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ABSTRACT 

model toThis study presents a methodical determination of a 

of the Lowanalytically estimate the radar cross section (RCS) 

Flying Aerial Target (LOFAT) at a frequency of 430 megahertz (MHz). 

theoretiThis report approached the problem utilizing approximate 

LOFAT tocal techniques and laboratory RCS measurements of the 

develop the representative model. Simple shapes, including cylin 

ders, thin wires, a flat circular disk, and a flat rectangular 

plate were employed to construct the composite model. 

anThe model developed in this study generally exhibited 

dB and withinagreement between measured and calculated RCS of +5 

+2 dB in the regions from 0° to 20 , 80° to 130 , and 150° to 180 . 

The model developed will help to satisfy the goal of the Navy to 

in the B-accurately predict the RCS of the LOFAT at frequencies 

Band. 
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CHAPTER I 

INTRODUCTION 

cross secThis report presents an investigation of the radar 

tion (RCS) of a Low Flying Aerial Target (LOFAT) (Figure 1.1) at a 

frequency of 430 megahertz (MHz). The LOFAT is used by the Navy 

for point weapon evaluation, gunner training, and as a reference 

has beentarget for detection by surveillance radars. The target 

in the fordesigned to exhibit a minimum RCS of .5 square meter 

ward area at X-Band frequencies. Little is known about the 

target's RCS at lower frequencies, thus the objective of this paper. 

of theRCS of an object is defined as the 4 times the ratio 

backscattered power per unit solid angle to the incident power 

2 
per unit area. RCS has units of area denoted by d" (m ) or units 

of decibels cT (dBsm) referenced to the backscatter from a one 

square meter object. RCS can be expressed as follows (1, p. 40) 

(1.1)
0- — ttiv\ 4TT R ^ir 

R-».oe Ei 

E; is the magnitude of the incident electric field, E^is the magni 

tude of the backscattered field, and R is the range from the object 

to the point of observation. RCS of the object can theoretically 

Exactbe determined by employing exact or approximate techniques. 
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techniques are generally very difficult to employ, since the scat 

tering problem must usually be solved in the coordinate system 

of the object; i.e., spherical coordinates for a sphere, cylin 

drical coordinates for a cylinder, etc. Therefore, exact solutions 

areare known only for simple shapes. Approximate techniques 

known in the literature for many objects and accurate numerical 

results have been demonstrated. This paper will pursue only the 

approximate techniques. A few of these techniques are as follows: 

1. Physical Optics 

2. Geometrical Theory of Diffraction 

3. Creeping Wave Analysis 

RCS ofTo apply the physical optics method to calculate the 

electricalan object, the body must be assumed to be a perfect 

conductor. Physical optics theory describes the behavior of light 

as it strikes the object. This theory assumes that the back-

returns fromscatter is due solely from specular returns; i.e., 

observationthe object at angles of reflection relative to the 

The RCS is determinedpoint which is equal to the Incident angle. 

by a plane wave striking the surface of the object and the reflec 

an area ofted wave obeying physical optics theory passing through 

intercept of a body with a plane perpendicular to the incoming 

wave. Physical optics RCS of an object can be obtained from the 

following expression (2, p. 123) 

(1.2)
4rr ztkf 

a = 
X- 39 dp " 
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where is the wave length, K is the wave number, A is the area of 

the radar lineintercept of a body, and ^ is the coordinate along 

of sight. The equation for physical optics sometimes gives poor 

results, since it does not account for polarization effects or 

into theeffects from diffraction or creeping wave propagaton 

shadow area of the object. 

Geometrical theory of diffraction was primarily developed by 

Keller (3, pp. 116-130). Geometrical diffraction extends the 

Diffractedphysical optics theory to account for diffracted rays. 

waves are generated by rays that hit edges, corners, or grazing 

surfaces. This theory assumes localization of the scattering rays 

to theat a point of diffraction and assigns a phase proportional 

optical length of the ray from some reference. Then, based on 

to each difknown problems, a diffraction coefficient is assigned 

fraction point (scattering center). 

theCreeping wave theory accounts for waves that pass into 

shadow region of an object. This theory is used for small objects 

contributionthat lie in the resonance region. The creeping wave 

is generally calculated by applying diffraction and decay coeffi 

cients obtained from geometrical theory of diffraction. 

determinaThis paper presents an analysis of theoretical RCS 

tions based on applying physical optics techniques. Approxima 

tions for the RCS of simple shapes (thin wires, flat plates, cylin 

the LOFAT.ders, etc.) will be used in modeling components of 

4 



CHAPTER II 

PURPOSE 

the laboraThe aim of this paper is to utilize the results of 

at thetory radar cross section (RCS) measurements conducted 

Pacific Missile Test Center on the Low Flying Aerial Target (LOFAT) 

at a frequency of 430 megahertz (MHz) as a basis in the development 

the LOFAT'sof a model that can be used to theoretically determine 

RCS. The model was developed by utilizing the physical optics 

techniques. This study will help satisfy a desire of the Navy to 

forbe able to predict the RCS of the LOFAT at lower frequencies 

all target azimuth aspects and zero degree elevation aspect. 

