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ABSTRACT

Volume 72 is identical to a Ph.D. thesis with the title The
Transient Zlectromagnetic Far Fields of a Paraboloid Heflector/TEM
Horn Antenna Using Time Domain Techniques, submitted to the Univer-
\sity cf Vermont.

' ‘ This research employs a direct time domain model applicable

to aperture antennas of any shape excited by fields of any form in
space and time to study theoretically the electromagnetic fir fields
of a paraboloid reflector when fed by a transverse electromagnetic
(TEM) horn antenna. First, the TEM horn antenna is considered as an
aperture antenna with an arbitrary excitation V(t) applied to its
apex. The time domain model 1s then applied to determine the electric
far fields of the TEM horn, and the theoretical results are compared
with published experimental data on a relative basis, Reasonable
agreement is obtained, Approximate closed form solutions for the
electric far fields of the TEM horn in the aszimuth plane are also
found. Secondly, the TEM horn is studied in terms of current sheets
using the vector potential formulation 1a order to confirm the approx-
imate closed form solutians found in the agimuth plane using the
aperture model,

From the theoretical reaults of the aperture model of the
TEM horn, thia fead is then reduced to an anisotropic point source
located at the focus of the paraboloid reflector. The fields aria-
ing from this point source are then transformed to the resulting
fields over the exit apsrture of the paraboloid by utilizing the
geometrical optics approximation. The time dorain model ia then
applied to the exit aperturs of the paraboloid to deternine the elec~
tric far fields of the antenna systex. Theoretical results are
obtained for both the horesight direction and directions awey fror
boresight, in order to characterize the sidelobe astruciure of the
aystem, The theoretical boresight response s compared, also on
a relative basis, with published experimental data, wiith reasonable

agreenont.,
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Chapter 1 f
STATEMENT AND BACKGROUND OF PROBLEM
1.1 INTRODUCTION

The primary objective of this research was to study theoreti-
cally, directly in the time domain, the electromagnetic far flelds of a
paraboloid reflector fed by a TEM horn. The TEM horn, located near
the focus of the paraboloid, 1s excited at its apex by a voltage V().
The TEM horn consists of two metallic circular sectors separated by a
small gap at the apex and flared apart away from the apex. The parab-
oloid reflector/TEM horn antenra system is shown in Figure 1.1. At
the present time, no direct time domain models to describe the radlation
of the TEM horn or the paraboloid reflector/PEM hurn antenna system
at an arbltrary observation point in the far field exist.

Specifically, the study of the above antenna system was ac-
complished as follows. The general theoretical model applicable to
aperture antennas of any type excited by elactromagnetic fields of any
form in space and time is a set of time domain integrals which were
derived by Chernousov (1565). The electromagnetic fields at the
aperture surface must be known (or guessed at).

¥rcet, the TEHM horn was considered as an aperture antenna

cupporting a TFPM spherical wave within the antenna region due to the

excitation V{t) st the aper . The Chernousov (1965) expressioas for




Flgure 1.1

The Parabolold Reflector/TEM Horn Antenna System
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the TEM horn apertures were then applied, and the general expressions
for the resulting electric far flelds were found. Approximate closed
form solutions for the TEM horn far fields in the azlmuth plane were
also determined. These approximate fields were interpreted in terms
of travelling and standing waves to facilitate englneering interpre-
tation of the behavior of the TEM horn. The general expressions for
the electric far fields were then programmed and executed on a digital
computer. The theoretically computed results were then compared to
experimental rcsults obtained by Susman and Lamensdorf (1970s42-44)
and Yartins et al. (1973:1254).

Secondly, the electric far flelds of the TEM horn were also
formulated in terms of the current sheets flowing on the two metallic
wedges which comprise the T&i horn. This formuiation was also per-
formed directly in the time domain. Approximate closed form solutions
for the electriz far fields in the azimuth plane were determined and
compared to ihe approximate closed form results obtalned by using the
Chernousov £1963) Jormulation.

Thirdly, the Chernousov (1365) formulation was applied tu find
the electric far flelds.of a parabolold reflector in terms of the flelds

pver the exit aperturs for excitation by & general spherical-wave point

" source located at the focus of the parabolold. The paraboloid was

assumed to be perfectly conducting, to be in the far fleld of the point
sourse, and to be su{ficigntly smooth to allow applicztion of the
plane vave houndary conditions aﬁ[@he pizaboloid surface. The geomet-

rica1~§ptips approximaticn was invoked 4o allow a one-to-one, point-
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t¢ -point transformation of the fields at the parabolold surface to the
fields over the exit aperture. A solution in the boresight direction
for an isotropic feed was also determined,

Finally, the general expressions for the electric far fields
of a TEM horn utilizing the Chernousov (1965) formulation were exe-
cuted on a digital computer to characterize the fields of the elght-
inch TEM horn, studlied by Martins et al. (1973), over the angular
aperture of the paraboloid. The eight-inch TEM horn was then theo-
retically reduced to a polnt source radiator located at the focus of
the paraboloid. This reductlion was accomplished by interpreting the
results of the compute= runs and then approximating the fields of
the eight-inch TEM horn with a closed form expression. The genaral
expressions for the eiectric far flelds of the paraboloid reflector/
puin® source feed antenna system were then programmed for a digital
computer using the approximate closed form solution for the eight-
inch TEM horn flelds. Computer runs wera performed in both charac-
teristic planes of the paraholoid refiector to demenstrate not only
the theorétical borusight response .. the aantenna system, but also
the theoretical sldeiobe strurture of the antanna system. The theo-
retically computed boresight respouse of the system was compared to
the experimental boresight vesponse c¢™talned by Martirns et al,

(19733235,
1.2 ‘HTSTORICAﬁ BACKGROUND OF TRANSIENT ANTENNA STUDIES

The two major thrusts of tr2nsient antenna studies have been




(a) to investigate theoretically and experimentally antennas whose
electric far fields are replicas or high fidelity derivatives of the
pulse or step applied to the antenna, and (b) to investigate antennas
which not only have the above property, but also have directive char-
acteristics. Among transient antennas which have been studled both
theoretically and experimentally are the monopole over a ground plane
(dipole) and the conical antenna over a zround plane (biconical).
Among transient antennas which have been studied experimentally are
the monopole exciting a disk, corner reflector, or paraboloid; the
TEM horn; and the paraboloid reflector/TEM horn antenna system.
Recently, Martins et al. (19?3) have studied a wide variety
of antennas both theoretically and experimentally. These include the
TEM horn and the paraboloid reflector/TEM horn antenna system. The
theoretical formulation of the various antennas studied by Martins
et al, (1973) is performed in the frequency domain. These frequency
domain models are then interpreted in the time domain only for specific
observation points in the far field. (Note--The Fourler approach is
a steady-state frequency domaln solution, from which the time domain
solution can be obtalned only by an inverse transformation. The Cher-
nousov (1965) formulation is a direct time domain approach.) Cronson
and Proud (1970a) also studied the parabgloid reflector/TEM horn
antenna experimuntally. However, the TEM horn used by Cronson and
Proud (1970a) had a considerably different geometry from the eight-
inch TEM horn studied by Martins et al. (1973) or the TEM horns

studied by Susman and Lamensdorf (1970,1971).




Schmitt (1960) first studied the step function response of the
finite monopole over a ground plane using Fourier tschniques. He in-
terprets the electric far field at the ground plane to conrist of a
series of damped oscillations rather than delayed replicas of the
exciting step. Wu (1961) solved the current distribution in an infi-
nitely long dipole excited by a step function using Fourier techniques
and contour integration. Morgan (1962) obtained the same current
distribution as Wu (1961) using the same techniques and a more direct
approach,

Four years 1atér, Schmitt, Harrison, and Williams (1966)
studied the finite monopole over a ground plane using Fourier trans-
forms and computed values of input impedance and effective height
(Harrison; 1962,1963b). The electric far fleld at the ground plane
1s shown to be a superposition of delayed replicas of the exciting
pulse, emanating from the base and tip of the monopole. These theo-
retical predictions are confirmed experimentally., Harrison and King
(1967) used the same theoretical techniques-as Schmitt, Harrison, and
Williams (1966) to determine the electric far field of an infinitely
long monopole over a ground plane. The far field at tha ground plane
is shown to be a replica of the exciting Gaussian pulse. PFalclauskas
and 3eam (1970) generalized the results of Schmitt, Harrison, and
willtams (1965) to observation polnts not on the ground plane utiliz-
ing the same theoretical techniques. The resultant far fleld 1s a
superposition of pulses which are no longer delayed replicas of the

exciting pulse, but are compressed or stretched in time. The results



of Palclauskas and Beam (1970) have also been obtained approximately
by using time domain techniques from an accelerated charge viewpoint
(dandelsman, 1972159-69).

From the studies of the monopole over a ground plane (dipole),
it is clear that this antenna has an electric far field which is a
replica of the exciting pulse only along the ground plane and only for
an infinitely long monopole. Also, the monopole suffers from the
characteristic that it has no directivity in the azimuth plane (the
plane perpendicular to the monopole).

Another transient antenna which has been studied is the conical
antenna over a ground plane (biconical). Harrison and Williams (1963,
1965) theoretically studied this antenna using Fourier transforms and
computed values of input impedance and effective height (Harrison,
1963a). This study shows that the electric far field along the ground
plane is a replica of the exclting pulse only if the cone is electri-
cally extremely long (essentially infinite) and has a certailn cone
angle (about 46°). Susman and lamensdorf (1971) experimentally studied
the response of electrically short cones to incident transient excl-
tation and interpret the electric far fleld at the ground plane to be
an approximate time derivatlve of the exclting transient signal. No
known studlies of the transient response cf the biconiczl antenna at
far field points not in the azimuth plane have been performed. Houw-
ever, the Liconical antenna, as the dipole, has no directivity in the
azinuth plane.

knop (1970) studied the response of a log-periodic dipole
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array using a simplified theoretical model and rectangular pulse exci-

tation, Although a log-pericdic has fins directivity, the results
unfortunately indicate that the electric far field is a highly dis-
torted version of the exciting pulse. |

Transient aperture antenna studiés were begun by Polk (1960).
He employed Fourlier integrals and the Kirchnhol: solution of the scalar
diffraction problem. The vector wave soluiibn was not attemted.
Corrections to Polk (1960) are given by Mayo (1961). Cheng and Tseng
(1964) and Tseng and Cheng (1964) state that due to the evaluation
of infinite integrals by the theory of residues, the method of Polk
(1960) is involved even for simple time signals and aperture distri-
butions. Therefore, they offer a simple expression for a one-
dimensional aperture with a known current distribution i{x,t) and
state that extension to a two-dimensional aperture is trivial when
the spatial distribution is separable in the two dimensions. Houw-
ever, this trivial extension is not carried out. Finally, Chernousov
(1965) employed the Huygens-Kirchhoff principle to derive time domain
equations for the electromagnetic filelds arising from aperture antennas
of any shape excited by electromagnetic flelds of any form in space
and tima, Nonetheless, the general equations are not restricted to
the radlation flelds, but also include the étatic and induction f{lelds.

Investigation of the scattered flelds from a rectangular plate
was conducted by Delorenzo (1967) using a long monopole transaitter
and a modified short monopole receiver. The boresighi response is

shown to be the negative time derivate of the field inecident upon




the plate, The propertles of the recelving antenna used by Delorenzo

(1967) are described by Ross (1967). Cronson (1969) employed a pulse
radlated from the bvase of a long monopole to study the radiation field
of disks in the azimuth plane of the exciting monopole. ie interprets
the radiated fields of the disks to be delayed replicas of the exciting
pulse. Cronson and Proud (1970b) used the same excitation technique
as Cronson (1969) to study the radiated fields of disks, corner re-
flector, and a paraboloid. They make the same interpretation as
Cronson (1969).

Lamensdorf (1970) studied the coaxial cone antenna (a flared
coaxial line with the aperture located in the ground plane) experi-
mentally in the receive mode. The received terminal voltage is shown
to be the time derivative of the incident field. Abo-Zena and Dean
(1972 studled the radiation flelds of a circular locp antenna using
noment methods and Fourler techniques for excitation by a band-limited
rectangular pulse, The results indicate that the radiation fields in
general are a serles of osclliatory and damped replicas of the excit-
iag pulse.

By inspection of the Chernousov (1965) equations (1-3) and
(1-3) in the followlng sectlion of this chapter, the far fields of
aperture antennas are interproted more precisely as surface integrals
of the negative time derivative of the electromagnetic fields at the
aperture surface, The Chernousov (1965) results can elso be inter-
preted in terns of the radlation from equivaicnt accelerating charxges

{#andelsman, 1972:¢95).




1.3 OUTLINE OF THE CHERNOUSOV FORMULATION

Chernousov (1965) derived equatiions for the electromagnetic
fields everywhere due to a closed aperture surface Sa in a homogenecus
source-free medium excited by electromagnetic fields of any form Iin
space and time., The aperture fields must be known (or guesssd at).

The geometry for the problem is shown in Figure 1.2. This
figure is identical to Figure A.1, and it is repeated here for the
convenience of the reader., The various quantities shown in Figure 1.2,
and the symbols used in the derivatlion, are discussed on the first
and third pages of Appendix A, The complete mathematical detalls of
the derivation are also furnished in Apperdix A.

A brief outline of the derivation follows. The development
of the basic equations parallels the development given in Jordan and
Balmain (19681313-315,466-469).

First, Faxwell's equations are written for electric charges
and currents only and then for fictitlious magnetic charges and fic-
titious magnetic currents only. Using standard techniques and appro-
priate electric and magmetic Lorentz gauge condltions, equations for
the electric and magactlic flelds are found in terns of the electric
and magnetic vector potentials,

At this point, the fictitious magnetic currest N is expressed
in teras of the electric fleld £ at the aperture swface. The clectric
current J is expressed in terms of the magnetic field H at the aperture

surface (Jordan and Salaain, 1968:468-469). Assuaing that 5 1sa
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Flgure 1.2

Geonetry for the Chernousov Derivation
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source-free aperture surface,

F’i(@,i— R/U) == —ﬁx(ﬁ[ﬁs,t«@) (1 1)
J (ﬁ,,ﬁ.‘-&/ﬁ) == ﬁxﬁ(ﬁ ,£:~I§Ar) (1-2)

Using (1-1) and (1-2), the electric and magnetic flelds every-
where due to the electric and magnetic source fields at the aperture
surface may be written as (A-45) and (A-46) as glven on the tenth and
eleventh pages of Appendix A.

After utilizing numerous mathematical manipulations, E(T,t)
and H(r,t) everywhere may be written as (A-92) and (A-93) on the
tacontieth and twenty-first pages of Appendix A. (lote--Bquations
(A-92) and (A-93) are not restricted to the far fields of an aperture
antenna. They alse account for the induction and static rields.)

To find the eiectric far flelds of the aperture antenna, 1/R%
and 1/R3 terms are neglected witih respect to 1/R terms. The appro-
priate conditions for this assumption are discussed in Appendix A.
Also, employing standard approximations for R iv the far field as
applied to the numerator and denominator of (A-92), and using trivial

\dentities, E(r,t) in the far field aﬁj be written as

E(F ) =— g § {r,,,,, sﬁ(rsf+ -—‘h

qw‘er So\-

-~ (7o Lnx' MN”H“————)—}@SJ (1-3)

ot

where

1 =1 -(‘7\13 (1-4)

i2




Equation (1-3) 15 the same as egquation (A-102) on the final page of
Appendix A. (1-3) is the central general theoretical equation used
in the research. Also, in the far field, H(r,t) is given in terns

of E(r,t) by the simple relationship

A5y =tbaepd] o

i3




Chapter 2

THE TRANSIENT ELECTRIC FAR FIELDS
OF TEM HORN ANTLNNAS UTILIZING
THE CHERNOUSQV MISIHOD
2,1 DISCUSRION OF THE FIELDS EXCITING THE HORN
AND THE APERTURES CONSIDEKRED
The TEM horn antenna, shown in Flgure 2.1, consists of two
perfectly conducting circular sectors of angle ¢0 and radius r, sepa-
rated by a small gap at the apex and by a distance 2h at r' = T,
Figure 2.1 is the same as Figure B.l in Appendix B, and 1t is repeated
here for the convenlence of the reader, The TEM horn, first studlied
experimentally Ly Susman and lamensdorf (1970,1971}, is similar to
the dihedral horn first described by Schelkunoff and Friis (19523524~
531).
Assumz that due to the excitation V(t) at the apex of the TEM

horn, there exists a spherical TEY wave betuween tho sedges described

oy
Eir s = bt A = r,“’)_g o\l z&)” (2-1)
CAV) X =T Y ) e NI e = ) @
and
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()

—
i,z

oo(B)

Cartesian source coordinates (x',y',z')
Spherical source coordinates (r’.0<,(3)
Cartesian observation coordinates (x,y,z)
Spherical observation coordinates (r,9,§)

Figure 2 ol

The TEM Horn Antenna
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where'YL is the impedance of the medium and kv 1s the effective voltage

reflection coefficient determined from

/&v = Zeff— %o ' (2-3)

o :'ZQ/H/ '\" Zo

Z is the effective terminating impedance of the front aperture lo-

eff
cated at r' = oo and Zo is the characteristic impedance of the TEM

horn.

That is, if the apex is excited by V(t), the E field within
the horn arises from a forward propagating voltage V(t - r'/v) and a
reflested voltage kvv(t +1t/fv - Zra/V) propagating bvackward toward
the apex from the front aperture, f(o(.CS) is a function wkich de-
scribes the taper of the fields in the two angular coordinates ol
and 63. However, f(oc,(3) 1s not the standard illumination function
used in antenn2 engineering practice. Let the standard illumination
function be designated by Fo(o(,CS). Then, for TEM horns with small

flare in the E-plane--that is, when 2h<< r,, £, P) is related to

FO(“'P) by

Jeop= £y =

Thus, for TEM horns with small flare in the E-planc, «hen FO(Q(,GE)
« 1 (the case for uniform illumination of the front aperture, f(oc.@)
o~ 1/{TT - 26 ). Muation (2-4) results from the simple principle
that the line integral of the E field from on= wedge to the other must

be the voltage exliting between the two wedgsa,

The closed giurface Sa required by the Chernousov lormulation,
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encompassing thé TEM horn, is shown in Figure 2.2. (Note-=The gap at
the apex was enlarged for the sake of clarity in Figure 2.2.) The
closed surface S’a consists of six paris as followss
. 1, a front ape_iture which is a spherical sector at r' = r 2
extending from o( ?—%(@ to & =TT-0(‘,((4) and from (3 = -(3‘,
to (3 = (3:,, ‘

2. a wedge-shaped slde aperture located at (5:(3, extending

fromr' = 0tor' = ré.vand from X =0, to o= Trfo(o'

3, another wedge-shaped side apgrture located at F;’ =— (30

extending from r' = 0 to r' = r_ and from &K'= to
K =TT~ D(oo

4, a surface on top of the upper wedge of the TEM horn,

5. a surface on the bottom of the lower wedge of the TEM horn,

and

6. a small spherical sector located at the apex. |

Consider first part 1. The outward normal/r\x to this part is
in the /x\" direction. Therefore, both /r\ut'ﬁ and -Qx"é current sheets
exist at the front aperture.

Consider next part 2. The outward normal to this part is in
the (/3\0 direction. Therefore, there is no 'gxﬁ current sheet, but there
is a --'x}x‘ﬁ curreni sheet at the first wedge-shaped side aperture.

Consider next part 3. The outward normal to this part is in
the —60 direction, Therefore, as for part 2, Zhere 1s no fxH current
ghest, but ...ere 1a & -nxE sheot at the second vedge-shaped side

aperture,

17




Figure 2.2

The Closed Surface Encompassing the TEM Horn
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Consider now parts 4 and 5. The outward normal to part &4 is
A
approximately in the -& direction for horns with small flare in the
A
E-plane, The outward normal to part 5 is approximately ir the o<
direction for horns with small flare in the E-plane. The tangential
E = 0 over conduction surfaces & and 5. Therfore, there are negligible
-ﬁxﬁ current sheets over parts 4 and 5. Theoretically, nowever, there
exist’%xﬁ current sheets over parts 4 and 5. The exclusion of these
current sheets from the Chernousov formulation was motivated by the
following statement made by Jordan and Balmain (1968:495)4
If 1t can be assumed that the currents on the outside walls
of an open-ended wave guide have negligible cffect on the radi-
ation from the guide, the problem of diffraction through an
aperture has direct application ... . Since experimentally
measured radiation patterns are found to agree roughly with
patterns computed by neglecting these outside currents, such
calculations may be used if only approximate answers are suf-
ficlent.
Thus, the -ﬁxﬁ current sheets over parts 4 and 5 are undoubtedly small
and negligible, while the MxH current sheets were assumed to be negli-
gible in the subsequent Chernousov analysis.

Finally, the small spherical sector, part 6, was neglected in
the subsequent analysis.

From a physical vector potential viewpolnt, the'ﬁxﬁ‘current
sheets on the botiom surface of the upper wedge of the TEM horn and the
top surface of the lower wedge of the TEM horn account totally for the
radiation from the structure if currents on the outer surfaces of the
wedges are neglected, This vector potential formulation is discussed
in Chapter 3 by approximating the TEM horn shown in Figurs 2.1 by a

section of a biconical antenna, The same spherical TEN wave as dis-

cussed on the first page of this chapter is assumed to exist between
19




-

the two wedges, so that the assumed current distribution is self-con-

sistent with the fields distribution. A4s a check, approximate closed

form solutions for the electric far fields in the azimuth plane in the
boresight and backfire directions are shown to be the same as for the

aperture model.,

Therefore, the closed surface Sa consisting of six parts has
been approximated by three surfaces with radiating flelds; namely parts
1, 2, and 33 and three surfaces with zero fields. The three radiating
surfaces are the front aperture and two wedge-shaped side apertures of
the TEM horn respectively.

It should be emphasized that a useful consequence of the equiv-
alence theorem applied to the closed surface Sa' as pointed out by
Schelkunoff and Friis (19521516~520), 1s that the fixH and -AxE cur-
rent sheets at the three apertures of the TEM horn radiate as though
they were in free space, That is, they radiate as if the metal wedges
were removed,

2.2 THE TRANSIENT ELECTRIC FAR FIELDS
OF A SPERRY RAND TEM HORN

The Sperry Rand TEM horn shown in Figure 2.1 is assumed to be
excited at its apex by a voltage V(t). The fields exciting the TEM
horn are then the spherical wave described by equations (2-1) and
{2-2). The Chernousov formulation, namely equation (8-1) on the first
page of Appendix B, was then applied to the TEN horn considering both
the front aperture and two wedge-shaped side epertures. The resulting

thota and phi components of the electric far field are then glven by

20




equations (B-89) and (B-90) in Section B.5 of Appendix B, %guatioc:s
(B=89) and (B8-90) describe the electric far fields of the TEM hcsn at
an arbitrary observation point P(6,#) in the far field.

Fyuations (B~89) and (B-90) were programmed in Fortran for
execution on a digital computer, Two programs were written--one for
gaussian excitation V(t) at the apex, and another for error function
excitation V(t) at the apex. A complete description and listing of
the computer program for gaussian excitation is given in Section D.1
of Appendix D, A complete description and listing of the computer
program for error function excltation is given in Section D.2 of
Appendix D.

Before applying the Chernousov formulation to the TEM horn,
two other solutlions were attempted. [irst, because of the similarity
of the TEM horn to a section of a biconical antenna, the boundary value
problem solution for sinusoidal excitation at the apex was attempted
using methods paralleling those used by Schelkunoff (1952135-49).
Secondly, the time domain fields were formulated in terms of the
current sheets flowing on the two metallic sectors for step Junctlion
excitation at the apex using the geometry shovn in Figure 2.1. DBoth
of these attempts led to results which were intractable and gave no
engineering insight into the behavior of the TEM horn.

Recently, however, the TEM horn was approximated by a section
of a biconical antenna. Then, the current sheets flowing on the bi-
conical section due to the spherical TEM wave described by eguztions

(2-1) and (2-2) were determined. Subsequently, the vector potential

21
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formulation in the time domain was used to determine the resultant elec-
tric far fields of the biconical section. This biconical formulation
is discussed in Chapter 3. Approximate closed form results for the
theta component of the electric far field in the azimuth plane are
also determined in Chapter 3. The boresight and backfire clnsed form
soluiions are shown to be self-consistent with the closed form solutions
found in the followlng section.
2.3 APFROXIMATE CLOSED FORM SOLUTIONS FOR THE
ELECTRIC FAR FIELDS OF THE SPERRY RAND
TEM HORNs THE ROLES OF THE FRONT
APERTURE AND WEDGE~SHAPED
SIDE APERTURES

Consider first the theta component of the electric far field
due to the front aperture of a Sperry Rand TEM horn in the azimuth
(6= 90°) plare. The general expression fcr aa arbitrary observation
point P(8,f) in the far field is glven by equation (B-25) on the
seveath page of Appendix B. 1In the azimuth plane, cos6 = 0. There-

fore, the third and fourth terms of (B-25) are zero. Thus,

rE (F.t)l = ag?
GFROXT @ = 90

rr-ezo( )

A (k) mzﬂf f (wm YooVl

+ H*J( olo(8) X

( ycoéfz—;fafff?@/du\. —6(% (3\)\/‘&0(&(’

+(1~k,) f ﬁ@«g(oz@)v GQMQ(z (2-5)
__g °<;(FD
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In the azimuth plane, from equations (B~22) and (B-23) on the sixth
and seventh pages of Appendix B,
, r*a,
Vi = - &\/ET + Esinaccoo(~g)]
o AT - ik =+ "“Wm (8-2)]

T is the retarded time given by ‘I‘ -t - (r/v)

(2-6)

Consider the case when the front aperture is electrically
smalle;that 3,‘3," when 2r_ @o/v and r, (TT - 26, )/v are less than or
comparable with the excitation waveform's characteristic time dimen-
sions, The following approximations are then in order. 1) sino(x!
and cos(3,’.‘5 1. 2) vF!or- (30 small, Vi is not strongly dependent on (3
and may be considerud approximately as an even function of (3.
cos@ 1s an even function of(3 and sin(S is an odd function of (3.
Therefore, the first term of (2-5) is small with respect to the second
and third terms.

Then, the theta component of the radiation due to the front

aperture may be approximated as

rﬁzgmom‘(i:.t) 0
o Tr-,(()
"Cﬁ*}“ H*Mmgaf Jfﬁ:@\v’cﬂx&g
a(g‘ ol
+ l_”*‘fzv)fé f &( ,(3)\/ upz&(s} (2-7)

"-‘(30
The double integral 1a appronmted ag follows. For horns with small

flare in the E-piane, f(o(.ﬁ) A~ /(T - 29')). Using the mean value
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theorem of the caléulus.
Tr MO()
f ] {;(of@v(&«&p
“ i aeo:]‘:z@ QT_'Qe)V <(5> (2-6)

A
where (3 is some angle between -~ (30 and (3 o

The approximate closed form result for radiation from the front

aperture in the azimuth plane is then

4TTTE (x,t)
Omovr | ©

= Aalel (|4 cood) =k, (I- coo8)]

{\‘/ — ( am(@ Qf]} (2-9)

An electrically small front aperture thus radiates an electric

far field which is the time derivative of the excitation V(t) applied
to the apex of the TEM hora.

Define

o DD ¥ * (2-10)

i3y xEy (r,t) 0 FRONT

FRONT

A
and suppose that (5 o 15 small enough so that cus((?x - )2z cos@.  For

the boresight (¥ = 0°) direction,

o BVE] e

For the ff = 90° direction, edge on to the Iront aperture,

VeRonT

~s
A

) 18 defined as WrE( )c

L
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A~ o~ :zraﬁ (\-ﬁl\b\( E‘. ...._] (2-12)

mou'rl g =90

Por the backfire (f = 180°) direction,

- 180° ~MV l-_:r ] (2-13)

Therefore, the time delay of the derivative radiation prog=-

Fa¥d

Veront | ¢

resses from T to T - (Zra/v) when changing from the boresight to
backfire direction. Also, the ratio of the maximum amplitude of the
backfire radiation to the maximum amplitude of the boresight radiation
is -kv.

Consider now the theta component of the electric far field
dus to the wedge-shaped side apertures of a Sperry Rand TEM horn in
the azimuth (0 = 900) plane. The general expression for an arbitrary
point Pit,@) in the far field is the sum of equations (B-42) and
(B-56) on the eleventh and fourteenth pages of Appendix B respectively.
Assuning that the front aperture is electrically small, sinoCR] and

f(oc.@o)gll(w - 28 ). Thus,

rE

o, EW)g. g

U@‘ffn ;.G dr'dx

¥EDGES

e Qi (B bff ap ™ Vs Jr'd (2-14)
e T2,
<5 ©




In the azimuth plane, from equations (B-39) and (B=40) on the eleventh

page of Appendix B, /
e IREE RS R
1 &r C—G<’(¢ F’oﬂ
dvl T+———’—‘%‘~’*+- -coa(B=B)] .
’%V &L—r+ Q_\"a + -/ cad <¢ (50>:] (2-15)

Also, in the azimuth plane, from equations (B—52) and (B-53) on the

fourteenth page of Appendix B,

! AT =& & G- coc (F+ 3]

S +—E— cao (g+ o)

+J€ CQy[T+—_/'—&&"+ AL CGQ(Q‘*‘@OBL (2-16)
VoQ[T+F &&+Lm<¢+@o)]

Since the front aper-

T is the retarded time given by T = t - (r/v).

ture was assumed to be small, Il - 20| TT - 28 . Therefore,

- ra
f f TT-ae, JJC Vi dr’ &)

utilizing the substitutions

g =T- o f\;’ coo(B—fa)  (10)

U

and

. ~ a2 P
SZ-;’:"* T‘F“ﬁ:‘ - T CUQ(}""‘(SQ) (2-19)

ra.
v A/

cw(ﬁ-@{’lﬂ \/EF— _~(- » m@_@?j K
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+i+£\é(¥f (3)1_6 (‘"C""(‘”"@ﬂ"\/ﬁ—%&:}(&‘zo)

The second term of equation (2-14) is the same as the first

term with -sin(d + GSO) replacing sin(f - (30) and coc(f + (30) re-

placing cos(¢ - Gao)' The approximate closed form result for radiation

from the wedge-shaped side apertures in the azimuth plane 1s then

uTTrEOWEDGES(f.t) 8 = 90°
~ [ (B-B) o (@Hfo)
i ~ (@) 1~ caalgst O]VLﬂ

s ((333) V= G- eooto-pl]

( o
| f’;}f};ﬁ(gf VIT= (1~ caﬂ(m@)]}

(@~ Bo) RS
ﬁ‘_&-@ Gu\f ol ~eso@-p.)

i (@+5) B (e alerra N
[+ coc(@+ge AV_ v\ ‘;"Q(‘j“‘(%));} ~

(=0 _ i (BP0 N\ 1o :m;! o

_JaV LHCoo\s'.bJ?o) l+md+{3 SYL T @)
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Ruation (2-21) might appear at first to be rather involved.

However, great simplification of (2-21) is possible in the boresight

and backfire directions, and in directions well removed from boresigh

and backfire,
Consider first the boresight (§ = 0°) direction. Define

ns

2 Vyences (2-22)

LITrE (r,t)
®uepces  |°

Then

NS

VugDcES| ¢ = 0°
e Vv 5 (1ot}

%%-ﬁ“—%‘{fﬁl——men vﬁ——%—q}

For G}o small, the first and second terms in (2-23) may be combined

to form an approxizate derivative as follows.

Vi B A T DY IOV
~—-<t Cm@) ~

Therefore, (2-23) may be written as

~s . ’)f“_ ':r*""
vssmmg.go :\\5 - f‘;ﬁ-_é_ﬂ_\j ET_}

v

:
bV V-] oo

Therefore, in the boresight dirvection, the wedge-shaped aide
apertures contribute two foras of radiation. The first tera of (2-25)

13 a negative derivative of the excitation, whose magnitude is half
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the magnitude of the positive derivative radiation of the front aper-
ture., Thus, the wedges veduce the amplitude of the radiation from the
front aperture by a factor of two. The second and third terms of
(2-25) account for the backward radiation due to the reflected waves
travelling along the wedges from the front aperture hack toward the
apex. This backward radiation consists of delayed replicas of the
excltation.

