Computergestuetzte Mathematik zur Analysis

Lektion 6 (21. Nov.)

YLoesen von Gleichungen (solve / fsolve)

> dg = (x-1)"2 = 4-x;
i Glg:=(x—1)°=4—x (1.1)
B Lsg := solve(d g, Xx);

Lsg—%+%m,%—%\/_ (1.2)
B subs(x = Lsg[1], d9);

1 2 7 1

(——+§m) E_EJ_ (1.3)
> subs(x = Lsg[2], Qg):

(___— )2—1 113 (1.4)
i 2 2
(> si mplify(op(1,(1.4)-o0p(2,(1.4));
i 0 (1.5)
(> ds ;= {x"r2 + y"2 =1, X = y};
] Gls:={x=y, X +y" =1} (1.6)
> vars : = {x, vy};
i vars:= {x, y} (1.7)
[ > Lsg := solve(ds, vars);
i Lsg:= {x=RootOf(2 _7Z* —1), y= RootOf(2 _7* — 1)} (1.8)
[> solve(ds, {x,y}):
i {x=RootOf(2 _7>—1), y=RootOf(2 _7Z* —1) } (1.9)
(> allval ues(Lsg);

e s i

- g
i (x—1)2=4—x (1.11)
> plot([rhs(dg),lhs(dg)],x=-2..3,color=[red, bl ue]);




sol ve(d g);

1 1 13
[ + i _ — =
2 2
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
-7

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

(1.12)

(1.13)
(1.14)
(1.15)

(1.16)

(1.17)



> EnvAll Solutions := true; #Ungebungsvari abl e

_EnvAllSolutions := true

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

1
—n+n_Zl~
A T+

> about (_Z1):
Oiginally Z1, renaned _Z1~:
is assuned to be: integer

> EnvAl |l Solutions := fal se;
_EnvAllSolutions := false

>id = X -> X;
id:=x—x

B plot([id, tan], -6 .. 18, -6 .. 18, discont

2,color=[red, blue]);

= true,

(1.18)

(1.19)

(1.20)

(1.21)
t hi ckness =



: %
10 /

>dg :=tan(x) = x;

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

> plot([f, g], -2 .. 4.5, thickness = 2,color=[red, blue]);




20
151

10

>dg = f(x) =9(x);
Glg:=2%=x* (1.29)

> sol ve(d g, X);

2 LambertW( % In(2) )
In(2)

2,4, - (1.30)

(> eval f (9 :

2., 4., -0.7666646958 (1.31)

YGraphen von Loesungsmengen
> wi th(plots);
[ animate, animate3d, animatecurve, arrow, changecoords, complexplot, (2.1)
complexplot3d, conformal, conformal3d, contourplot, contourplot3d,
coordplot, coordplot3d, densityplot, display, dualaxisplot, fieldplot,
fieldplot3d, gradplot, gradplot3d, 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,

i sparsematrixplot, surfdata, textplot, textplot3d, tubeplot]

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

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

_>irrplicitplot(GIs, x=-1.. 1, y =-1.. 1, thickness = 2,
scaling = constrained);

>3dg:=x*y =0

i Glg:=xy=0 (2.3)
>inmplicitplot(dg, x =-1.. 1, y =-1 .. 1, thickness = 2, axes
= frane);




0.5
y 07 v*%’“
1
-0.57
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X
> 3dg = x"2*y = 0;
Glgi=x"y=0 (2.4)

> jimplicitplot(@dg, x =-1.. 1, y =-1 .. 1, thickness = 2, axes
f

ranme);



0.031

0.021

0.011

-0.01

-0.021

-0.03

> jimplicitplot(@dg, x =-1.. 1, y =-1 .. 1, thickness = 2, axes
f

rame, scaling= constrained, gridrefine=3);




0.5
y 01
-0.51
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=> Adg = (x"2 + yr2)"2 + 3*x’\2*y2 - y~3;
Glg:= (¥ +)y") +3xy—) (2.5)

implicitplot(dg, x =-1.. 1, vy =-1 .. 1, thickness = 2, axes
= frame, scaling = constrained);

