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~ABSTRACT

To assess potential health hazards due to electromaqnetic
radiation,' quantitative . methods vhich would allov'.one to
deternine' the dcse’ rate resulting ﬁmon specific exposure
conditions, are necded, Using a liniature electric probe for
l deternininq electric field 1in biological nedia for_ a given

.

exposure conditicn 1= chne of techniqu?s vhich allows us to

measure the intensitx.ofAeieotrlc‘field directlye. However

this fecnniquesis; time-conéuminga If a computer sysfenlis
employed, =~ a 'lacge saving 1in -ting_'and Manpover .can be
achieved. o \ ) /)

_The-objéctive> of this'ofoject is to develop .a computer

contrclledi ‘scanning -sttemn'ﬁor-' neosurenent m_df. the

distribution of the specific 'absorption'nate in sipulated
biologicai bodieo irradiated by se1ectod sourtes 1in bofh.far
and near field.‘This thesis deals with the'electronic design
and develorment of conputer programming as related tc a
couputér—based syster for acquisition of dosimetric; datae

The testing methods and experimental results for the

scanning system and the electroanic network are presented to

denoﬁstrate rthafithe syster meets the basic requirenent.

Finally , suggustions for further developrent are discussed.

- iy -

”



ar—
-

+

lCKHOHLEDGEHENTS

4

The authct wiches to_express his sincere gratitude to. his

-

supervisor, prcfeqsor SsS, Stuchly ; ;,;0? his guidance.

13

throughcut the ccurse of this research.
‘ R - ! .
Thanks are also due to other staff vembers -involved in
-khe project, Mels Stuchly, A« HKraszewskil, M. Barski and G
Hattsgrove. Thanks are also‘.due,to other-members._of_the
Depertment ofa Electrical ﬁogfneering, .especiaily Hohamoed‘
Haeter, Ben;to Carrato and Steve 5ymcns for their invaluable
acsistance in the execution of- this project. The financial
support ror this researcn by - the National Scieucee and
Engineerinq Tesearch COuncil of Canada, the Ontario Hinietry

of Lahour, the office of Naval Resqgrch and Heaith and

Welfare Canada 1is greatly appreciated.



KF

RFI

“ReMeSs .

SAR

o

LIST OF SYABOLS =~

_‘Alternate current

~ Analog to digital comverter - o

An eppirlcal constant

':.ﬁandbass filter

‘Specific heat of the ﬁhantdm paterial
in J/kq °C | o
Diréct current
'Total‘eiectric fiéld iniensity in‘?/ﬁ
 Input / QUtput- | |
{Pcueriabsorbed in the enmpty chamﬁer in W
3P§ser1absofbed in the chamber and |
phéntoms in W ‘
?Otai transmited poweg'in ’ UL
Radio fréquency o
Radio ﬁreéuehcy inferferénce

“Root mean square R @

.Specific Absorpticn Rate 1in ¥/kg

" Total output voltage of the probe

waer.absbrbedlin‘the phantom quel?in,ﬂ
'maﬁslof‘the modél in kg.

EIect:iéai ponducéivity of the med;un..
in S/m

Densi\}:'y- of the mediun l;g/ma‘ -



ot

0~

P o

1n} C

“ 51ap$ed tine of the experiment in s,

.+ .. _Temperature tisefid §hé"phantoi'i

> .

[

odel -

-



. R . v
) ‘A BS.TR IC? .. ." ’ .. ‘. - L ] L L “. - L] a - - - ’ L] L ] [ ] L ] .- L ] [ ]
ACK“O“LEDGEHB“TS'-Q'- ‘. ;:i.d * = = mﬂfso . & o & o o
N oYL : ' ' ' AN
~ . = -,LIST OE‘ SYHBOLS l - L] LN . - - '.- .' R J L ] - % ) [ ] L ] -. [ ] l » - -
thaxsn o o -, |

I. Iuraonucrxou e st as s e s e b e s w s

\. ’ ’ N - . )
'The Proklelm <« o o o o 2 o o o o o . s s s =
\( - Hotivation ® 8 s s s s e s s s e s s = .
) Outline « o o o o ¢ o @ * % s s a s 5 s .
S BaCkground RGView . “ s & & s . & o % * e »
o . o o B Theoretical DOSimetrY " s * a'e .« °o s s @
. ’ _ Experimental Dosimetry e« o s e » s o o o
Prcposed Hethod LI S ‘e & ® 4 & ® & % a.v e ®
Principle of operation * e e o 4 s+ v a a
- - Specificaticns of the computer-controlleu

Scanninq System e & w e ® = e =

C

II. SISTEH DESCRIPTIOH e e e s e s e se e e e

Hardware Implementation e s s o
Block Diagram Implementaticn
Detailed Block Diagram .« « .
Compcnents LCescription e« .« «

Software Development « « « o « o o
Storage kap of Hole Locaticn Phase

. -Data Collecticn Phase ¢ o o o o o @

Areas 0: Contribution » s o = 9 @ s =

a 8 8 8 0

& ‘e & @ @&

s '8 & & 8 8 ® @

s 8 & 8 & & 0 &
T

o .
III. EYPERIMENTAL METHODS AKD RESULTS o« o o o e e .

'Scanﬁing'Volume'“i.. T

L J -
Repeatébility ¢f the Scanning System « o o «
Response of the Data Acquisition Network « .
Data Stcrage ® % e s 2 s @ a4 e s s s s . .

IV.  CONCLUSION AND DISCUSSION « « o s o g o o o

Conclusions - .;. s & & @ ; * 2 e o e o ®
Suggesticns for Future.Development_;-w PO

- v1i1 -

8 & & 8 & & P

page

- la _
NN B E W

20

20
26

28
'y
49
44
46

50

50
51
56
61



"3'52égn91£"A’ D rage

Che rLOHCHnRT OF [TRE SCANNING SYSTEM cie et e v ee o 69

Baé TBEORETICAL CALCULATION OF THE. HALF=WAVELENGTH -
DIPOLE RADIATION PATTERN IN THE FAR FIELD « . 78

REWREHC‘ES ‘.. - L J . - [ ] .. ‘. . 7._..’ ‘.. - ® -® L ] . .. L L] L ] L] L] 77 ‘

o 1Y
~ 'LIST OF TABLES
Table : - S  page

&

Te Ccrparison of dosimetry techniques s o s &« o o o s & 15

2. Experimental results for the repeatability of ;
positioninginZaxis * 2 o 4 & s ¢« ¢ ® o & e s o 57

- iy =

i




~w+ . "~ LIST OF FIGURES

of the repeatabllity of the scanning systen « « e

oF
1
»
]

54 |

.
. ‘-'". ) - )
Figure T - - . : " page
. . . e ‘. o ‘.“‘.
de« . Block diagram of Pever measurement method e s e e o M
2. Sirplified block dlaqram of computer-controlled
Scanning Syctem -‘-ooo.._ * ¢ s e e & s s e = .
3. Two triaxial probes (a) NARDA model BRH 14, {b) EIT .
: mddEJ. 979 o o o @ .o'-..,-o-rnoo.ol.o:o-o‘orz'l
4. Letalled block diagram of the cecmputer-controlled
_Scanniﬂbgsystem...-..---.........27
S.  Scanning system control unlt with a hand-~operated ,
unit ..._.....-...._....-.-...30
6. Mechanical scanning structure .« e . o e'e « & o o 32
T Data acquisition systen preamplifier-and multiplexer 35
8. Datp acquisition qystem bandpass fllter « o« o o » o 36
9. Data acquisition system true RMS to DC converter_. « 37
10. Block diagram for measuf&ng the nolse characteristic
' Oftheptobp.--......-..-.-o.--39'
11« HNoise at.the output of the probe vs frequency - o o 40
12. Block diagram for measurlng the response of the
proLe.............-..'......-..'42
13. Detected signal from the probe for different .
modulating frequenciles « « o ¢ * o s o s« « o o o 43
4. Expe:iﬁental arrangement for testing the
repeatabllity of the scanning system -+ o . « .. 52
15. Experirental arrangement forlmeasuring the 7
repeatabllity of the scanaing system 1in Z axis .
16. Enlarged phdtoqraph of the hole used in measurement
55



17.

18,

9.,

20..

.27,

.,

AExperimental arrangeaent for measuring the response e
of the data acquisition network ee o s .0 a < 58

£

Gutput voltaqe from the data acquisition network as

a functicn of ‘the laput pover . « s s s e e s .'60‘

.Experinental arrangement for mapplnq the pouer ..
pattern c¢f an antenna in the far field zore « o« « 62

Theoretical and experimental field patterns cf a,
hali wavclength antenna at 18 cm’ from the antenna Gh

Antenna cooruinatesi e 2 8 & ® ®W % 8 ® ¢ & & e. 8 @ .H?S

-zl -



o ,‘_Chépter I _
~ INTRODUCTION _.
: The ‘1ncreas1ng use of ;adibvaves_‘and nicrovaves 1in

conmunication'sjétems, new nedical devices, indpstrical'and

domestic dpplications for heating purpoéegnhas ‘fesul;ed'in

exposure of the the humah population to apprecliatle levels

3

[

of eleqtpowagnetic-'radiatioq. ' Ceftgin séctqté of the
‘popu1a£ion and éertain Cccupa£ibn;1 grours are ccptinuousi}
exposed to significaht exposu;é}jl Exﬁmples include bebple
- living 1in the '1mmediaté vic;nity cf cémmercial -bfoadcast
utatﬂcné,  satellite coﬁmun;cafidn staii@né. and powe:fu}
eilitary radio installations.  Anoﬁhér exapplg‘of potential
exposure of 'thé"general population ;1ﬁ the domestic is
micpouave' cveh 'uséd. for cooking. °~ Other eipdsﬁres’ .arg

essentially’ qccupaficnal.' These include workers using

radiowave sealing devices, vorkers using eicrovave ovens for

heating purpose 1h'réstauranté and factorles, persoannel in

-the lomediate vicinity.cf'radar installations, empioyees of

brecadcasting stations and some teamsters and police qffiCers

vho are heavy‘users of Cb and mobile radios. Health hazards

of electtomagnetic radiaticn have Dbeen repo:ted on 'manf

occasions [1l. Growing concernbahout pessible health hazards

produced by electromagnetlic radiation leads to an increased.

intensity of research.
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" Host researchers actept the fact that high level pover

'density of‘ electromagnetic radlation can result in thermal
effects. _They argue that the harmful etfects of radiation

dre due exclusively te the heating of tissue On the other

hand, lov-level radiation cannot be overlookedc} Low=level

radiation " which is too wveak t07 cause gross heating- of

tissues;, "’ can affeét' neural and immunoidgic function in
--animals.and man [1] .- [31, ' Most of these Feports have conme

frcm the USSR and other Eastern European countries. Due to

licited _ gﬁouledéel and differing .'obinian'»about the
bioldqical effects of electrbmagnetic‘radiation, .far{ous_
exposure sténdgrds are‘used wdrldyide At.the'preseﬁt times
.in‘theiUnlth :tuius, the exposure siandarc fo:.cont;nuojg\
eiposuré has been lowered to 1 mw/c; from.10 mv{g;E I1l.-.in.

