1.8 Polarni rovina

[ > restart;
[ > with(LinearAlgebra):
[ > 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(l2) a(1,3) a(1,4)
K = al,2 a(22) a(23) a(2 4)
“la(lL 3 a(2,3) a3 3) a(3 4)
| al 4 a(24) a3 4) a4 4

Rovnice kvadriky:
> Kv:=sort(expand(X.K.Transpose(X)),[x,y,z])=0;

Kvi=a(l )x¥*+2a(l, 2)xy+2a(l, xz+a(2 )y +2a(2 3)yz+a(3 37
+2a(l, H)x+2a(2, 4)y+2a(3,4)z+a(4,49=0

Parametrické rovnicedny z boduR =[r, s, u] s bodem dotykd =[m, n, p]
[ > R:=[r,s,u]; T:=[m,n,p];

R:=[r,s,u]

T:=[mn,p]
> Techa:=[x=m+t*wl,y=n+t*w2,z=p+t*w3];

Tecna :=[x=m+twl,y=n+tw2,z=p+tw3]
> Kvil:=simplify(eval(Kv,Tecna));

Kvl:=2a(l hmtwl+2a(l 2)mtw2+2a(l, 2)twln+2a(1, 2)t*wlw2
+2a(L, 3dmtwd+2a(l, twlp+2a(l, YtPwiwd+2a(2 2)ntw2+2a(2 3)ntw3
+2a(2, tw2p+2a(2 YtPw2wd+2a(3 3ptwd+a(4 4 +a(l, 1)n’+a(2 2 n’
+a(3,3p°+2a(l, Hdm+2a(2, Hn+2a(3 Hp+a(l )t*wi’*+2a(l, 2)mn
+2a(1, ) mp+a(2 tPw2?+2a(2 )np+a(3 t*wd +2a(1, 4)twl
+2a(2, Htw2+2a(3,49)tw3=0

| > Kvl =
a(2,2)*n"2+a(4,4)+a(1,1)*m"2+2*a(2,3)*n*p+2*a(1,3)* m*p+2*a(1,2)*
m*n+2*a(3,3)*p*t*w3+2*a(1,2)*m*t*w2+2*a(1,2)*t"2*wl *w2+2*a(1,3)*
m*t*w3+2*a(1,3)*t*wl*p+a(l,1)*t"2*wi2+a(2,2)*t"2*w 2"2+2*a(1,4)*
t*'wil+2*a(1,3)*%?"2*wl*w3+2*a(2,2)* n*t*w2+2*a(1,1)*m *t'wl+2*a(1,2
*t*wl*n+2*a(2,3)*n*t*w3+2*a(2,3)*t*w2*p+2*a(2,3)*t "2*w2*w3+a(3,
3)*t"2*w3n2+2*a(3,4)*t*w3+2*a(2,4)* t*w2+2*a(3,4)*p+ 2*a(2,4)*n+2*

