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ABSTRACT

The concept of target identification through its back
scattering cross section, in the resonance region was inves-
tigated. Measurements from the broadside aspect angle of
several scaled tubular cylinders have been used for this
purpose.The experimental results and theoretical approxima-
tion for scme of the cylinders are presented. That data will

serve as the baseline for further investigation in this

project.
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[ I. INTRODUCTION

Target identification is desirable if different actions
are to be taken toward different targets. Today when
missiles can be sent 1long before a target comes within
visual range, there is a need of identify target by some
means other then visual.

. The use of radar provides a greater rahge for target
; detection. Radars have the ability to detect the presehce of
¥ a target, and to obtain information about target position,
speed and acceleration. A trained operator can identify the
kind of target infront of him by the size of the spot on the
3 screen and from the direction such a target is approaching,
but he may not always be correct.
m>)Detection by a radar is done by detecting the back scat-
tered electromagnetic signal returned from a target. The
b back scattered signal originates from the surface currents
i excited on the object when it is irradiated by an incident
electromagnetic wave. Different targets have different outer
. surface that cause different surface currents to flow on the
target when identical incident waves are irradiating the
targets. ’*f¥~“;3 — 4 )
N Assume the presence of a continuous incident electromag-
-. netic wave.The incident wave keeps impinging on the target
and excites new surface current which add vectorally to the
- existing ones. The total surface current, and therefore the
.. back scattered signal are functions of the target shape and
the wavelength of the incident wave.

Assuming a uniform plane incident wave,the back scat-
tering cross section of a target is a quantitative measure
of the ratio of power density in the vector signal scattered

in the direction of the receiver to the power density of the
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electromagnetic wave incident upon the target [Ref. 1], The

back scattering cross section of a target as a function of
the wavelength or the frequency of the incident wave can be
used as a working tool for target identification

One approach to this problem, is by looking into the
Rayleigh region [Ref. 2], where the frequency rangs from
zero up to a wavelength about half the 1linear dimension of
the target. A different approach is to study the scattering
of a target in the resonance region where its cross section
varies rapidly with frequency, and is a critical function of
the shape of the target [Ref. 3]. Even though some reso-
nances may not be observable at some particular target
aspect angles. The advantages of using the resonance region
are that the scattered fields of interests are stronger and
thus are easier to be detected. Because the resonance
frequencies depend critically on target shapes, and because
there are only a finite number of targets of interest only a
few resonances will be needed before a target can be
identified.

This thesis is part of an ongoing project at the Naval
Postgraduate School on target identification. It studies the
broadside scattering of a tubular cylinder of finite length,
made of very thin brass walls. The targets used in this
research were a set of tubular circular c¢ylinders with
different 1lengthes and diameters. This shape has been
chosen because of its resemblance to a missile body and
because its theoretical solution is available. This work
should serve as the basis for further efforts in developing
a target identification scheme employing the frequency
dependence of the back scattered field from a target in the
resonance region. The effects of adding fins to the cylin-
ders will be investigated next and will 1lead to the last
step where models of real targets will be identify through
this scheme.

10
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Chapter II describes the general approach to the solu-
tion of the back scattering cross section problem. The exact
solution for the scattering by a perfectly conducting
tubular cylinder having very thin walls from the broadside
aspect angle is presented. Chapter III contains the experi-

mental setup at the Naval Postgraduate School, the measure-

ment procedure and the experimental data. Chapter 1V
presents data analysis of the results as well as comparison
between theoretical data obtained from the solution shown in
Chapter I1I. Because this was the first time frequency depen-
dence of the cross section of tubular cylinder was ever
tested at the resonance region, the results are very
surprising and can be used to direct further efforts in this
project. Chapter V contains a summary of the result, the

problems encountered and areas of future work.

11




II. ANALYTICAL SOLUTION FOR SCATTERING PROBLEM

A. GENERAL APPROACH TO SCATTERING PROBLEM

A parameter that defines the scattering efficiency of a
target was sought in the earliest days of radar. This param-
eter when refers to the equivalent isotropic reflector is
called cross section and denoted by the symbol 5. The theo-
retical definition of back scattering cross section is given
by 2.1

c=4nr’1im|Es/Ei|2 (2.1)
r oo

Where E,-Magnitude of electric-field component of incident
electromagnetic (EM) field at the target.
"Eg-Magnitude of electric-field component of
scattered EM field as measured by a hypothetical
observer
r-Distance from target to the hypothetical observer

In this definition the incident and scattered fields are
introduced. The incident field means the field maintained
by the oscillating charges and currents in the driving or
primary antenna constitutes the source. When the target is
irradiated with an incident EM wave, surface current is
excited on the target. This surface current will radiate and
generate the scattered field. The configuration of a scat-
tering problem is shown in Figure 2.1

The limiting process is introduced to assure that the
distance at which the hypothetical observation is made is

12
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Figure 2.1 Configuration of a Scattering Problem

far enough from the target so that only the R ™ dependent
term of the scattered field is retained. Under the free-

space conditions assumed here, the ratio |E;/E;|? is the

Ei; same as the ratio of the power flux density of the scattered
?fi waves at the observer to that of the incident wave at the
‘ target.

‘zf, The incident field is not independent of the presence of

the target because of the coupling between the currents and
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charges in the source and the currents and charges on the
target. To simplify the problem, it is usually assumed that
the source is separated from the target by a large distance
and thus the incident field is independent of the presence
of the tarpget.

Ideally, one would compute the radar cross section of a
target through the formal solution of Maxwell equations
under the boundary conditions appropriate to the body. The
integral equation formulation shows that electromagnetic
scattering of an incident wave by an arbitrary body can be
described in terms of an integral of various vector products
involving the surface electric and magnetic fields on the
target. The Chu-Stratton integral [Ref. 4 p. 464] is conven-
ient for this purpose. This integral is an exact representa-
tion of the scattered electromagnetic field in terms of an
integration over a complete surface enclosing the body in
question. In particular, if there is available knowledge of
the total distribution of electric and magnetic fields about
the body (or what is equivalent, surface currents), inser-
tion of these wvalues in the Chu-Stratton integral would
permit the immediate evaluation of the scattered fields.
Approximate numerical solutions of such integral equations
require the use of high speed digital computers to estimate
surface currents flowing on the body. Because of the limita-
tion of computation time and storage capacity, this method
is applicable only when the dimensions of the target do not
exceed a very few wavelengths.

Exact solutions for the scattering problem are rare. For
many practical problems, only approximate solutions are
obtainable. Aside from different numerical schemes, asymp-
totic techniques are also used when the target dimensions
are much larger than the wavelength. It 1is called geome-
trical diffraction theory and it combines the simplicity
inherent in the ray optics with the necessary consideration

14
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- of wavelengths and phases. This method uses the concept of
: scattering centers and localizes them at the points of
. surface discontinuity in the belief that specular diffrac-
tions occur only at these discontinuities with contributions
from surface regions a few wavelength within these points.
Each center is assigned a magnitude and a phase based upon
asymptotic expansion of the exact solution of a two dimen-
sional case of a plane geometry. By concentrating on scat-
tering centers, it is possible to predict the polarization
of the signal reradiated from each center and so to preserve
polarization dependence in computed result. It is also
possible to predict the dependence of radar scattering upon
bistatic angle, but this approach cannot include resonances
of the target.

B. SCATTERING BY A TUBULAR CYLINDER

Electromagnetic scattering from an infinite cylinder is
a two dimensional problem. Its solution has been established
for decades. For finite cylinders, Storer [Ref. 5] deals
with the case of long thin cylinder (a wire) and Kennedy
[Ref. 6] with a short thick cylinder (a disc). In practical
applications the finite structures are the cases of
interest.

The geometric diffraction theory has been used by Ross
[Ref. 7] to <calculate the EM scattering from a finite
cylinder where the cylinder was 25\ long and 5\ in diameter.
This approach can only deal with problems near the optical
region. When dealing with problems in the resonance region
the complete Maxwell equatinns have to be used. One approach
to setup the boundary value problem is by using the
Chu-Stratton integral to formulate an integrodifferential
equation.

15




The solution that will be shown in this chapter is for
circular tubular cylinder having very thin walls. Cylinder

with those specifications were tested in the Scattering
Laboratory at the Naval Postgraduate School and the measure-
ment data as shown in Chapter III was used to compare with
this theory.

The finite cylinder is assumed to be an infinitesimally
thin walled, perfectly conducting circular tube of radius
"a" and length "2h". 1Its center is located at the origin of

the cartesian coordinates (x,y,z); its axis coincides with
the z axis of the coordinates, so that the length extends
from z=-h to z=+h; Figure 2.2 . To simplify the equations,

the scaled cylindrical coordinates (p,¢,z) have been used
(Figure 2.3 ) in which the cylinder length extends from z=-1
to z=+1 and its radius is 1.

The surface current can flow only on the perfectly
conducting surfaces when the free space case is assumed; and
because of the thin walls the total surface current can be
assumed to exist only for -1<z<+1 and p=1l. There are only
two current components: the circumferential current circles
around the cylinder in the ¢ direction while the axial
current travels along the cylinder in the z direction. Both
currents are functions of the position on the cylinder. In
terms of their Fourier coefficients the axial current
density Kz(¢,z) and the circumferential current density
K¢(¢,z) can be represented as equations 2.2 and 2.3 .

16
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Figure 2.2 Cylinder in Cartesian Coordinates

K, (¢, 2)=n=2_w1<,_n(2)exp{ ing}=

(2.2)

=n=Z:.: Kz(?l(z)cos(n¢)+ing)sin(n¢)
Where- K;Bkz)=Kzo(z) Kgg(z)=0 (2.2 a)
KX z)=K,_(2)2K, (2) nt0 (2.2 b)

17
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Figure 2.3 Cylinder in Cylindrical Coordinates

Ky (9,2)= £ Ry(z)exp(ing)= (2.3)

z=% Kﬁkz)cos(n¢)+ikgkz)sin(n¢)

Where- Ky0((2) =K 0 (2) k{(2)=0 (2.3 a)

Kyn(2)=Kypn (2) 4K (2) nt0 (2.3 b)

18
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T On the surface of the cylinder =z takes on values in the
range of -1lsz<+1 and thus we can represent z by z=cos(v)
where O<vs<y. Near the edges z=t1, the current density in 4
direction approaches (l-z’)"/z and in z direction approaches

& (1-z‘)*’r/z because of the edge conditions. This leads to the
. definitions of K& and Kﬁn in equations 2.4 and 2.5 . Kég)P
- can be defined by 2.2 a ,2.2 b ; and K *'Pby 2.3 a ,2.3 b,
'_': = P .
K _(2) (l/w)gi':gznsm[(p*l)ﬂ (2.4)
\
- : * P
K¢n(z)-(1/n51nvL£0K¢ncos(pv) (2.5)

The surface current that described here in terms of Eﬁ

ffi 2.4 and Kgn in 2.5 is the sum of the inside and outside
:ﬁj surface currents. The inside surface current 1is on p=1"
’;£' while the outside surface current is on p=1%*. The radiations
yman . due to these currents together with the incident electric

field E; should satisfy the boundary conditions of Maxwell's
theory. For a tubular cylinder in a medium with homogeneous,
isotropic permittivity ¢ and permeability u the relations

' among the tangential components of the electric fields and
- the surface current can be written as 2.6 , 2.7 , 2.8 and
o 2.9 [Ref. 8].

33 2y
o (1%2- 622)_fldzokzn(zo)Gn(ll|z-z0| y1,) (2.6)

< 1
- . !

- *inf— s ! dzOK¢n(zo)Gn(ll|z-zol,12)=
- 172 1

® . s

g =-(21/1;1, %5 )EZ , (2)

'.-
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1
lfdzol(dm(zo){l/Z{Gn_l(lllz-zol,12) (2.7)

2
+cn+l(11|z—zo|,12)1-—§§cn(111z-z01,12)>

1
+(in/111) % [dzoK,,(20)6,(1 [z 24],1,)

=-(21/1,1324)ES, (2)

E5n(2)+EL (2)=0 ~l<z<sl (2.8)

Egn (2)+E5, (2)=0 -1l<z<+l (2.9)
Where: 1;=kh=27h/2
1,=ka=2wa/\
to= (n/e) ¥t
Gn(].llZ‘Zol ,12)=
q . »
cnf_ (d¢/2n)exp[-in(s-04)16[1,|z-2,| 215 1sin(¢-4,)/2]]

G(xy,%;)=(expi(x+x3)V2]}/ (x2+x3) V2

20
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Equations 2.6 and 2.7 can be obtained from the
Stratton-Chu equations [Refs. 9,4 pp. 99-107,464], together
with the edge condition that Kz(4>,z)=0(l-zz)1/z as
|z] —>1.Equations 2.8 and 2.9 are boundary conditions for the

tangential electric field components on a perfectly
conducting surface.

Equation 2.6 , 2.7, 2.8 and 2.9 give the connection
between the current density on the cylinder surface and the
electric fields on the surface. For the back scattering
cross section, the far field should be obtained. Denote an
arbitrary point in the far field (p,¢,z)by the vector r and
a point on the cylinder surface by the vector r,, then in
the far field:

KIZ|=(13p2+132%)V2>>1 (2.10)

> >
klr|>>(13+13) Y22k ||

The scattered far field at point r will be 2.11 , 2.12
and 2.13 where 6 is the angle between the z axis and the

vector r.

-(21/1,1,¢4)E, (p,9,2)= (2.11)
. T
=51n‘e_idzo-ﬁ(d¢0/2ﬂ)G(f-fo)Kz(¢o,20)

1 T
-sinbcos?® {dzo f(d¢o/2n)G(?-?o)sin(¢-¢0)K¢(¢0,zo)
- -7

21




1 I - >
=-sinbcoso Ildz0 J (deg/2m)G(r-ry)K, (44,20)
- -7

1
+cos?e [dz, J(dey/2m)G(E-F,)sin(9-00)K, (95.2,)

-1 -7
'(Zi/lllzCo)E¢(p,¢,z)= (2.13)
1 T > >
=_{dzofg(d¢0/2ﬂ)G(r-ro)cos(¢-¢O)K¢(¢O,zo)

To simplify the equations, spherical coordinate would be
used; with the electric field components E (r,9,9),
Eg(r,8,¢) and E¢(rs9,¢)-

Since:
Er(r,9,¢)=Ep(o,¢,z)sin9+Ez(o,¢,z)cose (2.14)
Eg(r,8,¢)=E,(p,¢,2)cos6-E,(p,0,2)sine (2.15)

The field components in the spherical coordinate are:
(-2i/111250)Er(r,9,¢)=0 (2.16)

(-2i/1)1,%0)Eg(r,0,0)= (2.17)

=-siné {leO .}r(dfPO/ZTT)G(f-f"O)Kz(#0,20)
- -7

+cos® fdzo 2(d¢0/2ﬂ)G(f-fo)Sin(¢-®O)K®(¢O,Zo)
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(-2i/111,20)E,(r,8,9)= (2.18)
1 ” > >
:_{dzo_&(d¢o/2n)c(r-ro)cos(¢-¢O)K¢(¢o,zo)

Where G(F¥-T,) are approximated by 2.19 in the far field.

