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LETTERS

To all readers of the Irish Mathematical Society Bulletin

Dear Colleague,

The Twenty-ninth International Mathematical Olympiad
(IMO) will be held in Australia in 1988, the Bi-centenary of
the European settlement of Australia. Mr Peter 0'Halloran,
Chairman of the 1988 IMD Executive Board belongs to the 259
of Australians of Irish extraction and is most anxious to see

a team from Ireland competing in the 1988 Imo,

It wos elways In the back of the minds of those of us
who foundad tha TNMG that soma day wa would entar an Irish
team In the IMO; and having recelved an invitation to compele
in 1988, we have an opportunity to fulfil our ambition! Now
Seems as good a time as any to begin. Over the next two years
We plan to identify mathematically gifted young people, train
them and by a series of eliminating tests pick a team to rep-

resent Ireland at the Olympiad in two years time,

Because of the timing of the Olympiad - it isg held in
the first week of July every year - it would seem that we have
to exclude from our consideration students who will be doing
the Leaving Certificate, University Matriculation and Advanced
Level examinations in 1988. This would seem to confine our
selection of potential team-members to those who are currently
in their pre-Intermediate and/or pre-Ordinary level years,
Ve have asked teachers to identify the very good junior math-
ematicians in their schools and to forward their names ang
addresses tg us, To prepare these we need to set Up a network
of mathematicians throughout the country who would correspond
with them and hold workshops at regular intervals and gener-

ally guide them over the next two years.,

We want to hear from people who would be willing to assist
We want mathematicians from RTCs, NIHEs

us in this project.
and University Colleges to volunteer to prepare problem sets,

to distribute them to students, to correspond with students

and possibly to hold workshops at selected venues once a month,

say. As well, we want help in raising the necessary finance

to send a team to Australia.
!

b
/

g
Without your/huch needed support the venture may fail.

Many of you have éxpressed concern about the adverse effects
the so-called new mathematics has had on third-level students.
Here is a practical way for you to become involved in correcting

these deficiencies, albeit to a small gifted group.

Even if you cannot see your way to play a full part in

the project, you may have ideas and suggestions that would

help us see it through to a conclusion. If 'you have, we

would love to hear from you. Please communicate your vieuws

to one of the undersigned.

Yours sincerely,

Finbarr Holland, UCC

Tom Lalfay, UCD

To the Editor

Dear Sir,
Since I am interested in group theory I was very amused
recently to discover that a pair of bedroom slippers I had

bought bore the brand name "COSET". However there is one dis-

turbing implicatibn - since I now have a left coset which is

not a right coset, does this imply that I am not normal?

Yours faithfully,

DESMOND MacHALE
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IRISH MATHEMATICAL SOCIETY

Commit i
tee Meeting, 6 pm, 3rd April, 1986 at DIAS

M., N .
S euell (President, in the chair), R. Critehley,
. Dineen, B, Goldsmith, P. McGill and R. Timoney.,

Apology: N. Buttimore,

1

The minut
utes of the previous meeting (19th December, 1985)

uere re .
ad and signed after one amendment.

No roa) p
. Dll posalbllILlan had gmorgad from Investigatlons by
. n
ven and 0. Goldsmith {nto olternative arrangements

for printing of the Bulletin

:::dqz:::;SSED;a:hZ-European Mathematical Council's prop-
Falt b Bhe o iscussed at length. The Committee
suns of money ?nVJTCt was extremely worthwhile. The
s fi B maino veé even for funding studies prelim-
Mathematical Soci sr?JECt were oo yreak fox the Felsh
decided to enco tety’s meagre resources. Thus it was
- urage the project but to obtain the nec-

essar i
y funding from other sgurces

5:1::SiZ:::d:Ot:ErEQUESt from M.F. Atiyah for a contrib-
For EEC funding ':ost of drawing up a detailed proposal
3rd level Nathe;ai. was decided to seek support from the
lasuts B riat %cs Departments in Ireland - the en-
The Ssaeetugs WOEI;ES'UF the database's facilities.
the details of the f:rSt Al Same dOAMRTREIAR. S0
to enable local re scheme currently under consideration
presentatjives to make a case to their

colleges,

nformed the Society, in respanse to a
that the EMC did not have funds

m.F. Atiyah had i
from the Secretary,

query
lable for travel support for represe
It was decided that the IMS would not be

g in Czechoslovakia

avai ntatives attending

EMC meetings.
represented at the next EMC meetin

in November.
The'Seéfetary,presented a preliminary report on the joint
g with the London Mathematical Society hel

Final financial details

meetin d in
Dublin on Magch 21/22, 1986.
were not yetravailable.

The Secretary reported on correspondence with the Amer-
ican Mathematical Society with regard to reciprocity of

The AMS seemed quite willing to have such
It was agreed that $4 would
ing

membership.

an agreement with the IMS.

be an appropriate discount price for AMS members join

the IMS.




IRISH MATHEMATICAL SOCIETY

Ordin i
ary leetlng, 2.15 pm, 4t} April, 1985 at DIAS
9

The P i
e President, M, Newell, took the chair angd
members present, 1 there vere -

on the joint meeting with the Lon
. . ¥
held at Trinity College, Dublin
; ) ’
Final financial details were not

don Mathematical Society
on March 21-22, 1986,
vet available,

”’L nu o
auin (8} ) 5]
I ] l ) y P / ol L 4 J L'
{ not ‘[ 00 ) ll\l)l(l\(!(] aomo ' mn 1n0l¢ A% 1

organise
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ence such a success and thankin

g9 the confer-
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use of their facilities 9 Irinity College for the

"IRISH MATHEMATICAL SOCIETY

Membership List Supplement B86-2

Compiled from Treasurer's Records on 10 July 1986

Amendments: J
/
85155 Currie, Dr P.Kf Guildeland 103, 2291 VJ, Wateringen, The Neth-

{ erlands.

85160 Geoghegan, Prof.R. Department of Mathematical Sciences, State Univ-
ersity of New York at Binghampton, N.Y. 13901, USA.

Additions:

86197 Thomas, Dr D. University College, Swansea, SA2 8PP, Wales.
86199 Targonski, Prof. G. University of Marburg, Lahnberge, D-3550, Marburg,
Federal Republic of Germany.

86203 Cussen, J. Patrician Academy, Mallow.

86204 Schnitzer, Prof. F. Montan University, 8700 Leoben, Austria.
86205 Lynch, P. Villarea Park, Glenageary, Co. Dublin.

86207 Barry, P.
86221 Shields, Prof. A.

R.T.C., Waterford.
University of Michigan, Ann Arbor, Michigan
48109-1003, USA.

. Clarko

86200 P. Robinson 86201 E. Cox
86206 T. Bradley 86220 M. Wallace

R.T.Co Carlow: 06190 E. Kernan 06202

u.c.D.:
NIHE Limerick:

Under IMTA Reciprocity: (86208 - 86219)

Sean Ashe, Brendan McCodey, Sean Close, Frances O'Regan, John Maher,
Art Anglin, Seamus McGurran, Mary Johnston, Elizabeth Oldham, Lornma Connolly,

Joe Devine, Maurice 0'Driscoll.




SUMMARY OF RESULTS OF THE 1986 IRISH NATIONAL
T —————— T 1700 IRISH NATIONAL

MATHEMATICS CONTEST
——" "o VUNITEST

on Tuesday, February 25, 19886,

and attracted 15
from 75 schools,

By Ccomparisan,
ools took part last year.

324 entries
1,630 students fronm 86 sch-

. ' inner is:
This year s wil

Spren Pedersen,
Ashton School,

Blackrock Road,
Cork.

. 11. 0'Connell
/ ; ly higher as we
considerably
Team scores yere

blin 1, took first place, with 293. Secongzpi:;e
SChOOi, g;ac;rocé College, Co. Dublin, who riﬁozgfd 2
went to : lace wi .
As has been the case Sinceithe inception of the INMC, the Marist College, Athlone, took third p
Paper used for the contest was Supplied to us by the mMaA comm- ill be presented with prizes in December.
ittee on American Mathematics Competitions and was used also W top sEozecs WA
For the 370) Anaad Nmericaon High School Mathematics Examin-
ation which Was Lalkuen by ng

arly 400,000 students throughout

Contestants had 90 minutes to ans-
uestions,

the world on the same day.
wer 30 multiple choice type q
to extremely difficult.

from the undersigned on re

which rTanged from easy

(Copies of the Paper are available
quest.,)

1986
IRISH NATIONAL MATHEMATICS CONTEST

Roll of Honour

Score
School -
Candidate Cork 105
_———;—‘—_p Gorsen Ashton School, Blackrock Rd, Co .
1 Sgren Pede Blackrock,
: ck College,
A new grading scheme was in operation this year: the tota] 2 Eoin 0 Brolchdin gé?cgaglin ol
mark assigned to an individual contestant was five times the Marist College, Athlone, Co.
number of correct answers plus two times the number of quest- 3 Kieran Barry Westmeath : 101
) i
ions Unanswered, The effect of this was to increase scores, L - fiphesl MoCauley 0'Connell School, Dublin - T00
h lchaal o . » Ma
while stil} leaving the maximum score at 150. The rationale ssauF ol Sligo Grammar School, lThe »
5 Brian Cra 511g0
for the change was to make the computation of Scores easier, . ltyfarnham, 100
Wilson's Hospital, Multy
to enhance the validity of the SCore as a measure of mathemat- B Mark Forsyth e Westmeath
0. .
ical ability and knowledge and, most of all, to discourage C.B.C. Monkstown, Co. Dublin 100
random guessing. Only intelligent guessing will pe rewarded Barry Martin N.wpark Comprehensive School, 100
¢ 3 e .
under the ney scheme! William Whyte Blackrock, Co. Dublin gg
in 1
L d Brennan 0'Connell School, Dublin o
) eonar fin
As a Consequence of the New scoring formula, a lot more . Magre Patrician College, Ballyfi
amonn .
students Scored B0 or better than in previous years, The cut- 10

s and 56 students
The top score was 105, and the
appear belouw,

registered this or higher,

names of the top ten students

Finlann Holland

- 8 .




SUMMARY OF RESULTS OF THE 1986 IRISH

INVITATIONAL MATHEMATICS CONTEST
————7 TATAENAATILo LONTEST

The Fourth Irish Invitational Mathematics C‘ontest was

held on Tuesday, March 18, 19886. Invitations to participate
in this were extended to all those who had scored B85 or better
in this year's Inme. Examination materials for this were
also supplied by the Mmaa. This was an essay-type examination
Contestants had three hours in which to answer 15 questions

with positive integral solutions. Partial credit was not
given: a question was either marked right or wrong. Score

cards were returned on behalf of 80 of the invitees,

William Whyte, who attends Newpark Comprehensive School,
Blackrock, Co. Dublin, was the top scorer in this contest,

William scored 8, and is to be commended for his performance.

Finbann Holland

ERRATUM

On page 8 of Bulletin No., 16 the name of one of
Our new members in NIHE Dublin is misspelt: it
should be Dr B, Lenoach. »

PERSONAL TTEMS

i fessor of
inted Associate Pro
it has been appoin
Dn Frank Hodne

i ick.
Applied Mathematics at NIHE, Limeric

. . .
R JA al C/LILI‘_C/L&;(Zy has been appoi ted to a Senior Lectu resh [s]
Dr Robke

in Mathematics a,"t NIHE, Limerick

¢

s sk ok ok sk ok ok ok ok A ok ok ok ok kok ok ok ok kK

prog g oks
T a progra or creatin beaut ul books palthU|a| Iy bo
Ex S [l

i . Knuth
containing a lot of mathematics." Donald E

TeX is sponsored by the American Mathematical Society.
E

-PC. It will run on
PCTeX is the implementation of TEX for the IBM-PC ; v
Ey PC or PC-lookalike with full memory (640k) and a har .
an

PCTEX $249  Full TgX implementation

PCdot $100 Driver for Toshiba, Epson, etc

PClnsor 5225 Drlver for LaserJot, LasorWriter, ote

Preview $250 Driver for PC screen

n, contact Timothy Murphy

For further information, or demonstratio

(Dublin 772941, extn 1486)




VISCOELASTIC BOUNDARY VALUE PROBLEMS

M. Golden

1. INTRODUCTION

Li . 3
lnear viscoelastic materials are described by the hereg
e

itar i i i
y constitutive relations (repeated suffix notation under

stood)
t
oij(g,t) = 2J dt'u(t-t')eij(g,t')
. Joo
+ I dt'A(t-t')ekk(E,t'), iyjo=1,2,3 (1.1)

-00

in terms of the stress
and strain t
ensors Gij’ Eij at positio

r = X -
- ( ya2) = (Xlrxz,xa) and time t, and the singular visc
o-

elasti i
ic functions p(t) and A(t), both zero for negative time

5 .
n order to incorporate Causality. These are related to th
[s} e

relaxatio i
: n functions for shear and volume deformati
particular o "

n(t) = S(6(L)H(L)) (1.2)

where H(t) is the Heaviside

step functi .
relaxation function, ion and G(t) is the she

approximated perhaps by a constant plus

exponenti
ial decay terms. If one exponential is sufficient
’

. . . .
the aterial is referred to as a standard 1i ear solid A
.

similar relatio exists
between (Zu(t) + 3)\(t 3 and he bulk
Ielaxatlon functio . 1is latter qualtlty nay be taken t b
[s) €

a constant, or alternatively, proportional to G(t)

materials. » for many

Equation (1.1) is combi

\ : b ; .
equations mbined with the dynamical
82

O s L
lJ,J(E;t) + atzui(g,t) = 0, i=1,2,3 (1.3)

where U.(r,t) are the dlsplace ents. It is sometimes pOSSlbl

to EglECt the acceleratio ter 1r 1.3). 1s non-inertial
( )

approxi atior will be adopted enceforth. I a bﬂdy Ooccupyl
Y

- 12 -

volume V with boundary B,

the boundary conditions may for

example take the form

Ui(f_st) = di(E’t)’ L e Bu(t)
oij(g,t)nj(g) = c;(zst)y L€ B, (t) (1.4)
f Bu(t)UBo(t) = B

(L,t) are specified functions. On taking

the hereditary integrals
) and (1.3) reduce to

where ci(g,t) and;’di
the time Fourier transform of (1.1),

become products and in fact both (1.1

the elastic form with Lamé's constants replaced by the so-

called compléx moduli. If the boundary regions B and By

this observation allows one to reduce any prob-
This is the con-

are constant,
lem to the corresponding one in Elasticity.

tent of the Classical Correspondence Principle.

Many interesting problems are however not in this cat-

egory, for example those involving loads moving over a half-

or the Normal Contact Problem where the load is stat-

space;
gnitude; and also extending or closing

ionary but varying in ma
crack problems. The basic complication is the following: if

a displacement, for example,
it Ls known ab all provious tlmes, so an hoered-

is known at time t on Bu’ it does

not follow that
ftary integral over Lhis quuntity is nol ne
pn exception to this would be if Bu is non-increasing with
at time t, it was in it at

cossarlly kKnown.

time, since if a point is in BU

all previous times. Elaborations on this observation allouw
certain extensions of the Classical Correspondence Principle

(Graham [1) and references therein).

