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I. INTRODUCTION 

This is the final report concerning work done on Contract 

No. DOT-FA73WA-3272, "Effects of Scattering by Obstacles in the 

Field of a VOR" over the period June 18, 1974 through June 18, 1975. 

Since the last annual report [1] work has been done in the 

following areas. First, the theoretical work on straight wires was 

systamatized and put in tabular and graphical form [2] for possible 

inclusion in a revised addition of the Siting Handbook. The theoretical 

results show considerable variations from the empirical data presented 

in the Handbook to make such a revision desirable. 

Secondly, all the moment method programs for wires and. small 

cylinders were revised to give the scalloping envelope directly [3]. 

These revised computer programs were furnished to the FAA, They were 

constructed and tested by K. Hirasawa. They have the advantage over 

the originally submitted programs in that they save a good deal of 

computer time and avoid a "strobscopic effect" when the angular inter­

vals are chosen too large. 

Thirdly, a general theory was developed for cylindrical scat­

terers [4]. While general solutions are presented, they are not yet 

in a form that is simple enough for inclusion in the Handbook except 

for relatively short cylinders. Furthermore, the theoretical results 

are not completely in agreement with results obtained by the moment 

method for very small cylinders. There are also some discrepancies 

with the few experimental results available. 
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Finally, comparisons were made with old experimental results on 

wire scatterers [3] and new experiments on wires and cylinders carried 

out at NAFEC at Atlantic City during the period from May' to August 1975. 

The wire experiments reported in [3] and the more recent experiments at 

NAFEC on wires show that the theory is generally quite accurate in pre­

dicting the course scalloping errors. There are some discrepancies .for 

closely-spaced wires probably due to mutual coupling effects. Mutual 

coupling was neglected in theory and further work along these lines may 

be useful. The experimental results for cylinders show good agreement 

with theory in some respects, but also show some discrepancies in other 

respects. The reasons for these differences have not yet been ironed 

out and further work in this area is indicated. 

This report gives a summary of the straight-wire results [2] in 

Chapter 2, a summary of the cylinder theory developed so far [4] in 

Chapter 3, and a summary of the recent experiments at NAFECin Chapter 4. 

It is suggested that further work be undertaken to extend the wire 

results, to estimate the effects of mutual coupling between wires and the 

effect of the finite conductivity of the ground. It would also be useful 

to run off computer calculations to show graphically the effects of all 

the system parameters on the course deviation error for inclusion in the 

Handbook. It would also be useful to carry out further experiments on 

long transmission lines in the vicinity of VOR stations to test the theory 

in real-life situations. 

As mentioned above more work is needed on theory of cylindrical 

structures so that the results can be reduced to handbook form. Ex­

tension of the theory to Doppler VORIs is also important. 
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II. COURSE DEVIATION FOR WIRES 

2-1. Introduction 

This chapter gives first a simplified summary of the analytical 

results for infinite wires discussing the explicit dependence of course 

deviation errors due to the various system parameters. These results 

show that in most practical situations, the peak scalloping amplitude in 

2 3/2degrees can be expressed in the form C(hl/D) F(2a) hl/D where hI is 

the wire height and D the normal distance to the VOR, both expressed 

in feet. C(hl/D) is a slowly-varying function of hl/D which is approxi­

mately equal to 20 for hl/D < .07. F(2a) is a slowly-varying function of 

the wire diameter. It was arbitrarily chosen to be unity for zero gauge 

wire. It deviates from unity by only +30 percent over a range of wire 

diameters from 0.050 inch to 1.00 inch. These results have been put in 

tabular form and in the form of a series of curves suitable for inclusion 

in a future addition of the Handbook. 

At the end of the chapter it is shown how one can obtain simple 

estimates of the scalloping envelope for wires of finite length without 

resorting to the computer program on file (Appendix I of 1). 

Modified computer programs for relatively short wires using the 

moment method have been given to the FAA in Washington. These are re­

visions of the original programs allowing direct computation of the 

course deviation envelope. 
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The factor F(2a) affects the azimuthal distribution of the scal1op­

ing envelope very little. We can therefore set ~ = 50° in Eq. (3) to 

study the effect of the wire diameter on the scalloping peak. The approxi­

mate function 

F(2a) (5)
 

is plotted in Fig. 3 as a function of the wire diameter and gauge number. 

It is seen that F(2a) is a very slowly-varying function. It differs from 

unity by less than +29 percent for a range of wire diameters from 0.05 

to 1. 0 inch. 

The factor G(kh E)/G(kh E) can be estimated with the use of Fig. 4.
1 O

In most practical situations this ratio will also be close to unity. 

The maximum course deviation (peak scalloping) can most conveniently 

be written in the form 

(6) 

~ isa function of h1 /D and hO• For h = 16 ft it can be read off
O 

directly from Fig. 2. For other values of h it can be computed from
O 

(7) 

and Fig. 4. In most practical situations the factor (f/f )1/2 and all
O

the G factors will be close to unity and hence a good ru1e-of-thumb, for 

low values of h /D and E, is
1


(B-~)~ = C F(2a)
 (8) 
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if hI and D are given in feet.C is essentially the ~ of Fig. 2. It 

is close to 20 for hl/D < 0.07. In this range, the maximum course devi­

ation is approximately proportional to the square of the wire height and 

inversely proportional to the three-halfth power of the normal distance 

of the wire from the VOR antennas. Furthermore, it is a very slowly-

varying function of the wire diameter and almost completely independent 

of other system parameters. 

More accurate results were computed from Eq. (2) assuming 

f = f = 115 MHz, 2a = 2a = 0.325 inches (zero gauge wire), h = 16 feet,O O O 

and G(khlE)/G(khOE) ~ 1. The results are tabulated in Fig. 5 and shown 

graphically in Figs. 6 and 7. Figure 6 shows the maximum course deviation 

as a function of wire height with distance as a parameter, Fig. 7 shows 

the maximum course deviation as a function of distance with wire height as 

a parameter. It is seen that the curves approach straight lines with slopes 

+2 and -3/2 as expected. For wire diameters different from zero gauge these 

results should be multiplied by F(2a) obtained from Fig. 3. 

Several corrections may have to be applied to these plotted results. 

If the carrier frequency differs appreciably from f = 115 MHz, a correc­O 
1/2tion factor (fifO) should be used. For larger aircraft elevation angles 

and large disparity between h and hI' a correction factorO 

G(khlE)/G(khOE) 

may have to be applied. A few VOR stations have values of h that differO 

significantly from 16 feet. In that case an additional correction factor 

is needed. This assumes that the maximum remains close to $ = 50°. All 

G factors can be obtained from Fig. 4. 
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2':"3. Wires of Finite Length 

While the results for finite wires were summarized in the final 

report for the period June 1973 to June 1974, it is useful to have a 

simple method to obtain approximate results. An exact computer pro­

gram was given previously. 

The following procedure appears to give fairly accurate results 

and is based on the analytical theory presented in the final report. 

One first finds the peak scalloping from Eq. (8) or from Figs. 6 or 7 

and 3. In most practical situatins hl/D < 0.07 and the constant C in 

Eq. (8) may be taken to be equal to 20. One can then plot the sca11op­

ing envelope for an infinite wire from Fig. 1 by proper renormalization 

of the peak. The plot should be extended to ~ = 1800 by symmetry. 

It has been shown that the scalloping envelope for an finite wire 

differs from that of a wire of infinite length in two respects: There 

are gradual cut-offs at two critical angles given by 

cot A. o < A. < 7r'fIe 'fIc 
(9) 

eot ~ =A = 1 /D o < ~2c < 7r2e 2 2 

where 1 and 1 denote the position of the end points of the wire (see1 2 

Fig. 8). At these cut-off points the scalloping amplitude is reduced 

approximately by a factor two from that of an infinite wire. Secondly, 

there is an overshoot between these two critical points which ranges from 

15 to 30 percent. 'This is shown in Figs. 9 and 10 for two cases taken 

from the 1973/74 final report. These figures show the computed envelopes 

for the finite wires as well as the scalloping envelopes for the cor­

responding infinite wire at the same normal distance D from the VOR. These 
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curves also show the critical cut-off angles computed from Eq. (9) and 

the estimated half deviation at cut-off. 

As a further refinement the slope of the scalloping envelope at the 

cut-off points can be computed from the theoretical expressions. The re­

suIts are best given in terms of the intercepts ~l and ~2 of the slope 

lines on the ~-axis (see Figs. 9 and 10). These are given by 

degrees 

(10) 

I - 100Iu
A

- / / degrees
2 (1 + ~)l 4(kD)1 2 

It is seen that these crude estimates agree reasonably well with the 

computed results and are probably sufficiently accurate for most 

purposes. 

Equation (10) can be derived as follows. In the 1973/74 final 

report it was shown that near the cut-off points the infinite wire 

result should be multiplied by a factor of the form 

(11) 

where the functions f and g stand for 

(12) 

and 

(13) 

f and g are related to the Fresnel integrals, n = kD, A = 1/D where 1 can 

stand for 1 or 12 , and 0 is the deviation of ~ from the critical angle1 

corresponding to 1. At the cut-off points 0 = 0 and f = g = 1/2 and 

IQI 1/2 as expected.0= 
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The increment 6 is given by the value of IQI/(dIQI/do) at 0 = O. 

Hence 

6= £2 + g 
2

= --:-~---:----=:1---:-_,..-.,..	 (14)
f(df/do) + g(dg/do) (df/do) + (dg/do) 

since f = g = 1/2 at 0 = O. The derivatives in (14) can be approxi­

mated as follows. For small 0, the arguments in f and g reduce to 

(15) 

and for small x 

f(x) = ~ : ~:;~~~ ~~ (1 + 0.030x) 

g(x) = 2 + ~.142x ~ ~ (1 - 2.071x) 

Hence df/dx = 0.015 and dg/dx = -1.036 at x = O. Substitution in'Eq~ 

(14)	 leads to 

radians 

100 = --1::-/-:-:2:----=-=--=--:2".--,1-:/'""'"4 degrees 
(n) (1 + A ) 

which is Eq. (10). 
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III. SCALLOPING THEORY FOR CYLINDERS 

3-1. A General Course Scalloping Formula 

If the VORloqps are located. at'~ (0,0 ,h ) fn a rectangular coordinate 
o
 

system with the ground plane'at 'z=o and the aircraft has the spherical
 

coordinates (r,6,~) then the direct ray at, the aircraft has the intensity 

K exp(-jkr) seE) [1 + C(cos pt cos ~ + sin pt sin ~ ) ]cos E (1)E~ r 

Where E = (n/2) - 6 is the elevation angle of the aircraft and p is the 

sideband modulation frequency (usually 30 Hz). It is assumed that the 

vectical radiation pattern S (E) cos e: is the same for the carrier as for 

the two sidebands. When the aircraft elevation angle is small we can 

set cos E ~ 1 and we can neglect the effect of the counterpoise and that 

of the finite ground conductivity. In that case 

S CE) cos e ~ sin (kh' E) (2)
o 

and we can write Eq. (1) -approximately as 

E~. = ~ e~p C:-jk~)~in(kho d [1+ C(cos pt cos ~ + sin pt sin ~)] (3) 

Here it has been assumed that the two sidebands have horizontal radi­

ation patterns that are exact figure~eights. In the final report for 

1974 [lJ account was taken of the deviation from a figure-eight pat­

tern due to the,loop spacing~ This led to a quadrantal error which, 

to a first approximation, can simply be added to the', course error due 

to scattering from nearby objects. The error introduced by the above 

simplification is then negligible especially since an effort is always 

made in practice to compensate for the quadrantal error. 

If a scattering ~bjecti~ located near the VOR, the incident 

field on the point (rl,El'~l) of the scatterer will have the same 
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form as Eq. (3) with r,e:,. replaced by the correspoodtDI subscripted 

variables. Let us as,ume that the E.-componeDt8 ·of the ecattered 

fields due to the sidebands can be determined analytically or by the 

moment method. They can be written in the fora 

and (4) 
s

E. • (KC/r) exp(jkr) "2 exp(jp2) 8in pt 

for the even and odd sidebands, re8pectively. The &aplitude and phue 

functions Mi and ~i (i=l,2) will of course be function8 of • and e:. The 

phase center for these expression8 i8 .taken to be the ortain of the 

coordinate system, i.e. the foot of the perpendicular to the around fra. 

the VORloops. 

The total field at the aircraft receiver will be the a~ of Eqa. 

(3) and (4). The scattered field fra. the carrier c.. be nealected 

since the receiver detects only the component of the aidebands in phase 

with the carrier. Since-the scattered carrier 8ipal is ...11 cOlipared 

to the direct carrier signal, negligible error is introduced when pro­

jecting the received sideband signal onto the direct carrier 8ipal 

instead of the total received carrier. This projection ia proportional 

to 

which can be written in the form cos(pt-B) where B is deterained by 

sin. + ("2/S) cos P2 
tan B = (6)

cos .. + (MIlS) cos ~l 

. In the absence of a scatterer, "2 • "1 • 0, and B reduces to.. The 
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receiver measures the phase B of the expression in (5). This differs from 

the true bearing of the aircraft by the amount 

B-~ == tan(B_~)=tan B - tan ~ (7)

1 + tan B tan ~
 

The replacement of B~~ by its tangent can be justified as long as the
 

course deviation error is not too high. When Eq. (6) is substituted
 

in (7) we obtain finally
 

1 M2cos lJ 2COS ~ - Ml cos lJ l sin ~
 

B-~ (8)
-seE:) 1 + (M/S) cos lJ l cos ~ + (M/S) cos lJ 2 sin ~ 

When the course deviation error is not too large, the terms in Ml
 

and M in the denominator of Eq. (8) can be neglected with respect to
2 

unity. We then get the simpler, but less accurate, result 

B-~ == _1_,_ (M COS lJ cos ~ - Mlcos lJlsin ~) (9)
S (E:) 2 2 

The error introduced in this last step is difficult to estimate in 

the general case without some knowledge of the functional dependence 

of M and M on ¢. It is probably less than 10 percent in most practicall 2 

situations. The simpler form given by Eq. (9) has the advantage that it 

can be used to obtain an expression for the scalloping envelope. The 

advantages of computing the envelope directly, especially in connection 

with the moment method, have been discussed in the last quarterly re­

port [3]. 

The factors cos lJ and cos lJ are rapidly oscillating functions.
2 l 

The reason for this is the form of the phase functions of the scattered 

radiation pattern, lJ and lJ ' when they are referred to the origin. Forl 2 
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"lumped"scatterers at r = D, 4> = 4> , with transverse dimensions smallo . 

compared to D, we have 

(10) 

For scattering objected that subtend a large angle at the VOR, such as
 

long horizontal wires, we have more nearly .~
 

lJ l ,2 = 2kD cos($ - <1>0) + \il,2 (11) 

In all practical cases kD is very large compared to unity. For scat­

terers located at distances in excess of 150 feet, we have kd > 100. 

The two terms in Eq. (9) can then be added, for each 4>, by the phasor 

addition law giving an envelope function 

1/2(B_.l.)o = 180 [(M )2 ( )2 2(M )(M2cOS~ env ~S(€) 2COS 4> + Mlsin 4> - lsin 4> 4»cos(~2-~1)] 

(12) 

where a factor (180/~) has been added to convert from radians to·de­

grees. All that remains now is to determine the magnitude and phase 

functions, M (4),€) and u (4),£), either analytically or by the momenti i 

method. 

Before we consider special cases and compare with previously 

obtained results [1] the following comment is in order. Both in the 

analytical deviations and the moment method programs developed so far, 

the sideband terms in the VOR radiation pattern were taken to be of 

the form 

cos pt sin(ks cos 4» + sin pt sin(ks sin 4» (13) 

to take into account the effect of the finite loop spacing. For 

ks < 1 we have to a good approximation 
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sin(ks cos ~) sin(ks sin p) a i 
~;;;...:~~~_...... ill cos 4> (14)2J (ks) 2J (ks) s n 4> 

I I 

Hence if HI and HZ are computed on the basis of the incident field in 

(13) instead of the sideband terms in (3), the above course deviation 

formulas and the special cases derived below must be divided by 2J (ks).I 

For scatterers that subtend a small azimuthal angle at the VOR it 

is convenient to locate the scatterer at r=D and 4>=0 or~. In that case 

it is easily shown that the scattered radiation due 'to the odd sideband 

can be neglected ~nd we get the simpler result 

(15)
 

This equation is useful, for instance, for scatterers in the form of 

,cylinders with a vertical axis. In the case of circular cylinders of 

radius a, the restriction for the use of Eq. (15) will be seen to be 

aID « 1, a condition that is usually satisfied in practice. 

As another example we consider a horizontal wire of length Z~ 

spaced at, a distance h, above the ground. To be specific the wire is 

located parallel to the x-axis at Y1 = -D, zl = hI and the end points 

are located at xl = t l and xl = t z with ~Z - ~l = 2~. If the induced 

currents in the wire due to the two sidebands are given by Ii(X) with 

i=1,2, and the radiation integral is defined as in Appendix A of 

reference [1]. 
~2 

Ni (4)) exp jVi (4)) = ~ I Ii(x) exp(jkx cos ~)dx (16) 

t 
l 

then from Eqs. (30) to (34) of that appendix we get 
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(17) 

When (16) and (17) as well as (2) are substituted in Eq. (12) one obtains 

(B-ep) ~nv = 

(18) 

This result is consistent with Eq. (41a) of Appendix A of [1] if we 

replace w~oD by nokD = 120 ~kD, divide by 2J1 (ks) as explained above, 

and combine the two terms in Eq. (41a) as phasors to get the scalloping 

envelope. 

If the wire is symmetrically located with respect to the VOR 

(-£1 = £1 = £) and if the wire is long (2£/D » 1) the expression in 

Eq. (18) can be further simplified. The analysis (section 2.2 of 

Appendix B in reference [1]) shows that in this case 

o < lepl < ~/2 

(19) 

~/2 < lepl < ~ 

Hence cos ep cos(v - v ) = Icos epl and Eq. (18) can be reduced to the
2 1

form 

I I10800 kD sin(kh1E)
(B-ep) 0 = . (kh ) Isin ep I N21 cos epl- N1 sin ep (20)

env ~ S1n OE 

When the expressions for N and N derived in the above reference are
1 2 

substituted in Eq. (20) we find as before that there is negligible 

course deviation error on the side of the wire away from the VOR 
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(-~ < ¢ < 0) and the scalloping envelope on the side of the VOR 

(0 < ¢ < ~) is given by Eq. (37) of Appendix B of reference [1] pro­

vided that we again divide by 2J (ks) and also take note of the dif­l 

ferent wire location (at Yl = D instead of Yl = -D) by changing 

¢ to -¢. 

Equation (18) has been successfully used to modify the moment 

method program for horizontal wires. In a similar way, Eq. (12) has 

been used to modify the moment method program for arbitrary wires, and 

Eq. (15) to modify the computer program for vertical cylinders. Equation 

(15) is also used in the next section to obtain analytical results for
 

circular cylinders.
 

3-2. Course Deviation Pattern Due to a Circular Cylinder 

For analysis purposes it is convenient to locate the cylinder in 

the azimuthal direction ¢ = 0 from the VOR at a horizontal distance D. 

This does not effect the generality of the result but simplifies the 

analysis and the amount of computations. Scattering has to be computed 

only for the even sideband (the one that varies as cos ¢) and use can be 

made of the simplified envelope formula given by Eq. (15). 

A plan and elevation view of the configuration is shown in Fig. 11. 

The cylinder has a diameter 2a and has a length h. The bottom and top 

surfaces lie in the planes z = hI and z = h2 , respectively, and h2 - hI =h. 

We shall make the following assumptions: 

(1) The cylinder is perfectly conducting. This assumption is 

reaso~ably satisfied by many important structures that need to be con­

sidered: metal poles, towers, silos, reinforced concrete structures used 

in atomic power plants, etc. 
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(2) The radius-to-distance ratio is small (aiD «1). This is
 

also usually satisfied in practice.
 

(3) The distance D itself is large, so that the parameter kD » 1.
 

This condition is met for the usual VOR frequencies if D is larger than
 

150 or 200 feet.
 

(4) The elevation angles to the aircraft and to the highest point 

on the cylinder are small, perhaps 10 degrees or less. For larger angles 

corrections due to the counterpoise of the VOR and due to the finite 

ground conductivity may become important. 

(5) The circumferential components of the induced current at 

each element of the cylindrical surface will be the same as that produced 

locally on an infinitely long cylinder by a plane wave of the same intensity 

and phase. This assumption appears reasonable from a geometric optics 

point of view as long as 2a and h are comparable to the wavelength or 

larger. 

(6) The effect of currents induced on the top and bottom surfaces 

of the cylinder can be neglected. This is again justified on geometrical 

optics grounds since these faces are not illuminated. Furthermore these 

currents are essentially in the y-direction and produce scattered fields 

in the forward direction near the nulls of the sin ~ factor in Eq. (15). 

Another effect of these currents on the flat faces of the cylinder is to 

generate axial currents on the curved surface. These will produce vertical 

components in the scattered field which will again not affect the receiver 

output. 

Consider a surface· element ad~dzl at the point given by the 

cylindrical coordinates (a,~, zl) about the axis 0'2'. The rectangular 
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coordinates in the coordinate system centered at 0 are: D + a cos ~, 

a sin ~,zl. The length of the distance from 0 to the element is 

o 

R 2[(D + a cos~) + (a sin 

a2 
+ zi 

- D + a cos ~ + -~2-D--

",)2 + z2 
l 

]1/2~ 

(21) 

The projection of the radius vector R to 

radius vector r to the aircraft is 

the surface element onto the 

p= R • r/r = D sin e cos ¢ + a sin e cos(~-~) + zlcos e 

(22)
 

In the last step use was made of assumption (4) which prescribes that 

€ = TI/2 - e « 1 and hence cos € - 1, sin E - E. 

If we take the direct incident field on the aircraft to be 

even mode
1Ed rOq 

= - exp (-jkr) sed (23) 
~ r 

sin ¢ odd mode 

the incident field at the surface element ad~dzl will be 

cos even mode<1>1 
E

<1> 
= - exp (-jkr) S(€1) { (24) 

odd mode 

i 1 
R sin <1>1 

The factors KC cos pt and KC sin pt have been omitted from these ex­

pressions since they were seen to have no effect on the final scalloping 

formula. In Eq. (24) El = zl/D is the elevation angle of the surface 

element. Because of assumption (4) we can usually write 

(25) 

From Fig. 1 and assumption (2), <1>1 = (a/D) sin ~ «1. Hence cos <1>1 = 1 

and sin <1>1 = (a/D) sin~. Therefore the odd-morle incident field is 

negligible with respect to the even-mode field and henceforth will be 
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omitted from consideration. For the even-mode field we get, using 

Eq. (22),
 

a 2 + z2
1 khOz l 1 
E~ 

i = Dsin ( D ) exp[-jk(D + --2~D--=)] exp(-jka cos ~) (26) 

For convenience we write this in the form 

E~ = f(zl) exp(-jka cos ~) (27) 

Then the incident magnetic field is given by H; - E~/no where no is 

as usual the intrinsic wave impedance I~ /E. By assumption (5) and 
o 0 

reference [5] the induced circumferential component of the surface 

current density is 

co .-n jn~ 

K~ = I J e (28) 
-co H(2) , (ka) 

n 

The surface current element K ad~dzl will produce a scattered 

field at the aircraft whose ~-component is 

If we substitute for p from Eq. (22) and for K~ from Eq. (28) and then 

add the contribution from the image of the element at -zl in the proper 

phase, we obtain 

sin (kz E:) exp (-jkr) exp jk[D cos ~ + a cos (~-~)] •l 

co -n+l jn~I j e (29) 
-co H(2) , (ka) 

n 

To obtain M exp j~l we must drop the factor exp(-jkr)/r (compare Eq. 4)l 
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and integrate over the cylindrical surface. The factor KC cos pt has 

peen dropped previously (Eq. 24). 

The ~-integration can be carried out starting from the integral 

representation of the Bessel function [6] 

.'"'. 
1f 

I (z) = Zl1f f exp [j z cos (ljJ-</» + jn (~- </> - f) ]dljJ (30)n 
-1f
 

This can be re-written in the form
 

exp[jz cos(~-</» + jn~]d~ = 21fJ (z) exp(jn</»
n 

-1f 

Differentiating both sides with respect to z and setting z = ka yields 

1f 

j-n+l J cos(~-</» exp[jka cos(~-</» + jn~] d~ 21fJ'(ka) exp(jn</» (31)
n 

-1f 

Comparing with Eq. (29) this is seen to be exactly the integral needed 

there. 

The radiation integral can now be written in the form 

. 2 

Mlexp(jlll) = 1f~lD exp[jk(D cos </> - D - ;D)] V(£;kD, khO' dh1 ,kh2)H(</>;ka) (32) 

and, from Eq. (15), the scalloping envelope
 

360IV(E:) H(</» sin</>!

(B-</» 0 = --=- _ (33) 

env 1f2kD sin(khOe) 

To get the actual course deviation, Eq. (33) must be multiplied by 

the scalloping factor cos (kD cos </> + vI) where
 

2
 a''1 = - k(D + 2D) + ang V(e) + ang H(</» (34) 
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Expressing the sine factors in the integrand in terms of exponentials 

one gets four terms of the form exp j[+(€ ± €o)t - t 2 /2Q]. By completing 

the squares in the exponents, each term can be reduced to the standard 

form of the Fresnel integral 

x 

J exp[-j(~/2)u2]du = C(x) - jS(x) (41) 

o 
After some algebra one finds 

(42) 

where 

1 2 - exp j 2"Q (€+€o) [C(c) - jS(c) - C(d) + jS(d)]} (43) 

and 

b 

(44) 

c = 

It is clear from the manner in which the various system parameters are 

intertwined that the above is not a very useful result. Even though 

the equations could be easily programmed on a computer, they do not give 

a good picture of the dependence on individual parameters. Clearly some 

approximations are needed. 
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3-3. Summary' and Preliminary Discussion 

To make the results of the last section more useful they must be 

simplified and systematized. This has only been possible to a limited 

extent so far and further work is needed. 

We first note that for ka » 1, the azimuthal dependence of the 

l 2 course deviation pattern is given by ISin(¢/2)l / Isin ¢I. This ex­

pression has maxima at + ¢ where 
o 

¢ = cos-l(-0.2) = 101.54° (45)o . 

The value of the maximum is sin ¢ [sin(¢ /2)]1/2 =0.86233. It is con­
o 0 

venient to normalize with respect to this peak and define 

IH(¢ ;ka) sin PI' = JH(¢ ;ka) sin ¢ Lf(¢;ka) = (46) 
(1/2) sin ¢ [~ka sin(¢ /2)]1/2 0.76422 (ka)1/2

o 0 

These normalized scalloping envelopes were computed with the aid of 

Eqs. (36) and (46). The results are tabulated in Tables 1 to 4 and 

plotted in Figs. 12 to 21 for values of ka in the range from 0.4 to 8.0. 

