731
11,887
19.860
7,311

Residue
pole

11.179
12.181
1 . 562
0,330
0,139
0,011

%

100.00
86.2.2
10.79
2.28
0.96
0,28

x 15 of 26 poles rejected. x

xx Window 0 xc 23 poles * t = .01 to ,27 us

Po 1 e
F'air

1
2
3
1
5

F'r ony Pole
danp , freq(MHz)

-35.19
-38.18
-25.33
-11,88
-10,66

7,1
21,7
50,0
27,3
11,3

Prony
real

179,381
-69.069
-83,369
-18.173
8.365

Residue
iMag

79.551
125,198
10,316
26,188
1,911

Residue
pole

3 , 35 1
1,008
0,266
0,185
0,033

%

100,00
30,07
7.95
5 , 53
0.99

x 13 of 23 poles rejected. x

** Window 0 x 11 poles x t =

Pole
F'air

3
1

F'r ony F'ole
freq(MHz)

7.8-27.51
-11.83
-28.21
-1,81

Prony Residue
real

118,972 13.799

x

21.1 -116,163 71,010
17,5 -59,569 -71,117
29.1 5.733 11.100
6 of 11 poles rejected. x

,01 to .18 us xx

Residue "
pole

2,217
0.980
0.318
0.083

100.00
13,63
11.16
3,71
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ORIGINAL PAGE 6S
OF POOR QUALITY

P R 0 -N Y A N A L Y S I S

* •Fil.'enan.e ----- > b810^12 (continued) * dt =0 ,005 *

Window 0 * H :poles * t = ,04 to .15 us **

Pole
jPa i r

1
2
.3

5

Pole
.Pair

1

"Pole
Pair

1
•2

Prony f'ole
damp, f r e q ( M H z )

-172,36 0,0
-12,17 8.6
-35,12 25.2
-18,96 50.0
-•45.94 0.0

* 3 of 1

xx Window

Prony Pole
danp , f r e q O M H z )

-1.09 34,0
* 6 :0f 8

xx Window

Prony 'Pole
•d.3Mp , f r eq (MI- l z )

-5^5 ,38 0
% -10 90-, 05 0

Pr o HI b R e s i d u e
real : i.Mag

207.896 -0.000
58,489 8>317

-60,209 129,810
-71,399 5,528
-8,120 . 0 , 0 0 0

1 poles rejec.ted, «

0 * 8 poles * t ==

Prony Residue
real iwag

31,3:374 1.2.00:21
poles rejected, «

0 .* 5 poles «. t ==

Priony Residue
real itvacj

72.989 . fl.OOOO
-82,768 0,0000

Residue
pol-e

:1.,.2:0:6
1,:072
.0 , 881
0,228
0,177

,04 to ,1,2 us

Residue
pole

0^157

,04 to ,09 .us

Residue
;pole

0 .IS 9
0,0.88

%

1/Ofl . 0^0
88,85
73,0i7
18,8.8

XX

%

100,0^0

:xx

%

10 0,0.0
•55 ...6 2

3 of 5 poles rejected.
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ORIGINAL PAGE IS
OF POOR QUALITY

.2 .4 .6
Time (us)

.8

10-5

t ID'6

O)

£

10-7 I I
10

I I
20 30

Frequency (MHz)
40 50

Figure A18. Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-042.
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ORIGINAL PAGE ES
OF POOR QUALITY

IP s-E -A ,K -P I .C :-K
* ;Relat;xve .peak -height for 'this -run -•-> (« 0,1

* :6:ouirid.s set :'f!.or this run : 0 eta -5:0 >Mhz

'FILENAME ---- :> B81Q42/FRQ
* ;M>in :pt --> ,0.,00 ;MHz , -ft..25E-01 3MRlitu,de

>x increas.inci f requienc.y r,ep presentation *

# * •* MHz * * ;3Mplitude *
1 It. 3.3 -2.-60E-4-00
'2. 20.31 ;2,.93E+00
3 27,.,73 l..;a?E>00

•5 42.. 58 8.99E~U)1
,6 4.9.. 2 2 .8.21E~01
7 50 .00 8,,l;lE-'0.1

* decreas'iri.9 .awpldtude represenitatiQn *
**: the "I'D hrghest peaks ;*

'# •* * MHz ,* *
1 20.. 31 ,,2-.:9.3E+00
2 :i;i,,:33 ^.^iOE^OiO
.3 27-, 73 ;l,.l89tE+jOfl

-42; 58 •a,:9,9E-^!0;l :3;0 .^
-49.. 22 •S.2.1E-10'1 :;27 .s
;SO,.OiO fe^lliE-Oil ,;27«i



ORIGINAL PAGE IB
OF POOR QUALITY

P R O N Y A N A L Y S I S

* Filenawe > b81042 x dt = 0 . 0 0 5 x

xx Window 0 18 pole?s * t =

Pole
Pair

1
2
3
4
5

Pole
Pair

1
2

Pole
Pair

1
2
3
4

dattp .

