6.0 Dgln. fiir ET/AT 47. /48. KW

Aufg. aus Heft E, Kap. 1 und 2

— Dgl. 1.21c mit L-Transf. losen
— Dgl. 1.21c mit VdK losen

— Dgl. 1.22f mit VdiK losen

— Dgl. -Svstem 2.2d mit Eliminationsverf. losen

1.21c AWP

2

v -y +Ay —Ady=x“+x¥sin (x) mit

1

1 _i LR} ___7

Einzelschrittes
laplace(y, x, ¥, §)
Lp=0
laplace(y’, X, ¥, §)
-y (0)+Lp+s=0
laplace(y”’, x, ¥, 8)
~s+y(0) =y’ (0) +Lp-s2=0

laplace{¥'"*, x, v, )

—s2.y(0)=s+y* (0)—=y"* (0) +LpsS=0



L (Xz] [s]

X

2

S3
Lx (x*sin(x) ) [s]

2+5
2
(52+1)

Zusammenfassend:
laplace(};’"—y”+4y’—4y=xz+x#sin(X) s X, ¥, 8)

—52-3?(0)—5-3?’(0)—3’” (D)+Lp-53+s-y(0)+y’(U)—Lp-52—4-(F(U)-F

ans | Lp=Y

—52-3?(0)—5-3?’(U)—4-(y(U)—s-Y)+5-y(U)—y”(U)+y’(0)+53-Y—s -

— ]- | ] __]- 1y __7
anSI{y(U)——ls.y (U)——3 ¥ (U)——9 H
2
3ov_o2,v_8 ___1]__ Fes , 4 2-§ 2
gV —g 2y 18+4 [SY 18 4Y+18+9— ) 2+53
(S +1)

solve (ans, Y)

Y

_§9-7.68-2.57-14.56-7.59465.s% 1.3 +72.52+36 ]
= 2
18+53+(53-52+4-5-4)+(s2+1)

expand (ans, s)
IY= Testd _ 2-(s=1)  11-s-17 7 3 1 __H

72-(s2+4) 3.(s2+1) 18.(s241) 18:(s=1) 85 5,2
Riicktransf. einzeln:

- Tes+4
Ll[ ][x]
S172+(s2+4)




Los. —anteil von ¥ _hom.

L—l

__2-(s-1)
S

o (s2a) )™

2f 11es-17
Ll[ ][x]
5118+(s2+1)

L o=y ) [

18-(5—1)

Lo6s. —anteil von ¥ _hom.

L= s=1 ][X]
S[ 3. (52+1 ) :

L—l

=

[— s _ 11 ][x]
B+5 2_52 2_53

expand (ans)

Das ist die partikulare Los.

T+cos(2+x) +sin(2-x)
72 36

—2+«cos(x) + 2+s5in{x)
3 3

11+cos(x) _17+sin{x)
18 18

—(x*cos(x)+x+sin (x)—sin{x))

zur Storfkt.

6

—(2.x2+4.x+3)

52



Zusammenfassung der sin{x)— und cos(x)—Anteile:

—(x+cos(x)+x+sin(x)—sin(x))  11-cos(x) 17-sin(x)  —32-cos(s
§ 18 18 3
—(x+cos(x)+x+sin(x)—sin(x)) cos(x) 5+sin(x)
6 18 18

expand (ans)

—x+cos{x) x+sin(x) cos(x) sin{x)
6 6 18 9

Das ist die partikulare Los. zur Storfkt. x-sin(x).

In einem Schritt:

[ §9-7.68-2.57-14.66-7.6%465.54-1.53+72.52+36

[x]

g 2
1853+ (s3-s2+4.5-4).(s2+1)
—(18-:&(2+12-x-m5(x)+12-x-5in(:~;)—28-cn5h(x)—28-sinh(x)+4-c.,,
T2
expand (ans)
—x 2 _xrcos(x) x-sin(x)  T-cosh(x)  T-sinh(x) cos(x) _sin(z),
4 6 6 18 18 18 9 B

trigToExp ( 7"3”153(”” + 7'5"112("") )

Umsortieren der Summanden:

_7ecos(2+x)  sin(2+x) , 7%
v="—"g5— *+" 35 18




Bestimmung von v_p,inhom mit VdK:

eX =2sin(2+x) 2cos(2+x)

e* —4cos(2-x) —4sin(2-x)

e* cos(2+x)  sin(2-x) 0
* U

%2+ (2+ (cos(2-x)) 242+ (sin (2-x) ) 2)

10+ (cos(2+x)) 2+eX+10+(sin(2+x) ) 20X

(2+cos(2+x)eX—=sin (2-x) -eX)

10+ (cos(2+x) ) 2+0X+10- (sin(2+x) ) 2.0X

—x2.(cos(2+x) -0X+2-5in (2+x) %)

simplify (ans)

Dx2.07X

0 5
xz-(Z-cos(2-X)—51n(2-x) )

