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Anomalous Edge Effects in Finite Arrays

R. C. Hansenlife Fellow, |IEEE

Abstract—The regular oscillations in scan impedance (normal- [5]. Plots of scan impedance across the array calculated by
ized by the infinite array values) that occur across a finite array  spatial and spectral methods agreed within a line width, thus

are uniquely altered in two special cases based on computer sin U"validating these array simulators. Details of the calculations
lations of finite-by-infinite arrays. First, dipoles with groundplane . .
are given in [2] and [3].

at broadside in the E-plane, exhibit a slow modulation of the - = . ) .
usual oscillations; the period of the modulation varies with dipole ~ The finite-by-infinite array simulations showed several inter-

radius. For all other cases, the results are insensitive to radius. esting and somewhat unexpected results. The scan impedance
Second, for a dipole array and lattice spacing andH -plane scan values oscillated from element to element about the infinite
angle that allow a grating lobe to appear at—90" the oscillations 4.5y yalues with oscillation amplitude increasing from the
disappear, except at the rear edge. These phenomena give some L

indications of the behavior of the pseudotraveling waves in scan center toyvard the array edges.. These oscnlguo.ns O.CCW even
impedance. at broadside (no scan). The period of the oscillations is regular
and increases with scan angle and an excellent fit is provided
by A/2(1 — siné,) [6], [7]. There were two situations that
showed unusual behavior and these anomalies are discussed

I. INTRODUCTION in this paper.

Index Terms—Antenna arrays, edge effects, electronic scan.

DGE effects in finite arrays have been studied through

the medium of a finite'by'inﬁnite array [1], [2], where the II. MODULATED OSCILLATIONS
beam is scanned across the finite dimension of the array. Us%omputer simulations off-plane scan of dipoles and of
of colinear or parallel dipoles in the infinite linear arrays aIIowa. les/ d ol d ool ¢ dinol
H-plane orE-plane scan [2]. For a sketch of the geometry segroesiground piane an plane scan of dipoles gave

[3]. Since most of the characteristic and essential features' ot ults insensitive to dipole radius [6], [7]. However, broad-

. . . side results forE-plane scan impedance of dipoles/ground
mutual coupling are experienced by scanning an array of thw e showed an unexpected behavior: the oscillations were
wire dipoles at or near resonance, more sophisticated eleme;)ﬁ%ulated and the mocFi)uIation eriod v-aried with the dioole
and moment method analyses are not necessary. Thus, firlite: P P

bv-infini o . . . radius [8]. For each radius, the dipole length was adjusted
y-infinite arrays of thin wire dipoles with or without ground, ™. . . .
) . . 1o gjve a resonant broadside embedded impedance. Figs. 1-4
plane have been used; each dipole has an assumed smusmﬁd X .
current distribution. show scan |mpedance for half (_)f a 201—elemen_t array with
The vital parameter for a scanned array is scan impedané%rli;f: d n?gr?:hsze;cir?y vt/he ing'?;;eouar;azll Stﬁznoslg?lﬂ)aet?:nnsces'
the obsolete term “active impedance” is deprecated. The s%aqle a \F/)vavelenp h gerioaids (Half-wavge element spacing), the
impedances of a row of elements across the finite dimension 53 . ngin p . ) P 9.
: odulation period increases with radius/wavelength as seen.
the array allow all important array parameters to be calculatéd’ . . o
S . Assuming a heterodyne process, with the “difference fre-
directivity, patterns, scan-element pattern, element mismatch. N . A
ncy” operating, the perio® is simply 1/P = 1/P, —

These scan impedances are found from the element volta E where P, is the basic scan impedance period of one
divided by the applied element currents; the latter may incl 2 L ; o
Wi y bph u ' y Inclu velength (zero scan) antl, is P, modified by a factor:

an amplitude taper for sidelobe control. The voltage ar%‘al
. ' . = P;(1+ A). Fig. 5 shows the parametéx for the five
current vectors are related by an impedance matrix. Each ter

. . . radii cases simulated. There is some uncertainty in determining
of the impedance matrix is the sum of mutual impedances

. . oo . eriod due to attenuation near the array center. This log-
from one dipole in one infinite linear array to all the dipole ear relationshin is due to the chanae in mutual impedances
in another infinite linear array. These mutual impedance su P 9 P

were calculated in both the spatial and spectral domains [?:l' h change in radius all reflected through the impedance

The spatial-domain calculation used Carter mutual impedanceatrIX inverse. Why this appears only fdi-plane dipoles

[4] with Levin summation acceleration. For the spectray—vI : ground plane is not known. A_rewev_ver suggests Fhat
domain summation forH-plane scan, the sum involved a virtual space wave heterodynes with a virtual wave guided

generalized pattern function and a Hankel functi&hplane abeﬁ/;/l(taiiz g}e d?'g?elergirtlgnacgdv\tﬂﬁ g:og{;drgijam:;r:i]erlfg?orgg:;nelc
scan required a numerical integration, as the integral of tﬁlg P P ghtp

pattern function times the Hankel function cannot be separate results_of Fig. 5. . .
he obvious question is, “How does this phenomenon

i ) i change with scan angle?” Only limited simulations have been
Manuscript received May 27, 1997; revised May 12, 1998. . .
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Fig. 1. Two hundred and one linear infinite arrays of dipoles/scréeplane scan, an® = 0°.

