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ABSTRACT

This report is a description of a computer code that results in the first- and
higher-order statistics of RCS of a complex target as a function of frequency,
polarization, aspect angle, and constituent parameters of the target. The
premise is that a complex target can be represented by a set of simple scatter-
ers. There is a general discussion of RCS data; the capabilities of the code

Mfrom the viewpoint of the RCS analyst or data librarian; the theory of RCS,
statistics, lobe structure, and glint embodied in the code; a user's guide from
the viewpoint of the computer analyst; and a program listing.
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1.0 BACKGROUND

The computer code described in this report - The taken into account, but several methods are being
APL RCS/Statistics Code-represents years of de- evaluated to determine which would be most appro-
velopment by E. Shotland, J. W. Follin, Jr., and F. priate to the nature of the APL code. The methods
C. Paddison (APL) and J. W. Crispin, Jr., A. L. include the geometrical and physical theories of
Maffett, and K. M. Siegel (the University of diffraction,'- the equivalent current technique,' and
Michigan). The results are in the form of first- and the numerical electromagnetic code.' The
higher-order statistics for the radar cross section geometrical theory is based on the tracing of rays and
(RCS) of a complex target as a function of fre- can be described by currents induced on the ilium-
quency, polarization, aspect angle, and constituent inated portion of the structure. The physical theory
parameters of the target. The statistics are developed adds currents induced in the shadowed area by dif-
from the premise that a complex target can be broken fraction of the incident field. The equivalent current
down into a set of simple scatterers whose RCS can technique adds edge currents on assumed filamentary
be more manageably calculated from available tech- edges. The numerical electromagnetic code is an
niques (thus, the program can be conveniently up- integral-equation surface-current determination in
dated to include the most accurate techniques cur- which the structure is broken up into small cells, and
rently at hand) and whose relative phases are ran- the induced charge and current on each piece are
domly (i.e., uniformly) and independently dis- calculated from the incident field and from the
tributed. charge and current of each other cell. It is planned to

Methods for determining both first-order RCS sta- include one or more of these methods in the APL
tistics for a complex target and also simple com- code to account for various diffraction effects caused
ponent scatterer RCS data were developed by mem- by some of the scattering components of a complex
bers of Siegel's Radiation Laboratory at the Univer- target.
sity of Michigan, principally Crispin and Maffett. Bistatic RCS computational capabilities are not yet
The extensions of these methods to include the fully incorporated into the code. The complexity of
(higher-order) lobe and glint statistics were developed bistatic RCS estimation over monstatic is greatly in-
by Shotland and Follin under the sponsorship of the creased by its additional aspect variables, so the sta-
Advanced Research Projects Agency in an extension tistical approach gains still more importance as a re-

of the Advanced ALBIS Program. The (higher- ducer of data bulk. The bistatic capability will be in- -
order) beta statistics were developed by Follin during cluded in the APL code as soon as possible.
the Cruise Missiles Observables Program. All of New coordinate system arrangements have been in-
these statistical methods were organized into a coher- troduced recently to simplify the execution of
eat program by Maffett, and the result was coded by conical-aspect views of a target (see the Appendix).
H. W. Klimach. Paddison served as Program
Manager for the APL efforts. '.

The techniques upon which the simple scatterer
RCS calculations are based are, to a large extent, the
methods of geometrical and physical optics with their Ile
attendant assumptions and restrictions on body '.1. 11. Keller". 6coinciroal Iicory of Ditiracnn.'" J. Op.
smoothness and size relative to illuminating wave- I,%(P. .ii.. 52. I 16-13041962 1
length. Included in the code, however, are other "l, ta. tJlri.ce. "Mctiud ul Ede Wavc% n lhe Phy ical
methods that are appropriate, for example, to travel- I henry ,iI s I) rlat, i ed. I- o..n. RIdnd,. 1-243 D1962);.
inlg-wave phenomena and wedges (with straight 1191). "I
edgel). L. I-. Knioi and F. B. A. %enir. "'Cornmrsoai t 'hrce High-

For regions where the ratio of body length to wave- I reluency I)fflraction Ic0hiqt.-.' P?. ILL 62. 1468-147441974).

length may become important (particularly if radar 4. J. Burke and A. J. 44,19,, Numerical 7-74,,,1ne1,"

absorbing materials have been used to reduce large (.,,de- ,Weihod o.I ,.4li ci, Naval Eh.e'romcw SyIem Com-

RCS contributions), diffraction effects have not ben mand ID 11641977).

7



THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUAEL MARYLANO

2.0 GENERAL DISCUSSION OF RCS DATA

Experimental and predicted RCS data usually are The magnitude of RCS data is not the only reason
in the form of a received signal referenced to the for an interest in a statistical description. The main
transmitted signal, versus aspect angle. Typically, users of these data are the hardware designer, the
there are separate tabulations for each frequency of radar system designer, and the performance analyst.
interest. The radars used for aircraft, missile, and The latter two have long searched for a statistical des-
space-object detection, tracking, and identification cription of the amplitude scintillation of RCS. The
are usually at wavelengths that are small in compari- literalure contains many attempted fits of experi-
son to the dimensions of the targets. Usually the mental data with single-parameter statistical des-
targets are complex shapes. At some aspects such as criptors.
broadside, the RCS of a target may be many orders The parameters of interest in the vicinity of any
of magnitude greater than at other aspects, may be one aspect are the mean RCS and its probability dis-
dominated by a single component, and hence can be tribution, the lobe widths in angle and frequency,
characterized simply. However, at most aspects there and the mean centroid and its variances.
is a complicated interference pattern with maxima Over the years, the technique of breaking down a
spaced roughly X/L apart in angle and 0L apart in complex target into a finite set of component scatter-
frequency (where X is the wavelength, c is the velocity ers has been evolved together with statistical descrip-
of light, and L is a typical length parameter). If, for tions of lobe structure and the appropriate descriptor
example, L is 10 meters (i.e. a small missile), roughly of amplitude scintillation, the two-parameter beta
10' data points are needed to cover X band for all distribution function. The computer code described
polarizations. A statistical description is needed to in this report embodies the aforementioned predic-
reduce the data storage and retrieval problem. tive RCS and its statistical descriptors.

'72

3.0 THE CAPABILITIES OF THE CODE FROM THE VIEWPOINT
OF THE RCS ANALYST

The APL RCS/Statistics Code, designed for the The entire development is based on the premise
PDP 11/60 computer, has been checked out with that a complex scattering body can be broken down .-

several missile configurations. Its computational into a finite set of component scatterers (usually
capabilities fall into two categories, either of which, chosen to be elementary scatterers, some of which
with various options, can be executed from a master may correspond to simple geometric shapes).' If the
code. They are: contributions from this set of scatterers are combined

with proper phases, the result is an estimate of rela-
1. First-order statistics for RCS, and tive-phase RCS; this option is available in the APL
2. Lobe and higher-order statistics for RCS. code. Figure I is an example of relative-phase RCS.

At this stage, the first- and higher-order statistics are
limited to monostatic situations. However, the lobe __

statistics are coded in such a way as to be applicable 'J. W. Cripin, Jr.. and A. I.. MallMi. "Estimaliol Of RCS for

to bistatic situations as soon as that capability is in- SiiijiteC Shale.- "t-I,,mallnl of R(S tor (onplc
troduced. Shaurs," Pri,'. II.:L 53. (1965).

N N
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Horizontal polarization
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Horizontal polarization Pitch 0
Pitch 0 Roll 0
Roll 0 Yaw 0

20 Yaw 0 Tilt 0
Tilt 0 (port)

*(port) 30

.-.!

.-

.]

400

Majorcy1796G 7.1 7.6 35.9o776e.4

Mino 1 7 8.

Angle 82R82l80 76w74

-A _20 "

30 30 6
Nf (GHz) 2.751 3.083 0.371 0.748 1.409

Major 7.1 7.6 35.39 7.76 9.42

Angle 82 82 so 76 74
I i I I I , I l I I I i I I i I a A I.

-20- 0 30 60 90 120 150 180

Observation angle (deg)

Figure 2 - Example of calculated monostatic mean RCS
with rms spread (including lobe statistics); 1(25th scale-30 Convair 990.

0 30 60 90 120 150 ISO
()measured RCS data; this feature is not part of the

Figure I - Example of calculated monostatic relative- APL code.) Various properties of the autocorrelation
phase RCS 1124th scale Convair 990. of RCS can be used to describe lobe statistics (in both

frequency and aspect).' Lobe characteristics are illus-
trated in Fig. 2 at observation angle intervals of 30 ° .

If it is assumed that phases among scattering corn- The terms "major" and "minor" refer to half the
ponents are distributed independently and randomly long and short axes of the ellipse; they give the mean
(i.e., uniformly, over the interval 0 to 21), a lobewidth at that aspect in both the horizonal pk,..c
hierarchy of statistics can be developed. Under first- (minor) and the normal plane (major). "Angle"
order statistics fall the usual mean RCS and root- refers to the tilt of the lobe ellipse with the
mean-square (rms) spread about the mean (see Fig. observation axis. N, (GHz) refers to the number of
2). Under higher-order statistics fall higher moments lobes of RCS per gigahertz of frequency.
from which skewness and kurtosis may be derived to At this writing, the component scatterer analy-es
show the appropriate beta distribution characteristics rest largely upon physical and geometrical optics
for the RCS data under examination." - (These methods. Hcwever, the code could be expanded
higher-order statistics can also be used to analyze readily to include diffraction treatments and even the

more exact integral-equation analyses exemplified by
__.W._o__nJr.____i_____r__re__f___,JH____)M the numerical electromagnetic code.'

6J. W. Follin. J r., Sttitical Propertiesof RCS, JHL/APL QM - The program as written and described here was in-
78-115 (1981). tended for targets of modest complexity at observing
J. W. Follin, Jr., and A. L. Maffetl, "RCS Scintillaiions and frequencies in the centimeter region. We plan to re-
Their Statistical Description," in Proc. Sec'ond Annual lu- code the program for a more capable computer in the
tical Air Surveillance Control Conf., Rome Air Dcvelopmem
Center (1981).

sJ. W. Follin, Jr.. F. C. Paddison, and A. L. Mafteitt. ' he RCS
of Two Cruise Missiles and Their Statistical Descriptionl," 9E..Shodwand, .VlaclAnl vv% .' iluVI Radar Iarqwttwa (latlonem

DARPA 8th Strategic Space Symposium (1982). IHU/APt rG 955(1I671.

p9
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near future to allow the handling of more complex distance from the center to the ellipse intercept gives
targets up to the mid-millimeter range of the Iobewidth for that direction of observation. For
frequenies. example, at the 300 observation angle, the ellipse has

, The effects of a surface treatment with radar ab- a major axis oriented 820 froth the observation axis,
sorbing material can be taken into account through indicating thin lobes in the horizontal plane of" the
the uniform application of a reflection coefficient to target and fat lobes in the perpendicular plane.
the component on which the material is placed. No The output for the higher-order statistics may be
account is taken of the possibility of volumetric scat- either printed or graphical. Let us consider the latter.
tering for either radar absorbing material or dielec- One has available skewness versus width or kurtosis
tric components. versus width (width, skewness, and kurtosis are de-

The major emphasis of the code is on a statistical fined in Section 4 of this guide). Skewness and
examination of the RCS of a target. Considering the kurtosis are plotted in Figs. 3 and 4, respectively, ver-
number of variables upon which RCS depends, a
very voluminous collection of data can be amassed
for a single target, even when domains of variables 2 -

are rather severely restricted. A statistical examina- - Frequency 17.96 GHz
tion of RCS offers a condensation of facts and, thus, Horizontal polarization -"b.'1.8 64. 1% shadowed
an economy of output not available with a determin- Pitch 0
istic treatment of similar scope. Roil 0

All of the RCS statistics are essentially unaffected 1.6 -Yaw 0
by small changes in target configuration or frequency Tilt 0
that may drastically affect the lobe structure of deter- (port) +40
ministic treatments (especially for frequencies of I 1.4
GHz and above). -

Last but not least, statistical RCS results mesh well 1.2 20
with the requirements of detection and tracking sys- 30tems for statistical formulations. 16,170

130, 140
120
100

3.1 Inputs 0.88 50
The inputs usually required for the code are wave- "

length; polarization (linear, but extendable to ellip- 0.6/
tical); plane of observation; range of observation "10
angle in the observation plane; pitch, roll, and yaw of 110
the target; and tilt of the target rotation plane (to 0.4 70
make comparisons with RATSCAT measurements). -

For a particular complex target, a suitable mathe- 0.2
matical model must be derived in the form of a set of
component scatterers matched to the target features 9
with the help of drawings, pictures, and artists' con- 0 1 L

ceptions. The set of component scatterers must, of 0 0.2 0.4 0.6 0.8 1
course, be limited to the types presently available to Width
the APL code (some 20 as of this writing).

Computations of RCS are performed in coordinate Figure 3 - Calculated width-skewness statistics for the
* systems generic to the various components and so RCS scintillation of a 1/25th scale Convair 990.

must be transformed to the coordinate systems in
which the statistics are formulated. sus width for a typical target at 10° observation angle

intervals. It should be noted that the data presented
in Figs. 3 and 4 may be based either on experimental

3.2 data or on theoretical calculations. The code can pro-
Outputs vide the theoretical values. The points are plotted

The first-order and lobe statistics have already within boundaries that denote the limits for beta-dis-
been illustrated in Fig. 2. Note that for the latter tributed component-RCS values. Locations denoting
case, for any line through the lobe ellipse center, the normal, lognormal, chi-square, and Rayleigh distri-

10

"I2
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6-- for the beta distribution given by
Frequency 17.96 GHz
Horizontal polarization
64.1%5 - j(x;a,b) - a X-I (l x)b-I

Pitch 0 r(a)r(b)
Roll 0
Yaw 0
Tilt 0 where I'(a) denotes the gamma function of an argu-

4 (port) ment a. Thus, the component scatterers that con-
tribute to the RCS at 100" from nose-on produce,
under the radom-phase assumption, an RCS that is

3- distributed according to the above beta distribution.
[Note: The skewness can be calculated to be 0.88,

"1 which agrees very well with the skewness for 100 °

t 2 found at width 0.7 in Fig. 3. The beta distribution for
2 20,30 the above values of a and b is skewed to the left, with

170,80,0 a long tail to the right. ]
1 The beta-distributed quantity x is actually o/o,

130,140 where a is the RCS for some fixed aspect, frequency,
+ 150,U0,100 and polarization. So, for example, since q., (1000)

50,60,160 = 1.14 m2 and since the mean of l(x;ab) is

0 a/(a+b) = 0.2, the mean RCS at 100° is a =
0.2(1.14) = 0.23 m2 or -6.4 dBsm (dBsm is decibels

+ 110 relative to a square meter). Note that this value
-1 70 agrees with the mean RCS at 100, which can be read

90 on Fig. 2. The beta distribution of RCS at a fixed
observation angle arises from, and depends on, the

-2 * assumption that the phases among components are
0 0.2 0.4 0.6 0.8 1 randomly distributed (i.e., uniformly, between 0 and

Width 2) for every observation angle value.

Figure 4 - Calculated width-kurtosis statistics for the RCS
scintillation of a 1/25th scale Convair 990.

butions all fall outside of these boundaries, for both
width/skewness space and width/kurtosis space. 3.3 Glint

For example, consider Fig. 4 where the observationdirection 100 ° produces in width/kurtosis space the Illustrations of the output of the program predict- '4"

dirtoint 0,0 pThese statistics yield the parameter ing glint are not included in this writing; that portionpoint (0.7,0.7). of the program has yet to be validated. However, a
values discussion of the theory used is given in Section

a 0.96, b 3.82 4.6.

11 ,'
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4.0 CALCULATIONS

4.1 Relative-Phase RCS where the asterisk means complex conjugate and

Consider a class of complex targets, each of whose > > indicates an average over all phases. The de-

members can be broken down into a finite set of viation from the mean is

component scatterers. Each component scatterer is F = AA* - E[ .,
assumed to be in the far field of the transmitter so
that it is illuminated by a plane wave; it is also in the
far field of the receiver so that the observed field has = 2 E a,a, cos (0, -

a plane wavefront. The major dimension of a com- i<k

ponent is assumed to be large with respect to the
wavelength k. Polarizations of the transmitter and 2 E cosk, - 0k) (5)
receiver are taken to be horizontal (H) or vertical (V) =o)
in this discussion; however, they could be circular or
elliptical. The possible combinations are HH, HV,
VH, and VV; only the first and last are considered whence the variance is
here.

Let the signal scattered by the ith component be
denoted by W2 = (F2> 2S, = 2 Ok 0,

i<k

a, exp (jO,), j=' 1 (1)N N

- U ( O)2 - o,2. (6)

where the amplitude a, (which is usually taken to be ,=,

Va-, where o is the RCS of the ith component) and
the phase , may depend on aspect (for both trans- 4.3 Higher-Order Statistics
mitter and receiver, or on their bistatic separation 3),
frequency, polarization, and the constituent param- If the triple and quadruple sums are written as
eters of the component. The scattered amplitude is
then

N S3  
0, ka,  (7)

A = v, exp(A,,). (2) -
j.1

and

The relative-phase RCS, a, for the complex target is

A ,,2 S4 = 0 , Ok rm' (8)
a= A ( i<k<f<m

N the third and fourth central moments are, respective-

= O 1V, k exp(i,) exp(-j ) (3) ly, 6

1,k=I

103 =(W>=12S 3  (9)
4.2 Random-Phase RCS

For the random-phase approximation, the mean and
RCS, E (a], over all random phases, is

P, IE[] a I (AA) E ar,, (4) = -- ) - 6S2
2 + 12SS, + 132S., (10)

12 *0,

W:A.
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In order to examine the nature of the distributions where
governing RCS for a complex target, we have
modified Pearson's method somewhat. Instead of Y + 2/n = and y, is as above,
examining target RCS behavior in skewness-kurtosis n 2w - -y,

space, we have set up two spaces, one a width-skew-
ness space, the other a width-kurtosis space, where
width w is defined as -_wl, lim ! = 6;

2
w-I

2 0 = /".(11)

In fact, to simplify the analysis somewhat, we have Lower boundary:
defined a modified skewness as

-y2 = - 1.5, 0<w<< -, (18)
I~'~2I(12) 2

Left boundary:Kurtosis is defined in the standard manner as

= 4 3. (13) part :w=0, - 1.5 y2 <0" (19a)

From the nature of the sums S, i = 1, 2, 3, 4, part 2: w = 1---- (as above),

above, it can be shown that the allowable regions in pr + (a
width-skewness (actually, read modified skewness)
and width-kurtosis spaces are almost triangular and 6t(t + 4)
are restricted as follows (see Figs. 3 and 4): T2 = (t + 2) (19b)

. WThe location of points within the restricted regions
4.3.1 Width-Skewnes will vary with the aspect at which a complex target is

Right boundary: illuminated and viewed. The corresponding beta dis-
tribution parameters may be calculated from those

y 4w-2, 1- 5 1 (14) coordinates. The beta distribution is defined as
2 

['(a + b)( (x) = .~)~) '(! - x)' , (20)
Lower boundary: 

[r(a) r(b)

.Y ,; = 0, 0_ w_5 W(15) :5X

where r(a) is the gamma function of argument a,
Left boundary: and x = a/a ,.. Then, for example, the parameters a

t(t + 2) and b can be determined from width-kurtosis space.
I +The result can be used to find skewness, which can be

(t + !)Z checked against the location of the aspect point in

2t(t + 3) width-skewness space. The equations are
(16)1(t + t2)

0 5 5. a(a + b + I)

2(b - a)
Yi a(a + b + 2)'

4.3.2 Width-Kurtosis 6(a + b + i)
Right boundary: Y

6n2y (a + b + 2Xa + b + 3)

6n 2  (W + WV) (17) X + 3). (21)"h = (n +IXn+2) n~w n n" "
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The values of a and b may be determined from any where k is the wavenumber. The results obtained are
pair of these equations, but the first two should be the number, N,, of lobes of RCS per hertz of fre-
used for experimental data. If one takes, for quency:
instance, the aspect of 100 ° (Fig. 2), one can compute .

a = 0.96 and b 3.82. I("""
In order to check the beta distribution theory N, = ( , (- -, )( + cos il)

against measured data, a slightly different viewpoint C .
must be taken because the output of a measurement
exercise is usually in the form of RCS versus aspect. + (U, - s, ) 3 (23)
If the RCS is sufficiently oscillatory in the chosen
aspect interval (usually 10, but ranging from 5 to
30, depending on frequency), the random phases where c is the speed of light and S = p. in from Eq.
have had the opportunity to range over most of the 6. Also obtained are the number, N , of lobes of RCS
intervals of definition, and so the RCS in the aspect per radian in traverse relative to a rotation axis
interval should be distributed in essentially the same oriented at an angle 6 with the axis in the tk plane:
way that the RCS at a fixed aspect was owing to the
random phase fluctuations. "":'N = .( A,,dd , r~s = 1,2. (24)

KX-

4.4 Modified Statistical Distribution where U
An extension of the statistical theory just presented

has been developed where the requirement of con-
stant component RCS is relaxed and an individual = sc

S.,variance and third and fourth moments about the
mean are assigned. The physical regions of the statis- and
tical space resulting in this modification will be pub-
lished shortly. A,, = oo - ,)(I + cosa1)

4.5 RCS Lobe Structure - (., - ') sin 3"

If, instead of taking the relative phases to be ran-
dom variables, one examines their variation (and
hence the variation of relative-phase RCS) as a func- x (i - 1,, ) (I + cos 0)]'" ;. (26)

tion of receiver aspect (in a bistatic situation, either
aspect or bistatic angle), it is possible to obtain The numbers N, and N , considered as a function of
scintillation statistics. The results are derived from 6 for a fixed aspect angle, form ellipses. They can
the RCS correlation function, using the zero crossing also be converted into local lobewidths of frequency
theorem of Rice.' ° They represent an extension of and aspect, respectively, by considering their recipro- ..
results for the monostatic case obtained by cals. For any line through the ellipse center, the dis-
Shotland.9 tance from the center to the ellipse intercept gives the 's

Suppose the target is at the origin of a E, 71, .coor- lobe rate for that direction of rotation axis.
dinate system whose k'plane contains the transmitter
and receiver. Then the phase term ', of Eq. I is given
by 4.6 Glint

,= k[ j (I + cos 0) + k, sin 01 , (22) The apparent electrical location of the target re-
's's flection depends on the type of radar seeker used to

measure it. For the relative-phase return (Eq. 2) with
the receiver location at X, Y,Z; X, Y< <Z; we have

0S. 0. Rice, "Maihematical Analvy% of Random Noc." in a k(X - k,) X- -,
Selected Papers on Nose and Sohavsic Pricese' . Nel,,oi = -- (kr,) = = k- , (27)

4 Wax, ed., Dover Publicaiions, Ncvi York (1954). ax ax r, r

* 14
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and and the variance of the glint is
4i k(Z - E,) l"
. -k. (28) (2) Q, o +, ( , + )- 2. (32)

az 2E2

The apparent source ocon s So far we have discussed only one component ofT p n ro oglint, but it is clear that expressions similar to Eqs. 30
and 32 are needed for q. In addition, the variance is a

(aItX tensor operator so that an off-diagonal term isrum-1 (-l'Z /needed.
Defining

Z J6,E ika, i exlU)B,,, = . o oj(, + tj - 2f)-.'-"

/ (i, + j - 2)m+M-2 , mn = 1, 2 (33)
Saat, exp(j(0, - 0)) -

- ____________ and

aa exp(j(0 - O')) B B Em,, a. a, (34)

63 1where a, = cos a, a2 = sin a, the standard deviation
= . aak , cos (j, - '), (29) of glint in the a direction is

where the real part is taken in the last step since the S. VB. (35)
RF signal is actually proportional to the real part of 2E(") (3-)
Eq.2.