'coﬁtrast,' the exfosurg standard. in China is Sowpw/c;'_[1l.

The Scviet Union has Set their: safety standard a hundred

tines lowef than those 1in the Onited- States. Their saximum

'allowable power density is 10 pﬁ/cm {1].

Several countries, including Sweden, are 'in the process
of revising their safety standards downwvard from the

, R : 2 .
previcusly a;cepted levels of 10 mv/cm [41.
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1.0 Motdvatiop -

Because of  the expanding usage ‘ of' electromagnetic
fad;aticn and disaqréementAoyer sgfe'exposure levels, a new

concert and ‘unoerstanding of’ thé'lbiological effects of

e}ect;opadnetic rad1at4sn' 1s necessapf. ‘Such Knowledge is

useful for evaluating ana setting. up reliable .radiation
safety standards‘ to prctect the general public as vell as
‘occupational perscnnél froﬁ adverse effeqts of radiatioﬁ, It
is also nece;sary‘Fc:dgﬁing‘-hazard levels  and understand
physiéal effécts;xwéuth Kﬁcvledge gained by studyin§ the
interaction of érganisms andrelectroméqnetid radia;ion'may
also te useful 16 \ﬂevelopiﬁg eleétfcqagnetic fechnﬁques for
medial diagnosls [5] and cancer therapy (6], Itfis\evi&ent
that quantitative wmethods wvhich  wvould éllcwl one: to
determine 'the.dose‘,rate rés&lting‘ frpm,specific exppshre
conditiors, are needéd.‘ |

The purpose of -this project is- to 'develop a computer

.

cqntrciled_’scanninq system for the reasirement of the
Vdistcibuéion of the specific absorétion‘ :&tel (SAR) 1in
- simulaiedlbioloqical bodies'lrradiatéd'by selected sourcés
'in_.bcth .'far and neaf-fields.: This project inVQIVES

mechanics, electronics, radiovwave and microvave techniques

and computef prcgrarzing. A group of six pefsoﬁs are

presently invclved in this project. The areas 1in vhich I

‘participated 4in this' project were electronic design ‘and

computer ‘programring.
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S o I i . :
-This thesis deals wvith electronic design and developrent
of ccrputer pregramning. as related to a <computer-based

syster for acquisitken of dosimetric data. In the first

vchapter,.‘béckgrcund . Knovledge and Fparameters that éﬁfect'

vhole-tcdy energy absorption are discu%sed,'.The‘works'which
have greviously been done in dete;minihg the doée'rate. are
reviewed# At the end of this chapter, a general descripfion

of the cohputep-based scanning syster Iistpresénted,‘ In the

. second chapter, a block dlagram of the systém is intreduced. -

The hardware implementation ahd'functions of each indi#iﬂhal
component are described in detail. The softvare develophenti

is also presented. In the third «chapter, the testing

nethods and experirental results for the scanning systen

‘and the electronic network are presented and discusseds

oy

- 1 .
Finally, chapter four gives a general discussicn cf .the
results and presents the conclusione

)

1.2 BACKGROUND REVIEW

. IR

The anount of'energy absorbed by- humans and_aniﬁéls is aﬁ
essential element 1in the study cf bossihlé -bioloé;cal
effects. A parameter callea the Specific Absorption ﬁate
(SAR) has been adopted vorldvide &t the present time for
describing the dcse fate due tojexpoéure ﬁo electtomagnetic

fields. The spec}fic abtsorption rate 1s hefined as the time

frtomer ¢t g e



‘rate’ at which energy is absorbed by thé:absérhinq body,
’ . . ,”‘ - E : ) ' . - . .

' no;ma]ized'tq the mass of the body.

el ot

- where Ey.-1s the total electric field ;ntensitf‘in v/mn, 6 1is

the effective eléctrical éonductivity of +the mediunm in 5/nm,

: 3
@ is.the density of the medium in kg/r.

Unliké ionizipg ;adiatio# which travels along st:aiéht-‘
lines within tﬁe body, electfomagnetic - radiation
experiences reflection, refractidn and diffracticn effects
w;thin £he.bioloq1ca1 bodyfdug_to éhe_varying diglectric apd
ébsqrption properties - 'of-‘the body. - Thé, whoie—body
electromagnetic enefg? absotptibﬁ 15'strongiy* depeqdéné on

seéveral parameters of the exposure fiéld';ﬁl 1such as:

(1) Frequency of the exposure.fiéld.
(11) TIntensity of the erxfposure fields
(111) Polarizaticn of the exposure fileld.

as vell as paraseters cf the body, such as:

(1) Size and shape of thé bilological body.

(11). Dielectric properties of the biological body.
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Rur{ﬂé:mcre; the source-object configuration '1s also,-

'"important; The’ expcsure may either be 1n the: far field or

in the near-field. ' Ihe physical .environment,._such_as the

_ p;esence,of concuctinq qcound or reflecting surfaées, 'may
~also significantly affect electromagnetic enerygy absorption

“of ‘biclogical bodiesd.:

13

In genefel, bidlpgical badieslafe'_complex from. the
;iewpcint-fcf electromqqnetic' vave .theory .as tﬁey .are
irregular 'in shape .and havel non= honogeneous dielectric
properties. Therefcre, differant | quantitative‘techniQues

are required _1n crder to obtain the ebsorbed dose rate of

. the ticlogical bodies due to electromagnetic radidtiong

.Generalily speakinq, tvo ﬁajor techniques are employed. They

are theoretical dosimetry and experimental‘dosimetr?{

1.2.1  Theoretical Dosimetny

" In theoretical dosimé:ty,' rost”of the‘anaiysis 1s based
on a plane-va#e'approximation vhich 1is wvalid only’;}n the

far-field region. The general procedure’is to" calculate the

a

U

absorted energy 1in tiological bodies by solving‘naxwell*s
quuations. Bowever, because of complexity of the equatiens

end' the 'complexityz of btoundary condlitions, 'different
tecﬁﬁieues.'to sclve eguations have been employed. These
include a - long wavelength approeimatiQn, . numerical

techﬁiquaé} analytieal cylindricel rodels and georetrical



dpties'-techniqdes (7). 'Eaéh technique"is. useful and-‘

pi‘ovidee 1nformation in a certain range of frequencies.

jBy applyinq different techniques,' several .eimplified

modela of humans " and anirals or their parts’ exposed'in_fhe

'far tiela have been analyzed;' ~ These include' three plane’

layers of tissue, homcgeneous spherical model:, ellipsoidal

models, cyllndrical models and block models of man composed

' of cubical cells {73.

Tﬁeoge&;qal dcsiretry in  the far-field has been
1nvest19ated_fop ‘anlcng tlme.. ﬂowever most occupational
expoéﬁre is in fhe near*fieid; for;exauple, vg;kers ueing
plastic weleing machines for sealiﬁg Aor joininé sheets of

plastic nmaterlalse As a result.  researchers give pore

attention to  the near-fleld @Xposure. Near-field analysls

~

has‘been‘petsued, but %he calculationsefor- the‘near—field -~

case are -zore- difficult than those for the far-field case.

'So far, only sicple scurces haveebeen,analyiea (7]« These

include short dipoles and srall loopse.

Te2.2 Exeerimenxgl Dosimetry

———— I D

-
o

For . ccnmplex nrodels and scurce confiqurations,

‘theoret;cal caleulations are very digficult (101, An

alternate appfoach to gquantify hazardous f}elds is to

perforuo meesurements inside phantor @models which simulate

‘the electrical properties, size and shape of biological

ot v et
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) bbdiesg 'This:pethod has been developing in  parallel with,

theoretical dbsimet;y-fcf"spécific-applications_to:

-

(1) . Vertify the thedretical results or

prediétions,1

(11)‘ _Dgtermine‘ihé tofal SAR inéxperiméntal

| . aninmals, o _

- (111) Deterﬁine'the total SAR or‘distribﬁtian in

‘ ;oqels whosé.size‘and-shapecaréfclose to-
| teglfbioloqical bodiés,;and'

C(iv) _'Détérmiﬁe the SAR 1n mcdels ‘and animals L

the'near-field exposure where theoretical

analysis ;s'prohibitively difficulte

/&6&91: an@,_‘livinq_ animals are fregquently used. in

 experizental dosiretrye. :Hoqever} phéntop rodels wvhich have
" the sdme.couplex permittivity as'human £iSSde, aré preferred -
[83;.If is because.models can be made to_acchafely simulate
the‘huban quf well 1nihoth geometry and size. Either full
size.médeié or ééaled mﬁdels a?e used.i For near-field or
part-tody xposﬁre, , fﬁll slze models a:e Ipreferred. 'Fbr
vhole Bcdy poéure situations, reduced SCale' moﬂels'are'
prefetred bégause they are easy  to handle'and téquiée. less
vorking space. From electromagnetic field theorj, a'body
.reduced by a sca1e factor S5-in éll dimensibns may be used to
obtain the abéo?%ticn'Charactefistic of —a full Size body,-

~

provided that the [91:

g (1) Lielectric constant of the scaled model 1is

e b = s —



‘calculated from

L : ,H‘:'g.

ihé saméias;tﬁé;fuil'sizé'mOQel.
'.(ii)‘_.Eléct;iqa;;éoﬁduc£ivify of the_sc;ied mbagl-
is S'times{.‘ i B
tifi) ,irradiétiqﬁ ffequency is écaigd ug by tﬁe

factor S.