G(Z-2,)= (2.19)

=G(?)exp[-ilzsinecos(¢~¢O)]exp[-illcosezo]

G(¥)=exp[ikr]/kr

Since:
;Z(d¢/2ﬂ)cos(n¢)exp[-ilzsin8cos(¢-¢O)]=i”’Jn(lzsins)
and
_jfdz/n/TT;?)cos(pv)exp[—illcos(6)z°]=
=OP(dV/ﬂ)COS(pV)eXP[i1lCOS(B)COSV]=fp Jp(llcose)

and by using Kf ~ and Kgn from equations 2.4 and 2.5 , the

fields in the far field region can be written as equations
2.20 2.21 and 2.22

E_(r,8,0)=0 (2.20)
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[-2i/1,1,0,6(2)1E,(r,0,4)= (2.21)

='n()g=%-(n+p)[(p+1)Sine/1lcose]Jp+ﬁ11C°Se)3n(1zsine)

[K;;)%os(n¢)+iK22Psin(n¢)]

;Elngf*n+PWncose/lzsine]Jp(llcose)Jn(lzsine)

[Ké;)%os(n¢)*iK$¥psin(n¢)]

[-2i/1,1,54G(E)IE,(r,0,4)= (2.22)

-2 =, ' . - (=) . . (+)
'anéﬁo““gJP(llcose)J“(IZSlne)[ K¢n951n(n¢)+1K¢n Ros(ny)]

At this point the scattered field in the far field
region is written in terms of the Fourier series expansion
of the surface current flowing on the cylinder. To calculate
the back scattering cross section of a cylinder the incident
wave should be inspected as in equation 2.1 . With a
linearly polarized plane incident wave on the target having
unit strength and zero phase at the center of the target,
the cross section is given by squation 2.23 and the phase

shift is given by squation 2.24

o=limbrr?|E | ?

r+w

§=arg({E_exp[-ikr]}




& In the special case of broadside incidence with polari-
;i zation along the cylinder axis, which contained the 2z axis,
\ the propagation vector k is given by equation 2.25 and the

incident field on the surface of the cylinder by equation

2.26
' k=kx (2.25)
i
Ei=i-exp[ikx]=é-exp[ikacos(¢)] (2.26)
Since Ei is an even function in ¢, f;;(z)=0 and from
2.6 and 2.7 , only Ké;kz) is coupled to K;;kz). Thus w;;=0.

In the far field the back scattered field has the compo-
nents Eg and E¢ as shown on 2.27 and 2.28 and a total back
e scattered field as in 2.29

[-2i/1;1,2,G(T)]EE(r,8,9)= (2.27)

Heag

=n()gz%‘“(—l)9+l[(2p+l)sin9/11cose]

; (+),2 T Fien+l(- 1
J2p+§llcose)Jn(lzslne)Kzn Pcos(n¢)t£l pi}n+ (-1)pt

[ncose/lzsine)bp+1(11cose)Jn(lzsine)é;;2p+lcos(n@)

[-2i/1113%0G(E)]ES (r,8,9)= (2.28)
p =n§1zz%”ﬂd(-l)pJ2p+{llcos8)J;(lzsine)Kéyzp+lsin(n¢)
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o [-2i/1,1,2,G(¥)]zE,  (r,7/2,7)= (2.29)
= =+1/2 T_inJ, (1,)K%]) 0
‘:Q n=0

Using equations 2.23 and 2.24 with 2.29 ,the back scat-
SN tered cross section and the phase shift of a tubular
\ cylinder is given by 2.30 and 2.31

, R © . 2
- =lim(4nx?/ah) | [1115¢06()/-2i11/2 F 13, (1)K,

w 2
=(4ﬂr2/ahk’r2)’(1112Q/4)n£oi“Jn(12)Ké;)'1

® . ), 0|2

2| (amey 11 1p) T 179, (1)K,
-
‘ﬁ, §= (2.31)
= =arg( [exp(-ikr)G(¥)1,1,8/~2111/2 I i"J3 (1)1 %)
®)
o - i > i1 sn (+),0,
- zarg{ [exp( 1kr)G(r)/1L£01 Jn (1)K,
= zarg[ I in-hh(lz)K;:)'
» n=0
E From equation 2.30 one can see that the back scattered
- cross section of a tubular cylinder at the broadside aspect
'd angle 1is depended only on the Fourier components of the
ﬁiﬂ axial surface current along the z direction. That assumption
:x was tested against the experimental results and shown in
:3 Chapter IV,
’
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III. MEASUREMENTS

The exact solutions to the back scattering cross
sections of targets are known only for few bodies. For
almost all cases approximate solutions have to be sought.
Experimental verification 1is the only justification for a
good approximation.

The back scattering measurement facility 1in the
Scattering Laboratory of the Naval Postgraduate School is an
indoor range designed for model measurements above 2GHz. The
distance from the antennas to the target, the target itself
and the radar output wavelength are scaled down from life
size. One advantage of using the indoor range is the practi-
cability of testing models that are smaller and cheaper than

full scale targets, even though tighter specifications on

target details have to be met. This chapter deals with the
experimental setup, the targets and the measurement
procedures.
A. SET-UP

Figure 3.1 is a block diagram showing the signal flow of
the setup. Table 1 is a list of the equipment in the setup.

The frequency and output power 1level of the signal
generator HP-8672A 1is controled by an HP-85 Microcomputer.
The output RF signal from the signal generator enters an
GaAs wide band amplifier which 1is operated at saturation to
provide an output of about 23dBm. The amplified RF signal is
then passed through the directional coupler to feed the
transmitting horn antenna. The returned signal from the
scattered field of the target is collecter by the receiving

horn antenna to feed the test port of the harmonic frequency
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TABLE 1

Equipment
Microcomputer HP-85
Flexible Disk Drive HP-82901M
Plotter . HP-7225B
Synthesized Signal Generator HP-8672A
RF Amplifier Avanter SA83-2953
Dual DC Power Supply HP-6227B
Digital Multimeter HP-3466A
Directional Coupler Narda 5292
Transmitting Antenna
Receiving Antenna
Harmonic Frequency Converter HP-8411A
Network Analyzer HP-8410C
Phase Magnitude Display HP-8412B
Digital Voltmeter HP-3455A
Digital Voltmeter HP-3456A

HP Interface Bus
Coaxial Cables

converter, HP-8411A. The portion of the transmitting signal
coupled out through the directional coupler, is attenuated
to get 43dB attenuation before it is fed to the reference
port of the harmonic frequency converter. The harmonic
frequency converter and the network analyzer HP-8410C, with
the phase-magnitude display HP-8412B function as a phase
difference and magnitude ratio meter between the transmit-
ting and receiving signals. The phase difference and the
magnitude ratio are converted to volts that are measured by
the digital voltmeters HP-3456A and HP-3455A. The digital
word from the voltmeters is then transfered to the microcom-

puter for processing and then displayed on the plotter
HP-82901M.
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The antennas used in this system are identical linearly
polarized horn antennas. The scattered electric field from a

target has three components. An antenna will pick a linear
combination of the components and couple it to the receiver
through a transmission line.

The polarization of the transmitting and receiving

antennas can be represent by the matrixes shown in equations
3.1 and 3.2

(3.1)
COSYt
q:
sin(yt)exp(idt)
p=[ cosy, , siny_exp(is )] (3.2)
Where q-Unit column matrix defining the polarization

of transmitting antenna

p-Unit row matrix defining the polarization of
receiving antenna

vy-An angle which donates the orientation of
the linear polarization refered to the
horizontal plane

§-Phase angle

t-Denotes transmitting antenna

r-Denotes receiving antenna

For 1linear horizontal polarization the matrices are

given by equation 3.3 and 3.4

! (3.3)
q'[O]
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p=[1,0] | (3.4)

The target has a complex scattering matrix which 1is a
function of the geometry of the target and the frequency of
the incident wave. Assuming a uniform plane incident wave at
the target, the scattering matrix is a linear relation
between the incident electric field and the scattered far
field from the target. The Maxwell equations are linear as
long as ¢ and u are linear. This is true even if ¢ and u are
unisotropic and inhomogeneous. The scattering matrix can be

written as 3.5

— . — , (3.5)
o yuexP (leoyy ) oy XP(1pyy)
S=
/oVHexp(ipVH) Yoy exp(ioy )
Where ﬂ;-Magnitude of the scattering matrix element

p-Phase of the scattering matrix element
H-Denotes horizontal polarization
v-Denotes vertical polarization
The radar cross section of a target with scattering
matrix S and obtained by a pair of transmitting and
receiving antennas with polarization q and p respectively
will be 3.6

o =|pSq|? (3.6)
In our system, the antennas are horizontally polarized so
that:

C)':(JHH (3.7)
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The characteristics of these antennas are given 1in

Appendix A. These antennas are mounted on the wall of an
anechoic chamber in the Scattering Laboratory at the Naval
Postgraduate School. All measurements were taken inside the
chamber. The characteristics of the anechoic chamber is
given in Appendix B and it was discussed in great detail by
Mariategui [Ref. 10].

B. TARGETS

Figure 3.2 shows the orientation of the cylinder in the
anechoic chamber. The antennas-to-target distance was two
meters. The targets were a set of tubular circular cylinders
made of thin walled brass of various lengths and diameters.

Figure 3.3 shows the dimensions of the cylinders.

The back scattering cross section of a tubular cylinder
depends on the following parameters:

(1)The cylinder length (2h).

(2)The cylinder diameter (2a).

(3)The cylinder wall thickness.

(4)Azimuth aspect angle.

(5)Cylinder tilt angle.

(6)Transmitting antenna polarization.

(7)Receiving antenna polarization.

(8)Transmitter frequency (f).

In the measurements the effects of varying wall thick-
ness was neglected because it was small compared to the
wavelengths and other dimensions of the cylinders. The
polarization was always parallel to the axis of the
cylinder. The remaining three parameters were varied and
their effects on the back-scattering cross section of the
cylinder were studied. Table 2 gives the characteristics of
the targets used in this experiment.
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Front Wall Projection

‘; , Figure 3.2 Orientation of Targets in Anechoic Chamber

Dimensions of TARGET20 and TARGET21 are shown in Figure
3.4 . These targets are cylinders with four rectangular fins
having the dimensions: 0.75x0.375x0.01 inches. The axis of
the cylinder coincides with the z axis in both targets while

the fins are on the x-y axiss in TARGET20 and 45 degrees of
the axiss in TARGET21.
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Figure 3.4 The Fins Orientation
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Name

TARGET1
TARGET2
TARGET3
TARGET4
TARGETS
TARGET6
TARGET7?
TARGETS
TARGET?Y
TARGET10
TARGET11
TARGET12
TARGET13
TARGET14
TARGET15
TARGET16
TARGET17
TARGET18
TARGET19
TARGET20
TARGET21

Description

Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane
Plane

Plane

Cylinder with fins
Cylinder with fins

cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
¢cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder

TABLE 2
Targets Description

Length (2h)

in inches
2.0

2

2

2

2

2

2.
2.75
2.75
2.75
3
3
3
1
4
2
3
3
3

v \n v O O

o O

36

Diameter (2a)
in inches
.375
.5
.75
.375

.75
.375

.75
375

.75
.375

.75
.375
.75
.625
.625
.75
.75

O O O O O O O OO O o O O O O o O o o o oo
w




i: ] C. MEASUREMENT PROCEDURE
3

.ﬁ: The cross section is defined in terms of a uniform plane
= incident wave. The radiation of the antenna approximates
that of a dipole and is not a plane wave. To get a good
plane wave approximation, a distance that satisfied 3.8 ,
3.9 and 3.10 was chosen. The relationship shown in 3.10
assumed difference of no more then 20 degrees between the

phase at the center and the edges of the target [Ref. 11].

r>10x (3.8)
r>10D (3.9)
r>2D2/A (3.10)

Where r-Antenna to target distance.
D-Maximum dimension of the target.

A-Wavelength of the transmitted wave.

The signal picked up by the receiving antenna is the
vectoral sum of the target echo and the background radia-
tion. To cancel the coupling between the antennas and the
direct back scattering from the support and the walls, back-
ground measurement was carried out by measuring the echo
returned when the target was not present. The difference
between signals when the target was present and when the
target was absent gave the echo signal of the target.

Calibration of the system to take into account the char-
acteristics of the system which are dependent on frequencies
and to relate the echo signal power to the target back

scattering cross section and phase shift was achieved by
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{f, measuring the echo signal from a sphere and comparing the
5;: experimentél results to theoretical values. The theoretical
¢:7 data was calculated by Mie series computed with the Sphere
%‘1 program [Appendix C]. The <calibration was done with the
Calib program [Appendix D]. Measurements of back scattering

of the target were done with the Target program [Appendix
E]. Description and explanations of the computer programs
were given by Lolic [Ref. 12].

The instruments add noise to the measurement data. This
noise 1is white noise and to minimize 1its effects, each
target was measured five times and averaged. Before each
measurement new calibration was done to minimize the noise
effects 1in the <calibration. For phase shift near *180
‘degrees the average procedure did not take care of the
discontinuity properly and the averaged result depended on
the number of times the measured values took on +180 or -180
degrees.

Measurement errors that could not be controled are the
coupling between the target and the support and the bistatic .
coupling which 1is the strong target scattered lobs in the
forward hemisphere (away from the antennas) and then back to
the receiving antenna from the walls. The latter effect is
believed to have been taken care of through the wuse of the

microwave absorbers.

