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Abstract -

An experimental technigue is proposed which may quantify
behavioral effects resulting from chronic, low-level,
microwave radiatioq J6f rodents. Rats, for exar .2, make
spontaneous calls indicative of their behavioral pa erns.
From these calls it may be possible to recognize ei the
thermal or athermal (stress) effects of exposurec to N
electromagnetic radiation. A microprocessor-based, data
collection system is developed which will moritor these
ultrasonic calls in the frequency range 10 kHz - 90 kHz.

Data from‘voqalizations.are analysed using recognized
s-atistical methods. The technique is applicable to any
behavioral experimentation involving rodents. In this work
i. is used specifically for the analysis of thermal stress
in rat pups. It is a positive step towards determining
whether or not the neurasthgnic syndrome results from
low-level, electromagnetic radiation. The data collection
system is used to monitor the vocalizations of .rat pups when
exposed first to a cold environment and then warmed in a
microwave field (€.17 mW/cm? at 2450 MHz). Vocalizatioﬁs are
.compared to those of pups which are subjected just to a
thermal (cold) stress. Statistically significant differences

are observed (ps0.005).



gggnowledgements

The author/GTEEgg to express his gratitﬁde to
Dr. W.A.G./V6g;/and Dr. D. Secord for their encouragement
and assistance durfﬁ@ the course of this éroject; ‘

He also wishes to thank Dr. P. Fisher, Mr. M. Hammer,
Mr. E. Kirchner, Mr. M. Locker, Mr. R. Turner, and
Dr. G. walker for their comments and suggestions. The
cirefuvl preofreadinrg by Mrs. A.B. Bhaéia isvgratefully
acknowledged.

Financial sUpbért for ﬁhié project was provided in part

. by NSERC (Grant Voss-2272).



Table of Contents

~hapter o ' . ‘ Page
I. Introduction ........ e ettecieeaseaecetaasassanasanal
II1. The Digital Ultrasound Recorder ......... ceeeans o107

" A, Theory of Operation ......ceieeeivencncsenennnaall

B: Expefimental Verification ....... 2

~III. Rodent Experihents N - {
A. The Microwave Irradiation System ..........c.0..26

- g. Methodology‘........;......' ..... et asees s eeens ..29
1V. Experimehtal RESULES tevveornonascnsnnsns eeeesesss33
V. Discussion ........ .00 B T 10

Reference List ......C...'.I‘...ll.......l.’.l......l.....67
Appendix I - An analysis of hypothermal stress ,.......;..74

Appendix II - Absorption of circuiarly-poiarized EM

waves 0..-.‘I...QQ’..'....D....'..-.I.......l'l..l'..77
Appendix III - Pascal and Midas computer programs ......../8

Appendix IV - Circuit design of the digital
ultrasound recorder e - B

vi



List of Tables

Table =~ Description N ' Page

1 Ultrasonic vocalization. A , 6
. .
2 . Power flow through the microwave 34

irradiation system.

P vii



11
12
j3
14

15

List of Figures

i

Ultrasound recorder - Circuit boards:

Photograph.

‘The digital ultrasound recorder: Photograph.

Block d;égram\@f the recorder. .

The input conditicning and digitization unit.

Recorder output for high frequency signals.

Arrangement of the irradiation system,

A d v

Number of calls for control animals (Runs
"

1,2,7). ,4

Number of calls for control animals (RunS'

Number of calls for experimeﬁtal animals
(Runs 3,4,5)

Number of callssfor experimental animals
(Runs 6,9,10).

Average number of calls\for control and

experimental animals.

Normalized slope of number of calls for
. -control animals.
Normalized slop= 6f number <+ calls fcr

" experimental animals.

Total vocal time for control animals (Runs
1,2,7).
Total vocal tire for control .aimals (Runs

8,11,12).

viii

28

41

42

43

44

23
mn

46 -

47

48



16

17

18

19

20
21
22
23
24
25

26

27

Totél bpcal time for experimental anipals
(Runs 3,4,5).

Total vocal time for expéyimental animals
(Runs 6,9,10). ‘

Nbrmalizéd slope of vocal time for control
animals.

ﬁormalized slope of vocal time for
experimental énimals.

Numbef of calls of isolation animals.
Total vocai time of isolation animals.
Histogram of ffequency for all animals. /
Histocram of amplitude.fdf all animals.
Histogram of duration for all animals.
ﬁumber of calls per pup versus mass.

Core temperaturé of cold pups.

Circuit board 1.

Circuit board 2...

ix

50
51
52
53

54
55,
56
57
58
59
60.
82
83



I. lnfroduction

The biological effec's of exposu:: to -~ lectrom:gnetic
(EM energy are a source of both public and scientitic
‘concern. Justesen (1979) when sp 1king for the IEEE's
Committee on Mar and Radiation stated:

" Whétevef the loss or gain, it is the net
advantage or dif.dvantage that must oe
weighed. The potential trade- offs associated
with man-made emitters of electromagnetic
energy are .therefore legitimately associated
with concern for the safety of those who
make and those who use the jroducts of
radiofrequency technology.’

In practice, exposure to EM radiation can be divided
into two clasées: short-term exposure to hig?—intensity
fields and long-term exposure to low-intensity fields.
High-intensity radiation can be defined in terms of power
density, dosimetry, and'specific absorption rate. | .
Low-intensity, chroni; radiation is, on the othe;'hand,
somewhat more diffiqult to quantify. The conditions of
’exposure.often.change with the time and position of the
experimental subjects.

The responses of living organisms to these different
irradiation regimes are divergent. Whereas effects‘of
high~-intensity radiation are.normally defined ih terms of
physiological function, the effects of low—intensiﬁy, |
chronic radiation are more sﬁbjective and indeterminéte
(Baranski and Czerski, 1976; Livshits, 1958).MThe actual
" biological effects have been classified into two major

categories: thermal and nonthermal. When EM energy is

" absotrbed by a living organism, the effects are defined as

5‘01
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geing thermal if the temperature rise is significant
(g 0.1 °C). The whole organism.(or a major portion of it)
participates in the heat-transfer process. The organism
reacts to heat as a direct stimulﬁs. The capacity of
microwave radiation to produce a measurable temperature
increase in tissie is well—knéwn. fbe taermal effects of
radiation are well defined (Baille et al., 1969; D'Andrea et
gl;; 1975, .1977; Frey and Feld, 3f75; Michaelson, 1969).

Nonthermal effects, on the other hand, are not
explained as reactions to direct heating. They can occur
when the electric field or the magnetic field of the '
incident EM fadiationiinteracts directly on the molecular or
macroscopic level ..ch the irradiated tissue (Schwan, 1969).
Nonthermal : ff-cts are difficult to identify. They. often
occﬁr only in cc ;aih‘freéuency regions and usually exhibit
saturation 1t low intensities. It has been suggested that
thermal effects may drown-out any evidence of nonthermal
effects (Frohlich, 1980). |

Nonthermal effects rave been reported in the areas of
neural, cardiovascuiaf,_blood, and endocrin~ function. The
~effects of chronic, low-intensity .radiation hay be very
subglé, affecting-genera;'ménfal and physical health and
longevity (Moe et al., 1975). It is alsc speculated that
long—term exposure ‘may be mutagenic, affect1nJ future
_generatlons (Healer, 1969). Justesen (1979), in a rev1ew\of

the behavioral and psychological effects of eléctromagnepjc

radiation, states:



r

"Microwaves and other radiofrequency
radiations of the electromagnetic spectrum
can have highly predictable effects on
behavior at modest and even low-levels of
irradiation. Introduction of weak fields
into sensitive tissue promotes bona fide
physiological reactions that give rise to
. changes. in behavior."

