1.7 T&na a ta&na rovina

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

X:=[xY,z1]

Matice kvadriky:
[ > K:=Matrix(a,1..4,1..4,shape=symmetric);

al1 a(l2) a(l3) a(y4)
_la(1,2 a(22) a(2,3) a(2 4)
Tla(1,3 a(23) a3, 3) a(3 4)
| al 4 a(24) a3 4) a4 4

K

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

Kvi=a(l )x*+2a(l 2)xy+2a(l, Axz+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

Tecna kvadriky s bodem dotyli=[m, n, p] :
> Tecna:=[x=m+t*u,y=n+t*v,z=p+t*w];

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

Rovnice piiniku této tény a kvadriky:
[ > Kvl:=simplify(eval(Kv,Tecna));

Kvl:=2a(l, )mtu+2a(l 2)mtv+2a(l, 2)tun+2a(l 2tPuv+2a(l, 3mtw
+2a(l1, tup+2a(l, 3)t2uw+2a(2, 2ntv+2a(2 3)ntw+2a(2 tvp
+2a(2, tPvw+2a(3 3)ptw+a(4 4+ 2a(2 4)n+2a(3 4)p+a(l 1)nt
+a(29dn°+a(3 3 p°+2a(l, dm+2a(2 dnp+a(l DtPu’+2a(l 2)mn
+2a(L3dmp+a(2 YtV +a(3 YtPw +2a(l, Htu+2a(2 4)tv+2a(3 4H)tw=0

KoeficientyA, B, C rovniceAt’ + Bt + C=0 spolénych bod: kvadriky a tény:

[ > A:=coeff(lhs(Kvl),t1"2);
| A:=2a(l 2uv+2a(l duw+2a(2 dvw+a(l Yu’+a(2 )V +a 3 JwW
[ > B:=1/2*coeff(lhs(Kvl),t);

B:=a(l, )mu+a(l, 2mv+a(l, Qun+a(l, I mw+a(l Jup+a2 2nv
| +a(2,3dnw+a(2 Jdvp+a(3, dpw+all, Hu+a(2 Hv+a(3 Hhw
[ > C:=sort(coeff(lhs(Kv1),t,0),[m,n,p]);

C:=a(l )n’+2a(l, 2dmn+2a(l I mp+a(2 )n’+2a(2 3np+a3, 3 p

+2a(l,dm+2a(2, Hn+2a(3, Hp+a 4 9




[ > B:=collect(B,[u,v,w]);
B:=(a(l, )m+a(l,3dp+al 4 +a(l 2)n)u
+(@lL,2m+a(2,2dn+a(2 4 +a(2 3)p)v
+(@33dp+a2,3dn+a(l,3dm+a(3 4)w

Koeficienty rovnice t&né roviny:

[ > nl:=sort(coeff(B,u),[m,n,p]); n2:=sort(coeff(B,v), m,n,p));
n3:=sort(coeff(B,w),[m,n,p]);
n0:=sort(simplify(coeff(lhs(Kv1),t,0)-m*n1-n*n2-p*n 3),[m,n,p]);

nl:=a(l, Dm+a(l )n+a(l, p+all 4
n2:=a(l2dm+a(2 dn+a2 p+a 2 4
n3:=a(1, I m+a(2 In+a(3 Jp+a(3 4
nn:=a(l,dm+a(2,Hhn+a(3, dp+al4 4

Te¢nda rovinar:
[ > tau:=nl*u+n2*v+n3*w+n0=0;
T=(alL))m+a(l,2dn+a(l,Jdp+all 4d)u
+(@lL2m+a(2,2dn+a(2,3dp+a(2 4)v
+(aL3dm+a(2,3dn+a 3 Jdp+a(3 d)w+al,dm+a(2 Hdn+a( 3, Hp+a4 4
=0

Muzeme ji psat v maticovém tvaru:
[ > tau:=collect(evalm(Vector[row]([m,n,p,1]).K.Transpo se(X)),[x,y,z
)=0;
T=x(a(lL,)m+al2dn+a(l, Jdp+a(l 9)
+ty(a(l,2m+a(2, dn+a(2 Jdp+a2 4))
tz(a(l,3dm+a(2,3dn+a(3, Jdp+a(3,4)+a(l,4m+a(2,dn+a(3, 4p+al4 49
=0

Priklad: Urcete, i které hodnat k se rovinax — 2y — 2 z+ k= 0 dotyk& kvadriky

x>+ 4y + 167 - 144= 0 (Str. 22).

[ > restart;

[ > with(LinearAlgebra):

[ > K:=Matrix(a,1..4,1..4,shape=symmetric):

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

{ > rho:=x-2*y-2*z+k=0;
p:=x-2y-2z+k=0

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

kv:i=x+4y*+167 -144= 0

Matice kvadriky:
( > 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(lhs(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
al1,3:=0
alL4H:=0
a2,3:=0
a2,49:=0
a3,49=0
a4, 4= -144
> K
1 0 O 0
0 4 O 0
0O 0 16 0
0O 0 0 -14

Tecné rovina v bodM =[m, n, p] :
[ > taul:=collect(Vector[row]([m,n,p,1]).K.Transpose(X) [xy,2])=0;

I 11:=-144+xm+4yn+16zp=0
[ > taul:=expand(taul/m);

144 4yn 16zp
+ =0

11:=- +X+
L m m m
[ > coeffs(lhs(taul),[X,y,z])-coeffs(lhs(rho),[x,y,z]);
144 4n 16p
-— =k O0O,—+2,—+2
L m m m
[ > res:=solve({coeffs(lhs(taul),[x,y,z])-coeffs(Ihs(rh 0),[x,y,z])},
{m,n,p});
e 13472 18
res:={m= = PE k}

> kvl:=eval(kv,[x=m,y=n,z=p]);

| kvl:=n?+4n’+16p°-144= 0
[ > kv2:=eval(kvl,res);
46656

'S

-144=0




Uloha méareSeni pro d¥ hodnotyk:

[ >

[ >

k_res:=solve(kv2 {k});

k res:={k=-18, {k=18}
assign(k_res[1));

> k; M1l:=eval([m,n,p],res); tau2[1]:=eval(taul,res);

-18
M1:=[8, -4, -1]
12, :=-18+x-2y-22z=0
k:="'K';
k:=k
assign(k_res[2]);
k; M2:=eval([m,n,p],res); tau2[2]:=eval(taul,res);
18
M2 :=[-8, 4, 1]
12,:=18+x-2y-2z=0
trl:=solve(tau2[1],z); tr2:=solve(tau2[2],z);

trl 9+X
ri:=—9+_-
5 y

tr2 9+X
r2:=9+—-
5 y

plotsetup(inline,plotoptions="portrait,noborder,shr
kvg:=plots[implicitplot3d](kv,x=-15..15,y=-10..10,z
30,30,30],style=patchcontour,color=red,lightmodel=I
=constrained):

M1g:=plottools[sphere](M1,0.3):
M2g:=plottools[sphere](M2,0.3):

> taulg:=plots[contourplot3d](trl,x=-2..18,y=-10..8,9

tours=40,color=COLOR(RGB,100/255,100/255,100/255),f
tau2g:=plots[contourplot3d](tr2,x=-18..2,y=-6..12,9
tours=40,color=COLOR(RGB,130/255,130/255,130/255),f
plots[display](kvg,taulg,tau2g,M1g,M2q);

inkby=0");
=-8..8,grid=[
ight1,scaling

rid=[2,2],con
illed=false):
rid=[2,2],con
illed=false):
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