There are many problems however where the boundary regions
vary in quite a complicated manner, for example exhibiting
A method for tackling such

tion of hereditary

consecutive maxima and minima.
problems, involving a certain decomposi
integrals, was developed a long time ago by Graham [2] and

Ting [3]. The main point of the present note is to give an

- 13 -




alternative derivation of this decomposition, recently evoly

and applied by Cecil Graham and myself, and to give a simple

illustration of its use. This derivation leads to a form

which appears to be easier to manipulate in certain contexts

2. DECOMPOSITION OF HEREDITARY INTEGRALS

Let the two functions u(t) and v(t) be related by

v(t) = j dt'e(t-t")u(t)
. (2.1)
u(t) = J dt'k(t-t')u(t")
where k(L) ond 4(L), bolh zoro for negolive t, are lnversos
of each other in the sense that
t t
[ dt'e(t-t")k(t') = I dt'k(t-t')a(tr) = 6(t) (2.2)
0 0
in terms of the singular delta function §(t). Let 6(t) be

the set of the present and all past times (-m,t], which we
decompose into two sets Wu(t), wv(t) where u(t') is given for
t! e wu(t) and v(t') is given for t'e¢ mv(t). In certain
applications v(t') may not be known on wv(t) but can be use-
fully represented. If we could decompose v(t), for example,
as follouws

v(e) = [t (e, enuen) + [[atrm eenuien (2.3
Wy (t) wy,(t)

then everything on the right-hand side is known, provided that
the sets wu(t) and wv(t) can be specified, so that v(t) is
given explicitly. R decomposition of this kind can be derive
in the following manner. We first define the sets wu(t) and
wv(t). Let t;,t,,t3,... be the sequence of transition times
earlier than t, marking when t! changés from wu(t) to wv(t)

or vice-versa., We take it that [tl,t] € wu(t) since other-
wise t € Uv(t) and v(t) is known to begin with.
write v(t) as

Let us

- 14 -

t1
‘ ! ! gre(t-t )ult")
v(t) = L:dt'ﬁ(t ~t)ul(t') + Lm? ; ‘ -
1 t [
= Jtdt‘l(t—t')u(t') + J Bt'Tl(t,t')v(t )
tl -
t
o Telbst? ) = { et (b-t™)k(t"-t") (2.5)
t'

!

. . 1
Thé érocedure can be repeated to obtain finally

from (2.1). |
’ L t
M (t,t") =/To(t,t')ﬂ(t';t,,t) F T, (Lt IR(EY s £y0t,
u{’

2.6
b Ty (B ER(E st sty ) + ovs (2.8)

3 T,(t,t")R(E 5E45E5)
nv(t,t') = Ty (b, )R(t 52 ,t0) + Talt,
+ cea
i 1, te [tayty] (2.7)
Rtstarta) =1 td [tarty)
for all t,, t;, and t. Also
= n (t,t")R(tM-t1), r even
To(t,t') = &(t-t') = I at"T__, (¢,
L
t roodd (2.0)

y n noLty,
Tr(L,L‘) , I HL"IF_1(L.L Ye(Lmr-1t)
t 1

r of
of terms in these series depends on the numbe

If t_ is the final transition time,
b an integral, the lower

it can be shoun that u(t)

The number
transition times tr. '
then where it is the upper bound in

bound is =-e. In a similar manner,

can be decomposed in the form

u(t) = gt'r (t,t")u(t") + dt'FV(t,t')v(t‘) (2.9)
) wy (1)
where ‘ e e
Fv(t,t‘) = No(t,t")R(t st1.t) + Np(t,t JR( 358,

2.10)
+ Nu(t,t‘)R(t';ts,t“) £ e 0d (

_ 15 -




Fu(t,t') = Nx(t,t')R(t'Stzgtl) + Na(t,t')R(t'itq’ ts)

LN

where the quantities Nr(t,t’) are given by formulae akin to

(2.8) but with 2(t) and k(t) interchanged.

This apparently trite formalism is actually extremely
powerful in the context of non-inertial boundary value prob-
lems. The decomposition was developed a
the Normal Contact Problen (2.3)

to the steady state case [4]

s mentioned to solve
and applied more Tecently

. A form of it is the fundament;
ingredient required to write down an integral equation for
moving load problems (a special case of which was

derived some
Limo wgo [5,06])

and perhaps more yonural problums aluo, It
arises also in the tase of crack problems in a manner which
we shall now discuss.

3. CLOSING CRACK PROBLEM

Consider a fixed length crack lying along the X-axis
occupying the region [-c,c], in an infinite viscoelastic mediu
Let there be a constant pressure p(t) acting on both faces
where p(t) may change sign,
elastic medium, such a sign change from
would lead to instant closure,

viscoelastic medium,

while the crack is open, In an

positive to negative
This is not the case in a

which makes the problem non-trivial and

leads to certain interesting effects, While the crack is

open, this problem is one covered by the

Classical Correspon-
dence Principle and the solution may be i

mmediately written

down since the elastic solution is known [7]. In particular,

we have that the g9ap is given by

alx,t) = 2m(x)q(t) (3.1)
where
m(x) = (c? - xz)£
t
a(t) = [ atrk(tryp(er)

- 16 -

is defined by the fact

h _ uantity k(t), zero for negative t,
The q

i i iven by
s Fourier transform k(w) is g

(1-9(w)) /i (w) (3.3)

that it
K(w) =
; ial
eneralised Poisson's ratio of the material,
9

» i a LA kY =
ey Vi) l? terms of the complex moduli p(w) and Alw) acc
ble in

' ula i ity factor
. : , The stress intensity
h | la.

ording to the stafdard form

i
has the form f

/ = : (t) (3.4)

Ky, = c?p(t

g negative,
hile p(t) is zero or
. k may be open u
since the crac

. . to
negative, in contrast
ity m also be zero or
this quantity may

the
When the quantity q(t) becomes zero,

the elastic case. [-c,c] is no longer known.

crack closes and the pressure on ) e ahe
a
Thus, let p(t) be denoted by po(t 5

k is closed.
the crack is open; and by pc(t) when the crac

is closed.
however that q(t) is known when the crack is
Note houw

LE y
I 1S 1 act zero But this is DreClSel the SltUatlD we

ere deali g wit abDVEy whe derivi Q the deco pDSltlD .
w

. Ll 1 y xXp
) we ca 1 ed atel write douw € licit
rom (2 B) and (2 20

forms for pc(t) and q(t):

ty |
p (t) = ¥ gt T _(t,t")p (t )
c =T 335544 trad (3.5)
i e (t1)
q(t) = ) J dt'nN_(t,t )P,
r=0,2,4.. tr+1

the seco d equatio ererri to t e 1 1 crack S open.
q 1 T T g 1 S whe the rac L T
. P .
I the crack is ClOSEdy the co ditio or the ext time o

TRapERing is (3.5)
plte) = po(to)

while if the crack is ope at time t the cor ditio or the
)

time of next closing is .
1 = 0 .
a(t,)

- 17 -




These latter two equations may be used in conjunction with
(3.5) to inductively determine the times of opening and clo
The situation simplifies if steady state conditions under a
periodic load are assumed. Thus (3.5) - (3.7) constitute .
complete solution to the problem, in principle, and they arg
a simple application of the decomposition derived above.
This problem has in fact been solved for the special case of
standard linear solid under a sinusoidal load in [8,9]

by
means of a less general machinery,

and detailed results were
obtained for the case of a standard linear model. It may b
shown, using the explicit forms for (2.8) and (2.10
[4], that the general formulae (3.5)

results obtained in that paper.

) given i
- (3.7) reduce to the

Applications of the study of viscoelastic boundary valy

problems include the exploraltion of the phenomenon of hyster

etic friction which can be modelled by considering loads mov
over viscoelastic half-spaces.
in many contexts,

surface,

This effect may be significe
notably that of a tyre skidding on a road

Normal contact problems are relevant to th

e study
of impact phenomena,

while crack problems contribute insights
to fracture processes in real materials.

REFERENCES

Ts GRAHAM, G.A.C. and SABIN, G.C.W,

"The Correspondence Principle of Linear Viscoelasticity
for Problems that Involve Time-Dependent Regions™,

Int,
J. Engng. Sci., 11 (1973) 123-140.

2.  GRAHAM. G.A.C.

"The Contact Problem in the Linear Theory of Viscoelas-
ticity where the Time-Dependent Contact Area has any
Number of Maxima and Minima™"

» Int. J. Engng. Sci., 5 (19t
495-514,

- 18 -

5. TING, T.C.T.

a
es Between a Rigid Indentor and

o Mech., 33 (1966) B45-

\ SCOelaSth al —SDBLE ] J. Appl-
1

852.
J.m. and GRAHAM, G.A.C.

Viscoelasti
plane Normal
e to be published.

4 GOLDEN,
1The Stead

. Sci.y
problem", Int.;J. Engng

¢ Contact

i
5 GOLDEN, J.M.

Half-Plane
tic gricticn of a Plane Punch on a
"Hystere

wl robl art 1Lscoe i0ur . I ° ppL.
th Arb t C ]ast,]c Behav 9 o
y Q Mech A 1

Math., 30 (1977) 23-49.

6. GOLDEN, J.M. .
nFrictional Viscoelasti

Appl. Math., 39, 125-137.

fech.
¢ Contact problems", Q. J. Mec

SNEDDON, I.N. and LOWENGRUB, M.

ticity',
Problems in the Classical Theory of Elas
'Crack Pro

wiley (New York) 1969.

8. GRAHAM, G.A.C.
ngtresses and Dis PP
by Alternating N
e o vtngs & Sel., 14 (1976) 1135~

1 emer ts 1 Crackeci Linear VlSCDElBSth
plac

le and
Bodies tha

ol :
Comproasive Loada, TInt

1142,

J.o o Engng.

9 GRAHAM, G.A.C. and SABIN, G.C.U.

d Sta
ions for a Cracke .
e B Research Communications,

ndard Linear

Viscoelastic Body", Mechanics

B (1981) 361-368.

Roads Divisdion, .
An Fonras Fonlantha Labonatonies,

Potteny Road;

Deans Grange,

Co, Dublin. - -

- 19 -




REALIZING RINGS AS ENDOMORPHISM RINGS - THE IMPACT OF LOGIC

B, Goldsmilh
INTRODUCTION

The object of this paper is to give a brief survey of ap

area of Abelian group theory in which remarkable progress has

been made in recent years. R second objective is to indicaty

how results and techniques from logic are gradually becoming
important in this area of algebra;

a point to which we shall
return later.

Throughout the paper all groups shall be additively
wr i Lban Abal fan yroups and rings sholl by uniLal, associollve
rings.

A QUICK COURSE IN ABELIAN GROUP THEORY

The following concepts will be needed from Abe

lian group
theory:

1. A group G is said to be reduced if G does not contain a

subgroup isomorphic to the additive group of rationals,

» or the Prufer quasi-cyclic group 2(p”) for any prime p
[This latter group is the additively written version of
the (multiplicative) group of p th complex roots of unity
with n running over all integers 2z 0]

An element g of a group G is-said to-be a torsion element

if ng = 0, the identity of G, for some integer n # 0. If

no such integer n exists then g is a torsion-free element,
The torsion elements form a subgroup tG of g and the
quotient G/tG is a torsion-free group,

A group F is said-to be free if it has the form F
where X, =
i

ierI.

= C)Xi

Z, the additive group of integers, for all
(These are precisely the projectives in the category of

- 20 -

Abelian groups.)

= hisms
endomorphisms of a group G (= homomorp

= o e 1 the endomorphism ring of

from G to G) form a ring E(G),

) =
if we set (o1 + b2)(g) = 01(g) + $,(g) and b102(g
G, 1

®,(d2(g)) for endomorphisms ¢, and ¢a-.
1

9
If 5 1is a ot (5 1} sub u G, where N uns
g P e the ubgro ps I P& throu

all no -ZEXO/lHtEQBIS, orm a base 0 neig bour oods © 0
/

i the
f 1 on G. This topology is called
for a lineaf topology
7-adic or natural topology-. e i .
1 i dorff precise ‘
e fAaecntd of Haui pnG are chosen then the resulting
ps of the form

If G is torsion-free then

If subgrou
topology is the p-adic topology.

6. e co n 1 - i i the group
mpletio a] 71 its P adic tODDlOgY 1s

ded
f J_ can be regar
J of p-adic integers. Elemenﬁs o b

2
i + S,P
infinite series s, + 5P
s formal infini e
: We note that Jp can als

(Fur-

+ ... where

0,1, «..5 P=1). ; ' :
Sie oy that it has cardinality 2%

i d
ring structure an e Tolh.

ther details may be found in, €.9.

T A group G is 1nde(:omposable 1 it ca ot be written 1in the

forr G = A B for on=-Zero QIDUDS A and B Note that
@ L
1 = @ B the E( ) has ldEmDOtE tS, V1iZ. he project-

ions.

THE REALIZATION PROBLEM.

he basic IEallZaLl( pIDtllEH ca be stated as ollows:

G T g 9 c 1 ill su a
iven a N A what d .0Nns on A w en re th £

2 s "
i = rings.
there is an:Abelian group G with E(G) A qua

The basi obl . b S =
c Pr ble can be odi ied (a d ade arder ) y 1 1ls

bed class of groups.

i i to A.L.S. Cor-
The fundamental result in this area is due

ner [1] in 1963. : '
of how mathematics should be written!)

(The original paper is a beautiful example

w 27 -




Corner's Theorem.

If A is a countable, reduced torsion-freg

ring then there exists a countable, reduced torsion-free gro,
G with E(G) = A.

(We remark that properties such as reduced etc. attributed to

a ring mean that the underlying group of the ring has the saj
properties., )

I shall not attempt to give any proofrbut merely indicate tha

all three conditions are necessary. Consider the following

rings: (i) 0 ® 0, (ii) Z(p) @ Z(p) (Z(p) is the field of P

elements), (iii) Jp C)Jp. Each of these rings satisfies two

but not the third of the conditions on the ring A in the abaoy

theorem. - However in case (i) if E(F) = 0 @ 0 then G would b

a vector space over (), If dim G = n then we would need n?=2

which is impossible. N slmilar vector space argument shous

that (ii) is impossible. Finally if E(G) = Jp(j Jp then G i

naturally a p-adic module and it will have finite rank. How

ever it is known that a finite rank p-adic module which is re
uced (in this case 0 must be replaced in the definition by th

field of p-adic numbers) is free and this again leads after a
little argument to solving n? = 2

. So (iii) is also imposs-
ible.

A non-algebraist might reasonably ask why the above resu

is important. (I'm assuming the question comes in the conte)

of pure mathematics and is not related to applicatiaons!) One

answer is that the result can be used to construct some amazir

examples of groups. These groups show that it is practically

impossible to derive any analogue of Krull-Schmidt decompos-

ition theory. We content ourselves with three examples which

can be produced using Corner's result.

Example 1. There is an indecomposable group of infinite rank.

Take A = Z[t], the integral polynomials in the variable t

and apply Corner's result. If E(6) = A then G is indecompos-

able since A has no idempotents.

untable
There 1is a superdecomposable group of co
Example 2.
rank | t
o non-zero indecomposable direc

(i.e. a group which has n

summend.)

= . Let
(», | req rz0}and define A A = )‘maX(r,a) .
ht? t can be shown
4 ZA th; semigroup ring I =
e i p is freely generated by e AL
Hence

of N over Z. P

an

L

; f

the underlying group od't. ns of Corner's Theorem.
s : the/conditio

so A satisfies f

i tion
G &ith E(G) = A, However a little calcula.l
B it . dempotent in A then there 1s

Le : ~zero i
shows that/if € is any non=z But nouw

an = = = € [
on-zero ide poteu t g suc tt at & EC T #

g £ GC = B @ C the B = E(G) or some idempote t €. .

; . . i
= (G) i then _a summe d o G a d Q(G) 1s cofr tai ed » B

D C 1s s

s as B=0®E,
_ G). Thus B decompose
since C(G) = egl

However

some E.

i A such
There is a countable torsion-free group

le 3.
. chacA:A@A@AbutA#A@A.

. (i=0
semigroup with 1 generated by 05 01 ( ,

Tyie, 4. to bs khe Let R = ZA, the integral semi-

. to 0.0, = 841 , ,
L ?id;ntifjing the 0 of the semigroup with the

group ring of A If I denotes the

0 of A) Again R is free as @ Qroup.

then
= - - O1py - 9202
arated by T = 1 OoPa

princlpnl ideal genera S U1 and

R/1 is still freely generabed as a ?ruup. iy I
Corner's Theorem to exhibit G with E(G) = A.
use

P u {[4, Vol.
G \.\Jlll ave the dESlrEd pro erties. (SEE chs o} 2,

g1.6] for more details.)
i ical rings
Corner extended his theorem by using topologica .
-Qroups
d he also produced a similar type of result for p ? -
- 0 -
% I worked on the realization problem for p-adic

e duced a weak realization theorem

d pro .
modules (1974) an : "
i Apart from some modifications and slight extensi

o Corner's eore (arlSl 9 al ly ro DISattl and 1s sC ool

1 Padova th wa the state ©O the HEGllZatlD Proble b
) 1s S

1974.

there.




