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Editorisl

As the xeceutly appointed editor of the Irish Mathsmatical Zeclety !
istter, I would like $o take this opporitunity to oomment brisfly on plang for
the publication.

The Newslatter should esrve the peuharghip of the T.M.5. a5 a forum far
actician on all aspects of Mathematics, purs and spplied, as also for areicles

on research and teaching. The nazborship of the Soclety spans ths kroad range

of Mathapavizians from regsarchers to teachare in all arees of Mathomatical Soianes.

Aecerdingly, the Sewsletter should wxefleot ¢hin and in doing & halp the Eaclaty
egtahlish a wehesion and identity of its own.,
Tho praeent plans are %o producse the Newslatier on a regalar hasis, thres

times during the L982/83 Academdc Yeay, and suarterly afrer that. The mala s<otis

will be articles, mothematisal edacaticon, book reviewa, probleme, conference ro-

porty and newg Ltems,

.

Articles should be of wide interest, writien in s Sapogilony 4SSnar &nc

ahould by accassible 0 a aajority of the secberstip. The section on sdusatics

should contain arvicls:

on wxving ws of traching with & special =uphisis oa

the third level sactor. Beosh zeviews will sover undevgradeaie texthooks and rae
L
search Javal tents. The confarence repexts will bz primesily Qevoied to wonfsreae
ceg reld at Jrieh venuwes. Finally the nuws sestion will inclwde affaixs of the
Soclety and personil ltems. R
The suctens »f tha Ngwaletter will depend sntirely or tha c&n’trib‘_st.iorm.

T bope that anyone who wishes to muke & contribution in #ny mectlion wilil get fa
contact with me, or bettey stlll, write snd submit,

‘ Finally, I fs2l boncuved to Be yiven tha cppartunity ¢f serving the Society

ag Tdltor of Lts Neusletter and hope that I will help in gettlng it establiehed

&2 & zeputable putlication.
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Ixish Matkepaticai Secieky

logo

SI8 HMacHALR {U.C.0.}

I zpproachad the challence of designing a logo for the Irish Mathematical

Socinty in tha following manner, Mathesatics is crsated by paoplo and tha pevsons

#ilitiss of muchematicinne are & unigue sourcs of impetsa to the mubiect. Wawil~

’
tow, whe was proud to he an Irishman, was the graatest mathematicien this country
hrg produced sad Guaternions were his grestest contribution to Mathemetics. Uhe

atzynion nroup gererated by the clements 7, 7 and k&, glves sight clesments in

?

211 and can converlently be vepresented by & dlegrapl whizh is callsd a Jayley

diagram. This faot slen commanoxates the Cayley-Hamdlton Theoren (or is it ths

Remiteon-Cayiey Theoren?) PRhanther aspest of the logo I finally chass is that of
Hamiltonlan Cigcuity vwhich are an important hranch of Graph Theory and arse currenily

an active arsa of resgarch.

>

The loge 16 thur an sbhstyasrion of the Cayley GL-graph of the yustuzaien

B

group glven by
H 2 2«1 3

<akia =31, 8 =&, b > and it locks ag follows when fuily

daresned and lebellsds~
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NEWS AHD AANGUUCEMENTS

International bathematical nion

At the Genaral Auneably of the X.0.UV. baid in Haxssw on S5 and $uh August,
1882, ihe following ewards wuve aanownged.
FIBLOY m-:r,:mas'

~ &, COMNES J.8.B.8., Parig)
~ W, TAURSTON {BFRIBCETON U1 VRABI5Y)

~ 8.7, ¥AU {£.3.8., PRINOWION

HEVAIRIHI PRIND

« R. TARIAN

L naw prize da Inforpation Solence to be

Tha Hevenlinna Poizg
PERLOS AU I SN

every IoG7 years on the oegatinn of Intervationsl Congreuges of Hathepaticiing.

Toun Usivewsmity of Rels ki fa Ffanding ths prize.

WAk ok 5

It wan sloe suncunced rhak the 19338 10 w1l) be beld st BaxReiey, falis:

“armriren

BEwwhedney

FERSONR', TTE#S

Raw Appointments.

oy, R, Gimeon of the Computer Science Dept., U.0.D, has baen Spsainted to &

Research Position st oxford Universivy.