For the sake of completeness, the approximate theta comppnent

of the radiation from the TEM horn in the boresight direction is

E Ee) = B T]
O BORESIGHT ATV

__VQ__ Er Fa/\ CoQ@)] Vﬁ-_&\"a] (2-26)

Consider next the contribution from the wedges in the backfire

(¢ = 180°) direction. From (2-21) and (2-22),

Vav4
VJEDGES

’Q;|°)+c6@6 v - ra/\wﬂ@}
%VM@{/E“ o) ) -VT-2 ]}(2-27)

Fer 630 small, the third and fourth terms of (2-27) may be combined to

¢ = 180°

form an approximate derivative as follows.

VIT - (e )] =V [T— 2 |
—;\%.-( | = coo o)
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Therefore, (2-27) may be written as

n/

Vv

WEDGES |¢ = 180°

&[1] V[ —-~—<x+am(so>]}
-+ ;thf\}\;jég \ /[T—* %‘&j (2-29)

Thus, in the bhackfire direction, the wedges again contribute

two forms of radiation. The first and second terms of (2-29) account
for the forward radiation due to waves traveliing along the wedges from
the apex toward the front aperture. This forward radiation consists

of delayed replicas of the excitation. The third term of (2-29) is

a positive derivative radiation, whose magnitude is half the magnitude
of the negative de.lvative radiation from the front aperture. The
total radiation of the TEM horn in the backfire direction is the sum
of (2-13) and (2-29).

In directions well removed from boresight and backfire (¢
neither near 0° nov near 1800). equation (2-21) may be greatly sim-
plified by considering 650 small and approximsting 1 + cos(ff - G%)
221 + cos and 1 + cos(ff + (30) 22 1 + cosls Then, using standard

triginonetric identities,

5
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- T%{’ﬁ‘ &I~ coog)] -V [T— %@]} (e-30,

In directions well removed from the boresight and backfire
directions, the wedges radiate a series of delayed replicas of the
excitation. The amplitudes and time occurrences of the replicas de-~
pepd upon the observatlion point in question. The total radiation of
the TEM horn in directions away from boresight and backfire is the
sum of (2-9) and (2-30),

2.4 THEORETICAL AND EXPERINMENTAL RESULTS
FOR SPERRY RAND TEM HORNS

Susmar and Lamensdorf (1970:42-44) studied three different TEM
horns in the recelve mode using an incident electric field which was a
gaussian pulse., All three horns had h = 2" and r, = 24", The wedgg
angles of the three horns were ¢6 o 2.50, 300, and 90° respectively.
Due to the time domain consequences of the Carson-Rayleigh Reciprocity
Theorem (Schmitt, 19601293), the voltage V(t) received at the apex of
the TEM horn will be of the same form as the radiated fields if the |
TEM horn 1s exclied at its apex by the time integral of V(t). There-
fore, to compare the experimental recoive mode results with the thea-
retical formulation using the Chernousev approach, the TEN horns were
oxcited at the apex by the unit error function* o :

jt _ .Ei.:L o l
V| i) =t e ("f) cQ; o (2-n)
T

Huations {8-89) and (3-99) in Section U.5 of Appendix B were

o

* Tho integral of gauasian funciion = error fdnction;
3 |
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then programmed in Fortran for execution on a digital computer using
the unit error function excitation. Since Susman and Lamensdorf (1970)
did not perform time domain reflectometry measurements to determine
the voltage reflection coefficient, kv' the effective terminating
impedance of the front aperture was determined numerically as follows.
First, the characteristic impedance of the particular hern in question
was read from Susman and Lamensdorf (1970:29), which are experimentally
measured characteristic impedance curves, Then, the effective termi-
nating impedance of the front aperture, Zeff‘ was varied until the
ratio of the maximum amplitude of the boresight response to the maxi-
mum amplitude of the backfire response was the same theoretically
and experimentally., Also, because only relative amplitudes were
measured experimentally, the maximum amplitude of the theoretical
boresight response was made the same as the maximum amplitude of the
experimental boresight responsei

The theoretical and experimental results are showrn in Figures
2.3, 2.4, and 2.5, In general, these figures show reasonable agree-
ment between theory and experiment., (Note-- the time retardation
between the maximun boresight response and the maximum negatlve back-

fire response 1s due to the fact that the horns were rotated about

© the center of the two wedges rather than about the apex for the

receive mode measurementis.)

In Figure 2.3, the theoretical results show spilkes on the

-fields at §f --600. 900, and 1200. This effect is due to the theo-

retical superposition of the time derivative radiation from the front
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aperture as given approximately by equation (2-9) upon the delayed
replica radiation from the side wedges as given approximately by
equation (2-30), This phenomenon, which does not occur when using a
theoretical current sheet approach, as discussed in Chapter.3, is felt
to be due to the approximation of the horn as a set of three distinct
apertures, This highlights the separate derivative contribution of
the front aperture, whereas the current model constitutes a single
radiating system. The spike phenomenon does not occur in directions
at or near boresight, which is the important direction for the parab-
oloid/horn system. In addition, the splke phenomenon does not occur
for the larger (¢o = 30° and ¢o = 90°) horns.

Also, there are differences in the dc levels of the theoretical
and experimental results for @ between 120° and 180°. This effect is
believed to be due to the fact that Susman and lamensdorf (1970) es-
tablished the experimental zero level in these directions to be the
amplitude of the positive delayed replica response when this amplitude
was small and not noticeable experimentally.

Finally, for § between 90% and 1800. the experimental resvonses
are smeared in time with respect to the theoretically computed re-
sponses. This effect has not been explalned theoretically.

2.5 APFROXIMATION OF THE SIGHT-INCH TEN HORN
BY A SPERRY RARD TEM HON

The elght-inch TEM horn studied by Martins et al. (1973) &s

shown in Figure 2.6. This horn is very similar to the Sperry Hand TEN

horns except that the front aperture is rectangular rather than belng
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Figure 2.6

The Bigit-Inch TEM Horn Antenna
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a spherical sector located at r' = r,. However, this difference does

not greatly affect the basic characteristics of the electric far fields.,

Therefore, the eight-inch TEM horn was approximated by a Sperry
Rand TEM horn with the following parameterss @ = 59°, h = 0.65", and
ra o= 7'3u.

2,6 THEORETICAL AND EXPERIMENTAL RZSULTS
FOR THE SIGHT-INCH TEM HORN

Fquations (B-89) and (B-90) in Section B.5 of Appendix B were
programmed in Fcrtran for executlon on a digital computer using unit
amplitude gaussian excltation at the apex. The gaussian excitation
&)
V(ﬁ) = e \t (2-32)

The parameters stated in Sectlion 2.5 above were used., Hartins et al.

is described by

(19731147) used time domain reflectometry to measure the characteristic
impedance Za and voltage reflection coefficlent kv of the eight-inch
TEM horn. The effective terminating impedance zeff was computed from
Z° and kv. They obtained Zo = 50 ohms, kv = 0,7, and 2eff = 283 ohms.
These parameters were used in the input for the theoretical numerical
computations.

Marting et al. (1973) studied the eight-inch TEM horn experi-
mentally in the transmit mode using a short asymmetric stub sensor.
The stub sensor's terminal voltage 1s an approxicate replica of the
incident electric fleld (Stexert and Fitzgerald, 1973).

The thooretical and experimental results are shown in Figures

2.7, 2.8, and 2.9, The experimental resulta were scaled so0 that the
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maximun amplitude of the boresight response was the same theoretically

and experimentally, A discussion of the absolute amplitude of the

experimental results is reserved for Chapter 6. iNote--in the theoret-

ical numerical computations, f(o(,FS) was normalized to unity for con-

-venience. However, for TEM horas with small flare in the E-plane, the

actual value of f(o(,GS):k’l/(TT - 290). Therefore, for the eight~inch
TEM hom, £(¢,(3) 22 1/(stn” (2n/r,)) = 5.62. Therefore, all theoret-
ical and experimental amplitudes shown in Figures 2,7, 2.8, and 2.9
should be multiplied by 5.62.

. Consider first the results for the boresight direction shown
in Figure 2.?} The theoretical boresight response consists of an

approximately symmetric derivative of the exciting gaussian pulse

followed by a positive replica of the exciting pulse retarded by the

round trip time from the apex. The experlmental boresight response

is a derivative-type radlation of the exclting gaussian pulse followed
by a more complicated series of replicas approximately delayed by the
round trip iime from the apex. The asyameiry in the experimental
derivative response iz believed to be due %o the vectangular front
aperture, “hat is--the outsard jropagating spherical wave hetween
the two conducting wedges does not reach the entive fronl aperture at
the zame insiant in tize. The outuard propagaiing wave reaches the
center of the front aperture o the eighi-inch TEM horn first, and
starts to be reflected from thi's point. As the culward mropagatling
wave progresses, it reaches rolnts syametrically located on each side
of the center of the front spertwre until the time when it reaches
the edges of the freat aperture. Therefore, the experimental positive

@2
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part of the gaussian-derivative radiation is somewhat time compressei
with respect to the negative part of the gausslan-derivative radiation.
This implies that the experimentally measured negatlve psct of the
gaussian-derivative radiation is reduced in amplitude and smeared in
time with respect to the positive part. This effact is demonstrated in
Figures 2.7 and 2.8, The negative going experimental pulses near the
round trip time from the apex of the eight-inch TEM horn in the bore-
sight direction appear to be due to the finiteness of the gap at the
apex, * which was neglected in the theoretical analysis. Also, as con-
firmed in a telephone conversation with Martins, some of the scales
shown in Martins et al. (1973:1234) are incorrect. Figures 55-b and
s5-¢ should have Horizontal = 500 ps/cme Figure 55-c should have
Vertical = 100 mv/cm. Figure 2.9 shows the electric far field of the
TEM horn at @ = 100°. This is a series of delayed replicas of the
gaussian excitation, which is coniirmed both theoretically and experi-
mentally, Around the retarded time 7' = t - (r/v) = 0,50 nanoseconds,
the experimental results show a rather flat response which lasts about
300 picoseconds. Therefore, the theoretically computed secord and
third delayec r:plicas are displaced in time fxom the experimentally
determined responses by about 300 picoseconds. The reason for the
experimentally flat response about T' = 0,50 nanoseconds has not been
resoclved.* Flgure 2,10 shows the theoreticsl relative amplitudes of
the thita component of the electric far field a% various angular

directions in the azimuth plane.

* This statement was obtained during a pursonal conversation
with Vasco C. Martins of Martins et al. (1973) at the jlome Alr Devel~
opment Center, Rome, N, Y. on April 2, 1974,
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Chapter 3

THE TRANSIENT ELECTRIC FAR FIELDS
OF AN APPROXIMATE TEM HORN~~

A BICONICAL SECTION
3.1 INTRODUCTICN

The approximate TEM horn model is two perfectly conducting
surfaces which form a section of a biconical antenna. This model is
shown in Figure 3.1. The surfaces extend from r' = o' tox' = r,
and from @ﬂ - (30 to @- (30. The surfaces are located at o= _ and
o =TT - 6, respectively. dhen the TEN horn has small flare in the
E~plane, that is--when 90 is on the order of 900, the biconical section
model 1s very similar to the Sperry Rand TEM horn cr the eight-~inch
T&EM horn studied Ly Martins et al. (1973).

The electric far fields are found directly from the current
sheets 33 which flow on the two perfe:lly conducting surfaces. Ap-
proximate closed form solutions for the theta component of the elec-
tric far field in the azimuth (8 = 90°) plane ars 2lso found.

3.2 DERIVATION OF THE ELZCTRIC FAR FIELDS
FRON THE VECTOR FOTENTIAL

The fundamental ejuaiions used in the derivation are

Al —_ M ;T?(fasﬁ“*ﬁb/,} / -
A(r)ﬁ)ﬂ#‘w[.fs*a =4 o

45
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Cartesian source coordinates %x',y'.z‘g
Spherical source coordinates (x',™, (3
Cartesian observation coordinates (x,y,z
Spherical observation coordinates (r,9,f
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Figure 3.1

The TEM Horn &s a Blconical Section
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and
(3-2)

——f ‘ ——
H(R 1) =2 VAR
The various quantities involved in equations (3-1) and (3-2) are:

A, the electric vector potential,

R = IE -,
s', the surface of integration, and

/1, the permittivity of the medium.
The coordinate systems are indicated in Figure 3.1. 1In the far field,
E(r,t) is found from H(r,t) by the simple relationship

ER ) =n[A{EH)x{]

(3-3)

where7215 the impedance of the medium,
Assume that within the reglon between the two perfectly con-

ducting surfaces the & and H flelds are the same as those assumed for
Therefore,

the Sperry Rand derivation in Section 2.1 of Chapter 2,

T(Fs 5= HE Vit ) g v+ & — 25)] oo

k., and f(O(,@) are also discussed in Section 2.1 of Chapter 2. The
35 current sheets flowing on the upper and lower surfaces are found
from the bvoundary condition

Sty

Jo = nxH

where n 1is the inxard unit normal to t“e surface ir question.

s>

upper surface, -'2?. Therefore,

174

(3-3)

At the
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3 (so ) ( e ( A )
— A -6 ]
Supper LT [V ) Q{V\/ t—*— v A ] 0-6)
At the lower surface, ;1\ = -OC. Therefore,
- rlym-e., 6} (ﬁr ( A% -
Js‘].owe'-.'r—m- n_r, ' [\/ ) Vv ’U')] (3-7)
Also, at the perfectly conducting surfaces,
ds’ = r’aim eo&(s&r’ (3-8)
Also, M/m = 1/v, sin8_ = sin(TV - 6 ), and £(6, (3) = £(T - @, @). K
Then, substituting (3-6), (3-7), and (3-8) into (3-1), ﬁ
Al

5
[Bos Oy (- 5~ £ sina gl

"JQJ fm'fa)\/@‘“?f‘ Lo _ Binodode

--I i %@V(i o Re) pimo, ddr’

+k j‘ jmww(n o35 Rigfede’) oo
(3 <
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R and Rl are the values of R at the upper and lower surfaces respec-

tively, r and rl, and r and rl. are the values of r' and /; at the

upper and lower surfaces respectively.
Since only the far flelds are desired, Ru and Rl are replaced
by their approximate values in the numerator and denominator of (3-9).

AN
In the denominator, R W R1~ r., In the arguments of V, Ru;.,‘; r - r.rt'1

and Rlz r - Qolr}l

At the upper surface,
Ar = r'(ma.m(sme oo B
+MGOM@M9M¢+GGOGOMG) (3-10)
At the lower surface,
. = r’(AA'meo CoaBarn6 cao
i, tinBoin O ain B — Co98,0008)  (3-11)

N A
r, and ?i need to be described ia terms of 90.(3 .9.¢,/~}.0, and/a )

that the curl operation on the observation coordinates r,0,f, re-

quired by equation (3-2), may be pers.-med.

AN/ A . . A A

[ == Hn8,Co03X - 408, M(&«{( 08, (3-12)
Using the vector identitles

& — A8 coog c 4= LH08CBE — sir & ;25 (3-13)
q»“MLG,MQS\" -}-cm@w eq—m@@ (3-18)
z-*amer—-mee (3-15)
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in (3-12),'9; may be written as follows.

Ar ,
T :::(fairuéac,czr<s(3/64~x,69c2r<>§5

. . ) . A
-}—,cuﬂhéirx}bﬂ1340uﬂuEaxlbﬂ—gg-—F—CkﬂaéinZﬂOG%["

—}—(Mb@am@mem,@

—+—,xﬁiﬁq,égozdiAm.c§C23<)éﬁxxbnagb?—-C23<3€3g'luh\/€% éS

‘+‘<T“:xﬁiA&»€3c,62313(3,4>6~1,52f
+4ime 8o 4B Cov ¢> 7

A A
r; is the same as r; with 6 replaced by - 6, Therefore,

A )
r][::::<f414«,590<:<a<3€3,<LL~x,69<:<:<352f

(3-16)

~+4in. O, Adn 400 F— Ca—oaoame)?

+(Ameocdo@ Co0 8 Cou

—4—;stvuéiofa£~m(3czraea,aimx,;a'—+-6kr0630/°i”héaés

Hain 6, coopain g
A8, Aim B oo B

Let

Also, define

b3

(3-17)

(3-18)

{3-19)

(3-20)




;A =
V(T— =4 Dt )é.\/,u (3-21)

y A =y
V(THL -2 D) Ay (3-22)

In the spherical coordinates r,6,#,

<~ _ [\ A A L Ae\Q
VXA“(‘F’}EQ S Ty bﬂe)r

|< | Ar _ Ag _ Agf)/é
F\sine dgf dr -

d A
+H¥e -8 o

Since only the theta and phl components of V¥ xA which vary as 1/r are
needed to find the electric far fields of the blconlical section, only

b)i:gand%ﬂ“% need to be computed. HReallzing that 'YL/,(,L = v, from

(3-23)s (3-2), and (3-3),

= dAe
- F) = U&= (3-24)
EoG)=v =
Also, from (3-23), (3-2), and (3-3),
E@. (F) f:) — U%%fi (3-25)

Perforaing the operation indicated by (3-28) on (3-9) using (3-16)

through (3-22),

TV B (7 1)
@ Go
== — €000 Cod g j ﬁ(@o, p)m"e.,wﬂ@i% -&v\!éa]:ﬂ(iaq\"’
BFEA
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4 _aim e f j %(eo)p)mw 008 [/n, -} Vm] Al(chr (3-26)

The primes associated with the vwarious V's indicate differentiation

with respect to the argument of the V in question. Performing the

operation indlcated by {3-25) on (3-9) using (3-16) through (3-22),

TTUTE (T, £)
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fa Bo
+m¢f f $0o Poin's sinlyi — Vi Jdp der G-r

The transient electric far fields of a biconical antenna could

be found from equations (3-26) and (3-27) as follows., If the spher-

lcal TEM wave described by equations (2-1) and (2-2) in Section 2.1

of Chapter 2 is a reasonable approximation to the electromagnetic

tlelds exciting the biconical antenna, simply replace (30 by TT in the

1imits of integration in equatlons (3~26) and (3-27). For wide-angle
{ biconical antennas, f@So.fS) ~ /(T - 200). For other biconical
antennas, another form of f(eb.ﬁS) would have to be determined. Equa-
tions (3-26) and (3-27) could then be programmed for execution on a
digital computer using a given form for the voltage V(t) exciting the
apex of the blcone. The approximate numerical solutions would be
valid for an arbitrary observation p.!nt B(9,f) in the far fleld.

3.3 AVFROKIMATE CLOSED SORM SOLUTICNS POR THE
‘ THETA COMFORENT OF THE BELECIHIC ©AR PIELD
In THE AZIMUTH FLANS
Consider equation (3-26) for the theta component of the eloc-

tric far fleld. In the azinmuth (0 = 9&0) place, cosd « 0 and sind

’ = 1. Therefore, the first, second, fourth, and fi1fth lines of (3-26)

are tero. Consider now a TEM horn with szall flare in the E~-plane,
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Then £(8_, (3)2 1/(TT - 20 ) and sin@ cos@_ = (sin29°)/2 o~ (7 - zoo)/z.

Therefore, (3~26) may be written in the azimuth plane as

LTTvrE, (7, t)l

~ 7 f ff ’_Vw ﬁVa&]cQ(ic&r—}- f ﬁm 3 Mgl 528)

(o] "@o
From (3-10), in the azimuth plane, r.r = r'sind cos((:z g)

A r'eos((i - #). From (3-11), in the azimuth plane, ﬁo?i = r'sin6_
x(cos( (3 - g~ r'cos(@ - #). Thus, by inspection of (3-19) through
(3‘22)v

.-

Nf ,f[ [V"“ Vﬁa]&@&r ! (3—29)»

Utﬂizmg the substitution

— 14 r‘_./
,,! = | — —5—— —+ 7\—;600((3~@)) (3-30)

fa S}
f\f&l o!zi"f
{

t~m<’(3“é>{/[ﬂ —-v{T- "—'(l --<fo0((3-¢1)) } (3-31)

Hiliziag the substitution $
Ear: "{‘+{F’- M‘D‘vﬁ‘ —+ %Cc\’)(@-{é’), (3-3)
A 35 (Qr"’\ TRy, I;}[:. fa i ) 1
Ry O\ua TR "i"fad?“?’)l_ ,{;r( “toﬂ(é‘i? ﬁ
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--\/[:Y'—- j . (3-33)

Consider now the case when the front aperture of the approx-

imate TEM horn is electrically small, that is--when 2r_ @°/v and

r (I - 290)/v are less than or comparable with the exciting wave-
form's characteristic time dimensions. Then, the integration over(S
in (3-29) will be approximated by 2(3 times the value of the inner
integral over r' evaluated at (3 where @is some angle between - (3

and (30. Thus, (3-29) may be written in the azimuth plane as’

| uTTer':g(E.t)! .

Q

A8V -vr- (- m(g~¢>@

Rovike__ 5/[ ~ (| — coo((-2)]

"H- (¢~2)

Constder f{irst the borssight (§ = 0°) dirsction. The firstr

o terns of {3-36) may then be combined to form an approxizate deriv-

nive as follous.

- 1 - A - - 0
: \,ﬁ i riml&- |""w'3{3)—} & VU}”VLT {;, \ /T:} ( 1
, f;(g - f{?ﬁla\> = c Y 3-35)

Fad
!;lso, since (3 is uulla Qﬁ‘-\sﬁ L5 not greatly different from i, and

1 - coaé‘ A., aot- ;_.,reat:.y di ferant {rom ! - cos B « Tharefcre,

wn
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aoazsxc*rr(r't) ~ ;)_‘\Tfu-r ET]
&L_‘" (\—cao(ioﬂ V[]" ——-Q-:]j (3-36)

Bquation (3-36) is identical to equation (2-26) in Section 2.3 of Chap-

»
ter 2. Therefore, the approximate theta component of the electric far

field in the boresight directlon using the vector potential approach

is self-consistent with the result obtained by the aperture approach,
Consider next the backfire (f = 1800) direction. The third

and fourth terms of (3-34) may then be combined to form an approximate

derivative as follows,
= E(therof)] - V[T 52
v “(! ""Ca()@)
AN VET~°““ +J \/[T &«? 2V U QL_'\ (3-37)

w-—vw . —

&
A A
Again, since %15 small, cos(i is not greatly different froa 1, and

A
1« cos-."_-} is not greatly different from 1 + cos (30. Therefore,

zu\c.'t'ma(r't) ~= Q‘,—L\/ﬁﬂ VLT" a”(&"*'wﬂ\g )JI
.3&\.” "_\IE‘— ’7!‘“"‘]

et (3-35)
Suaticn (3-38) is ldentical to the sua of eguations (2-13) and (2-29)
divided by &TTr. Therefore, the approximate iheta component of the

electric far field in the backfire direction uaing the vector potential
apgroach is also self-consisient with the result obtalined by the aper-

ture approach discussed in Sectlon 2.3 of Chapter 2.
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Consider finally directions in the azimuth plane well removed
from the boresight and backfire directions (directions for which § is
nelther near 0° nor near 180°). Since (% is small, in these direc~
tions 1 - cos((ﬁ #Yar1 - cosf, and 1 + cos(@ #)as 1 + cosf.

Hence, (3-34) may be written as

500 % el VTV B o]

r ,t)

by v[jT-;;-a—mm—v[T—%%ﬂ )

AT (1+<o0g)

Buation (3-39) is identical to equation (2-30) divided by
4TTr, Therefore, using the vector potential approach, in directions
well removed from boresight and backfire, the total radiation of the
TEM horn consists of a series of delayed replicas of the excitation
applied to the apex. However, the derivative radiation of the front
aperture as given by equation (2-9) does not appear in (3-39). As
discussed in Sectlion 2.4 of Chapter 2, the superposition of the deriv-
ative radiation upon the delayed replica radiation is due to the ap-
proximation of the TEM horn as a structure of three apertures when the

front aperture is electrically very small.,
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Chapter &4

q THT TRANSIENT ELECTRIC FAR FIELDS OF A

1 FARABOLOID REFLECTOR/FOINT SOUXCE FEED

i ANTENNA SYSTEM
L,4 INTRODUCTION

Cousider the paraboloid reflector shown in Figure 4,1. This

figure is identical to Figure C.1 on the second page of Appenaix Ce
3 and it is repcated here for the convenience of the reader. The var-
ious coordinate systems shown in Figure 4.1 are discussed ia Section

p C.1 of Appendix C.

Assume tlat at the focus of the parabolold, located at O, there

exists a spherical-wave point source radiator which has the following

electric far field components in turms of the spherical coordinates

CY.E. |

Efﬁy — Xf;(flyééglfjtﬁ 4;; (6-1) |

and

— N A
‘ EE: Va<’\.})é§:—'x J E (8-2) |

That is--it 1s assumed that the parabolold reflector is in the far

field of the point source, E‘V and E}E rapresegnt couponents of a

TEM spherical wave propagating in the‘% direction, V1 and VZ are
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D = exit aperture diameter {
M = observation point
OF = £ = focal length
L center of exit aperture

¢ = half-angular aperture
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Flgure 4.1

Geometry for the laraboloid Reflector/Point Source Fecd
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general functions of‘“Y,}f, anc. t, Functions V, and V, may be applied
to any transient or cw feed which may be approximated as a point source
radiator located at the focus of the paraboloid. Thus, V1 and v2 are
not limited to an approximation of the TEM horn feed.
4,2 THE TRANSIENT ELECTRIC FAR FIELDS OF THE
SYSTEM IN TERMS OF THE EXIT APERTURE FIELDS

The electric far fields of the point source as given by equa-
tions (4-1) and (4-2), along with iheir associated magnetic flelds,
then impinge upon the perfectly conducting paraboloid reflector sur-
face. The complete mathematical details of the derivation of the elec-
tric far fields of the paraboloid reflector/point source feed antenna
system in terms of the fields over the exit aperture are given in
Appendix C.

The derivation of the system far flelds in terms of the fields
over the exit aperture of the paraboloid utillzes four bacic assump-
tions:

1. The paraboloid reflector is assumed to be sufficiently
smooth to allow application of the plane wave boundarvy
conditions at the perfectly conducting surface.

2, The geometrical optics approximation is invoked to afford
& one=-to~one, polnt-to-point transformation between the
flelds at the parabolold surface and the fields at the
exit aperture.

3+ The Chernousov formulaticn requires a closed aperture

surface S&. In keeping with common practice, Sa i3 taken
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as a plane containing the exit aperture of the paraboloid
and closed at infinity, and the fields over the non-aperture
part of the plane are taken as approximately zero (Ramo and
ahinnery, 19561530,532).
L, Edge effects at the exit aperture are not considered.
Employing the geometrical optics approximation, the values of
V1A and VZA’ V1 and V2 evaluated at the exit aperture respectively,
may be easily found, V1A is the same as V1 if the time retardation
from the focus to the exit aperture is taken into account. A}so, VZA
has the same relationship to Vz. The time retardation from the focus
to the exlt aperture is simply the length of the optical path divided

by v, the veloclty of propagation in the medium. Therefore,
_ S els/m*+
\/‘A ) E, X [ (G(S/D)i ] ﬁl
N /M T 7 ,
=V 51‘) §)X- [_%26/9)«1 | | -3)

and

Vaair g JC (G‘C%D‘}S}
_ F o SedSE /oY e LT )
MV‘;@J’?)Q“ v[ 16570 J (4-4)

The relationsnip between™ and r tn terms of € is glven by equation

(¢-33} on the seventh page of Appendix €. The Chernousov formulation,
namely squation {C-H%) on the thirteenth page of Appendix C, is now -

applied to tho elestromagnetic flelds exlsting over the exit aperture

of the pirabelsid, The application of the Chernousov (1965) formulaiion

—~d
o d
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results in equations (C~92) and (C-93) in Section C.4 of Appendix C.
The primes assoclated with V,, and V,, in equations (C-92) and (C-93)
indicate differentiation with respect to the time argument of the V
in question, Vi, and V5, are glven by equations (C-68) and (C-69)

respectively., The time arguments of ViA and VéA are given by equation

(C-95).

4,3 TRANSFORMATIONS BETWEEN THE POINT SOURCE FEED
OBSERVATION COORDINATES AND THE
EXIT APERTURE COORDINATES

The purpose of this section 1s to determine the transformations
between V, and V,, as given in equations (4-1) and (4-2), and the
normalized electric far fields of a point source feed, located at the
focus of the paraboloid, which has cartesian observation coordinates
Xpyo ¥y 2ye The subscript "H" is used from here on for all feed coor-
dinates to avold confusion between feed and paraboloid coordinate
systens,

The orientation of the feed cartesian coordinates Xip Y2y
_yith respect to the parabolold carteclan coordinates x,y,2 is shown
in Flgure 4.2. The spherical feed coordinates corresponding to the
faad ca&yesian coordinates are rH'gH'¢H' The spherical source coor-
dimates for the parabelold sre ?,"i’.?, and the exit aperture coor-
dirates fér tho parxabolold zre r,%{,z. The paraboloid source coor-
dirates and exit aperiurqvcoordinates are shwn 1n.Figure 4.1,

| -Lat the normalized eleciric far field coaponents of the feed

ve designated by r and rﬂgﬁﬂ‘ These normalized field components

HEay
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Xy, 2

Cartesian feed coordinates (_x”.ywzug

Spherical feed coordinates (rii.e o § i
Cartesian paraboloid coordinates (Q.y,z)

Spherical parabolold source coordinatos ((3.‘\P. E)

Figure 6.2

Yeed and Paraboloid Cartesian Coordinates
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are physically more typical for a feed than V1 and V,, which were used
for the sake of mathematical simplicity in the derivation in Appendix
c.

First, Vv, and V2 are found in terms of the normalized field

1
components of the feed and the spherical paraboloid source coordinates
6;“’.;;. Secondly, V, and V, are found in terms of the normalized
field components of the feed and the paraboloid exit aperture coor-
dinates r;EE.z.

The relationships between the two cartesian systems are given

by
X = Zy (4-5)
Y = Yy (4-6)
2= Xy (5-7)
Also, since the origins of the spherical systems ry,0,,8, and (’,‘#’ g ﬁ
coincide, |
67 = (y (4-8)

The following vector identities are employed.

A A A A
Oy = Cav By Lod P Xy o0 Oom B By (9

A . A A ’
By = —am Py Xy - Cod ,da’\ﬁﬂ (4-10) 1
A o on R S
X —-*"‘-Mx‘{'c‘:aag(v + CooVeroE YV —omEE (8-11) |
A . ) A A 1
Y=Y ang p+-codVamE Y teaof (4-12) ‘
A N\
2 = coa¥P —oin¥Y (4-13)
" |




The spherical systems are related to the corresponding cartesian sys-

tems by the following relationships.

Xy = Iy A Oy cad @y (114
’LA/H: rHAWb GHMQ/H (b-15)
ZHZ Y“HCO—QeH (b=16)
X = (J,A,W\,’chm; (4-17)

Y= (DMWME (4-18)

Z= Pcoa¥ (4-19)
Using (4-5) through (4-19), after numerous manipulations,
A A o= D
by =— coo Yoo Y 4o E B (4-20)
SV —aim®Verd®s ' [l —ain*VYeod'E
and
A W EY Ve B
Aan,
OH= : — —EoQ 1LonE === (4-21)

JI— 4V e[| — s Ve E
vi(“%'.’;‘ vt) and ¥, (Y, § ,t), used in the derivation of the
electric far flelds of the parabolold reflector/point source feed
system, are now found in terms of rnag“ and rﬁagﬁ. the normalized
electric far fields of the point source feed. The normalized elec-

tric far fleld of the feed is

ey L - e N e D e
\"H E(fH)ﬁ:) - q‘i l.leH(f H,f‘)GH“t‘rH E@'h(f}.“ﬁ>@H (5-22)
From equations (4-1) and (4-2), the normalized electric far field
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exciting the paraboloid may also be written as

PE(RD=VO eI gDE e

Ruating (4-22) and (4-23), and utilizing (4-20) and (4-21),

g ST o

and

Vi) = (Bt et

To write (4-24) and (4-25) in terms of the exit aperture coor-

(4-25)

dinates r.EE,z. thé relationships .
(1= r/452)
(14345

<0 qY = (4~26)

and

b - |
MW"S(!—H’/L{&“)

| (‘*‘-2?)

are employed. Therefors,

i -~ (l'°'(~//{4f: ) -
UnED =~ /f&(l‘ﬁ :‘ﬂr:ﬁu%i e

and

‘F

T 2 {S"{!+r/i“§ )M ri‘\f:(;)h
v;l_( “‘)}‘) @Q(‘ ﬁ-Ta/HS'} -L "266'@ &
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4,4 A SOLUTION FOR THE FAR FIELDS OF THE
ANTENNA SYSTEM IN THE BORESIGH{ DIRECIION
FOR AN 1SOTROPIC FEED

Consider the case when the point source feed has an EGP elec-

tric far field component only. In accordance with equations (C-68)
and {C-69) in Appendix C, define /
V BHA —A—<FH EGH>A (4-30)

That is, VéHA is the partial derivative of EHEQH with respect to its
time argument when rHEOH 135 evaluated at the exit aperture of the
parainloid.

