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ABSTRACT

A two-dimensional ray tracing analysis for the calculation of
radome horesight errar and antenna pattern distortion is presented here.
Emphasis has been placed on the development of a method having con-
siderable flexibility, so as to enable applicaticn of the meth»d to a wide
range of antcnna-radome problems, and on relative ease of calculation,
80 as to mimmize calculation time. Several example problems are cal-
culated to demonstrate the usefulnese of the approach. Comparisons
between calculations and measurements have been inciuded whenever
measured data were available. Instructions for use of this completely
computerized method are included along with several tables describing
variables and the complete computer program with necessary sub-
routines. Programs are written in Fortran IV language suitable for
use on the OSU version of the IBM system 360/ 75 (some minor changes
may be required for usc on other 360/75 installations).
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A TWO-DIMENSIONAL RAY-TRACING METHOD FOR THE
CALCULATION OF RADOME BORESIGHT ERROR
AND ANTENNA PATTERN DISTORTION

I. INTRODUCTION

Streamlined radomes for aircraft and missile guidance systems
must be carefully designed for high transmission efficiency and minimum
boresight error. Since the usual antenna-radome system is large in
terms of wavelengths, exact methods fox the calculation of radome errors,
such as the integral equation methods of Van Doeren' and Hahn,? prove
to be difficult to apply. Frequently these methods car only be applied
to a small portion of the radome such as the vertex region. Therefore
approximate methods continue to be useful in radome analysis.

This report presents a two-dimensional approximate method for
calculating radome boresight error ard antenna pattern distortion. A
ray analysis is used to determine the effects of the radome on the antenna.
These effects are used to modify the source aperture distribution which
is numerically integrated to determiae the far-zone field pattern of the
antenna-radome system. The Ohio State University-IBM System 360/75
high speed digital computer is used for all calculations. The calculated
results agree reasonably well with experimental data and require little
computer time. Several calculations of typical radome design problems
are discussed.

II. THE BASIC METHOD

A. General Considerations

The analysis is based upon a two-dimensional model of the antenna-
~adome system as shown in Fig. 1. The radcme is represented by its
cross-section and the source antenna is represented by a one-dimensional
aperture having a known amplitude and phase distribution. Rays are
traced from the aperture to the radome wall to determine angles of
incidence to be used in calculating radome effects. The radome is
approximated by a plane multilayer oriented at the calculated angle of
incidence at each ray intersection. The plane wave, plane-sheet trans-
mission coefficient and inseition phase delay are calculated for each
ray. These values are used to modify the original source distribution
function such that a recoustructed aperture distribution is obtained which
includes the radome effects. This distribution function is then numeri-
cally integrated by high-speed digital computer to determine the approxi-
mate far-field pattern of the antenna-radome system which is compared
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to the pattern obtained without the radome to determine pattern dis-
tortion and boresight error.

B. Ray Tracing

In the usual antenna-radome system the antenna aperture plane
is displaced by some distance dg {rom the gimbaling axes of the antenna.
When the antenna is scanned, description of the aperture plane becomes
difficult in a fixed coordinate system. For this reason two coordinate
systems are used to describe the antenra-radome geometry, as shown
in Fig. 2. The radome is described in a fix24 (x,y} frame which has its
axes ceatered on the antenna gimbal axis. The antenna aperture is
described in {x', y') frame which rotates about the antenna gimbal axis
with the angle of rotation corresponding to some look angie ¢1,, Points
in the (x', 7') system are related * - points in the (x,y) system by the
following transformation:

W () (e - ey ()

The radome is assumed tc be constructed of n geometry sections
which can be described by the following general seccond-order equation:

(2) Fx,y) = anxz + by L cnxy +dpx +t ey + £, =0
); y y

where (x,y) are the coordinates of Fig. 2 and aj...f, are a set of geo-
metrical constants which define the n-th radome section. A set of m
equally-spaced rays from the antenna aperture to the radome inner wall
ave selected to represent the procbiem. A ray drawn frum a point (xa,ya)
on the aperture plane to the radome wall is descrihed by the point-slope
form as:

(3) Y - Ya = mR(x - X3)

where mpR is the slope of a ray in the (x,y) frame. Th antenna points
to be used are determined in the (x',y') frame by

(4) x! =d
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Fig. 2. Coordinate system used to define the
antenna-radome geometry.

(5} ¥y = A (2m - 2 - NR)
ZNR

where

A is the total aperture length

NR is the number of rays to be used

m is the index of a particuiar ray

da is the perpendiculer distance from the origin to
the aperture plane as in Fig. 2.




The set of m points determined by Eqs. (4) and (5) are transformed by
Eq. (1) to the set of (x,,ya) points to be used in Eg. (3). Substituting
Eq. (3) into Eq. (2) we get the following quadratic in x:

(6) % 2 (-meRz Xy +2bmgy, - cmpXxatcyy+d+emR)
' Z x
m (a+bmp? + cmpR) m

. (-Zbrerya>ca~l-me"'xa2 +by 2 - emR%4 + eyg +1) - o

(a+bmg? + cmpg)
The solutior. of Eq. (6) gives the x-coordinate of the point of intersection
of the m-th ray and the radome. Since Eq. (6) is of the form:

(7) Xm. +2Bxm + C= 0

the solution of Fa. {6) can be written as

(8) xm=-B;’_,le-C

where

2B is the coefficient of the linear term in Eq. {6)
C is the constant term in Eq. (6) .

From the geometry of the system it is seen that the positive square
root is selected in Eq. (8) to give the proper point of intersection. This
value of xp, is substituted into Eq. (3) to obt .n the y-coordinate of the
intersection point:

(9) Ym = mR(x%m - Xa) +ya -

The derivative nf Eq. (2) evaluated at (xm, ym,) gives the slope of
the tangent te the radome surface at the m-th intersection point:

{2axy+Cypy +d)

10 ng = -
(10) mT (2by, + Cxpyy + )




Provided that neither the tangent line to the radome nor the ray is
parallel to the y-axis and that the two lines are not perpendicular, the
angle of intersection of the two lines is:

m -
(11) o0 - ran~? _R-TT

which is the complement of the angle of incidence of the m-th ray and
the radome inner wall.

- gm

(12) or =

]

is the angle of incidence. As5 will be discussed later the average angle
_of incidence for two adjacent rays will be used in further calculations:

(13) 6p= (67 + 07 )2

The two exceptions to Eq. (14) mentioned above are treated specifi-

cally in the computer program. The constants a through { in Eq. (1)
depend upon the specific geometry of the radome. L2gic statements in
the program assure that the ray intersection is calculated in the proper
geometrical section. The angle of incidence calculated in Eq. (13) is
stored in an m X n array indicating that the m-th ray ic used with the
n-th set of geometrical and electrical constants. The ay...fy cconstants
and tiie associated n geometry bourdaries are usually calculated in the
program, however, for specialized cases they may be read in directly.

C. Pattern Calculation

The basic calculation is tha* of 2 se.tion of the far zone field
pattern of the antenna radiating in the presence of the radome. The
angular range over which the paftern .s calculated varies from one
degree abcut the antenna look angle for boresight error calculation and
from 10 to 90 degrecs about the look angle for pattern distortion calcula-
tion. Within the one degr- e interval used for boresight calculation only
a few discrete point. are calculated.

1he far-zcne fiel? pattern for the one-dimensional source repre-
sentztion shown in Fig. 1l is given by:

6




(14) E(®) = S‘ F(y) JOY) jky sind dy
L

where:

F(y) is the amplitude distribution function
¢(y) is the phase distribution function

¢ is the pattern angle

L is the length of the aperture.

In general ¥(y) and ¢(y) are arbitrary func’ions suck that the
evaluation of the integral requires numerical methods. These functions
are determined by the given source distribution functions and modified
later to account for the presence of the radome. Rays are traced from
the aperture plane to the radome inner wall where they are modified by
the plane wave, plane-sheet transmission coefficient ('T!"') and insertion
phase delay (IPD), to a new aperture plane immediately outside the radome.
Here a ''reconstructed’ aperture is dsfined which determines the far-field
of the antenna-radome system according to Eq, (14). A few comments
on ray tracing follow.

The usual ray analysis uses a set of n equally-spaced rays. As
this n is increased the predicted result varies up toc some value of n
where further addition of rays no longer changes the answer. This
answer is not necessarily the correct answer but merely the best answer
that ihe ray tracing solution can predict. This n required for a con-
vergent answer using equally spaced rays frequently becomes quite large,
typically 500 rays for a 10\ aperture ana a streamlined radome. Evalu-
ation of Eq. (14) using a large n consumes an excessive amount of com-
puter time which is undesirable. An alternative to this approach is to
use a set of fewer unevenly-spaced weighted rays"’ to analyze the problem
such as the set shown in Fig. 1. Since the radome effects, lle and IPD,
are strongly dependent on incidence angle, close spacing of the rays is
required only if the radome curvature is changing rapidly. More widely
epaced rays can be used in regions where the curvature variation is
slight. The most efficient ray analysis uses the fewest number of rays
required to obtain the convergent answer. The numerical treatment
which will be applied tc the reconstructed aperture is equivalient to per-
forming such a weighted ray tracing. This treatment is described below.

The source antenna has associated with it a large number of equally-
spaced rays, say 500. A subaperture cf the source is defined as that
section of the source aperture between two successive rays and has
associated with it a ray emanating from its center which intersects the
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radome inner wall at angle 6p of Eq. (13). The local amplitnde and
phase associated with this subaperture is calculated frein the known
source distribution function. in the case of a circular aperture, as
shown in Fig. 3, the equivalent onc dimensioral source must be tapered
by the factor

{15) Aoly) = cos (sin"1 %) .

This factor takes into account the effective power radiated from each
segment represented by the chord length at the coordinate y, as in

Fig. 3. If the circular aperture itself has an amplitude taper, F(r), the
equivalent one-dimensional aperture taper reguired is:

(16) Aly) = Fly) Aoly)

where Ag(y) is found from Eq. {15).

. f

¢ cne-dimensional aperture

x=0,2:0,-r<y <r
circular aperture x=0,y?+z2= r?
Taper Aply) = cos{sin”! y/r)

Fig. 3. Amplitude tapcr of a one-dimensional aperture for
equivalence to a two-dimensional circular aperture.




This subaperture, according to conventional ray optics, illumi-
nates only the small subsection of the radome wall lying between its
two defining rays which is approximated as a plane sheet oriented at
0A. Plane wave, plane-sheet lle and IPD are calculated using the
method of Rickmond® for the rays associated with each subaperture.
The 1ocal subaperture {ield distribution {s modified by the local IT 2
and IPD. The reconstructed aperture is thus completed specifying the
integrand functicr F(y) and ¢(y} of Eq. {14).

The numerical treatment of the aperture integral involves breaking
the integral down into several sections, or subaperturass, as determined
by the rate of change of the integrand, integrating over these subaper-
tures, and summing the integrals. Equation (17) specifies the calcu-
lation.

N
(17) E($) = z S; Fply) /¥nlY) jky sing 4o

n=1 D

where:

L - length of the n-th subaperture

$pn = phase of che n-th subaperture

¥Fpn = amplitude of the n-th subaperture
¢ pattern angle .

The process of determining the aperture subdivision is as follows.
Fixed amplitude and phase deviations are specified, usuzlly 0.05 to
0.10 and 2 to 3 degrees respectively. Thc length, amplitude, and phase
of the first subaperture are determined by scanning from the center of
the reconstructed aperture, point by point towards the positive endpoint
of the aperture, until either of the fixed deviations occurs. At this
poiat the first subaperture boundary is defined and the avcrage value of
amplitude and phase are computed for the included points. The first
subaoerture is then assigned the three constants F;, ¢;, and L; of
Eq. {(17). The scan continues across the positive half of the aperture
until all points are included, returns to the aperture center and similarly
scans the negative portion of the reconstructed aperture. Thus the n
values c¢f Fply), ¢nly) and L, are determined. Equation (17} is then
evaluated as the summationof N integrals havirng uniferm illuminations,
This result is written as:
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N o1 (kLn sin 4))
. in
(18) E(¢) = Z Fy Lp 0 2
kLn sing
n=1 p)

where the term ¢, contains an additional term which accounts for the n-~th
subaperture being displaced from the coordinate axis. Eulers equation

is used to evaluate Eq. {18) on the computer. The range on ¢ which is
calculated is pre-assigned and depends upon the desired end result, i.e.,
pattern distortion or boresight error. The methed of scanning the aperture
from the center out to each end is used to presexzve the symmetry of the
syetem.

D. Boresight Error

The boresight error of an antenna-radome system can be defined
as the difference between the actuai target direction and the antenna
pointing direction. In a well designed system this difference is a few
tenths of a degree and is due primarily to phase and amplitude distortions
of the antenna pattern caused by the radome. The boresight error is-
evaluated in this analysis from phase monopulse patterns which are
generated by making one-half of the source aperture opposite in sign
from the other half. This pattern is characterized by a deep null on the
beam axis. The object being tracked or guided by the particular radar
system has the characteristic direction of the null which is refered to
as the boresight direccrion. The shift in the locatinn of this null due to
the addition of a radome to an antenna system is the radome boresight
error. If the antenna is scanning in a particular direciicn and the bore-
sight error is in the same direction it is definec to he a positive error.

In calculating the boresight error several consideraticns simplify
the task. The null-shift is generally a fraction of a degree, thus making
the calculation of only a small portion of the pattern necessary. Also,
the pattern over a small interval enclosing the null is monotonically
increasing on both sides of the null and approxiinately symmetrical. The
null location is determined by computing one pattern point on each side
of the null so as to enclose the null in a bracket. Ey use of the symmetry
and monotone properties of the pattern the relative values of the two
points calculated indicate which point is closest to the null. From this
information a third point is calculated which halves the size o1 the bracket
containing the null. Examination of the field magnitudes 2¢ each end of
the new bracket now predicts the calculation of a fourth neirt which again
halves the bracket containing the null. This process can be continued

10
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indefinitely to obtain the null location to any desired accuracy. Starting
with a two degree interval the null location will be known to within 1/2%
degrzes for n such calculations. In this analysis an n of 11 is used which
gives an accuracy of 0.0005 degrees in the null location. Figure 4
illustrates a typical calculation.

NO RADOME
BORESIGHT AXIS

- 2-——<— >

Fig. 4. Far-zons field points calculated to determinc the null
location for a monopulse difference pattern of an
antenna-radome system. The order of the points cal-
culated 5 indicated by the number.

11




iII. DISCUSSION OF COMPUTER PRCOGRAM

The computer program for the discussed calculations is composed
of a main deck and several subroutines #s illustrated in Fig. 5. The
programs are written in Fortran IV language suitable for calculation on
the two Ohio State University computers, the IBM 7094 and thz IBM
System 360/75. A brief description of the function of each routine follows.

MAIN PROGRAM . -SUBROUTINES

. GEOMETRY
LY 3
e RAY TRACE
BORcSIGHT
ERROR > ] MULTILAYER  TRANSMISSION
8 - APERTURE TAPER
ANTENNA ~— GRAPH
PATTERN
__,.__.____»___‘
— SIDE LOBE LEVEL
—— HALF — POWER SEAMWIDT’rJ

Fig. 5. Organization of computer prograrn.

12
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1. Main Program: Read in all pertinent data; call necessary sub-
routines; calculate antenna patterns with and without radome;
determines relative power transmissionr and radome bore-~
sight error as & function of antenna look angle.

2. Geometry: determines the set a, b, c,d, e, f of geometry coefficients
for each of the n radome geometry sections.

3. Ray Trace: determines the boundaries between the n radome geo-
metry sections; determines the n X m matrix of incidence
angles corresponding to the n geometry sections and the

m rays.

4. Multilayer Transmission: determines the transmission coefficient
and inserticn phase delay for the 7. X m matrix of incidence
angles.

5. Aperture Taper: determines the amplitude and phase associated

with each ray. Also calculates any aperture blocking or
metal nosecap approximations.

