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I. INTRODUCTION

This user's manual describes the operation of the Numerical Electro-
magnetics Code-Reflector Antenna Code. The code manual [11 describes
the theory used in the code and documents a detailed explanation of
the code.

The Reflector Code was designed to compute eito;e- near field curves
or far field patterns of typical Navy reflector antennas. One important
feature of the code is the capability for a general reflector rim shape.
Another important feature is the capability to input a practically ar-
bitrary volumetric feed pattern.

Since many Navy reflector antennas have parabolic surfaces, only
the class of parabolic surfaces was implemented in the computer code.
The geometry of the reflector rim is treated as piece-wise linear.
The code for the reflector geometry is flexible enough to include off-
set fed reflectors and general reflector rim shapes such as elliptical
and rectangular with chopped corners.

The theoretical approach for computing the fields of the general
reflector is based on a combination of the Geometrical Theory of Dif-
fraction (GTD) and Aperture Integration (AI) techniques. Typically
AI is used to compute the main beam and near sidelobes; GTD is used
to compute the wide-angle sidelobes and the backlobes. To implement
the computer algorithms based on these theories, efficient ways were
developed to handle calculations involving the feed pattern, the aperture
field and the far field pattern computations.

Sampled data from each measured feed pattern cut is input and stored
in the code. Linear interpolation is then used to obtain a piecewise
linear representation of the input pattern cut. The feed patterns in
planes other than those corresponding to the input pattern cuts also
are calculated by linear interpolation. This method provides a com-
putationally efficient way of calculating the aperture field without
requirinq large amounts of computer storage for the measured feed pat-
tern. Only relatively few data points need to be stored for essentially
complete feed pattern information. Furthermore, the piecewise linear
method has the advantages of flexibility and simplicity for general
feed patterns. No cut-and-try procedures are needed; the sample feed
values can be obtained directly from measured feed pattern data.

The aperture fields are calculated and stored on the principal
grid for use in the aperture integration. The principal grid values
are used for all output pattern cuts. The aperture fields are calculated
at points off the principal grid by using linear interpolation from
the principal grid. This is more efficient than calculating the aper-
ture fields from the feed pattern for each rotated grid that is used
for off-principal plane cuts.



The aperture integration uses an approach of overlapping subaper-
tures which allows a piecewise linear representation for the aperture
distribution. Thus variations in the aperture fields can be represented
with relatively few subapertures. Furtliermore, the subapertures can
be electrically large; thus minimizing the computer storage and also
the amount of numerical integration required. For far field computations,
a rotating grid method is employed in tha t the y-integrations are carried
out for each column of the aperture and each one-dimensional integration
result is stored. The stored values for the y-integration are then
used for each pattern angle in the plane perpendicular to the y-axis;
thus the efficiency approaches that of a one-dimensional integration.
Even though the integration grid must be rotated to obtain the pattern
in other planes, the required grid rotation is computationally much
faster than the numerous two-dimensional integrations that would other-
wise be required.

The reflector code requires approximately 250 Kbytes of storage.
Typical CPU times for far field results are less than I second per pat-
tern angle on the ElectroScience Laboratory Datacraft computer. For
example the patterns in Figure 9 require about 300 sec8nds each of CPU
time to give a printout for 361 pattern values (Ae=0.5 ). The corre-
sponding CPU time for Figure 15 is about 210 seconds.

Since NF computations by Al are done by two-dimensional integrations,
the CPU times depend greatly on the aperture size in wavelengths. Typical
CPU time for the patterns of the 22X diameter circular reflector shown
in Figures 19 and 20 is about 5 seconds per pattern angle for AI and 2 seconds
per pattern angle for GTD. The CPU times for GTD are nearly independent
of aperture size. The code is expected to run 3 to 5 times faster on
machines comparable to a CDC-6600.

The capabilities of the code may be sumarized as follows:

1. A general reflector rim shape may be used (piecewise linear).

2. The required input data for the feed pattern is minimized
by piecewise linear pattern fitting.

3. Storage and computation time of aperture data for Al is mini-
mized by using a principal rectangular grid and interpolation
of the aperture field.

4. The efficiency of field computations is maximized by the use
of GTD for wide pattern angles and the use of the rotating
grid method for far field computations at small angles (main
beam region). The more efficient GTD is used even for small
angles at close range in the near field.
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2 5. The feed may be linearly polarized with any orientation or
circularly polarized.

The GTD and AI approaches used for the code have a basic limitation
on the minimum size reflector that can be modeled. This limitation
is probably on the order of 1X to 3X for the reflector diameter. How-
ever, virtually all practical reflector antennas exceed 3X diameter.
There is no basic limitation on the maximum size of the reflector for
the basic analysis. In the code, the reflector surface is assumed to
be a perfect paraboloid. Thus, an actual reflector antenna must have
sufficiently good tolerances, especially at high frequencies, so that
it can be accurately modeled by the code.

The practical limitations on this version of the code can be sum-
marized as follows:

1. The feed must be located at the focus and have a constant

phase pattern.

2. The reflector surface must be paraboloidal.

3. Strut scattering effects are not included.

4. The grid size used for aperture integration must be chosen
sufficiently small to give a good representation of the aper-
ture field distribution.

5. Array variables associated with the rim data, the principal
grid and the feed pattern must be given sufficient dimensions
for the required input data.

Several statements are included in the code to print out a warning
message if the declared dimension is exceeded for certain array vari-
ables. This has been done for the variables mentioned in item 5 above.

II. OUTPUT FROM THE CODE

For far field calculations or for near field calculations with
constant range, the total field is converted to principal and cross
polarized components as referred to the polarization of the field com-
ponents from a Huygen's source [2]. For near field calculations with
constant z, the field is still expressed in rectan!uler components.

Far field calculations can be made with or without the e'jkR/R
range factor and this is controlled by the input logical variable LRANG.
If the range factor is suppressed (LRANG=false) the dB output of the
code is expressed as antenna gain relative to isotropic.

For far field calculations including the range factor (LRANG=true)
or for near field calculations the output is expressed as the electric
field relative to the field level of the feed along its axis and at
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a range equal to the focal distance of the reflector. In cases for
which the feed axis is aligned with the reflector axis (zero feed tilt
angle) this field reference is the aperture field at the center of the
aperture. Thus the power density (based on free space impedance) for
these cases cap be calculated from

PTIEI
F2Prad

where
IEI = magnitude output of the code

= transmitter power (radiated)
F = focal length of the reflector

Prad : relative power radiated by the feed

The information for F and Prad are included in the variable

REFDB = 10 
log 

4F2

F2Prad

This variable is used to calculate far field gain and is given as output
from the code. Thus the power density in dB relative to 1 Watt/meter
(assuming PT is watts and X is meters) is given by

SdB = 20 loglEj + REFDB + 10 log T-2

III. APPLICATIONS OF THE CODE

The reflector code can be used for the following basic applications:

1. Pattern prediction of existing reflector antennas.

2. Reflector antenna design.

3. Radiation hazard calculations.

4. EMC or coupling calculations with small antennas.

The far field capability of the code is used for applications 1
and 2 listed above. For pattern prediction it is necessary to have
sufficient information about the reflector dimensions and feed pattern.
For antenna design the code can be used in an iterative manner to seek
a practical design having a given pattern performance goal. Or, the
code can be used to give a more accurate prediction of the performance
of a design obtained from more approximate techniques.

The near field capability of the code can be used for EMC and radi-
ation hazard applications. The code can accurately calculate the field
at virtually any point that is at least one diameter from the reflector.

4



Since the code is efficient even for near field computations it eliminates
the necessity to rely entirely on approximate techniques as has usually
heen done in the past.

For radiation hazard applications the code is used to calculate
the level of the electric field or the power density at the near field
point. For EMC or coupling calculations the power density incident on
a small antenna is first calculated using the code; then the coupling
is calculated by multiplying by the effective aperture of the small
antenna. Thus the power received by a small antenna is given by

PR S - GR

where GR is the appropriate gain of the small antenna. The coupling
between the reflector antenna and the small antenna can be expressed
as

= 20 logIEj + REFDB - 20 log(47) + (GR)dB
T dB

IV. PRINCIPLES OF OPERATION

A command word system is used to input data into the code. By
this method additional computer runs can be made by making small changes
in the input data. A block diagram for the command word system is shown
in Table I. As seen in the table the code can be run by using default
data stored in the code (NX: Command). This is useful for initial testing
of the code. Also, the default data can be changed as desired by the
user to represent a commonly used reflector antenna. Various test op-
tions (TO: Command) are available for testing and debugging the code.
The input patterns of the feed antenna are specified by the desired
number of b-pattern cuts. The input pattern data is controlled by the
FD: Command. The feed pattern may be specified either by sample feed
data points or as analytic functions. The reflector geometry and di-
mensions are specified by the DG: Command. The rectangular grid size
to be used for aperture integration is also specified by the DG: Command.
A do loop for operating frequency is controlled by the FQ: Command so
that the code can be run for different frequencies without changing
any other input data. This is useful if the feed pattern can be assumed
not to change with frequency, If the feed pattern changes with fre-
quency the feed command (FD:) must be used before the code is executed
at each new frequency. The NF: Command controls whether near field
or far field output is computed. It also specifies the origin and the
4-plane cut for near field results. Detailed information on the output
pattern cuts is controlled by the PZ: command for either near field
or far field computations. Either evenly spaced pattern cuts or unevenly
spaced cuts (up to 10) can be specified. The LP: and PP: Commands
provide for line printer and pen plotter outputs, respectively. Com-



munts can be printed on the output data by using the CM: Command. The
TL: Command is used to specify the tilt angle of the feed axis and the
aperture center for offset reflectors.

Most of the far field pattern calculations are performed in terms
of the E. and Ek components; but they are then converted to principal
and cross polarzed components for the output pattern. A Huygen's source
representation is used as a reference for the principal and cross polari-
zations [21. Most of the near field calculations are performed in rec-
tangular field components. After all pattern calculations have been
completed for the specified *-plane cuts and the specified frequencies,
the code returns for the next command word. The theory and algorithms
of the code are documented in the code manual [1].

6

ii



TABLE I
BLOCK DIAGRAM OF THE INPUT FOR THE REFLECTOR CODE

For Command Word Input Refer to Section and Page Number Cited Below

Section Page

NX: Command A 9

Read Default Data

DG: Command B 0

Read Reflector Geometry Data

TO: Command C 12
Read Test Data

FD: Command I 16
Read Feed Pattern Data

I FQ: Command I E 21
Read Frequency Data

NF: Command F 21
Specify Near or Far Fields

I PZ: Command I G 25
Read Output Pattern DataI

LP: Command H 27
For Line Printer Output

PP: Command I 27
For Pen Plotter Output
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CM: or CE: Command 1 27
For Comments on Output Listing

TL: Cummand K 28
Read Data for Offset Reflectors

XQ: Command L 29
Execute Program n

I After Data Output I
Return for Next Command Word
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V. COMMAND WORD SYSTEM

The method used to input data into the computer code is based on
a command word system. This is especially convenient when more than
one problem is to be analyzed during a computer run. The code stores
the previous input data such that one need only input that data which
needs to be changed from the previous execution. Also, there is a de-
fault list of data so for any given problem the amount of data that
needs to be input has been shortened. The following list defines in
detail each command word and the variables associated with them. A
table is given with a block diagram for each command word that shows
the way to input the data associated with that command.

A. Command NX: (Refer to Table 2)

This command resets the input data of the code to that of the de-
fault case. Thus the user can read this command word followed by the
XQ: Command to run the default case at any time. This command is al-
ways executed at the beginning of a run. Consequently, all input data
will correspond to the default data except that which is changed by
another command. The default case can be run as the first case by a
single XQ: Command word.

TABLE 2
BLOCK DIAGRAM FOR DEFAULT DATA

Command NX:

Reset Default Data

B. Command DG: (Refer to Table 3)

This command enables the user to specify the shape and dimensions
of the parabolic reflector, and also the rectangular grid size to be
used for aperture integration. All units are specified according to
the value of IUNIT.

1. READ: INUIT, F,GRIDX,GRIDY,D

a) IUNIT; This is an integer variable that indicates the
units for the input data as follows:

I ometers
IUNIT 2.feet

3-.inches.

