Computergestuetzte Mathematik zur Analysis

Lektion 6 (21. Nov.)

Y Loesen von Gleichungen (solve / fsolve)

B Gg :=(x-1)"2 = 4-x;
i Glg:=(x—1)>=4—x (1.1)
> Lsg := solve(d g, X);
1 1Azl 1 57

] Lsg: 2-|—2 1 ' 5 > (1.2)
> subs(x = Lsg[1], dg);

(-l+l\/_13)2=1—l\/_ (1.3)
i 2 2 2 2 '
> subs(x = Lsg[2], dg);

(_l_lm)zzl 1 13 (1.4)
i 2 2 2 2 '
> sinmplify(op(1,(1.4)-o0op(2,(1.4));
i 0 (1.5)
> ds = {x"2 +y*2 =1, x =y},
] Gls:={x=y, X +y =1} (1.6)
> vars = {Xx, Vy};
i vars:= {x, y} (1.7)
> Lsg := solve(ds, vars);
Lsg:= {x=RootOf (2 _7* — 1, label = _L1), y = RootOf (2 _7* — 1, label (1.8)

=_L1)}

=> solve(ds, {x,y});
{x=RootOf(2 _7* —1, label = _L3), y= RootOf (2 _7* — 1, label = _L3) } (1.9)

[> allval ues( Lsg)
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> dg;
(x—1)>=4—x (1.11)

=> plot([rhs(dg),lhs(dg)],x=-2..3,color=[red, blue]);
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FLsg := fsolve(d g, x);
FLsg:=-1.302775638, 2.302775638

subs(x = FLsg[1], dQ);
5.302775639 = 5.302775638

FLsg := fsolve(d s, vars);
FLsg:= {x=-0.7071067812, y= -0.7071067812}

FLsgA := fsolve(ds, vars, avoid = {FLsg});
FLsgA:= {x=0.7071067812, y=0.7071067812}

sol ve(sin(x) = cos(x), X);

1
2

1
- T

4
pl ot ([ sin, cos],-5..5,col or=[cyan, nagenta]);

(1.12)

(1.13)
(1.14)
(1.15)

(1.16)

(1.17)



-1 -
_> _EnvAl Il Solutions := true; #Ungebungsvari abl e
_EnvAllSolutions := true (1.18)
> sol ve(sin(x) = cos(x), X);
in+n_Zl~ (1.29)
[ > about (_Z1):
Oiginally Z1, renaned _Z1~:
is assuned to be: integer
_>-_EnvAIISqutions .= fal se;
i _EnvAllSolutions:= false (1.20)
> id = x -> Xx;
id:=x—Xx (1.21)

> plot([id(x),tan(x)],x=-6..18, -6 .. 18, discont = true,
t hi ckness = 2, col or=[red, bl ue]);




Ag :=tan(x) = x;

Glg:=tan(x) = x (1.22)
solve(d g, Xx);
RootOf (-tan(_Z) + _Z) (1.23)
fsolve(d g, Xx);
0. (1.24)
fsolve(d g, x, avoid = {x = 0});
-4.493409458 (1.25)
fsolve(dg, x =4 .. 6);
4.493409458 (1.26)
f 1= x -> 27x;
fi=x—2" (1.27)
g =X -> xX"2;
g::x—>x2 (1.28)

plot([f, g], -2 .. 4.5, thickness = 2,color=[red, bl ue]);
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> dg = f(x) = 9(x);
i Glg:=2%=x* (1.29)
> solve(d g, x);

| WArni ng. solutions may have been | ost
> eval f(%;

DX =¥ (1.30)

Gr ap hen von L oesun gsmengen
> with(plots):
[ animate, animate3d, animatecurve, arrow, changecoords, complexplot, (2.1)

complexplot3d, conformal, conformal3d, contourplot, contourplot3d,
coordplot, coordplot3d, densityplot, display, dualaxisplot, fieldplot,
fieldplot3d, gradplot, gradplot3d, graphplot3d, implicitplot,
implicitplot3d, inequal, interactive, interactiveparams, intersectplot,
listcontplot, listcontplot3d, listdensityplot, listplot, listplot3d, loglogplot,
logplot, matrixplot, multiple, odeplot, pareto, plotcompare, pointplot,




pointplot3d, polarplot, polygonplot, polygonplot3d, polyhedra_supported,
polyhedraplot, rootlocus, semilogplot, setcolors, setoptions, setoptions3d,

| spacecurve, sparsematrixplot, surfdata, textplot, textplot3d, tubeplot]

