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Abstract:

By the help of several examples the interactivekwath the ClassPad330 is considered.

The student can solve difficult exercises of piadtiapplications step by step using the
symbolic calculation and the graphic possibilittéghe calculator. Sometimes several fields
of mathematics are combined to solve a problem.

Let us consider the ClassPad330 (with the actuatating system OS 03.03) and discuss on
some new exercises in analysis, e.g. solving aiiddferential equation by the help of the
Laplace transformation and using thénverse Laplace transformationor considering the
Fourier transformation in discrete time (tRast Fourier Transformation FFT and the
inverse FFT). We use th&FT- andIFFT -function to study periodic signals, if we only leav
a sequence generated by sampling the time signal.

We know several ways to get a solution. The teamsgfor studying practical applications
fall into the following three categoriesnalytic, graphic and numeric. We can use the
Classpad software in the handheld or in the PCsgHad 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
methods to solve ODE with constant coefficients. To illustrate thiss consider the general third-order linear
differential equation:

| i

i z
axd—(y(t)) + hxd—(y(t)) + cxi(ym::-) + dawi{t) = uftd Ffor t20
dt? dt? dt

subject to the initial conditions w(+@X=wg, w{+BI=yw; and Y {+BI=ya.

Such a differential equation may model the dvnamics of some swstem for which the wariable wOt) determines the
response of a system to the term ult).

The terms system input and system output are also frequently used for wi(td and wit) respectively.

Taking Laplace transforms of each term we get with the CRS

2 2
axxt[;_-_g(wt))][s] + bxxt[;c_zfs-'(t))][s] + cxxt[%(y(t?')][s] + de i Cwieri[s] = £ (uieri[=]
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The last input line yields in the CAS software:
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Usimg the laplace-function of the ClassPad we get the complete transformation:

laplace{axy™ + bxg®™ + cy® + dky,tayss)

—ae[=2 ut@itse @ B 1-Lpe 5 F b [0 wf@ 140 @B)-Lpe 52 Joco (00 @1-Lp = HLE- o=@
Thus the full transformation of the equation is

w
—a- (52l @irs B B-Lp- 57 be [ 5ol 814y B1-Lp- 52 J-c- (4 BI-Lp- 5 1+Lp- d=fe_5' ELoult)dt
5}
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In the last line we have withp the Laplace transformation of y(t), sometimes wealel p
by Y(s). Furthermore we discover the initial corahs y(0), y’(0), y’(0).
We denote the right hand side of the last equdtjob(s) and solve this equation for Y(s):
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—ar [52'9(B)+s- W B B 53]—b-[s-y(@)+y’(BJ—Lp-52 ]—c-(y(BJ—Lp- sHLp.d=lUish |Lp=y
—a- (520 v w0 @I85 F oy Jbe (s w0y B)-2 2 e (0(B)ms - ¥ ) Y=l s

solwe(ans, ¥

{\f.:a-sz-5'(Bj+a-s-y’(ﬁ)+b-s- G LT )L N GOV GO LT )
a-57+b- 5240 s+d

Using the initial conditions we get:

ans | £l B 1=uy w8 1=y w8 )=wa

{\,: Ui=i+as 52 ppbas 5o pytbe 5o wgtas vetb e pato g
as3+besZ4cased
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Now we consider the following example: a = 1, IB=¢ = 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{a=1,b=—3,c=3,d=—1,5'u=l21:5-'1=1f32;5-'a=—3f16;U(s>=£t[505(2t3><6_t ]I:S:l}

expandlans, s
=+3 _ 1 + 1
3z (22420 245] 3205710 goireog

WotrsinvlaplaceCanss Syt

t t -t : -
_t-e- e° cosiZ-t)-e sink2-t)- &
wltd="mr 33+ = + 32

e P o 2

cos(2-t1-e"t . sinf2-t)- 6~

32 a2
]
E\'-5[ 22-1=-11 ][t]
€
32
1
b [— ][t]
#lazis-122
t-E
32
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Finally we see the inverse transformation of theessd summands.
The direct way of solution consists in using thelg&-function:
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dSalve (WM —3yt Sy —y=casC 2L IRE Tty )

v=tZ-eb. consti 3+t et const{21+et - const( 10+

cos(2-t1-" T +sin(2-t)-e_t}
3z 3z
costz-t1-et +sin(2-t]-e_t

il = 2. t. +t t, + t, +
Defime witi=t=-&"-C3+t-&--CZ+&"--C1 == ==

w(BI=0
d = =
SELv i) =1/22| t=0

42
—Q(y(t))=—3f’16|t=9
dt

Cl.C2sC3

S S
y(t)I{Ci— 32,c2-32,c3-a}

t-ef el cos(z-t)e”t sindzetl.e”
37 32 32 37

Using the initial conditions we get in one step:

dSolve (=3 Syty=casC 2t e T,y vy t=8, wol, t=0, =152, t=0, vM=—3/16)

_t-e® ' cosz.t)e +sin(2-t)-e't}
*=TEz Tz 32 2

Alge Standard Kplx Bog [m]

n

This exercise shows how to work with the CAS toparpthe learning process of our
students. We can see step by step in the handielthappens to solve a given problem.