5 



CHAPTER III 

LOW FLYING AERIAL TARGET 

DESCRIPTION 

The Low Flying Aerial Target (LOFAT) is 3.07 meters long and 

.76 meters in diameter. The basic airframe consists of a nose and 

tail assembly that are molded into a one piece structure using 

molded fiberglass and rigid polyurethane foam. Molded within the 

nose and tail assemblies is a centrally located aluminum tube ap 

proximately 15 centimeters in diameter that serves as a strongback 

for the assembled airframe and an attachment point for the four 

fins, tow-bar, forward skid assembly, nose-tip, and witness plate. 

The forward skid assembly is fabricated from aluminum tubing with 

steel skids and is attached to a cast iron nose-tip. The four fins 

are fabricated from plywood and are attached to the tube by eight 

aluminum supports. The witness plate is .76 meters in diameter 

of thefabricated from aluminum and is positioned at the midsection 

LOFAT's airframe. 

6 



CHAPTER IV 

LABORATORY METHODS AND PROCEDURES 

Measurement System and Technique 

The laboratory radar cross section (RCS) measurements (4) 

in theof the Low Flying Aerial Target (LOFAT) were conducted 

Pacific Missile Test Center microwave anechoic chamber. The 

chamber is designed to provide an electromagnetic environment 

Theapproximately that of free space at microwave frequencies. 

LOFAT was positioned on a small vertical styrofoam column extending 

The measurehalfway to the ceiling near one end of the chamber. 

22ment equipment was located at the same level approximately 

meters from the target. 

The measurement signal was generated by a stable radio 

antenna whichfrequency source, and was radiated by a transmitting 

of lessprovided target illumination with field density variations 

than 1 decibel (dB). The backscattered signal was detected and 

recorded. In the absence of a target, a residual signal from 

chamber wall reflections and from crosstalk between antennas is 

received. This residual signal was cancelled, and the system was 

backscatteredcalibrated in terms of absolute RCS by measuring the 

in diameter.signal from a precision metal sphere 71 centimeters 

Following cancellation and calibration, the target was positioned 

on the styrofoam column. Data were acquired as the column was 

rotated through a complete revolution. 
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Data Acquisition 

The RCS measurements were digitally recorded on magnetic tape 

by a data acquisition system. The recording system allows a resolu 

tion of 0.1 dB, an accuracy of +0.1 dB, and a djmamic range of 

80 dB. The LOFAT data were sampled at 0.04-degree intervals. 

Data Processing 

as aSince RCS of objects exhibit large erratic fluctuations 

function of aspect angle, the data were converted to logarithmic 

form. Because the RCS is proportional to the backscatter signal 

topower, the RCS was expressed in terms of decibels relative one 

square meter by the expression 

(4.1) 

CT (dB5.v>) - 10 L03 O' Crn’-) 

The large complex fluctuations, caused by interference among the 

backscattered signals from the various contributors of the LOFAT, 

preclude a concise quantitative description of the RCS. Therefore, 

the data were treated statistically. 

data conThe technique for smoothing fluctuations in the raw 

of thesisted of determining the cumulative probability distribution 

data contained in a small angular sector and plotting the fiftieth 

percentile as a function of aspect angle. The fiftieth percentile. 

median value, represents the value of RCS that exceeds 50 percent 

Theof the data samples within the prescribed angular interval. 

the RCSdata were processed by computing the percentiles of 

8 



resulting from a;spect variations that were normally distributed with 

a standard deviation of 2 degrees. The computations were then 

repeated at 1 degree aspect angle intervals. 
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CHAPTER V 

THEORETICAL METHOD 

Modeling 

(RCS) ofWhen attempting to determine the radar cross section 

In manya complex shape, the first consideration Is modeling. 

length beingInstances, the object Is much larger than the wave 

considered, so modeling the object by an equivalent spheroid Is 

and modelingusually sufficient. This Is usually the exception, 

of complex shapes can become quite Involved. The technique 

Aerial Targetpresented In this study Is to segment the Low Flying 

shapes.(LOFAT) geometry Into an ensemble of simple geometric 

waveIt was further assumed that the creeping wave and traveling 

developedphenomena effects were negligible. The geometrical model 

a disk, afor the LOFAT (Figure 5.1) consists of two cylinders, 

the structuralplate and three thin wires. The cylinders represent 

The diskaluminum tube that runs the entire length of the LOFAT. 

the fin supports,represents the witness plate, the plate represents 

and the wireand the thin wires represent the front strut assembly 

cable that serves as the connecting strut for the fins. 

