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Radar Observations 
Insects in Free Flil 

Radar tracking of single insects in the atmosp: 
leads to detection of distinctive phenom 

Kenneth M. Glover, Kenneth R. Hardy, Thomas G. Koi 

W. N. Sullivan, A. S. Mic] 

There has long been disagreement 
over the nature of many of the so- 
called "angel" echoes which are com- 
monly observed by radar from regions 
of apparently clear atmosphere (1). 
Birds, insects, and atmospheric refrac- 
tivity perturbations are usually men- 
tioned as sources of these echoes; 
however, the relative importance of 
one source in a given series of meas- 
urements is clouded by the almost 
total lack of quantitative measurements 
of radar backscatter for either known 
insect flights or refractivity perturba- 
tions. The object of the experiments 
discussed here was to extend our basic 
knowledge of the radar backscattering 
properties of insects in free flight and 
knowledge of the characteristics of 
these flights, in order to distinguish 
echoes from insects from those due 
to clear air phenomena. 

A number of cooperative experiments 
were performed during the summer 
of 1965 by the Air Force Cambridge 
Research Laboratories, the Applied 
Physics Laboratory of Johns Hopkins 
University, and the Entomology Re- 
search Division of the U.S. Depart- 
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sents the results of tl 
observations of single 
flight, made with the 
dars of the Joint A 
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First, let us briefly c 
able theory of rada 
from small but comp 
as insects. 

The power, P, reci 
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where Er and Ei are 
the reflected and 
fields, respectively. 
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In principle, the strength of the re- 
flected field, and hence o-, is found 
by solving Maxwell's equations sub- 
ject to the appropriate boundary con- 
ditions; however, in. actual practice, 

of rigorous solutions have been found for 
only the simplest of shapes (2). The 

ght usual approach is to make up to fourth- 
order approximations in order to ar- 
rive at a theoretical value of o-. Such 

here computations are valid for a certain 
polarization and frequency range of in- ena. 
cident radiation and a target of spe- 
cific shape and dielectric constant. 

irad, Predicting the radar cross section 
haelsof a given insect on the basis of 

existing theory is a difficult task, for 
the microwave dielectric constant for 
various species of insects is unknown 
and the body is usually not a well- 

This article pre- defined geometric shape such as a 
hese quantitative sphere, a prolate spheroid, or an ogive. 
? insects in free In the discussion which follows, we 
ultrasensitive ra- therefore do not pursue the theoretical 
ir Force-NASA problem but, instead, proceed to some 

ngth radar facil- of the distinguishing features of experi- 
Virginia. mental tracks of individual insects in 
onsider the avail- free flight. 
ir backscattering 
>lex targets such 

Observations 
eived by a radar 
located at a dis- Three high-powered, high-sensitivity 
,dar is given in radars of differing wavelengths were 
(2) as used in these experiments. The char- 
2a acteristics of the three radars are 
r-r f shown in Table 1. The radar of 10.7- 

centimeter wavelength, with an auto- 
mitted power, G matic tracking capability, was used as 
la gain, A is the the primary source of position data; 
I cr is the radar the 3.2- and 71.5-centimeter systems 
on of the target. shared an antenna which was slaved, 
is in the radar in azimuth and elevation, to the an- 
characteristic of tenna of the 10.7-centimeter system 

Ire of the target's to permit simultaneous multiwavelength 
ig radiation back measurements of radar cross sections. 

ty be defined as Insect specimens were fed sugar wa- 
vard source per ter, placed in individual containers, 
(incident power and then loaded aboard a small single- 
ernatively, as engine aircraft. Once airborne, the air- 

Er a craft was picked up by the automatic 
| Er tracking system of the 10.7-centi- 

meter radar, and the aircraft was then 
the strengths of vectored along a radar radius parallel 

incident electric to the vector of the prevailing wind. 
The plane continued on an outbound 
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Table 1. Characteristics of three radars of the Joint Air Force-NASA (JAFNA) rat 

Antenna Antenna Mini- Peak Minimum 
Antenna Pulse gain mum trans- detectable Wave- Antenna beam- length (dbre detect- mitted cross 

length diameter w t iso- lengt dim width (10-8 t able power section 
(cm) (m) (g ) tropic 

(deg) sec) radia signal (106 at 10 km 
tora)- (dbm) watts) (cm2) tor) 

3.2 10.4 0.21 2.0 58 -101 0.9 1.82 X 10-2 
10.7 18.4 .48 2.0 51 -110 3.0 1.55 X 10-" 
71.5 18.4 2.9 2.0 35 -105 6.0 1.62 X 10-4 

Table 2. Physical characteristics of the test insects. 

