neo-Hookean strain energy

nF[)L_]::{()L, 0, 03, {o, K o}, {o, 0, _}}

\b

nC[A_]: =Transpose [nF[A]]. nF[A]
I11[A_]1:=Tr [nC[A]]

1
12[A ;= ;(I 1A% - Tr [nC[A1%])
F1[Aft]]
2
Alt]

12[A[t]]

1 2 2 2
— ( St ( +A[t]2) J
2 \ aqt)2 At

e[A 1:=c (11[A]1-3)

+ At ]2

e[A[t]1] //FullSinplify

2
c (-3+ +A[t]2)
At

Dle[A[t]], t1//FullSinplify

2c¢ (-1+A[t]3) vt

At ]2
At ]

Dle[A[t1], t]

//Full Sinplify
1

2¢ (-1+2[t]3)
At ]
oO[A_1=%/. A[t]->A1//Sinplify
2c (-1+213)
a1
o0[A[t]]
2c¢ (-1+[t]3)
ALt ]

Uniaxial traction for a viscoelastic material

3u Xt
viscoEq:{oom[t]]»,’;[—t;]::p}

{ZC (-1+a1t13) 3uat)
Aft] Aft]
Vi sCOEq /. {1~ (20 +Bde[#] &)} //FullSinplify
2¢ (-1+ (A0 +pde[t])?) +3Bude [t]
{ ~po}
20+ Bdeft]




2 | damped-osc.nb

Vi SCOEQB = Ser i es [Eval uat e [vi scoEq /. {A- (20 +Bde[#] &)}], {B, O, 1}] //Full Sinplify // Normal
2¢ (-1+20%) B (2 (c+2c20%) de[t] +320ude [t])

+ == pO
{ 20 202 }
vi scoEqR0 = vi scoEqR[1] /. B-»0
2¢c (71 + )\03)
_ pO

20

pOSt aSol = Sol ve [vi scoEqRO0, pO][1]
2c (-1+208
(o 222y
20
viscoEqgLin = {ade[t] +de' [t] =0, de[0] =de0}
{ade[t] +de'[t] =0, de[0] ==de0}
vi scoEgLi n =vi scoEqB /. pOStasSol /. B-1//FullSinplify
2 (c+2c20%) deft]
I
deSol =DSol ve[Joi n[vi scoEqLin, {de[0] ==de0}], de, t][1I

+3ude [t] ::O}

2t (c+2c A03)

{de»Function{{t}, de0e 370« H

A0Sol =Assuning[20 >0&&c >0, Sol ve[viscoEqp0, A0] //FullSinplify]

2/3
61/3 ¢ p0 + (1803+« é2406—603 p03 )
1/3
62/3 ¢ (18 C3 44 £24 ¢ -6¢3 pos )

2/3
- (-6)Y3 ¢ p0+ (-1)2/3 (18 c3 44 /é24 ¢ -6c3 pos )

1/3
62/3 ¢ (18 c3++/324cb-6c3 pos )

(po- )

{AO -

b

2/3
(-6)2/3¢c p0- (-6)13 (18 c® ++ /324 ¢85 -6c® pod )
{AO%

J}

1/3
6¢C (1803+ 24 ¢c® -6 c3 po3 )

A0Sol 1 = 20Sol [1]

2/3
61/3 ¢ p0 + (18c3+« é2406—603 p03 )
1/3
62/3 ¢ (18 cd 4 A £24 c® - 6¢c3 po3 )

A0f [p0_1=20/. 20Sol 1 //Full Sinplify

2/3
61/3 ¢ po + (18c3+«£240676c3 p03 )
1/3
62/3 ¢ |18 3 ++ 324 c8 -6 c3 p03

{)0 -

)




Bl ock[{c =1}, P ot [X0f [p0], {pO, -100, 100}]1]

Us

w U

-100 -50

Bl ock[{c =1}, ParanetricH ot [{AOf [pO1, pO}, {pO, -100, 100}, Pl ot Range -»Autonati c,

damped-osc.nb |3

AspectRatio-1, QidLines-{{{0, {Blue}}, {1, {Blue}}}, None}, PlotStyle-{B ue}]]

100+

—100

vi scoEgLi n
2 (c+2c20%) deft]

=
Vi scoEgLi n1 =vi scoEgLi n[1]

+3ude [t] ::O}

2 (c+2c20%) deft]

+3ude [t] =
20

Bl ock [{pc =50}, vi scoEqLini]

2 (c+2c20%) deft )

+3ude [t] =
20

des =de /. deSol

2t (c+2c¢ 20%)

Funct i on [{t }, deOe




4| damped-osc.nb

B|OCk[{pO=15, c=1, ©=10, 20 =20f [pO], tlim=10, AN, deO =0. 2},
Plot [des[t], {t, O, tlim}, PlotRange>Al]]

0.20

0.15

0.10

0.05

2 4 6 8 T iO
Bl ock[{p0=15 ¢=1, u=10, A0 =20f [p0], tlim=10, AN deO=-0.2},
Plot [des[t], {t, O, tlim}, PlotRange A I]]

-0.10

-0.15

-0.20

B|OCk[{pO=15, c=1, u=1, A0 =20f [pO1, tlim=10, AN d€0=0.2},
Plot [des[t], {t, O, tlim}, PlotRange->Al]]

0.20(

0.10

0.05

vi scoEgLi n

2 (c+2c20%) deft )

{ +3ude[t] = }
20

Bl ock[{p0=50, c=1, u=1, 20=20f [p0], tlim=10, de0=0. 2}, A0f [p0] //Full Sinplify // N]
5.01988
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des[t]

2t (c+2c¢ 20%)

de0 e’ 3204
Block[{p0=50, ¢c=1, u=1, A0=2x0f [pO], tIim=10}, des[t]//Sinplify//N//Chop]
2.71828733- 7317 t (e

Bl ock[{p0 =50, ¢ =1, A0 =20f [p0], de0=0.2, u =10},
Plot [des[t], {t, 0, 1}, PlotRange-{0, 1.2de0}]]

