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ABSTRACT 

Geometry description methods have been developed to transform design data 
of an aircraft configuration into a computer model. The computer model is used as 
a basis for radar cross section calculations covering the frequency range of 500 to 
‘>0 000 MHz. Accomplishments include: development of a quadric surface fl.ung 
program, complete analysis of quadric surfaces including intersections vjth lines, 
location of scattering centers, calculation of Gaussian curvature and surface zoning. 
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SECTION I 

INTRODUCTION AND SUMMARY 

The calculation of the Radar Cross Section (RCS) of any target requires the 

capability of defining the geometry of the configuration being analyzed. Because the 

geometry description is not only essentia1, but is also the main link in the man- 

machine interface, it is important to understand how it is applied. 

All geometry description techniques were developed with two goals in mind. 

The first goal was to minimize the time required to transform the geometry from 

drawings into a computer model. This was accomplished by developing a program to 

fit a general quadric surface through a set of design data and compute the rotation 

matrix and translation terms that transform the surface into a standard form. The 

coefficients of the surface and the rotation and translation operators are punched into 

data cards. The data cards have the form of a FORTRAN declaration statement and can 

be introduced directly into FORTRAN programs. 

The second goal was to minimize the amount of computer time required to 

perform the analysis. This was accomplished by performing all calculations using 

the standard form of the surface equation (in a local quadric system) and transforming 

the results to the aircraft reference system. This transformation results in a sig¬ 

nificant reduction in computer time because the general equation of the surface con¬ 

tains ten coefficients and the standard form has four. 

■fre manufacturing of the vehicle requires uniformity in the duplication of 

models and hence, exact duplication of all tooling equipment. To meet this require¬ 

ment the design data is specified by a series of loft lines which are curves defining 

the contours of the surface. Typically, the loft lines lie In planes parallel or perp¬ 

endicular to a set of reference axes. 'Hie design group specifies discrete points on 

the various surfaces of the configuration. "Die lofting group is then required to fit 

loft lines through the design data. Logarithmic functions are seldom used to fit the 

data because they are difficult to define. Equations of third degree are used 

occasionally but equations of higher degree are rarely employed because they 

require more Input data. On the other hand, conic sections are easily defined, 

can be applied to a wide variety of shapes, give a streamlined shape, and the joins 

between loft lines are easily matched. Loft lines are explained In detail In 

References 1 and 2. 



Quadric surfaces form lhe basis of aircraft geometry description because the 

majority of design data is of second degree and all operations involving quadrics can 

be derived analytically. The aspect of analytical development Is Important with re¬ 

spect to computer time because closed form calculations generally are much faster 

then iterative methods. 

A literature search revealed that most books discussing quadric surfaces only 

covered certain aspects, but none presented a thorough outlined analysis of quadrics. 

This report contains a complete analysis of quadric surfaces and includes computer 

programs to perform the analysis. All techniques discussed in this report have been 

incorporated into the general high frequency radar scattering (GERÇAT) computer 

program 



SECTION II 

LINES 

2.1 Equation of a Une 

The equation of a line can assume many forms. The principal application of 

a line in the GENSCAT program is tc find its intersection with a surface. The most 

convenient way to express the equation of a line for this application is in parametric 

form. 

A1 d + x0 

-2 d + >0 

*3 d + Z0 

(2-1) 

Where x^, y0, z0 are the coordinates at the starting point of the line, the 

parameter d is the (positive) distance from (x^, y0> z^) to P (x. y,z), and 

\ . X., »re direction cosines of the line (See Figure 1). The direction 
12 3 

of the line can be expressed by the unit vector 



SECTION III 

PLANES 

3.1 Equation of a Plane 

Of the many forms that the equation of a plane can assume, the most easily 

visualized is the normal form. 

Where c , e9, c are the direction cosines of a line that is normal to the 

plane and passes through the origin of the coordinate system. The direction of the 

line is measured from the origin to the plane. Tne coefficient is the (positive) 

distance of the normal line from the origin to the plane (See Figure 2). 

FIGURE 2. GEOMETRY OF A PLANE 

4 



3. 2 Intersection of a Line with a Plane 

Given the coordinates of the starting point, PQ (xQ, y0> zQ), and the direction 

cosines, Aj, X2> A3, of a line, solve for the parameter d bv substituting (2-1) Into 

(3-1). 

C4 - <C1 X0 4 C2 y0 " C3 

C1 X1 ^ C2 Ä2 * C3 X3 
(3-2) 

To determine the coordinates at the point of Intersection, substitute d into (2-1). 

The unit normal at the point of intersection is 

A A A A 
n = sn (i Cj + j c^ + k ,3), (3-3) 

where s is a sign that indicates the direction of the surface normal, n 

s = 1 if the surface normal is required to point away from the origin of 

the coordinate system. 

sn = -1 if the surface normal is required to point toward the origin of the 

coordinate system. 

Note that the quantity sn is simply an operator used to distinguish one side of the surface 

from the other. 



SECTION IV 

QUADRIC SURFACES 

4. 1 Discussion 

TLo vehicle design data used to build a computer model is given with respect 

to a fixed aircraft or reference coordinate system. The general equation of a sur¬ 

face with respect to the reference system (4-3) contains ten coefficients. The general 

equation can be reduced to a standard equation (4-5) or (4-6), cor taining four coef¬ 

ficients, by a rotation and translation of axes. The standard equation defines the 

surface with respect to a local quadric system. Because of a reduction in computer 

time, the GENSCAT program performs all calculations in the local quadric system 

and transforms the results to the reference system. All transformation operators 

are contained in the punched output of the surface fit program. 

4. 1 General Procedure for Finding the Intersection of a Tine With a Quadric Surface 

Given the coordinates of the starting point Pq (Xq, y0> z^) and the direction 

cosines Xj, \2, \3 of a line, solve for the parameter d by substituting (2-1) into 

the equation of the surface. The result is a quadratic equation where d is the unknown. 

A d2 + B d + C = 0 (4-1) 

The determination of the coefficients A, B, and C will be explained in Sections 4.3 

and 4. 4. The selection of the correct root of d in (4-1) Is straightforward because 

d is the distance from the starting point (x0> y^, z^) to the point of intersection 

P (X. y, z). This means that d must be positive and greater than zero. Because 

we are dealing with rays that Illuminate a surface, the magnitude of d must be a 

minimum (If there are two positive roots, the greater distance will correspond to an 

intersection In the shadow region). 

The correct root In Figure 3 Is therefore d^. Note that d = 0 Is the 

starting point and is not a correct root. 



po<V y», 

FIGURE 3,, INTERSECTION OF A LINE WITH A QUADRIC SURFACE 

The unit normal at the point of intersection is given by 

A n = s yu*z il ¿i 
I VF (X, y, z) I 

(4-2) 

where VF (x, y, z) is the gradient of the surface and s^ is a sign that indicates the 



4.3 General Quadric Surface 

The general equation of a quadric surface contains ten real coefficients and 

is defined by 

F (X, y, i 

If the fixed or aircraft coordinate system coincides with the local quadric coordinate 

system, (4-3) reduces to the standard form (See Section 4.4). The second degree 

cross terms will be zero if there is no rotation between the two coordinate systems 

and the first degree terms will be zero If there is no transition between the two 

coordinate systems. (The elliptic and hyperbolic paraboloids are exceptloi s because 

they V ill contain one of the linear terms. ) 

4.3.1 mtprscction of a Line With a General Quadric Surface 

When (2-1) is substituted Into (4-3), the result is a quadratic equation In d. 

The coefficients corresponding to (4-1) are 

2 (a4 X2 X3+ a5 X1 X3 + a6 X1 X2) 

/ 9F 

V*0 
VF <x0, y0, V ' * (4-4) 

C = F (x0, y0. z0Y 

8 



4.4 Standard Quadric Surface 

The standard equation of a quadric surface is expressed by one of two forms. 

If the surface is a central quadric (ellipsoid, hyperboloid of one or two sheets, elliptic 
cone), the surface is defined by 

F, (X. y, z) = b, X2 * b2 y2 . b, ♦ b4 - 0. (4-5) 

If the surface is a noncentral quadric (elliptic or hyperbolic paraboloid, elliptic 

or hyperbolic cylinder), the surface is defined by 

F2 (X’ y’ z) = ci x2 + VV2 + 2 c3 z + o4 = °- (4-6) 

The general equation (4-3) of any quadric surface can be reduced to either (4-5) 

or (4-6) by performing a proper rotation and translation of axes (See Appendix II). 

4* 4.1 Intersection of a Line With a Standard Central Quadric Surface 

When (2-1) is substituted into (4-5), the result is a quadratic equation in d. 

The coefficients for the quadratic given in (4-1) are 

A \ 
2 

3 

B = 2 /aFl aFl ?F1 \ 

Uo Xl + + az0 7 VFi "v V V •s (4-7) 

C - Fi (x0, y0, z0). 

9 
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4-4* 2 Intersection of a Line With a Standard Nonoentral Quadric Surface 

When (2-1) Is substituted Into (4-6), the coefficients for the quadratic 

given In (4-1) are 

A = c 
1 

B - 2 (ci Xj x0 + c2 X2 y0 + c3 x3) (4-8) 

t F2 (x0, y0> Zq). 

10 



SECTION V 

QUADRIC SURFACE SCATTERING 

CENTERS 

5.1 Discussion 

A scattering center (specular point) exists on a surface if there is a 

point on the surface whose normal is coincident with the incident field unit vector. 

From this definition it can be seen that the scattering center location changes 

with Incident field direction and if a surface is not exposed, it cannot contain a 

scattering center. To simplify the calculations, only the standard form of a 

quadric surface is used in the scattering center analysis. The scattering center 

cannot be used for elliptic cones and elliptic orhyperbo'Jc cylinders because the 

scattering center location (when one does exist) becomes a line instead of a point. 

The condition that the surface normal (or gradient) be coincident with the 

Incident field unit vector can be stated mathematically as 

X X I VF (X, y, z) I =0. (S.j) 

If the direction of the incident field unit vector, X , and the surface 

gradient, VF (x, y, z), are coincident, it can be seen that each of the 

components of the cross product are zero. This leads to the following set of 

equations. 



5.2 Central Quadric Surface Scattering Centers 

The definition of a scattering center location restricts this derivation to 

ellipsoids and hyperboloids of one or two sheets. When (5-2) operates, on (4-5), 

the result Is 

'2V-\¡V=0 

SV' *1 b3 Z ~ 0 

S b2 y ' X2bl X =0* 

(5-3) 

(5-4) 

(5-5) 

K I Xj I * I x2| and |Xl I * I X3|: 1=3. )=2- and aolve (5-4) for z and ,5-5) for y. 

z = 
X3bl 

Xlb3 
\2 b1 

y =T~b~x h 2 

(5-6) 

(5-7) 

If |\2|?|hI and|X2l >|X3|; define 1=3. j=l. k=2 and solve (5-3) for z and (5-5) for x. 

xCb2 
z "TlTy 

*2 3 

(5-8) 

1 2 „ x =rr"y 
X2 Di 

(5-9) 

If I X3 I Ä I X11 and I X 3 j SIX2| 

X2 b3 

Xlb3 
X * V “"i*1" z 

; define 1=2. j=l, k=3 and solve (5-3) for y and (5-4) for x. 

(5-10) 

(5-11) 

12 



Using the definitions for variable subscripts described ln Apoendlx IV, (5-6), (5-8) 

and (5-10) can be written as 

X 
Ai \ 

i Ak b. (5-12) 

(5-7), (5-9), and (5-11) as 

y\ xrrv 
k J 

(5-13) 

and (4-5) written as 

F, (X i’ X)’ 
= b 

i At + b. x.^ + 
J J 4 b4 = 0- (5-14) 

Substituting (5-x2) and (5-13) Into (5-14) 

(5-15) 

The condition that a scattering center can exist only on an Illuminated surface can be 

stated mathematically by 

A 
n 

1 ^Xl’ Xj’ ^ (5-16) 

Substitute each x^ Into (5-12) and (5-13) to find the corresponding Xj and x^. 

TTte set of coordinates that satisfy (5-16) is the location of the scattering center. 

13 





5.4 Gaussian Curvature 

Associated with each scattering center location is a Gaussian curvature, K , 

which is defined as the reciprocal of the product of the two principal radii of 

curvature, R R9, at the scattering center. From Reference 3 
1 ¿t 

R0 

2 ,, 2 r, 2,2 (I- + F + F ) X y z (5-23) 

is obtained, where 

A = - 

F F F F XX yx zx X 

F F F F 
xy yy zy y (5-24) 

Here F is the first derivative of the function with respect to x, F is the second 
X XX 

derivative with respect to x and so on. 

5.4.1 Gaussian Curvature of a Standard Central Quadric 

Expanding (5-24) for a central quidric surface yields the equation 

A =b 
16 1 b2 b3 (d. x + b2y b3 

(5-25) 

15 
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The Gaussian curvature can then be expressed by 

2 2 ^ 2 2.2 2.2 
(b, X + b„ y +b z ) 

<R1 R2)l = 

with X. y. z being the coordinates at the scattering center. 

