UNCLASSIFIED

o 294916

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED




NOTICE: When govermnment or other drawings, specl-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the sald drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



ADNo..

e R b

294916

+ HLE COPY

[
+

294 916 ’

FIRAL TECHNICAL REPORT
Srant AF-AFU3R-62-219

Jenuary 1, 1962 ~ December 31, 1962

“APPROX IMATIONS USING ORTHOGONAL FUNCTIONS”

; H I

JAN 30 1963

T

F. Max Stein
Mathematics Devartment
Colorado State University
Fort Collins, Colorado

December 3!, 1962

L AE-rcesSR-62-215 t//p

]

bty v it

|3



I

S PN

e e e

f. General summsry of work under the grant
The principal investigator was fortunate in obtaininc

an excellant grsduste student, Mr. K. F. Klopfenstein, to eid in

" the research under this grant.

Two papers were progared and submitted Tor publicatics
as a result of this research; conies of these papers have bez-
sent previously to AFOSR to be filed. These papers were antiti.-.d:
(1] "On Singular Sturm-liouville Tigenvalue Problems,” and
a2 7Sturm~liouville Systems That Ganerate Families.” .

The title of the firat of these papers [ 1] has been changed
to
{3] “A Remark on Singular Sturm-iiouville Differential Equaticas”
and has been accepted for publication in the AMERICAN MATHEMATICAL
MONTHLY .
- As yet no word has beon received as to the fate of th:

second of these papers [2]. It was submitted for publication in

2. "Reviei/bf research pursued under the grant

The main portion of the Lime under the present grent
was spent in examining Sturm-liocuville systems for possibie fur (Lious
to use in approximations using orthogona! functions It is kacun

{4, 5, 6] that the atgenvalues of & Sturm-Liosuviile/oystem arc

orthogonal over some interva: [a, b with reapaect to soie funct iun

w(x), so, as a first area of exploration, it was decided to ex.

amine in more detsil the more genaral types of Sturm-lLiouvilla
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systems thei arosze in [6].

In approximating the solutions of diFFerential.uquations
and integro-~differential equations, it is nacessary to approxi-
mate the various derivatives of @ solution as well as the so-~
lution itse!f. The functions studied in [2] were found to pos-
sess precisely the properties desired for approximating functions.

A family of Sturm-Liouville systems is defined to be the
ébllectinn of Sturm-Liouville systems consisting of an equation
of the type
(1) py” + sy’ + (q + A;r)y = 0
with corresponding homogeneous boundary conditions of the form
(2) Ay(a) + By’(a) =0

C cy(B) +dy’(b) = O ,

and ail Sturm-Liouville systems that can bhe obtained by repeata:ly
diffarentiating and integrating equation | and applying & par-
ticular set of boundary conditions of the form of equation 2 <o
the same interva! [a, b]. 1In [2] the necesnary and sufficient
eénditions were determined for the coefficients in equation |
#nd 2 so that the system would generate s family.

The singular Sturm-Liouville differential equetions in pai
ticular were discovered to provide Fruitful results., It was
found that the only singuiar Sturm-Liouville differentia] e=
quation; that can generate families and which have singularitios
at both endpoints of the interval are the differentiel equetion-
of Hermite, Jacobi, and Laguerre. Furthermore, these are tha oniy
Sturm-Liouville differential equations that have polynomial aigon-

functions and generate families,
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Lo a wide prasult of the precoding study, a paper [3] de-
veloped in which it was shown that a sesul<s of Hahn [7] can be
derived by different means than he used. in particular it was
shown that by relying on the usua! assumptian that the weight
function w(x) be positive and integrable over the interval of
orthogonal ity {a, b), then equation | is equivalent, up to ‘a
linear transformation of the indepandent variable, to the differ-
ential equations cf Hermite, Jacob!, and Laguerre, under the neceu -
ssry and sufficient conditions determined Tor thet equation <o
generate a family, for the came in which equation | has singu-
laritios .at both endpoints of the interval [a, bl.

{t is hoped that the results of [2] end [R] will ba useful
in the areas of approximation to be studied under the continu-

ation of the grant on "Approximations Hlsing Orthogonal Functions.”
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