0.15

0.10

0.05

I I I I 1
0.2 0.4 0.6 0.8 1.0

BIOCk[{pO:SO, C=1, 20 = X0f [pO], deO:—()LO—l), u:lO, tIIm:lO},
Plot [{20, A0 +des[t]}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{B ack, Thin}, {Blue}}]]

2 4 6 8 10
Bl ock[{p0 =5, c=1}, AOf [pO] // N// Chop]

1.75233
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Block[{p0=15, c=1, u=10, X0 =20f [pO], tlim=10, AN},

AN= 2 /. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}]L1];

Plot [{20, aN[t]}, {t, O, tlim}, PlotRange->All,
PlotStyle-{{Black, Thin}, {Red, Dashed, Thick}}]]

p——— i
-
-

25 R
20F /
15/

2 4 6 8 10
Bl ock[{p0=15 ¢=1, u=10, 20 =20f [p0], de0= (1-20), AN tlim=10},

AN= 2 /. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}][1]; Show[Pl ot [{20, AN[t]},

{t, 0, tlim}, PlotRange>Al |, PlotStyl e {{B ack, Thin}, {Red, Dashed, Thick}}],

Plot [{20, 0 +des[t1}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{Bl ack, Thin}, {Blue}}]]]

——
-~
- ”
’
25 Re
L 4
/
L /
/
r /
L 4
I'
20+
/
r /
/
/
/
I /
/!
15F
/
rloa
Ll
/
H o
/
’
L 1 L L L 1 L L L 1 L L L 1 L L L 1
2 4 6 8 10

Block[{p0=1, c=1, u=10, A0 =20f [p0], de0= (1-20), AN tlim=10},
AN=2/. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}][L]; Show[P ot [{20, AN[t]},
{t, 0, tlim}, PlotRange>All, PlotStyle-{{Bl ack, Thin}, {Red, Dashed, Thick}}],
Plot [{20, 0 +des[t1}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{Bl ack, Thin}, {Blue}}]]]

1151 _
L mmmmTT
=

110+ R

1.051- 7
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Block[{p0=0.1, c=1, u=10, A0 =2x0f [p0], de0 = (1-20), AN tlims=10},
AN= 2 /. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}][1]; Show[Pl ot [{x0, AN[t]},
{t, 0, tlim}, PlotRange~All, PlotStyle-{{Bl ack, Thin}, {Red, Dashed, Thick}}],
Plot [{20, 20 +des[t1}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{Bl ack, Thin}, {Blue}}]]]

1.015+
1.010+-
1.005+-

2 4 6 8 10
Block[{p0=0.1, c=1, u=1, X0=20f [p0], de0= (1-20), AN tlim=10},
AN= 2 /. NDSol ve[Joi n[viscoEq, {A[0]=1}], A, {t, O, tIim}][1]; Show[Pl ot [{20, AN[t]},

{t, 0, tlim}, PlotRange>All, PlotStyle-{{Bl ack, Thin}, {Red, Dashed, Thick}}],

Plot [{20, A0 +des[t1}, {t, O, tlim}, PlotRange>A |, PlotStyle-{{Bl ack, Thin}, {Blue}}]]]

1.015
1.010

1.005

Oscillations for a viscoelastic material
oscEq =

{o0rAlt11+34

At 1 o? 3 a?
=p0-=—g |2ZA[t] + A7[t] +—e X [t12, A[0] =20 +de0, X' [0] ==0}
At ] 2 At ]2 4 xqt]d

2¢ (-1+A[t13) Buit] 3a?oN[t]2 1 o?
{ + =p0 + -—0 +2 A ],
At ] At ] 4 [t 8 2 At ]2

A[0] ==de0 + 20, A [0] :o}
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B|OCk[{pO=O. 1, c=1, u=0.2, X0=20f [p0], de0= (1 -20), AN tlim=10, a=0.1, Q=10/12},
AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1]; Show[Plot [{x0, aN[t]}, {t, O, tlim},
PlotRange »Al |, PlotStyl e~ {{Bl ack, Thin}, {Red, Dashed, Thick}}]]]

L a
L 1 \\
1.025 I
I ‘\
Loy o~
1020F \ FARN
[ 1 I \ -~
[ ] ‘\ ) \ ‘l’ ‘\‘ Pt
— \ 7 \ ’ AN 7 S
1o | v \ /' ==
] \ 1 e
L 1 [y 1
P LY
1010 194
]
[
¥
005 |
L1
L1
H
1 1 1 1 1
2 4 6 8 10

Block[{p0=0.1, c=5 u=0.2, 20=20f [p0], de0=(1-20), AN tlim=10, a=0.1, o=20/12},
AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1]; Show[Plot [{x0, aN[t]}, {t, O, tlim},
Pl ot Range > Al |, PIotSter-»{{BI ack, Thin}, {Red, Dashed, Thi ck}}]]]

[ »
1.008|- 'l“
[ 1
oy "
L 1 1 1\
1.005- 'l 1 ,l\‘ 'l\\
oo 1\ I\ Fgl
Loy 1\ 1 H FaY
1004[- 1 [ 1\ - 7\ 7™ -
L 1 1 1 1 4 N
oy by I A N
S S E T R S S S
< N R R O A Y A W
N T Vo \ ! v/ 14
L1 1 I L | 1 1 v I v
L1 ] l‘ ] \‘ h v}
Loo2f- 1 | ! \ / ¥
] 1] v
[1 '
10011 \J
o ,
]
/ L L L 1 L L L 1 L L L 1 L L L 1 L L L 1
- 2 4 6 8 10

Block[{p0=0.1, ¢=2, u=0.2, A0=20f [p0], deO= (1-20), AN tlim=10, a=0.1, o=20/12},
AN=2x/. NDSol ve[oscEq, A, {t, O, tlim}][1]; Show[Plot [{x0, aN[t]}, {t, O, tlim},
PlotRange »Al |, PlotStyl e~ {{Bl ack, Thin}, {Red, Dashed, Thick}}]]]