•23,47
•33,03
•43,66
-4 . 06

freq(MHz)

10,8
29.9
45.5
18.4

x 10 of 18

xx Window 0

F'rony Pole
da«p , freq<MHz)

96,00
36,36
-3,02
40,57
-8.64

0,0
19,7
12,1
49 , 2
34,3

x 6 of 15

xx Window 0

F'rony Pole
danp * freq(MHz)

11,38
32,74

7,0
23,4

x 8 of 12

xx Window 0

Prony Pole
danp*. freq(MH.z)

31.95
-8,39
28,08
56.15

23.3
6.9

50.0
0.0

real ifta<3

79,7344 15,1557
-37,3003 33.2307
16.1951 72.6795
16,7923 2,2793

poles rejected, x

x 15 poles x t =

Prony Residue
real i Mag

-303.239 -0,000
66.733 -136,862
7,096 --16,188
68,723 2,374
4.444 2,892

poles .rejected, x

x 12 poles x t =

Prony Residue
real inag

3,373 29,438
-44,832 -83,489

poles rejected, x

x 9 poles x t = ,

Prony Residue
real iwag

-41,273 -83.513
1.450 25.988

40.664 -5,061
-2.126 -0.000

pole

1.135 1
0.262
0.257
0.146

,04 to ,19 us

Residue
p o .1 e

3,159 1
1,182
0,232
0,220
0,025

,04 to ,16 us

Residue
p o 1 e

0,648 1
0,629

04 to .13 us

Residue
pole

0.623 1
0.589
0.130
0,038

00.00
23.07
22.67
12,90

XX

% ;
00.00
37,41
7,34
6.98
0.78

XX

%

00,00
97.06

XX

%

00.00
9 4, .55
20.87
6.08

x 2 of 9 poles rejected. x
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ORIGINAL PAGE W
OF POOR QUALITY

.2: .4 .6

Time'(us}

1.

lor3

10-7
10

I
20 30:

Frequency (MHz)

40 50

ure A19J. Measured B-dot Data (a) and Computed, Spectral Response (b>
for FTight 81^043-01:.
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ORIGINAL PAGE IB
OF POOR QUALITY

P E A K P I C K
x Relative peak height for this run —> 5E-03 x

x Bounds set for this run : 2 to 50 Mhz

FILENAME > E:81(H3:l/FRQ
* Mir. pt —> 1.95 MHz , 4.94E-01 awplitude

x increasing frequency representation x

x # x * MHz * x amplitude *
1 ' 3,52 2.28E+OQ
2 6,64 5.23E+00
3 10.16 3.23E+00
4 12.50' 2.81E+00
5 17.58 2.22E+00
6 21«09 1.43E+00
7 24.22 1.24E+00
8 27.73 1.32E+00
9 31,25 1.35E+00
10 32.42 1.3AE+00
11 38,28 1.20E+00
12 41.41 9.61E-01
13 44,14 8.48E-01
14 47,66 8.75E-01
15 50,00 7.71E-01

* decreasing sfiplitude representation x
* the 10 highest peaks x

x * x x MHz x x amplitude x x % *
1 6.64 5.23E+00 100,00
2 10.16 3.23E+00 61,90
3 12,50 2.81E+QO 53.69
4 3,52 2.28E+00 43,67
5 17,58 2.22E+00 .42,46
6 21.09 1.43E+00 27,40
7 32,42 1.36E+00 2.5.96
8 31,25 1.35E+00 25,80
9 27.73 1.32E+00 25.19
10 24,22 1.24E+00 23.69
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ORIGINAL
OF POOR

x

ft R 0 N, Y; A N-! A L. Y S I: S

'• b81'043.1 x d.t = 0,,01'.Q

x* Window 0 * 2.1. poles x t ~ ,04 to ,46 us

Pole^
Pair-

1
2
3
4
5
6
7

Prony Po:le
dawRv freq(MHz)

-20.0.1
-40 ».li5:
-55...04
-4;. 34>
-4,51
-6. -25
-6-..06

LQv3.
22.. 1
4̂.9
6 , 8;
15 . 8
32.8.
47.2

Prony.
real

77 ,888
52', 865

-153, 32.1
21,506
10.29.5.
-5 , 050
-3.081

Residue
i-M3q

-33,085
170,137
284., 575
--0,348
-4., 144.
-2,913
3,743

Residue
pole

1.249
1,235
1 , 125
0.498
0,112
0 ,.028
0.016

%'.

tOO.,00
9 8. .86,
90,,02'
3.9.',B5
8 ,,9,5;
2 ...26
1 , 31.

x 7 of 21 poles rejected,, x

xx. Window 0 « 13;. poles x t - ,04 t.o .3 us xx

Poire.
Pair,

1
2

: 3
4
5

F'rony Pole
dawp , fr-eq('MHz)

-2 4,, 80̂
-3,59
-8,79

-49, ,7 2
-2 5., 51

0,0
0,0
6,7

31,3.
1.9 ,:0

F'rony
real

92,3678
-6,274-4
34.9667
13,9897
-90,94̂ 7

Re si .due
inag-.