6. Graph: calculates and plots the normalized far-zone power
pattern in dBs with and without radome.

7. Sidelobe Level: calculates the level of the maximum sidelobe as
" a percent of main bearn intensity and as dBs down from main
bearn intensity. Also calculates the iocation of the first side-
lobe for the no-radome case and the power level at this
location with the radome installed.

8. Half-Power Beamwidth: calculated the half-power beamwidth of
the antenna-radome system with and without radome.

Switching from the main program to the desired subroutines is¢
accomplished by means of two input cards named ''title" and ''source"
which contain key words describing the type of calculation desired. For
example, if ''no' occurs in source (3), indicaiing that the no-radome case
is to be calculated, the multilayer transmission subroutine *s not called.
Comment cards have been placed at the beginning of the main program
which explain all of the options used. Also, most program variables
are explained in this extensive set of comment statements.

Figure 6 is a functional flow diagram of the calculation. Tha signifi-
cart definitions of terms used in this diagram are listed in Table I

13




1
READ MC
READ DFATSP
READ KOS
READ N
READ SHAPE

READ {AA, 88,

]
CoF (snape » 0GIve Y —(IF (SHAPE

CC, 0D, EE, FF

« CONE 3
{7 T

fmea0 (x00.v00,7001] {READ (xLiN, YL, PHLINY]

CALL OGIVE CALL CONE

.
CALCULATE (A, B8, CALCULATE (AA,B8,
©C, 00, €€, FF }

CC,0D, €€, FF )
l RETURN

READ LL

READ POLIZ
READ A
NUM
occ

READ
READ
READ

0O 300
Lo |, MC

! READ ( FREQ, PHO,TRD, TITLE, SOURCE, SPAN,PL ,NRE , TAPER )]

[ CALCULATE ( ANEA, M1, NR,AF, CF,RPL,TL ,CL,SL,CL2,5L2,52L , MM ) |

{ ea rR1 )———] carcurLate (x6B,¥6B,Y0, L5, 71 ) |
|

! RETURN I

r

(37 (SOURCE (3} « NO RADOME ) )
T G
{ care Jav )—] catcuiate (Fiep,1c) |

(Ccatt TaPER ) ——{ cALCULATE CBSTACLE SI2E 1F REQUIRED |

[ cALcuLATE aaT pusT 1]

FIPD s O

TG e i

TR o TC x AAT
PH = FIPD + PHSY

—

I caccuiate car, cr, TR, ey, mm i) ]

!

T
(JF ( MONOPULSE ) )~ SET 3 ABERTURE AF CONSTANTS neG.|

| G ¥

1F (TITLE (1) = NULL )

CALCULAYE BAULL

RESET AF CONSTANTS
TO POSIT'VE

—

(¥ (SOURCE (1) 0PTION)} —~{ CALCULATE PARTIAL PATTERN |

G
| CALCULATE RPWR |

l CALCULATE ONE POINTJ

OH AXIS TO GET PWR

I CALCULATE PP™R i

CFince (e no Do CALCULATE { XMAX ,BMAX } }
3
WRITE BSEM
T T
{(IF (SOURCE (7) s OPTION } IF { SOURCE (10) ¢ PLOT }
3 f
CALL GRAPK
ALOT FAR-FIELD
PATYERN
RETURN
(caLL stL)—1 caLcuLATE (SL,3L08))
WRITE (SL ,5LDB)
[

( caie nwpew }— carcuLate weaw]
WRITE HPBW

RETURN

$TOP, £ND

Fig. 6. Functional flow diagram
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ey SAWELR

MC

NGS

N

SHAPE
(X000, YOO)
ROO
PHLIN

(XLIN, YLIN)

AA, ...7F
LI
POLIZ
A

NUM
DCE

D

TD
FREQ
PHD
TRD
SPAN
PL

RPL
TAPER
LT
ANEA
MI

NRE

NR

AF

CF
TL,CL,SL
Cl2,SL2
S2L

MM

XGB, YGB

YO

LG

TI
NKRRI
NKJRM
AAT

TARLE I

= Number of cases to be rur

TS N | S T ANY T { SN { S SR T § N { N 1

wonouu

Honounou

Number of gecmetry sections

Number or layers in each section
Geornetiical shape of each s=ction
Coordinates of center of an ogive section
Radius of an ogive sectica

Included half-angle of a cone section

Any point on a conizal section

Geometry constants of Eq. (1)

Total number of lock angles used
Polarization

Length of source aperture

Number of points calculated in partial pattern
Relative dielectric constant of a layer
Thickness of a layer in inches

Loss tangent of a layer

Frequency in gigahertz

Phase allowance uscd in numerical integration
Transmission coefficient allowance
Angular range of pattern calculation

Iook angle ir. degrees

Look angle i1 radians

Definition of aperture taper used

Present value of LLL

Number of equal length subapertures
ANEA

Number of equul spaced rays

NRE-1

Fractional length of a subaperture of source
Phase-center correction for a subaperture
Tangent, cosine, sine of lock angle
Cosine, sine of twice look angle
Sine-squared of lcok angle

Number of subaperture .mmediately below Y-axis

(kalf-aperture subdivision point)

Coordinates of geometry bounds between geometry

sections

Y-coordinate of center of a subaperture
Number for a specific geometry section
Angle of incidence

Ray trace subroutine

Multilayer transmission subroutine
Aperture amplitude taper

15




TABLE I (Cont.)

PHST = Aperture phase taper
FIPD = Insertion thase delay
TC = Transmission coefficient

TR = Transmission factor for a subaperture
PH = Phase factor for a subaperture
RPWR = Relative power normalized tc no radome case

XMAX = Pattern maximum

E

BMAX = Angle at which XMAX occurs
BNJLL = Angle at which pattern null cccurs
BSEM = Boresight error in milliradians
SLL = Sidelobe level in percent

SLDB = Sidelobe level in dB

HPBW = Half-power beamwidth in degrees

To indicate the execution time for various program calculations
the following tuble is presented. 500 rays are vsed with a 4 secticn
radome in all cases. IBM System 360/75.

TABLE 11
Calculation Exccution Time for 500 Rays
1
; Ray Trace 0.350 seconds
Multilayer 0.6z5 r
Taper 0.083 i
Average Aperture Distribution 0.025 "
Null 0.050 i
100 Point Partial Pattern 2.400 "
Plot 100 Pt Pattern 0.250 "
Combined Sidelobe and 0.017 "

Half-Power Beamwidth

It is seea above that calculations which constitute one look angle
can often be executed in less than one minute.
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Iv. ANALYSIS AND DESICN OF
ANTENNA-RADOME SYSTEMS

In this section several problems in antenna-xadome system design
will be investigated in order to demonstrate the use of the method as weli
as to point out its applicability to a wide range of prcblems. It should be
emphasized at this time that all calculations are based on the two-dimen-
sional rnodel of the antenna-radome system and that the accuracy of the
calculations is unknown. Verification ot results ic possible either by
comparison with measurements or by comparison with resuits obtained
using a more rigorous theory. As was stated earlier rigorous theories
presently available arc not easily applied if they can he applied at all.
Therefore, whenever possible, results will be compared to measured
data.

Two specific moderr radomes configurations will be used in most
of the calculations to fellow. The first radome is characterized as a
half-wave-wall design having an ogival body with a hemispheric nosecap.
The aft portion of the radome is conically faired to the associated
missile body. Construction is entirelv of pyroceram (e¢r = 5.5). The
radome wall thickness is approximately one-half wavelength.
The fineness ratio, which is defined as the ratio of the axial length to
the base diameter of a radome, is 2.0. ‘The second radome is derived
from the first by removing the hemispheric nosecap and extending the
ogive body to formr a closed radome. All parameters remain the same
with the exception of the Fineness Ratio which becomes 2.25. The choice
of these two shapes will allow an evaluation of the effects of blunting
the nose of a rademe, which is frequently necessary because of aero-
dynamic heating at the radome tip. Some other radome configurations
are analyzed which will be specifically described whea considered.
Some special design situations require modification of the basic m~thod;
these will be pointed out when necessary.

A. Convergence Of The Ray-
Optics Solution

As was pointed out in Section II-C a ray tracing calculation has
the property of converging to « fixed answer as the number of rays used
is increased. This section presents calculations on two radome geo-
metries to illustrate this convergence and to examine the number of rays
required to obtain the convergent solution. Figure 7 shows the calcu-
lated boresight error versus the number of equally spaced rays usead in
the calculation for the pyroceram radome having an ogival body and a
hemispheric nosecap. Two representative look angles are used to

17
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Fig. 1. Calcualated boresight error vs. number of equally spaced
rays at two representative look angle. Tenter des:ign
frequency and perpendicular polarization for the pyroceram
ogive radoine with hemispheric nosecap.

illustrate the convergence; compiete tabulated data {or this caiculation
at ten lock angles are included as Appendix A. Figure & shows the same
calculation for the radome with the nosecap removed and the ogive
extended to complets the radome. Figure 9 shows the percent difference
fromn the final answer for the 7.5° look angle case. It is 3een that to
obtain the convergent solution {07 error) a large number ot equally-
smaced rays is required. The presence of the nosecap is seen tc have
littlz effect on the convergence of the solution if more than 10 rays are
used.
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Fig. 8. Calculated boresight error vs. number of cqually spaced
rays at two representative look angles. Center design
frequency and perpendicular polarization for the pyro-
ceram ogive radome without hemispheric nosecap.

B. Numerical Integration Of The
Reconstructad Aperture

This section demonstrates the convergence obtained using the
numevrical integration technique of weighted subapertures explained in
Section TI-(C. 501 equally-spaced rays are used to represent the ten
wavelength aperture used with the radomes of Figs. 7 through 9 in 2all
of the following calculations. Boresight error (BSE), relative on-axis
power (RPWR), and the number of weighted subapertures obtained (N)
arc calculated for various r ombinations of phase allowance (PHD) and
amplitude allowance (TRD) in approximating the field over each sub-
aperture by uniform amplitude and phase. Table Ill shows some tepre-
sentative calculated results with BSE and PHD in degrees. Appendix B
gives the complete data for this calculation at ten look angles. The
values ottained for 0 amplitude and 0° phase allowances are the same
results obtained in Section A of this Chapter, i.e., the convergent answer
from a large number of equally spaced rays. The nunber of aperture
noyints indicated in the table are the number of subsections of the aperture
which result for a given phase and amplitude allowance combination and
indicate the relative time consumption for a computer pattern calculation.
The table shows that the convergent answer is obtained using almost any
of the given allowances - for the complete ogive radome the answer is
obtained using as few as 7 subsections of the original 500 point aperture
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Fig. 9. Percent difference from convergent ray-tracing solution
vs. number of rays. Perpendicular polarization at
center design frequency. Look angle 7.5°,

approximation. With the large phase and amplitude allowances, 30° and
0.2 respectively. the error is still less than 2%. In calculations to follow
an amplitude allowance of 0.1 and a phase allowance of 3.0 degrees are
generally used. 501 egue!'y spaced rays are used throughout since this
number assures that the vonvergent solution can be obtained. The com-
tined time consumption for tracing 501 rays and computing the associated
values of ITIz and IPD is only on the order cf | second. As was peinted
out earlier the significaat compuier time usage occurs in calculating
pattern points. This is because eacn pattern poin{ reguires summing
contributions irom each aperture point used. For example using 500
equally spaced rays, 10 look angles, and caiculating 100 peints in the
far-field patiern the total number of calculations is 500, C00. If only 10
aperture points are used the numbex of calculstions is reduced to 10, 000
which is quite significant.
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C. Elecitrical Design Of A Radome Wall

The high speed attained using the two-dimencsicnal analysis results
in relatively low cost calculations. This allows the method to be used
to advantage as a design tooi. The approach is to select an approximate
design in terms of the complex dielectric constants, wall thicknesses,
number of layers, and geometrical shape. A specific parameter, for
example wall thickness, is varied in small steps above and below the
design specification. Calculations of desired electrical parameters, such
as boresight error, transmission, sidelobe level. etc. are made at each
incremental variatic :« Data are then compared tc determine an optimum
design. One such example follows.

Figure 10 shows the calculated boresight error for the pyroceram
radome as a function of its wall thickness. The current design thick-
ness is specified as 0 percent. Fromn the curves it can be seen that
for any look angle the boresight eryor approaches a low value in the
range of -3 to -5 percent. Further, in this range the actual value of
error for a given look angle remains r 'atively constant. This indica’es
that the radome would operate well in tnis region and show practically no
change in errcr due to small frequency drifts, dimensional tolerances, or
thermal gradients.

If we examine the curves near 0 percent or higher we find that the
radome will be sensitive to the above three mentioned considerations
and operate with significantly higher boresight error as well. Thus it
appears that a 4 percent reduction in wall thickness would reduce the
maximum boresight error by 59 percert. The on-axis transmission
efficiency cf the radome is calculated simultaneously with the boresight
error in order that the effects of a design change on transmission can be
observed. Figure 11 shows that decreasing the wall thickness by 4 per-
cent causes a2 i4 percent net loss in transmitter power. This is probably
not excessive in view of the improvement in boresight performance.

D. Radome Boresight Error Versus
System Bandwidth

if the calculated curves of Fig. 10 are correct, precise agrecment
between calculated and measured data in the region of design thickness
(0%) is unexpected. A small dimensional error could easily cause a 15~
20 percent change in boresight error. Figure 12 shows a comparison
between calculated and measured data for the pyroceram radome. Agree-
ment is only fair in this case. The frequencies in Fig. 12 correspond to
the apper and lower frequencies of a 1.5 percent bandwidth design.
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Fig. 10. Calculated boresight errox for pyroceram ogive
radome with hemispheric nosecap as a functicn
of its wall thickness. Perpendicular polariza-
tion at design frequency.

E. Source Taper Effects

Many radar designs utilize carefully controlled amplitude tapers

in order to achieve an antenna pattern having very low sidelohes. Phased
array techniques available today emphasize this method. A studv to
determine the pattern distortion in terms of change in sidelobe level and
half-power beamwicth due to the addition of a radoine to such an antenna
system was carried out. In addition, the effects of the use of an ampli-
tude taper on the system boresight error characteristics were calculated.
Two antenna-radome systems were analyzed, the pyrcceram ogive radome
with the hemispheric nosecap (blunted nose case) and the complete ogive
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Fig. 11. On-axis transmission efficiency for pyroceram ogive
radome with hemispheric nosecap as a function of its
wall thickness. Perpendicular polarization at design
frequency.

radome (pointed nose case). An identical antenna having a variable
amplitude taper was analyzed for the two radomes. Pariicular emphasis
was placed on the '"cosine-squared on a pedestal'' distribution since it
provides a converient method for varying the antenna patiern over a
broad range of sidelobe levels. Also, this distribution is commonly
used to achieve low-sidelobe pencil beam antennas.

Figure 13 shows the sidelobe level obtained using the two antenna-
radome systems. The blunted nose radome is seen to degrade the antenna
performance severely while the pointed nose radome produces inconse-
quential pattern distortion. All calculations were made al look angle 0°
in order to emphasize the difference between the two systems. These
calculations are corroboraied to some extent by measurements performed

24




{MILLIKADIANS)
o

BORESIGHT ERROR

8r— 0-~0—0 Fyyyy CALCULATED
X——X=-X F oy CALCULATED
Fligy MEASURED

—_——— FLOW MEASURED

| l I |

0 5 i0 1S 20 25
LOOK ANGLE (DEGREES)

Tig. 12, Calculated and measured boresight errcr for pyroceram
ogive radome with hemispheric nosecap. F-iigh and
F1ow denote the two extremes of a 1,5% bandwidth
design. Perpendicular polarization.

oa a similar antenna-radome system by Styron and Hoots® of the
Brunswick Corporstion. They measured pattern distortion due to a
blunted ncese conical radome in terms of sidelobe degradation fcr three
aperture tapers. They found that a basic 30 dB sidelobe antenna was
reduced to an approximately 21 dB system and that the radome controlled
the sidelobe level rather than the aperture taper. No similar set of
measurements are available for the poiiited nose radome, however,
Styron aad Hoots stated that the pattern degradation was most severe
at offsets where the center antenna ray impinged near the radome ncse
and that for offsets further from the nose the degradation was minimal.
This tends to verify the calculations for the pointed nose case.
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Look angle 0°, perpendicular polarization, design
frequency. Aperture amplitude taper is cosine-
squared on a variabhle pedestal.
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Figure 14 shows that the half-powexr beamwidth is relatively un-
affected by the presence of the blunt nose radome. Similar results
were obtained for the pcinted nose case.