The di- ision is normally performed by an auto- Further in analogy to the derivation of Eqs. 23 and
matic gain control (AGC) circuit with a time constant 26, we define .
so that the numerator and denominator are averaged .f
independently. The result in the random-phase ap- Cm. = ( + - 2& - - -

proximation is

x (, + 'b - 2j)m+n- 2
.i (30)

Ex * [(Q ' - j) (I + cos 0) + (Q , -- E,) sin 0] 2 , "

With a fast AGC, the fluctuations of Eq. 29 become
larger but cannot be expressed in closed form. In (36)
addition, the result depends on the dynamic range of
the circuits. Note that in abistatic geometry the glint D F.Q = + ( - 2 -

is measured relative to the receiver and is indepen-
dent of bistatic angle except for the effects of
shadowing of components. x (j,, + qj - 21')-+N-2

Subtracting Eq. 30 from Eq. 29, we have the devi-
ation from the mean for the slow AGC case.

x [( - tj)(I + cos0) - ( - r) sin]#]4'-r-

ML At F. a,aj(Q, - I)€cos(0, - Pj) X [07, - Il)(I + Cos 0) 1 -2  (37) :::Ak -.-.'. .. '

- 1 eaj Q, + tj - 2f cos (i,, - ,) ,(31) C= E C..a.a. , (38)
1J4 Mn,

15% J.
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and and the number of glint lobes in the a direction per
radian of rotation about the axis oriented in the 6
direction is

D D mad,a, . (39)
, . m2n- -1(41)

Then the number of glint lobes in the a direction per W .

cycle is
Note that Eqs. 40 and 41 are correct even though

1 -the assumption of a slow AGC has been used; only
%: Nj = -- C, (40) the amount of the displacement is in error.

5.0 USER'S GUIDE TO THE CODE FROM THE VIEWPOINT
OF THE COMPUTER ANALYST

5.1 Introduction base name must then be entered, followed by any

The APL RCS/Statistics Code-is a computer soft- optional switches. The available options are:

ware package capable of computing and displaying /G enable graphical debugging
the collective cross section from a group of simple /GC enable graphical debugging
components using physical optics as the main model- (combined components)
ing basis. In addition to average cross section, it is /P enable printed debugging
also able to compute and display relative-phase cross /Z direct graphics output to plotter
section, RCS lobe and glint lobe characteristics, and (default is terminal) 'S
higher-order beta statistics of the collective object as
a function of observation angle, in either printed or The program then performs the functions defined in
graphical form. Input for the program is taken from the data base and returns to computer command
a data base in batch mode process, and output results mode.
are displayed on a graphics terminal, plotter, or line This section of the report provides the user with a
printer. The RCS analytical basis is given in Refs. 11 basic understanding of the program along with a
and 12. comprehensive reference manual for actual program
The program is currently running on a PDP 11/60 operations. The internal structure and program capa-

computer using the RSX-I I M V3.2 operating system. bilities are presented in Section 5.2. Section 5.3 pre-
The graphical peripherals available on this system are sents the display options, including the available de-
the Tektronix terminal and the ZETA plotter. The bugging output. General features of the input data
program is executed by issuing the computer com- base, such as looping and command priorities, are
mand RUN RCS. It responds by prompting the user described in Section 5.4. The actual RCS commands
for the name of the input data base file. The data are presented in detail in Section 5.5.

"A. L. Maffett, Bustattc Lobe Statistics, JHU/APL MS0-7 (Nov 5.2 RCS Program Operations
1980). The program is designed to compute the combined

'2 A. L. Maffett, Liner Transformations Relating Theoretical and
Expedmental Coordinate System Used in RCS Deemia RCS (called random-phase RCS) of several simple
tion, JHU/APLQM-g.049(MI1-4)(Feb 1980). components as a function of observation angle,
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*wavelength, and polarization. In addition to average play the standard deviation of the overall response at
cross section, the program also computes relative- each theta increment. If relative-phase rather than
phase cross section, RCS lobes, average glint, and average cross-section output is requested, it will use
glint lobes. Finally, it may also be used to compute the two accumulator vectors to save the complex
higher-order beta statistics. components of cross section rather than the detected

A complex object to be analyzed in terms of RCS sum and sum squared values. All results generated
must first be separated into its constituent com- thus far may be stored in computer memory since
ponents. The basic components available to the pro- they are relatively few in number. The lobe and/or 'O
gram, such as ogives, cylinders, corner reflectors, glint options, however, require the temporary storage
etc., are described in Section 5.5. Each component of large volumes of intermediate data. Those data,
must, at a minimum, be specified by its name, physi- which consist of the cross section and three-dimens-
cal dimensions, and orientation in the radar coordi- ional position of each subreflector in the object for
nate system. The location of each component (or each theta angle of interest, are stored on a disk file
scattering center) in the radar coordinate system must for later processing.
also be specified if lobe or glint output is required. The following paragraphs summarize the RCS pro-
The geometry describing the scattering centers of gram procedure for computing cross section for a
each available component has been specified in Ref. single component. Cross-section calculations do not
13. actually begin until a component description has

The program may be divided functionally into four been read from the input stream.
areas: input, cross-section computation, statistics The program begins to process a component by
and lobe/glint computations, and output display. computing a transformation matrix from component
The input function, which is actually in continuous space through object space to radar space. The com-
operation throughout the computations, is described ponent-to-object transformation matrix (TRANS)in detail in Section 5.4 in the context of a data base. will have been read previously as input. The object-
In summary, the input must be ordered to supply the to-radar transformation matrix will have been com-
program with global parameters, followed by local puted from previously read values of radar platfo,.-i
component parameters, and ending with display pa- pitch, roll, yaw, and tilt (PRYT).
rameters. Since knowledge of the input function or The program then enters the THETA loop to com-
output display function is not necessary to under- pute the cross section at each required theta angle. In
illstand the program's computational algorithms, they the loop, it determines if the current radar theta and

will not be discussed further in this section. phi angles are valid for that component. If valid, they
The program first zeros an array of accumulators are transformed into the component coordinate sys-

and then adds in the cross-section contributions of tem. At that point, calculations that correspond to
each component read on input. This process con- the specific component of interest are performed.
tinues until the advent of an output display instruc- Although they differ in detail, all groups of com-
tion, which causes the accumulated results to be dis- ponent calculations (i.e., subroutines) have several
played as specified. The RCS program operates com- things in common. They must first collect their ap-
pletely on one component at a time by computing the propriate inputs and then determine if a valid
component RCS at a fixed wavelength, polarization, response is possible from the current parameter con-
and radar phi angle and then varying the radar theta figuration. Each component subroutine must then
angle (phi and theta are the radar polar coordinates), compute its RCS as a function of geometry, radar
Each cross-section value as a function of theta is characteristics, and observation angle. If lobe output
stored in a separate accumulator. The range and is also required, the component subroutines mist
number of theta values desired, specified on input, also compute the location of the reflecting source or
must not require more than 181 accumulators (a pro- sources for multiple reflectors. Component position
gram limitation). This limitation may be circum- information, after being transformed to the radar co-
vented in some instances as described in Section 5.3 ordinate system, is stored in a file for future lobe
and defined in Section 5.5. and/or glint processing.

In addition to accumulating average cross-section When the component cross section has been com-
responses, the program also saves the square of the puted, it is added to the accumulator bin appropriate
values of the responses in order to compute and dis- to the current theta angle. The powers of these results

are computed and stored in another file if optional
beta statistics are desired. Beta statistics are com-

"3A. L. Maffett, Component Scauering Center.s. JHU/APL M8I- puted in the output display section of the program
1(7 Jan 1981). using the relatively simple equations from Ref. 7. In
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any case, the observation angle is incremented by by the angle delta; in contrast, RCS and glint
repeating the THETA loop. After the component moments are defined by the observation angle theta.
cross section has been computed for all required When computations for all values of delta hae been
values of theta, program execution returns to the in- completed, the results are displayed, and execution
put section to obtain new component information control is returned to the main program.
from the data base, and the process is repeated.

Basic RCS computations pause when a display in- -
struction is read on input. This causes the program to
display its cross-section results (described in Section 5.3 Display Options
5.3) and then begin lobe and/or glint calculations if The real power of the RCS program lies in its
required. The remainder of this section highlights the ability to display cross-section output results in a
general procedure for computing lobe and glint char- complete and elegant manner in both printed and
acteristics. A complete analytical description is given graphical form. This section discusses the standard
in Refs. 14 and 15. display options available in the program followed by

The RCS lobe calculations begin by reading tern- additional debugging output. The standard display
porary results stored by the main program. Each options are RCS, RCS lobes, glint, glint lobes, and
component's contribution to RCS at the observation higher-order statistics.
angle of interest (specified by DELTA, a subset of The commands that initiate the display function
THETA) is read by the lobe subprogram along with are GRAPH and PRINT (defined in Section 5.5). As
its position in space. The first parameters computed the names imply, GRAPH produces graphical output id
from these data are a simple cross-section sum and on a terminal or a plotter, and PRINT produces
standard deviation. Cross-section products of corn- printed output on a terminal or a line printer. Since
ponent cross section and position are then computed the results displayed by these commands are general-
and summed. The square root of this result divided ly the same, only differences in the data presented
by the standard deviation and the speed of light will be described in conjunction with the overall data
yields the number of lobes of radar cross section per available for display. Program results are not altered
hertz of frequency. A different set of summed cross because of their being displayed. This allows multiple
products is used to compute lobe width. display commands to be included in the data base in

The glint calculations begin by computing average order to view either accumulated results or new
moments for the components read in the lobe sec- results if program accumulators are cleared (see the
tion. Sums of cross products using component cross CLEAR directive).
section, position, average moments, and an intersect The basic program shows monostatic full-scale
plane defined by the angle alpha are used to compute RCS as a function of observation angle. Both aver-
the glint standard deviation. The average moment age cross section (shown with the optional plus or
arm length, along with standard deviation, as a func- minus standard deviation) and relative-phase cross
tion of observation angle (theta) is the primary out- section may be displayed in square meters on a

, put from the glint section. logarithmic scale (i.e., in decibels relative to a square
Glint lobes are computed from the same set of data meter). Relative-phase cross section may also be

used to compute glint moments. In this case, an ex- shown in square meters on a linear scale. Graphical
panded set of summed cross products is computed RCS output also lists certain program parameters, 24
and used in conjunction with glint standard deviation such as frequency, polarization, and percent
to yield the number of glint lobes per hertz of fre- shadowed, on the edge of the graph. The output
quency with respect to observation angles delta and from this section is always displayed as part of the
alpha. An even greater expanded set of summed cross GRAPH or PRINT operation.
products is then computed and combined with glint Ttostnaddvaiooyedgin oewdh The RCS lobe output is displayed on top of the .
standard deviation to yield glint lobe width. basic cross-section output in graph mode and follow-
Theing it in print mode if LOBE is active. The lobe out-

peated for each required observation angle defined igt in pit mer f OB is te het oefou--,, put shows the number of RCS lobes per hertz of fre-.:
quency and the number of lobes per spatial increment
around a circle. In graph mode, the spatial lobes are

1 displayed inversely to yield lobe width. Samples of
"J. W. Crispin and K. M. Siegel, Methods ofRadar( Cro..'iuni lobe width are computed around a circle and plotted
1 Analysis, Academic Press, New York (1968). as an ellipse centered at the observation angle of in-
'5A. L. Maffeu, Geometric and Physical Optics Formulas and Or-

thonormal Transfornations for an RCS Computer Priru,. terest. The major and minor axes of the ellipse along
JHU/APL M80-3 (28 Jan 1980). with the orientation angle may then be found and dis-
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U played. Since these values are searched out rather Ihe program to combine all component curves onto 0

than computed, lobe width must be sampled often one graph.
enough (from 4 to 180 times as defined by Debugging display options may not be used in con-
DELTA(4)) to converge on the required accuracy. junction with lobe, glint, or higher-order statistics

" -If GLINT is active, monostatic glint is displayed as output. Any PRINT or GRAPH commands found in

a function of all the independent parameters men- the data base are simply ignored by the program in
tioned thus far and also the angle alpha, which de- this mode.
fines an observation plane that cuts through the lobe
structure. Since a complete graph or print list show-
ing glint results is produced for each value of alpha, 5.4 Data Base Description
only certain values, namely 0 and 90, are used. The
varying independent parameter on a glint graph or All inputs to the RCS program must be suplied
print list is the observation angle theta. The depend- from within a data base. A data base is a file that
ent parameter represents the glint moment arm dis- may be created or modified by an editor. It contains
placement in degrees; values of standard deviation all the instructions necessary to control the program.
are included as an option. Each line in the data base, except comment and title

Monostatic glint lobe output is displayed in a man- lines, constitutes a single, complete instruction to the
Sner completely analogous to cross-section lobe out- program. Each instruction line begins with either

put. It, therefore, similarly shows the number of four or five characters, defining the directive type,

lobes of glint per hertz of frequency and the number followed by a space and up to nine numeric parame-

of lobes per spatial angle at samples evenly spaced ters. All directives (i.e., instructions) recognized by

around a circle. The amount of glint lobe data output the program and their functions are defined in detail
is, as with the RCS lobes, completely defined by the in Section 5.5.In this section we will discuss directive interactions
parameter aand usage protocols, the concepts of global and local

The final standard display option presents higher- directives followed by their relative ordering within
order beta statistics computed from the basic RCS the data base, and then looping capabilities within
results. The type and amount of output produced by the data base.
this option are very different between graph and All valid directives in the RCS data base fall into
print modes. The two plots generated in graph mode one of two functional categories: component defini-
show skewness and kurtosis as a function of beta tion or program control. All component definition
width. Distribution acceptance boundaries are drawn directives are considered to be local parameters. The
on each plot, followed by the actual computed data program control directives may be either global or
values, which are annotated with their corresponding local. A global parameter, once defined, retains its
observation angle. Many additional statistics are specified value until explicitly altered later in the data
computed during print mode. The results are dis- base. A local parameter only retains its assigned
played within the normal RCS output listing rather value until the occurrence of a component definiwi,:
than at the end. directive, which has the effect of resetting all local

Three mutually exclusive debugging display RCS program control directives and then canceling
options are available in the RCS program. All three itself. The local parameters must therefore be reas-
are intended to provide partial results corresponding signed before the occurrence of the next component
to each separate component rather than the com- directive, if required. The local RCS program control
bined object. When the cross-section contribution of directives and their defaults or reset values are:
a component is computed, it is immediately displayed ORGN (zero), RAMDB (zero dB), TRANS (identity
on either a printer (option /P) or a graphics output matrix), and VALID (all angles).
device (option /G). After it is displayed, the As previously indicated, local parameters must be
accumulator vectors are reset to zero, and the next ordered so that all control directives related to a
component is computed and displayed on a new component directive appear before the component in
listing or graph. This process continues until the the data base. Global RCS directives that define
entire data base has been read. Prints or graphs for radar parameters must also appear before the r
which there is no component contribution are not component directives. The radar directives are:
displayed. Furthermore, component display may be DELTA, GLINT, LOBE, PHIR, POLAR, PYRT,
aborted in graph mode by entering a control -C RPRCS, STATS, THETA, and WLEN. The display
from the terminal keyboard for each component not directives GRAPH and PRINT (either or both may
desired. The final debugging option, /GC, instructs be specified) must appear in the data base after the
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required component directives. A single title line 5.5 Data Base Directives
must always be placed immediately after the display This section presents a complete list of valid RCS
directives. The two directives NEWTH and directives and associated parameters. The directis's* . ~NEWWL. which control data base looping, must drcie n soitdprmtr.Tedrcic

NEWW, wich ontol dta ase oopng, ust have been divided into two groups: RUS control and
always be placed at the end of the data base, if used.
I t r e e d T s e component definition. A complete description of ilieI itavailable RCS components is given in Rels. II andNEWWL. The remaining directives may appear 12. All angles must be specified in degrees and dis-
anywhere in the data base within the constraints 12. in m s
given. tances in meters.

The RCS program may be instructed to reexecute 5.5.1 RCS Control I)irectives
the entire data base by using the directives NEWTH
for new THETA and/or NEWWL for new CLEAR Clear RCS-clears all ac-
wavelength (WLEN). The maximum number of cumulated radar cross-sec-
THETA increments allowed on one pass of the data tion results.
base is 181. That limit may be extended by using the COMM n Comment - ignores the next

J, NEWTH directive in conjunction with the parameter n lines in the data base. This
THETA(4). The actual number of increments used instruction may be used to
(NOI) is computed as I + (THETA(2) - insert a specified number of
THETA(l))/THETA(3). For the first pass through comment lines in the data
the data base, the observation angle ranges from base.
THETA(I) to THETA(2) in NOi steps. If the COME Comment End-ends com-
directive NEWTH is detected, the RCS program ment block mode. This in-
stops current processing and starts reading the data struction will cancel the ef-
base from the beginning. If, when the THETA fect of COMS. The next data

." directive is read, THETA(2) is larger than or equal to base line will be processed
THETA(4), the RCS program immediately jumps to normally.
the first line following the NEWTH directive. The COMS Comment Start - starts corn-
only directives that may follow NEWTH and ment block mode. All data
NEWWL are comments. If, on the other hand, lines following this one in the
THETA(4) is larger than THETA(2), the starting data base will be ignored
value, THETA(l), is replaced with THETA(2), and until the COME directive is
the ending value, THETA(2), is replaced with the found. These two directives
minimum of THETA(2) + NOI and THETA(4). (COMS and COME) provide
This processing loop continues as described while the user with an efficient tool
THETA(4) remains larger than THETA(2). All for ignoring blocks of data.
grapical output resulting from this loop is placed on DELTA ni, .... n4 Delta Angles - defines the
the same graph. Debugging options and the directives lobe display angles. RCS
LOBE, GLINT, and STATS are not valid if THETA lobe and glint lobe results ,.,

looping has been specified. will be displayed at angles
ranging from nl to n2 in in-

The set new wavelength directive, NEWWL, crements of n3 degrees. The .
instructs the RCS program to reexecute the data base number of lobe samples, be-
in a manner similar to NEWTH. However, in this tween 4 and 180, is defined

*-', case, each time the directive WLEN is read, the next by n4. Only delta angles that
value in the parameter list will be used as the new lie within the theta range will
wavelength. For example, if the WLEN directive has be used.
three associated parameter values from a maximum GLINT n Glint Switch- activates the
of nine, the wavelength will be set to the first param- glint lobe calculations if n is
eter value on pass one, the second value on pass two, set to I or 2 and LOBE is ac-
and the third on pass three. The RCS program will live. Glint data will not be
not loop for pass four because a fourth parameter computed otherwise. If n is
value was not specified on the WLEN command line. set to 2, the standard devia-
The only valid lines following the NEWWL directive tion will be added to the dis- U
are comment lines. placement curve.
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GRAPH nl, .... n9 Graph Display-collected re- struction will be ignored if no
suits will be output in graph- new theta range is required
ical form (see Section 5.3). (see THETA and Section
For average cross-section 5.4).
output, plus/minus standard NEWWL New Wavelength - reruns
deviation curves will be data base with new wave-
added to the graph if the length. This instruction will
absolute value of nI is equal cause the RCS program to re-
to 3 instead of I. If nI is execute the data base from
negative, terminal graphs the beginning using the next
will be automatically sent to wavelength on the WLEN di-
a hard-copy device. The x- rective. The instruction will
axis end points are specified be ignored if no new wave-
by n2 and n3. The number of length is available (see
x-axis labels and tick marks WLEN and Section 5.4).
per label are specified by n4 ORGN x,y,z Component Origin - the
and n5. The y-axis end points component following this in-
are specified by n6 and n7. struction will have its origin
The number of y-axis labels located at x, y, and z in radar
and tick marks per label are coordinates. This instruc-
specified by n8 and n9. The tion, useful for lobe and glint
next line following this in- computations only, will be

, struction is always used for reset to zero after the next
the title. This instruction will component.
not affect any RCS results. PAUSE Pause Program - the RCS

GSIZE nl ... n5 Graph Size-locates the program will stop and wait
graph boundaries on the until a carriage return is re-
plotter page. The lower left- ceived from the user termi-
hand corner of the graph will nal. This command should

be placed at ni,n2 inches not be used in batch mode.
from the paper corner and PHIR n PHI Radar-sets radar phi
the upper right-hand corner angle to n degrees.
at n3,n4 inches. The column POLAR n Polarization -sets system
of data displayed at the right polarization to either vertical
of the graph may be further (n = I) or horizontal (n =

displaced by n5 inches. The 2).
default values for nI through PRINT n Print Display -collected re-
n5 are 2.25, 2.25, 8.75, 6.25, suits will be output in printed
and 0 inches, respectively. If form (see Section 5.3).
used, GSIZE must appear Printed output will be dis-
before the GRAPH di- played on the user terminal if
rective. n = 0. h will be sent to a

LOBE n Lobe Switch -activates the nonspooled line printer id' n
cross-section lobe calcula- = 1, a spooled line printer if
tions if n is set to I. Lobe n = 2, and a file if n = 3.
data will not be computed The next line following this
otherwise. instruction is always used for

NEWTH New Theta-reruns data the title. This instruction will
base with new theta angle not affect any RCS results.
range. This instruction will PRYT p,r,y,t Pitch, Roll, Yaw, Tilt -de-
cause the RCS program to re- fines radar rotation angles.
execute the data base from These angles will be used to
the beginning using the next construct the radar-to-object
theta range computed by the coordinate system transfor-
THETA directive. The in- mation matrix. PRYT will
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default to the identity matrix specified, the following corn-
if not defined. If all angles mands are not alioted:
are zero, the resultant matrix LOBE, GIANT, STATS, and
will have its x and y corn- debugging opi ions.
ponents switched. TRANS ni. n9 Transformation Matrix as-

RAMDB n Radar Absorption Materi- signs conpoleln orienilatiol.
al-modifies the effective The nine values nl through
cross section of a compo- n9, specified in degrees, de-
nent. The RCS of the next fine, by rowk, the direction
component following this in- cosine matrix of the compo-
struction will have n dB ient following this insiruc-
added to it before it is used. lion. The transformation
Thereafter, the value of n matrix will be checked for
will be reset to 0 dB. validity before being used by

RPRCS ni, n2 Relative Phase Switch-ac- a component and then reset
tivates the relative phase to the identity matrix after
RCS calculations if nI is set being used.
to I. Relative-phase data will VALID ni. n8 Valid Range-sets range of
not be computed otherwise. valid angles for component. .
Relative-phase cross section The values of ni through the
will be displayed on a loga- maximum n8, specified in de-
rthmic scale unless n2 is spec- grees, will define observation
ified, which defines the maxi- angles for which the follow- .'-

mum linear value to be ing component is kisible. The
graphed in square meters. parameter values must be

STATS n Statistics Switch -activates specified in pairs and imply
the beta higher-order statis- the following: ni, n2 = first
tics calculations if n is set to valid range of THETA; n3,
1. Higher-order statistics will n4 = associated valid range
not be computed otherwise. of PHIR (all PHIR if not

THETA nl, .... n4 Theta Angle Range-sets present); n5, n6 = optional
radar theta range and incre- second valid range of
ment. The radar observation THETA; n7, n8 = associ-
angle, theta, will vary from ated valid range of PHIR.
nI to n2 degrees in increments - All ranges are assumed to be

of n3. The total number of counterclockwise from the
discrete values may not ex- first element in a pair to the
ceed 181. If the total maxi- second. The valid range will
mum angle, n4, is present, be reset to all angles after be-
theta will vary from nI to n4 ing used for a component.
degrees in groups of (n2 - WLEN nl, n2 ... Wavelength -assigns pro-
nl)/n3 increments. Since this gram wavelengths. This in-
option reruns the RCS pro- struction sets the initial pro-
gram for each THETA gram wavelength to nI
group, the number of dis- meters. Each following pass
crete observation angles al- through the data base in

lowed becomes unlimited, looping mode will set the

The command NEWTH program wavelength to the
must be included at the end next n on the command line
of the input stream (but be- (pass 2 would use a wave-
fore the directive NEWWL, length of n2, etc.) up to a
if present) to force the maximum of n9. The instruc-
program to loop to the next tion NEWWL must be used P4
THETA group (see Section at the end of the data base if
5.4). If the parameter n4 is multiple wavelength passes
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(i.e., looping) are desired (see center to nearest side length j
Section 5.4). a. If ogive is truncated, pa-

rameter b and angle A
5.5.2 Component Definition Directives specify the amount of trun-

cation (b is zero otherwise).
CAVA a Cavity - defines a cavity with PARAB p Parabola- defines a parabo-

equivalent circular area a. la where the parabola equa-
CAVD d Cavity - defines a cavity with tion is p = (x*2 +

circular diameter d. y* *2)/- 4z.
CFLAT r Circular Flat Plate-defines RCORN ab,c Rectangular Corner - defines

a flat plate with radius r. a rectangular corner with
CONE A,n,a, Truncated Elliptical Cone - edges a, b, and c.

LI, L2 defines a cone with lengths RFLAT a,b Rectangular Flat Plate - de-
Ll and L2 from the im- fines a flat plate with sides a
aginary cone tip. Cone tip to and b.
LI is truncated. The elliptical SOLID a,b,c Solid-defines an ellipsoid
cone base's major radius with radii a, b, and c.
length is a and the major-to- TCORN ab,c Triangular Corner-defines
minor ratio is n. The cone a triangular corner with
half-angle is defined by A. edges a, b, and c.