9
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b) F: This is a real variable which defines the focal

distance of the parabola.

c) GRIDXGRIDY: These are real variables which define the
rectangular grid dimensions, D and D as shown
in Figure 1. The rectangular 5rid isYused for
aperture integration and thus its size must be
sufficiently small to provide a reasonable piece-
wise linear representation of the aperture field
distribution. However, the grid dimensions may
be large in wavelengths.
The grid dimensions Dx and D together with the
aperture size control the maximum number of grid
lines I J used for aperture integration.
At leas Ta grT~xlines must be used in the code.
Presently 3<I max<48

3<Jmax <48.

Note that more grid lines are required when the
rotating grid is used for off principal plane
cuts. Approximately 50% mo~e grid lines are
required for O-cuts near 45 and odd multiples
of 45 .

d) D: This is a real variable which defines the diameter
of the reflector. If the diameter is read as
a positive value (D>O), the reflector is assumed
to be circular and the code generates the rim
points. If diameter is zero or negative (DsO.),
a general rim shape may be read with the follow-
ing read statement.

2. READ: NRIM,((RIM(NE,N),N=1,2),NE=1,NRIM)

This statement is skipped if D>0.

a) NRIM: This is an integer variable which defines the
number of input rim points.
Presently 3<NRIM<64.

b) RIM(NE,N): This is a doubly dimensioned real variabl I
It is used to specify the location of the NE
corner of the projected piecewise linear aperture
rim as shown in Figure 1. It is input on a single
line with the real numbers being the x, y coordi-
nates of the corner which correspond to N=1,2,
respectively, in the array.

10
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Figure 1. Reflector rim geometry and principal rectangular grid.



TABLE 3

BLOCK DIAGRAM FOR REFLECTOR GEOMETRY

Command DG:

F Read: IUNIT,F,GRIDX,GRIDYD

> for Circular Rim

True

SRead: NRIM,((RIM(NE,N),N=1,2),NE=I,NRIM

C. Command TO: (Refer to Table 4)

This command enables the user to obtain an extended output of various
intermediate quantities in the computer code. This is useful in testing
the program or in analyzing the contributions from various scattering
mechanisms in terms of the total solution.

12
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TABLE 4

BLOCK DIAGRAM FOR TEST OPTIONS

Coummand TO:

Read: LDEBUG,LTEST,LWYSUM,LOUT,LWFD

Read: LSLOPE,LCORNR

Read: LAI,LFEED,LGTD,THETAX,ZXP

1. READ: LDEBUG,LTEST,LOUT,LWFD

a) LDEBUG: This is a logical variable defined by T or F.
It is used to debug the program if errors are
suspected within the program. If set true, the
program prints out data on unit #6 associated
with each of its internal operations. These
data can, then, be compared with previous data
which are known to be correct. It is also used
to insure initial operation of the code. Only
one pattern angle is usually considered. (normally
set false)

b) LTEST: This is a logical variable defined by T or F.
It is used to test key variables in the code
such as the input/output associated with each
subroutine. The data written out on unit #6
are associated with the data in the window of
the subroutine. They are written out each time
the subroutine is called. It is, also, used
to insure initial operation of the code. Only
one pattern angle is considered. (normally set
false)

13



c) LWYSUM: This is a logical variable defined by T or F.
It is used to output data about the aperture
field and the partial sums of the aperture in-
tegration including the y-integration YSUM data.
This data is controlled separately from that
controlled by LDEBUG or LTEST because of the
large amqunt of output. (normally set false)

d) LOUT: This is a logical variable defined by T or F.
It is used to output data on unit #6 associated
with the main program. It too is used to initially
insure proper operation. It can be used to examine
the various components of the pattern. (normally
set false)

e) LWFD: This is a logical variable defined by T or F.
It is used to tell the code whether or not to
calculate and output data for the feed pattern.
(normally set true)

2. READ: LSLOPE,LCORNR

a) LSLOPE: This is a logical variable defined by T or F.
It is used to tell the code whether or not slope
diffraction is desired during the computation.
(normally set true)

b) LCORNR: This is a logical variable defined by T or F.
It is used to tell the code whether or not corner
diffraction is desired during the computation.
(normally set true)

3. READ: LAILFEED,LGTD,THETAX,ZXP

a) LAI: This is a logical variable defined by T or F.
It is used to tell the code whether or not aper-
ture integration is to be used in computing the
pattern. If set false only GTD can be used for
the contribution from the reflector. (normally
set true)

b) LFEED: This is a logical variable defined by T or F.
It is used to tell the code whether or not the
primary feed pattern spillover is desired during
the pattern computation. (normally set true)

14
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3 c) LGTD: This is a logical variable defined by T or F.
It is used to tell the code whether or not GTO
is to be used in computing the pattern. If set
false only aperture integration can be used for
the contribution from the reflector. (normally
set true)

3 d) THETAX: This is a real variable input in degrees. It
is used as a criterion for switching from Al
to GTD for both far field and near field cal-
culations. If the field point angle 8IR<THETAX,
Al is used; otherwise, GTD is used.

e) ZXP: This is a real variable input in the unit specified
by the variable IUNIT in the DG: Command. It
is used as a range criterion only for near field
calculations. If the range R (LRANG=true or
the distance from the aperture Z (LRANG=false)
is less than ZXP, only GTD is used. Other
wise, the near field point angle is compared
with THETAX to determine if Al or GTD is used.

If both THETAX and ZXP are input as zero, they will be calculated as
1 follows:

THETAX=nix = sin-1 1

and .wAw

ZXZx 2 tanO x
where Aw is the aperture width in the specific pattern cut.

1 The usage of the above criteria is sumarized in Table 5.

TABLE 51 BLOCK DIAGRAM FOR SWITCHING CRITERIA

(GTD only) -Al + GTD)

INo (Inx? Yes -

[ 1s



D. Command FD: (Refer to Table 6)

This command enables the user to specify the feed pattern.

1. READ: LLFD,LCP,LDB,ISYM,TAU

a) LLFD: This is a logical variable defined by T or F.
It is used to tell the code whether or not a
piecewise linear feed pattern is to be used.
If set false an analytic function is used.

h) LCP: This is a logical variable defined by T or F.
It is used to tell the code whether or not the
feed is circularly polarized. If set false linear
polarization is used.

c) LDB: This is a logical variable defined by T or F.
It is used to tell the code whether or not the
feed pattern input and output data are specified
in dB or not. If LDB is false, feed pattern
input and output are linear field values.

d) ISYM: This is an integer variable which defines the
type of symmetry for the feed pattern. Positive
values are used for even symmetry (sum patterns)
and negative values are used for odd symmetry
(difference patterns). The absolute value (18=
IISYMI) defines the regions of symmetry with
respect to the feed coordinate system (x,y,z)
shown in Figure 2.
IB=O: No symmetry
IB=1: Symmetry with respect to x and y axes
IB=2: Symmetry with respect to x axis
IB=3: Symmetry with respect to y axis.

e) TAU: This is a real variable. It is input in degrees
and defines the linear polarization angle rela-
tive to the x-axis of the feed as shown in Fig-
ure 2(b). TAU=O for horizontal polarization,
and TAU-QO for vertical polarization.

16
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PSIT - T TAU= r

Figure 2. Coordinate system of feed horn and polarization angle
when linearly polarized.
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?. READ: NPHI, (PHIN(N),N=1,NPHI)

a) NPHI: This is an integer variable which defines the
number of input feed pattern cuts. Each input
pattern corresponds to a t-plane cut with re-
spect to the feed axis (same as reflector axes
for PSIT=O.)

b) PHIN(N): This is a dimensioned real variable. It is input
in degrees and defines the t0 angle of the N-t
pattern cut as shown in FiguPe 3. The values
must be input in monotonic order, i.e., PHIN(N+I)>
PHIN(N). The first value N=1 and the last value
N=NPHI must be consistent with the type of pat-
tern symmetry as shown below:
IBIISYMI Type of PHIN(1) PHIN(NPHI)

Symmetry
0 None -1800
1 x&y axes 00 10 0
2 x-axis 0 0 0
3 y-axis - 90 90

For a fe8d pattern with no 4-symmetry (ISYM0)
the -180 p8ttern cut is also automatically stored
as the +180 pattern cut. Presently 1<N<15.

Y I PATTERN CUT

Figure 3. N-th input feed pattern cut, PHIN(N)= n.
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3. REAP): NPW,(AEX(),CAN(N),PSIO(N),N=I,NPHI)

This statement is used to specify the analytic pattern (LLFD=false).
The analytic functions are described in Appendix I.
This read statement is skipped if LLFD=true.

a) NPW: This Is an integer variable which defines the
power for the cosine or sine function.

b) AEX(N),CAN(N),PSIO(N): These are dimensioned real vari-
ables which define the analytic pattern in the
N-th 0-pattern cut. Presently l.SN<15.

4. READ: N2

This read statement is skipped if LLFD=false.

a) N2: This is an integer variable which defines the
maximum number of feed pattern points to be read
for all input 0-plane pattern cuts. It is used
only for piecewise linear feed pattern input
(LLFD=true). Presently 2<N2<15.

5. READ: PXI(K),FN

This read statement is skipped if LLFD=false.

a) PSIX,FN: These are real variables which define the piece-
wise linear feed input pattern for the K-th angle
PSIX=* as shown in Figure 4. FN=f(k) is the
patterh value (in dB for LOB true, or linear
field value for LOB false). Presently 1<K<15.

II
II
II

Figure 4. Piecewise linear approximation for feed patterns.
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TABLE 6

BLOCK DIAGRAM FOR FEED PATTERN

Commnand FD:

Read: LLFD,LCP,LD8,ISYM,TAU

FRead NPHI,(PHIN(N),N=1,NPHI)

True If(L>-D False

Read: N2 [Read: NPW,(AEX(N),CAN(N),PSIO(N),N=1,NPHI)I

Read: PSIX,FN

20



E. Command FQ: (Refer to Table 7)

This command enables the user to specify the frequencies for which
patterns are to be computed.

1. READ: NFRQ,(FREQ(I),I=I,NFRQ)

a) NFRQ: This is an integer variable used to define the
number of frequency inputs. If the feed is fre-
quency dependent NFRQ=I; and only one input fre-
quency FREQ(1) is used in conjunction with a
new input feed pattern for each frequency, using
the FD: Command.
Presently 1<NFRQ<O.

b) FREQ(1); This A a dimensioned real variable which defines
the I frequency for which a given antenna design
with a frequency-independent feed pattern is
to be run.

TABLE 7
BLOCK DIAGRAM FOR FREQUENCIES

Read: NFRQ,(FREQ(I),I=1,NFRQ

F. Command NF: (Refer to Table 8)

This command enables the user to specify whether near field or
far field output is to be computed. It also specifies the d -plane cut
and coordinate origin for near field calculations as shown in Figure
5b. The units for the distance parameters are specified according to
the value of

[ 1-meters
IUNIT 2-12feet

T3inches.

The value of IUNIT is controlled by the DG: Command.



I. READ: LNF,LRANG

a) LNF: This is a logical variable specified by T or
F. It is used to tell the code whether or not
near field output is to be computed. If set
false far field patterns are computed.

b) LRANG: This is a logical variable spepified by T or
F. For far fieldoutput it specifies whether

the range factor e- jk/R is to be included.
If set false the range factDr is suppressed.
For near field output it specifies whether results
for a given ¢ -plane cut (PHIE) are to be com-
puted for constant range R or constant Z distance.
If set false results are calculated for a constant
Z distance from the aperture plane. See Figure
5.

2. READ: RANG

This statement is skipped if LNF=true or LRANG=false.

a) RANG: This is a real variable which defines the far
field range R at which the antenna fields are
to be calculated as shown in Figure 5a. It is
used only when LRANG=true and LNF=false.

