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PREFACE

The work described in this report was jointly supported by the MSAT.-X program
and NASA Propagation Studies and Experiments progran. Measurements were made
fn a moving vehicle during two high altitude balloon flights from the NASA
Balloon Facility in Palestine, Texas; the first 1in October, 1983 and the
second tn January, 1984, Our experiment, which was under the direction of
Dr. Wolfhard Vogel of the University of Texas at Austin consisted of an B69
MHz transmitter in the balloon package through which voice and CW could be
transmitted, Antennas on the balloon and on the roof of our van were drooping
dipole ones designed at JPL and were circulariy polarized. The first flight
produced a lot of data but due to fncorrect estimates on the part of the
Palestine meteorologist as to the direction the balloor would trave) after it
reached the stratosphere, our van headed off initially in the wrong direction
with the result that the measurements were obtained at lower elevation angles
(balloon as seen from the van) than had been hoped for (6° to 35° instead of
20° to 60°). Measurements were made as the van pursued the balloon across
Texas and Louisiana, The balloon was moving at better than 50 MPH so the van
never caught up to it before the balloon was cut down in the wee hours of the
morning of October 11. The second balloon flight (January) was also a piggy-
back one (our package was a guest on someone else's balloon) but this time it
flew during daytime. The signal fading for both flights appears to be domi-
nated by foliage attenuation (blockage) rather than ground multipath. This
is a least partly attributable to the wooded and relatively level terrain of
East Texas and Louisiana,

Our thinking in the experimental phase of the propagation work for the land
mobile satellite program has gone through several phases., ke considered using
the video carrier of channel 68 (794-800 MHz) on Mt. Wilson (nearby JPL} as a
signal source but the maximum elevation angle from a van turned out to be 14°,
We next looked at Yosemite Valley (60° elevation angles), but decided that re-
flections off the canyon walls would kill us, We looked briefly at the NASE
Ames Research Center fleet of planes through the good offices of Dr. Harry Jones
and Brad Gibbs but they seemed a bit much for what we had in mind. Warren Flock
of the University of Colorado had been working with me on the problem of for-
mulating the experiment at the time, and, upon his return to the University pro-
posed that 1 look into the stratospheric balloon facility at Palestine, Texas
which had just been transferred from UCAR to NASA, Wolf Vogel, an able experi-
mentalist, and longtime participant in the NASA Propagation program was game
to get involved, and the current balloon program s the outcome. The present
plans call for two dedicated balloon flights (at least one hopefully over
mountainous terrain), Following that Dr, Julius Goldhirsh at Johns Hopkins
Applied Physics Laboratory will be implementing a drone aircraft program in
collaboration with Wolf Vogel,

Ernest K. Smith
Propagation Coordinator

29 October 1984
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Abstract

An experiment has been cerried out in which a transmitter operating et
869.525 MHz was twice carried by a stratospheric balloon to an altitude of
about 40 km. A motor vehicle was driven within the line-of-sight from the
transmitter. Measurements of the received signal strength were made every 1/8
vavelength for an overai. trevelling distance of about seven hundred
kilometers, This scenaric was to simulate a satellite system providing mobile
communjications to rural areas,

The statistics of the sampled field, consisting of a combination of direct
wave, specular reflection snd diffuse components, are presented as a function
of elevation angle. Parameters such as type of road driven (mostly 2 lane) or
type of landscape (rolling to flat) and vegetation (pine and mixed forest)
encountered ae described where posaible.

The power cistribution function for all the data, at elevation angles from
10 to 35 degrees, is 1 dB below the free space mean at the 50% level, 7 dB
below at the 90% level, and 18 dB below at the 99% level. In the elevation
angle range of 30 to 35 degrees the corresponding values were found to be .5,
1.2, and 4.5 dB,

The conditional fade duration and level crossing rate distribution
functions are also presented. The former show some dependehce oh the
threshold level, the latter almost none,
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1. INTRODUCTION

At the present time in areas of very high population density in the US
mobile communication systems are being implemented, which can make any
vehicle, even a moving one, & part of the switched telephone network. One can
easlly foresee a heed for similar service in the less populated regions of
the country for private, governmental, or emergency purposcs. There, however,
the ground based "cellular radio" approach used in the cities would probably
bt too expensive to implement because of the limited number of subascribera
per cell.

