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ABSTRACT

This report presents tlie objectives and results of an investigation
of the interference effects of Fresnel region phenomena. Analytical
techniques are described that will enable calculation of Fresnel region
radiation patterns for monopulse antennas, elliptically or irregularly
shaped apertures, and phased arrays. The results from investigations of
defocusing techniques, radial E-field in the Fresnel region, effects of
reflections in the Fresnel region, antenna to antenna coupling in the
Fresnel region, and spurious frequency responce are alco presented, A
unique measurement technique, called Fresnel ring focusing, is described,
and gives testimony for a feasible means for obtaining the far-field
pattern of a large aper‘ure antenna with measurements taken well within
the far-field-Fresnel region boundary. In comparison wit!. otlcr means
nsing the Sommerfield expansion to produce such results, the Fresnel ring
focusing technique appears to have many advantages, which are outlined,

Recormendations for future investigation including a gtudy of parameter
errors and their effect upon the latter technique are also coniained in

this report.
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INTRODLCTION

The purpose of thic final report 1s to present the results of an
investigation of Fresnel Keg.on phenomena that may produce variable inter=
ference parameters. This study was conducted under Contract AF 30(602)e
3020 for tne Home /ir Development Center., The basic objectives of the study
were the examination of various aperture types, development of analytical
techniques for solution of Fresnel region problems, and examination cof other
parameters that would result in the description of the antenna radiation
characterastics at arbitrary positions within the rresnel region boundaries,

The investigation of methods to extract the far-¢ield data of an antenna
from measurements within the Fresnel region includes a theoretical analysis of
a technique that had been suggested by Hougardyl as a promicing way (Time/Fre-
quency Method) to accomplish such ends. section 1,1 discusses various aspects
of the analysis of this technique indicating parameters that result in this
technique being unfeasible theoretically and also impractical from an instrue-
mentation aspect. Another techniyue was tormula.ed that susvests a unique
approach to this problem., 3ection 1.2 describes the Fresnel Ring Harmonic
Focusing technique that will enable the measuremant of the Fraunhofer pattern
at ranges from the antenna aperture which are well within the Fresnel regsion
of the antennu. ihe development procedure presented consists of an analysis
in Section 1.2.1 of the limitations to t he Fresnel approximation for a large
antenna with an arbitrary vector source distribution and the resulting impli-
cations for producing an array desian that will produce a far-field measurement
~haracter:stic. ihe array elemert design problem is solved by making a transe

formaticn te the complex planme ac shown in Section 1.,2.,2, The characteristics

ls He Ho, Hougardy, "Study and Design of a Time/Frequency Near Zone Pattern
Range," ASI Technical Report No., €1-ESD-1, April 1961

Manuscript recleased by author for publication on 14 July 156k,






the analytical and expsrimental results for the monopulse antenna.

Other apertures, for which a theoretical analysis was conducted, include
elliptical apertures and phased arrays. The elliptical apertures are defined
as irregular shaped apertures other than circular or rectangular shapes for
the purposes of this treatment. A general technigue was formulated utilizing
a strip approximation technique as described in Section 3.1. Experimental
patterns ovtained by RADC personnel of an AN/TPS-1D antenna were used tor
~omparison (see Section 3.2) with the calculated examples. Another compari-
son, using a circular aperture, was also used to indicate the adequacy of
the technique. The theoretical analysis performed for phased arrays is
contzined in Section L. and discusses the development of a Fresnel gone
array factor and summation techniques developed by Ishimaru2 for unequally
spaced arrays at arbitrary field points.

Section %.1 reports on the results of an investigation of the spurious
frequency response of a simple probe fed electromagnetic horn, and compares
the calculated patiterns of a pyramidal horn with its measured patterns.
Section 5.2. describes the results cf an investigation that was performed to
aid in defining the far tield-Fresnel region boundary for spurious frequencies.

