1.10 Hlavni snéry

[ > restart;

[ > with(LinearAlgebra):

[ > with(linalg):

[ > with(plots):

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

X:=[xY,z1]

Matice kvadriky:

[ > K:=Matrix(a,1..4,1..4,shape=symmetric);
a1l a(1,2) a(1,3) a(1,4)
K = al,2 a(22) a(2,3) a(2 4)
“la(1,3 a(2 3) a3 3) a(3 4)
i al 4 a(2,4) a(3,4) a4, 4

Rovnice kvadriky:

> 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
+2a(l,dx+2a(2 dy+2a(3,4z+a(4,4H=0

Parametrické rovnice &y se smirem sm=[u, v, w] a s bodem dotykivl =[m, n, p]

[ > Techa:=[x=m+t*u,y=n+t*v,z=p+t*w];

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

[ > KvO:=simplify(eval(Kv,[x=m,y=n,z=p]));

Kvo:=a(1, )m’*+2a(l, 2)mn+2a(l, 3mp+a(2 n*+2a(2 np+a 3 3p°
+2a(l, 4dm+2a(2,dn+2a(3, 4d)p+a(4,4=0

[ > Kvl:=simplify(eval(Kv,Tecna));

Kvli=2a(l, )mtu+2a(l 2)mtv+2a(l, 2tun+2a(l 2tPuv+2a(l, 3mtw
+2a(l, 3tup+2a(l, tfuw+2a(2 2ntv+2a(2 3ntw+2a(2 3tvp
+2a(2 tfvw+2a(3 ptw+a(l, Dnf+a(2 )n’+a( 3, p°+2a(l, 4m
+2a(2, dn+2a(3 dp+a(4 dH+a(l, PV +a(2 )PV +a(3 W
+2a(l, Htu+2a(2 4tv+2a(3, 4)tw+2a(l, 2mn+2a(l, Imp+2a(2 3np=

> A?:coeff(lhs(Kvl),t’\Z);

| A:=2a(l 2uv+2a(l duw+2a(2 dvw+a(l Yu’+a(2 )V +a( 3 YW

> B:=1/2*coeff(lhs(Kv1l),t);

B:=a(l, )mu+a(l, 2mv+a(l, 2Qun+a(l, dmw+a(l Jup+a(2 2nv




| +a(239nw+a(2 Jvp+a(3 Jpw+a(l, Hhu+a(2 Hhv+a(3 Hw
[ > C:=sort(coeff(lhs(Kv1),t,0),[r,s,u]);
Ci=a(l, )nm*+2a(l, 2)mn+2a(l, 3dmp+a(2 dn°+2a(2 )np+a(3 3p°

i +2a(l,dm+2a(2, Hn+2a(3, Hp+a 4 9
[ > Bl:=collect(B,[u,v,w]);

Bl:=(a(l, )m+a(l 3p+a(l 4+a(l 2)n)u
+(@lL,2m+a(2,2dn+a(2 4 +a(2 3)p)v
+(@3,3dp+ra2,3dn+a(l, 3dIm+a(3 4))w

> al:=sort(coeff(B1,u),[m,n,p]); bl:=sort(coeff(B1,v) ,[m,n,pl);
cl:=sort(coeff(B1,w),[m,n,p)]);
d1:=sort(coeff(coeff(coeff(B1,u,0),v,0),w,0),[m,n,p D

al:=a(1, hm+a(l, n+a(l Jp+a(l 4
bli=a(1,2m+a(2 2n+a(2 Jp+a(2 4
cl:i=a(1,3m+a(2,3n+a(3 Jp+a3 4

I di:=0

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

B2:=(a(1, Du+a(l Jv+a(l Jw)m+(a(l Ju+a(2 Jv+a(2 Jw)n
a2 Jv+raA3 JwraAl Ju)pra3 dwra(l Hu+a(2 4v

