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INTRODUCTION

As a result of studies of atmospheric anomalies, swarms of mosquitoes
were suspected to present a detectable radar cross section at Z-band. Indi-
vidual mosquitoes may be detected at higher frequencies. Mosquito cross sec-
tion data were needed to prove or disr,rove this possibility. Before such a
mall cross section could be measuree, extreme sensitivity and elimination of
spurious responses were requir,'. This report describes different methods for
measuring crors sections as small as 10-10 m2 . Results of mosquito cross sec-
tion measurements are included.

DOPPLER METHOD

The first method utilizes a doppler radar to measure cross section. Dop-
pler has one overriding advantage - it responds to moving targets only. Thus,
stationary background targets produce no output..

Various techniques for neasuring =mall cross sections with a doppler
radar have been attempted. The first, and perhaps most simple technique, in-
volves dropping a target in the beam of the radaA-. Another technique provides
motion by pulling a string to which the target hav been attached. While the
string technique eliminates much of the body movement of the experinenter near
the radar, both techniques still pr9duce enough spurious reflections to ob-
scure targets less than 10-5 to lO0 m2.

The solution must provide target motion radially in the bear. without the
sou:ce of motion producing a return comparable to that of the target. By in-
troducing compressed air into the chamber of Figure 1, such rvotion is possible.
The target, confined by the enclosure, is raised and dropped by the airtiow.
This motion can be initiated aa:d controlled far from the radar by simply con-
trolling the air velocity. Doppler output is taken from the output of a ho'c-
car detector, filtered, and displayed in time on a stora'e oscilloscope.

Calibration of this chamber device has been accomplished using steel balls
as stFndard targets. Knowing the diameter of the balls allows the cross sec-
tion to be accurately calculated. 1  Near field affects do not seem to affect
the validity of the results. The calibration curve, Figure 2, is linear, as
expected, from the radar rrnge equation. These results, using steel balls,
are readily duplicated. Figure 3 shows the doppler from a 3/16" diameter ball
used in calibration.

Results of attempts to measure mosquito cross sections with the doppler
method hare been encoura&.ng, although not as good as desired. Even with a

1 M. Skolnik, Introduction to Radar Systems (McGrao-Hill Book Company, Inc.,
New York, 19072-T, T1jI
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sensitivity of 10-7 m2, a single humidified mosquito coul.d not be detected.
Trials with many mosquitoes in the tube did produce results. Various numbers
of mosquitoes, from three to forty in the chamber at the same time, were used.
These data are tabulated in Table I. Peak-to-peak cross sections are given.
Peak-to-peak cross section corresponds to the resultant cross section produced
when each individual mosquito return signal adds in phase at the antenna pro-
ducing the maximum possible output. Howtver, these results are not coneisteki
from trial to trial. For example, a ten to one range of cross section from
trial to trial was noted with ten mosquitoes in the chamber. For this reason,
no conclusions as to the actual cross section of an individual mosquito should
be made.

Attempts have also been made to measure tne cross section of live mos-
quitoes using the doppler method. These trials have proven futile. The mos-
quitoes cling to the inner surface of the chamber and refuse to fly even when
coaxed by a blast of air.

WAVEGUIDE METHD

This method is diagrammed in Figure 4. Readily available eqlipment is
used to produce conclusive values of cross section for individual mosquitoes.

The mismatch of the dmny load must be minimized. In this experiment at
X-band, the VSWR of the load was reduced to 1.015:1. This value Js low enough
to detect targets as small as 10-10 m2 . Targets cin now be introduced between
the slotted line and load, and the new SWR measured. All targets were oriented
for maximwm reflected power. Calibration is accomplished in a manner similar
to that used in the doppler method, Steel balls are used as standard targets.
An empirical plot of a- vs. VSWR could be drawn. However, since

where K is an experimentally detennined constant and P is the reflection co-
effi, 'ent found from the measured SWR, a graph of o- vs f 2 would be more use-
ful. ).is curve is plotted in Figure 5. The mu~tiplicative constant, K, is
necessary to account for power dersity which is a function of position within
the waveguide.

The value of p2 for the i/A" diameter ball cannot be expected to follow
the square law relation, since 1/44" is an appreciable fraction of the wave-
glide height. The lower shaded area of Figure 5 indicates the range of cross
sections measured for individual dead mosquitoes.

Trials with live mosquitoes were also quite successful, As expected, re-
turns were greater than those from the humidified, dead mosquitoes. Figure 5
shows thb range of live mosquito cross sections measured at X-band. Values
from 10-0 to 5 x I0-8 were obtained.

Mosquito cross sections have also been measured at Ku-band using the wave-
fuide method. At 16 GHz, an increase of approximately 10 dB (over 9.5 GHz re-
turns) was expected. Note that actual returns were 20 dB greater. The extra
10 dB was caused by the larger physical size of this sample of mosquitoes.
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The Ku-band data are presented in .- igure 6. Plotted values represent the aver-
age cross section of five trials.

Ku-band has a distinct advantage over X-band for mall cross section meas-
urements. Reflections at Ku-band are stronger making possible the detection
of smaller targets at Ku-band than at lower frequencies. By the same reasoning
for a given size target, the Ku-band duiwy load does not need to be as well
matc.ied to the waveguide as does the X-band load.

CONCLUSIONS

The doppler method of measuring small radar cross sections proved unreli-
able. The waveguids method produced repeatable results with cross sections .as
small as 10-10 m2 .

Using the waveguide method, •he cross section of a single, live musquito
has been determined to be 5 x O1 m2 at X-band. Ku-4and measurements pro-
duced a value of 10-6 m2 . For a given radar frequency, variations in cross
section of as much as 10 dB can be expected due to differing physical dimen-
sions of the individual mosquitoes.



Table I. Peak-to-Peak Cross Sections Measured
Using the Doppler Method.

N um b e r _ _ _ _,- s )

Nosqitoesa Trial 1. Trial 2 Trial 3

no no
3 .2xlO' retirn return

10 - ½clo07  2xlO"7 57

40 3x10-7  lOxlO-7 10-7
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TARGET IS PROPELLED
BY COMPRESSED AiR

FLOW

RADAR
BEAM

BOXCA PZ STORAGE

[ DETECTOR L: SCOPE

FIGURE 1. DOFPLER TECHNIQUE FOR MEASURING SMALL
CRO.S SECTIONS
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FIGURE 3. BOXCAR DETECTOR OUTPUT VERSUS TIME
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