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»a simpler, less computer-time-intensive model and associated software that can be
readily used to study the effects of parameter changes on System performance.
Steps were taken toward that objective, as follows:

1Y The software was thoroughlv checked and redesigned for greater efficiency
wher. that step was warranted.

‘2)  The model for the cable-generated fields was simplified.

\3) While many of the features of the plane-wave spectral representation of
fieids were retained, that approach was compromised by approximating the cable-
generated fields, within the scatterer volume, as those of a single plane wave
propagating in the direction of power flow of the true cable generated fields. . _

The result of these modifications is a new computer program with much-reduced

running time which produces numerical results that are much more comsisteant and
interpretable than thuse produced in the previous project.
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1.1

1. TIntroduction

The work described in this report is a continuation of research done
on RAY Postioctoral Contract F30602-7R-C-0102, completed on November 1, 1081,
The Final Renort on that contract, entitled "Analysis of the Polarization
Nependence of the Interaction Retween Human Frame Targets and Radio Frequency
Sensor Tields,” is designated as Reference 1 in the present reporti_13

The previous project, referred to above, involved nalysis of a particular
tvpe of PF intrusion sensor syster. The system consist: of a ported coaxial
rabléh{;:d circularly on the ground surface and a vertiral receiving antenna
at or near the center of the circle tuned to the freque:cy of the wave propa-
2ating in the cahble. (See Tiaure 1,1}, 4n intruder steppina or crawling
wrnss ~he canle in order to enter the circle scatters <ome of the electro-
nacretic eneray f7pinging on hiT or her from the cahle :nto the direction

20-65

nf the antenna, changing the signal recerived by the antenna and therebv detectina
the presence nf the intruder.

Althousgh the concept of this device is very simple, the electromagnetic
throry prnblems encountered in attempting to model its nperation analytically
are extremely complicated. In the original project, as renorted in RPeference
1, the scheme upon which the analvsis was hased was the plane-wave snectrum
representation of an eloctromagnetic wave, Theelectric - a¢ magnetic fields frqrAthe casle
verecalculated based nn nnanalvsis of the propagation al 'np the cable and the use of the
"Str1tton-ﬁhugs(or "Kirchoff Huyghens") integral formul.. -:hich aives the
firld components in space hased on a knovledge of the [ields at the cable

s.~ts, This wvas done as if the cable vere in free space. Then the plane-

uave spectral representations of each of the field comprnents was calculated.

Toen Unlaan vava

was then taken through the around-reflection process.
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Figure 1.1
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Intrusion Sensor Svstem Configuration -
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: The tota’ (direct-slus-qround-reflected) spectral field in the ahsence of

2n intruder wes colculated. The intruder was modelled as an clectromagnetic

. scatterer. The trtal spectral field at rhe intruder’s location was considered

as the field of a plane wave incilent on the scatterer, which was modelle-t

1s a unifnrm spheroid with constitutive raraneters chosen from a composite

~f those of the v rious constituents of the hunan bady. A pronra= origirall:
w1y 085-57,50,52,57,61,62

p develnpad ty Peter Parber at the University of l'tah was used to perforn the

scatterine analys-s. This progran was inserted into our software as n suhroatien,




* The scattered wave fields propagating directly toward rthe artenna and

| * those re‘lected from the around and then propagating towvard the antenna vere
comnuted, {.:'t'}
The nrogram developed for this problem computes the components of fie
. plane wave snectrum of four contributions to the electric field, They are:
I (ay' the field from the cable in the absence of the ground (i.e., in e
. infinite free space) K f\ t
b) the iround-reflected cable-generated field : ;;iﬁﬂ

(c) The field scattered by the intruding object directly into the antenna -
(1) the around~reflected scattered field in the direction of the
antenna

“ach of the constituents (a), (b), (c) and (d) is a function of the normalized
wave propagation vector 3. The final step in the computation was the inverse
. Tnurier transformation of the spectral electric field components in order
to srodnce the field components at the antenna site as a function of the
nasition of the antenna. The end result of the computations wes: (1) a
- :ev af field components consisting of the superposition of contributions
(1) and (%Y, i.e., the field conpon.nts in the ahsence of the scatterer;
i '2)Y  the sunerpnsition of contributions (c¢) and (4), i.e., the field compon-
ente que ta the scatterer; and /3) the superposition of contritutions (=3,
- 3, fc* and (d), i.e., the cnrponents nf the total electric fielc seen at
the antenna sate,

The nurpose of the fnllow-on project was to procuce an imnroved analvtical

-odel ard an inprover computer pronsram that would he more uselul in studring

- system rerformance. The problems with the original analvtical morel and

associnte! softwire wore:
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(17 The computations, involving iarge nunters »f sumnations of complex
quantities arising from complicated theoretical calculations, were extremely
sensitive to small errors that are very difficult to detect. For evanple,
an erroneous sign in addine two or mare complex contrihutions of com-
pir-hle marnitude can result in enormous errors (e.g., @ juantity that
snnuld be zero can appear as a larje number or conversely, a large numher
can apnear to be nearly zero), Oa the orininal project, there was in-
sufficient time to provide adequate checking of the software to ensure

that sush errors do not occur.

(2) There were portions of the comnutations that required enorrous

amounts of running time. For example, the Parher scattering prourar,
althoug~ it was considered to he an excellent vehicle for study of scatterinn
from a huran frame target, 1s verv comnuter-tine intensive., The planc-~
wave spactrum approach to the orohblem, although it should be accurate

if carr ed out rigorously, requires that the Parber presram bhe run for

each vaue of each of the two components of the wave propagation vector

3+ This means that, if we want to perform the two-dimensional inverse
Tourter transformation (to transform from ;-space into positron space)
acciuratelv, the “arber proqram aust be run as many as 36 to 107 tires

for exc~ ~r.sit1in ni the scattcrer. This is an ahsolutely pre~ihitive
cenensitare 97 ruan:ine time if we want to study many variatiers of tne
narimeter<. 7Tn render this computation feasible, the stationary phase
approximation was used for part of the inverse Fourier transforn compu-
tation, tnu< reducing the nunher of runs of the Barber prograr for each
scatterer position to sonewhat less than 50, perhans as few as 25.

The runnin~ tine was still very “inh, but at least withir reason., lowever,

13 some narameter renines, the valility of the stationiry phase =ethnd




i at leasr mareginal and in some cares questionable. This compronises

the aceuracy of the computations.

fiv To <ummarize the difficulties encountered on tre orizinal procect,
e were larcely fue *o the attempt to put the analysis of this svsten

cnoaoanl!

tneorrtical foundatinn. ‘e were very careful ahout the
sssumnticne 1nvolied and tried to nake the model as realistic as pnssible.
sever, we uere forced into tradesfic hetween the realisa of the model
4 tha Vimitaticns of comnuter time.,  Although the equations pronramred
Seromacthae camnatation nay have contiained 1 gqreat deal of realisn,

racoremives to save running tire (e,q,, insufficient points in a nurerical

intaaratien) Miaht in <ore cases nroduce a result less accurate than

w1 ilt nave heen ahtained with a less ricorous Hut accurately computable

ares taker on the now nroject to improve the analysis ind compu-
ratinns are c'iscussert 1n the present repart. [n Sectinn 2, the calculatian

*
7 the {103 from the cable slot< as if the cable were in frce space are
trscrihed, In toe eariier project, these calculations were -nade for arbitrary
~edes oropaating along the cable, t.e,, TH, T or TRl modes (Pef. 1, Appendix
Y, "hile that nofel was verv ageneral and hence would cover many possible
rases, it was alse ~umhersome and required a larne amount of software. Tt
Lae decided t~ formulate the fieles on the cahle slots using a simpler nodel
“qs5ed4 ¢n ornpacation of a TT { nade 1lane the cable. This yields a sinsler,
aere eanily interpretanle son of Cornulas, rejuires considerable less software,
and is suffic:ently realistic for the nurposes of this analysis. \lso, it

canla caeily he genernlized if nece<sary and if Aata were available to allow

Ly

corres s Aasiepmect af pararetoer values for and/nr nndes.,




In Section 3, the remainine stens in cal-ulation of the receiverd signal
At the anterna are described. In effect, Section 3 contains brief su—~aries
n? the sectinns in Reference 1, Section 3,1 brie!ly surmarizes the coverate
af the plane wave snectral representation of fields that was presente! 11
creat cetail in Sections 3 and 4 and Appendices 11 and ILI of Fef. 1. The
enphasis in ectien 3.1 is on the rmajor results that were derived in leference
1. Scme new 1nvestigations on the use of thic 2pproach are introduced in
Sectinon 3.1 and further letailed in Appendix IT.

Section 3.2 contains a brief summary of the key points on the grount
reflected wave that were covered ir creat detail in Section % of Te€, 1.

"o siznificant changes in the analysis or the prorrams were made on the nre-
sent nroisct,

Sections 3.2, 3.4 and 3.3 contain hrief summaries of the rmaterizl presented
in ‘etail in Sections %, 7 and B respectively of "ef. 1, This nateriel concernr
the ¢nordinate transformations to allow the superposition of direct aa? cronnd-
r2flacted cchle-neneratad fields to be rodelled as the ficl? incident o
the scatterer (Section 3,3), the action of the scattering prosran itsol?

2

(“ection 3,4) and the transformaticr of the scattered fields from scattercr-

contered coordinates to earth coorcdinates ‘Sectinn 3.3). Sectien 3.5 is
2 suraarv of nround-reflections of the scattere! fields, nrecente! in dnto;l
N

1 Tection 3 oof el 1.

Section 3.7 is a sumnary of tte nroress of sunming all field contrisutions
and taking the inverse Fourier transior~ in orler to convert fro~ the plane-
vave soectrur of the field components to the actual field comnonents as
functions of srace cooriinates.

17

lection 4 contsins a detailed analvsis of the new anproach tHit was

finally aczontod o0 the liter arejsct.  This apprnach has renlaced ovc alane-ave
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snactrun approack hut hac retained most of its features.* It involves the
apnraximatinn of the fields incident on the scatterer as those of a single
.- nlane wave (not a spectrum nf pline waves) whose direction of propanation

1= that of the Poynting vectar (direction of nower flow® it the center of

t'o scatterer., This approach circumvents the problem of performint the two-
timensional inverse Tourier transformation and hence saves an enormous amount
o ~f computer time, allawing many mcre parameter regimes to he studied yit=ie

. a niven time, Ir view of the degree of apnroximation required to implement

- the cownutations for the plane-wave-wave spectrum approach (See Appendix

IT for detailed discussion of these problems) the new approach offers many

. alvantages in addition to that of increased computational sneed. If the

- relationships arising in the plane-wave spectrum approach could be comnuted

- accarately without a prohibitive expenditure of computer tine, that would
be 1 sunerior rethodology. However, the required compromises in computational

- 1craracy miaht nedate the advantaces of the theoretical model itself, The

. aew anarnach invalves an approximatian 3t the initial formulation stage which

- 1s nhvsicallv satisfving, i.e., the idea that the "incident plane wave" that
anproximates the actual wave in the scatterer re7ion is a2 linearly polarized
tra~sverse electronagnetic wave traveling in the direction of the power flow

i af the acrnal Tields emanating from the cable at the scatterer's center.

- . The new anproach nroduces results that appear to he very reasonable

ant ahisically internretable, Since comduter time is not so critical with

AR this approach, it is nossible to study many variations of parameters within

1 roasonable exgenditure of time., All of this is discussed in detail in

. Section 5 of this report.

% * The normalized wave oropanation vector 2, which was used extensively in the

~ri~inal apnrnach, is still retained in the new approach., It is used in modcllinn
: Af =acattering and iround reflection. All stages »f the analysis renorted
. “ection 3 renmain esseantially intact, with only minor modifications recuired,
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.. 2. Calculation of Tields from Cable Slots ir “ree Soace S
-, -—'.-"‘
. The annroach used in the previous nroject (fef, 1, Sections 3 and 4, v
[ -~ and Apnendices II1 and [V) has been considerable simplified, In the revise” . -
i aaproach, the comnonents of the field from the slots is calculated directly S
in the spatial domain rather than in the spectral domairn (Ref. 1, Appencices ;’- R
66
IT ard TI7) a< in the nrevious work. Again, the Stratton-Chu (or Xirchoff- T
. yyahens) 1nteacral formula ror toe electric field cormnonents is used (Tef. 1,
; ‘puendix [, Je. (I-3a)) where again contributions fro~ aperture edges are
L ~a~tactad and volune current and charqe densities are assumed to he zera,
x
Tin T mode it assumed to be propactatinn down the coaxial line, whoce curvatire
_-", i~ nenalncted, t,e., the pronagation dnwn the line is assuved 2qunivalent to
c tqat alene a straight coaxial cable (2ef, 1, Appeniix IV, Pages IV-H and
= v
’ In this section, the field corloncats will “e formulated as if the cable .
wrre in frec-space. Prom Tq. (T-3-a, b) in Apnendix [ of Tef, 1, w2 have -
- for the electric and magnetic fields [ and Il at the point g (characterizedl
- he evlindrical coordinates (o, ¢, 7)) due to the fields on a cable slot locatac
. o Ld
at the point r', (characterizad hy cvlindrical coordinates ‘@, 2, 9'), where X —
- is the cahle radius and h' is the vertical ciordirate of the center of 2
slat):
- Tay A7) = - ”d%" r'ux' AT WETNT . (R x D)
AT T ), 08" LR gM)e 5"
ot -~
- 4
-: x 9'G - Ry "\)‘.‘vr*.‘ a y
- IR UM SRR ey (2.1-2)
.. J
S
\“.
pY
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2.2
YRRV S S T ‘-rz R X TE"NG - (1 M)
SL0e T = *Zn Jj Lo 3z < '3 -
A'QQI
N | . Ll
x 7'G - (;. 1,(5 M CJ (2,1=b) R
wvhere t:irme denendence eI is assuned and where :'f;:
o
&" = Slot arez A
oI
¢ = freen's function = ==z
>
© o pagl aaf@s0f - BocosO + (2 b))
' = A -
i" = (gytward norral unit vactor at slot
7t § = A - S B
S A MR I P
iLere

AAA i A
(X.3+2’ = unit basis vectors

R 1 )
£, = Per-ittivity of free space = %S (17 ) farads/reter

. v -7 .
u_ = Maznetic permeability of free space = 47 (1. ") heariers/meter

For the "1 mode

LR

;(L') = 2n ':(S') (2,2=-a) .\:
~

et Ay PO L
_;(& ) = 3 f; ) -..’-h) :\.:::
SR

whara 3“ is the unit basis vector in the ¢" direction in the “feouylo-nrined

coordinate svsten in which the slot position is represente. (See “ef. ', Tection &)

hern V = -ave adrittance of cable material, ~iven by * 1:?
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2.3
v - 52 Ly B (2.2-4)
ca u o ca
0
vhere
. Yo = wave acaittance of free snace
P».
5
o) -
ch
3%,
I —= = comrplax perrittivity of cable material
- CP = permittivity of cadle material
7. = conductivity of zable naterial
“or the T7'! nmode on a straizht coaxial catle (our approximation)
. A
B RTINS “
b . e = 7 e 1 ca » .3
= i o
. . = =°lectric ficld strenath at the power source 2lon: the ceble, located
as ~' a )
) o= u/uoso = free-space wave number
~ JLJ N, .
- = —= = same as 1f ¢ =)
.2 '_0 ca a

= attenuation alenq cakle in nepers/=meter

ra= (2,22n, b)), it follows that

rh

T s (2.a-21
gy =0 (2.4-0)
RIS SANE T (2.4=c)

rthe ~1 ' nf (D,2-¢, )

A " At . ” ~
AL \r" = 7" (il) - ')'rv Y i r(r!) f..4~-’!1
- - - -~ ca -~




wihere 'i" is the unit vector &lons the cadle.
Usinn (2.2-a, b, ¢) and (2.4-a, b, ¢) and notinn thar ' = -7 we can

simplifv 72.1-a, b) as fnllows:

- SR N (PR /O 2o gl

2O ) = - i }J 4s n(;')[} g YO kca G- 74 f7,3-a)
A-"

MERENEIE Z‘; ” 4" C(r")[!o e, VG)} ((2.5=%)

as”
The fallovinn relatiorships will facilitate further sinnlificitior of

(2.5-a, b).

From Tef., 1, Pane 4,10, Tq. (4.19-c)

2" = 2(~51n $') + ylcos ~") 1Z.-a)
" D
o Y e g
v R L BRY!
“,n_f}‘:R 1
J;—ﬁr—— [1 - = T (2.%-b-
<2 JR)
2 = ocos 4 -Bcos A 2 [0 sin 6 -&sin ")+ F0z - nt,
(2.0-¢)
From (2.%=a, h, ¢)
2 x I a JQ‘(z - 8') cos 4'] 4 (2 - 8') sia A
Z > & s ')+ 3z !
o ke 1 5 -
+ 3@ -0 cos 9 ])) = Ll _FJ ) (2,7=2)

and, with the aid of (2.2-d) and (2,5-H)
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2.1 Field Components from a Sinale Slot

From (Z.7-a, h) substituted into (2.5~a, b) and with the aid of (2.3)

we obtain the rectangular field components at a point [ = (0, %, 2) from a

single slot at the paint ¢' = &, ', b') as follows:

e D . ' 1 1 R )
E-K(S' ¢ o= x{-kéa sin #' - ¢ [1 - —ij]’,o cos & - R cos ’./’))>
(2.,8-a)
PN 1 1 . )
r oo v eRY Vo2 - —l - .t
Ay(g, ') = l(lkca cos b R ll ij}‘D sin 5 - 4 sin * \}

(2,5=h)

' ) - h' 1
FZ{S, ') = l\{-E-T—)- (1 -—)ﬁl} (2,8-c)

; [ - Il $__..z ol b')_ L] l’ _1_.], G,
% & Vo= - K YO Kea A cos ¢ \1 © (2.9-3)

. AL (z = h'Y o 1) ( gon
‘iy(;. g o= - XYk = sin g il - W, (2.3-0)

; ' ™~ - ¢ cos 81 1
0508 = =K Y X [ J[l - I (2.9-¢)

A
-(jkk _+2)Xg0' %R
e ca ]keRJ '5“.5

Flo™

Vo= g, g o= -

and where “s and ‘-."S are the length and width of the slot respectively., Fcr

the purpnse of facilitating integration over the cable it s convenient to

senarate out the 4'-dependent factors in each term of (2.4-a, b, ¢) ant

12.9-a, b, ¢). To this end, we note that »' = £ 2+ Q' and express these cquations

tn the forms




e AR e T d o At §
A Lt W Pl Sl adiinfint Andhdiin w0 g w el |

~
. ~ ! -
. . e gty A e A (1) s
I r‘(i- 4 Yy = T(A) LS , =t — 3 \1 ITEL e
2R -
Al
eamt rk—”— N T R 1 (A Llin b e
¥ 2498 1 ILEY pe t K7y )
| N
- ' RS L 18 OO QR I PN AP { 1 A .
(&, &\ P Y e X kl -——ij (2102
% ’ ' ARE ‘ \
0 4 " 2 -~ PN LIS B D)
Vo 'y Sy A oy LSS - deal® ] 3 REAY
. VIR : o ca {1 WP a2 ) (o e +e )
] “ 2.11-a)
, li i" - v R ey s (g, [ QR '1 _ _l_][z -t i . p., i 0_'~| - L
' ) a i JLUS RIS
- AR RN
A
. ' [ ’ A * - vy
v . PR l-”‘v _{ 1 ]jg__ a' Rt n“'
058 = o Kea F(F1 7 t IR FRUE A ;
' (2.11=c)
here
. A
. EO N BLEERS " I
. c(n) = - == - ] ‘s §
: A A
' g, g") = 7 - ikt o+ !
: Tre forms (2,10-a, b, ¢) and (2.11-a, h, ¢) are particularl+ useful
: for nurpasns nf inteqratine over 1ll the slots on the cahblo, as will hHecone
arnarent ir Sectinn 2.2, Te stude~ the fields from a sincle slat, the forms
) f2.5-a, 5, ¢) anl 72.9-a, h, £} are less curbersome and therefore easier

to nse., “evertian to those (or~s, we can obtain the radial (p~directed)

and azi-nthal (~-directed) components ‘ror (2,5-a, ») and (2.9-a, “). ‘ote

. . N A ~ A n N A
€ ) . ’ = ; 0 -
. irst that tor Any vector = VY X+v, = vo g+ \v’\A N vhere Q and 3 are
) unit H1sis vectors in the o and » directions respectively,
d .
2
.




