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Abstract—Ultilizing early time response and low-frequency an elongated cavity. In this case, due to multiple bounces of
data, the complete electromagnetic response of a three-the electromagnetic response inside the cavity, it is difficult to
dimensional conducting structure is generated. By using predict what is the late time response

mutually complementary data, simultaneous extrapolation in In the f d . tiall | th
time and frequency domains are carried out. This is performed n the irequency domain, one essentially employs the same

through the use of the associated Hermite polynomials. The Way of thinking. The Maxwell’'s equations are solved entirely
interesting property of the Hermite polynomials is that they in the frequency domain utilizing either the finite-difference,

are the eigenfunctions of the Fourier transform operator. This finjte-element, or integral-equation approach. Unlike in the
implies that if the time-domain response at a point in space 4ime domain, here one needs to solve a matrix equation that

from a three-dimensional conducting object is modeled by an . . . .
associated Hermite series expansion, the frequency-domain becomes large as the electrical dimension of the structure in-

response at the same point can be expressed as a scaled versiogreases. The methodology to perform electromagnetic analysis
of the same time-domain representation. Therefore using early of a large complex structure is to use a super computer as

time and low-frequency-domain response data, it is possible to gne needs to solve a large matrix equation at each frequency
reproduce the missing response in both of the domains. Examples it of jnterest. Even though extrapolation techniques [2]
are presented to illustrate the application of this methodology. h b d I d utilizi he C h hod
. . ave been developed utilizing the Cauchy method, one may
Index Terms—Broad-band, electromagnetic scattering, extrap- still be performing data extrapolation to generate a wide-band
olation, Hermite polynomials. response
Extrapolation in either the time or frequency domains is
sometimes a numerically unstable process, and its accuracy
I. INTRODUCTION often cannot be guaranteed. Hence, the desire to perform

N TRADITIONAL computational electromagnetics, analy-&ccurate extrapolation in either the time or frequency domains
I sis is carried out exclusively in either the time or frequend§@ds to the idea of simultaneous extrapolation in the time
domains. Some of the popular methods for performing tid frequency domains. In this methodology, the goal is
analysis in the time domain are, e.g., the finite-differencBOt S0 much on extrapolation of data, but how to generate
finite-element, or integral-equation approaches. The objecti¥® Missing data. The use of early time response and low-
here is to solve either the integral or differential form ofrequency information provides all the information that is
Maxwell's equations solely in the time domain. The way téeduired, but it is in the mutually complementary domain. The
analyze electrically large problems is to use a bigger and fasi@y frequency provides the late time information, whereas the
computer. In addition, analytical continuation method can Ig&rly time provides the high-frequency information. Therefore,
used to extrapolate the time-domain data. For example, #%Uusing such a hybrid methodology, one is not creating new
matrix pencil technique [1] can be utilized to extrapolate lai8formation by performing extrapolation carried out exclu-
time response from conducting objects. However, in practicdVvely in one domain, but simply extracting the information
it is difficult to discriminate between the early and late timéhat already exists in the mutually complementary data sets.

response from an object, e.g., particularly if the structure isIn this paper, the hybrid technique utilizing early time and
low-frequency information is used to generate the information

_ _ _ , for all time and frequency. Hence, one uses a time-domain
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II. AH POLYNOMIALS then the AH series

The AH polynomialsh,(t) are defined in terms of the

Hermite polynomialsH,(¢). They are u(t) = Z anfon (), for —oo<t<oo  (10)

H,(t)e =0/ with
hn(t) = % 1) o
(2 nly/m) i = / W(ha(t) dt (11)
The Hermite polynomials are generated recursively through —oo

converges pointwise tg/(¢) at every continuity point and
converges tdy(t™) + y(¢)]/2 at the points of discontinuity.
Hy(t) =2t In addition, the AH functions are eigenfunctions of the
H,(t)=2tH,,_1(t) — 2(n — 1)H,,_»(¢), for n>2. Fourier transform operator. If we defink,(f) to be the
(2) Fourier transform ofu,(t), then withj = /-1