5.4.2 tiaussian Curvature of a Standard Noncentral Quadric 

Expansion of (5-24) for a noncentral quadric gives 

A2 = 16 Ci Co- C3 

The Gaussian curvature can then be expressed by 

<R1 R2)2 

2 2 2 2.2 
<C1 x2 + C2 y + c3 

with X and y being the coordinates at the scattering center. 

(5-26) 

(5-27) 

(5-28) 



SECTION VI 

QUADRIC SURFACE ZONING 

6.1 Discussion 

In the course of an RCS calculation, the need to subdivide a sur¬ 

face into zones sometimes arises. An example would be performing a summation 

of 2 n X H over a surface. A computer program that zones the surface of a standard 

quadric is included in the GENSCAT program package. The surface must be given 

in standard form because this is by far the simplest (if not the only) way to zone the 

surface. 

The zoning procedure is developed as a function of the surface coeffi dents, 

the limits of the surface over which the zoning applies, and the parameter ¿S which 

is the desired incremental length of one side of a zone. The zoning program does 

not generate zones of constant area, but each zone will have an area that is nomin- 

ally (dsT. If a zone area of four square wavelengths is desired, 4S would be 

specified as two wavelengths. 

The zoning program will compute ihe area of each zone and the coordinates 

and surface normal at the center of each zone. 

f>.2 Central Quadric Surfaces 

The equation of a central quadric in standard form is 

al *2 + a2 y2 + a3 z2 + a4 ^ ^ 

For zoning purposes, ii is more convenient to express (6-1) in "true" standard 

form. 

If O, dividing (6-1) by -a4 yields 

b1 x2 + b2 y2 + b3 z2 = 1 . 

where 

If a4 = 0, (6-1) can be written as 

, 2 , 2 , 2 
bl x + b2 y + b3 2 = 0 • 

(6-2) 

(6-3) 

17 



whe re 

bl ' ar b2 _a2 ’ b3 a3 ' 

Using the variable subscripts discussed in Appendix IV, (6-2) and (6-3) are 

expressed as 

b X.2 + b. X.2 + b. X. “ = b. . (6-4) 
i i j ) k K 4 

where 

b4 = 1 
for an ellipsoid and hyperboloid of one or two sheets 

1),, - 0 for an elliptic cone. 
4 

The following definitions cf k are used to dr ermine which variable will be 

assigned to the longitudinal axis (k defines the longitudinal axis). 

A. Ellipsoid 

If bx< b2 and b3, define k=l. 

If !),,< b1 and b(,< bg, define k^2. 

If bj and b3 -ib^ define k=3. 

B. Hyperboloid of one sheet 

If bj < 0, define k=l. 

If b,. 0, define k=2. 

If b„ < 0, define k^3. 
O 

C. Hyperboloid of two sheets 

If bj > 0, define k=l. 

If b > 0, define k=2. 

If bg > 0, define k=3. 

D. Elliptic cone 

If bj« 0, define k=l. 

If b2< 0, define k=2. 

If b„ < 0, define k=3. 
O 

18 



The following tests assign to the subscript, i, the variable (one of the re¬ 

maining two) whose coefficient has the greatest magnitude. 'Hiis step is performed 

to insure maximum computational accuracy as this is the variable whose coefficient 

most frequently appeals in a denominator. 

Ifk=l, define 1=2, J=3. 

If k=2, define 1=3, J=l. 

Ifk=3, define 1-1, -1=2. 

then. 
If I bj I ? I b 3 I , define 1=1, j=J. 

If I bT I ’ I bj I , define l=J, j=I. 

6.3 Central Quadric Surface Zoning 
ITie surface is zoned by first taking p' mar cuts in the longitudinal direction 

along the axis and parallel to the xr Xj plane and then angular planar cuts rotated 

about the xk axis and normal to the x.-x. plane. All zoning occurs between the 

longitudinal limits, Lj and Lu, and angular limits, ^ and 6u, which are defined by 

program inputs. The zoning of a typical surface is shown In Figure 4. 

FIGURE 4. ZONING OF A TYPICAL SURFACE 



The general philosophy used in determining the spacing of the cutting planes 

is to intersect the surface with a reference plane and numerically Integrate to find 

the trace (are length) of the resulting curve. For the longitudinal direction the re¬ 

ference plane is the x.-O plane and for the angular direction it is either the xR ^ 

or X L„ plane, depending on which has the greatest arc length (this decision is 

made bv the program). 
The numerical integration results in a set of data points representing arc 

distance as a function of *k for the longitudinal direction and 9 tor the angular direct¬ 

ion. The spacing of the cutting planes is obtained by curve fitting the coordinate 

(X or 0) as a function of arc distance and then interpolating in steps of AS 
' k 
(See Figure 6)- 

(-,. 3. i Longitudinal Cutting Planes 
The curve Cj is defined as that portion of the trace (the intersection of the 

surface with the plane x O) that lies between the longitudinal limits L, and lv and 

whose coordinate is positive. To obtain the functional relationship between the 

length of CL and the xk axis, divide the xk axis into 50 equal increments, 

\x, 
lu -h 

50 

(6-5) 

set x.=0 in (6-4) and solvo for x. as a function of xk- 

S (V (VVV) 
2 V 1/2 

(6-6) 

The length of CT is then 

50 50 

SL = * , ,ASt’m "JL. m =1 na =1 
<Axl>m+(AV m 

1/2 (6-7) 

where 

^m =Xt !(m)AXk+bl "Xl |(m"l)Axk + Hi 

(6-8) 

The brackets indicate the argument for the function given in (6-6). 



«-j'»'*1' fe 

A table containing arc distance as a function of is generated by(6-7)by 

incrementing m. 

m =1; \ = V A\’ ^-Jl 
m = 2; X = Lj + 2 ZÍxk, (SL)2 = 4 <^Sl>2 

m - 3; xk = Lj + 3 4xk> (SL).} = <^SL)1 4 4 (4SL)3 

m - 50; 

This procedure is illustrated for five increments in Figure 5. 

¡Xl 



Now let 

X. = R cis9 
i 

X. R sir© 
J 

then (()-4) can he written as 

b. R“ eos^fl + b. R2 sin^O + b^ L^=b^. (fi-9) 

Solve (ti-9) for R 

R 
V’k L«2 

2 2 b. cos“fl + b. sin“© 
» J 

1/2 
((-,-10) 

and then differentiate (f, 10) with respect to 8 

j R (li. - b ) sin 0 cos 0 
JT (y 2 

b. cos“0 + b. sin 0 
i j 

((,-11 ) 

The length of curve is then given by 

/"MS!) 

1/2 
d0 . 

1 

(6-12) 

To generate the table for the functional relationship between the length of C@ and 8, 

divide 8 into 50 equal angles. 

¿0 = 
U 0. u - 1 

50 
(6-13) 

The length of is then 

50 50 

s9 - ' T 
m =1 m =1 

n 2 JdR\ 
Bm +lî«) 

1/2 

m (6-14) 

d R 
where (t~) is evaluated at 0 = 0. + m À 0. os m ml 

22 



6.3.3 Spacing of Cutting Planes 

The parameter AS is an Input to the zoning program and Is used as a guide 

in determining the size of a zone. To insure that the entire length of and C0 

are included in the zoning, the given value of \S is adjusted for each direction 

(longitudinal and angular). 

S e 
AS 

wher? Nt and N„ are integers greater than zero. The adjusted longitudinal increment 
L 

al distance is then 

AS' l. (6-15) 

and the adjusted angular incremental distance is 

AS' Sfl . (6-16) 
9 " N* 

The locations of the cutting planes are tound by curve tlttlng the tables de¬ 

scribed in Sections 6. 3.1 and 6. 3. 2 using arc length as the independent variable 

(See Figure 6). The longitudinal spacing is found by using steps of \S'L as the 

independent variable and interpolating for the corresponding x^. The angular spacing 

is found by using steps of AS'^ as the independent variable and interpolating for the 

cr "responding Ö. 

FIGURE 6. SPACING OF CUTTING PLANES 
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6.3. 4 Surface Area of a Zone 

The surface area of a zone is the area of the surface between two adjacent 

longitudinal and two adjacent angular cuts. In general, each zone will have a different 

area but the cutting planes are spaced so that each zone area is nominally (AS) . 

To insure maximum accuracy ln RCS calculations, the zoning program 

stores each zone area. 

To calculate the zone area, consider a typical zone shown in F'gure 7. 

FIGURE 7. TYPICAL SURFACE ZONE 

The projection of the surface area, AA, onto the x.-xk plane is a trapezoid 

whose area is given by 
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(Ax. + (Ax^)2 (6-17) 
AA' Ar, 

U, some cases the projected area will be a triable (for example, at the 

tips of an ellipsoid,. When this occurs, either (Ax^ or (Ax.)2 will be zero and 

(6-17) reduces to the area of a triangle. 

cos y 1 (6-18) 

(¾2. (!Aj2 v**, I W/ j 
‘172 

"Hie derivatives are evaluated at P. The relationship between the surface 

area AA and the projected area AA' is 

AA' = A A cos"> 

or 

AA 
AA' 
cosy ' 

(6-19) 

Substituting (6-17) and (6-18) into (6-19) 

l I rxi \2 1**1 \2 1 1/2 
aa = 211 +Ud + (^:) 1 i<Axj)i+(axj>2 ^ 

(6-20) 

where 

ax, -P A ax 
j i i 

(6-21) 

9xl bk \ 
axk 

(6-22) 
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(6-23) (Ax R,,j sin O0 - R^ sin 

(Ax )2 = R„? sin 0g “ R12 sln 0i (6-24) 

F^quations (6-21) and (6-22) are obla' led by differentiating (6-4) and evaluating 

the derivatives at P, which is located at the center of the zone. The coordinates 

at the center of the zone are 

(6-25) X. ) = R cos (0 ) 
ip P 

(6-26) (X.) = R sin (0 t 
J P P 

‘Vp = i- ,xk>l * '\>2 (6-27) 

whr ie 

1/2 

and (6-28) 
5 2 

b. cos 0 + b. sin 0 
i P j P 

The R , In (6-23) and (6-24) are the radii at the corners of the zone. R,, m n 11 
is the radius at the corner where cutting plane Qj Intersects cutting plane and 

so on for R^. R2j and Rgg* The magnitude of each radius Is found by substituting 

the corresponding x^ and 6 into (6-28). 

The surface normal of each zone Is obtained from (6-4) and Is evaluated at P. 
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(6-29) 

The zoning program requires the surface to be expressed in standard 

form so all derivations were developed in the local quadric system. The RCS 

calculations are made in a fixed reference coordinate system. The outputs of the 

zoning program are the zone area, the coordinates at the center of each zone, and the 

direction cosines of the surface normal at the center of each zone. The coordinates 

and normal components of the zone must therefore be transformed from the local 

quadric system into the fixed reference system. 

(6-30) M X + X 
I —I -o 

Im 
A 
n Í6-31) 

The rotation matrix (M) and the translation vector xo are Included with 

the inputs to the zoning program. The transformations are explained in detail In 

Appendix II. 

6.4 Noncentral Quadric Surfaces 

The equation of a noncentral quadric in standard form is 

(6-32) 

For zoning purposes, It is more convenient to express (6-32) in "true" standard 

form. If a4 / 0, dividing (6-32) by -a^ yields 

(6-33) 

a, 2 , b 2a 
3 

a 
'4 

a 
4 

where 



If a = 0, (6-32) Is written as 

(6-34) 

where 

bl ' al ■ b2 ' a2 ' b3 '2a3' 

Using the variable subscripts defined In Appendix IV, (6-33) and (6-34) can be ex¬ 

pressed as 

(6-35) 

where 

b = 0 for an elliptic or hyperbolic paraboloid 

b = 1 for an elliptic or hyperbolic cylinder 

The folkwing definitions of k are used to determine which variable will be 

assigned to the longitudinal axis (k defines the longitudinal axis). 

A. Elliptic paraboloid 

Define k = 3 

B. Hyperbolic paraboloid 

If bj < 0, define k = 1 

If b„ < 0, define k = 2 
mt 

C. Elliptic cylinder 

Define k = 3 

D. Hyperbolic cylinder 

If bj< 0, k = 2 

If b2< 0, k = 1 

then 
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if k = 1, define 1=2, j = 3 

if k = 2, define i = 3, j = 1 

if k = 3, define i = 1, j = 2 

The development of the zoning of a noncentral quadric is identical 

central quadric with three exceptions. 

1. Equation ((5-6) is replaced by 

2. Equations (6-10) and (6-28) are replaced by 

b4 - bk \ 
2 2 

b, cos 0 + b. sin 0 
i J 

>n that of the 

(6-36) 

(6-37) 

3. Equation (6-30) is replaced by 



SECTION VII 

APPLICATION of quadrics to aircraft surfaces 

7.1 Discussion 

The primary interface between the user and the GENSCAT Program is the 

geometry description of the vehicle. To transform the geometry of an aircraft con¬ 

figuration into a computer model, the aircraft is divided into major structural 

components (fuselage, duct interior, nacelle, canopy, etc.). The GENSCAT Program 

contains user defined subroutines that correspond to each of the major structural 

components and it is these subroutines that are the main communication link 

between the user and GENSCAT. The user defined subroutines can be viewed as a 

means of inputing geometry data. 

phe breakup of the aircraft into major structural components is done for two 

reasons. It is easier for the user to Assemble" the aircraft by considering each 

component separately than to become involved with the entire aircraft at one time. 