Wing- Body Fresh 
Species and sex spread length weight 

(cm) (cm) (g) 

Manduca sexta (hawkmoth), male 10 5.0 1.0-1.5 
Heliothis virescens (tobacco bud- 

worm moth), male and female 3.0 1.9 0.14 

Apis mellifera (honeybee), worker 1.0 1.5 0.08-0.11 

radial course until the altitude and 
the distance from the radar were at 
least 1.5 and 10 kilometers, respective- 
ly. If the region surrounding the air- 
craft was then observed to be com- 
pletely free of all other radar targets, 
a single insect specimen was ejected 
into the slipstream of the aircraft. Si- 
multaneously, the automatic tracking of 
the aircraft was halted, with the radar 
beam fixed upon the drop zone. As 
the plane continued moving away from 
the radar it gradually passed out of 
the primary radar beam, leaving just 
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the sample insect in free flig 
the drop zone. 

In 9 to 10 seconds after 
the insect this separation c 
appeared on the radar as 
echo of relatively small a 
gradually breaking away f 
much stronger aircraft echo. 
mately 30 seconds after releas 
echoes were separated suffic 
range for the automatic trac 
cuitry of the 10.7-centimeter 
follow only the insect. Once 
men was picked up by the 
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Fig. 1. Tracking data for a winged hawkmoth (see text). Note the periods 
amplitude changes in the cross section, and similar periods where the fluctu 
of lower amplitude but higher frequency. In (d) the scale for the absc 
hours, minutes, and seconds. 
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dar facility. system, signals proportional to the pow- 
Diameter er received from the targets were re- 
of water corded by means of an X-Y plotter, 

eqPuivleot with time as the abscissa. Azimuth, 
cross elevation, and range data were sampled 

section simultaneously once every second and 
) recorded on a high-speed printer. 

0.43 In all, four different species of in- 
.30 sects were studied at altitudes from 

1.57 1.6 to 3.0 kilometers and temperatures 
from 7? to 13?C. Three of these spe- 
cies-hawkmoths (adult form of a 
tobacco hornworm), tobacco budworm 

Water moths, and honeybees-were reared 
content at the Tobacco Insects and Apiculture 

(%) Laboratories of the Entomology Re- 
64.1 search Division, U.S. Department of 

Agriculture. Data on the water content 
60 and other pertinent physical charac- 
66.3 teristics of the test insects are given 

in Table 2 (3). Corresponding data 
for the fourth species studied, native 

;ht within dragonflies, were not available. 
A typical 2-minute sample of radar 

release of observations of the track of a hawk- 
)f targets moth is shown in Fig. 1. Except for 
an insect brief climbs at the beginning and end 
implitude, of the track (Fig. la), the insect's 
'rom the altitude decreased at a nearly constant 
Approxi- rate of about 6.3 meters per second. 

e the two In Fig. lb the ground position for 
:iently in 10-second intervals over the 2-minute 
:king cir- period is shown, together with a vec- 
radar to tor corresponding to a 2-minute aver- 
a speci- age of the wind velocity encountered 

automatic by the insect. A comparison of the 
average velocities for insect and wind 
shows that the insect must have been 
moving with an average air velocity of 
1.3 meters per second at an angle 
of 128 degrees relative to the mean 
wind direction. This insect velocity 

:50 is slightly larger than would be ex- 
pected on the basis of errors in meas- 
urement of the winds. Thus, it ap- 
pears that the hawkmoth was flying 
during at least some parts of the 

:10 track shown in Fig. 1. 
A continuous 2-minute record of 

the radar cross section, ar, of the 
> hawkmoth, as measured with the 10.7- 
' centimeter radar, is shown in Fig. lc, 

and a shorter but expanded (in time) 
$ version of the same record is shown 
< in Fig. Id. Note the time periods in 
x which cr varies relatively slowly 
Z over a two-orders-of-magnitude inter- 

