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INTRODUCTION

The objective of the NASA Langley Research Center direct-strike lightning
research is to aid in characterization of the direct-strike lightning environment
affecting aircraft. The research is motivated by the need for refined characteriza-
tion of the lightning-aircraft environment in support of advanced aircraft designs
that contain composite structures and digital electronic systems.

A specially instrumented F-106B aircraft is used in the research to penetrate
thunderstorms and elicit direct strikes. Measurements of the lightning-aircraft
electromagnetic interaction process are made with sensors derived from those designs
developed for nuclear electromagnetic pulse measurements. Nine sensors with band-
widths greater than 100 MHz are located about the aircraft and measure the rates of
change of magnetic and electric flux density and current in the nose boom. Two
transient recorders with bandwidths of 50 MHz each (100 MHz sample rates) record the
output of two selected sensors, and the trigger configuration allows time correlation
of simultaneously recorded waveforms. Two other transient recorders, triggered inde-
pendently and operating at a sample rate of 60 MHz, record nose-boom and vertical
tail~fin currents. An airborne field mill system gives a continuous indication of
charge polarity on the aircraft as well as vertical and lateral electric fields from
dc to 10 Hz. (A list of symbols used in this paper appears after the references.)
Photographic time histories of lightning attachments to one wing and to the vertical
tail have been acquired with a 16-mm movie camera with a wide-angle lens. A time-
code generator enables time correlation of 1 msec between the photographic data and
other recorded aircraft and ground-based measurements. Ground-based measurements
include fast and slow electric field changes and radio frequency spherics generated
by lightning in storms penetrated by the aircraft,

The instrumentation system, transient recorders, sensors, and a summary overview
of the tests are presented in references 1 to 5. Interpretation, analysis, and gen-
eralization of the direct-strike data involves a methodology for deriving the light-
ning source from the response measurements using electromagnetic coupling codes as
described in reference 6 along with time-domain reflectometry techniques using lab-
oratory aircraft scale models for resonant frequency identification and comparison
with flight data as described in references 7 and 8. The complete set of waveforms
recorded in 1980, 1981, and 1982 are reported in references 9, 10, and 11.

Data from 10 strikes to the aircraft were recorded during each of the first
2 years of tests in 1980 and 1981. 1In 1982, data were recorded from 156 strikes.
The significant increase in the number of strikes in 1982 was brought about by
improved operational procedures. An aircraft fuel system modification provided an
additional 1/2-hour mission time for a total mission time of 1 1/2 hours, the pene-
trations were made at generally higher altitudes of 25 000 to 35 000 ft, and guidance
to specific altitudes of lightning activity was obtained based on UHF radar returns
from lightning channel ionization.

The measurements made with the direct-strike data system are nose-boom current
I and its rate of change I, rate of change of electric and magnetic flux density
D and B, and static electric field E. The nominal sensor locations are shown in
figure 1., The I and I sensors are located at the base of the nose boom at posi-
tion 1; D sensors are located under the fuselage at position 2, under the wings at



positions 9 and 11, and on the port side of the vertical fin at position 12 corre-
sponding to the respective sign conventions for D_, Dy 1+ Dy rr and D,; B sen-
sors are located at opposite sides of the aft fuselage at positions 6 and 7 and under
the wings at positions 8 and 10 corresponding to the respective sign conventions

for BL (starboard side), BT (port side), BW,L’ and BW,R; and E sensors are
located at position 3 corresponding to sign conventions for E and at positions 4
and 5 corresponding to Ey. The sign conventions established for the measurements
shown in figure 1 indicate positive quantities in the direction of the arrows; the
relation between the sign conventions of the variables D, B, and I and their
derivatives are also shown in figure 1 in the measurement polarity time history. Aall
the data reported and analyzed in this paper are from the B sensor at position 6,
the D sensor at position 2, and I and I sensors at position 1.

The statistical analyses and results presented in this report provide insight
into the expected ranges of the electromagnetic environment when fighter-class air-
craft are struck in thunderstorms at altitudes of 20 000 to 35 000 ft. It should be
noted that the statistics characterize the first transient of the lightning process
which is greater than the system threshold and which occurs within the first
1300 usec of the time the threshold is exceeded. Data acquired subsequently but too
late for inclusion in the 1982 statistical analysis data base indicate these statis-
tics are actually representative of the entire lightning process. It is known from
limited bandwidth continuous recordings that the total lightning process consists of
a moderate number of discrete electromagnetic pulses distributed over a second or so
(ref. 7). The continuous records indicate the transient recorder threshold is suf-
ficiently high so that the time of its exceedance is distributed over the duration of
the lightning process (and not limited to particular time intervals in the process),
and wide-band peak detectors which monitor the peak amplitudes of the entire process
yielded results commensurate with the 1982 data statistical predictions.

