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Introduction ,

.~

LI In the early 1970'S it became increasinglyapparent that the traditional
Master ‘of Science degree program in Mathematics was not particularly well-
suited for students whq wished to prepare themselves for nonacademic careers
below the doctoral level As a consequence, members of the Department of
Mathematical Sciences at Repsselaer Polytechnic Institute began to consider
an alternative Master of Science program in Applied Mathematics, a program )
- that would be designed speciflcally with the needs of this class of students - ~
in mind. < .

;. Lo . 9

A grant from the Alternatives in ngher Education section of the- National

Science Foundation was of crucial assistance in the initiation of this new
> degree program. The grant began on June 1, -1975, and, following a one-year’

extension, terminated¢on May 31,' 1980 " THis ﬁlnal reépott describes the

T . tagtiv1§ies carried out with the assista\fe‘of this,grant. '; -
. . ,” ~ “'V_ 1 . i :. " . . -
E Descriptiqn of, &he;program . .o : C. .
v \ L '
PR %rior to~faunching the pregram offiC1ally in Sepﬁember, 1976, we spent

f‘- conslderable time -discussing with’ representatives of various 1ndustries t
kind of qqallficatlons'that are sought by industrial employers of applied

mathematlcians. .There was remarkable agreement in the responses from a wiQe
variety of COmpanies and laboratories. - ] p .
x . . 2
T All_'_indicated a need fpr - * .
: :'“‘ . ’problem solving skills . . |
: ; * . .
h Y
~ 7 - N ability to- communicate effectively with nin—mathematic1ans
» [ ] . . - .
. . a broad base of knowledge, both in mathematics and-in areas
- . of %pplication bt . e
. . - . . . .4
. gecific desired subject mattef varied more, but there was a widespread
expression of need! for i . o ) .
) X v y 8 \ e K L . .
boos oo skill in anaIytical methods ¢ .
' ~ . ' some knowledge of computing . ~ _
- \ R4 - - ’ c.
. . R
. . ability to use statistics \\ N
. . . N ’ + L)
. ) ’ ) .
- > - -
» ' N . '

“
e

-~




The* oegrée requirements (see Appendix A) were established with a view to

o

" meeting these often expressed needs. Courses are required in such areas as

computer sciénce, numerical analysis, mathematical programming, applied o
probability, and analytical methods in applied mathematics. 1In additionm,
students are encouraged to take one or, more courses in .a field of application. -
The two focal points of the curriculum, hqwever, are a new course Advanced , N
Mathematical Modeling I, II\ and the master s progect that each. stydent is’ v
required to complete. v . ' ,! “
" The progthm has .now been in operation for four full years -with an average
- of ten to fifteen students enrolled ar any one time. To date a total of’23. ¢
students hawe cqmpleted degree requirem nts? Thirteen have accep;ed.positions
in industry with a total of seven different- dompanies. Bell Tele
~ Baboratorjes “(6); Mitre ‘Corporition (2), Wéstinghouse‘(l), ‘Sandia LabOratories
(1), Santa Fe, Inc. (1), Sanhders Associates (1). Four have elected to con-
tinue their studies toward the doctorate, one in mathematics (RPI), one in -
mechanics (RPI), one.in metéorplogy (MIT), and one in interndtional relations
(Cornell). Five graduates are career officers n the U.S. Army and chose this
program as preparation‘for a tour of duty on th instructional staff at West’
‘Point. The-whereabouts of one graduate is unknoym. -