(> ds := {x"2+y"2=1, Xx=y};

Gls:={x=y, X +y" =1} (2.2)

> implicitplot(ds, x =-1.. 1, y =-1 .. 1, thickness = 2,
scaling = constrained);

> Gg = x*y = 0;
Glg:=xy=0 (2.3)

_>irrplicitplot(G|g, x=-1..1, y=-1.. 1, thickness = 2,
axes = frane);
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_> Gg = x"2*y = 0;
Glgi=x"y=0 (2.4)

_>irrplicitplot(Gg, x=-1..1, vy =-1.. 1, thickness = 2,
axes = frane);
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(> inplicitplot(dg, x = -1 ..

= 1, vy =-1 .. 1, thickness = 2,
axes = frane,

scal i ng= constrai ned, gridrefine=3);
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_> Ag := (x"2 + yN2)"2 + 3*x"N2*y - y"3;
Glg:=(xz-l—y2)2+3x2y—y3 (2.5)

_>irrplicitplot(Gg, x=-1..1, vy =-1.. 1, thickness = 2,
axes = frane, scaling = constrained);
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_> implicitplot(dg, x =-1.. 1, y =-1 .. 1, thickness = 2,
axes = franme, scaling = constrained, nunpoi nt s=60000) ;




-0.57
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> h = u*u - (v-1)*(v+l) - (wl)*w(w1);
hi=uf —(v—1) (v+1) — (W+1) w(w—1) (2.6)
> implicitplot3d(h, v=-2..2 u=-2..2 w=-2.. 2,
shadi ng = zhue, style = patchcontour, axes = boxed, nunpoints
= 10000, orientation = [45, 30]);
[Error, (in iroot) powering may produce overfl ow
> Pl := (X2 + yN2)"3 - 4*xN2*yN2
Pl:= (¥ +17)° —4 Xy 2.7)

_>-inplicitplot(P1, Xx=-.8.. .8 y=-.8.. .8, nunpoints =
20000, scaling = constrained, thickness = 2, axes = boxed);
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=> wi t h(al gcurves);
[ AbelMap, Siegel, Weierstrassform, algfun_series_sol, differentials, genus, (2.8)

homogeneous, homology, implicitize, integral_basis, is_hyperelliptic,
J_Invariant, monodromy, parametrization, periodmatrix, plot_knot,
plot_real_curve, puiseux, singularities|

B pl ot _real curve(Pl, x , y, thickness = 2);




-0.6

-0.8
_> plotl := plot3d(Pl, x =-.2 .. .2, y =-.2 .. .2, shading =
zhue, nunpoints = 60000, style = patchnogrid);
plotl := PLOT3D(...) (2.9)

> plot1;




/.

_> plot2 := plot3d(-0, x =-.2 .. .2, y =-.2.. .2, color =
bl ack, style = patchnogrid):

_> pl ot 2;




_> di splay({plotl, plot2}, axes = boxed, view = -.0001 .. .0001)

)
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Y Wurzeln von Polynomen

_>restart;n::3; a:=-1/2; b := 3;
n:=3
L1
' 2
i b:=3 (3.1)
> fim =1 (l—x)'a(l—i-x)'b(a—nn((1—x)a(1+x)b(1—x2)n)j;
2"-n! ox
#Jacobi Polynom \ \
1 — (15 (1+x°(1=x)" | 27 (1+x°(1-x°)
f= 48 (1—+—X)3 1 =X [ 8 (1—X)7/2 T 4 (1—X)5/2 (3.2)

C27 A+ (=¥ x , 901 +x) (1-x)°
2 (1-x)°/* (1—x)7*




54 (14+x%(1-2)°

X  36(1+x)3(1=x)x

9(1+x)°%(1-x)