Calculations 

Cylinder, The expression chosen to represent the RCS of the 

cylinders Is (5, P. 842) 

10 
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cr - TTa siN^e / 5iM(kL cose)^ + ) (5.1) 
\ COS © / 

where A=J3^(^Ka.S(^J0) ,B = VH" - 5, (zKo. SIW e) , 
a Is the cylinder radius, Q is the angle between the cylinder axis 

and the direction of incidence, L is the length of the cylinder 

and K is the wave number. is the Bessel function of the first 

order and is the Struve function of the first order. Expression 

(5.1) yields good results when the cylinder’s dimensions are large 

5.3 werein comparison to the wave length. Expressions 5.2 and 

used to determine the values of the Bessel and Struve functions 

as a function of aspect. 

x.yii-1 
(5.2)

XJ.W-E HT 
10 Z.

n=o 
1(10+1)1 

in 
(5.3) 

5,fx) E 2. 

Z/ n=o 
n(n+ 3/z) n (kj -f 5/z) 

Wire. The RCS of a thin wire whose radius is small compared 

length canto wave length and length is long compared to the wave 

be accurately determined by using Chu’s expression (5, p. 842) 
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where A is the wave length, L is the length of the wire, a is the 

axis and theradius of the wire, 0 is the angle between the wire 

direction of incidence and 0 is the angle between the polarization 

direction ofdirection and the plane formed by the wire and the 

incidence. It should be noted that Chu's formula is based on a 

methodology assuming the wire's radius is 1/900 of its length, 

of radiusalthough the expression can be applied to a wide range 

values. 

Disk. The expression employed to determine the RCS of the 

circular flat plate is (5, p. 844) 

TT 
O' = 3- ZK a. SIN) e (5.5)(ji ( 

X. 

TAW © 

ofwhere a is the radius of the disk, is the Bessel function 

and thethe first order, 0 is the angle between the disk axis 

direction of incidence, and K is the wave number. Expression 5.5 

K<x»l.yields a good approximation of the RCS of a disk when 
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In cases where Ka^l or slightly larger, the solution will provide 

a measure of central tendency. 

methodRectangular Flat Plate. Applying the physical optics 

to the determination of the RCS of a rectangular flat plate the 

following expression is obtained (2, p. 123) 

4 TT L*’ SIN)*0 5IN)tKL COSQ) (5.6) 
(T -

(KLCOS©)^ 

where W is the width of the plate, L is the length of the plate, 

flatA is the wave length, 6 is the angle between the rectangular 

wave number.plate and the direction of incidence, and K is the 

data when theThis expression will agree very well with measured 

plate's characteristic dimensions are large when compared to wave 

length. 

Combining the Component Contributors 

RCS wasThe next step in the process to determine the LOFAT 

Theto resolve the problem of combining all the contributors. 

effects.first step in this process was to determine shadowing 

the LOFAT thatBased on physical optics theory, only the parts of 

contribute to the RCS are those parts having specular reflections. 

thus the parts in the shadow of another will not contribute sig 

butnificantly to the LOFAT RCS. Components that were shadowed 

whose reflections were 20 dB below that of the major contributors 

14 



were not considered critical components, and shadowing compensa 

tions were not performed. 

Next, an expression was needed to describe the composite 

function ofmodel that would show the RCS peaks and nulls as a 

This was realized from theaspect angle (angle of incidence). 

following expression (6, p. 108) 

^ I ^ 
(5.7)^ 1 exp 

K= I 

contributor,where Oy- = RCS by relative phase, = RCS of the Kth 

contributor.and = relative phase angle associated with the Kth 

the referenceThe magnitudes of 0]^ were determined by selecting 

at the diskplane normal to the direction of incidence centered 

to theand determining the distances from this reference plane 

various contributors for a particular aspect angle. The following 

expression represents the magnitude of 0j^ (6, p. 109) 

^rra (5.8)
01^ -

A 

where d is the distance from the reference plane to the point 

scatters, and A is the wave length. Utilizing this technique. 