Y

The Modeling Course ' L <

The required course Advanced.Mathematical Modeling I,,II was constructed
so a§ to enhance\ @ student's problem-solving and communication abilities, to .
promote teamwork, and to widen each student's horizons as to the ‘range-of ‘ap-
plications of mathematics and the variety of useful mathematical methods.
The course involves several short series of lectures coupled with a seminar.
The lecturers and ‘their topics vary from one year to the next, and are chosen
so that’'in any particular year a representative sanfple of current applications
of mathematics, as well as a broad range of mathematical methods, are discussed.
In most cases the lecturers are prackticing applied mathematicians from
industrial or government laboratories who are invifed to participate in the
course." A list of lecture;s and their topias for the four yearsr!976 -80
appears in Appendix B. . ,
An integral part of the modeling course is a seminat in which students re-.
port on the progress o§ tHeir own work. During the fall semester the class is
divided into groups of two or three students, and each group is assigned a
problem area. They are expected to investjigate the mathematical models that
have been developed in this area, to analyze their degree of validity and their
limitations, and to seek out refinements. Among the problem areas that have
been used are population dynatmics, epidemiology, Species interaction, and
carcinogenesis. * Students in each group report orally’ to the class several
times during the semester, and each student* ptepares a written report at the
end of the term. . . M

9
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- RO e, . ¢ .
During' the gecond. semester of each gf'the'last three years we have
arranged for the student groups in the modeling course to work on projects’
proposed by local industries or government .agencieés. These:projects have
been extremely valuable for -the students i several ways: they see a
problem that someone in industry is interested in ‘solving; they get ac-
s - - quainted with a few scientists anfl.engineers who are doing reséarch and -
. development work; they hear a little bit about the cdnstraints under which
such work is done; and they see the inside ¢of a modern research facility.
. A1} of this helps them to, know what to expect when they leave school and ' R
accept a position in industry. :
1 .t
On ‘the other hand, the industrf receives the benefits of having a
group of bright ard enthusiastic students work on one of their problems at
minimal ‘cost to the company. In some cases the projects have led to quite . o,
worthwhile resdlts’from the point of view of the ‘proposer. Even in‘instances ‘
- where this did not materialize, and it is the nature of research not to be
sugccessful in all cases, the individuals involved from the, industrial side
, hawe often fouﬁd it 'to be a personally stimulating .ekperience. '

\ -

N

The ,output of a project\is an oral or written report to the sponsor
“that{ is. as formal as the sponsor desires. - For example, in, the project
(spring 1979) with Mechanical Technology,” Inc., the output was simply a
working computer code for the computation of the preSsure distribution in a
two-layered elastic medium under given boundary conditions. In contrast,
the project (spring 1979) with the New, York State Department of Environmental
Conservation resulted in an extensive written report analyzing the available
data, proposing a “rather complex mathematical model, and predicting via

< computer simulations the consequences of various sets of hypothetical

conditions. =~ * . R ’

.

A complete Iist of ﬁréjects and sponsors is given in'AQpendii c. .

()

’ . F3
In addition to its purely technical &spects the course ig important in
several other ways as well. 'The frequent oral reports provide an opportunity
for each student to sharpen his or her skills in effective oral cemmunication.
. The ‘written reports that are required each semester provide a similar op-
. portunity to develop skill' in technical writing. Feedback occurs' through .
. questions and gdmments from classmates in the audience and through consultation Q\
vith the instructor. The individual master's project (described in the nekt
section) gives a further chance for practice in written. and oral communication.
. &
- . "The.experience in working as a member of “a team on a.problem of joint =)
- - interest is also-extremely valuable. This i§ new to many students, whose

-
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previous education has. been largely based onh individual rather than cb~*

e operative effort. Finally, there is the.éffect of the coursé as a confidence-
builder. This is particularly true af the 1ndustrially sponsored projects,

@ which at first sight seem top most students to be utterly beyond their T .