Figures 15 and 16 show the effects of several amplitude tapers on
the boresight error performance of the two antenna-radome systems-
The blunted-nose radome is seen to have considerably pcorer boresight
performance whenr an amplitude taper is used. This may be attributed
to the much smaller radius of curvature in the vertex region which
causes considerable phase distortion in the sperture distribution. Also,
since this ray-tracing znalysis uses a collimated beam projecting from
the source through the radome, it is likely that the resulting higher con-
centrations of energy near the vertex region tend to over-emphasize the
effects of the ver:ex region. Thus the effects of the blunted nose on the

9
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8 o——C WwITHOUT RAYDOME
71—
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| | | |
0 0.2 0.4 06 0.8 1.0
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N

Fig. 14. Effect of an aperture amplitude taper aon antenna-
radome system bandwidth. Blunt ncse pyroceram
ogive radome, design frequency, perpendicular
polaxization.
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Fig. 15. Effects of severel aperture amplitude tapers on
system: boresight error. Pointed nose pyro-
ceram ogive radome, perpendicular
polarization at design frequency.

radome are somewhat exaggerated. From the error curves it is zeen
that in both cases the more nearly uniform apertu:-e distributions pro-
auce the lowest boresight error. The best boresight perforrnance is
obtained with the unifori distributicn, however, the cosine-squared on

. a pedestal, or something similar, can be used .or sidelobe control with-
out seriously affecting the boresight performance. Measurements by
Sty ron and Hoots® support the above calculations for the tluntetd nose
radome case.

F. Aperture Blocking

In tbe two dimensional ray-tracing approximation a metallic portion
of a radome, such as a protective rain-erosion cap, is treated as an
aperture block. This requires specific changes in the computer program
for two ressons. First, the perfectly collimated beam assumed in the ray
tracing approach predictc that the effects of ar. obstacle in front of an
anternna are independent of the distance tetween the obstacle and the
antenna. The second problem 1s that the portion of the source aperture

z8
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design frequency.
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blocked in the two-dimensional model is m 1ch larger than the actual
area blockage in the thirce-dimensional problem. A study was made to
determine a suitable two-dimensional represzutation of the three-

dimensional block. Details of the specific treatinent for aperturs
blocks are given below.

Figure 17 shows ar. aperture block of radius h located at a distance
£ from an antenna aperture of radius R. The source aperture is pro-
jected to the plane of the block using a divergence angle § equal tc the
haif-power beamwidth to determine a projected aperture radius R

(19) R'=R + £ sin 6 .

The ratio of tie block area to the projected source area is calculated
as:

e ammende s RS
e e on e s e ST v et v
B
— !<-—:r
}
AN
¢————p -—--—-z—!

Fig. 17. Geometry .. aperture blocking calculation.
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(20) Ratio = h )
(R + £sin6,)?

Equation (20) gives that fraction of the source area to be blocked out
for any value of £. In the ovne-dimensional aperture approximation for
a planar source the block is inserted at £ = 0 even though the block is
located at £; hence h must be reduced to account for the distance /.
The effcctive blocked area at the source is:

(21) ABLOCKED = ASOURCE * RATIO

which gives:

N

m

as the reduced length of the blcck. This is the approximate method used
to account for the antenna-obstacle separation.

A second approximation is required because the one-dimensional
block does not represent the two-dimensicnal block in the other dimension.
Figure 18 shows that the blockag? in the two-dimensiounal case represented
by the one-dimensional block is a strip across the entire aperture. The
approximation used here is to reduce the block length such that the re-
sulting strip area is equal to the actual area of the block. In this way,
even though the shapes of the aperture blocks differ, the source area
blocked out is the same. With reference to Fig. 19, the strip area is:

(23) ASTRIP = R%(n - 6 + sin®}
where 0 in radisns is given by:

(24) 8 = 2 cos™!(y/R) .

Using Eq. (21) we set AgrRip = AR OCKED"
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(25) 7R X RATIO = R¥(x - 0 - sin9)
Remcving the R? terms and rewriting Eg. (25) in homogeneous form:
(26) 8- sin® =n(l - RATIO) =0 .

This cquation can be solved to any degree of accuracy using Newton's
method

f(a;)
2 -3 Wt Sk LA
(27} a; a; F'(a;)
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where a; is an approximate solution of Eq. (26} which is f in Eq. (27).
The value a, is a better approximate solution than a,. By iterating
Eq. (27) we can obtain any desired accuracy in the approximation.
Since most blocks are small a value of 170° is used for a, in the pro-
‘gram. In the problem heing considered Eq. (27) takes the form

e, - inO,y - 1 - H
(28} o, =0, . Sr7sin0i-ml - RATIO)
l - cos 0,

The resulting block width in the nne-dimensional aperture approximation

using this approximation is:
(29) h'' = 2 R cos(0/2)
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where 01is the angle associated with the strip as shown in Fig. 19.

In order to determine the accuracy obtained using the above two-
dimensional aperture blocking approximations some sample calcula-
tions were rnade and compared to the calculated and measured aperture
blocking results of Collier.® In his report Collier used a 16.4\ para-
bolic dish having a 2.2\ diameter feed located 2.2\ in front of the
aperturz plane. He considered obstacles ranging in size from 3.4\
to 9.7\ which could be positioned from 20\ to 100\ from the aperture
plane. The frequency was 32.7 GHz. The medium sized obstacle of
4.7\ was chosen for comparison here. Collier used a severe radial
¢aper, as shown in Fig. 20, to represent the antenna aperture distri-
bution. The central amplitude of zero was usesd to account for the
aperture blocking due to the feed. The measured pattern reported
showed an approximately 5° beamwidth and 16.5 dB sidelobes. This
taper was represented here by a piecevise linear approximation with
the exception that the curve was extended to 10 at the origin and the
feed trecated as a separate aperture block. The calculated pattern using

COMPUTER
APERTURE
FIELD
DISTRIBUT.UN

|o_ /ﬂﬁ\

n MESH SIZE
0522 X\
[~ >
Ol I W SN S U SV WS SUNNE M NN N UN
0 5 10 15

RADIUS (GRID NO N)

Fig. 20. Aperture amplitude taper used in Collier aperture
blocking calculation.
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the two-dimensional approximations showed a beamwidth of 5.29° and a
sidelobe level of 16.32 dB which is in excellent agreement with Collier's
measurements. Figure 21 shows the calculated sidelobe level for the
antenna in the presence of the obstacle as a function of aperture-obstacle
separation. The modified two-dimensional model generaily shows very
good agreement with measurements and with the three-dimensional
calculations.

CG. Electrical Performance Of A Radome
In A Hyper-Envircnment

Due to the high speed of modern aircraft and missiles, radomes
are often subjected to severe environments. Nonuniform temperature
distributions exist about the radome wall whick result in variations in
the temperaturz dependent quantities of dielectric constant, loss tan-
gent, and wall thickness. The variations in these quantities alter the
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Iig. 21. Compariscn of calculated sidelobe level by
two-dimensional approximatc method with
three-aimensional calculations and
measurements.
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bovesight error perforinance of the antenna-radome system. Figure 22
shows a representative temperature profile which a radome may en-
counter. The boresight error characteristice of the pyrcceram radome
having a hemispheric nosecap were calculated for this temperature
profile as an example. To approximate the effects of the temperature
profile, the radome is subdivided into several sections, each of which
has a {ixed set of dielectric constant, loss tangent, and wall thickness
parameters. 7The subdivision is determined by observing th2 rate of
change of these parameters with femperature and the rate of change of
temperature along the radome wall. Referencez 7 and 8 were used
for this purpose. Figure 23 shows the calculated boresight error in
the presence of the temperature profile of Fig. 22. Figure 24 shows

a similar set of curves with the original wall thickness reduced by
1.5%. These results indicate that the boresight error performance of
the radome may actually improve in a severe thermal environment.
The effect cf the temperature profile in this case is seen to be similar
to the design technique of constructing a tapered radom.e wall to improve
radome performance.

As shown in Fig. 22 there is a temperature gradient frorm. the
outside to the inside of tus radome wall. In the above examnple the tem-
perature was assumed to vary linearly with distance through the wall.

In case there is a nonlinear variation in temperature or parameter
constants as a functicn of temperature through the wall, a fuither approxi-
mation consisting of subdividing each section into cseveral layers having
variable parameters can be used. Thus the final subdivision of the rademe
in this case would be one of several geometry sections having differing
numbers of layers.

H. Comparison Of Boresight Measurements
And Calculaticns

Boresight calculations using the ray tracing method described in
this report are comparazd in this section with measured data supplied by
The U.S. Naval Air Development Center at johnsville, Pa. and with
calculations and ineasurements taken from the literature. Exact
radome geometry was not always known in the following cases, hence
some comparisons were made on the best estiinate basis.

Case 1
The previously described half-wave wall conically-faired ogive

radome with a hemispheric nosecap is examined here. A constant wall
thickness of pyroceram (e= 5.5) was used throughout. Calculations and
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Fig. 22. Temperature profile used to simulate the case of 2
radome operating in a hyper-environment.
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Calculated boresight error for biunt-nosed pyroceram
ogive radome in *he presence of the temmperatuic pro-
file of Fig. 22. Perpendicular polarization at desich
frequency.

38

30




BORESIGHT ERROR (MILLIRADIANS)

x x x NO TEMPERATURE GRADIENT

X
€ 0 0 6 NON—UNIFORM TEMPERATURE
GRADIENT

I I | | l

5 i0 15 20 25
LOOK ANGLE (DEGREES)

Fig. 24. Calculated boresight error. Same case as Fig. 23
witk radome wall thickness reduced by !.5%.
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measurements at the high, low, and center frequencies of a 1.5% bard-
width design were made for both perpendicular and parallel polari-

. ¢ 10
zations.

Two scts of measuremen.s were {urnished by the USNADC; ?
both ¢f which are included in the comparisons to give aa indication o!
experimental deviations. This deviation is generally a result of a

luck of symmetry in the radome. Figures ?5 ard 26 show the compari-
sons between calculations and measurements for perpendicular and
paraliel polarization at the low trequency end of the band. Agreement
between calculation and measurement ‘s reasonably good for the per-
pendicular polarization case, however, the agreement is poor for
paralle] pelarization. Figures 27 and &8 give the same comparisons
for the design frequency. Perpendicular polarizaticn shows very gooa
agreement 1n this case while agreement rxermains poor for parallel
polarization. Figures 29 and 30 show the comparison for the high end
of the frequency band. Agreement is also very good for the cace of
perpendicular polarization and poor for parallel polarization.

RORES!GHT ERROR (MILLIRADIANS)

Fig.
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N
~
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LOOK ANGLE (DEGREES)

25.

Calculated and meazsured boresight error for a
blunte2-nose pyroceram ogive radome at the
lower limit of a 1.5% bar dwidth design. Per-
pendicuiar polarization.
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Fig. 26. C(aliulated and measured boresight error for a
blunted-nose pyroceram ogive radome at the
fower limit of a 1.5% bandwidth design. Parallel

pelarization.
Case 2

This comparison uses the same radome geometry as in Care 1
except that the construction is of polyimide (¢ = 4.2). Measurements
and calculations at the design frequency for perpendicular and parallel
polarizations are shown in Fig. 3i. Agreement is good for both
polarizations in this example. Measurements were furnished by
USNADC.'?
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Fig. 27. Calculated and measared boresight error for a
blunted-nose pyroceram ogive radome at the
design frequency. Perpendicular polarization.

Case 3

This comparison uses a radome naving basically the same con-
struction as in Case !, i.e., conical fairing, ogive body, and hemi-
spheric rosecap. The main body of the radome was constructed of
polyimide {¢ = 4.2). A rain erosion cap of alumina (e = 8.9) was sprayed
on the tip end of the radome extending back six inches. Exact dirnensional
data was unavailable for this case, therefore, estimates were made as to
the probable design. Calculations of boresight exror (BSE) and trans-
mission ¢fficiency (ITI") were made at the probabie design thickness and
at + 2.5% and t 5% increments about this design thickness. In the region
of the alumina nosecap the rnain body of the radome was assumed to be of
thinner wall to adjust for the increased dielectric constant of the cap
material. The source of measured data was a report by The Brunswick
Corporation.'! Reference 1} also stated that the radome had been ''cor-
rected" - which amounts to adding patches of dielectric material to the
radorne inner wall to Jocally alter the phase shift value through the wall.
Thns the geometry is relatively uncertain. High and low frequency
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Fig. 28. Calculated and measured boresight error for a
blunted-nose pyroceram ogive radome at the
design frequency. Parallel polarization.

.calculations were made at perpendicular polarization since these corre-
sponded %o the reported measurements. Figures 52 and 33 show the high
and low frequency boresight errcr calculations for the estimated geo-
metricai construction conipared to the measurements reported in Ref. 11,
Measurements were made at several roll angles resulting in the spread
of value shown by the shaded portions in Figs. 32 and 33. Agreement
was not expected to be good in ihis case, however, considering the
assumptions required, agreement is satisfactory. The general shane

of the curves, i.e., the initial negative error at small look angles and
the shift to positive error at larger look angles is predicted. The ampli-
tude of the negative swing is consicerably larger than the measurement,
however, the positive esror ampltitude is in good agreement with the
measurements. This could be explained by the 'zorrection' performed
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Fig. 29. Calculated and measured boresight error for a
blunted-nose pyroceram ogive radome at the
upper limit of a 1.5% bandwidth design. Per-
pendicular polarization.

on the radome as mentioned above. Using the inain body {aft of the
nosecar) wall dimensions corresponding to Figs. 32 and 33 as a base
the radome error was then calculated at + 2.5% and + 5% of this value
with the nose dimensions held constant. In all cases the rain erosion
cap was taken to be 0.030 inches thick. Figures 34 .and 35 show these
calculations compared to the measurements. Excellent agreement
between calculations and measurements is obtained icr the + 2.5% case
incidating that this wall thickness is probably closer to the actual value
than the original assumed value. Another view of this same data is

shown in Fig. 37 which indicates that + 2.5% is about cptimmum for a bore-

sight error design point. The computer program simultaneously calcu-
lates transmission efficiency with boresight error. Figure 37 shows the
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Fig. 30. Calculated and measured boresight error for a
blunted-nose pyroceram radome at the upper
limit of a 1.5% bandwidth design. Paralle!l
polarization.

'le curves which correspond to Figs. 33 through 35. Since radomes
cf this type are frequently designed for maximum transmission, the
indication is that the des.gn wall thickness was + 2.5% or more above
the assumed value.

Case 4

Several radome body geometries previously analyzed by General
Dynamics are examined. Calculations of boresight erx r are made
and compared to similar calculations by G.P, Tricoles of General
Pynamics Corporation, San Diego, California.’ Since Tricoules uses
a different ray-~tracing calculation these cumparisons are presented
merely to show similarities and disagrcements between the calculated
results. Table IV indicates the gecometrical differences among the
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Fig. 31. Calculated and measured boresight exror for a
blunt-nose polyimide radome at the design
frequency.

various radome configurations. Table V foliows the radorne curves to
indicate the general agreement between the two calculations. The com-
parisons are given for the several configurations at the high and low
ends of a 1.5% bandwidth for perpendicular ar.d parallel polarizations
in Figs. 38 through 5J.
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BORESIGHT ERROR ( MILLIRADIANS)

Fig. 24,

\. ——~——- CALCULATED

— 777/777, MEASURED

| |

5 10 15 20 25 30
LOOK ANGLE (DEGREES)

Comparison beztween measurements and calculations
at + 2.5% and 15% of the probable design thickness
of the main body .or the radome of Fig. 32. Per-
pendicular polarization, high frequency.
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Fig. 35. Comparison between measurements and calculations
at +2.5% and 5% of the probable design thickness of
the main radome body for the radome of Fig. 32.
Perpendicular polarization at the lew {1equency.
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Fig.

