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Abstract: We exhibit that the Chebyshev's matrices generate an interesting type of associated polynomials
which can be generated with the Gauss hypergeometric function and the Bell polynomials.
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INTRODUCTION

Here we consider the Chebyshev's associated polynomials of degree m in x [1-4]:
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defined in terms of the Gauss hypergeometric function ,F, (a, b; c; z) [4-6], for example:

T =—5x, T =8x2 =2, T2 =32x% -4, T3 =-56x>+21x, T3 =48x*-36x% +3, °tC:
verifying the differential equation:
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The polynomials 77 (x) can be interpreted as coefficients in the characteristic equation of the Chebyshev's matrices
n
for a given n [7]:
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In Sec. 2 we indicate some properties of the Chebyshev's associated polynomials.
Matrices of Chebyshev: The first-kind Chebyshev polynomials 7, (x), |x| < 1, verify the differential equation [8-18]:
2
(1—x )d—T —x%T +n’T, =0, n=0,1,2,.. )

which is equlvalent to the following expression in terms of the Gauss hypergeometric function [4-6]:
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1 1-
T,(x)= zFl[—n, n’E’TxJ (6)

The equation (5) is obtained from (3) for the case m = n, then (1) and (6) imply the following connection for the
first-kind; 7, (x) = (-1)" T (x); besides, it is easy to show that the associated polynomials (1) can generate the other
types of Chebyshev polynomials [15, 18]:
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for example, (3) with n =m + 1 implies the differential equation satisfied by the Chebyshev polynomials of the second
kind:

d? d
(1-x)—=U,, —3x—U, +m(m+2)U, =0, m=0,1,2,...
dx2 m e M m (8)
We have the Chebyshev tridiagonal matrices [7]:
x 1 0 0
x 1 0
N e N B T B 9)
=(x), I, = , Iy = x , Iy = e
! o) o1 o2x 1
0 1 2x
0 0 1 2x
whose determinant gives the corresponding Chebyshev polynomial of the first kind:
_ = 2 43 b g2 (10)
T,(x)=detT, ~.Ty=x, T, =2x" -1, T3 =4x" -3x, T, =8x" —8x" +1,...

and the characteristic equations of (9) have the structure (4), hence the Chebyshev's associated polynomials can be
written in terms of the Bell polynomials [19-27]:

1

Ty = — Y, (=015, ~1155,-2153.3154 sy =(m = 2151, =(m = D1s,,), (11)
m:

such that:

S, :trace[fnJr, r=1,.,m, 12)

that is, the Bell polynomials and the traces of the powers of Chebyshev's matrices (9) allow construct the associated
polynomials (1).
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