- With. this scallnq';the power'_absqrpfion'pattern for the

o . ' T i : . , L
scaled rodel 1s the sare as those fcor a full size model,

. wlth the excepticn. that the magnitude of - the absorption-is

increased by a factor S for a given field_intehsity. This

allows a great reducticn. in apblied, pover when a reduced

size model is used. The follbving technlquééﬁhave-been used

- in- experimental cdosimetry.

I. infrared Therrographici Method

The therrographic method has been developed bjiGuy [(101--
[13]. It has proved to be a very useful and fast tool to

study- scaled down phantcm wmodels exposed to.electromagnetic

'fields. fg this.techniqué, a prépared bhaﬁtom,model.is first.

exposed to high inotensity radiatlon. A high¥ppwer source is

used in order.to heat up the modei in the shortest possible

[

time. If the exposure -tinme is long, errors Tesult due-to

thernal diftusion smearing the distribution. After a short
exposure, the model is rapidly disassembled. The'temperaturé
pattern cvef the surface of separation is observed and

recorded by means of a thermographic caheraQ . The SAR can be
. - s
. 4
SAR= Lal N )
N -

¥



“.where ¢ .15  the”'spe61f1c.ﬁeet"caéaéitf- of ' the ‘ppahtoi .
.qaterial in J/kg °c, -iI 1s the temperature rise in- the

‘phahtcmf model in °C,' At 1s . the elepséd time of - the

experiment *in secdnds.

Thermographic : techniques have proved successful for

-obtaining dosinetric 1nformation on efaled models exposeu to.

_5e1ectrdmagﬁetic fields. The errors occuring in..this

technique ~arise mainly due to thermal .diffusion  and the

imperfections of the thermegraphid Cameras Thermal

'diffusion“ usually occurs ia  the- region of highest

temperature gradient on the surface of separatione.

II. Pcver Heasurement Technique

Tne power measurerent tecanique (141 1s a slmple method

" to determine the total amount of ehergy:absorbed by phantos

models or living animals during radiation exposuEe. A bleck'

diagrar of the power /measurement method is shova in Fig. 1 .

A differential ﬁpuét\meter systenm 1é‘ﬁ%ed_to-'eeasure the
incident and reflecteq pouers and-the_pover delivered to a
matched load. First, the power ,Pr, absorbed in the exposure
chanber with an empty phantoa in place 1s measured by the
differential .power meter. Then, the phantor 1is filled and-
placed in the chamber and ‘the POVEr 'EPH+C' absorbed by this

contiquraticn 1= measured again. The - amount of power ,W,

~absorted by the phantom can be calculated, <.

- - -
|

W = PPHtC;PC’ - | | (3)

10
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2

" By using this method, only the total SAR can be measured.’
IIl. Calorisetric Method

N The calot}meftic' method. (151 1s used to determine the
tétal ppver-absdrbed by phantdm rodels. 23 prepared phanton
noﬁei_ is placed in a lcv dielectric insulated contalner and
is 1rradiatéd_ by a high 'intensity sou:ce,'- After a short '
pericd-cf £16é, thé‘temperature of the mcdel is neaéu;ed; By

assuning the absence of ' thermal radiaticen and ccnvection,

‘the pcver being absorbed by the mcdel 1s given by

_  (jw‘£r - | I S
we Gl W

where ¥ 1s the net power absorbed by the mcdel in watfs; ;
is the -m#s; of .the model izn kg, C 1is the Sbecific heat
capacity of - the'modei in J/kg oC, ﬁf' is the - températureA
increase Qf the modelrin “‘,C.r At 1s the elapsed time of the
experiment in seéonds.. | Again,‘ only the total SAR can be

" detersinped ty 'using this technique.
IV. Thercometric Erobe Technique

In . the thermometer probe technique [16]1 | [17] the
temperature increment due to ;adiatioﬁ exposure is measured
by a digital thermometer with a thermocelectric probe.‘ Small

F

holes are drilled in a phanton rodel to insert the probe
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and- after 1rradiatlons Before irradiation, the

teﬁpe:atﬁteibf‘ the mcdel is reccrded.’ 'Theﬁ the nmodel 1s

exposed to a high'iﬁtensity:radiatiqn for a short time,' At
the end ' of exposuré. the probe 1s 1nserted again. The
Jincrease in temperature  is recqrdéd.‘ Finally, a graph of

'tempcrature profile vs hfobe posifion is obtained. The

7

intensity cf the electric field - and the SAR can  be
determinéd for a given mass, uénsity pnd'specific heat

“capacity of the model.

Vs Bledt:ié Profe Yethod

+

The basic idea of the electric probe technique (181-0221

is siriliar to that of the thermometric probe technique.

.

Instead of thotmnnlectric' probes, small electric field.
probes are used.. The probe 1is very shall-that it dces not .

affect or perturk the fleld. fhe 1qténsity_of the'électric

f1eld in biological tedia for a given exposure ccndition is
i ' .

measured directly. Several small boles are drilled 1in a

prepared phaﬁtom rodel . for insertion of the probe; The model

is then placed 1n an anecholc chamber and ‘is irradiated

using a gsedium PpoOVWEr sScurce. 'The distribution of the.

electric field intensity can be measured and the SAR can be

. calculated for a given nodel.
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 '1 'Ccmparison of the Heé&fds and Techniques of hxperimental

Doslmetry

~ i
~~
-

Since the electromagnetic euergy ahsorption is strongly
dependent on’ several parameters of the biological body, the

SAR dist:ibution. gives more inforwation about potential

b;cleqical "hazards than the  total SAR does. ,The;efore,|
 techniques . vhich can':determine SAR distribution, are-

prefer:ed; Among _those\experimental dosimetric techhique;A

.

menticned above, only therfsography, thermomefric‘probe and

~ipplantable electric fiela probe - techniques ellow one to

"determine - the ;shR- distribution. A .- comparison of ‘these

dosigetric techniques is shown ‘in table 1 . It is evident

that - the 1mplantable Erobe technique has adventages over:

other tedhniques. It éllovs real-time measurements to he

'performed 1n phantom models or. specicens during'e:posure to.

‘a medium power radiation source. If a ttiaxial probe 1is

" used, - the three erthogonal components of the.electric field
vector can be ﬁeasured [201 siﬁee the‘electremagﬁetiq'energy
.ebSOrption Fay, fqr.scme anisotropic nedla, | be dependent
upon the orientation cf the eiectric field. ‘fhis techdieue

is suitable for both near-fleld and far-field measurementsa

-



E _ Takble 1. Compatrsicn of

Measurad
paraseter

‘Dosiaretric.
approach .

‘Parameter
used to
calculate
SAR '

- Sensitivity
"to extarnal
field

Source-
intensity

S AR .
sensitivity
(1s

exposure)-_

Phantoan
nodel
‘Real tlnme

measurcment

. Suitable for
in vivo

Measuregent
capability

E-fleld Prcbe

"Electric-field

- intensity

Lirect electric-
tield reasurezent

X

“Conductivity and
denslty cf the
"phantorn model

- 2 .
< 10 awy/em[181

Nedlum -

C.05 %K/Kg at

2450 MEz in
ruscle-equivalent
rediur (18]

Full size or
rodel )

Yés
Yes

Sinqle_point or
line scan

dcsimetric'techniqﬁésw

‘Theceoneter’
Probe

. lemparature

_ Direct. temperature

aeasurement after
exposure :

HaSs; density'énd'

specific heat cf

phantoe model . .

s 2 .
>10 nv/cul18)

High

0.2 H/Kg. in
nuscle- \
equivalent medium

- 181

Full size or
scaled model

No .

Yes .

- §ingle point or

line measurement

_Tempgrathré

s

Thermography B

reasureaent after
exXposure

Nass, densit}'

.speciflc heet of

phantom model

Direct teaperature

and infrared emittance

- .
>100 nyv/cul18]

Yery high

0.7 H/kg'in

BUESClea =~

equivalent redium-

- 1181

Scaled{;odei only
(pover level
liritation)

Mo

No

Rapid plahar scan

.
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:aecgusé"qt-h the thermal properties and .reénlatory-r
.mechanisas of biclogical bodies, it is hard to Simulateithe
lfthermal characteristics of the bodie= . such as:the cooling
'etfect ;f ‘the‘blcod, systems, It is more 10@1:51-fto baso
dosimetric measorements .on- the - lnternal electric field

measurement and relate the results to potential biological
hazards [Bl. Anong those experimental dosinetric techniques,
only the last. technique allous us to. measure the electric
'field directly. Therefore the electric field probe’ technique'

’

is, preferred.

T.3 . PROPOSED HETﬂOD

In ~order . to measnre the' distribution' or the‘ electriC‘
field inside biclogicalrhodies,‘ an electric-field probe
:technique is used.' The rajor limitation cf this technique
is that it is time-consuming. For a given biological body, a
dlarge number orqreaeurements have to be performed within the .
body 1n order tc obtain ° the distribution of - the electric
fieldror SAk. Ifla corputer controlled scanning system can
be _used; a largel saving in time and’ manpover can De
achieved. Furthermore. the quality can be improved- by
elimination_of human error. Tha data ‘can be stered in the
compntee 'memory_for display and storage or for _ further‘
analysis. Also,-the use of a computer for étanning control

and data acquisitlion offers frequent reiteraticn of +the

systes and allo¥s one to dintroduce corrections for the



T T 7
o aiplitudp &1s{f1bugicn cflthefaﬁfenna.or'other'radiator used

in the experiment.