In order to satisfy the need for access to the telephone network from
moving vehicles in the rural environment, a satellite system operating at a
frequency of about 900 Mhz has been proposed, but before one can be
implementod one has to understand eand quantify any mechanisms which might
agffect 1.3 performance,.

As far as wave propagation is concerned, the most severe and also the
theoretically most difficult to predict impairment to reliable communication
occurs within the vicinity of the w(ving vehicle, This is due to the fact
that the received signal is the sum of several time-varying ccmponents:

=The direct wave from the satellite. It may have been shaded by
natursl or man-made obstacles.

~0One or more specularly reflected waves, Their polarization, phase
and strength depends upon the nature and geometry of the reflecting
surfaces. Their coupling into the receiver depends upon the antenna
characteristics.,

=Diffusely scattered waves. All surfaces illuminated by the
transmitter will scatter some energy towards the receiving antenna
with random phase and amplitude.

The reciprocity thecorem helds thzue Statements valid also when the
transmitter is on the vehlcle,

This report describes an experiment which has been carried out to zain
some information on signal level variations at B69 MHz in a reasonatly
realistic field simulation of a satellite - car link. A tranamitter was borne
by & stratospheric balloon launched from the National Scientific Balloon
Facility (NSBF) in Palestine, Texas to an altitude of up to U4 km. A receiver
snd date acquisition system in & van sampled and recorded the received signal
level every 1/8 of a wavelength over a total distance of about 700 km.

Similar experiments have been carried out by Huck, Butterworth, end Matt
{1,2) in Canada using & transmitter cerried by a helicopter.

Considering typical elevation angles to a geosynchronous satellite from
the Continental United Statesa, measurements were desired in the range of 20
to 60 degrees of elevation, Actusl data were obtained for angles from about
10 to 35 degrees,
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Typical vegetation along the rolling two lane roads of East Texas were
tall pine trees, mixed forest, and ooccasional grazing land. The path of the
van led through a few towns and small cities. In Louisiana the trees gave way
to open range land with fewer trees close to the roads,

After describing the experiment and the history of the two balloon flights
which were carried out in October 1983 and Janusry 1984, the results will be
presented. They will be in the form of examples of time plots of the data and
statistical evsluations of the power, fsde duraticn, and level crossing rate
distribution functions.

2. EXPERIMENT DESCRIPTION

2.1 Overview

The major hardware components of the experiment were the transmitter
system borne by the balloun and the receiver system and data acquisition
syatem carried in a converted standard size passenger van, A control program
verified the proper operation of the equipment and stored the data. A
calibration program produced conversion tables between the measured voltages
and absoclute power levels, These tables were used for the data analysis. The
van was also equipped with audio recorders to produce & log of th. van
position and the environment being traversed.

2.2 Transmitter

A block diagram of tne transmitter system 1s shown in Fig.1. It was housed
in 8 .,5m x .S5m x .25m well insulated enclosure which was to provide’
protection both against the low temperatures of the stratosphere (=55C) and
the impact of landing on a parachute. A commercially availeble 8069 MHz
communications transmitter was chosen mainly becsuse it could be narrow band
(up to 25 KHz deviation) FM modulated. it the start of the experiment it was
thought to be a desirable to be able to make FM transmission tests, later
this feature proved its value more as an aid in the cperation of the
experiment because it could be used for communjcation between the balloon
base and the van,

The Karkar KRG00 transmitter produced 4§ watts of output power, Several
modifications were made to it in order to improve its thermal characteristics
in the near vacuum (5 mbar) of the cruising altitude of the balloon. For FM
modulation the transmitter added the sudic signal (300-2500 Hz) to the
control voltage of a voltege controlled 869 MHz osciliator whose center
frequency was locked to & stable reference signal. The response of the loop
was low pass filtered to 40 Hz. Modifications in the manufecturer's loop
design had to be made to reduce random frequency deviations of the
transmitter which occurred at about a 40 Hz rate, This noise could not be
totally eliminated, but was decreased to a level where it did not produce any
significant amplitude modulation in the receiver,




The transmitter was powered by lithium batteries, It could be sctivated
through the ballocn control telemetry. The modulation signal could remotely
be chosen to either repest the bslloon voice telemetry channel or to play
back voice signals from a portadble cassette recorder which was part of the
transmitter package,

The antenna used was a drooping crossed dipole built after a design
supplied by JPL (3). A sketch of this anterna i{s shown in Fig.2. It was
‘wounted on a circular ground plane of 2.6 wavelengths diameter. It was very
easily impedance matched to a return loss of better than 25 dB. The antenns
assembly was mounted about 2.5 meters off the balloon axis and below the
gondola in order to prevant any shading. The sntenna pattern was not measured
for this experiment, but assumed to be approximated by the theoretical
pattern shown in Fig.3.