The effects of Fresnel zone ground reflections and their influence
upon the far field-Fresnel repion boundary are presented in Section 6,

A theoretical investipation was performed to d etermine the antenna to
antenna coupling characteristics in the Fresnel zone, and results of the

study, utilizing various size circular and rectangular apertures illuminated

with uniform and tapered distributions, are presented in Section 9. Other

7. K., Ishimaru, WIheory ol Unequally-Spaced Arrays ;" IRE Transactions on
Antennas and Propogation (AP-10), November 1962, pp. 691-702
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2. MONOPULSE ANTENNAS

2.1 Survey of Methods for Calculating Fresnel Patterns cf Circular

Apertures with Circularly Symmetric Distributions

This survey is included in this report as a discussion of the relative
accuracy, the limitations, and the ease of computation of Fresnel patterns
of circular apertures with each of several available methods. In addition,
the possibilities of generalizing each of these methods to calculate the
patterns of circular aperture monopulse antennas was considered,

There are two basically different points of departure for calculating the
Fresnel patterns of an antenna. Perhaps the starting point used most often
is a scalar diffraction type integral 6,7 which, omits all terms of order
higher than 1/r and ignores edge effects due to the discontinuity at the

edge of the aperture. This integral takes the form

-Jkr
E(R, 0, @) = ﬂ'%‘ Flp,p) =2 (1+d) a (15)

r

A
where E(R,9, #) is the complex magnitude of the electric field intensity,
r is the distance from the aperture point to the field point, and F(p,p)
is the aperture distribution (see figure 9). The usual agsumption for
circular apertures is that the phase is uniform across the aperture, How-
ever, for a nonuniform phase illumination F(f,p) is complex and can be

separated into a real and imaginary part

8. W, X, Wu,“Study of Near-Zone Fields of Large Aperture Antennas,”’Syracuse
Univ., Research Inst,, Syracuse, N.Y., Final Report, Pt, 2 (April 1957)

7+ R. Ao Gerlock,*Study of Interference Aspects of Fresnel Region Phenomena,"’
Final Report Contract No. AF 30(602)-2507.
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F(psp) = Re { F(F,p)>4i Im<F (P’P)>

and the integral given in equation (15) may be applied to the real and
imaginary part separately.

A second method, which is more exact, is based on the integrated vector
“ { \

E(R,0,8) = -E—[[{(?.vvhk?r Y+ 3.71}__? xPY¥) di (16)

\ J

where JefixH and K =fix¥ are the eiectric and magnetic surface currents on
- jkr

the aperture and v= ekr « This methcd is mathematically rirorous and the

wave equation

scalar equation may be derived from it by neglecting certain terms in this
expression; however, computation of Fresnel fields from this expression is
quite difficult,

2.1.1 Hansen and Balin's Vector Method

Hansen and Balin9 have performed an analysis of the Fresnel field
based upon the integrated vector wave equation. This is a desirable starting
point for computing the Fresnel field of an antenna since the fields calculated
by this method satisfy Maxwell's equations subject to the boundary conditions
at the source. This method takes into account induction field terms lefey torme
(l/r)2 and higher; and includes the line interrals which express the effects
caused by discontinuities at the edge of the antenna. Tlhese terms are necess-ry
to produce a field which 1s mathematically rigorous, however they are neglected
by the scalar theory. The edge integral becomes significant only for wide

angles near the aperture amd has little effect on the field near axis,

B. S.5. Silver, Microwaves Antenna Theory and Design," Lab. Series, Mchirav=1i11
Hill, P 160, Vol 12 Rad,

Yo R.C. Hansen and L.L. Balin,"A liew Method of Near Field Analysis,” IRE Trans,
on Antennas & Propagation, Decenber, 1959, p L5&-UA7,
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which by a change of variable
2

¢="a,u=kasino,ys= Eﬁﬁ_
the equation becomes 1
j 2

E(R, o) = W-Jkﬂ e-j(g ) %'\ f Fe) JO(UC) e'J-} =) ¢ de

7o
For F(¢) = (1 - cz)n

- (1'1 + Y n

B(r,0) = y o JkR ¢ 202 o (wsu)

where \
Wn ( \.1) L] (2" _3 Yj Ui (V,U) + s an Qz(y,U)
o (wi) = (I - il

B'V Y av Y
and o ]
U o 'nza (D ()2 g )

1~}'k(v,u) is a Lommel function of two variables. Thus the near field patterns
may be calculated by evaluating these series for]g}k(v,u) and their derivatives,
It should be noted that due to the nature of the Fresnel approximation this
method is limited to an area at least a few antenna diameters away from the
aperture and to an angular region including the main beam and the first few
sidelobes.