a(1,4)*m+a(3,3)*p"2 = 0;
Kvl:=2a(l hmtwl+2a(l 2)mtw2+2a(l, 2)twln+2a(l, 2)t*wlw2




+2a(l, 3dmtw3d+2a(l, twlp+2a(2 2dntw2+2a(2 Yntw3d+2a(2 3tw2p
+2a(2 3tPw2wd+2a(3 3)ptwd+a(4 4 +a(l, 1)mf+a(2 )n’+a 3 3 p°
+2a(L, dm+2a(2 Hn+2a(3 Hp+a(l, DtPwl*+2a(l, 2)mn+2a(l, 3mp
+a(2 )tPw2+2a(2 3np+a(3 tiwF+2a(l, Htwl+2a(2 4)tw2
I +2a(3 4)twd+2a(1,3) wiw3d=0
[ > A:=coeff(lhs(Kv1l),t1"2);
i A=2a(1,2wiw2+2a(2 w2wd+a( 1, Hwl®+a( 2 2 w2”+a( 3, Jwa
[ > B:=1/2*coeff(lhs(Kvl),t);
B:=a(l, D)mwl+a(l 2mw2+a(l, 2win+a(l, I mw3+a(l Jwlp+a(2 2 nw2
i +a(2,Ynw3d+a(2, Jw2p+a(3, Jpwd+a(l Hdwl+a(2 Hhw2+a3, 4)w3
[ > C:=sort(coeff(lhs(Kvl),t,0),[r,s,u]);
Ci=a(4 dH+a(l, 1)m’+a(2 )n’+a(3, dp°+2a(l, dm+2a(2 4dn+2a(3 4)p
. +2a(lL,2mn+2a(l,3mp+2a(2 3)np+2a(l, 3 Fwiwi
[ > B:=collect(B,[w1,w2,w3]);
B:=(a(L )m+a(l,3p+all 4+a(l 2)n)wl
+(@alL2dm+a(2, 2n+a(2 4 +a(2 3)p) w2
i +(a(3, dp+ta(2,3dn+a(l Im+al3 4))w3
[ > nl:=sort(coeff(B,wl),[m,n,p]); n2:=sort(coeff(B,w2) ,[m,n,p]);
n3:=sort(coeff(B,w3),[m,n,p]);
nl:=a(l, )m+a(l 2dn+a(l, Jdp+all 4
n2:=a(l,2m+a(2, 2dn+a(2, J)p+a2 4
i n3:=a(l,3dm+a(2,dn+a(3, Jp+a3 4
[ > BD:=linalg[dotprod](T-R,[n1,n2,n3],orthogonal);
BD:=(-r+m)(a(l, Y)m+a(l,2dn+a(l Jdp+al )
t(-s+n)(a(l,2m+a(2 n+a(2 Jp+a(2 4)

L t(-utp)(aLIm+a(2 3In+a(3, 3p+a(3 4)
[ > BD:=collect(eval(lhs(Kv),[x=m,y=n,z=p])-expand(BD), [m,n,p]);

BD:=(ra(l, H)+ua(l J+sa(l, 2d+a(l,4)m
+(a(2, 4 +sa(2,+ua(2,3+ra(l, 2)n
+(ua(3,3d+ra(l, Jd+sa(2Jd+a(3 4)p+a4 dh+sa2,hH+ua(3 d+rall b

[ > ra:=sort(coeff(BD,m),[r,s,u]); rb:=sort(coeff(BD,n) J[r,s,ul);
rc:=sort(coeff(BD,p),[r,s,u]);
rd:=sort(coeff(coeff(coeff(BD,m,0),n,0),p,0),[r,s,u D;

ra=a(l, Dr+a(l,s+a(l, Ju+a(l, 4
rb:=a(l, r+a(2 2s+a(2 Ju+a(2 4
rci=a(1,3r+a(2 ds+a(3 Ju+al3 4
I rd:=a(1, 4r+a(2 ds+a(3, Hu+a(4 9
> pi:=ra*x+rb*y+rc*z+rd=0;
m=(a(1, Hhr+a(l, s+a(l, Ju+all, 4)x
+(a(1,2r+a(2 2s+a(2, Ju+a(2 4)y




+(@ L dr+a(2,Js+a(3,Ju+ta(3 h)z+a(l, Hhr+a( 2, H)s+a(3, Hu+a4 4=
0
> R:=Vector[row]([r,s,u,1]);
L R:=[r,su,1]
[ > PolR:=collect(expand(R.K.Transpose(X)),[X,y,z])=0;
PolR:=(a(1, )r+a(l 2s+a(l,du+all 4)x
t(@alL2dr+a(2, 2s+a(2,3du+a(24))y
+(@ L r+a(2, Yds+a(3,Ju+ta(3 4)z+a(l,H)r+a(2, 4)s+a(3, Hu+a(4 4=
0

Priklad: Polarni rovina bodu R = [15,-4, 5] vzhledenke kvadrice s + 4y* + 16 7 — 144= 0

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

| kv:i=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(Ihs(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);
alyn=1
a2 2:=4
a3, 3 :=16
al,2:=0
al,3:=0
al,4:=0
a2,3:=0
a2,49:=0
a3,4:=0
a(4,4) = -144
> K;
1 0 O 0
0 4 O 0
0 0 16 0
0O 0 0 -14

> R:=Vector[row]([15,-4,5,1]);

] R:=[15 -4 5 1
[ > PolR:=collect(expand(R.K.Transpose(X)),[X,y,z])=0;

PolR:=-144+ 15x-16y+80z=0




[ > PolR_ex:=solve(PolR,z);

[ > {kv,PoIR};