2.8
v = Vv_cos d 4+ v s5in ¢ (2.12-n)
o} x y
v, = =-v_sin h + v cos ” (2.12-h)
> x y
Appl'_ving (2.12-a, b) to £ and #in {2.5-a, b) and (2.9-a, b) respectively,
we have
0 ( 1
roa - oL S R " 2.13-
5 K J‘ k' sin 3 \1 jl-:.'—‘,](o Lcos D ¢ (2.13-a)
” = 08 l - .L] .lL 7.
,? 1y {+kca + 3 [l " A sin O P4 (2.1%%)
" = - Y ] z - b' { - _]__ - At -
o cy kL = [1 7| cos ? (2.14-2)
- 8! -~
I A [1 - —171;] sin 3’ (2.1-b)

vhere (See (2.8-a, b, ¢) and (2,9-a, b, ¢)}

-(jk‘,:ca + L0

. _,. _o's's . e
AN {J'.'l a

-(jk'x‘;“ O+ KR

To comrlete the svstens of equatiors (2,13-a, b) and (2.}4-a, H), we

repeat (2.8-c) and (2.9-c) here and assign new eouation nurhers:

. 2 - h' 1
E, = v{-LR—J[ -—5}}» (2. 1¢-c)

~ - I" hl
1 = -KY k' I3 2 £ns q _ 1 2| I P
z o ¢ " - L AR
. R I % "-".._~._.. . ) o .‘_:..'.'_.. ..-;-... T A e
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2.2 Inteqration Around Cable

To nhtain the total field at a point (p, ¢, 2), W€ must integrate over
a1) the slots along tre cable, i.e., inteqrate the expressions in f2.1)-a,
n, c)and 72,11-a, b, ¢) on 2’ from ' =N to O' = 27, This step leads to

P PXNIeSSINNS

Al
~ k k r . J r
; . flo) J_ Zea” L l4) o (=) -3¢ N : ) (@)
E ‘) * Jl 5 Lll e Il e _1 - 0 cos ” Uk 12 - I3 J

‘ ~ -
+ ﬁ‘ re]c 1% Ii‘ - T(”} - e-j£ K I(_) - I{.-) »),‘ (2.13=%)
2i L 2 ) 2 5oh -
P
- Cla)iz - ') () (31
A = - Z]k . DT - T (2,15~}
~
Y kor00z - by - i (- 3
g e - o _ca — /‘ll_Jk Ig+) - I?ﬂ e s ij 15 ) Ig-)‘
e-)")}' (2.16-a)
Y R G2 - 5 S
n_ca - 1) (+) in [ e -0
o= > {le ]2 - 13 _} ed” - }‘.L [2 N _‘
?_j"}) (2.15=4)
A
Y k' cs
. o _ca Lor(h) () (. 10(+) (#) | o ()
g = - * ’(@(Jk L7 -1y ]) -% \‘]k - [SUR I LR )
)
- I; ))) (2.14-¢)

vqere ‘forno= 1, 2, %)
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. 2.10
A
- R - (kR + gD’
N 2= ~ ca
. 0 L7 e e ~ (2.17-2)
n o R
o KR - (}jkﬁca + 0RO + §0
) I 10 & (2,17
n o ,2“
o kB - (jk’ﬁca + 1)gs’ - 5O
| LI T (2.17-c)
. n j,) 2"

It was shown in Ref. 1 (Page 4.3h, Ngs. (4.51)(4.93)) that

(4) o (=) (0) _ ~
1n "In -yxn "In (2,17

"sing (2.18) in (2.15-a, b, ¢) and (2.1%-a, b, c), we ostain the aonroxinarte

f-
R

fiel4 components
r ~ GO J_m in b - (p - T S (2ae
(5 3K { el k I, sin 9 - (D -4&) cos > (3% IZ 13,,) (2,19-a)

T ¢ QM{'A' n e (- 0 s (i o1y _—
A T Jklgk I, cos (o ~ &) sin * (jk T, I'i"} (Zz.10<b)

s -2 oGk, - 1) (2,19-¢)
- . Y ke, €)Xz - b) .
o : -~ \ 2 —.
-I H;;(S) X - I cos ¢ (jk 12 - 13, (2,20-a)
A
Y, ki, CleXz = b

. . . .
N ‘.},’.g‘ - * sin v (jk I, - 13) (2.29-%)
RN YR G
A L o~ ‘o ca T ’ . e
: N Y - S (- (oM T, - 11»?} (2,27 =¢)

The approxinate radial and azimuthal comnoneats of the fields can be
obtaired from (2,19-3, h, ¢) and (2.,20-a, b, c) ith the aid of 2,173, b,

The recylts are

.

L

i ~ Ci~ SN 1

- I —-—ljk {- (0 = g1 Ty ~ 1) (2.21-1)
- ~ Cf I (9 .
:-, LSy = v {.Ik Y Ty (2,71-h)
~

N

A




<y

- ol e E -
AR A it e e s e aon Cafa e ettt e

2.

2

~ —--l“jf (2 = B3 T, - 1) £2.21-¢)

¥ ’!}é roe) A
o ca e T L IRV W
T (z - 5k Iy - 1) = ¥ g, 5,(5)

1

o
14
o

1
Yk
5 3 - o_ca - - 3 - \ — [} r
e W SSRGS I F) Yol T

(2.22-c)
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3. Calculations of Received Sipnals

Tl ealculation of the received siasnal consists of the folloving steps:
“rten 1: Talculation of the fields from the cable at an arbitrary point

vy %, .Y 3s if the cable were in infinite free space

Determination of the plane wave spectral representation of
the fields calculated in Step 1

Sten 3: Fvaluation of the effects of the presence of the ground on
tan spectral fields determired in Step C

'

“tep 4t foordinate transformations nn the superposition of the spectral
“ields calcalated in Stens 2 and ? in order to nrepare for the use of that
sunerresition 2s the innut to the scatterin: process. The transiormation
ie from the earta coordinate system (x, y, 2 or 3, 9, z) to a systen whose
nricin i« 1t the center of the scatterer and whose z-axis is parallel to
ran diractinn of the propagation vector of the wave incident on the scatterer

“tep Tt Talculation of the ficlds scattered toward an arbitrary poirt,
usin~ *he Tar~er scattering prosran

stan 5: “valuation of the ground-reflected scattered field components
at an arbitrary point, again using the Rarber scattering nrogram

“ten 7: Coordinate transformation of the scattered field component
fiirect 2lus iround-reflected) from scatterer-centered coordinates to earth
cnordirates

“ter :: Intenration ofthe supernosition of field components calculated
tn Srens I, 7, %, 6 and 7 at the antenna over the nlane-wvavz2 spectral space
to profuce vhe total field at the anterna

“he Yac ~round analvsis and discussion pertaining to Steps 3, 4, g,

5, 7oA 11e cavernd in

~

feference 1, Sections 5, 6, 7, ¢, 3, apt 10

-

-




respectively. Rrief summaries of the key results and required revi<ions
pertgining to each of the stens 3, 4, 5, 6, 7 and § ~re present~d (n t'e
- present report in Sections 3.2, 3.3, 3.4, 3.6, 3.5, and 3.7. Step 1, feor
which the procedurcs were revised in the new project, is described in Section
2 of the present report.
Step 2 is described in Reference 1, Sections 3, 4 and aides %2 the ~aterial

in Anpendices IT and TIT. A bdrief summary of some new investigations ~f

this issue is presented in Section 3.1 of the present renort.
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3.1 Plane-wave Spectral Renresentation of Fields

The representation of a general electric or magnetic field vector as

a superposition of plane wave fields, known as the "plane-wave spectrum”
. 1,66,67

) of the field, was discussed in considerable detail in Ref. 1, Sections 3
and 4 and Apnendices II and TII. Referrirg to Anpendix Il of Ref. 1 we repeat -

>; here the Tourier transform pair given by Tqs, (I1.3) and (II.4), with slight

~ndifications. T
First, from (I1.3) the field vector 2(x) at the observation point
L = {0, 7, 7) is expressed in terms of its "plane wave spectrun’' by

} f 5 3,0 R -jkl%z|z i
Uy = g ) = J J d 3h e {e ﬂL(gh)

S-space in

which 87+ 72 2

_ i \
™ + e \'+(§h),) (3.1)
o where

A
2 = x3+vy = horizontal part of g

=y

N ; [ (AT
N % = unit propagation vector = 3 X +8 7 ¢ i3

g o U 5 £~
X 3 « %+, Y = horizontal part of {

. 2 2 . - .
yoT ISh! = A’Zx + 1" = magnitude of horizontal part of i

absolute value of vertical comporent of 3

= direction ansle of horizoatal coaponent of
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3.4
2 -
d } = f‘,‘ dr;y .
'{7+(8h) = Portion of plane-wave shectrun of Y/r) corresnonding to T
+j%ls_l= e
e “  (upward propagating plane wave) RN
T.-‘_(:':h) = Portion of plane-wave spectrum of Y(x) corresponiing to
' RS LIKIRE
e ~  (downward propagatins planc wave)
Inversion of (3.2) vields L .
12 1 L
5= (R, 2) -ikZ, 2
. 21 f 42 . { ) R L " S o
\t(Bh) " Ty é:ﬁ r_,J d°p {Jkl?)z‘ Y(3, 0) N ,2-0/ e
(3.2)
2
where dp = dx dy

The work that was done on this project to calculate nlane-wave spectral
. + . 3 ( [ Z) -
fields !; (g_h) fron the cable fields L(3, z) and -—;—%z— throush (3,2) (an
anproach that was eventually abandoned; see Section 4) is detailed in Appendix
TI. Also descrited in Appendix 7T is the work done on an alternazive to

solution of (3.2) used to obtair an apnroximation to the plane-v:ave spectrun.
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3,2 fround eflections

Peflection of a plane wave with wave propasation vector k{ propanatirn
in seni-in{inite free-space bounced pv the surface of the earth was discussed
in Ref, 1, Section 5. The results are ~iven in Ngs. (5.13-a, b). “'ith srall

changes in notation, the results for the electric field (nannetic field resulte

will not be needed here) can be written in the forn

~(+) . « 31D
[Er (ih)! [‘R(jh)l[Fi (Qh) (3.3}
where

(4 n re(+ . :

Fr (ih) = rx = Ground reflected field vector, propanatiry
al4) upward (3,3--Y"
i',ry

+)
Fe
- o
?g )(;h) = '%gw‘w = Trcident field vector, sronasatinp downuard
(2.3=-m)"
?<_) 3-h)
iy
(=)
Rl
n
b} 2 = o D 2N ~c)'
‘Cjk(4h) Co(*h) “ij(4h (3.3~¢)
3(°) = f‘szc};sza -y sin 2 K
“ribg I h = B™ 'z''2 B
2 . ~2 . -
33h sin 27, -3, cos 2%, - ’32'{2 :
1
o A
A “hT oz

= aroupd-reflection matri:

——

L
R

RN

LK S W WAL
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3.6
Y, - (3,1 - T
1 A
() [ " (3.3-e)
t Y 8 2 ' I
° 2+ 180 (32 o s iy )
Y, = -8, (3.3~f) -
where
vV = v, + ju; = conplex refractive index of earth
and
Y2
= {,3.3-"‘)'
ho




3.3 Tields Incident on the Scatterer—Coordinate Transformations

"he conrdinate transformations required to adant the field components ST
to the Narher scattering program are treated in Section 6 of Mel. 1. Figure
5,1 an Pane 5-2 of ef. | is repeated herr (numbered Figure 3.3.1 in the
aresent renort) to illustrate the "lab frame" and "bedr frame" coorcinates.

As ie avideat from Figure 3.3.1 the electric field vector of the incident

vavn iq o in the (x, v,) plane of the
I

"ab frame." The direction of the g
atis of the "hasy frame” (which isparallel to the lonc dimension of the spher-

ni“al sratterer) is definei by spherical angles (Ov' tn) referenced to the
L} .

11b “ra=r. Since the electric field hns been referenced to the "ground ‘ra:
c-oriinates (x, v, 2), it was necessarv to develop transfornations between
the around frame and thie lab fra=r and also between the lad frame and body
‘r2>~e. Theze tranzfornations uere developed in Section 6 of Ref. 1.

“he transformation martrices hetveen body and lab frame, bndy and around
frane, ar’ lah and ground frame (in hoth directions for each case) are given
hy (A 4-c, 1YY, (A 13-a, B)' and (5.17-3, Y)' of Ref. 1 respectively. These
are u-se~ to “evelop the expressions for the electric field comnonents in
the 13h frame in terms of those in the ~round frame. These exnressions are
s1yan »y (H,22-a, b, ¢)}' in Ref. 1 and anply to plane wave spectrel components

of tha “iel', ritter in matrix form, the expressions are
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3.8
Fipure 3,3.1 Coordinate systens for Serber Scatterin~ Proaran
" z
- L

(b} Ddrection of incident wave

with resnect to lab frare

coordinates ‘1

(c) Tody [rane
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Spectral incident field vector in jround frane (3.4~a)"'
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Spectral incident field vector in lab frane (3.4-p)' R
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~
{*nte that tiz = D, as is evident from Finure 3,3.1-b)

- .
= {{crs 3, cos AB cos AJ (cos GB sin 53 cos bJ - sin 31 cos *31

R in ¢ A ¢
sin 4, sin >J) + cos 03 sin 'J)

- 0s 7, sir & - {cos 3, sin ¢, sin » sin 2., sin &
(cos OB c 3 5 3 3 3 ) c

{+ sin 53 cos 3) - cos 4, cos 7))

cos & )
i - .

(3.4-¢)'

sin 03 sin 53

where 7, anc¢ ., are the soherical polar and azimuthal angles respectively of
2 3 p M

x

the wave vector 2 in the 3round frame and the anjle 'y is defined in Fgs. (6.122-a,

) of ?2f, 1 for the two scattering processes treated, namely scattering

PN
directly into the antenna (Subscrinst A) and scattering toward the qrounc-

reflectinn noint (Subscript A):
Og, €OS 98 cos;hc - 0AS) - (zA - zs) sin 03
con(»,)\ = ——

\![QSA cos ?C cosl

RS S
- AAS) - (zA - zs) sin 8,17 + [oSA 31n('c e

4

(3.5-1)
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3.10
) “Ogq sin(fp = Ayc)
sin(oJ)A a 3 5
V[DSA cos On cos(fhy - “ag) - (z - zs) sin h, S ngﬂ sin(4, - :2;y
(3.5=h;
' _Pgg cos 93 cos('a,i - QCS) + z¢ sin e,
cos(~>J)G =
. 2 ; 2
- < () -
Jiosc cos 88 cos(oz OGS) +z, sin 93] + fegn 51n(ﬁ3 wcs)l
3,3=c)
. D, sin(é, = & )
K Si“(ﬁJ)c - SA 3 £ -
- ’ .. 2 i 12
9 JIDSG cos 63 cos(ég - GCS) + z; sin WEI s r“gs szn(qj - QFQQ
- 5=¢)
. wvhere
' P x 3 4 ¢ . )2 s o)
sh = AT %s Yo v) (2.5
. 1 (YA - ¥
~ te, = tan~! [L——g (3.5-9)"
A X, - X
’ Xy T %
- 2 2 P
i Occ = \J(xc = xg)" + (o - yg) "3.7=¢)
Y/- -y
. OSC - -1 [ S (1.7-4)"
z o "s A i
:_ X = Tﬁc—- (3.5~a)
: e AZS S T
) G z) +2¢
and where (XA' Yo zA). (xG. Yo zc) and (xs. Yo ZS) are the grount framc-
coordinates of the antenna, ground reflection point and scatterer certer
) respectively, The angles 6~< and OGS are respectively the azimuthal anzies
] (in the around frame) of the antenna relative to the scatterer center and the

eroini reflection noint relative to the scatterer center ("qs. (3.5-b)' and

f3.5-d4)")., The parameters ogy and Cqr: (Fqs. (3.5-a)' and (3.5-c)') ars distrrces

O G -
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. hSatween scatterer center and antenna and ground reflection point resnectively,
.
I and “x., v.) (Fgs. (3.5-e, £)') are the coordinates of the ground reflection
3 )
noint.

The required inputs to the Rarber scattering program are the incident

“2eld amnlitude /Fg. (A,33) of Pef. 1}

l ~ 2 v 2 2
- Jﬁul’ . IE”L' + rEiZLl (3.h-a>

ind t-e pelarization angle of the incident field (Fq. (6.34) of Ref 1 and

Vreure 1.3.1 (b) of the present report)

\ |E, | :
iy
b 5. ran~! —N——L—] (3.6-h) "' B
1
L AR

Te quantities in (3.h-a, b) are obtained from Fqs. (3.4) with the ai”
of f3.4-a, ..., V', (3.%-a, ..., d4) and (3.5-a, ..., f)'.
l The equations " 6-3, %) were implemented on the computer as a part
1¢ the orininal project. This was done through a subroutine called "3Is." :i-_:_
A1l ~¢ tne Fortran statements in Subroutine BIS and the calls to IS from
the main uroaram were checked as a part of the current project and it was
. confiraen toat a'l of rhe programm:ag was faithinl to the analytical results sunmcr-
ized anove, The analysis itself was alsn checked and found to be correct

- =1thin *he assumptions made in its development.
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' 3,4 The Scatterina Process

For the original project, the scattering process was modelled throuzh
50,52,5%7
the scattering program developed by Peter Barber. This program, our study
‘ - of alternative possibilities and the reasons why the Barber orogram was chosen
as the means of. modelling scattering from a human frame tarset, are discussed

in detail in Section 7 of Reference 1. The theory behind the pro-ram is

discussed in References 41, 45, 47, 50, 52, 57, S8, 60, 61.