allthe LOFAT RCS expression (5.9) was determined by combining 

the various scatters using equations (5.7) and (5.8) 

15 



Parameters in this expression are defined in Table 5.1. 
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TABLE 5.1 

PAEAMETER DEFINITIONS FOR EXPRESSION 5.9 

PARAMETER COMPONENT RADAR CROSS SECTION EXPRESSION 

Disk 5.5 

Front Struts 5.4 

5.1Cylinder 1Qj, 04 

RectangularO4, 05 
5.6 

Flat Plate 

5.1Cylinder 2 

Front Strut Support 5.4
<56, 

Fin Support Wire<5Vy 0a 5.4 

17 



CHAPTER VI 

RESULTS AND DISCUSSION 

Utilizing expression 5.9 the component radar cross sections 

(RCS's) were assembled to develop the model to describe the Low 

Flying Aerial Target (LOFAT) RCS in B-Band. Since the LOFAT is 

a complex shape and the methods employed to describe each com 

ponent RCS were approximations, expression 5.9 was not totally 

adequate to predict the RCS of the LOFAT in B-Band. Therefore, 

adjustments, based on measured data, to some of the individual 

component RCS magnitudes and dimensions were necessary to obtain 

determined.the desired model. These adjustments were empirically 

A rigorous mathematical model was not pursued. The results of 

this analysis are presented in Figure 6.1 along with the measured 

withoutdata. Figure 6.2 shows the results of the composite model 

the magnitude and dimension adjustments applied to various compo-

nents. The results clearly indicate that the model without any 

the LOFAT.adjustments did not adequately represent the RCS of 

All the data points plotted from the model were processed by 

averaging the data over +2° intervals about the particular aspect 

of interest. These computations were repeated in 1 degree incre-

ments. used toThis technique was employed to match the technique 

show thatstatistically generate the measured data. The results 

agreement between measured and calculated results were generally 

18 
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within +5 dB, except in the regions from 20° to 35°, 60 to 80 

and 140° to 150°. Agreement between measured and calculated RCS 

within +2 dB was obtained in the regions from 0° to 20°, 80° to 

130° and 150° to 180°. Table 6.1 depicts the component dimensions. 

factors utilizedphase relationships, shaded regions, and magnitude 

to generate the final model. 

Table 6.1 shows that the two front strut component RCS magni 

tudes (expression 5.4) were multiplied by a factor of 64/3 to 

adequately represent the measured data in the forward region. 

A much better data match at all aspects and clearly defined nulls 

o o 

and peaks in the 30 to 60 aspect region were achieved by 

applying the adjustment factor to expression 5.4. This phenomena 

may be attributed to two factors. First, expression 5.4 was 

formulated for a wire whose ratio of radius to length was 900, 

32. Evenwhile the ratio of radius to length of the strut was 

though expression 5.4 has proven to be accurate over a wide range 

can beof radii, some variation from the expected RCS estimate 

expected for such a large difference. Second, some power gain 

can be expected from the struts. The physical structure resembles 

a multi-element antenna. Since the analysis of this structure is 

beyond the scope of this paper, the RCS was mathematically approx 

imated by employing expression 5.4 and emperically adjusting the 

RCS magnitude of the struts to match the measured data. Figure 

6.3 presents the RCS of each front strut component. The wave shape 

is not uniform due to shadowing effects in the 90° to 180° region. 
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in theAnalysis of the measured data and individual components 

broadside region revealed that the fin supports were not simple 

plate reflectors, but formed a 90° corner reflector which exhibited 

different effects when viewed from different aspects, In the 0° 

to 90° region the fin supports were best modeled by a flat plate 

Itswith a length pf .84 meters and a width of .359 meters. 

from the axisphase center was positioned .49 meters perpendicular 

of syinmetry of cylinder 2 to compensate for the time delay of the 

o o 
doubly reflected wave. In the 90 to 180 region the length was 

shortened to .6 meters and the plate’s RCS was multiplied by a 

of the measuredfactor of 6 to match the peaks, nulls and magnitude 

data. The same phase center was employed as in the 0° to 90° 

region. Figure 6.4 presents the RCS contribution of the fin sup-

are aports. The discontinuity at 90° and non-uniform wave shape 

result of the adjustments made to the plate's length and magnitude 

o o 
from actual in the 90 to 180 region. 

comLikewise, the fin support wire and front strut support 

the measuredponent RCS magnitudes were multiplied by 8/3 to match 

data. Their contribution to the composite model are presented in 

Figure 6.5 and Figure 6.6, respectively. 

10-14)The expressions previously presented in Chapter V (pp. 