Secondly, this enables GENSCAT to compute and display the RCS of each component 

in addition to the total RCS of the entire aircraft. This is useful because the user 

can determine which of the components are major contributors to the RCS. 

This report is concerned with defining the geometry of major structural 

components by use of quadric surfaces. The user defined subroutines will be 

explained in a later report. 

7.2 General Background Information 

Before discussing the actual fitting of a surface, it is Important that the user 

be made aware of the procedures involved in building a computer model. Vne 

procedures are broken down into the following three basic steps which are listed 

in order of occurrence. 

7.2.1 Design Data Procurement 

The first step In defining a new configuration is the procurement of design 

data. Hie most desirable form is one which gives a table of surface coordinates 

at specified control (or loft line) points for a series of fuselage stations 

(See Figures 9, 10 and 11). These data are generally obtained from the design 

or lofting departments. This step can become quite time consuming and should be 

initiated as soon as possible. 



7.2.2 Extract ion of Coordinate Data 

Once the aircraft design data is obtained, the next step is to extract the sur¬ 

face coordinate data. The surface coordinate data (x, y, z) are the coordinates of 

the surface with respect to the fixed aircraft reference system (water lint; buttock line 

and fuselage station). Experience has shown that 6 to 20 ficelage stations and fi 

to 12 control points are usually sufficient to define a typical surface. If a surface 

has symmetry, be sure to include the symmetry when selecting surface coordinate 

data. 

7.2.3 Surface Fit Data 

After the coordinate data is selected, it is punched into data cards which are 

inputed to the surface fit program (See Appendix III). 

7.3 Exariple 

Hie above steps are best illustrated by use of an example. Given the design 

data, the information necessary to define the configuration includes: 

A. Basic Diagrams (Figure 8) - Useful in visualizing the aircraft and in 

locating major structures. 

B. Definition of Control Points (Figure 9) - shows location of tabulated 

control points for each fuselage station. 

C. Tabulated Control Points (Figures 10 and 11) - gives the surface coordinates 

at the control points at various fuselage stations. 

The information contained in Figures 10 and 11 is punched into data cards 

which in turn are used as inputs to the surface fit program. Appendix HI contains 

a listing of the example data cards and gives the results of the surface fitting program. 
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TYPICAL SECTION - FUSELAGE 

F.S. -40 to F.S. 285 

_ A 

F.S. 60 to F.S. 180 
Figure 9. DEFINITION OF CONTROL POINTS 
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TABULATED CONTROL POINTS FOR FUSELAGE 

F.S. -40 TO F.S. 285 

Figure 10. FUSELAGE COORDINATES 
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A B C D E 

z X X y X y X y X 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

12.00 

12.99 

13.75 

14.31 

14.70 

14.93 

15.00 

14.93 

14.70 

14.31 

13.75 

12.99 

12.00 

6.66 

7.21 

7.63 

7.94 

8.15 

8.28 

8.32 

8.28 

8.15 

7.94 

7.63 

7.21 

6.66 

21.66 

22.21 

22.63 

22.94 

23.15 

23.28 

23.32 

23.28 

23.15 

22.94 

22.63 

22.21 

21.66 

0 

0 

23.00 

23.66 

24.17 

24.54 

24.80 

24.95 

25.00 

24.95 

24.80 

24.54 

24.17 

23.66 

23.00 

-6.66 

-7.21 

-7.63 

-7.94 

-8.15 

-8.28 

-8.32 

-8.28 

-8.15 

-7.94 

-7.63 

-7.21 

-6.66 

21.66 

22.21 

22.63 

22.94 

23.15 

23.28 

23.32 

23.28 

23.15 

22.94 

22.63 

22.21 

21.66 

-12.00 

-12.99 

-13.75 

-14.31 

-14.70 

-14.93 

-15.00 

-14.93 

-14.70 

-14.31 

-13.75 

-12.99 

-12.00 

TABULATED CONTROL POINTS FOR NACELLE 

F. S. 60 TO F.S 180 

Figure 11. NACELLE COORDINATES 



APPENDIX 1 

classiVICATION OF QUADRIC SPRVAC^ 

I'Vio general equation of a quadric surface is 

Fix, V, z) a. X + a y2 t a„ i + 2 a4 y z 
‘3 

2 aQ V + 2 a z + a 

Ü + 2 a, X z + 2 a6 X y 

+ 2 a X + 2 *8 y ■ - 10 
0. (1-1) 

Equation (F-l) can also be written as 

F lx, V, z) (a. X + Y + a c z + a_) X + (a,. x + ao ' + a, z + aü) y 

+ (a5 X +a4 V + a g z + a9 a ) z + (a? X + a8 y + ag Z *a10> = « 

(1-2) 

For anv aurface repreaented by (Ml or (1-2), the four quantities 

(1-3) 

(1-4) 

(1-5) 

(1-6) 
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and the sign of the quantity 

A = Ai + A2 + A3 A10 
(1-7) 

are invariant with respect to translation and rotation and are used to classify a quadric 

surface. The ^rackets indicate determinants and A[ is the cofactor of a. in the de¬ 

terminant A. By examining the values of A and D, the following facts about the sur¬ 

face can immediately be deduced. 

A / o. The surface is a proper quadric (ellipsoids, hyperboloids and 

paraboloids!. 

A - 0. The surface is an improper or degenerate quadric (cones and cylinders!. 

D / 0. The surface is a central quadric (ellipsoids, hyperboloids of one 

or two sheets, and elliptic cones). 
D = 0. The surface is a non-central quadric (paraboloids and cylinders). 

By performing the proper rotation and translation operations on (1-1), the 

surface can be transformed into a standard form. The transformation of a general 

quadric into a standard quadric is discussed in Appendix II. To simplify the class¬ 

ification of quadric surfaces, all examples in this section will be given in standard 

form. 
The type of surface represented by (1-1) can assume one of 17 basic forms, 

depending on the values of the coefficients. Of these 17 basic forms, three are 

Imaginary second degree surfa es 

(imaginary ellipsoid) 

(imaginary cone) 

(imaginary elliptic cone) 
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five involve either real or Imaginary planes, 

(real intersecting planes) 

(Imaginary intersecting planes) 

2 2 
(real parallel planes) X a 

(imaginary parallel planes) 

X (coincident planes), 

and one is a parabolic cylinder 

2 
x“ + 2az = 0 . 

For a more detailed description of the above surfaces see References 3 and 

4. None of these surfaces will be used for geometry description. 

The eight remaining real surfaces are used for geometry description. Each 

of these eight surfaces Is assigned an identification number by the surface fitting 

program described In Appendix III. Tills Identification has the name KODE and is 

included In the follow ing classification of surfaces. 

1. Ellipsoid 

A - 0 D H 0 DI and J both » 0 KODE = 1 

FIGURE 12. ELLIPSOID 



A > 0 D * 0 Dl and J not both > 0 KODE = 2 

FIGURE 13. HYPERBOLOID OF ONE SHEET 

3. Hyperboloid of two sheets. 



FIGURE 14. HYPERBOLOID OF TWO /SHEETS 

4. Elliptic cone. 

2 2 2 n 
X + - z_= 0 

2.22 
a b c 

D * 0 A * 0 DI and J not both > 0 KODE = 4 



ïîsasaœriii 

5. elliptic paraboloid 

2 
JL- 
b2 

+ 2z = 0 

A < 0 D = 0 J>0 KODE = 5 

FIGURE 16. ELLIPTIC PARABOLOID 

6. Hyperbolic paraboloid. 
2 2 

X - y + 2z =0 

A > 0 D = 0 J<0 KODE = 6 
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7. Elliptic cylinder. 1 
2 

X 

2 
a 

A = 0 1)=0 J > 0 

A ' X 0 A K and J not both > 0 KODE = 7 

FIGURE 18. ELLIPTIC CYLINDER 

8. Hyperbolic cylinder. 

A - 0 D = 0 J < 0 A KODE = 8 
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APPENDIX II 

TRANSFORMATION OF A GENERAL QUADRIC 

INTO STANDARD FORM 

All quadric surfaces defined by (11-1) can be reduced to a standard form by 

translation and rotation to a new coordinate system. 

2 2 2 
F (X, y, z) = X + a2 Y + a3 Z * 2a4 yz . 2a5 X z 

* 2 ac xy ♦ 2 a, X + 2 a8 y * 2 ag z + aio ^ 0 
01-1) 

This new coordinate system is called the local quadric system. The quantities 

A, D, I. and J defined in Appendix I are invariant with respect to translation «and 

rotation and are used to classify quadric surfaces. Tney will also be used in de¬ 

termining the transformation operators. 

2.1 Principal Planes and Axes 

The intersection of a line with a quadric surface «See Sections 4. 2 and 4. 2.1) 

results in a quadratic equation whose unknown, d, is the distance from a starting point 

(on the line) to the surface. 

Ad+Bd+C=0 <11-2 ) 

Any line v’lth the direction, x^, X2* X3» ^or A / 0. determines a chord 

of (II-l) which has 1 real midpoint. Let this unknown midpoint, (x^, y0> zQ), 

be the starting poi X on the line. Then, when the two roots of (II-2) are real, their 

sum is zero because they are equal In magnitude and opposite in sign. A necessary 

and sufficient condition for the sum of the two roots of a quadratic equation to vanish 

is that the coefficients of the linear term vanish. The expression for the linear term 

is obtained from (4-4) In Section 4.3.1. 



ÏÆt (11-3) operate on (II-l) and set the result to zero. 

(Vl*a6 

Ma5A , * a4A2 a aax2 aa^l =0 

(II-4) 

The locus of midpoints of chords with direction cosines \ j, x2. is the 

plane defined by (11-4). Note that any set of direction cosines will generate a family 

of chords as long as A / 0. A diametral plane is defined as a plane that bisects a 

family of parallel chords. Therefore, (II-4) is the equation of a diametral plane. 

A principal plane is defined as a diametral plane that is perpendicular to the 

chords it bisects. Every quadric surface has at least two mutually perpendicular 

principal planes. A central quadric has at least three mutually perpendicular prin¬ 

cipal planes. 

fhe intersection of two principal planes is an axis of symmetry or principal 

axis. Every quadric surface has at least one principal axis. If more than one prin¬ 

cipal axis exists, there is at least one other axis perpendicular to each of them. A 

central quadric has at least three mutually perpendicular principal axes. 

2- 2 Center of a Central Quadric Surface 

For (II-3) o vanish for any given direction Aj. X2. A3 the following condition 
must be met. 

VF (X , y z ) = 0 (II-5) 

l or (II-5) to always be true, each of its components must be zero. 

a i + ac y~ + a- z to 6 o 5 o 

a6 Xo + a2yo+a4 Zo 

ac: x + a. y + a_ z 
5 o 4 o 3 o 

+ a? = 0 

+ a8=° 

+ a9 =0 

(11-6) 
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For a central quadric (D / 0), the solution of (IT-6) Is unique and yields the 

center, Po (xo, y , zo), of the surface. 

X o -1^ 
0 

(II-’’) 

y =-1 
0 D 

a3 ! 

v'Il-8 

z o 
ar (II-9) 

Where the brackets Indicate determinants. 

2. 3 Rotation Matrix 
A necessary and sufficient condition that the principal plane associated with 

the direction X,, X 0, A «, be perpendicular to this direction Is that the coefficients 

in (11-4) be proportional toX^, X2> and Ag. 

alXl + a6À2 + a5X3 = kXl 

a6Xl + a2X2 + a4X 3 =kX2 

a^ ^ j ^ 2 ^ a3X 3 ~ ^ 

(11-10) 
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Where the unknowns are k (a rea' non-zero number) and the direction cosines 

X , X. , and X . Equation (11-10) can be expressed in matrix form by 
1 

a, -k a6 

a2 ^ 

a„ -k 3 

V 

X., 

A non-trivial solution of (11-11) exists only if 

al -k a6 

-k 9 

a3-k 

= 0 . 

0 

0 

0 

(11-11) 

(11-12) 

The characteristic equation is found by expanding the determinant in (11-12). 

The expansion can be expressed in terms of the quadric invariants. 

kJ - 1 k2 + J k - D = 0 (11-13) 

The solution of (11-13) results in three roots, k2> and kg, where 

kj^kg^kg . (H-14) 

If one of the roots of k is ¿ero, there is no principal plane associated With that root. 

This occurs only for noncentral quadrics. If two of the roots are equal, the surface 

is a surface of revolution. 

Associated with each root or eigenvalue, of (11-13) is an eigenvector 

The directions of the normals to the principal planes are directed along the eigen¬ 

vectors. The direction numbers for each eigenvector are found by substituting each 

into (11-11) and solving for W{ (Aj, \2, \g). 

T*7%»iï»»*5ï 
w ' „II1 vW 
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The elements of the rotation matrix are found by normalizing the elgenveci s 

(11-15) 

and using them as columns of the rotation matrix |R| 

R (11-16) 

if there are only two eigenvalues (which is the case for a noncentral quadric), 

the third eigenvector is found by taking the vector cross product of the first two 

eigenvectors. 