D. MEASURED DATA

The measured results of the 21 targets were plotted and
given at the end of this chapter (Figure 3.5 to 3.46 ).
Those plots contained cross section and phase shift versus
frequency data, for each target. The theoretical data are
given in Tables 3 to 23 . The data was used for comparison
with theoretical values and it shown in Chapter IV.
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TABLE 3
TARGET1 Measured Data

Frequenc Cross-Section Phase
gﬂz y sq. meters Degrees/180
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TABLE 4
TARGET2 Measured Data

Freguency Cross-Section Phase
Hz sq. meters Degrees/180
12 1@ .BB2332 25229
19 .28 . BE2A% L2938
19 2/ .8a31a 26a443
19 48 . B3395 28321
19.59 .an334 . 263294
19 .59 23343 26778
19 .78 . Ra334 31124
19.84a .aaqa2 32953
i3 24 L RA33T3 . 32441
11 248 .B333I2 . 322R0
11 . 1n .BR354 . 33313
11.28 .aa411 L3378
11 3@  BB433 .34951
11 48 AR467 .3535&
11 98 aaq43 .331a9
11 €8 9413 . 23389
11 .78 . BE3IsZ C323ge
11.89 . 9nqda7 C3811°7
11, .98 A4z 3 . 33694
12 .84 na4s2 . 38964
12 .18 angsz . 41733
12 28 . RA437 44133
12 28 .aa3ag L4233
12 49 L BB3I59 457829
12.58 . AR4Q7 4&7@S
12 . 68a LXA4AT . 479325
12 76 .8a369 42382
12 29 ARS 26 .43723
12 28 .aas1a .S2%1z2
13 8@ .8P474 .G4161
12 1, RA2445 53261
13 24 .AR478 53143
12 26 .Be538 33374
12 49 aR5a9 .S543¢
17 .54 .BpS6e3 968518
13 £@Q .BRs7v2 .93249
12 .74 . BasSsg  RBERS
12 .20 . B8B533 &1236
12 94 . 8as7T1 .8laze
14 0a . RBE&33 LE1933
14 14 L RART7 47 LE€1233
14 .29 TSl 6359736
14 726 .RE?34 RIs4E
14 4@ AER744 &4144
14 S@ AR?718e 541326
14 €8 . Qav2a RIGED
14 7@ L Aa7vSsa L8215
14 239 GETI2 .6343935
14 .36 L BAaP3Is 54212
15 .98 ara7T13 £3366
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TABLE 5
TARGET3 Measured Data

Freguency Cross-Section Phase
Hz sq. meters Degrees/180
18 16 o319 .3951¢€
19.208 . 23%a3 SAa11e
19 264 .Resat sEBz231
19 48 Qa7 27 . 93334
14 S@a AREQT c18é1
12 50 29892 .82310
19 76 .aee1t ESII7
19.26 . ASs7 R74AZ
19 .90 aest1t .Ta134
11.88 . 9a485 L¥2a37
11 19 . RE47a . v4856a
11.20 N4 TR . TH473S
11 38 .8A546 . TERBE
11.49 . aRS9s 38123
11 .5& CRRS44 .57159
11. .64 .aaszs .B5185
11 .78 .eas2z . &emaz
11.36@ . Q3478 .38234
11 9@ ansav 25327
12 Qe _BIE2S - rac ki
12.18 .0BE41 .91@33
12.208 . ARSE4 944927
12 .30 AnStia . 94¢£4%
12.4n . Rasa7 . 951845
12 .54 BB47E . 96356
12.608 . AB4z4 .BREATS
12.7@ . BasSes - Q44132
12 29 . Aavss - Zassa
12 .96 anea3 - 943332
17 .89 .RAB5S24 -.932%51
12.18 .BBRS53 - 93v2e
12 .28 .AaRsS23 - 93378
13 .38 aes2s - . 333z9
12.49 .0RS53 - 32324
12 5@ BARSTS -.%A17E
13 /0 LABR1E - 282618
13.76 . 8B543 - 381444
17 .20 aa447? -. 78327
12 .98 .B84as -.283216
14 . aa aadea - . 247835
14 18 pasSc4 -. 78331
14 26 BR5e7 - 73738
14 2@ .AB5e8 -.7TRVLZ
14 48 .aas74 - 55355
14 S . BRSSH - . BRSZn
14 69 .OBER1 - . 53448
14 70 (1750 | - #2385
14 208 .AResl - B2SE3
14 99 AL1BED - 61521
15.998 .a1Rz3 - S3TEL
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TABLE 6
TARGET4 Measured Data
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Cross-Section
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TABLE 7
TARGETS Measured Data

- Freguency Cross-Section Phase
Hz Sq. meters Degrees/180

2
i
N
af o N

..
ot
b

WA RN Y)

19 16 RB4323 . 242R8
19 .29 Ma331 25531
19 20 FE3II7 L 2529e
14 49 ETEEY R 25&s7
14 S0 nR43245 26104
13 .80 . Ar4s2 253185
1. 7a R4l C3R425
1928 A4 66 22374
19 . 9a 3447 32182
11 949 ST L 22T48
1 16 S Ba3as 33T
! &6 Q3465 RONONCES |
1 3 g 3 35417
11.4 7 2815
11 %8 39425
11 & . 2332385
1 e 4BRC2T
1 .4

1 L2

A

3

A

3

1

1

1

1 3

1.48

i 1 A4 Es

1 Ag LRAB4RZ

1. 78 GRgIS E27
1.84 .a3433 1132
1.96 . Aa4Es 2E94
12.84 CBASTS 42217
12 1a RES3ES 484327
12.29 .AG494 32478
12,38 and4ag .43117
12 .44 . RB493 58182
12 .54 . AB493 . Bas2g
12 &6 . AaSed SpS3S
12 7o LAReT 51&44
12. 28 LRRTII S342¢€
12 94 . ARTAS 866848
172 688 CABET] L SRTAR
12. 14 BRET3 C9E2E4
12 2@ pavag 35719
12 26 CBBRTER 3535!¢
17 40 . PEa2146 SA413
12 %6 .easz3 .S741a
17 £8 L3348 3435
12 78 ARTS2 &1zt 7
12 €8 oav1? sle21
12,268 CBRTTFE BR5 AT
14 93 AnS43 £1343
14 16 L ABaiz CR1IT3S
14 2@ 39321 £2424
14 320 BEass L R29as
14 93 GASE3 54461
14 5¢ ARs4:2 547327
14 €0 pRCSe 15Se
14 7@ RRcd4a B45:5
14 €9 Dosaa 25449
14 20 ADRER EB4EE
15 adg SRR ToA A3247
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o TABLE 8
el TARGET6 Measured Data

3 | Cross-Section Phase
Freaﬁgncy sg. meters Degrees/180
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TABLE 9
TARGET?7 Measured Data

Freguency Cross-Section Phase
Hz Sq. meters Degrees/180

19,14 .BR473 -. Q1397
14.29 LR TR = . AA2E2
189 .38 Len431 - . BZ345
12 46 .88442 - RA22732
19.50 .BRS1E - 81436
1@ 6@ CRBS31 - B1&889
1. 76 .R425 .B1eRz
19.28 . 88477 .B943274
18 9209 . BB4387 .B33Te
11.89 .a5422 .A1247
11 14 .BB412 81545
11.28 Q3459 #2131
11.38a .BR528 Q4533
11.48 .2R492 a77vas
11 5@ . 88450 B7258
11 .60 .B33488 Byvi1v
11.76 .Ra351 .65431
11.86 .Bd46a 85271
11 38 .AB464 .BEER3
12.494 LRAR463 -18&21
12.14 .8n424 13714
12.29 LBB3TS 14131
12.324 PR3V 3 13257
12.4a LBRA3ZSS . 154833
12 5@ .BB35t 15347
12.€0 .BRAl24 15229
12 7 .BBEd432 153532
12 20 LRAB477 -22944
12.9n .BB436 .23132
17 24 .RE414 . 23B32S
13 18 L BRgza 224320
12.29 . BA457 22795
12 38 S BB4S3 23442
13 46 . Aas529 .25292
12 56 S Ty b 27134
13 .64 LBa4es L23099
12.78 0433 . 23317
12 .39 W53 23837
13 98 .enses3 8832
14 9e ARS32 21551
14 1@ 13561 3227S
14 26 3571 313291
14 2@ .BR534 33659
14 4@ L0513 13ETE
14 .56 BRSE L 3136ea7
14 £0 LBB5v8 4332
14.79 BE561 I5TeR
14 208 S RASTS Ing28
14 90 QA543 3V714
15 490 33483 33145
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TABLE 10
TARGET8 Measured Data
Freguency Cross-Section Phase
Hz sq. meters Degrees/180
198 16 .ARSS3 21832
19 .20 . BGas2s .232AS
19 36 .8R477 .22c14
19.48 . BRA46es .23822
13 54 .B8ES21 .23621
18 &8 .aps534 .24124
14 78 a4 7Ta 22821
ta. g8 . ans2s . 289448
14,26 .aakAa3 .38844
11.348 . AR437? S3I1724
11 .1@ ap437 . 3328581
11.28 . 28518 . 32427
11 3@ .8ps5a? . 35357
11 49 99524 . 33599
11 .54 aass2 .4R322
11 .68 . BAS66 .3AT21
11.78 . 06543 .4145%
t1.38 . aRss2 43592
11 .98 . BRAesS’y . 44208
12.99 .RBTHE 42791
12. 18 .earsa 4EDRO
12 .20 .RABE3A 47137
12.28 . BEs53 .9721e
12 .49 .aaest .45412
12.54 .QBETT? 487 1@
12 €8 . BAa7FTs .477Az
1z2.78 .AR3AZe 43825
12.3289 B985 51458
12 .20 . ABgEZ .S327S
132 .94  BBe232 .332249
13,18 .angi4 . S24a5
12.29 .aEag3s .S2348
12.38 . BBBEA 51337
13.408 .An3a45 [3374
172.568 .9R934 54971
172 . £8 ARa3l 57229
12 7@ .9p3z4 .S2173
12.20 .BR7PER .S8342
12 2€ . ARg47 .88&71
14 .90 . B3e938 . Socdg
14 .1a .A18a:2 .68E28
14 28 . RRag? 52529
14 20 .apavt .62 T4E
14 49 .anaz? Lud221
14 S8 . B213 832241
14 £8 . Ha96e Al 3
14 7R BHAT3 645 tE
14 208 L R1R38 .BS557
14 an .RR33 56744
15.@9 03924 63329
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TABLE 11
TARGET9 Measured Data

3

y

.

LL‘ ’ Freguency Cross-Section Phase

i Hz sq. meters Degrees/180

- 10, 1@ B1135 . Ept1as
. 19,26 a1aL3 5322572
- 1@ 28 aa945 EAS4E
1945 ane32 &29RS
13 Sa ARTTI LE4314
12 €@ aBS39 E7451
18 76 AGHeTS 719g%
1a 20 A3954 72372
13 ag AEaET TEZa4
11.09 ARass 77130
11. 1@ a1azz TETTS
11,28 a1122 TEEAR
11.328 1255 PTETE
11.49 B125% TEB71
11.5¢0 B1zZE7 FRzo4
11.60 31124 _®1Eaz
11 7@ 912043 214030
11 20 AT  3:m319
11 90 A1aa3 L Z134m
12 .69 A1A39 23292
12 .16 A1A37  B44ES
12, 2¢ . AB394 38577
12 .38 ARsS32 aps2a
12 49 ARsd2 32737
12 .50 BES1E LQ1SES
12 €@ 9219 - . 34626
12 70 AR2S59 23244
12.20 A3SSt - 35541
12 .90 QAg4S - 31491
12,08 @R293 - 27579
12.10 RRES3 - 52441
13 24 ao614 -. 27679
12 2@ _PDES? - 27358
13 40 BE223 - 25451
13 SA PE374 - e3tmz
17.68 [SERRaRCEC] -. 33414
13 7 @Agzs - 7agar
12 29 CORTST? - ?T457
12 96 . AATS2 - 7SSET
14 aa @944 - 73947
i4 1A aL2az - 78533
14 29 B1493 - 74558
14 2@ B1467 -. 72817
14 40 @13%54 - 7H&33S
14 S@ A1z1a - ?PB533
14 £0 91123 - 70214
14 7@ 01154 -.722%1
14 29 .A1235 -. 717344
14 24 Q1437 - 68827
L A140%5 - B8SE91
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o0 1
o L

- .
A

Frequenc
gﬂz Y
19.18
19. 298
18 36
193 48
19 . 5@
13 £89
12.70
16.209
16.98
11 . an
11.18
11.28
11 .38
11.49
11.54
11 A
11. 79
11.28

1.929
2.83
2.18
2.2

2. 324
2.49
2.56
2.68

LR R SRRV AV W (VI (08 VT

P = X000 ~J P B ild )= 00 00 '\l i

Pl A b ek b et S e et bl bt peh b b b A b pek Pk b b e bk pd b b bt e b e pab oa
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4.
4.
4.
4
4 49
4. .59
4 g0
4. 78
4. 20
4. 3a
S.89

TABLE 12

TARGET10 Measured Data

Cross-Section
sq. meters
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> TABLE 13
} .
L TARGET11l Measured Data
Fresuency Cross-Section Phase
e Hz sq. meters Degrees/180
A 10 . 1@ .95 .24VET
L 19.29 . ARSYe .25318
2 1a. 28 .Ba53s L2568
16.48 ARS33 .27044
i 14,548 .ABEaz .2veia
- 19 €8 @631 23454
. 19 7@ aARSvYse .33144
- 18 38 .Bagee . 36325
- 19 .96 . Bas27 L JE232E
’ 11. a9 . BB559 L2E817
11 163  RBERE CAFVT43
11.28 . BB68S 37547
. 11.32a .AR?as . 39442
. 11 .40 . A9364 . 41991
L 11.5@ . Be214 44162
- 11. 2@ R3I7E0 43770
L 11 74 .np741 . 43432
® 11.99 . BBTE2 .42920
e 11.924 . 803209 .428EE
12.88 . BRA9Is3 44217
- 12.1@ aR43 . 43742
12.28 L3282 . 48591
12 .32a L2213 .SRa1e1
12.48 .AB7s1 . 42544
12.56 L RABRAag . 42984
12 £ . EBsar . 50234
: 12.7R3 .BBav2 .S151S
- 12.88 .a1n41 .93692
) 12.%a . RBRES L6353
12. 86 .apgasn 87386
12.18 L BRg3S .96A73%4
12.26 . 3ag9d .55374A
N 12. 30 .Aaav2 .936358
- 13.49 .B31as5s . 5848509
- 12 . 5@ . 81834 .6R421
o 12.668 .a1°986 52661
= 12 .78 . a2 .64545
x 12 .20 HRSES 545321
- 12 9@ QRESER . B47371
= 14 a9 A1132 55246
e 14 .16 #1222 LEE523
S 14 20 01269 .BRV3IE
- 14 26 A120a .62253
T 14 498 11153 . B933G
® 14 .52 81124 63436
- 14 6@ 21133 63637
o 14 73 R1z2es RIIT7A
= 14.2a 51710 .7av3a
- 14.90 A1157 71336
e 15.08 @1151 72481
L J
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TABLE 14
TARGET12 Measured Data

Freauency Cross-Section Phase
Hz sq. meters Degrees/180
12 1@ A1329 LE3T6H
16.29 .R1153 B2TT32
16 .36 1124 64726
19 . 4@ .a1nd42 . 63372
13 Si .A1984 .7aa3y?
14 88 .B81263 T1735
16 70 .91337 . 740232
18 3@ 1481 .7a%514
19 29 .a813358 R W/
11.80 .A1236 .v7Ra13
11t .18 .a1291 .¢854%S
11.208 .91351 .TRa11
11 3@ L A143% .Teatv
11.40 . R11437 .7TI547
11 5@ .R1361 21499¢
11 . e9° .31133 . 233455
11 70 .at1adl 23436
11.¢e8 ars99 2248
11 .90 AR%34 . 84037
12.09 .A1as52 .25534
12.18@ . 81964 .9QA432
12.22 .AA932E .9284S%
12.3a . aE3ad . 99985
12 .49 .Ba7Aa7 92331
12 .56 .ABERT g7 3ise
12 68 . A3554 -.31232
12.78 a1ail - 31712
12.28 .A1891 - . 95554
12 .96 L A1141 - 32144
137 . 848 .818433 - 32740
12 .16 . peaze - 87VSETY
12.29 AA843 -.83926
12.328 . BG9s0 -. 23921
13 46 .81148 ~ . 331395
13 .58 .A1128 -.8444%
12 .64 .a1a2 - 73728
12 .70 . Ataz4 - . 73699
13.28 .a1308 - 72231
13 .24 L8123 -. 74271
14 34 81293 -.7TH471
14 1n LA1452 -. 7?3274
14 28 Q1713 - 73697
14 2@ L B81&1S - 7R51S
14 3A .931433 - . 63844
14 56 .Ai21s - BT822
14 €1 A1137 - . 67455
14 78 L B1LFsS -.63238
14 2o .A1383 - B7821
14 2@ .B1528 - . 54217
15 .42 .a15a3 - 533¢&4
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TABLE 15
TARGET13 Measured Data