Further investigation of alternatives was undertaken at the bepinninn
of the present project. The possibility of changing to e simple short dinole
scatterer was considered, as was the possibility of a simplified model in
which the scatterer was treated as a small perturbation in constitutive
parameters witiin the volume that it occunies. The snall dipole was dismissed
on the basis that the human franme dimension is comparable to a wavelennth
at the frequencies of interest and the short dipole is an extrene oversimpli-
fication. The second idea seemed to shﬁw some promnise in reducing computer
tine (one of the principal weaknesses of the Rarber propram) but again it
is not as accurate as the Barber program and the limited resorrces at our
disposal 4id not allow the extensive software chanjes that would have been
recessary to implenent the idea for this application,

FTor the ahove reasons it was finally decided to continue to use
the Barber program. Aqain, as in the original project, it was implemented
as a subroutine celled by the main program., Some small softuware vere -ade
in the calling format within the nain procram, but not in the Jarber suhroutine

itself,

o e .

] The DNarber nrosram nndels the scatterer as an electrorapnetically unilorm

spheroid of length Ls and radius 7q. where LS and ZPS are assisred valuns
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corresnondinge to the height and girth of a human body. The constitutive para~erers
for the scatterer are chosen at values representing a composite of the widely
variable constitutive paranmeters of the various kinds of tissue found in

the Hody (e.n., bone, skin, fatty tissue, muscle, blood). These values,

carefully chosen by Professor Rarber and his cnlleagues in connection vith

their studies of absorntion of RF radiation by the human bodv, were trans~itted

to the Principal Investigator on our project. Those were the values used

in our irplementation of Rarber's prngram,

Tre input to the scatterer in this proarar is assuned to he a linearly
no’arized nlane vave. That is onc of the major reasons for our use of the
aline wave spectral representation of the fields incident on the scatterer
'“ection 3,1 of the present report). The approxination described in Sectinn
4, which was eventually invoked in our final computations was a response
to the difficulties encountered due to the use of tho plane wave spectrun
concept. Althonech the scheme described in Section 4 is not ideal, it is
a1 nieans of asproximation of the innut to the scatterer that cantures the

~nst i7mortaat features of plane wave fields. This is further discussed

in Section 4,
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3,5 Fields Fmereinz from the Scattering

Process-Coordinate Transformation

The coordinate transformations required for the scattered fields were
described in Ref. 1, Section 8. The geometry is illustrated in Fisure *.!

of Ref. 1, reproduced in the present report as Figure 3.5.1,

Figure 3.5.1

Scattering Geometry

iq = §§A for scattering toward antenna

QSF for scattering toward ground-reflection point

3

(a~tenna)

or

“around
reflection

onirt)

—_— — X,

Scatterer
center .

As evident fron the figure, the scattered tield is measured alonr the
(il - zL) plane 1n the lah frane. The wave vector ‘or the scattere! field

1< called iS' The snaerical nolar angle of 3. in the la' trame is denoter!

by

cr The outputs of the Barber scattering frogram are:

- -l
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1) the "vertically polarized" scattered field component ?.(Qv. i.e.,
the component nornal to the (xI - zI) plane

~
E

(2) the "horizontally polarized" scattered field component igpr 1eeen

the component parallel to the (xL ~ zL) plane.
The task to be perforrmed is to obtain the scattered field components

in the sround frame from the components in the lah frame. The transformation,

developed in Section 8 of Ref. 1, is given by Eqs. (8.4-a, b, ¢) of Ref. 1,
repeated nelow in matrix form with slightly modified notation:
(0) (L)
{ES b= 1My 1R (3.7)
where
(Ego’] = f?sz = Ground-frame components of scattered field (3.,7-a)’'
L
~ 1]
ESY‘
-.hSZJ
L ]
r
(?g')] = rqu = lab-frame components of scattered field (3.7-t)"
; [
1
%
SYL
!
fsz |
: : )
[MGL] = ﬂcos 98 cos 02 cas 5J -(cos OS cos 03 sin 6J sin QG cos
- sin g sin oJ) + sin 03 cos AJ) !
!(cos 33 sin 03 cns AJ -(cos 33 sin é@ sin hJ sin 93 sipn s
| + cos ¢ Sin oyp) - cos p, cos 81
| [}
| i s : X ~ H
1= sia “3 cos 51 sin O; sin (J cos 7, ]
AT (73!
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The expressions (3.7) and (3.7-a, b, ¢)' are evaluated on the comnuter

for each of the scattering processes "A" and "G,” A being that applicadle
to scattering directly toward the antenna and G being that directed at the

ground-reflection point.

The relationship between the lab-frame components of E; and the horizontally &l

[
1.

and vertically polarized components Sv and ?g” is given in (3.3-~a, b, ¢)

of Ref, 1, cast in matrix form as follows:

F - mE®) (2.5)

where f%éL)] is given by (3.7-b)',

where

[%éb)] - ‘ESé] (3.%-a;"

Esv]

8] = lcos T-\SL 'n“ (1.7ep)’
5 |
L |

- sin GSL O_i

and

—

and where cos GSL and sin QSL are given throuth (B.5-a, b) and (%#.%a, h, ¢!
of Ref. 1.

Based on (3.7), (3.7-a, b, ¢)', (3.8) and (3.8-a, b) of the urese-t
report and Fqs. /8.5-a, b) and (8.6-a, b, ¢) of Pef. 1, the final cormrutation
of the scattered field connonents in the ground-frame in ter-s of‘?sﬂ and
1SV can Y2 achieved. That result is oiven in (3,11-a, h, ¢c) of Ref, ¥, Tt is

reneated Yelow in matrix form:
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ey (¥ (3.9)

where

f%go)‘ and (ﬁéb)l are given by (3,7-a)' and (3.3-a)’' respectivelv and

[P] is given by

[P} = Il(cos 93 cos ®e cos °J -~ sin oa sin GJ)cos GSL [~(cos 93 cos 65 sia %
- sin 06 cos ¢, sin OSL] + sin &, cos OJ)]
A - ~ . . .

[(cos OB sin 03 cos OJ + cos OB sin OJ)cos a1, [-(cons OB sin 03 sin °J

- sin 63 sin OB sin 3SL] - cos o, cos ﬁJ)]
- 0 : o) PR .
{=(sin OS cos bJ cos 2 {sin 08 sin OJ]
l + cos 93 sin OSL)I

(3.9-a)'
wvhere
cos AJ and sin OJ for both A and G processes are given by (3.5-a, ..., d)
with the aid of (3.5-a, «e., f)'

and ¥qs, (£,5~a, b) and (8.6-a, b, c) of Ref. 1)

] Zrp
cos o) = =L (3.0-b) "

o Su
. Q) l‘y‘”l '
sin © —_— (3.9-c)

SL Tey

where

(%10 ¥yo 2y) = rectangular coordinates of point U (3.9-d)'

¥ 2 )
oy = /\’(xU - XS)Z + (YV - ys)2 + (zU - zs) = distance

hetwecn scatterer center and point U (3.6-e)'

Yy = (cos OP cos n, cos OJ - sin és sin nJ)(x” - xs)
A A o i vy
4+ (cos 2. sin 53 cns bJ + cos ., sin ’J)(-? ?g‘

T SIN Ty ees %y (7)) - 2) (3.9-73"

T W Y Y VW W T W W T w T W T W~ w % 3
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2, = sin g, cos og (% = xg) + sin S5 sin ag (). - ¥q) .

+ cos 98 (z,J - zs) (3,0-a)'

and where U is either the antenna (Point A) or the ground reflection noint
(Point G).

In the original project, the equations ahave were inplemented ir a suyb-
routine called "BOS." The analysis on which B)S is based, the Fortran i
the subroutine itself and the calls to it from the main proaram vere all
examined thoroughly as a part of the current project, The analvsis was inund
to be correct within the assumptions made and the proqramning was found to
be consistent with the results of the analysis, so no changes werc nade in
the software rélating to the coordinate transformations at the outnut of

the scattering process.
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. 3.6 Pffecrs of Ground Peflections on the Scattered Fields Coo
5 o
The effects of ground reflections on the scattered fields was covered -
in Section 9 of Ref, 1. It is an adaptation of the theory discussed T
in Section 3.2 of the present report to the special case of a plane wave e
pronazating in the direction from the scatterer center toward the ground S
reflection point. Although the scattered wave is actually a spherical wave, <.
the crouni-reflection process is mrodelled as if a plane wave were incident RN

an the ground surface in a region containing the ground reflection point

’i.e., the point at which the law of reflection is obeyed for the path from

scatterar center to ground reflection point to antenna).
The wave vectors directed from the scatterer center S toward the ground- L.

reflectior pnint G, denoted by Qgr is given by Egqs. (9.12-b, ¢, e) in Ref. 1,

The wave vector directed from the point G toward the antenna A, denoted by . }‘
[

-+ . - ‘ . o - -+

Scqe 18 aiven by-3qs. (9.12-f, 2, 1) in Ref. 1. The quantities YSZ and YSZ

for these wave directions are given by (9.12-j, k) in Ref, 1.
The following equations, taken from Ref, 1 (FEqs. 9.12-a, ..., k), surmarize

the recults of the analysis pertaining to ground reflection of the scattered

firlds:
z, Coordinate of ground
Xn = Xg = 2 +Az (x,\ - X¢) (3.1G~a)
“ : "S A " l reflection point relative
z
Yo~ Y¥q = 3 f 7~ (Ya - yg) to scatterer center in (3.10~b)
’ - S A (
terms of antenna and
2, -2 = -ng | £3.10-c)

scatterer coordinates

z
7s 2
Ter, ™ {zs rs zA]‘J?xh - xg)z g - yg)t + (2 4 zﬂ)z =

distance between scatterer center and ground reflection poinrt

s

in terms nf antenna and scatterer coordirates (3.10-¢)

kA |

"‘ "- "c o
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LR
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R ) 2 Wy vy =R
--" R” a 3 a- + 13 + z §; ;& - g(xc xS) x( yG v_‘ , ‘\z:) ~
35 Tasx 2 é5) z Too 3 3 3 .
- R ,/xc-xsﬁ 4(yG- yg) + 2 .
* (3.10-¢) :
where
2 (x, - Xa) i
ng = {z +Sz ] Ar 2 (3.10-6
S A SG .o
_ z (v, - vg) S
3, = [—S } A S components of wave (3.1 -
Sy (zs +z, rsq o
. |, vector for scattered wave o
8. - - - - S
) BSh = (Bsx)2 + (Bsy)2 incident on ground reflection (3.10-h) L.‘ ‘
[ point )
: -2
. - S ’ -2 .
8 - == = =\J1 - (8.) (3.10-1)
Sz Tse Sh )
o - 7 — 2 .
i = - N
: Y, v\' (8g,) (3,10-5) -
_: Parameters for ground-reflection point to antenna nronagaticn
v z - .
" A Coordinates of antenna -
oy Xy - %X = _"A rar (xA - xs) (3.11-3)
relative to ground |
[ R
- z . . . et
- - A - reflection point in terms N S
- " Y z, + 2zg (yy - ¥g) (3.11-b) N
of antenna and scatterer S
. - ..‘.
z ~2. = 2 coordinates (3.11-2) NG
.- A G A KV
P38
A 2 2 2 e
Tea * z, + 24 wa - xg) + (ya BRI (zp ¢ 25)" = o
a AN
N e
distance hetween antenna and ground in terms nf antenra '..\":‘
. L..'\u
-~ and scatterer coordinates . (3.11-d) '_'.::-
LY o . L
T~ S oa Rt L% 3t L4 at Lo R0y - xg) + Ay, - xp) + Rz KNS
. o Bt i, - 2 e
P y A 5 > 2 KRG
< (XA - XC‘ + (yA i P 2y .\:_‘.
- LAl
3.11- o
- e) Lt

- v

.

.

e
B

C A i R ?
N SRS S 5 A (T o
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where
z (x, - xg)
SZx = [7 : z ] Ar 2 Components of wave vector (3.11-f)
’ ‘S A GA L
for scattered wave T
et (A ] Ty -9 (3.11-g)
- J1-g)
Sy \zS +z, LI reflected from ground and
> propagating toward antenna L
i+ at 2 + .2 -
iop = (3<x) + (RS ) (3,11-h) o

z
+ A ’ + 42 .
9;2 = ?,._ = 4+ 1-(SSh) j (3.11-i)
SA
+ 2 + .2 R
Y5, * \}v - (BSh) (3.11-3)

Given Fqs. (3.10-a, ..., j) and (3.11-a, ..., j), we can apply the theorv
nf around reflection of plane waves summarized in Section 3.2. ‘e invoke
Ta. ¢3.1) in the form given bv (9.13) in Ref, 1. The final expression for

the ground-reflected scattered field vector at the antenna is:

FEM1 - RV ES) (3.12)

where

(F) . ;f"‘éi‘ (3.12-a)"
lﬁé(;.\)

(7601 = (T} as given by (3.9) for the  (3.12-5)"
"G" <~ rering process

Ré?:) PRGNS 3;2;) (3.12-¢)"

waern
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A(GA) + 2 + + .2 . + -
Rp 0 = [T(8g,)" cos 28, ((8gy)" sin 26g,] 0
+ +
- |ESz| YSz]
[(B;h)z sin 20;81 (—(th)2 cos 20;8 0
+ +
- l'Q‘Sz! YSz‘ l
+ .2 R
0 0 ”8%) "%z %ZL
and where
gt
+ -1 {_S
g3 = tan [‘51
~Sx
+ +
C (B# ) [YSz- IBSZ'! 1
S
ohST T Vg, 18E, 1 sy + 18g 1 v

This portion of the analysis was not changed from its original forr,
but both the theory behind it and the computer software with which it was

implemented were thoroughly checked and found to be correct.
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3.7 Total Field at the Antenna

The integration of tae components of the spectral field over spectral
space (i.e., the space of the wave vector 3) to produce the components of
the total (direct from cable plus pround-reflected plus scattered directly
toward antenna plus sround-reflected scattered) field was described in detail
ir. Refarencel, Section 10. This operation, which is actually a two-dimensional
inverse Fourier transformation, is given generically by Fq. (10.1) in Section
17 of Reference 1, as follows:

F(g) = [i;ﬁlz J{ f a%g, SR Y, (3.13)
(R-space)

whpreﬁg(lh) is a component (e.g., x, y or z) nf the total spectral field
an¢ F(g) is the same component of the actual total field as a function of
the position coordinates of the observation point. ko is the free-space
wave number and d2§h denotes de dSy. Using the cylindrical coordinate repre-
sentation of 3 (i.e., § = Bh(g cos 6g + i sin 65) # |Rz|2) and noting that

!?z! - Jl - 3§ , the integral (3.13) can be converted to the form

i g2 @ jkolthcos(os—m)#z\] - 32
(0, %, 2} = -—ZT d')s dehuh A (Bh.fbe)e
° 0 (3.18)

vhere it is noted that only the "upeoing" spectral wave (i.e., 3 = |Sz|)

z
enters the comnutation, Yecause both direct (from cable) and ~round-reflectec
snectral waves incident on the scatterer are upgoing.

Tar procedure for integrating (5.14) in the original nroject was to
first evaluate the Qh intenral numerically and then evaluate the 03 integral
k- stationary phase methods. It was recognized that a compromise in accuracy

was incurred in certain paraneter regimes through the use of stationary phase.

towever, the expenditure of comnuter time in performina a nore rigorous
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numerical integration on 03 is prohibitive. Consequently it was decided
to continue to use stationaryv phase for the hg—integration in the present
project.

There was some improvement in the technique for carrying out this double
integration, however. A new numerical integration procedure was adonted
. for the Sh integral that is very fast and requires only 12 points to attain -
great accuracy over the range from 3h = 0 to Bh = 1, That technique was
used in the computations that were done using the plane-wave spectrum aoproach.
‘; In Section 4, 8 new approach not requiring this intearation is described,
i!ﬁ and the latter approach was used to obtain our final numerical results.

' 4.<
- : Jence the issue of how the integration is performed hecomes academic with

. respect to the actual results presented in Section 5,
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4., Approximstion of Field at Scatterer as a Sinale Plane Yave

In Appendix IT the difficulties experienced in trying to inplement the
plane-wave snhectrum apornach are cescribed in some detail. In response to
these difficulries, a new scheme was devised, in which the plane-wave spectrum
approach was abandoned in favor of an approach wherein the field incident
on the scatterer is approximated as a gingle plane wave (i.e., not as a super-
pos:tion of plane waves) Obviously this constitutes a sacrifice in realism,
bec wuse the field incident on the scatterer from the cable is not a plane
wave, However, the scattering is determined by the incident field within
the volume occupied by the scatterer. The incident field pattern outside

the scatterer volume does not affect the scattered wave. Thus if the varia-

tion of the incident field resembles that of s plane wave coming from a particular

direction within the scatterer volume, regardless of its behavior outside
that volume, then it can be so approxinated for purposes of determining the
scattered wave fields,

Various ways of zencerating a plane wave approximation at the scatterer
were contemplated., The major problem was to determine a proper direction
for the incoming "approximate plane wave." It was decided that the optimal
direction to assume was that in which the power flows, i.e., the direction
of the Poyntinn vector for the total field from the cable, i.e., the fields
whcse rectangular components are given by (2,19-a, b, ¢) and (2.20-a, b, ¢).
The nrocedure was to

{1) Calculate the Poynting vector for the total E and 5 fields from
the cable at an arbitrary observation point L= (py %, z). This computation

ic

‘.t
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1 - ) ;
s = (4,1)
T - pre Gy 4.1) b
or in component fornm )

p. = LRe (e H -END (6.1-a)"

x 2 y 2z 2’y -i-a .
P oa lpecru® et (4.1-b)’ L
Y 2 ‘tzix T 'x 2z ) il
P Lre ey - £ ) (4.l-c)' L
. = g Re (E, y = Byl (4.1-c)

where Ex' Ey, Ez’ Hx' Hy and Hz are given by (2.19-a), (2.19-b), (2.19-¢c),
(2.20-a), (2.20-b) and (2.20-c) respectively.
(2) Calculate the amplitude of the Poynting vector

2 2 2
Po - Px + Py + Pz (4.2)

where P‘. Dv' Pz are ohtained from (4.1-a, b, c)'.
(3) Assume the normalized propagation vector 3 for the assumed plane-
wave incident on the scatterer to be in the directionof the Poynting vector
at the center of the scatterer. Since §, by definition, must h.ve unit magnitude,

this implies that the components of § a}e given by

P

Sx = 3l at scatterer center (4.3-3)
‘o
P

By = ﬁl at scatterer center (4,3-b)
o
Pz

32 = 3§ at scatterer center (4.3-¢c)
‘o

The calculations of the components of § are made from (4.3-a, b, c)
with the components of g calculated from (4.1-a, b, ¢)' and Po from (4,2),

(4) The values of 3x. Ey. 3z obtained from (4.3-a, b, c) are used as
inputs to the darber scatterins program, in order to define the direction
ol the plane-wave assumed to be incident on the scatterer.

Tt should he noted that the approximation used here is based on the

etermination of the direction of power flow only at the exact center of
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the scatterer. The actual direction of the Poynting vector will be different
1t different points on the scatterer, but we are in effect assuming that

the incident wave can he approximated by a linearlv polarized plane electro-
magnetic wave.

