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Design Quadratic Patch and Cubic Patch of the Surface

R. B. M. Amer', M. A. Abd EI- Mageed?
12(Department of Mathematics and Phy. Engineering, Faculty of Engineering/ Zagazig University, Egypt)

Abstract: This paper describes a new method for designing quadric patch and cubic patch of the surfaces and
show how to use Mathematica programs for computations the equations of the patch of the surfaces. The
surface with quadratic patches is defined through a given set of six points and the surface with cubic patches is
defined through a given set of ten points.
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l. Introduction
Definition 1.1: The 2-dimensoinal analog of a curve is a surface and the two dimensional generalization of a

curve in R"is a patch or local surface.
Definition 1. 2: A patch or local surface is a differentiable mapping

X:U->R, (1)
Where u is an open subset of R?. More generally, if A is any subset of R?, we say that a map

X:A>R isa patch provided that x can be extended differential mapping from uinto ", where U is an
open set containing and we call x(U) or x(A) the trace of x.

T
For example the patch sphere of radius a is defined on the closed rectangular [0, 27T ] X |:— E’E:| but the

T
differential extension to an open set containing [0, 27 ] x[— E,E} .
A patch can be written as an n-tuple of functions
x(u,v) = (X, (u,V),....... X, (U, V), @)
The partial derivatives x, of x with respect to u:
0X, 0X,
X, (u,v) = u,v),....... , u,v) |. (3)
. (UV) ( ey (u,v) 0 (u,v)

The other partial derivatives of x are X, X,,,, X, ,X,, see [3].

uu?
1. Quadratic Surfaces
The quadratic surfaces [1] are the second order algebraic equations and it is named surfaces z = f (x, y)
which are denoted by the quadratic equations which has the form
f(xy, 2) =ax’+by’+cz’+ 2fxy+ 2gxz+ 2hyz+ 2px+ 2qy+ 2rz+d @)
Where a, b, ¢, d, e, f, g, h, p, g and r are real constants and X, Yy, z are variables and we can define a patch by
X(u,Vv) = (u, Vv, f(u,Vv)), where u and v range over the domain of f.
Examples of quadratic surfaces (see Fig.1) include the cone, cylinder, ellipsoid, elliptic cone, elliptic cylinder,
elliptic hyperboloid, elliptic paraboloid, hyperbolic cylinder, hyperbolic paraboloid, paraboloid, sphere, and

spheroid and these surfaces are said to be quadratic because all possible products of two of the variables x, y, z
appear in quadratic equation.
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elliptic garaboloid hyperbolic peratoicid parapolic cylinder
oval annuliar degenerale

Fig 1. Some quadratic surfaces in R®

Since [5] a quadratic surface carries two families of straight lines called generators.

The types of surfaces determined from the both families of straight lines are:

1- The quadratic surfaces are doubly ruled or annular like hyperbolic paraboloid and hyperboloid of one sheet
when the both families are real and different.

2- The quadratic surfaces are non ruled or oval like ellipsoid hyperboloid of two sheets and elliptic
paraboloid when the both families are non real and different.
3- The quadratic surfaces are singly ruled and degenerate like cylindar and cone when the both

families are coincide to one family.
Any plane section of quadratic is conic sections.

1. Cubic Surfaces
The Cubic surface are the third order algebraic equations in four homogenous variables f(X, y, z, w) =
0. i.e., it is the vanishing set of homogenous polynomial of degree 3 in P~ this mean it consist of all
. p3 .
(x:y: zzw) in P~ with
f(xy, z W) =a,x’+a,y’+a,z’+ a,x’y+ a,x’z+ a, x*w+

+agy’ X+ a,y’z+ agy W+ a,z2°x+ a, ,2°y+ a, ,2°w+
+ a, , WX+ a, WY+ a, W’ z+ a, X+ a, Y+ a,,Z+ +a, W+ 3,4 . 5)

Examples of cubic surfaces (see Fig.2) include Clebsech diagonal surface which is designing by ten points and
27 lines and every three lines meet in a point [2] and also Cayley cubic surface which designing by four double
points such that each one corresponds to a set of three points on a line in the plane.