Hansen and Balin have computed patterns for a 10y aperture by this

method and compared the results to those computed from the vector method
and found that the Lommel function method gave good results even at distances
only 10y away from the aperture, This method shoula have an even closer
correlation to computations made with Gerlock's computer program 7 since
both start with the scalar diffra.tion integral and differ cenly in the
approximations which are used, Several patterns were comp.ted b~ hotn

methods in section 8 an¢ identical results were obtained,
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2,2 Amplitude Monopulse Aintennas

2,2,1 Aperture Illumination from an Offset Feed

The monopulse antenna to which this study was devoted consisted of
a paraboloidal reflector fed by four horns whose phase centers are placed
symmetrically about the focal point of the reflector as shewn in figure 10,
However, the results which were ortained may be applied immeaiately to
circular aperture lens monopulse anterinas or monopulse antennas having
Cassegrain subreflectors and to monopulse antennas having eonly twe-horn feed
systems, The only additional complication 1s that in the case of Cassegrain
reflectors “he radiation blocking of the subreflector must be subtracted from
the radiation pattern produced by the main reflector. The following analysis
assumes that the radiation pattern of each cof the monopulse horns are known
and are identical and that the antenna dimensions are known, It will be
assumed tha: the displacement, §, of the phase center of sach feed horn from
the focal point be sufficiently smaller than the antenna radius such that the
amplitude distribution across the aperture is approximately the same as for
an on-center feed, For the monopulse antenna which was ccnsidered, each feed
antenna had approximately a circularly symmetric radiation pattern, However,
in the following analysis we shail assume that the amplitude of the aperture
distribution of a sinpgle horn is riven by

F(p,R) = Fg(p) cos % 4 Fa(p) sin ‘a (17)

where FE(p) and Fn(p) are the radiation patterns in the € and " planes
respectively, This is a pood approximation to the radiation properties of a
rectangular aperture where F(£,7) « F(8)F("), In the case Fg(p) - Fn(p)

equation (17) reduces to a circularly symmetric distribution,
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felt that t'is partial model satisfactorily indicated the desire | character.stics,
The reflector is a four foot diameter parabolic dish with a 21,f inch focal
length,

Althourh the desirable operatinm band of tlis menopulse antenna is .n
the lower x-band region, a frequency of 9835 mc was chosen to achieve a Lo
aperture, At this frequency the sum pattern has a slight mull caused by the
larger elacctrical separation of the primary feeds at this wavelength, How-
ever, the calculaticns illustrate the method fer a general case and the large
value of 8' = 3,50 is somewhat larger than in the design band. This assures
that the series expansions in sections 2,2.4 will be even more rapidly con=~
vergent in the design band of any monopulse antenna than for this examrle,

The Fraunhoffer and Fresnel zone H-plane sum and difference patterns for

2 p2
this antenna are shown in figures 15 through 22 at the distances ﬁ%l“ g;.

E; and %:. The calculated patterns may be calculated from the table of Lommel
functions in table 1, Volume II, as described in the nrecedine~ sectirns, It
may be seen that for both the sum and difference patterns the main beam and
location of side 1obes can be predicted with a fair degree of accuracv as can

the lobe fill-in in the Fresnel zone. However in the amplitude of the side-

lobes there is a significant difference in the calculated and measured patterns,






























where Rmin is the shortest range at which the field is desired, (For example
for the AL/TPS-1D, w, should be chosen less than L5, since the closest rattern
is taken at 304= R-'n which 1s twice the greatest aperture dimension). This
assures that the pattern at K in the plane of the narrow dimension has far f1eld

characteristice, It is most convenient to assume a uniform amplitude acrcss
sin u

the width of each strip since in this case, each strip has the familar
pattern, Therefore the strips shculd be narrow enough such that the resulting
step function approximates the actual aperture distribution across the come
plete aperture,

The use of the scalar diffraction integral to express the Fresnel field

results in an expression for the field of the form

- =Jkr
E (R,0) ",lﬁ [A[F(xs,ys) e d:xs dys

If the aperture is divided into 2N strips of width w = -ﬂ‘}- along the x-axis
where, a, is the a perture width in the X dimension, and (xs, ys) denotes the
aperture coordinates as shown in figure 23. Then the total field from the

aperture is theNsum of the fields from each of the strips

E(R,9) = E,(R,0)
ne=_.N

where Enis given by
B (R,0) = ii" [[Fn (x,7,) ™ ax_ dy, (18)

