Introduction to
Berkeley Madonna

Commerical Products

Graphical Interface Differential Equation Solvers (GIDES)
= Berkeley Madonna
» Download demo version
» Solves “stiff” differential equations
= STELLA
» Java conversion available from Shodor
= VisSim (Mathcad)
= Simulink (Matlab)
= Simile
= Model Maker

Madonna Interface

Equation Window

]

= |nitial opening =" e
window i

= Can enter
differential
equations
directly




Madonna Interface

Sample Equation Window Entries

Untitled4 - Equations  [Si[ml ES
= Differential equation Run
» Begins with d/dt {Top model} =
» R1is a variable that changes {Reseroirs)
> INIT is the initial value of R1 didt (R1) = - J1
= Flow INIT R1 = 1000
» Differential tion expression didt (R2) = +.J1
e.e al equation expressiol =
= Function
» Constants, conversions, values, etc. [Flows}
J=F1"R1
{Functions}
F1=1

Madonna Interface

Flowchart Window

e

= Select B e —
N F\\e EE- :-l-I W e ed d
> New Flowchart S22 '

= Note that
Madonna uses =
Java 1.1.8

Madonna Interface

Flowchart Window - Icons
Il Untitled5 - Flowchart =] ES

o> 8.0 T |<}> |[HEH| atias | hide

Select Tool

General Purpose Editing Tool for
selecting, moving, opening, and
editing objects in work area.




Madonna Interface

Flowchart Window - Icons

Il Untitled5 - Flowchart (O] ]
| —es (g | T | <= [ | atias | hide

Reservoir Tool
Represents a value undergoing a
change.

1] | H .z
Madonna Interface
Flowchart Window - Icons
Il Untitled5 - Flowchart O] x]
A | —es (g T | <is [[TTH | alias | hide
Formula Tool
Contains constants and transformation
equations.
0| | v ;

Madonna Interface

Flowchart Window - Icons

Il Untitled5 - Flowchart

S |- %a| T | <} |[HHH| alias | hide

Arc Tool
Links various Reservoirs, Formulas,
etc. within the model.




Madonna Interface

Flowchart Window - Icons

Il Untitled5 - Flowchart

A | —es || T |<i> [TTH | alias | hide

Flow Tool

Represents a change with respect to
time of a Reservoir (left attached
decreases and right attached
increases).

< | oz

Madonna Interface

Flowchart Window - Icons

Il Untitled5 - Flowchart (O] %]

A | —es (g T | <is [[TTH | alias | hide

Text Tool
Generates comments, etc.

Madonna Interface

Flowchart Window - Icons

Il Untitled5 - Flowchart

S |- %a| T | <} |[HHH| alias | hide

Alignment Tool
Beautifies model.




Madonna Interface

Flowchart Window - Icons

Il Untitled5 - Flowchart

A | —es || T |<i> [TTH | alias | hide

Alias Tool

Copies other tools to simplify models.

Simple Model — Falling Calculator

System
y = height
y’ = velocity
= (acceleration)(time)
y” = acceleration
=g=9.8ms?

Simple Model — Falling Calculator

Madonna Model
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Model / Run




2 - Run 1: hght s, TIME

Model / Equations

[Reservars)
it (height) = - Dewrward_Velocity
INAT bueighe = 100

(Flows}
Dowrward_Veloity = 88%ime




Simple Model — Falling Calculator

Madonna Model — Accuracy

= Air Friction
= Bounce

Solving of Differential Equations

Taylor Series

Yt O Yo o = o

=y., = value of reservoir attime t =t
=y(t, + At) = value of reservoir at time t = t, + At
= Methods

» Euler retains first two terms
» Runga-Kutta 2 retains first three terms
» RK4 retains first five terms

Chemical Kinetics

Sure looked like a natural fit to me!!