>




0.81

0.61

0.4

Yy 0.2

-0.21

-0.41

~0.8 -0.6 -04 -02 0 0.2 04 06 08

X

> jimplicitplot(@dg, x =-1.. 1, y =-1 .. 1, thickness = 2, axes
f

rame, scaling = constrained, nunpoi nt s=60000) ;




0.57

-0.51

~08 -0.6 -04-02 0 02 04 06 08

X

=> h :=ur2 - (v-1)"2*(v+1)"2 - (wl)*w(w1);
i hi=ur —(v—1)°2(v+1)’— (w+1) w(w—1) (2.6)
> jimplicitplot3d(h, v=-2.. 2, u=-2.. 2, w=-2.. 2,

shadi ng = zhue, style = patchcontour, axes = boxed, nunpoints =
10000, orientation = [45, 30]);




> Pl = (X"2 + yN2)"N3 - 4*xN2*¥yN2;
Pl:i= (¥ +)2)° — 42y 2.7)

[> inplicitplot(Pl, x =-.8 .. .8, y =-.8.. .8 nunpoints =
20000, scaling = constrained, thickness = 2, axes = boxed);




0.6
0.41

0.2

-0.21
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=> wi t h(al gcurves);
[ AbelMap, Siegel, Weierstrassform, algfun_series_sol, differentials, genus, (2.8)

homogeneous, homology, implicitize, integral_basis, intersectcurves,
is_hyperelliptic, j_invariant, monodromy, parametrization, periodmatrix,
plot_knot, plot_real_curve, puiseux, singularities]

[ > pl ot real curve(Pl, x , y, thickness = 2);




_>plot1::plot3d(P1,x=-.1.. .1, y=-.1 .. .1, shading =
zhue, nunpoints = 60000, style = patchnogrid);
plotl := PLOT3D(...) (2.9)

B pl ot 1;




> plot2 := plot3d(-0.000001, x =-.2 .. .1, y =-.1.. .1, color
| = black, style = patchnogrid):

> pl ot 2

WArning, inserted m ssing semicolon at end of statenent




> di splay({plotl, plot2}, axes = boxed, view = -.001 .. .001);




YWurzeln von Polynomen

27 14’ (1) %, 9(1+x) (X +1)]
2 (1—x)°"? (1—x)%/?

_>restart;n::3; a:.=-1/2; b := 3;
n:=3
a= -+
) 2
i b:=3
. 1 -a -p( 01 a b NART
> fim —— (1 =X (14%) (—n((l—x) (1+x7(1-2) )j,
2"-n! 0X
#Jacobi Polynom
polo 1 — (15 A+x*(-¥+1)° 27 A+x(-X+1)°
- 48 (1+x)° 8 (1-—x)7"? 4 (1—x)°/?

(3.1)

(3.2)



54040 (X+1) x|, 36(1+x° (X +1) ¥

(1—x)3/° (1—x)3/°
90 +x (¥ +1)° , 6(-F+1)°  108(1+x) (-¥+1)°x
(1—x)°/° J1—x J1—x
L2160 +x)° (X +1) ¥ 540 +x02(-¥+1)° 48 (1+x3%
J1—x v1-—x v1-—x
+72(1+x)3(—x2+1)x]]
i J1—x
[> sinplify(%;
1105 3, 1365 » 195 _ 105
I 128 X 28 Y T 128 % 128 (3-3)
> plot(f, x =-1.. 1.5, -2 .. 4, thickness = 2);
4,
3,
2,
1,
1 05 \Oo A5 Y 1.5
| X
_17
-2

> solve(f = 0):
(3.4)




1/3
( 896 n 128 I) n 32 7 _% (_ 896 (3.4)

63869 @ 3757 896 128 \1/3
289 | - I
( 63869 © 3757 )

128 \'/3 16 7 1

+ =20 - + -+ =1J3
3757 ) 289(_ 896 . 128 I)1“ 17 2 /3 (

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 896 128 1)1/3 17

289(”63869 T 3757

1 896 128 \'/3 32
- =1J3 ( + I) -
2 63869 = 3757 1/3
289 ( 896 128 I)