[ > ra:=sort(coeff(B2,m),[u,v,w]); rb:=sort(coeff(B2,n) J[u,v,w):
rc.=sort(coeff(B2,p),[u,v,w]);
rd:=sort(coeff(coeff(coeff(B2,m,0),n,0),p,0),[u,v,w D;

ra:=a(l, Ju+a(l, 2dv+a(l Jw
rb:=a(l,Qu+a(2 2Qv+a(2 Jdw
rc.=a(l, du+a(2 Jv+a3, Jw

L rd:=a(l, du+a(2 dv+a(3 4w

[ > U:=Vector[row]([u,v,w,0]);

L U:=[u,v,w,0]

[ > PrumerR:=collect(expand(evalm(U&*K&*Transpose(X))), [X,y,z])=0;

PrumerR:=(a(l, Du+a(l, dv+a(l, Yw)x+(a(l Qu+a(2 dv+a(2 Jdw)y

L +(a(lL, Ju+a(2 Jdv+a(3, Jw)z+a(l, Hu+a(2, 4dv+a(3 4HYw=0

[ > n:=[coeff(lhs(PrumerR),x),coeff(lhns(PrumerR),y),coe ff(lhs(Prumer
R).2)];

n:=[a(l, Du+a(l dv+a(l, dw,al, Qu+a(2 2v+al2 3w,
a(l,3du+a(2 Jv+a3 Jw]

Piiklad: Hlavni snéry a roviny kvadriky + 4 y* + 16 Z - 144= 0.

[ > kv:i=x"2+4*y"2+16*2"2-144=0;

I kv =X +4y +167 - 144= 0

[ > a(1,1):=coeff(lhs(kv),x*2); a(2,2):=coeff(lhs(kv),y n2);
a(3,3):=coeff(lhs(kv),z"2);
a(1,2):=1/2*coeff(coeff(lhs(kv),x),y);




a(1,3):=1/2*coeff(coeff(Ihs(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(lhs(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);

alLn:=1
a2,2:=4
a3, 3):=16
al,2:=0
a1,3:=0
alL4:=0
a2,3:=0
a2,4=0
a3,49=0
a4, 4= -144
K;
1 0 O 0
0 4 O 0
0 0 16 0
0O 0 0 -14
n;
[u 4v,16w]
uv:=[u,v,wj;

uv:=[u,v,w]
r:=evalm(n-lambda*uv);
r-=[u-Au,4v-Av,16w-Aw]
ChM:=linalg[genmatrix]([r[1],r[2],r[3]],[u,V,wW]);
1-A O 0
ChM:=| 0 4-A 0
0 0 16-A
ChR:=linalg[det](ChM)=0;
ChR:=(1-A)(4-A)(16-A)=0
collect(ChR,[lambda”3,lambda”2,lambdal);

64-A°+21A*-841=0
I1:=coeff(lhs(ChR),lambda,?2);

11:=21
12:=coeff(lhs(ChR),lambda,1);
12:=-84
A44:.=coeff(lhs(ChR),lambda,0);
Ad4 =64

Delta:=linalg[det](K);



I A:=-9216
> lambda_sol:=solve(ChR, {lambda});
lambda_sol :={A =1} ,{A =4} ,{A =16}
> rl:=eval(r,lambda_sol[1]); r2:=eval(r,lambda_sol[2]
r3:=eval(r,lambda_sol[3]);
rl1:=[0, 3v,15w]
r2:=[-3u,0, 12w]
r3:=[-15u,-12v, 0]
> hsl:=eval(uv,solve({r1[1],r1[2],r1[3]}.{u,v,wW}));
hs2:=eval(uv,solve({r2[1],r2[2],r2[3]},{u,Vv,w}));
hs3:=eval(uv,solve({r3[1],r3[2],r3[3]}.{u,v,w}));
hsl :=[u, 0, 0]
hs2 :=[0, v, 0]
hs3:=[0, O, w]
> PrumerR,;
ux+4vy+16wz=0
> Smerl:=eval(hsl,u=1);
Smerl:=[1,0, Q]
> PrumerR1:=eval(PrumerR,[u=Smerl[1l],v=Smerl[2],w=Sme
PrumerR1 :=x=0
> kv,
X+ 4y +167 -144= 0
> {kv,PrumerR1};
{x=0,%+4y*+167 - 144= ¢
> resl:=solve({kv,PrumerR1}{x,y,z});

