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A study has been made to
determine the extent to which
radar returns from a clear atmos~
phere can be associated with the
mechanical energy regime in the
clear atmosphere. The study is
limited to the lower 5 kilometers
of the atmosphere where it is
recognized that moisture has a
dominant role in determining ra-
dar visibility of a disturbed re-~
gion. Radar returns are received
using a vertically looking 3000
MHz radar. Simultaneous measure-
ments are made with a sounding
aircraft instrumented to continu-
ously telemeter to the ground (1)
temperature, (2) vertical gust
loading (vertical acceleration),
(3) index of refraction differ-
ence between two refractometers
separated vertically 17.5 cm, and
(4) the index of refraction at
one of the refractometers, Air-
craft location is continuously
monitored by radar and its posi-
tion recorded. Pilot balloomns
carrying corner reflectora are
flown and tracked to provide wind
velocity profiles.,

The principal observations
from a data run on June 5, 1970,
are pregented in Figure 1. The
run was made between 3:15 p.m.
and 3:32 p.,m., local standard
time, Temperature, T, index of
refraction, n, and regions of
important vertical acceleration,
og, (og > 0.1g; 0,1 < £ < 4 Hz)
are shown as functions of height.
A wind shear profile, (du/3z)?,
taken about 45 minutes after the
data run was completed is also
shown. Richardson's numbers, Ri,
were computed for the run and
found to agree very well with
observed regions of significant
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vertical acceleration. Regions
of significant CA, intensity of
turbulence, as determined from
the index of refraction differ-
ence measurements were observed
from 1.8 to 2.3 km and from 3.1
to 3.2 km, A radar layer was
observed to coincide with the
disturbed region detected by the
index of refraction difference
measurements between 1.8 and
2.3 km but not between 3,1 and
3.2 km. No significant correla-
tion between C§ as observed
with the refractometers and re-
glons of significant vertical
acceleration, og, was detected.
Whether this was due to the
patchy nature of disturbed re-
glons or to weak vertical mo-
tions in the disturbed air is
not known at this time,



alculated spectra of
[p(t,rl) - n(t,rp)] are present~-
ed in Figure 2 for refractometer
difference measurements made .
during two runs numbered 2 and 4.
(Run No., 4 is the run for which

the data in Figure 1 are shown).
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These spectra are unique in that
they are calculated from the in-
dex of refraction difference be-
tween two refractometers instead
of measurements from just one re~-
fractometer. Generally the cal-
culations show that the regions
investigated are isotropic
through scale sizes 1/3 through

3 meters although departures are
found. 1f a form k™" is assumed
for the one dimensional wave
structure of index of refractionm,
then o tends to be nearer a value
of 2 than 5/3. This fact is evi-
dent when curves for a = 2 and

a = 5/3 are plotted on Figure 2,
Refractometer cavity response is
causing the computed data for
Runs 2 and 4 to fall off at

f > 70 Hz, The response is down
about 3 dB at f = 100 Hz which
corresponds to wave number k =
0.206 em~!, It should be noted
that the parameters of the mea-
surement svstem are such that
calculations of the spectral

densities are made at smaller
scale values, thus minimizing
the errors inherent in extra-
polating from large scale spec-
tral densities to small scale
spectral densities,

SUMMARY

1, The experimental measure-
ments show, within the accuracy
of the probing radar system, that
vertical backscatter from reason-
ably stable layers in the atmos-
phere is generated by a volume
scattering process in regions of
disturbed index of refraction,

2, Detectable mechanical
turbulence may or may not be
pregsent in radar detected layer,
that i3, the correlation between
cZ as obtained from the radar
measurements and/or the spaced
refractometers with regions of
significant vertical accelera-~
tion, agg, was not good.

3. Richardson's numbers were
found to agree quite well with
observed regions of significant
vertical acceleration,

4, The scattering cross
section is a space variable (in-
homogeneous) and can be deter-
mined from the quantity

En(t,;l) - n(t.;z)_‘_]z when the
airplane sounds more or less at
will (direction) in the region.

5, The most significant fac-
tor inasfar as radar returns are
concerned is found to be a large
lapse rate in vapor pressure,
(3€/32).

6. A large lapse rate in
vapor pressure is also found to
be the most signifiecant factor
insofar as measured values of

2
En(t,?l) - n(t,;z)J are con-
cerned.

7., Values have been observed
for G‘(t':l{ - n(t.;zﬂvz as large
ag 15 x 107!'*% n2 for
|tr = ¥2| = 17.5 cn.
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