1.13 Klasifikace kvadrik - FeSené piklady

Piiklad 4: VySetete kvadrikuBx* -8y —-37 - 12xy+10xz+10yz-2x+14y-10z-3=0

[ > restart;
[ > wi th(Li near Al gebra):
[>with(linalg):
(> with(plots):
> X:=Vector[row ([x,Y,z,1]);
L X:=[xYy,z1]
[ > Ki=Matrix(a,1..4,1..4, shape=symetric);

a1l a(l,2) a(1,3) a(1,4)
a1, 2 a(22) a(2 3) a(2 4)
Tla(1,3 a(23) a3, 3) a(3 4)
L al 4 a(24) a3 4) a4, 4
[ > Kv:=sort (expand( X. K. Transpose( X)), [X,Y, z]) =0;

Kviza(l )x*+2a(l, 2)xy+2a(l, xz+a(2 )y +2a(2 3yz+a3 37

L +2a(l, H)x+2a(2, 4)y+2a(3,4)z+a(4,49=0
[ > Tecna: =[ x=mtt *u, y=n+t *v, z=p+t *w] ;

K

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

[ > KvO: =sinplify(eval (Kv, [ x=my=n, z=p]));

Kvo:=a(l )m*+2a(l, 2)mn+2a(l, dmp+a(2 An*+2a(2 )np+a(3, 3 p°

L +2a(l, 4dm+2a(2,dn+2a(3, 4p+a(4,4=0

[ > Kv1:=sinplify(eval (Kv, Tecna));

Kvl:=2a(l 2)mn+2a(l 3dmp+2a(2 dnp+al Ynmf+a(2 2 n*+a 3 3 p’
+2a(L dm+2a(2 Hn+2a(3 dp+a(4 H+a(l V)P +a(2 2>V +a(3 3 t*w
+2a(l, Htu+2a(2, 4)tv+2a(3, 4)tw+2a(l, )mtu+2a(l 2)mtv
+2a(l, 2tun+2a(l, tPuv+2a(l I mtw+2a(l tup+2a(l )tPuw

L +2a(2, 2)ntv+2a(2 3dntw+2a(2 tvp+2a(2 t’vw+2a(3, 3)ptw=0

[ > A =coeff(lhs(Kvl),t"2);

I A=a(l, Dur+a(2 v +a(3 Iw +2a(l, 2uv+2a(l, Yuw+2a(2 3vw

[ > B: =1/ 2*coeff (I hs(Kvl), t);

B=a(l Hu+a(2 Hv+a3, Hdw+a(l, Y)mu+a(l, 22 mv+a(l dQun+a(l 3 mw

L +a(lL, dup+ta2, dnv+a(2, Jnw+a 2 Jvp+a(3, Jdpw

> C. =sort(coeff(lhs(Kvl),t,0),[r,s,u]);

C:=a(l )nf+2a(l, 2)mn+2a(l, 3 mp+a(2 n*+2a(2 dnp+a 3 3p’

i +2a(l,9dm+2a(2,Hdn+2a(3, 4dp+a( 4 4
> Bl:=collect(B,[u,v,wW);

Bl:=(a(l, )m+a(l 4 +a(l,2)n+a 1l 3p)u
+(@lL,2m+a(2,2dn+a(2 4 +a(2 3)p)v
+(@2,3dn+a(3, H+a@3 3)p+ta(l, dIm)w




> al:=sort(coeff(Bl,u),[mn,p]); bl:=sort(coeff(Bl,v),[mn,p]);

cl:=sort(coeff(BlL,wW,[mn,p]);

dl: =sort (coeff(coeff(coeff(Bl,u,0),v,0),w,0),[mn,p]);
al=a(l,)m+a(l,2dn+a(l, Jdp+all, g
bl:=a(l,22m+a(2, 2dn+a(2, 3 p+a2 4
cli=a(l,3dm+a23dn+a(3, Jdp+a3 9

| dl:=0

> B2:=collect(B,[mn,p]);