. abilities to deal with effectively. The fact that in most’cases they have

- been able to make some worthwhile progress in a reasonaﬁly short. time has_——

. resulted in an easily visible, .although not measurable, increase "in self-

confidence for the majority .of students.’ We believe that,these nonmathe- .

matical benefits are of comparable 1mportance to the techhical information

that 'is acquired during the course.,> ’ . . : '

T

The Master's Project

The progect provides an opportunity for each student to organize and
sexecute a substantial piece of independent work under .the general supervision
. of a faculty adviser. It allows the student to follow a line of investigation ]
that he or she finds interesting and challenging. Some projects have had'a . .-
. ‘strong modeling component, others have involved the' analysis of existing
- modelsj some have.been largely analytical, while others have involved ex- -
tensiveocomputation, some have been closely tied to ‘a'specific real-world
problem, while others shave dealt more vith mathematical methods. A written
project report'is required in all tases, and an oral presentation is ar- " .
ranged whenever it is possible. Appendix D-contazns a list of master 's
projects completed to date.
N .
Advisorz,Commlttee 4 )

E- 2 To assist in formulating plans for “the program an Advisqry Committee was
appointéd, consisting of the following distlnguished applied mathematicians:

\ " Jagdish Chandra (U.S. Army Research Office)
) . Hirsh Cohen (IBM) g oo ) )
- ‘ -Burton Coivin (National Bureau of Standards)
\ ‘ fames McKenna (Bell\felephone Laboratories) : .

.

. . Melvin Scott (Sapdia Laboratories)

¢ There was an all-day meeting of the Advisory Committee in ‘New York on
November. 7, -1975. Other meetings 'were held in conjunction with national ¢
meetings of the Society for Industrial and Applied Mathematics. In addition,
. members of the Advisory Committee were frequently consulted by #elephone.
- .. Their advice was particularly helpful in choosing guest lecturers for the
‘modeling course. . .

. *
N '
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Tie e . AXSE émmEsz IN MATHEMATIQAL MODELING , .. ' - S e .
% . N - ’ [ ,
) - Since the course Advanced Mathematical Modeling was a substantial .
. departure from existing courses, both at Rensselaer. and elsewhere, there
was a lack of suitable text materials., As a‘result, all lecturers were - .
. urged to prepare lecture notes for distribution to the students concurrently
., or shartly. after their, legtures. A suhstantialsbody of notes was accumulated
v .in this way. ’ . -

. .
) RN . - N .
. . - - *

N ' Several of “the most appropriate setsroﬁ'lecture notes were selected for
publication in a volume entitled -CASE STUDIES IN MATHEMATICAL MODELING.
Following an éxtended period of .investigation and, negetiation, a contract
was signed wiuh Pitman Publishing, Ltd., of London for the publication of
this boek. " It is now in press and will be published dur1ng the latter part
of 1980.. We hope in this way to- provide * text materials for others who may
wish t6 institute similar courses. - ] : R

The Table of Contents of CASE STUDIES IN MATHEMATICAL*MODELING appears - °
, in Appendix E o : . L %

o P . S
. o .

National Impact
, .- n : o \
The impact’ of Mthis program nagtionally has been felt in several ways.
In the first pla&e, the announcement of the NSF grant and the launching of
the program in 1975 resulted in a large number Qf inquiries from across the
country. Information was provided to all who requested it, and this resulted-
in widespread acquaintance with our program. Particularly close tie§ have ﬁ

s developed with faculty members at Clemson, Washington State, and Claremont.- K

As a result
Boyce and Donald
or international
Their remarks at
will also ‘appear

of their involvement in this program, Proféssors William .
Drew have been invited to speak at several regiogal, naqéonal
conferences, A complete ligt is given in Appendix F. .
the Fourth International Congress on Mathematical Education

in the proceedings of, the conference.
-

-

The book of "lecture notes CASE STUDIES OF MATHEMATICAL MODELING arising
from the program will be marketed on a world wide basis. ° | -~
. It seems. clear that the latter part of the l970's was marked by a -

relative increase in interest in applied mathematics, “and many colleges and
universitiesscreated programs of one kind or another in-this field. With one
of the earliest and strongest programs in applied mathematics Rensselaer has

. . helped to strengthen this movement and in some cases to influence its progress.

.- .

- .
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. > The most convificing evidence of the su&cess of the program is that its
graduates are in dzmand by'employers. With-the exception of one graduate
whose whereabouts are unknown (and who may well have secured satisfactory
-employment), each graduate who entered the employment market found pro-
fessional ‘employment at competitive compensation. Most had a choice of
Y$ositions, and the limiting .factdr governing the 'number of offers appeared
ta be the time and energy that the candidate‘devoted to-his or hér job .

search. ) <, .