BORESIGHT ERROR (MiL.LIRADIANS)
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36.

Calculated transmission efficiency vs wall thickness

vs look angle for the radome of Fig. 32. Perpendicular
polarizaticn at the high frcquency.
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Fig. 37. Calculated transmission efficiency vs wal

thickness vs look angle for the radome of
Fig. 32. Perpendicular polarization at the
high frequency.
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TABLE 1V
Description of Seven Example Radomes, All Dimensions
are in Inches. Sketch Pertains to Secant Ogives Only.

AV

-~ K
I
1 N
k
i
|
N S SR X
:<——~h-—-—>
Fine-
No.| ness Shape € Geometrical Constents
Ratio R h { k
1 12,0 Tangent Ogive | 5.5
2 12,11 ] Tangent Opive | 5.5
312.0 | Tangent Ogive | 6.4
4 12,0 Tangent Ogive | 9.7 '
512.0 Secant Ogive |{5.5}127,5 | -15.692 | 30,0 |-119.0631
6 |2.5 Secant Ogive |5.5{195.0 | -19.35 | 37.5 |-186.529
7 12.5 Secant_Ogive 5.5 1195.0 -19.35 37,3 |-186.529
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TABLE V
Relative Agreement Between Tri:oles and Kilcoyne Calculations
FH =1.015 FL

Radome Perpendicular Parallel

FR Shape € FL FH FL FH

2,0 Tan-Ogive 5.5 Poor Fair Poor Poor
2.1l Tan-Ogive 5.3 Good Excellent Excellent Excellent
2.0 Tan-Ogive 6.4 Poor Poor Fair Poor

2.0 Tan-Ogive 9.7 Poor Fair Good Poor

2.6 Sec-Ogive 5.5 Poor Excellent Poor Poor

2, Sec -Ogive 5.5 Poor Fair Good Poor

2.5 . Sec-Ogive 5.5 Poor Excellent Excellent Poor
Weighted Average Poor Good Good Poor

I. Effects Due to the Rlunting of a
Radome Nose Section

The high speed of a modern aircraft or missile frequently results
in the generation of temperatures at the leading edge (tip) that are above
the maximum safe operating temperatures of even the best ceramic
radome materials. When it is necessary to locate a radome at the tip
section, special design precautions are required which generally take
the form of either blunting the radome tip, which increases the tip area,
or placing a protective metal cap at the tip of a pointed system. This
section is included to summarize the electrical effects due to the blunt-
ing of the radcme tip which kave been indicated in previous sectione and
to illustrate the far-zone power pattern plot which the computer program
generates. Calculations of boresight error, transmission efficiency,
and antenna patfern distortion are presented for an identical antenna
system operatir.g with a pointed radome and with a blunted version oz
the same radome. All calculations are fo- perpendicular polarization
at the center design frequency. The two radomes used in this example
are the pyroceram ogive rademes descrihed earlier with and without
the hemispheric nose cap.

Figure 52 shows the effects of blunting the radome tip on the bure-
sight error characteristics ol the antenna-radome system. Figuxe 55
shows the relative on-axis transmitted power calculated from the sum
pattern of the moncpulse antenna for the two systerns. The 'no-radome"
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Fig. 52. Calculated effects on radome boresight error due
to the blunting of the tip of a pyroceram ogive

radome. Perpendicular polarization at the design
frequency.

case is represented by the 100% relative power level at all look angles.
From these figures it can be seen that the ray tracing theory predicts
the pointed-nos¢ case to give considerably better boresight error per-
formance as well as having about 5% greater on-axis power transmittion.

Figures 54, 55, and 5€ show the normalized far-zone power patterns

for the antenna without :adome, with pointed radome, and with the blunted
radome respectively for look angle 0°.
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Fig. 53. Calculated transmission efficiency for the case
of the radome of Fig: 52.
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V. CONCLUS1IONS

A completely computerized two-dimensional ray tracing analyses
of radome boresight er1or and antenna pattern distortion has been
develoned. Application of this method to several complicated antenna-
radome problems has been demconstrated which shows the usefuiness of
the method both for the design and the analysis of anteana-radome
systems. Several example cases were calculated and compared with
experimental data and with other calculations. Agreement between
measurements and calculations was in gene.-al reasonahly good. The
method was modified to include the analysis of aperture blocking effects
in or:ier to form a basis for the calculation of radome systems involving
metallic nosecaps. Calculations and measurements of this case will be
included in a future report.

The computer program written for the calculation of this two-
dimensional method is relatively long and involved; however, it has been
written in such a way as to make its use by others relatively simple and
convenient.

The method can be applied to a wide range of antenna-radome
problams. Calculation of results is extreme'y fast, thus making the
method an economical approach to radome de ;ign and modificziion.
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APPENDIX A

This appendix contains calculated boresight error (BSE) and
relative power transmission (RPWR) for several equally-spaced ray
selcctions at ten look angles to further demonstrate the convergence
of the ray tracing solution which was explained in Chapter IV-A. Tables
VI and VII show the BSE and RPWR as a function of the number of equally-
spaced rays (NRE) used for the pyroceram ogive radome with and without
the hemispheric nosecap. Perpendicular polarization was used through-
out. BSE is in milliradians and RPWR has a value of 1.0 for the no-radome
case. Look angle (¢1) is in degrees.
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APPENDIX B

This appendix contains calculat:d boresight error and on-axis
power transmission for several choicen of phase allowance (PHD) and
amplitude allowance (TRD) parameters in the numerical integration
technique explained in Chaptcr IV-B. The radomes used are the same
as those of Appendix A. Leock angle (d1)) is in degrees, boresight error
(BSE:) is in milliradians, PHD is in degrees, TRD and relative on-axis
power (RPWR) are normalized fractions. The number of subapertures
(N) used refers to the number of subsections of the 500 point recon-
structed aperture remaining after averaging the aperture distribution
functions. Tables VIII, IX, ¥, and X1 show ihe calculated BSE, R2WR,
and N for 12 choices of PHD and TRD for the blunted (with hemispheric
nosecap) and pointed (without nosecap) radcmes respectively.
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APPENDIX C
INSTRUCTIONS FOR USE OF
COMPUTER FROGRAM

A, Required Input Data

The following table lists all the required inputs for a calculation
of radome horesight error and/or antenna pattern properties. All
data are read in from punched cards. The order of the input of the
data depends upon the calculation and therefore can be varied.




Variables

TABLE XII

Description of Variable

Units

MC

LL(I)

PIAI)

NRE(I)

POLIZ

TITLE

SOURCE

FREQ

NUM

SPAN

NOS

N(T)

SHAPE(I)

DCE(I, IL)

Number of cases to be calculated
Number of look angles for which cal-
culations are made fcr the I-th case
on MC

The I-th look angle on LL

The nurnber of equally spaced rays
used for the I-th case on MC

Polarization: Either perpendicular
or parallel

Description of Calculation
Specifies source type, taper, pre-
sence of obstacles, presence of
radome, source taper, etc. See
comment cards at beginning of pro-
gram for complete description
Frequency in megacycles

One less than the number of points
calculated in a partial pattern

calculation

One-half the angular range over which
patiern pcints are calculated

Number of geometry sections used to
define the radcme shape

The number of layers in the I-th
geometry section of NOS

The shape of the I-th section on NOS

The dielectric constant of the I-th
layer of tihe IL-th geometry section

76

Integer Number

Integer Number

Decimal Degrees

Integer Number

Alphabetic

Alphanumeric

Alphanumeric

Decimal

Integer Number

Decimal Degrees

Integer Number

Integer Number

Alphabetic

Decimal Nurnber




TABLE XII {(Cont.)

Variable Description of Variable Units
D(1, IL) The thickness of the I-th layer of the

IL-th geometry cection Decimal Inches
TD(1, IL) The loss tangent of the I-th layer oi

the [L-th geometry sec.ion Decimal Number
X00, YOO The coordinates cf the center of an

ogive radome section Decimal Inches
ROO The radius of an ogive section Decimal Inches
XLIN, YLIN Coordinates of a point on a conical

section of a radome Decimel Inches
PHLIN Included angle of a conical section

of a radome Decimal Degrees
DFATSP The distance from the coordinate

axes to the source aperture plane Decimal Inches
A The lengih of the aperture plane Decimal Inches
TAPER Description of aperture amplitude

taper Alphanumeric
PHDR Phase allowance used in averaging

the reconstructed aperture Decimal Degrees
TRD Transmission allowance used in

averaging the reconstructed aperture Decimal Number
NBLOK The number of a geometry section

which is an aperture block {(metal).

If none NBLOK = 0 Integer Number
XGB(1) The x-coordinate of a boundary be-

tween two geometry sections, I and

I+1 Decimal Inches
STAP(1) The amplitude of a step used ir a

step + function amplitude taper. I
on MC

Decimal Number
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3 B. Description Of A Typical Calculation

The SCURCIJ: card plays a key role in determining the calculation
procedure. SOUF.CE contains twelve alphanumeric words which control
various phases o' the calculation. 7Twelve comparison words are read
into the program as data statements. By comparing the contents of the
SOURCE card tc the data statements the desired subroutines are called
or the desired caiculations are made., Each word of SOURCE contains
6 slphanumeric characters or blanks (which are designated by "},

Each word is explained below.

Source (1} indicates the calculation of the monopulse difference
pattern by FMONOP. The sum pattern is calculated otherwise.

Source (2) is not used,

Source (3) indicates the calculation of the no-radome case by
bnobbb

Source (%) indicates the use of an aperture padestal + function
taper by the word STEPPP,

Source (5) indicates the absence of an aperture amplitude taper
by FNOAAT.

Source (6) indicates the absence of an aperture phase taper
by FNPHST.

Scurce (7) causes the program to calculate sidelode level and
half-power beamwidth when the word OPTION occurs there.

Source (8) indicates the use of a circular aperture by CIRCLE.

Source (9) indicates the presence of an aperture block by
PBLOCK.

Source (10) calls for a graph of the far-zone pattern by PLOTDD,

Source (11) indicates that special x-geometry boundaries are to
be read in by the word SXGBbb,

Source (12) causes a write-cut of ray-tracing and multilayer cal-
culations by WRITER.
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Similarly TITLE(l) indicates the calculation of bo-eaight error by
the word FNULLP. Otherwise a partial pattern calculation it carried
out. All other alphanumeric input cards are similarly used, e.g., the
words POGIVE and PCONEP on the shape card cause the program to
call either the cgive or cone subroutine respectively, to calculate the
geometric constants asscciated with a radome section. One alpha-
numeric word enables the taper subroutine to utilize «.ny one of a set of
pre-programmed aperture tapers. The TAPER card specifies this
word.

Thus for a typical calculation the number of different cases to be
run and the various differences between cases are determined. Data
which does not change from case to case is read in between the following
two specific cards:

I (L.GT.1) Go to 937

Read ......

937 Continue

This prevents unnecessary duplication of computer reading time.

Two or more compietely different sets of calculations, such as
the boresight error curves fcr differing radomes, may te carried out

on vne run by utilizing the cards

DO 949 1Y=1,4

Complete program

949 Continue

as shown. These cards are in the program permanently so that runs
may be combined without re-compiling the program (whichk consumes
about 1/2 minute). The number 4 is completely arbitrary. These cards
cause 2n abnormal termination of the ¢ mputer and consequent error
message when less than 4 runs are made, however this is no problem
because the calculations are finished when the termination occurs.

C. Sample Data Lists

Two example calculations, one of boresight error and one of antenna
pattern parameters, are discussed to illusirate the use of the program.
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1. Boresight error

This example uses an ogive raudome having a hemispheric nosecap.
Since the calculation requires separate equations for the geometry of
the ogive walls on the upper and lower sections, the cap is also divided
into two sections to maintain symmetry in the geometrical description
of the radome. This results in a four-section radome as shown in the
sketch below.

AY

SECTION |

o

/ X
o _————"""] SECTION 3

SECTION 4

Wall construction in all four sections is a constant A-sandwich. Five
cases are to be calculated at four look argles. Refering to Table XIII
case MC = 1 is the '"no-radome' case which is calculated for reference,
Since the pattern without radome is independent of lock angle, PL = 0

is used. Cases MC = 2,3 ccrrespond to perpendicular, parallel polari-
zation calculations for the same radome. Cases 4,5 correspond to
perpendicular, parailel calculations for a similar radome but with a
different core dieleciric constant. All data of Table XIII are explained
on the right hand mmargin of the table. Reference to Table XII will define
the variables.

2. Antenna pattern parameters

This example uses an ogive radome having a hemispheric nosecap.
The aft portion of the radome is conical for fairiug purgoses. Thus
there are 6 geometry sections, 3 on each side of the coordinate axes.
Eight cases are calculated corresponding to four difierent aperture dis-
tributions with and without radome. The far-zcne pattern is calculated
and plotted for the angular range of + 45° (span) about the beam axis.
Sidelobe level and half-power beamwidih with and without radome are the

&0




quantities being calculated as a function of source distribution. As can
be seen from Takle XIV the quantity of data read in after the initial run
(MC = 1) is minimal. This is typical.
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5
1 4 a4 4 4
10.0
100
3, N
]'

501 501 507 501 501

FNULL CALCULATION
9300.
¢
3 3 3 3
OGIVE OGIVE OGIVE OGIVE

FMONOPULSE  NO RADOME FNCAATFNPHST

FNOAATFNPHST

24,

-2.00 - 2.000
. -2.D9 69.0DC 80.0D0
26.0C .00 2.600
. 24.00 0.00 2.000
-2.00 69.000 80.0D0
PERPENDICULAR
0.
8.9 2.8 8.9
.040 .192 .040
6003 .0057  .0003
8.9 2.8 8.9
.040 .192 .040
.0003  .0057  .0003
8.9 2.8 8.9
.040 192 .040
.0003  .0057  .0003
8.9 2.8 8.9
.040 .192 .040
4.0003 .0057  .0003
3 3 3 3
OGIVE OGIVE OGIVE OGIVE
FMONOPULSE
-2.00 2.000
-2.00 69.0DG 80.0D0
24.D0 0.D0  2.000
24.00 0.D0  2.000
-2.00 69.0D0 80.0D0
PERPENDICULAR
0. 8. 16.
8.9 2.8 8.9
.040 .192 .040
.0003  .0057  .0003

TABLE XIII

VARIABLE

MC

LL

NBLOK

A

NUM

PRD,TRD
SPAN

TAPER

NRE

TITLE

FREQ

NOS

N

SHAPE
SOURCE

SXGB
X00,Y00,R00
X00,Y00,RC0
X00,Y00,RC0
XC0,Y00,R00
POLARIZATION

1D

1€

NOS

N

SHAPE
SOURCE

SXGB

X00, Y00, R00
XC0,Y00,R00
X00, Y00, ROG
X00, YOO, R00
POLARIZATION
PL

DCE

D

0




8.9 2.8
.040 .192
.0003 .0057
8.9 2.8
.040 .192
.0003 .0057
8.9 2.8
.040 .192
.0003 .0057
PARALLEL
0. 8.
PENPENDICULAR
0. 8.
8.9 2.4
.040 .192
.0003 .0053
8.9 2.4
.040 182
.0003 .0053
8.9 2.4
.040 192
.0003 .0053
8.9 2.4
.040 .192
.0003 .0053
PARALLEL
0.

16.
16.

16.

8.9
.040

.0003

8.9
.040

.0003

.040

.0003
24,
24,

.040
.0003

.040
.0003
8.9
.040
.0C03
8.9
.040
.0003

24.

