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l Qo " 2 dzd 3 dz' 2 yomisd dz ols GBda®] Y tc ®. ¢ tc Od3dE
Ctstej dgv, W CO58714H.5tc" 9 dz® °

Messages Progress Log Table 1
] @ 55 oass ‘“ E E

State variable u (1)
0.56714

1Bjttjy'ls! dsHjd o WO2d, Odj daj LOCtLdos

1 6d ¢ BAHSL 9 618 'L OdzfERdz0, H jf(u)=u’- 6u*+11lu-6.] ' H B i,
hts otdzes B3O Istedi=Hu=2fuzBal *tHD tdzjCAER’ : d3ts
Il ZH] B ftOyr aOIsd o WO2dAd , Milse st dats 3lz
By 20 d&BOIsd ¢ dz' GloBal Egultionslz’ 9 bd fdzty dzs BBz L
tctsLoOWLEZzoOIsd o dzOMmdzz L OH Oy lGlobal Equations H sH O 9 C
e BdzO?2Is] ' demlstezE y' ¥ :
Global Equations -> Global - Global Equations
Il Hjte] o' od3tyeZpndpbnent 1- Global ODEs and DAEs (ger 6 W o dIs+
dzts o @f 2 L GBadml Equations2.] 2tets 11 9o vt 99 jH' Ist:
Global ODEs and DAEs(ge) Global Equations 2:
Global Equations - Name=w
- f(u, ut, utt, t) = w'3- 6*W2+11*wW -6
i Initial value=-1
[ O2Is] dz2O ko OL " , hts o d3j y0O0r M dzr detsets ¢
Cd3d dz0O. sz skl dsebkz hECOdkz L dwdedss d3d
i 58 Oydjlste o aldy dzdz" |, dzjodz ‘sh [zo' tdsdztdn Wi (u,aut , ulf tstolz’
&zOIlsd mdz' Is! & siasdals ldzidiay Ldoe O deliz’ o) tdaBldz! as Bz dz§ W 'ls
tc' o dzv dz' .




+ Global Equations

PosropHyTH
\-\ﬁ»“#r:«“mfi‘ =0, ulty) =, uglty) =y
" Name  flu,ut,utt,t) (1) Initial value  Initia
WAIEWA2HILWE | -1 0

l S tsdz02Isj B Yydmdzj dzdzv .

Home - > Compute
1 sd3 sdzedms L d3 dz ¢ [ fJ daj o H B BEweBAZHS) fws Jj tdy,
9 BByt ®kz ftsmisste' Mdmisjddd. | OHtekzS &2 Is ]
Results- Derived Values- Statevariable u: RMB > Duplicate

Label = State variable w
Expression 1 Expression=compl. w

LMB > Evaluate T New Table
1 W o dizwizsle® O Wis @g dzdg gz IsOIs® 9 L ¢ 09998D  gelaezvdlg ©
sByduzjtfiasc de Ctss . ztsB ' Ho dhdds2gH 11dbts 7 da'dd®ls -
Study 1 - Solver Configurations - Solution1 - Stationary Solverl ° 9 ' fsdz
Relative tolerance ( 8 ' H dztsdzO  tSI-dAF@§ IRe@o.0 j H ' Is
Study 1 - Solver Configurations - Solution 1- Stationary Solver 1.:

General T Relative tolerance= 0.00001

4 = Component 1 {(comol)
= Definitions
P ad; Global ODEs and DAEs (ge)
(&) Global Equations 1

+ General

Defined by study step: I Step 1: Stationary j Ejl

E_'_I;-:' Global Equations 2 Felative tolerance: 0.00001

51 Equation View
4~ Study 1 Linearity: I Automatic j
]f Step 1: Stationary
4 [Tw. Solver Confi i
ol : gurations - Output
4 [¥ solution 1 _ _
5t Compile Equations: Stationary i Results While Solving

uew Dependent Variables 1
T;_a Stationary Solver 1

1 desezyd madz' s+ s H j dz!

Home - > Compute
1 OHtezZC EZ21Isj dztseo j L dzO wp dzdz'fn didiz iz § & Tabe O dzdf  dzd
11 o Btatex@riablews e ste’ totsL Ctcd2Is] =tvaate vSC B zW

ﬁPDSFDpH}?‘IH CIIHCOK
= Evaluate -

Mew Table

* Loa

Table 1 - State variable u {(comp1.u)

Table 2 - State variable w (comp1.w)

l MyfdmCEz o dB Jae As StateCvimidp@degH ZA j L dzOyO* , h
dzj © " HB AR’ BIzH ] 9odoetsHdIlsd mw ) " mdzlz s Yz |
fsfjtc] HAdZ wL dzOyJ dzdzaW

Results- Derived Values- State variable w: LMB > Evaluate i Table 2

] Hiclz € sztsistAE ded Y o dIs* v dzts 9 j 1.OQOGRQ  jtscadgyd fridss tet
dzts © ddd§dzOh Is Iz ouCGdd®Y jdfxjdzts © s o ' Hdesdzts® . f sn d B S
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Table 2
e @ I3 ass '“— E B

State variable w (1) State variable w (1)
0.99987 1.00000

2B  H' L dzOIsd fmw, ud 2 t' o dgv dzdzw ' dzh
f(x)=x*-6x*+11x- 6.1 dz¥ ' sets fMlsatse' Is' y¥ WkdSy'
Global Definitions : RMB > Functions T Analytic

Function name =f

Definition I Expression =x"3- 6* x"2+11* x- 6
I Arguments =X
Plot Parameters I X, Lower limit, Upper limit =x,0,4 (Istcd Y tsdzw
LMB > Create Plot fsBkzHEZzO OIS GttOW )C o t
B
4
2
0
-2
-4
-5 I L L
0 1 2 3 4
S s 30 daire@e Plot Milso stcs ° SHdzs o d d3' tecdzforid DY j t6§ dz

SHdzso d d3' tedzz cUD CMt'GupdpidL ¢ ®& Iz ffildztSdgph 1 dz' dz' 2 dzts G-

COWF().0 v Yy sk oskLd od dbnJsy dFOWOE G

dzOlIls d M ¢ O dzOGywate Rlalksf $10 ctcOW ' CO L tesL 2d3" dzts, A

Ctstoj dgv dzO2tsg L[ -, Htlstc' Bdats o vt WL 3 dedlsd
1 s jtolsO' dBdtsmw Glebal Equationd2L’' dzGe  u dz0 ugy dzdzts

f syoOlS sotsects d®B dzd 3 § dzdzv  dzO

Global ODEs and DAEs(ge) Global Equations 2:

Global Equations i Initial value=1.6
4 » Component 1 (compl) + Global Equations
= Definitions

4 §; Global ODEs and DAES (78]  Fluwpsee,t) =0, u(ty) = up, upltg) = g
(24) Global Equations 1

(24) Global Equations 2 " Name flu,ut,utt,t) (1) Initial value  Initia
W wW3-0" W 24+11%0w-6 1.6 0
| B Y ds © B BsHj A& ¢ HtbkCkZz whs lsoRazgjiyl

Table 2.

Home - > Compute
Derived Values- State variable w LMB > Evaluate i Table 2
l Istcjls'ddsdzfits IsTabedZf ny' W o dzw'dEO yijwdzdzw 2.000@ fc j dzv
ftod dgjecestg ff SYOIsC so 5GlE. dz@p dzdb P4 dzdeslo |j tedsIOL dz®
Global Equations2® fpd3'vdzY * 3 L dzOyJ dedz?  syBIlsC tso st
Global ODEs and DAEs(ge) Global Equations 2:

Global Equations i Initial value=5

I Bydmadze " di3s BsH J dzf °  Htolz Cvize dissO sdibipy2. L dzO Y J

Home - > Compute
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Derived Values- State variable w LMB > Evaluate i Table 2

lIlsOB dzd y ' O ldadj'awzedezs' Is+ Mw L dzOyj 8BAO . M j tsSHdets@
Table 2
e 83 om 1“ E E = B~

State variable w (1) State variable w (1)  State variable w (1)  State variable w (1)
0.99987 1.00000 2.0000 3.0000

1 Oz o OY1jfdsdgvdzO dzj Miso tstcs o Chlslefl Equatio® tc, L @z o 9z
o Iz LGIpbPal Equationsle o j Misd Htkzcj to' o dz¥ dzdav .

4 = Component 1 {compl) Flatip iy s.b) =0, witg) = up, ultp) =g
= Definitions o
4 2 Global ODEs and DAEs (ge) Name  flu,ututt,t) (1) Initial value  Initial value
() Global Equations 1 u exp{-u)-u 1 0

W woI-6F W 2411500 -1 0
1 Oz o 032 dedze@ests o O LoCdizy dzdzv  dzj d3@*- €( RP § Wt dzOdf
skted B3O s o' Hedd dd" (it fskddSlk §tdE
®eror x|

'.6-' The following feature has encountered a problem:

Failed to find a solution.
Mazimum number of Newton iterations reached.
Returned solution is not converged.

- Feature: Stationary Solver 1 (solifs1)

I ftcOp®L e Wy ' 5! sing! dcaxdlzy | &zO2H' Is! o f
CsL SO tso Odz" -5840 o' HE' L Sk [
1" H{ sG0006 + :1.8539, -4.7566,4.6665 v

l Comsol Mul ti physics sy &0 ydmj dz@ dzts to
Yy! st 9 di3gmH jedzr' o | Mis o tstc Pardsetéyy aFLtkMm] tc] H dz
f OtcOd3j sted ydesc s O dzStddy iy lk o telistH ‘| Isl2' MParanfetfiedeylZ L
Sweep OB ts Btudplli Stepd: Stationary ©  tc s Study Etensions
o MisOdzets o dzt ' Is! AdliaryPyedp j 3@ 6 O =fd2' »QHzOdz' L ) .
1 tod C d@PHsL 9 0@ dz®@JseftisO o qalz ztlz2@tc O d3j s tc 5 d3
x*-2x-a'=0
dlso' B3 H | dzOyODEs and DAES dzls j teW. j 2 s d3
File - > New - > Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary
1 dzGlobal Definitions Mils o tisw Iz L Badameters | 2 séltd 9 IsOB dzd y
f OtcOd3] Istc’ oaNammeo § is ' ddEigizy” f Caic O B lotc Expreskitndzy °
99 H WISz B Iz W20y J dzdzv , 20 o ¢ dzOH, tSHJded ys® .
Global Definitions: RMB > Parameters

Parameters i Name, Expression=a, 1

. » » Parameters
4 () Global Definitions

Fi Parameters

. " Mame Expression Value
= Materials

a 1 1
11 lo 2 LGibBal Equations 1L Of sldsd®@B dzd y¥& . ' 9 dzv dz
Global ODEs and DAEs(ge) Global Equations 1:
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Global Equations - Name=u
- f(u, ut, utt, t) =un2-2*u-a™M
i Initial value=0

F ad; Global ODEs and DAEs [ge) Flundip izt =0, wityg) = g, ulty) =g
(&) Global Equations 1

i Mame flu,ut,utt,t) Initial walue  Initial v

u ut2-2%u-a"4 0 0
[ dzv o dL dzOyj dzdzts L a OWLj ¢ Hiztsdgdzt  dc' o1 d CHAda(CrplsidsS t
Auxiliary Sweep (HBf s Qdc&" L , wed?2 oRdEC O’ Is! fi

9" Hf so " Hdzs o8 | to @Ftudygdprep 1: Stationary ( dizO6 OH O° i3ts
CodfdOte OBy Iste  daj L dxlztezt J dzistgys dyfz'dsdf S Msiic d Mistso Iz ¢
Auxiliary Sweepf OtcOd3j sted yded 2 OdzOdz" L) .
Study 171 Stepl: Stationary:

Study Extensions 1 Auxiliary sweep= True
) 1 oJrep dZWationary o tc ts LStdy dzxtensions OCIsdolz’ Ist {
IsOB dzd yw 9o d B 5 igszdzOfyQ@lzs Asdz Istites o IsOB dzd Y ftcOo s
ody OHdzse 5 d3d dz¥ oAddB j tg "' Is' My ArdzHn v € d2 L O
Parameter name, odBJjt' Isa v QHdddgjdsdglz Mistso f Yy s (
H' Of OLtsdz Ld3 dzgd yY’' sets f OO IsteO.

Study Extensions 1 Parametername=a

I Parametervaluelist =range (-1,0.1,1)

Az dzC mgrigef -1011) Gt HMiIs O ddgtf O te QE@GTEE" dzs & s M
9 -aHKdL CtBX.cA

4 ~db Study 1 ¥ Auxiiary sweep
[~ step 1: Stationary : —
4 [T Solver Configurations Sweep type: I Specified combinations j

¥ )
4 | « Solution 1 o
Parameter name Parameter value list Parameter uni

I a j range(-1,0.1,1)
1 " fmdzw y! sets odC k@ dz] . 5B yd Mmdzj dzdz”
Study - > Compute
1l " adizResultsi Derived ValuesL ' W 9 dzW * [sStalgwariablzu. sdg Olsd ¢ Od
9 26BEdO ¢ dEsdfulitdztf tcd L 9 SHJIs! HS ftBEzaweg{' dsC
9 Hiftseo HOE Is! tc' L dzd O3 1a dz0 y J dz8zY @Rdzts § O tc Owlz]
range (-1,0.1,1)

Resultsi Derived Valuesi Statevariable u: LMB > Evaluate
T'padik TaGmui

Table 1
EEE EZJE_ 0.5 1“ ﬁ E = E .
a State variable u (1)

-1,0000 -1,41421
-0, 20000 -0, 25689
-01,80000 -0, 18727
-0, 70000 -0,11360
-0, 60000 -0.062826
-0, 50000 -0.030775
AR ~ =Tig
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1 sBkHE2IS] GOW ' € L Odzj ydetsfyls’ aftsdey dzwy' teG t
HisMIsOIlsdz 5 ¢ dzOy dzlz Is d TaldgdGraphs W @& € skl Q' tso O«
IsOB dzd ydJ ¥ .

Table 1: LMB > Table Graph

1 ZHJ Mise stej dzO0 IDtcRIGroupdt@Q. GolEMgTadle Graph 1.

HCtstcj oz sBz MIsddzr Ctedoeots™ ° dzj 6 j dzH Iz.
1D Plot Group 1 - Table Graph 1:

Coloring and Style T Width =3

Legends 1 Show legends, Legendsegends= True, Manual, 6u(@ 6

LMB > Plot
I tjLbkzd Ok’ tlted®@fas] L @&PY 26 flsy Zulk Hi ¢
Odze j B g O’ ydz-Bu-ta* =D ez ez OB OB Istc O

1 -0.5 0 0.5 1

lted S aPrHsL oo s Jdzz dz' dz' 2 dzd~ 6 o dgv dz
g2u+3v-13=0
%3u— 2v=0

dls o' Sld3s H § dz'O yG&labal ODEs and DAES dzls j toW. jJ 2 M d3

File - > New -> Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary

11 leo zL @Gdbal Equations 19 IsOB dzd Yy tc' o dzv dz o f jteh

Nameo $ H "“lsiy' w  j toh tsU, o@jcz'cHstelzlRts oW HC 2 JYH Bl 5

‘B W Hitkze tw. Hzps ‘tclgts sz M sy § gh s dgglzj He WSS |z

o d t20u+3*v-13,09H tcz ¢ 5 Bz jtdvisH € EB* Jolzdv®@.L

Global ODEs and DAEs(ge) Global Equations 1.

Global Equations i Name f(u, ut, utt, t) =u, 2*u+3*v-13
i Name f(u, ut, utt, t) =v, 3*u-2*v
" Mame flu,ututt,t) Initial value  Initial value |
u 2 u+3%v-13 0 0
W 3Fu-2% 0 4]

I MG dzs€ o 6 MoB 5O dzts’ dz' dz' 2 dzts’ mMdmlsj &3d ©sHJd
OB dzd ) j dz@ HdzWw dzj 9 " H B A OdzdMBOIS IsEtse " = o' 9 «
l S sdz02Is] B yYydmdzj dzdzv .
Home - > Compute
l ' dizResults- Derived ValuesL ' Wdsdz'inW  H o9Siate ydriabldzg ' State
variable v.
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4 B Results
4 i Data Sets
i Study 1/Solution 1

4 23 Derived Values

() State variable u
(85) State variable v

1 OHtezZC 221Isj L dz@w pdzdgy ' alzf dizabydds dzd y¥ .
Derived Valuesi Statevariable u: LMB > Evaluate
Derived Valuesi Statevariable v: LMB > Evaluate - Table 1

State variable u (1) State variable v (1)
2.0000 3.0000

0 dzO dzts 'Sy de® W Ll vl 2y Bi iy 1Tt S fls¥  dzj o ' Mt

| fcOp®L o 6MdMis] & t©' o dzv dz’
,:e.X1+X2+X3:6

‘:2x1-x2-x3:-3
b3x, - 2x, + X, =2
I " H{ 80,240, 3.0.

ltedS d@rusL o OMisy dzgz dz' dz' 2 dzd -~ &' 9 dzv dz
éx+y+z-3=0
tox+3y+4z-9=0
ud Misd d3O 3O & dij "mdadsolzafip IMz2das dz0R Y s L dzd - .
1 jteh d2 ) tht djtdaltsH J dd Oyl Global ODEs and DAEs
" dzls g oW j 2 Msd3
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary
L dzOM B CEdzS toj Isdzets™ MdMmlsj d3° SHdzz L &3 dzdzlz
Hise " dz dz' 2 mMlsoOdz' 2, stsBlsts HtB@BE st IsO
f OttOd3d Iste dgsH jdz' . ( d3 dg# 8 yd 2Bdats, B dzO ¢
tls o Sz LAa@EMeterst. SHdzd i3 § OO AB] Istcts d3
Global Definitions: RMB > Parameters
Parameters 1 Name, Expression=a, 1
11 1o &z LGipPal Equations 1L Off sldsd®2B dzd y¥& . o' 9 dz¥ dz
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name, f(u, ut, utt, t), Initial value=u, u+tv+tw-3,1
i Name f(u, ut, utt, t), Initial value=v, 2*u+3*v+4*w -9,1
i Name f(u, ut, utt, t) =w, wa

i £ =0, ultg) = up, ulty) =
4 = Component 1 (compl) Wbl Lg ot ) ulty) =t Uelty) = tigg

f Definitions " Name fluututt,t) (1)  Initial value  Initial val
4 4 Global ODEs and DAEs (ge) 0 U413 1 0
@ Global Equations 1 v P 43 44 D | 1 o
W w-a 0 0
1 Okzo Oy j dedp? dzOL do ©21Isj hECOdzZ dzj o' HEtselZ' '

vz 1 felsyds 2 L Gud@aj’ oPitclsdsj LiPwlasisi dosel. = d 8
14



[ dzw L dzOn tSH Y j dadaw tc' L dzd m tesLoOWwWLGC" o nd
f Otc Od3d Is tc d yAiediely SweeateO dz' L
Study 171 Stepl: Stationary:
Study Extensions ( Is OB dzd iyAuxiliary sweep= True
I Parametername=a
I Parametervaluelist =-1, - 05,0,05,1

4 Siudv 1 _ + Study Extensions
If_—, Step 1: Stationary N
4 [T=. Solver Configurations IV Auxiliary sweep
4 g Solution 1 Sweep type: I Spedfied combinations j
i} Parameter nam Parameter value list Parameter unit

I a Tl -1,-0.5,0,0.5,1

l S tsdz02Isj B Yydmdzj dzdzv .

Home - > Compute
1l " dizBeésults - Derived ValuesL ' W o d¥ tisg i w8rafe variable y State
variable v ' State variablew.

4 B Results
i Data Sets
=~ Views
4 232 Derived Values
(24) State variable u
(24) State variable v
() state variable w

1 OHtezZC 22 1Is] L dz@ywdedzein o jddzoflalgd dg OB dzd y ¥ .
Derived Valuesi Statevariable u: LMB > Evaluate

I Statevariable v: LMB > Evaluate - Table 1

I Statevariable w: LMB > Evaluate - Table 1

a State variable u (1)  State variable v (1)  State variable w (1)
-1.0000 -1.00000 5.0000 -1.0000

-0, 50000 -0, 50000 44,0000 -0, 50000

0,0000 0.6013E-16 3.0000 0,0000

0, 50000 0, 50000 2.0000 0, 50000

10000 1.0000 100000 10000

1 jteh d2 MmMseff j y! 3" MisPls! O [ a2 Bzdew tctf O & O 3
"  Hf s ' HOB Is! Yy!' sz f OtcOd3j Istelz. -BE%x] teslL
-054, -05 ° Is. H.

1 Okzo Oy j dede™y dz20 f sBERZHEZO Old ¢ tcOWu(al a)w(@ dzj x d
o' H fO0OO&KIEBOY] yddtsds, w¢ o ftodS dzOH' 4.

[ etz e )T ts M Ivo' tH8 dzs o d 2 dgOR YzG(obais®GOESs and
DAES' dzlsj teW. j 2 M

File - > New - > Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary

{M&¢ da Cd o Mmdmlsj d3't listedf dalkgse 'sHztsfth H ,Otfllssts Waf .
IsStcj Is* ts G3zd3tstg Wz 2 ts9 Is ts te dzts LOf dMOIsd tSH dzj
dZOoff ted & dzOH , f4teh j. JCt' i3 Yy sets Istej BO L OF
Global ODEs and DAEs(ge) Global Equations 1:
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Global Equations |
i Name f(u, ut, utt, t), Initial value = u, u+v+w- 3,2
i Name f(u, ut, utt, t), Initial value=v, 2*ut+3*v+4*w -9,1
i Name f(u, ut, utt, t) , Initial value=w, u+v+w- 3,1

fiu =0, Wty =up ity =u
4 4 Global ODEs and DAEs (ge) Lty Liee uty) = . ulty £

@ Global Equations 1 " Name flu,ut,utt, t) (1) Initial value  Initial value
4 " Study 1 u U+ +w-3 2 0
IZ Step 1: Stationary - 2T WS 1 0
4 [T, Solver Configurations " v 1 o
4 [¥ solution 1 0 0

CCh OteOL 9 d € ts dzOtergoute, & s IBO dzto sSlsted &ZO* Is § f ts
feRdditz (] teiseiessp o MJGsd Gz Istsdzdg| 2 ( B I
tetsL 9 0 ¥ U @ dzlizStm@y 1-Solution 1-Stationary Solver1-Direct. ] tetsL H ' dz’
General y ‘1]l o o dias@fpl d fipOher o djetc  AARDISQ ' d § ®dzls
¢ 5 )30 amiite.
Study 1-Solution 1-Stationary Solver 1-Direct:
General 1 Solver=PARDISO
Home - > Compute
1 OHtEzZCEZ21Is] L dzOyJ dzdz"u, visneoy dififfdzj dazddalz  ols] Gisddeddpz
Derived Valuesi Statevariable u: LMB > Evaluate
I Statevariable v: LMB > Evaluate - Table 1
I Statevariable w: LMB > Evaluate - Table 1

State variable u (1) State variable v {1)  State variable w (1)
1.0000 1.0000 1.0000

zB L dz20(RQsL odew 5 @Y syOlsSCtso ' s@reixgdd’ .otc’ o
1 Of tod CHdrOR’, dzw 2 Is f syOls C(&lo-2, - 1L dzO y J tldgddwy | sadzQ@ ¢
dc3sH j dzd d f tso d dadas L 45 R.800P3®20600,2.5000
Derived Valuesi Statevariable u: LMB > Evaluate T New Table

I Statevariable v: LMB > Evaluate i Table 2

I Statevariable w: LMB > Evaluate i Table 2

State variable u (1)  State variable v (1)  State variable w (1)
2.5000 -2.0000 2.5000

1 tod G dz@usL o Ofof filsdeglilzdz’ 2 dzd = t6° o dzvv dz
é4u®- v’ +9=0
:'— u*+v-u@Q+u-v-8=0
it BL o 6V .u@ddalyts H j dzO yGlabal ODEs and DAES dzls j teW. | 2 s d
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary

l 11 @lehalEquationslL O ¢z Is! IsOB dzd y¥ to' o dgv dz

Global ODEs and DAEs(ge) Global Equations 1:
Global Equations T

i Name, f(u, ut, utt, t), Initial value=u,4*u2 -v\249,1
i Name, f(u, ut, utt, t), Initial value=v, - u"2+v”2- u*v+u -v- 8,3
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“ Mame flu,ut,utt, t) (1) Initial value {u_0) (1) Initial value {u_t
Fu2-v~249 1 [¥]
U2y 22U -8 3

v i)

) wesmils® f syOlsCtso B! KD ded>f jJda2H | o dhE] L'tts dz8
sB yd mdzj dzdzv .

Home - > Compute
l ' d@izResults- Derived ValuesL ' Wdsdz'inW  H 9Siate ydriabldzg ' State
variablev.y OHtelzC k2 Is] L dzOyj dzdat,v @ dzD @ H gztizdzB B O Bzd:
Derived Valuesi Statevariable u: LMB > Evaluate
Derived Valuesi Statevariable v: LMB > Evaluate - Table 1

State variable u (1) State variable v (1)
2.0000 5.0000

sftesek2l] odSstedmlsOld ' d'' fsyOkSse'
dzlz dz! dzp ' ff to d L otdsHLWelsh W LHCHZ

I {1600 @ dzO@2 1 ' dsd ' B ' sty ediaOaid MaffElesj dgd o' o dzv dz
e4x’- y*=0 : :
‘ 1 HY @ 2!

%- x> +y?- x-y=0
l ftcQo Q@ dzO2 H ' Isfh( fiplis) Ay W te 'ts& dzvv dz’
éx(2- y)- e @osx=0
ix( y)- e Gosx 1 ' W 6073909 ;, 044285 ).
{X-y-cosx-e =-2
1 Ok 9 OljldzdzgiziRésults- Derived Values dits ) dz® sfgflsd o bkzL tsdz
Global Evaluation , L O HiY Sdiitse tsB Y dWirkdas{dsts[f 2 8 tfig ©
L Odzgf pdzH P ECOded m L o3 dzdzd ~s M lg CAfdE NS, @ 2adziz
ftcOQo st C datstf C ts¢ Dealjept Valudsts b zdetdalgi@f MSC 2z o dB J
¢ s di3Odmbdt Evaluation. 1 ZH j ) lsa@iotg] EHeduatoizd 2its @
9 1 Bxpeession 9 9 § H ' Is¢ompd ¢"BHG@mMpl. v2 ©° B Ydmdz' Is! 2t
ResultsDerived Values:RMB > Global Evaluation
Global Evaluation 3;

Expression 1 Expression= compl.u"2+compl.v2
LMB > Evaluate T New Table
4 {8, Results _
= Data Sets v Expression +- 5~
4 22 Derived Values _

(24) State variable u Expression:

(25) State variable v compL.u”2-+comp1.y2

(2) Global Evaluation 3

llsOBdzdy' twWJjLEzdz IsOIs*28. 9" HsBteOL dIs* Mmw ydmd
1 94 tedz’ Is! rd Og k|, &tatasvariable u ' State variable v

odStstedmilstsolz¥ Is+ mMw  f dereptizi  * CooflzO | t5 cigl " displisgfvels !

ftcj Weonply w e d2 ° Comdporerdd. 9 L dzO

1 Okzo Oy2) dedztlz' fls IsOBdzdy® to' 9dgv dz? sy dzO® L B

Yy’ tsceisl odz L Gabal Equationsl dzOIs d Mdz' Is! Salzbo Hledzs HOR2 Is §

"l v IsjSCMmMssetses WOz ° LBJW]Y I8! 2t5G66.
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4 - Component 1 (compl) = Global Equations

= Definitions - . -
4§ Global ODEs and DAEs (ge) Rustitet) =0, k) =1y ulfe) = tho
(5 Global Equations 1 " Name fluututt,t) (1)  Initial value  Initial val.
~db Study 1 u 42y 249 1 0
4 [® Results v U2 2T+ |3 0
it Data Sefs 0 a
4 3 Derived Values
(24) State variable u 1| | I

(=) State variable v
(25) Global Evaluation 3

t 1 5eHE

Bdtjddzg to' adzvdzdz?" B RO odCstedMmlsOIsd o
i tsd&3s ¢ s bLoad fops FilE d y

BsH j dBloBA ODEsan dDAEs ' dzls j oW j 2 fsds © OB dzd '

L O¢ sdzb@utsag ,t) Bsy 20 e otHdIlsd dzj Is° dzr €d * ¢
5OCdG “OXdzj OSC®Y - ufidpefen((ndy . [d vyj 8l
ZOMIYE] RcOBEOW dzj L L OdzsaC O o dHdzts, h 5
f OOk ke GBMY ' y' * dzelsO= ' o' dz dedn ydzj &zO~R
CsL 00 QAo OO’ Yydz' ' otvdedzr L § OteOd3j Istets o

) 6 C BPHsL o OMaMis] Bz t' sdzvdzr L f OtcOds] Is tets ds.

éu’ - u(vt +sint)+vtsint=0
(v - v(t- u)-ut=0

it s5L 96V u@GdithtlssH j 'Oyl & d dzO @BlobaldaPHEs and DAEs
Cdzlsj oW 2 MM
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
l " H MOlsduyudzsets " dzelsj W j2Mkz o' HA3 dzdz’ Mis! 1
tctsBtsisd d3O2 M iSde® Study {f OdiR ditl GF ' dzO @xd3 ts 1alz) Tome
Dependent, © dzj B(Stallogaryts dzO tc dz
l 3G dz' Is! 6 HieEghidals’ cdzsmisj 2 W' L dydede 94
Untitled.mph (root): Unit System T <>= None
1 OHGOGR'ISQGY OL sdz L d3t.ded  OtcOd3] Istc O
Step1: Time Dependent
Study Settings I Times=range (-3,0.1,3)
]l d te @ange (-3,0.1,3) sL dz0yo’ , h st BflZHgiO B 18 & 2 d3C
LdzOyj dzdiu 8a" K tcBL.3df 2 WO slstc’ Bdzts ISOC 5
Ld3j dz" dIsd o' HdzsMmdzz 1 SRethtvé tderane@.y d fdzj dz

1
H
J

Study Settings T Relative tolerance= True, 0.001
4 ~db Shydy 1 + Study Settings
[/L Step 1: Time Dependent _
" Solver Configurations Time unit; | s =
Times: range(-3,0.1,3) 5 ;I,.,.nll

Relative tolerance: ¥ 0,001

11 lo & LGBal Equations1L Of tsldsd@B dzd y¥ to' o dgw dz' .
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Global ODEs and DAEs(ge) Global Equations 1:
Global Equations i Name f(u, ut, utt, t), Initial value=
u,u2 - ur(Vt+sin())+vAtsingt) , 0
i Name, f(u, ut, utt, t), Initial value=v, v"2-v¥{t -u)-ut, -2

Flutipde t) =0, ulty) =y, uplty) =t

“ Mame flu,ut,utt, t) Initial value (u_0) Initial value {u_t0)
U 2-uv =t sin () v = tFsindE) ] 0
v w2 (tu)-uFt -2 0

0 a

I lOBddy' odCttdmlsodsu(-p)sadBi=t2 " dzOjB,dzdH
HOdzZ o u#-8 ddifdzOyoO’ Is! mMw ey (®3NLB 3. aHO AP OL
L d&zOyJ dzdz? L OH Odz o Milglts o falpé (w0). w@dsts dast® &
tctsL GdzV H Of sy ANI¥C ek® dzOB dzd y J dgdlzv, O dzy WG

1 © L OHmemASs d hdz' s =compute s € |2

Home - > Compute
) G 'RémyltsDerived ValuesL ' W 9 dzw ¢ Is! mState §ariable kz L Siafe

variablev. v OGSty L' W9 dzw "' BDPFiptGrampgslOw © ydzO ctlkzf O
P @, Results
4 Data Sets ~ y-Axis Data += - 5~
i Study 1/Solution 1

4 Derived Values " e : Unit Description
(25) State variable u allsazi ;

(25) State variable v compL.u : State variable u
BH Tables compl.v 1 State variable v
4 " 10 Plot Group 1
(£ Global 1

) Odzj dz' o ZOMIsd o sfls j Globat & &Y Misdes ¢ & s Ol b @
CeOl ' ¢d wCdr fsBkZHEGO Odg

2.5F
2+
1.5+
1k
0.5
ok
0.5k
a1k
1.5k
2F
2.5k
-3

— State variable u | 7

— State variable v | 7

19 J tedz’ Is! o Oz dzO * dgrdzSon L 1830 rlatizfl § ° @ k& ofnde@sLo
Globall 1 sdzd L Of d mMOdz lzO0te $ 5[ 316 SQg§ dmldzly v ) @ 3 t
compl L OH O’ IsY Iny Iz Lo@ponentl o i thldme. HYOUAES Y J
MG zOH Ols vz ¢ s5n' & SPdps dziSdilss o j H M Op dzy tizlz |
RsH J dzt ' " ziz@ di’ dzdadC-) € dzGsH G w L gy B Cfsc
"HJ dzlsd WL €30 Hztzs O, plfCiistcd s B DB Ols! s~ o OH
9 Oy dzd o 5 ldetisH ‘9,0 WO tlzdrdsy  pgl @udz: Is d

1 OHteSCEZ2Is] L dzOyJ dzda,v @ dz@ H gzdzdzBR I8 O Bzdzq ¢ ¢
Derived Valuesi Statevariable u: LMB > Evaluate
Derived Valuesi Statevariable v: LMB > Evaluate - Table 17 State variable u
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Time (s) State variable u (1)  State variable v (1)

-0, 30000 -0, 29616 -0, 30000 ;I
-0, 20000 -0.19525 -0, 20000

-0, 100000 -0.099833 -0, 100000

0.0000 -1, 1875E-5 0.0000 —
0, 10000 0.099737 0. 10000

0, 20000 0.19326 0,.20000

0.30000 0.29466 0.30000 LI

vOB dzd yvw toj L zdz! IsOlst' dzO utgsapidsafus & 8 dgO iy dizo d d3ts 34
Yyomiz' ©f OangedztB,0.1,3)

[ ME'C HBMdz HY BOOEE dzindzm B dzO, Ists o BdzO
tcsLo QW U EBYBESEZ L d3ydddsdgts off 5 dzOB dzd ¥ Jp dzdz'O.B dad @t
tc' o dzv dz 9 9 J HUOO4 , VO=0AO. y ) dztfzictisE @ 0 W (0z0 dzdzi dz’
Cdztsi=compute ) ftodL OtSHJIS! HS  s9 ' H tsNyujhemdzy i to
solver did not converge .

CEEE— x|

'G' The following feature has encountered a problem:

Monlinear solver did not converge.

Maximum number of Newton iterations reached.
Time : 0.03082252745759523

Last time step is not converged.

- Feature: Time-Dependent Solver 1 (sol1/t1)

z 5B Gls tdatxizColsGgvwdy’ el H dzts ) dzkz, AdsteSedRFHAE ] o 1 0
tc O L ®CodzCR=0.0001 .
Step 1: Time Dependent
Study Settings I Relative tolerance= 0.0001

vjfgwwL o 6wy ".st L OHOYk

Home - > Compute
L teO% " C Globad kel j 1 j toj Bdz'HE®OEEREE B At Slstcd o3
‘dzh O Wiz@im O 2 .

State varisbie u

s oglspogapd®IsSC Was dzO B dzd 3 JuGzdz? ; vO=@2Q,tIsdsd & dz(

g0 Isj hj BHd] o' HBdRAdz] dzdev ff tots 5 d3¢

dBCd dzi tiddsdootOHVAL IO dzdaitts s OH &) @Z' H L o3 dg"
de ¢k tsBYdmdzj dz

tudy 17 Solver Configurationsi Solution 1 - Time-Dependent Solver 1

Absolute Tolerance I Tolerance=0.000 01

4 b Study 1 range(-3,0.1,3) 5 |

[¥X step 1: Time Dependent
a [P, Solver Configurations
4[4 solution 1
554 Compile Equations: Time Dependent
uwiw Dependent Variables 1 .
F Ek Time-Dependent Sokver 1 Global methad: Scaled J

Direct Tolerance: 0,00001
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Home - > Compute
Il Otz fted ¢ dzOH " f ted uf=62y AG02sygdE ¢ &z0m HAg
HdzW tslsted di3Odzdzy tesL 90w L Gz

]l tetsL HAbsditite  Tolerance 9 [z L Tae-Dependent Solver 1° hj
Mty d m@&dbal method . I Isd ~ odf OHC Or, ¢ sdzd L d3d dz
OB Misdzs Is dats’ fs~ndBS¢d daf HwdLotsH]IS! HiS to
M tctsB z9o Ols Unscaed sdig Aslgsfs: d3 IssG 5, 2 90Of L Odzdh
ogtstelz ' dzh sets Mts degj]ldads Ao daf iy jJOdzdItB G 5 A ] totsB
General o 9 dqiASG@#] d fipoher 1 1 o z L Sa@y 1-Solution 1-Stationary
Solver 1-Direct.

l IsOB dzd ydz'f .o g tetlzyB®IsC o da®-6.4zOFQ4dztzy h j
tcOL fjtejtBYdmdz' Is! d3tsH j dzv .

Home - > Compute
15 RHEZE O § &7 ' HWl &t) Slsted 3Adsdd a W L Cdzd y! 5
Misog iEie] BHAzk tHodzse d 3" 6zl s QW " cycd@bbahelidRz
llsOBdzdy' 1y sclasd s @(co@. ust p " dcompl. v, t).

Results - > Plot Group - 1D Plot Group

1D Plot Group 2 ->Add Plot - Global
1D Plot Group 2 - Global 1:

y- Axis Data T Expression = d(compl.u,) fjtehd?2 wLwHsE SO
y- Axis Data T Expression =d(compl.v,) HiezdedHtsC B OB dzd
" Expression Unit Description
d{comp1.u,t) 1fs
d{comp1.v,t) 1fs
1 Ols d dalztsPotz *©° tlsicE REP SLjtOL 8¢ dzOMk k2§ d®dts

G d od2lsd ' d ).

1 1
1 2 3

doehdfm:, d@cydO LtesLEzd Isd,
L dz2OyJ dedz? f8n"  Hdzdmr © ftsyOlsStse " 2 stsyy'
BOMhIsOB ctOW ' €O MIlsOs L OZOHIE oj dzdsd?.

O Time

Lo OY dzts u’teq’ﬁq’a_

OdzG j Bt O’ Ydz' o' o da¥ dzd@H i j 8 Pz @ RY tizredz'ds, K
f syOlsCseo " 2 0BBYylg! mwal] ¢ dz2OMdz' HESC, o 5 dzO
19" HMd odf dzde ©° , h s L GtOW €O IstejBO 9

Aid3sy dzO L selsBodisLdi2@lot Group 2 s tetsL HAXisdz' HJ L OH OF
H'  Of OL tsdzd L 3 dzd o ttedL sdzlsOdz dets™ SO 9 jtelsc
1D Plot Group 2 :
Axis 1 Manual axis limits =True
T X minimum, X maximum
Iy minimum , y maximum
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* Axis

— ¥ Manual axis limits

X rninirnum: -2.9
¥ maximurn: 3,08

W rminirnum: -1.1

W maximum: 1.1

2j tw@Eblsdmdz IsPlot & daslf ¢ BxRlotiZ@oup 22 | 6 OW " € § s/
slsted BOdzd 2 G ted o R#DPOMdz 2 Of B dze Iy UF=001 . 57 g
f5COL Odzgd 2 dz20 &OfMlsky desdBz tdmkzdllk & o st
s ls tc o d3O dARf=0.00§0%k ¢T =0.00001

Rt=0.00001 T=0.01 Rt=0.00001 T=0.0001

1 1 1 1 1 1 L
-2 -1 0 Time 1 2 3 -2 -1 0 Time 1 2 3

4121 OHOYSM ' Haaf yOmdefnj toj dzy’ Odzt dzd 2 to' o dzv dz' .

]l hsPuzd@iEDdg B Oyddzd, s o IsOBdzdyYy' t' o dz
f(uut,utt ,t) dBsYy dzO@ 9 o sH dVCdz* ML  dzj s dz €d
L d3" dedzd =, UulsOOEPtc@E Isttc YOfYz sz o df OHC E ¢
tc' o dzv(degigiils j @3z  to' o dgw dz' ) L i 1O 38 o3 §Z8 tc BITP ¢
odStcdmisseo zw)OIs'd ditgliodf s Hdz " I GO det©’tc O3 dz
] ©OStd@iz o dff Ouw & iy @3 dz'ts Is vodf Wizjz to pyizr) A0 dz! d

&

SBEZHBO O dsH | dz' ,tds uf dcd@f v waDbzizzsdzy ' H@igx dzd -

ts dzla ‘e 1 € fistc d M Is O dzdz™ d&lobatj @REIHENADBEESEdsls | oW | 2 Mz

sztf dz2' 2 ftshmdz Hise datsls ' :

O HBYf BRe sy  dsO 2MifsHte) Giz! iy s oGQHtaF

e -> New ->Model Wizard ->0D -> Mathematics T

ODE and DAE Interfaces - Global ODEs and DAEs(ge) - >

Time Dependent

2.1 0Loadyo0?2 BHddzdy o o g3dzig 2y of @zolzdz"G dzis ks & © dze .
o J dzd UdtelzdL O BY L totsL dg' tcpadetckd y! sets 9 1 |
o kzL dzO ( OOomeporeently *© dzy ‘MUhigsysfen 8 d tdsO ‘ ijone.

3.) OHsO 'y O OL sdz L d3' ted AfjOtc®Od§ sz’ Is+ Mmw
Stepl: Time Dependents  {f Tnaes.

4.1 OdzOh lists digts y dz' M ls sB yd madzj dz' . 1 " H dats i dzO
9 z LSte@1: Time Dependento  { Retitive tolerance .

e
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4 ~db Shydy 1 +* Study Settings
@ Step 1: Time Dependent
4 [re. Sobver Configurations Time uriit: I 5 j

4 [3 Solution 1 Times: range(-3,0.01,3) s El
Relative tolerance: ¥ 0.00001
dBMsdzst sdzO ff 5= d B ¢ Tolerarigel DI Is o Bwdg® Sdjver dz
Configuration-Solution 1-Time-DependentSolverl (L © d Yy 0?2 dizgis i " ts
okLdz 9 sy kzl! BRI * dz" d d&3d)

4 oo Study 1
[/ step 1: Time Dependent
4 [Tr. Solver Configurations ~ Absolute Tolerance
4[4 solution 1
?J Compile Equations: Time Depe Global method: I Scaled j
uwww Dependent Variables 1
|4 Time-Dependent Solver 1 Tolerance: 0.01

5.1 1 1 9 2L @Giibal Equations1 L Of s & dzfighO B Wztf Yo dzvifdis Is ' 'd3
od¢C szzthy yd Mdzj dzdzw .

1 O9 j toh kB Usg Gnwi @aeiz@zy{° § sSBEZHEGO B IS Olzlfd y'o j 1
‘CIOW " €' 9 twsLOOWLC 9.

1 od CdEPrsL o 6V L @lsuf=01L f 5YOIC 5o dquBIEL Z'@D O d3q
it 5L 8 0V . wmBddaktsH J dz'OYyL i d dzO @lobaldeaPés andDAES
Cdzlsj oW J 2 M3
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
l ddi3C dz' s 6 HigeE g’ tcdetsmisj 2 W' L dydedres o J dzqd
Untitled.mph (root): Unit System T <>= None
1 OHOR'ISQY OL sdz L d3t.dzd Ot Od3] Istc O
Stepl: Time Dependent
Study Settings T Times = range(0,0.1,2*pi)
10 SolddzOB dzd Yy to' o dzv dz' .
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name f(u, ut, utt, t) =u,u tt+u
i Initial value(u_0), Initial value(u_t0) =1,0
+ Global Equations
fludtpige b)) =0, ully) = . Uylty) =ty

’ Mame flu,ut,utt,t) Initial value {u_0) Initial value {u_t0) Description
u utt+u 1

0

HIsOtclstso j L 1izO oy prafaigz(0,0.1a8*" i) ( o dZzOoh sz o df O
o ¢ sl Misshy b § i CpSrday O L @ j dkt,)=u_0,
uj(t,)=u_to.

1l d¢ sda®r sd mdzj dzdzw

Home - > Compute
) G 'Ramyltshilso tstet ' Is! MfipPlot&GbuptidGloball, © cteOW ' Y dzs
9" Cdz vwitset BrzEZBPLO MpMc GME AW 'SStad o ', s { to
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HiclzG ztotf sd0 WHydlA» ' BiSis)] oo LiEEDAIL ° teosL H ' dzf
y-AxisData L Of sldsd@B dzd y¥ . e JtcOL ' o
1D Plot Group 1 - Global 1:
y- Axis Data T Expression, Description =compl.u ,u
I Expression, Description =compl.u tut
I Expression , Description =compl.u ttutt
1 Mls esffripgion dBsy dz0 HBHOId Ctd3j dzZlsOte ( dzj 5B S

+ y-Axis Data

i Expression Unit Description
compl.u u
compl.ut ut
compl,utt utt

1 Odsf] diss dzts Pt ¢ Btd'f j L b d'dift@0 % § ©dzOyj dzdz" & 9 ' H ¢
OBfMdy sdes’ (5 dB ¢ RIDM, T=C00EN) o fytizs Lz
2O M s & feditidzizizS &z

0.8F
0.6F
0.4} -
0.2k — utt N

0 =
0.2 -
0.4 =
0.6 =
0.8

-1

P

_— u

—ut |

1 94 todz’ Is! zo Oc z, Deésdsiptiols j Ssidssddzd fiyls s soffduerOL * o  (
fjtejdag Mjdg dzO dzjecjdzHlz cteOW '™ CO.

VL YL OHOWMdES ddssL 9 6 cadsE sBEHIE tcOW " ©  to' L
dzOB dzd X jlsdatydids e 8 O L € ' 9

Results - > Plot Group - 1D Plot Group

1D Plot Group 2 ->Add Plot - Global
1D Plot Group 2 - Global 1:

y- Axis Data T Expression =compl.u - cos(t)
4 " 1D Plot Group 2 " Expression Unit Description
@' Global 1 comp1.u-cos(t)
LMB > Plot

0-04‘ T T T
0.02 / E i
0

-0.02

-0.04F

L L
3 Time 4 5

[ MisOdedz’ 2 catz@WSHPW®dzd 8 ° H desmdz' ¥ s ~CJ@&RB fryrseday dsfigiziz,
R=001,T=0001. | COYhBORDEMPBHBOL dj L &zOyYj dedz
stsydesc ts *  disBaddditg dbeedis. diss 0. A5 tc© o dzt
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1 ° Ho dNigftdsufdz tsfiplst d ) dzj dz! B dzO, L Bgydgd o o N «
9 Hdzsmdze ° OBMmtsdzt Isdzz Y tsmdB € (.
Study 17 Step 1: Time Dependent
Study Settings 1 Relative tolerance= 0.0001
Study 171 Solver Configurationsi Solution 1 - Time-Dependent Solver 1
Absolute Tolerance T Tolerance= True,0.0001
l solstste’ Is! .tsB yd Mmdzj dadz”
Home - > Compute
JOW ' €d ftn Hdzdmr MsOdzkzlIs! B' dz' h tod 8@ ez$ & d
&z odtez W L G tc@pld -@ostle’ (LA QYOL Odzd?2 Qo stclz
otsdz® dzj RJ@®Podh z°

1 | L _"'o\
- 0.001F
0.5} |
— ut \ 0.0005 F
0 — utt | 5 0

0.5k J -0.0005

0001-I

-1

c ¢S B@I{CfCB'[S Osmmmﬂ’ssuq’mmdAGHO Isdz@®w o
Time-DependentSolver 1, dZzf LB 6O'Is!mw L dBOSCMJd Bz dts

Istsydisteitso W iL ' o

[Os yd Lo bdwWL ¢, Bsy dz0 gz H z 628 s | tc 29
o d tc QLS aq@dnpz(t)dtfndz* H odStstedfls tstmdnd Qs §f dgBY j to
dZOMmiszf dzd 2 : d dzls ©OC M d M
imeint (t1,t2 expr),
H J “dzlsj G tolzo OdzdaW LO yYyomtsdyl a ¢t s'dzlz ‘L Is3 fgadzl
" dals j ez oo@dedE Iz all) f st Bzt Y Y ¢ dzls jt & t2zdsjO dadzv
LisBtSo ' WL Odz' BRdHY € s'dzhis @dzls a3l ¢ tcazOls *° yOmikz)
timeint (t1,t2 expr,tol ),
Ctc' 'dyzh sG s, LOH O Is' MW 5B Hitasjintidals | & O ¢z O
L Odits o Yz o Codedzteds. H Stc'

O Z2Odztse " Yydzd?2 MmMddzlstedgg i BEO° s jOIststs
time avg(t1,t2, expr) OB time avg(tl, t2, expr ,tol ).
l " d tBydmdz ° Md tod H dxpr de@zOa] kizadzW il Sd2d It QO g Iz

W tstc Bz elz]ynexpr(t dt .

- 1t1
J dzOh Siz  f E O s to | dfizoeCmEdey B G tOW " C
L) =fp2@)dr * f)=pl)dr. 1 dzv Yl G eARésaits s o St 50 d
SHae d B tedk  1GCBI@N § by dziids @ecilzep i L OL * o5, GO
BzHEzIs!' {'tsB(zHGlo ©Oxdzzs * Heprefpisn ¢ 5 azts GA%eSntptary

zz a3 clz® dss o dtOL d) .
Results - > Plot Group - 1D Plot Group
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1D Plot Group 3 ->Add Plot - Global
1D Plot Group 3 - Global 1:
y- Axis Data T Expression, Description =tmeint (0, t, complu?2 ),1

I Expression, Description = timeint(0,t, compl.u) 2
I Expression ,Description =integrate(sin(x),x,0,t) 3
I Expression , Description =at(0,complu) 4
+ y-Axis Data
~w 1D Plot Group 1 " _ ; -
" 1D Plot Group 2 — il it Description
4 "o 1D Plot Group 3 timeint{0,t, comp1.u™2) 1
@ Global 1 timeint{0,t, compi.u) 2
integrate(sinx),x,0,t) 3
at{0,comp1.u) 4

lIste]j Is! sd3zH k™ H § & taisdo dpvdogamimyd ff) k& Otgiat wed?2
BO° dOMmiskzf dad?2 Mddals OS¢ Md M

integrate  (expr (X), X, X1, x2),

Hexpr(x)Weodw'® ff° H' dzls jx&itb @3kzw dzd 3" alafidisOL " x#ls j G to
-ded Wz oYdgFWZ " dalsjctolzo Odzdzy. v OC dd3 yd dats oz,
o d tGQIL):rjsinxd X.

Il yd o jtelstsdzz twwis ©Od 3¢ @i ¢ Uifptca Ntcls O L dzO
tdtsL o O IOBMKE SeEHicOL 2) 9 LOHOd?2 dtdj dzls Yy
at 0, compl.u) ftso jtclPQ] dadattp Gy L zlz dz! tso d 2 |, 3ts d3je Rl * §
Yy! sets oadtOLlk ' cctedL tsdzlsOdz! datst f tow dztsE .

1 jtoj o' tolsj ,Globaslole tse RiAdz'Data o ) Hampthéter
sBtcOEs( ypmné stej ckz2Is] L' 8B ka@idztzy dicd®y o
1D Plot Group 3: Legend i Position = Upper left

LMB > Plot

1]

25 1
—2
—3
15k 4

2

1}
0.5F
0
0.5k

-1

0 1 2 3 Time 4 5 6

vlzls Is j € mbescriffidhts o If Q& dzd Y ° 9 d 1ORIot Group B+ dzO
Global 109 Issd@3OIsd ydets f J o dzgj MJ dzed 2 dzO dzj G J dzH Iz
1 ©9 J HJ 3@ ¢ jitc Glldmexd " timemin . | sdzd d&Os Is+  fdd
timemax (t1,t2, expr)
imemin (t1,t2, expr)
o BBYdmdze ¥ Ist BOSC M B3Ozt dzi éxpr diZOdz'o d3@de'’ dzjS Iz
ti¢t¢t2.v W stedZOIs®
timemax (t1,t2, expr, @ointerp 0 )
timemin(tL,t2,expr , 0nointer pod
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o 5 dzd tsB yd mdzs ¢ Is BOSC hd B3O dz dzj 9 d ¢ tgdzrdzdz?
tdelsjtefsdzvyt T B Y kYycodsd tesLBdlslsw yOfMmtsa
1 Of ted € d&zOH , H dzw tsB yd fndzj dzdzw BOS id &30 dz
tctsL o O0wWL C sdgtsqodtty d3dzO o ' Htc' L COlH SBROMIH € B8 dz0° K
ZOMmisz d2@ ' delstelzC y' °
Results -> Derived Values T Global Evaluation
Derived Values- Global Evaluation 2:
Expression 1 Expression= timemax(0,6.2,abs(compl.u - cos()))
Data Series Operation I Operation = Maximum
LMB > Evaluate

Maximum: timemax{0,5.2,compl.u-cos(t))
0.0014551

{IsxJ BOCMBOdz dzO t' L degmpliu) d3”" ¥ Isde@@EGfl3 J (dz
tetsL 0w L ¢ OdHO0IHPRIO.dzts o ( Is ¢
A Iz dz€ tipmeint |, tme avg , at, timemax , tmemin o d € dzd ¢ O¢ Is+ fw
sBtcsB Y’ tcjLEzdz sOIs' 9. We By 2O odStstcdmlis
f sdzyEfpression o ' Csdz o dzOMisd o s MIRgsRIts ‘0 z dzgz' odzts o d
oS stcdiscotzied ftsBlkzHBo ' dsH | dz' .
ltedC 2@HsL 9 0W L OBuUf+0.8uj+Ru=20 L f syoOls¢ tso d d3d t
u(0)=-1,uj(0)=0.
it 5L o 0V . wmwBddaktsH J dz'OYL & d dzO @lobaldaPéEs and DAES
" dzlsj oW j 2 Misd3
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
l i3S dz' Is! 6 HigteEghdals’ dzsMmisj 2 W' L Jdyded- o J dzd
Untitled.mph (root): Unit System T <>= None
1OHDBH " Of OL sdz L d3t dzdo § ©tz®tiggzle cPts~ dB € Iz,
Stepl: Time Dependent
Study Settings T Times = range(0,0.1,70)
I Relative tolerance= True, 0.001
10 SolddzOB dzd Yy to' o dzv dz' .
Global ODEs and DAEs(ge) Global Equations 1.

Global Equations i Name, f(u, ut, utt, t) =u, 4*utt+ 0.8* ut+Zu -20
i Initial value(u_0), Initial value(u_t0) =-1,0
4 = Component 1 {compl) Flutip iy et) = 0, whbg) = g, tpltg) = g
= Definitions
F ﬁjf Global ODEs and DAEs (ge) o Name flu,ut,utt, t) Initial value {(u_0) Initial value {u_t0)
(3 Global Equations 1 u 4utt-+0,8*ut+2*u-20 -1 0

4 ~db Study 1 1] i)
[i& Step 1: Time Dependent

1 jteh d2 d3ts d3j dzls ranga (O,@L7AD L ts dgl» zOh s di3lz ftod € «
odCstcdmlsso 2 't0stf hyy wLONWQassO)dkRdZ (E8UOEEsoadae L
l S tsdzO©21Isj B YdMmdzj dadz”
Home - > Compute
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] G Remyltsihils o stes * Is ! IipwPlotSipuptldaGlobal 1, 9 GleOW ' ydzts
o' CdZ WCGcEt BRHE' ! W cwO¥ "' C.
4 [ Results asf ] N —eeeeeeeo ]
E: Data Sets
22 Derived Values
BH Tables
4 " 1D Plot Group 1

(&) Global 1

sl
Fan
sl
sk
al
sk
2 |
1H
o

| ¢ shel o LRestd- Derived Values- State variable udzOls d frifddzdsf: ¢ Iz
Evaluate. | f tcQo sd3lz  dzd ¥ dz'ots ®lzO € W lic tsof I ‘Offg@ dzjLdz! W ¢
tojLEzdz sOIs'" @ L IsOwdeefyftz L dzOyj dz@ to

Time State variable u
0.0000 -1.00000

0., 10000 -0.965659
0,20000 -0.88541
0.30000 -0.75267
0.,40000 -0,56953

0., 50000 -0,.33738
0.50000 -0.059317

0, Fnnnn 0.2627

1 tod C BOHt SLOOW L Olsd me¥O] wzj dets’'o © drv@dizZe =~ tc* o daw
éyj+5t°y=0, y(0)=0.01
(Zi+0.27j+2=0, 2(0)=0, 7j(0) =1

it 5L 8 0V . wmBddaktsH J dz'OYL i d dzO @lobaldaPés and DAEs

Cdzlsj oW J 2 M3

File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent

l ddi3C dz' Is! & HiBeEEREE tcdesMmisj 2 W' L dydedr o j dzd

Untitled.mph (root): Unit System T <>= None

1 OHOR'ISQY OL tsdz L d3t dzd o § ©tzO gz tePts~ B ¢ 2.

Stepl: Time Dependent

Study Settings T Times=range( -15,001,15)
I Relative tolerance= True, 0.00001
1 Of s9 dz' Is! IsOB dzd y ¥ tc' o dzgv dz' . 1 O OH O s,

L 3 dedz’ * 3] dzOsd fH tosiststetso drn C tststod'gdzOls. ¢
Global ODEs and DAEs(ge) Global Equations 1.

Global Equations i Name f(u, ut, utt, t) =u,u t+5 *U*t"3
i Initial value(u_0), Initial value(u_t0)= 001, O
Global Equations i Name f(u, ut, utt, t) =v, wvitt0.2 *vt+v

i Initial value(u_0), Initial value(u_t0)= 0,1

+ Global Equations
4 = Component 1 (comel)

= Definitions Flutipic e t) =0, ulty) = g, uelty) =uyg
d kE
4 3 Global ODEs E”'ld_ DAEs (ge) Mame  Fluut,utt,t) Initial value (u_0)  Initial value {u_t0)
(&) Global Equations 1 u Ut+5F "3 0.01 o
W wit+0, 25ty o] 1
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l dSsdzO@21Isj B yYd fMmdzj dadzw
Home - > Compute
1 Gslstcd d30 das dzteedz@ ' Isidg B9 jdzH [z .
1D Plot Group 17 Global 1:
Legends T Show legends, Legends True, Manual
i Legends=u (tew HIS C
i Legends=v (tew HEB C
cOW "' Cd L oSy ia T sCOL Odz

S :
4 [® Results asr \ — 17

aft \

A

i Data Sets 35|
&2 Derived Values 3T
B Tables 2|
4~ 1D Plot Group 1 ver

(&) Global 1 05|

o}

L 1
1 Q Time 1

td S EPrsL o OMd s Jdskzr FHBTSEE §BEYHSC L

—

-y, =0.014?, y,(0)=0

1 dt
I
I

14
22 4y,=0  Ly,(0)=1

fsBkHkoOlsd WOLBOE kO Clsic' ¥ .

it 5L 8 0V . wmBddaktsH J dz'OYL i d dzO @lobaldaPés and DAEs
dzls j toW. J 2 s d3
File - > New -> Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
l dai3C dz' Is! 6 HigteEghdals’ dzsmisj 2 W' L dyded - o J dzd
Untitled.mph (root): Unit System T <>= None
10 SolddzOB dzd Yy to' o dzv dz' .
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name, f(u, ut, utt, t) =y1, ylt -y2-0.01*"2
i Initial value(u_0), Initial value(u_t0)= 0, 0
Global Equations i Name f(u, ut, utt, t) =y2, y2ttyl
i Initial value(u_0), Initial value(u_t0)= 1, O
Fluasp e t) =0, wlty) = up, uplty) =g

4 = Component 1 (comel)

= Definitions " Name flu,ut,utt, £) Initial value  Initial value
4 % Global ODEs and DAEs (ge) |yl yit-y2-0.01%~2 |0 0
@ Global Equations 1 y2 yat+yl i ]
0 0

1 OHOR'ISQY OL tsdz L d3t dzd o § ©tzO Mgzl tePts~ B ¢ 2.
Step1: Time Dependent
Study Settings T Times = range(0,0.1,20)
I Relative tolerance= True, 0.00001
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4 o Study 1
Times: range{0,0.1,20) 5 L,,,,Il
@ Step 1: Time Dependent

[r=. Solver Configurations Relative tolerance: W 0.00001

l S tsdz02Is] BB yYdmdzj dzdzw
Home - > Compute
1 O tslstcd dsOWZskigr O tdsidg L9 jdzH Iz .
1D Plot Group 17 Global 1:
Legends 1 Show legends, Legends True, Manual
i Legends=yl (W HI C
i Legends =y2 (W HAB G
LMB > Plot
JeOW " €d tetsL o 0 WizOM Isaz ff tioastdilrL @sdf iy zdQ Iz .

1

P @ Results
i Data Sets
a2 Derived Values
BH Tables
4 " 10 Plot Group 1
(&) Global 1

! [
M = O

o FT

3 10 15 20
[ dzv ftBlkzHutsead WOLBeots™ SO O0 l4stizt@ ‘Is’ j
1D Plot Group 2 - Global 1.
Results - > Plot Group - 1D Plot Group
1DPlo tGroup 2 ->AddPloti Global
1D Plot Group 2:
Legend 1 Showlegends= False
1D Plot Group 2 - Global 1:
y- Axis Data T Expression = compl. y2
x- Axis Data T Parameter, Expression = Expression , compl.yl

figfl4ceORY t

[l Ozfizt OL d , S Oxkls'j ©lsd S Od dz € 15 selsi'd dzO I

L dzO y j Yadz" @& ¢ tsto of Ltz Pydztztzd3
Title 1 Title type = None
Plot Settings I x-axis label =Trueyl

I y-axis label =True , y2

[ MIsOdzgdz Ho' YY" Meoatsterssls! " HfdMJ

+ Flot Settings

w-axis label: W y1

y-axis label: W y2

| Ols d ffddzsPRtl ©OREGgOY ' ¢ Wi Kolsss 6

-0.5 0 yl 05 1



l1tcd S EQHSL 9 6 W OB E s1g"R-¢ tH difvts tggw+id.2dg +z=0,
20)=0,z(0)=1, ' ¢ OEPulsokz IstcO' Clsstc' b .
it 8L 9 0V . ®ipdzvH 59 &' figlO® O i JBIHA. -~ §td s &zO
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
Untitled.mph (root): Unit System T <>= None

l wemls’ "Hj dzlsdW ' COtste® h @l Odats’ 9 J dzd ydc
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name f(u, ut, utt, t) =u, utt+0.2*ut+u

i Initial value(u_0), Initial value(u_t0) = 0,1

4 - Component 1 (compl) = Global Equations

f DEﬂrlitiDrlE f{u#r#r“fj = []’ 'I“";.tl:l.:l = Lig, url;_tnj = Uy
4 5 Global ODEs and DAEs [ge) o
@ Global Equations 1 Mame  fluututt,t) Initial value (u_0) Initial value (u_t0)  Description
u utt+0, 2%ut+u 1] 1 u

Stepl: Time Dependent
Study Settings T Times = range(0,0.1,20)
= Study Settings

4 ~db Study 1 Time unit: I 5 j
@ Step 1: Time Dependent
! [Tr Solver Configurations Times: range(0,0.1,20) 5 L"“ll

Relative tolerance: [~
Home - > Compute
l @ dzReEsultsL 6 W o pliziLfipz L. GOy B8B28] dzO dz ts6-
fJjtco ' Mmdets’ ‘ f tsa ‘" Hdats’
1D Plot Group 1 - Global 1:

y- Axis Data T Expression, Description =compl. uu
I Expression, Description =timeint(Oyt, compl.u) ,int(u)
I Expression, Description = compl. utut
» y-Axis Data
! Expression Unit Description
compl.u u
timeint{0,t,comp1.u) int{u)

compl.ut

ut
v Iz lsizd hj L Of tso dzd Oedcriptidn Is ts e fd3j yls wetsgts
LOBse yzo Odzgdzv &) L oO6wWodls! mMw dzO dzj 6 j dzH '
LMB > Plot
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o =T

5 10 Time 15 20

1 sBkHE2I] WOLBoE IstcO’ CHstistice 2 . ¢ tg GWD Rllzits G dste
Group 2L 9 ztzGlobal .
Results - > Plot Group - 1D Plot Group
1DPlo tGroup 2 ->Add Plot- Global
1D Plot Group 2:
Legends 1 Show legends False
1D Plot Group 2 - Global 1:
y- Axis Data 1 Expression =compl. ut
x- Axis Data T Parameter, Expression = Expression , compl.u
lted (oBRzHGSIAStCOW OBSwWE BNEIsdS Odz! dats” Cts
odC sty lglsle!]j igrdOycdnapl. ut, © 9o weismis® Gtsted L
complu.
LMB > Plot

0.5k -

=)

0.5k =

-0.5 0y 0.5 y
I dz dg ydzj ded o' o daw dz' sy kst &3 Misdlsd ' dz
oS stedmlsOdzdzy . [Hddz f sV ¢ Ointegrdle (O MIss@ Lo
Hiczd§2o0 jHjdedz? HBSHOLSBOaBES HAW jtej dzy' Odz
ftedLoBsHdIls! HB IMseéts ¥ * dzlsj ctelzo Odzdz

ltedC EBQHSLLOKWOPH Oyl stsh

v (t)+2vj(t) +v(t) = rj:os(lOcos‘) dz,v(0)=0,v(0)=0.
cCShts o sLugdacddetfos) © HsHOGO)EMsSIES yj &S
GELEEYHOId WS L OHOuly= Etpodlfodos‘)dz‘. tc WLSHE W LoChtad

LOHOyYyk sy @@ MisPdgtstzd dzpmiszf dese s o e dzv H Iz
vii (t) +2vj(t) +v(t) =u(t),v(0)=0,v'(0)=0

uj(t) = cos10cos),u(0)=0
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it 5L 9o 6V u@GdithisH j] d'OYyLl & d dzO BlobaldaPHEs and DAEs
Cdzlsj oW J 2 M3

File -> New -> Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent

l &3S dz' Is! 6 HigeEghdals’ tcdzsMmisy 2 W' L Jyded - o J dzd
Untitled.mph (root): Unit System T <>= None
vOBdzdy® " odzvdz L Of so didiis HBdlzd B3 § J 6] BE
Global ODEs and DAEs(ge) Global Equations 1.

Global Equations i Name, f(u, ut, utt, t) =u, ut - cos(10*cos(t))
i Initial value(u_0)= 0
Global Equations i Name f(u, ut, utt, t) =v, vit+2*vt+v = -u
i Initial value(u_0), Initial value(u_t0)= 0, O
4 = Component 1 [compi) Flutie tige,t) =0, ttp) = tg, uelty) = upg
= Definitions " Name flu,ut,utt, t) Initial value (u_0)  Initial value (u_td)

F ,—% Global ODEs and DAEs (&)

(3) Global Equations 1 ut-cos(10%cos(t)) o 0

v vt +2%vt4v-u 0 0
1 OHGOR'ISQY OL sdz L dgt.ded Ot Od3] Istc O
Stepl: Time Dependent
Study Settings I Times = range(0,0.1,20)
Il dSsdzO21Ilsj B yYd Mmdzj dadaw
Home - > Compute
| tcOVB Kt 3@ad & 6w L €' 9 fCOL OdzZ dz0O dzOMmMlskzf dz
0 T T T

— State variable u

~—— State variable v | |

1 L
0 =] 10

15 20
1Bitejy ' ' ®sHjd o ¥O02dy ARk YRR dr' O Setsd s
Vij+V = ﬁcos(tcoa‘)dz‘ ,V(0)=0,Vi(0)=0.

cChts §siL tiz(@qédssﬂtcos‘)dt, ks L @ Oykz &y dd L
mMdMmisj dsss  deOMiskzf detsets adedzv H Iz
U(t):r’jcos(tcost)dz‘,U(O)=p
Vj+V=U,v(0)=0,vi0)=0

t
[ SHO2Is] o WO2dz ff ] tGphalbguaterns dHHL d'dz. " j GF
Global ODEsand DAEs(ge):RMB > Global Equations

v OB dzd y+® fgls o dgts gztlzts Giwbal oBguatiats 2 L Of tso dz' s H C
fJtciBlZHSO Odets’™ MdMmisy d&3d .

Global ODEs and DAEs(ge) Global Equations 2:
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Global Equations i Name f(u, ut, utt, t), Initial value(u_0) =
U U integrate(cos(t*cos(tau)),tau,0,pi) , P
Global Equations i Name f(u, ut, utt, t) =V, Vit+V - U
i Initial value(u_0), Initial value(u_t0) = 0,0
1desolz oS sdzO21sj BB YdMmdzj dzdaw
Home - > Compute
1 sBkHE2I] ctOW' ¢ d BRWed 3Odzd~ L OWL G 9
1D Plot Group 1: RMB > Duplicate
1D Plot Group 2 - Global 1:
y- Axis Data T Expression , Description =complU U
i Expression , Description =compl. V,V

- Yy-Axis Data

" Expression nit Description
compl1.LJ U

compl.V v

LMB > Plot

o ' '
w o BN o N B O
FT T T T T g1 T

o t ~
| f 50lo Of 5O A By Igj +u = cosigk A/t dxg, u(0)=1,ui(0) = 0.
Co *

| {toC@IGsB ZHEZD Olsd SOV ¢ dejfp bin’de@u.j dese 5 '
1 COL. oSt 9 0w L O j=€¢'GRDOUELY OIS 5 ouf0)=0k Bis o t5

) od O 5L o 6 MLOBIOfulz s HdZVl t 2Bz desdn €
uj +u®- sint=0, u(0)=0,uj(0)=0," § coBOBIrL Sokz O’ Clstste’ ¥ .
{ 5L 86w . @tbpdzvH & alzlg lsitple@ QO 2y, w¢ ' 9o st j to,

File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
Untitled.mph (root): Unit System T <>= None
Global ODEs and DAEs(ge) Global Equations 1:
Global Equations i Name f(u, ut, utt, t) = u, utt+u"3 -sin()
i Initial value(u_0), Initial value(u_t0) = 0, O
= Global Equations

4§ Global ODEs and DAEs (ge) Fludip dpest) =0, titg) = U, Uplty) = Upp
@ Global Equations 1

! Mame  fluututt,t) Initial value {u_0) Initial value {u_td)
U utt-+u3-sin(t) 0 ]
Step1: Time Dependent
Study Settings T Times=range(0,0. 01, 50)
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I Relative tolerance= True,
¥ Study Settings

0.000 1

Tirne unit:

| =

range(0,0.01,50)

4~ Study 1

W :Ti
]__.Step 1: Time Dependent —

Relative tolerance: ¥

0.0001

Home - > Compute
1D Plot Group 1:

Legends 1 Show legends: False
LMB > Plot

4 7w 10 Plot Group 1
(&) Global 1

20
ANOLB9 O IsteO®f Clststc’

Results - > Plot Group - 1D Plot Group
1DPlo tGroup 2 ->Add Plot- Global
1D Plot Group 2:
Legends 1 Show legends: False
1D Plot Group 2 - Global 1:

W

y- Axis Data T Expression = compl. ut
x- Axis Data T Parameter, Expression = Expression
LMB > Plot

T e T
L T

2

-1

] o ddgOdit sL o 0V OBz
f steWHCE

y 0

stsh’

,u(0)

éuj- v=0 =0

BzHE® Is+ w

H dzw

40

dzOMmls iz § ded d3q

, compl. u

dej dz' dz' 2 dets”’

Vi +0010 +sin(u)=0 ,v(0)=21'

f oBMPL So b SO Clsts'

t sL 90V .U ®bpdzwH & alzlyg'lsfipliz'C y* P s iNHE o He@dRTHD H

File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent

Untitled .mph (root): Unit System 1 <>= None
Global ODEs and DAEs(ge) Global Equations 1.
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Global Equations i Name, f(u, ut, utt, t) =u, ut-v
i Initial value(u_0)=0
i Name f(u, ut, utt, t) =v, wvt+0.01*v+sin(u)

i Initial value(u_0) = 21

Global Equations

P T:IdT Global ODEs and DAEs (ge) " Name filu,ut,utt, t) Initial value (u_0)
(23) Global Equations 1 u ut-v o
v wt+0, 0 1%y +sin(u) 2.1
Stepl: Time Dependent
Study Settings T Times =range(0,0.1, 100)
T Relative tolerance=True, 0.000 1
4~ Stuﬁ 1 ' Times: range(0,0.01,100) s ;L"JI
_& Step 1: Time Dependent Relative tolerance: W 0.0001

Home - > Compute
1D Plot Group 1 :
Legend 1 Position = Midle right
1D Plot Group 1 - Global 1:
Legends 1 Show legends, Legends True, Manual
i Legends(row 1) =u
i Legends(row 2) =v
LMB > Plot

14
12
10

el *

4 7w 10 Plot Group 1
(&) Global 1

—

'
oo M s

0 20 40 Time &0 80 100
[ dzv Y sBkZzHtsoad WOLBot  Iste'Odffistsict (' a.d ¢ tsdzO3
Results - > Plot Group - 1D Plot Group
1DPlo tGroup 2 ->Add Plot- Global
1D Plot Group 2:
Legends 1 Show legends False
1D Plot Group 2 - Global 1:

y- Axis Data T Expression =compl. v
x- Axis Data T Parameter, Expression = Expression , compl.u
LMB > Plot




) O] SL o oW OOBYE SBh ' Hdv  dgg AT @) dstsS s
f 5w HS I

éxi- y=0  ,x(0)=0

fyi+x- x=0 ,y(0)=0.1
C f oL sz SO Clstste’ ¥

i BLOOVW.L Od®RY sSo Iz stcO@’ Clststc” © d3ts ) dzO B Izt
CGleOW " ydzd 2  &dnb Tiejeonds d { L. ¢ dzj Hdzw Yy st {1
Hosoadd3 todzz 3tsH j dz¥ . 1 jJtjo0Oe0O IsOCtsets "¢+
L OcOdzt dz¢ “ Is' Mw dz20 Itcdodd3 tedzd?2 odf OHESE (
1 smdz' Hissdzdb ) Odz@zy s@C A off ,J W Hde = ftcd
odCdzs yjdedzgw" d&3 Istsegts, hts Moty ‘ Is! Mw Hotse dc
File - > New - > Model Wizard - > 2D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
Untitled.mph (root): Unit System T <>= None
ZzE2CQdds' dzdz'  sL dzOufg.dzs dz' Isj e Od3qd
Global ODEs and DAEs(ge) Global Equations 1.

Global Equations i Name f(u, ut, utt, t) =u, ut-v
i Initial value(u 0)= 0

Global Equations i Name f(u, ut, utt, t) =v, v+u"3 -u
[

" Initial value(u_0) = 0.1

+ Global Equations

4 2 Global ODEs and DAEs (ge) Flusstetiee £) =0, wlte) =, urlt) = urg
@ Global Equations 1 " Name  fluututt,t) Initial value (u_0)
u ut-v 0
wviHI3-u 0.1

Stepl: Time Dependent

Study Settings T Times =range(0,0.1, 16)
I Relative tolerance= True, 0.000 1
4 StuEI_{r 1 ' Times: range(0,0.01,16) 5 ﬁl

_@ Step 1: Time Dependent Relative tolerance: [ 0.0001

Home - > Compute
1D Plot Group 1 - Global 1:
y- Axis Data 1 Expression, Description =compl. u,u
y- Axis Data T Expression, Description =compl.v,v
vJSMls o Ddgdgpoa f L' O L Oditseo ylzo Odzdzgv d3 o d € t
wesmis® dzjegjdzHd CGteOW ' € O.

! Expression Unit Description
compl.u u
compl.v W

LMB > Plot
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4 " 10 Plot Group 1

(&) Global 1

0 5  Time 10 15
]l sydzj 3s BkzHEZOOId WOLtSoakz IstcO' Clstste’ & . [ dzv
GteOW ' ydez cwikzf iz

Results - > Plot Group - 2D Plot Group
1l Mmlse stc izl gllzf H s H O2 Baojnt Trajektaries dz

2D PlotGroup 2 -> More Plots - > Point Trajectories
2D Plot Group 2 - Point Trajectories 1:

Trajectory Data 1 Plot data = Coordinates

[ § Y° Plot data=Coordinates tdzOy0O" , hts ©tcO' Clstste’
LOHOo Olsdmw o dtcOL Odggresson dzOMiszf dzd = { ts dzv
Trajectory Data I x-expression = u

T y-expression = v
= Trajectory Data

Plot data: I Coordinates j

Expression: a -

X-expression: U

y-expression: v
1 OdzOh sk21sj Misdd Stkdots’ .
Coloring and Style TiLine style 1Type =Tube

T Line style I Tube radius expression =0. 01
T Line style I Radius scale factor =True,1
i Color =Blue

LMB > Plot

06F
0.4F
0.2k

0.2k
0.4k
0.6k

) o SHEDf SLOKdMs ] Bk k! 55 HJY ] ) dy' Odz dzd
éui- v+w=0 ,u(0)=1
‘:vti-w+u=0 v(0)=0,
bwi- u+2@=0,w(0)=2

" YfsBlkZHEOOId ' WOLBok Istt®@’ Clstste’ & .
t sLoOVwW.L OdaW dz2 € d WOLBS9O BLEO' Clsste™ W MmdH
ftesmistste® , s Hdzw '~  ftsBkzHBoad dzOd3 L dzOH tSE
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File - > New - > Model Wizard - > 3D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
Untitled .mph (root): Unit System T <>= None
[ &2 sBEZHtSe CGteOW " € " o csLoOwWL Gz odC sdzlz”
fsfijtcJHd ~ ftds dzOHOR .
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name f(u, ut, utt, t) =u, ut-v+w
i Initial value(u_0)=1
Global Equations i Name f(u, ut, utt, t) =v, vt -w+Hu
i Initial value(u 0) =0
Global Equations i Name f(u, ut, utt, t) =w, wt- u+2*v
i Initial value(u_0) = 2
Fluatipigy t) =0, uity) =y, uplty) =upg

4 T:IdT Global ODEs and DAEs (ge) " Name flu,ut,utt,t) Initial value (u_0)
@ Global Equations 1 u ut-v+w 1
vi-w 0]
wt-u+2%y 2
Stepl: Time Dependent
Study Settings I Times=range(0,0.1, 20)
I Relative tolerance= True, 0.000 1
4~ Stuﬁ 1 ' Times: range(,0.1,20) 5 H
_I’g Step 1: Time Dependent Relative tolerance: [ 0.00001

Home - > Compute
1D Plot Group 1 : Legend T Position= Upper left
1D Plot Group 1 - Global 1:
y- Axis Data T Expression, Description =compl. u,u
I Expression, Description =compl. v,V
i Expression, Description =compl. w,w
1 O OH O' dits, h s DOesgriptifmls e d Chdstepfiflsys o 2° s+ fmyw
&zj 6 jdzHd GctcOW ' CO.
LMB > Plot

4 7w 10 Plot Group 1
(£ Global 1

| 1 1 B

0 5 10 qjme 15 20
[ dzv fselkHtsod WOLto B’ Istc OC € Bis'tc dzlz frpiste Wsfclz
HSBH O2 Is Poinbliajecttsiek
Results - > Plot Group - 3D Plot Group
3D PlotGroup 2 -> More Plots - > Point Trajectories
3D Plot Group 2 - Point Trajectories 1 :
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Trajectory Data I x-expression = u
T y-expression = v
I z-expression = w

1 OdzOh sk21Isj Mmlilsd dz Ctedo s’ .

Coloring and Style TiLine style 1Type =Tube

T Line style I Tube radius expression =0. 3
T Line style I Radius scale factor =True,1
i Color =Red

LMB > Plot

1 y‘
l Comsol Mul t i pelfsy iy 2O dAc O d3] Is tc O d39f . [
G ' dBtudy milse stet ' Is! M vWaraffietris Suweeps dzOB 5 ° Btudywllr L dz
Step 1: Stationary ©  tc s ISdy &xtensions o MlsOdztso dz¢ * s+ mw
Auxiliary Sweep (HSsf BB Yy dzdR 1OtddOAS GG o df OHCEZ 9o ¢
f OOz ste adSEBtedMmlstsolz’ Is* mMw o C W' y' ' dalscC
LOMssMsoz’ Is* MW Hdzw odL dzOyj dzdzv 6 j s5d3j Isted 1
ltod CdDHBLOOWL Olsd L OHOYkEZ stsh
xj +0.15Cj - x+x%- 0.3@o0g =0, x(0) =-1,%j(0) = x,,
HiX,-§ OtcOd3d ste, wCd2 [LiOAI04JD61.081ck0 yJ dzdzw
it 5L o0V . uGadadEsH | a0yl & d dzO @BlobaldaPEs and DAEs
Cdzlsj oW J 2 M3
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
l ddi3C dz' Is! & HiBeEEREARE tcdesMmisj 2 W' L dydedr o j dzd
Untitled .mph (root): Unit System 1 <>= None
L 9 KQlodal Definitions Mils 9 tisi iz L Radeameters® 2as6 5 SO wlAg YIS |
f Otc O] .Is tc
Global Definitions : RMB > Parameters
Parameters 1 Name, Expression =xt0, 1
+ Parameters

4 (7)) Global Definitions

Pi Parameters " _
i) Materials MName Expression Value

xt0 1 1
10 SolddzOB dzd y® to' o dzgv dz' .
Global ODEs and DAEs(ge)} Global Equations 1.:
Global Equations i Name, f(u, ut, utt, t) =
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u, uttf0.15*ut - u+u"3 - 0.3*cos(t)
i Initial value(u_0), Initial value(u_t0)= - 1,xt0

4 = Component 1 {rompl) Flugiy diget) =0, u(ty) = ug, uplty) =upg
= Definitions
F ,—% Global ODEs and DAEs (ge) " MName flu,ut,utt, t) Initial value (u_0  Initial value (u_td)
(29 Global Equations 1 X wtt+0, 15%xt-x +x3-0.3%os(t) | -1 ¥t

1 OHOR'ISQY OL sdz L d3t dzd o § ©tzOfgdzB tePts~ B ¢ 2.
Stepl: Time Dependent

Study Settings I Times=range (0,0.1,25)
I Relative tolerance= True, 0.00001
4 o Study 1 imes: range(0,0.1, g
@ Step 1: Time Dependent " 9=0.0:1,25) H
[r=. Solver Configurations Relative tolerance: [ 0.00001
[ dzv o dL dzOyJ dzdzts L a OWd] ¢ Bztsdgdzt  dc' o d SHOAaOrpsi S t
Auxiliary Sweep (HBf sd3 Qdc&" L , wed?2 oRdqEC O’ Is! fi

9 HYf o HtseEd |1 to@fiudngtepl: Stationary ( dzOc OH O d3fs
CodfdOtcOd3j Iste  daj L dydstea J dzistg us dyfp'dsdE S Msjic d Mists o [z
Auxiliary Sweepf Otc O d3j Isted ydzd?2 0OdzOdz' L ) .
Study 171 Stepl: Stationary:

Study Extensions 1 Auxiliary sweep= True
) 1 oIrep dZMationary o tc ts LStudy dzxtensions OCIsdolz’ Is* {
IsOB dzd yw 9o d B 5 igszdzOfyQ@lzs Asdz Istites o IsOB dzd Y ftcOo s
ody OHdzsG 5 d3J dz¥ oAddB j tg " Is' Myuing@dzH v € 2 L 6
Parameter name, odBjtc’ sx0. ¢ Om@BdRLISHREEZ Missaff y* Is
dgoztsy ddzglz L dzOyd dz@ y! segts f OtcOd3j IstcO.

Study Extensions 1 Parametername=xt O

I Parametervaluelist = 1,1.02,1.04,1.06,1.08,1.1
+ Study Extensions

~ ¥ auxiiary sweep

4 ~db Study 1 Sweep type: I Spedified combinations j
[/~ step 1: Time Dependent
1]
Parameter name Parameter value list Parameter unit
xt0 *| 1,102,104, 1.006,1.05,1.1

l S tsdz02 s R g biptzj dzdzw
Home - > Compute
l ¢ 'Rdayltsmis o sted Is ! IpvPlotoGraupslediobal 1. ¢4 € tsde 2 Is | 25¢
Zzjejdnlk ° fijtwijBRZHE2IS] GttOW' €d.
1D Plot Group 1 - Global 1:
Legends 1 Show legends, Legends True, Automatic
T Description = False
ld o3¢ dzj tfoigdaw j dzdDesonpdn f tedL o SH J Is! HS 9" ' HfS
dzj G4 dzgn" dzd"j L eOyYJdz fOtOd3j IstcO
LMB > Plot
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-1.5

T L T
1 — xt0=1
i —— xt0=1.02 | |
4 @. E‘.esuh:s 0.5 — xt0=1.04 | |
i Data Sets xt0=1.086
&2 Derived Values o] —— xt0=1.08 |jw=
B Tables / xt0=1.1 )
4 " 1D Plot Group 1 el g d
(&) Global 1 @ g/ \
-1 i1
1 L
5 10 5

0 Time 1 20 25
AOL B9 stc ©° ¢ IskGiphal’ o B OwAOdds e dzts f s j.toj H dz
Results - > Plot Group - 1D Plot Group
1DPlo tGroup 2 ->Add Plot- Global
1D Plot Group 2 - Global 1:
y- Axis Data 1 Expression =compl. ut
x- Axis Data T AXis source data =Time
I Parameter, Expression = Expression , compl. u
» X¥-AxisData == =

Axis source data:

I Time j
Parameter:

I Expression j
Expression:

compl.u

Legends 1 Show legends, Legends True, Automatic
i Description = False
+ Legends

[¥ show legends

Legends: I Automatic j
Indude

rExpressjun

|-Descri|:ltiur1

LMB > Plot

1
0.8
0.6
0.4
0.2
oM ]
-0.2 AR
0.4 %
-0.6
-0.8
-1
-1.5 -1 -0.5 0 0.5 1 15
Wdzts H f slstc’ B dets ff j teSfualy ltciv Botyer Configurations § &z L dz'
Solution 1 - Time DependentSolver 1 9 mls O dzts o dzj dz' 9" HdzsmdzO
Ld3 dzgd yYyOMBRIEO U Shepil TarieDependent r dzv gz o
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Defined by study step f so ¢bdzdzIs d  tis Stdp Olddime Dependent . I

fteddzydy ' , ' dzOdzOhlsko Odzdz" KBy kls! o' His' L
4 "~ Study 1
§'§§ Parametric Sweep
rx_h‘ Step 1: Time Dependent ¥ General
4 [Pe. Solver Configurations
p Ij' Solution 1 Defined by study step: Step 1: Tim j

54 Compile Equations: Time D ﬁ%
www Dependent Variables 1
. Eh Time-Dependent Sobver 1

y
1 Ot O3] Is tafOuprzdl?2 d§s ) dzO o d € salgzdedisdf{dz@ ® € ° dzr €
1 tod SHAEZDY sL @ OW L Olsd to' o dgV dzdzv
du _sinu

dt sint’
L fsyOls$ 5o 5O Umdits olatistc Oo dzv Is d W  ult, 9 =piF@2.4 Otc O
it L o0V . uGadadEsH | dOyLl & d dz0 @Globaldadpis and DAES
Cdzlsj oW J 2 M3
File - > New - > Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
l ddi3C dz' s 6 HigeEgRdaB" tcdztsmisj 2 W' L dydedres o J dzqd
Untitled .mph (root): Unit System 1 <>= None
L o Elodal DefinitionsmIs 8 Bdslz IsRadEMeters 26t SIO@ HAH YIS §
f OtcOdplisPL dzzdz' so d dizd L dzOy 4 dzdzv dzd .
Global Definitions : RMB > Parameters

Parameters T Name, Expression =pl, O (rowl)

I Name, Expression =p2, 0O (row2)

+* Parameters
4 (7)) Global Definitions

Pi Parameters " Name Expression Value
i) Materials pl 0 0
p2 0 0

10 SolddzOB dzd Yy to' o dzv dz' .
Global ODEs andDAEs(ge)- Global Equations 1:

Global Equations i Name, f(u, ut, utt, t) = u, ut - sin(u)/sin(f)
i Initial value(u_0)= plt+p2
4 = Component 1 {compi) + Global Equations
= Definitions

4§ Global ODEs and DAES (ge) “Hedieet) =0, thlp) =, urlty) = teg

@ Global Equations 1 " Mame fluut,utt, ) Initial value  Initial value

u ut-sin{u) /sin(t) pl+p2 i]
1 OHGOR'ISQY OL sdz L d3t dzdo f DtzO gz cPts~ dB § 2.
Stepl: Time Dependent
Study Settings T Times=range( -10,0.1,10)
I Relative tolerance= True, 0.00001
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A~ Istun:hf 1 Times: range(-10,0.1,10) s l-mll
[YX Step 1: Time Dependent

M. Solver Configurations Relative tolerance: ¥ 0.00001
[ s ytg=-10.
Iy 2DOR Oy Odzgs o' HieOL £ L iBF deB.§ ledf dz O B dajstelzs s’
H dzw C 99 J HJ dadgW o Hn =iy Qlgj ¢ o) toH BB teOidgtE Jsdz'

odCdz0O2Is] CBBOAHLE
Study - > Solver - Show Default Solver.
L okStuy 1L' wWodls: mMw C' dz2 €O HBY tedz' = o9kzL
" dzgmilstez €yt oE
Study 17 Solver Configurationsi Solution 1 - Time-Dependent Solver 1
Absolute  Tolerance T Tolerance= 0.00001
[ dzv o9 d ¢ sdzOdzdzv ff Otc ® dgjsi®Otdaisg dztised 5 9 O de@ delo L' B dz( -
9 z LStm@y 1 Step l: Stationary.
Study 17 Step1: Stationary:
Study Extensions 1 Auxiliary sweep= True
] tc ts LStudy Hxtensions OClkdoalz’ Is* Mmw IsOBdzdyw oc
sdzOydz' s s IsOBdkzdy' ftOotss Cdetsf Ctss
CEd@3Odadlz | ° mf dMC Iz, w C d 2 Panarbetep rifiiise fnw
odejt' Is! plLOtcOgidsaesdzz Misso f Y IsOB d&zd y
LdzOYyjdz@ Yy’ séts fOtcOd3j IstcO.
Study Extensions 1 Parametername=pl
i Parametervaluelist =- 0.75*pi, - 0.5*pi,
-0.25% pi ,0.25¢ pi 05 pi,075% pi
19 jtodz Is'h s Odflostf ZMmisd dzd dzlz dz' . Disjys
Hiczed?2 tpAtcOA3] Ists
Study Extensions T Parametername=p2
i Parametervaluelist = range( - 7*pi,2*pi, 7*pi)
ztsB OdzOdz' aff'o@dd MW f 5° H dzO dzdz" plL’ da®) y J lelz
Mt d Bweep Typeso dj& ISAl combinations
Study Extensions 1 Sweep Types= Allcombinations
+ Study Bxtensions
— ¥ Ausiliary sweep

Sweep type: I All combinations

! Farameter name Parameter value list

| p1 =] |-0.75%i, 0.5%i, -0.25%i, 0.25%i, 0.5%i, 0.75%pi
| p2 =| | range(-7pi, 2%i, 7%)

l S tsdz02 s tRsu (g fiptz] dzdzw

Home - > Compute
L Mis o tstc jodiaadkz’ Plot Group 1 dzO dzOh Islz2 Is j f OtcOd3j Istcd
L sC o] BBO, d3 @z @3OER0)dz" BOC M d GOz! ozdz0 yJ dzdzW
CotcdL BdzlsOdz! dgdrmr ' ©jtolsdC Odzt dzgd= S sttoH d dzO ks
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1D Plot Group 1:
Axis Z Manual axis limits = True

Z X minimum, X maximum  =-10,10
Zy minimum, y maximum  =-10,10
¥ Axis
~ ¥ Manual axis limits
¥ minirmurm: -10
¥ maximum: 10
¥ minimum: -10
Y maximum: | 10

Legend z Show legends = False
11 Jlo zL1d@®lot Group 1-Global 11 jtcj o " tclsfpL w-"AtR'Datla o
sOB dzd y* L Offcohfpl@dzts, o fte@L B O Odadigls d dztlzO &e®@ ' Is 4
tc 5 L KColodng and Style.
1 Olsdmdz' Is' P dftsoyptokcf oG ,tcj H Mis O dsdzvo Oy L C i
LOH®@t'd to' Lddn f tsy0(sW)ispldp2, LEsdgods dzOMmiskz
co' L jtokdtsC e.