1.3:1  principle of operation |

A block dlagram cf a _ proposed 'comphﬁe;—control}éd“
scanniﬁg system is sﬁcﬁn 15 Fig.iZ . Iﬁ_consiété of a‘pover
' generatgr,‘.é ﬁhéntom mcdel; aﬁ.éléttric-field ﬁrpbe‘wifh'é
det;cgor, ‘a. corputer gith.éé display unit and a Scanning
control system. In fhe initi;l mode, thé“poéitipns Bf'the‘
-hbles in’the phaﬁtoi model.qré ldentified.and stored ip the
corputer. ‘The c;mﬁqter‘direcﬁs the ééanniﬁg csnfrol systen
tc move the prote to alﬁirticuyaf preseiectéd position in .
the model identified in the 1nit1al‘procedupe. After the
ﬁrobe' is lovered+inte the hd;é, ‘the_inten$1ty‘ of tﬁe'-
"electr;c field af that Spécifié .locaticn is measured and
. stored in the_c§bputeé. The prabe. 1s‘th§n mcve3'to anotﬁer
" hole where the ;roceddre‘sis reéeéted‘ until all holes are
;scanned. -finaliy, the acquired data are diépla}eﬂ by the

' display unit.

Te3a2 §Qéc1ficatidns of the computer-controlled scanning

The syster shculd . perform according to ‘the following

specificatica

'* (i) ° Scanning volume should be about

.3
180 X 50 X 30 ca.
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19
Repeatability of prcbe positioning in
a pacticular locaticn should be better  *

4 . . . ) - -

than +0 Smm..

the output;sigpal fron'tﬁg prote and A
assOciatnd signal processing units should
-normally be proporticnal to the square of

" the electric field intensity { pover ) at

a specific locatipn.f
Data Should be stored in the memory to be
used fcr visual inspection in the fors of a

print-out or recorded by aw-Y plotter.



7Chap§et'i1

SYSTEK DESCRIPTION

.In‘this. éhaﬁterii\mardwére implgmentation~and 'éoftware

- develcrment are - discussed. In the - first séct;on} the

implémentatjdn cf éach‘,bIOCk shovn in Fig. 2 1s

. discussed. -The ‘descriptibn of "1ndividua1‘componenfé and
special design units are  also presénted., Ih ‘the last
. . ( ~ ‘

'secticn, _the general ccncept of software apd'lmplémentatioh

are described.’

2.1 - HARDFARE IMPLEBENTATION S K

2+1.1  Blogk Diagrae Isplementation

I« Electric Field Prche - T

Twe different +tri~-axial electric field‘prabgs shown 1in-

Fige. 3 whit¢h are similiar to the cne described in [181-i22],

 are used 1n this project to measure the intensity of the

electric field within simulaﬁed biclogical bodies. These

are the NARDA ‘model BRE 14 and the EIT model 979. Thée probes

are very small and cause minimal field . perturbaticn. - They

are ~developed recently by BRH (Bureau of Radibldgiéal

Health) in cc~-operation with NARCA and EIT. (Electrenic

Instrurentation and Technology), ‘ﬂrespectively. The first

- 20 -



Figure 3: Two triaxial probes
EIT model 979

-{a) NARDA model REH

2

14,

(b)
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one iﬁf*uéeﬁ at ff?quéhcie$ ahove'300'th &hd the'second-bné__
ig Vdsed ﬁt':iﬁﬁérftgquéncies béléuléoo MHzZ. ;Eachﬂ probe
cohs;sts'pf thr;e orthoéonal  n1n1atu£e dipolés-‘shuqied by
Schpttkyébarrief_djiﬁgé."The.outpuf of each dioﬁe'is fed'tﬁ,

thé_obtput cdnngctor_by'a palr of hiqh-itpédance "leads to

-minimi?e perturbationr:cf_the measured f;eld.-.The‘ radio-

frequency signal frow the ﬁbwep source, 1s cdnyerted‘hy the

- diode to ‘a.  DC -signai or -an audio-frequency signal 1f

_amplitude codulation cf the power source 1s ‘used.

" The probes " utilize Schpttky‘drodes-and therefore, fhe.
nolse chéracteristiﬁ of the dlodg must be weil'unéerstood.
In geﬁerél, Schcttkf'diodes 'generate_low.frequemcy'flicker
noise .and thermal-goise (23). Thersal noise thch.is caused‘

by the réndcm-motion_of electrons or charges in a conductor,

is prcpoerticnal to the video resistance of the diode. The

flicker . noise is 1nvérsly preportional to the video
fregquency. At lcw video fréquencies, "the flicker noilse ié
predovinant. For this reason, amplitide modulation of the

radic-frequency sdurce is employed.




W

' II. Data hcqusiticn.System -

. - Nolse ray be';dduced'in the lproﬁé'fron a number'of*otﬁer

sources, such.as man-made.nOisé,‘Etmcsphéric'nbiserétc.‘ At

the ocutput dethe'p:cbe, the detected signal ray 5e obscured .

.by £hesé ncises. 'In order to retrieve the detected signal

from the nolse, .a .system with -lov-nois¢ and a narrow=

. aquiyalent—noise bandwidth "is necessarf- to *ippfove the

signal—to4qcise.ratic. ‘K.systém émplbying _5 lov-noise pre-

anmpliflier and a. darroi'bandvidth bandpass filter 1s . one

possible solution. The corponents are inexpensive -and the

systen is easy tc-implemeni. A high input iazpedance of the

‘pre—anplifier 'is necessary to prevent 1oad1nq‘of the probe.

' The bandpass filter is used to limit the noise bandwldth of

the. systea.

" 8ince a tri-axial ;probé 1s used, 1t is more economical

“to use a multiplexer dnstead of _building three 'identiéal

systerse. A loHQnoise gzultiplexer uitp-'gdod‘ i1solation and

‘ainimal crosstalk is necessarye. The méjor d;sédvantaqe is

that cnly ome of the three channels can be - sélected at one

tine.

Before the detec;ed siqnal. can 'be'transfgred‘ to the
computer mémory, it mu;t be couvértéd into a digital form.
The s;ghal -1s firsf’ ccnvérted into a DC signal by a RMS
(rooﬁ ﬁean'sguére} to DC convérter (hatioqal LH0091C5). The

resulting DC signal 1s then digitized by an . A/D converter



S stored in the memory._

o LR

. ‘24
‘(Digital Equipment AD11-K). The 'digitai-data are tinally”

Y
.

III. Fower Generator.

An . azplitude _moaulation syetemvis used 1in order  to

limprove ;the eignai&tc—noise ratios  The tasic anplitude
'mcdnlation_syetem consists of a PIN diode modulater, a RF
' deneratcr; a modulating‘frequenqy generator and‘a RF poeer
: anplifierx The RF .anmplifier is. used to- increese' the

- transwmitted power at the output of the antenna.

The detected signal from the probe is,proportional'to the

‘-received'power. Due to high attenuation of the phantOm, the

: detected signal levels are very low particularily when the

probe is far auay frem the. antenna. A donputer-controlled

_attEBUdtOI is used to control the anplitude of the signal at

the input of the power anplifier. This in turn controls the
power outgut levei of the amplifier. The attenuator is used
net only to eiden‘the dynemic range of the data acduisition
system,‘ but alsc to prctect the probte fronm burning out when

the probe is close tc the antenna.'
£

In order to determine the power level and the frequency
of the sdurce. a small part Of the signal- is ccupled from

the main line by a directional coupler. This signal 1s then

fed tc a power reter and a frequency meter. The reSult is

digitized and stcred in the computer. -



. IV. Scanning System Control Unit

The pﬁrpose-of hsipgfa scanning systen contrql‘unit is to
reduce the wvork load pf the cqnputet} It has_the following

fuhctions:-

(1) '_Telinform £he-c6§putef.about the ﬁ&p of
‘.hoie location,. | | .
_(11{ To pcsition the probe in a pre-selected:
| hole_ﬁfter.bbfgininé the locétién_of the'-
ho;e‘frcm ﬁhe_coapu@egi‘and : |
{111) Tc inform the coupu£ér aboﬁt the'stafﬁs

of the probe.

In ordec to pcsiticn the probe in a given location within_
the scanning valume, three . independent stepping motors are
required. Each rotor controlﬁ the movement"of the probe

alcng one axls onlf.

The probe which 1s rigid , can easily be broken if it
should strike a éard surface. A speéial probe holder with
safety sWwitches are dééiqned to iprotect the prdﬁe onm
mechapical damage¢. The safe£y ‘suitches are also‘conneeted

tJ +he control unit.
Ve« Computer

The copputer is an essential part of the system. It 1is

used

(1) To store the map of hole lccations,

P o L




.(1ii- To sfoté theé vaLUés of thé'iniensiﬁy °~’
-+ of thehélectric‘fieih at fafious, -
'seléctea'locétlons, |
(111) To_bcntrol the:npléiplexer and thg'stép

‘attenuvator, and

(1v) To monitor the scanning ‘system control unit.

- -

A computer with a large meﬁory storagé capability 1is
neceséary. In  this research, a Binicomputer system which
consists of a bigital Equipment PDP 11,34 laboratory

5 - |
miniccaputer and asscciated vperipherals including A/D

converter and‘I/C interface, 1s utilized.