In the boresight (éD s Oo) direction, fro- equation (C-95)
in Appendi: C, the time argument of r B, 13 T - (2f/v), where

T =t - (R/v). Therefore,
Vil = ouben(ET-3AD
Al@=0° - A

Constder as an 1llustrative eoxampie 3 polnt source feed whoso
angular radlation pattern is isotropic (gain 6(Y,E ) » 1) or i3 ot
}east constant over the solid angle subtended Ly tiy paraboloid. This
produces an exit aperture illumlnation which waries only as i/TJ.
(See Silver (19551615). The laotropic fecd 15 ojulvalent to Silver's
equation {(11) on rage 419 with S(V,E) = 1.) ‘hen

dEen(GET-2540 _ dnfeu(T-254) A V' es2)
AT = A5/ L (T-BA0)
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From equatlons (C-68) and (C-69), using (4-28), (4-29), and (4-32),

\Via = — SU—=r¥4§%) coo v’
A SR T —red g i)

and

/ 2 n ’ /
\VHa= SU+ 4520V )
n JSH+ rIAs ) — ricd’s e
Define
Q =/5(1+ rHs) — e’ E (1-35)

Substituting (4-33) and (4-34) into equatlons (C-92) and (C-93) in
Appendix C, the® and ¢ components of the electric far fields of the
paraboloid reflector/point source feed antenna system in the boresight
(6 = 0%) direction may be written as follows.

Rt®<R)i)l @=0°
, AT DA
— _V {_ M@f f (=450 ain EconErdrde

: 0

e (14 T/459Q

2TV
&fao 2 Jl
— (=350 £ rdieds
mgﬁ (rdisha

U 072 b -
-—-Cox‘)fo I g cdeds } (he36)




zm D/Q
{COQ (1= r Y453 pin E ot clird
QT\‘U

o (I ry4sda
207 D/SL

(1=t %45 coo 5 FArJE
A Q’[ f R AT

D/
_ch@fff,omwcho e rdeds

zm D/ (e ds
MQ’JT j/-liﬂ\. Eglc " < (4-17)

uations (4-36) and (4-37) may be simplified by considering

the various integrals over E. First, utilizing several straight-

forward trigonometric substitutlons,
,’HT .
Aame . ,
M,w.r%}ﬁww e = O (-38)
/. Q

Secondly, let
o

o = §31 Y4 o

Thes, after the utilization of a nuzber of trigoronetric substilutions,
o

TS T }I A "
f T e ot 2 | i {8-40}
F Gk a o J U r /é.

L} 2 & o
vhere /a\2 £ 1 for al> v, (lote--z /'a? « 1 gnly when v » 28.) Final-
ly, after utilliling trivonometric sulstitutions sizlalr to thoae used

20 derive {L-50),

"’T . ! R
}?.‘A\-,ME_. f{_E - ——— _tj..‘.jj ......‘W.‘-_;‘A \Q‘Lk__-ﬁ L e (wi )
AL AT T Cayoaray O
%Jﬂ""‘“f o odfi““u ,‘“ H ’u.’/ﬂ.ﬂ)
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Substituting (4-38), (4~40) and (4-41) into (4-36) and (8-37),

with a? given by (4-39), RE@(E,t) and RE¢(§.t) may be written in the

boresight direction as follows.,

RE (R, 1)| g o

/2
_ Ve (‘—F/‘{E) j u’* du
v (|+F1/‘451) ) =1~ i/

a Jl — u* du |
“*'ff (. +r“/‘-1§1> ) JT— Fw/o&} e

and

REg @*ﬁ)‘- B=0°

’}\i';@q\, r{f(£-r/%§3) CQJw d\u
s L 749 =) =)

o R
J - u ) r‘;'u 1 (16-63)

. v T e T s

+ (l-%r;“‘ﬁ- -’ " | — * fu.*71

The intesrunds in (MZ) and (4-23) are ;zo..it.he definite for

« £ 26, Therefore, the inteqrals theaselves are sositive for » 7 2t.

consider fixst the bavesight directies at $ « 0°. Then
ae (B e )l . ot ok t 5 -
:i&.@(...t)“@'d) . (2°,0%) ts given by (G-42) with coap = &, snd

0y i8 cevo. Therefovre, the fora of the electric

wsT g, ) - (0%,
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far field of the parabolold reflector/poiht source feed system in the
boresignt directlon is the negative tine derivative of the excitation.

As a check on the (B,¢) = (OO,OO) resuits, consider the
(®,4) = (0°,90") sirection., Then RE®(§,t)|(®’¢) - (0°,90°) 18
zero and RE¢(§,t)i(@9’¢) = (0°,90°) 1s identical to REﬁa(ﬁ't)l(@B'ﬂ} -
(OO,OO)'

fhe thooretical numerical solution of equation (L-h2) for
the paraboloid studled by Martins et al, (1973) is shown in Figure
5.5 of Chapter 5. Chapter £ also presents theoretical solutions for
directions away from boresight for the isotiopic feed considered in
Section 4.4,

In addition, Chanter 5 presents theoretical and experimental
sclutions for the radiation fields of saraboloid reflector/TEM
horn antenna system when the eight-inch TuM horn studied by Martins
et al, (1973) is approximated by a point source radiatsr located at
the focus of the paraboloid, In this case, tie eleciric far fialds
of the TEM horn are not isotropic in the angular coordinatesqp and
E. Also, the time waveshapz of the horn far fields varies with the
angular position (WP;E ) in space. The angular and time variations
of the waveshape for the normalized ~lectric far fields of the eight-
inch TEM horn are shown in Pigrres 5.1 through 5.4 in Chapter 5.
Figures 5.1 through 5.4 characterize the electric far flelds of the

elght-inch horn over the exit aperture of the parabcloid.
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Chapter 5

THE TRANSIENT ELECTRIC FAR FIELDS OF A
PARABOLOID REFLECTOR/TEM HORN FEED
ANTENNA SYSTEM
5.1 THE NUMERICALLY COMPUTED ELECTRIC FAR FIELYDS
OF THE BICGH!'-(NCH TEM HORN
OVeER THE EXIT APERTIRE

In this chapter, as in Chapter 4, the coordinate systems of the
feed are designated by the subscript "H" to avoid confusion between the
feed coordinates and the paraboloid coordinates. HEguations (B-89) and
(B~90) in Section 2.5 of Appendix B were programmed in Fortran for
execution on a digital computer using unit amplitude gaussian excitation
at the apex of the TEM horn. The approximation of the eight-incn TEM
hern, studied by Martins et al, (1973), by a Sperry Rand TEM horn is
discussed in Section 2.5 of Chapter 2.

Computer runs were performed ln both the azimuth and polar
planes of the approximate eight-inch TEM horn to characterize the
electrie far fields over the angular aperture of the paraboloid. The
half-angulaxr aperture ﬁ? of the paraboloid is gliven in terms of f

and D, as shown in Figure 4.1, by the relationship

LGCS/DR— ] -
1605/ D+ 1 5

The paraboloid used by Martine et al., (1973) had £ = 20.16" and D = 48",

Co-Oh?::

el e

>y
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Therefore,? = 61¢u0o

In terms of spherical feed observation coordinates rH,GH,¢ ,
indicated in Figure 4.2, the boresight direction for the feed is
(GH,¢H) = (900,00). Therefore, since the half-angular aperture of
the paraboloid is approximately 600, azimuth plane runs were per-
formed from (8,,8,) = (90°,60°) to (8,49,) = (90°,~60°). Also, polaz
plane runs were performed from <9H'¢H) = (30°,0°) to (GH,¢H) =

o .0 -
(1507,07 )., Both rHE¢H and r B, were considered.

The relative amplitudes of the results of the computer runs
for rHEGH and rHE¢H are shown in Figures 5.1, 5.2, 5.3, and 5.4. The
absolute value of the boresight response shown in Figures 5.1 and 5.2
is the same. The relative amplitude of the boresight response was
scaled down in Figure 5.2 so that the family of curves would fit
properly on the given grid.

In the azimuth . :ane, rFEQH is symmeiric about the boresight

) 0
direction. Therefore, rHEQH(9O ,¢H) = rHEQH(9O ,-¢H). In the polar
plane, rHEGH is also symmetric about the boresight direction, so that
0 o (o
In the azimuth plane, rHE¢H is antisymmetric about the bore-
0 o
" + = -y B - .
sight direction. Therefore, rHE¢H(9O ,¢H) rH_¢H(9o , ¢H) In the
polar plane, IHE¢H is also antisymmetric about the boresight direction,

0 0 o
so that rHE¢H(9H’O ) = -rHE¢H(9O - 9,0 Yo

5.2 AN APPROXIVMATE CLOSED FORM SOLUTION TC REFRESENT
THE ILLUMINATION OF THE EXIT APERTURE
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BOM 8-INCH TEM HORN--AZIMUTH RXETHETR

———Theoretical Results from Chernousov Formulation and Computer Runs

T=t - (rH/v)
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Figure 5.1
r Egy 1n the Azimuth (9, = 90°) Plane for the

Approximate Eight-Inch TEM Horn
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BUM 6-INCH TEM HORM-~POLAR RYETHETA

S —ae o

Theorgiical Results from Cliernousov Formulation and Computer Runs

T=t - (ry/V)
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-.50 0.00

— e — i

AY 1 . 0
ry ko, in the Folar (QH 0”) Plane for the
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BOM 8-INCH TEM HORN-AZIMUTH (RXEFH] X100

Theoretlcal Results from Chernousov Formulation and Computer Runs

T=t - (rH/v)
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BOM 6-1NCH TEM HORN-FOLAR (RXEPHI IX100

———Theoretical Results from Chernousov Formulation and Computer Runs

T=1t - (rH/v)

OH

30" |— 41—

A

¢o° _ﬁ_,/ !\_

o e
IR et I N e e T
q0°
-.50 0.00 .50 - .ao 1.810 2.00
T (NANOSELONDS)

Flgure 5.4

rHE¢”xIOO in the lolar (¢H - Co) Flane for the
Approximate Elght~Inch TEM Horn
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The boresight rHE response of the approximate eight-inch

oH
TEM horn, shown at the bottom of Figure 5.1, is approximately propor-
tional to the derivative of the gaussian excitation at the apex of the
TEM horn if the small positive response about the retarded time T =

t - (rH/v) = 1.25 nanoseconds is neglected. Therefore, an approximate

closed form solution to represent the theta componeut of the radia-

tion in the boresight direction is a
(uEon(f) =— Q—%%%e <%‘) (5-2)
for gausslan excitation

\/(jt —c @E}Q (5-3)

at the apex., K is a constant.
However, Figures 5.1 and 5.2 show additional features of the
rHEGH component of the radiation.
1. In both the azimuth and polar planes, the time occurrence
of the central zero crossing progresses away from the time
T = 0,00 nanoseconds in the boresight direction.
2, There 15 considerable stretching of the response in time
in the azimuth plane for directions away from boresight.
3. There are variations in the amplitudes of the response in
both the azimuth and polar planes for directions away
{from boresight.
Flgures 5.3 and 5.4 show the er¢H component of the radiation

with amplitudes relative to the r component. The amplitudes shown

Hoon
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in Figures 5.3 and 5.4 have been multiplied by 100. Therefore, the

maximum value of rHE¢H over the angular apertwe is approximately 40
db down from the maximum value of rHEOH'

To determine an approximate closed form solution to represent
the electric far fields of the eight-inch TEM Lorn over the exit aper-
ture of the paraboloid, with coordinates r,EE,z as shown in Figure 4.1,
neglect rHE¢H with respect to IHEGH and suppose that rHEGH(r,EE,t) may
be written as

i ol SHaleo s+ blnz]]
rHL-eH(r’ ‘?-)3%)— [7:0 T %E!ME‘]Q—

_Eﬁ: L (a oo 2|+ Loz ]Q

. —+ Sl o E|
+ e g1 - &5 [eoF]]

(5-%)

K is the same constant as in equation (5-2), This forn of r &2 H\r & ,t)
involves only simple functions of r and Eﬁ and allows for the varlous
characteristics of the radiation described on the previcus page. In
equation (5-4), T 1s the same as 7 in equations (5-2) and (5-3). The
five parameters a,b,c,d, and e will now be determined from Figures 5.1
and 5.2,

Consider first Flgure 5.2 (£ = 0,TU). when r =~ 1/2, 8, 30°
because the half-angular aperture of the parabolold.gf, 1s about 60°.
By measuring the difference in time between ceq}ral zero crossings

at o, = 30° and © 0%, (aD/2v) = (55/32" = 1")x0.50noec/", or

T
(aD/2v) = 0,359 nsec. Stnce L - -i", a = 0,177,
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Consider secondly Figure 5.1 (€ =X(l/2) and measure the differ-

ence in time between the central zero crossings at ¢H = 60° and ¢H
Then (bD/2v) = (5/4" - 1*)x0.50nsec/", or b = 0.0615.

Thirdly, consider again Figure 5.1 and measure th9 distances
between .~e maxima of the response at ¢H = 60% and ¢H = 0° Fora
gausslan derivative pulse of the fornm jt 1

\/(ﬁ):‘: A o ( ) (5-5)
, U
the distance between maxima is TYL. Then (cD/2v) = ﬁtJ o *"lzj
2%5“5 = (53/32" - 29/32")x0.50nsec/* = 0.375 nsec, orl?éxf = 0.265 nsec.
7C&f = 7:0 = 0.204 nsec. Thus ¢ = 0.030.

vext, the parameter d is found from Figure 5.1 by measuring
the positive maximum amplitudes at ¢H = 60° and ¢H = 0%, r, GH(¢
is proportional to 1/’t;, which is proportional te 13/32%. Also,
rHEQH(Q’H = 60°) is proportional to 1/((1 + d)(?fo + (cD/2v))), which
is proporticnal to 9/32". Solving the ratio of the relative amplitude
at ¢H = 0° to the relative amplitude at ¢H = 60°, d = 0.11C.

Finally, the parameter e is found from Migure 5.2 by measuring

the positive maximum amplitudes at QH = 30° and Gn « 90°, ry GH(Q

90°) is proportional to 1/730. which is proportional to 7/32". Also,

P AP e

r,E OH(G « 30°) is proportional to 1/(’3;(1 - e)), which is propor-

tional to 12/32". Solving the zatlo of the relative amplitude at
0, = 90° to the relative amplitude at 9, = 30°, e = 0.417.

To summarize, sn approximate closed form solution for the
rHEgH component of the radiation from the eight-inch TEM horn is

bo




taken as equation (5-4) with the following parametersa‘?fo a 204 pico-

seconds, D = 48", a = 0,177, b = 0,0t%5, ¢ = 0,030, 4 = 0,110, and

e = 0,417,

5,3 THZCRETICAL RESULTS FOR CAUSSIAN-DERIVATIVE
ILLUMINATION OF THE EXIT ALERTURE
FOR AN ISOTHOPIC FEED

in this seetion, as a first order approximation to the electric
far fields of the elght-inch TEM horn over tne exlt aperture of the
paraboloid, equation (5-2) ls used for rHEGH' and the rHE¢H component
of the electric far field of the eight-inch horn is neglected with
respect to the r E  component. That is, as discussed in Section 4.L
of Chapter 4, the eignt-inch TEM horn is considered as a point source
feed, located at the focus of the paraboloid, whose angular radiation
pattern is isotropic (gain C(qV.Eg) = 1) or 1s at least constant over
the solid ansgle subtended by the parabolold. This produces an exit
aperture 1llumination which varles only as l/f’. (See Silver (19653
419). The isotropic feed is equivalent to Silver's equation (11) on
page 519 with o{Y,€) = 1.)

In Section 5.4, the 1llumination used will be a better approx-
imation to the actual tapered 1llumination jroluced by the eight-inch
TEM horn. This bLetter approximation is given by cquation (5-4) and
i3 hereafter identiried by the words “tapered illumination®.

tquations (C-92) and (C-93) in Appendix = were then programmed

tn Fortran for exwecutlon on a diglital computer using «quations (4-28)

and (U-29) in Chapter . The relatlonship between v, end Vi, is given
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by equation (C-66) in Appendix C. The relationship between V, and V5,
is given by equation (C-69) in Appendix C. In equations (C-68) and
(C-69), the retarded time T is given by T = t ~ (R/v). The spherical
observatlon coordinates R,&D,¢ for the paraboloid reflector/TEM horn
feed antenna system are indicated in Figure 4.1 of Chapter b, A
complete description and listing of the Fortran program utilizing
equation (5-2) is given in Section E.1 of Appendix E,

To employ equation (5-2) for numerical computations, the value
of the constant K had to be determined. This was accomplished as
follows. For the gaussian-derivative form given by equation (5-2),
the maximun value of r .. 1s given by v, B =ﬁ§/§§<§v% The

i X
gaussian pulse used by Martins et al. (1973) had a half-amplitude
vidth of 340 plcoseconds. Therefore, for this pulse, Ta 204 pico-
seconds., Conslder now Flgure 2.7 in Chapter 2. *rom Figure 2.7, the
positive maximum value of the gaussian-derivative response ls rHEQH -

4,088 x 10-2. Therefore, for the approximaie eight-inch TEM horn,

12. This value of K uaé included in the theoretical

K= 9,76 x 107
numerical program to compute the electric far flelds of the parabolold
reflector/TEM horn Teed antenna systea.

The responses shown in subsejuent figures in this chapter
were computed for the piraboloid roflector, studied by Martins et
al, (1973), with £ = 20,16 and D = &g,

The theoreticil boresight response of the antenna systex for
an isotropic feed, ﬂzcg(ﬁ.t) (©.8) = (00'0;). 18 shoun in Flgure 5.5.

This reaponse 1a the hegrtlve second derivative of tho gausnian

b2

Lt




BOM PARABOLOID/FEFD SYSTEM--BORESIGHT

——Theoretical Results from Chernousov Formulatlon and Computer Runs
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Boresight REg(F,t) at # = 0° for the System
for an Isotropic Feed '
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excitation applied to the apex of the TEM horn. The gaussian exci~
tation was assumed to have unit amplitude, as glven by equation (5-3).
However, as discussed in Section 2.6 of Chapter 2, the illumination
function of the TEM horn, f(o(.c3), was normalized to unity for conven-
tence in the theoretical numerical computations. The actual value’

of f(0<,(3) for the approximate eight-inch TEM horn was shown to be
5.62. Therefore, the value of thae theoretical amplitude computed in
Flgure 5.5 should be multiplied by 5.62. The boresight response shown
in Mlgure 5.5 is the theoretical numerlcal solution of equation (4-42)
in Section 4.4 of Chapter & for the parabolold studied by Martins et
al. (1973).

Figure 5.6 shows the relative amplitudes of ;ta@(ﬁ.t) 4 = 0°
for seveyral values of é}. The boresizht (Q@ = 00) regponse s the
same as that shown in Migure 9%.5. [n directions away from boresieht
in the ¢ = 0° plane, the respanne of the aystem changes fron the
ne 2 Live Second derlvative of the gaussian excitation applied to the
apex of the TEM horn to 2 serles ¢f delayed replicas of gausslan
derivatives. The center of the ressonse in directlionsg avay froa
boresight 13 located in tine at the center of the necative second
derivative response in the bovesight directian. Also, the dolayod
gaussian derivative repllicas appear to emanate fron opposite wiges
of the exit apertuyre of the paraboloid.

As a check on the togulis shown in Flgure S.9, a;ﬁiﬁ,t} at
: ?QO was gompuled far the sane values of é%. These results ar:

identical to inose shoun in Plgure 5.4,

gh
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5.4 THEORETICAL AND EXPERIMENTAL RESULTS FOR
GAUSSIAN-DERIVATIVE TAFERED ILLUMINATION
OF THE EXIT AFERTURE

In this section, equation (%-%#) is used as an approximation
to the electric far field component rHEGH of the eight-inch TEM horn
over the exit aperture. Also, as in Section 5.3, the rHEﬁH component
of the electric far fleld of the eight-inch horn is neglected with
regpect to the rHEQH component.,

The Fortran computer progzram used to determine the theoretical
responses for the tapered illumination uses the same equations as
those discussed jn Section 5.3, except that equation (5-4) was su>sti-
tuted tor equation {(5-2). A complete description and listing of the
Fortran program utilizing equation (5-4) is given in Section E.2 of
Appendix E.

Flgure 5.7 shows the theoretical and experimentally measured
boresight response of the system, that is, REG}(ﬁ,t) (©.,8) = (¢°,0°)"
The experimental response, obtained by Martins et al. (19731235), was
normalized to have the same maximum amplitude as the theoretical
respons2, A discussion of ihe absolute amplitude of the experimental
response is reserved for Chapter 6., Also, as discussed in Section
5¢3, the values of the amplitudes of both the theoretical and experi-
mental responses snown in Figure 5.7 should be multiplied by 5.62.

The asymmetry of the experimental response in Figure 5.7 is
believed to be due to the asymmetry of the experimental gaussian-

derivative fields exciting the paraboloid as indicated in Figure 2.7.

By comparison of Figure 5.7 with Figure 5.5, the effect of tapering
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the exciting fields in space and time over the exit aperture is to
reduce the boresight response in amplitude and to smear the boresight
response in time,

Figures 5.8 and 5.9 show the theoretlcal relative responses
for REQD(ﬁ,t) g a0 and RE¢(§,t) 4 = 90° for several values of ©
respectively, The boresight (() o 00) response for the system is
shown to be the same in both Figures 5.8 and 5.9, as expected. This
theoretical boresight fesponse is the same as that shown in Figure
5476

The results shown in Figure 5.8 indicate that the maximum
value of the response regresses from T' = t - (R/v) = 3.70 nano-
seconds in the boresight direction to T' = 3,00 nanoseconds at 69 =
300. Analytical attempts were made to demonstrate this regression
in closed form, but they proved unsuccessful., This is due to the fact
that the function chosen to represent the rHEGH conponent of the
electric far field of the elght-inch horn, namely equation (5-4),
involves tapering in both space and time. Therefore, the time function
cannot be brought outside the double integrals which represent the
far fields of the system in terms of the {lelds over the exit aper-
ture. Also, the sidelobe structure for the system with tapered
illunination of the exit aperture is more complicated than for the
case of illumination by an isotropic feed, as given by eguation (5-2),

In Figure 5.9, the time vregression of the maximum value of
tho response from the boresight (@) = 0°) direction to the ©® = 30°

direction i3 much leas pronounced, and the resulis shoun in Figure

68
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5,9 are not identical to those shown in Figure 5.8, except in the
boresight direction. These effects are also due to the tapering of
the 11llumination of the exit aperture in both space and time,

The inability to arrive at simple closed form solutlons to
characterlze the sidelobe structure of the antenna system could be
predicted from the results of equation (4=42) in Chapter 4, That is,
equation (4-42) represents the boresight response of the system for

11lumination of the exit aperture by an isotroplc point source feed.

Even for this simple case, the response is shown to be of the form of

the negative time derivative of the fields exciting the exit aperture

multiplied by double integrals in space. Since the inner integrals

are similar to elliptic integrals, the double integrals could not be

evﬁluated_in closed form. In.directions away from boresight, the

“time fun-ilon cannot be brought outside the double integrals which
repreéent'the far fields of the system in terms of the flelds over
the exit aperture, even for the simple case of illumination of the

“exit aperture by an isotroplc poiant source feed. .
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Chapter 6
CONCLUSIONS AND SUMMARY
6.1 INTRODUCTION

In this chapter are summarized the principal theoretical
results obtalned in this thesls and comparlsons with available exper-

imental data,
6.2 COMPARISON OF THEORY WITH EXFERIMENT

It has turned out to be impracticable to compare the various
theoretical results derived in this thesls with the experimental values
obtained by Martins et al. (1973) on an absolute basis. The reason is
that it appears that further work is necessary to render self-consis-
tent the various transait and receive measured data in rariins'® work
with his oun theory. There are variatlions as large as four to one
among Martins' theoretically predici.4d values and experimentally
measured vaiues. Also, Martins did not use any sensor whose abso-
lute calibration is established beyond question. Thus, the sensors
used by Martins have not been calibrated againzt a “standard" sensor.
“he introduction of standards in time domain measurements is an arez
which needs much sore work,

The experimental facilities at the University of Vermonl are

inadequato to duplicate, nuch less refine, the key mcaguresents nade
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by Martins. DBecause of this, and because of the large degree of uncer-
tainty concerning the absolute values as established by ¥artins' meas-
urements, it was decided to be impractical to make any comparisons
with Martins on an absolute basis. Also, Susman and lamensdorf (1970
Lz-bh) made experimental measurements on a relative basis only. There-
fore, necessar'ly, all comparisons between theory and experiment have
been made on a relative basis, This is effected by normalizing the
experimental boresight response to have the same peak value as the
corresponding theoretical boresight response. Once this is done, the
theoretical and experimental curves may then be compared with respect
to shape, slope, relative values of other peaks, Zero crossings, etc.
Pigures 2.3, 2.4, and 2.5 show the comparison between theo-
retically computed responses and experimentally measured responses
for the tnree TEM horns studied experimentally Ly Susman and Lamens-
dorf {157C:42-L5, The geometry for these thres TEM horas 1s shoun
tn Figure 2.1. As discussed in the previous paragravh, the experi-
mental boresight (ff = 0°) response was normalized to have the same
peak value as the theeretically coni ®ed response. In general,
Figures 2.3, 2.4, and 2.5 shovw roasonible agreezent between theory

and experiment, In Figure 2.3, splkes appear on the theoretical

- resulis for ¢ = 60°, 90%, and 120%, This effect is velioved to be

due t0 the aprroxination of the TEIM horn as a set of three radlating

apertures uhen Lthe front aperture 13 elecirically sxall, that is--
vhen the slectrical dimensions of the front apsriure are iess than

or coxparable with the oxciting wavefom's characteristic time
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dimensions. (For a more detalled discussion see pages 32 and 36.)
This spike phenomenon does not occur in directions at or near bore-
sight, which is the important direciion for the paraboloid/horn sys-
tem, Also, there are differences in the dc levels of the theoretical
and experimental resyponnes for ¢ between 120° and 180°. This effect
is believed to be due to the fact that Susman and Lamensdorf (1970)
established the experimental zero level in these directions to be the
amplitude of the positive delayed replica response when this amplitude
was small and not noticeable experimentally. Finally, for @ between
90° and 1800, the experimental responses are z«esred in time with
respect to the theoretically comnuted responses. This effect has not
been explained theoretically.

The elght~-inch TEM horn studled by Martins et al. (1973) is
shown ir Figure 2.6, This horn was approximated by a hora of the type
shown in Figure 2,1, and the approximation is discussed in Section
2.5. The ¢hecgretical and experimental results for the eight-inch
TEM horn are shown for three angular directions in the azimuth plane
in Rgures 2.7, 2.8, and 2.9. ™n Flrwe 2,7, the experimental bore-
sight response uas normalised ¢o have the same peak value as the theo-
retically coaputed response, Thias scaling factor was left unchanged
for Flgures 2.5 and 2.9. Considex first Figure 2.7. The theoretical
boresight reszonse 13 an approximately syamotric derivative of the
exciting gsussian pulse folloved by a ostt.ve replica of the excii..g
pulse retarded by the round trip tird froa the apex. The experi-

mental response i3 & derivative-type radiation of the exciting gaussian




pulse followed by a more complicated series of delayed replicas approx-
imately delayed in time by the round trip time from the apex. The
asymmetry in the experimental derivative response is believed to be
due to the effect of the rectangular front aperture of the actual
eight-inch horn shown in Figure 2,5, This effect is discussed in
Section 2.6, The negative going experimental pulses located near the
round trip time from the apex appear to be due to the theoretical
neglect of the finiteness of the gap at the apex. Consider secondly
Figure 2.8. Again, the experimental asymmetry of the gaussian deriv-
ative response 1s evident. Consider finally Figure 2.9. This figure
shows reasorable agreement between theory and experiment except that
the experimentally measured response is relatively flat around the
retarded time 0.350 nanoseconds for a duration of approximately 300
picoseconds. Thus, the theoretlcally computed second and third
delayed replicas are displaced in time frox the experimentally deter-
sined second and third delayed replicas by approximately 300 pico-
seconds. The roason for the axperimesntal flat response about the
vetarded time 0,50 nanoseconds has :.¢ bhean rasaslved,

Figure $.7 shovs the theoretical and experimental boresight
response {Oor the eight-inch TEM horn feoding Lhe parabolold studied
by Martine et ai. (1973). The parabolold nazd { « 20.16“ and D = L8,
The thesretical response was coaputed by veducling the elght-inch T
horn to a poist source fecd located at the focus of the paraboloid,
using the geometrical optics approximaiion, and ewmploying ejuation

{c-i) to represent tho normalized electric far fields over the exit
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aperture of the paraboloid., The techiiique of reducing the eight-inch
horn to an approximate point source radiator is discussed in Sections
5.1 and 5,2, In Figure 5.7, the experimental response was normalized
o have the same peak value as the theoretical response, Reasonable
agreament between theory and experiment 1s indicated. The asymmetry
of the experimental response is due to the asymmetry of the experi-
mental gausslan derivative fields exciting the paraboloid as indicated

in Flgures 2,7 and 2.8,
6.3 SUMMARY

The primary objective of this research was to study theoreti-
cally, diractly irn the time domaln, the electromagnetic far flelds of
a parabolold reflector fed by a TEM horn. This antenna system is
shown in Figure 1.1. ‘The TZM horn, located near the focus of the
parabolodd, 15 excited at its apex by a voltage V{t). The TEM horn
consists of two metallle circular seclors separated by & small gap
at the apex and flared apart awdy froa the apex. Al the preseat tize,
no direct time doxain 20deis exist *~ deseribe the radiatlon of the
T2 hern or the parabolold reflector/TE% horn antenna systen at an
axrpltzery observation point in the far {leld.

Specificaily, the study of the above antennd systes was
accorplished as follous., & genexsl theoretlcal ercdel appilicable to
aperture antennas of any type excited by electirozagnetic fieids of
any form in ayace and time 13 a sot of time domain integvela which

were derived by Cheinousov (1565). The electroasgnetic fieids over
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a closed surface including the aperture surface must be known (or

guessed at), The geometry for the Chernousov derivation is shown in

5o

i R Figure A.1, and the complete mathematical details of the Chernousov
o derivation are presented in Appendix A, The resulting equation which

i describes the electric far fields of the aperture antenna in terms of

f;i'- the fislds exciting the aperture is equation (A-102). The magnetic

=‘"€ k: far fields are related to the electric far fields by the simple

¢ RN relationship (A-103).

The TEM horn of the type studied by Susman and Lamensdorf
(1970,1971) is shown in Figure 2.1. As discussed in Section 2.1,

2 this TEM horn was approximated by a set of three radiating apertures.
. These three apertures consist of & front aperture and two wedge-
. shaped side apertures. The horn shown in Figure 2.1 was assumed to
Z ? ' be excited at its apex by a voltage V(t), and the Chernousov formu-
?5;? % lation was applied to the fields exlsting over the three apertures.
. Complete mathematical detalls of the application of the Chernousov
fgrmulation to the TEM horn are furnished in Appendix B. The result-
ing expressions for the components ol the electric far fields of the
TEM horn are glveu by equations (B-89) and (B-90).