2

+

(1—x)3/2 (1—x)3/° (1—x)3/°
L6(-x¥)" 108(1+x) (1-¥)"x  216(1+x0*(1-¥) ¥
v1—x v1-—x 1—x
54 (1+02(1-2)°  48(1+x)°3X +72(1+x)3(1—x2)x]]
i J1—x v1—xXx 1—x
> simplify(9;
1105 3 1365 » 195 105
i 128 128 128" 128
> plot(f, x =-1 .. 1.5, -2 .. 4, thickness = 2);
4 -
3_
2_
1_
[ L T T ]
-1 -0.5 1.5
_2—
> solve(f = 0);
1/3
(_ 896 +1281) N 32 +L,_l(_ 896
63869 3757 289 (896 128 /3 717 2 63869
( 63869 ' 3757 )

(3.3)

(3.4)



128 /3 16 7 1
+ =21 - + -+ 213
3757 ) 289(_ 896 . 128 I)1“ 17 2 Al (
63869 = 3757
896 128 g1/3_ 32 _;_(
63869 = 3757 289(— 896 N 128 1)1/3 T2
63869 = 3757
896 128 1)”3- 16 a
63869 3757 289(— 896 N 128 1)1/3 17
63869 = 3757
1 896 128 \'/3 32
—=1J3 |- + 1] -
V3 ( 63869 ' 3757 ) 289(_ 896 128 1)1“
63869 = 3757
> Lsg :=[9; 5
896 128 '/ 32 7 1
Lsg:= || - + Il + + =, -5 3.5
g ( 63869 ' 3757 ) 396 128 13 1702 ( (3.5)
289(- + 1)
63869 = 3757
896 128 1)”3- 16 v
63869 3757 289(— 896 N 128 1)1/3 17
63869 = 3757
1 896 128 \'/3 32
+=1J3 |- + A ,
13 ( 63869 = 3757 j 289(_ 896 . 128 Ij1”
63869 = 3757
_;_(_ 896 . 128 1)1/3__ 16 a
2 63869 = 3757 896 128 /3 17
289 | - + I
63869 = 3757
1 896 128 \'/3 32
—=1J3 |- + 1] -
13 ( 63869 = 3757 j 289(_ 896 . 128 Ij1”
63869 = 3757
> nops(Lsg);
3 (3.6)
> map(lm Lsg);
Flw 1281/349132/321/651n(—% arctan(%) +%nj (3.7)
— Tlu 1282734913173 2>/6 sin(—% arctan(g) + % n),
_WIZG 128173 4913%/3 21/6 sin(—% arctan(%) + % n)



1
4624

+r(

128%/3 49131/3 2°/6 sm( 1 arctan( 17) + % n)),
37
3

1282/349131/325/6sm( ; arctan( 177 ) + % n‘j

1913 1281/349132/3 p1/6 sm(é arctan(

2312
1
9826
1 2/3 1/3 15/6 (
+4624 12874913 2 sin
2% (o
1
2312

(> ¢ iz sinplify(%:
[Error. (in iroot) powering may produce overflow

3 7

1281/349132/321/651n( 1arctan(17)+ -

3 7

1 17 1
t - —_—
3arcan(7 )+3n)

1913 128173 4913%/3 21/6 sm(; arctan(7) +%n)

1282/3 4913113 25/6sm( ; arctan( 177j +

> map(Re, LsQ);
FIB 1281/34913%/3 p1/6 sin( ;’ arctan( . ) + % n)
1 2/3 1/3 ~5/6 . (1 (
—— 12 491 2 =
+ 2312 8 913 sin 3 arctan
1
9826
1

4624
277 (ons

1 2/3 1/3 55/6 ( 1 (17) 1
+2312 12874913 2 sin 3arctan +3n

17

1281/3 4913‘2/3 p1/6 sm( ; arctan(7

Ne—
+
|
a
Ne—

128%/349131/3 576 sm( é arctan( 17) + % n) + e

7
o013 1281/349132/321/651n( ; arctan( 17) +%n)

1281/349132%/3 p1/6 sm( ; arctan(%) + % n)