1
L]

) We have advertised the program extensively eqéh year of its existence, .
and there is Eeginning to be evidence that students are attracted specifically
to it. Several.students are planning to enroll in the fall of 1980 without
full financial aid, evidently feeling that it is a,worthyhile investment in

their own professional development. S,

* Qux own appra!sal of the program-is that it has definitely been successful.
We believe that students completing the program are well-trained for .employment
in industrial or government laboratories, better-trained than those students
who have completed a more traditional Master of Science program in mathematics...
We have begun to cultivate closer ties with industrial users of applied mathe-
matics and applied mathematicians, although this is something that will never
be completed. * . | - C,
. We are in the process of developing corporate support for those aspects
" of the’ program largely supported.by the NSF grant, .and we are hopeful that. a i
reasonable measuré of success will result from these effarts, TInitial contacts
have been made with Bell Laboratories, General Electric, IBM, and Mechanicai
Technology, Inc. { o : T - ,
In any event, the program is now firmly established and will be continued
indefihitely as a permanent part of Renseelaer's offerings. Thus the main
goals set forth in the initial proposal to*the NSF have been reached. °

;. , ‘ '
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: APPENDIX A

REQUIREMENTS FOR THE M.S. IN APPLIED MATHEMATICS’

. "Rensselaer PoXytechnic Institute ‘o

Department of'Mathematiqaf Sciences
“This program provides an alternative - to the tﬁaditional M.S. in Mathematics
for those students who wish to prepare themselves fqr employment in business,
- industry, or government. It stresses the construction, analysis, and
evaluation of mathématical models of reaj-world problems, ‘and- those areas of
mgthematics that are most widely useful in solving them. .
@
1. Each student must follow a program of study in accord with the general
rules of the Graduate Schodl governing graduate.work. !

- 1

2. Following an approved plan of study, each student must complete at least
30 semesfer credits of study with an average grade of at least B." These
30 credits myst include the following: s . '

(a) at least 18 credits at the graduate (600) leVel,

(B) the ‘course 65.651- 652 Advanced Mathematical Modeling I,II,
or itg equivqlegt' )

(c) 6 credits in each of two .of the,following areas:

numerical analysis/computer science; ) \ .

-

\
mathematical programming/applied probability;

1

analyticél;methods in applied mathematics5

(d) an individual project. ) )
- > ‘ B
Courses not specified above cén be chosen from among the many.
" available at Rénsselaer. Among the possibilities are:

L2 courses in“all three of the areas listed in 2(c)

courses in a fie‘d of application;

coufses in advanced mathematics.
[

The proj provides an opportunity for each student to organize and
execute d substantial piece of independent work. In general, the '
progect should be concerned with some aspect of a real-world prdblem’
it might ﬁgcus on.the development- of appropriate mathematical models,
or on their analysis, or it might involve some combination of modeling,
probY¥em-solving,- and critlcal dvaluation. While the project should
demand original and.independent. work of the student, it,need not
result in a significant original contribufion fo the field, as.for a*

. doctoral dissertation. :{Both a written and an oral presentation of the

project will normally be required. 4
N e

-
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) APPENDIX B ‘
. o LECTURERS AND TOPICS v T s _ ‘Z'-
- . ADVANCED MATHEMATICAL MODELING \ | . ‘
-t . ' ”~ y N ]
. ~ ) ’ N . . 0 o
] . o .
Fall 1976 i N ‘ ’
Donald’' A. Drew (RPI) Models of Traffic Flow ) ~

<

" ‘Alan G. Konheim,(IBM) +Queueing Theory with Applications to Data Communication

Y Berhard 0. Koopman (Arthur D. Little, Inc.), Hydroacoustiq Wave Propagation
. - .
] . .