Y3 V X V 
-1 -2 

(11-17) 

2.4 Vertex of Noncentral Quadric Surface 

The elliptic and hyperbolic paraboloids have only two principal planes and 

hence only one axis of symmetry. The vertex of the surface is defined as the point 

where the axis of symmetry meets the surface. Before this problem can be solved, 

some preliminary groundwork must be laid. 

The transformation from the local quadric system (primed) to the fixed re¬ 

ference system (unprimed) Is 

x 
(11-18) 

where |R) is the rotation matrix and xq the translation vector. The Inverse trans¬ 

formation is 

(11-19) 

Expand (IT-19) for the x‘ component. 
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(11-20) 
*' = R,1 » -V >R21 <y -V+ R3l |z -V 

In the last section it was shown that R^, R21 and R31 are the components 

of the eigenvector associated with kj and that the normals of the principal planes 

are directed alonp the eigenvectors. Equation (11-20) can then be written as 

*' ' V <x - V *'ly 'y-yo>+vU (I-V 

or 

x' = yi, x * y.v y * V13 z - ,vlx x<» + vly y0 + V-V- tyy 13 
(11-21) 

Equation (11-21) can be recognized as the equation of a plane expressed in 

normal form (See Section III), where the normal distance from the origin is vlx \Q 

+ V y + V z . Closer inspection of (11-21) reveals that it is actually the 
ly J0 Iz 0 t 

equation of a principal plane defined in normal form. Thus it can be stated that x 

equals the normal equation of the principal plane for the eigenvalue ky The same can 

l>e said about y’ and k2. 
The paraboloids in this section can be expressed In standard form (the local 

quadric system) as 

• 2 '2 _ ' _ rv 
Cl X +c2y +2z =0. 

(11-22) 

From page 79 of Reference 4 is obtained the relationships 

1/2 

C1 = kl( ~kl k2 ) 
A ' 

c2 k2 ( " kl k2 ) 

1/2 

(11-23) 

(11-24) 

where A Is one of the ouadrlc Invariants. Substituting (11-23) and (TI-24) into (U-22) 

L/2 
*'*+k2 ( -kl 

X 
or 

ki (^r^^(-^ry— 
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(IT-25) 

By equating' ' to the normal equation of the principal plane associated with 

k , it can be stated that 

x' = dj X + d,; y + dg z + d^ (11-26) 

and fo r k 
2 

y' =e1 x + e2 y + e3 z + e4 . (11-27) 

The dn and e^ coefficients are found by substituting the direction cosines of the 

appropriate eigenvectors into (II-4). 

Because there are only two principal planes, the third relationship 

z' = fj x + f2 y + fg z + f4 (11-28) 

c ontains an unknown coefficient, f^. The direction of the third rotation vector is 

known from (11-17) and the coefficients f^, f^ and fg are the components of this vector. 

The vertex is located at the intersection point of the two principal planes and the plane 

defined by the right hand side of (II-28). Thus, if the coefficient f^ of (11-28) is 

known, the coordinates of the vertex can be found. 

To find f4, substitute (11-26), (11-27) and (11-28) into (11-25). 

(11-29) 

Expanding (11-29) and collecting terms. 

+ 2 (kj d2 dg + k2 e2 eg) yz + 2 (k1 dj dg + k2 6g) xz 

+ 2 (kj dj d2 + k2 el e2) xy + 2 (kj dj d4 + k2 &1 e^) x (11-30) 

+ 2 (kj d2 d4 + k2 e2 e4) y + 2 (kj dg d4 + k2 6g e4) z 
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<fl xtf2y <f3 2 ■‘'i' =0 
,,2 . 2 0 

+ k, d, + k„ e . + 2 
14 2 4 

1/2 

Note that (11-30) expresses the surtace in the fixed reference system in terms 

of the principal planes. Equations (11-30) and II-l) are equivalent and the unknown 

coefficient, f^, is found by equating the linear and constant terms of (11-30) to those 

of (11-1). 

Vl Wl6! + Ntl =a7 
(11-31) 

(11-32) 

(11-33) 

(11-34) 

where 

(11-35) 

The choice of sign in (11-35) is determined from either (11-31), (11-32) or (11-33). 

Our friend, f^, is then found by solving (11-34). 

(11-36) 

The coordinates (xo> yo, zQ)of the vertex are found by solving the following 

set of equations. 

(11-37) 
el Xo + e2 yo + ®3 Zo + ®4 = 0 

2.5 Line of centers for Noncentral Quadric Surface 

The elliptic and hyperbolic cylinders have only two principal planes and one 

axis of symmetry. The intersection of the two principal planes is the axis of symmetry 

or line of centers. Tbe translation reference coordinates can be any point that lies 

on the line of centers. 
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The principal plane associated with is 

H X + d V + d„ z + d. = 0 
dl Xo 2 Vo 3o 4 

and the principal plane associated with k2 is 

-=, Wo * e3 zo * °'i = ° • 

Now simply choose a value for zo and solve (IMS) and (11-39) for and yo- 

good choice for z^ is 

z - z - zT 
o _U_L 

2 

(11-38) 

(11-39) 

A 

where z and z . are the values for the z coordinate of the upper and lower limits 
il 

of the surface. 
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APPENDIX III 

PROGRAM TO SURFACE FIT AND ANALYZE A 

GENERAL QUADRIC SURFACE 

A surface fit program was developed to aid the user in defining aircraft 

surfaces. GENSCAT requires that a quadric surface be defined by four coefficients 

(standard form), a code number to identify the surface (see Appendix I), the 

translation vector and rotation matrix (see Appendix II). The surface fit program 

applies a least squares fit of a general quadric to a set of input coordinate data; 

performs the analysis described in Appendices I and II; compares the input coordinates 

with those of the fitted surface; and punches cards containing the four standard 

quadric coefficients, code number, translation vector and rotation matrix. The 

punched output has the form of a FORTRAN data declaration statement and may be 

inserted directly into a FORTRAN program. 

The surface data Inputs (x, y, z) are the coordinates of the surface with 

respect to a fixed reference system (for aircraft this is usually the water line, 

buttock line, and fuselage station). At least nine input points must be used to fit 

the surface. Typically, the input coordinate data is obtained from tables and/or 

drawings of surface croîs section cuts taken at various fuselage stations. 

Experience has shown that 6 o 20 fuselage stations (cross section cuts) is 

ample. For a given fuselage station, it is usually sufficient to consider about 12 

points for each full (360°) cross section. If a surface has symmetry (most will), 

be sure to include the symmetry when selecting data points. The number of input 

data points is limited only by program dimension statements. Typical aircraft 

surfaces are defined by between 30 and 200 points, so the dimension of 500 in the 

program should be ample. 

There are times when a surface (or major aircraft structure) Is too large or 

has too many inflections to be defined by a single surface. The surface Is then 

broken down Into two or more sub-surfaces and each sub-surface Is fitted Individually. 

To Insure that no large gaps occur at the boundaries of the sub-surfaces, the surface 

fit data must Include points that extend Into adjacent surfaces. This Is Illustrated 

in Figure 20. This overlapping method does not guarantee that adjacent surfaces 

will meet exactly at their boundary. When overlapping Is used, care must be 

taken to Insure that points at or near the boundary match up as closely as possible. 
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FIGURE 20. OVERLAP OF SUB-SURFACES 

In addition to punching surface fit cards, the program also compares the 

input coordinates with their corresponding location on the fitted surface and 

shows the deviation of x and y for a given z. Tills output is used as a guide in 

determining the goodness of fit. If less than 10% of the Input coordinates have a max¬ 

imum deviation of about 8%, the surface Is presently considered acceptable. 

If the fit is not acceptable, the following steps are followed. 

1. Check for errors In coordinate data cards. 

2. If the surface has symmetry. Include the symmetry In the coordinate 

data cards. For example; If the surface Is symmetric In x, be sure to 

Include ± x coordinates for a given y; If the surface la symmetric In y, be 

sure to Include ± y coordinates for a given x. 

3. If the deviation Is too large over a portion of the surface, weight that region 

by adding more data cards (this Is possible because of the least squares 

fit). 
4. If the above steps fall, the surface must be subdivided Into two or more 

sub-surfaces. 
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3.1 Sample Problem 

In Section VII an example conliguration was introduced to Illustrate the type of 

desifzji data required for the generation of input coordinate data. The example will 

now be used to demonstrate the surface fit program. 

Assume that the design data has been located (Figures 8, 9, 10 and 11) and 

the user is required to fit the fuselage and nacelle (outer duct surface). Inspection 

of the fuselage design data (Figure 10) reveals that it consists of three distinct 

surfaces. The first surface is from F. S. -40 to F. S. 60, the second from 

F. S. 60 to F. S. 210 and the third from F. S. 210 to F. S. 285. Hie nacelle design 

data (Figure 11) appears to be one surface. 

A set of coordinate data is punched for each of the three fuselage surfaces 

and the nacelle surface. Each set of data is terminated by a 9999 card. The 

input data format is shown in Figure 21 and a listing of the input data cards is given In 

Section 3.2 of this Appendix. 

Ihe surface fit output is given in Section 3.3 of this Appendix. The output 

consists of 

1. Identification title. 

2. Results of surface fit In general form. 

3. The quadric invariants discussed In Appendix I. 

4. If surface is a central quadric 

a. Type of quadric 

b. Coordinates of the center (translation vector) 

c. Eigenvalues 

d. Kode identification 

5. If surface is a noncentral quadric 

a. Type of quadric 

b. Eigenvalues 

c. Kode identification 

d. Direction cf diametral planes 

e. Vertex (translation vector) 

6. The rotation matrix 

7. The determinate of the rotation matrix. The value must be +1 for a proper 

rotation. 



8. Surface fit results transformed into standard form. 

9. General form obt lined by applying inverse transformation to standard 

form. The coefficients must be the same as those obtained from the 

original fit (line 2). This is a double check of the transformation 

operators. 

10. Comparison data. 

XI, YI, ZI - input coordinate data. 

XC, YC - location of input data on fitted surface for a given ZI. 

DX, DY - (XI - XC) and (YI - YC). 

11. Punched surface fit data containing 

a. Identification title 

b. Kode identification and coefficients of standard surface. 

c. Translation vector 

d. Rotation matrix 
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o. 2 '¿imple Input Data 

CHECKOUT AIRCRAFT FUSELAGE F.S. -40 T0 
DATA PUNCH I NO ICAT0R= L• 
X=0.0 
X=-8.72 
X= 8.7? 
X = 5.23 
X=-5.23 
X*-5.2 3 
X- 5.23 
x=c.o 
x^o.o 
X--12.0 
X= 12.0 
X= 7.20 
X=-7.20 
X=-7.20 
X = 7.20 

V=0.0 
Y=0.0 
Y=0.0 
Y = 5.25 
Y = 5.25 
Y=-5.25 
Y=-5.25 
Y = 6.54 
Y=-6.54 
Y = 0.0 
Y=0.0 
Y* 7.20 
Y* 7.20 
Y =-7.20 
YX-7.2C 

DATA ID*A. 
2=-40.0 
2=-30.0 
2=-30.0 
2=-30.0 
2=-30.0 
2=-30.0 
2=-30.0 
2=-30.0 
2=-30.0 
2=-20.0 
2=-20.0 
2=-20.0 
2=-20.0 
2=-20.0 
7=-20.0 

CARD PUNCH UNr= 6, 

X=0.0 
X = 0.0 
X=-14.2 8 
X* 14.28 
X= 8.57 
X=-8.57 
X=-8.57 
X= 8.57 
X = 0.0 
X=0.0 
X=-16.00 
X* 16.00 
X= 9.60 
X*-9.60 
X=-9.60 
X* 9.60 
X*0.0 
X = 0.0 
X=- 17.32 
X= 17.32 
X= 10.39 
X=-10.39 
X=-10.39 
X» 10.39 

Y = 9.00 
Y*-9.0Q 
Y*0.0 
Y*0.0 
Y* 8.57 
Y = 8.57 
Y=-8.57 
Y=-8•5 7 
Y« 10.71 
Y*-10.71 
Y=0.0 
Y*0.0 
Y* 9.60 
Y* 9.60 
Y*-9.6C 
Y=-9.60 
Y= 12.00 
Y*-l2.00 
Y*0. 0 
Y=0.0 
Y* 10.39 
Y» 10.39 
Y=-10.39 
Y*-10.39 