1.015- 2y
L [KY
" 1
\
1 ] I"\
I \ I\
L 1 1 I 1 Y
I \ ] \ \ .
Lo I 1 ] 1 1 \ N
I 1 ] 1 1 \ / \
] \ 1 1 ! \ K 3
1 H H ' H \ / N/
I \ I \ ] AN Noo?
I \ 1 v NS
r 1 ] [ J -
1005 | V| W/
Lo [
I \ 7
L s
W]
]
L
! L | | | L | |
2 4 6 8 10
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B|OCk[{pO=lO, c=1, u=0.2, A0 =20f [p0], deO= (1 -20), AN, tlim=10, a=0.1, Q=20/12},
AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1]; Show[Plot [{x0, aN[t]}, {t, O, tlim},
PlotRange »Al |, PlotStyl e~ {{Bl ack, Thin}, {Red, Dashed, Thick}}]]]

4.0

I' \\
/ \ N
35F -
] \ FARAY K
] \ 7 \ /
r ] 1 7 \ /
1 \ 1 \ ]
3.0 1 [} 7 \ /
L 1 \ 1 \ ’
1 \ ' \ I}
1 \ i \\ F
251 ! \ ] \ ]
l’ ‘| ,’ 1 !
1
/ Voo Voo
20 \ hi ' /
1 1 1 \ 1
] \ ] \ /
] ' I \ /
15 1 \ I . !
1 \ /4 !
o \ g '~
rd A
L . |
2 4 6 8 10

Block[{p0=1, c=1, u=0.2, 20=20f [p0], deO=(1-20), AN tlim=10, a=0.1, o=20/12},
AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1]; Show[Plot [{x0, aN[t]}, {t, O, tlim},
Pl ot Range » Al |, PIotSter-»{{BI ack, Thin}, {Red, Dashed, Thi ck}}]]]

1.30F ™
r 4 \
r 7 \
[ 'I \‘
1.25 r h \ ,I "\\
r " \ / \
r 7 \ o~
[ h \ ’
120f 1 \ H \ SN
[ ] 1 /] \ / \\
. I hd
115 ] Y 1 \ 4 N
r 1 ) 1 \ /
L I \ ] \ /
[ 1 \‘ 1 AN
L 1 1
1.10 r 4 \ ,’ ~o
r I
[ " oo’
1.05 C
I
r
s
2 4 6 8 10

Block[{p0=0.2, c=1, u=0.2, 20=20f [p0], deO=(1-20), AN tlim=10, a=0.1, o=20/12},
AN=2/. NDSol ve[oscEq, A, {t, O, tIim}][1]; Show[Plot [{20, AN[t]}, {t, O, tlim},
PlotRange »Al |, PlotStyl e {{Bl ack, Thin}, {Red, Dashed, Thick}}]]]

1.06

/
/4 \\
I\
I 1
1.05F ] \
I [} FanS
] 1 VA
] \ / \\ -
1.04 - [} [} 4 RN
1 [} 7 \ 4 ~
1 4 \ / N\
K '\ 1 \ ’ \
L 1} A ) 7 N
] \ ! \ / \
1.03 1 \ 'l \ Y3 ~
] \ \ /
L 1 \ / \, 4
1 \ 1 e
1020 1 v ]
I L
1 S
/
1.01+-
I
r
r4
"
2 4 6 8 10
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Small oscillations for a viscoelastic material
0sCEq /. {1~ (A0 +Bde[#] &)} //Full Sinplify
2¢ (-1+ (A0 +pde[t])?) +3Bude [t]

{ 20 + Bde(t ] N

3a2/32Qd6’[t]2 1 o
.

pO - —Bo [220+2p3deft] +
2

————|de”’[t], de0==Bde[0], Bde [0] ::0}
4 0 +pdeft])® (A0 + Bde[t])?
oscEqp = Seri es [Eval uat e [oscEq /. {1- (20 +Bde[#] &) }], {8, 0, 1}] //Full Sinplify // Nornmal

2c (—l+)k03) 1

{—p0+ B (4 (c+2¢0%) deft]+620ude [t] + (o?+220%) ode” [t]) =0,

.
20 2 202
20 + Bde[0] == de0 + 20, Bde’ [0] == }

oscEqpIl] /. B-»0

2¢ (-1+20%)
p0+ —————— =0
20
pOSt aSol
2c (-1+208
(o 2222
20
pOSt aSol = Sol ve[oscEgRI1] /. B-0, p0][M1l]
2c¢c (-1+208
(o 2220
20

oscEqB /. pOStaSol //Sinplify

1
{—0/3 (4 (c+2c20%) deft] +620ude [t] + (o +220%) pde” [t]) =0, de0 == de[0], Bde [0] ::0}
2

oscEgLin=oscEqBR /. pOStaSol /. B-»1//FullSinplify
4 (c+2c0%) de[t]+620ude [t]+ (a?+220%) pde” [t]
{ =0, de0==de[0], de’[0] = }
20
BIOCk[{pO:O, c=1, u=0.2, A0=20f [p0], de0=1.6 (1L -2A0), deNin, tlim=10, a=1, Q=24}, dGO]

0.

BIock[{pO:O, c=1, u=0.2, 20 =20f [p0], de0=0.120, deNin, tlim=10, a=0.1, Q=2},
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1]; Show|
Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange-~>A|, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

110

1.05

1.00




damped-osc.nb | 11

B|OCk[{pO=O, c=1, u=0, X0 =20f [p0], de0=0.120, deNin, tlim=10, a=0.1, Q=2},
deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1]; Show|
Plot [{20, 20 +deNin[t]}, {t, O, tlim}, PlotRange-~Al, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

110
1.05

1.00

0.95

Block[{p0=10, c=1, u=0, A0=20f [p0], de0=0.120, deN'in, tIim=10, «=0.1, =2},
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T]; Show|
Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange-AI, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

10
Block[{p0=10, c=1, u=0.1, A0=2x0f [p0], de0=0.120, deNin, tlim=10, «a=0.1, o=2},
deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1]; Show|

Plot [{20, 20+deNin[t]}, {t, O, tlim}, PlotRange~Al, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

AN
Avaya
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B|OCk[{pO=lO, c=10, p=0.1, 20=2x0f [p0], de0=0.120, deNin, tlim=10, a=0.1, Q=2},
deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1]; Show|
Plot [{20, 20 +deNin[t]}, {t, O, tlim}, PlotRange-~Al, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

