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I. INTRODUCTION

_ Basic to the design of reflecting antenna systems is the need to
compute the far-field radiation pattern for a given antenna geometry, feed
placement, and feed radfation characteristic. A simple, yet fast solution
to this classic problem has proven to be a formidable challenge. This is
éspecially true for very large reflectors with extensive current distri-
butions and off-focus feeds.with their associated asymmetry. These problems
are made troublesome because of their large computational requirements.

Recent interest in this problem [1-4] has resulted in the rew appli-
cation of powerful mathematical techniques to produce a more time-efficient
means of computing the radiation intensity. Galindo-Israel and Mittra [1)
have reformulated the two-dimensional radiation integral to a double Fourier
integral “represéntation.“ The Fourier integral is evaluated by expanding
the integrand in a double summation of circular functions and mudified
Jacobi polyiicmials. The result is a rapidly convergent series representa-
tion of the radiation intensity, the zeroth term being J1(x)/x, the
pattern for a uniform, cophase aperture, Mittra,et ai. [2] extend the
work of the first paper to offset paraboloid reflectors and introduce a
more rigorous corrective technique to cdmpensate far‘the «on-Fourier
structure of the radiation integral.

This paper presents a new method which evaluates the radiation
1dtégral on the antenna surface. The algorithm is computationally efficient

and produces the far-field radiation pattern along planer cuts at any angle

1
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1. INTRODUCTION

‘ Basic to the design of reflecting antenna systems is the need to
compute the far-field radiation pattern for a given antenna geometry, feed
placement, and feed radiation characteristic. A simple, yet fast solution
tp this classic problem has proven to be a formidable challenge. This is
especially true for very large reflectors with extensive current distri-
butions and off-focus feeds-with their associated asymmetry. These problems
are made troublesome because of their large computational requirements.

Recent interest in this problem [1-4] has resulted in the new appli-
cation of powerful mathematical technigues to produce a more time-efficient

means of computing the radiation intensity. Galindo-Israel and Mittra [1]

- have reformulated the two-dimensional radiation integral to a double Fourier

ihtegral "representation." The Fourier integral is evaluated by expanding
the integrand in a double summation of circular functions and modified
Jacobi polynomials. The result is a rapidly convergent series representa-
tion of the radiation intensity, the zeroth term being Jj(x)/x, the
pattern for a uniform, cophase aperture. Mittrg, et ai. [2] extend the
work bf the first paper to offset paraboloid reflectors and introduce a
more rigorous corrective technique to compensate for the non-Fourier
structure of the radiation integral.

This paper presents a new method which evaluates the radiation
integral on the antenna surface. The algorithm is computationally efficient

and produces the far-field radiation pattern along planer cuts at any angle

1
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¢ through the three-dimensiona) pattern. The physical optics approxima-
tion is used to compute the,induced{surface current which is the 1npui
to‘the algorithm, The method is developed for focal-point and translated
feeds and is easily extended to offset antennas and arbitrary surfaces.

On the premise that simplification and efficiency may come from
first generalizing, the radiation integral is reformulated to three dimen-
sfons. The result is shown to be a triple Fourier integral. To evaluate
this integral, an extremely fast algorithm is introduced which evaluates,
along planes of constant ¢, a subset of the total three-dimensional Fourier
transform resu)ts. No approximations are made other than those normally
associated with digitization and the discrete Fourier transform (DFT).
To further reduce the computation time, the Winograd Fourier transform
algorithm (WFT) is used in place of the standard radix-2 FFT when a DFT
is called for in the algorithm. The any ¢ angle feature of the program
is implimented using a technique similar to one used in computerized
tomography (cross-sectional x-rays) [5].

While other methods exist for evaluating the radiation integral,
this new theory brings a fast, simple and direct approach. Due to its

speed it is especially useful for very large asymmetric antennas.

11. THE THREE-DIMENSIONAL RADIATION INTEGRAL
AS A FOURIER TRANSFORM

The far-field radiation intensity of a volume distribution of

current may be expressed in terms of the three-dimensional radiation integral

Tloue) =[] Riryo0,p0)en Ik F1R) 4, (1)
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The geometry for (1) is given in Figure 1. lnkform01ating this equation,
it is assuméd that the phase center is at the origin, the observation
point is far from the current distribution and thé/currents are bounded
in a region dimensionally small compared to R.

The <F'+R (R a unit vector) term is the distance from the source
point to a plane through the origin and normal to R. Hence, the exponent
k(r'-F'+R) s the tota) phase delay modulo 21R.
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Figure 1. Geometry for the radiation integral
Using the direction cosines u, v, and w, we can write
r'eR = r;w + r;u + r}v |
= r'cos6'cose + r'cos¢'sine'cos¢sing + r'sing'sing'sin¢sine
= pr'cos8'rose + r'sine‘sinecos(¢=¢"')

The radiation integral of (1) may now be rewritten as
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Elo,e) = ;z' fr R(r',00,¢¢)e-Jkr' oJkr'cose cose
¢20 020 P=0 "

xeik'°[51"0'5‘”9°°’("0')]rﬂzsine'dr°da'ﬁ;'

Equation {2) is a three-dimensional Fourier transform in spherical coordi-
nates as presented by Bracewell [6]. An important corollary to this
observation is that the far-field radiation patfern may be computed as
the three-dimensional Fourier transform of a volume current distribution.
Techniques will be presented for efficiently evaluating equation (2).
If the current exists only on a surface within the volume, the
volume current‘functidn may be expressed in terms of a surface current as
K(r',0's¢') = J(¢'40')8(r'-p)
where o = o(e',4') defines the geometry of the surface. Substituting this
expression into (2) -and integrating with respect to r' (with the aid of
the sifting property of the Dirac function) we arrive at

E(e.e) = J27 [" J(e',")e Jkoedkocose cose
$=0 020 | )

xejkp [S'iﬂﬂ 'Sin9C05(¢-¢' )]925’"\9 'de 'd¢'

Equation (3) agrees with equation (5) of Galindo-Israel [1]. To
phrase it in exactly the same form requires two modifications. First,
the phase center must be moved from the origin to a point defined by the
feed position vector €. Secondly, the integration must be transferred
from the reflector surface to the aperture plane. The latter is accom-
plished by use of tihe "Jacobian of the transformation" between the reflector
surface and the projected aperture. A single component of 3(6'.¢'). say

Jx(s’.¢‘). may be transformed to an "equivalent" aperture distribution



over the circular disk of the aperture. This results in the transformation

J,(8',¢')p2sin0 do’ds’ = Jx(a'.¢')/T’3'TEE7E§73‘s&sdo'
= f(s,¢')sdsd¢’
f(s,¢') is the equivalent aperture distribution and is not to be confused
with the physical distribution on the aperture such as might be derived
approximately by the ray technique. |
Equation (3) now‘becomes

Fle,¢) = 12' Ia f(si¢o)e-ikpedkpcose‘coso
| ¢=0 $=0 @

xejkp[sine'sinecos(¢-¢')];dsd¢'

which is the same as (5) in Galindo-Israel [1] except for a difference
in phase center. Equation (4) is not a Fourier transform as
exp(jkp cose'cose) is a function of both source and observation coordi-

nates.