' ' ' '
o w o, = o¥) [=] M =) (2] w

=

1 0 Time 5 1c

1OMfteOoH" yYd BtsyddzO Cttdeodnm, §BEZHBO Odz
l swidedd3is yj, © HsBtOLdoehd dzdhj yOmilsddzlz
f OtcOBIPIOTH pi (f j e BBz L dzOyJ dzdzc o ddztsy d dz'
p2=-7*pi ,-5pi ,-3*pi,-pi, p( ffejh ° f owls! L dzOy J dz )
f OtcOdgd stc O
1D Plot Group 1: RMB > Duplicate
1D Plot Group 2:
Data T Parameter selection ( p1) = Manual
T Parameter values (p1)(1-6) =1
Data T Parameter selection ( p2) = Manual
1 Parameter values (p2)( 1-8) =1,2,34,5
vbkzls oo tsHWISH OO dgsleld ‘tcad, © dzj ~ -~ L dzOyj o
LMB > Plot
10 d&Omsizd teisdgvzr O S Y bz dzsEB @ ¢zs [ Isy §
Mt sdzlz yJ dzdzv L dzOpJ tzp2 HIPO SO d3jtds ta’ da’ Cted o
co' L jtozdsCtBe tf stf d fiplg deTaD .
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—
=)

» [Data 8
. =, 5
Data set: I Study 1/Solution 1 j =]

I 4

©

Parameter selection (p1): Manusal - =
I J _‘E 2

b
Parameter values (p1) (1-6): 1 L11J| ] 0

©
Parameter selection (p2): I Manusal j o 2
in -4
Parameter values (p2) (1-8):  1,2,3,4,5 L,.,.Jl 5
Time selection: I All j g

_ 1|:| 1 ]

-10 -5 0 Time 5 10
vdMmlsj BO tzthfs d@BRE * cfdMSsadne 111 .
1 tod SHAE®D BLOOWL OIsd L OHOYE
uj + f2(u)@=0,u(0)=-1,uj(0)=0,
Hif(X) S EMCs®HSOdzO WikzdSy' v, wWCO &O' dzOflslz{ dac

e e 1,x¢-1

- i L ‘ _}—x,—1<x¢0

3 2 -1_9.5;\1 ! (X)—’:\_ X2’0<X¢1 (1)
10 fo5,x>1

l1 sBkzHEZ9OIsd ISOCtsy WOLBoak IO Clsste’ & .

it SL o0V . uBddEyo so d dgtsta gzeleiz'O YL @ d dzO GlobaldadEs
and DAEs dzls j tcW. j 2 Mts A3
File - > New - > Model Wizard - > 2D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
l i3S dz' Is! 6 HigteEghdals’ dzsmisj 2 W' L Jdyded - o J dzd
Untitled.mph (root): Unit System T <>= None
dls o' 8z MEWSHAZS {1). ©
Global Definitions: RMB > Functions i Piecewise
Function name = psw

Definition i Extrapolation = Constant
]l sOBmkegals’ L OHO2I] f syoOlsss ' dzj Yy ‘
Hdzw C sy dats’ H' dzw dz€ ( .
Definition T Intervals ( Is OB dzd yw )
T Start, End, Function =-4, -1,1
T Start, End, Function =-10, -X
I Start, End, Function = 0,1, -x"2
T Start, End, Function = 14,05
Intervals
" Start End Function
-~ -1 1
-1 0 =X
0 1 -x2
1 4 0.5

46



l dB "' tc L GeBstary dadzv it &xirePolation sLdOoyo’', Mt L

H' dzw dzs ¢ fWidadeCisp’ YWz s e i ® dAg OEZd dsd L dzO y 4 dzdzv d3d

dzOB @ ‘dz' atsdzgz ' Y teOo sz § WOWD daday dz@digls C dab

oectste’ o' CdzO BRHE' CcGwOW' € WkdCy"  (HdA&vW f
10 SolddzOB dzd y¥ ! o' o dagv dz

Global ODEs and DAEs(ge) Global Equations 1.:

Global Equations i Name, f(u, ut, utt, t) = u, ut tHpsw(u)*2*u
i Initial value(u_0), Initial value(u_t0)=-1,0
4 = Component 1 (compi) Flugipdipet) =0, wty) = up, uplty) = ug
= Definitions o
4 % Global ODEs and DAEs (ge) Mame  flu,ututt,t) Initial value (u_0)  Initial value (u_td)
(53) Global Equations 1 u utt+Hpswiu) 2% -1 ]
1 OH GR'ISQ OL sdz L &t dad HidEsd | IfsE B S bk
Stepl: Time Dependent
Study Settings I Times=range(0,0.01,20)
i Relative tolerance= True, 1le-6
4~ Study 1 Times: range(0,0.01,20) s
|\ step 1: Time Dependent —I
[*m. Solver Configurations Relative tolerance: W 126

l S tsdz02 s s biptzi dzdzw

Home - > Compute
] G ResuitsB zH | Mivolzs @fhdelas Group 1 - Global 1L G tc Ot &3 &
tetsL 9 OVH RGEGStcd &30 dzd 2 digj LLAR fiis Qs ¢ St W |dE] H.
L3 dzh dIsd OB Misdzs Isdzlz  ff t5 DOcfi DS alis + Mgy \Sttigidir-Ez' |
Solver Configurations - Solution 1 - Time-Dependent Solver 1 ( 2 okzL sd
L' wWodw ' Is! fqpw ' mMdzw f jteh tsets B Ydmdzj dzdzv C
¢ ts d30 d@hds/Default Solver).
Study 17 Solver Configurationsi Solution 1 - Time-Dependent Solver 1

Absolute  Tolerance 1 Tolerance= 0.00001

4 ~db Study 1
[ Step 1: Time Dependent w Absolute Tolerance
4 [T=. Solver Configurations
4 [ solution 1 Global method: | Scaled |

2—”3: Cornpile Equations: Time Dependent
uw Dependent Varizbles 1 Tolerance: 0.00001
Eﬁ Time-Dependent Sobver 1

1 ts9 Is tidists] i§ ddztsldiCOnipute. 1 twlds'Bdg H 2 2 Is 1D Plot Gaolp 1dz’
-Global 1ctcOW ' € HsEdbBhipllr YIsBESEZOG o9 IsOB d&zdy
LOf saHdp'fl@aWisC , O IsOC sy MC Bescgptipiz 21s] Misso f j 1
1D Plot Group 1 - Global 1:

y- Axis Data T Expression, Description =u,u
i Expression, Description =ut, ut
» y-Axis Data
4 “w 10 Plot Group 1 T
@ Global 1 Expression LInit Description
o o
LMB > Plot
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0 5 10 15 20
r dzv f sBlkzHtsoad WOL 5o BH ootdf O @t dzlz frpis B Wsfclz
HsH O2 Is Joinblizjecttsiek
Results - > Plot Group - 2D Plot Group
2D PlotGroup 2 -> More Plots - > Point Trajectories
2D Plot Group 2 - Point Trajectories 1 :
Trajectory Data I X-expression = u
T y-expression = ut
+ Trajectory Data

Plot data: I Coordinates j

Expression: LT
X-expression: U

y-expression:  ut

1 OkzOh Iskz21Isj Mlsddzr Ctedoets’' .
Coloring and Style TLine style 1Type =Tube

T Line style I Tube radius expression =0.01
T Line style I Radius scale factor =True, 1
+ (Coloring and Style
Line style
Type: I Tube j
Tube radius expression:  0.01 S

Radius scale factor: v 1
LMB > Plot

T
0.6F
0.4F
0.2F

ok

0.2 -

0.4k

0.6k
1

-1 0 0.5 1
1 Okzo Oy j dgdipvin € 59 ° 9 e OL @ dz@3™ IstzPy ded@ip Ofp fOtsfif ts B
Matl ab. stsdzd dzts@é' yded?2 odwOL L' wWeodzw' Is!
‘e jteftejlskz st qw w¢ +1, wChig Bt O " fylsd
CkmSCtsoalz WkdSy' ¥ (1), wWCO odSttedMmistsalkz’ls
Ol dets s W stc d3lz dzts & :

0.5
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100=5 550855938 8 Y PR RP TR 5T N2 D3 @

slkls Mddosdzd ftsHe 2dzsets OBY jeMOdzH O & & (¢
ltes0dzOdz' L ' BB xe=dIplOs & BHO)dzsSCh & Histc' o dzt
O tj-His@' o dzt ¢ Is! xEHAE&X0 (st dJtcOL © HEYC OR

Histe' o dzs ° SHddzdy' , O MOxE totsHSAXRES Sy OHfifs & So da
(2) HBt' odzt o OlsdBlzls! dzkz dzs . epzOWKSE Bydetz' '
zdv o ©OL', Ctdd o' HitsSe' Hdd2 dzsc' ydzed:

L dzOyJ dzdz? we v R 0. 1 oBOdZOdz" L o Oah d oMm"  dit
(2) ftojHMmMlsOoadzw® Wk Yy v (1).
ljtjo’ eddts yj 2 < Wif Stgsddie-OL Of d Mg dzv Y 56
fted ¢ dzOH 'OdgBde'slied ydzz WEkZdzC y26, LOHOdEZ o dtC
Global Definitions: RMB > Functions i Analitic.
Function name = psw2
Definition I Expression = (x<=-1) - (x> - 1 &&x<0)*x -
(O<X && x<=1)**"2+(x>1)*0.5

Function name: pswzl

4 () Global Definitions ~ Definition
. Piecewise 1 (psw)
& Analytic 1 (pswe2) Expression:  (x<=-1)-(c>-1 & x<0)=x-(0 <x B8 x<=1)" % 2+(>1)*0.5

Arguments: | x

l sIst Gds'lswz 1 | &lphaldE@uations 19 IsOB dzd y' to' 9 dgv dg
psw dz@sw2 ° o @Q tisgzg yd Mddj flzdas IS ks sds@ Y § tcjL E2dz Is
tcOdz(lejcOW " € totsLodwLCE WOLBOO ItcO' CIstste’
l od Ot sL 9 6 vid@dsisdglr B A[ W j to j dzy 'tcO dridatzdizz fjtc
f stcWwHEMO S fistc J] dzy O)
exi =sQy- x)
1yi=xdr- 2)-y,
tZi=xg-b&
HY ¢ dzG6,qf =25b=3" Z 1dz20OE) etz tF dgOIsC 59  ditse d:
x(0)=1, y(0)=-1, z(0)=10.
t sL o0V . wBduEtcd o d dgista dzlEz'O ULl @ d dzO GlobaldaPEs
and DAEs dzls j teW. j 2 s d3
File - > New - > Model Wizard - > 3D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent

I kS dz' Is! 6 HigEEEhedE cdsmisj2 %' Ldyudds o) dd

Untitled .mph (root): Unit System 1 <>=None

1 OHORdsMIsy Bz 6" adegw dz' . © YBYOIsEC s bEditse d
Global ODEs and DAEs(ge) Global Equations 1:
Global Equations i Name f(u, ut, utt, t) =u, ut-10% v-u)
i Initial value(u_0) =1
Global Equations i Name f(u, ut, utt, t) =v, vt -u*@25 -w)+v
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i Initial value(u_0) = -1
Global Equations i Name f(u, ut, utt, t) =w, wt- U*v+3*w
i Initial value(u_0) = 10
Flittptipe) =0, witp) = g, el tp) = g

4 T:IET Global ODEs and DAEs [ge) " Name flu,ut,utt,f) Initial value  Initial value
@ Global Equations 1 u ut-10%(v-u) 1 0
) v wt-u*{25-w]) +v -1 i

1 Olzo Oy ) etz o d di3L @ HzGdg @zO L d 9 "OR Is@pdg’ dzd  ddggddzO d3d
ftosMiststetso dGy, 2 Az dedgE§ J HtocdLotsHdIlsd HB € tsd
fsBkzHtseod ftwOys o0OIsd dzj BEZHIEZIS!

1 OHOR'ISQY OL tsdz L d3t dzd o § ©tzO Mgz tePts~ B ¢ 2.

Stepl: Time Dependent

Study Settings i Times=range(0,0.01, 40)
I Relative tolerance= True, le-6
4 ~ob Study 1 Times: rangel,0.01,40) s |
|\ step 1: Time Dependent —l
[r=. Solver Configurations Relative tolerance: ¥ 1e6

rdzv  ydmj dz' dzezeias i t51 z® eifef B dzdhnd dAnd Misj i3 4 ° H:
| Stcd@iztc” dzl O Is 2 s as] to
Study -> Solver - Show Default Solver.
Study 17 Solver Configurationsi Solution 1 - Time-Dependent Solver 1
Absolute  Tolerance T Tolerance=0.0000 01

Time S tepping 1 Method = Dormand- Prince 5
4 ~db Study 1
Lf_h, Step 1: Time Dependent

4 Tree SE{h"Ef anﬁgumtinm Global method: I Scaled vl
4[4 solution 1

54 Compile Equations: Time Dependent  Tolerance: 0.00001
uwww Dependent Variables 1
E-“s Time-Dependent Soler 1

+ Absolute Tolerance

+ Time Stepping

Method: I Dormand-Prince 5 j
l S tsdz02 s s g biptzi dzdzw
Home - > Compute
L 9 Redldishhilse tstet * Is! Mw ¢ Rot Gralg 2- Glekallls dz2v € d 2
B3 Misdls! wLcoOWWl LEdzdotc L 5B tc Oy j dz’ 20 dz2OMmiskz{ dzts
mMitcj clzo Odzd dzj 6 j dzH Iz.
1D Plot Group 1- Global 1:
Legends 1 Show legends, Legends True, Manual

i Legends(row 1) =u

i Legends(row 2) =v

T Legends(row 3) =w
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10 MWWW\QL‘W | m: Jlr

10 =

30

L]

20 - _
L 1 1 1 L

0 10 20 30 40
[ &zv fsBEkZHBOd WOLBO B’ Istc O¢ € Bis'tcY dzlz frpis B ¥sfolz
HBH O2 Is Poinblizjectsiek
Results - > Plot Group - 3D Plot Group
3D PlotGroup 2 -> More Plots - > Point Trajectories
3D Plot Group 2 - Point Trajectories 1 :

Trajectory Data I X-expression = u
T y-expression = v
I z-expression = w

1 OdzOh Isk21Isj Mlsddzz Ctedots’ .
Coloring and Style TiLine style 1Type =Tube
T Line style I Tube radius expression =0. 1

T Line style I Radius scale factor =True,1
I © z@oint Trajectories 1H s BYff H 9 oIty &xpression 1
3D Plot Group 2 - Point Trajectories 1. RMB > Color Expression
3D Plot Group 2 - Point Trajectories 1 - Color Expressionl.:
Expression 1 Expression =sgrt (ut ~2+wt "2+wWt"\2)
loj H]j dzd 2 VvedOL o jdzdyddzdz hodHCtsMIs® to L
st Clstste ° ' BEHJ o©dL d&2OYyOIsd SCtsdz' t6 Gt
LMB > Plot

%10
1.8

1l

1.4

1.2

1

0.8

0.6

0.4

0.2

0

| Ok o Oy j dedefyls j 50 Y Mk’ ¢ Ol gdd®j ®@F%:'OC s
o §sYOC 5ot bREoEdsnls' ©osdiigdeiddsH B 2 Hij
L s el o 0w LIS yj L&yl e dOfudsidez tson
50" Clststs YO Med@io s s Q.

l ed Odb.| " odzvdzdzy 1 Odz HJ 6 1 tsdzw
Vi- M1- y?)yi+y=0 (3)
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fdmk’ jdzjClteduds Ctdde Odedzr o L ORS dalzls
SMd Hsodets L6 HA&OdE € tdH e ddndRtsdsts Of tz digH d
@ dzj d3j dplddzi deOy j dpft)tec Y 5L 2O O o § dzd ud dzz  j dzj
o t

t SLOMsd Wz (¥l W®@dH0 ' ¢ d Ct5 t' L ded R

L dzOyJ Wizrypd dzj Slstedydetse s Mistelz dslz .
it BL 9OV . uGditEgsH | a0yl & d dzO @lobald@Pls and DAEs
Cdzlsj oW J 2 M3
File - > New - > Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
l ddi3C dz' Is! & HiBEERAARE tdesMmisj 2 W' L dydedrs o j dzd
Untitled .mph (root): Unit System 1 <>= None
L 9o EQlodal Definitions M ls ¢ tiste Iz L Radeameters' 2as6 5 ISIO@ w2 YIS J
f OcOdy) Iste
Global Definitions : RMB > Parameters

Parameters 1 Name, Expression =u0, 0.1
1H O21Isy HJW ] jdagpzdddz! dzd
Global ODEsand DAEs(ge)- Global Equations 1.:

Global Equations i Name, f(u, ut, utt, t) =

u, utt -(1-u2* ut+u
i Initial value(u_0), Initial value(u_t0)= u0, O

4 = Component 1 fﬂ'ﬂf?’;‘?f} ﬂ‘u,un.;,l”’tj =0, ty) =up, ulty) = Uy
= Definitions
L1
F ,—% Global ODEs and DAEs (&) Mame  fluututt,t) Initial value (u_0)  Initial value (u_t0)
(9 Global Equations 1 u utt-{1-u”2)*ut+u  |ud 0

1 OHOR'ISQY OL tsdz L d3t dzd o § ©tzO gz tePts~ B ¢ 2.
Stepl: Time Dependent
Study Settings I Times=range(0,0.1,20)
I Relative tolerance= True, 0.00001
[ dzv o dL dzOyj dedzts L a O] § Hztsdgdzt o' o d CHtOda]Giplsj A2t
Auxiliary Sweep (HEBY sBOyzBdR L .
Study 17 Step1: Stationary:
Study Extensions T Auxiliary sweep= True
] 1 oSrep IdRationary o tc ts LStudy dzxtensions OCIsdeokz’ Isi 1
sOBdZdyY odBEiIERAPBQRIcOAg K" © dzO0dg laMs o z © O dzd 2
Study Extensions 1 Parametername=u0
I Parametervalue list = range(0.1,0.3,1) range(2.1,0.3,3)
r dzv o d ¢ )dEOdRIRZzEYydz' s (6 IsOBdzdy' oo
L odfOHdets d&j dz¥ Ad.dBj o' By d HEHBO Az € d =
M Is s 9 Hatpmeter name, 9dBJ ' Iswul. f Otc Og Usctets dzlz
Is © B dzHaxgarneter value list L OHI®! Gpdzts yOJLdez' dzd y! s
f OtcOd3) stcO.
Il dSsdzO21Ilsj B yYdMmdzj dadaw
Home - > Compute
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l G 'Regytsmiso stct * Is 1D Plot Giaup th-Giobal 1. v S tstej cz21Is]
CteOW " €, o HtsBtOLdohd tghfjtcPy t6b h d ytizls d b der
1D Plot Group 1:
Data 1 Parameter selectionu0) = Manual
I Parameter values(u0)(1-8) = 1,234
1D Plot Group 1 - Global 1: Legends T Description = False

LMB > Plot
{ SLOOWLSCEBd t' odwdsdzn 1 Odz Hjte 1tdw * ¢
ZOM Y dsdlz tdhbdSk (ftd ).Ldd: §syolktse
2F T T - T %7
N\
IIOTimE ll5'. 20

vJfJte  twoBtdWEAI] ' dzhdr sLeodowL ' 9.
1D Plot Group 1: RMB > Duplicate
1D Plot Group 2:
Data i Parameter values(u0)(1-8) =5,6,7,8
3 T T T

0 5 10 Time 15 20
AOLtse' IstcO’ C IsisGiebhal’ 9 B lzdelz s Is+ Mmw
Results - > Plot Group - 1D Plot Group
1D Plot Group 3:
Legend T Position= Upper left
1DPlo tGroup 3 ->Add Plot- Global
1D Plot Group 3 - Global 1:
y- Axis Data T Expression = compl.ut
x- Axis Data T Axis source data = Time
I Parameter, Expression = Expression , compl.u
Legends 1 Description = False
LMB > Plot
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2.5
2
1.5
1
0.5
0
-0.5
-1
-1.5
-2
-2.5

-2 -1 0 1 2 3

s tsdzd & O dadz" , w g M sink Puzdzt O scigOW * &0~

Qo lstsC sdzd 9 O dedz™ d3d , Bts ' m RrOOCIjtdMmisdsd
f syolsS¢tsodn EWise, O odL dOyoOeIs! mMw o d¢ dzs
mMdmisj &3d. 1 0 BMIsOdzedz! sz tdmMizdzS 2 o dH dets,
CcdoOHBE WwWC’ OMmMd B Istslsd ydzes fedlswgelze s+ mpw
9 dABHWIs!H L ' Lddr ff BDISK d@fint SlaEOgslysdz v
ydedz | tcjLizdzt SOIs’ Yyjtejr HjWEd2 yom tts
CGieOdzd ydzd 2 ydq Ok cOE &dsgsQ dz

4137 W j o] doy -@dze flase O’ ydz MmdMmisj isd o' o dgv dzl .
1 OHOYO, wCO Lo ' wWiLk' dzgjo'Htsd Wkdsy'

Oke j B0 Ydz ' o dzv dzdzV . sH R Y J B dzdZO0 dio
@izc j B tc Ofc \pdeg'rdz (rot) . ] sO¢ dn L OHOYOnR
fgOCse' bdsed, ' dOSh| fModejt doj L BBy J
1 6d C dZOHE SLoOWL Olsd fMdflsj Bz ot .

edu -0 ,u(0)=05

jdt (1)

tu? +v2 =1

) Oz o Oy j didvd f 5 YOl ¢ sa(f)=1v0)de0 datzs 5! Ho'
L o 0wl ® ‘u=cod,v=sint. 1 w@=0,v(0)=1sLo0WL S ON
utO,vtl'u=sint,v=cog (wWS¢hts o §yoOlssotRlsdiisse On
Ists 3" dzgzfp LOweodzw' Is': v o twLOOWLSE EZ 9o H
tesL 96w L ¢ uw3@cod +bgnd,de=hcod - asint, HY Cjapp’ y' *
f"  Hdzw g O Is! fshCl L FtcOrlzo Odzdzw d3 uf'syOls
f syoOlSsoasett dzOB dzd ). dzday ZHH dzv w W Z dzR & SH Y |
CeddB ' d&zOy' °~ H' dzv detsC 8§ jtejHdz n WhkdzCy' 2 L
it SL o0V uGditigsH | a0yl @ d dzO @BlobaldaPEs and DAEs
Cdzls j oW j 2 Msd3
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
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l i3S dz' Is! 6 Higtetgghdals’ cdzsmisy 2 W' L dyded -~ o J dzd
Untitled.mph (root): Unit System T <>= None

1 Of sedz Is! IsOBdzdys to' o dgvw dz' .

Global ODEs and DAEs(ge) Global Equations 1.:

Global Equations i Name f(u, ut, utt, t) =u, ut-v
i Initial value(u_0)= 05

Global Equations i Name f(u, ut, utt, t) =v, u2+"2 -1
[

" Initial value(u_0)= 0.9
+ Global Equations

4 = Component 1 (compl) Flugiesiee ) = 0, ulty) =, elty) = ey

= Definitions
e adT Global ODEs and DAEs (ge) " Name flu,ut,utt, t) Initial value  Initial value
(23) Global Equations 1 u ut-v 0.5 0

u™2+y2-1 0.9 0

1 OHOR'ISQY OL sdz L d3t dzd o if ©OzOfiggzle cPts~ dB § 2.
Stepl: Time Dependent

Study Settings I Times=range(0,0.01,10)
I Relative tolerance= True, 0.00001
4 ~db Study 1 . s
[V step 1: Time Dependent Times: rang=(0,0.01,10) El
M. Solver Configurations Relative tolerance: W 0.00001

Iy 2000 O0dzs 9" HteOL 2 L d3irdg"Biideds B @ B 1o dzdy? Is dal
990 jJHjdedz" o kL sz cH@PdEY " H BB BENEY Iso dnWts dz0
CBd3OUzH Iz
Study - > Solver - Show Default Solver.

l " Bwldy 1L ' wodls! mw €' dz¢ 00 tsH s ditaiASDR d2@C gk Ae
L iz dzh dIsd OB Mtsdzt Is dzlz fsrdBC 2.
Study 17 Solver Configurationsi Solution 1 - Time-Dependent Solver 1

Absolute  Tolerance T Tolerance= 0.00001
1 d ¢ t5dz02 Is j Cofste30 da z ¢ toLO elzladdiy @lot Group 1i Global 1
Sktcdlsag@ tcdmsL oovwL € Iz. ] 5dzd dz09 j H | dz' dzO 0z
mMéstcj ckzoaOlsd dzj e jdzHlz d3d dz@ésgriptian d3ls @z dzd y ‘Is
odOL " 9.
1D Plot Group 1 - Global 1:

y-AxisData 1 Is OB dzd-yExpression, Description =compl. u,u

i Is ©B dzd-y Expression, Description =compl. v,v
1 T

_—u

—_—

1 , Time (s}

0 ] 10
[HdZOC Hdzv BOEOl! 52 f Ote df Aty Oolsk Mk (R d3 OLISHO g
o HO Is! S OO+ @ v(0)=09. z 5B Y4 1 j taf aiz' tsd s
f syoOlSseo ' L dzOyJ dzdzv o IsOBdzdy' to' o dgv dg
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Global ODEs and DAEs(ge) Global Equations 1:

Global Equations i Initial value(u_0)= 0.9
Global Equations i Initial value(u_0)= 0.9
4 - Component 1 (compl) Fludipdiee,t) =0, Ulty) =y, tylty) = urg
= Definitions
4 £ Global ODEs and DAEs (ge) " Name  fluut,utt,t) Initial value (u_0)  Initial value {u_t0
() Global Equations 1 u ut-y 0.9 0
) U2+ 2-1 0.9 0
1 §Ct5dz02 Is jCofmBtelOdmdz lsted BO' Isj § 5o ' H s ddzj dac
CEEEE x|

i '_"‘-.I The following feature has encountered a problem:
M Cailed to find consistent initial values.

Last time step is not converged.

- Feature: Time-Dependent Solver 1 (sol1/t1)

s L &OY0' , Mt idnisy s Haifs » 1 Cuidfy w i fh 'L
GsHY jd2 ftyokSse' L 2Oy dzdzv ( f syOIlsSC 59
hts o tsdzd L ODdB® jisecs Qv ded)d  toy @fightslzdzy 3y ts o
BjltsH, wCd2 odSttedMmistolz’ 5! MW HAOHJHES
L &8 dzq Is de tsdyjaldBmstant (Newton) dz®@ ' dzh d 2
Study 17 Solver Configurationsi Solution 17
I Time Dependent Solver I Fully Coupled 1
Method and Termination i Nonlinear Method = Automatic(Newton)
4 ~cb Study 1
& Step 1: Time Dependent
4 [T=. Solver Configurations
4 [+¥ solution 1
e Cormpile Equations: Time Deps
uew Dependent Variables 1
4 Ti% Time-Dependent Soher 1
Direct
Advanced
=" Fully Coupled 1

4 (i) Information 1
A v

ode "t fHttd odL dzOy,j dzdz Cietej dz' & Odzc
s zdg jOdSEHIY d3dz® ' B s O¢C O dzdzd dZNewt on' s 1
J ftOys '’ 9 Isdrn o9df OHSCOBSdQ sdzd Oa ¢ fif
GO' 9 boBESTGjd@yh jw Ydm ' HIZO0 ddatsy C
W QR a'<izls

Il ¢ Bdz02 Is] Commiez® dziolz ¢ o0 dz'n dAR’eBults - 1D Plot
Group 1-Global1ts s tc dlaig20OMiszf dz@ Cted o

0.8 -
osl —u /]

0.4k
0.2+

+ Method and Termination

Monlinear method: Automatic (Me IEI

Automatic (Mewton)
Constant (Mewton)
Automatic highly nonlinear (Mewton)

d
te

=

NS T D XN
RNV RV R Rt
Q—B_ms-h_)

-0.,2 =
0.4
-0.6
0.8k

1 1 1 1
0 2 4 Time © 8 10
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1o jtodz Is! ko OAW) dz@Otolz 2R p Peztizd s @B dzd ys o j dz
Results- Derived Values- State variable u LMB > Evaluate
Results- Derived Values - State variablev: LMB > Evaluate 7 Table 1

Time State variable u State variable v

0.0000 0,20000 -0,43589

0.010000 0,839558 -0.494439

0,020000 0,89105 -0,45387

0.030000 0.88545 N agm”

0.040000 N.A8172
[ O d¥©)°-04359. | sdets Mtizj o § On O LO'. 91, dzOaky jilztakds
sOBddy' t'edvwdy . uvOCdH uyddsd, o dO"

u0)=09 Hdzv W kuzlz)' "ddsiEss §jth | ' o dv dzdzgw
H W j o) dzy, O@r tfiEfsdpes(yOls S 5o j L dzOyy. dzdzv  H dzw W

sftosBlz2l] od¢C stedflsOlsddhzd Y jztiztzy . f WS ¢ ©
L dzOygidz= 1, 00 =0, Mk d3’ Mdedrs L HEEzedd tc' o dzgv dzda”
BkHEls! WY 0.r dzv § syOlsS tse ¢ =B Y j dz
GtsL 90 W L Ctsdy Bt BilstV(t) WoatiAC lsys Y dz' M j, od tslstedd
yda WkzdsSy' 2) .

lted S dzOHd §sCOLEsIS!, hts MmdMmlsj 3O dzj o
L dzO | dzdzv  Hidzy W R GEHXEHE ' i3 ¢ f 56 OdfB)&2, dzOf
s Sts Leo 6 Bzj 5B k2 HHjj dzsdzO 2u f te O oHH' * 2, i) dzlmic) oz uiPHAOT |
L OH 59 5 d dizy fiastc @ 1 dzts 2BV (6): 1s Gzv dzdz®

1 3" dz' Is! h ] oL fotdy=005S is® = 0.90 Hz0 gjtsdzdz"o W ¥
MdMmlsj Bz t6j Bzd'EEOIs '{ O SHIRND, ® S § 5 ¢ GLdDdz
dzOltf dztstegfizfpzC £ 2t 9o stolzy. | Bkl  meBkls 4 iy
MstedB ¢ L tHd 5 dz@Qjtc g deStszpSOFdtE dzj H 5Mis Ols
tsB yd fmdzj de
Stepl: Time Dependent

Study Settings T Relativetolerance= True, 0.000001

Home - > Compute (dz0 i 12X didrdAdfidc O o tstclz )
1 a3 dzh doh d detsdzlz , dffts -t I€ dsggtc OW ° € d w g s
dzO0 M Is Iz teditindz ifia€ @o sStclz y .

0.8
0.6
0.4F
0.2F
ok
0.2
0.4k
06k
0.8k
-1

1
— .11 os
— v |7 08 — v |
1 04F
1 0.2F
ok
1 0.2k
4 0.4k
4 .06k
4 ngk

1 _1 L
0 2 4 Time © 8 10 0 2 4 Time B 8 10

WwhzetdRO dfGs - dB SO disyy MftcOoadilsd dzj €@ d o tad B I
zOh & HJOges@asyj B tc O ydzH3] IdrisHDdadiprdsé Newton) L

f sYyOlsC so ddsd 06L0dz0M ) Gzdz d3dl o' Hdsmdzt®B Misdzs Is
f 58§ OaqooL .

— u
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Stepl: Time Dependent
Study Settings T Relative tolerance= True, 0.00001
Study 17 Solver Configurationsi Solution 1 - Time-Dependent Solver 1
Absolute  Tolerance 1 Tolerance= 0.00001
Study 17 Solver Configurationsi Solution 17
I Time Dependent Solver I Fully Coupled 1.
Method and Termination T Nonlinear Method =Constant  (Newton))
Home - > Compute
I'd slted B30 If jso dz@ fyls3idg] dzpz"
Beror x|

|_ The following feature has encountered a problem:

Sl Nonlinear solver did not converge.
Mo convergence, even when using the minimum damping factor.
Time @ 4,439104514005917e-006
Last time step is not converged.
- Feature: Time-Dependent Saolver 1 (sol1/t1)

OK

bzl ChtsLezdL dls g OBMisdzé Isdzz (0B, d BB BIStcd d&
ftcOo ddz dzlz ud 1, WiPEBOMH'tc©Oo H* od BGlsted BE¥GUs'] ¢
® Hfso " HOH Is! U dodf WOB dplsyiZze isdR002 o tifts ~txflstoyd dz0 °
cteOW "' ¢d CMmMddkzmo &z’ dzz)m. Mz OH dets | §
f sYyoOlsC s9 s@Em=1L dgONEOzdIste BZOIsd dBO2Y 4 codf O
f Otk Lo bOowWL C" 9.

l s jtedz B o IsOB dzd Yy’ tc " 000dz* @2, L Of BYPDIsC 9
dZzOo J HNjidts sH ddz N dzv dsL dfGeshfEis | dpf | bt Od3
tcsL o OWL @y ddifdef2 " HBSteZ f5YOLStsd.dr L
ldBjte’ s 2BGH.

Study 17 Solver Configurationsi Solution 11 Time Dependent Solver 1

Time Stepping 7 Method = Initialization only
4~ Study 1 + Time Stepping
E Step 1: Time Dependent
4 [T=. Solver Configurations Method: I Initizlization only j

4 [¥ solution 1

aus . . ] Algebraic variable settings
5ty Compile Equations: Time Dependen

E,w Dependent Variables 1 Singular mass matrix: I Maybe j
4 L Time-D dent Soler 1 _
m;ireecgen IS Consistent initialization: I on j
o E?EEEEEI Error estimation: I Indude algebraic j
1 tod ylotsdiltf ConSidtent initialization 9 dB J B Ols! @dzlsd"2¢
SL ZOYO* ,IsChste ' f & \® o jSegoky dziff o ROYB* , 5 ¢
L dzO U j dzdzv o Msjdzo fij teds'dif 2 dzO' 3P Oisd P ¢ v A
Consistent initialization: On IEI
Off
Backward Euler

l dB ' t6 L Sing@jdf chass€ izatrix L dzO y Meagozwiz@Oh Is i dzd | to6  dzC
Qo lstsdizOIs d ydzj o dL dzOyJ dzdzv ss6 s, yd o ¢ dzs 1
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] 2Oy Jezlpts o j oH X zo O d g Misj BO & Mis d lsp' dzjO dzg joe
Yy! sdidz o(dddH S\ § slsicOr Gy » d B d c@Bld O clyy fis &dedz
Study 17 Solver Configurationsi Solution 17

I Time Dependent Solver I Fully Coupled 1.

Method and Termination T Nonlinear Method = Automatic(Newton)
Home - > Compute

tdLiEzd'sOds@ed3 6 kZLGEBSHY jddr fBYOSEtSadnrs L dzO
Yy! sdiilz o d L dzOnSfrogdyls jtalsdl oHOdw  C dzh d R dBsd3j dzls ' o
cShts tsBYdMmdzj dzdzv L OC " dzyd dzd mw m®g L RstHts ' H 5
i Derived Values o Iz L @iafe variable u* State variable vB z H Iz Is ! &' Mmisd
FLetsHYy jdd (YyPsitmdas'z Clz@&®y j dade .
Derived Values- Statevariable u: LMB > Evaluate i New Table
Derived Values- Statevariable v: LMB > Evaluate T Table 2

Time (s) State variable u (1)  State variable v (1)
0.0000 0.90000 -0.43589

I'd IsOCBY sy J dgits Liptdry ndagCds dzwe@elaudHCeas D W2 u s dz'
9 z L1d@x®lot Group 1

o.sf hd

0.6F
0.4k
0.2F
0k
0.2k

-0.4 = 1 1
1 0.5 0 0.5

vdfdts, od ddtsyjlsy Ld3 dzdlsd fsyoOlssise’ L dzO
dB3d IstisH 96 W (L 10@aday d yO©2 vyJ B DB ygimemsdylz. L O dzts ¢
BDF (Backward Differentiation Formwq fiis dze | tc o dCtstcedMistse
BsHIW ' COyY" Lotstetslsdedr dBBjlssH @8 HIW o] dz
f stcWwHC" 9) .
l OB dzd y* tc’ o dzv dz L OHOARGC F 09 5O ©IsE4As 9 °
Bd&zdL ! &' HEt Isdma, WwWC¢' Blstedd3Odz o fHtetsyj M’

+ Global Equations

—u

—_—

flugpddee £ =0, tty) = g, ulty) = gy

" Mame fluututt,t) Initial value  Initial value
u ut-w 0.9 1]
W U2+ 2-1 -0.4 0

[ BJ tBDBEd3j sS'sHa d S sdzO2 sy 8B yYyd mdzj dadzv .
Study 17 Solver Configurationsi Solution 17 Time Dependent Solver 1
Time Stepping T Method = BDF

4 "~ Study 1
[\ Step 1: Time Dependent
PRI Sih.fer anﬁgumtmm » Time Stepping
4 [¥ solution 1
¢4 Compile Equations: Time Dependen Method: BDF j

uww Dependent Variables 1
4 |\ Time-Dependent Solver 1

Home - > Compute
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Time (s)
1 1

wdesH' c¢cMftcOy! sokz' ¢ hj BHddz M sy Btc Oda'lshe i

9 Y!' sz . edqo®&zBy ' o' Hdzsmdziz 0000018, s dzis © dzlizd 1)

tc' o dzv dz 9dCsted MisO2 Is0j0 O yuas € G&D [ B W fiAPdaj] diaii

RsH J dzf fsCOy4, hts f syOlsk ffste 5 B Iz 2O i3 jiotatis Holz iz

3O M" Is OB Mtal @dzdzv e based .

Study 1- Solver Configurations- Solution 1- Dependent Variables 1:

Scaling T Method = Initial value based

1 dzs &G sdz02 Isj ,5BQHEIMdog@izdayj 2 ©OL od lstd

t BLo OWY j &8 dz' C OO deddRgzts j dzig ©° ydzd = MdMmMilsj d3 to
s tsdzd Odzé j Bt O  ydz tc' o dzv dzdzw dz' dz' 2 dz’

f" " HBdtc®® B UAfigdzgls ts.

1 tod € d&zOHf BL o O6WL O MdMmisj Bz 1 ¢t

exi+x+2y=0,x(0)=-1

‘:yi- x-z=0 , y(O):3 :
bx+y+z=0 , Z0)=-1
vizls, tyj x(6)mnyds-z0)h & Istselsts §f syOlsE jsde" . H Odz
it sSLO OV  Odzaast]f B gl o HDUFlEGEEz: . L OHOY'
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
I'd &3¢ dz’ s! My sy jo g g dapcditfOMm Isd v dzd -~ o § dzd U dz
Untitled.mph (root): Unit System T <>= None
1 Of sodz Is! IsOBdzd y¥ t6' o dgv dz' .
Global ODEs and DAEs(ge) Global Equations 1.:
Global Equations i Name f(u, ut, utt, t) =u, ut+u+2*v
i Initial value(u_0)= -1
Global Equations i Name f(u, ut, utt, t) =v, vt-u-w
i Initial value(u 0)= 3
i Name f(u, ut, utt, t) =w, utv+w
i Initial value(u_0)= -1

+ Global Equations

Global Equations

4 = Component 1 {compl) Fluip g ot) =0, Wty) = g, Uyl ty) = uyg
= Definitions = - -
4 4 Global ODEs and DAEs (ge) Mame fluututt, t) Initial value  Initial value
@ Global Equations 1 u ut+u+2% -1 ]
W Wi 3 0
W Uy 4w 1 0

1 OHOR'SQY OL sdz L dst.dzd § OteOdj Istc O
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Stepl: Time Dependent

Study Settings T Times=range(0,0.01, 7)

4 ~db Study 1 Times: range(0,0.01,7) s
@ Step 1: Time Dependent —|
[re. Sohver Configurations Relative tolerance: [~ 0.01

1l € tsdzO2 Is j CofpteBO da 26 tc OW ° Y dFesults11B Biot Group 1 dzO

- Global 1 5ls tc Jlsii®@tc OW s p 6 WLd®W' of tsdzlstetsdzé o 1 | Y
tctsL W-AkB' Data H SR B dtcOL ,f to G dydifdodglizy ‘h 2C Odzd » W |
] " Hits9 Hdes HB Itojls! sets o' o dgW dade" &3 Md Mils j c
dzlz dzj d3.

1D Plot Group 1 - Global 1:

y-AxisData 1 Is OB dzd-yExpression, Description =
compl.u+complv+complw , Summa (row4)

3 T T T T T T

. ?‘M =1 DEItEI + - h - 2‘: : — State variable u :
—— State variable v

" 1‘? : - ::a:e wvariable w :

Expression Unit  Description asth Surmma
compl.u State variable u sl ]
compl.v State variable v 71"‘}, 1
compl.w State variable w -2 E
compi.u+comp 1. v 4+comp L.ow Summa - : : ' ' : :

1o9jtedz Is! EZ90OcGk, hts §tsyOls fadee | oL dafy j didaw
L GtSHY J deda” O 1y daddddpcdgvedimzy d3 B 2 dzts  ffif IO tlsdhdgt
L 020 Y jv@)dz"

1 tod & @HZO dizts & Hushity tc ¢ ¥ dz'd € dz@Hnlez® H M| frjds' | figlv©
exi+x+y=0,x(0)=1
ly- x+2z=2, y(0)=-1.
bx+2z=1 , Z(0)=1
it sSLO OV Ozttt B gl o HDUFIEIGEEz: . L OHOY'
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
I'd 3¢ dz’ s Y sy foda g daieditfOn Isd ydzd = o j dzd U dz
Untitled.mph (root): Unit System T <>= None
1 Of seodz Is! IsOBdzd ye to' o dzv dz' .
Global ODEs and DAEs(ge) Global Equations 1:
Global Equations 1 Name, f(u, ut, utt, t) =u, ut+ut+v
i Initial value(u_0)= 1
" Name, f(u, ut, utt, t) =v, v-u+t2*w-2
Initial value(u_0)= -1
" Name f(u, ut, utt, t) =w, ut2’w-1
Initial value(u_0)= 1

Global Equations

[
[
Global Equations [
[
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= Global Equations

4 = Component 1 (compl) Flugtp g ,t) =0, Wty) = ug, ulty) =upg
= Definitions i
4 4 Global ODEs and DAEs (ge) Name _flu,ut,utt,t) Initial value
(23) Global Equations 1 u ut+u+v 1
W v-U+2% -2 -1
W u+25n-1 1

1 OHGOR'ISQY OL sdz L d3t.dzd Ot Od3] Istc O
Step1: Time Dependent
Study Settings T Times=range(0,0.01,2)
Il ¢ 5dz02 Is j CofpBte3O dat 26 tc OW * y diesults11B Bot Group 0 dzO
-Global 15 lstc JlgOtc OWtdsE g 6 W L € ° o
3 T T

1 L |

— State variable u

— State variable v

— State variable w

0 0.5 1 Tijme 15 2

I MC " dzv €d v Weadl BH ¥ Is 9 MmMdmilsj 3z B jlsdzen J J t
HsLotsdzde M’ ' HBdteOIsd ' = ftsyOlsCso L

ltod S dE@rusL o 0fyd Pls Juz' o dzv dz
{exii—%y=0 ,x(0)=—1

fx+y-cog=0, y(0)=0
it SLO OV Odeas] sdiZscigls o HDAFIBGEEz: . L OH OY'
File - > New - > Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
I'd &3¢ dz’ 5! My sy jogas g dapcditfOm Isd v dzd » o § dzd U dz
Untitled.mph (root): Unit System T <>= None
1 Ofsodz Is! IsOBdzdy®¥ tc' o dagv dg
Global ODEs and DAEs(ge) Global Equations 1:

Global Equations i Name, f(u, ut, utt, t) =u,utt -v/4
i Initial value(u_0), Initial value(u_t0) = 1,0
Global Equations i Name, f(u, ut, utt, t) =v,u+v - cos(f)

i Initial value(u_0)= 0
= Global Equations

4 = Component 1 (comel)
= Definitions

d T
4 3 Global ODEs and DAEs (ge) Name  fluututt,t) Initial value (u_0)  Initial value (u_t0)
() Global Equations 1 u utt-v/4 1 0

" u+v-cos(t) 0 0
1 OHOR'SQY OL tsdz L d@3t.dzd ff Ot Od3j Istc O
Stepl: Time Dependent
Study Settings T Times= range(0,0.01,8*pi)
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1l d ¢ tsdz02 Is j Cofpste30 dan z¢ teLO elzlay de2@lot Group 17 Global 1
Sistc @ ONtsT how L CLz. [ dzw Ctstej Glzo Odzdzgv oz G
Description IsOB dzdy® odtOL ' 9.
1D Plot Group 1 - Global 1:
y-AxisData T Is OB dzd-yExpression, Description =compl. u,u
i Is OB dzd-y Expression, Description =compl. v,V

LMB > Plot
2 | L) | L)
15k .
1+ S
05k -
0= -
05k -
-1
0 5 10 Time 15 20 25
{MS &z ¢d o (jtehsdlz ' o da¥ dzdz fnd misd di3d
WEdeCuy' ~ Ists H dzw dzd oS tedmlssoalzs Is! Mmw

u(0)=-1,ui(0)=0, O fyOlStso j L dzOwj tizdz B @Y Is
tesLoOwWL o Oyd 3.

ltod S EQHsL o Ofyd Pls Jugs' o dzv dz
Qxi- 2y- xy=0,x(0)=-15
2

|_+y =1 : Y(0)=

SLO OV Odets] sdiice st BO2MIstcO® Mlsotstc’ Is!  dal
OHOY" .

File - > New - > Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
I'dg¢ dz’ s My sy foda g daizeditfOn Isd ydzd = o j dzd U q dz
Untitled.mph (root): Unit System T <>= None
1 Of sodz Is! IsOBdzd y¥ t6° o dgv dz' .
Global ODEs and DAEs(ge) Global Equations 1.:
Global Equation s 1 Name f(u, ut, utt, t) =u,ut - 2*v-ut*v
i Initial value(u_0) =-15

Global Equations i Name f(u, ut, utt, t) =v,w24+v2 -1
i Initial value(u_0)= 1
4 = Component 1 {compl) Flusietieet) =0, Ulte) = th, Uelty) = urg
f Definitions " Mame flu,ututt,t) Initial value {u_0)
4 5+ Global ODEs and DAEs (ge) 0 U2 Y 15
@ Global Equations 1 U2y A1 ]

1 OHORISQ OL sdz Ld3tdchl5®3g’QGS®|Od}3 IsHed2ts dzlz  ° OB M
58 Y d MOz
Step1: Time Dependent

Study Settings i Times=range(0,0.01,10)

T Relative tolerance= True, 0.0001
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Study -> Solver - Show Default Solver.
Study 171 Solver Configurationsi Solution 1 - Time-Dependent Solver 1
Absolute  Tolerance T Tolerance=0.0001
[ BjteiBjlslstsH dzg@ ®LstsL O.¢ OO dadzy d3
Study 17 Solver Configurationsi Solution 17
I Time Dependent Solver I Fully Coupled 1
Method and Termination i Nonlinear Method = Automatic(Newton)
LMB > Compute
1l cteddW? yL tsdi Pla @rougzOGGlobal 15 1s tc JisigDic OWids & 6 W L € ° ¢
2 T T T T

—_—u

S—— I

0 2 4 Time 6 8 10
sjffezREBf OtcOdj Istcd yozia(t) ¢aalf)o izdzv  yhiswtsts " Is-
dz0 dzO h jl& ms0ls © y dzd1D Plet Group @z Global 1.

Results - > Plot Group - 1D Plot Group
1DPlo tGroup 2 ->AddPloti Global
1D Plot Group 2 :
Legend 1 Show legends False
1D Plot Group 2 - Global 1:

y- Axis Data T Expression =compl. v
x- Axis Data T Parameter, Expression = Expression , compl. u
LMB > Plot
0F
_0.5\
-1
cS ' fd&'H BEds lsuuﬁw(t)).\ozlyﬂ) s Q8 o ©dzd o izt
2
— 4+ V2 =

414.1dSstedmlsOdzdz o to' odgvdzdz" 2 i jteOlststs’ o

l sOBdzdy' 1 tbd &z dfflitiid ODEs and DAEs (ge) o dic® Mmistso tf y
f(uut,utt ,t) @IS z1Is! &' Misdisd dzj s dz2 ¢ d OtedW
fOttOly sted *  L'd5'Y dedz'O Is t3tscf{Q g’y frElstPiaBfviQI)lvo jO L ©
o Mg d ¢ tstcd fipls tif' [z tc Onisgmatiey...) : dbdzij L EMmlsOmEQe Is-
L OMmistsmizo Odadzy ' dzh d Rj ditsf S teABie 1@ dn QdzdBuEzY obmdiz
wedar & Mswis! s jtcOlssted.
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1 tod € dzZQH Hdzsdzs XEJOX BY)Hedss ‘9 OW L Olsd dzOMisizy dz'

1.FO =0, WYoo' HE®RO PBAdIRCE: 5! Mv ksys o j ¢ Ml
2°F0 =0, RPo'  HEHEO FPBEIRSE: ' v BsYSO (it
LSTQO@= G H IR0 8 HEBO W dOw Otzj {sd M dzs .z Is

3
8'“H'[B[O,X],ISQdZ® wWesdBz fdizsh O ' H Ctodotss L OH
4.,.00M=G @ O=Q HQp 9" HE®RO  Woimsas @l ®dz yd fr
f sLhECE" I MXY] si'Siotg ' Juias® dzO WStz  zsh 0 f
L OH Odzd dza.yd fydzts &3
5. rj(g(x,x)dx=a, g(yy)=e”.
it BL o6V . uBGedzaiEsH | dz Oyl O Mis Oy Glsbdz @BERGEME DAES
Cdzlsj oW j 2 MBBX
File - > New -> Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary

l ddi3C dz' s 6 HigeE g’ tcdetsMmisj 2 W' L dydedes o J dzqd
Untitled.mph (root): Unit System T <>= None
wlso tste’ Is' QO =z %¢ 120+ 3@ 207,
Global Definitions: RMB > Functions i Analytic

Function name =f

Definition T Expression =2+12*+3*x"2 - 2*x"3
rdzw fjtojo' t6Cd od¢C sdapPils’] W sdeleucish EHp@ tc OW * €
Plot Parameters I Low limit, Upper limit =-3, 3.5
LMB> Plot

r do dzw yd m! &ZO ctOwW ' ¢, sy dz0 { tec O dpfj Ldslztsizts
ssys¢d f.Jted ¢ddzkz
11 02 1Isj tdpjdyhdgdzy *° ftsyOlStsoej dzOB dzd Y j dzdzv
Global ODEs and DAEs(ge) Global Equations 1.:
Global Equations i Name, f(u,ut,utt,t) =u, d(f(u),u)
i Initial value(u _0)= 25
100 dh " st Htelzeff sOIls U alzflzy dzOB dzd ¥ § dzdzg?Y H 5 ISt
Global Equations I Name=v
i f(u,ut,utt,t) =dd(f(v),v),v)
i Initial value(u 0)= 0
l S tsdz021Isj B yYd mdzj dadzv .
Home - > Compute
l ' dizResults- Derived ValuesL ' Wedsdz'inw  H 9Siate ydriabldzg ' State
variablev.y OHtezZC 22 1Isj L dzOyj dzdar,v @ dz@ H gztzdzB 8 O Bzd
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Derived Valuesi Statevariable u: LMB > Evaluate
Derived Valuesi Statevariable v: LMB > Evaluate - Table 1

State variable u State variable v
2.0000 0. 50000

Ad ° 0OBMydmodsd Issycd ftOotsets jCMmMistej d3lz d3k
1 Jtj2H] @B HEslstejsls'o®W L Odzdgy Iso j tolsts’ L OH C
f OtcOdzj Isted dBsH | dzf
Global Definitions : RMB > Parameters
Parameters 1 Name, Expression =a, 10
i Name, Expression =b, 1
[ BHO2Is] Istejls' 2 odwOL 9 IsOBddyr t' o dzv dz
Global ODEs and DAEs(ge) Global Equations 1.:
Global Equations i Name=w
Global Equations I f(u,ut,utt,t) =a - integrate(f(x),x,0,w)
i Initial value(u_0)= 1
1 Okzo Oy d d3ts, h s Hdzw Ctsted € Is ditsOW MstelzDs Isfdts yddj
dzO0 B dzd ywifdedeMc * B dzts tsB JteOlsd ISOC, hisB dzOR ddz
dzJ Histec' o dzf¥ 9 Q9 dzlz dz¥ . ] Yy sz ftcod ¢ dzOH '
" H dzlsjcteOdzt des™ WhkdzeCy' '’
Home - > Compute
1" mdzv  tetsL 9 Odz@ HOtAAWZ 2 IOH Oy '
Derived Values: RMB > Global Evaluation
Label =Variable w
Derived Valuesi Variable w: LMB > Evaluate - Table 1

State variable u State variable v State variable w
2.0000 0. 50000 1.0963

v B IS8 Q6 Q= 10.
fsLoow)y  Is! yYjlbejtels] L Oo H Odzdz™ .
Global ODEs and DAEs(ge) Global Equations 1.:
Global Equations T Name=X
T f(u,ut,utt,t) = a- integrate(f(x),x,X,Y)
T Initial value (u_0) =1
Global Equations I Name=Y
T f(u,ututt,)=Y-X-b
T Initial value (u_0) = 2

Home - > Compute
1 OH teXzldigits L 9 6 W L t5C .
Derived Valuesi Variable w: RMB > Duplicate
Label =Variable X
Derived Valuesi Variable X:
Expression T Expression =compl.X
LMB > Evaluate i New Table
Derived Valuesi Variable X: RMB > Duplicate
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Label =Variable Y
Derived Valuesi Variable Y:
Expression T Expression =complY
LMB > Evaluate i Table 2

State variable X State variable
0.11562 1.1156

v OC d 5 Xeff1dBse2d3 Y=1.1156 .
1 Ozo Oy J dpad#O2 Isd &) ten dgdtc’ d3fePo Odialzy ¢ d3tsy dzO B
Hsf SHBEESE  waddstnedste © (f4>d2%, Y- b, Y)=0.

[ dzw mBLSGWG@mzcdeZWW)@db(:a My syOlsSk Mmlse

W iz dz€ u(xy).
Global Definitions: RMB > Functions i Analytic
Function name =g
Definition I Expression = exp(xty)
I Arguments = X,y
sdfite LOfdh " Ist to' odav dzdzv o hsfisd?2 tWHIBS
Global ODEsand DAEs(ge)- Global Equations 1:
Global Equations T Name=Z
T f(u,ut,utt,t)(1) = integrate(g(x,2),x,0,2) -a
i Initial value (u_0) =1
Flestip e t) =0, thtp) =g, telty) = tigg

L1}

Mame flu,ut,utt, t) Initial value (u_0) Initial value (u_td]
u d(f{u),u) 2.5 ]
v d{d(f{v),v)) ] ]
W a-integrate(f{x),x,0,w) ] ]
¥ a-ntegrate(f{x),x,X, 1) 1 ]
Y Y-¥-h 2 0
z integrate(a(x,Z),x,0,2)a |1 ]
| deso & ‘sleRmdfjdz: 2 StE®H 8 &Y 2 5 C

Home - > Compute
Derived Valuesi Variable Y: RMB > Duplicate
Label =Variable Z
Derived Valuesi Variable Z:
Expression T Expression =compl.Z
LMB > Evaluate i New Table

State variable 7
1,7015

y
g i3z yts OH Ozt B Oc Olsts jJ St j to
no fs~dB ¢ O, dzJ s {ON d dzml
L4 y' bssy¢td. yvOMmists B Oy Odzts
fsd dsdk0), wCO dz Bk st o
SL G dzw dzj Y teus@ O aigiz slfsdzdfds” tcdztsc s dzOB Stz
B B+ 0P+ 0+ g, WS d2  dz02C O ddg  yd dats o
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HOdZ . uUjtedd dz ¢cdz@2StOhddy yddesdze § slstecj B Iz
i MY ted dsj dzls @ow)'ds Omstmgddnd wCdn kP 5o C
ftosntSHN()EZOBORO2 COh &3  sdz desBsdg *  Ists?2

N/ & 4 1 1 — (b"\ 5 ¢ 1 ‘ \ 3~
Yio 1203 =.5 00 0(o 1,2, 30 “Qo (1)

I Yy’ & Yok ; ofdeSO Rl S 5] W 'Gal & oddli@izs
HSte' odzs 9 Olsd dzbdzs . uvisdk BhHEIs' odCdize O

TY _TY_TY 1Y
Ty TG T Ta

{fsLodWLOehd MdMmisj iz to' o dzv d@y, (O32) tsds o dig€
hZ7C Odad 2 O 1 g si2tsal+ ‘ L0+ ' 5.

0 )

] o dd€O2) sBRZHEZO OIsd Cke " ydzd 2 f sdz" dzts o3,
Of esCMd dg@inis g dz' H Odz' .

0 0.03

0.1 0.06

0.2 0.09

0.3 0.15

0.4 0.1

0.5 0.3

0.6 0.4

0.7 0.4

0.8 0.5

0.9 0.9

1.0 1.1
1l ZH | i35 99 0)0Isd, h 5 Y H Odz' L dzO - tSH
InterpData_01.txt : 9 wWEtklkz d oad2 Mot j y- a3’ Mls

O ftt@od?2 BtHddzOIsd ( HOdZ 9 oW H QO ~d3tsty g UsH
Mo ste@BWQ2 dz 9 B dzsC dzBEH §f oL dpGiddgizc Isd L
] d&zOdz tetsL 9 6 W L OG@AMSOLB' k' j° deQAHSAf " dzdod3.
lL.ulsotdsH dzgtso 3" ez B HQLIZ' v C tz0s sxdRis 6y &z
Xx9ontBHBOd;R HOdz] A
2. dlso'tddedzls j toff sdzv y' Ndek dz® tzCebizig ) ©
B ulsostc’ Is! s JtcOlsstc " [(gH] ctezo Odzdzy f 5 9
4. ylso Sk d3' dedzz ORSM G @& BEZH] L Odzj >OIs dytsds'dus’ &
fsCd hts dzj o' H SRS WO Is 6(d§d) Rdiids o stc " |
5.1 IsOB dzd y* Jelsfpddeisde! i3z @ 2O f ' mdgwzetEL 9 0
ZOC to OB J ¢ Pdz' dzts BBO
t SL OO0V Gt H dzetso d d3' to dzlz  ddiplst QuyElotsadiAGDE slzémd
DAES' dzlsj teW. j 2 M3
File - > New - > Model Wizard - > 1D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary

| d B3¢ &'slezls Bisdzds' wdesMls j2 %' Ldyudds o j dzd yd da
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Untitled.mph (root): Unit System T <>= None
] GJBd3d st s H j dz'[0,1]frjls o fsteB lis W Iz 20IS jH .6 € lAOS 0
x=0,0.1,0.2,...,09,1.0

Geometry -> Primitives - > Interval

Geometry - > Primitives T Point
Component 1- Geometry 1- Point 1:

Point 1 x=0,01,0.20.304,05,06,0.7,0.8,09,1.0
LMB > Build All Objects

15 JSMY Jted d3d dals ©Odz! dzddels J Hed dacfiaty yfn B o2& tc "'dd©'d30 dzlz
W02 dzz  mt€dpidataOl.txt fmls o ts tetergslation WkdCy' e, w
HO2'IsdgL. §C Is d o lif BIOJ tslisg spptial coordinates as arguments

o CstcdMmMissozo Olsd ftoohMisstotse ' CtststeH d dzOIsd ¢
h 5 sslinédz M sz j tef sdzv y*

Componentl - Definitions: RMB > Functions i Interpolation

Definition I Data source = File
1 Olsd mMdzlzo M HrowSedzts ) & j to* Is W0O2dz HOdz] - .
I Filename :> Browse (020 Is¢ GnaAdztzt=)f ¢

|
I Filename : = D:\ Work\ InterpData_01.txt
i Functions ('~ ° ' ") - Function name =L
I Use spatial coordinates as arguments = True
I Frame = Spatial
Interpolation and Extrapolation I Interpolation = Linear

+ Definition

Data source: I File j

D:\Work\InterpData_01. txt
Filename:

Browse... I Import I
Data format: I Spreadsheet j
Mumber of arguments: 1
Functions
i Function name Position in file

L 1

|, [¥ Use gpatial coordinates as arguments

Frame: I Spatial j

+ Interpolation and Extrapolation

Interpolation: I Linear j

rdzw fjtojo' t6€d od¢C sdapPiils’] Whsdrglzy'tsoz cteOW * ¢
LMB> Create Plot
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0.8F

06F

0.4F

0.2F

0 0.2 0.4 0.6 0.8 1
[ dzv  dzO0 o yOdztf dedb@ dz@ dz'dzj B2 Isj dzOB " t6 HY J toj dz |
e OV ' YdzlDPloGroal, “C' Blkdd Oslst®&Olsdydts
sMils Odzdz! ts° CtsdzOdzH d .
| @ Results
4 i Data Sets
— Grid 1D 1
—— Cut Point 1D 1
— Grid 1D 2
— Grid 1D 3
=L~ Views
&1: Derived Values
BH Tables
4 7w 1D Plot Group 1
f Line Graph 1
< Paint Graph 1
| Left Extrapolation
| Right Extrapolation
slbotte' Is! tff jtcOltte '[GHj oo Odzdz" 5 o' His'

Component 1:> Definitions >gomponent & ouplings T Integration
4 — Component 1 {compl)
4 = Definitions
o Interpolation 1 (1)
[dv Integration 1 (intopl)
Uiewl
Component 1- Definitions - Integration 1(intopl):
[ Mez2 ®d Hte' L BC JSH dzjdzs dzO 10 ' dzlsj o O
ftslstc" Bdets o C dz¢ ydqlsd "= ofmp' .
Source Selection I Selection = Alldomains
dlsotste’ Is+ L B Rdzdz’ d3tsH j dz'
Componentl(compl)i Definitions: RMB > Variables
Definitions i Variables 1:
Geometric  Entity Selection i Geometric entity level =
Entire model

Variables T Name, Expression =P, cOX'3+c1**"2+c2*x+c3
1 2Oy dzdzv Cdmp WL igOYdestso f * L dz' b j .
Variables T Name, Expression =R, intopl(L -P)Y?2)

+ Variables

! Mame Expression

P 0 31X 22K +C3
intop1((L-P)~2)

R
1o9jtds s koOek dO Isj, hts L &g dede o dL dzOyg
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L 9 Iz L Giwbal Equations L OHOQtslgdted t92),0 dzv Gededz d dzdz'
L OH ts 9 lisdizts gizW * duy, * dzls
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name f(u, ut, utt, t) =m0 d(R,cO)
i Name f(u, ut, utt, t) =M1 dRc 1)
i Name, f(u, ut, utt, t) =c2, dR,c 2)
i Name, f(u, ut, utt, t) =c3, dR,c 3)
1 Otej hIs* d3d f =HeCdigzdds ¢ iz Gy Oz ® fff Wi tcz@ -~ 2 dz€ s
sB dzOfpblzy . Issefifs, IsChsBABOdZO o kL dzd o JSMY jtodd3
9 Hi0UlS f sBEZHEZO O G¢jBdJ sted ydz Istsy¢ d. [
HisMis Odg'dy 5 C sy desiz fiff Oty BOIsd dzdh j sHddz M
Jdzj i3j dzls (B ' delSQAEOfdEHAEOY) ‘.2 d2O0 € e
Component 1(compl)- Mesh 1: RMB > Edge M"sCO dO tcj BtcOR
Component 1 (compl) Mesh1i Edgel: RMB > Distribution
Component 1 (compl) Mesh1i Edgel - Distribution 1:

Domain Selection 1 Selectior= Alldomains
Distribution I Number of elements=s1 (2@ sy desdslz o " Hts' L S &z
sHddz ME " dzyd)deded 2 J dzj «
4 /A Mesh 1
8 Siza
P Edge 1
H Distribution 1

v tedz@Btsny o OV QOB YE L dzOR tsH Y j dadzvy  ydfmjwg dzd n
‘ ftsBkzHEZoOIsd tjLEzdz IsOIs

Home - > Compute
] ¢ 'Derneéd ValuesB ZH Iz Is ¢ Miso tstc jGiEbal d\alwatdrd Hsdfw Iz
tsB yd Mdzj dzdze0,cd, g2l ydos tczC 22 Isj o - {fL" ddd glzdzde O B
Derived Valuesi Statevariable cO: LMB > Evaluate
Derived Valuesi Statevariable c1: LMB > Evaluate - Table 1
Derived Valuesi Statevariable c2: LMB > Evaluate - Table 1
Derived Valuesi Statevariable ¢c3: LMB > Evaluate - Table 1

State variable o0 State variable 1 State variable c2  State variable c3
1.7665 -1.3332 0.6897%5 0.0043959

1 sBZHEZ2I] GtOW' ¢d ° dzls] ot dRizilzyg B3O dzts™ dzO BBOC
Results - > Plot Group - 1D Plot Group
1D Plot Group 2 ->Add Ploti Line Graph
1D Plot Group 2 - Line Graph 1:
Selection T Selection = Alldomains
y- Axis Data 1 Expression =P
x- Axis Data T Parameter , Expression = Expression , x
Coloring and Style TWidth =3
1D Plot Group 2 - Line Graph 1. RMB>Duplicate
1D Plot Group 2 - Line Graph 2:
y- Axis Data T Expression =L
Coloring and Style i Color =Red
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Coloring and Style Z Line markers z Marker = Square
Z Line markers z Positioning = Indata points
Quality T Resolution = Custom
[ Mlis O dzdz' Is to d sy’ HBHOISC s ts dzO dzO
9 HBBKOYOlEd wLERLARE o7 mM'Is¢Cd k& odc
9"  HSBtOY Ot Is! Mw olzL dzd dZOBOdzs ) .
LMB > Plot

1k -

08k .

06+ .

0.4

0.2

0 1 1 1 1 4
0 0.2 0.4 0.6 0.8 1

10 cOl ' ¢ HsdPBS IoH fsARISS 5o d o Is syt Cd3' ' dif ¢
‘'t " H  BtoOdzlz Y Hdzdyy'dg &3 L o Odzd " dzlsj cteOdz o ' |
Cwdoddisd ' lted 8BOdzd ¢ PO@CEMJls! § wtshlcl WO
dzOh ° HOdz .

1 Okzo Oy j dddd¥L dzd dzOdzOdzts”® Bsy dzO0 o HBBKOL d I
¢ tc OW Pofit O Gréph) Is OC , L el Bqkjj dztD Riot Grdupihy *

y
Of tetsC Md BEW' W YO G@®R Isd to' olda), dzdzv ¢ QizOdED das "
[abl fnf * o f OH O F(x) ¥ Mt 5 Ca®E <x <x,<..<x_, <X =b,
9 ¢ dzv ydzs La=%,, bdzxy W oi3d
I Hsdi3s, N5 w' Cotstaw dAd'ozCedits ! BEsydd L Of d MO
L(X)=a +ax+& ¢[x- x|, (3)
Hix -OBMydMmd o jtehddz dzOd3Odets’ . 1 dzOh ' 2 L OH
L zOgki=12...n-1) * o dzzlstc' h dz' adH WfabpeCO@ABde ¢ ' dzy
EsyY@eR, b=x L zOK' o dzj BO*
F(x) F(Xn)

(x1) :

a=x, x Xo1 b=x,
stsd W' yd,a,dls.g .0 dL dzOyOls giBste Is o v dzdz”
L(x)=F(x),i=01,...n-1n. (4)

1 Oko Oy j dedk” P S Olsd &) ks MO to' o dzv dzdz” ( 3)
CjW'y' ‘dsokd), wCj oHJ d@ T tadCmbiRpCEe Dds
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Variables , O  dajerpolation W 2 dz€ -dg0 e 0 dzlz weO ftseddad
f syolSkz BOId CotEdddOlgddid- okzL dz' o

] to €03 dz02 Isd to' o dgv dzdzv  zO dOAHEEO B, dzgd™W GO0 @ dz
f(x)=e*@inpx. 1 dStstdmisalisy dkzodflstc’ h

it L o0V . Gty dzso d d3' tc dziz d3tplsl GugZlotsatiZGOE sizémd
DAEs' dzls j teW. | 2 M3
File - > New - > Model Wizard - > 1D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary
I d B3¢ d&'slsizls tetsdz'dz’ tcdzsmisj 2 W' L dyded= o J dzd yd dz.
Untitled.mph (root): Unit System T <>= None

ulso @Y 55¢ fd tstp dz® ety

Global Definitions: RMB > Functions i Analytic
Function name =F

Definition I Expression = sin(pi*x)*exp(3*X)
I Arguments =x
l it ste’ =  dyste’jLd@iC Misfo ste’ Is! o

Geometry -> Primitives - > Interval
LMB > Build All Objects
l dzzIstg® h dz' o kL dzd dzO B3O ogts0.2,%0 HPd A,ZB8.6 ] AIB. 0 ISt
dlsotste’ Is! L &3 daagC Hisdfifjplaso ¥ yd W stedizz dzkz (
Componentl(compl)i Definitions: RMB > Variables
Definitions i Variables 1.
Variables T Name, Expression =L, aO+al*x+cl*abs(x -0.2)+
c2*abs(x -04)+c3*abs(x - 0.6)+cd*abs(x -0.8)
1 2Oy dzdzy € 5 WO loyd dzjei®.digw o d L dzOy
L 9 Iz L @obal Equations L OHORIsfts! oidzv dz4 W & dsdy d dzdz'
L OH 59 lisdizts giz¥ * dy ' dzQ@izs0 dzts * .
Global ODEs and DAEs(ge) Global Equations 1:
Global Equations i Name f(u, ut, utt, t) =a0, atlO,L) - FO)
i Name f(u, ut, utt, t) = latl(0.2L) -F0.2
i Name f(u, ut, utt, t) =c2, at1(04,L) -F0.4)
i Name f(u, ut, utt, t) =c3, at1(0.6,L) -F0.6)
i Name f(u, ut, utt, t) =c4, at1l(0.8L) -F0.8)
i Name f(u, ut, utt, t) =al, atl(1,L) -FQ)
+ Global Equations

Flugipdtee t) =0, ity = up, ueltp) = g

" Name flu,ut,utt, t)
ald ati{o,L)-F{0)
cl at1{0.2,L)F{0.2)
2 at1(0.4,L)-F (0.9
3 at1(0.6,L)F(0.6)
cd at1(0.8,L)-F(0.8)
al at1(1,L)-F(1)
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1 O OH O &5, fattd( xOsefp) tct®kp dsfipdzs *© egrd oOLB Iz H ¢ w ¢
SHdztso d 3" tedz” 2 G JjBARJIstc’ "x0. o B 5 Y qgzO { 16 L ds@sHe,
at 1(0,L)-F©O) , LOf dhptztf el C 2 |sOH teg yis ©o dzw tc
Hdzt =0, IstsBlsts * L(xg: R)¢edzdzy o3

ud fJte dzQigSIL 9 0 "BSBIY fiz!  dzOH te 2§ dgfg Pdr'didO gy dz
$ B4 W ya,a,dgs,, cac,.

Home - > Compute
) G 'Dezned ValuesB zH [z Is Mmis o 5 tc jGiAdal Ewllationdzd HsdfW Iz
tsB yd mdzj dzdza0, al jcilzg2yacBdz4. | OHtkzC EZ21s] o mMmil d@yde
IsOB dzd y ¥ .
Derived Valuesi Statevariable a0: LMB > Evaluate
Derived Valuesi Statevariable al: LMB > Evaluate - Table 1
Derived Valuesi Statevariable c1: LMB > Evaluate - Table 1
Derived Valuesi Statevariable c2: LMB > Evaluate - Table 1
Derived Valuesi Statevariable ¢c3: LMB > Evaluate - Table 1
Derived Valuesi Statevariable c4: LMB > Evaluate - Table 1

State variable ad  State variable ¢l State variable c2  State varisble 3 State variable ¢4 State variable a1
16,1938 2.53%0 1.2733 -4.6756 -18.012 -13.521

1 sBkHE2IS] ctcDW ' & uz2®az@jztsW z dzC y°
Results - > Plot Group - 1D Plot Group
1D Plot Group 1 ->Add Ploti Line Graph

1D Plot Group 1 - Line Graph 1.

Selection T Selection = Alldomains

y- Axis Data T Expression = F(x)

x- Axis Data T Parameter , Expression = Expression , X
Coloring and Style TWidth =3

1D Plot Group 1 - Line Graph 1: RMB>Duplicate
1D Plot Group 2 - Line Graph 2:
y- Axis Data T Expression =L
Coloring and Style T Color, Width = Red,3
LMB > Plot

L= T e L P O ) I+

4.15.0 OB dzd ¥ j dzdz¥ * dzls j G tc O] Wiz B j dzy " @zk'j dzdeds to* o dzw
Iy sz sAteilrdsts O Wdp@al £ HigjOaTfs s i) Blabald@®s and
DAEs(ge) " dzls j oW j 2 Mk  H dzvic 5dz® B ezdf apgitades o st &' Ml
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‘delsjctolzo Odedzy W EZCOded R WkdzS Yy 2. Aj BERHEL
HW jtoj dzy' Odzr deda to' o dzv dz' .
wdzls j ctcOdz! daj to' 8-dzw dziAbkag@ 'ts o tstg dgtis o
y(x)- fK (xt)y(t)dt = (x), )

Hiy(x)-dzj o' Hisdi30 (alxtdes Kixt) -w Hichs j Ed@gOdz! dzsG s to
f(x) - HJWQG 9" HESBRBO W ikzdS y' K(xt), frdzis OCx] F j to jo i
K(x,x), 0 "xi[ab, LO®O|EH&E ttsLO WL E.

1 OB dzd ¥ j dets  W(K)deWtsNizO® M E2C Olsd Ok dEs(dg dzv
PX)=a .cX, "fiEL'sg W' y' ‘ds'sa wCscts odStdkze Ols

Rt P(x)- FPO)K (xx)dx- f (x) 2
0

5B j tols O Is! dpis sazg@ O Xiz<..<x ,¢tb, kBt

%
R(x)=P(x)- fP(x)K(x,x)dx- f(x)=0.i=01...n- 1. (3)
Ad BRHJ hEE]jBEFO’ Yded 87 o dg" da’' o, "¢ Hy dals f) dz
f sdz' REPO
1 tod C dz@HSL © c")‘WCI|Z>I§)cjscq’ttaG)dzJ dzj to' o-€a8 dAdasH ik sdz! Isj tot
f{x t)y(t)dt =2shx+1.

] sdes  BO° Ode)dz‘ Iscﬁ/(lx)dzdo'ésx+sitm>dssm,6wflsﬁd3q’ L oBts
fstc’ odgvIsd 2téts L Blstcd di3Odad o dzOdeo[dezo[ds 1
I ZHjBs hEZCOlsd dzOB dzdy j HOI L tcitf @ B W € 56 *

f tsdz' BB 0+ L6F + " 365, } " HB e SBJWT y' "t dzlst o
stsG ts, h s o JteOL (2) ts B9] tc IsuCrsiad tds! ! v Cs
0=% <X <X <X =3,
it 5L 96V uGditiEH dzso d d3' tc dziz  d3ipls QuRlotsaliAGOE sizimd
DAEs® dzls j teW. j 2 M3
File - > New - > Model Wizard - > 1D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary
I d &3¢ de'slslzls tetsdz'dz’” tcdzsmisj 2 W' L dyded-= o J dzd yd dz.
Untitled .mph (root): Unit System 1 <>=None
dlsostc’ Is! v i @SSOV 5 o
Global Definitions: RMB > Functions i Analytic
Function name =K

Definition T Expression =x-t
Definition T Arguments =xit
l eitd3jIste” °~  distea’jLS|IC fMisfo ste’ Is+ o

Geometry -> Primitives - > Interval
Geometryi Interval 1 (i1):
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Interval I Right endpoint =3
LMB > Build All Objects

dlsoatste’ Is! Y jOlstste ' dzlkjzctclzo Odzedzy 5 y! ts 3k
Component 1:> Definitions >gomponent ¢ ouplings - Integration
Component 1- Definitions - Integration 1 (intopl):

Source Selection T Selection = Al domains
dlso tste’ Is! L Boddad L3t HzjBdz Y d2tf abtsts tf dsionlz 'digts(@gataty
Componentl(compl)i Definitions: RMB > Variables
Definitions i Variables 1:

Variables T Name, Expression =P, cO+CI*+C2*%"2+C3*%"3

) 20§ dedz”  Cdmg ¥ L @M BTl "

Variables T Name, Expression =R,
P+intopl( P*K(dest(x),X)*(x<=dest(x))) -2*sinh(x) -1
+ Variables
i Mame Expression
P COHC IR 2¥ 2403553
R P -Hintop 1P (dest(x]),x) (< =dest()))-2%sinh(x)-1

1 84 tcdz’ Is! o Oz Ld2® @ddy] ,0o M 8 13d§H dadi® dzts o Bytiz © C
o Mis O dzts 9 dzf>elzaPetris eniity Wevel =Entire model .
[ dzv L tsBte@3 jJAdREaBEC O B ydmdze ‘s mMwv L O Wtsted
dzs dssH W] € 5O @2 dats'o | izl ddbzdsis py o d L dzOyJ dzd 2
s 9" Hte' LG
X

B
i Iz
b
P (X) K (X,x) d x=fP(x)K (X,x)(x ¢ X) dx.
vlkzls HBHOIsC ts9 k& X d3dats dgldadf € * W H g 5 X>=M20  zHtS BdzW
tesLtc’ LdzdIsd ftotsmisEtctso Iz d3' Cdadaidc H O zB | i t5 & €20 tizd,
OB MyKipz s j tcOls ts telzdzintopdzlg..) ¢ Wix® Oo * Hafg]' LBSkZIZES
L Od3' dzj dissStatigfeli(t9)0O0 | toj L 2dz SOIs’ |, dzOsfipls @ dialz’'H X
intopL(P*K (dest(x),x)*(x<=dest(x))) :
L o IzL @&bbal Equations L OH Ol p dzv(Bpdzy W CHdsie d dzdz'
L OH 59 lsdizts gizW * ofg, * dzls
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name, f(u, ut, utt, t) =m0 ,atl(0O,R)
i Name f(u, ut, utt, t) =M 1 atl(l,R)
i Name f(u, ut, utt, t) =c2, atl(2R)
i Name f(u, ut, utt, t) =c3, atl(3R)
[ 1 tcCasltxd, expr) sB yYd Mdzs “expro dotc Ot H dztso d d3' tcdz” 2 G
stsyy' L C B tHsigizQ Is sdz0 §f to @O, o O QL O dad
fJtehtcsB Cz SOBdzdy' , dicj (HINYsOwdAs B It o dzv dzdz

R(%)=P(x%)- i P(IK (x,,x)d x- f(x,)=0.
vud fJtc de@BstyL o 6 WARBEHSjdz' RO 59 hfd i J' da! dizOdgy dz
Coj W' k' dis' o
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Home - > Compute
) G 'Dezneéd ValuesB zH [z Is Mmis o 5 tc jGidal Ewllationdzd HsdfW Iz
tsB yd fmdzj dagepOzcd, g2ix3. HEBSC EZ2Is] ‘oarn MU dz@zy jdzlzdzis O B
Derived Valuesi Statevariable cO: LMB > Evaluate
Derived Valuesi Statevariable c1: LMB > Evaluate - Table 1
Derived Valuesi Statevariable c2 LMB > Evaluate - Table 1
Derived Valuesi Statevariable ¢c3: LMB > Evaluate - Table 1

State variable c0  State variable c1  State variable 2 State variable c3
1.0000 2.6675 -1.7276 0.58032

1 sBkHE2IS] GcOR'' COdzQfds dis doptdtigs 5 tetsL 90w L C &z
Results - > Plot Group - 1D Plot Group
1D Plot Group 1 ->Add Ploti Line Graph
1D Plot Group 1 - Line Graph 1:
Selection T Selection = Alldomains
y- Axis Data T Expression =P
x- Axis Data T Parameter , Expression = Expression , X
Coloring and Style TWidth =3
1D Plot Group 1 - Line Graph 1: RMB>Duplicate
1D Plot Group 2 - Line Graph 2:

y- Axis Data T Expression = cos(X)+sin(x)+sinh(x)
Coloring and Style 1 Color =Red
LMB > Plot

8
g
4
2
0

0 1 2 3
cS BOYdlj, cwoOW' ¢d #isud dzskOz "' AP i Yo

1 Okzo Oy j dedavdsts H j dP {f telfj 1 diry Isciprmigtyz flzdiztis & | O dzj W kzdz
hts WkdeCy' v dgj dBsyj & ,ﬁﬂSOLlﬂdeM@-‘HB%‘ f Ot

[ dg 2daj | dEsj ceOdr dzie St teosdazdzdRE O & Y sgjdis d
K (xt)y(t)dt = f (x),

Hiy(x)-dzj o' Hisdi30 (alxtdes Kixt) -w Hicths j Ed@Odz! dzsG s to
f(x) -HiwCO o' HAOY W ZadgSty B {xw)ofda BSOS dn, h1
K(x,x), 0 "xl [ab] " f(aJ=0, L OHOYO &BO' ‘Hdded?2 LS

|l fcOb®PS stedmisso by yd  sd dsds Odz dzj[02]dz0O8 dz
tcsLoOWL OIsd ' dzlsj ctcOdzctle] tctsH &z dzw dzdzy | sdz' Is | t

Xf{2+ X2 - 12)y(t)dt=x.
0
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O dzOdz' Isd ydzd 2 tetsL y@)exed €. KO o dcdvH

I COL. 9K Ot a?(zv)zo@wX;ﬁK x)dx- f(x)=0 yd mez@j dgB

f 5C &zOH Ols  dzbtsdz o m@az,@dglzq OHCE ' dzlsj ctisHOdis y O fi) bzt
5B j lsds Bz 820 Wik B to d B@J Bis' o dzv dzdzv 0=0.0 509 Ists &z

wezls § 66O dzj ' o dpisiadmts s | BT 5 ¥ s 2
y(x)- /ﬁ<(><t) (t)dt=f (x), (4)

Jy(x) -dzj o H13d3®(aW>tz¢dz)Ql’q(‘x,v)-WHtGBJb‘de)dzJ st
)-9 " HBEHBO WkdCy' V. | dzv L tedyydz®igls'q y@&Odr'd
Zse d2 /f, OWAHERs azOL do Os Is! § OO sted
mdztzs h § s C/dzQH | Bis
fsfjtejHdy sz fdCd&zOH' B " kS Odd do
wodzdzw | S dz lgjsteitdzd 22 s dedzvH'  CkB' YdzSEt
Olsd " dzh" CdzOMmd WhkdSvy' 2, dz2Ofted S dzOH,
Yydetse s M dzO2 dz0, PHz'sdztsdg@ .G s dats a3 Is to Y dats ¢
dfefmlsd®ts, "t B BOYO" d@Bs 40 BdiHfdz @ dsts]
W dzelpnC tSB Iz HIZO d30 dzts | d d3fis y aldPle a2 'd MO Is
L(x)=a,+a x+& [ x- x|, (5)

HyJXx - OBmydmd ssyt¢ L dzO0 o3lz . 1 ©6 OH O dits,
x([(=12..n-1) f soddzdz’ BlIsd o dalzlade <Ixgg...dx],<ls 5YS C
o' Hidah OPtetsC Md dszo Odedz Y(.C Odets” WhkdeSy'

] "uB' 't SHBIW' Y fdzs' 9 (DY ESBEH BrE ' L &z@
o d RML(x)- ALOIK (xx)dx- f(x) 5B § bls O Is fl¢ s OO Tzlz 2 * iz
wWCdR HBt' odzf CCdryjWtsfgl” dzb z& Odzq BVably! 56

g8 8§

5B d to On+ldsds yX,la=x,<x <..<x_,<x, =b, ° 9 9 Ox@ dagts,0 fAs
oS tdelzs Is' v ' o datsfls

R(x)=L(x)- fA-()K(x,x)dx- f(x)=0,i=01...n. (6)
Ad * BEHJ MdMmisj @Bs® 6’ o dz¥ dz! @, 80, H e fpdgts N 2 €

1 tod SHRO W st dz' dZO BB dzts * dzOB dzd ¥ J deddéls § & 8 O 6zb iz
tc' o dgW dzdz'ts dz2td3BH totsH Iz

1
- A X - 2
y(x) Ae y(t) dt=1+x".