63869 3757

> Lsg 1= [%; .
Lsg:= ( 896 128 I) n 32 7

L7 1
1/3 17’ 2
289(_ 896 128 g

+

63869 ' 3757 ( (3-5)

63869 3757

896 128 1)”3- 16 v
63869 3757 896 128 N\/3 17
289(— + 1)
63869 ' 3757

1 896 128 \'/3 32
+=1J3 | |- + A ,

2 ( 63869 = 3757 j 896 128 \1/3

289(— + 1)
63869 ' 3757

_;_(_ 896 128 g1/3_ 16 7
2

+ + =
757 /3 17
63869 375 289(— 896 n 128 I)

63869 3757

1 896 128 /3 32
EES NEN . + 1] —
2 ( 63869 3757 j 896 128 \1/3
289 | - + I
63869 @ 3757

=> nops(Lsq);
3 (3.6)

> map(l m Lsg);
—49113 128173 49132/3 21/0 sin(—% arctan(%) + % th 3.7)
1

310 1282734913173 2>/6 sin(—% arctan(g) + % n),




> sinplify(9%;

_Wl% 128173 49132/3 21/6 sin(—% arctan(%) + % n)
+ 46124 128%/349131/3 25/6sm( é arctan( 177) % )
+ = \/—(4913 12873 4913%/3 21/6sm( arctan(%) %n)
1 1282/349131/32°/0jp 1 arctan l
2312 3 6
1 1/3 2/3 51/6 1 1
" 9826 1287749137727/ sin e arctan 7 gn
46124 128%/3 49131/3 2°/6 sm( é arctan( 177 ) +%n)
1/3 2/3 51/6 1 17 1
\/—(4913 128 '°4913°'° 2 sm(3 arctan(7j +€n)
23112 1282/349131/325/6 sm(é arctan(%j + % n))
> r:=sinmplify(%;
| =10, 0, 0]
> map(Re, Lsg);
49113 128173 4913%/3 21/¢ sm( :_13 arctan(g) + % 11:)
+ m 1282/3 4913173 2°/6 sin(% arctan(%) + % n) + %,
98126 128!/349132/3 21/6 sm(i arctan(%j +%n)
46124 128°/3 49131/3 2°/0 sm( 313 arctan(%j + % n) + %
1/3 2/351/6 1 17 1
\/—(4913 128777491377 2 sm( 3 arctan(7J +§n)
+T112 1282/349131/32°/6 sin( ; arctan( 177 ) +%n—j ,
98126 1281/3 49132/3 21/6 sm(% arctan(%) +%n)
4624 128%/3 49131/3 2>/6 sm( é arctan( 177) + % n) + %
1/3 2/351/6 1 17 1
+ = \/—(4913 128 '°4913°'° 2 sm( 3 arctan(7) +§n)
1 2/3 1/3 55/6 ( 1 (17) 1 )
2312 128777491377 27/ " sin 3 arctan - + 3 T

(3.8)

(3.9)



[ 17 \/—sm(l arctan( 17) + % n) + %, - \/?ﬁsin( (3.10)

3 7

1 17 1 1 17 1 7
3 arctan( - )—i— 3 ) \/_31n(3 rctan( )—i— 6 )—i— 17

=3 \/_\/—sm(—%arctan(NJ %)——J—sm(larctan(n)

3 7
1 7
+ |+ -
5717 )
> g 1= XM7 - 3FXN6 + 2*x"N5 4+ xM3 + 4*xN2 - 19*x + 14;
gi=x-3xX4+2xX+xX+4x¥ —-19x+14 (3.11)

B plot(g, x =-2 .. 2.7, -50 .. 50, thickness = 2);

40

AN

_20,

_40,

> Lsg : = solve(g = 0);
Lsg:=2, 1, RootOf( 7+ _Z+7, index=1), RootOf( 7+ _Z+7, index=2), (3.12)

RootOf(_Z° + _Z+ 7, index=3), RootOf(_Z> + _Z+ 7, index= 4),
| RootOf(_2°+ _Z+7, index=5)
> al | val ues([Lsq]);




\ 4

(2,1, RootOf(_Z° + _Z+ 7, index=1), RootOf(_Z° + _Z+ 7, index=12),
RootOf(_Z° + _Z+7, index=3), RootOf(_Z> + _Z + 7, index = 4),

i RootOf(_Z° + _Z+7, index=75) ]

> fsol ve(g = 0);
-1.410813851, 1., 2.