ENTER SHELAH

In late 1973 the situation changed dramatically. Sahg
Shelah applied techniques from model theory and logic to a n
ber of problems in Abelian group theory [S] and produced san
astonishing results. The most celebrated of these does not
relate directly to the realization problem but is nonetheles
important to our survey of this problem. I refer of course
to his unexpected solution of the Whitehead Problem. This
problem, which has its origins in topology, can be phrased a

follouws:

"If A is a torsion-free Abelian group with the property

that every extension of 7 by A splits, must A be free

In olher words if G iy u group and G/72 = p Implies 6 =« n @ 1,
must A be isomorphic to @ 77 Shelah's surprising answer is

that the problem is undecidable in ordinary set theory!

To see what this means we must now make a small incursi
into set theory. The most commonly used set theory consist:s
of the axioms of Zermela-Fraenkel. Ve do not need to con-
sider these axioms individually; suffice it to say that they

cover "naive set theory". If we include the Axiom of Choice
then we have the basic everyday set theory which we denote by
ZFC. To understand Shelah's answer to the Whitehead problen

we need two additional axioms.

Godel's Axiom. If we let Vg, = @, v, = (@), Vo, = P(Vy) ...

and in general Va+1 = P(Ua) (with Vs =agga for a limit ordinas
o) then we have the universe of sets \ = Uy (where a runs th
Alternatively if X is a set, let DefX

be the family of all subsets of X of the form {a e X l P(a)}
where P(a) is any property of sets expressed in the predicate
Now let Ly = ¢ , La+x = DeF(La) (with Lo =ag%a fo
a limit ordinal o) and set L = ULa (where a rtuns through all
ordinals),

ough all ordinals),

calculus.

L is the universe of constructible sets and in
general is thought of as a "smaller" universe than V. (See
Fig. 1).

-2 -

Godel's axiom is that V = L.

This axiom arose originally in discussions

in's Axiom. :
i Before stating the axioms we need to

of the Souslin problem. ; -
recall some definitions relating to partially ordered sets

Definitions

' ' Jwn the elemonta
(1) Ir (P,s) ts o particlly ovdorad sol Lhon the

p,q of P are compatible if there is vt e P uwith p 21,
’

qQ S T.

(ii) A subset of P is compatible if every pair of elements

is compatible.
i e
(iii) A subset D of P is dense in P if for all p € P, ther
is a de D with p s d.

(iv) A partially ordered set (P,g) satisfies the countable

i i is
condition if every pairwise incompatible subset of P i

countable.
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We can now state Martin's axiom (MA):

Suppose (P,s) is a partially ordered set satisfying the cou

able chain condition. If {Di] (i€ 1I) is a family of densg

subsets of P with |I| < 2R°. then there is a compatible sub-
set G such that G N Di £ 0 for all i e I.

An observant naive set theorist will notice that MA follous
from the continuum hypothesis (CH). However it has also bg
shown that (ZFC + MA + negation of CH) is consistent. (By
consistent we mean that if ZFC is free from contradictions tl
so also is the above.) Indeed it is also known that ZFC +

(v=L) is consistent.

Sholah's wnuvwor Lo Lhe Whitehoud problom was Lhis: In
(ZFC + MA + negation of CH) there is a group A (of cardinall

¥;) which satisfies the conditions of Whitehead's problem buy
A is not free.

The outcome is, of course, that for naive set theorists
the problem is undecidable! This of course was a considerat
shock to most people working in Abelian groups. (See Eklof

[3] for a very readable discussion of this area.)

RECENT DEVELOPMENTS

While the Whitehead Problem is of no direct importance
for the Realization Problem, the techniques developed by Shel
in his 1974 paper (and subsequently extended by him) have bec
ome the major tool for tackling the problem. The following
results indicate some of the many recent advances made:

1. (zFC + (v=L)).

phism ring.

Every cotorsion-free ring is an endomor
(Dugas and Gobel, 1981).

(A group is cotorsion-free if it is torsion-free, reduce

and contains no copy of Jp, for any p.)

(ZFE) If A is any algebra over a complete discrete
2. .

. . -
Ualuatlol ring 3 the .
A its "esse ial" endo orp is ring (DUgaSy Gobel and

as £

n there exists a R-module G having

Goldsmith, 1982).

(zFc) Every cotorsion-free algebra is an endomorphism

algebra (Dugas and Gobel, 1982).
The state of H%e art for the Realization Problem (in 1984)
E / ® 0 .
h been very elegéntly presented in a unified approach by
as )

and Gobel [2]. Their results are based on a combinat-
Corner

n S
i al techiique dEUiSEd by Shelah. I Very recent work, Duga
10

d Gobel and Gobel and Goldsmith have established (in V = L)
an

that most realizations can be obtained in classes of groups

. -
hich are almost free (in the sense that all subgroups of card
whi - .
inality less than the cardinal of the realizing group are free)
ina

Some of the results so obtained are undecidable in ZFC.

CONCLUDING REMARKS

One of the principal objectives in writing this paper is to
convince non-logicians that set and model theory will have a

role in our subjects once uwe deal with any uncountable struct-

i 1
ure (since IR is uncountable that takes in most of us!)
This Lmpacl ls porhops motl, apparont In fbold Lan group thoory
but the reason for this is clear - finite Abelian groups are

completely classified being direct sums of cyclic groups.
However other areas of algebra, topology and analysis will

slowly but surely become involved also.

REFERENCES
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We can now state Martin's axiom (MA):

Suppose (P,s) is a partially ordered set satisfying the count-
able chain condition. If (Di} (i € I) is a family of dense
subsets of P with |I| < 2%, then there is a compatible sub-

set G such that G N Di £ @ for all i e I.

An observant naive set theorist will notice that MA follous

from the continuum hypothesis (CH).  However it has also been

shown that (ZFC + MA + negation of CH) is consistent., (By

consistent we mean that if ZFC is free from contradictions then

so also is the above.) Indeed it is also known that ZFC +

(v=L) is consistent.

Gholah's answor Lo Lhe Whitehoeud problom was bthis: In
(ZFC + MA + negation of CH) there is a group A {of cardinalit
¥;) which satisfies the conditions of Whitehead's problem but .

A is not free.

The outcome is, of course, that for naive set theorists
the problem is undecidable! This of course was a considerable
shock to most people working in Abelian groups. (See Eklof

[3] for a very readable discussion of this area.)

RECENT DEVELOPMENTS

While the Whitehead Problem is of no direct importance
for the Realization Problem, the techniques developed by Shelal
in his 1974 paper (and subsequently extended by him) have bec-
ome the major tool for tackling the problem. The following

results indicate some of the many recent advances made:
1. (zFC + (v=L)). Fvery cotorsion-free ring is an endomor-
phism ring. (Dugas and Gobel, 1881).

(A group is cotorsion-free if it is torsion-free, reduced

and contains no copy of Jp, for any p.)

(ZFC). If A is any algebra over a complete discrete
valuation ring R then there exists a R-module G having

A as its "essential®™ endomorphism rTing (Dugas, Gobel and
Goldsmith, 1982).

(zFC). Every cotorsion-free algebra is an endomorphism
algebra (Dugas and Gobel, 1982).

i
The state of thg art for the Realization Problem (in 1984)

has been very elegaq&ly presented in a unified approach by
Corner and Gobel {2]. Their results are based on a combinat-
ional technfﬁue devised by Shelah. In very recent work, Dugas
and Gobel and Gobel and Goldsmith have established (in V = L)
that most realizations can be obtained in classes of groups
which are almost free {in the sense that all subgroups of card-
inality less than the cardinal of the realizing group are free).

Some of the results so obtained are undecidable in ZFC.

CONCLUDING REMARKS

One of the principal objectives in writing this paper is to
convince non-logicians that set and model theory will have a
role in our subjects once we deal with any uncountable struct-
ure. (since W is uncountable that takes in most of us!)
Thls lmpacl ls perchops mosl appoaront Lo Abulian group Lhoory
but the reason for this is clear - finite Abelian groups are
completely classified being direct sums of cyclic groups.
However other areas of algebra, topology and analysis will

slowly but surely become involved also.
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n is itself prime).

So, for example, p(4) = 0, p(6) = 1, u(7) = -1, plaz) =

The function M(n) is then defined as
n

mn) = Loute).

The following table gives the first twenty values of this
function:

n |1]2] 3145|6789 i10{11|12{13|14|15]16[17]18|198]20
Min) “2|-1(-2)-2{-21-2 | -1]-2]|-2|-3]-2]-1|-1|-2|-2|-3|-3

—

=
i

—_

If you were to continue the above table out into the hun-
dreds or thousands, you would discover that the behaviour of

the function M(n) is quite erratic, fluctuating wildly from

positive to negative. But, the value of |M(n)l always appear
to be less than vn, i.e. -

[m(n)] < /n (1)
for all values of n. Since the Riemann Hypothesis follous

(fairly easily) from any universally valid inequality of the

form

[m(n)] < A/n (2)

for A a constant, Stieltjes' claim in his letter to Hermite

to have proved inequality (2) for some A, would have, if true,

resolved Riemann's problem at ance. It was because of this
claim of Stieltjes that when Hadamard wrote his now classic
and greatly acclaimed paper proving the Prime Number Theorem
in 1886, he apologised for publishing a proof of an already
established result. (It was known that the Prime Number
Theorem follows from the Riemann Hypqthesis.) In fact, as
we now know, Stieltjes was in all probability wrong in his
claim, and his failure to ever produce a proof may_indicate

that he himself realised his error. But as will become clea

- 30 -

it has taken the most powerful computing machinery available
in 1885 to settle this matter of inequality (1) conclusively,
and even then no one has produced a specific counter example

to the inequality. Inequality (2) for A > 1.06 remains un-
solved!

The first systemat%c investigation of the problem by com-
putational means was iw”1897 when F. Mertens produced (by hand
calculation) a SD-page;table of selected values of p(n) and
M(n) for n up to TD,DDb. Since all his tabulated values sat-
isfied inequal{ty (1), he concluded that the inequality was
indeed 'very probable!, Though his conclusion was wrong,
it was this work which led to his name being attached to the
conjecture. The Mertens Conjecture is the assertion that
inequality (1) is valid for all values of n. (Sstieltjes him-
self had also conjectured that the constant A in his claimed
inequality (2) could be taken to be 1.)

The considerable computational evidence obtained subseq-
uent to Mertens' work all tended to support the conjecture.
In a series of papers betuween 1897 and 1813, R.D. von Sterneck
published additional values of M(n) for n up to 5 x 10°%, and
in 1863, G. Neubauer computed all values for n less than 108,
and selected further values for n up to 10!°, In 1979, m.
Youinaga reached 4 x 10°, All these values satisfied not

only the Moctons Tonoquality (1), Lul Lho eyon alrongor
Im(n)] < o.6vn. (3)

The first value of n for which |[M(n)| 2 0.5/n is n=7,725,038,629,
when M{n) = 43,947, This was obtained by Cohen and Dress in
1978, who calculated m(n) for all n up to 7.8 x 10°, But

even they did not find any value for n for which inequality (3)
is violated. Thus the numerical evidence in support of the
Mertens Conjecture is quite strong - at least it seems so to

the human mathematician used to dealing with much smaller num-
bers. (In point of fact the numerical evidence in support

of the conjecture had been 'discounted! long before the final

- 31 -




‘ ~ ‘ i d the other
i e L jdence pglﬂte
fons obtaine alytical evi
disproof obta na

way.)

. ‘ . T jecture anal-
The first step in attacking the Mertens Czni?HEd et
i efi
ytically involves regarding the function M as

gative reals X. To
] is the largest

on the natural numbers but on all non-ne
do this simply let M{x) = m({x]), wheref[x. S
integer not greater'than x (with m(x) =10 if %

}
uality (1) can now be re-uritten as (for all x 2 )

Ineqg-

Im(x)]x-ﬁ <1
and inequality (2) as (for all.x 2 a)
]m(x)lx'ﬁ <

Stieltjes claimed to have proved (5), and conjectured (z).
Mertens thought that (4) was 'probable’. The present day

conjecture is that, on the contrary

lim sup |M(x)|x"i = @, (8)
x+o0

(This remains, however, an unproved conjecture.)

The result of te Riele and Odlyzko which disproves the Merten

Conjecture is that

lim sup [M(x)|x-% > 1.08 (7)

X->-c0

-3
(No single x is produced for which [m(x)]x"% > 1.08. The .
proof is indirect. The discoverers conjecture that no suc

« exists below at least 102°.)

The connection with the Riemann Hypothesis is quite eas
verified 1f ¢(s) is the Riemann zeta function, then for

Re(s) > 1 we have

- ? pln)
n=1 n®

o(s)

and some manipulation gives (for Re(s) > 1):

1 mix)
= s | ———dx.
z(s) x5+1

1

Since M(x) is constant on each interval [n,n+1), if inequality
(4) (or (S)) held, then the integral in this last identity
would define a function analytic in Re(s) > 4, which would
give an analytic coQ@inuation of 1/¢(s) to Re(s) > 4. But
then the function ;js) would have no zeros in Re(s) > %, which
is the stat%ment of the Riemann Hypothesis.

yd

In fact the Riemann Hypothesis is probably equivalent to
Im(x)| = o(x*€)

for all ¢ > 0. (This was known to Stieltjes.)

Turning now to the specific problem of disproving the

Mertens Conjecture by establishing an inequality such as (7)
we begin by setting

s

Now define
m(y) = rfl(x)x‘i = m(ey)e-y/Z_

The aim then is to prove that

lim sup m(y) > 1.06
y+w

(or indeed any such inequality where the right hand side is
greater than 1.)

The crux of the argument now is to define a function h{y)

such that

(i) for any Yor 1im sup m(y) 2 h(yg);

Y 40
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ce!) values of hs

(ii) it is possible to compute (in practi

(1ii) @a Yy can be found for which hiyg) > 1

(This approach goes back to work of A.E. Ingham in 1942.)

Without going into any details, (i) and (ii) are achieved
(Just skip over this part

by means of the following theorem.

if there are concepts unfamiliar to you.)

THEOREM Suppose that K(y) € C? (-2, @), K(y) 2 0» K(-y) = K(¥),

K(y) = o((1 + yz)-l) as y=+ «; and suppose further that if
Kk(t) is defined by
-it
k(L) = K(yle Ydy,
)
> T for some T and k(0) = 1.

1f the
then k(t) = 0 for lt] =z :

f the zeta function with 0 < B < 1 and

seros p = B * iy o

|yl <7 satisfy B = 4 and are simple, then for any Yoo

1im sup m(y) 2 he (Vo) s
y+oo
where .
( ) 61YY
h =Tk £ .
k() E i)
The simplest function which satisfies the conditions of the

above theorem is

k(t) =
o, |t| >T.

Using such a k(t) with T = 1,000, Spira (19686) showed that

1im sup m(y) z 0.5355.

Y+

The function used by te Riele and pdlyzko is
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K(t) = 9(5)

where T = 2515,286 .« is the height of the 2,000th zero of

the zeta function and

(1 - |t])cos(mt) + rVsin(m]t]), |tl =

Findi%g the value of yg for which the corresponding fun-
ction hK(yo) is greater than 1 then involves an accurate (100
decimal digits) computation of the first 2,000 zeros of the
zeta function. This was done using a Newton process and took
some 40 hours of CPU time on a CDC CYBER 750 computer at SARA
(the Amsterdam Computer Centre). With these values available,
finding the required y, was achieved using a neuw algorithm
for diophantine approximation due to Lenstra, Lenstra and
Lovasz (1982) and took about 10 hours of CPU time on a CRAY-1
computer at Bell Laboratories in Murray Hill, New Jersey.

(ps you might imagine, the method was not a 'blind search'.
Indeed the function hK(y) only 'rarely' gives a value greater

than 0.5, let alone greater than 1.)