1 17 1 /
t
3arcam( j+6n)+

1281/3 4913‘2/3 p1/6 sm( :_13 arctan(

9826

1
4624

+ J—(
2/3 1/365/6 i _ 1 H) 1
+ 2312 1287724913 '° 2 sm( arctan( + 3T

(> sinplify(%:
[Error, (in iroot) powering may produce overflow

1282/3 49131/3 25/6 sm(

4913

> g 1= XM - 3FXM6 + 2FXMNE + X3+ 4*FxN2 - 19%x + 14

(3.8)

(3.9)



gi=xX -3 +2x+x3+4x¥ —-19x+14 (3.9)
> plot(g, x =-2 .. 2.7, -50 .. 50, thickness = 2);

40
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-40 7

_> Lsg := solve(g = 0);
[Error. (in iroot) powering may produce overfl ow
> al |l val ues([Lsq]);
1/3
( 896 128 I) n 32 7 _%(

- - -
63869 = 3757 37
289(_ 896, 128 1)

(3.10)

63869 3757
1/3

896, 128 1) B 16 L7

63869 3757 289 [ - 896 N 128 | /3~ 17

( 63869 3757 )

1 896 128 \!/3 32
+-1J3 | [ - + I - ,
2 3 ( 63869 3757 ) 896 128 1)1/3

289 ( 63869 3757




_;_(_ 896 . 128 1)1/3__ 16
2

+_
63869 3757 289(— 896 N 128 1)1/3 17
63869 = 3757
1 896 128 \'/3 32
—=1J3 |- + 1] -
V3 ( 63869 ' 3757 ) 289(_ 896 128 1)1“
63869 = 3757

> fsolve(g = 0);

-1.410813851, 1., 2.

_> num Lsg := fsolve(g = 0, x, conplex);

num_Lsg:= -1.410813851, -0.5084694090 — 1.368616488 |,

>

-0.5084694090 + 1.368616488 1, 1., 1.213876335 —0.92418811091,
1.213876335 +0.92418811091], 2.

> for z in num Lsg do

z,

> od;

-1.410813851
-0.5084694090 — 1.368616488 1
-0.5084694090 + 1.368616488 1

1.
1.213876335 —0.92418811091
1.213876335 +0.92418811091
2.

Y Ersetzungen

[ > restart;

>r = (a*x""2 + b*x + ¢)"3;

>

ri= (ax2+bx+c)3

_>subs(a:1, b=-1, ¢c =3, x =0, r);

27

r,

(ax2+bx—|-c)3

;Bestimme den geraden Anteil von r

> 1/2*(r + subs(x = -x, r));

2
> g = expand(%;

1 3

(ax2+bx+c)3+ (aX’ —bx+0)

1
2

g:=da X+3axtc+3ax*b’+3axc+3 ¥ c+ ¢

B cg := collect(g, x);

cgi=a X+ (3ab*+3ac) X+ (3 c+3ad) ¥+

(3.11)

(3.12)

(3.13)

(4.1)

(4.2)

(4.3)

(4.4)

(4.5)

(4.6)



> subs(x”"2 =y, cg);
(> al gsubs(x"2 =y, cg);
[ > collect (% vy);

;Subs macht manchmal Fehler:
> h = x/sin(Pi*x);

> subs(x = 0, h);

B plot(h, x = -0.1e-3 ..

0.318309891

0.318309890

0.318309889

0.318309888 -

0.318309887 -

0. le-3);

X+ (B3ab*+3d°c) X+ (3P c+3acd) y+¢
3612)/2c—l—a3)f:§+3yb2c-|—361)/2172+c3+3yac2

@y +(3ab*+3d°c) Y+ (3P c+3acd) y+¢

-0.00010  -0.00005 0

(> linmt(h, x = 0):

0.00005  0.00010

(4.7)

(4.8)

(4.9)

(4.10)

(4.11)

(4.12)
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> a = cos(x+y);

a:=cos(x+y)

expand(a) ;
Ccos(x +y) = cos(x) cos(y) — sin(x) sin(y)

> b = sin(x-y):

expand(b);
sin(x —y) = sin(x) cos(y) — cos(x) sin(y)

> A := cos(x)*cos(y);

A:=cos(x) cos(y)