Next. approximate closed form solutions for (B-89) were found
in thie azimuth plene of the TEM horn when the froat aperture is
etectrically small, that is--when the electrical dimensions of the
g '-3 front aperture are less. than or comparable with the exciting wave-

e form's chaiucteristic time dimensions. These closed form solutions

évtﬂﬁ givo enginearing insight into the behavior of the TEM horn, and the
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details of the derivation are presented in Sectlicn 2.3, mMuation
(2-26) is the approximate closed form solution for the radiation from
the TEM horn in the boresight direction, aad 1t is repeated below for

the reader's convenlience.

~ a3 \/ /[:Wf]

Eg (r,t)
® BORESTGHT ~ AT

JML{V[T Lfl-cooB)] —V[T- ”""‘]} (6-1)

This radiation is shown to be a combination of two forms of far fields.

The first term of (6-1) is a field which is the time derivative of the
excitation at the apex. The second And third terms of (6-1) are of
the form of Aelayed replicas of the excitatlon.

Fru.. equstions (2-13) and (2-29), the approximate closed form
solution for radiation from the TEM horn in the backfire direction is

- AL } ra [»] ,r— Q,r
E (I‘o‘) ,\_,""—-‘V—' T V LT— ‘,U_—-a—,']

OBACKFIRE AT
+ (VI VIT— 21 +em@))] e

This radiation is also a combination >f two forms of far flelds. The
first term of (6-2) is a negative time cerivative of the excitation
wnich occurs at the round trip time from the apex. The second and
third terms of (6-2) are of the form of delayed replicas of the exci-
tation. The ratio of the amplitude of the backfire derivative response
to the boresight derivative response is minus the reflection coef-
ficlent at the front aperture of the TEM horn.

From equstions (2-9) and (2-30), the appiroximate closed form
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solution for directions in the azimuth plane well removed from bore-

sight and backfire for the TEM horn 1s
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This radiation also consists of two forms. One form is a sum of three
delayed replicas of the excitation at the apex of the TEM horn. The
ampliiude and time occurrence of these replicsas depend upcn the angu-
lar direction in the azimuth plane. The other form is a delayed time
derivative of the excitatlion at the apex whose amplitude and time
occurrence also depend upon the angular direction in the azimuth
plane.

Bquations (B-89) and (B-90) were then programmed in Fortran
for execution on a digital coaputer, in order to determine numerically
the electric far flelds of a given TEM horn of the type studied by
Susman and Lamensdorf (1970,1971). The comparison of theoretical and
axperimental results for the three TEM horns studied experimentally
by Susman and Lamensdort’ is presented in Figures 2.J, 2.4, and 2.5,

In general, there 13 good agreement between theory and experiment.
A more detalled discussion of the comparison between theory and oxper-

inment for Figures 2.3, 2.4, and 2.5 is given ia Section 6.2.
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The eight-inch TEM horn, studied by Martins et al. (1973), is
shown in Figure 2,6, This horn was approximated by the type of TEM
horn studied by Susman and lamensdorf (1970,1971), as discussed in
Section 2,5, Utilizing the Fortran program for executing equations
(B-89) and (B~90) on a digital computer, the theoretical results were
compared with experimental results obtained by Martins et al., (1973)
as shown in Figures 2.7, 2.8, and 2,9, 1In general, there is reason-
abie agreement between theory and experiment. A more detailed dis-
cussion of Figures 2.7, 2.8, and 2.9 is given in Section 6.2,

For the sake of completeness, the theoretical waveforas of
relative amplitudes vs, time of the approximate eight-inch TEM hora
electric far field 4re given in Figure 2.10 for various azimuthal
directions,

In Chapter 3, an approximate model of the TEM horn is con-
sidered to be a section of . biconlcal antenna. The vector poten-
tial faxmulation is then used to determine the electiic far flelds
of the blconizal section in term~ of thn fields arising within the
antenna reglon due to the excitatier 7(t) at the apex. Approximate
closed form solutions for the electric far fleld of ihe biconical sec-
tion in the azimuth plane are also found. Bauation \3-36) is the
approxirate closed form solution in the boresight direction, and thls
equation 43 identital to equation (6-1) obtained using the apertuic
modal of the T™EM horn. Bquation (3-38) is *he approximate closed

form sclution in the backfire diraction and is identical .o equation

(6-2) obtained using the aperture model. Theretare, in the boresight
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and backfire directions, the vector potential approach is self-consis-
tent with the results obtalned by the aperture approach., In directions
well removed from boresight and backfire, the vector potential approach
produces the approximate closed form solution given by equation (3-39).
This result differs from the closed form result equation (6-3) obtained
from the aperture model in that the derivative radiation of the front
aperture gi?en in equation (6-3) does not appear in (3~39). As dis-
cussed in Section 2.4, the superposition of the derivative radiation
upon the delayed replica radiation is due to the approximation of the
TEM horn as a structure of three apertures when the front aperture is
electrically very small,

In Chapter 4, the electric far fields of 2 paraboloid reflec-
tor/point source feed antenna system are found in terms of the fields
of the feed over the exit aperture of the paraboloid. This was accom=-
plished as follows, It was assumed that at the focus of the parab-
olold there exists a spherical-wave point source radiator whose elec-
tric far field components may be described by rquations (4~1) and
(b-2). Next, the following assumptions were made:r (1) The parab-
oloid reflector was assumed to be in the far field of the point source
feed, (2) The reflector was assumed to be sufficiently smooth to
allow the application of the plane wave boundary conditions at the
perfectly conducting surface., ({3) The geometrical optics approxi-
mation was invoked to afford a one-to-one, point-to-point transfor-
mation between the fields at the paraboloild surface and the fields

at the exit aperture. (4) The Chernousov (1965) formulation requires
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a closed aperture surface. In keeping with common practice, this
closed surface is taken as a plane containing the exit aperture of
the paraboloid and closed at infinity, and the fields over the non-
aperture part of the plane are taken as approximately zero (Ramo
and Whinnery, 19563530,532). (5) Edge effects at the exit aperture
are not considered, The Chernousov formulation was then applied to
find the electric far fields of the paraboloid reflector/point source
feed antenna system in terms of the fields existing over the exit
aperture, The excitation used is described by equations (4-1) and
(4=2). The complete mathematical details of the application of the
Chernousov formulation are presented in Appendix C. The resulting
electric far fields of the paraboloid reflector/point source feed
are given by equations (C-92) and (C-93).

In Section 4,4, solutions for the electric far fields of the
paoraboloid reflector/point source feed are derived for the caase when
the noint source feed has an angular radiation pattern which is iso-
tropic (gain = 1) or 1s at least constant over the solid angle sub-
tended by the paraboloid. The resui?*ing electric far flelds are given
for the boresight direction by equations (4~42) agd (4~43). These
equations show that the form of the boresight fielis is the negative
tine derivative of the flelds exciting the exlt aperture.

Chapter 5 presents theoretical and experimental results for
the paraboloid reflector/TEM horn feed antenna system and also theo-
retical results for a paraboloid reflector fed by an isotropic polat
source feed. Sectlons 5.1 and 5.2 present the method of reducing the
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eight-inch TEM horn studied by Martins et al. (1973) to a point source
feed located at the focus of the paraboloid. This reduction was accom-
plished as follows., First, the eight-inch TEM horn, shown in Figure
2,6, was approximated by a TEM horn of the type studied by Susman and
lamensdorf (1970,1971), shoun in Figure 2,1, Secondly, for unit
amplitude gaussian excitation at the apex of the approximate eight-
inch TEM horn, equations (B-89) and (B-90) were programmed in Fortran
for executlon on a digital computer. These equations represent the
application of the Chernousov (1965) formulation to the TEM horn,
which i1s considered as a structure of three apertures, Computer runs
of (B-89) and (B-90) were then performed to characterize the fields
of the eight-inch TEM horn over the angular aperture of the 48-inch
paraboloid with f = 20.16" studied by Martins et al. (1973). The
results of the computer runs in both the azimuth and polar planes of
the horn are shown in Figures 5.1 through 5.4. Thirdly, from the
results of the computer runs, an eapproximate cleosed form solution for
the far fields of the TEM horn was developed. This approximate closed
form s given by equation (5-4). By iaspection of Figures 5.1 and 5.2,
the various parameters involved in equation (5-4) were determined.
Section 5.3 presents theoretical results for the 48-inch parab-
oloid when fed by an isotropic print source feed located at the focus
of the paraboloid, The electric far field of the isotroplc point
source feed was taken as equation (5-2), and equations (C-92) and
(C-93) were programmed in Fortran for execution on a digltal com-

puter. The theoretical results of the computer runs for the isotropic
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foed are shown in Figures 5.5 and 5.6, Figure 5.5 is the theoretical
numerical solution of equation (4-U42) for the 48-inch parabvoloid.
Since the far field of the lsotroplc feed was assumed to be gaussian
derivative in time, the boresight responss of the paraboloid fed by
the isotropic feed is the negative of the second gaussian derivative
in time. Thls numerical reault from the guiaeral equation (C~92)
confirms the form of the boresight solution given by equation (4-42),
Figure 5.6 shows the response of the parabeloid reflector fed by an
lsotropic feed on boresight and for several directions away from bore-
sight, Away from boresight, the response of the system changes from
the negative second gaussian derivative response to del&jed replicas
of the gaussian derivative flelds exciting the exit aperture. These
delayed replicas appear to emanate from diametrically opposite points
of the exit aperture.

Section S.h4 presents theoretical and experimental results for
the 48-inch paraboloid reflector when excited by the point acurce
approximation of the elght-inch TEM horm as given by equation (5-4).
Computer runs were performed using eguations (C-92) and (C-93), as
in Section 5.3, except that equation (5-4) was utilized rather than
equation (5-2). The results of these computer runs are shoun in
Fgures 5.7, 5.8, and 5.9, Figure 5.7 shows the theoreticaliy com-
puted and experimentally asssured boresight respoﬁse of the 48-inch
paraboloid reflsctor/eight-inch TEX horn fesl system. The experi-
aentally measured response was normalized to have the sane maximun

amplitude 25 the theoretical response, Flgure 5.7 indicates good
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roalative agreement between theory and experiment. A more dstailed
comparison between theory and experiment is given in Section 6.2, The
effect of tapering the fields exciting the exit aperture in both space
and time, as indicated by comparison of Figure 5.7 with Figure 5.5,

is to reduce the boresight response in amplitude and to smear the bore-
sight response in time. Figures 5.8 and 5.9 show the response of the
48-inch paraboloid reflector/eight-inch TEM horn feed antenna system
on bvoresight and for several directions away from boresight for both
components of the electric far fleld of the system. The theoretical
boresight response shown in Figures 5.8 and 5.9 is the same, as
expected, However, in directions away from boresight, the response

of the system changes from a negative second gaussian derivative
response to a series of delayed gaussian derivative replicas which
are no longer symmetric in amplitude ox time with respect to the
boresight response. Thus, the sidelobe structure of the 48-inch
paraboloid reflector/eight-inch TEM horn feed antenna system is mare
conplicated than the sidelobe structure for the paraboloid reflector
fed by an isotropic point source feed, as shown in Figure 5.6. This
is due to the fact that the electric far fleld of the approximate
point source TEM horn, as given by equation (5-4), is tapered in both

space aad time,
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Appendix A
DERIVATION OF THY CHERNOUSOV EQUATIONS

The purpose of thls appendix is to fill in the details of the
derivation of the equations which appear in the terse paper by Cher-
nousov (1965).

The general theoretical expressions which were used in this
research are a set of integrals first derived by Cherncusov (1965).
These integrals are derived directly in the time domain. They describe
the electromagr tic flelds arising from a closed aperture surface Sa
in a homogeneous source-free medium excited by flelds of any form in
spice and time. The flelds excliinz the aperture surface must be
known {or guessed at). The Huygens-Kirchhoff principle is used in
the derivation--that is, the electrozagnetic flelds arising from S,
are calculated from secondary sources at the antenna surface due to
the houndary conditions there,

The derivation of the basic equatlons parallels the developrent
glven in Joxrdan and Balmain (19681313-315,466-448). The georetry for
the problex ia shown in Figure A.1. The various guantities used in
the derivaticn axes

;a' the vector froa the origin to the susface elesent da,

g: the outvard normal to ds,

r, the vector from the origin to the observation polnt M(T),

Preceding page blank 111




=
(o]
-
]
=
g
=
>
(2]
(2]
— =3
. o
< =
N 5 3 o
(&}
R0
el 4
e £
Pty
.
G
Fa)
1
pes
2]
=3
(o3
"4
Q [&]
Pad
R AR S ks x T MR P
p s . ), °* » . 1 . o, A = RPN W
. 8 i ..Wu A « o £ t H 4 va Ve..mNuA s ﬂ A g . s k ,3 a5 K
.1. -y P :.,m.ww - b T . ~ & - ; ~—m . ' &. r‘ﬂ, J ..mw. _ ;.MM-. ‘w _m...,w\m~ ..L.__,m. am%._ SRR i EM:(«.» \: o ’
L BEPA id I : St R i o adth ke vy m&; g



r°, the unit vector in the T direction,
R, the vector from ds to M(T),
R°, the unit vector in the R direction

VL, the impedance of the mediunm,

/LK, the permeability of the medium,

€ , the permittivity of the medium, and

v, the veloclty of propagation in the medium.

Including both a fictitious magnetlic current M and a fictitious
magnetic charge density (Qm as well as an electric current J and an

electric charge density (3, Maxwell's equations would be written as

followsy*

=D + T (4-1)

= /e (4=3)
= quqy/;kk (A-4)

Define the total electric field E as

H
E=-R-M™M (a-2)
E
o

E=Ee+E™ (A-5)

* A dot over a quantity indicates partial differentiation

with respect to time. Two dots indicate second partial differentiation
with respect %o time.
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Define the total magnetic field H as

H=He A H™ (4-6)
Writing Maxwell's equations for magnetic currents and charges only,
—_ -2
m VL
VxH™ = cE (a~7)
®
=m o —
VX E™ =—uH™ -™ (4-8)

e H™ = P/ 1 (4~9)
VeE™ = o

Writing Maxwell's equations for electric currents and charges only,
VxHe=eE+T (A-11)
VX Ee = -/u\—ge‘ (4-12)
Ve H =0 (1-13)
VeE® = P/ (5-14)

First, Maxwall's equations for electric charges and currents only are

(A-10)

considered. (A-13) is satisfied if H® is the curl of some vector,

say A

E* Therefore, define

AHQ_@-VX?\“E (a-15)

Substituting (A-15) into (A-~12),
VX(E’“HXE):: ) (A-16)
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(A-16) is satisfied if B+ Ié is the gradient of a scalar, say V.

Therefore, define

°
’E"eA.“v\\/ -Ag (A-17)
(A-11) and (A-14) may now be used to derive differential equations for

the potential functions Ké and V. Substituting (A-15) and (A-17) into

(A-11) ylelds

A UXVXAR=— EVN-CAE+ T (a-18)
Using the vector identity
e - 1___ -
VXVXAE :::VV.AE — 7 AE (A-19)
in (A-18),

. LX N S— .

- — Ry W v A-20
VA HeAp = MMV + VT AL
(A-20) is one of the differential equations for KE and V. Substituting

(A-17) into (A-14),

oy -2
—~ VQA — ,// (A"ZI)
vV VA e (‘3/ S

(A-21) s the other differential equation for XE and V. Buations
(A-20) and (A-21) are coupled--that is, they toth involve Eﬁ and V.
To uncouple them, the “electric® Lorents gauge condition is employed.

According to this condition, set

(a-22)

Vehg =—yeV
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The electric Lorentz gauge condition is equivalent to

\/:_"]I(E— V- AgdX (-23)

Using (A-22), (A-20) may be written as
o — 20 _—
-—7 - -
\/ AEjﬂeAE~j}QT (A-24)
Using (4-22) in (A-21),
a_ [ )
\Y \/—~/u€\/:-€/e (a-25)

Bquations (A-24) and (A-25) are the decoupled set for KE and Vs The

potential function which solves (A-24) is known to be

e s S

KE(E,t) may be shown to satisfy (A-2L4) by substitution. V is given

in terms of A_ by (A-23).
Maxwell's equations for magnetic charges and currents only are
now considered. (A=10) will be satisfied if E" is the curl of some

vector, say A Therefore, define

.
eE™ =-- VxA“E (A-27)

Substituting (A~2?7) inta (A-7),

VX (W%—F ;\!;D = Q0 (aA-28)

. L]
(A-28) s satiefied if i AH 18 the gradient of a scalar, say EF.

Therefore, let




>~y

= —UF—A, H (A-29)

(A-27) and (A-29) satisfy equations (A-7) and (A-10). (A-8) and (A-9)

may now be used to derive differential equations for the potential

functions AH

~LUXUXAG =uVFpAy - T e

Using the vector identity

and F. Substituting (A-27) and (A-29) into (A-8),

VXA, =VV-Ay —V Ay (a-31)
in (A-30),
VB pehAy =— el ueVF+TV-Ay  (m)

This is one of the differential equations for A, and F. Substituting

(A-29) into (A-9),

\VAE: +V-F\:}; = =/ (A-33)

This 1s the other differential equation for & and J. (A=32) and

(A-33) are coupled~-that is, they both involve XH and Ef. To uncouple
them, the “magnetic" Lorentz gauge condition is employed. According

to this condition, set

Ve Ay = — ue¥ (A<34)

The magnetic Lorentz gauge condition is eguivalent to
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'5"—-*/7-1—6- Ve A dE (A=35)

Using the gauge condition (A-34), (A-32) may be written as
2 YN —_
V AH ‘*/(,LGAH =—-eM (A-36)

Using (A-34) in (A-33),

Vly "‘/Lbég‘ = — (?m,//u, (a-37)

(A-36) and (A-37) are the decoupled set for A and.E?. The potential

H
function which solves (A-36) is known to be

AT{( 0 )= fﬂ_ Sﬁ(ﬁ;»ﬁ;{ RA (QS (a-38)

KH(f,t) may be shown to satisfy (A-36) by substitution. T s given

in terms of KH by (A-35). The results for E(r,t) and H(Tr,t) are

found using (A-5) and (A-6). Adding (A-17) and (A-27),
B D =-VV-Ag ~LUxAy (4-39)

E(f,t) may be written entirely in terms of the integrals defining V,

Using (A-23), (A-26), and (A-28) 1n (A-39),

E(F 1)

AE' End AHI

T~ RAr

WGVV§£ fjmimz% ds
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a

— 7 X MU(Ts %" RAD ds (A-40)

Q,

The limits of the time integral in (A-40) may be explained physically

as follows. The excitation starts at time t All contributions

il
from ds are then integrated from t, to retarded time t - R/v to
account for the finite velocity of propagation, v, in the mediunm.
It is understood that the time integral is zero for all t - R/v

less than t

K
Adding (A-15) and (A-29),
Q‘(FJ PN=-NF -~ AH —+ VxAE (A-b1)

H(r,t) may be written entirely in terms of the integrals defining G§%

Ké. and A,

ye Using (A-26), (A-35), and (A-38) in (a-41),

N
t-RA
= Iy ﬁvvﬁ f MG, X }Qs

__E | 5?‘7!“(@)1%*&/\)‘3 |
mi@& e
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1 TG - RAD _
+‘-{-ﬂ-vx Sq' R (A-l42)

As discussed in Jordan and Balmain (1968:468-469), for a source-free

aperture surface, the equivalent electric current J and magnetic

current M are
M.(Fs)ji”— K/'U'): -~ QXE—[@,Z@* R/v) : (A-43)
ﬁ@i“W@z QXH(@,%—R/VB (A-bl+)

The E and H fields used in (A-U43) and (A-U4) are the excitation fields
which illuminate the aperture surface. Using (A-43) and (A-44) in

(A—QO ) ’

E(F 1)
f-RAr

( | ALTHR / /
TV vj&{}(@},\ H( rg)ft}&ﬁ}&s
_ L1 NRxAR,E-RAN

Q1T 3& R B ds

Lol CAx B t-rAN] |

————
——

Using (A-B3) and (&-b&) in (A-42),

GEs |
. [ i r_}___ A N !

— §:7ﬁ§;€J\fa ; LZL>~EE(r§)jt ELQQ Cﬁs

= qT
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N Wﬁ K ATt AN fe e
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(A-45) and (A-U6) are the correct versions of the two equations given

by Chernousov (196511247). In the Chernousov article, E and H are

transposed in two places. The subsequent equations in the Chernousov

article are correct.
[}

Let

H(f2, t-RAD = H(Fs F-RANR (a7

and
E(T, T-8A) = E(, RAE (4-8)

e

Reallzing that }Aé ] 1/\'2. E(r,t) may be written as

E@m D
[ G RAN [y 1)

SN Y G S
TU4Tre JgviR - ot
—eVx[Ax E°E(T5,%- R/v)]/{
| t-Riu "
VA —“( ji [Rx TN, 9] &-&“1&5 (3-49)
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Let a be an arbitrary scalar and B an arbitrary vector. Then

UX(aB) =VaxB +aVxB (A-50)

Using (A-50) in (A-49),

_ GVX E;’\\ X EOE (SS) j}:“ R/’\F}]

= € [ix "E“’xv(E (B, 2R A )] (r-51)

R

Let A be an arbitrary scalar and a be an arbitrary vector. Then

VV(AQ) =VAV- & + AVV-a
HVAX(IX )+ (AVVAH(TA A (=)

Let ' T R/‘U'
A = —é—lﬂ; HTs &)t (A=53)
and
A =nxh° (A-54)
Then | o R/
T Jfrx NG i
L [Pfr_~ RéAr
=[(#x 1)) V(*:{- ﬁjt:lw( rs, 1) 4k ') (4-35)

Using (A=51) and (A=55) in (4-49), E(F,t) may be written as
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| :{f{ BJ/Vs,ﬁ QYJ—LQLXHO]

+¢[AxEY x V(E<r5 X R/ﬂ):l
t-R/r

(E’LXHJV)V( fH(G)ﬁ3&ﬁ }&s (A-56)

Using/lAE ° 1/v , (A-46) may be written as

HE D

5%_(@1 R/vs 2 F°)
Lm/u§ { xe

MR L HOH (R, 2 f\/\r\]

R
'ﬁ,’"f{/‘lr
l ﬂ" o E (R ‘,/)_i &t
— Ve R [—_-n.)\ E E(G, ) 48 Y s (a-sm)
. R -
From (A-%0)
A 1o HiG, =R/ O o HE B RAN
/“VXL’?‘XH Mt bl?{‘ A J:../uL,};,;ﬁ XS, E_(_%_Eﬁ)] (A-58)
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From (A-52) - R/

\V; v--——f[w B E(f, 1 )]co% o )

-—[(m( £ \]V( ﬂ;ﬁ(& 5, A0

Using (A-58) and (A-59) in (A-57),

(A=59)

- ___j____ l 'BEE(fk)if F{/AUJB A
“uﬂ/ximgﬂa [- XE]

H- R

~(E~“x->~€ ’] :7) (—-—- 56, 194t ) Ms (460)

Conslder
Q== LA [ F
. UK A R/
ll)w“/\ N ‘- @:1 ,—v—'}\ { \ »
-{’"l{;ﬂ’ X N /T‘ iﬁ{ ‘ J) ) " ; (4-61)
\ ;
vhere ¥ may be either Tor B 215 the unu. vector In ine F direction.

joopk-Re of - RA Ve RAr

W\;\ h F( i)ﬁf} R :’Fifb}j_\& —J‘-;gar—\ 3, 1’\(;.1' \/ . «-) (4-02)

NAf AN (4-63)
V(R™)=mRTR"
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. Ls:— RAF

(7,104t = — R R, 1R
Using (A-63) and (A-64), (A-62) may be written as
/ng $ - Rinr B o
'i‘/\-é— F(ﬁ)i")&ﬁ'):~§§-f3@,&—ﬁ/v)—-(R{JF@,I’)M' (4-65)
X ' 3

Let a and b be two arbitrary vectors.

(a-64)

Let A be an arbitrary scalar
function. Then

(T NaA =a(TNVA) + A(L-Va)

(4-66)
To employ identity (A-66), let
— - Q
g, == R (A—G?)
- AL
T =LAxE) (4-68)
and

N
K —_ [« N - £

With A given by (A~69),

\-

. NS Yoo So
A Pt JNOVO U ,,’&V/ T—-( ( 5 -




V(T )= - & LR

5.Va is found with b = NxF° and a = R,
5° ‘R‘ (X =XDAx (g -y + (22
BX“X)QF(“%’jgl+(% Zg%ym

= % - o0

n oy A = Cl:\ N _‘0-] ‘ﬁ*
CﬂXZQX~{ﬁxF]%—L—"anJ{@dX*Xﬁ

The expressions for (beV 5)y and (S-Va)y are similar to (A-74).

Therefore,

T [}x >(¥: _ R
R3

S{7xe7-)

or
/

N = —
n ~*waﬂ ROl =2 =0
/Qr‘§;7clu =R ‘*"‘;{*Q_fL)(F: ]' Fi )
Substituting (A-63), (A-64), and (A-71) into (A=70),

— __R;i BF(E):Q“— R/’\'\
VA = e SR A

t-R/a
+ 2R AR i s
From 4=77) with B = xF°, =
(L <TA)
. . (S, - RANY
viR S J

(- Ryﬁ:)

(A=71)

(A-72)

(a-73)

(A=74)

(A-75)

(A-76)

(A=77)




LR AN TR, -84

- R/ar

-———-—-Lﬂ,)\ff”(rs)/ CM.:] (A-78)

AR/

o ere i A =[FEOE “W{] f (R
) s - R/
: A(I'VC_L) — _ nX f(rs)ﬂ;~ R/{J"> ’Y\. XIte F(ré)-ﬁ-xh
U K
4o Rl([a X I, #- R A+ R )
X~ R/ar

j nxir( 5, % ’)&ﬂ ) (4-79)

From (A-78) with a = R°,

/
S o{ R BF(Y—JQ R U‘)
a(l VA = \UlR[ X m/s 1)

+R°( R AxEmt- w]\)

\w R

Using (A-79) and (A-8C), (A-61) may be writtea as
| I A-RA) e
e Fﬁ%; "*R,,[U‘ ” /':;—1 A LT & -y I ey ! /)
R SR P +(E’LW]T’) (R“ R0 |
;3
ol 7 ar:(r:;.,ﬁ-e/vﬁ
i (f\ x gy W}

—— ( BF( 'EMV\P\ F3+

._.

VAR d(E-R/v Yy UW




+ ( Emc 4 rs,w/v]) vax (T, - R/v\]

T-R/ar
+F3R ( [%XIF(VS,;Q )Jlf’:\)

l
TR

p R./V
— ’;z'? E?t X fi’”&f( (s ,ﬁr’)cﬂf] (a-81)
The first two terms of (A-81) may be combined using the following
method.
| OF(Ts 1~ R/w) =o__ | DF( 5,1 RAT)
TR - R = iR & Mgy ¢
But
(R AR _ OF(RE-RAD) (h-83)

SE-R/V) T %

because R is not a function of time. ’I‘herefoxe.

first two terms —.U'\Q- RB F(i‘;ﬁ R/\B X’ FJ+ R ["YLX F’j)) (A-8%)

Let a, D, and C be arbitrary vectors. Then

ax(Txe) =T (a-c)—cla-k) (A-85)

Leti-ﬁo.b-ﬁo. &ndc_:-'r\xx?‘a. Then

'R°><[Ti° X [?Lx?‘ﬂ == - E?\x F—‘"j*f E’Eo(R""- Eﬁ‘\,x E]) (A-65)

Substituting (A-86) into (A-8K),




eyl e

—ve

SEE LR =7 . | YRt m\
bR of e ( R fa/1§

R P EBEL]]

Using (A-87) in (A-81),
+-R/w

_._VIQR BF('SS;&; R/Ar) [ XFj’{’(E‘XFj AV AV, (__jj:(s} /)M)

el ] ]

+= R <E°. E\wf{f‘%ﬁ%{/ﬂ) — -(-— n X ?(Fs,i“*ﬂ/«fﬁ
T-RAr £-8/r
1. 3R ( E‘X j;:(rs)}t )aﬂﬂ)-— m(:nxiF(rsﬁ ydf ] (A-88)

Consider now &LX F] XV(F( (s ﬂ;\-ﬁ/\r))
From (A~53),

E’L X ij F(F_,)ﬁ*R/\r)v{ ),__ R“y X FE f:—R/trﬂ (A~89)

Fron (A«71),

LIXF:} : w3 lhy WS-,
v ¢ A e AR G —gRxnx i RM:} (4-90)
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Therefore,

E}L ¥ ‘Ej VoV HE%R/@ >
_ (5, t-
UR R [ BF%%R?@]
+ 2T R XE’I X F(ig,t- R/v)] (a-91)

Substituting (A-88) and (A-91) into (A-56) and (A-60), E(r,t) and

H(T,t) may be written everywhere as follows.