a/x = .01

Mag Z / Z-inf

0.8 |-

0.6 1 1 L 1 1 1 1 1 1 Il 1 ] L 1 1 L 1 L
1 6 1 16 21 26 31 3% 41 4 51 S6 61 66 71 76 8 86 91 96 101
Element Number

Fig. 2. Two hundred and one linear infinite arrays of dipoles/scrégplane scan, an® = 0°.

is not clear. Whether the zero scan results can be modeledbdghave for a finite array? For the computer simulator, the
empiricism based on electromagnetics is also unknown at thigay lattice of half-wave spacing, resonant dipole length,
time. This new phenomenon represents a challenge in areayl dipole radius of 0.005were scaled up to provide a
modeling and understanding. grating lobe appearing at90° for 45° scan. Fig. 6 shows the
magnitude of scan impedance, now normalized by the center
value, again for a 201 element array. The scan impedance
An infinite array of canonical elements such as half-waJé approximately linear, increasing toward the rear of the
or resonant dipoles exhibits a blind angle at grating-logray. Damped oscillations occur at the rear. These oscillations
incidence in theH-plane as the scan resistance and scahange as the array size changes. Phase is of also interest;
reactance both become infinite. But how does scan impedafdg. 7 shows the phase of scan impedance across the array.

Ill. SCAN IMPEDANCE AT GRATING LOBE INCIDENCE
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Fig. 3. Two hundred and one linear infinite arrays of resonant dipoles/screeirgut@he scan at Q
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Fig. 4. Two hundred and one linear infinite arrays of resonant dipoles/scEepigne scan, an® = 0°.

Again, damped oscillations occur at the rear and a dropafécillations at the rear have a longer period as expected
toward zero phase occurs at the front, but over most [#]. Thus, the array (at grating-lobe angle) due to the near
the array the phase is approximately°4%ig. 8 gives the absence of oscillations and approximately 4hase appears
array center value versus number of elements minus om@proximately as a resistive sheet reminiscent of the current
as expected, this value becomes large for large arrays. Télieet array concept of Wheeler [10]. A further adjustment of
center value is approximately given hy¢5v/ N — 1. There is dimensions to allow a grating lobe to appear-&0° for a
presently no physical explanation of why the variation1d’ 60° scan gives scan impedances just like those for a half-
instead of N or log N. When the dimensions are adjusted fowave lattice—oscillations about the infinite array value. So
grating-lobe appearance at°68can, the resulting amplitudethe single traveling wave concept is only feasible when the
and phase plots are essentially the same, but the few dampeating lobe first appears at90°.
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Fig. 5. Modulation factorA versus radius.
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Fig. 6. Two hundred and one linear infinite arrays of dipoles &hglane scan at 45

For E-plane scan with the same grating-lobe spacing, tisbeet values tried gave the proper variation of edge value ver-
scan impedance is again that for the half-wave lattice, but thes scan angle. These edge values would have complemented

oscillations are smaller. the Gibbsian models that have been developed [2], [3].
Because of this resistive sheet analogy, an attempt was
made to calculate the edge oscillation values using half-plane IV. CONCLUSIONS

diffraction coefficients for a resistive sheet. The Malihiuzhinets The standing wave of scan impedance across a finite array
function subroutine was generously provided by Volakis [11¢an be decomposed into two pseudotraveling waves in op-
However, none of the combinations of resistive and reactipesite directions, as indicated by the constant period. These
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Fig. 7. Two hundred and one linear infinite arrays of dipol&splane scan at 45
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Fig. 8. Array impedance center value.

waves are not electromagnetic waves, of course, and theyrhe heterodyning (or line splitting, which occurs for broad-
are esoteric, having an attenuation across the array thaside FE-plane scan of dipoles/screen) may be due to the
more complicated than a simple exponential. At grating-loleneration of dual pseudotraveling waves by the mutual cou-
incidence, one might surmise that only one traveling wave iding. The unique dependence of this case upon dipole radius
excited. is still a mystery.



554

The computer simulations and the apparent traveling wayg
in scan impedance have engendered a primitive understand
of edge effects in finite arrays, but several important a
interesting problems remain to be solved.

(1]

(2]
(3]

(4]

(5]

(6]

(7]
(8]

(9]

[10]
(1]

IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 47, NO. 3, MARCH 1999

R. C. Hansen (S'47-A'49-M'55-SM’'56—F'62—
LF'92) received the B.S.E.E. degree from the
Missouri School of Mines, Rolla, MO, and the
Ph.D. degree from the University of lllinois Urbana-
Champaign, in 1955.