3. READ: PHIE, (XOO(I),I=1,3)

This statement is skipped if LNF=false.

a) PHIE: This is a real variable. It is input in degrees
and defines the C-plane cut for near field output
as shown in Figure 5b.

b) XOO(I): This is a dimensioned real variable. It is used
to specify the origin of the coordinate system
for near field observation points. See Figure
5.
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TABLE 8
BLOCK DIAGRAM FOR NEAR FIELD/FAR FIELD OPTIONS

Coniand NF:

FRead: LNF, LRANG

True If(LNF)Fas

(Near Field)

Read: PHIE,(XOO(I),I=1,3) Tu as

Read:RANG Range factor
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Figure 5. Coordinate systems for far field and near
field pattern cuts.
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G. Command PZ: (Refer to Table 9)

This command enables the user to specify the output data. For
far field patterns (LNF=false) this command specifies the t-plane pat-
tern cuts and the initial, final and incremental values for the pattern
angle t. For near field computations this command specifies the constant
R-cuts (LRANG=true) or constant Z-cuts (LRANG=false) for which the fields
are to be computed. The output pattern parameters R,P,d,p and z are
shown in Figure 5. The units for the distance parameters are specified
according to the value of

1-meters
IUNIT = 2 feet

3inches.

The value of IUNIT is controlled by the DG: Command.

The following read statements control the output pattern parameters
by use of the variables P2 and P3 as given in Table 10.

1. READ: IP2

a) IP2: This is an integer variable which is used to
specify the number of pattern cuts for the out-
put data for each frequency. Its absolute value
NP2=IIP21 is the number of pattern cuts to be
calculated.
Presently 1 <IIP21 <10.
If IP2 is po-sitive TIP2>0), unevenly spaced -
increments can be used as follows:

2. READ: (AP2(L),L%1,NP2)

a) AP2(L): This jA a dimensioned real variable which defines
the L value of P2 for output pattern data.
This read statement is used only for IP2>0.
Presently 1 < L < 10.

3. READ: (AP2(L)L=1,2)

This read statement is used for negative values of IP2(IP2<O);
then, evenly spaced *-increments are used as follows:

a) AP2(L): This is a dimensioned real variable. AP2(1)
is the initial value of P2 for the output pattern
data. AP2(2) is the P2 increment for the output
pattern data.
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4. READ: AP3I,AP3F,ADP3

a) AP3I: This is a real variable which defines the initial
value of P3 for each pattern cut.

b) AP3F: This is a real variable which defines the final
value of P3 for each pattern cut.

c) ADP3: This is a real variable which defines the value
by which P3 is to be incremented for the output
pattern.

TABLE 9
BLOCK DIAGRAM FOR OUTPUT PATTERN CUTS

Comiand PZ:

Read: IP2

True I 21 False
uneven t-cuts even €-cuts

26



TABLE 10

USE OF VARIABLES P2 AND P3

P2 P3

Input Variables AP2(L) AP3I,AP3F,ADP3

Far Field (LNF=false) e

Near Field* R e
Constant-R (LRANG=true)

Near Field* Z
Constant-Z (LRANG=false)

*For near field computations the *-plane cut is defined by PHIE as
specified by the NF: Command.

H. Command LP:

This command enables the user to specify whether a line printer
listing of the results is desired. It sets a flag so that data will
be written out on a line printer.

I. Command PP:

This command enables the user to specify whether plotted data is
desired.

J. Command CM: or CE: (Refer to Table 11)

This command enables the user to write comments along with the
output data of the code. If the CM: command is input, comment cards
can then be read and the corresponding comments will be written as part
of the code output. Each comment card except the last in a sequence
must have "CM:" for its first three characters. The last comment card
in the sequence must have "CE:" for Its first three characters; then
the code returns for another Rossible command word.

1. READ: IR(I) I=1,24

IR(1): This is a dimensioned array of up to 72 typed
characters (assuming 3 characters per word) which
compose the desired comment. As stated before,
the first three characters must be "CM:" for
all comment cards except "CE:" for the last comment
card in the sequence.
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TABLE 11
BLOCK DIAGRAM FOR COMMENTS ON OUTPUT

Command CM: or CE:

Read: IR(I),1I=,24

K. Command TL: (Refer to Table 12)

This command enables the user to specify the tilt angle of the
feed and the aperture center of the reflector on the Y-axis. This in-
formation is primarily useful for off-set reflectors.

1. READ: PSIT,YC

a) PSIT: This is a real variable. It is input in degrees
and defines the angle *' by which the feed horn
is tilted, in the y-z plane, from the negative
z-axis, as shown in Figure 2(a).

b) YC: This is a real variable. It is input in the
units specified by the variable IUNIT and de-
fines the aperture center of an off-set reflector
antenna. It is particularly useful for circular
rim shapes in which case the rim points are cal-
culated from the reflector diameter D.

TABLE 12
BLOCK DIAGRAM FOR OFF-SET REFLECTORS

ComanTL:

REDPSIT,YC
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L. Command XQ:

This command is used to execute the reflector code so that the
fields of the reflector may be computed and output. After execution
the code returns for another possible command word.

TABLE 13
BLOCK DIAGRAM FOR EXECUTION

CommQ:

Execute Computer Code

IV. APPLICATION OF CODE TO SEVERAL EXAMPLES

The following examples are used to illustrate the various features
of the reflector code. Examples 1 through 3 show representative far
field pattern calculations while examples 4 and 5 show near field cal-
culations with constant range and constant z-cut, respectively. Note
that the input data lists are shown containing most all of the commands
needed for the particular examples given. In many cases the input list
can be shortened because the data contained in the default list at the
beginning of the program need not be input through the read statements
every time. For example, the TO: Command data could be left out of
the input list in most of the examples given here. The user should
refer to the NX: Command to sqe what the defaults are. The default
list can be changed to meet his particular needs if necessary.

Example 1. The first example is the common case of a circular
reflector with an on-axis feed as shown in Figure 6. A GTD analysis
was previously developed for the far field pattern of the circular re-
flector as reported in Reference 3. Calculated results are given in
Reference 3 for a ?4" diameter reflector with an F/D ratio of 1/3 and
a frequency of 11 GHz. Thus this example can be used to verify the
far field part of the reflector code.

The measured feed patterns for this antenna as given in Reference
3 are shown in Figure 7. The feed is linearly polarized in the y-direction.
The piecewise linear feed pattern option of the reflector code was used
to approximate the measured H- and E-plane feed patterns as shown in
Figures 8a and b, respectively. The input data are given below:
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DO#
3, 8-,0.6,0.6,24.

F,F,F,FF
7Z,T
"1,T,T

FDO

",F,F, 1,90.
2,0.,90.
14
0.,1.
10. ,0.9575

20. ,0.8419
30. ,0.684
40. ,0.52SO. ,0.3772

60. ,0.2664
70. ,0.1866
80. .0.1358

90. 0.10521
120. 0.0 3588
132. 0.0 5475
160. A0-0 1884
180-1,0.0224
0.,1.
10. ,0.966
20. ,0.8714
30. .0.7375
40. ,0.59
50. ,0.4522
60. ,0.3 36
70. .0.24S6
SO. ,0.1813
90. .0.13778
120. .0.091 7
132. ,0.079
170. 0.0 2114
180. A0.02427
.Pz8
2
0. ,90.
6.,180.,5.
Fatfit,11.
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73.

-10. x24

(a) FRONT VIEW (b) SIDE VIEW

Figure 6. Circular reflector antenna with F/D-
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The output data for example 1 are given below. Note that a 50
increment is used t8 give a course representation of the pattern output.
Normally, about a increment would be used for complete pattern in-
formation in this example.

The far field patterns as computed by the general reflector code
are shown in Figures 9a and b for the H-and E-planes, respectively.
The results from the general reflector code were found to be in good
agreement with the calculated results of Reference 3 without aperture
blockage as shown in Figures 10 and 11. Aperture blockage and feed
strut scattering effects have not yet been included in the general
reflector code.
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X• XQ: *

* PRAL) 1 31E 1 •
0 •

rREQUENCY 11.000 GHZ *
* •

* UMBER OF RIM SEGMENTS= 36 0

* *

ArIERTURE DIAMETER = 22.35 WAVELENGTHS *
* •

* CUORL)INATES OF RIM POINTS (WAVELENGTHS) *

RIM POINT X Y *

1 11.15 .98 0
* 2 10.82 2.90 •

3 10.15 4.73
4 9.17 6.42 *

* 5 7.92 7 .92 *

* 6 6.42 9.17 •

* 7 4.73 10.15 •

a a 2.90 10.82

* 9 .98 11.15 *

* 10 -. 98 11.15 •

S11 -2.90 10.82 •

* 12 -4.73 10.15 •

• 13 -6.42 9.17 •

• 14 -7.92 7.92 •

• 15 -9.17 6.42 •

* 16 -10.15 4.73 *

* 17 -10.82 2.90 •

• 18 -11.15 .98 •

* 19 -11.15 -. 98 *

* 20 -10.82 -2.90 *

• 21 -10.15 -4.73 *

• 22 -9.17 -6.42 •

* 23 -7.92 -7.92 *

* 24 -6.42 -9.17 *

* 25 -4.73 -10.15 *

• 26 -2.90 -10.82 •

* 27 -. 98 -11.15 *

* 28 .98 -11.15 *

* 29 2.90 -10.82

• 30 4.73 -10.15 *

* 31 6.42 -9.17 •

* 32 7.92 -7.92 •

* 33 9.17 -6.42 •

* 34 10.15 -4.73 •
* 35 10.82 -2.90

* 36 11.15 -. 98 •
* •

* LOCAL DI.;TANCE = 7.45 WAVLENGTH3 •

* RLFLB = -7.633
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* Pill - 0.00

. idE'VA MAG DB PHASE MAG DB PHASE
* •

* 0.00 138.5261 35.20 33.29 .0000 -139.52 33.29 w
w 5.00 3.8691 4.12 35.05 .0000 -170.59 34.69 w
w o.00 1.1836 -6.17 -151.22 .0000 -181.04 -151.72 W
w 15.00 .6136 -11.88 -150.25 .0000 -187.08 -150.22 W
W 20.00 .3247 -17.40 -139.95 .0000 -191.95 -136.72 W
W 25.00 .1876 -22.17 -91.13 .0000 -95.52 6--.28
W 30.00 .1656 -23.25 -50.79 .0000 -94.09 12.98
W 35.00 .0330 -37.27 -132.89 .0001 -87.64 -104.09
W 40.00 .1892 -22.09 170.05 .0001 -90.27 122.81 W
. 45.00 .3264 -17.36 144.88 .0001 -89.08 -40.82 W
W 50.00 .4900 -13.83 44.73 .0001 -89.50 138.26 W
W 55.00 .4334 -14.90 -49.89 .0001 -88.90 -37.83 W
W b0.00 .3181 -17.58 -156.06 .0001 -90.58 169.33 W
W 65.00 .2348 -20.22 132.87 .0001 -91.75 59.47 W
"4 70.00 .5466 -12.88 48.33 .0000 -95.32 -71.49 W
W 75.00 .5099 -13.48 -74.76 .0001 -93.65 172.33 W
W 80.00 .6958 -10.78 -145.52 .0000 -94.78 132.38 W
W 85.00 .5687 -12.54 90.78 .0000 -96.94 79.46 W
W 90.00 .9939 -7.69 -4.97 .0000 -95.73 53.74 W
W 95.00 1.0586 -7.14 -86.88 .0000 -101.14 -40.69 W
w 100.00 .8189 -9.37 -178.93 .0000 -96.73 -75.58 w
w 105.00 .5928 -12.18 70.63 .0001 -93.08 -135.40 w
w 110.00 .3977 -15.64 -56.79 .0001 -92.47 -75.34 w
w 1 15.00 .2773 -18.77 155.92 .0000 -99.47 148.09 w
w 120.00 .1990 -21.65 -14.39 .0000 -94.25 -6.10 w
w 125.00 .1574 -23.69 152.60 .0001 -89.21 130.22 w
w 130.00 .1272 -25.54 -60.51 .0001 -88.89 -47.55 w
w 135.00 .0859 -28.95 62.29 .0001 -89.99 121.88 w
w 140.00 .0779 -29.80 145.16 .0001 -93.26 -70.31 w
w 145.00 .0990 -27.72 -123.60 .0001 -92.57 88.84 w
w 150.00 .0756 -30.06 -75.62 .0000 -96.21 -171.22 w
w 155.00 .0678 -31.01 -22.03 .0000 -103.01 -47.95 w
W 160.00 .0502 -33.63 3.99 .0000 -107.67 -23.78 W
W IbS.00 .0319 -37.55 35.71 0000 -116.84 107.66
.q 170.00 .0257 -39.44 80.14 .0000 -103.81 128.89
W 175.00 .0225 -40.61 106.05 .0000 -97.08 131.34 W
w 1 0.00 1.1964 -6.08 134.28 .0001 -86.08 134.28 W
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* Pi = 90.00