It is seen that there is only one peak in the domain 0 < ¢ < 180° when 

ka < 2.4. There are two peaks for 2.4 < ka < 4.0. At ka = 2.6 the two 

peaks are about equal. One is located at ¢ 58°, the other one at 

¢ = 120°. As ka increases, the forward-directed maximum decreases in 

amplitude but moves closer to the forward scattering direction. This 

sort of phenomenon has been observed with cylinders of rectangular 

cross-section. Beyond ka = 4 further ripples appear but they eventu­

ally reduce in amplitude and the highest peaks merge near ¢ = 101.54°. 
o 
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The maxima of f(~; ka)are plotted versus ka in Fig. 22. The solid 

line indicates the largest maximum f (ka), the dashed lines indicate max 

subsidiary maxtma•. The geometric-optics and long-wavelength limits are 

indicated by'straightlines. It is seen that approximating f (ka) by 
. max 

its geometric-optics limit (unity) leads to an error of less than 12 

percent for ka > 2. 

~~~~pcationof the maxima is indicated in Fig. 23. Again the 

solid line shows the position of the largest maximum, the dashed lines 

the position of subsidiary maxima when they occur. At the long-wavelength 

end (ka « 1) the location of the peak approaches ~ = 126.38° asymptotically. 

This is the location of the maximum of 1(1 - 2 cos, ~)sin ~ I as expected 

(see Eq.38). As ka increases beyond about S, the largest two peaks merge 

We can summarize the above results by writing the scalloping envelope 

given in Eq. (33) in the modified form 

f(~; ka) (47) 

For ka .::. 8, f (~; ka) is plotted in Figs. 2 to 11. For ka > 8, f (~; ka) 

can be approximatecl by 

1/2
f(~· ka) = sin p I ISin(p/2) = 1.1596 Isin ~I sin(~/2)ll/2 (48)., sin ~ sin(~ /2)

·00 

The largestmaximu~ is given by 

(49) 

For ka<8, f (ka) can be read off Fig. 22 and the location of the maximum max 
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can be obtained from the solid line in Fig. 23. For ka > 2, f (ka) =1. max 

For ka < 0.4, the peak course deviation occurs near ~ = 126 0 and 

Eqs. (47) and (49) are more conveniently expressed in the approximate 

forms 

(50) 

(51) 

There still remains the task of interpreting 

the integral VeE) given by Eq. (37) and its closed form solution given by 

(42) to (44). While some success towards this goal has been achieved, a 

good approximate result is, at the moment, only available when the cylinder 

height is small. This case is important since it allows a direct compari­

son of the analytical result with the moment method results previously 

obtained. 

To arrive at the approximate result, we re-write Eqs. (43) and (44) 

in the form 

a 
£&"2 

= 
- PO + x 

;;Q 
b 

£n 
= 

- p
0 

/,ill 

- x 

(53) 

c 
d2 + Po + x 

= 
;;Q 

d 
tQ + Po 

= 
;;Q 

-x 

where, for convenience we have written 

E(x) = C(x) - jS(x) (54) 
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If we Wr.ite h2 and h l in terms of the mean height h and the cylinder 

length h, i. e. 

h = Ii + h/2 h = it - h/2 (55)
2 1
 

and assume that
 

kh -« 1 (56)
;;n 

we can approximate V(€) by the Taylor expansion 

v = F(kh ) - F(kh ) = kh F' (kfi) + t (kh)2 F"(kh) + •.• (57)2 l 

Starting from Eq. (52) we find, after some lengthy algebra, that 

2 
F' (x) = exp(-j ~n) sin (€ x) sin (e:x) (58)

o 

2 
F" (x) exp(-j ~n){(pO/n)cos €oX sin €X + € sin €oXCOs €X ­

- j(x/n) sin € x sin eX} (59)
o 

Substituting (58) and (59) in (57) yields finally: 

kh2 
V(e) = exp(-j2D ) {kh sin 

ii - ­- j D sin(khOh/D)sin(khe:)]} (60) 

When kh/~ is small enough the second term in the curly bracket could 

be omitted for crude estimates. We then get approximately 

(61)'
 

This is exactly what one would obtain from the original integral in 
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Eq. (37) by setting the exponential phase factor in the integrand equal 

2 . khto its value at the average height: exp(-J 2D ). 

As an example let us consider the small cylinder previously evaluated 

by the moment method [section 4-2 of reference It pp. 39]. The following 

data are pertinent: 

-1f = 115 MHz "A = 8.56 ftt k = 0.734 ft 

a= "A/4 ka = 'fT/2 = 1.57 

h = 3"A/8 = 3.21 ftt hI = 19 ftt h2 = 22.21 ftt h = 20.6 ft 

D = 150 ft hO = 16 ft 

€: = 0.0505 £0 = hOlD = 0.1067 

This makes 

kh = 2.356 kh = 11. 744 kh = 15.120
O 

kh€: = 0.7636 sin(kh£) = 0.6915 cos(kh£) = 0.7224 

kh£ = 1.6134 sin(kh£ ) = 0.9991 cos(kh£ ) = - 0.0425 
o o o 

Hence 

Iv(£)I= 11.6278 + [- 0.0126 + 0.1012 - jO.2634]1 = 1.7365 

The error in neglecting the second term t i.e. the term in (kh)2 t would 

have been only 6.26%. In other words t Eq. (61) gives a value that is 

only about 6% lower than Eq. (60). Using this result and Eq. (49) 

with fmax(1.~7) = 1.216 from Fig. 12 or the corresponding tablet we find-. 

From Fig. 13 and Table 1 (column for ka = 1.60) the peak course deviation 

should be close to ~ = + 9Uo. The shape of scalloping envelope should be 
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close to that shown in Fig. 3. The wavelength of the scalloping ripples 

near $ = 90° should be 

360oM = ----'-'-- = 3.27° 0.734 x 150 

by Eq. (35). 

Comparison with the moment method result [po 43 of reference 1] 

shows excellent agreement in most respects. There ~re 18 half-periods 

or 9 wavelengths in an interval of about 30° about $ 90°. This cor­

responds to a ripple wavelength of about 3.3°. Peak scalloping does 

occur near ¢ =. 90° (if allowance is made for the different zero point 

for the azimuthal angle). The shape of the envelope follows quite 

closely that in Fig. 3. . The only discrepancy appears to be in the 

absolute value of the peak course deviation: about 1.55° compared to 

the above theoretical value of 1.20°. Without further study it is 

difficult to assess what the cause of this discrepancy is. Only three 

modes were used for the expansion of the azimuthal current distribution 

in the moment method. It is possible that more modes are required for 

good accuracy. This question is now being looked into. 

Further work is needed to put the general results into more 

useful forms. It is believed that Eqs. (47) and (49) together with 

Figs. 22 and 23 and Eqs. (42) to (44) should give good estimates in 

all practical cases involving vertical cylindrical structures. It 

would be useful, however, to have simple and good approximations to 

Eq. (43) for a sufficiently large range of parameters similar to 

Eq. (61) for short cylinders. 
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TABLE 1 FOR f(¢, ka) 

~o ka 0.4 0.8 1.2 1.6 2.0 

-c'~'O~J·l>.OQ()()f 00 a.aOOCE 00 o.()OQO~ QCJ O.OJOOE 00 O.OOOOE i10 
2.~ 0.12911:-01 O.3094E-Ol .) 4P1 C-;jl 0.517)[-010.60641=:-01
5.0 O.2506E-Ol 0.6152£-01 ():81Sit-ol O.1027FOO O.lZ02!: 00 

.. 1.50.JdlJE-(J! O.9140E-Cl. O.121oE :iij O.1521f: 00 O.l71tl!: JO 
~o.o O.~001E-Cl O.1202E 00 O.1598f GO O.1993E 00 0.2325£ 00 
12.5 O.b142E-Ol 0.1477E 00 J.10bCE 00 O.2437E OOO.Z836E 00 
15.u O./202E-Ol O.1135t= 00 O.230GfOOO.2848E 6aO.3306F 00 

I 11.$ J.a173E-Cl O.1974f 00 O.2~13E 00 J.3222E CO O.3732E 00 
r - 20.0J.9041E-Ol O.2190F 00 C.2B~9~ 00 O.3~60E 00 0.4115E 00 

22.5 O.91~6E-Cl 0.2383E CO J.3l56EUO 0.3dbJE 00 O.44~8E 00 
25.0 (hl041E 00 0.25511: OOO.33&4FOO 0.412jEOO O.. 4761E 00 

__ ,,2L•.5u.• IO<j2E OOO ..2691~OO O.J584E 00 0.4362E OO .. Q.5051E 00 
30.0 O.112BE 00 0.2805E 00 O.375Sf CO O.4571EOO O.5322E JO 
32.5 O.1149E 00 0.2Q92E 00 O.3914E OU 0 477~E 00 0 5593~ 00 
35.J O.1154E 00 0.2952EOO 0.4053;:: COO:4980E'OOO:SB75E 00 
37~S J.1144E OJ 0.2988E 00 J.41cl4E 00 0.5190E.OO O.6L7~E 00 
40 • 0 O. 1 11 8'= 0 0 o. 3 COl E 00 0 .. 4 3 1 3E 0 J o. 542 1 F 00 0.6 51 4 E ;) 0 
42.~ J.I077E OU 0.2996£ 00 O.445CE 00 O.5b81E DU 0.6BBIE 00 
4~.O O.lOZlf 00 O~2911F 00 O.4601F DO O.~979E 00 O.7282E00 
41.5 J.9~11E-OI 0.2950E OC 0.4775E CO O.6318E DO.0.7710E JO 
50.0 O.Bb86E-Ol O.Z923E 00 0.4g17E CO O.6696E 00 0.815B~ 00 
52.5 0.11o3E-Ol O.2SC3E 00 0.?212E CJ 0.7112£00 0.3614l 00 
55.0 O.67d6F-OI O.2901F 00 O.548CE CO O.75~1&OO:O.9066E 00 

~.~1.5 J.5d3BE-Ol O.2924E 00 O.57dlE CJ D.802bE 00 O.9502~ 00 
60.0 O.~062E-Ol 0.2SBIE OC 0.61l2E OJ O.8507EOO O.9908E 00 

. 62.S J.<i-693E-'Jl oJ.3078E 00 'J.cA69E Cl) 0.d990L.OO O.102bE 01 
. 65.0 0.4~S5F-Cl O.~218E 00 O.6846E CO O.9467E~UO 0.1059E 01 
67.5 u.5J65E-OI O.3401E 00 0.7237E "JO.9921[(;O.Q.I085£ 01 
70.0 O.1257E-Ol 0.3624E 00 f).71:l35E CO O.1036E 01 0.1104E 01 
72.~ O.d9~1[-Ol O.3882E 00 J.6C34E CO U.1076£ 01 O.1116E Jl 
1S.00.10B5E 00 O.4110E 00 O.8426f DO 0.1112E 01 0.1122E 01 
.77.50.. 1L8BE DC O.4480E 00 O.. EldQ5E:CO 0.1143E. 01 0.1119£ Jl 
80.0 O.1499F 00 O.4806f 00 O.9166E 00 O.1164E 01 0.1110E 01 
d2.5 J.l114E 00 0.5143E 00 O.95G3E CO 0.11a9E 01 0.1095E Jl 
8~.0 O.1932E 00 O.5484E 00 O.981lF 00 O.1204E 01 O.1073F 01 
81 ...5 J .. 2149E 00 0.5824E 00 0.1009[ 01 0.1213.[ ..01 O.. 1046E 01 
90.0 0.2305F OC O.6158~ GO O.1033E 01 O.1216E 01 O.I015E 01 
92.5 0.2516E CO O.6482E 00 O.lC53E 01 O.1213E.01 C.9802E 00 
95.0J.2l80E 00 O.6792E 00 0.1069E 010.1204E01'O~9434E 00 

..._,97.5.0.2S18E DC O.7084E OC O.leblEul O.1190E OLO.9056E 00 

. 100.0 O.31&5E 00 0.1355E 00 O.lOBaE 01 O.1112E01 0.8680E 00 
102.~ O.j3~2E CO C.1602E 00 0.l092~ 01 O.1149f 01 0.8319E JO 
105.0 O.3505F 00 0.7U22E co a.lO~OE 01 O.1122E 01 O.. 79B3F 00 

.107.5 0.36:.5E CCO.8013E 00 J.10d5E 01 O.IQ9LEOI O.1681E 00 
110.0 0.3789E 00 o.e114E 00 O.lCl~E 01 O.10SBE 01 0.7421E 00 
112.5 U.39U7E 00 O.8301E OJ G.1G61E UIQ.I022E 01 .O.7205E ao 
115.0 0.4007F 00 0.e395E 00 O.1044E 01 O.9841eo~.n.l034E 00 

_117.~O.40~9E 00 0.E454E 00 0.1023£ 01 O.~453E .00 O.690b~ JO 
120.00.. 4151E co 0.8477E_ 00 O.9981E 00 O.9057E 00 0 .. 6813:: 00 

-~22;5 0.4193E no 0.8464E OC 0.9703E co O.B651E 000.6747E 00 
125.J 0.4214E 00 0.8414~ 00 J.93~8[ 00 U.d25~E 00 O.6699~ 30 
127.5 J.4214E OC O.832BE 00 0.90b6E ~O O.7d64E 00 O.6658E 00 

.. 130.0 U.4l91( 00 0.~20bE 00 O.BILZE CO O.7475E 00 0.b615E 00 
132.5 O.4150E 00 O.8047F 00 O.8337E CO 0.7093EOO 0.6560E JO 
13j.O O.40b6E CO O.7854E OC O.7S45E 00 0.6720E CO O.6486E 00 
137.5 J.4000E 00 0.7626E 00 0.7538E 00 0.6355£ 00 0.6387E 00 
14Q.O.J.38~2E CO O.7366E CO 0.11l9E CO O.5997EOO O.6259E JO 
142.5 0.3764E 00 0.7072E 00 O.668<;E 00 O.5645E 00 O.6091f:: 00 
145.0 J.36l6E 00 O.6749E 00 O.6252F 00 0.5297E 00 0.5900E 00 
147.5 O.3448E 00 0.6396E 00 0.581CE 00 0;4951E 00 O.5666E 00 

.. 150.0 J.3262f 00 0.6015E 00 O.5363E GO O.4604E 00 0.5395E JO 
152.5 0.30S1E CC O.5608E 00 0.491JE 00 O.4256E 00 O.5089E 00 

... 155.u J.2d36f DO O.51l7f: 00 {).4463E ClO (J.3903E 00 Q.4148E 00 
151.50.2599E 00 0.4724E 00 O.4011F 06 o.3544E OO·O.4374E 00 
160.0 U.23~8[ 00 0.4251E 00 O.35hlE 00 O.3179E 00 0.3969E 00
162.5 0.2084E 00 0.3760E 00 J.3111E 00 0.2805E 00 O.3536E 00 
165.0 O.ldOS[ CC 0.3253E CJ J.2~62E 00 0.2424E 00 O.3079E JO 
167.5 0.1523FOO O.2732E 00 O.2215F 00 O.2034EOOO.2599F 00 
170.00.1228f 00 O.2200~ )0 O.li7DE 0) J.1631E 00 O.2LOZ~ )0
172.5 O.9273E-Ol O.1658E 00 J.1326F OJ O.1234E 00 O.15B9f 00 
1 7 ;) .;) O. 6 n lE - C1 0.11 aYE !) a o. 8 iB 4 E- (! 1 J • U2 55t; - 01 0 • 1 () 6 ') E 10 
177.5 0.3114E-Ol O.5551F-Ol 0.441S~-ul O.4131f~Dl O.5~4aE-al 

... 18u.0 J ... 4ti5f--()r... ().Flln?r.-n(~ 'L(1'j;H..,.,111 ,L':>'t'J1F-06lL17:l4F-lh 

http:2L�.5u.�
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TABLE 2 FOR £($; ka) 

f'ka 2.4 2.8 3.2 3.6 4.0 

~'O.oo~oj6bE-Of) 6:,56c)OE OG 0:6coCf oOO;OOOOF oo~O;0060E 00 

,3:3g:~~1~~-~~ ~:f~g%t-g~ g:~;~~l:-8l;.g:ri~~~~~g6,g:f~2¥~-g6 
,1.,) o. A. 999 E 00 0 ~ 2 n2E 00 J. 2 3S 1t i)O O. 2565EOQO. 211 7E 00 

.. 10.0 Q.2605E 00 0.?872E 00 O.3n92E OD 0.330JEOO 0.3418E )0
12.5 O.31b4E 00 ~.3474E 00 O.3721f OO.O.394bF 00 O.4135E aD 
15.Q O~3b72E 00 O~40l?~ 00 J.427b£JOO.4506S 00 0~46a1E 00 
.17.5 o. <tl2,::lE GeO./148It co 0.4 75tj[ O~l O.4979E 00. O.5144E 00 
20.0 O.4534EOO O.49U6ED3,O.517Sl 00 0.5383F 00 O.5523E 00 
22~5 J.4J9HE 00 O.5279E 00 a.5553E 00 O.5131fOOO.5847E 00 

;:25.0 iJ. 523 IE 00 0.562 2E 000. 59CCr-: OO·0.6063E:OOO~6138E 00 
",_.Z1.~ 0.5547E onO.5952E oc> ,).o23dE OOO.6376E 00.0.b/t07E ,)0

'30.0 J.;'B62E 00 O.62B5EOC O.6579E '00 0.668&E OOO.66S0E 00 
·32.5J.b19QE, 00 0.6634E (;C O.692sE OU 0.698:>£00 0.685lE 00 

. 35.0' Q~6~42E '}o 0.7003F 00 O.72B2F. on O.1258FOOO.6980F. 00 
'-""""43()7 •• 050J ••. 67!.32l.~~.·,'· 0o'~ O.73EJ9E 00 O.7624E 0\) 0.747'-JE 00 0.7004E 00 

.'­:;J T_ O.7'/i33r: on O.7Y33F. au 0.7onE 00 O.6886E 00 
.42.5 J.l'76HE 00 O.fJ169f: 00 O.blH4t: 0;) 0 7bHE. 00 0.6600£ ')0
'1t5~:O O.8215F 00 0.H527F 000.8350;= OJO:7527E·OOO.612RE 00 
'54.07 ••••. ·0?oi) •• ~).06~\,:Ef.?,: OOQ.·, O.f!336E Or) 0.841C:': 00 0.72;i4E 00 0.5469E J0 

v_ O.~075E 00 O.8344F 00 O.6817EOO 0.4645E 00 
52.~ J.9471€ ·OJ O.0226E UO O.b140E OU O.b222E 00 0.3713: 00 
"S5~0 O.Y806E 00 O.9275E 00 O.71~6E 00 n.~493EOO~O.2813f 00 
.,~7.5 u.1001E 01 O.<'?13F 00 O.7319[ 00 O.4684E 00 0.2288E::lO 
60.0 O.lD26E 01 0.9035E 00 O.6727E 00 0.3894E 00 0.253BE 00 
6 2 •• 5 00' ·.110U33.67·~",OO.11 0.£i/44E OC J.bC55E.Ou O.3310E,.. OO.0.3571E ,JO
6 ~ 0 _ O.B350E 00 0.535gE 00 O.3193E OOO.4A20E 00 
~61~~"O.lJ2aE 01 O.1B69E 00 O.4726E 000.3061EOO O.6113E DO 
10.0 0.1vlOE 01 O.7328E 00 u~427~E 00 0.~546E 00 O.7340E JO 
7i.s O.~8j5f 80 O.6162~ 00 O.4151F 00 0.5622EOG ~.8434E ao 
15.0 0.9492f OU 0.6220E 00 O.44C1f OJ O.6141f. 00 0.9352E 00 
17.'jlJ.908')F 00 O.~U~lE 00 O.49tSHE 0') O.7d14E QO.0.I006E;)1 

o··-QO.D 0.t1b44E 00 O.5452F CO O.5772E 00 0.8185£ OOO .. 1055E 01 
a2.S O.bl~aE 00 0.5341E 00 J.6644E OJO.9bI7E. 00 0.1082E 01 

~ '~5.0 O.7123E 00 O.5411E OJ O.7524E 00 0.1029£ 01 n.l087E 01 
,_ ~a7 .5 J. 730 3 E a 0 o. 5 eo 2 E a 0 J. 8:3 54 E 0 CO. 10 7 (, £ 0 L. 0 .1 073 f: J 1 

.. 90.0 0.69.. 95 oa O.6289E 00 O.q0<17~OOQ.!1D_9~ 01 0.lO~3E 01 
'·92~50.66a7E 00 O.6868E 00 0.9729E 00 O.1l23'E OrO.loOZE 01 

95.J J.6~38E OJO.7484F 00 O.lQ23E 01 O~1120E 01 0.9535E 00 
_ 91.5 (kbj01ECC o.sonE 000.1060£01 O.l103EOIO.9043E 00 
~_i.OO.DO.6~a8E ao o.a660E 00 O.10ti4E 01 O.l075E 01 0.8597E 00 
.• 02.~ 0.o160E 00 0.9163EOO O.1094EOIO.I033E (Hb.8249EOO

105 .0 :,) • 699 gEeco. S 5 8 6E 0 0 o~ 1 CI' 2E: 0 L o. 99 51 E; 00 O. ~ 03 3 E ) a 
101~~ O.7272E 00 O.QY18E 00 O.1079f DL O.9505E"OOO.7959E 00 

'''''''~:111l20'•• 50. oq.~··1·r852566F.F- oClQ O.lOI5E 01' O.1056E 01 O.9071E 00 0.SO.l2E 80
JO.I029EOI J.I026E 01 O.B&79F 00 O.8158E ao 

.... 115.00.80b6E 00 O.1034E 01 O.9900E 00 O.ti349EOO 0.B354~ 00 
: 111.50.a2bOE co O.lC2'9f: 01 0.<;14«;;91: 00 O.8091E.mr:.0.8557E 00 
.,.--.... 112202···••'05·' ..... ·OO•• ~'t4·J8· lI·FF..-. eeOc 0.1016E Ol ..O.9077E OO.O.79J6E. 000.8732:: JO 

o 0.9S50E 00 O.. 8650E 00 O.7783E 00 D.8850E 00 
125.0 J.8497F 00 0.Sb78E 00 O.R234E OO"O.7104~.00 0~.B896E JO 

·····127.50.6450E 00 O.9349E 00 O.7838E 00 O.1646E 00 Oia860E 00 
130.0~.~319E CCO.E~16E 00 O.741CE 00 O.7589E QO 0.8141E 00 
~132.50.81&9E 00 0.3561E 00 Q.7133E 00 O.7513E 00 O.8542E 00 
.135~O 0.1':143F. 00 0.B132S 00 O.6ezoE. OJO.7'ttJ3E.oo,Q.13270E Oi)

" 137.S·.o.1666E QO·O.7619r: 00·O.6,)43E OOD.l24'i1EOOO.1935E 00. 
_140.0 O,,734·H~ 00 O.7217E OJ Q.6271E OuQ.704-'lEOOO,,7549E 00 
'142~~ O.6982E 00 0.6151E 00 0.6020£ 00 O.6792E 00 0.1123E 00 

14j.0 J.o5d7E 00 O.628b£: OOO.~764E 80 O.6489EQO.0.6669E 00 
;·147.5·O.6166E 00 O.. 5825E 00 O.5499EOO O.6139€.',OO ..O.6196E 00 
.... 150,.JO.':>12ZE '00 O.5369E 00 O.52l8E ~;00.5750LOO.0.5714E )0
• 152.5 a.S2blE no O.4919E 00 O.4911E 00 0.5321EOO O.5228E 00 

155.0 O.47~lE CO O.4474E 00 O.4590EDDQ.4d77EOO.0.4744E 00 
.15l.50;'43-l2EuO D.4032E 00 J.4235E OOO.!t4()lE,aO:O.42b2E 00 

.. .160. 0 ;) •.302 8 t:: 0 CO. 350:; 3E 00 o. 3 tl53 L CJ O. 3924.E 000 .3 78 5 E J 0 
> 162.5 0 • .3344E 00 O.3153E 00 O.3442f: 00 0.3432E 000.3312£ ao 

1.65.0 u.2d:>9E 00 O.2712E 00 D.30Q5EOO 0.2937E"OQO.2!,i41E 00 
··161.5 O.2l"17F:OO 0.7269f 000.2543E O(lO.2441-t:OOO.2l11E 00· 

.... 170.0. O~IH97E 00 0.18211: 00 O.20tlE OU O.1947EOOO.1900E 00 
112., O.1420E 00 0.1370E 00 O.1562E DO 0.145bE 00 O.1428E 00 
175.0 O.~44t3E-01 O.91S5F-01 O.104SE 00 O.968dE.:-OL O.9535E-n 

'. 177.5 0.47191=:-01 0.4584F.-01 O.526hE.,.Ol O.4837E"'Ol·:O .. 4112E.-Ol· 
... .1.811... .0 o. 61,HlE- a6 O.6600F:-06 0.7 5bdE-Ou. Q. 69 5 7E_~OtL,D.a1ia69 E~06 
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TABLE	 3 FOR f (~; ka) 

~o ka 4.4 4~8 5.2 5.6 6.0 

ij'~() d~oo6oE 06 b~oodoE 00 O~OOOCF 00 O.OOOOE oC 'O.OoOOE 00 
.2.5 a.lOOSE 00 0.10625: 00 ,) .1113E 00 0.1162 E 00 .0.1209E 00 
5~O O.1973E 00 O.2073F 00 0.2165£ 00 O.2253E· 00 0.2334E 00 

,}O...... J.~	 .o. 2d~8 E 00 0.2988E 00 O.3104E 00 O.3211E 00 0.33 G6E 
Of)10.0	 O.3636E CO 0.J176E 00 O.389'*E 00 0.3996£ 00 O.4079E 

12.5	 O.4291E OC O.4421E 00 0.451 BE 00 O.4~91E 00 0.4636E 00 
15.v	 O.4ti24F 00 0.4925E 00 O.4984E 00 O.5006E Oil O.49Q3E 00

I 11.•5 J.S249E 00 C.5:~06[ 00 o. ~ J 12E 00 O.52bdE 00 O,.51B2~ JO 
I " 20.0 O.5S87F 00 0.5591F. 00 0 .. 5534E 00 0.541lE 00 0.5238E :)0 

22.~	 0.5866E OC O.5805E 00 Q.'J672E 1)0 O.':i455E 00 ,0.5116E ')0 

25.0	 J.6102E OJ 0.5S62F 00 0 .. 573 <iF 00 0.539Sf 00 0.4<:)8·12 00 
J.62<-;9E OJ G.. f.054F 00 Q .. 56';8E 00 O .. 520lE OC . 0 .It 61 ~ t 00..27 .. ~ 

,;;;	 30~0 0.644- 3E 00 O.f:055E 00 i). 55 26E 00 0.4835f 00 O.4023F 00 
32 .5	 0.6?04 E 00 O.5923F. 00 0.511CE 00 O.4232E 00 0.3165;:: no 

" 35.0 O~()441F 00 O.5LlSE no O.4SH7E 00 O.3l66£' 00 .' O.2026E t'}O 

.. 37~5 J.62I5E O\J 0.5094F 00 o• 3 7:J 2E 00 0.2231E 00 0.0355[:-')1 
40.0 O.5796E 00 o ./+340F 0.:.1 O.2668E Oll 0.8615E-Ol 0.971 2E-c) 1 
42 .. 5 0.5104[: 00 O.3360[ 00 O.13SH 00 0.757'iE-Ol O.Z65ciE JO 
45.U	 a.4325E 00 0.2206E 00 0 .. 6300E-Ol 0.2416f:,00 O.4329E 00 
47.5	 O.331tlE CC 0.11461: 00 O.19tnE 00 0.4091 E. 00 O.5852E )0 
50.0	 0.22<> 5 F: 00 O.1463E 00 0.36 ?CE 00 O.5658E 00 0.7104E JO 
52.5	 O.lO15[ 00 0.2869 [: 00 ).52141= 0:) 0.7JOJE 00 0.7982[ 00 
55.0 O.. 2149E cc 0.4421f: CO 0 .. 6658f 'oe O.B04Bt: 00 O.8414E JO 

.. 51 .. :> J.3422E OU 0.5919£ 00 O.786lE ')0 C.G70oE 00 0.8374£: 00 
60.0 0 .. 4863E CO 0.1265E 00 O.tl755E 00 0.894bE 00 0.7892F 00 

62,..5 .i)~6275E 00 0.8385E 00 O.92S3E OU 0.S770f 00 O.70b5E 00 
:1'·\	 ,)065.0	 v. 150 3E 00 0.92Z6F 00 O.94'JoF .,' \.; O.d231E 00 0.6090f 

67.5 o .B66 2 E 00 O.c,;756E 00 U.<;266f 00 0.743 "IE 00 ·0.5294F JO 
..... 10.0 u. 9~2 Sf 00 O.99,',4E 00 'J • n/c, g F- oe J .. o573E 00 0.5095r: ,)0

0')12 .5	 O.10I2E: 01 O.SB64E 00 o. S064F 00 O.5910E 00 O.5686E 
75.J	 J.1045f 01 O.9499F 00 u.72S6f 00 0.:> 74'tE 00 0.6795': 00 
11.5	 o. 105 1F 01 O.8S36E 00 3.66621:: OC 0.619"1 E 00 0.8044E .)0 

O.1032E 01. 0.82771:: 00 O.6312E OG O. lJ99E 00 O.9170[ JO 
..,~~:~ o. 99 i t 1 F. 00 0.1(;,49E 00 O.6':>SOF 00 O.8172F 00 0.1002f 01 
8~.O o. ~42 3F 00 O.7197F 00 O.7141E, ,)0 O.9195E 00 0.1053 E )1 

.87.5 O.8846F 00 {).7043E 00 O.7968E 00 0.1003EOI 0.1067E 01 
.90.0 0.d303[ 00 0.7229E 00 O.884jE 00 O.1059E 01 0.1050E 01 
92.5	 o .18b 5E 00 0.7698E OC 0.9635£ 00 0.lOB6E 01 0.1009E 01 

;)''''U95.0	 U.. 7667E 00 O.. 8332E GO G.I025E 01 O.lOd5E 01 0.9552f: 
97.5	 O.7oB'OE CO C.<:iC06E 00 O.106SE 01 O.lObJE 01 0.9021 E 00 

.... 100.v J.7903E 00 iJ.9024E 00 J • 10 elE 01 O.1019E 01 0.86301: 00 
102.5 0.8270E 00 O.1012E 01 O.1076f 01 0.9693 f. 00 0.84651: JO 

.. 105.0 J.cH02E 00 o. lO45E 01 J.1052E 01 . o. 9216E.,OO 0.8 5 /t 2E 00 
107.5 O.9128E 00 O.IDblE 01 O.1016F 01 O.8830EOO 0.8802F 00 

,:) ~)110.0 0."'4~2F OC O.1060E 01 O.97J.3£: un O.S613E 00 0.9145E 
112.~ J .. 9156E 00 a .1044E 01 o. <) Z55f Qi) 0.8552£ 00 0.9't12f 00 
115.0 0 .. 990DE 00 O.1015E 01 O .. SG39E 00 0.8021 E 00 0.970f3F: 'JO 

... Ut.5 O.9919E 00 0.9179E 00 D.B505EOO O.8161E 00 O.9810E JO 
O.9B16E 00 0.9353E 00 J.827lE OJ C.d906E 00 0 .. 9 764E JO

'i~~:g J.9605f 00 0.8914E 00 D.8133E 00 O.9003E 00 O.9S77E 00 
125.0 v. 9303 E 00 o.. 8490E 00 O.8067E 00 O.9LlL;'E 00. 0,9273[; )0 ­. 127.5 O.H931E 00 0.8106E 00 O.8036E 00 ·.O.892SE on 0.8887E 00 
130.0 O.d513E 00 O.1772f 00 O.8C04E 00 O.i3730E 00 0.845SE JO 
132 .. 5 o. b06 BE 00 O.7488E 00 O.7940E 00 O.. 8'*40E 00 0.8015F ;)0 
135.0 O.7617f:. 00 0.7243E 00 O.7824E.OiJ O.5J 7'tE .00 .0.7592E :)0 
13"' .5 O.7173F 00 0 .. 7020E 00 O.1642F 0,) 0 .. 7652E 00 0.72021: 00 
140.0 l).6748E 00 0.6dOOE 00 O.7392E 00 0.7198 E 00 0.6849E JO 
142.5 o .6345E 00 O.6566f 00 0.7077E 00 O.6732E 00 O.6525E 00 
145.0 o. 590't E 00 O .. 6304E 00 J .. 6706E 0\) J .6271£,00 O.6216E 00 
147.5 0.5bOlE 00 0.6006F 00 O.6289E 0;) O.. 5823E OD 0.1j904f ')0 

00 O.5393E 00 0.,5761:: 00150.J J.:>2::>OE 00 O.5661E 00 O.5837E 
152.5 Q.4901E 00 O.5288E 00 O.5363E OD O.4980E 00 0.5220F. 00 
155.J J .4~41E 00 O.4d72E 00 Q.4B76E OJ O.457oE. 00. O.4831E 00 
157.5 O.41BOE 00 0.44261= 00 O.4383F. OJ O.4180F 00 O.4409E .,0 
160.0 v • .3 7-; 5E OC O.3S57f: OC (l.3890E OJ 0.377dE 00 O.3958E: JO 
162 ~5' O.3389F 00 0.3471E 00 O.33SSF 00 O.3364E 00 0.3484E llO 
165.0 .v. 2 "J~ OE 00 O.2975E 00 J.2 ',Ill E O,J J.2934E 00 O.299'~E JO 

00 0.2475E 00 O.2426E 00 O.2485E 00 .O.2494E 00161.5 0.2508E 
.. '.' 110. U 0 .. Z034E 00 O.1975E GO Q.1.9 l t2E 00 O.201lE 00 0.1992F 00 

00 O.145SE 00 O.1530E 00 0.1490 E 00172.5 O.1543E 00 0.1477F 
175.0 .Jo1037E OC o • 9 82 1 E- 0 1 :) • 9 72 SE- J 1 o .1029f 00 O.9905f-Jl 
171.5 u.5211E-Ol a .. 1+ 9 02 F: -0 1 0.4808[-01 o.s 1 73E~Ol· 0.4943 f-0 1 
180.0 J.b10f--06 0.7(4'1[':-06 C. 7 C() 7f: -U 6 U.7/~;:'6E-:06 O.710BE-J6 
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TABLE 4 FOR f(~; ka) 

~o ka 6.4 6.8 7.2 7.6 8.0 

+ . ::<,;n;~D:((),:d600E-;OO'(f:·600DE. 00 O.OOODE OOO~oOOOEod'o~OOO()E 00 
2.5 O.1254E:.OC O.1298E 00 0.1339E 00 O.13"aOEOo,0 • .l418E 00· 

····:;5 ..0 0.2412'; JOO. 2484EOO Q';2 551fO{)O~l6T~Einm>O;2674'= 00 
.7;.S J.J392E 00 0.3468 E 00 1).3 534E 00 0.3592£ ,00,0.3.64 OE 00 
10;0 O.4145E 00 O.4195E 00 O';4228E 00 0.424bE~O~.~248EQO 
12~~O.4656E 00 0.4652£ 00 O.4b23E 00 0.4572£ OO.O.4500E 00 
15.00.4944E OOO.(,865E 00 O.4753E 00 O.4612E 'OOO.4445E 00 
11.~.U.5049E OQ 0.4878E OOO.46bSEOP O.4423EOO~O.~149E 00 

." .." '20.() O.5U01E 00 O.4721E 00 O.4406E 00 O.4041E OO .. ··O.1648E "00 
22.50.48261:: 00 0.4417E OCO.3,S62E 000.'3461£ OO.O.2937E 00 
25.0 0.44d4F 00 O.3915EOO 0.3300EOO O.2b50EOOO.2008E 00 
21 .. :'>,,0';393 2E CO 0.317JE 0 C 0.23 SSE 000.1620 EOO,..0 ..106.0EJO 

·-3~.0 a;3120E 00 O.2160E OOO.1259EOO 0.8472E-Ol;n~1423E 00 
'-d3i2.5·O~2029E 00 O~9470t-Ol0.8484E-OlO.1I340EOOO.lkf7iE 00 

.35.0 J.7160E-Ol O.g613E-OI 0.2232E 00 O.140jE 00 0.4386~ 00 
37.) O~102/... E ao O.2526E 00 0.3i349E 00 O.490'lE OOO~5638E 00 
40.0 0.lb78E GO O.4165F 00 O.533CE 00 J.6084E OO.. O.6396E J0 

- 42.5·O.43.'7E 00 0.5638£= 00 0.6412E 00 0.6158E 000.65035 00 
4j.0 O.5829E 00 0.6778E 00 0.7116E ao O.6801fOOO.5902E 00 
47.5 a.701IE 00 O.1447E 00 O~1163E 00 O.6185Eo~n.4689E 00 
50.0 0.7765E OC O.7565E.OO O~6599~ JOQ.5021E OQO.3242E 00

-"'52.5 O.c{011E 00 O.7120E 00 O.553CE 00 0.3666E 000.21251: \)0
55.0 0.77.9F 00 0.6196E 00 O.4258E 00 Q.3072E 00 O.4045E 00 
51.5· C.1020E 00 O.5022E frO 0.35DIF 00 0.4101E(}OO.5~56E 00 
60.00.59d7E 00 O.4095E 00 O.4100E OUO.58755 000.J623E 00 

.61.50.4913E 00 O.41S1E 00 O.5641E 00 0.7556E 00 0.8705E ;)0
6S.J J.4512E 00 O.5279E 00 J.7303E 00 0.3775E 000.9069E JO 

'61.5 0.50l6E 000.68216 00 O.8659E. 00 O.931lE OOO.8140E 00 
70.0 O.6231E 00 O.8269E 00 C.95C6E 00 0.9323E ~o 0.7913E 00 
12.) O.1642E 00 O.9363E 00 O.977BE 00 0.8143E 00 O.6918E no 
15.0 O.6906E 00 O.GQ8CE 00 O.9514E JO O.7669EOOO.6490E 00 

.. 17.jO.9835E 00 O.lOlOE 01 O.8S63E 00 0.7tS6F:OO',O.6843E no 
~O.0.9.1035E 01 0.9777E 00 J.80U2E 00 O.b960E .OO,.O.7855E 00 
82.5 Q.I043E 01 0.. 91631:: 00 0.7510E 00 0.7503fOOO.9027E 00 
85.() v.10I5E 01 O.8472E 00o,) ..•• 774g4239.EE O.8463E,OQ,P.9964f;: 'JO....lOOO.V"
81.50.9615E 00 O.7964f 000.941lFOOO.1046E 01
 

.. ,_.90.0 O.Q"i92L 00 O. 7U5 3E 00 :J.ti746E OOO.1024!:O.LO.I049E 01
 
"~92.5 O.8475E 00 0.8184E 00 O.9S'i7f 00 O.l064E OlO.1013E Jl
 

95.(} J.B229E 00 O.8211E 00 0.1026~ 01 O_lQ63E 01.0.9567E 00
 
91.5.0.1H2SE oco. <;S16E 00 O.lOt.2E ·OlO.1031E.,Ot.;.o.9045E 00
 

_jOQ~Q ~~d7QIE 00.0.1011E 01 O.1065f 01 O.980~E ~Q_o.alaOE 00
 
102.5 0.9214£ 00 0.1049 E 01 0.1041 E 01 0.9302 E ODO.88bOE 00 

.105.0 Q.9115E 00 0.lC61E 01 O.CJ977EOO O.t1967E_OO O.9205E 00 
..··107.5 O~1009E 01 O.1049E 01 O~q4qlE';OO(};"8888E:'(jJf,'O;"9635E00 
.110.0 ..O.102~IE 01 O.10i7E 01 O.9077E OOO.9031E 000.9979£:.00 
lll.S 0.1021E 01 O.9734E 00 O.8825E 00 O.9302E 00 0,,1013E 01 
115.J O.lOOUE 01 0.9283E 00,O.875BE 00 O.95S3EOO.O.I006E 01 

: 117.5 0.9739£ 00 o. aa93E 00 O.883CE OOO.9690E OO:.O.-9198E 00 
120.0 Q.9317E 00 0.8616E 00 0.0958E 00 .O.9663EOO.O.. 9405E 00 

"':,,"122.5 ·o.sa12E 00 O.B4bCF 00 0.9057E 00 0.9468E 00 0.8910E 00 
125.0 .J.d455E 00 O.8394E 00 O.9066E OC O.91.37€ ,OO.O.8512E 00 
121.5 O.~102F 00 0.8364E 00 0.8954~ 00 0.8720f 00 O.8258E )0
13Q.QJ.78l6E 00 O.8317E GC.O.8721E 00 O.i3276EDOO .. S.Q36E 00 
132.5 O.1614F 00 O.S210E 00 O.BlOSE 00 O.7856E 00 0.7875E 00 
135.0 0.7441E OC O.8019F 00 O.7979E 00 0.7487E 00 0.7728E 00 
131.5 O.7274F 00 0.7141E 00 O.'1538E 00 O.7176E 00 O.7549E 00 
140.uu.70d4E 00 0.7384E 00 J.7095E OOO .. 6907LOOO.]307E va 
142.5 0.6851E 00 0.6S67E 00 0.667CE 00 0.b654E OOO.6990E no 
14~.J O.b~b3E 00 0.b511E 00 O.6272E 00 0.638d(OOO.b605f 00 
147.5 0.6220E CO O.6ellE 00 0.5898E 00 O.b089E: OOD.6166E 00 

..... 1.50.0.0.5J:l25E 00 0,.5563E 00 O.5535EOO Q_jl<t4.~ aOO.S696E ')0
I;Z.5 0.5390E 00 O.SlOOE 00 a.5l70E 00 0.53S'3EOOO.5Z15f. GO 
155.0 O.4 ci25F OC 0.{t652E 00 0.4787E 00 0.4921£ OQ.O.4737EJO 

. 157.5 0.4441 E 00 Q .4216E 00 0.43BOE 00 O.445BE . OCL'O.4270E 00 
.160 .. 0 O.3947E CC 0.37881: 00 (J.3944E OO.O.397'.EOO ..O.,3S15E .')0
162.5 a.3449E 00 O.3158E 00 O.348·2E 00 O.347BE 00 O.3361E 00 
165~0 O.29~3E 00 0.2921£ 00 0.3QOOEOO O.2979E 00 0.2919E GO 