But since we assumed uniforn i’ lumination across eachof the strips, Fn(xs,ys)
: Fn(ys). If the usual small angle Fresnel approximation for, r, is used

(see figure 24). Then in the X -Z plane

r =wVQx-xs)? + ysz . 5o (y = 0)
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describe: the far-field range as that distance at which the phase of the
received field from a point source across the subject aperture varies no
more than /16, However, for the individual concerned with electro.
magnetir cori atitility, the distance at which the antenna pattemn shape
ceases to change may be the definition, This portion of the report
illustrates the results obtained when investigating the effects of range
upor. the radiation - attern characteristics of an antenna when operating at
hamonics of the fundamental fre juency, This investigation was conducted
to determine the far~field-Fresnel region boundary for an antenna operating
at other than the design frequency, This boundary is defined as that range
from the subject antenna at which no further change in the radiation
pattern shape is noted,

Une of the assumptions made is that the subject antenna is not altered
by external reflections. Since the characteristics of the measurement range
were important from this aspect, the receiving site was investigated by
measuring the amplitude variation within the voiume that would be occupied
by the subject antenna, with the transmitter at a range of 1300 feet,

This process resulted in measurements within a fourefoot cubed space
above the antenna rotator which determined that the pover received was
within the limits expected, The most severe reflections (2 6,5 db), as
expected, occurred at the lowe;t frequency and decreased at hi gher
frequencies, Above the se:ond harmor.ic, the amplitude variation was no

mere that ¢ 2,0 db :n the area of interest vhen transmitting from the

1300=foot distance,
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e illustrate at what range the far-field-Fresnel zone boundary occurred
fer each harmonic frequency,

“ompariren of the patterns obtained at the fundamental frequency
sndicates that little variation is noted with an increase of range beyond
Zﬂzfx althourh some Low level effects can be noted in the sidelobes, Low
level reflections can cause such effects and were expected, Since the main
interest was directrd toward operation at harmonic frequencies, the K- and
I'=plane patterns obtained are contained in fiprures L4 through L9, The general
conclusions that may be drawn seem to indicate a trend toward reproduction
of pattern characteristics beyond the 253/1 range even when operating at
higher harmonics, Some liscrepancies are noted but since the major differ-
ences are noted when the patterns include deep nulls in one or both planes
nf the patterns such deviations could be expected, Even with the use of a
transit to alipn the antenna for patterns such effects occurred, Further
investigation in this area will require an extremely low level of re-
flections, preferably no reflections, and extremely close tolerances on

positioning the subject antenna,
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or 1/16 wavelength from a plane wave illumination traveling along the radius
vector from the field probe to the test antenna's effective radiation center,
This is the basis for the 2D2/1 criterion, Obviously, for an antenna aperture
having a source distribution with less weight on the periphery of the aperture than
at the center, the criterion will require a condition with less deviation from
the plane wave case than for an antenna that is uniformly excited, Moreover,

it is immaterial whether the maximum phase difference between the spherical

wave and plane wave is weighted at the aperture center or periphery; the
uniformly weighted aperture presents the case requiring the greatest control

of tolerance of the phase dispersion across the aperture., Since the aperture
dimension of 2D2/\ is traditionally taken to be the maximum one, for the same
reasons the circular aperturs presents the most stringent ~ase. The meaning

of 20%/ in tems of altered field strength can be determined by computing

the scalar Fresnel zone pattern of a circular aperture with unifomm i12umination.
Putting the source distribution in primed spherical coordinates, the diffraction

integral is given by:

E(R) » ik(l’cosﬁ) j. j

where

ikR'

R'dR'dg'

R" = \/;' * R'2 - 2RR' cos ¥
and cos y = sin © cr3 (¢=-¢')

Mo«l [(*‘F-ﬂ‘]ﬂu]-%[r c & ()

]
1 ( R ) ’ Eg < 1r » and cos 8 T
ika 2
2 1kR -3-—
.. ER) < 1555-—-- J[ ° J° (2t)tdt where 2 = ka sin @

(¢}
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For transmission between two directive antennas, a greater range is
required, It is known from the reciprocity thereom that the power transfer

between twe antennas is proportional to the integral:

p~|j’('ﬁlxﬁ2-zzx?ﬁ)- AT
s
where E and H are the vector field camponents of the two antennas and S is
an arbitrary surface enclosing one of the antennas with unit normal n, In
order to find a surface upon which the far-field components of both antennas
are correlated, the distance between the two antennas must be approximately
the sum of their far-field ranges,