Hy(t) =1

The AH functions are, therefore, computed from hn(f) = / hn(t) exp(—i27ft) dt = (—5)"hn(f).

ho(t) = (12)

(V) Therefore, if we consideY’(f) to be the Fourier transform of
g — 2te—(t"/2) 5 Y(b), then it appears
1(t) = W ®3) o ‘
Y(£)= [ o explg2mt) it

and o
hi (%) = / Z anhn(t) exp(—j2m ft) dt

pu— 1 T

NG [V2th, i(t) = V= Thaa(t)],  for n>2 S (il a3

In addition, the AH polynomials are orthogonal to each other

and form a complete set in the intenjaloo, o] as The existence of (10) and (13) indicates that the same

functions h,,(t) cannot only be used to approximate the

/ ~ hi ()R, (1) dt = 6;; (4) time-domain functions, but a scaled version of it can be
—oo simultaneously used to represent its transform. Therefore, we
where the delta function is defined by can use the same functional representation to approximate
the time-domain and the frequency-domain electromagnetic
bij =1, fori=j 5) responses. However, for ease of manipulations, we will be
=0, otherwise[ using a slightly modified versions of (10) and (13).

In addition, the AH polynomials of even order are even, and m

. . THE MATHEMATICAL FORMULATION
of odd orders are odd, i.e.,

Let z(¢) represent the electromagnetic response at a spatial

how(t) = hor(—1) g) location due to an applied stimulugt). We then have
_ (6)
hor41(t) = — harg1(—t) N
for any value ofk. Therefore, it follows that a(t) = z_: ﬁ ha(t/a1) (14)
hai41(0) =0 where ¢; is a scale factor that scales the time variable. In
1 T(k+0.5) (7) practice, the summation in (10) cannot go to infinity and,
hor(0) =/ — =7y therefore, for practical computational reasons, it is only up to
m [(k+1) ) i
some valueN. Thus, we are basically representing the early
where the gamma functiohi(k) is defined through time response at a point in space by (14).
e _ Next, we consider the frequency-domain response. By virtue
L@ =-DreE-1) of (13), one can write
D(—t)= —tI'(t—1), with t#0,1,2 3. - o0
X :/ z(t) exp(—y2n ft)dt
) 1 ()= | wt) exp(=j2n 1)
N
5) = an an
F(05) = . = 3 ) b
Therefore, ify(t) is a piecewise smooth function in every n=o 2
finite interval [—p, p] and N/2 . .
o => (=" L/L— hon(f/a2) = J \Q/il hont+1(f/q2)
/ e VA (t) dt < oo 9 n=o ‘ 2 2
—o0 =Xgr(f) +5X:(f). (15)
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Here, ¢» is the scale factor in dealing with the frequencyime-domain data, from (10), would then be
variable. The quantitieg; and ¢» have been introduced to

make the computation of the AH functions within a certairl ho(ti/q1)  hi(ti/@1) -+ hn_a(ti/¢1)
interval for stable numerical computation. ho(tz/q1)  hi(t2/q) -+ hn-1(t2/q1)
A word of caution: since time-domain signals in real life : : : :
are causal, i.e., holta /@) hatan /@) -+ hy-a(tan /@) d ay
ag z(t1)
x(t) =0, for t<0 (16) ay z(t2)
I =vn : . @7

it is necessary to approximate noft) in (14), butz(t +¢t,). AN-1d N1 2t ) d a1

Here, we prefer to center the expansion of the Hermite
polynomials not at = 0, but rather att = ¢,, wheret, is The real part of X(f), from (15), can be represented by
roughly around half the time support oft). This is because the even-order functions, as shown in (18), at the bottom of
the AH functions provide equal support on either side of tHbis page. The imaginary part of(f), from (15), can be
center of the expansion. Thus, centering the expansion abtgaresented, by the odd-order functions, as shown in (19), at
t, would require fewer terms in the expansion. Thereforé)e bottom of this page. Combining the three matrix equations,
we now work with the transform paig(t + t,) « X(f)- Wwe get (20), shown at the bottom of the following page.
exp(j27 ft,). The coefficients of the expansion are obtained by solving this