-0,000
0,000
22.451

~-16 6. 842
25.. 779

Residue
pole

3'. 7 25
1*747
0.973
O.B26
•0...773

%.

1Q-Q..QO
4 6,,: 91

26,12
22,19
20,,75

X 5 of 13 pole;s rejected. x

xx Window 0 x b poles x
x 5 of 5 poles- rejected, x

t == »04 to ,14 us x*
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ORIGINAL PAGE IS
OF POOR QUALITY

I J I I
.2 .4 .6

Time (gs)
.8 1.

10-5

10-6

10-7 10 20 30

Frequency (MHz)

40 50

Figure A20. Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-043-02.
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ORIGINAL PAG! Fi
OF POOR QUALITY

F1, Ef A* K* F1-"' II C: HS
Rel-ative? p<e3l4 h'e:i:afcirtt, fo.rr this,.rwr --->; ».0.d.i

vO.yridSf seta: fto.r, • thisv, r-wrr. J;; Oa to;. 5.0;..

FILENAME.
Miri-pft •—> 1U.17 MH-z: ,, 5:.. 17ErO:li 3Mp,l ltu.de;

** incr:e/3.s.in<2-

#£*. * MHz- *
1:1 0-..JD.IO;
**y '•- It JL'£L*'
4—'. w » w^T

3^ 11.. 721 3>a8.E±OOi'
*! 21i!, .019- 5SA5EH-010;;

A> 36,7-2;

7 '̂ 2..±9r
8? -17>.27
9- 50.,,00

deer ess in<2, 3Mp.-Pi:tfi.'..d.e.-: r-e:p;re;s:ent.3t;i'O:ns »•
*> the I'D- hiigheiSit* p,.e:3.k'S> WK

JIB' )((•* 5K.< MM'r> sft' *TT't "* /iv- III I X.i «•!. /^

li 2^1.,.,09

3 O'7. 7TJ. '?". OQC' JL'fVn Rio C»'7r/-•/. «/.'O.' £•;.» lY iD c.';*Mi..U,' D .L.U ,CI_/'

^^ 6S,65i
5^ 361,72;
6-. , ^7-\,27
7 5 (),:01);

9- O:, 003



P R O N Y

* Filename --

ORIGINAL PAGE !§
OF POOR QUALITY

A N A L Y S I S

—> b810432 x dt = 0 , 0 1 0 x

x* Window 0 13 poles t = ,04 to .3 us

Pole
Pair

1
2
3
4
5

Prony Pole
dacip » freq(MHz)

-34,48
-27,14
-17,26
-13,91
-13,62

0.0
5,8

21.3
49,1
28 , 1

Prony
r e'a 1

100.820
-19,314
-55,921
48,477
-25,078

Residue
1M3Q

-0,000
114,907
-99,674
-42,336
-17,827

Residue
pole

2,924
2.566
0,847
0.208
0.174

%

100,00
87.77
28.96
7.13
5.93

4 of 13 poles rejected, »

Pole
Pair

1
•7

xx Window 0 x

Prony Pole
freq(MHz)

5 poles x

80,19
23,24
42,60

9,1
0,0

21,8

Prony Residue
feal in a<

175,994
.104,2.38

560.819
0,000

284.529

,04 to ,14 us

Residue
pole

5.969
4,484
2,543

100.00
75,12
42,60
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ORIGINAL PAGE !S
OF POOR QUALITY

250;r

-250
.2: ..4, .6?

Time: (us;)'?

,81

10"

f

lOi
o> 10 20; 30;

Frequency;- (MHr)

505

Figure A231, Measured ft-dotr. Qa-ta (a) and Computed; S'peetraC Response- (to).,

for Flight 8^-043-03...



ORIGINAL PAGE IS
OF POOR QUALITY

P E A K P I C K
* Relative peak height for this run —> .01 *

x Bounds set for this run : 2 to 50 Mhz

FILENAME > B810433/FRQ
* Mir. pt —> 41,41 MHz , 9.52E-02 awplitude

x increasing frequency representation *

x fl * * MHz * x aMplitude x
1 ' 3,13 3.13E+00
2 4,69 5.22E+00
3 6,64 9.49E+QO
4 8,20 4.15E+00
5 8,98 4.11E+00
6 10.16 ^»,82E+00
7 11,33 6.73E+00
8 13.67 1.66E+00
9 l^.Sfl 2.19E+00
10 16,02 ' ^,OOE-*-00
11 17,97 2.29E+00
12 21,88 6.22E+00
13 23,83
14 25,00
15 27.73 3.68E+00
16 32.81 2.28E+00
17 33,98 2*20E+00
18 39.06 1.98E+00
19 44,14 2.77E+00
20- 45.31 2.71E+00
21 50,00 3.88E+00