One established nonthermal effect is the ability of
irradiated subjectsqto detect particular kinds of 1incident
radiation fields. Specifically, subjects are able to hear
"clicking” and "popping"” sounds when radiated by pulsed EM
fields. This effect was first studied by Frey (1961). It is
thought to result from a sudden expansion of tic<sues in the

. < ©

head. Yet, the power density of this pulsed field can be of
an order such that it produées only 10-* °C temperature
elevation in the subject. It is speculated that the effect
may be due to a change in density which results from the
sudden expansion of tissue. The shock wave which follows 1is
detected by the inner ear (Chou and Guy, 1975). This
reaction is defined as the result of microthermal
stimulation. It would not be possible to apply any direct
heating technique to synthesize this effect. A

Neurasthen.a, a reversible syndrome akin to mild

depression, has been attributed to weak microwave fields but
an etiological connection has yet to be demonstrated
(Justesen, 1979). Some of the 5ym§toms of neurasthenia are:

irritability, headache, lethargy, insomnia, impotence, and
. - . R . &

&

. loss of libido. These and similar complaints have been made

by individusls‘exposed tofweak radiation fields.



)Nonthermal effects in the behavioral and psychological
realm are difficult to define (Justesen and King, 1969).
Behaviqral experimentation in particular can be easily
biased because ol experimental technigue. There are many
variables that must be considered before good experimental
fechnique can be asqgrgained.

Data describing human response to EM radiatioﬁ come
almost exclusively from clingcal»studies of accidentally or

ERN 3
inadvertently exposed individuals. The conditions of their
exposure cannot be precisely assessed and their numbers are
not sufficiently large to carry out proper epidemiological
studies. |

Since any procedure involving irradiation of human’
subjects at any level is unethical, experimental exposures
of small animals must be used. Behaviorél and psychological
reactions of»rodents'are often manifested in terms of
ultrasonic vocalization. It may therefore be possible to
model the effects of loﬁ—levgl, microwave radiation sn man
using rodents as experimental subjects (Voss, 1979; Voss et
al., 1980).

Chronic microwave irradiation cgn be considered as a
parallel to chronic exposure io stréss. Emotional and
psychosocial stress can, through chemical impalance, result
in injury to elements of the immunolpgical apparatus of the
‘body. This leaves the irradiated subject vulnerable to viral
and other incipient pathoiogiéal processes normally held in

check by the body (Riley,et al., 1976). Behavioral and



. 4
psychological reactions to radiation provide a means to

monitor this stress. Thus, vocalizations and the changes in
them can. be the basis of modelling stress:

Vocalizations can be guantified and then anélysed using
statistical methods. This technigue allowé‘syétematic
replication of experiments and, in essence, the conformation
or rebuttal of the neurasthenic effect of microwaves in
.rodents. Monitorinc _trasonic vocalizatiots is attractive
because it is a remote sensing technigue and it perturbs
neither thgﬂrodents nor the microwave field. Further, a wide
variety of situations (maternal (Noirot, 1903/, aggression
and submission (Sales ,13972), séiual (Barfield and Geyer,
1972)) are accompanieé by vocalizations. Table 1 summarizes
mSﬁy of the calls of Yistar and Long Evans rats and the
circumstances in which they are detected.

The technique of monitoring vocalizations reguires the
use of datalogging eqﬁipment able to pick up the
chéracteristic features qf rodent ultrasound. These features
include number of calls, frequency, amplitude and duration
of calls. This intormation, correlated with exposure time
and power léve;, should provide sufficient data to gquantify
behavioral and physiologicalbresponse. For prolonged
experimentation, a steady stream of this information Qould
sooﬁ exceed the capacity of any conventional ultrasound
datalogging eguipment.

The analysis of murine vocalization has been d;fficult

because satisfactory broad-band ultrasound detecting devices
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TABLE 1 - Ultrasonic Vocalizations
STRAIN| FREQ. TYPICAL RATE OF CAUSE NOTES I
RANGE DURATION| CALLING
in kHz in ms
WISTAR J0-90 5-65 Not Isolation| Pups 4-16 days.
given. from Lower frequency
. nest’, if pups>16 days
‘Sewell (1968)
WISTAR 35-55 Not Calls per Lower Pups 0-22 days.
given. minute = temp. Homiothermy 1is
SN 48,45,25.] 3, 12, 22| developing.
: -C Okon (1971)
WISTAR 22-30} 700-1000| Mary Sub~ Male rats.
: ca 's jp>r| mission Inhibits
mir:“e. ! to strong| aggression.
male. Sales (1972)
WISTAR 40-70 3-65 Many Domin- Male rats.
: calls per| ation of Indicate
minute. weak dominance.
' male. Sales (1972)
" WISTAR| 30-56| 100-800 | Many Hetero- Male or female.
calls per| sexual .
o minute. activity.
34-120| 2-40 Very Genital Sales (1972)
sudden. sniffing.
LONG . 22-25 1-3000 Not Post Depressior. call
EVANS | © g given. ejac- deters female.
ulation. Male
exhaustion.
Anisko et al.
(1978)

~

Table 1. Ultrasonic vocalizations. The calls of Wistar and
Long Evans rats and the conditions of their occurrence.

PR




are not available. There are five different ultrasound
detecting devices”currentlykused;_Two of these devices
depend on the conversion of high-frequency, acoustic signals
inte signals that can be directly perceived.by the
researcher. The electric response of an ultrasonic .
microphone can be amplified ané viewed directly on an
oscilloscope screen. The number of calls can .then be
manually recorded. Photographic techniques can be employed
anéﬂtraces measured with a ruler to assess the freguency and
duration of sound (Griffin, 1958). -

The heterodyne conversion of high-frequency sound into
audible signals can also be used to deﬁect ultrasound
signals. This detector (known as an ul;rasound detector)
produces sound signals which are partia}ly representative of
>the\input“signale. If the instrument is tunable, the
ofiginal frequency can be approximately detefmined. This
assumes that the original signal is unchanging in frequency,
and that the vocalization is of sufficient duration to allow
tuning of the ultrasound detector. The amplitude of the
vocalizetion'is not meeeured'(Sales and Pye, 1974).

The technique of recordinéyultra50und directly by
h1gh speed tape recorders can also be* used. The low-speed
replay of these tapes effectively converts ‘high- frequency.

. ultrasound into low-frequency,gaudlo—sound. The
| tape-recording technique provides an ideal mechanism for the
coilection and storage of ultrasound.‘x\per M record4of

the vocalization is fMiade. The analysis of t<_ .ecordings



is, howe;er, slow and cumbersome. Tapes can be studied by a
sonographic method. By replaying shoft sections'ofjthe tape
hundreds of times throﬁgh narrow, tunable filters‘the
recorded frequencies éan be precisely measured. Short
recordings require a long analysis time and silent intervals
take up much of the tape (Sales and Pye, 1974).

Recently, techniquesvhave been developed which
categ&rize ultrasonic calls and use computer scanning
techniques to collect data. Harrison and Holman (1978)
developed the first computeriied device which monitors
ultrasound. The ultrasonic recorder tests the freguency
spectrum over four bands. If the relevént frequency is
present in an ultrasonic call,‘a digital state of "one;:is
registered at oné of four paral}ei twin-T filte; circuits.
These four outputs are periodically(scanned by a computer
and their levelé are stored for future analysis (Whité,
1971). The .scope of this technique is limited by the small
set of frequencies tested. A

Other devices which count the number of calls in a
specific frequency band have also been developed. They do
not grovide a complete analysis of theispectqum of rodent
vocalization. These dbvices are basically ultrasonic event
recorders (Brain et al., 1980; Morget, 1972).