E(ﬁr).:q_;r-e-SQG;—R[R“X@"X[YALXBH{&%&%\ 17

.fﬁ@( (R x HE - mﬂ) L[ Rgten)

- T-RAr

+ R i) - 5[ x{ﬁ(@,ﬁ’) ot
R . S
LG iRl

“%[on[ﬁ XE(F”E)}&-K/\S'\]]:}&S (A=92)
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A OECS, *R/WUD

HER= Wﬁ{\ra RxR &R

i

( [%XE(Gt~K/v]) —-—[nx E(T, i’~R/v§:|

B T-RA7 LR
__._.R_g.(“" [YLXJ: E(T &’)Jbﬂ) ~——E’\ Xﬂ (% i’)c‘@ﬂ
t,

L. o

BH(F R/
R e ve 1]

— %ER"’X [ﬁ X g(("‘s)ﬁ— R/«ﬂ] ]_} ds (A-93)

Buations (A-88) and (A-91) are now exanined to see under what

conditions /% and 1/8 terns may be neglected with respect to 1/R
terms. From (A-91),

| DEGE I~ L lEE )
U O ‘>:> R ‘F(rs,ﬁ}ﬂ/v\l (A-94)

From (A-88), f&h
L DEG =80 by, #l?@ﬁ;—&/«)l) %Lfﬁ%ﬁ’ )M"\ (4-95)

U-l }fiﬁ- R/‘\I\
only terms of the order of 1/i in the general expressions for
and realizing that

Koeping
B(F,t) and H(r,t) vs given in (A-92) and (A-93),
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vE = 1/7L and vM =177, E(r,t) and H(T,t) may ba writt:n in the far

field as

BT = g iG]

~[R"x E’L  2E( Ps,:% R/uﬂ]} o (ase)

(R )= g B oo

+[R XE”\- X BH((—S 'ﬁ 1\/\")]]}&5 (A~97)

(A=96) and (A-97) may be simplified further by replacing R with its

approximate value in the far field. Jn terms of T and Es' R 1s given

by by R= r - i"s. Therefore,

— — . I A
R :ﬂr”"rs) - (F-15) 2\/i“1~2 P o1

:r/‘ M'gf‘:-_Q +<£\(S:—)l (A-98)

From the serles

(1“")(\) = - XX, (A-99)

R = r\-/(._ E‘__fs_ +(£%>2 A T (A-100)

Consider finally the quantity t - (B/v). Le* T = ¢ - (r/v). Then

y R/VKT-Ff—- 5 (4-101)
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Replacing 1/R by 1/r, and neglecting the angle between R° and fo,

(r)’ﬁ)“_qnu'r [T‘ Xf{[ BE Vs T+ >]
QH( s)

% s

(A-102) ‘

—n xR

(A-102) is the central equation which was used in the subsequent

I

research,

Aa £

In the far field, H(r,t) may be found from E(¥,t) by the

simple relationship

H(F:) = 4 [F" X—E(G t\):\ (A-103) ;




Appendix B

DERIVATION OF THE ELECTRIC FAR FIELDS OF THE
SPERRY RAND TEM HORN ANTENNA UTILIZING

THE CHERNOUSOV METHOD

B.1 INTRODUCTION

This appendix presents a detalled mathematical derivation of
the electric far fields of the TEM horn antenna, shown in Figure B.i,
first studied experimentally by Susman and lamensdorf (1970,1971).
This TEM horn consists of two perfectly conducting circular sectors of
angle ¢$ and radius T separated by a small gap at the apex and by a
distance 2h at r* = L. As derived in Appendix A, the eguatlon used

to determine the electric far flelds is ~o =
(e ls

_ OB T )
ErD= T x§ ré r ]
‘7[?: x[n X j(r‘s T—" Lﬁ)]j}&s] (B-1)

The various quantities used in (B-1) ares

g the vector from the origin to the surface element ds,

r
AN
n, ths outward snormal to ds, .

r, the vector from the origin to the observation point,
T, the retarded time, defined by T w ¢ - r/v,
£%, the unit vector in the ¥ direction,

v, the velocity of propagation in the mediun, and
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™Y

ﬂ-%a =X

2z’

65% \<2; <b< °) GLQ
‘\‘
e /

\GY/IﬁF>\\ >X, X :‘* )’\{‘Y

S O ]

tarteslan source coordinates {x' .y' z'}
Spherical source coordinates (r', .¢5)
Carteslan observation coordinates {x,y,z)
Spherical observation coordinates {r,9,§)

h S

Mgure B.1

The TEM Horn Antenna
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’)’( , the impedance of the medium.
Assume that in the reglon between the two metallic wedges

.comprising the TEd horu
EED=8H00 V(e rA) 4R VEHA =37 s2)

That is, if the apex is excited by V(t), the E field within the horn
arises from a forward propagating voltage V(t - r'/v) and a reflected
voitege k V(t + r'fv - Zra/v) propagating backward from the front

aperture located at r' = T, kv is the effective voltage reflection

coefficlent determined from

_ 2l - Z,
&, = Zef) + Zo (8-3)

is the effective terminating impedance of the front aperture,

Zors

and Z_ is the characteristic impedance of the T4 horn. f(x ,(3)
i is the function which describes the taper of the E field in the tuwo
angular coordinates o¢ and (5 . Assuming that the £ and H flelds
comprise a TEY pair propagating in the free space which fills the

TEY horn,
YV S ‘/_\ (o( )I") // /” i -/ ”]
H&3t):4g%;ﬁﬁﬂﬂ%*Ehﬂ*ﬂk@V@%ﬁ%f~&fym)J (Bt

As discussed in Chapier 2, three apertures consisting of free space

are consideredi

1, a front aperture which I3 3 spherical gsector at r' = L
extending from o(GO%((&) to & :Tf~%(\’s‘) and from ,(3::*(‘30
to (3 = \3@ )

ﬂ 2. a wedge-shaped side aperture located at -\’5:@0 extonding
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from r' = 0 to r' = r_ and from X=X, to =T &5 , and
3. anvther wedge-shaped side aperture located at 63 = - Gﬁc
extending from r' = O to r* = r, and from ol = o(o to

o =TT~ o,
B.2 HADIATION FROM THE FRONI APLHTURE

Consider first the front aperture located at r* = T, The
spherical source coordinates descibing the fields at the various
apertures are (r',O(,(':" ). The sphericel observation coordinates

describing the radiated fields are (r,9,§). At the front aperture

A A4 , FaN , , A A
" = V—:AIMOCCoﬂ@X'\*MO(M(SW H4- G o< (3-5)
Fe_n ‘ B - A A
r=r =am GCGQ¢X~§-M8M¢A3+C@8—& (8-6)
= AT, AL pa A ~
s =R M=l M&QA@X%‘MMM(&%/ A-CoacX 4 (8-7)
Therefore,
AN AL A A
MXK = 77 X = (:) (8-0)
Also,
A A y .
(3 = e (3 X v Cad (3:&\, (3-9)
\

In terms of the spherical coordinates (v,9,7).

A

—n ’ , A » N - LN i
X =2 B Caaf 1 -carafcasyy & — dund@ O (8-10
A — ’ & 4\ g . ;‘\ - o« .
"‘é’ = A 3B Y RO MMB O+ Coa el I (B-12)
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A

A -__-_COQ@?—-—A&\.GQ (8-12)
Therefore,

A , N A ! w3

@ :_MGA;G%/@V~M~@C¢QGQQ¢6—*_MGM¢¢ (B-13)

+QQ@A&6M¢/V\W(5®W§+“’°€ C"oﬁ% |

From (3'13)0

co R A ) A
e

~A~‘~(3A;~¢ é—t-m(smemgg% - c«c@ o @ é
Also,

— A /\ AN
!_r“’x [:47\ X ({D = x(=x) | (B-15)
In terms of cariesian coordinates (x,y,z),

N A , A . ~ i
& = mxm@x%-mxmpﬁk—ux%xtz (B-16)

Using (B-10), (3-11), and (3-12) in (B-16),

&
— Ca<3c><c‘aﬂ(3 dun Ocgv & ~ LS b caeﬁwgfé
T 0N Eafd dns ?5 T A (3 am B A v
+<:,Qo<.4~i\;\‘scdo@,aﬁwgé -+ Cgaed uw\i« T Gl ;‘f

. A ¢ , . A
=l Caa® -l ol a3 A \3-17)

The next quantity shich must be found is

bl g




. B e .
l i . ety B .
B

[ B =[x

- Using (B-17),

o x[PxRA=E]] ]
= mxmpf’@@c’mp’g
— £ c:at3€3-*>¢;b;3'§%
+ G 0<1A¢év\,(5 Clr<3€54¢&:mV§Zf2§
007 wn f3 cddgj;%

\ A

Fdin sl 4 & O

From (8-2), at the front aperture at r' = r_,

o) = AL AN -

Also, from (8-4) at the front aperture,

g%wﬁ{r \}'::'Q%Q\ @ { ﬁ’i\\fﬁk" \‘\/U’)

from {3-9) and (J-?)

Lfﬂ * \55) ‘uvi£u§x¢s\<«{r“ FA~,hx& ;§<k¢§363

4Nﬁm§

" A & Aim, € 3/&5"\» EJRTRLWT,
i

g0 @)

(B-18)

(8~19)

(B-20)

{3~21)

(3-22)




Define .

\/ ‘A JQ [ Qq/&"’+‘<;iflij§é>gwﬁﬁ£]

(B-23)
AT -/ + (C2R ) |
Also, at the front aperture
&A3ZVEFJQLKJ£(&@ (B-2h)

Using (B-14), (B-19), (B-20), (B-21), and (B-23) in (B-1), rEefront(f,t)

and rE¢front(r,t) may be written as follows,

FE@M(F)JB
TT=o( 5 )
(Q‘ﬁ){iﬂ zumzfrﬂ fM(wa@(«O\/ cﬁo(&@
8, .;22@0’ o«
+ +kv>%g1]?ﬂ£mx%( >@\/ dudp

‘ oo (@

+Omﬁ0 eng <@wwwM@$N&dG
Bo *‘Or( {-@( )

+ @fi ~4§\,> oo Amng Ju«(&@ao«.wg(« (3\\{l (Qc«oQG

o p 1T~ ()
+<‘“‘£V>M?J@=(sfo<o<@ 4 @M"“&@} o
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T S P

TE@M(Y’}&\)
! : 8 T Xo(@
| — (%) {QH&O@O@@MI A*?Ggmoc%(o( @\/ dlo(&(i
_@o 0
A S T— D(o\
~ (1 thyjcot 82 g Coﬂﬁmmo(g(o( 33\1(&0(31(3
._[50 L (@)

(\ Mgff fn* o)

ﬁmcxm A0 OV ded 8
Lo(0)

T‘ D(o( ‘5 FI

“,k Q;—Q(?‘ J Ca\’)o(m \NO\,QV@VAA& (B-26)
oo (sx

The functions (4((3) and @o are discussed in the fourth section of

g

this appendix.
8.3 RADIATION FROM THE WEDGE-SHAFKD SIDE APERTURES

Consider now the two wedge-shaped slde apertures, Let them
be designated by the subscripts 1 and 2 respectively. The wedge
1 located at (5:(50 {s a surface of constant (3 with
| A A .
mn, = (3,0 (8-27)

The second wedge located at (3“-:-—(30 {s a surface of =onstant @ with

14

o s -
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A AY
« Ny = — @o (B-28)
Also,
3
—_— A
» 5= r/ MNC«)FOQ -i*.AA,r\«MAéwGo/\/‘\X’f“CoGOC 7:] (B-29)

h; and

A
o~ ! , A , ’ A
= — B~30
(5= ladncas 3% ’Mxmﬁowﬂ—mo(%:} (8-30)
From (B-2), at the first wedge aperture W,

N2 It

and
A
I B KB .
H wl(ﬁ;’ H= b J;Lgk}‘fgﬁ&(ﬁ - (%f 3 “&\N(ﬂ*% lr‘%;)] (8-32)
Several cross products must now be determined.
; A A A A —
. n X, = @oXo(\ = — Vs, (8-33)
1 where
A\ .
!”S‘ = AT (5=34)
\
| XX By = fox (B (8-35)
X3 = BoX B, = O

Therefore, to find the far {iold radlation due to the first wedge-
'_:.O' AN -
shaped aide aperture, “l‘lj? XEE}XC(;:}_J musnt be_dcturmincf. In

terms of cartesian coordinates (x,¥,z),
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A ’ A ’ ’, A AN
— (5, = —anX@AfoX —omaidm (W~ Crded 2 (B-36)

A
Using (B-36), (B-10), (B-11), and (B-iZ).—t’é‘ nay be written as
AN , . A
— (5, 7 —AwmX God Go A O caa @
. A
'*/Amxc‘m(éo CaB oo O
- P AN
+,AM«,DCC0'<3<30 A ¢¢
I'd s - r /\
anad i (b MO 2 B
, , A
—,wxm@om PN 1=t
’ ’ A
A.MMKEO Ccﬂgﬁ g
A , A
e Ca0 O TG X o © O (8-37)
Therefore,
— A A . A A
. LA
= — il K030 o B oo @ S
s - A
— A K Cod o A FO
. . . A
_..,AAM.D(MFQQ‘QOMQ';/ﬁ
. ¢ AN
-+ MO(AM«.GO Cd\‘\..}”_/f o

. A
t- oot o O @ (3-38)
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From (B-6) and (B-29),
T:c:fif\===<?¢E&Lo<<;rc(3<,xxJL~€9ckr<>ﬁ5
2l s (3o 4n© £ (R Cs8) T/ (8-39)
Define
ié_&ﬂir—r%v—+j:§§q
A T- /v + f‘—".:——l-r?]
+-ky W+ A —ani = = (8-40)

T/ —araA +T 0]

At the wedge aperture Ul

cQAw.‘ — ' dr‘de (B-41)

stné (B=31), (B-38), and (B-40) in (B-1), rngl(f.t) and TEg (r,t)
1

may be written as follows.

MEow, G

Tr-Xo

— (t;i%{"l{ggdw'gyceﬁa<§ lf (jfdl*ﬂ'o( (\ ﬁi)\ﬁlch‘éﬁo<

— Co9 o f j M«Q,,(oz @vl&r&x} (5-2)

C)




|
{
{ FrEgw, (1)

Tr=t¢q
- = (—L—\%mécm¢@o(3f meQ(K BN Ardex
-{-500 .4l B ain @Tj:?f 4 (3)\/&&’&&

—40n G f f oo B N dr &x} (B-43)

The function &(, 1is discussed in the fourth section of this appendix.

Consider now the second wedge aperture, W,. From (B-2),

| Euuy(F )= S Nk W3 ] s
Also, from (B-4),

i Hup G )= ?A-’Q,—L—@-{‘{"i‘ VG-V 7735 | o

Again, several cross products must rncv be found.

A A AA A
MY XXKa = ~(BoXely = Ty (3-46)
J where
i ﬁ -
kSl = -Ls—-ﬂ- (B-47)
rOl
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A A AA
Y\.lxﬁl = ~@o>< (30 = O (B-48)

Therefore, to find the far field radlation due to the second wedge

aperture, wz, [-Fox(?l\ &XO?Q] must be determined. In terms of

cartesian coordinates (x,y,2),
A , A LA A
(53 =Am&cowfy X —ainXsinfBorh + co0X Z (B-49)
Using (B-10), (B~11), and (B-12) in (B-49), 12 may be written as
A 2
. . A . A
= Aim oo Bo 4im Ot P T aunX o 300 cosf ©
’ 4 /\ ’ ’ , - /\
~ b Cod o AP F— i b (36 2O amg I
’ s ’ ’ , A
—Lan (X AAM.@OQQQM¢§ ~MM@0 o0 P
A . A\
F oK €00 B 7 — CrdX Bln O & (B-50)
0 A A A 7y
[Fox{mx )= F x T,
. A . , : A
= A ¥ Cod ﬁouﬂecoo;a ) +,<w\p<c¢m(30 MQ &
P . . A . . A
- Aw\of&tﬁacoﬂémn¢¢+w&o(wxiﬁo AP O

£ A *
— )X A B P (#-51)
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From (B-6) and (B-30),

e

°‘r5& = (MMC«Q@OMG cod g

Bl

—ainX oan B bin O ain @+ codXcoa B) T/ (B-22)

Define

av[T-r/Ar + 55
Y T + T -
+hy VLT + r/ar —ar et At (5-53)
AT+ =2+ T2
o~

At the wedge aperture Hz,

&5\«/1 = {"/&(‘/ip( (B-54)

——

Also, from considerations of symmetry

??@’ ) (3() = ’g-'((’(/"‘@o\ (3-55)

Using (B-44), (B-51), and (B-53) in (3-2), rEGwz(f,t) and rEg (r,t)
: 2

may be written as follows.
r »' = -
( Ul ) g e
'ﬂ'-l\o

“COO{?MPJ ﬁmmé}(m (ﬂ\/ dr cQo\j

(B~56)
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oy

VE¢WQ\(Y~=)¢3

T, (o
= (—‘L%—T’“l{—m O Crogiion (%f ainot Jo0 BN drdc
Ko O
=5

'
+co0.singising Jlimsc i, BV A
o O

Tr‘ Mo

1
- n @f f&rﬁ o(@(og R.) \/\{&r’cﬂ& (8-57)
Xg <

The function 0(0 is discussed in the following section of this appendix.
0.4 TIMITS OF INTEGRATION

The purpose of this section is to determine the limits of
integration 0(0(@ , (30 » and C_ in terms of the easily measured TEM
horn parameters ¢o and O _ shown in Figure B.1. Consider now the
coordinate systems shown in Flgure 3.2. The x"y"z" system is a
right-handed cartesian system. The ‘'y'z' system is alsu a right-
handed cartesisn system obtained by rotating the x"y"z" system through

a clockwise angle Ef from the 2" axis in the x“z" plane,

X! = oM = OPcoa(¥+%) (3-58)
7 = ON'= 0P uim (¥+5) (9-59)

w8

P Y



)Y”E”)

Flgure 8.2

Coordinate Syctems to Determine the Limits of Integration
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Therefore,

X/ = OP ot cod¥ = OP4in G aim ¥ (B-60)
Z'= 0P oo §.ain ¥+ 0Psin S con ¥ (B-61)

But
X" = OMN: OP coa & (B-62)

and
Z"=0oN" = oPain$ (8-63)

Therefore, the coordinate transformations may be written as

x| koo¥ —sin¥\[x"

——

2 AnY  coo¥ [\2”
-' (B-64)

The inverse coordinate transformations are given by

/X“\E /coo?f o /[x"\

| f

'\E”j Y cgo¥ \E]

(8-65)

Conslder one wedge of the TEN horn lylang ia the x"y" plane and sya-
metric about the x” axis. The equation of the clrcle describving the

outer edge of this wedge of the TEMN horn in double-primed coordinates

150

eyl

oy




L

is given by
" /& 2
X +y4 =Ta (B-66)

Using coordinate transformations (B-65), (B-66) may be expressed as

1

4 ‘., .
X/ co«.\"X'i“l\(/%M‘(cm\o’ —\-EE’:LMQ“Y‘%/\# = r‘af‘ (3-67)

But on the surface of the sphere including the front aperture located

at r' = L

X' = 1 Ao (B68)
«,3/[ = QWM(& (B~69)
%{ - r.a, Cord X (B-70)

In order to determine O(C(e\.o( as a function of ﬁ and ¥ must be

found. Using (B-68), (B-69), and (B-70) in (8-67),
. a 2 a .

rq,lAAm_ O'(CNQ@'CG'Q ¥t ;}.ra,m‘)(wﬁo\’wﬁ(im\é 2

A, ek, o R . ,
+ Vo, coo o LY - E.ffm o\,amf(:’: = Ta (3=71)
After several manipulations utllizlns the identivy sinzx + coszx = 1,
(8~71) reduces to

' , 4
(M.o(cma@m‘é* cadamrwa@ = O C(8-72)

or

Pl haah u’r <
ol “::Mt(.._@z'( ¥ “\l ’ (5-73;

o {:‘;




In polar coordinates 15 the double-primed coordinate ;ystem,
X" = r2cd’s  ew
Also,
q,é, 4,3, MNM@ (3-75)
Therefore, using (B-74) and (3-75) in (B-66)
cro® B+ sl xain B = | (5-76)
From (8-72),
AQJ;V\QZXC — _C:c;gj;lzf
o B+t Y - (&77)

Substituting (B-77) in (3-76),

e

|
1@"‘(= L,o;t ‘ 9\ —_— { L
Cad { (3 -—' (38-78)
(Caﬂp‘/i + A YY)
1 Solving (o5-78) for c052(3.
A L
N A
(‘ | o (L oo™ @™ (8-79)
* erb
Considering ﬁ3 to be a positive angle between O and [V,
! _ @w .
A = = o ““'%;::::'.‘;“~ - i
i ! { "-sVOG‘!
‘ 1 / (- i Tig “o") “Y + '
oAy :
§ J
Finally, 0 is found as & funcilon of §#* ang‘y'. from (2-73),
. : -2\ ,sl."’
— i - o
YL 456—'-. | — col ol ™Y {a-81)




.

Uaing (B=-81) in (B-76),
A , L a4 2
oo & +pim o (1= ) = | (5-82)

Solving (B-82) for coszo(,
2 @’N

Coatod = T‘.}:“Cg‘p“:f':zg,‘“"‘ (B-83)
Therefore,

!/

o= oS mg’y— (3-84)
[ 4™y

Referring to Figures B.1 ané B.2, at the upper wedge of the TEM hormn,

Y = % — 6, (3-55)

The limits of integratie. DQQQQ, @b' ande( may then be written as
i

follows. Using (8-85) ta (3-73),

-

e = lam © L
CKQ;<(S) :::Eanaw "iiZé;Féz" (3-08)

Referving agaln to Flgures 3.1 and 3.2, the limit of ¥" is 30/2.

“herefore, using \:#+%9) in {(4-204,

‘r' . /‘ . ﬂt
i - % )
o eedPerd)
(_’30 = R 4*.___ Li-87)
! ) R 3 i
; S Y Ak ‘\Lﬂaai)) g
§ i R W S
L ey e -
and, using (3-u5) da (B-dkj,
R . s PPN )
. “‘tf . (’4;7’(3&{.};‘5/ ~ ! T et
xo == & 4—“5:'::«:;. AP ‘:‘.;; (e
H F wh, oy
\jj : *?yi-ﬂ.ﬁ\. {ﬁo ;
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B.5 SUMMARY

The total electric far fields of the TEM horn are due to the
sum of the radiation from the front aperture and the wedge-shaped side
apertures. The theta component is the sum of (B-25), (B-42), and (B-56).

Therefore,

ME o (7 %)

T~ o, (8

:(%WLJ) (H*Ji VAl &8 fmﬁmx%lo(p\\/l&x&@

T Mazo\ )
Jr*( cmgl j f (Ggmxg’(x BV, /JEMQG

fo AT %(@)
Hi~ k) eooweg] Fm@mwxgd W ucd
o Juta()
T-o(o(,(s\ |
i Yeooaing Jinfescuinscli b
O(o(@)
fGO - 0@(@) *j
_}_([m,&\/}M@ aim 045(5\ n/\/ A d dp '
{3 o 5 ( ?A _
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PP-o”

d&\{mgacao@j jMx%(o(@ YW, drde

Q

T,
— Cas g din B f f Mx%,(o{,@owg&v/&x}
<

\/ﬁtmdm@f fmoog/(o( B, W’J\r e

V' V', and VB‘ are given by (B-23), (B-40), and (B- -53) respectlvely

The llmitso(o(@ and (3, are given by (B-86) and (B-b7) respectively.

The phi component is the sum of (3-26), (B-h3), and (3-57). Therefore,

(A0 ((3“” o
VQJL;;\/‘(}-F‘Q{V\(OQ@QGQQS;: FAWL(&M()(QS(O( B}V ‘OQ)@
HTr Ya Jx (@

—~ (14 k) o0 Qv p} | Coa 3 Q{oc’ @N doch
. [Q‘OU&}
{ L),P\\ C‘o\v\
”‘(\’“‘,&}{\D Mo C‘) ‘!: j;('mX( Y ARNREVIRA & '\\ 3) \“ J\\‘&O\\

had B \j“ O l)\
RPN R
M- L A
3%\\ ‘;/3 ] {[«AW\ (‘KLJ‘Q(\ Au.«“ x(\ QB\[\ C..\/,’X{‘é >
v J 2\ v
(0 F{ [ ’\ _J
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HTT J, I
} TT-%O Ma
i 4+ Ccﬁew¢mﬁo‘£[ :[,MM&&)QQ\/SNCQV"&L
M=%
— eﬂ fmx%(&)éowa/\ e e }
| g @} —_— -
-‘,—(%@tmemgfc&@%ﬁ; Joimspahes

r +cocemgm(5j ﬂmM%(d 3N Cdeidx

Tr—oq

s 6 ﬁ f oc h o<, BN &f‘/&&} (3-90)

The limit o, is given py (8-88).




Appendix C

DERIVATION OF THE ELECTRIC FAR FIELDS OF THE
PARABOLOIL RZFLECTOR/POINT SOURCE FEED

UTII.IZING THE CHSRNOUSOV METHOD
2.1 INTRODUCTION

In this appendix, the Chernousov (1965) formulation is used to
derive the transient electric far fields of a parabolold reflector fed
by a transient TEM spherical-wave point source located at the focus of
the paraboloid., The reflectcr is assumed to de perfectly conducting,

to be in the far field of the feed, and to be sufficiently smooth to

! allow application of the plane wave boundary conditions at the reflector
surface.

The geometrical optics approximation is invoked to allow a
one-to-one, point-to-point transformation of the fields emanating from
the focus to the filelds at the exit aperture. The electric far fields
1 of the paraboloid reflector/point uu wce system are then formulated in
terms of the flelds existing at the exit aperture,

* Four coordinate systems are used in the derivatioa. These

| systems are shown in Figure C.1l. To describe the relation of the
point source feed pattern to the reflector surtace, a cartesian
coordinate system x,y,z and a spherical syster (l’ﬁﬂ t are used. The

_ ﬁ : focus of the paraboloid, 0, is located at the origln of the cartesian

15?7




D = exit aperture diameter
M = observation point
OF » f =» £¢r-1 lenath
2 = center of exit aperture
¥ = half-angular aperture
B -9

Figure (.1

Geometry for the laraboloid Heflector/ioint Source Feed




N

system, and the z-axis is the axis of revolution of the paraboloid. To
describe the observation point in the far field of the antenna systenm,
a spherical coordinate system R,0,f is used. The origin of this system
is at the origin of the x,y,2 system. To describe the distribution
of fields over the exit aperture, a polar system r, %,z 15 used., The
r.?ﬁ plane is parallel to the x,y plane, and the origin 1s located at
the focus of the paraboloid.,
C.2 THE GENERAL FORM OF THE FAR FIELDS ARISING
FROM THE POINT SOUZCE AT THE FOCUS

Assume that at the focus of the paraboloid, located at O, there
exists a spherical-wave point source described by the following radiated
T and K flelds. It is assumed that the paraboloid reflector is in the
far field of the point source. That is, the E-f1eld componeants of the

radiation from the point source may be desciibed as

= ayy — Vi (/\P) ? 3 ‘93) {\I)

ey 6 (c-1)
and
. N A
e / £} {“ e - b
b I \!,.9\;\\‘ ,2.,_(0,." l_wﬁ, T (c-2)

(P,'\P, T2) are tae spherical coordinates discussed in Section C.i. vy
and V, are general functions of \{ﬂ.g. and t. ﬁ\y and §f§ are the
E-fleld components of TEM waves propagiting in the écuxnctlon.
Tharefore,

AN

£

M = A B -
{ YL(‘) 2 (c .3)

~i
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and

A
. \/GL C’\'P) E)‘fb ’\{} (C-u)

quiy == ,Tl-(s

where7lis the impedance of the medium.

Functions Vi and V2 may apply to any feed for the paraboloid
reflector which 1s approximated by a transient (or cw) spherical-wave

point source located at the focus.

C.3 GENERAL GEOMETRICAL PROPERTIES
OF THE PARABOLOID REFLECTGR

The vertex of the paraboloid is located at (x,7,2) = (0,0,F)s
The axis of revolution of the paraboloid is the z~axis. The equatlion

of the paraboloid is
ol _—
X J”?{& = 450§ 2 (c-5)

as given in Collin and Zucker (1969139).

With respect to the spherical source coordinate system,

X = \’DM’\P cod & (c-6)
ki - i T o (c-?)
& = (3 Coa W (c~8)

Substituting (C-6), (C-7), and (c-t) into (C-5},

(3 = ;1“5; {¢-9)

- —————

| + caa ¥
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M

(C~9) is also given in Collin and Zucker (1969:139). However,

X
l+C§Qw = Cogd /:%-_ (c-10)
Therefore,
P~
= Sa0c % (c-1)

A
To determine the unit normal to the paraboloid surface, np, in the
spherical (3(?3?’ system, the gradient of the equation of the surface

is taken and then properly normalized, For a scalar function g,

R IR L o % T .
(% Y% <J+(’wa+<umw Y 3 (c-12)

Therefore,
V[§ — Peod” 2]
= codi(Y)p + SR B bam YLV e
R e A T s

() o
2N
IVKS“O&N \P — C'c*ﬂ*““\i‘( (c-15)
Therefore,
A 7i§ (‘)Cd“ \iJ
Mp = e 22 (c-16)
Cod ¥
L

Substituting {(C-13) into (C-16),
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A , A
’YL‘:: = — Caézg:@ +,ML/_\P:’\V (c-17)

(C-17) is also given in Collin and Zucker (1969:39).
To determine the relationship between the focal length f, the
-

exit aperture diameter D, and the half-angular aperture .\.f, eG :ation

(C-11) is used., The various quantitles used in this derivation are

W indicated in Figure C.1. At the edge of the reflector,
‘ —_D
A - QGO (Cc-18)
From (C-11), %
AL .
k CoQ ¥ _&_ A
-é_‘ — G (b’lg)
o
1 fFrom (C-18).
| QanY -
—— T T (€-20)
(o b
{
Therefore, substituting (C-20) into {(c-19),
d T 7 - 5
Cerd -5»: puna 3‘5‘5«,,&1/1’13& (2-21)
' 1
Solving (¢-21) for cosl, }
AN
C I 1\@(&’2‘1[)\ i l
(J’G - == «:.4" v‘;!-'wrj :a,,r-,ﬁ;-w ('(‘-22\
. |6 e8/0) o <
Ty (3, and several trigonozetric functions of Yare also deteralned
in terns of the exit aperture coordinates r.fr; y2e
e - §
X"+ Yo = ¥ (c-23)
{
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When z = zo,

L X
r=(3) =5

Substituting (C-23) and (C-24) into (C-5),

-~

_Si ~ L[f-(& -—Zo}

Py
. plie (/D) 1
0 6(5/D)
Substituting {C-23) into (C-5) and solving for z,
_ ol
==5" 55
But
EQ = 74+ rd

Y =

Ustng (C-27) and (C-29) in (C-30),

(c-24)

(c-25)

(c-26)

(c-27)

(C-28)

(C-29)

(c-30)

(c-31)

(c-32)

ety




Using (C~29) in (C-31),

-

,#5i4"v’\y — ~ad
S+

To determine sinég and coség , the trigonometric ldentities

and

are employed. Using (C-35) in (C-32),

Using (C-34) in (C-32),

2

-~ -
5 T A TTERA
* g

C.L  THE ELECTRIC FAR FIgLDS Q¥ THZ
PARABOLOID REFLESTOA/FOINT SOURCE

W TERAM3 OF THE FIELIS
AT THE EXIDT APERTURE

(c-33)

(C=34)

(C~35)

(Cc-36)

(c-37)

The derivation in this se-130, wtlilzes four assuaptlons,

1. The reflected {lelds at the parabvolold surface are found by

applying plane wave haundary Conditions.

2. The geomeirical optics appreiiasiton 12 invoked to afford

3 one-to~one, point-to~point tians orzation hotueen the

fields at the parabolold surface &nd the fields =t the exit

aperture.
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A

3. The Chernousov formulation requires a closed surface Sa' In
keeping with common practice, Sa is taken as a plane con-
taining the exit aperture and closed at infinity, and the
fields over the non-aperture part of the plane are taken as
approximately zero (Ramo and Whinnery, 19563530,532).

L, Bdge effects at the exit aperture are not considered.

The plane wave boundary conditlions for the electric fields at the

paraboloid surface are

A N A e\
ny X e, oo xe (c-38)
ard
NN AN
npe e. = npo fy (C-39)
where é} and é; are unit vectors in the directlion of the incident and

A
reflected electric flelds respectively. np is the unit vector normal
to the paraboloid. Using (C-1) and (C-2), the incldent electric fleld

at the paraboloid surface, £,, may be written as

E,.
£ =Y WEL-DL  vahE -8 ¢ (c-40)
e ¢ )

FaN
The unit vector, np. norzal to the parabolold is

A 3N . ) A
’ﬂf’?—t — o H; 2l A, N ’\(‘ (C-01)
Qo

fros (C-38), {(C-80), and (S-k1),




’Y]_P E '\V \/1(’\*) ; ﬁ. {i‘) (C-43)

First, the reflected E and H flelds at the exit aperture are

—

A AT
found. Consider the expressions for r.p X Er and np- Er‘ From (C-42),

N _\, 2
Mp X Er _—(S—CGQ—Q— =

YO Na a5
CGG & \o M a‘ \ - ’
From (C-43),

NoE N Y e
rLP’hF e _—F—M_l (C=55)

Describing the reflected electric fleld Er in terms of normal and

tangential components,
joind A - A By e /\ .
Er:(ﬂ?'EA“P*—(’ﬂPX EQX’V\P (C-tb)

Jtilizing (C-k1),

A Vi ;A ‘ N
/ — Y § Y : d 2% ,
L’ﬂ- Er)ﬂp__.— ‘-c--,'lk%\ e C{;Q.: () ~4- “"“L‘,, X 1\‘) (Cmet)
f 4 2 e
and
£ A ) A \/‘. ) ;2 a‘.i; A .\[ ..é} AL A
\A'\ X t;r) i Poas Tyt i - Y |- Ap.x- . Cad {’ et
_ Va R g 2 Na oo Ay ey
(3 Lax '”;L' - () = abASE v& g_ et )
Therefore, employing the trigonozetric identitlan
~ ? . . . .
°4~'ﬁmn Coo Y. = =Y (g

@!—, L\
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and

AT -
[@e)\ i—,AWL —:‘):-—-COQ’\‘) (050)

— NV, . oAV 5 Va D
Er:_-__(;._mw@— oMY~ 75"—1- = (c-51)

To find the reflected electric fleld at the exit aperture, ErA'
the geometrical cpiics approximation is applied. Since all of the
reflected rays from the paraboloid surface are parallel, the field
intensity remains constant in magnitude between the paraboloid surface
and the exit aperture. The geomatrical optics approximation also

implies that the reflected field at the exlt aperture can have no'%

component. Utilizing the vector identities

A A .- A
f) :M«ym;x-;-,@,ﬂm;%,+(m’\¥% (C~52)

A ) A
V = cooYeae EXF oo Vo EA ~ain W2 (e53)

[5 may be written as

I 0
Mya - JRRAN LHA . -y —
—— kDX ey o e MY 3 R
Fa GOS0 5o ;\.J (& ] 1 Au, & J
t
Vaa 2 ‘
——— -;«.5.':5 }"_" (C‘Sﬁ‘“)

[ e 1
¥,, and ¥V,
1A A

. are the functions vl and V, respectively, evalustad &t the
&
exit apertura. But in the exit aperture courdisates r,¥ .z,

%,

LA ,
4

N
M= e X ramE A

LY
e
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Therefore,

—‘—(;\ - - (., ?1 (c-56)

To determine the reflected magnetic fi.ld ai the exit aperturs, HrA,

the condition

H = ;—7{*—‘: ] \C-57)

_
is employed. (0-57) simply states that EfA a-+ §¥A comprise a TEM

A
pair propagating in the -z direction, Substituting (C-56) into (C-57),

HrA may be written as

A
A {C-58)

To complete the Chernousov (1965) form:iaticn in terms of E

TA
and H_, over the exit aperture in the coordinates r.?f,z, Vy, aad Vo,
must be found. Using (C-29) in (C-3%,

:ff == | (C-59)
o0 L T -
CSi e ’
L FEE
Using (C~29) in (C-3¢€), N
ay T
A B (c-60)
© %;f\ 4 \(T?fjw <
< u"'S'l“J
Employing the geometrical optics approximation, V1A is the same as Vi

if the time retardation from the focus to the exit aperture is taken

into account. Also, V2A nas the same relatlonship to Vv The time

2"
retardation from the focus to the exit aperture is the length of the

optical path divided by v, the velocity of _.copagation in the medium.
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By inspection of Figure C.1,

- S - Z,
Optica.\ll.E_tl’. - @ -+ E: vz" = A + 5o (c-61)

Substituting (C-26) into (C-61),

optical path _ 3 +g[m

|1 STel/D M+ | P
> - \é(}/D\J_W[ (c-62)

16 (4/ D3

Therefore, _
Te($/D)* + |
{ ﬁ B Tr_l_ 16(§/D)2 J}

. 5 NelE/A) ) X
— \/l{j\% ) - U [ ‘\YQ\S/D)'l J (0-63)
- J

and

f“ S/ + |
\/9\,3\1 —ﬁ‘ Up (6 (5/0)> 11,
5

:Vs&&)?ﬁ)ﬁ 3 Eﬂw;}ﬁi ]L (C-68)

7he relationship between Y and r in terms of f ie given by (C-32).