167.5 0.2459E CC 0.2471E 00 O.2SG4EOO 0.2480EOOO.llt64E 00 
170.00 .. 19b7E 00 O.2005F 00 O.2002EOJ .O.1983E. 00 O.. 1997E 00 

:172.5 o.1415E DC 0.l521F 00 O.1498E 00 O.1481E 00 0.1515£ 00 
175.0 0.9d4ZE-Ol 0.1023E 00 O.99blE-Ol O.~912E-~1 O.1019E 00 
111.5 0.4923E-Ol 0.5146E-Ol O.4971E-01 O.4957E-Ol O.S126f-Ol 

_180.U.O.7Ud6E-C6 0.1418E-06 O.11~7E~06 J.7134E~060.739aE-J0 
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IV. EXPERIMENTAL RESULTS
 

4-1. Experiments with Wires 

Analysis of old experiments were reported on both in last year's 

Final Report [1] and also in an Interim Engineering Report [3] and com­

parisons were made with theory. Unfortunately, not all important parame­

ters were recorded in these experiments which date back twenty years or 

more. In some cases it was possible to ascertain what these parameters 

were by talking to the original experimenters. In other cases, reasonable 

estimates were possible. On the whole these experiments show good agree­

ment with the theory developed under this contract over the last two years. 

Nevertheless, it was decided to carry out some new experiments with 

straight wires and one bent-wire configuration to check theoretical pre­

dictions that previously had not been carefully tested. The experiments 

were performed by E. Lind at NAFEC near Atlantic City, N.J. during June 

and July 1975. The procedure followed was essentially that described in 

reference [7] except that peak course deviation errors were not averaged 

over 10-degree intervals. The test site is not ideal. While the ground 

is cleared of all trees and underbrush to a radius of 500 feet from the 

VOR and is essentially free of trees up to a radius of 1000 feet, there 

are a number of scattering objects at distances varying between 1000 feet 

and 2500 feet and beyond. There are power and telephone lines as close 

as 1000 feet to the VOR site and radar stations and other structures 

about 2000 feet away. These produce background scalloping errors which 

are as high as + 1 degree in some azimuthal directions. To minimize 

errors due to this "background noise," the following precautions were 

taken: 
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1. The test scatterers were placed close enough to the VOR and
 

high enough above ground to produce maximum course deviation errors of
 

at least + 3 degrees. By placing the scatterers close to the VOR the
 

scalloping frequency was kept low, about 0.06 Hz or less, so that the
 

aircraft receivers were working near peak sensitivity.
 

2. The scatterers were placed at such azimuthal positions to
 

make the maximum course deviation errors fall in angular sectors where
 

the background errors were small or non-existent.
 

3. The aircraft was made to circle the VOR site at a comparatively 

large radius, about 25 nautical miles. Since the aircraft speed was of 

the order of 190 knots this made the scalloping frequency of the more 

distant background scatterers high enough (0.6 Hz and more) to cut down the 

background errors. The half-amplitude points of the aircraft receivers 

. used were near 0.35 Hz. 

The aircraft was directed into circular orbits by radar control 

from the ground. Tests were conducted at aircraft altitudes of 1500, 

3000 and 6000 feet. Since the results of the experiments did not change 

appreciably with altitude only the results for 3000 feet are reported 

here. It should be noted in passing that this observation in itself 

confirms one of the predictions of the theory for low aircraft elevation 

angles. 

Signals from the VOR were recorded continuously and simultaneously 

by two receivers (Bendix and Collins) in the aircraft. The two receivers 

had nearly the same frequency characteristics. They were calibrated on 

the ground before each flight. While their outputs during flight tests 

were nearly identical in most cases they occasionally showed differences 

as high as one degree. In these cases the average was recorded. It is 
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believed that in most cases the measured peak deviation errors are accurate
 

to about + 10 percent.
 

In all wire experiments, number 6 copper wires (0.162 inch diameter)
 

were used. They were kept from sagging and held in a horizontal position
 

by rope supports. In experiments with two wires, the wires were kept at 

the desired separation by wooden spacers. They were stretched between 

two cross bars and could be moved up and down the supporting poles by 

pulleys. The nominal plan view of the pole locations is shown in Fig. 24. 

Single and double wire experiments were carried out with the wire(s) 

stretched between poles P1 and P2. The perpendicular distance from the 

VOR antenna to the wire axis was nominally 200 feet. A survey after the 

poles were installed showed that this distance was actually a little large 

so a value of D = 205 feet is used in computations. With this value of D, 

. the angle $ measured from the wire axis is related to the magnetic azimuth 

by 

$ = 124 0 
- azimuth angle. 

ExperimeIit 1:
 

This involved a single wire between poles P1 and P2 at a height of
 

28.5 feet above the ground. The ground level at the location of the poles 

was found to be 2.7 feet below the ground level at the VOR site. In the 

theoretical formulas a wire height of h = 28.5 - 2.7 = 25.8 feet was1
 

therefore used. For an infinitely long wire at this height and at a
 

normal distance of D = 205 feet from the VOR we get a peak course devi­


ation error of 3.65 0 both from Fig. 6 and by interpolation in the table
 

of Fig. 5. Since these charts are prepared for zero gauge wires, we
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obtain a correction factor 0.88 for No.6 wire from Fig. 3. A further 

small correction is needed since the VOR frequency in the experiments 

was 109 MHz rather than the 115 MHz used in obtaining the charts. This 

leads to a corrected peak error	 for an infinite wire of 

3.65 x 0.88 x (109/115)1/2 = 3.13° 

The same result can also be obtained by the use of Eq. (6) of
 

Chapter II. For hl/D = 25.8/205 = 0.126 one obtains from Fig. 2 that
 

H = 16.2 and the peak should occur at ~ = ~ = 48°. The correc­max max . 

tion factor for the wire diameter is again F(2a) = 0.88. The correction 

-1factor G(khl€)/G(kh €) can be obtained from Fig. 4. Using k = 0.696 ft ,O

hI = 25.8, h = 16 and € = aircraft altitude/aircraft range we get 0.993,O 

0.990 and 0.95, respectively,	 for aircraft altitudes of 1500, 3000 and 

. 6000	 feet respectively. Hence: 

2h

(B-~ )moax = H 13/ 2
max 

D 

2 
16 2 25.8 (109)1/2 x 0.99 x 0.88 = 3.12° 

• 2053/2 115 

To this we must still apply a receiver reduction factor based on the 

scalloping frequency. This factor is about 0.966 for a receiver half 

width of 3.35 Hz, an aircraft	 speed of 190 knots at a range of 25 

nautical miles. Hence the expected peak errors for an infinite wire 

would be 3.0° at azimuthal angles of ~ = ~ 48° and + 132°. 

For the 100-foot wire we expect the scalloping envelope to be 

confined between the critical angles of 38.6° and 53.8° (as well as 

between -38.6° and -53.8°). Hence we can only expect two maxima near 
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h 
360 -l ah = 5 ah degrees

D A 

This is equal to 5, 10 and 15 degrees, respectively, for the three spacings 

leading to array factors of 1.996, 1.985 and 1.966. Using the theoretical 

sing1e~ire result from the first experiment these lead to expected peak 

scalloping values of 7.47, 7.42 and 7.35 degrees, respectively. The experi­

mental results are 4.6, 4.8 and 5.5 degrees, dOWL 38, 35 and 25 percent from 

the expected values. This seems to indicate that mutual effects are of some 

importance, especially for small spacings, if precise predictions are needed. 

For crude estimates this refinement may not be required. 

As far as the shape of the scalloping error envelope is concerned the 

theory predicts that the envelope should be the same as that for a single 

wire with peaks at ep = + 46.4°. The experiments confirm this. The sca1­

loping ripple spacing is also the same as that for a single wire. 

Experiment 3 

This involved two parallel No. 6 gauge wires stretched between poles 

P1 and P2, both at the same height of 25.8 feet with horizontal spacings of 

31 and 43 inches, respectively. The purpose was to check cancellation effects 

predicted by the theory. If d is the horizontal spacing between the two wires 

and mutual effects can be neglected the theory predicts that the course devi­

ation envelope for the double wire can be obtained from that of the single 

wire by multiplication by the array factor 

21cos Cf kd(l + sin ep)]1 

The result of multiplying the theoretical single-wire curve by this factor 

is shown in Fig. 26 for two wire spacings. Experimental points are also 

shown. 
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Th~'experimental results show a rather wide scatter and the detailed 

agreement with theory is not too good. However some basic predictions of 

the theory are verified: For the 3l-inch spacing the scalloping error is 

substantially reduced with about zero error in the azimuthal range near 

~ = 48°. The measured course deviation errors on either side of ~ = 48° 

exceeds the theoretical prediction by about 0.6°. This discrepance is not 

much larger than the expected measurement error. 

For the 43-inch spacing, both theory and experiment predict a peak 

error near ~ = 47°. However the theoretical prediction for the peak error is 

4° while the experiments give about 2°. As in experiment 2, these amplitude 

discrepancies may be due to mutual coupling effects. 

Experiment 4 

In this case one No. 6 gauge wire. was stretched. between the three 

poles Pl, P2, and P3 to form an equilateral triangle. All wires were at 

an effective height of 25.8 feet above the ground plane at the VOR site. In 

this case there is very little mutual coupling between the wires. Further­

more, each side of the triangle produces course errors in a different and 

very narrow azimuthal sector. Hence the scalloping pattern can be computed 

by considering each side separately. 

The wire between Pl and P2 has already been discussed in connection 

with experiment 1. It should give rise to a course deviation error in the 

narrow sector between ~ = 38° and ~ = 54 0 with a peak of 3.74° near ~ = 46°. 

Two consecutive aircraft runs at 3000 feet altitude do indeed give peak 

errors of 3.40 and 3.6°, respectively, near ~ = 47°. 

To obtain a theoretical estimate for the wire between P2 and P3 we 

must first determine the perpendicular distance from the VOR and the new 



66 

lateral offsets for the wire ends. By simple geometrical considerations 

from Fig. 24 (with D corrected to 205 ft) one obtains: 

D' = 319 ft, ti = 52.5 ft, ti = 152.5 ft 

Let us first estimate the peak course error we could expect from a wire 

of infinite length at a perpendicular distance of 319 ft from the VOR and 

a height of 25.8 ft. By interpolation from Fig. I we get about 2° for zero 

gauge wire. With the correction factor of 0.88 from Fig. 3 for No. 6 wire 

this reduces to about 1.8°. A more accurate result can be obtained using 

Eq. (6) of Chapter II. From Fig. 2 we find for h /D = 25.8/319 = 0.0811

that H = 18.4 and ~ = 50.8°. Hence an infinite wire would give a 
max max 

static peak error of 

near ~' = 51°. 

To obtain an estimate for the finite wire we compute the critical 

angles 

-1 (152.5)80 6 °' 
• '~c2 = cot 319 

We therefore should expect a peak error near ~' = 72.5°. At this point 

the infinite-wire error pattern is down from its peak. The reduction can 

be estimated from the h /D = 0.10 curve of Fig. 1. At ~ = 72.5° the error1

is down to 60 percent of the peak value. However, we also know that the 

finite wire usually has about a 30% overshoot compared to the infinite 

wire. Furthermore, there will be a small reduction because of the receiver 

response introducing another factor of about 0.96. Taking all these factors 

into consideration we obtain for the peak error 
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1.82 x 0.60 x 1.20 x 0.98 = 1.28° 

Essentially the same result is obtained directly from both computer 

programs for wires: based on the analytical formula and based on the 

moment method. To compare with experiment we still have to relate ~t 

to ~ and the magnetic aximuth. From Fig. 24 we see that ~ = 240 _ ~t. 

Hence the course deviation error should have a peak of 1.28° at ~ = 167.5° and 

should falloff to about half this value near ~ = 159.4° and ~ = 175.6°. The 

experiments show a peak of 1.3° at ~ = 167° in excellent agreement with 

theory. 

The third side of the wire, PI to P3, is almost radially out from the 

VOR. The perpendicular distance of this side from the VOR is too small to 

expect an accurate prediction from the analytical formulas. However, this 

is not serious because the course error produced by this side will be small 

anyway. It should occur in a narrow azimuthal sector with a maximum at 

~ = 1675 + 120 = 287.5°. The experiments do show a peak error of about 

0.7° in the azimuthal range from ~ = 285° to ~ = 295°. 

In· summary we can say that there is excellent agreement between theory 

and experiment. 

4-2. Experiments with Cylinders 

These experiments involved a cylindrical scatterer of 9 feet diameter 

and a height of 9 feet. The cylinder surface was wire mesh. No mesh was 

put on the top and bottom surfaces. This was an oversight that was not 

discovered until after the completion of the tests. The moment-method 

calculations assumed conducting surfaces on top and bottom as well on the 

curved sides. 
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The cylinder was located with its axis 150 feet from the VOR and 

at an azimuth of 240°. Measurements were made with the mean height of 

the cylinder at 20 and 30 feet, respectively. Aircraft range, altitude 

and speed were the same as for the previous experiments. 

In the notation of Fig. 11 we have 

2a = 9 ft, h = 9 ft, D = 150 ft 

For h = 30 ft, we have hI = 25.5 ft, h = 34.5 ft2 

for h = 20 ft, we have hI = 15.5 ft, h2 = 24.5 ft 

Since the pattern is symmetrical about the line from the VOR to the 

cylinder axis, the angle </> is measured from azimuth 240° and theoretical 

results are only computed for the interval (0, 180°). Theoretical results 

were computed for mean cylinder heights of 15.5, 20, 25.5 and 30 feet both 

by the moment method and the theoretical formulas in Chapter III (Eqs. 51 

and 61). Both methods were corrected for the effect of scalloping frequency. 

Figures 27 and 28 show the moment-method results for the two cylinder 

heights used in the experiments. They show peaks at </> = 46° and </> = 118° 

(and, of course, at -46° and -118°). The theoretical formulas predict 

approximately the same double-peaked pattern with peak locations at </> = + 48° 

and + 103° from Fig. 23 for ka = 3.13. Figure 15 shows a theoretical pattern 

for ka = 3.2 which is not too far off. 

The experimental results show quite a bit of scatter but they show the same 

even symmetry and the general shape predicted by theory with peaks at approxi­

mately + 50° and ± 110°. Because the peaks are relatively broad this can be 

considered in good agreement with theory. The amplitudes of the peaks are of 

the same order of magnitude as those predicted by theory, but the agreement is not 

as good as in the case of wire scatterers. Table 5 gives a summary of the 

theoretical and measured amplitudes. 
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Table 5. Peak Course Deviation Errors in Degrees 

Mean Moment .Method 
Cylinder 
Height <f> = 46 0 

<f> = 1180 

30 ft 3.38 4.38 

25.5 ft 2.72 3.48 

20 ft 1. 87 2.36 

15.5 ft 1.23 1.52 

Formula 

<f> = 48 0 
<f> = 103 0 

3.37 4.28 

3.25 4.13 

2.85 3.62 

2.10 2.65 

_.~  . .,--,-. .- . ­
Measurements 

<f> = 50 0 
<f> = 1100 

3.0 3.0 

not measured 

3.0 3.0 

not measured 

From the table we come to the following conclusions: 

(a) Both the moment-method and the analytical theory predict the 

general shape of the course deviation pattern and the location of the 

peaks correctly. 

(b) The moment-method and the analytical formula predict that the 

second peak should be about 24 to 30 percent higher than the first peak 

with some dependence on the cylinder height. The experimental data appear 

to give approximately equal peaks. 

(c) For a mean cylinder height of 30 feet, the peak course deviations 

computed from the moment method and the analytical formula are in excellent 

agreement but the measured peak values are too low by comparison: 11 and 30 

percent down, respectively. 

(d) The theoretical formula and the moment method give a somewhat 

different dependence on the mean height of the cylinder. This discrepancy 

has not yet been resolved. The experimental result at a mean height of 20 

feet seem to favor the theoretical formula but the agreement is not perfect: 

about 5 and 20 percent errors for the two peaks. 

There is a further point of close agreement between theory and 

experiment. Theory predicts a minimum scalloping ripple wavelength of 
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4. It is recommended that experiments be conducted with cylinders of 

larger diameters, heights, and with a greater variation in the other parameters: 

distanced from a VOR, mean height above ground, etc. 

5. It is recommended that further theoretical work be done to examine 

the assumptions used in the deviation of the formulas and to put the results 

for cylinders of arbitrary height and diameter into a simplified tabulated and 

graphical form for inclusion in a future edition of the Siting Handbook. 

6. It is recommeded that the unfinished work on scatters in the form 

of towers with rectangular cross sections, hangars, and other buildings be completed. 

7. It is recommended that the remaining programs for Doppler VOR be completed. 

8. Method of determining the combination of two reflected signals from two 

separated scatteres of different parameters and effect on course errors. 

9. Work on scatterers to include double sideband DVOR. 

10. Use of scale models for tests in lieu of flight tests where applicable. 
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Fig. 27. Course Deviation Envelope for Cylinder Mean Height 30 feet. 
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~ig. 28. Course Deyiation Envelope for Cylinder Mean Height 20 feet. 
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APPENDIX A 

This appendix gives a listing of a program for calculating course 

scalloping envelopes for thin-wire obstacles in the field of a conventional 

VOR. This program is a modification of the moment method program of Ap­

pendix D in the 1974 Final Report [1]. It should be used for comparatively 

short wires only. Compared to the old program, the listing here reduces 

the amount of computation and gives the scalloping envelope directly. In 

this manner a good picture of the course error curve is obtained even when 

comparatively large azimuthal increments are used. 

Corrections for the presence of the counterpoise have also been in­

cluded. This requires an additional card 6 with three inputs: 

H = height of counterpoise above the ground in feet 

SH = height of VOR loops above the counterpoise in feet 

R = radius of the counterpoise in feet 

The old card 7 remains card 7 and the old card 6 becomes card 8" 



,.	 Q' .,. 

..
 

c $U~POUTINE CAll fOR PARALLEl WIRES ORA STRAIGHT WIRe: 
Sl/ 11 p. 0\' TINE C~ l 1 (tJ, NU . .' .
 
COMPLEX PSICl1201,U,Ul,U2,U3,U4,U5,U6,ZC 79, 19)

C0 ~HH]r-1 XX ( 2 80) , XY (280) , Xl ( 280) , TX( 280) , TY( 280) , Tl (280) ,AU 280)
 
C[l ~H1C N T C560) , TP( 560) , BK , fU D2 (L 0 ), LC 5 ) , LRC10 )

(OMMON /COR/Z .
 
nI~ENSION OC(1120)

U=(O.,l.)
 

. PI=3.141593
 
ETA=376.73:17
 
Cl=.125/PI

C2=.25/PI

Jl=l 
J2=-2 

..:'....... ".
~':.y. ~

DOl.J=l,N
 
'IFCLCJl)-J) 3,4,3
 

4 J 2:: J 2 +2. .:,::·:/:LVY';ir!,~·:i:':;'·:?:"·'::;;F'/":j<·;;:::::T;··;;.:;';:2';');iC::;";'

Jl=Jl+l . 

3 J3=(J-ll*4
.Jl1=J3+1 
J5=J4+1 
J6=J5+1' 

. J7 =.16+ 1 
K4=J2+1 
K5=1<'4+1 
K6=K 5+ 1 
K7 = I< 6+ 1
 
S1=,l\ L I K I~ ) + AL CK 5 )
 
S?=~LIK61+QL(1<7)
 
TeJ4)=ALIK4)*.5*AL(K4)/Sl
 
T( J,) }=Al I K 5 ) * eAll K 4 ) +. 5)/'A.l ( K5) ) / S1
 
T(JA)=al(K6)*e4ll~7)+.5*QL(K6»/S2 
T ( J 7 ) = f. L eK ., ) *.5*~ L ( K 7 ) I S2 . 
TpeJ4}=Al(K4)/Sl '. '.
 
TP(J5)=ALIKS)/Sl

TPIJ6)=-AL(K6)/S?

T1"' ( ,I 7 I =- 4L ( K7 ) /52
J?=J2+2 . 

1 cnNTIN!JE 
U3-=Ul/'HK'*FTA
U4"::-U/PK *F T A. .
 
R'<2=F\K*RK/7.
 
!~ I( 3 =f\ l< 2*BK/3.

NO=l
 
"JW=Jl-1
 
rn 10 NS=I, NW
 
LP=l H! S)
 
N3=2""Cl8+NS-2) 

:.
",['Iil 15 K =1 ,4 
~7=t'.~+1( 
rr.n.7-lRC'JO)) 5,6,5 

6 A4.:: p ~ 112 CNO) 
~J"".:: N r)+ 1 

5	 en NT po,JUE 
I< 1.:: I K- 11 *N 1 
nn 1 6 NF:::: l,~! 1 
NI:l=I\JF+Kl 
S1 =X X( f\7 J- XX CNF )
52.:: xY(~H ) -x Y(~F , 
S3=XZC/li7)-XZ(NF) 

""; ".\ . 

'-0 " 

.~., .,-:.., 



P.2 =51 *51 +52 :<l<S2 +-$3* 53+AA. 
P=<;CJPT(R21
 
RT=AR.S(Sl*TX(N7'+S2*TY(N7'+S3*TZfN7')

RT2=RT*RT . . .' .. '. ­
r<H= (R2-PT21'"
 
~L p=. '5*r. L HJ71
 
AR=AlP/R
 
Sl=PI<''*R
 
U2 =C05 ( S1 , - U*S PH S IT':;r:::;t;i,;;t:;;;;,;,.:;;i:;;;G:J.'\~);;::;;\;;.;;::;:i;,i:t;;;;:;;;;;:, ii': ••·'.;';2:

IF(AP-.l1 22,22.21 

18 AI 1=f, lOr; ( ( S2+ S4) '" (-5 1+S>31/~ H).L:.);;;Bii.::L;:;;tE,i;:,;:J';;;'jiYi';;;&,;)i\;;;",;;i;2,::,>.>:.;;;,';";£ .H."j.·z""'....)idii....../""" .. ,/.; .:ft. ... i·· . GO TO 20 . 
1 9 ~ I 1= ~ LOf; ( ( S 2+ S 4 II ( 51 +5 3 t I
20 AI2=AL(N11	 .. 

AI3~(S2*S4-S1*S3+RH*AJl'/2. 
AI4=AT2*CRH+ALP*tLP/3.+RT2)
S3=All*R 
S1=dTI-RK2*C~13-~*(2.*~17--S3')
 
S 2=- RI<* ( AI 2~S 3) +B K3*(!\J4~3.~Al.3*~ tR2*J3 .*A12:::S3' l

GO	 TO 28 . 

22 U2=U2""C2/R" 
RI\=PK '* AL P 

lP4=lR3~lR
 
Hl=(3.-30.~ZP?+35.*IR4)*AP3/40.
 
~1=~P*f-l.+3.*lR2'/6 •• C3.-30.*ZR2+35.*ZR4)~_R3/40.
 
An=1.+A~*Al .
 
A2=-Z P 2/6.-AR2*(1.-12.*ZR2+15.*ZR4)/40.
 
~3=~P~(3.*ZR2-5.*lR4)/60. 
A4=lP4/120. . .' 

..;.'
51=t.0+BI\7*( A2+BA7*A4f . 
S?=RA*CAl+BA2*1\3)

2A	 PSI (1'J 8 ,.", U2* ( S 1 +U'" 5 2 ) 
rc (~:H) =TXC NF) *TX( N7l +TY(NF)*TVC N7) +Tl (NFl*T l CN7)

16 C)~IT HlUE 
15 CrHJTPHJE 

J3=(L8-11*4
J7=-2 
J9=1 
0: 25 NFc=I.N
 
.ll= (Nr-ll*4
 

ex>fFCL(Jq)-NF) 26.21,26' o27.·j9=J9+1	 . 
J7=J7+2 

26	 lJ5=O. 
U6=O. 
J5=O 
00 23 JS=1,4 
J4 =J3+J$ 

21 U2=tJ2*Cl/~LP 
S1=RT-ALP 
S2=RT+ALP 
53= SQR T( SI*S l+qHl 
S4=SQRTC52*S2+RH)
I J= ( S II 18, 1 a• 19 

B47=31\*81\. 
,'\P 2=AP*AR 
h R?= M2*AR 
7R=P,T/R 
lR2= lR*lR 
1P ~= lR 2*IR . 

, ...,,~<. ,,~~~:,~, 

v 



; () 

~., " '" ~ 'd, ,,:,,«" 

Jf\=J5+J7 
["'In 24 JF=1,4 
J6 =J8+ JF 

.J2~J i+.IF
 
us =T( J 2) *T I J4 ) *Oc (J6 )*p SI (J 6) +U 5 ..'."·"-",.i.""··"··

U6=TPCJ2)*TP(J4l*PSI(J6)+U6

24 CONTPIUF. 
J5=J5tN1 

23 CONTINUE 
lCL8,NF)=U5*U3+U6 

_ ZINF,LS)=Z(L8,NF)
30 J1=J7t2 
25 CONTI NUE 
10 Ct'lNTINUE 

OJ' 6 5 I=1, NW 
L8=L(1)
l7=J+l .' 
r F (L 7 • GT~ NW) GO 

'A"": ~,.,L6=L(L7) . 
GO TO 55 

50 L6=N+l 
55 L5=l6-1 

on 65 J=l,NW 
M8~L(J) 

M7=,I + 1 .. .Y:2 ;'::·J.;~;:';;Z,iC}4£'l0\·;;{StJ:')i::i:,::,:{{if\;1;i:,D\'%'i[.:i;i1zj:Y:it7Jli;!?;;::igj:g1:?Vci)'T;:\,"/:1:'i:r'7':;;ii:':i,,!'?:::"?,,?::;;:
IF ( tA7 • GT .Nw )
 
"'''=L (~7)
 
GO TO 57 

I~(Ml.GT.M5.nR.Kl.GT.L5) GO TO 6)
 
l(Kl,~l)=lCK,M) ­

60 CO NT I NIJE
 
6S CJ~'Tyr..UE
 

tJ[TUi'N 
EN r. c SU9RrUTINE qo~ FOR WIRES PAPALLEL TO THE GROUNDPLA~E (VORl
~uBqnuTINE ROWfN,CT,ST.CP.SP,SX,E,III)

CCWPLFX C(3.139',E.U,Ul,U2.U?>,lJ4,1J5,SX
 
en rvo ~-; C1~J XX( ? 8C) , XY ( 280) , xZ ( 280 ) , TX ( 2 fl 0 ) , TY (28 0) , TZ ( 2 R0 ) , "L ( 2 B0 )
 
COMMnN T(~60),lD(560),RK,RAn?(lO),L(5)~LRI1~) /CO~/C
 
OJ!~fNSI:l~~ RKR(280) ,np( 280) ,AKS( 5)
 
\J~ ( 0 • , 1 • )
 
f\K 1= RK *s T>:'C r
 
RI<2=Rl<*ST*SP 
[\1<3= BK*CT 
N2=1 
N3=-2 
no 1 NS=l,N 00
TF CL(~2)-NS) 2,3.2 .... 

3 1<1<=1 
N3=N~+2
 
N2=~;2+1
 
f\K 5 ( N7 )= BK 3 *Xl (N S ) 
r;o Tn 4 

2 KK=3 

'.', 

5R ~~F;.~~l+l 
57 M5=~f-l 

flO 65 K=L8,l5 
KJ=K+l 
no 60 M=,.,8, "15 
Ml=M+l 



4 00 5 K=I(K,4 
t.J7=~; '3 + K 
R~~(N7)=XX(N7)*BKI 
OP ("'!7) =-TX (N7) *5P+ 

5 CONTINUE 
tB=l\!3+2 

1 CQNT INUE 
N2=1 
N3=-2 . 
U3=0. 
114=0. 
no 6 NS=1.N 

U5=T(J2)*CCOS(S1)+U*SIN(Sll}
lJ2=1J2+U5*OPCJ3) . 

q CONT INUF' ." ...'......•...... 
PK4=f1K5(N~) 
lJ4=U4+t1Z*C (I I I ,NS 1*SIN (BK4)
N3 =~J3+ 2 

RF TURN 
FNn 
SURIlf)UTt NEl JNEQ{ NJ "';'"
StJ f' ~ rJ UTI NE INC F ( P. K ,C T , SCp , ST ,S 5P, EX, E I ,
 
Cfl I·ll' l F. X eX, E1 ( '1) ,tJ1 , SB
 
U1=IO.,1.)


C~LL fTP(H.SH,CT,R,SB,BKI 
IF(TII~2) 10,20,30 

10 EU I I J )=-Ex*se*sr*CI
GO TO 50 . 

20 FTITIT 1=!:=X*ST*SFI>1<ssp*sr
fiO TO 50 

30 ETfYTrl=Ex*ST*sa*sCP*Sl
50 Rf: TURN ". 

ENf) 
FlJNC T YON F ( X) 
F= ( 1 .+ .Q26'J\C X) I (2. + 11.792+3:' l04*X) *x IRFTllRN . ..... 
P·II' 
FUNCTION G(X)
 
f;= 1. I ( 2 .... ( 4 • .142 H 3.492'" 6.670* X) *x I *x ) 00
 
RETU~N .. . . ... . N 
~N['l 
FU NC T ION c:. ( X) . 
~=3.141593*X*X*.5 
C =.5+FfX)*SIN(4)-G(XI.COS(AI
RFTUQ N
 
END
 

. . ~;~ 

rF (L ( N2 ) -NS l7, 8.t1{;')i;;'::;';,;:;2:;'\;:·=;i::~f:iS':';,;i;;;;;;:,'i;;:rS:t;;,>S:.!.:;J\;'tCl:7?iIi;.;;'i'c/;;;·iLZ;;;;;;•. ,i;;;·.·.. ;·;;; <iii';.;;
8 N3=N 3+2 

N?=/lJ2+ 1 .. 
7.Jl=(NS-l )*4 .. 

U1= 0 • \;; ·.:;.i;'i;;.,;:·~;;';4;r;Ei;;;;:;;;i:Xi;'i::;·:t:;;:G;lc;;t1 i::;li;;;ii!ai;·;:t;;::f;;n:'ii ;(:;;;:;;;5;;";;(1;:;';,:':;;;.;':.';'
lJ2 =0. no 9 JS=1,4 
.12 =J 1 +.IS 

'. J3=N3+JS . 
. Sl=fWR(J3) 

6 COr-IT! NUE 
E= SX*U4~ 2.~ 

51=1. 
([=1. 

;1) 



('	 :i 

.	 FUNCTION SIX) .
 
~ = '3. 1 4 15 SV,c X*X*.5
 
S =.5-F(Xl*COS(A)-G(X)*SlNfAl
PF TUPN
 