- - N : . | | .
Sprin 977 \ v ) \ , . . '

Judith F. Gilsing, Douglas R Shier, Christoph Witzgall (National Bureau of °
Standards)‘ Shortlest Paths in Networks °*

.Donald A. Drew (RPI)“ 'Iwo—phasb Flows in Nuclear Reactors

Douglas H. ‘Shaf fer (Westinghouse) Probability Models for Dielectric Breakdown
zb in a Coaxial Geometry i .

\ . .

. 1

Lynn 0 Wilsdn (Bell Telephone Laboratories), Semiconductor Crystal Growth

{ ¢
. . 4 . . - ¢
. Dall 1977 Lo S - ]
,Lee A. Segel (Weizmann- Institute and RPI), ﬁhy Don t Weeds Develop Resistance’
‘to Herbicides? - - o
> J : ‘ a.nd ¢ ‘ * ' . . .
4 .~ A Mathematical Representation for a Desalinization Process ) .

\
Donald A. Drew, (RPI), Models of Traffic Flow |, * i
Paul' B. Bailey (Sandia Lgboratories), The Calculus of Variationsgand the ’
N - Sturm-Liouville Eigenvalue Problem as Encountered Outside the
University . ¥ °

Stephen S. Wolff (Aberdeen Proving Ground), Simple Stochastic Models for .
Estimation and Prediction

. B

Spring 1978 ' ' .
' £

Moayyed A. Hussain (Watervliet A¥senal), Models in Fracture Mechanics -
-Donald A. Drew (RPI), Two-phase Flows in Nuclear- Reactors -

- . .. .
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_ APPENDIX B (cont.) ; o b
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e ~ . )
. . - . ‘ e . : : . Te.
Fall 1978 ‘ T : - g .o .
> - .« . £
Donald A Dre, (RPI), Models of Traffic FTlow -G . . N
Thomas F. Balsa (General Eilectric), Aerodynamic Noise - ) <o
. Bruce A. Powell (Westinghouse) Mathematical Modeling of~ Elevators
4 ~ ‘ . T - s * N - ’ '. . .. »
. . ey (\ -
Spring 1979 ’ )
Christoph Witzgall, Judith F .Cilsinn;‘Douglas R. Shier (National Bureau of
LT - Standards) ; Shortest Paths in getworks
" william EN Boyce {(RPI), The Propagation of Nerve I pulses
- Jonathan K. Millen (MITRE Corporation), 0perating ystem Security Verification
- - N ‘ ;’ _
» o i < x
- Fall 1879 + . . - . Y b

Donald A, Drew (RPI) ‘Models of Traffic,Flow.

N .
New York State Department of Transportation, Researc Planning Bureau . .
. a¥ Dpavid Hartgen, An 0verv1ew of . the Role of Ma hematics in ]
. « } Ttansportation Research , - . .
.o . . . LA W
.. . Lt . and . . A o W
- ¢ .‘.‘& ", [N -
. ... . . Fbreéasting Energy Demands ~
- c b Gerald Cohen Disaggregate'Models and Individual \Choice ///;;,,//
. c. Wayne Ugolik Urban and Rdral Transit Services ' . 3

-

e L. Peter Koeppel Psychometrics and Attitude Scaling : ' R
Thomas Lonenzen (Genera{ Motors Research*Laboratories) Multiple Attribute

.- . , - Sampling Procedures ) . e -
/,_ Spring 1980 - - o= ~ e o n . )
-t : . s - co.