CYLIN a,b,L Elliptical Cylinder - defines TORUS ab Torus-defines a torus with
a cylinder with major radius, inner radius a - b and outer
a, minor radius b, and length radius a + b.
L. TWAVE pL,g Traveling Wave-defines a

DIHED a,b,c Dihedral -defines a 90 di- traveling wave with the pa-
hedral with sides a and c and rameters p (relative-phase ve-
height b. locity), L (length), and g (re-

ECORN a,b,c Elliptical Corner - defines an flection coefficient).
elliptical corner with edges a, WEDGE A,L,B Wedge- defines a wedge
b, and c. with angle A and height L.

LWIRE a Loop Wire -defines a cir- Parameter B is used to limit
cular wire loop with radius the cross section to
a. B/WLEN* *2.

OGIVE R,a,b,A Ogive- defines an ogive with WIRE L,a Wire- defines a wire with
radius of curvature R and length L and wire radius a.
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6.0 PROGRAM LISTING

22FILE S Y0:C111,122RC5.FTN 27-SEP-83 14:32:52 4

1 030suw~uw*.u~u~wuuw~w.wiwww
203, C
30)- C NRA CCCC 5388
4010C R R C S
503,C RRRR C 555
70). C R R C

703.CCC C85N88c S
60p C
60), C
too).C R AD AR C ROS S s E C TION
102. C

130 C
140p C NOTE! THIS PROGRAM STORES MATRICES BY ROWS (NOT COLUMNS) 1
1503, C ..
160). C MAXRCI CONTAINS THE CURRENT MAXIMUM RCS BUFFER SIZE 11811
1703. REAL*$ T1ST2.T3,T4,T5,T6,SO,ZERO
1602 REAL*4 CMDSI2S),OSJS(16JIRCS(1613,RCS2(1813,TRANS(I),VALIDI
too0, REAL*4 ARR(OJPPRYTIS),MATIS),COMPIB),PRYTV(4),PRYT219)
2001, LOGICAL*2 ATTN

210)-LOGIALIII FIL ISUF(IOI ,SLASH,AGAP,OBJECT,AZ,AC,ANOOTIDRCS(41
2203, REAL*4 POLVH(21,YYVIISI,2),XV(1611,SLOIE(4,181,23
230p EQUIVALENCE IFILESBUFI,(YYY,SLOBEJ,IXY,SLOBEE1,1,233
240), REAL*4 IDENTI9).BAARI9J,SIDEII,41,DESOUT(61,ORQNIS).MODI
2501, REAL*4 DELTA(4),ALPNAI4JSCALEI6I,THETAI4I.0SIZE(SI
2003 INTEGER*2 LSIDE14),ROUTE
2702 C
280p INTEGER*2 DESUQ,COMBIN,GLINT
260). LOGICAL*2 QOULD,LPOPENELPF.OLDORFMQRAPH.ODAUTO
300), COUUON/SWITCHI IOW.THETAGOULD,LP,OPENE.LPF,OLDQRF,MORAPH,
31030 1 SDAUTO,DEBUG,COMBIN,GLINT,IBUSLBUQ,ISTATSIZETA,STATS.NRCS.IOR

$303k COMONCSCO/CUTOFF IWLENIPI ,PI2SRCSC,THP,CTHP,STHP,PHPCPHP,SPHP,
340b 6 C2PHP.S2PHP .RADPOLARLOBE,
35030 8 ARR
$03 COMONRCSLO/IOL,ORN COMPSLOBE,SETA.
370b S ANQ,CANS,SANQPNR,CPHRSPHR,KLOBE
360p COON /RPRCS/ IRPR, IRCS,RAM,NCS,RCS2
3603, COON /QRCOMI ORLIS
400), C
410p DATA POLYN/'VER' ,'HOR'/,CLEAR/'CLEA'/,COME/'COME'/,SLASN/'/If
420P DATA CMDS/'COUM','COMS ,WLEN','POLA','TRAN','VALI','PHIR','TNET',

*430p S 'GRAP','PREN','PRYT','PAUS','CLEA','DEBU','NEWW','RAMD','LOBE',
4403, S 'IETA','ORN'.'DELT','ALPH','RPRC','STAT','GLIN'.'NEWTV,'GSIZ'/
450p DATA OIJS/'OOIV','CYLI','CONE','PARA','SOLI','TORU','WEDO',
460p I 'WIRE','LWIR','CAVA','CAVD','CFLA','RFLA','TWAV','DIHE','TCOR',
47030 S 'RCOR','ECOR'/ :
4600p DATA IDENT/1.,0.,0.,0..1.,O.,0.,0.,1./,AG/'0'/,AP/'P'/,AC/'C'/
400p DATA DEBOUT/0.,' COM','PONE','NT O','UTPU','TV/.ALL/'ALL '
600p DATA GRARRI-1.0,160,7.-S0,O0,7,1l,AZI'ZI/,AN'N'IDOT' .'I
5102, DATA SIDEI'STAR'.'BOAR','D','PORT',0,0,'TOP',0,0,'BOTT'.'OM',0/
$2030 DATA LSIDEI7.4,3,0/,DRCSI'.','R','C','S'I,ZEROIO.00/
$sob DATA OSIZE/2.25,2.256.756S.25,0./
540p C
650b C 01506 OUTPUT
6602 C 13U01182.RCS OUTPUT
6702, C IBU632wpTRAN8,PRYT,COMP
6103, C IBUG$40PANGLESERADAR&PRIME)
5602, C
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60030 C .161030 C SET RCS CONSTANTS
62031 C
630b NCMD226
040b'N3J1

650) MAIRCSZ161
660), P1:-3.1415926
6701, PI2mPI/2.
660b RADSPII18O.0
690), CUTOFFXl .E-10
1003, LINESO
711 GOULD2.FALSE.
72030 C
7803, C
740;- C ASSIGN LUNS AND ATTACH INPUT FILE
750). C
76030 IORu-l
7703, 1OW22I ~?sob0 IOPZS3
790, 10034
S00b lOFuS5
91030 bOLs
6L 20b IbENl
930) C
640) CALL ASNLUNIIOR.'TI'.0JNE
610), CALL ASNLUN(IOW,'TI',0J
66e), CALL A8NLUNIIOF.'SY',Ql
$7ob CALL ASNLUNIIOP,'GD',0)
660' CALL ASNLUNIIOL,'SY',0J
690). CALL ASNLUNIIOE,'SY',0)
900) OPENE . FALSE.
910), C
9 20), WRITEIIOWIl)
960). 1 FORMATI' ENTER RCS DATA FILE NAME')
140s, READIIOR,2.ENDzSIS9J FILE
950) 2 FORMATIOAll
960) CALL TRIM6O(NF,FILE)
970), FILEINF11:0
9803- C
9903' C INPUT OPTIONS

1000). CI10203, C /P a PRINT RESULTS FOR EACH COMPONENT
1000C /a aGRAPH RESULTS FOR EACH COMPONENT
14PC /GC 8 DRAW ALL /0 OUTPUT ON ONE GRAPH (COMBINE)5001 C

1060) DEIU~sO
1070' COMBINso
1060), IZETAzO
1090b IFal
1100' I DOTinG
1110)' DO 6 JmIFNF

1130) IFIFILE(JJ).EO.DOTI IDOTuJJ
11401, IF(FILEIJJI.EQ.SLASH) GO TO 7
1150)' 6 CONTINUE !J
11603 GO TO I
1170' 7 NF2JJ-1
1160) IFIFILE(JJ*1).EQ.AZi IZETAuIOG 4

1103' IF(FILE(JJ.IJ.EQ.AQ) DEIUGzl

Il
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1200. IF(FILEIJJ+.1LEQ.AP3 DEBUQ:2
*12103, IFIDESUS.EQ.1.AND.FILEIJJ.2).EQ.AC) COMBINz-I

1220o IF:JJ*2
1230) 8 IFIIDOT.QT.OI 00 TO 9
1240b C DEFAULT FILE EXTENTION TO .RCS
1250), DO 13 JX:1,4
1260), NFzNF.1
1270)- FILE(NF)SORCS(J)
12803. 13 CONTINUE-
1290), 9 FILEINF+1):0
1800). OPEN(UNIT:IOF,NAMEuFILE,TYPEU'OLD' PREADONLY)

* ~11 ,.tl~C

1320 TIMESSECNDS(0.01
1330) CALL GRINITE0,IZETA,i00,IER)
1340)- CALL QRHVI H')
1350), CALL ORPIC(2.25.2.25,S.75,6.25)
13803% IF(IZETA.EQ.O) CALL GADEVI'TEK','HARD',IER)
1370), C
11380 C INITIALIZE RCS VECTOR A OTHER STUFF
1390), C
14003, CID2O.
1410 ~ IW-l
1420:, OLDGRFZ.FALSE.
1430), 00 TO 70
1440), C
1450' C

4 ~~~~14600- C *~~fwRw~M*ShIWWu
1470 C READ NEXT LINE IN RCS DATA FILE
1 480), C 0hwua*wwU~wfWUWw
1490' C
1500). 8 CONTINUE
1510). IFIOBJECT.AND.DEBUO.E0.13 6O TO 48
1520' IF(OBJECT.AND.DEBUO.EQ.21 80 TO 50
1530' C
1540' LINEsLINEl
1550). READ(IOF,4,ENDZO99S,ERR290S3i CMD,ARR
1560' 4 FORMAT(A4.1X.9F10.O)
1570). C
1560' C DETERMINE IF CMD IS A DIRECTIVE

1600). DO 5 Jul .NCMD
1610), IF(CMD.EQ.CMDSIJ)I
1620 S 60 TO 110,12,15,20,25,30,33,40,43,30,3560,70,10,6,83,
1630), 11 500,510,520,540,550,560,570,580,5S0,600), J
1640), 5 CONTINUE
1650' C
166003 C 00 TO OBJECT SEARCH IF NO DIRECTIVE MATCH FOUND -

1670' C
16603, 0O TO 90
1690' C
1700). C
171030 C
1720-v C NWMM ff0uuuIhf*MW
1730), C EXECUTE APPROPRIATE DIRECTIVE
1740,v C WWW*WWWW*UW*WUI
1750' C
176003 C
1770' C "COMM" -SKIP COMMENT LINES
171030 C
1730), 10 NCOMuARR I II
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S~ ~ FU0 IFNCONM. LE.O0) Go TO 3
16102DO 11 Jz1,NCOMM

1820), LINEILINE.1
1430), 11 READ(IOF,4,END'0990o) CMD

*1840), GO TO 3
1850). C "COMS" - SEARCH FOR "COMEO
1860O, 12 READ(IOF,4,ENDz99953 CHO
1470), LINEvLINE.1
logo). IF(CMD.EQ.COMEI GO TO 3
1690), GO TO 12

1100ARWL GOT 99
1910k C "WLEN" - SET WAVELENGTH

1940 POfLAR ET POARDIZATIONl VECTO99

1660), GO TO 3

1990),
20003o 20 POLARUAMAXI(1.,AMINI(2.,ARRIJII
2010O. GO TO 8
2020O, C
2030P C "TRANS" - COMPUTE COORDINATE TRANSFORMATION MATRIX 1
2040,j' C
2050).25 CONTINUE
2060), DO 26 J2,.9
2070), 20 TRANSIJi:COSIARRIJJNRADJ
20803o CALL TRANSPITRANSMAT)
2090), CALL MATMULITRANSMATSMAT)
2100. MAKE SURE TRANS IS VALID
2110), DO 24 181.9
21201, IF(ABS(MATIJ)"IDENT(J)JGQT.1.E-SJ GO TO 27
21303o 24 CONTINUE
21403, GO TO 3
2150o 27 WRITE12,28)
216030 20 FORMAT(' RCS' -- BAD TRANS DIRECTION COSINE MATRIX'/' RC82''J

2170),WRITEI2,291 ARR
2190o 29 FORMAT(' RCS)- ',3F10.S)
219030 WRITE(2,291
2200), "RITE(2,29) MAT
2210p- GO TO 9993
22203o C
22803o C "VALID" - SET VALID ANGLE REGIONS
22401' C
2250 $0 CONTINUE
22601' DO $1 jail$
22701, 31 VALIDIJ)uARR(JJ
2210.% GO TO 3
2290' C
2800b' C "PHIR" - SET RADAR PHI ANGLE
23102' C
2820x 35 PNRuARRIli
2380j- IF(AISIPHRI.QT.130.1 WRITEIIOW.418) PHRFJ2340s, 36 FORMAT(' RCS), -- PHIRa',FS.1,' IS OUT OF BOUND$')
23503, 00 TO 3
23601' C
2370P C "THETA" - SET THETA RANGE (MINMAXINCJ A TOTAL MAX
2$830 C

2890p' 40 IF(OLDORFl GO TO 43
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2400) THETAI1JSARRIII
2410),IIRIIIIE010 TO 42
2430) THETA131MARR(3)
24403 THETA(41:ARRI41
2450 MQRAPHZ.FALSE.
2460) IF(THETA14).GT.THETA(2)) MGRAPHvUTRUE.
2470b C
24803 NRCSu(ARR(2i-ARRtiJI/ARR(3i.1.001
2490) IFINRCS.LE.MAXRCSJ GO TO 3
2500). IR ITE II OW,411
2510 41 FORMAT(, RCS3 -- TOO MANY OUTPUT POINTS')
2520b GO TO 9963
2530 C
25401 42 THETA12I:ARR(1i
2550). THETA131al.
2300), NRCS--t
25703k GO TO 3
2580b C
2590o 43 TzTHETA~l)

9/2600), THETAUJ:sTHETA(2J
2610) THETAI2)U-AUINlE2.*1HETAIJ-T,THETA14R)
2620 00 TO 3
2630k C
2640)o C "GRAPH" - GRAPH RESULTANT RCS VECTOR 2 CHOIS)
2650) C
2600) 45 CONTINUE
2670) C IF(ISTATS.EQ.1) GO TO 4642
2660), IFINRCS.LE.1.OR.DEBUG.E(Q.21 GO TO 3
260o IFIIZETA.EQ.0.AND.COMIIN.LE.0.AND. .NOT.OLDGRF)

442700), 1 CALL ORMODEI'ERASE' .3)
2710)- ATTNN.FALSE.
2720 IF(CMD.EQ.CMDSI9II GO TO 4546
2730), Ctw
2740b' C GRAPH DEBUG MODE
27503o MSOD012Iulo1101M6
2760), DO 4541 JvlNRS
2770), IFIRCSIJJ.GT.M6ODBI GO TO 4540
2730 4541 CONTINUE
2790x GO TO 4553
23001, C
2310X 4640 CALL TRAPCCIIORATTNI
2230b DO 4545 J4l1,1
2330b' 4546 ARRIJ~uGRARRIJJ
2640), 4546 CALL ORSCLIARR12),ARRI6JARR(31,ARR(7)
2850). IFIIRPR.GT.0.AND.RPRCSG.QT.0.)CALL GR1SCLIARRI2)I.O.,ARR(S),RP11CB)
2960b SCALEII)NARR12)
2670), SCALE(215ARR(6J
2160), ICALEI3JuARR(3J
2600). SCALEI4)BARRI7)
2900) SCALE15)BARR141
2110), SCALE(I)ARRI51
2920 IFICOMBIN.EQ.1.OR.OLDORF) GO TO 4547
20302' C
2940) Y:GSIZEI2)
2050)- IPIKLOIE.LE.O) 0O TO 44
2960 vyu-.65
2670)0 CALL ORPLOT(GOIZE13),GSIZEI21,01
2980)o CALL ORPLOTII8IZEI1),0SIZE12J.1)
2660)0 C
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3000 44 CONT INUE
$010) CALL SRAXISIO,QSIZEII),YGSIZEI3)-GSIZEI1J,0..ARR(21,ARR(3).
$020) 1 IFIX(ARR(4U),IPIX(ARRIS)).'OBSERVATION ANILE'.31.1)
50303, DY20SIZE(4)-GSIZE12J
3040 IFIIRFR.EQO.OR.RPRCSS.EQ.0.J 0O TO 4560
3050) C
80603, CALL ORAXISI3,961ZE113,GSIZE12).DY,g0.,@.,RPRC6SLRPRCS.2,
3070). 1 'RCS ISUJ'.3,1)
30603, 90 TO 4547
3030b' C
31003,4560 CALL *RAXI5I3,Q5IZEI,GSIZEI2j,DY,90.,ARRI6JARRE7IIFIXIAIRAIII,
3110). 1 IFIX(ARRIOII,'RCS (DISMI'.10.li
3120b C

'43130N 4547 AN08THETAII)
8140 DO 46 JII,NRCS
3I1O) XVIJ)*ANG
3160 ANOSANG#THETAIS)

3170)YYYMRCSIJ)
3180 IFIINPR.EQ.01 0O TO 4561
31900 YYYzRCSIJ)*12+RCS2IJJUU2
3200)' IFIRPRCSS.EQ.0.) 0O TO 4561
3210 YYYIj,1):yyy
3 22030 60 TO 46
3230) 43S1 YYV(J,1)310.*ALOG1IAMAX1ECUTOFF.TYYYJ
3240) 46 CONTINUE
325030 CALL GRWINDI-NRCSXVTYV,IS,0,.1,0.IJ
3260 IFICOUBIN.EQ.1) GO TO 4656
82703 IF(ABSIARRI1JJ.LE.1.OR.DESUG.EQ.1.OR.IRPR.EQ.11 00 TO 46
310), SI0111-1.
3290) DO 47 Kal,2
3$00). DO 46 Jz1,NRCS
3310) SxSQRT(AMAXIO.,RCStJIww2-RCSIIJ)
$320o 43 YYYIJ,K)hlo.*ALOG1O(AMAX1ICUTOFF,RCS(JJ.SIGN*SIJ

$330 1 CALL GRWIND(-NRC3.XV.YYV~I,K),1S,0.I,O.,lI

$350 4 CAL IFIZTTEOUTAL,211 EVLPA'

3400), SO TO 4540IIII), CA(LQI0 TO 4553
3440), CALL GRPNTO,BX-1Y,.5,.

4350) CALL *RTXTIBUONSIC ULSAE'0

3520), IF(IRREI.TCALL GRTXNTRPRC',0
1 $410CALL RSXYIXMID,GSIZE4J#..5,XXYY)

SET0 CALL GRPRIINT11O.X-1,YY,.15,0.)TOICS
3560), TEMALL GTO APHMO DETAND FULSCALE -0
3670)o IFIZET.EQ.0) CALL RMODE'CP'3)
3560). FIP.QI ALOTT'PC'O

$1o.CALL GRSCLIGSIZEIGIZE2),X,SIE3,SZI$50CL RRT0XIY,1,.
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3560' XBQSIZE131+1.05*03IZEI5J
3600), C
M610b YuOSIZE(4).5
3S203 FRE~u.3/WLEN
3630b CALL ORTXTI'FREQUENCY ',0)
3040b' CALL GRPRNTII,X,0,Y,.l2,0.I
$650) CALL GRNUMI'F',-1,3,FREQ)
3660' CALL GRTXTI' 0HZ' .0)
3670b' CALL GRPRNTI-1,X.0,Y..12.0.I
3660), YRY- .2
$0903, CALL GRTXT('POLARIZATION '.01
3700), CALL GRPRNTIlX,0,Y,.12.0.J
3710b CALL ORTXT(POLVHIIFIXIPOLARIJ,31
3720' CALL GRPRNT(-1,X,0,Y,.12,0.i
3730b' IFIMORAPH) 00 TO 4542
3740b' YUY-.2
3750, PERSHC100. -100.wFLOATINVALIDR/AMAXOI1 ,NTOTALI
37000 CALL 0RTXTI'Z SHADOWED ',01

*3770.,# CALL SRPANT11,X.O.Y,.12,.
Mo60b CALL GRNUM1I'F',-1,1,PERSH)
3790b' CALL GRPRNTI-1,X.0,Y,.12.0.I

*3300' 4542 YZY-.2
3310), CALL GRTXT('PITCH '.01

443320' CALL GRPRNT(1,X,0,T,.12,0.I
$332 CALL SRNUMI'F',-1,3,PRYTVIJJi
3840' CALL GRPNNTI-1,X,0,Y.12.0.)
3850b' YET-. 2
3860' CALL GRTXT('ROLL ',0)
3670), CALL GRPRNTI1,X.0,Y,.l2.0.)
31S03 CALL GRNUMI'F',-l,3,PRYTV(2II

* 3130b CALL GRPRNTI-1,X.0,Y.12,0.I
3900' yU-y-.2
Mob02 CALL ORTXTITYAW ',01
3320' CALL ORPRNTII.X,0,Y,.12,0.1
39303' CALL GRNUMAI'F',-l,3,PIYTVf3JI

N 3640b' CALL GRPRNTI-1,X.0,Y,..1,0.)
$9 3503 TET-.2
$930' CALL GORTXTI'TILT ',01
397030 CALL 0RPRNT(1.X,0,Y,.l2.0.)
3960), CALL GRNUUI'F'.-1.3,PRYTVI4J)
$9903 CALL ORPRNTI-1,X,0,Y,.12,0.i
4000' ymy-.2
40103, I3101.0
4020b' IFIPNR.EQ.S0.) 1510131

P 4080b' IF(PHR.EO.-SO.3 I811E22
4040b' IFIPHIEQO0..) ISIDES
4050b' IFPNPR.EQ.180.i I810E34
40602b IFEI6IDE.EQ.0) 0O TO 4556
4070 CALL GRTXTESIDE(1,ISIDE3,LSIDEEISIDEJ3
40600s CALL GRPRNTIO,X.0,T,..2,0.) .~

4090x' GO TO 4557
4100' 456 CALL GRTXTI'PHIR '.01
4110b' CALL GRPRIINT(l,X,0,Y,.12,01.J
4120j, CALL GRNUMNI'F',-l,3,PHRJ
4130). CALL GRPRNTI-1.X,0,y,.12,0.3
4140p' 4667 CONTINUE
41603- IFIUGRAPHI GO TO 4559
4160' IFIDE3UG.NE.OJ 0O TO 4550 4

4170b' C
4110 C COMPUTE AND GRAPH LOBE STATISTICS IF REQUIRED

R4

30



imm OHNSHOKINS UWWERS"l
APPLIED PHYiSICS LABORATORY

4130)' C
42003o IFIKLOBE.LE.Ol GO TO 4551
42103o CALL ORPLOTI11.,0,0il
42203, IGRPRZ1

:4!42303o WRITEIIOL'I) IGRPR,KLOBE,GLINTSNRCS,PNLOBEUTHETA,ALPHA.DELTA,
4240b' 1 BETA.SCALE, IZETA, IPCODEWLEN.LBUQ,NB.BUF,GDAUTO,
4250), 2 FREa,POLVHIIFIX(POLARI3,PERSH,PITCH,ROLL,YAW.TILTPHR,GSIZE
4260il CLOSE(UNITzIOL)
42701, CALL SPAWNS
42601, OPENIUNIT:IOL,NAVEx'LOBE.TMP',TTPEs'OLD',RECORDSIZEUsil,
42603, 2 ACCESSB'DIRECT',SHAREDJ
4300p' C
4310P' 4551 IFIISTATS.EQ.0) GO TO 4550

% 4320' C
4330' C GRAPH HIGHER ORDER BETA STATISTICS IF REQUIRED
4340' C
43503' CALL HOSBD(I,DUY,IOE.DUUY,SLOBE,UF,NI
48603 1 FREQ,POLVHIIFIXIPOLARJJSPERSHPITCH.ROLLYAWTILT.PHR)
43703' C
4380p' C CLEANUP GRAPHS
4330)' C
4400' 450 IFIBDAUTO-AND. IZETA.EO.AND.DEBUG.EQ.0J CALL GRTEKG
44101, IFIDEBUG.EQ.1.AND.COMBIN.EQ.0.AND..NOT.ATTNI CALL GRTEKG
4420' 4553 IFIIZETA.EQ.0) CALL GRPLOT(0..S.4,0)
4430b' IFIIZETA.EQ.01 CALL GRMlODE('ALPHA',3)
4440)- IF(IZETA.GT.0.AND..NOT.MQRAPH) CALL GRPLOTI1I.,3.5,-1i
4450' IFIIZETA.GT.0.AND.MGRAPHR CALL GRUPPN
4480), IF(CMD.E0.CMDSIOIJ GO TO 3

44803o IF(ATTNJ CALL DETACHIIOR.IER)
4490:, CUDECLEAR
45003o CALL GRPLOTEO.,0.4,0)H45101' CALL GRMODEI'ALPHA'.3)
45203, GO TO 70
4530b' 4544 READ(IOF,21 BUF
45403o LINEzLINE*1
4550),0 T
4550), GOTC
4570' C "PRINT" - PRINT RESULTANT RCS VECTOR