The analyéis of behavior and psychology based on:these
l‘types of instruments could be misleading.'Many of these

devices do not provide complete information about the

vocalizations of rodents. Most have no amplitudinal



parameters and the frequency is often only appfoximated. The
durétion of vocalizaton cannot be considered at all, except
wvheri using a tape-recording technigue. Tape-recordings of
ultrasound, although initially agtractive, are so difficult
_to analyse that often recording sessions are extremely
short. If vocalizations are tn be used as the bases of study
'info behavior, then it is necessary that’'all factors be
considered. ’

Due to advances in digital eleCtronics, equipment
capable of properly monitoring signals across the ultrasonic
frequency range can now be constructed. A device has,beén
designed and constructed which can monitor ultrasound across
“the frequency range of 10 kHz - 90 kHz. It stores data
directly on a computer for subsequent analysis. The:
deQelopmént of this device is now detailed. Its ability to
identify specific signals is tested. ‘

Before lg;ge scale studies éan be cé;ried:out, it must
be shown that microwaves can affect the voéél aCtjviﬁy of
rodents. Therefore, ﬁhe device is usedvfo monitor thea
vocalizations of infant rats that are exposed to hypothermal
stress and then placed in a low power microwave field. It i;l
well known that rat pups vocalize in response to changes iﬁ
body temperature. This experiment tests the ultrasound
‘recorder's ability to distinguish between vocalizations of

rat pups exposed to different irradiation conditions.



I1. The D1g1tal Ultrasound Recorder

A technique to detect the ultrasonic vocallzat1ons of
rats was developed 19 tﬁe course ofxthls study. The
microprocessor-based, déteétion:system was consttructed to
log‘vocalizations sﬁd to store information on the Amdhal
5860 ;omputer. This system records vocal frequency, sound
presssre, time, and.duratfgn of calls. It detects ultrasonic
vocalizations in the range 10 kHz - 90 kHz. These data sre
anaiysed‘ﬁsing the Michigaqylnteractive Data Aﬁalysis System
(MIDAS). A determination.of theﬁdifference between the vocal

activity of experimental and cont;ol'animals can then be

made.
*

-Rats vocalize over -the ultrasonic frequency range of
20 kHz - 150,kHz.~The'most&heavily used range is 20 kHz -

70 kHz. Their calls are sporadic and usually are between

v v

5 mswand‘BOO ms ‘in duration.-Thus,~an ultrasonic detection
system must be capable of recognlz1ng a call quickly. It
'must be able to monitor animals for long. periods of tlme,
*and, when there are no calls, must not prodpce null data as
'aqtapéurecorder running continuously»wéuld; The rate of
'vocslizati;n‘is dependent on the individual animal, and on
the gxperimeﬁtal protocol during recording. Up.to 300 calls
per,minute pave been detected from rat pups exposed to
fhermalvstress. The frequency of_vosaiization is generally
constant through out a call. The amplitude of vocalization
can be difficult to assess because of its dependence.on the

" microphone position, animal position and orientation, and

10
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finally on the acoustic properties of the environment.

‘A, Theory of Operation
A broad-band ultrasound recorder that automatically

monitors signals'in the frequency range of 10 kHz - 901kHz(
has been developed. The high speed digital components of
this system trigger data collection on detéction'of an
ultrasonic call. The storage of null data is eliminated. The
output of fhe system is automatically stored in a
random—access, memory (RAM)'buffer. For extended periods of
data collection, intormation can be transfered to any
digital mass storage device, such as a parallel printer, a
disc drive, or a mainframe computer. Subsequently, more
détailed analysis of ultrasonic calls can be made;

 This ultrasonic detection system is bésed on a set of
digital circuits.' The microprocessor which forms the
éentral processing unit of the recorder is a Motorola MCM
6802. The microprocessor can operate in'either of the two
opefating systems. One ig}Motorola;s D5 Bug (MEK6802D5
Operator's manual), and the 6ther is described in defail

~ later. These two operating systems form the basis of the .

recorder's funttions.

'A technical manual for the Digital Ultrasound Recorder is
provided. The manual contains a complete set of circuit
diagrams, an IC layout for all circuit boards, a memory map,
and a listing of the programs currently available for the
recorder. This manual is intended to be kept with the
recorder and to be updated as changes are made to the
equipment.
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Programs were written for the recorder 1in assembly‘
Tlanguage on the Amdhal 5860 computer. They were lbaded.into
the recorder by programming a sét of erasable, programmable,
réad-only memories.

The recorder system was designed with two méjor goa{s
in mind, cost effectiveness and speed. The recorder uses a
combination of standard TTL, low power Schottky TTL, CMOS
and NMOS integrated circuits (ICs). The circuits were wire
wrapped onto three perforated (Vector) boards. The wire
wrapping allows dense packing of ICs and is also convenient -
for making changes in the wiring. The circuits were desighed
and tested in small sections before being'intgrconnected.
Grounding problems in the recorder were av;idéd b§’adopting
a tree structure on each board, thereby eliminating the
possibility of grounding loops. A view of the recorder's
three major boards is shown in Figure 1.

All digital circuits produce, aﬁd are vulnerable to,
interference from externai electromagnetic:fields. The
recorder was therefore housed inside é grounded aluminum hox
with a small opening to allow access to the key pad. The-
recorder reguires three différent power levels +5 V, and
+15 V. The +5 V source is the primary supply for -the
recorder and must Qrévide 20 W to the system:. The %15 v
sources are requiredbﬁdr the frequency-to-voltage,
-analég—to-digital cbnvérteré and for the sample-and-hold

circuits only, and must supply 5 W.- A view of the recorder

inside this box is shown in Figure 2.
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Figure 1. Ultrasound recorder - circuit boards. A photograph
of the three main IC boa_rds in the ultrasound recorder.
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Flgure 2. The digital ultrasound recorder. A photograph of
the front panel of thejrecoz'der

14
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The ultr;sound recorder converts any 10 kHz - S0 kHz‘
call into a digital signal. FigPre 3(a), a block diagram,
divides the recorder into five discrete units., When an
éltrasonic call is received by the cbndenser microphone, it
is directed_fo the analog (input-conditioning) unit, No. 1.
This unit prepares the call fof the digital conversion unit,
No. 2. The cohtrol uniﬁ, No. 3, directs all the sysiemﬂs
functions: it triggers‘évents in all sections and controls
the'flowiof data among them. The memory Unif, No.’4, is a
temporary storage depot; data are passed from it, through
the output unit, No. 5,‘for final transfer to a device .such
as 'a computer or §aralle1 printer. In this way, the
components work together té detect, to dﬁgitize,'to store
and to finally’transmit'déta on the ultrasonic calls..

The control unit contains the sfstem's central..
processing unit (CPﬁ), an 8-bit michprocessor (MCM 6802).
This pfocessbr executes programs stored ih a 5ét of
erasable, programmable, read-only memories (EPROMs). The
operating system is the largest program in this memory bank.
‘When the'opegating sysfém stérts execution, it interrogates
the user for the system-timer spéed, the rate of data
<c;ilection, and tﬁe method of data transfer. Once these

basic parameters are defined, the 5ystem”begins to monitor

=

ultrasonic signals. < -
)
A flow chart of the system is presented in Figure 3(b).
During operation, the recorder constantly tests for