The properties nf the assured plane wave are as follows:

(1) the amplitude of a component of the electric field of the incident
plane wave is the amplitude of that component of the actual electric
field at the center of the scatterer

{2) the incident plane wave is propagating in the direction of the
Poyating vector (i.e., direction of power flow) of the actual
fields at the center of the scatterer

f3) the spatial direction of the electric field of the incident plane
wave is the spatial direction of the actual electric field at the
center of the scatterer

Assumption (2) guarantees that the assumed plane wave will be transverse,
becauvse it forcés the éropagation direction as defined by B8 to be .normal

to hoth electric and magnetic field vectors at the center of the scatterer.
Althnuah the phase fronts of the field may have some significant curvature
within the scatterer volune if that volume is comparable to a cubic wavelength,
and the variatinn of phase in the assumed propagation direction ] is not
exactly the same as that of a plane wave, the approximate wave field is that

of a rransverse linearly polarized wave in the reqion near the center of

the scatterer, To repeat the point made above about the nature of the a2ssumed
plane wave, if the propagation direction as defined by 3 is parallel to
the Poynting vector at the scatterer center, then 3 must be normal to hoth the

eloctric and maqnetic field vectors at the scatterer center, guaranteeiny

that the assumed plane wave is transverse throughout the volume of the scatterer.




It is also linearly polarized in that rejion, because the direction of the -

electric field of the incident wave will be assumed to be that at the scatterer

center, That direction is fixed as that of the actual total electric field .

N from rhe cable at that point.

I Software was written to implement the computations of Px. DV, Pz from ..o
(4.1-a, b, ¢), (2.19-a, b, ¢) and (2.20-a, b, ¢), the subsequent computation L
of Po from (4.2) and computation of 3x' %y' 32 from (4.3-a, b, c). The end :

products of these computations are the components of 3, which define a prona-

gation direction of the assumed plane vave incident on the scatterer an!

4 which are inputted into the Barber scattering prograrm. The electric field
amplitude and direction (in a plane normal to §) for that plane wave, assuned
to be those of the actual computed field at the scatterer center, are alsn

' delivered to the Barber scattering nrogran as the amplitude and polarizatien
jirection of the incident plane wave. The phase of the incident nlane wav~'s

: electric field at the scatterer center is assumed to be the szwe as that
of the actual field at the scatterer center ané to va;y along the propagation

i direction (i.e,, in the direction parallel to ﬁ) as does that of a nlane

wave nropagating in the direction of .

This plane wave aporoximation is assumed to hold within the scatterer
renion for “oth the direct field from the cahle and the ground-reflected

- field, The latter is a2lso approximated as a plane wave and its direction

wvithin the scatterer volume is assumed to be the same as that of the vavae
. directly fromthe cable., This is a valid approximation, because the sovrrce

of the field is (fnr all practical nurposes) at around level and hence the

L]

sround reflection point can be located at the source with nenlizible error.

~0

N The elevation of the cable slots relative to cround level is h' ¥ ,0N30, .
2 ‘..-_: N
. less than 1 centireter above sround; hence for the scatterer center =t jts b
- (N
: c . . . - . : ' AN
} !ovest nossible point within the parameter renime of interest ir this =t~ . f\:u* -
. NI
PO ﬁ. H
n arc:
LA

r v

b DL
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4.5

{e.n., the case of the crawling intruder, where the heipht of the scatterer
center is 25 cm.), the ground reflection point is extremely close to the
cahle, To show this note that the distance between the cable and the ground

reflection point is (See Figure 4.1)

h1

1 = d [W] (6.4)
where ¢ 1s the radial distance between the cable and the scatterer center,
Hl is the heicht of a cable slot and h2 is the height of the scatterer center.
Enr the crawling intruder at the furthest radial distance in our computations
(vhere 4 = 4.5 m, h1 a 0039 n, h2 = .25 m), the radial distance fron the
cahle to the ground-reflection point is only about 22,5 c¢m and it is still
smaller for larger scatterer heights and smaller scatterer distances. To
put this another wav, the ground-reflected wave at the scatterer center appears
to orininate at the image-point shown in Figure 4.1, which isabout .30 cm.

below around level. The tangents of the elevation angles of § and 3’ (the

aneles © and 7' respectively in Finure 4.1), in the "worst case" alluded

to above, are

1 h2 o !y

>« tan [ 7 ] ~ ,0%9 rdn = 2,115 degrees (4,5-a)
1 h2 + hl

' = tan’ L——jT——q “2 ,0398 rdn = 2,231 degrees (4.3-h)

Th2 tiffer2qne in annle hetween the propagation vectors of the direct and
around-reilected fassumed) plane-waves in the worst case is only ,.166 dearees,
herce frr practical purposes rhe propagation directions for these two waves

can he cnnsidered parallel.

"ased nn th2 zhove arquments, the ground-reflected wave impinqging on

t-c scatternr is nodelled as a2 plane wave propaeating in the direction of




Figure 4,1 .

Geometrv of Ground Reflection for Plane-l/ave Appraximation

r&—fScatr.erer
‘i f center

cable slot h

2
% "~ 0 /
: e
4’1 A ! Ground

S

?\\l e— 1 ,—‘i 9'

J; P §& = npropagation vector
&

for direct wave

" T~ Image point

L d %' = opropagation vector for
N > aground-reflected wave

the Poynting vector for the total field from the cable at the scatterer center.
The amplitude and phase of the components of that wave at the scatterer center
are those obtained through-the ground-reflection transformation ecuations
(3.3) and (3.3-a3, b, ..., £, g)', where the parameters (Bh. OB) used in (3.3-c,

d, e, f)' are otained from (Bx. Sy. Bz) as calculated from (4.3-a, b, ¢).
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5. Resgults and Conclusions

n this section the numerical results are presented (Subsection 5.1)

ind then discussed (Subsection 5,2).

5.1

Numerical results

‘lumerical computations were nade of:

)

()]

(4)

The rectangular components of the (direct and ground-reflected)
electric fields at various observation points near the cable in
the absence of a scatterer (i.e., the "illuminatinn fields" in
the region where the scatterer would be located)

The rectangular components of the (direct plus ground-reflected)
electric field at the antenna in the ahsence of a scatterer

The rectangular components of the contributions to the field at
the antenna due to the presence of the scatterer (wave scatterec
directly into the antenna plus ground-reflected scattered wave
at the antenna)

The rectanqular components of the total field (direct-wave-plus-

around reflected wave plus direct scattered wave plus ground-reflected

scattered wave) at the antenna

The farmat for these computations was essentially the same as that in

%eference !, Section 11. For the set of computations (1), the amnlitudes

of the rectanjular component of the electric field were comnuted for eight

values nf 0, the radial conrdinate at the observation point, at a fixed value

of the azimuthal coordinate 4 and the heischt z. Tor one particular set of

results presented, z is set at 0.5 meters and 5 is set at 0°, °N°, 130° or

2700,

Tor nother set of results presented, o is set at 0° and = is set

i, 1.9, 2 anc 2.5 neters. Tor each fixad pair of values nf - and z, a
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set of runs was made for P = 17,5, 19.0, 20,5, 22.0, 23.5, 25.0, 26.5 and .
28.0. In each case, the quantities |Ex|.|F-yl.IEXI.IEX!Z-UEY!Z. It_12 and
'Ex!dB = 20 log,, IExl. iEyIdB and !Ezldn were computed,
The conputations (2) vere also of the absolute anplitudes, squared ampli-
tudes and amplitudes in decibels of the rectangular conponents of the clectric —-—
field, hut at a single noint, the location of the antenna, The assuned antenna
coordirates are 0 = 0 and z = 1,
The format for the computations (3) and (4) was exactly the sere as
that for the computations (1). Of course, the coordinate values p, % and
7z, which were the coordinates of the ohbservation point in computations (1),
are now the coordinates of the center of the scatterer. The coordinates
of the observation point in computations (3) and (4) are those assumed for
the antenna,p = J and z = 1,

The purdose of the computations (1) is to determine the annlitudes of the components

of the fields that illuminate the scatterer as its distance fror the cable
varies. The cable is at p approximately equal to 24 meters; hence the
radial distance of the ohservation point from the cable is varied from €.5

rmeters inside (p = 17,5) to 4.0 meters outsid2 (p = 28),

Tomnutations (2) and (3) were done for the purpose of senaratin~ out

the contrihutions to the ficlds at the antenna location from the cable (hoth

7,0,

direct and cround-reflected) and the contributions from the scattarer. fonpu-

Ve

)

tations(4) are those of the end-procuct of this study, the total field lue
to cable, srounc reflections and scatterer.

Since the antenna used in the system of -lircct interest is vertical

and thercfore responds only to the vertical electric field component, plots

are presented only [or the vertical field components in Computations (3). -
-\‘..‘
Tabulated results ere prasented for all ficld conmnonents, }::;

«
L
-

Y
a

g

-
.
e o

«%a

oo . et
- . - . - LR g

A R

RVRLL TR AT TR A




L S AR I A A A AN AR AR bl A e A ate e an 1ge sae tan g ian.

T T oYy

3.3
For the computations (3) and (s), three cases are considered, as in RN
Zeference 1. The first case is the "radial wall,”" where the snheroid that —u
represents the human frame target has its long axis in the vertical direction e

as it moves between P = 17.5 and 0 = 28,0, The second case is the "radial

cravl,"” wvhere the spheroid's axis is in the horizontal direction and pointed

in the2 radial direction as it traverses the path hetween 2 = 17.5 and p = 2%.0. -

The third case is the "radial walk on stilts," where the upright "man" is K
elevated by 1 meter relative to ground level, implving the use of 1 neter-hish C-
stiits to elude detection.

The tables balow (Tables 5,1, 3.2, 53.3) constitutz an accnunt of the

aunerical results for Computations (1), (3) and (4). The results are all
presented in decibels relative to a reference level of 1 v/m. In each column, .
the peak value (if it exists) is indicated by surrounding the number by a rectangle.*
The results for Computation (2), the fields at the antenna without the scatterer,

are:

Lelag = ~112
[
IEy,dB 110
frlyp = ~146 (5.1

¢ In sone cases, there is no clearly definable peak value, in vhich case theras
is no such indication.
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5.4

Plots of some of the above results are presented in Figures 5.1 through

5.24. The plots are as follows:

page 5.10, Fig. 5.1 Illuninating field componeat: |E |dB vs. o, z = 0.5, ¢ ~ 0° e
" oS " s.2 " " " oo, " 90° =
" o512 " 5.3 " " " I " " 180° ha
" 5.13 " 5.4 " " " "oome . " " 270° -
" o5.14 “. 5.5 " " " Isylds ve. p, z = 0.5, ¢ = 0° \
" 515 " 5.6 " " " “ wow o m " ogge

v 5.16 " 5.7 " " () " [ L1 L wou 180'

" 5,22 " 5,13 Scattered " " Izzlda " " Radial wvalk, z=1 ¢=0*

" 5,23 " S.14 " " " " [ n " " " 90°
" 180°

" 5 . 25 " S . 16 ” ” ” " ” L n ”" L 1] " 2 70.
" 5.26 " 5.17 " " " " " " Radial crawl,z=0.25 ¢=0°
”" s . 27 (1] s . 18 ” " " " " " L] " " ”" ” 90.
" 5 . 25 ” 5 . 19 ” " " " ” " " " " L] "lao.
L1] 5. 29 " 5.20 " L1} Al ” " " " " " 1] ||27°.

" 5.30 " 5,21 " " " " " " Radial Walk, z=2 ¢=0°
on stilts

" s5.31 " 5.22 (] " " " (U] " " v gQ°*
" 5.32 ' 5.23 " " " " o " " " 180°

" 5 .33 " 5.24 " " L [ "woo” (1) " " 270°
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FIGURE 5.4
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FIGURE 5.8

pLot oF eyl IN DB .VS. RHO

NO GROUND REFLECTION, NO SCATTERER
PRI - 270.0 HEIGHT - 5

45.0
o -

~
—

~
o
-

w0
o

V]
I8
T~
-

N ER

Vi
s

NTTUDE
-93.5,
JU
S~
-
_—

nsshp 98
MRG

35.0
N PR,
\

. ’ \’\\

' I3

-

s / \

- [V /

= . .
5

b

i c
(=
= Ve
= .

vl pRY
102.5
N

: 7.0 -0 19.60 200 21.0 22.0 230 24.0 250 2.0 2.0 280
RHO (METERS)

[T

e T T L A I T S I P S
AT ASETN IR e

. E e R L S T e, N . Lt e
MPUSRE SIPC PARCAE JESRE SO O VI A AT S0 I I IR N Sy




A
——a

T

od

o %
Wt tn
o o ~
Z .
mc) o
- . 2
7
Vr&». ~
a ] L &
o ZT
o = = W w
- —_ 0 T
(¥ — Uv.H
— > o
w NS e R o
S H¥YyYgs b o
< e ha
c s &' o
.I vlm
59 E
a O o
o o
) / =
o
= N -

// -
A <
/ B
T T T TTTYT T - T

L T
0'te- D088 006 0°%-  0°0DI- 0'Spi- 00l 0'SI- 0'GRi- 0°Sei-
{490 0NLINSHW

5.18

06 WMSSI0 TLLIN T JSAWSAUC  B6I LO0 B WML 88721

...........

..........................



- v -h--.»!l kmi

gy
. AR
P ...\ .\...'F > .hm. .\L-t

o rnv
- 9 .
® 4
i e
P vﬂ i
- |
. o
<
. 72
.mm - o i
o & LY
=z -
=
- Nﬂ» wn o
L | -
> w [] P ~N '
- o .
—
m = w T~ o %
> w I‘l — T f.\}l— Lt
w =2 ° &
= —-_— X - ¢
2 T 5 / =
= ——— (=] .
o N e o
= W2 e N =
e (-4
W, —_— g o _
W o \ ~. ‘e
o - —
— g = o~
u ~ t
S S - f
a $ o
o ﬁv
=
Q
N ..m
e
$-]
[~
. |
) ' ! 1 Tt -1 i I ! 1 '
) B 10 Ut 0 D uut [RRERTH ol (TR N g2t
‘ LOY A THOHW
3 06 WD Tl [T [ R
".
s
r,
“,
\,
—\.
-.
r
[
r
'h\
r
r
ﬂn
ﬂ-u . r 70 -~
ARG RAPPRTRA - VNN, DRSNS OSSN ERDONORY . TN R e i et .-
A . JOEREEN AN Y TR Iy Ve, TV ]



RO ad ARSI o WS bl
g e, AR
P TRRERIEL § AN

w .

I

—_

x

[}

]

E -

= 0
o o
o

0

—

)

G

x

a

FIGURE 5.11
PLOT OF |EZ| IN DB .VS. RHO
NO GROUND REFLECTION, NO SCATTERER

ce—
0°001 -

T T TotTrTTTT T
0°s01- grolt- ATy 0°0ct- NTSet-

5.20

(40)

JUNLINIUW

"6 YMSS|

TVl

L

POR1CLI0 b ML RS

t 1o




T N N N W T T T P e e v Tw ™

5.21

FIGURE 5.12
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5.2 Discussion of results

5.2.1 The illuninating fields

Consider first the components of the "illuminating electric field" with
no ground reflections, as given in Table 5,1 and Figures 5.1-5.12. These
results are fron computations of the amplitudes of the quantities in "gs.
(2.19-a, b, ¢). Since these results involve the integrals around the cable,
we cannot say that the fields originste from any ore particular portion of
the cable. However, intuitively (aided by the discussions in Anpendix I,
expecially Section I-C) it is evident that at points very close to taie cable,
the major contribution to the fields should come from the slots closest to
the observation point, i.e., those slots whered'is very ciose to 4, 'leing
that intuitive idea, the rouzh dependence on § = Azg:—zz - ‘J')2 {where
A=h- o) the distance from the cahle slot corresponding to «' = 4, should

be easy to establish. T[irst, the factors (jk Iz - 13) that appear in all

the electric field comwponents of (2.19-a, b, ¢) can be thousht of as varyino

roughly as -%-VL + 1 7 - In Ex and Ey' there is 2 factor proportional to 2
(k&)

multiplying (jk I2 - 13) in one of the terms. Thus the factors 4(jk I2 - 13)

in the cos % and sin ¢ terms in Ex and F_ respectively should vary roughly

y

—————

as J%\Jl + L The sin ¢ term of ﬁx and the cos & term of Ey should vary
8

(ké)2
roughly as %. Based on these considerations, we should be able to conclude

from (2.19-a, b, ¢) that

At ¢ = 0° or ¢ = 18G°

(5.2-a)

-
PR |

N
>
)
4
3
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R

v,
.
[N

A AR

|£y| Y ¢ ga (5.2-b)
1)
g1~ clzs2l Iy =2 > (5.2-¢)
z $ \ (k5)
At & = 90° or & = 270°
clie |
el ¥ 8 (5.2-4)
Iz | ¥ _J_l_(‘% \1 R S 5 (5.2-e)
y £ (%8)
| ¥ 91’—‘2"—'1J1 + (5.2-£)
5 (k§)

The ens (5.2-3, ..., f) tend to corroborate the results in Table 5.1.

The major trends observed in Tahle 3.1, Parts (a), (b), (c) are:

(1)

(2)

(3)

I“)

/5)

The peak values of all three field amplitudes always occur at

p = 23,5 m,

At p = 23.5, where peak values occur, the y-components of the field
amplitudes at & = 90°, 180° and 270° are neerly the same as the
x~components at 9 = 0°, 90° and 180° respectively, i.e., the x

and y conponents appear to interchange their roles at 90° intervals,
At other values of P, the x and y field amplitudes show very weak
denendence on 6.

At 0 = 23.5, peaks of the z-field amplitude are roughly the sane

as those of the x and y components.

At other values of 0, the z-component values are considerably lower

than the x and y component values,

Some of these effects are discussed more quantitatively below. Trom

(5.2-3, oee, f), we conclude that, {f cable attenuation is nenlected
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- v a
TEompe or 1800 ¥ I%ylaug0° or 2700 (5.3-a)
A g ) -
125 mne or 1800 ¥ "% 6a90° or 270° (5.3-5)
1 At
ol gaos or 1800 ¥ 1E.lguc0e or 2700 (5.3-c)
el 1B, |4 one o
n N x'4=0° or 180° ~ y' 6=00° or 270° - l'k| 14 1
1 'Ex10-90°or 270° Ey +=0° or 150° ca (k6)2
(5.3=d)
1%, | 6u0° or 150° or 90° or 270° 1Bzl omne or 180° or 90° or 270°
n, - TET - TF]
"x!$=0° or 180° ‘y ' 4=90° or 270°
z - b' -
A ()-3*)

‘fost of the ceffects predicted by (5.3-a, b, c) are borne out qualitatively in
the comnuted results shown in Table 5.1 (a), (5), (¢). TIn nerticular, the
independence of |Ez| on the angle & as nredicted by (5.3-¢) is borne out

by Table 5.1, Part (c) and the tendency of |Ex| and !Ey| to interchange at
intervals of 90° are borne out by Table 3.1, Parts (a) and (b).