I17. AN EFFICIENT ALGORITHM FOR THE THREE-DIMENSIONAL
DISCRETE FOURIER TRANSFORM

The three-dimensional Fourier transform of a volume source is
defined by Bracewell [6] as

Fluyvyw) = 2 7 7 f(x.y.z)e'jz"("x tuy+ "z)dxdydz (5)

where u, v, and w are the direction cosines
u = sindcosd
v = sinésind (6)

W = C0so
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Note that while there appear to be thre: independent variables in thi;
vransform, i.e., the frequencies u, v, and w, there are in fact enjy two

geometric varijables, ¢ and ¢. ‘‘hese may be solved for as
o = sin"WuZ + v¥ = cos™'w

¢ tan"v/u

)]

Similarly, the three-dimensional discrete Fourier transform (DFT)
is given by the triple summation |
N2=1 Nj-1 Nj3-1 _son _i2r _q2x
Flkaokpoki) = 5 3 1 f(naun,en,)e-INgNskse=diynkie-df,n2ke
3720 32"
n,=0 ny*0 n3=0
S (8)
for kl L 0| 1. 2. e o o ® Nl'l

kz = 0, 1’ 2’ e o o 9 Nz'l
k3 = 0’ 1| z? e« o o ) N3'1

This procedurz may be broken into three operations by the use of inter-

mediate results. Consider the intermedfate transforms

Ng-l ' - 2n
g(k3’n2)nl) b z f(n3gn2Qn1)e JN;naka
n3=0
(9)
nl * 0| 1; 2, ¢ o o 9 Nl'l
ﬂz = 0. i' 2. e o o ) Nz;l
ka "0; 1’ 2’ e o ¢ 9 N3'1
‘ Ni-1 _s2m
iy = | syt
: (10)

k11: 0. 1’ 2, « ¢ o 3 Nl'l
“2 - 0. 1. 2. ¢ 3 o 9 Nz-l
k3 = o. 1. 2. ° & o 9 N3-1



From these the DFT is found to be

21 42
F(k3’k2'kl) = z ”(ks’"Z'kli’ in;ﬂzkz
nz=0 _ (ll\

)

kl = 0. 1’ 2, LI I T ] Nl'l
kz = Op l. 2, I Nz'l
ka - 0. 1,| ,2, « s o ) Na-l

Comparing the frequency viriables of the Fourizr integral and the

DFT, ve note the correspondence
k k _k: :
u NT+T S NE*; A 1Y 8 (12)
vhere each T 1s the sampling period for the respective axes. Combining (12)

and (7), we arrive at expressions for 9 and ¢ in terms of the frequency
indices of the DFT

o= sin'quﬁ%*TEE + (ﬁf%;SE\ = cos'l(ﬂfizé

el ko NTy
¢ = el )

(13)

A direct evaluation of the DFT in (8) is impractical, even for
modest transform Jengths. Nor does use of an FFT algorithm provide suff{i-
cient improvement, However, the computation time may be reduced by orders
of magnitude in the cage where one is interested in a limited amount of
the total DFT information. It is possible in this wav to compute a two-
dimensional planer cut through the far-field radiation pattern with no
compromise in accuracy. Once the algorithm is developed, it may be extended
to include an any angle planer cut. 7

The simplification is begun by selecting k; = 0. From equation (13)
this requires that ¢ = 90°, Next, the value of kp 1s chosen. From (13)



8 >
this determines \he polar angle & » sih'l(kg/NzT;) and forces ky to 3

specific value given by

ka 12 . (ks 12, A
(NE?;’ + ‘n;f;* 1 | (14)
Clearly, there are going to be digitization problems in evaluating (14) for

k3 based on a selected integer value of k,. This works to our advantage
in decreasing the computation time, '

naika

Figure 2. Antenna Geometry for the DFT
The summation in equation (9) may now be reduced. ki is a deter-
mined single value and along the ng dimension (see Figure 2) there is

only one non-zero data element for each (n,,n,) pair. Hence (9) becomes

9(kasnz,my) = f("a-“z'nx)e'J%gnaka (15)
=012 ..., Nl

Ny =0, 1,2, . . .4 Nyl

ky a constant
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Equation (15) describes a coalescing of the data to a planer array and
hence a reduction to two-dimensions as shown in Figure 3. Each pointain
the ny,n, plane corresponds to a g(ka,nzon ). The f(ny,nz2,n1), (f.e. the
current density) data will be present in polar form so that the complex
multiplications indicated here are simple additions of §§n3k3 to the phase
of f(n3,na.n;). Furthermore, the phase term %§n3k3 need be calculated
only once for each ny and recalled as a linear array variable for the
{ndividual phase additions.

nl;kl

Figure 3. The coalesced two-dimensional array

With the selection of ky = 0 comes the simplification of equa-

tion (10) to
Ny-1 :

h(k3,nz,0) = 012 g(k3snz,ny) (16)

np=0,1,2, ..., Nyl

ks a constant
Equation (16) describes the coalescing of a two-dimensional array to one
dimension. The g(ks,n,,n;) data along each row are summed to form the
linear array h(k3,n,,0) in n,.

The final operation is described by equation (11)
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‘ Hy-1 ' 2%
F(kyokzs0)= 3 h(kgonz,0)e™3N,"2%2 (17)
nz=0 '
kz = N2T2$1ﬂ5 |
k3 = N373J1'(k2/N21'2)2

Note that (17) is not & DFT since the sum is performed for only one value

of kz. It is in fact only one of the N, harmonic conétituents of the
DFT corresponding to one value of 6 in the spectrum. In practice, one
may want to compute the DFT of h(k3,nz,0), as digitization problems in
evaluating k; make (17) applicable for many values of @ (or k;) based on
a single value of kj.
Generally, it is not necessary to execute the above process for
more than several values of ky. For NT = (2520) (1/8) in equation (14),
k3 = 315 for ko in the range of zero to 17. This requires that for e
between zero and 3.1°, the generation of the h(ks,n,,0) one-dimensional
array by coalescing to a plane and thence to a 1ine need be done only once.
Radiation data at 6 increments within this bound are found by evaluating
(17) for k, between zero :ind 17. Thir may be done by computing the FFT
or WFT [7] of h(ka,nz,0) and using only the first 18 transform results.
Subsequent integer values of k3 yield o bounds of 3.1° to 5.5°, 5.5° to
7.1°, etc. |
The three-dimensional DFT produces a spectrum in the three variables
kyskos and ky. Such a thing is difficult to represent graphically and
fortunately, in this case it is not necessary as k1 = 0. Hhat results,
then, is a two-dimensional spectrum or a surface in k2 and k3. Only a
portion of this surface is of interest; that section defined by the elliptic

relationship between k, and ky in equation (14). It is the spectrum
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along this elliptic arc (see Figure 4) that describes the far-field

radiation pattern for a constant ¢ cut.