The choice of the scaling factay; is crucial because it matrix equation.
also affectsy,. Also, ¢; and ¢, decide the amount of support
given by the AH functions to the time- and frequency-domain
responses, respectively. Given about 50%—-60% of initial time-
domain data and an equal amount of low-frequency data, within this section, six examples are presented to validate the
a proper choice ofV, the order of the expansion, agg, the above technique. A program to evaluate the currents on an
scaling factor, it is possible to extrapolate in both domains.arbitrarily shaped closed or open body using the electric-field

In all the examples, a choice gf is made such that the integral equation (EFIE) and triangular patching is used [5].
and f-axes are roughly scaled to the same range. The orddre rationale for doing this is that we are going to use the EFIE
of expansion(N) is obtained by first using a large valuepoth in time [6] and frequency domain [5]. We utilize the same
then, depending on a threshold criterion, the expansionsigrface patching scheme for both domains; hence, eliminating
truncated. The value aV can be decided by choosing a cutofsome of the effects of discretization from this study. The
for the magnitude of the coefficients, i.e., discarding the on&gangular patching approximates the surface of the scatterer
that die out. More specifically, in all the examples presentedijth a set of adjacent triangles. The current perpendicular
the expansion was truncated if three consecutive coefficietdseach nonboundary edge is an unknown to be solved for.
were less than 0.5% of the largest coefficient. Choosifthe frequency-domain data was generated using the program
an unnecessarily larg&y will introduce oscillations in the described in [5]. However, in the last example, of the cone
extrapolation region. The coefficients are obtained by solvifgemisphere, the magnetic-field integral equation (MFIE) is
a least-squares problem, using singular value decompositimeferred due to the instability of the EFIE formulation [7].
(SvD) [8]. Quadrilateral patching is used with the MFIE approach.

Let M; and M, be the number of time- and frequency- Although the program can be used with an arbitrary excita-
domain samples that are given. The matrix representationtimin, we used a linearly polarized plane wave with a Gaussian

IV. NUMERICAL EXAMPLES

ho(fi/m) — —ha(fifg2) - (“1)N27hy_1(f1/q) ao Xr(f1)
hO(f?/Q‘z) —h2(f2/Q2) (—1)’\r/2_1’1.1\f—1(f2/Q2) o _ VB XR.(f‘z) (18)
ho(fl\'@/QQ) —hQ(f;wz /@) - . (—1)N/2_1h1'\"—1(f1\42/@) Mo xN/2 a/\".—Q N/2x1 XR(:fMl) Mo x1
—hi(fi/q)  hs(fi/g2) - (“DNhn_a(fi/@2) ay X1(f1)
—h1(f2/qQ) h3(f:2/q2) (—1)N/2h1?f—2(f2/QQ) a.g _ V& X1§f2) (19)

—hi(fan/a2) Rs(fafaz) - (—DN2hy_o(fan /@) Max /2 LON=1] n/ax1 Xi(fa) 1 g1
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profile in time. The excitation has the form program [6]. Also, the extrapolated frequency-domain re-

. E , sponse modified by the spectrum of the incident wave is
EM =u—2— 7 (21) compared to the frequency response obtained from the method-

oey/T of-moments (MoM) program [5]. In all the plots, extrapolated
where, signal refers to the extrapolated response using AH expansions

while original signal refers to the data obtained from the MOT

(t — to —TI- k) MoM
N = (22) ©or MoM program.
a

A. Example 1—Unequal Plates
u;  unit vector that defines the polarization of the incom- |n this example, we have two square plates of zero thickness

