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Abstract: In this article we consider the associated Gegenbauer polynomials generated by relation
Vigi(z;a,c) = %x\fn(:ﬂ;a, c) — %Vnﬂ(w;a, ¢); Vo(z;a,¢) = 1; V_i(z;a,¢) =0 and
continuous g-Gegenbauer polynomials generated by (1—¢" ™) Chy1(2, a, q) = 22(1—aq™)Cn(x,a, q)—
(1 —a?¢" " )Cho1(z,a,q); Co(z,a,q) = 1; C_i(z,a,q) = 0 with possible applications in two di-
rections — the study the dynamics of differential systems and the generation of special classes of
radiation diagrams. Numerical examples, illustrating our results using CAS MATHEMATICA are

given.
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Figure 1: The associated Gegenbauer polynomials V; (z;a, ¢), Va(z;a, ¢) and

M. Vasileva, V. Kyurkchiev, A. Tliev, A. Rahnev, N. Kyurkchiev

Vs(z;a,cq); a) a = 0.07, ¢ =0.09; b) a = 0.2, ¢ = 0.25.

1. Extended families of Gegenbauer polynomials

The associated Gegenbauer polynomials satisfy the recurrence relation

with

Vn+1(.%'; a/7 C) =

2(n+a+c) Vi ) n+2a+c—1

- aVu(x;a,¢) = ———
n+c+1 e n+c+1
Vo(zsa,¢) =1; Voi(w;a,c) = 0.

Vn—l(w; a, C)
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We have (see Fig. 1)

Vi(z;a,c) = 2ot
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Figure 2: The function F(z).
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Consider the system

(c4+1)(c+2)(c+3)

J— :y

— = —Vs(z,a,c) +eF(x)y

where the function F'(x) is of the form (see Fig. 2)

F(z) =72z — —a3 +

382 224 128
em 5 12007

3 5 35

D 2)(c+3)
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The simulation on the system for a = 0.07, ¢ = 0.09 ¢ = 0.09, yo = 0, ¢ = 0.0001
is depicted on Fig. 3 (a), b), ¢))
Let us define the normalized antenna factor as follows

The emitting chart (b

ly(bcos O + d)|

X(0) = i

= —0.6, d = —0.55) is depicted in Fig. 3).
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Figure 3: The simulations for a = 0.07, ¢ = 0.09 o = 0.09, yo = 0,
e = 0.0001: a) the solutions of the system; b) y-component of the solution;
¢) the portrait; d) The antenna factor (b = —0.6, d = —0.55).

1.1. Continuous ¢—Gegenbauer polynomials

The continuous ¢—Gegenbauers polynomials satisfy the three—term recurrence rela-
tion

(1 - qn+1)Cn+1(x7 a, Q) = 23]'(1 - aqn)Cn(‘T? a, Q) - (1 - azqn_l)cn—l(x7a7q)
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with
CQ((L',G/, q) = 1a C_l(x,a,q) =0.

We have (see Fig. 4)

Cl (.%', a, q) - 2(11:;)5E
—a)(1—a a2
Cy(r,a,q) = 4((11_(1))((11_(12(1)) z? — %_q2
8(1—a)(1—aq)(1—aq? 2(1—a)(1—a?q)(2+a+
Cs(,0,9) = El—qggl—qgggl—qg))xg - (i(—tﬁ)(f)—(q?') D

The simulations on the system

dz
dt
dy

dt = —C3($,(Z,q) + EF('I)?/

for
a) a =0.07, ¢ = 0.09, zp = 0.02, yo = 0, ¢ = 0.0001, b = —0.42, d = —0.55,
107 7351 4 2131 5 1 4

~20160° 1512000 " 151200 8%
b) a = 0.07, ¢ = 0.09, 7o = 0.02, yo = 0, ¢ = 0.0001, b= —1.7, d = —0.1,

F(z)

1
F(z) =2 —2%+2° - ?x7
are depicted in Fig. 5-Fig. 6.
Let us mentioned that this idea could be applied successfully for approximation
of the emitting chart of antenna pattern by using some orthogonal polynomials and

associated polynomials considered in this paper.
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Figure 4: The g¢-Gegenbauer polynomials Ci(z,a,q),Co(x,a,q) and
Cs(z,a,q); a) a =0.07, ¢ =0.09; b) a = 0.4, ¢ = 0.001.
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Figure 5: The simulations: the case a).

SOME ASSOCIATED POLYNOMIALS AND THEIR ¢-ANALOGUES...

(€202) T "ON ‘AT PwM[OA ‘INV[HAI — sdlpewndyje] pariddy pue aind jo [UINO[ DIUOIJOI[H [EUOIJRUIIU]



]

a

RN o

0.5
=05k
-10F

=05

M. Vasileva, V. Kyurkchiev, A. Tliev, A. Rahnev, N. Kyurkchiev

10
0.4
0.5

Figure 6: The simulations: the case b).
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