> A = conbine(A);
cos(x) cos(y) = % cos(x—y) + % cos(x+y)
> c:= Int(sin(x),x=1..2); )
c:= [ sin(x) dx
1
> d:= Int(cos(x),x=1..2);

2
d::J cos(x) dx
1

> conbi ne(c+d);

2
J (sin(x) 4+ cos(x)) dx
1

> expand(si n(x+y));

sin(x) cos(y) + cos(x) sin(y)

_> trigsubs(sin(x+y));

. . (1 1 1 1
+y), -sin(-x—y), 2 =X+ —x+ =y
sin(x+y), -sin(-x—Yy) sm( > X > y) COS( > X > y) osc(
2tan(lx+ly)
) 1 2 2 _ll(el(x+y)_e—l(x+y))
csc(-x—y)’ 2’
(=x=y) 1+tan(%x+%y)

1

xX+y)’

=> trigsubs(sin(2*z) = 2*cos(z)*sin(z), sin(2*z)*cos(z));

2 Cos(z)2 sin(Zz)

(4.12)

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

(4.23)



Y Vereinfachungen / Annahmen

| > restart;
> sinplify(exp(x*2+l n(c*exp(y”"2))-x"2));
i ce” (5.1)
> sinplify(sin(x)?2+l n(2*x)+cos(x)"2, trig);
i 1+1In(2 x) (5.2)
> sinmplify(sqgrt(x”"2), assune = positive);
i X (5.3)
> g = int(x*"2*(exp(x)+exp(-x)), X);
'_X2 X X X X 2 X 2
gi=xe —2xe+2e - ——-—— (5.4)
e e e
_> col lect(g, exp);
2 x|, “2x—2—-X
(2+x —2x) e+ . (5.5)
e
_> collect(g, Xx);
L-i— x| 2 A X A X
-— te | x + —ex—2e X— eX-I—Ze (5.6)
e
(> normal ((x22-yA2)/ (x+y)A2):
X—y
5.7
i X+y .7
> exint :=int(exp(a*t), t =0 .. infinity);
assune(a < 0);
exi nt ;
at_l
exint:= lim
t— o a
1
= 5.8
_ ~ (5.8)
> about (a);
Oiginally a, renaned a~:
is assuned to be: Real Range(-infinity, Open(0))
;> additionally(a > -2);
> about (a);
Oiginally a, renaned a-:
is assuned to be: Real Range(Open(-2), Open(0))
_> e = In(y/x)-In(y)+l n(x);
e:=ln();/) —In(y) +In(x) (5.9)
(> sinplify(e):
E 1N\



[ >

[ >
X

ln();/j —In(y) +In(x)

sinplify(e) assum ng y::positive;
ln(l) + In(x)
X

> si nmplify(e) assuming y::positive, X::positive;

0

about (x);

not hi ng known about this object

» Beispiel
| Weitere Vereinfachungen
| > restart;
> F :=tan(x)"2 + 1;
i F::tan(x)2 +1
> simplify(F);
1
i Cos(x)2
> convert(F, sin);
: 4
451n(x)2 11
i sin(2 x)
> convert (F, exp);
Ix -Ix) 2
let—e )y
i (eIx+e—IX)
> G := tan(3*x);
G:=tan(3 x)

G = expand(Q;

3 tan(x) — tan(x)3

tan(3 x) = >
1 — 3 tan(x)

H:=tan(x) + tan(y);
H:=tan(x) + tan(y)
convert(H, sincos);
sin(x) + sin(y)
cos(x) cos(y)

nor mal ((5.20)) ;

sin(x) cos(y) + sin(y) cos(x)

cos(x) cos(y)
conmbi ne((5.21)) ;

(5.10)

(5.11)

(5.12)

(5.13)

(5.14)

(5.15)

(5.16)

(5.17)

(5.18)

(5.19)

(5.20)

(5.21)



2 sin(x+y)
cos(x—y) +cos(x+y)

> zaehler := nuner(Hl); nenner := denon(Hl);
zaehler:= H1
nenner:=1

> H = conbi ne(zaehler) / nenner;
tan(x) + tan(y) = H1

(5.22)

(5.23)

(5.24)