2to describe the RCS of cylinder 1 (Figure 6.7), cylinder 

(Figure 6.8) and the disk (Figure 6.9) were only mathematically 

changed to reflect shadowing effects. 
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In conclusion, the results depicted in Figure 6.1 (p. 19) 

indicate that the model presented in this study will satisfy the 

thegoal of the Navy to develop a model to accurately estimate 

RCS of the LOFAT in B-Band. In the most important regions of a 

target (nose, tail, and broadside) agreement between measured 

and calculated RCS of +2 dB was achieved. Computer listings of 

the composite model program are presented in the Appendix. 
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APPENDIX 



COMPUTER LISTINGS 

0; "COMPOSITE RADAR CROSS SECTION FOR 0 TO 90": 

1: diir. B[6] ,C[6] ,U[7] ,V[8] ,V7[3] 
2; "A=llainbda=wavelength" : 
3: "B[N]=radii of component structures": 
4: "C[N]=lengths of component structures": 
5: "D=phi (in degrees)": 
6: "G=variable from SIGMA routine": 

7: "H=counter and theta": 

8: "J=Bessel Function": 

9: "R=variable from WIRE routine": 

10: "S=Struve Function": 

11: "U[N]=sigmas 
12: "V[N]=dNs of 
13: "W[iSl]=theta 
14: "Z=sigma of 
15: prt 
16: spc 
17: ent 
18: prt 
19: spc 
20: ent 

21: prt 
22: spc 
23: ent 
24: prt 
25: soc 

26: ent 
27: prt 
28: spc 
29: ent 
30: prt 
31: spc 
32: ent 
33: prt 
34: spc 
35: ent 
36: prt 
37: spc 
38: ent 
39: prt 
40 : spc 

"enter 
2 
R,G 
"enter 
2 
A 
II 
enter 

2 
B[l] 
"enter 
2 

R 

of component structures": 
component structures": 

Ns of component structures": 
total composite structure": 
and G " 

llambda" 

DISC radius 

CYLINDER radius and length 

B12] ,C[1] 
enter WIRE radius, length, and phi 

If 

2 
B[3] ,C[2] ,D 
"enter PLATE length and width 
2 
C[3],E 
"enter CYLINDER 2radius" 
2 
B[4] 
"enter wire 3 length and radius" 
2 
C[5] ,B [5] 
"enter wire 4 length and radius" 
2 
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41: ent C[6],B [6] 
42; scl -180,180,-40,40 
43: csiz 1.5,1.3,.7,0 
44: pit -170,35,1 
45; Ibl "COMBINATION 3 

ft 

46: pit -180,-40,1 
47: iplt 360,0,2 
48; iplt 0,80 
49; iplt -360,0 
50: iplt 0,-80,-1 
51; axe 0,0,10,10 
52; fxd 0 

53: csiz 1.5,1.7,.7,0 
54; -30-Y 

55: pit 0,Y,1 
56: cplt 1.3,-. 3 
57: Ibl Y 

58: Y+20-Y 

59: if Y<=30;gto 55 
60: csiz 1.5,1.7,.7,0 
61: -150-X 

62: pit X,0,1 
63; cplt -2.5,-1.3 
64; Ibl X 

65; X+30^X 

66: if X<=150;gto 62 
67: '•* * * * * * * *"; 

68: for H=1 to 89 

69: "DISC ROUTINE"; 

70; deg; 4tiB [1] sin{H)/A-I 
71; gsb "BESSEL FUNCTION 

ft 

72: deg; J''2ttB[1] "2/tan(H) ''2^U[1] ;U [1] ^U [1] 
73: "CYLINDER 1 ROUTINE": 

74: 4ttB [2] sin{H)/A-I 
75; gsb "STRUVE FUNCTION 

II 

76: gsb "BESSEL FUNCTION 
77; deg;Tr(B[2]sin(H)/cos(H) )''2^K 
78; deg;2TTC[l]cos(H)/A>L 
79: rad;sin(L)-^L;KL''2>K 
80: 2/TT-S-3 
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81: 
82: 

83: 
84: 
85: 
86: 
8 7 : 
o8: 
89: 

90: 
91: 
92: 
93: 
94: 
95: 

96: 
97: 
93: 
99: 
100: 

101: 

102: 

103: 

104: 

105: 

106: 

107: 

108: 

109: 

110: 

111: 

112: 
113: 

114: 

115: 

116: 

117: 

118 : 

119: 

120: 