2.3 Recelver

The receiving antenna was identical to the transmitting antenna, except
that it was mounted on a 4 by 8 foot ground plane which was supported above
the roof of the Ford Econoline Van by luggage carriers. The 869,425 MHz
signel was filtered and amplified by a low noise FET smplifier and converted
to 29.525 MHz. The receiver backend consisted of a mwodified ICOM IC-R70
amateur radio communications receiver, The receiver was operated in the FM
mode with a bandwidth of 14 KHz. The overall dynamic range exceeded 80 dB,
the instantanecus dynamic range was better than 30 dB. The nocise temperatire
of the receiver was 180 K, resulting in a signal to noise ratio of about 30
dB at a range of 130 km and 20 degrees of elcvation.

2.4 Data Acquisition System

The data acquisition system consisted of an IBM personal computer with a P
Data Trenslation snalog and digital input/output system board. The control =
program ran under DOS 2.0 and was written in Fortren, using the SupersSclt

compiler.

Inputs to the proéram were the output voltage of the receiver, the
disecriminator voltage, and the speed of the van. The major program tasks were
to:

~ Control the r{ gain of the receiver so that the peak signal
voltage was in the range of tne A/D converter.

- Measure the frequency of the received signal and insure that the
receiver was tuned properly.

-~ Sample the signal st intervals of 1/8 wavelengths.

e e et - o
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- Store the data together with pertinent system information on the
floppy disks,

The signel was sampled in bursts of 1 second duration and then the
necessary calculations were performed and adjustments made to the receiver
before the next burst of sampling. The duty oycle of this was sbout £0
percent. Every 4 to 5 minutes the deta were transferred from memory to floppy
disk. This process lasted about 20 seconds. No dal.a were oollected during
that process.

2.5 Calibration

In order to calibrate the receiver, an 869.525 MHz source was connected tc
the input of the receiver front end and attenuated with a precision step
attenuator. The receiver was stepped through its gein settings and the output
volteges were measured for each input level. Thias procedure produced s
calibration table of voltages versus gain and power level which was used for
the data analysis.

2.6 Communication with the Balloon Base

In order for the van to follow the balloon, informetion about the
approximate position, speed , and direction of the balloon had to be
available i{n the ven during the flight. This was accomplished by transmitting
from the van to the balloon at 150 MHz, using a portable radio, This signal
was relayed over the 1,5 GHz telemetr: system to the balloon base, In the
other direction, the voice was transmitted from NSBF to the balloon at 150
MHz and relayed to the van over the 869,525 MHz link, The quelity of this
signal was ususlly excellent because of the large signal to nolse ratic in
the receiver,

3. HISTORY OF THE OCTOBER 1983 FLIGHT

The balloon was launched from the Palestine, Texas National Scientific
Balloon Facility (NSBF) at sunset on the 10th of October 1983. The resident
weteorologist had predicted that it would take a path in the ESE direction,
The van left the NSBF site at 18:19 CST, about 20 minutes before launch in
order to gain some distance on the balloon snd have it eventually pass
overhead, A® can be seen from Fig.4, the balloon trajectory went to the ENE
instead. T.is resulted in all the data being taken at elevation angles below
30 degrees. The signal frot: the transmitter was first acquired at 18:44 CST,
but the data presented exclude the initial period until at 19:29 CST the
elevation angle rose above 10 degrees,

Data were collected for some 8 hours, while the van travelled over a
distance of about 600 km. Local time at one hour intervala is indicated in
Fig.s.

r
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The path of the van led typically on two-lane farm-to-market roads through
rolling country with tall pine trees, mixed forest, and accasicnal grazing
land. A few small cities and towns were croased, Only during the last hour,
from 2 am on, in Louisiana, trees gave way to shrubs.