ultrasonic signals. On detection of an ultrasonic call, the

Y
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system begins data collection. It first reads the timer to
"find out when the call began and then measures the amplitude
and frequency of the cal.. This information is stored in the
local memory buffer. The recorder then walts for the timer
to trigger it to start making further measurements of the
amplitude and frequencw. This process continues for the
duration of the ultrasonic call. When the call ends, the
recorder returns to its earlier mode and begins testing for
the occUrrence of additional ultre -~und. | “
The cycle of testing for calls a-d making readings
continues until a time-out conditicn ic reached. The
time-out condition can be brought or by: (1) local memory
overflow; (2) system timer terminaticn of the’ experiment; or
(3) user selection of a continuous trarsfer mode of
operation. The presence of a time-out ccndizion results in
part of the data being transmitted out of the system by the
output unit. After the transfer is completed, the time-out
condition.is automatically removed and the operating system
continues its normal flow. |
The analdg input—conditioning'unit of the recorder
essentially guarantees that all signalé directed through it
to the‘digital conversion unit are within prescribed
tolerances. The block diagram, in Figure 4(a), shows the
output of the condenser microphone first amplified by a
factor of 2000. This improves the signal-to-noise ratio for

the rest of the system, and also isolates the mierophone

output from the digital network. (The microphone and
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ahplifier are part of an S100 Eat Detector - QMC Instruments
Limited, Queen Mary College, University of London, London,
England). The signal 1is then split :nto three parallel
signals: A, B, and C. Signal . 1s ccmpared to a
dser-épecified noise level. Seti.ing the appropriate value
for this level is critical, because the sound pressure of
the ultrasonic call must be %reater than this noise level,
for the system to collect data; The position of the noise
level is determined by the following factérs: (1) the level
of ambient interfering noise; (2) the proximity of the
microphone to the expefimental subject(sj; and (3) the
‘electronic npise. It is centered at a frequency of 1.0 MHz,
a frequency thch cannot trigger the system. The amplitudé/
of the noise could, however, mean that some low intensity
signals are not recérded:aabvariable resistor within the
unit conérbls the threshold of the noise level which, is set
at 0.1 V. At thié level, an ultrasonic signal must have an
amplitude of more than 5 mV in order to be registered.llf
the incoming signal is greater than the noise levelr the
‘output of a comparator is set to 5 V, which indicate; to the
control unit that a valid call is present; this output is
labeled "the ulfrasonic detect line". The second paréllel
siénal, B, is fed into a precision rectifier and envelopé
detector. Only'the_positive:envelope of the original call
passes through these c oonents. It is a slow moving signal
and represents the amplitudinal variation and frequency

modulation of the ultrasonic call. The third parallel

Id
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signal, C, is tested to ensure‘that its Qoltage levels will
not damage subsequent circuits. These three signals A, B,
and C are directed to the digital-conversion unit.

‘ The primary task of the digital conversion unit is to
couple incoming analog signals to the CPU (in the control
unit). The three analog signals of the previous unit are
converted into digital sfgnals by the processes shown in
Figure 4(b). The ultrasound detect line, A, is technically a
digital signal when it leaves the analog unit. It has two
states 0 and 5 V. To add a small amount of hysteresis and to
ensure that the transition between states is rapid, the
signal is fed into a Schmitt Trigger. This signal can now be
read by the CPU.

The amplitudinal variation of the ultrasound, line B,
is fed into a sample-and-hold circuit (S/H) which is
directly connected to an analog-to—digitai (A/D) converter.
The CPU triggers the S/H and the A/D to convert the input
analog signal, .B, to its equivalent d'gital‘signal at user
defined time intervals (this digital signal can be—accessed
by the CPU).

The frequency variation of the ultrasonic call, line C,

x .
is converted to a digital number by a frequency—to—voltage'

(F/V) converter. The module counté the number of zero
crossings of the ultrasonic call. It is, therefore, a
measure only of thé fundamental frequency of the call. The B
number of zero crossings is translated into an analog

voltage, which is fed into an S/H and an A/D, in a fashion
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similar to that.of the previous signal. The CPU is éble to
trigger simultaneously a measurement of frequency and of
amplitude. These three signals, which are directly related
to the incoming ultrasonic call, are available to the CPU
within 100 pseconds of detection. ¢

The CPU stores these digital numbers, which represent
the amplitude and the frequency, in the local memory buffer
as part of its normal execution of the operating system. The
memory buffer,caﬁ hold up to 10 kilobytes df information
(5000 ultrasound measurements). Depending on the rate of
animal vocalization and data collec?ion, the memory buffer
" will be filled in anywhére from 2 minutes to the duration of
the expgriment. The buffer is made up of static,
random-access, memory .chips (MCM2114), and the data stored
in them can be maintained for any length of time, if the
line current is no£ interrupted.

Transfer of data through the output unit must occur
before usefﬁi information can be extracted from the
recorder. A transfer will occur'if,the buffer is filled. It
will also result if the user selects the active transfer
mode of data transfef.vln this mode, the operating system is
always trying to empty the local buffer and transmit data to
a mass storage device. If there'afe data in the buffer; the .
syséem will continue to transmit data unless the rat
vocalizes, or until the buffer is emptied. Rat vocalizations
generate 7intefrupts" for the system. On detection of an

"interrupt", the output routine stops transmission and the
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recorder starts to collect data. The system collects data as
long as the rat continues its vocalization. The system then
returns to the output routine and continues the ﬁranémission
of data. E

Data to be transmitted are then taken from the bottom
of a data Staék. As the data are cbllected they'ére put on
the top of the data stack. Thus, the transfer process is in
a race with.the collection process. When the transfer
process reaches the top of the daté stack the entire sﬁatk
is reinitialized to the first location memory in the local
RAM buffer. If the transfer rate is not suffiéiently high<
there will be an overflow. Data will be lost and the

recording session will be wasted. The use of this mode 1is

contingent on a slower rate of data collection than the rate

(J\

of data transfer.

" The format of the recorder output is:
255 255 000 000 T1 T2 A1 F1 A2 F2 ---- An Fn

' The numbers, 255 255 000'000, aré a marker that indicate the
start of a call. T1 and. T2 are the measurement of the time
that the cal}s begin, relative to the start of the recording
session. A1 F1, A2 F2, ---- An Fn are measurements of the
amplitude and the frequency of a single callns These
measurements are made in parallel and thus are alwayé in

pairs. The time interval between A1 and A2 can be programmed

o7
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before the recording session. The number of pairs of
measurements is therefgre an indicator of the length of the
call. There can be thousands of calis in a single.recording
session.
B. Experi@ental Verification

| Artificially pfoduced high frequency signals were used
to dete;mine the effectiveness of the detection system. This
tests the system's ability to reconstruct ultrasonic calls
accurately. ‘

Three test freguencies, 22 kHz,‘50 kHz, and 70 kHz were
chosen to cover the broad range of calls commonly made by
rodents. Amplitude modulation was introduced so that |
amblitudinal variations could also be determined. A 4 Hz
modulatién frequency was used. The{signals‘were fed directly
into thé :ecofdér, by-passing the microphone, thereby
eliminating the problem of ensuring the integ;ity of the
modulation of the signél through a loua speaker. The results
are sﬁbyn in Figure 5. There is a significant similarity. 
between the Q;tpﬁt of the recorder and the input high
frequency signals. The uncertainty of the frequency
measurement 1is igss than 5%, and that of the amplitude
measurement, less than_lO% 2 (Any;nonlineérities inthe
system c;n be determined by testing its output acréss the

entire frequency -spectrum. If data are to be transferred to

iThe uncertainty is defined as the average'deviation of the
measured=signal from the input signal, divided by the
magnitude of the input signal.
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kHz, 50 kHz, and 70 kHz carrier with 4 Hz modulatlon were

used as

input s1gnals
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a computer, for statistical analysis, this kind of error can
be easily suppressed by multiplying a datum by the
appropriate scaiing function.). '

To ﬁse any of the statistical packages available on the
Amdhal 5860, it is necessary to refbfmat the data. The |
amount of reformating required is dependent on the
statistical package.uséd. For example to use SPSS
(Statistical Package for Social Sciences) it is necéssary to
place a single call on a record in a file. The |
reorganization used for invoking MIDAS is more extensive.
Individual measurements must be placed on a single line.
Thus, a Sinéle call-may-exténd fo several lines; Additional
parameters'such as Run number, Exposufe n;hber,.and Call
number must_.be added. Appendix III has the Pascal program
used to reformat data for MIbAS. The analysis tecﬁniques
used-after.the.daté is refofmatted.are dependenf on the
experiméntal protocnl. Some parameters that can be;
considefed are:'amplitude, frequency, number of calls,

length of the call, total vocal time, ...



