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Abstract:

By the help of several examples the interactive work with the ClassPad330 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.

Let us consider the ClassPad330 (with the actual operating system OS 03.03) and discuss on
some new exercises in analysis, e.g. solving a linear differential equation by the help of the
Laplace transformation and using the inverse Laplace transformation or considering the
Fourier transformation in discrete time (the Fast Fourier Transformation FFT and the
inverse FFT). We use the FFT- and IFFT-function to study periodic signals, if we only have
a sequence generated by sampling the time signal.

We know several ways to get a solution. The techniques for studying practical applications
fall into the following three categories: analytic, graphic and numeric. We can use the
Classpad software in the handheld or in the PC (ClassPad emulator version of the handheld).
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Example of solving a linear ODE with initial condition, several ways of solution:
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Using expressions for the Laplace transforms of derivatives, we are in a position to use Laplace transform o

methods to solwe QODE with constant coefficients. To illustrate this, consider the general third-order linear
differential equation:
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dt? dt? dt

subject to the initial conditions w{+BX=wp, W {+B>=y; and w"{+Br=ya.

Such a differential equation may model the dynamics of some swstem for which the warisble wit? determines the
response of & swstem to the term uct).

The terms system input and system output are also frequently used for w{td and w{t) respectively.

Taking Laplace transforms of each term we get with the CAS
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The last input line yields in the CAS software:
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Using the laplace-function of the ClassPad we get the complete transformation:
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Thus the full transformation of the egquation is
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In the last line we have with Lp the Laplace transformation of y(t), sometimes we denote Lp
by Y(s). Furthermore we discover the initial conditions y(0), y’(0), y’’(0).
We denote the right hand side of the last equation by U(s) and solve this equation for Y (s):
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Using the initial conditions we get:
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Now we consider the following example: a=1, b =-3, ¢ =3, d = -1, u(t) = cos(2t)*e”(-t) and
y(0) =0, y’(0) = 1/32, y*’(0) = -3/16.
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ansl{am1, b3, 023, de1, yo=B, v4=1/32, va=-3/16, Utsr =4, [cosczeome ™t L] }
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Finally we see the inverse transformation of the several summands.
The direct way of solution consists in using the dSolve-function:
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v=tZ-eb. consti 3+t et consti2+e - const( 10+

cos(Z-t1-e T +sin(2-t)-e_t }
3z 3z
costz-t1 et sin(zr1.e7T

i = 2. t, +t . t, + t, +
Define witi=t<-&--C3+t-£"-C2+&-=C1 == ==

w{B)=0
d = =
Splw(tr)=1/22| t=0

42
Liin=—arieit=0
d G102, O3

1 1
P14 ] I{E1=_E’ C2===, E3=B}

32
t-et el cos(z-tle”t sinfz.tle”
32 32 32 32
Using the initial conditions we get in one step:
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This exercise shows how to work with the CAS to support the learning process of our
students. We can see step by step in the handheld what happens to solve a given problem.

Example of computing a FFT of a sequence generated by sampling the time signal:
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The Fast Fourier transform (FFT» is an efficient algorithm for computing the Discrete Fourier Transform (DFTH.

Consider the Zm-periodic function
Flxd=x, Bzxins2, and Fl{xdI=m-x, ns22x<n, and F{xd>=8 for mzx{Zm.

the delayed triangular pulse i

Using M=32 samples at intervals T=2Zm~/H:

At first we define the Zn-periodic right—-continuous function F{xXk=x, Béx(%, and F{x»=-x+m, %éx(n, and
Flx2=8 for mix{Zm.