The primary objectives of the statistical analysis are: to identify a location-
scale family of distributions consistent with the data, and to use the resulting
model to compute estimates of the quantiles. Graphical display of the data suggests
a lognormal distribution for some subsets. Statistical significance tests support
the hypothesis that the D and I measurements are lognormally distributed. For
these data, and for the B measurements, quantiles and confidence limits are

established.

The cumulative direct-strike lightning data base includes all the waveforms
recorded during 3 years of flight tests (1980 to 1982) with transient recorders. The
recorded data are categorized as resulting from direct lightning strikes or from
nearby lightning events., If the lightning attachment to the aircraft was observed by
the flight crew or by the onboard cameras, or if the current sensors indicated cur-
rent flow, the lightning event was identified as a "strike." Other lightning occur-
rences, which were not confirmed as strikes by the above criteria, were termed
"nearby" events. The notation to identify data in these two categories for the sta-
tistical analyses is as follows: By and Dy identify B and D data for nearby

events, and éS and DS identify B and D data for strikes; I and I data
result only from strikes,



STATISTICAL RESULTS

The span (range) of the recorded waveforms was arbitrarily chosen as the random
variable in the statistical analyses. The span is the difference between the maximum
positive and the maximum negative amplitude of the measured waveforms. Table 1 shows
the number of records acquired for each of the six distinct data sets (referred to as
samples) and shows the range of span values for each sample,

For each of the samples, frequency-of-occurrence tables were generated to sug-
gest the underlying distribution of the random variable., (See tables 2 to 7.) For
each of these tables, the range of the particular data set is broken into 10 equally
sized intervals. The lower limit of each interval is shown in the first column, The
second column shows the frequency of data values which are greater than or equal to
that lower limit but less than the lower limit of the next interval. Samples By
and Dy were excluded from further analysis since the variable span_ is dependent
on the distance to the lightning source, which was not known. The I sample was
also excluded from the following analysis on the basis of insufficient sample size.

Probability Plots

The probability plotting method described in the appendix and known as the Q-0
plot (ref. 12) is used to judge the adequacy of the lognormal and the type II extreme
value distribution of largest values. Since this plotting method is useful only for
judging the adequacy of location and scale parameter models, the original sample
values Xyr Xor eee, X are replaced by their natural logarithms, so that
y; = 1n(xi) gor i =1, 2, ¢ee, n. This transformation also converts the lognormal
and type II extreme value distributions to the normal and type I extreme value dis-
tributions, which are location and scale parameter models.

Members of the set Yy¢ Yor ese, ¥, are ordered from smallest to largest, and
the ith ordered value is paired with a measure of location of the ith ordered value
in a sample from the theoretical distribution. In the plots, departures from linear-
ity suggest that the lognormal and type II extreme value distributions are not ade-
quate models. Tables 8 to 10 are also helpful in judging the adequacy of these
distributions when compared with the theoretical distributions.

Figures 2 to 4 show plots of the ordered transformed samples versus the theo-
retical quantiles of the standard normal distribution, For the D and I samples
(figs. 3 and 4), the plots are nearly linear, suggesting a good fit to the normal
distribution. Thus, the lognormal distribution is an adeguate model for the true
parent distribution giving rise to the untransformed sample Xir Xor eeey X0 In
the case of the Bg sample (fig. 2), the plot exhibits a concave shape and suggests
that negative skewness is a property possessed by the true parent distribution of
Yir Yor eees Yo The significance test for normality, which is presented later,
supports the conclusion that the concave shape is a significant departure from the
linear shape expected under normality.

Figures 5 to 7 show plots of the ordered transformed samples versus the theo-
retical quantiles of the type I extreme value distribution of largest values. Gen-
erally, none of these plots indicate that the fit to the extreme value model is
better than the fit to the normal distribution model. However, the heavier upper
tail (positive skewness) of the extreme value model and a possible link of this model
with the physical feature that span values are themselves largest values motivated
the a priori selection of the extreme value model.