2=-20.0 
2=-20.0 
2=-10.0 
2=-10.0 
2=-10.0 
2=-10.0 
2=-10.0 
2=-10.0 
2=-10.0 
2=-10.0 
2 = 0.0 
2=0.0 
2=0.0 
2*0.0 
2=0.0 
2=0.0 
2=0.0 
2*0.0 
2*10.0 
2=10.0 
2=10.0 
2=10.0 
2=10.0 
2=10.0 
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x=0.0 Y* 12.99 Z*10.0 
X = 0.0 Y*-12.99 Z* LO.O 
X* 18.33 Y*0.0 Z *20.0 
X=-18.33 Y-0.0 Z*20.0 
X= 11.OC Y= 11.00 Z*20.0 
X=-11.0C Y* 11.00 Z=20.0 
X*-ll.OC Y*-11.00 Z*20.0 
X= 11.00 Y*-l1.00 Z*20.C 
X=0.0 Y* 1 -75 Zs20.0 
X=0.0 Y*-:' 75 Z*70.0 
X = 19.08 Y*0.0 Z*30.0 
X=-19.08 Y*0.O ?*30.O 
X- H .<»5 Y* 11.45 Z*30. O 
X*-11.4 5 Y * 11.45 Z*30.O 
X*-ll.45 Y=~li.45 Z*30.0 
X ~ 11.45 Y*-l1.45 Z*30.O 
X=0•O Y= 14.31 Z*30.O 
X = 0.0 Y = -14.31 Z*30.0 
X = 19.60 Y=0.0 Z*40.0 
X = -19.6C Y * O•O Z*40.0 
X= 11.76 Y* 11.76 Z*40.0 
X=-ll.76 Y* 11.76 Z*40.0 
X3-11.76 Y*-11.76 Z*40.0 
X* 11.76 Y*-ll.76 Z*40.0 
X = 0.0 Y* 14.70 z*40.0 
X = O.O Y*-14.70 Z*40.0 
X* 19.90 Y*0.0 Z*50.0 
X = -19.9C Y = 0-.0 Z*50.0 
X= U.94 Y= 11.94 Z*50.0 
X*- 11.94 Y= 11.94 Z *50.O 
X *-11.94 Y*-11•94 Z *50.O 
X* 11.94 Y*-ll.94 Z*50.0 
X=0.0 Y* 14.93 Z*50.0 
X=0.0 Y*-14.93 Z*50.0 
X*-20.0 Y*0.O Z*60.Û 
X= 20.0 Y*0.0 Z*60.0 
X* 12.00 Y* 12.00 Z*60.0 
X*-12.00 Y* 12.00 Z*60.0 
X»-12.0C Y*-12.00 Z*60.0 
X* 12.00 Y*-12.00 Z*60.0 
x=0.0 y* 15.00 Z*60.0 
X=0.O V*-15.00 Z*60.0 

9999. 
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CHECKOUT AIRCRAFT FUSELAGE F.S. 60 TO F.S. 210 
CATA PUNCH 
X= 20.0 
X = -20.0 
X= 12.00 
X = -12.OC 
X=-12.0C 
X= 12.00 
X = C . O 
Xr o. o 

INDICATORS. 
V = 0. O 
Y = 0 . O 
Y= 12.00 
Y= 12.00 
Y-- 12.00 
Yx-12.00 
Yx 15.00 
Y=- l •>- 00 

DATA ID-B. 
2=60.0 
2=60.0 
2=60.0 
2=60.0 
2 =60.0 
2=60.0 
2-60.0 
7 =*.n _ n 

CARD PUNCH UN 1T= 6. 

X= 20.0 
X =- 20. O 
X X 12.00 
X X-I2.00 
X = - 12.00 
X= 12.00 
X = 0.0 
X = 0.0 

Y = 0 . O 
Y = O . O 
Y X 12.00 
Y= 12.00 
Yx-12.00 
Y X-l2.00 
Y= 15.00 
Y=-15.00 

2=150.0 
2=150.0 
2=150.0 
2=150.0 
2=150.0 
2=150.0 
2=150.0 
2=150.0 

X X 20.00 
X X-20.00 
X= 12.00 
X X-12.00 
X = - 12.00 
X = 12.00 
X = 0.0 
X = 0.0 

Y = 0.0 
Y X O . O 
Y X 12.00 
Y X 12.00 
Yx-12.00 
YX-12.C0 
Y X 15.00 
Yx-15.00 

2=210.0 
2=210.0 
2=210.0 
2=210.0 
2=210.0 
2=210.0 
2=210.0 
2=210.0 
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CHECKOUT AIRCRAFT FUSELAGE 
DATA PUNCH INDICATOR*!. 

X* 20.OC 
X=-?O.OC 
X= 12.OC 
X*-12.OC 
X=-12.OC 
X = 12.00 
X* C.O 
X* C.O 
X= 19.82 
X=-19.82 
X* 11.89 
X=-l1•89 
X=-ll.89 
X= 11.89 
X = C.O 
X*P.O 
X* 19.28 
Xx-19.2 8 
X= 11.57 
X = ~ 11.5 7 
X—11.57 

X* 1 i .57 
X = 0.0 
X = 0.0 
X= 18.33 
X*- 18.33 
X* 11.OC 
Xr-ll.OC 
Xx~l1.00 
X= 11.00 
X = 0.0 
X = 0.0 
X= 16.92 
X=-16.92 
X= 10.15 
X*-10.15 
X*-10.15 
X* 10.15 
X*0.0 

Y*0. 0 
Y*0.0 
Y* 12.00 
Y* 12.00 
Y=-l2.00 
Y*-l2.00 
Y= 15.00 
Y=-15.00 
Y*0.0 
Y=0.0 
Y* 11.89 
Y* 11.89 
Y*~11.89 
V.-11.89 
Y* 1 A.8 7 
Yx-14.87 

Y*0.0 
Y*0.0 
Y* 11.57 
Y* 11.57 
Y*~ 11•57 
Y*-11.57 
Y* 1A.A6 
Y*-IA.A6 
Y*U.O 

Y*0.0 
Y* 11.00 
Y* 11.00 
Y — il.00 
Y*-l l.CO 
Y* 13.75 
Y — 13.75 
Y*0.0 
Y*0.0 
Y* 10.15 
Y- 10.15 
Y*-10.15 
Y — 10.15 
Y* 12.69 

F.S. 210 TO F.S. 285 
DATA IO=C. CARO PUNCH UNIT* 6. 

2*210.0 
2*210.0 
2*210.0 
2*210.0 
2*210.0 
2*210.0 
2=210.0 
2*210.0 
2*220.0 
2=220.0 
2=220.0 
2*220.0 
2*220.0 
2*220.0 
2*220.0 
2*220.0 
2*230.0 
2*230.0 
2*230.0 
2*230.0 
2*230.0 
2*230.0 
2*230.0 
2*230.0 
2*240.0 
2*240.0 
2*240.0 
7*240.0 
2*240.0 
2*240.0 
2*240.0 
2*240.0 
2*250.0 
2*250.0 
2*250.0 
2*250.0 
2*250.0 
2*250.0 
2*250.0 
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X-0.0 
X* 14.91 
X*-14.91 
X* 8.94 
X=-8•94 
X *-8.94 
X * 8.94 
X-0.0 
X = 0.0 
X = 12.OC 
X=-12.CC 
X= 7.20 
X =-7.20 
X=-7.20 
X = 7.20 
X = 0.0 
X = 0.0 
X= 7.18 
X*- 7.18 
X= 4.31 
X*-4.31 
X=-4.31 
Xs 4.31 
X = 0.0 
X = 0.0 
X = 0.0 

9999. 

7=-12.69 
Y = 0.0 
7*0.0 
Y = 8.94 
Y = 8.94 
7=-8.94 
7=-8.94 
Y = 11.18 
7=-11.18 
Y=0. O 
Y = O • O 
Y = 7.20 
Y= 7.20 
Y=-7.20 
7=-7.20 
Y = 9.00 
7=-9.00 
Y = 0.0 
Y = 0 . O 
Y* 4.31 
V* 4.31 
Y =-4•3 l 
Y=-4•31 
Y= 5.39 
7=-5.39 
7 = 0.0 

Z=25Q.O 
Z*260.0 
Z *260.0 
Z =260.0 
Z = 260.0 
Z =260.0 
2=260.0 
Z *260.0 
Z =260.0 
Z =270.0 
2=270.0 
2=270.0 
2*270.0 
2=270.0 
2=270.0 
2=270.0 
2=270.0 
2=280.0 
2=280.0 
2=280.0 
2=280.0 
Z *280.0 
Z*280.0 
2=280.0 
2=280.0 
2=285.0 
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CHECKOUT AIRCRAFT NACcllE 
DATA PUNCH 
X= 12.OC 
X=-12.OC 
X= 6.66 
X*-6.66 
X = 0.0 
X= 12.S9 
X=-1?.9S 
X= 7.21 
X=-7.2l 
X = 0.0 
X= 13.75 
X®-13.75 
X® 7.63 
X®-7.63 
X*0.0 
X® 14.31 
X*—14.31 
X® 7.94 
X =-7•94 
X = 0.0 
X® 14.7C 
X=-14.7C 
X® 8.15 
X®-8.15 
X = 0.0 
X® 14.93 
X®- 14.93 
X® 8.28 
X*-8.28 
X = 0.0 
X* 15.00 
X*-15.OC 
X* 8.32 
X*-8.32 
X*0.0 
X* 14.93 
X*-14.93 
X* 8.28 
X*-8.28 

INDICATOR®!. 
Y*0.0 
Y*0.0 
Y* 21.66 
Y* 21.66 
Y*23.00 
Y®0.0 
Y ®0.0 
Y*22.2l 
Y®22.21 
Y*2 3.66 
Y*0.0 
Y=0.0 
V*22•63 
Y*22.63 
Y*24•l7 
Y*0.0 
Y*0.0 
Y*22.94 
Y*22.94 
Y*24•54 
Y*0.0 
Y*0.0 
Y*23.15 
Y*23.15 
Y*24.80 
Y*0.0 
Y*0.0 
Y-23.28 
Y*2 3.28 
Y*24.95 
Y=0.0 
Y*0.0 
Y*23.32 
Y*23.32 
Y»25.00 
Y*0.0 
Y»0.0 
Y»23.28 
Y*23.28 

F.S. 60 TO F.S. 180 
DATA ID*D. CARD PUNCH UNIT® 6 

2*60.0 
2*60.0 
2*60.0 
2*60.0 
2*60.0 
2*70.0 
2*70.0 
2*70.0 
2*70.0 
2*70.0 
2*80.0 
2*80.0 
2*80.0 
2*80.0 
2*80.0 
2*90.0 
2*90.0 
2*90.0 
2*90.0 
2*90.0 
2*100.0 
2*100.0 
2*100.0 
2*100.0 
2*100.0 
2*110.0 
2*110.0 
2*110.0 
2*110.0 
2*110.0 
2*120.0 
2*120.0 
2*120.0 
2*120.0 
2-120.0 
2*130.0 
2*130.0 
2*130.0 
2*130.0 
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X = 0.0 
X- 7C 
X*-14.TC 
X = a.i'* 
X--8. ia 
X = 0.0 
X= 14.31 
X-“14.31 
X = 7.94 
X--7.94 
X=0.0 
X * 13.75 
X=-13.7 5 
X3 7.63 
X=-7.63 
X = C.O 
X- 12.99 
X=-12.99 
X= 7.21 
X = - 7.21 
x=o.o 
X= 12.OC 
X =- 12.0 C 
X* 6.66 
X=-6.66 
X = C.O 

9999. 

Y=24.95 
Y = 0 • 0 
Y = 0.0 
Y*23.15 
Y=2 3.15 
Y=24.80 
Y = 0.0 
Y = 0.0 
Y=22.94 
Y = 2 2•94 
Y=24.54 
Y = 0.0 
Y=0.0 
Y = 22.6 3 
Y=22.63 
Y = 24.1 7 
Y =0.0 
Y*0.0 
Y=22.2l 
Y=22.21 
Y*23.66 
Y *0.0 
Y = 0.0 
Y=21•66 
Y=21.66 
Y*23.00 

2*130.0 
2*140.0 
2*140.0 
2=140.0 
2*140.0 
2=140.0 
2=150.0 
2*150.0 
2=150.0 
2=150.0 
2*150.0 
2*160.0 
2=160.0 
2=160.0 
2=160.0 
2=160.0 
2*170.0 
2=170.0 
2*170.0 
2=170.0 
2*170.0 
2*180.0 
2*180.0 
2=180.0 
2=180.0 
2*180.0 
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, .ChFCkOUT AIRCRAFT FUSFLAGE F.S. -40 TO F.S. 60 
DATA KA»CA/1 * 1.0000O00F*00, 1.7774068E»00 * 

1 
DATA Jt[/ 

DATA RA/ 

1 
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3.9969 301F-02 « -4.0005654E*02/ 
-8.164493SE-16* 6.0033263E♦01/ 
0. . 
1 • 000000GE*00 * 
2.PSR8266E-17, 

0. . 
1.0000000E*00. 
0 • ♦ 

0 • « 

0. . 
•2S98?66E-17 * 
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c 
c, ..CHECKOUT AIRCRAFT FUSELAGE F.s. 60 TO F.s. 210 

DATA KR*CB/7* 1 .7777778F♦00* 1.0000000E*00, 
1 

DATA TR/ 
DATA RR/ 

1 
2 

-1.0231R15E-12. -4.0000000E*02/ 
. -8.1644935E-16, 0. / 

1.0000000E*00t 0. » 
0. • 0 • ♦ 
0. . -1.0000000E*00/ 

0. * 
0. , 
1 .OOOOOOOE*OOt 
0. , 
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..ChFCkOUT AIRCRAFT FUSEL AGF F.s. ?10 TO F.s. ?85 
DATA KC,CC/1. 1.OOOOOOOF^OO* 1.7775547E*00, 

7.1139672F-02« -3.9999171E*n2/ 
-1.47.19442E-12* ?, 

0. * 01 

1.OOOOOOOE^OO. 5, 
-S.9187698E-14, 1, 

OATA TC/ 
data rc/ 

0. 
1 .OOOOOOOE^OO* 
0. 
0. 