AN
W I

I L L P
2 4 6 8 10

1.20

BIock[{pO:lO, c=1, u=1, 20=2x0f [p0], de0=0.120, deNin, tlim=10, «a=0.1, o=2},
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1]; Show|
Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange-AI, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

23+
22+
[ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 4

6 8 10

BIOCk[{pO:lO, c=1 pu=1, 20 =2x0f [pO0], de0=0.320, AN deNin, tlim=10, a=0.1, Q=2},
AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1I;
deN i n=de /. NDSol ve[oscEqLi n, de, {t, 0, tlim}][[l]]; Show[PI ot [{AO, N[t 13,

{t, 0, tlim}, PlotRange~All, PlotStyle-{{Bl ack, Thin}, {Red, Dashed, Thick}}],

Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange~Al, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]
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B|OCk[{pO=lO, c=1, u=8, X0=20f [p0], de0=0.320, AN, deNin, tlim=10, a=0.1, Q=2},
AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1L;
deNin=de /. NDSol ve[oscEgLin, de, {t, O, tlim}][1]; Show|[Pl ot [{x0, AN[t]},

{t, 0, tlim}, PlotRange~>All, PlotStyle-{{Bl ack, Thin}, {Red, Dashed, Thick}}],

Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange->AI, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

L Smme=—
I | L

2 4 6 8 10

BIOCk[{pO:lO, c=1 pu=0, 20 =20f [p0], AN, de0=0.3 20, deNin, tlim=10, a=0.1, Q=2},
AN= 2 /. NDSol ve[oscEq, 2, {t, 0, tIim}][[l]];

deN i n=de /. NDSol ve[oscEqLi n, de, {t, 0, tlim}][[l]]; Show[PI ot [{)LO, AN[t 13,

{t, 0, tlim}, PlotRange~All, PlotStyle-{{Bl ack, Thin}, {Red, Dashed, Thick}}],

Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange-~Al, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

30F
2.8F
2.6]

24f

22}
20}

18

16k
Block[{p0=10, c=4, u=0, A0 =20f [p0], AN, de0=0.320, deN'in, tlim=10, «=0.1, =2},
AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1T;
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1]; Show[Pl ot [{x0, AN[t]},

{t, 0, tIim}, Pl ot Range » Al |, PIotSter-»{{BI ack, Thin}, {Red, Dashed, Thi ck}}],

Pl ot [{AO, AO+deNin[t]}, {t, 0, tlim}, Pl ot Range » Al | , PIotSter-»{{BI ack, Thin}, {Bl ue}}]]]
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Small oscillations for a viscoelastic material (critical viscosity value)
(oscEgLi n[1, 1T -oscEqLinfl, 2]) A0 // Ful I Sinplify

4 (c+2c0%) de[t]+620ude [t]+ (a®+220%) pode” [t]

20
oscEqLi nl = (oscEgLin[1, 1] - oscEqLinf1, 2]) ﬁ// Full Sinplify
ac +220°) o

4cde[t] +8c A0 de[t] +6 20 ude [t]

+de” [t]
o? 0+2 203 o

oscEgLi nl
deOe!
4¢c+8cA0%+6x20u

/. de > (deOExp[x#] &) //Full Sinplify

.K2+

o2 p+2 203 p
xSol =Sol ve[%=0, x] //FullSinplify

(f=--

—3A0u+\/3/\02 Z-4c (1+220%) (0 +220%) o
f H
(o?+220%) o

3)kOu+»\/6)k02 2_4c (l+2)&03) (o<2+2)k03) o)

it

(o<2 +2 AO3) o)

x /. xSol [11 // Ful | Sinplify

73}0“\/5)(02 2-4c (1+220%) (®+220%) o

(2 +220%) o

x/. xSol [21 // Ful I Sinplify

—3)&0u+\/9)L02 2_4c (l+2)kO3) (O(2+2)L03> o

(oc2 +2)\03) o)

xdi's = (x /. xSol [1]) - (x /. xSol [2]) // Ful | Sinplify

_2\/3102 2-4c (1+220%) (02+220%) o

(a2 +220%) o

xdi s2 = (Nmeratzr [Kdis])z //FullSinplify
920% 2 -4c (1+220%) (o®+220°%) o
xdis2/. A0-1//Sinplify

9% -12c (2+0%) o

Sol ve [Kdi §2:=20/. p?-u2, u2] [11

4c <1+2)L03> <O<2+2)k03) je)

2~ T )

u0=,\/12 /. Sol ve[xdis2=0/. u? »>u2, u2][1]//FullSinplify /7 Power Expand

2\ﬂ\/1+2m3 \/a2+2xo3 b

320
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degSol =DSol ve[oscEqLinl =0, de, t]//Full Sinplify

t [—6 r«ostewzuht (4c+8c 203) (o2 p+2 203 o) ] t [—G)OLA—\/BG)\OZ 12-4 (4c+8c 203) (a2 p+2 203 o) ]
{{de - Function {{t }, e 2 (@ 0:220° 0) Cll] +e 2 (o020 0) C[2] } }}
xSol
3)&0/,(+—\/é)k02 2-4c (1+220%) (o®+220%) 0
{fr-- }
(az +2 AOS) 1)
—3)&0u+\/é102 2_4c¢ <1+2A03> (o<2+2103> o)
{- )
(oc2 +2 103) o)

K2 /. xS0l /. u-vu0//FullSinplify//PowerExpand // Ful | Sinplify

4c (1+220°%) (\/+\/—1+V2 )2 4c (1+2203) (V-\/—1+V2 )z

(02 +2 20%) o ' (2 +220%) o !