II1. Rodent Experiments

A. The Microwéve Irradiation System

The microﬁave irradiation system that was used in these
experiments was‘ériginally develbbéd by ‘Guy and Chou (1975)
and later refined by Guy, Wallace and McDougall (1979). It
is designed for exposure of rodents, on a long-term basis,
to miérowave radiation without disthrbfng their normal,

living patterns. Other. technigues were»éogsidered, such as

2

exposure to'a plane wave field in ah anechoic chamber, and
"to a standing wave field in a metallic.cavity."These
techniques result in power being éoupled to experimental
subjects as a Bunction of animal size and orientation, and
“the position of the fbod and water dispensers. The amount of
power coupled to the subjects can vary ‘over a range of three
orders Qf magnitude, under these conditions (Guy %nd Chou
1975). Thus, the anechoic chamber and the resonant cavity
irradation systems were rejected.

The exposure system that was used, consisted of é
section of cylindrical waveguide, constructed of wirg mesh
écreen) in which circularly-polarized, propogatiﬁg TE(11)

" and TM(11) mode, field configurations are excited. A 50-Ohm
coaxial feedline is matched to a small diameter cylindrical
waveguide with two orthogonal exéitation probes. A‘TE(11)
mode is excited in the small waveguide. A short distanée
down the ghide from the exéitafion"probes, fhere is a

circular polarizer consisting of four stubs that convert the

26
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linearly-polarized TE(11) mode into a ci;cularly-polarized
TE(11) mode. The circularly-polarized mode is matched to the
large diameter'Wire mesh waveguide by means of four
addiﬁional tuning stubs. The two fadiating modes (TE11 and’
T™(11)) are eacited and travel down the wire mesh aneguide;
irradiating experimental subjects in a plastic animal holder
in the center_of the guide; A photograph‘of the system is
seen in Fiqure 6(a). '

| The plastic animal holder is of an adequate size to
house rodents as large as guinea pigs. The floor is
constructed of plastic rods so that waste falls through and
is collected outside the irradiation system. The food
dispenser is designed to allow only a ?iked-amount of the
dry food pellets-(whioh absorb very little power) into the
microwave field. Water is dispensed from a standard water
bottle with a glass nozzle. The water bottle is decoupled
from the animals by two concentric quarter wavelength
~coaxial choke sections. The animals can move freely in the
holder. The power coupling characteristics of the incident
circularly-polarized wave ensurés that the animals are
uniformly illuminated by the propogating field. An
explanation of this phenomenou is found in Appendix II.

Power that is transmitted‘past the animal is coupled to

fourimatching stubs, similar to those used to launch the
Wwaves. From these stubs the power is coupled to a 50- Ohm
line which can be terminated’by a matched load A

directional coupler and meter may be placed before. the load

Lo
i
.

RN
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Figure 6. Arrangement of the irradiation system. (a) A

photograph of the system. (b) A block diagram indicating the
components of the irradiation system.
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to measure the power absorbed by ‘the load.

The power that is reflected from the experimental
subject is polarized in the opposite direction to the
incident microwave field. Therefore, reflected power is
coupled to a fourth port'on the irradiation system. This
port is also terminatedvby a matéhed load. There is good
isolation between the microwave radiation source and the
reflectioné from within the waveguide. Figure 6(b) shows the
layout of the irradiation sysﬁem. |

The ébsorption of the system can be measured by summing ,
the reading of transmitted and reflected power and |
subtracting ffom the incident power. By using the straight
substitution technique,-and comparing the power absorbed by
the system, with and without the animal holder‘loaded;‘it is
éasy to measure the power absorbed by an irradiated animal.

The detailed deécriptioné of the microwave techniques
used in this exposure>system, and an analysis of the
dosimetery of the irradiated subjects, can be found in the

original repbrts (Guy and Chou, 1975; Guy, et-al., 1979).

B.’Hethodoiogy

An expé;imental protocol was developed to monitor rat
pup pltrasound under conditions of microwave héating. The
irradiation system previously described was used. The
diéital.ultrasound'recordér was used to monitor the vocal
activity of the rat pups (10-11 days old) for 20 minute test

intervals. The recorder (operating in an active mode)
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directly stored vocalization dapa in a computér file on the
Amdal 5860 computér!%the major computing.facility on the
University of Alberta campus). Data collection occured on
two nights duri?g which 14 recording sessions were made. The

subjects were eight rat pups of randomly bred Sprauge-Dawely

strain (Rattus Norvegicus from the Biosciences Animal

services, The University of Alberta, Edmonton, Canada). They
were housed in a standard 21 by 21 by 45 cm cage in the
Animal Unit in the Surgical-Medical Research Institute, the
Univeréity of Alberta. Food and water were available ad
libitum. The room temperature was maintained at 22(%1.5) °C
and a light-dark schedule of 12:12 was employed. The infant
rats were maintained under maternal care, except for the-
duratibn of éhe experimental periods..

Ten minutes before the ;ecérding began,‘a pup was L
removed from its nest and was placed in a closed ice—bath;
The bath temperature was 1-2 °C. The pup wésAkept in the
bath for 10 minutes to allow its temperature to decrease by
approximately 12 °C (See Appendix I for measurement of rate
of cooling.). The pup was then removed from the bath and
placed in ; standard 250 ml glass beaker (at room
temperature). The beaker was placed on its side in the
animal holder of the irradiation system. An irradiation
field of 2 W was switched on for experimental runs, while

o

control runs were sham-irradiated. A microphone was

<

positioned outside the irradiation system opposite to the

mouth of the beaker. The microphone'was connected to the
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ultrasound recorder and the recording system .;:as turned on.
A chart recorder with inputs from the transmitted and
reflected power signals was started, to measure indfrectly
the power absorbed by the pup. The ultrasound recorder
monitored vocal activity for a 20 minute period. After the
recording sessidn the radiation field was switched off and
the pup was removed from the animal holder. The mass of the
pup was measured and chen the pué was returned to its nest.
Nesting material was sprinkled over the pup so as to mask
any odor the pup may have picked up during experimentation
(Belacostra et al., 1980).

This procedure was used 14 times to monitor the
vocalizations of rat pups. Six of the recording sessions
involved microwave radiation and are referred to as
experimental, and six did not, and are referred to as
control. Two additional sessions were used to determine the
vocal activity of rat pups isolated from the nest for 30
minutes. The same procedﬁre, as previously described, was
used with these pups, except that the ice-bath was not
loaded and the radiation field was not switched on. The
vocalizations of this group can be consideredvas a base
level for the control and the experimeﬁtal data.

In all sessions, the water bottle and the food
;dispenser were left empty. All experiments wete carried out

‘between 7:00 pm and 12:00 pm to minimize the effects of

I

noise in the building.
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The data collected during recordings was reformatted to
allow aﬁalysis:by the-MIDAS statistical package, which is
available on the Amdhal 5860 computer.

To analyse the levél of energy absorbed by the pups in
the 2 W field a glass vial holding 20 ml of distilled water,
was placed in the radiation field for 2b minutes. The
temperature of the water was noted befofe and after
irradiation. From the temperature increasé of the water the
total energy deposited into the water by the microwave field
can be calculated. This value can be compared with the
number calculated when Qsing the straight Fubstitution

echnique of measuring energy deposition.