* decreasing awplitude representation w
* the 10 highest peaks *

x # x >x MHz * x 3MP1 itude x x % x
1 6,64 9,49E-»-00 100.00
2 11,33 A.73E+00 ' 70,91
3 21,88 6.22E+00 65.56
4 4,69 5.22E+00 54.99
5 10,16 4,82E-M)0 50.80
6 8,20 4.15E+00 43,74
7 8.98 4.11E+00 43,32
8 16,02 4.0QE+00 42.19
9 50,00 3,88E+00 40,91
10 27,73 3.68E+00 38.76
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ORIGINAL PAGE SS
OF POOR QUALITY

R R< G N; Y #. N; A. 11 Y- S.; I; S> '.

* Fi;l?er.3Me •>- ti8:iiJW33;; *: dt; --0).,01;0>. *

Polte

r

x* Wiindbw/6'

Prony. Pol*1

y*» f,Tveq<MH!Z->-

0
*' 29' o# 30,

* 3:0i polles *( t. =

Res-idu.e.
r.ers.li.

i re jected :«>

»,!>. t'Oj .<7/ u.«

Res-;i<.dj.:'e;

Pol-e-

1*.
2
3

7
8
9

xx Window

F.Tony: Pol'e.'

30' t, ~ ,08; to ,;68; us, *5*<

-3 ,-86..

-9-'»2;9;

-9V130

-63.-80

0...0''

7 ,0
25,8.
29.,3

Hi ,.8
3

..- .̂,
u tid

0.0 '

Pnony: Re. si-due.,
i wagreal..

1.6.81-3

-Ov589
6 9,.0.59--

Ii83;,

22,,236

0,. 0,1.6

-0., 1:25,

-69,65,6!
28,8,5.8.
27,83^'

0. !«»0 16

6l»,0.57'
^JJ.,.205
2'.:06^

0-..7-5.31

0x527

a-.,ooo f

2 ̂ ..,180

2^81:2

rejected,. *

Window 2 * 30, poles * t = ,0,6, to «,66.

Po le
Padr

1.
2
3
4
5
6
7
8
9

10
11

FTony: Pole
dawp , f r eq (,MH:z )

-82,.35
-0 ,92

-181, .3^6
-^ ,,2.1
-9, .'0.6
-5,^2

-16.. 13
-1:5,68

-8.66
-^.45

-13.80
X

0 .0
0 . 0
0 , 0
0 . 0
4 , 0
7 ,0

26,1
29.5
21,1
1 1 ... 8
35.3
12 of 30

FTon,y;

r e 3 1.

-1.694,630-
17 ,,0:63

2550::, 25;0
28.719

-30 ,,46 8
49,698

-2.29,'0.80
-85.028
-30.. 67 7

32.980
-12.237

Residue?
i.Mas;

—2 7 9 ..7 31
o.o to

58 , 556
0,127

~5'5,.271
-58.832
9.5.518

-182.999
75.72;2

-21 ,83:0
-87,923

••R^e.s i clue
:P.o:be:

20. ..85 6
18;, 50 8
14,0,6.6
6,823
2.,, .38 6
1 ...735
i,.5;06
1>»086
•ft. 6 15
0,531
,0 , 399

%.

10^)00
'8;8.74
67'.,'44
32;.71
LI », 44
8,..32
7'. 2:2
5^21
2'.. 95
2. si
1 .-91

poles rejected. *



ORIGINAL PAGE ?s
OF POOR QUALITY

P R O N Y A N A L Y S I S

* Filenane --- > b810433 (continued) dt = 0 . 0 1 0 x

xx Window 0 * 30 poles * t = ,04 to ,64 us

Pole
Pair

1
2
3
4
5
6
7
8
9

Prony Pole
daup, freq(MH:z>

-6.09
-197.63
-5,99
-3,97
-13.12
-4,38
-9,32
-8.51
-15,33

0,0
0,0
4.8
7,3

30,1
11.5
26,5
16.8
39.8

Prony
real

57.822
-479,621
-24,078
-29,988
115,249

1,970
40,614
10.086
50,503

Residue
i«3Q

0,000
0,000

37,811
-37.941

~" o * 330
-42.156
-80.745
-54,924
114.008

Residue
pole

9.496
2.427
1.457
1,050
0,608
0,582
0,543
0,528
0,498

%

100,00
25,56
15.34
11,06
6,40
6,13
5.72
5.56
5,24

x 14 of 30 poles rejected, x

xx Window 0 x 22 poles t - ,04 to .48 us xx

Pole
Pair

1
2
3
4
5
6
7
8
9

10

Prony
danp « fr

-12
-243

—8
-19
-17
"" 1 1

-11
— 1 \j
_ 1 <^.i \j
-4

.93

.10

.66

. 35
,76
,90
,71
.34
.83
.68

x

Pole Prony Residue
eq(MHz) real

0 ,0
0.0
0,0

30.6
46.3
16.7
27,0
4 1 . 7
35.9
11.1
5 of

369
-2297

62
231
373
33
-30
100
154
31

22 poles

, 439
.940
,580
.177
,578
.903
,462
,750
.443
,270

0
0

-0
-230
-254
-102
-161
-197
-95
-41

rejected.

