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In investigating impulse characteristics of dynamic systems we meet with the
necessity to generate the Dirac function (the unit impulse), which, however, cannot
be generated directly in the form of (2). That is why we seek another equivalent
mathematical description of the system investigated, in which either the Dirac
function does not occur at all, or —with a smaller demand on the accuracy of the
solution—it may be approximated by the rectangular or triangular impulse. This
paper presents a way of finding the equivalent mathematical description of the
system investigated, and some considerations of linear dynamic systems described
by linear differential equations with constant coefficients.

We have the following differential equation

YO 4 a7V + gy = 6(1) (D

with the initial conditions (i), ¥(0), ---» ¥{6) > @ = constant, where the Dirac
function §(t) is defined by the relations

o) = lin; o(t, ), 2
ot e)=0 for t <0,

6(t,s)=—i— for 0<t=<e,

o(t,e) =0 for t > ¢,

T i) dt = jé(t)dt = 9(1),
- 00 0o

where
(1) =0 for t <0,

9)=1 forz20. (22)
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We consider next the differential ecjuation

WAy 4 bagy =0 (3)

and seek such initial conditions y,(0), y;(0), ., o) for the solution of (1) to
be the same as that of (3), i.e. y; = y. The Laplace transformation of the equa-
tion (1) has the form

n—1
s"Y(s) — ;OS"’H.VEZ) + oy (" TY () —

n—2 L. (4)
- 'Z’Os"_z“yﬂ,))) + ...+ al(sY(s) — y(o)) + a Y(s) =1,
the Laplace transformation of the equation (3) has the form
n—1
) = L0 + 0, (V) -
n—ﬂZ ai X (5)
- _;Os" Yi0D) + ..+ ay(sYy(s) — y,(0) + aoYy(s) = O.
If it holds
y = y1 bl (6)
then it holds also
Y(s) = ,(s). Q)

To satisfy the conditions of (7) in the equations (4) and (5), it is necessary for the
coefficients composed of the initial conditions at the powers s to hold

% 0T+ 4,y 07TD) 4k ayy(0) + a,y,(0) =

=14+ y0"™) + 4, 30" 2) + ... + a,y'(0) + a,»(0),
s: ¥ (0" 7)) + an—xh(o("—”) + ... + a3y1(0) + a,,(0) =
=yO0" ") + a,_ (0" ) 4 . 4 asy'(0) + a,y(0),

o2 Y40 + a,_13,(0) = y(0) + a,,¥(0),

n—2
net 110) = y(0).
Then we have for the initial conditions of (3)
»1(0) = y(0),

»1(0) = y'(0), o)

yl(O(n—l)) =1+ y(o(n—l)).

The §91uti0n of (1) can be thus carried over to the solution of (3) with the initial
conditions of (9). In machine computing there occurs no unrealizable Dirac function —
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see fig. 2—by the above procedure for the solution of y(¢) (the response of dynamic
system) and its derivatives y(t'), jn.x = 7 — 1. The programme diagram with the
possibility of following y™ is unrealizable, in the relation

¥ =08(t) = a,_ "V — . = apy

there occurs the unrealizable Dirac function.

(n-2)
R -V,
. ygg)n > )

1) Ly l y-2

_<

Fig. 1
- ' n
Yeor Yo iy O Yo
I I y:n—z)
yf"’: y(n) . 1>0 v
Fig. 2

This conclusion follows even from the properties of the Dirac function and from
the programme diagram in fig. 1 and 2 for the solution of (1) and (3). According
to (2) we have for the Dirac function

}O o) dt = _[t(?(t) dt = 9(1).

If we lead the Dirac function (z) on the input of the integrator, we obtain the jump
function 9(r) on its output. Integrating the sum of the functions u(t) and d(t) (see
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fig. 3), we get (10) on the output of the integrator, under the assumption that the
integrator changes its sign:

o(t) = —} (u(H) + 5(r)) dt = —j[ u(t)dt — 9(v), (10)
0 0

where the jump function 9(¢) can be considered to be the initial value of the function

v(t) for t = 0. (9(¢t) = 1 for t = 0).
gt

[eX ¢ g‘ t

— | V()= Su (tHdt- 3D 3¢ v(t)=-°§uct)dt-ect>
uct) o e

o ] u(t)

Fig. 3

This procedure is well available in modelling transfer functions of dynamic systems
which is equivalent to the solution of the differential equation

YO 4 a, "D 4 ayy = bz™ 4 .+ bz (11)
ay, b, constant, n = m. The equation of (11) is generally written in the form of
a system of differential equations

y1 =boz — ayy,
Y2 =biz —ayy + i,
V3 =byz — ary + 3, (12)

ylll =bn—lz - an—-ly+yn—-l’
Y =bz + y,.

Fig. 4

126




The programme diagram for the solution of (12) in case of # = 3, m = 2 the func-
tion 4(¢) being realizable is given in fig. 4. The programme diagram for the solution
of the same equation by the metod of the equivalent initial conditions on the basis

I8

Y3 ‘ 5y

=8 _‘>

Fig. 5

of (10) is given in figure (4a). For z(¢t) = J(¢), there is a solution tealizable for n > m
on the basis of the last relation of (12), the response y will be obtained on the input
of the summary unit. The unrealizable programme diagram for the solution of (12)
in case of n = m = 3 is given in fig. 5. The programme diagram for the solution
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of the same equation by the metod on the basis of (10) is given in fig. 6. The response
of dynamic system can be followed for ¢ > 0 only. Similary y™ according to fig. 2
can be followed for ¢+ > 0 only.

) _{>
oO—4

I IS e [T w [Ny
I

ROOB OO 4

Fig. 6
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SOUHRN

"MODELOVANI DYNAMICKYCH SYSTEMU
BUZENYCH DIRACOVOU FUNKCI

KAREL BENES

V préci je popsana nahrada matematického popisu dynamického systému buze-
ného Diracovou funkei ekvivalentnim popisem, ve kterém se Diracova funkce ne-
vyskytuje. Jsou uvedeny lpravy programovych schémat s pouZitim skokové funkce.
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PE3IOME

MOJEJIUPOBAHUE JUHAMUUYECKUX CUCTEM
BO3BYX/JAEMBIX ®VHKIIMEN JUPAKA

KAPEJI BEHEII

B cTaThe ommcaHa 3aMeHa MaTeMaTHUYECKOTO ONMCAHMSA JUHAMHYECKON CHCTEMBI
B0o30yxmaemoil ¢ynxumedi Jupaka 3KBUBAJIEHTHHIM MAaTeMaTHYECKHMM ONHCaHUEM,
B KoTopoM ¢ynkmus Jupaka He Haxommtcs. B cTathe ocyniecTBieHb! npucnocobe-
HMSL IPOrPAMHBIX CXeM Ha IPOTrPaAMMHEIE CXeMbI C IPUMEHEHHEM eJMHHYHOM CKauKo-
BOH (pyHKIIH.

129



		webmaster@dml.cz
	2012-05-03T18:26:50+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