{

oscEgLinl /. u-»vu0//Full Sinplify //PowerExpand // Full Sinplify

1
_—4 ((c+2cxo3) det ] +\/4;_\/1+2xo3 \/12+2xo3 v\/gde'[t])me“[t]
(a2+2/\03> je)
BIock[{pO:l, c=1, X0=20f [p0], de0=0.32x0, deNin, tlim=10, a=0.1, g=2},
Plot [{Re[x/. xSol [111, I m[x/. xSol [111}, {u, O, 2u0},

PIotSter-»{BI ue, Red}, Qi dLi nes-»{{{uo, {Red, Dashed}}}, None}]]

1 2 3 4 5 6

af

e
Block[{p0=1, c=1, A0=20f [p0], de0=0.320, deNin, tlim=10, a=0.1, o=2},
Plot [{Re[x /. xSol [2]1, I m[x/. xSol [211}, {u, O, 2u0},

PlotStyle-{B ue, Red}, GidLines-{{{x0, {Red, Dashed}}}, None}]]
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BIock[{c:l, a=0.1, g=2}, Plot [{F&e[uO], Im[u01}, {20, O, 2}, PIotSter—»{BI ue, Red}]]

0‘.5 ‘ ‘ ‘ ‘ 1.0 ‘ ‘ ‘ ‘ 15 ‘ ‘ ‘ ‘ 2.0
D[uO, 201 //Ful | Sinplify

2~ (20°+820° + o (-14+20°)) Ao

3 02 \/I +2 208 \/12 +2 208
Sol ve [D[u0, A0] =0, A0] //FullSinplify

1/3
“1-02-Afl+340%+0*

2. 2173 )

{{)&0»—% (%)1/3 (10(2 1+340%+0a )1/3}, {XO%

1/3
{r0- (—1—0(2—'\/1+340(2+ot4 ) Root [-1+16 71 & 3]},
1/3
“1-a?+ +3402 + o

22173 )

1 [ 1\1/3 1/3
{AO»—— (—) (1ocz+ 1+3402+a* ) } {XO%
2 2

{)\Oe (—1—a2+'\/1+340(2+ot4

A0pONi n = 20 /. %[5]

1/3
“1-02+A1+340%+0

2><21/3
%/. a-»0.9//N

1/3
Root [-1+16#1° & 3]} ]

~

0. 607845

Limt [)LOuOn‘i n, a-»O]

0

Limt [)LOuOn‘i n, a-»oo]

1

Assum ng[a>0, 0<20u0nin<1//Refi ne]

True
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uOmn=p0/. 20> 2A0uOmn //Full Sinplify

(\/g\/70(2+’\/1+340(2+0(4 \/1+7ot2+'\/1+34o<2+o<4 \/@;1/
[ 1/3
(3x22/3 (—1—0(2+ 1+34O(2+O(4) )

Block[{c=1, a=0.1, =2}, Plot[u0, {20, O, 1}, PlotStyl e {Bl ue}, P otRange- {0, Automatic},
Qi dLi nes » {{{20u0ni n, {Red, Dashed}}}, {{uOmin, {BI ue, Dashed}}}}]]

35}

Block[{p0=-1, c=1, u=0.1u0, 20 =20f [p0], deO=0.320, deNin, tlim=10, a=0.1, =2},
deN i n=de /. NDSol ve[oscEqLi n, de, {t, 0, tIim}][[l]]; Show[
PIot[{)LO, )LO+deNin[t]}, {t, 0, tIim}, Pl ot Range » Al |, PIotSter-»{{BIack, Thin}, {Blue}}]]]

11p-
1.0+

0.9
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B|OCk[{pO=—l, c=1, u=0.8u0, A0 =20f [pO1, de0=0.320, deNin, tlim=10, a=0.1, Q=2},
deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1]; Show|
Plot [{20, 20 +deNin[t]}, {t, O, tlim}, PlotRange-~Al, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

1.05F

1.00-

0.90F

T F— e T T T T T T T T T T T 1

2 4 6 8 10
Block[{p0=-1, c=1, u=u0, A0=20f [p0], de0=0.320, deNin, tlim=10, a=0.1, o=2},
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T]; Show|

Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange-AI, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

105}
1.00}
0.95}

0.90]

0.85]

2 4 6 8 10
Block[{p0=-1, c=1, u=4u0, X0=20f [p0], de0=0.320, deNin, t1im=10, a=0.1, =2},
deN i n=de /. NDSol ve[oscEqLi n, de, {t, 0, tlim}][[l]]; Show[

Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange~Al, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

1.05}
.00

0.95]

0851
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B|OCk[{pO=—l, c=1, u=10u0, A0 =20f [p0], de0=0.320, deNin, tlim=10, a=0.1, Q=2},
deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1]; Show|
Plot [{20, 20 +deNin[t]}, {t, O, tlim}, PlotRange-~Al, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

0.90F

o.8sF

2 4 6 8 10
Block[{p0=-1, c=1, u=100u0, A0 =20f [p0], de0=0.320, deNin, tlim=10, a=0.1, o=2},
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T]; Show|

Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange-AI, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

1.05-

1.00F
095
090

0851

Small oscillations for an elastic material (u=0)

xSol /. A0-1/. u-»0//Sinplify

HHQZL}‘ {Hi}}
/\I—C (2+O(2) o \/—C (2+o<2) o
xS0l /. 40775 nplity

2¢ (1+220°) 2¢ (1+2203)
{K% , {K%*

e (1+220°) (@2 250 o e (12009 (24220 0

DSol ve [oscEqLin1=0/. u-0, de, t]

Zt: c-2¢ 0% 72[: c-2¢c 08
Cl1] +e Fezoo C[Z}H}

HdeaFuncti on {{t 1, e
de[t]/. %

2t \/-c-2¢ 0% 72(:472:;«03
{e ~[o2 042 208 o C[l]Jr(e o2 042 203 o C[Z]}
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oscEgLinl /. u-»vu0//Snplify // PowerExpand // Sinplify

1
—4((C+20103 \/g\/1+2103 \/x+2m3 v\/gjde'[t])+de"[t]