i.M£5'3

.000

.000

.000

.101

.450

.810

.797

.822

.043

.383
x

Residue %

28
9
7
1
1
1
0
0
0
0

p o 1 e

.580
,453
, 225
,688
,549
,025
,970
,844
,802
,742

100
33
25
5
5
3
3
2
2
2

.00

.07

.28

.91
,42
,59
,39
.95
.81
,60

Pole
Pair

1
•7

Window 0 x 14 poles x t =

Prony Pole
freq(MH:z)

-284
-424

75
2.3

0
0

x 12 of

Prony Residue
real

7593.050 0.0000
-8128.470 0.0000

14 poles rejected, *

.04 to ,32 us xx

Residue %
pole

27,571
19.832

100.00
71.93
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('continued) :=0.(01'0 *

**

Po 1 e
Pair

1
2
3

6 poles t =

Prony Residue
rest

-18 « 9,0

-456.18

Pole
freq<MHz>

0.0 128,356 -0.000
16.9 72,726 -77,4.64
0,0 -273,814 -0,flOO

2 of 6 poles rejected, x

to ,16 <i

.Residue
pole

6,792
O.,913
0,600

xx

100,00
13,44
8,84
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Time (us)

.8

10

Frequency (MHz)

Figure A22. Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-043-04.
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P € <A iK P I C K
* Relative peak height for 'this run —> .<01 ;*
* Bounds s-et for this run ;t 2 to 50

FILENAME ~~- > B8HH34/FRQ
* M;i<n 'pt ---•> 37.11 MHz , 5.03E-01 aMplitude

'x iricreasing frequency irepresent.atiori *

ft * x MHz x *
1 2.3-ft . 1,'55E+00

'3 A»'25 ^,,1
^ 8V59 .3..'53.E-*-.0-0
:S 10,, 9^} 'Z.^^E^'O^
6 12.-SO 3.92E+00
7 15.63 ;2t. 6UE+IO 0
8 17-. 1=9 •a»,.-A'AE*.0'.0

•'9 :18,7S -3-..'0:9EH-.0'0
1-0 21/09 :5,67E*'0:0
1-1 2"3."^fl 3.:07E-»-0:0
i;2 25.:39 .. ;2..1-3E*.DiO
13 '2 7, '3^ 2.19E+WO

33*20 a
35.9^ ,1..:5-9E-«0.0
3JB-..28 1

S3 50., 00 2,.81'ErKOO
~3r"e -5 iadd'iUti'ona'l :pea'k;s near •t'hese .-peaks..

-'* 'de:c'r".ea'siTi<3 awp.]. i-tyde 'repre.serrt;atd'on ->
'* the TO highest p-eaks -x

'.9

K ^Ml-lz >*
.2:1.. 09

17,19
-6-, 25

12.5:0
:8.,59

18. 75
23,<H

'*Tfi '1^* î
5Q..'00

x ;3Mp. 1 i tude
5.67E+00
4 »'66E-KOi'0
^,.1-1E*00

'3, 9 2 EH- 00
3.,'53E+'00
3,:0"9E+00
:3./07E+00

:2,.97E+00
,2v,81E-t?00

.72. '5.2
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x Fi lename > b810434 x dt = 0 . 0 1 0 x

xx Window 6 x 30 poles x t = .1 to .7 us

Pole
Pair

1
2
3
4
5
6
7

Prony Pole
danp, freq(MHz)

-43.15
-28.51
-1.49
-3,20
-0.41
~"\3 » oo
'? / 0
xl » Q <t.

0.0
0.0

21,0
13,3
23,1
36,4
44,4

Prony
real

-93.294
-lO.l^l
-5.047
-3.226
1.261
2,453
-1.060

Residue
i«a<3

-0,000
0.000
-6.984
3,912
-2.381
-3,467
-0,214

Residue
pole

2.162
0.356
0,065
0,061
0.019
0.019
0,004

%

100,00
16,48
3,02
2,81
0.86
0 , 86
0,18

18 of 30 poles rejected, x

xx Window 4 x 30 poles x t = ,08 to ,68 us xx

Pole
Pair

1
2
3
4
5
6
7
8

Pr ony Pole
darip , f req(MHz)

-0,
-78.
-36.

.1 »
._. f>

Jt- 4

1 ,

/ 4

—" 1 ,

90
63
07
93
75
46
47
76

0,0
0,0

44,4
21,1
13,2
22,9
37,1
29,0

Prony Residue Residue %
real iwacj

•-1
-143

— * ft

2
3
-3
5
3

.897

. 243
,902
,556
,719
,333
, 187
,341

0.
-0.