45303 50 CONTINUE
46003', IF(DEBUG.GE.1.AKD.CUD.EO.CMDSIIO)I GO TO 4544
46103o 10310w
4620' C FORCE OUTPUT TO LINE PRINTER FOR DEBUG
4630 IPCODE:-ARRI1I
4640p- IFIARRI1J.GE.1.0.OR.CMD.NE.CMDSII0I) IOSIOP
46503' ANGE9THETA III
46603' ANGINCNTNETAI3)
4670' LPm.FALSE.
4660' LPFv.FALSE.
4603'1 IFIARREII.GE.2.0.AND.DESUG.EQ.0) LP'.TRUE.
47001' IF(ARRI1J.GE.3.0.AND.DEIUG.EQ.0) LPFa.TRUE.
4710b' IFIPI CALL ASNLUNIIOP,'SYI0O)
47203o IF(LPI OPENIUNITNIOP,NAMEX'LP.LST'R
47303' IF(IO.EQ.IOP.AND..NOT.IGOULD.OR.LP)I CALL ATTACHIIOSIERI
4740 IF(IO.EQ.IOP.AND..NOT.LPJ GOULDz.TRUE.
4750 IF(CMD.EQ.CMDSIICfl GO TO 1050
4760 C
47703' C DEBUG OUTPUT PRINT MODE
4760)'MO-1 10*
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4790p DO 5054 Jul ,NRCS
4300), IFIRCSIJ).QT.MSODB) 0O TO 5053
4810p 5054 CONTINUE
4820), WRITEIIO,5055) CMDLINE
4330p 5055 FORMAT('0',A4,' HAS NO RCS CONTRIBUTION IDATABASE LINE',13.')'i
434010 60 TO 5056
4150p C
4860, 5053 CONTINUE
4370p WRITEIIO,501 CHOILINE
4880), 56 FORM1ATI/'0',A4,' COMPONENT OUTPUT FROM DATABASE LINE'.131
46903, 00 TO 5051
4900p 5050 READIIOF,2,ENDz9993) BUY
49103, LINEuLINEsI -

4620), CALL TRIM30(NB,BUF)
*4930p WRITE(1O.54J (IUFI3,Iul,NB)

4940), 54 FORMATI/'0',120A13
4650), FREQ:.3/WLEN
49603 WRITEIIO,50571 FREQ
49703, 5057 FORNAT(" FREQUENCY(GHZ)2',F5.1I
46003, I3G:IBUG.AND.1
4690), IF(CMD.NE.CMDSI1Oi) 139:1
5000). C IFEISTATS.EQ.11 19600
50103. 5051 IFIIRPR.EQ.01 WRITE(IO,51)
5020p 5I FORMATIO0 R C S OUTPUT-/2X'-ANGLE',SX,'RCS' .51,
5030b I I RCS-S',5x,'RCS#S'/lI
5040p IFIIRPR.EQ.11 WRITE(IO,S7i
5060p 57 FORMAT('0 RPRCS OUTPUT'/2X, 'ANGLE' .21, 'RCSIDUSMJ' .2X,
506030 1 ' RCSESM)'
5070' C
508010, C
5060). DO 52 J:1,NRCS
510030 IF(INPR.EOI.0) 0O TO 5053
5110p YBRCSfJJ**2#RCS2(JIU*2
5120), YYT:10.*ALOGIOIAMAX1(CUTOFF,YII
$130). WRITEEIIOS6I5 ANGTYYTIT
5140p' 5059 FORMATIF7.1,2F10.41
51503, 0O TO 56
51602' C
51103, 5056 RCSCmAMAXlI CUTOFF,RCSEJI3
51103, SzSQRT(AMAX1(0.,RCSIJI**2-RCS2(JJ)

51902' DBS121O.11ALOGIOiAMAX1 (CUTOFF RCSC) I
5200), DBSin~hlO.*ALOGIOEAMAX1 ICUTOOF,RCSC-S)I
52103, DBSMPSU1O.WALOGIOIAMAXI ICUTOFF,RCSC.SJ)
52203, WRITE(1IOSSI ANGDBS1M.DBSS111,DBSU31PS
5230), 5s FORMATIF7.1,3F10.4,3X,2FI0.4)
52403, 56 IFIISTATS.EQ.0J 0O TO 52

52103 HS DOES NOT USE STATS INENLYWITHT 52RINT

*,2405290
5300), CALL HOSBDIO,J,IOE,IO,SLOBEJ

C.$5310 C
5320), 52 ANU3ANG.ANOINC
5330 IF(DEBUO.NE.OJ 0O TO 506
53401, C
5350), C COMPUTE AND PRINT LOBE STATISTICS IF REQUIRED
1153S0p C
53701, IFIKLOBE.LE.01 9O TO 550
$380o, IfIRPRzO
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530p WRITEIIOL'1J IQRPR.KLOIEGLINT,NRCS,NLOBE,THETA,ALPHADELTA,
$4003 1 BETA.SCALES IZETA, IPCODE.WLEN.LBUG

* 5410p' CLOSEIUNITUIOLJ
5420) CALL SPAWNS
5480b' OPENIUNITUIOL.NAMEu'LOSE.TMP',TYPEIOLD',RECORDSIZE:S1l,
5440p 2 ACCESSS'DIRECT'.SHARED)
5450p C
54603- 5550 IFIQOULD) WRITEIIOP,5052i
3470p' 6052 FORMATI'1')
540p 5060 IFIGOULD.AND.DEBUQ.EQ.01 CALL DETACHtIO,IERJ
5490b' IFIGOULD.AND.DEBUG.EQ.O3 SOULDZ.FALSE.

*550op IF(LP.AND..NOT.LPF) CLOSE(UNITuIOP.DISPOSEz'PRINT'3
$5103, IFILP.AND.LPFJ CLOSEIUNITRIOP,DISPOSES'SAVE')
63200 IFILPJ CALL ASNLUNIIOP,'SD',OI
5530), IF(CMD.EQ.CMDSI1OI) 00 TO 3
55402 CMDaCLEAR
33sop 0O TO 70
$$sop C
33..570) C "PRYT" - MASTER ROTATION ANGLES
5560), C
$560) I5 CONTINUE
5603 222 PORMAT('0'/I1X,3F8.31)
5610b' C COMPUTE YAWupRESULT
5620), PRYTVIS)uARRI31
$63030 CUCOStARR(SI*RADI
6640b SxSINIARR(S3*RADI
56506, CALL MATPUT(PRYT,1.,0.@...C.-So0.,S.CJ
5660' C MULTIPLY BY ROLLxpROLL*RESULT2RESULT
5670' PRYTVI2JuARR(2)
$601, CECOSIARR12)NRADJ

V S6030 SmSIN(ARR(2JWRADJ
6So' CALL IATPUTIMATC,-S,0.,S,C,0.,O.,O.,.i.
5710p' CALL MATMUL(MATPRYT,PRYT)
$ 732 C MULTIPLY BY PITCHupPITCN*RESULTmRESULT
5730), PRYTVII)UARRIIR
$ 740), C2CO8IARR(IIURADJ
$?o 57038SINIARRI1J*RADJ

*5702 CALL MATPUTIMAT,C,0.,SoO.,1.,0.,-S,0.,C)
57703, CALL MATUUL(MAT,PRYT,PRYT)
518411 C MULTIPLY BY TILTBORESULT*TlLTuRESULT
5730p PRYTV44)ZARR(4)
56002' CRCOSIARRI41URAD)
58103' SRSINIARRI41*NADR
53203, CALL MATPUT(MAT,.O.,-6,0.,1.,0.,S,0.,CI
56601, CALL MATMUL(PRYT MAT,PRYT)
5540' C MULTIPLY BY Bsm2'BRESULTvRESULTxuaPRYT
560), CALL MATPUTIMAT,0.,-1..,.,0..,0.,0.,0.,1JI
$1600 CALL MATMULIMAT,PRYT.PRYT)
5870' SO TO 8
5660). C
$1901, C "PAUSE" - WAIT FOR A CARRIAGE RETURN
5$00op C
5910' 60 CONTINUE
532ob READIIOR.SI,ENDuI660) J
5st02' 6I FORMATIAI)
56403, 00 TO 3
$$lob C
$$sob C *RAMDSm - MODIFY COMPONENT ACS
5670p' C
50) I5 RAMU1O.NWIARRI1I/10.1
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566030 60 TO 3 7
600030 C
60103, C *CLEAR" - CLEAR RCS VECTOR
6020) C
6030), T0 CONTINUE
60403, IPASS30
Go50b OBJECT2.FALSE.
6060), NVAL1030
6070), UTOTALO
S0803, Do 71 Jzl ,MAXRCS
606020 RCS2(JiuO0.
610030 RCS(J)30.
6110), YYVIJ,1330.
61203, YYV(J.2J:0.
6130). XVIJJ:0O.
6140), C EXTRAIJJ:0.
615030 IFIOPENE) WRITEIIOE'JIDZERODZERO,DZERO,DZERODZERODZERO
6160X 71 CONTINUE
61702, IFICMD.EOCLEARJ 0O TO 8
61602 C
6160), C RESET SYSTEM VECTORS
6200b C
6210), POLAR--I.
6220)o C
6230) C SET PYRT TO IDENTITY BY DEFAULT
640b C
6250).DO 74 J31.9

0260), 74 PAYT(J)ZIDENTIJ)
62701, C
6260b C RESET LOSE PARAMETERS
6200) C
*aoo). KLOSE:O
631030 LLOIE2O
0 320). MLOBExO
6330 NLOSEs-3
6840b BETAmO.

630b C RESET RPRCS PARAMETERS
03702 C
03s0b INPABO
63901, C
64003, C RESET VALID VECTOR AFTER EACH OBJECT
6410 C
6420 72 VALID(IR-360.
6430 VALIDI213360.

.1 440b DO 73 Jis'
6493 73 VALISIJ120.
6460 RAMI.
6470) 007 Ji l 4131-

6480b 76 TRANSIJlsIDENT(JI

76obI ORGNIJIBO.
6510), IFIIPASS.EQ.1) 00 10 96
65203 00 TO 3
*530p C
6640p C DEBUG OUTPUT
6550b C
6l60p 60 ISUUnIFIXIARRI1IJ)
6570), LBUGnIFIXIARRI2III
6560, so TO 3
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6560)' C
6600b C NEW WAVE LENGTH
6610). C
66201 65 IWLUIWLs1
6630 IFIIWL.EQ.10) 60 TO 0990
564030 OLDORFS.FALSE.
66503 66 REWIND IOF
ess60 IFIKLOBE.GT.0) CLOSEIUNITUIOL)
6670)' IFIGOULDi CALL DETACHIIOPIER)
$$lob' GOULD:.FALSE.
6690), LINEz-O
6700). 60 TO 70
6710) C

a-. 6720 CWhMuww3uuuwwhwMwNu*on
6730) C THE FOLLOWING COMANDS ARE NEW
67403, C ADDITIONS TO RCS FOR THE LOBE
6s0so C STATISTICS
@70'C*UUW*iw*w**wuouu6u*uuubw
6770b' C
6780) C "LOBE" - SET LOBE SWITCH

Oslo), C IF1IRPR.EQ.l.AND.ARRI1).EQ.0.I 00 TO 3
6620), C IF(ISTATS.EQ.1.AND.ARR(1I.GT.0.I GO TO 573
6IS0). LLOBExARRI11
6640)' IFILLOBE.GT.0.AND.KLOSE.LE.O) CALL NOLOCKIIOL1
615030 IFILLOBE.GT.O.AND.KLOBE.LE.01
66 0603k 1 OPENIUNITuIOL,NAMEu'LOBE.TMP'.TYPEs'UNKNOWN',RECORDSIZEUI61.
617031 2 ACCESSS'DIRECT',SHAREDJ
611030 IFILLOSE.GT.O.AND.KLOBE.LE.0) WRITEE lOL'l DUMMY
66600) IF(LLOBE.GT.O) MLOBEsLLOBE
600s' IFILLOBE.GT.0) KLOIExLLO3E
6610' 60 TO I
6320' C
6130)' C501 WRITE(2.502)
6640) CR02 FORMAT(, RCSp -- RPRCS AND LOSE CANNOT BOTH BE ACTIVE')
6650' C GO TO 1993
6660) C
6670' C "BETA" - DEFINE BISTATIC ANGLE

6660)' 510 BETAUARR(l)I70003 IFIBETA.LT.S.) BETASO.
70100 00 TO 3
70203 C
7030' C "ORON" - COMPONENT ORIGIN VECTOR
7040' C
7050' 520 ORGNIzARRIl1
7060' ORONI2JuARRI21
70701 ORGNI318ARRI131
70101 0O TO 3
7060) C
710) C "DELT* - FIRST LOSE ANGULAR RANGE
7110' C
7120' 640 DO 541 Jxl,4
7180b' 541 DELTAIJJUARR~iJ
71401, DELTA12JEAMAX1 IDELTAII),DELTAI2J)
7150) DELTA13JuAMAX1(1I.,I)ELTAISJJ
7160*b IFIDELTAI4J.LT.4.0.OR.DELTA(4).GT.10.1) DELTA441Z40.
71703' GO TO 3

7160P C
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71900' C "ALPH' - SECOND LOBE ANGULAR RANGE 4
7200), C
72t0D 550 DO 551 Jul,4
7220). 151 ALPHA(IJARRIJI
7230j, GO TO 3

4.7240), C
72 50b *WW*WWWWI*WWW*MUW
72603- C
7270), C END OF LOBE COMANDS
7280 C

7200). CUUWuwmwewwwwwiWuu
7310), C "RPRCS" - RELATIVE PHASE RCS
7302 C
73303, 500 CONTINUE
7340P C IF(MLOBE.QT.0.AND.ARRI1).GT.0.)GO TO 501
785011 C IFIISTATS.EO.1.AND.ARRI1l.GT.O.I GO TO 571
7560), IRPR'MINOI1,MAX1(0..ARRII))D
7370), lYEIRPR.EQO) GO TO 3N:
7310)- RPRCSQSARR12)
7390, LRPRCS=ARR131
74003, IFILRPRCS.LE.11 LRPRCS:5
7410 LOBE--I
74203o LLOlEz1

47430), ELOBEml
7440), GO TO 3

4,7450), C
74603, C *STATS" - HIGHERER ORDER STATISTICS
7470). C
7460j, 570 CONTINUE
7400 C IF(IRPR.EQ.l.AND.ARRfIJ.GT.0.) 0O TO 571
7500P C IF(MLOBE.GT.0.AND.ARRI1L.GT.0.)GO TO 573
7510), ISTATSuMIfNO(1,MAXI(0.,ANR(tifi
75203, STATSNARR(2)
7530 IFISTATS.L.E.0.) STATOzlO.
75403, IFIISTATS.EQO.OA.OPENEI GO TO 3

* 7550), OPENIUNIT:IOE.NAMEu'RCSTMP.DES,TYPE:SCRATCI
75602, 1 ACCESSsIDIRECT',RECORDSIZE:1S,MAXRECS1S1J
757030 OPENE%.TRUE.
75so0, C
75902 DO 575 Jal119
70003 575 WRITE(IOE'J)DZERO.DZERO,DZERO,DZERO,DZERO,DZERO
7610). 60 TO 3
7620), C
7660), CSTI WRITE12,572J %1

7640P C572 FORMATI RC$D- RPRCS AND STATS CANNOT BOTH BE ACTIVE')
7650), C 0O TO 093
766030 CC
767010 CST$ WRITE(2,5741
76801v C674 FORMATi' RCS -- LOBE AND STATS CANNOT BOTH BE ACTIVE')
76930 C GO TO 0193
700O C

7700C *GLINT" - SET GLINT SWITCH
77202 C
7730b 560 GLINTvMINOI2,MAXIO.,ARRlIIl
1740), GO TO 3 b
7750), C
7760P C "NEWTN" - REPEAT LOOP FOR NEW THETA ANGLE RANGE
77702, C
7760, $110 CALL CNEWTHIKLOBE,ROUTEI
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T710p sO TO ($,$6,01I,ROUTE
7S001 C
78103 C "OSIZE" - SET GRAPH SIZE
7120) C
7#503 SOo 00 601 Jul,5

.14 17403 601 GSIZEIJ)2ARR(J)
7U00 CALL GRPICIGSIZEIIJ,GSIZEI2),GSIZEI$1,GSIZEI4)I
7860) 0 TO 3

P7$70) C
8 710 C DETERMINE IF COMMAND IS AN OBJECT
7190b C
7900D S0 CONTINUE
7910) DO $I JXlNOBJ
72O0b IOBJuJ
7980) IFICMD.EQ.OBJSIJ)) GO TO 100
7940) S1 CONTINUE
79503 C
7960b WRITEIIOW,92) CMD
T 7TS70 It FORMAT(' RCSk -- INVALID FUNCTION "',A4,'"')
7910 GO TO 0953
7990p C
8000b C
S010 C
b 302NN C NNuwNNNNwuwNNNNwuu Nuu NNN
10303 C ADD OBJECT CONTRIBUTION TO RCS VECTOR
O040k C s,.NNNNNNNNNNNwNNNiNsN.*.wlNNNuNNN
l60O0 C
#Ooo C
OO70, 100 IFIWLEN.LE.O.) 0 TO 9991
$00 C NOTE: IPASS IS ONLY USED WITH RFLAT IN CONJUCTION WITH LOBE
l0OO IPASSn-I
1100 O IPASS2IPASS+l
6110 OBJECTs.TRUE.11111 ANGxTHETAII!1110) ANGIMAXxTHETA(2)+.01
O140O0 ANGINCoTHETA131
filOp CPHRXCOSIPNANAAD!

else) SPHRUSINIPHR*RAD1170b IRCsvl
0.11#03 CALL TRANSPIPRYT,PRYT2)

ole0) CALL MATMULIPRYT2,TRANS,COMPI

O210O0 IFIIIBUG.AND.2l.EQ.0 GO TO 101
1220) WRITEI2,2221 TRANS
O2403 WRITE(2,2221 PRYT
l 240p WRITEI2,222) COUP

O2so C ANG IS RADAR THETA ANGLE
O270D C PHR IS RADAR PHI ANGLE

6230), C
l2OO C IF END OF ANGLE RANGE FOR OBJECT, OUTPUT PARTIAL
$00o C LOBE DATA IF REQUIRED, THEN GET NEXT COMMAND.
1310 C
6320 C KLOBEUvkET FROM LOBE ENTRY POINT
6330) C MLOBExpLOBE IS SET FOR RUN
I040P C LLOBERPLOBE IS SET FOR OBJECT
336010 C LOBEskLOBE IS SET FOR CURRENT THETA
$$3o0b C
$To70 101 IFIIRCS.LE.NRCSJ GO TO 131
Silo IF(IRPR.EQ.f.AND.KLOBE.EQ.OI GO TO 135
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83903- IF(LLOBE.LE.O) GO TO 72
64003, C OUTPUT LODE INFO TO TEMPORARY FILE
8 410), NLOIEmNLOBE,4
6420P DO 139 JhI.4
6430), 139 WRITEIIOL'NLOBE+JJ (SLOBE(J,I,11,I:1,NRCSJ
8440P DO 133 I:1,NRCS
8450), IF(SLOBE(I1,2).NE.O.) so TO 134
84603, 133 CONTINUE
8470P GO TO 135
8 480), 134 NLOlE:NLOBE.4
6490P DO 137 Jc1,4
650030 137 WRITEIIOLINLOBE#J) (SLOBE(J,1,2),I:1,NRCSi
651OP C
6520P C MAKE SECOND PASS THROUGH RFLAT FOR LOBE
8530P 135 IF(CMD.EQ.OBJS(13I.AND.IPASS.EQ.0) IPASSE1
6540), 00 TO 72
85503, C
8560O, C DETERMINE IF VALID ANGLE FOR LOBE CONTRIBUTION
837030 C
$$5O0- 131 LOBEXLLOBE
6590), IF(LOBE.LE.O) GO0 TO 132
I000) SLOBEII,IRCS,1J:Q.
$6103, SLOBE(1,IRCS,2i:0.
6620), C
8630), C SKIP ANGLE IF NOT VALID FOR CURRENT OBJECT
8640), C
66503- 132 DO 102 Jg1.5,4
8680). IF(VALID(JJ-VALIDIJ.J)l 103,102,104
5670), 103 IF(ANG.LT.VALIDEJJ.OR.ANG.GT.VALIDIJ.1J) GO TO 102
6680). IF(VALIDIJ+2J-VALIDIJ+3)) 105,109,106
.8690P 105 IF(PHR.LT.VALID(J.21.OR.PHR.GT.VALID(J.3)J GO TO 102
6700), GO TO 109
671030 106 IF(PHR.GT.VALID(J.31.AND.PHR.LT.VALID(J.2i1 GO TO 102
8720), GO TO 109
67303- 104 IF(ANG.GT.VALIDIJ.1).AND.ANG.LT.VALID(JJJ GO TO 102
87403, IFIVALID(J+2i-VALID(J43)) 107,109,103
67503. 107 IF(PHR.LT.VALID(J.2L.OR.PHR.GT.VALIDtJ.S)) GO TO 102
6760), 0O TO 109
677010 106 IF(PHR.GT.VALIDIJ.31.AND.PHR.LT.VALIDIJ.2J3 GO TO 102
61803. GO TO 109-
67903, 102 CONTINUE-
$800), C
66103, C CURRENT ANGLE IS NOT VALID. INCREMENT ANGLE.
66203, C
8332 0O TO 130

ii1640P C
6650x C CURRENT ANGLE IS VALID. FIND PRIMED ANGLES FROM RADAR COORDINATES.
6660P C NOTE! THIS PROGRAM STORES MATRICES BY ROWS (NOT COLUMNS)
6670 C
86603, 10$ CONTINUE
669030 CANGuCOSIANO*RADj
100030 SANGXSIN(ANG*RAOJ
601030 CTHP'COMP(3JUSANG*CPHR.COMPI6I*SANG.SPHR.COMPI9)*CANG
69201, TNP2ACOSK (CTHPJ 1
69603, STHPESIN(THPI -

89403, CPHPSEICOUPI1)USANOWCPHR.COMPE41*SANGWSPHR.COMP17)WCANGI
$$lob 6PHPSXICOMP(2JSSANQ*CPNR.COMPI5JWSANG*SPHR.COMPI6JWCANG
8 96030 PNPuO.
69702, IF(ABSISPHPUI.LT.1E-5.AND.ABSICPHPSJ.LT.1.E-5I GO TO 1111
3960 PNP@ATAN21SPHPS,CPHPS)
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89S0P 1111 CPHPzCOSIPHPD
*0ox C2PHP:CPHP*CPHP
90101, SPHPmSINIPHPI
90203, S2PHPzSPHP*SPHP
9030P 223 FORMATI4F8.31
9040P C
9050) C