For the case of a point source over a ground plane, the surfaces of
constant relative field strength are surfaces of constant phase difference
between the source and its image, and these surfaces are known to be hyperbolas
of revoluticn about the source and image axis. Consequently, when the
hyperboloids are sufficiently close to their conical asymptotes, the angular
aiffraction pattern will be range invariant, The equiphase surfaces of the
point source and image are ellipsoids, With increasing renge, the ellipsoids
rapidly approach their spherical asymptotes, Thus the asymptotic phase
structure of a point source over a perfect ground plane is identical to the
point source in free space, Their field structure is different due to the
amplitude lobe pattern of the point source and image, Consequently, for a
range invariant azimuth power pattern for transmission froma field probe
Lo an aperture antenna over a ground plane, the range must be sufficiertly
great with resvect to probe height that the amplitude taper across the

vertical antenna aperture is negligible to the same degree that the spherical
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Criteria of this sort do not penerally have practical significance without
the consideration of tranamission between two antennas,

The problem of transmission between a field probe and large anerture
antenna over a ground nlane is generally calculated by summing the direct and
reflected ray from the field probe through the test antenna pattern to the
aperture center, This is usually a good procedure if the field probe is in
the test antenna's free space far-field range, Consider this case making
the assumntions that the propagation terrain is isotropic (not necessarily
homogeneous), and that the range is sufficiently large that the reflection
coefficient is essentially constant for the correspondence between all aperture
points of the test antenna and field probe. (For convenience the reflection
ccefficient is taken to be p = <1,) The field probe is at height hy, an
aperture point of the test antenna at h2, and R is the horizontal range,

For this case the reflected ray distance 32 is given by:

32 = \/hZ + (hz’ h1)2 R > h ¢ hl

h.,+h, |2 2 3
cer (i (B2 (g 1)
R

h12+h22 h
Similarly: R SR + ~g= -

Thus the asymtotic field of the probe in this notation varies over the vertical

dimension of the aperture antenna as follows:

h, 2eh_2

kh. h 1 *h,
B(R,h,) = =i 2E_sin ( nz’ o”‘(’“ 7R

5)

153






If the aperture has symmetric vertical weighting, the antisymmetric taper
variation in the incident field cancels out in the integration, However,

the antisymmetric component will drop out regardless of the aperture welghting,
Fylt
if sin figk’ is maximized, In general, the aperture weight will be approximately

syrmetric, and better results will be obtained if the probe height is adjusted
for maximum transmission, Normalizing the integration over a uniformly

weighted rectangular aperture results in the factor:

(kh P ) / khyw
The corresponding factor for a circular aperture is given by:
khh,
sin T

Thus the usual propagation power transmission factor, sin2 (khlﬁ/R) is

modified at most by the factor sin ( ) // ‘ o Consequently, the

range requirement for the special case described above can be prescribed from

the free space case as follows:

N B 2 < sin x 2 ~ - x2
- = | -3
kh.w
where x = -;%—
kh.w 16h.w

2 on (ERY

A more general approach to the problem of range invariant azimuth pattern
meagurement with less conceptual parallel to the free space problem, but more

mathematical precisicn, is available by the following development, The aperture

155






Referring to equation (69), and putting the amplitude sine factor back

into its exponential sum form; the direct and reflectea wave components have

the following form at the aperture,

Direct \lave:

hlg (h'hl
NP NS B

Reflected Jave:

h*ﬁ) . hyh hehy

1 k= ik|-p=|y
% °(T g

The two elevation angles are defined by:

+
R

!

f{+n2
T

o

h*h
o

p = tan ‘

It is assumed that

TR

where h1 < h

where p (o) is the reflection coefficient as function of a For most

practical situations when large antennas are used, the range is normally

much greater than the heights involved and the criteria concerning the

constancy of the reflection coefficient will be less restrictive than that

for the free space azimuth pattern variation of the antenna at elevation

E--h1 Roh.l

angles . and x5 - For a rectangular aperture with uniform weighting,

the free space pattern is known to be of the form:

sin(%’x sin @ cos o) sin

Jewx
—= gin ® sin o)
2

© ‘L;Z sin © cos 9)

2

X in @ sin .)
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e S e .
) kwhl . CEE . 3 hlw
S , = v
16 3
o sin2 v is small, 1t is required that:
kwh, | 2 , 2kfih, |2
R < vare- 52
Wl << 12 h?