IV. Experi :ental Results

Before evaluating the effects of microwave radiation on
the vocal activity of rat pups, an exact description of the
conditions of irradiation must be made. Control and
experimental animals were handled in éxactIy the same wa:,
with the exception that the RF section of the microwave
oscillator and amplifer was not switched on“for the control
animals.

For experimental runs, the frequency of the microwave
radiation was set to 2450 MHz. The field pattern is
nominally defined as TE(11) and TM(11), cifcularly—polarized
‘and propagating in the forward direction. The fieid 1s
marginally perturbed by the non-ideal materials us «c in the

construction of the waveguide, and in the plastic animal

holder 1n the cent c. the guide. When a rat pup is placed
in the animal holder, :the incident microwave field is
further perturbed. The conditions of exposure for the rat
pups are toysome extent directly related to the pups. Their
mass, volume, and movemenks will govern the amount of energy
that they will absorb. To measureﬁzﬁe amount of power they
will absorb, a straight substitution techﬁique is employed.
The power transmitﬁed through the cage-is measured with and

without the rat pup in the animal holder. Table 2 summarizes

the results of the tests made during each experimental run.

33
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Table 2 - Power flow through the irradiation system

PI PD PT PAC PAR MASS ‘ENERGY SAR
(W) mW/emd (W) (W) (W) (@) (3)  (W/kg)
2  .6.17  1.07 0.93 0.00 00.0 000  00.0
2 6.17 0.57 0.93 0.50 18.4 600 27.2

2 6.17 0.64 - 0.93 0.43 21.6 516  19.9

2 6.17 0.66 0.93 0.41 19.6 492  20.7

2 €.17 0.60 0.93 0.47 20.6 564  18.1

2 6.17 0.72 0.93 0.35 23.3 420 15.1

2 6.17 0.50 0.93. 0.57 20.8 684  27.4

Table 2 - Power flow through the irradiation system.

PI (power incident) - is set to 2 W for all runs.

PD (power density) - is the average power of the
radiation field.

PT (power transmitted) - is the power that flows out

- of the irradiation system. This includes all

reflected power.

PAC (power absorbed by the cage) - is the power
absorbed by the system.

PAR (power absorbed by the rat) - is the power
absorbed by the rat pup when it is placed in the
animal holder, and the 2 w field is on. PAR is equal
to PI-(PT+PAC).

MASS - is the mass of each rat pup.

ENERGY - is the energy gained by the rat pup,
assuming that all energy absorbed by the pup remains
in the pup. -

SAR (specific absorption rate) - is a measure of the
power absorbed by a kg of matter, if it were exposed
to the same microwave field.
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vThe measurements described in Table 2 are based on a
technique of straight substitution. These results canbbe
compared to the energy absorbed by a vial of distilled
water, placed in the same 2 W microwave field for 20
minutes. The vial contained 20 ml of water which is
approximately the.samé mass as the average raf used in these
experiments. The temperature.éf‘the water in the vial before
rédiation was 24;9 °C..After irradiation for 20 minutes its
“temperature was 29.0 °C. The water gained 351 Joules of
energy. There are so&e differences between these values and
the numbers calculated using the substitufion technique.
This is due to the different chemical composition of the .
rats. Further, the movements of‘the rat pups_will affect
their absorption patterns. . |

An analysis of the vocal activity in the.20 minute
récdfding periods was made using the Michigan Inte@active
Data Analysis System. The parameters used in the anaiysis
were derived from the output of the ultrasound recorder.
Each line of the data file used was organized in the

following format:

Run No., Exposure, Interval, Call No., Amplitude, Frequehéy

P

* Run No. - Identifies the run that was being

analysed.
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Exposure - Identifies the ekperimental condition;
exposure to microwave radiation, to sham-irradiation
or to simple isolation from the!| nest and maternal
care. |
interval - Identifies the time intérval in which the
call wés made. In the 20 minute recording period |
there were nine full intervals. In most cases,
however, the recordiﬁg.period started in the middle
of the first interval and therefore ended in the
middle_df the tenth interval. The gﬁalyéis was dohe
assuming there were ten full intervals. If a session
had only nine intervals, a tenth was added with zero
reaaings.
'Call No. - Identifies calls in the same time
interval. If a call is of sufficient duration, to
cause>the recorder to make more than one reading of
its amplitude and freqﬁency, the call number is
repeated. The ﬁotal number of calls, aS well as the
length_of'callsﬁ is coded into this datum.
Amplitﬁde - Ideétifies the measurement of the
amplitude of the condenser microphone signal. This
is a measure of the sound pressure of the ultrasonic
~call. The reading is in mV.
Frequency - Identifies the frequency of the
ultrasonic signal. A scale of 0-255 is used to

define signals from 0 kHz - 90 kHz.
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Number of calls is the first parameter considered in
thé analysis of ;he data. Figure 7 and 8 are a set of graphs
indicating the Sumbér of calls recorded in each interval for
the control animals. Figures 9 and 10 are a set of graphs
indicating the number of calls recorded in each intervaf for
eiperimeﬁtal animals. ' \

These graphs clearly show a difference»in the vocal
activity of the rats: The control animals begin vocalization
at a low rate and-increase their vocalization rate as the
recording period cohtinues. fhe experimental animals begin .
vocalization at a high rate and decrease their vocéiization
rate as the.recording period continues. A graph of the ~\\;
average of number ofk;alls for each group is presented in
Figure 13. To invés;igate the significance of these results,
statistical tests are used to determine if the number of |
: calis in eachrinterval are significantly different. The
variation between each recording period within the same type
. of exposure is_too large to apply standard techniéues |
-satisfactorily. The numbe: of calls is, therefore,
normaliégq by dividing by the total number 6f Calis in the}
recording session. Iﬁ most cases, this ratio has too many
variations. To further fédpce the variation betwéen
recordings in a single type of exposure, the average number
of calls in the first five intervals is calculéted, and the
number of calls in the second.five intervals is also |

calculated. The slope of the line joining these points is

used as the basis of a Student T test (n=6; x,=57.67,
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x2=-31.09; var,=26.66, var,=9.94;: normal distribution is
‘assumed). Figures 12 ahd.13 show the average slope for the
control and experimental animals. The standard déviétioq of .
the slope isiélso shown. The results of the T test clearly
show the trend that is apparent in the original data. Thé
slopes ofothe control recording sessions have a probability
of 99.26%'of\being less than the slopes of the experimental
recording sessions;;A p;value of £0.005 is calculated for
the slopes of these two groups which_inéicates highly
significant drfferences. '

A second parameter considered for the analysis of data
is the total vocal time. Thg'total vocal time is calculated
‘as the total time that a pup.vocalizes in a given interval.
* The unit of measure is 60 ms, becaﬁse the recorder m;asufes
a call every 60 ms. Thus, each eeaSﬁrement is equated to a
60 ms vocal time. Fiéuresri4 and 15 show how the total vocal
time varies over the 10 time intervals for the control
animals. Figures 16 and 17 show the total vocal time for the
~experimental animals. The same trend of increasing |
vocalizations for the control animals and decreasing
vocalizations for the experimental animals is seen. Again,
due to thg>wide Yariations in the standa;d deyiatiéns'df
this variable, standard statistical techniques are not
applied. Using the same techniques applied to;the number of
callg, the total vocal time is normalized. Thén the slope of

‘the two larée intervals (1-5, 6-10) is calculated. The

results are shown in Figures 18 and 19. A p-value of <0.007
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is calculated ffom the Student T test of the slopes (n=6;
x1=57.77, x,=-30.23; var,=27.10, var,=12.97; normal '
distributioﬁ is assumed). Thig shows that the slopes of the
‘control group are significantlfidifferént from thé slopes of
the experimental group. . gl

Figures 20 and 21 are graphs of number of calls aggﬁ
total vocal time for the rat pups that were isolated. These
pups experienced all the physical handling and the isolation
from their nest which the control and experimental animéls
’faced.-The isolated animals did‘nof experience any thermal
stress. The number of calls and the total vocal time for
this group is extremely low. Iéolation is not a significant
factor in the vocaiizations'of the control or experimental

\

animals. .

