V¥ # 1. Solving algebraic equations

| > #1. Pewenue ancebpauueckux ypagHeHull

(> # Pewume aneebpauieckoe ypagueHue ¢ 00OHUM HeUu38eCmHbiM. Bvinoanume nposepky
CHAuYana noocmasus noo4epeoHo KOpHU 8 UCXOOHOe YPAasHeHue, a 3amem nonpooytime
_ 8bINOIHUMb NOOCMABHOBKY, UCNOIb30848 onepamop 3.
=> restart :
| > Digits == 12
> f:=x3+2-x2—x+ 12;
=X 42 —x+ 12 (1.1)

=> r:= [solve(f,x)];

ri=
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B fr = evalf (r);
Sfr == [—3.36031619000, 0.680158095003 — 1.76308748579 1, 0.680158095003 1.3)

+ 1.76308748579 1]

> epsilon := le—5;
€ == 0.00001 1.4

=> subs(x=fr[1],f);

—1.x10710 (1.5)




L> is (subs(x=fr[1],f) < epsilon);

true (1.6)
> is(subs(x=fir[1],f) < epsilon) $i=1 ..nops( fr);
true, true, true 1.7

V¥ # 2. Solving transcendental equations

> # Ilocmpotime epagux ¢hynkyuu. Busyanvno onpedenume KopHu Ha epaguke Ha ompeske [-2,
2]. 3aoaiime 3uauenue Digits paeuvim 5. Ilocnedosamenvro Hatloume 6ce KOpHU C
nomowvio yuxyuu fsolve. Ilposepvbme peutenue. 3adatime 3nauenue Digits pasnvim 12.
Buvinonnume 3anoso nouck xopheu.

;> restart :
> Digits := 12;
Digits = 12 2.1)
> fi=- 47 sin(x3);
fi=-x"+ 7sin(x) 2.2)

(> plot(f,x=-5.5);
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=> plot(f,x=0.2);
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> r:=solve(f,x);

RootOf (-343 sin(_7)° + 7) @3
7 sin(RootOf (-343 sin(_2)°> + 7°)) '
(> o= [evalf (r)];
rr := [Float(undefined) | 2.4
0 —1.797079804 2.5)
> xx[1] = fsolve(f,x=0);
xx, = 0. (2.6)
> xx[2] = fsolve( f,x=1.5);
xx, = 1.41785053769 2.7
> xx[3] = fsolve( f,x=1.8);
xxy = 1.89666216807 2.8)
> subs(x=xx[i],f)$i=1.3;
0,—18x1071° —1.7x1071° (2.9)
Y 3. Solving Trigonometric Equations
> #Pewume mpu2oHoMempuyeckoe ypagHeHue.
Yemanosume 3nauenue nepemennoti  EnvAllSolutions pasnwiv true.
Buinonnume nouck kopheti 3aH060.
;> restart .
> f:=sin(x);
f = sin(x) 3.1
(> ri= solve( f,x);




(3.2)

r=20
> _EnvAllSolutions = true;
_EnvAllSolutions = true 3.3)
(> = solve( f, x);
ri=m Zl~ 34

> about(_Z1);

Originally 71, renamed Zl~:

is assumed to be: integer
> fi=sin(x) + 2-cos(2-x);
f=sin(x) + 2 cos(2 x) 3.5
(> ri= solve(f, x);
1 V33 1 V33
s 7w Sl T s
r = arctan +2m_ Z2~, -arctan -7 3.6)
v 30+2,33 v 30+2,33
s[4+ L2 s[4+ L2
+ 2m_Z2~, arctan +2mn Z2~, -arctan
v 30—2,33 30—2,33
+n+2n Z2~
3.7

=> r:= evalf[3](solve(f, x));
r:= -0.635 + 6.28 Z4~, -2.50 + 6.28 Z4~,1.00 + 6.28 Z4~,2.14 + 6.28 Z4~

> plot(f,x);
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Y 4. Piecewise continuous function and its zeros
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| > restart:

=> plot(f,x=-1.5.1);

fi=

—2x2—x+1

| > #Kycouno-nenpepuvienasn ¢pynkyus u ee nyau

0<x

x<0

> f==piecewise(x > 0,2-x2+x+ I,x < 0,-2-x2—x+ 1);
2x2—|—x+l

> r:=solve(f,x);

Integer Solutions

| >
| > restart .
>

f=(—4)(x"=7);

> r:= [solve(f,x)];
=2, -2,7'13 -

> ri = [isolve(f) ];

> nops(r) — nops(ri);

_EnvExplicit

fi= (2= 4) (¥ =7)

#llocuumaiime pasnuuyy mesxncoy 6cemu KOPHAMU U YeTOYUCTeHHLIMU KOPHAMU

71]3 .\ I\/?7ll3’_7ll3 - I\/?7ll3
2 2 2 2
ri = [{x=-=2}, {x=2}]
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| > restart:

> _EnvExplicit == false;
_EnvExplicit == false

> fi=x"—2x—-12;
f=x"—2x"—12

> r:=solve(f,x);
Foi= RootOf(_Z2 -2 RootOf(_Z2 — 7-13))

> EnvExplicit == true;

_EnvExplicit := true
> fi=x'—24"—12;

fi=x'—22—-12

(> = solve( f, x);

ri=1y -1+ Y13, —1J -1+ 13 ,J1+J13, -J1+/13

Solving systems of equations

;> #PewieHue cucmem ypasHeHutl
| > restart :
> fl=x"—1*=22 =2y —x+12;
f1 = - y2 =2
f2 = 2x2y—x2+ 12

> r=solve({f1,12}, {x,y});

ri={x=RootOf (4 2 —9 Z'+24 7 — 144),y=

_RootOf (4 2°—9 Z'+24 7 — 144)"
6

L3 RootOf(4 7 —9 2424 72— 144)° 1

8 2

> evalf(r);
{x=1.867721810, y = —1.219993754 }

> EnvExplicit == true;
_EnvExplicit := true

= solve({f1,12}, {x,y}):

:> r
> r:= evalf (solve({f1,12}, {x,¥}));
ri= {x=1.867721810, y = — 1219993754}, {x = — 1.867721810, y= — 1219993754}, {x

=1.138700459 + 1.384135512 L, y =0.8599968780 + 1.832699378 I}, {x
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= —1.138700459 — 1.384135512 1, y=0.8599968780 + 1.832699378 I}, {x
=1.138700459 — 1.384135512 1, y=0.8599968780 — 1.832699378 1}, {x
= —1.138700459 + 1.384135512 1, y=0.8599968780 — 1.832699378 I}
;> with(plots) :
> implicitplot([ f1,/2],x=-2.2,y=-2..0.1, color = ["Blue", "Green" |, thickness=4);
T 0 I 2
-0.5 1
y 1
-1.5 1
_2-
V¥ Solving inequalities
;> #Pewenue nepasencms
=> restart :
> fi=x—3x-5
fi=x—3x—5 8.1)

=> plot( f,x);
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> = solve(f < 0,x);
ri=

> with(RootFinding);
[Analytic, AnalyticZerosFound, BivariatePolynomial, EnclosingBox, HasRealRoots,

Homotopy, Isolate, NextZero, Parametric, WitnessPoints |
| HasRealRoots

> HasRealRoots( [xz + y2 +2]);
false

> solve( [xz -|-y2 + 2], [x,y]);
i =72 o=V =2

_> HasRealRoots( [x4 — 4P+ 4= 0]) ;
true

> solve( [x4—4x2+ 420]);

I e=V2hfx=-v2 L {x=v2} {x=-V2}
| NextZero

> 70 = NextZero(x ~ sin(x), 0)
r0 := 3.141592653

> 70 = NextZero(x ~ sin(x), r0)
r0 := 6.283185307

;AnalyticZerosFound
> f:=tan(sin(x)) — 1;
f:=tan(sin(x)) — 1
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> plot(f);

0.5

N1 A

> evalf (solve(f, x));

0.9033391109 (8.11)
[ I
> Analytic(ﬁ X, = W1+ Ij;
0.903339110766515 (8.12)
> g:=23x +105x" = 10x° + 17 x;
g=23x+105x" —10x° + 17x (8.13)
> evalf (solve(g, x));
0.,0.3040664543 + 0.4040619058 I, —0.6371813185, —4.536168981, 0.3040664543 (8.14)
— 0.4040619058 1
> Analytic(g, x,re= — 5.1, im= —1.1);
0.4+ 0.1, —0.637181318531050, 0.304066454284907 — 0.404061905751759 1, 8.15)

0.304066454284907 + 0.404061905751759 I, —4.53616898134312

_with(RootF inding| Parametric)) ;

[ CellDecomposition, CellDescription, CellLocation, CellPlot, CellsWithSolutions, (8.16)
DiscriminantVariety, NumberOfSolutions, SampleSolutions|

> f==x2+a-x+b;
fi=ax+x"+b (8.17)

> DiscriminantVariety([ f=0], [x])
[[a* —4b]] (8.18)

=> discrim( f, x);

> —4b (8.19)



> m = CellDecomposition([ f=0], [x]);

"ROMAN", 18]);

> CellPlot(m, 'samplepoints', labelfont = ["HELVETICA", 18], axesfont= ["HELVETICA",

L ]
-2
_4-
=> f1 == subs(a=0,b=1,f);
fl1=x"+1
> solve( f1,x);
L —I

V¥ Solving systems of inequalities

| > #Pewenue cucmem HepageHcmea
| > restart:

> fli=x—3x—5<0;
fl=x*-3x<5

1

> Ri=x>—2x+4>0;

> plot([Ihs(f1), Ihs(f2) ], x):

2=0<Jx —2x+4
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=> solve([ f1,12], x);
17 33

< < — - *
0<xx 2 + 3 (C2))

> evalf (solve([ f1,12], x));

{0. < x,x < 2.843070331} 9.4