ko0 _
.loo F(kabkz)
N )
6=90°
k
k3 ‘

Figure 4. Two-dimensional spectrum for (Nf%;)z + (N§§;)2 =1

‘the DFT described in (8) is a "one-sided" transformation, i.e.,
it operates on data sequences in positive time or position only. Further-
more, the DFT is cyclic and requires that the input data be peiriodic.
The first condition leads to a necessary format of data input. The
second requires a large number of zeros to be embedded in the data to
adequately isolate the antenna from distant images regularly spaced three-
dimensionally about it. The geometric association of data to the (nysn2,n3)
indices is demonstrated in Figure 5. The location of the origin for the
" ard n, axes is along the center line of the antenna and ic a clear ex-
tension from two-dimensional DFT theory. There is no obvious point of
synmetry along the ny axis to fix the three-dimensional origin. Conse-
quently, it would be nice to discover that the choice did not affect the
DFT results and could be made arbitrarily. It will be shown that this is

true for the amplitude results, but not the phase.
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Figure 5. Data input format for the three-dimensiional DFT
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Equation {15) containc the ny coordinate dependence of the DFT. A
shift in the origin along t@e N3 axis by an integer amount y will aitér
the phase term to
-Jn-ka(ﬂa+7) . e Jn‘*s? J*-*aﬂa
= e'j

B e-J%fkana

When this data is coalesced to a line, the resulting ong-dimensional data

vector will have a constant phase shift as seen from equation (16)

Ny= 2n_ ..
’Z f(ngong.ny eI N3K2e38
n= 0o .
- Ny-1
e Je 2 g(kaonzoﬂx)
n;=0

e e 3Bh(ksunz,ky)

Hence, a constant phase shift, g, will be present in all the DFT terms,
but the amplitude results remain unaltered. A constant phase shift is
certainly not a problem. However, difficulty does arise‘when the algorithm
is repeated for other values of k3. Recall that repeated application is
necessary in order to sweep through a broad range in © and that the number
of separate values of k3 is determined by this 6 range (three applications
for & out to 7.1°). Clearly, 8 is a function of k3 and the separate com-
posite ranges will each be shifted by a different constant phase. If phase
information is important, it is ar easy matter to compute these phase terms
and subtract them from the results.

Finally, the direction of the N3 coordinate is important. The

Fourier transform may be formulated with either a plus or minus exponential
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phase terin in the integrand. The n, coordinate orientation shown in
Figures 2 and 5 is consistent with the negative phase form and when used

with this definition produces correct transform results.
IV. AN ANY ANGLE PATTERN CUT

The selection of kl = 0 in the previous section was significant
in that it allowed us to simplify the three-dimensional DFT by coalescing
the planer data to a linear array. However, it also 1imited our considera-
tion to the ¢ = 90° plane. It is imperative that we be able to examine
the radiation intensity along other planer cuts through the pattern. This
may be done using a projection technique similar to that used in computer-
fzed tomography [5] and multiangular scanning in gases [}ﬂ.

Equation (16) indicates that the planer data (see Figure 3) be
summed along rows of constant n, to produce a one-dimensional data vector
along the np (¢-90°) axis. Following the same procedure, the data may be
projected to a diagonal line né (see Figure 6) at an angle ¢ to the n; axis.
Conceptually, this is equivalent to a rotation of the coordinate system
about the ny axis. The resulting data vector is then operated on by
equation (17) to produce a planer cut at the new angle ¢.

From Figure 6, the compiex data are summed along grid tubes (of
width T) perpendicular to the diagonal axis. Looking aiong these tubes,
one observes that the data points do not lie in the centers of the new
grid squares and that a few squares contain no date points, while others
contain two. The first difficulty is related to quantitization error
which is always present when converting a continuous function to discrete

data. The assumption that an interval of a continuous function may be
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represented by & constant value is a first order type of approximatioq;
that the constant is not the value of the function at the center point {is
second order,

As for the second difficulty, the concern here is that the sum along
each grid tube be essentially the same as if resulting from a regular grid
with one and only one value associated with each square. This will be true
if the sampling rate is sufficient and if the sums are adjusted to account

for any irregularity in the number of data in each tube.
V. CALCULATION OF THE INDUCED ANTENNA CURRENTS

The physical optics approximation was used to compute the antenna
surface currents. This comes from applying the magnetic boundary condi-
tions

Teonxi (18)
Generally, this is considered sufficiently accuréte for studies of the
main beam and several side lobes. It is only necessary to determine the
unit vector {n) normal to the surface and the magnetic field (H). The
currents are derived for a paraboloid reflector with a (-cose')" offset
feed and a feed displacement'?} = (xt.yc.zc). Assuming a unit electric
polarization in the y-direction, a 1/¢’ space divergence of the field and a

eIk phase delay, we determine

0 -3ko'
J = =X /Zf - i\n -e-—J—'p_-
X7 T+ oot v 2T eoset )= o

-2' + x'x/2f e‘jkp'
[]

y ../1 + (o/2f)§,:7x'§ + 22

J, z f2f (-cose*)" e-dke!
1+ (0f2F)5/x'€ + 2! By

(-cose*)"

(19)
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The geometric variables for (19) are defined in Figure 7,

+

Figure 7. Geometry of focal-point and translated feeds.
VI. COMPUTATIONAL RESULTS

Performance of the new three-dimensional algorithm is verified by
comparing computed results with other published work. A driver program
was used to generate, on the paraboloid, a surface currenf of constant
amplitude. Furthermore, a phase advance ejz“"3/T3 was assigned to the
current at each point so that the field at the aperture would be both uni-
form and cophase. This provided a test of the new algorithm with classical
theory. The computed result was thé expected Jl(x)/x (see Figure 8).

Radiation patterns were computed for currents derived by the physical-
optics approximation. The reflector is characterized by an f/D = 0.5, and
the feed pattern as a circularly symmetric (-cose')". The value of n was

chosen to produce a -10dB taper to the edge of the reflector. Figures 9(a)
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and 10(a) present radiation patterns in the ¢ = 90° plane for a focal-
point feed and an offset feed (yc x =1,25)). The phase results are given
in ?igures 9(b) and 10(b). These results may be compared with Figures
3 and 4 of Galindo-Israel and Mittra (1] where amplitude and phase p&ttgrns
were computed for similar antenna parameters using the Jacobi polynomial
method. Careful examination reveals strong agreement betwegn the two methods.

A more rigorous test of the algorithm is to translate the feed
1.25) along a Yine bisecting the -x and -y axes and compute a ¢ = 45° cut
through the pattern. In this case, the feed displacement parameters are
X, =y = -0.8838831 and z_ = 0. The resulting pattern should be essantially
the same (for 6<10°) as computed for Yo = -1.26%, x_ =2 =0, and ¢ = 90°,
Excellent agreement is clearly seen in Figure 11. Due to polarization, the

¢ = 45° results fall increasingly further below the ¢ = 90° results as o
becomes larger.

Figure 12 demonstrates the flexibility of this new algorithm, For
a feed offset y_= -1.25), and X, =z = 0, pattern cuts are computed for
¢ = 90° 60°, 30° and 0° Repeated application to other ¢ angles can
adequately describe the three-dimensional nature of the radiation pattern.