The frequency measured by the dltrasound recordgr was
used as a basis of further anaiysis. Histograms of ffequency
for each type of exposure are presented in Figure 22. A
Two-sample test of the median of all vécalization'data shows
that: experimentai versus control p-value 50.961 (n=4850,
median=40.00), experimental versus isolatidn’p-vélue <0.001
. (n=2040, median~40.00), cont;pl versus isolation p?value
$0.001 (n=2864, median=40.00). The experimental and éont501 
daté ére-nqt significantly different. The,éxperimental‘and
control groués do have highiy significant differences. in
frequency.frqm'the isolation group. It should be noted that,
because the number of calls made-by the isolated animals are

low, the percentage of noise in their sample will be high.
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The émplitude of the vocalizations shows sdme variation
“also. Hiétograms of the amplitude‘of each type are presented
in Figure 23. A Two-sample test of the median of these data
show that’: experimental versus control.p-value_50.001
(n=4850, median=16.50), e#perimehtal versus isolation
p-value £0.378 (n=2040, median=16.50), éontrql versus
isolation p-value <0.575 (n=2864, median=40.00). The
.differehcés between control and experiméntal data are
explained by the differing distributions of the two
populations aboutvéhe median. | |

-The 1engph of each call was also considered as a source
of variation Eetween gréupSu Histograms of this parameter
are shown in Figure 24. These data show no signif;cant
variétion bétween groups.v

Finally a graphﬁzf the totai number of vocalizations
versus mass is presented in Figure 25. There are no trends
to indicate that iarget pups vécalize more often than

smaller pups or vice versa.

CS\
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V. Discusc »n

Against the background of increasing exposure c¢f human

populations ¢ EM radiation, studies into the biclogical &
effects cf chronic, microwave :rradiation are ¢l great
:mpcrzance (Learner, 'S8(CJ. The present :thes.s prdév.des a
techr.gue Il prcoe lnIic this genera. prop.em. Pre.iminary
eyper.merts show that effects asscciatel wlTn The microwave
_ B \1;.},
irracleticn cf Diclogice. svE&Lems 2T ex1st. These
eyper.menta. procecures are & grecurscr TC the .arger stucdh
cf gizrowave .ncucec neurasthenle (o rogdents. They ceonilrn
g4
TwZ D&Si.C .2€&s __w power m.crcwave flellds are
suffiizient  stimulus Tz 1nCuce chenges in wvece.igat.con cf
B

rcdernts, ang ‘2 the microprocesscr-based, ulLTtrascunc

.rder (which was constructec fcr this experiment: can
identify the variations ir the vocalizations of the animals.
The results cf the experimental procedures used are now -

discussec.

‘The dig:ital ultrasounc¢ recorder does provide a
technigue for monitoring qltra50und signals. The ;eﬁorder-?s
able to measure gpe fréquency and.the amplitude of the iﬁpgt

signal with an error of less than 5% and 10% respem%ivelygf
Data .transfer between:the recorder and tﬁé”%ﬁiﬂ;}ﬁ§§60
computer was basically error-free. There were no??hStances

’ . ;"J“w/ .
where the rate of calling was sufficiently high égﬁcaqse the..

local mamory buffer to overflow. The output t}éhéfér‘f0uti:e
"', KR t - b : ) i
operated at a rate of 1200, t 3. At this operating .spe&d,

the "M kilobyte local memory buffer would take 83.3 seconds

.
{?
!

M - B l’ :
o c /
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-

to empty. This assumes that there are no calls during the

transfer. A single call would have to be 300 seconds long to
3

.fill the buffer completely. Neither of these conditions 1is

expected tc occur.

The ul{rasound recorder is able to collect and transfer
salient information, about the ultrasound vocélizations of
rac pups, without functional difficulties. It 1s shown that
this detection system can define the differences in the
calling patterns of thermally stressed rat pups.

The differences in calling cannot be attributed either
o separatioﬁ:fnom the nest or lack of maternal care,

recause vocalizations cf isolated rat pups are significantly

less freguent .than those from the control or experimen:

animals. The vocalizz*:ons occur only after a change in the
body temperature cf . rat. Therefore, the vocalization may

pe affected by a thermal stimulus, such as a radiant

microwave field. o~ '
\_/.v'

-

From an analysis of the results of these experiments it

o
P

is fbund that there are significant.differences in both the
sliope of the numbér of ca}éﬁ and the slope of the total
vocal time. .-. detection system measures many oOther
para@gters such as amplitude, frequency and duration of
ca;iéi These parameters do no. .how drastic varilation when
rat pups are eiposed to a thermal insulr.

The f;eQUency of vocalization does show some

interesting effects in our experiments. The freguency

tograms indicate changes in vocalization due tc the
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thermal stimulus. There are calls in the 0 kHz - 20 kHz band
and calls in the 30 kHz - 50 kHz band. Allen and Banks |
(1971) and Okon (1971) stddied‘the voca]‘g?tivity cf rat
pups as a funct.on of temperature. Allen';nd Banks specified
the 30 kHz - 50 kHz band as commonly used by‘thermally
distressed pups. Okon showed that vocal activity is greatest
during changes in- the pbody temperature, and that after the
core temperature stabilizes, vocallzations are not as

N .

common.

The amplisude of vocalization has a small variation
BN . !

between control and exper:mental groups. These variations
can be the result of many factors. There may be a genuine

difference ir acoustic pressure, or the pcsit:cf ang

(84
O

orientation of the vocalizing animal may change, re.a:tive
the microphcne. The surroundings of the anima.s can cause

choes from sol:c cob-ects ¢

"
M
o
8

Q.

changes :n this reac:ng.

cilally Increas.ng or

poa

procduce :nterference patterns, arct:if
_owering measuremencs.

There were nc significant differences found in the
coNend :

length of individual callsh<The duration of most
S
' R

S . .
voca.izations was :wq€§g%§urements long. The calls were not
measured with great-mecuracy in this experiment, If the data

-

col

[

ection rate were increased, it,yg&ld be possible to

T . . . . el T e, '
measure call duratlion with a finer @ gadi g.- 1t would then be

Ted A
. = . Lo R L«b PR
possible tc make a mote detailed ana;ygéi;:}, i “

"Finally to review this study, a microprocessor-based,

detection and datalogging system uasAdesiQned and

S
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constructed t» m-nitor rat ultrasonic vocalization. The
system measures four basic parahéters of the vocalizations:
the amplitude, the frequency, the period of the calls, and
the time that the call began. This system can stofe the
information if collects in a file in the Amdhal 5860
computer (which operateglundér the Michigan Terminal System
(MTS)). Statistical analysis oé the data can be carried out
‘on fhis computer .. |

The microproce€ssor system was used to co.lect data from
the vocalizaiions of rat pups exposec tc thermal stress.
iC-"" day 0id rat pups were individually monitored.by the
system. The pups were removed from their nest and maternal
care, and placed in an :ice-bath for 10 minutes. They were
then removed éndvplaced in the animal holder of a mfcrpwave

¢

trradiation system. They uére-allowed tc warm up under
either sham-irradiatioé or a 2 W microwave field. During the
20 minute-warming period, the ultrasound detéction system
was_swit;hed on and the vocalizations of the pups were
monitored. Pups were weighed and then returned to their
nest. | ,

The detected vocalizations were stored in a file on the
Amdhal 5860 computer. Using tﬁe MTS ope:qting system and a
Pasetal program, the data was reformatted to allow aqalysis
by the statistical software package, MIDAS. By applying
recognized sfatiétical techniques it Qas shown that there

are 51gn1f1cant var1aflons in the data collected from

control and exper1mental anlmals. From these experlmental

P
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“wia single call could be defined as a single point in a four
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procedures it was also shown that the detecting system can.

record variations in the ultrasound of rat pups exposed to

“microwave and sham. radiation.