ing plane wave; and sides 1 and 2 m in they-plane. The configuration with the
E, amplitude of the incoming wave; discretization is shown in Fig. 2. The separation between the
o controls the width of the pulse; plate is 1 m. The excitation arrives from the directipe: 0,
t, adelay and is used so the pulse rises smoothly frogi— ¢; i.e., along the negative-direction, «; is along thez-
zero for timet < 0 to its value at time; axis. The time step used in the MOT program is 196.8 ps. In
7 position of an arbitrary point in space; this examples = 0.79 ns andt, = 9.20 ns. The edge under
k unit wave vector defining the direction of arrival ofconsideration is on the smaller plate, in thedirection and
the incident pulse. center. On that edge, we would like to generate the information

To find the frequency response to the above Gaussian plat®ut the current for all times and frequencies for the given
wave, the transfer function of the system is multiplied bgxcitation from the information of the current for early times
the spectrum of the incident Gaussian plane wave. The in@utd low frequencies.

spectrum is given by Using the MOT algorithm, time-domain data is obtained
E fromt = 0 to t = 50 ns (250 data points). Also, frequency-
G(w) = =2 ¢ [mofyiwte] ) —orf  (23) domain data is obtained from dc fb= 598 MHz (300 data
¢ points). Assume that only the first 100 time-data points (up
The time and frequency domain form of the incident wave te ¢+ = 20.00 ns) and the first 140 frequency-data points
shown in Fig. 1 for Example 1. (up to 278 MHz) are available. In the time-domain data,

In all our computations,E, is chosen to be 377 V/m.the multiple reflections have been ignored, however, that
The time step(At) is dictated by the discretization used irinformation is available in the low-frequency data. Solving
modeling the geometry of each example. The frequency stigp the matrix equation (20) using the available data, the
(Af) is either 1 or 2 MHz depending on the problem. time-domain response is extrapolated to 300 points (up to

In all examples, the extrapolated time-domain response fis= 598 MHz). Given a time-bandwidth product of about
compared to the output of the marching-on-in-time (MOT).56, we extrapolate to a time-bandwidth product of 29.9.

[ ho(t1/q1) hi(ti/ly) - hn_1(ti/q1) hn_1(ti/q1) i
ho(ti\;l /a1) ha (t/\%/(ﬂ) hl\’—?(t.l\% /a1) hl\’—l(t'n1,1 /a1) "
ho(f1/42) 0 e 0 (DN iy (fi/ ) '
az
hO(fJ\.lz/QQ) 0 0 (—1)]\r/2_1h1.\’—1(sz/Q2) CLN:A Nl
0 —h(fife) o (DN (i) 0 "
| 0 hl(f]\.lz/QQ) (—1)N/2h1\";2(f1\42/Q2) 0 1 (My+2M)x N
g1 x(t1) ]
a1 z(tw,)
Va2 Xr(f1)
_ : (20)
Va2 Xr(fm,)
Va2 Xr(f1)
Lv@2 Xi(far) 1 (ar2nm) 5
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Gaussian Incident Field in Time Domain
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Fig. 1. (a) Time-domain representation of the Gaussian pulse. (b) Spectrum of the incident Gaussian pulse.

The order of expansiofiV) is chosen to be 68 and the time-marked by anX. The reconstruction in the frequency domain
domain signal was centered about it second zeroth-crossil§galso very good, as can be seen from the real and imaginary
i.e.,t, = 10.23 ns (denoted by+" in the plots). A choice of,, Parts of the frequency-domain data are given in Figs. 4 and

was made such that the entire time axis (with the time shi They-axis markedz(t) represents the current at that edge

: . as a function of time and{(f) is the value of the transfer
and the frequency axis were roughly mapped in the range tion at a frequencyf

(=12, 12).