Using the numerical values of parameters assigned in the comnutations

in (5.3-d) and (5.3-e), we have the following approximate results predicted

r ".1.

by (5.3-¢) an} (5.3-e), indicated in the tabulation helow: . I"f

RPN

18] = Jo - @1, & = /a2 4 (2 - b1)2. ' ::' oy

In every case in this tabulation % ¥ 1.05, lﬁéa| YA =213, l2e0'l = .5,

.
B
"
.
.i .
.
<

1 A . 1 . 1
° Mlels ! Tﬁi:+31 Ul T !’L‘ !7t2 | M| R
23.5 .5 ‘.707 16061 56 i.é76 } 1.21 L6671 ; “3.51 9
25. Lo 112 .63 657 (.79 | 123 Lo 5 -me o
MSor26.5 020 3.0 L3330 730 an E 1.65 07 AT 21055 <1545
17.5 5.0 160 1557 L3se |02 1 LA 777 102, 2019, 206
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The ratio (1\1)dB in Table 5.1 is about =5 dB at p = 23.5, as compared
with -3.5 43 as in the tabulation below. The computational results fgiven in
Table 5.1 for tnl)dB atp = 25.0, (20.5 or 26,5) and 17.5 are (=3 to -4 dF),
(J to -2 4%) ard (-1 to -3 dB) respectively. The corresponding values on
the tahulatinn above are -,71 43, -1.56 dB and -2,19 d¢B resnectively.

Tne computed values of the ratio m2)dB for o = 23,5, 25.0, (2C.5 or
24,5} an? 17.5 resnectively are (0 to -1 dB), (-5 to =10 43), (-14 to ~17 dF)
and (=23 to -25 dB) respectively. The corresponding values on the tabulation
ahove are 0 d3, -5 43, ~15.6 4B and -21.6 d3 respectively.

For rhe most part (i.e., except for the resu1t7]1 at 9 = 25.0), these
results indicate that the illumination of the scatterer situated within about
f =eters radial distance from the cable oneither side are primarily due to
the slots near the scatterer location, i.e., the rough estinates culninating
in the tabulation above, which are based on the approximation that the field
cones entirely from the cable slot at »' = 1, come remarkably close to the results
~iven in Table S.1, (a), {b), (c) which take account of contributions fron
all portions of the cable.

The remaining dependence on 4 in (2.19-a, b, c) arises through the cable
attennation factor e‘uﬂ@ which is oresent in C(%). This number in dB is
=3.0% cf~. it the values & = ,002, & = 24, the decibel difference at 90°
intervals “ne to this factor is about ,417 % or .85 4B, Thus the variation
with % dve Lo this attenuation factor over the entire cable is about 2.5 dR,
correspondine to a 130° variation of about 1.3 dB. That helps explain the
s1a'l decrense (between 1 and 2 dB) in field amplitudes hetween (° and 1%0°
and Setueer 9N and 270°, Othervise the variations between the |Ex! and
iEv| results ‘or 3 = (0°, 120°) and thwose for o = (9C°, 27C°) apnear to be

fug to thie Tactars cas M and sin 0 in 72,19-2) and (2.19-b). lecause of
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these factors, the computed values of Inyldﬁ at & = 90°, 180° and 270° are
nearly indentical with those of !Ex|dB at 0°, 90° and 180° respectively,

From Table 5.1 {(c), it is evident that there is no significant dependence
of |Ez| on 0 except for the small (1 - 2 d') difference between values of
¢ separated by 180° due to the attenuation factor alluded to above. Othervise,
as indicated by the absence of ¢-dependence in Fq. (2.13-c), the anplitude
has nearly perfect cylindrical symmetry.

Y'e now consider the variation of the illuninating fields with the height
of the observation point z at 6 = Q° (Table 5.1 (d), (e), (f)). As z varies
from 1 to 2.5, the peaks gradually disappear and in gereral the variation
of field cmplitude becomes increasingly flattened. This is clearly due tn
the fact that the denendence of field strangth on horizontal distance from
the cable is weakened as the vertical distence increases. The mathematical
denendence of field strenpth on these two components of the senaration distance
is contained in the distance I, which is essentially the square-rcot of the
sum of squares of horizontal and vertical distance érom the cable., As the
vertical distance is increased, the contribution from the horizontal Aistance
is increasingly "svamped out™ by that involving the vertical distance.

Tinally, we ohserve by comparinn Parts (a) and (») of Tahle 5.1
with P3rt (c¢) of that sane table that there is appreciable difference betweon
the vertical and horizontal field amplitudes in the regions neer the neal
values but that the vertical amplitudes decay more repidly a3 the observation
point recedes {rom thn cable. The reason is easily ¢eternined fror "qs. (2.19-
a, b, ¢). The vertical field decayrs roughly as %5 ant the harizontal ficlcs
as % as the distance from the cable incroases. ;hus, while their values
are comparable near the cable, the vertical fields decay nore rasidly with

distance frorm the cable.
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5.2.2 The scattered fields 311
''e now turn to the results for the scattering contrihution to the field _FMA:
components at the antenna (Table 5.2 ~nd Figures 5.13-5.24), S
Tirst, e consider the variation with o for fixed % and z. There are - -';
three sources of this variation, as follows: - }:f
(1) The variatior of the fields illuminating the scatterer with the T f;
distance from the cable. This was discussed in Section 5.1 and oL
is summarized in Fqs. (5.2~-a, ..., f). If the effect of ground
reflections on the illuninatiny fields is included, these results
will be changed but the variation with distance fron the cable
will not be radically different.
(2) The factar ;i: on the wave scattered directly into the antenea
and the Eactof —_-—(rsf‘ v o 3 on the ground-reflected scattered wave,
3 A
where Tgy is the distance between scatterer center and antenna
location, Try is the distance betwcen jround-reflection point and
zntenna, and Tsn is the distance between scatterer and ground-
reflection noint.
(3) “he denendence of the direction of the vave scattered into the
antenna (relative to the direction of the incident wave) on the
distance between the cable and scatterer and on whether the scatterer
is inside or outside the cable.
The three effects (1), (2) and (3) above are all sresent in the scattera2d
wave, hut the aathematical relationships arz too complicated to deternine
exactly th2 relative role of each of ther, towever, it is possible to
intnitively irfer sore of this information a2t least qualitatively.
Corsider first the “ffect ()). Trom the discussions ia fection 5.1,
e shoull ~2upect that, due to ffect (1), since the scatternd field amplitude
e e e »
AL "‘.'-‘.':ﬂ‘i-":h” v "_..'-::\_. g et e
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is rougnly proportional to the illuninating field amplitude =t the scatterer
center, the scattered field amplitude will reach its peal near p = 24 reters.
This is shown to be the case for asll the outputs shown in Table 5.2, (a)
throusgk (i). The peak is reached either at o = 23,5 or p = 25 in every case.
This means that (since computations are nade at 1.5 meter intervale) the
true peak is sonewhere near P = 24, i.e., when the scatterer center is directl:
over the cahle, If Effect (1) were the predominant agent in deternining
the variation wita: 0, we would also exnect that the 1 - 2 dIi assymretry due
to attenvation (as discussed in Section 5.1) would enter into the results
‘owever, the way in which these features would appear is quite complicated.
There is a contribution to any scetteredi ficld component from the x, y and
z-components of the illuninating fields, so the precise depenaence of the
scatterec field on p would be a composite of those arisins from eanch illuminating
ficld comnonent, Since the scatterer is assumed to be isotropic, however,
the horizontal and vertical components of the scattered field would be affected
nrinarily by the horizontal and vertical components respectively of the
incident fields; hence the p-variation of the amplitude of each scattered
field component should contain some of the features of the correspondinc
conponent of the incident field. The extent to which this is truc, Hhovever,
depends sensitively on the dirnction an~le of the scattered field, Tor 2xrrople,
the vertical conponent of the illuminating Z~field will certainlv 1jive rise
to some horizontal components of the scattered T-field except possibly in
the case oI absolutely pure backscetter or pure forward scatter, which could
only occur for a vary rare neometry of cahle, scatterer and antenna.

The =2ffect (1) should causec rates of decay of field strensth somethere

between % and as the scetterer moves away fron the cable in either direction.

rul'_,

Tha tabulation below providas a rounh idea of wiat rate of decay nne ~ight
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' exnect due to this nechanisn., The 0 d8 level is taken to be at 0 = 23.3

in ever case.

P Glmmmmey Be s e e (e
X 17.5 5.5 -22 —44 -65
19.0 5.0 -20 -40 60
- 22.5 3.5 -17 -3 -51
22.0 2.0 -12 -24 -36
23.5 0.5 0 0 0
5.0 1.0 -6 -12 -1
25,5 2.5 : -14 -28 =42
23.0 4.0 -18 =36 =56

Another feature of the variation of the illuminating fields with distance

fron the cable is a difference between “he illuminatior mechanism inside

b

. the cable circle and that outside the circle. Tnside the circle, the canle L
v ajaears concave, while outsice the circle, it anpears convex. Thus at a j‘};
+ N ‘.. '
. : . . . ] ~ -
h - 3iven distance from the cable, a lar~er portion of the cable illuminates -\3\
. A
-

the scatterer than would be the case at that sane distance outside the circle.
- Inreover, incide the circla, the nhases from the illuninating slots should
I he more nearly equal. This should intrnaduce an asynmetry resulting ir larger
illurminatinz field strenath at a siven distarce from the cable ingide the
circle relative to that observed at that sare distance outside the circle,

The 2ffect (2) should be weak relative to (1) in determining the field

variation with 2 and is easy to esti~ate., Considering the scattering directl
- i1to the Internn vhen the scatter is inside the cable circle, the factor

1. . C o1
T irtroduces an increase in fiel” strenqth as the scatterer rioves away

. SA
N ‘ron e ~able and tovard the antennz. This effect is cpposit2 to that duz
", to “Jfect /1), uhiz™ is n decrease in field strenth as the scatterer -osos
- -
. \-
- /
N N
o -\$:
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further inside the circle. The mananitude of this effect is roughly 20 lcg,o Tgye

The numbers rouchly follow the tabulation below, neglecting the effect of *
the vertical coordinate z
p = sy =20 10’10 s\

22.5 -27.4

22.0 -26.8

20.5 -26,2

16.0 -25.6

17.5 -24.9

The variation betu~en the values of p for which computations are nade is
only ahout N6 40, The entire variation hetween 17.5 anc 23.5 is only about
2.5 47,

ts the scatterer recedes from the cable when it is outside the circle,
the effect is to decrease thhe field strength. The tabulation balou apnlizs

. .
to that case

n T orgy =29 10310 r
25.6 -28.C
26.5 =-22.5
2°.0 -28.¢

Tn this case, tha rete of decay of the “ield is about .4 or .5 4D for each
1.5 meter ircrease in 0.

Tris efect is roucaly the sare for th2 around-reflocted scottered fie'd,
siice the size of (rS" + rGA) is not very different Iro: tat of Tepe A8
evidencod by the ahove tshvletions, it does introduce a smell asr—metre botweer
valnes of 3 f-side art nutsi:c tae cadle circle. e offect s-nuld Yo tn

re'uce the rate of decar ~f lield strencth as tie -~zrtterer naves M ar ros
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the cahble inside the circle and to increase tiae rate of decay as it movas

avar from the cable outside the circle. 1In hoth cases, this asymmetry effect
should Ye nuite srall compared to the effects (1) and (3), the latter to
he liscussze! below,

Tinally we consiler the effect (3). If we thin!: of the scatterer as
beiar illurin-ted nrimarily by fields from the nearest slots, then as the
scatterer movas awvav from tne cable inside the circle, the scattering intc
tho antenna direction Yecores increasingly more like forward scatter. As
it receces from the cadle outsid~ the circle, the effect more nearly resembles
hackscatter. In either case, wvhen the scatterer is very close to the cable,
it is illvminated primerily from helov and hence the scattered vave into
the antenna is at a wide annle from the incident wave. Since hacl:scatter
is litely to he much stroncer than forward scatter, we should exnect that
this ~echanisn will arocuce a higher rate of decay as the scatterer noves

aw1y fron the cahle inside the circle than that which occurs as it receres

outside the circle. That asynnetry in p around the cahle is exactly onnosite

to the one caused by the effect (2),

The results on rate of decavr of field strenath as the scatterer recedes
fror the cable ar2 nquite erratic and show no clear trends tret would indicate
whathar -cchanisns /1), (2), or (3) are the prodoninant ores, The rates of
decay vary fron snal)l values comrensirate with mechanisns (1) ard (2) to
ennrrons velues that 2pnear to bear no obvious relationshin to the rmechanisms
ue vave discrssod bere. Sometimes the “icld decars from its neak value more
rapidly inside the circle than it does outside the circle and so~etires tie
ommosite trend nolés. s is not surprising in viev o7 the complexity of
the calzrlations nadn here. ‘ach cuantity calculated is a coherent sum of
trn cornle: qurntitinos, the [ield cormpaonent of the wave scattered directly

irto e ~atenny ~ad that of th2 sentiernd vave reflected frot the ground
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and then progagatina toward the antenns. These tvo complex auantities are
of comparable magnitude (as shown by computations we have carried out in
which these two constituents are calculated separately) and their relative
phase is very sensitive to snall chances in pareneter values. '‘ence the
resultant anplitudes can ran~» fron values near zero to values nesrlv twice
the amplitude of the direct wave field.

In addition to this, the scatterinrg nrocess itself for this frequency
rance is hithly sensitive to anrle and should produce some erratic or
noise-like" effects with snall changes in geonetry,

At this point, having discussed the variation with o for fixed & and
2z, we will discuss the azimuthal asymmetry in the results. There were certain
azinuthal trends ohserved in the illunmirating fields, presented in Table
5.1 and discussed in Section 5.)}. Tor thase horizontal field corponents

tite anplitudes at & = (0° and % = 180° vere nearly the same, 1s were those

at 4 = 90° and % = 270°, the latter “einr larter than trn forrmer for ;T

an¢ smaller than the former for I’?vi. “Ne z-components were dbore nearly 3zi-

muthally uniform. Small decreases in amplitude 2s » increcses due to cable
attenuation vere also present in all comnonents of the illuninatian fields. -
All of this was arenable to explapration throvth the cquations for th=2
illuninating fields.

Since the scattered fields are nrorortional tn the illvmirating 7i2lds,
wve searched for the sare azinuthrl <ren's in the foraer as rere olserved
in the latter., Sone of these trends are present but not recessarily consistantly.

‘lowever, ercent for sone wild ‘luctuatinns rrohahly asttributable to cnherent

acdition of tvo roushly-erual size complex nunbtere the tead-ancy is for the

usdiracrted fiald conpoients at © = N° 2nd 7 = 1'N° to De roushly comparehle

<
i

tn mach otiter and to the y-dirncted conmonents at ~ = C0° ap” % = 27)°,

)
. ¢
et

The £ane coanzrison cuists (anain very roushly) betwsen 'T. 7 at ' w CA° ane
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277° and !“v at ~ = 0% and 170°, ‘'ovover, the z-components fle aospeer to
2xhibit ~uc! ~ore azimuthal asymetry than their counterparts for the illunin-
atiny fields, *aich were nearly svrretrical. There is also nore azinuthal
asymetry in all connonents of the scattered fields than was present in their
counterparts in the illuninating fields.

A nossible partial reason for this additional asymmetry in ell the conponents
is the fact thit, 2t ¢ = N° snd 5 = 100°, the scattered field conponents L.

™

« €ontain tarsn contributions from E_ and fz of the incident fields and e

the scatrered field components Cz contain large contrihations frem incident B

- -

and T_. Also, at © = 90° and + 2 270°, scattered ", has contributiens

- fen

fror incident C? ard Tz contributions. “hus asynretries in E” and T, in
tae illurinating field wil? fird their -av into "z in the scattered field
and will also intreduce ~reater asy-retries into scattered P: and T .

“ov cre wst exanine the difforances hetveen the recults Jor the radicl
cals (2 = 1, wprig™t scatterer, Tadtle 5.2, (a), (b), (c)), taz radial cravl
(~ = 7,27, rron2 scatterer, “able 5.2, (d), (e), (I)) 21 the radial wallk
an stilts (2 = 2, upriaht scatterer, Table 5.2, (7)), (h), (i)).

Aside fron the trends already conmented upon, vhich tend to be coanorn
to 211 tree cases, there are sone ncneral comparative tendencies observed
wvhich annear to he corsistent with intuitive exnectations.

Tirst comparian the radial welk on stilts (z = 2) with the radial val':
= = 1), the ecnrresponding field comronent amnlitude for the former tends
to be smnller than that for the letter, This is somctines strikingly true
an/' ~nnetimes the reverse “0}ds, so one cannot say that trend is absolutely
consietant,  Tut it is5 true ncre often than not and tends ta be accentuate!
aretircity to rtte cohle, i.e., it is more lil'elv to be true for the nea%:
values thap for the vates 5 - 5 =erars fros the cable. An exnlanation is

tant the 2ffect of the Mcintt {the valus of 2' i3 nuch -ore ararounced varey




near the cable, beins comparable to the horizontal distance from the cable, .
and becones nearly negliqible 6 meters frow the cable, where the heinht in T
both cases is snall compared with the horirontal Aistance from the cable,

The same observations can be made concerninc comparison heturcn the
radial cravl (= = .25) and the radial vell: (2 = 1). For most of tha points
at vhich connutations were made, the radial crawl cives lar-er velues th=a
the radialw alk. This is particularly true of the peak values, which are
nearly elways significantly larcer for the crauvling case than for the walking
case. The field nmagnitudes 3 - 6 meters awav fron the cable, however, are
not always larner for the crawline case and are sonetinmes sorevhat sraller,
To sore extent, this can be attributed to the snaller sensitivity of the
aplitude in the crawlins case to the heicht 2. Since z {or the crauler
is one-“ourth of its value 7or the waler, it becones ne~lizihle conpared
to the horizontal distence from the cable vhen the latter is only zhout 2
meters. ‘lence over nuch of the rangce of o, the conmarative anplitu-es in
tae tvo cases have very little to do with the conzarative values of the heicht’
z. 'ithin two meterc of the cahble, however, taere is a sionificant cdensndance

£

o° the anplitude on z, and than helps to expleir the fact that par: voines
{ croplituce are nearly always sisnificantly higier for the craulins c-se.
\side fron the conparison involvina the height, alludec to above, the
renmainder of the comparison Yetween crewline and wallirs ca<es relat~s to
the difference ir the aajular orientation of the scatterer in the two cases.
In the ve':inn case, the scatterin~ tends to b2 "broacside"” hereas in the
crz:lint case it tends to “e in the spheroid's lon~itudinal Airectine, “he
scrttering in the latter case tonds to Y2 wea“er than that in thn fornier
case; herc> for so-e scatterer positioas, tha f2ct that the illuriratins
fie's is stronser in the cravlin~ cas2 {Hrcautn the centar o the cralor

i3 Torar nd therniare closer to t'ha cotle than t'hve of the wnltar ot wle




san~ harizontal ‘istance fron the cable) is offset by the fact that the scatterinc
is stronger for the walker due to its orientation. That is more lilely to

he true far fronm the cabla, wiere the heinht difference has little effect.