K(J"2+S''2)-oU [3] 
II 

FRONT STRUTS": 

deg;TTC[2]''2cos(H) "2-orl 
deg; 27iC [2] sin(H)/A+L 
rad;{sin(L)/L)"2-r2 
deg;Rcos(D)''4/3-*-r3 
deg; (it/2) ''2+ln(A/l. 78ttB [3] cos (H) ) "2-*-r4 
rl*r2*r3/r4^U[2] 
"FRONT STRUT SUPPORT": 

deg;TiC[5] "2cos(H) "2-»r5 
deg; 27rC [ 5] sin (H)/A-*-r6 
rad; (sin{r6)/r6)''2-*-r7 
deg; {Tr/2) "2+In (A/1.78itB[5]cos(H) )"2-^r8 
8*r5*r7/(3*r8) [6] 
"FIN SUPPORT": 

deg;TiC[6]''2cos(H) "2+r9 
deg; 2itC [6] sin(H)/A-^rlO 
rad; (sin(rl0)/rl0) "2-*-rll 
deg; (Tr/2) ^2+ln( A/1.78tt3 [6] cos(H) ) ^2-rl2 
8*r9*rll/(3*rl2) ■*-U[7] 
"PLATE ROUTINE": 

deg;TT (2EC [3] sin (H)/A) "2-K 
deg ;2ttC[3] cos (H)/A-*-L 
r ad; sin( L) -*-M 
K(M/L) ''2>U[4] 
"CYLINDER 2 ROUTINE": 

if H<=23;0->C[4] ; jmp 2 
deg;.61-.32/tan(H)+C[4] 
deg ; 4ttB [4] sin(K) / A-*-I 
gsb "STRUVE FUNCTION" 
gsb "BESSEL FUNCTION" 
deg; 7t(B [4] sin (H)/cos (K) 
deg ; 2 ttC [ 4] cos (H) /A-»-L 
rad;sin(L)->-L;KL''2H.K 
2/IT—S-^S 
K(J^2+S^2) -U[5] 
"SIGMA ROUTINE": 

O-V[1] 

) "2+K 

deg;if H<=ll;-Gsin(79+H)->-V[2] ; jmp 2 
deg;-Gsin(101-H)-V[2] 
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121: 

122: 

123: 

124: 

125: 

126: 

127: 

123: 

129: 

130: 

131: 

132: 

133: 

134: 

135: 
136: 

137: 

138: 

139: 

14 0: 

141: 
142: 

143: 

144: 

145: 

146: 

14 7: 

148: 

14 9: 

15 0: 

151: 

152: 

153: 

154: 

155: 

156: 

157: 

158: 

159: 

160: 

deg; if H<=79;-Gsin( 79-H) ■•■V [ 3] ; jmp 2 
deg;Gsin(H-79) -►V [3] 
deg;-.3cos(H)♦V[4] 
deg;if H<=52;.8sin(52-H)♦V[5];jmp 2 
deg;-.8sin(H-52) •>V[ 5] 
if H<=28;0-V[6];jmp 2 
deg ; ( . 31+. 15/tan( H) ) cos (H) -••V[6] 
deg; -1.55cos(ri) -*-V[7] 
deg ; 1.15cos(a) -*-V[8] 
for N=1 to 8 

47rV [N] /A-<-K[N] 
next N 

rad; VU[1]+VU[2] (cos(W[2] )+cos(W[3] ) ) + VU [3] cos {W[ 4] ) ♦X 
rad;X+VU[4]cos{W[5])+VU[5]cos(W[6])-X 
rad;X+-/U[6]cos(W[7] )+/U [7]cos(W[3] ) *X 
rad; VU[2] *( sin(W[2] ) + sin(v'J[3]) )+/U [3] sin(vn4] )-y 
rad;Y+VU[4] sin(VJ[5] )+/a [5] sin(W[6] ) 
rad;Y+VU[6] sin(W[7] )+-/U [7] sin{W[8] ) -Y 
X''2+Y''2->»Z 

10log (Z) -►Z 
Z-r{H+20) 
next H 

for H=1 to 85 

(r (H+20) + r (H+21)+r (H+22)+ r (H+23)+r (H+24) ) /5-»Z 
pit K+2,2 
next H 

"STRUVE FUD4CTTON": 

I"2/4-0 
Vtt-L ; 0-0; . 5 -/iT-P 
for T=0 to 9 

(-1)"T*(1/2)"(2T)-K 
(T+.5)L-L 
(T+1.5)P-P 
K/LP+0-0 
next T 

QO-S 
ret 
II 
BESSEL FUNCTION": 

0-N 

(1/2)"(2N+1)(-1)"N-K 
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161: 

162: 

163: 