From Fig. 3, it can be seen that the time-domain recoR- Example 2—Equal Plates
struction is almost indistinguishable from the actual (MOT) Two equal plates of side 1 m are placed as in the previous
data. The origin of time axis in the AH expansion has beaxample, but the separation between the plates is reduced to
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___ Original signal (MOM)

........... Extrapolated signal

imag(X(t

frequency (Hz)

x 10°

., Fig. 5. Frequency-domain response at the smaller plate—imaginary part
| ______ Onrginal signal (MOT) (1\7 — 68)
“r : ........... Extrapolated signal
. x10°
of : 15 Il T T T T T
. |
S o0 : ____ Original signal (MOT)
1 |
-2 'l ....... Extrapolated signal
|
|
-4 0.5 |
-6 L L L 1 L 4 L + L
fe] 0.5 1 1.5 2 25 3 3.5 4 4.5 5
time (seconds) x10° - J
S 0 /\/\/\W
Fig. 3. Time-domain response at the smaller pldte=£ 68). 1
|
aptol 05 :
____ Original signal (MOM) !
3k |
T, Extrapolated signal :
-1} |
|
|
ng 15 ] | ! L 1 1
0 02 04 06 038 1 12 14
time (seconds) w107
Fig. 6. Time-domain response at the upper plate=£ 200).
The order of expansiof/N) was taken to be 200, and
-3

o ] 2 f,equeiymz) a 5 s the time-domain signal was centered about its sixth zeroth-
x1e crossing, i.e.f, = 18.76 ns. A choice ofg; was made such

Fig. 4. Frequency-domain response at the smaller plate—real pgfat the entire response (shifted)and f-axes were sealed in

(V= 68). the range {23, 23).

0.25 m so as to increase the resonance. The excitation arrive§"M Fig. 6, it can be seen that the time-domain reconstruc-

from 6 = 0, ¢ = 0, i.e., along the negative-direction. u; is tion is almost |den_t|cal_ to the gctual (MQT) data. The origin

along thez-axis. Here,c = 0.59 ns andt, = 2.30 ns. The of the AH expansion in the time domain has been marked

time step used is 160.1 ps. The edge under consideration i®¥p@n X The reconstruction in the frequency domain agrees

the y-direction and close to the center of the upper plate. C€0Sely with actual MoM data, as can be seen from Figs. 7
In this example, the MOT algorithm is used to obtain time@nd 8. The point _here is that there are mult|ple. reflections that

domain response from = 0 to [ = 124.8 ns (780 data negd to.be taken |_nto account in the time domain. Howevgr: by

points). Also, the frequency-domain response is obtained usf@§ing time-domain data only up to 19.20 ns, we are omitting

the MoM program from dc tof = 898 MHz (450 data _the various reflections. If the (_:omplementary Iow-frequen_cy

points). Assume that only the first 120 time-data points (dBformatlon was not there,. th.en it wogld not have been possible

to { = 19.20 ns) and the first 150 frequency-data points (up #9 extend the time-domain information.

/ = 298 MHz) are available. Using this data, the time-domain

response is extrapolated to 780 points (up t0124.8 ns) and C- Example 3—Plate Sphere

the frequency-domain response is extrapolated to 450 point# plate—sphere combination is considered next, with the

(up to f = 898 MHz). Given a time-bandwidth product ofsphere of radius 1 m centered at the origin and separation

5.72, we extrapolate to a time-bandwidth produce to 112. of 5 m. The actual discretization is shown in Fig. 9. The
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Fig. 7. Frequency-domain response at the upper plate—real’past 200).  Fig. 10. Time-domain response at the platé £ 66, 5-m separation).

x 107"

Original signal (MOM) N - Original signal (MOM)

osbk N Extrapolated signal 4 -or.eoo.. Extrapolated signal

imag(X(h

~osf

2 L . L s . . . R .
o 1 2 3 4 B 6 7 8 ° o 0.5 1 1.5 2 25
frequency (Hz) x 10° frequency (Hz) x 10°

Fig. 8. Frequency-domain response at the upper plate—imaginary p@ig. 11. Frequency-domain response at the plate—real par=(66, 5-m
(N = 200). separation).