TABLE XIII (Cont.)
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VARIABLE

DCE

D

1D

DCE

D

TD

DCE

D

D

POLARIZATION

MC=4

»

PL o
POLARIZATION
PL

CE

D

TD

DCE

D

TD

DCE

D

TD

DCE

D

1D

=

(%]
n

o

POLARIZATION
PL




Latic o]

YT

TABLE XTV

8
1 1 1 1 ] 1 1 1

2.7500
10,0
100
3. .
45,
€056
501 501 501 501 501 501 501 501
FPARTIAL PATTERN DEG
6
1 1 1 1 1 1
CONE OGIVE OGIVE OGIVE OGIVE CONE
0.00 7.0D0 -.5D0
.00 -69.0D0  80.0D0
6.5000 0.00 2.000
6.50D0 0.20 2.0D0
.00 69.0D0 80.0D0
0.D0 7.0n0 .500
PERPEgDICULAR

5.5
297

5.5
.297

5.5
.297

5.5
.297

5.5
.297
5.5
297

96C0.
FLINE SOURCE NO RASTEP FRFHSTOPTION

-3.00 D0 2.76001 3.0000D1
.D0 -3.00
0, 0. .28 ,025 .05 .05 .071 .07
FLINE SOGURCE FNPHSTOPION
-3.00 D0 2,760D17 3,0000D1
.00 -3.00
FLINE SOURCE NO RA FHP=5TOPTION
FLINE SOURCE FNPHSTOPTICN
FLINE SOURCE NO RA FNPHSTOP7 ION
FLINE SOURCE FNPHSTCPTION
FLINE SOURCE NO RA FNPHSTOPTION
FLINE SOURCE FNPHSTOPTION
84

PLOT SXGB
2.760D1

PLOT SXGB
2.76

PLOT
PLOT
PLOT
PLOT
PLOT
PLOT

0D1

VARIABLE

MC

n
ea]

MC

LL
NBLOK
DFATSP
A

NUM
™4D,TRD
SPAN
TAPER
NRE
TITLE
NOS

N
SHAPE

XLIN,YLIN,PHLIM

X00,Y00,R00
X00, YO0,RO00
X00,Y09,R00
X00,Y00,R00

XLIN,YLIN,PHLIN
POLARIZATION

PL
OCE
D
TD
DCE
D

.TD

DCE
D
TD
DCE
D
TD
DCE
D
TD
DCE
D

7D
FREQ
SOURCE
SYGB
SXGB

STAP

Yt

=

o
1
N

SOURCE
SXGB
SXGB

=
(9r]
n

SOURCE __

SOURCE

SOURCE

SOURCE

SOURCE

= XIZ=
o OB

SOURCE

P I e Kl U ]




D. Computer Programs
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P

e TL (oS o i o}

TR

ﬁﬂﬁﬁﬁﬁnﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬂﬁﬁ(’ﬁﬁﬁﬁnnﬁﬁﬁnﬁﬁﬁﬁﬁﬁﬁﬁ(‘ﬁﬁ

MATN DATL = 69119

ALL CALCULATIONS NOH ASSUNE YTHe RADUOME 1L SYEMOTUIC AV YL T AXY

AN BB, CC, D0 gt B8 AV 1 DEEINING CONSTANTS LU A GIVEN A0 1y,

AF N LENGTH OF MTh SUBAPIRTURL.

CF N PHASY CORRECTION QUL TO THe NTH SUZAPERTUPEL LOCATION ALY
FRUM THY CRIGIM.

P IS THE PATTERM AIGLE PHI. MEASURED IN THE X-Y PLANE

PL T 1S THE ITH LONY ANGLL IN DCGREFS.

Ab IS THE FAR FIFLD AMPLTITUDE,

0 IS YHE CUTPULUT PARAMETER FOR THr GRAPH SURRQUTILE.

oL 1 IS THE Loy ANGLL I wADIANS,

FIPD IS THY IMSFE2TION PHASF DELAY FOR A BAY,

PH IS THE TCTAL PHASE TEQM FOR A GIVIN SHBAPERTUKF .

TI IS THE ANGLE OF INCIDeNCE FAR A RAY,

AAT APFRTLIVE AMDPLITUDE TAPLR,

TITLE INGICAIFS WHETHER 17 CALCULATE THF NULL OR & PARTIAL PATIER .

B IS THE ANGLE USED IN CRAPH TO PLAIT THE PHI AXISa

MEOINDICATES THFE DIVISION BETAEE THFE TwO HALVES 0OF THE ADEOTURL,

MM IS THE NUMBER IF THAT SUBAPERTURE IMMrDIATELY PEFLOW THT X=46X15,

YO IS THL Y-COUGRO NF THE CENTER OF A SUCAPERTURE AT LOGK A.GLF C.

PHST IS THF PHASE TAPER,

DCF 1S ThE PLAL PART OF THE RELATIVE PERMITIVITY.

DCE l:L IS THLY DICLICTRILZ CUNSTANT FOR THE [1H LAYEx UF THL +Th

GEOMETRY S{CTI0M.

T I,t IS THE LUSS TANGHEANT FUR ITH LAYIR,LTH ArDMETRY L8 0Tl

D IsL IS THL THICKNESS I LICHES FOR CTHE 1TH LAYER LYTH LELMEIRY

IC IS THE AMPLITUDE TRAMSYISSION CUOEFFICIFEMT FOE A RAY.

TR IS THE TOTAL TRANSMISSICN FACTUR FOR A SUBAPERTU L. .

POLIZ INDICATES PERP OR PAR PUGLARIZATION FOR MULTILAYHE CALC

XGP IS THE X=COORDIMATE OF A RADMWE OOMMIIRY BISCINTINVULTY,

YGR IS THE Y-CONRPRINATFE OF A RADOME SEO¥-TRY DISCOTIMNULTY.

NRE IS THE NUMBFR OF EQUALLY SPACED "AYS USED

NRE IS CHUOSE'] UNEVFN TO GET A RAY THROUAH Tl ORIGIN.

T IS THE AGLE OF INCICEMNC: FROM THE CEMTFR CF A SUBAPERTIAE TO
THE RADUME INNFR WALL.

LL INDICATES THE TOTAL NUMBER OF DIFFFRECT LOOK AMGLES FEXAUINED.

X00,Y00,200 IMDICATE THE CENTER,KADIUS F£R AM 2GIVe SECTI0N [

THE X,Y PLANE,

YO IS THE MAXIMUM MAGNITUDL OF Y-COONDINATL FOR A SUrAPERITURL AT
LOOK ANGLEZ C.0 DEGRELS.

MC IS THE TOTAL NUNBER OF CASLS 10 8f RUN

A TOTAL SGURCE APERTURL LFE.GTH.

NOS IS THE MNUMBER NF RADCHMF SICTICNS HAVING DIFFEPENT GEOI LTRY,

FREQ IS THF FRLAUFNLY % MLGACYCLLS.

ANFA IS THF NUMBFL OF ENUAL-LENGTH SURAPERIURES,

NUM IS ONEL O LFSS THAN THE hUMEFR OF FIFLD SUOINTS TO OBk CALTULATED
IN A PARTIAL PATTcRN TYPE CALCULATINN.

FJ IS THE COMPLEX UMBER U

SPAN IS THE ANGULAR PANGE 0OF CALCULATIOM ARDUT THF J3rAnM AXIS.

Fig. 57. Main program - Page 1.
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OO OO0 OO0 OO0 N

MATN NATE = 69199

PSEM IS 10 NNPESICHT CRINS I MILLIRADLANS
TS IS THE SLUPE OF THE TAHGE,.T TU THF BADONME GURVF AT ¢ X,Y .
TL 1S THE SLUOE QF ThHE RAY AT THF SA™Z POINT D X,Y
SLL IS SIDELORE LFVEL IM PFR CENMT.
SLPE IS SINELOLF LEVEL IN DB
ML IS THE DUMGER OF SUBAPERTURES
[SCALK IS A SPREADIMG FACTNR FHP GRAPH WHEM FEWw PNINTS APE USED.
RPWR 1S THE POWER AT LLCAM MAYIMUM RELATIVE TO THE NDO RADOPE CASL.
LEX 1S THE PRESFAT VALUE OF THE LOOK ANGLE INDEX T IM MAL™M,
THE TLIM VARTARLE PREVENTS COMPUTER RAUNDOFFE TRROP.
FMRpr IS THE PORE? JORMALTZING TERM,
TAPER INDICATESCIM A O%E wORD HOLLFRITH FIFLD)Y THE SCURCF TAPE
NEST 1S 172 THE LEMNSTH DF A SYMMLTRICALLY PLACED APERTURL BILOC
SOURCETL)Y T4DICATSS THE CALCULATION 0OF A FONGPULSF DIFRFEYENCE
PATTER'I BY tMDNOY THLE SUM PATTERY IS CALCULATED OQTHERWISY.
SOURCE(3) INDICATFRS CALCULATINN OF THE N RADOME CASE nY *A0°
SOURCE(4) IHNDICATES THE USE OF AN APERTURE PLDESTAL+FUNCTIUN TAPZX
BY THE WCRD YSTEP?,
SOURCF(S) INULICATFS THFE ARSENCE UF Ax AMPLITUDE TAPER LY 'ENGAATY,
SOURCE(GY TWDICATLS THFE ABSENCE UF AN PHASFE TAPER BY °*FuPHSTY,
SOURGE 7 CALLS SPAPH,SLL,HPPRW WHEN THE wN2D NPTINt GOCCURS THERFE.
SOURCL(R) INNDICATFS THE USE OF A CIRCULA? APERTUZS 8Y *CI°CLE.
SOURCE(9) NOICATES THE PRESENCE CF AN APFRTURE BLOCK BY *HLDCK! ..
SCURGCELLINDY CALLS FNR A GRAPH NF I TAR=FIZLIE BY 'PLNT'.,
SHUCE(LL) TUDICATES THAT SPECIFIC X=GUAMETRY BOU'DARIFS Al TO 0+
READ 1w 1Y YSXGRY, OTHERWISE PROGRAM CALCULATES THr XGRS,
SOURCE(12) CAUSES A WRITF-0UT 0OF JAY-T2ALE ARD MULTILAYER CALCULAT
10NS 1F THE WNRD WRITER DCCURS THORIE,
THE DO 949 LOOP ALLOWS THF ENTIRE PROAGAAY TO RC L CYCLLD.
RAFJRCF TR, PH A2E TEMPORARY LOCATIONS FOR PFCOCMSTRUCTEDR AREDTULKE
COEFFICIFNTS AR CFyaTR,PH,.
DEATST = DISTAMCE FRDOY AXLIS 10 SOURCH PULANE.
THE SIGELCPE LEVOL SURROUTING CALCULATES THE POWE® Livil AT THE 15T
LOBE LGCATINN NF THE NG ZADOYME CASE KFVERY TIME 1N ADDITICN TG Ti--
MAXTMUM SIDLLOPE LEVEL. WHE! MO SIDLLORE IS DETLCTED THIS 1S TARL:.
SIDELORE LEVEL,.
DFEATST = DISTANCE FROM AXIS TO SUURCE PLANE.

7o
Ke

DOUKLE PRECISTON AABRGCCoyNN L EWFFXGR,Y3H,PI,BR2,CCCeDISC,NYDNX, X,
LY o TSy TI QL CL2 s SLeSL2sC20,S20L Tl 4y2PLeNISCUXDC, YU, 1L

1 s XAZYAZDFATSP  XLIN,YLIN,PHLIN

CUMMON T(H5D1412)ySOURCLULL12) PTG RADESGHYDER2ADG MLy NOSyIX oMLy A, YC(H01)
LeYALSO1) yYALSOY 3 DPATSPy XLINSYLINPHLIN,

1 PHST(S501) 3 AATISOL) o TAPER  HRLOKY ZyNDLOK2 4YO(501),~CX

COMMON /T8 Y,STAP(25)

COMMON ZRRI/Z RPLIZY ) o XGBL12YyTLeSLeS2L:CL2ySL2yX00,Y00,R00,,CL,

1 AA(L2) yBRLLZ2)YSCCUL2)Y4NDIL12)YEF(12),FF(12)

Fig. 57. Main program - Page 2.
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MATN DATE = (9199

o ANGA,  AU{SGL) 0 {S0L)yMM2%9) LT, PLIVY), NRE{Z29),
INRGANUOS LT X, 1,2
COMMON FIRM/ NU12),00124012) 3 DCLE12,3 1233 TLLL123 123, FIPSUS01)Y4TLLSO)
1oFREQ,POLLZ(3)
DIMENSIOT LLI2%),172(501), TITLV L2ty
11),A8(501),Pi{501) ,AL{S0L) P12 2ALIS01 ), SHAPE(12),"HDW(5CL)
DIMENSIOS RARIS01),RCF(B01) ,RPH(50L1),RTR(5C1)
FORMAT(10F? 4 C)
FURMAT(LAHING)
FURMAT(2X,06H"M 1 15)
FORMAT(FIO.3,%t SerCnDs)
FORMAT(FLC.3,85 FINUTES)
FOXMAT(6D1 3.8
10 FORMAT(loulY)
11 FORMAT (B8F10.6)
12 FORMAT(3D]0.6)
13 FORMAT (I5,F10.4,1%)
14 FORMAT{L LN LODK AMNGLE,F19.3)
15 FORMAT(3H “C,15/11H WAVELLIUGTH,Fl10.6/291 HOW DF APERTUALE SURDIYVIC
1ONS, 157280 NO. CF LGOK ANGLFS LYAMINTD,16//7)
16 FORMAT{221 LOOK ANGLL IN RACIANS¢10.0)
17 FORMAT(F10.2)
18 FORMAT(8BF I.6)
19 FORMAT (11
23 rOGRMAT(OEL2,.4)
40 FORMAT(F12.2,F1ll.%:F11la4)
42 FORMFAT(12F6.2)
45 FORMAT(FL 345,F9.M1)
100 FORMAT(/(2510.4))
140 FORMAT(IZ2H S9AL A'CLE ,FL10.4)
141 FORMAT({19H PEDLSTAL BEIGHT 2 F10.5)
150 TORMAT{LI2(0454,2X))
151 FORMAT(Z(AG,2X)4Fb4,]l,6{R6,2X).14,8L,2%X)
i52 FORMAT(4X,17A/6)
COMPLEX FJ,FE(HC1}Y,E3
DATA STERP/4HSTFBYS
DATA PARALLZ4H PAR  /
NDATA WRITLR/4HWRIT/
DATA SXGU/A4UHSXGH/
DATA PLOT/aHpLT/
DATA FMULL/&GHFRUL  /
DATA FMONIP/4HEMON  /
DATA ENDILD/4H KNO /
DATA OGIV® /a4 001 /
DATA CONt/6H CON /f
DATA GPYINN/4HOPTT [/
PI=3,1415926535897912
DEGPAD=P[ /18U,

O U D WD e

Fig. 57. Main program - Page 3.
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155

157

121

MATN DATE = ¢9199

RADENR=1BO, /P

FJ=10erl.)

DO 949 1Y=1,2

MG2=1

READIS,2) MC

READ(5,11) PHD,L,TAD
PHD=PHD« D CRAD
READ(H:2) (L (), I=1 . MC)

DN 300 t=1,VC

MG1=0

MuUb M=)

RPLAR=T.

LT=LL{L)

vMOX=L

IF{L.GT.L) GO 10 937
RUAD(S5,2) SBLOKY1,NGLOKZ
READ(S5,12) DFATSP?

READ{S5.1) A

FNRP=A

READ(5,2}) NUNM

NUHM2 =NUM+

TNUM =NUX

THUM2=THU 4/ 2.

