1.5 S¥ed, singularni body kvadriky

[ > restart;
[ > with(LinearAlgebra):
> X:=Vector[row]([x,y,z,1]);

X:=[xY,z1]

Matice kvadriky:
[ > K:=Matrix(a,1..4,1..4,shape=symmetric);
a1l a(l2) a(1,3) a(1,4)
K = al,2 a(22) a(23) a(2 4)
a4, 3 a(2,3) a(3 3) a(3 4)
L al 4 a(24) a(3,4) a4, 4

Rovnice kvadriky:
> Kv:=expand(evalm(X&*K&*Transpose(X)))=0;

Kvi=xta(l D)+ 2xya(l 2+ 2xza(1, 3+ 2xa( 1, H+Y a2, )+ 2yza( 2, 3
+2ya(2 H)+7 a3 3+ 2za(3 4 +a(4 4)=0

Bod primky:
{> M:=[m,n,p];
M:=[m,n,p]

Parametrické rovnicerfmky:
{> Primka:=[x=m+t*u,y=n+t*v,z=p+t*w];

Primka :=[x=m+tu,y=n+tv,z=p+tw]

Parametrické rovniceffimky dosazené do rovnice kvadriky:
[ > Kvl:=simplify(eval(Kv,Primka));

Kvl:=2a(l hmtu+2a(l 2)mtv+2a(l 2tun+2a(l, 2tPuv+2a(l 3 mtw
+2a(l, tup+2a(l ttuw+2a(2 2ntv+2a(2 3ntw+2a(2 3tvp
+2a(2, tPvw+2a(3 3ptw+a(l, DnP+2a(l, dm+a(2, ) n’+2a(2 4)n
+a(3,3p°+2a(3, Hp+a(l, DtPui+2a(l, 2ymn+2a(l, 3mp+2a(l, 4tu
+a(2, )tV +2a(2 3 np+2a(2 4tv+a(3 tPw +2a(3 4)tw+a(4 4 =0

KoeficientB rovniceAt* + Bt + C = 0 spolénych bod: kvadriky a gimky:
[ > B:=coeff(lhs(Kv1),t)/2;

B:=a(l, )mu+a(l, 22mv+a(l, 2Qun+a(l, dmw+a(l Jup+a(2 2nv
i +a(2,dnw+a(2, Jdvp+a(3 Jpw+all, Hu+a(2 Hdv+a3 4w
[ > B:=collect(B,[u,v,w]);
B:=(a(l, )m+a(l, 3dp+al 4 +a(l 2)n)u
t(alL,2m+a(2, 2dn+a(2 4 +a(2 3)p)v




| +(a33p+a(23Yn+all Im+a(3 d)w

Soustava rovnic - podminek praceni boduM =[m, n, p] jako stedu kvadriky :

> rSl:=sort(coeff(B,u),[m,n,p])=0;

rS2:=sort(coeff(B,v),[m,n,p])=0;

rS3:=sort(coeff(B,w),[m,n,p])=0;
rSl:=a(l, )m+a(l,2)n+a( L dp+a(l,4=0
r:=a(l2)m+a(2 Jn+a(2 Jp+a(2 4=0
rB:=a(1,3Im+a(2 3dn+a(3 Jp+a(3 4)=0

Determinant této soustavy - taMavni minor kvadriky:
> A44:=SubMatrix(K,[1..3],[1..3]);

al 1l a(2) a( 3)
Ad:=la(1, 2 a2 2) a( 3)
al 3 a(3) a@ 3

Priklad: NapiSte rovnici kvadriky, kterd prochazi bodenm#g sted S a protina rovinz= 0 v dané
kuzeloséce.
[ > A:=[2,0,-1]; S:=[0,0,-1]; kz:=x"2-4*x*y-1=0;
A:=[20,-]]
S:=[0,0, -1]
| kz:=x2—4xy—1:0
[ > rS1l:=eval(rS1,{m=S[1],n=S[2],p=S[3]});
rS2:=eval(rS2,{m=S[1],n=S[2],p=SI[3]});
rS3:=eval(rS3,{m=S[1],n=S[2],p=SI[3]});
rSLl:=-a(1, 3 +a(l,4)=0
r:=-a(2,3d+a(2,4)=0
L r83.=-a(3,3)+a(3,4)=0
[ > resl:=solve({rS1,rS2,rS3},{a(1,3),a(2,3),a(3,3)});
resl:={a(1,3=a(l,4)a(2 Jd=a(24)a(3 J=a(3 4)}