907030 C

9090P C ADD OBJECT CONTRIBUTION FOR CURRENT ANGLE
* ~~~1 00) C MWM*UUW*WWWU*WW*W*IM

911030 C
912030C
913030 RCSCm0.
9140P IF(IOBJ.LE.6.OR.IOBJ.GE.101 GO TO 110
9150), C
9100), C FIND UNPRIMED ANGLES FOR OBJECTS WHICH USE POLARIZATION
9170), C
MOP0 CTHuPRYT2I3J*SANG*CPHR.PRYT2ESIWSANQ*SPHR.PRYT2ISJWCANG
9190P TH:ACOSK(CTH)
9200), STH:SINITH)
921 0P CPHSUIPRYT2(1 JWSANG*CPHR.PRYT214)*SANG*SPHR.PRYT2I7JUCANG)
9220), SPHS:IPRYT2I2JuSANG*CPHR.PRYT2ES)*SANG*SPHR.PRYT2ESIUCANG)
923, PH-O.
9240P IF(ABSISPHS).LT.1.E-5.AND.ABSICPHSJ.LT.1.E-51 GO TO 1112
siloP PHzATAN2 ISPNSP CPHS 3
92003 1112 CPHzCOSIPHI
9270P SPHzSINIPHJ

92903,IFEEIBUG.AND.4).Ea.01 GO TO 110
9290P DTHzTHfRAD
9300). DPHUPHIRADi *10), WRITE(2,223i DTHDPN
9320). C
$33030 C 00 TO SPECIFIED OBJECT
9340),C
$3503, 110 GO TO (200,210,220,230,240,250,260,270,280,290,300,310,320,330.

* 300) S $40,350,360,370). IOBJ
Mob0 C

93901, C *HIVE" - OGIVE & TRUNCATED OGIVE
S400P 200 CALL OGIVE
$4103, GO TO 120
9420P C
94301- C "CYLIN" - ELLIPTICAL CYLINDER
9440), C INPUTSUA.B,L
*45OP 210 CALL CYLIN
9460), GO TO 120
9470), C
S4803, C OCONP - TRUNCATED ELLIPTICAL CONE & CIRCULAR CONE & STANDARD CONE
9 490P 220 CALL CONE
9S0, GO TO 120
Oslo), C
OS20), C "PARASO - PARABOLA
96S0P 280 CALL PARAB
9540 ~ GO TO 120
0550k, C
MOP *S0 C =SOLID* - ELL IPSIOD & SPHEROID

937030 C INPUTSuA,B,C
S$lob 240 CALL SOLID
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!959010 0O TO 1209600) C

9610b C "TORUS" - TORUS
9620) 250 CALL TORUS
9630) GO TO 120
940) C
96501 C "WEDGE" - WEDGE
9660 260 CALL WEDGEITRANS,CTH,STH,CPH,SPH)
9670) GO TO 120
9680. C
9690) C "WIRE" - WIRE
170) 270 CALL WIREITRANS,CTH,STHCPH,SPHI
9710) GO TO 120
9720) C
9730X C "LWIRE" - LOOP WIRE
97403 260 CALL LWIREiTRANS,CTH,STH,CPHSPH)
9750) GO TO 120
9760) C
9770) C "CAVA" - CAVITY AREA
0780) 20 CALL CAVA
97903 GO TO 120
9,000 C
9810) C "CAVD" - CAVITY DIAMETER
9820) 300 CALL CAVD
030) GO TO 120
0840- C
9650) C "CFLAT" - CIRCULAR FLAT PLATE
9860b 310 CALL CFLAT
9870) GO TO 120
9O03 C

_ 9890) C "RFLAT" - RECTANGULAR FLAT PLATE
9900) 320 CALL RFLAT(IPASS)
991030 IFIIPASS.EQ.2) RCSCuO.
99203 GO TO 120
9930) C
99400 C "TWAVE" - TRAVELING WAVE
9950b 330 CALL TWAVE
9900 GO TO 120
9970) C
9980) C "DINED" - DIHEDRAL
BOB0) 340 CALL DIHED
10000) Go TO 120
10010, C
100203 C "TCORN" - GENERAL TRIANGULAR CORNER
10030) 350 CALL TCORN
10040) GO TO 1204 oos0) c
10060b C "RCORN" - GENERAL RECTANGULAR CORNER
10070) 360 CALL RCORN
100603D GO TO 120100900 C "

10100b C "ECORN" - GENERAL ELLIPTICAL CORNER
'9 101) 70 CALL ECORN

10120) GO TO 120
* 101S0) C

10140) C
10150) C ADD RCS CONTRIBUTIONS TO VECTORS
10160x C
10170 120 CONTINUE
10110) IF(RCSC.LT.O.) WRITEIIOW,121) CMD,ANG,RCSC
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101900 121 FORMAT(' RCS2,- ',A4 F 15.81
* 10200 ~ IF(RCSC.GT.CUTOFFJ NVALI6rnNVALID.1

102103o RCSCxRCSC*RAM
10220). IFIIRPR.EQ.11 GO TO 136
102303, RCS( IRCSIuRCSI IRCSI#RCSC
10240), RCS2I IRCS)SRCS21IRCS)+RCSC*RCSC
10250), 136 IFIISTATS.EQ.0) GO TO 130
10260' C
10270 READIIOEIRCS) T1,T2,T3,T4,T5,TS
102$0)- TlrnT1.DSLE(RCSC)
10290), T2mT2*DBLE(RCSCJWW2
103003o T~mTS'DBLEINCSCJ**S
103103o T4zT4+DBLEIRCSCJWW4
10320)- SO:SQRT(RCSCJ
10330). T5xT5*SQ
10340)- TSZOMAXiI(TO .50
10330)o WRITEIIOE'IRCS) Tl,T2,T3,T4,T5,T6
10360), C
10370~ C INCREMENT ANGLE
1036030 C
103900, 130 CONTINUE
10400), ANGBANG+ANGINC
10410), IRCSzIRCS.1
110420' IF(IPASS.NE.21 NTOTALONTOTAL.1
10430). GO TO 101
10440)- C
104503- C
10460), 3331 WRITE(IOW,99921
10470), 3332 FORMAT(' RCS), -- WAVELENGTH UNDEFINED')

*1048302 C
10490), 9g93 WRITEIIOW,99943 LINE
10300., 3394 FORMAT(' RCS), -- LAST DATA BASE LINE READ 13',14)
10510b' C
10520), 3990 CONTINUE
10530' C
10540 C TERMINATE RCS PROGRAM
105503, C
103603, IFIKLOBEGQT.0) CLOSEIUNITEIOL,DISPOSE:'DELETE' 3
105703, IF(OPENEI CLOSE(UNITuIOE)
10580). IFIGOULD) CALL DETACH(IOPIER)
1053 TIMEsSECNDS(TIMEi/600
1106002 IF(IZETA.EQ.01 CALL GRMODEI'ALPHA'.31
1001@0 WRITE(2,3333J TIME
10620), 3338 FORMAT(' RCS' - ELAPSED TIME c',FS.1,' MINUTES')
10630P C
10640P 3333 CALL EXIT
1065010 END
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4f"

SFILE *SYO:C11I,12]RCSCMD.FTN 27-SEP-63 14:34:368~.
I oxC
203. SUBROUTINE CNEWTH(KLOBE,ROUTE)
30o~ C
403, INTEGER*2 ROUTE
$030C
6030 INTEGER*2 DEBUG,COMBIN.GLINT
70), LOGICALW2 GOULDLP,OPENE.LPFOLDGRF,MGRAPHGkDAUTO
803, COMON/SWITCH/ IOW,THETAE4J PGOULD,LP,OPENE,LPFOLDGRFMGRAPH,
90O, 1 GDAUTO,DEBUG,COMSINGLINTIBUG,LBUGPISTATSIZETA

110) ROUTEsi
120O, IFITHETA1141.G0T.THETAI2)I 0O TO 1
130O- IFI.NOT.MGRAPH) RETURN
140~ IFIIZETA.EQ.O.AND. .NOT.GDAIITO) RETURN
150), IF(IZETA.EQ.O3 CALL GRTEKG
ISO). IFIIZETA.NE.O) CALL GRPLOTE1I.,l.5,1J)
170O. RETURN
180). C
190), 1 IF(KLOBE.EQ.1.OR.GLINT.EQ.1.OR.ISTATS.EQ.1.OR.DEBUG.NE.0) GO TO 591
2003- OLDGRF:.TRUE.
210~ ROUTEz2
220O, RETURN
2S0O, C
2403 591 WRITE(IOW.5S2)
250O. 592 FORMATI' RCS3' * MULTIPLE GRAPH SEGMENTS ARE NOT ALLOWED WITH:'/
260-% 1 LOBE, STATS, OR DEBUG!')
270). ROUTE'S
2801, RETURN
290). END
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22FILE *SYO:C11l12]RCSOBJ.FTN 27-SEP-83 14:34:44 '
0), C
50, C 4011'4*314*314*314*314111, 04* 14 *0 4 1) 4 *14 *- 4E2 344*2'4111'41112'40). C*b 401)

103, SUBROUTINE OGIVE
20b C
303' C WITH LOSE
403, C
502' IMPLICIT REAL*4 IA-ZJ

560), INTEGER*2 LOBE
702' CO~MON/RCSCOM/CUTOFF,WLEN,PI ,P12,RCSCITHP,CTHPSSTHP,PHP.CPHPISPHP,
60' 8 C2PHP,82PHPRAD,POLAR.LOBE,
900 S R1,A.B,3ETA
100 C
110). THPTxTHP
1203, IFITHP.GT.PI21 THPIMPI-THP
130), IF(LOBE.GT.0) LgxSORTIR1WR1-S.+RI-A)**2)
140), IF(B.GT.0.) GO TO 5
1503o 3 ALPUACOSKII.-A/N1I
160), RCSC.R1MRIWSINIALPIW02/(4.UPll
17030 NMAXP12-ALP
160' IFITHPT.LT.NMAI 0O TO 2

200' C 00-ALP 4 THETA' c 0
210' SIGMA:PI*R1WR1W(1.-(R1-ARIIRIsSTHP)I
220' IF(LOIE.LE.OJ 0O TO 4
230 IF(RCSC.GT.SIGUAJ 0O TO S
2401' CALL TOLOBE(1.SIGMA.A*CPHPA*SPHP.J.
2452b 4 RCSCmSIGMA
25030 RETURN
260' C
270 C THETA' a 60-ALP
260' 6 CALP22(l.-A/Rh)**2
20o SALPuSINIALPJ
800' ZALP'R1*SALP*ICALP2-SQRT(CALP2*CALP2-SALPuSALP)I
310' WALPzZALP*TANINMAJ
320 CALL TOLOBEEI .RCSCWALPSCPHP.WALPSSPHP.ZALPI
330' RETURN
360' C
370' C THETA' 4 00-ALP
360' 2 Zz16.wPIwCOSITHPTJU**(1 .-TANIALP)**2*TAN(THPT)5N2)s*S
302' IF(LOBE.QT.0.AND.Z.LT.CUTOFFJ 0O TO I
400 IFIZ.LT.CUTOFF) RETURN
410' SIGMABWLEN*WLEN*TANEALP)*04/Z
420' IF(LOBE.LE.01 0O TO I
430' IFIRCSC.LT.SIGMA) 0O TO I
440 CALL TOLOSEE1,SIGMA,0.,0.,L2)
430 1 RCIC xAM I NI(IRCSC, 3I1 A)
460 RETURN
470 C
460 C TRUNCATED OGIVE (BETA IS ALWAYS 4 ALPHA)

*1.'400 C
5002' I UETZBETA*RAD
510' IPETHPT.GT.P12-BETJ 0O TO 3
520' C
530' C THETA' a 0
540' RCSCaPI*SBWBTAN(BET)**2
550' IF(STHP.LT.CUTOFF.AND.LOSE.QT.OJ CALL TOLOlE(1,RCSC,0.,0.,LIj
5603, IFISTHP.LT.CUTOFF) RETURN
570' C
560' C BETA 4THETA' 400-BETA
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593 SIGMAEWLEN*B*TANITHPTBETJWI2/tS.*PI*STHPI
600x IFILOBE.GT.01 CALL TOLO3EI1,8IGMA.8*CPHP,B*SPNPL2)
6103k IF(BET.LE.THPT.AND.THPT.LE.P12-SETJ GO TO 1
620). C
630- C THETA' c BETA OR THETA' 3p 00-BETA
640), SIQ.WLEN*B*TAN(THPT-BETJ**2/(6.*PI*8THPJ
650). IFILOBE.QT.0) CALL TOLOBE12,SIGB*CPHP,B*SPHP,-L2)
660ob SIGMA23IGMA+SIG
670' GO TO I
630), END

" 090), C
70030 C
7050 C 4*2'4b41) Cb413 *4*2(2(242(2(2W'R'W'4*31411), 4113'(U2'4*)-W24*,1.4U*2 *-
710), SUBROUTINE CYLIN
7203, C
730 C WITH LOBE
740' C

A'750). IMPLICIT REAL*4 (A-Z)
760), INTEGER*2 LOSE
770), COMMON/RCSCOU/CUTOFF.WLENPI ,P12,RCSC,THP,CTHP,STHP,PHPCPHPISPHP,
780). 8 C2PHP,S2PHP,RAD,POLAR,LOIN,
702 S A,BIL
300), C
3103, IF(STHP.LE.01) RETURN
820 ~ A2:-A*A
8 30). B2:-BB
1401, Z(IA2*CPHP*CPHPB2*SPNPVSPHPJWS1 .6
850). RCSCu2.*P I WLL*A2*021 IWLEN*Zl
660), C
370' Dml.WPI*CTHP*CTHP*Z
6603, IF(ABStD).LT.CUTOFF) 0O TO 1
3o0), C
900b C THETA' # 90
91030 SIGMAE2.*WLENNA2*82*STHP/D
0203, RCSCmAM1IN1IRC3C.SIGMAI
930 IFILOBE.LE.0) RETURN

.49 40b' CALL TOLOBEIl IRCSC/2.,A*CPHPSR*SPHPO.I
A 350' CALL TOLOBE12.RCSC/2. ,A*CPHP,BSSPHP,LI

0602' RETURN
#70-% C
902 C THETA' 90
902 1 IFILOBE.GT.0) CALL TOLOBE(1,RCSC,A*CPHP,IWSPHPL/2.)I 1000 RETURN

1010. END
10202. C
1030p C
1065' C 4*30 460.% 4*p 4*2'4* 4'4b 4W'4b 4*2'4W*' 4) 4b 2 4*'(U4U'4b2 '43

1040;, SUBROUTINE CONE
1050' C
1060' C WITH LOBE
10702' C
10001, IMPLICIT REAL*4 IA-Z)
1002' INTEGER*2 LOBE
1100' CO0ONRCSCM/CUTOFF.WLEN,PI .PI2,RCSCTHP.CTHPSTHP,PHP,CPHPSIPHP.
1110' 8 C2PNP,S2PNPRAD.POLAR,LOSE,
11201' 1 ALP,NU.A,LI,L2
1130 C
11403' IFICTHP.GE.0..AND.SINIALP*RADJ.GE.STHP) RETURN
1140 NU2nNU*NU
11601' TALPsTAN(ALPNRAD)
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117010 DmSORT(82PHP*NU2*C2PHP)

1130 POLANOIATANI-NU/(TALP*D)J
11903. RCSC:S.wPlIL2uw1 .5-Lieu .5)WW2WTALP**4
1200), RCSCURCSC/IS.*WLENWNU2CABS(COS(POLANQweS))I
121030 ZNISTHP*TALP*D+NUNCTHP)332
122o ~ ZSZhS.*PI*STHP*D
1230), IFIZ.ST.CUTOFFI 0O TO 1
1240), IFILOBE.LE.01 RETURN

*123005@b#L)2
126030 CALL TOLOBEI,RCS,L*TALP*CPHPL*NU*TALP*SPHP,LI
12703 RETURN
1280), C
12S0o~ C OFF - NORMAL INCIDENCE
13O0b 1 SIUAUI(STHP/DJ-(CTHPWTALP/NUIuuul

A'1310), SIGUA:SIGMAWWLEN*NU2*NU*TALPIZ
1820), RCSC:-AMIN1(RCSC,SIIMANIL1,L2)1
1330), IF(LOBE.LE.OJ RETURN
1340)- CALL TOLOBEII,AMINIIRCSC/2.,L1USIOMAJ.LISTALPWCPHP,
1350), 1 L1RNU*TALPUSPHPLiJ
1360). CALL TOLOBE12,AMINI IRCSCI2. ,L2*SISMA) .L2*TALP*CPHP.
1370), 1 L2*NU*TALP*SPHPL2)
13801, RETURN
1390), END
1400 C
1410o~ C
141 53 C 41 o40P4*p4*3 oc*p4*3o4p4I o4 *o4bcb4w o4343
1420)- SUBROUTINE PARAB
1430O- C
1440O, C WITH LOSE
1460O, C
1460b IMPLICIT REAL*4 (A-Z)
1470o ~ INTEGER*2 LOSE
14403, COMON/RCSCO/CUTOFF,WLEN,PI ,P12,RCSC,THP,CTHP.STHPSPNPCPHP,SPHP,
1490), S C2PHP.S2PHP,RAD,POLARILOSE,
15Oo0 S
151O), C
13203, C ACS 13 UNDEFINED AS THP APPROACHES PI
1530) IFIABSITHPI.GT.70.*RAD) RETURN
1 5401, RCSC24.*P IUPUP/CTHP**4
1550), IF(LOBE.LE.OJ RETURN
1560O, TTHPUTAN(THP)
15TO), CALL TOLOBE WI, RCSC, 2 .*PTTNPWCPNP, 2 .*PTTNP*8PNP, -P*TTNP*TTNP)
151030 RETURN
1590O, END
1600)' C
1610). C
161530 C (4 *311114I3011b * )- 4013R2'*Wb' 4 b 4WM2'(UR2'(N2P(W2P4U2 111 P4U2" W 4 11130 4 10)
1S20P SUBROUTINE SOLID
losop C
11640 C WITH LOSE
1050 C
1660). IMPLICIT REAL*4 IA-ZI
1670), INTEGER112 LOBE
161030 COONRCSCUICUTOFF.WLEN,PI IPI2IRCSCTHP,CTNPIISTHP.PHPCPHPSPHP,

170-so S ABIC
171op C
17201, RIA*B*C
17301, DEIA*STHP*CPHPI*d2
17401, DID'IB*STHPUSPHPJ*02
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lVS~aDED+IC*CTHPJWU2
176op RCICXPIMR*R/(D*DJ
17703, IFILOBE.GT.01 CALL TOLOSEII ,RCSC,AWSTHPICPHPBwSTHP*SPHP,
110 I C*CTHP)

17901, RETURN
1800). END
11103k C
16203, C

1630), SUBROUTINE TORUS
1640), C
1650), C WITH LODE
1660). C
167030 IMPLICIT REAL*4 IA-Z)

16603INTEGER*2 LOSE
16930 COON/RCSCO/CUTOFF,WLEN,PI ,PI2,RCSC,THP,CTHPSTHP.PHP,CPNP.SPNP,
1900), 8 C2PHP,S2PHP,RAD,POLARILOBE,
1610). 1 AB
1920p C
1630). RCSC:6.*PIWISUB*AVA/WLEN
1340b IF(STHP.LT.CUTOFF.AND.LOSE.OT.03 CALL TOLOlE(IJRCSC,0. ,0. 0.3

'41950). IPISTHP.LT.CUTOFF) RETURN
1960" 8IQ1'PIuIS*A/STHP.B*BJ
1970. 810230.
1980; IFILOBEQT.0 CALL TOLOIEII,AMINIIRC3C.SI1I1,AUCPHP.SSSPHP,0.)
190), IF(AIS(CTNPJ.LE.S/12..AJJ 00 TO 1
2000), 3IS23PI*IB*A/8THP-B*01
20101, IFILOSE.QT.0) CALL TOLOSE12,AMINIIRCSC,81021,-A*CPHP,-MSPHP,0.)
2020p 1 RCICzAMIN1IRACSC,810148102)
2030), RETURN
20403, END
2050,% C
2060D C
2065), C abcpcpcp43 o o o w *, o o *,4343 o o *04)
2070), SUBROUTINE WEDOEICOOR,CTH,STH,CPH,SPHJ
2072s C
2074p C WITH LORE
2000) C%
2090b IMPLICIT REAL*4 IA-ZI
210030 INTEGER*2 LORE
2110 COMON/CSCOICUTOFF,WLEN,PI ,PI2IRCSC,THPSCTHP,STHP,PHP,CPHP,SPHP,
212030 11 C2PHP.$2PHP.RAD.POLAR,LOIE,
21303o S ANGLEAL
21403, REAL COOR191
215010 C
216030 WEDMAA'5/IWLEN*WLEN)
217030 ANOIANMLEORAD
2160p MaIPIULSLII4.WANG*ANSP )*SINIPIWPI/12.*ANGJ JIMI
21903k TBCOS(PIUPl/12.*ANG);
22001, C@COSIPI0PHP/ANGI#T

%2210), DaI.-T
2220P IFIABSECJ.LE.CUTOFF.OR.AUSID).LE.CUTOFFI RETURN
2230p C
22403o IFIPOLAR.5O.2.1 00 TO 2
22503, RCSC32.SI-COONI3I*SPH.COORISJWCPHJ*32-1. I
22603, RCSCNMOIRCIC/C.1 ./D)112
2270), 00 TO 4
22603 C
229030 2 RCSC'2.WICOORE3JWCTH*CPH.COORI6IWCTHRSPH-COOR(910
2300 1 STNI*2-1.
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2310)' NC3CxUIRCSC/C#1./D*2to
23203, 4 DUUABSIPI2-ACOSKI-COON(3)WSTHUCPH-COOR(6JRSTHU
233030 6 $PH-COORI3J*CTNi)
3340P RCSCeAMINIRCSC.WEDMAXJ
2116030 IF(DU*DU.LT.CUTOFF) 0O TO 6
360' 810UAuRC5CUIWLENIIILDU))112/6.
2370b' RC$CaAMIN1 IRCIC.8IUA) .

28723, IFILOBE.LE.O) RETURN
*23743' CALL TOLOSEI1,RCSC/2.,0.S0.,0.J

2370' CALL TOLOIE12,RCSC/2.,0.,0.,LJ
238030 RETURN
2882b' C
33430 6 IFILOIE.LE.0) RETURN
23361, CALL TOLOBEII,RCIC.0..0.,L/2.1
23693 RETURN
21190b END
2400D C
24104' C
2420)' SUBROUTINE WIREICOOR,CTH,STICPH,SPHJ
2430 C
2440' C WITH LOSE
24503 C
2460 IMPLICIT REAL*4 IA-Z)
2470b' INTEGER112 LOBE
2480' CON/RCCOM/CUTOFF,WLEN,PI .PI2.RCSC,THP,CTHP,3THP.PHP,CPHP,SPHP,
2430x' II C2PNPS2PHPRAD.POLAR.LOBE,

251030 REAL COOR191,11431,ZK3)252030 C
2530b' IFISTHP.LE.0.) RETURN
2540). GA~a.19
25503. ZKI13'COORIII-CTH)-COORESJII-STHOSPHJ
256001 ZK(232-ECOORE7)u-CTN)-COOR(9)wI-STH*CPHJJ
2570)' ZK133 uCOOR(73*(-STHUSPHR -COORIOJWI-STHOCPHI
2560)' IF(POLAR.EQ.2.1 00 TO 2
21901 Pf1Jz-SPH
2600b P(1212CPH
2610)' 1113100.
2620)3 SO TO 3
26303. 2 P(I1JCTH*CPH
2640' P123uCTH*SPH
2650b P1333-6TH
2660), C

7126701, 3 SPSIZKI1)oPIli.ZK12)uPI2).ZK(310P133
2660D 5P1.1P8/8QRT(ZKItIuZKI),ZK12)*ZKI2i.ZK131uZKI31)
2630b' PSIASINIAMAX1I-1.,ANINIII.,5P53J3
2700' RCSCBPINLOL*COSIPS)ww4/I120PI2ALOG(ILEN(AMA*PI*AI 10*23
2710). IFI5THP.LT.CUTOFF.ANDLOE.QT.01 CALL TOLOBE(1.RCOC,Q.,.,O.J
2720)' IFISTHP.LT.CUTOFF) RETURN
27303o SIIMAEIWLEN*TAN1THPJWCOIP53w023002
27403o SIMAESIMA/116.RPI*IPI2UPI2.ALOSIWLEN/(OAA*PI*A*ITHP) 30*23)
275010 RCICoAMINIRCSC,2.*SISMAl
2760). IF(LOBE.LE.01 RETURN
2770 CALL TOLOBE(1,RCSC/g.,Q.,*.,L/g.)

270ENCALL TOLOSEI2,RCSC/2.,0.,O..-L/2.)
2790), RETU.
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232530 C 4111f2411 ) 3 11b430 *3 *3430430 40), N2 111(w24*)-4*)(2w411 ) *04 04*3 W
2032 SUBROUTINE LWIRE(COOR.CTH,STH,CPHSSPHI
2940.% C
2050x C WITH LOSE
26602 C

*2870). IMPLICIT REAL*4 IA-Z)
2880b INTEQER*2 LOSE
2890)- COON/RCSCOM/CUTOFF,WLENP,P12,RCSC,THP,CTHP.STIIP.PHP,CPHPSPHP,
2900b 8 C2PHP,32PHPRADPOLAR,LOIE, -
2910), 3 A
23203, REAL COOR(S)

* 2330b IF(POLAR.EQ.2.1 0O TO 2
2050b OAIAACOSKI-COORI2)*SPH.COOR(51WCPHI
2360b 00 TO 3
2970b C
2010b 2 OAaAuACOKICOON12J*CTH*CPH.C00R53)*CTNWSPH-COORIS)*STHJ
2$90b C
300b 3 KA2214.UPI*A/WLENJWSTHP
30103, C022COSIGAOAI*u2
$020b 302Cu3 IN IAMAlw2*CTHP*CTHP
308030 CALL 318J1KA2,0,JO,.1,IER)
30403, IFIIER.NE.0) GO TO I V
30503, CALL 3EIJ(KA2,2,J2,.t,IER)
8002 IF(IEN.NE.Oi 00 TO 3
307030 RCSCUISG2C.CQ2iuJO.ISG2C-CG2IwJ2
80032 RC$CaPIwA*A*RCSCwRCSC
30032 IF(LOBE.LE.0) RETURN
81001, IF(STHP.LE.CUTOFF) CALL TOLOBEI1,RCSC.0..O.UO.)
3110 IF(STHP.GT.CUTOFFJ CALL TOLOSEII,RCSC,A*CPHP.AUSPHP,0.l
31201, RETURN -

81801, 3 RCSuO.
3140D RETURN