Thus while the Seicht is litely to play the domirant rolz near t“e catle,

“hn ariant2tion should he rare i-nartant further fro~ the cahle, vhich =i~"t
exnlzin whr the scatt-red field is soretines siqnificantly laraer for the

wal" er especially at positions Tar fror the cable.

‘e A [irol nhcervarion, 've note that the horizontal and vertical rcomnonents
of the ncottered field armplitudes are, on tie averane, not radically different,
~lthount ey do exhibit some =rratic behavior (e.g., in some cases thore
are lar-c differences in the pea values for differenrt conponents, vhere
vertical is soretimes loarcer ond sometites saaller than the horirontzl con-
soneats). “h~ ~robable causes of the crratic or noise-like naturs of sonme

A¢

the resulte have already been liscussed, alluding to the seasitivity of
t=e scantering prncess to small chances in neometry and coherant addition

A7 eand o umters with censitive relative nhase as the =22 jor rechanisms

cwsin~ tais Hehaviar,
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3 5.2.3 Total Fields
The computed results for the components of the total field at the antenna
N (fields without the sceztterer plus those due to the presence of the scatterer)
are shown in Table 5.3,
I Discussion of the fields due to the presence of the scatterer was covered
: in Section 5.2.2, The computed field canmponents at the antenna in the absence

of the scatterer are given by (5.1) and are -112 4B, -110 dB and -14F 48
for the x, y and z-electric field amplitudes respectively.

These valuzs were determined by a verv accurate numerical technique.

L T

That technique and some aporoximate calculations of the field components
are discussed in Apnendix I, where the fact that the horizontal components
at the antenna is much larger than the vertical component is explained,
. "he remaining discussion in this section will be confined t> comments on
- the parameter regimes in which the field component amplitudes given by (5.1)
for the case where the scatterer i3 not present are comparahle in moinitude
to those given in Tahle 5.2 for the contributions due to the presence of
I the scatterer. In those renimes there is a significant effect attzined through
coherent addition of the antenna fields in the absence of the scatterer and
those due to the scatterer's presence. In many regimes the scatterer-free
cornonents given by (5.1) overwhelm the scattered ‘ields and the results
shov the scatterer to be undetectable. Tor nther resimes, t:e corponents
) given by (5.1) are overvhelmed by the scattered fields and the values in
Table 5.3 are almost exactly the same 25 the corresnondingy values in Table
5.2,
To initiate the discussion, we summarize the results in the tahulation
telov (ohtained fror Tables 5,1 and 5.2 with the aid of Tq. (5.1)) which

indicates the points of dntectability of the scatterer, denoted hy T and
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characterized hy the fact that the presence of the scatterer changes the

f1eld component at the antenna hy at least 4dR; an increment below 4 dB should
he considered as "noise." As a suhclass of these noints, we also indicate
nsoints where the scatterer contribution to the field overwhelms the field
camnonent that would be seen in the absence of the scatterer, i.e., introduces
an inrrerent of at least * 10 4b; these points are denoted by DA. Paints
where there are no perceptable changes in the antenna sipnal due to the
rresence of the scatrerer, i.e., here the scatterer is "not detectable”
f1.e., 2 10 4% change) are denoted by NN, Tinally, those points where there
is 1 small nut barely nerceatakle chante in the sicnal level due to the scatter-
ar's nresence (i,2,, "Sarely detectahle” scatterer) are Jenoted b BD; bhetween

1 N axt £ ¢3 change due to presence of scatterer).

Radial walk
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Radial cravl
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Radial walk on stilts
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The issuve of detectability of the “intruder” is that o7 the comparison

batwveen the anplitude of a ficld component at tae antenna vhan the scatterer

is nresent relctive to the amplitude of that same [ield conponent then
the scatterer s not pr2sent. In some cases the total field a=p)itunde
is reduce? rather than increased Aun to the orescace of the szarterer, The

reduction will occur if the amplitudes with and without the scatterer are
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nf comparable maqnitude and the relative phase angle of these two quantities

I - is between 90° and 270°, while an enhancerent occurs when that angle is
between -9C> and +9N°, .

Ir the existing system, the antenna is vertical and hence the z-component I";j.]

of the electric field is the only conponent of interest. 'lowever, there j

I 15 no reason {1in princinle) that horizontal components could not be nsed ’
for detection with an antenna that respond to those corponents. Therefore, 1

1

1t 15 worthwhile as a nart of this study to consider the horizortal compon-

erts of the field in addressin~ the detectatility issue.

L e nverall conclusion that would fnllow from the results shown here is
that the dtectahility of the intruder with horizontal fields in all three
nf the cases considered is nonexistent or very nnor. In a few cases involving
the racial wvalk or radial crawl and one case with radial walk on stilts,
' th? scatterer is barelv detectable at a nnint near the cable, but in nearly
all cases it is not rdetectahle,
If the vertical field component ‘s used for detection, as in the aétual
svsten, the conclusions that would fnllow fronm the results is that the
. intruder is easily detectahle for the radial walk and radial cases, hut

"radial wal% on stilts"

s samewtat less detectadle or undetectable for the
~ase.
Since ‘s have exnerimental results for conparison only for the vertical

rlectric field connonent, no further comments on this topic will be made

concerninn the harizontal field components. The experinental results for
the vartical antenna usvally sho: values of the aaplitude of the scattered
i sinnal at the antcana somewaere h~wween 9 and 10 AT ahove the sisnal in
i the abeence 7 thr scottersr. fur annlrtical results usually show a larjer

increent2l si~nal due to the scanterer than indictes bv the exnnrinental
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i results, i.e., for the radial wall%, the peai: scattered sional values are
between 17 and 31 4R higher than the antenna sinnal in the absence of the
scatterer. For the radial crawl, they are between 13 and 48 4P hicher
anéd for the radial walk on stilts, they are betwezn 10 and 22 ¢ hinsher,
"Jhen a scatterer is a few meters away from wherz the peak values occur,

I the incremental signal due to the scatterer is nuch more nearly comparable
to that without the scatterer.

However, although the qualitative tehavior »f the signals due to the

scatterer appears to be roushly as expected, the most prominent quantita-

-

. tive descrepancy apnears to be excessively hich values of the scattered
signal relative to the signal in the absence of the scatterer. This is
either hecause

8] The calculated field amplitude at the antenna in the absence

' of the scatterer is too low, or
- (2) "he ceolculated (ield amplitude duye tc the scatterer is too ainn,

Txplaration (1) seems less li%ely than Fxplanation (2). The field

aaplitude at the antenna in the scatterer's absence was a straishtforuard

' ard si—mle aunntity to calculate ané presented no major conputational pro-

:: blens. The calenlation is discussed in Appendiy I, vhere aporoximate methocs
;: are stown and vhere higily accurate numerical inteqration -ethods that

: vere actually used to ohtain the results are alluded to. Tn doine this

» comnutation, the effect of the ground reflections was fourd not to be os

sitnificant as in the case of the fields illurinating the scatterer, i.e.,
the fields at the anteapa vith or without around reflectinns are cnmparable

in magnitude, The effect ~round reflections could have had would be in

t9e direction of reductinn of the antenna field Jdue to degtructive interference

betweer firsct and around-refiectz2d si-anls, ar in the direction o7 an
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anhance~ent ~n rreater than 5 40 due to constructive interference. Thercfore,
althougn weakness i accounting for nround reflections is a possible cause
nf wnaccuracy 1n this result, the 2ffecr of inprovine that nart of the
calculatinn mi~ht have heen 1n the wrone direction, i.e., the direction
ot reductren rather than enbance—ent, or at hest gn onhancerent of less
rann AR

Vualaration (7)Y is more likely. It appears that the spheroid used
ro mndel the 1ntruder, vith the sarameter values we nave chosen, is too
soad A scatterer, Once ¢ decision had been mad? on the choice of pararmeter
values and rthe farmat {ar the cornutations, there was inadequate tine or
recources to ma-e chan-es in these valuves and thereby determine enpirically
wich values would provide <he hest fit to experinental results. There-
fare the coroutations vere a1l made with these same values, The values
chnson arn:

.. = l'eagth of spheroid = 2 neters

= “adius of epreroid = 0,25 meters

w

-2
€ = Pernittivity of spheroid = (4080 (10 ) farads/meter = 46,2 a

"

%+ = Conductivitr of snhernii = ,592 whos/meter

~

~ch epn of these naraneters could have been chosen to have a smaller
vatas, whic= wagld have produced 2 smaller scettered field, The valves

"_an? © are actually larcer than those corresponding to a man of averzge
< <

e (L: is ~qurvalent tn 0,55 feet, extrermely tall for a mar and 275 is
aquivalert tr 7,04 faet, evtrecely wide far a man).

"N chnsen valies of € and OS were based on consultations vith "rofessor
“arher and are haced on coapasite values from censtituents of the human
Yody. Thera s probanly wide variability in the optinel choices of the

raastititive maransters for this scatterin® nndel. DNeluction in either

ar hot volaes caald Mave redyend the seattered fields, The other untnown
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is the corresponcance between the actuel height and sirth of a human frame .
and the proper height and radius of a snheroidal scatterer used to nodel
a human f{rame.
The summarize the point of the ciscussion above, some degree of "cut
and try"” choice of the scatterer parameters Ls’ Rs. £ and g night be
necessiry to match the calculated received signel at the antenna to experi-
rental resvlts beiore the nodel could he used to predict results of channes
ir systen design parametnrs. Other parameter values used in the conjutations
are much eessier to choose, because they are usually fixed by the 2eometry
nf the system.
There are many aporoxinations used in this rodel, and there ar2 noise-
lite fluctuations in some of the computestions due to the sensitivity of
the scattering model to the geonetry and to coherent additicr of comple:x
numbers. The relative phases of the contributions night “e sutject tn
nunerical errors and the results arc extremely sensitive to these relative
nhases. There arc also fluctuations in the experimental results (e.31.,
fluctuations as the ancle % chanies in the “circurferential wal'" results),
so it is no surprise that such fluctuatinns occur in the analrtical resuits.
lovever, general trends, such as the peakiny of the siqnal wien tte scotterer
is near the calle and decaying as it recedes fror the cahle, 1ir2 presart
in the results. Tt is concluded that this analyticel nodel and associated
computer ~rogranm could be used to predict the effects oa oerformance of
changes in environnental naraneters (i.2., different tynes of soil and design
parcieters e.g., *ifferent cable dinensions or anteana positions or orientations)
or intruder narameters (i.e., heiatt, airth ard ccastitutive paraneters
of scatterer). In its present {orn, the computer pronrar containe wicde flevi- -
hility in paraneter value chnices and is rot excessively conmputer-tire

intenssve,
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~ Appendix T
e Netails on Intenration Around the Tahle

Superpositinn of the field contributions from slots around the cable
is accomplished through the evaluatinn of the intearals In' civen by (2,17-a,
< B, ¢Y vith the aid of (2.19). In this anpendix we present some of the
.. details concerninn approvimatinns for this intearal (and for the field

components) when the ohservation point is close tn the antenna {Section

~

1-:) and when it is close to the cable (Section 1-3), In Section I-7,
- the nurerical solution for aribtrary location cof the observation peint
- is briefly discussed. In Sectinn 7-0, wve discuss some rethnds such as

stationary phase vhich can be nsed tn evelurt2 the intenrals anprouinately

for arbitr2rv observation naint lacations.

. EA
) - S |
I-4 ‘nproxinaticns for Jhserva'ion Moints ‘ecr the Antenna S
“rom the “efinition of © helow Tgs (2.1-a, b)Y _xj}:{*
R
- ~ - -~ 0

e @5 2T~ 2 0cos T+ (2 -H") (1-1) N

7Y
L.L

The asaroximatic” that annlies +n ohservatinn points near the antenna

is
o (1-2)
:}' sap) den C[<2) e 7T an retarriny onlv first order terrs in (.
we have
.'." e A (1-3)

hare v replied thar
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wiich is true for all cases of interest in this study, .
Y oan
Yealecting the second term in (1-5 ir the emnlitude (=¥ '/27) ani

retaining it 1n the nhase, we can write the intesrels In fron (2.17-a,

5, €) with the 1i! of the approxiration (Z.13) a2s follows:

-0 cos 2" - (Jkﬂ;e + ane’

ejhﬂ 27
1 v —-[ dc' e (1-5)

n no e

)siny the Pessel functior relatiecnsiip (See Tqs. (4,32-g, b) in Tef. 1)
-jke cos 3 < jn(3' - n/2)
e = f Jp(l: Feo " (I-5)
'\ p--’

:e can inte-~rate each tern of (I-3) exactly, with the result

LR = L (2T ito - KB+ ales?
IR — I J Co)-g; J £ e )
i’ pm—c - )
-~
i i - 0 - 2
S R N P B | S
&' oeo P ilp - EL I B3/ ))

In the case where the chservation point is at the exact center of the
cable confinuration, i.e., 0 = C, the Nessel “unctions cther than JC'U\

vanish and tae inteqral (I-5) is

s 3 -
. -+ Ry
— £raTn

1Ay
(,| “ea + ‘.)

Jn 2
£

+
a
— M

“ris is the case that annlies wher one calculates the field at the anterna

whea the antenna is placed 2t the exact conter of the cable confinuration,
The ersicst way to calculate the fi»ld components for tais case is

to herin by using (2.1N-a, b, ¢) and (2,11-p, b, ¢) to calculate th~ conpon-

erte ol tie firlds due to a sinrle slot at anzle 3', e revrite thnge

ewations in tares of ', rot in terms of * an' ', thus renavin the
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:: anparent dependence on the ohservation point's azimuth anale 6, Tn this
. - narticular case the fields are indereacent of o (true for no other case)
~ anc the formulation in terns of #, useful in all other cases should be -
ro-lacod by a formulation in which all quantities are cxoressed diractly
T ip terms of 4' rather then in termic of % and 3. .
. T:» desired forms of (2.10-2, b, ¢) and ‘2.11-a, b, c), usir? the
*anraxiTatior _-‘
R DI | £1.:3)
;o fimnlie< by (1-2), (1-3) and the "novn value of &) can be annroximated
F ty the exnressions
_jf:Q
S E ' ~ aty £ Ny '
oL < £ g ) T OC( )T RS I < ) (1-9-a)
- Y ¥
. J‘I:ﬂ ~
. . e N n \
dlg, g Y rinh) (o fen L5 3D (1-2-%) _
: i": ~ ‘; . .'«
hnre
GRT RS
'y, &' 1 =
¥
2
n
Hx(;, ;') =
2
£y =
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' Integreting {(I-0-a, 5) fror 4' = 0 to »' = 27 and invokinn the anprox-
imation (2.1%) in evaluating these intesrals, we obtain (approxinately)

the forn (I-7) for all the inte~rals, leading to th2 result

& SLL .
o J“’s ‘s eJkﬂ-
L,

200, ¢, 2) - R o e ?) (1-10-23)

L]
N

\'0 k;, ”o _"(LA"S e_]k
B A ) - = £ o 355 n (0, % 2z) (1-10=b)

i 4 4 g

< where

!

e ;Lb-”
; Jl f

-(jk!". + A)AL 27
l - a ca
T = -

(ﬁ& + G

ca

The results (1-10-a, b) provide convenient approximatinns thar can

he usec {or conparison with the numerically evaluatad fielt cornonits

ottained for the case where the scatterer is ahsent and nround reflectinns
are nnt accounted for.
These results show the predominaat clectric ficls conmponertr in tie

aorizontal Jlirectior and th» oredcainzat ragnetic field cornonent dia tho

W ",. o

-diractior., The 1rtier recalt 299ears ta S¢ due ta tte fren thot the mag-
netic [i21" in the cchle slots is azisnthelly dirnctes 7o n,, arimuth

with ressect to the cadl» itself, not the circle on iaich the enbla is

f e
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N
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ST,



e

laid), resulting in a nredo-inantly vertical component of .

o

™e relative masnitudes of the anproxinate elactric field amplituvdes

as yiven »r (T-1)-a) are:

+2.3 dB (I-11)

= -33.5 dB (I-11)

The results obtained fron the ricorous computations usin~ a hiahly
accrrit? nurerical inteecration technique (See Section T-C) are given by

5.1 2nd are (rounded of{ to the nearest integer)

o
TJTr ‘ A~ (-110) - (=112) = 2 4B (1-12-a)
“ 4B
Y.
L2~ 48y - (c112) - -3 4B (I-12-b)
I i
*ap

Siace the intepratior carried out in this apnendix for the case p = O
is evact, it i3 hardly surorising that the agreenent between (I-12-a, b)
an? (i-1-1, %) is so jocd.. ‘lowever, it is still useful to establish that
acreament because it serves to Strenjhten confidence in the numerical nethod

uwied to avaluat: the inteqrals in the ceneral case.

- Aonraxiration for Ohservatinn Points “Year the Cable

The irnnrtant area af interest for the scatterer location in this
studr is th~ revior aear the crble, To d2termine the fields at the scatterer
Yncatinn, thererfore, it i5 usceful to “ocus on the apnroximatinng valid

tmothys rasjon,

s oagr o thie sengr, ve rdefine the npr-melor
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L= a-o (I~]3)

which is the radial distanc2 from the cable, positive inside the cahle
and nenctive outside the cable,

Ne-wr:ting (T-1) in terms of &, we obtain

£i-14)

(T-15" -

Unfertunately it is difficult to use this aporoxivation effectively
valess ' is larne enough so that the second tern inside the radical in
{1-14) is small conpared with the first torn, As the anele 7' increases,
this condition hecomes iacreasianly valid.

There are three reqicns of interest :ith rasnect to the depzpderce

~

of ? on the anple ~'. To discuss this, ve define the sacond torm irsir2

the radieg? in (1-12) as

(7215

"'ith saranmeter value 2ssiinnents -cer ip mur coanutations (i,n,,
lz - 8" ¥ 1, £% 20), the followin~ tadtlation inticates the ra~aitn'e
of 7 for values of {A] fror 7 to
2 r L3

-5 L1220 113




|

nAN Sus aia dre bra e g ieg o8 e B e At Al Ak Ak Rube Sul Attt
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0 04 .020
1 .00 .030
2 .0024 .N49
4 NSy .094
) .1213 146
The three reginns alludad to ahove are:
nt I A —
Tl sin2 = <(7L2; n Y /;/Az + (2 - b')2 (1-17-a)
~ 20" L 52, 4. .
T2 osint = T ONW is as niven by (I-14) (1-17-b)
- L2 : AR
3: sin = » Ny PR Zd.l, 1 -Z |sxn = (1-17=¢c)
Yntine that, ir gerernl, if x << 1, then \’1 + x2 2 1 ¢+ %' , it is
cvicdent that 3 valve of x equal to % will produre an error of gs , or roughly

+
! 2
2 percent, if \/1 + x~ is approximated by 1, The regions are chesen accord-

inaly, i.e.:

Te tebulation helor indicates, fer dif Jerent values of A, the maxinun

ancle ' for the region "1 and the =iri-un any'e O' for the region ®3, These

ar~1re 3re indicated hy ";;, anl ‘,é respectivaly,

¥

vas

..