A significance test for adequacy of the lognormal model can be based on the
probability plot correlation coefficient (ref. 13). The small observed significance
level (less than 0.005) shown in table 11 for the By sample suggests a significant
departure from the lognormal distribution model. As anticipated from the probability
plots, the D and I samples do not yield significant values of the correlation
statistic, indicating the data support the hypothesis that the underlying distribu-
tions are lognormal.

Quantile Estimates

Asymptotically unbiased quantile estimators as developed in reference 14 and
described in the appendix are applied to estimate the upper gquantiles vy of the
true parent distribution for Yir Y21 eees Ypo Then the transformation
Xy = exp(yg) gives an estimate of the quantile x of the true parent distribution
for Kyr X5 eesy Xpo Tables 12, 13, and 14 show the estimator x of the quantile
X., its estimated.varignce, and the 95-percent lower and upper confidence limits L
arid U for the Bg, Dg: and I samples.

Sample Size

Of particular importance in direct-strike lightning experiments is the problem
of estimating the "worst case" values of the distribution of the measurements. The
extreme quantiles of most interest require large sample sizes to obtain "good" pre-
cision for the estimates. Precision is commonly measured by the length of its asso-
ciated confidence interval. However, because the theoretical confidence limits have
an expected length depending on the unknown quantile, precision as measured by length
would also depend on the unknown quantile. To avoid this problem, we examine the
effect of sample size on the ratio R = U/L. A general representation of the sample
size needed to ensure that (1 - a)100-percent confidence limits have a ratio not
exceeding a specified R, is given in the appendix.

Table 15 shows how the sample size varies with the required precision as mea-
sured by R. The computations were made for 95-percent confidence limits for Xg
assuming that estimation is according to the normal distribution. For Dg samples
and for estimating X ggr @ sample of size n = 46 yields an R, = 2.0, whereas for
estimating X g9 it takes a sample of size n = 144 to yield the same precision.
Similar conclusions are obtained for other samples by examining table 15.

CONCLUDING REMARKS

Statistical methods have been applied in the analysis and interpretation of
electromagnetic data acquired during 176 direct strikes to the F-106B aircraft.
Probability plots and significance tests suggest that the data for the rate of change
of electric flux density D and for the current I are lognormally distributed.

The data for the rate of change of magnetic flux density B, on the other hand,
appear more uniformly distributed. An explanation is that truncation occurred in the
measurement process - some of the data points in the upper interval are at the full-
scale limits of the measurement system, for example.

,Techniques were presented for estimating.the quantiles of the distributions of

é, D, and I measurements, The estimate of the theoretical 90th quantile of the
distribution yielding the B sample for direct lightning strikes is 1497.09 T/sec,

4



and 95-percent confidence limits for this quantile range from 1075.83 T/sec to
2083.31 T/sec. Similarly, for D the estimate is 16.10 A/m“, with limits of

13.23 A/m“ and 19.58 A/m“, and for I the estimate is 9156.66 A, with limits of
7032.07 A and 11 923.15 A. The largest observed values for direct strikes were

1727 T/sec, 30.60 A/m2, and 13 900 A for B, D, and I. An insufficient number of
samples for rate of change of current I measurements for statistical analysis have
been recorded to date. The maximum zero-to-peak I recorded, however, exceeded the
full-scale peak of 48 GA/sec; the corresponding maximum I derived graphically from
the leading edge of the simultaneously recorded current waveform was 130 GA/sec.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

November 23, 1983



APPENDIX

STATISTICAL DATA ANALYSIS
Probability Plotting Method

The estimation method used assumes that the parent distribution for
Yyr Y1 eeer Yy belongs to some location-scale family., Such a family has the

representation

G(y) G, ({y-n)/8)

with density

i

g(y) = g ((y-n)/s) &7

where Go(z) is a known distribution, and 1 and & are unknown location and scale
parameters. We refer to the generator distribution G (z) as a standardized distri-
bution because it is the distribution of the standardized variable 2 = (Y - n)/8

and serves to specify the location-scale family.

Let Z be a standardized variable having distribution G_(z). Let G(y) be
the true distribution of Y = In(X). If G,(z) and G(y) differ only by location
and scale parameters, then a plot of the theoretical z-quantiles versus the theo-
retical y-quantiles should yield a linear plot. Departures from linearity indicate
that G(y) does not belong to the family defined by Go(z).

