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APPARATUS FOR STUDIESOF THE WIND-SENSITIVE
SYSTEM IN INSECTS

D. N. Lapshin and G. |I. Rozhkova UDC 612.014.421

An apparatus for stimulation of the wind-sensitive systems of insects is described; the apparatus allows
convenient assessment of the active component of the signal (displacement of air particles, their speed,
acceleration, etc.) as well as convenient measurement of speed thresholds and latent periods of responses.
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INTRODUCTION

Studies of the wind-sensitive systems of inseatsi{sas the cercal system) generally make use mfibtconsisting
of tonal bursts in which the amplitude envelopegehsmooth rise and decay fronts. The use of tle tf test signal provides
the most direct means of assessing the frequerapepies of the structures of interest. Additiopathe electronic apparatus
used for generating the sinusoidal bursts is kabtisimple, which has also promoted the wide Ust@se methods. However,
this stimulation system also has a number of diaathges.

Firstly, experimental results do not allow easynitifecation of the active parameter of the stimu(dssplacement of
air masses, rates of airflow, acceleration, efthese assessments are generally carried out byzamalthe slopes of wind
frequency-threshold characteristic curves. Howesieice audiogram shapes are generally determinedriymber of elements
acting in concert (in the case of the cereal systdmase include the sensitive fibers, adjacentcstres, and the time
characteristics of receptors and interneuronsh]dassessment of the active parameters of thaiktgncan only be regarded
as preliminary.

Secondly, there is no stable relationship betwedectrcal signals exciting the loudspeaker and stiahuli, because
of the phase distortion of the loudspeaker. In gandata presented as examples in reports on sénditive systems generally
consist of oscillograms of the electrical signaliwidg the loudspeakers. The active stimuli arealigusignificantly different
in shape as compared to the loudspeaker-drivingatgn that they are proportional to the firstsecond derivatives of the
displacement function (i.e., the speed or accéterpbf the loudspeaker membrane. Displacemernif #dso has a phase shift
relative to the input current, which changes afedént frequencies of acoustic bursts over the @ahgoxn . All these phase
shifts, taken together, make it very difficult teeasure the latent period of the response of theomeunder study.

Thirdly, calibration of the amplitude of the wintinsulus is a fairly complex procedure, for whicletbnly satisfactory
solution found thus far involves use of a lasermaometer [3].

Fourthly, at low frequencies, many neurons of teeeal system generate trains of impulses synchsiyowith
sinusoidal signals [1], i.e., the number of spikeshe response depends on the stimulus frequekicintensities close to the
threshold, the probability that a given neuron \pilbduce a discharge increases in proportion tdréguency, which makes
measurement of the threshold more difficult.

Thus, it is clear that traditional methods for begtneed to be improved and perfected, particuléyyusing
contemporary computerized generators which carskbd to produce electrical signals of virtually dosm. Here we describe
a version of a system which, in principle, makgsassible to define the active factor of a winanstius.
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Fig. 1. Diagram of the experimental apparatl)sLoudspeaker;
2) mesh screerB) plastic tube#) experimental insec8) platform;
6) electrode?) amplifier.

Fundamental Principles of the Stimulation System. The source of the wind stimulus consisted of a ssotized pair
of loudspeakers. The shape of the controlling Btadtsignal was selected such that the amplitudktame characteristics of
displacement, speed, and acceleration of theair ¢ould be varied radically.

Construction of the Stimulatory Apparatus. The general layout of the stimulatory apparatus siaslar to that
published previously [2]. The acoustic chamber @ird of two symmetrical parts, each of which imnteonsisted of a
transparent plastic tube of internal diameter 120 amd length 45 mm (Fig. 1). WS 13 BF (1045) logdd@rs (from Visaton)
were attached in the front parts of the tube, fg@ach other and electrically connected in paraltel in opposite phase.
The major parameters of the loudspeakers werdirgtaesonance frequency of the diffusgrwas 40 Hz; the quality factor
of the vibrating systen® was 0.5-0.6; the length of working travel of théfuker was 6 mm; the peak power was 60 W,
the electrical resistance at constant current w&s ©ne half of the acoustic chamber was fixed téaad, and the other
was attached to the first half during experimenaster the platform and insect were placed in tbeter of the chamber.
A microelectrode was attached to the preparatiomfabove through an appropriate opening.

Since the vast majority of wind receptors are gesmsto the direction of the signal, it was consate necessary to
provide the ability to change the relative oriemtatof the preparation and the stimulus sourcerduthe experiments.
For this purpose, the entire chamber could be edtat

In order to reduce the electrical interference vt microelectrode and preparation, metal meshworkens were
placed in front of the loudspeakers. These wereaamin shape, to prevent any possible break-ufs aomponents during
stimulation.