Finally the overall bleck »diagram . of the corputer- -
contrc;led scanning systen 1s'sho§n in Fig. & . To limit the

feflections fror the surroundidg objects, experiments are

‘performed in an anechoic chamter. The metal frame ot‘

the mechanical scanning structure is also surrcunded with

absorting materials.
9



HIGWVHD

JIOHJ3INY

B Vo [

e2354&3 bHbujuueds

SSVYJONVH

HILHIANOD
SSW'H

HALHIANOD | .
av | .

y 2anby2

YOL7H3NI9
SNl Ly INQOW

HOLy INJON

vounouun00|uouamuou_vau 30 weibelp YJ0[q PA[TL3IdT
Aw pnllAﬂhﬁHW ﬁ. N .n
<] HOoLviavy :
N m . \I_w | 1oL 1 awy moE:z.w_u..m
~a| N T D5 43404 = a3 Moy |
SIE] A P ¥31NdW0D
S35 v~ o e
= <
W 38044 < |
_ Q1314 3 300N ;
VIXY-€ 4313N 0344 §
AVMAANANNANS] [ H343N 3300
HOLOW
SXY 21 y3ga3ls )
HOLOW
SIXY Alyaddals [
YOLOW
SIXY X |y3ddalLs
LINN OYLNOD
W3LSAS ONINNYOS
¥</11dag

YILNGWODINIW

HOLYHIN3D
..h— -m




Y T

’2.1.3 gomgonggg§ Desc;ig;}gn“

"I Computer

K]

A -mhlti-user miniccmputer, ééP 11/34, running under
Rsx 11H is uysed t¢ ccntrol and monitor all operations of the'
scanninq system. It has three FRLOTK dlsk drives giving a’
tota; stonage caracity sf 15'Hbytes;‘: This‘is snfficienn.to
store'tne_map of the hole 10cat16ns and7the‘1ntensity of nhé
"electric field.- Its K-serles laborntory psripheral modules '
‘ccnsisting cf an A/D converier and a digital I/0 1nterface,

make the 1nterfacing and control much easier.

The compnter is also used to-perform‘signal-averaging in
‘order to irprove the signal-to=~noise ratio of {he whole

systenm.
. II. A/D Converter:

An. Analcg to- Digital converter, 'AD 11- K; - is used to-
sample analcg data and to store the equivalent digital value
ffor subsequent processing. The systenm consists of an 1nput
nultiplexer, a_sample-and-hold circuit andl a dsziﬁ- A/D
convertsr. Up tc 16 channels can be selected.under progranm
sonﬁrsl. | Each 1npnt channel has ovet-voltage .protectiqn
circuity. 1he standa:d input voltage range 25V is sé;ected
for ali ‘1nput channels giving a2 resolution of 2.44 nv.
The cenverted value is fnrnattsd as a 12-bit right-justifiea

offset binary nuzber. The tntoughput time which 1is conmprised
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ﬁf tﬁé 1ﬁt€rchahné1;‘seftiinéjfiﬁe‘and.ﬁznl caqyersioh fime,'
-15 22‘;gseg€l The h/Dk‘qonierter”1sdiﬂitiated‘ nndet‘progrhp-
contpcl; - : o 1 | o .‘-J- {'
.I;is Coppﬁtéf-éoniroiled Attenﬁ#;or s
R -Ptqudmmaﬁie 'atténuatof, ﬂTexécan_ model  PA-51.
(frequeﬁcy range 0 - ,1;3‘GHz, 'maiinum ‘bo#er.o.s W), 1is’
 empioyed to expand tfg dyﬁamic range df-the data aéquisit;oh
Asystem. It is eqﬁippéd with a 6-bit TTL ﬁompaflble control_;'
iﬁput. The aﬁtenhatcr.cah‘he dire¢tiy cont:qlied by the
3compu{er ta provide an étteﬁuation-from b to 63 dB in steps
of 1 dB. The switching ;peed_is 6 mSa- | |

IV, Digitél Qutput Device

i

The WDR11r§.1s_ a general purpose digi;él 1nput/outbnt
interface capable of parallel transfer of'ﬁp tpfsixteen-bits
6f data, under prograr coantrol, between a compﬁter and
‘extefnal devices. Only thé oﬁtput iineé froo fbe‘DR11-K are
'ugeﬁrfor control functions.-Bits 15 to 10 are useﬁ,to.set.pp

an attenyation value for the attenuator. Bits 9 and B8 are

used to select a channel of the multiplexer.
V. Scanning Syster Control Unit

The scanning syster control unit shown in Fig. S,
consists of a xlcrocorputer (INTEL 8085), - a memery unit, a
hand-cperated urit, ﬁﬁ' input and output device. The

|
j

microcorputer is used as a central controllér.
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There are seven buttons on the control unit.‘ ‘Four of °

'-these are used te contrcl the manual novement of the probe (

nanual .noae). 4'0nel 1s to select ranual qr remote mode .
Another . fe to -initialize the -software program
contre¢l unit'and' request storage of the positicn cf the ~

‘hole. The last cne 1s a master reset button._
(1) Hanual‘mode -

" In the nanual moﬂe;‘ the'ﬁositicn of the.erobe can"be
-centrclled fron -the hand-operated-'unit.', For the probe‘-
directly above a selected hole, the_'store' bgtton activates‘_

the control unit to send out the cdordinates of 'the position
~ to the .PDP'1J/34'tor‘stbre ‘itr' This procedure.is repeate&
unti} 511'sélected:heles are scanned. " As a result, a map of

the actual hole locéticns 1é stored in ‘the computer memory.
(11) Femote mode

'In the remote nmode, .the coaputer ' sends ‘out the
coordinates of the hcle to the control unit. The control
unit positicns the proke in the preeselected.hole. This

- procedure 1is repéated until all holes -are scanneds
VYI. Mechanical Scanning Systenm

The mechanical parts. of the scanning structure shown in
Fig. 6, are nmade by Velmex Inc. The frame is suspended from®

the concrete ceiling of the leeoratory. Eack axls 1is
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equipped Lith a palr of linit. (safety) suitches on each end.

-The '=w1tcbes are used to‘ prevent stepping ‘motor fror

overdrivinq. The diuensions of the scanning strncture are -

< 2'2'm;_.x 0.9 m. X O. 7 _m. The vertical axis (*Z-axis) is

chain driven uhile the others are lead ‘screw driven.
YII. Stepping Motor and Translator

Three 1.& S1C-SYN DC stepping motors, - model H092-FCO9,

-

- which convert tlectrcnic signals 1nto ‘mechanical" mction, are

employed to move the probe. " The motors are operated using
phase-svitched DC signals. Either a full- step mode or. a
half-ctep mode can be selected. ' Operation dn the half -step

mode gives tiner-system resolution but is slovera

Each stepping motor is-actually.-control;ed by . a STH103-

,SLO-S&N frenslatcr Mcdule to's;mpliﬁp,the electrical driving

requirements. The wcdule -provides the " sequencing_ ‘and

' svitching logic needed for bidirectional' contrcl of the

steppling ‘motor. . after recelving pulses from"the‘scanning
syster control untt, 1t converts the pulses into motion in
thef form of elementary motor stepses The speed of the

stepplng motor, direction nnd the number of steps taken can

- be directly controlled bv the ccntrol unite. Its‘_TTL

compatible input control eliminates the interfacing problen.

Surmary of movement for each axis 1s as follows. For the

full-step mode:




. 1
. .. .
e ——
. N
1

[ htnd

Axis . DPistance lpcrementstihﬂcd/step
X . o.00127
Y . L 0.00127 .

z - 0.051

- VIII. Data Acquisition SystemlDesign

The data acquisltion system conslsts'of a pre-ampllfier}

in Fig. 8 apd a true RHS to bC converter depicted in Fig.' 9

“which ate wused tc irprove the signal- to -nolse ratio. 'The

systea is Lattery povered.

outpdt.of the prche as the anplitude modulation sYstem is

used. Howerer, only the modulating slgral 1is of 1nterest.

,a‘multiplexer shcwn  1ip Fig. 7 - a bandpass filter presented

"Both the DC and wodulating signal_are presented .at the’

For each data channel .a high input 1npedance and low- noise -

AC pre- amplifler 1s required to amplify the lov-level
modulating signal frewm . the diode .detector in the probe
before it 1s fed tc the multiplexer., The =nultiplexer

consists of an analog switches (AD?SQODI) and a decoder.(&D

45558). A minirmgum crosstalk ratio of =53 dB and a winimunm

Isolaticn cf -66 dB at 500 ‘Bz have been achieved. TVO

selected inputs are required to select one of the three data

channels.

" An -instrumentation amplifier 1is used to anplify the

modulating signal before 1t 45 fed to a bandpass filter.
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'rhis adplifier. has a gain variable from. 100 to 2000. . A
bandpass filter uith an' equivalentro- factor of 60 and a2
center-frequencyrof'$1oruz wds used. IBetore the'signal is
delivered tc thed '/D_ converter via a 1ong cable, | it is

converted te DC by a FME to Dc converter (National LH0091).

After'prcbaqeting dovn the catle, the DC signal passes
through a lovpass filter with a cutoff frequency cf about 10
" Hz to reject any high-frequency nolse. . Finally, the.signal

\&é,digitized by the A/D converter.

IX. Hcdulating Fregquency | . (/-U
To sglect ‘e proper modulation freqdency, the noise
characteristic and the frequency response of the probe have

to be known. An experimental approach is used to obtain the

reguired loforaation.
(1) Noise characteristic of the probe

Fige 10 sho¥s a block diagrar of -an experimental.
arrangement to obtain the nolse characreristic of the probe.
& lock-in auplifier is‘utilized as a narrov band bandpass
filter vith a variable centre frequency. Its. edu;valent
noise bandwidth is'veriable andican be as narrow As 1.5 Hz.
The experimental results are 1llustrated in Fig. 11 . It is
_ evident that the raxirur occurs at the frequencies which are

the odd harmonic of EO HZ .

(ii)'Frequency response of the probe
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To _cbtain' the’rfrquénéy_respanse of the .probe, "”aﬁ

experimental atrauqemhnt shown ln.Eig; 12 vas assenbled,

'TheA'probe' uaé placed in a section of a rectangularc

' _wéveiuidé.‘ - The amplitude of the output signdl froo the

probe‘as,altunction of the moduiafing frequency 15 shbwp in

"Flg. 13 for the NAEDA probe.’ The sigmal-to~noise ratio
. variés only. slightly between 300 Hz and 700 .Hz. At

‘frequéncies.abbve 700 Hz the output signal of the probe

drops d:amatlcailf.-Tﬁis is dﬁé to the characteristic of the
érobe:ifself.' It$ high—resistance"thinifilm leadsAcréaté a
lo;-paés distribuﬁed.fiitgr .compased cf a highly léssy,
serles 1ndu§tance vith distributed interlead éapac;tanée

[21).