(o2 +220%) o
xSol

310;“\/5}02 2-4c (1+220%) (®+220%) 0

{{x-- }
(O(2+2A03) o)
—3)&0u+\/é)02 2—4C<1+2AO3> (o<2+2103>g

{K% (a2+2)\03) o) }}

xSol /. p-»vu0//Sinplify //PowerExpand // Sinplify

H}HZVE\/MUOS (v+\/—1+v2 )} {}Hz\f\/uzxo?' (—v+\/—1+v2 )}}
A2 +220% Ao A2 +220% Ao

xSol 0=xSol /. u-»0//Sinplify //PowerExpand //Sinplify
H}Hzi\[\/uzxm } {}sz\/@\/hzw }}
\/1“2)\03 b \/X2+2A03 N3

x /. xSol 021 // Sinplify

1\[\/1+2Ao3
\/7‘2+2f\03 b

oscEgLi nl
4cde(t] +8cA03deft] +6 20 ude[t]
+de” [t ]
o2 p+2 203 p
oscEgLi nl ) )
t—l/. u-0/. {de—»(EXp[I x #] &)}//FullSmpllfy
e K

4c+8ca08
K ———

o2 p+2 203 p

Assunming[c >08&20>08&8%0>0, Sol ve[%=0, x] //Refine]

) {}sz\/@\/hzw )

\/*““03 3
Assurring[c>0&&10>0&&9>0, % /. AO-»l//FuIISierIify]

ZI\EC } 21\/3_c H

K%_\/: 2+Ol \/: 2+oc

u0

2\/5\/14)@3 \/a2+2103 b

320
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xSol /. u-»0//Sinplify //PowerExpand //Sinplify

}H,Zjl\/g\/l*“f’3 K%2i\ﬂ\/1+2103
H } { \/>(2+2x03 \/Q’ H

‘\/}(2+2)L03 \/5
Plot [(1+220%), {x0, -1, 1}]

3

iN

-1.0 -0.5 L 0.5 10

-1+

Stability and small oscillations
d ear [pOf ]; pOf = (pOf /. DSol ve[vi scoEqRO /. pO - pOf [A0], pOf, A0][1])

2¢ (-1+209%)

Functi on [{/10}, ]
20
pof ' [1]
6c¢C
pOf [A0]
2c (—1 + )kOa)
20
pOf ' ' [A0]
4c (-1+20%)
203
pof ' ' [1]
0

Sol ve[u0 ==0, A0]
1 \1/3 1 (71>2/3
(o (;) oo o2,

1\1/3 2/3 (-1)2/3 o273
PRE L
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B|OCk[{pO=—l, c=1, u=0, X0 =20f [p0], de0=0.120, deNin, tlim=10, a=0.1, Q=2},
deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1]; Show|

Plot [{20, 20 +deNin[t]}, {t, O, tlim}, PlotRange-~Al, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

A

0.801~

2 4 6 8 10
Block[{p0=-1.2, c=1, u=0, A0 =20f [p0], de0=0.120, deN'in, tIim=10, «=0.1, =2},
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T]; Show|

Plot [{20, x0+deNin[t]}, {t, O, tlim}, PlotRange-AI, PlotStyle-{{Bl ack, Thin}, {B ue}}]]]

IAWANA
IAYAYS

BIOCk[{pO:O.Z, c=10, p=0.1, A0 =20f [p0], AN, de0=0.120, deNin, tlim=6, a=0.1, Q=2},

AN= 2 /. NDSol ve[oscEq, 2, {t, 0, tlim}][[l]];

deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1I;

Show[Pl ot [{AN[t1}, {t, O, tlim}, PlotRange- {0, 1.2},
PlotStyle-{{Red, Dashed, Thick}}, GridLines-{None, {{10, Red}, {20+de0, Geen}}}],
Plot [{20+deNin[t]}, {t, O, tIim}, PlotRange-{0, 1.2}, PlotStyle-{{Bl ue}},
QidLines »{None, {{20, Red}, {x0+de0, Geen}}}]]]

1'2f
0.8;
0.6}
04 7

0.2+
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Bl ock[{p0=0.6, c=10, u=0.1, A0 =20f [p0], AN de0=0.120, deNin, tlim=6, a=0.1, g=2},
AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1L;
deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1I;
Show[Pl ot [{AN[t1}, {t, O, tlim}, PlotRange- {0, 1.2},
PlotStyl e {{Red, Dashed, Thick}}, GidLines-{None, {{20, Red}, {10+de0, Geen}}}],
Plot [{x0+deNin[t]}, {t, O, tIim}, PlotRange-{0, 1.2}, PlotStyle-{{Bl ue}},
Q@idLines »{None, {{20, Red}, {x0+de0, Geen}}}]]]

12+

1_0’\/\/‘\/‘\/\/\
NN NS N NS

0.8 -

0.6

1 2 3 4 5 6
B|OCk[{p0=0.6, c=10, p=0, A0 =20f [p0], AN, de0=0.220, deNin, tlim=6, a=0.1, Q:l},
deN i n=de /. NDSol ve[oscEqLi n, de, {t, 0, tlim}][[l]];
Show[PI ot [{)LO+deNin[t]}, {t, 0, tIim}, Pl ot Range -» {0, 1.5},

PlotStyl e {{Bl ue}}, GidLines-{None, {{20, Red}, {10+de0, Geen}}}]]]

14

”\AAAAAA/\

1

(AVAVAVAVAVAVAVA

0.6

C

02F

1 2 3 4 5 6
xSol //Full Sinplify

3Aou+\/6/\02 2-4¢ (1+220%) (®+220%) o

- (02 +220%) o }

U }}

u0?

-3A0u+\/éuoz 2-4c (1+220%) (®+220%) o

(0?2 +220%) o

4c (1+220%) (02 +220%) o

9 202
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xSol /. p->vu0//Full Sinplify//Power Expand // Ful | Sinplify

{{}H_z\/@\/uzxm (\/+\/—1+v2 )} {Kﬁz\/@\/hzxoS (—v+\/—1+v2 )}}
A2 +220% Ao A2 +220° Ao

%/. v-0

{{K%_Zj\/ci\/1+2)k03 } {}Hu\/@\/hzzoi*‘ )

\L‘Z £220° Ao \/12 £220°
xSol 0 // Ful | Sinplify // Power Expand

{{sz\ﬂ\/uzw ) {}sz\/@\/hzxof* )

\/1“2)\03 3 \/1“2103 3
Block[{pO:lo, c=10, 4 =0.01, A0=20f [p0], AN de0=0.120, deNin, tlim=tper,
27 .
t per =Max[ /. KSOI], a=0.1, Q=2}, AN= /. NDSol ve[oscEg, A, {t, 0, tlim}]1L;