By experience, the new three-dimensional algorithm was found to be
computationally very fast, Timing was done on the Goddard Space Flight
Center's IBM 360/91 using the interval timer available in the system
library. With a very close A/8 sampling, the cpu run time per pattern
(for the general case) was approximately 25 seconds. A \/4 sampling was
found to be sufficient to study the main beam and several side lobes (see
Figure 13), and ran in a mere seven seconds. Circularly symmnetric current
sheets may be treated as a special case and consequentiy. run times re-

duced by about 75 percent. For the cpu times cited, most of the time is
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Figure 9. Gain and phase patterns for a focal-point feed.
D/a = 50, f/D = 0.5, T =2/8 and N = 2520.
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consumed in computing the induced currents., The partial three-dimensional

DFT results are computed in much less than half of these times.
VII, CONCLUSIONS

) A method of evaluating the radiation integral on the curved surface
of a reflecting antenna has been presented. The result is a two-dimensional
radiation cross-section along a planer cut at any angle ¢ through the far-
field pattern. This section is produced by evaluating the radiation
integral via a three-dimensional Fourier transform. A unique feature of
this method is a new algorithm for evaluating a subset of the total three-
dimensional DFT results. The algorithm is extremely fast so that the |
computer time required to produce a radiation pattern is primarily determined
by the computation of the antenna currents,

High quality gain and phase results have been computed for a parabo-
loid reflector with translate feed. However, the method is easily extended
to offset antenna systems and reflectors of arbitrary shapes. The new
method provides a direct but fast approach to the analysis of large asymme-

tric reflector antennas.
ACKNOWLEDGMENT

This work was supported by NASA Contract No. NAS5-25994., The
author wishes to thank R. F. Schmidt of the Goddard Space Flight Center

for many nhelpful discussions.



1.

2,

a.

26

REFERENCES

V. Galindo-Israel and R. Mittra, "A New Series Representation for the
Radiation Integra) with Application to Reflector Antennas," 1EEE Trans.
Antennas Propagation, Vol. AP-25, No. 5, September 1977,

R. Mittra, Y. Rahmat-Samii, V. Galinde-Israel, and R. Norman, "An
Efficient Technique for the Computation of Vector Secondary Patterns
of Offset Paraboloid Reflectors," IEEE Trans. Antennas Propagation,
Vol. AP-27, No. 3, May 1979,

0. M. Bucci, G. Franceschetti, and G. D'Elia, "Fast Analysis of Large
Antennas--A New Computational Philosophy," 1EEE Trans. Antennas
Propagation, Vol, AP-28, No, 3, May 1980.

Y. Rahmat-Samii and V. Galindo-Israel, "Shaped Reflector Antenna
Amalysis using the Jacobi-Bessel Series," IEEE Trans. Antennas

W. Swindal) and H. H. Barrett, "Computerized Tomography: Taking
Sectional X-Rays," Physics Today, December 1977.

R. N. Bracewell, The Fourier Transform ard Its Applications. New
York:McGraw-Hill, 1978, p. 251, 252,

R. Heisler, "Far-Field Radiation Patterns of Aperture Antennas by the
Winograd Fourier Transform Algorithm," Goddard Space Flight Center
Report No. 159911, October 1978.

P. J. Emmerman, R. Goulard, R. J. Santoro, and H. G. Semerjian,
“Mu)tiangular Absorption Diagnostics of a Turbulent Argon-Methane

Jet," J. Energy, Vol. 4, No. 2, March-April 1980.



SN ™mOI ™

. ]

1S metii AN SHRATRES THE S FAGE Qe OTS i A CE R TLR A I
el e i1ty ANTE ' AS Pl i) v Y » LieeSETY LUSIUE T TaE i Ta
meiii) ALl THBl [He BaMefls)Lit wa] TRl Y VEAKS OFE A %= -F1..

fots

fimt

T a1 Awks

e te X i 10 JAYELERGTHS

Fier/h AT N

L
Y -
7+
V.

]
-

e Al % LIN Den) DE ThE A0T TedMisH THE WATT Q!
= 4 FRFD OFFSET )Y WAYELE LIS

g ¥ weal) DESSET 0 MpuFL = % BN

= 7 FEEN EFRSET 1Y WAVER) T iiTnS

1S A VARAMSTEY TUAT SPFEGIEFIES THE TuaTr LIVIT NE THE PaTTE«
Wb At Agrg S vw (S ] g TIHW0]2

DIYEaS IO LI ITXI8N40)

Conim DM ZNATAJSIL i (50N 4 S0 WrENAn)

el A TRV VTS IFARE RS PR TR =TT

(i o dva=2lnti, e %e0) 7

LG B ,/Ufltt"‘/].|l.K.Y.Y;.V:.7r.V7.\";‘//.:."’_“’]T.Plo

JE=aSE3 ()00 0N TI3N41)

100

150

CUAA T IDFT/ALSEOAN) o (B04 1)

Cob v My T

Cay, 5TInNag1420)

Reun, 100v) l).r‘nr.h-\.'i,ﬁ.xf.V‘#./F.KG

FLRUIATIAELIN 34 14)

T=0,12% ORIGINAL PAGE IS
Ye=X=/T wm
YEsYE/T QUALITY
VAS VAA |

W=/ T+

£32=2215

WHITE(Aa150)

Fi ATI1H) o LBXe26mFAR FIFLD ANTENNVA PATTERN/TX«SHANGIL FEebLX,

P2 A Nm ) 5XeHH4PHASE)

L

3

-

ME2H2N0

oﬂ)l?

M=\

“izb

L% 32

nrE =4

LNYT=1459
kiN=),745329E=2
Pi=2,141567

Av L= "I NEAD

Fe(wl=1)uED
KLIFIT=INTOIMI=1) /()R )45 )4]
Tt 3 (=) oL IMIT

PrASES(~ )sFLUATIK=1)a8FLL:ATI(«3) /!
ComT s

™M1 & =] ,N

Qiri<ne ([ )st) O
Clew J (] Y=0, 000

o Tir)=n

LIWITxCT =0

CiveT s

LI#TYI=(1+N1)/2
L1ATY2zvel=(NM]1=1)/2

Nt 200 J=leN
JFll.2aL1MTYY) 6O IO 10
Ir(lefhEaLIMTY?) LI TO St

27



G

C

G

= 1'TY?=)
fstt T 20t
|n v,l-|.n

Y/isrYuy

v 1T =) ) es =YD

TYieSokTlAviz)a] o ORIGINAL PAGE IS
L1 IYIETY 40,5 OF POOR QUALITY

LI 2she2=«]1TX)
LINTTX )= " Trinp=]

Jov T DATA kR AL aART O E
120 =) G IMT X
xl’."'."
TREDe2041) GA as9D DaRAD
IetdeisTol) Ga AsATaNIY/X)
R =0t =AM
Shis s=XNnreyY?
SlisainseSs wT(SIGA2)
P eSS e SI(reS)
LlsieT (v jaeii ,5) 40
TR0 s LlTe=NeB) llsivel+INTIPROIAN=N,S)
CALYL K7%1Mp