~~~ POIJT T~ '= r. TP (H; $~ ~rf;~t'~~ ~':;'AK~":': ;:::"L:M~g:i;i;'C;t:):::;>/: §;':';';:;·:L<::ltF;;:'::::;'
 
COMPl.EX 5S,lJ,D . ..' ..•... ,.'
 
U=(O.,l.l
 

x= AK*H*S IN( E)
 
y= 0. K*SH* SIN ( E l;'::"r"',W\.":''Y''::·,'·'r't'"'' t:'D(\t7;;::~:;;.,:;;,:::;t::;::;;>::i;:::<::':;;;;<:E:<,!;::.::t::;:',\ ';"t

SX=S IN (X 1 '
 
SY=SINfY)

SI=SX/X
SJ= SY IY -:::';7-:'/·" '"" .. ":.~ :<':'i<'~::: "":~"~':f-.:~:<: .. >,.;::.-<,.; '.'~:::'::'t·. ".'
CX=(OS(X)
cy=cns(y)
 
IF (P2) 30,35,35
 

CP =-C(P2)
 
GO Tn 38
 

35 SP=S(PZ)
 
. CP=C (P2)
 
3BSS=CO~(F)/D*($H/H*SJ*CX+(C(Pl)+CP'l*SI*CY+(S(Pl)-SP . )*SI*SY­

lU*(SH*SJ*CX/H+(SCP1)+SP . )*SI*CY-(C(Pl)-CP)*sr*SY»*AK*HO*SIN(~)
prTURN
ENn 
cm··pu:x Z( 79. 791,U 
(O~MON IC0611 . 

on 400 J: I, N
 
IF(I.EQ.U GO TO 405
 

....:,: .~~.,....,IX=I-l 
_""',.,,". h"

D[1 4 10 1<, =1 , I X 
. 410 Z( It.! )=ZO ,J)-Z(I.K)*Z( K,J)

405 CDNTINUF .	 00 
w

IFII.FQ.J) GO TO·:400·'''''>
ZCJ,I)=Z(I,J) .' ..
 
A= PE fl L ( I CI , T) )
 
R=1I I M~G ( Z( I • I ) )

lM:/I*A+R*B

ze I.J)=(Z(I .J)*(A-U*~) )/ZM


400 CONT INUE 
RETURN 

~',., .-,': .',. - "'~,',.,'." <"	 .' ,;,"4<.~~'. .. , ...., 

.- ""'~'''''''.>''''' 

.. 

PI=3.141593 
.ll K =P l( * • 3,) 4 8 
HI)=~H+H 
R1=RtrH+SH*SH 
PO=SQP.T(RU 
A"'G=SH/R 
~L P= ~ T '~N ( ~N G)
fl=AK*RO/PJ . 
S ~ =SQRT( U .. '.: 
PO=2 ."'5(.*51 ~!fALP*. 5) 
D=2. *c (PO) tSH/H-U* (2 ~ *5 (PO )+SHI H)"

5 ~Ll=(~LP+E)*.5 . 
AL 2= (A l P-E 1 *. 5 .;Y/;[2:If~:itJj.;jt:::::';i;J:":,;:;7;0fi'S:'Zt;:;:C;:;::U::t:"?',::,::::::::,;:,;-;:.:;:;:"",;, "il'::'>:,
Pl=2.*SA*SIN{AL1
P7.=2.*SA*SIN(AL

":':-.::"". 

.:-"~< '~.~,"
'.)0 P?=-p? . ., 
-' SD=-SCP2) 

U=(0·1 1.) . 
rJO 40U I=l,N 



1= II.! 0 "' ...... '. .' ...':" '<; "i ••••"'>·. '.' >"'" 
COMPi. EX EX, U2, SX~ 11(13(1')· ;co~:t 39 r,t: T (3 r,UV(4 r, i ,F j(3 f~EK (3) ,

1 1 ( 79 ,7Q) •..• 
COMMON XX(?80J.XY(280),Xl(280),TXJ280),TY(280)~Tl{2BO),Al(280) 
CO" MON T (560 ) ., TP (560 ),8.1< , RAQ2 UO), LI.5l,..LR 1.1or.,';zc 04I C:;,.~:s:~£,;::;:·Y;,:,; •. {)ti:;1il ::;?;)'::i;r;.>'"nc

..,,,, 

cO~"MON ICO f',' Z 
OIM!:NSIOf\I PX(281J ,PYf28U ,PZ(2Bl) ,lU5) ,RAotl0},EP.( 721) ,ES(121)READ <1,101) .NW,NP,Nlt,FRhI······.·,········,·	 , . 

"101 :~?~~T(~~I~i~7~~~W~~·~r~"-<-~ 
102 ~~:~ ~~ ~: ~3~~ NP NR 'FR M( r'1Hl,I-13I4,F 1 o. 21 ....:"............. . 

AK=6.2B3184*·fFM1·3QD:~~	 ~:~~~!~:1=~~:'A
flrJ 50 J=1, NP'	 . . 
fj 1'=J' ".	 ""'·"""'rt·,'C' ., ......,,: 

PXfl)~~200•••~048
 
PYell =t A I..1. )~. )P,ft8/1'Q:Q; ~1.OQ'ik:f:l;t5Q';.;'i.·a;Q;!tJa±:&~1l!f~1~1&l~l!!DJ!l:~%;;;i'i5~~,)Iif\ti;Yc;~;:;;rl~%s,J~i;B~~i9!ff;C;.;Gi;J~~J:;:':\);:;:;;;
.,;:';'(j; 

50 PZ(I)=30.*.3Q48 
. WR 1TF. (3 ,10 4) (PX ( I J. I =1 ,N P)	 .,..., ,

WRITF (3,lOS) {PY{I),I=l,t<.IP)···· . ".,. , '.. , 
WR 1T E (3. In 6 )...f PZt 1') " 1.-= \ , N'P J:'~wk%%Ji~\(!i;lG¥.tm;~~A'2~;j.J!.l;.~:Z!i~i$:S:\if2<i:.1;;:J;;;,{rR~;;~;;;"*;1';I\l'.t:)t;;C;,t1::i:. ,/;;.

104 FJPMAT ('ojPX'/( lX, 1<JFl\).4) 1 . . 
105 FORMAT ("oPY' I( IX, lOF10.4)J·c'"'""·"""''''''''»v'"
106 FnR"~4T' (fODl'/( IX, l-:)FIO.4) 

.;; '. peE AD .. ( 1 , l"a., J (" Ll."l: :} .. J .: l;~, 1 .•'N.\4.'1::t!Jif~.m~*I~~1J0j%£i?t:Fj[4.o/!~a1~1t~iti1i£?sj~f~{aiitl;'~·;~w~{f~iL\t?JZf;l1;i;,:[t(:·~:;g;l:.··-V~)::~:;·;~··;·::,,-,
107 Fnp~~T (20f4) 

(LL(I},l=l,Nwl' 

L .. 

;':t"::;;7i!·T);:<.;i:.;;l::4iJ.Lt(.\:t~!ltf;~11i;;):r;;/";L!~g>&{:k2;Z; t;fZ:Z.;'1I~::;i4:rmi;i&&;;;~iE;fj;:1a£!G!:rggjt;%t:1';i~fJ~;;;.1?
" 

. '. 
W~'JTE ·D.1(8)

108 FORrv'I\T' ('OLl'/( IX, 10J4. 
~,., RE Il.OC 1, 1e H(lR(l) ,;t=1 

WR IT F f3, 1') 3) (l P ( I), I =
103.FOP,.l4T ('OlP.'/llX,lOI4)

l1HNR+1) =410 .. 
l L tNW~ 1 ) =41 0 .... .... .... J'\~;;::.;:;.\;::;;~ 
RE~n (l, 109). (~~r 

. 109 FORMAT t5E14.1' 
WR IT ( (3. 11 0 ) (R An ( [ ) ,
 

·110 FJR~~AT ('I')P,AO'/CIX,8E
 
. R[AD(1,12S) HS~DJT 

, ,...,;,;.: ." "~",125	 FOP~~TCFIO~1,FlO.2).
 
WRlTFt3,l2l) HS,OIT . . . .
 

'; 1 2 1 . FO f.1 M.f!T C' OH E 1GHT: ·,F1.Ji;'2't~!/:;;fEE;n;)';::\;1;'CQlSTAN<;E,:,',fo '.2 ",>!;,::fULf tIX';::2;;;,::: ;;;:,':';" /';:'; ',;;;:. .0',;; 
RI.:4Q(l.140) H,SH,R
 

140 FnRMAT{3FIO.21·

WRITf(3,14S) H,SH,R . ','" . 

_<. 145 F0nM/l T C' H=" f 1. Z,', 5H:::!·,;,n;1.2'L::;R~!: ,F;,7,,!,2~!:, IN;:;FEEJ1,'';:j.c>;;,>;;!;8&;i;;;~CS;:;;;:Jb:;EiY:iL·>,;:,;;i 
DCJ4b . I =1, "J R 
R~ [l2 t I )=R~ f) ( n*R Do 0 (l) ,
 

46 cnNT 1 ~llJE
 
J:l= 1 
~12=2 
t11=O 
nn '2 J=I,NP 

,_" n";". ~ 

3"f,3 ":~":"":"";"''':"#•. ".,.",,,..• ,: .•"....,. , ~~, 

. " 

. 'OCl 
'.,p.

1F (Ll (J U-:Jl
 
4 J2=J2-1
 

. LC J 1) =J2 
Jl=Jl+l '. 
GO TO 2 

3 Nl=""l+ 1 
J3=J-l . 
IF (Nl/2*l-NlJ. 

.~ ,":~.,~ ",,,. 

,j) 



~I.I	 ') 

.. 