_ val, and similar periods of relative 
8- 5 calm in which o- fluctuates at a high 

ri frequency and the values for r deviate 
from the mean of 1 square centi- 

atif lsre meter by a factor of less than 2. ations are 
issa is in The mean magnitude and the fluctua- 

tions of a- are due to a combination 
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of factors: (i) insect size and shape, 
(ii) moisture content of the wings, 
(iii) orientation of the insect body 
relative to polarization of the incident 
radiation, and (iv) wing motion. Fac- 
tors (i) and (ii) affect the magnitude of 
the variations in cross section and are 
constant for a given insect. But 
changes in the orientation of either the 
insect's body or its moisture-filled wings 
relative to the polarization of the in- 
cident radiation result in fluctuations 
in r. Unless the changes in orienta- 
tion of body and of wings occur with 
the same frequency and produce the 
same magnitude of change in ar, the 
two effects should generally be re- 
solvable. Certainly the traces of Fig. 1 
suggest that two distinct phenomena are 
taking place. There is no correlation 
between the large-amplitude variations 
in cr and the changes in path (hence 
long-term orientation) indicated by the 
position data obtained in the second- 
by-second sampling. Moreover, the 
alternating presence and absence of 
the amplitude fluctuations suggest that 
the large fluctuations may be occur- 
ring when the moth is flying and 
that the relatively calm periods may 
correspond to intervals of gyration, 
tumbling, or other nonflying body mo- 
tion. 

As a partial check upon the validity 
of the foregoing hypothesis, the wings 
of another hawkmoth were clipped near 
the body and the wingless moth was 
then released from the aircraft. The 
corresponding radar observations are 
shown in Fig. 2. In this case the insect 
has a slightly greater downward veloci- 
ty of 8.0 meters per second and an 
average air velocity of 1 meter per 
second, directed along the wind. This 
air velocity gives a measure of the 
uncertainty in the wind measurements. 
The track of this moth confirms the 
supposition that the winged hawk- 
moth was flying during part of its 
track. 

The cross-section data for the wing- 
less hawkmoth are shown in Fig. 2, c 
and d. The average magnitude of the 
cross section for this wingless moth is 
smaller than that for the winged one; 
however, this result was to be ex- 
pected, for this specimen was slightly 
smaller than the moth of Fig. 1, 
and the wing-clipping procedure re- 
moved at least a few drops of body 
fluid. 

The most notable feature of Fig. 2, 
c and d, is the absence of the large- 
amplitude, low-frequency component 
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Fig. 2. Tracking data for a wingless hawkmoth. Note both the absence of the large- 
amplitude fluctuations observed for the winged specimen and the presence of bursts 
of small oscillations in the cross section, not observed for the winged specimen. 

of the fluctuations in r. Again, this 
strongly suggests that the winged 
moth must have been slowly mov- 
ing its wings during the periods when 
the large fluctuations were observed. 
Similarly, the periods of relatively low- 
amplitude, high-frequency fluctuations 
of Fig. 1 must have been associated 
with some form of oscillatory body 
motion. 

The cross-section traces of Fig. 2 
are marked by bursts of up to 3-sec- 
ond duration in which fluctuations in 
ao increase by as much as a factor of 4 
over what appears to be a steady value 
for background fluctuations. Without 
visual observations of actual body mo- 
tion, it is difficult to verify the origin 
of these fluctuations. Changes in the 
orientation of the insect relative to po- 
larization of the incident radiation 
were noted throughout the test period; 
however, it is not possible to explain 
the observed fluctuations on the basis 
of these orientation changes alone. In 
subsequent laboratory observations of 
winged and wingless hawkmoths an- 
esthetized with carbon dioxide and 
dropped in quiet air from a height of 
6 meters, the winged moths gyrated to 
the ground with the head angled down- 
ward and the wings fixed tangential to 
the helical gyration path. The wing- 

less specimens, because of their lack 
of wing stabilization, generally exhibit- 
ed a more erratic gyration or wob- 
bling motion. If the nonflying body mo- 
tion of the winged moth of Fig. 1 
was similar to the falling motion of 
the winged anesthetized laboratory 
moths, the winged hawkmoth must 
have steadily gyrated downward, pre- 
senting an oscillating orientation rela- 
tive to the polarization of incident 
radiation during the periods when the 
low-amplitude, high-frequency fluctua- 
tions in o were observed. Similarly, 
the steady background fluctuation of 
(r in Fig. 2 probably corresponds to 
the gyrating component of the wing- 
less specimen's erratic motion, and the 
bursts in the cross-section record 
probably correlate with the periods in 
the wobbling motion when the major 
axis of the hawkmoth's body was most 
nearly aligned with the polarization. 