8180), END

* 3160b C

8175), C 4111(), *04)-4) u) 1,4 *)- 4013'(W2 4'*X *3'(* b * b*2'-u2'(W4*(-24112'4 4111w2'402.
$I1O0, SUBROUTINE CAVA
3100 C
32003o C WITH LOSE
8210 C
3~ 220). IMPLICIT REAL*4 IA-Z)
3030 INTEGER*2 LOSE
3240), COMMON/RCSCOM/CUTOFF,WLEN,PI ,P12,RCSC,THP,CTHP,STHP.PHP,CPHP.SPHP,
325030 6 C2PHP,82PHP,RAD,POLAR.LOBE,
3~80% 9 A
3270 C
3210 IF(ASS(THPJ .GT.7@.*RADJ RETURN
32901, TBI4.%PIMA/(WLEN*WLEN)3**1 .5
83003, RCSC . 4*T*WLEN*WLEN
38101, TTHP:TAN(THP)
3320j, IFETTHP.LT.CUTOFF.AND.LOBE.QT.01 CALL TOLOBEII,RCSC,0.,0.,0.)
$$so0. IFITTNP.LT.CUTOFFJ RETURN
$340p, 3IAa.6MPI*A/TTHP
88501, RCICEAMINI (RCSC.310MAI
$360 IFILOELE.Ol RETURN
337030 DBSQRT14.*A/Pil
380) DS2vDRSTHP/2.
$33 CALL TOLOBEIl ,RCSCD52*STHP*CPHP,D32*STHP*SPHPDS2UCTHPJ
8400 RETURN

-4A
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34101, END3420Pj C
34302' IMLCTRAC AZ

j 44P SBRUNTE LOBE

3500' COMON/RCSCOU/CUTOFF,WLENIPI ,P12,RCBC,THP,CTHP,3THP,PHP.CPHP,SPHP,
3510)' S C2PHP,32PHP,RAD,POLAR,LOIE,
3520' S D
3530' C
35403o IF(ABSITHP).GT.70.URAD) RETURN
3550b' RCSCu.05*12.*P I*D/WLEN)1u3*WLEN*WLEN
356002 TTHPxTANITHP)
3570' IF(TTHP.LT.CUTOPF.AND.LOBE.OT.01 CALL TOLOBEE1,RCSC,0.U0.,0.)
35302', IF(TTHP.LT.CUTOFF) RETURNI
3560' SIGMA2.03*I2.WPI*DI**2/TTHP
3600' RCSCuAMIN1 IRCSC,SIGMA)
3610' IFILOBE.LE.03 RETURN
3630ob DS22D*STHP/2.
$640' CALL TOLOSE 11,RCSC ,D52*STHP*CPHP ,D82*STHP*SPHP. D52*CTHP)
3460 RETURN

370b C

37103, C WITH LOSE
3720P' C
3730' IMPLICIT REAL*4 (A-ZI
3740P' INTESER*2 LODE
$750). CO~kON/RCCM/CUTOF,WLENPPI .P12,RCSC,THP,CTHPSTHPPHP,CPHP.SPHP,
37603. 3 C2PHP IS2PHP,RADPOLAR.LOBE,
3770)' 1 A
3730' C
37601% IF(ANS(THPI.GE.PIIJ RETURN
33000 RCSCU4.*PIWIP I*A*AN2/IWLEN*WLENI
3610' Dm.0 I*STHP*TANETHPI**2
3820)' IF(D.LT.CUTOFF.AND.LOBE.QT.0) CALL TOLOSEII.RCSC.,0..,0.)
$33 IF(D.LT.CUTOFFJ RETURN
3840' SIWBAvAUWLEN/D
3650), RCSCzAMINI IRCSC.*SIGMAJ
3660' IFILOSE.LE.01 RETURN
3370' CALL TOLOBEIl ,RCSC/2. ,A*CPHP,A*SPHP.0.I
3660 CALL TOLOIEI2.RCSC/2. ,-A*CPHP ,-A*SPHP,0.I
33602 RETURN

i3 8003, END
$$102' C
3620' CI
3625' C m4'4*b4* 4) 2'4U2'(R24*24*3,',4*3'C4'*) 4'* 42'4N2'(U2'(*2'(two4*2

36302' SUBROUTINE RFLATI IPASSJ
3640P' C
36502' C WITH LOSE
3660' C
3670' IMPLICIT REALU4 IA-Zi
31103, INTEIER*2 LOBE. IPASS
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3900 COhhION/RCSCOU/CUTOFFWLEN,PI ,PI2,RCSCTHP,CTHP,STNP.PHPCPHPSPHP,
4000 S C2PHP.S2PItP,RAD,POLAR,LOBE,
4010) 6 AS

V-40203 C
4030)- IFIABSITHP).GE.P12J RETURN
4040), RC$CzPlwIS.*A*BIWLEN)**2
4050), S2THPUSTHP*STHP
4060) 34THP232THPNS2THP
4010 IFIS4THP.LT.CUTOFF) SO TO 4m
4080 IF1S2PNP.LT.CUTOFFJ SO TO 2
4090,# IF(C2PNP.LT.CUTOFF) 0O TO 3
41003- SISMA:WLENWWLEN/164.*PIWU3*S4TNWS2PHP*C2PHPI
4110), SISM:2.wSIGMiA
4120) 1 RCSC:-AMIN1(RCSC,2.wSIGMA)
4130.% JFELOBE.L.E.OJ RETURN
41403o C
41503k RCSC4:RCSC/4
4160b' IF(IPASS.NE.iI CALL TOLOBE(1,RCSC4.A.B,0.J
4170o IFIIPASS.NE.21 CALL TOLOIE(2,RCSC4,-ASO.J
4130 IFIIPASS.EQ.2) CALL TOLOBEI1,1CSC4,A-B.0.)
4190- IFIIPA3S.EQ.21 CALL TOLOBE(2,RCSC4,-A,-B,0.l

tv4200)- RETURN
4210 C
42203o C PHI' 2 0 OR 130
4230o 2 IFtIPASS.EO.2) RETURN

~.4240)' SISUASB*B/14.UPI*S2THPJ
42503o IFILOBE.L.E.0) 0O TO 1
42600o SISSAMINI (RCSCI2. ,SISMAl
42703- CALL TOLOSE(1,SIS,AO.,0.3
4210), CALL TOLOBE12,SIS,-A,0.1O.J
4200), 5 RC$CzAMINIIRCSC.2.*SIGMA)
4300), RETURN
4810), C
4320b' C PHI' z 90 OR -00
4330o 3 IFIIPASS.EO.2) RETURN
4340o I MA.A*A/ (4. *PIW*2 THP)
4350' IF(LOBE.LE.0J 0O TO 1
4360' SIG3AMIN1IRCSCf2.,SIGMAI
43703, CALL TOLOSE(1,3IG.0.,I,.0.i
4330), CALL TOLOE2,SIB,0.,-3,.J.
4390j, 00 TO 5
4400)' C
4410), C THETA' a 0

4"4420), 4 IFlIPA3S.EQ.2) RETURN
4430)- IFILOEIEEO) RETURN .~
4440) CALL TOLOIEIl,RCSC,.0.0.)
4450o RETURN
44601' END
44703' C
4430) C
4413 C 4*) 46) w)'WW*). * *1*), 4) 4,4*)'4*qW)- 'pt * ), 4*b4*3
4490p SUBROUTINE TWAVE
4492)' C
4494) C WITH LOSE
4500)' C
4510o IMPLICIT REAL%4 (A-Zi
4520)' INTEBERWI LOSE
4530o COMMON/RCSCOUICUTOFFWLEN,PI IPII,RCSCTHP,CTHP,ITNP,PHPSCPNP,SPNP,
4540), 8 C2PHP ,82PHP ,RADI, ARLOSES
4$50) S P,L,BAMUA,A

soU
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456o~ C
45703k IFIPOLAREQI1.) RETURN
4580), KLU2.*PIWL/WLEN
4590)- IF(KL.LE.4.i RETURN
4600), Ql2.35*AL0G1OI2.lfKL)-.65
46103, TgI..PuCTHP
40203, IFIT.LE.CUTOFF3 RETURN
4630 ~ FOSTHP*SIN(KL*T/(2.*P)I/T
46401, RCSC: (GAVAFF*VLEN/Qiuw2/P i
46453o IF(LOBE.ST.O3 CALL TOLOBE(I,RCSC,A*CPHP,AWSPHP.-L/2.)
40503, RETURN
4600o ~ END
4670) C

4680 C

46853o C
4690), SUBROUTINE DINED
47103- IMPLICIT REAL*4 (A-ZI
47203, INTEGER*2 LOBE
4730:, COON/RCSCO/CJTOFF,WLEN,PI ,P12,RCSC,THPCTHP.STHPPHP.CPHP.SPHP.
4740x II C2PHP, S2PHP, RADPOLAR ,LO3E,P
475O0 1 ABC
4760O, C
477o ~ IFIPHP.LE.O. .OR.PHP.GE.PI2) RETURN

4780~ GAEIAuATAN2 IB.Al

47903, OUSP12-THP

490 F(HPQTQAMAo0 TO I
4810 ~ RCSCU4.WPlIi(C*B/WLEN)WR2*4.IC2PHP

4820)- IFS0 .O5 0 TO 

41003, SISMAuWLEN*WLENWRCSC/1S.uEPIWB*DUJWW2I

48803, RETURN

q49103, END
49203- C

.Ni 49303o C
49853- C *(2*4*42*42W42*W42W(2W42f42
43403- SUBROUTINE TCORN
4950), C
49603, C WITH LOBE
49703o C
400' IMPLICIT REAL*4 IA-Z)
49903o INTESER012 LOBE
$0003, COOMN/RCSCOM/CUTOFF,WLEN,PI .P12.RCSC,THP,CTHPSTHP.PHP,CPHP,SPHP,
5010) 1 C2PHPPS2PHP.RAD,POLAR,LOBE,
50203, 8 ABIC
G030k C
50403o IFITHP.LE.O.O.OR.THP.GE.P1 RETURN
50)O, IFIPHP.LE.O.O.OR.PHP.SE.PI2I RETURN

5060). CALL ORDERISTHPNCPNP,STHPUSPHP.CTNP,L,.MNI
5070,1 CALL ORDER(A.B,CT1,T2.TS)

$01030 LA2L/T3
50901, MBsM/T2
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5100b NCxN/TI
5110). IF(LA+MB.QT.NCi 60 TO 1
5120), AREAu4.*L*MUT1/ILA+MS.NCI
6130b 00 TO 2
5140), 1 AREA:ILA*LA.MB*MBNC*NC/LA-MB.NCI
5150b AREAzAuB*CwELA#MS.NC-2 .*AREAJ
5160b 2 RCICu4.*PIWAREA*AREA/IWLENIWLENJ
5170), IFILOBE.LE.0) RETURN
5132 Dul./SQRT(I./A*02.1./B**2s1./C**21
51302. CALL TOLOBEII ,RCSC,D*STHPWCPHP.DRSTHP*SPHPD*CTHP)

*520030 RETURN
521030 END
5220), C
52303, C
5235), C 40) 4* * 43(ff2*b4*,*-4*b c*(U2 w 4*4*)R24W* 4b c m.4*4*2.
5240b SUBROUTINE RCORN-
5250), C
526030 C WITH LOBE
527030 C
5260b IMPLICIT REAL*4 IA-ZJ
5290), INTEGER*2 LOBE
53002, COMON/RCSCO/CUTOFF,WLEN,PI ,PI2IRCSCITHP,CTHP,STHP,PHP,CPHP,SPHP.
6310), 8 C2PHP,82PHP,RADPOLARLOBE,
5820), 6 ABC
53303, C
5340), IF(THP.LE.O.0.OR.THP.QE.PI2I RETURN
$$so0. IFIPHP.LE.0.0.OR.PHP.GE.P12I RETURN
53603, CALL ORDERESTNPWCPHP,STHPWSPNP,CTHP,L,MNI
53103, CALL ORDER(ABIC,T1,T2,T3)

P65360), LAZL/T3
$390), MB:M/T2
5400b NC:N/T1
54102, IF(MB.LT.NCIZ.1 6O TO I
5420), AREAaL*T2*(4.*TI -NIMBI .

5430b 00 TO 2
54403, 1 AREAX4.*L*MNT10TIIN
5450b 2 RCIC24.*PI*IAREA/VLENI**2
5460b IFILOBE.LE.01 RETURN
5470b Dul.ISQRTII./A*w2.1./Bsu2.1.1C**21
5480b CALL TOLOBEI,RCSC,D*5THP*CPHP.DWSTHP*SPHP.D*CTHPI
5430b RETURN
5500), END
551030 C
5520). C
5525P C 4030 4*b 4114b 4b42(4bN2 4*0 4*3041 42*0411b4W2IW2(4304304104b411
$$sob SUBROUTINE ECORN
5540b C
650b C WITH LOBE
5560b C
5570), IMPLICIT REAL*4 IA-Z)
65603 INTEGERVII LOBE
15603, COMON/RCSCOMCUTOFFWLEN.PI ,P12,RCSCITHP,CTHPSTHPPNPCPHP,SPHP,
56003, 6 C2PNP,32PHP,RAD,POLAR,LOBE,
$$lob S A,B,C

1156$30 IFITHP.LE.0.0.OR.THP.QE.P123 RETURN -

5640b IFIPHP.LE.0.0.OR.PHP.QE.P12J RETURN-
$6501, CALL ORDERESTHPuCPHP.STHPOSPHPCTHP,L.M,NI
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5610), MB22(M/T2J*2

ON $6S030 NC22(N/TI iN32
570030 IF(NC2.GE.LA2+MS2) 00 TO I
571Gb0 AREAuIN/T1)*ATANIIILA2,MB2)**2-NC2*NC)/(4.WNC2WL/TSJUIMIT2)J
572030 AREAUAREA.EM/T2)*ATAN((IILA2.NC2RU*2-M12*M121/
5730). 6 (4.MM2(L/TS)IN/TJ)l
5740), AREAAREA.L/T)*ATANI(1M12.NC2)**2-LA2WLA2)/
Mo6b S 14.*LA2*(/T2iff11/T1JI)

576030 00 TO 2
5770G, 1 AREAUIM/T2)*ATAN2.*(L/T3)*(NIT1II/MB2sNC2-LA2)
371031 AREAAREA.L/T)*ATAN2.(M/T2IIIN/TII/ILA2-M32.NC2)J
5790o 2 AREAzA*B*C*AREA
5600G, RCSC24.WPI*AREA/WLENINU2
5#103, IFELOSELE.0) RETURN

0% 5620)b D:1./SQRTII./A*w2.1./wM2.1./C*W2J
563Gb, CALL TOLOBE(I,RCSC,DUSTHP*CPHP,D*STIP*SPHP.D*CTHP)
564Gb RETURN
$50Gb END

V. 7
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2'2'3p FILE a SYQ:Eti1,12]RCSSUB.PTN 27-SEP-83 14:35:40 9
103' C
20'C
303- C THIS ROUTINE ASSUMES MATRICES ARE NOW STRUCTURED
40 C
5030 SUBROUTINE TOLOBEIIC,RCSLIX.Y,Z)
513' C
52), INTEGER*2 DEBUG COUBIN.GLINT
53b LOGICAL*2 GOULDLP ,OPENELPFOLDGRF ,MGRAPHIGDAUTO
543- COWION/SWITCH/ IOW,THETA(4) .QOULDLP,OPENE,LPFOLDGRF,MGRAPH,
552' 1 GDAUTO,DEBUG,COMBINGLINT.IBUG,LBUGISTATS,IZETA
60). C
703. REAL*4 SLOBE(4,181.2i
753. REAL*4 ORNESJ3,COMPEII',MTRAN(3,3),TMPI3J
803, COMMONIRCSLOB/IOL,ORGN,COMP,SLOBE,BETA.
903 8 THRCTHRSTHR,PHR,CPHR,SPNR,KLOBE

10030 C
1103. COMON/RCSCO/CUTOFF.WLENPI .P12,RCSC,THP,CTHP,STHP.PHP.CPHP,SPHP.
120 S C2PHP,S2PHP,RAD,POLARLOBE,
130b' 8 ARR
1703. C
1802' REAL*4 RCS(Ill,RC$2I1SIJ
102' COON /RPRCS/ IRPR, IRCS,RAM,RCS,RC$2

4-2202' C
2223' C IF(LIUG.NE.OJ WRtTE(2.7) IC,RCSLIXY,Z
2243' C7 FORMATE' TOLOBE:',I1.4E11.Si
2263- C
230- TMpEI.)UX
240' TMP(21.-Y
250x' TMP1312Z
260 CALL MATVEC(C0MPTMP,TMPI
270' TUPI1IE-TMPIli.ORGNIIJ
280' rMp(2JxrMP(2)#.0R0121
202 TMPiJJOTMP13J.ORQN(33
300' C
310 CALL MATPUTIMTRAN,CTHRRCPHR,CTHR*8PHR,4STHR.
320' 1 SPHR,-CPNR,..
330 2 -STHR*CPHR. -STNR*SPHR, -CTHRI -2
340b IFISETA.LE.5.1 GO TO 1
llsoll. C
302' 1 CALL MATVECIMTRAN,TMP,TMP)
3703b C
302' IFIILBUG.ANO.2I.EQ.0J 00 TO 5
803 WRITE12.4) ICTNR,PHR,X,Y.ZORGNMTRAN
400' 4 FORMAT(IX,12,SE1O.3/3E11.3/3E11.3/3E1.31
410 C
4203' 5 IFIIRPR.EQ.0) GO TO 3
4502' AR084.*PIRTMP13iIWLEN
4601' SQUSORTIRCSLUAAMJ
470 RCSI IRCSIURCSI IRCS)+SQ*COSIARG) P
4802 RCS21IRCSJURCS2EIRCSI.SOUSIN(ARGI
412b' IFEILSUG.AN0.1).NE.03WRITE(2,6IIRCS,RCSL,RAM,TMP,RCSIIRC8I,RCS21IRCSI
484b' 6 FORMATI' RC$Lz',13,7E11.3)
402 IFIKLOBE.LE.01 RETURN
500' C
510ob SLOIEII.IRCS,IC)ZRCSLURAM
520' SLOSE12,ICS ICJUTMPI1)
5303 8LOIE13.IRCSICJUTMP121
540b' SLOSE14,IRCS.ICIBTMP131
50)' C
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$G0). IFIILBUG.AND.1J.NE.O) WRITE(2,2) IC,IRCS,(SLOBEII,IRCS,IC),Ial,4I

5703. 9 FORMATf' TOLOBEA ',212,EIl.3,3X,3Ff.3)
5831 C
$903, RETURN

N,600), END
610' C F
620)' C
630 C
640), SUBROUTINE ORDERIA1,A2,A3,111,B12,031
650), TI:AMIN1 (Al,A2,A3J
660o1. T32UAAX1 (Al A2,A3J
670), B2zAi*A2*AS-Tl-T3
66030 BlouTI
6301' B8rnT3
70030 RETURN
710). END
7201, C
7303, C
740.% C THIS ROUTINE ASSUMES MATRICES ARE ROW STRUCTURED

74oC Ew4IIIJTI)CJ
760). SUBROUTINE MATMUL(A,B,C)

70). DO I J21,3
7903T0J1S lj1.0.
soob DO 2 Lml,

6603, CONTINUE
661)' CONTINUE
070,% DO 4 Js1,t
330' 4 CIJJU-TIJ)
6001' RETURN
3001' END
910' C
920' C
930' C THIS ROUTINE ASSUMES MATRICES ARE ROW STRUCTURED
940). C
901 SUBROUTINE MATVEC(A.B,CJ
9601' REAL*4 A19),B13),CI3),Tf$i
$ 70' DO 1 J.1,3
6300) JI39IJ-1u13
$001' T(JI2O.
1000' DO I W.3,
1010)' 3 T(J)uTIJ).AEJI3#LJWB(L)
1020' 1 CONTINUE
10801' DO 4 Jxll
1040' 4 CIJ)zTIJ)
1050' RETURN
1060)' END
10701' C
10301 C
1090' SUBROUTINE MATPUT(AAliI2,AIS.A21,A22,A2$,ASI,A3g,A3Si
1100' REAL*4 A191
11103, A(121A12

1 i1403k A14IvA21
11601'so AESISA22
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11603 AI6sUA23~.
1170) A17iUAS1
11800 A (I IuAS2
11901 A(IIIuA83
12001 RETURN

1210 END
1220b C
1230) C
1240' SUBROUTINE TRANSPICIE)

* 12503 REAL C(OJ,0(9i.E(tl..
1260 DIIIuC~iI
12703' D12)zC(4)

*128030 D(S)MCIT)
12110) D14laCI21
1300) DESIMC153
1310b DIS)SCIS)
1320) D17)xC131
1330). DIlImCI
1340), DII3J'CIS)
13503, DO I jai's

1870), RETURN
1330 END -

13903, C
14001 C
1410) C

4 14203- SUBROUTINE BESJIAIIUSJ,D,IER)
1430p C
1440s C XuARGUMENT OF THE J BESSEL FUNCTION DESIRED
1450' C NSORDER OF THE J BESSEL FUNCTION
14603, C BJNRESULTANT J BESSEL FUNCTION
1470), C DuREQUIRED ACCURACY
1410P C IERERESULrANT ERROR CORE
1490o C ONNO ERROR
1500p C IoN IS NEGATIVE
1510), C 20X IS NEGATIVE
1520), C SuREQUIRED ACCURACY NOT OBTAINED
15S0 C 4xRANGE OF N COMPARED TO X NOT CORRECT
1540) C
15501 BJEO.
1660. IFINJ1O.20,20
16703 10 IERuI
1601 RETURN
15901, 20 IFIX)33,S0.31
1600b' $0 IF(N.ST.0) RETURN
1610). BJu1. r
16201, RETURN k
1680' SS IERm2
1640' RETURN
1660P $1 IFIX-15.JS2,32,34
1660), 52 NTESTm20.*10.UXX**WZI
16701 4O TO 56 e
1680* 84 NTESTuSO.+X/2.
1660) $6 IFIN-NTEST14O,3.118S
1700b' $0 IER24
1710 RETURN
1720a, 40 IERUO
1730b 111811#
1740' IPREVuO.
1760), C

56
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176030 C COMPUTE STARTING VALUE OF M
11703, C
178030 IFIX-5.150,S0,6O

1730 80 MAxX+.
1800b GO TO 70 J
1810O, 60 MAuI .4*X#60./X
11203k 70 MBuN*IFIXIXJ/4+2
163030 MZEROxMAX@ MA MB)
1840b C0
16503 C SET UPPER LIMIT OF M

lIE03 C SET FM,F(M-1;
19203, FM~sI.E-15

1930), rFiO.
1063 ALPNAz@.
1950). IF(M-IM/21*21120,110,120
1960), 110 JTx-1
197030 GO TO 150
1980b' 120 JTu1 5

1990) 130 M2xM-2
20003, DO 1S0 K:1,M2
201030 MuzM-K
20203, BMK02.*FLOATIMK)*FMI/X-FM
2030)- PHEPHI
2040), FEIUINK
2050), IF MK-N-1) 150. 140, 150
2060 140 IJuBMC
2070O- 150 JTa-JT
2060b' Sul*JT
2@00 100 ALPHAnALPNA.31K*5
2100). BMKz2.*FMI/X-FM
2110b' IFINi180.170,180
2120), 170 IJuIHIC
2130b' 160 ALPHABALPHA*BMK
21403, BJBBJIALPHA
2150 ~ IF(ABS(BJ-BPREVJ-ABS(D*1J11200,200,10
2160), 1S0 BPREVuBJII2170, IER83
2180' 200 RETURN
2190)' END

22203- SUBROUTINE TRIMSO(NB,B)
2250il LOGICALVI B(SO),BL
22401, DATA BL/' '
22501, NIUSo
2200) DO 1 Jo1,SO
2270)- IF(B(NBI.NE.BL) RETURN
2280b' 1 1138111-1
2290 ~ RETURN
2300)- END
231030 C

2830p FUNCTION ACOSKIA)
PA2840)- ACOSK'ACOSEAMAX1I-1.,AMINIII.,A)I

2$$01, RETURN

28603o END

11 57
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2''FILE U 81:CI11,12]HOSBD.FTN 27-SEP-38 14:36:168 4

20)' C H H 000 388 BBBB DDDD
30'C H H 0 0 S B B D D
403, C HHHHH 0 0 815 BBBB D D
so). C H H 0 0 $ B B D D
602' C H H 000 6888 BBBS DDDD

302' C
602' SUBROUTINE HO8UDIIOUT.LOOPPIOE,IOP,SLOBE.BUFNBI

100' 1 FREQ,POLPER8H,PITCHSROLL.YAW.TILTPHRI
110' REAL*$ Ti .T2,T3,T4,51 .52,83,84,T12,5322VI ,U2.U3.U4,01,02
120' REAL*$ BPNP,RC8MlAX.NC8UIN,T5.T6
13030 REAL*4 SLOBEIS,181J,8AVE13@)
1403- BYTE BUFIlI
150). C
1602' INTEGER*2 DEBUG,COUBIN.GLINT
170' LOGICAL*2 GOULD,LP,OPENE,LPF,OLDGRF.MSRAPH,GDAUTO
1302' COMON/WITCH/ IOW,THETAI4J ,GOULD,LPOPENEILPF.OLDBRFMGRAPH,
102 1 GDAUTO.DEBUG.COMBIN,GLINTIBUGLBUQ,I8TATSIZETA.STAT3INNCS.IOR
2003o C
2103- LPzLOOP
2201, IF(IOUT.EQ.OJ GO TO 20
230' C
240' C COMPUTE REQUIRED ANGLES FOR GRAPH
2502' C
2603- 8LOPE:FLOAT(NRC8-1I/AMAXI 1.001 ,THETAI2)-TNETA(1II
270o CONSTXl -SLOPE*THETAIII
230' ANGNSTATS
260' NIUO
800' 11 IF(ANG.GE.THETAII)) 0O TO 12
3102' ANSZANG*STATS
3203' GO TO 11
322' 4 ANGxANG#STATS
8243' NSuNS-1
830' 12 IF(ANG.GT.THETA1211 GO TO 13
340' LP'IFIXISLOPE*ANG.CON8T.001
8502' NISNS.1
$602' C
370' 20 READIIOE'LPJ TI,T2,T3,T4.TS,T$
3302' C V
360' SlaTi
400 T12sT1ITI
4101' 82muI2-T2)/2.DO
4122' C
414' 1FI81182.EQ.0.DO.AND.IOUT.EQ.0I RETURN
4163o 1FIS31182.EQ0.0.DOJ0 9O TO 4
4132' C
4201' S8u1T121T1-3.DOIT2i2.00*T3)IS.DO
430 84a1T12*T12-6.DOIT12ST2.3.DO*T2*T2.3.DOITI*TS-6.DOIT4)/24.DO
440' C -

4501' ViUSI
460b' U222.D0*S2
470o U3u12.110W33
43010 822082*82