Freauency Cross-Section Phase
Hz sq. meters Degrees/180
19 1@ CRBSTS ~.@137%
18.209 CRAS33 -.Aa1224
19 .36 .QEsss ~. 83215
19.48 L RAs27 —-.BA3906
T ARE43 aaRst
18.69 . 33682 ~-.0a145
19.74a RS2 .82432
13 .88 .ARS42 LAT4E2
184 24 .AB56S .BPESs
11.89 L PBRST .A5812
11. 18 .8R533 BE412
11.24 . PA6348 A7322
11.38 BRER . 18540
11.44 .ABsT 3 .12314a
11 56 .A8s3t 13242
11.€9 .aps78 . 13326
11.78 .aesa? 12358
11.20 .ABR62% . 12744
11 %@ .BBE35 . 13532
12 .99 .BRT323 15725
12 .18 .a872za 177324
12.26 .RRAK4S] . 19234
12 .36 .ARs58s5 . 2R336
12.49 .BBEDS .123522
12 Se .BBes? 18822
12 €9 .BAaT1? .2B12a
12. 76 BavIs .2231%
12 .82v L BB741 .24159
12 96 CBRAERT .25512
13. 64 . A9613 253292
13 .18 .BREZ2 .22%a¢
13.28 .RA633 243284
12 3e .RB7 30 . 25578
13.48 aR?v21 27758
13 .50 .@Re7To .2347@
17 €9 .AAK35 .3PE4T
12 V& 0R584 .32R51
172 29 apS3a .31884
12 29 . ABBEE .328721
14 . 99 .Ba7 41 .34783
14 .16 CRBTE3 .28933
14.208 .BB735 .32373
14 .20 .Qa7v13 LA7g232
14 .49 .BA71S L 33765
14 5@ .Bav41 . 38537
14 €0 Anatt 33137
14 79 ARSI .410273
14.328 .RB318 42716
14 .20 BOT7SY 427az
15 @@ LRAE743 .4352¢2
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. TABLE 16
- TARGET14 Measured Data
Freguency Cross-Section Phase
Hz sq. meters Degrees /180
14 18 e L2152¢
13 29 BEE 22442
12 38 BEZ 22856
19 44 Bed 24335
) 19 .56 B795 24134
- 13 6@ HE2 2415
L 1 ave .23z49
2 1 672 3118
. 1 a2z 3
- 1 (5 I .3
- 1 BT .3
A 1 as2 3
1 13 .-
1 1 2
1 2] .3
) .32
a 3
& 3
&) .2
1 3
]

WhIrs SO OO WM -~ D00y
GE S DD S S D DD ST D D

TIDDDDODDTD DD @E DR DDDDHOD 00D DD 50D
D0 D e s 0D 0D 0D D @ D0 0D 08 D D D D O
“SJTODARWR TN TSN s O == B3 A D T B ) 00D S~y ) 4 [0 G = $a o)
“d o Gl ) U1 0d 0 35 4 Bt (R o TN (o o 1on 050 1 1k )
500 T 10 S GO0 U1 ad D1 ol Oy it T = G0 o ) L) nd 01 G 1 o o
R8I Pl B ORI O A I Y IEN TR PN SV RO o R L I I
O LD TR LD NPT d = OV CAG T rm [ e 10 is G e Ty o v

LN IOV AN DAV T RV AV o SV T S 50 SR (3 Y S VT (V) (ST S SNSRI We, ., 35 I D Y]

2
&
1 )
1 5
1 9
1 7
1 5
. 1 2 .4
.. 1 Bay 4
. 1 SP3) 4
- 12 49 s 3
- 12,58 a7 4
12,60 L e
. 12,76 191 4
12.28 116 43
; 12 96 118 5185
- 12.99 a1az 8291
» 12 tw AR9E 5132
¢ 13.20 L8104 Sa93
13.320 a11v7 S1938
17 44 ALZET .53179
12.56 A1257 _§515S
5 12.€8Q .A1240 .S7B63
.. 12,70 01135 5523@
- 17.29 L BLIAFY 58272
1799 81200  S792S
14.2a 01346 58327
14 16 . Q1429 . S9491
14 20 . A1458 513734
14 . 2% N1799 B1522
14 49 81361 BE2ST
14 .S Aa12e3 _E168S
P 14 64 8137386 51130
- 14 76 A1410 61954
- 14 20 21454 63259
- 14 9R Q1294 4160
- 15 99 .a1199 654730
(
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TABLE 17
TARGET15 Measured Data

Frequenc Cross-Section Phase
gHz y sq. meters Degrees/180

18. 16 .R14E8 .62414
12.248 1391 .52459
14 .30 .al3ze .64849
18 .44 .R1368 .B65312
184 56 21443 .67BLa
19 .68 A1ele .B7533
18.74a .R1574 .BR81S
13.88 L1352 .714383
18.99 .B1352a . 73574
11.94 .B14a2 73373
11.18 .R138R .73648g
11.209 .B1411 73698
11.38 .8134a8 . 79581
11.48 .81514 T7496
11 .58 .01413 L8013
11.€0 .21250 .32415
11.7@ .811823 . 82729
+1.84 .Aata4a .22444
11.28 .81873 . 83556
12.462 .a1163 .3%91:2
12 .18 at1a2 .e31:29
12.29 .B1213 L2313
12 36 e1152 38434
12.44 .97 4 31929
12 .58 .AB3eH 38587
12 &8 .at12g2 .32517
12.va .R1377 -.32655
12.898 LH15Z29 -.38432
12.940 .81£083 -.9%124
13.a9a .A1511 -.924132
12 .14 .B1250 ~. 91397
13.28 L121094 -.333352
13 .28 .A1144 -.34571
13. 40 .Ba1231 -.93427
12 .56 .a1284 - .84€93
12 .50 LB1725 ~. 321856
12.78 81565 -.81842
12.24 .a1327 ~-.38265
132.98 L@13E25 -.22137
14 .89 .A1359 -.89328
14 1@ .01425% -.884723
14 20 LA1v8sS -.vadzl
14 720 B17e9 -. 7282z
14.40@ .A1586 -. 72243
14 .59 .B133e - E951&
14 .60 .a13221 -.623434
14 .74 a13viy - 69835
14 €0 A1533 - /32213
14 9@ .8177v1 - . 66495
15.99 1243 -. 51858
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e TABLE 18
el TARGET16 Measured Data
u Freguency Cross-Section Phase
e Hz sq. meters Degrees/180
< 1914 PE151 -. 81921
o 19, 2a . AD199 - 01043
o 19 36 . 68185 - BZ224€
S 19 49 ag139 - 32513
) 19 .50 aa2as -.A2143
W 19 €0 BR2R3 - B195@
. 19.78 .epiel .a13249
L 12 20 AA167 93815
= 19 98 AA163 .02e5R
. 11.68 83145 - G2847
H 11.18 an143 91843
11.29 82161 _B2T7E
11.20 L AA1E1 .AS29%
- 11.49 ad151 87591
¥ 11.50 AR143 AR473
: 11.69 ARtz AREES
' 11.7@ QAR1Z0 BTTEE
e 11.89 . AR121 . Ba312
L 11.9a 9R136 03345
" 12.00 ana123 12839
12 1@ BE128 16453
12.29 aa11a . 12555
12. 26 R1a4 1992%
12 4@ . Aa9a498 18504
(- 12.50 .An199 .2a3e5
- 12 64 . BR120 232177
< 12. 7@ .R3139 25334
o 12 .29 00143 26924
el 12.99 aR13s 28872
B 12,98 Ba127 296332
. 12 16 BR121 287RS
) 12,20 .AB140 29187
o 12.30 anr1s4 36142
e 12,48 Q164 31727
o 12.56 .an1el 3288z
e 13,660 . @9153 34364
T 127.7a . AALS1 36658
N 12. .PB152 37135
[ 12.94 .AR17T _37EVS
e 14.09 L au1es 38538
S 14 1@ . Aazev 33288
e 14 29 L BB3202 42854
- 14 .38 aa2az _4a23€
s 14 40 AE26s 41817
N 14 59 9AzZaz 41932
o 14 68 AR2ar 41259
. 14 783 L eB219 42941
o 14 20 . Ba228 43397
L 14 9@ pE2AS 44164
L 15.929 G312 44229
°

o]
[+ )
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TABLE 19
TARGET17 Measured Data

Cross-Section Phase
sq. meters Degrees /180

1
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1

a

1

4

7

S

)

5

]

Q3T

e} a1z
A 1479
n 494¢
e 4237
a 1155
e 1233
(5] - 3215326
B -.81746
p=RS - €1522
.AzZ47 -.R”2329
.AZ%19 - &32267
82346 - . 623904
.632124 - . 92602
.B33273 - . 2286835
N b2-1-81 - 83729
.AZ244% - 22336
RAZET7AE - 28314
.A313%6 - 33425
.B838332 -. 838132
Ad4111 - . 2Aa35¢
84263 - 78172
.A3243 - 78217
kil -. 740245
.a3a12 -. 74376
.B317A - 75672
.A2421 - T48%4
Qa2?v? -. 71410
.84340 - A7434
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TABLE 20
TARGET18 Measured Data

Freguency Cross-Section Phase
Hz sq. meters Degrees/180
19 1. L RABTH2 .429R3€
19 .20 13232 .S@39¢g
1@ .30 BB743 .951995
13 .48 RATES .52851
19 .58 .BB23% .928s8
18 €43 . 332133 .543239
18.7a .ABresl . 28654
13.28 .8P352 .93758%
13 .BR373 .5A511
11 .80 . BRAsS .&1175
11 .16 .Bl1aia . 62603
11.26 1136 .51254
11.326 .81213 .62358
11.48 81428 .64129
11.54 .B#13251 L ESR3E
11.648 .a81278 . 54541
11.70a 81234 .B5483A73
11.88@ .Aa1139 .62438
11.9a .A1294 . 568548
12.99 .B81431 .61332
i2. 1o .31271 .ES9864
12.28 .ARS?S . 654097
12.308 .88812 .BRTHS
12.49 .aB7v54 .B32295
12.%5 .BAaT4? .T2228
12.68 .Raga2? v3127
12.78 .Q11323 .73148
12.8€9 .91115 .vH3ae
12 2a . 81831 72457
12 .88 .aQ923 .7¥3339
12. 1@ .Be917 .73@g7ve
13.28 apazi .72BA3
13 2@ . 882351 . ¥R29a
13.48 .93183a 88517
12.59 . 083683 . 82647
13 .58 . AR99s .350867
12.76 .B8B3773 . 823347
13.29 . BB?ES . 83351
12 .90 CBATRET .273al
14 89 . BO2984 87232
14 184 .B8e3v2 .4Q112
14.20 RARas5? . 43639
14 34 .BRsa3 45@8%
14 44 .22z 45588
14 S@ .aav49 . 478680
14 €n RT3 . 489285
14 .70 L Bal2aa L4779
14.39 .A9353 5@3233
14 .94 .B3343 - 46432
15.980 .03314 -.432€¢0
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- TABLE 21
TARGET19 Measured Data

Freguency Cross-Section Phase
Hz sq. meters Degrees /180
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-l TABLE 22
S TARGET20 Measured Data
u Freauency Cross-Section Phase
-y Hz sq. meters Degrees/180
LR
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12 49 33213 .TS32€ )
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TABLE 23
TARGET21 Measured Data

Freggency Cross-Section Phase
z

sSq. meters Degrees/180
1918 P120E T3561
19 29 ECEE 75535
1@ .20 BE344 TEST
1949 91181 775918
12 5@ 8112 75530
19 €D EIEER .81897
19 70 .81354 23056
1a. 2f .a1869 34228
13 2@ .B1R59 56332
11.80 a1937? 27750
11 16 8995 188143
11 .28 .a1as81 .Sirlg
: 11 3¢ @103z '3253€
- 11 38 a1a62 34357
¢ 11 .58 .A1ile L9537 eR
t 1168 21113 1332e4
% 11.70 91613 53332
L 11 €9 8170 33334
3 11,98 91213 - a8zl
5 12 .09 a1t19 - 243337
5 12 10 91051 - G453z
g 12.20 81248 - 34244
- 12.30 81374 - o184
- 2 B1191 - 36156
h 1% 9 B1REZ - g735a
- 12.€0 .21433 -. 38210
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: 14 €9 21373 - 51530
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IV. DATA ANALYSIS

A. ANALYSIS OF EXPERIMENTAL DATA

The experimental data on the back scattered cross
section of a tubular cylinder obtained in the Scattering
Laboratory as described in Chapter III are analyzed. The
cross section under the circumstances described in Chapter
I11 is a function of three parameters:

(1) The length of the cylinder (2h)

(2) The diameter of the cylinder (2a).

(3) The frequency of the incident wave (f).

This is shown in equation 4.1

¢=G(a,h, f) (4.1)

The experimental data as shown in Figures 3.5 to 3.46 shows
the dependence of the cross section on frequency for cylin-
ders of fixed lengths and diameters.

To isolate the dependence of the back scattering cross
section on the 1length of a cylinder, tha constant parame-
teres should be the cylinder diameter and the frequency.
This was achieved by using five cylinders with the same

diameter and taking the cross section of each one of them at
Y the same frequency. Table 24 shows the targets used for each
3! diameter.

?ﬁ The frequencies checked were 10.1,11,12,13,14 and 15 GHz
- and the results are given at the end of this chapter in
;:‘.3; Figures 4.1, 4.2, 4.3 .

® In Figure 4.1 for 2a=0.375", one can see that the curve

has tilt at £=10.1 when 2h=2.7; for £f=1l1 the tilt occures at
2h=2.5 and for £=12 this happens at 2h=2.25. The line seems

102




IS Ak

P .
. . e K

| iy e

Lol i od 0h w04 e 4

o PR RS
. AR TP T
e R
P R BT I

p—y

T "

i "R R N 4

TABLE 24
Targets with Constant 2a

2h 2a 0.375" 0.5" 0.75"

2.0 TARGET1 TARGET2 TARGET3
2.25 TARGET4 TARGETS TARGET6
2.5 TARGET7? TARGETS8 TARGET9
2.75 TARGET10 TARGET11 TARGET12
3.0 TARGET13 TARGET14 TARGET15

to have the same slope in all these graphs near this point.
The same phenomenon appears for 2h=2.75 at f=11; 2h=2.5 at
£f=12 and 2h=2.25 at £=13. In Figure 4.2 for 2a=0.5" the same
phenomenon occurs at 2h=2.75 and £=z12 , 2h=2.5 and £f=13
and2h=2.25 and f=14. For 2a=0.75" in Figure 4.3 this occurs
at 2h=2.75, f£f=11 and 2h=2.4, £=12; and another at 2h=2.5,
£f=13 and 2h=2.25, f=14.

This phenomenon 1leads to the assumption that the back
scattering cross section of a tubular cylinder has a depen-
dence not on h by itself but on combination of f and h. For
those points mentioned above, the product 2hf is shown in
Table 25 ‘

Thus the cross section of a tubular cylinder can be
written as a function of hf or kh where k=27f/c and is shown
in equation 4.2 which is identical to equation 4.1

0=G, (a,f,hf)=G, (a,k,kh) (4.2)

B. COMPARISON BETWEEN MEASUREMENTS AND THEORY

From equations 2.30 one can see that o , when properly
normalized, (e.g. divided by ah or multiplied by k?) depends
only on two variables which are combinations of a, h and k.
This dependence 1is shown in equation 4.3 ,where 1,=kh and
1, =ka. This equation can also be written as 4.4
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TABLE 25
2hf for Discontinuity Points

2a £ 2h 2hf
10.1 2.7 27.25
0.375 11 2.5 27.5
12 2.25 27.0
11 2.75 30.25
0.375 12 2.5 30.0
13 2.25 29.25
12 2.75 30.25
0.5 12 2.75 30.0
13 2.25 29.25
0.75 11 2.75 30.25
12 2.4 28.8
0.75 13 2.5 52.5
14 2.25 31.5
o/ah=F(1;,1,) (4.3)
o/ah=F; (1,,1,/1,)=F, (ka,h/a) (4.4)
For cylinders with a constant h/a, o/ah can be plotted
as a function of ka on the same graph. This effectively
expands the frequency range over which data can be obtained
using a cylinder. Table 26 shows the targets used for this
purpose.