* *

W THETA MAG DB PHASE NAG DB PHASE W

* 0.00 138.4469 35.19 33.23 .0000 -195.u 33.23 W
w 5.00 .3242 -17.42 9.66 .0000 -188.75 115.90 W
W 10.00 2.0594 -1.36 -144.15 .0000 -194.63 105.41 W
w 15.00 1.2946 -5.39 -144.36 .0000 -195.52 71.48 W
W 20.00 .9228 -8.33 -151.39 .0000 -195.39 27.22 W
W 25.00 .4224 -15.12 -156.25 .0000 -96.05 37.68 W
W 30.00 .2969 -18.18 77.31 .0000 -9b.55 159.34 W
W 35.00 .7154 -10.54 52.56 .0000 -132.59 169.36 W

40.00 .5019 -13.62 12.66 .0000 -96.71 -89.50 W
W 45.00 .6690 -11.12 -91.82 .0001 -93.62 94.13 W
W 50.00 .4954 -13.73 -138.99 .0000 -94.04 -51.32 W
w 55.00 .7608 -10.01 131.08 .0000 -93.82 135.59 W
W 60.00 .6776 -11.01 34.97 .0000 -97.49 -50.10 W
W 65.00 .6231 -11.74 -45.45 .0000 -126.31 -45.08 W
W 70.00 .7866 -9.72 -132.88 .0000 -96.79 -148.80 W
W 75.00 .7930 -9.65 122.04 .0000 -97.74 -48.33 W
W o.00 .8997 -8.55 32.58 .0000 -100.12 25.55 W
w 85.00 .7798 -9.79 -86.20 .0000 -99.55 77.68 W
W 90.00 1.2394 -5.77 172.47 .0000 -98.49 98.72 W
, 95.00 1.3330 -5.14 90.23 .0000 -98.27 107.97 W
W 100.00 1.0979 -6.82 -4.12 .0000 -94.57 80.75 w
W 105.00 .8391 -9.16 -114.47 .0001 -91.17 25.55 W
W 1 10.00 .5940 -12.16 118.82 .0001 -90.09 129.91 .W.
W 115.00 .4450 -14.66 -27.70 .0000 -93.93 -21.69 - 5
W 120.00 .3406 -16.99 162.38 .0000 -101.58 170.90 W
W 125.00 .3044 -17.96 -29.86 .0000 -100.35 85.91 W
W 130.00 .3306 -17.25 126.49 .0000 -100.47 -40.19 W
W 135.00 .1318 -25.23 -105.51 .0000 -95.26 138.81 W
W 140.00 .2845 -18.55 -40.14 .0001 -92.80 -57.40 W
W 145.00 .1189 -26.13 77.27 .0000 -94.25 77.91 W
W 150.00 .3132 -17.72 130.20 .0000 -96.46 158.53 W
W 155.00 .2660 -19.13 142.28 .0000 -105.67 167.09 W
w 160.00 .1160 -26.35 161.49 .0000 -111.05 -175.55 W
W 165.00 .0795 -29.63 -84.14 .0000 -116.72 -144.26 W
w 170.00 .2240 -,Z0.63 -55.85 .0000 -117.76 -87.33 W
W 175.00 .4486 -14.60 -49.44 .0000 -116.27 -53.76 W
W 180.00 1.1964 -6.08 -45.72 .0001 -86.08 -45.72 W
* 3

* *
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Example 2. This example illustrates the flexibility of the general
reflector code for treating various rim geometries. The antenna used
in this example has a 19X x 11A rectangular aperture with chopped corners
and a focal distance F-10X as shown in Figure 12. The feed patterns
for this reflector are shown in Figure 13. The input data for this
case are given below:

DG e

.310.,I,050

F, F,F, F,F

FDI
F#-,~I-F ,90.
2,0.9 ,'o I
.1,6. ,0. 100. .6. 0.,q90.
FOBI
1, 11 .bI
pz 3
3
0.,.45. ,90.
0. , 1 80. 5 .
X0 S
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x
2.S .5k

-II

(a) FRONT VIEW (b) SIDE VIEW

Figure 12. Rectangular reflector with chopped corners.
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The output data for Example 2 are as given below. The far field pat-
terns computed by the general reflector code are shown in Figures 15a
to c for this example of a reflector with chopped corners.
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2

* jEFAULT DATA 0

0 CIRCULAR REFLECTOR wirH APErrURE DIAMETER .61 0

* *

F eOCAL DISTANCE= .203 GRIDX= .015 GRIDY = .015 *
0 0

0 FEEL PArTERN SYMMETPY GIVEN BY: ISYM= 1 *

0 L£i.4EARLY POLARIZED FEED *

* POLARIZED ANGLE = 90.00 *

* ii:E AXIS TILT ANGLE = 0.00 *

• [4P W = 1 0

• [4 PHIN(N) PSIO(N) AEX(N) CAN(N) *

* 1 0.0 120.0 5.0 .09 *
* 2 90.0 140.0 6.0 .10 *

0 *

0 &)G: *

0 COORDINATES OF RIM POINTS IN METERS *
0 RIM POINT X Y *

• 1 -. 24 -. 10
* 2 -. 15 -. 14 *
0 3 .15 -. 14 *

* 4 .24 -. 10 *

S5 .24 .,8 *

6 .13 .14 0

• 7 -.18 .14 0

* a -. 24 .08 *

0 L:OCAL DISTANCE= .254 GRI)X= .025 GRIDY = .013 *

0 A

0 4
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wr
• 000**•*** *0*0000*0 Q •QQ•QQb Q*0*0 • **0*0 *00*••• *000*00*00*0•0000000000*00*0•••• 00

O C: 0

&•

& L J"B0G= F LTEr= F .OUT= F LWFD = F 0

S L. )L,)PZ~ r LCORNR= T 0

0 LA[ T LFEED = T LGTD = r

THETAX =0.00 ZX 0.00 "

0 J

S " Zi-D PATTERN SYMMETRY GIVEN BY: ISYM= 10

0 LINEARLY POLARIZED FEED 0
* POLARIZED ANGLE 90.00 0

* FEED AXIS TILT ANGLE = 0.00 0

*N 00 HPa = 1 •

•1 ? HIN(N) PSIO(N) AEX(N) C .N(N)
1 1 0.0 10).0 6.0 0.00 0

• 2 90.0 90.0 6.0 0.00 •

* 0:i it; KOMETRY, THERE WILL HF 1 PREQUENC[=:- '),q ;E;)#'RE
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0 0t

0 0t

SdJAlG I'HE PRESENT GEOMETRY, WILL BE 3 PHI PATTERN CUTS cOmPU'ED

ANCE INP Ii3 POSITIVE rHE FOLLOblING PHI CUTrS WILL BE COMPUTED:

0 0.0, 4 5.0, 90.0,

0t *

FJ FR i ACII PH{I CUT 'rHE PAfI'ERN4 WILL BE COJMPUTED EACH 5.0 DEGREES I 4IiEr4 *
* 0t

k kk

* 0

0 XQ: 0t

A

0 ?RAJ .563E 0 *
0t 0

* OiRZQJZNCY 11.310 GHZ 0

*t 0

0 CO)3RDINATES OF RIM POINTS (WAVELENGTHS) *
a *im PaNT X Y *

0 1 -9.30 -4.00 *

0 2 -6.00 -5.50 *
3 3 6.00 -5.50 0

0 4 9.50 -4.00 *

0 5 9.50 3.00 0

0 6 7.00 5.50 *

* 7 -7.00 5.50 0

* 8 -9.50 3.00 *

0 0

" 1'JCAL DISTANCE = 10.00 WAVELE4GTHS *

0AZFDH -6.549

50 .1
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* a

P idl " 0.00 *

,, ',' ,4AG LB PrHASE 'IAG 8 PHA ;E

A 1 .00 a9.8172 32.52 34.14 .0000 -142.2') 34.14 
A 5.00 2.2409 .46 34.14 .0000 -174.30 33.59 W
W 10.00 .2816 -17.56 -145.86 .0000 -192.45 -147.30 W
W 1 5.00 .4797 -12.93 34.14 .0000 -137.16 34.66 "
W 20.0 0 .6118 -10.82 34.15 .0000 -185.21 33.00
* 25.00 .1714 -21.87 -59.39 .0219 -39.75 82.25 W
w 30.00 .4766 -12.99 -124.91 .0090 -47.47 -86.08 w
W 35.00 .2606 -18.23 99.56 .0099 -46.60 133.91 W
1. 40.00 .2333 - o) .I9 33.70 .0095 -46.97 -110.52 w
w 45.00 .3191 -16.47 -117.01 .0086 -47.90 83.18 w
, 50.00 .3112 -16.69 81.30 .0063 -50.63 -97.18 W
* 55.00 .2920 -17.24 -39.60 .0054 -51.91 82.19 W
* 60.00 .2738 -17.80 87.06 .0049 -52.82 -119.50 w
w 6 5.0 0 .2050 -20.32 -118.67 .0045 -53.45 14.04 w
w 70.00 .1980 -20.62 -19.31 .0046 -53.22 120.80 w
w 75.00 .2322 -19.23 97.16 .0048 -53.01 -141.32 w
w 80.00 .2260 -19.47 156.29 .0049 -52.71 -78.63 w
w 85.00 .2005 -20.51 -152.08 .0050 -52.53 -37.77 "
w 90.00 .1959 -20.71 -124.02 .0053 -52.04 -24.16 w
w 95.00 .2202 -19.69 -137.28 .0053 -52.11 -46.04 w
w 100.00 .2778 -17.67 -146.30 .0060 -51.00 -81.00 w
4 105.00 .2370 -19.06 117.16 .0066 -50.18 -137.07 w
w 110.00 .3061 -16.83 114.90 .0080 -48.43 142.61 w
W 115.00 .7549 -8.99 -36.50 .0089 -47.55 45.10 w
w 120.00 .8980 -7.48 149.72 .0111 -45.65 -94.81 A
'. 125.00 .7640 -8.89 -33.96 .0123 -44.72 117.12 w
W 1 30.00 .5441 -11.34 135.40 .0121 -44.92 -78.24 A
A 1 35.0 0 . 3033 -16.91 -73.92 .0152 -42.89 60.24 w
W 140.00 .1839 -21.26 29.78 .0170 -41.92 -118.32 w
W 145.00 .2921 -17.24 -167.86 .0165 -42.19 63.41 w
W 150.0) .4659 -13.1R 68.10 .0145 -43.33 -172.48 W
W 155.00 .9251 -7.23 -66.24 .013 -43.69 -74.26 W
W 160.00 .6983 -9.67 172.38 .0178 -41.52 11.12 W
I 165.00 .9070 -7.40 123.26 .0323 -36.37 120.24 W
W 170.00 .8916 -7.55 56.96 .037F -34.99 -- 3.13 W
l 1 75.10 .9940 -6.60 21.77 .0181 -41.41 74.62 W

I i0.00 1.0229 -6.35 11.05 .0001 -86.35 11.05 W
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* PHI - 45.00

4 i'IETA MAG DB PHASE "4AG DB P HALE "

, 0 O.:)0 39.6156 32.50 34.14 .0000 -142.14 28.18 W
W 5.00 10.9031 14.20 34.60 .0208 -40.19 34.60 ;
" 1 0.00 .6307 -10.55 29.42 .0048 -52.87 29.42
" 1 3.00 .5014 -12.55 2L.91 .0087 -47.77 21.41
.V 20.00 .1174 -25.16 -119.37 .0036 -55.31 -119.38 ,
, 25.00 .1708 -21.90 -142.58 .)311 -36.69 -121.57 4
14 30.00 .1443 -23.36 89.87 .0193 -40.82 135.52 .
4 35.00 .0757 -28.97 4.18 .0405 -14.41 15.22