20 Gl g

[T NaTs end ONAHKANMT TWD
IFILISTX2,6T.M) 6N TH 200
Dy 30 =1 TMTXYX2,%
Xz=(=04+1,1)
TF(1.30,1) GAMA=Z9D ,0%KRAD
TF(I.ATL)Y) SA'a=ATaAN(=X/Y)
PETI=Y0 8 AN=A jI_+GAMA
SIG AZ2=XeXeY2
SI1GAa=SORTISIG*A2)
PR =STGMARCISIPST)
I1= )T IPRNJAI+D.5)+]
TFIPROIANGLTa=0,8) T1sha]+INT(PRNIAN=0N,5)
Cart, Lnvp

30 CrnTINUE
G T 200

S50 Ys=(n+]l,0=])
Y2=Yuy
AGE(LIFTY]l=] 0)um2=y?
TXL=SOUT(A<R)I+]1 .0
LINTX1=2TX1+0), 8
L]1ATX22Nep=t_ JiiTX |
LTATTX I =L [ TXlu2=]

1207 YATA S MIANI=AYT POV
Nie &0 sl TX) .
Y =], 1
TRlek 1] ) Govasu(i,0%RAN
TFRLa6Te1) SAF AsATAN(=Y/X)
Sl zan) +ante
Sy a2sXuxeyY?
STu'asSO<TISIG A2)
Px)a=S 10 A0NS(PST)
Tl T (wRJar+0,5)+)
TRIPNOAY G Te=N,8) JIsN+[T(PRDIIAN=N,§) +]
CaLl wCH1p

A CINT INUZ

1aRPBT DATA FIIR IMIANDKRANT THKREFR
TP ] aTX24RTe) GO . TO 200



DL 40 el 1ATX2 12
XKoo (iteiv] o) ORIGINAL PAGE IS
(sohkinesATANMIY/Y) OF POOR QUALITY
p(."-l\"'.-r,h‘QA
Sl nzsXuxeyY?
SIGASORTIS IGM"A2)
P In S T GMARCOSIPRS ]
[lso=1NTIR)IA 140 ,5)4+)
TR EvROD8M LT 00580 TI=]lTE=pPrIANS0H)+]
CALY, LGmp
M CunT Inng
200 CraTins
N 280 "l."‘
JFCICIMNTLELY 50,00 AN TN 280
RKOT IO FLOATILICITXCIV N /DFLOATOICOIMTLT))
Sipiwa (TSI« T )%RAT]
St 1T =SHM< L] I%=AT] )
250 CUnTlimz
CaLl, HIHMETI)
CoL, RwATIONT
Kazv 3=
IrIK3,GRE,K6) Y TO )
CALL #M»TlON(]CRN2)
IC2U3=17pH=10P )2
e JTE(ALLAN) 113
1AN FLQTATILIHL 5=]0R=,110)
STnw
FE
SURKIDTINE KGO’
REAL R SHMRRSHMR]
CLiMinn/NDATA/ZSURIG040) ST 50140
COpad NI /PART/ Jall aX oY e XEeYEG7E Y2 SIGHA2 FaKLIMIT P],
1PHASEI(10N)  TCHININTISNLN))
CO4i00 T v
F2=7 0%k
KL T IT=TAT(SISMA2/ (4 ,N%F)4N,5)
Xbz=d=YF
YP=Y=YS=
IP=F=KLI"TT+KX+/7E
Xw2=xXpPuXp
YR?2=YPRYpP
IR2=] 0] P
QuiiveSsT (XR24YR24792)
CrT=Avsp/2nn
A= isZ2sS1G L2/ F2%FED)
v 2SOET( (], 1+ARG2 )R (Xe24702))
el =2l ReXbpX/RD
Yo nsmd s LT HAREXD 2430 ) /(NF Y gmWIpaT)
XbmaSEseZ Nad | w(PHASFI(R ) #1=TP2T)
Y==K A% S X2HASE)
X1 =% anGaSIt(Xe=aSE)
S (T )=Stn el 1 )1+xXxF
S [l d=SURIETTI+X T
ICMTETIIY =100 TILT)+)
RETHWN
L)
Stn<IMTINE OHUODFTIN)
G THE Sl ITING GIUNET COYONTES A LENGTH N DEY DF THE IN2UT DATA LRI 1S



O A0 AT~

O

Pt VR TImYS, %K t«g’y;nl BART AL Y] THE IMAGIHARY PART, KOITMH Yie AYD vy
Lo oM o0 Ve TS, THE LEDGTH NOF 10l RET. e PHST wME A e ODICT F al M
ot MOl LY e liE Ra e S, Tl BRS b B BRI AVE Delghgabalese't N0
ek RASIIIYS ARE 1), 11724 M3, Al tilsy |F THE BN FALTIWWS nuE 19T niy. Uy
IME UOUSED FAGTORS ArE SET FOUIAL TNO 1, FOW EXANPLE WITH M=, Y& MHaVE
Wlsh, "2=%, "3=2, AM) N4=), THE FALTINRS NF (ONF 1ﬁST ME THE LAST NF IWF
IHe Wl KER OF NOMONTTY FACTOKS [S MET, kOUT IS AN OUTROT IRDEXTOG LOANSTA
WH IO 1S BUECOMBPUITED, KNUTE (K] +K 24944 )N M VHERE K] 2emye 14,
K2z e a3utib, KAsh | &MOIuith, Kbz 2 )urmyami, ALD K2=N [F Y2=), K3z |E | 4=), «
izt [» the)l, < BEXpaR b, e300, Klshy K/s) '), K298 |y vz, b 1) ri)= ) !
2le THir TRHANSFIORFED wESULTS axF STOKED [ Tei) LFEAGTH 1t 9FCTHRS ey o &1 9,
CONTATINSG THE QZAL PART AMD K GONTAINS THF THAGINARY BAKT OF THF kESIV TS,

Tl JCIT ~E H %4 (A=H li=7)

CUHAYO/NDATA/XRI804L0) JXT 15040 )

COsit OINZNDET/ZALS5040) KB40

"COAAINZ VAR M) ¢ 12 o M2 oML JHMET (KNINIT

DYtrw ST R(LAIUIEIA)N T (1A)

REAIL &R MR gV MR Rl g1 25 g Ag MRT g Ml IR U g MRLNG" 2] ) e MRL2,"¥ 13

KrEnL%n MR1IG oW 1S oMRIAHFRIT e I MHe o RIGeMR2)eMk2] ¢ 222 MR2T3 7024

REA' %A MR25VRDAGMRIT MU ZH I RI2G M3 M ] [ oM 24MI 300 T4l ]G, 1A

Kbkl %K MIMeM TS eMILIO0WM T 1 aMIN2eF]13eM] 4™ I1S5eMILlAeMILT o LlYeir]lly

REAILZR  MI2040 121 eMI224M 123412464 M12854MT12A MI2T41'128e"]12Y9401130

rF=nET ;
HRDER FASTHIRS AR TRANSFORKS OF LENGTH M)

Wit =]

M D2=MD

i 3ma3 ORIGINAL PAGE IS

e bzid OF m Qum

Gie T 20
10 G TN12413414)NF
DRUFR FACTORS FOR TRANSFORMS OF LENGTH M2
12 MMl =M2

Ml 2=M]

h‘vM;IM‘

MLz G

GO TN 20
ORDER FACTURS FOR TRANSFORMS OF LENGTH M3
13 md1=43

M 2=] .