In general it can only be assured that w < EH. Thus, the completed criteriou
is given by:

S5g(u
g%u;

o]« |

Lg(u) sin®y

l(kwhl)zi*w,z("z kwh1<2'"
3 R 1252 18 R 2 1%
1éh,w
) e WP
3 A
léhlw -

It i3 observed that if it is assumed that R > ! and that hl *he=-=,
then this corresponds to the criterion: R > ?(25+w)2/x. The fields at
- < R <« ( 3} ; are not Fresnel zone fields, The quantity h does

not enter into the criterion because only azimuth patterns are considered,
Criteria cannot be prescribed for elevation patterns because the pattern of
the field prcbe also changes with elevation,

As a brief summary of the far-field range criterion problem, the
following comments are rage. Propagation ground plane reflections do not

.
extend the Fresnel zone, but the phenomena may perturb the horizontal weighting
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(R, 6, o) = field pcint
(R, n/2, tpo) = real aperture point
(2h, n/2, en/2)= image aperture center
(Ri, n/2, ol') = image aperture point
(R(;, n/2, -wo)- image aperture point relative to image aperture center
Ro=( (22 R . 2R} (2F) cos( + ¢5)}1/2
o (o512 4 o2 oF 1/2
(2h)€ » R1® + 2R!(2h) sin °!
- 2 _ V172
Re R R!C - 2R!R sin @ cos(o-co)}

(Real aperture point to field point distance)

{Rz =2 °Rsing cos(o-cl)}l/z

(image aperture point to field point distance)
' - '
cos (cp-vl) cos ¢ cos g + sin ¢ sin oi
R' 2h*R! sin ®
0 0

R'\ 2 2R!
gi-.n{1¢<§2 --R-Qsinecos(o*oc',)

(2?\)2 * 2R! (2h) sin 9l ¢ 2R(2h) sin @ sin w} 1/2
.

R

R
" Y O -
R [R * 55 R‘; sin © cos (v-ot'))

[¢)

R'2 =2 2hR sing!
h -

Eo * direct ray field, !.1 = image ray field, f(Rc", ‘9;) ® aperture illumination
function, p(R,8,p; R('), ¢<')) = reflection coefficient for the reflection angle
defined by the reflected ray correspondence between the aperture point (R(;, ¢c',)

and the field point, (r, @, ¢),
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more heavily weighted, This will have the effect of lowering the effective
radiation center h, If f (Ré, wé) is complex, the radiation pattern of fi
will be modified by p (Ré, -m;) such as to change its symmetry, If f is
symmetric and defocused by a phase function concave to the field direction,
then the main beam in the image aperture will be pointed downward, If fo
is defocused by a convex phase function, the imapge beam will be pointed
upward by the variation of p, If f, 18 symmetric and focused, and p(Ré,-@é
passes thru the Brewster angle near the midpoint of the aperture, the main
beam in the image aperture will tend to split in the elevation pattern,

For large apertures, the variation of p for vertical polarization is
large in the Fresnel zone. Consider for example, an BS' dish with the radius
a = 100x. The reflection coefficient for vertical polarization is cormonly

given as:

o = ¢' sin o - J?' - cos? o
¢’ sin o+ Ve! = cos” ¢
where ¢' is the complex dielectric constant and ~ is the elevation angle,
For S~band frequencies, it is often a good assumption that the conduction
current in the flat terrain is very small compared to the displacement

current, For this case at small elevation angles:

p’CSina-Vt'l, p("a) ¥ 0
e sin o + Vc -1

sin g v 1 (Brewster angle)

Ye+1

For ¢ = 3 - 8, the Brewster angle 1s 1° - 200, and in most cases will not be

involved, If the height of the vertical dish antenna assumed is 2a, the
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7¢ RADIAL E FIELD
7.1 Theoretical Investigation of Radial Electric Field

Some interest has been expressed in the magnitude of the other field
components in the Fresnel field relative to the principal component of the
fields It is a simple matter to calculate the radical electric field, E,

using the integrated vector wave equation given by S:llvex'.1

?-%fj{(3-v)vv+k§v>da+ﬁ-; fj;"V' da

b

where .7 s . ﬁx!-{‘ is the electric current in the aperture and K = ﬁxf is the
magnetic current in the aperture, and ¢ = -Q;-i—‘z is the free space scalar
Greens function,