The 'magic value of Yo that the computer found is a neg-
ative number of the order 1.4 x 1083, For this yg» hK(yO)
1.061 (Lo throee declimal plnces). The ‘exact! values are

guoted in the paper referenced below.
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MATHEMATICS IN FOOD ENGINEERING RESEARCH

Many of the problems encountered in the food industry
have close parallels in the chemical en
tries, There are, however,

gineering type indus-
a number of significant differ-
ences which add considerably to the complexity of the food

engineer's workload,

J.F. 0"Connon

INTRODUCTION

Engineering has often been described as the'appllcat;:n
of mathematics to various branches of applied sclence. L
many cases this tendency to express pbysical phenamena ;nresT
erical or formulae form is effected in spite of profou? . %
tance fram the mathematical principles involved. It is arso
true that this conslant yen of ‘englnoers to evolve rulos‘o ‘
thumb or working models of systems cagses the genuine‘maLh?f
atician to frouwn. Nevertheless a good working relationshi
and mutual tolerance/understanding gxists between these two
schools of numerate thought/application. The.advent and p
liferation of computer systems of ever-increa51?g.speed and
memory capacity, combined with improved availability of num
erical software packages, has added greatly to Fhe common ‘
ground available to the engineer and mathematician from whi

they may better serve the needs of both science and industr

In what may be called the more traditional b?anches of
engineering - civil, mechanical, chemical, ele?trlcal and
industrial for example - mathematical applications and exam
are well known. It is only in the recent past, ho?ever, t
the food engineer has been able to turn to math?matlcs and
mathematicians to glean some assistance in solving the many

particular problems associated with serving the food proces

centre on

It is worth listing at this stage the

main classes of problems which are the subject of both lab-
oratory based research #

ment. Stated briefly then,
/

ork and actual in-line pProcess develop-

the main categories are as follows:
7

T. Flow problems - fluids, solids,

liquid-solid solutions,
and di%persions.

2. Heat transfer problems - conduction,

convection and
radiation,

and various combinations thereof,

Basic process calculations - statistically based est-
imations of microbial lethality/quality retention,

The actual objectives in solving these various problems

four main "commercial! targets:

(a) PROCESS CONTROL AND OPTIMISATION
(b) aquaLITY ASSURANCE

(e) CATALOGUING THE ENGINEERING PROPERTIES OF FOODS
(d) IMPROVED DESIGN TECHNIQUES

MATHEMATICAL MODELLING

Mathematical modelling of faod Processes is an area which

is currently of major research interest. .
has developed in the last decade or so to a

with only two major obstacles noy delaying t

Food process control
very high level
otal automation:

industry in an engineering desfgn/research cap?cify.. I?dg
it is true to say that food engineering as a discipline 15‘
only quite recently emerging as a distinct area of profess;’ 1
endeavour. It owes its development to a large degree to .

.Development of continuous in-line sensory devices

oot ade available to the food engineer which allow £ to monitor Process parameters,
new tools m

efficient amalgamation of the skills of the many strands o 2. Development of mathematical models/algorithms that
relate these pProcess measurements to finished product

(quality) parameters.

the engineering sphere from which it draws its working pri

ciples.
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Hence,'provided the food engineering equipment/instrumentatj
?umpanles deliver on the new microprocessor based sensor Sl
ices, it will only remain for the engineers/mathematiciay 3
to patch the resultant process data into a working mod lnS
board a digital control system such a model can be use: ;o 1

eit
her regulate a process or to view the results of proposed
process changes via simulation. e

In food engineering, modelling is currently employed t
o

achieve optimum results under a number of headings:
1. Optimum microbial lethality;
2. Moximum sholl-11fay

3. Maximum quality factor retention, e.g. colour, tast
o ’ e,

vitamin content, texture;
|

I

4, iti :
Product compositional factors - moisture/fat content
’

density.

TYPICAL PRDBLEM

A problem currently the subject of some study is that
of pr?cessing particulate foods in a fluid stream. With th
ever increasing market for convenience foods, saolids such )
meat or vegetable portions packaged ip ssuce or grav N
are becoming qulite popular. o

To date, howevear :
these products is a two-stage, s WA Fegrom g

batch-type operati
e “RGE peration., One of
X thal: obstacles to designing a continuous, aseptic process
s e lack of a suitable math i
ematical model which wi

simulation of the process Ap

and hence allow icti

- prediction of 1
ality/quality retention f i i o
or various combinati :

product parameters. B Of'PrDCESS/

) A number of models have been proposed for the proce

. ss
ut have included some restrictive assumptions which limi
the practical application of the model, e

€49, i
and Guarigquata et al. [2]. 9. Misra et al. [4]

O'Connor et al. [6]

e . have pro

a model based on finite element techniques which is f pthpDSEd
urther
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Outlined belou.

The overall problem combines both fluid flow and heat

To simplify the study only the 'holding tube'
This is the sec-

transfer.

section of the process is considered here.

of the plant directly after the heat exchanger. Entering
it is assumed that the desired thermal processing of

It is in the holding tube

tion
thiss
the fluid phase has been achieved.
now that the solid particles are 'cooked'. Ssummarising the

ubé will indicate the complexity of the model.

problems in the t
the following factors must either

For effectiyé simulation then,

be known OT calculated/predicted:

As Flow profile of the fluid stream at all points in the
tube.

B. Relative velocity of the solid particle(s) with respect
to the fluid stream. _

C. Residence time distribution of the particles in the tube.

D. Time/temperature profile within the particle and conseq-

vent microbial lethality/quality factor retention.

In the model used by the author, laminar flow is assumed in

the holding tube and spherical particles are used as a repres-

entative shape for foodstuffs. Further complications mays

Kwant et al. [3] developed flow profiles
Dbtalnling

of course, be added.
for flulds with Lemperature viscosity, for example.
a predictlion of Lhe relative veloclty is extremely difficult

in a laboratory situation and yet its accurate prediction is

essential as it determines the surface

jent which controls the rate of heating of the spheres.

heat transfer coeffic-

HEAT TRANSFER IN SPHERICAL COORDINATES

Carslaw and Jaeger [1] state the governing differential

equation for heat conduction in a sphere with no heat gener-

ation as:t




Kk 2 AT

32T . 2Kr a1 Ky 3 . 3Ty L R

ke YT Br rzsinw’a&v(Slnwad)) TZsin’P 30° 36
for 0 st s R; 6>0;T= T(r,U,¢,0).

When symmetry is accounted for this equation reduces further to:

227, Hrar . A
S rve S T PE 38

where k. = radial thermal conductivitys;

? = temperature;

r '= radial coordinate; -
p = sphere density;

¢ = sphere specific heat:

Limo.

(5

The boundary condition for the holding tube is given a

T

:%;+h(T-Tamb)=oforr=R,e>o
where h = surface heat transfer coefficient;
Tamb = ambient temperature of fluid stream.

The initial condition is:

T=T

FINITE ELEMENT FORMULATION

To allow for product property variation an elemental tech-
nique is used to estimate the heat transfer through the part-
icle. This also facilitates a 'mass-average' statement of
process efficiency which is much more satisfactory than the

traditional single-point analysis of product treatment.

The sphere is therefore divided into a number of conn-

ective elements as shown:

1 2 3 E-1 E

e
i i+
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The solution is obtained by finding a function T(r,0) satisfy-
ing the boundary and initial conditions stated which minimises
an integral guantity called a Functional. The functional is
minimised at every instant of time to give an approximate

temperature profile in the sphere. Misra et al. (4] have

presented the functional as
[z 3T
I = 4l AT 2 + 2pegpTloy + $h(T - T
4

v ¢ S

where T e %% and IV and IS are volume and surface integrals,

2
amb> d3

respectively. As the sphere is divided into E elements, this
integral may be evaluated separately for each element (c.f.
Mmyers [5]1). Thus:

E
I = E I(E)
e=1

where the element 'e'! is chosen as the typical element. The
sub-integral I €/ then may be calculated from the heat con-

duction, capacitance and convection terms as they occur in

Hence

(e

the process.

Iie) + Iée) + Iﬁe)

Following the usual finite element procedure the conduction,
capacitance and convection element matrices are developed from
Lha abaove. These acro then comblned (0'Connor et al., [ﬂ]) Lo
form the global matrices which Torm the final equatlun to be

solved

(K}(T} + (CH{T} = (F)

where {K} is made up by summing the elemental conduction and

{T} is the
column matrix of nodal temperatures, {f} the derivative with

convection terms, and {C} from the capacity terms.

respect to time and {F) is the force vector which accounts for
heat convection at the surface. Numerical solution of this

equation yields the required temperature profile.




The programme, as constructed from the above procedure,
s for a

allows the user to predict time/temperature profile
es and includ-

spherical particle under varying thermal process
The next step

ing data on the product's thermal properties.

is to translate the temperature data into actual microbial

figures, which may be done using any of a number of standard

procedures (stumbo [7]).

CONCLUSION

The above brief run through a typical process modelling
is but one example of the type encountered in the food proc-
pusing suchkor.
mullidisciplinary in noture. In many respects thore aro so
many variables, both in process and in raw materials, that
the task seems impossible, the opportunities for error/instab-
ility quite widespread. As with many engineering problems,
however, the solutions are limited to a set of finite possib-

ilities and, in many cases, the experienced food engineer can

impose constraints/guidelines as to what type of answer the

model may produce.

It is to be hoped that in spite of, or maybe because of,
the many complexities in biological/food systems more math-

ematicians may be encouraged to contribute to solving this

most challenging set of problems.
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WEDDERBURN'S THEOREM REVISITED

Des MacHale

One of the most delightful results in ring theory is the
following theorem of J.M. Wedderburn (1905).

THEOREM A4 finite division ring is a field.

Besides being important in algebre, Wedderburn's theorem
also finds applications in geometry. 'For example, it provides‘
the only known proof that in a finite geometry the configurat-
ion of Puppus is lmplied by that of Desargues. Hoerstein's
TOPICS IN ALGEURA can be rucummﬂndad’for {ts proofs and dio-

cussion of Wedderburn's theorem.,
The purpose of this note is to prove the following result:

THEOREM Let R be a finite ring with unity and let T be the
£ |T| > |R| - V/|R|, then

set of invertible elements of R.

R is a field.

Thus, where Wedderburn's hypothesis demands that |T|=|R|-1
to force the conclusion that R is a field, we demand only that
|T] > |R| - /|R] to force the same conclusion.
Consider the ring R of res-

In a sense,
our result is the best possible.
idue classes mod p?, for any prime p. This ring has exactly
o(p?) = p? - p = |R| - /|R| invertible elements, but R is

clearly not a field.

To prove our theorem we need a number of elementary lemmas
Some of these are well-known but we include proofs for conven-
We let R be a finite ring with unity "1 # 0. A left
sero divisor is an element x € R such that xy =0 for some
y € Ry v # 0.
that yx = 0 for some y e R, y # O.

ience.
A right zero divisor is an element x € R such

In particular, O is a left

zero divisor and a right zero divisor.

Y

LEMMA 1 For b & R, if " is a left (resp. right) zero divisor

for some n 2 1, then b is a left-(resp. right) zero divisor.

PROOF Choose n > 1 minimal such that b" is a left zero div-
isor and let t £ 0 satisfy b"t = O. Then b(bn-1t) = 0 implies
that b is a left zero divisor, since " £ 0.

proof applies for right zero divisors.
{

A similar

/
]

{
LEMMA 2 If b e R, then either b is invertible or b is both a
left and ri%ht zero divisor.
i+]

PROOF Since R is Finite there exist i,j € N with bi*d = pt,

Thus b+*d = 6t = b(ed - 1) = (B - 1)t = 0.

Thus, either bJ = 1 or b’ is a left and right zero divisor.
If bd = 1 then b is invertible, and the alternative possibility
implies that b is both a left and right zero divisor by lemma 1.

The key lemma is originally due to the Ganesan [1]. We

prove a slightly modified version suitable for our needs.

LEMMA 3 Suppose that R has n > 1 left divisors of zero. Then
|IR] s n?.

PROOF

also.

By lemma 2, R has precisely n > 1 right zero divisors
For x € R, let A(x) = {re R | xx = 0}.
n right zero divisors and n > 1, there exists x ¢ R, x £ 0 such
that 1 < JAa{x)]|= n. Let y # 0 be an element of A(x). Then
|yRl s n, since yR g A(x) because x{yr) = (xy)r = 0.

Since R has

Now consider the groups (R,+} and {yR,+}. Define a
function f : R + yR by f(r) = yr, for all r ¢ R. By the left
distributive law, F is a homomorphism from R onto yR. The

kernel of f is {re R | yr = 0} = A(y), so R/A(y) and yR are

isomorphic as Abelian groups. In particular,

IRl = |A(y)||IyR] s n.n = n?, as claimed.
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We can now prove the stated theorem. Let D be the set

of (left and right) zero divisors of R and suppose that

(Tl > > |R} - /[R]. Since no zero divisor is invertible,

jemma 2 implies that {T] + ol = IR|. 1f D = (0}, then

|7l = |R] - 1, so R is a field by Wedderburn's thearem. Other-
wise, let IDI > 1. The conditions of lemma 7 are satisfied,
so |R| s |D|* and /TR] < |p|.  Houwever, combining '
|| > Ir| - /IR] and |T| = IR - [ol, we get /TR] > |0}, which
is a contradiction. This establishes the theorem.
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CAREERS FOR GRADUATES IN MATHEMATICS

Nicholas Leonand

This article is based on a talk given earlier this
year to staff of UcC's Nathematics Department, It
gives an accounﬁ of the careers open to graduates
who have followed degree programmes in mathematical
dlsc1p11nes 1nclud1ng information on the actual
first ﬁestlnatlons of Irish and UK graduates and
looks at the broader careerT horizons open to num-
erate graduates with the ability to think logically

and gquantitatively.

1. CAREER OPTIONS - AN OVERVIEW

In recent years graduates in Mathematical disciplines
have fared better than most graduates entering a difficult
employment market. This is because the quality of numeracy
is increasingly important in a wide range of careers and also
because their specific skills in mathematics, statistics or
computer science are in demand in industry and commerce -

particularly in engineering, computing and finance.
This first section looks at the careers for which a

Mathomotlcs-baned dogroa Is olthne poqulemd or pavtlcularly

appropriate.

Teaching and Lecturing

The cuts in post-primary education expenditure in early
1983 resulting in a deterioration in staff/student ratios had
an immediate effect on job prospects for newly qualified teach-
ers of all subjents. However the number of arts and science
graduates entering teacher training is falling steadily so the

determined graduate with the right personal gualities for
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teaching should not be discouraged. Some indication of the

mental control and defence. Recent vacancies received in the
decline is given in the annual teport on neirst destinations

Careers Office include research on the dispersal rates of eff-
of UCC's graduates" which shous that in 1885, twenty-two

juents and on droplet formation in chimneys with the Waren
science graduates entered the Higher Diploma in Education, Spring Laboratory - an organisation dealing with environmental
representing 13% of the graduating class. This compared with matters, which recently completed a study of smoke pollution

§3 (54%) ten years ago in 1976.- 1In addition, computer studies in Dublin. GEC in the UK has 350 vacancies for maths/computer
is becoming increasingly important at second-level so that science graduates in 1886 in operational analysis, development
graduates who have taken some courses in computer science have engineering, mathemat%@al modelling and evaluation of defence
an advantage. In practice few highly qualified mathematics systems. m§§hematiq§ans work in process cantrol in many types
graduates are choosing to enter teacher training, perhaps of industry, e.g. in the process control of fibre production
feeling over-qualified or able to find more rewarding careers or in the control of steel production in a rolling mill.
glsawhare. This does nat auqur well far the standard of math

omallcs In posb-primecy schools. Much of the work in these areas involves multidisciplinary

teams of graduates including engineers, physicists, mathematic-

Third-level opportunities vary depending on the type of ians and computer scientists.

college. Competition for university posts is extremely keen,
even for .the most highly qualified candidates. However the

RTCs are at present experiencing a shortage of well qualified Economic and Social Research

applicants for lecturing posts in mathematics and computer

There are limited opportunities in this country for stat-
science. A number of these posts are being filled on a temp-

isticians, particularly those who have also studied economics
orary basis by candidates having less than the required acad-

to work on research into social, economic and medical problems.
emic qualifications or experience. A move by undergraduate

The Economic and Social Research Institute, which employs more
students from mathematics to engineering and computer sclence than 30 people working directly in research offers a number of

courses and more rewarding careers in industry and commerce Research Assistant and postgraduate Student Fellowships each

is blamed for these shortages. year. This type of work is developed a little further under

Lhn heading of Statiablicnl Wock bilow.

gcientific Research, Design_and Development

Because of the nature of Irish industry, there are limite Management Services and Computing

cs . ; {Fi i & D in Ireland
opportunities in scientific and technical R ’ Management Services personnel investigate, define and solve

problems using analytical, mathematically based techniques.

particularly for physical scientists and mathematicians, but a

number go overseas. In fact in recent years there has been a

X i X Operations Research, organisation and methods, work study and
rapid increase in the number of graduates including those 1n

computer services are the main specialisations. Only large

organisations employ OR specialists, The OR unit of the Dep-

mathematics, going abroad ta take up their first Jjob. They
tical
work for_research departments of the nuclear, aeronautl ’ Frtment of the Public Service in Dublin does work R

telecommunications and computer industries and in government of the Public Sector in Ireland.