: LI FVS S S =
Define :.Ji(x)—z e 2em |ntg[ 2-7:]

Bw the help of the heaviside function we get now the delayed triangular pulse:

Define »20x)=ylCx)s Hiwlcxd]
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|:.-'2=:.-'1Cx)-heaviside(yl(x)) |
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Now we have to setup the Advanced Format to compute the results in the wished manner:

Advanced Format K Advanced Format Advanced Format Ed
rFourier Transform—————— rFourier Transform ————— —Fourier Transform
Transforrm Definition: Transform Definition: Transform Definition:
Pure Math [=] [Sianal Processing I~]
1] ]
Fx=ffct)e‘xtjdt Fx=ff<t>e‘2“xtjdt Fx=$j\f(t)exﬁdt
—i —i —m
—FFT —FFT —FFT
FFT Scaling Constant: FFT Scaling Constant: FFT Scaling Constant:
[Signal Processing [=] [Pure Hath [~]
N—l[ —Znjkn ] N—l[ —2njkn ] N—l[ —Znikn
Fr= = xhE M F.-.=l = xhE M Fr= L = xhE M k
k=i M k=@ Mo k=h
E'Assume positive real EAssume positive real EAs=sume positive real
[ et | [Cancel] [Default] [ Set | [Cancel] [Default] [ Set | [Cancel] [Default]
Alg Decimal Cplx Fad gm or Alg Decimal Cplx Fad dm] or Ala Decimal Cplx Fad gn

We use the Advanced Format for FFT with Signal Processing and divide the listf by N or we
use the optional Parameter 2 (=Data Analysis) without division the listf by N:
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Mow we generate the sequence listf of the time signals

k2
32

seq[ﬂ[ ],k,a,m, 1]>1istf

. 5. el 7. 7. . 5. =l
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and compute the FFT, the clistce of complex numbers of the estimated discrete Fourier coefficients

listf .
== ], 3]$-c.llstc.e

{8.393,-9.319-5,-8.161,8.836- j,8,-0. 814+ 3, -0. 82,8, B35 3,8, -0, BA5. 3, —8. A0, 8. A04- j, 8, -8, 803« 3, 0. BEE, B.

fRDund[ FFT[

alternative syntax in the FFT-command:

fRound(FFTlistfy 23, 3)¥clistce
18,393, -0.319§,-8.161,8.836- j,8,-0,014 3, -0, 02,8, B35 3,8, -0, O85« §, —8. B0, @, B0« §, 5, -0, BE3« Jy —0. B, B
Alg Cecimal Cplx Rad
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Integration: computing of the theoretical Ccontinuous) coefficients oy (Fourier transformi:
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The elistct of complex numbers is the list of the exact Fourier coefficients.
Ala 5tandard Cplx Rad

472



~ File Edit Insert Action
B [F&:[w[ & [A[T

We get the same result by using the Fourier transform (Advanced Format! Pure Math? of the delayved
triangular pulse, i.e. the Fourier—-cornrmand:

Ft[—2-t-H[t—%]ﬂ-H(t—n)ﬂ-HEtJ+[H[t—%]—H(t—n)]-n][m]
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Thus we get the well-known Fourier coefficients cm agains i.e.
Define yS(xD=—2-x-H[x—%]+x-H(x—n)+x-H(x)+[H[x—%]—H(x—n)]-n
done
v3I{x) i5s the triangulat pulse with one triangular.
sindmms4d z

2 -
fr prsmnfon )

]_H[_H%]]+(t—n)-(H(t—n)—H(—t+n))

dem

—2-t-H[t—%]+t-H(t—n)+t-H(t)+[H[t—%]—H(t—n)]-n ;

2. m

dem
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Have a look into the lists (spreadsheet-application)
N _File Edit_Graph Action _ ]|
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B. 3926939 B. 392699 . 3926939 . 397693 g
-6, 31531 (30 a B. 31831 g B.31521
-@, 159155 |8, 322432- 37| @, 159159 . 327452 B. 163277
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—0.BEsz4E  |B.B1zvS7- i3y | 6. bEeedn B.B1Zroy EMEEERCE]
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Consider graphical representations of the absolute values of coefficients:
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B u denotes the exact result o

O denctes the estimated result
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Graphical representations of the Fourier polynomial:
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Fourier polynomial with c-3 upto c3
w—Cal
xc=1.5707353 wo=1.4183642
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Fourier polynomial with 231 empirical coefficients
w—Cal
xc=1.5707363 wo=1.2514617
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