Il Untitled4 - Flowchart

FE——F




Kinetics Model

Dimerization of Cyclopentadiene
2nd Order Diels-Alder Reaction

Kinetics Model
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Untitledt5 - Run 1: Mononser, Dimer vs. TIME ]
Page1 [
Run|w |- |@lo|e|r||p= |« f@el |- Plun 1- 500 stepa in 0 seconds
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£ — Sreed =0
- | !
Bimai 0
wi=
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200 [Rassermirs]
o @it Manomen) = - Reate_of_Manomer_Loss
INIT Manomer = 1000
L i (Dirner) = + Rate_of_Disnar_Fomnation
el | INTDimer=0
[} 1
[Flows)
s Rste_of_Menomer_Loss = Rate_Constani™Moncmar<2
Rato_of_Dimsr_Farmation = Rate_of Mansmar_Loss/2
e T Ty
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o

Michaelis-Menton

After Len Soltzberg (Simmons College)
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dEd = 1 ES k1 ESHIES

|Functions]
L k=1
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Fiun Chemical Reactions B
1:E+S <> ES | Feactants Products:
RXMT = KIFE™S - KIFES o |
Kif=1
Kir=1 & K
INTE =1 Remove | | Modiy
INIT'S =10 1 E45 <> E5
dfH(E) = -RN+RXN2 2 ES < PeE
dAdt(ES) = +REN1-Rxh2
d/dt(S) = -RxN1
2:ES <-> P+E
RXMZ = K2PES - K2rP7E - Inifial Concentrations: Show——————
Kaf=1 TNITE -1 ¥ Rate Equations
ﬁﬁﬂ n ¥ Rate Constants
didt(P) = +RKN2 NITS =10 :Z Initialzers
METHOD RK4 ¥ Dilferentidl Eqns
STARTTIME =0
STOPTIME=25
oT=no2 Caneel O
=

Oscillating Reactions

Criteria

= Two or more coupled reactions

= Autocatalytic




Oscillating Reactions

Briggs-Rauscher

*H,0,
=KIO, and H,SO,
= HOOCCH,COOH, MnSO,, starch

Oscillating Reactions

Belousov-Zhabotinskii
BrO; + HBrO, + H,O" - 2 BrO, + 2 H,0

2BrO,+2Ce* +2H,0" -
2 HBrO, + 2 Ce* + 2 H,0

= 18 reversible steps
= 21 different chemical species




~60 s intervals

Gentle Stirring

Oregonator after Len Soltzberg (Simmons College)

A+Y-X+P
X+Y-2P
A+X-2X+2Z
2X-A+P
B+Z-(fl2)Y

where

A =BrO;
X =HBro,
Z=Ce"

P = HOBr
B = organic
Y =Br-




Il oregon - Equations

Fl

{Top model}

1]

{Reservoirs}

didt () = + dxot
INIT X = 0.0001

A/t (&) = + disdt
INIT A =0.06

et () = + dvdt
INIT ¥ = 0.0001

dfdt (B) = + dBdt
INIT B =0.02

dédt (Z) = + dZdt
INIT Z=0.001

{Flows}

et = KEFTATY-RZTHTY HREATR 2R
KITATY-RETATH AR A2

KITAMY KW 0. 5TkO"BE
kO*B™Z

dZdt = 2*kETATK-KO"B™E

{Functions}
ko=




Other Applications

Debye Theory for Monatomic Crystals
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TTop madel}

{Reservmirs)
d/dt (Debye_Integral) = + Integrator
IMIT Debye_Integral =0

{Flows}
Integrator = IF(u=TIME)THEN{(3/u"3)*(TIME*3/(EXP TIME})- 1)) ELSE(D)

{Functions}

Theta = 200

T=200

u = Theta/T

Cv =B344 Debye_Integral-3*u/(explu)-10)
Thermal_U = 3"8.314"T"Debye_Integral

5 =38.314%(4/5"Debye_Integral- LOGN(1-exp(-u)))
Thermal_A = 8. 314 THILOGN(1-expl-u)}-Debye_Integrall