} Entry to this work is usually
X . ; i viron- :

research organisations dealing with matters such as en ° through the Civil Service Administrative Officer competition,
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1984 tuwo graduates were recruited by direct entry.
n T -

put 1 e opportunities each Summer for mathematical science
e ar § i .

Ther ineering students to work in this unit. Aer Lingus

or engl

tised earlier this year for an OR specialist to work on
ertls

adv nt airline and organisation problems as

the analysis of curre
part of a team working

in every section of the airline.
in

in a wide range of management problems

C uting is the major function in most management service
omp

tments with graduates working in programming and systems

m |4 . .

deper ; The universities, financial institutions, central

analysisS:
d local )

an Joyirs of compubuor pursonnel., Fsaanlkinlly Lhay are using

amp o !

neu Lechr
o managersy

government and manufacturing industries are all major

logy to lmprove and speued the low of wccurate infor-
10 L . ¥

thereby helping them to make better decis-
matioﬂ t

ions.

Computer manufacturers offer opportunities in research
0

and development,
customer support, marketing and sales. There has been

applications programming, software develop-

t
men :'d growth in manufacturers setting up software development
l .

a r:P in Ireland - IBM in Dublin, LM Ericsson in Athlone and
units

. Cork are examples and another international computer
CPT 1N

com
yter consultancy - ]
e ding and important area of employment, offering

ny is about to announce a major project for Dublin.
pa

software houses, systems consultants -

is another expan

tunities for graduates with an entrepreneurial flair,
or .

OPPd ommercial sense and possibly some work experience, to
good C

tart their own business.
s

Computer related careers are a ma jor growth area for grad-

tes and this is reflected in the growth of third-level comp-

e .

ua science COUTSES and the number of students opting for

uter

these cOUTSES:
ho offer planned training to new entrants do not demand

s W

However, many employers, particularly large

one e '
t all their graduate entrants have specialised in computer
a ‘ '

th‘ ce in their degree courses. They are more interested

scien

th pgtential of the graduate to be trained to do the job
in the
. 50 -

they want and may use an aptitude test to measure that pot-
ential. A strong background in mathematics or statistics
combined with computer studies is an ideal basis for entry
to most computer Telated jobs. However, students are not
always aware of this and are tending perhaps to opt for what

they see as the more "vocational" computer courses.

¢

/

{
Statistical Work /

Most sopportunities for statistical work occur in the
public séétor and in some commercial activities. The Central
Statistics Office, employing 24 statisticians and 7 senior
statisticians has a small but regular recruitment of graduates
in mathematics, statistics, computer science and economics.
Semi-State bodies including the ESRI, the Central Bank and
the IDA are other employers and in these cases the graduate
who has studied economics along with mathematics based courses
is in a particularly strong position. It appears however
that relatively few of the most talented school leavers ser-
iously consider entering an arts or social science faculty to
study economics and mathematics, being drawn instead to study
pure science and engineering. The Central Bank offers oppor-
tunities for economists and occasional vacancies for statistic-

ians to candidates with a good primary degree and normally

A postgraduate qualificatlon in atatistics, aconomics or a
related subject. Statistics must, however, have been a major
subject in one of these degrees. Some experience of computing

is a distinct advantage.

There are occasional opportunities with a small number of
Market Research companies. Work here might include surveys
of statistically acceptable samples of consumers, to test con-
sumer preferences, resistance to prices, loyalty to competit-

ors products and many other matters.




Meteorology

There is occasional recruitment to the Meteorolagical

Office which has a staff of 45 Meteorological Officers and 10

senior Meteorological Officers. Degrees in mathematics, math-
ematical physics or experimental physics are the most approp-
riate background for this work. The most recent recruitment

was in February 1985,

Actuarial Work %

Actuaries apply the theory of probability and statistical
mabthods Lo finaneial alfnfrs, vuaunlly with 1ife assurance and

While
employers still employ school leavers with excellent mathemat-

Insurance companivs and with acluarial consultantls,

ics, most now prefer to recruit graduates with good honours

degrees in a mathematical discipline pafticularly statistics.
There are more vacancies than there are interested and suit-
ably qualified applicants and firms have had to recruit school
leavers when they would have preferred to recruit graduates,

Career prospects are excellent but the professional examinat-
ions are difficult and part-time study is never easy. As in
accountancy, however, there is a move towards full-time initial
training courses - two new postgraduate one-year courses have
been introduced in the UK and some Irish life assurance com-

panies are prepared to second trainees to these courses.,

2. GRADUATE SUPPLY AND DEMAND

Because of the work of the Careers Service in the Univer-
sity Colleges information is now available on the type of job
vacancies available to graduates and notified to the Careers
Offices,

to graduates when they complete their primary or higher degrees,

Information is also available on what is happening

The UCL Careers Office produces a "Recruitment Activity"®
bulletin for internal circulation to UCC staff, giving statis-

tical information on the vacancies received by type of employer
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type of job and type of academic discipline. The summary for

the year 1885 for academic discipline is given in Table 1.

Education (H. Dip. in Ed.) 81
Engineering - Electrical 655
Engineering - Civil . 14
Engineeripg - Mechanical 14
Dairy antiood Science 27
Meat Sc%ﬁnce 4
Food Business 9
ﬁiological Sciences 11
Chemistry 19
Compuluor Sclence/Mathomatlics 203
Geology 0
Physics 26
Any Science 12
Commerce 58
Economics 2
Law 0
Psycholagy 5
Social Science 10
Any Social Sciences 18
Arts 5
Any Discipline 883
TOTAL 2135
TABLE 1: Vacancies notified to

the UCC Careers Office
1985

N.B. Just under half of the above vacancies
came from approximately 160 Irish employers.
The remainder from 10 overseas emplaoyers
who sent representatives to UCC to interview
students and graduates.

The very big number of vacancies in the mathematics/comp-
uter science category is a good indicator of the big demand at

home and abroad, dominated by opportunities in computing.
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The breakdown by job type is not detailed enough for this The most recent figures available are for 1985 graduates

article but the following examples give an idea of the vac- who completed honours or higher degrees in 1885 at University

ancies received. College Cork and University College Dublin.

Operations Research . per Lingus, Civil Service, Further Study
) Plessey plc. Ireland 15
Actuarial Work - Stokes Kennedy Crouwley, Itish ! Overseas
Life Assurance, Shield Life, f
Hibernian Life, Life Association Teacher/ Training 2
of Ire%and. . other Yocational Studies -
Statistical Work - ESRI, Central Bank, Civil Ser~ i - v N
vice, Irish Marketing Surveys. # Work Experience Schemes
Meteorology - Meteorological Office. Seeking Employment 2
Consultancy - Cork Microcomputer Systems, _Gained Fuploymont I
SWS, Statistical Software Ltd, 1ruland 17
Arthur Andersen.
. . Overseas 22
sogftware Development - IBM, LM Ericsson, CPT, Bourns
Network Division, Philips Eind- Total 81
hoven, Plessey plc.
Management Information - Wang Laboratories BV, Trinity
systems (MIS) College Dublin, De Beers Indus- TABLE 2(i): 1985 "First Destinations". Maths/Stats/Comp.

trial Diamond. primary and Higher Degrees, ucb, UCC 1985

Engineering, Research, - Philips Eindhoven, Plessey,
Design & Development BBC, Schlumberger Electronics.
Lecturing - Waterford, Dundalk and Tralee
RTCs. Civil Service -
Local Government -
Health Boards/Hospitals -
Graduate First Destinations Education 13
. . . . Semi State Bodies 3
Each Spring a supvey ol all graduntoes of Lho provious |
Industry 22 |
year is carried out by the Careers Services of the third level - i
Commerce 18
colleges and by the NCEA. The information is published by .
Professions 3
the individual colleges and a composite report is published
Other Work -
by the Higher Education Authority. More is known therefore
about the career destinations of graduates than about any other Total 59

group of young people leaving full-time education in this coun-.

TABLE Z(ii}: "Gained Employment'. Analysis by Type of

try. The information in the following tables relates to all
Employer

mathematical disciplines combined since the various reports
do not make a separate analysis of mathematics, statistics and . s e

- The tables show a small number entering teacher training,
computer science degrees. .
while industry and commerce are the major employers. The

great majority of those listed under "education" are working
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in third-level colleges - in lecturing posts in RTCs or as
research assistants/demonstrators in university colleges.

0f those in employment 38% are working overseas.

The UK situation is of interest because the majority of
those Irish graduates who go overseas go to the UK. Table 3

gives the details.

Further Academic & Vocational Studies 521

Teacher Training 371
‘Seeking Employment - 305
Gained Employment in UK 2231
Other Categories 704

Total ; 4132

TABLE 3(i): "First Destinations”. Maths/Stats/
Comp. Sc., Primary Degrees, UK, 1983

Management/Administration 72
Buying, Selling & Marketing 57
Operatinans Research 22
Computing 975
0.M. Work Study, General Management
Services ' 133
Accountancy 308
Banking 29
Actuarial Work 180
Dther Financial Work 47
Economboa & Stabiasbloal Wark K13
lTeachling, Lecturlng 44
Scientific Research, Design and
Development 93
Engineering 104
Other Scientific, Technological

Services 32
Others 84
Total 2231

TABLE 3(ii): "Gained Employment". Analysis by Job
Type

These tables show that computing is the major area of
employment but the finance category, particularly accountancy,

actuarial work and banking with S64 or 25% of those in employ-
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ment, has been a particularly buocyant area in recent years.

3. OTHER OPPORTUNITIES

The majority of Irish graduates tends to seek employment
which is related in some way to their degree studies - to a
greater extent than their; counterparts in the UK where both
students and employers a{e more flexible in their attitudes
towards employment. Iquact university graduates with hon-
ours degrees along with'personal qualities which include good
communication sﬁglls, good judgement and an enquiring mind
have excoellent prospects of entering and succeeding in a wide
range of careers in industry, commerce and the publlc sector.
Just a‘Few of the careers which should be of interest to grad-

uates in mathematics based subjects are indicated here.

Financial Work

The major accountancy firms in Ireland and overseas rec-
ruit graduates of all disciplines as trainees in auditing,
taxation and management consultancy and have a particular int-
erest in science and engineering graduates who have management
and commercial potential. Non-business studies graduates
can now take a one-year full-time Diploma in Accounting in
NIHE Dublin which gives them major exemptions from professional

examinations.

While Merchant Banks recruit a small number of graduate
trainees the Associated Banks still have an upper age limit
of 21 for new entrants. Houwever within_this limit there is
a distinct move towards recruiting graduates and some grad-
vates who have followed three-year degree courses will fall
within the age limit. While some will follow a career in
general bank management there are opportunities to specialise
in economic intelligence, investment analysis and management

services.




Other very occasional opportunities arise in stock broking,

insurance and building societies.

The Public Sector

In both business and government many problems demand quan-
titative analysis. The mathematician who presents solutions
convincingly and g;ves leadership has much to offer in the
field of public administration. Reference has already been
made to specialist posts in the Civil Service but the majority
of honours graduates enter work concerned with general admin-
istration management and policy making. Even those who work
in specialist areas like operations research often move on
to other work after a time in order to bfoaden their career
horizons and enhance their career develobment. The post of
Tax Inspector is open to all honours graduates but those with
backgrounds in mathematics and economics have very appropriate
gualifications. While Civil Service recruitment has been
cut back in recent years because of a recruitment embargo,
an increasing number of vacancies have become avallable during
the past year, resulting in approximately 40 appointments being
made at Administrative Officer level. The major Civil Service
graduate competitions are advertised each November. There are
occasional opportunities for graduates to work in administrat-
ion in semi-state bodies and in local government and health
boards. A number of Assistant Staff Officer posts are nou
apen to outside compotition and Lhese offer the graduabto o
way into local government administration. Graduates can com-
pete for library assistant posts in the public libraries and
library work or information science opportunities are also
available in universities and research establishments, e.g.

NBST, and occasionally in industry,

Industry

It is not possible in a few paragraphs to describe all
the opportunities within "industry" because this term covers
a spectrum of activities carried on in basic industries includ-
ing agriculture, oil and mining, manufacturing industries in-
cluding pharmaceuticals, electronics, soft drinks and clothes,
and the growth area of #ervice industries. Within these sec-
tors there is a variety of functions all of which can of fer
opportunities to gradqétes. These include production, dis-
tribution, saLﬁé, marketing, accounting and finance, personnel
and industrial relations, training, engineering, technical

support and managemeont services.

Some specialist areas such as management services have
already been mentioned but graduates can find plenty of scope
to use their problem solving skills in other functions.

Perhaps one example will suffice.

One aspect of production is involved with the scheduling
and the control of materials. Materials can account for as
much as 60%-80% of manufacturing costs in some high technology
industries, and large manufacturers may use up to 10,000 sep-
arate inventory items. The strategic importance of production
control and materials management is therefore quite clear and
sophisticated data processing techniques such as MRP (Material
Requirements Planning) have been developed to manage this com-
plex area, allowing managers to reduce expenditure on costly
stocks and improve productivity. The large electronics indus-

try in Ireland has a distinct shortage of such skilled managers.

4. FURTHER INFORMATION

The Careers Information Rooms of the University Careers
Services hold a great deal of information about jobs, employers
and professional training. In addition they have information
on postgraduate studies for higher degrees at home and abroad

and on scholarships and awards. Students should be encouraged
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to use these information sources as well as the other career

planning activities offered by the Service. Final-year stud-
ents can register with the Services and be notified of vacan-
cies - the Services are the major source of contact with emp-
loyers offering graduate employment prospects at home and

abroad.

Caneens and Appoinimenits Officen,
Univensity College,
Conk,

MATHEMATICAL EDUCATION

MATRIX: COMPUTER ASSISTED MATHEMATICS TEACHING

Ted Hunley

INTRODUCTION }

The main aim of thi§‘article is to describe the teaching
of certain aspects of Md%hematics using the MATRIX program.
Before discussinﬁgthis in detail, I make a few general comments
on relationships between Computers and Mathematics which I hope

will stimulate some discussion in this whole area.

Computer Science at most 40 years in existence, is now
the best financed scientific subject, whereas Mathematics,
which has been around, developing and of immense value to
science, technology and society for aver 3000 years is the
least financed. Hardy says in A Mathematician's Apology,

"p Mathematician, like a painter or a poet, is a maker of patt-
erns. If his patterns are more permanent than theirs, it is
because they are made with ideas." Mathematics is also the
least financed of the arts. The problems of illiteracy are
recognised, and rightly so, and processes have been set up to
tackle the problem. Little, if anything, is being done to
eliminate innumeracy, which will become even more of a problem

as technology develops.