1 OHOYO KO odzomy(@mﬁ&qul—);tzs.m 9OWL t5C
[ SL o0V Gt H dso d i3 todzz diipls QuaRiosatiZODE sizind

DAEs' dzls j teW. j 2 s a3
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File - > New -> Model Wizard - > 1D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary
I d &3¢ de'slslzls tetsdz'dz” tcdzsmisj 2 W' L dyded- o J dzd yd dz.
Untitled.mph (root): Unit System T <>= None
dlsostc’ Is! W K wa@§oy " *
Global Definitions: RMB > Functions T Analytic
Function name =K

Definition i Expression =x/(1+ t"2)
Definition T Arguments =xt
l citdgj ste’ ~  diste’j LR Misfo ste’ Is! o

Geometry - > Primitives - > Interval
LMB > Build All Objects
dlsotste' Is' i jcOlststc ClHzH.] ctczo Odzgdz? s o  Htc'
Component 1:> Definitions >gomponent & ouplings - Integration
Component 1- Definitions - Integration 1 (intopl):
Source Selection 1 Selection = Al domains
1 ZH | &3 "@eRAdHsa] Ldz Ho sd3® o dzlals tds'shydk' OB Lo 2Q Bk
03 "07. wdlsotste’ Is! L( gl dzdgts H gzA&BOdes™ B W tste
Componentl(compl)i Definitions: RMB > Variables
Definitions i Variables 1.
Variables T Name, Expression =1L,
a0+al*+cl*abs(x - 0.3)+c2*abs(x -0.7)
ssi W' do quakOyd s L dz" " j .
Variables T Name, Expression =R,
L- intop1(L*K(dest(x),x)) -1-x"2
+ Variables

" Mame Expression

L al+al*x+ci1*abs(x-0. 3)+c2%abs(x-0.7)
R L-intop1{L*K{dest(x),x))-1-x"2

L 9 Iz LGtabal Equations Hdzw o dzzlstc” hdz' = D& L G ,9 LlIs @ B¢
Hotsn €' dzyj o dn [08 tsn© ©AHdY dadpv L(C O
Global ODEs and DAEs(ge) Global Equations 1:
Global Equations i Name f(u, ut, utt, t) =a0, atl(0.0,R)
i Name f(u, ut, utt, t) =M 1 ,atl(0.3R)
i Name f(u, ut, utt, t) =c2, atl(0.7,R)
i Name f(u, ut, utt, t) =al, atl(l,R)

fludptipet) =0, uly) = up, uplty) =y

Mame flu,ut,utt,t) Initial value »
al at1(0.0,R) 0
cl at1(0.3,R) 0
c2 at1(0.7,R) 0
al ati(1,R) 0

v tedz@istsny o 0 WL @@ sHY j dadz? ydfj dz2 ded s L d
o o' o dzgv dzdzO dz@r@ B HzE @l Is Ols ( .
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Home - > Compute
) G 'Dezneéd ValuesB zH [z Is Mmis o 5 tc jGidal Ewllationdzd HsdfW Iz
5B Y d ) dzj cfagzfedyz @l jctizc2. 1 OHtkZS 22 1sj o rin (L sHDeudirfiagsw .
Derived Valuesi Statevariable a0 : LMB > Evaluate
Derived Valuesi Statevariable c1: LMB > Evaluate - Table 1
Derived Valuesi Statevariable c2 LMB > Evaluate - Table 1
Derived Valuesi Statevariable al: LMB > Evaluate - Table 1

State variable a0 State variable c1 State variable c2 State variable a1
0.65000 0, 35000 0, 35000 2.5540

1 sBkHE2I] ct@W ' OdOdzOEQPagziscts tesL oo0vw L € Iz.
Results - > Plot Group - 1D Plot Group
1D Plot Group 1 ->Add Ploti Line Graph
1D Plot Group 1 - Line Graph 1.
Selection T Selection = Alldomains
y- Axis Data T Expression =L
x- Axis Data T Parameter , Expression = Expression , X
Coloring and Style TWidth =3
1D Plot Group 1 - Line Graph 1: RMB>Duplicate
1D Plot Group 2 - Line Graph 2:
y- Axis Data 1 Expression = 1+x"2+2*x/(2 - log(2))
Coloring and Style i Color = Red
LMB > Plot

35F T T T T
3k

2.5

0 0.2 0.4 0.8 0.8 1

y
stc' i3  sdz' dets GOdzv' sdeAed AFARREdGVdztsHz®B dotsL 9 6 W L €
oditsticdmMissokzo Osd CkB' ydz Mf &z02dzed. 7 dzv da
LOf dMOlsy3le ¥ istd

n-1
S(x)=a, +ax+ax’ +ax*+ & ¢|x- x|, )
i=1

Hix OB Mydmd IssytSn finlsedds)zzisC o B t&figuf dddd 2teds® . f) d 131z ¢
WEZdSy' 2 dfably H®B QhEHBd.n-1)f slstc’ Bdts L SO
ofmMjtjHdde o  Hie' LSO (otsded daj  tso ddade Mt
ldteoOr (7)) * He' vy dajfjtejteodzts HIW e
L Offfliste Lo Olsd dz@o ' Is! Hd&W dOBdzdy j desets L o
2O ted § dZOH , -HH{W] tc j dagls jOctits sz & o o dzw dz' .
w dzls jHedidvty) t6 j dipy 'toO daidtigdiadafd ctotic  teH 2 ¥ #]s o3

LIy(q]- K (xx) y(x)dx = £ (x),
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HdLTHJWEd?2 HWJtjdy Odzt dzgd?2 B JjteOIststs.
tesLoOWLCEZ ItejBO HBHO9s A@lsd cteOdzd ydz Editse c
] 5C dzO HEG iSO dzde" B dig [ge] = yi(x), ' e S5 L ¢ izt @&H B Iz

yilx)- A (xx)y(x)dx = £ (x), y(a) = vo. 8
10 9" H&bl LGOI HJ B dzOB ddzf ¥ p dpf 2zv Ho's L & dz '

i dzO2uBOsyX)®sS(x). 1" HB' '8 SHjW' y' ‘dals' o o Wi
Edstse d, H w2 Sp()d-tqu(u()K(x,X)dx- f(x) sBjtlsO' s My  dzO
ssYS OR, §'d¢ C' Ml wCdR hdkE Cuatgddd yy' ¢ dgglsdzhe
Yy! 56t dz0 ZOf ‘ab]’ dAsg dote @'daigte 6 SALS X,

A<X <.<X <Xu<X,=b,  Hd&Y WCdR 980y Olddhj s,
o dCtsdzlze Is! Mw to' o dzsfls”

R(x)=Si(x)- FS()K (x,x)dx- f(x)=0,i=1..n+2.

2 J S H daj My @99 " Hdatsh j dadaw dzd slstcd O d3ts,
y@=y,, wek §jtejds MjdBs dzO "HOyglzd 24 jm fpik
L OBS dzj gz Md Misj Bz to' o dadyd, iy, o H8s fpdzs € 54 W
1thchRCt)l-BLac")WLObaﬂw‘Jdt&ISﬂmtblﬁ)dzl dzj tc' o dg¥v dzda¥

f{x t)y(t)dt=-1, y(0)=1
dzOB dzd L d o h ory(:e)tslznoa oW L[ampc;uzcslz Wded® &z) st o dzv Is d
IsEt L OkOd lsqy(@izcedggo éﬂsmﬁmgg

t SL 96V uGdithH dzts o q’d3 tGdzIz djl;lﬂ@L\(ﬂl'obalmEsIMd
DAEs' dzls j teW. j 2 M
File - > New - > Model Wizard - > 1D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary
I d 3¢ de'slsials isisdz'dz” tedzetsmis g 2 W' Lt dyded- o J dzd yd dz.
Untitled .mph (root): Unit System 1 <>=None
dlsotstc’ Is! W H waeSoy ' ¥
Global Definitions: RMB > Functions i Analytic
Function name =K
Definition T Expression =x-t
Definition T Arguments =x;t
l cjtsdzj ste’ ° diste’j@6]C Miso ste’ Is! o
Geometry -> Primitives - > Interval
Geometryi Interval 1 (i1):
Interval I Right endpoint =6
LMB > Build All Objects
dHlsotste' Is! ©Gf JOlstste ' dzlkjlzctelzo Odzdzy 5 y! tsd3k

81



Component 1:> Definitions >gomponent & ouplings - Integration
Component 1- Definitions - Integration 1 (intopl):

Source Selection T Selestion = Al domains
dlsoste’ Is! zB" Bzdz'tc OBistsv g yd HBeyddzze W Stcdzlz
ftej HMsSOodBs E oade dbH R Mkdidd Ho B~ L A3 dzdzd -
Componentl(compl)i Definitions: RMB > Variables
Definitions i Variables 1:

Variables T Name, Expression = Sl, a0+al*x+a2*x"\2+a3*x"3

Variables T Name, Expression =2,

cl*abs(x -2)"3+c2*abs(x - 3)"3+c3*abs(x - 43
Variables T Name, Expression =S, S1+S2
ssd W' Ud ' b o dtc @B i "
Variables T Name, Expression =R,

dSX) - intopl(S*K(dest(x),X)*(x<=dest(x)))+1

+ Variables

i Marme Expression

51 al+al*x+ad=x 2+a3*x"3

52 c1¥abs(x-2)~3+c2%abs(x-3) 3 +c3%abs(x-4) 3
S 51452

d(s,x)-ntop (5K {dest{x) ) 50 < =dest(x))) +1
1 jtor dgw d34>|0 dzQiglSty G LG HOBAGE'D 020, IS 5 3l LS OIL '
HARd3d HEH O] (xdukey)ded WdzOC h | lsizisl dgAuzch dDwtgaw
of' sk o HE' LSk [O0,6]. J[lyj bkl & &O' c
6

()

YooY, 0@, Q="Fd Y, 0@, 2, <®@Q =

0 0
= 'QQYo) intopl(Sz K(dest(d),w) z (w<= dest(d)))
1 Okzo Oy j dgddz" Mis ! (wezdatest(dey &OY dzO B Iz dzts B :
WS prsHddzS 2 (st ep fLugiepltcd aesow 2 o9 dc dzWw H
L o bQlolol Equations LA@RIsj] fiste' B dalzv dR(x #z0S ' fls
| BOded ydzzy(Ob=Btsg g IstcjB O HESH O atl(08)OBldzd y*

s s B R{@W=1.
Global ODEs and DAEs(ge) Global Equations 1:
Global Equations i Name f(u, ut, utt, t) =a0, atl(0,S) -1

i Name f(u, ut, utt, t) =M 1 ,atl(2,R)
i Name f(u, ut, utt, t) =c2, atl(3,R)
i Name f(u, ut, utt, t) =c3, atl(4,R)
i Name f(u, ut, utt, t) =al, atl(t,R)
i Name f(u, ut, utt, t) = a2, atl(5.5R)
i Name f(u, ut, utt, t) =a3, atl(6,R)
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Fluastpdipe t) =0, wtitp) = g, ueltp) = ueg

! Mame flu,ut,utt, t)
al at1(0,5)-1
cl at1(2,R)

2 ati(3,R)
3 ati{4,R)
al at1(5,R)
a2 at1(5.5,R)
a3 at1(a,R)

v tedz@iBtsy o 6 WL @ @lslef L dzQ§ 5 H oz dedz@ L dzOy J dz
M dzO2 dZOdz0 &z) sl & @l Is Ols ( .
Home - > Compute
1 mdzw L O j toh jidzdzn s tay eigEzdafjCiis dd  cdfGikS 2Cdz0
OOz sdqydzsets tesLoo0vwWL 2.
Results - > Plot Group - 1D Plot Group
1D Plot Group 1 ->Add Ploti Line Graph
1D Plot Group 1 - Line Graph 1.
Selection T Selection = Alldomains
y- Axis Data 1 Expression =S
x- Axis Data T Parameter , Expression = Expression , X
Coloring and Style TWidth =3
1D Plot Group 1 - Line Graph 1: RMB>Duplicate
1D Plot Group 2 - Line Graph 2:
y- Axis Data T Expression =exp( - x/2)*
(cos(sqrt(3)/2*x) - 1/sgrt(3)*sin(sqrt(3)/2*x))
Coloring and Style I Color = Red
LMB > Plot

1
0.8k
0.6
0.4k
0.2F

[d eteOdkd HEfdl! HGPEEHE N Qaidot BisC 1 d&v  Ct

OB dzd 3 j dzdz"B HfctsEcH BE@Asd B' Az "k C ' dz § ' Mt
o' HfSe Wk C' ¢ Ml MECOddR CwmjU ) dk

i SLedzW dzgj qB3ts to' o By EHzddesH Isdz! Isj toted
y(x)- FK (xt)y(t)dt = f ().

1 O Odz &z0 M7 j GO L Pyfsde'Mi b OdkitZ2] g ds deth 60y olzd W L
Y' BE to' ot dzde WA ZC sk o d G dzW H

y(9= 1 (x)+A v,(x),

n=1

Hiy(X)oa dL dzOyOs Is! v L O W stecd3lz dzO d3q
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()= FK (1) f (1)d
.09 = K (x.1)y, ()dt ©)

1 S sy dad o3 Qmm(&)tscﬂjx)ﬁ%p(@wm CtcOh | Of GBE&MJ

Wz dz€ y(x).
) 6d C QHO o' HBI W SHISd  sMdz' Hsdedsd D 6 HaO® ke
‘delsd Gt Odzt dzi o' o-EAS dASH U Sdz! IS teted 2

y(x)- ;“-‘p'(x't)sin(x- t) y(t)dt=e™.

0
1l st 9 dzv s dz0B dzd  j )2 L o OuddDdE' s@ls dzd &3 o
y(x)=e*(x?/2+1).
it sL o060V . uGddH ditso d d3' tc dzlz dFipls GurRElosatiAGNE sizémd
DAEs' dzls j teW. j 2 M3
File - > New - > Model Wizard - > 1D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary
I d 3¢ de'slsials sisdz'dz” tedzetsmis g 2 W' Lt dyded- o J dzd yd dz.
Untitled.mph (root): Unit System T <>= None
glsostc’ Is! W i wa@ESoOy " *
Global Definitions: RMB > Functions i Analytic
Function name =K
Definition T Expression =exp( - xH)*sin(x -1
Definition T Arguments =x;t
dlso stc' Is! o W tzdzblztg € Ow Y dzj dzO
Global Definitions: RMB > Functions i Analytic
Function name =f
Definition T Expression =exp( - X)
Definition I Arguments =x
l cjtsdzj ste’ °  dstesjAd3]. [Miso ste’ Is! o
Geometry -> Primitives - > Interval
Geometryi Interval 1 (i1):
Interval I Right endpoint = 3
LMB > Build All Objects
glsotstc’ Is! s jtcOlsste ' dzlkjlzctclz o Odedzr &5 yY' tsd3k
Component 1:> Definitions >y omponent ¢ouplings - Integration
Component 1- Definitions - Integration 1 (intopl):
Source Selection T Selection = Al domains
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1 Of s dz' Is! obkzL sz mMisagtstzdzd A d BE SR Vv, 38 L O d3' «
Vst @OBd ' L kzd=s@E+EGy (A ddz
Componentl(compl)i Definitions: RMB > Variables

Definitions i Variables 1.

Variables I Name, Expression =yl,
intopL(F(Xy*K (dest(x), x)*(x< =dest(x)))
Variables T Name, Expression =y2,
intopL(y1*K(dest(x),X)*(x<=dest(x)))
Variables T Name, Expression =y3,

intop1(y2*K(dest(x),x)*(x<=dest(x)))
Variables T Name, Expression =Y, f(X)+yl+y2+y3
+ Variables

Mame Expression
vl intop 1(f(x) =K {dest{x), x)=(x < =dest(x])))
y2 intop 10y 1% (dest(x) %) *(x < =dest(x)))
v3 intop 1y 2 ¥ {dest{x) ,x) =[x < =dest{x}))
Y i) +y1+y 24y 3

1o jteds Is! ko Oclk dzO § tshdz detd)dzp VY ORBEMHEZ Y Pt
Ote ¢ Iz dyy ety t&Ex, x).

l dStsdz021Isj B ydmdzj dzdzv .

Home - > Compute
1 Okzo Oy j ded®dB dzd yv tc GlebdkEgizationgl fordfLdddzlz s O f Stetsy

I sBHE2I] GctOWIsOd OdzdBdziztlzef ydzscG s tetsL 90w L &
Results - > Plot Group - 1D Plot Group
1D Plot Group 1 ->Add Ploti Line Graph

1D Plot Group 1 - Line Graph 1:

Selection T Selection = Alldomains

y- Axis Data T Expression =exp( - X)*(x"2/2+1)

x- Axis Data T Parameter , Expression = Expression , X
Coloring and Style TWidth =3

1D Plot Group 1 - Line Graph 1. RMB>Duplicate
1D Plot Group 2 - Line Graph 2:
y- Axis Data T Expression =Y
Coloring and Style T Color = Red

LMB > Plot
1 T T T T T R
0.8 — expl(-x)*(x~2/2+1) | 4
0.6 Y i

0.4F

0.2F

ol
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10 dOMmlskzd descBlz twd Mz dzeS & dz' o sYe&zAK)+9zR)e j HOj dzt
ftcQd W IzdzSW= F(X)+y,(X)+y,(X) (fsekzHk2Isj] 7 MOkt

— expl-x)*x~2/2+1) | 4 oslk
— flx)+yl

— exp(-x)* {x~2/2+1) | 4
— flx)+yl+y2

0D.8BF

06k 0.6

04k 0.4F

021 0.2k

ol 1 1 1 1 1 1 ouw

416.) cd S &zOHd HBYtHR yddr fJtotsmMiststosots dzj L Odzj X &
l M’ L OHOydzv H OdEd' MY o ks 5 @aRR'o 2 W isdetdp O dzd mw 2 o
HdW J te dgy’ Odz! dzd » ' o GwbdzODEs and PAEE tztf ) s D gzdzt
wed?2 BERoe ' HJdzd d3 COMSsaHty ddts a dzddazizj i toof L Hz@1ty j
Cdzlsj oW j 2 Mz L OMissmMizeo Odzdz? o W CtsMmlIs’ HtSH
totsL ¢ dzf zf BGEzOHd L Offlstsize Odedz? vy tsets ' defmistol
fsCOy B adEstedmMlsOdzdz?y HjVWEdr BY JtcOIstste’ ¢
14n02 9 WsOAREI] HOdts to' o dav decdRu= 11z Ofyfy1
dzz dz' so ddi3d ctOded ydzd BBAfTi HIRE&ZOBJ O BEHBLB, I
1. uzls j cteOdz o ' uHf st L tsodBISViZLISIZOCLES dap] ddCigits dig o
(%,y,) HisSte' odzs * L OHaDdz 2 9 j dzd yd dz
2. Wizls j Gt Odz o ' wHY St BEMsDIMOniznizy j dals o s di,,8) Y
Histc' adzgt * L OHaDdz 2 o j dzd yd dz
3.4jtej HdZ tc 8z0 9 Judkdz? £ s dzls Z to iz OCLE dapj dasits dg
s tsuxp,y,) Hst" o dzs* L OuaDdz 2 o dzd yd dz'
4. ¢ jtoj Hdg tc 20 7 putfdrf HE ts@HOriaf yj dzlstctsds o
(%,Y,) HisSte' o dzs ° L OHaDdz 2 9 j dzd yd dz
5.4 j toj H dz] dzde'tizO g OuMLtE iz dzOMils ' HCtDEO Hotad@¥IS © L O+
o J dzd a d dz’
6. wdzls | ctidgs.do 6 ¥ LiSdH * O s dzOdz' H BB OHWOISO L OF
o4 dzd a d dz’
7.1 2Oy dzdzy uwessL BE(yy) B Stc oLd®H Odz' 2 @ j dzd 2
(s 5 8(8iy)=a)
8B.oulzd3O L dzOyj dz' n Ketsu Co@V,L Ci2' eodets 3’ todets tots
Ctodals z tobic OG®riz® vy J dzls tots ok, ), Hstistayys dzs ©° L OF
o J dzd ad dz
[ dzv  C sy dzgsB s to ' Hzdg o 1AEOP s @R dzts
it SLO OV Oz SABSE s dFOR Lnts oL@ ‘Mt tlels jftedz'ls * L OH
File -> New -> Model Wizard - > 2D - > Mathematics -
Classical PDEs - Poisson's Equation (poeq) - > Stationary
Untitled .mph (root): Unit System 1 <>= None
1 OHO2I] fOttOdj Isted disH J dz' .
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Global Definitions : RMB > Parameters
Global Definitions i Parameters :
Parameters 1 Name, Expression =a, -1
I Name, Expression =r, 05
I Name, Expression =x0, 0.3
i Name, Expression =y0, 0.3
J]d BB’ W &BSH] A& MC dzOH OIsd d&3J Is! MEWMs dz© . s H dztst
f slstc’ B dats H dzw sts@ s, h 5B CtedMmMislzoa Oy BC
CHBEY B Ydad e tByYydmdzj dzdzv . stz hiIsy d2O L 5B
Motsted s 28668 9 G Jjtsd3 ste’ °~ BBSHJ A&
Geometry - > Primitives I Square
Geometry 1- Square 1 (sql):
Size 1 Size length =2

Position T Base, X, y = Center ,0,0
Geometry -> Primitives I Circle
Geometry 1- Circle 1:
Size and Shape T Radius:=r
Position T Base, X, y = Center x0,y0
LMB > Build All Objects (ZOMmiszf dzd 2 todimzdesS dz' o stokz
17 I : T 17 I : y |
0.57 O 2 0.5
07 i 07
057 3 -0.57]
-1 B - . R ——————

-1
T T T
1 o 1 |_1 |CI T

10 flsokdgjjiztj Bptz] k2l  wl fz0 A" 5T la O dzdz™ s
L Oits e Yylzo Odzdz" o3

Component 1 (compl) Mesh1: LMB> Buid Al s jtojHds 2 tedmbkzdets
1 OdzOM Isz2Isj fils O (PossaisCHgueitn L P H QuydzCA@jd vy * dzl
o' adgv dzdzv 1 EOMMBdZO dzlz ztstq @13 e to @ dedijldz’ h s
G ' dEoigsons Equation (poeg) o to ts L HDondih Selection o fMmj €y’ ’ o 0
Mtswis: " dZBdC OoBBtePIls® ' CdzO. | OdZ" 99 jH' L
Poissons Equation (poeq) - Poissons Equation 1.:

Diffusion Coefficient Tc=-1

Source Term 1 f=f (L so dz' h dizidsLiAAMGED 2L Hig Wats) d3ts

Physics -> Boundaries 1 Dirichlet Boundary Condition
Poissons Equation (poeq) - Dirichlet Boundary Condition 1:

Boundary Selection I Selection,<=Manual,l, 2,34 Ctdzskztc $)o9 OH O
Dirichlet Boundary Condition Tr=0
1.rsH 02 Is j Glabdk Eqimtiins : 9 WEOglJss ' HOB® WwWIh

tc' o dzg¥ dzda¥ o dh " Is! d&stse Iz, MW stczdz' s9 Od;
fted G dzOH Iz
Physics -> Global 7 Global Equations
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Poisson's Equation(poeq) - Global Equations 1.:
Global Equations I Name=f
Global Equations I f(u,ut,utt,t) = a- at2(x0,y0,circint(r,u))

4 74 Poisson's Equation (poeg)

o Poisson's Equation 1 LTS

&3 Zero Flux 1 Fluge e e,t) =0, ttg) =up, ulty) =ugp

o Initial Values 1 " » »

& Dirichlet Boundary Condition 1 Marme flu,ut,utt, t) Initial value (u_0)  Initial value (u_t0)
.@ Global Equations 1 f a-at2{x0,y0,drant(r,u)) |0 a

vlls L OMlstsMmso @l tSdky jsOlstcd@ i3tsH j dzWvw 7 L dzO R
Ctcdotsdz" dz' 2dzd2 " delp §8O0O&dzsktclr d&EGE&DS O]
stsys¢d, o wg¢'2 o' dz tsByYydMmdzs * Is! ficint BERBzSO d
9d¢ tsteddnls OfzsdnB tg] dily e OtRRIx@ y0, expr ).1 O OH O° d3ts,
Yyj?2 ipaQtfigds exproa tctDatso d d3' tcdz' 2 6 j sd3j Istc”
CssteH d dzOIs Od3d . s O C af20,y0,trahiciat) d3, o (tcEOy d fdzs
"dels j cteOdz 5 € tsdelslz oz RIdStexiy), 1260 HIS i

it sLizdd sd L Of d M Glebal Equatidrs 4§ Sletz'L gladts dzOMls
Y d dzts a3. 1 OHOYO BERH] WL oO0f( s @dsdfdat a kzind
tc’ o dzV dzdz' ) 8 Hzd2thp@sfigatzs L f S huzCsCdyf 99 ddmGud daf
fluut,utt,t) dg BEZHJ] HBt' ol dHzitgdzs { 5 C Bdzlsizte
dzf M afoHj L

l dStsdzO21Isj BB yYd mdzj dzdzw

Home - > Compute
] G Rdmsyltss ZH j M loolAs t@fpdelizis Group 1 - Surface 1 L CGleOW ' C
tcsLooOvwWL CIz.

1 I ]

0.5F

05k

1 1 |

-1 0 1
v OC sy Mls o ts5te ¥ Delyedialues-Stats dariable f L WwWEBGETt

dZOHtolzC zo OlsJiz 4 @zt j dddzy d dzd
Derived Values- State variable f: RMB > Evaluate

State variable £
1.6872

[Is)f=16872 ‘' Lo O6WLCtsdB jtchisets L O9 H Odada” .
2.t sLoOWY "' Is! Htkdj L Oo H Odzdav .
l " HEtd2Isj Pbidson's Equatrsd (poeq)- Global Equations 1°
9 HIcJ HOGE2I] 9o dz sz tc' 9 dgv dzdav .
Poisson's Equation(poeq) - Global Equations 1:
Global Equations T f(u,ut,utt,t) = a- at2(x0,y0,diskint(r,u))
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i J tc Qdiskistgexpr) 9 2D vssuzpPdstHtgHss © 2 dzd 2 " odzls g
Jqoexprial off dztsh ' OB PN @ | dzlistsisidz o0 WC " 2 o' dz tsB
dzw o dL dzOyJ dzdzv didits y $ L O fridstts)frjds@|dasvids & )ds Iz d3j dzls L
f4tCbagOu O0C dd yd dzs20)y0dekiftiei) L 5B ud oz
dZsj ctcOdz f sr € sk zZE BB R OIsts Yy’

l ¢ sdd®r sd M dzj dzdzw

Home - > Compute

1 OHtelzS 22 Isjh mSde@aim) jdettizf y d dzd

Derived Values- State variable f: RMB > Evaluate i Table 1

State variable f  State variable f
1.6872 5.7367

v OCdd3 YduZ8od3,” totsLoO0WLCtsd3 Hiczetsets L Oo H Oz

3 sLoaoOwWy " Ist Istejls' L Oa H Odzdav .

44t HdZ tothkOay juldz? & s dzls £ tc z O tselz@d figd2sH ‘" &2/ !
HSf d3tsG s wifaygic O lepic © 1 S tstedMmistso 2 yd 2
Otc G kz d3j delOls tatRfD) d3d HBOIsd B3t 2 DI OL H dzv 5
MjtjHdy SeEL Bugbtatky ¢ sdzO(xLy,)yj dzstetsds o st
Poisson's Equation(poeq) - Global Equations 1:

Global Equations i f(u,ut,utt,t) = a- at2(x0,y0, circavg (r,u))
Home - > Compute

L OHtelzC 2 Is j kCdp@iam) joztef y d dzq

Derived Values- State variable f: RMB > Evaluate 7 Table 1

State variable f State variable f State variable £
1.6872 5. 78067 5.3005

s OCddz YdaReoss, LWL SCtsd3 Istejls! sSGts L O9 H O

4.t sLoOwW)y " Is! Yo jtels] L OoH Odzedzv .

4 J ] HdZ tc 820 o Judkdaf dzts T 5 dzO ®OBB B Hmdze * Is+ My
HEf SdiisG s didkaygleedp ts tc O l S tstedmlstso 2 yd 2 s
OQtcc 2 di3p flzlstiz O K 1) Oz HBOIsd d3jeddes 2§ isftds O L HdzV s
Mjtej Hdz G SL BG W jdettc s(0g,v). ssYY'

Poisson's Equation(poeq) - Global Equations 1:
Global Equations T f(u,ut,utt,t) = a-at2(x0,y0, diskavg (r,u))

Home - > Compute
1 OHtelzC E2 Is jh mCdp@atmj jodadf u d dzd
Derived Values- State variable f:RMB > Evaluate i Table 1

State variable f State varigble f  State variable £ State variable £
16872 5.7867 5.3005 4, 5449

v O0Cddzs Ydaamles, totsLooOwWL St yYJjlso jtolstsets L Oot
5 sLoa oWy ' Is! Hfowlsj L OoHOdzda" .

[ dzw sB yd mdzj dzdzw odtOL " o ofMmjtej Hddz tc &
LOMstsMsozo@lsfyvr " dgfsgfdz , ftcdL d@ppnemt st j
Coupling ) . l sdzd frgs o ds Defirtions §) & i3t s dg jQlzlsHOB f s A3ts G
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¢ dzts ff &) ff § EgComponent Coupling §f O dzj dz' * dzdfriionsdz | dfsE t®

SH A28 thdg@dzH o df OH dztoye 5~ BEdeieZC K| WY | COISStE”
Integration “Average. [ dzWw totsL 9 OW L Odzdz?y dzOh sGets L O9 H
s J tc Aerdmds.

Component 1

Definitions -> Component Coupling T Average
Component 1 (compl) Definitions - Average 1(aveopl:
Source Selection T Geometric entity level = Domain
{ Mls O dzdzv " odzfipls el € y ‘cve’ | amidglg'Isfets T w € 2 B L
sByYydmdzs 9 Olsdmw Mmjtej Hdz 'L dIOuy .dzdzv ( dz' dz'
1 Selection= Alldomains @MY LBdO) CoOHEKOIs
vd e tc@isaplic 5B Yd Mozj dzdzv MJjtej Hde S5 L dz2OyYd
Mlseo ste dzd 2 BkH] HBMkfdd2 §°'H YO tts
Global Equations 1
1 Okzo Oy [ dacpdlz Ists?2  gvgopl mifsptelfbs sded € sted Mists o L

sBydmdzj dedz” T to jio dz'das{C ool de@y j dzdz

licseRp tzig iz * odzfsC stcd Mis O dzdzvaveolf ff e Is Eis® © O W L O dzdz’
L O H @dzdz'C.tc d 2 Is J Poisdon'ssEguaton®(poeq} Global Equations 1 °
9 HiJHOGE?2Is] o dg sdzgz tc' o dzvVv dzdzv .
Poisson's Equation(poeq) - Global Equations 1:
Global Equations I f(u,ut,utt,t) = a- aveopl(u)

1 jtejsBydmdz' Is! diBtsH j dzv .

Home - > Compute
1 OHtelzC 22 Is jh HCd@@atm) jdadif' u d dzd

Derived Values- State variable f: RMB > Evaluate T Table 1

State variable f State variable f  State wvariable f  State variable £ State variable £
1.6872 5.7867 5.3005 4, 54459 71137

v OCdd3 Mg tzf d#3dz’  te EaOayQIlakszdzO M ls ©  HSSoEO s @IS & @ J
L OH Gdp' d2d ad-de'tf tofge 7.1137 .

6. sLOOW Y Is! htsmisy L OoHOdzdzw. | tsdzts oid ¢ tsdz
Mlse tstoj dadz” a3 dzlyf jj dotClkmp@iaRdzY o L HISO Y H ' OC t5dz0 dz'

1 Okzo Oy j detlzf C stcd Mistso zo Odz' Integrididn Is s PAEEg® Is st d
ZOL do OsiE ) OIs s tc © dZCoupling dpenatbrzIs S d3lz hts ' A
odLdo Olsd L tdzhdr W LdSE 9 & 1 OR f tslstsyd
Codiff sdzj dzls ' o . v OCdd3 yd dzts a3, osdzd od¢ tsdzz
w 'L dyded B3d Ggmpogedr'Cagpling(

JfJOltstelz " dzlsj ctclzo Odzdz?y Y BIstc" Bdzgts 9 C OL Ols

U tsd3lz MmMf syokSkz Mlso st Is! 9 Ht' L ¢ H' OG €
‘dzls i ctelzo Odzdzv .
Geometry - > Primitives IB®zi er Polygon

Geometry 1-B®z i er 1Flm): WG »Aud Linear
lojH I8! CttstcH O] § SYy@B)F st @ " Hite' L ¢
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4 By Component 1 {comel)

— o Control points
= Definitions ~ Polygon Segments X P ¥
4 A Geometry 1
[ square 1 {sg1) Added segments 1 -1 -1
(= Cirde 1 (1) |Seament 1 (inear) 2 1 1

Bézier Polygon 1 (1)
LMB > Build All Objects

T T T
1 0 1

vijfjtc Y O Mlsetstet 9 OIsd Y jcOIsste ' dzlsj G tok
Component1 :> Definitions -> Component Coupling I Integration
Component 1 (compl) Definitions - Integration 1 (intopl):
Source Selection T Geometric entity level = Boundary
[ MisOdzdzy ' delstczCy " w 9COLE, hts ' dzlsjct
I Selection=Manual 256 (9 7° H9 ‘da¥ S 1fT O dzO dz'
{0 JjtcOitopltc " dzlsj Gtelzo Odzdgy s H' OctsdzOdz' Milso St
sB yd mdzj dzdzv .
l " HEted2Isj Pbidson's Equalaid (poeq)- Global Equations 1°
® HiJHOGE?2Is] o dz sdzgz tc' o dzVv dzedz™ .
Poisson's Equation(poeq) - Global Equations 1:
Global Equations I f(u,ut,utt,t) =a-int opl(u)
l1JtegtsBydmdz® Is! dtsH § dzv .
Home - > Compute
1 OHtelzC 2 Isjh kCd@R@iap) jdatdzf y d dzd
Derived Values- State variable f: RMB > Evaluate i Table 1

State variable f State variable f  State variable f  State variable f  State variable £ State variable £
1.6872 5.7367 5.3005 4,5449 7.1137 2.1213

s O0Cddz 1dzks dgtct@tEa so0UisC I ° O G ts dz0 ' s to ¢ ap Gligt dedjls C
L OH Odz' 2 ao=j loAdtafff 212213 .
l ftcOwl®o stc' Is! sf jJchttgiation Lo dwL CE&Esdzlskzickz (
L sBtoOY jdetsdge © G jtsd3jIste’ * . IfdEOStgd dzlshism iz ® dz
o' H ttuthtd W € dzls Htdsitc ' o@BAPRH Odz' 2 ao | dd U d dets o
f=16872 IsO ¥ MOKBO, s ' Htod tsLodWL Odadz  j
7.t sLOoOwW Yy "' Is! ! sd3j L O9 H Odzdz" . ] s dzts f s
at2(x0,y0,expr ) i1 sB yd mdajddmd@prize Hotso dd3 tedz' 2 6 j 5034
L OHOdzd d3d S tsttcH d dzOIls O d3( . J dzO hexpraziz ts I4f the' g BS dizs
odCtedMmMlsOIlIsd " S Odzz o j dzd yd dzkz
Poisson's Equation(poeq) - Global Equations 1:

Global Equations T f(u,ut,utt,t) = a-at2(x0,y0o,u)
1 j toj 5B YhHdg dis' - .
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Home - > Compute

1 OHtelzC 22 Is jh mCdd@aty) jdatff y d dzd
Derived Values- State variable f: RMB > Evaluate i Table 1

State variable f State variable f  State wariable f  State varigble f  State variable f  State variable f  State variable £
1.6872 5.7867 5.3005 4,.5449 71137 2.1213 3.9815

v OC dd3 yd déts 80815 ¢, ts dri0, y0)=- 1.

1 d B mMifldgis B 29 Ols d fjtejo tedisd tctsL 90 WL I
CdzOyOdedzy Bdh j& s Sefargddd R’ CldAs y yfh d fipisQ &3O
L dz2Oy j dadzV utcots L 'O LI€Zeyy' (ftslstc’ Bdes htsB o' H
Hjte] o' B H ] dz Blzo OCIsdotso Odad 2 Istsd32 ,tots B ¢
BOC M BOdz! dets BdzdL ! €5 5y dzdlsd o Isycilz.

dCIlsdoe z2 IszgD PhtGraspizl mMfselkz2Isj ¢ &Oydzzlsd
asqd h fs Yy, zBtsz dAOCdQ Mdzj dets ftso jJtemr GCtoOW ' ¢
Evaluaton 2D L dzOHtclzC 5o Odzd &3 C tststcH d dzOdsd@ORRGS HEs ts 1
[ME d €d o90y¢t olstcOfdilsd didh jbv IIsydets o
HJwWe' 2 dOBdzdydd 2 bktsyy' .

KIalHYTH

4 B Tables
B Table 1
B Table 2
B Evaluation 2D
4 [l 20 Plot Group 1
B surface 1

X ¥ Value
0.35333 0.35333 -0.93533

gl
’

] so lststcdz C dzOy O dzdz™ BkzHIEIs! H gt Ols W HOC
CotstcH d zOs BB tsztsd dE dzOyj dedzy iz tesL 96w L Sk &
| hJj BHdd MM B fjtejo' todlsd L dzOyy dzdzv
MlsestedIsd HY CubHoidkBD H Odzd ro J S sStcdMistseo z¥ yd 2t
o d tauO L
Resultsi Data Sets RMB > Cut Point 2D
Data Sets- Cut Point 2D 1:
Point Data T X, y=x0y0
LMB > Plot

Derived Values:RMB > Point Evaluation
Derived Values- Point Evaluation 1:
Data 1 Dataset= CutPoint2D 1
Expression 1 Expression =u
LMB > Evaluate i New Table

Dependent variable u, Point: (0.3, 0.3)
-1.0000
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BisLodwY " Is! ot &3 L OoHOdzdzv. | tsaz¥..)f silsts,
“sum( expr , index , lower , upper ).
dlsotste' s/ HOoO dzSo ofimp. F OtEOA3] ISt ©® BSH J dz
Global Definitions i Parameters :
Parameters 1 Name, Expression =n, 6
I Name, Expression =p, 2%pin
vkBftcj HMIsOas dzW Isd d3gy € ' dzp iy Jirples to Asdis \piEt? ddz IS t
mMem" Hdz" &3d IssyYs Od3d .
Poisson's Equation(poeq) - Global Equations 1:
Global Equations T f(u,ut,utt,t) =
a- sum(at2(x0+r*cos(k*p),y0+r*sin(k*p),u),k,0,n -1
lJtegtsBydmdz® Is! dtsH § dzv .
Home - > Compute
1 OHtelzC 22 Is jr HCd@@atm) jdadif u d dzd
Derived Values- State variable f:RMB > Evaluate i Table 1

State variable f State variable 1  State variable f  State variable f  State variable f State variable f - State variable £ State variable £
1.6872 5.78067 5,3005 4, 5949 71137 2.1213 3.9815 0.88343

v 0Cdd3 yd dds=ag83iaE swifEod L dzOyj dz/6 IstststEddy dzE dg’ @ d;
tesL sMjtej HY J dadmr B € Bzl rtdds Issts df@c d HS®Bide Codzk
f OtcOd3j ste” 9 BO' dBfs
nt ) . ) .2
& ulx +reogk/ ).y +rsinfks ) =a, 5.
k=0
[ By 20 dOHtkzC ko Olsd uakzOtyg Wedztzd ActsbEB8QOS 2 o
MlsestedIlsd HY jt]jdzs HOd- HMW d&dsy ddd yda-
Resultsi Data Sets RMB > Cut Point 2D
Data Sets- Cut Point 2D 2:

PointData 1 x = x0+r*cos({range(0,1,n - D}2*pil6)
PointData 1 y = yO+r*sin({range(0,1,n - D}2*pil6)
LMB > Plot

1 sIs* d3 f siste’ B dzts M lPantEagaiod o,z L W@ As Jif tzd tc Ols «
dZO0 yYyJ HYJte]J dzs HOdz] -, ‘ seBydmdzdlsd 2tset.
Derived Values:RMB > Point Evaluation
Derived Values- Point Evaluation 2:

Data 1 Data set= CutPoint2D 2

Expression 1 Expression =u

LMB > Evaluate i New Table

ststcddzes o  Hicj HOGCEZO Olsd dzOL o d ditbisd d Yoo da
dzdh j ¢ tsleqEedOdsdo z 2 IRpsultsizTialitedi Table 3 9 Is OB dzd

93



tc tsL HColdnzHeaders 9 JHOdz' Is! E oMmM' m BGYWHCOR L O29
CtsteHdd&zZOIsd Istsyts¢

= Column Headers

" Column Header
1 (0.8, 0.3)
2 (0.55, 0.73301)
3 (0.05, 0.73301)
4 (0.2,0.3)
5 (0.05, -0.13301)
& (0.55, -0.13301)
LMB > Update
(0.8,0.3)  (0.550.73301) (0.05,0.73300) (0.2,0.3) {0.05, -0.13301)  (0.55, -0.13301)
-0,095966 -0,093990 -0,12987 -0,23209 -0,25587 -0,15721

1 Oz 9 Oy J tejlzte QAeErage , Maximum, Integral Is© ' tizts) HDatdzkz
Series Operation 9 Iz L d2éned Values LOMssmMsoa z Is! MW" HE
Expression L © L d3'yd2dgizs© dzi (5 i dzsdgdzdbagtsdgl dzo
MisOIlsd ydzd »~ (LEAHjQeE w B dzs MW Is+  C sted Mis ' .

it BLOOW Y J d3tH BHOSE@ag Odzdz . 1 J~02 09O
} 2O Busk (xy) O o dE(da)Eb+c@(xy),  Haxy)

' God Hmmmmﬂg(w):%(z-\x\-\y\-uy\-\xu), WeO Mt

dzz dz¢ dzO C tsdzsz®H O @ O tE@E®O o §°' HB'tBtG® L
sOC dnafmd 8 jsH dz' L 2Oy dzdg? tetsL 9 0L 'S,z Qts' df 9l©
u(x,,y,)=a.l s OCH @2ls OdzBAf ' BadH 8 ' HBHOLC B ka3
f OtcOi3d st O, wet By 2O L dz021Isd L Gl stedfr
Equations .
ltcsHBse Yy dIs! tcsB Sls iz L f slstsydzd o W o2
W iz dz¢ g(x.y).
Global Definitions : RMB > Functions i Analytic
Function name =g
Definition T Expression =
(2 -abs(x) -abs(y) -abs(@bs(y) - abs(x)))2
I Arguments =X,y
Plot Parameters I <x> Lower limit , Upper limit = -1, 1
T <y>Lower limit , Upper limit = -1, 1

A
e

I sls'" di3 L3 dz2' Is! ftOQoakz yoOmlsddzz t' o dzgv dedzw 1 k
Poissons Equation (poeq) - Poissons Equation 1:
Source Term 1 f=b+c*g(X,Y)
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1 OHO21Is] [z d§obal Eqatiomdli ez H Odzd e " d § s j to] H dz¥
Poisson's Equation(poeq) - Global Equations 1:
Global Equations I Name, f(u,ut,utt,t) =, a- aveopl(u)
T Name, f(u,ut,utt,t) =b, a-at2(x0,y0,u)
1 jteh O Edisoa © dzOSC dzOH O sB d3d Y 4 dddfvic jom@n IsfOp tdz}
L d&sts (i, ) = a.
1 jtejsBydmdz' Is! dBsHJ dzv .
Home - > Compute
dlsotste' Is! obkL dzd H dzWo'ds's ydfGnrolag lEde 2 1® jj dZd~y dLdzizO
Derived Values- State variable f: RMB > Duplicate
Label =Variableb
Expression 1 Expression=Db
RMB > Evaluate i New Table
Derived Values- State variable f:RMB > Duplicate
Label =Variablec
Expression 1 Expression=c
RMB > Evaluate i Table 4

State variable b State variable ¢
39.396 -63.070

[ d&zv dzOtsydesmls® YwsBlkzHEZ2I] Ol & tLOOWLES
2D Plot Group 1- Surface 1:RMB > Height Expression
Surface 1- Height Expression 1
Axis T Scale factor=True,0. 5
LMB > Plot

1 Okz9o Oy j degd@H Oy ' , o wedrn hECOdAO o d&zd yd dzo
BzH EIs! ftcdLotsHdIsd Hts §tsd3ddzce OH QOO tcd & dzé
OB My &kiots ys d, a(x,x)=@, 2 dzj BEZH] tsL O O6WL Odat
9 d¢sted Mmls Odzdavat 26X X Wz0 dalzv 1 dzts M dzts Xzj of'jH Wdst®H 6 W |
L Isdd3, hts Jtej Hic a9 dzdCCtataits HITfdgQdsBUs As sy & d
o4 BByYydmdzj detss . uvtsBlsts HJWBEY IOt izl dzls o Iz ¢
9 J dzd yd dzO dzq ! K j LBEZzyOy J dddt¥Wlizadiiilys Az ff s 9 d dzd
fsodz Misr odL dzOYJ dz Hs " f fjtthets oadC st
Variables sy kzIls+ d3' Misdlsd k¢ Odz" o4 dzd yd dzd .

l fcOd 0O Istedoe dd3 tecdzd - d3ts H § dzw Ballint mdzkzexds), G J
ballavg (r, expr ), sphint (r,expr ), sphavg (r,expr), w¢° tsB Ydmc
sB 0" d3dz SO o, c@ ddn® LA dzls | 6 O gy dzdpvdzvlf 5
sB yd Mmdzj dzdz” L dzOyJ dedzv o & 3 xOwy0, zOf egpef ). dzO y J dzts
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14 n02 w=[SB[-113[-11] H Odets tc' o dzw dzlar=f Lz Ofyfy
dzz dz' so d i3 G teOdzd Yded BAfTi BB O BJOz] * BBKLCR,
1. wels j ctcOdz o 'ulf G Oz Qi j dzls o s(g, ya z)ls s Uy
Histc' adzf° L OHaDdz 2 9 j dzd yd dz
2. Wzls j CteOdz o 'udf tEicAstiz®@HOr I 1§ 7 j dzls te s (&), y9,2)ls s U Y
Histc' o dzg¥ L OHaDdz' 2 9o j dzd yd dz'
.4 jtejHdZ IctzO P fulfde) ¥ j mOHOIRAM yj destesdg o
(%,Y52,) HiStE' 8dzs ' L OHaDdz 2 o j dzd yd dz'
4.4 j toj H dg' tc dz® § puitilsd Az O HOriafm yj delstetsdz o
(%,V52,) HiStE' 8 dzs ' L OHaDdz 2 o j dzd yd dz'
5.1 dzOy j dzdzV U Loty w e zH St ‘e dH Odz' 2 ae j dzd
(s 68(sy2)=2a)
6.4 jtej Hdz  Ucds@ g odzdzetzB ZOMils ' HisB ke @ L OF
o J dzd ad dg’
[ dzv  C 5y dzgis dzOX IS lEL.d3ts o

4.2.]1 d ¢ s tec d i Mattmipatical Particle Tracing " dzls j eW.j 2 iz

[ dzv totsL o 6w L Odgdgw fMdMmlsjds 7 rt ©® COMSOL Mu
" dzls j toMiatpeidhdiical Particle Tracing ( dzj  dzlz Is QEsRdfticed

Tracing ' dzlsj oW ) 2 fip@adsdRdeic s f tod L dzOyj dzdzw f tsdzw |
steO' Clstste’ 2 tolznz ehiwipss) dds)Hsde@ idsdDidsE Ols d
Yy dzj 2. Cf 'daz§®OC yOdzj Hdzw dzOPdRm y' dzj2 1y ¢

t J HOMgssless (B j L " daj oy’ Isded2)) B JCd®d mistse L

tetsL o 0 i @dgdetz j tch sets Y stWHC Iz

dg_

el (1)
Higi o jClstste CuBlgEfd®ES kBt JHSMIsj 2. 1 y' 2
L OH O' dsj Sle'ts tc dzj f sdzjv, " b dHUARMIsY B dzlsH 5RO MIs
f syOl¢ o j dftdztsf jedsdgyj i)' B YdMmdzj dz2@ o dL dzOy
qt) wOMmls d dats § .

l  toj HNBWtogian " tetsL 9 6 W M M ls)) riip®ie z cfistsstdsy H € Iz
%wﬂﬁﬁ, )
HyiojSClstste h oRineC sChdstgt@ |, fnd dz.

Il tBtsa odddf Offi € O dzdz' sBicOffstftcalZ stetsh B
L®®OYY 2D OB f 6D 9 @ dz0O dgl3 (TindadDependent ) to jdzf d3
Hsmdz' Hy Jldmlg y' & dBH @lgusjdRl SBeciz®@mle w2 o' HB
tcn, OGS, htse of' bLOSetstc' ™ dj odatsHJC
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) 6d S ZOHs LbOKd flsj B Ist! 55 HdW jtej dy' Odz ded -

exi=y-z ,x0)=1
Iya—z x ,y(0)=0
tzi=x- 24y, 7(0)=2

Ks  fmdMmilsj &gz H sHgdz’ siygzo @ tzq BEDOH2 . 10 LEVECOC T
ftod M) dus sted MIsOdzdzy &3 Hd dz2O 3" ydesets Gl ob al
litjftsL dOydeh d ¢ tsign yiolpdq, ¥ oMdEns'E’ o dv d
By 20 LOYdmMOlsd & odcdwH'

dagggeyng
E@O%Q'qxdi
2.2 J,- 29,2

¢
cShts oo jfisd=(d,9wdq-q,.q,-0q.0-2q) It LOHC
dzOB lz9o O odedzvulz (1), ‘ C B dz0 tiL o

Particle Tracing :
t 5L 9 0V . Oiptistet d dzO d3° Y dalz 3LDO H @ eMathedzatical
Particle Tracing Cdalsj oW 2 M3

File - > New- > Model Wizard - > 3D - > Mathematics -
Mathematical Particle Tracing (pt) - > Time Dependent
[ Btc@oh Iz gHele€t dhysics I a3 ts Majhetnatical Particle
Tracing(pt) od f§tBOYdIlsy 9 ftcOo " 2 Yyomils d dz

"HjdssdW L ROMEZE R o L OHOY' . A' ' BjdzO L dg h
Yo Lofdmlz MmdMmisd &3d HdW jldeh d2yf) O day iz ~f tedz’s &
4 Au Mathematics Mathematical Particle Tracing (pt)
Au PDE Interfaces Dependent Variables
2 ODE and DAE Interfacas
C-f Optimization and Sensitivity Particle position: q
v+ Classical PDEs Partide position components: ax

' Moving Interface
s+ Deformed Mesh
= \wall Distance (wd)
=% Mathematical Particle Trading (pt) Particle momentum: P
5. Curviinear Coordinates {cc) E Partide momentum components: P

pY
pz

qy
qz

Add
Added physics interfaces:

302 Mathematical Particle Tracing (pt)

I d 3¢ de'slsials sisdz'dz’ tedztsmis g 2 W' Lt dyded- 9 J dzd yd dz.
Untitled .mph (root): Unit System 1 <>=None
| BLIOR EdzS 50 B¢ I @O &) ) dizis QiEHGAc ') H dNds © o dzyiziz d d3.
) WE'RictsBLSHO DS ©O@AH9tc O LIstsmkB dzd L Odzd mdz¥ o
s ) dzd 99 dfiflsts H s 'LCA @B Y y' " oydoze dedgi'Q L HAIRWC
HemMdIs! ojdzd¢' tetsL 3 ted.

Geometry - > Primitives I Cylinder
Component 1- Geometry 1- Cylinderl:

Size and Shape T Radius, Height =15, 30
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Positon 1 Xx,y,z=0,0,-15
LMB > Build All Objects

+ Size and Shape

_ Radius: 15 101
4 [l Component 1 (compl) Heght: [30 '
= Definitions ' T
4 0 Geometry 1 ~ Position |
IC] cylinder 1 (o) 107
Form Union (7} x |0 216 )
y: 0 10
15 Y L'K -10-10

11 19 kL Mathematical Particle Tracing (pt) sB j tdMladsless ( B j L d3gOMts o
ted HOCy' ¢ ' dzlsj s 2 Mo ldgis OOtk Sefection M’ Is!
sHJddzd yv, s tdeasls e O dsdEADINBGdzH LC Ol sEHE Yddz' d
tdgh dr tsB dZOMIS) 2 k2 d&OMm dzj BO°

Componentl - Mathematical Particle Tracing (pt):

Particle Properties I Formulation = Massless
4 %) Component 1 (comp1) v Particle Properties
= Definitions _
A\ Geometry 1 Formulation:
== Materials I Massless j

3_0?; Mathermatical Particle Tracing (i)
]l tc 5L HDepdndent Variable od hj dztdeQistgts € ts dzls to ts diy alz®ls d
h ¢ Odzg Bzd yd dz.
1 1 1 9 L Mathematical Particle Tracing (pt) - Particle Properties1 o
tc 5 L HPartif#é Velocity L OH @2dQe © yYOMmilsddzd . My A8 J g ts
o Cs@AMmBJ dzls d ¥ pCoP lag s ¢  Otdg YD elzgf Bzd. y d dz

Mathematical Particle Tracing (pt) i Particle Properties 1.:

Particle Velocity Tvx>=qy-qz
T v<y>=(Qz-QgX
T v<z>=(Qqx-2*qy
+ Equation

Show equation assuming:

I Study 1, Time Dependent j

4 2=, Mathematical Particle Tracing (pt) dq _
= Wall 1 Y
2o Particle Properties 1 ~ Particle Velocity

2s; Release from Grid 1
: Particle velodty:

qy-az X
vV | gz-gx y
qx-2*qy z

[ 86 ° ddathematical Particle Tracing (pt) H sH O2 Is j Releade L otz
Gid . 1 “"dz odStstedmlstsolz’ Is+ mw H dzW 99 J HJ dazdgW
Yyomls d dzts ¢ . J dzOh ' 2  d3tsH j dZf f sdztsy § dadz ° H
f syoOlsiseo' bkddsod MmMdMmisj &3 tc° o dzgv dz' .

Mathematical Particle Tracing (pt) : RMB > Release from Grid

Mathematical Particle Tracing (pt) T Release from Grid1.:
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Initial Coordanates I Oxo=1

i Oyo = 0
I Qz0=2
+ Initial Coordinates
. Grid type:
4 Ze. Mathematical Particle Tracing (mt) I o combimations j
i Wall 1
Eﬂg Particle Properties 1 Ox0 1 .
== Release from Grid 1 %o g m
. v.
Jz.0 2 |1‘1'!1|

1 OHOR'ISQY OL s@cPp glc@diyPmiz
Stepl: Time Dependent
Study Settings I Times = range(0,0.1,20)

l JUz2®21sj B ydmdzj dzdzv .

Home - > Compute
l ¢ ' dRegsults - Data SetsL 'dviso dnb¥ L Badicle 1, W € dif2tc j H MisdOdy jdzw
HY J toj dzs H Calidpr . 8@ Y tke dzaResultsL ' Vi’ diwy O WOG g izt O
Isd Bz PlotGroup L  dzO Pastitde Trajectories (pt).] 0 jJ todz' Is! k86 Oc6 [z
1 Jo MY QdtpSSkttsB tdBdg j tc j dztsPamidedzd 5 toj 9 ' ol gL H N t
Data © ¢ Bmie B W@OIRC M dzOdz! dzd 2 B3] dzls yOmkz “ (o
L dz' d3l Is IPLDttgiﬁtd\gdei é)jges [T Plot data set edges | h dz® G tc dzw ez
9 HtsB L b pn tc.

| tc @&WIs d {f Rarticle Trajectories : wed?2 f sBlzHtSo Odzts
CGteOW " ydz' 2 ctkzf ", LOL9 dYyoO?2 o HBBKOY O s
sHdz YOdnds@ dzq 6 j ¥ Mils olalzw s @) € ISitia 't Md Mis
10d&z0h skz2Isj ' Mmisddz' .

Particle Trajectories (pt) - Particle Trajectories 1:
Coloring and Style TiLine style 1Type =Tube
T Line style I Tube radius expression =0. 3
T Line style I Radius scale factor =True,1
T Point style 1 Type = None
LMB > Plot

-
SBdz' tdzO f Odz' SO MPtOo O 9o HESBWKOY O 9 j dzd-
ter O s Mw s WOLBO 2 bkt Clstste” ° . AJ od
Particle Trajectories 1 - Color Expression 1
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. oL
4 [l Particle Trajectories (pt) ~ Expression + ~
4 2. Particle Trajectories 1 Expression:

£ Color Expression 1
pt.v

vizls ftgpf W' Sz wdz ditsH ] dk'l 9 z L Ma@en@ticdd Pdrticle o
Tracing (pt) © ¢ Madze. W sL dzOyO’' 9o jJ dzdyddzz ( dzgtsH kz dz
1 Oz g0y C ¢ s tots Licds LidafOr Z dz§ s t5° sB &z@mRlrils ' (
dzJ H sMis Ols dz* Sy & Wsys dls tfalfoy Is dziAflddofywic m1dz] ¥ ° y d dz’
oL O di3dsH ' & yYdf sid didsdsidizL iztc dalf dc O [ dis tezsaisy L € 2
z2tsBL BBlcOA G SL h Oty Gy, o L Odzj ) dzetsmipls o B fcHIs
G tc OWz'c | didD Plot Group 2L  Istc! 53O o PatidzO di3d dzs d § & 3 dzts
dzj 9 ' H BB’
Results - > Plot Group - 1D Plot Group

1D Plot Group 2 :

Data 1 Data set = Particle 1

Legend 1 Position = Upper left

1D Plot Group 2 ->Add Plot - Particle

1D Plot Group 2 - Particle 1:

y- Axis Data T Expression = gx

Coloring and Style TLine style 1TWidth =3

Legends 1 Show Legends, Legends, Legends = True,Manual,gx
1D Plot Group 2 - Particle 1: RMB > Duplicate
1D Plot Group 2 - Particle 2:

y- Axis Data T Expression =qy

Legends 1 Show Legends, Legends, Legends = True,Manual,qgy
1D Plot Group 2 - Particle 2: RMB > Duplicate
1D Plot Group 2 - Particle 3:

y- Axis Data T Expression =qz
Legends 1 Show Legends, Legends, Legends = True,Manual,gz
LMB > Plot

8] ] 10 15 20
] sBEZHtSo Odz Ctcd o L B 'WdzQ@EClay ' fipw, s Is & & BO® dzd d
i tcd ¢ dzZOA10. y
it BLedwdzel 3 hj tSHddz ftodS dzOH L OfMistsmize Odz
Mathematical Particle Tracing
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] tod € dZOHESL 9 O Wiy igdssisiglz B8 W | tc j! ddagf ~rO ddc ' o dzv dz ff
f steW HILEO C(IEste . § MMdzy tcO)
gxj=-y-z
yi=x+tay
tzi=b- zqc- x)
o WIS QdzOaz0e@s, b=2,c=4, o' L' REp@Rskzf &z YOI ¢
x(0)=-0.04, y(0)=-0.03, z0)=052.
I'dedvuw MmdMmisjid My oafoOrO L (1) °
' dzls j tc Wigth@nfgtizal Particle Tracing
[BLSOWL@WBJLIGBLGquMS Y dzlz SDOHMBwH j dzi
Mathematical Particle Tracing Cdzlsj oW j 2 M3
File - > New- > Model Wizard - > 3D - > Mathematics -
Mathematical Particle Tracing (pt) - > Time Dependent
Untitled .mph (root): Unit System 1 <>= None
i SLcOr ZdzC Bo B K @O fthydlsis QrHAey® 9 9
Geometry - > Primitives I Cylinder
Component 1- Geometry 1- Cylinderl:
Size and Shape 1 Radius, Height =10, 10
Position TXY,2=0,0,-2
LMB > Build All Objects
11 ]9 L Mathematical Particle Tracing (pt) sB j tdMladsless ( B j L d3OMts o
e HOCy' ¢ " dalsj e j2Mmliz.
Componentl - Mathematical Particle Tracing (pt):

Particle Properties T Formulation = Massless
11 ] o zLMaematical Particle Tracing (pt) - Particle PropertieslotetsL H ' dz'
Particle Velocity LOHORtYPS yomisddzed .Mmdmizy isdy! B

odSs@YEBJ dzls d ¥ xS@ Sag 6 ¢ 'O3g GO edzgf Bzd. u d dz
Mathematical Particle Tracing (pt) 1 Particle Properties 1:
Particle Velocity Tvx>=-qy-0z
T v <y>=gx+0.425*qy
T v<z>=2-qz‘@ - X

4 2. Mathematical Particle Tracing (pt) Partide velocity:
= Wall 1 av-az .
=% Particle Properties 1 v | qx+0.425%y ¥
o Release from Grid 1 2-qz%(4-qx) =

l ¢ ' dkfathematical Particle Tracing (pt) H 5B Bg] z L Reldase from Grid :
91 Iw C tsogH ‘flasiyOlsCtso ' L dzOyj dadav .

Mathematical Particle Tracing (pt) : RMB > Release from Grid

Mathematical Particle Tracing (pt) T Release from Grid1:

Initial Coordanat es 1 Qxo=-004
T qy,o =-03
T gz0=052

1 OH OR'SQY OL fs Gete P e @Gt YUP iz
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Stepl: Time Dependent
Study Settings 1 Times=range (0,0.1,25)
l JUz2®21sj B yd mdzj dadzv .
Home - > Compute
l ¢ 'Regylts- Data Sets. ' W o9 dIs! MW o zL sRimticled,] tcj &ZOIs OO
G tcOW * ydifartidetd lajpdidries (pt), law ¢ ® MY PdtpCSet 5B tc O dzts
Yd HYJ o] éasticlel Odaifgn Is i j BIgt dadaCs€ gdges, h dz@
CtcOWdz s ‘zH tsB tc Qo b fipw tc.
1 O OH O° WOWIS § fPhrtice Trajectories : wed?2 ftBERHT
Motstej dz' 2 GOW ' ydz' 2 ctebkzt’ f tod L dz0O wigsded 2
Il 2Otz B4y OHfiz] 6 Mis @azdzWidda@f5jC IsWs@L' 8 M d M Is
1 OO Isk21Isy = Mmisd dz' .
Particle Trajectories (pt) - Particle Trajectories 1:
Coloring and Style TiLine style 1Type =Tube

T Line style I Tube radius expression =0. 1
T Line style I Radius scale factor =True,1
1 Point style I Type =None

LMB > Plot

(=]

W T e
o
] sBRzHEB'JdRE RO Ytz LsBttOLdBESEOYS st
Hj wWts C Mt af Qs ( dzts & . AJ dzOLdo O Is! mMw § jtej s
M sy Ods ¢ Replalts- Data Setsin Is 9 tsiglz L IdsHCil Plane
Results- Data Sets RMB > Cut Plane
Results- Data Sets- Cut Plane:
Data 1 Data set= Particle 1

HOoROW R G w0

Plane Data 1 Plane=2zx T planes
+ Data
4 {B| Resufts Data set: Partide 1 | 34
4 % Data Sets I J —|
T Study 1/Solution 1 v Plane Data
R
o Plane: I mx-planes j
258 dgj fshOsudld fSfjtjnd 2 GwOW' ¢,

Motsted s © dz' 2 HBHOISCtse ™ 9 bkzL dzd
Results- Particle Trajectories (pt): RMB > Duplicate

Results- Particle Trajectories (pt) 1. RMB > Surface

Results- Particle Trajectories (pt) 1- Surface:
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Data T Data set= Cut Plane 1

Coloring and Style T Coloring = Uniform

Coloring and Style 71 Color =Gray

LMB > Plot

VL dz' asdBz o jtmdz A3 S EZIs’ G tg C[C]— Transparency. © * €
1 " mMdzv y! BB HBHO2Is] HEts GteOW ' ydskj ctolztf d
Results- Particle Trajectories (pt) 1: RMB > More Plots - Poincare Map

Data T Cut Plane= CutPlane 1

Coloring and Style T Point radius expression =1

I Radius scale factor =True, 0.2

1 Color = Blue
+» Data
Cut plane: I Cut Plane 1 j 4
Wbw Particle Trajectories (pt) Time (s): I 25 j
4 Nl Particle Trajectories (pt) 1 L Title
%e. Particle Trajectories 1 -
™ curface 1 + Coloring and Style
% Poincaré Map 1 Point radius expression: | 1 LI
Radius scale factor: WV 02
Color: I Blue j
LMB > Plot

L]

T

L S T S I I - T

10
10 Yy sd3dk ctwcOW ' €k fsCOoL PR’ Btsg®&d  f § tof bzt
A COots ftsBizHRZo OEzERBOBBYSC Jo s @@ F s B O
9 L Odzj ) detsmlsdzv o 'stCAi@0dplisH M2 Is| GHdziso d d3° tc dzlz
Gl & Lis cotfpdaticlizrts d3 o d tpt@ L. ts5 O3
Results ->Plot Group T 1D Plot Group
1D Plot Group 3 ->Add Plot T Particle
1D Plot Group 3- Particle 1:
Data i Data set= Particle 1
y- Axis Data T Expression =ptV
Coloring and Style TLine style 1TWidth =3
LMB > Plot
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4] 5 10 15 ZICI 25
t

lftcOQo @ sLOOWL OIS MdMmiIsj Bz 1t

%=-y+XC.6l- 2 - yz)

%:ch@- X )

L C'dz CBABO t6' L dzd d3d f syol< se ddzd Z dsts o O«
stcO Clstste”

1 COL." a8 OMdMmisj i3 * fdzk*'+y* & 1c O dadsy dedts cusd Sodf)

stc@' Clstste” ° dzOB dzd ) O Is+ Mw s MY " tcOdz' .
] otsH ] Bsdzmstelz* d3ts BlegMiGniantc d mtis JOrdz8AMagthernatical
Particle Tracing Cdalsy oW J 2 Mz,

1 tod S BPHsLwOBd Mls j i3 yH Pt ez to' o dzv dz
mlﬁ:'kﬁ(f"kz(xz' X1)+C(#2' }%)"'PCOSWJ[
mz#%:'kz(xz'xi)' C(%_#.L) ,
L § 5YOIs ¢ 5o Il =Opekbo00iy=1,%(0)=1. Aw MmdMmisj B0
tklh HJRZOB ydesets § SEO 2 DBO s Y s dztso Oudas B to
ZOMs ] des Bz tod Mz dzl Iz .

P cos wt
e e — ]
X -
g c -:—‘:-I
1l
p— I
I-ﬂl II]:
X
7k ] ke

[ dzv B H | dz dzsOls deCEmpIEid* dz' 1S BLjdEO \ j dz628,m, £ D tc O o3
k =1,k, =0.25,¢c=05, P=2,w=p/4.

CShts §eb@Mld s’ ddisd fjmh | Hibstegy dzd
sts MdMmlsj &30 dzOB ZH | ey HEZZ H(j2 Y tstsL'9 6 W L 9

Newtonian tc j H OMathematical Particle Tracing " dzlsj oW j 2 Miz.
t BL o0V .L @leaics j L totsL dg'd tdaBlds' 20 dzlzdsts H |j Gzt Oy l
Mathematical Particle Tracing " dzlsj oW j 2 Misdg

File - > New- > Model Wizard - > 2D - > Mathematics -
Mathematical Particle Tracing (pt) - > Time Dependent
Untitled.mph (root): Unit System T <>= None
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) G ' Giphdl Definitions Mis o tsts Izl Radameters © 1908 dad QH O2 Is §
f OtcO3d Istad L OHOY'
Global Definitions : RMB > Parameters
Parameters 1 Name, Expression =ml 3
I Name, Expression =m21
I Name, Expression = k1,1
I Name, Expression = k2,025
I Name, Expression =c, 05
I Name, Expression =P, 2
I Name, Expression =w, pii2
i SLIcORrZdzC Bo 8 & @O HEEfodHAHTISY® 9 9
Geometry - > Primitives I Square
Component 1- Geometry 1- Square 1:
Size 1 Size length=6
Position T Base, X,y = Center ,00
LMB > Build All Objects
1 jtoj 9" tok jo Iz LMBematical Particle Tracing (pt) 5 B tc ®lez®nian
tcJ HOC Yy v " dzlsjteWi2MmMkz (L dzOyd dzdz?" L O L Odgs 9

4 9 Component 1 {compl)

= Definitions
A\ Geometry 1 - Particle Properties
== Materials Formulation:
P 30?; Mathematical Particle Tracing (i) Newtonian -
& wall 1 I J

g_oj Particle Properties 1
L 9 Partizle Properties 1L OHO2Is] tHddzed ydzy L dzOyJ dzdzw
Mathematical Particle Tracing (pt) 1 Particle Properties 1:
Particle Mass T mp=1
) dzOh "' 2 L OHOY' BJjLYBMjtejHdy 5 d&BOMd BEH
t6' o dz¥ dz' , B bk j & Case B9 is(dx,qy)h s
l ¢ ' difathematical Particle Tracing (pt) H SR 99 Iz L Reldase from
Grid , 1dwGQ tsogpH 'l yOIsSC s L dzOyJ dedav .
Mathematical Particle Tracing (pt) : RMB > Release from Grid
Mathematical Particle Tracing (pt) T Release from Grid1:

Initial Coordanat es 1 Qxo=0
I Qyo=0
Initial velocity T vo<x>=1
T vo<y>=1

l ¢ ' diMathematical Particle Tracing (pt) H SR Bg zL Fede * 20sdd
09 duE@PiOsdn YOMIsdd MdMmisi i3d
Mathematical Particle Tracing (pt) : RMB > Force
Mathematical Particle Tracing (pt) i Force1.:

Domain Selection 1 Selection= Manual, 1

Force T Force: F <x> = - klUml*gx+

k2/m1*(@Qy - gx)+c/ml*(ptvy - ptvx)+P/m1*cos(w)
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Force 1 Force: F <y>=-k2im2*qy -qx) - c/m2*(ptvy
1 94 tedz’ Is!
+ Equation

Show eguation assuming:

o Ockz dz0 {ptvLxdePty jydadz"

- pt.vx)
hodHCBMIS] 3

. I Study 1, Time Dependent
4 e, Mathematical Particle Tracing (o)

= wal 1

ED: Particle Properties 1
ED: Release from Grid 1
@ Force 1

a‘(mpv )
dt
+ Force

Spedfy force:

[

I Directy

Force:

4 1/m 1¥gw-He2m 1¥(gy-gx) +o/m 15(pt, vy-pt.va) P fm 1 ¥ cos{w™=t)

+:2/m25(gy-gx)-c/m2=(pt.vypt.vx)

1 OHOR'SQY OL s@cpBlc@gtyupPmiz
Stepl: Time Dependent

Study Settings 1 Times=range (0,0.1,50)
l JUz2®21sj B ydmdzj dzdzv .

Home - > Compute

l 6 'RdauyltsL ' wWo dls: mw
GteOW ' Y dzO Partitlies ZTifaf@ctories (pt). [ dzw
dzj  slstc” B dzO, Istsdzz o d H Odzd o3ts
Results- Particle Trajectories (pt): RMB > Delete
Hlso stg’ Is!

(Is s B XS 'tX,).
Results ->Plot Group T 1D Plot Group
1D Plot Group 1 -> Add Plot T Particle
1D Plot Group 1- Particle 1:
Data 1 Data set= Particle 1
y- Axis Data T Expression = gx
Coloring and Style T Width =3

Legends 1 Show legends, Legends.egends= True,
1D Plot Group 1- Particle 1: RMB > Duplicate
1D Plot Group 1- Particle 2:

y- Axis Data T Expression =gy
Coloring and Style T ‘Color =Red
LMB > Plot

10
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1 Okzo Oy j dedarv  f tsls s yfizts tc d fig KOG d2dgY  Matbigtwajic & j 2 iz
Particle Tracing CohsEydedds. ddzj Hdzw HJWEdA L OHC
9 yY! shiz2Mmdzlsg & gzv {B'sHeZdE " fficsmls ' h d d3.

43.1 S stedMisOdgdz2" Domai n ODEs and DAEs ' dzglsj toW

Domain ODEs and DAEs ' dzlsj toW jed{fy dzO yJ dzd 2 H dzw fe
O dze j B to ®O Lysdzf g © 2 dz' HdWj telg, dz gt O dmizk Is'tc' dzdlzl J
BEHjel L fshistiess shpolssd’ KBBE " ~ to' o dzwdgdzw
ftesmMisstictses’ CoSHA BEFtcd » GHff Bis dzd 63¢ dzf BBO* 1
AJ dzaj dzedzr o d 3" tecdz LOHOYUD OV sl Oz Cd T &y
L cOn kEEdE@fELE " . | kjted dsdksd' B L et d
fsH BddR LOBORQY wzOL § D' dsodeg dgP.ls d ydzj W St
RO oMz dzd?2 o d & dzv H

“u+dw—ftx Z, U
SRl (t.x,y,z,u),
H J ftcOo O f Wikhylgd daOOdzj ¥ Old,d tots M lsupd@fisd d - C
hzZC Odzats @ s tess BHW L g, dizdsdO ¢ 5 Bsy kzIs L Odz,

fiesMststecsodr SCtStstcH  dzOIs.

[ dzW ts Hdd dz¥ o O dzdzw sO¢dna LMAH @y ploay sC@MS Of_t
" dzls j tc WDgnmif@PEs and DAEs , Boundary ODEs and DAEs , Edge ODEs
and DAEs ' Point ODEs and DAEs . € @ s S$elect Physics fsBzHBso
B HJ dz' Y tc §lg iRy’ delyptechdic® - ODEs and DAES
Interfaces

4 Ao Mathermatics
Hu PDE Interfaces
4 4 ODE and DAE Interfaces
ad; Global ODEs and DAEs (ge)
a'} Dorngin ODEs and DAEs (dode)
i Ewvents (ev)
jd; Boundary ODEs and DAEs (bode)
jd; Edge ODEs and DAEs (eode)
. ad; Point ODEs and DAEs (pode)

1 COHOMY j 2 fyes jdgOH O Is! sy dztf L flsH ' dzjsdz'e 6 &L
B &ZzOMlswr, dzO0 (e Byl OB' dz, O tjBtLOR

ltesLfsH' dzj dzgd 2 RBSHjdv e MlsOd ssySd fMmdl
ssys¢ ', wW¢ dOfd HsC, dzj BO° ofdkzdolkz Gt
JHAOSC o ftH Bddr dBsHjdvrs {ftyoOkitsed?2 Mmls
o " H l;’tetsfr]lslststsaq(EO):QO(IX)lS$|H3dng,IsII§1®@@d3;Isteo[ fiyd |
By ks BjLfsmPt] s s jWodaEysdedsds o j dzd uddz L
CsteH d 2O ted & dzOH dzO hodHC 'didsyj Ro fdslzdupds
s d3f § eTPsylzAz O W C O L Odzj #(H¥2). o' H btycd
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431 { SLYSH  dzjdg@ OdzejBtGO yYydz L OHOY' .

[ BLYGH' dzj 20 L OHOYO &syj o kv d iy i k
HgW jtejdzy' “ o Odzdz? 5 yOfkz.

1 6d C dZ@Hsiydz' Hdgts, d3BH v € 2 rclfladlsododzQ Ol &
YjtejL OdzG jBO Ydaj to' o dgv dzdz”
ré@-ar)- r(bp+g)+dp=0. (1)

14n02 fsyjm ot o @WB|OWE' Myvisdms odL dzOyC
Wt to d3lz qE®, ) =1+x*- y?/2. {BSLGEdVdzj Bs BJLSL & todalz
f Ote OB Is te d @ &3 to=dB, gzeR®, d=2.

it BLO OV . uBedziday RBsSHJdz oshmdz Hsodz Miss € 530
File - > New - > Model Wizard - > 2D - > Mathematics -
ODE and DAE Interfaces - Domain ODEs and DAEs(dode)- > Stationary
[ dzW tctsL 9 6V L Odadgw Odz6 j B O yYdetscfipls Og° 5 dz2® iz
(Staionary )H sfydz' H $tjdgedzV A { BGHdsyYyOMmdes ftcdo tsHJIs-
tsB yd mdzj dzdz" : BICOWNBASWwWOE SE@OISE®RROIsd ydzd d3 o
9GOz Odztiziz " HaBHJIS! Hdzw B' dz' h sfls’ L OH
tc' o dzv¥ dz' .
zBtcsL o OVBlRE @d d3' todz d 3§ 'dmw dzgw dzdaf * wl3iiste d dif L
tesL o3 tedesmisj 2 W' L dydzedes 94 dzd yd dz.
Untitled.mph (root): Unit System T <>= None
1l ¢ ‘Glibal Definitionsf Is o tsdclz URm@dEMeters
Global Definitions : RMB > Parameters
Parameters T Name, Expression =a, 3
' Name, Expression =Db, 1L
' Name, Expression =g, 2
' Name, Expression =d,2
I OB ddyYy' dstOod dad Ap(xyds’ dzdzd 7 L OH O2Is§ Isd
Home - > Definitions I Variables 7 Local Variables
Componentli Definitions 7 Variables 1:
Variables (Is OB dzd 1 'Name=p
T Expression= 1+x"2 - y"2/2
] dBd3j ste’ W dsxjHdzjde ' IECORRIBHEDG O Is O
Geometry - >Pimitives - > Square
10 LOBso yko Odzdz" &3 f Ot OB Isted G 9 OHtOISO L B
L Qo j t&hte jldny drj jdies £ 1648 '© dzdzv d3 BufildsAll Gbjztst \ |
Il sBlkHE2Isy ¢ M ISE L OO stcOd3Zd L O
Componentli Mesh 1: LMB > Build All
Il " HECted2Isj Ddmain ©Es dn® DAEs(dode) - Distributed ODE 1. ]
tctsSL HEq@aion vy °° f Odzj dz' dzOo jHjdes L OcG Odz' &z
tc* o daW dzdaz¥
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o Hu vg MU_ ¢

ut ut
H ju ' "ARBOW AR hEC Odets L d3' dedets ™ . [ B Cdrz@Ndts dglzO H
MOy sdz0tedzO,e, 40H, =D, c5C@®H ' 8] dzj sBtSo OWL C 59
Modzo jto (Lo OWLEZOOY) oM tHt dgjf IsBilgH

M 299" HABB g B@E@EDH.JHUOCdd yYyddetsd3, H®dzj H' Is' &
Domain ODEs and DAEs(dode} Distributed ODE 1:
Source Term T f=uw2*1 -a*u) - uX(b*p+g)+d*p

Damping or Mass coefficient 1dy=0
Mass coefficient 1Te,=0
{ SL Houatien y*' sets 11 dzOBEZH] odecdzwHE
4 Y Component 1 {compl) ¥ Equation
E Definitions Show equation assuming:
4 4 Geometry 1
[T square 1 (sg1) I Study 1, Stationary j
Formn Union (%)
iz Materials +daf]” F
F ,—% Dorain ODEs and DAEs (dode) dfz kL
ol Distributed ODE 1 S T
=B Initial Values 1 v -ource Term
2_l:|:1: . .
a0 EBquation View F o un2¥(1-a%u)-u*(bprg)+dp L2

I MC " dzv € d
L OHO9 OlIsd
tcsLoOwWL 8¢,

fs5"' Hd
G e Odzd Ydz') SdsE ds o dzj 1 HOt|'j Hialldy .  d3ts )
sMC ' d §dq

+ Damping or Mass Coefficient
dy 0 sim?
+ Mass Coefficient

s 0 -

5 f Bt hids owvedaddy  Sdisjts toa |

otsded odSsiedmlsto kzs

Odzetstedlsdz' 1! ebsdzO. [ d LO&zdhddds "~ - dzj L &3
l S tsdz021sj tsBYdmdzj dzdzv .
Home - > Compute
]l ¢ RdguytsL ' wodls: MW Ho o d d32mskEDGraum DY * aylHaOdzts d
Surfacel hts o3 Misdls! Ctdz stetsod?2 ctwOW' € Skl
2D Plot Group L
Color Legend - Show maximum and minimum values = True
1.2} ] ' ' - A 0653
1t 0.65
02
0.4F 0.45
gk . : _70431
0.5 1 y
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] tMlsOddy sik thicd @ ODdd R B ydzj to' o dzw dzc
H' 2 fmdz Ctstcj dz (9 Ctydg 2 stsyy"' ) . 1l d dzd ¢
Slsted 30dzd. AJj MSdOHdzj GJdlsOdedz”, ' dzO dz
1l 5w idey dits ftetse dzj A3z 2@ fesfmls' "' 2 L dRHERA"
fsdzv tosLoOWLS & CoOHtOdset to' o dzv dzdzv .

ltedC RQIsMdz Hd dits  Btse j e, OhOBOBL] tcxsL o 6w L 2 Is
L f sH' dzj dzaj O dzG y®s 20+ at-dpix, yj=0o dz¥ tizdzts totsL 9 O

u=a° . /p(xy). 1 JLlAd®2dzdz@ L zOYO' Is' v pxQ)=¥ By Bk ¢zt
] sC dzOH j B35 § Otc @e3]i'Is teB HeH jodgsy dmiyL e dzWw H OIlsd B J L
t SL OO0V . uBdzay’ Is! RBsHJ dz fsmdz’ Hs9 dz2' MiIs¥ Gt

File - > New - > Model Wizard - > 2D - > Mathematics -

ODEs and DAEs Interfaces - Domain ODEs and DAEs(dode) - > Stationary

Id d3¢ dz' Is+ t9 HdsHae[ERER tcdztsmisj 2 W' L dydedes o J dzqd
Untitled.mph (root): Unit System T <>= None
l ¢ ‘Glibal Definitionsf Is o tsdclz USRm@dEMeters
Global Definitions : RMB > Parameters

Parameters 1 Name, Expression =a, 1
glso stc’ Is! IsOB dzd y ¥ ZsC O dzd~ L d3 dzdzed -~ L ° L
Home - > Definitions T Variables i Local Variables

Componentli Definitions 7 Variables 1:

Variables ( Is OB dzd yName=p

T Expression= x"\2+y"2

] BRI W BBH]jdEZ ME@OEOSEBG: MY L BGHAE@ESGEES

Geometry - > Pimitives - > Square

LMB > Build All Objects

1 sBHE2I] L YOt dgistc Odzd L O L Oditso Ylz o O dzdzwv «
Componentli Mesh1l :LMB > Build All
1 OdzOh Isz21Isjy S W' y' ‘" dalsd d3OIsj BOIsd ydets™  d3ts+
Domain ODEs and DAEs @ode) - Distributed ODE 1.

Source Term T f=u"2-2%a*u+a’™2 -p

Damping or Mass coefficient 1dy=0

Mass coefficient 1e,=0
1 OHO22Is§ f s YyOls(Castmdzd LoadgOUd telifilty v g Ists 43! MW ff s
dzZOB dzd y J dzdzv HEs L9 OWL C k)
Domain ODEs and DAEs @ode) - Initial Values 1:

Initial Values T Initial value foru: =11
1S B8dz02 Is j dagay yd mdz

Home >Compute
l ¢ RezytsL ' Vv o dIs’ 2DPlotGroupSil O 9 z Sulkeel3], hs o3 Mmlsc
Codz! sesod?2 GctOW ' € ttsLoowL CEz.
2D Plot Group 1.

Color Legend - Show maximum and minimum values = True
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u(0)=1.1

1F 1
- & 1 A4
08k A 2.4
0.7f . 2.2
0.6F - 2
05f i 1.8
04F .
03k J 1.6
0.2k A 1.4
0.1 . 1.2
) oy 1 3

05 1 Y

0
]l ¢ tsdz®B s Mdzj dedzy L deh s fsyOlStsoaddy L dz
L d3' dzts®  LudeO y Poiedia? ODEs and DAEs(dode) - Initial Values 1, 0Odzj
Hdzw Istej dzz o OdzdzW H 3 O a Nedfs B & d3sf 1 ' SRROEE s & s dz
dzh d?2 e kzL sdzSwmdsMmdz' H Y j dzdzv
dlsotste' s/ HBHOISCBoad?2 obkL awddzadgBEC S0 dnA

Domain ODEs and DAEs (dode) RMB > Initial Values
Domain ODEs and DAEs @ode) - Initial Values 2:

Domain Selection T Selection= Manual, 1

Initial Values T Initial value foru: =0.9
c¢hts f sedzv dzlzIsd Ilmtial Mallesl,9 ZUsdgO § sB Oydlsd ,
fJted o Odzs@®erided 5 8l6ts o M° o MlsOdzts o dzj dz o dz
A daizd, WC' MbsBtejsdeydhdy Gy [l dz) o Iz d3tiztizd dzd
dztso d 2 dnitial almes2 Istcj B O od&¢ dz¢ ydisd L HJ te]
codSitstedmistsolz’ Is! MWSkidy tcd HBMdz' H Y J dzdz
Study 17 Step1: Stationary:

Physics and Variables Selection T

Modify physics tree and variables for study step = True

] rf ., w e 9 ' HIS toifdj tsj dgddCHCEdE), 5 InitialoVialuets2lz
H]OCIsdoealkz?2Isyj 256 ts, @ bBahldzld dzh. ds dztf thls © dzfs f Up'-
odCdzs yjdzd B L ftsmd Hise desfyls’ § Se3®ffpez, H Y § da
Study 1
+ Physics and Variables Selection
4 £ Domain ODEs and DAEs (dode) _ _ _
I Distributed ODE 1 [¥ Modify physics tree and variables for study step
o Initial Values 1 (E) Global Definitions
F Initial Values 2 4 T component 1 (compl)
5 Equation View 4 = Definitions
£ Mesh 1 a= Variahles 1
4~ Stydy 1 4 3 Domain ODEs and DAEs (dode)
|~ step 1: Stationary & Distributed ODE 1
[*m. Solver Configurations & Initial '-.-’aIUEE 1
. Initia Lasg 2

vjfJt Msotste’ Is! H tc z cStLdy . 9IZLlsdz CHBMdz HY J d&
Untitled .mph (root) : RMB > Add Study = Add Study ->
Preset Studies - Stationary -> m

Il [ Lo6woe dBtudy2 g BLrysdgdzj dzdzv , tde Yyt 29 Odz
odCtstedmissozo Olsd ff syOls ¢ dratial Valued2D y j Bztdzv o L
i J tcd 9 Odzls Olnital’ Valadzl ts dz

l StsdzO2Isj Htelzcj HBMdz HY J dadzv .

111



Study 2 : RMB > Compute
Il rdowedls! MW Ho o d d32DRROGraup@ W ‘¢ ipd@ ' cytedr 00 ¢
Surfacel, hs 3 fMmisdls: Codz sty d26lsdstd ERD'dAS ¢ ti
f syOlIlsC 59 tsdjlg =09020 4 dzdz
2D Plot Group 2:

Color Legend - Show maximum and minimum values = True

u(0)=0.9

1] - 4 A1

1
0.8
0.6
0.4
0.2
0
-0.2

-0.4
V¥ -0.414

o

w
Trvr1rrrrrrrrru1
Lkl i e e i i e

' 1 I

0 0S5 1
stydd? L oodL BEL (KBOY (otfftedl p=x2+y?) , Is s d3lz
stsy{00) seEdHo O Lo dwWLSd HBt' oftf)sdsO’ k.
u(11)=1++2°2414 " u,(11)=1- V2°-0414. 1 & d&z0 YOS 5o ts
fsods Mis¥ fjtcjBZHEZO OZO ftsdzj Ctstejdgv C 9 OH
zB Bt aodgwIsd tslstcd d@zOdz tesLobdwL €, 9 C
Csdz ste’ o .
2D Plot Group 1 - Surface 1 :
Range i Manual color range = True
i Manual color range i1 Minimum, Maximum =-05, 25
LMB > Plot (oMY dzd 2 tedkzdss o stkzy
2D Plot Group 2 - Surface 1 :
Range i Manual color range = True

I Manual color range 1 Minimum, Maximum =-05, 25
LMB > Plot (dz0fls 2 § dzd 2ff tecHpfijAatzte
10 dz2Ombsizf sz tedmikzdzS 2 y' GcteOW " € d dzO0o j HJ
u(0) = 1.1 u(0) = 0.9

l_l

T L T

1A24 1F 1AL
0.9} g i
0.8F
0.7
0.6
0.5
0.4
0.3F
n.2h
0.1
CI-I

2.5 0.8F
2 0.7k
15 0.6
1

0.5
0

1 05 i
|- "1 D_I

2.5
2
1.5
1
0.5
0

_ -0.5
. ¥ -0414

1
0.5 1 0 0.5 1

0 .
zCOdzO Ctsdz! ste' ® dzO Hotsm MisOdzdz’ 7 ctOW "' €
' Htc' L dgvs ls! fipw , b dzj dz'atstelzq°1&&é+lzyﬁtsacmzls

f tc O UMYX +Y°.
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f 58 dzO L OH Ols d dz) sHXzZ@E s o stgOlsdzdE®
totsL tc Orn ZEECAdsDfiES * . UiSH' oL OGOd © dd~ BEH
Ctstej] dzg'Bac OO dgalzsc s to" o dgw dzdzv . 1 Of tod € dzOH , H T
okLtsdz fsyols¥ o dezzigdlsdmwy &k o jterdz 2
CoOHOIO) .

Domain ODEs and DAEs (dode) RMB > Initial Values
Domain ODEs and DAEs @ode) - Initial Values 3:
Domain Selection I Selection= Manual, 1

Initial Values T Initial value for u: = 0.9%y<0.5)+1.1%y> =0.5)
ztsB fjth ] °  HBSuE) 14 tShdz’ 2 dzj dadas’ dzd Gzdziny, s
L f sMmdz' H o dats Mls Initial Vlues & dzQdegY sozd fasetlle O~ H s 0
Study 1 * Study 2 & o Iz Stelp® Stationary 8 ils Odzts o ' Is* Motify te j d3d
physics tree and variables for study step, s©O© 9 9 Hftseo HA
HJ OCIsd e Iz Midg VadulsB,ts d& dzOy dzlz o h @ Difdble. € dztstf y
vsJijtc HBHO2Is] okLtdz Istcj ISPExEs HBMAzZ H Y J
Untitled.mph (root) : RMB > Add Study = Add Study ->
Preset Studies - Stationary -> m
Study 3 : RMB > Compute
2D Plot Group 3:
Color Legend - Show maximum and minimum values = True
LMB > Plot
lzH] YoBRZHBOMd?2 dOMISEZy dd?2 ctetOW ' ¢.

11k 1A26
1+ h

0.9}
0.8}
0.7F
0.6
05}
0.4}
0.3}
0.2f
0.1f

0OF

-0.1F,

0 0.5 1

lw-00a8
1

l'"'dz dzj HBMdIs! stsyded?2 o ¢ tsdz tctsL H' dzt o C
fsd3ddzC O LOweddzOMmwY Htod o' HSBOY j dadz 30 ¢
1 sCtcOh dlsd tojLlzdz' sOIs By dzO, WwWEhts G jsd3j Ist
WeBEBBLH Z{e@isdsd BotfByRKkSo .

Geometry - > Primitives IB®zi er Polygon
Geometry 1-B®z i er 1Fl): yMB »Add Linear
loajH"Is! CotsteH J@&O0B)Y' §Hy@sESBsts yYyss @ " Hte' L ¢
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+ Polygon Segments

Added segments
Seament 1 (Jinear)

Add Linear I Add Quadratic I

Add Cubic | Delete |

Contral points
X y
1 0 0.5

2 1 0.5
cShts sjfjte ftsBEzHLEZOLOISYO tadedyjids tcuXdgd iy " OISO d3 &
okzLdzd slstcOf dzw s dzO tetsL H' dz¢t 9 Odz! dzd2 o' H
Component1i Mesh1 : LMB > Build All (ZOM ] dzd?2 tdikzdatsS oz o
1d ¢ ts8dzQoQig@BLY d Mmdzj dagew o s B ptzd d©3O° Isj] Ctc] € Isdzd
Study 3 : RMB > Compute
] CGtcOW ' y@b Rlot Grmp s zH | ftsBizHBSo Odzd?2 GCtcOW
ZOomskzf des Bz ted MizdzC & f tc Qo stz Y.