M3 =i

mi- b= -

Gy TN 20
LURNER FACTHRS FUOK TRANSFORMS OF LEMGTH M4
14 Ki'l=*%

mtP=M]

w3 mi)

pii =i 3
IWDEX TG INITIALTIZATION FOR THE TRANMSFEARMS
20 N2=i)

nNR3=()

Nba=l)

)= s ARG

KZ= M) %M 3Inmng

K3zt &40 &ML

Kézsim] mp2emMm3

1ty )=n
[l ITwNEXTING ALONG ONE DIMEMSTON
20 DO 22 =2 ,4"M)

TeaY=1(.0=))+K]

It T4 st F 32

()=t )=
20 v | ongs

f2Aavgpmirs 13005 ODATA TI' TEFMIW ALY UITTIWS 1010 AN 1)



U W 91 VT AT
Taslt0)+]

() =YR(1.0)
) ultar=xitla)
TLANSEIL S IR G11]
G TIES04 200430044600, 500480 700 AN 4NN 6050504504504 SU L LAGN) 4 b
71
C  PLACH “ESHULTS DF TRAPSFOKIe MACK Tir XR AND X
6N NI w4l =l '
Ta=]00)1+1
X0 =R D)
)l X1tlar=ultc))
TEST WG A0 COMPLETION NF THIS FACTOR'S THANSFNRMS
IE(R2,NE MM2=1) GN TO 5]
N2z
IFINI NE . MM3=)) GN TO 52
N3z
TF (16 MNELMMG=1) GN TO 53
5N NEzmF-)
IF(rFELENL,D) GO TO 1000
GN TN 1n

uT VDEXING ALDMG R NDIMEMST NS
LT A TR T A

Dl 54 J=] 4 Mu) OF POOR QUALITY
[tJ)=]1(.0)+L£2
IFCTCNLLTONY 6D TO 54
I1(J)=](0)=N
54 CMNTINUE
GO T30
52 N3=n3+])
[l )=<X23%" 134 LuNg
IF(1())LTNY 60O TO 20
IT(1)=1(11=N
GO T 21
2% mba=nbe]
1(])=Kkazns
G Ta 2 :
C  unSCrAMALTING TxANSFORM RESULTS
1onn =1
J=1
G T 1nNn|d
1002 TF(J.To) LD TO 1003
Tl=1 1447 .
1006 JrllisLEe™) RN T 10061
[i=11=4
Git T lona
NGl atJ)=x<(11) E .
RiJ)==x]I(11)
J=J+1
G T 1002
C 2 PNINT TRANMSEIRM
200 U= X=lj< (] )+1x(2)
DIX=0l(1)+l(2)
UR(2)=0R (1 )=t (?)
HipE2) = (1)=111t2)
U] )==x
nit1)=nix
G TN &
c 3 PNINT TRAMSEIRM
300 AR=UR(2)+0UR1(3)
Al=0l(2)+1i]l(3)
M l==],5N02AK

D

']



r
Lnn

Mlile=) WNNsA|

s gt 288 sane il Z)=11 %))
Al 2z K280 4B L L2 ) =11 1 4))

el )isacetie())
it d=atettigl)
ma il (] )eliu])

Mit=lre1 )Y+

e (7 )maw | =2

it 2)= "1Yat2y

lvla)e o2

Hit3)= "1 1="12

G YO 40

L4 PNINT T2ANSE )M

Av sl )+ ) 3)
All=ti1 1Y+ 11 03)
L Zelic ()=t %)
Alzsti]())="0]11%)
A3zl v (2 )4lIx(4)
L13=00](2)+ )] 14)
heazsite(2)=1!K(14)
Alasit|(2)=t1]14)
<) )= ix]+aNKd
Hitl)=sAT1+A]%
v (2)sAv?2=Al4
HI(2)=A]124A4
I« )=nw]=aKr3
Hit3)=all=A13
U (4)mnr2ehlb
Mjla)=nT2=A%4
GO Ty 40

C & POHIMT TAANSENRYM

5(\)

bulstic(2)+IR(Y)
All=111(2)+](5)
AR 2=110(2)="1R(5)
Al2=111(2)=1]1K)
O3z (3 )411IR(4G)
Al3=11(3)+: 1 (4)
Avbzli< (3 )=1IR(4)
Glas1T(3)=1](4)
aRf=u<]+AR3

AlS=A)1+A13

ORIGINAL PAGE [§
OF POOR QUALITY,

w1 =0 SR 1N5651A3NORIAK2+ARA)
HllEN.951084818300)%(A)2+0(4)

mA28 ] ¢ DARKL ) TAYN(HARD
Wl 22) oM 3nwal Thunnmnl?
w3z, 3&%/71}"\-’.'!”('5“‘”‘6
TP TE PR I VAR TS A

szl a8y ] ACuAnY BlaR]=nn3)
s aqunlaucnanns({all=113)

e Rme | o 25008 4AKY
lns=l 28 0mA LA
s (1 )=l (] )+n=s
U REUREREE LN
ezl (] )+MURS
Wlin=ti (1 )+ ]
A<= whervg
Allsdlneti ] b
L= e netund
L2z ' 1we"]4



Ao )mt

nlset 't}

A..}.Jul-ﬂo /7

Altast V=212

et 2)ehe l=nl

TIEPAEIREEETE

el )snb24n )4

Ni(s)arl2=A24

Heilb)esh2=N]4

Hlla)esn]l2+024

TSI E ORIGINAL pagE s
HItm)eAll=Aa43 OF POOR QUALITY

Gy T 40D

A T Yol vl Tenat!'Se Ix

{00

Avistiv(2)e1e( T)
Al (2) 0007
ArJmid (2 )=Vt (1)
Al2=0](2)=1111(T7)
AvFelin (3 )41 (A)
Al3='{(3)+' )] (A)
Lobm (R )=ii<(A)
Alasiif(3)="11(4A)

Araslle (L)41 X (8)
AlS=zilT(&)+1(5)
nebhElin(4)=1R(5)
Alm=til(a)=11]1(5)

hv 2o ]l +A=3 4015
Allzn]1+8[3+n15
plE=]l, )l BARAAAATNURART

]l le=1ls1AAASARATNO®RALT
ez, TND 1 5ALARKNDUR (A< ] =1 KS)
m1220,79015%4n=RNNR(A] 1=A15)
k321, NEEREL2ARNOR (DS =an3)
Ml3=0,085+5426000%(B]5=n]13)
mGas0, /1343027201008 (AK3=01])
Mlast, 73430220100k (A)3=a11)
W AE LLOCMEREE)INNR( A2+ 0nb=LrA)
Ml 4A4NYaKRE5 NN (A 240 ] 4=ATA)
M () 36N~ 1293 NN (Ax2+h1A)
MIas0 34057293100 (8]2+401A)
P Tl ,53AGAVZAI NNR(=ikAh=ARA)
Wl 72=N 5323 unw3AINNR(=AlA=A]4)
W) STLANG225)N0%(Ab=ni D)
Wl w744 2291n0m(Alb4=n12)
Y )y ()Y +ART
UREEEEMEEEEES N

Axlsmitd () )etrg)