XX(Nl)=.5*IPXIJl+PXIJ3»
XVrNl)=.S*rpY(J)+PVrJ3»
xzrNl'=.5*(PZ(J)+PZIJ3» .......,;. "'
Sl=PX(J)-PX(J3) . - . 
S2:: PV( J )- p y ( .13» /2if:>i;;:;·:;;:;>r)7g;t'C:0:r¥:;;E);;t~.j{ f?;'?(wifii!;':V?~;:'!i.)lji ':S>:i!,/(';:t';P'-:~'?;;:t-/".:"\;)'\\/ 'i'" "/":"'.:'.:' ."':'::,:':"i-"y ".,. ,,"."':,'.. '.
$3 -i::: P Z ( J) -p 7 (J 3 )

S4=SCRTtSl*SI+S2*S2+S3*S3J
 .... ,TX(Nl)=SlIS4
TY( ~Jl )=S2/54

T7 HI1) =S3IS4
 

..",,,~., ... ~: .., ..AUNl)=S4 . 
2 CONTINUE 

UJlJ=J2 
N=J7.-~
 
CAll C~l
 
READ (1,

IF (NU


41'WRrTE' (,:),
118	 FO R,., r. T (~ ""'i''''''>'';:', .. "." ....."",,".,,. " LOA.O' 1"·,··,···..·:.·,:·.·':....·.·,···."·,··,,
 

DO 43 l=l,N
 
P.E/\['l (1,119
 t. ~:<TsiJf5,~{$iJ.{iilii;4r;;$r.%.jit.tf;&li);~~jt\:::u;;i~%:tij;C~j;t0t?,i0:E:;=:;jH;;1~};:iii:r;t;S0S:'2i';';s;i;(:';;;f;Jis·; ;;;;::;;-i;0;{;:;"':;;L,~:,.,:;'· •.·r,' ::".: .,., '.'119 F[lf.;~Lq (14. 
WRITE ('~,12 

120 FClPMAT (1 ft 
Z(LP,lP)=1

'43 CONT INUE ' 
"\""42 CAll LIN EO ( N r

Ul=(O .. l.) ,
 
S=16 • '" •0 7. 5 f+ ;;.7;;'::?~:J:r::;;!;C:::~tt!~f,;;·;t::;\:;S;£;;;;'7'::2,B;\;;'J:~;Z::~;:;ilii0;:;;m[i;):::;;1:t::?\1'}Z},:f;f::;10:j(i:;;:$;.:::;;;;,;;;::,GL:;;:"\'l::::('.;::[,'r;:1;\:';:\):;::;,;: :i':';L;., :';
rm 76 tII=2,
Jl=l 
,12=-2 
DO 21 1 ,N ,2'::;-~{';;:",;:/1:~"'::":, ~;~':;:2,i:::;'%:;;§0E::f(;;S;;)ltt;;£;r;0~K':?t'!J(;\;j;1;;:ii	 ;;:;;.'2:;';::::;;1:.:::"i" i,:;J =	 :~:'ii,;iL:(,,~':;';i2~i;~0:;i;E;:;;-;:;g;':;;;:,;Fi;<;:;:;::;;;;IF(t. (,Jn~J 

.".', :.-~",~, -;')'7;'28· J2 =J2 +2·· .. 
Jl=Jl+l 
KI<'=1
 
Gn Tn 31)


'29	 uv Cu =UV (3) "
 
UV(2)=!JV(4,


~x=x7.Ln) 

~ h~ ~ ~ ~ ¥~ ~; rx(J 3 )fOXY(J3J*XYtJ~1;";::\'3;;r(:::i':EWZ::.;};;;:;f;:;:;;L::'LC;..t,?:: 
DD=SQ~T(~X**2+RB) 
CT=AX/no
<;T=AO/OO
sp=XV(.n)/130
 
("p=xX( J3) IRO
 
XDP=-TXCJ3)*SP+TV(J3)*CP 00 
p= SQP T (BB+ 0 X"'A Xl.,' '''' .• "' .. '" VI 
SPT=~K*S*SP*ST .'
 
CPT =~ K*S*c p *ST

SSP=SIN(SPT)
SCP=STN(CPT'	 ,.,..,.,': ...... 

SU=-RK*P 
EX=(COS(SU)+Ul*SIN(SU»/R

CAll INCF(~K,CTtSSPtSTtSCPtEX,EI.lrI.H,SHtR)
 

. ;""	 .," 
-"•••)( ••<...."",•.,,-~., """ .•••" •., ',."',,,,",, ._ ".;;,,....,""',., "<"-~"_ .... _'•.~,.._ "w:__.... 

I<K=3 
30 DO 31 M= KK t 4 

J3'=,J 2+M 

;." . 

http:��<...."",�


f>·'·"· 

,UV ( M) ::.:..XDP*Ellll lr~'0tj~T;;!f(~\*:,;;:;;;;Ttilk2's1;m(;J;;5f::';:>?;;:n:;':'~;!t!~)!;{2';{;:'?~(''',::;\:.j}'>':t/"'·y :<:>;!'!"!:;,::'fn:"
 
31UH.t TIN UE
 

J3=( J-l )*4
 
·J4=J3+ 1 

.':" ..-:"·,.·\l5", J4+ 1 ..'.
 
.Jb =J" + 1
 
J1=J 6+1.,:;'"'. .'
 
U( J) =·r (J't) '*tJV( 1)+T (J5 >*UV (2) +T( J6) *UV (3'+T( J 7) *lJV (4) "".,.",'
 

21 CONT , ~HJr 

y~( i ~ ~"Q! tI'~(l . . 'd i.i·:....••• .., ::::" ..".. ~..•. " .>,.,..;, "•."".;,;.,,i .. ; '·,..'i ..,'~~~, ,_. ,,:....., "', ,. . .
 
;... IX'= 1-1 . ......'.);,.
 

.,~ ; 

fJ 0 
,J '*UlJ)··"'<·,''''",····,·· .. ···..

REU ( l ( t ,.III L{!!J.;:tq;{:2W;;©ii:ltj.~.~~~&Nil:]li~;Ji:~!ill::'G't;q;Wi'f:r*h";;:;~z;;~¥$1D~¥Aj0\iH:;:{;i~~$::'1.zXG~Xf1jitf·:,,;t?t~&!mt';.\)k;i~i0.\t,1;;:;'((;
.. · .. ··· .. ·,·,s··"·'.~·,, ..··· 

.' . '

4? 5J '" 1 ,	 . 
C'" ' .. 425 til r) =Uf t '-Z ...... 420CONTt NUl: ...,. 

.ll=	 iii;:?:':"'>
R= AItA ~G U ( I , I ) 

. 1 ~= i\ If. ~ +6 *B ' " 
415U(T)=(U'I)*(A~Ul*B)r/tM
 

() fJ, :4<3 0 I =2·· ,·:.N" :;-~·.:·~':~;0:Z$1;~1if;x;r:Zlw __'.1~_1k4~~z\;m~\1IE~.*~;T40t~.~:;:,Q.~mJJ1W~;k::;:8~~X>ffi~/~,i~¥;!~{\}NH;;~~]{"?t<
 
JI=N+l-r .",,,.........".... : .~ ......,".,..,...,. :.."·.. r7':".. ··",.,~;.,·'-~· ...."· ..·,···,·.· .. ,,.·.,.",,·· C"··,~· ..:;"..;"'i·'··;'.. "":" ,.....", .. "". ,. .."....'

'. .
t y=r r+ 1 ' 
. .....:.<.:... • ,.~. ".. . .nn 430 J: I Y • N .' .
 

. 4'3 0 U( It ) =u ( It ) -1 n m~JJlItlJC 'J'l!rjl!;Jlfl:11tJ#~}:r:I;;;g,t{·):;;~:j;f:11i;;J.;;·:£;r:~JiWl~;'tTtt;ti.2;J:0;;i';/§~;:'::;:;;;.i:0W;~;;j:liW);.i;;&·:!j~;;:ii;i5i8;2::;n~:;;:,":t)~:;:;. .....
 
/10 9 r =1 ,N .

eft r I , l) =U ( 1) .. 

,.~"' . .;. , ....
9 CONTHdJf' .
 

. ..26 CONT I NUE ,"
 .... ,". 

DJ S=Ol T*1609. 
':'~ ..'::'HT =t-tS '!' .;304 8 .,'.'.::",:" ...,.,:.;., '-.",.-.

TH=ATAN2{DrS 
.THE=TH*~n.29','::.,; 

$X = •(1195174
CT=C OS( THl' '.. . ., .. ~",'", .~-... ,<, ....ST=SINfTH)" ,.
 

. 1 R. Eil\D ( 1, 131 , FN0= 50·01'SPH; EP.ltf,i·J~lI'IC;;;,;3';:~:itL;:':;;:w'.<:::c.;\ii;;;I~(!;·.:\;~:J:>::~:i,!::"': ;:;..:~";::·2·;:( tj;;:'i:,;:3~;;;X;'f;;;(;,1fi:;H<E:'7>·;'
 
131 FORt-~ATt..3iFlO.2J .
 

WRI T f (3,138 )SPH. EPH,A INC' ...' .
 
138 FORMAT{'OSTART PHI=',F1.l 'END 

1 • ( OFGR:f E) .). ·.>i'/·'.·. . < .....;.- ':J::"\·;,,it,":::y,c:B:;<;:,
Ir (AINC.LE.O.) ,Go"ro<4.5o 
W.R l TF('3,(lUO)
 

. 600~DR~-1AT( rOPHIERRQR rnfGREE) ,
 
,	 PHI::: S PH')::,..;;i<;,«jlii;,;:(l';/"V':;i;frj';;;;'G~;%:;;.,:Y;::::<ii·:,;,~,;;:i'::'i:;;••J..;;:<· >;;;,):;,:;2;";';,;,;: ~';:::;}Y:{3.;r:::i::2:S:l{;h;;;}''tiii,:;Y;;:);:\;·;;;i:;:i; \:';:.:/·;·i;:;>::;.::.
 

t~:O
 
I-lH=fH+SH'*'.3Cl48 
A=FKlC:{ 3>.. 1:':41593*.5­

9 0 .~.~•.~ ~ ~ ttl~:rlfi'~t 51~; i':;~:'i :L.:;: S:::,)~\::';t·;t;1;:;/;', ':;;·;::;:.j;:S::';;::;;;'::',',::::2D::£;,;:;j::;:;,. S:.,. "i:';'" i.,,·,;:;.<.i"'.... ,.:·: ,...:it:.·.;.:" :>L··,;';;,,·.;",,",
 

c;.p= ~ TNfPH}.

rp=COS'lPH) .' 

Q:)
 
0\ 

.'. ':::. ." ...::'. . ..~ .;'.'=:;:' .. " on 96 t n =23""""'7<"';"0/"""" ', .... 
·Cd (l POW( N, CT ,5t;$ P; CP;S£,lJ2 ,I I If
E I ( I I ll=U:2 . '. .. .. .
 

96 CONT I NUF
 
f l =R FAttEl·(21,,·•.. ~"'.. ,'"".>:.,~.";",,, ... ..,,,,,:"""'''',''''<G.~~,;.'',
 
E2=Alt41-$H:I (2)

E3=P EAldt5t{3l) .
 

· E4=AI~.~:~(EI (.3)
 
... -'-, . \' ~,.".::.:-;>:.",. "-':'~'.,.,.,.,,,:_,,".,.:.;:~':::tI;;~::;lr~~lJ.iX~L,;;'t·.:ns\:i:;;:,S:Z''.''.~<.3 ' 

{. ./ l' 

,...,;;>~.>; ~':' .. :' . :::,~ 

PHI=',F7.2-· 



4~O FORMAT('O~*ERROR** 
500 STOP.' 

END 

I ? J,' 

•
,

. '·.d._. 

• EI< 2 =~ 0 RT (E 1# f 1+ E2* E? , "2.:::;;':::2,t2:1'<::"};;;;.;;.,',·;;·;,;y.,,';':, :,;. ,..;<~,,::;:t.~. \,,..,~;,,," 

Et<:3=SQRT (E3*E3+E4*E.. ,
F5=EK2*CP . 
E6=FK3*SP . 
FP 1=0. 

· lr(rK2.tO.O.t
!:Pl=t,TAN2(F2,E 

'., 'w' ,~'.,

32 EP7=O. 
. TF(FK3.EQ.O~) r.OT03. 

fP2=ATAN2(F.4!.E3l ..... . 
'.. 3:3 FE =F5*E5 .E6*l:6-2. *EK7.*E.K3*C p*SP *: OS (EP1-EPZJ ....·:: 

FW=SQRT(EE)

ED 2=9 0 • *' nu (3 • 141 593'*A8 S( S2) *.433 , . y; ::":";,::'''::i::;:·iT: ••~·;> :i''';':>:;''':::::: ·'''''it'··· ...••...."••.", , ".
 
E~2=ABS(fR21 
JF(FR2.LT.-270.l EP2=ER2+360. 

,IF(ER2.GT.270.) ER2=FR2-360. 
JF ( ER 2 • Gf.. -: 27 0 ••ANO.E R2.L 1 ....90; I:ER2= FP. 
rF(ER2.LE.270 •• ANO.ER2~GT.90.) ER2~ER2~
WR JT F ( 3 , 98 1 PH t , ER2 . .. . ." . 

qa PORMAT(FQ.2,FIO.3) 
tQ= t f)+ 1 .. :::",:0.'tTig";' C·;,::'{?';:':21l~:,l.i\r';ri·i?::::) ..:;..§:L,;·t';:it::27i£.,;:fi!;j:;;rXr1;:i'i;:;:::?:::'J;i?:t't::.t'Ff,;,::;::,.:·:2::;;"\::;::Y:M:::::;';;::2:.';:Z'i:;·::;,..t.C\' i 

· ES l IfJl'",PHI . 
FP ( t Q) .= ER2 
PH{=PHI .. t\INC 
IF (PH t .lF. EPH. t\NO. PHI ~GT~·s<., 
P1HlCH 400,IQ,(ES(Jhl-=1,JQ .. 
PU NCH4l 0, I F.P ( J ) , 1=1 , JQ ) .. 

400 FflRMH(J5,(lOF7.21) 
41 0 F (J P~' AT n 0 F8 .3 1:J/";~{2' ,.:;~:;;;;iitm;);,;:JiF; ;'Ci;;;;)f;;:?C;t;;':t~;!1QiI}::;'nA;}'ii'J;Ei+T;i;J!<:;',J ,it;:' 'i'>:';:,? '?";:;;';' ::::;:F;};'C:;);V;{,.'.}i,Ti:\;~<·'"

Gn TO 1. . . 
450 WRJTE(3,460) 

S NOT POSITIVE')
:;.:::"':. ::;:;':2;':;;";7;:.';:::;' ";;;:::':. 

1 161 ·1 115. 
1 22 43 64 
1 
.00206 

300J. 25. 
12. 4. 26. 
o o. 360. 2. 

':.»' .. " . 

(Xl 
-..J 

?'~ . 

.~""w,;~,,",:. 

http:��...."��


".:;-;,:>" "';:'>., ; .. ~:, ::~'i <..,;,~ ,:.':~' . ,! 

c" ~ " . 

·c ~UBQ.nUTINe CALI FOR AR8JTRARYWJRES
SUBROlJ1"IN= call(N,.Nl) ' .' .. 

."'r<.,,,,,"";"" ''-'" 

" 4 

3 

1 

11 

12 

cn"1PLFX PSI C 400) .U,.Ul ,OZ,U3,U4,1l5,U6,ZC40,40) '.,
 
cnW'lON XXC 7. 80) • XV C280), Xl (280), TX( 2. eo) ,TV (280) , TI (2 SO), ~U 280)
eg~ ~g;l .}.~fi ~ 9IJlp,·t:;~I!:QJ;",aKi\;;I,AQZ;,A·10""~J,";J!$ ..:J":,tl,l;t,{} )?:;:i(,;!K';:;'\1{;,!',;;,;:";K:£(t\r~:iiL:((;S(];;;;;,:Li2 5:!!.lj2lfiiiS.!2'i;t;ii,El:>:;:;:;';,···· .; •••...........
 
DJ ~E NS I ON OC(400)(', .. ... .., .... .. , 
l/= ( n .'.' 1 • ) . . . . ... ..... .' . 
.~ tA; 3~ : ~ j

~.".",." ,.~" ,.,,"" ",' "~'~':~:.:~- ":"':':':' , .. ~, :"'c' :: 
, .;.~. 

,',:':';"" ,.,,..•.• ,,••., '"'¥'- ~?",.......,.•.. 

.;",::.::;;;;':J1rL':JL:::;1f\4%J4i;.~~i••1tJ!iti'$~~:i£,~;:n;w~j~;g~!;vj;:I;:;)iJt;]r;;;Si;:'T::::))t['¢\S£:iEJZtt~¥J:;;§ii30;Z:~f.2;;:i4j;

':;'tt2,i;::7?!i:,1;~\;0j,lfii01~~i~\i'tJ,0'!;~!ir;;rrv~\;{}:\~'§tVIT~!~j,nit~§'7l!iJftg~3j'%:\;;;!iC,(2'::;;}'1';;1;;);;~:)~;::>?S"~,~':::i!;;~i(;':!:;:T;«:;,:;\";':':1G5!:'; ::;''':'':;;'>:7? 

j 5'7;:'t2'i;:'!Cj:';;li1d:;:'~it;;;:t4;;:1!!i1fl'i';:;ijj{~0;'\;;;:;:Z:w 21f1i::g:;;wI::ili:;;iT;{;;;;;:Y:¥;l!!$S;,;<;:t; :'?;,,:'::::::;::,;,,";' 'i';;;';,:;·S::'V;;;;U;,:;;;:
 
Cl=.125/PI ,. ,. 

C2=.25/PI

.' J 1 =1 . . :."i:::\c;:C;:J:.:;,:
 
J2=;"Z 

;~.,,:"

DDl J=ltN .
If: (Le, 1) -J • . 3 . 
J2 =J 7 + l 
Jl=Jl+l 

,..,.. ~', .-' ,~"'n""J3=(J-U*4"""
J4=J3+1 ... 

.. ,.. ".. " , .., "~ ~ '"",," .. ;"" .... <!";' .-'"J7=J6+1' 
K4:.J2+1 
!<~=1(4+1 
Kb=K5+1 

n '~'lit<7=K6+1 
Sl=ALCK4l+ALCK5) 

A LeI<61+.~ l (K1l' ,::7', .\~.,~,. !;;~ ·:;;(~'lI;{'!{::S;:;'W·!:t·). ";i'::T}~:t1;&tl~ &0':: ·:Yf.'J;·:2:0:P,:t::';vYi::f:vr1:'':;f!':Cmi'{d:?;;tu7F:r:?N:;;)?":n:§)?i"":J;)<'\.'·.X
. 

S2 =
T(J4)=AL(K4)*.S*A 
T(J5):;:;~LP<5)*(~u 
T( J 6 f:/ hl (K I> ) *(AUK 
TfJ7)=AL(K7)*.5*At
TPeJ4)=ALIK4)/Sl
TI> (J 5 ) =A L ( I( 5 ) /.S t ". . . . . .' . .. '. .TP (J61 =-AU K6)IS2' .' . ..... ",. . ....,. '.. ... '" "., . . 
j~ l ~ ~.~ 2'- ~L ( K7tl.~2L;J;i:;0:):t0,yyv;P;j;;\!:W;f;'~{Q,~:~k~j:¥;;Ztg&:G{;;jit':;¥:,;:;:s:;t£+;,;(:l'::::Y;t;\;;lif!:ir:;;,:r;::j;Z?'::n't;::2.2:';<.::.'::;)'/\·':;;::'7:<.::,:,····;·· 

CO NT t NUE".' ".",., ." w,· """
 

U3=1I*8Kt<ET ~
 
U4= -tll BK*ET A .
 
~K;>=PK*BK/2. 
B 1<.3 =R K2*l\K 13• .. 
N9=O . 
N2=1 
N:J=l 
N3=-2 
on 1 O.NS=l, N 
P= ( l ( N 2) -NS ·)lZ.'11.':1 "!:i'':':';'::};U'y,';:(t'C,,,,;';:;':;\,CL,KK = 1 .< ...,; 

;. ,", QI)N3=N3+? co. 
N2='"2+ 1 
GO TO 13'" 
KI<=3 
OIJ 14 NF=l,Nl
N4=NF+Nl 

'.~ ~.NS=N4+Nl 
1\16 =N5+f\1 
DC (NF:l =nc( N51 . 
DC e ~4 ) ;DC ( 1'.16 I 

..... ,,'... .' .;,..,,,..:. <. '" '.,":~,':\';:;:rn:S2:;X:::S:.1ii :J1:J'!';G:;;;~:. :::;':·Z;;J~:':;·.~;';;;'Z;:: Cc"'·'.,;;;.c".<,;• .,;;. ,. '.;' . " ",;,< ,.,. ... ,.''''',.. 

'l' 

http:Cc"'�'.,;;;.c".<,;�


, " J 

i 

~-?-"" .•.,~, ... <'~-':" ~;:-~. ·'~~.':~~i.':::~"!r~."~/:'"::<:J<?~~:":;':'-c~_·%.<;t.,;;"';_·:~~-·<~fi.:::'''·.'~:;-:~' ',' 

.~, , J" • 
P $ I ( NF ) =PSI ( N5) ,:",,,;;:;'·1;:;;0:2:;",:;'Zj;;r.:::;;;;Ui;:~:;;;);;',,;x;'n:;-:;:;.LiZ..·.'.'X·;;?;'·.;;·;:::·;,;;.';::.·; 
PSI(N4)=PSI(N6) 

.	 1 4 CIJ NTI NUE 
13 r.ONTINUE . 

nn 15 t<:: K	 ::2;;;;;;.;gllt::f)i:';·;;;;;;;;;;;;Y',;:-':::i)'I;;.;;; ;:;;<;;:;;7.;;:';;;;. ;;];n:;;;:;;);\;:;;:';,.;;,:,;:. :\\;K;\,K. , 4. ;;:~;;;;; :.;;;;;·;;;C;;i!iDZ;iZiS!;3~;;;::2£1;:i;:V;5J!r::'~Sf};';;1;;ri6

N7-=N~+K
 

. 5CONT pHJf.
 
K1 = ( !<. - 1l *N 1
 
N'){=(NS-1)*2+1
 

. .no 16 f\;f= =NX, N1 ,,;2al;;,xi1i01iL:~;;::;);jJjiii;;;r0£~j;;;\tfu'l·tJk;;;;1;.;;;i:t41ii0E~*l%;;jj1[iti;#1i;:$,';;1i1;;j;r,I;;;;Bli;;.';:.:;;:;L:g::2;;;0{Ll&~!%:,0;t';;:;;;:;'i;;J3 ;(;>;:;;i';;;C<'•. c, " ",,/,':

N8:NF+Kl
 
Sl=XX(~1l-')('X(NF 
S? =XY (N 7 • - XY (NF

S~ : XZ( N7) - XZ( NF tt;;;!'~~ir;<E;j~ff:;:;S;Z;'!r;\';:t:;ij1fr';;'fi£t\;:~lf1~f:%J~~t\;;&WJ;;jt;t\t0!r:tl~,~G!;;;~;J:[;L,·.. :;Jl.:;,i;·g~;>,;; ;;:,;~2;\;:;::s;';;!;;,.',C;;:L;C;/; ..LC:':::.';.,;;:
 
~2=Sl*Sl+S2*S2'
 
R= SQ~ T (R2l

RT=ARS(Sl*TX(N1)+

..... '-, ..-..,RT 2= ~ TteRTi" ~,	 '-'.;. .=-".:

RH= (R2-RT,2)
ALP:::.'5*AUN1l···· 

S2::PT+4LP
 
53=S OPT ( 51* Sl +RH)

S4=SQRT(S2*52+RH)
I r ( S 1) 1 8 t 1 8 , 19 .';';" ..... ;i:


18 4Il=AlOG((S2.S4)~(-Sl~S3tl
 
GO TO' 20
 

19 AI1=ALOG«52+S41/(Sl+53)
2J	 AI7:AL(Nlt . . . .
 

A T -:I, = ( $ 2*54- S1*S3+ P H~ AI 11/2 .'
 
~I4=AT2*(RH+ALP*ALP/3.~RT?)
 
S~ = 4. Tl*R"
 
S 1 =.'1 rL -A K2 '" ( AI '3 -R * (2. '" AI 2- S'3 )) .' .... . .. ..... .' ..
 
~7=-BK*(A(2~S3)+RK3*(A14-3.*AI3*R+~2*(3.*~I2-S3)
GQ Tn ~8 .
 

22 U2=U2*(21P.

>.... "'-"; 

.. }~"'{f' . . , {",·"v,;:~,?,>,,~ ',-..'. _~-'S'__Y' 
P-tl.=Rl<'lI'f4lP 
BA2:fl4*RA
 
flR?= ~R*AP
 
tlR 3= AF '*AR
 
Z!<-=RT/~
 
lP?=lk*l~
 
ZR3=ZR2*lR 
U 4: It<.3*ZP 00 
Hl=(3.-10.*lR2+35.*lR4 •• ~P3/40. . ID 

hI=i\P" (-1. +"3.*ZR2 ./6.+( 3.-10.*lP2+35.*7R4l*AR3/40.
A0=1.+AR*Al	 . 
A2=-ZP2/6.-'P2*(1.-12.*Z~2+t5.*ZR4)/40.
 
A3=~R.13.*ZP2-5.*lP4)160.

d4=7 Pitl12::'. .. .... 
Sl=~n.RA2*(h2+RA2*A4)
 
52=RA~IAl+~A2*h31
 

'~:'.i-<,';' ...

i....4~»Y .. '\'., '.-i:':~::'.:;;,< .,.-.",,--:,:. 'o!'<-'.
 

IF (N 1-LR(N I) )) 5,6;' 5 . 
6 A~=QAD2(NOI . . 

NO=!'IO+l 

..~::. ",:.",-,,,,...,:..,,;~ 'V<'~: '-'''~'''''~'':'>>'''''''''.'«:'''~'''.'''_""""~I;''''''-' -' ''!'.'' ;-' ....,>;"" 

·AP=ALP/P. 
<;1:9 K '" P.
U2 =COS ( S1 ) - Ull< 
TF(~~-.ll 22, 

21 U2=tJ2t<C1/AlP
$1 =RT-AlP 



..·i'l. ~ 

,;,;:jlt:'\:i\<;:t;;;';:<,;;;Di;;::;'ihj1:lhf~i;;:;;~;sj:r0;t;';:jt;2'::;;::t:i;tS::;:;f;:Yi%;~:,;Y:;J. :C'?:;::':;;:CH,':;';::· F),f':;/::;" (:,::D;~' ,y;," 

2 A bE 1!l~~! T~t~ll~~~T~~\ZFY(f\J~\r~fY:tN1 }+'Tlc'~Fl~ Ti'«N 7)
16 eONT' INIJE.' .'. ,.' " .'. .:< .. '.... . .... "
 
15 CONTINUE'
 

N3 =N3+2'::, :;:"(;f?j:t;!~;1::ii,!!rj:l:1'm;;;gria;&:J~J-lf1D;:D;}:£5Ji:!	 ;rw;;;:t:iX;(\'X:;:;:V);i\J,i,D''!;'a'';)'t.•.•"(;·,,,f;;}S!;Y;f4i®;fij!7f('xi:"';J,j;1;1;~P'i:;;'!'X-:\;)<:iti
,)3.: 1f',,15-1' *t.. 
Jl=-2	 ,,, .. , :;-.:.:.'., ...i",.. >,~",<;....~,:...... ·< .. ",.,:~,.~ ... :.~.,: :~ ,.;,'..	 J9=l' ...
 
on 2 5 NF =1 ~ ",«
J 1 =( NF-l )*4 .. '., . 
IF(LtJ9)-NFJ26,27,26 .. 

21 .J9=J9+1	 . 
.. J 1 =J 1+ 2 . .:L;'''' };';};';;&;':i(;~;:::Jj~f':~!:::iIZG4i!;]~~0.fj$~~I;;;;~*mtt~0,m;iit111¢';;:f::*1JM~:wr;;4wiilli:)j!;grtk:1:;;:=X:;'m$:1J4ii¥!;Z\;;\\i:J;tR;jiJ;~,£~iJ"~'i:::1n'&lj0:hf~;,L;;::D;i;:1:::,}< :;/" .. ,. ,. '. 

26 ~JCJ=N9+1	 
~ 

. IF (N S. GT.NF FCO T03.Cf"' '.. ". ·'':'-,._.>A''·'' .' ..~.-- .y:,"'", ... :,:,,:-),~ ~., ..•.:;:, .• ~..':'.'.~;. : ,,,' :.....; .. ..U5=0.-· ... ­
..,' :'< ....	 U6=0·.
 