100l3?SE*n?/ 
t 

9l87ft98E-14, 
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..checkout aircraft nacellf F.s. *° to I®<> 
data KO,CO/1. 1.0000000E*00, .60 

2.272l?20F-02. -3.3669638t.02/ 
9.140A752E.00, 1- 
0. » 
1.0000000E.00, 
3.6762719E-14, 

DATA TO/ 
DATA PO/ 

1 
? 

0. 
1 .OOOOOOOE.OO 
0. 
0. 

0, 
-3 

1 

?000n00E.02/ 
t 

A762719E-14, 
.OOOOOOOE.OO/ 



'.i. 4 Program Listings 

This section contains listings of all routines used in the quadric surface fit 

program. The four surfaces used in the sample problem consumed 2. 8 seconds 

of CDC 8600 computer time. 
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 PROGRAM TO SURFACE FIT A GENERAL SECOND DEGREE SURFACE 

INPUT DATA jqB ioENTIFICATION IALPA-NUMERIC) 

IPUNCH*0.DO NOT PUNCH DATA CARDS 
IPUNCH*!.PUNCH DATA CARDS 
ID.IDENTIFICATION PUNCHED INTO DATA CARDS 
IPT.OUTPUT UNIT USED TO PUNCH DATA CARDS 
X,Y,Z.COORDINATES OF INPUT DATA 

D I PENSION XI 500 ) » YI500) • Z 1500 ) #C( 10) «HEAD( 18 )«PU 3) 
D I PENSION 0Pl(3)«DP0(3)«ZREF(70)tCP(10)tRI(3*3) 
01 PENSION P0(3)tR(3t3)*PT(3)«CL(A) 

qqq READ 15,4001 (HEAD!I ),1*1 « 18) 
40 C FORMAT Il8A4) 

READ (5,501) IPUNCH,ID,IPT 
501 FORMAT (2IX,11,12X»Al»2IX, 12) 

1=1 
qq CONTINUE 

READ (5,420) X(I),Y(!),Z(I> 
42C FORMAT (312X.E13.6)) 

IF (X(I).GT. 1000.0) GO TO 10 
I*I*1 
GO TO 99 

10 CONTINUE 
NPTSM-l 
CALL LSF2D lX,Y ,Z,NPTS,C) 
WRITE (6,450) HEAD 

450 FORMAT (IH1,18A4Z) 
WRITE (6,600) 

600 FORMAT 124H COEFFS. FOR SURFACE FIT) 
WRITE (6,460) lC11 ).I*1•10) 

460 FORMAT l7H C1..C5 , 5E14.6/7H C6.C10 , 5E14.6///) 
CALL QOPAR (C ,PT,R,KOOE) 
CALL 0ET3X3 (R,DET) 
IF (OET.GT. 0.0) GO TO 371 
DO 372 1*1,3 

372 P 1( I )*R( I•1 ) 
DO 373 1*1,3 
R ( I,1)*R(1,2 ) 

373 R(I.2)*P1U) 

CALL 0ET3X3 (R,OET) 
371 CONTINUE 

WRITE (6,642) 
642 FORMAT I23H0THE ROTATION MATRIX IS) 

DO 32 J*i«3 
WRITE (6,620) (R(J,K),K*1,3) 
FORMAT (3E16.6) 
CONTINUE 
WRITE (6,611) DET 
FORMAT (5H00ET»E16.6) 
CALL ROTRAN (C,R,PT,CP,2) 
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64 3 

61 C 

33 

64 5 

453 

WRITE (6*643) 
FORMAT (40H0COEFFS. FOR TRANSFORMED QUADRIC SURFACE) 
WRITE (6,610) (CP(J),J*l*lO) 
FORMAT (5E14.4) 
DO 33 1*1,3 
DO 33 J*l,3 
R ! ( I. J)*RUtI ) 
CALL ROTRAN ( CP,RI ,PT ,C.1) 
WRITE (6,645) 
FORMAT (35H0C0EFFS. FOR INVERSE TRANSFORMATION) 
WRITE (6,610) (ClJ),J*1.10) 
WRITE (6,453) HEAD 
FORMAT (1M1»18A4//5X,2HZI» 9X,2HXI* 9X,2HXC,6X,2HDX* 

1 14 X,2HY1, 9X,2HVC,6X,2H0Y) 

COMPARE THE FITTED WITH THE INPUT DATA 

CLll)=CP( l> 
C L(2 ) *CP(2) 
C L(3 ) =CPl3) 
IF (KODE.GT. 4) CL (3)*CP(9) 
CL (4)*CP(10) 
IC=0 
DO 205 I=l,NPTS 
PCIl)=X(I ) 
PC (2)-Y(l) 
PC(3)=Z( I ) 
IC*IC^l 
IF ( IC.LE. 40» GO TO 203 
WRITE (6,453) HEAD 
IC*1 

203 CALL COMPAR (CL,PT,R,PO,KODE) 
205 CONTINUE 

WRITE (6,1122) 
1122 FORMAT (IHl) 

IF ( I PUNCH.EQ, 0) GO TO 999 

PUNCH OUT DATA CARDS 

701 

601 

700 

710 

720 

730 

740 

IF (1PT.NE. 6) WRITE (IPT*701) MEAD 
FORMAT (IHC/6HC.18A4I 
IF (IPT.EQ. 6) WRITE (!PT,601) HEAD 
FORMAT (2H C/7H C.18A41 
WRITE ( IPT,700) ID,10,KODE,CL , , , , 
FORMAT (6X,6HDATA K,Al,2H,C,Al,IM/,I1,iH,E17.T,1H,E17.7, 

L 5X,1H1,13X,EI7.7,IM,E17.7,IH/I 
WRITE ( IPT,710) 10,PT . 
FORMAT (6X,6HDATA T,Al,IH/,E17.7,1H,E17.7,1H,E17.7,IH/) 
WRITE IIPT,720) I0,R(l,ll,R(l,2),Rll*5) . 
FORMAT (6X,6HDATA R,Al,IH/,E17.7,IH,E17#7,IH,E17.7,IH,) 
WRITE IIPT,7301 R(2,1),R(2,2),R(2,3) 
FORMAT |5X,IHÍ,8X,E17.7,IH,E17.7,1M,E17.7,1H,I 
WRITE ( IPT,740) R(3,1 ) ,RO,2l ,RC3, J) 
FORMAT (5X,1H2,8X,E17.T,IH,617.T,1H,E17.7,IH/I 

WRITE (6,1122) 
GO TO 999 

IH,/ 



SUBROUTINE COMPâR ICtPTtR»PPI»KODE ) 
DIMENSION C(4I,PT(3)tR(3.3I.PFI(3)tPO(3)tOPO(3».PfC(3),P1I3). 

I DP 113) 
C 

CALL FIXLOC (R.PT,PF!,P01 
DEN*SQRT(POm**2»PO(2)**2> 
IF (ABS(DEN)•Lc• I.OE-6) GO TO 90 
TMP=1.O/DEN 
DO 10 1*1,2 

10 DPOII)*POII)»TMP 
DPO(3)*0.0 
P0(1)*0.0 
P0(2)*0.0 
CALL QUADS (C »PO »DPO »KODE,l.0,Pl,0Pl,INTI 
IF (INT.*Q. 21 GO TO 90 
CALL LOfFIX IR,PT,PI,PFC) 
DX = PFH l)-PFC(l) 
DY=PFI.2)-PFCI2) 
WRITE (6,600) PFI(3),PFI(l),PFC(I),DX,PFI(2),PFC(2),DY 

600 FORMAT (IX,F9.3,2X,F9.3,2X,F9.3,2X,El1.4,2X,F9.3,2X, 
I F9.3,2X,E1I.4) 

90 RETJRN 
EN'J 

82 



SUBROUTINE GROUT ( A,B,CfN) 

SOLVE A SET OF LINEAR EQUATIONS USING GROUT REOUCTIUN METHOD 

DIMENSION A(10,11),B(10*11),C(10) 
A IS GIVEN MATRIX,B IS AUXILIARY MATRIX 
NN=NM 
DO l J=l,N 
DC 1 K-1,NN 
BU,K)*A( J,K) 
DO 2 J-2 » MN 
B(1,J)=A(1,J)/8(1,1) 
DO 5 J=2,N 
K = J-1 
DO 5 JJ=J,N 
00 4 L*l,K 
B(JJ,J)xB(JJ,J)-B(L,J)*B(JJ,L) 
B(J,JJ^l)=B(J,JJ*l)-B(L,JJ*1)*B(J,L) 
B(J,JJ+1>=B(J,JJ+l>/B(J,J) 
DO 6 Js1,N 
C(J)*B(J,NN) 
DO 7 J=2,N 
K =NN-J 
M = J-1 
DC 7 L=1,M 
NNL=NN-L 
C(K)*C(K)-B(K,NNL)♦C(NNL) 
RETURN 
END 
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SUBROUTINE CUBIC (AvB»C*0»RT) 
C 

EG. IN THE FORM A*Y**3*B*Y**2*C*YtD*0.0 
IF A IS ZERO THE PROGRAM WILL SOLVE A QUADRATIC 
OF THE FORM B*Y**2+C*Y*D*0.0 

DIMENSION RT(3) 
IF (A)10#50*I0 

50 TERM=C*C-4.0*8*D 
IF (TERM)5l.52,52 

51 RT( I )*-12 345578.0 
GO TO 32 

5? RCOT=SQRT(TERM! 
CON*?.0*0 
R T( l ) * (-C>ROOT)/CON 
RT(2)=I-C-R00T)/CLN 
R T(3)*-12345678.0 
GO TO 70 

10 P=B/A 
Q*C/A 
R=D/A 
CON*P/3.0 
AA*(3.0*Q-P*P)/3.0 
RB*( P*( 2.0*P*P“R.0*Q ) ♦•27.0*P) / 27.0 
SAVEA*(AA*AA*AA)/27.0 
TERM*.25*BB4BB^SAVEA 
H ALFB *-8B*.5 
IF ( TERM*.00001)20* 30» 30 

30 ROOT* SORT ( ABS( TERM I ) 
TERMA*(ABS(MALF8*RC0T))**.33333333 
TERMB * (ABS(HALFB-ROOT) I**.33333333 
TERMA*SIGN(TERMA,HALFB*ROOT) 
TERMB*SIGNITERMBtHALFB-ROOT) 
R T(l)*TERMA*TERMB 

40 RTI2)*<-RTU »♦(TERMA-TERMB)*1.732051)*.5-C0N 
RT(3)*t-RT(l)-( TERMA-TERMB 1*1.732051)*. 5“r.0N 
R T( I )*RTI11-CON 
IF (TERM-.00001)70*70.32 

32 RT(2)*-12345678.0 
RT(3)*-12345678.0 
GO TO 70 

2C COSPHI«HALFB/ISQRT(-SAVEA)) 
PHI*AC0SIC0SPHI) 

43 RC0T*2.0*SQRTI-AA/3.0) 
ANGLE*PHI/3.0 
DC 44 1*1,3 
Xl*I-l 

44 R T U) -ROOT*COS< ANGLE»* I *2.0943951) -CON 
70 RETURN 

END 

84 
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SUBROUTINE DET3X3 U.DETI 

FIND THE DETERMINANT FOR A 3X3 MATRIX 

DIMENSION A(3• 3) 
T1=AI 1,1)*<A(2,2)*A(3*3)-A12,3}*A(3,2J) 
T2 = A( l,2»*IA(2,3)*A(3,l)-A(2,l)*A(3,3)) 
T3*A(l#3)*(A(2tl)*A(3,2)-A(2,2)*A(3,l) ) 
DE T=T 1 + T2 + T3 
RETURN 
END 

85 



o
 o

 o
 

SUBROUTINE 0FT4X4 (A«DET) 

FINO THE DET ERMINANT FOR A 4X4 MATRIX 

71 

73 

7<t 

DIMENSION 7414,4).8(3.3) 
DO 71 1*1.? 
DO 71 J*l.' 
I l = I*l 
J1*J*1 
B (I . J ) *A (II,Jl) 
C«LL DET3X3 (B.Dl) 
DO 72 1*1.3 
DO 72 J*1»3 
I l*I*l 
Jl=J*i 
IF (J.EQ.l) Jl*l 
8( I » J ) *A(II,Jl) 
CALL 0ET3X3 (B.D2) 
DO 73 1*1.3 
DO 73 J*1 »3 
I l*I + l 
J l * J 
IF U.EQ.3) Jl *4 

B ( I . J ) * A ( II. JD 
CALL DET3X3 (B.D3) 
DO 74 l = l» 3 
DC 74 J*i»3 
I l*Ul 
B( l » J ) *A(II,J) 
CALL DET3X3 (B.D4) 
DE» *A(1,1)*01-A(l 
RETURN 

,2)4D2+Al1, 3)403-4(1.4)*04 

END 

86 



SUBROUTINE DIAME! (C.EVEC.B) 

COMPUTE THE DIAMETRAL PLANE OF A QUADRIC SURFACE 

DIMENSION C(10),EVEC(3)fB(A) 
8( I )=C<i)*EVEC(1)♦C(6)PEVEC(2)+C(5)*EVEC(3) 
B(2)=C(6)AEVEC(1)^C(2)*EVEC(2)+C(4)*EVEC(3) 
a (3)=C< 5)*EVEC(1)♦C(4)*EVEC(2)*C(3)*EVEC( 3) 
0(4)=C(7)*EVEC(I )♦C(8)*EVEC(2)*C(9)*EVEC( 3) 
TMP=1.0/SORT1)+B(2)*B(2)+0(3)48(3)) 

DO LO 1*1,4 
8(1) = TMP*B( I ) 
RETURN 
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SUBROUTINE DIRCGS (A.B.C) 

C COMPUTE DIRECTION COSINES BY NORMALIZING THE 
C PARTIAL DERIVATIVES. 