-90,
10,
2.
2,

„„ O

-0.

000
000
146
383
993
694
0 1 9
584

2
1
0
0
0
0
0
0

p o 1 e

,110
,822
.322
,081
,057
,030
.024
,019

100
86
15
3
2

. 1
1
0

,00
,33
,27
.82
,72
.41
,13
.88

x 16 of 30 poles'-rejected, x

xx Window 2 x 3.0 poles x t == .06 to .66 us XX

Pole
Pair

1
JL.

3
4
5
6
7

Prony Pole
danp «

-56.54
—33 « >j8
-30.19
-10.81
-4.75
-5.55
-0.49

freq(MHz)

48,0
0,0
29,2
22,6
13,0
29,7
36.4

Prony
real

65.342
-89.536
-17.773
6,640
7,261
-0.060
-2,559

Residue
iwag

-928,214
-0,000
-83,458
-32,394
-4.594
9.491
0,526

Residue
pole

3.030
2 . 666
0.458
0,232
0.105
0.051
0.011

%

100.00
88.00
15.13
7,66
3,47
1.68
0 , 38

x 17 of 30 poles rejected.
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* Filenafie > b81043^ (continued) * dt =0.010 *

*'* Window 0 * 30 poles t = .04 to .64 us

Pole
Pair

1

Pole
Pair

1
2

Pole
'Pair'

1
2
3
4

Pole
Pair

1
2
3

Prony Pole
damp, freq(MHz)

-25*83 0
x 29 of 30

xx Window 0

Pfohy Pole
da«p. freqXMHz)

-36.60 46,9
-4,88 36,5

x 18 of 22

XX Window 0

Prohy Pole
dartp , freq<MH:K>

-33.71 46,6
-15.10 7.2
-18.41 20,6
-6,31 36,2

x 6 of 14

xx Window 0

Prohy Pole
dawp * f req(MH:z)

-35.96 9,2
-30.12 22.3
-18. '51 46.6

Prony Residue
rea;l inag

-43,072 3,3862
poles rejected, *

* 22 poles x t --

Prony Residue
real iwag

53.9411 -360.178
*3 O i~° <& 1? «*• jf* O /& *lo.y%jMi. 0,0 T.I

poles. re jected . x

x 14 poles x t =

Prony Residue
real iwag

49,049 -291.852
34,005 10,943
-84,615 12,801
-2,861 -7.093

poles rejected. x

.4
x 6 poles x t =i ,

Pfpny Residue
real iwag

127.813 10.646
-106.793 109.410
-20., 982 -102,200

Residue
pole

1 , 673

,04 to .48 iiis

Residue
pole

1 , 227
0.033

,04 to .32 us

Residue
' p o 1 e

1.00-5
0,747
0.656
0,034

,04 to ,16 us

R.esidut?
pole

1,886
1.068 -
0.356

%

100.00

XX

*
100,00

2.̂ 65

XX

%

100.00
74, 31
65.24
3,34

XX

' 7.

100. 00
56,63
18,86
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Time (ys)
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10-6
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Figure A23.

I I
10 20 30

Frequency (MHz)
40 50

Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-045-01.
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P E A -K P I € K
Relative peak height for this run —> .01' *

Bounds set for this run } 0 to 50 Mhz

FILENAME > 8810451 /FRO.
* Mir. pt —> 0,78 MHz » 1.14E-01 aMplitude

* increasing frequency representation *

* * w * tiHz * * 3«plitude «
1 0,00 1.50E-01
2 8,20 2.36E+00
3 20,70 3.74E+00
^ 2.7,73 2,05E+00
5 3̂ ,38 1,87E+00
6 ^9,22 3,59E+00
7 50,00 3,53E+00

deer easing awplitude representation *
x the 10 highest peaks x

1. 20,70 .3«71E+UO 1-00.00
2 49.22 ' 3.59E+00 95,90
3 50,00 3.53E+O.Q 94,35
4 E5.20 2,3/>E+00 63,10
5 2.7,73 2.05E+00 54,83
6 34,38 1.87E+00 50,OEi
7 0 . 0 0 1.50E-01 4,01
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P R 0 N Y

* F i l ename •

A N A L Y S I S

• b810451 * dt " 0 * 0 0 5 «

Window 0 IB poles t -• ,04 to

Pole
Pair

1
2
3
4
5
6

Pole
P a i r

1
2
3
4

Pole
Pair

1
2
3

FT ony
da rip « f r

-30*62
-30.57
-241,96
-29.17
-13,54
-9,06

X

x.