=> num Lsg := fsolve(g = 0, x, conplex);
num_Lsg:= -1.41081385105958, -0.508469408973023

—1.368616488329901, -0.508469408973023 + 1.368616488329901], 1.,
1.21387633450281 —0.9241881109220521, 1.21387633450281

+0.9241881109220521, 2.

> for z in numLsg do
>z
> od;
-1.41081385105958

-0.508469408973023 —1.368616488329901
-0.508469408973023 +1.368616488329901
1.

1.21387633450281 —0.9241881109220521
1.21387633450281 +0.9241881109220521
2.

Ersetzungen

> restart,
>r = (a*x”"2 + b*x + ¢c)”3;
3
ri=(axX+bx+c

_>subs(a:1, b=-1, ¢ =3, x =0, r);
27

> r;
(ax2+bx—|-c)3

;Bestimme den geraden Anteil von r
> 1/2*(r + subs(x = -x, r));
%(GX2+bX+C)3+%(aXZ—bX-l-C)S
> g := expand(%;
g::a3x6+3azcx4+3ab2x4+3ac2x2+3b2cx2+c3
> cg := collect(g, Xx);
cgi=a’ X+ (3dc+3ab’) X+ (3ac+3b°c) ¥+

> subs(x"2 =y, cQ);

(3.13)

(3.14)

(3.15)

(3.16)

(4.1)

(4.2)

(4.3)

(4.4)

(4.5)

(4.6)

(4.7)



> al gsubs(x"2 =y, cg);
> col ect(% vy);

;Subs macht manchmal Fehler:
> h 1= x/sin(Pi*x);

[> subs(x = 0, h):

0.318309891 -

0.318309890 -

0.318309889 -

318309888 1

X+ (3dc+3ab’) ¥+ (Bac+3bc)y+J
ag)}+3aZC)?+3ab2)?+3ac2y+3b2cy+c3

@V +(3d°c+3ab’)y+Bac+3bc)y+J

> plot(h, x = -0.1e-3 .. 0.1e-3);

> limt(h, x = 0);

~0.00010 -0.00005 0

0.00005  0.00010

a |~

(4.7)

(4.8)

(4.9)

(4.10)

(4.11)

(4.12)



[ > a := cos(x+ty);
a:=cos(x+y)

> a = expand(a);

Ccos(x +y) = cos(x) cos(y) — sin(x) sin(y)
> b = sin(x-y):
> b = expand(b);

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

A:=cos(x) cos(y)

v
>
I

conbi ne(A);

cos(x) cos(y) = % cos(x—y) + % cos(x+y)

\Y
(@]
1

I nt (sin(x),x=1..2); )
C::J sin(x) dx
1

v
o
I

I nt (cos(x),x=1..2); ,

d:= [ cos(x) dx
i !
> conbi ne(c+d); ,
[ (sin(x) + cos(x)) dx
1
> expand(si n(x+y)):
sin(x) cos(y) + cos(x) sin(y)

> tri gsubs(si n(x+y));

1 1

1 1
2tan| — x+ —
an(zx 2)’)

_“ll(eux+yy_e—ux+yw

1 1 %
1+tan| — x+ —
(2 zyj

+ cos(x) sin(y)

2 cos(z)2 sin(Zz)

: . (1 1 1
- -X — ’2 — X+ — — X+ = y 1
sin(-x—y) sm( > X > y) COS( > X 5 )’) csc(X+y)

, sin(x) cos(y)

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

(4.13)

(4.14)

(4.15)

(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)

(4.22)

(4.23)



| >

>

| >
>

>

>

YVereinfachungen / Annahmen

restart;
sinmplify(exp(x~2+l n(c*exp(y”2))-x"2));
ce’”
sinmplify(sin(x)"2+l n(2*x)+cos(x)"2, trig);
1+1In(2 x)
simplify(sqgrt(x”"2), assune = positive);
X
g = int(x"2*(exp(x)+exp(-x)), X);
X 2x 2
g:=x2ex—2xex+2ex—§ X T
collect(g, exp);
(X¥*—2x+2) e+ %—iX—Z
e

collect(g, X);
(ex—Lj X+ (—Zex—%)x-l—Zex—z

eX

nor mal ((x"2-y~2)/ (x+y)"2);