C 
0=SQRT(A*A*B*B*C*C) 
A = A /0 
B = B/D 
C-C/D 
RETURN 
END 

FUNCTION DOT ( A » B) 
DIMENSION A(3).6(3) 

DOT=A(l>*B(1)*A<2)*B(2)+A(3)*B(3) 
RETURN 
END 

SUBROUTINE EIGVEC (B*EVAL*EVEC) 

FIND THE EIGENVECTOR FOR A GIVEN EIGENVALUE 

DIMENSION B(3,3),EVECm«CE<3,3) 
DIMENSION A(3*4) 
DO 10 1*1*3 
DO 1C J*l,3 
CEU*J)-B(I*J) 
IF (I.EQ.J) CEI I »J)*CEII «Jl-EVAL 



/ 

SUBROUTINE FIXLCC (R.PT.X.XP) 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
(, 

TRANSFORM COORDINATES FROM THE FIXED AIRCRAFT SYSTEM î X) 
INTO THE LOCAL QUADRIC SYSTEM(XP) 

INPUTS.R.ROTATION MATRIX 
PT....TRANSLATION VECTOR 
X.POSITION VECTOR IN FIXED AIRCRAFT SYSTEM 

OUTPUT.XP....POSITION VECTOR IN LOCAL QUADRIC SYSTEM 
IN MATRIX NOTATION.(X) *((R))(XP)♦(PT) 

OR (XP)=INVERSE((RI)(X-PT» 

10 

2C 

DIMENSION Rl 3.3),PT(3)tXPm,X(3),TO) 
DO 10 1=1,3 
T ( I ) = X l I ) - P T ( I ) 
DO 20 1=1,3 
XPm=R(l,I >*Tm*R(2,I )*T(2)*R(3, I)*T(3I 
RETURN 
END 

SUBROUTINE H0M2X2 (C.EVEC) 

SOLVE A 2X2 HOMOGENEOUS EQUATION WITH A SYMMETRIC COEFF. MATRIX 

DIMENSION C(2,2),EVEC(3) 
DET*C( U1)*CI 2,2 )-0(1,2 1*012,2) 
IF (ABS(DET).GT. l.OE-5) GO TO 60 
IF (ABS(C(I,1)).LT. l.0E-6.AND.ABS(C(1,2)).LT. 1.0E-6) GO TO 50 
J J = 2 
KK = 3 
IF (ABS(C(l,L)).GT.ABS(C(l,2))) GO TO 10 
J J = 3 
KK=2 
EVEC(JJ)«-C(L,KK-I)/C(I,JJ-l) 
EVEC(KK)*1.0 
RETURN 
EVEC(2)=1.0 
EVECI3)=0.0 
RETURN 
DO 61 1*2,3 
E VEC(1)=0.0 
RETURN 
END 

•wm 
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SUBROUTINE H0H3X3 (CE.EVEC) 

SOLVE A 3X3 HOMOGENEOUS EQUATION WITH A SYMMETRIC COEFF. MATRIX 

DIMENSION CE(3,3).EVEC(3),C(2,2).T<2,2) 

ACY*l.OE-6 
CALL DET3X3 (CE.OET) 

If ülslcErr.in.LT®AcÍÍANO.ABS(CE(U2)).LT.ACY 

! #anD.ABS(CE(1,3)I.LT.ACY) GO tq 80 

VMAX=-9999.0 
DC ?0 1=1,3 
tmp=absicei un ) 
IF <TMP.LE.VMAX) GO TO 20 

1 1 = 1 
VMAX=IMP 

20 CONTINUE 
CALL INDICE III»JJ»KK> 
TMP = l.O/CE(l» I I> 
DO 30 1=1,2 

r I I 1 n*CEUPl»JJ>-3MP*CEUPl»n )*CE(lt 
ell: 2)*CeI1P1*XM)-TMP*CE(IPl,II)*CEII,XR) 

TlI ,1 ) *ABS ICI 1,1)) 

’° U'îîlîtnloilioîo; oo ro *. 
IF tT(2,l I.GT.ACY.CR .T(2,2).GT.ACY) GO 

EVEC( JJ)31,0 
E VEC(KK)= l ,0 
GO TO 40 
IF (T(2,L).GE.T12,2)) GO TO 47 
E VEC(KK)=-C(2,1)/C(2,2) 
EVEC1JJ)=l«0 
GO TO 40 
EVECIJJ)=-CI2,2)/C(2*l) 
E VEC(KK) * 1,0 
GO TO 40 „ 
IF mi,I).GE.TU,2>> GO TO 46 
E VEC(KK)*-C(l,i)/C(l»2) 
E VEC( JJ)*1,0 
GO TO 40 
E VEC( JJ ) *"C 11 ,2 ) /C ( l * I ) 

return 
00 81 1=1,2 
IPl*I♦! 
00 81 J*1,2 
JPI*J+1 
CM ,J)«CEUPi*JPl> 
EVECI1)=1,0 
CALL HOM2X2 (C,EVEC) 
RETURN 
00 91 1=1,3 
EVECm=0.0 

6,3 "ÜÜt'ÍÍwMHE MT«X IS NOT SINGULAR*•• «THE ONLY SOLUTION IS TRI 

1VIAL) 
RETURN 
END 

42 

47 

41 

46 

40 

80 

81 

90 
91 

90 
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SLRROLTINE INDICE IK,I,J) 
C 
C FROM THE GIVEN SUBSCRIPT K ASSIGN SUBSCRIPTS TO THE OTHER 
C TWO VAR I BLES 
C 

GO TO (1,2,31 ,K 
1 I =2 

J s 3 
RETURN 

2 1=3 
J=i 
RETURN 

3 1 = 1 
J = 2 
RETURN 
END 

SUBROUTINE LOCFIX IRfPT,XP,XI 

TRANSFORM COORDINATES FROM THE LOCAL QUADRIC SYSTEM!XP) 
INTO THE FIXED AIRCRAFT SYSTEM(X) 

INPUTS.R.ROTATION MATRIX 
PT....TRANSLATION VECTOR 
XP....POSITION VECTOR IN LOCAL QUADRIC SYSTEM 

OUTPUT.X.FOSITION VECTOR IN FIXED AIRCRAFT SYSTEM 
IN MATRIX NOTATION.(X) * ((R))I XP>♦(PT) 

OR (XP)*INVERSE((R) HX-PT) 
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SUBROUTINE LSF2C (X,Y,Z.NPTS*C) 

FIT A GENERAL QUADRIC SURFACE THRU THE INPUT DATA 
USING A LEAST SQUARES SURFACE FIT 

DIMENSION SUWIlOtll ) .BllO.m ,T(Il ),CI 10) tCTUO) 
D I HENS I ON X(500).Y!500JtZ(500) 
DC 10 1*1,10 
DO 10 

10 SUH I I ,J)*0.0 
DO 20 I * L,NP TS 
T I l ) = Y l n*Y(I) 
T(2)*zm*zil) 
T(3)=2.0*Y ( I )*Z( I ) 
T ( 4 ) =2.0*Z ( I )*xm 
T(5) = 2.0*X(n *Y(I) 
T(6)= 2.0*X( I ) 
T(7) = 2.0*Y( I ) 
TI8)=2.0*Z(I ) 
T ( 9)=1.0 
ti io) =-xm*xii ) 
DO 20 J = 1,9 
DO 20 K = 1,10 
SUM!J»K)=SUM(JtK)+T(J)*T(K) 

20 CONTINUE 
DO 30 J=l,9 
DC 30 K=I ,10 
IF IJ.EQ.K.AND.SUMIJ.KJ.EQ. 0.0) SUH(J,K)=1.OE-6 

30 CONTINUE 
call CROUT (SUH,B,C T,9) 
C( 1) = 1.0 
DO 71 1=1,9 
K * I ♦ l 

71 C I K ) =C T ( I ) 
RETURN 
END 

.. 
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SUBROUTINE (JOPAR ( C »PT » R» KODE > 

ANALYZE A GENERAL QUADRIC AND FIND THE TRANSLATION TERMS 
AND THE ROTATION MATRIX TO TRANSFORM THE 
GENERAL EQUATION INTO STANDARD FORM 

DIMENSION CllO)tA(AtA),B(îtîl»RTl3)tEVEC(3)fEVAL(3)tR(3*3)»PT(3) 

AfY*1.0E-5 

10 

AU» l )=C(l) 
A( U2)=C(6) 
A ( 1 » 3 ) =C ( í> Í 
A(1,4)=0(7) 
A(2,l)=AI1,2) 
A ( 2 » 2 ) =C ( 2 ) 
A ( 2,3 ) =C ( 4 ) 

A(2,4)=0(3) 
A(3,1 ) = A( 1,3) 
A(3,2)=A(2,3) 
A (3,3)=0(3) 
A (3,4)=0(9) 
A (4,1 )=A (1,4) 
A(4»2)*A(2,4) 
A (4,3) = A(3,4) 
A (4,4)=0(10) 
CALL DET4X4 ( A ,QA) 
QI =A ( 1,1 •♦A(2,2) + A(3,3) 
QJ=A(l,l)*A(2,2)-A<l,2)*A(2,l)*A(2,2)*A(3,3) 

-A(2,3)*A(3,2)^A(3,3)*A(l,i)-A(3,l)*A(1,3) 

DO 10 1=1,3 
DO 10 J = 1 » 3 
B( I , J ) =A ( I,J) 
OALL DET3X3 (B,CO) 
WRITE (6,600) QA.QO.CI 
FORMAT (2 IHOQUADR10 INVARIANTS 3H A= E14.6,3X,2HD=E14.6,3X, 

1 2HI=E14.6) 
DO 5 1*1,3 
J = I + 1 
B ( I ,1)=A(J,2 ) 

1 



n
o

n
 

8 B( I,J)*A(I.J) 
CALL DET3X3 (B.A44) 
A P = A 11»A22*A33 + A44 
WRITE (6,601) QJ,AP 

601 FORMAT (21X,3H J=E14.6,3X,8HA PR|ME*E14.6) 
IT (ABS(QD).LT. 1.0E-6) GO TO 50 

COMPUTE COORDS. OF THE CENTER OF A CENTRAL QUADRIC 

T E MP=-1.0/QD 
DO 11 1*1,3 
R(I ,1 )=A(I,4) 
B( I,2)*A(!,2) 

11 R(I,3)*A(1,3) 
CALL DET3X3 (B,DET) 
PT( I )=TEMP*DET 
DO 12 1*1,3 
B( I , 1 )*A( !, 1 I 
B(I,2)*A( I,4) 

12 R(I,3)*A(1,3) 
CALL DE T 3X3 (B,DET) 
P T{2) iTEMP*DE T 
DO 13 1*1,3 
BU ,1 )*A« 1,1 ) 
B ( I , 2 ) *A (1,2) 

13 B( 1,3 ) *A(1,4) 
CALL DET3X3 (B,DET) 
P T(3)=TEMP*DET 
WRITE (6,610) PT 

610 FORMAT (26H0CENTER OF CENTRAL QUADRIC /15X,3HX0*E14.6,3X 
l 3Hy0=E14.6,3X,3HZ0*El4.6) 

GO TO 20 
50 WRITE (6,6201 
620 FORMAI I37H0THE SURFACE IS NOT A CENTRAL QUADRIC) 
20 CONTINUE 

CALL CUBIC (1.0,-QI,QJ,-QD,RT) 
DO 82 1=1,3 
DO 82 j*1,3 

82 B( I,.') = A( I,J) 
EVAL( 1 )=AMAXi(RTm ,RT<2) .RT(3)) 
DO 9C 1*1,3 
11 = 1 
IF (EVALU).EQ. RT< 11 ) GO TO 91 

90 CONTINUE 
91 CALL INDICE (II,JJ,KK) 

E VAL< 2)*AMAXl(RT(JJ),RT(KK)) 
EVAL(3)*AMIN1(RT(JJ),RT(KKi; 
CALL TYPE (QA«QD,Q1,QJ, AP.EVAL.KOOE) 
IF ( KODE.EQ. 0) RETURN 
NEVAL=3 
IF (ABSIEVALI1I-EVALI2)I.LE.ACY) GO TO 31 
IF <ABS(EVAl(2)-EVAL(3>I.LE.ACY) GO TO 34 
IF (ABSIEVALI1)-EVAL(3)I.LE.ACY) GO TO 35 
GO TO 39 