J5=O
 
: ~~;< ."; .~." . • -' ••., .<', •,.. • - '." .,'." ..."......:'\. '~"".~'..-, ....,_\•..•~>.. ,....::' ..;y-,I<'. :»'.:."'>'-. :""...,: •. . .. :,..;:•. "'v .."< ::::~~. ~; ".~~ ..., '" ","no 23 JS=1,4 ••• < ~.-.:: ., ......y,.:

J4=J3+JS
 
. '., . J 8::J 5+ J 7 .' ..... , i\:;:'X:;};;S;":i0i:Z;2,::S4:;;;t%;il;$Jk~t:~t0;z]f:~~~i:~i:::;fiiW;;;i,!:Z£;;t:;;!};'1';:)i:;:~4,;fDi;;~;:;;;;zg,,;r4:Y::~'13;J[J;;%])f&%[:;iV!;:rz;;':::',;~;;;,;'>;r,,::} :,'ii.··.····:..
 

.,>/, "" ••. 0:1 24 JF~l, 

,) 6= JO+.JF < •• ,. • .,•• ,~., •• ,.~ A,· .....<.:>:-.•

J2=Jl+JF
. ""!'. 

.. .~.:.;: .: ..Ui~ +~ i 31r~ ~ ~ l3t~~l~ rlj~~ l·S~~"t~1,.·#1'Ztr;;2~~;~%f?;1:Q(ijj2'1\13;~;;;;.:;I;'S7Ift:'i:;:;';,i;';':':'pr':;(j:*~;;;[:1~i;:fiss:mi0j?::;;S;:,,;;":".':'';' • ",,,. ". 
24 c:or-lTTt-.JUE '.. ., '" .....;. ......" ....
 
. J5=J 5+Nl "., .,. " .
 
23 fONTI NUE


", NX=N~-N*(NS-1l .. ,.,. ,.,~- ... "~ .. ~ 

1(N5,NX}=U5*U3+U6*U~ 
l(NX,NS}=Z(NS NX) 

.. 30 J 1 =,J 1+2 ' •i" ,<i':' J'i/;<·;;Y;,;:'?;1;;:K3;!:~·::';;:.;";:if;:;:·T?:;;';:;;":(7[,;'ti;\ .•,):Z'C;;';2'4;:1;:;21f;i;3~:';')f'< .'}.::.::;::i:;;l;1!\;Uji;;:£,::,X;'j';L';;,i;?,;'i:;:;;::, ',::: , ... 

. ~5 COtHItJUE'
 
. 10 Cnf\!T TNIJf
 

RETURN
 
.	 END '''' " <"",' '" . 

~ :;,	 ;. ....c	 . SUBPOIJTlNE trowFCI~ ~RRITRARVWIRES(V('l
 
SUBROUTINE .ROW(N,CT,ST,CP,SP,SX,E, f tI)

COMPLEX e(3,139),E,U,U1,U2,U3,U4,U~,SX
 
em.PHl!'.' l( X( 2 80} iXV (180) ,Xl{ 280hT.X( 280 ),TY( 2B 0) ,TZ (280) ,AI.(2:80)
 
C[lf.1:~mj T 151,0), TP( 560), I3K,RA02( 10) tL (5) ,CR( 10» 'ICOAIC ."" '" 
OI'-1Q:SION BKF(2Cl2) ,OP(202),BKZ(Z02) . . '.:' .' 
11=((.... 1.) . .. .
 

.. BK1=~K*ST*CP. w,,,
 
. ~ t< 2::R K*S T*S P
 

PK3=BK*CT
 
~J2= 1 
N3=-2
GO 1 NS= 1, N .' . 
TF (LfN2}-NS) 2.3,2

3 KI(=l ..	 \0 
',.....,<.-"!..;,*'''.. , .. o 

r;n Tn 4 
2	 KK =~ 
4 flO 5 K=KK,4

N7=N3+K 
BKA(M7)=XXIN1}*RKl+XY(N11*BK2
DP(N7)=-TX(Nl)*SP+TV(N1}*CP 

,.,. >'.,.'. <. :,:.< ., '~;~~"" ..- p- . '~'~~"'~:"!,~1"'.. "", :"'1 '.' "~·'(~.t .. ': 
~,>-., ,.	 .." .........~"<"d
".;'.. "A.->-.· .••. 

N3=N3+2 
f'l2=N2+1

/f! 
t· 



,
• 

'. ~~~.;" ',,"', 

RIC

N3=N3+ 

Z( ( N.'7) "B~~3::~\):1;0:;::r:",;I:,;;;%';;;J:j;7;:t;:;}'2?%j,:':;;: ;·:;;Y:L'::Z;Z;\;:'J:;,;::;;.>:,"2;',;;;:,,;;:2L:;:::,;;;';; <'!':ii:,);;;:;::':,;::::£:::11::,:, .: 
5 cnNT 

1	 CONT
" ..	 N2=1' 

"'13=-2 
03 =0.
 
04 =().
 
flO 6 NS=1 , N' ':':," "
 
I F ( L ( N2 ) - NS) 7? 8 , 7 

8	 f\!3=N3+2 
.:,. ,. ': ,~,.~, .., ,,; .... 

N2=N2+1
 
1 Jl= lNS-ll
 

In =0. 
U2=O. . ,:. ~" ..' .;"".< ".Dn q JS= 1, 4 ....
 
J2=Jl+JS .
 A 
J3::N 3+JS
 
S1=f'KRc..3)

S? :: r~ KZ( J 3)
 
US:: T( J 2 ) *(COS ( S'll·:"'U~Sl'NrS,l:l,JjllU,~'sl NJS2 J'·2.:~ltBkE};:/;?d:;·;;~;\;t;zJ;\'j;<;;El\i:'t'i;'\!:;j::·?;;'I\'\:(\:i;::;:F\J\;\1;;\\:::c?\~.{%·::,;\::
..... 
U2=UZ+US*OP(J3) .
 

9 CQNT1NU':
 
"',.". , ..........:...,.


U4 =u 4 +U2 *c ( I 
. N3=N3~2 

\6	 CONT I NUE
 
E=SX*U4

RETURN 
END 

.~'.; 

.-,,~ . 

·.. ·'·.·ii..,'·.i' .• ,. -..·.;.'·n· 

':';."" 

</;~~~}: .,", ~ ;.:'>')<".. . ~'~:"'" ," .... 

,". '~.:-;->;.< ,.;\~~;L:- ..	 .,.~~ , . .:.,;,' .'.J'. 

I-' 

.. "> .,,,:,-~' .'(.. 

,:.. ..(:..-~.,."'.>';" 

10 
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APPENDIX B 

The following program replaces that in Appendix F of the 1974 

Final Report [1]. The program computes the scalloping due to metallic 

scatterers in the form of bodies of revolution with vertical axes. The 

modifications are the same as those listed in Appendix A: The scalloping 

envelope is computed directly and the effect of the counterpoise has been 

included. 

The first part of the program is unchanged. In the second part of 

the program a new input card has to be placed between the second and third 

data card. This new card must give the values of H, SH, and R as in Ap­

pendix A. 



~ 

8UOY-UF-REV (LUT ION (4X IS. z- ~x IS ) . '. '.
SURF-QUTINE INVOLT(VltlI,LL,HH,SHtRR) ... .... .... .
 
Cn~Plt=X VI( 4C),A5,A6,U,CS pAr40l,SB
 
CCM~O~ U,R(42),ZS(42),SV{42,.,CV(42) ,BK,NP,NN,T(80),TRldO'
 

1Or ~~ ~~ lo~T ~~i Ii~~···~1t~ l'2gf~'Fl« 2LYl>:' ' ..~ ;~, .. ,:.,:~ ..,...•.",.,.,,,: .. , ., ,:•..., ,~,.,. ';.,.'.h;",;,;,"'·""';"·" ,., •...
 

s= 16. >;r.. 0254
 
KG=NP-l 
N'A=KG/2~1 
taNN=-NN·(-l'*
M?=NN+2 
A5=3.141593 
"~X= 2	 ,. """~' .. 
IF ( r I • [Q.l' MX= 
DO 100 J=l,NM 
Jl=J+NM 
V1(J)=0~	 <~,,';";;:l,~~L';"',It,,~~; ;...;,/;~.,,' .. ..,.~.i.;:''''~,;;~-;:.~;. ;,;i:.;~~~(;;i:':.0;::J_ . ,<:,,;:;,.,;l,.-., ~ ,.,:, "'> .,.:~{,,', .~ .~" . -:.. ., ~ .Y,.,.-'" ..... 

Vl(Jl)=O.
100	 CDtITINIJE 

DO 156 "1=l,MX
FK ( U =1." ··..:,,;::::::E:2iliTI;;:'Z~1!~:;;rXj,;~gj~lyIZ£z:;:0.~2ZJZi'i.L::.i:;2Ttc?:;C;:;~~7:: ..:;0;L.,:::::,.2::~.~:~ .. ·:Z:;':j::;:..::';:.::~;::'":::::/,:
 
on 153 J=1,M2

Jl=J+l ..
 
I3=J
 

.	 FKfJl)=FK(J)*e
153 CONTINuE . 

De 3 () 2 J =1 , KG
 
CX=CT(J)

CA Ll CTP {HH, SH, CX,RR,SJl,BK
 
rr ( 1 1-2) 50,60,65

50	 X=RK"~R(J)*ST(J) .
 
Al=KI('·'I~O(J)
 

". CS=COS (.tJ.l)-U*SINtAlJ;",····::~(J)=CS*ST(J)*SB IRO(j~~;j,·~~ij~:~;jh~O,~~,;~k;~,~."";;W";~j,j;;;.~~,~~.·~~A,,"~w,";~;'; 

GO TO 80
 
60 ~lP(J)=O.
 

~ ,". '. ' 
,~.;....",:.. "",~.,.",. ':.>~-_'" '~·w,"v,<"-"· "-"»~' "";"'.~".. .~l ~ ~ ~ ~ ~ ~ 6(' j 1~ ~rST'( J )*'(.~ 1 .) **t.1I"~">4,;,'"/_;k:;<",;,·.;,,:~.,.,'M.,,"~.<>,';"'. 

GO TO 7,')
 
65 Rl=S*ST(J)*(-l.)*¥M/RO(J)
 

Al=PK'h~OfJ) . <,.~... ,~. "."" ,.. . :;:',., :<;,:,;,::.>...:.;....",.,...,.>~;-<', :,";~;i.;,.,:-;< .......':~~,~:. ....:,~'.,".--,:....'>:::.:..-.;x;;;:."b,:.~.< .~'" .... .;$.•~;/':<-......,;1",:.;..-.,. ,'oil'"....l-,;,·... : ......:'s.<-,j ....,~< .....,...~,;..;<;."~,,-..,,"',,, ..,;f::w.,:.;;.<>.;;;l'«-;M~~ .., ~>, .....k~",,->: ..... : ".','. ~ ·.n.· , ..., ""~""","" •
 

·SlJ=l.+Bl*Rl 
X= RK>::R(J )*SQRT (SQ )*STC J) 
~lP(J)=4T~N2(Bl,1.'
 

10 cs=cns (A 1) -Ul«$ INf A1)' "".'<"'~' . . ; ". '.. ' " ' " .' ..
A( J )= CS.S T (J ) *$8 . ·,···,',.. ··Iic;S·*·U/RO·fJ \~"M.~'·',.'".w,._''''~.«.,., .."''.,''''·.,.,,.. , ,.L, .."'.., ...·.,.A ,.,...'N.".,.".•".,~o"'~""'''''''_·'·'''''''' 

80	 Jl=J . 
r 1 =NN 
IF ( I 1) '3 C3 304 303"""""'" '·V.·3\)4	 11:; I 1+ 1" , .. :' ~,. ..,..:" ,,, ,., '"· c.',.,, , .."~.,,., •. ,..""'~ .. ,.,,'-, 

Jl=Jl+KG 
303 DO 30~ JJ=Il,M2

IF(X-l.E-5) 1,1 ".,,'.,.. ,.,
1 IF(JJ-l) 3,3,4 1.0 
3 BJ(J1)=l. W 

GLJ T C 3064 BJ (J 1) =0."""'''' .. .",....',.,." .. "".,', .... ,,,.,,....,"",.," 
,. ',< ",,~,';".,•...~GO	 TO 306""'" ~,,,,,,,",,,, ."-.,.,,,",,;;,>,,.,,.,,. 

2 ~H=XI2. 
RH2=RH-«RH 

,..""<,." ....~ ... """" ..,...,...._.. ..,.'"/- v'",. ""'."....,:.,~. <~, ¥._'~ ••,'''"''"''''''''',... , ..... _~.':t''''"''"....,....,~. - . .. . 
__ ,..."_"""".::;;;0;:,,...;,..... "';';'~"''''''' :.... w.;;~",".-,. ,~.-:,-..:.:' ......':}~ .. ~~.. ,.~~""',-;.....""' .....~ .. ,~.;.~<.~"".,.;...' ...a.,.,'-;;,....... "'"', ....,.... ,
 

http:N.".,.".�


RH3=RH** (JJ-1
t3.1 ( J 1 )=R H3 IF K 
SS=BJ(Jl)

8 SST=SS*l.E­.R~ K155K=:' 1 , 20":._::=~J~13i;';~iiZil\;jt.0U'&:]T.£l':;;2]l~.~·;~Li02~J£L2cii&;;:;i.L;w:::~I::~:::.=::.,:;;=:;2'.:Q:bjj);:;::.;3::;S2:::L.::;~"2. :::2 ,,:::....0.,.:.:::·.: .... 
C.=K+JJ-l . 
SS=-SS·RH21 
BJ(Jl)=BJ(J
IF(AAS(SSt­

155 CONT INUE 
STOP 

309 CONTINUE
 
. 30 7 S~:: J~~ MJ =1 ,N M·:.c·::::::2:;~;:;:;::;1!i;:i::;;;:;::iL:i;r;;;s::::T.:::42t;2a~:C.:f,';JZ0e:!d:':::;;:.::::::.:·.:c:.:';
:.:,!::~~.;;::;:Ci::,:t:::. 

DO 3u 1 1=1,4
 
Il::2*(J-lt+l
 
14=4"~( J-l)+ I"

I2=Il+KG .... 
13=12+KG 
BJ1= BJ( I3)+BJ( 11 r 

90 Vil J)= A5.A(Ilt*BJl*T(14)*SV(ll)*(-1.)**ll+VllJ)
VI( Jl)=U*A5*AIIU*BJ2*TR(I4)+Vl(Jl) . 
GO TO 301	 .. ~ 

~ ,0 .'_;{.' _., .....:.,_,.•::,.~ .. :.,'.,·····95	 Al N= Al P l 11) *ANN'" ''''','.' 
SA:: 5 IN (Al P ( Jl ))
CA=COS (ALP( I U)
A6=A5*A ( 11 )* (Cost AlN) +U*S·! N(A IN)) "".' ..:"""
 
VI (J ) =Vl (J) -l.I6*SV ( 11) * (C4*BJI +U*S 1\* BJ2 r*T< 14 ) * (-1.) **M* (';'1. )**lL··

Vl< ,1l)=Vl( Jll-A6*<U*CA*BJ2-SA*BJll*TR( 14)*(-1.)**M
 

....~, ..:.:.. 

301 CONTINUE .
 
30\,) CONTINUE
 
156	 COr-;T I NUE
 

RETURN
 
END 
SlJBR[lUTINE PL~NE(VVR,THR,PHR,ll)' . 

.,>:-.~CO'"'PLEX VVR(40),.A5 U , • ..
 
CQr·1 11 ON lJ, R ( 42) ,lS (42) , Sv l 42}' CV (42) ,8 K,NP, NN, T( 80), TR (80)


1,ST(4?),CT(42),ROl42),BO
 
DI~fNSIUN 8J(126~,FK(20)
PHS=-3.141593*.5 . 
KG= NP-l 
W1=KGI2-1 

·...>"::".,..:w'~~'..	 ' ,.;,,,.,~:~.ANN=-NN* (-1) >to. I 1"
 
""2=NN+2 .l='­
A5 := 2 • :QC 3. 14 1 5 g 3*U'** (NN+ 1 ) 

\C 

FK(l)=l.on 153'd=l M2'-' .
J 1 := J + 1 t ".'''''' "" ,.,,,> .
 

. F-K(Jll=FK(J>*J

153 CONTINUE 

~, '., .. , .......... " ....., ......",y." ....' ,"' ",-ow'. "''''''~,,!,'''''''''' ,'"
 

;>"""'_'" .._., ..,.. ~ ..",_.. ,,~ .. ,.......'>'-''''''~' ........".'50:_- "'~""··""'.."~~'l'>.~~,~",,_,""'_.·4''''''';'''''<1ol0_..,.Nw-... ,~'.~~,.:':,---,,·"' ......., < ,.;.....'~~ .....".".o.;. ....._
 

:li 

.... ~",. ;. 

7 
308 

306 Jl-=Jl+KG 
305CONT INUE . 
302 CONTINUE 

IF (NN) 307, 
DO 309 J=l, 
J 1=J+2 *KG
BJ ( J ) =-8 J« J 1 ) . "';i" . 

"BJ2= BJ ( 13) -BJ ( 11 )i'
I F l I I - 7.) 9 J , 9 5 , 95" ., , 



,

<-:-;;". '~ ; ". "':"":' •:" ,... '. 

)1 . >l~ • 

r: 
,,..., .. .,.., " '~""':"., '0"., ",". . '" ,., :",:~.~.,. ,.< , .,:., .. " '_'.'">'	 cs=ccs fTHR) ,". ;.",:;:;,v,. " ..,> :-;-,~; :.,.~'~".:A;,~,;.,\,,,~~~~.:i:;';;;.:-.,,,~;., .. ~~~~··~:~~~;;:;;,~, ~.~..>:,;;~;.,_;:.,;,' :~..;.: :,.... .>i :~~_,;::.;,:>~_.,:,:' . ':,.,....:... ".,.,_"" ....;-; ,.,Yc;. "",.-', ,": .:. ~"" > v.,,',,, ... :.-.,.¥. ,. ';

. S I'J =SIN (T HR )[' 
)' 

BL=BK*BD*COS(PHR-P~Sl*SN 
PH= (1.5 7u796-PHR) * 6NN+BL<. ~~ S~ ~ ~ ~~ ~ S (PJ~ tlU~:S~Jl1IJe.1:l1~1'::1~l';;~;t:;;s.:::;~r2:arlG:~xt:~i.ik;;;;:;Zi:;L;::~::;;::'::,;,."~:.:>L:::iJ:ij;::d2:5.:;;:::;::L\{FZ;;;r£:2~:~>,:';;;:':'"

.' 
4 

i	 DO 302 J=l,KG . 
X=R(J)*BK*SN)j 

. J 1=J , ., :<,,::~:;~:~r:~~i~~~E~r:~::S2itJ~;1S':::::::::=i:::JZk&W;;;:~~:£:~::	 ::':::'::,:,::::,.:",~::':·::·j;::'::::£,::,:;,'::::2'i::::\C.;~::::;::;::~::;<', . 11 =MJ: "'" .,~ 
eO: 

j	 IF(I!) 303,304,303I; 304 11=11+1:1 Jl=Jl +KG . ........,~~.,...

l~ 303 DO 305 JJ=Il 
~ IF(X-l.E-S)II 1 IF(JJ-lJ 3,3,II BJ ( J 1 ):: 1 • ..'.....,-"',' 'h"':" '. ,,,'~'>.:' 3II GO Tn 306"

i 1 4 BJ(Jl)=O.If GO TO 30bIJ ,,, •• ,, .. ,,2 ~~2~~~*RH'	 ".,;.:.,~~::::":,,-,-~.,.,.,,'.. ".'."It. 
iP	 .,-, .-.... '.~ -,. "'~~""""':RH3= RH** (JJ'-l)it 3J(Jl),=RH3/FK(J12 ,..." SS=BJ ( J 1) " "'::"':i':;~Zh1Zj[;}f:3;JZ}h:;j:~:['~:liL::;::Z:::;]~::fJlCci::J:::it~:t~(::::=:.';rr:'::;;C2:	 .-'....... ",... ,::." .. '.... , ..•­, 8 SST=SS*1.E-1I DO 155 K=1,20I A=t< 

~,r•.. '. B=K+JJ-'~"""" "",
l­ ~",., .', SS=- SS* 
S BJ t .J 1),.",. 
~ IF(ABS2 155 Cmn I!"J'W'", 

'''''':'''''''~<''''.<'''' "'_~'."'_ ._..', v'_ .. ... ·· ....d,· <.;

,""' STOP1 3e6 J1=Jl+KG1 305 CONTH!lJF:3 ~ I) 2 C() r-.; TINUE: ' ','>' '"',,,:'.":"':·":~';~,'::,[;iZ:::J.::=~:&~;~:4Zi:A:liJj6t~:!i1Gii;i;;f:;;'L£:£rill;;;U2'i;;C,::d;~::l:~;:"::;::,;:~;::,i::,,;,:;;i:;1;;;;C}i=:'2/;~:;;,:'::L;~,:::~";,l~:,:,:::,.S .:)·····lFtmj)·3uT;"'	 """",,
E 308 00 3C<J J=l,E Jl=Jt-2*KG 
1 30<1 . g~ ~J ~ \ NU~ J (,J 1 ) ',.,.", ";",.j""'" ",,;, "'•. "¥.,c:;,<~.,:;;",;,;,,,,"",ik~"~:,~";""" ".;h:: ,~1>&;",;,;Jk"i::,j, 

3 a7 DO. 3 UG J =1 , N~.""".
 
Jl=J+NM .
 

. vVR (J ) =o. ....' "",::'i"::;,:D::ZZ~:;::::2,:;;:£::;.=::::;~:::::::;?£~,;;;r::J7:~rJ]=J[s:.~J::1:~2IT1~~::=':;:::;::::;;I:':'=;'::i:iiL~C0::::::;;;,L::;:':3: :::::::;:C,: ::::.::',:.. :'

VVR'( Jl )=0.'··
 
on ~oo 1=1,4
 
I 1 =L >',: ( J- 1 ) + I
R	 . ''i<.''~''', .T4 =4 * (J-l) + I ; ',.:,: . ~~'A- '~.,<:J-~,"" ,,; .. ~ ",;.: .-.,:...,-",." "<~"""?;;;,. ,. '<~-, ::.':~:=',~:;:;::~,::" .:',~,<~::<: ..,," .':~.~:-.~ .,Jo, ""44>~'w>I< 12= I l+KG . '" 

( 13=I2+KG .R A6=ZS( I U>I<BCSD 
S ~ j 1~ ~ ~ 1f,I~ I~ ~111 i'l J:: ~'"	 ""~ """""">""'~' ",' ....,. ,,'''''''' h";"''''••"M-'."·"·,,,,, 
1 VVF(J )=VVR(J )+AS.SV(Il)>iCBJ1*U*T(I4)*(-I.)**II*2.*U*SIN(A6)·
2 VVP(Jl)=VVR(J1)+~5.BJ2~TR(14)*U*2.*SIN(~6) 

300 cOIn I NUEI RF.1U k~ 
END 
FU Ne T I ON F ( X) 

. ' , 
..,.. ,.~ ...,...~ :...;.:",." ,,,,,;. ,';",: •. ;~ ~~.;...,,,.:, ;.;·,""·4:;;"-.:....'~~..,,,,: ~,~ ",<~. ~e~ " ....... ",,.,.:,•• ,~~ ~,~ .k':'~,· ...,... ..:. .....-:., ,.' .....>.- ••~', 

\0 
\Jf" .. 



• 1I.EQ.2) 
• I I '•. 1; Q ~. 4.1,... LL",..,.?".".. 

HI. 

I, 

I 
! 

~;d: "..? .j.'"',..;;....,>.... ,/:"., •..:' 

I 
'".,,:.,.'.,

H(J3 ) 
!H ( J5)