A frequency of 510 Bz which lies betwveen 300 Hz énd 700
Bz and is - not an odd harmonic pf-GO Bz, 1s chesen as the

lodulating frequency. -

Because 6f the high Q factor cf the -5andpass fiiter, a
stable lécal oscillatot has to be cbosen.'- 3 GR ‘1316
oscillator wilth long—term'stabil;ty of 0.005% - &2 hours} .
Qas.employed;'
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QUTPUT SIGNAL OF THE PROBE IN {mV]
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43

OUTPUT SIGNAL
OF THE PROBE
I . .

o

“hixie®

y

010%4 3SI0N- QL= TYNOIS'

'-snemt_—ro-norss/ o \

-RATIO

01 v Lxio
QO2mv+ [ - toxidt
‘ I,f :k’ . - . N
— / | ; _
- 100 K R | YooK

MODULATING FREQUENCY IN (HZ)

Figuce-]J: Detected signal froa the probe fcr different
: rodulating frequencies .
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 2e2 SOFTHARF DEVELOPHEHT

— i mar . - — e bbb D)

In:tﬁis.reqenrdh the PDP-11 15 used for book keeping and
nonitotinn."At the Lele location phase, the PDP-11 stores a
nap of selected hole locationa., In the data collection
phase, the computer 1s able ~t0o nonitor the scanninq system
eontrcl‘unit to. positicn the probe fn a selected hole anq

acquire the data.

'2.2.1  Storage Map of Hole Location Phase .

.‘Te store a,nap of'hole_-locntlcns, a filelvhich'isrnened
by an operator is created. After having ° tested a
commnnteéticn' link tetween the - computer anpnd the control
nnit} - the - eoordinétes ef' each hole tnansmitted frqn“the
contrel nnit ane stored on the disk. Op to 200 ccordinatee:
‘pf holes plus tvo reference _coordinates can‘be stcred. fne
‘refenencercoocdinates are- used as an alignment in'the data
nequisition‘phase; The depth of each hole 1is entered from-
a:keyboeré by the‘operator. ‘At.thevend-of” this phase, a
hardcqpy‘of the mng of hole locations s obtained from the
11neﬁpr1nter. : o .

24242 E;E:_ lelgesien Phase

After the map of hole locations is stored in thelCOmputen

memnory, the data acquisition'phase can be started. At the

beginning, the.cperator“ seleets tne name of thé data file.
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~and the name_ofAtﬁe ‘hole locatlod‘rao-ﬁileg " The distance

I'ntervals along'~the_ z axis are also’ entered from +the:

keybdard,by the operatcr. | The saximpum transmission oower

" which 1is oeasured:by a‘pover neter, is recoroed. After

having tested the cemmunication. link between the computer

and the ‘contrcl ucit, " tvo . Leference |positions are

trensritted to the ccntrol unit._ These two positidns_are

used to align the phantor model with the rap._ After‘the

alignment is completed, the ' operator enters an

-acknowledgerent from the keyboard. The . computer‘ starts to

monitor “the control unit to positlon the probe in previously
selecteo locations b}.trausmittlng the coordinates of the
selected hole. Tc prevent the probe fronm hitting the surface

of the model,. an infcrraticn about the statuskof the probe
, . N

.1s sent. back from -the controI _unit. " If any of the 1imit
switches 1s -activated, " the vhblefscapning system‘stops
and walts for a commaod- from the operator. The output

-voltage 6f the probe normalized to the transmitted - pover

together with the depth‘of‘prOQi#yS acquired and -stored in
the ccrputer -memory. ‘The field 'intensity can be oompoted

from the probe cutput vcltage ({24}

'\ﬁ | | L . |
T = EBn\EE[ | , o (fs),
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"where - Ve is the sunm ¢ a1 output'_foltegee of the

prebe, Ey 1is the total velectric’ field, Py is "the
transnicsion power ( uaximun transmitted power b { attenuation
factor of_a -CcCEputer controlled attenuator), Bm is _an

empirical CQthant.
'The.procedure"continues until all the holesg- are scannedQ

The flowcharta for both phases are given in appendix A

2.3 . AREAS OF CCNTRIBUTION

"In this proqect, the areas which ‘I-participated " vere

,electronic design and computer programming.
(i) Hardvare design.

A data acquisition netwvork wvas designed and implenented.

. The netvork consists of an a.c. amplifier,\a nultiplexer, a

bandpass filter and a R B.S. converter.

The 3aCe amplifier is used tonanplify'the signal from the

4 -

probe. It MNas the voltage galn of 10. ‘The 'network_elso_

centains a high-pass filter with a cutoff frequency of 60 Hz

and used tc attenuate the frequency components below the

line freguency (60 Hz). Since e tri=-axial probe is used,

three amplifiers are required to -azplify the signals from.

each axis of the probe.

\
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To-redude bhe'amount of circulty,‘ a'mhltiplexef is used

-

,instead of three 1dent1ca1 syste:s. The multiplexer 1: usedi

"to select one of three cptputs ‘of the-a.cs —anplifiers-to an

‘ipstrunentation amplifier. It consists of an analog switch -

.

(AD7&90)_ and af‘deccder'(CDQSSSB).: The decoder is used 1h
order to reduce the numter of digital contrel lines from the

PCP~-11. Channel 1, .channel 2 and channel 3 are selected by

the decoder 1nputs 01, 10 and 11,*re=pectively.

L 4

! Before the detected sigdal is fed to a bandpass filter,

to 'filter cut_ any unwanted frequency codbonents, 1t is
amplified by the instrumentation asplifier (Fﬂ0038). The

.voltage gain of the amplifier is 100.

4_1 ) . : , . = .
‘The randrass filter |{is compcised_of tvo cascaded second

'order'actire bandpass filters. Their center frequenctes are
’510 Hz and their Q'factors are 10 and 50, respectifely. 'The

. second stage of the"bandpaes.filter is a biguad bandpass

filter.type. dlthougﬁ_it‘requires more’eleﬁents than the

r

-first stage, it has very lov sensitivity to element changes

'and_is very easy to tupe. The purpcse of this stage 1s to

provide fine tuning of the center frequencf_ofdthe bandrass
filter. Ap operational amplifier (TLO8%4) 1s used to
implecent the -bandpass filter beceuse"ﬁhere are four low

cost amplifiers in one package.

Befcre the wanted signal 1s. delivered to the A/D

converter via a 1l¢ng cakle, the signal is cenverted to DCe A
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ol .r"'_usl

- . ReMaSe to DC_ ¢écenve :ter (LH0091) hhich generates a Dc output
» equal to the .Ra u.s. ' value of the signal,- is,used.f'_An_

- additlonal cperational amplifier'in ‘the converter is used to

-y

implement a second “order lowpas= filter Awith' a. cutoff

_frequency of about 10 Hz. ,This iilter is used to smooth out

" the ripple and ncise ‘cn the DC output of the” converter.

i

‘Finally,. the :DC aignal is fed to- a line driver (LHO0CO2)

" vhich ie ‘used to drive a long cable at low output impedance.“

To reduce noiée angd radio-ftequency interference, the
electronic - compcnents are ~mounted on tne-printed circuit
board with a ground plane. The ~circuity of the network ‘is

shown in Fig. 7, Fig. & and Fig. 9 .
(11} cooptte: progremming

The progtams for the hole location phase and the data

?

collection phase were written. The flowcharts for both

phases are shown i etpendix'a. In the hole ‘location phae;h.

the computer receives the coordinates of the holes from the

scanning systen centrel unit and stores them on - the disk. In
the datq collection phase, the computer monitors the

scannim{/systnm contrcl unit hy tranemitting the coordinates

of the holes and the centrol data. The measured data at

each locaticn are collected and stored on the disk.

In toth phases, the coordinates of tbe'holes and control

commands. are trans 1tted through a comzunication I1ink

S U S EG, S



" between  the

ccmputer _and _the oontro;_ﬁuﬁit. i The .

asynchrcnoa: mode with a baud_r&te'of,'600 is .chosen. To

'“prevent trarsmiscion €rrors, -a methed . in which the received .

-data 1s re-transwitted.to the transmitter for checking, is ;.

“employeds Any-

errors stcp' the operationl of'the ecanning

systema Cihsluniveréal disk file subprogtams l 25 ]l are used

to arrange the
s

stored ‘data . on the disk. They are used,

because they provide efficient .and flexible handinq of data

to or from the diske.

"Bits 9 and

i

& ¢f the digitelfinput/output ‘device ( model

bK11-K.) are connected to the clannel selector input of the

multiplexer.

At each selected location, the computer

contrcls the device ané scans from channel 1 to channel 3.

.‘The‘ A/T converter 1s initiated +to digitize the measured

‘value from each channel. Signai averaging is employed to

improve the signal-tc-ncise ratio. Twenty measured values
from each channel are collected ~and averaged. Finall}, the
n}-ﬂn’(*‘ al

average nmeasured value of each channel 1s .sunged up and

1

‘stored on the disks The measureqt value at each location is

printed out by the lineprinter.

V’.

To avoid small air: pcckets between the probe tip and the

phantco material, the prcbe 15 slowly and continuoosly

driven through the phanton nmodel frow YThe top to the‘bottom

~at each eelected locat1Cna Then the probe is vithdravn and

"moved tc ancther locaticn.




-Chabter.III

EXPERIMENTAL HE&HODS AND RESULTS

In this bhapter;- the testing methods ‘and experimental

‘re5ult§ for the “%canning systea and the "electronic network:

are preseited. . This includes weasuring the size of the
scanning  volumé, deterrining  the repeatability of
positioning the prote and the response of the data

-acquisifion “nefuork. . The data sforagef method are also

evaluated.