When a Mathematical idea becomes useful it appears no
longer to be Mathematics. The number of "in" words associated
with Computer Science continues to expand - C.I.M., C.A.M.,
A.I., C.A.D., C.A.L., (Exercise: State or find out the mean-
ings!), etc. Programming is no longer simply programming but
rather "software engineering”. We need more "with it" words
for Mathematics - how about I.E. ("Intelligence engineering")
or S.E. ("Symbolic engineering)? Write'your suggestions to
the editor!
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Transition matrices.
Change of base.
Input-Output matrices.

Gram-Schmidt process, orthogonal matrices and orthogonal red-

uction of symmetric matrix.

Kernel. and image of a linear transformation.
Systems of differential equatians.
Simultaneous reduction.

Linear Programming.

It is possible to handle realistic problems using MATRIX
where hand calculations are out of the question. For example,
Linear Programming problems, even for a small number of var-
iables, go gui;g;y out of hand and teaching and examining this
topic by computer seems an ideal solution. I have been able
to enter @ number of problems so that each student receives
a different set of data for a particular type of problem.

(The PROBLEM LIBRARY developed contains an infinite number of
problems!)

THE STUDENTS' VIEW

No axparlence of programming ls necessaary. ALl the comm-
ands necessary to run MATRIX and to altach the PRUBLEM LIBRARY
are set up in a LOGIC COMMAND. The student simply logs in
and calls up MATRIX with $MAT, or, if he/she wishes to keep
a record of the session for possible printout later, with
$MAT/LOG. The prbmpt in MATRIX is ? and sa, for example,

? PROBLEM 100 prints the problem on the screen. If the stud-
ent is stuck he/she may ask for HINT if this is available,

All the MATRIX commands are available on a quick reference
card (which is in total one A4 size page) and this has been
found to be sufficient, although a more detailed reference
manual of about S0 pages comes with the program. It is not
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possible to list all the commands available but they include
addition, multiplication, exponentiation, transpose, dot and
cross products, rowops, the standard functions (cos, log etc.),
eigval, charpoly, submatrices, tableau, pivot and even HISTORY

to look back over what has already been done. Procedures

(subroutines) are also possible and special matrices may be
called, e.g. ZERQ (m,n) or HILB (n). It is possible to turn
of f to the student an; of these commands - for example at an

early stage'the"PIVOf command could be turned off but as the
Course progresses, tﬁis command would be allowed. You may
perhaps allow[the students to reaa of f the eigenvalues and
eigenvectors and thus proceed to more advanced problems or you

moy roquire thom Lo work theso oul Tor thomsolvos.

I have used the program for a third year pass course in
Algebra for Science, Arts and Commerce students {about 120
students in total) and a third Engineering Mathematics Option
course with about 55 students. (There were only 35 in the
option until they heard about MATRIX!) It is certainly poss-
ible to use MATRIX also for first and second year pass and hon-
ours and for service courses - the classes were chosen solely

because these had been assigned to me.

The MATRIX course was compulsory and each student had the
terminal booked for him/her for two hours each fortnight.
They were also free to work on it whenever terminals were
available and many did so. Printouts of solutions (or attem-
pts!) to particular problems had to be submitted by a particular
date or the MAIL facility could be used to send their solutions

to my directory.

At the end of the course, each student was asked to com-
plete, anonymously, a questionnaire giving his or her opinion
and comments on the usefulness or otherwise of MATRIX. On
the question "All in all, did you think MATRIX is worthwhile?",
over 70% were very much in favour {(gave 9 or 10 on a scale of

0-10). It is also my view that the students learned much more
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Mathematics, and became more proficient an the (normal) problem writing to John Cannon at the University of Sydney, Sydney,

sheets. There is the added experience of working on computers New South Wales, 20086, Australia. I will be happy to corr-

and many had had no such previous contact. espond with anyone who is interested.
We hope very soon to implement KOENIC, a teaching program
DIFFICULTIES for graph theory.
There were of course difficulties. The running and org-
anising of such a scheme takes a tremendous amount of time and
work. The main problems the students had were hardware prob- REFERENCE

. _ : . . . l d . t 7 !
lems, with the non availability of termlng s and printers as 1. FITZPATR&CK, Patrick,

"CAYLEY: Group Theory by Computer", IMS Bulletin 18§ (1986)
56-63.

required. These can be overcome. The émount of time invol-
ved in problem library development should not be underestimated,
Hopefully, others will become interested and it will be possible
to exchange problems. This would be a simple process via the
HEANET (Higher Edﬁcation Authority Network), and post and trans-
fer of files in and out of Ireland to an}where in the world Department of Nathematics,
with a similar network seems to be possible. For further in- Univensity College,
formation on HEANET read the appropriate section of [1] and/or : Galway

contact your local computer services.,

The most serious Mathematical criticism is that the stud-
ents' ability to calculate or manipulate expressions may be
further reduced. We do have a problem with numeracy and man-

ipulation but I argue that computer-assisted learning does not

make it any worse and can on occasions be very beneficial.

Many students refuse to continue when a seemlngly unmanageatilo
calculation is presented and are never able to get to the Lottom
of a problem. Errors often occur in arithmetic no matter what,

and progress is impeded. I once felt that calculators should
not be allowed at examinations.

CONCLUSION

If you would like to try out MATRIX, and I highly recommend
it, you may, if you are not in Galway, do so through the HEA-
NET. If you would like to use MATRIX in one of yQour courses,

it would be necessary to purchase the program from Sydney by
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The students were warned in advance of the test and were pro-

BASIC MATHEMATICAL SKILLS OF U.C.C. STUDENTS

vided with copies of a similar test given to the previous
(A report on a test administered in October 1985) year's 1st Science students. The questions were based on

material common to both the Higher and Ordinary Level Leaving
Donal Hunfey and flaatin Stynes Certificate course in Mathematics, with the exception of Q.29
which is exclusively Higher Level. Use of calculators or of
1. INTRODUCTION AND SUMMARY mathematical tables mfs not allowed.

{

A recent article [1] in this journal gave evidence of Vo veed the foliowing rorking scheme. o
serious deficiencies in the mathematical skills of many students : y
entering Cork R.T.C. in Autumn 1984. We aish to report here
similar evidence showing that many students entering Science
(and a small number entering Arts) in U.C.C. in Autumn 1984

displayed the same disturbing inability 'to cope with short

wer received 1 mark. Each incorrect answer received -% mark.
#
No marks weré added or subtracted for questions not attempted.

Studants were advised not to guess answcrs.

basic mathematical problems. We discuss the implications of While no pass mark for the test was set in advance, it

was felt that, considering the basic nature of the material,
thess results. a score of at least 20 marks should be expected from any com-
petent student. In the event, 219 students (165 Science, 54
Arts) sat the test and the average score was 16.7 marks.
Appendix A lists the test questions and Append%x B the students'

success rate for each question (the number of students answer-

2, THE STUDENTS; THE TEST

First year Science students in U.C.C. must take one of
the subjects Mathematics (M) or Mathematical Methods (min) .

. ing correctly being expressed as a percentage of the number
The choice is based on the student's planned career path in

who attempted the question). These results show that logar-
ithms (Q.21, 27) were not understood by the majority of the

students (a familiar complaint of third-level lecturers). On

later years at U.C.C. On the evidence of Leaving Certificate
grades, M students are on average mathematically superior to

MM students. the more elementary technique of conversion of units (Q.28)

only a dismal 31% of the students answered correctly. The

It was decided to administer a test to 1st Science stud- success rates for 0.1, 10, 12, 22 and 23 are also very poor

ents in Autumn 1985 to determine which mathematical deficien- given the basic level of these questions.
cies (if any) were widespread among them. Such deficiencies .

would then be tackled by, for example, assigning specific stud-
ents to small group tutorials. As MM already contained a rem-

edial mathematics component, the test was only given to M stud-

3. IMPLICATIONS OF THE RESULTS

ents. This group also included some 1st Arts students who The results of this test are similar to those of tests

: K t tudi d/or honours mathematics administered to First Science students for the past four years.
were taking computer studies an .

In discussing the situation with colleagues teaching mathematics

The test . t th nd of the second week of classes at other third-level institutions :-in Ireland, it is clear that
e test was given a e e .

. . . . the same weaknesses are prevalent among students nationally.
It consisted of thirty multiple choice guestions, with four

. . We believe that if similar tests were given to students in
possible answers per question, to be completed in one hour.

- 68 - - B9 -




other colleges, the results would be the same. Some coll- APPENDIX A

eagues might wish tao try.

No. 1 /%% + 25 is equal to
R) 5x B) x +5 C) /Ax-5(x+5) D) none of these

This is disturbing at two levels. First there is the
lack of numerate skills which are required by all adults to

cope with everyday living, not to mention studying science

. . No. 2 /X - x¢/X is equal to

at College. Because of the wider use of calculators, micro- s

A) /(1 - x) B);-x c) 5; D) L(x - x?)
1 X

computers and computers, the trend is to rely more and more

§
1

on quantitative presentation of information. The evidence ;
No. 3 cos?/T+x is equal to

suggests that we can't be confident that agl First Science
students at U.C.C., let alone the population at large, have A) /?;?EOSVT:; B) (cos/Tix)(cos/T3%) C) cos(1+x) D) 2cosViTx
mastered the requisite numerate skills.
No. 4 (/X)? is equal to
The second level of concern about the results of these
tests is related to studies being undertéken by First Science
students at U.C.C. In their other courses (Physics, Chem-
istry and Biology), it is assumed that they have a basic under- No. 5 log x + log x? is equal to
standing of topics.such as trigonometry, logarithms and expon- A) 2log?x B) log 2x* C) 3log x D) log 3x
entials. Furthermore, analysis of laboratory results and

the representation of data by graphical methods are also caus- No. B Which of the following is a solution to the equation x? - 0.04 = 07

ing difficulties.
A) .02 B) .002 C) -.2 0O) none of these

Why do students not have the desired basic skills and No. 7 k -m
. . 0. If x = 10" and y = 10, then log, xy is
what can be done about 1t? While we decry the state of aff- 1o
; - A) mk B) X g) g™
airs, we must try to determine the causes and rectify them. m D) k-m

Recently the Irish Mathematical Socluly and tho Irlsh Mathow- 8 0032 x 5.7

No. Seess L=
atics Teachers' Association agreed to formal links. One area 4 x .04 is equal to
which could be investigated by both immediately, in their A) .1042 B) 1.142 C) 1142 D) £ th
° ° ° none o ese
publications, is this problem. It is also time for those

of us teaching mathematics at third-level institutions to take No. 8 Which of the following is a soluti f th t
on o e equation

an interest in and play an active role in designing the math- x? = (x-2)(3-x) - B = 07
ematics curriculum at first and second levels. . -
A) 2 B) O C)-2 D) none of these

It is not enough to complain about the poor performance 352
No. 10 The solution of —=

of our first year students; we have a responsibility to dis- X _[,= 0 is
cuss the issues with mathematics teachers and learn of their

difficulties and efforts to cope with a syllabus that many

A) x = +/3 8) x =0 C) X = %2 D) x =2 or 0

feel is in need of reform.
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No. 11

No, 12

No. 13

No. 14

No, 15

No. 16

No, 17

No, 18

No. 19

No. 20

The area of an equilateral triangle of side 3 cm is

c) 9/3 cm®> D) géi cm®

A) /3 cm? B) 4.5 cm?

Only one of the following is true. Which is it?
] 9 4.5 L3 T8¢

Mu=314 B)g5<g<2 C)tan 45° =5 D) 75 < 75

0.00125 x 107°

100 is equal to

AJ125 B) 12,5 ) 1.25 D) 0.125

If v.=u+at, express a in terms of u, v and t.

v - u

-t
p) L=t Y. w
) B) T t C) T D) t

u

5 3 3
Given that s = E_;%E_ find s when p = -1, g=3and r = 8
r

Solve the following equation to find the value of x:

b3

-1

l

+3 =5, The solution is

>
w

R) 5 B) = C) %; D) none of these™

A L equal Lo

2™ g 2 gy

C) 4 D) none of these

/0.00016 is equal to

A) 0.0126 approx. B) 0.04 C) 0.00126 approx. D) 0.004

sinplify (L)(E72)
t
AVE® Bt )™ p) t°

The area of a circle of diameter d is

A) nd®  B) 2rd  ¢) md?/2 D) md*/4

-T2 =

[S;11N}

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

21

22

23

24

25

26

27

28

29

30

%ﬁi;%g equals

A) log 4 B) log 15 ©C) 4 D) none of these

2m radians = 360°, so 60° is closest to

A) 0.5 radians B) 1 radian C) 1.5 radians D) 2 radians

The value of 4 x 10° divided by 8 x 107 is

A) 5 x107° B) 5x107° €)2x10* D) 2x 107

sin &
2 isequal to
2
A) sin % B) sin m C)0O D) 3%
In the triangle 2 3 , cos A is equal to
4
A) 3/4  B) 2/4 C) 2/3 D) none of these
Express 0.01 m® in cm®
A) 1 cm? B) 10°% em® c) 10* cm® D) none of these

Given that log, 5 = 0.699 (approx.), log, ,0.005 is approximately

A) -3.699 B) -3.301 C) -2.301 D) 0.00699

sin?x - cos2?x is equal to

A) -1 B) 2sin®x -1 C) sin x - cos x D) 1 + 2cos?x

For the graph y

dy d’y dy d’y
C) gx <0and x5 >0 D) ghk<0and F<0
If x? < 4, then
A) x < 22 B) x <2

C) x >0 D) none of these
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WILLIAM ROWAN HAMILTON Mathematician

HISTORY OF MATHEMATICS Born: Dublin, Midnight 3-4 August 1805.

Died: Dunsink Observatory, 2 September 1865,

Family:
Married; Helen Bayly, 1833 (she died in 1869).

Children: Two sons and one daughter.

On the following pages we include brief biographies of
three of the most famous Irish mathematicians. They are re-
printed by kind permission of the Royal Irish Academy from the
joint RIA/NBST publication "Some People and Places in Irish
Science and Technology", edited by Charles Mollan, William

R,

Distinctions:

Fl Andrews Professor of Astronomy, Trinity College, Dublin,

/ and Royal Astronomer of lreland, Dunsink Observatory
(these appointments were made while Hamilton was still
an undergraduate at Trinity College) 1827;

Member of the Royal Irish Academy 1832;

Cunningham Medal of the Rayal Irish Academy 1834, 1848;

Davis and Brendan Finucane.

We are interested in establishing a collection of such
articles devoted entirely to Irish mathematicians (in their

various guises). Readers are invited to contribute biograph— Knighted 1835;

ies to this collection, which should conform as closely as Ro]yggsModul of the Royal Society for his work In optics
possible to the format illustrated. Alf’so, we would be pleased SirWlIliamRowanlzigil;zzsv;/llhonaolhl;:on: Presiden'tofthe Roval Irish Academy 1837-1846;

to hear from anyone who can provide us with brief outline Courtesy Trinity Callege Dublin First Foreign Associate of the American National Academy

of Sciences 1863.

information on prominent Irish mathematicians.

Addresses:

1805-1808 Dominick Street, Dublin;
1808-1823 Trim, Co. Meath;

1823-1827 South Cumberland Street, Dublin;
1827-1865 Dunsink Observatory,

Some suggestions have already been received for the first
half of the 19th century: James Thomson (1786-1849), Mattheuw
0'Brien (1814-1855), Robert Murphy (1806-1843), John Thomas
Graves (1806-1870), James McCullagh (1809-1847).

We will be happy to provide editorial advice and assis- . .
A line with a direction in space is called a vector. A scalar, on the other hand, is a magnitude without
irection, It was William Rowan Hamilton who introduced these terms. He is best known for his method
f quaternions, which was a solution to the problem of multiplying vectors in three dimensional space.
is method, which employs the imaginary number \/-1, involves three unit imaginaries i, i, k (with
2 =j2 = k2= -1} such that each of them is perpendicular to the others. The product of any two of them
orresponds to a 90° rotation of one about the other in a direction depending on the order in which
hey are multiplied, Thus:

tance in this projecl LI necuessary.