A 241

=

08F 2

06F 15

0.4F 1

0.2F 0.5

0
¥ -0.118

[Is%j dz@9 ' Is! o GHdsBEZz B YdMdzj dzdz  dEtsy dzC
L fH" dzj deset dgj &z' dz 2dzse s ' o dzv dadzy.
100 jHjds hj wSHddz fttdl dzOH L fsH' dj dets’
dzj dz' dz' 2 dzj o' o dav dedzw ff jtoj detslz

K g =0, - o <x<n,0<t<an

it X
Lf 5YOIs¢ 59 58 u(xR)BEE)SEVA OH RPO  0Odz6 | BB O d'ted & ¢
wed2 LBBOYE' 5! Mwudsj(x gddz tos o Ady Bz’ @z o OI
Bsy d20 M sl Bamgnls PDEs and DAEs H d dzOd3' ydzz d3tsH j dz
odSitedmlsOIlIsd yJ4 dzjwodzj o' o dzVv dzdzv .
1 t6d C ®RQHEdz' 1 d B d3s rg(u)dzg, fous' WEBRo OW Y j BB tots
OdzG j B e O Ydaii=ufx- @.ce, aetdzy  Hj  Wig(egSiy ' dz' Is dzO
9dce dzv H

0k

&1- co2px)/4,0¢ x¢1
uO(X) :\I t )
i 0 ,  dzO0€
it BLo OV . uBeziday RBsHjdz ftshdz Hse dz' Miss € t5d30O
File -> New -> Model Wizard -> 1D -> Mathematics -
ODEs and DAEs Interfaces - Domain ODEs and DAEs(dode) - >

Time Dependent
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Id d3€ dz' Is+ o HdsHawfslgkds’ dzsmisy 2 W' L dyded -~ o J dzd
Untitled.mph (root): Unit System T <>= None
dlsotste' Is! sOBd&zdyr  OttOd3d stc’ o .
Global Definitions : RMB > Parameters
Parameters T Name, Expression =c0, 0.25
Parameters 1 Name, Expression =cl1,0.1
dlsotste’ 5! Uiz Q" @ ¢ 1 e UOUSAs COaizy dz
Home - > Definitions I Functions i > Local i Piecewise
Componentli Definitions T Piecewise 1 (pwl)
Definition I Smoothing = Continuous second derivative
I Size of transition zone =0.01
i Intervals j * = ° ' "z StartEnd =01
i Intervals * = ° '~ z Fufftion =0.25%1 - cos(2*pi*X))
[ § y Extrapolation =Constant , W € O o MisOdztso dzj dzOd3,L O
sL &zOyo“ , hts L0 o' Hte' LSt (0, 1) y
L dzOyd dedzg? d3d dzO© ¢ " dzyv -, IstsBlsts dzlz dzv¥v d3d .
LMB > Plot

0.5

0.4F

0.3F

0.2F

0.1}

0

0 0.5 1
1o jtods Is! ko Oekz dzO 8Brjoothinguse ddH 3 BOH @adjigy s y '
Jd BRI v BsHJ dZ' )¢ HZAOHEDE B¢ "My L2 tsdHiskis 6 t
Geometry - >Pimitives - > Interval
Geometryi Interval 1 (i1):
Interval I Right endpoint =3
LMB > Build All Objects
l sekHnizRpy wE (BdE IsC .
Mesh 1:
Mesh Settings i Element size =Extremely fine
LMB > Build All
1 OdzOM Isk2Is] § OtcOd3j Isted dBOIsj @ZOIsSd Yydzts™ dBESHJ C
Domain ODEs and DAEs @ode) - Distributed ODE 1.
Source Term T f = u- pwl(x - (cO+cl*u)®)
Damping or Mass coefficient I da=0
Mass coefficient 1e,=0
1 OH ORuEsYOIsC s . L dzOyj dzda
Domain ODEs and DAEs @ode) - Initial Values 1:
Initial Values T Initial value for u: = pwl(x)
1 OkzOh Isk21Isj O firpts onddats fry daids | ttdo~Cdds € Iz
Step1: Time Dependent
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Study Settings i Times =range(0,0.1, 10)
T Relative tolerance = True, 0.0001

I1d S sdz02 Is j dagay y d madz
Home >Compute

[ BYydmdzj dzdgv B EZHIEZIs! L Qo j teh j dz' L o' HESBE
LOowodls! Byror Lo bAtsats sj Sissds (§° Mdzv L OCtedlsls
4 "~ Study 1
E Step 1: Time Dependent
4 [T Solver Configurations
4 giurlutinn 1 = Error
o Depannt v s
4 |y Time-Dependent Solver 1 Time : 6.331886265510118
Direct Last time step is not converged.
Advanced
== Fuly Coupled 1
4 (i) Idl';fn_rr;étin-n-i
€3 Error 1
1 Y50 HdRdgLdes ds, hts teBydmdj ddy LEk§dd
6.381886266510118 . ztB LteSLbE® Isd, 5 kOl ddsf
COW ' Cd Lo OWLSE HEB Y Sct &SteRildng . )

Dependente ff BriEs 9 C steslsdlsd YOMs6A.2 ¢HAzZjO " Ofg dslxiz
tc' h jided@fis ts )z o Cotg@ondiioniz L .dzO

[ d dz0d3’ ydz tc SCOMBOLL Nubipbygics' © OH Of Isd o dzd d3( .
MomksMmis” 2 dzets tsBdtcOb Is! Ctes¢ s yomkz o L C
HESH J to) 28 Is4 frfWic mlfddn ts ootdfrpld0 dzts 0 dzj dzts e ts  dimey O M s o
o kzL dzBtep 1. Time Dependent s ts dzd csLoO0wWL SC L d3' dz

tcsLobwWLEZzo Oy LB dz h 2° yomsed?2 Sttt dz0
tcsLobWLEZOo Oy L3 deh E2° CtetsC fs yhykz. ¢ tsfddg
tesLoOWLtSC ftow sz’ Hts daj MS " deyd dzdetsfmils” . 2 ts
ofmjy L d3d dzh k2° ‘ Ldzgj dzh 2 CtesC ° id By j Bt

YOk MO’ LOdROHIE &Oddd. v OLJdd, Ty isgs
oW sz o @dzdzs 6 L C & wHishls g dzcfzdw oy sE 5 o

L Ot L jtco 59 Otim@estep | eBsdzekz@ dz0 yYyOmso MEER isH !
fjtcjo twisd dzO € sy desd3lz CStopsQgridiionts ts L g 6 WwL Sl ot
sty BO, LEZyfddwisd tsBydmdzj dzdav .

1 OdzOh sz s twsL o oW L zo Oy IsO¢ dCds drafilf daiz@s,
timestep MIsO’ L OdzOH stEY RBYdzsE s Sty 16T REMer
Configurations i Solution 1 - Time-Dependent Solver Iff tslstc’ B dzts H SH Ols
Stop Condiion , © WOtz LOHOIsd Ekdiselz Lk ddz (.
Time-DependentSolver 1: RMB > Stop Condition
Time-DependentSolve 1 - Stop Condition 1:

 sHORBBokz L k¢ ddS d, dzOIsdSpzispresfionss L 5 dz
ftcOo z € detsSffef jztec ‘dig[*h "L o d f OH datsdd, s ') tf edemyS HZ'
Stop Expressions 7 Stop Expressions =timestep < 1E-5
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= 5Stop Expressions

i Stop expression Stop if Active  Description

timestep< 1E-5 I True (==1) j [+ | Stop expression 1
Output at stop ZAdd solution = Steps before stop
1 dzOy J 8mgew before stop oS tstcdmlssolz’ Is! fmyw H oz
tctsL o O Bdgztiz? dzls yOMmiz," jo sligdad? o k& tsaddD dz

» Qutput at Stop

Add solution: I Step before stop
[¥ add warning
l1jtejsBydmdz' Is* L OHOYlkz.
Home - > Compute
) G 'RdgyltsL ' W o d Is+ IpwPlotdGrodpt1@Q 9 Iz LinktSGdgph 1, wed?2
B Msdls! cOBopEzdBYLIKBGES.
1D Plot Group 1.
Data i Time selection = Manual
Data 7 Time s (1-65)=range(1,10,6 5)
vkls HdzZw YssBEkzHtoead ctOW' €' o d3d ts650dzd
w g L Off tddsdfLtsodBlvoLCme O .
1 OzOh Iskz21Isj MIsddzr Ctededr ° dzOCOY " " Is! o' HE
1D Plot Group 1 - Line Graph 1.
Coloring and Style TWidth =3
Legend i Show legends = True
LMB > Plot
I wjLEzd 5Ol od tslsteulxgoy dsvj dgad@Vdzls do YWzQiEf
9 dzj ¢ j dzH ' .
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1

0.03
0

2 2.5 3

J 1 A @ slyis iy b & c
s

0 0.5 1 15
c¢ BOYdlsj, Gtej B ' dg n 9
dzOL HisG sdgv * . 1" Mpdzv  Ists@ 15, we ftcOQoad?2 Wit
noddz ftoddz dzf b H Yz pPpwmjlsde ! sdikz s JfrOH ¢
SHdSL dOowgEs My L S22 mMdMmlsj O M syOlsSkz o
fsddddzC 2,iL@f d@e OL sB yd Mdzj dzdzv .

[ dzv Istcj dzlzo Odadz?  tsB kzH Izt gi3sfstc ) |j | deeSd aE@dedz@ v
u(xt) sy dz0 o @B W g[jipiets  WPaadzfiE  Extrusion 1D, wej
HSLoBdY ' §OLOdkjlkte yOmkz (OBt BEH! WC(d?2
HSHOCtsokz ftosfmisstesolz CttSteHdd&zOEZ. dlott'
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Results - >More Data Sets-> Parametric Extrusion 1D
Resultsi Data Sets- Parametric Extrusion 1D 1.
Data 1 Dataset = Study 1/Solution 1
Data i Time selection =Manual
Data T Time (S)(1-65) =range(1, 6, 65)
10 BOL Mlsetste] dzgsets v Rsy dzO0 f sRekultdz 9 Ols
Hotsodd3 tcdzz cG.tcOW ' ydzz ctolzf kz
Results: RMB > 2D Plot Group
2D Plot Group 2:
Data T Dataset =Parametric Extrusion 1D 1
Plot Settings I Plotdata setedges =False
l CGlioHzfH O21Is] olma.sdz Isdf Ez
2D Plot Group 2 : RMB > Line
2D Plot Group 2 - Line 1:
Data i Dataset =From Parent
Expression 1 Expression = u
Coloring and Style T Line type =Tube
I Tube radius expression =0.02
i Radius scale factor =1
i Coloring, Color =Uniform, Black
L o RmedfMso stc’ Is! Héfight H Bxjaressivruz .
2D PlotGroup  2- >Attributes - Height Expression
2D Plot Group 2 - Line 1 - Height Expressionl :
Expression 1 Heightdata = From parent
Axis 1 Scalefactor =1
I ¢ 5dz02 Is jPlof' s diaiimidzas©2 sy cteOW " €

PG e — G

10 y' sdkz t©dikdSyk * o C dDH jodeskS f OO Ists Y.
f

fsBlzHtso Odg
dBts dsJ dzls d .

lesYyjMm ok Redd odédvHO' dOGdYHM "
sl o dufxt)I 2 yOmB®iS | BE MOkshis' 2 dts.

| { cOp®OL 9 dofs'LIsidzY dzlz I® if € us@H| Nlgtd,edh2d § sy O 59 d 2
noddz , dOftds dZOH, kOSd?2
e2x(1- x),0¢ x¢1

%MI% 0 . dzo!

d ety dagBtc QYdEFsj' dzdatEOW ' ¢ tofs
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fdtpgssHiglezie’ d3 L d3" dz2d odtOL zdz¢ y° :
Yyofmtse d2 ‘dzls,jStte;pjl:GFMeepeelfldemt(uszB‘dzJ nodd w
BkHj] ttkaOlsdmw heoaduhj LO °° ' Hdz >1>1W

COMSOL Multiphysics BEHj] od¢ dfdda»e d W
~n 9 ddz dzd Mis Odzi(o oH jisidd P dzid ey~ y!' S
BC B

dzj G3dsy dzdo° yYJteg L BOGGIstSLﬂzOIELd;I‘zfr]bsdu’@ 09
OBts LdAijdzhdisd (" " H' BteOoah d) dzls jSpp Odz -
Condiion . | Hioclz G s 3z ac{l]’OHQIz 9 O3, 9 e HA

f syOlCsolz pw(eeC yOHOohd hdthd?2 dg 3 o tots
4 td ~' Hdzed 2Size obidansitoa Czdne =0. 1 o Mis Offzis s §f td ¢ O
Smooth at endpoints = True .

432t sLftsH " dzjdg HIWjtcjdzgy' Odzt dg' tc' o dzV dzdz™ .
1 ted C IQHR ©O2 ‘2 HdBOM f jtoj B A'Bde' wW&J yso ddedsyj M
tcj OCy" "’ Zlso tstos & IsD. disoHzs ditsj ytshotsf dzlz € 5 dzd

cjusoddd ¢ ' GHESCt B Giss®) vgdoodiz |
) sYOkC o' ChuMpjcdgusOdd ¢, ' OlfBlaEHss O §t
U fsHED lsiasts' ode ¥ .tctsyjf o HBEo O' Isi fw o

yddz dzH ted U dzts B +HEACIR)P (B0 G [ 5H Oo Odzdzdzy Y to
GjLjth @, "zo Odzdz?v ' HdWWEL'® tjusesdd d
BOCE dzj L B dzdz® * o B(x f, §HT, 4k jz(HO 2) (RO xi- 4. ts dzts o3

14 maRXyzt)f sL dzOy0' SCtdayj delstcOy' ¥ (D' Hdzs
USH' L Eddse LOHOY' odfid&zdes@®@ddediyts &BB B33l

6] OCy" ¥ %dr]tisdzd]"q’dy:ts W'm%tsisddzddyz 8] AUjts o & LAZEO Y O
"s HES 0COLOdGSEE &S B) c@js—lzgu o O f bzts iy dBstEd e

m;usad@g-%qla"Hdztsfr]dzlsGts ts BBOY' clilzi dEy uts aLdQiE(ts dat

BOMm tlteddlz B3 HdW jtej dzy" OdZJ dzj to' o dz¥ dazdzw
Sk )Ge. -@8@ 48 (1)

H]j 9tOAte Odets, N s haqHQ fr]lsJ n ' T dztis’ts B s s

K=K(T)* WkEdty' ‘¥ kj&BfjtcOkzted.

AKjJroadyoO2dzy HWJjtejdzy' Odzr dzgj to' o dzw dzdzv
stsux¥y,z), Bt otdts &3 Misdls! fJshstsss' (Bt
o dL dzOUJ dedz” EFTBYYids Olsfzldmdyfj Bd BO' B3t L {5
HWJjtej dzy' Odz' daj te' o dg¥ dede" .

{f sLedzWdz] d&3s B J L tetsL d3° tedzz d3sH § R=LH =3 5§¢ dzC
K(T)=k, +k(T-T,), k, =1,k =1, T, =273C, k, =10, C, =0.4,C, =0.2.
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it BLo OV . uBezidaty dBsHJjdz2 ftshdz Hse dz' Miss € 5d30O
File -> New -> Model Wizard -> 3D -> Mathematics -

ODEs and DAEs Interfaces - Domain ODEs and DAEs(dode) - >

Time Dependent
I 3€ dz' Is+ o HdsHawfsigkds’ cdzsmisj 2 W' L dyded -~ o J dzd
Untitled .mph (root): Unit System T <>= None
dlsotste' Is! SOBEJUE O OBOM] sk’ © dZO Y J dzdzv .
Global Definitions : RMB > Parameters

Parameters T Name, Expression =R 1
I Name, Expression =H 3
I Name, Expression =kO0, 1
I Name, Expression =Kki1,1
I Name, Expression =KT, 10
I Name, Expression =TO0, 273
I Name, Expression =CA 04
I Name, Expression =CB 0.2
glso tste' Is! S@()zvuﬂ:@l # &7 H 2O Ids H * dzj dzdzv s j oBY J o

Home - > Definitions - > Functions - > Local - > Analytic
Componentli Definitions T Analytic 1:

Function name=Ts
Definition I Expression= TOHKT*Z*(H - 2*(R"2 - X"2-y™2)
I Arguments=x, VY, z

[ dzw C s dzls te ts dz# fsBkHEZ22Is§ GteOW " € wlzdzG y*
Otce zd3j dzls' o .

w Plot Parameters

i Argument Lower limit Upper limit
-0.5 0.5
-0.5 0.5

LMB > Plot

295

290

285

280

275

1 sBkHE2IS] G6J B5d3J IstG L
Geometry - >Pimitives - > Cylinder
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Geometryi Cylinder 1 (cyll):
Size and Shape 1 Radius, Height=R,H
LMB > Build All Objects
1 sBzrn&EQBjIsC 2
Componentli Mesh 1:
Mesh Settings i Element size =Fine
LMB > Build All

1 OdzON sk2Is] f OtcOd3j Isted hBBsH | &
Domain ODEs and DAEs @ode) - Distributed ODE 1.

Source Term 1 f = (kO+k1*(Ts(x,y,2) -TO)XCA -2ulR)*(CB - ul3)
Damping or Mass coefficient Tda=1
Mass coefficient 1e,=0

1 OHO2Is] dkzdz s9 ' (f tsdeDIs§ fgls O dzts gz gzlizday © L Od
Domain ODEs and DAEs @ode) - Initial Values 1:

Initial Values T Initial value foru: =0
1 OdzOh Iskz21sj YO frpts onddats fry dalds jtitd~Cjde € Iz
Stepl: Time Dependent

Study Settings i Times =ran ge(0,0. 2,10)

i Relative tolerance = True, 0.001

1 Cts5dz02 Is ji daday yd mdz

Home - > Compute
[ O2Isfzo®®® ", hts BBYdMmMdzd dzdzv Istced o Olsd d3gkzls! H

l ¢ ReagytsL ' wodls! mMw ¢ 3Dt Guaidgdl L ¢ to AAfBed o3

wed?2 3" Misd s Clpg Qi 1€ tsEd® W 1o Whtisits dz . Isd § |
g 5y OolstfHzO dz' ISSliced 2L sdz
3D Plot Group 1- Slicel: RMB > Delete
lts' &3 L O3’ MiIs+ dz! Mufidee Miso st6’ Is! o bkzL Bdz
3D Plot Group 1: RMB > More Plots - Multislice

C

Multiplane Data i z-planes - Planes = 4
3D Plot Group 1:
Color Legend - Show maximum and minimum values = True
LMB > Plot
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V¥ 0.334
] cBRiEtcOfL Odzj ¥ etsidy ] dzis s Py oDdJodzdn yOMbkz o +
ssys On.

4 syOlbockeuiy jJ o dzs H Odzd & d dzJ¥ 14 EifyvdzlS wda® ez O dzd
syt ¢
Data Sets RMB > Cut Point 3D
3D Plot Group 1- Cut Point 3D 1:

Point Data i Entry method = Coordinates
i x= 110001
i y= 000000
|'

i z= 005230515
LMB > Plot

Y & aveavar
H‘ ST s
H
1 sIs* &3 Mo tste” Is sH dztso d d3' tc dzlzPoiat @&y * , y dazC dete
BkHl odCttedMmMstsokzoOIsd yJ HYJt] dzs HOdM]-n .
Results: RMB > 1D Plot Group
1D Plot Group 2:
Legends 1 Position =Lower Right
1D Plot Group 2: RMB > Point Graph
1D Plot Group 2- Point Graph 1:
Data i Data set = CutPoint3D 1
Data i Time selection = All
Expression 1 Expression = u
Coloring and Style i Color, Width =Cycle , 3
Legends i Show legends =True
LMB > Plot
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0.5F

0.4F

0.3F

0.2

0.1

0

0 2 4 Time © 8 10
CChs fdudoqlsdfy HE WhkdCy ' . wCO Bydhc
T(xy,2)=T, +k.z(H - 2)(Re - »*- y?),

s 5 f 58 Oyd d31,0,0)=T(%0,05)=T(0,0,3)=T(1,0,1.5)=T,. USH'

K(T)=k, +k(T-T))=k,, " to' 9dg¥w dedz" (1) (dzOBERZH] t5H da

Istsqggdéﬁkoc'%:-@&%-—oilsxc; ' gL OWLCd Y BEI
¢

Bllsd BHdZOQISE)C{dZ,d o yYydr bycon (yslkdted dz
CtcOW ' €O oadfdzdo®° Mt yj dzgg BOSC. 1 0MftcOot
sByYydmdzj dzdzv, O Istsydz'. " jo CtBtsL B'Ctgts ) dsC iz i “tolds
(e dSBRO2I] yYyj MmMoOBsMmis' 2 dzts) sts Ctdo tc
eOL', hts yoOfMm tBYdmdzj dzdzw L@H@l{ L dzO y dzts

[ME" &z €d ~" d3 YydzO OGSy w 9o GCtsydz 2 Ists
stsyts ¢, sts Ctdzyj disdcOgzZ ? sy Hz0d digfls to d 30 Is
cdezdz o d a3 Wi & Cy¥ tKH(,) B2 BB UdMdj ds
stsyy" s § OB Jrte®s ziste j damou@{dpdrd dsts  ult)z alzC 'sEry Yy
(1,0,15), ttsLoa6wWLOahd o' HYe' Hdz Hdv y'
s BZFOdkzsets sLoowWL C 2.

[ BH Od3ts o¢ W3t HElIGkE @DES and DAES CEdBOdzH 5

Physics -> Physics - > Add Physics
L 9 HCtodo gtz WaldPRERe o dB jJto' Is! ¢ " d&zC Iz

Mathematics - ODEs and DAEs Interfaces - Global ODEs and DAEs (ge)
o' Y CdzOydzz o h d f 5 O6Gzic @ 2 EBfctPhysics 9 dgtst Qs &
tod Misd Stddsg ISOh s Odzd &3 s e tste” OO SR Y.
1oJtedz Is! EZeOckz, s dz20O cedzseodz 2 * dzMmliste
Global Equations.

l 1] Mot dieksets abkL zO L OHO2Is] t° 9 dgV dac
Componentl (comp 1) - Global ODEs and DAEs (ge) - Global Equations 1:

11 T

Global Equations I Name=w
Global Equations T f(u,ut,utt,t)(1) =
(kO+k1*(Ts(1,0,1.5) -TO)XCA -2WR)HCB -w/3) -wt

ztsB L @gmdedd@zO HGSMIlskzy dztse, L dzseoz BB Yydmdz' Is!
Study 1 : RMB > Compute

1 Okzo Oy j dgd@H Oylz Istcj B O M Od3jCompusey d Bdzdidg d tsSatsc
¢ 5 &30 dapdatée Solution.
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[ & 9o D PaEGroup 2H s H O Hiw jiz Lits ddlodald. § &z
1D Plot Group 2 : RMB > Global
1D Plot Group 2 - Global 1:

y- Axis Data T Expression=w
I Description=w1,0,1.5)
» Yy-Axis Data = G-
! Expression Unit Description
W w(1,0,1.5)
Coloring and Style i Color, Width =Cycle , 3
LMB > Plot

0.5

0.4

0.3

024+

0.1

0

I GtOW "' ydats Bz o' CdZ L
" fdzzs yd e, L lsOh 5o Odzd
) Okzo Oyfj 'dadated yv o Wisted'  ¢(600)(4605)k008), sty
(L015)L d3j dz" dIs* v, WwCh y' IsySd o' HEGOL Iz f

8 10
6wodls: MW dase O Siog
T odzdL k2.

05F

0.4+

0.3F

0.2F

0.1

L L L L
0 2 4 Time 6 8 10

44.1 J 3sdzgmilstc Oy’ 2 dz’ ftcd S d&zOH (.

441. A vteddzOdzS soad?2 dBjrOdz Ld3 fts vy jBdh jok
[OljBOIsdSd 19 MmMsdz' slsw fHtedH' dzvwdzd B OGC
BBy nOdz" Ld3" 9. 1 tCtcj &3O Is jdsgdey 'we vyWjBAChy' 02Q Wikt
® Hnmnddzw ¥ Is4 Mw 9 "' H dzlz dzv B3O’ e ts° Ctste’
OCIszOdz! dz' Mils' odL d2OYO' Is* MW Lol Bd tofs
ftiosdsdmMdzsodr d3j mn Odz" L o3 o, odC sdzOo ' stcc O
Is j -~ dzts datetd S B5dzd Yyls o O.

vted zOdz$ tso d 2 B ~nOdz' L i3 ME zOs PAEZBEGHO® [ ¢
sBJjtelsO’ Isy Mw dzOo MisiRAsts 515 € d N, HIR(daO4, ABS BC
h Qtedz' tedets L' “ HdzOdz' o Itsyscon ¢ ° 1. [ OdzS (
o Ity ' i3jith.0dz’ L dB3zO g @ d¢ |j o @fedsjHdsjody JRID, W Cj
W'  CMmMseOdzgd?2 CEkIs L AB LODY @)y gtz dzh & §
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h Otcdz todets o' WL Az 1 OH &Q@&S isdzy 6 O o odl
tczrz BYS$d

02 kiyS o [ EoyldCEH ottt dodzQfls . | sa dzOy
5OC, w¢ fsCOLOdM dO ttdhmkzdSkz. 1'HikOd

1dn
b, c
f tsL dzOuo[c@]s MBEEY ddlzi W jdag Q@ IsBBBPtgj L 2B Istsy!
0 BsckO fis2lsd csedLsdsOd dzj Jjf sy dad
o ¢ 5dzOdadz” M f d+d o=b+a.dztsh | dzdz"

[z L5 dzded R QBBtGHdO@@ISABIC;&dSJSl&Jng(dZ@fQZIE
f 51 dzO Whedgra ) AB=(b,.b,), BC=(c,.c). cS"t Ckls fott
OAf 5L dzOyd lsnf fTfstejL

a, =acosw, a, =asinw. (1)
soxddd o\ BOPEW ®E . UGBk
b’ +b*=b", c¢’+c°=c’. (2)

) 5L dz0 e (dBD,)/b sH d dzd ydzed Lz L 81 js® g s@H  dzd ydzd 2 o j
2l f §teff j damng]jStdejer te Hg IR uts H
BD =(BD,,BD,)=r (- &€ cosw +n'sinw),
OB 5
BD, = b( b, cosw+b smW) (3)

BD, :%( b, cosw- bxsinW). (4)

ste' 65 k¢ OA+ABRBCHEC=(d,0). | § B¢ 6 aHAfdoazE s
BO' odddvH

a +b +c =d, (5)
a,+b, +c, =0. (6)

{14, o j oz wcdazdf 59 6 W L Odg 9 daj dz' dz' 2 dzz My
tc' o da¥ dz (2), (5), (6), tcsLod6wWL Qahdd w¢
D(D,,D,)L O V¥ tst6 Bz dzO d3q

D,=a +b, +BD,, D,=a,+b +BD,. (7)
10 fjtehd? f 56 dzW H LHO' Is! Mmw hts Hdzw d3t
odCtsted MisOlsd Tind DePelden@GiatflODESs and DAEs ' dzls j toW j 2 fr
dbdzy MmMdMmlsj BO ' o dgv dz dzj dz' dz' 2 dzO H dzw
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‘jteOy 2ded?2 Odestedlsd, YCtshkz @ Glea ¢-
O BHWStHOIZY oM ~ dBsd3d dzls' 9 yOMmMEz BEH] 90y ¢
" Mdalz H 5§ 5 dRJisded{2y dzdf DAadagzGdeep. ).( 1 o 56 5

L OMmMissmbo @R s mv, h ®H @ Blo@diB) bcmw |, dzjd J te
tg L zdz IsOls, Slstcd 30 dzd 2 ,dEs Lt EA H®] Hs ez d3izv € ¢
L d&zOyJ dzdzv Hdzw  teseddh * 2 s jit@@iyPy’'. o WwEtsmis'
od C sted Mis Olsd Whkid®© daPAHe sfcsiszBteOlsd o HOdZ f Y
HdzZw MisOclssoa et ftsdztsy § dedzv d3j ~ Odz' L dzgz. 1 t51
b.b,,c,,c,BEHEIS! BJEOIdMw w§ tesLeoedwLCd MmdMm

y X
fsfjtcoj Hdg @3z w dzOyj dzedz’ C kIO
1 tod € deQo' Ba3ts H | ez'O yGldbal ODEs and DAES dzls | teW. | 2 Mis 3

File - > New - > Model Wizard - > 2D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Stationary

1o jtods s ke Oekz d&O Isj, hts BEHE'Is: MW HotsE

I d 3¢ de'slsidls sisdzdz’ tedetsmisj 2 W' L dydede o J dzd ud
Untitled .mph (root): Unit System 1 <>=None
1 " diz@ldbal Definitionsmls ¢ tisiglz Lifts@c O d3j Istc” o L Of.s9 dz' Is
Global Definitions: RMB > Parameters

Parameters i Name, Expression=w, pi/4

i Name, Expression=a, 2
i Name, Expression=Db, 3
i Name, Expression=_c¢, 3
i Name Expression=d, 3.1
i Name, Expression=r,15
i Name, Expression= theta, pil2

Mame Expression Value Description
w pif4 0.7854 KyT noeopoTy nneda OA
4 () Global Definitions = 2 2 Aoeuna OA
Fi Parameters b 3 3 loExiaHa AR
=) Materials C 3 3 AoexiaHa BC
d 3.1 3.1 BigcraHe OC
r 1.5 1.5 Joexamna BD
theta pif2 1.5705 Kyt ABD

11 19 Iz LGipPal Equations 1L Off Sldsd®2B dzd y¥& . o' o dz¥ dz
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name, f(u, ut, utt, t) =bx, bx"2+by"2 -b"2
i Initial value = a/sgr(2)+b
Global Equations i Name f(u, ut, utt, t) = by, ay+by+cy
i Initial value = a/sqn(2)
Global Equations i Name, f(u, ut, utt, t) =cx, axtbx+cx -d
i Initial value = -a/sgr(2)
i Name f(u, ut, utt, t) =cy, ox'2+cy2 -c2
i Initial value = -a/sgri(2)

Global Equations
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Mame  fluututt,t) Initial value {u_0)

b by 2+by 202 afsgri(Z)+b
by ay+by+oy afsgrt(2)
X ax+hx+ow-d -a/zqrt{Z)
cy oS24y 22 -a/sqri(Z)
wlso tstt ISOB dzd Yyt dadzOdz' dzgd - L O3
Home - > Definitions I Variables 1 > Local Variables

Componentli Definitions 7 Variables 1:

Variables T Name Expression= ax, a*cos(w)

I Name, Expression= ay, a*sin(w)

I Name, Expression= ex, bxhb

I Name, Expression= ey, bylb

I Name Expression= nx, ey

I Name, Expression=ny, -ex

I Name Expression=

bdx, r( - ex*cos(theta)+nx*sin(theta))
I Name Expression=
bdy, r%( - ey*cos(theta)+ny*sin(theta))

I Name, Expression= pdx, ax+bx+bdx

I Name, Expression= pdy, ay+by+bdy
" Mame Expression Unit Description
ax a*cos(w) abcumca BekTopa OA
ay a*sin(w) OpAMHETAE BeKTopa OA
EX bx/b
ey by/b
nx ey
ny -exX
bdx r*=(-ex*cos(theta) +nx*sin(theta)) abcumca sexTopa BD
bdy r*=(-ey*cos(theta) +ny=sin(theta)) OpAMHaETaE BekTopa BD
pdx ax+bx+bdx abcuca Todk D
pdy ay +oy +bdy OpAWHETE TouYkK D

leo ' d3Calz’ g5 H § dizd O dAiphtids Bvigep OdzOdz' L Iz.
Study 17 Step1: Stationary:
Study Extensions 1 Auxiliary sweep= True
ils OB dzdRMB = Add
I Parametername=w
I Parametervalue list = range(pi/4,0.1,2*pi+pi/4)

4 ~dn Study 1 )
__ : Study Extensions
E Step 1: Stationary v ¥
4 e Solver Configurations — ¥ auxliary sweep
* )
“ DI Solution 1 Sweep type: I Spedfied combinations
i Parameter name Parameter value list

I w (KyT noBopaTy Nneda OA) j range(pif4,0. 1, 2*pi+pi/4)

l S sdz021Isj tsBYdmdzj dzdzv .
Home - > Compute
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| & 'Deéziyeéd ValuesB H EzIs! fls o tstc jGibal Ewallationdzd  Hsdf Iz
tsB yd f)dzj dadzbix, by, gxooef.y d dz

4 3 Derived Values
(2.5) State variable bx
(25) State variable by
(25) State variable o
(25) State variable oy

1 sBlkHE2Isy§ CGOW ' €d L Odzj ) dzgtsfls 'w. rygva ! j=BdR
Mlse st Is! SHdzso d d3° tc dzlz  Gotwald o' Wdglzts dgiztc zdf@rdz Q. dzb
CGtecOW ' ¢ (d

Results - > Plot Group - 1D Plot Group
1D Plot Group 1: Legend 71 Position = Lower left

1D Plot Group 1 ->Add Plot - Global
1D Plot Group 1 - Global 1:

y- Axis Data 1 Expression, Description = bx,bx (rowl)
I Expression , Description = by,by (row2)
I Expression, Description =cx,cx (row3)
I Expression , Description =cy,cy (rowd)
! Expression Unit Description
b bx
by by
X X
cy cy
LMB > Plot

T bx
o| — by
SlSF) T ex
oy

1 2 3 4 w 5 5] 7
[ dzv ftsBkHBoead Mnj BOdydesets L sBteOy j dadg? 3,
Grd 1D.
Results- Data Sets:RMB> More Data Sets -> Grid 1D
Data Sets- Grid 1D 1:
Data 1 Source = Dataset
i Data set = Study 1/Solution 1
Paramemter Bounds 1 Name =u
T Minimum , Maximum =0,1 Ho O )Y sdzv
vJiJt sy dzO L sBdeOLdfils do jJECte jLd3'd) ~dDc OW * Y dz'
Results - > Plot Group - 1D Plot Group
1D Plot Group 2:
Legend 1 Show legends False
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L obkL d&zOr dz' dzy? dzd - fotisezXPidfly B tewO@ X J dzdzv dzOdzts €
i ts . f OtOd3d sted ydad 5 &' ovdgviisglis' ds  Otc O d3J |
f 5L HESo Y dztuH N g3te gedzBGrich dkd =
1D Plot Group 2 ->Add Ploti Line Graph
1D Plot Group 2 - Line Graph 1.
Label = Line Graph OA
Data | Dataset =Grnd1D1
1 BBtOYOlsd di3j ~Odz' L &3 BlzH j dii3ts dzOf ted & * day
Data T Parameter selection(w) = Last
y- Axis Data 1 Expression = ay*u
x- Axis Data T Parameter , Expression = Expression , ax*u
Coloring and Style 1 Color, Width =Red, 4
1D Plot Group 2 - Line Graph OA : RMB > Duplicate
Label =LineGraph AB
y- Axis Data T Expression = ay+by*u
x- Axis Data T Parameter , Expression = Expression , ax+ox*u
1D Plot Group 2 - Line Graph AB : RMB > Duplicate
Label =LineGraph BC
y- Axis Data T Expression = ay+by+cy*u
x- Axis Data T Parameter , Expression = Expression , ax+ox+cx*u
1D Plot Group 2 - Line Graph AB : RMB > Duplicate
Label =LineGraph BD
y- Axis Data 1 Expression = ay+by+bdy*u

x- Axis Data T Parameter , Expression = Expression , ax+bx+bdx*u
[ SHO2Is] L tsBteOy j dafley’ § "deldyiziCedts 2 SigsUsSidy L O ¢+
Is d tLite Graph

1D Plot Group 2 - Line Graph AB : RMB > Duplicate
Label =LineGraph PD
y- Axis Data 1 Expression = ay+by+bdy
x- Axis Data T Parameter , Expression = Expression , ax+bx+bdx
Coloring and Style T Color, Width =Black , 6
1 BBtoOY j dzdgv IStcO' Clstste' D jtekFdE L Wz dzf jtsoBtle’ H 213 th
CGtleOW " ydz' 2 ctokztf ', odCkhald.Missolz yd obkL tsdz Kk
1D Plot Group 2 ->Add Ploti Global
l tetsL Hy-Ais Data Mise st dzts Glsbal & By @ ls ' Is- tcwHCd
odteOL " 9 L O H etz a1l ISQBEAoCQdzO o dzdL 2 sOB
T 1=

1 sls' d3 @9 jc®L -
1D Plot Group 2 - Global 1.
y- Axis Data T EXxpression = pdy
x- Axis Data T Parameter, Expression = Expression ,pdx
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1 OHORJIs® L i3 ded HfesMisstcsodrn S tststcH d dzZOls Yy
1D Plot Group 2:
Axis T Manual axis limits = True
T X minimum, X maximum =-2.2
Ty minimum ,ymaximum = -3,5

LMB > Plot

l1 sBlzHEZ2Is] okLtsd Od BOY'

Results i > Animation 7 > Player
Export T Animation 1:

Scene T Subject = 1D Plot Group 2

Framesi Frame selection = All

Playing T Repeat = True

LMB > Generate Frame.

) OffisZ fls©  Odz" d3OWlay § @stfsyfsj toj Hdz' sBz ttdMmizdz
Odz’ d3@YY ted ¢ ' dzy fHjd " tsdgjzn Ol A 3zJ=p/PB | Lo O
ZOMmiskzf dzdr tedMkzdzC OF LtsBtcOy jdets COHted o

o 5
@) 7 O g=& p. %
J= 3,0/4 J=5p/4

P o7

BOYd d313 Ctcd o L) 0|® ozt yed* HLtaiZ(a,ld}WEIthler@NdZd
u’dzc;q,,bl:' o 'HigsPdeO lsted BOIsd B jLdZ' Yy to' L ded
1 Okz9o Oy judzdztstsL 6 dzV dzz Is t5° md Mmilsj dizd OdzG j Bt O’
W st 3z dz' dzd 2 tcsLob6wWL BC (HsMIsOIlsdz ts Mm<C dzO+
ftotsH j di3gs dzMmlis tc z o O Is Auxiiadg Sweerd o sifindGts © d3j Is tOaPdirs d tiz
fted HtsMdz HY J dade dzjdz' dz' 2dzd~= L OHOVY.
lftcOp®mdz HdIsd btcd zOdzS so d2 HBEEOQEBL sBL OC HI
o Mmj tGJHo[dz‘lj"derdﬂquﬂstAcBE

, 6.2

=] - i [
[ T T T =
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44299 t 5 BOWIsdzd S O.
[ shdkBEon ' BOE | BOd ydkscts &OWIsdd S 0.
y

X
|

PN
|
: ()

mgeg
2 BOMO o00dzlsOylz HBto" de@izs W C tsaglH dztff Yyh 9 ° O
csd3d?2. uUBH' HJWjtjdzy' Odz dzgj to' o dzgVv dzdz"
Jiitkji+wsinj =0,

Hi/j(t) Skls o' HAddzj dedz? BOWIsSdzdS O o' H K fsdzts:
~ GO e[ jL thz sfse dWwWegl Qf edmS stej dzdzy o ' ldz! dets @
Hiso ) Bjlz@ d)y.dewr dzv o dL dzgOyj dedz? S dzS toj Isdese 5 fe
f 5UOIs < t59/(0) 4 sBAS(O)f V.

[ Y BSHj &z &z’  kDBOngEVI0 B § &6 ik §f HO0)sd&t dz
sYOls¢ so 'j, t0apap dzdzv
sSL 90w L.Oudslp'EdeB J L oL d3° to dzlz dgiz dzj dzig G Utc@izlz
d dzO d3' GlphatjQBREs and DAES dzls j teW. j 2 M5 d3

File - > New - > Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent

Untitled.mph (root): Unit System T <>= None
] G 'Gllzhal Definitions s o Séclz ISRadEMeters PR CN I S YOG BT 7.6 RET] S

1 4

~ O
dzi 9 O

]
t
H

f Ot Odl, s td
Global Definitions : RMB > Parameters
Parameters T Name, Expression =Kk, 0.5

I Name, Expression =w, sgri(10 )
I Name, Expression =v0, 5
10 BolddzOB dzd y¥ to' o dgw dz' .
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name, f(u, ut, utt, t) =p, ptt+k*pt+w 2*sin(p)
i Initial value(u_0), Initial value(u_t0)= 0, VO

" Mame flu,ut,utt, t) Initial value (u_0)  Initial value (u_td)
ptt-+H*pt+w - 2%sin(p) 0 wil

p
1 OHOR'ISQY OL sdz L d3t dzd o if ©OzOfiggzl cPts~ dB § 2.
Stepl: Time Dependent
Study Settings T Times=range(0,0. 05,20)
T Relative tolerance= True,0.000 001
l S s8d021Isj tsBYdmdzj dzdzv .
Home - > Compute
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] G RamyltsB Iz H | ) Isoo A tdsfoiRitst Group 1- Global 1 L CGicOW ' ¢
tcsLooOvwL Clz.
1 D Plot Group 1 - Global 1:
Coloring and Style TWidth =3
Legends 1 Description = False
1.5
1
0.3
0
-0.5
-1

-1.5 1 [] [ 1 1
0 5 10 Time 15 20

C $B Oy dLd3tsc te,Cd§O S d30 dz! adzdH?~ 47 Islzdzy  dBOW Isdzd & ©
pl2°  C sdzd 9 GdiEs Oz@ Oc OMOE Is+ .

1l sBkHE2Is] WOLBOEZ IstcO’ Clstste”’ &

Results - > Plot Group - 1D Plot Group

1DPlo tGroup 2 ->Add Plot- Global
1D Plot Group 2 - Global 1:

y- Axis Data ( Is OB dzd yExpression = compl.pt
I Description = o9 dHOdzdIlsd o fj

x- Axis Data T Parameter, Expression = Expression , complp
Coloring and Style T Width =3
LMB > Plot

5 ] L)
4 -
3 =
z -
1
0
-1
.7 -
-3 -

-1 0 1

1 d ¢ tsdz@ ‘tsdgtelz’ H 1§ | dzdzv B30 W Us@alf inBdztoH f 5 YyOl$Bo 5°
hodHCuMisf dzv y! Ses L OflistsizAudidey H Svedm)d s dzd 2
Y sdBlz § Ot QB otelE WP H i35 o1 W9, 11.
Study 17 Stepl: Time Dependent

Study Extensions 1 Auxiliary sweep= True

Study Extensions (Is ©B dz{ ywParameter name=v0

I Parametervaluelist =5,7,9,11
l1JjtegsBydmdz® Is! dsH § dzt .
Home - > Compute

[ BdHO O GcteOW" €O L &g dgwlss fmw .
1D Plot Group 1: LMB > Plot
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14
1z
10

— wl=5

—— v0=7

— w0i=8
vi=11

5 10 Time 15 20
C BOYddwsS,yOFEBHaHCWAPS 7C sdzd o Odzdz? L O OMOs
s ®=0. stsBlsts ydr f tsyOlsA masdylsO BdmisH € dg®)isls
tcs2h s o jtemndzt IssySlz L tgjcskftod risEPO IssS s
9 dHCWMPIBOW Isdzd ¢ totsBdlIls! SHJdz fisdsdedIs dad B Pt
O]
f

'
Moo M =M
O F Il T T T T T 19

COMPOEEsE sdz =20kl @ HBOVWIsdzd ¢S Cp sl H fis Ptz k
O3y "ts ' 0 ©OH' Odz 98 selsfis 11O tis iz dedzd € 't
Ho O didsetsle jIsd * Is' dz2 € ¢ ®grd y' Odskist @ise s
f sdztsy § dzdzv jtedm dztso OG

sk Y o jH- daf B 3z Odejtcjiztistisdz W OL s " Ctodo
1D Plot Group 2 : LMB > Plot

11
10F — w0=5
— v0=7
— v0=9 -

wO=11 | S

C
¢
g
h
L
b

T T B
ME WK 2SR MN WS G- 0o
rrrr i 1917 T 17T 717 1T T1T°7

0 3 10 1=

1 sBEHE @38 Odz" B3Oy ' ¢ tobkziftzls td308 dztsizd i€ ©B tc @ daf Is c
BOME (sYySkz) zO0 2tets €' dzy’ 9 HJWCd2 it
L d3" det s yd yofm. rdzv fteBlkHead 1OSCBEts todf
CJBRBIIste" wW. uvtsdzz HBSHO2I] 9o &BH] &z W] C
Co@Hs®O. | Yy sz S s sdzj dals &3 dzy BEZHJ BS
tcSLtcOrzZdzC 50 O tsB dZOMIs! L dZOH BB IS MW Hdzw ¢t

Home - > Model -> Add Component - 2D
PCIsdokz2Ils]y ' bz dsSEIY Saz d2' sz ¢ 9 OH G C
Component 2- Geometry 1 :> Geometry - >Primitives i Square
Component 2- Geometry 1 - Square 1 (sql):

Size 1 Size length =25

Position T Base, x, y = Center ,0,0

l1JjtegtsBydmdz® Is! dsH § dzt .

Home - > Compute
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[ dzts o dBjydgjtc j dztsStugy@BolRionl 3" Misdls! tesL o o0wWL ¢ L
Ctsd3f tsdzj dzls O, O wLitOn BHdEdsE s 5B dQflsd3ts Y daC
dz0 dzOh Is z & Oatmpondnts oz L Sim@y 1/Solution 1

* Solution
4 (= Results Solution: I Solution 1 J fjl
4 E: Data Sets
'“_“i Study 1/Solution 1 Component: I Component 2 {(comp2) J N |
Frame: I Material (x, v, z) J

dlso stc’ Is HY Jto]J dzs HOdzd m ¢ fiOta &dglsts dyy dz@ @t
L SBtcOY J dzdlzv Mmisted y dav BOW Isdzq'Q 0.

Resultsi Data Sets RMB > More Data Sets - Parameterized Curve 2D

Data Setsi Parameterized Curve 2D 1

Data 1 Data set = Study 1/Solution 1
Parameter 1 Name =s
i Minimum =0
I Maximum =1
Expressions 1 X: = s*sin(compl.p)
I y: = - s*cos(compl.p)
LMB > Plot
vy ks s’ Is Ho so dd3 tcdziz GleOW " Unkkz (H dztc iz tf L
L 5B tc Oy J dzdzV ' PhyrisTiactprids” ) (Hdzv L tsBtOy J dzdzg? RO
Results - > Plot Group - 2D Plot Group
2D Plot Group 3:
Data i Data set = Study 1/Solution 1
RMB > Line
2D Plot Group 3 - Line 1:
Data i Data set = Parameterized Curve 2D 1
Expression 1 Expression=1
Coloring and style T Line type = Tube
T Tube radius expression =0.0 15
i Coloring , Color = Uniform , Red
[ dzv L sBtOy Jjdzdzgw BOMd E odcdzv H 'IsdldRemC d L t
Trajectories.
2D PlotGroup 3 -> More Plots - > Point Trajectories
2D Plot Group 3 - Point Trajectories 1.
Data T Dataset =From Parent
Trajectory Data i Plot data = Coordinates
1 dz0y j dzdBoordigalesy ‘L OL 9 §dg@Q O, s IstcO’ CIlstste
LOHOo Olsdmw fOOd3d sted ydzd d3d tc° o dzv dzdzV o
LsBteOY Olsdmw BEHJ] ddhj Lyt o.
Trajectory Data T x-expression = sin (compl. p)
T y-expression = - cos(compl.p)
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{ Mmis ©dzdz’ Ho9 ' W tste dzlz dzd 9tcOntso 28 Is! WO
MW ditco OdzO d&zO twdmkzdeS 2z 9/] telsH € Oelzts piadis ' s
M celisdaf dzdzth BB TECd o' H o jtelsdE Odz des@ ts
1 OdzOM Isz2Isj Mlsddzr eokL ZzZO OSC, hMhtsB o dz
Coloring and Style TLine style 1Type =None

T Point style 1 Type = Point

T Point style T Point radius expression =0.1

T Point style 1 Radius scale factor =True,1

T Point style T Color =Red

|

1o jtedz s EZoaOck dzO Isj, Mt sQidz s isO x3jsdzdzz
Time=20 ftcd YOS’ 2 ks 2 hodHS M

LMB > Plot

+ Data
4 [ 2D Plot Group 3 Data set: I Study 1/Solution 1 j Ejl
| Line 1
= Point Trajectories 1 Parameter value (v0): I 11 j
Time {rull): I 20 j

1 sBkzHE2I] Odz' BOYy' ¢ dzO BOL' Mot dzs’ Gt
Results 1> Animation i > Player

Animation 1:
Scene 1 Subject = 2D Plot Group 3
Animation Editing I Loop over =Time

pdz' &3Oy W BRZHEZOOISIWZEPIs! MW HAzW odf OHC Lk
I Parameter value (V0) =9
T Time selection = Manual
T Times (1-401)=range (1,1,40) range (41,2,200)
razv  COHte' 9 Odz'' ddgikyte’" 4o0d Cdstiodfimdzl® o Y OMmL
Bs B4 dals KzjpdEPs L SH J dz.
Frames T Frame selection =All
LMB > Generate Frame
Graphics (G tc Qivdzy 9 | LMBzPlay
1 O dzOMmlis z §f dzts dzlz tcd Mk dz€ Iz dzO o j 8 tzd d3faide B tc O

fsyOlStso ' 2 CLkls®@I D hdasdiy dasigi.050.3H37
0.55,0.75
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0.05 0.15 0.3 0.55 0.75
1 Ozo OyfitEafalzO BLdzs B dzaj oS BtedMmistsokzo Olsd
MOoBsets YOSl fjthd?2 Cokfsdjds ktjso
Ho tso d d3' tecdzd d3.

443. W 1 tclzy d da® HLte ddg dadO dzls O % j 3.

1 0 € dzimOcieatsy d dzd Y =teardsi§fdeldn'ls © 9 O dzls O g3ts di3 P bzks ©
t((,>0)Hts 9 O0dzlSOy 2 M ©OfIssots f mMHoaEOL ' stsmmd
f 5UddzO' ¢t ciglodGligilsipt) o Odzlsn@ited o O st w1y
BOMtsse M dzg0@ €' dzy’ ftesHtsoyxkz' odCtdzzo Olsd s

cCChas' HicOR lsalzaOis(ﬁdz,@f(Bthdzde f sdztsy j dada” o
Ists otsdats LOHBotsdz dzvIsddzdy HAWJ toj dzy’ Odz' dzts A3k

3)2( kzx——f(t) t>0 %2——2 (1)
Hif(t) CEmMSsats L OHOAZO WikdzC y' "(0)=x,dxH0) s yOls ¢
esLoOVWLEBE LOHOY d&BO' odc6dzvH

t

X(t) = xocoskt+ﬁsinkt+i Nf (z)sink(t- z)dz .
Kk MKk,

I dzOh sz ftedC &zOH' fE)Ztes W Bdl d2d 2 i "z
Histe' o dg¥ ‘tCt0H & ‘teaddmgl o <t¢t,, ' HBGK' o6 ss0’ Hd
i fydzw ‘dzlsJGtGIzaOddeW tsfls ©dzdz' 2 ac{tGOL dzOB Iz o
X(t) = xocoskt+ksmkt+ zgoska t+t2+‘t_2tl‘_‘t_t2‘o cosk(t - tl)o (2)

wed2 sy dzO BIZHJ L11§135td3 a.c@ml@qi{d:sec(zfth@Lﬁs‘ﬂls
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1 02 ftesmils® h d2 mf s’ B tcsL o Ocva ] Qidy  LC@zHIES
Wk dzeC f(t), tetsL 90w L Odzezist tp ¢Sk *@QDES and MAES
Cdzlsj oW J 2 M. dbdzy B LBdEeO' @dsMw §totsH j d@BS
L OHOY' SO ¢ theist€ "'OEIBEt ¢ € olisAgIsSL 9 6 W L Zo Olsd MW t6°
dziz dz! s s fteOo st YOMmlsd dats & x(0)=x,i XHQA) OUs.¢ 519 @ d3q
Hicze sz L <tdfited tisL 90w L 2o luzdesj Is ( fty=mgs " o dz
f syoOlsSCsoddid Lkdise Odzd, slsted &3O dzd &3 Lt)) € ° dz
tesLoOWLCE fjtehts™ LOHOY' . 10 ts'teg dgv dzgdglz (G
dzz dz' s s fteOotss YOMmlsd datss ‘ f syOlStso dds
C'dzyd odadsd L dzOyJ dzde,3d (essL gy el H cg@fiskz |
t sL 9 6V 1.Culsdaddaizts H j da# Oyl Global ODEs and DAEs
L dels § wWIgQ Mosfdiste 5y dz' d3e3 Erapy Sy’ b Y J dadz
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - >
Custom Studies - Empty Study

l ddi3C dz' s 6 HigeEgRdaB" tcdetsMmisj 2 W' L dydedres o J dzqd
Untitled.mph (root): Unit System T <>= None
1 ' diz@ldbal Definitions ) Is o tisiglz L RaudEmeters
Global Definitions: RMB > Parameters
Parameters 7 Name Expression=m, 1

i Name Expression=M, 1

i Name Expression=Kk, 3

i Name, Expression= g, 10

i Name Expression= x0,1

i Name Expression=v0,1

i Name Expression=11,1

i Name Expression=124
[ SHO2Is] o Comsplyiets dfj jzlsH o ¢ W b Gaotjef @PESs and
DAEso Iz L dz( .
Componentl: RMB > Add Physics = Add Physics -> Mathematics i

ODE and DAE Interfaces - Global ODEs and DAEs (ge)

Componentl: RMB > Add Physics = Add Physics -> Mathematics i

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - >m
4 = Component 1 {compl)
= Definitions

P ad; Global ODEs and DAEs (ge)
(2 Global Equations 1
5 Equation View

4 £ Global ODEs and DAEs 2 (ge2)
(8 Global Equations 1
5f Equation View

4 £ Global ODEs and DAEs 3 (ge3)
(8) Global Equations 1
55F Equation View
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fosyud Ited ¢ W' Btufif HredA 5oy das” dzy® dzd = B L dists:
9 izOMmdzd ¢ teastE L B Y d Mdzé 9 Odz' . ¢ Eighal @PFESandO Is € 2
DAESL OH O21Isj o d&zOMmdz® tc' o dzgv dzdzv .
Global ODEs and DAEs(ge) Global Equations 1.:
Global Equations I Name f(u,ut,utt,t) =X1, XLtt+k 2*X1
i Initial value(u_0), Initial value(u_t0) =x0, VO
Global ODEs and DAEs2(ge2) - Global Equations 1:
Global Equations T Name f(u,ut,utt,t) =X2, Xatt+k"2*X2 -m*g/M
i Initial value(u_0), Initial value(u_t0) =X1, X1t
[ MisOdzedz" d3 i3 MSE OL Odzd , s f sXDdsEHsIS! L
BtcOIsdmw Xltc®adzp 6WEsE ZIsOC Bkzdzt Yy sets L C
Global ODEs and DAEs3(ge3) - Global Equations 1.:
Global Equations T Name f(u,ut,utt,t) = X3, X3tt+k 2*X3
i Initial value(u_0), Initial value(u_t0) =X2, X2t
1 syOlsS s L Oy jXedzb H klizy B @ gpldzd L totsL

dlso stc’ IsStudgliscic Jizwp'zL dzd CtetsC ' &8 HEBMdz HY J dz' .
Study 1: RMB > Study Steps - Time Dependent - Time Dependent
Study 1: RMB > Study Steps - Time Dependent - Time Dependent

Study 1: RMB > Study Steps - Time Dependent - Time Dependent
4~ Study 1

[LL Step 1: Time Dependent

[/L Step 2: Time Dependent 2

[LL Step 3: Time Dependent 3

M. Saolver Configurations

E:l Job Configurations
] Sy dsdikl wsC'a df slstc' Bdzgs L OH OIS H' Of OL &
kO 9C0OLOLd W' LdCk, wCk o' d sBYdMmd o0l
fslstc' Bdzto ClOODOY, hHhts ' ° §yOlSss' L dzOyj
LdzOyjde (s jtejHdy séts CtesClz.
Stepl: Time Dependent

tc

Study Settings I Times=range(0,0.1,11)
I Relative tolerance=True,0.00 01
Physics and Variables Selection (sOB dzg-yw

Global ODEs and DAEs(ge) Solve for= True
Global ODEs and DAEs2(ge2) i Solve for= False
Global ODEs and DAEs 3(ge3j Solve for= False
» Physics and Variables Selection
[ Modify physics tree and variables for study step

Physics interface Solve for  Discretization

Global ODEs and DAEs (o) [+ I Physics settings j
Global ODEs and DAEs 2 (geZ) [l I Physics settings j
Global ODEs and DAEs 3 (ge3) ] I Physics settings j
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[ Mils Odzdz' ZOdzOM Isizo Odzdz? L dZOYyO*® Is+ h s  dzO
dzdhj fjthO LOHOYO.
Step2: Time Dependent2:

Study Settings T Times=range(t1,0.1,t2)
I Relative tolerance= True,0.00 01
Physics and Variables Selection (ls©B dzg-yW

Global ODEs and DAEs(ge) Solve for= False

Global ODEs and DAEs2(ge2) i Solve for= True

Global ODEs and DAEs 3(ge3j Solve for= False
+ Physics and Variables Selection

[ Modify physics tree and variables for study step

Physics interface Solve for  Discretization
Global ODEs and DAEs (ge) ] I Physics settings j
Global ODEs and DAEs 2 (ge2) [ I Physics settings j
Global ODEs and DAEs 3 (ge3) ] I Physics settings j
) OHOdZ ZOdzOh skzo Ocdgdg® ©COLEs s, hts O {1

Hiclzc O Globat @DES©and DAEs 2(ge2)
ztsB YOSt L dzOyJ dzdzv Htck e 56 B StisEHS 2

fitch ek, IstejBO oaMmMsOdktsoadlsd O tstej y!

Values of Dependent Variables 1

i Initial values of variables solved for= True

ztsB o dL dZOydlsd, w¢ odSttedmistso 9o ORafilesH Odz
of Dependent Variables ‘ M dviegtisod . I BtcOdz] ) dzt ts d3lz
Initial expression odL &zOyo* , hts HOdz BlzH ZzIs! ¢
f syOlSsodr L dzOyj d@ { tsistsydzststuty & dousde@y &' lajic
L wEtsets Stk HSMd HY J ddy Yy H Odz BEHIEL

Values of Dependent Variables I Study =

Study 1. Time Dependent

I My dm& € ted HJdOdR udsdgi O &' My J dedz™)s d 2
BlzHEzIs! sBdteOIsd mw H Odz i ts fAUdegte dz! (Is@ ts
L ORBtse Yylzo Odzdzg? df5) o dL dzOyO* odB ' tc HOdd~ o
My d fistudy.

+ Values of Dependent Variables

— [V Initial values of variables solved for

Method: I Initial expression
Study: I Study 1, Time Dependent
Time: I Automatic

1 O OH O diits, Glokal OREs ardd IDEESs 2(ge2) Global Equations 19
IsOB dzd y* tc* 9 daV dz’ HXY R 28 Oes O dzdl B tztg® s € s
X2(t0)=X1, X2 ot0)=x1t, ¢ W BJlzls: mw L fjthtsets
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1 OdzOM Is Iz 9 O dzdtues tof BapenderdAariables odL &zOyos s+,
BzHEIs' I Xz@®IYy pdzdzls® o GMlsOdzdz 2 dBsdzd dzls yOml
1 OkzOh Iskz21Isj Istejls® 2 CtesC HBMdz HY J dadgv .

Step3: Time Dependent3:
Study Settings 1 Times=range(t2,0.1,10)
I Relative tolerance=True,0.00 01
Physics and Variables Selection (sOB dzgf-yw
Global ODEs and DAEs(ge) Solve for= False
Global ODEs and DAEs2(ge2) i Solve for= False
Global ODEsand DAEs 3(ge3) Solve for= True

+ Physics and Variables Selection

[ Modify physics tree and variables for study step
L1}

Physics interface Solve for  Discretization

Global ODEs and DAEs (ge) ] I Physics settings j
Global ODEs and DAEs 2 (geZ) ] I Physics settings j
Global ODEs and DAEs 3 (ge3) [+ I Physics settings j

Values of Dependent Variables 1
T Initial values of variables solved for= True

Values of Dependent Variables I Study =
Study 1. Time Dependent 2

+ Values of Dependent Variables

— ¥ Initial values of variables solved for

Method: I Initial expression j

Study: I Study 1, Time Dependent 2 j Ejl

Time: I Automatic j

cSChts LOOL o d¢ dochu®,ls dls t€ seiddwZa liz- 9 d¢ sdzOdz
stc! sn CtotsC "’ o, Odzj MdMmMlsj BO L Odzdh d Is+ mMtse
ddzfj @B BOYO'  @Bs foBEZHEZO OIS cOW' € tBL 9 (
0O¢tc¢l0. sz BEZHj B3 totsL 9 6 W3, z o' Olsufdzv. OH O dets
LBJte' OIsddzy di3ds HOdz twsLeoadbwWL Sk o IsOBd&zdyw:-
dzddz GctOW" ™ ¢€d, w g ) myf " dz' dzg' 2 CGteOW ' ydz' ;
tcsLooOvwL CIz.
zZtsB9O ¢ 'Rimylts md Misj &3O  dzj Mlso tstcs 9 OdzZO L OF

ftcOf stcfyP@IsdOpdets’ ftsBlzHtse d StddgDOW " € 9 o 1 |
Study 1: Study Settings I Generate default plots= False

» Study Settings

[ Generate default plots

[¥ Generate convergence plots

l S tsdz021Isj BBYydmdzj dzdzv f j eh sets CtetsClz.
Step1: Time Dependent RMB > Compute Selected Step
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1 dzv L O9 j teh j dadz ' RBesulidei)dzj Gz o  Is G fwzyy SH dets &
9" HA3 dzd dzd OolssdBBOIsSdydsj G Jj dzj tclzo Odzdz? Gt OW
razv L Of Ods wistse zo Olelxdzy ¢ Dribrgd duesfiplisa B 6 WIs
‘ tsB yd mdz' IsGlobab Fvaisation Is.d {f [z
Derived Values: RMB > Global Evaluation
Label = Evaluation X1
Derived Values- Evaluation X1:
Expression 1 Expression=complX1l
LMB > Evaluate i New Table
1B dz Is! dzOL o lkz Mlsotstcj dzts’™ IsOB dzd Y
Label =Table Xl

r odzg , w¢' dOHttkzCBoaOdz o IsOBdzdy' , L Odzdh (
tsB yd mdzj dz Eva@luatign X4 kz idzgz'dzw Is+ mw ) . v A3y JL d3ts H

9dCstedmlsOIsd "= HdzW ftsBkZzHBOd cOW' €O.

I dStsdz02Isj  sBozdchfdajoddew dzv  X2d3f Isladass s s dz
GdzsB Odz! dzd - tsB yd madzj dz' |, ' ZOHtkzCEZ2Is] L dzO
Step2: Time Dependent2: RMB > Compute Selected Step
Derived Values: RMB > Global Evaluation

Label = Evaluation X2
Derived Values- Evaluation X2:
Expression 1 Expression=compl.X 2
LMB > Evaluate i New Table
Label =Table X2
1 Otej €' sda02 Isj tdseioy dsif dejsdiday dzv 2B ) Is a sdigisists dz
GdzsB Odz! dzgd -~ tsB yd madzj dz' |, ‘ ZOHtkzCEZ2Is] L dzOn
Step 3. Time Dependent3: RMB > Compute Selected Step
Derived Values: RMB > Global Evaluation
Label = Evaluation X3
Derived Values- Evaluation X3:
Expression 1 Expression=complX 3
LMB > Evaluate i New Table
Label =Table X3

4 &3 Derived Values
(24) Evaluation X1
(24) Evaluation X2
(2£) Evaluation X3
4 [H# Tables
HH Table X1
HH Table X2
FH Table X3

1 sBkZHE2Is] Gto@®WXXY udZOddediRiz)tc )k Jdts o IsOB
Results - > Plot Group - 1D Plot Group
1D Plot Group 1 ->Add Ploti Table Graph
1D Plot Group 1 - Table Graph 1:
Data 1 Table = Table X1
1D Plot Group 1 ->Add Ploti Table Graph
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1D Plot Group 1 - Table Graph 2:
Data T Table =Table X2
1D Plot Group 1 ->Add Ploti Table Graph
1D Plot Group 1 - Table Graph 3:
Data 1 Table =Table X3
LMB > Plot

.
WMo e N oW

O FT T T T

2 4 Time © 8 10
1 sBkHE2Is§ ) Yy o2 GleOW " ydz* 2 Gtelzf * GloOW *
MmMf syols¢kz Mlsoste’ Is! WhEkdC ywe d 2 dzt Otfc ¢ iy @ fizez] «
Yyomis d dz’ Wistedszdzd (2) .
Global Definitions: RMB > Functions i Analitic.

Function name =f

Definition T Expression = x0*cos(k*)+vO/k*sin(k*t)+
m*g/(Mk™2)*(cos(k*(t - ((l+2+absit  -t1) -
absit -122)2) - coskit -t1))
Definition T Arguments =t

[ dzv ftBEZzHBad ctwOW' €O WGdZDYy HY j tzPdsts L HzO d
dlso stc’ Is 256 ts.
Results- Data Sets:RMB> More Data Sets -> Grid 1D
Data Sets- Grid 1D 1:

Data T Source = Function

I Data set = All
Paramemter Bounds 1 Name =t
T Minimum , Maximum =0,10 Ho O )Y tsdzw
vsjfjtc HSHO2Is] okLttdz d2' d2 2 detse s GtcOW "' C O +
1D Plot Group 1 ->Add Ploti Line Graph

1D Plot Group 1 - Line Graph 1:

Data T Dataset =Grd 1D1

y- Axis Data T Expression =ft)

x- Axis Data | Parameter , Expression = Expression |, t
Coloring and Style i Color = Black
LMB > Plot (dzOMlskzf dzd?2 todMlzdesS ftcOo stclzy
3 L I i
4 " 1D Plot Group 1 r
[E8 Table Graph 1 1
[E8 Table Graph 2 or
|E8 Table Graph 3 i
v Line Graph 1 2F
-3k
0
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cS BOydly, SCtde' M ' of OHOE Is! .

1 Okzo Oy j dggA'h 5 z Swdz Xdide Dependent X L Odzdh dlsd
dzj L 3" dzdzts® o ' H Baafivddblerahde s QOBIS ZIsts dzOf ted € ' day
" dels | Baz@Idpz MY sisj e’ ¢ Olsdmw dzj o j dzd € J B)}ISL:IS

Il " dzMmilstez d3j dzls Otc® ° fd MIS jj d3ch ts'L fy filgieidly S diptdeotE] (Ortsd@fis
yofmkz, o syt O vl Cdlishdz] &z sBYREFMHzdy O i |
Mistcd B € s H3 dafdet H JAVACAZ ' Ldh] il d3j dzls Brdgts . ©dz
ltotsH | d3sdzmistclz® dzgs 2 sets o dC tsted Mmis © tzgafl dz dzO
' Hicdodzd d3. 9 Odzls Oy j 3
t SL 90V 2 @dddets todet Is O dzls jEwetity 2 fp g dsdsts H | dz'OyL O
H d dz0O d3' GlpbatjQBREs and DAES dzls j teW. j 2 M s d3
File - > New - > Model Wizard - > 0D - > Mathematics -
ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent
l ddi3C dz' s 6 HigeE g’ tcdztsMmisj 2 W' L dydedes o J dzqd
Untitled.mph (root): Unit System T <>= None
1 ' diz@ldbal Definitions ) Is o tisiglz L RaudEmeters
Global Definitions: RMB > Parameters
Parameters 7 Name Expression=m, 1
i Name Expression=M, 1
i Name Expression=k, 3
i Name, Expression= g, 10
i Name Expression= x0,1
i Name Expression=Vv0,1
i Name Expression=11,1
i Name Expression=124
107 SolddzOB dzd ye o' o dzv dz' .
Global ODEs and DAEs(ge) Global Equations 1.
Global Equations i Name, f(u, ut, utt, t) =X, Xt+tk"2*X -ZZ
i Initial value(u_0), Initial value(u_t0)= x0, VO
vkzls o WwWCMmis' tof b @z Hegel YOG diaf] 743" dgdgiaz N
Msotsteddzd. | cd@g® tsB 2w Jdz0d3) dais d2 dGBtsd3zj dzls d
[ SHO2Isj ) C s3] SHrgntéds) " dzld J tddV JRB)d L dz2O Y J
odL dzOyJ dedzv o d3tsH J dz Ctodalstectsdz' s Odgd m  ff tSH
fsH' 2 o' HBA LOLHOMdjc' H! (wC dverfstsHsdrMy dzts
Cosydzes™ HBH' W Hlste' Bdets Mls o tstckkdictEvent dzO dzOh
] ulzts Y " dzlsj W g 2Mm° By 20 (fslstc’ B dzts) |
MistedB C B tsH' Bdzts L 3" dz 9 OlIsd Mot L dzOyJ dzdzv /
[ BHO2Is] 9o CtodifBeas @s). ' dzsjteW j 2 M
Componentl (compl): RMB > Add Physics = Add Physics: Events(ev) : X
] y!' sdgsj W j 2 M’ fseaete Btatds + ,9 2L @2 ted L dzO
9 L dzOw jdglzddns o Odzdg” dzdziz@ ) Isf QeodOfdisia © 2 . J dzO" ts d3
SOC s L d3 dZdAse Oa8@ HY OMIsd dzO 6 o dgW dzdzv ( 1)
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Componentl (compl) - Events(ev) :RMB > Discrete States
Events(ev)- Discrete Statesl :
Discrete States ( Is OB dzdiNaine, Initial value (u0), =2Z,0

+ Discrete States
ulty) = up

" MName Initial value (u0) Description
ZZ 0

U]
[y j dzO § tsyOls¢ IZZHlftddds 1pjdiylo Qlagl delgdzQizlz dzs .

vl it HBSHO2Iskventsev)' dzle iBygitt fFventn okzLdzd. I s
BzHEIS! & Misdlsd oCOL" " 9¢d dzO d3ts e3P dzlezeh d3f) bizts f
W bz dz$ ft).

Componentl (compl) - Events(ev) :RMB > Explicit Event
Componentl (compl) - Events(ev)- Explicit Event 1 :

Event Timing I Start of event-t; =tl1 (Bsdzd dzls ff j teh e ts Mlis
I Period of event-t; = 10
Reinitialization (Is ©B dz{ 1jVariable, Expression=2Z, m*g/M

[MsOtkéz SHy BER] ddsL. QOB LIS Mvw  dese j Z4 dzO Y dzdz
+ Event Timings
Start of event:
tiotl
Period of event:

T 1w

+ Reinitialization

i Variable Expression

iz m*g,M

I sdzy fjto $BtczOdgisoz Odzy 2tsets dzy sy dzO L
9COLOdzd 9o dz sz L bpP s deGm 61z dei® tadig O biplz .
Componentl (compl) - Events(ev)- Explicit Event 1 : RMB > Duplicate
Componentl (compl) - Events(ev)- Explicit Event 2:

Event Timing I Start of event-t; =12 (Bsd3j dzls Htokzexscets Mmls

Reinitialization (Is ©B dz{ 1jVariable, Expression=2Z, 0

l 3 d3j dzlst2 Y @4Q | j dzdzWZZ u digs alddztss fls Odzts o dzé ‘ Is+ fr
1 Otej NIs® HL OH @A ksiirtc OB BBOY o " Hdzsdzz § R dB G
Stepl: Time Dependent

Study Settings T Times = range(0,0.1,10)

I Relative tolerance=True,00 01

19 tedz Is O @O Is dz@® dzdz” Physics dmds LVafidbleR'
Selecton . 1 dd®d dzOyj das, ydhmskz: @8 @ dztizis B tc pigi€tso o Ols
sBdHO®O ' d@Ehaltc WOPES émdf DAES (ge) ' Events(ev)
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4 = Component 1 {compl)
= Definitions
4 a'jT Global ODEs and DAEs [ge)
(3 Global Equations 1 « Physics and Variables Selection
2uf i e
at Equation View

p ; Events (ev) [ Modify physics tree and variables for study step

% Discrete States 1 " Physics interface Solve for  Discretization

~ Explicit Event 1

E‘ Explicit Event 2 Global ODEs and DAEs (ge) ~ I Physics settings j
5 Equation View

4 ~do Study 1 Events (ev) ~ I Physics settings j

@ Step 1: Time Dependent
M. Solver Configurations
-~ ,.L,_’J Job Configurations

l S sdz021Isj tsBYdmdzj dzdzv .

Home - > Compute
] G RiEylts mMlse ste * Is! Y PlotesGlouptsdzGlobal 1 L CGteOW ' ¢
tcsLoOowL Clz. Btsets Misddz2 dzOdzO"M Iskz21Isj] MOdtsml

skzls 3j UsBlkZHE2IS] CctOW' ¢ 0OdzOdz' Isd ydzsc s
WedC WV O 2tsets ftej HMNIsOo dzv Isd d3J .
Global Definitions: RMB > Functions i Analitic.

Function name =f

Definition T Expression = x0*cos(k*)+vO/k*sin(k*t)+
m*g/(Mk™2)*(cos(k*(t - ((l+H2+absit  -t1) -
absit -122)2) - coskit -t1))
Definition T Arguments =t

ztsB WkzdzCy' v MlsOdzO Htsmiskzf detst Istcj BO datso c
Study 1 LMB > Update Solution
vsjffiteBZHE2IS] CGtOW ' €.
1DPlo tGroup 1 ->Add Plot- Global
1D Plot Group 1 - Global 2:
y- Axis Data ( Is @B dzd yExpression, Description = f(t),f(t)

x- Axis Data T Parameter, Expression = Expression ,t
Coloring and Style TLine style 1 Color = Black
I Width =2
LMB > Plot

3 T i

2F —_ -

1 — fit)

0

-1 -

.2 -

-3 1
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444. N\ t 22 ' &O, Cddzstsets §'H Skktd HE csted

[ BLo O QuEBYE sth', WweO sfdhk’ ks s

hodHS 'Vifls*n  Colaitsd cstodL sdalsk o fodfbkh j dadz

oo SEXoDcOlsk bodiShihtdz 2 Wstd ©' o dv
mi#=- gQ&v| v|- mg,

Hjr(t) 1T cOH-D gRlswstB(t) T o J CIststc N egdi HCCSgififils 'y ' ° dzls s

mgioJClsstc 9 Odmgilf cdz®C (BB dedzy o' dzv desets § OH

________________________________________

__________________________________

s e o .

s @MY E'O' o bkdkkz, s ko L OC

I MtsB dzd o
dzj © " HBRJ2 WdBsdij dzis yomiz, Ctsdzd Is" dzs f OH O
cSChts oLk ldsds o CoBisdGdgOIsdzd EO' diits
e SdZWdZJ
#=- k%% +
P=-kKyE+¥ - g,

Hs WO fd' H HisH&E)FED, fHBuBRsEEB YO RNGED @: o
#0)=v,cosa, ¥0)=v,sina. [ dz¥ (BSH j dz' dats’  LH@H Q01 5
g=981, v0=10, U=Z/4.
t BL 9 0V .uGB daeatelz dz' o di3s Hojdaz O L @ d dzO Globegl @OES
and DAEs dzls j tcW. j 2 Mts A3

File - > New - > Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent

I d 3¢ de'slsials sisdz'dz’ tedetsmisj 2 W' L dydede o J dzd yd dz.
Untitled .mph (root): Unit System 1 <>= None
] G 'Gllzhal Definitions s o Séclz ISRadEMeters PR CN I S YOG BT 7.6 RET] S
f OO W ®BIAE BIs
Global Definitions : RMB > Parameters

Parameters 1 Name, Expression =K, 0.01 (rowl)
I Name, Expression =v0, 10 (row2)
I Name, Expression =H O (row3d)
I Name, Expression =a, pi4 (row4)

10 SolddzOB dzd y¥ to' o dgv dz' .
Global ODEs and DAEs(ge) Global Equations 1:
Global Equations i Name=X
i f(u, ut, utt, t)= Xit+ KXtrsgri(Xt"2+Yt"2 +eps)
i Initial value(u_0), Initial value(u_t0)= 0, vO*cos(a)
Global Equations i Name=Y
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i f(u, ut, utt, t)= Yit+ KYtsgri(Xt2+Yt"2 +eps )+g_const
i Initial value(u_0), Initial value(u_t0)= H vO*sin(a)
= Global Equations

4 f Global ODEs and DAEs (ge)

Flutie e t) =0, uitp) = ug, ultp) =ugg
@ Global Equations 1 e ‘ ‘

" Mame flu,ut,utt, t) Initial walue (u_0)  Initial value (u_td)
¥ Kt HN P sgri(it 2+t 2 +eps) i] v *oos(a)
Y Y-HOT tRegridt~ 2 +Yt~ 2+eps) +g_const H vwO*sin(a)

1 Oko Oy J dgdzV EtcOrzo Odzdzv d3 IstsG 5, hts o dzOMmdz
CoOHW©OIdzddz Ctstejdagj 3 dBsyj LOWeadlsdmw o H
HisSH Odzd BON d dzd2R204j40ff8. dztsAdgO 2 dey L d3° dzs © e L
sBydmaozj dz@, Odzj LOfYtsB' 6O o9oddzed € dzj dedzt o ( {
1 OHOR'ISQY OL sdz L d3t dzd o if ©OzOfiggzle cPts~ dB § 2.
Stepl: Time Dependent
Study Settings I Times =range(0,0.1, 15)
I Relative tolerance= True, 0.0001

l S tsdz02Isj B Yydmdzji dzdzv .

Home - > Compute
1 3 dz’ Is ZzO dzOh sz 9 Odzdzw ofipls oGilE) 1dS@As " B OWo' ' 1
L SsBtOY O Ite®' CIsste” ¥ Is* d&zO.
1D Plot Group 1 :

Legend 1 Show legends False

1D Plot Group 1 - Global 1:

y- Axis Data T Expression =compl. Y

t WHESS o IsOB dAtstc BdHFIOX 9 § H Qdz' &OIsd Mdzlz o

C dftC elete =, WEOISON B89 OO ' H ISOBA&ZdYJ ¥ .

x- Axis Data T Parameter, Expression = Expression , compl. X
Cte" i S tdots’ | B Iz H Jf suddisty | dizsz {f tsB 2Oz 990 Isdfts o
dL dzOyj dstep k TimdDemendend dzSmes.

Coloring and Style Z Line markers z Marker = Circle

Z Line markers z Positioning = Indata points

ddz dg@<¢ Ouin@dpds j 3’ " HBBtOLdIsd  sdztsy g dadaw
ts o3 dzlso Mifzts ) dz' f Isfangzt$0,0.1,1.5) . ¢ dzj fOBOVWISO21Is] ,
sdzsy [ Geizz ) €' 9 ) ofmMj] GGHdfYdHB' O ' gL
s
te

{
)

Ys odz, WEE d s dze fi @pdssdnfiy dzt® B df dls s @ alzgixic
dL dzOy J telds[.mo OHWHZYQ@iEddy ydzd » L OHIOQH O'dgHss] Lsc® LOx
Yofmkz k2 H'de&fdHsS dzz L |, &0 Pz o @0, L5s d3 .
JHAdOSC o998 jHQldd? CttvyL dOoyOd dzd d3. 1l jtehl
L Odzj % d Is+ " H 9 ' H dzRpthtvé toldramck CEC o o y G fipiziz
tdtsL o OV azsdzt * s M€ e g H C gy dz' EsIsR figus.d dz dstztslzd
ttsL 9 OOt LB dzr hlz' Is! mw .

LMB > Plot

gy G >
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2.5
2
15
1
0.5
0
-0.5

0 2 4 =] 8 10

s sdzd [ TimekDepmdent Solver 19 M {§ ddmplitlz- Times to store
tsB tc O dzts L Gpeciiegl dzdziues Is ts tcsLobwWLlzoa Oy L O
Mdder tetsdz' L 5o Odzs L dzCtzEI1" Tente o DR pRodendzd v § d3d dzO
ZOdzO" Islzo Odzdzy di3d  sR Lz @iks Pdzets s Sdj wWal dz¢
Bsdzd dzlsd YoMk Langd0OhlB) H ts o dRtsigls]|" 2 ¢ &OW ydz
tsB tc Odzts Lisdf markers z Positioning = In data points ).cShts o
Mt d Papat - Timestostore sB tc Ols d LSeEpStakgn tpdpier , Ists
BzHEIsy LBjt ¢6OIsdmw (' o' HBBtOY OIlsdmw) HC
i SLiOR zdClSolgt@d oyGdrs ils® kel ' He @k®y MW
cdkzO Ctsé HBoatsHdIs! MW odL &zOyOlsd  tg@€ g HBO
19dyuoO2dets, y' L dOyd dedew Mmdz' H BB Ydmadze 9 Ols( .
4 syOlSClkz dOEZOhIskz' &3t ttsL o OWLEZoa Oy IOCH

CotstcH d ZOK @Is B dzO® " H O dzdets & . Stdzly 1 1) 'Stverts o
Configurations 7 Solution 1 - Time-Dependent Solver Iff tslstc’ B dzts HBSH Ols
Stop Conditon , © WOtz L OHOILd kdised L Ekz{§ ddz (.

Time-DependentSolver 1. RMB > Stop Condition

Time-DependentSolve 1 - Stop Condition 1:
 sSHORBBo Lz L bk§ ddzC d, dzOIsdSpzispresfions L 5 dz
ftcOo z € detsff & Jlzte ‘ddg[*h "L o d f OH detsdd, s ' tf ed oS Hz'
Stop Expressions 7 Stop Expressions =compl. Y<=0&& compl. Yt<0
J ¢ dzyj o 2 ssyy" ¥e®s st = daz pgaizd u d
Histe' o dz¥* dgzdzte ' O fsyYyoObCk tkrk. ut
9 HtOL Iz, Histej ydzats yYeB] gi<@ v sdeH ¢ @zO Is z o
Ld3j dzh 2° Is+ mpw ) .

= Stop Expressions

3 Stop expression Stop if Active  Description

compl.Y <=0 && compl.yt<0 True (=1} = [+ | Stop expression 1

Output at stop ZAdd solution = Steps after Stop
1 dzO y J Sledzv after stop oadS stedfmistsoalz’ Is! Mw H dzw
9" HSBtOY jdedz" ) Lo O0WLECEZ o Bsdj dzls YOf
Output at stop ZAdd warning = False

w Qutput at Stop

Add solution: I Step after stop
[ Add warning
1 Jjtej sBydmdz' Is! L OHOYylk.
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Home - > Compute

10 cteOW " St' 'IstcBO dizf dricslf e Ql®' O , o Sfildctafdslz 9 6 W L O dz
H dzOd3' wd@fils dza Otc § YOmGEE GBC MOodssmis * 2 dzts,
o' Hdesmdes™ Y- dBSCd, O dzj L 9 dwiddizd U @ds,S
tesLoOWLBE Ld3 dggf Ist mMw hogdHEC TS, CtesC L d3J dz
tcsLobwL Clz Yyomtsed?2 Ktotws® ' WS s dedz | ty  Gighyts
cftesmMC sydls digv otds|Ldad0eigstay] dzls@f OY &g € dzOH ©dz
Yyomkz, dz0 o Osdfizinde gy dzdz s° dzOfs aggyzd ¢ d &
s ORRiMfygmilsj e ¢ O' s Mw E O sz odf OHC Iz.

v ¢ ted s Goq @& (il dz' dzdz? BOC Md dydd iR
"dzlsj o Odz' 9, wC° 9 Jtf tsice] fsLSEpROSUN ik  dg@ d3” U dzd ?

Time-DependentSolver 1.

Time Stepping 1T Maximum step = True, 0.005
4 " Study 1 ~ Time Stepping
E Step 1: Time Dependent
4 [T=. Solver Configurations Method: BOF
4 [¥ solution 1
5t Compile Equations: Time Dependent Steps taken by solver: I Free
uiw Dependent Variables 1 N -
a My Time-Dependent Solver 1 Initial step: T o.001
Maximum step: [ 0.o0s5

1 deselzyd mdz' s L OHOyYlkz.
Home - > Compute

2.5
2
1.5
1
0.5
0

0 2 4 & 8
C" dtfod 20O yOfMmMtseadr " dzlsjtcoOdz' © dzj fjte
SO BMsOdadz &3  tsdztsy j dedzv &3 Is* dzO ( € tsdzd
CsdzOdzOMmw ) B0 dzO. 1 znH! w ey L yd otk s>
dz, Codzd s dzts o9 Ozt dzO L J dgdzs (Is™ dzts o ff
RO dBsd3j dzls Odzd ) .
1 OHtezSC E2Isy HOW dz' Mis! fsdz slskz.
Results -> Derived Values T Global Evaluation
Label = Distance
Derived Values- Distance
Data T Time selection = Last
Expression 1 Expression=compl.X
I Description = True, Distance

{ M
H 9
o d
s d
H 9

LMB > Evaluate
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1 ZHj ZOH S 89 Odzts Xy m ts iy ls CLaREORE ddstEsoy dizf 2
(fjtehd2, ) wed2?2 O compl B<dO&RO fpmpl. Uelfs o IstsB Is s
Isted o Odz' Mmlis tczalz 9 HMIsOdz .

Time Distance

1.4164 9.4782
1 OHtezCEZ2Isj! ddgOC N ig®izlr ' sets By 2O odCts
imemax (t1,t2, expr), W ¢ 2 L dzOyO* BO ¢ M d 6@ dx'exzalzdz@ dzO y
' Hic' LEMCYOME o wCtshmis' odiOL Yt)le d&®.tcdimlsO
Results -> Derived Values T Global Evaluation
Label = Height
Derived Values- Height:
Data 1 Time selection = Last
Expression T Expression=timemax(0,t,compl.Y)
i Description=True , Height
LMB > Evaluate i Table 1

Time Distance Height

1.4164 9.4782 2.4463
wdzh d2 Mism' B dROHttkzSEZo Od &GOS M dizOdz' dziz
Maximume  tc ts Data Setie's Operation okL dzO cdzsBOdz. dzgd~ 5B

Derived Values- Height: RMB > Duplicate
Derived Valuesi Height 1:
Data T Time selection =All
Expression 1 Expression=compl.Y
Data Series Operation I Operation = Maximum
LMB > Evaluate i New Table

Maximum: Height
244963

l S tstcd Mistso z8 wpfimensa ¥(1c.O)s s ) dzO@ dzOHtelzC z9o Ols «
yomk, o9 wWed2 HBMWEO' Is! MrOodaDRO B, Ishtsty C €
atimemax( t1,t2, expr 1, expr2) h ¢ @tsdzj dals t, {,@fgtet,), o WG
odeprlnsmv e O’ HBOSMd Bz diass ud fde® ‘exye2d @i dzj dz
Results -> Derived Values I Global Evaluation
Label = MaxHeightTime
Derived Values- MaxHeightTime:
Data 1 Time selection = Last
Expression 1 Expression= attimemax(0,t,compl.Y,t)
194 tcdz IsH o Oclz dz0 ' L dzd Yyt o Istzig 430 dggzzd
odOLf jBhyjR yoOom (ass i tsisdcd ] o©dteOL, W<
sByYydmadzse 9 Olsdmw .
I Description = True, Moment of maximum height
Data Series Operation I Operation = None
LMB > Evaluate i Table 1
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Time Distance Height Moment of maximum height
1.4164 9.4782 2.4463 0.699584

1l ¢ sdz@'tsdyslz’ H Y | dediE)lsd L O P dess sk Cuys ' Wiels Bz
Mjtc] HsfodfWM Oy’ BEets L OMistsmiz’ dftexiiay ts § Swdsp) f dzd 2
f OtcORBKIMtz] W 'ystf'tligg tc ] HBo d1 Of tod ¥ gQ iz 6 tOHO
i tclF0.1,0.20.3,05
Study 17 Step1: Time Dependent

Study Extensions 1 Auxiliary sweep= True
1l tc ts (Study Elténsions OClkdolz’ Is* MW IsOB dzd WypWdzGyde' td4@ L
fts IsOBd&zdy" ftcOo tst Cdatstf Cts8 BN ' ‘AddL Pt
mMfdmékz, wed?2 L Parandttsname o dglgtess sk’  Otc O d3j |

Study Extensions 1 Parametername=K
V Hitzetsdisz Mistsea f y* sOB dzd y* LOHO21Is] H'™ Of C
Study Extensions 1 Parametervaluelist =0.10.20.30.5

1 jtegsBydmdz' Is! dsH j dzv .
Home - > Compute
] tOW " ¢ 1DPlotGrazmimls ©Odzy * dzg" dd3. | B dz s¢ 8 dz
1D Plot Group 1:
Legend 1 Show legends: True
Axis 1 Manual axis limits =True
I X maximum = 6.5
Iy maximum 2
1D Plot Group 1 - Global 1:
y-AxisData (= ° * ") i Description = (9 fj o d)H Odzd Isd
Coloring and Style Z Line markers z Marker = None
LMB > Plot

2

1.5F

1k

05k

0=

1 OHtEZCEZ2I8] H&ZY ydes SBJW  y' " dzls’ 9 Istcedo Odz'
Derived Values- Distance LMB > Evaluate - New Table

K t Distance
0, 10000 1.2264 5.9653
0, 20000 1.1014 4.3826
0. 30000 1.0164 3.5208
0. 50000 0. 30540 2.5837

1 OHtezCEZ2Is] BOSC Md 3O dz! dzlz A | ofdidrisdds kB dztstf ts dig tos
sCtoffdstindz’ H s dats H dzwdzWf Bty Gal¥clste @ dzO y J dz
Derived Valuesi Height 1:
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Data T Parameter selection (K) = Manual

Data 1 Parameter values (K) ( 1-4)=1
LMB > Evaluate 1 New Table

Data 1 Parameter values (K) ( 1-4)=2
LMB > Evaluate 7 Table 4

Data T Parameter values (K) ( 1-4)=3
LMB > Evaluate i Table 4

Data i Parameter values (K) ( 1-4)=4
LMB > Evaluate i Table 4

Maximum: Height ~ Maximum: Height Maximum: Height  Maximum: Height
1.8520 1.5091 1.2803 1.0238

1 Oz o Oy j dzd®ercafl Valuesi Height ' Derived Valuesi MaxHeightTime

9 dSCtedMmMlsOIsd Hdzw tBYdmdzj dzdz? &6 fuzdf dgPhaizls dizts
dzj dG3tsy dzdm sy, tc GidmmExd * atimemax L tesL 96w L SO, W€
LOdzj Y Ols: ©' H fOOd3jlstc’ 9 dsHjdz' , dzj ¢ tcOn

[ "L d&zOlsdmw yofm, o wed2 HBMWeEO' Is! mMw &GOS M
z o Qlotal Equationsl o * H dats iy dats mJLaO‘HI{%%Boge@O L

o' & dzd 5 ydzj desd3, L OHOdd 3 dzsc ydedds o L OL
rsCd kO Clhste' W oy Oz odsQl Istzdipv , y dj =B ISt &
sHddzdy' , TIOH Gtal odddt® Ols @ digjj G Bfdy Y bf dzSyq ‘dz2®"

] OH Olsd GP<(O)sdile!lsda] 2 'dzilztizo @lsdpds]  dzlz alziTied y d o
fdtedmsO’ L 3" dg® & Olsd mw . {Tls ¥ Is tc " daOdpstcdd @ I63kiaiy |
L dzOyJ dzdzs |, we o tsdzO® dzOB kz daff Isds B lsigts d3 o3zl C
BOC M BOd des’ odMmslsd (sd sz ( ZOREEOs H
stcO Clsts' W hj LicshlsOdo) .