~ %
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1-8
2 /_(;‘1') radians (G]') desrees ((-.‘rz') radians (Zé) degrees
- 0452 2.590 1.20 50
N
-4 L0315 2,127 .012 £4,5
LN
-2 N0 1.931 JASL 26.0 RSN
-1 L0012 0.642 .23C 150
[ S |
0 L0080 0.4572 L2200 11.5 |
1 L0120 0.538 .300 17.2 4
SN
2 0196 1.125 .490 22.0 L
4 .0376 2.154 .820 47.0
5 .0584 2.345 1.46 53,7

The purpose of the above discussio~ is to definc recions aloag the
cable 'here the integration over that nortion of the cahle can he easily
anrroximated, The approximate inte~ral over Pl, from (2.17-a), (2.11)

and (T-17-a), i3

277-"i

W yge AR yperr - PP, S
o -(1 + J“"ca)l"l (c + J.J\ca)&(,l 21) oy 4 -’"‘ceﬁ“'¥
e 1l -e + e -

n A \
n (Jl\.ca ro) &
(I-1)

~here

RSN

7
2
n - \ A2 s (2 - t")?

The annrexsnate integral ovar D2, from (2,17-a), (2,13) and ‘1-17-c),

18
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[-a

Al ot
eijZ-\}l - % !sin _JZLI - (j‘.:ﬁca + e

T L - Aé 1§’
Gl = Y| B YRR EY. ‘ I‘qi.r\ gl
V2Rl - g 72 1sin

(1-19) R

"nforrunately, the inte3jrals in (1-1¢) cannot be evalusted ~xactlw, nor

eon the intecral that woul” arise for resion P2, whare no anaroriratinns o
- sl

li:e thore use” in {1=1%) or (I=1¢) can be nsed. ’lence, 'nle¢s we can . q

validly ossune that the irtenral -iven in (I-12) is tte overvhelrming coatri- A

butor to the intenrral over the entire cable, the anrroxi-irtions due to the
close ar-vinity of the ahnervation point to the cohle do nnt help tn evaluate
the jinteqral. The assurption that the intenrel in (7-17) is a 700d aporoxi-
~ation %o the inteeral over the entire cable is qiven credence by some of the
anproxitate rosults in Section S (i.e., those hased or Tabdle 3.1 and Fas.
(3.3~3, ..., £)) which seen to indicate that the overvhelmin~ contribution

to the illuminating fields comes from the slots nearest the ohservation

point aad that for each comnonent tle field aanlitudes seem to vary rouzhly

1, wiern 4§ = Vﬁz + (2 - b')z.

as a narticular nover of 3

1-C _The General Tase

The actual evaluation of the intearsls In inplenented for machine
co~outation as aceannlishe! thronh o tishlv acenrate nunerical intecra-

rion tec:nicur, A tvelfti order Caussian rule {Tonte anl de”oor, "“le-entarv
nunerical analysis -~ an aloarithnic anpraech,™ 'cCraw='1il1, 1)89; Paqes
311-313, 325-37A) was uysed. The first 12 coefficients in 2 series are
deterrined in order tn evaluote the zeros of a set of 125: order orthononel
nolynorials,  'sine 120V to 240X points, the nethod arovides accuracy within
).1 percent, The~e colditation: vere carried out without sijnificant exnendi-~

tare o7 rerniry tine and tables of the volues of ln for recuirec values

PP I AL TR P I
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of 0 and = vere generated. This taskk was sinplified hy the fact that the

integrands of In depend only on C' = %' - 4 and are independ2nt of ~, the

aziruthal engle of the observation point.

1-N_Geacral Aporoxinations for the Intecral Ip

The intenrals ~iven by (2,17-a), 72,17-5) or (2.17-¢c) (anproxiqntely

anuivilent by virtue of (2.13)) are 1ll of the generic form

X o
r- J ?ax oI 5 (1-20-a)
*1
or
X
I- I Tax ™) e (1-20-b)
*

vher~

« = O

ﬂJéz? +02 - 2pcos x+ (2 - "2

2Ux)

f(() -

tn=1, 2o0or 3
eo)?

Y(x) = k(ﬁ(x)-ﬁca&x)
Ae) = eT gy

“(x) = j¥(x) - hx

e Fforn (I-2N-2) 11i1l be used in the discussion of the stationary
n-asa method. The “orr (I-27-%) i1l b2 ysed {1 discussion of a technique
that is an alternative to stationar ~"n1se in cases whers no stotionary

nigse noiqts exict or the latter method {s not easily applicable for other

reasons,
et - .."‘. < ..h'_. VR RS AR L " '
NI N A A L N S AT - . PRI *
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First using the forn (I-20-2), consider the nossihility of applying
stationary ohase, In order to do so, we must have one or rore stationary
nhase noints, i.e., points xy where $'(xn) = 2. To investigate that, we

riffereatinte ?(x), with “he result

« L)
ﬁ:{:& = ') = %“&sin x -!:cauf = 0 (1-21)
Tro~ {1-21), a stationary phase noint Xq wnuld exist ‘herever
. ® ¢ > -—
sin x, = —0— = Vn +A "r‘lco<;'< &(z-b)
(1-22)
Soucrin~ Yot sides of (I-22)
n2
" '
1 - cos” x, = _%a_ [02 +,,12 - 2c Acos g + (z - '1')2] (1-23)
Txoressin~ {1-23) as a quadratic equation in cos Xoe we aave
2
24% 2 . "2
2, L ca N ( 2 . 12 [z - b1
cos” Xn 5 (113 x0 _(Qca 1) 't a ( 3
(1-23y'
ose snlutinn ie
] 2 A9
2, N8 gy, Haow?
v, = - SR § QP -1 RN, -
cos 7y 3 * [ 5 1] kc.:\ 1) 5 (I-24)
p 0
Tn all cases of interest in this stucdy
[}
M PP (7-25)

2

Usin~ /T225) in (I-24), we czn annroximate cos x., as follows:
}

.,.‘

v
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AP AR

ﬂ&(z:a gz {338 -
cos x, - —2 [92 - 1}(4‘5a - (1-26)

2 . .
The value of kca alvays excceds unity; hence in orfer that cos x, he a

real number, the only requirement is that

£
=2 -1 20 11-27)
P
or equivalently
&£ 1 - 4
AP (T-27)'
ca

If we choose the plus sign in (I-25) then cos ¥g 2 given by (7-26) is

positive and the condition required is that cos x5 < 1. Tt condition is

2 n2
A

ca a2 ca .
—= +vkca -1 5= - 1 <1 (1-2%)

or equivalently
1 . "'A'Z taz ‘.\(38 -1 ¢ 0 (1-2%)"
J T\ ea -1 \__.75_. A -

a2
[‘ kca
)

Since the sacond term on the 'S of (T-23)' is positive, it is requirad
that the first term be nenative and greater in ma-nitude chan the second ter+v.

Thz first of these conditions is

P 1
5 < Yl (1-29)
‘ca
Com>ining (1-27)' and (I-29)
N R (1-3%)
“ca N Q;,

wich imdlins that
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- 1-12
. e
-i‘ .h\....
N A :"\.:';
- L] N
- kca < (1-30) st
- o
= - N slal
Tyt we ¥now that liCa > 1, which is a contradiction of (1-32) or (I-30)'; ..
therefore the positive sign in (I-26) is outlawed by the requirement that
_ cos x4 < 1, which we have shown to he incompatible with that case.
‘Inw consider the aecpative sipn in (1-26), which allows cos Xy to be
neaative or nesitive. The required condition is
. |cos x0| <1 (1-32) o
or equivalently
-_:' -
2 '
e cos” x5 < 1 (I-33)
~aich, bSased on (1-26), has the fornm
3 a2 922 [ 242 - -
[ ca] /*; 7 ca 1!(" . ?d ‘ca '# I(t:a f2
; } S LRS- SR 2.1 -1 ¢ 1
i a o} \ 9” ca -
e \
(I1-33)"
' “rom (1-27)', we can write
N £ 3
- 5 = F— . vhere3>1 (1-34)
- ca
s "sina /I1-34) in (I-23)", we have the condition
- A2
g A S DY SRR PR % > /3- SR .
. ca ca cas ca
. 2 AD iA N 5 A
ERCL SIS DI DI S G B L USSP
) : ca z \ & (1-35)
- A ————
- “sin? the assigned value of ':ca = /1,7, we can re-vrite (7-35) in the
- form
L —
A e 2477 2298137 -1 -1.7¢0 (1-36)
-~ N _‘:‘
.:__ . RSN

.
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A study of the inequality (I~35)' shows that there is e limited range of

values of 8 (and hence of D) where stationarv phase methods can he used. -

Since stationary nhase points do not exist for all values of P, it was decided -

not to use that method to evaluate the integrals I . An alternstive approxi- '

mation rnethod for integrals of the type (1-20-a3) or (I-20-h) will be discussed

in what follows. e
Yow we consirler an asvnptotic method, which was used in the original T

nroject and is given to first order in Reference 1, Section 4, Page 4-38,

“his method anplies to cases not easily amenable to stationarv phase nethods
and is based on partial inteqration. To derive the method, we use the form

(7-20-%) and integrate successively Yy parts, i.n.,

x x O(X)\
I = 12 ax *™® fey « [ 2 (_,_._ VE(x) =
x ’xl ¢ (x)

x) . 5
2[—,—— £(x) ~ I Ax f—L’%-.f—x)—)] (1-37)

After two more steps of integration by parts, we ohtain

. *a[e2(X) [ M OTE IO %2
- £(x) = £'(

i, n 57 (£ %) r‘:'(x)j 0 i)
Ma- :l + (%) !- ! 5 %"j‘) - .’]
{"(ﬂ] Mat(x)” (x)‘ -

. ra i ' -
+ (%) P (1-37)
[P m !

This method can be cpplied to the intenrals In as lont as ~'7x) -oes not

vanish at the end-»>oints. ‘iote that
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8(x) = JH(x) - cax = (R - % dx) - akk  (1-38)

ané hence from (I-21)

A
ANx) - ,Z[Jk(% sin x - k_) - a] (1-39)

If the end-noints are: x, = 0, X, = 2n, then

1

9T(0) = A'(x) = A'(xy) = 2D w (a4 j'<ll‘:cn)£ (T-£0)

nx,) = l".(xz) a R(M = 2(2m) = y/(D -£)2+(Z-b') =T

v (T—41-n)
f(x) = —17 (1-41-b)
[°(x)

L
n

fix,) = f(x,) =
1 2 n

(I-41-c)

~x

SEEN 25 {T=41-5)

A x

h

A RRCEI Y F. (T-41-e)

The first order solution to the intesral is given by (I-37)' with the aid of
(7-430Y and (I-41-a, ..., e) as follows

-
. -{n + jik 2m)
e.’"ﬂ. (1 -e Cal

(In)first = (1-42)

5
fe: :
order L J,'kca)‘2

To obtain the sncond order ter~ (i.e., that iavolviny £'(x%)), we calzulate

the iollowin quantities

’ -Nn
frs X) mrr ( I-l‘3-5)

MU
R A B .1_‘-2.&!:.03 v

o]

3 fo
i~y

sin” x| (1-43-1)
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1-16

A(x) = _JLE.'?&M {l + é%e'cos x -M)-;—sinz x] (1-43-¢)
: P k

1 et o o
£ (xl) = = (xz) ik rve (1-£2-d)
"
we. " jt-08°.
O"(x)) = 6"(xy) = J?T (1-43-e)
\""'(xl) = Q\m(xz) = 0 (1-43-£)

Substituting (I-40) and (I-43-a, ..., f) into (1-37)' and adding the first

order solution (I-42) the integral to second order is jiven approximately by

. D
-(a + Jkkca)&za)

(1) ~ ejkn'(l - n
n’first and - n CEELARY]
second n ca
order terms
n i© 3(i'p)? N
1 - 2 [1 . : - (1-44)

n(e + j::':ca)zf. e + jk’:‘<ca)"l_2—"

‘ore nartie)l integration steps would leed to terms with increasin~ly
1
N
1 . .
unitr and }_approaches -3 2 distance fron the cable decrz~ses, ‘lence

hirher orfer veriation with = end the ratio (i). The latter rotio approaches

clese tn the cadle, we would ohtain a snries in increasin~ powers of the

reciprocal heisht of the observation noint.
v
L

‘e note that the (actor is nresent in this solution. This is irper-
tant in supporting the argument that the fields near the cable are very close
to those that would be ohtained fror only those slots nearast to thc ohssrvatinn

coint,

A AR P
e T e A
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' ) Anpendix I7J

Details on Approaches '!'sin Plane-''ave Snectral Peoresentation of Fields

In the original oroject, the planc-wave spectral representation of each
field comnonent (See ef. 1, Sections 3 and 4 and Appendices II and III)
l nr a valid apnroximation tn it, was needed for two purposes:
(a) To determine tre ground reflected fields, based on the assumption

of a slane wave incident on the around surface

-~
wr
—

in order tn validly usec the Tarber scattering progran (Pef. 1,
R Sectinn 7) which assumes plane waves incident on the scatterer.
The theory behind the transformation betuveen position space (x, y, =

or P, %, z coordinates) and "plane-wave spectrum” snace (the space of the

—

ave vector , whese v, y and z coordinates are ’sx. 'Sy, Ez’ vhere ’:‘~z - % \/1 - ’53 - ’;"2
i3 aiven in Toferance 1, fppendin II. Tf _‘i(x. ¥y, 2z} is a voctor function of
rectannular coordinates (x, ', 2), thea fron Fq., (II-3) in Appendix II of
"ef. 1, with some notational changes, we have the inverse Fourier transforn
of l’fx, vy 7) in terns of the nlana-tave spectrur for upward and dowaward

2

~N ~ A
aropanatinn waves "J}h) and ¥ (1h) respectively, vhere 3 " = 3 1 + Zv e @S

follovs:

AT NI DR ._‘. - e
.\.\.} \.-;': .'x;')n bW, YL \. *-.'..\. S s‘&‘ s‘ -."c;
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The inversion of (II-1) to detcr-\inc«’*(f‘h) in terrs of Y(x, v, z) results

in Tas. (II-5-1, h) of Ref, 1, azain uwith notational changes

- .

Jsn 0 (L 1 e )
)[ dx dy e (lpzl NENE PR IER- B S C NN 0)}

-3
11-2)
r9y(x, v, zh
. V'iix, v, 0) =
vaere 3 X, ¥ L 3z Jz-o
2 = 3x+dy

"'e will use (1I-2) where Y(x, v, 2) is the electric field vector i(x, ¥, 2)
vhnse x, », 2z comnonents for 2 single slot are 7iven by (2,3-a, b, ¢) or
(2.1%~a, b, ¢). The diiferentiation .ith respect to z gives nonzero values
orly for ~-dependent factors in t-> terms of these equations. 'n the i and

BN

y corporents, the factors that arc z-cesendent are all of the forn L )
™

wheren =1, 2 or 2,
“"he z-cornonant of the =lectric field can be chtained fron the x ~nd

y cormponents throunh the diversence enuation

V.: = 0 (11-3)

vhich, {or each point in the plane wave spectril snace (i.e., t1e sntace of

) takes the forn

3B G+ 0G0 = 12,10 G0, - (11-4)

v

Tq. (TI=%) can he solved for ?", if |~7; 9, i.e.,

(29, = & | 1 (5 )], cos 4 + % )), sin *\.] 11=5)
oo PN x +n’ % DT by 4nls ) N

valil i7 40
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de’errir; the question of what hanpans if jz = (, we will nroceed to

~ ~
forrudate 2xnressions for 7 and T’,y.

o
eJL“

To acenmnlish this, we must find the z-derivatives of , easily deter-

mined as

TR it
2 (e = (,»v.\""‘z _S.L 1 - ) dklz = 5" (11-8)
3z { on S (52" %) jiP N
at 7 =, (T7-6) becones
[—?—[” ]] -~ 0™ I -
s7 U s e (k2 M rgup gl
(o o
(11-3)"

b el
vanre ‘c = l/gt + 0 - 28p cos “°
Vsiny (IT=0)' in the differentiation of (2.2-a, L) with respect to z at

~ ~n
2 = % results in toe followin~. expressions for E‘( and ‘.‘.v for upward or doun-

vari oraoasaties nlene wavess

L . (s AR 40 R
—i = (31) (~jb')yC e © 2

[ 3 3 1

[ .
----- (9 cos A4 - jte cos ~')L( - +
l - aen 33 N §1-7 S_J
( ik -.o) (@15 o) (JA..O)
-
+ %! stn — - ——-l-73] (TT=7=2)
¢ RN
3, A “(x = 0 s £ 3
32! = ()] f-ikh') e €2 PR S
- l’f-’ 33304 - {hdsin ~')f L 5 - 3 i 3 z |
L3007 Rt e )
1 - -
P - ﬁ'c"’ cos 4 ! - 1 ] (TT-7-%)

) E1
=) ’.J!:.o)—
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'le will now combire (II-7-a, bt) with (2.5-a, b) or (2.10-a, b) to forn

the integrands of the expressions {1I-2) where the vectors Y and Y in (11-2)

are the electric field vector % due to the slot at #' = » + 7' and its plane

-+

wave spectrun f respectively.