4, HISTORY OF THE JANUARY 1984 FLICHT

The tranamitter package and sntenns assembly had survived the landing on
October 11, 1983 without damage. The transmitter was outfitted with new
batteries to be ready for another flight opportunity which presented itself
on January 11, 1984, The balloon was launched at about 9 am. Full data
collection did not start until 11:49 C3T. The delay was due to the breaking
of the van's speedometer cable on the way from Austin to Palestine early on
this day. After checking the cperation of the trensmitter at the launch site,
the van travelled along the direction of the balloon course trying to find a
replacement cable, One was located in Lufkin, Texas and installed by 11:49
C3T. From there on data collection proceeded with the balloon visible at
about 30 degrees elevation.

The paths taken by the vehicles is shown in Fig.,6. The van travelled
predominantly through East Texas pine forests on two lane roads., Shading by
tree tops occurred infrequently and could always be qualitatively correlated
to large variations of the signal strength.

Data were collected until 13:16 CST, when the transmitter started failing
intermittently. The failure was found to be due to a FPleasey phase lock chip
not meeting its low temperature specification, This caused the transmitter to
repeatedly lose lcck,

5. RESULTS OF THE MEASUREMENTS

5.1 Examples of the One Second Data Records

As explained previousiy, the data were collected in bursts of one second
at a time, Some typical timeplots of these data are shown in Figs., 7 to 10.
The first example was teken gt 20:23:58 CST while the vun was driving through
a pine forest on a two lane road with paved shoulders. The balloon elevation
was 19 degrees, The mean received power was -89.9 dBm. Most likely the large
signal variations were caused by shading. The variance, defined by:

{velyd) >
var: 10 log =

<v>e

<
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where v {3 the aignal voltage and <> denotes tu.i:; the mesn, was -8.9 dB,
The power scale in these graphs, for the convenience of plotting, has been
normalized so that the peak signal 1s at 0 dB, At the speed of 55.4 miles per
hour the van travelled about 75 wavelengths in one second and about 600
samples were taken over this distsnce, If one assumes the van to be a probe
sampling a standing wave field set up by interfarence between the direct wave
and ground reflections, then the sampling rate was about twice the one
required to resolve the fields. Field strength variations :eused by shading
arc also anaumed to be fully resolved with the sanpling rite used.

The next one second record ‘shown was taken at 23:59:59 CST while the van !
was crossing 8 long two lane causeway with steel gusrd rails over the Toledo 1
Bend Reservoir at the Texas/Louisiana border. The elevation angle to the
balloon was about 20 degrees and there was no shading at all. The specularly
reflected component was either very small or effeotively suppresnsed by the
antenna pattern. The variance of this sample was only =35.3 dB.

The record from 12:10:47 CST clearly shows the effect of shading by trees.
The van was driving on a two lane road through pine forests, and the balloocn,
at an elevation of 28 degrees, was visually observed to occasionslly graze
the tree tops. A few ¢f the deep minima have been truncated by the
instantaneous dynamic range limitation. These truncations occur infreguently
enough to have very little effect on the overall statistics.

The next example was taken right after the previous one, The variations of
the signal are probably due tc multipath interference,

Finally, at 13:04:22 CST the van once again was crossing the aauseway over
the Toledo Bend Reservoir. This time the balloon was nearly struight ahead of
the ven at an elevation of 28 degrees. The signal observed is consistent with
the one measured three months earlier.

5.2 Examples of the Five Minute Data Flles

Successive one second data records were stored in a memory file until
about 180 kbytes were asccumulated and then copied to disk. With the van at oo
cruising speed, these files represent about four to five minutes of deta or
equivalently, about 6.5 km of travel. Over 100 of these {iles were collected
in the two balloon experiments.

The content of all these files have been plotted a3 a help in editing the
dsta, Some examples are shown in Figs. 11 to 17. For each one second record
the van speed (triangles), the mean signal level (circles), the +/=- one
standard deviation range (vertical line), and the minimum/maximum signzl (x)
sre indicated, The O dB level in these plots has been set to the averaged
mean level of the 16 one second records from this file with the lowest
variance, This value will be called the file reference mean. Also given is ;
the elevation angle to the balloon, calculated from the van poaition and the
coordinates of the balloon supplied by the NSBF. The reference mean dB value
will be discussed in the next section.

