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Abstract:

In real life situations quantities and their rate of change depend on more than one variable. For example,
the rabbit population, though it may be represented by a single number, depends on the size of predator
populations and the availability of food. In order to represent and study such complicated problems we
need to use more than one dependent variable and more than one equation. Systems of differential
equations are the models to use. The nonlinear systems are very hard to solve explicitly, but qualitative
and numerical techniques may help us to get some information on the behaviour of the solutions.

Let us consider the ClassPad300Plus (with the new operating system OS 03.01) and discuss on some new
exercises in analysis, e.g. solving a linear system of differential equations.

We know several ways to get a solution. The techniques for studying systems fall into the following three
categories: analytic, graphic and numeric.

We can transform a system of equations in one equation of higher order and we have for linear systems
with initial conditions the possibility to use the Laplace transformation.

On the other hand we can transform a system of differential equations in a system of difference equations,
i.e. sequences of numbers given by the help of recursive equations. These sequences are used as a discrete
mathematical model for differential equations.

The ClassPad300 has the dSolve- and the rSolve-function to study systems of differential and difference
equations respectively and additionally the Laplace and inverse Laplace trans-formation. Finally we have
the possibility to generate large dSolve- or rSolve-terms by the help of commands for strings and
characters. Thus the calculator can generate the large syntax for the used dSolve- and rSolve-function.
This is a convenient method to input a long command row not manually but by the help of a program.

By the help of several examples the interactive work with the ClassPad300Plus is considered. The student
can solve difficult exercises of practical applications step by step using the symbolic calculation and the
graphic possibilities of the calculator. Sometimes several fields of mathematics are combined to solve a
problem.

References:
http://www.sosmath.com/diffeg/diffeq.html
http://www.informatik.htw-dresden.de/~paditz/Pendulum_Program.pdf
http://www.informatik.htw-dresden.de/~paditz/Laplace Transf2006.pdf

Example of finding the mathematical model and several ways of solution:

The following mathematical model due to an inverted pendulum, cp.

http://www.fh-
kempten.de/deu/hochschule/fachbereiche/fbe/labore/digital/homepage/swpr/ss98/Staude_Sommer/Pendel/Pendeleng
[.htm
http://instructl.cit.cornell.edu/courses/ee476/FinalProjects/s2003/es89kh98/es89kh98/Inverted_Pendulum_Balancer.
mov

http://www.htw-dresden.de/~kaestner/www/pa/pendel/simulation14/InversesPendel.html
http://www.htw-dresden.de/~kaestner/www/pa/pendel/pendel_modell.htm
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http://www.htw-dresden.de/~kaestner/www/pa/pendel/pendel_text.htm

A complete analytic model of the inverted pendulum controlled by a DC motor is derived in three parts,
the pendulum-cart dynamics, the friction model, and the motor dynamics. Here we will study the
dynamics of the DC motor by the following equations, cp.

http://www.sei.cmu.edu/pub/documents/99.reports/pdf/99tr023.pdf
http://ieeexplore.ieee.org/iel5/41/33886/01614147.pdf
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Solution of the linear system with unknown coefficients Al, A2, ..., C2, C3.
Determination of the coefficients with the initial conditions y1=1, y2=-1, y3=1 for x=0:

o11



W Edit Action Interactive i
k71 Ll 1799 L o d i | »
| 8.1-l109-2. 7182818281 -®* *. £3+4. 2. 718281828 1 1 - €* ¥ . B3. sin(B. 3. 2)-3- 2. 715251828 1 1+ £* ¥ . B3 cos(B. 3+ x)43: 2.7

z.716281825 116+

DelYar Al,A2,A2,EB1,B2,B3,C1,C2,C2

approxiequl [x=8)
approxiequ|x=a)
approxiequd|x=a)
approxiequl [x=.12
approxiequ2lx=.17
approxi{equd|x=.12
approxiyl{B)=1)
approxi{yZ{@y=-1)

approx(y3C@=1>  |ny, 82 A3,B1,62,683,01,02,03
{A1=0, 792495935, A2=1. BESE4PE5, A3=1, B1=4, 662130021 , B2=-2, 021300212, B3=-2. 114583323, 01=0, 206504065, C2=-2,
Al

listToMat(astRight approxians 22 23| B2

B, 723495935

1. 86564865

i

4.605130051
=2.881300213
=2.114583333
8. 286584885
—2.85504BE5
—-1.2302626%-12

Al Decimal Real Rad

¥ Edit Zoom Analysis

] ] R
=2.621366213
-2.114523232
@, 206504065
=2.B8584865
-1.202620%:-13 ]
[ywlex>
V2Cxd
L3z
8. 2A65A4665 4. 683136081 - sin(8. 3-x) | B, 793495935 cos(@. 3+ x) |
2.71828182819°% 2, 71525182994 % 2. 71828152894
2.06504065 __2.081306813: sin(B.3+x) , 1.06504665. cos(B.3+x)
2. 71828182819 % 2 713281828990 2.7182818259- 42
1.302620%€-13 _2.114583333+5in(0.3: %), cos(8.3:x)
2. 71220192819 % 2 71820182094 % 2 719281920947 % i
o

zc=3, SE5285 -1 yc=1.8814213
w=wl(xd
Rad Real ]

View window: -0.05<x<8and-1<y<1
and graphical representation of y1, y2, y3
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View window: 8 < x <16 and -0.03 <y < 0.01

Solving the system of order 3 by the help of one equation of 3" order for y1:
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For the Laplace transformation again used the initial conditions y1=1, y2=-1, y3=1 for x=0.