In the following, we shall consider a planar aperture illuminated by
a plane wave, as shown in figure 50, This simplifies the analysis since
then E = = xH (where n is the outward normal from the aperture)

Then the vector operators aregiven by 8§ (p, 37 )

A
r

=Jir J
e—--— = ¢ ( [ 4 1 ) 2
v kr ! 5 kr

. .jh. -- A A -
(J-v)vi’-—k----[(-l+2-1+--37 @R -1 *!'-)J]t
T

kr (k) kr ke
- .Jkr-o
KxQ¢ = (J*-l-‘s—-}(x'x‘
kr kr
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Assuming H -Hy’?‘
-.VA- E -E
Jor [r 8in 8 cos ¢ r 08 B}H
?b(l(x ) -['!E. cos A cos ﬁJTﬂy

8ince the algebra is shortened by consideration of the pattern in one plane
and we are primarily interested in the order of magnitude of the radial E

field we shall consider only the radial field in the E=plane (o = 0) of the
aperture. Thus

Eﬁlﬁ-?{

..;I[A[[{-l+%+-(-ﬁ-)’“%aine-£coa ﬁ)(%-f_ainocosﬁ

Wy
( %; m)ame}*da+ﬁ][(j+t)£c0aecoaﬁda

expanding the integrand of the first integral one obtains

R sinﬂcos ﬁ)

neg-2

3
--1§ 8in 8 cos B (R sin 6 + p cos p)
kr

2 ‘
in g +a (3B = 1| sin g + &
8 lu'(? )a +-§coa}3

r

It was found by calculation of the remaining terms that the -g powers

predominate over the other terms in the Fresnel zone, Thus
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Thus in the Fresnel zone ,Erl is of the same order of magnitude as

% ‘Eel cos 8 and if R >> a the radial E field is negligible compared to the
Ee componer*, Tigure 51 shows a plot of both the principal field component
and the radial field component at a distance of 200\ for a LOA aperture
(yelm). Thus it may be seen that the radial field is significant compared
to the principal component,only at distances a few antenna radii away from
the aperture,

7e2 Measurement of the Radial Field Component

The experimental determination of an arbitrarily polarized field is a
difficult problem requiring a large number of measurements at each point to
determine the polarization ellipse at that point, However the problem is
greatly simplified if only the relative anplitudes of two orthogonal
components such as Er and EQ are of interest., In this case a thin dipole
oriented in the direction of the desired component has a voltage induced
across the terminals which is proportional to the component, of the field
oriented along the dipole. However the dipole must be short enough that
there is no significant variation in the amplitude of the field along the
dipole,

For the case of the fields radiated by a large aperture antenna the
measurement problem is further simvlified since the fields vary sufficiently
slowly in the Fresnel zone that a resonant dipole may be used, However,

a serious problem is introduced by the effect of the transmission line

connecting the probe to the detection equipment. Several method319 20 have

19. K. Iizuka, "How to Measure Field Pattern with Photo-Sensitive Probes,"
Electronics, Vol. 36, pp 39-43, Jan. 25, 1963,

20 Hu, M. K. "Measurements of Microwave E end H Field Distributions by using
Modulated Scattering Techniques," IRE Transactions Vol, MTT 8, May 1960,
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been used to eliminate the transmission line., These methods use a scatterer,
such as a dipole, loaded with a diode, The back scattered signal frcia the
scatterer 1s amplitude modulated ty application of an audic frequency signal
to the diode. The back scattered signal is received by the transmitting
antenna and detected by a coherent detection system, In the method proposed
by Hu2 a germanium diode i3 modulated by a bias voltage applied through a
thin, poorly conducting thread coated with aquadag. The probe used by
Iizuknl9 eliminates lead wires entirely. It consists of a dipole loaded
with a photocell which is modulated by a chopped light beam. The modulated
scattering technique will give good results for radial field measurement

if the diode and dipole cross section can be kept thin encugh to provide

the dynamic range required to measure the radial field. However, it should
be noted that this is primarily a laboratcry technique and requires a rather

elaborate receiving system,
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10.2 Lens Defocusing
The method of defocusing a reflector by laterally displacing the feed

along the axis has several disadvantages, The feed must Dbe designed so that
1t is movable, and several common types of antennas do rot have this feature,
In addition, a different amount of defocus may be needed in the two principal
planes, This is true for elliptically shaped and beam-shaping reflectors,
The use of a lens placed between the feed and the reflector to accomplish
dsfocusing has neither of these disadvantages, Different profiles may be
used in the two principal planes to achieve simultaneous focusing at the
same point in both planes; however, some method, such as a tripod, must be
devised to hold the lens in position,