3«1  SCANNING VCLUNE -
I+ Exrerirental HMethcd

To meqﬁure; "the maximum scannind _volupé of the scanniﬂg
‘syster, the limit svitches vere moved to the far'equ. The
scanning ;ystem waé ;bntrolled\manﬁally' and moved .from an
upper corner to a -diagcnal.opposite corner. The wmaximu
ﬁiSplacéhent on ‘e;ch aris Qas “reasured uéing |

' measuring tape.

-50 -~
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Il. Results
-The raximum displacement in lepgth (x-axis) 'u1;90m{‘
_ The maximum @isplacement in vidth (Y=axis) . - 0.5g..
' The saxinuw displacéhentlin depth‘(z?axis) o Dal85m. -
-The maximua scanning voluce 15" 149 X 045 X Qo445 m -
3.2 BEREATABILITY OF THE SCANNING SYSTEN
p : Ae
‘The repeatabllity cf positioning the probé o is an’
essential pabameter"of.the scanning systeam. - To determine
: = | _ _ |
" this Larameter, the scanning - system vas "repeatedly
' &

~instructed to lccate a pétticular éelected " position under

corputer ‘control.

-

1. Experimental Method

'A  shéét.of' grapH pépéf' vas placed under the s@scanning
structure within - the scanning VOlume.of_ the systen. ‘;The
'_probe vas | réglaced with a szfiﬁge neédle ( si?e 25 gauge )
vhich ¥as used qs'a martker {Fig. T4} At thé beginning:
-the'“manuai"-mode of the scanning ccntrol unit was used and
the mafker_'was rcved  to ah‘-arbitrary position within the
area of the Paper. The cooriinates of the position were
stored 1in the computer. Then the 5remote"‘ mode -vas'
selected. Under the “remote" Rode, the conputer .

instructed the ccntroi unit to reposition the marker to the

selected pcsition. Fhen the marker was over the selected
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o - SCANNING -

. —I - STRUCTURE '
4
¢
NEEDLE
‘PAPER
- STYROFOAM BLOCK
/ 7 {1
- I
| —— 4 e

P1gure 18: Experinental arrangement fcr tesfing the
repeatability of the scanning aystem
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Posftion,' 1t was lowered down and‘ nade_aISnall nole'in the
peter.- This continued until all the selected positions wvere -
scanned. Ihe nanker vas then returoed: to..its initial
" positicn before the seccnd_scan‘ could take nlace. This ues:-
repeated nine times.‘.jnen-the'paber ,uas shifted by a.fey

centimeters and scahned only once. Using a microscope,- the

\

' dimension of tne holes. uhich vere punched nine times vere

corpared with the dimension of the holes uhich'vere puncbed
only cnce. The difference between the dimensions of those

hecles uas taken’ as- the taximun error in positioning.

To obtain the repeatabillity of the scanning system in.2

axls, the expe:imental arrangenent shown in'Fiq. 15 was

usede The cconputer directed the scanning'system centrol unit

to-move carriage about 1 c¢cm. { 20 steps ) aiong the 2 ax1s.
The displacement vas measured by a dial gage indicator. Then
. the carriaqe was returned to 1its initial positicn_ and the
procedure was‘repeated. . The difference cetueen the.meximnn
displacement and average disrlacerent avereged for a few

measurements ( O. 3682 cn ) was taken as the Faximum errcor in

positioninq in Z arxls.
IT1. Results

Six arbitrary positions are selected ‘for this experiment.
After examining the holes under the microscope, the worst
one is chosen and enlarged'{Eig._ 16)« By meesorinq the

dimension - ¢f +the holes, the errors 1in both Y and ¥

-
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".directions are fcund to be less than 0 05 mm._: The error 1n

_ this experinent is due to the accuracy of measurement.

For the Z direction, the experimental results are shonn
;in table 2 « The measurement error is due to the accuracy ‘in

readinq tho dial gage. The other errers alcng the Z axis are‘

. due tc the pcsiticning of the limit switch. This causes the

carriage tc stop within cne " motor step of tne desired
position. ‘Since one rotor step in -2 direction is equivalent
, 2 ‘ ¥ ‘ SN * ‘ i

© to a displacerment of 0.051.cn, this is the naximum.error.u

N ; ,
3.3 Respowsz OF THE DATA ACQUISITION NETHORK

The data Arauldsition network is  ysed to bprocess -the
Output_signals-frcm .the probe vhich is proportional to the
input pover. If the netvork is iinear," the output signal
.. from the netsork is precportiondl ‘to the input pover. ~An

experirental setup shoyn in Fig. 17 wvas used to evaluate the

linearity of the data aguislition network.
1. Experimental Method

A 'detector Huitﬁ : point—contact diode' vas used to
simulate the detector inside tha probe. The ReF. generator'
was set at 0.7-Gﬂg, ~and the nodulaticn freuuency generator_
at 510 Hz, which was the cen'tre frequency of the bandpass

filter 'of'the data acquisition ‘network. BY varying the
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Tanle 2 Bxperimental results tor the repeatability of positioning
“in 2 axis .

'Reférence(in.) Dial gage E ‘.ﬁistance .
| . .\ieadigggin.) E “t:;jgl(;ﬂ.):
10,0995 0\UBC 7 0.3870

0.0895 0.3812

Ao;§99s. 0.3812

C.C995 0.3812

0.0995 | 0.3812

0,055 - 0.4807 - | - 0.3812

. G.0995  © o.seos i 0.3813

0.0995 - - 0.4807 .  0.3812

0.0995 “-. . 0.4808. _ : 0;38m3~—’*}
0.0595" 0.4808 - 0.3813

. Heaﬁs o _ 0.3892 (0.5682 ca)

MAX | means - distance trével |
0.3612 in. =~ 0435610 4in.
0.0002 ine. (0.0005 cm)

Baximum .error in fosition
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attenvator, . ﬁﬁe‘input “power.. at :ihe diode.idetectorirwas

changed. - Ey measuring the lnput pceer vith a‘pqver'meter

and the output volﬁade' of the ngtﬁork, the relationship

_hetveen-output vcltage and the input fower vwas obtained. The

uncertainty in the . pover measurement dependedf upon 'the:

uncertainty 'gf the Fower 'ﬁeter vhich wvas *0.5% of the
_measﬁred'value} ‘The uncertainty of output vqrtaqe depehded'
upon the uncertainty of the A/D converter which .was & 2.44

nV. | . o | R -
II. Result

The experimental results are shown in Fig. 18 . At low.

. input powver le#el, tte ﬁon-lihearity is evident. This is'due;

tc tbeé rgon-linearity of the amplifier and the R.F.S.
converter. Using the;ﬁethod of least 'squarés {26],. the

exrerimental data- within a ° certain. range  can be -

appfoximated by a straight'Lineb The marximunm non~linearity (a .

Y) within that range 1s obtaiﬁed by

- -

AY = MAX |Yi =i | (6)
i=] R o
‘where Yi are the expericental points‘for varicus xt, Yi
‘are the points_cn the straight line for vérious.xi, 1 is an-

'1ntegEI.' 1;2.-.-..“-

..59_



60

Nana

P
v : e mpm —r e b
e .

—

PR, A S
Y Lo - H

= -pw.w.mw ] g
e et

1000

100

10

10 |-

(A)39v1I0A LNdLND

_‘
S
o

0.001

INPUT POWER [p.W)
Output voltage from the data acquisition network

as a functlcn of the input po

1) 8
-

1

Figure

ver



;;..Hf Taking a range frer 1.7 #H';ndl167 nﬁv(aboup 7;heéade5f}
: ""thé maximuicnoﬁ-liﬁearity ts less than .3%. pf'the‘ full .
‘scaie. vhile frow 12 aW to ﬂéJ.FH (ébcuf 1 déeadg), ‘éhe
_hg;iﬁum mon-linearity fs'less-thén-o.éﬁ‘oﬁ the full scale.

< .

3.4  DATA STORAQE' T

- . ' -
~ : "

fo test the data storage system, the scanning sySteﬁ vas

‘used to-scan'the afea in the faféf181Q'of_a half;wavéleﬁéth 

dipo;e." The half-yavelength.dipole qas-uged tecéuse its

~ fér-f;eld"pattern cculd be. calculated 'theofetiially' {
appendix B }e | o -

1. Experimertal rethod

: Td'obtéln experimentally the powver. ﬁﬁtterﬁ ct § dipole
anténna in the far4field, an arrangement Shﬁwn injFig. 19
Uas‘assembled. A dipole operating at 1;25 GHz, vas placed
uﬁder the scanning stru;ture; Tﬁe nininum distance betwgeh-
.the antenna épd the scanﬁinq'stru§ture lwaStabouﬁ 10hcm- .
RF generatcr operating a£‘1.25 GHz, vas modul&ted in
amplitude at a frequency 510 Hz. A single éxis prche viph a
zero-blas Schéttky diode detector .wés used to detect the
intensity of ﬁhe RF siqnal. Initially, a scanning‘area of 35
-cm X 40 cm with 72 locations was used. - Each location is 5
Che atart froso 1té neighbors. The antenna wvas pcsitioned at
the centre cf the scabning area. -?he system was monitored

'by'the computer in "rencte" mode. The probe was positioned
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Experimental arrangenent for marping the power
pattera of an antenna in the far field zone
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63
‘o in e-< selectedflocationsl Theu‘square of the electric field
at that location wvas measured - digitalized and i stored‘-in "
the computer. This continued until all selected locations

o

were =canned. Finally, the stored data uere printed out.

II; Result. .