[ SHO2Is] o IsOBdzdys ' odwdze 9©COLOdzlz L Or
Global ODEs and DAEs(ge) Global Equations 1:
Global Equations i Name=Th
i f(u, ut, utt, t)= Tht - (Yt>0)
i Initial value(u_0)= 0
+ Global Equations

Flusipdige t) =0, tlte) = tig, telto) = rg

Mame filu,ut,utt,t) Initial value (u_0)  Initial value (u_td)
¥ Kt HW R sgri(it 24+t 24eps) ] wO*cos(a)
Y Y -H P sgri(Nt 2+t 24+eps) +g_const H vl *sin(a)
Th Tht-{Yt=0) 0 0
) jejsBydmd 5! dBsHjd ' 2 d@OHELkSE2] L &zO2 ¢+

Home - > Compute
Derived Values- MaxHeightTime:
Data T Parameter selection(K) =All
Data 1 Time selection = Last
Expression T Expression=compl.Th
i Description = True, MaxHeightTime
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Data Series Operation I Operation = None
LMB > Evaluate T New Table

K t MaxHeightTime

0.10000 1.2278 0.57455

0. 20000 1,1028 0.493955

0. 30000 1.0178 0.44955

0. 50000 0.90230 0.38459
l Htkze' 2 Codzsdzy' dzOHElzC 59 OdzO d3is Wy olzB dz'y 19 ) 4
wed?2 HtsMweO' Is! mMv &BOCMdBOdzr dzO o9 dMtsls O,

Il dL dzOyJ dzdzw Bsdzj dzls* o yofmkz, ) w e H S
led3Badszzlscls L dzO Y J dzdz" , LEMmlste® yoO' Is! Mw HE
fsH" wdid, w g fslstc" Bdzgts o' HMMIsg ko Olsd ' ¢+
fnd misj & © dziz H s Y tsEyents ditf 'Y, ° destgdest j 2dgs
L OMissmMtse zo Olsd H dzW s ZyomsodsSHdW ZP S d
L O Ods’ W Isto Iz ofOwmfd'y Ocfidls Bdzgdihdz] tzde" Au s s d3 ) s
L H' 2 Mdzj dzdaw u’tSH' Cwektzs j ( BzZB d H s G D dzgz® azgatizls
(HjJWwOEtts dzs@ ' .ydets® EZditseo s )

[ dzv Istcj dzz o Odzdz? C stedMislzo OYoO § sCOY j @B ¢
o dL dzOyJ dzdzv dpOd: s lsz0 dzis B i jsdslicy © yOMmizds o
HsMW GO Is! Mw

[SHQ2H®) toj o9 5 daisn ji Exidnts (ev).
Componentl (compl): RMB > Add Physics = Add Physics: Events (ev): X
ce¢h s ds[dzju@imkz fsH' 2 djo HESdZ LOLHOMIG' H
" HBEko O¥ Is! Mw , Heewts B dzW dz6 {5 ¥p tziE=isiicl’ B dztfr s o ts°
ZOzOh Iskzeo Olsd o ldaddit) &Exgnp abudagdz Mf syoOlsSkz Hdw
" dzls j tcBvgn® 7 o Endicditr States fslstc’ Bdets Mlse tstedIsd
tcsLoOVWLEZOoOY BEH] Ctdzlstetsdzt 9 Olsd dz@)sUds y dzts
BkHl odiBstdmisse zokQlgdp ¢ tednpied®d tcEvent’ dejy? o dzts
odL dzOyj dzd- ¢ tSH" 2.
dlso ste’ Is! ' dzO tidtols $tafeds | .alz L dg@ sz § tod ¢
Cdzstetsdz! ts9 OdetssZ1 L a3y tedslas® O dg'zd&zQ Mo dHC ' Mis .
BkHy M af OHOId L BGBYydmdrt.o Odzts® 9 BsH | dz
Componentl (compl) - Events(ev) :RMB > Indicator States
Events(ev)- Indicator States1 :
J Is O B ldwifatpi Variables ) i thdme L OH O8 s+ MW ‘
Codzlstcsdz! 59 Odzd = g(vag,vitezchd ,SH Y IS igwlz' o e OL
sB yd mdzj dzdzinitial v@luefu Q) s@mn O¢ Is* MW § syOlsC s
Indicator Variables ( Is OB dzd 1y Name, g(v,vt,vtt,t) = Z1, Yt
i Initial value(u0)= v0*sin(@)
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r"\.'l Catnr

Label:  Indicator States 1
+ Indicator Variables

rojad, giv e e bl -u =10, iyl =uy

" Mame gl vttt t) Initial value {(ud)
71 Yt wO*sin(a)
sifjte Mot ls! ' ImgedHEend Islkz s j v oodk ). s H |
o dC sted iyl olvw dEsdzO 5 dzj o B BAEIR2 YOBHJ C &

HsMWedzkeIs©O dz02 9 dh O Istsyld @z0OIls tx&2, fzislfsto g, s
st Of ddf= B (
Componentl (compl) - Events(ev) :RMB > Implicit Event
Events(ev)- Implicit Event 1 :
J Bsd3d dzls dzO2e dh ° o d Mtsls@feds  fz@Is dHs@dz! o ¢
gz dz¢ , Odzj Htod ydmjdz® dedr totsL tcOR E2dzS OR
O By dzO f jtojo todlsd kdiiselz L dslgadzd L dzOS
Event Conditions i Condition = Z1<0
[ O2Is] dz© k9 OL ' , Cohdison gt O Bokz ISfdsdEtsL f © L dz©
f4ted M yd dzdz’ M s o4% tdzjz ity & I dg'daipdztsts 6 © Yy dzO© E o3
L 2Oy dzdz? L ~ndBdese s dzO ' Mmisddzdzj . AU<0 tsL dal
sy BRIsd "HJjdzsdW'® Ctso OdzO dididlz jzw f tc @L<z dts p f
( OEISI<0) i3t yojL OC Odz' tc BLEzls' L dif) dzts & .

l solststed d3ts 1 § Y o de@ictfstsdf “ v dz® ‘disfQdgffr j toJ ' € Odz
|l ndi cator States L d3 datlzd 320 tiziz gz SAHE By € Hz20
stcOf dIs* Mw d&dhj BHddk ttOL .9 Istsyy' &GOS Md d3C

stsdzd fH' W IstcOf dzWinmplist’'Exgry , t B IsPB dztfy ZO & ¢
Reinitialization By dz0 L O ORBOWISOIsd L dzOyg dzdz? H J
fted S dzOH" y° L 3" dzedz’ Mz v N j Mmlseastedilsd.
L dzOyd dzdzv fted o ddzd § ddy yallzO fOds & B tdatss Olsfds H Iz
Discrete States Cdzlsy J Vet 3.Miz
Componentl (compl) - Events(ev) :RMB > Discrete States
Events(ev)- Discrete Statesdl :

Discrete States ( Is ©B dzdiyNaine,Initial value(u0) = Ymax,0

i Name,Initial value(u0)= TYmax,0
Addz d3d Mmls9 safidadax HBOC Md BOdz'! dZ@Ymaxdimtslils O
Bsd3d dzs yoOMmkz, 9 wWCd2 HBMwWeO' Is+ mMwv dBOEC
otsdzd HBte' odg¥ & Is! dzglz dz¥ .

+ Discrete States

ulty) = ey

i Mame Initial value (ud) Description
Ymax 1] [i]

TYmax 1] i)

1 so j todzj d3tsmw  kmplicitlEYentd 2L d2® j H ] 3 o dtcOL [,
L d3' dadak ' TYmaxf tcd o HBlIzo Odzadz’ f tsH ' °
Events(ev)- Implicit Event 1 :
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Reinitialization ( Is OB dzd i Wariable, Expression= Ymax,Y

i Variable, Expression= TYmaxt
4 = Component 1 {compl)
= Definitions + Event Conditions

F adT Global ODEs and DAEs (ge)

4 (&) Global Equations 1
3% Equation View 21«0
5+ Equation View

P ; Events [er)

Condition:

+ Reinitialization

|- Discrete States 1 " Variable Expression
[ Indicator States 1 Ymax ¥
I‘_ﬂ Implicit Event 1 TYmax E

5 Equation View
Il " HCted 2 Isj Stépl: Timd&zDep@ent’ o j tcdz' Is! dAOaAOE lis 2 dz®@ dzdz
tc 5 L HPhysizs and Variables Selection .1 d dBd dz0 y jsoatsizs Yot dzts
BkH IS¢ sdzz o Olsd v 5B dSlebal © ODEsizisg tOWMES Rgi)d
Events(ev)

+ Physics and Variables Selection

4~ Study 1 r ) . )
- Maodify physics tree and variables for study step
[\ Step 1: Time Dependent 5 e e
M Solver Configurations Physics interface Solve for - Discretization
EJ Job Configurations Global ODEs and DAEs (ge) [ I Physics setting j

Events (ev) [+ I Physics setting j

l S tsdz02Isj B yYdmdzj dzdzv .
Home - > Compute
[ dzv  HtekzCE BOCMHd BZ3Od dzts’ odmesilsd ‘Deriged H 59
Values Mmiso tstc' IsGlobalH eE@luation oLz S dd LOHO2Is]
compl.Ymax ° compl. TYmax
Results -> Derived Values I Global Evaluation
Label = MaxHeightTime 2
Derived Valuesi MaxHeightTime 2:
Data i Parameter selection(K) =All
Data T Time selection = Last
Expression T Expression=compl.TYmax
I Description = True, THmax
LMB > Evaluate i New Table
Derived Values- MaxHeightTime 2: RMB > Duplicate
Label = MaxHeight
Derived Valuesi MaxHeight:
Expression T Expression=compl.Ymax
I Description = True, MaxHeight
LMB > Evaluate i Table 6

K t THmax MaxHeight
0,10000 1.2289 0.57650 1.8548
0, 20000 1,1050 0.50204 1.5091
0, 30000 1.0199 0.45153 1.2918
0,50000 0,90352 0.389654 1.02496
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445 MW t 27 (ol tap@.s o350
rdzv fteeydetses &3 Wy o ' HBsdR] Toyolsttsej it
nlstseo dzs B3O dzd ? , Odzj Jdzjtee' W twkrnlz odlstC

1402 Hteod a‘anQisQIz 9 ' H Ljddz 9 jtelsdC Odz

9 jJtolsdCOdrodits Csfls® o dtsd3j dzls  OH° dadz™ . 1 d3

t " odgvdedz" twkrlz (BjL kZtcORkzo Odzedzw Gff stckz
M= - mg,

Tl SClsstctof Wede)C B8 ° dz! dztsc 5 C S @8H ‘o dedels € O dzO tizts
Cststch Pde@lsiplz t©° o dgv dzdzy #zOB#ftEE®.') O8 @atzV Halz
fsoddlsd § 5UOks¢ tsa(@)ed, y(0) s e) O H0) =
Misj B3O tsLf OHO Is: MW dzO Ho O dzj L Odzj 3 dzd =
Xt)=x,+v@d. Aj oCOLE’ 20 Ikj, s o attedl
9 HBEZOO' Is: w L' vinls Qdetztc j " dod roWZvigdslzy IS OC 5y
i "ty diis ¢ OL Ols(d, we 250t 0Ofiisy 2Oy dsL
d3ts d3j dzls o LHINFE S Odz' dzO ¥ "odf HEY ‘MSO&EESE h s
Voot) =- 099G ().  fedzn jdgtsn j dz 0 Osd  t6k2R  ftd B
o HMEBCE ' ftdL j dgdzj dzdz' 3" W yO.

I dzOh sBz fted S dQrO,y, 05 ¢ d2O HIGHREFBRIS 3 vOX=1,
vOy=10.
t sSL 90V . u® dadalelr dz' o ddigs Hejdaiz O YL @ d dzO Globel @ROES
and DAEsS dzls j teW. j 2 M d3

File - > New - > Model Wizard - > 0D - > Mathematics -

ODE and DAE Interfaces - Global ODEs and DAEs (ge) - > Time Dependent

I di3€ di'j las'] octste G tedzts &y dzd ~ o § dzd U d dz.
Untitled .mph (root): Unit System 1 <>= None
] G 'Glzhal Definitions s o Séclz ISRadEMeters PR CN I S YOG BT 7.6 RET] S
f OtcOdi3kdstgJ0 X ( f sYOICtso O ¢ s drilseuls(ip iy @S & o (
o jtelsdC Odzr dgo heoadHC ' Mis:
Global Definitions : RMB > Parameters

Parameters T Name, Expression =x0,0 (rowl)
I Name, Expression =g, 9.81 (row2)
I Name, Expression = vOx, 1 (row3d)
I Name, Expression = V0y, 10 (row4)

10 SolddzOB dzd y® to' o dzv dz' .
Global ODEs and DAEs(ge) Global Equations 1:

Global Equations i Name f(u, ut, utt, t) =X, Xit
i Initial value(u_0), Initial value(u_t0)= x0, vOx
Global Equations i Name f(u, ut, utt, t) =Y, Yit+g

i Initial value(u_0), Initial value(u_t0)= 0, VvOy
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Fludtedty e ) =0, Wity) = v, uplty) =g

. Mame  flu,ututt,t) Initial value (u_0)  Initial value (u_t0)

X Xt %0 wix

Y Yit4g 0 w0y
z2tsB OdzOd® 'LHMPWEIHF yO o' H L J d3dz’ , 9 dBH | dz
Events (ev). l " dz LOMlssmMsoakz’ Is4 MW Hdz?w BB S
Codzlstetsdz' ts9 Oded n fsH" 2. c¢h s dtsd3d dzlsd ycC
" " HBRko Ot Is! Mw Htod od¢ tsdzOdzdz'Eventsjv vy - ¢ tepzizs
dzdr fltc" Bdes Mlsottcdilsd * InpRitExEntls z a @ dzg z
fJtedH ydd3 vertsdzls j @ ingicdidnStates f slstc” Bdzts Mlse
L d3' dzdz' | L d&zOyj dgdg? wCdr ttsLOOWLEZOOY BEHJ

[ BHO2Is] o Cthif Beas @as). " dzlsj oW j 2
Componentl (compl): RMB > Add Physics = Add Physics:  Events (ev): X
dlso stc’ Is! ‘ dz0O dindicatts Sitds | ozt ts ftodL dzOy.
odL dzOyj dzdzv € sdzlstetsdz tsezObztf BBz L fte deflzdz®H s O
Zi o jtolsdS Odz? dzOBZEB®H W28z BEZH] M 9 OHO
cBsH j &z 9o Ydzd yd dzts ¥
Componentl (compl) - Events(ev) :RMB > Indicator States
) 1] Miso tstcj dzts 6 5 Ilralitatordx@iables Is O 8 dzdf uplamie
LOHOs 5! Mw ' d3j dzO ¢ ts dzls to tyzvt,Eigd) Oalzof € H W Is" foatzd & ¢
Hdzv & 6B yd Mmdijpldazeu 0L @H @sulelz' Mw  f syOlkS o
Componentl (compl) - Events(ev)- Indicator States1 :
Indicator Variables ( Is OB dzd 1y Name g(v,vtvtt,t) =Z Y
i Initial value(u0)=0

Indicator

Label:  Indicator States 1
» Indicator Variables

rojad v Meet ) -0 =0, iyl =ty

" Name glv, vt vit, t) Initial value {ud)
Fi Y i)
ulsoste’ Is! ' dzOzON Isk 2 lmgictEveltL sz dzj W o dzd 5 f ¢

Componentl (compl) - Events(ev) :RMB > Implicit Event

Events(ev)- Implicit Event 1 :

) B d3j dzls @O WHUYE &€ ZH L j d3dz’ 2csets 9 jlsdCO

dzlz dzs , Odzgy fted ydmjdzt dzgd- WGWBLWGOREZAS O~ yYd

fsadBCO. uvtsdiiz dOM O ditsH j fizis O Bzs By, thbkgizfc @zdz: Od

CotstcHd &zZOIsd o' HO ' dgdetss (Istsydz' hj dzO L 3" dzlz

Event Conditions i Condition = Z<0

1 O OH O i3tz h sCokdifitmeo s "fusdads Is! mMw  dzd " §

Codzlstetsdz 59 Oded d3d L d3' dzdzd d3d dzz dz! so tsGt5 L dzO1
lted HBMYGdz dedz’ T)sdgzelfjuay o3z fue/jsmdzls if ¢ J 64 H d

LOJf O3 W istPeBtHydddis HOGY zFliBtsH sy disd WwOBISEIE

Bd3y dzsd yomk, 3d f tso d dzdz o ' n @z dsdds s

9 Hftso " HOE Is! 3t d3J dzls iz © o0 dgidfryCsdstolQ dz' [ frirjasCidadg
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Cste] C s s ffve * H dzts tgH ‘sdz' I9yO O agAUs'te d Mistso 2 ¥ Is
t8 Y d M daz@4dgdy efdd@He tizw dzC d stcO! € sig! sz’ 9 JBIs
hodHGC' Mis! aB3' vWyo o Bsdzj dzls o  HMESCE MIsO
OBMBdzé Isdzsets L dzOyYd dzdzv 9 j telsd ¢ O dz! ] dztsdzO h hsodgfzH
ftcd ¢ dzOH ' o BB dzls MY NG sHik! o dgisdps ‘O dz dzO!
WS to i3l dAt )=-09G (1), WSO tjOd Lk My dOMmkt
Reinitialization ( Is ©B dzd i Variable, Expression=Yt, -Yt0.9

» Event Conditions

Condition:

Z=0

= Reinitialization

" Variable Expression
Yt t*0.9

1 Odzdh ddzsmw 2O dzOM Iskzo Olsd tsL o dwWL zo Oy.
Stepl: Time Dependent

Study Settings I Times = range(0,0.1,10)
1 9jtedz s 70 @O W Is zdz@ dzdz" Physics dnds LVatidbleg'
Selecton . 1 ddd] dzOyJ dss, y sz 8 @ detizls B tc pfigfi€so o Ols

sBdHO® O ' dabhaltc WOPES émdf DAES (ge) ' Events(ev)
4 = Component 1 {compl)
= Definitions
F adT Global ODEs and DAEs (ge) = Physics and Variables Selection
(29 Global Equations 1
2o Equation View [ Modify physics tree and variables for study step
4 | Events (ev)

T . Physics interface Solve for  Discretization
[ . Indicator States 1
Implicit Event 1 Global ODEs and DAEs (ge) [+ I Physics settings j
3 Equation View
4 ~di Study 1 Events (ev) [+ I Physics settings j

@ Step 1: Time Dependent
4 [Te. Solver Configurations
[r4 Solution 1
,.-':.'J Job Configurations

ztsB YyYyoOmtse ‘dzls j oo Odzd to ts LLad®)Wdeh #5610 fg @ d3 @ dz! dxk
Hsoyddzze 2tets CtwesClkz 8 yomk.

Study -> Solver - Show Default Solver.
L obkStuy 1L'weoedl! mMw ¢ dz2 €O HBY' todz = olzL
" dzgmilstelz €yt oE
Study 17 Solver Configurationsi Solution 1 - Time-Dependent Solver 1

Time Stepping I Maximum step=True ,00 1
4 ~db Study 1 + Time Stepping
E Step 1: Time Dependent
4 [T Sih.fer Configurations Method: BDF i

“ B' ;?,‘_,':'l""ti':'n 1 Steps taken by solver: I Free vl
a—é Cornpile Equations: Time Dependent B —
uvww Dependent Variables 1 Initial step: M o.001

4 [ Time-Dependent Solver 1 Maximum step: F 0.1

158



Ok o Oy yndztiz? Bty toldrance (L dzOyj dzdz? L O L Od3tso y
CO oadL d2OYyO' Issydz Mmis! f j toj dmplict©wgnt dzj W o dats’

l S sdz02Isj] B yYdmdzj dzdzv .

Home - > Compute
] G Riylts milse ste® ' Is+ pwlot Griaup BldaGlobal 1 L COW " €0
o J dzdX|'drdp dzj YOO oe dIls! WstedO IO’ Sl ~ . ]
okLdzO IsOC, htsB o' dz fsCOLEZo O IstcO' CIlststc’ &
1D Plot Group 1:

Legend 1 Show legends False
1D Plot Group 1 - Global 1:
y- Axis Data T Expression =compl. Y
x- Axis Data T Parameter, Expression = Expression , compl. X
[ MsOCazfltc OL d , C Bpkzls!j tclsd ¢ Odz! dz' C s tsHtelsi'd dzO |
L dz0 U j Yzdz'Od3 G s to of L tizety PXlztztizts
5 T T T T

1
w

[} ] {8 ] w I
T T T

0 2 4 5] 8 10
) 5C OL Odzd 2 20 f 51 jcdg Onidz Ss iz to Qs diddrtsi® I’ ts Is tisef 2
fted ojChtste’ sy dB<Msel110).0dH ¢ snls"

446. 6> [ BHjd [itlsdd Isd ote

 shdz" Hd dfists aile SdBH jidg!] tedsO PO of jtoh j f sBlZH
Hdzw ff sWmdzj dzdzv € sdzd o OQlz' B "tes[dztsta] '~y dif dztseod o d

B d3j dzlst, yoofijzH fxtste) " W ets [ MR HJddds e s o' dpHizE  H d
sMtsBddz Hiczee® . o g (ZE dzeis @G " o f B Zdzw y*' 2

yomkz o Hsd3' . ]l Blstc’ B tizts 9 g fOR@ syl W@z . dz/
[ Olsj &3OIs d Yy dzts ¥ B H j dzdz® L OHOY' ‘ md mis j§ &3O

l sdz' Isj .etc O

o

X—

(a- b) x

o o
< ~

“(c+d®)y

— =) ——=> (D:

o

t
HR Db C,diHESHOIs dzg Mmils O dz’

ltetso j B §f d3zO oy i dgdevdz: dzts fls fats § lz=Becyl, d=1,4 tc d
Hdzw HJjC"  dzo Csn 9 Otc' OxdB=2yOiEE wOIsYL O Z I i3
X(0) =1, y(0) =3; x(0) =3, y(0) = 2.
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[ W STdz HoBE Waliz® o QB oz L HGotad GPES dzd o3
and DAEs' dzls j ol pafis . de dzv v MdMmlsj dsd o' HYto ' F

Mathematical Particle Tracing CdzlsjteW J2ME, bksdkz o dCtsted
it SL 9 6V .LtOdptaday 0 S0 d d3' tcdzz  dis  gz@rdylatheralical
Particle Tracing Cdzlsj oW 2 M

File -> New -> Model Wizard - > 2D - > Mathematics -
Mathematical Particle Tracing (pt) - > Time Dependent

[ BtcOals [ dzls j tc WNjptRemdtical Particle Tracing (pt) {f ° mdzw
dzOIsd M¢ O dzdzgVAddjeDd C s ©rd sy o  SaaPhygics yoOmlis d d
i tsdzw H dzw a@z® | 1B g3 datiztzd - L OHOY"' . A ‘a4 d

odSEtstedmlssozoa Olsdmw ' H yYyoOfm L OY dm&dzdyy Mls
o 3oy, qzyd~ fBgd a i3’ dz

l 3 dz’ s o6 HigEE R tcdzsmisj 2 W' L dydedrms 94
Untitled.mph (root): Unit System T <>= None
i SLIcOrEZdZC S0 8 B EZOMIsE L OH OhY' fizdem] oHGOIsA (i |1
Lsdzzeo wC' 2 BEHLEIS! tcsL sOh ts9 Odz WOLBo Is
By dzde " Mis! odBEyk {Ytedd dEBEB IZOMIs ' Hdff f te!
Hismdjlsdzd ©° L i3° t6(d.

Geometry - > Primitives I Rectangle
Component 1- Geometry 1- Rectanglel:
Size 1T Width, Height=8, 5 (Ho O ) tsdzw
Positon T Base, x,y=Com er, -1, -1 (Is te ff ts)pzw

LMB > Build All Objects
1l " diz@ldbal Definitions M Is o tisiglz Lifis@itc O d3j Istc* o
Global Definitions: RMB > Parameters
Parameters i Name Expression=a, 3
i Name Expression=b, 3
i Name Expression=c, 1
i Name Expression=d, 1
l dpte’ Is! B j Maslesh)s e P @zl e j 2 Mz
Componentl - Mathematical Particle Tracing (pt):

Particle Properties I Formulation = Massless

4 ) Component 1 (compl)
= Definitions
YA Geometry 1

i Materials I Massless j
3_0,; Mathematical Particle Tracing {7t}

lojH'Is! Mmdmsg stz te" 2 d® dizf Vo b lstidyfistd dgiz Is
Mathematical Particle Tracing (pt) i Particle Properties 1.:
Particle Velocity I v <x>=(a-b*y)*gx

v <y>=(-ctdoxyay

+ Particle Properties

Formulation:
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da _
dt

4 Ze; Mathematical Particle Tracing (pt) v Particle Velocity
D f
ﬁ w E|||. L _ Particde velocity:
2%, Particle Properties 1
(a-b*gy) "gx X
(c+d*gu)*qy i

1 © dzOmis kz{ dzts dzzMathaeistiqal Padicled faaryg (pt) Mils o stc* Is o |
ReleasefromGridle W COtsd®kz LOHO2I] CttstHddOIlsd ysl
Mathematical Particle Tracing (pt) : RMB > Release from Grid

Mathematical Particle Tracing (pt) T Release from Grid1.:

Initial Coordanat es 1 Grid type= Specified combinations
Initial Coordanates T Ox0=2113
i 0yo=1232

1 d B ‘Specified combinations sSL ddOdB] MssyS d GO Is d d
¢ ssteH d@aplsa)(13),(32), © daj of' By dzds' ¢t
udmg dz
1 Odzd " Jdzsfw o9 j Misd e HOAROM dalats di teigh fflmrff dziQ iz
Stepl: Time Dependent
Study Settings T Times =rang €(0,0.05,5)
I Relative tolerance= True, 0.001
l dStsdzO21Isj B yYdmdzj dzdzv .
Home - > Compute
l ' dizResults - Data SetsL ' dVlso' dnlr L Radicle 1, Vv € dif2tc j H MissdOdy jozw
HY J toj dzts H adidpr . Is @sOEGE yRgsultsL ' drlso! dntwy © WOG g izt O
Is d Rz Plot Group L dzO Pastitde Trajectories (pt). 1 o jtedz' Is!” 'z9o O
1 lJo MY DapSéitsB tdB dp | tc | dzsPamicRdzd n
l ¢t OW 2ytsiziz'z L Ba@icle Trajectories (pt) © ' HiEB e OL  dzd W
usslsdted Isttpisd.sOof ez #zO0L so d- Istc Of € dztiss] dzdkew
odL dzOy0O* Is+ mMmw dBsd3d dzls s d3 TmO gtz | HD®az s Dodda| LAz
Particle Trajectories (pt).

+ Data
4 . Partlcle Trajectories (pt)

%=, Particle Trajectories 1 Data set: I Particle 1 I _|
& color Expression 1 Tme I : T
10z Isigtsc e OW * ydzz ctezf 2 Hdzw o' HisBtOY j dada”
Particle Trajectories (pt):
Plot Settings 1 Plot data set edges =False
Particle Trajectories (pt) - Particle Trajectories 1.
Coloring and Style TLine style 1Type =Tube
T Line style I Tube radius expression =0. 03
T Line style I Radius scale factor =True,1
Coloring and Style T1Point style 1 Type =None
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[ SHOSC S LsBOLdBE 20 OV Sk fsyYyoOlss e
HEzB dzt ' d3ts Pastida Teapxtories1 256 ts Csf ' ¥ dzO dzO |
9 HBSBW©GO)Y J dzdzv yYydm btsytss.

Particle Trajectories (pt) - Particle Trajectories 1. RMB > Duplicate

Particle Trajectories (pt) - Particle Trajectories 2 - Color Expression 1
RMB > Delete

Particle Trajectories (pt) - Particle Trajectories 2:
Data T Data set = Particle 1
Data TTime =0
Coloring and Style TLine style 1Type =None
Coloring and Style TPoint style 1Type =Point
T Point style T Point radius expression =0.1

i Point style T Radius scale factor =True,1
LMB > Plot

0 1 2 3 4 5
[tsd3j dzls yOMmEz, HdWW @LCtec' s Idftds@' dflnlddtP @z’ Is' mw L
i tsdime o zL Ba@icle Trajectories (pt). v dzOfm o sdatsh 'H sty o o
mMitsmMisjtc’' O’ BB W OL Broj tocolddat® * Cldstdsuct d oy ' HAYC tdsad3
Yol Istselsts *  ff 3@ ©za dBe«pL otxford. -

) o deolsty @' betcz @' dtss ydMmj dzv dz' Mmls+ sz
fJjt' tsHdydzsts.

sdz' tcdzO f Odz' stc® MPtcOoa O 9" HBEBWKOY O 9 J
ssyc 0 tkzr O kg’ s OL 90 Az dzOH is tz&®o@ Akdzk U3
9 Iz L Rdn@cle Trajectories 17 Color Expressionle  {f Expeession .

) o
4 | Particle Trajectories (pt) v Expression <4 ~
4 2o Particle Trajectaories 1 Expression:

£ color Expression 1
pt.v

vlls ftpi W' Sz wd3 ditsH j di'] o z L Ma@en@ticdd Pdrtitle o
Tracing (pt) © f§Madze. W sL &zOYyO©‘' o j dzd yd dzz ( 3t H & dz

z sBf 5B zH HKotdeodO dzj » detisigpls 09 L § ' apB®fglstc’ Is )
G tcOWze gtAPPIotGroup2 * HESWWOMPJO f ° H o Patidizd , s iz
wedr LtsBtoOL " Is'ogxGgeOW " ¢d o4 dzd yd dz

Results - > Plot Group 1 1D Plot Group
1D Plot Group 2:

Data 1 Dataset = Particle1

RMB > Particle

1D Plot Group 27 Particle 1:
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y- Axis Data
X- Axis Data
Coloring and Style

Data Series Operation

{ Mls O dzdz’

I Expression
I Expression
T Width

= qX
=Time
=3

I Operation

sL dzZOYO0" ,

= None
h s

CtststoH d dzO s dadpdt) W 41,8284; * 2

1D Plot Group 21 Particle 1: RMB > Duplicate

1D Plot Group 21 Particle 2:

y- Axis Data

LMB > Plot

[ WPdkoh ske Odyd BHEES jd
) 6sls OB b dzs 2 Is

B35 34 dals d

I Expression

=y

b

u

=

o N
o uw = v N 0w 0w s U W
1 1 1 1 1 1 1

yomtkz.

3

Derived Values:RMB > Particle Evaluation
Derived Values- Particle Evaluation 1;

] i tEdpression € dzOydz' Is' {f twid § gaeefflage Expression.

s

e S O.
L dzO U dzdzw

BkHIEIs!

hodHC Bl

Il " HCtedo O Is: MW o Cdzts, 9o WwWCBdRE A&y dzO
ptV - Particle velocity magnitude ' LictsB ' Is!
C dzOy Odzedat Bdimession L ' wo dls' dhgw. 9 dtcOL
Expression 1 Expression =ptV
1 Olsd Mdz' Is ‘Evalbatdzs § €liel'o z L Raicle Evaluation 1 °
Is OB dzd y ¥ hodHCtsMIsj 2 H d2¥ O L Ssteyddts 'S derd o o Bgis dat
Istsydatsmlis” 9" His8 6O {p daiizs O Aigll fRrecizdats f s L IsOh 59
dzOH IsOBdzdyj ¥ .
Time Particle velocity magnitu ~ Partide 2 Partice 3 Particle 4
0 1 3 153 9.8488575801795104
0.025 1.0345359625039168 2. 7820186473668596 5.16795926971753 9.851051078393851
0.05 1.0870053053886823 2.5795852733063436  |4.471120004338723 9.66171437307983
0.07500000000...|1,1547252314128496 2.3943473898775043 3.9035467051905304 |9.3069734558160206
0.1 1.2342104754192054 2, 2271836514300433 3.4542506925833082 3.820269163629938
0.125 1.3217166751830798 2.0733000847041584  |3.1086846060533607 [8.233.269784335683
0, 1500000000 TTTARE3g 2.8500947098779017  |7.59724144301F
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447. D t R § &Odjlsd dOeCttkzecd Mmdyv.
t BLE W dzj 3 L OH OYyk tczrlz § dzOdzj Isd dz098 Stz

Y

'

T

& .
1 0Csdz oafjMe' sdp 5¢ ® jIEvss'cdalz? W sHclgsEaz0E o
Hpio jShste fdMBmEdedetgiz?2 o jCltste, MYtew Bso

,aR'i 930§ O dzO

f ZOdMBEREMO Misaddag®9 " sOy" 2 dz0O Mmls O dzO. 19'W>14
BOMd o ded a3 Is* dats o3 ¥ iy dzy Mgz dals -W ig @A ky(t) W) ¢ Ists
ftcj HMsPAR@H-D FRHisstc ff dzOdzj Isd. & d dzO, L wCts
BZzH] MW RBso Odz0 9| At OtsH d dzgd ydets ¢ s

el x0  -yo §

B +y 1) VO +y )
wedige f totsilsderlf g dakRCh FRsstclz f d&zOdzj Isd. U sH
BOIs d B ls:

méXii(t)Q mM eX(t) a
iy 7 0em + 20 [ yoy

l o jH] WS i OMdRO w| {5 distlzts &3O ° d3ts dzOmlis z f dzlz mdml
HdW J toj dzy’ Odzt dzd - tc' o dzv dz ax(t),Hy (xS ff distds to dz { alZOHe
tGIz:Bu'dyzOdZJ s :

Eyi(t) =- k x(t)

1“ OC() + y2(6)”

| : (1)

L= kYO

(4 + Y2 (1)

[ dzw BsHj d dats’ L OI0Y' L OB @ st OdBE so b

x(0)=1, x(0) =0, y(0)=0,y'(0) = 0.4.
l dedzv H Mmd Mmisj Nguvionan Hetf] 8 O Matf@rhatical Particle
Tracing ' dzlsj teW J 2 Miz, sz o S stedMISO’ B 26 S.
{ 5L ©® 0 WL tDoiptisda o s d di3' tedzkz  dststHoz@zNlathermiatical
Particle Tracing Cdzlsj oW J 2 Misd3
File - > New - > Model Wizard - > 2D - > Mathematics -
Mathematical Particle Tracing (pt) - > Time Dependent

I kS dz' Is! 6 HigEEEhed cdsmisj2 %' Ldydds o) dd

Untitled .mph (root): Unit System 1 <>=None

i SLIcOrEZdZS B 8 B OHEFHIHAHOY' 99
Geometry - > Primitives I Ellipse
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Component 1- Geometry 1- Ellipsel.:
Size and Shape 1 a-semiaxesb-semiaxes=1, 0.5
Positon 1T Base, x,y=Center ,05,0
LMB > Build All Objects
1 jtoj o' tok jo Iz LMBematical Particle Tracing (pt) 5 B tc ®lez®nian
teJ HOC y' v ldddsjLtabepdBdéntz . Variable o d &Ry iy Y tsHJ
3y 20 N E2C Odzd n WikzdS y' o2 (9 dZzoh sz fted &
odMmlskzy Ot lgx¥ " qy) d3' dzgztc j o ' tc Istg 5 LisHIOEARY Selectiors &
mMi Sy~ o demsdedzd M5 I B Ists ' e § © GO ts(tsusjdzOjmdz"
U 9 WPartkle Properties 1L OHO2Isj tHddzd ydzy L dzOyJ dzdz
Mathematical Particle Tracing (pt) 1 Particle Properties 1:
Particle Mass 1T mp=1
l ¢ dkfathematical Particle Tracing (pt) H 5B B9 z L Release from Grid :
91 1w C tsagsH "fissyOls € 1 & dztsoka, dgslz? f syolsCsolyy hod
f dzOdzj Isd .
Mathematical Particle Tracing (pt) : RMB > Release from Grid
Mathematical Particle Tracing (pt) T Release from Grid1.:

Initial Coordanat es T Oxo,0dyo=10
Initial velocity T Vo<x>=0
I vo<y>=04

[EHUsg zLFerde . 2sdoL Of sdsdds dzd yt L o dteOL Oz
mMdMmis jDsd © ISPy o o d B Hfain Ielestion * daAsS H O2 Is
"z d SO IgiEstelz ] 6 tsB dzOMls ', o w¢' 22 BEWJ HIEWIS
HESH O9 Odzdzg? sz c© BB ZOMIs® Jetsmists € dzOydz'
Mathematical Particle Tracing (pt) : RMB > Force
Mathematical Particle Tracing (pt) i Force 1.:

Domain Selection I Selection= Manual, 1

Force 1 Force: F <x>=- gx/(gx"2+qy"2+epsy\(3/2)

Force 1 Force: F <y>=-qy/(gx"2+qy"2+epsy\(3/2)

4 3, Mathematical Particle Tracing (pt) Farce:
o
S wall _ axflax2+ay~2+eps) (32 |x
=% Particle Properties 1 “ayf(ax~2+qy~2+eps)~(3/2) v
2%, Release from Grid 1
@ Force 1

1o jtods Is! EZoOck, hits o LgOExRHzdzdE d dzdefcO) {f fy°
22204010 . £ jf slste,’ BfAse L O jsB s @de@pdzj dzdzd S O o o

1 OH OR'ISQY OL ts Getc P Hg'te Gecft YdD'MHzdzts M dzlzts of sk g dz f diz' .

Stepl: Time Dependent
Study Settings T Times = range(0,0.01,20)
I Relative tolerance=True, 1E-5

] d Y2® 2tdsgjy d ) dzj dzdzv .

Home - > Compute
l ¢° Resultsi DataSetse zH ] Mlseo stc] dzts HS3UBy 1iSglytian jl &zO H
“ Particle 1, [€OC 5 H 9 B® td @30 & g2 Particle Trajectories (pt) L
o Iz L dzBatiicle Trajectoriesl. 1 jtoj o' tolsj ,1 1 h t9 Iz Bati@e
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Trajectories (pt) @ e s L HDatalzp f Binle sBtcOdzd 2 BOSC Md BOdz' d
Yyofmkz (9 dO"' sk Of sl dzOis?  PticgtadzftCedyygs ,
htsB o cGtOW' yYydzsdsz o' Ctas L taf)r HdgiEldr®dprei'eo M | & §

Particle Trajectories (pt):

Plot Settings i Plot data set edges =False
ztsB §tBOYdIsd Istd @zOCdspasStaf & ts te
Particle Trajectories 1.

Particle Trajectories (pt) - Particle Trajectories 1.
Coloring and Style TiLine style 1Type =Tube
T Line style I Tube radius expression =0. 005
T Line style I Radius scale factor =True,1
Coloring and Style T1Point style 1Type =None

LMB > Plot
— : . : : ™
ozl i 45
4
ol - 3.5
3
or T 25
01k i 2
15
02t - 1
03f i 05
1 1 1 1 1 1
0 02 04 05 0.8

IdH@dg" dOEELO" CIsstc”’ 9 Hiftseo HO' " dzls J oo O dzl
L OL dzOy J dzBicdso 1 L Rifp@cldzTrajectories (pt). s tdz' tedzO f Odz' I
9 HBSBKOY O ojJdzdyddzz (B@BsHBEZA ) hodHCtsMIs'
9 dL dz0y @0dzOMm s Iz 9 ®ldzday lel3d dP@rticle Trajectories 1 - Color
Expression 19 ff Bxmession. | dzOh sd3sz f§ toed € d&z@tv', ofd¢ o d
f sLd2Oyo’ eojdzdyddzz "edHSC sMiIs’ .
1 sBkHE2I] Odz' 3Oy ¥ tkabkz § zZOdziIsd oL HBE
Results i > Export - Animation i > Player
Export T Animation 1:
Scene 1 Subject = Particle Trajectories (pt)
Animation Aditing T Time selection = Manual
T Times(s)(1-2001)=range(1, 10,260)
[ MisOdzdzm OHYOY "™ "H * Of OL sdz dztsd3d to' 9 s d3J dzls
Frames1 Frame selection = All
Playing T Repeat = True
LMB > Generate Frame.
l sydzj s mMw ftesydm GcJ dzgj tclzo OdedirOISY BmiaG Iss . G Xk
Play @ dz@ Odzj dz’ ¢ d oz o Odzdz” s LOISED "d3®ayO dz® . 9 d tisteizO
CtleOW " ydetsets o' Cdz®. Add3 od LOfEMIsdlsy Odz c
1 Okzo Oy J dafftctsB 22 Is § tetsLoO0WLOd LOHOYk &
1 Of toed € dzOH Stepkz TimmezDepkehdent © ff BoEs L OHO21Is] H' Of
range (00. 120) .1 d BlsteddiZO‘ Isj L &zOydets ¢ ' teh d2 todf

afizEAdiZD | JS zeo EOLABLY

166



448. % [ Olsj 3OIsdyded?2 B' dz' WtcH o Jjdz' My .
| f dzmMEéfR@JL sdzlsOdz! dzd?2 B ' dz WteHdzd2 Mlils’® dz Hts¢
BJL Isj tolsw tczn O Ist Mw BOdzj dz# €O Ckdz €O,
]l slstc' Bdets o dL dzOydilsd kO’ Cliste’ 8 NYblzn @z d
stsySso O CkzdzWi daOL b @Ok MAzPagO B | dzO ¥ tf n 5 3. L
stsy¢d o dBBOIsj BOIsdquydesdzze B ' dzt WigH odL dzOy'
9 jCsstesds No qH.CAPs " dizd L o bW L ko Odzd 1yt L
sB dzOMIs ' . MathizlmgtitalWParflchyg TracingtsL o s dzv ° RBsH J dz¥ 9 Ols
9 dBOIj BOIdydetsdzz B ' dz' WteH' Htse ' dz! dets’™ Wistec
it sLedzwdz di3ts telkzrn IBYSd o Jdz' filsdydetsdizz 3G

it SL OO0V .L @islkairdes j L tcsL dg'd a2z’ 20 dzlzdsts H |j GxH O 1
Mathematical Particle Tracing Cdzlsj oW J 2 M3
File - > New- > Model Wizard - > 2D - > Mathematics -
Mathematical Particle Tracing (pt) - > Time Dependent
Untitled.mph (root): Unit System T <>= None
i SLIcOrEZdZ o B8 B OHEFHSHAHOY' 99
Geometry - > Primitives I Ellipse
Component 1- Geometry 1- Ellipsel.:
Size and Shape 1 a-semiaxesb-semiaxes=2,1
Positon T Base, x,y=Center ,0,0
LMB > Build All Objects
1 o] o' tok jo iz (Mbematical Particle Tracing (pt) ts B tc ®lelzt®nian
cj HOSC Yy v " dzlsj W j2Mmiz.
L o Partkle PropertieslL OH 02 1Isj HJded ydzaj L dzOyj dzdz
Mathematical Particle Tracing (pt) i Particle Properties 1.:
Particle Mass T mp=1
l L sdz Walldif @missmMseoz’ Is' MW Hd&zw o dL dzOyJ dedzw
Cdzls OC szt Lis@gidzs so S o HBE[RGHY F)ls Qo O gz & O dzdz"
Is. H. ). 1 &&O"M'tsdz odf OHC bounfgsistc’ B dzts B teOlsC
Mathematical Particle Tracing (pt) 1 Wall 1:

Wall condition i Wall condition: = Bounce
l ¢ ° dfathematical Particle Tracing (pt) H 52 Bq] z L Reldase from Grid :
9} Iw C tsoGPH ‘flaisyOfs Chhsdztsy j dedzv  ° § syOlsCtsolz h o

Mathematical Particle Tracing (pt) : RMB > Release from Grid
Mathematical Particle Tracing (pt) T Release from Grid1:

Initial Coordanat es 1 Oxo,0yo0=0203

Initial velocity T vo<x>=1

T Vo <y>= sqrt(2)

[SH2Osgiz LRercz © 2dasd 5L OHO21Is] d&kzdzr sekz Mmd dziz.
Mathematical Particle Tracing (pt) : RMB > Force
Mathematical Particle Tracing (pt) i Force1.:

Domain Selection I Selection= Manual, 1

Force 1 Force F<x>=0
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Force 1 Force F<y>=0
1 OHOR'SQY OL s@cpBlc@gtyuPmiz
Stepl: Time Dependent

Study Settings T Times=range(0, 0.05, 10)
l JUz2®21sj B yd mdzj dadzv .

Home - > Compute

l ¢' Resultsi DataSetsB zH ] Mlso Btcj dzts HAUAy 1Libylytidm jL dzO H
‘ Particle 1, OC ) H 9B tdEEOE R Particle Trajectories (pt) L
o Iz L ®&tgle Trajectories1. ]’ H € Btcd AERARON Isz o O dzdzv .

Particle Trajectories (pt) - Particle Trajectories 1- Color Expression 1
RMB > Delete

Particle Trajectories (pt) - Particle Trajectories 1.
Coloring and Style TiLine style 1Type =Tube

T Line style I Tube radius expression =0. 02
T Line style I Radius scale factor =True,1
i Color =Black

Coloring and Style T1Point style 1Type =Point
i Point style 71Point radius expression =0.1
i Point style T Radius scale factor =True,1
i Point style 1 Color =Red
LMB > Plot

-2 -1 0 1 2
dlsotstcj dzO € tod o @ 1609 devis ' Htds [ di deO' 4Dy dzlsb=0yed fn Iz
s 510203)," L OS¢ dpylosesdsfisls OH OdzdTme B O 56z o ! ¢
GteOW ' Yydz&-10 ) s ez d

1 sBkzHE2I] Odz" i3OyY" ¥ .

Results 1> Export - Animation 7 > Player
Animation 1:

Frames 1 Frame selection = All

1 G4 dzj elz21sj Cdd@ldcd{in ddam hdsoQgireate Fraps ¢ 2O ZMmis ' Is
C U detst Py .1 © dzOMmistef tiplz g E OL O dz' COHtd, i
z3ts d3j gl 4. 26. 7,87 .

WANANSY. S
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449. N, 1 8 jtojyde GCtsdzdo Odzdzy Mmlstczdzd L HoSBO o
[ O cgis 9 Oz v ¢ L O U6 of telrf) LAS dzflg B tizlz dz2' 2 H 59 ) O

L=3a b8 OF2a. ]l " Hte' LS d Mmistezded & ¥ o Odzls Oy
g HQtStGW“ISJfI]W M@ Gk ddd s &daddDiadeks o | to
o' HAddzj dzdzv o Oxylzlsddp" otc'ed dats of Bsatizfs dg() ' ®,M). Mist
{ B dBj ¥ d Bts i) WO dzuzsgBrfnn € tults(to ‘Oatadpy dzdzv  tckz ok o
36 d i3e I H

dyl_T_k y18T’21 8

dt? ¢ a =

dyz_-l—’é yzg éZaylg
HJyO,y3-Ld3‘thzdz,W dz alsGls ‘ ftcOQoatsets §' dzy' o

) tots O dz0 2§ sk g €O dz' Ydzs B j i d Mystg Wls € so,t5° |
f 8¢ dz@shMELT=ls 5H' Glsted BO' & MdMmlsj Bk

éd?

?dyl_ﬁ 2y, o
1

Id Y =-2y,tYy

I dt? 2

sstcd Mszp@ayd dedzts BRZIsd LteLEZzd' dzts, L OO W dzv
COMSOLY tslstc” Bdets ttsL 90w L Olsd Mmd MRGotaz OPEst , Is
and DAEs ' dzlsj oW j 2 M. pdzj d&Bd BOYO" i3t  tsBlzHEZzo
BOMOBd. uBH' dOdB { tistc'dedsdy o tedstdlsjBddfErpoHO it
ODEsandDAEs ' dzls j teW § 2 M.
it s5L 96V . u@GditiEs H dztso d d3' tc dzlz d3 i H jdd@odgain @BEIES and
DAEsS’' dzls j teW. | 2 M3

File->New->Model Wizard->1D-> Mathematics - ODEs and DAEs Interfaces

- Domain ODEs and DAEs (dode) -> Time Dependent
Untitled.mph (root): Unit System T <>= None
] J BB ste’ W ctsH J dz' MmMC &zOH OIsd d3j Is* MW L 9 ' Ht
Mstclkzdzz, ° Hottn byt¢, hts BEHEIS! LBBtLOYC

Geometry - >Pimitives - > Interval

Geometryi Interval 1 (i1):

Interval I Right endpoint =3
Geometry - >Primitives - >Point
Point 1 x: =12 OB MydMmd HotR o)dzzlste’' h dzg' = Is

LMB > Build All Objects
Il ctOW ' Yyl o SBdg'H 59 OglitsH te S1B Ge@ X 1] ddsiay Y & O d3¢

T T T T T T T
0 0.5 1 15 2 2.5 3
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10 9" HEsBRHKH2 K] S M CE.
Mesh 1:
Mesh Settings i Element size = Finer
LMB > Build All
[ SHO22Is] &lobalFEsuatpndz: okL sdz ¥l oL Qffstotsdz s ¢ Is
tc' o dzv dz' .
Physics -> Global -> Global Equations
Domain ODEs and DAEs(dode) Global Equations 1
Global Equations i Name f(u, ut, utt, t) =ylyltt -y2+2*yl
i Initial value(u_0), Initial value(u_t0)=1,0
Global Equations i Name f(u, ut, utt, t) =y2y2tt -yl+2*y2
i

Initial value(u_0), Initial value(u_t0)=1,0
4 — Component 1 {comol)

= Definitions » Global Equations
7 Geometny 1 _ _ _
2= Materials flugedige t) =0, tlty) =up, uelty) =g
d : n
4 G EDF@IH _GDES and DAEs (doge) Mame  fluututt,t) Initial value (u_0)  Initial value (u_td)
. D|§I;r|buted ODE 1 ¥l Y 1tty2425y1 1 0
=— Initial Values 1 va Yty 14252 i 0

@ Global Equations 1
s O0Cdd3 yddesdz, Iskls o gl g ‘detse B Iz Is 'dzj te t5 IH 't HS
tesLo 0L S MdMmsjdkd (1), * LtsBteOyOIsd L & h,
hts fsyYyOlStse’ L dzOyj dzdzv ydema L d3 dzdzdrm (° ’
[ @yl y2,d3tsy dzO L Of dMOIsd to' o dg¥ dedzw flstclz dzd
10 dzdr MlstezdzO BEH] LtsBtO) Olsdmw f tow diitsdz’
weda o' HBM®BG. 2B LOYdMOIsd IsOCj t' o dav dad
Mlse tstc' Isf, LLd® HdDRED Jatcdd@ fitsddg] d3

Definiions -> Variables 1 Local Variables
Definitions - Variables 1:
Geometric Entity Selection I Geometric entity level = Domain

I Selection -<>=1 (&z' 92 )" '  Hie' L t5!
Variables ( Is OB dzd ame =f
I Expression =yl*x
glsotstc’ Is! hj SHddz okLtsdz L d3" dzdzed - .

Definitions -> Variables 1 Local Variables
Definitions - Variables 2:
Geometric Entity Selection I Geometric entity level = Domain

I Selection -<>=2 @MjtjHdz 3 9" ' HI
Variables ( Is OB dzd Name =f
I Expression =yl+y2 -yl*x -1)
dlsoatste’ Is+ Istgjls'" 2 obkzLtsdz L d3 dzded - .

Definiions -> Variables 1 Local Variables
Definitions - Variables 3:
Geometric Entity Selection I Geometric entity level = Domain

I Selection -<>=3 (@ ttOod?2 )o' Hte' L
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Variables ( Is OB dzd ame =f
I Expression =y2*3 -Xx)

[d MmMlso tsted dzde ' L Hanables L da ¢ sy dzsdzz 1L d3'Wdedfls Ll
sH d2OC a3 fspzdzy syaitiso 'L &izd L dzZOyd dzd o' L dz' H' dz
9 Htic' HdG)OH ®Bdzd dz’ W tste dzlz dzd . stsdzd © dBBH | A&
L d3° dédzts Md Mis J agPL de@AHQARY] dgbolds S'd3O B qdzBIlsd  tSistc
o dteOL HA&v ' UO%Sdeddigdgziddgy d LLdd®dpPsded S A daf -

" dzlsj tco OdzOR L Ofs® friwj LW isds ditz@ils s,

8y, & ,0¢x¢1
f :iy1+(y2- yl)(x- 1),1¢ X¢2.
by, @3- x) ,2¢x¢3

1 OzOh Isk21Isj fOtcOd3j Isted totsL f sH' dzj dets™ L OH On
Domain ODEs and DAEs @ode) - Distributed ODE 1.
Source Term T f=u-f
Damping or Mass coefficient 1dy=0
Mass coefficient Te,=0
IS h 2C OdzOu BLIAR jdzdz® d L dzOyOls d g f(x) &0 8 dzv dzd
sByYydmdzs o@Isid iz i3 Oo e OL OB ¢ z® Biplstctzd =« H ° dzW
1 OdzOh Iskz21Isj] yomtsed?2 ' dzlsjtco Odz
Study 1- Step1: Time Dependent
Study Settings i Times =range(0,0.2,6)
IS sdz02 Is j daday yd mdz
Home >Compute
1 ZH ] mMliso tstcj dzts H.o ' | ¢ B PIYt1GIHUp loftadzafidH s 0 O dz(d
ctoOW ' Cd ytk'dghsd 2L Odzj y desfmils® o' v YOk (Std
1 T T

05k

4 " 10 Plot Group 1 ol

@ Global 1 —— State variable y1
’ -0.5F

—— State variable y2

) G D Plot Group 2 f sB zH 59 Odz Cld " €L Pdzy ypdas M5
CotstcH kOB dGsdy=Bldds wadndW,” ¢ d Wstedsd Mmistelz
1r P

o\ 1
05k -:- " S -.::-

4 7w 1D Plot Group 2 0 [
P Line Graph 1 .

1 *-coordinate 2
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1 O Odzts dzO cwOW ' Sk L sBtcOLIPBlot Grigp@P R sH @ Ay | -
hj HEZO2defr ctOW' Cd, wC' khHgls L OazEPHEOh
9 H W' CmMBoOdets’ fJosmMsstiecsos™ CBtHddAdzOIs(.
1D Plot Group 2:

Data T Time selection =Manual

Data T Times (1-41) =1

Axis  Z Manual axis limits = True

Zy minimum, y maximum =-1111
1D Plot Group 2 ->AddPlot i Line Graph

1D Plot Group 2 - Line Graph 2:

Selection T Selection-<> = 2 ( dZH S Olstste Mj o) Hdz Gt
y- Axis Data T Expression =y 1
x- Axis Data T Parameter = Expression

I Expression = 1 OB Mydmo ' oats’™ d&OMJ
Coloring and Style T Width =7 (esL 3" tg) Istsys d

RMB > Duplicate
1D Plot Group 2- Line Graph 3:
y- Axis Data T Expression =y2
x- Axis Data T Expression =2 ©O©BMydmo HicOo s’ dBOMJ
1 OzOh skl jc O®AsE Mo ' 2'o f € STEDA Is jLME PO diHZ ]
fsBzHtso Odzgd?2 ftetsW' dzr Mbstelzdzd L syl tse d dzd

1K
DSA
0

0.5

-l 1 1 T
0 1

2 3

pdz’ d3Oy' ¢ kbl Mstlzdzd L BOMOBd fftsBlZHEZ2IS]

[ sted 30dzy Mddzmntetsdzdzy S Bdzdo Odzdzv BB B- dO
md milsj d&3d . r dzv fYtsBlkzHtseod HckzGts’ dc3tsH d , w C
fsd3’ dzv 2 Isj Bomainl ODEszanddP@Esflode) 1 Global Equationsl o
sOB dzdy'® to' o dadzv !  s5YOls© 5ozl wef.ded yj dzdzv H dzw
Domain ODEs and DAEs@ode) i Global Equations 1:

Global Equations I Initial value(u_0), =-1 (e2-dsz tcW HC B Is OB dz

1 jtoj sBYyYydmdz' Is! 1Ret Grdup 28 isted dg@AL sz dzOMmiskz dzd

1

05k

0

05

-1
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10 Yy sz tedmikzdzC &2 L tsBtcOy Jdes § syOls bamo d 2
I Times (1-41) o L 2@®Ilot Group 2 ' dzghddts d3j tcd  dp@Fiplrifls ‘Boz H | Is
slstcd Bz a®ISd f tosW * dz7 Mmistclz dzd .

[ dzv Mmlsotstej deda" H sz tlzj ez &) KhpslZd 0o OdzH ok G t
HsMisOlkdy 5 L OHOId HoW .dz2 e totBskylsS,s o dz0 i te
%(0)=1,y,(0)=0.

1 Ozo Oyl dzplztzv ff sBRzHBSO d Is tsdgssa@ o HE@E 1O |
o zL dzd PdetdGaph Odzj otsded dzgj ' HaBSHWIS! H dzw
Hd dzOd3' @Gy On BEZHEE IS stcO‘ Clstkta’'’z’'o Ol Glzls
o JtlsdCOdzr d2@ o " Hte' LS d oLHBOY WwWCdma tokzn OF I
1 Oz 9 Ox2). ddgP" ts dizlz  { Dowficth @MEsand DAEs (dode) ' dzls j teW j 2 f
® H' 0o 0o HBYIBAR Yy dkz ttsdz . J Hdztse d d3' to dzC
‘dzls j tco Odzz o Y s d3tf tsdz!dsaiilcdez@ig b Ste jAZO 6 OL
tdzlsjteW j 2 Msd3, tjftojLjdzlskzo OdzO L d3 hj dzdgv st

I ftOo @ tsLo oWy ' Is: sk wd dzO el | fgSlebaiitc g o N
ODEsandDAEs ' dzls j ¥ j 2 fyts 3.

4410/, [Hdzso B ttdz® dBsHj d' SCtedflsOdo.

109 jHjdBs dO2ftesfis' & sH ditdd dgisenzzdzQssio]j ddz
kW ¢ Otey' m cEOE@h s Odzd & 20 B Hsde@ LS 99 ' 2H ot HHd
fsob6vL Qdddr twHeeRizH dzOSC so ddzd ftolzy ddzkOdigld  ts°

®"' Hnddzj dzdz' 9" H 1 ifstddisy ¢ dizfdrds®diPiazty as@qj de dzlz Is d
MisOdz tc' 9 dztso OcG (.

0 1 2 n-1 11

1 5L dzOyd d3tse ‘"uH Asq tz) dztize X c sLid € O f sdztsy j dzdgv  to

VL 9adf OHSE BOddAR (d d 2dzdr) SCtdzdeo Odz , o
i-cEkL SO BOIddj odcdvH
&% =k(xa %) k(- %) (=12 .01, ®

Himddkzkz kdsed L OBt itz dedeh=0 %, 0)dq

Ajeds' L & sdaj eZ@aige ds ) @ fipls{ o Az Is g P (X Kk 2O
L we s’ o LIEL)-BEsHOT -2 S OIs s d3d d30dz) dizj d' jafd® € Iz
dzOf to d SErPH , BAEHE(H,x)=kDI+ad >  BIFExX,-X ' a -
BOds. Aj ftedLotsHdls! HB dzOfmlskd dzs’ fMdMmlsjc
d?x

M- =k @, - 2x sx)*a Q- x ) - (6- %.F) (=12..n-2), @)
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H %) =0,%,(t)=0.1 tEsL o 6 M Bt E] 3 L Ctdzj 6 OB
LO BCtej Bddzd yOmilsd dz& O dzd , O afp ‘' sodjjHr QL
MdMlsj Bk a=0fitdd ¢ O Is2 fw L MddlzMts’ H OB .

s YOSz ttsL 6 dzv dzgj dzts L O HfisQ iE32dz' W dz' O2izdgd ~
wets’ o 1 cd§)lsilsda orgRffHes dizy S tbdtsHH. }isds'' dig 2 dz’
Ctsdzd o Odzdzy L BOGOI! @30 KBHOBR (fsyolsStsed:
l Istejls! sdzz f tcd €& dzOH ' COmBufdQdgsls L OH Oylkz »

1 ted ¢ dzOHIsMdz' H d Is dif Sdz'tsde™ Halz’  Cdig d2doed® deddgts 'n d
SHdZOC o dr IsMmeltdey’ POhdEdMadzd = oL HBSO Y  tow A3t
o' HMBOME dfdz o ' H LB H daElEOskzd »n° SHEZOSSa ddi3d f tolz>
k=1.s tc©O2 dz' swgeOtey W' CMmse Odz' . 1 syoOls¢ s O
dez dz¥ s YOS tso ' xS W @aeay' o o' Hdesidets s dztsy
LOH O st fyw )z d3ts%(0) #OBGsin (off o) datintR i/ ).

ltcd tsBtcOdzdr OEBORBEIc@GE dOhbbk{f dz L OH O1

O = (xa- x)+ Ko x) (21200000, w0)=0x0)=0. @

x (0)= 0.8cfsin(pi /1) +sin(2pi /1)), %(o)zo.
Wty dz0 tetsL o 0 W L lzep @dzdfviimian L 10 jiHs ® Sathermatical

Particle Tracing Cdzlsj oW J 2 Ml o dzv dRdeeAs 9 S sted Mists e
YOMls dBets&” Hdetsmdaets f sdztsy J dede o' @ GasQEdd)

YOflsddets €, w g fsoowL Odg 0= j @tz o SB 5 M)
x=g-j&@ (j=012.,n). utH' OO YOMsddO &' o

L Of d i @ dz@zv (=
(% - %)+ (%1 - %)=
:((qi+1' (i +1)a)' (CIi - ia))+((qi-1' (i - 1)a)' (qi - ia)):
:(Qi+1' ia- a- a +ia)+(Qi-1' la+a- a +ia):
=(g.-a-q)+(a.,+a-q)=(0.-a)+(G.- q)

- d d d? d?
l tOR oz ‘%—g[-:{xj hd_tm’() T J(t):ij(t), LOHOYO ( 3)
oded&zv HEz

?jtcz" =(Gu- a)*(@.-a) (=L2...n-1), g()=0q,)=nc, @)

q(0)=i &G+0.8dsin(pi/n)+sin(2pi/n)), %(o)zo.
1 © d y0O2 dzts , Mathénstical o Particle Tracing Cdzlsj oW j 2 M
fsmMisOdzso y' 1g0fQts'tc dinGds'eofizls 'Ols d dgix.Is* W f sL dz

it L 90V .L @lskaiEes j L toesL dg'd tdaiefz’ 20 dzlzdzts H ) @xH O ' l
Mathematical Particle Tracing Cdalsj oW J 2 Msd3
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File - > New- > Model Wizard - > 2D - > Mathematics -
Mathematical Particle Tracing (pt) - > Time Dependent
Untitled.mph (root): Unit System T <>= None
] G 'Giphdl Definitions Mis o tst8 zls Raameters © 1908 dad QH O2 Is §
f O Od3g Isric d
Global Definitions : RMB > Parameters
Parameters 1 Name, Expression =a,1
I Name, Expression =n, 32
it SLteOR zdz€ 59 56 Ots 5 dfpudigisdsts Sobols dzd € .
Geometry - > Primitives I Rectangle
Component 1- Geometry 1- Rectanglel:
Size 1 Width, Height = n*a, 6*a
Positon T Base, x, y=Comer, 0, -3"a
LMB > Build All Objects
1 jtoj o' tek o 2z LMBematical Particle Tracing (pt) s B tc ®lez®nian
tcj HOC Y ' w " dalsjteWj2Mmk (L dzOyjdedz" L O L Odstso
L o Partiele Properties 1L OH 02 1Isj ®HJded ydzaj L dzOyj dzdz
Mathematical Particle Tracing (pt) 1 Particle Properties 1:
Particle Mass 1T mp=1
l ¢ dkfathematical Particle Tracing (pt) H 5B B9 z L Release from Grid :
91 Iw C tsoGpH ‘flas'y O I Sstips'y § dzdzv 3O fipy @ dgCitadzs prigtlzdey  Is
Mathematical Particle Tracing (pt) : RMB > Release from Grid
Mathematical Particle Tracing (pt) T Release from Grid1.:

Initial Coordanat es 1 Grid type= Specified combinations
{ 1 "y'Bpecified combinations odL d&zOyo"* , hts o dzOMmiskz:
Oxo OyoBEZHEIS! LOHO9 Olsdmw fsyolsE sp0® OB
dzi ofm' dzw ¢ Ctd@BB' dgOYy" ' HOdzdms L ydnm ¢
Initial Coordanates I Qx o= range(0,1,32)+
(sin(pi*range(0,1,32)/32)+
sin(2*pi*range(0,1,32)/32))*0.8
Initial Coordanates I Qyo=00"ange(1,1,32)
I m< " o Matlematical Particle Tracing Cdzls § totixjtRtdn H Mis ©9 dz!
fsdztsy J dgdzv  Itsyts¢, @ dejfdgd Bordd§ ttgjddipis'Q dzdls = |
range(0,1,32) , wed?2 odL dzOyo i sdztsy J dztg® 5/ WS o0 dz
L Midssts yts & o34 B Phigls Jidgts* o fif stz yj dfadietzlz s * 8§ e )
COMSOL5 . 1 [zReleagetfromi Grid ‘' daj fidgflz’ B dzO L OMistsf

f OOl sted. vtz &d odkE3L) G hHE< .o g
fsHOd hdr ojtef' "n ftescteO®Rd Y% dzj HistetsB C C

1 9Jteds IsH ISOC s dzlg e OcGokz WigGOs 3tz @AfjQa ] 2 Isted |
Istc' sn) o998 jHJj dBd Sz Gigd MEJ dg© BB= d fg dzyf ‘s dz'
Qyo Bty dzO B Iz dz®rasge(H1BJ) M ls)d
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2 Mathematical Particle Tracing (pt) ~ Initial Coordinates
2= wall 1 Grid type:
go-’ﬁ Particle F‘erEI‘tIF&E 1 I Spedfied combinations j
2% Release from Grid 1
@ Particle-Particle Interaction 1 9x0  range(,1,32) Hsin(pi*range(0, 1,32)/32) 4sin(2*pi*range(0, 1,32)32))*0.8 = |.]

9.0 00%range(1,1,32) H
] syOlkCso® haduGC' Mist syt ¢ dZzOHO' Is! Mw
Initial velocity T Vo<x>=0
T Vo<y>=0
1l Newtonian tc j H OMatheématical Particle Tracing © o datsWy 209 Y 2z Is ¢
"Mdzzoe Olsd He O oadHd Mdizyj WiEtto da'’ dg figaLdztsupC
Mlse s MW z HorceH) o z L figd dzd oL O" qgBH " a3 N

Mlse stct & Is! fiPdrticlelz - Palide dz' Interaction ) . ] dzOh sd3lz
Lsoads "Ndz Mmddztse j 1 tsdgjlzyodz' H fififaflded |, d3' Opdzjo Ghdalss Gk
l ¢ ' ddddthematical Particle Tracing (pt) H R B9 z L Radle -
Particle Interaction C2das @ tho 9 j H 'tclidng O ) efigf i Is(4) dzd
Mathematical Particle Tracing (pt) : RMB > Particle i Particle Interaction
Mathematical Particle Tracing (pt) 1 Particle - Particle Interaction 1:
Domain Selection I Selection= Manual,1
Force 1 Interaction force = User defined
Force 1 Force: F<x>=if (dest (pt.pidx )==1
| | dest(pt.pidx)= =n+1,0,(gx - dest(gx))*
if(pt.pidx==dest(pt.pidx) -1
pt.pidx ==dest(pt.pidx)+1,1,0))
I svidzd d3s BMisOdzdz” 2 o9 dwOL . stststcH d dzOIs d
L dzOr BH W IS fwox, gy, ptpkiddzdzdi~rted L Of d iy’ odtOL 2

weCO H'' vz mBmisd dzS Iz, CotstcH d dzOIs d ‘ "
i 5L dzO et (lg¢), dest (qy), dest(ptpi dx), 0 CtststcH d dzOIsd
BLk#iCts’ T oxdgy, tetpidx . 1 od ytsdiiepidx dzH jsQuigdizO ¥ Is 4

9 Hd&Z'" ¢ o' H 1.

#4230t dzO0 M dzO (k@ Uz@’ ddrOS GVdd@y] rdédgy o
(L Ols d'Miidg Wrlzd * dzH 1S MV, B3dH ste’ o dz¥ ° dezdzs . v sz
fsh s o OZOMY &O C02d2 yOmisddeSd, O L Og¢

dzlz dzs B Iz dzts odCtsted Mils Odzts L sodz N dz 2
if(dest(pt.pidx)==1 || dest(pt.pidx)== n+l1,0,..) ©O 9 Ibtedtts
LOf dMmMOdzs o dtcO® dndeldddte’ W &0 8w ¢ Oday ' .

ltedf Emisd dg3t5, h ts eSLEdEZYHO' s+ Mw o dzz Istg
dest(pt.pidx) .l dte@x-destigx) ftseoddsi dz tsBYdMmdzs 9 Olsd
ftoczyddzg, MM Hde 7 HB yYy' " yYyoOmlsddeC d. [ detsy
if(pt.pidx==dest(pt. pidx) -1 || pt.pidx==dest(pt.pidx)+1,1,0)

Histe' o dg® 0O Hdzw o' " ©0OxC' optpigd My £ dfcf,
9" Hig' L dgv s Iss mw dz0 dzH tg Hlefspiachidd ocBtctsB daF 9 O dzts
W ¢ Oteytwdsz o' dz o dL d&zOYO‘ , hdsd hiftclzdg'dal  fifaffgze
9@ ¢ O3] .
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l Jtelsd € Oeias iig] dz@lsf IsweOtey' ©¢ o §fYyolsEitsad
Cdgh ') Htste' o dzs B Is! dalz dz¥ .
Force T Force: F<y>=0
* [orce

Interaction force:
I User defined j

Farce:

F if(dest(pt.pidx)==1 || dest{pt.pidx)==n+1,0, {(gx-dest(qx)) Sf(pt.pidx==dest{pt.pidx)-1 || pt.pidx ==dest{pt.pidx)+1,1,0)) |x
u

o]

* Advanced Settings

[ Exclude Jacobian contribution for partide-particde interaction
™ apply cutoff length

1 OH OR'ISGY OL syP iz dzd
Stepl: Time Dependent
Study Settings 1 Times=ran ge(0,1,2*n)

1 Okzo Oy j dedaff s ls s yd@sRE T W jtc d it jCtas disfeo Odz'! totsL ¢ dz
Bd -~ Odz" Ydets' MdMlisg &izd .

l JU@®21sj B ydmdzj dadzv .

Home - > Compute
l ¢° Resultsi DataSetse zH ] Mlilse stcj dzts HS3UBy 1iSglytian jl &zO H

Particle 1. v OC 5y B &1 | o iy IsfEisd s cyai tParticle
Trajectories (pt) L 9 zL Bagide Trajectoriesl. | '‘SHstzdR Isj =~
dzO0 dzOh Is z o © dzdz" .
Particle Trajectories (pt):
Data T Time =64
Plot Settings 1 Plot data set edges False

Particle Trajectories 1 - Color Expression X RMB > Delete

LMB > Plot (zOMlstfdafR dzts ) dz' o stelzy
10 tedmizdeS &2 ( dzOMlszf dzd?2 dz' astelzy) L 3" h j dzdz
dzof v di3¢ Iz . Aj HtoOo ddzt deedlzOts Qdetp M stz 1dal® chdzy ded:
CtOn j 9 HC &zOMIsd Ek 9 j[tcdzy ¢ Q dstsiddDdsly 6 ds@Dfy 6 V< ¢
okLtsdz HJ W sSHEPEHGBRG sEL OV et L d3' b j dadzgy  Istsn
2o tew &3S 2 L tetsB ' Is! dzi2, dz HsRWEERIB 5 O 1 g dR/@T ‘Ol
Particle Trajectories (pt) - Particle Trajectories 1. RMB > Deformation
Particle Trajectories 1 - Deformation 1:

Expression T X component=-qgx+( pt. pidx -1)
vz lse § dzd ypfpd® -1 § tcj H Mis Ob bipY hPAzls Oy * o )
tc ' 9 dzitp t&af1j.

Expression T y component=(gx- (pt. pidx - 1)/*5

I ff sgzcomponent o ' H € dz@sHgiddztes dds O dz! dz2' L .3 | gedzdz
y! tse s adgj] M jsdstic H dosiz0 ls@s tc d L ts dzls Gnde's dad dts ) dzts
f sdztsy J dzdzV , tc " WoldftR9, OGaq’lsu; 9 oxH (pt.pidx H-lﬂ_)G o dzgb
ztsB OBfipydEipdey © M " af OHOdzd L AR (-
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BOMh IsOB 5 ctstedL tsdzls Odz' ftsoddzj dz HiStE'
o Jtelsd ¢ Odzh Hz® Bifss gElg@iponentd3df sMis ©o d dzd d3detsy d
Scale 1 scalefactor = True ,1
[ dzv  f ste’ o dzV dzdzV { dstsiz{sdp(e dAfigds S O LdS) Is-dO dz' oy ddisls © dig d
tc' odzco Pexf HBHOBAB] HE ¢ BearSufakds gzt d.
Particle Trajectories (pt) -> AddPlot - More Plots - > Scatter Surface
Particle Trajectories (pt) - Scatter Surface 1
Data i Dataset = Particle 1

Expression 1 X component ,y component =Xy

Evaluation Points T x grid points i Entry method =Coordinates
ixgrid points 1 Coordinates =range(0,1,n)
'y grid points I Entry method = Coordinates
'y grid points I Coordinates = 0%ange(1,1,n+1)

Radius T Expression =0.15
T Radius scale factor =1

Coloring and Style i Coloring , Color = Uniform , Blue
LMB > Plot (ZOMiszf dzd2 tedfkzdztsS §tOotstekzy
T T T T - S'I 1 1 1 _
2 ] T -
2 4k -
0 p ) .
i OFsessacranncrsaniraaes Taprreetiiae
G 1 1 L L _2-| 1 1 - 1 ]
0 10 20 30 0 20 20
o dz' dizOy " ¥ tczrlz  B.EHIEDIS jdOMEG Wt s d3tz dztste d M L
CteOW " € d Wttt dj -~ Odz ydets® mMdMmilsj &3 o H W
9 ' HQde)arthﬂam'sq’!i]z(DdzJ dzlsd3lz de)l]’ tsW d3<; Iz)
=7 t= 13 t=21
1Bjtej ' EH20{%ET dzO HQystal Mdez01D.dpph Odzj dzj L OC ted
26,
l ftcOo O OHO2Is ] f syOlsS¢so d?2 ftesW " dz tetsL G d
Noted'  fJ texl)=sinfgim)d 1 shse j! dCkz Mdfls B
yom' Utsdsdyllacﬁs;dmm“ls 1 9dYyo? dzts, hts o' Hf s '
stesnd sy $OIsd.
1€ 0t @ ted Hismdz' H Y J dzdz’ s H j dz dZzO0 o j dzd € ts
L d3j dzh dIsd OBMmtsdzé Isdalz * o Hdzgsmdze ¢ shlfB Cd ¢

QST d yukzo OfipRls ¥ 58 t§ B KjdAS [soodtsvia didss .
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) 6d C RQHs ' figfsftcj PeOul ftod §syOkS so il
wej odLdzOUO' Is! MW WhkdSy' o

_&(i- 12)de0- i)/16,12<i <20 T

i R i¢12 OB i 20
Oflseesssnscasas  sssssssssssns

1 OB Bdz ydzd?2 4§ OcEtste J 10 20 30

t sL 9o d6vwL Odedzwu Ctod 2 I€ystal Walel &zD.mph §f st jtoj Hdz &
ftcd ¢ d&ZOH zH dzv 9 dzj J dedzy L t3tzGzY d3L B jJ toj Y * Is! L
rde tctsL 8 6 W L Odzdgw LOHOY' fslstc’ Bdets L O3
B34 » Odz’ ydats”’ N JRelegsaiziom Brid dllz L iz y' & BMSOWz L d&z
Multiphysics5 . 1 dzj H Stgts B 9sds A3z ZO2ftosmis' h dd3 MYt
YOt tcotet  SdzSy §gadzy BNy © Y Hap uggada y d
(oaf' SteHd dzOIsd HBt' odzs ¥ WC ddzz izl d2 1 'BFOBE (
f OC s ( ddilab)d,C ddPlsig stc' Is! o dzt sz W kdeC y* &
()= g +(i-12)d20-i)/16,12<i <20
! i, i¢12 OB 2 20
Hdzv  tsB yd mdzj ddeW fsyoOlkSsodnas OBMydf byttt
of§" L dzOu50dz2,...,32. [ sted di30 dz’ yd mazO Initale § H ' Is
Coordanates 1 Oxo 2 o dcedzVv H' H' Of OL sdzgkz, O ted ¢ dzC
HizY S On .
Mathematical Particle Tracing (pt) T Release from Grid1.:
Initial Coordanates T Qx0=1{0,1,2,3456,7,89,10,11,12,
13+7/16,14+3/4,15+15/16,17,17+15/16,18+3/4,19+7/16,
20,21,22,23,24,25,26,27,28,29,30,31,32}
1 3 dzh ‘RlefiB CHfts sB Yd Mdzd dzdzy (o' Hdesmdzze = OB ME
tcsLEdZYHEZOo Odzd?2 yOfMmtsed?2 ' dzlsj tco Odz.
Study 17 Step1: Time Dependent
Study Settings 1 Times=range(0,1,10'n ))
i Relative tolerance=True, 1E-8
Study 17 Solver Configurationsi Solution 1 - Time-Dependent Solver 1
Absolute Tolerance I Tolerance= 1E- 8
1 jtejsBydmdz' Is! diBsH j dzv .
Home - > Compute
| et OW " € Rarticke Arajdctories (pt) B ZH j f j toj 5 Hrts odd@s[\Rdats
LB dzt '8 Od»e gadR dzOMmhIsOB .
Particle Trajectories (pt) - Scatter Surface 1 RMB > Delete
Particle Trajectories (pt) - Particle Trajectories 1- Deformation 1:
Expression T y component= (gx-(pt. pidx - 1))*
[dztse ' s 9o kL sBzOPHm KO .
1 0 d&Omilskz{ dzd = tcd Mz dz€ O~ dzO9 j HJ dzs W BSted
Bsdzj dzsd yoOmkz (L3 M jdedzw 90O3C" " @8 9' HE dzZOH j C

179



Time=4 Time=10 Time=15
! ! L. T T T T T T T

3 sk g
Ofesnnnssnes %  Sssesess - 0 0
5 1 1 ' =] 1 1 1 5 1 L 1
0 10 20 30 0 10 20 30 0 10 20 30
Time=20 Time=25 Time=30
5 T T L sET T T T 5FT T T
OFs  sastse®atytann, g, ok OfFses®s,
5 1 1 S5k, \ , . 5| LT . )
0 10 20 30 0 10 20 30 0 10 20 30
. Time=32I . - : Timre:3}'I — - . Time:-fl-flI
0
Ofetasese, UELILS . Ofe,
0 10 20 30 0 10 20 30 0 10 20 30
ltesW " dz MG f&cE Of @dzed?2 @O Y syOkClkz §teds c
[HA&O YOMmisddd tkois fstt@o'ts.o dd teds, H & fifah Odzj dzdz
fOectsteBCd o' HBdoO OB Is! Mw L ° L d3' dets® L dzOC ©
HOdz' . | 3t=B] fldsts W Odplz d3j ~ O dff taidiasdzd L g Istf] teiz
fsyOlStsod?2. 10 dOfmskzy sz tedhmkzdS bk d&Oo .
HiczGe G 5, IStGJBJBGB u;lsa;tslslscls ‘ fOwWIstsg t

; Tme 85 Time=130
.

=
13

=
T

.o e
.............................

3RO N
T T T T
mJ:-NoNJme
T T T T

4] 20
Time=194 Time=259
T T L— T T

DENONEO®
T T T T T T T
[ RS V= SRSy

Il
30

c[fr](l‘dzilsﬁ(;@lsq' E)Jd;];dtdtjigpﬁ@é &'Oadisvdzéjzwﬁ 9 Himkls dz'
fsn' Hdess 5 yoOfmkz), It CCtdzdeo Odzdzy ff tso d dad
YdlksoOoy odtsy g fr]Od3ISfr]ls‘2dz,ls HeMmMdz' HdIsd ftso jH'
Bsdzj delsd yOMmkz, LB d hdehd tesLcdzvHEZzo Odzd 2
) ed C ZQOWB Y 5C Al ®iREvGZO &0.

[ sfdz" mdiBEJ &3z ) r1=32(m2=L, affltekFl, a=1, dekzdz! ts9°
fsyOlSse ' 2 xi0sqH ¢ sints Ols ¢ 5o tsd3iE ONLSH" oY tolizoids”
x(0)=sin(pi/n) § j teh 5 dz'dsde'n 2 dets . fp dsfiisiz] aipffiCjtsode@is d Iz
f tcd B dzd C3tets HZS000.

I MmMe " dzr € d L OHOYyOo tc ts Math@maticdt o Farsckf dzj Is* mw
Tracing " dzlsj oW j 2 " Ists OdzOMzts d 'SUpdets B detts  ff jote
' odgvdzdzy, o dC Btediis®lzd dES dzj O ko YststeH d d

I ftedsdazon’ 1  ogd- xeEQuddd, x," $=q.,-q+a.
UBH', OOdzse ' Yydzes Hts fted S zOuHkz (1), L OH
dz' dz' 2 dedn Y dzd AAQST S te tisuy OHAEE () v )
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dzqi
dt?

:((qi+1' qi)+(qi+1' g - a)z)_ ((Qi - qi—1)+(qi S R a)z) (5)
i=12..,n-1)
%(t)=0,q,)=n&, q(0)=i & +sin(pi/n), %(o)zo.

t BL 9o O6Vw.L Oldda"e tc d @ystgl NodelR21dD. mphL § ted ¢ &ZOH kzH dzW
odzj M dzdzy o dg' sets L A3 dz, LBJtejy s+ L odzghoc
ltod totsL 6w L Odzdz LOHOY' ftslstc" Bdes L o3
Bk3d » Odz' ydzts”’ fn JRelEsageddpm @rid 4 2 LAkZ" Is O ¢ sKartide - 9 L d
Particle Interaction 1L d&3" dzdIsd o dtc®Ww ¢ ®tcyYzd d3d gzd .
Mathematical Particle Tracing (pt) T Release from Grid1.:
Initial Coordanates T Qyo = range(0,1,32)+
sin(pi*range(0,1,32)/32)
Mathematical Particle Tracing (pt) 1 Particle - Particle Interaction 1:
Force T Force: F <x> = if(dest(pt.pidx)==1 ||
dest(pt.pidx)==n +1, 0,
if(pt.pidx==dest(pt.pidx) -1,
gx- dest(gx) - (dest(gx) -qgx-a)*2,0)+
if(pt.pidx==dest(pt.pidx)+1,
gx- dest(gx)+(gx  -dest(gx) -a)*2,0))
{MIsOdzdz" ] Odzte Oz’ ftcOo z yQufigldgddzlz HY' = tod3lz dafO
YomisddzC d Histe' o dzgtH® I$ 1y Odzldzl® .o dalzdsdeO ,h dz¢ Yy Ofls
"dzH j CsOR BtsC Iz Yyomlsddzs g yd mdzs * Iss mw L O
q,-6-(q-q,-a° O L BsCk  nOMmis dudE d ¥ st d3lz dzts

Ga-G+(Ga-G-a)f. cChB o yd§ § EEBdLAE@GE) 0
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Particle Trajectories (pt) - Scatter Surface 1 RMB > Delete

[ dzseo ' IsH oL Bdd j@dz fdh®O=pys M BEHJ Istcd ® Ols d

GJjdzgj czo Osddzj Is: mMw ¢ dz €O Isdmwy COHt 8. )
10 d&Omskzf detscdze ted Mz dzC &2 dzOfgpd) g Jdelzd Weais tc ¢

~n OtcOSCIsj tcdz Besdzd dzZsd yomk. 1 simskzf sots My

MjtejHdded 0] Hic) | CEOO[ didsH O N {j°o 146 (* H. diBO. & OAOO

f tc =452).
Tirme=0 Tirme=251 Tirme=452
10 FT LTI T . T = 10T T T 10 FT T T
st R N 2 ]
o-." KR ok T 0-..-"““
.5 Ll 1 1 1 Skl 1 1 1 -5 L 1 1 1
0 10 20 30 0 10 20 30 0 10 20 30
Time=1208 Time=1587 Time=2333
T T T T T T T T T
5 5k 5
0 0k 0
5] 5k 5
1 1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 0 10 20 30 0 10 20 30
Time=3175 Time=3557 Time=4761
T T T T T ! ! 10 FT L !
Sk 5
5k
0k 0
sas®” or
5 5
1 1 1 1 1 1 1 1
0 10 20 30 0 10 20 30 0 10 20 30
1 OcOHO BB af@YH O ™ Cf jteh ' dBsHd Stdde Od
1 MOna
3 MoIa
2 MOOa

4 MoOa

e

O ZOdE LE¥ yd cLOW' ¢d,t°aBhdgHye . &, s1hjts §i tzd
CloOY ' Ct=d20G o SteBO Ctdzdo Odz! &) - Odk ydgsh & fr
& dz 2 dzts’ P BOEH (dBOd o ) tod s OIBSTS W st O fd Mls j o
GO Istjlsy k&M .( HHB] ¢ c0EI0336) B tedf shlsj s’
fjtcjo@pdEsBul | cOW' Cd twLoowL €990 ( ] s Iz H
GOV ' §=3178), L dzts o b - EOskOm e €11 BHd o . G tg O
fd=3557) § jtcjoOyds MY silsjtc')ca@fkasing v aglso.
GO E-ATB R 5o j s O BsMY HE §jth s’ BSH' .
1 " H'B' ' Bs f HMEESS, wed2 efjthj My sl
lfsyOS o' dsdjdlsd yOmkz ¥ sed0 € tddo Od
fsls’ & oyuddzO’ Is! MW fjtejSOYks @tzdzs GY i B
#ZOCOHE' Mk $' & S5 Mddkhs’ H L2508 L dzd
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5, 56029 LOHOY'" HdwW HdWjtejdzy' Odz! dadr to' 9 dav c
g dMmlsj G COMSOL Mul ti physics ftoedL dzOyJ &z
Hd dzO 3" ydzd R W fi) defi Islzy 3O ezeizetzdg@ iy lsod difizg = H dzd = (Tt
Hokdtsets fsBYHERB D Istadasd B thshkz st
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fs0 Hddr "bECOddR WkdSy' 2.
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' o dgedzudz P ifg@o dlsd CwO2tco ' L OHENY ', 7' o dog
Wstzds W HQ g o ' ' dplddyj eblgctPhysice = O‘ 5! gy o
Mathematics - PDE Interfaces - Coefficent Form PDE € . dzw
BsHj dzé 9 Odzdz" tSH dztso d o3, € daf 3 SCtdsC) WS oypfdgts opld@RsO
odCidmsto o Olsdi ¢ &0 mESyed Bt vdde@2 H jIsj o
" dzls j to Wi jOXdEalmt  Physics ,W Ch s totsL §cMathdsmpticss * idzS
Classical PDEs

4 Ao Mathematics
4 Au PDE Interfaces
A Coefficient Form PDE (c)
Au General Form PDE (g)
Ao Wave Form PDE (wahw)
Jav Weak Form PDE (w)
A Lower Dimensions
£ ODE and DAE Interfaces
CJ Optimization and Sensitivity
74 Classical PDEs
V< Laplace Egquation (lpeq)
v< Poisson's Equation (poeq)
V< Wave Equation (waeq)
v< Helmholz Equation (hzeq)
74 Heat Equation (hteq)
v< Convection-Diffusion Equation (cdeq)
rdv HyWCdR L ydR dsjeWjidf’ e whiky ded?
Hdzv ' -dg" o S Hd dzOi gy R dzd 8 'dzv s BsdeH 65O o Ot
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Interval 1: LMB > Build All Objects
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Source Term T f=1
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[ dzw f stc’ 9 dzVv dadaW fr]Od3ISfrgﬂ§1IZQ &l GrupHIO AN * D
OOz bifuas®®L=L K3 40+ ¢P) (cLOW ' Cd § o ddadz
2. ) Qi 9hudli)=0, u;() 1.

1 OHO21Is] dz0 § tc O wdstexRddE ddtin d tFlex / Source . 1 tec
c=-1l9 =AEOs d ¢ dzWjH=g- qu.

Physics -> Boundar y - Boundaries 1 Flux/Source
Heat Equation (hteq)- Flux/Source 1:

Boundary Selection I Selection,<>=Manual2 @ wOsad?2 ¢' dgj y* o
Boundary Flux/Source Tg=1
Boundary Absorption/Impedance Term 1 q=0

Add3 L OHO' Isujswl. vzddtdsa#® Flux 1dz0 f tcOeo sd3sz ¢ ' dzy
Qo lstsdB3OIs d Yy dzts .