4 0.00 .0895 -27.51 -106.60 .0311 -36.69 -136.62 w
w 45.00 .0653 -30.25 31.58 .0513 -32.34 85.36 w
w 50.00 .1349 -23.95 -68.22 .0273 -37.83 -81.70 14
4 55.00 .0515 -32.32 60.34 .0561 -31.56 120.94 w
W 60.00 .0761 -28.92 -77.51 .0402 -34.47 -104.26 w
w 65.00 .0854 -27.92 52.93 .0320 -36.44 57.63 w
,1 70.00 .0522 -32.20 146.68 .0539 -31.92 -172.15 w
w 75.00 .0326 -36.27 -83.30 .0641 -30.42 -90.09 w
* 80.00 .0378 -35.01 -5.93 .0638 -30.45 -21.78 W
.4 85.00 .0370 -35.19 42.51 .0615 -30.78 28.15 W
W 90.00 .0347 -35.74 65.34 .0670 -30.02 53.80 W
W 95.00 .0319 -36.47 57.95 .0784 -28.66 88.03 w
w 100.00 .0324 -36.34 46.15 .0230 -39.32 9.84 W
14 105.00 .0281 -37.59 14.97 .1420 -23.50 17.47 W
W 110.00 .0174 -41.72 -59.22 .1343 -23.99 -132.86 w
W 1 15.00 .0221 -39.65 -149.54 .3415 -15.88 -62.44 W
W 120.00 .0242 -38.88 117.52 .6836 -9.85 116.30 W
W 125.00 .0124 -44.69 -27.10 .9549 -6.95 -59.13 W
W 130.00 .0165 -42.18 162.70 1.0416 -6.20 119.50 W
4 135.00 .0089 -47.52 -25.45 1.0440 -6.18 -52.92 w
W 140.00 .0199 -40.55 -120.38 1.0635 -6.01 131.37 W
W 1 45.00 .0200 -40.51 -141.36 .6276 -10.60 -41.98 W
4 150.00 .0364 -35.33 161.15 1.1225 -5.55 168.08 w
W 155.00 .0181 -41.39 137.30 .5242 -12.16 -18.75 w
4 160.00 .0192 -40.87 43.88 .6499 -10.29 -130.94 I4 1
A 165.00 .0247 -38.71 94.41 1.0117 -6.45 52.71 4
.4 1;).) .0151 -42.99 100.20 .3424 -15.36 -144.13 w
4 175.00 .0035 -55.78 -73.00 .5910 -11.12 -171.72 W
W 180.00 .0001 -86.35 -168.95 1.1229 -6.35 11.05 4
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* PHI = 90.00 *

* de

1 oiIrA MAG DB PHASE 1AG I)B *- ;c 4
* *

0 . J 89.7915 32.52 34.14 .0000 -198.87 34.14 A
W 5.00 19.7039 19.34 33.83 .0000 -188.81 125.43 W
W 10.00 4.7631 7.01 -146.88 .0000 -199.40 1,7.70 A
A 15.00 3.4873 4.30 35.18 .0000 -201.17 137.20 w
. 20.00 2.8223 2.46 -142.03 .0000 -206.93 152.75 W
w 25.00 2.5944 1.73 37.91 .0000 -205.86 148.54 W
A 30.00 2.1123 -. 05 -144.56 .0000 -206.14 178.93 w
w 35.00 1.3415 -4.00 32.17 .0000 -210.71 -157.06 w
W 40.00 .1678 -22.05 -165.27 .0000 -207.52 -175.56 w
W 45.00 1.1547 -5.30 11.47 .0002 -80.73 116.72 W
w 50.00 1.1809 -5.10 -95.38 .0002 -81.37 -18.99 W
w 55.00 .6686 -10.05 -149.01 .0001 -87.22 -62.51 W
w 60.00 .8716 -7.74 160.28 .0002 -82.45 -143.34 w
w 65.00 .5957 -11.05 128.76 .0001 -84.05 -169.19 W
w 70.00 .5862 -11.19 108.52 .0001 -83.49 154.33 w
W 75.00 .4749 -13.02 110.57 .0002 -82.56 140.74 W
W 80.00 .4083 -14.33 125.31 .0002 -81.38 137.18 w
w 85.00 .3570 -15.50 166.90 .0002 -80.56 147.10 w
J 90.00 .3288 -16.21 -128.22 .0002 -80.77 162.94 w

,4 95.00 .1255 -24.58 -80.69 .0000 -108.95 -54.12 w
W 100.00 .1423 -23.48 -42.76 .0000 -103.04 -26.97 w
W 105.00 .2963 -17.11 -27.32 .0002 -78.76 78.83 W
4 110.00 .6684 -10.05 23.47 .0003 -78.00 139.73 W
W 115.00 .3952 -14.61 151.48 .0003 -76.59 -141.64 W
W 120.00 1.0220 -6.36 -71.42 .0003 -76.13 -61.07 W
A 125.00 .3900 -14.73 96.44 .0002 -80.30 37.19 W
W 1 30.00 1.3944 -3.66 -110.59 .0002 -80.21 163.05 W
W 135.00 2.3312 .80 112.31 .0001 -90.98 -127.18 W
W 140.00 2.3463 .86 -22.51 .0001 -83.12 56.21 W
v 1 45.00 1.8838 -1.015 -155.96 .0002 -81.50 -44.32 W
w 150.00 1.4324 -3.43 69.30 .0002 -81.17 59.60 W
W 155.00 1.2467 -4.63 -69.18 .0001 -84.31 -84.96 W
W 160.00 1.1389 -5.42 143.03 .0001 -86.98 144.28 W
• 165.00 1.1183 -5.58 -14.06 .0001 -85.73 -2.69 W
, 170.00 1.0234 -6.35 -175.52 .0001 -85.63 -163.64 ,A
. 175.00 .8747 -7.71 6.14 .0001 -87.53 13.62
. 1 8 $0.0) 1.024 -i. 35 -163.95 .0001 -86.35 -163.95 w
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Example 3 is an off-set fed reflector system with a corrugated
horn feed designed at NRL [4). The geometry of the antenna is shown
in Figure 16. The input feed pattern used in the code was read from
the envelope of the measured horn pattern [4] shown in Figure 17. The
E-plane far field pattern calculated by both Al and GTO is shown in
Figure 18. This example shows the use of the TL: Command for a feed
axis tilt. The input data are given below:
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The output data for Example 3 as calculated by Al are given below:

* DEFAULT DATA *

* LINEAR DIMENSION INPUTS ARE IN INCHES *

* CIRCULAR REFLECTOR WITH APERTURE DIAMETER - 24.00 *

* FOCAL DIS1ANCE= 8.00 GRIDX= .600 GRIDY = .600 *

* FEED PATTERN SYMMETRY GIVEN BY3ISYIA= I *

* LINEARLY POLARIZED FEED *

* POLARIZED ANGLE = 90.00 *

* FEED DATA INPUT IN DB. *

* NPW=I *
* N PHIN(N) PSIO(N) AEX(N) CAN(N) *
* i 0.0 120.0 .0 *09 *
* 2 90.0 140.0 .6.0 .10 *

* U *

*LINEAR DIENSION INPUTS ARE IN ETERS*

* CIRCULAR REFLECTOR WITH APERTURE DIAMETER 35*

* FOCAL DISIANCE- 33 GRIDX .010 GRIDY 10*
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sI

* f(,

* L)EfBUG= F LTEST= F LWYSUM= F LOUT = F LTM) w F *

* LSLOPE= T LCORNR= T *
LAI = T LFEED F LGTD F

* THETAX 0.00 ZX = 0.0

* Ls*

* FEED AXIS TILT ANGLE = 9*

* APERTURE CENTER AT (0., .657) *

* 6



* .*
* ril

* FEED PATTERN SYMMETRY GIVEN BYSISY= I *

* LINEARLY POLARIZED FEED *

* POLARIZED ANGLE = 90.00 *

* I'ED DATA INPUT IN DB. *

* MAXIMUM NUMBER OF FEED POINTS=12 *

* Y-OWIENTED DIPOLE FEED *

* PHINII1) = 0.0 *

* PIECEWISE LINEAR FEED INPUT *
* PSI F F(DB) *

* 0.00 .9966 -.03 *
* 2.00 .9886 -. 10 *
* 5.00 .8710 -1.20 *
* 10.00 .4943 -6.12 *
* 15.00 .1318 -17.60 *
* 20.00 .0313 -30.10 *
* 25.00 .0105 -39.60 *
* 30.00 .0046 -46.70 *
* 4.0(0 .0020 -54.00 *
* 50.00 .0011 -59.40 *
* 90.00 .0002 -75.50 *
* 180.00 .0000 -95.00 *
* PHIN'(2) = 90.0 *

* PIECEWISE LINEAR FEED INPUT *
* PSI F F(DB) *

* 0.00 .9966 -.03 *
* 2.00 .9886 -. 10 *
* 5.00 .8710 -1.20 *
* 10.00 .4943 -6.12 *
* 15.00 .1318 -17.60 *
* 20.00 .0313 -30.10 *
* 25.00 .0105 -39.60 *
* 30.00 .0046 -46.70 *
* 40.00 .0020 -54.00 *
* 50.00 .0011 -59.40 *
* 90.00 .0002 -75.50 *
* 180.00 .0000 -95.00 *
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* i-(La *

* Foh THI. . GEOMEThY,THERE WILL BE I FREQUENCIES CONSIDERED AS FOLLOWS, *

N
* */ OO

* Nt-: *

* i-Ak FIELD PATTERN WILL BE CALCULATED *

* P *

*USING THE PRESENT GEiETRY,THERE ILL BE I PATTERN CUTS COMPUTED*

* lIF(E IP2 IS POSITIVE THE FOLLOW ING CUTS |WILL BE COM4PUTEDS

* *g 4

3* A0.0 AP3F 90.0

* fR EACH CUT THE T T ER E WLLCOMPUTED EACH 2. DEGREES THETA OR *
* IPUT UNIT IN HO
" A"AF

, IPU UNT N IO



X* *

• PRAD = .617E -1 *
r * *

• FREQUENCY = 37.000 GHZ *

* IWAVELENGTH = .008108 METERS *
* * THE FOLLOWING DIMENSION UNITS ARE IN WAVELENGTHS * *

• NUMBER OF RIM SEGMENTS= 32 *

* APERTURE DIAMETER = 43.41 WAVELENGTHS *

* APERTURE CENTER AT (0., 80.98) *

• COORDINATES OF RIM POINTS (WAVELENGTHS) *
* RIM POINT X Y*
• 1 21.65 83.11 *
k 2 20.82 87.30 *
*3 19.19 91.24 *
* 4 16.82 94.78 *
• 5 13.80 97.80 *
• 6 10.26 100.17 *
•* 6.32 101.80 *
• 8 2.13 102.64 *
• 9 -2.13 102.64

10 -6.32 101.80 *
* JI -10.26 100.17 *
• 12 -13.80 97.80 *
• 13 -16.82 94.78 *
• 14 -19.19 91.24 *
• 15 -20.82 87.30 *
• 16 -21.65 83.11

17 -21.65 78.85 *
• 18 -20.82 74.66 *
* 19 -19.19 70.72 *
• 20 -16.82 67.18 *
• 21 -13.80 64.16 *
* 22 -10.26 61.79 *
* 23 -6.32 60.16 *
• 24 -2.13 59.33 *
• 25 2.13 59.33 *
• 26 6.32 60.16 *
• 27 10.26 61.79 *
• 28 13.80 64.16 *
• 29 16.82 67.18 *
* 30 19.19 70.72 *
• 31 20.82 74.66 *
• 32 21.65 78.85 *

* FOCAL DISTANCE = 40.47 *

• GRIDX = 1.23 GRInY 1 1.23 *
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.* REFDB = -9.054 
,

P * 90. 0*

SCIPAL POL CROSS POL wI
-- PRINCIA POW

IN PHASE

i THETA MAG DB PHASE MAG DB

Iw 0.0 .327E 3 41.25 63.59 .258E -5 -120.83 63.60 W

wi 2.0 .251E 2 18.94 -18.10 .847E -6 -130.92 -17.53 N

wI 4.0 .409E 1 3.19 -32.09 .952E -7 -149.49 -74.63 w

Iw 6.0 .143E 1 -5.93 173.5"1 .808E -7 -150.91 -125.12 wi

wi 8.0 .115E 1 -7.86 -22.71 .8(8E -7 -150.90 112.05 1,

wI 10.0 .5"j5E 0 -13.87 -101.34 .lV8E -6 -148.40 -29.46 w

hW 12.0 .574E 0 -13.88 28.62 .562E -7 -154.05 143.06 VN

wi 14.0 .360E 0 -17.92 -118.40 .297E -7 -15 9.60 -143.27 i

II 16.0 .504E 0 -15.01 1.03 .345E -8 -178.31 -151.35 A

wi 18.0 .139E 0 -26.17 -159.15 .459E -7 -155.81 -98.32 '