FT ony

Pole
eq(MH:;O

0 * 0
5*0

49*5
5 0 * 0
2.0.3
39.5
7 of IB

Window

Pole
da rip * f reqCMI-lz )

-•72*48
•-26*63
••- 1 3 * 7 1
••••15,05

*

XX

Prony
da rip , f r

-15,34
•-38,98
-13,42

0,0
17*8
12*3
49,3
8 of 15

Window

Pole
eq(MHz)

0,0
19.8
47*8

Prony Residue
real in 39

2.51,564 0,000
35,131 225,021

-329,968 496,717
179,145 -26.879
-9,549 -41,386
0.710 -9*069

p o 1 e s r e j e c t e d , »

0 x 15 poles w t •

Prony Residue
r e 3 .1. i r> a <3

-315*569 -0*000
75*475 -151 * 952

•-25*331 -53*433
93*185 -2,786

poles rejected* *

0 x 9 poles x t ==

Prony Residue
real inaq

-53,135 . 0,000
-63,410 -.1.59,567
53,916 16,122

Residue
p o 1 e

8,216
5,175
1,514
0,574
0,332
0,037

~ .04 tO .19

Residue
P o '.!. e

4,354
1,480
0,753
0,301

*04 to .13 i

R e s i d u e
P o 1 e

3.463
1,3.1.8
0,187

%

100.00
62,99

. 18,43
6.98
4.04
0.45

lie: W *W'..' 3 *" ̂

"/

1 0 0 * 0 0
33,98
17*29
6*91

1 1 *-i )K y

%

100, 0 0
38 , 0-5
5,40

4 of 9 poles rejected,

* Window 0*6 poles »
* 6 of 6 poles rejected,

t == *04 to , 1 us **
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•Figure A24. >:Meas.ured B-dot .Data (a) .and £omputed Spectral Response (:b:)
for Tlight 81-045^02.
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P
* Relative peak

x Bounds set -for

E A K
height

F:i I C K
for this run --> 01

this run to 50 Mhz

FILENAME
Min pt — >

> B8HH52/FRQ
12,97 MHz , 9,58E 02 awplitude

increasing frequency representation *

* *

3
1

6
7
8
9
10
11
12
13
V\
15
16
17

MHz *
3,13
6,25
9,38
12.50
1.5,63
20,3.1
2^,61
25,78
29,30
31,6^
33,98
36,33
38,28
*\ 1,0 2
^3,75
-17,27
50,00

aMplitude
1,51E+00
1.50E+00
1.38E+00
3.23E+00
1.91E+00
3.25E + 00
2»28E+00
2.04E+00

1.55E+00
1,2 BE-*- 00
7.30E-01
1.22E+00
l,10E-t-00
5,76E-01
1.77E+00
9,63E-01

d e c T e a s :i. r i <3 a M p 1 :i. t u d e r e p r e s e n t ?s t :i. o n
x the 10 highest peaks x

1

6
7
8
9
10

MHz
6,25

20,31.
12,50
21.61
25,78
15,63
17,27
31,61
3.13
9,38

4.50E+00
3.25E+QO
3.23E+00
2 , 28E> 0 0
2,(HE>00
1.91E+00
1.77E+00
1.55E+00
1.54E+OQ
1«3BE+00

100
72
71
50
15
12
39
31
31
30

,00
,22
,88
, 62
,30
,19
,38
,11
,27
.77
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* Fi lenawe > b.810452 * tit = 0 , 0 1 0 *

** Window 6 « 30 poles x t •= «1 t.o ,7 us »*
* 30 -of 30 poles re jected, x

xx Window 4 x 30 poles x t =" ,08 to ,68 us
x 30 of 30 poles rejected, *

wx W i n d o w 2 x 30 poles t ~ ,06 to .66 us

[Pole
Pa IT

1
2

'PoLe
'Pair

1
2
.3
4
5

Pole
P a IT

1
2

Prony Pole
d*f.p , f req(MHz)

-2, .66 33., 3
-0,20 40,5

x 26 of 30

:xx Window 0
« 3.0 of 30

»x Window 0

.Prony Pole
.dsftp . freq(Mhlz)

-1.10 12,6
-1,83 32,3
-6,32 28,2
-5,33 40,9
_'? 1 c; Q*7 O™ x. + -L \J \3 / * \j

x 12 of 22

xx Window 0

:Prony Pole
•dawp . fre»q(MHz)

-119.54 12.4
110 / 1 1 *a "t a..1. J. <3 , l .1 O / » t

Prony Residue
real IMBCJ

6,0469 1,4409
3,3427 2,0873

poles rejected, *

x 30 poles x t -
poles rejected, x

* 2.2 poles x t -

Prony Residue
real iwacj

3,549 1,9436
-7,211 -2.6898
-5,512 1,6128
4,850 4,7450
-1,767 -2,8908

p o '.1. e s r e j e c t e d , x

x 14 poles x t -•

Prony Residue
resl " ifisg

342.797 284,383
-342,797 401,959

Residue
p o 1 e

0,030
0,015

,04 to ,64

,04 to .48

•Residue
p o 1 e

0,051
'0,038
0,032
0,026

. 0,014

,04 to .32

Residue
pole

3,123
2,006

%

100, 0 0
52,18

1 I c* )K *K

us xw

%

100,00
74.46
63 , 63

: • 51.78
28,39

U S> S( 3K

%

100, 0=0
64.24

10 of-14 poles rejected. *
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Figure A25. Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-045-03.
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* Relative peak ^height for this run --> «01