S zOydz' Is! ftcOo st Cdatstf Cs8 dgdh fot) o zL dz
9d¢ tsdzO2 Is JAdEStEMBEO dzH Iz
Untitled.mph (root) : RMB > Add Study
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L 9"  HGCtcd o hoj'iflzdid Study f sHoO ' 2dzd dz  Sodizd @ ddsizv
Staionary Isdf HtsMdz' HY J dzdeV. ] H ]l PEcd Blsy J dz" ¢ dzsw
Study 2
ztsB fiJ 8B U fdaz] deddts fuirdo d € dz¢ y 'Flex/SouscélLLts dz
f4thBsigd HSuddidz"
Study 17 Step 1 : Stationary:
Physics and Variables Selection T
Modify physics tree and variables for study step= True
1" fdzw EmMsOdzso € d fjtejBJECOYo "' H deddz o
Hl OCIsd o kz2Flex/Sowcel sdzv Yo tsdgtso sz [ o dH ' dz' |
Flux/Source 1* € dzOy dz' IsDbisalifets d&l dztz fcup" jtdogjtd O €

4~ Study 1
[~ step 1: Stationary
M= Solver Configurations

+ Physics and Variables Selection

[¥ Modify physics tree and variables for study step

() Global Definitions
4 — Component 1 {(compl)
= Definitions

4 2 Heat Equation (hteq)
B Heat Equation 1
+— Zero Flux 1

. £ Initial Values 1
Disable — Dirichlet Boundary Condition 1

\ —= Flux/Source 1

el

CChisOtoAiH " dzd Is Htudp IF L tsecdzf € t5 dzO Is Gomplites 3Clst o L «
slted BO' Isj 4 teh d 2o dieis LdadolsBiudse@ 8 dreeshdmO s € s o
Compute, ss BEHJ f sBzHBSO Odzts HEkzEd?2 tctsL 9 (
odStstcdMistse z* detsou2) wltc Oded ydzz bk 3o Iz

05

04F

0.3

02F

01F

C v s oo dzvdzdzy OGRS AdAD PlotGrodR dejk ez ¢ t@
Line Graph 2 L ¢ tc O 5@dz0 dz' s i clzts & 6 0088 (1 2 Go+ GF)
(GeOW "  Cd LB' GO st fqw) .
3.0 @Oy @j =1,u(1)=0,ui(2)=-2+2@(2) RO" O dz@ Az'teisLdoyaly L 5 €
6=> 60 12+4(0 1).vj, upsl u{)=0edHdets o HEOL Lk
fiteo’ tew* Isi fwup(x) _, +2&20¢) kZdtse O

[ dzv  dzsHIseiBEe 20 flse sted s d Suilyj, SHdEjdz dedlz Lk
tesBdlsd daj BERZHJ BS. | dzj MJ dgs=-g+dp dizd H tc @ detO
C'dzy’" 9" HEe" L CO.
Heat Equation (hteq) - Flux/Sourcel:

Boundary Flux/Source T g=2
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Boundary Absorption/Impedance Term I q=2
Add3 L OHO' Isujm?2- 2l c3s 9 O
l S sdz02Is] B ySfuiyd2j dzdzv o kzL dzO
Study 2: RMB > Compute
s 3@ ths@W '9Waw L EtzOW ° y @i Pot Gowp2yl vy 2 cizf

feBlHE2l] lOCY cisle A @@l BHA(dsY

LOKG dedoh dW sthigddtaph 2 (WS hts od 2B6E&  osygd offls
fsoddedz My o Ofisd.

2.5k
2k
1.5+
1k
0.5+
ok

-0.5 4

4. 1 Qg enudl}=0,uj2)=-2+u(2).t sSLOOW LK E dzj BO"
l dzj M lg9] Lody Lé&@#z@Sourcel:
Boundary Absorption/Impedance Term rq=1
H dzW Sty 2indr@E s 22 Isj] o9 dSsdzOIsd tsB ydmdzy dzdzw .
Study 2: RMB > Compute
sdMmilsj BO oadoejH] 1§ o' Hkaedzddy dede solfionts . §f 5 d3d dzC L
1 todg=1 dzOh O C tcO2 Btv109 G WDHOEAD !t fff t& J?2 Hfigds® o dzj «
tetsL 8 Ut (xS /2+CPx-1),w Cojtc OR s ziE tc Oddpaimlglz, o  f dzd o
h su(2)=1/2+C ' uj(2)=1+C. o dzj IstsH' MY 196Cr" AR+, dzdz"
we s Is te d d3lzL Histe s O dzdlayddsse d dzy dBsy ] o©dEBsdOIs
L d&zOy g dzdz’ o .
5. 1 Qpaw@)=0,uj _, =- (x+x@)|_,.
1w CGstjsW ' g igelsl @mMssfac@sd, o W' 9. tSH
B edp@zj o ¢ tcOdeduyzg(R)+dxiBE a3’ Mis! Q@EBd&EE] dl
de¢tstedmMlssolzoa OlsdmMw 2tséts L dzgOyj dedev o GtoC
tcd € dzOH ° Y jx=2B z h | isPipih dztly Bxo X dzO0 § tc © H wglz
"Hie' LSO BEH] f )RRk sss Odz0 w ¢
l'dgj ' Is+ L Ky aiédzdpzd EceO olsxts )y |
Heat Equation (hteq)- Flux/Source 1:
Boundary Flux/Source T g=x
Boundary Absorption/Impedance Term I q=-X
Study 2: LMB > Compute

Adds L OHO' Is! v 2 djixh O=xi(- xp(>g| dz"(HdzO ¢ OH O s,

L
)
)
)

c=-1).
r dzv f§stc’ o daw dgdz? MOBRsMED RlakztSroup B cds Qs € o
OdzOdz' Isq tpdztrdty L Ctdz L OH Olane dGraph 2 oWzts tezi3lz dzlz

u(x)=(x- 1)?/2- 4(x- 1)/3.
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1 1 1
1.2 1.6 1.8

6. Izd31§:9—‘g+untSJW‘ug q(dgllsqilzlsl L Odzj § OB dzb yh !

dzj dz' dz' 2 dad ¥is Cuefjdas@ONp =1,u (1)=0,uj _, =-(u®+u)| &0
Gdz®dz"tlstq’L1{ajﬁJ6X).:%@<- +%8—-—o(x D1id & 2d M @

Fdisod ftedL oatsHdIs! HtBSL ds G 2 D otts " fidéH O w'9.0
ldzgjm" s L3 dd o ctOdedydzz EdRBse z dzO0 {f teC
Heat Equation (hteq)- Flux/Source 1:
Boundary Flux/Source Tg=u2
Boundary Absorption/Impedance Term rq=-1
Study 2: LMB > Compute
U o EEAD®ot Group 2L ' wWodls: mMw GCctOW ' € Lo bwWL CE
Gk YYtsBkzHEZ2I] Cttde' BGBBA 0O0dzOdz' Isd ydzd ~
1D Plot Group 2 - Line Graph 2:
y- Axis Data T Expressiore (X - 122+ sgit(2) -32*(x -1)
1D Plot Group 2- Line Graph 2: RMB > Duplicate
1D Plot Group 2- Line Graph 3:
y- Axis Data T Expressiore (X - 122+ -1/sgit(2) -32*x -1
LMB > Plot

O e

0.5k

1k

-1.5k
L

1 1.2 1.4 186 1.8
JteOW " ¢ oLk, hts udfn;aﬂzlﬂﬂzq’a?o@ﬂoﬂm&lﬁqasﬂ;@% 8
1 d3' dz' s Ik old®njgadddalues 1. l sdes o MOy’ tsdal
esSLEdWHO Is! Mw wC YOl $ sdap yd® eizifdajsdzdsy . d
U’ f.,0dZ2d { dsts dig® HicOD datsdigpfvdy  dzlz dzs .
Heat Equation (hteq)- Initial Values 1:
Initial Values T Initial valueforu =-2
Study 2: LMB > Compute
l ' adlzdp'PlotGroup2ctcOW¥ * ¢ BEZH] fjtojBlRZHtSO Oded 2 .
0 T T T T
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sjfjJte ydmjdz dgd?2 tetsLodwiL ¢ L EBENMY L Htckzc
dftcsBlz2Ilsj] L OHOILd §sYyo®k  sa-jbte tz® BreztoyL | Qlsds
fsBZHBS ORiESdzp DV @OV 9 dz' Mis! dzj dz' 'd2z BRtzs Mis
9 d BOCO' OCkZtOldsets odBtttkz syl tsadr d
dzO BBsy dzd 9 * fgB)istds Ldpj b VvHLAdEO G ©2 Is j MW Zdzd € Ols d
GteOdzd ydad = EZ d3tse
1BJtedy s WOAdz, Odzj dzi LOCtcdo O22Ilsj 2 Bec

512. ) cOdzd ydz©O Ediidso © Constraint
| e Oded ydz@ondiraiiits o (@ 0 ' W L €, ) LECRas df fiylls] =iy’ Is ! fyw
MisOdzH Otelsdz' cteOdzdydz bEdssod dzj ftedH Olsdz’ ,
{88  H&O h ECOdts’ o dzd yd dzd .
| 6 Odzd Y dzOCortegts o @ L o ' W L'SI€) W O @s Rz .H

CChis 18 OSBBER obkL d&zO o iindbides o dzgepa@ent S '
variables Is s Rif salgpw B e jo®ls Qdativdz' dzOv C tsets 9 ( ¢
9" Hf 859 " H dzd d3du a dzOte P dzdseudigd Flux /ISdgrice tsB d3j X 4 dzdaw
ZOo jHjd2 odhj, doybkls' &isleds] fj@yails O dzj
100 tedC &zOH, o fhkdllk' 6 hsOddsy sct5 1§ toc
-uj(2=u(2+u2) By BRld Ptz HEE QA0
o  § s tc Gifg &z @ ciz' Corsedirtf Lz .

+ Constraint

A ux+u ™2

= Constraint Settings
Apply reaction terms on:
I Individual dependent variables j

lijtgo teddis yd .

7.0 OH @, u (1)=0,uj|  =-(u>+u) .
l " HCted2Isy WO2dz sMisOdedz' seats fted s dzOHEZ
Physics ->Boundar y i Boundaries i Constraint

Heat Equation (hteq)i Constraint 1:

Boundary Selection I Selection,<>=Manual,2 H tcO&€ddzj y' )9 Htc'
T R = ux+u+u™2
Constraint Settings T Apply reaction terms on=
Individual dependent variables
s zOydz' Is! ftcOo s Cdetsf C s g i mot)e 1 dzlz

9 d¢ s5dz02 Is JAdEStEABO dzH Iz

Untitled.mph (root) : RMB > Add Study

c¢hts od LBjte' cOdzd W O2 dz, Iss dzOL 8 Ou 9 Iz L «
9" HG ted o hoj =@z WAdd Study fsHe 2ded d3  SoqizDd jyt® ddsizv
Statonary Isdtf HGBMdz" HY J dedg". ] H ] e PEtcd Btsy J @z C dzsw
Study 3.

193



z 5B fjteh j Hitsfdz' HY j dzdaw dzd Stagy Idizd dzts fy
Stepl: Stationary o HJjte] o RBsHJ dz CGopstkints f ¢ B & b s dz ¢
Flux/Source 1H j OC Is dfsds@dd ds j ) .

Study 171 Stepl: Stationary:
Physics and Variables Selection T
Heat Equation (hteq)i Constraint 1: RMB > Disable
z 5B HRiztsL o OdgjL Bledf)Wdzdh d ¢ dz¥ y ‘Censtraird kL sdxtclz 6 56
H s fydz' H($tydgize)z"
Study 271 Step 1:Stationary:
Physics and Variables Selection T
Modify physics tree and variablesfor study step= True
Physics and Variables Selection I Heat Equation (hteq)i
I Constraint 1: RMB > Disable
100 Iskz2 1sj Is tc j Is(StudyH 3, frpdd CHdm® judddawh L PR SN S
Flux/Source 1.
Study 371 Step 1: Stationary:
Physics and Variables Selection T
Modify physics tree and variables for study step= True
Physics and Variables Selection T
Heat Equation (hteq)T Flux/Sourcel: RMB > Disable
l so jtods Is! dgzdz! s Y sa @& 6dp szdzy 3 j dzdaw
Heat Equation (hteq)- Initial Values 1:
Initial Value s T Initial value foru = 0
Study 3: LMB > Compute
1l 6 tc@W ' cydi Plot Group 39 d ts 4 d dzdz’ tslstcd Az ldsh IsTted 9 L
CtcOf jChtsdm ot L Sk .6 folssydtsets ftod$ dzOH 2

8.1 OH @A, u(1)=0,uj +8u[ _=0.1 6 O ¢ tc0dzd ydkdOs dzfcisoo R
odedzvH’ sy dzO L Obteif & obkzLdz Isdfk

l " HCted22Is] W02 dz Misodiddzsls 't Is HARGMRdAOH B Iz
Constraint 1 s © ¢ htsB o d sz B EZdzO 1 GEXdEgdzO20dsL]
5B yd Mmdzj dadz" .
Heat Equation (hteq)T Constraint 1:

Boundary Constraint T R =uxx+8*u

Study 3: LMB > Compute
L GCtOW" ' YydzPlot GraupBMHMORsMIs D& j HIEtCOW ' € O dal

tGlSLaﬁ')‘At%(SQI213cb+4d)2). stedo' ©MEdds M of

-0.05

0.1k

-0.15F
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1BJtcj "  Is! WOo2ld L MlsOted &3 * g6 v d3, O I[sOF
dzO {f tz@ BemoPoisson 1. mph, dzj L OCtcdoe 021 2G6.

1 Ozo Oy j dzd@ Pty d2' o df OH dAPY € A CLO C S ABZOdzH s
Global Constraint, L O HBf®setstr WOt dzOC d&zOH OF Is+ !
we' dzgJ LOdziOIlsy 9'H ftesmistesodn S BtStoHdC

513. 1 tcOded ydz©O Ed@3dso © Per.i odic Condition

] to O dzd y dzOPeritdid3ts oCondiion o d C sted Misso 2 Ish g O tels H
o j dzd uyd dzz Istotg ‘BEAz LS Bdf Isod® 2 ¢ @9 " 2 d3j y OF
Is 5B Mg, )=u(Xy ). 1 OdzON Is Iz o FRitatiz‘Conditida L dzOH 5L o t5dzv & Is

sOC Y tjOd Lisokzo Olsd Lk dstso iz(x, Bdaxy)i 67 s d 1
Mlseo stoj dadz' Editse d f Defiwitions H & § detsiHtf lds'dzj alzls @' @g s ts
Mis o stcsSeldstionmwWe ZL tsdz W o dzts gHzplicie dH * dzj dzdzv  (

Selecion ( © dH ' dzj dzdz" ) okzLdzd odCtstedmlstso 25 Is
GJtsd3j sted yded » tSBlD " fifwls “fiptf, ' d Cdgjdz "HdGB W . wa 9 (
OH Odzdz dz0 dzdizk § 2O Gz@ Y & O H Gl Odzd Yydats ™ ) .
di)eﬁhlnons L o dt OH dzts cCizegis Balactions > sfg'dm Stolz .

s o dHSeldefpridzdy B(EH] o9dStsdzzo Osdmw L O HTES
Bstclz SCtcj BB3dr 6 Jtsd3j sted ydzedE sz inls j 2 ,
H' dzj dz' G J sd3d Isted yifias o dij HArjdsizts @ B LisdzB 6 &g I Ists o
J 6 HJdz Ckdz (Ball B Lftsdz d& dnests tc O Bldsd D 5 ¢ s ¢
J o jfHOfad@ dzj dzj & & f t$ dz O0 dBexis to I8 Hdsddlf izts ¢ ydzd d3
jtojIsddesds, BB Htz Bplz] de" 3 93] Mlsotste] dad n
Is d fUikon , Intersection , Difference  ,OB@mplement) , Is@ Mz d3' t§ dzd d3c
LOHOdzdr G jtsd3jIsted ydzed & otkRe '5'dL Is 'JAmljasddtiz s Isaf dz s’ «
oL dzd odetttlz dzZOd3 dzj L dzZOH BB dzV Is! fMmw .

4 611 B 1 05.mph (root)

4 () Global Definitions

Materials

4 — Component 1 {compl)
4 = Definit -

qm@‘—@t—)ﬁl_
~FFoan

Variables
"L view s Explicit
i Mass Properties

Baill
Functions =

B
Probes o

Component Couplings Union

Selections Intersection

- - - - -

o @;- @;- @;- @] @&

Pairs Difference
Complement

“iz=  Adjacent
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ltcd LOHOddz bdisead fjte' SHJYdatsfHHs jtoff tdsts '
CteOdf gy L dzOyj dzdz?, WC' LOLoadUO2 odL &zOyos |
cdzdh j Hdd&zw ydlsOddaxiot o kzidzj § kot @OEHOE X G
9C OL o Oldcf L dddOj daftzvH, 5 tr RETEDIE Gprfition f Ho kL tsd
Destination Selection :
1 tedC dEPrsL 8 6w L Olsd  Sug @RuBH, uR)eu@ yk

1 * HSted 2 IDgnoPYissod tzmph L &3' dz' Is! o uddzCtedgiailz dzC

C dzy' ' HBHO2Is] okzLtsdz f jto' sHdydes' G tcOdzd
Heat Equation (hteq)i Dirichlet Boundary Condition 1.
Dirichlet Boundary Condition Tr=1

Physics ->Boundary - Boundaries 1 Periodic Condition
Heat Equation (hteq)i Periodic Condition 1:
Boundary Selection I Selection, <>=Manual,1,2 (€ dzyjoe) Istsyt
l f sdSelection o COULIs! B H o 5 s dgipgCo BLEHIEI
slsslstsy dzéjoaQjistefdgwis @ [z o O &) gl dz@ tc | jlzaribdis Iz f dzO
Condition 109 Ists d3OIs d Yy dzts s BeBriions ilsExgicit 1.o L tsdz
r 4| ©CIsdoz2IsjCoastrginfl. o L tsdz
Heat Equation (hteq) T Constraint 1: RMB > Disable
cS¢hts BOYO' Isy, d3ts ) 4 Beriodie dodditionmyd Is df tsaniziz’ ts1dz o d
tsB Yyd mdzj ddtudyd i Stefrl :Stationary * Study 21 Stepl: Stationary.
l S sdz02Is] B yYydmdzj dzdzv .
Study 3: LMB > Compute
l ctcOW " Y dzlDRPlotGedaff 3L OH O2 Is jo ddet©a d 20 dzQais Lisodbydetsic
6=2 o+ af.
1D Plot Group 3- Line Graph 2:
y- Axis Data T EXpressiors 2- 3*/2+x"2/2
LMB > Plot

1
098
096
0941
0821+

08+ .
0.BE 1 1 |
1 1.4 1.6 1.8 2

1Bjtejy k! &sHjd o ¥02d Odj dj LOStdsC
1 t6d ¢ 2QHsL 9 6w L Olsuf =1L WOkt HBHOISCBo 5% Iz dst
fjtej Hdz L dzOyjitfiztizy o bz y@lzd[ 1, 2] HBt' o dgs
fslssydsz BsH jdzr fslste' Bdets odej Misd dzj o j dzd §°

dlsotstc’ Is! o BBHjJjA& s jtcOlststc t0B wdid dzjCdizdzn

Definitions -> Coupling - Component Coupling s - Average
Component 1- Definitions - Average 1 (aveopl)
Source Selection I Geometric entity level= Domain
1 Selection- <>= Manual , 1 (" HELAEC
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wdz' W i gvaofd Isds tcP@mirator name L Odzdh Isj] B PE O @3 difs
h s {5 tc Cagetmpic(expr) tsB ydfmdze © M j top d dzgéxprL (deO ydp@Bdey a3k
fted S dzOH' [B]). 9" HEe' L Gz
1 Odzd " Isj 9 Pqrigdic €dndititsndt.
ztsB MmJ toj Hdz'u dadp dzdfizted dzdOH Odzs 6 5 f w20 g g dzdzizr
f " H BteOIsd ctcOded ydaj L dzOyj dzdzv . pf I to usdEdy d dEc
dzj 9" HERIS stedMIsO* @3 k o kL &2 GcteOded ydes™ I
Dirichlet Boundary Condition 1:
Boundary Selection I Selection, <>>Manual,l (d&z' a2 ¢ dj3j y* o
Dirichlet Boundary Condition T r=pf
[ dzv o dL dzOyJ daizt sSHzZP D Is i sSa3ts (3s H J @EiBbal Bamatidaskz tc° o
Physics -> Global T Global Equations
Heat Equation (hteq) - Global Equations 1.:
Global Equations I Name= pf

Global Equations I f(u,ut,utt,t) = 1- aveopl( u)
4 72 Heat Equation (fteg)
£— Heat Equation 1

B Zero Flux 1 « Global Equations

E— Initial Values 1 _ _ .

—= Dirichlet Boundary Condition 1 Aludietipest) =0, ulty) =t uelte) = teg

—5 E'UK-"SUUFCEj 1 " Name flu,ut,utt,t) Initial value  Initial value
Lonstrar pf 1-aveopl{u) 0 0

— %ri&lii C-n_nd'rtinn 1
@ Global Equations 1
it sLizdg Isd L Of d M 9 sOB dzd y* f slstc’ B dats d
tesLoOWL o Olsdmw  opf HEsdsaRO Ndigse ' LH SRS HedRy dzdzW
Equaton 1HtsC d o d tc O f(u,ut,utCtsdig] tceyzHj] HiSte' o dzg¥ 9 Olsc
HSCd MmJ toj H areopll Wz@iyls @dFH Odzetse 9. dzd yd dzts
s O0Cdd3 yddetsdz, o dzO" " 2 L OH Oy 'u Isfqpé.a totej dzts
Yyt y §f tsdz' sy OdzdzO ( WXz opf igdzjve ‘oH A3 2 ME Odzv to.
l d¢C sda®r sd ) dzj dzdzv .
Study 3: LMB > Compute
1 " fMdzw "2 0 OF @ jsdiale'ddD flot Group3s k] ftsBERZHtSO O
CteOW "' ¢ ay dzd yd dzd

1.08 T T T T
1.06
1.04
1.02

1
0.98
0.96 L L

1 1.2 1.4 16 1.8 2

rdey fjtojo t68d HBBEHE2] MO®shis' 2ds o vy
Yo =32 30+ ).

5.1.4. vd3ts 9 Continuity.

ltod totsL 90w L Odadz HJWwedms LOHOY HIW]jtejdzay'

fslstc’" Bdats totsL edz?" HOIsd L to' L dad d3d L dzOyj dadz
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hts dzO to' Ldedr YOMlsddzOr L O zdzS SO t5° BB
L to' L dzd d3dd Wo' dzOfipusdddods Misw d&3d. 1 sOCdr L OH OV
dzf w¢ My dzdj, © w¢ LB' tClk, ME d&zOH ] dziz
BO' Mot W' Lduyude o dzOMmisdetsmis' . ¢dzj IssH'
Fdzgsod LooOwWLSCE W' LrddQdEf~ K 'sdObH. 8 L MisdE s

stdzd CdamlstezC y' v tosL ¢ dzvls' OdzHs} thjvo "W ¢ d3taLHE
COMSOL 9 Geametglz\ndz' H oAs®®mbidldsdf L' ' H de@3jedizls * § «
CJBBJIsB®BL § OL Odztstzvudk 0 O stcd Mistso 2° usienfw s
CGJBdj sted yded r to L Bdz'tels Ols Yysets ' dglsdeis.tesls ‘Isc
pdz' Isj cdzOIsd o tsassembly )L.B "lcC Q! fd3dz o df OHC & M
Gt ste' 8 wC Cwdzj Cy' ¥ WK giada o(sH@ds' | Midts IS

Csted sz SaddppPdzgzOudisd MYishuse dded s oYb@Ezo

LS sRSEtY HBHOSodR ' defls @k i3zl i wO i lsH
LO of)j YOt fi5LdEOYOS! HS'drdC YO dsge n ©
L Oflstsmtsozo Olsd to' L das 3O dz' s dz' C GteOdzd ydz' e
h G Odets g's (WMdD o3 wisksdEe o Y OHS B H vt

D& cbu)=f BObD d ¢ dmv=wi,, quUj =CUj,, J H ' dzH j2C fnad" HIf,t59 * H C
GteOdzd ydzd d3 L dzOyJ dzdz¥ d3 uh izC DEasl v o dzdtfytef @adt
CLH' 4z 0 Oz dets” IstsySd.

[ dzv L OH @dpdedz] f Bis j tco desfls® W' Ldydese s s
Continuity wed?2 flstc’ Bdegs Mlsotste® 9 Olsd o ¢ dz
H' 8 ydms dzO@ MM Hdzg' = H® dzv dz¢ OF teL tcOn 2 dzl 5o

1 tod € dgCGsiL 6 dzw dzj d3s L OH Oylz

uj, =8x, xi [0,1],u(0)=0, (1)
(4v',)' . =2- x,xi [1,2],v(2)=0 2)
L bkdiseo Odkd Misd S zo Odzedz™
u(1)=v(1), ui (1)=4vi (). (3)
L Yy ' LOHOY' L OWLSEBER ‘' CkZMStse O Wikzdas
o > Dot a4 0 o 1 .
e i %+—‘+6w2 @ w 2 @
wek disy dzO BIZH; UB@B%@W@WMBLS@WLQB%
[BdHO O t' odgvdadzv (1) ' (2) Bsy dz0 tefsL

1 ZOMMEd®) = f(x). rdzv  fjtehsets to' sdpyzizy  d3

f(x)=f(x)=8x.1 dzv H ted=&, 5645 f(x)=f,(x)=2-x. [MC"  dz* ¢

Eiss o Iz ( 3) By dzO0 L Odudmow.d It o(dFT)dzw A

dzj f jtoj tco detsfls® , CQCofingty tcj Odz' L 2 obkL sdz

it 8L O1.L gzwy ttsL 90V i O8e's {Es@Es@ Uy (d§02 Mistc

sHdatso 3 tedalz dIsH jdz2 L Hotsd®BBO to' o daW dadz” s 1}
File -> New -> Model Wizard - > 1D - > Mathematics -

Classical PDEs - Poisson's Equation (poeq) - >
Classical PDEs - Poisson's Equation (poeg2) + Variables = u - > Stationary
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l1ted Mmlse tstej dzdz’ s H j dz' B3d © HtOLEZ HBHOM]
SH&ZOCtsa) 28 @Gz ™  sitaigbdlzdalz® . o' L dz2dr H ' dzv dz€ O~A
tetsLoO0WL o Olsd ©GH dztispfdaa ¢ =ac dofiplstxipdlvs, O ISlgfts S H -
hzCOdedr .9 J dzg Ydotfo sH dIsd d3j Hs )6 tiztizoz82Y dztzv
H Wzdiza0 t' Ldzde o  Hte' L S On.
Untitled.mph (root): Unit System T <>= None
] Yy 2 LOHOY' Ctedmdzs o MsOdzso dIsd O St
" dZHdC Ot 9 Jjdzj B3 dzlst 9 G s3] Iste’
Component 11 Definitions - View 1.

View 1 Show geometry labels = True
dlso st Is! GiJBMB] Iste’ ¥ d3Ew JHd&s d M IsvdtCas o QUG H @
L' " Hd&@G2 9] (@smsembly).z

Geometry - >Primitives - > Interval
Geometry1 - Interval 1 (il1) :
Interval I Left endpoint , Right endpoint =0, 1

Geometry - >Primitives - > Interval
Geometry1 - Interval 2 (i2) :
Interval I Left endpoint , Right endpoint =1, 2
LMB > Build All Objects
Geometry 1 - Form Union:

Form Union/Assembly I Action =Form ana ssembly
[ MisOdzdzy sy v L d3'Fopdg Assembip@in)e 2 o 2L dzO dzC
Form Union/Assembly i Create pairs = True

Aw dzilstek C y' v  oifls@Lske “fod@eifgls( 1di® L Odsso Yk o
denty Pair ), wS' f 5L dzO YO Hs" dzvC arids IORFNk s O d

Isdz.
+ Form Union/Assembly
Action:
4 — Component 1 (compl) | Form an assembiy -
4 = Definitions o
0 1dentity Pair 1 (ap1) [ Create imprints
| [T view 1 [¥ Create pairs
4 Y\ Geometry 1 I™ split disconnected pairs
é Interval 1 (i) Pair type:
Interval 2 (2} Tdentity pair -
Form Assemnbly (i) I e J
Relative repair tolerance:
1E-&
1 Oz o Oy j tzdztlemrtity Pair Mise Hagsmw ) Hjtej o' Bts +

Definitions Oo Ists 3O § fpdas o dL dzOyj dzde? tetsL teOn 2 dzC
W LdSdy By lsstgmtsagdmtc’ L ¢ 9 o . ucl tlCEMEN zW 9 L
f Odej o dH dzts.

1 Ozo Oy j dAdWBY &)W o' HitsS' L Cd fHtoddizdGowsetw Sh t d
o' HIMOdz' (BB' ¥ C2ddaiedzid ) L dzOy j dzdz¥ , Relave O dzts @
repair tolerance .
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J]Jdgjtez2Is] Sy M IsCkz.
Component 1 (compl) Mesh1:
Mesh Settings I Element Size=Fine r
LMB> Build Al
ldL d&z20Eg ppd3d ste” & O wg' 2 H" WIsd d3j fjth]j
Csgw' vy " dzsd y! sets to' o dzV dzdzwv .
Component 1- Poisson's Equation(poeq).

Domain Selection T Selec tion =Manual,1 (0 * Hstg0,1])
" T . pi
1 1 1 I 1
0 0.5 1 15 2
Component 1- Poisson'sEquation (poeq)- Poisson's Equation 1:
Diffusion Coefficient Tc=-1

Source Term T f =8*
l L &0yl e jtdjlstc’ ¥ HdzW Htokzetsets to' o dzv dzdzn
Component 1- Poisson's Equation2 (poe):

Domain Selection I Selection =Manual,2 (o ' Hstg1,2])

I - i "
1 1 1 L | 1
0 0.5 1 15 2
Component 1- Poisson's Equation2 (poe?) - Poisson's Equation 1:
Diffusion Coefficient Tc=-4

Source Term T f=2-X
1 OHO21Is] dzzdz' ts9° G tc Odzd ydz' Edksseod dz0O C° dz
stsy%=0@o -~ tsH dIs! 9 WLLitOrkzdBsok B &ZOMIS! I
F sse(@=01 sistc' B dzts L ORoBsoMd<Edguation (Foeqizy '
Component 1- Poisson's Equation (poeq)
Physics ->Boundar y - Boundaries i Dirichlet Boundary Condition
Poisson's Equation (poeq) Dirichlet Boundary Condition 1:
Boundary Selection I Selection = Manual,l (d&z' o j2yx€D) dz
Dirichlet Boundary Condition Tr =0
vtsy¥=Po ~ntsHdls! 9 bBLKGOREZd oz B &ZOMIS! H tc
F sse(®)=01 sistc' B dzts L ORoBso@d<Eguation (poerR)’
Component 1- Poisson's Equation 2 (poeq2)
Physics ->Boundar y - Boundaries 1 Dirichlet Boundary Condition
Poisson's Equation 2 (poeg2) Dirichlet Boundary Condition 1:
Boundary Selection T Selection = Manual, 4 (f tc © € dj2ig=2)
Dirichlet Boundary Condition Tr =0
[ BHO2Is ] Edssoz dzj § J to oo dztsiyls® [0,2F ' [bAk Lupz' fr
fslstc" Bdzs L OHO9OIsd © tsBtsm W' LdECOA.
Poisson's Equation (poeq)RMB > Pairs i Continuity
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I 11 e 5t Coptingity 1 ® bt 620t Seldzton o ) Hais
¢ ZOydz s’ Idgntty tcPain Slz(apl).
Boundary Selection

Selection:

4 < Poisson's Equation (poeg) ondl| |2 _ &
2 poisson's Equation 1 3 (not applicable) ES
% Zero Flux 1 Ackive
E— Initial Values 1 B

—= Dirichlet Boundary Condition 1

-+ Continuity 1 Override and Contribution
+ Pair Selection

Pairs:
|Idenﬁt5-' Pair 1 (apl)

1l tc 5 IPair Setkxtion sBdtcOt Is! Mw  Oted, wWC° o dL dzO
Fdsso d dzj f jaeq tc ozt fizls H s Selection MY § HE R O ls sdze d
s syt ¢ ¢ otsB UAc @H @G, O IO ST © ' dzH d € Ols

2, O ¢' d,2]7T 9z dgYOIB®Ot 4. C Olststisds " 2zHd 3
ct' Ldz Msswsdde M dzf des’™ Issycd ydna

1 “akzy’ PoissafiscEdjuation 2 (poedR) s ¢ tstw z L @odimui
OdzOdztsc ' ydes s j toj Hdz Sd3kz.
Poisson's Equation 2 (poeq2)RMB > Pairs i Continuity
Poisson's Equation 2 (poeq2) Continuity 1.

Pair Selection T Pairs = Identity Pair 1 (apl)

l S tsdz02Isj B Yydmdzj dzdzv .

Home - > Study - Compute
dlso stet ' Is@ Ml disoH ZOSC So d B C S @® " COBRBd & Oe
o zOMdzed 2 ctcOW). ]S HiOEZ dsO W IHGez c 2 ¢ ° dz€ Iz
Results- 1D Plot Group 2: RMB > Delete
rdzv fste' adwdedey o fjteh' 2 Gz MbwPe' s
[ 2w y+ sets MfsyOlsCkz o dsHJ d& Mo stc’ Is! ¢
Wistedgz dzss  ( 4) .

<

Componentl(compl):
Definitions ->Functions - > Piecewise
Function nam e =pwl
Definition T Intervals ( Is OB dzd yw )

I Start, End, Function=0, 1, (- 29x/5+4*x"3)/3

I Start, End, Function =1, 2, (-1145+17*%/5+6*2 - x"3)/24
28 ZdeSyls OdzO HsmMsizfEags g d f ds lstetS Baldsw L 5§ .
Study 1: RMB > Update Solution
l ¢ ' 1@PlEtGrouplH sHO2Isj] GctwOW' ¢ y' ' WEkdSy'
Results- 1D Plot Group 1 - Line Graph 1: RMB > Duplicate
1D Plot Group 1 - Line Graph 2 :

y- Axis Data T Expression = pwl(x)
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¢ Is d dz Ctcdo s’ dzO dzOh Ise 2 ls jo ' UseRC 20 fifivigs@ W
esLo v L €O

LMB > Plot o

0 ﬂ' T T T ._::_J'I

0.2 Y pd

04F N -

-0.6F J, -

m‘\\ f ?J
0.8k v .
L \}“‘-— 1 1 1]

0 0.5 1 1.5 2
¢ BOyYdilsy, CGtecOW ' €d My " off OH OB s+ .
sLo 02U BSL odSstedNPOftzO®o H Otcd WEL a @rOLyS
fjtoj i3gagetclz o ©C N s CGeometrg j dizj d3j dzls d Gt Istg’
st s 6 sYnion 'z L iddn ' w'dazCdz¢ O oS tstcdmissolz’ Is
ZC Odets’ a9 g oyl Bag@QIsd ydes ftcdf 2mMmE O° Is+ mw | h
Ldudsy Ywdzy dejfjtejeodzj. Jitjoe Lddhs vy
sMmdz" Hise dz' Mis! H' 2 Mrts)y © dzO o tsLo astc"] LatsEW
de¢stedmilsOdzdz? { Ots.
File -> New -> Model Wizard - > 1D - > Mathematics -
Classical PDEs - Poisson's Equation (poeq) - >
Classical PDEs - Poisson's Equation (poeqg2) + Variables = u - > Stationary
Untitled .mph (root): Unit System 1 <>= None
[ 90 LO'  HdzOdzedr © Hte' LECO (IstsBlsts LB t6C0O L
9 Iz Lintkaval
Geometry -> Primitives - > Interval
Geometry 1 - Interval 1 (il1) :
Interval 7 Number of intervals = Many
Interval 1T Points=0, 1, 2

O Y= ->SITO“TO

+ Interval
Mumber of intervals: I Many j
Points: 0,12 lﬂ'ﬂll

LMB > Build All Objects
lidzjtelz2lsj ¢ Mm' bSIE.
Component 1 (compl) Mesh1:

Mesh Settings I Element Size=Fine r
LMB> Build Al
l L dzOylsjy ¢6Jjtsd3j Iste’ Z0 wedma H' VWIsddkzls!

CsiWw' y'  dzls(d.
Component 1- Poisson's Equation(poeq).
Domain Selection I Selec tion =Manual,1 (0 * Hstg0,1])
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1 2

T T T T T
0 0.3 1 1.5 2

Component 1- Poisson's Equation(poeq)- Poisson's Equation 1:
Diffusion Coefficient Tc=-1

Source Term T f =8*
Component 1- Poisson's Equation? (poe):
Domain Selection T Selection =Manual,2 (o ' Hst§1,2])

T . ; -
| | 1 L | 1
0 0.5 1 1.5 2
Component 1- Poisson's Equation2 (poed) - Poisson's Equation 1:
Diffusion Coefficient rTc=-4

Source Term T f=2-X
1 OHO2Isj dzdz B9o' GteOdzd ydz Edsdsed dzO ¢ ' dzyv
Component 1- Poisson's Equation(poeq)
Physics ->Boundar y - Boundaries 1 Dirichlet Boundary Condition
Poisson's Equation (poeq) Dirichlet Boundary Condition 1:
Boundary Selection I Selection = Manual,l (d&z' o j2yx€D) dz
Dirichlet Boundary Condition Tr =0
Component 1- Poisson's Equation 2 (poeqg2)
Physics ->Boundar y - Boundaries 1 Dirichlet Boundary Condition
Poisson's Equation 2 (poeg2) Dirichlet Boundary Condition 1:
Boundary Selection I Selection = Manual, 3 (f tc O & dj 2ip2)
Dirichlet Boundary Condition Tr =0
l S tsdz02Isj B yYydmdzj dzdzv .
Home - > Study - Compute
ld sltedBO' Isj IsO¢ d2h QM fotes@EH O ¢ Adstd@ W' Ctad0) dz
0 T T T

-0.2
-0.4
-0.6
-0.8

515 1 dgzlste' h dz'y d& tc Grdfs o
stsdzd o (BsHjd HesMd Hyk ! mw W' L dydzed?2
e dzOH j des Bz L Heast ] lEsn o ©uds adzv © , &y dzO
o dzzlstc’ h dzt uvdsiHY £ 20 dz' 2 Ykt Bds L @HOQo Bls
LOHOY' bjfdsftss ddiikss Oy izj RSt jj tc oedsdn s °
s j § dzts o 5 ¢ AL tslsAs G Lop@s o [ ®F Weds s’ h 2C Odz o j dzd
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fslgsC | Bty odfOHSd Stdd dO t' Lddi Mk
f tso d dzdz' Bllsd ' ts'diizdzd fy@telfgclic®Oy ¢ 7y teih BB d , v
L Gftg Mts o 2 sAOMSOL MaltiphysicsH dzv = dzO ¢ dzOH Odzdzwy E dsse ¢
GteOdzd yw n .
1 tod Cde@rsL e dzv dzj d3s L OH Oylz

uj.=-1, xI[01],u(0)=0, (1)

avj =16, xI [1,2],v(2)= 2)

0
L to' Ldzd 3 Edisso Odzdx=fyls S zo Odzdz?" o IssYy"
LuBsa O dzgj LOHO' Is' Mw, Isselsts QpltOBOIsd\
vi)=0. 10 ' Lddr H' &vd$ OF odCstedMmistse
o 4 dzd yd da.
2.0 O dzj LOHO' Is! Mpw , Odzj odiBEC st o
o jdzdudded; dudddifitcdit s®o lssdBOIsdydkzsets o
dzj § § o oo dats ful) =v(B), up(f=etgfL)n
3.1 dSsted Misso kzCosrdipy (@1 uj (1) =vj (1).
4.1 fiteh 2 W' Ldy' oditttdmsmi)zesdlsdasj s
HicEE Bso O FI upf)=§@ur ce
lted MmMlso tstcj dedz B H jodd € ic d ) ) 8 zHees@fldf i3 LE 1O f) ¢
SHdt®REz Ctdkfdyj dzls* . 1 tsdzd H' Wisddigkzls: dzO© Mk
¢cFormUnione .
i BLOOWIZESL 9 0W L OdzdaV ( 2)0HIOQ" HEL PP RS sE BO
SHdzso dd3' tocdzz d3sH Jdz L Hotsd3O o' o dgW dzdzw dzd 1}
File -> New -> Model Wizard - > 1D - > Mathematics -
Classical PDEs - Poisson's Equation (poeq) - >
Classical PDEs - Poisson's Equation (poeq) + Variables = v - > Stationary
19 jtedz s dzBOCc & HwzEGise 5 tc' o daizdzdas B & @@ ) 'S di
Untitled.mph (root): Unit System T <>= None
Geometry -> Primitives - > Interval
Geometry 1 - Interval 1 (il1) :
Interval 7 Number of intervals = Many
Interval 1T Points=0, 1, 2
LMB > Build All Objects
Component 1 (compl) Mesh1:

Mesh Settings i Element Size=Fine r
LMB> Build Al
ldL Oyl c¢cjtsdjlste’ ~ , dz0 OfisfiyisdzOH " (WUDE dsbzls { 2

LOHO2Is] ' A CeJ W' y' " dzlsqd.
Poisson's Equation(poeq)

Domain Selection T Selec tion =Manual,1 (@ * Hst€0,1))
" T - z
| | 1 I |
0 0.5 1 1.5 2
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Poisson's Equation(poeq)- Poisson's Equation 1:
Diffusion Coefficient Tc=1
Source Term 1 f=1
Poisson's Equation2 (poeR):
Domain Selection I Selection =Manual,2 (9 ' Hstg1,2])

I - = "
| | 1 L 1
0 0.5 1 15 2
Poisson's Equation2 (poecR) - Poisson's Equation 1:
Diffusion Coefficient 1Tc=4

Source Term 1 f=-16
1 OHO2Isj dzdz' B9’ GteOdzed yYl@R]. Edsseo d dzO ¢ ' dzyv
[MC" &z €d d 9d2 ¢ dal y! dzO0dzj 3 d Is tetsL 6O
Ists o ANsGsqmOdzd ydzz Edisekz [ " t6' » dzj Phisstnts’ B dat
Equation (poeq)
Poisson's Equation (poeq)
Physics ->Boundar y - Boundaries 1 Dirichlet Boundary Condition
Poisson's Equation (poeq) Dirichlet Boundary Condition 1:
Boundary Selection I Selection = Manual,l (d&z' o j2yx€D) dz
Dirichlet Boundary Condition Tr =0
lte@od?2 € ° dai y! dZzO0dzj ¥ dls! ttsLtcOrkzdzite " 2 51
x=26tcOdzd ydzz Edi3seo z [ ' to' APdigsontBEyuation? @oee2d) Ols d
Poisson's Equation 2 (poeq?2)
Physics ->Boundar y - Boundaries i Dirichlet Boundary Condition
Poisson's Equation 2 (poeg2) Dirichlet Boundary Condition 1:
Boundary Selection I Selection = Marual, 3 (f tc © € dj2ig=2)
Dirichlet Boundary Condition Tr =0

179 tcdz Is! o OcG Iz, hts o Mleotstejdz' 2 dBsHJ d

fjthtsdklkz ' o dW tedg'O lokz OHytlivalpORIzo 6 W 3 j &3 L OH

L OH O yd dz' v ¢ dn  dzts o dzO o ezl tc' huls H'

odStsidMmistsolzo Olsd dszls ' MW upliiz® ovi)200 L Odstse Ylze
Home - > Study i Compute

glseo wissmMw ¢ W ydz( CExd®®d dSo0e Ctoj Mdzd s+ G |

tetsL O RV BC EAEZO' Bfs Qtew[‘avO BOERSY " Hdzv f stc’ o dgw

CtcOW " ¢ ¢ OdzOdz' lsopwdz,tSZGBe tz;tSL oowLCE
2( 20+ o)
4 syoOls¢k MmMlsetste’ Is! CemMCsolz WEEY" ¥,
W stcdglz dzts & .
Componentl(compl):
Definitions - > Functions - > Piecewise
Function na me =wl
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Definition T Intervals ( Is OB dzd yw )
I Start, End, Function=0, 1, - (X"2 - 2*X)/2
I Start, End, Function =1, 2, (X2 - 2*x)*2
258 ZdeSyls OdzO HsmMsizfEags g d f ds IstetS Baldsw L 5§ .
Study 1: RMB > Update Solution
] G ' O Plot Group 1 HiSH O2 Isj Gl OWV, § 5 HoltsH 0 @ dzdk Xz
9"  Hto [L2F 'sdis e OW * @y, fWHdBdkE S HYs 9 Odzd 2 [@FIH o " Hte' L &
1D Plot Group 1 - Line Graph 1: RMB > Duplicate
1D Plot Group 1 - Line Graph 2 :
Selection T Selection = Manual,2 (0" Htg1,2)ts¢
y- Axis Data T Expression =v
1D Plot Group 1 - Line Graph 2: RMB > Duplicate
1D Plot Group 1 - Line Graph 3:
Selection T Selection = Alldomains
y- Axis Data T Expression =wl(x)
dlsddz' Ctwdoedm dzOZONMNISEZ2AIs] dz2O Mo ' 2 tetsL MizH.

LMB > Plot
" ‘///___L/"’_‘:—' i
. y.
-1k /4}/// -
15k P .
-2 1 t=:::;--- 1
0 0.5 1 15 2

l dHOdz' Isdzj tHislrtg'rB dzz ctcOW " ydzk ctekzf kz.
Results- 1D Plot Group 2: RMB > Delete
1BJtegy st WO2dz, Odzj dzj LOCtdoOAIls] 2ABaEts.

2.0 9 Poiskon's Equation 2 (poegl. d3' dz' Is! "dgOw tetsLeoowL G
Poisson's Equation 2 (poeq?2)
Dependent Variables i Dependentvariable = u

[ H dzts y O i dzt&lD Rlot &raup dz- Line Graph 2 f sd3” dgw 2 Isj * d3go w
CteOW " ¢ wWCs' BRHE' IS! yw.
1D Plot Group 1 - Line Graph 2 :

y- Axis Data 1 Expression =u
vl " dz dgj " BBOW PECOdtsT WkdkSy' © o tBtsa ¢W
9dSCBtedmMlsOdzdzy Edisod dzyl Jj B fststseiemly 'tsdzty jJ dzdse
u(l- 0)=u(1+0), uj(1- 0)=4uj(1+0), P L dZOYO' HwOsk '

sswgl. VBt O L O L Odl)sadl>ddzv WS O o d S stod Mist
fndmisj dsts® dzfce OOMPtsMiso o Olsd dzd Is+ mw
O dzOdz" sdyded Yy’ tctsL @ OHWOEHE HBO' odcdzv H
%(b(2+d)
1 %d)+2d)2
dlsoatste’ Is+ vy WEkdCy' ¥ .
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Componentl(compl):

Definitions - > Functions - > Piecewise
Function nam e=w2
Definition T Intervals ( Is OB dzd yw )

I Start, End, Function=0, 1, - (x+2)*x /2

I Start, End, Function=1, 2, 2*x"2-9* /[ 2+1
U 9o AD @t Group 1-Line Graph 3f sd3" dgw 2 Isj " oBow W EkdeS y'
1D Plot Group 1 - Line Graph 3:

y- Axis Data T Expression =w2(x)
1 Odzso s sBYdmMdz' Is! dsH jdzz @ ltiedBOIs] a6 teC
Home - > Study i Compute
0

0.5k

1k

-1.5

0 0.5 1 1.5 2

1 Okzo Oy j dedidd GHAZOC Stz ' d3j dz tesLoOWL Gk
mMisd¢ iz Zdiztse d L O L OdgoRpr o O dzcas@liz dlsifztflsiz fyw
L Ofmistsmtso k& &z@3®dizlz i I tofi) o o dzts figlg "dzd N b a8 dztisu S HAzH -
w gt “dgh codzzlstc® N dz' e  dzts &d ,u x /dDd derd € ezO H
OtOR SO Zo'Ol&zdieo dzd § J toj tcoWdztafiplsy dzts G 5 i s dzw
L OMlssmtseo zo Olsd d3j Is* Mmw .
1BJtedy s WOIdz L " dhddz ' dzowd3, Odzy daj L C
3.1 dzw odzzlste” h dz 5™ x=103j X9 HeatsnalstgWy'L € ORr e
ts B d3d Y Godztraint ‘ dzO dzON Bz 214s@Q ¢ h 5B otsded teg C
fisd ¢ & a(@eada), ujU)=vj (D).

s syoOlClkz HdzY Lo OWLCE Httkzetsew t' o dzV C
Poisson's Equation 2 (poeq?2)

Dependent Variables i Dependentvariable = v

I it LYy Msotste' IsConstmilt L sSdz tsB d&3J ¥ j dz
Poisson's Equation (poeq)

Physics -> Boundaries 1 Constraint
Poisson's Equation (poeq) Constraint 1:

Boundary Selection 1 Selection, <>= Manual,2 (s s y%0
I R=v-u
Constraint Settings T Apply reaction terms on=
Individual dependent variables

I Hilz & 2dy"' Consranz L dzOH 02 1sj * dzh yj(1)sw(ikj 3 j dzdzw
Poisson's Equation 2 (poeq?2)

Physics -> Boundaries 1 Constraint
Poisson's Equation 2 (poeq2) Constraint 1:
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Boundary Selection I Selection, <>=Manual,2 (s s y %0

T R =wvx-ux
Constraint Settings i Apply reaction terms on=
Individual dependent variables
1 Okzo Oy j dzgd@" L Od3tso Yykzo Odzdz” 3 o d € st frigrEs o Iz ¥ Is !
 etse " ydz' fmls: sL dzOyo“ , hts L OMmMissmizeo Oah
HSHOIsSCtse ] BB Y4 dedzy o ' dgh Iz, skls d&3d o |
Individual dependent  variables B S cfits td L g sCd

LOflssmso ko Olsddiskzls! W t' L de bkdkssd.

1 sBkzHE2I] CEMEBeolk WEkdEty ¢, wCO fttjHMO
CtcO2BBOB L OHOY'

1
—0(1+2®

05= o *
8 5 21 oy

2 a2 ¢
Componentl(compl):
Definiions - > Functions - > Piecewise
Function nam e =w3
Definition T Intervals ( Is OB dzd yw )

i Start, End, Function=0, 1, - (2*x+1 )*x/ 4
I Start, End, Function=1, 2, 2*x"2 - 21*x /4+5/2
sCtstecjelz2Is] dOZOMNIskzo Odzdz?y ctOW '™ € 9.
1D Plot Group 1 - Line Graph 2 :
y- Axis Data T Expression =v
1D Plot Group 1 - Line Graph 3:
y- Axis Data T Expression =w3(x)
1 Odzso s sBYdmMdz' Is! dBsH j dzr ' lstied BBOIs] dztse
Home - > Study i Compute
0

T T T
0.2 =
0.4k
06 )&f -
0.8 ,f”"x’{f e
-1 =
0 0.5 1 1.5 2

] CteOW " CO LtetsL zd3" dzts, hts o d¢ tsdZOEA O das[e-d
o jJ dzdyddis ftsn Hddmr ( BO' @ds MY " dzr dzgz H slsd yd

1Bt s WO2dz hj tOLedio O jd df Sedgd. v d3,
4.1 dzw odzzlstc’ hdzt 5 x=IRjotl 4 te & 2 Isfilsaytefta’ Is ¢ o |
Dirichlet Boundary Condition : O 9 iHdclzicBldSource '
ZOdzOh sz2Ilsj 57 1OS, hwse otdd uf@Fpdiz L kzo
uj (1) =vj ().

l " HCtd22Ilsjy folstsydzd?2 W O2dz Constiaing OS Isdolz2Is]
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Poisson's Equation (poeqg) Constraint 1: RMB > Disable
Poisson's Equation Apoeqg2)i Constraint 1: RMB > Disable
1 Od3" Mis H]jOCIsdotsoOdzdr o9bkzLd&Z 9 Motste’ Is!
Poisson's Equation (poeq)flse tstc* Is! o kL tsdz ctcOded Yydats' z
u=v, 0O o Polsson'sgequation 2 (poeg2nststc” Is! okuKSeuwze Isd § 2
HdzZW L OH Odzdgy=ujf Sn " H dzts’
Poisson's Equation (poeq)
Physics ->Boundar y - Boundaries i1 Dirichlet Boundary Condition
Poisson's Equation (poeq) Dirichlet Boundary Condition 2:
Boundary Selection T Selection = Manual, 2 (Is s Y %=0
Dirichlet Boundary Condition Tr =v
Poisson's Equation2 (poec):
Physics ->Boundar y - Boundaries 1 Flux/Source
Poisson's Equation2 (poeR) - Flux/Source 1
Boundary Selection T Selection, < >= Manual,2 (Is s y X=d)
Boundary F lux/Source T g =-4*ux
] swinded dzis, Ytz ftcOotstekdy (OBBGAEBdd?2 S FHW]
FuxSource 30° o dredizebw)=g-qv. | Jetdyyw't bsySd Lt
W' Lrdede ns5BO" BBv=ipuv/px. 1 td=0 z ksoa © dzOB ko O
- Ccvj =4, HgzOyJ dzstve OHOdzgs Bk o k2L dZ wWLded. A
o dcdrugf sistc’ B dats gif SO M Is
1 Odzso s tsBydmdz' s+ dsH j dz
Home - > Study i Compute
' slsted 3021 Iss2 yJ cctOW € twtsLoadwL ' o,
Constraint v
c ¢ LicSL zd3 dzts L f st J tcJ H d2oristraEins ii3ts of 22O H
L OMmMssMtsozo Olsd H dzw CYts' HAdzOdzdz" € tetsL 9 OW L |
dzj sdfsedms EZdise. 1 BWmdzddBZs Y4 HESE dZOHA M j.
ltedC 2@HsL e dzv dzy dss L OH Oylz
uj =1, xi[01],u(0)=-1, 3)
avj =x, xi [1,2],v(2)=3. (4)
L to' L dzd dzdnilskef gtz @diafir=1:9 Issyy'
u=v-1, vj=uj,
u=Vv, vj =uj;
u=v, vj=uj+3;
u=3v, Vj =uj;
u=3v, vj =uj- 3;
u=v, vj=-05uj;
u=v- 2, vj=-05u;

NOo oD RE
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) od flse Stoj Gadly  dgtsHEjjddz ks @ Ofis W dsH o ' iy " " dz? ooz
C s 3y Sdzf dzls oA ez € W s B ls ¢ 2O Mk f' H'dal B L ¢
{5 Hod® Is d digzflsi' @ Hdrrh Uniong .

4 — Component 1 (compl)
= Definitions
4 '\ Geometry 1
=—= Interval 1 {71}
Form Union (%7}
=% Materials
v+ Poisson's Equation (poeg)
v+ Poisson's Equation 2 (poeg2)

w3 ddos Odzd -~ BlEE B dze" v A BZ3dzdissoa d toj Odz' L Iz ¢
o z L dzO Lontdrantf z.

i BLOOYOSKS sditest dBBO2MIstc® Mlsoa s’ Is! 1D
File -> New -> Model Wizard - > 1D - > Mathematics -
Classical PDEs - Poisson's Equation (poeq) - >
Classical PDEs - Poisson's Equation (poeq) + Variables = v - > Stationary
1o jtods s dz2BOC & HwilzEGlisie s o' o dafzdzdas B &© @) M ts dig
l d &3¢ dz' Is 9 WMsH | dz ¢ 5 dzls t6 ts dz tetsL d3° todzts Ml
Untitled .mph (root): Unit System 1 <>= None
1d Bdi3dIste’ W a3ty jlsdrine'fif Qef Qlry @lsiz = o "[IW2fe" L € " o |
Geometry -> Primitives - > Interval
Geometry1 - Interval 1 (il1) :
Interval 7 Number of intervals = Many
Interval 1 Points=0, 1, 2
LMB > Build All Objects
lJdej elz21Isy S M LS.
Component 1 (compl) Mesh1:

Mesh Settings I Element Size=Fine r
LMB> Build All
Il dL dzOyls § GJBABj Istc’ dZzO0 wEed®@ H3)Is@atigH)

LOHO2Is] ' A Ciw' y' " dzlsd.
Poisson's Equation(poeq)
Domain Selection T Selec tion =Manual,1 (0 ' Hstg0,1))

1 2

ICI ID.E I1 I1.5 2
Poisson's Equation(poeq)- Poisson's Equation 1:
Diffusion Coefficient Tc=-1
Source Term 1 f=1
Poisson'sEquation 2 (poe®):

Domain Selection T Selection =Manual,2 (0 ' Hstg1,2)
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1 2
| | 1 L | 1
0 0.5 1 1.5 2
Poisson's Equation2 (poeR) - Poisson's Equation 1:
Diffusion Coefficient Tc=-4

Source Term T f=X
1 OHO2I8] GcttOdzdydz bkoitse d[0,2]." 6 mdzy dzO ¢ ° dzyv
Poisson's Equation (poeq)
Physics ->Boundar y - Boundaries i1 Dirichlet Boundary Condition
Poisson's Equation (poeq) Dirichlet Boundary Condition 1:
Boundary Selection T Selection = Manual,1 (Is ts y%£=0Q)
Dirichlet Boundary Condition rr = -
Poisson's Equation 2 (poeq?2)
Physics ->Boundar y - Boundaries 1 Dirichlet Boundary Condition
Poisson's Equation 2 (poeg2) Dirichlet Boundary Condition 1:

Boundary Selection I Selection = Manual, 3 (Is s y%=8B

Dirichlet Boundary Condition Tr =3
[ dzv o dzzlste’ N dz' tx=1) a3 jtyB 5 o¢c Ws'slyfus O~ & Mmlso e
ts B d3J X QGouktraint ‘ O dzOh Isz2 Is j A O¢, hsB 9

Mmis d € &z a OwzdzVj = uj.

l fjteh" 2 W'Ldy' MmMlsedssmintls!. okzL tdz B d&3j Y J
Poisson's Equation (poeq)

Physics -> Boundar y - Boundaries i Constraint
Poisson's Equation (poeq) Constraint 1:

Boundary Selection I Selection, <>= Manual,2 (s s y%=0
T R=1+u-v
Constraint Settings i Apply reaction terms on=
Individual dependent variables

1 OCGOHO dii3s, hts oaducisp O i)t 2 My  lz® dzt
l Hickzdl' 2dy’ Isdy Mmi€Consgamt Is ! aPHO&IS j o dz
5B dsd ot dvidapewg (1).
Poisson's Equation2 (poe?):

Physics -> Boundar y - Boundaries i Constraint
Poisson's Equation 2 (poeq2) Constraint 1:

Boundary Selection I Selection, <>= Manual,2 (Is ts y%=0
T R=vx-ux
Constraint Settings i Apply reaction terms on=
Individual dependent variables

l S s8dz021sj B Ydmdzj dzdzv .

Home - > Study i Compute
Hlso issmWw GHeDW ' Yydd Cwfedz@ dec W " L S Oé fsBERZHESOC
tcsLoOwWL Sz dzO 9)d20OH datsdgr? Isg)* HGets duek ‘iz o to tdSLHadD W2L
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CloOW ' YdaT Mzw ¢ ¥ ths'§Asisgifiy L D dlot Group 27 Line Graph 1 9
fjteetezfz. wlsddzz Ctwdodm dOEOhMISEZAISj dzO TMme
1D Plot Group 27 Line Graph 1: RMB > Copy

1D Plot Group 1. RMB > Paste Line Graph

LMB > Plot _

3“' | 1 |

[ /
1k -
ot i
_1 1 1 1 Nl
0 0.5 1 1.5 2

O dzOdz" sdydzd?2 tesLoowWLBE y' ' LOHOY &BO' ¢

Y= %( 6+ 4 0+ 36¥)
W= 2—14( 10 + 37 0+ o)
rdzv fjted o’ tef d3tpdimdsii R BatzAllz'o D ¢ tOW ' ¢ d
Vo ¢ 10OdPilpt Group 1.
s tsted fmdats fsHdodIlsd mw, w ¢ 9dcecdzv HOIsd &3z |
ydmj dz/ dets @ t5) tdatdsB R L\ jz . 0 DB Groupdz' 2 ctlzi

1D Plot Group 2:
Axis T Manual axis limits = True

Axis Ty minimum, y maximum =0,11 (Ho O ) tsdzw
1D Plot Group 27 Line Graph 1:
Selection T<>=1 ( dzH d CO'IsHsFO,1] & ©
y- Axis Data 1 Expression = uxx
Coloring  and style T Color, Width =Blue, 3

Legends 1 Show legends = True
i Legends, <> = Manual, uxx
1D Plot Group 27 Line Graph 1: RMB > Duplicate
1D Plot Group 27 Line Graph 2:

Selection T<>=2 ( dzH d CO'IsHstEL,d] & ©
y- Axis Data T Expression = vxx
Legends 1 Legends, <> = Manual, vxx
LMB > Plot (ZOMIszf dzd2 ceOW ' ¢

tcOWe fG dzv H O . 1dxOdFDH&f[lsls] € tedsd 2 H dets Iz ¢ S35 ) @O,
"HodMdeded' H 5 € f sz’ desd3’ Odz' dzd - W kzdC y' 2 W
C" dgyd dedets dzlz J dzj d3j dzls Of tesC Mddzgze Is+ Mw " Iz
"L dS ' Disteetization' dz ( o * dz dzj LOoaYHd 9o  HtsBtC
odL d&z0y0o0"’ Is! mw sdf WEdSyoR o dop@dOdstse yko ¢
oMlsOdzso dzj didsadratictc F f g W H{ € . J st W' LJdSEOR
(Cubic) ftstwHtsC ydr WkdCy' 2.

Poisson's Equation (poeq)

—

$5 St
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Discretization T Element order = Cubic

4 — Component 1 (compl) v Discretization
= Definitions
Y4 Geometry 1 Shape function type:
== Materials I i j
4 72 Poisson's Equation (poeg) adranae
B poisson's Equation 1 Element order:
o
= Zero Flux 1 -
E— Initial Values 1 I Cubic j
—= Dirichlet Boundary Condition 1 ¥ Compute boundary fluxes
— Constraint 1 [+ apply smoothing to boundary fluxes
Poisson's Equation2 (poeR):
Discretization 1 Element order = Cubic

1 jtoj sBYdmdz' I tc @¥ts HYDfRIc Graup 2ys ¢ tc ©Oh O Is
Home - > Study i Compute

1D Plot Group 2: LMB > Plot (2OMszf dzd 2 todMzdesS o to

|
1 L 1I -
— wox U

08k — VXX | o oel —_— | ]
0.6k E 0.6+ -
0.4F j//_- 0.4 /
0.2 - B 0.2 - -

DI 1 L L 1 D L

0 0.5 1 1.5 2 0 DI.S 1 1I.5 ;
1BJtedy s+ WO2dz, Odzy dzj LOCtdoOIsj 2ABGts.
r dzw fitjo te&d " dgh dnr E dsts o misd € o Odzdz?
f tod ¢ dzOH Iz, od By jlsy i RofsdgisssEquatdyy @ruptyid &
Constraint 1 * Poisson's Equation 2 (poeg2) Constraint 1 8 JtcOL d ~r9 f t
Boundary  Selection i R JtetsB ' Is! yJ MO mis ' 2 dzts. |
tcjLbkzdz sOIsd, w¢' LBJjtej d@ds o dzOMlskzyf dzz IsOB C

s OB & o GWEHE(R), (AL d&d B I Bse ORd IskHs.d S o O dzo

L d3sse ¢ poeqi R w . ]
flsd ¢ zg poeg2-R L teOW " € | ¢dzOdz’ Isd yded 3
: o 1 o
1 u=v-1, 1+u-v : Y= 5( 6+ 4 W+ 307)
S . ) : )
Vj = Uj VX - UX T
10 0.5 1 15 2 24
: 1 N
2. u.:_v,. u-v 1 Y= gl( 6+ 7 0+ 3a7)
et o O G= —( 34+ 49+ )
" os N 5 : 24
= il I Y= 1+8(b+(b2
3. |47V 3 v 2 il BT
L . ? . W= ﬂ(38+ 13 o+ o
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’ 1
A u=3v, U- 3V j Y= E( 2+ 30+ GF)
| Vi =uj VX - UX ° 0= i( 50 + 576+ G5
10 0.5 ]I. 15 2 24
of A e L o
5 u-=3v-, u- 3*v [ / Y= Zl( 4+ 15 @+ 2G¥)
ViSUup- 3 WS 1] e= 50 14+ 300k &)
o U=V, Y il = %( 6+ 46 G+ 3¢7)
) Vj(:'o.SUi VX+O.5*UX 0: d): %(278 107 (.‘0+ Cé’;)
) L1 o
2 |U=V- 2, U- V42 2} 'Y=2( 6+ 130+ 367)
[I8%] kdso @onsrin§ LL oo WhtsSd tsdzw * fs° Hdzzo O
' oddWtedzf Cd dzO iy ~° MbdSikzo QozdasOL 9 j &

ot sMisBf gho O wsLo6wLCd (d& od@v). §©Os

1 Okzo Oyljldegley dzQo jHj d2 o (s jtcjHd D OEB dzdn
Hisf sdii3tse ts¥  olirichlezBoandarg Gotiiditon * Fux/Source .
1 0fted S dzOH, YO0y B, wC &y @) ts g Gd3se |
dsse s MisdEvEz 3, pzdz05u. ] “ HCted2Isy WOAdz st
H]JOCIsdolkz?2Is] Gonstnt sdzz o zL dzd
Poisson's Equation (poeqg) Constraint 1: RMB > Disable
Poisson's Equation 2 (poeq2) Constraint 1: RMB > Disable
1 Od3' Mis H]jOCIlsdotsoOdzdr obkzLdz' ©8 MmMlsosicy ig*
Poisson's Equation (poeq)fls o stc* Is okLtsdz zZdiswv-2," t€&J - C
9 W ' Rogsgn's Equation 2 (poeqg2jnls o tstc* ISFlux/Sotmreesdzy L OH Odz
f 57" wjdzs05u.
Poisson's Equation (poeq)
Physics ->Boundar y - Boundaries 1 Dirichlet Boundary Condition

Poisson's Equation (poeq) Dirichlet Boundary Condition 2:

Boundary Selection 1 Selection = Manual, 2 (Is s Yy %0

Dirichlet Boundary Condition Tr =v-2
Poisson's Equation2 (poecg):

Physics ->Boundar y - Boundaries 1 Flux/Source

Poisson's Equation2 (poeR) - Flux/Source 1

Boundary Selection 1 Selection, < >= Manual,2 (Is s y %=

Boundary F lux/Source T g=-2%u
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L3S O HEuESouz® -nd cbv)=g-qv o IbaElyéUstsysd L St
Hicze ' PEEEUEBAe -octirFrg, HEOYjazdAL OHOd & o
W'LdSed. utdkz, N B vl 0B 2 szGs gif L2WGre fgls d
1 Odzseots tsBYydmdz' Is! dsH J dz
Home - > Study i Compute
slsted d@zgO2Isj b2 ] cCcttOW' ¢ twtsLeadwL ' o,
OfMmlis sz o Clipdgaint o dzwz' fg tsgE] frjdsdd € z o Odzdz."gf.
YyOfmMsts ftod Wtstcdikzo Odads S H J dzf ® Hotn ¢ Ml
SH@RZOC Sz OdsY o j dzdyddzed. 1 OLeoady®©2 vyd BEL
HyJWEe 2 H' dvdzy' BlptsiclcOr ez sets™ dz8 j BSto' o dzv da
ftcdC dzOHd dzj MftcOyd s @v O @ dzlizls ' dnids@ R dzth dR iz
f slstc’ B dats ‘tedsy dzO L WA & @ dzdi-tc Iy fdumdide dadz® tc* " dz' t
Bd Y O otsdzd BHBOSCEBO ' . sO Y fttsBdzg BO o d
Ctsdzd f silstc’ B datds " WLoddzts L d@@n@jdei@tisvd of jsdzdey d digf B ts!
tctsL H' dzt 9 Odz! tiztbfl z MpllgiHddts, L DHED(WE ) (88 tsB SR tc
oditsedmMssolz’ Is! MW HBRZOCtS ] ' d@DVY visES Odets’'Is
X=1d@tsy d&zO0 L OHOId dzdhj sHWEB tsL dz0 Y j o s Colzj. dz
sHdZOSCtsodd3d Hdzv tsBtsn BSEC' 9 o' HettsWHRI ' B
tcjLizdz sOIs® L OHO9OIsdd3j Is! MW tBHaEZOREBD OC G &8 O (
ftcOoatses). I COMSOL Multiphysics ' t' L dg
odSCBtedmMlsOIsd yr thsedde ' Mis! ) . fpHdamp Ly )d
f Owairg. | dzv W hdzj dzdzy MG OL OdzsG 5 H'G)ff]dZ’QHC[?d3
Htezegj to' oadgwdadz" (4) LBBHjdz8 dgs wWC ¢f ‘
lted S EPHsL e dzv dzj &3t L OH Oykz ( 3) , ( 4)

=1, xi [0,1],u(0)=-1, (3)

4uj, =x, xi [1,2] ,u(2)=3 (4)
L Edtseo Od3d Mmisd K¥&lo Odzdzv o Istsyy'

-

1. u(l- 0)=1, u(1+0)=0.

2. u(l- 0)=2,u(1+0)=2.

3. uj(l- 0)=4, uj1+0)=1

4. u(l- 0)=u(1+0), uj(1- 0)- 4uj(1+0)=2.

5.1 4 §J to] too dzu(ly0)=uF+O)zyu;(1- 0)=c,uj1+0).
v zs(1°0) ' uj(l°0)f sL dzOYOs s HteOak ' dz exd#l. ¢ tcOdzg

l1tcd Mmlse stcj dzdz BtsH jdzj 2 HdzW ydrs L OHOY
o' Hte' LCOR [0,1] * [1,2], {f6'HdOd]s f
o ' Htc' LSk [ 1, 2] L OHO9 Olsdd3j Is! Mw to' o dzgV dzdaw”
tc' odgWwdzdz?" (3) HBts o' Hte"LCO [0, 1].
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4 — Component 1 {comol)}
= Definitions
4 4 Geometry 1
—= Interval 1 (¥1)
—= Interval 2 (2}
Form Assermbly ()
== Materials
4 74 Poisson's Equation (poeg)
B poisson's Equation 1
B Zero Flux 1
B Initial values 1
— Poisson's Equation 2

wih z Calzj dzdaydEs tsrn B IgHdzs dzdzO8 Is® ] dFfQdeED y ' ¢ 8
cForm Assemblg ff Otc O, ) L Odzj ) dztsmls 9 H C o dzlz Is t
odistcdmlssalzo Olsdd3zd s+ mMw OB B d&
it BLO O OBKS sd3se st BOAMSO Mlsetste’ Is+ 1D
File -> New -> Model Wizard - > 1D - > Mathematics -

Classical PDEs - Poisson's Equation (poeq) - > Stationary
ldai3¢ dz' s 9 dBsHj &' C(dlstesdz? tesL &3 tedzsmls j 3
Untitled.mph (root): Unit System T <>= None
Il MsOdetse * Is ftcOf st Yy , wed22zHa§ O@&tEOls d dio
GJtd3j ste" °
Component 1i Definitions - View 1.

View i Show geometry labels = True
Hlso ste’ Is! G ijBdj Istc’ ¥ ditmw j4de d M IsvdCCas o UG H D
L' ' Hd@2 o] (assembly Iz

Geometry - >Primitives - > Interval
Geometry1 - Interval 1 (il1) :
Interval I Left endpoint , Right endpoint =0, 1

Geometry - >Primitives - > Interval
Geometry 1 - Interval 2 (i2) :
Interval I Left endpoint , Right endpoint =1, 2
LMB > Build All Objects
Geometry 1 - Form Union:
Form Union/Assembly T Action =Fom ana ssembly
Form Union/Assembly T Create pairs =True
I MisOdzdz' 2 ¢ ©C O B1c jhigofidsigefisOleld (L O L Os o -
Is d fdentity Pair ).
19 jtedz Is! ko Oc HFprmUrson ezOL p OL 63z dzda@AssemblydzO
stc' i3 Sy BEQIH OBISIcd BOXZO " dzHd G Olstste L dz
Odzy w&¢ yYyomdgldzO ®Is ided3s@Q&E® ‘[dzH J S Olstste L dzts
l]ddzjtez2Isj S M IsCkz.
Component 1 (compl) Mesh1:
Mesh Settings I Element Size=Extra fine
LMB> Build Al
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) dzOh 2 L OHOY' ‘ Ho' L tsdzd , o wCdr H' W
tc' o dg(Jgde z L Badgson's Equation 19 ¥y J mils o stc | dELisson'd G’
Equation (poeq)H dz¥ L OH O dzdd) ) l4cd 49 telzW dpdz'@ & d 2zlz y 5 dz.

Physics -> Domains -> Classical PDEs - Poisson's Equation
Poisson's Equation (poeq} Poisson's Equation 2

Domain Selection T Selection , <>=Manual, 2
™ - rie -
1 1 | | |
-1 -0.5 0 0.5 1
1 OHOdzdz? B dZOMIs* H' Htczegtsegts to' o dav dadaW  (

tc ' o dzV dzdzV . 2z 5B "HiS tofd j? s jz aldidspissdEquation 1. S S
tc ts L Bomaln Selection f so ddzj deOi306 kaf diasf &W H .

Domain Selection
4 < ppisson's Equation (peeg)

B poisson's Equation 1 Selection:
B Zero Flux 1 =31 1

2— Initial Values 1
— Poisson's Equation 2

2 {overridden) L—l-.
=
Active

1 fyj Momgain Selection o d H dzts, &  dzH & Ods tsdg jsdfigsH t&s H
Ltsded W f Jjteh segts’ toh o dats Geliz yala]f R dzjsals dn'd ints'j 13t

* 2:

T T T T T
-1 -0.5 0 0.5 1

19 jtodz Is o Oclz dzO Isj , Poidsdm's Equatipis & dz jcds @Zts d3t
Bsy &zd o sMmis’ LB dzdIsd " 36w h ¢ Odzts Poissop'sizd y d
Equationl, * odL dzOyO*! k! @)Waissaire|Enisatich (peefry).
1 OdzOh js 21 @isctOdI3j oAbissdn's &quation 1 Poisson's Equation 2
Poisson's Equationl:
Diffusion Coefficient Tc=1
Source Term T f=-1
Add3 dz0 9 ' wt®OHIOC s [MO-,ujicF - 4. dzV dzdzW
Poisson's Equation 2:
Diffusion Coefficient Tc=4
Source Term T f=-X
Add3 dzO o ' wtd'L WO O] Is; ZMPuj te-'xo dzv dzdzW
1 OHO21Is] GtOded ydz d3gse d[0,2]." 6 mdzy dzO@ € ' c
Physics ->Boundar y - Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:
Boundary Selection I Selection = Manual,1 (Is ts Y £=Q)
Dirichlet Boundary Condition rr=-1
Physics ->Boundar y - Boundaries i1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 2:
Boundary Selection I Selection = Manual,4 (s ts y%=8
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Dirichlet Boundary Condition rr =3

1 Ozo Oy jdedgC " dz2 € G iBRBIIK W ME ZOHBIL]IS Mw
[ 1, B] ,Ist=dgl§ O WdEOQ J aeB®dz] % d Is ¢ sBtsd3 9" Hite' L € Od3,
yomisd dzd , w g’ BOE Is! ‘dHd S Olststed 2 3. 1
dz' osdsz o Ht' L Sz, OfE®yE&EKEZL " dZHdS Olststetd
1. Jdazlste' M dz'  uflte @ ead ufldz0)=G& dsts ® g
1021 Hdv & satsx=lizitse S Lllsh 7 ¢&s wpew  f t
iz d3ts aufe) =
Physics ->Boundar y - Boundaries i Dirichlet Boundary Condition
Dirichlet Boundary Condition 3:
Boundary Selection 1 Selection = Manual, 2 (Is ts Y %=B0)
Dirichlet Boundary Condition Tr =1
Physics ->Boundar y - Boundaries i1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 4:
Boundary Selection I Selection = Manual, 3 (Is s y%=B+0)
l S tstedmlstsoz2Isj tetgqt]zlzuktdz@dzljz‘g tsg gtz ) @ec
yd e ' a3y " deHd ¢ Olsists@d3c{ 2
Dirichlet Boundary Condition Tr=20
1 sHdo ' st Mw  dzGs tiiEs dy: toxdfd H ' delisfcED dzd dafats o * B dgts a
[0l]loe S stedMistso 2° Is+ M ditsde]d o0 495 @ dZP;J HiBHEg ® L €
"'dzHd C Olsste 3.
l S sdz021Isj B Ydmdzj dzdzv .

Home - > Study i Compute
3 T

0 0.5 1 1.5 2
19 jtelsO’ ists o Ohk hiso OBEJHAEZO Ispdzzlstc’ " dz' &
Mlse tste® 9 Odzd v € 5 d30 dzH O el frySL Bouralafidf © # Oatshlet € dzts
Boundary Condition. Cc Ehdggs o 2 L' Qo' GRad@)jls d - Fhgtdpaists §
Dirichlet Boundary Condition, Ists Ediso © o' HdzsMmdlsa d3ff Btc &
stsBIsts Hts I.sYLBFOSY jizCs@z Zyd, HAZO kdktses O ¢
HS SBBm Istsyts¢ L ] semdd@Gsswm@dsd 2 2 ° 3.

2. ] dezlste' " al3ts etfe @ d2f ufldz0) =
' 4 OCIsdeakz21Isy okLdzd BGMIsOdzdz’ = HoBn EdBts:e
"t ~ndzy dz20 f Ots”
Dirichlet Boundary Condition 3: RMB > Disable
Dirichlet Boundary Condition 4: RMB > Disable
Physics ->Boundar y - Pairs i Dirichlet Boundary Condition
Dirichlet Boundary Condition 5:
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]l tots L HPaidz'Selection ) MY dgPais ¢ d&zOy dz' s LIRS
Identity Pair 1 (apl) .
Pair Selection T Pairs = Identity Pair 1(apl)
Dirichlet Boundary Condition Tr =2
Boundary Selection

Selection:

)

+ Pair Selection

2
3

Pairs:

|Idenﬁty Fair 1(ap1)

+ Dirichlet Boundary Condition

[¥ Prescribed value of u
ro 2
|  tetsPar' felecion SBJEOs 5! W § Ottd, wS' odL dzO
FdRsqgd. dzOMdz' H tsSklecton frpf (AN CAE Ols sdzief d syt ¢ C
f Ot O OH O dgy.! OREO“ISIO ' dzH S Olssted 1
[1,2]7 ' den OB E 4. ovisElss2 " Hen @S Gl dzOY O Is !
' dz des’ IssySd ydo o' Hi' LS 9.
1 S sdz@02 s B ydmdzj dzdzv .
Home - > Study - Compute

3"’ I I 1

0 0.5 1 1.5 2
cS BOWyaj, ¢ tcOded ydzd dgdzO dz® B f5 Bzdf8EHIE" L'C Rl , 2
rdzv fitejo’ € d MO MIsORRQHES IHdswpdzsiciAR Istg s Leot
Yo =3( 2+ 5+ ), o [04],
Y6 = 2 (30+ 17 6o+ 6F), G [1.2].
o B gigdesdz By 2O o d ¢ sted fy Bux/Solrce OJls d L © e © o]
dzd s t' Ldz L dzOyj dedzv f slstsC’ 9 dzO0 Misstets dzO A
3. Jdzzlte' " dz  u(le ©)dzd, Wl 0) Mdss o d
r 4 OCIsdekz2Isj okL Bdz sMis Odzdz' ts5° Edstseo d |
Flu/Source , wG¢°' o' Hdzsmdlsddzls: Mw HEts ' Ldzd~ ¢
Dirichlet Boundary Condition 5: RMB > Disable

219



1 OcOHO dg®, § tB ®Bo s i3z O, 1Hxnsts ble® / Solarce LA§ED o d G dzw
Cuj =g- qu.
Physics -> Boundaries 1 Flux/Source
Flux/Source 1:
Boundary Selection T Selection, < >= Manual,2 (Is x=1-0)
Boundary Flux/Source 1 g=4
AddgO o' OHL ORD' Is' fgfl)=k (3t ) © ‘c! GEQ.
Physics -> Boundaries 1 Flux/Source
Flux/Source 2:
Boundary Selection 1 Selection, < >= Manual, 3 (Is x=1+0)
Boundary Flux/Source 1g=-4
Addgz0 o' fE] LLEHO' Is* fuy(l) =it GEIEDCEOH O Bsg=0 U® { to
daz' o ®& (i3dzy ’ z d3ts & ©cupz@’, s ipSd coedgdf ¢ s gz dzd
l S s8dz021Isj B Ydmdzj dzdzv .
Home - > Study - Compute
3

-1 1 1 1
0 0.5 1 15 2

[ dzv f ste' o dgW dgdz? MOBIsMIs' 2 dzes HsBEZHE2IS] CGt6C
Yo =3 2+66+a, @ [04],
Yo = i(22+ 21 6o+ %), @M [1,.2].

vsjfjte fsHdoeoddisMm! , WAXSHrEOyY: o B)isd dgjct o BEHADO (

4 . LAt © Fl ux/fgodkriscdeo @B § @8'0. tsfMmis Odzdz =

LO Mis! dedrn fiflsdtaste’ Is! tsHJdz dzO

Flux/Sourcel: RMB > Disable

Flux/Source2: RMB > Disable

Physics ->Boundar y - Pairs 1 Flux/Source

Flux/Source 3:
Pair Selection T Pairs = Identity Pair 1(apl)

Boundary Flux/Source Tg=1
L3 9 d sdf &z FIl ux/ Sour ce, w g L OH Odz )
Mzkze s Mw dz o' ' -nfficc®a)=g O g dzd zz dgso . |

odfOHCE Ediso® Fl ux/ Source dzO § Ot H' W |
" dZH S Ol stcORd 2 ' d 3. dHodSh MO dIffts L1dzOyd IR  tets
ftcOo stelzy 9" H Istsy¢ d MedQ@ 2z, &GOdEd] d

- n& cbu)l+[- n,& c,buy,)]=g,+g,. I ®BORBOLEs yd dzOY 6w BC
sj, di=#m, sbtddaggdm;@)=29, gl 1)=2.
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vOC Y LOddh al=uffl)f RS yddsd3, kdtse O F
9 X1 &OIsddj dzO mufllz §)dacfl? 0)eupfle @w4mj(1+0)=2.
1 dSsdz021Isj tBYdMmdzj dede?y *° slsted BO2Isj ¢ Ol

Home - > Study - Compute
3

2
1
0
1

_CI 0.5 :II. 1I.5 2
rdfjejo’ ©Cd MOGSME' 2ds HEBEHE2) GBOY' C
’Ydo_g( 2+ Za+ o), v [0.1],

TY(JL)—E(238+41(;0+ 56°), wN [1,2].
5. 1 OCGOHO' s, hts EZdise O dZJUJtGJ'[QSdZtSfr]IS W
U, =Uu,, Cuj, =C,Uj,, H J "deH § S 1 2 "HY 59 " H(
hzC Odzts’ al if dzd e deddz’ Bs¢d odzzlste’ hdzi'ts’ a3d
h ¢ Odzts’ odJ dzdydded dz' etstelzy ftcOo stclzy o
SO 5° Ekdiseod ¢ tc@pntindgpyJj dzd? okzL Sdz

' 4 OCIsdeakz21Isj wHuld$dmkz3 2 1 @ d3s s dz2 sets M
Continuity
Flux/Source 3 RMB > Disable

Physics ->Boundar y - Pairs 1 Continuity
Poisson's Equation (poeyi Continuity 1:

Pair Selection T Pairs = Identity Pair 1 (apl)
l S tsdz02Isj] B ydmdzj dzdzgw ° slsted 3O2Isj] ctOW " ¢
Home - > Study - Compute

3 T T T

2| -

1k -

0k -

-1 L L 1
0 0.5 1 15 2

(& fjkje’ ©Cd MOMSME 2ds HEBEHEYS) CELOY
TY(Joz—( 2+—oo+o§) N [0,1],

Yo = E(142+ 89 @+ 565), N [1,2].
1 desozj toj ' Ist WO2dz, Odzj dzj LOCtede O2Isj 2t
1 Ozo Oy j dedgOY " € tosLobwLC' &9, Glstedd3Odzs o
sO%®d Hte" L dgw Kl g H dzts L OdzOdz' Isdydzd~ o d1

ydr fEkzdSlon. | #1&G0dkdsoufls ax2dsehtg)=2. |
.5 BiBdafl- 0)=u(l+0), cuj(l- 0)=cuj(1+0). ] ©MlOdzdz Bz o
u(l- 0)=u(1+0)=59/30, 2. v
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t BL G dzVw dzj 3 9 d € ts to ConisréntizdztzO ts § @ie s Hradidticiuead
dependent variables =True ). v d3ts &€dbstraint dzO0 f OdiIssmtso 2° s MV
on BH B(sowC s yYS d . f OGS s " Mis! " Bjdz " kS Oded n
odzzlste” hdzt 5= d3j % ftcdL otsHdIs! HSE HBHOISC s
tesLOOWLSGE d2O y' 2 34 " .

] oS H ts9 yteftelkgtsc dzWv H OIsd (4 QPH OY' (B8 O0dzOdz" L I2°
5B 34 ) famstamt dzO0  Otc’

1. R=2-u.

2. R=ux- 1.

3. R=up(u) - down( u)+3/2 .

1 tod € dOHdzwy f jtoj o' O] dzGgp et LZdsse o W 0O2
ftcdS &zOHE BEHJ B eodetsmdlsd L d3 dzed ' HJoddIsdf
t sLoOVwWL 5C
1.R2-u.l BiMisOdzdzr s@R s §f OB AChntimiyl tsdzL Od3' fls C
Milse st IConstrantz L .ts dz
Continuity 1: RMB > Disable
Physics ->Boundar y - Pairs 1 Constraint
Poisson's Equation (poeyji Constraint 1:
Pair Selection 1 Pairs = Identity Pair 1 (apl)
Constraint T R=2-u
1 O OH O afsts H tswEee sy ¢ s §f Otcd ssyYys o0 L ' &
LOf dMOdzdR, zo - 1 istdas Yy f Otcd BB jtelsOIsddzj s’ M
GO d d3j Bts bk BEE-D)=R 'da® TdF o' 2& btsyy' §Oted.
h ¢ Oded n o J dzdfucfSlz s E£dfv § Otcd ftcdL o sHJIsd d3,
u(1+0)=u(1- 0).
l S tsdz0@2Isj B Ydmdzj dadz” .

Home - > Study - Compute
3 T T T

7k -

1k il

ok i

.1 1 1 L
0 0.5 1 1.5 2

AOCIdudzs tesL G dzv dzzls' Edsod o dSttedfmls Odts
GOV ' Cd fwsods Miste MYy ' of OHOs s .

2. R=1- ux. Il dzgj M' s Ld3 ded E o d tclOw @onstr&ird 2 o d ¢ t
Poisson's Equation (poeyi Constraint 1:

Constraint T R=1-ux

Constraint Settings T Apply reaction terms on=

Individual dependent variables
Home - > Study - Compute
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\
- [=] =] ] w
3 T T T

0 0.5 1 1.5 2
L i3S ORBL-ux=0 Iz 1 dzConstraintltcPdz' L z* lslMO)=1Y YO dz' o
stsyy' H@OfEu(l-0) 1 20 ftOpj' 2o df dzde O L SHd
tesLOOWLE & L GCOtErlsdEMEZdI HOdpPW L ez HAzY
Y = 2( 2+ 67), ov [04],
Yo = o ( 90+ 77 6ot GF), v [1.2].
[ dzv  f ste’ o dgW dzdz?" MOBsMIs' 2 degs HBBERZHE2IS] Yy
dftcsBlz2Isj oAt GaiRds s yS z rfddtedy! sets o 1 J
Identity Pair 1 (apl) §f slstc’ B dzts 9 fMls O dzts Mahlsald conffak ©ff stcj Yy
selectons * o MjSy' wa odettclkz fd3 dwisd d&° mMyw
Definitions - Identity Pair 1 (apl):

Pair type I Manual control of selections= True
Source Boundaries 1 Selection,<>= Manual,3
Destination Boundaries T Selection,<>= Manual,2
l S stcedmMlssolz2Ils] ftosCtokzykzo Odzdzy C tsdzj MO
yJ teL 'y " dHdCOLtsteOdd 2 3.
1 dzso 2 oS tsdzO2Isy tsBydmdzy dzdzy slsted B3O Is §

'
= =] = ra W
T T T

0 05 1 1.5 2
vt REIREs00OkZs 1L &dnstraint1te jd® L &' Isuj(lpr0)=1 € dzO
ftcOo " 2 Istul0)=tiEHe)dz0 d' o' 2. ¢ dzOdz' Isd ydzd 2
odfoOHCE BO' odc6dzvH

Yo = 1+ 56f, ov [04],

Yo = o (22+ 216+ 6F), 6N [1.2].
COBsMis' 2dats HEsBEZHE2I] Y' Ctede'® o ctOW' yo
3. Reup(u) - down(u)y+3/2 .

Il sojtedz Is! ¢cdOftewdsE H' ° f Otcd e .
Definitions - Identity Pair 1 (apl):
Pair type I Manual control of selections= False

l dzg " Is+ L a3 ded d & s &6 fg 9 ts0p Az 'ClEhtigint 1. &z
Poisson's Equation (poeyi Constraint 1:
Constraint T R=up(u) - down(u)+3/2
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LB O ftoOyYsn Suizdb tf Qs L2 9 | sdzO [GOWz g d &z 2
9jCIststc datstc &30 dz' dzOf tc Oo dzj dzdfl2j dzdf Wp@,dED W SO t
sByYdmdz ‘s qw o y'2 boyy', odL dOyj dO dd
up(u) 111’594’tGIs.G)Is.c{d3gjown(iz)2tdzJI , 1 Otej L Ezdzt IsOIs H dzW
L Offlstsiso o Ols dufkjAp=3fpy pdgo GO0 tsEts to' o da¥ d
L OfflssMse o Ols igP)lsu(l30). £ dBis o O

I dSsdz@2 I BBYdMdzj dedz? * slted B30I dzOMmk

Home - > Study - Compute
3

2+

1k

0=

-1

o zO Squdzd? toSLOOWL SC o i tsdBz odf OHCE
Y = 3( 2+ 4+ 6P), o [04],
Yo = -(6+ 290+ &), G [12].