Pat Fitzpatarick

Martin Stynes
i=k jk=i ki=j
but  ji=-k kj=-i ik=-j

The product of two vectors consists therefore of a real scalar part plus threeterms in i,j,and k. Thus it
as four terms in all, hence the name quaternion (from the Latin quaternio, a set of four),
The revolutionary aspect of Hamilton's discovery, which deeply influenced later developments in algebra,
s that it does not correspond with traditional multiplication. If we multiply a real number a by another real
umber b, the product is ab. 1f we multiply b by a, the answer is the same; that is ab = ba. However, in the
ase of Hamilton's imaginaries i, j, k, we find that ij = i, jk = -kj, and ki = -ik (see above).




1805-1865

Quaternions played a seminal role in the invention of vector
analysis, and have found applications in physics. Hamilton’s
major treatises on the subject are Lectures on Quaternions
{Dublin, 1853) and Elements of Quaternions {London, 1866).

Among Hamilton's other important works are his early optical
researches, in which he sought to make optics a mathematical
science based on general principles. This work enabled him to
predict (1832) that under certain conditions a light ray undergoes
an unusual kind of refraction, called ‘conical refraction’, on pass- o )
ing through biaxial crystals (see entry no. 12). Hamilton's search for general principles extended to dynamics,
His reformulation of the equations of motion of Joseph-Louis Lagrange (1736-1813) became — and remains
— a powerful tool in classical mechanics and in modern wave mechanics.

Hamilton’s home from 1827-1865
Courtesy P.A, Wayman

Hamilton had quite extraordinary linguistic gifts. Under his uncle’s special
tuition at Trim, he could read Greek, Latin, and Hebrew at the age of 3 or 4,
and it seems he had acquaintance with some 15 languages by the time he was
10. When at Trinity College he was unbeaten in every examination in both
Classics and Science in which he entered, achieving the highest grade in every
case. He could also perform prodigious feats of mental calculation.

He was a habitual scribbler: he would scribble his ideas on literally any-
thing — scraps of paper (he always carried a notebook with him), his finger-
nails, even the shell of his morning egg! His most famous ‘scribble’ came on
16 October 1843, while walking to the Royal Irish Academy with his wife
along the Royal Canal. As he was passing Brougham Bridge, the idea of
quaternions suddenly came to him. He stopped, took out his penknife, and
on the stone parapet of the bridge scratched the fundamental formulae of
his quaternion algebra.

His personal life was burdened with anguish: the real, unattained love of
Hamilton’s life was Catherine Disney, whom he first met on 17 August 1824,
_ but who married a Rev. William Barlow in May 1825.

The pocket book in which Hamilton
first entered the fundamental
formulas of quaternions

Courtesy Trinity College Dublin

Further reading:
Thomas L. Hankins: Sir William Rowan Hamilton, Johns Hopkins University Press, Baltimore and London,
1980.

Alan Gabbey,

Department of History and
Philosophy of Science,

The Queen’s University,

Belfast.

GEORGE BOOLE Mathematician and Logician

Born: Lincoln, 2 November 1815,
Died: Cork, 8 December 1864,
Family:
Married: Mary Everest {1832-1916). Her uncle George
was the surveyor after whom Mount Everest is called.

Children: Five daughters including

Alicia (1860-1940) a notable mathematician;

Lucy (1862-1905) the first woman professor of chemistry
in England; i T

Ethel {1864-1960) a novelist whose book The Gadfly has
sold more copies than any other book written by an
Irish-born author,

Boole's grandson, Geoffrey Taylor F.R.S., was a noted
applied mathematician who worked on the development of
the atomic bomb. His great-grandson, Howard Hinton
F.R.S., was one of the world’s foremost entomologists.

Addresses:

1849-1855 5 Grenville Place, Cork;

1855-1857 Sunday’s Well, Cork;

1857-1862 Castle Road, Blackrock,
Cork;

1862-1864 Lichfield Cottage, Ballin-
temple, Cork.

Distinctions:

Awarded the first ever gold medal for mathematics by the
Royal Society 1844,

Awarded honorary LL.D. by Trinity College, Dublin 1851;

Elected president of the Cuvierian Society 1855;

Elected Fellow of the Royal Society 1857;

Awarded the Keith prize by the Royal Society of Edinburgh
1857;

Elected member of the Cambridge Philosophical Society
1858;

Honorary degree of D.C.L. from Oxford University 1859.

Boole was a pioneer in mathematics whom Bertrand Russell described as the ‘founder of pure mathe-
matics’. He invented a new branch of mathematics — invariant theory — and made important contributions
to operator theory, differential equations and probability. However, his most significant discoveries were

in mathematical logic. Boole was a
deeply religious man, a Unitarian,
whose ambition was to understand
the workings of the human mind and
to express the ’‘laws of thought' in
mathematical form. He invented a new
type of algebra, called boolean algebra,
which today's engineers and scientists
have found to be ideal for the design
and operation of electronic computers.
Perhaps in some uncanny way Boole
foresaw that the human brain behaves
like a very complicated computer,
Boolean algebra is also essential
for the design and operation of the
electronic hardware responsible for
today’s technology. Much of the ‘new
mathematics' now taught in schools
can be traced back to Boole's work —
for example, set theory, binary
numbers and probability.

A BT

George Boole’s family — Mary Boole (seated), thair five daughters (standing)
and some grandchildren




1815-1864 L.
24 ROBERT STAWELL BALL Mathematician and Astronomer

- -
: ;\gi Born: Dublin, 1 July 1840.
AR

Boole was the eldest son of a struggling
Lincoln shoemaker who was more
interested in building microscopes than
mending shoes, When his father’s business
failed, George left school at fourteen
and became a junior teacher to support
his family. Later he opened a school in
Lincoln, helped by hissister and brothers.
In his spare time he taught himself Latin,
Greek, French, Italian and German, Later
he studied optics and astronomy ' and
finally he turned to mathematics. In
addition, he read and wrote poetry and
supported movements for adult education
and social reform.

Died: Cambridge, 256 November 1913.

Family:
Married: Francis Elizabeth Steele, 1868.

Children: Four sdns and two daughters, including his
biographer W. Valentine Ball.

S

Nephew of Mary Ball — see entry no. 18.

-

Distinctions:

Member Council Royal Irish Academy 1870 (Secretary
1877-1880; Vice-President 1885-1892);

Fellow Royal Society 1873 (Council Member 1897-1898);

President Royal Astronomical Society 1897-1899;

The Boole Library, University Collsgs, Cork.

in 1849 Boole was appointed first professor of mathematics at Queen’s College (now University College) Addrossos: Prosidont M"”‘U'I\"”CM‘/\Sﬁ(’(llﬂlbn 1809-1900;
Cork, despite being almost entirely self-taught and having neither secondary schooling nor a university 1840-1854 3 Granby Row, Rut- Prosident Royal Zoological Soclety, lreland 1890-1892;
degree. While in Cork he produced his greatest work The Laws of Thought which earned him the title land Square, Dublin; Cunningham Medal of Royal trish Academy (for mathemati-
‘Father of Symbolic Logic’. This book contains the mathematics of today’s computer technology. Boole 1865-1867 Birr Castle, Co, Offaly; cal research) 1879;
was an excellent and devoted teacher and met his death after walking in the pouring rain to give a lecture, 1874-1892 Dunsink Observatory. Knighted 1886. ’

He is buried beside St Michael’s Church of Ireland in Blackrock near Cork City.

Son of a distinguished Cork naturalist, Robert Stawell Ball received his early education at a school kept
by Dr J. Lardner Burke in North Great George's Street, Dublin, and at Abbotsgrange, Tarvin, near Chester,
in 1857 he entered Trinity College, Dublin where, in a distinguished career, he gained a scholarship, the
Lloyd Exhibition, a University Studentship, two gold medals, and prizes in three successive fellowship

examinations, 1863-1865.

Further reading:
George Boole: The Laws of Thoqght, Dover, 1958 (Reprint of 1854 publication by Walton and Maberley,

London).
Desmond MacHale: Boolean Algebra, in The Handbook of Applicable Mathematics, Ledermann Wiley

{ed.), Wiley, 1980.
Desmond MacHale: George Boole — his Life and Work, Boole Press, Dublin, 1985, lllustrations are taken,

with kind parmission, from this publication,

In the latter year, he accepted a post as tutor to the younger sons of the Earl of Rosse, on the under-
standing that he would be allowed to observe with the great six-foot reflector at Birr Castle, then the
largest telescope in the world. Between 1866 and 1867 he made observations with this instrument of the
positions of many faint nebulae, correcting his measurements for instrumental errors to an accuracy not pre-
viously achieved by other users of this telescope. In 1867, on the recommendation of the Earl of Rosse, he
was appointed Professor of Applied Mathematics at the then new Royal College of Science in Dublin. A
compendium of his excellent lectures to College students on Experimental Mechanics was published in 1871,

Desmond MacHale, -
Department of Mathematics,
University College,
Cork.

{n 1874 he was appointed Royal Astronomer of Ireland and Andrews Professor of Astronomy in the
University of Dublin at Dunsink Observatory, In this dual capacity, he sought to develop the existing
Dunsink tradition of measuring stellar distances, using a large sample of stars rather than specially selected
objects. Although the method he adopted was later found to be inappropriate for the task, his findings
served to identify special problems in making extensive sky surveys and anticipated the later development
of more accurate investigative methods. In 1892 he was appointed Lowndean Professor of Astronomy and
Geometry at Cambridge but the sad circumstance of the deterioration of his eyesight from 1883, culminat-
ing in the loss of his right eye in 1897, gradually brought a halt in this period to his activity as a visual

observer,




1840-1913

The work for which he is chiefly re-
membered, his classic researchesonscrew
motions, was developed over more than
thirty years in a series of important
communications, contributed in great
part to the Royal Irish Academy from
1871. He developed a powerful geo-
metrical method to treat the problem
of small movements in rigid dynamics,
investigating in particular the behaviour
of rigid bodies-having different degrees
of freedom. In the case where there
are two degrees of freedom, he demon-
strated that the cylindroid shown in the
figure represents the cubic surface locus
of the screw axis for all possible twists.
Thereafter, he took a special interest in
exploring the detailed properties of this
kind of surface. In the course of his

BOOK REVIEWS

"MEASURE AND INTEGRATION FOR ustE™
By H.R. Pitt, FRS

published by Clanendon Press, Oxford, 1985. Stg £9.85.
ISBN 0-19-853608-9 [

H
!1
: /
Integra;,,:ion is an essential tool for doing mathematics,
yet its teaching leaves much to be desired. We are told that
the Lebesgue integral is 'too heard' and any’ analyst knows that

the Riemann theory has poor manipulative properties. One sol-

investigations he made ‘independent ution is that of Henstoclk*; but prejudice against such simplic-

discovery of certain theorems concerned . )

with the theory of linear complexes it line geometry, a topic which, in his day, was only in its infancy,
and he is now ranked among the leaders of nineteenth century mathematics for his contributions to the
geometry of motion and force.

Ball’s cylindroid: a model for screw matlons

1ty suums Loo strong. The only other solutlon 1s Lo Lwach

Lebesgue's integral.

Of genial temperament, he was an outstanding public lecturer and his popular works on astronomy
{thirteen volumes published between 1877 and 1908), including The Story of the Heavens and a university
textbook A Treatise on Spherical Astronomy, enjoyed a considerable vogue,

This book goes some way towards convincing me that this
is possible and desirable. Indeed the main difficulty is that
the treatment stays too close to the Riemann integral, pres-

umably so that the reader feels secure. The author sets out

Further reading: to show that the Lebesgue integral is not so difficult to

W. Valentine Ball (ed.): Reminiscences and Letters of Sir Robert Ball, Cassell and Co. Ltd, London, 1915,

Sir Robort S. Bally A Treatise on the Theory of Screws, Cambridge University Press, 1900,

0. Henrlel: The Theory of Scraws, Natuts No. 1075,42, 127-132, 1600, (eviow of "Theorotische Moechanik
Starrer System’ by H. Gravelius, published Berlin, Reimer, 1889, an important German treatise based

mainly on Ball's work.)

1earn, and is of such importance in applications that it simply
cannot be ignored. He concentrates on the applications of
the theory; notably to harmonic analysis and to probability
theory where its ubiquity is most impressive. The point is

that one uses the Lebesgue integral for its economy, for its

structural integrity and because it unifies.

Susan McKenna-Lawlor,
Experimental Physics Department,
Maynooth College,
Co. Kildare.

The book is divided into tuwo parts. The first concerns
the theory of integration. Formulated initially in an abs-
tract setting, it focuses mainly on reaching the main results
needed to integrate in Euclidean space. There is little dig-
ression on measure theoretic patholegy. An irritating feature

is the constant comparison with the Riemann integral, but this

is mostly excusable on cultural grounds. In fact he takes

care to answer many of the questions I remember worrying about

¥ R. Henstock: Theory of Integration, Butterworths, 1963
- 83 -




when I first studied the Lebesgue theory; such as integrability
of continuous functions, that it generalises the Riemann int-
egral, the appropriate fundamental theorem of calculus etc.

The second part introduces the applications and attempts to
convince the reader that the Lebesgue integral is the natural

tool for tackling certain basic problems.

I have several reservations. One is that the book is
basically concerned with measures on Rk, which leads to a fund-
amental loss of clarity in the section on probability theory
since path space has infinite dimension. R%other difficulty
is that there are no exercises. This is a major drauback in
a book of this type. I also noted several throwaway remarks
where whole subject areas are surveyed in a few lines. For
example there are some comments on filteriﬁg theory whose value
to the beginner is doubtful. Against thié I would commend
the inclusion of proofs of Heisenberg's inequality, the Riemann-
Lebesgue lemma, the individual ergodic theorem, and Liapounoff's

theorem.

Do we need another book on integration? The answer is
surely no, but books like this are transitional and are to be
welcomed. The difficulty lies with a prejudice which retains
the Riemann integral as a first year undergraduate essential.

In my opinion thia can no Longnr be Juatilied.

Paul fMcGitd,

Depantiment of Mathematics,
flaynooth College,

Co. Kifdane,

Ineland

"WORKED EXAMPLES IN MATHEMATICS FOR SCIENTISTS AND ENGINEERS”
By G, Stephenson

published by Longman, 1885, Stg £4.95. 15BN 0-582-44684-8

I must confess immediately that I find it difficult to
warm to any book aimgd at students - whatever its stated obj-
ective - which contaﬁns no exercises. Students need to be
encouraged to be acéive, not passive, and a collection of
worked examp&es, however well - chosen or elegantly solved
(as they generally are in this text), is unlikely to do this.
The author sees a need far a book such as this because "lecture
courses usually tend to concentrate ... on the theory rather
than examples". This may be so, but a quick perusal of stan-
dard and popular mothemallcs textbooks would tend to suggest
that the necessity of providing an adequate number of worked
examples is well recognised by most lecturers. What we do
not always provide, however, are examples relevant to the int-
erests of our listeners, and the book under review is certainly
open to criticism in this regard: despite being aimed at scien-
tists and engineers I failed to find even a token reference

to an electrical circuit or to Boyle's Law.

Turning to the content of the book, the chapter headings
run fram "Functions", "Inequalities", "Limits", through "Part-
ial differentiation", "Matrix algebra", "Ordinary differential
equations" to "Contour integration', "Fourier transforms" and
wealculus of variations", and the author's purpose is to cover
"most of the topics met in ancillary mathematics courses".