E > assign(resl);

[ > K1:=K;
al,) a(2) a(l 4) a(14)
K1 = al,2 a(22) a(2,4) a(2 4)
“la(l, 4 a(2 4) a(3 4) a(3 4)
L al, 4 a(2,4) a3, 4) a4, 4
[ > z:=0;
L z:=0
> Kv; kz;
¥a(l )+ 2xya(l D+ 2xa( 1, H+y a2 2+ 2ya(2 4 +a(4 4)= 0
I X -4xy-1=0
> res2:=solve({coeffs(lhs(Kv)-lhs(kz))},{a(1,1),a(1,2 ),a(1,4),a(2,

2),a(2,4),a(4,4)});



I re2:={a(1, )=1a12=-2aL, 4H=0a22=0a2 H=0a 4 4=-3
[ > assign(res2);
> K2:=map(x->eval(x),K1);
1 -2 0 0
12 0 0 0
K250 0 a3 4) a@4)
0 0 a(3 4 -1

z:=2z
> Kv:=eval(Kv);
Kv::x2—4xy—1+zza(3, NH+ 2za(3,4H=0
> res3:.=solve(eval(Kv,[x=2,y=0,z=-1]),{a(3,4)});
res3:={a(3, 4 =3
> assign(res3);
> Kv:=eval(Kv);
Kv::x2—4xy—1+ 3Z2+62=0
> Ad4:=map(x->eval(x),Ad44);
1 -2 0
Ad4=-2 0 O

0O 0 3

[ > Determinant(A44);

L -12
Hlavni minor je tizny od nuly. Kvadrika je stdova.

[ > plotsetup(inline,plotoptions="portrait,noborder,shr inkby=0");

> plots[implicitplot3d](Kv,x=-4..4,y=-4..4,z=-4..4,ax es=frame,orie
ntation=[-50,70],color=COLOR(RGB,205/255,205/255,20 5/255),style=
patchcontour,grid=[30,30,40],light=[90,-5,1,1,1],ti ckmarks=[3,3,

3],scaling=constrained,view=[-3..3,-3..3,-3..3]);




1 T

Plocha_patch:=plots[implicitplot3d](Kv,x=-4..4,y=-4

olor=COLOR(RGB,205/255,205/255,205/255),style=patch

[30,30,40],light=[90,-5,1,1,1],scaling=constrained)
Plocha:=plots[implicitplot3d](Kv,x=-5..5,y=-5..5,z=

OLOR(RGB,200/255,200/255,200/255),style=wireframe,g

],scaling=constrained):
PlochaColor:=plots[implicitplot3d](Kv,x=-8..8,y=-8.
yle=wireframe,grid=[30,30,30],scaling=constrained):
Krivkal:=plot3d([t,solve(eval(kz,x=t),y),0],t=-3..0
kness=3,color=red):
Krivka2:=plot3d([t,solve(eval(kz,x=t),y),0],t=0..3,
ness=3,color=red):
Bod:=plottools[sphere]([2,0,-1],0.08,color=red):
Stred:=plottools[sphere]([0,0,-1],0.08,color=red):
Kvadr:=plottools[cuboid]([0,0,0],[2,0,-1],style=wir
grey):
Rov_z:=plot3d(0,x=-6..6,y=-6..6,style=wireframe,col
plots[display](Krivkal,Krivka2,Bod,
Kvadr,Stred,Rov_z,axes=frame,orientation=[62,75],ti
2],scaling=constrained,view=[-3..3,-2..2,-2..2],lig
1,1]);

.4,z2=-4.4,c
contour,grid=

-5..5,color=C
rid=[30,30,30

.8,z=-5..5,st
,5=-3..3,thic

s=-3..3,thick

eframe,color=

or=grey):

ckmarks=[3,2,
ht=[90,-20,1,



[ > plots[display](Krivkal,Krivka2,Bod,
Kvadr,Plocha_patch,Stred,Rov_z,axes=frame,orientati on=[62,75],ti
ckmarks=[3,3,3],scaling=constrained,view=[-3..3,-3. .3,-3..3],lig
ht=[90,-20,1,1,1]);