Vi 20.0 .341E 0 -18.39 -45.03 .304E -7 -159.39 64.54

W 22.0 .819E -1 -30.79 97.76 .449E -7 -156.00 -165.51 Z i

hI 24.0 .265E 0 -20.57 -143.86 .570E -7 -153.93 -78.68

wi 2o.0 .158E 0 -25.10 -99.45 .363E -7 -157.85 -9.81 4

wi 28.0 .106E e -28.52 38.78 .155E -7 -165.26 77.16 W

W 30.0 .217E 0 -22.32 52.74 .191E -7 -163.41 174.93 w

Vi 32.0 .146E 0 -25.77 46.01 .157E -8 -185.13 81.57 Vo

w 34.0 .560E -1 -34.09 88.85 .681E -8 -172.39 -2.56 W

W 36.0 .962E -1 -29.39 92.51 .377E -8 -177.53 -55.79 W

w 38.0 .139E 0 -26.21 7.28 .656E -8 -172.72 -51.18 V.

wI 40.0 .121E 0 -27.38 -92.35 .708E -8 -172.05 -48.78 i

wI 42.0 .8-4E -i -30.22 167.08 .348E -8 -178.22 -56.92 W

W 44.0 .6o4E -1 -32.61 50.72 .188E -8 -183.56 -69.15 11

II 46.0 .467E -1 -35.66 -93.59 .jA2E -8 -186.03 -9fl.99 w

wI 48.0 .583E -1 -33.74 85.22 .764E -9 -191.39 -81.38 w

w 50.0 .609E -I -33.36 -131.31 .110E -8 -188.19 -148.17 IN

w 52.0 .3b9E -I -37.25 139.67 .119E -8 -187.54 138.98 W

w 54.0 .597E -1 -33.54 -28.62 .147E -9 -205.68 -34.16 "

w 56.0 .973E -1 -29.30 -79.57 .679E -9 -192.42 -134.25 W

w 58.0 .106E 0 -28.54 -24.79 .126E -8 -187.01 54.49 wI

wI 60.0 .783E -1 -31.17 -72.09 .508E -9 -194.93 -168.42 yj

W 02.0 .476E -1 -35.51 -160.76 .541E -9 -194.39 11.05 V;

wI 64.0 .486E -1 -35.32 16.53 .872E -9 -390.25 104.23 vi

w 66.0 .815E -1 -30.83 -127.30 .775E -9 -191.27 174.76 WV

w 08.0 .404E -1 -36.93 46.86 .936E -9 -189.63 -145.26 iN

wi 70.0 .862E -1 -30.34 98.25 .122E -8 -187.31 -164.06 Ih

w -12.0 .361E -1 -37.90 -145.48 .154E -8 -185.30 139.35 w

w 74.0 .938E -1 -29.61 -174.40 .1,5E -8 -183.71 56.27 Ir;

i 716.0 .343E -1 -38.36 116.90 .212E -8 -182.52 -55.96 vi

W "78.0 .525E -1 -34.65 127.94 .235E -8 -181.65 159.31 W

Vw 80.16 .7o1E -1 -31.42 -22.38 .248E -8 -181.17 -19.08 v

w b2.0 .544E -1 -34.34 151.27 .249E -8 -181.13 128.56 lei

wi 84.0 .256E -1 -40.89 -47.30 .242E -8 -181.39 -117.69 w

w 80.0 .246E -1 -41.23 110.64 .231E -8 -181.76 -37.28

li b8.0 .344E -1 -38.32 -172.61 .223E -8 -182.10 10.54 W

i 90.0 0375E -1 -37.58 -150.06 .217E -R -182.31 26.41 vi

CPU TIME = 22.02 SECONDS

* 

* 
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Example 4 uses the circular reflector of example 1 except that
near field results are calculated instead of far field patterns. In
this example, two constant range cases with R=100 and R=40X, are shown
in Figures 19 and 20, respectively, and the input data are given below.
Note that only Al is used in this example. A good agreement between
Al and GTD has been verified in Reference 5.
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a PHI (Dt) - 0.0
a F tiL) - 7.5

0 (M) - 22.35
GRIJ (ML) - 0.559
RANGEWL) 100.0

a *1
C

0

uc
7z0

0C
U-

€; 3 0 so sloTHETA (DEGREES)

Figure 19. Principal near field component for 22.35X diameter circular
reflector. R=100A.

C PHI (DEG) - 0.0
CO F (ML) - 7.5

0 (ML) - 22.35
GHIO (WL) - 0.559
RANGE (ML) - 40.0

a1_
lA

C! I!

30 o 90
THETA (DEGREES)

Figure 20. Principal near field component for 22.35) diameter circular
reflector. R-40A. 69
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The output data for Example 4 as calculated by AI for R-]OOX are given below:
I 'mi' Am *A * A*ktA**l AtAWAA * *.1 **** WtAA A A, * *

• DEFAULT DATA *

• LINEAR DIMENSION INPUTS ARE IN INCHES *

• ICIUCULAR REFLECTOR WITH APERTURE DIAMETER = 24.00 *

• FOCAL DISIANCE= 8.00 GRIDX= .600 GRIDY = .600 *

* ~FEED PATTERN SYMMETRY GIVEN BYIISYM= 1 *

• LINEARLY POLARIZED FEED *

• POLARIZED ANGLE = 90.00 *

* FEED DATA INPU'" IN DB. *

• NPW=I *
• N PHIN(N) PSIO(N) AEX(N) CAN(IF) *

I 0.0 12.0 5.0 .09 *
• 2 90.0 140.0 6.0 .10 *
* *

* P2 *

* USING TfjE PRESENT GEOMETRY,THERE WILL BE I PATTERN CUTS COMPUTE.D *

* SINCE IP2 IS POSITIVE THE FOLLOWING CUIS WILL BE COMPUTED, *

* AP31 = 0.(0 AP3F - 90.00 *

* F(.R EACH CUT THE PAITERN WILL BE COMPUTED EACH 2.0 DEGREES ThETA OR *

* INPUT UNIT IN kHO *
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[~

~~ PUAD =.134E I

* FREQUENCY - .11.000 0HZ*

*WAVELENGTH = .027273 METERS*
* THE FOLLOWING DIMENSION UNITS ARE IN WAVELENGTHS**

~. * NUMBER OF RIM SEGMENTS- 64

* APERTURE DIAMETER - 22.35 WAVELENGTHS
*APERTURE CENTER AT (0., 0.00)*

*CCORDINATES OF RIM POINTS (WAVELENGTHS)*
*RIM POINT X *

*1 11.17 .55*
*2 .11.06 1.64*
*3 10.85 2.72
*4 10.53 3.77

*l 5 10.11 4.78*
*6 9.59 5.75*
*7 8.98 6.66*
*8 8.29 7.51*

* 7.51 8.29*
*10 6.66 8.98*
* I 5.75 9.59*

-**12 4.78 10.11*
* *13 3.77 10.53*
* *14 2.72 10.85*1 *15 1.64 11.06*

*16 .55 11.17*
*17 -.55 11.17*

18 -1.64 11.06
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*
• 19 -2.72 10.85
* 20 -3.77 10.53
* 21 -4.18 10.11 *

• 22 -5.75 9.59 *
, 23 -6.66 8.98 *

, 24 -7.51 8.29 *

, 25 -8.29 7.51 *
. 26 -8.98 6.66 *
• 27 -9.59 5.75 *

• 28 -10.11 4.78 *

. 29 -10.53 3.77 *

, 30 -10.85 2.72 *

, 31 -11.06 1.64 *
, 32 -.11.17 .55 *
, 33 -1.17 -.55 *
, 34 -. 0 I.6 -1.64 *
, 35 -10.85 -2.72 *
, 36 -10.53 -3.77 *

, 3- -10.11 -4.78 *
. 38 -9.59 -5.75 *
. 39 -8.98 -6.66 *

, 40 -8,29 -7.51 *

, 41 -7.51 -8.29 *
, 42 -6.66 -8.98 *

S4.3 -5.75 -9.59 *

, 44 -4.78 -10.11 *

* 45 -3.77 -10.53 *

. 46 -2.72 -10.85 *

, 47 -1.64 -11.06 *
* 48 -. 55 -11.17 *

* 49 .55 -11.17 *

* 50 1.64 -11.06 *

• 51 2.72 -10.85 *

• 52 3.77 -10.53 *

• 53 4.78 -10.11 *

• 54 5.75 -9.59 *

* 55 6.66 -8.98 *

* 56 7.51 -8.29 *

• 5- 8.29 -7.51 *

* 58 8.98 -6.66 *

* 59 9.59 -5.75 *

* 60 10.11 -4.78 *

* 61 10.53 -3.77 *

• 62 10.85 -2.72 *

* 63 .11.06 -1.64 *

* 64 11.17 -.55 *

* FOCAL DISTANCE " 7.45 *

• GRIDX - .56 GRIDY = .56 *

* REFDB a 0. 000 *
*. * I

* Phi- 0.0 *

NEAR FIELD WITH CONSTANT RANGE R * 100.00 *
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PRINCIPAL POL CROSS POL K
Kw

W I "HETA MAO DB PHASE MAO DB PHASE

I 0.0 .802E 0 -1.92 -25.24 .159E -8 -175.99 -25.23 iU w 2.0 .658E 0 -3.64 -4.61 .289E -8 -170.77 -3.45 w0 4.0 .405E P -7.85 40.52 .168E -8 -175.51 82.71 IV
w 6.0 .145E 0 -16.79 110.81 .185E -8 -174.64 174.42 KI 8.0 .44H1 -1 -26.97 -151.34 .15RE -8 -176.02 -102.27 K
w 30.0 .251E -1 -32.01 3.07 .707E -9 -183.01 -34.27 w
Ki 12.0 .la4E -1 -371.46 155.98 .144E -9 -196.82 76.10 K
K 14.0 .543E -2 -45.31 -47.85 .180E -9 -194.92 -88.53 wI 16.0 .8-14E -2 -41.17 37.60 .457E-10 -206.80 21.89 ri
w 18.0 .58'/E -2 -44.63 -165.14 .530E-10 -205.52 -171.73 w
w 20.0 .734E -2 -42.69 7.12 .420E-10 -207.54 -83.12 w
K 22.0 .2b5E -2 -50.92 40.15 .626E-10 -204.07 110.44 K
w 24.0 .358E -2 -48.93 -99.46 .123E-10 -218.20 -136.82 K
K 26.0 .596E -2 -44.49 7.48 .821E-1I -221.71 -125.25 w
w 28.0 .217E -2 -53.26 -73.06 .607E-10 -204.33 170.66 -
K 30.0 .526E -2 -45.59 -90.98 .257E-10 -211.79 -95.29 K
K 32.0 .198E -2 -54.09 -20.86 .122E-10 -218.28 79.33 w
w 34.0 .376E -2 -48.49 -124.20 .745E-10 -202.56 168.16 I 36.0 .55-E -2 -45.15 -123.40 .475E-10 -206.47 -162.09 K
K 38.0 .28;E -2 -50.80 162.36 .170E-10 -215.37 139.19 W
K 40.0 .434E -2 -47.26 159.08 .497E-10 -206.07 159.31 KI K 42.0 .2536E -2 -50.56 173.68 .485E-10 -206.28 -170.68 w
K 44.0 .425E -2 -47.44 106.94 .325E-10 -209.78 174.00 w
K 46.0 .593E -2 -44.54 91.4 .460E-10 -206.74 149.42 K
, 8.0 .35E -2 -48.07 46.92 .389E-10 -208.20, 140.57 K
K 50.0 .531E -2 -45.49 4.71 .279E-10 -21.09 109.93 ,
K 52.0 .465E -2 -46.65 -5.11 .296F-10 -210.59 119.,9 K
K 54.0 .357E -2 -48.95 -45.87 .3 67E-10 -208.70 171.14 wI K 56.0 .530E -2 -45.51 -79.39 .40~6E-10 -207.83 -169.90 K
i 58.0 .552E -2 -45.16 -99.48 .333E-10 -209.56 174.87 K
K 60.0 .4b5E -2 -46.29 -344.00 .422E-10 -207.49 153.65 w
K 62.0 .620E -2 -44.16 172.37 .5302E-10 -205.51 155.90 K
vi K 64.0 .660E -2 -43.61 143.23 .499E-10 -206.04 372.71 K
K 66.0 .579E -2 -44.75 303.59 .412E-10 -207.73 -378.03 w
K 68.0 .621E -2 -44.05 56.28 .266E-10 -211.49 179.74 KI K 70.0 .720E -2 -42.85 20.99 .183E-10 -214.76 162.49 K
K -12.0 .702E -2 -43.08 -12.04 .203E-10 -213.84 336.31 K
KV 74.0 .645E -2 -43.81 -53.20 .252E-10 -213.98 344.66 IVI K 76.0 .674E -2 -43.43 -98.35 .312E-10 -210.13 156.13 K