As well as the worked examples, the book also contains occas-
ional and brief (very brief) synopses of basic results. Most
of the exémples in the book are a little harder than the gen-
eral run of examples encountered in standard texts and a num-
ber of them have been taken from examination papers set for
courses at Imperial College (London University). The text

and solutions are always concise, sometimes indeed too concise:

- B85 -




" INTRODUCT ION TO GRAPH THEORY” (3rD EDITION)

"But the exponential number e is defined by

lim (1 + 1/k)k

k+ao

Hence (1 + 1/k)k < e," (p. 9)

By Rolin J. Wifson

Published by Longman, Harlow, Essex, 198%, viii '+ 168 pp..
Stg £5.85. ISBN 0-5B82-44685-6 '

"A set of functions f1(x), fz(x), vy fn(x) is linearly
independent if c1f1 + 02F2 + ..+ Cﬂfﬂ = 0 for all x

and for values of the constants c; which are not all

;
"HINTS AND SOLUT!ONS{MANUAL FOR INTRODUCTION TO GRAPH THEORY"

zero. Hence the functions are linearly dependent if

their Wronskian determinant vanishes." (p. 73) By Rolin J. Wil !d W.J.G., Wi I
¥ y KRobin . 1€son an e do Yo wngare

7
7

published by Longman, Harlow, Essex, 1985, 62 pp. ISBN

Two other points caught my eye: the suggestion that the basic
result lim o sin x/x = 1 be "proved" by l'Hopital's rule 0-582-44703-8

(p. 11) and that the result

X Make no mistake - graph Lheory s comlng! Compuler

%; Flu)du = flx) science departments are realizing that the traditional cal-
be "derived"! from a more aneral cormula For g i(x ’ culus sequence is largely irrelevant to their ?eeds. They
where a and b are Functions of x (. 27). dx . yUJjau are beginning to demand its replacement by various topics from
A * discrete mathematics. Among these, graph theory comes high
on the list. Given the large numbers of students which com-

The alert and intelligent student will enjoy the book (a good
read for a good student?), but the less able student, if he

were to follow the suggestion of the author and use this book

puting now attracts, mathematics departments can expect a lot
of pressure to teach graphs (the non-calculus type). Since
Euler first begat graph theory in Konigsberg in 1736, it has
been a relatively minor branch of mathematics (the first text-
book didn't appear until 1936). Today, 250 years on, it's

1 o H
as a means of revision for examinatlons", could well find

the experience a llttle alarming.

finding its feet.

JeB. Twomey,
Wilson approaches his subject from a theoretical rather

Mlathematics Depariment
! than an applied viewpoint. Proofs are generally given, except

Univensity College
! r results where a reference is supplied instead.

Conk P =

for some deepe
The arguments are usually clear, two exceptions being those

of Corollary 13D and Theorem 13G on pages B7 and 68 respect-
ively, where some elaboration is needed. The style is pleas-

ant and holds the reader's interest.

Most of the nine chapters contain a short section on app-

lications. These sections go a long way towards justifying

- 87 -




claim is justified by this reasonably priced and very readable

the inclusion of the various theoretical topics considered;

without motivation, elementary graph theory tends to look, like book.

a collection of unrelated random results on graphs. My only

guibble here is that Chapter 8, "tHe colouring of graphs', I had found a mistake in exercise 13%a on page 91 before

fails to make the reader fully aware of the variety of uses the solutions manual arrived, but the manual to its credit

of graph colouring. had also detected the misprint. It gives answers to all
the exercises, sometimes only in outline, All those I checked
The book (like all graph theory texts) has a great number were correct. The pq%face notes that "each author wishes

of definitions in its earlier pages. However, the language to make clear that any errors which occur are entirely the

is very allusive and one easily absorbs this material. Why fault of the other"!?

4

don't graph theorists agree on their basic te}minology? The r

field cries out for some sort of rationalization. As Wilson

points out on page 26, what he calls a circuit is also known

Naatin Stynes,
in the literature as a cycle, elementary cycle, circular path Uninensily College,

Conk

and simple circuit! The most striking sxample of all is that
the definition of a graph is not agreed on by everyone; some
authors including Wilson permit "graphs" to have multiple edges,

others don't.

Appel and Maken's computer aided proof of the four colour

"THE INS AND OUTS OF PEG SOLITAIRE” (REGREATIONS 1IN MATHEMAT 1GS)

theorem is mentioned in a few places; obviously this edition
of the book was written before serious doubts were cast on By John D. Beasley
the proof, but this isn't the fault of the author. Students

beware!

published by Oxfoad Univensily Press, Oxford, 1985, Stg £12.50.
I1SBN 0-19-853203-2

On page 12 two methods are described for storing graphs

in computers. Perhaps the author should also mention adjacen- I have always carried a nagging desire.to really under-
stand the game of Solitaire, ever since a "flukey" solution
on a train aof "the central game® many years ago. On the

standard English (or German) 33-hole board, a miraculous seg-

cy list representation, which is commonly used.

At the beginning of this review, I mentioned the growing

demand from computer science students for graph theory courses. uence of vertical and horizontal jumps had reduced a single

vacancy at the centre to a sole survivor in that position.

Unfortunately, the present book isn't a good choice for the
Many subsequent attempts to repeat the performance failed

sort of course computer science departments usually have in

mind, because it's basically theoretical, In the preface, miserably. This book grants my wish completely.

Wilson claims his work 1s "suitable both for mathematicians

taking courses in graph theory and also for non-specialists Although the origins of the game are uncertain, it was

wisining to learn the subject as guickly as possible'. The knpown in the Western world almost three hundred years ago.

The outline history of the game given by the author reveals its

- 88 - - 89 -




attraction for strategists and mathematicians alike including
officers of the French Royal Artillery, Academy members, Leib-

niz, Crelle, Bergholt, and Conway and many others.

Crelle published a solution to "the central game" in
1852. In 1912, Bergholt published a solution consisting
of 18 moves. It appeared in a weekly newspaper chiefly dev-
oted to ladies' fashions! He later published a book on the
subject called the "Complete Handbook to the Game of Solit-
aire on the English Board of Thirty-three holes". In 1964,
Conway and others proved that Berghold's 18 mbve solution
was the shortest possible.

If the 33-hole board is labelled according to the scheme

a b c d e f g

then allowing for duplication due to symmetry the only soluble
single vacancy single survivor problems are summarised by the
table overleaf. The author supplies solutions to all these
problems in the number of moves listed. He invites verific-
ation of his own cpmputer calculations that in each case the

required moves are indeed minimal.

Initial Vacancy Final Surviver Moves Required

cl ct, c4, cl 16
fa 17
d1 ' a4 17
d1, da4, d7 18
c?2 / c5 15
f c2, f5 18

i
d2, ' a5, d5 117
- d2 19
c3 c3 15
f3 186
IR} ad, dd 16
dé 17
d4 d1 17
d4 18

TABLE

In general, it is not always possible to reduce any glven
starting position to a given target position by solitaire
moves. However, it is possible to divide all solitaire pos-
itions into 16 fundamental classes with the property that if
a given problem has a solution, then the starting and target
positions must belong to the same class. My own favourite
proof of this result is due to de Bruijn (Journal of Recreat-
ional Mathematics 1972) which associates an element FA X Fa
with each solitaire position where Fh is the field of four
elements. It is included in Ian Stewart's .'Concepts of Modern
Mathematics' as a nice application of abstract algebra, De
Bruijn's method is not used in this book. An alternative
elementary reduction is used, which is based on whether or
not for a given set the number of elements on certain diag-
onals is "in" or "out" of phase with the parity (even or odd)
of the total number in the set. On the 33-hole board, every

position is in the same class as its complement. Two single-
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man positions are in the same class if and only if the Tows

and columns of the occupied holes differ by multiples of three.

So if we start by vacating a single hole then we can only
reach a single-man finish in the original hole or in holes

at intervals of three away from it, So except for symmetry

the final survivors listed in the table above are the anly
ones possible,

T.R. Dawson included several double-vacancy complement
problems in "The Fairy Chess Revieuw" in 194;.
that it was impossible "for lack of elbow rSom"
vacancies at b4,

He stated

to begin with
d4 and end with exactly two survivors in

those positiaons. Conway, Hutchings, Guy and the author dev-

eloped a theory of "balance sheets”

vacancy complement problems.

to investigate multiple
In 1961, they proved Dawson's
assertion and showed that it and the similar complement prob-

lems with initial vacancies and final targets at {dz, d6},

(b4, d2} and (d1, d2} are also the only impossible ones.

A similar analysis of triple vacancy complement problems
established three classes of inscluble problems:

(i) d1, d2 and any third other than a3, a5, 93 or g5,

(i1) any Lwo middlo men (ba, d2, d4, d6, r4) and any

third other than an outside corner;

(iii) any three from rows 2, 4 and 6.

The theory developed is difficult to master and leaves

many multiple—vacancy complement problems unreso

lved awaiting
further research.

It is expected that problems involving
marked and distinguished men will receive prominence,

i.e.
problems similar to Bizalion's

"man-on-the-watch" variation
remains fixed and then clears the

sweep to become the sole survivor.
solutions to all the problems set,

difficult to follow as the notation
given above is rather cumbersome to use.

in which a nominated man
remaining men in a final
The baok kindly provides

but some of these can be

Take for example
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the 16-move solution to the c¢c1 complement problem given by:

el-c1,

d3-d1, f3-d3, e5-e3, d3-f3, g3-e3, b3-d3-f3, cS5-e5,
a5-c5, f5-d5-b5, c1-c3, a3-a5-c5, e?7-e5, g5-g3-e3, d2-d5-d3-
b3-b5-d5-f5-f3-d3, c7-cS5-c3-e3-el-ct.

If there is a misprint in that sequence of moves, then I have
/ .
made it! I found nope in the book itself.
i
/
Finally, the auéhor considers other boards and other rules
of play. The reader is introduced to fanciful symmetric

boards, three-dimensional boards, hexagonal boards, even infin-

ite boards.

M1 In elly, Uhls i1s o wost enjoyuble and complele sccount
of the Solitaire Game and the book is a worthy successor to

Bergholt's volume,

Mlantin Newell,
University College,

Galway




PROBLEM PAGE

Recent issues of the London Mathematical Society News-
letter have carried items by David Singmaster on the following

pattern, which was first contemplated, apparently, by Kepler.

FIGURE 1

It is not hard to convince yourself that the radii of
the expanding circles do not tend to infinity, but the exact
valua of thae limiting radius seems to be unknawn. If the
inner radlius is 1 then the limitlng radius is approximately
8.7 and this number has been calculated to 55 decimal places

by Herman P. Robinson in Popular Computing (Oct. 1980).

The first problem this time is related, but much easier.

1. If, at each stage, we double the number of sides of the
escribed polygons, then the limiting radius can be found
explicitly. What is it?

I heard the next praoblem from John Reade at Manchester.

He came across it while setting questions on curve-sketching

2. If f(x) = p(x)ex, where p is a quadratic with integer

coefficients, is it possible for f, f! and f" to have rational

zeros?

The final problem must be an old chestnut, but it has

a very pretty ansuer.

3. Which integers can be expressed as the sum of two or more

I
consecutive positive Antegers?
/
¢

Now for the solutions to two earlier problems.

1. A rectangle R is partitioned into a finite number of rect-
gach of which has the property that

angles Ry,Ray oo R“.
at lesst one side 1s of Integer length. Prove that R has the

same property.

According to Bob Vaughan at Imperial College, this problem

originated in France. It was mentionmed by J-M. Deshouiller

at the conference in honour of Professor K. Roth at Imperial

College in 1985, and has spread far and wide since then,

It has a remarkable solution based on the following fact:

R={(x,y) t a sx sb, c sy sd},

{ Jeznl(x+y)dxdy -0,
. -

if and only if at least one of the numbers b-a and d-c is an

integer. This is true because
b d
] {ezﬂl(x+y)dxdy = Jeznlxdx Jeznlydy
R a c
{ 2mib 2nia [ 2wid 2mic
. 1e - e e - e .
27i 27 i

. g5 -




To solve the rectangle problem, we simply write

- A 2mi (x+y)

2 Oty) gy oy | 210 ) gy &g,
k=1

R

k
since each of Ri,;Rz2, ... Rn has at least one side of integer
length. Hence R has the same property.

Notice that the method generalises to higher dimensional
boxes.

2. A rod moves so that its end points lie on a convex curve
Iy in IR? and a point P, which divides the rod into lengths a
and b, then describes a closed curve ;. . Prove that the area

lying between I'y and T, is wab. ’
This strange fact is known as Holditch's Thaorem. It
can be proved using Green's formula. First parameterize

as follows.

(x2 (), ya(t))

FICURE 2

If we assume, as we may, that a+b = 1 then xs;-x; = cost,
yz=-y1 = sint, and

u = bx; + axa, v = by + aya.

The areas Ay, A, lying inside I';,T2 can then be
Green's formula as follouws:

obtained from

Az =

Phil Rippon,

27 2m
51 (xy9, - yi %00t = 4 [(x292 - ya%,)dts
0 0
2
3| (ud - va)dt
0
2 . .
, Esz1r+ ax,) (b7, + ay,)-(by, * ay,)(bx, + ax,]dt

0

i 2w
(a? + Qk)Al + ﬁabj (192 + X2¥1 - va¥ka = y2Xi)dt

0]
27 ) )
A - }ab J[(Xz - Xl)(92 - y)-(ys - y1)(xy - x,)1dt
0
2n
Ny - ﬁahl (cos?t & sin?t)dt
0
A] - 7mab.

Open Univensily,

MNilion Keynes




CONFERENCE REPORTS

GROUPS IN GALWAY 1986

There were 23 participants at this year's Group Theory
Conference, sponsored by the Royal Irish Academy, the Irish
Mathematical Society, and University College, Galuway, which
was held on Friday and Saturday 9th and 10th May 1986, at Univ-
ersity College, Galway.

E
b1

David Hughes (UCG) opened the Conference with his talk on
"Modules and Root Systems",. He described Gabriel's character-
isation of hereditary algebras having a finite number of indec-
omposable modules, and the use of almost sp;it sequences to

categorise these modules.

Radoslav Dimitric (Kevin St), in his lecture entitled
"Abelian Groups and Axiomatic Set Theéry”, explained Shelah's
result that if Martin's Axiom holds and the Continuum Hypothesis
fails, then there exist non-free abelian groups satisfying
Whitehead's Condition, but that if the Axiom of Constructibility

holds, then every Whitehead group is free.

Joseph Rotman (Illinois/London) spoke on "Finite Projective
Planes, Graphs, and Symplectic Groups". He gave reasons for
his conjecture that the collineation group of a projective plane
of even order n is an intersection of conjugates of the sym-
plectic group of degree n® over the field with 2 elements,
and showed how this might lead to a proof that there is no

projective plane of order 10.

Russell Higgs' (UCD) title was "Degrees of Projective
Representations". He proved that if a finite group has all
its projective representations of degree a power of a fixed
prime, then it is soluble, and he also mentioned other related

results.

David Redmond {Maynooth) discussed the use of "Groups in

Chemistry", He considered the Uecompo§ition of the action
omogeneous polynomials,

of the symmetry group of a molecule on b
and the notation and methods developed by chemists.

.Colin Campbell (St Andreus) delivered the last lecture

. "
of the Conference on "Presentations for Certain Perfect Groups®.

He gave uniform presenﬁations with 2 generators and 3 relatfcns
for all projective sp%cial linear groups of degree 2 over fields
of odd prime order, éﬁd also for certain other groups

tance when thg field has order 8, 186, 25, 27, 49, ... ).

(for ins-

In additian, Martin Edjvet (Brunei, London) spoke on
"Group Prosentatlons and Stwplicial Comploxns", and Michool
Barrcy (Covyafort) guve o Lollk on tirder ConJugocy In Groups
of Lie Type". Ted Hurley made the group theoretical computer

package CAYLEY available to those attending the Conference.

We would like to thank the lecturers, the sponsors, and

the participants for their continued support.

Rex Danrk

PROTEXT III CONFERENCE
The Third International Conference on Text Processing Systems
22.24 October 1986, and the related
ﬁRDTEXT III SHORT COURSE
Computer-Aided Text Processing - An Introduction, 20-21 Dctober 1986
Both events will be held in the
University Industry Centre, University College, Belfield, Dublin
and are co-sponsored by the Institute for Numerical Computaticn and Apalysis
Dublin

For further information, contact: PROTEXT 11I, Conference Management

Services, P.0. Box 5, 51 Sandycove Road, Dun Laoghaire, Co. Dublin,

Ireland. Tel. 808025.