Clebsech diagonal surface Cayley cubic surface
Fig.2
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V.
There are many methods to design surfaces:

The Methods To Design Surface Patch

1- Ferguson(1963) [7] used parametric equations for the definitions of curves and surfaces in aircraft
designed and Ferguson surface patch defined by this matrix.
a‘00 aOl a‘02 a03 1
a a a a \'
r=r(u,v)=[1 U u? us] 10 Y1 dp dg Al
a20 a21 a22 a23 v
3
a30 aSl a32 a33 v (6)
2- Bezier(1970) has recombined the terms of Ferguson surface patch in away that make physical meaning
of vector coefficients more apparent see [4], [6], [7] and Bezier surface patch defined by
1
v
r=r(u,v)= [1 u u? u3] MBMT | |,
v
3
\
)
Where
1 0O 0 O ro T Voo Tos
-3 3 0 O r, r r r
M — , B — 10 11 12 13
3 -6 3 O Mo Ty Ty Ty
-1 3 -31 F Iy T r
30 31 32 33 (8)

Bezier patch (see Fig. 3) is designed in terms of a characteristic polyhedron which is specified in terms of

position vectors r; of its 16 vertices.

Fig. 3 Bezier surface patch

3- Coons (1967) [7] formed coons patches(see Fig. 4) which constructed from information given on its
boundary and certain auxiliary scalar functions of u and v by dividing the surface into an assembly of
topological rectangular patches each of which has its boundaries two u-curves and two v-curves.

e
Fig. 4 ESR Srface pateh
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The Coons patch is defined by has four original curves as its boundaries and defined by this matrix

r=r(u,v) = [(1— u)u] [:ii\\g} + [r(u,O) F(u,l)]|:1;V:| —

_[a—-uwu] |:r(0,0) r(O,l):| |:1—v:|-

r(l,O) r(l,l) A\ (9)

V. The New Method To Design Surface Patch

Let the graph of a real valued function of two variables z = f(x, y) is a surface in R (see Fig. 5). Assuming a
surface patch is given as the graph of a function
z

Fig. 5

VI. Quadratic Patch
For quadratic patch of the surface [8]:
The general method is:

X—X,)? VA
2223+ (X + 0-Yo) S50tk o)y -yt + LYo g
2 2 (10)
From this equation, there are five unknowns f,, fy, fy,, fu, f,y with five equations. Form a set of five equations as
follows:
X,—X,)? _v.)?
2,2, =(X1—X0)fx+(yl—y0)fy+—( 5 0) fxx+(xl_x0)(yl_y0)fxy+%fw_
X,—X,)° IRVAY:
22_20 :(XZ_XO)fX+(yz—yo)fy+fox+(XZ_XO)(yZ_yO)ny_l_(yz 2y0) fyy.
X,—X,)? VAY:
23—20=(X3—Xo)fx+(yg—y0)fy+—( 1= %) fxx+(x3—x0)(y3—y0)fxy+—(y3 2y0) f,.
X,—X,)° _v.)?
24_20:(X4_X0)fx+(y4_y0)fy+fox+(X4_XO)(y4_yO)fxy+%fyy'
Xe—X,)° _v.)2
Z,—2, = (Xs—Xo)f + (ys—yo)fy+( ). -fxx+(xs—xo)(ys_yo)nyJerW.(10)

To solve these unknowns there exist six points as follows:

(Xor Yo, Z0), (X1, Y1, Z1), (X2, Y2u Z2), (X3, Y3, Z3), (X4, Ya, Za), (Xs, VY5, Zs),
(X6 Y61 Ze)-

Take a point as an initial point (Xo, Yo, Zo).

We can be written the equations of unknowns by matrix form as follows:
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_Xl Xo
Xy Xp
X3— X,
X,— X,
X5— X,

Yi=Yo
Y2=Yo
Ys—Yo
Ya—Yo
Ys— Yo

(Xs_xo )(ys -

(%, = X0 NY1— Yo
(Xz_xo)(yz_yo
(X3_Xo)(y3_ YO)

(X4_Xo)(Y4_ Yo

) (yl_yo)z_
(Vaoyo)
Y= Yo

) 2
(ys_y0)2
(avo)
Ys— Yo

) >

yo) (YS_ZYO)

XX

xy

yy |

_Zl_ Zow
z,—2,
=|Z3— 2
z,-2,
[Zs=Z0] (1)

So we can solve this system to find the values of f, fy, fx, fy, f,y and then substitute in above equation to find
the equation of the patch of the surface.