the frequency-domain response is extrapolated to 250 points

, (up to f = 249 MHz). In this example, given a time-bandwidth

product of 3.05, we extrapolate to a time-bandwidth product

of about 36.

o The order the expansiofV) was chosen to be 66 and
the time-domain signal is centered about its second zeroth-
crossing, i.e.t, = 21.27 ns. ¢ is chosen such that entire

“ response (shifted} and f-axes are mapped in the rangel(,

- 11).
0.5 T~ < 5
0\‘\ - «;/3/ ‘ The time-domain response reconstruction is agreeable to the
O T actual MOT data, as seen in Fig. 10. The origin of the AH

expansion in the time domain has been marked byafkrom
Figs. 11 and 12, it can be seen that the frequency response also
has reasonably good reconstruction using the AH expansions.

Fig. 9. Discretization of the plate—sphere structure.

excitation arrives along = #/2,¢ = 0, i.e., along the

negativez-direction, behind the plates; is along thez-axis. )

In this exampleo = 2.359 ns andt, = 9.20 ns. The time D- Separation of 12 m

step used in the MOT program is 0.484 ns. The edge undefThe separation between the sphere and plate is increased to

consideration is on the plate, in thedirection, and close to 12 m. All the other parameters are kept unchanged.

the center. The time-domain response is obtained using the MOT
The time-domain response is obtained using the MQaigorithm from¢ = 0, ¢ = 145 ns (300 data points). Also,

algorithm from¢ = 0 to [ = 145 ns (300 data points). Also, the frequency-domain response is obtained using the MoM

the frequency-domain response is obtained using the Mglfogram from dc tof = 249 MHz (250 data points). Using

program from dc tof = 249 MHz (250 data points). Using the first 50 time data points (up tc= 24.17 ns) and the first 80

the first 80 time data points (up te= 38.67 ns) and the first 80 frequency data points (up t6 = 79 MHz), the time-domain

frequency data points (up t6 = 79 MHz), the time-domain response is extrapolated to 300 points (ug te 45 ns) and

response is extrapolated to 300 points (up te 145 ns) and the frequency-domain response is extrapolated to 250 points



RAO et al: EXTRAPOLATION OF ELECTROMAGNETIC RESPONSES 1971

v
Original signat (MOM) ' _.. Ornginal signal (MOM)

Extrapolated signal . Extrapolated signal

real(X{f))

o o5 1 1.5 2 2.5 o 0s 1 1.5 2 2.5
frequency (Hz) X 10° frequency (Hz) X 10°

Fig. 12. Frequency-domain response at the plate—imaginary §ast 66, Fig. 14. Frequency-domain response at the plate—real paet (84, 12-m
5-m separation). separation).

25 T T ____ Original signal (MOM)

........... Extrapolated signal

_ Original signal (MOT}

........... Extrapolated signal

imag(X(f})

2 2.5
x 10°

o 05 1

1.
frequency (Hz)

Fig. 15. Frequency-domain response at the plate—imaginary Vast 84,
12-m separation).

E. Example 4—Cavity

In this example, a rectangular cavity of dimensions 1 m
25 ' : . 1 m x 4 m, centered at the origin with its faces lined up
0 0 e isaconcs) ! 15 along the three coordinate axes and its length alongzthe

x10 axis. The face atr = 4 m is open. The excitation arrives
Fig. 13. Time-domain response at the platé £ 84, 12-m separation). from the directioné = (57r/6), ¢ = (7r/6), andu; is along
6 = (n/6), ¢ = (x/6). In this examples = 1.18 ns and
(up to f = 49 MHZz). In this example, given a time-bandwidthz, = 4.56 ns. The time step chosen for the MOT program is
product of 1.91, we extrapolate to a time-bandwidth produ6t267 ns. The edge under consideration is intkgirection,
of about 36. close to the open end and at= 0.5 m.