The tracking data for the smaller 
moth, the tobacco budworm moth, are 
shown in Fig. 3. This species had a 
smaller downward velocity (3.8 meters 
per second) and a greater average air 
velocity (2.4 meters per second at an 
angle of 147 degrees to the mean 
wind) than the hawkmoths had. The 
cross-section data for the tobacco bud- 
worm moth presented in Fig. 3, c and 
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Fig. 3. Tracking data for the tobacco budworm moth. Note the large-an 
high-frequency oscillations at the beginning of the cross-section record ( 
lowed by alternating periods of relative calm and shorter periods of high-ar 
high-frequency oscillation. 
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Fig. 4. Tracking data for the dragonfly. Note the large-amplitude, low-f 
(approximately 1s5 cycle per second) fluctuations at the beginning of 
2-minute cross-section record. The frequency of the very-low-amplitude m( 
shown in trace (d) begins at 9.0 cycles per second at left and decreases to 7 
per second at right. 
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d, show a marked decrease in magni- 
tude, with the value for background 
fluctuation falling to a mean of about 
2 X 10-3 square centimeter. Once 
again there are relatively large fluctua- 
tions in o, especially between 
14h 42' 23" and 14h 42' 52" (Fig. 
3d). If the analysis given above of the 
hawkmoth tracks is correct, then the 
tobacco budworm moth was probably 
flying during this interval and also 
during two shorter periods, 14h 43' 

' 27" to 14h 43' 33" and 14h 43' 
35" to 14h 43' 40". Similarly, the 

%- c: peaks in the cross section at 14h 43' 
ERENT 16" and 14h 43' 47" are believed to 
i 

46 
be due to changes in body orientation 

Q rather than to flying, because of the 
lack of any large-amplitude, high- 
frequency oscillations in o. 

bI 5 The next insect studied was a small 
i0? dragonfly approximately 3 centimeters 

long. This insect, unlike the moths, 
has thin filmy wings which are nearly 
moisture-free and a long slender body 
which is very nearly a prolate spheroid 

nplitude, of small eccentricity (< 0.2). The 
d), fol- tracking data for this insect are shown 
nplitude, in Fig. 4. The average downward velo- 

city of 1.9 meters per second is smaller, 
and the average air velocity of 0.8 
meter per second is at a greater angle 
relative to the mean wind direction, 
than the averages for either of the 
moths. 

The cross-section records of Fig. 4 
also show large-amplitude fluctuations, 
especially near the beginning of the 
2-minute record; however, the periods 
of these fluctuations are much greater 
than the periods observed for either of 
the moths. In the absence of visual 
observations it is again difficult to be 
certain of the origin of these fluctua- 
tions. They could hardly be due to 
wing flapping, for dragonfly wings lack 
a sufficient concentration of moisture 

c to influence ao to the extent observed 
7-5 

' 
in Fig. 4. It is possible that either the 
major axis of the insect body vas 
slowly gyrating relative to the polariza- 
tion of incoming radiation or the body 

c was tumbling end over end. Either 
b 8 event could explain the data, in terms of 
10 both the magnitude and the frequency 

of the fluctuations. In the portion of 
the track that follows these large 
fluctuations the cross-section record 
stabilizes to a mean value of 1.2 X 10-3 
square centimeter and there is a notice- 

requency able lack of high-amplitude, high-fre- 
(c), the quency fluctuations in the expanded 

.2 cyles trace (Fig. 4d). The small-amplitude 
oscillations which occur throughout Fig. 
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4d steadily decrease in frequency from 
an average of 9.0 cycles per second 
during the first 5-second interval to an 
average of 7.2 cycles per second over 
the last interval. These frequencies are 
in reasonably good accord with the 
dragonfly wing-beat frequencies expect- 
ed at these temperatures (7? to 10?C). 

Wing-beat frequencies of 41 to 46 
beats per second at room temperature 
are reported (4) for the dragonfly; 
however, this beat frequency decreases 
rapidly with reduction in temperature. 
It is found, for example, that there is 
a 23-percent decrease in the wing- 
beat frequency of the sheep blowfly 
(Phaenicia sericata) when the ambient 
temperature is reduced by only 10? at 
30?C (5). A frequency of 9 cycles 
per second is therefore a realistic value 
for the dragonfly at 7? to 10?C. If 
these very-small-amplitude fluctuations 
are associated with wing flapping, then 
either the wings must make a suf- 
ficient contribution to the total cross 
section to be detectable or the body 
recoil following wing beats must suf- 
ficiently alter the body orientation to 
produce a modulation in the ampli- 
tude of (,. 