READ(S,17) SroAM
RSPAN=SP A= SRAL

READI(S;150) TAPRER

READ(S,2) (MNE(L),1=1,1C)
READIS,150) (TITLE(I),1I=1,12)
READIH,2) NOS

NNOS=14NDS

READ{5,10) {("N(1),1=1,NNS}
RFEAD{S,150) (SHAPE(1),1=1,MN0S
DO 121 I=1,N0OS

IX=1

IFISHAPE(IX)LFGLOGIVE)Y GO TO 155
IFISHAPE{IX).LN.CONE) GO TO 197
READ(S,9) AALIX)PBUIX)aCCUIX)oDBLIX) L EELIXY$EF(IX)
G0 10 121

READ(S5,12) XCN,YOO0,ROD

calt Glve

GO 10 121

PEADIS,12) XL 1INy YLIN,PHLIN
CALL CONIC

CONTINUE

READ{S,150) (POLIZ(I),1I=1,3)
READ(S, 1) (PL{LI)eI=1,LT)
IF(POLIZ(1) . rCGePARALLY GO TO 909
DU 120 ItL=),nNOS

Fig. 57. Main prcgram - Page 4.
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MOD 3 MATH NATE = £91499

; NL=M(TL)

’ READCO, L) (8L, Ty 1=1,N\L)

] READ(‘.S,IH (”(Ie“_’vl=lv"‘l)

' 12C READ(S,11) (TO{1,iL)sT=1,"0)

939 CONTINUF
WRITL(6,419)
RLAD (5,11) FREN
Y=1.180314F+4/FREO
W=2.%P1/Y

937 CONT[NUE
READ(5,150) (SDURCE(S),J=1,12)
IFCSOURCECTIL ) ED.SXGR) PrAL (5,97 (XOR{T), 1=1,N405)
FE(SOURCLE(A)LEOQLSTEP) PEADLYS.42) (STAR(IY,1=1,MC)
TELSOURCL (3. FO.FNGRAD) G =]
IF(TITLE(L) - eNaFivULL) GO 70 938
WRITE(O 1o M ITITLELL) 1=k 3) o SPA Y ITITLE(T) 125,100, UM2,ViT1L<~{},)
GC TO 939

938 WRITE(6,152) TITLF

939 WRITE{G6,15C) (SOUCE{TId),1U71,12)
WRITF(O, Q) (SHAPELT),, 1=1,NCS)
WRITL(641500P0OL 1L
WRITE(6,152}) TAPLR
IF(STAP{L).GT,.0.) WRITE(6,1413STAP(L)
DO 110 I=1,LT
ANEA=NRE(L )=~
MI=ANFA
NE=NRF(L)
DO 50 K=1,M1
AF(K}=)./ANEA
T1=K

SO CF{KI=TL/ANEA-TANLA+] )/ {24%ANEA)

LLX=1
RPLEIV=DEGRADPLIT)
CL=DCCS(RPL{I))
MM{TI)Y=ANEA/2.
SL=DSIn{RYL(]1))
CL2=DCOUSIRPL{T})=z=2
SL2=DSIN(RPL(TI))#e2
S2L=DSIN(2.«2PL(])}
TL=SL/CL
CALL SCLOKIL
CALL WNKRR1

941 TIMF=PCLOK1(1.)
TIVEM=TIMF/641,
WRITL{6,10017 TIMt
WRITE(6:S) TIMEM

1001 FORMAT(LIX,y LTHTIME IN RAY TRACF,F10G.3,0H SECDLNDS)
IF{SOURCE(3)TNJENDRAD) GO TO 557

Fig. 57. Main program - Page 5.
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1002

567

1003

558
609

7i0

410

405

412

413

419
414

MATN DATE = 691399

CALL SCLOKI

CALL iJn™

VIMC=RCLUF L it

TIMEM=T[NF/60.

WHITE{6,1002) TIME

FOPHMAT(LX, 18HTIME IN MU TILAYER,F10.3,8H SECOMDS)
WRITHE({GyD) TIMEM

CALL SCLuk1

CALL ATAPYK

TivF=ROLOMILL.)

TINE»=TIM- /60,

WRITE(6,1003) TIMF

WRITE(G649)Y TIVEM

FORBAT(LX, LOHTINE TO CALC.TAPERS,F10.3,8H SELCONDS)
IFISUURCE(3).NELFHORAD) GO TU 609
DO 5548 NA=t,ML

FTPDENA)=0.0

TC NAY=1.

COWYINUE

Cli MUt

no Cll=1 M)

TR, »=TC{I1)=AATL(IY)

PHO. Y=FIDD(IL)DEGRAD+PHST{IL)
COUiT ¢ JUF

WRITL{69410) PHD,TRD

FORMAT(2X, 260ALLOWFD PHASF DIFFERFMCE  F10.6/2Xy33HALLIWED
10FFF, DIFECRENCE  F10.06)

cALL SCLOXI

J1=0

J2=0

JN=r¥M{l)

J=J0

IFLJ2.EN. D) 60 0 411
J5=J1

JO=J0+1

J=Jd+1

JA=Jr-1

TRI=TR(JJ)

PHI=PHIJO)

J=Jd-1

1F{JeFRel) G TO 414
DTR=TR(J}-TR]L
DPH=PH({J)-PHIL
IF(ARSIDTRYI=I71}) 415,415,414
IF(ASSIDPHI-PHD) 413s4l4,414
Pti2=0.

TR2=0.

AF2=0.

Fig. 57. Main program - Page 6.
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MAIN DATE = 69199

Crk2=0.
NO 416 JP=0,J10
CF2=CF2+CF{JP)
AF2=AF2+AF { 1)
TR2=TR2+1IR(JP)
416 PH?=PH2+P1(JP)
Jl=Jd1+1
T3=J0-J+1
RAF{J1)=AF?
RCFLJLI=CF2/T3
RPH{J1)=PH2/T3
RTRUJ1)=TR2/13
JO=Jd
[F(J.NEL1)Y GO TO 412
GO 70 418
1 Jz=1
04 J0O=J0+1
TR1=TR(JO)
PH1=PH(J0)
401 J=J¢1
IF(J.EQ.ML) GO TC 402
DYR=TR({J)}-1TR1L
DPH=PH({J) -1
IFLABS(DIR)I=T"NY 4GT,407,402
407 TF(ARS(DPH)=-PHD) 401,402,402
4G2 PH2=0.
TR2=0.
AF2=0.
CF2=0.
DD 403 JP=40,J
CF2=CF24CF (JP)
AF2=AF22AF (JP)
TR2=TR?2+T" (JP)
403 PH2=PH2+PII(JD)
Ji=Jl+1
T3=0-J0¢1
RAF(2L)=AF?
RCF({J1)=CF2/T3
RPH{JL)=PH2/T3
KTRUJ1)=TR2/T3
Jo=J
1IF(ML-J) 405,405,404
418 Mi=J1
ML=M1-J5
MM(T)=ML
Ja=J1+1
WPXTE(by‘i?l) JlrM‘yJ",ML'JS
421 FORMATIZ2X,*JL='1I5/% ML v15/% J4 *15/% ML *1%/¢ Jb tin//)

Fig. 57. Main program - Page 7.
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MATN DATE = /£9199

RAF ¢ RCH G RTP 2010 ANE TEMPORARY LOCAYINNS FOU RFCOLSTRUCTICD APRATUOL
COtFEICTIF™MYS AF,CF, TR ,Pii,
WRITEF(Gaa06) H]
406 FORMAT(2X, 55HNUMKEY OF SUPAPERTUZFS USED IN RECONHSTRUCTED APERTURE
I 15)
0O 419 J=1,ML
AF(J)=RAF (J4=-0)
CF{J)=RCI(Ja-.)
TRUDY =T J4~-11)
419 PHUJ)Y=RPL(J4~J)
DIy 420 J=1,J9%
AF(J ML) =RAF ()
CF{J+MLY=PCF ()
TROJ+MLI=RTIR{J)
420 PHOJ+ML)=RPH{J)
DO 417 J=1,M1
417 PHDG(J)=PH(J)Y+RADFS
WRITE(6,408)
408 FURMAT(2X,35HPECOUNSTRUCTED APFRTURE COCFFICTENTS/Z4X,y2HAF 38X 2HCF
1X,2H"R'8X.?hPH//)
WRITE(64409) (AFTJ) yCFIJ) 2 1RIJTZIHDG(I) 9 J=14H1)
409 FORMAT(3F10.04F10.4)
TIME=RCLOKI(L.)
TIMEY=T1i ~/6(.,
WRITH{O6,1003) TIMC
WRITE(G,S5) TIMECM
1009 FURMAT(1A,36LTIMD T2 CALC. RLCONSTRUCTED APERTURE,FLO.3,4H SECONIIS
1)
IF{T.GT.1) GG TO 943
943 CONTINUE
IF{SBURCL (1) NELFVONDOP)Y 60 TO 25
DO 27 NN=1,ML
AF{NNY==AF (NN)
27 CONT f NUL
25 HRITE(6,19) MC, Y 4ML,LT
WRITE(G,3) BM(T)
TEITITLE(L) oL QLFNULL) GO TO 60

GO TG 34

60 K=0
CALL SCLOUKI
KR=0

Pil)= RSPAN
P{2)Y==-RSPAI
500 K=K+1]
E{K)=(0.,0.)
D0 900 M=],M|
S=WeaaSIN(P(K) ) eAF (M), 5
IF(SetTeC-10ANDLS.GTo=0,10) GO TO 8(O

Fig. 57. Main program - Page 8.
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800
810

900

890

501

503

502

1004

59
34

510

511

80
81

MA TN DATF = (91499

SS=SINISYH/S

GO T 816

SS=1.
G=WeAsCF{M}eSIN{P(K)})=-PH(M)
CQ=Cas{Q)

50=SIN({0)

Fl= TR{M)#/#AF(M)eSS

£E2= E1*CQ

£3= £1eSQ#(y

E(K)=E(K)+1L2+F3

AL (K)=CABS{LIKX))
[FIK.EQel o ANDLJKRLEQLO) 6D TO 500
IF(KRLEQ.T1)GN TO s02

KR=KR+1

IFCAE(L)Y=-AF(2)) 501,502,503
P(2)=(P(L)+P(2)) /2,

K=1

GO TG 5006

PLLY=(P{L)+P(2)) /2,

K=0

GO TO 500

BNULL=(P{L1)+P(2)) /2,
TIME=RCLOK1(1.)

TIMEM=TIRL 760,

WRITE{641004) TIME

WRITE(L,5) TIMEM
FORMAT(LIX,17HTIME TO CALC.NULL,F10.3,8H SFCOIDS)
DN 59 NJ=1,ML
AFINJY=ABS(AF(NJ))

CALL SCLOKI1

NU3=1]

IF(SOURCELT)L.EQ.OPTION) NU3=NUM2
DO 92 K=1,MU3

F{K)=(0.,0.)

T1=K

IF(NU3.FQ.1) 6C TO 510

P{l)= RSPAN-(TI1-1.)#KSPAN/TNUMZ
GO TO 511

Plli=0.

DG 90 M=1,nl
S=W#AeSTH(P(1))eAF{M) .5
IF{SclTa010.ANDLSeGTe-0,10) GO TO 8O
SS=SIN{S)/S

60 7O 1

$S=1.
Q=WeAeCF{M)2SIN(P(1))-PH{¥)}
CO=CCS(Q)

SO=SIN{(Q)

Fig. 57. Main program - Page 9.
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MA LN DATE = 69199

Fl= TR{M)eAxAfL (M) eSS
7« L1070
3= E1#S0x1J
90 FIK)=F(K)+F2+£3
BIK)=(P{L)}+RPL(T))2RADEG
89 AEIK)=CABS(E{K))
IFINUBLEQ o AT LSTHNRCE(3) . EQ.FNORAND) FNRP=AE(K)
JFANU3EG 1o ANDSSNURCE (3 ) o NESFNORAD) APW2=(AL(K)/TNRP) %82
TF(K.EQeINUB/2) ANNDLSOURCE(3) L FQ.FNORAD) FNRP=AE(K)
IF{KLEC{MNU3/2 ) e ANDSSOURCE (3 ) JFJFNORAD) RPWR={A={K}/FuRP) =22
92 CONT INUE
WRITO(LO,504) RPRP
5CL FORMAT(// 42X, 20HRELATIVE POWER AT BNULL 1F10.6)
TIME=RCLOKL(1.)
TIMEM=TIME/6C,.
WRITE(6,1005) TIME
1005 FORMAT(1X,28H4VIME TO CALC.PARTIAL PATTERN,F10.3,8H SECONDS)
WRITE(6,45) TIMFM
33 CONT L UZ
IF(TITLE(1Ye2Q.FNULL) GO TO 101
XMAX= 0.0
BMAX=0,0
DO 200 J=1,NUM2
TF(AF(J)JGTL.APAXY GO T 205
6N 10 2006
205  XMAX=AEL(J}
BMAX=8(J)
200 COMYINUE
101 CONTINUE
IF(SOURCI(L)iELFMONDGP) GO TC 61)1
IF(TITLE(L).ECFRULL)Y GO TQ 610
DO 62 J=1,hU2
IFTACC Y alT e AR LU=1) e AND QAL (U)o LELAF{J+T} JANDLARSIP{J)-PLII)) LT, 2.
1) GO 10 53
GO TC 62
63 XNULL=AE(J)
BMULL=b(J)
62 CONTIHUE
BSEM={BNULL-PL({I1)«DEGRAD=]0(0.,
GO TO 601
610 CONTI'UE
BSEM=BMULL®1000.
BNULL=BNULL*RADEG
601 WRITE(H,602) BRNULL,BSEN
602 FORMAT(/7TH BNULL «Fl0.649H DEGREESL/TH BSFM  L,F10.6,16H MILLIRAD]A
iNS.)
611 IF(TITLE(1).c0.FNULL) GO TO 111
WRITL(6,19)

Fig. 57. Main program - Page 10.
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1006
113

1007

961

964
950

1551 FORMATI///7tTHe POWER LEVEL AT THE POSITIUN

951

’ 1500
952

1800
1810

1

MATN DATL =

IF(SCURCH (7)Y JNLLOPTIONY 0 Y0 112
ITF(SGURCH(T1O) BT LOTY Gu 10 13

CALL SCLKI

ISCALE=60/NUMN

CALL CRAPHIAE ) XMAX 0. MUM2 B, ISCALE)
TIME=RCLONL{L.)