At low frequencies, when the length of the acousi@wves was much greater than the distance betvineediffusers,
the rate of air flow within the regulated chambeaiswvirtually equal to the rate of loudspeaker moxemThe better the
symmetry of the acoustic parameters of the loudsggreathe more accurately the air flow rate reflatie electrical current
driving the loudspeakers. Unavoidable variationsoindspeaker performance lead to increases indhadspressure within
the tube. This pressure can easily be detectedaniticrophone inserted through the upper openirtbearwall of the chamber
(in place of the microelectrode), perpendiculaitédong axis.

The driving signal was produced using an Ekspezttebnic system in an IBM PC-486 computer. The damgp
frequency was 20 kHz. The electrical signal frora tutput of the digital-to-analog converter wasefiégd (low-frequency
filtration with a cutoff at 1 kHz) and was fed indbopower amplifier and then to the loudspeaker.
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General Description of the Stimulus. The signal driving the loudspeaker was composedtireke sequential fragments
of the parabolic functions

u(t) = kt® 0<t< T, (1)
U(t) = Up, - k(t - 2T0)? To <t < 3T,

U(t) = k(t - 4To)° 3T, < t < 4T,

U(t)=0 t> 4T,

whereU,, = 2.5 V (maximum voltage)T, = 0.125 seck = Un/2T,* = 80 V/seé.

The components of the driving signal were seledteduch a way that it and its first derivativesuld meet the
condition of smoothness for the resulting funct{ae. without breaks or sharp jumps) during the esyvetime. The total
duration of the signal wasTg = 0.5 sec. For comparison, the period of the intdngbration of thdloudspeaker diffusers
was 1F,; = 0.025 sec, i.e. 20 times smaller. Resonant sysige diffuser and elements of thepport formed a resonant
system) are known to follow a slow forcing actioithassome delay. Computer calculations performedhsyDuamel method
for the loudspeaker parameters gave a delay timthéoresponse of the order r = 4 msec. This idlsmaomparison with
the duration of the driving signal and, to a fiegiproximation, the function of displacement of th&users from the
equilibrium positionS(t) can be taken as being proportionaldf - 7) (Fig. 2, plot 'S"):

S(t) = gU(t - 7), wheret > 7. 2

The displacement function was also determined &tstital transfer of the loudspeaker charactergs{imm/V), which
can be measured easily in laboratory conditionst esnumerically equal to the linear displacemehthe diffuser when a
constant voltage of 1 V is applied to the loudspakor the loudspeakers used in this apparatgsl.2 mm/V, and

Sn=gUn = 3 (mm), ©))

wheres,;, is the amplitude at maximum displacement. This @atwst not exceed one half of the length of thekimgrtravel
of the loudspeaker diffuser.

As already mentioned, the rate of air flow at loeguencies is in fact equal to the speed of thesifs, i.e., the first
derivative of their displacement function:

V(t) = dS(t)/ dt

The speed increased linearly over the rangé< Ty; the speed also decreased linearly over the intgval3r <t < 3Ty,
becoming negative after the poi®i, +  and returning to null over the rang&y3+ v < t < 4T, + 37 (Fig. 2, plot V).
The maximum speed, of the diffusers was developed close to the flexpoimt of the functior§(t) (at the pointsly + 7 and
3Ty + 7, allowing for the delay):

Vi = 0.965,/Ty = 0.965dJ,/Ty = 23 (mm/sec). 4

It follows from Egs. (3) and (4) that stimulus ¢ahtion leads to determination, with the requiredel of accuracy,
of eitherg or S,. The problem of measuring linear displacement ofdsobjects, such as the loudspeaker diffuser, is
technically much simpler than measuring air flowesain small volumes. The time parameters of theads were determined

by the digital-to-analog converted, which was vstgble, so the effects of errors in the valuesafd T, at the input signal
were ignored.

Diffuser acceleration was determined by differeigithe speed function:
a(t) = dv(t)/dt.

Since the speed changes were for most of the iimear in this case, the plot of acceleration wasegped function
with jumps from one level to another, due to therfia of the moving parts of the loudspeakers (Figlot 'a").
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The magnitude of the acceleration (the step height calculated using
am= SW/To? = gUn/To? = 192 (mm/sed). (5)

This plot has four regions at which the levels g¢gigararound points Oy, 3Ty, and 4, ; after pointsTy and 3, the
amplitude of the jumps wasR. The calculated duration of the transition processas essentially equal ta 312 msec). The
ratio of §, to a,, was strictly maintained, i.e. the accuracy of measient of the maximum acceleration depended only on
the error in measurement 8f . The intrinsic frequency, and the qualityQ of the moving parts of the loudspeaker had no
effect on the amplitude of acceleratiapat stationary intervals.

Thus, the function for displacement of air particleear the preparatio®t) has no points at which sign inversion
occurs, the speed functi@¥(t)) has only one such pointTg+ 7) , and the acceleration functioa({)) has two pointsT, + 2,
3T + 2r); the pointsof sign inversion for speed and acceleration docedaticide.