K 8.0 .745E -2 -42.55 -137.33 .400E-10 -207.95 158.77 wV
K 80.0 .770OE -2 -42.27 -.173.10 .451E-10 -206.92 155.13 K
K 82.0 .740E -2 -42.62 349.41 .454E-10 -206.86 147.44 K3 84.0 .700E -2 -43.30 107.86 .40lE-10 -207.94 137.36 vi

* I 86.0 .6S,5E -2 -43.17 63.67 .319F-10 -209.92 128.14 K
K 88.0 .731E -2 -42.72 39.89 .217E-10 -213.29 125.98 KIw 90.0 .787E -2 -42.08 -22.27 .140E-10 -217.06 149.06 P I

CPU TIME 225.49 SECONDS

* *
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The output data for Example 4 as calculated by Al for R=40A are qiven belnw,

* Pt' * ,

* U!iJNG TIE PRESENT GEOMETRY,THERE QILL BE I PATTERN CUTS COMPUTED *
* *

* 1'-JCE IP2 IS PObITIVE THE FOLLOWING CUTS WILL BE COMPUTED$ *
* 42.',

* AP31 - 0.00 AP3F - 90.00 *

* FL(R EACH CUT THE PATTERN WILL BE COMPUTED EACH 2.0 DEGREES THETA OR *

* INPUT UNIT IN RHO *

* X *

*PAD .134E I*

* *REOUENCY I 1.000 GHZ

* WAVELENGTH = .02*23 METERS**
*THE FOLLOWING DIMENSION UNITS ARE IN WAVELENGTHS*

*NUMBER OF RIM SEGMENTS 64*

*APERTURE DIAMETER 22.35 WAVELENGTHS

* APERTURE CENTER AT (0. 000)

* CEORDINATES OF RIM POINTS (IAVELENGTHS)**
*RIM POINT X Y*
* I G 6.17 .55*
* .11.06 *64
* 10.85 272*
* 10.53 3.77*
* 10.*1 4,78
* 6 9.59 5.75 *
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I

7 8.98 6.66
8 8.29 7.51 *

* 9 7.51 8.29 *
*0 6.66 8.98 *
SI1 5.15 9.59

*12 4.78 10.11 *
-*13 3.77 10.53 *
* 4 2.112 10.85 *
* 15 1.64 11.06 *

1 16 .55 11.17 *
* 17 -. 55 11.17 *
* 18 -1.64 11.06 *
* 19 -2.72 10.85 *
* 20 -3.77 10.53 *
* 21 -4.7-8 10.11 *
* 22 -5.75 9.59 *
* 23 -6.66 8.98 *
* 24 -7.51 8.29 *
* 25 -8.29 7.51 *
* 26 -8.98 6.66 *
* 27 -9.59 5.75 *
* 28 -10.11 4.78 •
* 29 -10.53 3.77 *
* 30 -10.85 2.72 *
* 31 -.11.06 1.64 *
* 32 -11.17 .55 *
* 33 -11.17 -. 55 *
* 34 -11.06 -1.64 *
* 35 -10.85 -2.72 *
* 36 -10.53 -3.77 *
* 31 -10.11 -4.78 *

38 -9.59 -5.75
3 -8.98 -6.66

* 40 -8.29 -7.51 *
. 41 -7.51 -8.29 •

42 -6.66 -8.98 *
43 -5.15 -9.59 *
44 -4.18 -10.11 **45 -3.77 - 10.53.

*46 -2.112 - 10.85.
I *47 -1.64 -11 I.06•

*48 -. 55 -11.17.
*49 .55 -11.17..
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* 50 1.64 -11.06 *
* 5 1 2.72 -10.85 *
* 52 3.17 -10.53 *
* 53 4.78 -10.11 *
* 54 5.75 -9.59 *
* 55 6.66 -8.98 *
* 56 7.51 -8.29 *
* 51 8.29 -7.51 *
* 58 8.98 -6.66 *
* 59 9.59 -5.75 *
* 60 10.11 -4.78 *
* 61 10.53 -3.77 *
* 62 10.85 -2.72 *
* 63 .11.06 -1.64 *
* 64 11.17 -.55 *
* *

* FOCAL DISTANCE = 7.45 *
* w

* GRIDX = .56 GRIDY = .56 *

* REFDB = 0.000 0
* i

* PHI = 0.00 

* NEAk FIELD hTH CONSTANT RANGE R = 40.00 *
* *

b PRINCIPAL POL CROSS POL Pd

IN Th ErA MAG DB PHASE MAO DB PHASE Pd

PN 0.0 .103E i . 6 -36.81 .193E -8 -174.27 -35.97 Pd
Id 2.0 .8S97E 0 -.94 -27.12 .244E -8 -172.26 -17.85 Pd
Id 4.0 .763E 0 -2.35 -3.03 .159E -8 -175.95 -18.03 Pd
hd 0.0 .651E 0 -3.73 31.77 .227E -8 -172.87 35.73 i
Pd 8.0 .510E 0 -5.86 91.11 .331E -8 -169.60 99.55 P
Pd 16.0 .348E 0 -9.16 164.56 .388E -8 -168.23 179.74 Pd
Pd 12.0 .219E 0 -13.18 -100.38 .328E -8 -169.69 -103.31 Pd
Pd 14.0 .125E 0 -18.03 6.19 .214E -8 -173.39 -13.27 W
vv 16.0 .7i8E -I -22.18 114.77 .11OE -8 -179.93 98.71 11

rd 18.0 .466E -I -26.63 -103.22 .603E -9 -184.39 -150.50 wN
Iw 20.0 .338E -I -29.42 22.23 .321E -9 -189.86 8.57 11
Pd 22.0 .I;1E -1 -35.36 134.88 .298E -9 -190.53 141.84 Pd
Pd 24.0 .255E -I -31.86 -54.41 .121E -9 -198.37 -114.17 Pd
Pd 20.0 .IlOE -I -39.20 41.91 .158E -9 -196.01 84.98 Pd
h 28.0 .102E -1 -39.79 -125.17 .249E -9 -192.06 -173.32 w
w 30.0 .179E -1 -34.95 -43.20 .346E-10 -209.21 -109.86 Pd
!w 32.0 .636E -2 -43.93 -153.07 .261E -9 -191.68 131.16 Pd
o 34.0 .161E -I -35.87 -128.50 .138E -9 -197.22 -164.54 Pd
N 30.0 .11E -2 -54.38 -105.34 .595E-I0 -204.51 I.4.77 wd
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wh 38.0 .130E -I -37.70 173.86 .251E -9 -192.P1 14.1o 1
i 40.0 .IIlE -I -39.10 -168.03 .206E -9 -193.72 -172.3"c'
w 42.0 .127E -I -37.94 107.23 .974E-10 -200.23 114.62 n
w 44.0 .149E -1 -36.51 107.24 .205E -9 -193.78 14t.0& ,
hi 46.0 .832E -2 -41.60 45.52 .124E -9 -190.13 lo4.8e
IN 48.0 .146E -1 -36.72 29.48 .853E-10 -201.38 110.32
wi 50.0 .907E -2 -40.85 19.30 .132E -9 -197.56 126.76
hi 52.0 .124E -1 -38.11 -40.81 .147E -9 -196.69 42.74
hi 54.0 .151E -1 -36.41 -50.17 .163E -9 -195.74 43.3A
wI 56.0 .IJIIE -1 -39.12 -95.58 .211E -9 -193.51 153.22 A
wi 58.0 .167E -I -35.52 -137.74 .I9OE -9 -194.45 166.26
h 60.0 .156E -1 -36.16 -160.11 .137E -9 -197.27 -172.31

0 o2.0 .137E -I -37.27 146.56 .'163E-I" -202.35 15.A7 A
wI 64.0 .182E -1 -34.81 109.95 .965E-10 -200.31 134.04 V,
W 66.0 .167E -I -35.54 81.99 .]IOE -9 -199.1[ 134.24 A
w 08.0 .150E -I -36.50 33.15 .647E-10 -203.78 147.24 N
w 70.0 .184E -1 -34.68 -8.33 .204E-10 -213.81 100.98 Ak
w "12.0 .190E -1 -34.43 -38.37 .301E-10 -218.43 123.87
w 74.0 .165E -I -35.65 -77.51 .726E-10 -202.79 122.68 m
wI 76.0 .169E -I -35.45 -126.03 .123E -9 -198.18 142.63 N
I -j8.0 .194E -1 -34.22 -165.76 .169E -9 -195.46 142.10 %
h 80.0 .201E -1 -33.94 160.05 .188E -9 -194.52 140.65 N

hi 82.0 .186E -1 -34.60 122.79 .194E -9 -194.72 139.21 N
hi 84.0 .174E -1 -35.19 79.03 .162E -9 -19S.81 133.78 A
w 86.0 .0l9E -1 -34.93 32.78 .146E -9 -196.69 134.54 N
h 88.0 .197E -I -34.12 -10.75 .115E -9 -198.79 140.7V U
w 90.0 .216E -1 -33.29 -51.40 .120E -9 -198.44 161.47 A

CPU TIME = 450.75 SECONDS (for both patterns of Exiple 4)
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Example 5 illustrates near field calculations with a constant z-
cut. The reflector is a circular one with diameter D=1OX and an iso-
tropic feed located ,t a focal distance F=1O,OOOX. The y component
of the near field rt :its as computed by Al and GTD for the constant
plane cut at z-]?X are shown in Figures 21 a and b, respectively. The
input data are given below:

',. , . F
k).

FD a
i, I I.b II(,j236?
r., F, , o

XOI
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O PHI (DEG) - 0.0
0 (HLI - 10.00
GRID (WL) - 0.500
,I iLM - 12.0

'Ji

CA.

c

0

0 2 Ii 6 10

RHO (WAVELENGTHS)

(a) Aperture Integration (AI)

PHI (DEG) " 0.0
0 I, lL 10.00

(HL) - 12.0

-.4
C3

a_

-)

. 2 Il 16 I6  "i
00 2 8 6 10

RHO (WAVELENGTHS)
(b) GTD

Figure ?3. Near field component Ey for lO diameter circular
reflector. Z1l?X.
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The outnut data for example 5 as calculated hY GTO are given below:

kk hh *hft kkftk hk ftft*kk k k~ k k* * * k rkk kkkktffhkh*ff~ffaff~ffftff kftttffkk *k kkf*k kft k4, **Ark

oe'AULr DATA

-.L4o'ARj D[IMENSItON INPLurS ARE IN ItNCHES 'k

k ,'IRCUL.AR RIFLEccTOR WITHi APERTrURE D[AMEPrER = 24.00*

JChAL Di,..rAWqE= F8.00 GRIDX= .bJO GRIDY *60

r' FiL PA'frER, SYMMETRY G (VEN4 BY: .ESY.%= I

_,ZJ.LARA POLAR LZF!) tFEEIJ

* L~0JLARIZeDL A4(3LFt 0 -.0 *

00,j O)ArA u~pur LN OB.*

14 1. .*

k kkkkkkfkfh k Ar hftfthk **kbftftkftb*k khhf~t* kkk* *itk kk **f****kk* k*f k thA,

k~iLeAR D LMiNS LON4 [(NPUT; A RE LIJ INCHkES

L.W"tLAR tRL LIQLob WI11I A~L'RU o LAme~re, - 1.0 00

* %uA.. jisrANC'= 10000.0 0 GRIDX= .,;O0 GRIDY = .500
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k h ** ***k* *hk *b**kk*kkhh hh kh **kkkkkkkkkk kkh kb h h* h *b h kh k hb *b *kkh*

F LTE3LG F LEsT= F LWYSUt4= F LO0UT F :,qf'D F

.K3Lo pE= r LCORNR= T*

r ~ ?? F LG'V) 'r*

242A= 0.00 ZX = 0.000*

,.-kkkhkhh*hhh*k**k**hthkkhh***h*****b*k********k***kkh********kkbhkhhhbhh**

****k hA k******** * *********** *********kkk*kkk***k**k~*k*k*** h kA A A A***

k J

£'~EL) PArreRw SYMMETRY GIVENi BY:ISY?4 I.