The theoretical versus empirical plot is constructed from the pairs (Mi, Y(i))
for i =1, 2, «e., n, where y < y( € see § VY ) is the ordered sample and
My, My, oo, M, are the corresponding %%eoretical &gantiles of _Go(z). The plotting
positions suggested in reference 13 are calculated with M; = Gy (mi), where

m, =1-m (i =1)
1 n

mi = (i - 0.3175)/(n + 0.3650) (i =2, 3, ese, n=-1)

m, = (0.5)" /" (i = n)

The plots shown in figures 2 to 4 are constructed by plotting the ordered trans-
formed sample values against the theoretical quantiles of the standard normal
distribution

G,(z) = (2m)~1/2 exp(—w2/2) dw

00



APPENDIX

Those plots shown in figures 5 to 7 are constructed with the theoretical quantiles of
the type I extreme value distribution of largest values, Go(z) = exp(-e~%) for

-» < z < ©, Whenever a linear plot suggests a good fit to the family of distribu-
tions defined by Go(z), the distribution PF(x) = G ([1n(x) - n]l/8§) for x > 0 is
judged to be consistent with the original sample Xyr Xpr eseys Xpe For example, a
standard normal distribution Go(z) leads to a lognormal distribution F(x), whereas
the type I extreme value distribution G_(z) gives a type II extreme value distribu-
tion F(x).

The probability plot correlation coefficient (ref., 13) used earlier for testing
the adequacy for the lognormal model is

n

r = Z Mi¥5y/Cn

1

where

and

1/2

n
-2
Q= Z(yi'y)
1

With this test the normal distribution (for Yir Yor eees yn) is rejected whenever

r takes a value in the lower tail of its sampling distribution (r is always posi-
tive). Percentage points needed to define the upper limits of the rejection regions
are available in reference 13 for various significance levels, A similar test is
available (ref. 15) for testing the adequacy of the extreme value model,

Quantile Estimators
Let vy; = ln(xi) for i =1, 2, «.., n denote the transformed sample values
and let vy denote the &th qguantile of the true distribution G(y). Asymptotically

unbiased estimators originally proposed in reference 14 are described below.

The estimator yg of yE is computed from the ordered sample
Y(1) < Y(2) < see € Y(ny @s the linear function

-

Yg = cy(y + (1 - cly(qg,

[ I



APPENDIX

where vy <y are chosen from the ordered sample with indices
() (M)

(=
]

[nq]l + 1

[np] + 1

=
i

and [np] and [nql] are the integral parts of the real values np and nq. For a
specified &, the quantities 0 < g< £< p< 1 and 0 < c < 1 are chosen so that
the variance of vy is minimized. These guantities are reproduced from reference 14
in table A1 for the case of a parent normal distribution.
The variance 12 of the estimator yg from reference 14 is
2 _ 2
“ = (§°/n) vi{p,q), where

V(p,@) = ¢’p —5—E—4 (1 - e)2g =9 ; 2c(1 - c)q '-p

g (zp) g (zq) go(zp) go(zq)

and go(z) is the density function of the standardized variable 2 = (Y - n)/§;
zP and =z are theoretical quantiles of the distribution Go(z).
In the case of a normal distribution, go(z) is the standard normal density

and zg and zq are quantiles of the standard normal distribution. For this case,

the estimator 12 of 12 is computed by replacing 2 by its estimator, the sample
variance Sz, which is computed from vy,;, Y5, «.., Y,. Computed values of vip,q)
are shown in table At.

A

The transformation Xp = exp(yg) converts the estimator Yg of Ye to an

estimator of the quantile xE of the distribution F(x). The approximate variance

~

of Xg shown in tables 3 to 5 is computed with var(xg) = 12 exp(2yg), with the

approximate form obtained from a Taylor series expansion of exp(y;). (See method
discussed on p. 302 of ref, 16.) Confidence limits for Xg follow from the result

that 1| ln(xg/x ) = T'1(yE - y;) has a limiting normal distribution {(as n > «)
with mean equal to zero and variance equal to one (ref, 14). The upper and lower
limits U and L for a (1 - 0)100-percent confidence interval are

~

L = x exp(—z(1_a)/21)

A

= Xp exp(z(1_a)/21)

a
1

where Z(1-0)/2 is the upper (1 - a)/2 percentage point of the standard normal
distribution.