TIMEM=TIVI /060,

WRITE(6,1006) Tiit

WRITE(6:5) TINLM

FORMAT{IXyI3HTIMC IN GRAPH,ZF10.3,8H SECONDS)
CALL SCLOKL

CALL HPBL (AE, XMAX,NUMZ2, B8)

TIME=RCLOKLI(14)

TIMFM=TIME /60,

WRITE(64,1007) TIME

WRITE . 6¢%) TIMeM

FORMAUT(IX12HTIME 1M HPBL F10.3,8H SFCONDS)
CALL SCLOK]

MMMM=1+MMMN

£G1 230

CALL SLLOAESXMAX,NUM2 4 AByBSLMAX AL, B,$950,19064,4M61)

GO 70 951

MMMM=0

IF(SOURCE(2)Y.LQFNORAD) GO TO 962
WRITE(64 10510

WITH NO rARONME IS CALCULATED BLLOW'//)
P{1)=BSLMAX
K=1
KR=11
P(21=P(1)
G0 TO 952
K=0
KR=0

P(l1)= BSLMAX-DEGRAD

P{2)= BSc¢MAX+DEGRAD

K=K+1

E(K)={0.:04)

DO 1900 M=1,M]

S=WeAe SIN(PIK))AF (M) %.5
IF(SeLTe0.10.AND.SLGTe-0.10Q) GO TO 1800
SS=SIN(S)/S

50 TO 1810

SS=i.
Q=WeAeCF{M)=SIN(P(K))=PH(})
cQ=Ccas{a)

SQ=SIN(O)

1= TR{M)xAsAF (M) eSS

£2= El+CQ

Fig. 57. Main program - Page 11.
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MAIN TATE = 69179

Fdz bleStel )
1900 F(¥)Y=i-{¥ )42 2412
1890 AL (K)=CADS(E(K))
IF(K.EQel  ANDJKERLFL0) GO TO 1500
JEIKRGENLVINGO TO 1502
KR=K2+1]
[F(AE(L,=A%(2)) 1503,1502,1501
19501 P(2)=(PIL1)Y+PI2)) /7.
K=1
PD=P(2)}8RADES
WRITLI6,13) KR LPN,K
GO TO 150¢€
15063 P{L)=(P(L)+P{2))/2.
K=0
PD=P{1)#RADFG
R, TE(6y13) KR L,PD,K
GO0 TO 1500
1502 PSL ={(P(1)i+P(2))/2.
IF(IP{1Y=-PZ2)) el T 0000L) AE{(2}=AL(1)
SLMAX ={AT{L}+AF(2))1/7(2=X"AX}*100.
SLOR=20.+AL0OSI0(100./SLMAX]
PSLD=PSL#RADEG
WRITE(G419550)PSLL,SLDB
1660 FORMAT(? LOCATION OF MAXIMUM SIDELOBe = *,Fl0.4,/" S1DLLOVL LEVEL
1= '1F10-[':' DR
IF(MMM . EQLL) G TO 961
962 CONTINUE
TIME=RCLOM (L)
TIMEM=TINEZ6O.
WRITE(6,1008) TiME
WRITE(G,S)Y TIMEM
1008 FORMAT(IX, 1LHTIME IN SLL,F10.2,8H SECPNDS]
GO TO 112
111 COMNTINUE
WRITE(G,177)
112 COMTINUE
IF{SCURCE (1) NELFMGNCP)Y CD TO 110
110 CONTINJUE
300 CONTINUE
349 COMNTINUE
ST0P
LD

Fig. 57. Main prograni - Page 12.
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SUtRLUT) o GIVE

DCURLT 2 CLSTUT AAZBRyCOL DD TE L, FF X0 oYL 4Py, 00T, 1180, MVYirvy, ¢,
1Y e TS TT 0L 02,50 SL2yC2LS2L, 1L RPLyDISCU,XGM, YU, RO

P oy XAGYADFATSE  XLIN, VLIN,PHLIN

COMMOEN TUS5010)2)SOURCLILI2) o Pl RALEG I DEGRADy MW NOS IX, M08, Y0 (501)
Ly XA{D01)YALHO1) (DFATSP, XU TN, YL 1M, PHLTM,
1 PUSTUS0L) yAAT(SOL Y s TAPDR yNBLGKR T G NDLDK2 ,¥YN(5%01 ) ,MCX

COMMON /QN0T/ RPLIZ2Y) 4 XGBULZY s TLaoL s S?L,CL2ySLZyXOA0, YU 2O0, 0L,

1 AACL2),88012),CCH121 BOIL2YE-(12),FE(12)
LeANEA,  AF{S501),CFLS0L)'MI25),LT,PLI2S), N2 (26) s
INRyNANOS s LU X167

I=1X

AA(T)=1.

BH( " 1=1,

€CC(11=0.

DD(I)=~2.2X0U

EE(L)=-2.+YOU

FF(I)=XO0# x00+Y0Q=YQOU-ROC=RAD
RETURHN

END

Fig. 58. Ogive gecometry subprogram-
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cnidlc Balte = 69197

SUBRSUITING COMvIL

DOUBLYE BROCTSTEYN AAGUB CC 0Dl g F by XOD oY S50 Pl o800 TR0, 3180 NDYRK, Xy
LY TSy ThaCloCL2 350 5L 2:C2LS2L Ty 2PLyDISCH, XG0, YOU,, R

1 ,XA.YA'(;Ff~T‘§P,XLlN,YLIN.PHlIN

COMMOM TLH0) 4 12) 3 SOURCTLIZ2Y 4 PT RADEGyNEGRAD M1y NUS, IXeMTyA,YC(501)
1, XA(H01), YA(HOY Y, DFEATSPy XLTN YL 1Ny PHLIN,

1 PHSTISOL1) 3 A0T(501) , TADERQ¢NKILOKL,,NOLK? ,¥YND(50]),MCX

COMMOY JRRLZ 2L 29)Y o XOBI12) o TL 5Ly S2L,CL2,5L2XOD, YU RUU,CL,

1 ARNCL2),0LR012),CC0L2),0DL2)YLEF(L2),,FF(12)

1,ANEA,  AF(501),CPR (501, MM (2 ),L1,PLI25) MRE(25),

TNT s NS LY g MG2

RPLLIN=PHLIN«DL GRAD

21X
EA{])=0.
Bs(T11)=0.
CC{I)=0.
DO(T)==TAN(RPHLIN)
FE(I)=1.
FFOD)=~XLIN=EDTI-YLIN
RETURN
EMD

Fig. 59. Cone geometry subprogram.
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O X =~ O P e

SUBPLUTT o

Bl BATE = (Q1uY

G
LS|

DB LE 22001510 MA, O CC, DD,y i By XG0y,
Y o 1S T L g G2y Sy L2 0l s S2L s TL o P L -DESHL Uy XU YT, RO
VT o XA YALDIATSO XL, YL TN, PHLIIN

COPFIN TeH0L 12, SURCLUI2) s P, PABLG, NEGEAN MLy NJS  IXaMC A, YC U501

e XALSULY YA(HD 1), 0F AP, XLIN, YLIN, PHLI
L PHSTUS01) s AAT(SOL) , TAPFRLNBI UKL NRLNK2

COMMT Y JR2LE7 PLL29 ) XORO1I2Y,TLy S0 87209 QL2 3 SL2 9 X0, Y N 2010 CLy

1

DIMENSION

AA(E2)yBOC12),CC1L2),DD(12

DATA WRITER/4VRRIT/
DATA SXGB/ZANHSXGR/
DATA FNOAD/4H KO /7
OATA PMIN/Z.OODODDL/
FORIAT(9FL.06)
FORMATIICTS)

FOPMAT (1011}
FOPMAT(2X,4ild)S 15,8X, 3HYC [5,8X, 3801 15)
FORMAT (4K LTHN, 6X 9 1K OXy THY 3 8X 4 2HT 1, 6X,4 411737 0M)
FORMAT (2%, 30iiX-COONDINATL GEOMETRY ROUMDARIES

FORIIAT (b,

W10, 15)

FUPPATI2X 210 F10.477{2X,6HPL 1 F10.4)
FORMAT(2X, W0 1 15771

FORMAT {1110

FORPATIOA, 12HUN0K ANGLE BF10.2/7)
FORMAT(AX s 2H WA, HX, 2HBE , 8Xy2HCC  8X 4 2H0D, 8X 4 2HIE 48X, 2HFF/ /)
FIMMAT(O6FLIC.A//)

FORMAT(2Xy THYOR L F10.4/7)
IF{SOURCE{3)NE LI NDTAD) “G2=MG2+])
PLI{MGZ2)Y=PLILLX)

TFUMO2e6T a2 ANCLARSIPLIIMGZ)=PLI(NG2=-1))LTeo0Y) GO TO 48
TF{LLX.GT 1) GO TO 181

REAL#& RMITM

RMINN=1.D-10C
IF(SOQURCE(3).FL.FNORAD) GO TO 181

WRITE(6,2)

NOS,MC LT

WRITE(O,11) (NRF({L) s I=14MCX)
WRIT:(6412)
HRITE(6450)

WRITE(6,51)(AA(
WRITE(G+9)A,{0L

Iy,
(1)91-‘:17[.])

NOSS=N0OS/2+!
IF(SOURCE{LIL).F .SXGR) GO+ TO 200
XGR{1)Y= xi*0
XGB(2)Y=XLO+DAORTIROGN#RA0-Y00=YON)
AGRL3)= X0

Fig. 60. Ray trace subprogram

160

VZ;"’,PS,H"l),((‘.(,';)l ‘z';,yV)Yf’Xy YI

Ny

W YOUS01),M0X

Yot {12 )sFFLYZ)
Lo ANFA,  AF{S5)1 3, CF{501) "M {2%),LT,PLI25,
INRyMNNDS, LI 1162

TI(uG1Y,L6(501),YGL(12),PL1{25)

)

- Page 1.

Nkt (?“)v

XGP //(F1044))

BBLEYyCCUIN W DDUIY P00 FF{T)y1=1, .08)




NKRR1 DATE = 69199

200 CONTINUE
WRITE(647) (XGAIIN, I=1,NNOS)
DO 180 L=1,NOSS
1F(BB({L).¥Q.0.) GO TO 182
TLIM=DABS(FF(L))
IF(DABSIAA(L)YJGT.TLIM) TLIM= AA{L)
IF{DABS(BRIL)I.CT.TLIV) TLIM= BB(L)
IF(DARSICC(L)Y.GT.TLIM) TLIM= CC(L)
IFIDABS{RD(L)).GT.TLIM) TLIM= DD(L)
IT(DABS(EE(L)).GT.TLIM) TLIM= EE(L)
TLIM=TLIMe,000001
DISCU=(ICCIL)*XGB(LI+ERIL) I/ (2. #BBIL)) ) »a2-{AA(L)#XGBIL)#e2+DD(L)
1XGBIL)+EF (L) /BE(L)
IF{DABS(DISCU).LT.TLIM) DISCU=0.
IF(L.EQ.NUSS) GO 70O 68
67 YGR(L)=~(CC(L)*XGRILI+EE(L})/(2.+BB(L))+DSQRT(DISTY)
GO TC 183
68 YGE(L)=~(CCIL)*XGB(L)+EC(L))/(2.#BRBIL))-DSQRTIDI3CY;
GO TO 183
182 YGR{L)==(AA(L}#XGBIL)*#XGBIL)+DD(L)Y#XGRIL)*FF{L})/{CCIL)#XGRIL)+EEL
L))
183 IF{CABS{YGBIL)).LT.1.E=3) YGRiL)=C.
IF(L.EC.NNSS) GO TO 180
N1=NNGS+1-L
YGB{NL1)=-YGB(L)
180 CONTIMUE
WRITE(G,52) (YGB{I),1=1,NNOS)
181 WRITE(644)
WRITE{G,13) PLILLX)
WRITE(6,6)
DC 20 I=1,NR
T2=1
20 YO(I)=A/(2.%6MNEA) (2. #T2-2.~ANEA)
IFESGURCE (3) JFNLFNGRAD) GO TU 48
DO 210 I=1,NR
XA(1)= CL=DFATSP=YO(I)*SL
210 YA(I)= SL«DFATSP+YU{[)eCL
DO 190 M=I,NR
DO 170 L=1,NOS
LGIM) =L
(FIRBIL).C0.0.) GO TO 30
XAC=XA(M)
YAC=YA(M)
AAA=AA(L ) +BB(L)eTLaTL+CCIL 1 &TL
BBB= ~2.%BH(L)eTL*#TL#XAC+2.#BB(L)*#TLeYAC-CCIL)&«TLEXACHCC (L) #YAC+DD
i (LY+EE(L)#TL
CCC= =2.¢PR(1)#TLEYACSXACHBB(L)*TL*#TLSXACEXAC+BR(L)#YACRYAC-ZEIL )"
1 TL#XACSER{L): VAC+FF (L)

Fig. 60. Ray trace subprogram - Page 2.
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TR

NXRR] DATL = 69199

BUE=BBB/(2.¢A\A)
CCC=CCC/AAA
DISC=B88R=3R3-~CCC,
IFIDISC.LT.0.) GO TO 170
X=-BBB+LSQRTIDISC)
IFIXGTXGHINOSS)Y) X=XGB(NOSS)-RMINN
60 TO 18
30 N=-(EF(LyeYO(M)YACLAFFIL))/CODILI+EE(L)TL)
18 Y=X=2TL+Y2(M)/CL
IF{AGBIL) e LE X AND e X o LEXGBIL Y1) ANDoYOR{L ) aGE e Y« AND Y GELYGH(L*+1)
11G6C 10 15
TF{XGBIL) «CEaXe AND e Xe GEXGBIL 41 ) e AMDAYCBIL )} e GEaYANDYGELYGB(L+])
11G0O 190 15
17¢ CONTINUE
15 JF(DARS{2.BRILI=Y+CC(LI*X+EE(L)) LT.RMIN) GO TN 17
DYDX=={ 2., s AA(L}#X+CC{LIaY+DDIL)I I/ (2, BB (L)Y +CC(L)YeX+EL(L))
TS=DYDX
IF{DABS(1.+TL#TS) LT.RMIN® GO TO 22
[FIY.GEL0.1GU TG 115
TI(MI=PI/2.~DATANZ2{{TS-TL)y (1.+TS=TL})
GO 10 16
115 TI(M)=P1/2.-UATANZ2((TL-TS) s {14+TS*#TL})
16 TI(M}=DABS{RADEG*TI(M))
GO 10 21
17 TH{M)=PLILLX)
GO TO 21
22 Ti{M)=0.
21 IF({SOURCE(12).EQ.WRITERY WRITE{6,81 MyX,Y,TI(M),L
190 COUNTINUF
DO 70 I=1la.M1
DO 70 K=1,N0OS
70 Y{lsKl=-1,
DO 49 KG=1,ML
TI(KG)={TI{KGY+TI{(KG+1j1) /2,
IF{EGIKG) NELLG(KG+]1)JANDJLGIKG) GTL(MNOS/2)) GO TO 71
LGIKG)={LGIKG)+LGIKG+1)) /2
Tl K=LGI{KG)
1=KG
4¢ T{1,K)=TI1{KG}
48 RETURN
END

Fig. 60, Ray trace subprogram - Page 3.
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VONDWN -~

0
Lo

SURROUTINE NKJRM

DOUBLE PRECISINON AAyBByCCyNDIEEYWFF,XOByYGR,PI,,BBB,CCC,DISC,DYDXy X,
leTS'rl|CL,CL2.SL9$L2;C2L1$2L1TL;RPL'DISCU'XOU'YUOpRUO

1 +XA,YA,DFATSP XLIN,YLIN,PHLIN,DOBST

DOUBLE PRECISION TR

COMMON T(501412)ySUURCE(12),PI,RADEGNEG?ADyM14NOS,»IXyMCsA,YC(501)
1y XA(501)4YL(501),DFATSP, XLINy YLIN,PHLIN,DOBST,

1 PHST(S01),AAT(S50L),TAPERZNBLOKL,NPLNK2 ,YO(501),MCX .
COMMON /JRM/ N{12)4DU12,12)4DCE(L12+12),TD(12,12)4FIPD(501),TC(501)
1,FREG,POLI2

DIMENSION R({12)46{12),SR{12),NN{12),DND{12)
FORMAT(FL0.249X,Fllaby1XyFl0.64,2%10)

FORMAT (5F15.6)

FORMAT (I15,4F15.9)

FORMAT (Fl5.7+4F10.64,F15.7)

FORMATI(1H])

FORMAT(T7X s lHT, 10X ,4HFIPD,9X,11HTRANS COEFF,9X, 1HKy9X,y1HL)

FORMAT (? WALL THICKNESS = 'Fl0.6/)

DATA PARALL/4H PAR /

DATA RMIN/.0Q0000CL/

" DATA WRITER/4HWRIT/

100

101

DATA FNNRAD/4H NO  /
IF(SOURCE(3).EN.FNORAD) GO TO 557
DO 6 L=1,N0S

NN(L)=N(L)+1

NNL=NN(L)

DCE(NNL,L) =1,

WRITE(6,8)

DO 5 L=1,NOS

NL=N(L}

DDD(L)=0.

DO 5 I=1,NL

IF(L.FQ.1) WRITF{6,999) D(I,L)
DPD (L) =DDD(LI+D(I,L)

DO 60 K=1,Ml

DO 60 L=1,NOS

IF(T(K,1.).LT.0.) GO TO 60
IF(L.EQ.NBLOKL.OR.L.EQ.NBLOK2) GO TO 100
GO TO 101

FIPD(K)=0.

TCIK)=0.