Consider the Chernousov far field formulation of the fields

over the exit aperture in terms of the spherical observation coordinates

(o

Ex§ﬁ::_ﬁﬁﬁ %RWMA~§- j&g

This equation is of the same form as equation (A-102) on the last page

of Appendix A, The various quantitles involved in (c-65) ares
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ds, the differential surface element of the exit aperture,
E,,, the reflected E field evaluated at the exit aperture,
H_,, the reflected H field evaluated at the exit aperture,
';1\, the unit vector outward from the exit aperture,

R, the unit vector in the R direction,

SA, the surface of the exit aperture,

v, the velocity of propagation in the medium, and

'rl, the impedance of the medium.

The open surface of the exit aperture, S , is taken as an

A,
approximation tc the closed surface Sa required by the Chernousov
formulation. This is because edge effects are not considered, and
because the flelds over the remainder of the closed surface are

considered to be negligible, T =t - {(i/v), and ES is given by (C-77).

Since neither (3 Y ? nor r ; z are functions of time,

BE(-A___ DEra (TS , L+ 8“%‘“

== (c-66)
¢ E’\"T*&--——R\;“)
From (0'56)0
OFrA Vit Vap
LY e Y‘ — e : (C‘é?)
Tt
e (/00 1), RTE
- G + .
V= Wu{r“ﬁT ’\f[ ets/0)? } ”S} (c-68)
~ A{Tﬁ_ﬁ_ggmitt 7 Ef_}
i AL TelpE T A
e S els/O) 3F}
\/ ()\/;L{r? [ J _ 1eU5/DYE }” NV (cg9)
i g{—[—_ S [lels /M1 }

AS {G(S/DY*
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From (C-58),

s / /\ / A
E{HLA _ Via £ — VaA (c-70)
oX M [ U
Let
BE\H/‘\ A.\ =’ -
.._ﬁ;, (o EA (c=71)
and
Ot A H. (c-72)
2 A
ﬁ; and ﬁ; are easily found in terms of the exit aperture
coordinates r, &,z by the use of (C-29) ia (C-67) and (C-70).
dEra /\ =/ ViA A \/ai 2\
S Q A= §D—+ TR r— —r‘-\’"_%';r“‘ ? (¢-73)
m A5 A ﬁ*’wg’—u A
/N Fro  Ma g NAA 7 ()
o ' /’Zﬂ_l + q%‘fﬁ] mtg |+ S

The surface element ds at the exit aperture is

ds =rdrdzg (c-75)

The unit vector in the R direction, 59 is given by

) ) ) A A .
R = —E— = AN Bc @ X +M9Am¢'{%+@‘6@% (c-76)

The vector ES from the origin to the exit aperture surface element ds is
—_— A A
5 =22+ U (c=77)

But

i71




A A LA
= Coo £ XTaln g (c-78)
Therefore,
— - j} o A ‘ A
(5 = 2,2+ TcoogX + Namnzy (C=79)
and

R e 15 = r(coot 4in © cooBtan Ehin 6.ain g ) 2, Ca90 (0-80)

0 AL =Y ana oanl oz A T R
(R EL L s MIRXIR X AX HA ]

must now be determi.cd., From ((-67) and (C-71),

-h/ / A / /\
PEa=—Vialm —Vau & (c-80)
The unit vector'ﬁ normal to the exit aperiure is _Q, Therefore,
A —/ CAN /A N
NXPEy = ViaE —Vaar R
But
A A . A
7 = Co g X4 ding (0-33)
/*\-' < i A , . l\ ? \
BN EX Feeog g Bal
Also,
A . A A . A
X =.an 6 cou @ K+ Cad0Cad@ 6 —aun @ & (c-85)
A . , A : A A
%:M@AML@’ R +Coo8 B E + caod @ (c-86)
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- e mdeprcas

A

A ) A
Z = CoaB R-am 6O (c-87)

Substituting (C-83), (C-84), (C-85), (C-86), and (C-87) into (C-82),
—[Rox[ A xp EA]] )
:\/(AMEcaoeca?g@
+ Vi Aln Eain @S
) A
— V/a coo £ o O g
A
4+ Via o0 & coud ©
A
+ Vi cow € coO @ I
Coy . A
+ VAA Cod A @& O
/ . 7 A
+Vaa i E cod 6.0n B &
T 5 A (c-88)

Also,
:'"‘,-'\ —/ . N N ’ /§
/Y(L_/YL x () H/\ B - \/'sf\ . JV \/:‘I\ ; (C-’dg'\

Substituting (3-83), (c-84), (C-85), (G-u6), and (2-87) into (C-89),

1’"() - 5o /E’_‘/\‘ A \ ’
MR X ROx I x pHA R
/ . . A
—_ ~-\/(AC()'Q;WQ@(C‘”QV5 )

, ) A,
4 Via co0 g A g 2

/ C R Uy o)’/\-

— V[pa A & (ol .M P26
/ . - <4
~~\/,,z\‘/AA/\fL‘g_.C«c20¢§5

N

4, \/;{AM?(QQ@C‘(?\":VJO
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/ ’ ,
“VQAM§M¢8
—V&AmgcaoeMQSé\
—Vap Cn Ecoo @ P (c-90)

Let

®=T-06 (c-91)

This notation is used for consistency with engineering practice since
@) = 0 is the boresight direction for the antenna system and C} = ([
is the backfire direction for the antenna system,
Using (C-29), (c-88), and (C-90), the Chernousov expressions
for the electric far fields of the paraboloid reflector/point source

feed system may be written in the spherical observation coordinates

RX9,¢ as

RE (R, 1)
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and

RE (R, 1)

an /2
Viasin & rdrdE

r
‘*“U‘ac STUS (Hw@)mﬁ.ﬁf (I ry/qs2)

D/Q
Vi m;r‘é}rcﬂg
+({+m®m¢ff ey s

D/;l
VIACGAET \‘JZE
+co<3@coogﬂ;j (it ra/asD

0/
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([4c508) M,@jff S v (¢-93)

are given by (C-68) and (C-69) respectively.

V1A and V2A

Fquations (C~92) and (C-93) are not restricted to the TEM horn feed,

They apply to any feed which may be approximated by & transient (or cw)

TEM spherical-wave point source located at the focus of the paraboloid,
Using (C-26) and (C-91) 1n (C-80), (K%Z )/v may be written in

spherical observation coordinates R,@a,ﬁ as

RO _ © (onM@CoQQ—F.MVEM@Mﬁ}

T W
[ Ié({%g/o —Jcos® (c-4)

P




The time arguments of viA and VéA as glven by (C-68) and (C-69) may then
be written as
TS [ED + 11| BR
v CGmT T w
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Appendix D

DESCRIPTION AND LISTING OF THE FORTRAN PROGRAMS

TO COMPUTE THE ELECTRIC FAR FIELDS o
OF TEM HORN ANTENNAS
D.1 FROGRAM FOR GAUSSIAN EXCITATION
AT THE APEX
This section rescribes and lists the Fortran IV program which
computes the electric far fieids of the TEM horn antenna from equations
(B-89) and (B-30) as given in Section B.5. The geometry for the TEM
horn is shown in Figure B.1 on the second page of Appendix B. The
program was written for the Xerox XDS Sigma 6 digital computer (with
80k words of main memory) located at the Cook Physical Science Building
at the University of Vermont.
The prosram assumes unit gaussian excitation at the apex of

the TEM horn. That is, V(t) is given by
=)
V@) = e \? (p-1)

The mainline program establishes varlous constants and quan-
tities which are used throughout the analysis, increments the discrete
valu:zs of time at which the electric far fields ~re computed, and

computes the numerical value of (B-39) and (B-90) at the various
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discrete times, The mainline also calls several subroutines which
perform other functions.

SUBROUTINE INPUT reads the input data‘fof the program. The
first line of data read is MODE, an integer set'equal to 1, 2, or 3,
When MODE equals 1, only the theta component of the electric far
fields is computed. When MODE equals 2, only the phi component of
the electric far fields is computed. When MODE equals 3, both the
theta and phl components are computed. MODE was incorporated into
the program to conserve execution time if only the theta component
or only the phi component is desired.

The second line of data read are HEIGHT, RAINCH, PHI2D, and
WIDTH, HEIGHT is the parameter h in inches. RAINCH is the parameter
r, in inches. FHIZD is the parameter ¢0 in degrees. WIDTH is the
3-db width of the gaussian pulse ekciting the TEM horn in seconds.

The third line of data read are two integers, NDIV and NPTS.
NDIV establishes a subdivision criterion for the numerical integration
routine., For best accuracy in the numerical integration routine,
NDIV should be an even integer, at least as large as 4., lLarger valugs
may be used, depending upon limits for execution time. NPTS is an
integer determining the number of discrete values of time at which
the field components will be computed at each observation point P(8,#).
The maximum value for NFTS is 200. An approximate minimum value for
NPTS to properly characterize the electric far fields may be found

from the largest of nptsi, nptsz, and nptsj,'nhare
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/r\,PL — H0Ta

AV - (p-2)
— L{rov go |

!LP 32, TV . (D-3)

Ak 3 B
3 TV (D-4)

v is the velocity of propagation in the medium. U is related to WIDTH

|

by the relationship

ﬁtﬁ — WIDTH :
2/ ‘(D-S)
The fourth line of data read is 2EFF and ZZERO. ZCFF is the
effective terminating impedance of the front aperture of the TEM horn
in'ohms. and ZZERO is the characteristic impedance of the TEM horn in
ohms. If time domain reflocﬁometry were used t§ measure ZZERO and
the reflection coefficient kv from the front aper@ure. ZEFF could be

calculated from the relationship

REFF= 2ZERO| *_”_jiv (0-6)
. v

' The fifth and following lines of data read are the locations
of the observation points at which the electric far fields are to be
éomputed. THETAD is the parameter 6 in degrees. PHID is the para-
meter # in degrees. One observation point THETAD,PHID is read per line.
As many observation points as desired may be listed, depending upon
the time 1limits for execution. .

The following is an example input file used to execute the

promm .
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3

006.7'3'59'0, 34090E“12
8,80
283.0,50,0
90.0,0.,0
90.0,30.0
90.0,60.0
90.0,90.0
90.0,120.0
90.0,150.0
90.0,180.0

For the example shown, MODE was set equal to 3 so that both
rEg(f,t) and rE¢(f,t) were computed. The horn dimensions were h =
0.6", r, = 7.3", and §_ = 59.0°. WIDTH was 340.0 picoseconds. NDIV
was set equal to 8 and NFIS was set equal to 80. The effective
terminating impedance of the front aperture was 283.0 ohms, and the
characteristic impedance of the TEM horn was 50.0 ohms. The electric
far fields were computed at seven different observation points:
P(e,d) = (90.0°,0.0°), (90.0%,30.0°), (90.0°,60.0°), (90.0°,90.0°),
(90.0°,120.0°), (90.0°,150.0%), and (90.0°,180.0°).

The program for gaussian excitatlion with the associated Fortran
lidrary routines required approximately 10k words of memory. The
execution for the example input file required 89.7 minutes of central
processing unit time. The execution time for the program varies
directly as NPTS and directly as the number of observation points
P(0,#). Also, the execution time varies approximately as NDIVZ,

SUBROUTINE TSETUP computes the limits of integration &, and
G%, and establishes the numerical time window for the field compu-
tations., ALPHAZ is &, in radians. BETAZ is Go in radians, The low

end of the time window, TMIN, is determined from
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The high end 6f the time window, TMAX, is determined from-.
TMAX =<Q_G,/’U") T37T (0-8)

The numerical time window TMAX - TMIN was established so that execution

time would not be wasted computing many double integrals at times for

which the physical fields would be negligible with respect_to.their

maximum value,

SUBROUTINE SUBDIV establishes the subdivisions for £he numerical

[ U SN,

integration routine. NFRONT is the number of subdivisions used to
divide the alpha integration at the front aperture. NFRONT is deter-

ﬁined from
weeonT = o [| + T2 (mo20)]  ow

MFRONT is the number of subdivisions used to divide the beta integra-

tion at the front aperture. MFRONT is determined from i
MFRONT = NOW[| + 23] (0-10)

NSIDE is the number of subdivisions used to divide the alpha integra-

tion at the wedge-shaped side apertures. ﬁSIDE is determined from
NSIDE = NDIV [:I + (TT QDCO)] C (p-11)

MSIDE is the number of aubdivisions used to divide the r' integra- !

tion at the wedge-shaped side apertures. _MSIDE is determined from
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MSIDE = ND\VD-{-% (D~12)

SUBROUTINE DBLINT(G,X1,X2,Y1,Y2,N,M) computes the iterated
double integral of G(X,Y) from X1(Y) to X2(Y) and then from Y1 to
Y2 using N equal subdivisions in X2(Y) - X1(Y) and M equal subdivisions
in Y. The subroutine uses the "iterated" trapezoidal rule. For
greatest accuracy, N and M should be even integers. The trapezoidal
rule integraticn was chosen as a compromise between precision of
integration and execution time required.

PUNCPION FRONT(ALPHA,3ETA) determines tne integrand for the
front averture. In this {unction subroutine, the taper f(c(,(3) was
assumed to be unity. This assumption would affect the abscluts values
of the electric far flelds computed, It can be shown that for TEM

horns with small flare in the E-plare

4 %, o) 26, (P13)

<

Therefore, tine ahsolute value ol the flelds computed should be multi-

plied by (D-13) for horns with small ! vlane flare. For TEM horns
with arbitrary flare in the E and H planes, another form of £(al,/3)
would have to ba detersined, depending upon the geometry st the horn
in question. However, all horns which were studied numericelly did
have small E-plane flave, so that (D-13) would be the appropriate
nultiplying factor to find the absolute value of the far flelds.
FUNCTION SIBE(ALPHA,RPRIME) determines the iategrands for the

wedgo-shaped side aportures, agsin, tn this functlau'aubroutine,
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f(o(,c3o) was assumed to be unity. This assumption affects the abso-
lute value of the fields computed. The same comments as for FUNCIION
FRONT (ALPHA ,BETA ) apply.

FUNCTION ALPHA1(BETA), FUNCTION ALPHA2 (BETA), FUNCTLION
ALPHA3(BETA), and FUNCTION ALPHA4(BETA) establish the limits of
integration o(o((!),Tr" « o(@). o¢,, and TT-o(, respectively.

SUBROUTINE OUTPUT generates the numerical output of the pro-
gram. This subroutine contains sufficient Hollerith statemenis to
be self-explanatory. SUBROUTINE OUTPUT' was programmed to be able to
handle a wide range of horn dimensions, pulse uidths,.nermiuatlng
impedance, and characteristic impedaace,

A listing of the rFortiran IV program for gausslan excitation

at the apex of the TEM horn follows or the next page.
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MAIMLINE FOR THE TEM HORN TRAMNSIENT PESPONSE CONSIDERING
BOTH THE F&ONT AND WEDGE-SHAPED SIDE APERTURES
USING NUMERICAL INTEGRATION OF
GAUSSINAN EXCITATION AT THE APEX
DIMENSION RETHET(200), REPHI(Z00), TRET (200)
COMMOMN/SLCKI/SINT
COMMOM/ZBLCKEZUFRONT, MFRONT, NSIDE, MMSIDE
COMMOLI/BLCK3/TTHETZ
COMMON/SLCKA/TPRIME, ATINME, TAULRA,V, DI
COMMON/SBLCKS/SITHET, COTHET, SIPHI, COPHI
COMMON/BLCK6/THETAZ,PHIZ, ALPHAZ, BETAZ
COMMON/BLCKT? /THAK, TMIN
COMMOMN/BLCHKB/HEIGHT,RAINCH,PHIZD,WIDTH
COMMOMN/ELCKO/NDIV,NPTS
COMMQI /BLCKIO/THETAD,PHID
COMMON/BLCKI1/ZICOUNT
COMMON/BLCKI2/RETHETLREPHI, TRET
CUMMON/SLCK13/INDEXAL, IMNDEXR
COMMON/BLCK14/ANGLE, RPADFAC
COMMON/BLCKIS/ZEFF, ZZERO, REFL
COMMON/BLCK 6 /MODE
COMMOM/BLCKL7/SHETAZ,CBETA?Z
ZXTERMNAL FRONT,SIDE,ALPHALLALPHAZ2,ALPHAS, ALPHA4
ICOUNT = 0
100G  caLL 1uPrPiT
IF (THETADY 152:,1005,1005
1008 1A = RAINCH/36.3700
UV = 2.08776E+08
ﬁ ol = 3.14159
ANGLE = ASIN(HEIGHT/ZALINCH)
THETAT = (P1/2.3) - ANGLE
SARFAC = PI/IBG.O
PHIZ = RADFAC®DPHIZD
THETA = DADFASPTHATAD
) PHI = DADFATARHID
ATINE =
.“':’“&C'f'l
FACT2
RS
CHMINUS

TAL =

aooaa

14

[ £ I ]

TTHETS N

SITHEY <

COTHFT T

SIPHI = &1

COPHI = Cr!

CALL THETUP .
SBETAZ = SIM(BETAZ)
CHETAZ = COS(BETAZY:

CALL sunpiy ,
€ ROUTIME TO COMBUTE BRETHETA(NL T-3/¥) AkL/OR
C  FHEBHI(R, T-0/V2 FHROM THT CHFRIDUSSY UNPRISSION
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1100
1101

1102
1105

1110

1120

1130

114g

1158
1178
1200
1201

1202
1205

1206
1207
1210

NTIME = 0

DO 1300 NTIME = 1,NPTS,!
AMTIME = NTIME - |

ANPTS = HNPTS - |

TPRIME = TMIN + ((AMTIME/ZANPTS) #(TMAX - THMIN))
ATHETA = 0.0

APHI = 0.0

BTHETA = 0.0

BPHI = 0.0

INDEXA = 0

INDEXB = 0

GO TO ¢1101,1102,1101)>, MODE

KOUNTA = S

GO TO 1105

KOUNTA = 4

DO 1175 INDEXA = l,KOUNTA,I

0CALL DBLINT(FRONT,ALPHAl,ALPHAZ2,

| ~BETAZ, BETAZ,NFRONT, MFREONT)

GO TO ¢1110,1120,1130,1140,1150), IMDEXA
ATHETA = (CPLUS®SIPHI®SINT) + ATHETA

APYHI = (CPLUS*COTHET®COPHI®SINT) + APUI

CO TO 1175

ATHETA = (CPLUS*COPHI®SINT)Y + ATHETA

APHI = ~-(CPLUS®COTHET®*SIPHI®*SINT) + APHI

GO TO 1175

ATHETA = (CMINUSR2COTHETH#COPHI*SINT) + ATHETA
APHI = -(CUIVUZ®SIPHI®SINT) + APIHI

GO TO 117S

ATHETA = (CHMINUS#COTHETRSIPHI®SINTY + ATHETA
APHL = (CMINUS®COPHI®SINT) + APHI

GO TO 1175
ATHETA = (CMINUS®SITHET®*SINTY + ATHETA
CONTINUE

GO TN ¢1201,1208,)202), HQDE
KOUNIT8 = 2
GO TO 12058
KOouRTy = 4
DO i375 1HDEXDL = [LKEOUNTH, ]
0CALL DIBLINTCIIDE, ALPHAJ, ALPHAY,
1040, RALNEIDE,METIDE)
GO 7O €1206,:1207,1207), MNODE
20 TO ¢1210,10230), InnDEXn
G0 TO ¢1210,1280,1230, 1340), IUDEXNN
QUTHETA = (GIPHICCHETARCNIUT)
1-CCOPHI®SHETAZ®*SINT) « BTHETA
SHPHI = (COTHETSCOPKHICCAZTAI*SIHT
L+ (COTHET*S  PHI ®SRETAZ®SINT) « 3PHI
GO TO 127§ :
BPHI = -(S5ITHETeSINT) + 5PHI
GO TO 1275
0BTHTTA = ~(SIPHI*CHRETAZCSINT)
- C(COPHIOSBETAZ®SIUTY » UTHETA
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0BPHI = -(COTHET*CNPPHI®*CBETAZ#SINT)
1+ (COTHET#*SIPHI#*SBETAZ#SINT) + BPHI
0 TC 1275

1240 BPHI = (SITHET#SINT) + BPHI

1275 CONTINUE

SETHET(LTINEY = (FASTI#ATHETAY + (FACT2#BTHETA)
REPHI(NTINE) = (FACTI®APEI) + (FACTO*LPHI)
TRET(HNTIHE) = TPRIME

{3006 CONTINUE

ICOUNT = ICOUNT + |
CALL QUTPUT
GO TO 1000

1500 END

[eReReNesNeNeoNeoNeNeNel

SUBRCUTINE TO READ INPUT DATA
FOR THKE TEM HORN TRAMNSIENT RESPONSE PROGRAM
DATA READ ARZ EXECUTION MODE DESIRED,
HORN BDIMEMNSIONS AND ANGLES,
HALF-WIDTH OF THE EXCITING VOLTAGE PULSE,
A S5JBDIVISIOH CRITERION FOR THZ PUMEPICAL INTESRATION,
NUMBZIR OF CCHPUTED POINTS AT EACH OBSERVATION POINT.
EFFECTIVE TETRMIUATING IMPEDANCE OF THE FTRINT APEIRTURE,
CHARACTERISTIC IMPEDAMNCE OF THE HORN, AND
LOCATION OF THE OBSERVATION POINT P(ThZTAL,PHID.
SUSROQUTINE INPUT
CO et oL CRAZHEIGHT, PAINCHL PHIZL, MIDTH
COMMOM/ZBLCHEI /LN IV, NPTS
COMON/ZRLCHIOATHETALL PHID
coMmOm Sl CRLE 1 ZICOUNT
COMMONIZBLCKLI H/ZEFF,27ERQ, BEFL
COUMON/ZBLCK T 6 /M0ODE
PEOCICOMNTY 1801,1501,15%30

1501 PREAD (105%,1503%) MORE
1505 FORMATLLD)

PEAD (134, 1510) 10T, RBAINCHL,PHITD, VIDTH

1510 FORMATCaL 1)

15

TLAD (YIs, 1500y HRIV,LNPYL

20 FONNMAYIOD)

READ (107, 15088) RIPFLIZER0

1525 FORMAT(EE. 1)

BTFL »w (TEFF - DERACIZCIEFF « IRETM)

1938 NEADR (195,1543) THETAD,PUID
1540 FOEMAT(2E.D)

.

¢
c

CARD ouiey

RETURY
atn
SUBRQUTING TO ESTARLISH THE TINE ©rvow
TE THE TEM HORU ANGLES
sugRgtrTing T
COMMON/BLLHA/TPRINE, ATINE, TAllL, RALV, P
COMMOR SDLCKS /THETAZ, PHIL, ALPHAZ, RETAL
i COMMOLZBLUR ?/"‘i Wi, 1 I
ALPHZL = CUS(PMIZ/2.0)
ALPHZE = (TAN(THETAZ))®42.0
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ALPHZ3 SORT(!.0 + ALPHZ2)

ALPHAZ ACOSC(ALPHZ1 /ALPHZ D)

BETAZ1 = 1.0 - (ALPHZI##2,0)

BETAZ2 = SANRT(1.0 + (HETAZ1/ALPHZ2))
BETAZ = ACOSC(ALPHZI/BETAL2)

THAY = (2.0¢ATIHE)Y + (3.0%TAl

TMIN = =(3.0%TAll)

RETURN

END

{1}

SUBRQUTINF TO ESTABLISH SUBDIVISICMS
FOR THE NUMEDRICAL INTEGRATION ROUTINE

SUBROUTINE SUBDIV
COMMON/BLCK2/NFRONT,,MFRONT,NSIDE,LIISIDE
COMMON/BLCKA4/TPRIME,ATIME, TAU, RALV,PL
COMMON/BLCK6/THETAZ,PHIZ,ALPHAZ, BETAZ
COMMON/RBLCKO/NDIV,NPTS

MSTART = (ATIME/TAUIR(PI - (2.0#¥THETAZ))
NSTART = NSTART + |

NFRONT = DIV#MNSTART

MSTART = (ATIME/TAUI#PHIZ

MSTART = MSTART + |

MFRONT = NDIV#INMSTART

JSTART = (ATIMEZ/TAY(PI - (2.0%*ALPHAZ)Y)
JS5TART = JSTATRT + |

NSIDE = NDIV®JSTAPT
KSTART = (ATIHE/TAY)
KSTANT = KSTATT »

]
MSIDE = UDIVeKSETART

RETURN
END

SUBROUTINZ TO COMPUTE THE ITERATED DOULLE INUTEGRAL
OF G(X,Y) FROM ¥1CY) TO X2(Y) AND THEN FROM Y1 TO Y2
USING 1 TQUAL SURDIVISIONS DN X2(Y) - XI(Y)
AND M OEGUAL JUWHDIVISICHS TN Y.
THE SUNRPUTINE USED THE [TERATED T
FOR GREATEST ACCLTALY, W ALU 0 SEQULD BE EVEN.
SULAMITING ULLINTIO, W K2, Wi.¥a, N,
COMMONZBLEKE 270107
EATERNAL G.%1, %2
IXNTENNAL FROUTLSIDE-ALPHAT . oo 80 L ALPHAT, ALRHAG

Al =2 N

Al = N

DELTAY = (Y2 « YI)/&K
J=0

DO 260 J = J,Mei,2
L= Jd -1

Ad = J

AL = L

1 =0

YL = Y1 » (ALYOELTAY)
v os Y1 e (AJUDELTAY)
U o= XICYL) 167




v o= XIYdD o
DELTXL = (X2(YL) - U)X/AN
DELTXJ = (X2(YJ) = VI/AN &
DO 130.1 = 1,8+1,2

K=1-=1

Al = 1

AK = K

XKL = 11 + (AKDELTXL)
®1t = U + (AI®*DELTXL)
KKJ = ¥ + (AK*DELTXJ)
X1J = V + (Al*DELTXJ)
A = G(XKL.YL)

B = G(XIiL,YL)

C = G(XKJLYD)

D = G(XIJ,YJ)

IF ¢1 - 1) 5,5,30

5 RL = (A/2.0) + B
Ry = (C/2.0) + D
GO TC 13U
30 IF (I - ¢N + 1)) 35,65,65
35 PL = A + § + RL Lo
RJ = C + D + RJ
GO TO 130
65 FL = A + (1/2.0) + RL

RJ = C + (D/2.0) + 3J
130 CONTIHULE
nL s ALeLLTML
ng = DJEDELTXJI
iIF (J - 1) 1933‘95) 50
195 f o=z (RL/2.0) + RJ
g0 Teo260
220 IF (J - M o+ 13
a08 n = Bl o+ Ry » R
G0 T0 260
255 no= RL o« (PRJ/2.0) ¢ R
260 comTinug -
SINT = ReDEZLTAY
HETURN
ERE
¢ DEFINE THE INTESY PAND FOT THE FRGHT
C APERTUHE, FRONTCALDHA, BETAY
FURCTION FREONTCALRHA, HETA)
comuon 2i LCKQITPFH"-&:?\- f"EaTﬂUo"h;U “l
grrpns PHLCKES /R ITHET, COTHET, SIVHT.COPHTE
COMMON ARLCH 1 32 TNDENA, INDEXD )

) 225,255,255

S1ALEH = SINCALPHA)
CoOALFH = COSCALPHA)
SIRETA = SINC(HETA)
CORETA = CUS(RETA)

¢ DEFINE *ns anauaswr OF V* FOR THE FRONT

T APERTURE, ANGY = (T° - (AA/Y) & (RE.EZ/UD3,
ARGAF = sanPu° OBVT\‘?z;hwu'GGP“
: . 1

C w———————— —




ARGBF = SIALPH#SIBETA*SITHET*SIPHI
ARGCF = COALPH#COTHET
ARGDF = ARGAF + ARGBF + ARGCF

ARGF = TPRIME - ATIME + (ATIME*ARGDF)
C DEFINE VUV’ FOR THE FRONT APERTURE.
. VPRF = =2.0%(ARGF/(TAU#2,(0))#ENP(~((ARGF/TAU)®+*2,0))
C DEFIME THE AMGULAR TAPER OF THE EXCITATION
C FQOR THE FROWT APERTURE, TAPERF = F(ALPHALBETA).
TAPERF = 1.0
DEDTF = TAPERF*VUPRF
GO 10 ¢310,320,330,340,350), INDEXA
310 FRONT = SIBETA*SIALPH®*DEDTF
SETURN
320 FRONT = CCEBETA®SIALPH*DCZDTF
RETURN
3310 FRONT = COBETA®COALPH®SIALPH®*DEDTF
RETURN
3490 FRONT = SIBETA¥*COALPH¥*SIALPH#DEDTF
RETURN
350 FROMT = SIALPHYSIALPH*DEDTF
RETUNN
END
C DEFINE THE INTEGRAND FOR THE WEDGE-SHAPZD
C SIDE APERTUREZS, SiDE(AL"HAJRPFIﬁ: .
FUNCTLON SIDECALPHA,RPRINE)
LO‘“'O’;/ SDLOCKaZTPRIME, ATINE, TAULBAL, VL, DI
COMMON/ZBLCKS /8 . THET, COTHETLSIPHILCOPHI
CO'.:‘(‘:‘.’/':KI.CE(",/Th‘?TAZ,P}(IZ.-:\L.‘-’HA?.;BE.TAZ
COMMOH/ZLPLCKI I/ INDEXNA, INDEXY
COMMOMAULCKLIS/ZEFF L, Z2ERQ, REFL
COMMQN/ZBLCKI 6 /MOADE
COMMON/HLTKLI 7 2SHETAZ,CBETAZ
J1ALPH = SIRCALPHA)D
COALPH = COSCALPHA)

MTIME = RDTME Y

ARGAS = Sln’Pw’(ﬁf"“’°"’¥“T'C9’“'
Rﬂﬁﬁﬁ = YEAI““°'WTT AVTSS L HETSN IR
RBCE =2 COALLPH i QTHET
G DFvIN° THE n’“'" TS QF v F0B
C  THE YERQE-SHAPIUL fINZ ADPERTURES.
C ARGVIA = (T°* = (B*/U) & (RI.REIL2U))
APODS 2 APIALS e ABGHES « ABRGES
ABGYIA = TPRINE » NTIME o (KTINEeATISE)
€ ABRGWIH = (77 & (R - (ZFRRVY + (B 0%12%))
APGLTY = TPNIME « 8T1Me ~ (R.I%ATINE) ¢ (WTIME®ARGDS?
T ARQW3IA = (T* « (H7/V) & (RO.N52/7W0
ABGES = ARGAS « ARGES o aRGCE
ABGUIA = TPHRIME - UTINE » (NTIMESARSED)
$ ARCUR2H = (T° & (H°2U) - (2BA/VY s (REQE2/7UN)
ARDBW28 = TPRIME ¢ WTIME - (2.0%ATIHE) + (WTIMEYARGES)
£ DEFINE THE VARICUS VS FOT

C THE WIDCE-S5HAPEID S510C APENTUPE
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(of
C
c

500
510

600

610

620

eNe!