104




AR A S S ol Salintt Rt el it el B S T A S A /A A Rk b N TS R Tat Sl el aah v i sl A A i B C YA N g At N

TABLE 26
Cylinders with the Same h/a

Target name Length Diameter h/a
TARGET16 1.5" 0.375" 4
TARGET2 2" 0.5" 4
TARGET18 2.5" 0.625" 4
TARGETL1S 3" 0.75" 4
TARGET4 2.25" 0.375" 6
TARGET14 3" 0.5" 6
TARGET19 3.75" 0.625" 6
TARGET17 4.5" 0.75" 6

Figure 4.4 is the graph for h/a=4 and Figure 4.5 for h/a=6.
The ka range covered by each target is shown on Table 27

TABLE 27
ka Range Covered by Each Target

Target Name h/a minimum ka maximum ka
TARGET16 4 1.01 1.50
TARGET2 4 1.34 2.00
TARGET18 4 1.68 2.49
TARGET15 4 2.01 2.99
TARGET4 6 1.01 2.00
TARGET14 6 1.34 2.00
TARGET19 6 1.68 2.49
TARGET17 6 2.01 2.99

The overlapping points as shown on these graphs show

that the experimental data are in agreement with the overall
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shape. However, the small wvariations in the overlapping
regions do not seem to fall at the same places. The reason
for this discrepancy were discussed as measurement errors in
Chapter III.

The overall shape is used to compare with theocretical
predictions obtained by Professor Lee at the Naval
Postgraduate School through solving equations 2.30 and 2.31
[Ref. 13]. This data is shown in Figure 4.6 for h/a=4 and
in Figure 4.7 for h/a=6. Theoretical values and experimental
data are plotted together in Figures 4.8 and 4.9 . 1In this
figures one can see that there 1is very good agreement up to
the point where ka is about 1.9. From that point to ka equal
approximately 2.5 the minima and maxima of the experimental
curve is shifted in ka by about 0.08.

The reason for the shifting and the disagreement at
these points can be explained by the fact that there is wall
thickness in the measured targets while the theory assumes
infinitesimal thickness. The points of ka=1.9 and ka=2.5 are
special because they correspond to the first two cutoff
frequencies for the cylindrical waveguide modes: ka=1.8415
is the cutoff point for H;, mode and ka=2.4046 is the cutoff
point for E,; mode [Ref. 14]. At ka=1.8415 the wave starts
to propagate without attenuation inside the cylinder. Since
this wvalue 1is determined by the inner diameter of the
cylinder, the wall thickness cause the phenomenon to occur
at a higher frequency and so produces the shift in the
minima and maxima. Above ka=2.4, E01 mode adds to the H11
mode and the total field inside the cylinder is the vectoral
sum of those two modes. These effects were included in the
theoretical calculation but the wall thickness was not.

The measured phase shift is shown in Figures 4.10 and
4.11 and the theoretical phase shift 1is given in Figures
4.12 and 4.13 . The comparison as shown in Figures 4.14 and
4.15 shows agreement between the theory and the experiment.

106

PPV W U W WY UL WP VO DG WY W G SRS T SR e S

Soand




~

_,_,’%
.

-

3

T A
$

.

Ty ol dirigy A
R ‘.-. et
.

- T W Y YR YL ML Rt S 2N AT Y Tl B A SRS . Ce T e T
T ST TS, At - " g

NE AN sl

The constant phase shift in the overall curve is due the
calibration of the system. It was done with a 3.187" sphere
while the targets are 0.375" to 0.75" in diameter. That
caused small phase shift because the targets were not at the
same height as the calibration sphere. At ka=2.75 where the
phase shift is near *180 degrees, the average of 180
degrees produced the data points near 180(m-2n)/m degrees
which appear in Figures 4.14 and 4.15 . Here 0<n<m and m is
the number of averages taken.

The comparison between the theory and the measured data
leads to conclusions that can be used for future work in

this project, that will discused in Chapter V.

C. RESULTS FOR CYLINDERS WITH FINS

As the first step for future work on employing target
identification scheme through the cross section as a func-
tion of the frequency, two cylinders with fins attached have
been measured (TARGET20 and TARGET21). The results as shown
in Figure 3.43 and 3.44 are compared with the cylinder of
the same length and diameter, TARGET15. The fins are 1like
reflectors in TARGET20 and like corner reflectors  in
TARGET21. The comparison shows that the back scattered cross
section of TARGET20 is much smaller then TARGETI1S. The
reason might be that the axial current that flow on the fins
cause field that add vectorally to the field created by the
current flowing on the cylinder and in this spatial case it
happens to be added destructively. A detailed study on the
surface current distribution on the cylinder without fins
may lead to explanations about how the fins change the

surface current flow on the cylinder.

107

. . .
. : S . ..
T T T S N B T e




PN

Pa Jrins)

-

) T B A 70 A 0 'S T S S

e .20 v aee Jhaie Jev Bue et Sl et _Sa® e sLulh JaAt)

UoTI109¢ S$soxjy Jo wmmmmmwmwaumWMqu 1°% @2an31y
(S4oUT) Y2
2e 52 j.m. 3 m.qm» 'J.M..u_..mn Tt 2.
3 4 {
R - . v - . ¢ -
. O
* » Py
Aio. ..To. \ 40. O
. 93
n
{ ) [
e- a- e- )
ST I El=d4 m
O
-] (-] -] 2 I.J 3°e S°'e a -
‘€ 2 Z. D€ 5" Z.8° =T 2°=. —
— —T J - =T \ T \ O
+ Z
. %
- ~v - v =
. A - * . o
¢ S
o Ho- ¢ M LO.
[
e- e- - a-*
21=s TI=a T BT .

108

RS L
PP SNy

[P
ST
I S




uoT309g

1659353,

SS0x1) JO 9duapus

103
a {asuaq

z'h 2and1g

(SHoUT) Y2

B°8 52

==

..jw. -1a -
[ ]
[ 2
Y Lu-n q -4t °t
.‘l." .‘l.n
PImd El=3
- s *2 2. 3°€ s 2 ‘2.
e _s°z 2z &7 Z
2
[ ]
s - -
° 4 L s
3
¢ i P 4o

PB1*NOI1L335-SS0dT

109




A e

—

L ana gea it i ale e

W e,

“¢/°Q=B7 IO
uor310ag sso1j jn oomMﬁmome SwamJ €% 2and1g
(=4ouT) Y2
- 5.2 -2F-8% Ez o sz 5.
)

- - . -

..ﬁo . ~a L]
4 . 3
A
o +r -z ¢ ~§» °t 4y 3 (=)
. 4 )
n
s -t et st nr
Slmd Pimd El=d - m
)
- - - -, - - n'm 'N s. l
L §°2 Bg. o€ Yt lnﬂ.vw. e [ 2°2. m
=z
%
L. Id -8 8 * a
. . d 4 8
A. . &

—“* 't { —1¥ °¢ f d i LY

1
st -t 8- t
STm=d TImd L "B .

et cas A6 0t St i o b AT A A
v,

e
>

110

PSR S




h=e /Y I0J BY "SA YBH/UOTJD9S SSOI) painsed & 4 3in31y

)] T
T3 02 " o vi 43 o1
{ 'l 4 1 i _} °o°
9LLIDYVL----0 oz
811I9UVL----X PR
t.boo kg fott . -0y
ZLIOYVL----0 oo iy
° m:t% N P Q
QLLFOYVL---+  o° & 4o v 8 -
) —
° ° o° | od —
Y ogx® o © ®
. x o ¥ os 2
ou o % m
% o dJu ﬂu X fl ! . N
LRI ou §
B 0w od
o M %Qv
3 Lozt
x x % x
x
x x -0
o

IR SR RN J... ... ......... ...,.‘,. s, .-....J.,.......,.-.-
PSRN W RPRT O ,r.Pl.\.LL..E!iV..f;.- £




T e Y. T TR TR

A ad Y W W T W Y W M e T T e

b e

v

Coln"Ris Bia i Nias

L Sufh Guit Mol mad s h oy

TR

L gt i ol SAd b g Jvies A A o st A it A B Sal e |

Pl e i SR a P AL IC ab)
.

9= /Y X0J ®Y °'SA YeH/UOTII3S

§S01) p3Insesay

¢y 2an31g

9y

os L X 1 L X | & &e 0T ”l 2 ) i b4 ol
1 ] i 1 4 _p _1 e - a

00

41394v1-—-0 roe
6LLIOVYVL~-~--X dd

T 4 ¢
tL139UVL----O P w e T
+ 0w * - 900 09
PLIOHVL-~--+ ° 4 v i
® Jo o
o 0 o0 Oo .I°.°F
o o e O .N.l o 0940 Qo °
o ] a_x " x o R 04
% ox W&ﬂ_ x © o ©, T
oo 2] ,{D m x a qu 4 ﬁx o &f.
o 9 oo o © a Op 0 x -0
a o o x X o ¢ o O
a o a Oxo _ ox
o o o [ R - X o
o -0°9L
o
D x
! o x ) -0l
o

¢ - 002
o'ze

Ysy/uojides €8019

. N .
L . = Y

y

W WM R PR L. oPIT VN W'Y

112




g B ot Sad s ghem Aath Bue i Aad B S b ANEIEIRE S NEE IR

2.8 3.0

=4

)
26

1.6
Theoretical Cross Section for h/a

Figure 4.6

1.0

16.0
.0
12.0
10.

.
g
=
}

sk,

o, ) ... .

= e, - O T T JEC At . X RV

. e P A T o el T I S TR AL RS S R SRt P T S L R I . I )
S N T P e e T .-'._-_.- L T T AT N T T e e e e AT o
R R P EIRAC R AR TR S A N _'-t‘h';&‘k.&.'.r.{..:.,'_l..‘l‘".'l PRTYA SRR U DL I N MY PPN JUNY WIS S a0y N S




o

__ T

.4

g=e/Y I0J UOT3IDd§ SSOI) [eITIaI0aYyl L'y 3andTJ 0]

X

.... -.h

-U '

: 5

: ») o

X ot X "z »e T2 02 " o i T o' Y
_.. I § 1 1 § 1 . 1 ! °.° g

: toz

h WO W, VS

RN
.
hAPRAPTRY Y

-0y

W,

- «*. L
LS.
AR

.-\
A

-.. "~
P PR

-0'9

M
: .

-0°9
’

114
SSR

- 0°04

-0°v1

YOp/UO[IO0S 88010

: |
. L 091

$

. L o8t

:

B " -‘....
! L 00z b
N + N L]
.\. .ﬁ-‘ l.-
r. oz . o

o
b
s

..

o. }x.x ﬂﬂ.




] "h=e /Yy I0FJ eleq JeIUSWIIdAXm § TeOT3I3I0dY]
' u?9M1ag uoTldeg ssoIx) Jo uostiedwo) g 'y @an3d1yg

-

wm

2 J L X 9T "

.
-
-
=
=
-
-
b
b~

ﬂ_ qQL1394vL----0
8L139HVL----X

ZL3DHVL----0
QLLIDYVL----+

s WM ETVN. T LT T Tl T e T e

-0

-0y

- 09

004

-0°2

-0

e

ysp/uo)}oeg 88010

. .u&....V A 0 e
PR o . .

N YA I I : \ (]
bacatalala 4 2.2 g s s

DR
P .
)

. O

I SR

R R I
2

¥,

115

S o

PRGN WP Y N\

PR P

LS RN




Laiy

i Mt

TE T Ty ryrTT v

B Sas i 4

i et S B st e tens

‘9= /Yy 103 eieq Teauauwtaadxy § [ed13IdaI03Yy]

u’aaMmiag UoTr3d9g SSox) Jo uostaeduwo) 6 4 21n81y
L2
ot (x4 L X e t X L 4 " ot 1 4} Tl o
{ { 1 1 I | 1 1 . .
00
£1139HvL----0 0%
6LLIDHVL----X oY
#1139HVL----0 278 Il
#139HVL----+ M I
- ]
-F00k ¢
o
" =
- 0°C1 o
2
o B
- 098
-0°84
- 00T
oTeT
e, AL AN

- -
ax

116




3 ‘s‘-

B\ 2aie Tastc et At At s

#=e /Y I10J ®Y 'SA 3IJTYS 9seyq PoINSEIY

01 % 2an31y

)

os ) 4 93 3 Te [ ot 4 { )8 ot 4 8 r 4 {1 2 8
1 1 i ) A A - A i 01-
oPop°
aa&u%n - 970~
& GlL1FOHVL----D
- '.ol
8LLTOHVL~---X
b— ‘OO
o Z139HVL--=-0
- “-oi
QLITOHVL----+
ot = °-°
- Z°0
- 9°0

08L/se0.00Qq e88Yyd

117




o e L T TR TS TR e e T e T T e

A2

b A Sani Rt

DA sttt el el nagy Wi e ~ath Sul Pl Mal Sl S A S AN

9=e /Y

I03J ®f 'SA 3JTYS 9seyq paansesy

114 3an31g

oc 8T L X

L)
e TS 0T . o

ri 44
I

41394v1----0

6LLIOYVL----X

o #A139UVL-—-0
t1I0HYL----+
o
P o \g
Y muﬁxmawr\\
P
0 o ouOnnBa
e a
w0

+4 00

.
b

- 90

° -
-9°0

o

08L/800i80Q e88yd

118

. ~ - - - - . - .
. . et e PR .. - - . "o T . . - -
B PRI T W W UL, WO G WL WAy Wi R A T WA I v Wil Wiy o i ey

S \.‘;“.‘_‘.‘\\..\

C L
b

o

)

3

%

.
.....