> Kuz:=allvalues(resl);

> Kuzl:=eval([x,y,z],Kuz[1]); Kuz2:=eval([x,y,z],Kuz[

Kuzl :=[0, 24/9- 7, 7]
| Kuz2 :=[0,-2+/9-7,7]

[ > col1:=COLOR(RGB,200/255,200/255,200/255):

[ > plotsetup(inline,plotoptions="portrait,noborder,shr

> kvgO:=plots[implicitplot3d](kv,x=-13..13,y=-9..9,z=
0,30,30],style=patchcontour,color=red,lightmodel=li
constrained):

> kvg:=plots[implicitplot3d](kv,x=-13..13,y=-9..9,z=-
me,color=COLOR(RGB,250/255,250/255,250/255),style=p
rid=[30,30,40],light=[90,-5,1,1,1],tickmarks=[3,3,3
=[52,63],scaling=constrained):

> PrumerR1g:=implicitplot3d(PrumerR1,x=-13..13,y=-9..
d=[10,10,10],thickness=2,style=wireframe,color=coll

ri[3]]);

resl :={x=0,y=2RootOf( Z°+7 -9,label = L1),z=2z}

i Kuz::{x:O,y:24/9—zz,z:z},{x:O,y:—Z 9—22,z:z}

2));

inkby=0");
-6..6,grid=[3
ghtl,scaling=

6..6,axes=fra
atchcontour,g
],orientation

9,z=-6..6,0ri
):



ugl:=plots[arrow]([-5, -5, 10], vector(Smerl), widt h=[0.2,

relative],length=5, head_length=[0.2, relative], co lor=green):
Smerlg:=plottools[arrow]([-5, -5, 8], vector(6*Smer 1),05,1,
0.2, cylindrical_arrow,color=coll):
Kuzlg:=spacecurve(Kuzl,x=-15..15,thickness=3,numpoi nts=1000,colo
r=yellow):
Kuz2g:=spacecurve(Kuz2,x=-15..15,thickness=3,numpoi nts=1000,colo
r=yellow):
display(kvg,PrumerR1g,Smerlg,Kuzlg,Kuz2g,axes=frame ,scaling=cons
trained);
o
5_
z 0
-5
-10
5
0 0
y 5 10 X
Smer2:=eval(hs2,v=1);
Smer2:=[0, 1, Q]

PrumerR2:=eval(PrumerR,[u=Smer2[1],v=Smer2[2],w=Sme r2[3]));

PrumerR2 :=4y=0

kv;
X +4y*+167 - 144= 0
{kv,PrumerR2};
{4y=0,X+4y’' +167 - 144=Q
res2:=solve({kv,PrumerR2}{x,y,z});
res2 :={ x=4RootOf_7*+7 -9,label = L3),y=0,z=2}
Kuz:=allvalues(res2);

Kuz:={x=4+/9-7,y=0,2=2 ,{x=-44/9-7,y=0,2=3
Kuzl:=eval([x,y,z],Kuz[1]); Kuz2:=eval([x,y,z],Kuz| 2));



Kuzl :=[44/9-7,0,7]

Kuz2 :=[-44/9-7,0,7]
col2:=COLOR(RGB,150/255,150/255,150/255):
kvgO:=plots[implicitplot3d](kv,x=-13..13,y=-9..9,z=
0,30,30],style=patchcontour,color=red,lightmodel=li
constrained):
kvg:=plots[implicitplot3d](kv,x=-13..13,y=-9..9,z=-
me,color=COLOR(RGB,250/255,250/255,250/255),style=p
rid=[30,30,40],light=[90,-5,1,1,1],tickmarks=[3,3,3
=[52,63],scaling=constrained):
PrumerR2g:=implicitplot3d(PrumerR2,x=-13..13,y=-9..
d=[10,10,10],thickness=2,style=wireframe,gridstyle=
olor=col2):