Allsii LY+
Avei] #ilw e R4
Al2=all+]?2«¢1%

NAe 320 ] ="K P=1 K&
Al3d=all=M]2=u14
Avbam AR | =234 kG
Aldsrll=t]12340]00

Av vzl asmd nemr ]

Llns' 18+ ]Aer 17

Av bz 'Ko=IFR A=A

Al 2] Hett =i |9



Av Ia'W e K TeMky
LV fnm? ) Te ') u
" ‘./'ln't-'/-'\'r’
it 2)snl/7+ARS
e (4 )stwi=AlAh
Ni(2 )=l | 44ARAh
el saviaenldt
Mila)s  la=A?
e im)esAva=Al Yt
i )salasA
e (m)shd3en]An
Il {A)EAl%=ALA
v /)1=ax724A]58
HIGT7)=A]72=A4S5
i TH &0

C v wIIuT TRA'.SS )V

whty Ll (2 )=t M)

Allst](2)1=t1](®)
AvZeli(2)+114(K)
612111 2)+11UN)
ANI=lIN (4 )=lIv(A)
Al3dnilltAa)=1]1(A)
Av st (4 )+'IK(A)
LAlasilla)+1)](A)
Avbziin( ]l )=U'x(5)
LAlS=11())=11](5)
Auhstv 1)+ (5)
Ala=i'l(1)+1)1(S)
e izt t3)=1n2(7)
AlT7=011(2)=011(7)
AMKH=UIR(3)+R(T)
AJA=UJ(2)+1]1(7)
m =0, IOTINATRIZDODR( AR ] +A<T)
ATL=N,TNTINATRI2NOE(A]I1+A13)
M 220, TOTIOARTRIZNDOR (AR =AM 4L)
M12=20, 107105 TRIZ2ZDO%E(A]2=A14)
w3zl el
w|A=L | 24014
tud bz i ba L
AT TRETT R
WwhE AR A=A
MlS=hlh=L1NR
twhz il l=in]
Wlasill=al13
i (zhAwne''2)
wmll=h S+t 12
I T L R
widsA|&="12
vl a feot]
wiisvzaflr+' ) 1
wel VlmAR =121
tlinsa]l7=1111
1 () )=""Re+x3
it )="14+113
e (21 ="y
HIE2)= 11 7+4R9
s (3 )= wn=i|h
MI(3)="" 15+ 4RA
UCEER TR B

-

:



G

LA N N E AR T 3 N1
I ih)e ="'y

Hits)istla=1y

PN P F LS B
TR R E RS BT RS N
tiw (F)s v haen | A

it /)e ]S ="1dn

e (v )e "Rl Y

NIt 1] 7=y

(00 Ty 4n

GOoRATT TAANSE IR

MO

A )=l (214150 Y)
All=r1 (214 ] (9)
Ak 2=l (2 )= 1Y)
G128 [ (2)=11](v)
AMBmiiv ()il )
L)%=l 3 )&l m)
bbbl (%)=t M)
Glazitl(%)=ijl(n)
LMzl IR (S )+ IR F"
Als=lll(35)+1]1(4”)
Latmliv (B )=lId(Af)
Alastil(5)=111(x)
AxTfetiv(arenw( 7))
Al =1l (e« (7)
AxAsl I (& )=1ix{ T}
Alszillta)=0l ()
Lz i])+L434AKS
Al=sal1+A124A15
MR les=" BNNuART
kb llz=N 5N 17

MR 20, mAAN2ELOFANDRAKS
W 220  HARO D540 3xNNBRA] =

|
i

MURs(1, 1Y TLABL 2 In(=AK1I4 A=)
Ml320, 1Y 14A54200(=A]1+A15)
wrbe(N, SARETGN2NM R AL]l=0n 1)
Mmlasn ,ahniTyn20um(all=21112)
RO ,37] 113ANGR (=ARI+AKE)
MlSE0, 97111 3R 1 (=a]340]5)
M bhel ¢ Ha253 170 (AR =ARA)
WlAas 84253 Te (Al 2=A1RA)
v Taliy | HO285TuN0R( AKZ24nv L)
W] T=0 INC2853T74NE(AI24014)
sl L 27T R (= AL =)
Alngti 222750 Vit (=Alb=ilA)

w.lu"-! .F,f"f;ll.-\'i
Mlvze] JaNniAl

el lim M ARN 2560 3-DNR (A Zendbeniw hy)
~".| | ERY T2 9% “lv‘i"’“lg"‘“!‘f'“' h' D= "o‘A!‘\‘

L)zt () )e )

All=utltl)+]1

(] )=Ax4+ART41iR(])
1) =Al+A1 T4 ())

AwzliVi ) )el'<y
AlstijtlI+v ]y
Loz wbiml w5
Al2="14="]54
Gns iw e =4



C

1A
lh‘\t‘

LY1%e a0y

' h» RN B

hltam' ) (= V]«

i ~l.-‘-"

viloe e 'Y
Avmneiv/ e wha' wighu|
AlAaei 2« 1 he"" 1% ul)
! Il %4 »Helvnerv])
Aldehl%e 12 |Hhent])
NIRRT RN Y (T |
Alds=tl2an]senll
it le Vhe''k

A L R

e el bt w ) e M)
Widsi lae L 1e]2
pobamabneu)lew w)
wlbe Ine'jle |2
rvbgndSanviie! vy
Mlins/ Thaedlbs'' |y
e (2 )8Nshmi]%
HI(?2)s0 A ' <3
w30 7= )&
MI(4)sA )7+ 2

UL PR DS B R
Hifa)=snle+taln
(s )sivia' |§
(&K )=sd]Ine ‘U5

v (A)snuwms’ |5
HItAI=AT = 12§
Us{7)shuser 1D
HI(7)Isa]=1121N

UK ()AL T4 14
iRt ) 7=t

ik (S )eahei']3
Hi(v)IsilA="143

G T an

ML aT TG 1S IR0
An)etidf] )elt(y)
Alj=ltidsn](s)
L7 1v(B)elk(13)
Al2=111(5)+11()13)
A3Azmli ()41 (1])
Al3=ii](2)«4:11(011)
deviazl'a (R )=iipi(]))
"lemitl(3)=11(11)
Avmstic(T)eilnlly) '
Al f{7)4:01(15)
Av nstl (T )=1ix(]15)
Alae [ UT)=H01(01%)
Al 2)411<(]0)
Al7=0'102)+00 1 (10)
ARASIHR(2)=112(19)
Al [ (2)=0111 1))
Avtisi's (4 )+t (]12)
Alas!iT(areni](12)
Av il (4 )=1)2(12)
Allositl(er=11(12)
Av il A)siv(14)
alll=t1 AN+ Il(14)