1

3
v_
,
r-
4
. y=®/Y 10J 3IFTYS ISeyq [edoT3arosyl gl % In314g
b
.
.
1 )
4 ot T e &1 TC 0T " N i t 48 ol
3 1 1 L 1 _L ) 1 1 q O.ﬂl
3 \
§ -0°0-
-
N L °o°l
v.” - 'lol M
: ]
P -&°0- “ WJ.
[ ) —
. o0 &
J
f o
: . o
5 20 ®
: -h
) S
3 -0
b -9°0
ﬁ.
3 -9°0
’ o
- .
.
3
g
r.,
m- .
R O W




M Mibatiet Shm Iaani SRt it Sias o
. Pl -

9=e/4 103 IJTYS ISeYq Ted13I3103Y]

€1y 2an3T4

os 7T

1 4 43

ol
oL

- 90-

- 90~

g
“ .
o Iy
, = - .
g To- o ~ e
i — e e
O .
° -« --
g ﬁIO-O «Q e "
pr - .
- “ N
e
\ -Z0 O Y
. -~ 1
® ;
. q
1 0 o ,
O
o .A
s -y
3 . g
- ° ° .
1 .
A . ....
- . " N .
4 -$°0 -
§ S
§ 1
d o't
3
Y d
- ° .l
PR
- SR
; R
i\ - LI
2] . ‘g
s
.
-. . ‘u
-. ~l
A
.A. ) _,. . K - ... R :, ‘ T wte Cec . RN . .~“
s . . LR . . AL AT N PR o
+ o TP LI N S gty Pl gt P,?..r..ﬁ.- uM.PL.M J 2o be.Ahrbn .P. . ..l.!. o atat .P..h.».h P, PN Y ) .n..h L




. .;\,_.ﬁ.t-‘.‘h .

et

.‘v" i
Al i ad

r N R
d
‘.
Y.
4
“y=e/Yy I10J ®BleQ TEIUSWIIAdXY % Hmoﬁuwhowzm
’ ussmiag 3IJTIYS aseyd Jjo uosTtaeduo) 14 @andty
.
b’ .x
: . . . ‘2 o oL i z 01
. e .._N O ~N y _N M_N 0 ] . I\ 1 { 01-
g o
g LRHRHD -8°0-
” i GL1IvYvL----0 .
. b - 9°0-
\ ] 8LLIDHVL----X
, -3
o Z1IoHVL----0 ® a
-T0- 3 -

QLLTDYVL----+ . o
' “4-0°0 o
T_ :
w _z0 W
g o
2 Lyo ©
w‘ -..
90 i
_ﬁ ]
: 90 B
w_.. o1 o

. . . -
[ AT R




.wum\suowumauucosahm&x moamuom
usasmiag uwﬂ:m mwm:mﬁmo :OWﬂhmmmow I mww¢ wkmmﬁh

—e
oc L X4 X T 3T 0T el L ) " 4} ot

) | ' 3 N i i L L 01-
A op” -0°0-

yvl-—-0
: o 4139 o

61LI0HVL-===X

= '- -
- HLLFDHYL--=-O

122

‘ -T0-
| ¥AIOUVL----+

.
-

0sL/seeiBeQq e8vyd

-9°0

-9°0

-9°0

o

y .
f \
y N
g
. |
1 _
9 :
“
b N
u.q- oA .LOw\n..\.m-.-Qy-( e e L. T . . o _.. R
s " 5 "y ﬁ‘. LAtk e e et I S o, T AT Ta e e B . v et L oa e e A PR . . - ., - - . ...n,.-d
s W S L SRR  ERATIIS T A Nt G e S T I
il oy Lol w o ) . § a AR T Lt . ) R | R A DA blm!h\bvtk-r F-rhf»r NN .-v,l,.rv ot S




daO Rt ke R R . |

V. SUMMARY

The exact solution to the scattering by a tubular
cylinder from the broadside was presented. From that solu-
tion one can see that at this aspect angle the scattered
field dependes only on the axial surface current flowing in
the z direction. The exact solution was used to develop
theoretical predictions to the broadside back scattering
cross section and phase shift of a finite tubular cylinder.
Measurements of cross section and phase shift have been done
and the results were analyzed and compared to the theoret-
ical data. The comparison shows that the results of the
measurement and the theory are in very good agreement. Both
theoretical and experimental data shows that the frequency
range that has been chosen is good because the back scat-
tering cross section is about fifteen times bigger then the
cylinder dimensions, or equivalently, the cross section in

the optical region. The increment in the cross section made

the signal easier to be detected and analyzed.

These results as well as the problems that have been
arised will be used for further work on this project 1in
developing target identification schemes through the obser-
vation of the back scattered field from a target.

A. KNOWN PROBLEM AREAS

When more complicated bodies than the tubular cylinder

are used as targets, the only way to study thier back scat-
tered field is by using the measured data. This is why the
jﬁ most important problem that has to be addressed is to under-
-~ stand the discrepancies between theory and experiment that
9

have been discovered. As a first step, the effects of the

support should be studied by using different supports.
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Another problem that discovered is the error in the
average procedure for phase shift near *180 degrees. That
can be solve with a proper averaging procedure. Because of
the system noise 1in the lower frequency range the measure-
ments were done over the range of 10 to 15 Ghz and required
the use of several scaled cylinders to expand the frequency
range. This introduced errors due to the differences in the
inner to outer diameters ratio. By achieving stability in
the frequency response of the receiver, one cylinder can be
used for a larger frequency range and thus all the parame-
ters will remain constant for all the frequencies.

B. WHERE FUTURE WORK IS NEEDED

To understand the effects of cylindrical waveguide modes
on the back scattering of a tubular c¢ylinder,the solid
cylinder should be studied. The closed ends of the cylinder
introduce current in the transverse directions but prevent
the wave from propagating inside the cylinder. Adding fins
to the cylinder to investigate their effects on the induced
surface current on the cylinder should be carried out next.

The effects of the dimensions of the fins and their position

on the c¢ylinder, on the scattered fields are the most
interesting.

Tests on models of real targets are the last step in the
evaluation of this scheme and different aspect angles should
be studied. For real-life targets, the wavelength should be
scaled as the ratio between the models and the targets. That

means production of radars that will work at frequencies at
e a few hundreds of MHz. This system should include a computer
that has the ability to store data about the parameters of

SEAERENLNAR
:

Y different targets of interest and by comparison between
[ measured data and stored data the target will be identified.
L._'.
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Model Number’
Frequency range
Gain

e VSWR (maximum)
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APPENDIX A
ANTENNAS CHARACTERISTICS

GTE AN/18I

4-18 GHz

6-12 dB

3.2:1

<20dB below 5.5 GHz
>20dB above 5.5 GHz
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APPENDIX B
ANECHOIC CHAMBER

The anechoic chamber is internally lined with absorber
material; this material provides the necessary attenuation
to the reflection from the walls. Under the absorber
material there is an aluminium surface for isolation against
external sources of noise such as atmospheric noise and man
made noise sources.

Physical dimensions:
Longitudinal length 20 ft.

Lateral length 10 ft.
Height 10 ft.
The absorber material used in the walls of the chamber
is EHP-8 Rantec microwave absorber; cut into a precise
pyramidal configuration. Figure B.l1 shows the mechanical

specifications as well as the maximum reflections at normal
incidence. For the material used in the floor, ceiling,
lateral and front walls. The absorber material used for the
back wall operates with more absorption at lower frequen-
cies, and the height of the cones is also different. The

specifications of the back wall absorber material are shown
in Figure B.2 .
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APPENDIX C

SPHERE PROGRAM
"IFHERE OF IVEG"

i

T COMFUTE EBHCK SCARTTERERED

I FARP-FIELD FROM R FERFECTLY
COHDUWCTIHG SPHEFE.

i

i THE INCIDEMT FIELD I3 R

P LINEARLY POLARIZED PLAME M

RUYE WITH ZERQ PHASE AT THE C

ENTEFR (OF THE SFHERE.

! THE THEORETICAHL UVALUES TO
BE COMPUTED ARE THE BRCH-:=C

RATTERIMNG CROSS-SECTION AKD

! THE PHASE OF THE FRAR FIELD
IMTERPALRTED TO THE CENTc®R

3F THE <SFPHERE.

i
' THEORETICRL YALUES
I STOPED IN FILES OF
I RECOPOS, QHE FOR EH'H FREN

UENCY FROM 2 a2 GHZ 7O 13 GH

AT @ .32 GHZ ZTEPS.

i

I "THE2R! CRIVEL"™ FOR THE
b1+ DIRMETER SPHERE

! "THEJIRZ CRIVEL" FOR THE
b3 127" DIAMETER SPHERE
I "THEJR4 DFIVEL1"™ FOR THE
t 4 75" DIAMETER SPHERE

P "THEQJRe ORIVEL" FOR THE
1

1

]
H

Y0 D
e s
Dol 4]

&" DIAMETER SPHEFE

FIte H¥ STORES THE
COMPUTED FRESULT
¥="THEOF& ORIVEL"

¥ RA2S4-2 | SPHERE
s IH METERS

=24F1 | FAPRMETEF

Ni=2 1 STARTING FREG IN GHZ
f2=12 ' FIHARL FFED INM GHZ
Nd= a2 ! FREQ ITEF IH GH2Z

OM ERFOR GOTO Ze6

PLURGE H¥

OFF ERROFE

CREATE H$.229,16 ' OFEN R ME
W FILE WITH 201 PECORDS

Y OF 1& BYTES ERCH. EVERY

I RECOQPFPD STRORES OME MARGHITU
DE RAMD 2QHE PHARSE DATH. :

i
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T

410 ASSIGH# | TD HE

420 DIM ESO144)Y B3C134) ., 020144,
D3714a ) 1445L0Q=INTL2¥KO¥AG
+3)

420 FA=31

443 FOR I=! TO 24@

453 DISF “FRER LOOP=".1

43 FO=Fa+a4d

476 DISP "FREQ (GH2Z2>)=",F9

480 K1= 2-F2 | WAVELENGTH

490 Ea=¥9o-Kl ! WRVE NUMBER

sSad GOSUE &1

539 PRINT® 1.1 ; EB.PB

S48 NEMT 1

SA RASSIGN# 1 TO %
CLERFR
DISP “EHD 0OF COMPUTATION"
EHD

|

1

LE=INT“’¥KE*H8+3)

IF LB<145 THEN £56

DISP "KA#A2 TOO LARGE FOR
CURRENT HRFEARY DIM"

M T PTG AAR AN
Doy A D I DDA DO R

A Bl )= RO N T Al B X030 T

2508 Z=KAtRO

65H GOSUE 834

73 ES=4

88 ES9=0

£33 FOR M=1 TO LA

7968 L=La-H+1

vig Mg=02L¥~2+D9CLO~2

728 MO=B8CL)-Z+BO(Lr~Z

7328 =(L+ 5> M3-M2

740 RS=H?#(B?€LFXDBCLF-BS(L)*DS(
LD

7?58 RO=ATR(BIC(LIXDICLI+BI(L¥D3V
Li>

TeRd EZ=A2-ES

v7R E9=fA3-ED

728 NEXT N

790 Eg=-EZ

£¥a E3=-ED

210 E@=gg~2+E2~2

£260 PA=ATN2JEQ2.E2)

230 Eg=EQ-K2¥2¥K1 ! CROSS-SECTIO

M

840 FA=PA-X34INT(PE/KS)
eS9 IF PA<PI THEN 3879
S50 PO=FA-15

270 PA=-FPQ

320 PETURN

299

358 IF 2>Lo-1 THEN 1218
10 ZI=IZ2-2
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220 HZ=2¥TT+L0+1
ST0 DLs2fMH2+7T
. 340 DE=D14CZHHZ+3D
950 DI=D2HC2EHZ+T)
IED Dd-"THC2EHZ+PD
A70 Fl=_-22/D1+22A2/(2%023~22~32/
CEXD3
920 F2=2%(1-D1-22/02+22~2/72¢02"
=Z2~3-02kD4 )
2993 M=2%22
1966 S1=F1
1913 F1=(2%¥M+1)¥F1-2-F2
1226 F2=51
1338 IF RBSC(F1Y<1.E1A@ THEMN 18379
1948 F1=F1¥1 E-169
13598 F2=F2%1 £-109
1968 S1=S1%1 E-120
1278 M=M-1
1939 IF M+1:>LO THEN 12830
1956 B3(LAY=F2
1198 BS(LBA-13=F1
1112 MB=LA-2
1120 FOR K=1 TO N@3
1120 M=LB-K-1
1149 BB(MI=C2EN+3YYRICN+1),Z-BS(
M+2D
1150 MEXT K
1168 A1=CSIMEZY - Z2-COS(ZI ) /B8
1178 FOR K=1 TO LO
1130 BOCKI=R1¥ES(K)
1196 MENT K
1206 GOTD 1268
12108 B2C(11=3IH(2)»2-C0S(2)
1220 ES¢2)=(32-2~2-1>¥SINC22~3%C0
S(2):2
1230 FOR N=3 TD L9
12409 BE{NI =¢2¥H-1)¥BR(N-1)>-2~B2(
N-2)
1258 MEXT N
1268 BA(1)==-3INC2)-COSC¢2) /2
1270 B9(23=¢1-3,2~23¥C0S(2>-2%S1
: HCZ)/2
“ 1226 FOFR N=3 T0O L9
Bl 12230 BO<MI=v2¥H-1)¥BO(N-1),Z-Ba¢
o M=2
1398 MEXT H
- 1212 D3(1r=01-1 /222 ¥SINCZ1+00S¢
- 1720 na«%>-r1 2~Z=124COS{21+SINC
P ) »s
o FOR N=2 TO LO

! DICHY»=RACN-1)-N¥BI3 (N2
A MEXT H
"8 RETLURHM

I6
Q@ OD8CMI=ER H-1>-HYBE&(HN)~2
g
(4
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APPENDIX D

CALIB PROGRAM
"CALIE ORIVEQ®"

QUEFR L>-U2 GHZ RY F% GHZ
' STEPS BAZED OM THEORETICAL
VALUVES COMPUTED USIHG THE P
POGRAM "SPHERE ORIVERQ"
I THE RESULTED SYSTEM TRAMNS-
FER FUMCTION IS STORED RS:
"CALIBZ DRIVEL" (3 137"}

]
!

' A% I3 THE FILE STORIHG THE
1

]

t
!

' CALIERATION USING A SPHERE
1

]

BACKGROUND DARTA.
! C% 15 THE FILE STORIMG THE
SYSTEM TRAMSFER FUNCTIOH
! H¥ IS THE FILE STORING
THEQRETICAL OATH OF THE SPHE
RE
i S¥ DESCRIBES THE SPHERE
]
Ceg="CRLIEZ DRIVEL"

ﬁs-"THEuP ORIVEL"
S$="32 127 INCH SPHERE®
At="BKGRHD DRIVEL"

¥3=2%P1 | A PARAMETER
OFTION BRSE 1
N@=3 | HUMEER OF READINGS

TR¥XEN AMD RYERAGED FOR ONME
FREG.

! FRED. STEP IM GHZ

O'D
i}
—

1 ! Mi=CU9-LI) FR+2
MUMBER OF FRER. CHECKED.
@

.1V LOWER FREG@.IMN SHZ
! UPFPER FREG.IM GHZ

il

([}

R el o, UL Y

£S51,2>) | BACKGROUMD

0aTA
L2 V TARGET DATA
. THE“PI

—
=

! :TﬁPE HLIB nN AND BACK
GROUND DHTq IN A FILE 0OF Mt
RECORDS

! EACH RECOPD COHMTRIMNS OHNE
MAGHITUDE RHO OME PHASE

.
. -t e
LN PRI I WS S . Y Py

------------
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4268 |

4320 % FERDIMG THE THEOQRETICAL OA
A

440 !