&~

([g'x(‘zh)lﬁ),/' = ch € J‘: ‘o0 I

4n

e

f(jkp cos 4
(IR )

-la + jk‘l‘:ca)ﬂ(n + 9')(

2n

8]

(GBI

N 3
" eJ!.[JO Bh p co

~,

< sin 4
Q

[}

S ocos AN'H ] F b

(o ~ bq)]

"]

" .
2! sin 9')
co

+ L [(jkp cos » - B cos n")(= |2 ] £ %" %' sin 0"}
(yr )’ z ca
o
+ :-I—L [(j%p cos o - jReos ')z 3§ )
1 nd
.)..\O)
+ —L— ((j#p cos 5 - juReos 2)(F 2 jiv")) (11-2-2)
Ll
(3k2))
A 2n k(. - 3, 0 cos (& - ~))
=k . n h 8
H 2 o= - 102 [ 16 e
¥ ( W) P 2 i
e-(! + 3 ,ce)d_(\ 3 (- |"\-' con 1
IYEUS Palt R
‘(j"o) ' “ca
1 - . . tyln et X3
+ s [(i% sin 4 - ji® . sin o )| 'z' 2§ ep 0% 0
(j"R Y
»
+ —3'1 fljko sin & = 7@ sin <"Y= 7 | 3 0 R cge 21
‘(jv,.-) o ’ ce T :
LI
+ —1—-: 0 sia - ioaia 4T L Y]
()
‘.»_‘.-_','\':_ .. ._-\' AR <\ o b'-‘.l > )..-.‘ - '.\_‘. O SR ‘, J - -'\..A'. i
RN A, P '-’_“~‘-'_;_.‘A R 3'\; A 3" !;)A;lh e W% ") ‘.Jni




s e o < AR Batoy T _ . " » AR e o
|
F TI-%
. B 1 = [(iko sin * - juk sin AYE S j"b')]) (I1-3-h)
' SENE
‘ . °
| .
. ~o easure the walidity of (J7-2-3, b), it is necessarr that it be consic~
. tene rith (17-3) and (2.7-¢) or (2.12-c), TIf we were to calculate tic plane-
~ava spectrur of ‘".? throush f2.6-c) or (2,10-c) ant the z-corronert nf Ta.
i (17-2), the result ~ust be the sane as that obtained by anplvins (TI-3) to
the result~ (71-8-1, kY, “he latter operation yields
4 2n i[p - 3. pcos (O -5 )]
o =~ - h 37
(% g = g [ wn [ e O :
) - [ g In
T+13
z
t
(2 + j!/f\'c"wa + 2 (1 R
a < —— (37 i A - A
2 TS [+ iy Th Sin ( .,),]
o
1 " i1 = . ~|,£3 (;l ( \
+ 5 [+ (jkp i, cos (v =9n,) - &3 cos (5 = L)Y+
(v )7 : - h
o
i .
N A
. oo B osin (AT = 043
- 3.0 Tea i
. 7
: r L g, cos (A - %)) < #RE, cos (A = p)E 1+ 1)
PRI : 3) = Ky, o8 EXRACI I
(1"R,) z
|
. : “h g, : '
- JRTH A A
) ik T'_;rﬁca sin ( iy
n'?
- ] -’ n ‘h - Y 1 U 4 Al
s 1= (3§ T cos (B - 09 - et ens T = he )]
) iyt g 3 N
- b
) .
. ] 1 P ( N 1% cos (' = b ),}
w— "+ O jk=T Y itp cos (& - *,) - jk&cos -
NI = ' ‘
o0 (FT-C=c)
The direct route to *he verticel co~soneat of the ~lane-uzve spoctrun
[ AP tha Ciaid, thronah (IT-2Y, fran (1.0-e) ity the 1id of (IT=0)', rinlde
]
:.i' st o .;.,:‘t‘-‘-,;‘_‘-‘"‘.::;-.A}_l._:{- A . 5 K . . .-_.."._-". ..' SRR,

S Tl S
.
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AT Sl

- . . . » e -
R IR
1 PRSP i e Yol 1 |

PP M !
i
. Al
R

U Bt B

. v .

o
Sl ol




P P P T o o o W P P Oy T Y T ST

I1-6

¢ 27 ki - 35 cos (5 = A1
-} . 3
(7 (30 e = fn g [ ase 0T h )
S ) o o
1+ (7

e
+ 1 3 fa
(jkr))
+ L (jk)3 (H')zl) (17-9)
ey’ !
0

The quantities '["?z(s‘r)]v whether calculatad from (TI-3-¢) or (I1-9)
must Se exactly equivalent. Of course, fro~ a aractiecal vieupoirt, the most

N ~ ~n o~/ .
efficjent wvay to obtain T 1s to co-pate I and ;y fron ‘YI-"wn, b} nd

: 5 . ~
ten conpute‘?z from (TI-3). The only reason one ~ight cornute ‘7 fron (T1-0)

is for chec!:ing nurposes,
.

Carryirc asut the intenrations around the casle slote i {71-8-g, b, ¢)

and invo':ina (2,17-a, %, c¢) and the enprozin-tion(2.13), ue obtair

N ENY 7 r ! [”r 4 -JulT, 2 cos (o=t -k &
?‘::}‘.‘.‘kl"z 0(.90}” - € -
2 1+]% 1 h

' 4 2 ST ? ] (7Ton
e [511*b312+c:13 ey s (F1-17)
2 1 ? 3 -
<there
[} '
= —_z_?' sin
a, it ca §
1l . , -

= rn - I ras ¢ N gip AT

LN (i) fto - d) lge 05 N K ca ST

c. = -—l-.-.- - cos A (=, 1 F gy s '!\:'_ ein 7
x z s -

(i)
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d a % 1
(i)

3 (3" (0 - Q) cos ¢}

1 L4
e, = r—3 [3b' (p =2) cos &)

—~
[
~

h,o= (—J];—)- [ =8) I3,] sin > £ b’ Qéa cos *)

- - .
€. = ——= [{(c-Q) sir 2 (= |2 ] F ") 1" %' cos &1
. Z PLE ca

Yom Ee—=— %" /0 o) sin

(i

I = [3h' (7 - @) sin »]
’ (k)"

O3]
1, - :,3—’\»,‘ sin (5 5 %)

2.

1 - . T :
h, = TW‘_F" [-zl P =) cos (5 =24) ¢ ‘.;(':a sin (")-Cts)}

c, = e 10 =) cos ( N‘)(: i+ kY ) - b ‘eq SiP (5 ('3)1
b ;
d = ——=—— 134" (5 - Q) cos5 7% - 6.V}
z 2,y 3
RS A
e

e = ———— 35" (7 - &) cos (+ - )

anc vhare
27 IR O LSRN S " oL
? . ( "G'LCJ o J'w 2 )
r I SN
. o
thare
- S
o= P+~ 23R cos 3"
A serious 2tteant s male te carry out the double inte-rations indicated
. in "IT-%=a, 5, ), Hoth “r approzimate analytical rmetinds and arnerical nethods

{siuc™ n5 the etiwl uead (a0 fatearation aresnd the cadle, “iscvssed in Apnendit

‘ection 1-7).
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N A . ,
Ly Cince the In's are independent of ¢, and the remainder of the awmlituc2
e of the intearand varies slowly with », the integratior on ’ annears to be
> very easy. Stattonary phase nethods were considered, but it was found that
the stationary phase points, ~iven by
T @
in (4 - & =2 (11-11)
sin (b = 8,) 2 - —— 11~
2 e
do rot exist because the 'S of (II-11) exceeds unity over a siarificant
nortion of the intejration rezion.® The other anproxination rethor discussad
- in *nnencix T, 3ection T, applicable in cases where station:ry naes2 soints
Nk,

' don't a2xist, was also considered, Tinallv, the » integrations vere actually

N carried out usinn the very nccurate nurerical nethod discussed in ‘snendix

1, Sa2ctior &, Pevavar, when the interration on N wns attearta2 ty nurarical

methods, it ‘:as fovrnd that coverzie of the rezion near the cale (the most
irnortant contribution to the inteiral) recuired a prohibitive a~mount of

connuter tirme and that apnrosch was ahandnned.” At that %oint, »n aaprexinate

approach t1s consi‘ered wherz2in the field comnononts are ~iven by {2,7-a,

%, ¢) onlv within a renion that contaiis the scotterer volune and vanish

outside that recinn, This nicht he 2 savisfactory approach becausn thz scatterer
2. in free spacc only responrds to the fields irpinzing upon it 2nd the scatterine

is indejendeat o” the Zields in the surrounding regions, Of course, the plsne

s uive snrectrunt obtainad b tais techniruc voul' he difarant from that ohta‘net
hy intearatin~ (17-19) over ail space (e.~., ttare would k2 si~-nificant

A
R k.4 3.9
- =

T2 orlar for & stationary nhase JIniat to erist, n :mild have ta arces’ em—

-t h
Sinc2 tye larrest J9csihle value of :H ic 1, that veuld and analy Iar sointe

f:r outside the cavle,

XAy

¥
Pl 3 §

2
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. NS
contributions from a3 larner portion of 3-space), ‘lowever, whan the inverse C}\:;
. S
Fourier transformation is nerforned, the recovered field comnonerts should
be approxinately the same as those obtained ehrouﬁh integration of (17-1)) .
over all position space. .
The numerical inplementation of this method is very simnle. It amounts
@ n [oo = T
to replaciny the doutle intepration J apo I 44 in (II-10) hy } &k cpp 5 ]
Is) -4 R
0 - r“o L.
L A R
. o 2 ) . . X '
. f, i 44, where (Oo. Oo) is the center of the integration volume, ip 'j
. o 2 - ‘J

tne vidth of that integration volunme in p-space and 49 thie width in  A-snace.
"he abnve apnroech was not actually innle~ented. Althoush it would

have been ideal to attain the plane-wave spectral field connnnents 5y actually

corrying out the integrations in (II-8-z, b, c) there vas insufficient tine

ani resources to do justice to that anoroach. It uas then decide’ to ado:

an annroach t-at wes also used in the orininal nroject ané which circunvents

the ne2d for the doudble integratien in (IT-10). That annroach is based on

- the relationship (III-1) in Reference 1 derived in Apaendix TITof Ref. 1

an rescated helow with snall nntational rnodifications.

o an (27 w r %R cos &,
- oI J}-‘TP){ ddB ! 15, sin 7, ll + cos G),.) + +J *
i " ln Do t R

1I-12)
vhere theinteqrotion over the 3nerical anglés (QC' ﬁg) covars all nosnidble
directinns ol the B-vector,

o Ta. (11-17}) 12 adented to *hw analvais §n this studs by firsr notine

that

cos V. a  — (Ti-15-n)
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- 11-10 .
N jh fﬂ 2w [1 .
d¢, 49, sin €, = J 43, 45 9 (1¥=13=b)
o “lg 3 3 o ¢ g h 'h
[’
S Using (I1-13-a, b) in (II-12), ve obtain the latter in the form .
, 2 1 #3.3 T
! B 1 I f 4 f i.(D 4 AP TES -1 i
:\ e y o d‘*.3 Jo 40y, 3!1 1+ 52+ Z.3)] e (11-14) R
1 L
or equivalently, in order to scparate out "upward" and "downward® sropa-ating e
waves )
. 2n 1 kB, (5 = @) cos (4 - 4.) :
P T‘:J cc,[ ae, 5 e O S,
-+ n 3 0 o M
w|5_[(z - b*)
S . . -
[e {1+ k" + 37.0)]
-3k[8,i¢z - 5") .
+n - {1+ g .;!]
there =~ .-
;,. - ’;‘ 304 3 '-,y +2 |fz:! = 7 (Fcos 4 Tstan) + 3 !-321 ;:'_:'::.j
%
- 3 . . A a, el
s = 3B+ 3 -3., -2 |3z| = Oy (5 cos G+ gsin n) -3 ! 'z! e

The arocedurs based on the use of (II-14) bepins by assuning a "local

DA
is.l‘. A
S

nlan2 uave spectrui.” "y "local," we meza that the planc-iave spactral field
conronents, vwhich are indeperdert of position coordinatas, are apnraoxinated
at 2 peint in nsosition space by the actual fisld comnonents (2,17-a, 3, c)

cultislied by a particular factor. That factor is

ol 1
1 —§:R(0) c-j<§ £'1D)

) = [1+ k(R(C) + g."-'.g(o))] c (71-13)

vhere 2(7) = 1istancs hetween observation point and the nearest cahle slot =
/(;: - &)2 + (2 - ‘)')2 and £'(0) = positior of mearest catle siot = g(ﬂ cos 4) .

*» t
+ 30 sir A) + zb',

SRR A SR '."'.-.'.“'-'.‘-'\'. g
e e e e Y e
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Thre lonic behind this approach 1s explained below, The field components
fron an individual slot, as given by (2.8-a, b, c), all contain the factor
ejkr, vhere P is the distance hetveen that slot and the observation point.
The quantity ojkn is then expressed as a sunernosition of nlanc-wave spectra
throagh “q. (7I-14). In the oriqinal project, this was done for each slot

and then the intesration over the slots vas carried out for the "local™ spectral

N
field, w!er~ the factor eI vas renlaced by

33

= [1 4 f.g)] e
The intecration was then accomplished by aporoxinate nethoés (PeZ. 1, Sections
3 and & in Anpendix ITI).

In the present project,the integration over the cahle was done for the
actral fields as functions of position coordinates, not for their nlanc-wave
spectra. Therefore, havinc acconplished that intesration and obtained tha
field comnonents from the entire cable =t a point in space, we would li'ie
ro irnlenent the "local nlane vave saactrum" nodel besed on these results
(4,2, hased on Tas, (2.29-a, b, ¢) rather thzn (2.C-a, b, ¢)). ‘owcver,
the detorrert to that 13 the fact that the factors e-fwt have disanpesred

odic®

in the orocess of integratins around the cable, "he factors =

in (2.3-
R

a, b, ¢) or (2,10-a, b, ¢) have been replaced hy In in (2.19-a, b, c)).

I T“ is evaluated by the partial integration netho¢ indicatad in Section

§'e
T-7 af MAinendix T, the factor cJ"(O) appears in In. “ovever, since the
more accurate nunerical intenretion technique discussed in Section I-C of
1IN

Appen<i: I +as actuallv used tc obtain In. the factor eJ“‘(') is not exnlizitly

indicated but we know* that In could be written in the form

% The results using the pactial intenration method wore coranred with those
from th2 numerical technique anc the anrcenent was nearly perfect.
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11-12 -

I S L ) (11-15) ,

n n
A field component as given Yy (2.19-a), (2.19-b) or (2.19-c) could be

vritten (throuzh (II-16) and (TI-14) in the forn

3 3,
" - J*R(0)
fp = 151, L.Zx 1) e
n 1 k3.
I de, I @, L, e ‘1?‘:'(;, D (17-17)
o "o

where
3 a 'J‘!'E';'(O) N
‘-',-'(.3. I = Zl; I T In e ‘—l + $H:(7(0) -~ ;.;(0))J
nel M7 r
p 0 .
3 -J"-h"-.! ('\) ] -0
i = [‘61_1 !‘.(_v;) ) [' = 3(T(0) + ;.;(C'n}—l) . (03
The field comnonent E‘{j. X)» 3 fnunction of “oth § and th> ohscrvation
é point vector y = (p, ®, =), is internretec as the "local nlone vave spestran”
¢ of I(g) and is obteined Dy multiplyinp the actuel N/f) by the factor
- 1 _j'_.:l(o) 'jkrvsl(n)
: i (1 + 320N + 3.2(0))]e """ e as indicated in (77-15),
This method was used and a aunber of computetinns -vere nerformed tith
;: it includin~ production runs for scotterzd fields. Tae results were jud-ed
:- to e unzatisfactory nrd eventuallr it was abendoned an- renlaced hythe —ethod
described in Tection 4 in the main Sy of this renort.

One of the mnjor deficizncies of the nethar is as ‘follove. “hile {t
nroduces a spectrur of "slane vaves,” i,e,, waves 'dt) the plane wave Jronans-
hEFT 4
tion factor - , there wavas are not recessarily tronsverce, The method
deseriner in Tection &4, on uhic™ our nurorical rasvits zre based, dons produce

aa annroxination to the tru2 Field zt the scattorer thet res. s n TU!

wave,

> - - s e
e . " a"
AT AR



Apopendix TI7
Systen Paremeters

In the tahle below, the naraneters inputted into the conputer nrocra~

are liste?, wvith the alsehraic srnbol used “or cach varichle in analysis,

twe Fortran nane of the variable, its definition and the values assingned

ro it in rthe nroqran,

11=2 throurh 11-6,

nonifications nade in the nev nracra.

This material is tal:en {rom le{. 1, Section 11, Panes

Parameters associated with the cable

The orininal material has been channed to reilect the

Fortran Alqehraic
lane Syndol Jdefinition Valie
2 ﬁ "adius of cable 24
configuration in  /aoproxination
reters based on circun-
frrence of 151
reters)
A a inner radius of .W475
coaxial caole
neters
E b Nuter radius of 0127
coavial cable-
neters
Vot L Slot lennth (alon; .003
- cahle); sare far all
slots-meters
iieh ' Slot width (eround .J155
~ cable); sa~e “or all
slots-neters
F E R oRY € Permittivity of 1.7¢, =
cn 4]

cabla naterial -
farads/noter

12
15.05 (12 °7)
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“nrtran Alaebraic
lame Symbol

lefinition Valua

(o8 faat)
SITHACA O

Conductivity of n
cable material -
nhos/meter

HIPAR "o

Aziruthal angle 9
alonn the cable

of Slot #l. (The

slot nearest the

power sonurce) in

around frame

At = An

Lo 0

An~le of slot
center arount
periphery of
cable

o2

sttenuation ol 002
TZ! node-neners/
neter

“adio frequency 57(177) =
in fiertz 37 ‘Mz

Voltane hetvacn 1
inner and outer
conductors of

coaxial cable-

usec in arnlitude

of TE -~ocde-volts.
Parareters associated
with the aroun+

(%]

Permjittivity of 13,4
sround-Ffarats/ = 4
reter

Srouns conrfuce 40122
Ltivity-~hos/qeter
Darcmeters aseac-

ivted with the

Srometry

x-conrdinate o’
antenna=—otars “anconna at

contar af circvl-r
conii~vearior)

W P e T W

—




‘vv’_—:v ':v '--v_-> .---_“ Pt B ke o} _-A'_‘I‘ _" "' _" _" .‘ > o oy * ~ . -
‘e
Ar IT1-3
Tortrar Alnnhraic
‘ane Syrho) Definition Yalye
yan Y y-coordinate of 0
: antenna-neters (same remar':s
g as above)
- 7:P z, z-coordinate of 0.5
= ' antenna-neters
' o B," ‘lagnitude of (x-y) Varied fron
d : plare projection 0tol
" of 3
. i.e. + %?
7
) .
- PrI™ 3. Azinuthal angle Veried froa N°
of (z-y) plane to 350°
. nrojection of i ,
.-
]
! fix
P.' N
e
Farameters #ssociated with the Scatterer
- Fortran Alpebraic
- ‘are Symbol Pefirition Values
e Xq w=-cooriinate Varied fror case
s : of scatterar to case
- centar-neters
. ven Yo y-coordinate Varied
2N - of scatterer
- center-neters
S Zg z~cooriinate ariad
oi scatterer
center-neters
:
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K 1II-4
r Fortran “lgebraic
' lame Symbol Definition Yalue
TR 35 Spherical polar Varjed:
anzle of long
axis of nrolate 0 Jor "unriqht
spheroidal nan" cases;
scatterer "
: (in aroand-frane) 7 for "craulin~
l man" cases
pus. ‘y Azinuthal anqle Varind
of long axis of
scatterer (in
ground-franc)
»
=11
‘ s €, Pernittivity of 4.3,7C72(10 1') -
: = scatterer raterial- 46.2€G
farads/neter
hosed on
“eference N,1€
SINTAS o, Condurtivitr of 0,307
N scatterer raterizl-
mhos/neter hased on
“eference 47
bl 2 + 2 t{el  Varioed
- A .
. 2 L Xg + ¥, = rlie arie
i (connuted coordinate n’
I variahle scatterer conter
in 2round frane
.. -1 {¥s) s
PIS g tan %) = azimuth ‘aried
: s
i (coputed ancle of scatterer
- variable) center in fround fra<e
)
ns "e Radius of nrolate 0.2
: spheroidal
scatterer--etors
s ns Lenat’y of orolate 2.0

snireroi“al
scatterer-raters
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§ MISSION (8
of :

Rome Avr Development Center

RADC plans and executes tesearch, devetopment, test and
seected acquisition programs <in dupport o4 Command, Cont: l

L velllance of ground and aerospace cbjects, (ntelligence data

Q)
Communications and Intelligence (C31) activities. Technical
and engineering support within areas of technical _ompetence ‘
L8 provided to ESD Program Of4ices (POs) and other ESD
elements. The prinedpal technical mission areas are
communications, elfectremagnetic guidance and control, sun-
b collection and nandling, infonmation System technology,
R solid state sciences, electrcmagnetics and electronie
3 reliability, maintainability and compatibility. 3
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