HOBsMIs' 2 degts HsBEZHE2I] yYy' Ctede' o CcEteOW ' yd

521 cd S dzOHd CtcO2Boadr LOHOY d&O o Htt' L CE.
521.stc02 59 O wiplexu=-1 u(-1)=0,u(d)=0.
1 0 9" HKl|a1Lzo PO BBOZ L OH OYk
uj, +(1+x3)u=-1, -1¢ x¢1, u(- 1)=0,u(1)=0.

it BLOOYOSKS sdiitest dZO2MIstc® Mlsoastc’ Is! 1D

File -> New -> Model Wizard - > 1D - > Mathematics -

PDE Interfaces - Coefficient Form PDE (c) - > Stationary

l d 3¢ dz' Is! 9 W3sH j dz C s dzls tg s dz tesL A3 tedztsmis 3
Untitled .mph (root): Unit System 1 <>= None
|l J BB ISte™ W dBH | d ML EZOH O s BicL s " AEGE tB8 & C(

Geometry - >Primitives - > Interval
Geometry 1 - Interval 1 (i1):
Interval I Left endpoint , Right endpoint =-1,1

LMB > Build All Objects
10 Mot desBz o Gifp” 8 €z 6] daj de@Q Isdedz” dzd L C
Component 1 (compl) Mesh1: LMB > Build All
1 OHO21Isj tc1 d dzlz dz@p@fficient Form PDE (c) - Coefficient Form
PDEl1le fJ € y' Domanatetsidalz ff 5o d dzdzO Mmistswisd ©HJ dac
9 Hte'-L, 10 ) [ sy W' Yy dalsd o' o dzv dada| O fls@HIL ¢
vy 1L
Coefficient Form PDE (c) - Coefficient Form PDE 1:

Diffusion Coefficient rTc=-1
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Absorption Coefficient T a=1+x"2
Source Term T f=-1
tdhlskz Csj W' y' ‘ dalsd el dg HEOJs b=0, dzf.dzv d§cf:d3
o dL dzOYyo"' Is+ i (Liex*)a dz'l.dzdz”
1 OHO2Isj GteOdzd ydz Ekditse d.
Physics ->Boundar y - Boundaries i Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:
Boundary Selection T Selection = All boundaries
Dirichlet Boundary Condition Tr =0
I'd¢ sd®r gd M dijsdzdeitz’
Home - > Study - Compute

l ¢ tc OW “Ayzizlz L ReQults - 1D Plot Group 17 Line Graph 1 tsIs tc dlsi3®©
CteOBsL o oWwLCRz

0.8k

0.6k
0.4k
0.2+

0

J o tedifizisQo i syOMmisd dzz tc* o dzV dzda™s 8 RZEFHHZO |
dydz 2 BEHJ A& oS stcHotmdstseo p ®EJ 2 H BHzAIIS
5B tc OpOJstej dzts tsH d dzd Y fzts® ezO0f sz pdgeMiB" Hic' L €
ldzgjfm" s L3 ded o SwjW' y' ‘delsd to' o dgV dzadzv .
Coefficient Form PDE (c) - Coefficient Form PDE 1
Source Term T f=0
[ SHO2Is] © ¢W' LSHuicd&z.eée obkzL Bz Isdff iz
Physics ->Domain - Domains i Coefficient Form PDE i Source
Coefficient Form PDE (c) - Coefficient Form PDE 17 Sourcel.:
Domain Selection I Selection =Manual, 1 (9 " H tg-11]6 ¢
Source Term T f=-1
l S s8dz021sj B Ydmdzj dzdzv .
Home - > Study - Compute

ld ftseoddzdz Slsted dgddado vtz M g OW * €

| to
L

]
w
W
L

522.5t602t59 0 LOHOYO L SkMSsoadd3 o  dz/ dad d3 ydzj dzts
fsLoodowy s CO2takz L OHOYL

ui=- f(x), 0¢ x¢1,u(0)=0,u(l)=0, (1)
H C EZAffflsooded Wk ' wo d ¢ dzw H
0, x¢0.25
f(x)=11,0.25< x<0.75.
t0,x2 075
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it Lo O0OT.L YD HSI BBt dBO2Mste® Mlso st Is!
File- >New -> Model Wizard - > 1D - > Mathematics -
PDE Interfaces - Coefficient Form PDE (c) - > Stationary
Il d 3¢ dz' Is+ 9 W3tsH | dz ¢ s dzls tg s dz tesL A3 tedztsmis § 3
Untitled.mph (root): Unit System T <>= None
dlso st IskW Edelim§ s, wWCO BEH] ftjHMIsOs dzv Isd

Componentl(compl):
Definitions -> Functions - > Piecewise
Function n ame = pwl
Definition i Extrapolation = Constant
Definition T Intervals ( Is OB dzd yw )
I Start, End, Function =0,0.25,0
I Start, End, Function =0.25,0.75,1
I Start, End, Function = 0.75,1, O
+ Definition
Argument: X 1k . .
4 — Component 1 (compl )} Extrapolation: I Constant j 08F 7
4 = Definitions Smoothing: I Mo smoathing j oer |
' Piecewise 1 (pwil) Intervalls 044 .
0.2+ 4
" Start End Function .
0 0,25 o] ! 1 !
0,25 |0.75 1 0 0.5 1
0.75 1 0
1l d B BExttrapolation =Constant tsL dzOyO" , s L O L OHOdzd

f tctsH 59 ) zo Ao dsdzjdis[! fpwdzO  J deid@®ediafiz@® ‘vdA ‘o tsaztzk dzO
CtcOWan B AZOMIS® o dL dzOyJ Bdzz. o g dz@ gLO Bdzvy Otfnts ¢
BzHE' CtOW ' ¢ WhkdSy' ®' (Hdv Ctdsttsdzr ) .
J]d BRIt v BsHJ &' MUAEZOHO Is' Mw L 9o  Hie' L
Geometry - >Primitives - > Interval
Geometry 1l - Interval 1 (i1) : LMB > Build All Objects
10 Mot desdBlz ouv Gfp” €z 6 daj de@Q Jsdedz” d3d L C
Component 1 (compl) Mesh1:LMB > Build All
1 jtoj o' tcld jlo iz Ldxdficient Form PDE (c) - Coefficient Form PDE 1 o
my Sy’ Domjaip SSdztion MistdstsH d dzd yw (" dzH d)S Olstst
stsg W' y' ' dzlsd 2tishio fes dztizB b Oz W4 2 yOMmisddz® 1
Coefficient Form PDE (c) - Coefficient Form PDE 1
Diffusion Coefficient rTc=-1
Absorption Coefficient Ta=0
Source Term T f =- pwl(X)
{dN s W y' * delsd f 5 Cedz@ Hda=Gs ' U0, dblz0riz0Bd A df o3
odL dzOyOo" Is! fjv=- mi(s)dz" dzdz"
1 OHO22Is] GwOdzdyde EZdsse d.
Physics ->Boundar y - Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:
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Boundary Selection i Selection = All boundaries
Dirichlet Boundary Condition Tr =0
l S tsdz02Isj B Yydmdzj dzdzv .
Home - > Study - Compute
l ¢ tc OW "Aysizlz L ReQults - 1D Plot Group 17 Line Graph 1 tsls tc JisigO
COBBEodowL Gz

0.08

0.06
0.04

0.02

0

it 8L 906264 9 dgVv dzdzV ~ stz § cDp ' 2ydzy@mls d dz'
ftcj HiNlsOo dzw ° Lisodz Ndzg" 2 offdzde (Ltsodzg N dgt f
Is. H. ). BBt BEY RO (BdekzoOlsd oadtOL OWi3],
olzL-HZ) 9 toj dSouece . 2

ltosHtso Yy dIs! tetslskz L § s{jj tdjlH degdefficodi@d 2 dzts
Form PDE (c) - Coefficient Form PDE 1 ° o f tsdzj , hMfs a OHH" Is
(L Od3'pvdls ).

Coefficient Form PDE (c) - Coefficient Form PDE 1

Source Term T f=0
dCIsdoe 22 IsGeonetryllts dz nlso tste’ Is dZO o bH025L C 2 [ C
x=0.75 .

Geometry -> Primitives - > Point
Geometry 17 Point 1:

Point 1 x=0.25,0.75
LMB > Build All Objects
vsycd fsistc’ B dz Hdzw Istsé s, htsB HOdA od
wCtsdizz B laHge da' hwdgd M d dzO.
11 lo EkLDRix@ehlet Boundary Conditon1f jtcj 9 " t6ls ], hts GO
dzf L &3 dz dzdsfywo. MmJj S y* ° odettclz 1| Yy! st 9
9dHOdz Is! L " mdsdpfstizd
[ BHO2Is ] eoefficientEbrin PDE(c) o L sdz Shuddf,izv € d 2
ftcjJ HMIsOoadzw* Ltsodz hdg' 2 off dzdoe .
Physics ->Domain - Domains i Coefficient Form PDE i Source
Coefficient Form PDE (c) - Coefficient Form PDE 17 Sourcel.:
Domain Selection I Selection =Manual, 2 (9 * H t0.258.¢5])
1 O o' P@507SE&ZEH | H' Wisd Ltseads "N dgv fd dzO.
Source Term T f=-1

l dStsdz021Isj] B yYydmdzj dzdzv BtsH j dz' .

Home - > Study - Compute
l ¢ tcOW "2ustdzlz L 17@lot Group 17 Line Graphle d f tso ddzdz' 2z Sls tc
YCtodfoh s ° tOdz b j .

t s5L 90 8L HEY Istc jdd@bdoSOdimigvin th OelEdz) } tedetsL 9 O W L Odz
HyWEdOL@sisteccesdzeE zZvV HOIsd dzj W& MmMky' dzd dzj ,
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HJGC dz §sma HJISOdz) 2, BOsjtc" Oz Sty dgis™ . L 1w
SOCtsd3z o df OHGC E o siEedndige ¢SE3lsk Aptemidyls d 6 ° dz€
" OHzde" | dzp @gHTES)Is | G5O " dasj ey Islz® W jdskag Is
LOd" Mmis: ' 5 Stsic'd s dAp@BEpl )s s 6 ‘o mfdzsizOUd Isd M
ooO0wWLECE Lt Ldgjdzdmr IS dz LO HBYBBSESE
pairg . [ dzj i3 dzlsd f O®Hd dzjsy dEO YOG @y ¢ Sdz
Oditso yko Odzdzv d3 f Otcd Mlsoa tstes ¥ Is+ MW OolsBABOISC
dlso stc' Is! SHdso dd3 tcdzk dsH j dz L HoBABO
1 2O0MMsdz0O.
File- >New -> Model Wizard - > 1D - > Mathematics -

Classical PDEs - Laplace Equation (Ipeq) - >

Classical PDEs - Poisson's Equation (poeq) + Variables = u - > Stationary
l1ted Mmlse tstej dzdz’ c3tsH j dz' B3d © HttOLEZ HBHOM]
SH&ZOSCtsajp 2C@Gdts’ A3 digilzetsi tod o9 SH d Is d,d3 ts fipls d&
tc' o dgM UztilrdElzaO tc' L dzdr ©°  Hte' L C OR.
Untitled.mph (root): Unit System T <>= None
Il MsOdAbBOFtds’'jys B tc O j dadz? " dzH d S Olstste” 9 | dzj d
Component 1i Definitions - View 1.

View 1 Show geometry labels = True
Hlso SEBBOR £ d&2¢ SdstzH sl dZOMBI O ME ZOH O Is! Mmw |
o Hte'lL CHazO21s] (asSembly).L B tcC Iz

Geometry - >Primitives - > Interval

Geometry1 - Interval 1 (il1) :

Lopg@nd

L
(
L
(
L

Interval I Left endpoint , Right endpoint =0,0.25
Geometry - >Primitives - > Interval
Geometry 1 - Interval 2 (i2) :
Interval I Left endpoint , Right endpoint =0.25,0.75

Geometry - >Primitives - > Interval
Geometry 1 - Interval 3 (i3):
Interval I Left endpoint , Right endpoint =0.75,1
LMB > Build All Objects
Geometry 1 - Form Union:

Form Union/Assembly T Action =Fom ana ssembly

[ MisOdedzy * dzfplstclzC y' W ForogAsdaibly(finfzOL o 2 o Iz L
Form Union/Assembly T Create pairs =True

AW dzmilstez € y* v  offfls@®Ltsie s oQ@efqIs(j O L O3s 9 ylkz o
Identity Pair ).
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» Form Union/Assembly

4 — Component 1 {compl) Action:

4 = Definitions I Form an assembly j
0(] 1dentity Pair 1 (301}
0(] 1dentity Pair 2 (302}

[ Create imprints

_ View 1 [V Create pairs
4 /% Geometry 1 [ split disconnected pairs
—= Interval 1 (i1) Pair type:
—= Interval 2 {2}
| Interval 3 (13) I Identity pair j
Form Assembly (i)

Relative repair tolerance:
1E-5
lJdej elz2Isy & M kCE.
Component 1 (compl) Mesh1:
Mesh Settings I Element Size=Fine r
LMB> Build Al
1 OHO2I] G6jtdilste’ 8, dzO wWC' 2 H'  wWilsddd ' 9cC
Component 1- Laplace Equation (Ipeq)
Domain Selection I Selection =Manual,1,3 (9 * H t0,0.26]¢[0.75,1])

1 2 3

ICI ID.Z ID.4 ID.E ICI.B Il

Stsd W' y' " dalsd to' oadew dzdzv [ Of dzOMO L OH OO O ¢
1 OHO2Isy Gty Iste" 8, dO WwWC' 23 H'  Wlsdd] te

Poisson's Equation(poeq)

Domain Selection T Selection =Manual,2 (9 ' Hstg0.250.73)
T y) 3
ICI ID.E ID.4 ICI.G ID.B I1
Poisson's Equation(poeq} Poisson's Equation 1
Diffusion Coefficient Tc=1

Source Term T f=1

1 Oz 9 Oy J dzdz"o dzgW dzdzv 1 2OMMEsdzO dzy L d3° dzdls+ mw
f==1.ddzg © HHOd htsddz d@3d L OHO9 Olsd diZ3x=xEEE dzj { .
" x=075 ,Hdzv W C s QY dztey’ 1 @zoddndedE® daafslsd kL ¢
o' odeW dzdzv d3 [ Of dzOMO.

l ¢ ‘Lajdace Equation (Ipeg) M ils o sdclz Usts dz dzz dz se d = G tc O dz
Laplace Equation (Ipeq):

Physics ->Boundar y - Boundaries i1 Dirichlet Boundary Condition
Laplace Equation (Ipeq)- Dirichlet Boundary Condition 1:

Boundary Selection I Selection = Manual,16 (&z' 9sd2 ' f§tOsad?2 !
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" W "1 "

T T T T T T
0 0.2 0.4 0.6 0.8 1

Dirichlet Boundary Condition Tr =0
vy tfJte HBSHO2Is] Edstse d dzd f J o] tco desIs” tc

L O kdS s dn ¢ j 5dj lotade @fHjotagRe o dztéifyle g C et
dzff j o tcohdg Chiplsizts ™ o | didsdpdstRde’ @ Misd Sz OB zdg®Is d y
5L dzOdgfO] te j tc oodz' sy S OF MisdS ko Odzdz? tetsu 6 6w L €
l zOMysEaO=u, 8 IstsyYS Or ‘b ‘dzefdzg@aziz” f s 6% L Odzd -

| &Oh s dk ﬂl@%ﬁzolzdﬁljxﬂa 55 WE0R% * x=075. 0 BB o d

dzj  J o o dzsMmis® Y Blste’' Bdets Mlso tsteé 9 Olsd © SB T
Laplace Equation (Ipeq) RMB > Pairs i Continuity

Il 11 Mmlse tstec Conptneiity 1 @ Iz ic &zBait Seldztion o MY Bans kz

o dH" dz' Isldenttyf O®aif 1 (apl) ° Identity Pair 2 (ap2). [ dzw
Yy!' sets bkilsted B3z €ERRY, SCdaBsld ™ I ¢ B35 dziy dgds dzlss @zd
ftcj HMISOo oy € s dzybd z L diz" w2004 =9 .

Boundary Selection

Selection:

(v |2

4 72 | aplace Equation (freg) 3 {not applicable) [‘é
2 Laplace Equation 1 4 (not applicable)
o Zero Flux 1 Active |3 @
2 Initial Values 1 -
pa * Continuity 1 Override and Contribution

—= Dirichlet Boundary Condition 1
» Pair Selection

Pairs:

Identity Pair 1 (ap1)
Identity Pair 2 (ap2)

vlzls o BeedonC Missw s " st IS st Mistso zo Odzd |
Mstc’ dz tetsL 6 dzV H 2 9 O=xiBsdzO Mts s 1L 18 MalrizIectivord S
9COL s Is! Mw f Otcd , w g odL dzOyOs Is! 3" Myw

[ BtcOIsd OBt LdwIsd o deil wickEgsy dz0 Csd3B* dzOy "' °
ddzOdzts ¢ * ydets ff ®Ydj tzy H dz' WBaigsonS dEquation (poeg)
Mis 9 tsglz L Qerdmuity
Poisson's Equation (poeq)RMB > Pairs i Continuity
Poisson's Equation (poeqj Continuity 1:
Boundary Selection 1 Selection = Manual, 3,4 (o d H * dzdHsed' HiBQ[tc d
l S tsdz021Isj B yYd mdzj dadzv .
Home - > Study - Compute
dlso Btet MWGE HAXC dBH ZOSC Soa dBYI S Ep@® " ORI JE Oe
o zOMdzed 2 ctcOW). IS didztay’ adsO W LHAez 6 2 ¢ ° dz€ Iz
Results- 1D Plot Group 2: RMB > Delete
r dzv ftstc’ odgwdadzw o f jteh ' 2 ctokzf' Motte' Is!
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é x/4 , X¢0.25
u(x)=1- x2/2+x/2- 1/32,0.25< x< 0.75.
1(1- x)/14 , x20.75

 dzw Yy’ tsetso Mfssy Pt zZ Miso stc' Is Cemésok WEkd
sMisOdzdz! s W Stodi3kz dzts® .

Componentl(compl):
Definitions ->Functions - > Piecewise
Function nam e = pwl
Definition T Intervals ( Is OB dzd yw )

I Start, End, Function =0,0.25x/4
I Start, End, Function =0.25,0.75, -x"22+x2 -1/32
I Start, End, Function 0751, (@-x)4
2 SR ZdzSyls OdzO H =g IS ISAfs@sists, 0 dzj dzdzv tesL 90w L G 2.
Study 1: RMB > Update Solution
Il ¢ " 1@PlEtGrouplH sSHO2Is] Gl ¢ WhkdCy"*
Results- 1D Plot Group 1 - Line Graph 1: RMB > Duplicate
1D Plot Group 1 - Line Graph 2 :
y- Axis Data T Expression = pwl(x)

slsdd Stdeot’  dO&Oh k2] IOC, h B
o 4 dzd wd dzd
LMB > Plot

0.1

0.08
0.08
0.04

0.02

0

0 0.2 0.4 0.6 0.8 1

CS BOYdlsj, cw©O®' €d M of OHOs 5! .

1 Oz 9 Oy 7 Halzw § O tc Hflentity il Lz Mlse et 9 Odzd Mw MdMmlsJ
Geometryff slstc' Bdzgs ff sBkzHEZo OIsd Isted ' dzlsj tco Odzd
tedmMkzdzCE & oEZY. S tcj Mdzy dzdaW C' &z § BE 1z °
Interval 1 L sty Od3d oMmjicpa gy J dBOSC dzO W B2OMiIsiz { «
ftcOQotstelzy, dj ftdejHj HEtS ftswed okLd" o {C
4 — Component 1 {compl)
4 = Definitions

: , 4 — Component 1 (compl) L  Interval
(] 1dentity Pair 1 {a01) 4 = Definitions

(| Identity Pair 2 (Gp.2 :
Wiew ']Lt'fr (302 " View 1 MNumber of intervals: Mary j
4 ‘A Ge ometry 1 4 A\ Geometry 1
— Interval 1 (i1) — Interval 1 (1) Paints: 0, 0.25,0.75,1 Lm||

—= Interval 2 (2}

|E| Interval 3 (i3)
Forrn Assembly (1)
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5. 2. 3. dbOlIsdydzd? ftsceddz Mistczdzed " H H' ¥ LTt
[ dWjtej dzy' Odetzitzj tofcd azties Oc d s tmjg=ed(x), BOH j o
f)=F(X)/T, T i &zObwe MmiQLidadtso dz' " dzv (54 o]
L iORo Odz0 dz0 s H d dzduixk w sHdze'y dalz]tc ls ohSzQ@zR ydz,
sy MEdgGdaf, Hts dz0o Odzls Oy j dzdz? GXstc ¢ LeBDEZUSO C
L OHQ@Us L 9 6 120 ®diz6d j tc j Hde JEEOMB®C d 2 o (ko
" delsjteftojlszo Olsd WC to' o dzv dadzv ) ls @ ldscfgEtAsdEs
Lsodz Ndz mrtsipdazd.ode dzv H i {ON LOHOYO ' 9
LMy ted HYd ddm Mmddz.

14n02 MbsiokzdO L GSxe20f'dxj kOO o L teasdg' CCilz’ )¢
ftod S dzOH j dz' (i =1Bsn-SUOR0=x <X <X, <...<X ,<x =L.
AzdzC (X)) Mo sttt o Odalz dZOBiStGBd3 Ltsfj toj my § dad

o' HE[OLE®SY 20 { t6 Hff]lSOff(@f)ISafW(XmQDG dzel(§-"x)

“WEkdS Yy W WS Ols O Ozl atzzs amstqug % sy € o € o 15
BB;tGIsO‘ Isizj i< * de@J dzdz’ Mls ¢ sO¢, h ts 'dZISJGtGO
Ists W B ste’ o dgs ‘. tswd}’sdzdu‘LOHOuO ftots tc' o dztso
Ismj tej HY J dad = fr]c{dz &ZzOB ko O o9dcecdwHE
:-an/(x x), u(0)=0,u(L)=0. (1)
L Yy' ' LOHOY ‘' cO®Od Isduydzd?2e L oowWL 56§
X(L- x)+x(L-X 1 0
wo=5 1 GLxlrxl-X) 1, 8 (2)
5 2L 2 =

wedlo ffsted MisO' s Hdzw § ste' o dg¥ dadzv L ydmj o
[ dZBtsL 0 6 M uD@dgdz? 6 Ink o b @ts ¥ dzGs dL detsjHAG disr D OF Iz

[  6O0CO0 L O crotzEt BHdE®? dzz'dzC Ydzlsj ctcOdz 9" H wW¢C

" s W MGt odzs ' tSHAdY' YY) OBtedYdAH M

fi) ls Gldiz@zS y ' W

él/ e, x| [- el2,el2]

i 0, xI [-el2el2]

ed 5O dzs iz L dz@y jUdzeiL & @, Ol © oy thtzO ° °  datsf' w

¢ dzucu(dizdzaﬂﬂdzls o, It ydmjd dzd?2 BjlssH By

2 dz$ s 9@ d esdisfgX] @2 sjOls. 1 dzv  dzOB dzd 3 | &

tg O N 4 o d ¢ ts taigff fij ldcty st odflls e zOH € 2 WWHAERCYY 55, | dEck:

(X)=eX*"|s [2p. d@BOHL o' dztstfUstEts BEzZDH 5o t5dz! dgv

e
A F()dx=1. 1 e dizj o ] IS da@Blej dedz’  § Ot O Bjj OEAEO T ¥

dit(x,e) =

g
v
¢

f

=

cobkL ' €GOB' ¢ ' fiod ®HEOkskkz (Odj dj L OdzO
L Odg' fls - brdgSc?' lsO[@AMSAL & ' dz" j to' h j dadzr . | &
o dCtedMisOdzdz oBLZHEBO Odzscets 'PaffSeunt i3j dzOk o Is
s HEle d &3 to dzts dsiz FdSor® H S Iz
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l1tedC dz@QHsL 9 O W K jo®B® so DylzL OA 1 )OMmislz §f dalf @dzd d3d
L=3x=1Lx,=2,f=41,=2. 1 ¥ Jj tej dzy' Odz! dzj [z 9tI9 g dztiztzale'lz
uj =-d(x-1)-2d(x-2), © ¢ OOz’ Iscegozef D & L € (2) 0]
u(x) =5/2- x/6- |x-1|/2-|x- 2|.
it BLO O OSKS sdiice st  dROD MdgteHd] dy'ls o Is@H Gy '

File -> New -> Model Wizard - > 1D - > Mathematics -

PDE Interfaces - Coefficient Form PDE (c) - > Stationary

Untitled.mph (root): Unit System T <>= None
] sBIkzHEZXWf Isgs'H | &ZMEE@EZOH O Is' Mw L Bd BEBCEUSEQES
x22.otsySd f tslstc’ B dz' sSHtE dsds cdsts ¢ dzds o Qudz O Isdf’ )
f fdzOH Odzdzy L tiigfjdas j 1 X j dad A

Geometry -> Primitives - > Interval
Geometry 1 - Interval 1 (i1):
Interval I Left endpoint , Right endpoint =0,3
Geometry -> Primitives -> Point

Geometry 17 Point 1 (ptl):
Point T x=12
LMB > Build All Objects
1 sBkHE2IS] w1 M  IsCk.
Component 1:
Mesh Settings I Element size = Extremely fine
LMB > Build Mesh
1 OHO21Isj tc] @ glzy tedsls jlgl d z L Go@fficient Form PDE (c) -
Coefficient Form PDE 19 fj € y' Domdn faettitalz Mistsvw Is! dzts d3,
123 1" dzHd S Olsstcd oM = yYyBmBddg' b tzls ' WP dzl Gz
fsdzvn o dzdy'ddd D yOMmilsdadz vy
Coefficient Form PDE (c) - Coefficient Form PDE 1

Diffusion Coefficient Tc=-1
Absorption Coefficient Ta=0
Source Term 1 f=0

tdhbl St W' y' ' dzls =0 dg0,d2®,1H20J9+0. dzlz dzv &3 :

[d oMQL OdAts fYerfaase dz' " dz' 2d 235 azg®@ H O ¥z Is f
® 1 Sairce Term i f, O odCttedmlstso bz bdagd 3 jmfJjjdg "’ B dzt
Source OB Bux/Source .| 56 toj 3O ORZ3EYIsBzjsaf Istgfy S s d d3

1 Oz o Oyl daday dzts o d d3' toc difordz’ d3txiE | dewissmy jLtsj H Y § dzad L

¢ s 3B dzRhysics > Boundary - Boundaries i Flux/Source, O Ltsodz |

tetsL §f SH ' dzj U4 s d3@&dgRfiydiodzW > Domain - Domains i Source.

[ BHO2Is] o Cogflicient §dinie EDE(C) o 2L dzd Fliscd §otzce |, w g

BkzHEIs! ftjHmMsOadwIisd LtsMmjtejHYJ dz2 dzOo OdzlsC
Physics ->Boundar y - Boundaries 1 Flux/Source

Coefficient Form PDE (c) - Flux/Source 1
Boundary Selection T Selection, < >= Manual,2 (Is 5 yX=d)
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Boundary Flux/Sou rce T g=-1
1 Ozo Oyl tcj HY j 2O M dzO HBHOIdZO * H'™ 9o
[ BHO2Is] Htkzelkz LBMjHY]dEk MddkE

Physics ->Boundar y - Boundaries 1 Flux/Source

Boundary Selection 1 Selection, < >= Manual, 3 (s s Y %=Q@)
Boundary Flux/S  ource T g=-2 @ dzdyddz©@ L tsMm)tej HY

1 Oz 9o Oy J dzdzV 9 d § O@oEffizent Foom PDE " dzlsj teW J 2 Mk 8
Flux /Source o ¢ " dzyjodnms Ity oOrs totsLtcOnbkzdzl 50 5°
£ i35 o-tIn@ cbu- au+g)=g- qu. 1 tod tBtOdedr L dz@yj dac
a=009=0,g=0 9 tsdz® BZONE@DW=H mFE°i,bu=iuj (lsi@lg
sHddzd ydzd 2 o J CE)Btc [olk i obditse® °dgGmliry OW C o d ¢
WOCIsdydets L OH O L dzOyJ dzdzw f sn ' Hdats’ )
odzzlste’ hdzg'  btsyst o' Hit' LSO Mjdem Edsed
ftsn Hdzs™ fted § Jjtoj mntSH' Yy mpgas s y®lisH( O kzd
‘s jteftoj sko OIsd wE IbtyStcej HYJtjdzs (Lo
§' Mmdzv ' dals § ¢ telz euPdzggl f, Qb (fYxr€@, O HEX) Wz dzC y' w
mj oadmoO2HO. CSh B toL G dzwday s i€ todidiazy —I9r
BOIs d BB 0)=-4,,F+C, O § eREBHEVY f+C. USH'
MistedB S f5a"° ¥ dets’tc' o dzvlsasQedf @sjuj(x - 0)=-f.. 1 O
Lsodz Ndg" 2 3 %' SsHdZO L ydrs BGHdtsB' ydzdrs
Flux /Source dzO dz' 2 L OH O 9J dzd yddzz f tetsdf.stey’ 2

1 OHO21Is] CctOded ydz Zditse d.

Physics ->Boundar y - Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:

Boundary Selection I Selection = Manual,l1,4 (€' dzy® @3Hte" L SO
Dirichlet Boundary Condition Tr =0

l S tsdz02Isj B yYdmdzj dzdzv .

Home - > Study - Compute
l ctcOW 2y dp g dZdda®lot Group 17 Line Graph 19 d tlstsgtgOW ' ¢
Lo OVwWL CRz

[ dzv  f stc' o dgV dedzv s s HER@ESLjo O @ or@dY € ' 5S¢
GteOW ' yddb PottSwipAH sHO2Isj hj Hddz dz' dz' 2 dzd 2

1D Plot Group 1 -> Add Plot T Line Graph
1D Plot Group 1- Line Graph 2:
Selecton <> =123 (" ZHJ S Olststed Y@BYddz © Hte" L G
y- Axis Data T Expression = 52 -x/6 -abs(x -1)2 -abs(x - 2)+0.05
x- Axis Data T Parameter, Expression =Expression X
LMB > Plot

] i’ tExppression HBOdZB®M o ffstcdMistso z’ Is* MW Hdzv Ists
dzO B dzd ¥ jlsdsydisstsLtso 6dgjL CL' dad. o O dzd fmyw
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524560259 0 W(®+uPui)BE=0,u(0)=0,u(1)=1.
i sLoOVWy BB CO2akz L OHOYk

d 20,9480, u(0)=0,uf)=1.

5( dx=x

(;; :
]l sdzO BOIsj 3OIsd ydets © d3ts H j dzdzs L OHOY' fr
SsHdtodd3 tcdesdZ3lz Isjf dzts' L sdzr so Odesdzsz L BSC '
ftcd Isj i3 JtceOlskztceOr 0 ° 1, kL s j W Odp) 3 das

Isj B J c®is @ tc ¥ ts tc Kzl dals ©

[ dzv  Istej dzgz o Odzdzy  5C Oy § oBfs, we od¢tstedfy
W stc &30 teCorasdiMditiphysics.
it 5L OO0 OKSS sRBthdstit©O dpds o St IsH BJL L d3’ tecdzl

File -> New -> Model Wizard - > 1D - > Mathematics -

PDE Interfaces - General Form PDE (g) - > Stationary

Untitled.mph (root): Unit System T <>= None
] J BB Ite’ W dBsHjdz MUAEZOHO Is! mMw L 9" Hie" L €C

Geometry - >Primitives - > Interval
Geometry 1 - Interval 1 (i1) : LMB > Build All Objects
10 Mlsottej desd3z ot Hfp" IsClz 1©') daj dg@Q Jsdedz” d3d L C
Component 1 (compl) Mesh1: LMB > Build All
1 OHO2Is] k] ©& glzv dzzlkl j1 o [z L @e@erabForm PDE (g) - General
FormPDEle fj € y' Domain feledids z Mistds!' tsH d dad yw

l tetsL HEquation dzOo j 18 JEzise dzgV dzdzv o L Oc¢ QRdzWds 23 (

2
ea”—l:+daw+f)d>3= f.
ut pt
] Otc Od3ig Is e dzv dz02y ¢+ dg VOfH dzv - sy ddifdg diz ).
General Form PDE (g) - General Form PDE 1.:
Conservative Flux T ] = (1+u)y*ux

+ Conservative Flux

I [1+u)®ux
Source Term 1 f =0
Damping or Mass Coefficient I dy=0
Mass Coefficient Te=0

Ada odL dzou@z%%mm)%%gzs.dzw
o =
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1 OHO2Is] GctOddydz Edstse d.
Physics -> Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:

Boundary Selection 1 Selection= Manual
Boundary Selection T<>=1 (&2 9ad2 ¢' d@Bjy' o " HEL'LECO
Dirichlet Boundary Condition Tr=0

Physics -> Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 2:

Boundary Selection 1 Selection= Manual
Boundary Selection 1T<>=2 HftOoad?2 ¢" dgjy' o Ht' LCO
Dirichlet Boundary Condition Tr=1

1 d¢ sdz02 Is j Cofnmitiz© dza Iz ¢ teLOW dzlad@E@Its- 1D Plot Group 1
i LineGraph 1slstcdlsl3® ctE®t 96w L C Iz

0.8

0.6

0.4+

0.2F

0

[Budmd ' Mmjtjnde IsjBfjtOskick mistdy dzv.
Resultsi Derived Values RMB > Integration i Line Integration

PRI _REEUH:S
#: Data Sets

4 £32 Derived Values

| Line Integration 1
Line Integration 1:
Selection 1<>=1 (' Hte[0,A])s S
Add3 oadL d&zOyo‘ Is: mMw of O L B89 jJHUfs EBH 5O
‘dzlsj ctclzo Olsd mw .
Expression 1 Expression=u

| Olsd fdz Is’EvalliatzSf C & ' ¥ Swds@ld 2fes8 Oydls) L«
" dzls § ffedxczO

Dependent variable u
0,555585

]l "l j HMIsOoa dzWw ' Mmjtej Hdzg L dzOyd dedev Isj B § e O
Upo= FAX/PfiX. [ W ZOFte iy dz' L 2O dadz sy dzO 5B U
sB yd mdzj dzdzs * delsj G tc ©dzO.
Resultsi Derived Values RMB > Average i Line Average
Line Average 1:

Selection rT<>=1 (® ° H©[0,A])s S

Expression 1 Expression=u
1 © € dastfidqyiEvdinate © d B | t@ablls ‘1 7 Line Integration 1(u), ssBIsts
o tsdzO2Isy Htwlkz¢ L dOyj dzdzv o s jtoj HAzéE ISOE
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= Evaluate -
Mew Tahle

Table 1 - Line Integration 1 (u)

I d BhtehE®@) Bz 058Dy &Y LB ¢O‘ Is! fjw L L
slsted BOdzd &5 ttOdz' h j .

Dependent variable u Dependent variable u
0.55556 0.55556

i sLedzvdzzlsz Ct@2Boakz L OHOYLZ dohyddy' Sdddjct
Isd §f dztsf telss's ' o dztstnazs € ° 2 Mis® dzy ' ° L O oLls@0zjh¥Cddd
IsJ B J Okt CBjW' y' ' dzedd L i dEiOis | ay ' dasdzis
' H W' L dydss’ Cdzls j e toj IsOY L tsBARJO Y I Gziiz) Y ddds'L
B J Bklsd d@gotws{dzftsB zHEzo Olsd L Odzd Isd 2 ¢
Isd &3 J eOlskzted Y¢b. SBQ Gz B3E)s" Wl yj By 20 L

zsB | 5B kzfHtzee jOudseldgs O W 2 ¢  tSistc’ B dzfp H YRPUS [ dzts ¢
HOdzd = . JHddz 'L M smMse ' 9 fsdzZvcO' Lo n
Ho So d di3'cigdatslsf Istec dzO w ¢ ' 2 LGBSHISAZ B EZHYjdz] §f 5B
sM¢' dz €d Hotseadd tedzO W' ckztc® BOISddd f tow o
fjtjte' Ll Mk S d), bkt fftesMmils' hGjd AD](Sldstdedldifds (
Cod3f sdzj dzls sy d2O dzy Milsea tstcs 9 Olsd) .
Resultsi Data Sets: RMB > More Data Sets - Grid 2D
Data Sets- Grid 2D 1:

Data T Source= Data set
Data T Data set= Study 1/Solution 1
10 L Od3so ylkzoGardz2iz ¢stc jyH Mis ©Oo dzv Is @3 [0,2]o O Hptalf) Is
Hotsodd3d tedzsGts 17 L OO dzts . g f tc GadO 2D» dzjs ts A3z
f s 0w LAz S0 X dz' 88 S5 mwPd]E@sds?® tctsL tcOn 2
sB dzOMiss  dzOhr 2w dfttsegeits. aiff 2D Ctdzlsztcdzse s Gt
tdtSL 0 0 VW IdZOH His&@ Is! MY s jcOlststc 9 ' HY S8 ' H datsT
BH] oMlsOdzso dzt 9 Olsd x9 b H 'BushcPtg Jdai® [IsOs,yIs)¢
X, V4] S o OHBOBPMOISO X&EXW tStcd3lz dzts
4t Xy

1

Y

0
JTJjtwcOltsted 9o HY tso ' HzdptEdn IsdbenRtins o s & & e3if s gy dzls
HY Jted dssy kls! odStstedMmlstsolzo Olsdmw d&zO o Mm' =
[ dzw flse tstcj dzdzgv Is OC s ¢'tsdzfipldf tg HeOUs'B'tl6.0 o d ¢ ts daC
Componentl.:
Defintions - >Coupling - Component Coupling - General Extrusion
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Definitions - General Extrusion 1 (genextl)
Source Selection I Selectioni Manual, <>=Manuall (o * H tg0,1])ts5¢
Destination Map T X-expression= X
vizls 9 x-dxpasion § OtcOdgi'IstcOB Myd mtss 9 L tOnk
OHtoj MOIsWCEE 2 jBlzdgj Istc’ ~ , C B WK &®&Od A" sdisz o d ff
BEOB mMydm@® rerid yabDs. I Opertodname L Odzd M Isgenextl d3' W
BJdlL L a3 dz. Yyl i 2@ BO®Is fo@Hd S0 ° Hdz' Mmis OB
9 Hte' LSO ' 19y @iy Bt Sye ustelizm IsoOfdzdzy s j &
9dc dztyemextl (U) BGL 2Oz PtsE yd mMdzg deddy sy OHte MOISEG
o dtcax Iz
{7 Ot 9" HYfBe HdsMis' HBEYHD SIHBLY ME
razv S odlte] lsdsmis’ f 4 tdfjdni Ofusjcitsconidds’ v o3’ widz
CoRf sda dzZ OBz ©f Ot Mlsotstcj dzd?2, u’ L
( IstsB Bgls ts M 5 O edriph.geenextl(u) ).
1 jtejtsBydmdz' s d&BsHJ dzr .
Home -> Compute
rdzv  f ts BlzHid® o tEtedste GWISt3Ede | t Bloisted Isf) Ho so d d3' teo
Glolzlf z Suface cdx @W *° ¢ .
Results -> Plot Group i 2D Plot Group
2D Plot Group 2
Data T Data set= Grid 2D 1
2D Plot Group 2 -> Surface
2D Plot Group 27 Surface 1
y- Axis Data T Expression =compl.genextl(u)
Coloring and Style I Color table = Thermal
LMB > Plot
l v i3sC HGBddzdBBHAZ H |  SBEOERIOERFTL2 Csdzsztcdzd?2 6
Uxy)=ux), wCd2 o SCtdedsdpjsL fjhHipsBy &y j cOlskzte
fls ' dz¢ d .

1
0.8
0.6
0.4
0.2
0

I 1
0 0.5 1

[ dzv f swidej dedzg? twtsBBlIsd General Extrusion

wCd2 Blsdio O o' i stz‘dj‘hlsl ssyCO®kd o
x1[0] " sty oBdx, 9,9 QUBOE0

Component 1.
Definitions - >Coupling - Component Coupling - General Extrusion
Definitions - General Extrusion 2 (genext2)
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Source Selection I Selectioni Manual, < >=Manual,1 (® * H td0,1]) s ¢
Destination Map I x-expression= sqri((x"2+y"2)/2)
vlzls 9 x-dkpsedsion o d et (( x"2+y™2)2) Y tej HMMIsOo dzw ° o ' I
ssydz fMlss HsV2)3de FUpE@OE0ls0 His YOSk ¢
Opertor name L Odzd " Isgenexi2dz' Wl d € stcd f)fs @aiedi@(U) dzOH
Ho so gy e®id 2DBEZH | L dzOYOlsd 2 tsaspdyff @A didpvd tes
u(W/ (x* + yz)/2).
ItdetsotctEla o 6 WL t5C .
Study 1: RMB > Update Solition
Hlso stc’ Is! Hotso dd3 tcdzlz SwfaeeO ¥ e Qi Cctezf & ° o
Results -> Plot Group i 2D Plot Group
2D Plot Group 3
Data T Data set=Grid2D 1
2DPlot Group3 -> Surface
2D Plot Group 371 Surface 1
y- Axis Data 1 Expression =compl.genext2(u)

LMB > Plot
1k
1

0.8}
0.8

0.6 0.6

0.4 s 0.4
02+ — 0.5

of - 0
| 1 1

0.5 1

1 Oz o Oy j dede'd aq?(lcmrlerq]E@dezdz‘ s jtcOlstcO® o Oy dzd
L dzOy j dzdzvsorto((dxt2Owd2) dzj o dr SH J dztsd3jLlde  d3j YH 3 jcl
(o' Hte' LS ® dzP0sikk) {f tdf IsSlsdsO HB' dzts H tigjtdad dglsia O Is
0¢/}+y*/\V2¢1(" 0 d S sdzbr’ s MW

1 OteOd3d Isted ydzd R tc d O Hzd Kz dz38d BOY ®tcdgt®dzOdz" L 2o
tdsL 9 6Pt BESOB L OHOY'

da dud_ _ _

ﬁégu ku)ag—o, u(0)=0,u() =1
ftod to' L dzdnm L dzO Yk dzdzy & d WORQtelfsdzj Istc © di3tsH J dz'
f OwOdkj'lstco S stedMlsso ko Olsd 2®BE §° H YO L
L &3 dzs 0 Olsd ka dz@Qpdecey’ f OORjIste' ® *  HdAzW
$5)J dz tOL tfptouefifapjdistesls | ®@dw@)Eigb ga§  j 6 H
Bsy dzd o * Mis! o d Wstedr@dpdary daspiQipEdy S dzy dzOyJd dz'
AJ dzOL dPa@rhetsc'Sigeep HsMdz' H Y | dadey 5 3@ RB=@i3 Is to
1 8SCOYjdBs, wC 2t¢ts odCtsdOlsd.

ltesHtsay dls! tBtslsk L f slkstsydatss’ dd@oba) dzdzs .
DefinitionsL ¢ j dzj cz21Ilsj okzL tsdz, W ¢ d&v {tfc@c @aBjlg tdZd &
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Global Definitions: RMB > Parameters
1 11 Mmlse tstcj dzts PaameatdrislodzOs OB dzd y '  off O%ctOdNjudRp o

SSJHl s 1 ' d3lk}N @G@O(EXIM”S‘SJHWQSJJMJ '-dZOl{J
RO tod & ez® ezg ¢
4 ) Global Definitions + Parameters

P.
i Parameters " Name Expression Value

k 1 1
vsijfjJtc 1 POERGY fEzs@gfids o dzw dzdz' . | dzv yi!lde B 9
9 z L Gaeral Form PDE 1
General Form PDE (g)- General Form PDE 1
Conservative Flux T ] = (1+k*u)*ux

tdhlsk fsdz" 9 y'* "’ 11 LOddhIsj dzjL &3 dzdzd di3( .

[ dzv o dL dzOyd dzdzvy L Odzj y desfls” tcsLoOwWL Ckz
Studylf slstc’ Bdes Mlsotstcdilsd o Hyitse Hdzd?2 okL tdz
Study 1: RMB > Parametric Sweep

= Materials

11 Ifyls o stej dzsRatametrizSweePo o s Study Sdfings s OB dzd Y
HdzW 99 J HJ dedzV L dz® g gz’ dif "Cote PR3] SR dzerdzy ° f tc O
Cdetsf Cts g h ‘ AdfiB | Wil Is i ¢ ) EEsdaHsat g glztf 2 Is 'dz

tcOdz Qe Odkj Btc Hiczetsdisz Mistsea f y'B O Odatizd U 'dzO
f OtcOd3y stc O, -0OPEXLSIOH.,v M Sdefetype L Odzd " Is |
Specified combinations (yw sfy'w oS tstcdmlsso iz’ Is
odetsdzz Ist mMw L O ¢' dz CBBRBO OO IsteOd3d ) .

+ Study Settings

4 ~db Study 1
£22 Parametric Sweep

E Step 1: Stationary " Parameter nar Parameter value list

M. Sobver Configurations
I k "’l -0.9,-0.5 0,1,510

]l d ¢ tsdz02 Is j Cofapste O dan 26 teL OB slziny dzlts- 1D Plot Group 1-
Line Graph 1 slstc JIslg0 ctoc®% 'a@fv 8" Hf s ' HOB Is! o' L dzd
f OtcOdkj sEe@" o' HEBIO)Y J dzdalzOfdg B Y] dlZH d° def] IS tsEHADT
1D Plot Group 1:

Legend T Show legends= True

T Position = Lower right

1D Plot Group 171 Line Graph 1:

Legend 1 Show legends True

Sweep type: I Spedfied combinations j

0.8F
0.8F
0.7k
06
03k
0.4F
03k
0.2F
0.1F

0
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525.1 OHOYO dzO0 o dzOMdz L dzOyj dzdav
z2J BHdd Isdtf, HEIAR H Y gatdzH fslstc’" Bdets o & st
o zOMdzed = Gnfiifi~rdz W'z dabdg' 2 H d Wdgvtelddatzy ' AKdp! detectO e
O dzO dzts ¢ ' Y dats dzdz§i3f B O 1§ bOFHAPEED dic * o dz¥ dzdz' U Ot H da
LOd dg¢ ‘' Is! Mw/ue @O HEEC G 1A OHWmAE | Of od ¢ dzC
tc' o dgV dzdzv Is | ff ujzsulf, W2OB Tz19 @ iy d H Iz

Il mdMmls£dsms ol Mu | td 5 L pphoywisL OCEdgeR Ode® L dzO y J dzd
Eigenvalue Isdf HBsfdz' HY j dadav , w ¢ ftdionary O dzQidms ¢ © . d
Dependent ,t8 d tc O Is+ f)'Beleet Stufly© dzj dz'

Select Study

4 ~db Preset Studies
. Eigenvalue
|ZStE|ti|:|r|E|r~,r
IV Time Dependent
~db Custom Studies
vdf HtshdEiganvalyedzdavs mis iz §f dzd 2 s dz2 CS" H dz®c © kY d
Wistcdz to' o dgv dz' .
} tod € d2@HL dzOylsj o &zOMmdz yud @y 9 zO M dz' W Iz dz
ui+/2u=0,u(0)=0,u(p)=0.
AJ?2 odB ' o sB zd&s 9 dzj dzd 2 Is d d3, ' (Odgd Y 'L dz
/. =K, ki Zz( y', a&z' ) T3 o' Hftse ' Kekisw C b dz@sig dz'L dis Iy
f stc’ o dawisafd WOorfist djultiphysics.
it SLOOYOBKB sise st HBO2MstcO® Mlso ste’ Is! 1D
File -> New -> Model Wizard - > 1D - > Mathematics -
PDE Interfaces - General Form PDE (g) - > Eigenvalue
Il d 3¢ dz' Is+ 9 ZtcHs) a3’ tcWdsdylstg @dzW * L d yded -~ 9 j dzd-
Untitled.mph (root): Unit System T <>= None
it v BsHjd HEakOHO s MW L 9" Hi' L §C

Geometry - >Primitives - > Interval
Geometry 1 - Interval 1 (i1):
Interval I Left endpoint , Right endpoint =0, pi

LMB > Build All Objects
1 sBzHEQ@R IS 2.
Component 1 (compl) Mesh1:

Mesh Settings i Element Size = Finer

LMB > Build All
1 OHO21Isj ' 9 dzV dzdz® .| o k | Gegesal Farite PDE (d) sGereral
Form PDEle fMmJ € y ' Domain dSeldstimiz fls st sd dzd yw .

l totsL HEquaibn L Of d MO dzts to' o dzW(daiz"dzj ®d20 cADEZOA !
4 tcd |sonitjsdzp 60 W 1OQABERY © dzOMdz' L dzOyj dzdaw

/Peu-/du+bDd@G=f.
] OtcOd3d sted y! st tc' o dpdafdgdz’ 120 ydsmds'dfigly o ff t
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General Form PDE (g) - General Form PDE 1.

Conservative Flux T ] =Uux

Source Term 1 f=0

Damping or Mass Coefficient 1dya=0
Mass Coefficient Te=1

Add3 LOHO' Is'ufpute0.p @ @AY | CctoOded ydz' kdstsoe d.
Physics -> Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:
Boundary Selection 1 Selection= All boundaries
Dirichlet Boundary Condition Tr=0
1 OHO2I] ¢ dz €' MiIs! tBYdMdzt 9 Odzd =~ 9o ZOMdzd =
Study 171 Stepl: Eigenvalue

Study Settings 1 Desired number of eigenvalues 6
4 b Study 1 v Study Settings
]i-l. Step 1: Eigenvalue y .
M= Sobver Configurations Eigenvalue search method: I Manual j

Desired number of eigenvalues: &

=rh for eigenvalues around: 0
1 jteh | dz' 3 ta O HoGPupl, Izde@lgdsfi]' B dzStcdilz o Odzdzv 9 &z
wet wg 9' HBM®BE, o d L figld @ sdistisyimizd CLO . Is © @ frfiglis
f' HBdtOs Is! Mw I8’ § tkso O&O daswdzd@d y' .
ztsB 9" HGBtBQ g dfzd Swdyde¢ f Ch s o [ ;oA N
o E sdzO21Isj SCBHBOMHLE
Study -> Show Default Solver
vsjfjtc LOHO2Is] Isdf dztstcdid .
Study 17 Solver Configurationsi Solution 1- Eigenvalue Solver 1
Output T Scalingof eigenvectors= Max
AJ?2 ogBHB®] "t o wCMmis' L @dbplctEsdts oWizadekisu' o3
BOC Md 30 dz! dzjc &1 dzO @ jddzdev@ dzd "RME(jr oLodz®O yjedada” s q !
Hdzw destedsd BEHj odC¢ Bt#fqmvtﬁg@()i(g)mmcpmw W s te gz C
1l S sdz02 Isj ConmEg® dziolz ¢ o0 dr'lg dAReBults - 1D Plot
Group 17 Line Graph 1tslstc @lsi3® ctcOW ' € d o dzOfmdedr W EZzdzC y'
1OHtezZC Z21Isj L dzOygj dzdevy f j 6N O MIsisisls d 9 dzO
Resultsi Derived Values RMB > Global Evaluation
Global Evaluation 1:
Data T Data set = Study 1/Solution 1
Data T Eigenvalue selection=From list
ztsB H' L &OIsdmw (' Vo diRPdnlskdi) Is O odgzwvw Lo dgzOdpd
ftcOo " 2 YOMmlsd dz' Exp@sside dztiz® & @ M tizts Is Replaiedzis ff € |

expression = v . L 9'CCidz L, 6 ooty IS tdrgW2, Is § Hjtc] ot
CslstswtthMisOo CH, 'L gg@BYsBH o " 2 dzd &3 ¢ dzOy O dadh
freq .

Expression 1 Expression =freq
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4 J@ﬁg;ut; + Expression = T
4 i Data Sets

'm- ) L filter text
. i fStun:I*,r 1/Solution 1 KHoOmEA ¥pe
4 a: Derived Values .
Global Evaluation 1 Replace Expression freq - Frequency
4 Model

4 Component 1
General Form PDE

Bikno __ — Global Definitions

4 Solver

BHPHS]IB freq - Frequency
. fambda - Eigenvalue
3MiHHA /‘/Eu“t;n
"gacToTa" Mathematical functions
1" 2 yj fO0dzj dd bz oGiz@sinPvajuatisriyle N3 d FQdnvalues,
Zlstcd dzze yd ¢ d&z0Oe ' "z CTRL ° CdzOyos yd oidh j
of* N fls! HBSHOIAGILE o &Ofmdds ydmj d
= Data
Data set: I Study 1/Solution 1 j 4
Eigenvalue selection: I From list j
Eigenvalues:
3 B
2 _
3
6,001 :
€ Anng
s dz@A B sle] s Cwimtey' ' d@OmEZ® HDEZ ydmhdzo
Eigenvalue Frequency
10000 0.15915i
2.0000 0.31831i
3.0000 0.47745A
4,0001 0.630504
5.0004 0. 79534
©.0010 0.95508i
VHick etz Mmissofy' o' mBEHEOWSs” i OualzO v dede
/kWBm@zmg%M.cg odHdts L kOBddy' , VUjlojt
0

odL dzOyj dz EderYweytss difstg dzO0 L kS dg" dsi€tfzs B VIS d
Htc' Bdz' N 58
Mesh 1
Mesh Settings 1 Element size = Extremely fine
Study 1: LMB > Compute
LMB> Build All
1 OelzQ B M Odstidsz 2lsifsB dzd y ¥ . lojdmsIfij dzdha’ U ) J md
slsted &BPgz’ L Issydz Misse HEBs ' wWisd HJMWIsCse dn
Il " HE Risd &YW L 5dglz L 1d2@lot Groupl. 1 OdzdhIsj o dg
9 d&zOmdzd - wlkdzCoy HYf soW @ O Is! 4 teh d dy dzQ@pdzd ds -
y d fndzo d3.
1D Plot Group 1
Data 1 Eigenvalue selection=From list
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Data i Eigenvalues= 1234

z8B o9 dCtsdzOIlsd tof lsipfdifigpRaluesdsdz@ sz M j ¢

fs BOYOdzd o3 LIHAOmJ gz dzd ¢ dzO9 " "z CTRL
1D Plot Group 1- Line Graph 1:

Legend 1 Show legends= True

LMB > Plot
1 = : =T
0.8 —1 |1
0.6 {—2 |
0.4 —3 |
0.2h 44

.

0
0.2h 4

0.4k

0.6+

'0.8-

1 Okzo Oy d d3t5, hts odB ' t6 L dzOC O o dzOdimdgck,~H j [z dzC
/. =k,dzj o L dzQlg ogE>.yd oL d3 to Jdzj d3dd dzls® o, BE
yd madzo, O dzj L 9 dzOMmdzed dsd W Iz dz$ y* & dytfd fry zddaStiza
f 5C0OL Odz o dzOMmdz W zEHemelyfine, {idsBLzdgMDUEAZ] | dfdadC
d dzj d3j dzls* o .
CcSChts dzj sBrRr' Hdzs | 5B Iz HHzAEOUSHH L 96Dt QWSS o Is if
Expression ¢ tc OW ' y dztsldne Geadh Ld3izQ dz® M Is ts fiidA{ o] Qd<uuh ts tc
[ dzv o d K- dzpdfdzs™ WEkdzCy® ' 286t Mz H od¢6 1
with (k,o d teQL
HJk T desd3j to o dzOfmdese s L dzOyj dzdzv , Htczed?2 Ofc
tcsLoOwWLCkz,u &zOf ted € dzOH ,
[ dZMf tctfBsdB ZH 22 sy | fvsl@ddMezs™ WE2dCy' ° . 1 dzw
fsmMdz' Hsea dz' Mis! ' degmlstezC y' 2 :
Results ->Plot Group T 1D Plot Group
Results- 1D Plot Group 2:
Data i Data set = Study 1/Solution 1
1D Plot Group 2 -> Add Plot T Line Graph
Results- 1D Plat Group 2 - Line Graph 1:
Selection r<>=1
y- Axis Data T Expression = with(10,u)
x- Axis Data T Parameter, Expression =Expression , X
~ Yy-AxisData 4 » 5 -

Expression:
with(10,u)
LMB > Plot

1

0.5F

0

0.5k




[ Mis Odzdz’ 2 GteOW " € 9 ' Hiff tsteVW wOZM Y cEipdpkalees 3z (
o ZOMdes Bz yd mazlz, f 5B Iz H 5 9 WdiZs dzg@ ) dispd=i Is |j dig® ¥ j
itsy JIsj f ©SBI@Wd HXPlobGroup 2, WG hg  tobmta HO' dff)f d MC k2
Eigenvalue selection t=8 j toj Isj IFrozQist j dzadz™

» Data

Data set: I Study 1/S0 v| Ejl

Eigenvalue selection: I From list j
A M lD Pl':lt GTI:IUD 2 Eigenualues:
ko Line Graph 1

_1 FY
) =
2 _
3

%5

5 [

] dz0Oh sd3z eHdifin@HEPENdzy yYydmdzs HEsSte' o dzé ° 4.

1 OZo Oy jdedrYy todz’ Is! ko Qtftlzj H MisOdodgr ‘@ OlzOES'Ctc 9 C
O L dffeqiziz®@dzOMmdzd = L dzOyd dz' .

1 Olzo Oy J daflzf J tevhs tsdgts 3 dzO odCtstcdmlstsolzo Olsd
fsmlssBtetsBSCd, IstsResuks 7 o kzL dzOF ¢ dz€ d

526.1tsdz' dzt$ dgcf| OdzH tc O.
vd &3O bpt j y'JHdz i ' o dzOMdzed d3d  WCEAfdZS yH ovidgdtc jHdgy
S j O Btes Cotg j BOY 5dz' dats A3 P. (k)3 Oz s tsdz! dzw ¥
HdWj te] deyiizO drdialz dz

%g —xz)%§+n(n+l)u=0,—l¢x¢l. (1)
J HdzOC fsolsstcdohd dBsHjdz2 s jtejHA BB
WEdzaCy' . wfftc0Oo 0O o Istsdilz, EidersalueC oHntsfipdz’ HMjuj | dk
LOoYHd odSttedmlstsol’ tH@BiclsH dzistsdtc dz§ tsdiZd

dzj dziz dzf s ® dizdzwislgp " t6 ' U—dgj, O, Md Misjd @30 ' s utsG.tcj IS kz
O dzf tsdz' dptgdydo daR@0dz0 € dzy W d- 1,5] 'L wiz® 1 Baees o5lz
Eigenvalue H tfdz' HY j dedg? Iskls dzgj '  HeatsHdIk! . c¢Ch
sts Hdzv ststedak®wad@W (I )o Gpdz@edzets e ' Yyded n 2 s d3kz)
f OOd3d stedydzd? OdeOdz' L 5 OO Istelz
I fod dskd [ jy0ditc0 kol GkeOb tiin | &zt
+1. 10 dz asdgz €' dzy f sdz" desazd [ J X €lgdzH ©0
dzj f Otcdise 5Bz G toOdzd Ydz' L dzOYj dzdzy  Bsy dzO o t
u(-1)=(-12)",u(1)=1. 2)
[ yHjsmdz' Hd BB CKORBPoak LOHOYE (1)
i BLO O OSKSS sdiisc st  dIPIR Ol tctDd@tisziats (¢ 'dzs
File- >New -> Model Wizard - > 1D - > Mathematics -
Classical PDEs - Helmholtz Equation(hzeq) - > Stationary
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l i3S dz’ Is! o dsHJ &z @i dzl wEalf's e § g yid dids mls j 2
Untitled.mph (root): Unit System T <>= None

l ¢ ‘Glbgl Definitionsmilso stc* Is! o kL tsdz f OtcOd3] Istc” 9o
Global Definitions: RMB > Parameters

1 1]l Mmlse stej dzts PdBametersiodzOs OB dzd y ° f Otc O dygnetc” 9

oo jH" s ' v Of @tcEXdggdiste® b j H' s’ 1L dzOyj dadz®
4 {7 Global Definitions * Parameters
Fi Parameters - :
i Materials Marne Expression value

n 1 1
] J BBt W BsH 2 MEEZOHO dldtciL s " HAEE B L C
Geometry - >Primitives - > Interval
Geometry 1 - Interval 1 (i1):
Interval I Left endpoint , Right endpoint =-1,1
LMB > Build All Objects
1 sBkHE2I] w1 M IsCkz.
Mesh 1:
Mesh Settings I Element size = Finer
LMB > Build Al
1 OHO22Is§ tc' o dzV dzdzv . 1 j teHelnhottzlsEjquatior? tazegp - 1 |
Helmholtz Equation 19 fj € y' Domand $elctolr fMis s Is ts H d dzd
tesL HEquadion L Of d MOdzets to' o dgw dzdew | J dzt e szl yO o
D& cbu)+au=f.
1 OttOd3j Isted 1t o dg¥ dzdzV ' SPNPRGsdE G B . f SUMEO dzd ) C
Helmholtz Equation (hzeg) - Helmholtz Equation 1:

Diffusion Coefficient Tc=x2-1
SourceTerm 1 f=0
Absorption Coefficient T a=n*n+l)

Adds L OHO blﬂc}%-w)ﬂéﬂgw(mm)u:o.
ng dX+

1 OHO2Isj GteOdzdydz Ekditse d.
Physics -> Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:
Boundary Selection I Selection<>=Manual ,1 (d&z' 9 d2 ¢ djj y* o
Dirichlet Boundary Condition Tr=(-1yn
Physics -> Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 2:
Boundary Selection I Selection<>=Manual ,2 ftc@a d2 ¢ dgj y' o
Dirichlet Boundary Condition rr=1
[ dzw 9 d ¢ t5dz0O dzdzV f Otc ©d3J Is tzgbtyudgtd ciids 9 © @it s1diz
Parametric Sweepl.
Study 1: RMB > Parametric Sweep
1l 11 Mmisoe tstc Pdesmetisc SwvdepodzUs ts Study Sdtfings Cdydz Is!
fs sOBdzdy" f OtcOzy Istc” 9 f tcOo 58 Add.dztsufil€ sy dif
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odBjte' Isi, flsotte] daf2 uts OHits B g f5 O toiISGRISTsY)’
B O Odz0O y ) dzthifs Gste O d30,12,8AD

v Study Settings

Sweep type: I All combinations j
" Paramete Parameter value i Paramete
I n "’l 01,2345

Study 1: LMB > Compute
l " dzResultsmis o stcs * Is 1 1i™ot Graup Is-dane Graph 1, 9 GCtROW °
L tsdz' wWeCsets BEkzHEBIs' My 6B0O% C®ABJ b &S Yy 'L OHC
n=012345 . 1 dzv o' HBBtOY jdadz"w kO ctOW' Ck dzj
1D Plot Group 1:

Legend 1 Show legendsPosition= True , Lower right
1D Plot Group 17 Line Graph 1:

Legend 1 Show legends= True

;’;‘%\ 4

X =

'0.2- \ -]
\._____./

0.4k
0.6 — 4|
0.8k

-1

v st o dzg¥ dzdgw U’BBIZHF%(SE)S%(SX%%()DWHZ@ s ' izt
GtecOW ' yddb PottGotpAH sHO2Isj hj tSHddz dz' dz' 2 dzd 2

1D Plot Group 1 -> Add Plot T Line Graph
1D Plot Group 1- Line Graph 2:
Selection IT<>=1 ( dZHdC Olststf-1,8) Hte" L € O
y- Axis Data 1 Expression = (5*x"3 - 3*X)/2
x- Axis Data T Parameter, Expression =Expression , X
LMB > Plot

LoV ¢ f sd dZBEAEZGCidOMHIEH tds® MW  d&z0 Ctedolkz s
WCO o' HYfSe' HO' IndE@yj dzdzs § Ot OB st O

531 Jdftse’ CttO2tse’ LOHOY'

531 1dCtedflsOdzdzy Gl obal ODEs .and DAEs ' didsjte
I L OMmlstiko Otz Ooud dzd st dadizls | © te O tzfy gzl | D ezfs d
TOwLOC st OFE o j Ezd g dz ¢ o O dedzi & ) &z B do.dz

bogsa ®oyHd ' fMdgzsls: ', wChs 7 fwOodd dz
BOYOdedds tsB BB ety d3 tefordwr COdd i3 s Odats ¢
f OtO®Rj Stcd & tc OB wBAENT yL'dtzed t' sdzv g . t 65
ftcd ¢ d&zOH ' o .
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1 6d C d@H MS ' dayj deded 2 yd dz' deH te d YBzfiZO G tf ‘s ® “ I8 4
fsfis" 2dzd B Mlstckdktsd, wed2 odH'  &&v‘ o HJ
Q=Const. | kflsOdzj dats digg Is tasfiizy clisef{dfs O HSSj Y | to Tl ) to O
L OHSeo tsdz/ dgw ' to' o dgV dadz®

k o TN

_ﬂa“_gz_Q, 1)

rurg” pr =

HkiCSsj W' y' ‘ dals IsjrfidetofHts Oedz! Hizks i§lds'ts,tcH d dzO s O.
1 O HQAdzda"j B j tOIsztc O { HojjdeGds d off RQIdEAB@dZ |, i) IS t
MdteJHdw Isj 3 jteOktc® 5 fjte] o' L A >Td dzl dzH |
BsHJj dzd dz' 2 L OKAQWRL TY1.9, b | BiBiS

it BL o@dzdlIse st Is*  tstHndzeB)af dizf Isdsiplrjddz . L OH Oy

File- >New- >Model Wizard- >1D Axisymmetric- > Mathematics i
PDE Interfaces i Coefficient From PDE(c) + Variables = T - > Stationary

1 Okzo Oy J dddz" tc JIB Axidgmmetric dzj B3O HsMiskzl iz H s
CdzOmdyded= 1t Y1 . CosfisafEFromBOE tsB tc @ebizg oW j 2 ).

I'dagsdz’ s My sy jad g dazedifs fplsd ydzd = o § dzd U q dz
Untitled.mph (root): Unit System T <>= None

1l 11 &mpaaéhtl o to ts Spatial caordinates od d\syJilsy H'L
(OBt ftsd3' davIsd) "3 20 e MmMiststeso dr L d3 da
cBsH j dz' .

» General
Unit system:
Same as global system j
Spatial coordinates
First (1) Second (phi) Third (z)
r phi z
194 todz Is o Oclkz, 1D A=symmetic tc O d3L Odzs e Yykzo C

odCstedmMissaks ls! Mw  &ryjdzgPyj dedz? CsstoH d dzOIs
I ¢ dzlobal Definitions fiyls o tste* 1410 tesOixlyj tisds * o .

Global Definitions: RMB > Parameters

1 OHO21Isj ('O Od) laiuRlselztyf dzts’ IsOB dzdy' .

. + Parameters
4 () Global Definitions

Fi Parameters " Name Expression Value
i Materials T 1 i
T1 1.5 1.5

| BLEGORE®RS 590 B IZOMIS! (fJtedte’" L Gtse ' HdAdzd
[01] dz0 9 ¢ S Iofifste” Is! yJj2 o' Hi' L 5¢.

Geometry - >Primitives - > Interval
Geometry 1 - Interval 1 (i1) : LMB > Build All Objects
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r=0
T T T 0
] 0.2 0.4 0.6 0.8

10 Mlsottej desdZ3z ot Hfp" s Clz 6] dzl,,ldka(}zﬂ}sdzdzw B3 L C
Component 1 (compl) Mesh1:LMB > Build All

1 OdzOh Iskz2 Is§ Itc "1 ol dzy Bzdzd@Befficient Form PDE () -
CoefficientFromPDE 1 o tetsL HEqofon dzO9 J H J dzts L O Odz' dz
CeyW' y' ' delsdets™ Wtstedzdd 1 v}

2
e Ml id Pl ipd cbT-aT+g)+b@T+aT=1,D=".
ut? pt r
1 20y jeigdal’ Wis° dzldzy dzgzvo’ I ‘s dzv R toydRdigbdg 1 T f Odzj dz'
Coefficient Form PDE (c) - CoefficientFromPDE 1.:
Diffusion Coefficient Tc=r
Absorption Coefficient Ta=0

Source Term T f=Qf
wdzh ° Csd W' y" " dzsd L Owe&Ed,ldj=0dzz= =D dgiz., Is ts
Ads LOHO' Is! 109 ) tc'zo dpyf dedig® H
(- rTi) =r @. 2)
vlkzls o) @ ydap® ' HsREE . Il sdzO BEkZHJ] " HBdWOIS
fsdzvec O o b3z, Mts LOHOMO MmMjtejHAW Isj iBY J
| cOdfyizi®o 9 b0y L OH GBlazONM S5y Ols Cdzs @ s to
dzj § Slste’ B dzO Yd 64 L) GsHNQ Msfjd3] dstes@dadfia) dglds ! Is § BB J t&
ydadz' dzH . O.
Physics ->Boundar y - Boundaries i1 Dirichlet Boundary Condition
Coefficient Form PDE (c) - Dirichlet Boundary Condition 1:
Boundary Selection T Selection = Manual,2 (s s &0
Dirichlet Boundary Condition Tr =1
v tfJte  BEfigchds stc LYCGoapling Operators)v § 2tsB yd mdzs 9 Ols d
Md g Hdz" L dzOyJ dedz” Isj &3 j cOIsiztcd .

Definiions -> Coupling - Component Coupling - Average
Definitions - Averagel (aveop):
Source Selection I Geometric entity level= Domain

T Selection-<>=1
Advanced T Compute integral in revolved geometry= True
{MsOdzdz" 2 JwLOf 5] Y fedBzmdls! Mmdhlsj B
9 J dzd YIdfds=[ € s dzlz LO W tstc d3lz dzts ©

1
Rznﬂﬂsdﬂz Rzn nT()@drd/

wdz' w tsl]’g'av@ﬁllsis@@ﬂz lsJ fpwOperator thamdz' JJOlsts
aveopl (expr) tsB yd fifds B tc Cedz’” @' s diir] te jsHislz® 8 H2OE ¢ tzdzy
o d tiz&pr .
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4 == Component 1 (compl) Source Selection

4 = Definitions

& Average 1 (aveopl) Geometric entity level: I Domain j
|£| View 1 i
4 Y\ Geometry 1 Selection: I Manual j
—= Interval 1 (iT) - 1 .
Form Union () (on L—.:
=2 Materials =]
4 Mu Coefficient Form PDE (©) Active
E— Coefficient Form PDE 1
B~ Zero Flux 1 T

E— Initial Values 1
— Dirichlet Boundary Condition = Integration order: 4

st Equation View Frame: I Spatial (r, phi, z) j
[¥ Compute integral in revolved geometry
IS sdfyssolgj?2 tfjcOsste, HBHO2I] o  dt
dzi 9 " HIS B’
¢ Is 9 5 ® Iz Is@pdal Equations , 9 v COiRkjlso’ QB WL sh

tc' o dgW dzdzV bH@HodA," MC O o dL d&ZOYO® Mmjtej Hdz L dz
Physics -> Global T Global Equations
Coefficient Form PDE (c)- Global Equations 1.:

Global Equations T Name=Q
Global Equations I f(u,ut,utt,t) = T1- aveopl(T)
4 Au Cpefficent Form PDE (<) _
£— Coefficient Form PDE 1 v Global Equations
. Zero FlU:’: 1 ﬂ;u,ur !'uff!'t-:l = ﬂ, ':"{-tﬂ-:l = Lp. urutn_] = Uy
E— Initial Values 1 o
—= Dirichlet Boundary Condition Mame flu,ututt,t) Initial value  Initial value
@ Global Equations 1 Q T1-aveopl(T) 0 0
isLkdk Isd LOYdMm o IkOBddyY' fslst' Bdgs  ©

tcsLoOWL o Olsdmw & SHdEshdad daz] o' HosChaffivietdtdzy d3
Form PDE 1Hts¢d oduOLflupt,u€t3dgjtcww'zH] HEStE' o dz¥ o
stsBlss HtsCd Mmjtej HdZ avepPL{) dzidz'n Is G gzl P Ok Iz
o ¢ dzd Y d.dats ¥

s OCdd3 yddesdz, o dzOM " 2 LOHOY'T RS teid | dzts
Yyt yy ftdzj o0 L &3 deddQi G jWoz deCtaydsdv? oft) CGHO dzw to .

l d¢ sda®r g fndzj dzdzv .

Home - > Study - Compute
1 ° fdzw - Lo d ts® VY 'deqiz 2  sB®ORdisg d d3' tc dzd 2 |
Isj B J OISR 2 dzOdAPPIdtiSroupd A ineiBraph 1.

l18F

16+
14k
1.2

1

1 1 1 L
4] 0.2 0.4 0.6 0.8 1
r-coordinate

L o Ek2Dlot Group 2BEZH | Mlsottej dzd?2 §tso jtendzj od?2
Isi B jcOlskzted 5 Ctsdzz. Dt SeksBE st sdetz H 59 §f
H O d&eNolution ID 1 CC s tdjlRisc ts dzO dzOh sz 9 O dzdzv .
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Results- Data Sets- Revolution 1D I

Revolution Layers I Start angle, Revolution angle= 0, 360
vsjfjte fjtejBlzHiz2I] CGteOW' ™ €
2D Plot Group 2:

Plot Settings I Plotdata setedges = False
Color Legend T Showmaximum and minimumvalues = True
LMB > Plot
1F T T | o A2

2
1.8
1.6
1.4
1.2
1

0.5F

(o} 3

-05Hk

-1k 1 1 1 V1
-1 0 1
1 Odzdh d dzsfw W' L dzOlsd MY o j dzd ud @y divts Isiety st
L dzOyj dzdz® ' ' ° Deryed Valuesigs b & & | datadenydriabte &

Results- Derived Values- State variable Q
LMB > Evaluate i New Table

| lsOeTfedB H | GZOHEGEC o Odzed?2 @000 IsOls B

State variable Q
4,0000

1Biteiy"  Is'W R | ddzjo depctsOCtedo 021§ 2
1 Oo H Aedg' B3 j tOlkztcO® 5o j tornTr) dz@@ dz'd deHf & Iz 9 'dz

5OCE, Mt IsjdifjeOsktc® vy, dzlstcOdzTde|. sty
BsHj d d 2 L OKORL TY=%T G+ ' Is !
it 5L oGdedew  dzw y' ot L OHOY' odzj ' Is! L A3 dz

Isj f dztsf tcts9 " H dztsMmls f @sdzdzM (fidS ‘mfigw , o digizds teHQ8 diD A
IsjY LOdZdhO' Is: Mw. oddzj LB dzdls' mMw BEdsse O, L
Coefficient Form PDE (c) - Global Equations 1.:
Global Equations T f(u,ut,utt,t) = T1- atO(O,T)
+ Global Equations
Flutie e e ) = 0, ultp) = up, wpltp) =ty

" Mame flu,ututt,t) Initial value  Initial value
Q T1-ato{0,T) 0 0

vlzls s j#aOBERe o disdmlssalz’ Is+ Mmw H dzw s
Isj B j Ok, o siIsBiIgF" 9o yJj dzlste’ € s5dzO.

l d¢ sda®r g fndzj dzdzv .

Home - > Study - Compute
l tjLbkzd OIS’ LB dzgd s mMw WistedgkO Ctedots’ , W
T(r) #'' H o' HinlsOdz HS YJjdzaste® Sdz0 ( dzOflsk
Cdz stesoad?2 cGtOW ' € ttsLitsH dz s Bf j cOlskzte
tcedmMizdztsC §tcOo stelzy) .
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Surface: T

H A1s

1.4
1.3
1.2
171
1

L 1 1 1
0 0.2 0.4 0.8 0.8 1
r-coordinate

-l 0 Vi1
1 0 1

1 OHtezZC EZ2Is] L dzOyJ dzdzw Qu gzP@ p gzdads j § z@Is z ) dzts i Is
Results- Derived Values- State variable Q

LMB > Evaluate 7 Table 1
lIsOB ¢zflaglelB ZH | HBSHOMRZOKGS SBzicE Ols LdB. 0808 y d M) dzj

State variable @ State variable Q
4.0000 2.0000

1Bjtejy ' ¥WOQtzdo ORzpj dzd s5¢C ts.

1 OoHA®RMzY j toj dzts Isj f dzO flg Qidzts®  offfify) Itdzj yHdgtdf) Is * € t

L<R. uv' dzs odftesdy dz# ' Ijfidzs s LOCBsdzlz 1 !
Ti| o =9(T- T) (3)

HgiSj W' y' * dzls Lis jdfQiptissody hddz o5 ) j toj HB.dNM j &3

1" H BTcOBE, hse MjtejHdw IsjBfjtcOskzs® o dziz

Histe' oadz¢ 9 OdzO L @pQdz’ 31 aljsded dzf dZ' 2 k=ODROY"

g=2,1r,=05,T, =15, g=5.

t L o@dedew [ dzv Yy '’ L OHOY' 9 dzj ' rlssH OR2dR'j d

L dzOyj dzdzv dztso dr § OwPRy sktes HisH dgz@fis 2z § dzts”’

» Farameters

" Name Expression Value
T0 1 1
T1 1.3 1.5
ri 0.5 0.5
g 5 5
2 2

q
[ d&zv Mmlse stej dzdgv o dzzlstc’ h dz' sets rIEFEdzO HBHO2Is]
Geometry -> Primitives - > Point
Geometry 17 Point 1:
Point 1 x=r0
LMB > Build All Objects
L 9 KCodffitient FoOrmPDE 1sB dgz dz' Is+ Qo kz yOMmilsddzz te°
Coefficient Form PDE (c) - CoefficientFromPDE 1.:
Source Term T f=0
[ SHOQ Isg W' tsEclaz] HYJ tsHdBhurcds)] OO kts’™ of tsliskzy
wCid H ' Wisdw®gl o Ctsdz
Physics ->Domain - Domains i Coefficient Form PDE i Source
Coefficient Form PDE (c) - Coefficient Form PDE 17 Sourcel.:
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Domain Selection I Selection =Manual,ll (9 * H tgO,ng] B¢
Source Term T f=r*q
vlzls d3dzsodiAftSted MisOdzs Bz deH Bdhyded s C BBHJd
o' odgWdedzg" Lk odcecdzvH' (2) ftslskzydsMmls' ofp" "
' 4 OCIsdeakz21Is§ okLtsdz cGteOded ydats’ diztse d [
Flux/Source 1
Coefficient Form PDE (c) - Dirichlet Boundary Condition 1: RMB > Disable
Physics ->Boundar y - Boundaries 1 Flux/Source
Coefficient Form PDE (c) - Flux/Source 1

Boundary Selection 1 Selection, < >= Manual, 3 (Is s Yy £=0)
Boundary Flux/Source T g=g T2
I q=g*r

l tORtso z¥ wefr, fdsd L OHOd_ =lg&G@s gOT| __. A j
My "  af OHO" L GteOded ydztst bEdzgso s ( 3) .

dlsotste’ Is! s jtcOlstste tsByYydmdzj dedz?y M toj H dz
©COH 1z 0

Definitions -> Coupling - Component Coupling - Average
Definitions - Average 1l (aveo[®):
Source Selection I Geometric entity level= Domain
I Selection-<>=1 (o " HOK]EE

Advanced 1 Compute integral in revolved geometry= True
1 O OH O' diBts, hts tsMisOdzedzy sy ' w odL dzOYyoO
fs Sdzzr,cOHUEMPHEOrH) His" L S 2
1§ ts@peratorname B tcOdzj MdMmis | d3tssavedp2BL ® dzdElf I o O Is ts
l dzj ' Is* L d&lotaiEqlatioasAL ts dz
Coefficient Form PDE (c)- Global Equations 1.:
Global Equations T Name=T2
Global Equations I f(u,ut,utt,t) =T1- aveop2(T)
l d¢ sda®r g fndzj dzdzv .
Home - > Study - Compute
stcdo O, wWCO fitjHmlsOo dzw ‘T(rLeOdzaj 3 oz Mgl Odg'j 34
¢ 5dzO, BlzHJ fjJtcdBEZHBO OdzO ( dzOMmisizi dzd 2 te
Codz sesoad?2 cGtOW ' € twsLitsH dzz s B3 j tOlskz te

1 1

"1 A1ss

155
1.5
1.45

05F

Ok 1.4

1.35
1.3

4 ¥1.26
-1 0 1
1 OHtezC EZ21Is] L dzOyJ dzdzv TR 1208 dz'j Hatlz” ts &5 d3ff) j 5 Pis tk
Results- Derived Values- State variable Q
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Label = State variable T2
Expression 1 Expression=T2
LMB > Evaluate T Table 1
] Is OB Tatflajl B z H j HisH OdzO dzts o O IsCs=hkiz’ 88 Qd fmdzy
T2=1.2142 .

State variable Q@ State variable Q State variable T2
44,0000 2.0000 1.2142

Il ftcO0p O. 9" HW[0X] kB Odets tc' o dg¥ dzllav= 1Lz ColisiAmis dE
CtcOdzd ydzd s EZ B3 ofOf OzO, HO KR, SOBO, §s:
1. wdzlsjctcOdz 8" HiclesE BOP O SCESf&. 75] Histc' ©
2. wjtejHd LdOyjdedew twtsLeodwWLCEZ 5 oMM sk
3.1 dzOyJ dzdz¥ uets LisasguQlbHiste' o dzs © L OH @dd 2 (olg il
u(x,)=a).

r dzv € sy dats’ EFREacP2 ez AVOH@Iudz Hdzv ' o
f " H BtOIsd o HYiBo' Hdzgi L dzODyj dzdz dzj 9 H B ABESC

532.1] S ttedmlsOdzdzy o to' o dzV dzdzv & 5 j e Olststs’ o
rdWjtejday’ Odzr dz' te' odgvdedz" o CwjW' y' ‘ dzsOn
By zls!  dgifmldsd lslef € Otedw B sdyde BfjwLOy’
BsHj k', sfQOlsted Ofdnis s G YBHBEQY L O ol
o d ¢ tsted fipls gyl to Oitetyate(...) . ddzi Lbkfmlst' Yo ls!
L Ofistsize Odedz” ' dzgh dn Y jdeOds@ ok 9 B S8t def dzder® d
wedn B Miswis! ©fjtOlststd.
1 6d C ZO#h B IOLAO2 59 Iz - uj © (@0 x<1, u(0)=-1, u(l)=11
dZOMmiskzf dzd o5 o ' @z dzd o5 ydzj dzts o3

1. f(x)=1- folpdx;

2. f (x):1+64c'ﬁxud X;

8 1+10Mws 2y , 1/3¢x¢2/3 — , .
3.f(x)—:, 1 o goch Higszy § L dz0y O fj t
L d&z0yJ dzdzv ualzpdzd Ueidz L S22 [ 1/ 3, 2/ 3] ;

&0 (0.75) , 1/3¢x¢2/3
4. f(x)=) o
1 0O , ' &S h j
5. f (x)=u(0.6)+u(0.7)+u(0.8) +u(0.9);
6. f(x)=-10(1- x*)+10(x- 2/3)@(2/3),  Ha(X) - H j dz¥f B @S y' W
r" 0t 0.
1t Mo Stej dzdz’ BB H fz@j 21 BOA'E | daf I b Ofs '@ W H dz
WL (B0 dv dzdzy ) EOMMsdEO) ¢ o dStstdmissalkze O
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o' odzj . I dtsHj dzv R L d3'f iz @BOs (fighy dsts ipve @IS
HSHOICdRD HAaEZL2tsets CBtej ¢ zo Odadz” .

t 5L 8 0V L WishiEesH | dzf s Oy ' Gaskaditc FpE3 -
Poisson's Equation (poeq) tdzlsj teW. j 2 Msd3
File -> New -> Model Wizard - > 1D - > Mathematics -
Classical PDEs - Poisson's Equation (poeq) - > Stationary
Il d d3C dztiiglsH | ez Ctdzlstetsdzr tetsL o3 tedesmisj 2 W' L d1
Untitled.mph (root): Unit System T <>= None
Il MsOdztse " Is! ftcOf stc] y* , wed?2 odL dzOyOIlsd dzi
GJBABJ Iste’
Component 1i Definitions - View 1.
View 1 Show geometry labels = True
1d Bd3d Iste] WSt Bdzb’ MY HOAL. L C O |
Geometry - >Primitives - > Interval
Geometry 1 - Interval 1 (i1) : LMB > Build All Objects
]l sBzHEQERISC .
Mesh 1
Mesh Settings I Element size =Exraf ine
LMB> Build All

1. - uj, =1- fpdx,0<x<1, u(0)=-1, ut)=1.

dlsotstc' Is' i jcOfisico * @] c Kliz o O dzdzw
Definiions -> Coupling - Component Coupling - Integration
Component 1- Definitions - Integration 1 (intopl):
Source Selection I Geometric entity level = Domain
T Selection-<>=1 (@' H 0,1 ¢
wdz' W s ffinjopd Ods tsc@pdrator name L Odzdh Isj] BQd OH @3 difs,
tf j to Oilstdpli@xpr) "dalsj et CdazmexfiteOLL OH Odzd 2 dzO
s JOstc®, 6 o H[MPdz (L OtOL s
1 jtoj o' teh ]9 2z 'RtE&sas Equation (poeq) - Poissons Equation 1
o tc ts L 'HDordain Selection o My ¢y’ MmMssdFEttelyetsL H' d
Equaton L Of d MO dzts 1 & O gt deddtc 03
P& cbu)=f(x).
] OtcOd3j stedL @H © 2z glzdzy ' tus@A thid ldizd ¥ dz
Poisson's Equation (poeq) Poisson's Equation 1
Diffusion Coefficient rTc=1
Source Term T f = 1- intopl(u)
AdsOH O Is+ fw ujie=1le fzd xizdz"
1 OHO22Is] GcwOdzdydz Edsse .
Physics ->Boundari y - Boundaries 1 Dirichlet Boundary Condition

Dirichlet Boundary Condition 1:
Boundary Selection I Selection<>=Manual,1 (&' 92 ¢ djj y* o
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Dirichlet Boundary Condition Tr=1
Physics ->Boundari y - Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 2:
Boundary Selection T Selection<>=Manual ,2 (f e@a d2 ¢"' dgj y* o
Dirichlet Boundary Condition Tr=1
l S sdz021sj B Ydmdzj dzdzw
Home - > Study i Compute
sSkted 302Is] cwBY &zt Gtede &V L Szleds@ MnzH2 Is |  daC
1 T T T T

05F

0k

05k

-1

0 dZOdz' sdyded Uytesi o 6 Ou ®Y" EO' o dH

. .1 6400 12067

Yo =302*33 3
r v f jtoifo M sg HOsmY 020 ¢ WO © € delp'
1D Plot Group 1.

2. - Uj, =1+64Cﬁudx,0<x<1, u(0)=-1, u@))=1.

I f10e' 2 yOMisdd &) ©ezfipdd 6 PUast d fl§ Cup@ d

ldzjm' s L3 dzgd © § OteOd3j Isted ' o dzv dzdzv .
Poisson's Equation (poeq} Poisson's Equation 1
Source Term T f = 1+64*intopl(u*(X<=dest(x)))
[ dzw L 5B tetfO tg alzddy dzts Bkzdzs L O
0 Jtondztl3ey J ¥ dzlsj Gtolzo Odzdav , wed
"dezls jcteOdz s 9" Hie' LSk

ﬁJ(x)dX:lﬁJ(x) (x ¢ x)dx.

a 0
skls HBHOIS o FRx), B da] ¢ Histe' o des'dalz dz1
f°H' dzlsj GtcOdizOdzd &z i 'tz@B ttsL tc' L dzdIsd
CotsteH ktzO s 3’ dedzlz ' xddls 5 dzs@ o Qadfgledzs “ s mw
[0,1]), Ltso dz' h dzs x ®B fiYdiffdO Is ts te dzdzL QS j oz jtedzts
s j tot®dgeste)
I o)L d®HSADISS ! ) ujie 1o Gl iz

] S sdz02Isj tBYdMmdzj dzdz? BisH | dz' .

Home - > Study - Compute

Slsted 302 Isj dzOMiskfded?2 cGwLOW' ¢ tsLodWL Sz,

) Is tsif) tetarAB dzts
2 Ctsdzoj ol
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U T T T 1
2k i
1.5k -
1k

0.5k
ok
0.5k
-1

1 1 1 L
4] 0.2 0.4 0.6 0.8 1

l Yy sk I fgdte " f seBkzHlkzo OIsd ctOW " ¢ §Jjtco’
Results -> Plot Group i 1D Plot Group
1D Plot Group 2 -> Add Plot T Line Graph

1D Plot Group 2 - Line Graph 1.