Bepartnent of Energy;‘ nvironnental Measurements Laboratory
a. Keran O'Brien, Physics of Radiation Transport
“b. Gail de Planque EnVironmental Monitoring Around Nuclear Facilities

3
\
A
- -
by
Lo

. - c. Carl Gogblak, Micrometeorological Models _
'John Lew (IBM) Signature Verification Models | . .
Bell Telephone Laboratories N - . ' )
e ' a.‘Richard Hinderliter, Design of Telephone Networks in Small P&pulation

¥ Areas . -
: ) b. Richard McLaughlin, Planning Local Qable Networks
c. Norman Noe, Forecasting Demand for- Small Populations k\\ .
- ‘ A ;
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: C L APPENDIX C - . '
‘ - - INDUSTRIAL PROJECTS . . . .
2 . f - * ° .
. ° . . - * N ) ~ v
Spriﬁg 1978 . - -

1.” Transient Response of a Solar Storage Subsystem (General Electric Company) .
. .
The problem is to determine the*transient response of thermal storage of °
a solar } power plant. More specifically, the obJectives of this problem are-
to determine the temperature distribution within the storage tank and the -

outlet temperature as a function of time durimg charging and discharging. .
v ' e L
2. An &kisymmetric Layered Qantact Problem (Mechanical Technology, Inc ? R R
The problem as posed by MTI concerns the surface displacement of’a ~ ’

parabolodd on a layered surface due to=a prssure distributﬂon. The " problem
is «o determine the pressure in the contacr zene. The result was a system
of equations for the unknown pressures at nodes within the centact zone.
% The coefficients of the system weré Presented in a fqrm suitable to program
. on-a computer. . - . .

.
. .

3. Flutter of a Turbi
Under certain extremel;'rare operating conditions, a blade in a compressor
may expevience severe anl unwanted vibratory motion. _Ihis i5 called compressor o
flutter. ,Very sophisticated analyses and computer programs,exist for the
. prediction of the onset of flutter, invari ly these predfctions are based,on -~ "
so—called two=dimensional analysis involvindg .space variables (x, y) only.~ . *
" » The purpose of this problem id:to obtain the precise conditions under which =~ =,
. the well accgpteﬁ two-dimension& .analysis is adequate; this is to be done by
. examining the sqlution to a simplified three-dimensional problem and by
establishing criteria under which this szgution weakly depends on the spanwise
cQordinate, z. “- Lt \,' 4 . . ,

[N ) [} - . - N
- . N . ! R ’ . .

[

¥+

N Spring 1979. = ° T~ ~ NN
N ¢’ - N - _"‘ . . ‘\r-(‘ \«
1.. Thermodynamic‘Analysis of Shbcks (General Elektricﬂggppany)

The object of the project was to produce a- computer code for the computagion
of thermodynamic variables downstream frbm a shock in a fluid not obeying the
ideal gas law. This requitred the development of an efficient numerical algoriahm
for solving ‘the Rankine—Hugoniot equation, using an assumed_equation of state,

\w N ) ) o




APPENDIX C (cont.)

- B .
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2., An Axisymmetric iayered Contact Problem (Mechanical Technology, Inc.)

A thin elasfic layer resting on an infinite elastic substate is. subjected
to an unknown axisymmetric pressure distribution. For a given displacement .
pattern, the problem was to determine the pressure distribution. The procedure
was based on a Hankel transform solution of thé biharmonic equation, and re-
sulted in a working computer code for the inverse transfoim. '

»Z. -

3. . Mathematical Models in Wildlife Management (New York State Department of
Environmental ‘Conservation) .

* The problem was to develop a mathematical model for the interaction of
natural predators with white-talled deer. A model was developed and simulated
on the conputer. Data were tgken from studies in the Adirondack Mountains,
Isle Royale, and the Idaho Primitive Area. In addition to the predator-prey
interaction the effects of hunting and weather were also taken into account.

. .

4. Experimental Designs for Analysis of ?harmacokinetic Data
. (Sterling-Winthrop Research Institute)

3

’1—

This problem concerned Lhe statistical analysis of rate tonstants: in a
two-compartment pharmacokinetlc model. The prdcedure involved the(development
of a nonlinear estimation technique appropriate for this situation.. Several
methods were tested and compared for effectiveness and costi ;fém@e‘

) CS s - , Y

-~ .
h a

Spririg 1980 s - G b - :%s

1. Cal&bration of Drug Doses (Sterling-Winthrdp Research Institute) ;

.t H

The problem§involved ghe study of various possible correlation techniQﬂes
to determine ‘the relation between a standard set of drug dosages, and some
response, for example, the concentration of the drug in the: patiewt s plasma -
after one hour. The procedure should be able to~determine accurately an un-
known dosage from a known response. Standard inverse, and multicurve cor-
relation techniques were: investigated using a computer code.