It is important to point out that, in this time-domain data, The time-domain response of an edge near the entrance to
there is no information about the sphere. This means that thye cavity is calculated using the MOT algorithm fragm= 0
taking only 50 data points in time, the incident pulse has ¢+ = 133.33 ns (500 data points). Also, the frequency-
crossed the plate, but did not arrive at the sphere. However, ttemain response is calculated with the MoM program from
information about the sphere is available in the low-frequencgle to f = 498 MHz (250 data points). Assuming that only
domain results. Therefore, the information is complementate first 100¢-data points (up t@ = 32 ns) and the first 120
By extrapolating or solving the problem in just one domairf-data points (up tgf = 198 MHz), the time-domain response
would not be sufficient to obtain the complete answer. was extrapolated to 500 data points (ug te 133.33 ns) and

The order of the expansioffV) was chosen to be 84 andthe frequency-domain response is extrapolated to 250 points
the time-domain signal is centered about its second zerotbp to f = 498 MHz). Given a time bandwidth of 6.34, we
crossing, i.e..t, = 1.27 ns. g2 is chosen such that entireextrapolate to a time-bandwidth product of about 66.
response (shifted} and f-axes are mapped in the rangel@, N was chosen to be 105 and th@lomain response was
12). centered about its seventh zeroth-crossing, 4. 29.6 ns.

The time-domain response reconstruction is agreeablegtois chosen such that the entire response (shiftedand
the actual MOT data, as seen in Fig. 13. As can be segtaxes are mapped in the rangel@, 16).
from Figs. 14 and 15, the frequency-domain response agreefrom Fig. 16, the time-domain response can be seen to
reasonably well with the extrapolated response. closely agree with the actual MOT data. The frequency-domain
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Fig. 19. Time-domain response of the cone hemisph&re=(28).
Fig. 16. Time-domain response of the cavify & 105).
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Fig. 17. Frequency-domain response of the cavity—real part105). Fig. 20. Frequency-domain response of the cone hemisphere—real part
(N = 28).

Original signal (MOM)

cone and the axis along thedirection. The base of the cone
and hemisphere have a radius of 1 m, and the height of
the cone is 4 m. Due to the instability of the EFIE time-
domain formulation, in this example, the MFIE is used with
quadrilateral patching [7].

The excitation arrives fron# = 0, ¢ = 0, i.e., along the
negative z-direction. u; along they-axis. In this example,
o = 2.948 ns andt, = 11.495 ns. The time step used is

........... Extrapolated signal

imag(X(1))
o

{ 206.67 ps and the frequency step is 1 MHz. The edge under
-4 P e YR consideration is close to the vertex of the cone.
froquansy (2) x10® The time-domain response is calculated using the MOT

Fig. 18. Frequency-domain response of the cavity—imaginary pggrogram from¢ = 0 to ¢ = 93 ns (450 points). Also,
(V= 105). the frequency-domain response is calculated using the MoM
Oﬁ-{llporithm from dc tof = 249 MHz (250 data points). Using
the first 120¢-data up tot = 24.8 ns and the first 80f-
data points (up tof = 79 MHz), the time-domain response
is extrapolated to 450 data points (uptte= 93 ns) and the
frequency-domain response is obtained up to 250 points (up
In this example, we have a combination of a cone and f = 249 MHz). In this example, starting with a time-
hemisphere, with the hemisphere attached to the base of blamdwidth product of 1.96, we extrapolate to a time-bandwidth

reconstruction is agreeable in comparison to the actual M
data, as can be seen from Figs. 17 and 18.

F. Example 5—Cone Hemisphere
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Fig. 21. Frequency-domain response of the cone hemisphere—imagin
part (N = 28).

product of about 23 (considering the finite support of th

signals).
N was chosen to be 28 and the time-domain response oratories, Lucent Technologies, Holmdel, NJ. His
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From Fig. 19, the extrapolated time-domain response Ts()dem
agreeable with the MOT data. The frequency-domain re-
sponses agree reasonably well with the actual MoM data, as
can be seen from Figs. 20 and 21.
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