Example of computing a FFT of a sequence generatég sampling the time signal:

¥ File Edit Insert Action
H [z&]e] B ||

The Fast Fourier transform (FFT? is an efficient algorithm for computing the Discrete Fourier Transform (DFT.

Consider the Zrx—periodic function
fixd=x, Bixrim 2y, and Flxd=m-x, M 2Lxdim, and FLxI=8 for mzx{Im.

the delaved triangular pulse E

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

At first we define the Zn-periodic right-continuous function F{xk=2x, Béx(%, and flxd=-x+m, B ex<2m,

; =X X a i =
Lefine yi(x)—z -3 2em |ntg[2_n]

By the help of the heawviside function we get now the delaved triangular pulse:

Define w2ixr=wlixds Flulixa]

Ala Standard Cplx Rad o]

“ Edit Zoom Analysis + Eﬂ
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wo=1.S7ATIES we=1,5TATIED vokal
[#Z=w1 ) s heavisidedwldxay |
Rad Cplx ]
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Now we have to setup thedvanced Formatto compute the results in the wished manner:

Advanced Format [X] Advanced Format [X] Advanced Format [X]
rFourier Transform————— —Fourier Transform —Fourier Transform
Tran=form Definition: Tran=form Definition: Transfnrm Definition:
Pure Math [~] [Sianal Processina [=]
[ [
Fx=ff<t>e‘Xt’dt Fx=ff<t>e‘2“xtddt Fx=ﬁffl:t:-ex"’dt
-0 -0
—FFT —FFT —FFT
FFT Scaling Constant: FFT Sv:-allng Constant: FFT Scaling Constant:
[Signal Processing [=] [Pure HMath |
N—l[ —Zngkn ] N—l[ —2njkn ] N—l[ =2njkn
Fr= E ThE M .-.=L E ThE ™ Fr= 1 E ThE M LJ
= M =g M k=B
EAs=sume positive real EAs=sume positive real EHA=ssume positive real
[ Set | [Cancel] [Default] [ Set | [Cancel] [Default] [ Set | [Cancel] [Default]
Ala Decimal Cplx Fad o] or Ala Decimal Cplx Fad o] or Ala Decimal Cplx Fad om]

We use the Advanced Format for FFT with Signal Bsstg and divide the listf by N or we
use the optional Parameter 2 (=Data Analysis) witlavision the listf by N:

~y File Edit Insert Action
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Mow we generate the sequence listf of the time signals

seq[yz[ k;g“ ],k, B, 31, 1]¢1istf

aliSnnSnSn?nn?nSnSnnSn
L]

and compute the FFT. the clistce of compler numbers of the estimated discrete Fourier coefficients

1.35;f ]! 3]?-:1istu:e

{8.393,-8.319 3, 6. 161,8,836- 4,8, -8, 814 §, -0, 82,8, 085 §, 8, -8, 085 3, —0. 869, B. A6« J, 8, -0, B63« J, -8, G665, 8,

fRu:-un-:I[ FFT[

alternative syntax in the FFT-command:

fRound(FFT{listfy 22,3 #clistce
{8.393,-0,319-§,-8.161,8.835- §,0,-0,814 §,-0.02,8, B02- 3,8, -0. G85- §, 0. B0, 3. 604 - §,5, -8, 803 §, 0. GE5, 0.
Alg Decimal Cplx Rad
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Integration: computing of the theoretical (continuous? coefficients om (Fourier transforma:

ni2
%x j\ rxg " INE gp f (- e~ AME gy Jacy
5} ni2
=M=T=3
1 gmemd g 2
I [ -
I‘|'|2 I‘|'|2 I‘I‘|:2
Z2-m
expandlansi¥cy
=== 3
-1 g 2 g mm-a
+ -
2-m2-n mz-n 2-m2-n
w2
f e JIZ"“'-"u:lr+\J“ (-2 B~ 99 gy [acy
b P
I
2
Utk F |
- 2 .
augrnent {%},seq 12 +E: = _L 1; ammaly31,1 | [Felistct
ZemTem m<em 2w
L I R BN FE L SN et N 8 1 @
g'n'za’9n’ ' 25-n’ 1849 n " T8l 50" 121-0° ’169 n’9g.n 225 n’ ’289 n’le2-n 361 n’ ‘4

The clistct of complex numbers is the list of the exact Fourier coefficients.
Ala Standard Cplx Rad
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We get the same result by using the Fourier transform (Advanced Format! Pure Math? of the delayed
triangular pulse, i.e. the Fourier-cormrmand:

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

“rmemed Zm-n- 3

1 2 e 3 o = 1 gmmemed z.e 2

- =+ &l T T I F (m)enc g +
m = e
2. m
simplif:.-'[ %Xans ]#‘c.m
—rened
-1 p 2 g -
+ -

ZemZem meen 2emZem

Thus we get the well-known Fourier coefficients cm again, i.e.