For tne 1}25—GHt dipcle antenna; the ‘minimum distance
“required.to-meet: the fer-tield'conditioh,“ is ‘ebopt 12 cm.
‘The relative pover pettern at-e dietance of 58 cn_from-the
entenna 1§ -calculated (.Fiq. 20 )« The n;ximun of the field
occurs at the centre, The output signals from the- prcbe at
t he same dietance frem the antenna 1s shown in Fig. 20 . The.
‘maxinum of the signal 1s.slight1y off the. centre. This is
due to the ercers ia positlonlng of the antennpa Furing th
'experiment{ The_general pattern of the field agrees quite

. well with the calculaticn.
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) Chapter Iv

CONCLUSIOH AND DISCUSSIOR

In thiS-chaptEr,la summary-of\thé.expérimgntél results of
the scanning - systen is presented and some _suggestions for
future development of the system are discusseds

4.1 CONCLUSIONS

Thé experimental reéults demonstrate that = the computer-
contrclled séanning systen neets the speclfications

presented in the Charter 1.

(1) Scanning volume

1

The =canning volume cf the scanning system is 1. 9 X 0. 5 X

3
0.45 wme It 1s large enocugh to scan fulL scale simulatéd
bidlogical bodies, cuch as a huran body “irradiated by

selected sources in both far and near fleld.
)

{11) Repeatability of the Ecanning-syStem Co -

‘Repeatability of_a particular selected position was found
to be better than O.hS mm in both X and Y directicn. In Z
direction, the-repeafﬁbility was fdund to be better than 0.5
ume To minimize the errors, operaticn in the half-step modg

i1s recoamendeds This gives finer system resolution, but is

7 - 65 -
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slover. In fact, the repeatability 6f pcsitioning is more
than. sutficient for the pufppse of Ehis researche

.
(111) Linearity cf the'data_acqu;sltion systen

The linesarity of fﬁé data acquisltion systenm ﬁebends on
the &ynamié ranée of cperation. Since a cchguter-confrolled
attenvator 1s;émployed,3‘the_dynamic range 6; the network is
gquite wide. One-decade ranée {Ltnput power frém‘12 jﬁ to 167
MW} '1s' fecommendéd. This give§ the mwmaxirumr non=linearity

legs than 0.3% of the full scale.
{iv) Data étorage _ -

Examinétion of " the fteid distribntions of a ‘half-
wavélengtﬁ d;po;e presented'in.ﬁhapter 3 indicatg; that the.
data-storaée' system 1s working satisfactorily..l The stored
data ére. éﬁcénged in such a way thatlthey are easily
addreséed and dispiéyed. At present, the d§ta are prihted

out by a line-printer. %hen a I-Y plotter becomeé availabié,

the data can be recorded in a graphical fornm.

a

e A Al P S L . A P e L P}

F.2 SUGGESTIONS FOR FUTURE DEYELOPMENT

For future developrent of the scanning systen, the

follcwving suggestlions are given and discussed.

(1) Electriqal burnout
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The tri-axial probe 1is easy to burn oute Some precautions"
'are necessary in handling the. probe. The probe should never
be exposed to any radiation sources when it is not connected
'to the data acquiaition network vith power _one. ngh.leve1.~
‘radiation,'sources also ‘cause the electrical burnout. A
compoter controlled attenuator shculd be set at naximoo
attenuation wvhen the prote is in the ailr or cloee to the
‘radiaticn SCUrces. . .

(11) Radio‘frequency.interference

Radic ‘irequency 1n;erferende (REI) ~ probless occur 1in
instruments using 2 detector Jiode. to convert radiowaveS'or
nicrosaves to low-frequency or DC sigoals {211 (22). This
1nterference ray dopailr the performance of the electronic -
syster by increasing ;he nolse level and actiﬁg as a false
inforration signal.. Proper shielding techriques £29) (301
should be enployed to Einimize the amcunt of interference.
At present,. the network was placed_ ipnside a <diecaet box

surrounded with abscrbiog materiais to reduce the amount of

interference,
(1i1) Scattering fror metal cables

Metal catle, such.as RG 58/U0 shielded coaxial cable, 1in-
the test field, can cause scattering (211 [22). In orfder
to eliminate scattering by cables, an optical fibre systeo

1s recommended. An optical fibre system vhich consists cf a

*
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. transpitter, ' re®¢ ¥er and an optical fibre, - can te used to ' :
-teplate the~ cable tetweem the ‘noutput of the. data
| acquicltion netucrk and the 1nput to the A/D converter. . X

T Switching transients can also cause the electf%cal burn-
out of the_ probe vhen the computer selects -one of the data’

_channels. hn_‘optical fibre 1link betueen‘ the channel

selecter and the digital output is also‘recomﬁended.

-
-

) i . - ‘I‘{;- \ . . . l . .
(iv) rata display o //-; : ' o L.

+ f : -

Since the ele{tromagnetic energy . absorptich té .alsc
dependent on the orientation of _the electric tields, the
lnfogmation on. three ortbogonal conponents of the electric . B
fleld'vector 15 very useful. . By modifying the computer
prograr, the meacurement results from each axis of the probe
can be_ctored eeparately. To display these data, a special
system‘ﬁ%s to be developed._ fhe "hockeypucks“ methodr}31l
_has oeen euggested for,this_pdrpose,/;LLne methed involfes
.5rrovheade in form of short -cylihderg'(hockeyphcke) to
dieplay the orientaticn‘"and the'intenslty of .vector flelds

at-various locations. L EE ' - .

Q :
{Y) Probe calibration
‘ r T "_-‘-;' o . - b

The reepop§e ot Tthe probe'is'depended on_the_dielectry5

constant of the mediym 1n wvhich the'.measuredents are.beinq;
. ' ' ’ . A l .
= - pade | 18"”1 (20 3. By calihrating “the probe a
N * 1
A particular frequency, this effect can* be eliminated [ 24 1.

‘)‘

® .

.
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Appendix A
© . .. FLCWCHART OF THE SCANKING, SYSTEM

The :softvare develoﬁement of . the gcanniné
includes: . f |
1) Hole-map stbrage modé.

11) Data ccllection modg.

The.flowcharts of each mode are shown belov. .

;-

.
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Fi'o?'chéljt,.oi the storage. a ‘map of .ho]e-floca’t‘iqn session.

-

\ .

T

. YES
. NO
CREATE AFILE
ERROR / | TEST-TRANSMISSION LINE
cSAGE/ BETWEEN PDP 11 & .
MESSAGE CONTROL SYSTEM UNIT
OPENTHE FILE
. START FROM
. THAT HOLE
“TENTER HOLE
NO., :
CORRECTION
_RESTART|
END
& i
i ‘ 9 |
e .




. .

PRINTGJTTI-!EMAP

OF HOLE LOCATION

~

‘| ENTER THE DEPTH
OF EACH HOLE -

T

ENTER HOLE NO
&THE DEPTH OF

PRINTOUT THE®

DEPTH OF EACH HOLE

"CLOSE

THE FILE |

END

'THAT HOLE



ENTER DATA
FILENAME

YES

ENTER MAPFIHIG
FILENAME

ENTER DISTANCE
INTERVAL IN Z
DIRECTION

ENTER TRANSMITTED
POWER

ENTER WHICH
| PROBE IS USED |

TEST TRANSMISSION LINE
BETWEEN PDP 1 ¢
CONTROL SYSTEM UNIT

SEND QUT NO, OF STEPS |’
MOVING IN Z DIKRECTION

SEND OUT TWO
REFERENCE POSITIONS |
FOR ALIGNMENT

@‘




TRANSMIT COORDINATE
OF THEHCLE =

: CKNOWLEDGEMENT

ROM CONTROL
~UNIT]

YES

|
H KEY ON

~KEYBOARD HI

GET NEXT -
HOLE
COCKDINATE

TLIMIT SWITCH YES

7 3
i

i
cd

| WAS ACTIVATED

. [ENTER HOLE 4
correcTioN | ENTER HOLE 3

T WITH

END

RECODE ¥ STORE
DETECTED VOLTAGE

EARCH
~ THE BOTTOM
F THEHOLE

NO

®

NO

' PRINT QUT
. . ﬂNFORMA’I‘ION /

_—OPT
< OPT

ENTER THE
DEPTH IN CM

ENTER HOLE
NO.

CLOSE THE | |
. PRINT QUT THE FILES PRINT CUT /
—_ / DISTRIBUTION OF DETECTED VOLTAGE
DETECTED VOLTAGE AGAINST THE DEPTH
END,
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Appendix B-

THEORETICAL CALCCLATION OF THE HALF-RAVELENGTH

DIPOLE RADIATION- PATTERN IN THE FAR FIELD -
¥,

—r

The E¢ ‘and Ee corpcnents of the electric field of a half-

wavelength dipole at a large distance r (Fig. 21) are {271

N

7

Eg- J'éegll [cass(l’;/z_ecosé)]? ) A7)

B-0 .0 g

vhere rol is the current distrituticn. Thé_total electric
field becones | | |
[ 2 2 o _ )
[ET-: Eé +'Ep - | | | HBCLJ .

e

& oy

»

The relation betveen the average Poynting vector apd the

electric fleld at a peint of the far field are

Fr F%— ;%Ti (10)

- 74 -
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Figure 21: Antenna cocrdimpates /
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where Zo-ié the 1ntr1nsic 1mpedance of free-space. ?or.the.

S

dipole antenua, the averaqe Poynting vector is

P% o ,H-Ta,)_

1

N

' : . N a2l |
_ ) {J60[13[cos("/2 cose)]} (Hb)
: X ' r - .
. After transformation from  the spherical to the.
rectangular coordinates [28], equéticn ( 11 ).becémes
| =

P, - L (JGO(I] Cos. ’Vz Jx+\r‘+z ]
‘2 E XN “1_ \S\N\(OS sz Ya*?_:r. /J

y,

12

To cal&ulate' the po;er patte;é in the:f?r-field, the
distance d ~frol the dipole antenna: should be at }east a >
ang,uhere-n :>the saxirum dimensicn of the antenna\sﬁh,a.
_1s the udvelehgth. The relative total pover paﬁtérn 1n.the}

far-field becones

P {.__d_ [cos(‘n‘ J"EW’EFTT*)]}Z

P\- max \/d +Y Tl SIN (COS m,_) []BJ
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