B2:=(a(l, 2v+a(l, dw+a(l, Duym+ (a2 2dv+all, QJu+a(2 3dw)n

+(a L, Ju+a(2, Jdv+a 3 Jw)p+ta(l, Hu+a(2, Hdv+a(3, Hw

[ > ra:=sort(coeff(B2,m,[u,v,w); rb:=sort(coeff(B2,n),[u,v,w);

rc:=sort(coeff(B2,p),[u,v,wW);

rd: =sort (coeff(coeff(coeff(B2, m0),n,0),p,0),[u,v,wW);

ra:=a(l, YJu+a(l, 2dv+a(l Jw
rb:=a(l,Qu+a(2 2v+a(2 Jw
rc:=a(l, du+a(2, 3v+al3 Jdw

L rd:=a(l, du+a(2 dv+a3 dHw

> U =Vector[row ([u,vVv,w0]);

. U:=[u,Vv,w,0]

[ > Prumer R =col | ect (expand( eval n( U&* K& Transpose(X))), [ X, Yy, z]) =0;

PrumerR:=(a(1, Ju+a(l, 2Qv+a(l, Jw)x+(a(l, Qu+a(2 2v+a(2 Jw)y
| +(a L, du+a(2 dv+a(3 Jdw)z+a(l, hu+a(2, Hhv+a(3, Hw=0
[ > n:=[coeff(lhs(PrunmerR), x), coeff(lhs(PrunmerR),y), coeff (Il hs(Pruner
R, 2z)];
n:=[a(1, Yu+a(l, 2v+a(l, dw,a(l du+a(2 2dv+al2 Jw,
a(l,du+a(2 Jv+al3 Jdw]

Dosadime hodnoty paraméfpodle zadani:

[ > kv:=8*x"2-8*y"2-3*z"2- 12*x*y+10*x*z+10*y* z- 2*x+14*y- 10* z- 3=0;
| kv:=8x -8y -37Z-12xy+10xz+10yz-2x+14y-10z-3=0
> a(l,1):=coeff(lhs(kv),x"2); a(2,2):=coeff(lhs(kv),y"2);
a(3,3):=coeff(lhs(kv),z"2);
a(1l, 2):=1/2*coeff(coeff (I hs(kv),x),y);

a(1, 3):=1/2*coeff(coeff (I hs(kv), x), z);
a(1,4):.=1/2*coeff(coeff(coeff(lhs(kv),x,1),y,0),z, 0);
a(2,3):=1/2*coeff(coeff(l hs(kv),y,1),2);

a(2,4):=1/2*coeff (coeff(coeff(lhs(kv),y,1),x,0),z 0);
a(3,4):=1/2*coeff(coeff(coeff(lhs(kv),z, 1),y,0),x,0);
a(4, 4):=coeff(coeff(coeff(lhs(kv),x,0),y,0),z,0);
al,1:=8
a2,2:=-8




>

al,2:=-6
al1,3:=5
al4:=-1
a2,3:=>5
a2,48h:=17
a3,4:=-5
a4, 4 :=-3
K
8 6 5 -1
6 -8 5 7
5 5 -3 5
-1 7 -5 -3
factor(kv);

(2x+1-4y+3z)(4x-3+2y-2)=0
kvg: =pl ots[inplicitplot3d]([op(factor(lhs(kv)))],x=-8..8,y=-5..5
,Z2=-5..5,0orientation=[125, 60], gri dstyl e=rectangul ar, axes=frane, g
ri d=[ 40, 40, 40], styl e=pat chcont our, col or=[ bl ue, red], | i ght =[ 90, -5,
1,1,1]):
di spl ay(kvg, axes=frane, scal i ng=constrai ned, ori entati on=[-126, 60]

),




I [Bu-6v+5w,-6u-8v+5w,5u+5v-3w]
> uv:=[u,v, W ;
uv:=[u,v,w]
> r: =eval n(n-| anbda*uv) ;
r=[8u-6v+5w-Au -6u-8v+5w-Av,5u+5v-3w-Aw]

> ChM =linalg[genmatrix] ([r[21],r[2],r[3]],[u,v,W);

8-A -6 5
ChM:=| -6 -8-A 5

5 5 -3-A

[ > ChR =linal g[ det] (ChM =0;

ChR:=150A -3A*-2*=0
> col l ect (ChR, [ | anbda”3, | anbda”2, | anbda] ) ;

150\ —3A*-A°=0
> 11:=coeff(l hs(ChR), | anbda, 2);

