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In Memoriam

Waleed Al-Salam

July 15, 1926�April 13, 1996

Waleed Al-Salam, professor emeritus at the University of Alberta, died
on April 13, 1996, at the age of 69. Born in Baghdad, Iraq, on July 15,
1926, Waleed studied at the University of California, Berkeley, where he
received a bachelor's degree in engineering physics in 1950 and an M.A. in
mathematics in 1951. Following a few years of teaching at the University
of Baghdad, he resumed his graduate studies in mathematics at Duke
University. He wrote a dissertation on the Bessel polynomials under
Leonard Carlitz and received his Ph.D. in 1958. He then held positions at
the University of Baghdad, Texas Technological University, and the
University of Alberta at Calgary (now called the University of Calgary)
before accepting a position at the University of Alberta in Edmonton. He
remained at Edmonton with brief visits to Cambridge University, the
American University of Beirut, Arizona State University, and the Univer-
sity of South Florida until his retirement in 1992.

Edmonton was an especially lively place in the late 1960s and the 1970s
and Waleed and the many visitors he brought to Edmonton were a major
part of the life there. A leading figure in special functions, Waleed's early
work was a big influence in the resurgence of interest in orthogonal poly-
nomials that began in earnest in the 1960s. This was especially true of his
work with ``q-polynomials,'' which identified markers and found clues to
the rich underlying theory. Some of Waleed's contributions to this subject
are cited in the current bible on q-series, the book by Gasper and Rahman
[6].

His 1965 paper with Carlitz [A42] introduced one-parameter generaliza-
tions of the discrete Hermite polynomials. (A reference starting with A
refers to Waleed's publication list while the others refer to references at the
immediate end of the text.) These polynomials, denoted by U (a)

n (x) and
V (a)

n (x) and known as the Al-Salam�Carlitz polynomials are, from a
combinatorial perspective, the q-analogues of the Charlier polynomials.
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Al-Salam and Carlitz gave many identities and relations for their polyno-
mials and, in particular, gave their orthogonality relations explicitly. The
moment problem associated with V (a)

n (x) is indeterminate in certain cases,
and for some of these cases, the distribution functions found by Al-Salam
and Carlitz are N-extremal solutions, the first explicitly known examples of
such. The corresponding Hamburger and Stieltjes moment problems were
later completely solved by Berg and Valent [3].

Another topic on which Waleed wrote extensively, including the very
informative survey article [A84], was characterization theorems. In his
early work, he gave several characterizations of some of the classical
orthogonal polynomials. His paper with Chihara [A56] characterized the
Jacobi, Hermite, and Laguerre polynomials as the only orthogonal polyno-
mials satisfying a differential�difference equation of a certain simple form.
This confirmed the first of three conjectures made by Karlin and Szego� in
their treatise on determinants of orthogonal polynomials [9]. (The second
conjecture has recently been settled in the negative by Kim and Kwon
[10] while the third one was already known by the well-known result of
Hahn [8].) Askey then posed a generalization of the problem which was
then solved by Maroni [11] who coined the label ``semi-classical'' for the
resulting orthogonal polynomials. An even more general characterization
problem was later solved by Bonan and Nevai [4]. Waleed's last published
paper [A86] characterized the continuous q-Hermite polynomials as
being the only orthogonal polynomials which are q-Appell, that is, have
degenerating function of the form A(t) Eq(xt; a, b), Eq being the q-exponen-
tial function on a q-quadratic grid.

Al-Salam and Chihara [A62] characterized pairs of orthogonal polyno-
mials [rn(x)] and [sn(x)] for which �n

k=0 rk( y) sn&k(x) are orthogonal in
x for infinitely many y 's. This class contains some of the classical polyno-
mials such as Hermite and Laguerre polynomials and contains one new
and interesting set of orthogonal polynomials which became known as the
Al-Salam�Chihara polynomials. Their weight function was found later by
Askey and Ismail [1] and Askey and Wilson [2]. It was also realized that
these polynomials are part of a larger scheme of q-orthogonal polynomials
in which the Askey�Wilson polynomials sit at the top of the scheme and
the Al-Salam�Chihara polynomials play the role of the Laguerre polyno-
mials in the q=1 scheme.

A seminal paper Waleed wrote with Allaway and Askey is [A77],
which introduced the sieved ultraspherical polynomials. They were first
mentioned in [A76], by the same authors. The weight function of these
polynomials vanishes at isolated points in the interval of orthogonality and
later authors managed to use polynomials of a similar type to explicitly get
polynomials orthogonal on several intervals. The sieved ultraspherical
polynomials were also used to construct polynomials whose spectrum has
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imbeded discrete masses [7] and to construct a class of discrete measures
on [&1, 1] for which the orthogonal polynomials have converging
recurrence coefficients [12]. A sample of the structural properties of these
polynomials is in [5].

Waleed also worked on a variety of other topics. He wrote a well-known
paper on the Bessel polynomials [A8; see also A6, A22], derived several
Tura� n type inequalities, established generating functions for various poly-
nomials and functions, and investigated other aspects of special functions.
He contributed to the theory of q-fractional integrals and derivatives which
he introduced in [A48]. He proved a Leibniz rule for them in his joint
work with Verma [A58]. The resulting operators were used in [A64] to
construct reproducing kernels for the little q-Jacobi polynomials.

He also worked on q-beta integrals and biorthogonal polynomials and
functions jointly with Verma and with Ismail. In particular, [A85] con-
tains an evaluation of a q-beta integral and introduces a system of rational
functions biorthogonal on the unit circle. These functions are unit circle
analogues of the Askey�Wilson polynomials. They also are prototypes of
the later theory of continued R-fractions.

A valuable service Waleed provided to the special functions community
was to establish an electronic repository for papers on special functions,
which he instituted upon his retirement in 1992. He had the vision to
realize the importance of this endeavor and he spent considerable time and
energy in creating the system, which has become an indispensable source of
information on the subject. Waleed maintained the system until 1995, when his
failing health caused him to pass on the task to Hans Haubold in Vienna.

Waleed is survived by his wife and frequent collaborator, Nadhla (ne� e
Abdul-Halim), four sons, Nabil, Ramsey, Haytham, and Yaseen, two
daughters, Leila and Salma, four mathematical sons, Iftikhar Ahmad
(M.Sc. 1969), William Allaway (Ph.D. 1972), M. N. Bajaj (M.Sc. 1969),
and Mourad Ismail (Ph.D. 1974), and seven mathematical grandchildren.

Both writers of this note visited Waleed frequently in Edmonton and
collaborated with him regularly. He was always a gracious, friendly, and
generous host, as all of his many visitors could attest. Our collaborations
with him were always interesting and enjoyable.

We miss you, Waleed.
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