DH(JZ)/Z./DELI
(OH(J2)+OH(J3)/Z.)/DELl 
~~~J~ .~.~2~7~ ~ ~. ~l~,~J:ZP~L,?i:,:k~:i,;::;:S::i~:::::'j~S;!,Z:;I::',~;,:~~~?,::·~,:~~:.;;::.l,I:i::·~;:~f;:;L:';~:;:;'<·;.':; .. 

:.,;,;;;::::;Z1~:=i:Zl=:1;;If);Z::~~i:;k2~,:i1t;;:Li&;rt,E::i';L;;~;];~;:;~s;f;:j;iL,:};;:;;;::i:2::Z2E:;;'L;:;;;;,S::;;jcx;;:r;:;;:'::r:::,::;;:::,;,Li,: :,:,..,~." ..:. ....... ".•... ''''''''''''.'' "..'..... "
 
344 

HT t';',::::;::'::,'C2:;:,: i':;::~.;:;:::;;::;;;:lri8;!;::;~;;1]r:I:;n:5;.'~:z!;~?5:=,::;';;2:fm;:':::.;:::::i':;::::,':~.::::I: :i.. i:'; ;2;::::;t:;Jl~2'::,;:Z::::L;;::':::;;i:,,:'::'
18 

*E'T 4*BK*U 

3 *~ 5'::'lH "" . 
. . 

' ..' '.'":., ", v' y_".' ',," ~.." . ~,.>::"' '":::''''' '':':-::';.~'' ~".~.,:, ~ "'" ":e:'"'' "':"" ..: ,~>:,: •. . :., ~~~..-u;~,;,,:;.:,,:,,:,:,~;.. ":"",-;<~ ":~" ~"'" ~;':i:""·.",:::::-.·.~ .,;~ 

,'."" 

J=l
 .' ,,,:.•,,.~ .. ~:;..~~:er-'"
 

.« J) t!=l,NZ) 
~ K .. (y'( I )'~. r :;:.'1. ," NZ')f .'...:.:;: ;<;;~"":,,:,, ·,,·.:K.""..:..>,i,.'>.",,, ....., :""J.:' X~:.::~V;,\U '.:.;" .. """:" ";:"·"",e'·':; "i..":,".,, i;. 2 .. ~....,,:.i.:.:,..i 

',12,' ADMITTANCE'/(6E13.5) 

1,UfflI,HH,SH,RR 

. 
~ ..... 

KK=2 
"':,;".".';;,,,:.. ')",iN"'."";.",::' ::.,; .,' .,"., . ,>.... ,,;0-,," •• ".~. h~"., .,' ,:" 

\0TX(III ,KM,JX )':'Y(J U *v l( l) >It ( -l~ )**KK-Y (J2l *v U 12) * 00 

0\ 

- :;,....".,,;<.~,::-:~...,' 

ERROR (DEGREE)') I! ' 
~ ~.:, .....:.. :!, ~~ ......i"'~.~. ".;_~.. ~,~., ~ ,.~ ~ '~~...-.~~',.',.. '~ : ''''':'':~'' .,_ ,:......,."': ,.,.,., ""., ~.. ~."._ ..'.,.;' .... ,....'.., ..~_. ~~ ..... ~.".,-*',',... 

" .­
~ 

10 



( lit 

. '. 
' ..•..;.-.;:. .~ "n ". ",'~,"~'., .~ 

" 

".,".. ;:::,.. '" 
,~ , ,r~·." ., 

;i.,.;·,;;;.,C;;;Lt;;;,,·;,120 ~~~S ~~ 1~H~ t74533:.::."",;. 
CP=COS(PH~) 
SP T=RK *S*Sp* SW 
~~ ~~ ~~ ~ t;;~ ~ rsW' i'.,':':.::,:.::'::,';. "f,ii,;M"'." "i;;;0;L..;L;,~JL..L;.;:;JL;;:<.;J:;" ,i);; ":ii,.';';;;;:,."'),;,;;",,, ,.J•.""" ••.. ,.,;,;,., •. ,,,,,.,,.,:..;,.d.~; ..• ,,; ,; .•. ,.,.",...:.A~.L...";;;;;,.,;..:;",,,,,..,:.,•. ,. .i,.v' 

SC.P=SIN(CPT t 
BB=~TA~2(SSP,SCPt*57.29578
i~ I~ ~ :~ t:1~ 8~ i I BR~ 8~~ ~.~ S~:,~·=::1i1:1.::':;1:Z::l8:::i:;:::·:::2i::,:r::ir~::1=:il;=::::[::::;::;::::,:::" "'''';',.'';'''';"''~''''''''''''.,;,,, .'.
 
DO ~6	 111=2,3 . 
El(IIl)=O • 

•<>,	 DO 60 K~1=1, NX .' . . .'" ...
NN=K,~ -1 "	 ,,,.,.. 

':"-'".<KJ=2 
IHNN.EO.O) KJ=l 
DO 80 II=l,KJ . '.'	 

"'~' ,~; , .... ': ....; .. 

'C~Ll PL~NE(VVR,TH 
DO lOI=1,NM2
lK=( 11-1 )*NM7+l 

:::::'~::l 0.~ 6~t I~ ~ EEl LIIJ.IfV,'lRJ21]~lXlIIJlI;KM't:IJ~];3i~~;~:Z31~J;£!rit\;JdJ'tZjk;::0::~z.:;;:~';:Z2I=:L;Z:::;~7;Z;0.j0::;;:;;:;r:~1::::.;:;::::'.::~=,:~:;::,..:, . 
80 CONT 1NUE ---;:.E1 ( [ 1 I )=-SX*E I (II 1 ) 

.:".: ; 9 6 enNT [ NUE .""w""" 

E1=RtALCEI (2)

F 2 =to H~ AG ( EI (2 )

f3=P Et.L( EI (3) 

. . . .	 F.4=~H'\~G{Er (3 '\i . 
~·--"-·EK2=SQRT (E1*£'" 

EK3=sr,JRTCE3*E 
E5=1: t< ~ ~"C P 

" •. :,: .. -~, ......" .	 ~·.V· ":"'.,'M'<f' , . ..,..<~.,_~.,. ,,' ,.:,:-,,~,.,.,.. ,~ ... , .•..E6-=F:K3"'SP . . . "" .• <.; ~< ,<:-,. ,_.,:- " ",,,;;"'..' .. '1< .<''''._.- _-?,~, 

I:P1=u. 
Ir(EK2.EQ~O.) GO TO 32'
 
EP1=ATAN2(E2,El)


:.:.= ~ ~ .1~ t~ ~ 3•E() • 0 .~ ).. GO';'lC ~ 3,:.~.'~' ",~::,.L:::':,'",,,;,,,,,," d.,;..',;.·;',;0" .JX",~j,,,,',~,,,.,,,,;;;;;~;,.,;,:;, ·,","'....,',.·•.;.,.,,,",,;iMo,;,"",ii;;.,,';",,.,.~,~;~>",_,.,..•""."" ..w".", ,~".,. 

EP2=ATAN2(E4,E3) 
33 EE=E5~r:5+E6*E6-2.*EK2*EK3*CP*SP*COS(EPI-EP2) .,:: ,:".	 f~ 2~ ~ 8!l ~ ~}( 3. 141 593>;< AI:i 5 ($ 2) *'~ 433)":,:·:;~,::~:·,";::·::",;;,:':;,,,,:d.L:;j,,,;".,:;;,,

ER 2= ARS( ER2 ) . . .. .. ... 
IF([P2.lT.-270.) ER2=ER2+360. 

'M- I~ ~ [~~ :g~ :~ ~9j ~J ~6:~~ ~:C~: ':<)O~'r'ER2=ER 2+1BO ,~,;;'<."".('~."",<,;;";;"b:."",.;,",,';"i;.>,;.;;,~,,, .• ,,_L""',,,," 

1F ( ER2 • L F. 2 7U ••.Ar-; 0 • ER2 • GT • <) 0.) fR 2=ER2-18 0 • 
PHX=PH1+~O. .
 

9 ~ ~ 2i. J. R{1F~~ 1,~ ~ 3:~ ~. 2 "' ...•' ",~" .. , ;,< ... '"
 .'~'"#"'; ..•0", ,;,.' ",.,,,;. ;".",. 

lQ=10+1

ES(IQ)=flHX
 

. ER (IQ)=fR2 '. ..,	 I.C
PH 1= PHI + ~ 1NC . ., .,"'" '0'
 

IF(PH1.LE.EPH-90•• Ar..jO.PHI.GT.SPH-90.) GO TO 120
 
PUNCH 400,IQ,(ES(I),1=1 lQ)
 

.~.,-,_ ...;.;,~,.;; :,~ ~""" . ...:~ ...'. ·.-.",:·'i;.'_<-'.~· .;"400 ~g ~~ ~ T i i~: I i§ ~ ~ ~2 I:;1,{ Q	 ,;...~::, .. ,""" •• ""~,_""c.,;,, 
~lu FOR~AT(lOF8.3) 

GO TO 5u 
..... ' ~~ .,""",",.,.' ~., ~'";'" ,,,,.'';''. "x...' .....'~~:,'<-. ',j. ':"".~",. .:~ ':'~",~:v'~;;'·:_N.''''~:W.~,~.:.i'+'>''' 'y"';"'.,.;,.-"",,,:;-.,:'-:,,':'-,'.~W :,::....,....., .,',~~.,,~.~;: ..."., ..•...~" ,.•~,·~ .. ·,~".~·"'~·.,.~· ....,.<....v...' ..,,:~ ,,~.,~.~ ..•.. <:..,.' ':_':"":"<iI<" .~.-" . ->., ,,':' ~'" _~. 

,,,"," ;.,;..";;;"""""",w,,,,.. ,,.~~,.~;;,, .. ," ..~, 

http:A~.L...";;;;;,.,;..:;",,,,,..,:.,�


., ..". 

450 WRITE(3,460)' . .':', . ..," '.. ' ,
 
4{);J 'FORMll,T (' **ERROR**"THE'INCREMENT"OF'PHC I S NOT past T!VE' r
52 STOP . . 

END 
3 15 115. . ,.;:.. ..j/;....."" ....'"y>.;... -15,0. . 19. ,'. 

12. 4. 26. o .0625 .12~O .1875 .25 .25 • 25 .2~ .25 .2S......,..'0 .,'C, ,,' . r,···,··:· . ,.. ,..25.18,75' '.125"'7'.06250"" .... . 0 '.. ......... O"~' . 0
 """n" , ." .0625 .1250' .1875 .25 ~3125
.375 .375 • 37 5 .375 .375
 
4UJO., 15. 

7 o. 11 Q. 2. . .
 
. 0.76 BB9E-0 5 0.47562E - 030.39739£=-040. la705E';' 030.4- 2698 E";'04 o. d 9675 E-Oit
 
o. 22112E-04 0.92~20f:-05 ';'U.8'il255E-06 o. LOOllE-\)4 -O.17332£-U~ O.LU644E-04 
0.0 O~O 0.0 0.0 . 0.0 0.0'o•J . 0.0 . ,.... '. 0 .0 "" o. a . 0.0 lj .0
 
.j. 35 615E,,;.0 4 "0. 17492F,,;.or 0 ~ 211 C3E';'Q3' o. 16409E,;. 02 0.29596 E-03 .. 0.23331 E-03"
 
0.21354E-03.-0.46017f-04 0.54172E-04 -0.63478E-04 -O.61901E-~6 C.I0912E-04
 
0.0 0.0 ,0.0 u.o 0.0 6.u 
0.0 0.0 ',. ".0.0' '.. 0.00.0 . . 0.0 
O.41939E-G4 o. 69683E ";'04">"'0.30181 E-03 ······0. 23686E~03' 0.53270£';'03' O.1303GE-02
 

. 0.4913eE-03 U.b769ge~04. 0.21539E-03 -O.51436E~04 0.22107E-04 0.10446E-04
 
0.0 0.0 '0.0 0.0 0.0 ·u.u 
0.0 0.0 .'0.0'0.00.0 0.0 
o. 22107E-04' 0.10446[';'04" O.21539E-03'':;O.51437E';'04 0.49138£';'03 U.67699E-04 
0.53270E-03 J.13030E-C2u.10181E-03 O.23686E-03 O.~1939&-O~ u.d9684E-U4 o.a 0.0 0.0 0.00.0 0.0 
0.0 0.0 ,0.0 """0.0 ,.. ········.·0.0 0.0 . 

. -J. ill 9271:-06' J. l09i2E :::'04"0. S4 7731:,;.04"';;;0. 63417E';'04 ' 0.21354(-03 -IJ'. 46015E~04 .,.
 
O.29596E-03 0.23331E-03 0.21102E-03 0.lb409E-020.35614E-04 0.17492E-03
 

. 0.0 0.0 0.0 ' 0.0 o.OU.Ou•v o.00.0 . ' .. ' i). 0 '. 0.0 . 0.0 
~ -0.17332'::-05 O.L0644t:-04;;;'O~d9229E;';:06"0.10012E;';04'" 0.221 ?l E.,.. 04 , 0 .9242tlE-05'· 

O.42697E-04 J.8~676E-04 O.39737E-04 O~18704E-03 O.76885E-05 O.415b2E-03 
0.0 0.0' 0.0 0.0 0.0 0.0 
0.00.0 .' .'C.J ., .·0.0. 0.0 G.U 

, I) • uO• 0 ., ... "" 0 ••) .. """, .. , o. 0 ., ", '" 0 •0 .0 •0 
0.0 0.0 o.u 0.0 0.0 0.0 
O.lb819E-C5 -0.35521E-02 a.97344E-J5 0.27216E-02 -O.2,8945E-Oj -O.~Ob16E-03
 
-0.86931E-05'O.4190ijE~03:~O.69734E-O~~0.13969E-0]O.13166E-06 0.43b9~E-04
 

- 0.0 0.0' 0.0' " O~O" ... 0.0 0.0 
0.0 0.0 o.a o.~ 0.0 ~.J 
O.10275E-04 O.27424E-02 0./t1372E-03-0.66313E-02 0.16977E-03 o.~aog4E-02
 
O.13498i-03 -O.lB425~-02 O~32121E-04 O.61056E-03 -O.74822E-U~-U.143B6E-a3
o •\). o. 0 .. .. 0 • () .' ...., .. ' '.. O. 0 . 0 • 0 .... 0.0' '. 
0.0 0.0 0.0 0.0 0.0 G.O 

-0.448~6f-05 -U.83651E-03 0.16741E-03 O.48455E-OZ O.17120E-u3 -~.86201E-02
 
8:32665E-03 8:35611[-02 :S:~3414E~Q~'-g:A8606E-02~8:81417E-05 ,8:~j7b4E-03
 
0.0 0.0 0.0 0.0 0.0 O.D , '\

-q.61387E-05 0.43764f-03 O.13414E-03 -O.1d609E-02 0.12665c-u3 v.~5671E-02 
O.17120E-03 -O.862U7r~a2Q.16741E-03. U.48455E-02 -O.4485~E-U~-0.H36SUE-03 l-"0.0 0.0" 0.0 ... 0.0 . 0.0 ' . 0.0 o 

oo.a 0.0 O.J 0.0 0.0 u.u 
-O.74860E-05 -O.14386E-C3 O.32122E-04 0.61056E-03 O.1349~E-03 -0.16425E-02 

Ool6976E-03 0.48094[-02 '0.ftl372E-03 -O.66313E-02 .. O.10217E:-04 ().2l~24E-02
0.0 0.0' O.J . .. ~o.o 0.0 O.~ 
0.0 0.0 0.0 0.0 0.0 0.0 
0.13275[-06 O.43699E-C4 -0.69124£-05 -O.13969E-03 -O.66961E-050.4190BE-03 . 

...... "
 

.-~-, _.<""",,~, .- ',.. < .,.'.'il<~";.",."."""""~"""",.;_>"",.",,,,,,,,, ..,",,_,,,.y,,,_~,~~.,,,,,~~"''''';;'''>;'' ':r."<:".:.'""".. ,.~", ...... .""""~:-.""-,,.,, ... ,. . .. ... ..;
.. '~',•. ,.p'~..~,~. ~ ~

(i '!;
,It 



- ", M •. ,.""~' ,.'y.~.,'.:. ,. " , ' • ~..'. ·f··'·'·,,· ,..,~, •.., "'~ 

-O.2H904E-05 -0.80816[-03 0.Y1322E-050.27216E-02 O.1681B[-05-n.35~21E-02
 
O.91603i-O~ -O.151U6f-J3 J.123a9E-O~ -O.44178E-~3 -a.283~3E-U~ ~U.l~459E-J3
 

-O.57258r:"'U4 -~.21157f.-03 -O.2918Af-04 -O.4849 ttE-04 O.69987E-O~ -O.59'.J56E-04 
0.53110E-03 O.102'55f-03 -0.1'7296E-02 O.H~694E-03 O.51347t-03 O.49105i:-04 

; - 0 • 51 26 8 f 7 0 3 O. 24 1;5J f;':- 05 " O. 22 6 6lj E- 0 3 ,0. 1U 376 E- 05 _:-0 • 5 0 14ii E-.U 4 - 0 • 724111 E- 0 5 
~ ,.''O.7135HE"';C4 -0.44:,nE-O)O.13299E-o:i"O.58539E-03 'O.14592E-03 -0.20219[-03


0.10360E-03 -O.87910E-04 O.66464E-05 -O.18900~~C3 -0.28524[-04 -0.~7637E-G4
 
O.41IU3E-03 O.1~482f-04 O.35869E-03 0.16622E-03 -O.15637E-02 0.62b77E-05
 
0 •.37480[-03' 0.63813F. -C4,:... O.23876E-03' O.57136E-04 -0.59821l-u4 0.29723£-04
 

-U.290b~E-04 -0. 13284t-G3 O.1458Jf-03 -0.25826E-U3 0.3762ij[-U3 O.b348UE-03
 
O.356~gE-03 -0.60421E-C4 0.10154E-03 -0.91863E-04 -O.57436~-04 -0~21186E-03
 
0.19534£-03 -O.31023~-04 0.88441E-03 -0. 13384E-04 O.83765~-U4 -U.IU67GE-03
 

",:,0 ~ H 960 E:-020. 11 \loaf -01,::,,0. 1~ (; 70r:- 03 ,0.66072 e- 04 -0.200 50f:-03 0.59825 E-04,.,_ "",,,
-O.574J6E-04 -O.211~6E-C3 0.10154(-03 -O.91863E-04 0.3569B~-03 -0.60422E-04 
0.37628[-03 0.83479E-03 O.1458Jf-03 -0.25826E-03 -0.29064E-U4 -U.132B4E-03
 
0.20056£-03 ~0.59824F-C4 -0.1561'7E-03 -O.6~C68E-04 0.11960~-02 -O.110b8E-03
 

-0.83 n 4~-0~, o. 106 JOE -C3.~ 0.8 ali'! 1E- <r,r 0.13 390E -94-0.1 g 5 3~ E.-Ci3 \,).3 ~C2 2E-()4 ",.",,,.,,.
 """V';"'"''''''''

-O.28524t-U4 -O.47636E-U4 ~.6b4~9E-O' -0. 18900E-03 U.1036UE-U3 -U.81~U8E-U4
 
0.14592E-03 -O.26219F-03 0.13299E-OJ Q.58539E-03 O.71358E-04 -O~44592E-03
 
0.59821c-04 -0.29723£-04 O.23876E-03 ~O.51136E-G4 -0.3748uE-03 -O.b3~74E-04
 
0.15 63 7F~02 -0. 62641[:-05 :>'~O~ 3 5S69f- 03 '>~ 0.16623 E-03 -0.41103£-03 -0.7 5482E-04""":"" , ','
0.69 'i8 3 E~ 0 5 -0.599561:.';" C4"''';; 0 • 2 9188 f';" O't- O. '+ 8494(- C4 -0.572 5tH:.-v4 -0. 211 ~ IE - J3>""""''"'·>'-'>w_>,~, ,
 

,-0.28352f-04 -O.13458r-03 O.72~CaE-04 -O.44118E-03 O.9760lt-04 -J.l~lU6E-03
 
0.50148F-114 ().724121::.-05 -0.22667E-03-0.10367E-05 O.512,68c-03 -0.24145::-05"
 

-0.51347£-03 -O.49103E-04 .0~11296E-02-0.1e694E-C3-O.5'3110E,..U3 ~O.lu255E-03 '
 
-0.52b29f-u3 ~O.1036M-a3 -D.41B4~E-03 -O.75169E-04-0~1~51l~-03 O.30~80f-04'
 
-C.70059E-03 0.60530E-04 -O.596S2E-04 O.3066BE-04 -O.5019~i-04 -0.74061E-05
 
O.Ll~G7E-J30.1030~f-C3 U.20068f-03 O.12991E-02 0.5596bE-04 -U.2tbS5[-03

8: N~~~r:3l -8: ~~~~~t:8r,;..g: ~e~~g~:8~ :8: lb~I~~:3j:8:J j~13~:8~' 8:~~~~ ;~:3~ 
0.1S474f-J3 O~6?4B5F-G4 -O.23219E-03 0.57119E-04 0.22671E-03 O.19751E-05
 
O.IS857i-03 0.13012[-02 O.54240E-03 -0.64422E-02 O.23942E-03 O.590~~E-02
 

. J.14u77f-03 -O.288?7E-02· O.10520r,-()3,O.10t126E-02"O.355221::-u.?-O.17441E-03

-0.53165E-03 -O.,4E710£-04 O.15460E-02-0.30965E-05 -O.86814~-04 O.11532E-U3
 
-0.11~61E-02 a.1Ia63E-03 O.36433E-U3 0.67142E-J4 -O.52176E-03 -u.710ti6E-07
 
O.S587~E~04 -0.27501E-03 J.244~4E-03 O.59480E-02 O.20965~-03 -O.lU186E-01
 

." O.126'tOE703 O. "(8095[-02:',0.1 '146E-03,'-O.29121E~02. 0.22902E-05 O.37Y71E-03
 
0.52176[-01 0.7260J[-07 ~O.3643lE-03~O.6114IE-04 Q.l,L961[-02 -u.IIB63E-03
 
O.86b15b-04 -0.11532E-C3-0.15460E-02 O.30934E-05 0.5316~~-U3 O.48707E-04
 
O.22dti6E-J5 O.37~71[-G3 0.13145E-03 -O.29121E-02 O.12L41t-03 U.78J~5E-u2
 
O.2U9b5[-03 -O.10186E-OI0.244S4f-03 O.59480E-02. O.55873E-04 ~O.27501E-03
 

'~'-O.2267H--03 -0. 19740t-O':> "O.• 23219E-03-0.5712iE':'04 '-0.1 '414t-u3 -O.b3489E-04 
0.B7711E-03 -0.99993E-05 0.34594E-03 Q.16HI5E-03 -U.11388£-02 U.10564E-03 
0.J~521r-05 -0. 17440E-03 0.10520E-03 0.10026[-02 0.14076E-03 -0.2d826E-02 

',0.23943[-03 0.59029£-02' O.54240E-03~O.64~22E-02 0.19857E-03 0.13012E-02 
,~, 0.5ulI:15E:--u'i O.7 /.lJ60L-U5 U.59bS3F.-{J't"-O.3J668,f.-u4' 0.20059[-u3 -u.bI.J53i)E-04

0.19571[-03 -0.30981E-04 O.41845E-03 0.15768E-04 O.52830E-OJ O~lu365E-03 
-J.75617E-J5 O.41914E-J~ 0.20917E"';05 -0. 17649E-03 O.5341~E-05 C.37S87E-03 

O.55967E-J4:-0.2665S[-C3D.20068F-03 ,O.12991E-02 O.11001E-030.10305E~03 
O.53842~-04 ~O.4CI44f-C2 -O.S213sr-04 O.14186E-02 -O.3628~l-J4 -0.0U356E-G3 

-C.4875Jt-04 -0.12476[-02 -O.B60S3f-04 O.23584E-U2 O.39ualE-O~ -u.2391'7~-02 
0.IH015E-02 n.20359E-04 -O.10623E-OI -O.1183QE-03 O.136~bE-ul O.25151E-03 

- G. 12 8 (~ 4 (: - 'J 1 -0. 220 2 5[ - 03 0 • 7;'. 74"3 E- J 2 , O. 1 8592 E- 03 - 0 • 8 U6 gIH: - U3 - 0 • 1 2 B3 1E- J 4 I-" 
-O.~17~2~-0~ Q.146A5f-02' 0.l7562F-03 ~O.2cl603~-02 O.9977uE-04 O.1729~E-03 o 
O.10~B~E-04 0.11041£-02 0.9&467E-04 -0.25227E-02 -O.8J163E-04 0.24113E-U2 I-" 

-C.4CJ669E-03 -0.14578[-04 0.78223f-02 v.37681E-d3 -0.14820l-01 -O.3S979E-03 
0.12965[-01 0.44805[-03 -O.15466E-02 ~O.21500E-03 O.8R841E-UJ O.3U492E-04 

-0.3~4J7[-u4 -O.6127l1i:-03 "'O.97311E-G4"O.llit37E-03 Q.6041bc-J4 -J.614h3E-G3 
0.45707£-04 -0.70736E-03 ·0.66601F.-04 O.10973E-02 -0.41248;;:-04 -O.12665E-02 
O.248YIE-03 -O.10q03E-O~ -O.11186E-02 O.21110E-03 0.46470l-02 -0.23704E-03 



-0.6827 BF -02 0.2 5611f -03" :0 •.35 5b6F-{)2'-O. 15772 E" 03 -0.47603 E-030.1 bB 77E-04 
-0.47244E~04;;;'O~12665F.-02·-·O~665~i3f~04"'O~10973E~02 0.ft57C~l:-()4 -0.10736E-03'
 

O.b0417E-C4 -O.81~65[-C3 O.91307f-04 O.17438E-03 -O.35403E-04 -~.61273E-03
 
0.47602E-03 -O.16876E-04 -O.35566E-02 O.15771E-03 O.6827'7t:-02 -O.2~olOE-03
 

. -0.46471E-02 O.23702E-~~- O.11186E-QZ·~O.Zl109~-03-0.24892E-03 O.lO~OIE-J4 
- -u. 83 1b 6E-.) 4 i). 24 11 Zf ;.. G2 O. 9 6 4 75 E- 04 ::.. Q. 2 5? 21 E- 02' O. 1 057dE - 04 . 0 .ll, 04 .) E- 02 

0.99778£:7"04 0.172 98f: -03 O. 11563E- 03 - 0.286021:- 02-0. 51 15:>t·- 04 0.1 tt68 5E-02 
-0.88839E -0 3. .,..0. 3C493t.,.. 040.75465F-()2 0.21501 E-O 3 -0.1 29b5 E-() 1 -u. tt4ljO 9[-0 3 . 

" 0.14020£-01' 0.35983E-03:-"O.78223F.-OZ··.... O.3I664E-03 ... O.49668E-030.14583E-04 
:~', ,', . <.... ... · O.039006E·~04 -J.23917F-02";'O.86JS3F-04'O.21584E-02';'O.48745t-04 -O.12476E-02~·· 

.,..0.3t.288E-04 -(j.60356[-03 -0.52142E-\)/t 0.14186(-02' O.53846t:-04 -O.'tOl't&>E-Ol 
0.88697f-03 0.12829[-Q4 -0.72743E-02 -O.18591E-03 O.12864E-UI0.22U25E-03
 

-~a.13636E-al -O.25752f-03 O.lQ623f-Ot· 0.11840E-U3-0.18UlbE-J2 -O.2~3blE~04
 
· -O.ld028E-02 -0. 1l1779E-040.4774dE-03 O.15211E-04-a.24414E-03·· 0.10830E-04
 
~-O.46861E-03 O.16ijD4~-04 0.86968E-030.31192E-04 -0.88776E-03 -O.13111E-04 

O.-r33tl6E-05 -O.45393E-03 -O.37267E-040.40251E-02 .. O.908tJ4E-04 -O.50270E.,..02· 
· -0. 75096E-0'1,0. 4 7740f. -02 0.67252 E- 04-0.2 6919E- 02-0.42 3ltH:- O~ 0.32 944E-03 

C. h: 65 5[ -01'0. 1242 ~[~or:..:;:\).76806 E-()2-0. 3 8"i29 E-O 3' O.llJf\6'JE-02 ';"0 .l1340E-O 3-" , 
O.35014E-02 ~O.lt130E-03 -O.74150f-02 -0.2222aE-030.73018E-02 O.18543E-03
 

-0.3693·1F-O~ O.40311~-02 O.84255f-03 -O.28172E-JL -O.79047E-u3 U.4333~E-Ol
 
O. hi 26 2£ -U 2 -0.3<;1 BE: - 01-0.47915('-03' 0.22508£-01'> 0.67687 E:-O't . -0.26998 E-02:"""
 

-O.13P09E-Ol :"0.253b1(~Ol'O.146<;OE-Ol 0.::H132E~03 ;;'O.4b15tt£-02 0.24767E,-03·'''·<'
 
-C.6791JE-C2 0.26444f-03 0.12841F-Ol' O.4S723E-U3-0.13018E-ul· -U.22243£:-03
 

0.90253E:..04 -O.5085iU:-C2 -O.lH04'tE-03 O.43680E-01 0.t4220E-02 -0.12704E-Ol' 
· . -0. 12232E";'02"0. 7042H '-01-"0.10 124E'-Or.-O. 395\HE-Ol -0.74573[-04"0.4 B214E-02 

::.. .. ~I"','.' ,:~, ,' , .

'. O.13018f-O 1 O.2224·IE....;!)3 "u.l?8/tlE-Ol;;;'O. 45723E-03' 0.6 7910E-u2-0 .26442E-03 
O.46154E-02 -O.24169E-03 -O.146g0E-Ol -O.37132E-OJ O.1380~l-ul U.25369E-03 

-0.74562E-Do1 O.4e213!:-C2 O.10123E-G2 -O.39'507E-Ol -O.12232E-u2 O.70421E-Ol 
O.14220e-02 -J.12f04E-Ol~";'O.78C48E";'03 0.43680£-01 0.90261t-O~-O.50H5~E-02 

· . -0.73 016F-02 '-0. 16542£::"03 -" 0 .7(1150E~ 02 0.2222 8E-03:"'1. 3 50 74£;"02 0.1613 I.E-03" " 
-U.lOd60E-U2 Q.21341f-03 O.76806E-02 O~30329E-03 -O.106~5E-Ol -Q.12~30E-03 

· 0.61680t-04 -0.2b997E-02 -0.41912£-03 O.22508E-Ol O.10262E-Ul -O.39173E-Ol 
· :-0.790461::-03 o. 43334E~(H' O. 84257E-03;;;;O. 2 8172E-0 1 "0.369351::-U4 U.403 71E-02 
- 0.88777[-03 ·O.13108r~04'~O.86969E-'03'::"O.31190E-04 O.46861E-03 -O.16803E-04 

0.24414E-01 -0.10832E-04 -O.47749E-03 -0.15217E-04 0.18028E-02 O.1977~E-U4 
-O.42307E-05 u.32944E-U3 O.61245E-~4 -O.2b919E-02 -O.15091E-04 O.47141E-02 

.'" O. 901190E:-04''-0. 502 711.:-02"'0 ~37268E-04··"O.40Z51E-OZ' 0 .13387E-05"'·-O .4S394E-03 . 
· .i'.,' .." . ,..... ' , __ > ••••• • ." ." •.•• _"".,.~ :,,' '."·h.·.M · " " ....•.•.., _-. '"" ;·,"';-,_<·."·, ~,,,·,· .. ·w~.,.>:_. '". . ~ .d••··- j.·A·.-· -..,_,:,.:;". w. .. ._:. • . . "._ .-. , ..•..<,••••••• _,-, ••••• , " "', •• "••, ••••••• ,. • ," ,."•• 

. : ': .. .~ 

... -. 
.,/r.x: .~,,~'..i..... ';'~::~,..;o.<-....~<- ..; " .,.:;.:;:•."~;~:"..:<,,. N/".. ,>.. ::.... ',;.<-' '.......;j;..• , '.•. ,;",:-,<--:;" >;:',,,.. ' 1', •••••
 

... . .~, . ,t~, ~ .: . .;;'",·,;:.,..d,-=-."::;--':,,..<.'..- .,;:·"f-0..~:;.<,;,;;-."".;"i- ..:l..,.~".::::·:.:;.h~"':".;,_\,,;,.;.:..:::.-¢..:';;:.;i</',;/1,:,:;i)":'::~~:<''';l·..,: ,·;.w.w .. ~...:t.. ;;"....".:,:::,,~.<,:>;.,,: ('"""">~;:~,"~,,h.,~;":- ...<.,,, "'-';~"/:>..,>:.: : .......'.:,,:: ',;, i,; ~.:::. •• ,'"' ~...:;."'- ...... : ';~; ~,,:i;;' .;...." ... ".;~.: ..L:.:,'-:· .,... ...
 

. ~.: "t···' " ....:~..:......,~ ~,.'-.::!'.:.,' "':,:"Y' ",",~:- .... ,,',~"""":~":' .:::-:",~-". :""'-;-'F":"':"~""':-":" '~-".~""~'" . ;-'., 7 ',d_ 

.... ,> .~,<~." <, "" . ,,' =<, ,.:c::.::., " " ,,<. . :."<,~",,,,.:';'< , ...<.".' ':.,v .:......:' .., 

:' _.~. < ~. ',." • .v"'~: .... .. <',., :...~ ..,,,.,,.,,,....... ' '",­ o 
N 

."",·,.c:""''':''';;':'~:>'::'' :, .•"" '" ..,.,. , ,,_.':' .<" .... ,:;,.,,,..i. ,: .:.',.,. ,',,'., . . '.":-. ' ,. . . ~': ; ... " , ,_~ :- .'__'< <'.' ~,,~' . 

....._~_ '_,-. '''' '01. ,.-.~ ...._ .:i,...................~"""'-i.:-.... , ...~,.,., ..........._ .•"i..~,"""-·~,;..:.~...,,.....""'-'.~i.;...,,.,~~·.,.,< "'".,.;<.,.. ,.,.-: '.... , ,.~,».
' •.• .-......".."':-"._._'_ ....i<i:........-..~:~,,. ,.:...<...... .....,-;.;,-.:,_""""' ..<ri.:..i~."".,~ """"-:<;"'';';''':-'''''::-~ ,~.;,;""'.-~<,_ """';~'~-:"-'''''''''''"' ,.,.,....~> .. '~ ...".;, ......" .._,.~, .•


I. ' 

)'~: 
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APPENDIX C 

This is a simplified version of the program in appendix J of the 

1974 Final Report [1]. It is based on the theoretical formula for single 

wire scatterers of any length. The input data cards are unchanged. 



w.,,'· "'>A~""'''' :-., 

,----.'- FUNCT tON F(X) .' . ....•.•.. , > ••••••••• 
. ..• _ •., ....• ,' .• ,:.,. ..,. ,,, ,.,~· ;.,.-..'w<, hh·, .. .=,<,"'."..•. ." ..";".,,, 

F~(1.+.926~X)/(2.+(t.792+3.104~X)*XI 
RETUPI\I
EI'il) . 

/0< ."'" "':'~'>·~'d.~'· .f,,_ ..... "':""~ 'r::':' ~'!':"~' ''''''''~' e ' ' •••• ,'Y. "'>':'~' ':--_. , ... : FUN CTID N G( X) ". .." ....~.:········~,···'1:7······.,'",,: 
G=1. I (2.+ (4.142. (3 .492+6.6 io'¥xy*"c)*Xr
RETUR~ . ', 
END' . 

""""-'":"". FUN CT I 0 NC ( X)' ". ,.. ,., ". "'/"' ­
A=3.141593.X*X*.5
 
C =.5+F(X)*SlN(A)~G(X)*COS(A)
 
QETURN
 

"';'~:'F""--;:-"""" v"".,...,.'t"'·""l":;-;'· ":"""'{""?'>'-'e:"'l' h,;,~,:""""":,.,,.,·,.,,~t~ ....~ ...·,; ~'W~:<. "'~;':',?" ..",,",,<," :'. ., '''' ,.~ .., :'

END. . ,~.... ·: ..}<...<Y~ ,.;..,;;...,.,;,~":,::,:",,,,!,~,,, ' .. ',... ,... .;-.'., -, ·;);,;,~~f:·.".,.;:,~_~." ,~;. >.. \..-·~ .•·"..-:·N 

FUNCTION sex)
A=3.141~93*X*X*.5 ',.' . ,..,::; 

S '~.5-F{X)*COS(A)-~(X) 
:7=~::' ~ ~~ UP N .. > '>:.:", ··::.:.;;:::·;::::::::':·::;~:;;;::>::=':::>:,::;~~;;:;bhi'JiZ:1:::..;';:::'::':7 .2·.=:::;I:::~>2:::::=:,;;:Z:·:i:·;: ::::..:::::::S:,::::::~C::: ,,, ... """.«" ...' ."'. " 

SU9 Q OUTINE CTP(H,SH,E,R,SS,BKJ 
. COMPLEX 5S,U,O '.," ~ ~,>-" ..•.." ~ " :.'",:,,/"'" ,.,.""v~:".- ..vt.,..:·~..,·· ",.:" .. "',." ~. ~ .., , .. ~,".~ ..~ ;:,. ..,,~ . 

::::-::: ." U= ( 0 ., 1 • )
. 

. .,...... '<,~ ; ,no< "" ".~. '.,> ' •• ",,, ••., :~>. 

PI=3.141S93 .. :,~:,' " 

HO= S.IHH .. ,:"
 

R l=R*lh'SH*SH
 ..R0= 5OR T (~ 1) .,,: .: ,,.:' .:. ~., .;.,....: ...:.,.~;.:.,:.:,,;;:~<;'''':,...;1..Ji:., ...~j·~,l<.''-o,~.,:; ..";'}'<'<:l<';,,,, . ~ ,.• : ...;;,;;<' :""''''': "'".,J., ....... ,-~,,.<'. . "'~~.;., .,,;' ...:,·_"",~:;,,:, __:)...W"~<.'~ .,":~,~:O(.",::..(."-:.,~",,,-, <,....;.;:;.....:.;., ....". >.,.:>.'"'.,.~:;::,..;...... ,,.;•......,;~':.,;. ......... :. ~.~ <,...... : ~.",
 

A ~jG :;$H I P
 
ALP::ATAN{A"'IGI
 
A=g K* RO I PI 
S /1= SOR T ( A ) , , .. ; .',..~.,.: ..,..:-. .." ...·.'!' .... w .. ~~,,:';~\~·~,:;"":.o,i;M, ":....:.:,,,., ~,~ ...~;"'~,,~~; ,._ .. ~:, ..;:"':::.~..~>,-;.;.:~:<-,.'...,;,.~oJc.;,,;o:.;..l,.,;.~~,< ..•.>{; .. ,,~;,.:;..,.<.,......". . ,~ ...., ,....... .. '<•
 

PO=2.*SA*SIN(ALP*.5)o=z. *c (P Oh SH/H-U*( 2~*S( PO) +SHIH) ,.. 
5 All=(AlP+E)*.5 '. " 

,,'.' Al 2 =(A L P- E ) *.5"," . ·,."r·..··"·•.,..,·~ .> >., '.,'''' 
.,. ,,~.; ..;>....'"->\.~. 'M ..v,,' ::.,4,;...·,,> :,...":...." ..:.............,i.·:;1,,,.:.:. "';,:.:.._,>:..~:(.,.....~,•.<",'.:...:i.,,. .";";;i-;":;~";;'-'..; .'~";,.~~"<:; .. ,..--...;,.".;,.. ..,\ " -'__"":_""'''''' .....;';".:' :"~.> ' ...... :' ..
 

P1=Z.*~MST NOLl)'''''~ 
P2=2.*SA*SIN(AL2)
X=q 1l,*H'" SIN ( E) 

. '.'~''':'.;~.:'~. ~:•..-<,:: ~" ,";;':' ~.-<" '.:~;~,~:.~.~": : .•• , ...~~.<~.,~>~•.. _,~" ..Y=BK *SH*S I~ (E ) ,,,.,,,
SX=SIN{X)
SY= S I ~I( Y). 
SI=SX/X
SJ=SV1Y .'. ·i~ ; .•" ••...., '.;,<>. .,),i.:':<. .'. 

CX=CCS(Xl
cv=COS( Y)
I F CP 2)30 , 3 5 , 35 

30 P2=-P2· "_':',.~'u-.. ... ",,",,""',_, !.' 

sp=-s (·PZ) 
. CP=-C(PZ)
 

GO TO 38
 
35SP=S(PZ) . . :: ....: .. 

CP=C(PZ) .. 
38 S$=CQ$( E) /1)*( $H/H*SJ*S x+(·C( P U+C P ) *SIte Y+ (S(PI )-SP J* 5I*SY- I-'1U*(SH.SJ.CX/H+($(P1)+SP )*SI~CV-(C(P1)-CP).SI~SY)t.BK*H0*STN(~1 oRETUR/\,f .,. .' " ',.. J:-. 

~.; ',' ., ..... ­

E'NO
COMPLEX 51,50 . 
Dl ME~SI eN F$« 721) 1 ERl (721), ER? (721)


50 RE~Otl,10,E~D=500J H,SH,R,FRM

10 FO~MAT(4F10.2)
 

WRITE(3,15) H,SH,R,FRM
.15 FORMAT(fOH=',Fb.2,' SH=',F5.2,..' R=:' ..,f6.2,, FRM=',F7..Z) .. 

.: , , ~., .. ~.,~ ""':'.,,,,,,"", .~,<~.",.".....,,_."" ..,.,;.",,,,,,, . ""'~' <.,.•• , ," _ , .. ,.,~..",.", .. ···"'·..,>·~·, "".~..""..'·~v ·"'·_ " ' ><.".:..,.. _,,~,., .,.~ ~.•~.,<. '~ _ , "'~ _ .. ,.. .•.. • ., ,,- .. -._~ 

.~ , ,f::­

~, 



,- (~, 

REAOIl.l&) SR.HA.V.FO
 
16 FORMATI4FIO.7)


WRITFI3,17) SP,H,':>.,V,FC)
 
17 FORNlAT( 'OSR=' ,F6.2,' HA=' ,fo8.1,'
 FO =' ,Ff->. 2 t ·'·v.,·"",'",,,,,,: ,...._-""'-'-v,"::",.,',..".,.•,,,"'.. 'y', ....".~.,,. .. 

P. FAD 11 , 20) D, All, Al 2 , A , HL .....>"" ....'" ...•...." ..
 
20 FGRr~ATI5FI0.Z)
 

WRITFI3,25) D,ALl,AL2,A,Hl . ..
 
2 5 r: CQ MH ( '00 =, , F 7. 2,' II =, ,FJ • Z,.!. J,.2::= ~.,F:J .• z , '. A=. ' .. , ffl.' '.' .H 1 = I ,F7 .2 ) ... ..... .....
 

HO=H+S H . ..: ; ,,'" .
 
REA 0 ( 1 , 131) S PH , F PH , f:> I NC
 

. 13 7 FCRYAT 13 FI0.2 )
 

~·.'·-13 8 ~~~~l~ fl ~gflR. fP~H1 ~~ :~ ~~~~ ...tN().,::~Hl:;!;Fl~2~-~::1~CREME:N'l= .', r:1~:2;':-'" ' _ .. ,;,::.....>,.,.•...,•.,..". ,h, . 

l' (DEGREE)')
 
IFIAINC.LE.O.) GO TO 450
 

.....__,...~_ .• SM =SP *1 60 9! 344 . 
• '''',''~~''''''.', '."':: "W' __'~~~"",~":~~~"'-:""'''''''''~',''':'''~''''''':"':'' .......... ~,....·" '~"'''''' ., '''"'w···.~, ~ .,,,~_~,"':"'''''' "~"~ .c.,.........,.•"'"';'"•.v~._'.".""':'.,... ••,......... ',,,,~,,, . ,''''' ~.,,,...:~_""
...,._,,~,: ~~< ..~,.., •._·"":f«.,.·'~ ,~, __

.....	 HM=HM .3048 . ,< ".,..f.<,·lc~,':v'·,'»:,;..v,~-' ,.,'~;:~c"V,:,::,.::,.".<M',;:.:~'.,.J".} ,;;",<,\.;..~ ;,:;.,:;::;;",,",",..:}.',,>,,~,;&,>;;;.,.~,,_~~ :,..:.'c ...~,•...-, ".,"",~" ...~,' ;,."...,. ~. ~'" ." _~ >,' . 

E=A Tt.NZIHM, SM)

AlAM=300./(FRM*.304B)
 

~.~ __• _.. AK=2. *3. 141593/AQt-.1 ...'" 
.	 Gr..M=.5712157. ." . ,'. .;.. , ''''. 

OflE=f3K*D 
ET=Hll D
 
FS =D*V/( 1800.*S~*AlAM)
 
Al=ll.+IAll/0)*~2)**.25
 ':"';:<:w, .~. "'...."': ",".w.,~,,;~, N. _.- ..~. '.<......,~~.,.,. .•.. ~ ',," _",'",~.i." ,,,,,,"",-';",,'...<;.< .' h·...,~~ '<",:-: .." .'>.... ,-. "'';''~, :~i;"·""~':""'~'<"""'_'"~'''<''''~''''''::',~;;:'::i?~'j~ .. , ,.: •.' ,~ .....~J..	 '..,~ .........,;".:-.< ......"
 

A2=ll.+It.l2/0)"'*2)lI:lIt.25

Ql=SQRT 12.1 (3.141593*OME»·
 

__.. ... Q3=SQPT(2.'I"OME) .
 
........ .. , .. Q4 =$ (~R T (2 ./3. 1'+1593) ,..; _ · w.•••@.,._.~.~ _· · MW•• ·W " " ..;.·.","'".,~._ ,'~.~_.,,''"' •.. _.~A•• "' .;..•• "._~._••_,~.,,, ",,"''-.~,_ "',
, .". 

Gl=BI<*Hl*E 
S =SINIGl) 

•~-~~ -, ,. .~} ~ ~ ~ ; ~ ~~~ ~; H, 11~ ~E ···.7· ,"'-~',~' .... ',~"'.,-"'~ •.., 'W'e: ,,';.",.~- .. . _ •. ,i••'" •• _,: ;i."'d.;..~._ •.'-''''_~,:. .•.,;..,,,_,,_,''__~ .,''~~:::~.:::.:::::,~:,.:_::: ::::~ .._ 

c 3= ALOG Ie 2)

PSl=AT ~.N2 IO.,\ll)


••.-.....	 P.S2=ATAt-!2(D ,A LZ) " ....' ". """',",*,A',~'":,:"f" "',' ~~.,;,~. ,."., ,•• ',,.... ,~:,. """.,,,, """"''>'"'''' .. ,.. .,.,.'{, .•" ..... 

PHI=$PH	 , ~., ,c." ...;".....,;" "~"""""" :",,,,,.. ~·_'_~'.'·';¥·"'~:<";M:l,,':"·""'';·''''::'''... :-. ""W";' _""".'.:' ;,..~..."",~~ .. " ... ,'",",,,,,,,., ...-.........-"li:w, ...,;,,».,>~-..;"',...........,,·,.......... ,·<., ,.-.-'" ". , ••~~ ...."._-".....
 

10=0 
WPtTEl3,200)


ZOO FC,,"-'ATl/12X,' INFINITE \~IPE' ,15X,' FINITE WIRF'13X,' PHI', IX.,' ST ..•.. "" '
 
1 H;V' .iX,' OY H-IV I, 2X,' .. SCAL',]X,.! .. SI.HN~., lX,!D-Y ENV',2X,~_ ..SC!.L!.J_."_ ..~._~~._." :.,,._ _,..
 

120 PH =PHI*.0174~33
 
SP=StNIP~ )
 

........~ .._...	 cp =c aSI PH) 
'_""'~_'W _.......~ ...,..~,' ....."~ ... ''''..-~.'!'"';~~..,..,-t'-:'''~ ...... , ...,'I-....~.~,...~""',.•.,.''''".. '.:,:::.{). "'::::-''''''.,'' ',....,;, ~.~.... '.....~ .. .,.,~~~ .,.,"......,~:'.~~-,"''''''''':;:'." .... ~._.,.~..;,~.":..,,.......,,':.~., ••• '''',:,:,"~,,,;...<,.,..,..~...",' ~"" .-":'" ~, .. ., .. ~,',~ ... ,:",.~-.. , "N"
 

. Sl=ALOGISP)	 ,."":<.,, ,< •.-.>~~~: ......~,,,..:...., ,:;.,"--M.;;."""',,.,•.......,.......',},,:,,."""",,, .•.,.•,""""'«;..,' ....v ...""', ••""'.;;."-;.,,,,',,,,••, .,~,':,."_.",, ,..;,....,.,-:. ,.,,~, ,,..<.....,"'..., ....': ..,~ ..'.,,.~•.,, >',""",· ...".w • """ ..",: .. ; .;:..."".....".--•..• , •.,.~ ....,,;, '.M".;'.''''", ...',......, >'" ",.....·".m >.. , ••••,.,
 

C4=C 3-GAM-5l 
Bl=3.141593*.5/C4
B O=A TA ~J( [\ 1) 
Q2=S ORT 1$ P)
 
AC=SQ~ Til. - SP* SP)

El=Hl*S P/O I-'
 

.~ .•. ,.. CM.l CTPIH,SH,f, ~,S(),BK) .. , o 
\J1 . CAL L r:T P ( H, SH, El, R,Sl,fiK) 

S O~ =RF. AtiS 0)
SOl =Ap·l AG( SO)
 
s n. =Q E.';" 1I S U
 
S1 I =AI ~, to G( S 1 )

ASO=ATH,21 Sal ,SO'l)

A51 =ATAN l ( S 11 ,S 1p )
 
S S= SQP. TIS lR**2+ S11 • «2) J SI~PJ I S~P*.>If 7.tSOJ ~*2 )
 

,,,N,,''''' •... y "".{",. 

http:M.;;."""',,.,�
http:I-....~.~,...~""',.�
http:v,"::",.,',..".,.�


, •. 

. -'"' ",.-:'~ ... """"'''" .... _ .. ~,' -, .v·.~,,· " ..",~,.' .. ,.. ,.. ".,.• 

"'; " •••'~-' ','W'" ''''1;_ ,~, ' '''-: ',_.•~ .•.• 

~,-._.,. "F ~-E i: 1. Il1.+ ( F5* CPI rO )**2 l ..• '.. :,: ,.: ......,., ,' 
..... , :.' _ ",: '~.; , .••• , .. ,.. l, .. "",.0..; :.~, •.,...,." .,."' :..•. ' """. 

B~~P 1~360.*Q 1*S* 5S *CClStRO)*02*AC/C4
at-' P0 =B~ PI *F RE
 
-'" - "'w "" ..~ ~l t'~~ ~~~l cc~(i~ ~'\ t.,+.ET:~ ..~~) .•. :_'.:~: ?~,?·:,=::!~·.~f!~:~:~.:.::::,~~::A~ l.t~.~O ,~.. ,.".,,,., ,.,w,...'.'•.... ,,,,',, •.. 

'01= ( PS I-P H ) *.5 '" ..' ..... oZ= l PH ·-PS 2) * .5. .. ". .'>" •••... 
U l=QJ*A l*SIN(OU'
UZ=Q3*1\ Z*SIr.; ( 02 ) ""',.w''''.''. .,'' '-,.''· ·7···~.,..,.,"'"""'~:~·.,.,· ·.·""·~".,.;~"'''7···'";··, ..,···''···n.' "':">~::";'; ':··'~.'.4:'·.~ '''•••;:- _~.''i'.·~"',,'··.',,::7,' • '."."".'."",~.,,,.: i •. ..•,".. ".." •.".,.••.. " d."" ,;.'...>< .. __ .·."w .., ,••_~.~... 

'~~ ~ gi: ~ ~ ~ \H~ I ..;, i,.',........ ... ' ";' , .~,:.: :::,;, 
~ 1~~ 1~11. ' ". ",..:,_., .. ,:::.:." ,., ....,... ·i.":~~O::::=_."'~~,.,, ...,,_ '" 
F2=F(X2) . 
G2=GlXZ) . , .~, 

. YP1=F1+Gl 
:::""~==",'- YMl=F1-G·l ;,.~:/:....,.,\-,;~:-.-.:..:".;:;~;;::~.::,"'. ~,:;;-.. ..~./i..' ......-2.,;~;~,{~;:"l'i~ ..... ~"':: ....~",,: ...~.~~~ ......;~\.v ,..".,,;,,'."'...."", .... ,~,',.,.,:.....-..,.~~"""'~: ..,... ~"" ;:;,.i....,....... ,(.:,. ':.:'" ''..,,;,,;' .... "..,;.,.~.;..,..;-:...;...<,-;._~,~~,.<,;~;;:,~;:~:.;;.:,~ .......,_-,...... , ..,,' . .,. '.,...... . ...·v•• 

YP2= F2+'G2 
. Y~2=F-2-r;2 .' '. ·0 •.• · 

:~:~~·~~~~~~:~};~1:8!~~:J?' :7:-~-2~~R~~~~I~~;i~;~~=~:~~~~2~~=~~~:~~~~:~~1:~: 
US1=Ul*U1 
US2=UZ*U2 ,'"

SU1=SINflfS1 ) 
:~:.:,":'-'" . CU1=C'J S( US U : ."".,," ' " " ,,,,,< '.. ". '~;~:::. ,~ 

SU2=SfNlU$Z)
.. ;,.-.',." 

C.U2=CDS( US2) ' ..... ; 
.,;.. ... F3=1.+.S*YSLt·YM1*SU1"';VP 

, F4 == 1 •+ • 5'*YS 2+YM2*SU2- VP;"c:,,,;u;,,',,,'iii".i<.),",,,,,;;,,,,.,,,,,,,;;..,;..,~ 
FS1=SQRTl.5>lcYSl) .
 
FS2=SQRT (.5*V$2)

IfIOl.GT.O.)· FS1=SQRTfF3)" 

~-'Y'''' , .. IF (D2 GT 0 ) F$ 2= SQR T [F4) ':-"'~':"""""'7:";"7:;;r~7w·:": 
":-1';" ·.;-:.L. ; .•.-:...., "'" '.~.:~,:... ,.:;,:.;';'t~·.':r,-:<:;;;·: ....",...,'~ ..v;'" ,;;.':;., ..'~~;.:.;:./.'~~ ·H:..a"."~.:: ';.~-;.,,/i.....:;i: ,.;..:..~~, ',.~o"., .:.'~: ~ 