* Bounds set for this run J .0 to '50 Mhz

FILENAME ------- > B810453/FRQ
* 'Miri pt — > 43,75 MHz , 3,05E--0.1 ampl i tude

* increas.ing frequency •re.pr.es.e.ntat.ion */

* * <w *. MHz * . x

2 2«73 :2,86E+OQ
'3 5,'0'8 .l
^ I'D, !16 :2

•6 : 17 VI 9 '5
7 1-9/53 <

"8 21V88 ;2»B7E+00
9 '2 4. '22 ' '3 ,-8-6E+.0.0
10 '26*56 ' :2*51E-+00
•:'1U .-2'9.-69 .l,29E+j)0
3;2 -32.81 1.32E+.00
T3 -35*16 :
-l^ 37/50 1
.l-'5 39 .̂  -.1
16 2̂,19 4

^8 '4-.6...!8'8 :.2,,7.2€-KOO
^r9 rso.oo :3..-6«flt+'-o,o

The'r:e are 22 -a'dditiana.! -p-eaka -.n.ea-r tfoes*? r

*x dee-reasln.Q awp.litude .r-epres.entat.i-on ;«
x the 14) ..'hri.<2h.es-VrPr.e:ak.s »

* * .*|F ''in .'ff, JT| |"| jj. t- A .' .Jn

•I 2^,22
2 5'0 , OvO
3 21.88
'4 2,73

:5 -4.6,88 ,2,72E+OU)
\6 -26,56 . ..2. »:.51E--+OtO
:7 1.iO,16 ;2.,:38E^O.O
8 . 37,50

'9 39,84
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Figure A26. Measured B-dot Data (a) and Computed Spectral Response (b)
for Flight 81-045-04.
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* Relative peak heisht for this run -•--> «'G3. *

* Bounds set fo.r this run -t 2 to .-'SO >Mhe

FILENAME > B810-4'54/FRQ
* M<in pt ••••-•> 2,7.3 WHz » 1 ...05E-Q1 anpli tude

* increasing freq-ue.rrcy representation *

* *• * )x MHz' » K amplitude * ^
1 7.42 2,91'E + OO
2 11,3:3- •2*7&E-4"0-!0
3 , 1.4.>4;5 .1 .^BE-f'O-fl
4, 19,53 3.97;E-t-(H)
5 2.6.9 5: l',99-E+QO
6 3'.0'-»47 .1 ..SZE+'ff'O
7 33,98 1!«Z5E+-@':0-
8: 38,67 l'.#.2'4€'+'0'01.
9 ^2 ,.19 1,72£-HO
1.0 4-9.61 3,t3E*Q!0
I1-, 5 f f , 0 " 0 3',:tlE+0-0

x- the 10 h'i.Qht»st peaRs *' .

e' *• *<
31 9', 53: a«.97'E.-ffl)0-

5:0!-.-0:0:
7,12

7 1^,^:5; l--4-9:8'.E-*"0''0'
8 42.* 19.' l.t.72i£-fO(r
9. 3.0, .47- " 1 *-52£.'-f p-'O-:
10. 33:, 98. 1;,2:SE;»

;0'0'
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P R 0 N Y

x Fi 1 enacte •

A N A L Y S I S

-> P81Q4S4 * cit = 0 , 0 0 5 w

Pole
Pair

1
2.

Pro
dsfip ,

-9.78
- 1 8 . :i. 5

xx Window 0

. freq(MHz)

27 poles x

F'rony Residue
real iMag

0,0 17,934 1.201
19,9 -38,759 -89,652
24 of 27 poles rejected, x

,04 to ,31 us

Residue
P o 1 e

1, EK38
0,773

100,00
42,05

xx Window I) x 24 poles t - ,04 to ,28 us

Pole Prony Pole
P a i r d a M p , f r e q (

1. -30
2. -Q
3 •-:l.4
4 •••• 1 4
5 -21
6 -8

, 0 0
.17
,83
,24
,82
,70

1 2
4
0

19
47
36

MHz )

,5
,0
,0
,5
,3

•7* /

r

-37
-23
-9
.... ' J

3 1
2

F'rony
eal

,2.85
,509
,453
, 529
,651
,668

Resi

-•82
12
8

-62
60
•-3

doe
1M3CJ

,487
, 2 1 0
,224
,792
,779
,586

Residue %

1
1
0
0
0
0

p o 1 e

,075
.004
,845
,510
,230
,019

1 0 0
93
78
47
21

1

, 0 0
, 37
,57
,46
, 38
,80

13 o f 2 4 p o 1 e s r e j e c t e d,
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