Finally another way of solution is the transformation in difference equations:
y'(t)=(y(t+T)—y(t))/T forsmall T, say T=0.1.

Now the new system is X(t+T) = x(t) + T *matAK = x(t) = (1 + T *matAK) * x(t) .

We use the fixpoint iteration x,, = (I +T *matAK) x, with x,=[1, -1, 1] and create 3 lists.

Here matAKI =1 +T *matAK.
The program DefLis3D creates the lists.
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-1 1 452452 F.065e-8 -1.92e-2| -1.93e-2
22 B, 96 (@, 3965623 453453 3.373E-8| -1.85e-8| -1.86e-8
3 H. 86687 H. 7989 464464 3.187e-8| -1.79-8 -1.8e-8
4 1.88267| B, 766944 | B, THEEES 465455 2.888e-8| -1.73e-8| -1.73e-8
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7 1.2861465 (0. 5169964 (B, 4612615 463452 2.568%e-2| -1.54e-2| -1.54e-2
g 1.2378461 | B.4434583 (A, 3961648 459459 2.353e-8| -1.48e-8| -1.48e-8
9 1.32821944 (0. 3745582 [ A. 322957 478478 2.2685e-8| -1.42e-8| -1.42e-8
al1a 1.4196503 (A, 310B3ET (A, 266815684 471471 2.863e-8| -1.36e-8| —-1.36e-8
111 1.4586541 (0. 2497443 (@, 2815669 472472 1.926e-8 -1.3e-2 -1.3e-2
2112 1.4796286 (@, 1934284 (B, 1470822 4734732 1.796e-28| -1.25e-2| -1.24e-2
313 1.4949784 (0. 1411275 (A, 6953158 474474 1.671e-8| -1.19-28| -1.18e-8
4|14 1.5698912 (@, 89245631 [A. 8493113 475475 1.551e-8| -1.14e-8| -1.13e-8
5|15 1.5183375(@.8473388( S5.826e-3 476476 1.437e-8| -1.828e-28| —-1.88e-8
5|16 1.52238714( 5.593e-3[-0.834383 477477 1.328e-2| -1.82e-2| -1.82e-8
717 1.5236302( -8,83293 [-0.871236 473473 1.22%e-8| -9.87e-2| —-2.72e-9
g1 1.3283377 [-8. 8683587 [-A. 165129 472479 1.126e-8| -9.39-3| —9.2% -9
919 1.5134989 (-6, 168924 [-A. 136133 488458 1.832e-8| -8.92e-9| —-8.82e-9
A 1.56834065 (-8, 138688 [-A. 164394 481(4581 9.42e-9| -8.46e-9| -8.36e-9
1.4983377 (-8, 1572158 [-A. 198853 482482 8.584e-9| -8.82e-9| -7.91e-9
1.4745552 (-8, 182451 [-0. 213249 4334832 T.781e-9| -7.59e-9| -7.48e-9
1.456321687 (-8, 2604719 [-6. 234113 424424 F.821e-9| -7.18e-9| -7.86e-9
1.4358388 (-8, 224749 [-A, 252776 4385485 6.303e-9| -6.T8E-9| —6.66E-9
1.4133639 (-8, 242665 —-B. 26936 486486 S.624-9 -6,.4e-F| —6.28e-9
1.32898973 (-8, 258586 [-A. 283986 487487 4.984e-9| -6.82e-9 -5.9e-9
1. 3632387 (-8, 272626 [-0. 2967EE 433488 4.381e-9| -5.67e-9| —-5.54E-9
1.3359976 -0, 284597 -8, 387817 433459 Z.814e-9| -5.3Z2e-72 -5.2e-72
1. 2674863 (-8, 295565 [-A. 317241 498[49E8 3.281e-9| -4.99e-9| —4.87e-9
1.2779357 (-6, 384551 [-A. 325141 491491 2.782e-9| -4.67e-9| —4.35e-9
1.2474806 (-8, 312136 [-A. 331616 492492 2.314e-9| -4.37e-9| —4.25e-9
1.2162669 (-8, 318352 [0, 336761 493492 1.876e-9| -4.82e-2| —-3.96e-9
1.1844317( -8, 32329 -0, 348664 494494 1.458e-2 -3.8e-9| —-3.68e-9
1.15216826 (-8, 327835 [-6. 343414 495435 1.888e-9| -3.53e-3| —-3.41e-9
1.1193988 (-8, 329677 [-A. 345892 496495 T.34e-18| -3.27e-9| -3.16e-9
1.886431 -0, 331288 -8, 345777 497497 4.87e-18| -3.83e-9| -2.91e-9
1.A533022 (-8, 331945 [-A. 345544 493493 1.83e-1@A -2.8e-9| —-2.68e-9
1.82816875 (-8, 331723 [-0. 344466 493499 -1.7e-18| -2.58e-?| -2.46e-9
6. 269352 LI3EEET| -6, 3234261 SEa[5E8 -4,3e-160| -2.37e-9| -2.26e-9
[ 11=[t ]
Deg HAuto Decimal ] Deg Auto Decimal ]

By the help of these lists we get the same graphical representations of y1, y2, y3.
Finally we use the sequence menu to create the sequences given in lista, listb, listc.
The file for the classpad manager you can download here:
http://www.informatik.htw-dresden.de/~paditz/paper_charlotte_2007.vcp

The program DefSeq3D creates the equations for the sequence menu.

Contact: paditz@informatik.htw-dresden.de
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