Selection T<>=1 (0 * Hst0,1])

y- Axis Data T Expression = intopl(u*(x<=dest(x)))

x- Axis Data T Parameter, Expression = Expression X
LMB > Plot

1.2

1k
0.8k
06k
0.4+
0.2F

0

o2l 1 1 1
0 0.2 0.4 0.6 0.8 1

1" dz ded B 9 dzfld@#@Rudx (W C 0 fje ' MdzO) O G

[0,1]H SH Olsdzd 2, T O WO dzcp? 2( § cds diffflz WARG H & Is y
2O ydn H' &vdCOon ' L dO.
3. ltwHBoydls! twetslsk L ftsyddd W 0O2 dzts ds.
[ dzt OMis sz Higgodsdetc © B Yyd Mdzj dgdzv Mmjtej Hdz' G
o' H[l3,2/Y o ¢ Jtsd3j Istc’ °~ Offstyls tols @BWAS?2 rdzW Hig! 8 6.
toSLcOnzdzS S0z BB ZOME! dytH G2 l8jc & O. Issysc d
Geometry -> Primitives - > Point
Geometry 17 Point 1:
Point T x=1/3, 2/3
LMB > Build All Objects
dlsotste’ Is! ©f jcOIlstste tsB yd nda dzodzyl/3BIBMHc | H dz' SG T

Defintions -> Coupling - Component Coupling - Average
Component 1- Definitions - Average 1 (aveopl)
Source Selection I Geometric entity level= Domain
I Selection-<>=2 (@ ' H tg1/3218]§

wdz' v s fajetpDds sto@aratorname L Odzdh sy BJjL L &3 da.
ljtejo' telsj, "htzdste@dzdagflz L Odzdh ddzd mw L OH
9 HteYwuWf Gzd ddscdzd MlsOIsdmw, B ' mdzw H S
[1/3,2/3] " dzH d € Olsstcd Issytss f tsd3 dgv dzOmw .
v 9 zZRoidgon's Equation 1L d3° dz' Is! 9o ' dz! dzgd ? ydzj dz.
Poisson's Equation (poeq} Poisson's Equation 1
Source Term T f=-1

257



] G ' Prgsons Equation (poeg Milso stz sdz Seufd .,z w C d2
ftcj o B Jd 3] HBHOILS FEaddidd 1t PME2/8]l.d'z2 o
Physics ->Domain - Domains i Poisson's Equation i Source
Poisson's Equation (poeq) Sourcel:
Domain Selection I Selection =Manual, 2 (9 ' H tg1/3218]9
10 9" Hte' LSk [1/3,2/ 3] BEHJ] H" WIS L ts¢
Source Term T f = 10*aveopl(u)
I wjLizd Ol L ouyef(s) mwujt' o daw dadaw
‘ (X):$- 1+10iws25 , /3¢ x¢2/3
i -1 , " dzOCh
CUwszg § BL d20Y0O°  Mj 6] Hdz udz@Oayj wizedvL Bl dzd[ylf/dAf,
l S sdz02Is] tBYdMmdzj dzdzgv BsSH | dz
Home - > Study - Compute
2 IDPlot@roup Islstcd 3O2Isj ctcOW " € totsLoadovwL Clz.

1 1 1 1
0 0.2 0.4 0.6 0.8 1

0Oz sdydzd?2 Lo 6WLEBS y' ' LOHOY RO ¢
“ 1+53d)+d)2 (b<1
Uy 57 2 3
Yo = 1+53‘+ L 65 390 &+ 756 ¢F Lo 2
v T 5797 342 @ 3 @3
v 1+53‘+ ! 65+ 130 w+ 57 ¢F ‘>2
Ur 57" 114 @ » 02 3

[ dzv  f J telgtsoy’ jtdsCid ) QfdssidH RodEds d c e ®OW & IRtz dzC y
Group 1.
4. -uj, =f(x),0<x<1, u(0)=-1, u)=1, @ dz* dzd 2 (x| dzj. A HiZDdzd 2
o' Hi' L Sk [ 1/mBsjordtfs3lfdetdssf,stcy’ 2 dzStctsL ez y Szdzs
W CmMsls ®dlgQf tod & dzOH
f(X):\-(:;.loc'im(o.?s) , 1/3¢x¢2/3
[ 0 , " dOCh j
ldzgijm" s L3 dzd o  OtcOd3j Istcd tSowcdz? dzdzv , O I
Poisson's Equation (poeq) Poisson's Equation 1
Source Term T f=0
Poisson's Equation (poeq)i Sourcel.:
10 9 HE' LSk [1/3,2/ 3] BEHJ H' WIsd L B¢
Source Term T f = 10*atl(0.75,u)
1 O OH Ez° dits, &l xOrefpy ) toQ@fICds d M ls s’ | lds'dfg s ted v -
tsByd mdzj dzdzgr o dictOu ' L XOStstoH  dzOIsts®
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l S tsdz02Isj tsBYdmdzj dzdzv dsH § dz' .

Home - > Study - Compute

Slsted 3021 dZOMsEzfdd?2 cwOW' ¢ tsLoowL Cz.
1 T T T T

05k

0k

05k

-1

L 1 L 1
0 0.2 0.4 0.6 0.8 1

O Z20dz" sdydzed?2 ttsLebdbwLtsC y' '’ L OHOY' o {ON 8
i 24 1
::’P 1+700, 00<§
Yo = o 31+ 1320 90cF b 2
le,z( W ) 3 W 3
I’ 1 . .2
o ?(34' 44, (A)>§
r dzv  ff J teigtsoy jusCid M Qidgsid’ Rodgds d c s ©W ¢ QDRptz dzG y

Group 1.
5.-uj, = f(x),0<x<1,u0)=-1,u(l)=1, ai'jdz ded T (X dzjfiks O dzts ¥ ,
sBydmadzs “ Is! mMw L O Wistodikz dzts®
f (x)=u(0.6)+u(0.7)+u(0.8)+u(0.9).
I 4 OCIsdo zBbujce  zvEagMm' Is+ L dBoiskoh's Bqudtidn 1 9 2L dzO
Poisson's Equation (poeq) Sourcel: RMB > Disable
Poisson's Equation (poeq} Poisson's Equation 1
Source Term T f = sum(atl(0.5+*0.1,u),i,1,4)
l dStsdz0©21Isj] B Yydmdzj dzdzv BsH j dz' .
Home - > Study - Compute
" Blted 302y d&OMIszyf dd? cttOW " ¢ wsLesdowL Clz.
1 T T T T

0.5F

0k

05k

-1

1 1 1 1
0 0.2 0.4 0.6 0.8 1

O dzOdz' sdyded?2 tesLoo6wWLBE y' ' LOHOY' d&BO' =
ol 5,92 40,
w=3 3% 13

v f j ij @Bl chdsfptsje znkz2ls] cEoOw ¢ ok
1D Plot Group 1.

6. f(x)=-10(1- x*)+10G(x- 2/3)(2/3). | to=H]@dztsk o YO0 "' :
o' odaW dzdzv ' 3 sk LsMjtjHYjdaj LBseodz hde L
tesLoO0wWL &x2/39 Issyy'
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l dzg " Is! Ld3 dzd o (T OtOd3j Isted tc' o dz¥ dzdzv
Flux/Source 1
Poisson's Equation (poeq} Poisson'sEquation 1.
Source Term 1 f=-10%1 -x"2)
Physics ->Boundar y - Boundaries 1 Flux/Source
Poisson's Equation (poeq} Flux/Source I

Boundary Selection 1 Selection, < >= Manual, 3 (Is 5 Y X=@/3)

Boundary F lux/Source T g= 10*atl(2/3,u)
vkl yc O ftod S dzOH GBI delzl2 ) Jodzdz® | s3] Iste " ° aB3ts
LEmdd@rd(2B3u ) L O HE sSiBsc ssatl@8y.)) cOlsgsQ Is! mw
Is* * 7 yx=2Bsy¢ d

l S tsdz022Isy tsBYdmdzj dzdzv dBsHJ dzf

Home - > Study - Compute

Slstced 302 1Is] dzBBsEIERZJAIEZcOW ' ¢
1 ; ; ; :

L

05k

0

0.5k

-1
I

1 1 L 1 1
0 0.2 0.4 0.6 0.8 1

O 2Oz Isdyded 2 tesLoO6WLSES Y ‘' LOHOY' &O' ¢
1 1981‘+5(b2 5(,‘04 ‘<2
g = 1782 % 6% 93
089 7621 ., 5., . 2
go1 1782% 6% ¥73

r dzw  f j tefij @ Becif I tsBdztsifz RtsjjB zH 22 Is§ COW ¢ dyk
1D Plot Group 1.

54.1 j 3sdzmilstcOy' 2 dz ¢ zOH (]

541. & vjfdsftese Hdz Mis! "o zOTPWBBHEROLE e

| OslaizOBN fodzs MG d = Susidig @Blsiey J dzd » § dzOmissd dz Is

Csi W' y' ' dzls Odzqd Is /j, ffi et . tp)s ols' jHf ddsi s j toj H O I

f ZzOMmisddzd dest@EtzodeigIstcr h dz' = HY Jtoj dz Isj f dzO

L sodz' h dz' 7 Hitsdee jotelgh'dzr. s toj B @O2Isd isL fsSH' dz ks

oMmMjtcjHddz ©SOCts’ BOGCOIstsh Oesots’™  dzsMEts®
[ Olsj &30Isd ydzO dftisHigvez'Ott 19 @ W ) Oagz’ s de0 to ddiy ez

5 f dzts ms%%(x%gs%gSO L € s s O detizdzS y(x): ¢
(; -

260



8/ 1, % EX<x N An
/(x)=1 , L P
K1 OXEx, =
0=% <X <oSX <X 5 =% =X, X x: | xs
[ 5L O0WL 5Co YHtBI2 OHDYE BO' o dcdwH
u, + a x X a1 1 0
= 02un +2aun d%// £/ % AT% gl-ﬁ _I-}gi )$| (1)

B L di3tsy J d3ts Uistg odzvIsd 2tsets L ttsLOOWL CE
l1ted S dzOH SLGdzv dzgj d@3s L OHOYkz ttsL fsH" dzz Isj i3y
oMY dzd 7 {oHaoloimad ), ={125}, u, =4 u =1
i BLOOVY L Oz sSBEE s dBBO2MISsc® Mlse s’ Is+ 11
File -> New -> Model Wizard - > 1D - > Mathematics -
Classical PDEs - Heat Equation(hteq) - > Stationary
l i3S dz' s+ o dsH | d& W 5 dzlf tm|HAE'- o t$ 1dalf Yid dAs M is § 2
Untitled.mph (root): Unit System T <>= None
] JBd3) ste’ W d3=igy Jlsde' ) W& dsEH Cflstafd dzj e dzd = © " Hic" L
Geometry -> Primitives - > Interval
Geometry1 - Interval 1 (il1) :
Interval T Number of intervals = Many
Interval 1 Points=0, 1, 2,3
Geometry 1 - Interval 1 (i1) : LMB > Build All Objects
zOted (9 HE'LSd) esLte’ Ldgwe s mpw Csgw’® y' o
dzdr cfftcOyet ' e unddskk o G o dzts degetiz. hj Ho' C
o jdgo O tc' o dgV dzdav .
Physics ->Domains - > Classical PDEs - Heat Equation
Physics ->Domains - > Classical PDEs - Heat Equation
] tcJ L 2 dz" Isksat Eqeatio (hteq)L ' W o dzWw Is+ W H eHE@at dzts 9 |
Equation 2 * Heat Equation3 1 OdzOh Iskz2Isj "~ §OttOd3j Isted .
Heat Equation 2:
Domain Selection I Selection , <>=Manual , 2 (" HgLAES
Diffusion Coefficient Tc=-2
Source Term 1 f=0
Damping or Mass Coefficient I dy=0
Heat Equation 3:
Domain Selection I Selection,<> = Manual,3 (0" H 2,3 C
Diffusion Coefficient Tc=-5
Source Term 1 f=0
Damping or Mass Coefficient I dy=0
1" HCtod 2 Isj Heat Equation 20t ¢ 5  tOmain Selezetion f tso d dzj dz
BO lsizd  Is z&f diakf " H
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4 72 Heat Equation (hteg) Domain Selection

B Heat Equation 1
B Zero Flux 1

f— Initial Values 1 ‘@
T Heat Egquation 2
— Heat Equation 3 Active
vkls o dH dzts, h iz  C OISO RY L dzj LastlgH Y s | tahsts
to' odgV dzday'! sdts o lkzL dzO oLadzON jlozdzvdzEfdsiAY" dzf © ¢ dzls
Heat Equation 1:
Diffusion Coefficient Tc=-1
Source Term 1 f=0
Damping or Mass Coefficient 1dya=0
10H O BPded ydz© EZditse .
Physics -> Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:
Boundary Selection 1 Selection < >=Manual ,1 (Is 5 Y %=0)
Dirichlet Boundary Condition Tr=4
Physics -> Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 2:
Boundary Selection T Selection, < >= Manual4 (Is s Y %=8)
Dirichlet Boundary Condition Tr=1
10 odzkzlste' hdzg' = GwOddywv~s bEZddsod L OHO9OIs(
toj Odz’' L so zo @l deggjclslaightffipisipjsc s f sdzv  ( Isj o3 § to
fslssCkz) .
1 sekHE2I] ¢ M IsCkz.
Component 1 (compl) Mesh1:
Mesh Settings I Element Size=Finer
LMB> Build All
l S tsdz02Isj B yYydmdzj dzdzv .
Study 1: LMB > Compute
l " dzResultshils o stcs ° Is 11i™ot Graup Is-dane Graph 1, 9 GCtROW °
L Sdz' w e Slgishirt@dz@dz®, ff toj H pESEODWEYT o 6 wdeOh iAs
sted Otctsots” LOHOY' Isjfdzsftctseo’ HdzsMlIs'
4 T T

Selection:

1
2 {overridden)
3 (overridden) L_El

0 1 2 3
[ dzw f stc’ o dzv dzdaV fiselpdrLlISR ¢@@OPW  ticdic BB G
f Otc 0 djniBte'x B, ={0123}, {7 .}, ={125}, =4 u =11 &v Y’ Bet
CteOW ' ydabPettGolpAH sH O2Is] M j SHddz &' dz' 2 ded 2
1D Plot Group 1 -> Add Plot T Line Graph
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1D Plot Group 1- Line Graph 2:

Selection <> =123 ( dZHd S Olststed of')s Ite! 55 o' H

y- Axis Data T Expression =52 -

15/17%6/5*% - 3/5 -abs(x -1)2 -3*abs(x -2)/10)

x- Axis Data T Parameter, Expression =Expression , X

LMB > Plot
JOW " ¢ 99 jH] dtEtse o st @ddis Bz L @  Wstistadddsdyts
RZzOC dzZOH O' Is+ v  dzO tedf@dz@EkO tsMis Odzdz G s
l ftcOlo OsL 9 0 lgtcj H dzb L OHOYylz, odStstcdmistse
"“Hddzgy ' odgvdzedz? L CEkmMEmsots LOHOddA S W
dZzdlsd?2 Ctdzlskztedzd?2 ctOW " ¢, d3twjCafRIs ztftcte] | HYfids Cs
GOlstsh Otetso 5° Mis’® dz€ d .
e O 1 smdz" H' Is! MisOy' tsdzOtedzd 2 tetsL f SH ' d
smM¢" 2 Mis' dzy" L LOHOddd Isj §f dzistsB d3° dztsd3 ¢
[ Odze ff dzsm € d ~ Qis[RzPE B W3  J dzd - f &zOMmisd dz
=x-x, (0=x<x<..<x) L CsgW' y' " dzZsodzsd s dzts
=1,2,..n).vj Bf jcOlzOT,fjj tcf st nso fxnds dz¢ d
OHQEEO2Isd toL f sH' dz 'Is j5lf ¢ GlOHFIABERSIs]. ds O ¢
](DHGIMSdZW&GtQ]éSGWta;‘OadM’dZdZW Isjf dztsf totse ' H detsfyls

o]
o]
g

dz

d a du@
dxg (X)R@‘O
L € sffts O ditzsdzC WW'(x).s © o2 e sBz *  ff to @9xsERE' § ' dz
X=X BBO*' BZs Isjf dzssB 3 dz L. dzQo Ctsdzdh dz' &3 fJ o H
- 1,050)=a,(T-u() * -/,uilx)=a(u(x)-T,),
Hig,aT1SjW' y' ' 'wsasddiBf glzssBEz ° OB Istste
fsLodwWLEBES Yy ‘' LOHOY 9o HBBR]2. 1 dz o
_T+T AQT T)ar 1 x-x x,x RA&1 10
=3 CQ2 )3%7.2 7 %?I/i‘i* Al

nin=1(va +4"d 1/ +1a,)

5L G H Oyl bossi dfisiHe @ls b to ' B dzebiRgE! gt o o &
GZOMIs 2 § dad 7§ LOdBEWEITEIITR=1, { X}, ={0123}, &, =2, &, =1,
{1}, ={2/32,1/2}.

Ao Az

I
[ |
—

——

™
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542. Q vjfdtsftese " Hdz fls! ‘o @@ 'cdstsH Hugds.o
ulsOy' sdOtdzj Hdzste' Hdzj ' o dzv @Du)s),fidgest tof
[ T StsjWw oy dzs edezlste' hdz 5 Isjf dztsf tetso ' H o
fstotsy dethffls@@tso d2 yddz' dzHte, o' fiz, WIS jsdgtfsj @5
o fMlsOdeso d zOMw, CcteOdzdyds bEddseod dzj L Odzj y Ol
z, SwjW' y' ‘ dils o dazisrcdz® i dzj  dslg 'y dis'f desS dls ®
i3 3OS Mg d3d Istel Py @ykv Yy sz e Y OHSCE s d3f
LOdzj ydls! Is' dzr $d o' Hr, BOH J @dzL s  REsBiH § dz
HdzY Y rt:

d

du
(r)r=—
dr dr
§/1,r0¢r<r1
I
=1

=0, ulr)=u,, ufr,)=u

apor

n?

O

Hjo<ry<r<..<r. " /(r)=j...

b/, ra¢rer
[ BLO O L 5Cp OHJ@W BO° o d ¢ v H

_ U+, _géll_r L Hal 18 N
=55 g v Gy B O
HJ
U, - U r
q=—7—"— " h=Ih—-. (2
ai:]_h//i ri‘l
(SLOOWL SCYgdr ¢ HO' tGoLYiGH & IjBfjtE@skse
yd &' dgh Bisftale ©, C Sdzd  ujsy defdpitdods ek 500 ¢ L

o j 8 cHEMLA) dd L By | dgesudasas ok usefiz H 2
dmlsj &3O.
ltedSC dz®H e dzv dzj dis L OHOYyk ttsL f sH " dddc zlsj d3tfifjtde
ZOMmisky ddr  fiRanpidpdite {3456}, {/ },={129,
U, =8,U._, =4.
i BLOOVY L Oz sSBEGEcsE dBBO2 MO Mlse s’ Is+ 11

File -> New -> Model Wizard - > 1D - > Mathematics -

Classical PDEs - Heat Equation(hteq) - > Stationary

1 Ok o Oy j dadzy dzO B bk dzED Aisyiyisetritshitsdily iz’

1 lalkzLG@a@ponent 1(compl) o * HC dzt y' bictsl Rizicdasdgis j 2 W
9 J dzd yg dds O Sultchl goordinates L Oz'xipls i H. Is
Component 1 (compl)

Unit System T <>=None

Spatial c  oordinates T First =r
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+ General

Unit system:

Mone j

Spatial coordinates

First () Second (y) Third (z)

r ¥ z
] J BB ste’” W B a3y Y Mvin¢ zOH OIstc” dz2@ O dzf BBE ]
tesL H' dzt & @ dpts Beck—o.

Geometry - >Primitives - > Interval
Geometry 1- Interval 1:

Interval I Left endpoint , Right endpoint =3,6
Geometry -> Primitives -> Point
Geometry 17 Point 1(ptl):
Point 1T r =45

v syids o stcj dzf Hdzv Ists@ts, hsB tHddlsadrw' dzic
H dzW dzts G, dz00Kk § R I4cC o et \glrdzw .
1 jtoj o' tehb)g zhGEE@Metry 1 - Form Union (fin) o Agtfod MC Iz
9 d B tcFOmz=m union .
 SHO2Is] MjHESH Ld2' L d ¢ d els j( fHoztO tést.oo ' day didstiy Is
Physics ->Domains - > Classical PDEs - Heat Equation
Physics ->Domains - > Classical PDEs - Heat Equation
l " dizfgeat Equation (htegq)L ' W 9 dzW ¥ Is! MW  Hlide@ Egationd2= o zL
Heat Equation3 1 OdzOh Iskz21Isj "= f OtcOd3j Isted .
Heat Equation 2:

Domain Selection I Selection,<>=Manual 2 (9 ' Htd4,5])s¢
Diffusion Coefficient T c=-2%
Source Term 1T f=0
Damping or Mass Coefficient 1dya=0
Heat Equation 3:
Domain Selection I Selection,<>=Manual 3 (9 ' H tg56] s ¢
Diffusion Coefficient T c=-5%7
Source Term 1 f=0
Damping or Mass Coefficient i dy=0
1 H € teld RoldzjL HEz& Equation 1 l1ts adHEk Mmj €y Domaa dB 5tc
Selecton 9 d H dzts, hts fjtehj to oadgwdadgw H " s dzt G
4 — Component 1 {compl)
= Definitions Domain Selection
Y\ Geometry 1
=2 Materials Selection:

4 72 Heat Equation (fteg) ;
in] 3 i
- Heat Equation 1 Ce) 2 (overridden) e
L Zgrp Flux 1 3 (overridden) =l
=— Initial Values 1 Active
“— Heat Equation 2
*— Heat Equation 3

loadH"Ist L dzOyJ dedztc’ @ity Wpdzsts dsizdzls * Hic' L C Iz
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Heat Equation 1:
Diffusion Coefficient rc=-r
Source Term 1 f=0
Damping or Mass Coefficient 1dya=0
1 OHO2Is] GOded yde® EZ3se J.
Physics -> Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:
Boundary Selection T Selection <> = Mawal ,1 (Is 5 Y %=8)
Dirichlet Boundary Condition Tr=8
Physics -> Boundaries 1 Dirichlet Boundary Condition
Dirichlet Boundary Condition 2:
Boundary Selection I Selection, < >= Manual,4 (Is 5 Y %=6)
Dirichlet Boundary Conditon 1T r =4
10 odzklste’ "dz' 7 GteOded yw q j
(sj B JtcOskzted Isj §f dzso tsG s
1l sBlkuHkz2Isy S M IsCkz.
Component 1 (compl) Mesh1:
Mesh Settings I Element Size=Finer
Mesh ->Build - > Build Mesh
l S tsdzO21Isj tBYdMmdzj dzdz? L OH OY'
Study 1: LMB > Compute
l " dizRResultsmis o stet * Is 11Plot Graup Is-dane Graph 1, 9 G EROW "
L tsdz' w ¢ s@ gifvisdoHaadz' dz' 2 dz0 dzO 30 dzO hts L tsB
Isj f dzsf tese ' HdzatsMisyd dp disitded ". Otcts o 5 A3z
8 T T

] © ekl figsitoo Ods®] o3
s

J
fslssCk) Oblstd

=,

3 4 5 5]
l dzOh " 2 L OH Qus'B 8O tafiddfigfidzis © @rls & {5 d3
dlso stc' HzO0 dzOW ¥ 218 Jsdzts H Reudtién 10s
Resultsi Data Sets RMB > Revolution 1D
Data Sets- Revolution 1D 1:
Data T Data set:=Study 1/Solution 1
AxisData T r: =0

ffe (j®jt' Lk
d.4 b

E=3
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+ Data

Data set: Study 1fSolution 1 j Ejl

4 [® Results * Axis Data
4 i: Data Sets
Hi Study 1/Solution 1 - |0
. * Revolution 1D 1 ~ Revolution Layers
Mumber of layers: I Maormal j
Start angle: ] deg
Revolution angle:  3a60 deg

vizls 9o Axishata ' fzsdzyg dL dzOy O CetsteHd &zOIsz IsBYEC C
BlzH] B J tcls Olsd mrt0).dz® a5 UBMtartangle 5 gevajution angle
LOHOE Is! Mw ftsyOlsisod?2 Ckls ° Ckls fftoBtetsisk
vsJtfjJt Msotste’ Is! Ho tso d d3' tc8amiface ¢ WO W YUzlz
9 d¢ stcphipldstwjofifdisle tgts Y datc J dzts H Odzd - .
Results ->PlotGroup 1 2D Plot Group
2D Plot Group 2
Data i Data set= Revolution 1D 1
2D Plot Group 2 -> Surface
2D Plot Group 21 Surface 1
Expression 1 Expression =u
Coloring and Style T Color table = ThermallLight

LMB > Plot
IzH] ftBkHtSo Odgs dzOMlskzf dzgj L sBtcOY j dzdav .

8

F

1 7.5
1 7
| 6.5
6
55
5
4.5
4

I dzv  ff stc’ o dz?® dzdets O WisSyaitis so 6 ML .C 2 H daOql) 9 O

(2) HisfMdIs! MC dzPaoialz] H j dzdfrtctsindse W istcdsz dz & zH §

s sz M 5y O BY tzdzfifidsdiEsa] | w g oy ttdadiidsdinlz & |

Ltczy®@B Olsd o IsOBdzdy' ccdzsBOdzz dzgdr f OtcOd3j Is't
1 ' aizGlobal Definitions L ¢ j dzgj cz2Isj o kL ts5dz, fted L dzO

f OOy Istc’ o

Global Definitions: RMB > Parameters

1 11 MmMlse stocj dats PEwmametdzsLodzOls OB dzd y*' of Oc®diriets” o

poBH! Is] " d&gj dzO0O f OtEPES$ide tcT 'on LOAZB Y JSdedirts dzy

bONS“ORNWDOOE
T T T

-
+
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+* Parameters

i Mame Expression Value De

ri 3 3

ri 4 4

r2 5 5

r3 =] =]

ul 8 8

u3 4 4

Imd1 1 1

Imd2 2 2

Imd3 5 5

h1 log(ri/ra) 0,28768

h2 log(r2fri) 0.22314

h3 log(r3fr2) 0,18232

q [(uo-uz)jth1imd1+h2m.. | 9. 1802
t i H

MName:
q
Expression:

(u0-u3)/(h1imd 1+h2Amd2+h3/imd 3}

losHdIsd L dzOyJ dzdzv d3t=id® 16 mfidAff t5)f) J tEN@AsEZ' oS {f S
Expression tctsL IsOh 59 Odz disl Y Ypted Mdpts sHNdB' dod. B ©
1 Of ted ¢ dzOH, @ dzVo dLicd® Ldzdas = ¢ t5d3' di@upjy " Ilsz0 ¢siaigd y °
OCIsdozd ®aodydH sC , " Expresfidmde d  tseo dz' Miss B OY
L Bsy jIsp R mdts zo Ols(d .
) OHOdz (@BEPEBPIStH ]t
¢ dzts fi.LSkve to File, tetsL IsOh s9 Odz
1 Odzdh d dzsfpw fMilse tsted Is d
Wistediz dztss (1) .
Global Definitions:
Home > Definitions - Functions - > Globsl - Analitic
Global Definitions - Analytic 1:
Function name =U
Definition i Expression = (u0+u3d)2 -
a/2*(log(r/r0)Imd1-+Hog(r/r3)imd3+
(UImd2 - LImd1)*abs(log(r/rl))y+
(UImd3 - 1imd2)*abs(log(1/r2)))
Definition T Arguments =r
[ dzv CtsdzZlstetsdzée o dSEtsdz0O21Isy HsBRZHBSOEZ GtOW '™ €
26t ¢ dzPlotParamégetsL H.© dz’
Plot Parameters I Low limit, Upper limit =3, 6
LMB> Plot
[dzv eists htsB Whkdz€ y' W isCaz® dHewhiylEaBdsts s slotely’ E
4w ud masasyfdz’ ¢ GofydiEgH s ¢
Study 1: LMB > Update Solution

sd o IljSMmlssad?2 W
b §'H lsOBddyj " .
WedCy'¥, wWCO BE
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vifijtc dBsYydO ot asdwisd ydmadd®& dzdvw teip'Lt®e
GteOW ' ydiab PetiSoipAH sH ORsl7jala] Hz 2 dz2d 2 St OW " ¢ .

1D Plot Group 1 -> Add Plot T Line Graph
1D Plot Group 1- Line Graph 2:

Selection T<>=123 ( dzHd S Olststed of')R Iste! A 9 ' Ht

y- Axis Data T Expression = U(r)

x- Axis Data T Parameter, Expression =Expression ,r
] eOW " € Ctcdosdz’" dz' 2 dats’ zO RO dzts © fsBkHBS
CGlcOW ' 3 tesL o d6vwL C Iz, fsBkHBo Odzd &3 Md Mmlis J d3t
lojJH]jddgw WBBtodiszdz (1) ‘ (2) 9Jdz &3d cGtetsdy
UX) L OBdteO B Og Ols & U ifigiEfEz2dls Matlab L dc3tsy dzd 9 * M
Mlse st 9 OIsd MSE dzOH dz' WikdCy' o, oS tstedmistso

l d¢C @dastso d § totsc tc Odzkz 9 OdzedetzO M=t .| [elxfh Is ®ikjH | B
fedfzmMCOld, "t udsoy &OBSBEE f tetyf LHis'
WicOG d3d dzlH mIs jCfielid®W c cOW & o j tedz Is! MW HEB dzf BGC
Gslstso * .

rtezed?2 Mitsmhm' B MlsoLtOc JV tededszidfzdzC Y1)

s sydbMakl ab MmMlsetste’ Is+ Wkdty ¥, wWCO Bl
¥ st s zO@d {6, ={34.56} {/ }.={125, y,=8,u.=4.
function u = stcylheat(r)

%Ote zdzj dzlseo y S Istplstso tf §J y!

r=r

% @®° Hdz HOdz"' L OH Oy

R=[3,4,5, 6] ; % twOH "  ZMd " Otc' o
Imbd=[ 1, 2, 5] ; % CBJW. bjfdatsftotsse
n=length (Imbd);

u0=8; un=4; % Isj B j cOkztcd ctOdzd y-
%{BydMmdzj dzdz?" q L O} stz dzts®

H = diff (log (R);

gz=sum(H./Imbd);

g=(u0-un)/ qz;

%t Odz' L OWys wdzlz(@d
difinvLmbd=diff(1./Imbd);

outR=R(2:n); % odzzIstc’ @H ' EM(d
invOutR =1./ outR;
s2=difinvLmbd*abs(log(invOutR'*r));
sO=(u0+un)/2;
s1=log(r/R(1))/Imbd(1)+log(r/R(n+1))/Imbd(n);
u=s0 - q/2*(s1+s2);

end

rdzv tfitejo o€ d JtOYJLHOdMMNI WikdCy' 9
ZOMmlskzy dzd?2 & SH

r=[3:0 .1:6]'; u=stcylheat (n); plot(r, u,'LineWidth',3);
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] tejLbkd O Ywsoddzjdz Bl §BLEHES Oda
dzO o jdHag @atz’ " § .

vyfite od §toddedz @IS isaPdrbpting i3d " GO MS
Mul ti physics 9oCdz¢ yj dzO ' Histed &3 @ ¢ s tiz® &zls 1]
¢ ts &3O dzH zFileds jPérences. | " HS ted ' Is' v & HOzS sy teizdzlz
Security f so ddzj dz BRzlsd o Mls O ditsvedzpatipepcessey J to j d3d ¢ O
and libraries (ofMlsOdatso " Is! 2tet, WwWEChts yj hMj daj
1 s &8 od fsoddsdz Yo' HuMglsHi phypk L d
ZOSsHdls! MW WO2d Mot dets’  Gidghdg€my ' ). (o |

-

102 totsfpl§ s j ¥ o Olyyd W ¥ @2 dz' o Ists2 Y| COlsC
LBjtejodzd WO2dz.fslssydets’ BsH | dz'

v 4 J €GOMSOL Multiphysicsls o tste' Is ! whkdG y'oe, w e o
W Iz dzCMatlab.

Global Definitions: RMB > Functions - MATLAB

111 Mlseo tstcj dztsc 5 HulctiodR® 99 Is@B dzd Yyiz' Wz dzC y' 2
Functionname 9 9 j H ' Istéylhedt o3, W )lo®f Brguments 9 8 | H. IS

Function s T Function nam e = stcylheat
I Arguments =r
[ dz2v L kzydzsmils® oMmMlsOdzse " Is!  jtej d&3d S Oy
I Clear functions automatically before solving = steylheat
* Functions

Clear Functions I

4 (F) Global Definitions
'T'EI MATLAB 1 [¥ Clear functions automatically before solving

L1
Function na Arguments
stoylheat r

[ dzw fJjtejo te€d { tcOY joush @RotEafmiseters W lodaGj ' 'Is !
H' Of OL sdz L o3 dzd ts® € ccdief @ J&zgzls Iz
Plot Parameters I Low limit, Upper limit =3, 6
LMB> Plot
IlZH] (cBZHB®HBRzdDdDVWeC@W 1LY Q) stedzgzdzOdzd (1

1 Okzo Oy j dgifvh s o Ma t dteythdat Wiztel@ s ‘v f tcOo d dz
o (S sdzOdzd ol dzOW fsTDARIDL , Odzj 4§ tod oRE tsdzOC
Slsted e jHcddzj dadz" § tots § todetldb@izD, f sty OfsE tzts |
Wl dzS Yy | boGsw{ds) dalfils o SfyS ¥z o s 9 O COMSO
Mat !l abvwibumlydzs £ osdcedvh' yBYwS Oyl Of jizfp j ik
o Is' dz' stojfiheatizC )y "

A Iz dz€ ysteytheat By 20 odCstdmis-d BazsRIsdi’ #y'B & 31
Is* d&z2 ¢ d §° Mmdzv o fonpukzO dzdzv ¢ Sd3OdzH
Home - > Study 7 Compute
cSChts L wets ! foiddgddizf] o d C ouz] Wded | a b W
9 d ¢ ts@gifsts fCede Functions® f so lststedzts o Cotmmg®@Ils d € s a2
Je OW ° ydats 2 Kysdeh) joddzwdzd 2 ° wcigbeatswy gk W EZdeS y' v .
1D Plot Group 1- Line Graph 2:
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y- Axis Data T Expression = stcylheat (1)
Il S tsdzO2 s PId. 5 Oz M tcOyH BJ L tCopufedzts € ,
o d¢ tsdatArpvO dzf * nydzw Istssctheat W 8 oo kiNsdestcj dzd 2 .
quasdtmdmsaddmmrﬂs(ﬁWq’dz &zZzQ Htekzecd?2

L 1 1 1
3 3.5 4 4.5 5 5.5 &
r-coordinate

543. > 1 OHOYO L twtsLtcdodzdd3s tetsL 90w L € t503.

{ 5L 9 0 daPfdeA fsdizls ©C Isdzlz L OH Oylkz:
d’u _

d x?

(1)

u)= 34 =0 =
dxX:l dx — 1+u(l) dx|_,
l sdzO d3tsH j dzt ° HdWEZL 0éxCH dz' oHdYAzAEZ® Bte? ¢ tHo
tcj OCy" " ¥ o ( daPdAY s s dglp O tc] OCGy' W JGo' 90dzj
HdW EZdzH 28 Yts® toj ytsoe d dzd , “dzls§ dzmd o dy. Mmls w Qo
i sLo 0O S@O@adOdpz Coims sy dzO ¢ ° dz¢ € sd3O
oS BtcdMlsOdzgdz? d3 H o S Csdsf sdzd dals' o, CEY 4 dz
ZoOh sk o df OHCEZ Mot tc' o dgv dzdzv ) , OB L H
vlzls &3 dzOo j H | di3ts b tf i O Mt OGN dits'C tue = fiid " Ro dgW dz
tc] Odz' L sSOHOMES? "a dy ' e, O Hid sl Mis's alzdpw dzdgis
tcj Odz' L Oy 'ff jJdgIH]jrdz' H o S i BirsBOH' Blzay O° B
HEf Sdi3sG s s JtcOltste’ o L odzlvis ' @firy W& H | deid & @
Ctsdzls OC Isdzd ~ G tc O dzdsuyazds SHizEHzofc sts8 © R b § YafsAn W
s jcOlstste” 9.
t L OO0 YIdsSSsBtedMisOdzdz" Hoatsm ¢ A3 sdzd dzls
dlso ste’ Is! W0O2dz distsH j dzf ‘ o dz sz ff jteh d2 ¢
File - > New -> Model Wizard - > 1D - > Mathematics |
Classical PDEs 1 Poisson's Equation (poeq) - > Stationary
l B3¢ dz' s C s delBtisiisglzdl’ tcdztsmisj 2 W' L dydedes 9 J dzd-
Untitled.mph (root): Unit System T <>= None
dHlsotste’' Is! 9o CBBd3ftsdej dzs™ o  HEe" LtsC [0, 1].
Geometry - >Primitives - > Interval
111 Milse tstcj didtsternval 1 a BOdxdf® Is j tf @@ QMdete®C b dzyd Is-
Mlso st dedz? ¢ J A3 Istc’ =~ MEeudalobets.C OdzdzY d3 dzO € dzts i
1 O fMise stcj dzts Bz o ' wi o Ustf Hz® gr@Z) Iz @ O Gedzv d3
L Odsts o Ylzo Odzdz" 3.

1) dw o
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Component 1 (compl) Mesh1: LMB > Build All
1 OHO218] Y OtOd3] IasEgo.tc” o dzv dzdz 1 2O
Poisson's Equation (poeq) Poisson's Equation 1:
Diffusion Coefficient Tc=-1
Source Term 1 f=0
AddgO© o' PHL OO GV o dzwjozdaw
1 OH 02 lsGjtc Qirdzdpzdz a(0)=1.
Physics -> Boundaries 1 Dirichlet Boundary Condition
Poisson's Equation (poeq} Dirichlet Boundary Condition 1:
Boundary Selection I Selection , <>=Manuall (Istsye®
Dirichlet Boundary Condition Tr=1
1 Odzd "W dats@®H Ols d drytddze iz d3ste @dz Odzy dBd L tetsB d A3t
l {sEB ORIz 2Hsgis e d?2 ¢ B sdzj dzls
Home - > Model - Add Componenti > 1D
BSessdd stc" W BEH] MC zOwmIOsHBissEs o Hi' L ¢ O
Component 21 Geometry 2
Geometry -> Primitives I Interval
Component 2i Geometry 2- Interval 1:
Interval I Left endpoint , Right endpoint =1,2
LMB > Build All Objects
10 Msotstcj desdslz ov Gifp” Is Tz 16°) daj dg@Q Jsdedzy dizd L C
Component2 (compl) - Mesh 2 : LMB > Build All
 BHO21Is] o C iYf-t6dzp dal8 degaW * 1 g zkz 36 s dz' Yy O.
Component2: RMB > Add Physics = Add Physics - >
Mathematics i Classical PDEs i Helmholtz Equation (hzeq) - >m
l HJjtc] o 3 H | dCompoderit8 -qHelmiplz EquatideS(l2eg), v € O
BH] ftojJHMIlsOo dzvIsd HWkl®d] MY Jamdsitsdmizion L OH Oy’
Selection Qo lstsdBOIsd ydaets tetsr t5© dzd[21 W & izke s to'ERARAzS ts 9

sB dzOMis C s tsdad dzls O. viBlp dogf dozdg. dz' Is Cdzt oW
Component?2 - Helmholtz Equation (hzeo):
Dependent Variables 1 Dependent variable =W

1 OHO2Is] fOOMR) Isted ®Qochm)dader f.) j dzr Betsdzr yO
Helmholtz Equation (hzeq)- Helmholtz Equation 1

Diffusion Coefficient Tc=-1
SourceTerm 1 f =0
Absorption Coefficient Ta=1

Add3 dzO §,2Jn ®©HIOC s f)wwj eWw=0dzV dzdzw
} tc O to O dafus avE2) =0 o fls O dzts o ¥’ lskts dfPME o tr dztez’
Zero Flux 1. 1 Okzo Oy d i35, hts o Y sz o kL & L O
C'dzy" o Hte' LEBOIslc1p &b, BlIsm 20 jtcj o L dzOydisd
1 Odzdh Jdzsmw s’ WL Olsd to' o dzgV dzgdzgv € tsd3f tsdzj

i @) =w; 1), wl)=-1& )

1+u(l)

N
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[ dzv  y! se s &Bsqlsaplf jotafElstsdafdmlse " Hf 89 " H dzs IS’
l sdzd odCtdzlz Is 9 HBB O jUsaky tdccks)y QpBEGF-@ AC ts
G J B3J S%ets dstf s e@jHdBlg On O IsOs dzd sO¢ Jd 9"  HSBtOY J§
Medzmistc V™S o Dizgzets H 5L OisEAY to d dRO Is@H ta) Birf§ 1O ~ H
o J dzd ydudzlz' Bzdzdf] j o OB R T H d2' Mls! Milseo tstcj dadz"
fswidzse " s mMw Isdd3 W OS Istsds, hts iR jiBEO’ (
sty o0 L Colwrd dZBtsoROr ZdzS s 8 B ZOMIs® i
dzy 'Oz L byt , h s O sOC¢ "’ ¥  ud i
C sl tsdzj dzls * .

[fiOltsttd o  HiBo ' HdzsMIs® o' HdzsEMWIs! Mw |
operators)' Hdzw A Mmlso tstej dzdzv Defittionsf O dzj df dzts fdgfifds

fnf d f) €&mponent Coupli ng. J y' Bk ft6qC dzZOH "' i
o' HY o  Hdpsfils to'latelagsid ¢ j5ckj st 2 &8 o dCtted
' HGB @enyidaping . stdzd o' d 9adCddc O’ 5! MW

26t Oédbkzdgj dals sBYdMmdze * Is! Mw k2 o HY 59 ' H dac
Component2 (comp2)
Defintions ->Coupling - Component Coupling - ldentity Mapping
Component2 (comp?2)i Definitions - Identity Mapping 1 (idmapl):
Source Selection I Geometric entity level= Boundary
i Selection-<>=1 (&' o2 Stt@X) o  Hie' LSO
Frames 1 Destination geometry= Geometry 1

Adds Mlsottes ‘s MW okt Bkt sdlshI€is i sl dzls O
fjteh et S tdif sdzj dzls ©.
4 — Component 2 {comp2) 0 1
4 = Definitions I ®
a= Variables 1 Component 1 :
[#] Identity Mapping 1 (idmap1) P .j Idmﬂp] .
View 2 !
%Dn'f;é’w2 1 Component 2 5

l dStsted M tsdyis tptc j dzd 2 s tidjnadp @ Istdsts) dzO o ' L WOLHSOHS d
GteOdzd ydzl2). z dzsts o Iz
Componentl (compl)
Physics -> Boundaries 1 Flux/Source
Poisson's Equation (poeq} Flux/Source 1.
Boundary Selection I Selection,<>=2 ftcOoa 2 ¢ d&p,a) 9o Hic'
Boundary Flux/Source I g =-comp2idmapl(comp2wx)
L i3 9 O FleixfJolrce 3O o  BdzeBuU)=g- qu, H jni SH d dzd ydzd 2
9jCIstste L 5o dz h dgtd0 dddelgSts RALED IsHstsl)y ] dzO" s i3z
odtf Ow€-A4,9=0, O LdOyjddy g LO HGSfH@setss
idmap 1H St dzt 9o OB his- TRdESL 9o WY LW ©ZO B YdMmdzt * Is
x=1) . 1 torpp? oSS L 2 Tl v Cdf sdzjddis P tc @ls i
idmap 1 ° o J dzefyld da®j L z dz' Is Blis/Soutze ldclp OdzZ" L 2 s mw
uj (1) =w (2).
O Ozt G " Yydzets Mlseo tstet “ Is!' MW HEkGEO ¢ tcOdzd Yy dac
Componentl (compl):
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Definitions - > Component Coupling - Identity Mapping

Componentl (compl)i Definitions - Identity Mapping 2 (idmap?2):

Source Selection I Geometric entity level= Boundary

Source Selection I Selection-<>=2 HtcOoad?2 Ct@l]) o' Hig' L §C

Frames 1 Destination geometry= Geometry 2
Add3 Mlso sigs' jldcdijwith®apl ) o ' HY s ° H dz' xfllstf j tcl8 s g $sq
C s tsdzi dzlx@LH 'tc zls s U5

4 ®643_Bx_1_ 05.mph (root)
4 & Global Deﬁn'rtiEmS 0 1
=) Materials L
4 — Component 1 (comp1) " Component 1 .ﬁidmapz
4 = DEﬁI‘Iﬂ:IDI‘I‘E . . o .
|:T:| {i::‘f? Mepping 2 (idran2) 1 Component 2 é
Y, Geometry 1

1 s sBEEsE  Mis o SR Gots WHY3] @B ESc s § siBY
By 20 tslsted BZOIsd WSfipls z o j riay y Bdeeh ' g to hlaS=susy
Ctsd3f tsdzj dzls ©. 1 Od3' fls! Ctesdl3" LHSC sG55 odtcOL |
s JtcOsBO, d&OB BkH] Ltekzydakkz o S stcdmilsOlsd
Component2 (comp?2)i Definitions: RMB > Variables
Component2 (comp?2)i Definitions i Variables 1.

Geometric Entity Selection I Geometric entity level = Boundary

I Selection =Manwal,l (d&z' o d 2 [192]) dzj Yy
Variables T Name, Expression =cb, compl.idmap2(compl.u)
I Name, Expression =nofc, cb/(1+ch)

+ Variables

™ Na?ne Expression
b compl.idmap2{comp1.u)
nofc ch/f{1+ch)

Il dStstedmstse zs yd Mmlsositc@idad?? s tiy@sistc o dds'OL
sB yd mdzj dzdztb. L di3'sdialts ' toj HMis Oo dzW ‘u oL dsOxE]yzdz™
fjthtsets ¢ i3] sdzj dzls O, Odzd o93J4 9 d3 dagis@Qj dzO
Mlseo ste fztzOL tolz ydasmis * .

ldSstedMmlsso s yd Mlsotstej dz' L dgssdaAdiy , L OH OZ
Component2 (comp2):

Physics -> Boundaries 1 Dirichlet Boundary Condition
Helmholtz Equation (hzeq)- Dirichlet Boundary Condition 1:

Boundary Selection T Selection ,<>=1 (iz' 9 © stsYyf@) o' Hte
Dirichlet Bou ndary Condition I r =nofc
A dzOdzON sz 9 Odzdzw V\lél)1=(%—:é£%_)L s ls! bkdisekz
u

l S sdz021sj tBYdMmdzj dedz?y L OH Oy’

Study 1: LMB > Compute

1 " Mzl O j teh | dzdzResulis @9 lda5301s d Wdzsmwinlsw dstc G tc
cozf d, sEHBEEREHBSo Odz CGCctc@EBLOGY OB fizsic B o dzv
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Ho © HY J tc Sty 1iS@utizop A(1) ° Study 1/Solution 1(2) hs d3 Mis
hzC Odz 9 J dzd yd dzd f4Jtehfsd n By tedtse s W “HLdaf
fsBkzHEZ&PD tizg dz¥ ' € .

Results ->Plot Group T 1D Plot Group
Results- 1D Plot Group 3:

1D Plot Group 3 -> Add Plot T Line Graph
Results- 1D Plot Group 3- Line Graph 1:
Data 1 Data set = Study 1/Solution 1(1)
Selection T Selection-<> =1
y- Axis Data 1 Expression =u
x- Axis Data T Parameter, Expression =Expression , X
Results- 1D Plot Group 3:
1D Plot Group 3 -> Add Plot T Line Graph

Results- 1D Plot Group 3- Line Graph 2:
Data i Data set=Study1/S olution  1(2)

Selection T Selection-<> =1
y- Axis Data T Expression =w
x- Axis Data T Parameter, Expression =Expression , X
1 OzOh sk2 1) fls €de d alafirsipad?) digayL Mk H
LMB > Plot
1 T T T e
0.5k -
0k -
_|:||5 - -
1k -
15k | : -
0 0.5 1 15 2
1 0 dzOMmisted asidfizzrj H | dets L 5Bt Oy J degdg” H ' dzv dzts €
4 — Component 1 (comp1) 4 — Component 2 (comp2)
4 = Definitions 4 = Definitions
[+ Identity Mapping 2 (idmap2) a= Variables 1
“e Ev.43_E:-:_1_IIISI.r.n|:|h (root) _ L= View 1 [#] Identity Mapping 1 {idmap1)
4 (7)) Global Deﬁnrtn:m; WA\ Geometry 1 ! View 2
i) Materials 5 Materials YA Geometry 2
— Component 1 (compl) 4 72 poisson's Equation (poeg) £2 Materials
— Component 2 (comp2) B poisson's Equation 1 4 72 Helmholtz Equation (hzeg)
~da Study 1 B Zero Flux 1 B Helmholz Equation 1
{8, Results £— Initial Values 1 D . Zarp Flux 1
—= Dirichlet Boundary Condition 1 D Initial Values 1
— Flux/Source 1 —= Dirichlet Boundary Condition 1

5+ Equation View 5f Equation View
£ Mesh 1 A5 Mesh 2

Qo @ dzv BsHjdz (obstsydtsets WO dk:
L{sudfd Is' L dzoufl), dftpuill) snjiizd Wdidsj o ' tslsi o d¢ s

s d ¢ dz® O@2 ) .
20 foksyds’ LOHOY' ‘Mz’ Wetdkzd dd? s

u @L- 1.488726%X
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W @D0.7362450220sx - 1.608724X3in x

1 ste" odgv2Isj] 2tets L Lo dWL C 53, tsls te d d30 dac
G ' daoyPlot Group 3.

1 Ok o Odezdz%B/\t(l)Eaclf—l(lel) dzj dz' dz'v2Asdgdizts y dzO@ sy ' S Iz ¢

d " Hddzdz' Mis tcsLoOwWL CIz. [ ' 2 fpdz®ompone®th s o
sBtcOIsd dzOMmlslzyf dzz f syOlSCtsokz kZdite Iz
Componentl (compl) i Poissons Equation (poeq) i Initial Values1:
Initial Values T Initial valueforu: = 2

‘o S Bdz0Isd 5B y(dliEz] elideay | dIslsitg a0 dets * dgh 2 eS|

2T T T 1
1.5/ -
1 /—_

0.5k

0 [l

1 1 1 1
0.5 1 1.5 2

[ BLo 02 L'l L dgv' Is! f)wstsa ‘o WIs"dids, e h Msts 558  H

toj Odz' L k2fYs” dgwlistedigfzrtsdzj dzls® , L EORZdStsS9 O 5B
L HfysHdzjogddE' L ¢ .o dvjdev] f(clOysmOHsy] é¢ dzO
[0, 1], -@O HeckeE LSk [1,2]. 1LO BsH'W
bdstse  (j2) dstmHzindz @ Olsd W L o d Cots toid 'l Ot d3( ts
Lo' WL Ck Bsykls! ofmlsOdasodz o Okd o HYo ' Hd

File -> New -> Model Wizard - > 1D - > Mathematics -
Classical PDEs - Poisson's Equation (poeq) - >
Classical PDEs - Helmholtz Equation (hzeq) + Variables = w - > Stationary
1ojtedz Is! dzBOCG & deW UMY gzdzy d@ze sdz2 yO dgd tsB tc O dz
Untitled .mph (root): Unit System T <>= None
] J Bd3] ste” W B H | dZ B Ez# pd dnCealtfHED Is.dSwe L[ OH &l
dlso ste’ Is! Cn
Geometry - >Primitives - > Interval
]l OtcORgted sets o' Hie' LECO M off OH OB Is! L
dlso stB'jls'sHddz ' dzlsj tco Odz.

Geometry - >Primitives - > Interval
Geometry 1 - Interval 2
Interval I Left endpoint , Right endpoint =1,2

vjfjtc ftsilstc’ B diists BOH e O dgdzts fhlso tstej dzd »  * dzls

widgz® Ho O MyitsmMted Wstedkzo Oddzy ¢ jsdj Iste
FormUnion * FormAssembly .1 © L Odsse ylzo Odzdz" d@s o d € sted M|
sB' ‘ HEOMdEon )( ftod wEsdiz Mdmlsj &30 o d Shsdzlz’
GBI stedquyudzd s Jjdzj 3 dzls’ ©. ¢dz' Isj tedzOIsdo s
mMdMmlsj BO " desjtcftejlsk ejdiilte’ 8 W Cwdzj ¢
ftse' WL Odz ( dzOdfltcdf C addOFHts ds'sHYE ' OL C O dzx=1 4 so '
ftcOo BdsO)S.odfOHE dizv MY sdzlz yj dedzy o j dzd dgi xzdz@z0
odStedMmistsoalzo Olsd MY j y' Odz! dz'ts ' deiPldstastteddj dzled :
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Il dzOB i3 ted C dARAH @ stcd MP s W stcd3lz o O dedaw
Hef sdisetss LB 66 d (Assembl y).
Geometry 1 - Form Union(fin)

Form Union/Assembly i Action = Form anassembly
Form Union/Assembly I Create pairs =False (L devIsd 30O stej y"
LMB > Build All

1 94 tcdz Is! zo O Bporm Unon ezO [ p OL d3z dzor@AskemblydzO
ste' i3 s "BBEYLCOO [0, 1] Glsted@ZOdzO ' dzH d € (
Odzj w¢€ yomsddzd o Hte' LECO [1, 2], Blsted 30O dz
tcd MkzdzC O tSL tOR A SO B sB &zOMIs/ ' dzgisof OIS B
d dzj d3d dzls' 9 @JEdSJAENRIS'jW dzOdzOh Islkz 9 O dzdz
Component 1i Definitions - View 1.
View 1 Show geometry labels = True
lddgitcz2Is] Sy M IsCkz.
Component 17 Mesh 1.
Mesh Settings I Element size= Extrafine
LMB > Build Al
I1Ilfjtehts” ¢cW' LdSde odLdOylsy o' Hte' Lt5¢C, d
" LOHO2I] 2ttt f OO Istc(d .
Poissons Equation (poeg):
Domain Selection I Selection =Manual
i<>=1 (9 ' HiO,Nis@dzd " O° B, O ) dzh d2
Poisson's Equation (poeq} Poisson's Equation 1
Diffusion Coefficient rc=-1
SourceTerm 1 f=0
Add3 L OHO" Isiulpe0 ds® oadzwHigslzvL S22 [ O, 1] .
[ dz¥ L OH Odedzy dz(Op=t6k d3ts dodP daf s dzO2 Isj * dzfls t
Physics ->Boundary - Boundaries 1 Dirichlet Boundary Condition
Poisson's Equation(poeq)- Dirichlet Boundary Condition 1:
Boundary Selection I Selection-<>=1 (d&z' 9d2 ¢ dgpi]) o Htc' L
Dirichlet Boundary Conditon 1T r=1
[tz GteOddydzk dsseoz &3 f sMisOaddi3s ' L dz
1 OdzOM IHfERANBj sted to' o dZWEIﬂHZEDW).{I-aWjZde:sG sdz2 yO
Helmholtz Equation (hzeg):

Domain Selection I Selection =Manual

Domain Selection 1<>=2 (LOd"h O dits L '[H2])Cd o' HiE' L s
Helmholtz Equation (hzeq)- Helmholtz Equation 1

Diffusion Coefficient Tc=-1

SourceTerm 1 f =0

Absorption Coefficient Ta=1

Adds oadL dzOYO* laj Hywe=0 wzOo aiz apdz? L S22 [ 1, 2] .
] 6 @6 tc Oded Y dzO (BTWE0H O 5! W Oo Is tHed@Hsltf Y dzts
Equation (hzeg) - Zero Flux 1.
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[ dzv H @ d2z8 dzIs® € s drdzd y dzts 2) IAmgiiddstdfi) € Olssted dz'
9 " Hf so " HdztsMis"'

Definitions -> Coupling - Component Couplings - Linear Extrusion
Definitions - Linear Extrusion 1 (linextl):
Source Selection I Geometric entity level= Boundary
T Selection-<>=3 (Is=1lo ' Hg1,2)C O
l S tstedmMistsoz2Ils] ftesCtokzykzo Odzdzgr Csdzj MO
Yydter ' & Y T dHdSEOlststeOBd 2 ° 3.
Source Vertices I Source vertex 1= 3 (Ix=19 " Htd1,2))¢ O
Destination Vertices I Destinationvertex 1=2 ( Ix=19 * H tg0,1]))$ O

Add3 Mmise stes * st MY, -0l HIY s @&pdz' Hipls 'L € O  [xAL, 2]
9 Hte'" L¢O [0, 1].
dHlso sl plcOIlststc 9" HftSe ' HdzsMIs® o L oatstetsls dzk

Definitions -> Coupling - Component Couplings - Linear Extrusion
Definitions - Linear Extrusion 2 (linext2):
Source Selection I Geometric entity level= Boundary
I Selection-<>=2 (Is=19 ' H0,1])C O
Source Vertices T Source vertex 1=2 (Is=19 " H t0,4))C O
Destination Vertices I Destination vertex 1=3 (Is=19 ' H tg1,2))S O

1 OH 0215 ¢ acdmzAsdad 1| ddl Rl=ayfl). Iz
Poissons Equation (poeg):
Physics ->Boundar y - Boundaries 1 Flux/Source
Poisson's Equation (poeq) Flux/Source1:
Boundary Selection T Selection-<>=2 (Is=19 ' H0,1])C O
Boundary Flux/Source g = -linextl(wx)

131 O 2dsaj dzlz Is t6 & o @pelzg udzlz\/(l)lzf%%)lz

Helmholtz Equation (hzeg):

Physics ->Boundar y - Boundaries i Dirichlet Boundary Condition
Helmholtz Equation (hzeq)- Dirichlet Boundary Condition 1:

Source Selection I Selection-<>=3 (Is=19 ' Hg1,2)C O

Dirichlet Boundary Condition T r = inext2(u)/(1Hinext2(u))
l S sdz021Isj tBYydmdzj dzdz? RBtsH §j dz’

Home - > Study - Compute

1" Mdd 0o j toho] dgdRekuftSO o ssdzOIsd ydzts Mlso stes 8 Is! Mmw
CGleOW " ydz clzy d, ) W CiHmo O BCEZ wots o[Oflz’ = t®ugjCx
f sB Izl goHA Y ' dz'cdedfd® * € .  dzv y! st dsy dz0 f
C sz sdejdgzlstiddzzy € © dzO ' L dzgd - 9 ' Hste 910 ¥ X OBH H

W, O fls' &3 ftsBlkzHEZO O ctcOW " ¢ .
Definitions -> Variables T Local Variables
Definitions 1 Variables 1:
Geometric Entity Selection i Geometric entity level = Domain
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I Selection =Manwal,l (9 ' H 0,1 ts €
Variables T Name, Expression =U, u

+ Variables

' Marne Expression

Adds &3 Yo HBdBCfdﬂzﬂzO hots Hts] z§ ©d dze@ 2z 1] OB "
0 dCt5dz02Ils] CdiOdzH Iz

Definitions - > Variables

Definitions 7 Variables 2:

Geometric Entity Selection

1 Local Variables

Variables T Name, Expression =U, w

= Variables

"’ Marme Expression

I Geometric entity level = Domain

I Selection =Manwal, 2 (o * HidLA) S

Adds d3d 9" HsdBdzWUdgs, o M ustc ‘o g ydz02] LB G

[dzv IstsG s,

WipdseO dzOds' HosolEs tetafs dzts 4s

Study 1: RMB > Update Solution
Bzeszddlesd ctOW ™ ¢
1 1D Plot Group

vdfdte BBy dO

Results  -> Plot Group

Results- 1D Plot Group 3:
Data T Data set = Study 1/Solution

1D Plot Group 3 -> Add Plot

1D Plot Group 3- Line Graph 1:

Selection I Selection = Manual,1,2

y- Axis Data T Expression =U
x- Axis Data T Parameter, Expression =Expression , X
Milsdodef ¢ sdzO D ] PPER. s BBz Zdz! IsOIs”

1 OkzOh Isk2 Is j
fsBkHBo Odzd 2

1
0.5
0
-0.5
-1

-1.5

1 © dzO M istzdf fifd<tp@ |

552 ¥ J

1

T Line Graph

(58 dwd @ tg0,1] 'T1C2)

GteOW " ¢, hts °

0.5 1
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4 — Component 1 {compl)
4 = Definitions
a= Variables 1
a= Variahles 2
[5] Linear Extrusion 1 [fimext1)
[E] Linear Extrusion 2 (fnext2)
! View 1
Y Geometry 1
=5 Materials
v< Poisson's Equation (poeg)
72 Helmholtz Equation (fzeg)

1BJtey " Is! W 02 dz, dz@igicdatd EffdgiGnH1, mph * ®ay d3 dz
LOCttdoa O2Isj] 2tG6ts.

1 Olzo Oy § detlzv ts5ls 5 Is 5 jcdzdztizd 4 5 ¢ Gisde@®®H)IssMize O
s jtcOlstc Istsls sy dzidatity MappingH ts B. tc (yisjdeddzve * dz o d € dz
syt ©n OHE©] MOIs O, Ists 266 OteG kzdiz dalsy Jjste juydfd
1 5C 0Oy j di3ts, w gt L 3" dzd ftslste’ Bdats o dgj Misd ¢
s jcOlststs.

l " HCted2Isy WO2d tmMlsOddz' ses ftod & zOHE
st j tcOIsstc 99" HAY' tEfipls 2Hdds
Definitions - Linear Extrusion 1 (linextl) : RMB > Disable
Definitions - Linear Extrusion 2 (linext2) : RMB > Disable
vJjfJte Mlseatste’ Is! B jtcOIststed Istslstsy dzSG B 9" HE

4 < Poisson's Equation (poeg)
B poisson's Equation 1
B Zero Flux 1
E— Initial Values 1
—= Dirichlet Boundary Condition 1
— Flux/Source 1

4 72 Helmholtz Equation (hzeg)
B Helmholz Equation 1
B Zero Flux 1
B Initial Values 1
— Dirichlet Boundary Condition 1

Definitions - > Component Coupling - Identity Mapping
Definitions - Identity Mapping 1 (idmapl):
Source Selection I Geometric entity level= Boundary
T Selection-<>=3 (" o2 Ctw@X) o His" |
l S stedmMlssolz2Ils] ftosCtekzykzo Odzdzy Ctsdzj MO
YyJter ' & Y " dHdEObtsteORRd 2 ° 3.

Adds Mo tstes * Is! MY, -0l 4 (a0 Y idezD Do * H t5[1,2] € ©
o' HY sd Bz@C "' 2 Issyy"' jdmapjo U g tedfiplistse o Ols d s,

Definitions - > Component Coupling - Identity Mapping
Definitions - Identity Mapping 2 (idmap?2):
Source Selection I Geometric entity level= Boundary
Source Selection I Selection-<>=2 fteOad?2 Ct]) 9" Hi

{ MisOdgdg'odgtc® ' Is! mMw I1g. '-Hlf,ts0 " Hdz Mlis
] " mdzvy yr st B o kL dzOR ¢ te Oidxfly dzdlifex2z dzs o
Mz H L Od3 ded Isd ' Id365 dA® xizdizts s tf | dcitDras to t@ap?) . dzdzW
Poisson's Equation(poeq) - Flux/Sourcel:
Boundary Flux/Source g =-idmapl(wx)
Helmholtz Equation (hzeq)- Dirichlet Boundary Condition 1:
Dirichlet Boundary Condition T r =idmap2(u)/(1+idmap2(u))

ldesd®r 3d Mz ks Z3BLOY ' ¢, s ' tOd hj.
t sL 9681 tsEMls’ h s ° ctsH j dz' , o wWg¢'2 9 fSH
Ho ' wW'Lrded dzJ odSitstedmlstso z¥ Is! Mmw Isljjq

Cd B3 Iste’ ' HdzkUnits @Y dzA8Ydg claddzdfnelgis o d (2
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tcj] Odz" L z¢¥ Is+ MMux/Sdarce 9 z'L dafighlet Boundary Condition
odeOLOBd BJjL odSttedMmMisOdzedzy Y jtcOIstste’ 8 L g

1" HCted 2 Is j Discotitl@fidsidn 1.mph : msajBtcj &z Htclz Gt
tesLobwLSCE, ° L& d sy 9 dz sz Mftsm' B ft5°
Geometry 1 - Form an assembly(fin)

Form Union/Assembly T Action = Form aunion

LMB > Build All
10L 8 © boun Agsembly o 1 [ s G3fig@d-orm Union. uts Yy S$x€L
slsted 3O " Hddzd? ‘ Fdzm dASsenigdcts d20  (fifida ddzO y O dzOfr
" dHd S OlststeORRd 2 ° 3) .

' 4 OCIsdeakz2Isjy OBtstfg cOBERKEY abBOdd CE (9
def W' §OId) .
Definitions - Linear Extrusion 1 (linextl) : RMB > Disable
Definitions - Linear Extrusion 2 (linext2) : RMB > Disable
LV 9 Iz FlukSblrce * Dirichlet Boundary Condition LOf dh " Is Is
Wtstedszdzd B J L oS BtedMmMlsOdzdzy f jcOlsBBte” 8 L &
ssy¢ d, Bts L d3" dz0O '~ - @azibyg deOdgdzf ¢ Qistsfpy ® ) &z
odetstclz ydrs obkL dz' 9.
Poisson's Equation (poeq} Flux/Source 1:

Boundary Selection T Seletion -<>=2 (Is x=1)
Boundary Flux/Source g = -wx

Helmholtz Equation (hzeq)- Dirichlet Boundary Condition 1:
Source Selection I Selection-<>=2 (Is x=1)
Dirichlet Boundary Condition T r=u/l(l+ u)

l S s8dz021s] tRisd filgtdz] dzdzw
Home - > Study - Compute
' 9 1O PldeGroup3slstced dis©21Isj Ists2 3 J cwOW ' ¢, h s

I fcOo @sLOOWY 5! dzOMisky dzz CtsdzsOCIdzk € 5O

2 2
dl::l, O0<x<] dV;/+9w:0, 1<x<2
d x X
L kdise Odzd
du dw dw
u(0)=1, ax|_ " dx|. w(1) =u(1), ax| 0.
1.1 dStstedmistsoze yd Ho O Ctditsdiifdodd HdsRle 'O
O Hftso Hdzetsfils' OB Islstsy dzsects 9" HiSBCOY J
2.l dSstecdmlstsoze yd Ho' cw ' Ld<ede ) SH dzts d3
o' Hf s9 " HdzsMis ' .
3.1 dS sted Mis sOtdZ s oudg” drda™w AsinbiyL)B * iz Qonor(liy .
4.1 S stedmisse ¥ yd Ho ' W Budaf Qa9 B jtSIH dzis dflE t
s J cOs] Bo." Hdzts s’
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510fdMOea"d L OHOYE ugH)ds=FE®) b dztsdzdzy @ dzd ds

Csj W yKix o;%ots Uts@m{ss’Dfnldec(xl)s:Kel X<11

0.8
0.6
0.4F
0.2F

0.2 F
L

544, &= )l cscddz o' dzv dBROAY) telst5°
{ ' odzWdzdzw to' o dzse O d L[7]édzElsts’ BOd&Sd RO ¢
d2 &_. d*> 0
dngJd 218" a(x), (1)
Hjq(x) 1L tse dg' h daw (UBUJ'[GJ'L{C'ZO) fnd zO, L ELOR TS
EJi 3ch'delzy dzsfls® RBOIsjte' Odzz B Ot .4 A I ddfsylj
u(x) e dzv' 9 jtelsd S Odz digifg O BY §gEatal Hsts ydz© o O dzls
CtcdL BdzlsOdz! dalz C sSteH d dzOIs Iz

l 9 jH] BS usuwoz@augezlz‘;dzw/\lzdzgu'wp(x) dzOL d o O Is!
X

L¢ddzO stz jdglzls s B OdzL s S0 Ists™yaydgwBdz o © gH
‘j'j'\fz-q,'m @5 fBEVHCE By @O LOfdmolsd b
X
HW jteoj dzy' Odz' dEcfss fids tovdaSole . 2

d®u
IEJ—X='M()

| d
1 2
iOIZMLQ(X) ?
bdx?
] BOktedudssdisz L OfdMm' MdMmisj 8O &BO° o dc dv H
d 33EJ 05 d &u dd 1ug a0
0 (3)

oo+é’10 Q
dx%o 18 BB 8
) 6 q S ZOH 15 OEDW 02 & ) b s s offdg SIS 57

se kz
L dzOr tsH d Is! fifwiz rffCfiple GHzZB b @dfls @ dzv o d L dzOy ndegmis
L=1( His9 ) d &zOE=B1A&L, )

6g,,0¢x<1/3
q=10,,1/3¢x<2/3, H jg, =-1,, =0.95,q, =-
tag,,2/3¢ x<1
12OC d o € Q@ dzs Is' 2O BJg Hh Bt b &) dafmy o .
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i SL o@ddEdg"O HEGf Bt d@O2MStcO® Mlse s’ Is! 11

File - > New - > Model Wizard - > 1D - >

Mathematics - PDE Interfaces - Coefficient Form PDE (c)

1" mdzw 9 d ¢ tsdzOn\daddr] Y@ dzHndO2 s f jti mntsHdIs
g ff 5y @O tsae iz tfu O ReyiedzPhysics Interface 9 i Eudmber of
dependent variables L OHO2Isj ¢' dz' €' Mmls2, dZj o dzd W -
" n T uMded ts &zeld name 9 9 j W Is !
Review Physics Interface:

©

Dependent Variables T Field name=w
i Number of dependent variables= 2
I Dependent variables =u,M

Select Physics
L | Review Physics Interface

Coeffident Form PDE ()

+ % Chemical Speri~- Dependent Variables

&= bemiconductor Field name: w
Y i
Y r:13t|‘| ematics Mumber of dependent variables: 2
4 Ay PDE Interfaces .
Dependent variables:

A Coefficient Form PDE (c)
Au General Form PDE (qg) M
Lou Wave Form PDE (wahw)

Jav Weak Form one ”

1 Ols d Mdz' IsStudy dztotfdSBlzj tc* Is' Is Qtdfionayts ipdz" H Y j dadaW
lddiz3C dz' s 9 dBsHjdz' Cdstetsdz? tesL BB tedatsmls j 2
Untitled.mph (root): Unit System T <>= None
1 OHO2I] OO Isted isH J dz'
Global Definitions: RMB > Parameters
1 11 Mmlse stocj dats ®PwmametdzsLodzOls OB dzd y*' of Oc®dimriets” o
9otH! Isj] ' d&i3j dzO {f OtEPEsside tci "o, LOdz®@y JCdedirts dzy

+ Parameters

' Mame Expression Value
gl -1 -1
g2 0.95 0.95
q3 -1 -1
E 1 1
] 1 1
L jsdy sdgsig dzOH Ols d dsj Is [Ofd)! LH oas'AH ' SL HO dzé o O dz?
Geometry -> Primitives - > Interval

Geometry 1 - Interval 1 (i1) :
Interval 7 Number of intervals = Many
Interval 1 Points=0,1/3,2/3,1
LMB > Build All Objects
1 sBlkHE2Iy ¢ M LCE.
Mesh 1:
Mesh Settings I Element size = Finer
LMB > Build All
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1 OHO21Is] MdMmilsj d3sz tc' 9 dzv Hz Caéificigntd-pran PRHS(g); "
Coefficient Form PDE 19 MfMmj € y' DomandSeltztiolz tBtcOdzts 9
9 ' Hito' L B¢ daHfJlS ©klistcd tdis)L HEQuelion 3 1) Off dsfp @dz O dz! dz( -
(o jSCIststedzed?2) odH MmMdMmilsj &i3d to' o dav dz

2
el lyvd MMipd cbu- au+g)+pbutau=t,

a

ut ut
. au g, _ A wo | . |

HJu= 8 SJQIstB;uzasaﬂgNﬂ)lﬁu—al s jtcOlstste HAW j toj dz

g -
YoMt didzl 1 ' st oi'sis b G BB s Iz ey | dztiztiz’ dzdf B Zudzj dz
LOHOdzo[;) f Ldg hj).

Diffusion Coefficient T c= %01 04

Absorption Coefficient i a_éO 1G

" ~8 of

~

. a0
Source Term 1 f:%§

0 05 405
v dz R B s gyt wsb;g?% gg g_%g

] Ckztemkz i i@k " dgaEExyss GD'dls‘ 8HdZW o' dz! dzs G
LG tc Odzed ydz Edsso d d30O¢ Is! 9dce dzv H
u(0)=0,M(0)=0, u(L)=0,M(L)=0.
1 OHO2Is) y° ditse (.
Physics ->Boundar y - Boundaries i Dirichlet Boundary Condition
Dirichlet Boundary Condition 1:
Boundary Selection I Selection = Manual,l 4 (sx=0"' x=1.
Dirichlet Boundary Conditio niry,r, =00

+ Dirichlet Boundary Condition
4 Ay Coefficient Form PDE ¢/
B Coefficient Form PDE 1
- Zero Flux 1 n o
E— Initial Values 1
—= Dirichlet Boundary Condition 1

[¥ Prescribed value of u

[¥ Prescribed value of M

Fz 0

[ BHO2Is] o Is gt wedds Y W Bource , dzO wedn L OHO2Is]
Lsodzs hdg! sets totsL ftsH' dzj desets L zfd dzdzw .

Physics ->Domain - Domains i Coefficient Form PDE i Source
Coefficient Form PDE (c) - Coefficient Form PDE 17 Sourcel:

Domain Selection I Selection =Manual, 1 (9 " H 0,43 ¢

0
M
Coefficient Form PDE 171 Sourcel: RMB > Duplicate

Source Term 1 f=
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Coefficient Form PDE 11 Source?2:

Domain Selection I Selection =Manual, 2 (9 ' H tg1/3218]9
Source Term T f= O
N2

Coefficient Form PDE 11 Source2: RMB > Duplicate
Coefficient Form PDE 171 Source3:
Domain Selection I Selection =Manual, 3 (9 ' H td2/31)¢

0
N
l S sdz021Isj B Ydmdzj dzdzv .

Home - > Study - Compute
l tjLEzd fs®islz H HRBEER fcdzo O ( ctcOW " ¢ dzj 2 Istc Odz!

0 T T T T

Source Term 1 f=

-0.0001

-0.0002

-0.0003

0 0.2 0.4 0.6 0.8 1

dlso Stg'telOW * ¢ L ¢ d dzOdzM dztsts sy ddfod3 jddidscias  md Mls j o
fsBkzHiE2Is] IOS tzjuxxc (¢ 1T B3O Y W& Euj ).
Results- 1D Plot Group 1: RMB > Duplicate
1D Plot Group 2 - Line Graph 1:

y- Axis Data T Expression =M
1D Plot Group 2 - Line Graph 1: RMB > Duplicate
1D Plot Group 2 - Line Graph 2:

y- Axis Data 1 EXxpression = - uxx

Coloring and style i Color,Width =Red,2
LMB > Plot (ZOM ] dzd?2 tdifkzdasS o o tstekzy
001 001F T T T T T

0.005F 0.005

0
-0.005F
-0.01F

-0.015

0
-0.005F

-0.01F

-0.015

0 0.2 0.4 06 08 1 0 0.2 014 Dl.ﬁ 0.8 1
¢ BOyYydlsj, Gt OW " Uxx H tclzCe SHdig(~d3. H dzis S G S
sCteOh dIsd, wehts LOMsmMizeoOlsd odh ' 2 ftstow
MisOdzts o dzj dsadratictc g ¢ df Bstcf! H 5C . I MBWbdis o § tstc W Hstis
dr WEdEy' 2.
oefficient Form PDE (c):

Discretization T Element order = Cubic
1 Odzso s tsBYdmdz' Is+ s H § dz! ‘1D Plgt Sgpowp2H 22 § §
slsted B3O’ Isj] cOW ' ¢, LsBtoOY jJdzd?2 dzO ¢ jte]

C
]
)
Y
C
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1BBIZHED@;&GW‘BQBEQ&M&IZXJ((R(?QMJU’Hljtsa'Hdzls
¢ ' lfisL d iz deliPP ] ' = "®OZd HES HJIWBdkzo:
Xy, f jtejatsHwis! o kUt L Sttt ddOlsOdd

WOy b \/1+(u;<x))2'
¢h fsif J o] ydad 2 i J tejdc?, BB crffy dfiD 1 tftctdry d telfck
L dzOyOs 5! v L O W st dik s

s, (xy)= (X) (5)

HJy-9 J tols d OOk teltg c[delsOdz@yean‘g’Hsa‘dzJ@‘lsteGlsW‘dz‘ 2
I j dzdausf(ozy) B zHj 9 (¢ tsidpndzts o i iz @28 of ‘= QO oddg) daC
cf so j 8P dzl d e

[ BHO2Is] ©® WWsHjd HeoBodd twdzd?2 ¢ s tsdzj C
Untitled.mph : RMB > Add Component - 2D
BSEts G6J tsd3j Iste’ WL M€z dods didig WsdsttWiz Is dzd € ©O.

X = Ui(x) y “ Y =ul(x)+ y (4)

Geometry - > Primitives I Rectangle
Component?2 - Geometry 2 - Rectanglel.:
Size 1T Width, Height=1, 0.2 Ho O )Y tsdzw
Positon T Base, X, y=Comer, 0,-0.1 (Is te tff tspzw

LMB > Build All Objects
1Oz Oy jdedgtocdBzdzd (4), (5) 990308 IX, hts o

1 5B IzH & 2 5§ df@fiy lsi3ts Sz dsdeliz .
Mesh - > Generators 1 Mapped

1 OH G@tds jd3" tod fif dis Ssdd dzts €

Component2 - Mesh1i Size

Element Size T Custom = True
Element Size Parameters T Maximum element size =0.025
LMB > Build All
0.17]
0.05
i
-0.057]
-0.17
I 02 |0.4 |0.6 IU.S 1
ztsB dz20 ¢ j Isd34 Istc® ° " dzh sets SR sdj iR B®C B C

dz2t sd3z (f jteh sz SRR sdzj dzls' ) ftslste’ B des flse
Component1.:

Definitions -> Coupling - Component Coupling - General Extrusion
Component 1(compl)i Definitions - General Extrusion 1 (genextl)
Source Selection I Selectioni Manual, < >=Manual,l 23 (o' Hd0,1])5¢

Destination Map T X-expression= X
1 detso @fIs sHR BB =compute. 1 * W HAsH Ols SSBayd{Andzj dz' dzjp B
o d¢ sz BIsTBPzY 9 tcG Rekults- Data Sets d3d L d3tnydytdighs d
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HY Jto] dzts, HOWUzd 8 azmtgdMistso zo Olsd Ho o dd3 tcdzk
C sd3tf sdzj dzls O.
Resultsi Data Sets- Study 1/Solution T RMB > Duplicate
Data Sets- Study 1/Solution 1(2):
Solution T Component= Component (comp2)
]l 6 'RexultzH M2 I8 jJc OW ° y dzlPD Rotc Gfolp © Mlseo s’ Is! 9
Surface .
Home - > Results - Add Plot Group -> 2D Plot Group
2D Plot Group 3:
Data T Dataset = Sudy 1/Solution 1 @
Plot Settings I Plot data setedges = False
2D Plot Group 3 -> AddPlot - Surface
2D Plot Group 371 Surfacel:
Data 1 Dataset =From parent
Expression 1 Expression = 1
Coloring and Style i Coloring , Color =Uniform , Black
i Wireframe = True
L o Buriie IMlsoste’ Is! "  HokzLtsdz HJWEBStedZOY"
2D Plot Group 31 Surfacel: RMB > Deformation
2D Plot Group 371 Surface 11 Deformation 1:
Expression 1T X component =
- compl.genextl(ux)/sqrt(1+compl.genextl(ux)y*2)*y
Expression T y component =
compl.genextl(u)+y/sgri(1+compl.genextl(ux)*2) -y
Il ojhjsdels Logps @t tseo' HOsIs! Iz o(xDykstelzw Ciff iz
odL d&2Z0OyoO’ Is: mMw L O M BXxFKeE & Dy =W sy d3kz dzd
LMB > Plot
1l ] L ko WO s de@z@uitadad B ZH ] & Misdlilsg & Q&S G gd
L sBteOY J dzgdz?y B OdzGC

1 |
1 1 T I

Il ctOW '#Hydd Plot Grasp 2Mise stc’ Is! h jSurfe o dzW § H 2 ts di3
9dSitstedmMIsO’ d3s Hozv W EdS y tdzOdz) dzsets L OB Otse
2D Plot Group 31 Surfacel: RMB > Duplicate
2D Plot Group 371 Surface2:
Expression 1 Expression = compl.genextl(M)*y
l9ojHjdd8 Bfie®L  BOtc 3z dz' (5).
Coloring and Style T Coloring , Color =Color table , Rainbow
T Color legend =True
T Wireframe =False

LMB > Plot
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A 153x107°
T T T T T T X10-3

0.1

T

1
0
-1

O .

0.1k - .

'0.2 - 1 L l‘ 1 1 L -~
0 0.2 0.4 0.6 0.8 1 ¥ -1.53x10°%

sMisOdzdz! Sl W iz B A Oy J dzdzv B O dzC dff d3L W
Otc o zfs dzeraBCdE) to L @uintsa(tc Oy J dzdzv d3.

s ofyg stcd L o dz M dz ol dzd o d usS@Hc@Uplr| tote
cddz o' dz' dzts i tcds@n SH @G ©dRY , ¢ H H"
f SH' dzj dzs G 51 'd2dpOdizzOB @ @l IsGO s o9 d ¢ dzv¥ H

u=—3 (L3x— 2L + x“).
24EJ
1 d3' dzd 3t L dzOy 4 dzdzv f OtgGdpi=lg,tc-19 @BLBOW Yy PEBE
COMSOL' (Bt adg" " di3s ctcOW ' C (.
Parameters:
Parameters 1 Name, Expression=02, -1
Home - > Study - Compute
Results- 1D Plot Group 1: RMB > Duplicate
1D Plot Group 4 - Line Graph 1: RMB > Duplicate
1D Plot Group 4 - Line Graph 2 :
y- Axis Data T Expression =-(x - 2*x"3+x"4)/24
1 &3° dgOssgls JddszOdzs” , NP tsB Ctedeo’ o' Hite' L
LMB > Plot

0
-0.002
-0.004
-0.006
-0.008

-0012F

1 f
0.6 0.8 1

1
0.2

1 9 dyo?2 datsdls + "y L&@‘Iﬁh&ﬁ‘?lot Group 3.

T T T T T T A 00125
0.1k - %1072

1

O FHHA AT e T 0.5
0
-0.1 S 0.5
-0.2 k. 1 1 1 1 1= -1
0 0.2 0.4 0.6 0.8 1 ¥ -0.0125
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545 % 1 0lsdfMmdsj 20 2O S©OWE BO®RSO §'H H''5 L

t ' o dat dzdptirdz? §LOdZOR tsH st v dif N & O tzs O astsdwBO 9
fstf jtoj Hdz' i3z st EIPSOtOW " L fifj toj HY J dedr dzO o

f ¢ dzcmm)b%fqi @(x- x), WL 2fdddy, §tdCdkdyid o

HydWkasSy' °~ t[ 5tz SO MO W OtcOx tetPB ]
Lo sHdIs! Mw HpB OHPB] @Isdz § shdz' Hise dz Mis+ H'
fsolststes fesf jtejHds 2 ftodC dzOH, LO oddawiIs¢
ssystse . L kMmd dzdzw

fsLoadwy BB Yy L OHOYLkE, odestedmlsso 2y yd
vtsBlsSs Sty day L o' eadawder MmMdMmlsidd (2) 5§ 4
sCtoj Bz cw' LdCkze. 2 J sHd2ZO sMmtsBdzde ' Mmls:
fsf jtejHdse B, "0’ By Cis@YigOadaizy ¢t

u(0)=0,ui(0)=0, u(L)=0,ui(L)=0.

CS dOmdz" HisC, o MmMdmilsj &3 (2) Hdzw ff j e G-
HiczgitgtdlsH dzts” . A8 Ctsdz' L "¢ i3d | tSebd &OES i3,
andDAEs * dzlsj oW J 2 .

[ dzv s dz' H L EO@dEMSte @z dz! dzd?2 Lo o6V L ¢

u(9=1op 58 Glxx) ®

1 3G(0x)=(x- )50 x)x - SX(L- xP(Lrax)+|x- x[L 1 dsd

f stc" aggw 2dse BSGHE, tlsttd BOded &3 Md Mls j dtss

1 tod € dAOSHC dzOHE =B =54 ' tesL 9 O W )y j dzgs  C tc O288DdC dL O
Hiso sfldz 300 dMISBEIO®OA sSH s v ' H dBOS @ dzla O

{a}={-11-1}, ¢ted ¢ &zOH j ddkF={ %158} y Q G Istézdff figafRts ¢
fswider ' fsMmMsOdeso Sk L OHOY' .

T T T T
2 30

(=]

{ 5L o@dgddvis ydz' 54 fls o wOjindsdzy czigeal jds's dz' Milss ¢
File - > New -> Model Wizard -> 1D

10 JkOof’ o d Bzts oz’ Sdlgct#Physice] € dLe® H st ts d3ts ¢ Asld C dzt

odB &L " IBOLE HO' c¢W '  Ld¢de:

Mathematics I Classical PDEs I Poisson's Equation (poeq)
Mathematics I Classical PDEs I Poisson's Equation (poeq)
ltcd odBtSts' Hiczetsets to' odeW dddesL d @O0 HB dz0

9d¢ tsdzO? Is jStudyts d3O dzH Iz
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Select Physics Review Physics Interface
__Search_|

4 Ay Mathematics LI Poisson's Equation (poeqZ)
Au PDE Interfaces
24 ODE and DAE Interfaces

CJ Optimization and Sensitivity Dependent variable: M
4 7+ Classical PDEs

v< Laplace Equation (lpeq)

Dependent Variables

v< Poisson's Equation (poeq) Units
"T"':;' Wave Equation [.'.'..raeq] Dependent variable quantity
72 Helmholtz Equation (hzeq) I Dmersioniess (1 j
72 Heat Equation (hteq) -
v+ Convection-Diffusion Equation (cdeq) Ll Source term quantity
Add | None -~

Added physics interfaces:

7+ Poisson's Equation (poeq)
7+ Poisson's Equation (poeqg2)

1 O JEeleiSudy o dBj Batosaty ( MisOy’ tsdf@te dadsdz’ H Y J
'dzOIs d M dz' IsDoneS dztsf € Iz

ld &3¢ dp IsdstsH j dz' B s dglstetetizisy 2 W.' L Jyded~ 94
Untitled.mph (root): Unit System T <>= None
1 OHO2Is] fOtcOdj Isted BsH | dz'
Global Definitions: RMB > Parameters
1 1] Mmlse stcj dats ®PwmametdesLodzOls OB dzd y'  of O%kc®ditpiets” o
9otsH! Isj] ' &3 dzO  OtEPEsgida el ‘o, LOdZ2® Y jSdediMs dzy

+ Parameters

Unit:
m-2

Mame Expression
gl -1
gl 1
E 2
] 54
L 30

i SLIOR ZdZS SaB H SazdzO MIS 'dzOH O IS0V ks WYSH,Ic" 08 ¢
BkHEIs! ftods zOHOIsdmMw Ltsodz hdz? dzOo OdzlsOcG (.
Geometry -> Primitives - > Interval
Geometry 1 - Interval 1 (il1) :
Interval 7 Number of intervals = Many
Interval T Points=0,7,15,23,30
LMB > Build All Objects
Component 1 (compl) Mesh1:
Mesh Settings I Element Size= ExtraFine
LMB> Build Al
11 lokzLfdgOwh ts°  cRbissond Eqdadion (poeg tf j toj 8 ' tls jlj Shyts
o d B tOteain Selection sSBtcOdzts 9 J fiMmlis &8 Wdisite] CLOdSCs o 1,
] slIs" &3 LOHO2Is] f OtOd3j Isted tc° o dzv dzdzv .
Poissons Equation (poeq) - Poissons Equation 1:
Diffusion Coef ficient T c=EY
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Source T erm T f=M
Adqd3 LOHO' Is! MW -EJgG=M(OJ' o dzgVv dzdzv
1 OHSQ2?2 dzz dzt B89 " GteOded Yz EZl@seod HAzv WEdS Yy’
Poisson's Equation(poeq)

Physics ->Boundar y - Boundaries i Dirichlet Boundary Condition

Poisson's Equation(poeq)- Dirichlet Boundary Condition 1:

Boundary Selection I Selection = Manual,1,5 (s x=0 ' Is x=30)

Dirichlet Boundary Condition Tr =0
1 OHO2I] OO Istcd Htekzetsets to' o dgW dedzgw 1 O
Poisson's Equation Apoeg2)- Poisson's Equation 1:

ljtejo' tedsjMmj ' Domandaetditalz tsBtcOdzts o j My )

( Mistswizsi'd C Olststed 1, 2, 3, 4)

Diffusion Coeffi cient Tc=1

Source Term 1 f=0
Add3 odL d&zOyoO' IsMjp®0. Xetc ® ald¥ dzdg'O M ls d dzlz f slstc” B
Mi=-8.f@x-x) L OHO22lsj L O Hi{ sHgskSare.okzL d' o

Physics -> Boundaries 1 Flux/Source
Heat Equation (hteq)- Flux/Source 1:

Boundary Selection I Selection, <>=Manual,2 4 (Isx=7 ' Isx=23

1 sMjtej HY J d&' dz0 Oz Hdz® ¢ tsas'y $,0n" 7 d
s H dzts A3z Flux/Baurdz

Boundary Flux/Source T g=ql

Physics -> Boundaries 1 Flux/Source
Heat Equation (hteq)- Flux/Source2:

Boundary Selection T Selection, < >= Manual, 3 (Is x=15)

Boundary Flux / Source T g=Q2
| 60ded Ydzd 7 k3o M B dztizOb § &zd yPde ' k)90 ,
ui(L) =0. 2B o tjOd& LkzeoOld o ¢ dzyjodn Ist

dzj ' HESdR' ) L¢ddzadzM@) ' mgsMillizisd ]l 9 Oy Olsd d&5j o
HSHOIsSCtso dd3d dzj 9 H sd3d d3gf te PeHEMUE O deY ¢ dffr H
Xx=0"x=L.
] COMSOL mMeOdwtedzze o J dzdyddzz o Issyy’ d
L tsdzH ts9 ts domaids poatzdzts “probe . ]l sz is d Is L dzOyJ dzdzv
9 J dzd yd dzd ol Isdz@my'* 2 B H | d BkzHEIs! i ts
o' HiNdz HS So zo Ols d Bz luy(0), wided & | dztizts ' # 55 Y H dzd B dar
Definitions : RMB > Probes i Domain Point Probe
Definitions - Domain Point Probe 1:
Point Selection i Coordinate=0 (Is ts ®%=0)
Definitions - Domain Point Probe 11 Point Probe Expression 1(ppbl):
Variable name= 271
Expression 1 Expression= ux
Definitions : RMB > Probes i Domain Point Probe
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