460' U4s6.D01822.12.D3133.132.DOwS4
500' C
510), GluS.Do*3(11u21
520' 02.-i .5D*S3.DOw3lwSS/822.3S.D0134/832
530' C
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I 540), 5:-2 .082/18luSl J
$sob N'SIWISIuS2.3.DOWSS)/(2.DO*322-3.00w51*53i
$sob Pst.D00(N*Bi
$Tob RC8UAXgTS**2
5003 RCSMINuI2.DO*TG-T$)**2

590 ~ 1F11OUTEQO) SO TO 5

01030 SLOBEEI ,NSJ:ANQ
620). SLOBE12,NSImB0
630), SLOSE13,NS):01
640), SLOSE(4,NS)1G2
6503- ANGUANG+STATS
660), 0070O12
670b C
600) 5 WRITEIIOP,11 81,.32,83.84
*S0x 1 FORMATI' $22',D11.3,' *2:',D11.3,' 3'D 1' $491,011.3J
70030 WRITE(IP,2) VI,U2,U3,U4.91.02
710), 2 FORMAT('V: 13' US.' .011.3,' VU38D,01.' U0u'.01.3.
7203, 1 ' 912' ,D11.3,' 02" .011.3)
730), WRITEIIOP,3) B.N,P.RCSMAX,RCSMIN
740o~ 3 FORMNAT(' W2",D11.3,' U'IS' Pa',DII.3,' RCSMAX2".D1I.3,
750), 1 ' RCSUINU',.Dli.$I)
7,00, C
77030 RETURN
Too) C

T9@~ 18 CONTINUE
0003 C
s10ob C PREPARE SKEWNESS GRAPH
92020 C
6251, IF(.NOT.GDAUTOJ CALL IRUODE('ALPHA' .0)

iT30b C CDUO.N.IEAL . CALL SITEKO
832).IF(1ZETA.EQ.0.AND..NOT.GDAUTO3 READIIOR,ISI IJK

660 CAL CRA( ALLOPLYWI8I.

CALL, GR(ZEAXISE .,1 ALL .SODE@.,0.E,1,,'KWES'S2
ISO).CAL IF RSCLIOE.01.LL,2.3 VRAE'
#dox ~ AL IF RSXY4..CAL.XY3 l.S5,l

$0),CALL QRHITIBFNS
5702' CALL GRPRNT0,0.. 1I, 50.0042WIT'52

900b ~ CALL 0RAIS.S,S.5IAYJ ... 2.I:.SKWES'82
Sl0ob CALL *IYO,.,,Y
:2030 CALL GRNUMI'F',0.1.2FEQ

94bCALL *RTX(.SXTIFUUY '80
10501, CALL *RTXTI' *HZ,NB
10402' CALL ORPRNT(-1,X,0,Y,.0S,0.)

10703' CALCTTPL3
10602' CALL GRRNTYIG.S1 ,X,Y.S,.
109003 DyUy-Dy

1101' CALL ORTXTIX SHADED '.301

U 1050. -. .%-- 4
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.0

1110), CALL ORNUMI('F' -I1,2,PERSHi
1120), CALL QRPRNT1-1,X,0,Y,.0S.0.J -

118010 VinY-DY
1 140), CALL ORTXTI'PITCH ',20)
11503 CALL ORNUM('F',-1.2,PITCN)
1160), CALL GRPRNTI-l,X,0,Y,.0$.0.J
1170). TiY-DY
1180). CALL QRIXT(IROLL ',20)
11903, CALL SRNUM1'F',-1,2,ROLL)
1200x CALL QRPRNTI-1.X,0.Y,.08.0.J

4'12100 TinY-DY
1220i CALL ORTXT('YAW ',20)
12303. CALL QRNUM('F',-1.2,YAW)
1240 ~ CALL SRPRNTI-1,X,0,Y,.08,0.i
1250 ~ TiY-DY
12603, CALL ORTXT('TILT ',201
12701, CALL G(RNUM1'F',-1.2,TILT)
1280 ~ CALL GRPRNT4-1,X.,Y,.08,0i1
1290w Y:-Y-DY
1300). CALL GRTXT1'PHIR ',20)
1310 ~ CALL GRNUM1'F',-1.2,PHRJ
13203b CALL GRPRNT1-l,X,0,Y,.OS.0.i
1383k C
1$40)- CALL GRINOVEMO.
13503- DO 10 J9l.50
1860) TXFLOATIJI/2.6
1370), WoTUIT+2.)/IT.1.)**2
13803, *u2.*T*IT#.JIIT#.1*WT+2.3)
130). 10 CALL ONDRAVWW)0
14003p CALL GRDRAW(I.,2.)
1410), CALL ORDRAW(.5.0.1
1420), C
1430 DO 14 J2W.NS
14401, CALL GRSYUISLOBE(2,J3,SLOSE13,J3,.1,..423
1450)- CALL SRTXT(' I
1460), CALL IBRNUU('I'- 1.IFIX(SLOIE(l,J)iDUYJ
1470A 14 CALL *RPRNTI-1.3LOBE12,J3,0.3LOSIIS,Ji,.0U,..
1480p C
140), C PREPARE KURTOSIS GRAPH
Ife0p C
11053, IFI.NOT.QDAUTO) CALL GRODEIALPHA',0)
151010 IFIGDAUTO.AND.IZETA.EQ.0J CALL URTEKG
15121, IF(1ZETA.EO.0.AND. .NOT.GDAUTO) READ(IOR.181 IJK
1610, 18 FORMAT(A2)
1520), IFIIZETA.EQ.@) CALL ORMODE('ERASE'.8)
15803 IFIIZETA.GT.@J CALL GRPLOT18.S,@..-1)
1640 C
1550P CALL AI(0.,.,5,,01.62'DT,,2
15401 CALL *RAXISES,1.5.1.5,7.5,S0..-2..0.,9.2.'KURTOSIS',21I
167030 CALL IRSCLIO.,-2..1.,6.3
15302' C:Z
loco), CALL GRIXYf4.,S.5,X.YJ
loco), CALL GRTXT(BUP.NI)
1610), CALL GRPRNTIQ,X,Q,Y,.1..
16202' C
1s80), CALL GRSXY(6.8,8.GIX,V)
16403k CALL IR$XYIG.S,S.S.XDYI
1650), SDYm-Dy
166003k CALL GRTXTI'FREOUENCY ',301
167030 CALL *RHUM1'F'.-1.2,FRE@3

60
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16603' CALL ORYXT(' QHZ',41
1690b' CALL 4IRPRNT(I.X,0.Y,.06.0.i
17003' YzT-DY
17101- CALL ORTXT('POLANIZATION ',501
17201' CALL GRTXT(POLIIJ

j7178030 CALL BRPRNTI-1,X.0,Y,.06,0.i
176030CALL ORTXTl SHADOWED ',201

176030 CALL QRNUMl('F',-1,2,PERSHI
17703 CALL GRPRNT(-1,X,0,Y..01.0.)
1730' YoT-DY
1790), CALL QRTXTI'PITCH ',201
1600' CALL QRNUMIl'F',-1,2,PITCH)
1610). CALL ONPRNTI-1,X.0,Y..06.0.)
11203 yET-DY
16130). CALL ORTXTlEROLL -.201
1640' CALL IRNUMlI'F',-1.2.ROLLJ
1650' CALL ORPRNT(IX,0.Y,.06.0.1
166030 YuY-DY
1670)' CALL GRTXTI'YAW ',20)
18360 CALL IRNUMlI'F',-1.2,YAWJ
1660' CALL ORPRNTl-1,X,0,Y,.06,0.)
1300' vYT-DY
1610' CALL GRTITI'TILT ',201
1620)' CALL SRNUMlI'F',-1.2.TILT3
19830 CALL ORPRNTI-1,X,0,Y,.06.0.3
1640 YET-DY
1650)' CALL SRTXTI'PHIR ',20)
166030 CALL ORNUMI'F',-1.2,PHRJ
11170)' CALL ORPRNT(-1,X,0,Y,.08,0.3
1360' C
1960), CALL ORMOVIIO.,01.3I 2000 DO 15 Jal50o
20101- TEFLOATIJ)/2.5
2020' V:TNIT#2.3/IT#1 .1*2 p
2030' zG6.*T*IT#4.3/IT+2.I*12 ..

2040 16 CALL ORDRAW(W.41
2050).CL ODA(',~

CALL1 VaDl.1.6.
2070), DO 16 Jul.50
20613'W.I 2060). Z04.0W-2.
21003' ZNEEZ#2.i/12.UW-Z)
2110)' ZN2xZN*ZN
21201' *aS.WZN2kIW1./(ZN2IW-3./ZN-1./ZN2)/((ZN1.30(ZN2.3)
2160' 16l CALL ORDRAWIWS)
2140' CALL *RDRAWI.,-1.51
21610') 1 lN
21701 C CALL II6YM(6L01E(2,J),SLOBE(4.J),.1,0..421

21801,CALL SRTXT(' '.1)
21303' CALL *NNUM('I'.-1,IFIX(SLOI(,JJ),DUMYI
2300' 17 CALL GIPRNTE-1,3L05E12.JJ,0,SLOE(4J3,.06,0.3
2206' CALL GRR1316AVillU3210' CALL GRIVINH')
2220 RETURN
2261, END

JODI-' FILE 8 SYO:E111,12]$PAWN6.FTN 27-SEP-63 14:36:42 (
10op SUBROUTINE SPAWNS
20' INTESER12 EXITATIS)
s0ox DATA TASK/ORMCR .../I403' CALL SPAWN(TAIK, ...11i,EITAT, ,'RUN LOSEITASKsLOBE' 16.,0411)
110 CALL STOPPRI11)
603' RETURN
7030 END ~n

61in n
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33FILE a SYQ:111,123LOBE.FTN 27-SEP-63 14:30:48 (

20b CEEE
$01 30C L 000 3556 KE
40 C L 0 0 B B E
$01,C L 0 0 BOB$S EEEE
O0OC L 0 0 B B E
703 C LLLLL 000 BBBB EEEEE
60ob C -

1003, C COMPUTE RCS LOSE STATISTICS
1101, C

ISO0. C.5
140b REAL*4 SLOBE(4,1611,51014,180),NF.NDIIS1,3),SAVEI3O)
1103, REAL*4 THETA141 ALPHA14),DELTAI4),SCALEI6PI.2J2,C1221
16030 REAL*4 D12.2.2,23,AMfN(2J,ORS(21,TMPARR(2,2J,GSIZE(5)
17030 INTEQIR*2 OLINT.RR.SS
1753, LOGICALW02 ODAUTO
16030 BYTE BUF(101
1l0ob C
200), DIDIX)a44577.MCOSI1.57076-ATANIX/665.Si)
210), C
220b I0Wz2
2303, CALL ASNLUNIIOW,'TI-,01
2403, IOLml
250), CALL ASNLUNIIOL,'SY'.0I'.1260), lOTx5
27030 CALL ASNLUNIIOT,'SY'.0)'.1280). C
230 OPENIUNIT.iOL,NANEU'LOBE.TMP',TYPEU'OLD',RECORDSIZEUliS.
30030 1 ACCES~m'DIRECT' ,READONLYISHAREI
31030 C
320 READfIOL-II IOUTKLOBEOLINTNRCS.NLOBETHETA.ALPNADELTA,
3803 1 BETA,SCALE, IZETA. IPCODE,WLEN,LBUS,NB,BUFODAUTO,

4340b 2 FREQ,POL,PERIN,PITCN,NOLL,YAW,TILT,PNISSZE
3603, LlUG42LBUG.AND.4
360b LBUQ~vLBUG.AND.8
3620 C
644) IFIDELTA(31.110.0.) WRITEE lOWS)8
3660, I FORMATI' LOSE' -- DELTA HAS NOT BEEN DEFINED')
366b IFIDELTA131.110.0.1 00 TO 31
3702, C
$60b IFILBU64.NE.01 WRITE(2,22T) IOUTIKLOBEIGLINT,NRCS,NLOBE,IZETAIIPCODE.
3s0b I THTADLTLPASCAI ITAWLEN
400b 22T FORUAATIIX,714/1X,6F6.2/IX,SFS.2/1X.6F6.21
410b C
4201, 10.10W
430-v IFIIOUT.E@.t) 00 TO 4-
440b C
460P C INITIALIZE LOBE FOR PRINTED OUTPUT
400 C
4701, IFIIPCODE.EQ.01 0O TO 7
480 1033
490s, CALL ASNLUNIIO,'GD',0)
5003. 00 TO 7
5101. C
6201, C INITIALIZE LOBE FOR GRAPHICAL OUTPUT
1303, C
540b 4 10034

62
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$sob CALL GRINITIO,IZETAIOG,IERJ
56030 CALL GRNVI'H'l
570b' CALL GRPICIGSIZE(I1,SSIZE12R.QSIZES3),Q511E141)
$sop IFIIZETA.EQ.01 CALL GRDEVI'TEK','NAD-,IER)

.493w C
*003' C
6103' C LBUD DEFINITIONS:
620b' C LSUB:133'TOLOIE TRANSFORMATIONS
030O0C LSU~m2mpTOLOSE OUTPUT0
640p C LBUO.4zp'INPUT A LOBE OUTPUT
050OP C LBUGUS23%GLINT OUTPUT
6603' C
S70, 1 NANGUIDELTA12I-DELTAI13J/DELTAISJ.1.OO01
6$0ob IF(IOUT.EQ.0.OR.IZETA.NE.O) WRITE(IO,222) NANG -

490o 222 FORMATI'@pp COMPUTE RCS LOSE STATISTICS FOR',IS,' THETA ANGLES '4')
700), C
710). C COMPUTE CONSTANT TERMS
7201- C
780), SNBETZSINIBETA)
7403' CISET1UCOS(IETAIO.
7501, SOLx.2998E3
760b P123.1415926
7701, TWOPIxPI*2.

II730), RAD:PI/130.
793. IFIIOUT.EQ.13 CALL SRSCLESCALEI1J.SCALE(21,SCALEISIISCALE(41J
3001, C
8103. c
1201, C PERFORM ENTIRE SET OF LOSE STATISTIC COMPUTATIONS
2110 C INEAD ENTIRE TEMPORARY FILE EACH TIME)
340P C FOR EACH REQUIRED DELTA ANGLE
8S0), C
$60OP ANDELTAII)
8 701, 21 AUUA.DELTNTAI) 00 TO 22

9003, IFINAN.LE.01 STOP 'LOBE ERROR'
Sl0p so TO 21

90p C
ISO), C2 COMUT ASU AND STNADDEITO

$sopk C
10703 DO 00SU- ,AN

1010P C D TIONX NDXIT LB RA

11S01, IFINLS.GT.NOSE3) 0 TO 10

1SPC CIUESUM NDL TNDR DVATO
10o *ESILNS1 8LBEJJlL

63TO I.4.

Ioo SMO
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11501, IPISLO3EI1,LI'EQ.@.1 00 TO 1
116030 DO 13 Kx2,4
117030 16 EAD(IOL'NL3.K) ISLOBEIICJJ,Jz1.Li
11403 C
1130 IFILDUG4.NE.0) WR ITE12,2211 ESLOSE(I,,Iu,41
12003 231 PORMATI' RCS,POSNN',4EI1.1
1210b C
1220) Ns
1230), DO 2 J1,4 "1
1240), 2 SIQ(J,NImSLOSE(J.LJ
1250), C
1260 SUMaS.mSIQl N)
1270 STD.STotsmi611*e2
12101, IF(U.LT.180i so TO I
1230 IFIN.EO.180I WRITE12,S3
1800b 6 FORMA~T' RCS), -- LOBE WILL USE ONLY THE FIRST 1S0 COMPONENTS')
1310), C

1820P C IFIN.LE.I) 60 TO 100 -

1340), IFfIIOUT.EQ.0.OR.IZETA.NE.0).AND.LL.EQ.1I WRITE12,24) N
1880 24 FORMAT(IOX,'",) USINO',14,' SUBCOMPONENTS t~'J
13S030 STONSCIRT(SUMNSLM-STDI
1370b IFIILBU04).NE.OJ WRITE(2 2231 N,SUMISTD
1310) 223 FORMATI' NSUMSTDS',15,2E11.S)
1390). C
1400), C
1410)- C COMPUTE R C 3 LOBE I
1420) C
1480) C
1440), 010.
1450 Ml N-I
1460), C
1470 DO 5 Iz1,N1
14130 1131#1
1460) 0O S Jxl11
1500)5 02'6*SI9l1,IiwSl1.JJI(SIS(4,11-51614,J)ICSSET1*
1510)0 1 (51612.I)-SI0I2,J))WSHBETJuw2
1520), NFxSQRT(I) ISOL*STDJ
1530). IF(ILBU04I.NE.01 WRITE(2,2241 NF
1540), 224 FORMATI' HFB',4E11.3)
15501. NFNNFU1 ES
1560) C t
1570) C
1860), C COMPUTE R C 3 LOBE 11
1530). C
1600) C -
1610). C
1620), C COMPUTE A MATRIX (All ,233A12,1)3
1630), C
1640), A1i@O.
16g0)- AlsQI.
1660). A2220.
1670) C
1660), DO 61 2.Ni
1660) 1181*1
1700)0 DO 6 JzIiN
1710) C
1720 C

1740)s T2'151012,II-51012,J)JRCSIET1-151014.I)-51014,J))USNSET
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U17501, C
1702 T3m(61t3,IIi-8I0(3,JI)*CUBETl
1770b' C
1710). AlA1I.T1WT2KT2
1790), A12oA12#TlIIT2*T3
1300), A22mA22*T1*T3*T3
1810), C
1830) 6 CONTINUE
183030 A2ImAI2
1140), C
1196b0 COMUITE FIDELTA) VS DELTA

11110), ELT360./ELT(4,
110b' C DELT22.
1900b DELEO.
1010)' IDEL81
16201, IF(SUG4.111.01 WRITE(2.2251 DELTAl1.A12,A21,A22

1130b' 225 FORU1ATI' DELTs',E1I.$/' At' ,211.3/31,21111.31

134b 0, IFPDEL.41T.4159.91 10 TO 11I

13602' D2n-COIIDEL*RAD)

2000). T2IA2IUDl .A22*D2
2010)' AsDlWTi*D2*T2
2@20), NDI (DELI) uIQRGTIAM/WLEMOSTD)
2080 C
2040 DELuDEL*DELT
20501, IDEL2IDEL~l
2060 00 TO 10

200- 11 NIII 126.2

202' 16 NDIIEJL)SNDIJ~ISO,60

21302' C
9140 IFIIOUT.EO.lI 0O TO IS
21501, C
2160op C PRINT RIF AND ND
21702' C
2110 WBITEIIO,121 ANOUNF
21l0op 12 FORMATIOURCS LOSE OUTPUT',5X,'THETAt',FS.Il NF(QNZINU.F6.3/
2200 0 SX,'DELTA',&X,'ND'/i
22102' C
22203' D0 13 JmlIDEL
22301, 18 WRIME(I,141 ND(J.11,ND(J,21
22401, 14 FORMATIIIIF9.21,F10.31
22600' 60 TO 100
21601, C
2170p' C GIAPH NP AND 1/ND
22600C
2290p' If CONTINUE

2340' NOUAXUAMA.IIMNDIJ 2)J
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235030 IFIFMAX.EQ.ND(J.211 FANOUUD(J,1J 7
2360). FMINSAMINI(FMIN,NDIJ,211
23701- 11D0I,212NDIJ.21
23601, I6 CONTINUE
239020 IFIFANG.QE.180.1 FANQSFANO-1SO.
24003o IFIFANG.QT.60.) FANGUFANG-180.
2410b C
24203- CALL 4*NRXYIANG,Q.,XIY)
2430b YIIUIZEI21-.35
2440)- CALL ORSAVISAVE)

*24503o CALL GRINIT(1,0,0,IERJ
*24001 IF(LL.NE.11 00 TO 17

24701, C
24$03, CALL *RTXT('NFIGHZI',03 .
2490 CALL GRPKNTI.1,2.1,-1,Y.5,.1,0.l
25001. CALL GRTXTI'MAJON'.01
251030 CALL GRPRNTI.1,2.1,-1,Y.3,.l,0.)
25203o CALL GRTXTI'MINOR'.OJ
25301, CALL *RPRNTI*1,2.-1,Y'.23,.1,0.i
2540), CALL ORTXTItANLE'.0)
2550), CALLSPRT.,.-1Y.S10)
25603, C
2570b 17 CALL ORNUMI'F',-1,3.NFJ
2500 CALL GRPRNTI0,X,-1,y+.53..10,0.)
25301, CALL SRNUMI'F',-1,2.FMAX)
2600), CALL QRPRNT(0,,1Y.5...
2610), CALL SRNUM'F'.-1 2. FM IN)
2620), CALL GRPKNTIO.-1Y231,.
2630). CALL GRNUUIF',-1,2,FANGJ
2040, CALL QRPRNT(@,X,-1,Y.0,.1,0.)

2660 CALL GRCPI'POLAR'l

2700 CALL SRPICIX,1.X#1.,Y#.l
2710 CALL *RSCL(0.,0.,ISCALE(*)-SCALI1IJ/6.5,360.1
270CALL *PC0,-2.t,.5
27303o CALL SRWINDI-IDELND(1.2),NDI1.1i,IDUM,@.OUMDUU.IDUMI
27403,CALL *RUPPN

2750 CALL GRRES(SAVEI
27601, C
2770b 100 ANSIANO.DELTA(Si
2710P 101 CONTINUE
2790b C
28001. IF(GLINT.EO.O) CALL EXIT
2010o, C

26301 C
2640 C
2650), C COMPUTE GLINT LOBE III
2660), C
28701. C
26603 OPENIUNIT'IoT,NAMEE'LOSE.UCR' ,TYPEU'3CRATCH')
2660p C
29001- 0O 36 IALPUI .91 60
2010b C
20201 C PAGE PLOT
20o IPIIOUT.EQ.Oi GO TO 50
21861. IFI.NOT.GDAUTOJ CALL SRUODEIALPHA ,01
2640P IFEIZETA.EQ.0.AND.SDAUTO) CALL GRTEKQ
2642o1 IFIIZlTA.Ea.0.AN0..NOT.Q0AUTOJ READIIOW.471 IJK
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29441' 47 FORMAT 1A2)
29502' IFIIZETASGTO) CALL GRPLOTI1I.,3.5,-1)
2960p' CALL GRINITI1,0,01,ER)
297030 C

'4290. 50 ALPSFLOAT(IALP-1)
29902' REWIND lOT
$000). C
3010' C LOOP ON THETA INCREMENTS
3020' ANSI THETA 113
303030 DO 35 LII ,NRCS
30402 IF(ALP.EQ.0.) 0O TO 23
3050' C
30602 READ(IOTIRO) N,XIAR,YBAR,SUM.8
80702, IF(GLINT.EQ.1.OR.N.LE.11 00 TO 37
30030 00 TO 39
3090), C
31002' 23 NLinE-3
3110), XBARzO.
3120p' YIARcO.

$ISO).SUMo..
3140p' SYDUO.
3150, R0-
3160op C
3170)' 31 NLIENLB*4
31501, IF(NLB.GT.NLOBEJ 0O TO 30
3190), READIIOL'NLB+13 ISLOBEII,J),J21,LJ
3200' IFISLOIEI1,L).E@.01 0O TO 31
3210). DO 32 Ku2,4
3220). 31 READ(IOL'NLB.KJ I3LOIE(K.J),Jzl,L)
3230p' C
32401, NUN.1
3250). DO SS J3I,4I 260' 33 SIG(J,NjuSLOBE(J.Li
3270p C COMPUTE E1eigmal
32602' SUMNSUM.SIG16 NJ11
3290' C COMPUTE SU(slmseligresk-XJ
3300)' XIIARKAAIIGI61,N)uII 2,1N)
33101' C COMPUTE SIM(IvmqegrGek-Y)
3320p TIAREYBA 4II0(1,1J061393,NJ

33402' C
3350op 30 IF(N.EQ.01 WRITE(IOT,201 N
3360' IFIN.EQO)1 0O TO 37
33703, C COMPUTE grosk-Xhar
33302' XIIAREXIAR/SUM
33902' C COMPUTE fresk-Yber
$410P C
1410p' STD2O.
$480P IFIGLINT.E0.1.ORIN.EQ.1J WRITE(IOT,201 NXIARMYAR
3440p' IILINT.EQ.1.OR.N.EQ.1) 0O TO 37
3450' C

8470p' B11.2130.
34302' 512,1)s0.w 490p 5(2,2180.
35002' C
3510). lxN-1
3520)' DO 34 131111

Mop02 1131#1
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3540b DO 34 JSII.N
3550~ C

3570). T2zSIGI2,II*SIG(2,J)-2.*XIAR
3580)- T3x51G13,1*I3.3JJ-2.*YSAR

36303, B12.2)rB(2.2J.TI*T3*T3
3640b 34 CONTINUE
3050)- WRITECUOT,201 N,XSARSYBAR,SUM,S
30S0b 20 FORMATIA2,?A4)
3670). C
368Ob 30 A13COSIALP)
3801%~ A2zSINIALP)
3700b C
3710~ C COMPUTE GLINT STANDARD DEVIATION
3720b C
3730), BB.Bi1,1JWAIwA1.S(2,11wA2a.AI.B(1,21*AI*A2.B12,2)*A2uA2 -

3740)- STD2SORTIBB)/(2.*SUM)
3750- IFILSUQU.NE.OJ VRITE12,2261 N,SUMSSTDXBARYSAR,ANGSS
37S0b 226 FORMAT('ON,SUM.STD:-',13,2EI1.3./
37?0o ~ 1 ' XBAR,YBAR,ANG:',SEl1.3/
3780b i 'BU-',4EI1.3i
3790b C
3800b 37 NDIL,lIJANG
3810), NDIL,3.I:STD
3020O, IFIALP.EQ.9O.) 00 TO 30
3830b C
38403, NO(L,2i:XUAR
3850b GO TO 35
3880 C
3870~ 30 ND(L,2):YBAR
38101,C
3S030 35 ANGUANG#THETA(3)
$900O, C
3910~ IF(IOUT.EQ.1I GO0 TO 51
392o~ C
39301, C PRINT GLINT DISPLACEMENT VICTOR
$940O, C
$Ilso- WRITE(IO,581 ALP
3960b 53 FORMATIORCI GLINT OUTPUT ALPHAs" F6.i
$90, 1 ' ANGLE DISPLACEMENT DIS-S DIS4S'li
3980). DO 54 LPxI,NRCS

$900),Tl8NDILP,2)-NDILP,3J