31 IF tABSIEVALI1)-EVAL(3)I.LE.ACY) GO TO 32 
NEVAL*2 
EVALI2)*EVAL(3) 
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GO TO 39 
32 NEVAL*1 

GO TO 39 
35 NEVAL=2 

GO TO 39 
34 NEVAl=2 
39 CONTINUE 

I TP*0 
DO 61 I 3 1 »NE VAL 
IF (ABS(EVAUI) I.LT.ACY) GO TO 
I TP=I TP* 1 
EVAK ITPMEVAK I ) 

61 CONTINUE 
NEVAL=ITP 

61 

IF ( NEVAL.GT. l) GO TO 73 
DO 74 I 3 I ,3 
DC 74 J= 1 » 3 
RI I ,J)*0.0 
IF (I.EO.JI R( I 

74 CONTINUE 
GO TO 44 

73 DO 81 I=1,NEVAL 
CALL EIGVEC IB.EVALd) ,EVEC) 
TMPx SORT ( FVEC ( 1 )*EVEC ( I» *EVEC ( 2 ) *EVEU 2 ) *EVEC ( 31 *EVEC( 3) ) 
IF (TMP.EC. 0.0) THpxl.O 
THP*1.O/TMP 
DO 83 Jsl»3 

83 R(J»I )*TMP*EVECIJ) 
81 CONTINUE 

IF (NEVAL.EO. 3) GO TO 44 
EVECf l>*R(2tl)*R(3t2)-R(3., i>*R(2,2) 
EVEC(2)3RI3,1)*RU ,2)-R{| ,l)*R(3,2) 
EVECI3)=R(1,1)*R(2,2)-R(2tl)*R(1tl ) 
TRP* SORTIEVEC11)*EVEC(1)*EVEC(2)*EVECI 2)*EVEC(3)*EVEC(3)) 
IF ITPP.EC. 0.0) TRPxl.O 
TNP*I.O/TMP 
DO 84 J*1,3 

84 R( J,3)*=THP4EVEC( J) 
44 CONTINUE 

IF (ABS(QO).GT. 1.0E-6) RETURN 
CALL VERTEX (C»EVAL(l),EVAL(2),R,OA,KODE,PT) 
WRITE ? 6,631) PT 

631 FORMAT I30H0VERTEX OF NON-CENTRAL QUAORIC/15X,3HX0*E14.6, 
1 3X,3HV0*E14.6,3X,3H20«E14.6) 
RETURN 
END 
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SUBROUTINE QUADS IC»PO«DPO»KODE » SN»PI»DPI*INI ) 

FINO THE INTERSECTION OF A LINE WITH A ADRIC 
SURFACE (GIVEN IN STANDARD FORM) 

DIMENSION cm.pom *DPO( 3)*P113)»DPI(3)*TT(3) 

data Af.UR/1 • OE-6/ 
l NT-2 
IF (KGDE.GT» A) GO TO 99 

CENTRAL QUADRIC SURFACE 

10 

C 
C 
C 

99 

C 
15 
20 

30 

31 

32 
50 

60 

cc=o.o 
DO 10 1=1*3 
CC'iCC*C( I ) *P0 ( I ) APO11 ) 
T T( I )=C( I)*DP0(IÍ 
A A = D0 T(T T »DPO) 
BB=2.0*D0T(TT,P0) 
CC=CC*C(A) 
GC TO 15 

NONCENTRaL QUADRIC SURFACE 

CC=C.i*.PO,,,*.2*C.2,.P0,2,**2.2.0*CI3Ï.P0I3,.CI*, 

IF (A8S(AA)-ACUR) 20*20*30 
IF (ABS(BB).LE.ACUR) RETURN 
RT=-CC/BB 
GO TO 50 
RCOT=BB*BB-A.O*AA*CC 
IF (ROOT.LT. 0.0) RETURN 
RCOT=SQRT(ROOT) 
TMP=AA+AA 
D1=(-BB*R00T)/TMP 
D2=(-BB-*R00T)/TMP 
IF (01.LT. ACUR) GC TC 31 
IF (D2.LT. ACUR) GO TO 32 
R T = AMINI( Ol»D2) 
GO TO 50 
IF (D2.LT. ACUR) RETURN 
R T*D2 
GO TO 50 
R T*D1 
DO 60 I»l*3 
Pl(I)=PO( D^OPOd )9RT 

dpi 111 =sn*c ( n*picn 
IF (KODE.GT. AI DPH3)*SN*CI3) 
CALL DIRCOS ( DPI (l)»OPI (2)»0P1(3)1 

I NT*1 
RETURN 
END 
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SUBROUTINE ROTRAN ( A»G»Br» B»I NO ) 

ROTATE ano TRANSLATE a GIVEN CUADRIC SURFACE WITH COEFFS. A 
INTO ANOTHER COORD. SYSTEM WITH COEFFS. B 

A.COEFFS. OF GIVEN SURFACE 
G.ROTATION MATRIX 
PT.TRANSLATION TERMS 
g.COEFFS. OF SURFACE IN NEW COORD. SYSTEM 
I NO = 1.X t Y t Z PRIHE=F(X , Y , Z ) 
1 NO - 2.X,Y»Z=F(X»Y»Z PRIME) 

DIMENSION A (10)tG(3t3)»B(lO)tT(3f3)»PT(3) 
IF UNO.NE. 1) GO TO 3 
XC=-|PT(l)*G(l»l)+PT(2)*G(l»2)*PTI3)*G(1.3)) 
YC*-(PT(1)*G(2.1)♦PT(2)*G(2»2)+PT(3)*G(2f 3 ) ) 
Z0*-(PT(i)*G(3.l)+PT(2)*G(3,2)^PT(3IPG(3.3) ) 

GO TO 6 
xc=pm ) 
YO-PT(2) 
ZO=PT(3) 
CONTINUE 
DO 10 K=lt 3 
L =<* 
IF (K.EQ.l) L = 5 
M =6 
IF (K.EQ.3) M = 5 
M1*M-3 

T(KL, 1 )*A(K)*G(K.l )^A(L)*G(M1*1 »♦Al ^)*G(Ll. 1) 
T(K.2i*A(K)*G(K,2)+A(U*G(Ml,2)+AlM)*G(U*2) 
T(K,3)*A(K)*G(Kv3)>A(L)^G(MI.3)+A(M)*G(Ll»3) 

CONTINUE 

B^K^gÍ iÍk)*T(1,K)*G(2.K)*T(2.K)+G(3,K)*T(3.K) 

L = K* 1 
IF IK.£0.3) L*l 
M = K- l 
IF (K.EQ.l) M*3 

1 ♦/,(<?) ♦Gt 3*K) 

»I ioÎÏm n.K0.X0*«l2l*Y0.Y0*»13>*£0.l0*2.0»<*0*l»l6)»Y0 

RETURN 
END 
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SUBROUTINE SIMEQ (A fNE♦XE ) 

SOLVE A NXN SYSTEM SIMULTANEOUS EQUATIONS 

O I MEN SI ON A(3.4l,V(4,3)«CtA)*T(*),XEl3) 
K = NE 
L =K^1 
IE (ABS(All.L))-l-T. l.OE-6) RETURN 

ACNEl=A (l» 1) 
XM.O/AONE1 
DO 13 1*UK 

13 V( i » I>*-A(111♦!)*X 
N 3 l 

ICO L A ST = N 
K = K- 1 

N-N’’ 1 
DO 105 1*1,LAST 

105 T ( I ) = V(I ,1) 
D = -A< N,N) 
DO 106 I=1,LAST 

106 D * D-A (N, I )*T( I) 
IF (ABSID).LT. l.OE-6) RETURN 
0=1./0 
DO 111 1=1.K 
M=N^I 
C ( I ) = A Î N , M ) 
DO 110 J*1 » L A S T 

no ci t )«cm^AiN.j)*vi j,i*n 
111 C( I )*C(I)*D 

DO 116 J«1,K 
DO 115 l* l »LAST 

115 VI ! ,J >*C( J>*T<I)*V( I.JMÎ 

116 V(N,J)*C(J) 
IF (K.GT. 1) GO TO 100 
DO 125 1=1.N 

125 XEin*VU.i) 
RETURN 
END 
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SUBROUTINE TYPE (QA,GO,QI10JtAP»EVAL.KODE ) 

IDENTIFY THE QUADRIC SURFACE USING THE QUADRIC INVARIANTS 

DIMENSION EVAim 
ACY*1.OE-6 
IF (ABS(QA).I.T.ACY) GC TO 200 
IF (QA.GT. 0.0) GO TO 50 
IF (ABS(QD).GT.ACY) GO TO 20 
IF IQJ.LI. 0.0) GC TO 133 
WRITE 16,605) 

605 FORMAT ( 30HO*****ELLI PTÎC PARABOLOID*^**) 
K0DE=5 
GO TO 99 

20 IF I(QD*QI).GT. 0.0.AND.QJ.GT. 0.0) GO TO 21 
WRITE (6,603) 

603 FORMAT I36H0*****HYPERB0L0ID OF TWO SHEETS*****) 
KODE = 3 
GO TO 99 

21 CONTINUE 
WRITE (6,601) 

601 FORMAT (20H0*****EI.LIPS0ID*****) 
KODE-l 
GO TO 99 

50 IF !ABS(QD).GT.ACY) GO TO 23 
IF (QJ.GT. 0.0) GO TO 133 
WRITE (6,606) 

606 FORMAT (32H0*****HYPERB0l1C PARABOLOID*****) 



KODE = 0 
99 WR I TF (6,633) (EVAL(I), I * 1,3) 
633 FORMAT (21H WITH EIGENVALUES Kl=F11.3,2X,3HK2=E11.3,2X, 

1 3HK3-E11.3) 
WRI.C (6,678) KODE 

678 FORMAT (6H K0DE=I2) 
RETURN 
END 

100 



SUBROUTINE VERTEX (CtEVAL 11EVAL2,R,QA,KODE♦XE) 

FIND THE VERTEX OF A NON-CENTRAL QUADRIC SURFACE 

DIMENSION C(10),R(3t3)t0l(A),02l4)tD3I4)tAl3f4),XE(3) 
IF (KCOE.LT. 5) RETURN 
CALL DIAMET (C»R(l«l)tDl) 
CALL DIAMET (C,R(1.2),02) 
IF (KOOE.GT. 6) GO TO 50 
TMP=SQRT(ABS(QA/(EVAL1*EVAL2))) 
DO 10 1*1,3 
Tl=EVALl*CllI)*Dl(4)*EVAL2*02lI)*D2I4) 
T2 = TMP*R( I ,3) 
T 3*ClI*6 ) 
IF i Tl.NE. 0.0) GO TO 11 
CONTINUE 
SN = 2.0 
IF IABS(T1*T2-T3).GT. l.OE-5) SN*-2.0 
D 3 ( 4 ) * ( C ( 10)-EVALl*0l (4)*DH4)-EVAL2*02(4)*02<4) )/( SN*TMP) 
DO 20 1*1,3 
D3( I )*R( I,3) 
DO 30 J* l ,4 
A ( l,J)*DUJ) 
A I 2 » J)*D2IJ) 
A ( 3,J)*D3U) 
WRITE (6,600) 
FORMAT (1TH00IAMETRAL PLANES) 
DO 40 1*1,3 
WRITE 16,610) (A(I,J),J*1,4) 
FORMAT (4E16.6) 
CONTINUE 
CALL SIMEC ( A , 3 , XE) 
RETURN 



APPENDIX IV 

DEFINITION OF VARIABLE SUBSCRIPTS 

Some of the mathematical derivations in this report are simplified by using 

variable subscripts to identify the coordinate variables. Define the coordinate var¬ 

iable as 

X 
1 

= X , 
(IV-1) 

Now let (IV-1) take on variable subscripts such that 

(Xj = X , xj = z . 

(Xj = y , X. = z , 

(x{ = z , x^ = X , 

xk = z); if l = 1, j = 2, k = 3 

Xj^ = X); if i =2, j =3, k * 1 

xk = y); if i = 3, j = 1, k = 2 

The restrictions placed on the variable subscripts are that they must be 

integers and 

Is i « 3 

1 $ j S 3 

(IV-2) 
1 S k 5 3 

I ¿ j / k 

Once the coordinate variables are identified, their corresponding coefficients 

are also assigned variable subscripts. For example, the standard equation of a 

quadric surface 

2 2 2 
Cj x ♦ c2 y + c3 z + c4 = 0 

102 
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(IV-3) 



can be rewritten as 

2 2 2 „ c . X . + c, X. + c. X. + c. = 0 
ii j ) k K 4 (IV- 

The variable subscript concept is incorporated into the programming of 

the equations because it reduces the number of program statements needed to re¬ 

present the problem. 
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