Define y3(x)=—2-x-H[x—%]+x-H(x—n)+x-H(x)+[H[x—%]—H(x—n)]-n

dore
v3I{x) i5 the triangulat pulse with one triangular.

2

- : 2 -
The cm we can write with the sinc—function cy = %xe_’mnfzx[%] = gxe_’mnfzx[sinc[%]]

- ; 2
. S Sintrnms 4
Fm[ﬁxe ;mnf2x[ sS4 ] ]I:t:l

t-(H(t)—H(—t))_[t_%]'[H[t_%]_H[_H%]]+(t—n)-(H(t—n)—H(—Hn))
dem 2. m 4

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

Alg 5Standard Cplx Rad ]

Have a look into the lists (spreadsheet-application

N _File Edit Graph Action _ ]|
: ] 88 [l ]
clistct clistce |clistck | |clistce | ervor
W, 332699 H. 392699 W, 332699 H. 392699 [5]
—H.31831- ¢33 [5] H. 31831 [5] H. 31831
—H. 159155 |-0.322432-C33] B.159155 H. 322432 H, 163277
H. H35368- (32 [5] W, B35368 [5] W, B35368
[5] —-H. 167595 [5] H. 167535 H, 167395
-B. 812732 (42 [5] H, 812732 [5] H, 812732
—H. 017684 H.H39739- 42 H. 81 7e2d . B39759 H, 022875
. 496E-3- (F) [5] b, BE&49E [5] b, BE&49E
] ] ] ] ]
—3.93e-3- (3 [5] H. BE393 [5] H. BE393
—H. 0366 |-B.01TFT51- (32 ENEEEEEE H. 817731 H,0113585
Z.631e-3- (30 [5] b, BEZE31 [5] b, BEZE31
5] —H. 0223755 5] H. B23755 H., BZ23735
-1.883e-3- (42 [5] H, 881383 [5] H, 881383
—H. BE3248 H.B12757- (32 B, 803248 H.B12757 ENEEEREE]
1.415e-3- (3> [5] H,. 881415 [5] H,. 881415
] ] ] ] ]
-1.181e-3- (42 [5] H.B81181 [5] H.B81181
—H. 081965 |-B8.0812757- (32 ENEEREES H.B@12757 H, 018732
5. 8%e-4- (3> [5] ENEEEEE [5] ENEEEEE
5] —H.[BZ23755 5] H.B23 755 H.,BZ23755
=7.22e-4- (3 [5] b, BEET2Z [5] b, BEET2Z
—H. 081315 H.B17751- 032 H.BH1315 H.B817751 |, 116436
5. HZe-4- (32 [5] b, BEEEEZ [5] b, BEEEEZ
5] 5] 5] 5] 5]
=5. 8% -4- (3 [5] H, BEESES [5] H, BEESES
—H.BEE942  |-H.A833759- (4] A.888947 H.B33759 H,B38817
4. 37Fe-4- (32 [5] W, BEE437 [5] W, BEE437
[5] -A. 167595 [5] H. 167595 H, 167595
—3. TBe-4- (32 [5] W, BEE3TE [5] W, BEE3TE
—H.BEETET  |H.322432- (F) W, BEETET H. 322432 H, 321725
3. 31e-4- ¢ 32 [5] b, BEE331 [5] b, BEE331
I
G33
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Consider graphical representations of the absohltees of coefficients:

| ¥ Zoom Analvsis Calc + @

=] # denotes the exact result o

O denctes the estimated result

&
-A. [
H x]
=] u]
A L]
o A . B B g o g B g o g 0 g .gq B o .0 5
wc=5. 185028 -H.87 wc=@.38198793
[EtatGrarhz |
Rad Auto ]
Graphical representations of the Fourier polynomial
“ Edit Zoom Analysis + Eﬂ
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1
1@
-14
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Fourier polynomial with c-3 upto c3
w—Cal
xc=1.57A7IES wo=1.4183642
[#3=redsumdaugmentiseqli—1 3/ C2 m™ 2 mr e CC—me e S0 20 R =10 M (2 e B 3y e~ —1a 17y augment L]
Rad Cplx qm|
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1
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1@
-14
Fourier polvnomial with 31 empirical coefficients
w—Cal
xc=1.57A7IES Wo=1.2514617
[#d=redsumifRoundclistcel, 82 s seqe™ Cmex= (2 2 amns By 3A, L300 |
Rad Cplx qm|
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