Since 1971, he has been a Consulting Engineer
for antennas and systems-related problems. From
1967 to 1970 he was with KMS Industries, Ann
Arbor, MI. From 1966 to 1967 he was Operations
Group Director of the Manned Orbiting Laboratory
Systems Engineering Office, Aerospace Corp.,

REFERENCES

R. W. Scharstein, “Mutual coupling in a slotted phased array, infinite i
FE-plane and finite inH -Plane,”|EEE Trans. Antennas Propagatol.

38, pp. 1186-1191, Aug. 1990. o ] Los Angeles, CA, and was responsible for flight crew training, simulator,
R. C. Hansen, “Finite array scan impedance Gibbsian modBladio  software system for mission profiles, and mission control center equipment
Sci, vol. 31, pp. 1631-1637, Nov./Dec. 1996. and displays. From 1964 to 1966 he formed and was Director of the

R. C. Hansen and D. Gammon, “A Gibbsian model for finite scannetkst Mission Analysis Office, responsible for computer programs for the
arrays,” IEEE Trans. Antennas Propagatol. 44, pp. 243-248, Feb. planning and control of classified U. S. Air Force satellites. Prior to that he
1996. ) . ] was Associate Director of Satellite Control, where he was responsible for
R. C. Hansen, “Formulation of echelon dipole mutual impedance fionyerting the Air Force satellite control network into a real-time computer-
computer,”IEEE Trans. Antennas Propagatol. AP-20, pp. 780-781, to-computer network. In 1960 he became a Senior Staff Member in the
Nov. 1972. L _ __Telecommunications Laboratory, STL, Inc. (now TRW), Redondo Beach, CA,
J. P. Skinner, C. C. Whaley, and T. K. Chattoraj, “Scattering from finitgngaged in communication satellite telemetry, tracking, and command. Earlier,
by infinite arrays of slots in a thin conducting wedgéFEE Trans. e was Section Head of the Microwave Laboratory of Hughes Aircraft Co.,
Antennas Propagatvol. 43, pp. 369-375, Apr. 1995. . Cuylver City, CA, working on surface wave antennas, slot arrays, near-fields,
R. C. Hansen and D. Gammon, "Standing waves in scan |mpedanceeq>30tr0nic scanning and steerable arrays, and dynamic antennas. From 1949
finite scanned arraysMicrowave Opt. Tech. Leftvol. 8, pp. 175-179, , 1955 he worked in the Antenna Laboratory of the University of lllinois,
Mar. 19‘985' di . ) dancE-ol fini , Urbana, on ferrite loops, streamlined airborne antennas, and direction finding
s S e L a1 oring syt i st vr 160 paer,on koot
; : - BY PO SESE as been an associate editor Microwave Journal — ,Radio

Eceg] il;?)lsde;nigc’i’ :IE@.rSca ulgeEné) gﬂ;’s%?ﬁﬁg;egy:tscgﬁggztgnﬁ?\'/Itz arl’@f_:ience(1967—19§9), andlicrowave Engineel_"s Handbocﬂigjl), editor of
Oct. 1996, pp 3’76_38'0 T ’ ’ Microwave Scanning Antennas, Vol(1964), Microwave Scanning Antennas,

. > : Is. Il and Il (1966), Significant Phased Array Papefd973), Geometric

|R:r§: Tgtnhs‘ler?t‘ (I::l)nrﬁe Egtiﬁggnﬁgggg;ﬁﬁgﬂgﬁ g&aﬂngﬁl\%l?ele;ngg;e, eory of Diffraction(1981), andMoment Methods in Antennas and Scattering

pp. 196-199. (1990). He _is the author d?hased Array AntenngdNew York: Wiley, 1998).
____, Phased-Array Antennas New York: Wiley, 1998. He was editor of the APS Newsletter (1961-1963)

T. B. A. Senior and J. L. VolakisApproximate Boundary Conditions in Dr. Hansen has been involved in many professional activities including
Electromagnetics. Piscataway, NJ: IEEE Press, 1995. chair of U.S. Commission B URSI (1967-69), chair of the 1958 WESCON

Technical Program Committee, President of IEEE Antenna and Propagation
Society (1963-1964 and 1980), Chair of Standards Subcommittee 2.5 (which
revised Methods of Testing Antenfjasnember APS AdCom (1959-1974),
member IEEE Publication Board (1972 and 1974), and Director IEEE (1975).
He is a registered Professional Engineer in California and England, and is a
member of the American Physical Society, Tau Beta Pi, Sigma-Xi, Eta Kappa
Nu, and Phi Kappa Phi. He was awarded an honorary Doctor of Engineering
degree by the University of Missouri-Rolla in 1975. The University of lllinois
Electrical Engineering Department gave him a Distinguished Alumnus Award
in 1981. The College of Engineering awarded a Distinguished Alumnus
Service Medal to him in 1986. The IEEE AESS Barry Carlton Best Paper
prize was awarded him in 1991 and he received the IEEE APS Distinguished
Achievement Award in 1994. He was elected to the National Academy of
Engineering in 1992.