{-144+ 15x- 16y +80z=0,X + 4y’ + 16 Z - 144= (}
[ > resl:=solve({kv,PolR}{y,z});

resl :={
15x 2 2
y=-9+= .~ +5R00t0(7424 7+ (~23040+ 2400) _Z+289x" + 11520~ 432X),

| z=RootO{ 7424 7>+ (-23040+ 2400x) Z +289x° + 11520~ 432(x)}
[ > Kuz:=allvalues(resl);

Kuz :={
36 15x 5«/46080+ 4320 - 689X 45 75X «/46080+ 4320« - 689)(2}
== )Z )
y 29 116 232 29 464 232
{ 36 15x 5«/46080+ 432k - 689%x° 45 75X «/46080+ 4320k — 689x°
= - J =" — -
Y="29" 116 232 29" 464 232
.}
[ > Kuzl:=eval([x,y,z],Kuz[1]); Kuz2:=eval([x,y,z],Kuz[ 2));
Kuzl :=
36 15x 5«/46080+ 4320 - 689%° 45 75X «/46080+ 4320 - 689%°
X, =
L 29 116 232 29 464 232 J
Kuz2 :=
36 15x 5«/46080+ 4320 - 689%° 45 75X «/46080+ 4320 - 689%°
X, =
L 29 116 232 '29 464 232 J
> T1:=evalf(eval(Kuzl1,x=0)); T2:=evalf(eval(Kuzl1,x=5) );
T3:=evalf(eval(Kuz2,x=0)); T4:=evalf(eval(Kuz1,x=10 );

T1:=[0. 3.384968229 2.476993646
T2 :=[5., 4.246161736 1.711732347
T3:=[0., -5.867726849 0.626454630D2

T4 :=[10, 3.128416755 0.5506833509
> Rk:=[R[1],R[2],R[3]];

Rk :=[15, -4, 5
[ > t="1"
> tecl:=evalm(Rk+t*(T1-RKk)); tec2:=evalm(Rk+t*(T2-RK) );
tec3:=evalm(Rk+t*(T3-RK)); tec4:=evalm(Rk+t*(T4-Rk) );

tecl :=[15- 15.t, -4 + 7.384968229, 5 — 2.523006354]
tec2 :=[15- 10.t, -4 + 8.246161736, 5 — 3.288267653]
tec3:=[15- 15.t, -4 - 1.867726849, 5 — 4.373545370]
tecd :=[15- 5.t, -4 + 7.12841675%, 5 — 4.449316649]



teclg:=plot3d(tecl,t=0..2,s=-1..1,thickness=2,color
tec2g:=plot3d(tec2,t=0..2,5=0..1,thickness=2,color=
tec3g:=plot3d(tec3,t=0..2,5=0..1,thickness=2,color=
tec4g:=plot3d(tec4,t=0..2,5=0..1,thickness=2,color=
Body:=plots[pointplot3d]({T1,T2,T3,T4}):
kvgO:=plots[implicitplot3d](kv,x=-15..15,y=-10..10,
d=[20,20,20],style=patchcontour,color=red,lightmode
ing=constrained):
kvg:=plots[implicitplot3d](kv,x=-15..15,y=-10..10,z
=frame,color=COLOR(RGB,250/255,250/255,250/255),sty
ur,grid=[20,20,40],light=[100,-20,1,1,1],tickmarks=
tation=[52,63],scaling=constrained):
PolRg:=contourplot3d(PolR_ex,x=-15..15,y=-10..10,gr
ours=60,color=blue,filled=false):
PolRg2:=plot3d(PoIR_ex,x=-15..15,y=-10..10,grid=[2,

):

Rg:=plottools[sphere]([R[1],R[2],R[3]],0.3):
Rg2:=pointplot3d([R[1],R[2],R[3]],symbol=cross,symb
or=red):
Kuzlg:=spacecurve(Kuzl,x=-15..15,thickness=3,numpoi
r=yellow):
Kuz2g:=spacecurve(Kuz2,x=-15..15,thickness=3,numpoi
r=yellow):
display(kvg,PolRg,Rg,Kuzlg,Kuz2g,teclg,tec2g,tec3g,
ame,scaling=constrained);
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> display(kvg,PolRg,Rg,Kuzlg,Kuz2g,teclg,tec2g,tec3g, tecdg,axes=fr
ame,scaling=constrained,orientation=[160,70]);