The directions of displacement, speed, and acd&laraectors over the range 0Ty are positive when air particles
move from the insect's heaal its cercus.

Naturally, selection of the value &f, and, consequently, &, , V., , anda,, , are determined by the particular
requirements of an experiment, and depend on predity data on the properties of the neurons ofré@sieand consideration
of the limitations resulting from loudspeaker liniga

Selection of Loudspeaker Type for the Stimulation Chamber. Equations (3)-(5) provide general guidance as ¢o th
type of loudspeaker to be selected for the appsraalculations showed that the delay in the mechanesponse of the
diffuser relative to the driving signal is determéhprimarily by the intrinsic resonance frequeni€y).(As an approximation,
the time required for transfer processes is halfgbriod of the intrinsic vibrations of the loudager (3 = 0.5F). Thus,
reduction of time distortion requires a loudspeakith the highest possible intrinsic resonance fesgy. However, at a given
rated power, a loudspeaker withhigher resonance frequency generally has a snrakerve for the diffuser's working travel,
with the result that the calculatelisplacement amplitud&,, can fall beyond the limits of the linear range. Taegth of the
working travel of the diffuser alsiimits the maximum air flow speed, especially ftove processes (not only for the signals
described here, but also for tonal bursts in thguency range belof). On average, the range of vibration which théudir
can achieve increases with the loudspeaker's poatielg and, consequently, its size. For the presardies we selected a
loudspeaker with the greatest diffuser working &eawailable for a convenient size.

M ethods Used for Neuron Studies. Assuming that the element under study (for exan@lgceptor or an interneuron
of the insect's cereal system) functions as a pfobdetermining air speed. At the first part oé ttange (0 ) of stimulus
speedV(t), responses are expected after the point at whiglspeed of the air flow is greater than the phggioal threshold
of the neuron. In fact, latency has the effect thatresponse is seen a little later, at time phi(fig. 2) after the start of
the driving signal. The threshosgheedv+ is related to timé, as follows:

Vr= 1.0t - 7 - 1)/ T, (6)

wherel is the latent period of the neuron response.

The value of canbe determined by two methods: a) by stimulatingrtearon with short clicks whose amplitude is
close to the threshold level, andlly) measuring; andt, at two maximum speed4,; andV,,, which differ by a factor of 1.5-
2. The value of, has the sameense a$ in Eq. (6). In method b, the resulting data aredusemake easy calculations of the
latent period of the neurarsponse and its sensitivity threshold using aesysif two equations with two unknown parameters:

Viz 1.0 ity - 7 - 1)/To, (7)
VT= 1.04\/m2(t2 -7 - |)/TO

If the neuron of interest responds tonically to stiemulus, the instantaneous spike frequency atasbieshold levels
will correspond to its amplitude characteristicsséssment of the nature of responses at reducedssfig - 2T,) also allows
measurement of the symmetry of the neuron's clarstits. Inversion of the air flow rate occursidgrthe signal presentation

period (at time 2, + 7). Analyzing the distribution of spikes in respasis¢ positive and negative speeds immediately gesviwo
points on the directional sensitivity diagram.
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Fig. 2. Plots of the displacement functidi($) ("S') of the loudspeaker diffuser, its ra¥ét)
("V"), and its acceleratiom(t) ("a"). The horizontal axis shows time from the point of
applying the driving voltage to the loudspeakerlcGkations were made using = 0.6.

All these calculations apply only in cases in whilsh active parameter for the neuron of interettiésrate of air flow.
This is not usually known in advance, so a prelamnanalysis is made of the distribution of spikesing the stimulus and
a period of time following the end of the stimullisthe element under study is sensitive to aiwflacceleration, its discharge
pattern will undergo highly significant changes ipdiately after time points O , 3Ty , and 4y, when theactive parameter
undergoes sharp jumps, including sign inversiomwd factors act simultaneously on the neuron, §peed and acceleration,
the pattern will be complex. In this case, it idpifel to carry out a comparative analysis of resggmat regions in which the
speed and acceleration vectors act out of pligse 2T, ; 3T, - 4Ty and at regions in which the vectors are in the same
direction (0 =Ty ; 2Ty - 3Ty).

Analysis of the active factor may reveal situatiofigmbiguity when the time response of the celhtdérest is limited
to the period of 0 Ty, i.e., the first quarter of the stimulus. All teréunctions act at this region — displacement, dpead
acceleration, and are positive and increasing. @ethod of solving this problem is to repeat the ezikpent with the
stimulating tube turned through 180° relative wiititial position.

In conclusion, the type of stimulus proposed hererily a partial case of nonsinusoidal influenaa. &ample, if the
neuron of interest is sensitive to acceleratiois Ibgical to use a driving signal of a form fohieh the plot of the acceleration
function a(t) is similar to the speed plaf(t) used here. It is easy to see that the driving bigilkin this case be a sequential
combination of cubic parabolas, but without rettorzero at the end of the stimulus duration.
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