~~~5:~~~~~~~~8MPI ·""""~·, .. _.~,_~,w..._.,, 
..... , 

AA=2~ . 
"-"",'" "~~"~'''''''~'''''> ..~.,j- , .... _, •• , """'''"f ". :.~•.-......

,.~~"" ~" I F ( D1 ~ l E • 0.) AA=o. 
BR=7. '-:' '. . . .. ," :t~:-:,·, '<. '.', ", '.:""'_.

IFl02.lf.O.) 88=0. 
Pl==VP1*SU1+YM1*CU1 
P2: AA+Y~~ l*SU l--YP 1*CU 1 , '.-, :,~""'< "",,;;,,";;', ." ....~ ..'.:".""'. ".·,N.·'.·";' .,.,.Jl.... >., " .

P3=YP2*SU2+YM2*CU2 . 
P4:8B+YM2*SU2-YP2*CU2 
AF1=ATAN2(Pl,P2)

'." ." .. ".'-'
 

....... a\F2=ATAN2(P3,P4) ,. ..,..:.,... '.' ,_v ..... ,·.·,:·.'·., ./ ,~.-~ _,:v.:~,..<·,;,v.,.~.:.~.,." ...
 

ASF=t.SI-AFI-AF2 
SC~F=C!JS(ASFll(tBMPG '. , . 
WRITEI3,100) PHI,RMPI,BMPD,SCAI.BMPF,BMPG,SCAF

100 FOP)-IAT(F7.1,3Fa.-3,5X,3F.8.3) '.' ",."" 
<,.•: ;'" .•;,..;...-.;., .. " .." 

IQ=IQ+1
ES( IQ)=PH! I-' 

ERl (I Q) =SCAF o
0\

." : .. ,:'.PH!=PHI+AINC ". ' ." .. , . .. ·i, ......'..,,~.-:...; 
IF{PHI.lE.FPH.~~D.PHI.GT.SPH) GO TO 120
 
PUNCH 4(10,10, ('=SC 1),1= 1,10) .
 
P UNC H 410, { E~ 1 U I , I =1 , l·Q) .
 

400 FORMATe 15, (lOF1.2» ..
 
410 FGRMAT( lOF8.3)


GO TO 50 . 
,~_ 450 WPITE(3,460) 

. ".' ":'~'" '> , .. " .. 

....... •. ''''' ~ ,...",~&..""""".•.•;;:...:"",..,;.".<.,.~;.~t~ .....~..:- ~,"'O-I<-;...".\ """':-'}-';'_~··'·'N,,,,"~, .... ~<';,:-':""',.,... ..,.j,"-'o:~"''::lo ... ''-'_'";~''''~''' ,.......,._~,........,.'.<:.-, .....-..........~_.' ........ ......"...;.." ..._~':......._<~ .... .;b. '......... ' .,_••• .,..'. 'r>"., _n~, , .... '
 

\..", \'1 fl.:,~1· 

http:�.".,.��
http:w,...'.'�


107
 

~ . 

-0
• 

•
0',1'-0 
0'11\-0 
-,~.o 

·0 
·0 

• 

,
 
J
il 

I
>
.j 

.~ 

.~ 
'{ 

J, 
I
'1 

u, 
;> 

.... 

.....
 

.... 
z 
W 
:l:: 
UJ 
d 
U
 
Z
.... 
LU.......
 .­

.... 
<t
rOo 
0:00
 
Ol-Z
 

. U-VlW
 

.ce • 
..0 .... 0 • 
NNIt'\N 

N 

• 
o • •.000 

~01t'\0' 
("'\-' 

,..; .,... .. 
N."' .... 
....0')0

NN 

,
 

~- , 

i 
f· 
I 
t 

~ .i 

I 
t 
I 

f­, 
t r 

~. r 
, 
1:­
~-

\. 

Xc' 
i 
\ 

~- . 

.j 
j 
'~ 

J 
I 
.~ 
l 

l'" 

. j 

i, 
I
1 
-1 
,j, 
1 
! 

p. 

i. 
f 
I 

( 

! 
l 
f 
( 



108 

REFERENCES 

1.	 B~ J.' Strait and H. Gruenberg, "Effects of Scattering by Obstacles 
in the Field of VOR/DVOR," Final Report No. FAA-RD-74-l53, September 
1974. 

2~	 B. J. Strait and H. Gruenberg, "Effects of Scattering by Obstacles 
in the. Field of VOR/DVOR," Interim Engineering Report No.4, 1 August 
to 31 October 1974. 

3.	 B. J. Strait and H. Gruenberg, "Effects of Scattering by Obstacles 
in the Field of VOR/DVOR," Interim Engineering Report No.5, 1 November 
1974 to 31 January 1975. 

4.	 H. Gruenberg, "Effects of Scattering by Obstacles in the Field of 
VOR/DVOR," Interim Engineering Report No.6, 1 February to 31 April 1975. 

5.	 George Tyras, "Radiation and Propagation of Electromagnetic Waves," 
Academic Press, New York and London, 1969, p. 285. 

6.	 George Tyras, "Radiation and Propagation of Electromagnetic Waves," 
Academic Press, New York and London, 1969, p. 106. 

7.	 S. R. Anderson and H. F. Keary, VHF Omnirange Wave Reflections from 
Wires," Technical Report 126, Civil Aeronautics Administration, 
May 1952. 

I, 

J 