The results for the fourth species 
studied, the worker honeybee, are 
shown in Fig. 5. The uncertainty in- 
dicated by the word probably in the 
figure legend arose from the fact that 
pickup of the track by the automatic 
tracking system took 12 seconds longer 
than the fairly standard time of 30 sec- 
onds observed for the other insects; 
however, the "probable" honeybee was 
first observed after 9 seconds, as in the 
case of the other insects, and the same 
(or what appeared to be the same) 
object remained in view until picked up 
by the automatic system. Thus, there 
is a fairly high probability that the 
object tracked was actually a honey- 
bee, but there is also a small possibility 
that another object moved into the 
beam during the relatively long period 
before pickup and was subsequently 
tracked. 

The honeybee track is marked by 
a nearly horizontal path, a high aver- 
age air velocity (6.7 meters per second 
at an angle of 72 degrees to the mean 
wind), and a relatively constant cross 
section (mean, 3.6 X 0-3 square 
centimeter). Intuitively, one expects a 
more constant cross section on the 
basis of the earlier observations, for 
the wings of the honeybee are filmy 
and probably never make a significant 
contribution to a. Moreover, the body 
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Fig. 5. Tracking data for, probably, one honeybee (see text). Note the relatively 
large air velocity of the honeybee and the absence of any large-amplitude, high- 
frequency fluctuations in the cross sections. 

of the honeybee is more nearly spheri- 
cal than that of any of the other in- 
sects studied, hence the cross sections 
are less dependent upon the aspect 
angle. 

It is important to note that the man- 
ner in which (x varies in each of the 
expanded time records of Figs. Id, 
3d, 4d, and Sd is distinctly different 
for each of the species. This is due in 
part to the fact that each species is 
distinctly different from the others in 
overall size, natural wing-beat frequen- 
cy, wing moisture content, and other 
physical properties. And it is also due 
in part to differences in the response 
of each species to a sudden change of 
environment. Spectral analysis of these 
records would accordingly show dis- 
tinct differences in the fluctuation spec- 
tra for different species, and in the 
fluctuation spectra for the same insect 
over a period of time. It is quite difficult 
to draw meaningful comparisons of 
these spectra without supportive visual 
observations from which to identify 
comparable origins of the fluctuations. 
But certainly the correlation of the 
spectral characteristics with the physical 
parameters of insect flight and the com- 
parison of these characteristics for vari- 
ous species give promise of providing 
the entomologist with a powerful tool. 

Previous experience has shown that, 

at the radar ranges used in these ex- 
periments, errors associated with the 
direction of the narrow radar beams 
to the same point in space during track- 
ing are sufficiently large, even with 
partial (azimuth only) electronic paral- 
lax correction, that representative 
long-term measurements of cross sec- 
tions are obtainable only with the 10.7- 
centimeter automatic tracking radar. In 
order to make sure that the beams of 
the 3.2- and 71.5-centimeter radars 
were boresighted on the same target 
as the beams of the 10.7-centimeter 
system for at least part of the time 
during a track, the antenna of the 
3.2- and 71.5-centimeter radars was 
periodically "unslaved" in elevation 
from the automatic system and an 
operator manually positioned the an- 
tenna until the signal amplitude peaked. 
The antenna was then "unslaved" in 
azimuth, and the process was repeated. 
Usually only slight adjustments in azi- 
imuth and elevation were required to 
obtain the peak signal with the 3.2- 
centimeter system. The maximum cross 
sections observed by this means at 
3.2-centimeter wavelength for the wing- 
less hawkmoth, the dragonfly, and the 
probable honeybee of Fig. 5 are 
shown in Fig. 6, together with observa- 
tions obtained simultaneously at 10.7 
centimeters. These 10.7-centimeter data 
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Fig. 6. Radar cross sections of insects as 
a function of the radar wavelength, for a 
wingless hawkmoth (dashed curve), a 
honeybee (dot-dashed curve), and a 
dragonfly (solid curve). See text for in- 
terpretation of the points at 71.5-centi- 
meter wavelength. The data represent 
coincident observations at each wave- 
length. For reference, lines of slope cor- 
responding to an indicated wavelength 
dependence are shown at upper right. 