By using Mathematica program to input above matrix

f{i—-=Za + =), {—Z9 + =z},

I{Euts {8yt s {fpds {Buxl, (Bl }

=
X1 — Mg Wi — ¥o e -:02'
2
X - %o ¥a - we 2@
2
= % -2 ws -y Cmom
=
X4 — g We — ¥n oot -:03'
2
X - e ¥s - we CET@
1
—Xn +X¥1 —F¥o +F1 T
1
=X + Xz =W + ¥z T
1
=X + X2 —Wo + ¥z T
1
—Ho +XHa —Fo +Fa T
1
—Ho +Xs —Fo +Fs T
21 — Zn
Zz — Zno
= 2z — Eg
Z4 — Zp
e — Eg

Hho
HoH

O
WE A

{361
L&)
=
L&

L8]

2
(=0 + X211

2
[(—Xp + Xz]

2
[(—Xp + X2]

2
[(—Xn + Xal

3
[—Hg + Hgl

- Ha} (¥
—Xa) (¥
— Mo} {¥=
— 30} (¥s

— Mo} {¥=

- ¥ol
- ¥al
- ¥ol
- ¥ol}

- ¥al

[(—Xo + X113 [—%a

[(—Xp + Xz [=%o

[(=Xp + X2 [=%o

[(—p +Xal) [—Fo

(=g +Hsl [—Fa

Cx1 -0 0F

O3z~ 07

O -5 07

Crg —50 05

C3s w0 05

+ W1l
+ Wgl
+ Wal
+ Wal

+ ¥el

Let it is required to design a quadratic patch of a surface through the points:

0,0,3),(4,1,5),(-2,2,2),(1,4,6), (3,6, 3), (6,3, 1).
Using Mathematica program to inter these points:

ListL[{xa ., ¥o
List[{3x , ¥

List[{x: ., ¥=

List[[{xs ., ¥=s
ListL{3xy ., ¥a
Listl[{ixs ., ¥s

{0,
{3,
{{i—=
41
{13

116

O, S3r}

1, S}

r ZE2. 2t}

2, 51}
S, 3k}

S 1

s Zo} =

s =1 ¥
. == ¥
. == 3
. Za ¥

. == 3

£, o, 331
2, 1, 5321

-2, 2, 231

£1, &, 631
£F, &, 321
€6, F, 1321

RN R R e

£ MatrixForm

[—3a
[—%0n
[—%0n
[—%n

[—%a

{—Z0 + =2}, {—-Z9g +Zat, {—=Zp + =g}

There are two methods to solve the linear system m.v = s by using Mathematica program.

+ 2
+ @z
+ s
+ el ®

+ g’
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The first method:
Since we interred the six points so from mathematica program we can get without any calculations and also
matrix v as follows:

2 =
M - Mg ¥1 - ¥o @ (31 —3ad ¥ - ¥ald %
= =z
e —Ho ¥z - ¥o 20N ;e - o) (¥: - ¥o) 20T
2 = _
m = |3 - ¥y ¥s — ¥a @ 3 — 3y {¥s — ¥ad % £ MatrixForm
= =
Wy — Mo Ve — ¥o (“4—:13) (36 — 3ad €¥s — ¥a (::'4—21-\:.)
= =
Hs — Mo ¥s — ¥o @ (3= — 303 (¥s — ¥od @
4 1 & 4 %
_z z =z _—a =z
1 a1 a =
Fd
& ; 18 18
& = 18 18 %

21 — 2o
Zz — Zn
r = =z — En
Zg — Zp

Z5 — Zn

{8, -1}, {3}, {0}k, I-E}1

And then using linear solve command to get the unknowns

= = LinearSolve[m, v]

4
-2

LinearSulve[ 1

» LL2%, £-13, {3}, {0}, {—2}}]

N T

3

&

{ %}* {E}, I- %} I- ;} {—g}} IH

f11,451391, {1.368061, {-0.513889), {-0.222222), {-0.3472221)

(=]

et

]
ok
=
|

Then f, = 1.45139, f, =1.36806, f,=—0.513889, f,, = —0.222222, f,, = —0.347222. (12)

From mathematica program substitute these values in the equation of quadratic surface patch we get:

List[{f,, f;, fu, iy, £} = {{1.4513888888858888 ), (1.3680555555555556" }, (-0.51368585888088888 ),
(-0.2222222222222292° ), {-0.34712222222229292° 1}]

{{{1.4513%}, {1.36800}, {-0.313889), {-0.222222), {-0.347222}}}

(x- %) {¥- 1)
o+ (K-30) (Y- Yo} oy + ——— £

Flz.]=2+(x-%) fu+ (¥-¥o) £y + v
[34+1.45139 % - 0.256944 %" + 1. 36606 v - 0.222222x ¥ - 0.173611 7'
Then the equation of the quadratic patch of the surface from mathematica program is:

z = 3+ 1.4513888888888888" x — 0.2569444444444444° x? + 1.3680555555555556" Y -
0.2222222222222222" x y—0.1736111111111111" y? (13)
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Or numerically:
z=3+1.45139 x + 1.36806 y — 0.2569445 X2 — 0.2222222222xy — 0.173611 yz. (24)
The Second method:

We use RowReduce command to get the five unknowns
8
2
mat = 1/24 & 3
9/2 18 18 0
18 18 972 -2

{184 % 2b (-2,2,2,-4,2, -1}, {1, 4, % 1,83}, 13,6, ; 18, 18, 0}, {6, 3, 18, 18, ; -2}

BFovwitoduce [mat ] 775 Matrixtorm

L o000
b
o 10 00 =L
T
7
o0 1 00 =1
P
o 6048 -z
oo oo 1 -=
=
{1{1 Oo g Doy Doy Doy Lod@lS1380 ), (0, 1o oy O, Oy 136806},
fo., 0., 1., 0., 0., o.51aOmsy}), (0., 0., 0., 1., 0., O.222222), (0., 0., 0., 0., 1., O.J347222) )

ff A

L{1,aA51359y, (1.368068), {-0,.5138859), (-0, 3223553y, {-0.3472238}) )

List{{E,, £, £, £, £.) = {{1.4513388233303888 ), {1 3630555555555556 }, {-0.5133888858830888 },
{-9.2222222222222222° }, {-0.3472222222222322° }}]

i

zl=-z-E-%)L-0-R)i-

- E-X) - -

&-xy a-ny
2

We get the same results
7 =3+ 1.45139 x + 1.36806 y — 0.2569445 x* — 0.2222222222xy — 0.173611 y*. (15)

The program listed above help us to compute quadratic patch of the surface for any six points.

VII. Cubic Patch
For cubic patch of the surface:
The general method:
2224 0o x )t -y )F 4 T 8 4 gyt OV
— %0 0/%x y yo) y+ 2 xx+(X XO)(y yo) xy+ 2 yy+
_ 3 _ 20 _ 20y _ 3
NS N AL N DI
6 2 2 6 (16)

From this equation, there are nine unknowns fy, f,, Ty, T Tyys T Fys Tayys Tryy With nine equations..
To solve these unknowns there exist ten points as follows:
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(X0, Yo, Zo), (X1, Y1, Z1), (X2, Y2, Z2), (X3, V3, Z3), (X4, Y4, Z4), (Xs, Y5, Zs),

(X, Y61 Z6), (X7, Y7, Z7), (X8, Vs, Zg), (X, Yo, Zg).

Take a point as an initial point (Xo, Yo, Zo).
We can be written the equations of unknowns by matrix form as follows:

X, — X, ) —v. ) (x,—x,)
Yie Y, (x, 2 0) (¢, — %o X1 = ¥o) (v, 2yo) (x, s 0)
X, — Xo ) -v.) (x,—x
Yo—VYo % (Xz_XoXyz_YO) (yz 2y0) ( 2 6 :
X,— X4 ) —v. ) (x,=x,)°
VamVo (%, : o) (5= %o XY 2= Vo) (8 2yo) (%, = 0)
X, — Xy ) -v.) (x,=x,)
Yi—Yo ( 4 5 o) (x4—xo)(y4—y0) (y3 2y0) ( 4 S o)
Xe— X, ) — 2 (xe—x,)?
Ye— VYo ( 5 5 0) (XS_XOXy5 _ yo) (ys 2y0) ( 5 5 o)
Xs— Xy ) —v,) (x.=x,)
yG_yO % (XB_XOXyG _ yo) (ye 2y0) ( 6 6 0)
X, — X, ) v, ) (x,=x,)°
Y7—VYo % (X7_X0Xy7 - yo) (y7 yO) ( ! 6 0)
Xg—Xo ) -vo)  (xg—x,)°
ys_yo % (XB_XOXyB _ yo) (y8 yO) ( 8 6 O)
Xo—Xg ) -vo) (Xe—x%,)’
YoV (%, . 0) (%o — %o X¥o — Vo) v, 23/0) (%, 5 0)
(Xl_Xo)Z(yl_yo) (yl_yo)z(xl _Xo) (yl_yo)B_
2 2 6
(Xz_xo)z(yz_yo) (yz — yo)z(xz _Xo) (yz — yo)3 [ fx 7]
2 2 6
(x3—x0)2(y3—y0) (ys — yo)z(xa _Xo) (y3 - yo)3 fy
2 2 6 f..
=X Va=Yo)  (Ya—¥6) (X4 =%o)  (¥a—Yo)’
2 2 6 LI
(Xs=X0)*(Ys=¥o) (¥s = ¥o)'(Xs =%o) (¥s=¥o)’ | | ¢, |
2 2 6
(Ke= %)’ Y6=Y0) (Yo —¥0) (X6 =%Xo) (Yo = ¥o)’ | | Txxx
—_ % — _ % _ _6 3 fxxxy
X = %0)° (Y7 =Yo) (Y7 = ¥o)?(Xs =%Xo)  (¥7 = ¥o)
2 2 6 Fry
(Xs_xo)z(ys_yo) (ya_yo)z(xs _Xo) (ya_y0)3 f
2 2 6 -
(o= X0)*(Yo=Yo) (Yo = ¥6) (X =%o) (Yo — ¥o)°
2 2 6

(17

So we can solve this system to find the values of nine unknowns f,, fy,_fxy, T Tyys Taxor Txys Tiyys Tyyy @nd then
substitute in above equation to find the equation of the patch of the surface.
By using Mathematica program to input above matrix
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2 2 3 2 2 3

X-% fi-To (“1-:0) (0 -%0) (1 - 7o) (n:’o) (“1-:3) (=¢14n3)2(n ) (nm)ztnlm) (nsro)

2 2 3 2 2 3

%-% ¥-To (wz-:uj % - %) (F2 - o) (m:’o) (wz-sm) (wz-mjztm ) (m-m)zth-m) (m;’o)

2 2 3 2 p 3

X-% ¥ -To (JB-;‘U) % - %) (s - 10) (B;’U) (J¢3-:J) (n3-m)2(r3 i) (Y3-WJ)2(H3-WJ) (Bs:m)

! ! 3 ) P 3

Xe-% ¥i-To (lr-z:na) (% - %o} (s - ¥0) (Y-!:’O) (lr-z:na) ("—H‘U)z(i’i ) (Y-zm)zthm) (Y-z:’o)

2 2 3 2 2 3 .
M=% -% ¥s-¥o (ﬂs-:u) % - %) (¥ - ¥o) (:fs-:’o) (ﬂs-:u) (1054&3)2(25-&'0) (Ys-m)ztws-m) (:fs-:’o) /1 MatrixForm

z z 3 2 p 3

%-% ¥ -To (Jrs-;u) (% - %) (s - o) (:fs:u) (Jrs-sm) (Jrs-m);:fs i) (:fs-m):{(rs-m) (:fs:u)

! ! 3 ) P 3

X -% ¥1-To (r.'-:u) (% - %) (¥ - 10) (1'.'21'0) (r.'-:a) (r.'-m)ztﬂ i) (:n-wa)ztlr.'-m) (:r.'sro)

2 2 3 2 2 3

%-% ¥ -To (ﬂe-:u) % - %) s - o) (:fs-:’o) (ﬂe-:u) (1‘84‘13)2(28-&"0) (Ys-m)ztﬂe-m) (:fs-:’o)

2 2 3 2 2 3

%o-% ¥s-To (wg-:uj (% - %) (¥s - o) (m:’o) (wg-smj (wg-mjztm ) (2940332(109-“3) (:fgsroj