(
-
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In the plot starting st 19:31:17 there 13 little attenuation due to
shading, the next one from 21:50:28 was taken st & higher elevation angle and
shows even less varistions in the mean signal lovel , except for a 1 dB drop
lasting sbout 20 seconds., At 22:09:15 slternating periods of shading and
clear line of sight were produced while driving through dense pine forest.
The average sttenuation caused by the shading is about 6 to 7 dB. The figure
with a starting time of 23:59:05 shows the change in the signal
characteristics 83 the van finished crossing the Toledo Band Reservoir
caunseway, On land at about 00:00:45 it made its way through some low density
commercial and recrestionnl development for about one minute followed by
undeveloped surroundings with vegetation about U4 to 5 weters tall at each
side of the two lane road without paved shoulders,

At 00:45:52 the van was entering the City of Natchitoches with commercial
and urban development on both sides of the street. The mesn signal level
fluctuated over a range of sbout 10 dB. While driving through the Angelino
Nationa) Forest at 12:28:33 the signsl exp:riended repeated .lipping by the
tops of bine trees., The mean level was reduced by only about 3 to 4 dB, The
standard Jeviation was increased by a factor of about 3. For some of the time
the van was following & logging truck at 40 mph until it could pess as the
road widened at the exit of the National Forest.

The last of these examples in Fig. 17 shows the asignal as the van started
to cross the causeway for the second time., The ballaon was almost straight
shead at an elevation of 28 degrees., At about 13:04 the two lane road with
pine trees on each side ended and the concrete csuseway started out over,
water. Again, very little signal veriations were observed in this situation,

5.3 The Frec Space Correction Problem

In order tuv determine the received signal level relative to its
reflectionless free space value a correction has to be applied to the
measured absolute power levels for both the range dependence of the free
space attenuation and the elevation angle variation of the transmitting and
receiving antennas. To do this the positions of the van and the balloon have
to be known., The van coordinates were determined after the experiments from
the audio logs and road maps to an asccuracy of about 1 mile., The balloon
positions were supplied retroactively by the NSBF and were based both on
partial radar measurements and an airborne LORAN receiver and pressure
sensor. An sccuracy of 1 to 2 miles in these data was expected., The move of &
LORAN transmitter from Trinidad to Australia has had a negstive impasct on the
balloon location instrumentation. During periods of non-optimal propagstion
conditions it becomes subject to signiiicant location errors, The data
supplied, especially for the October 1983 flight, contain such errors.

The second source of error comes from using a calculated antenna pattern
for the two antenna systems instead of measured ones. Finally, the
transmitted power was not monitored. It probably varies with the temperature
of the transmitter by a few dE.

Nevertheless, the range and pattern corrections were applied to the data.
With none of the above errors present, the file reference mean should be
close to O dB. The actual valuves found have been plotted in Figs. 18 and 1§

©T---

o e B ot =



i Al

bt 1)

R ben AT L S JE LY e . B - o - o .
Q

ageinat an asrbitrary time exis of asbout S minutes per unit. For the October
1983 flight they range over about 25 dB and for the Jasnuary 1984 flight over
about 5 dB, In both cases they have been csloulated reletive to the croasing
of the causeway, becsuse the datas obtained there had the lowest variance.
Such large discrepancies deserve discussion in order to determine their
probable impact on the interpretation of the diis.

The January 1984 dats, assuming the bslloon poaition dets valid, give s
clue mainly on the temperature dependence of the transmitter power, Since all
these data vere taken at elevation angles between 26 and 30 degrees, only a
oconatant pattern error might be expected. As the trensmitter oooled off (to
finally fail st the coldest) the power deoreased by U to 5 dB. Laboratory
measurements will be made in the future to conf'irm thies hypotheais,

The data from October 1983 have been used ¢o iteratively solve for a range
snd elevation angle to the balloon, assuming correct sltitude, relying on the
theoretical antenna patterns and disregerding power varistions due to
temperature effects. One poasible derived range and elevation sngle
combination is shown in Figs. 20 and 2% to which the NSBF data have alsc been
added. These results have to be regarded with ocaution, however, because the
iteration im very sensitive to the sasumed antenna pattern and temperature
effects, especially at the higher elevation angles and is not always unique,
The 25 dB excess power could be explained by the fact that (1) the
transmitter was warmer then as compared to the time of the causeway crossing
4.5 hours later end (2) the relatively close distance to the balloon made for
a8 large relative range error, Therefore, during this time the sctusl angle of
elevation was probably higher than the one calculated from the NSBF date (and
the range closer). The peak in elevation angle at time 30 i{s preobably meinly
due to the iteration errors. For some of these points convergence has been
found with elevation angles around 40 degrees.