I m[x]
deN i n=de /. NDSol ve[oscEqLi n, de, {t, 0, tIim}][[l]];
Show[ParanetricPl ot [{AN[t], AN' [t1}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PIotSter—»{{F&ad, Dashed}}, Qi dLi nes—»{{{/\o, Red}, {AO+deO, Geen}}, l\bne}],
ParametricPlot [{x0+deNin[t], deNin' [t]}, {t, O, tlim}, AspectRatio-1,
Pl ot Range »Al |, PlotStyl e {{B ue}}, @idLi nes-»{{{AO, Red}, {AO+deO, Geen}}, None}]]]
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Block[{p0=o.5, ¢ =10, u=0.01, 20=20f [p0], AN, de0=0.120, deNin, tlims=tper,

27
tper:lvax[

/. xS0l |, @=0.1, e=2}, AN=2/. NDSol ve[oscEq, A, {t, O, tlim}]Lil;
I m[x]

deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;

Show[ParanetricPl ot [{AN[t ], AN' [t1}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Red, Dashed}}, @idLines-{{{20, Red}, {10+de0, Geen}}, None}],

Par aret ri cPl ot [{AO+deN in[t], deNin' [t]}, {t, 0, tli m}, Aspect Ratio-1,
PlotRange »Al |, PlotStyl e {{Bl ue}}, GidLines-{{{20, Red}, {x0+de0, Geen}}, I\bne}]]]
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Block[{p0=0.5, c=10, u=0.1, 20 =20f [p0], AN, de0=0.120, deNin, tlim=3tper,

27
tper=|vax[

/. xS0l |, @=0.1, e=2}, AN=2/. NDSol ve[oscEq, A, {t, O, tlim}]Lil;
I m[x]

deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;

Show[ParanetricPl ot [{AN[t ], AN' [t1}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Red, Dashed}}, @idLines-{{{20, Red}, {10+de0, Geen}}, None}],

Par aret ri cPl ot [{AO+deNin[t], deNin' [t]}, {t, 0, tIim}, Aspect Ratio-1,
PlotRange »Al |, PlotStyl e {{Bl ue}}, GidLines-{{{20, Red}, {x0+de0, Geen}}, I\bne}]]]
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BIock[{pO:l, c=1, u=0.1, 20 =20f [p0], AN de0=0.120, deNin, tlim=3tper,

27
tper=|vax[

/. xS0l |, @=0.1, e=2}, AN=2/. NDSol ve[oscEq, A, {t, O, tlim}]Lil;
I m[x]

deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;

Show[ParanetricPl ot [{AN[t ], AN' [t1}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Red, Dashed}}, @idLines-{{{20, Red}, {10+de0, Geen}}, None}],

Par aret ri cPl ot [{AO+deNin[t], deNin' [t]}, {t, 0, tIim}, Aspect Ratio-1,
PlotRange »Al |, PlotStyl e {{Bl ue}}, GidLines-{{{20, Red}, {x0+de0, Geen}}, I\bne}]]]
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B|OCk[{p0=l, c=1, u=0.2, 20=20f [p0], AN de0=0.120, deNin, tlim=30, a=0.1, Q=2},

AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1L;

deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1I;

Show[Par anet ri cPl ot [{AN[t ], AN' [t1}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Red, Dashed}}, @idLines-{{{20, Red}, {10+de0, Geen}}, None}],
ParametricPlot [{x0+deNin[t], deNin'[t]}, {t, O, tlim}, AspectRatio-1,
PlotRange »Al |, PlotStyl e {{B ue}}, QidLines-{{{20, Red}, {20+de0, Geen}}, None}]|]]
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B|OCk[{p0=5, c=1, u=0.2, 20=20f [p0], AN de0=0.120, deNin, tlim=30, a=0.1, Q=2},

AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1L;

deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1I;

Show[Par anet ri cPl ot [{AN[t ], AN' [t1}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Red, Dashed}}, @idLines-{{{20, Red}, {10+de0, Geen}}, None}],
ParametricPlot [{x0+deNin[t], deNin'[t]}, {t, O, tlim}, AspectRatio-1,
PlotRange »Al |, PlotStyl e {{B ue}}, QidLines-{{{20, Red}, {20+de0, Geen}}, None}]|]]

BIOCk[{pO:—O.B, c=1, u=0.2, 20 =20f [p0], AN, de0=0.120, deNin, tlim=30, a=0.1, Q=2},

deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1I;

Show[Pararretri cPl ot [{AO+deN in[t], deNin'[t ]}, {t, 0, tli m}, Aspect Ratio-1,
PlotRange >Al |, PlotStyl e » {{Bl ue}}, @idLi nes-»{{{/\o, Red}, {AO+deO, Geen}}, l\bne}]]]

0.10

0.05

-0.10
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Block[{p0=10, c=10, u=0.1, 20=20f [p0], AN, de0=0.120, deNin, tlim=2, a=0.1, g=2},

AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1L;

deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1I;

Show[Par anet ri cPl ot [{AN[t ], AN' [t1}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Red, Dashed}}, @idLines-{{{20, Red}, {10+de0, Geen}}, None}],
ParametricPlot [{x0+deNin[t], deNin'[t]}, {t, O, tlim}, AspectRatio-1,
PlotRange »Al |, PlotStyl e {{B ue}}, QidLines-{{{20, Red}, {20+de0, Geen}}, None}]|]]
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Block[{p0=0.4, c=10, u=0.1, A0 =20f [p0], AN de0=0.0520, deNin, tlim=2, a=0.1, =2},

AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1L;

deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1I;

Show[Par anet ri cPl ot [{AN[t ], AN' [t1}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Red, Dashed}}, @idLines-{{{20, Red}, {10+de0, Geen}}, None}],
ParametricPlot [{x0+deNin[t], deNin'[t]}, {t, O, tlim}, AspectRatio-1,
PlotRange »Al |, PlotStyl e {{B ue}}, QidLines-{{{20, Geen}, {A0+de0, Red}}, None}]]]
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Block[{p0=0.8, c=10, u=0.1, A0 =20f [p0], AN de0=0.0520, deNin, tlim=2, a=0.1, =2},