Ring Thaory.

bro . Moreds {Fua.l., T.0.0.) hag besn eppointsd o tha staff of che Oom~

——l

puter Sclsnce Dapariment, U.C,D. Dr. ¥oxzls® gpeclallity 48 Frogram Gonsls




p. B'Mathune  of the 1.8, wre. of Transpert heg baon appointed

BiMarionats field 27 intersst ie Moshunics.

& Eegeavch Aszoslate at T.C.0.

Or., . Terno of the Morhematics! Yhysics Uepartment, U0, has bagn
AN SRR

apralntad to the sgtaff of ¥.Z,R.¥., Nublin.
’

i LR R TE - )
Or, . Ripooa of the Msthaxstics Dupartzent, 1.0.0Q. haw beon appiinead to

2 posliion Ln the Opem University.

Couplay Mnalysis.

vr. Rigton workg in

Froutinong.

J. o Eully of ds Computer Solence Depart

PAROUS I PR e

8 Depariment, Meynocin Ol

uaB. Twomey  of the ¥atbasatics Lepsviment, U.C.C. ban hesn prowsted

PUNENTE e

ko Asscciate Profesror.

hanbatical Taave

£ 1 a oo sl 3 ' P oo
L Dr, 3, Adam of the New Updlverzity of Ulevsr will be oa stady faery frawm

23 an the Unilversity of Rochestazr, Ned Youik.

Fursi Ny

ra& Msthematics Departeens,

Dp, &

Sedfary of

Liave &t She Universfior of Paris for the Acadsnlc

0.2, wWalsh of the Machsmatics Depaxivent, Maynooth o)

P P
er 1283 at Bdiabuargh tniverslity vich brief

,-.

cal lesva fron Jarumy e SBsptasbe

wirltas in Englar? and Frunee.

Visftors,

Dr. 2.4, (hepuann  of the Hetlesatics Depaztoent, University of dssoun

ARuztrelis wilil wisid T.C.0, {rum Bay o0 baguet 1983, s Zield of atudy i Noserl-

<ol hnalyels.

Y¥rich National Mathematics Contast

Tha Fourth Irish Rational Mathematics Contest was held on #Marxch 2, 1982 apnd
attracted about 1,450 entries from 7% echools. The total reprasants a decxease of
about 300 entrants ’fzom 1951, This decrease is possibly aceounted for by the in-
crease in fes and the Algficulty of the 1990 and 1981 Contasts wh:ich‘may heve deterrsd
&ane schools from partfcipating. i

The jrssulta to hand indicate that the 1982 Contest was moce MELLenit ¢hap
the 198 edition. The number of thosa who scaced 30 @ wore was 28 - and nclvdes
$ gixis ~ as against 45 in 198%; the average mark for the top sporers wag £4.9
versue 85.4 in 1981, YWavertholess, tha highest mooxs achiaved zo far by an Irish

student was macerded thig ¥e2r by our wlinex:

David A. Doanelly, St. Micheel's Csllega,, Jmesth, Co. Louth,

Wit goorad 115. This is a bighly commendable ashievezent.

The top thxee scoreds will be presented with suitable prizes lasr on in tha
year.

A fullex anaiysin of the resulis will appuay in the Naswelatter publiszhed by
the Irieh Mathemarivs Teacheors Ansm.m“en, CO=EPONSOLE with e Irish Matheceiical

Souiaty of the 1982 Contest.

»
b S 4 EL LR Y ﬁ‘ﬁ’itlﬂ?!”t‘ﬂﬁ’t

Mawsifj‘ish

Rumour has iv that a postgraduata student in Oxford hs proved the generaifzel
!?ainca)ra conjecturs in &dmension 4. (The n-dimensional Poincare cunjecture iz they
any closed a~panifold with the homotopy of an n-sphere is honu-emrphir' ta an p-
sphare.] If the rumowr 1s true ,this means that the only outs*'u*tnnr case i the

ariginal one of Poincera whan n w 3. (“ha cases o » 5 wers Asna by Smala in 1358.;

d ¢
A\
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CONFERENCE ANNOUNCEMENTS |

LINBRICE WATHE ""-’.'.5‘ 982,

A twoeday hAlgebrn Conference will Te held st Mary Impaculste Collegs,

Limecizk on November 12th amd 13th, 1382, The maln spankers ars ¥rof. J.6. Thoopson