I:I

| 10+ (cos(2+x)) 2-eX+10-(sin(2+x) ) 2-eX |

—x2 4 (208 (2+x) =sin(2+x) )

10

—xz- {(cos(2+x)+2+sin{2+x))

10

O

D—x «(cos(2+x)+2-5in (2 x))

|
J
|

0 10

10




[ —(x242.x42) 7%

simplify (ans)

5
- ( 2-:(2 +cos(2+x) +4-X2 sSin{2+x)+ds5xcos( 2 x)—=2+x5in( 2+x) —Cc
40
4-){2 scos(2+x) —2-)-:2 SN (2+x)=2+x+cos(2+x)—Asx+5in{2+x)—=2+co
40
—(x2+2.x+2)-e7X
5
—(2-}:2-(:05 (2+x) +(4-X2—2-x—2] +Sin(2+x)+4dex+cos(2+x)—cos(2
40
4-):2 «coS(2+x)— ( 2-xz+4-x—1 ) +SiN(2+3%) =2+3+c08(2+x)=2+cos(2-
40
X

trn(ans)*| cog(2x)

sin(2x)

—(2-}:2-(:05(2-x)+(4-x2—2-x—2] +Sin(2+x)+4dex+cos(2+x)—cos(2

’

40
simplify (ans)
[—(2-x2+4-x+3)
8
expand (ans)
l-xz _x_3
4 2 8

Das ist die partikulare Los. zur Storfkt. x

Weiter:

2



e* cos(2+x)  sin(2-x)
eX =2sin(2+x) 2cos(2+x) [ ‘
e* —4cos(2-x) —4sin(2-x) xksin (x)

[ xesin(x)+( 2+ (cos(2-x)) 242+ (sin{2-x))2) |
10+ (cos(2+x) ) 2+eX+10- (sin (2+x) ) 20X

—x5in (%) + (2-cos(2+x) X —gin (2+x) +eX )
10+ (cos(2+x) ) 2+eX+10+ (sin(2+x) ) 2.0X

—x+5in(x)- (cos(Z-x) eX+2+5in(2+x) -ex)
| 10+ (cos(2-x) ) 2-eX+10- (sin(2-x) ) 2+

simplify (ans)
[ xsin(x)-e~*
5
—x+5in(x)+(2+cos(2+x)—sin(2.x))
10
—x+5in(x)+(cos(2+x)+2+5in{2-x))
10
I va—X
f X 5111()5() e 1.
0
0. ssin{x)+(2+cos( 2 X)—Sm(2-x)) dx
0 10
fD —X*sin(x)'(cns(Z-x)+2-sin(2-x))d
X
0 10
[ — (x+cos (x)+x+8in (%) +cos (x) ) e~ %
10
—(18-x-c05(x)—9-x-sin(x)—B-x-cos(3-X)+3-x-sin(3-x)—9-(:05(:;.,

180
—(9sx+cos(x)+18+x+sin(x)—3+x+cos(3+x)—6+x+sin (3+x)+18+cos(
180




eX

trn(ans)*| cog(2x)

sin(2x)
—(9-x+cos(x)+18-x+sin{x)—3-x-cos(3+x)—6-x+5in(3-x)+18+cos (H
180
simplify (ans)
[ —(3+x+cos(x) +3*x-sin1(§: Y+cos (x)+2-sin(x) ) ]
expand (ans)

[—x-cos(x) _x+sin{x) cos(x) sin(x) ]
6 6 18 9

Das ist die partikulare Los. zur Storfkt. x-sin(x).

1. 22f Euler—Dgl. und VdK

2

X9y —xky'+y=0x¥In(x) fir x>0

Ansatz fir ¥ _p, inhom:
v_hom=C1 {x)*x+C2 (x)*x*kIn (x)

ableiten:
y’=Cl#1+sz(ln(x)+x#%) mit C1’%x+C2"kxkln (x)=0

}F"=CI#U+C2#% + C1'%14+C2"*%{In{x)+1)

Einsetzen in x4v’"—x¥v'+v=06x¥ln(x)
x2(01#0+02#% + Cl’:i:1+(32’#(ln(x)+1))—x#(Cl#1+CZ#(ln(XJH

C2

xz- [ (In{x)+1) 'CZ'+C1'+?]—X' (C2+(In(x)+1)+C1 )+C2-x-ln(XﬁE|

simplify (ans)



%2+ (In(x)+C2’+C1’+C2") =6 +x+In (x)

C1x+C2 %x¥In (x)=0
%2+ (In(x)-C2'+C1"+C2" ) =6 +xIn (x)

C1°,C2°

Gleichungssystem in Matrixform lésen:

[X x¥In (x) ]_1 lU ]
*
x2x1 Xz*(ln(}()+1) G+x+In(x)

—6+(In(x) )2
X

B+ln{x)
X

fﬂ—s-(ln(x))zdx'
|:| X

Ogeln(x)
[REEE

[—2-(111(:() ) 3]
3 (In(x) )2

X
tm(am)*[x#ln(x) ]

[x+ (In(x))3]

Das ist die partikulare Los. der inhom. Degl. fiar x>0.