164: 

165: 

166: 

167: 

163: 

169: 

170: 

171: 

172: 

173: 

174: 

175: 

LNi ♦M 

1-L-O 

l-^P 

if 1)4=0 ;g to 168 
if I'l 

r.t 
-l=0;gto 163 

PW-^P 

il-l-^M;gto 16 5 
PL-L 

if 0=1; LM+l^M;;i+l-*-0;gto 16 3 
K/L*r«;N-l-^Q 
if N>0;rN+rQ-»-rL4 
if N=ll;rN+J;jmp 2 
N + l-^W ;g to 160 
ret 

ena 
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0; "COMPOSITE RADAR CROSS SECTION FOR 90 TO 180": 
1: dim B[6] ,C16] ,U[6] ,V[7] ,W[7] 
2 A=llambda=wavelength": 
3: "B[N]=radii of component structures": 
4: "C[N]=lengths of component structures": 
5: "D=phi (in degrees)": 
6: "G=variable from SIGMA routine": 
7: "H=counter and theta": 
8: "J=Bessel Function": 
9: "R=variable from WIRE routine": 
10: "S=Struve Function": 

11: "U[N]=sigmas 
12: "V[N]=dNs of 
13: It r

W[N]=theta 
14: "Z=sigma of 
15: prt 
16: spc 
17: ent 
18: prt 
19: spc 
20: ent 

21: prt 
22: spc 
23: ent 
24: prt 
25: spc 
26: ent 
27: prt 
28: spc 
29: ent 
30: prt 
31: spc 
32: ent 

33: prt 
34: spc 
35: ent 
36: prt 
37: spc 
38: ent 

"enter 
2 
R,G 
"enter 
2 
A 

"enter 
2 
B[1] 
"enter 
2 

R 

of component structures": 
component structures": 

Ns of component structures": 
total composite structure": 
and G " 

II

llambda 

DISC radius 

CYLINDER radius and length 

B[2],C[1] 
"enter WIRE radius, length, and phi 
2 
B[3] ,C[2] ,D 
"enter PLATE length and width 

II 

2 
C[3] ,E 

"enter CYLINDER 2radius and length 
2 
B[4],C[4] 
"ENTER WIRE 4 LENGTH & RADIUS II 

2 
C[6] ,B[6] 
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39: 

40: 

41: 

42: 

43: 

44: 

45: 

46: 
47: 

48: 

49: 

50: 

51: 

52: 

53: 

54 : 

55: 

56: 

57: 

53: 

59: 

60: 

61: 

6 2: 

63: 

64: 

65: 

66: 

67: 

68: 

69 : 

70: 

71: 

72: 

73: 
74 : 

75: 

76: 

77: 

78: 

79: 

80: 

scl 
csiz 
pit 
Ibl 

pit 
iplt 
iplt 
iplt 
iplt 
axe 
fxd 

csiz 

-180,180,-40,40 
1.5,1.3,.7,0 

-170,35,1 
"COMBINATION 3" 

-180,-40,1 
360,0,2 
0,80 
-360,0 
0,-80,-1 

0,0,10,10 
0 

1.5,1.7,.7,0 
-30-Y 

pit 0,Y,1 
cplt 1.3,-.3 
Ibl Y 

Y+20-»Y 

if Y<=30;gto 52 
csiz 1.5,1.7 , . 7,0 
-150-^X 

pit X,0,1 
cplt -2.5,-1.3 
Ibl X 

X+30-^X 

if X<=150;gto 59 
" * * * * * * * *”• 

for H=91 to 179 

"DISC ROUTINE": 

deg; 4ttB [1] sin(H) /A+I 
gsb "BESSEL FUNCTION 

II 

deg; J"2778 [1] ‘'2/tan(H) "2->»U[l] 
U[1]>U[1] 
if H<=140;jmp 3 
if H>=170;jmp 2 
.7U[1]-U[1] 
"CYLINDER 1 ROUTINE": 

deg ; 4-rrB [2 ] sin(H) /A+I 
gsb "STRUVE FUNCTION 

II 

gsb "BESSEL FUNCTION 
II 

deg; ti (B[2] sin(H) /cos (H) ) "2+K 
deg;-2TT{C[l]-.38tan{H-90) )cos(H)/A-L 
rad;sin(L)*L;KL"2-»»K 
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81: 
82: 
83: 
84: 

35: 
86: 
87: 
88: 
89: 
90: 
91: 

92: 
93: 
94: 
95: 
96: 
97: 

93: 
99: 
100: 
101: 

102: 

103: 

104: 

105: 

106: 

107: 