GO TO 60

TH=T(K,L) =DEGRAD
DD=2.5COS(TH)«NND(L) P
S=SIN(TH)*STN(TH)
SR{1)=SQRT(DCELL,L)=S)

CIF(POLIZ +ENLPARALL)IGO TO 210

RR=(SR(1)=COS(TH))/(SR{1)+COS(TH))

Fig. 61. Multilayer transmission subprogram - Page 1.
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NHJGRM DATE = 0w199
G0 YO 211
210 PR={SRI1)-DCH{L,L)eCOSITHIIZISRELI+DCO(L,L)=COS{TH))
211 CONTINUE
NL=N{L}
DO 10 I=1,NL
I1=1+1

SR{IT)=SQRT(DCE(II,L)=3)
G(1)=2.#P[=D(I,L)#5R(])
IF(POLIZ «ERNLPARALLIGO TO 110
RETI=(SRETIN=-SREII)/ZESR(TT)+SR(I))
GG 10 10
110 RII}=(DCE{LL)#SRITII-DCE(IT L)=«SRUIY)/(DCE(T,L)%SR{IT)I+DCE(TI L)
1#SR(1))
10 CONTINUE
AQ=1.-RR
D0 15 I=1,NL
15 AQ=AG#(1l.-R(I))
AQ=1./AQ
W=1.1803i4E+4/FRED
G6=G(1)/W
CG=COS(GG)
SG=SIN{GG)
AD=PI+DCHI1,L)aTD(Ll,L)«Dli, L)/ (¥eSR{1))
X1=(Ge(1l.-AD)
Yi==SGe{(1.-AD)
X2=-QR el e (1,440}
Y2=-Ria#SC#(1.+AD)
X3=-RR#CG#(1.-AD)
Y3=RR#SG#{1.-AD}
X4=CGx(1.+AD)
Y4=SG*(1.+AD)
NNL=NN(L)
D0 35 I=2,NNL
TF{I-NNL) 25420,50
20 vl=1l.
U2=~R(NL)
U3=-R({NL)
ua=1,
V1l=0.
v2=0.
v3=0.
V4=0.
GO 710 30
25 II=1-1
AD=PTaLlE(L,L)»TD(I,L)*D{1,L)/(WeSR(I))
G6=G(I1)/W
CG=COS(GG)
SG=SIN(GG)

Fig. 61, Multilayer transmission subprogram - Page 2.
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NKXJIRM DATE 65199
Ul=CG+(1.-AD)
VI=-SGsl1.-AD)
U2=~R(I1)1=CG*(1.+AD)
V2=<R(I1)aSGs(1l.,+AD)
U3==-R(11)=CG*(1.-AD)
V3=R(I1})#SGx(1.--AD)
U4=CGx(1.+AD)
V4=SGa (1. +AD)

30 Pl=X1#Ul-Y1l#Vv]i+X22U3-Y2sV3
Ql=Y1#Ul+X1aV]+Y2ZuU3+X2sV3
P2=X1#U2~-Y1#V24X2#U4-Y2#V4
Q2=Y14U2+¢X1eV2+X2#V4+Y2%U4
P3=X3#U]l-Y3eV1+X4uUU3-Y4xV3
QA=Y 3#UL+X3+V1+4X4nV34Y42U3
P4=X3#U2-Y3eV2+X42Ub-Y4eV4
Q4=Y3#U2+X3xV2+X4#V4+Y4rU4
Xi=P1
X2=pP2
X3=P3
X4=P4
Yi=Q1}

Y&=Q2
Y3=Q3

35 Y4=Q4
RCR=(-X3eX4-Y34Y4 )/ (X4nX4+Y4aY4)
RCI={-Y3eX4+X3uYLV/(X44X4+Y4xY4)
RC2=RCR=RCR+RCI&RCI
RC=SQRT(RC2)
TR=(X1+X22RCR-Y2«RCI)+AQ
TI={Y1+Y2eRCR+X2#RCI)#AQ
TC2=TReTR+T[=T]

TC(K}I=SQRT(TC2)
IF(TR.EQeDeeANIeT o ENeDe) TI=TI4+RMIN
XX=GATAN2(T1,TR)

48 FIPD(K)=-RADEG# (XX+DD/W)
IF(FIPD(K)LT.0.) FIPD(K)I=FIPD{K)+360.
IF(SOURCE(12).EQ.WRITER) WRITE{6,1) TIK,L),FIPDIK),TC{K)4K,yL

60 CONTIJINUE

50 CONTINUE

557 RETURN
END

Fig. 61, Multilayer transmission subprogram - Page 3
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AT LD R

3
pe
-t
I
~
£

SUPROUTINE ALAPFR
DOUHI,}' DRF(ISXHN '\"\af’i‘vCC|DDyf‘_pFF,XC'\,Y",H.PI-r“"u’:,CCC.‘),ISC,I*Y!’)Z,,"
LY TS, THyClLaCL2eSLaSL2C2L s S2LyTLyRPLIDISCH,y XUT, YU, ROU
L o XAZYAZDFALSP W XLIN, YLIN,PHLIN
COMMON /TPR/ Y,,STAP(2Y)
COMMON TU5014,12),SOURCE(LZ2) 4Pl ,RADEGsDEGRADy ML yNAS, IXyMCy A3 YC{ 501}
Lo XA(SOL}, YA(SOLY,0FATS?y XLIN,YLIN,PHLIN,
L PHST(Y01),AAT(501), TAPERZNBLOK] ¢NBLUK2 ,YO(501), MCX
Il FORMAT {6F10C.6)
152 FORMAT(2X,; 35HUNIFDRM APERTURE DISTRIABUTICN USED.//)
153 FORMAT(2X,2F10.4)
154 FURMATISOX,1CHARSTACLE HEIGHT Fl0.6/77)
155 FORMAT(6X,2THORSTACLE HEIGHT MODIFIED Fl10.6/7/7/7)
DATA FLIN/4RWFLIN/
CATA COUS6/4HCNSH/
DATA CIRCLF/OHCIRCLE/
DATA COS1/6HCNSL /7
DATA RAD4/GHRADG  /
DATA RADS/6HIRADS /
DATA PL1/6HPLL /
DATA COS2/0HCOS2 /7
DATA FMOAAT/OHFNDAAT/
DATA FNPHST/OHFNPUHST/
DATA SLOCK/4t- LD/
onsT=0,
RAD=.5%A
RADSN=RANLCAD
RADI=1,/AD
PADISQ=RADI=RADI
IF{SQURCE{9).HELBLGCCK) GO TO (3
READ(S,11} 0OFST
WRITE(64154) OBST
TF{SCURCE(3).MIELCIRCLF) GO TO 13
RADY=RAD/Y
aBSTSQ=08S5T#0RST
READ(5,11) OBSTD
THET= Y/(2.%A)
RATIO=0BST20HST/{RADY+NABSTODSIN(THFT ) Y»e2
AQO= RATIO«PI#RADSO
THET1=1/ru.
THFTLl= THEVL«CEGRAD
DO 15 N=1,10
THETZ2=THEI - (THET1-SIN(THETL)-PI=(1.-RATIN))}/(1.-COGS{THEFTL))
IF(ARS(THET2-THFTL}4LT.1.E-4) GO TN 17
THETLD= RAPLCG#THETL
WRITE(6,19) THETLD
19 FORMAT{'THITA = *Fl12.06})
15 THET1=THET?2

Fig. 62. Aperture taper subprogram - Page 1.
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ATARER DATE = 69199

17 OBST =RAD=COS(THETL/2."®
WRITE(6,415%) 0OBST
ASTRIP=(PI-THET1+ SIN{THET1))#RADSO
WRITE(6,18) AD,ASTRIP
18 FORMAT({*OBSTACLE AREA = 'F12.64/'STRIP AREA = 'F12.6)
13 DO 87 IL=1,M1
YCOILY=(YO(TIL)4YO(IL+1)) /2
YCT=YC(IL)
ABSYCT=ABSI(YCT)
IF(SOURCE(5).EQ.FNOAAT) O TO 83
CAM=1.
IF(SOURCE(8).LQsCIRCLE) CAM=SQRT(RADSO-YCT#YCT)
IF(TAPER.ECL.COS1)GO TO
IF(TAPERLENLCNS2)IGN TD
IF(TAPERLEQ.PLL) GO TN
IF(TAPER.FO.RAD4)IGO TO
IF{TAPER.EC.RADLIGD TN
IF(TAPERLEQ.CUSK)IGO TN
IF{TAPCREQ.FLINIGO T3
1 AATUIL)=SORT(25#AeA-YC(IL)#YC(IL))
GO TO 84
2 AAT(IL)=DCOS(PI*YCLIL)/A)
GO TO 84
3 TF(ABS(YC(IL))uLT.0.936603) AAT(IL)=1.2CAM
IF(ABS{YCUIL))eGE20e986603ANDJAESIYCIIL))ebToe1e183924)AAT(IL)=(.7?
1789-(ABS(YC(IL))=0.986603)%#0,0421/0.197321)#CAM
IF(ABS(YC(IL))eOE14183924 . ANDJARSIYCIIL)}oLTels381244)AAT(IL)I=(.9
1368-(ABS(YC(IL))-1.183924)%0.,0631/0.197321)&CAM
IFLAES(YC(IL))eGE«14381244 ANDJABSIYCUIL) ) eLTelab78565)AAT(IL)=(o8
1737-(ABSIYC{IL))-1.381244)40.3369/0,197321)#CAM '
IF(ABS(YC(IL))eGE«1.57R505.ANDABSIYC(IL))LTL1.775885)AAT(IL)=(.5
13668~ (ABS{YC(IL))~1.578565)20.3684/0.19732i)«CAM
IFLABS(YCUIL)) eCEQla775RES5.ARNDCAESIYCLIL) ) L Tala973206)AAT(IL)=(.]
1684-(ABSIYC{IL))-1a775R85)14040316/0.,197321)aCAM
IF{ABS(YC(IL))eGEL1e973200.ANDABSIYC(IL)) LT 2.170526)AAT{IL)={.1
1368-(ABS(YC(IL))=1.9732006)%0.0210/0.197321)%CAM
IF(ABS(YCUIL))aGEL2.170526.ANDLABS(YC(IL)) el Te2.762458)AAT(IL)=(.]1
1158-(ABS(YC(IL))1=-2.170526)%0.0316/0.591962)%CAN
TELABSIYCUTIL)) oGt e2.762488)AAT(IL)=0.0842%CAM
GO TO 84
4 AATUIL)={1.-YCT#YCT#RADISOQ)«CAM
GO YO 84
5 AAT(TIL)I=((1e=YCTeYCT#RADISQ)*#%2)eCAM
GO 7O 84
6 AAT(IL)=DCOS(PI#YC(IL)/A)#w2+STAP(MCX)
GN TO 84
T AAT(IL)Y=1-ABS(YC(IL))/RAD
GO TO 84

£ DN e

- W

Fig. 62. Aperture taper subprogram - Page 2.
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ATAPER DATF = 691499

83 AAT(IL)=1,
B4 TH{AGSYCT L LTLOPSTY AAT(IL)=0.
FEISOURC-(6) ENGFHUPHSTY GO T 85
PHSTUIL) =w=SQORTILI0.25¢YCOIL)%YCLIL))
Gl 10 82
85 PHST(IL)=0.
87 CUNTINUE
TP (SOURCELD) eFOQaFNDAAT G ANDGSGURCELG) JENGTHPHSTY wRITL(6,152)
WRITF(6,153) (AATTIIL) ,PHST(IL)yIL=14M1,10)
RETURYN
END

Fig. 6. Aperture taper subprogram - Page 3.

108




31

63

51
53

50

10

20

30
32

55
40
42
64

GRAPH DATE = 63199

SURRODUTINE GRAPH{ Xy XMAX, XMIN,NUMBER,,N, ISCALE}
OINMENSION YXINUMBER} O 26),P L&), SE1) s BINUNMBER)
DAYA G/ +4/

DATA SUL)4P{L}4P{2)sP(3),4P{4)/" Pytnt 0 st b 50 0 st/
IF(ISCALE.FQ.0) ISCALE=]
FACTOR=100./{ XMAX-XMiN}
WRITE(6,31)
FORMATL1IHL/ /20X, *FAR Z0ONE PUOWER PATTERN (DB)®
DO 2 K=1,26

O(K)=SI(1)

L=0

DO 5 N=1,NUMOFR

L=L+1

IF(MGOIL-1,ISCALE)) 50,50,51
WRITE(6,53)

FORMAT(1H )

GO 10O 55

J=1

K=1

Y={X(N})=-XMIN}=«FACTOR
IF{Y.EQeO.) Y=1E-10

Y= 20.#4AL0G10{Y)+60.
IF(Y.L7.3.5) GO TO 20
Y=¥~-4.0

J=J+1

GU TC 10

JIF(Y.LT.0.%5) GN TO 30
Y=Y-loo

K=K+1

GG 1O 20

0(3)=P{K}

WRITc{6432) R(N),G
FORMAT(2L,F10.442X,2604)
0(J)=5il1)
IF(MOD(L-1,10)140,40,64
HRITE(6442) (Gy1=1411)
FORMAT(1H+,6X,11A10}
IF(MODIL-1,1SCALE)) 5,5,63
CONTINUE

RETURN

END

Fig. 63. Graph subprogram.
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Sti DALY = 69119
GUBREY UTE 0 SEE AT g Y MAY o NUNDER y G 3G MAY s QLN Ry, V(1)
DIMENGTO S )y ALHUM KR ), SLRINYIRE Dy e iyt e
Pl=3laln265353479132
OFGRAD=PL/180.
PADEG=180,/P]
11 FORMAT (4xX,8F]10.5)
DATA MEMN/IOY
VoM. Cdel) o T 12
LA e §
M0
I=hU"nhFe =1
DO 1 N=2,1
TRACIN -0 Y LT LALUIY CANDLAE (N L) dLE LAE(NY) 6D T 2
GO 10 1
2 M=M+]
A(M)=(AE(N)/XMAX)} %100,
SLE(MY=BI(N)
WRITZ(6,11) ALNY,SLB(M)
1 CONTVINUE
1 (MGl EULLoAMND M aGEL 3 KO TO 13
GO T0O 14
13 Mhxzp/p
SLnY=SLR()
WRITH{oe2H) WUty yH
25 TOLMAT(Y 10l=1158,1" pMM=t]H,t Mzt h//)
14 SLMAX=0L0
DO 3 N=tN
IFIATM) «GToSLMAXGANDJA(NYLT.T75.) GO T &
GO T 3
8 SLMAX=A(N)
RPSLMAX=SLE(N) «DEGRAD
WRITHI6:11) BSLMAYX
3 CONT INUE
IF(SLMAXLLTL0.0000001) 6O TO 6
SLDB=20.«ALOGI0CLIN0./SLMAXY)
neToT7
WRITE{6:9)
FORMAT(* w0 SIDFLOBE DETCCTED!
BSLI=SLP L« nRAD
BESLMAX=BSL
RrTURM 2
7 WRITLI64,5) SLMAX,SLDD
5 FORMAT(10X,25%H PAXIMUM SIDELORIE: LLVEL 2 FlOe4 39X, 8HPLRIENT ey Xy IH
1,F10.4,46H o)
MMM}
RETHRN
12 dM¥MM=(
RSE1=SLBL=DEGAD
Boiliv=RSL1
10 RiJU2 )
ERD

!
)

w >

Fig. (4. Sidelobe lcvel subprogram.
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Wﬂ"

10

20

40

HPBW DATE = 609199

SURRNUT INF HRRW AT ) XMAX,, NUMBER L, B)

DIMENSETON AE LHUMAER) , BINUMBER)

DO 1 N=2,NUMBLR
lF(AE(N).GE.O.?O?l*XMAX.AND.AE(N—l).LT.0.7071*XMAX) Gn 16 10
iF(AF(N).LT.O.?O?IGXMAX.AND.AE(N-l).GE.0.7071¢XMAX) Gh 10 20
GO T0 1

Al=AE(N)

AZ=Af{N-1)

PA1=RIN)

PAZ=B(N-11}

GO0 10 2

A3=AE(N)

A4=AE(N-1)

PA3=8(N)

PA4=B{N-1)

CONTINUCT

ANGl=PA2“iPA2-PAl)*(.7071‘XMAX—A?)/(\1-A2)

ANGZ=PA3+(PAG-PA3 )& ( JTOTL#XMAX=A3 )/ (A4=A3)

BW-ANCI=ANG?

WRITE{6140) bW

EORMAT(///710%,25H HALF- POWER BEAMWIDTH ,FlO.Q,?X,SHDEGRE?S.//)

RETURN
END

Fig. 65. Hali- >ower beamwidth subprogram.
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