AN=2/. NDSol ve[oscEq, A, {t, O, tlim}][1L;

deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1I;

Show[Par anet ri cPl ot [{AN[t ], AN' [t1}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Red, Dashed}}, @idLines-{{{20, {Red}}, {10+de0, Geen}}, None}],
ParametricPlot [{A0+deNin[t], deNin'[t]}, {t, O, tlim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Bl ue}}, GidLines-{{{20, {Red}}, {20+de0, Geen}}, None}]]]

BIOCk[{pO:O.S, c=10, p=0.1, 20=2x0f [p0], AN, de0=0.0520, deNin, tlim=2, a=0.1, Q=2},
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1]; Show|
ParametricPlot [{x0+deNin[t], deNin'[t]}, {t, O, tIim}, AspectRatio-1, PlotRange-A I,
PlotStyl e {{Blue}}, GidLi nes-»{{{AO, {Red, Dashed}}, {AO+deO, Geen}}, l\bne}]]]
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B|OCk[{p0=0.8, c =10, u=0, X0 =20f [pO0], AN, de0=0.0520, deNin, tlim=2, a=0.1, Q=2},
deNin=de /. NDSol ve[oscEglLin, de, {t, O, tlim}][1]; Show|
ParametricPlot [{x0+deNin[t], deNin' [t]}, {t, O, tIim}, AspectRatio-1, PlotRange-A I,
PlotStyle-{{Bl ue}}, GidLines-{{{20, {Red, Dashed}}, {0+de0, Geen}}, None}]]]

phplO:BIock[{pO:lO, € =10, u=-0.1u0, 20 =20f [p0], AN,

27

de0=0.0520, deNin, tlims=2tper, tper =|vax[ /. Ksm], a=0.1, 9=2},

I m[x]
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;
Show[ParanetricPlot [{x0+deNin[t], deNiin'[t]1}, {t, O, tlim},
AspectRatio-1, PlotRange-»>All, PlotStyl e » {{OWKCol or [1, 0.8, 0]}},
PlotRange »Al |, GidLines-{{{20, {Red, Dashed}}, {20+de0, Green}}, l\bne}]]]
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phpll:BIock[{pO:lO, €=10, u=0.1u0, 20 = A0f [p0], AN,

27

de0=0.0520, deNin, tlims=2tper, tper =|vax[ /. xsm], a=0.1, g=2},

I m[x]
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;
Show[ParanetricPlot [{x0+deNin[t], deNiin'[t1}, {t, O, tlim},
AspectRatio-»1, PlotRange-»>All, PlotStyl e » {{OWKCol or [1, 0.4, 0]}},
PlotRange »Al |, GidLines-{{{20, {Red, Dashed}}, {20+de0, Green}}, l\bne}]]]




phpl2=BIock[{p0=10, € =10, u=0.2u0, 20 = A0f [p0], AN,

27

de0=0.0520, deNin, tlims=2tper, tper =|vax[ /. xsm], a=0.1, g=2},

I m[x]
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;
Show[ParanetricPlot [{x0+deNin[t], deNiin'[t1}, {t, O, tlim},
AspectRatio-1, PlotRange»>All, Pl ot Styl e » {{OQWKCol or [1, O, 11}},
PlotRange »Al |, GidLines-{{{20, {Red, Dashed}}, {20+de0, Green}}, l\bne}]]]

0.10

-0.15

-0.20
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php|3=B|ock[{p0=1o, ¢ =10, u=0.3u0, 20 =20f [p0], AN,

27

de0=0.0520, deNin, tlims=2tper, tper =|vax[ /. xsm], a=0.1, g=2},

I m[x]
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;
Show[ParanetricPlot [{x0+deNin[t], deNiin'[t1}, {t, O, tlim},
AspectRatio-1, PlotRange»All, Pl ot Styl e » {{OQWKCol or [1, O, 01}},
PlotRange »Al |, GidLines-{{{20, {Red, Dashed}}, {20+de0, Green}}, l\bne}]]]
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php|4=B|ock[{p0=1o, ¢ =10, u=0.4u0, 20=20f [p0], AN

27

de0=0.0520, deNin, tlim=2tper, tper =Max[ /. KSOI], a=0.1, g=2},

I m[x]

deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;
Show[ParanetricPlot [{x0+deNin[t], deNiin'[t1}, {t, O, tlim},

AspectRatio-»1, PlotRange-»All, PlotStyl e » {{OWKCol or [0, 0.2, 0.5]1}},

PlotRange »All, @idLines{{{20, {Red, Dashed}}, {20+de0, @een}}, None}]]]
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phpl5=BIock[{p0=10, € =10, u=0.5u0, 20 =20f [p0], AN,

27

de0=0.0520, deNin, tlims=2tper, tper =|vax[ /. Ksm], a=0.1, Q=2},

I m[x]
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;
Show[ParanetricPlot [{x0+deNin[t], deNiin'[t1}, {t, O, tlim},

AspectRatio-1, PlotRange»>All, PlotStyl e » {{OQWKCol or [0, 1, 11}},

PlotRange »Al |, GidLines-{{{20, {Red, Dashed}}, {20+de0, Green}}, l\bne}]]]

Show[phpl 5, phpl 4, phpl 3, phpl 2, phpl 1, Pl ot Range »Al | ]
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php|6=B|ock[{p0=1o, ¢ =10, pu=0.999 40, 20 =20f [p0], AN,
2

de0=0.0520, deNin, tlims=2tper, tper =|vax[ /. xsm], a=0.1, g=2},

I m[x]
deNin=de /. NDSol ve[oscEqLin, de, {t, O, tlim}][1T;
Show[ParanetricPlot [{x0+deNin[t], deNiin'[t1}, {t, O, tlim},
AspectRatio-1, PlotRange Al |, Pl ot Styl e » {{OWKCol or [0. 6, 0.4, 0.8]}},
PlotRange »Al |, GidLines-{{{20, {Red, Dashed}}, {20+de0, Green}}, l\bne}]]]
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