{Cambridygel, Prof, T2, laffey {U.v.0.]1, Prof. M.L. Pewall W .5, and D, DL

MzcHale (U.C.C.!. Porsong seeking furthsr detalls or willing to give short valks

of wp to 20 minutes éuwation axz invited to wontest tha ergwiser Ur. 6.4, Baright,
#avhenatics Depactment, Mary Immeoulats Colinge, Snuth Chrouler Rosd,

Foone {061} 44583,

SRSECONE 11T,

The Toird Interpationsl Conferenss on the ¥orerfeal drajwaig of Sowddonionber

)
bevices and Integrated Clrouits will be held £ L7un Sune 1863, :
andoy the avsplers =f the Mmerical dnaiysis Group and dospongorsd 2 tha Plsotana
Vevices Society of the 1ETE, the Instifnte for Humerisel twwputanlsn eng dnalyeie !P

emazionl Society.

ares rolicited fyrom anginsers srprialenn

trduited papers

Gn ary topie relavant to the nuwerical anslysls, madelll

elvctronic, cpto-electronis and guantum elechizoude semdsondusing sevices and in~

toarsted clzouits.  The de c‘ﬂ, 1ne for the receipt of ahstracts wnd prelimbnary verslong

of r0-niwate contributed papsrs is 18th Pehrvary. 1283, a1 soepesponderce ebould

Copfarence, 3% Twinity

e addreszed to: FNARECODE Coliage, Lublin 2. Phone D40~

iEnd ledd,

Il axk.

Incozng tionel Congress on Mathonatirg will e held im

Edsiaide, South ausiralla, in Auguet LAP84. The chelimen of tha Internatienal Txvogzes

Comalliice 3R Dr. H.o. dowssn, Deparipent of sathemetdcs, Auvstzalisn Mational Undvexsity,)
|
Canlerya. :

IHPINITE EXPONENTIALS B.J. Bippon

A guestion of the following type appeaced during 19481 in a Regional Math.
Contest for high school students in the U.8.3. and cavsesd some &ifficuitiss oy
the refaxees present.

*Find 81l the real nwshers a sweh thal

'.
9." )
a » 8." (1)

The ewpected anwwar, presumably. was tiat

a*”’ n

2® ,_‘(a ’ﬂ!aava,

2]
ané ®o &z = B”o ., Hers {1) has been taxen %o rann that the gaguence

a
nat,at ) + +ss s which we siall denote throughont by
®a

By mE AL, AT, LR U PR | {2}

convergas to 8. Mow it is not ipmediataely cbvious that tho seguente an willi be cen-~

ll&?’; 3.2 and this diffiguicy cccu}teﬁ to the referees ah the Math.

vergont when a = 8

Contest. In fsct it turns out that the seguenca is sonvargend. Unfortunately howsvexr

1t ‘dees not converge to 8 and the gquastion wae vary nearly serubbed]
In this articla I shall attespt to explain tha somewhat surprising facts tut~

lined above and survey a number of the known results about the convergence of such

'infinite exponentials'. Both the real and cﬂmplex rasze will be discusved end some
new results given., I am qnntly in debt te tha survay by Unoebel [4] which ared

\coiﬂcidmnmlly at sbout the same time as the Hath. Contast and which coniains

huge bibliogzaphy on this tepic. I as also gratefndl to Leon Greenberg, uﬁus& ingenious

approach to the convergence of an(fcr real a) figst kindled my intersst in this problem,

and to many collsagues and students at U.C.C. fur sdvice and encoursgament, parti-

cularly with the computer.

To gee why a = 8‘“8 is not a soiution of {i) we considexr the graph of

Vx> o. .
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, 3
aX
with equalicy only at the single point of fuflection of ¥ = a , which occurs
%
x -3 " e a
vhen 2" w(-icga) « If {1/e}” <€s <3, therefore, tha graph of y = &° orosses
] . "
-
¥ - .
& L= tha greph of y » x exactly once, at x w b.
¥ He® = o
a'g T Tt ey - . 3 P Y= X
g e , P
e . /
' T ! .
/’ ! .
H e
j F i 'Y -~ &x .
& 4 e LX-N &l :
b 5 . o ;' H o
4 ¢ i k4 5
If b is the unlgue numdbar lase than e satisfylag i
' {
.§Ai=r’ % 4, /
R R I
Lge k. Blosos & v b owa deducs by induction that the & Y
Sk,
2 Dranded abave By B oond 29 oonver gas 0 BOmG numhes ©, §owa % ) o Gy ] ., LY i
Bohave ¢ o= bl A Litile work with & pelceletus shows chat thds | b le The convergence of the soqQuence s, to b is then immediste from the graph,
¥
apoy o On the othar hand we bhave
Tt turng wat chat the behevicur of e sequessa A for & » 5 wer stud 4 o } S
3 i
»‘ el = {log m°", ‘
Long ags &8 ATTY Ly Ealss {30 . Be, it BROBS . Yas alyvsady aware of the Tact fsince | 2o