The simplest lens to design is the single surface lens (see figure 70)
which can be computed from the following conditions where the coordinates
of the inner surface are those of a sphere about the act.al focal point,

' ¢ nx'x" ¢+ xx™ s
(¢ = constant and n = relative dielectric constant)
This type of lens focuses a spherical wave, whose center is the desired
image point, on the focal point of the feed, Thus, rays which come from a
finite point converge on the focus of the parabola, For the aperture
distribution to be the same in the presence and the absence of the lens,
the rays should converge at the same angle, Thus a single lens will give
some distortion of the pattern due to the changed aperture illumination,

This difficulty may be overcome by designing a double surface lems,

so that the incident and refracted rays are parallel, (see figure 71), If
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The model is based on a Fresnel ring focusing technique, which focuses the
quadratic phase variatle .n a series approximation to unity of the follcwing

general forr,

1«(% )3 ;' a (a+d)es.e(a=1en) (1__:. %

0 NeO nl o

y 'eez l< ro, g 1> |3

"z" is the quadratic phase variable in the focal domain (which is defined
by zo) and ”zo" is a design parameter. When "a" is an integer, the array
is spaced in harmonic multiples of "1/R*, Whern "a" 1s non-integral, the
spacing is anharmonic, A sample caiculation for a spherical focal domain
with a diameter of 200\ has been shown for the case of ¢ = 1. It was found
that for this protlem very good convergence characteristics cf the focusing
function, as compared to the (2 DZ/X) criterion, are available with 7
elements, The maximum pattern range here was about 1/6( 2D2/x) for total
pattern coverage, By restricting the pattern coverage and increasirg the
number of elements, the pattern range for aperture antennas can be further
reduced, The numbter of availatle elements is limitea by the inner boundary
of the Fresnel zone and the maximum usable range., The larger the antenna
(i.e. the greater the number of available Fresnel rings) the greater the
available number of elements, and conssquently there is more flexibility
in array design. By varying the parameter "a", the array weightirg function
(and also the array spacing) may be changed for the same focal domain, The

array weighting function for the case of a = 1 was derived with the followirg

result.

nel -1k
SO okl TR s Y

n (®n)! n} n zoﬂ

), n= 1-N, |z°! > |.
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higher order near-field compcnents are negli itle compared to the Fresnel
field, they might have a small effect on the error statistics relative to
the unit focusing function, These components also have the fortunate
characteristic of becoming more negligible as the array weight becomes
larger. The variation of the error distribution with the array weighting
function constitutes a complicated problem that requires further study,
A statistical error analysis is essential to evaluating the dymamic
range of the system., The potential results are promising, Such a system
might even discriminate against spuricus reflected signals, by cross-
correlating the outputs of different array weighting furctions,

Considerable past effort has been expended on this problem., Prior
work has been primarily based on the Sommerfeld series representation of
the multipole expansion of radiation., Trhe Sommerfeld series was used
by H. H. Hougnrdyl in the "Time/Frequency" scheme, anc by V. Galindo“ in
his extrapolation study. These approaches require truncaticn of the
Sormerfeld expansion, and consequently they are confined to the outer
fringes of the Fresnel zone. For this reason, it woulu be highly ime
practical, if not impossible, to use the Sommerfela series as an analy-
tical tool for evaluating the unusual array design atove, It 1s instructive,
however, to compare the results of the twc approaches to the rrovlem, The
array analyzed by Galindo was uniformly spaced (erd-fire) with the follow.ng
coefficlents (relative approximately tc unityb).

(" g o Ry

c, - (1en A%)N, (R> 8R),r = 0 = Nel.
(N=l-n) ¢t n |
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APPEIDIX 1
SSUERALIZED LOMMEL

FUNCTIONS w“m (vy1)
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