The results of the experiments show that it 1is possible
to determine statistically significant differences 1in the
vocal activity of éhesé rat pups. Further studles can now be
based on these findings. There are three areas in which
further 'work could be carried out. Most immediately, the
analysis of data could be done in more complex ways.

Secondly the detection system could bé made more flexible by

\ )
writing more software “"or by developing\a new system, using

.the present one as a model. Finally, further animal

\ .
experimentation would produce more data and would begin the

~ study of microwave induced neurasthenia.

The analysis of data is, at present,‘done at the;giﬁgie
variable lévé1. Th§t£ish a pérticul@r variable i§ defined
and studied to deﬁg}miné if its values have significant
variatién between control and experimental data. The
analysis is directed without consideration of other

variables that are measured at the same time. A

multivariable ahalysis of variance may provide interesting

. avenues of study.

. Similarly, but on a larger scale, data collected about

space of amplitude, freduenéy, call duration,'and time of

call. If this compound reading technique were done, cluster

analysis could be used (Wishart, 1978). Regions in the four ,
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space could be grouped and asﬁigned specific meaning with
regard to behavior or physiological stimulus. The calling
pétterns of rats in differepnt experimental cond:itions,could
be analysed under-this frémework.

Although the detection system, -as defined, 1s fully
functional 1n its present state, Some improvements could. be
made in its.basic oﬁerations. At preséht there 1s no method
by which the system can'coiiect more ‘information. The‘system
could be expandgd to test more inputs each time it records
déta. The reseafcher(ZOUId then cue inférmationiabout the
| experimental cohditions into the data. A facility to mark
points of special interest in the data would be available.
This.technique could be used to trigéeéuthe system to
perform some spécial functidn such as the transmission of
data. )
| L, -1f a completely new system were to be built, a more
powerful CPU, operating at a highe:’fréquency}jwould allow -

>

higher rates of data colleq&@dn. The operating system could
be improved to make the recérder easier to uée;

At the time of development, the necessary digital
technology was not available to allow a FFT to be carried
out on the data as they were being collected. A new unit
- operating at higher speeds and using the most up-to-date
components may be able fo échievé thié. This would ally

fears that noise signals could obstruct a frequency reading

. based on the zero-crossing rate.
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Many animal experiments will have to be carried out
before a reference daﬁa—base can be developed. Rats are
known to vocalize under many,differeht situations. Mating,
fighting, handling of infghts, dominance and submission are
some examples in which ultrasound vocalizations are normally
produced.

The analysis of the vocaliéétions of depressed rats
will'be very important to the long term study of exposure to
. microwave radiations. Since the development of neurasthenia
has been thought to be associatéd withgmicrowaves, this
chronic depression may be manifested iﬁ ultrasonic
vocalizations.

Under‘the conditions of this Study the following
" limitations are-recognized:'

1. Laboratory rats of the Spragﬁe-Dawley strain wefe 
used in this study.  |

2. The only manifestation of stress measured was the

M
BT

~ultrasonic ppcalizations of rat pups.

3. Only severe short term stress from cold was
monitored.
4. The recorder detects only single frequency tones. It

can only be used for studying animals that vocalize

in this way. . ' .

Ty
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Appendix - An analysis of hypothérmal stress

When a.rat is placed in a cold environment it, Qquite

naturally, 'loses heat to its surroundings. An adult rat w:ill
Sl

incregse 1ts metabolic. rate in order tc mairtain a normal

B R

body temperature. Rat pups, which are less than 2 days <

age, dc not have ftlly-developed thermc--egulatory systems.
Wnern pups are expcsed tc CcC.C temperazures, tnoir gore.

. . o : o
. A ) _.x"._ . ) . L &L ) oo
emperat.re CSrcps rapicily. In a su 'c} cf <he reildtionship

petweern ‘emperature anc voca.:izat:ions cf Infan:t hamsters and
é

mi ﬂU ES - . . ) ..’._.\» oy . J-,""'.

In the present experiment the’ rat~pgps{were'10—.1 S
e . . s .
: : - . . L) 4 .
old. The rate of cooling in these pups was/examlned by

measurlng the. changes 1n core temperature of two pups

exposed to cold. A copper/constantln%cthermocouple was‘

27 4” -y

:1nserted into the rectum of the%pups after they were ‘removed"’
from the'nest. ‘The - end of thé thermocouple was taped along’
’.the tail of the anlmal to ensure that‘the t1p of the$

thermocouple remalned 1n place. The pups weére placed in a

”closed 1cerath at a temperature of 1-2 C. The cooling

”.cond1t10ns were 1demt1ca1 w1th those used for ¢ontrol and

experlmental anlmals. Figure 26 shows the change in core

'1temperature for each pup (measureme

N

5 taken once every

mlnute)." i amperature at the ti

W&
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L4

The results show.that.in 10 mihutes these animals‘
;drdppéd to an avefage temperature of 20.2 °C. There is a

4 °C difference between Okon's result and this value. This
high;r reaaing is understandable in light of the pup's age.
Assuming that the normal body temperature for these Sups is
37 °C, ‘they experiénced a'17 °C drop in core temperacure.
The average mass of these animals is 20.5 grams. Therefore

they lose 348.5 calories or 1519.8 Joules of energy.
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Appenq;k I1 - Absorption of.circulériyfpolarized EM waves
1 I
- I

A nonstationary object, such as a;rat,labsorbs power 1n a
relatively uniform way in a circularly-polarized EM field. A
pHysical argumen£ to éxplain_this absorption follows‘from
‘the definition of the radiation fiéld. A circularly‘

polarized electromagnetic‘field can be defined as the sum of

two plane polarized fields 90° out of phase in both time an&i

space. The two field: <~ defined Q, E1,H ) and Q,(E;,H,).

E, is parallel to H,, and E;, is parallel to H,.

Vh - ‘ ) % .
It is well known that for plane wave radiation the

N

hignest‘rate of enérgy deposition occurs Qhen’the.electric

'fieldfis polafﬁ%éd aiong'the,longest dimension of the body

.(EHL) (Gandhi et al., 13977). In the other orlentatlons HJIL
and K|L, the rate of energy dep051t10n is approx1mately |

half. E

A rodent in a circulatly-polarizedifield has three

p0551ble orlentatlons with respect to theifield. It can

"

ither .be parallel to H, and E,, parallel to E, and Hz, or

;pendlcular to%B,, Ez, Hy and H,. No one position Wlll

fesult in the rat absorbing a 51gn1f1cantly.largerAamount of

~ . F3

energy. In tno positions it is’ parallel to both the E field
an§ tne H field,.and in the third posffion{it.is
perpenditular to all fields. The drastic varia£ions from
‘”parallél to E; to parallel to. H, afe alWéys aVoided |
“Therefore, the fluctuations in poWer absorptlon are

fymlnlmlzed?' 7 R mﬁﬂﬁ

e ¥
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Appendix III - Pascal and Midas computer programs
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Appendix IV - Circuit design of the digital ultrasound

" recorder

The recorder is constructed from three main circuit
boards -and various connectors and plugs. Two of these boards
~hold wire wrapped IC's and the third is the Mot'orola MEK D5

circuilt board. The three boards are interconnected by a 60 .
. o . ‘ "
wire ribbon cable. A chip layout of the two wirgdwrapﬁed

boards follows.
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