2.2d Dgl.=System und Eliminationsverf.

v1’=y3+v2-v1 (1)
v2'=y3—-v2+vl (2)
v3'=y3+v2+vl (3)



(1)+(2) ergibt
y3=%(y1'+y2') (1)

v3 eliminiert.

(4) in (1) und (3):

reduziertes Dgl. =Systema:

y1’=%(}f1’+y2’)+y2—y1 (5)

%(}’1""}’2')':%(}’1’+}’2')+}’2+}’1 (6)

Hieraus mit (5)

%(}Fl”+y2")=% (y1'+¥2")+y2+y 1=y 1"'=y2+yv 1+y2+¥1
d. h.

%(3’1"+y2”}=y1’+2y1

und somit
v2'=2(v1'+2v1)—v1"" (7)

Damit ist ¥2'" eliminiert.

{5) ableiten und (7) einsetzen:

yl”=% (yl”+y2")+y2'—y1’=%y1"+% (2(y1"+2y1)-y1")+y2'=y1’

erneut ableiten und (7) einsetzen:

Fl,,,=%}r1”,+%(2 (F]_,,+2}F1,)_F1,,,)+2(F1,+2F1)_F1,,_F1,,

hom. Einzeldgl. 3.0rdnung vereinfachen: v1l=v setzen



U=_Flll+%ylll+% (2 (F,,+2F,)_F,,,)+2 (F,+2F)_F,,_F,,

[]:_(F _2'(2F +2+y ))_Fz —2ey 42 (¥4 2ey)

simplifv (ans)
U=_}”"_}’"+4'F’+4'F
Ab hier kann die Aufgabe im Selbststudium fertig

gerechnet werden:

dSolve(ans, x, ¥v)
{v=e2"X.const (3) +e X-const (2)+e 2" X.const (1) }

Define v1(x)=e2'¥.C3+e ¥.C2+e~2'%.C1

done
d
4 (v1
1 Y1)
(2.C3-04%-C2.6X-2.C1 ) -0~ 2"%
simplifv (ans)
240302 X—(2:e7X=2.C1-e™2°X
2
42 o1 x))
dx2
(4.03-e ¥ X+02-0X+4-C1 ) re™2°X
simplifv (ans)

4-C3+02° %4020 X+4.Cl-0 2"
in (7) einsetzen:
v27'=2(y1'+2y1)—y1”

2
4 (¢1(x)) +ay1 () -32 (91 (x))

2
dx dx2



—(4-C3-e2%4C2-eX+4-C1 ) e~ 2" %42.(2.03-e 4" X—(C2.X—2-C1 ) -/

simplifv (ans)
4-C3+02°X4(02.67X—4.Cl-0 2"
v2'=4.C3-02 X 4( 2.0 X=4.Cl-e~2°X

0,0
] ] 40302 X402 0 %—4-C1 -0~ 2 X dxdx
alls

C3+e2'X4(C2-e X-Cl-e~2*X
Define v2(x)=C3+e2'X+(2+e X-Cl-e~2"X

done
nun in (4) einsetzen:
Define y3(x)=+-L (y1 (x)+y2(x))
2 dx
done
v3(x)
(4.C3+03'%=2.¢2) 0%
2
expand (ans)
2+C3+2'X-(2.e7X
Endergebnis:

03-02'X402.0"X—C1-e~2°%
2+(3+02' X (2.0 X4+0-Cl-0~2'X

1
+C2-0~ I ]+Cl-e 2'XI—1]
0

] I 2°X, 03407 X. 02+ 2%

=C3- 923[1
2

Probe:



éi(yl(x))=F3(X)+F2(X)—F1(X)

» - 3'.‘)"i— » » =X
(2.03-04%=C2eeX=2.C1) e~ 2"X= (4-3-03%-2.c2)-e™* , .,
3

simplifv (ans)
2+C3+02"¥X (2.0 X=2:C1 072" X=2.03-2'X—(2."X=2.C1+e~2"X
judge (ans)
TRUE

éi(yz(X))=F3(X)_F2(X)+F1(X)

» - 3'.‘)"i— » » =X
(2.C3-04%—(2.0%42.C1 ) ro=2-% (4:C3-e%¥-2.C2) ™ .
2

simplify (ans)

2+C3+02"X (2.0 X42:C1 072" X=2.03-2'X—(2. X +2:Clre~2'X
judge (ans)
TRUE

i(ﬁ(x) ) =y3(x)+y2 (x) +y1(x)

. - 3'.‘)".“‘-— - - =X
(4.03-03"%X4+02) e ~%X=2.C3+02 %4 (4-C3-e - 2:C2)-e +2-02-H

simplifv (ans)
4-C3-e2'X4+02+0 X=4.03-02"X+(2-0 X
judge (ans)
TRUE