Smer2g:=plottools[arrow]([-5, -5, 8], vector(6*Smer

0.2, cylindrical_arrow,color=col2):

ug2:=plots[arrow]([-5, -5, 10], vector(Smer2), widt
relative],length=5, head_length=[0.2, relative], co
Kuzlg:=spacecurve(Kuzl,x=-15..15,thickness=3,numpoi
r=yellow):
Kuz2g:=spacecurve(Kuz2,x=-15..15,thickness=3,numpoi
r=yellow):
display(kvg,PrumerR2g,Smer2g,Kuzlg,Kuz2g,axes=frame
trained);

-6..6,grid=[3
ghtl,scaling=

6..6,axes=fra
atchcontour,g

],orientation

9,z=-6..6,0ri
rectangular,c

2),0.5, 1,
h=[0.2,
lor=blue):
nts=1000,colo

nts=1000,colo

,scaling=cons



7]

Z
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Smer3:=eval(hs3,w=1);
Smer3:=[0, 0, 1]
PrumerR3:=eval(PrumerR,[u=Smer3[1],v=Smer3[2],w=Sme r3[3]]);
PrumerR3:=16z=0
Kv;
X+ 4y +167 - 144= 0
{kv,PrumerR3};
{162=0,X+4y’+167 - 144= ¢
res3:=solve({kv,PrumerR3},{x,y,z});
res3 :={ x=2 RootOf{_Z*+y*-36,label = L4),y=y,z=0}
Kuz:=allvalues(res3);

Kuz::{x:24/36—y2,y:y,z:O} , {x:—24/36—y2,y:y,z:O}

Kuzl:=eval([x,y,z],Kuz[1]); Kuz2:=eval([x,y,z],Kuz| 2));

Kuzl :=[24/36-y?,y, 0]
Kuz2 :=[-24/36-V,y, 0]

col3:=COLOR(RGB,100/255,100/255,100/255):
kvgO:=plots[implicitplot3d](kv,x=-13..13,y=-9..9,z= -6..6,grid=[3
0,30,30],style=patchcontour,color=red,lightmodel=li ghtl,scaling=
constrained):

kvg:=plots[implicitplot3d](kv,x=-13..13,y=-9..9,z=- 6..6,axes=fra



me,color=COLOR(RGB,250/255,250/255,250/255),style=p atchcontour,g

rid=[30,30,40],light=[90,-5,1,1,1],tickmarks=[3,3,3 ],orientation

| =[52,63],scaling=constrained):

[ > PrumerR3g:=implicitplot3d(PrumerR3,x=-13..13,y=-9.. 9,z=-6..6,gri
d=[10,10,10],thickness=2,gridstyle=rectangular,styl e=wireframe,c

| olor=col3):

[ > Smer3g:=plottools[arrow]([-5, -5, 8], vector(6*Smer 3),0.5, 1,

| 0.2, cylindrical_arrow,color=col3):

[ > ug3:=plots[arrow]([-5, -5, 10], vector(Smer3), widt h=[0.2,

| relative],length=5, head_length=[0.2, relative], co lor=violet):

[ > Kuzlg:=spacecurve(Kuzl,x=-15..15,thickness=3,numpoi nts=1000,colo
r=yellow):
Kuz2g:=spacecurve(Kuz2,x=-15..15,thickness=3,numpoi nts=1000,colo

| r=yellow):

[ > display(kvg,PrumerR3g,Smer3g,Kuzlg,Kuz2g,axes=frame ,scaling=cons
trained);

> display(kvg,PrumerR1g,Smerlg,PrumerR2g,Smer2g,Prume rR3g,Smer3g,K
uzlg,Kuz2g,axes=frame,scaling=constrained,orientati on=[58,44));