Av izttt Y=l ) 4)
All2siiita)=11L14)
Al islie(mn)arpe )N
ATV a1t vy attlfing
Avlamibe(M)mi)i () A)
ANLasiil(m )yttt )h)
Av)insnu]lep'ty
Allbseillentp
Av | hshudenvh
AllA=Al%ar s
Av)lshelB4hn) A
A"Il‘.l‘““\l'o,
Avlumie feh<])
Allvesi ]l ten 1))
Aivlvens Tans )|
Al vll.'/-:.l\l
AwZ20mnivend]
Al2sAlvern )Y
Ko7lnhuu-n411
Al2Vel Ju=h ]
2728/ nenu 2
Al22st il med] 20
Av7%snvumretv)é
Al2%= 7 Iner ] L4
heZbhsimrmpllb
Al24siIM=n]14
bwZhmoax]iieAnly
Al2nsi )1l )?
A 2rsan ) 2=08110
Al2&4=A )1 2=A]1N
Ad3letir (1 )=t1<(9)
AT3N=0i(1)=t1(w)
el )eal ] 74A0 22
Hill)=AallT7+Aa]122
(Y )leshua )l T=An2?
It =A1)T=a122
hiZvizsnw | S=Av] A
Al2usAal16=A114
he 3 min |=bly
Al3vzall=AL12
e 12U, INT) S TREI2D0R (AR ) wein 2] )
wmllen , INTI0ST 170 Al Y waen] 21)
e 28l g IOTIOARIAI 2D A bimy v i)
A28, T I WI=1 2008 (Alde Vi)

Wi AR AN R TLF24 10O 2440 20)
M5 N4/ 232400 (A1 2260 ] 24)
v am ) ROV RIIUARDNRANR DA

lam) J4NANKRIURR Vg | 24

SRk LIPS B IET2R RETES RRIVE R e
vimEed el luUalnalinnsal 24
An32=20u | m=Ax?D
Fl37%==nl I eA] 20

Andizne 2aAS
Al33==/ 124015
Av 3asit«(§)=tiv()7)
L 3Ns=T(5)e1] (1 3)

WAl (O IR IR 2NDDB (s e v 21 )
WlaseH) T ilunINI2D08(A) 1vae ] )

i
i



G g INTINALAL 2008 Lvdia hv i)
BN O N AT B Rl A LN B RO R |
ORIV A T AL A (LY N T R Al |
| trmipgtip2af o 490 IR TN |
pombpgh ) ) )l ey
et gna ) Lualtvrjinisn] 24
v e ) JAOKRS K20 h NI AK 25
Ml ime) Q200 TR Z2UARNNBL] 7Y

vl lenednetin)
itte J20e 1)

f2na24ne o )
f12=120='"])
[ T i BT
w1 2zh 12340 A
. Vhhg ~bien ' R ]
1V ' Hbmy |49
e lmEn 3] 22
rllhsalile 12
welaghsN]eti?
WllAssf3l="112
pw ] (2 b= "3
wil7=i14-"113

.-:r]- = rhe (K3
ST P B
ez m )B4} T
ajlus 11546107
2.2 vVYaa ) (

12021151117
e 2l eI M
n‘l)l:".‘lkﬁ::’.l‘n
Mk 2P2e 0 A="iR] K
w22z 1A=1]1 %
e E T T EE LI L N
L123=AT1344 0117
mw2bhmh=3b8="RT
M120=2n13G=217
Pz iane’ Y
.‘.]7k=‘|.-¢'|u
il 2mi Pt g )0
vl 2h Jee LN
2z 234025
Mm127= 21234 1|25
bwdnes 2Ky
4] 2%z *172%2= 128§
N - N I A N
vl 2um 11244 '] 24
iorm i P=tRIA
12 .2 |24 ="V] 74
M= (22w ] Ceii] 27
MIE 212 1) %e (227
Hst2)z-w1]e2113
NSRRI R R RS
v la )= K22=41%0
Wl e)2i]22= 135
'a-.(’\):1’.'«'/\-0:‘\1'4'1
TR RS T AT T
e ()= w2V )2
HIya)= (21 +0u/249
IR X TS B DY EE B )



—————————t—

1000 4

10]

llu/

1ns

ll'-o

| AR

- /‘|-\

Wil ids ') 2 WIA
B0y o Ru
il 2008 Tn gt
v () gl )
HiL) e 20020
e i) 2= 014
Mitiiye" 2= ¥4
t K 2 £ i E
NEEFA R | 71 - A
1 ‘|'-|=.-'l\o-l\"'/
itV e)si | 2ven i)
1t Va)et w224 140
i1 3228 "4y
ti=in 11=. 113
Wit n)e )Y Y)= )%
e )s =127
Hilis)e 1] =" n27
=ty T &N
i

Qit42M T I8 Wy 10T

vl 8 B T LI AL L
T INRT /A L8NGV ) g4
s TRy A L Y o
0 o1
1 T STAcTATAP
< e (2 YumD
MbaEn/ g 2%% 1A
[=(£2,'2,315) O TN 101
(C12=srt)l)snlen(] )=nD
STA<Te]
Slhiw=]H
st Tt 200
Trle3.0F314) K0 TOH N2
STadTelw
STrved]
(st} T 200
1#(n%, Fe213) ) TN 103
STAT=2?
STiirsg!)
(¢ T 290
1=t23,06,312) ) TO 104
ST VIT=A4)

113, E,211) 60 TN 108

1 Tt 2%

112543100 69 T KO
CTA«T=28K5

Sliiveny

BT !‘\T-\{IQ‘]"P
S=ll=1a)/(N%T)

e ATAY AL THZAL ) )N

Po il i1 Tonial) PHRA=VHO4]I A

Ir{Sen®sleati) 300 TH AQ
S-g‘..'-\v\

ORIGINAL PAGE IS
OF POOR QUALITY



Aveiale Iy
\ AT T FY R B
Lesall)lovzent )iy
NEE L2l ghiman 2N AT IS 22 ONLR ) ey )
Chms o 0ui o)t G22012)
: W ETE [ g ) AT g g DA
! LU R & R 1T

.

» 05 1) )
Er il ATEAXaR ) s eF gt eF )i gh)
» ) (’r”.'l

L

‘ LAY LS ARET. SR
!

ORIGINAL PAGY 'S
OF POOR QUALITY




	1982011040.pdf
	0046A02.tif
	0046A03.tif
	0046A04.tif
	0046A05.tif
	0046A06.tif
	0046A07.tif
	0046A08.tif
	0046A09.tif
	0046A10.tif
	0046A11.tif
	0046A12.tif
	0046A13.tif
	0046A14.tif
	0046B01.tif
	0046B02.tif
	0046B03.tif
	0046B04.tif
	0046B05.tif
	0046B06.tif
	0046B07.tif
	0046B08.tif
	0046B09.tif
	0046B10.tif
	0046B11.tif
	0046B12.tif
	0046B13.tif
	0046B14.tif
	0046C01.tif
	0046C02.tif
	0046C03.jpg
	0046C03.tif
	0046C04.jpg
	0046C04.tif
	0046C05.jpg
	0046C05.tif
	0046C06.jpg
	0046C06.tif
	0046C07.jpg
	0046C07.tif
	0046C08.jpg
	0046C08.tif
	0046C09.jpg
	0046C09.tif
	0046C10.jpg
	0046C10.tif
	0046C11.jpg
	0046C11.tif
	0046C12.jpg
	0046C12.tif
	0046C13.jpg
	0046C13.tif
	0046C14.jpg
	0046C14.tif
	0046D01.jpg
	0046D01.tif
	0046D02.jpg
	0046D02.tif
	0046D03.jpg
	0046D03.tif