8



APPENDIX

Sample Size

let R = U/L. From the preceding representation of L and U, 1n2R is a
random variable having expected value 42%1_a)/212 = 42%1_a)/2(62/n) V(p,q). The
sample size needed to ensure that this expected value does not exceed a prescribed
value 1n Ry is the smallest n satisfying 4z%1_a)/2(62/n) vip,q) < lano' The
solution is

2 52

-2
n = 42(1—a)/2 v(p,q) 1n R

The sample size depends on the index & but not on the parameter x,. It also

depends on the level of confidence. An estimate of the scale parameter § is needed
to compute n.,

The sample size for a required R increases with increasing E£. This is not
surprising because the samples yield relatively little information concerning distri-
butional shape at the tails., For less extreme quantiles (£ < 0.95), the confidence
limits are narrower and the estimators have good asymptotic relative efficiencies
(ref. 14).

TABLE A1.- OPTIMAL SELECTION OF INDICES FOR PARENT NORMAL DISTRIBUTION

& ¢ P 4 Zp 2q v(p,q)
(a) (a) (a)

0.99 0.302 0.997 0.984 2.75 2.15 11.44
.95 .313 .985 .920 2.17 1.41 3.64
.90 .324 .970 .840 1.88 .99 2.36
.80 .371 .930 .680 1.48 .47 1.63

3rrom reference 14.
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SYMBOLS

B magnetic flux density, T

é rate of change of magnetic flux density, T/sec

R rate of change of magnetic flux density for nearby lightning strike, T/sec

ﬁs rate of change of magnetic flux density for lightning attachment to
aircraft, T/sec

D electric flux density, c/m2

5 rate of change of electric flux density, A/m2

6N rate of change of electric flux density for nearby lightning strike, A/m2

65 ratg of change gf electric flux density for lightning attachment to
aircraft, A/m

Pp /Dy, 1+ Dy, r+Prr

BL'BT'BW,L'BW,R' sign conventions for electromagnetic variables of figqure 1

Ey,Ey,Eg

dc direct current

B electric field, V/m

F(x) underlying distribution of X

G(y) distribution of Y

G,(z) distribution of the standardized variable 2z = (Y - n)/$

gly) density function of G(y)

g,(2) density function of G (z)

I current, A

i rate of change of current, A/sec

L lower confidence limit

My theoretical quantiles of Go(y) indexed by integers

n sample size

P,g9 quantile indexes used when referring to the distribution Go(z)

R = U/L

Rg prescribed value of R

r probability plot correlation coefficient

12



1

variance of the sample Yir Yor eees Y,

upper confidence limit

a factor in the representation of 12

random variable representing a span measurement
theoretical £th quantile of F(x)

estimator of xE

natural logarithm of X

value of the random variable Y

mean of the sample Yir Yor eess Y,

ith ordered value in the sample Yyr Yor eeer Yy
theoretical E£th quantile of G(y)

estimator of yE

theoretical pth and gth quantile of G (z)
level of confidence

scale parameter of the distribution G(y)
location parameter of the distribution G(y)
quantile index

theoretical variance of §€

estimator of 12

13
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TABLE 1.- SUMMARY OF DATA ANALYZED

—
Sample n Minimum | Maximum % Sy
éN, T/S€C seves | 22 81.52 1 727
Bys T/SEC ... | 46 54.82 1 727 | 6.570 | 0.553
Dyr A/M2 ...i..| 19 | 0.7656 | 19.21
Dg, A/m2 ... ]| 93 1.524 30.60 | 2.056 | 0.393
I, B seesenenes| 27 2003 |13 900 |8.394 |0.207
I, GA/SECessnes 8 2.976 81 .85
TABLE 2.- é FREQUENCY-OF-0OCCURRENCE
DISTRIBUTION

Lower limit

of grouping, T/sec

Frequency

I

81.0
245.6
410.2
574.8
739.4
904.0

1068 .6
1233.2
1397.8
1562 .4

2 0O 20O WNPpO




TABLE 3,.- éS FREQUENCY-OF-~OCCURRENCE

DISTRIBUTION

Lower limit
of grouping, T/sec

Frequency

54.0
221.3
388.6
555.9
723.2
890.5

1057.8
1225.1
1392.4
1559.7

NN BN

TABLE 4.- BN FREQUENCY-OF-OCCURRENCE

DISTRIBUTION

Lower limit of

grouping, A/m2 Frequency
0 3
2.0 0
4.0 2
6.0 5
8.0 3
10.0 4
12,0 0
14.0 1
16.0 0
18.0 1

