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Fading onmicrowave or optical line-
of-gight paths may be due to either
ground-reflection multipath, atmospher-
ic multipath, or defocusing. The identi-
fication of the particular mechanismin-
volved has been hampered by the lack of
rapidfine-scale meteorological meas-
urements in the immediate vicinity of
the propagation path,

As early as 1968, acoustic radars had
been developed! which could detect fluctu-
ations of temperature feffectively fluctua-
tions in the optical refractivities)in the
lower atmosphere, The characteristics
of these radars are amply described in
the literature®S.

Recently anewtool, the FM-CW Ra~
dar*® was developed which has the capa-
bility of detecting small fluctuations of
the radio refractivity in the atmosphere.
This is particularly appropriate for the
microwave region where both tempera-
ture and water vapor fluctuations can
play significant roles, Hereinis de-
scribed a study made in eastern Colorado
where the propagation medium was moni-
tored by each of these radars particularly
at times whenfading occurredover a
line-of-sight path.

This experiment was conducted at
Haswell, Colorado where a large bowl-
like depression produces a variety of ex-
treme refractivity structures by noctur-
nal radiative cooling with the attendant
pooling of cool air. After sunrise, solar
héating results in vertical motion, A
23 km microwave-optical path was estab-
lished across the bowlto provide near
grazingintersection with the atmospher-
ic layers to maximize the effects of for-
ward scattering during turbulent

conditions and "specular' reflectiondur-
inginversionconditions. The microwave .
antennas were tilted upward so that

ground reflections would be minimized
under well-mixed conditions. Standard
surface meteorological measurements
were made at each terminal. At midpath
measurements were made at fixed points
and on aninstrumented carriageofal50-
meter meteorological tower.

At midpoint andnear the meteorologi-
caltower @50 meters away inthe direc-
tion of the prevailing wind) the radar was
located to monitor the propagationmedi-
um. Inthefallof 1969 the acoustic radar
{950 Hz) was used, in the fallof 1970 the
FM-CW Radar (3 GHz) was used.

In 1969, the phase of the microwave
signal (9.5 GHz) and the modulation of the
optical signal (3.2 GHz), the amplitudes
and the angle of arrival of the optical sig-
nalwere recorded. In 1970, the modula-~
tiononthe optical signal was replaced by
the relative phase betweenmicrowave
signals recorded from twovertically
spaced (4.25m) antennas. Atthetower
the radio refractivity and its structure
function, and the three~dimensional wind
were recorded at severalfixed elevations
as well as onthe movable carriage. The
FM-CW Radar provided a continuous
measurement of the fluctuations of radio
refractivity as a function of height. The
acoustic radar provided a similar meas-
urement of the temperature fluctuations.
This permitted measurement of the at-
mospheric structure for vertical motion
too rapidto be observed by the carriage
on the meteorological tower.

Calibration of the FM-CW Radar returns
interms of meteorological parameters
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was conducted at a time when the atmos-
pheric structure appeared to be station-
ary and when the line-of-sight signals
were steady.,

Comparisonbetween the FM-CW Radar
returns and the refractivity structure on
the tower was surprisingly good., Agree-
ment was obtained to within a factor of two
betweenthe reflectivities calculated from
the radar and those calculated from the
tower eventhough both varied irom 10-1®
to 10%, The radar sees fluctuations par-
ticularly at scales of approximately one-
half the transmitted wavelength, These
fluctuations occur inthe region where
there are sharpbreaks in the vertical pro-
file, andhence the radars candetect layers.

Inmost cases the layer was firstde-
tected by the FM-CW Radar whichthen
permitted the operator at the tower to
placethe carriage in the appropriate
location,

Both radars illustrated the difficulty of
applying point measurements or tower
measurements to line-of-gight paths, The
atmospheric structure changes rapidly
with time; layers form and move with sur-
prisingly large vertical velocities. Very
thinbut very intense layers were noted by
the radars and confirmed by the carriage
on the tower; such layers could easily be
missed by conventional tower measure-
ments. Suchlayers have a strong influ-
enceonsignal characteristics ona line-of
sight path., Fades as deepas 30 dbwere
noted attimes when these layers were mov-
ing and crossed the zero angle of incidence
region.

Attimes, particularly at sunup, con-
siderable fluctuations of the amplitude and
phase were observed over the microwave-
optical path. On one occasionthree dis-
tinct images of the laser beam were noted
atthe receiving terminal; concurrent ob-
servation at mid-path indicated that the
optical path was incident upon the temper-
ature inversion ata shallow angle,

Onthe occasions when rapid microwave
amplitude and phase fluctuations occurred,
both the radar and the tower indicated the
presenceof a layer intersecting the line-
of -sight path at a shallow angle. When the

layer rose well above the microwave op-
tical path, the fluctuations onthe line-of-
sight path ceased. )

From measurements made at midpath
and from the surface meteorological
measurements at the path terminals, var-
ious atmospheric models were constructed.

Raytracingtechniques were then ap-
plied to these model structures to obtain
estimates of the received signal behavior
for comparison with the observedfields.

This comparisonindicated that the at-
mospheric layers were often tilted along
the line-of-sight path. Although this was
consistent with the radar observations,
the radar does not definitively distinguish,
at this time, between wave motion onthe
layers and a vertical motion of horizontal
stratification,

The radio and optical refractivity
structures introduced multiple-imaging
or atmospheric multipath with apprecia-
ble variation of the take-off angles and
angles-of-arrival and, inthe case of the
microwave path, ashifting of the centers
of reflectionon the terrain, These mark-
ed changes inthe angles-of-arrivalinter-
fered with beam-tracking on the optical
path and caused signal variation on the mi-
crowave path attributable to the effect of
the antenna patterns.

These effects were most pronounced
whenthe refractivity layers observed at
midpath were positioned between the ele-
vations of the line-of-sight path terminals;
the effects disappeared when the layers
dropped below the elevation of the lower
terminal or rose above that of the higher
terminal.
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