* jAHL.Y PoL-ARIZFD FEED*

* PJ..ARI.ZF.) ANGLE =90.00

L.IL42AR FEED DATA INPUT

14 PHl1I Al(N) PSIO (N) AEXc(N) CAN (N)

*1 3.0 1.80.0 0.0 0.00
*2 40.0 180.0 0.0 0.00

* kkkk khh *kkkhh~*kkk*kkk*hA*hhhh***kkkkkkkkk***h*kh*h*h***k*kkk***kh**h*
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k A,

k4,, -'IFLD PATTFRN WILL~ SF CAL~CULATED)
Ad tL I ' .03 UEGRkE CUT, ANU OtEGIN AT (00,0.00, 0.00,

* ~ %11ii C.JNTANr Z CiJr

frkk*khhbhhhkh**h**hhhhhhbbbh*****kkkk*****k***k*hhhhh*k*********k*kkk*b*b

k A

k

*r~ P TE 'eNT uvmer RY,'2i ERE? WILL~ 13 1 PArR, ours compLurE)

lu-wt LP2 I,, Pus.LrEVE THIE FOLOWING cu-r, wiL:L a;. :')1PITL:

* AkP31 0.-0 a AP3F =10.00

OA [ O ACii CUr TH' VAT'rFRS wiL at? rompuTE0 EACHI .2 DEGREES rKjFTA OR

Z.4dPUV' Uf4LL 14 R

,i*kkkkkkkkkkhk*k*kk*k khhb**khhkkhfrhhhhhbbhhbhhhhhhkk**khh kk*kkkkb
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k I h hI l b I* b b b * b hI h* *b hb hI ** lb b bb 1b lb lb lb b~ll~ lb hI bbb lb bb lb lb lb 1f*t*1*1* lrtA

r', AL) .12bE 2 *

• fAFRZQUENCY - 11.811 GHZ

ALoNGTH - .025400 METERS *
• * r~iE FOLLOWING D£IENSION UNITS ARL IN WAVELENGTHS * *
• *

* d4~BER OF RIM SEGMENTS- lb4

;iPRrURe L[AMerER , 1.0.00 WAVELENGTHS

A, AeRrURE C('WrER AT (0., 0.00) *

COORDINATES OF RIM POINTS (WAVELENGVHS)
R i IN POINT xY *

* 1. 4.95 .99
• 2 4.20 2.81. 0
• 3 2.81 4.20 *
* 4 .99 4.9S I

S5 -. 99 4.9S I

* b -2.81 4.20

• -4.20 2.81
9 -4.95 .99 *
9 -4.95 -. 99
0 -4.20 -2.81

Ll -2.81 -4.20 *
* 1.2 -. 99 -4.95 0• I..) • )Q -4.Q • 1

S.4 -4.23
* 4.20 -2.81 *
SJlb 4.95 - .99 *

• FFXAL DISTANCE - 10000.00
* *

,R*x = .s0 GRIDY .%50

a

a ,,-80.000

•A 'fEL) OBSERVATION PLANE AT Z 12.00
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kIll) MAO on PHASE 14AG 03 PHIASE NAG D8 PHASE

TIVWIL*Tvu sMjAVIW jkjuh3NlAMIFI. EM THE PU13 PLANE AE AT

kIVISL1 4.41.2 AND) RHU!;2 - -4.9.2

* 0.00 .469e-Il -226.S9 6.37 .461F -1 -20.16 127.%9 .327Z -7 -149.71 -17S.92
w .20 . I R I - S -174.990 -$%.9o .1333u 0 -17.55 146.03 .2%2e -7 -1Is51.947 -176.61
* .40 .3 53C -09 -169.0% -37.50 .2619 0 -11.63 16%.22 .230C -7 -152.76 -179.04
* ho0 .43113 -9 -163.36 -90.3% .4443 0 -6.64 172.S2 .1973 -7 -I54.11 176.49
w .80 .59UP-39 -164.66 -93.93 .706F 0 -3.02 174.70 .1553 -7 -153.17 171.14
* .00 ..99SS -S -164.66 .- 99.17 .94431 0 - . s 174.60 . 11 -7 -109.493 1%6.15

* 1.20 .6 82t -3 -163.33 -109.71 .1143 1 1.19 174.31 .721C -0 -102.39 16%.46
* 1.40 .40011 - 6 -166.06 -123.92 .1278 1 2.39 171.66 .3429 -3 -139.31 100."7
* 1.60 .4493 -s -133.9% -153.33 .133V 1 2.46 173.44 .9939 -1 -130.03 133.34
* 1.90 .2373 -3 -172.4' -149.07 .13113 1 2.37 174.26 .216C -3 -172.%4 -19.43
* 2.00 .L19 -3 -177.31 -176.64 .las3 1 1.9s 176.69 .3169 -0 -139.95 -52.07
W 2.23 .3703 -9 -133.04 130.97 .1173 1 1.39 -173.99 .344L3 -g -L39.27 -73.37
w 2.40 L1439 -8 -173.39 47.31 .1113 1 .94 -173.63 .3903 -S -130.19 -32.51

N 2.60 .18%3 -0 -174.64 -12.64 .1093 1 .73 -167.17 .113 -0 -173.43 -126.49
N 2.930 .1433 -3 -176.63 -13.32 .1063 1 .70 -162.94 . 26li -3 - 171 . 6 -133.31

1 .00 .1413 -3 -174.34 -20.71 .1063 1 .65 -161.36 .192c -3 -174.32 -173.36

w 3.20 .1391 -0 -177.12 -73.31 .1ose 1 .40 -161.16 .1303 -31 -175.91 00.49
N 1.43 .11383-8 -173.93 -92.19 .93 49 3 -.13 -162.%4 .1lo0t-3 -174.44 45.12

N .60~ .4 313 -9 -137.31 -111.510 .0093 0 -1.02 -164.10 .0579 -s -173.10 0.47

I .N0 .1263 -9 -193.01 172.65 .7303 0 -2.39 -16%.04 .1431 -0 -173.90 -23.76

* 4.60 .3473 -9 -169.20 54.71 .404C 3 -3.17 -134.70 .133E -0 -177.51 -01.37
W 4.20 .2218 -5 -173.10 11.251 .6303 3 -4.02 -163.33 .S939 -3 -164.%4 -135.55
* 4.40 .133 -6 -177.65 41.34 .5953 0 -4.51 -163.36 .743 -9 -102. 494 -153.31
w 4.60 .1373 -s -179.44 24.40 .9153f 3 .4.b44 -1.99.33 .3333 -9 -131.03 150.50
N 4.93 SI349 -9 -134.67 -39.35 .%SI3 0 -5.1$ -139.94 .3953 -9 -103.13 111.a3
if .. a* .5S 373r -,9 -195.39 -5.0 l.31 0 -%.%o -173.13 .7%06 -9 -1012.43 70.30
w .. -JO .1 323 - 9 -199.53 -004.77 .4533 0 -6.61 175.27 .8463 -9 -101.45 55.42

% .49 .7079 - 9 -133.01 139.62 .4063 0 -71.#)? 13.43 .S913 -9 -1345 012.34
% .%6 .49431 -, -133.12 46.53 .3093 3 -0.33 31.17 .11tf -0 -179.13 -93.91

* %.33 .%743 -9 -164.12 -2.27 .33931 3 -9.34 150.55 .3753 -, -133.53 I1.37
* *..o6 .24L3 -3 -172.35 11.73 .3043 3 -10.29 192.42 .4973 -0 -166.07 -13.13
* 4.26 .136.3-2 -177.35 -41.32 . 2*73 3 -10.954 143.43 .2433 -s -172.13 %9.74

U 6.43 .2309 -g -171.36 -72.%2 .29%9 3 -13.32 137.11 .1423 -1 -176.43 94.%3
b .63e .1373 -3 -179.42 -135.43 .369W 0 -13.70 124.23 .140U -6 -177.09 53.14

U 6.39 .3513f-9 -131.41 -14S.69 .2763g 0 -11.19 163.06 .1636 -3 -175.75 22.39
? .Go .1009 34 -179.99 -132.51 .2%33 0 11.-92 03.32 .15911 3 159

w 7.20 .7373 -9 -132.0 1033.5 .223 1 -12.93 75.21 .143 -: -1176,.23 ~ f
P .40 .1093 -3 -179.24 %0.36 .1071 0 -14.10 %9.60 .0933 -9 -103.33 -30.77
? .60.e7 -9 -103.61 33.12 .1793 0 -15.46 43.71 AM75 -9 -161.13 -119.11
P. 193 .4319-16 -207.30 -56.3 ql~ 0 -34 2.41 .113V -3 -173.93 122.79
4 .33 .2133 -3 -172.64 12.30 .141: -13.06: 149 .5:173 -3 -16S.72 -93.33

* 3.20 L1tog -8 -179.16 -69.37 .14 3c 0 -10.92 -2.24 .4133 -9 -137.75 SI.AS
* 4.43 .1033 -S -179.11 171.37 .143t 3 -16.37 -22.39 .2013 -4 -171.02 9.73
U K.63 .2333 -9 -192.43 -130.09 .1423 0 -10.94 -43.34 .7213 -9 -102.34 31.93
N 9.33 .2221 -9 -193.33 -164.10 .1374 0 -17.29 -72.63 .4241p -9 - ~L . 36 21.45
w 0.00 .to5t -9 -199.59 -7.5.12331 0 -17.34 -16.15 .3629 -9 -133.32 -43.77
w 9.2v .3433 -9 -109.13 -5.51 .1133 1 -13.59 -127.03 .146c -0 -170.72 -151.39

U 9.43 .4113S-9 -137.73 69.14 .1033 0 -19.76 -155.30 .3913 -9 -103.13 -9S.76
N 9.60 .1703 -9 -194.93 6.40 .3733 -1 -21.13 173.31 .4103 -9 -137.74 -135.12
U 9.33 .4613 -9 -103.72 40.%7 .1%03 -1 -22.93 154.41 .3393 -9 -100.21 131.30

LO1.66 .%176 -9 -135.73 9.15 .6763 -1 -23.43 129.99 .32 73 -9 -134.35 110.93

*.~*93tINY 9.69 Secoplu
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APPENDIX I
ANALYTIC FUNCTIONS FOR FEED PATTERNS

The reflector antenna code uses either a piecewise linear feed
pattern, or the analytic functions described below. For sum patterns
the analytic function is qiven by

F( -A 1 Cos + (A-1)

where the constants A, *, and C can be controlled for each input pattern
cut 4.. The pattern valfe in Equation (A-1) is normalized such that
f (O)Q1 for al #-plane cuts. The constants A, C and N control the shape
J the pattern. The constant *, permits a given pattern shape to be
stretched or compressed.

di C
For large values oft , * * C . In many cases this repre-

sents a spillover level thit is too high for typical feed patterns. Con-
sequently, the feed subroutine uses a linear taoer under certain condi-
tions for L<*q k, as shown in Fig"r 22, wer

*L 4_1 % A-2)

The linear taper was found to give reasonable results for the values
ofd in Equation (A-21, under the conditions that N-1, C0, and AI.
Oth rwase Equation (A-1) is used for the entire feed patern cut, i.e.,

JRL

For difference feed patterns the analytic function Is given by

f C e 01sinN(w* (A-1)

for the entire feed pattern cut.

The parameters in Equations (A-i) and (A-3) correspond to the fol-
lowing input variables used in the code. Refer to the FD: Comand.

Parameter Code Name

N NPW
A AEX
C CAN
ti0 PSTO
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F i gure"22. Analytic feed pattern with
linear taper region.
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