1 ¢ 1 ! 11 ¢ 1 Pl

RURR e RS 1N =Xe+X1)" (-3 +%1) (Yo +70) ; =¥o +71) : [-Xp +%1) ; =X +%1)" (=Y +70) ; (=X +%1) (=X +71) : =¥u+T
“Xp X -Vt % (%o +xe)t (=% +%8) (-9 + 1) % (470" % (-%g + %)} % (%o +%0)" (=70 +72) % (%o +7¢) (%o +70)" % =¥u+ T
“Kp+Ey T+ % (%o +%)" (=X +30) (-0 + 1) % (-vo+7)" % (-¥o +%2)° % (%o +%3)" (-Fo +72) % (%o +%3) (-¥o+73)" % =¥+ ¥
“Xp+Xe -Yo+ Ve % (% +x0)! (=% +2%4) (-9 +74) % (v 470" % (-%g +x4)° % (%o +%2)" (=70 +74) % (-xy +%4) (-%g +70)" % =¥+ ¥
-Kp+Es =Y+ Vs % (%o +%5)" (=X +%5) (=¥ +¥5) % (-vo+75)° % (%o +%5)° % (%o +%5)" (=70 + ¥5) % (%0 +%5) (%o +75)" % (=¥ + ¥
-Xp X =Y+ ¥ % (%o + %500 (=Xp +%5) (=¥ +75) % (747" % (-%g +%5)° % (%o +%5)" (=90 + 7) % (-xp +%5) (% +75)" % =¥+ ¥
“Xp ¥ ST+ % (%o +x0)t (=% +30) (=¥ +70) % o+t % (g + %)} % (%o +%0)" (=30 +T0) % (%o +37) (%o + 700" % =Fu+ T
“Ep X Yo+ ¥ % (o +x0) (% +35) (-To+ ) % v+ 700" % (- +3%0)° % (%o + %) (-T0+ ) % (Ko +35) (-Kg + )" % -Fu+ ¥
“Xp ¥y -Yi+ Ty % (%o +x9)" (=%p +%0) (=¥ +70) % (-3 +9)° % (g +%9)° % (%o +x9)" (-39 +T0) % (-xy +%g) (-%g +79)" % =¥u+ T

]
n
H AT

o h R R

H AR E

HEd {E ) (Bads (g hy {Eyds 1R}y (Eug), {Bayls Byl

21-2
-7
i3 -Ip
24 -2
¥=|2-2
2 -2
-2
23 -2
23 -2

(-zp+zly (2o +Zad, {-Zo+gal, (2o +2ad, (2o + 25}, {-Zo e g, (2o e 2), {-2p + 24}, (-2 + 59))

Let it is required to design a cubic patch of a surface through the ten points:
(0,0,3),(4,1,5),(-2,2,2),(1,4,6), (3,6,3),(6,3,1), (-1,5, 7),
(-3,-3,3),(2,-1,5), (5,-2, 8).

Using mathematica program to inter ten points as follows
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LAwtLisa, Yo, o) = (0, 0, 3]
Lamt i, ¥a, s ) = (4, 1, B)]
Lamt i, ¥o, wad = (-2, 2, #)]
LAt Lo, Yo, and = {1, 4, 6)]
Li-t[{lu. ¥ s H*]- L] {al ‘l al’]
LawbL{ms, ¥u, ) = (6, 3, 1})]
Lamt[{ma, ¥a, #ad = (-1, 3, T}]
List[{wy, ¥7, @9} = (=0, =3, 3}]
Lt {me, Yo, #a)d = {8, =1, 8)]
LiAmb[{mg, Vo, #a) = (i, 8, 0)]

(o, o, )
(A, 1, 5}
Ll a, 2l
(il 4, 6))
[, 6, 2}
(18, 3, 1))
[0=1, 3, 7))
(=0, =2, @})
Ly =1, 5]
18, =2, 8))

Then solve the linear system m . s = v by using Mathematica program to get the nine unknowns fy, fy, fxy, fx
Tyy, T Txys Tyys Tyyy @nd then substitute the results in the equation of cubic patch of the surface.
Then

e - ST g om)tn-n) SR G’ oeaow pofiger oo
¥ ) . ? .
- - (g Of. - ) 05 - 2) tpmy mew’ wewfonowm Gefager oo
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Design Quadratic Patch and Cubic Patch of the Surface

2813885 4183 813 629219 96301 295121 2884517 107945 2704 1471 51714 215

{{3519 516 }' {_ 3519516 }' {_ 1131273}' {_ 151 182 }' {1131213}' { 5279 214}' {15 337822 }' {_ 15837 822}' {5219 214 }}
H