The errors in the free space correction could be qualitetively explained,
but due to the large number of unknowns it seems unproductive to estimate a
quantitative correction to find truer elevation angle and range data. The
file reference mean seems to give a close eatimate of the actual mean free
space signal level, when judged by the conaistency between files. The main |
iupact on the results will be some uncertainty about the elevation angle !
dependence of the aignal statistics, ‘

6.4 Signal Level Distribution

A fading channel in which a direct wave combines with randomly reflected
waves can be described by the Rician probability distribution, which can be
expressed in terms of the received power as

P{el=s (1 + K) » exp (-8(l + K) - K) *lo (2 fs(l + K) K)

where K is the ratio of the direct power to the reflected power received. The
resulting probability distribution functions for K from 0 to 25 have been
plotted in Fig. 22 for comparison with the measured distribution functions.
Without shading the fading on a satellite to mobile communications link s
presumed to have Rician statistics.

i0
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The overall measurement results for elevation engles above 10 degrees are
presented in Fig. 23. The plot {5 derived from 7,66 million samples taken at
specds greater than 10 mph during the two bslloon flights. Similar graphs are
given in Figs. 24 to 29 for elevation angle intervals of 10 to 15, 15 to 20,
20 to 25, 25 to 30, and 30 to 35 degrees, also obtained at speeds greafer
than 10 oph. The final figure in this series is bssed on the dats at all
elevation angles for which the vehicle specd was below 1 mph. In this case
the sampling rate was fixed st 896 samples per second. There are only about
56000 of these sazples svailable, even though the van was stopped more often,
because the data collection program saved only svery 10th of the one second
records at slow speeds if the variance was below s threshold,

The most obvious difference between the measured and predicted
distributions iz the sharper turn towards lower power at probabllities above
sbout 90 or 95 percent. The data show improving power levels with incressing
elevation angle with the exception of the 20 to 25 degree deta, which were
subjected to the most shading. Table I summarizes these results:

Table I

Power Distribution vs. Elevation

Elevation I Signal Level in dB Relative To
b Mean for Probebility of

(degrees) ] 508 908 993

10 <z elev < 35 I -1 -7 -18

10 <= elev < 15 i -1 -9 -20.5
15 <= elev < 20 § =1 -8 -18.5
20 <z elev < 25 i -1.5 -9.8 =20.3
25 <z elev < 30 i -.8 =2,2 -8.2
30 <z elev < 35 i -.5 -1.2 -4.5

1"
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5.5 Probability Distributi~n oi the Fade Duration

The fade duraticn iz derined as the number of wavelengths the signal is
below a threashold. The measured durations for all the date and the datas
sorted in 5 degree e’evation 2ngle intervals sre shown in Figs. 30 to 35, In
these plotas the conditional probability that the durstion equals or exceeds
the abscisss, given that the signal pover s is less than S (see Figs. 23 to
297, has been plotted for signal levels S from ~12 dB to +6 dB relative to
the mean. All the graphs ere remarkably similar as long as there are o
sufficient number of samples available to produce a smooth ocurve. At the 50
percent level the deaper fades iast about .5 wavelengths. The duration
inoreases to sbaut ons wavelength for the higher signal levels. At the i
percent level the duration exceeds 3 wavelengths at low signal level up to
about 30 wuvelengths at the higher ones, To find the absolute probdabilities
of duration, the conditional probability has to be multiplied by the
prebabllity derived from the power distribution curves,

5.6 Probability Distribution of the Level Croasing Rates

The level crossing rate is defined by how many times per wavelength an
incrensing signal crosses the threshold. The measurement results are shown in
Figs. 36 to 41, ugain for all dats and the series of 5 degree elevation angle
intervals. Like the dursticn graphs the conditional crossing rates at the
different elevation angles are quite consistent. The spread in the data with
aignal level threshold is quite small. The ecrossing rate at the 0 db
threshold is usually the largest for & given probability. The rate at the 99
percent level is about .04 crossings , at the 50 percent level it is .6 ;
crossings, and at the 1 percent level 3 to 4 crossings per wavelength, The
highest threshnlds have the lowest crossing rates. Again, the conditionsl
probabilities have to be multiplied by the power probability density to
obtain absoclute values of the level »rossing rate probabilities. '

12
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