4000)k T22NDILP,21#ND(LP,31
4010 54 W1RITEIIO,551 ND(LP,lI,NDILP,2I1 Tl,T2 l
4020:, 55 FORMATIFI.1.F11.3.1FIO.3,F1O.31
40303, GO TO 52-
40403o C .
4060b C GRAPH GLINT DISPLACEMENT VECTOR
4060x C
407o~ 51 IFIIZETA.EQ.OJ CALL ORMODEI'ERASE'.3)
4010O, C ..
4090), CALL GRPLOTIGSIZE131SGSIZE(2),O)
41003, CALL GRPLOT(0SIZEIlR,GSIZE(2),l1iil
4105s, DAXNGSIZE(3)-GSIZEII)
41103, CALL GRAXISUO,GSIZEII,081Z112)-.05 DAX 0 SCALEII),SCALEISJ,
41201, 1 IFIX(SCALEES)J,IFIXISCALE(6I),'OSSERVATi6N ANGLE'.9S,1)
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4100O, C
41S5S0 DAYzGSIZE (43-QSIZEI2)
4170). CALL GRAXISIS,GSIZEE1J,GSIZE12J,DAY,90.,-S60.S60..5.2,
4110;, 1 'DISPLACEMENT IDEGI'.S*.21
4190~ C
42001, IFIIZETA.EO.0J CALL SRMODE('ALPHA',2)
4210;, CALL QRTXTIBUFNB)
4220), CALL GRPRNTEO.5.5g-1 .7. ,.15p0.I
4230), CALL QRTXT(IMONOSTATIC GLINT FOR ALPHAS' .03
42401, CALL ORNIJM('F',-1,1.ALPJ
42503, CALL ORPRNT(0,5.5,-1,S.76,.1,.

4260~ IFIIZETA.EQ.01 CALL ORMODEE'ALPHA',31
4270), C
4210), C DISPLAY RADAR PARAMETERS

42S0, C

43303o CALL GRTXT('FREQUENCY ',$03
43403o CALL ORNUMI'F',-1 .2,FREOJ
4350). CALL GRTXTI' OHZ',4)
43S030 CALL ORPRNT(-1,X,0,Y,.12,0.)
4370)- YZY-DY

4380), CALL ORTXT(IPOLARZTIN',0
433ok CALL GRTXT(POLAR TIN '.)

4400),CALL ORPRNT(-I.X,0,Y,.12,0.1

4420 CALL GRTXTPIZ SHADOWED ',20)
4430), CALL 4ORNUM('F',-1,2,PERSH)

44401, CALL ORPRNT(I,X.0,Y,.12,0.1
VA4450i Y9Y-DY

4460), CALL *RTXTI'PITCH ',201I4470)- CALL GRNU~i'F',-1.2,PITCKI
4480)- CALL SRPRNT -1,XoY,.12.0.)
4493- yoY.ST
4501, CALL *RTXTI'ROLL ',201
4610 ~ CALL SRNUMI'F',-1,2,ROLL)
45203, CALL GRPRNTI-1.X,0,Y,.12,0.)
4530s- YSY-DY
4540)- CALL GRTXTI'YAW ',201
4550 ~ CALL BRNUUI'F',-1,2,YAWJ
4560 ~ CALL GRPRNTI-1.X,0,Y..12,0.)U4570)- YSY-DY

4510). CALL ORTXTIEPHIR ',20)
4590 ~ CALL GRNUUI'F',-1.2,TINRJ
4600s CALL GRPRNT(-,X0V.1200.1

4650P C
4660x C DRAW AVERAGE DISPLACEMENT CURVE
4170 ~ CALL GRPIC(GSIZEIlJ,GSIZE(13,SIZE43J,081ZE(411
4600 CALL GRSCLISCALEII),-SSO.,$CALEISI,360.3
4690~ C CALL GRVECI-NRCS,NDI1,1J,NDII.2),DUM,0.DUM,DUM,DUUJ
4700. C
4710x CALL ORMOVE(NDI1,1I.DIDINDI1,23)i
4720 DO 70 JRCSU2 NRCS

47 0sT CALL GRORAW iDIJRCSII),DIDIND(JRCS,2)II
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47503 IFIGLINT.EQ.1J 00 T0 52
4700 C
4770) C GRAPH DISPLACEMENT */- STD
47803 CALL URMOVEINDI1.1),DID(ND(1,2)*NDI1.311
4790 DO 49 Jm2,NRCS

-~ 4800b 49 CALL GRDRAWIND(J,1),DIDIND(J,2)4ND(J,3J1))
4110o CALL GRMOVEINDI1,13,DIDIND(1,2)-NDI1)I
4820) DO 59 Jx2,NRCS
4830b 50 CALL GRDRAWIND(J,1),DIDINDIJ.2i-ND(J,3)3i 5

48403o CALL GRUPPN
1448501 CALL GRRES(SAVEJ

4860b C
4 4870C

4880) C COMPUTE GLINT LOBE IV
46903o C
4900 C
4910) C REPEAT STD CALCULATIONS FOR ELLIPSES
49203' C
49303- C LOOP ON DELTA INCREMENTS
4940)- 52 AN02FIRSTA
49503, DO 45 LLc1 HANG
4030), C
4970), C DETERMINE NEXT INDEX INTO LOBE ARRAY
4060) IFIANG.QT.THETA(211 0O TO 36
490), LzIFIXISLOPE*ANG#CONST+.0013 il
5000), C
$010) NLB:--3
5020) XBAR20.
3040,w SUNIZO.

50503. STDzO.
50003 N20
5070b C
50801, 41 NLSUNLB#4
S0003' IF(NLB.QT.NLODE) GO TO 40
6100), READ(IOL'NLB.1I (5LOSEtI,Ji,Jg1,LI
$110) IF(SLOSE(1,L).EQ.01 0O TO 41
5120), DO 42 Kz2,4
SIS30 42 READ(IOL'NLS.Ki ISLOBEIK,JI,J:1,L)
5140b' C
51501, N8N+I
5160), DO 43 Jul,4
$170o 48 SIGIJ,N)'8LOBE(J.L)
5160), C COMPUTE Elsigmal
$IS0), 6UU3SUM#SIGI1 ,NJ
5200) C COMPUTE SUMleigmogreek-XJ
52101 XIARvXBAR#SIGI1,NJWSIGI2 ,N)
6220' C COMPUTE SUU(sigmosgrook-Vi
623010 TBARvYIAR+81G11.NJWSIGE3.NI
5240)o 00 TO 41
5250), C
5260) 40 IF(N.LE.1) 0O TO 46
52700' C COMPUTE greek-Xbur
52903o XBARvXBAR/SUU
120o C COMPUTE greek-Yhar
$800u' YBARvYBAR/SUM
5310) C
5320' DO 49 31l,2
5360' DO 46 NNx1 2
6640PB I, NN)mO.
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5350P C IMn,NNI 0.
53603. DO 46 RR:1 ,2
53702' DO 46 1131,2
56602' 46 DIN,NN,RR,S1J:0.

.~.530)' C
', - ~5400s, 111216-1

54102' DO 44 i131 N
5420p' 1131#1
54303, DO 44 JxIl,N
54403' C

. ~ 5450p' TluSIQI1,11*31011.J)
54603, T2zSI612,Ii.511I2.J)k2.*XBAR
5470)' T3u51Q13.1II316J)-2.WYSAR
5430)' T42f11IGt4, IJ-61014,JJJUC63ET1.181QI12I)-5812,J))OSNSETJM*2
543 TIBS1I012,I)-11012.JIIWCSBETI-(61014,1I310(4.JJJUSN3ET

$50010TSv15IGi3,I)-8i1I3.JI)UCSSETI

5540p' TMPARR12,11uTMPARRI1.2i
55503, TMPARR(2,2)zT3*T3
55601, DO 44 m.1,2
5570)' DO 44 NNhl,2
5530). TEMPBTINTMPARRIW.NNJ
3590). C IM, NN) OB 10,NN) +TEMP

$@Sol, D II, N, 1. J D Iin, NNM 1, 2) TEMP*T3*TS
5640)' D 1, N, 2, 13 D(MNN, 1.21
5650). D IM,NN, 2, 2)'D In, NN, 2. 21 #TEMP*TG*TG
56602' 44 CONTINUE
56702' C
5660). A18COSIALPI
6630 A22SINIALPI
5700op C
5710' C COMPUTE SLIMY STANDARD DEVIATION
5720' IB2Sil,11NAIA1,S12,1IIA2gA1.bI1,2JWA1UA2.B12,2)1A2*A2
57601, STDs6QRTIBSJ/12.mIUMI
5740p' CCsCI1,1)*MAA1C(2,1)0A2*A1.CI1,2)*AIwA2.C12,211A2*A2
57503' C
5760OP C COMPUTE Nidelta~f)

sylopNFxSQRT(CC)/12.*STD*SOL)
$7901NFNMF*1.EO

56102' IFILBUO6.NE.01 WRITE12,220) N,SUM,STD.XBAR.Y3AR,B,CUD
5620b' 220 FORMNAT('ON,IUM,STDv',I3.2E11.3/
5630l- 1I XBAR.YBARv',2E11.S/
5140 1 'Bm',4E111.61

5350' 1I Cu',4E11.3/
56602'1 4(1 Dx',4E11.8/3J

56702' C
5660k C
6.02' C COMPUTE GLINT LOBE V
56001' C
5$10op C
562020 ANN(IlJAl

5640' DELTv360./D1LTA(4I
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5950O, DELmO.
596Ob IDELz1
5970), C

.15980O, 60 IF(DEL.QT.359.91 0O TO 61
3930.% NDIIDEL,1)zDEL
6*00, DR6(1D:SIN(DEL*RADJ
0010), DR$12Ru-COSIDEL*RAD)
6020' C
6080). DD:0O.
6040' DO 69 31I,2
60503, DO 09 N1,2
6060) DO 69 RRS1,2
60703, DO 69 8331.2
60O0O, OS DDUDD.DIW,NN.RR,SS).AMNIMIWAMNINN)RDRSERR)uDRS(S63
6090' C
610030 NDIIDEL,2)uSQRTIDDi/h2.*WLEN*STD11
6110). C
6120 DELzDEL+DELT
6130-% IDELxIDEL.1
6140), 00 TO 00
615030 C
616031 61 NDIIDEL.1i:360.
6170). ND(IDEL,23:NDI1,21

6190).DO 66 Jz1,IDEL
6200' 66 ND(J.112AMODINDIJ.1.90.,380.)
6210)' C
62203. IF(IOUT.EO.l1 00 TO 65
6230), C :
624020 C PRINT NF AND ND
6250 C
6260 WRITE(IO,621 ANG.NF.ALP
62702' 62 FORMATVQRCS GLINT OUTPUT',SX,'TNETA:',Ff.1,' NFIGNZIN',F1.3/
62601- 6 5X,'DELTA',5X,'ND',SX.'ALPHA:',FS.1)
0290) C
6300), DO 63 JZ1,IDEL

* 6310), TEMPE1./INDIJ.2)*RAD, 
..

6320 03 WRITE1IO,643 NDIJ14,1.11NDIJ,2i,TEMP
63303, 64 FORMATIIX,F9.2,2F10.3)
6340 00 TO 45
63503' C
63160P' C GRAPH NF AND 1/ND
63703, C
6360' 611 CONTINUE
6390), FMAXmO.
6400 F1111111000.
6410 DO 66 J21,1OEL
64201, NOIJ,231./IINDIIJ,2IuRAD)
64303- FEAXnAMAXI IFMAX NDIJ ,211
64403, IFIFMAX.EQ.NDIJ.211 FANSEND(J,11

4460s- C N1DIJ,I)ENDIJ,2WI.I 4TOP 66 CONTINUE
$480O, IF(FANG.GE.110.J FANQGFANG-1#0.043011 IFIFANQ.GT.SO.) PANGuFANG-ISO.
05s0ob CALL GRRXYIANG.0.,X,Y)
65203, Y'681ZEI1-.05
6610' CALL GRINIT(1.0,0,IERJ
66401, IFILL.NE.11I 00 TO 67 y
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S5S0O, CU6560), CALL ORTXTI'NFIGHZ'.OJ
SG703, CALL QRRNTI1,2.1-1.Y..3..l,O.J
$510O0 CALL ORTXTP'MAJOR'.OI
6690O. CALL GRPRNT ,2.1-.Y.3l,.l,O.I

466OO30 CALL ORTXTI'MINOR'.OI
6610 ~ CALL GRPRNTE'1,2.1.-1,Y#.23.1,O.i
66203, CALL ORTXTI'ANGLE'.OJ

* *630), CALL RRT.,.-1YO5.@.

6650O0 61 CALL ORNUI'F',-1,3NFJ
6660). CALL QRPRNT,X,-Y..5,.1O,O.)
6670). CALL BRNUUEI'F',-I1,2.FMAXi

661030CALL GRPRNTIO,X,-.Y $81.O.i
6690) CALL QRNUMI'F',-1,2,FMiINJ
8700O, CALL QRPRNTI,X,-1Y.23,.1,O.J
6710 ~ CALL ORNI'F',-1,2,ANG)
6720). CALL GRPRNTI,X,-Y.06..1,O.i
6730 C
6740), CALL ORCPI'POLAR'l
6750), YBQIIZE(2)
6760). CALL BRPICIX.Y.X..Y.1.)
6770), CALL OR8CLEO.,.,(SCALE(a)-SCALEEUJIS6.5,3eso
6780. CALL QRPICIX-1.,Y-.2l,X..Y..5i
6790). CALL ORWINDI-IDELND(1,2),NDI1.1),IDUM.0,DUM.DUM.IDUM)
66003- CALL GRUPPN
6810 CALL ORRESISAVE)
68203- C
6830). C
$8403- 45 AN62ANG*DELTA(3)
680). so CONTINUE
6860). CLO8E(UNITaIOLJ
6870)' CLO6EIUNITBIOT)

68903, END
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APPENDIX

A PLOTTING COORDINATE SYSTEM FOR THE APL RCS/STATISTICS CODE

Background dinate system, the pitch, roll, yaw, and tilt transfor-

The following remarks are applicable to the APL mations are disallowed for other than small angular
RCS/Statistics Code described in this document. In excursions. But they are exactly the transformations
consequence of the code's sequential development one would like to use to satisfy the requirement for
over a rather long time, several peculiarities exist. Be- arbitrary planar and conical cuts. The best way to
cause they are not explicitly pointed out in the body satisfy the requirement is to eliminate the original
of the text, their significance may be overlooked, pitch, roll, yaw, and tilt capability and replace it with
particularly in regard to recent demands on the code a new system called PLOTTING. The target-fixed
that were not anticipated during its development, system stands fast while the plotting system axes

The pecularities have mainly to do with coordinate (originally coincident with the radar-fixed axes) are
systems. In early work, a master coordinate system "pitched," "rolled," or "yawed" to a new posi-
(using unprimed variables) was chosen arbitrarily tion. Thus, the original terminology is retained but
with the z axis pointing forward, the x axis to port, with the meaning just defined. (Actually, one can
and the y axis up. That master system was connected think of the target itself being pitched, rolled, or
to the component coordinate systems by transforma- yawed, but in an angular direction opposite to that of
tions called TRANS in the code. the axes movement.)

$ Since a comparison of theoretical calculations with In addition to this change, the original unprimed
experimental data is always desirable, and since the coordinate system is eliminated. Henceforth,
RATSCAT facility is perhaps the chief supplier of TRANS expresses a transformation from the primed
such data, it became advisable to introduce the RAT- to the RATSCAT system (in a manner exactly
SCAT standard into our master system. RATSCAT analogous to the way TRANS previously expressed auses the convention z axis forward, x axis up, and y transformation from the primed to the unprimed

axis pointing to starboard. Rather than change the system).
code structure, the RATSCAT master system was
connected to our master system by a simple linear
transformation. The shadowing of one component Transformations
by another was now defined in the RATSCAT system
(the instructions are called VALID in the code). Since There are, therefore, three systems to deal with:
the target aspect modifications of pitch, roll, yaw, the plotting or display system, D; the target-fixed or
and tilt are also available in the RATSCAT system it RATSCAT system, R; and the primed system of a
was decided to introduce these transformations into component, P.
the code. D is connected with R by a linear transformation,

Statistical information about the lobing structure C:
of an RCS pattern can be regained provided that the
component scatterer locations can be specified.
When this development was completed, the locations ID = CIIxR + C12;R + C13 ZR
were specified by giving the position of the origin of
each component system in the RATSCAT system
(this instruction is called ORGN in the code). C21 R + C22;R + C23 iRNow we have the requirement to describe RCS

over an arbitrary planar cut or over a conical cut
about an arbitrary cone axis. i= C314 + C.12R + C334

Mt where the caret denotes unit vector.Modifications The user specifies a region given by angular inter-
Because shadowing and component origins are vals for the display polar and azimuth angles OD and

specified in the RATSCAT, or radar-fixed, coor- O, respectively. For them, he must calculate the

f - SPVI O G E
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corresponding angles in the R system (where and U systems (in the same order as R and D are
shadowing is defined) as follows: connected above). It is now identical with the process

that, henceforth, connects the P and R systems.
cos 9 R = c,, sin 0OD cos 40 + c23 sin 0, sin 0 Furthermore, since the U system is now eliminated,

the transformation.
+ C33 COS O

cosOR [1
c11 sin6 1 cos O, + cz, sineO, sin 0, + C31 cos O, B 1 0 0

= 0 01
sin 01R 0

(note the subscript R in the denominator above) must also be eliminated.
To recapitulate, in the revised arrangement there .

sin are only the three coordinate systems: the display
c12 sin 0o cos O, + c22 sin O, sin 0, + C32 cos 0O  system, D; the target-fixed, or RATSCAT, system,

sin 0. R; and the primed, or component-fixed, system, P.
Henceforth, the three instructions TRANS, VALID,
and ORGN will be referred to the R system.(and here too).

If Pitch, Roll, Yaw
The linear transformation C can be expressed as

any one of, or a combination of, pitch, roll, or yaw,
c.1 sin 0D cos 0, + C,, sin 9, sin 0,, denoted by matrixes P R, and Y, respectively.

=0, Taking the original position of D to be coincident
+ C31 cos 9, , with R and moving D while keeping R fixed, the

angles are defined as follows:

then O)R -- w/2 when Pitch through an angle p is a rotation of D about %

YR, positive from i. toward 1.,. C takes the special

c12 sin O cos OD + c2 sin O, sin O, + c32 cos OD form P, where

is qreater than or less than zero, respectively. P [cosp 0 - sinp 1
JfP= 0 1 0 .

I sin p 0 cos ]
c 'p

c12 sin o cos 0, + C22 sin 0 sin 0O Roll through an angle r is a rotation of D about 4,
positive from 1. toward ;.,. C takes the special form

+ c32 COS 0, R where

%I

thenR =0oriRwhen cosr sinr 01.
R -sin r cos r 0 go' IM

c11 sin O cos'O + c2, sin O9 sin n, 0 0 1

+ C31 Cos9, Yaw
Yaw through an angle y is a rotation of D about

., positive from YR toward iR. C takes the special
form Y, where '.N

is gter than or less than zero, respectively. t o w
If 09 - 0. then 0 is indeterminate because the

direction of Interest is identical with ZR. [1 0 0 ]-
As was indicated above, these formulas represent Y = 0 cos y sin y .

the same process used previously to connect the P 0 -siny cosy
76
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U When applied successively, P. R, and Y each Note that
represents, in some order (these transformations are
not commutative), a rotation of the coordinate
system from its last position to a new position. The 0 0- 1
complete transformation C, equal to a product of P, PR = 0-1 0 RP.
R, and Y in some order, represents a transformation 1- 0 0]9from the R system to the D system.

Examples
Consider a 90" pitch of axes, followed by a 180" For example, with the conditions 9 = 60, 0 :s

roll, with zero yaw. Then _5 1800, the transformation RP produces a portside
viewing, from front to rear, over a conical cut at a
30° elevation above the horizontal plane. In contrast,

Cl 0 0 0 0]0 0- [0 1 the transformation PR produces a portside viewing,
C= RP= - 0 0 1 0 - from rear to front, over a conical cut at a 30 °

0 1 1 0 0 0 declination below the horizontal plane.

-1
i
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