{{0.799509}, {-1.18675%, {-0.556204}, {-0.127689}, {0.260875), {0.546397), {0.00661565%, {-0.61272}, {0.96013}

List[{fe, £, for forr Frys oocs Togs Fuays Fry} =
{0.799509080225803%" , -1.188 1466913064132, -0.5562043821429487" , -0.1276893375869485", 0.26087513530082438",
0.5463965310381692° , 0.0065815646747387362° , -0, 6127197919006793" , 0.9500997258335142" }]

{{0.799509, -1,18875, -0,556204, -0.127669, 0.260875, 0.546397, 0. 00681565, -0.61272, 0,9801}}

R _ 2 _ 3 _ 2 far
G2 o) (reo) g s :’0) DY P o O Sl I

Flz]=20+{x-%) L+ (¥-¥o) L+ P 2

{¥ - ¥o)* {x-x) ¥-w)*
> f,t_.[._.[,+ p fi’.’r’i’

34+0.799509 % - 0.276102 x% + 0.0910661 %% - 1. 18675 v - 0. 127689 x v+ 0. 00340762 v+ 0. 130436 %' - 0. 30636 x 7° + 0. 16335 ¢°

z =3+ 0.7995090802258038° x - 0. 2781021910714743° x° + 0. 09106608850636153° x° - 1. 1887466913064182° ¥-
0.1276893375869485° xy + 0. 003407823373693681° ¥ ¥+ 0.1304375690041219° _‘{2 - 0.30635989595033963" x_‘{2 +0.1633499543055851° 173

34+0.799509 % - 0278102 x* + 0.0910661 %% - 1. 18675 v - 0. 127689 x v + 0. 003407682 x" v+ 0. 130438 ¥° - 0. 30636 x v° + 0. 16335 ¢°

The equation of cubic patch of the surface is:
z = 3+ 0.7995090802258038 x—0.2781021910714743'x*+ 0.09106608850636153 x> —
1.1887466913064182'y —.1276893375869485 xy + 0.003407823373693681 x°y +  0.1304375690041219'y* —
0.30635989595033963 xy” + 0.1633499543055857" y°. (18)

Or numerically:

z= 3+0.799509 x — 0.278102 x*+ 0.0910661 x*— 1.18875 y —
—0.127689 x y + 0.00340782 x? y + 0.130438 y*— 0.30636 X y* +
+0.16335 y°. (19)

The program listed above help us to compute cubic patch of the surface for any ten points.

VIIL. Conclusions
From this paper:
1- To show how to use Mathematica programs for computations the equations of the patch of the surfaces.
2- New method for designing quadratic patch of the surfaces from any six points.
3- New method for designing cubic patch of the surfaces from any ten points.

References

[1]. D. Hilbert & S. Cohn-Vossen , The Second-Order Surfaces, 83 in Geometry and the Imagination ( New York: Chelsea, 1999)
pp. 12-19.

[2]. B. Hunt, The 27 lines on a cubic surface and Cubic surfaces, Ch. 4 and appendix B. 4 in the geometry of some special arithmetic
quotients ( New York; Springer verlag, 1996) 108 — 67 and 302 — 10.

[3]. G. Alfred, Modern Differential Geometry of Curves and Surfaces (CRC Press, 1993).

[4]. L. Suresh and W. Joe, Bézier representation for quadric surface patches, Computer-Aided Design, Vol. 22, 1990, 574-579.

[5]. W. Boehm and D. Hansford, Parametric representation of quadratic surfaces, Mathematical Modeling and Numerical Analysis,
Vol. 26, 1992, 191- 200.

[6]. W. Boehm and D. Hansford, in G. Farin editor, Bezier patches on quadratics, NURBS for Curve and Surface Design (SIAM,
Philadelphia, 1991) 1 - 14.

[7]. I. D. Faux and M. J. Pratt, Computational geometry for design and manufacture, Mathematics and its Applications (Ellis
Horwood limited, New York-Chichester, 1979).

[8] R. B. M. Amer and M. A. Abd El- Mageed, Using Stirling’s Interpolation to Find Gauss and Mean Curvature for the Surface,

IOSR Journal of Mathematics, 4 (2), 2012, 52-61.

www.iosrjournals.org 33 | Page