108: 

109: 

110: 

111: 

112: 

113: 
114: 

115: 
116: 

117 : 

118: 

119: 

120: 

2/it-S-S 
if H< = 166;K(J^2+S''2)-»U[3] ; jmp 2 
0-U13] 
tl 
FRONT STRUTS": 

deg;TrC[2] ^2cos(H) ^2^rl 
deg; 2ttC[2] sin(H)/A+L 
rad;(sin(L)/L)"2-r2 
deg;Rcos(D)"4/3+r3 
deg; (tt/2) ^2+ln( A/-1.73ttB [3] cos (H) 
rl*r2*r3/r4-»-U[2] 
FIN SUPPORT": 

deg; ttC[6] "2cos(H)''2-*-r9 
deg; 2'ItC [6] sin{K)/A>rl0 
rad;(sin(rl0)/rl0) "2+rll 
deg; (tt/2) "2+ln(A/-1.7 8TTB [6]cos(H) 
8*r9*rll/(3*rl2)^0(6] 
PLATE ROUTINE": 

deg;Tr{2EC[3] sin(H)/A)"2-K 
deg;-2iTC[3]cos(H)/A-L 
rad;sin(L)♦M 
K(M/L) "2->-U[4] ;6U[4]->»U [4] 

) ^2-«'r4 

) ^2-»rl2 

"CYLINDER 2 ROUTINE": 

deg; 4ttB [4] sin{H) /A-I 
gsb "STRUVE FUNCTION" 
gsb "BESSEL FUNCTION" 
deg ; IT (B [ 4] sin (H) /cos (H) 
deg ;-2ttC[4] cos(H) /A-*-L 
rad;sin{L)+L;KL''2>K 
2/it-S>S 
K(J"2+S''2) -►U [5] 
II 
SIGMA ROUTINE": 

O^V [1] 

) ''2-*-K 

deg;if H<=173;1.56sin(H-83)♦V[2];jmp 2 
deg;1.56cos(H-173)>V[2] 
deg; if H<=97 ;-1.56sin (97-H)-•■V[ 3] ; jmp 2 
deg; 1.56sin(H-97 ) ■*-V [3] 
deg; if H<=16 6; (. 8+.19 tan (H-90) ) sin (H-90) -»-V [ 4 ] 
deg; if H< =14 2 . 8 sin(H-52 ) ■►V [ 5] ; jmp 2 
deg;-.3cos(I-I-142)-«-V[5] 
deg ;-(C[4]/2) sin(H-90)-»V [6 ] 
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121: deg;1.19cos(H)->-V[7] 
122: for ^=1 to 7 

123: 4ttV [N]/A-W[N] 
124: next N 

125: rad;VU [l]+iU [2] (cos{W[2] ) + cos(W[3] ) ) + V'U [3] cos (W[ 4] )*X 
126: rad;X + VU[4] cos(Wt5] )+7u [5] cos(W[6] )-►X 
127: X+VU[6]cos(W[7] )->-X 
123: rad; Vu[2]*(sin(W[2] ) + sin(W[3] ) )+-/U[3] sin(W[4] r-Y 
129: rad;Y+T/U [4] sin{VJ[5] )+VU [5] sin(W[6] ) -►Y 
130: Y+VU[6]sin(W[7])-Y 
131: X"2+Y"2+Z 

132: 101og(Z)-Z 
133: Z-^rli 

134: next H 

135: for H=91 to 175 

136: (r (H+l) + r{H+2) + r (Ii+3)+r (H+4 ) + rH)/5->-Z 
137: pit H+2,Z 
138: next H 

139: "STRUVE FUNCTION": 

140: l''2/4-^Q 
141: ; O + O; . 5/it 
142: for T=0 to 9 

143: (-1) ^T* (1/2)''(2T)-K 
144: (T+.5)L->L 
145: (T+1.5)P->-P 
146: K/LP+0-0 
147: next T 

143: QO-S 
149: ret 

150: BESSEL FUNCTION": 

151: 0>N 

152: (1/2) " (2N+1) (-1) "N-K 
153: N-^M 
154: l-»L-0 

155: l-P 

156: if M=0;gto 160 
157: if M-l=0;gto 160 
158: PM>P 

159: H-l->'M;gto 157 
160: PL-L 
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161: if 0 = 1; N+l-*-M;M+l-»-0; g to 15 5 
16 2: K/L + rN;N-l->-Q 
163: if N>0; rN+rQ->»rN 
164: if N=ll; rN+J; jrrtp 2 
165: N+l-*-N;gto 152 
166: ret 

167: end 
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