458 ASSIGH# 1| TO H$

450 KO=(L3-2-F34%2>¥50

470 FOR I=1 70 Mi

439 Ka=Ke+IatFS

428 READH 1,.KA ; G3<T1,1)3.G2(I,2>

S59&a MEXT I

10 ASSIGN# 1 TO %

528 GOSUE 21y ! HERDER.

S38 DISP "DOD ¥OU WANT TO USE THE

MOST RECENT BACKGROUND DRTH
2 id

IHRPIT P¥

IF P$="H" THEN £38

]

i RERDIHG BPRACKGROUND DARTA.
I

ASSIGN# 4 TO Af

READ# 4 , AL.D

U W SR T WO IO 0 B 8 IR ]
Lol BT RN N N
DRADED DD

L ASSIGHY 4 TO X
@ 2@ GOTO 820
B 39 CLEAR
X 49 REMOTE 7 ! REMOTE ALL
S DEVICES
> 58 CLEAR 7 ! CLEAR ALL DEVYICES
[ 66@ ! IMITIALIZE SIG.GEN TO FIRS
T FRER.
(] 6§79 OUTPUT 719 ;"P",L3,"21KAL3MO
A NEOL"
CLERR

T h
L]
B

DISP “REMOVME TARGET FROM CHA
MBER.PUSH 'CONT' WHEM READY"

7A@ LOCAL 7
718 BEEEP & BEEF
i 728 PRUSE
= 738 REMOTE 7
e 7453 CLEAR
- 750 QISP "TR: IMG BRCKGROUND DATA
bw‘ TR PRINT
v 778 | PRINT "BRCEGROUMD ORTR"
= 756 PRINT
L Y33 QUTPUT T12 ;"P",.L3."21KaAL3MA
- Heo1 ™
(-~ 299 HWAIT 209 | WARIT FOR FREG.TO
o STREILIZE
o GOSUR 13224
[ ] !
’ STORIMG EBACKGROUMNMD DORTA

5
FPRINT® 2 ; RAC.>
ASSIGH® 2 TO %
CLE

VYT

Q00 00 3 I3 I 00 00
DN W I RN T (S
DDDRORDG
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f.
WCRN
Dot

: LOCAL T
o ISP "PUT TARGET INTO CHAMBE
t F.FUSH 'CONT WHEM READY"

N

219 DISP "TRAFSET IS ", S

920 EEEP ® BEEF

938 PARUSE

S48 REMOTE 7

S50 CLERR

296 DISP "COMPUTING TRAPGET DATA"
970 PRINT

338 | PRINT “TARGET DORTA"

938 FRINT

1888 QUTPUT 712 "P".L9."Z1KALIM

GMsOL "

1213 WAIT 208
1226 GOSUEB 1316
1939 PRIMT " *
g 1940 PRIMT "TRAMS. FUNCTIOM".Z$
5 19S6 FRIHT »
: 136R !
p 1479 ! CALCULATE RAMD STORE TRAMS
¢ FEP FUHCTION.
- 2Q |
| € 20 ASSIGN# 2 TO C%
q A FOP M=1 TO M1
b N1=B(M.17-R(M, 1D
- H2=BCM. Z0-FIM. 2D
i KE=GICH. - (H1A°+N2A23

MT=GZ(M, 27 ~ATN2 N2, N1
RP=UT-UIXINT(HT /NI

IF X?>P1 THEN X7=¥7-x9
PRIMTH# 2.M ; ¥6,X7

I PRINT USING S78 ; M,%6,%7
IMAGE DD. 1%, "#6=",50.DDOE, 1

DRI D

bl s b e P s ot s Pt f et P
b‘v—‘o—-o—o.—-.‘......—.p...s,.s.
-
i’

B RN N R W N (VRS

(Lol

¥, "¥r=" S0 . DODE
MEXT M

ASSIGH® 2 TO ¥
CLEAR

DISP "CRALIBRATION COMPLETED
;DATA STORED IN".CS$

) FV—-W'} G
Pt s s o
LOR YD ) (V]

aa
10
20
36
1249 BEEP @ BEEP @ BEEP
1258 LOCAL 7
| 1358 ENOD
e 1280 !
¢ 129G !
- 1300 1
- 1219 !
3 1720 ' BACKGROUMD DATR COLLECTIO
. M SUERQUTINE

-
o
whd
v Run]

£ G

; U QUTPUTCLB-F2:TO U9 GHZ AT
e F2 GHZ STEPS

- 1250 1=12%(L23-2¢F3> | FREQUEMCY

[ STARS AT LS9-F2 GHZ

b

g
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S0
SOm

Oy

P pn
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P
D
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VIIDDX

e 0 R W W I Y S A R T

D AV RV R ENENES ENENENY, ¥
DIIIDIIDDT DD DDD

ek e Pt pes b pt Pt ok ph s b ek

B

FOor k=1 T M1 ! HUMEBER OF
FPEQUEHCY STEPS
=J+l@¥Fa
IMHbE 1/.32,14R
QUTPUT ¥15 USING 132a e
fd,"AZ AL 3INBHeOL "
' TAKE DATA IH FROM 7z2&726A
GOsSUE 1529
|
' CTALCULATE REALLIMAGINARY
FPHM AMP  LPHAZE
Pl ALECOSCPL)
TiI=A1¥SIHIPLD
Rk, 1)>=R1
RK,Z0=11
! PRINMT USIMNG 2948 ; fAdk.1>
SACK, 20
NEVT K

N
FETURM
!

!
!
!
1
I SUBROUTIME TO ENTER AMPLI
TUDE AHD PHARSE DORTH FROM DI
CITHAL YWOLTMETERS

!

! PREPRPE DIGITAL VOLTHMETER
TQ SEMD AMPLITUDE DRATH

! M@ RERDINGS THKEN RHD AVE
RAGED FOR OHE FREG.
]

I
Yi=a | PARASMETERS FDR THE
Fi=a t RUERHRGIHG FPROCESS.
FOR L=1 T0O HA
QUTPUT 726 "PUFIRITLIZIFLANM
an
HAIT 12
EHTER 729 ; W
HAIT 16
QUTPUT 722 "FIR?TIM3IARHL"
MAIT 14
ENMTER 722 ; F
=i+l
=F 1 +F
HRIT 16
MEXT L
u=i1 /N0
F=F1-HO
Al=1a~F | TRAHSFER TQ MAGC
FROM VILTS.
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et
o 1519 F1=13@%y | TRAMSFER To DEG
oo FROM MOLTS.
s 1820 F1=DTR/F1}
t‘ 18320 ¢ PRINT USING 1818 ; K,AL,P
1
e 13428 IMAGE DO.2¥,"A=",MD.0DDDE,2¥
: ., “P=%,3D . ODDE
- 1250 RETURN
< 1260 !
o 1379 !
& 183@ !
-l 1229 1
e 1508 !
(% 1219 | TARGET DATA COLLECTION
N SUBROUTINE
e 1929 |
1338 | QUTPUT(LS-F9>TD U® GHZ AT
F9 GHZ STEPS
1948 J={@%(L3-2%¥F3) ! FREQUENCY
STARS AT L3-F9 GHZ
1950 FOR K=1 TO M1 ! HUMBER OF
FREQUEMCY STEPS
1960 J=J+18%F2
1972 IMAGE 1R.32.14A
1930 JUTPUT_ 7192 USING 1978 ; "P*"
. J. "BAZ1KALIMBNGD] " |
1998 | TAKE DATA IN FROM 7222720
1828 GOSUE 1410
2009 GOSUB 1590
29819 | CALCULATE REAL&IMAG.FROM
AMPLFHASE
2928 R1=A1XCOSCP1)
20328 I1=AL1¥3INCPLD
2948 B(K,1)=R1
295@ B(K,2>=11
2868 ! PRINT USING 2848 ; B(K.1)
JBOK.L 2
20728 IMAGE 44, "R=",50.0DDDE.2X."1
=", 50.0DDE
2920 NEXT K
2938 QUTPUT 719 :"P",L9,"21KAL3NM
ANEOL
21008 RETURN
2119 !
2129 !
23| !
2149 !
2158 ! HERDER SUBROUTINE
2160 |
2179 PRINT » "
2128 PRINT » "
2198 CLEAR
) 2200 DISP "CALISRATION STANDARD"
i 221@ PRINT "CALIBRATION STANDARD
:,, - s3F
b
E;f 136
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APPENDIX E

TARGET PROGRAM
"TARGEY DRIVES™

TARGET EBACK-SCATTERIHG
USING C# DATH & STORE
RESULTS IN 3

! FREGQUEMLCIES :L3-US GHI AT
F2 GHZ STEPS

L. —

i FILE C¥ STORES THE SYSTEM

TRAMSFEFR FUMCTION

' FILE 5% ZTORES TRARGET DRTA
OBTAIMED FROM THIS FROGRAM

| FILE H¥ STORES THEORETICAL
VALUES FOR FPLOTTING OQVEPLRY

! FILE R$ ZTORE:Z ERCKGROUND

DATH
C$¢="CALIB2 . DRIVEL"
G$¢="SCRI DRIVEL"
H$#="THEQR3 .DRIVEL"
As="BKGRNHD DRIVEL"
i
CRERATE 63$.52.24

(0 £ i 13 0 13000 00 ) QA el [
VIO

PO T 1 13 1 2 1t e 1ot s bos e 12 s s

fo
™
Do)

-\J
i)

(VR RER AN
.0 O
ol

I
)

[N
)
D

ol
TV

DRADDDIIDD OO

e

oy DRV ORN T PR I N

R N TN ENENENINTN|

STORE TARGET DATAR IN FILE
OF Mi+i RECORDS _FIRST OME
FOR THE AVERAGE FPROCEDURE
AND THE REST CONVAIHNS THE
FREDUENLY MAGNETUDE AND
PHASE SHIFT.

CREARTE A$.51.,18
STORE CALIB. AND BRCKGROUM

DATA IN H FILE OF mMi RECQRDS

EACH RECORD CONTRINS ONE M

AG . AND PHASE AT A FREQ.
1

DPTION BASE 1
N©=2 | NUMBER OF READINGS

THFEN AMD HUEPRGED FOR ONE

FREGUEMLY .
I
DIM ACS1.,2) ¢ BRACKGROUND DAT
H
DIM B.S1.22 | TARGET DRTH
OIM G4cS1.2) V CALIBRRTION
DIM M¢CS1,32) ' RESULTANT
ODIM MacSy, 2>
!
Ni=51 1!

FREC . CHECKED.

F&=.1 | FRER .STEPS IN GHZ2.
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ST, g S A4 YA A N N8 DRk e vk o s e Ty

- - e .t Dlhal® BN A0 APl aes g o |

430 U3=15 ! UPFER _FRED. IM_GHEI
438 L3=18.1 | LOWER FREG. IN GHZ
44% DIM T<398.2: ! STORES THEORE

TICAL DATRA

MS=22F]

!

| REROIMG TRANSFER FUNCTION

1

RSSIGN® 1 TO C$

s<

RERD® 1 & Gd{.>

SSIGN# 1 TO % :

MAT PRINT USIMG 3206 ; G4
IMAGE 2¥.30.40

1

REMOTE 7 | REMOTE HRLL
DEWICES

CLEAR 7 ! CLEAR ALL DEVICES

DUTPUT F1& "P1Z2IKBLIMONEGL"
P INITIAL SETUF OF V12

CLERR

DISP “DD YOU WANT TO USE THE
MOST RECENT BRCKGROUND DRTH

Ly '.l.' /I N "

INPUT P#

!

IF P$="N" THEN 7099
}

!

!

ANAANA L fe 8 b
Np Wd PO SO D~y
DADS I N DA ARSI A DA AR 5]

N
=~}
Dodhx)

aa
Yl o}
DR ]

- READIHG BACKGRDUND DRATA

ASSIGN# 4 TO AS

RERD® 4  RA{.)D

ASSIGNS® 4 TO x

GaTo =61

OISP "REMOVE TRRGET FROM
CHAMBEFR .PUSH ‘CODHT' WHEN RER

S0 0D~ Ty B Cof 0 e
DDODDDDI DO

i B DU T (T O 19 0

0']) "

71@ LOCAL 7

720 BEEP @ BEEP

736 FRUSE

742 DISP "TRAKING BRACKGROUND DRTA

798 REMOTE 7

78 QUTPUT 719 ;"PR.L3,"21KALEMA
NeOi™ ! IMITIAL SETUFP OF 712

WARIT 199
GOSUB 2526
i

| STORING BACKGROUND DATA.

1
ASSIGH® 5 TO As

PRINT# S : AC,>

48 RASSIGHN® 5 TO X

o 356 CLERAR

- 268 DISP "PUT TARGET INTO CHAMBE
- R,PUSH 'COHMT' WHEN READY"
87 LOLCAL 7

) TNV = DO 00~y
DR DD DD

WNWNo-4~y~d

o 38a BEEFP 2 BEEF
) 298 PRUSE
f::‘::: 139
6
SN S e e S w e e
e L o o Tt e et e 2 e e e e o
1aX alaa *“"\‘—'*"l"\ PR \L- P YN 1_)':1 {. q":-'. .": st O DU ':..'. »»»» R - -~ ‘
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LAl i el A Al et il W b R Sedh Sl
RO AT N S

Sad REMOTE 7

219 QUTPUT 712 "P",L9,"21KALIMA
MsOl"* + THITIAL SETUP OF 719

S2a WAIT 529

9326 GoSue 237e

242 CLERAR

558 DISP "COMPUTING TRARGET DATA"

968 GOSUB 33

27 !

228 ! COMPUTIMG TARGET DATA

558 | HITHQUT BACKGROUND AMD THE

1é88 ! FREQR. FOR EACH RECORD.

1916 FA=L9-Z§F?2

19200 FOR M=1 T0 N1

1236 FA=Fa+F>

1348 N/M,1)=F@

1958 ¥7=B(M,1:-ANM, 1>

136 ¥3=B(M,2>-ACM.2>

1870 ¥E=(X7~2+¥B 20%G4(M, 1)

1238 MM, 2>=X6&

19908 ME8=ATN2{XS.X7)+G4(M,2}

1196 XK8=X8-RWIXINT(X8,K3)

1116 IF X8>PI THEN X8=XZ-X%

1128 NI(M,3)=K2

1126 NEXT M

1140 DISP "PRINT DATR? Y~-N"

1152 BEEF @ BEEF

1160 INPUT P¥

1178 IF P$="H" THEM 1210

1138 PRINT * FRER CRSEC

PHRASE"

1198 MAT FPRIWT USING 12692 ; N

1200 IMAGE 21.3D.4D

1219 CLEAR

1228 LOCAL 7

1239 DISP “"PLOT MAGNITUDE FOR

THIS MEASURMENT? Y~“N"

1248 INPUT P¥
1256 IF P$="H" THEHN 129@
12680 QISP "SELECT PEN. PUSH
‘CONT' WHEH REARDY"
1276 PAUSE
1286 GOSUE 32530
: 1299 CLEAR
. 1388 DISP "PLOT PHASE FOR THIS
- MEASURMENT 7 Y. N"
L 1219 BEEP @ EEEP
- 1320 INPUT P$
o8 13230 IF P$="N" THEH 1370
® 1340 DISF “SELECT PEM. PUSH
s ‘CONT ' WHEN RERDY™
o 1358 PAUSE
. 1368 GOSUE 4570
$( 1379 CLEAR
140
et AT A L, AN R ESLAR R O ) -
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1338 DISP “"DO YOU WRANT TO MAKE
RYVEPRAGE WITH PREVIUSE

DATA?"