-

~ . -
R Te

2. Pheasant Population Models (New York State,Department of“Environmental
Conservation) . e “ .

The project.involved a study of pheasant populations in two counties iﬁ
western’ New York Stgte. Large collections of data were compiled on pheasant
populations, predator (raptor) populations, weather; hunting, etc. Weather

was found to be ‘the most important factor, but predation had Some influence"
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Carl D. Springer Multiple Time Series Investlgations 1nto the Control of a
. Paper Mill °
. Daniel S. .Stevens, Perturbed Bifurcations e ' v
. R X
P v i ®
Summer 1979 P i
. ® ‘
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Fall 1979 )

J. Michael Coyle, A Numerical Method for Approximating Solutions of Two
Point Boundary Value Problems by Averaging and Using a Spline
under Compression Basis

. David ﬁ. Meek, Ideal Two—Phase Slug Flow in a Horizontal Nozzle
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James J. Grazioplene, Some Applications of Self-critical Estimation Procedures
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‘John M. Greenwalt Multiple Time Series Investigation into the Control of a
e Diffuser Bleach Plant .
Ronald A. Hanisch Singular Inverse Eigenvalue Problem with Applications to
. Vibrating Membranes and Drums
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A o & APPENDIX F
. PUBLIC PRESENTATIONS CONCERNING THE PROGRAM

IN APPLIED MATHEMATICS, .

-~

Professoigioyce has pa ticipated in the following reglonal national, and
internatildnal conferehc
"Training, Teacher Qualificatlons, and Curricula for Applicable
Mathematics", ﬁanelist, Northeast Regional Meeting, Mathematical
Association of America, University of New Hampshire, June 19, 1976

"Models and Project Courses in Applied Mathematics", panelist
NSF Conference on Graduate Programs in the Applied Matnematical Sciences;
Perspectives and Prospects, Clemson University, August 26—27 1977

"The Grow1ng Role of Applications in Mathematical Higher Education",
panelist, CBMS’ Panel Discussion, Winter Meeting of AMS and MAA;
Atlanta, Georgia, January 6, 1978 ¢

"The Mathematician Outside the University", organizer and moderator of
spanel discussion, Winter Meeting of \AMS and MAA, Biloxi, Mississippi
January 26, 1979
"The Master of Science in Applied Mathematics at Rensselaer Polytechnic
Institute", Conference on Experiential Applied Mathematics Education,
Claremont Graduate School - Harvey Mudd College, May 31 -~ June 2, l979
-

"Uni:e;sity Programs with an Industrial Problem Focus", symposium paﬁelist,
Fourth' International Congress on Mathematical Education, University of
California, Berkeléy, California, August 11—12 1980

Professor Boyce also participated in two meetings of the Advisory Committee

for the NSF sponsored program at Washington State University, September 26-28,

1975, and June 26~27 1978 ﬁ »

Professor Boyce-also- participated in meetings of NSF Project Directors,

January 11-13, 1976, and February 7-9, 1979

/
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P£6fes§6r Drew, has participated in the folléwing national and international

conferences. , ’ )

-

"A Masteer's Degree in Appligd Mathematics - Who Needs It?" ¢
SIAM National Meeting, Philadelphia, PA, June 13715, 1977

"A Report on Upper Level Mathematical kodeliﬂg Courses and Seminars"
panelist, MAA/SIAM Pinel Discussion, Winter Meeting of AMS and MAA,

; "San ‘Antonio, Texas, January 5, 1980 ' .
‘ M -y » *

' "Educating Mathematicians to Work in Engineering and the Physical Sciences",
Fourth International Congress on Mathematical Education, University og
- . California, Berkeley, California, August 13, 1980 ‘
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