15
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TABLE 5.- BS FREQUENCY-OF-OCCURRENCE

DISTRIBUTION

Lower'limit og Frequency
grouping, A/m
1.0 15
4.0 23
7.0 15
10.0 21
13.0 10
16,0 1
19.0 5
22.0 1
25,0 1
28.0 1

TABLE 6.~ I FREQUENCY-OF-OCCURRENCE

DISTRIBUTION

Lower }imit of Frequency
groupling, A
2 003.,0 6
3 192,7 9
4 382.4 4
5 572.1 2
6 761.8 4
7 951.,5 1
9 141.2 0
10 330.,9 0
11 520.6 0
12 710.3 1




i

i

B

TABLE 7.- I FREQUENCY~OF-OCCURRENCE

DISTRIBUTION

Lower limit of
grouping, GA/sec

Frequency

2.976
10.860
18,750
26.640
34.520
42.410
50.300
58.180
66.070
73.960

S R A o B e W e IR Y §

TABLE 8.- FREQUENCY-OF-OCCURRENCE
DISTRIBUTION FOR LOGARITHMICALLY

TRANSFORMED BS SAMPLE
Lower.limit of Frequency
grouping, T/sec

4.0 1
4.4 1
4.8 0
5.2 2
5.6 4
6.0 6
6.4 1
6.8 12
7.2 9
7.6 0

17



TABLE 9.- FREQUENCY-OF-OCCURRENCE
DISTRIBUTION FOR QpGARITHMICALLY
TRANSFORMED D SAMPLE

S
Lower.limit og Frequency
grouping, A/m
0 0]
.4 3
.8 6
1.2 12
1.6 22
2.0 17
2.4 24
2.8 7
3.2 2
3.6 0

TABLE 10.- FREQUENCY-OF-OCCURRENCE
DISTRIBUTION FOR LOGARITHMICALLY
TRANSFORMED I SAMPLE

Lower limit of

R Frequency
grouping, A

(Voo Ve lo o Be ol e o JEEN UM IE BN |
. .

N2 0NN YWRWO

O =0 UVWO®MUumOOo




TABLE 11 .- NORMAL PROBABILITY PLOT
CORRELATION COEFFICIENT r

Sample n r Significance
level
és 46 0.945 <0.005
Dg 93 .933 >.250
I 27 .980 >.250

TABLE 12.- QUANTILE ESTIMATES FOR Bg SAMPLE
g ;g var(QE) L U
0.99 1726.97 410 369.59 834.71 3573.02
.95 1726 .97 130 343.63 1146 .40 2601 .58
.90 1497 .09 63 702.34 1075.83 2083 .31
.80 1297.77 33 063.77 986.12 1707 .90
TABLE 13.- QUANTILE ESTIMATES FOR és SAMPLE
g x var(x,) L
3 g
0.99 27.33 36.16 17.76 42.07
.95 21,07 6.83 16.53 26 .87
.90 16.10 2.59 13.23 19,58
.80 14.06 1.37 11,95 16.55
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TABLE 14 .- QUANTILE ESTIMATES FOR I SAMPLE

§€ | var(QE) - L U
13 900.00 16 969 695,24 7775 .83 24 847.52
9 346.66 2 436 825.02 6736 .88 12 966.02
9 156.66 1 521 150.7 7032.07 11 923.15
5 960.06 445 145,03 4785 .88 7 422 .31

TABLE 15.- SAMPLE SIZE VARIATION WITH PRECISION

Sample size, n, for -
E RO . . I
BS DS

0.99 1.5 592 421 222
2.0 202 144 76

2.5 116 82 43

3.0 81 57 30

0.95 1.5 188 134 70
2,0 64 46 24

2,5 37 26 14

3.0 26 18 10

0.90 1.5 122 87 46
2.0 42 30 16

2.5 24 17 9

3.0 17 12 6
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Figure 1.- Electromagnetic sign convention and sensor location.
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Figure 2.- Empirical transformed Bg sample versus theoretical gquantiles of
standard normal distribution.
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Figure 6.- Empirical transformed 55 sample versus theoretical quantile of extreme
value distribution.
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