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Commerical Products

Graphical Interface Differential Equation Solvers (GIDES)

= Stella
» Free run-time version

= Berkeley Madonna
» Free run-time version
» Solves “stiff” differential equations

= VisSim (Mathcad)
= Simulink (Matlab)
= Simile

= Model Maker
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Stella Interface
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Menu / Icons
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Stella Interface

Building Blocks — Stocks
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Value Undergoing a Change
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Building Blocks — Flow
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Change of Stock with Respect to Time
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Building Blocks — Converter
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Constants
Transformation Equations




Stella Interface

Building Blocks — Connectors
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Links Building Blocks

Stella Interface

Tools — Hand
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General Purpose Editing Tool
Cursor Pointer

Stella Interface

Tools — Dynamite
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Delete (No “Undo”)




Stella Interface

Objects — Graph Pad
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Graphing Results

Stella Interface

Objects — Table Pad
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Spreadsheet-like Table of Results
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Solving of Differential Equations

Taylor Series
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where y,, represents the value of the “Stock” at time ¢ =1, and y(#,,+ Af) represents the value of
the “Stock™ at time £,+Af.

Solving of Differential Equations

Euler Method

Wt +AD =y, + At F(t,.y,)

First 2 terms




Solving of Differential Equations
Runge-Kutta 2
Ao, +89) = 3, + Sy + o)

o, = F{t,5,)
o, = F, +Aty, +o,Af)

First 3 Terms

Solving of Differential Equations

Runge-Kutta 4
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First 5 Terms

Simple Model — Falling Calculator

System

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




Simple Model — Falling Calculator

Stella Model
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Simple Model — Falling Calculator

Stella Model — Equation Layer

- SSTELLA® 7.0.1
File Edit Egustion Run Help

Z3STELLA® Research 7.0.1

& S

_a [ heightd) = heightit- df + & Downseard_Velocity) * dt
IMIT height=100
OUTFLOWS:
== Downward_Velocity= 9.8%ime




Simple Model — Falling Calculator

Stella Model — Accuracy

= Air Friction
= Bounce

Chemical Kinetics

Sure looked like a natural fit to me!!
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Kinetics Model

Dimerization of Cyclopentadiene
2nd Order Diels-Alder Reaction




Kinetics Model

Dimer
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Fie Edt Ecuation Run Hel
.S STELLA® Research 7.0.1

& &
[ Dimerty= Dimer(t - di) + (Rate_of_Dimer_Formation) * dt
INIT Dimer=10
IMFLOWYS:

<% Rate_of_Dimer_Formation = Rate_of_Monomer_Logsf2
1 Monomerity = Monomerit- df) + (- Rate_of_Monomer_Loss) ™ dt
INIT Monomer= 1000
OUTFLOWS:
<% Rate_of_Monomer_Loss = Rate_Caonstant™onomer*2
O Rate_Constant=0.01

Michaelis-Menton

Len Soltzberg (Simmons College)

E+S<=(ES)

(ES)-P+E
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[ E(Y) =E(t - dt) + (dEdE) * dt
INITE=1
INFLOWS:
% dEdt = K1*E*SHm1T*ES+2*ES
' ES(t) = ES(t - dt) + (JESdt) * dt
INTES=0
INFLOWS:
«» dESdt = k2*ES-kmT*ES+K1*E*S
[ Pty =P(t - dt) + (GPdt) * dt
INIT P = 0.0001
INFLOWS:
«» dPdt = k2*ES
S(t) = S(t - dt) + (dSdt) * dt
INITS =10
INFLOWS:
O dSdt=K1*E*SHmMT*ES
ki=1
Kk2=1
kmf=1
InP = LOGN{P)
S_recip=1/S

O
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Oscillating Reactions

Criteria

= Two or more coupled reactions
= Autocatalytic




Oscillating Reactions

Briggs-Rauscher

=*H,0,
= K|O; and H,SO,
= HOOCCH,COOH, MnSQO,, starch

~15 s for each cycle

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

Oregonator by Len Soltzberg (Simmons College)

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

where

A =Broyg

X =HBro,
Z=Ce"

P = HOBr
B = organic
Y =Br-
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Aty = AfE - df) + (dAdE) * dt
INIT A= 0.06
INFLOWS:
@ AL = KB ATY-KEAXHRAXA2
Bt} = B{t - 1) + (dB\dt} * ot
INIT B = 0.02
INFLOWS:
@ dBudt = -KO'B'Z
Xetp= X{t - ity + (Xt} * ct
INIT X = 0.0001
INFLOWS:
W Xt = K3AY-KZXYHREAX-24KA X2
Y(i} = Yit- dt)+ (aY\dt) * dt
INIT Y = 6.0081
INFLOWS;
& VDI = KB AYRZK Y405 TR BZ
26t = Z{t - o) + (G2dt) * ot
INIT Z = 0.001
INFLOWS:
o D\t = 2R ARKOBZ
=1
k=1
K2 = 8e5
K3=128
Kké = 263
K5 = 8.0




Other Applications

Rod Schluter (Formerly of CofC)

Acid/Base Equilibrium

H* + OH - H,0

1 mhc pH 2 baale pHi

o 3

"o 50,00 160100 15000 20000
a3 Gruph 1 {Untied) Tive 10:00 PAY Thi, Jul 06, 2000




"} mmoies of ackif} = mmoies_of ackifi - dif + (- a8 _fermaiion) * dt
o 10

[ mmolkes_of baseit] = mmoles of base(t - dt} + (base_change} * dt
INIT minoles_of_bass = -mmoles_of acid
INFLOWS:
=5 base_change = base_added
] volume of solutfon{l) = volume_of_sclution(t - dt} + frolume_change) * ¢t
NIT volume,_of soludion = 16
INFLOWS:
o volume changs = base_added
O acidic_pH = LOGt0{Rydronium}
{1 base added =1
O basic pH = 14-{LOG18{hydroxide))
I hydronivn =
IFgmenoles. of acigivolume_of_solution1.1e-7yTHEN{mmoles _of_asid/volume_of solution}ELSE(e-7

ydronide
IF{mmaies_of_basejvolume_of_solution>>1.1e-7)THEN(nmales_of base/volume_of solutionEESE{ie-7}

Other Applications

Debye Theory for Monatomic Crystals

3

3 X
D, /)= | S

U-U, = 3RTD

C, = 3R(4D— 3 J

S=3R %D— In(1-e™)

A-U, = RT[3In(1- ™)~ D|