[ > 12:=coeff(l hs(ChR), | anbda, 1) ;
12 :=150
[ > A44: =coeff (Il hs(ChR), | anbda, 0);
Ad4 =0
> Del ta: =linal g[det](K);
A:=0
[ > | anbda_sol : =sol ve( ChR, {| anbda}) ;

1609

3 09 3 4/609
lambd | ={A=0,{A=—Z+—""3} {A=—-—F"-""—
ambda_sol :={ oo >t HA > }

> r1l:=eval (r,lanbda_sol [1]); r2:=eval (r,|anbda_sol[2]);
r3: =eval (r, | anbda_sol [ 3]);

ri:=[8u-6v+5w,-6u-8v+5w,5u+5v-3w]

3 4/609 3 4 609) .
. ,

r2::{8u—6v+5w—(——+ Ju,—6u—8v+5w—(——+
2 2 2

3 609
5u+5v-3w- —5+ w

2
3 609 3 609
r3:=|8u-6v+5w—-|{-——"—"|U,-6uUu-8v+5w—| —— - \Y;
2 2 2 2
( 3 609) }
5u+5v-3w-|-——-—""1|w
2 2

> hsl:=eval (uv,solve({r1[1],r1[2],r1[3]},{u,v,wW}));
hs2: =eval (uv, solve({r2[1],r2[2],r2[3]},{u,v,wW}));
hs3: =eval (uv, solve({r3[1],r3[2],r3[3]},{u,v,w}));

hsl :=[u, =7 u,-10u]

121 7 97 1
hs2 :=| —w+—w4/ 609, —w+—wa4/ 609, w
80 80 80 80



1 97 1
=l ——wW—-—"—-w4 609, —w-"—"—"Ww 609,W}
80 80 80 80

Pruner R
(Bu-6Vv+5wW)x+(-6u-8v+5w)y+(5u+5v-3w)z-u+7v-5w=0
Sner 1: =eval (hsl, {u=1, v=1, w=1});
Smerl =[1, -7, -10
Prunmer R1: =eval (Pruner R, [ u=Sner 1] 1], v=Sner 1[ 2] , w=Sner 1[ 3] ] ) ;
PrumerR1:=0=0
Smer 2: =eval (hs2, {u=1, v=1, w=1});

. [121 74/609 97 609 1}

80 ' 80 80
Prumer R2: =eval (Pruner R, [ u=Sner 2[ 1], v=Smer 2[ 2] , w=Sner 2[ 3] ] ) ;

195 54/609 45 54609 3 4/609
8 8 8 8 2 2
Smer 3: =eval (hs3, {u=1, v=1, w=1});
121 7«/60 97 4/609
Smer3 = { : ——___31}
80 80 80
PrunerRS::evaI(PrunerR,[u-SnerB[l],V—Sner3[2],m#SnerB[B]]);

PrunE!RZ::(

195 54/609 45 54/609 3 4/609
PrumerR3 :=| — - X+|—+————|y+|-—-—-———-1z-15=0
8 8 8 8 2 2
col 2: =gr ey:

Prumer R2g: =i npl i ci t pl ot 3d( Pruner R2, x=-6..6,y=-6..6,z=-6..6,grid=
[ 10,10, 10], styl e=w refrane, col or=col 2):

Sner 2g: =pl ottool s[arrow] ([-5, -5, 5], vector(Sner2), 0.5, 1,

0.2, cylindrical _arrow, col or=col 2):

di spl ay(kvg, Prumer R2g, Sner 2g, axes=fr ame, scal i ng=constrai ned, ori e
ntati on=[-126, 60]);



col 3: =gr een:

Prumer R3g: =i nplicitplot3d(PrunmerR3, x=-6..6,y=-6..6,z=-6..6,9rid=
[ 10,10, 10], styl e=w refrane, col or=col 3):

Sner 3g: =pl ottool s[arrow] ([-5, -5, 5], vector(2*Snmer3), 0.5, 1,
0.2, cylindrical _arrow, col or=col 3):

di spl ay(kvg, Prumer R3g, Sner 3g, axes=framne, scal i ng=constrai ned, ori e
ntation=[-126, 60]);



> di spl ay( kvg, Pruner R2g, Sner 29, Pr unmer R3g, Sner 3g, axes=frane, scal i ng
=constrai ned, ori entati on=[ - 160, 30]);

el

]