C = -2.0/(TAU**2.0)

VPRWIA = C*ARGWIA®EXP(-((ARGWIA/TAUY®*#%2,0))
VPRYVIB = C®*ARGVWIB*EXP(~-((ARGWIB/TAUY*#*#2,0))
VPRW2A = C*ARGUY2A*EXP(-((ARCW2A/TAUY*%2.0))
UPRW2B = C*ARGW2B#*EXP(-((ARGW2B/TAUY*#2.0))

DEFINE THE ANGULAR TAPER OF THE EXCITATION
FOR THE YWEDGE-SHAPED SIDE APERTURES,
TAPERS = F(ALPHA,BETAZ).

TAPERS = 1.0
DEDTYW] = TAPERS#(UPRWIA + (REFL#*UPRVYVIE))
DEDTY2 = TAPERS#(VPRW2A + (REFL¥VPRW2B)>)

GO TO ¢(500,600,600), MODE
GO TO ¢(510,520), INDEXSB
SIDE = SIALPH#DEDTW!
RETURN _
SIDE = SIALPH*DEDTW2
RETURN
GO TO ¢(510,610,520,620), INDEXB
SIDE = COALPH*®*DEDTW!
RETURN
SIDE = COALPH#DEDTW2
RETURN
END
DEFINE THE LOWER LIMIT OF INTEGRATION OM ALPHA
FOR THE FRONT APERTURE, ALPHAI(BETA).
FUNCTION ALPHAI(BETA)
COMMON/BLCK3/TTHETZ
ALPHAl = ATAN(CTTHETZ/COS(BETA))
SETURN
END ,
DEFINE THE UPPER LIMIT OF INTEGRATION ON ALPHA
FOR THE FRONT APEZRTURE, ALPHA2(BETA).
FUNCTION ALPHA2(BETA)
COMMON/BLCK4/TPRIME,ATIME, TAU,RA,V,PI
EXTERNAL ALPHAI
ALPHA2 = Pl - ALPHAIl(BETA)
BETURM
END
DEFINE THE LOWER LIMIT OF INTEGRATION 0N ALPHA
FOR THE WEDGE-SHAPED SIDE APERTURES, ALPHA3(BETA).
FUNCTION ALPHAJ(BETA)
COMMON/RBLCK6 /THETAZ,PHI1Z,ALPHAZ, BETAZ
ALPHA3 = ALPHAZ '
RETURN
END
DEFINE THE UPPER LIMIT OF INTEGRATION ON ALPHA
FOR THE WEDGE-SHAPED SIDE APERTURES, ALPHA4CBETA).
FUNCTIOMN ALPHA4(BETA)
COMMCN/BLCK4/TPRIME, ATIME, TAU, RA,V, P1
COMMON/BLCK6/THETAZ,PH17,ALPHAZ, BETAZ
ALPHA4 = Pl - ALPHAZ
RETURN 190
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END

C SUBROUTINE TO GENERATE THE MUMERICAL OUTRUT
C OF THE TEM HORN TRANSIENT RNESPONSE PROGRAM

1501
1505

1510
1515
1520

1525

1530

1535

1540

1545

1550

1555
1556

1560
1561

1565
1566

SUBRQUTINE OUTPUT

DIMENSION RETHET(200), REPHI(200), TRZT(200)
COMMON/BLCK2/NFEONT,MFRONT,NSIDE,MSIDE
COMMON/BLCKA4/TPRIME, ATIME, TAU, RALV, D]
COMMOM/BLCK6/THETAZ, PHIZ, ALPHAZ, BETA7,
COMMGON/BLCK7 /TMAX, TMIN

COMMON/DLCKB/HEIGHT, RAINCH,PHIZD,VIDTH
COMMON/BLCK9/MNDIV,NPTS
COMMON/BLCKIO0/THETAD, PHID

COMMOMN/BLCKI 1 /ZICOUNT
COMMON/BLCKI2/RETHET, REPHI, TRET

COMMON/BLCK 4/ANGLE, RADFAC
COMMON/BLCKIS/ZEFF,ZZERO,REFL
COMMON/BLCK16/MODE

IF (ICOUNT - 1) 1501,1501,1900

WRITE (108,1505)

FORMAT(’CONSIDER A TEM HORN WITH*)

WRITE (108,1510) PHIZD

FORMATC(”A VEDGE ANGLE OF *,F6.1,’ DECREES, *)
WRITE (108,1515) HEIGHT

FORMAT(’A HEIGHT Il = *,F6.1,°* INCHES, *)

WRITE (108,1520) NAINCH

FORMATC(’AND A LENGTH L = *,F6.1,° INCHES.*)
WRITE (108,1525) ZZERO
OFORMAT(/*THE CHARACTERISTIC IMPEDANCE OF THIS HORN®
1/°YAS TOUND TO BE *,F7.1,° OHME.*)

WRITE (10&,1530) ZEFF
OFORMAT(*THE EFFECTIVE TERMINATING IMPEDANCE"*
17°WHICH YAS USED WAS “,F7.1,°* OHMS.*)

WRITE (108,1535) REFL

OFORMAT(“THEREFORE, THE EFFECTIVE VOLTAGE REFLECTION®
1/°COEFFICIENT COMPUTED %Wl “sF6.3,°.%)

WRITE (108,1540)

0FORMAT(/*THE CHERNQUSQOUV ANALYSIS OF TIiIS HORN®
1/°WAS PERFORMED USING GAUSSIAN EXCITATION®)
PWIDTH = WIDTH#(1.0E+12)

WRITE (108,1545) PWIDTH :
FORMAT(“YWITH A HALF-WIDTH OF ‘,F7.1,’ PICOSECONDS. *)
WRITE (108,1550> MODE

FORMAT(/*THE PROGRAM WAS EXECUTED IN MODE “,I1,°.°*)
GO TO (1555,156C,1565), MODE

WRITE (108,1556)

FORMAT( “RXETHETA(R,T-R/V) ONLY Wa4aS COMPUTED®)
GO TO 1570

WRITE (108,1561) .

FORMAT(“RXEPHI (R, T-R/V) ONLY YAS COMPUTED’)

GO TO 1570

WRITE (108,1566)

0FORMAT(’BOTH PXETHETA(R,T-R/V) AND"
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1570
1575

1580

1585
1590

1595

1600

1900
1905

1910

1915
19290

1925
1930
1935
1940
1945

1950
1985
1960

1/*RXEPHI(R,T-R/VU) WERE COMPUTED’)

WRITE (108,1575) NPTS )

0FORMAT(*AT “,13,° EQUALLY SPACED VALUES OF"*
1/7°RETARDED TIME T*’ = T~-R/V WHICH FELL WITHIN’
2/°THE NUMERICALLY ESTABLISHED TIME WINDOW.*)

TLOYER = TMIN*C(1.0E+09)

TUPPER = THAX#*(1.0E+09)

WRITE (108,1580) TLOYER, TUPPER

0FORMAT(*TIME VINDOVYV STARTED AT ’,F7.3,° NANOSECOKDS’
1/°AND ENDED AT *,F7.3,* NANOSECONDS.*)

WWIDTH = TUPPER - TLOWER

WRITE (108,1585) WWIDTH

FORMAT(’THE VINDOW WIDTH WAS “,F7.3,° NANOSECONDS.’>
WRITE (108,1590)

FORMAT(/’FOR THE NUMERICAL INTEGRATION ROUTINE.,*)
WRITE (108,1595) NFRONT,MFRONT ‘
0FORMAT(“THE FRONT APERTURE WAS DIVIDED’

1/2INTO *,14,* SUBDIVISIONS IN ALPHA,~’
2/°AND *,14,° SUBDIVISIONS IN BETA. ")

WRITE (108,1600) NSIDE,MSIDE
0FORMAT(’THE WEDGE-SHAPED SIDE APERTURES WERE DIVIDED’
1/2INTO *,14,” SUBDIVISIONS IN ALPHA,’
2/°AND *,14,% SUBDIVISIONS IN R*‘°.*)

WRITE (108,19405) ICOUNT

FORMAT(///°0BSERVATION POINT P(THETALPHI) # *,13)
WRITE (108,1910) THETAD,PHID

0FORMAT(*THETA = ‘,F6.1,° DEGREES, ‘.

1”PHI = ‘*,F6.1,* DEGREES*)

GO TO (1915,19235,1915), MODE

WRITE (108,1920)

0FORMAT(/’A TABLE OF T-R/V,RXETHETA(R,T-R/V) FOLLOWS."’
1/°T-R/V IS IN NANOSECONDS AND RXETHETA IS IN VOLTS.*)
JIVE = 0

DO 193C JIVE = 1,NPTS, |

TNANO = {TRET(JIVE)X)>®*(!1.NE+09)

WRITE (108,1925) TNANO,RETHET(JIVE)
FORMAT(F7.3,7,’,1P210.3)

-CONTINUE

GO TO (1960,1940,1940)>, MODE

WRITE (10€&,1945)

0FORMAT(/’A TABLE OF T-R/V,RXEPHI(R,T-R/V) FOLLOWS."*
1/°T-R/V 1S5 IN NANOSECONDS AND RXEPHI IS IN VOLTS.’)
JAZZ = 0

DO 1955 JAZZ = 1,NPTS, 1

TNANO = (TRET(JAZZ))>#(1.0E+09)

WRITE (108,1950> TNANOJ,REPHI(JAZZ)
FORMAT(F7.3,°,°,1PE10.3)

CCNTINUE

RETURN

END
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D.2 PROGRAM FOR ERROR FUNCI'ION EXCITATION
AT THE APEX

This éection describes and lists the Fortran Iv'prbgram which
computes the electric far fields of the TEM horn antenna from equations
(B-8§) and (B-90) as given in Section B.5. The geometry fér the TEH
horn 1s shown in Figure B.1 on the second page of appendix B. The
program was written for the Xerox XDS Sigma 6 digital computer (with
86k words of main memory) located at the Cook Physicai Science Building

at the University of Vermont.

The program assumes unit error function excitation at the apex

of the TEM horn. That is, V(t) is given by

ks 2
\/<,® Yi/tTT e <—%—> dE (D-14)

This program is the same as the prosram discussed in Section
D.1, except for four differences.
- First, the quantity WIDTH read in the second line of da*a of
SUBROUTINE INPUT is the 3-db width of the derivative of V(t) given by

(D-14), That 1s, WIDTH is determined from

\//<J%> :{jlﬁ{—' <  (p-15)

with

Yy ey @16



Secondly, sincg this progran was used mainly to determine
rEg(f,t) in the azimuth plane of the TEM horns studied experimentally
by Susman and lamensdorf (1970,1971), the discrete values of time

‘at which the fields_were computed were adaptively spaced within the
rumerical time window., This was accomplished as follows. SUBROUTINE
TSETUP establishes the values of TMIN and TMAX. In the mainline pro-
gram, another value of time, TMID, is established depending upon the
value of ¢ at the desired observation point P(6,#) in the azimuth
plane (8 = 90°), Half of the discrete values of time are placed
between TMIN and TMID, and the other half are placed between TMID and

TMAX, If # is between 0° and 90°, TMID is given by

T™MID 2—%"<l“6a0¢>+ 3T (D-17)
If ¥ is between 90° and 180°, TMID is given by
A
TMID 2-\—‘;'*((—“CGQ¢>—3“C (D-18)

#nally, FUNCTION FRONT(ALFHi,BETA) and FUNCTION SIDE(ALPHA,
RPRIME) were modified to account for the unit error function excitatiun
of the apex &s given by (D-14),

The execution time aind space requirement of this program are
anprexinately the same as the pregram for gaussian excitation discussed
in Sectiion D.1. For the saka of completeness, a complete listing of

the Fortran IV program for unit error function exediation at the apex

of the TEM horn 1'ollows on the next page.




MAINLINE FCR THE TEM HORN TRANSIENT RESPORSE CONSIDERING

BOTH THE FRONT AND WEDGE~-SHAPED SIDE APERTURES

USING NUMERICAL INTEGRATION OF

ERROR FUNCTION EXCITATION AT THRE APEX

AND ADAPTIVE TIME INCREMENTS

WITHIN THE MUMERICAL TIME WIMDOW
DIMENSION RETHET(200), REPHI(200), TRET (¢200)
COMMON/BLCKI/SINT
COMMON/BLCK2/NFRONT,MFRONT,NSIDE,MSIDE
COMMON/LLCK3/TTHETZ
COMMON/BLCK4/TPRIME,ATIME, TAU,RALV,P]
COMMON/BLCKS/SITHET,COTHET, SIPHI, COPHI
COMMON/BLCK6/THETAZ,PHIZ,ALPHAZ,BETAZ
COMMON/BLCK7 /TMAX, TMIN
COMMON/BLCK8/HEIGHT,RAINCH,PHIZD,WIDTH
COEMON/BLCK9/NDIV,LNPTS
COMMON/BLCK10/THETAD,PHID
CCMMON/BLCKI11/1COUNT
COMMON/BLCKI2/RETHET,REPHI, TRET
COMMON/BLCK!3/1NDEXA, INDEXB
COMMON/BLCKI14/ANGLE., RADFAC
COMMON/BLCKIS/ZEFF, ZZERQ, REFL

CMMOM/BLCK) 6 /MODE

COMMON/BLCKIT/5S3ETAZ, CBETAZ
EXTERMNAL FRONT,SIDE,ALPHAL, ALPHA2, ALPHA3,ALPHAY
contT = 0

1000 CALL IMPUT

IF {THKETAD)> 1500,1005,1005

100S PRA = RAINCH/s/39.3700

V = 2.93776E+08

PI = 3.14159

ANGLE = ASIHC(HEIGHT/RAINCH)

(sNeNeNeNeNe]

THETAZ = (P1/2.0) - ANGLE
RADFAC = P1/180.0
PHI1Z = RADFAC®PHIZD
THETA = HADFAC®THETAD

d PHI = RADFAC®PHID
ATIME = RAZV
FACT] = ATIMZ/(4.08P1)
FACTZ = (1.0/Y)/¢4.0%PD)
COLUS = 1.0 + REFL

CMINUS = 1.0 - REFL
TAL = JIDTH/C(2.0930RTCALOGC2.0))) -
TTHET? = TANCTHETAZ)

SITHET = SIMCTHETA)

COTHET = COSCTHETA)

SIPHI = SINC(PHI)

COPHI = COSC(PHI)

caLL TSETUPR

SHETEZ = SINCBETAZ)

CBETAZ = COSC¢BETAL}

CALL 5UBDIV 195
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C ROUTINE TO COMPUTE RXETHETA(R,T-R/V) AND/OR
C RXEPHIIR,T-R/V) FROM THE CHERNOUSQV EXPRZISSION

10650
1060

1070
1080

1090

1099

1100
1104

1102
1105

NTIME = 0

DC 1300 NTIME = 1,NPTS, |

IF (PHID -~ 90.0) 1050,1050,1060

THMID = (ATIME*¢1.0 - CCPHI)) + (3.0#TAU)
GO TO 1070

THID = (ATIME#(1.,0 - COPHI)) - (3.0%TAU)
IF (NTIME - (NPT3/2)) 1080,1080,10890
AMTIME = NTIME - 1

ANPTS = (NPTSs2) - 1

TPRIME = TMIHN + CCAMTIME/ANSTS)®#(TMID - TMIN))
GC TO 109%

AMTIME = NTIME - (NPTS/2)

AYPTS = NPTE/2

TPRIME = TMID + ((AMTIME/ANPTS)#{TMAX - TMID))
ATHETA = 0.0

APHI = 0.0

BTHETA = 0.0

BPHI = 0.0

INDEXa = §

INDEXZ = 0

G2 TC (1101,1102,1101%, MODE

KOURTA = S

GO TO 11058

KOURTA = 4

DO 1175 IND=XA = },KOUNTA,|

0CALL DELIKNT(FRONT.ALFHAL,ALPHAZ,
1-8ETAZ,GETAZ; NFRONTLMFRONT)

A7 TC €1110,1120,1130G,13143,2180), INDEXA
ATHETA = (CPLUS®*SIPHI*SINYT)Y + ATHETA
APHI = (CPLUS®*COTHETYCOPHI®SIHT)Y + APHI
GO TO 1178 '

" ATHETA = (CPLUS*COPHI®SINTY + ATHETA

APHI = ~(CPLUS®COTHET®C PHI®SINT) + APHI

ge To 1178

ATHETA = (CMINUS*COTHET®COPHI®SINT) < ATHETA
APHI = - (CMIHUS®SIPHI®SINT) + APHI .
GO TC 1175 :
ATHETA » (CMINUS®COTHETSSIPHI®SINT) + ATHEIA
APHI = (CHINUS®CLOHI®SINTY + APl

GO TO 1195

ATHETA = (OMINUS®SITHETeSINT) « ATHETA
COMTINUE ' -

GO TH (1263,1202,1202), MODE

HOUNTE = 2 :

GO TR 1208

ROUNTE = 4 4

GO 18YS IRDENE ¢ f.uouNTt,|
OCALL DSLIRT(SIDE.ALSHAZ, ALPHA4,

12.0, R0, SIDELMSI0E)

RO IO ($1206.5257,1207y, HODE

»




SR

1206 GO TO ¢1210,1230), INDEXB
1207 GO TO (1210,1220,1230:1240), INDEXB
1210 OBTHETA = (SIPHI*CBETAZ*SINT)

1-(COPHI*SBETAZ#*SINT) + PTHETA
0BPHI = (COTHET#COPHI*CBETAZ*SINT)
1+(COTHET*SIPHI#SBETAZ#SINT) + BPHI
GO TC 1275

1220 BPHI = ~(SITHET®*SINT) + BPHI

GO TO 1275

1230 OBTHETA = -(SIPHI®*CBETAZ#SINT)

1-(COPHI*SBETAZ#SINT) + BTHETA
0BPHI = ~-(COTHET*COPHI®*CBETAZ#*SINT)
1+ (COTHETH*SIPHI#SBETAZ*SINT) + BPHI
GO TO 1275

1240 BPHI = (SITHET*SINT) + BPHI!
1275 CONTINUZ

RETHET(NTIME) = (FACTI#ATHETA) + (FACTZ®*BTHETA)
REPHI(NTIME) = (FACTI#APHI) + (FACT2#BPHI»
TPET(H1IMEY = TPRIME

1300 CONTINUE

ICOUNT = ICCUNT + |
CALL Q"'TPUT
G2 To 1000

1500 END
SUBROQUTIME TO READ INPUT DATA
FOR THE TEM HOWN TRANSIENT RESPONSE PROGPAM
DATA READ ARE EXECUTIOW MOPE DESIRED, .
HORN DIMENSIO0.S “ND ANGLES,
HALF-WIDTH QF THE EXCITING VOLTAGE PULSE,
A SUBDIVISION CRYTRLRION FOR THE NUMERICAL INTEGRATION,
NUMBER COF CCMPUTED POINTS AT EACH OBSERVATION POINT,
EFFECTIVE ToRMINATING IMPEDANCE OF THE FRONT APERTURE.,
CHARACTERISTIC IMPEDANC . OF THE HORN. AND
LOCATION OF THE QORSERVATION POINT P(THETALPHI).,

eNeoNeNeNeRe e leNele]

SUBRQUTIME INPUT
TOMMUNZ/BLCKR®R/ZHEIGHT. RAINCH, PHIZD, WIDTH
COMMON/BLCKY “NUIV,LNPTS
COMMON/BLCKI10/THETAD,PHID
COMMON/BLCKI1/1C0OLW.
COMMON/BLCHRI3/2EFF, ZZERQ, REFL
COMMOr/BLCKI6 /MGDE

iF CICPUNTS 1521,150i,1530

1501 READ (105,1505) MODE
1505 FORMATCI)

READ (105,1510> HEIGHT,RAINCH,PR.ZD, WIDTK

1510 FORMAT(4E.1)

READ €105,1520: nDIVLNPTS

1520 FORMAT(21)

READ ¢105,19525) ZEFF,ZZERO

+925 TFORMAT(2E.1)

REFL = (ZEFF - ZLERDI/(ZEFF + ZZERO)
30 READ (135.1540) THET&D.;HID
- i9?




i o e

v rdy

1540 FORMAT(2E.1)
RETURN
END

C SUBROUTINE TO LSTABLISH THE TIME WINDOW

C AND COMPUTE THE TEM HORN ANGLES
SUBROUTINE TSETUP
COMMON/BLCK4/TPRIME, ATIME, TAU, RA,V,PI
COMMOL/BLCKO/THETAZ , PHIZ, ALPHAZ, BETAZ
COMMON/SLCK7 /TMAX, TMIN

ALPHZ1 = COS(PHIZ/2.0)

ALPHZ2 = (TANCTHETAZ))**2.0

ALPHZ3 = SARTC(!.0 + ALPHZ2)

ALPHAZ = ACOSCALPHZ1/ALPHZ3)

BETAZ! = 1.0 - (ALPHZ1*%*2,0)

BETAZ2 = SQRT(}.0 + (BETAZ1/ALPHZ2))

BETAZ = ACOSCALPHZ1/BETAZ?2)

TMAX = €2.0*ATIME) + (3.0*TAU)
TMIN = «(3.0*TAU)

RETURN

END

C SUBRQUTINE TO ESTABLISH SUBDIVISIONS

C FOR THE NUMERICAL INTEGRATION ROUTINE
SUBROUTINE SUuUBDIV
COMMON/BLCK2/NFRONT,MFRONT,NSIDE,MSIDE
COMMON/BLCK4/TPRIME,ATIME, TAULRAL,V, PI
COMMON/BLCK6 /THETAZ,PH1Z,ALPHAZ,BETAZ
COMMON/BLCKS/NDIVLNPTS

NSTART = (ATIME/TAUI#(PI - (2.0°THETAZ))
NSTART = NSTART + |

NFRONT = NDIV#NSTART

MSTART = C(ATIME/TAU)*PHIZ

MSTAHT = MSTART + 1

MFRONT = NDIV®NSTART

JSTART = (ATIME/TAUI*(PI - (2.0%ALPHAZ))
JETART = JSTART + |

NSIDE = NDIV@JSTART
K&TART = CATIME/TAWU)
KSTART = KSTART + |
MSIDE = NDIVeKSTART
RETURN
END
SUBROUTINE TO COMPUTE THE ITERATED DOUBLE INTEGRAL
OF GCX.Y) FROM X1¢Y) TO X2(Y) AND THEN FROM Y1 TO Y2
USING M EQUAL SUBDIVISIONS IN X2(Y) - ¥1(Y)
aNG M EQUAL SUBDIVISIONS 1IN Y.
THE SUBHOQUTINE USES THE ITERATED TRAPEZOIDAL RULE.
FOR GREATEST ACCURACY, N AND M SHOULD BE EVEN.
SUBRDUTINE DBLINT(G,X1,R2,Y1,Y2,N,M)
CCOMMON 7BLCKI Z7SINT
EXTERMEAL GaX1,X2
EXTERMAL FROMT, SIDE,ALPHALL,ALPHAZ, ALPHAJ, ALPHAY
AN = N 198
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30
35

65

130

AM = M
DELTAY = (Y2 - Y1)/AM

J =10

DO 260 J = 1,M+1,2
L=4J -1

Ad = J

AL = L

1 =20

YL = Y1 + (AL*DELTAY)
YJ = YI + (AJ*DELTAY)
U = XI(YL)

Vv = XI(Yd)

DELTXL = (X2(YL) - U)/AN
DELTXJ = (X2(YJ) - V)/AN
DO 130 I = 1.N+},2
K=1-1

Al = 1

AK = K

XKL = U + (AK*DELTXL)
XIL = U + (AI*DELTXL)
XKJd = V + (AK*DELTXJ)
XIJd = V + (AI®DELTXJ)
A = G(XKL.YL)

B = G(XIL,YL)

C = G(XKJ,YJ)

D = G(XIJoYd)

IF (1 - 1) 5,5,30

RL = (A/2.0) + B

RJ = (C/2.0)> + D

GO TO 130

IF ¢1 - (N « 1)) 35,65.65
RL = A « B8 + RL

Rd = C + D +« RJ

GO T 130

RL = A + (B/2.0) +« RL
RJ = C ¢« (D/2.0) + RJ
CONTINUE :

RL = RLeDELTXL

AJ = NJEDELTKJ

IF ¢J » ) 19%:195,220
GO TO 2660

IF ¢J - (M ¢+ 1)) 225,255,255%
B 0L o BJ ¢ B

GO0 TO 260 _

R = BL ¢« (RJ72.0) + R
CONTINUE

SINT = HeDELTAY
RETURN

EMD

C DEFIUE THE IHTEGRARD FOR THE FRONT
C APERTUNE, FRONT(ALPHA,DBETA).

199
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[ Ne]

310

320

330

340

350

c
c

c
C
C

FUNMCTION FRONT(ALPHA,BETA)
COMMON/BLCKA/TPRIME, ATIME, TAULRALV,PI
COMMON/BLCKS/SITHET,COTHET, SIPHI,COPHI
COMMCN/BLCKI13/7INDEXA, INDEXB

SIALPH = SINCALPHA)
COALPH = COSCALPHA)
SIBETA = SIN(BETA)
COBETA = COS(BETA)

DEFINE THE ARGUMENT OF V* FOR THE FRONT
APERTURE, ARGF = (T - (RA/V) + (RO.RS/V)).

ARGAF = SIALPH#COBETA#SITHET*COPHI
ARGBF = SIALPH*SIBETA#SITHET#SIPHI
ARGCF = CCALPH#*COTHET

ARGDF = ARGAF + ARGBF + ARGCF

ARGF = TPRIME - ATIME + (ATIME*ARGDF)
DEFINE V* FOR THE FROMNT APERTURE.
VPRF = (EXP(=-(CARGF/TAUI®*2,0)))/C1.77245%TAU)
DEF INE THE ANGULAR TAPER OF THE EXCITATION
FOR THE FRCHNT APERTURE, TAPERF = F(ALPHA,BETA).
TAPERF = 1.0
DEDTF = TAPERF*VPRF
GO TGO (310,323,330,340,350), INDEXA

FRONT = SIBETA#SIALPH®DEDTF

RETURN

FRONT = COBETA®*SIALPH®DEDTF

RETURN

FROMT = COBETA®COALPH®*SIALPH®*DEDTF
RETURNM

FRONT = SIBETA*COALPH*SIALPH®*DEDTF
RETURN

FRONT = SIALPH®*SIALPH*DEDTF

RETURN

END

DEF INE THE INTEGRAND FQOR THE WERGE-SHAPED

SIDZ APERTIIRES, SIDECALPHANRPRIME).
FUNCTION SIDECALPHA,RPT KD
COMMON/BLCKA/TRRIMNE, ATIME, TAU, RALV, P
COMMONABLCKS/ZSITHET, COTHET . SIPHI, COPHY
COMMON/BLCKE /THETAZ, PHIZ, ALPHAZ, BETAZ
COMMON/BLCKI J/INDEXA, INDEXS
COMMON/BLCKIS/ZEFF, ZZERQ. REFL
COMMOL/7HLLK IO /MODE
COMMCN/BLCKI 7 /58ETAZ. CBETAZ
SiALPH = SINCALPHA)

COALPH = CGSC(ALPHA)

WTINE = RPRIMEsV

ARGAS = SIALPHSCBETAZ®SITHET*COPHI
ARGBS = SIALPH*SBETAZ®SITHET®S]IPHI
ARGCS = COALPH®COTHET

DEFINE THE ARGUMENTS OF U° FOR

THE YEDGE«SHAPED SIDE APERTURES.,

ARGUIA = (T* - (R°/V) + (RD.RS1/V))
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ARGDS = ARCAS + ARGBS + ARGCS
ARGYIA = TPRIME - WTIME + (WTIME®#ARGDS)
ARGYIB = (T’ + (R*/V) - (2RA/V) + (RO.RSL/V))

ARGYI1IB = TPRIME + WTIME - (2.0%ATIME) + (UTIME*ARGDS)

ARGYW2A = (T’ - (R‘/U) + (RO.RS2/Y))

ARGES = ARGAS - ARGBS + ARGCS

ARGY2NA = TPRIME - WTIME + (WTIME*ARGES)
ARGW2B = (T’ + (R°/V) =~ (23A/V) + (R0.RS2/V))

ARGY2B = TPRIME + WTIME - (2.0%ATIME) + (WTIME®ARGES)

DEFINE THE VARIDUS V*S FOR
THE WEDGE-SHAPED SIDE APERTURES.
DENOM = 1.77245#TAU

VPRWIA = (EXP(-((ARGWIA/TAUY*%2.0)))/DENOM
VPRWIB = (EXP/{-((ARGUIB/TAU)Y#*®2.0)))/DENONM
VPRW2A = (EXP(-((ARGW2A/TAU)*#2.0)))/DENOM
VPRW2B = (EXP(-((ARGYW2B/TAU)*%#2,0)))/DENOM

DEFINE THE ANGULAR TAPER QF THE EXCITATION
FOR THE YEDGE-SHAPED SIDE APERTURES.
TAPERS = F(ALPHA,BETAZ).