1329 QISP "2Y/N"

1483 BEEP @ EBEEEFP

1413 INPUT P#¥

1426 IF P#="%" THEN 1710

1432 DISP "DQ _YOU WANT TO STORE

DRATA 7 YN "

1446 INPUT P¥

1458 IF P$="H" THEN 2240

1460 MO=1

1479 DISP "DO ¥OU WANT TO STORE

DATR IN FILE"

38 DISP G#

Q9 DISP "7 Y/N"

30 INPUT P$

A2 IF pPs="v" THEN 1586

® DISP “"ENTER NAME OF THE DRAT
A FILE TGO BE USED FOR STORE
‘;E [1]

1538 INPUT Gf¥

1548 DISP "IS THIS AN OLD FILE

TO BE UFDATED 7 Ys/N ™
1558 IMPUT P$

1560 IF P$="%" THEN 1580
1573 CREATE G$.53.24
1520 DISF “EMTER LENGTH OF TARGE
Tll
1599 BEEP @ BREEP
1500 INPUT Mt
1610 Eé$P "EMTER DIAMETER QF TAR
1620 BEEP ® EBEEP
1628 INPUT MZ
1640 !
1659 | STORE MEASURED DATH.
1660 !
. 16708 ASSIGN# 2 TD G$
i 158@ PRINT®# 2 , MO.M1,M2,HN(,)
. 1699 RASSIGMHE 2 TO %
o 1769 GOTO 2248
e 1719 DISP "DDES THE DATA STORED
~ IN FILE"
. 1720 DISP Gf
» 1730 DISP "7 YsN"
g 1748 INPUT P$
[-.- 175@ IF P$="7" THEN 1276
AR 1760 DISP "ENMTER NAME OF DATA
o FILE TO BE USED FOR THE
P AYERAGE"
S 1776 |
- 1732 INPUT G$
1790 !
1268 | READ OLD DATA
1219 ! AND MAKES WIGHTED RVERAGE
1829 ! WITH HEW DATA.
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1820 ASSIGHE & TO G$
1240 RERDE & - M®,M1.M2,M9(.)

185@ RASSIGNE & TO

1868 FOR K=1 TD N1

1870 MOCK. 21=MICK, 22 KMB+NCK, 2)

1890 MICK.2>=MICK,2)>,(MB+1)

1898 MA(K,I5=MIC(K, 3D EMA+NCEK, ) |
1988 MA(K,3)=MICK,3) - (MO+1)

1919 MK, 2)>=MaK,2) .
1328 M(K,3)=M3(K, 3> |
1938 NEXT K |
1348 MB=M@+1 !
1950 ! |
1960 | STORE NEW RVERRAGE. |
1979 ASSIGN® 7 TO G$

1988 PRINT# 7 ; MA.M1,M2,H(,)

1998 ASSIGHM® 7 TO X

2999 PRINT "DRATA IS AYERARGE OF".
MO . "MEARSURMENTS"

29108 DISP "PRINT DATA? Y~N°"

20206 BEEFP @ BREEP

20830 INPUT Ps

20848 IF Ps$="H" THEN 2080

2458 PRINT " FRE®Q CRSEC

PHASE"

2660 MAT PRINT USING 120@ ; N

2278 IMAGE 2+.2D0.40D

2680 DISP "PLOT MAGNITUDE? Y~-N*

2690 BEEP @ BEEP

2120 INPUT Pf

2110 IF P&="N" THEMN 2156

2128 DISP "SELECT PEN FOR MAGNIT

UDE PLOT. PUSH °‘CONT' WHEH

REROY . "

PAUSE

GOsSue 3538

CLEAR

QISP "PLOT PHASE? Y-N*

BEEP @ BEEP

INPUT P%

ey IF P¥="N" THEN 223@

- DISP "SELECT PEN AND CHANGE

s PAPEF FOR PHASE PLOT. PUS

H 'CONT' WHEN RERDY."

MM PO N T O
) bt s ot e s e Pt
SOV -JIHA B W
QDI O

b

i 2218 PAUSE

ok 2228 GOSUB 4579

- 2230 CLEAF

X 2248 DISP "DO_YOQU WANT TO®

o 2258 DISP “08TAIN DATR"
5 2260 DISP "FOR A NEW TARGET?"

- 2279 DISP " "

® 2288 DISP "EHMTER Y/N"

) 2290 INPUT P%

o 2390 IF P$="H" THEN 2430

L 2319 DISP “DO YOU WANT TO USE

- THE SRME FILE"

i 232@ DISP Gf

o
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2222 DISF "TO STORE MEW DRTART Y-

b‘ L 1]
. 2349 INPUT P$

23568 IF P#="Y" THEN 2420

2269 DISP "ENTER NEW FILE MNAME T
0 STORE TARGET DRTA"

2372 INPUT G¥

2380 DISP "IS THIS AN OLD FILE
TO BE UPDARTED? Y~/N"

2399 INPUT P¥

2420 1F P$=""" THEN 2420

2418 CREATE G#%,52.,24

2429 GOTQ 5546

2433 CLEAR
2440 DISP "END OF PROGRAM"
2456 BEEP @ BREEP € BEEP

246@ END
247@ !
2480 !
2499 |
S 25ea !
¥ 251@ |
: 2520 | BACKGROUMD DATA COLLECTIO
¢ N SUBROUTINE
2530 | QUTPUT(L2-F93T0 U9 GHZ

2548 J=103(L9-2¥F9) | FREQUENCY
STRARTS AT LS-F2 GHZ TQ BE
INCREASED AT F2 GHZ STEPS

2558 FOR K=1 TO N1 ! NUMBER OF F
REQUENCY STEPS

2560 J=l1+1A%XF&

2579 IMAGE 1A.32.14R

293298 OUTPUT T12 USING 2570 : “pP*
(. "9A211KBL IMBNEDL "

2999 ' 59 MSELC WRIT FOR FREQUEHNC
Y TO STRARILIZE

2¢00 HAIT 5S4

2610 !’ISKE 0ATA IM FROM 7?22 AND

2629 GOsSUB 27en

2638 ' REAL AND IMAGINRRY FPARTS

264”2 | FROM AMF. AND FPHARSE.

2658 R1=A1XCOSCP1)
- 266R I1=A1¥SINCP1)
= 2679 ALK, 1 Y=RI1
- 2680 ACK,2)=1I1
= 2699 | PRINT "I1=",A<K,2)
- 27808 | PRINT "R1=",ACK, 1)
° 2719 MEXT K

2728 QUTPUT 719 ;“P".LS,"Z1KAL3N
ﬁ» : AN601" ! INITIAL SETUFP OF 7
- 19
. 2736 RETURN
o 2749 |

2759 |
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-
-

J 0
Do Ruxd

rara

y
-
Lo -

=0

J

I

2799
2399

23818
2329

2830
22840
28358
2860
23ve
2284
2390
29006
2918
2926
2238
29408
2350
29¢9
2579
2980

233a
39948

2810
3e0zn
2339
3440
2850
260
Iave
2880
2254

21849
2110

3128
2139

7140
2150

3160
2179

I

]

! SUBRQUTIME TO EMTER AMPLI
TUDE ARHDO PHASE CATAR FROM DI
GITAL YOLTMETER

1

! PREPARE DIGITAL YOLTMETER
TOo SEHD AMPLITUDE DATA

! N READIMGS TAKEN AND AVYE

FAGED FOR DONE FREQUERNCY.

V1=2 ¢ PARAMETERS FOR AVERA

GING PROCESS.

Wi=3

FOR L=1 TO NO@

QUTPUT 728 :"FIRITLIZIFLBME"

HARIT 18

ENTER 729 : VY8

WARIT 18

QUTPUT 722 ;"FIR?TIM3AGHL"
WARIT 18

ENTER 722 ; W9

Vi=uti+Uo

HMi=W1+HB

WARIT 10

NEXT L

Ua=u1-/Na

WB=W1.-HA

! TRAMSFERS FROM VOLTS TO
AMPL .

Al=16~WA

! TRHN%FERS TD DEG. FROM YO
LTz,

Pil=16a%u0e

! PRIHNT "Al=".A1

P1=DTRIP1Y

! PRINT "Pi=",P1t

RETURN

1

DATA COLLECTIOM SUBROUTIN

OUTPUT/LI-F2)TO US GHZ AT
F9 GHZ STEPS
J=10%{L3-2%F3) | INITIAL FR
EQUEHC? AT L9-F3 GHZ

i
!
|
E
!

FOR K=1 TD Hi ! FREQUEMCY ¢
TEPS

J$J+IBxF9 ' F9 GHZ INCREME
MT=

IMAGE 1R, 322.14A

QUTPUT 719 USING 3149 ; *pP"
yJ."2aZ1Kal3IMBNG60L "

I S MZEC HWAIT FQF FREGUENC
Y TO STRBILIZE

WAIT S0
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I TAKE DATA IM FROM 7224&7Zza

(7N

(N EIN E PN TN E SN
MMM FO =

r
D))
2

0
[un)

ROM RMP  }XPHASE

Rl
ovoN
b s

v T

$o WY = DD
Irxm

DDRDDD
"\AF-D-‘
‘UK" nn
= ' Pk T
R R T ¥

D~

[ e A e T
2o TN X

-y o—:';tl

4]
D

Hl‘uwv—u-a:n

" BCK, 1D
JBIK, 2)

;UP*,LS,"Z1KOL32M
NITIRL SETUF OF ?

P
inau
®

—

2279 ! PRIN
3228 MNEXT K
3299 QUTPUT 71
ANSOL Y !
19
33068 RETURM
1

(]
w
o
\)

HERDER SUBROUTINE
3356 |

2360 D$="MOMTH-DATE-YERR"

3378 PRINT " °

2339 PRINT " *

3399 CLEAR

2490 QISP "ENTER TODAY'S DRTE -
MONTH,DARTE ., YEAR®

2410 IMPUT D¥

32420 DISP “EHTER TGT DESCRIPTION

2430 INPUT T$
344G PRIMT 0%
2458 PRINT "TRARGET IS *,Ts
2462 PRINT "sxirki¥¥srxkkexkxx”
2470 PRINT "fXkexexxkrxsxtixsexe
488 PRIMT »* *
34968 CLEAR
3506 RETURN
!

35149

2520 !

233@ ¢ MAGNITUDE PLOTTING
354@ ) SUBROUTINE

2550 !

2568 PLOTTER IS 785

2978 LOCATE 32,122,206,85
25388 FRAME

2590 ! SEARCH FOR MAX. & MIN.

2660 t S@A=N(Z, 2>

2618 | 31=%5

3628 | FOR M=3 TO N1

2632 ! IF SO>N(M,2)> THEN S@=M(M,
| 2?7
o 3640 | IF S1<NC(M, 2> THEH S1=NcM.
L 29
o 2650 | NEXT M
o 2660 DISP “ENTER LOWER VALUE FOR
T MAGMITUDBE PLOTTING®
E..-,
o 145
b
o
o
35
IJ L]
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et o Jlesn Jinie N

:C' S~ S~ A ag L m—_— e gh i e bl ™ et~ wigilibe F adie" i i-n == N A
4
- 3679 BEEP ® BEEF
i 2630 INPUT 3@
b 2598 DISP “EHNTER UPPER YALLE FOR
t MAGMITUDE PLOTTING"
% 3708 INPUT S1
o 3716 L1=INT/LQ)
. 3720 U1=CEIL:US)
3730 !

! CALCULATE SCALE STEPS
! FOR MHGNETUDE.
S3=LGT{=1>
S4=INT(S3) -1

55=53-54
SS=INT(18+S5)>+1
S4=18~S4

LO=INT530,5%4)

IF 35-LiB<=14 THEN 3989
IF S53-L2a>=50 THEN 387@a
S5=.5%35

S4=54%2

GOTD 2318

§5= . 2%55

S4=5154

GOTO 3310

LB=S4%L8

Up=S5%S<4

De=uUa-L 3

SCHLE Li.Ul.L@.U®

FxD 8,4

LAXES -1.54,L1.L0

MOYE L1.9

FOR K=2 TO N1
WO=M(K, 1>

R=HC(K. 2>

0SUB -4470

HEXT K

MS=CUt+L1)r2

MOVE MS.L6G-.89%D0

LORG 5 @ CSIZE 3,1.9

! LABEL "FREQUENCY (GHZ>»"
MOVE Li-1, . 5%<L3+UB>
LDIR PI-2

! LABEL “CROSS SECTION (30,
METERS "

MOYE M5, U@+ . A9%Da

LDIR O

C5IZE 2,1.0

LABEL T¢

MOYE MS, U3+ .22%08
LABEL [¥

PENUP

DISP "OVERLAY THEORETICAL C
URVE? Y~N"

i

INPUT P$
IF P$="H" THEN 4456

e L TR AN N T T S e el s
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]
[
o

LAhp LELH
(SR AVESVEN]
DO

(R RANE V]
SNAU B GID e

DD

4350
43650
4378
43239
4390
4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
45080
4516
4529
4529
4540
4550
4568
4570
4520
4598
4601
4610
4620
4638
4646
4/58
4660
4670
4680
4639
4700
4719
4720
4739

DISP "IS THE THEOGRETICAL
DATA STORED IM THE FILE™.H#
oIrsp "+ YoNHY

INPUT P

IF FP$="%" THEHN 4260

DISP "ENTER NAME OF THE
ODATA FILE TO BE PLOTTED.®
INPUT H¥

EEEF @ BEEP

DISP "CHAMGE PEN IF DESIRED
. PUSH ‘'CONT' WHEN RERDY."
PAUSE

ASSIGN# 2 TO H¢
J1=(LI9-2>%58

J2=(U2-2>¥358

FOR J=J1 TO J2

READ# 3.J ; T0J,1>,T¢L.20
NEXT J

ASSIGN# 2 TO X

Fa=L2

RO=T(J1.1)

MOVE F9,RS

FOR I=J1+1 TO J2
FO=Fa+ B2

REO=TC(I, 13

DRAW FA,R2

NERXT I

PENUP

FRETUREN

1

I PLOT CROSS

MOVE MS.ED

CSIZE 2, .5.0

LABEL "+°"

! IMOVE .98825, .80025
! IDRAK -.08685.0
RETURNM

1

I
{
! PHASE PLOTTING SUBROUTINE
!

PLOTTER IS 705

LOCATE 322.122,280.85

FRHME

S4=.25

uoa=1

LB=-1

09=ua-La3

SCALE L1.,U1,L9,.U0

FXD @,3

LAXES -1,S4,L1.,L0

MOVE L1,

FOR K=2 TO Ni

MO=M(K. 12

RA=NCK,322/P1

GOSUE 5878

147
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4748 MHEXT ¥

. 4758 MOVE MS,L3-.@2%Da

- 47€6 LORG 5 & CSIZE 3.1.0

{ 4779 | LABEL "FREQUENCY (GHZ)"
47868 MOVE L1-1, S¥{LD+UB>

472a LDIR PI-2
4300 LABEL "PHASE (FI)>*
4319 MOYE MS, U@+ 32%03
422@ LDIR A
4238 CSIZE 3.1.0
[\ 4344 LABEL T#
4350 MOYE M5.UG+. 83%DA
4362 |ABEL Df
4378 PEHUP
4280 DISP "OVERLAY THEORETICAL C
URVE? v -H"
; 4898 IMPUT P$
i 4906 IF P$="N" THEM 5236
4919 BEEP 2 BEEP
4928 DISP "CHANGE FEN IF DESIRED
. PUSH 'COMT' WHEN READY."
4920 PAUSE
4940 F@=L9
4958 R9=T:¢J1.2) /Pl
496Q MOVE FAa,p2
4972 FOR I=Ji+1 TO U2
4930 FO=F@+. B2
4993 R9=Tr1.2»/PI

5688 DRAW FO.R2
SA19 NEXT 1
5020 PENUP

5A328 RETURN
52408 !

5a5n |

a6 |

879 | PLOT 0OT
S8EeQ MOVE M3.R3
2893 CSIZE 2, T.@
o186 LABEL "k

21198 | IMOVE . ©B99825, .A86825
5120 | IDRAW -.09005.4
5136 RETURHN
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