were obtained on the basis of coin- 
cidence with the 3.2-centimeter observa- 
tions, hence they differ slightly from 
the mean values reported above. The 
absolute cross sections shown in Fig. 6 
are typical of those observed. More- 
over, the cross section for the honey- 
bee (0.2 square centimeter) is in good 
agreement with values, recently ob- 
tained with a 3.2-centimeter wavelength 
backscatter facility, of 1.0 and 0.3 
square centimeter when the polarization 
of the incoming radiation is aligned 
with the longitudinal and transverse 
axes, respectively (6). At both 3.2- and 
10.7-centimeter wavelengths the abso- 
lute cross sections for the three speci- 
mens of Fig. 6 are seen to vary in a 
complex manner with body length, for 
the cross section of the honeybee is 
intermediate between cross sections of 
the hawkmoth and the dragonfly, yet 
both the hawkmoth and the dragonfly 
are mluch longer than the honeybee. A 
similar effect was noted in the measure- 
ments made with a backscatter facility 
(6). 

As is usually observed with targets 
whose body dimensions are of the or- 
der of 0.1 A or greater, the insects of 
Fig. 6 do not exhibit a simple power- 
law relationship between cross section 
and radar wavelength. At wavelengths 
between 3.2 and 10.7 centimeters 
the cross sections depended on wave- 
length between the limits of A-'2-7 
and X1-8.. The 71.5-centimeter radar 
system failed to detect even the largest 
of the specimens, and thus the actual 
cross sections of the insects at the 
longer wavelength fall somewhere be- 
low the minimum detectable cross sec- 
tions denoted in Fig. 6 by points at 
71.5 centimeters. At wavelengths be- 
tween 10.7 and 71.5 centimeters the 
curves therefore place an upper 
bound on the wavelength dependence 
at X-. 

Discussion 

These observations have implica- 
tions for both radar meteorology and 
entomology. In the area of meteorology, 
Hardy and his associates (7) have 
concluded from previous studies that 
the mysterious discrete "dot angel" 
echoes observed from invisible targets 
in the apparently clear atmosphere 
are, in large measure, due to insects. 
These conclusions are based upon ex- 
tensive multiwavelength observations of 
the "dot angel" echoes, obtained with 
the same radars as those used in our 
studies and with techniques similar to 
ours. 

It has been found, for example, 
that the "dot angel" echoes appear to 
be highly localized point targets; the 
targets, at a given time and point in 
space, have nearly equal cross sec- 
tions; the targets can be tracked for 
as long as 35 minutes; they frequently 
have a significant velocity relative to 
the mean wind velocity, and they are 
not observed in winter. Moreover, no 
single coherent atmospheric surface 
could be found to explain the com- 
bination of cross-section observations, 
at a wavelength of 3.2 centimeters, 
in the range of 0.05 to 0.5 square 
centimeter; a cross-section wavelength 
dependence of X--1 to ,\- at wave- 
lengths between 3.2 and 10.7 centi- 
meters; and a wavelength dependence 
of approximately X-4 at wavelengths 
between 10.7 and 71.5 centimeters. 

The observations presented here con- 
firm the view that insects are highly 

localized point targets which can be 
tracked for long periods and which may 
or may not have a significant velocity 
at a large angle to the wind direction. 
Moreover, the cross sections are seen 
to be in the range from 0.1 to 1.6 
square centimeters at wavelength of 
3.2 centimeters, and to vary as -2'.7 

to X-1_8 at wavelengths between 3.2 
and 10.7 centimeters and as some- 
thing less than X-3 at wavelengths 
between 10.7 and 71.5 centimeters. 
The correlation between present and 
past (7) observations is quite good 
as to both absolute magnitude and 
wavelength dependence of the cross sec- 
tions. The data thus strongly suggest 
that "dot angel" echoes having char- 
acteristics similar to those described 
above are in fact due to insects. 

In the area of entomology, the 
utility of these experiments lies not 
with a particular observation but rather 
in the demonstration that radar can be 
successfully used to measure entomo- 
logically significant parameters which 
have heretofore been considered large- 
ly unmeasurable. For example, it ap- 
pears from these studies that radar is 
of value to the entomologist in tracking 
insect flight and insect behavior pat- 
terns and migration; in determining 
free-flight azimuth, elevation, range, 
and velocity of single insects; and in 
making studies to determine the unique- 
ness of cross-section fluctuation spec- 
tra for a given species. Indeed, there 
is every reason to believe that the 
entomologist, like the meteorologist, 
will soon be using radar as a tool. 
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