X—y

X+y
exint :=int(exp(a*t), t =0 .. infinity);
assune(a < 0);
exint ;

at_ 1
exint:= lim
t— o a
1
a~

about (a);

Oiginally a, renanmed a-~:

is assuned to be: Real Range(-infinity, Open(0))

additionally(a > -2);
about (a);

Oiginally a, renamed a-:

is assuned to be: Real Range(Open(-2), Open(0))

e :=1In(y/x)-In(y)+l n(x);
e:=ln(

> I

)-—ln()0-+ln(x)

simplify(e);

(5.1)
(5.2)

(5.3)

(5.4)

(5.5)

(5.6)

(5.7)

(5.8)

(5.9)

E 1N\



ln();/j —In(y) +In(x)

=> sinplify(e) assum ng y::positive;
ln(l) +1In(x)
X

i 0
> about (x);
X:

not hi ng known about this object

;Weitere Vereinfachungen
> restart;

> F :=tan(x)"2 + 1;
2

i F:=tan(x)" +1
> sinmplify(F);
1
i Cos(x)2
> convert(F, sin);
: 4
élsm(x)2 41
sin(2 x)
> convert (F, exp);
(elx_e—IX)Z

) (elx_l_e—IX)2 +1

> G := tan(3*x);
G:=tan(3 x)
> G = expand( G ;
3 tan(x) —tan(x)3

B nmplify(e) assumng y::positive, X::positive;

tan(3 x) = 2
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)
> conbi ne((5.21)) ;
2 sin(x+y)
cos(x—y) +cos(x+Yy)

(5.10)

(5.11)

(5.12)

(5.13)

(5.14)

(5.15)

(5.16)

(5.17)

(5.18)

(5.19)

(5.20)

(5.21)

(5.22)



> zaehler := numer(Hl); nenner := denon(Hl);
zaehler:= H1
nenner:=1 (5.23)
> H = conbi ne(zaehl er) / nenner;
al tan(x) + tan(y) = H1 (5.24)

YMaple rechnet komplex

[> | r2;

_ -1 (6.1)
[ > sqrt(-4);

i 21 (6.2)
B z =1+ 3*I;

i z:=1+31 (6.3)
[ > Re(z);

i 1 (6.4)
> | mz);

i 3 (6.5)
> conj ugate(z);

i 1-31 (6.6)
[ > abs(z);

i J10 (6.7)
_> Z =X + |l*y;

i zi=x+1y (6.8)
[ > Re(z);

i R(x+1y) (6.9)

> Re(z) assuming x::real, y::real;
X (6.10)

=> abs(z);
|x + 1) (6.11)

> abs(z) assuming x::real, y::real;

J X+ (6.12)




{>
ik

>

eval c(abs(z));
N 'S +)2

eval c(si n(x+l *y));

sin(x) cosh(y) +1cos(x) sinh(y)

Yauch wenn man nicht damit rechnet

f = 1/x;
1
fi=
X
F:=int(f, x);
F:=In(x)
int(f, x =-2 .. -1);
-In(2)
subs(x = -2, F);
In(-2)
eval f (99 ;
0.6931471806 + 3.141592654 1
simplify(ln(-2));

In(2) +1In

Nl :=1In(x + I*y);

Nl:=In(x+1y)
r .= Re(N);

r:=In(|lx+1y)
i = ImN);

I:=argument(x +1y)

plot3d(r, x =-2 .. 2, y =-2 .. 2, shading = zhue,

boxed) ;

axes

(6.13)

(6.14)

(7.1)

(7.2)
(7.3)
(7.4)
(7.5)
(7.6)
(7.7)
(7.8)

(7.9)



[> plot3d(i, x =-2 .. 2, y =-2 .. 2, shading = zhue, axes =
boxed, orientation = [-113, 37]);