TAPERS = 1.0
DEDTW! = TAPERS#*(VPRWIA + (REFL#VPRWIB))
DEDTYZ2 = TAPZRS#*(VPRW2A + (REFL®VPRY2D))

G0 TO ¢(500.,600,600), MODE
GO TO (510.,520), INDEXB
SIDE = SIALPH#DEDTV|
RETURN

SIDE = SIALPH*DEDTY2
RETURN

GO TO ¢(510,610,520,620), INDEXD
SIDE = COALPH®DEDTW]

RETURN

SIDE = COALPH*DEDTY2

RETURN

END

DEFINE THE LOWER LIMIT OF INTEGRATION Of ALPHA
FOR THE FRONT APZRTURE, ALPHAICBETAY.
FUNCTION ALPHAL(BETA)
COMMON/BLCKIA/TTHETZ
ALPHAL = ATANCTTHETZ/COS(BETA))
RETURK
END
DEF INE THE UPPER LIMIT OF INTEGRATION ON ALPHA
FOR THE FRONT APERTURE, ALPHA2(BETA)Y.
FUNCTION ALPHAZ2(BETA)
COMMON/BLCKA/TPRIVE,ATIME, TAU, ALV, 21 -
ENTERNAL ALPHAI
ALPHAZ = Pl - ALPHAI(BETA)
RETURN
END
DEFINE THE LOWER LIMIT OF INTEGRATION CN ALPHA
FOR THE VWEDGE~SHAPED SIDE APERTUNES, ALPHKA3(BETA).
FUNCTION ALPHAJ(BETA)

——— e
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COMMON/BLCK6/THETAZ,PH1Z,ALPHAZ,BETAZ
ALPHA3 = ALFPHAZ
KRETURYN
END
C DEFINE THE UPPER LIMIT OF INTEGRATION ON ALPHA
C FOR THE WEDGE-SHAPED SIDE APERTURES, ALPHA4(BETA).
FUNCTION ALPHA4(BETA)
COMMON/BLCK4/TPRIME,ATIME, TAU,RA,V, P!
COMMON/BLCK6 /THETAZ,PH12,ALPHAZ,BETAZ
ALPHA4 = Pl =~ ALPHAZ
RETURN
END
SUBROUTINE TO GENERATE THE NUMERICAL OUTPUT
OF THE TEM HORN TRANSIENT RESPONSE PROGRAM
SUBROUTINE QUTPUT
DIMENSION RETHET(200), REPHI(200), TRET{2085
COMMON/BLCK2/NF RONT ,MFRONT,NSIDE,MSIDE
COMMON/BLCK4/TPRIME, ATIME, TAU,RA,V,P]
COMMON/BLCK6/THETAZ,PH1Z,ALPHAZ,BETAZ
COMMON/BLCKT /TMAX, TMIN
COMMON/BLCK&8/HEIGHT, RAINCH, PH1ZD,VIDTH
COMMON/BLCK9/NDIV,NPTS
COMMON/BLCK10/THETAD,PHID
COMMON/BSLCK1i/ICOUNT
COMMCIN/BLCK12/RETHET, REPHI, TRET
COMMON/BLCK! 4/ANGLE, RADFAC
COMMON/BLCK15/2EFF . 2ZERQ, REFL
COMMON/SBLCK 16 /7M0ODE
IF CICOUNT - 1) 1501,1501,1900

1501 WRITE ¢108,1505)

1505 FORMAT(’CONSIDER A TEM HORN WITH*)

WRITE (108,1510) PHIZD -

1510 FORMAT(’A WEDGE ANGLE OF *,F6.l,* DEGREES,.*)
YRITE (108,1515) HEIGHT

1515 FORMAT(’A HEIGHT H = “,F6.1,* INCHES,’
WRITE (108,1520) RAINCH

15200 FORMATC(’AND A LEMGTH L = °*,F6.1,° INCHES.*)
YRITE ¢108,1525) ZZERQ

1529 OFORMATC(/*THE CHARACTERISTIC IMPEDANCE OF THIS HORN’
1/7°%AS FOUND TO BE °*,F7.1,° OKMS.*) .
UYRITE (108,15%30) ZEFF

1530 OFORMATC(*THE EFFECTIVE TERMINATING IMPEDANCE®
1/°QHICH WAS USED WaS *,F7.1,° OKMS.*) -

YRITE ¢108,153%) REFL

1535 GFORMATC* THEREFORE, THE EFFEQCTIVE UDLTACE REFLECTION’
1 /*COEFFICIENT COMPUTED WAS °*,F6.3,°
YRITE ¢108,1540)

1540 OFORMAT(Z *THE CHERNOUSOV ANALYS1S OF THIS HOPN® :
17°%YAS PERFORMED USING A GAUSSIAN VOLTAGE JEPxVATxvv')
PUIDTH = WIDTH®C1.0E+12)

VRITE (108,1545) PYIDTH
1545 FORUATC"WITY A HALF-QI%E? OF *,F7.1,° chos&coaod.
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1550

1585
1556

1560
1561

1565
1566

1570
1575

1580

1585
1590

1595

1600

1500

1905

1910

VRITE ¢108,1550) MODE

FORMAT(/’THE PROGRAM WAS EXECUTED IN MODE ‘“,11,°+”)
GO TO (1555,1560,1565), MODE

WYRITE (108,1556)

FORMAT( *RXETHETA(R,T-R/V) ONLY WAS COMPUTED"}

GO TO 1570

YRITE (108,1561)

FORMAT( *RXEPHI(R, T-R/V) ONLY WAS COMPUTED®)

GO TO 1579

YRITE (108,1566)

0FORMATC(*BOTH RXETHETA(R,T-R/V) AND?’
1/°RXEPHI(R,T-R/V) WERE COMPUTED’)

VYRITE (108,1575) NPTS

OFORMAT(’AT °,13,° DIFFERENT VALUES OF*

1/°RETARDED TIME T*’ = T-R/V WHICH FELL WITHIN®
2/°THE NUMERICALLY ESTABLISHED TIME WINDOW. )

TLOWER = TMIN#(!.0E+09)

TUPPER = THMAX#(1.0E+09)

WRITE (108,1580) TLOYER, TUPPER

OFORMAT(*TIME WINDOW STARTED AT °*,F7.3,° NANOSECONDS*
17°AND ENDED AT *,F7.3,° NANOSECOHNDS.*)

WWIDTH = TUFPER - TLOWER

WRITE (108&,1585) WUIDTH

FORMAT( “THE WINDOW WIDTH WAS ‘,F7.3,° NANOSECONDS.*)
WRITE (108,1590)

FORMAT(/*FOR THE MUMERICAL INTEGHATION RQUTINE, *)
WRITE ¢(108,1595) NFRONT,MFRONT

0FORMAT( *TIHE FRONT APERTURE WAS DIVIDED®

1/7*°INTO *,14," S5UBDIVISIONS IN ALPHA,*

27°AMND *,14,° SUBDIVISIOUNS IN BETA.*)

WRITE (108,11600) NSIDELYSIDE

OFORMAT( *THE WEDGE-SHAPED SIDE APERTURES WERE DIVIDED’
1/72INTO *,14.° SUBDIVISIONS IN ALPHA, ¢

2/7°AND °*,l4a,° SUBDIVISIONS IN R?’.°%)

WRITE (108,19065) ICOUNT

FORMAT(//7/7°0B8SERVATION JINT PCTHETALPHLI) ¢ *,13)
YRITE (106,1910) THETAD,PHID '
0FORMATC(*THETA = *,F6.1,°* DEGREES, °,

~1°PH1 = °’,F6.41," DEGREES*)

1915

©19g0

GO TO (1915,1935,1915), w0DZ

URITE (108.1920)

DFORMAT(/A TABLE OF T-ReAV,BMETHETA(RL, T-R/V) FOLLOYS.?
PZ°T-Rey 1S 1IN NANOSECONDS AND BXETHETA 15 IN VOLTS.®)
JIVE = 3

DO 1930 JIVE = 1,HPTS, |

1925

1930

1935
1940
5945

“THAND = (TRETCJIVE?I*Z1.0E«09)
YRITE (106,1925) THANO,RETHETC(JIVE)
FORMAT(F7.3,°%,°,I1PE10.D)

- CONTINUE

GO Y0 (1960,1940,1940)3, MODE
HURITE (108,194%)

EFORMAT(/°A TABLE OF T-R/V,RXEPHI(R, T-R/V) FOLLOYS.®
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1/°T-R/V 1S IN NAMOSECONDS AND RXEPH! 15 IN YOLTS.*)
JAZZ = 0 :
DO 1955 JAZZ = !,NPTS,!
TWANO = (TRET(JAZZ)I)I®*(1.0E+09)
WRITE <168,1950) TNANO,REPHI(JAZZ)
1950 FOPMAT(I7.3,°,°,1PEI0.3)
1955 CONTINUE
1960 RETURHN
END
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Appendix E

DESCRIPTION AND LISTING OF THE FORTRAY PROGRAMS
TO COMPUTE THE ELECTRIC FAR FIELDS OF A
PARABOLOID REFLECTOR/POINT SQURCE FEED

/NTENNA SYSTEM

E.1 PROCRAM FOR AN ISOTROPIC FEED

This section describes and lists the Fortran IV program which
computes the electric far fields of a paraboloid reflector fed by an
isotropic point source feed located at the focus of the paraboloid.
The pregram utilizes equations (C-92) and (C-93) along with equations
(b-28) ani {4~29), The normalized electric far fisld components of
ihe feed, rHEe“ and rHEgH reapectively, are discussed in Section 4.].
The program was written for the Xerox XDS Sigma & digital computer

_(u&th 80k words of maln memory) located mi tne Cook Physzical Science
puilding at the University of Vermont.

The isotropic feed considered in this section hsd an rHng
"teld component glven by equation (5-2). The rHE:dH coponent was

: néglactéd with respect to the r;iE95 component.

| The wainline prograa establishes various constants and quan-

~ tities which are used throughout the analysis, increpents the discrete
values of tige at which the electric far fields are computed, and

conputea the numerical value of (C~92) and (S-93) at the various
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discrete times., The mainline also calls several subroutines which
perform other functions,

SUBROUTINE INPUC reads the input data for the program. The
first line of data read i1s FINCH and DINCH. FINCH is the focal length
of the paraboloid in inches, and DINCH is the diameter of the exit aper~
ture of the paraboloid in inches., The second line of data read is
FEED, which is an alphanumeric string of characters to describe the
point source feed which 1s exciting the paraboloid. FEED may be any
string of alphanumeric characters up to 72 spaces in length. The
third line of data read is WIDTH, which 1s the 3-db width of the
gaussian pulse exciting the feed in seconds. The fourth line of data
read is two integers, NDIV and NPTS. NDIV establishes a subdivision
criterion for the numerical integration routine. For best accuracy
in the numerical integration routine, NDIV should be e&n integer at
least as large as 2., larger values may be used, depending upon limits
for execution time. NFIS is an integer ¢stermining the number of
discrete values of time at which the fleld components will be conputed
at each obaervation point F{(®H,¥) in the far field of the paratoloid.
The naximuwa value of NPUS allowed ic ?00. An approximate minimun
value for KFTS to properly characterize the vlectric far fields may

te found £ron

- 20
\ = e B
vheoe D 1a tho exit apertuse diaaetcr.'tfis the charscteristic parsa-

oter of tho gaussian pulse exciting the focd 83 given by eguation (5-3),
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and v 1s the velocity of ypropagation in the medium, ’C/ls related to

WIDTH by the relationship
/t — WIDT H

2 (e-2)

The fifth and following lines of data read are the locations of the

observation points at which the electric far fields are to be computed,
THETAD 1s the parameter © in degrees. PHID is the parameter § in
degrees. One cbservation point THETAD,PHID is read per line. As
many observation points as desired may be listed, depending upon the
time limits for execution.

The following is an example input file used to execute the

Programe

20.2,48.0

A¥ ISOTROPIC GAUSSIAN-DERIVATIVE PULSE.
340, 08-12

2,50

30.0,0.0

20.0,0.0

10.0,0.0

5.0,0.0

0.0.0-0

For the example shown, the focal length of the paraboloid was
20.2%, and the exit aperture dlazel.r was &§.0". Therefare, FINCH »
20,2 and DINCH = L8.0. »ERD was the alphanuneric string “aAN ISOUAOPIC
CAUSSTAN-DERIVATIVE PULSE,". WIDTH was 340.0 piccseconds. HDIV was
set equal to 2, and HYTS uwas seb equsl to 50. The electric far fielda
vers coaputed at five Gifferent observatlon gotatsy P(H,F) » (30,0°,
0.0°%), (20.0°,0.0°), (10.0°,0.0%), (5.0%,0.0%), and {0.0°,0.0°).

The program for an isotropic feed with the associsted Yortran




library routines re.uired approximately 9.5k words of memory., The
execution for ths example input file required 173.1 minutes <f central
processing unit time. The execution time for the program varies
directly as NPT'S and directly as the number of observatiun points
P(Gﬂ,¢). Also, the execution time varies approximately as NDIVz.

SUBROUTINE TSETUP establishes the numerical time windcw for
the field computations, The low end of the time window, TMIN, is

determined from

TMIN = (1 +-co0 @)

+2 (l—cm@)IGy_ ,QDvm@w:v’“c (8-3)

The high end of the time window, TMAX. is determined from

TMAX = (|4 co0®)

+D 2on® L5 (E-4)

+3(—- C"Q®>lé§1

The numerical time window TMAX - TMIN was established so that execution
time would not be wasted computing many double integrals at times for
which the physical fields would be n.zligible with respect to their

maximum value,

SUBROUTINE SUBDIV establishes the subdivisions for the numerical
integration routine. NR is the number of subdivisions used to divide

the integration in r at the exit aperture. NR is determined from

NR = NDIV 2 +- | )
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MXI is the number of subdivisions used to divide the integration in ;

at the exit aperture, MXI is determined from
[ 1))
MXt = NDIV[ZR- 4] (2-6)

SUBROUTINE DBLINT(G,X1,X2,Y1,Y2,N,M) computes the double inte-
gral of G(X,Y) from X{ to X2 and then from Y1 to Y2 using N equal
subdivisions in X and M equal subdivisions in Y.. The subroutine uses
the trapezoidal rule., The trapezoidal rule integration was chosen as
a compromise between precision of integration and execution time
required,

SUBROUTINE OUTPUT generates the numerical output of the PXo-
gram. This subroutine contains sufficlont Hollerith statements to
be self-explanatory. SUBROUTINE OUTPUT was programmed to be able to
handle a wide range of focal length and exit aperture diameter, pulss
widths, and alphanumeric strings describing the faed exciting the
18raloloid,

FUNCTION VIHETA(R,XI) describes the partial $ime derivative
of equation (5-2) evaluated at the exit aperture of the paraboloid.
Since the rHE¢H component of the normalized eiectric far field of the
isotroplc feed was neglected with re.-ect to the rHEQK conponent, no
corvesponding FUNCTION VPHI(R,XI) was included in the program,

A listing of the Foxtran IV program for the isotroplc feed
descxibed by equation (5+2) exciting & pareboloid yeflector follows

on the next page.
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MAINLINE FOP THE TRANSIENT RESPONSE OF
A PAPABOLCID VEFLECTOR/FEED ANTENNA SYSTEM
I TZINMS OF THE FIELDS EYCITING THE EXIT .APERTURE.
THE FEED IS CONSIDERED TO BE A PQIHT-SCURCE RADIATOPR
LOCATED AT THE FOCUS QF THE YARAROLOID.
THE FIELDS CF THZ FEED EXCITIMG THE ZYIT APERATURE
ARE DESCTIBED I THE FUNCTIONS YTHITA ALR ""PEI.
DIMELSIND NITHET(Z200)Y, PEPHIC200), TPET¢(200)
COMHON /RLCKL/SINT
COMMONL/BLER2/1 R, 1K
COMMOM/BLCKI/F, D, FINCH,DINCH
COMMONL/RLCKa/TPRINE, DTIME, FTINE, NATIO, TAUL,V, PI
COMMCON/DLCYS/SITHET, COTHET, SIPKL, CCPI;I
COMMOI/RNLCK6 /FEEDCT &)
COMMON/DBLCKT /THAX, THIN
COMMON/BLCKE/VIDTH
COMMON/RBLCKO/NDIV, NPTS
COMMON/RBLCKiI0/THETAD, PHID
CCMMON/BLCKL 1 /ICOUNT, INDEX
COMNMON/BLCKI2/RETHET, REPHIL, TRET
EXTEPMAL VTHZTA,VPKEI
ICOUNT = 0
1000 CALL toeny
AF (TUETADY 1550,1005,10058
100% F = FINMCL/39.3700

(e EeEsNeoReNe Ne]

D = DINCH/3G.37390
¥ = 2.00775E+38

Pl = 3.14159
nADFAC = P1/168.0 ,
THETA = RADFAC*THETAD -
BHI = NADFAC*PKID
FACT = 1.0/C4.09P180)
TAU = TIDTI/C2.0%SQRT(ALOG(2.0)))
DTINE = DV ' -
FTiUE = FsV
RATIO = (C4#20.0)/C1R.00(F+%2.0))
SITHET = SIHCTHETA)
COTHET = COSCTHETA)
SIPHI = SINCPHI)
COPHY = COSCPHID
CAPD = 1.0 + COTHET
ALL TSETUD
CALYL St ppv
C POUTIHE TO COMPUTE PXETHETA(R,T-R/Y) AND A
¢ AXEPHICR,T="/1) FRO® THE CHERNCUSOY E¥PPESSION
KTINE = 0D
PO 1300 HTIME = 1,NPTS, |
AMTINE = UTIND - |
ARPTS = LPTS -
TOPINE 2 THIN + (CAMTINEZANPTSI®(TUAY - THIND)

Hon

3

ATUZTA = 0.0
APHT = 0.0 210




INDEX = 0
DO 1175 IMDEX = 1,4,!1
0CALL DELINTC(YTHETA,0.0,¢D/2.0),
10.0,¢2.0%P1),NR,UXI)
GO TO (1110,1120,1130,1120), INDEX
1110 ATHETA = -(SIPHI#SINT) + ATHETA
APHI = (COPHI#*SINT) + APHI
GO TO 1175
1120 ATHETA = -(COPHI#SINT)Y + ATHETA
APHI = -(SIPRI*SINT) + APHI
GO TO 1175
11230 ATHETA = (SIPHI#SINT) + ATHETA
APH! = - (CCPHI®SINT) + APKI
1175 COMNTINUE
¢ INCLUDE NENMT STATEMENT IF VPHI = 0
GO TC 1280
DO 1275 INDEX = 1,4,1
0CALL DRLINT(VPHI,0.0,(¢(D/2.0),
10.0,¢2.0%P1),HR,MXI)
GO TO (1210,1220,1210,1240), INDEX
1210 ATHETA = ~(SIPHI®SINT) + ATHETA
APHI = (COPHI®#SIUT)Y + APHI
GO TO 1275
1220 ATHETA = -(COPHI#SINT) + ATHETA
APED = ~(SIRHI#SINT)Y + APHI
GO TC 1275
1240 ATHETA = (COPHI®SINMNT)Y + ATHETA
APHI = (SIPHI¥SINT}Y +« APHI!
1275 CONTINUE
1280 TRETHET(NTIME) = FACT#CARD*®ATHETA
REPHIC(HTIND) = FACT#CARD®APHI
TRETCHNTINEY = TPRIME.
13400 CONTINUE
ICQUET = ICOUNT + |
CALL OUTPUT
GO 70 1000
LD » _
SUBRCUTINE TO READ INPUT DATA
FOf THE PARABOLOID/FEED TRANSIENT PRISPNHSE PROGRAM.
“DATA RZTAD ARE THE FOCAL LENGTH AND DIAMITER,
THE WAME OF THE FEED EXCITING THE PATABOLCLD.
THE HALF-AMPLITUDE YIDTH OF THE ZNCITING PULEEL,
A SUARIVISION CRITERIONM FOU THT UUNERICAL INTESMATION,
NUNMBER OF CONPUTEDR POINTS AT EACH QRTLETUATION DGINT,
AND LODCATION OF THE ODSERUATION POILT PUTHETALPHIZ.
SUBROUTINE THRUT
COMMOL /BLEKI/F, DL, FINCH, DINCH
COUMNMOL ZOLECKA/FEENLLSE)
COMMON/ZBLCKR /Y IDTH
COMMOL ALLCKI ZUBIV . NPTS
COMion/sLCH 0/ THETAD, MITID
COMIN /0L CH 27 1C0UNT, LUDEX ,
211 '

o
=
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IF CICOUNT) 1501,1501,1550

1501 READ (105,1510) FINCH,DINCH
1510 FORMAT(2E. 1)

15

READ (105,1520) FEED
0 FORNATCLIEAN
NEAD (105,1530) YIDTH

1330 FORMAT(EZ. 1)

TEAD (105,1540) NDIV,NPTS

1540 FOTMAT(2DD
1550 PEAD (105,1510) THETALD,PHID

C

C

NZTURY
END
SUSROUTINE TO ESTABLISH THE NUMERICAL TIME VINDCY
SUBRCUTINE TSETUP
COMUCH /BLCKA/TPRIME,DTIMELFTIME,RATIO, TAU,V,PI
COMMCH/OLCKS/SITHET, COTHET, SIPHI , CCPHI
COMMON/BLCKT /TUAX, THIN
T1 FTIME#(1.0 + COTHET)
T2 = FTIME®*(1.0 - COTHET)*RATIO
T3 = (DTIME*SITHET)Y/2.0
TMIN = Tl + T2 = T3 - (3.0%TAWD
THAX = T] + T2 + T3 + (5.0%TAl)
RETURN
E!ND
SUBRQUTINE TO ESTASBLISH SUBDIVISIONS

C FOR THE MMENICAL INTEGTATION TOUTINDG

s BeNeNeNe!

SUBROUTIHNZE SUBDIV
COMMOCMNZELCRA/NR, MK
COMHCHL /ZRLCK4/TPRIME, DTIME, FTIMEL,TATIOLTAU, VL, P
COMCMN/BLCRI/NDIV,LHURTS
NETART = DRTIME/ZC(2.0%TALD
NSTART = NLSTART ¢+ |

NR = UDIVENSTART

METART = (PI®DTIMEY/TAU
HSTART = NSTART + |

MR = DDIVEMSTART
PETINN

END

SUBTQUTINE TC COMPUTE THE DOUSLE INTEGQGRAL

OF GEX,V) FEQCH X1 TO X2 AND Y1 TO Y2

USinG 1 EQUAL SUBDIVISIONS IR ¥

AND M oawlial SUGBETTISIONS 1IN VY.

THEL SUBRQUTIHE USEY THE TRAPEZOIDAL NULE,
SURRMITING DELINTC(C, 1. X8, Y1.Ye,i,i
COMPMONM/BLCKI /SINT
EXTERNAL ©
EXTERNAL UTHETA,VUPHI

an o=t '

AM.= N L
DELTAN = (X2 « X1)/AN-
DELTAY = (¥ = Y1)/nM
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30
35

65
130

1,M+1,1

~ — 0

AJ*DELTAY)

GO TO 130

IF (1 - (M+1)) 35,65,63
BX = A + RX

GO TO 130

BX = (A/2.0) + RX
COMTINUZ

RX = RX¥DELTAX

IF (J - 1) 195,195,220
R = RXrz2.90

G0 TO 260

IF (J - (M+12) 225,255,255
R=RX + T

GO TO 2660

o= (RX/2.0) + R
CCNTINUE

SINT = TI#DLLTAY

RETURL

ELD

C SUBROUTINE TO GEMZRATE THE NUMERICAL OUTPUT
C CF THE PATABOLOID/FEED TRANSIZNT NZEPCUHSE PROGRAM

1501
1509

1510
1515

1520

e m— S

SUBROYUTINE QUTPUT

DIMENSIOH RETHET(2003, REPKI(200), TRETC200)
COMMON/ZBLCK2/NR, X1
COMMOH/GLCK3/F, DL, FINCH, DINCH

COMMOE ZRLCRA/TPRIME, DTIME,FTIMEL,RATIOLTAU, VL, P
COMMOU/DLCHS/FEEDC1E)

COMMON/BLCKT /THAX, THIN

COMNON/ZBLCKEZVIDTH

COMION/ZBLCKGZND IV, NPTS
COMMOU/ZULCKIO/THETAR,L,PHID
COMMON/BLCKL 1 /7ICOULIT, 11DEX
COMMON/BLCKI2/RETHET, NEPHLL TRET

IF CI1COUNT - 1) 1501,1501,1900

NRITE €108,1509)

FORMATC *CONSIDER A PARABOLOID REFLICTOR®)
WRITE C108,1510) FINCH

FORATCU'ITH A FOCAL LENGTH OF “,F7.1,° INCHES®)

YRITE C10E,1515) DINCK

FORMATCCALD A DIAMETER OF *,F7.1,° [MNCHES.*)
VPITE (108.1520) F/0

FORUATC TUHZ F/D BATIO I THIS CASE I3 *L,F7.3,°
VRITZ ¢10€,1585) FEE 213
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15295

1530

1535

1540

0FORMAT(/*THE APPROXIMATE EXIT APERTURE FIELDS*
1/*WERE DETERMINED FOR EXCITATICON BY’

2/,18A4)

PYIDTH = WIDTH#(1.05+12)

WRITZ (108,1530) PYIDTH

0FORMAT(/*THE CHZPNOUSOV AMALYSIS FOR THE’
1/°2APARCLCID/FEED ANTENNA SYSTLEM WAS PERFOPRMED FOR’
2/°A PULSE YWITH HALF-YWIDTH OF “,F&.1,* PICOSECONDS. ")
WRITE C108,1535)

0FORMAT(/*50TH RXETHETA(R, T-R/V) AND”

[ /'R¥EPHI(R, T-R/V) WERE COMPUTED’)

YWRITE (108,1540) NPTS

0FORMATC(*AT °,13,° EQUALLY SPACED VALUES QF°
1/*RETARDED TIME T** = (T - R/V) YHICH FELL WITHIN’

+ 2/*THE NUMERICALLY ESTABLISHED TIME WINDOY.*)

1550

1900
1905

1910

1915

1920

1925
19390

1945

1950
1955

WRITE (108,1550) NR,MXI

O0FORMAT(/*FCR THE NUMERICAL INTEGRATION ROUTINE,
1/*THE EXIT APERTURE YWAS DIVIDED’

2/°INTO *,14,°* SUBDIVISIONS IN R,*

37°AND ‘,14,° SUBDIVISIONS IN XI.*)

WRITE (108,1905)> ICOUNT

FORMAT(///7*0BSERVATION POINT P(THETA,PHI) ¢ *,13)
WRITE (108,1910) THETAD,PHID

0FORMAT(*THETA = °*,F6.1,° DEGREES, ‘.

1*PHI = *,F6.1,* DEGREES*)

TLOWER = THMIN®(1.0Z+09)
TUPPEDR = TIHAX*¥(1.02+09)
W IDTH = TUPPER - TLOWER

YRITE (108,1915) TLOWER, TUPPER,WWIDTH
OFORMATC(/*TIME WINDOY STARTED AT “,F9.3,° NAMNMOSECONDS®
1/°AND ENDED AT *,F9.3,° NAKNOSECONDS.*
2/°THE YINDOW WIDTH WAS *,F9.3,° NANOSECONDS.*)

WRITE ¢108,1920) .
0FORMAT(/*A TABLE OF T-N/V,RXETHETA(P,T-R/V) FOLLOWS.°’
17°T-2/V 1S IN MANOSECOMDS AND RXETHETA 1S IM VOLTS.*)
JIVE = 0

D0 1930 JIVE = 1,NPTS, ]

TMANC = (TRETCJIVEII®*().0E+09)

YRITE (108, 1925) TMHANO,RETHET(JIVE)
FORMAT(F9.3,°, *, IPEL10.3)

COMTINUZT

URITE (108, 194%)

OFORMATC(/*A TABLE COF T-R/V,RXEPHI(T, T-F/V) FOLLOVS.®
17°T=-0/V IS 1P HANOSECONDS AND RXEPH! IS IN VOLTS.*)
Jnzz = ¢

DO 1955 JAZZ = 1,NFTS,1

THANO = (TRETCJAZZII®C(1.0E+09)

YRITE (10M, 1950) TNANO,REPHICJAZZ)
FORMAT(F943,°, %, IPELD0.3)

CONTINUE

RETUN

END 214
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DESCRIBE THE EXIT APERTURE FIELDS

DUE TO THE THETA COMPONENT

OF THE RADIATION FROM THE FEED, Vi,

AND DEFINE THE CORRESPONDING APERTURE INTEGRANDS, VTHETA.
FUNCTION VTHETA(R,XI)
COMMON/BLCK3/F,D,FINCH, DINCH
COMMON/BLCK4/TPRIME, DTIME, FTIME, RATIO0, TAU,V,PI
COMMON/BLCKS/SITHET, COTHET, SIPHI,COPHI
COirIMON/BLCK11/ICOUNT, INDEX

DEFINE THE TIME ARGUMENT OF THE THETA COMPONENT.
SIXI SINC(XI)

COX1 COS(XI)
FSQ = F##2,0

ARGA = FTIME#(1.0 + COTHET)

ARGB = FTIME#(1.0 - COTHET)>*®*RATIO
ARGC = COXI*SITHET#*COPH!

ARGD = SIXKI*SITHET#SIPHI

ARGE = (R/V)¥(ARGC + ARGD)

ARG = TPRIME -~ ARGA -~ ARGB + ARGE
DEFINE THE FORM OF THE FEED’S THETA COMPONENT
OVER THE EXIT APERTURE, V!.
TAUSQ = TAU##2.0
ARGTAU = (ARG/TAUY##2.)
Ul = (2.0/TAUSQY#((2.0*ARGTAU)Y - 1.0)*EXP(-ARGTAW)
Ul = VI®(9.74E-12)
DEFINE THE EXIT APERTURE INTEGRANDS
CORRESPONDING TO THT FEED’S THETA COMPONENT.
RSQ = R##2,.Q
Q@ = RSQ/(4.0%F5Q)
AMINUS = 1.0 - Q
QPLUS 1.0 + @
DENOM SQRT((FSQ#*(QPLUS##2,0)) - (RSQ#COXI#COXI1))
GO TO (1971,1972,1973,1974), INDEX

[}

1971 VTHETA=(VI#(QMINUS/QPLUS)Y®#SIXI#COXI*R)/DENONM

RETURN

1972 VTHETA=(V]#(QMINUS/QPLUSY#COXI2COXI*RY/DENOM

RETURN

1073 VTHETA=(V]*51XI*COXI*R)/DENOM

RETURN

1974 VUTHETA=(VI*SIXI®SIXI®R) /DENOM

RETURN
-END
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E.2 PROGRAM FOR TAFERED ILLUMINATION

This program 1s identical to the Fortran IV program described
in Section E,1, except that equation (5-4) is utilized rather than
equation (5-2) to describe the TEqy component of the electric far field
of the point source feed located at the focus of the paraboloid. 1In
this section, as in Section E.1, the r}{E¢H conponent of the normalized

electric far field of the feed was neglected with respect to the

rHEOH component.,

In the program for tapered illumination of the exit aperture
of the paraboloid, FUNCTION VTHETA(R,XI) describes the partial deriv-
ative of equation (5-4) with respect to time evaluated at the exit
aperture of the paraboloid,

The execution time and space requirement of this program are
approximately the same as the program discussed in Section E.i. For
the sake of completeness, a listing of the routine FUNCTION VTHETA(R,

XI) ia glven on the following pages.

216




e NeNeXe)

[e N

19

DESCRIBE THE EXIT APERTURE FIELDS

DUE TO THE THETA COMPONEN

OF THE RADIATIOM FROM THE FEED, VI,

AND DEFINE THE CONRESPONDING APERTURE INTEGRANDS, VTHETA.
FUNCTION YTHETA(R,XID)
comMtoN /BLCK3/F, D, FINCH, DINCH
COMMON/DBLCKA4/TRPIME, DTINELFTIME,RATIO, TAULV,PI
COMMON/BLCKS/SITHET, COTHET, SIPHI, COPjLL
CaMMOo/NLCKI 1 Z1COUNT, INDEX

DEFINE THE TIME ARGUMENT OF THE THETA COMPONENT.
SIXI = SIMN(XD)
CCO¥1 = COS(XD

FEQ = F##2.0
ARGA FTIME*(1.0 + COTHET)

ARGB = FTIME#(1.0 - COTHET)¥PATIO
ARGC = COXI*SITHET#COPHI

ARGD = SIXI#SITHET*SIPHI

ARGE = (R/V)Y*(ARGC + ARCD)

ARGl = TPRIME - ARGA ~ ARGB + ARCGE
AA = 0.177 L '

BB = 0.0615%

CC = 0.0730

DD = Q.1140

EE = 0.qi7

ARSI = aBS(S5I¥D)

ABCO = ARS(CCXIDD

ARGF = an#*abCco

ARGG = DB¥ABSI

ARG2 = (R/V)IR(ARGF + ARGG)H

ARG = ANGI! - ANG2
DEFINE THE FORM OF THE FEED’S THETA COMPOMENT
OVER THE EXIT APERTURE, VI,
TAUA = TAU + ((CCH*R*ABSI1)/V)
TAUASO = Tallase2,.( '
ARGTAU = C(ARG/TAUAY #2220 .
V1l = (2.0/TAUASQI®CC2.02ARCTALD ~ 1.0)*EXP(~ARGTAL)
DENOMY! = 1.0 + ¢(2.09DD*R¥ARSIIZD)
DEMOM2 = 1.0 = ((2.0°EE®R®ARCOI/D)
Vi o= VIZ(DERQMI@DIION2)
Ul o= V1eC(9.74E-12)
DEFINE THE EMIT APERTURE INTEGBANDS
CORBESPONDINSG TO THE FEED’S THETA COUPOHENT.
RSN = NRewd,. |
G = R5G/C4.0%FSN)
CMINUS = 1.0 - 0
APLUS = 1,0 + € _
DENOM = SORTC(FSQY(OPLUS®**Z,0)) - (MSQeCONI®COXI))
GO TO (1971,1972,1973,1974), IUDEX
71 VTHETA> (VIC(OMINUS/0PLUS)#SIXI®COX]I®N) /DENON
QETUNH
78 UTHETAS(UI(NYINUSZQDLUSISCONI*COX] ) /DENOH
BETLUR 217




1973 VTHETA=(V1#SIXI®COXI%R)/DENOM
RETURN

1974 VTHETA=(VI#SIXI“SIXI%R)/DENG:
RETURK
ELD
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