that the seguence {5 sonvevgent 1¥ ani wrly L

Eodleenviied ddiy

which is ﬁ’t::.ix:tly Greater thea 1 44 0 <b “1/n, thatr 9 L2 0% 8 < (1/e) 7, ‘
x S
showg that the graph of Y= aa crosses the graph of y » « exactly three times i€

s
)
bume e o BO0T
il Gavmn anowe for B p: X e
U%ac< (e .
3.5 .t
5t 28 Imaanpling

et hand JF B, Senvergen €0 b chen & = &7 sad g0 coavergen / g&gx
e
—— g
e o ) - -
AT e et

PR Ve
g

PP- - &3t

The coue 0 A5 + 1 4s lers stxesightforwnrd singe vhe FeqUAICE & L 1o lonser

Mic. I famow ] 7 o ) :
[ . i

R . R . [ - // \

WA Bg € HL ¢ S AW, KA, <L, 3

6" %y

N
=

and a4 for sachton oo 2,3, .., . The areps
t-d i

frow O < B ¢ L, vainy pepesiesd »

a* &

patuzal then ¢ study e greps of ¥ m 8", x5 0. e helore ve Tew b dannoe tha ; i ,

" C ™ 3 w1 <

% . . . ‘e L Th y
funiques! zolutdar of &7 = w, which wil) alss be & solution of 2 X In thin

Chai

lies preiotly boswesn a

rantlation, T4 ie , ;

In this case it {s clear from the graph that the sequence L Goes not couverge.

cane A% b <1,

The problem becomes much harder Lf wa allow a to ascume complex values. in

By lewentary cxloulies ',
thiscauwpm:al-amd

' ')

: | " ! sy ~ewl loga)ma®, (ne1,2, ... (3
t ! .
| |




1

'S

where tha principsl value of logo.ia taken. This exzludes nuubexrs on the negutive

reel axls fyom ccasideration, though wa note that a = -1 48 ga excepticnal spacial

case, Qulte a lot is known about tha coavergence problem for conplex a but there
R .

arse still & number of interesting open questions.

She pals prsblem concerns the set ée-g
R, = %5 : {4341},

whtch 12 1llusteated below.
‘/-T
4
Rc }

o 7

] i

\u
N~

4hi3 wel bests the yeal axis precisely in ths interval R,a - i(l/e}e,elfﬂ on which
gauence a is gonvexgent. Computing evidence suggests that a may in a2t ba con-
vergent throughout R{: and we shall swvey a number of partisl resuiifs towards this.

The sat R, ¥a& first identified by Caxluson in his t«h.esis {2) of 1907, where
showed that L B +wasn ~® and if a. tw,ne),2, ... ,thanae RC. In £act,

by {3}, 'gu tave w = exply log a) and on putting A wlogo. wa chtain w = @~ and
A R only remains to show that [§l § 1. To do this we let '

b omawt -1, r = 1,2, ... M
s> thay, & (3),

uﬂ‘nﬂ.“ QN El*hn)w log 8]
end hzace

By ® exp{g B~ 1. {5

Siace bn #0,a=1,2, ... , and bn <0 a3 n- o wa have

b .
2L . £ 4 o), 1w, : (6l
3

12

Thus
I p !
Bl » um Y <1,
n- o % i

as required. Ve also obsarve from (4) and (&) that 1f azxg%# O then

’a ~
ALY {‘-—ﬁjima.‘: ) - yxy (EI".?.};.
a — v b /

-5 a‘ggé ’ n W™ .
Thig shows that the seguence a_ converges e w in a spixel~iike mannay. As an
. Ty
exampls we illustrate the convergence of Lha seguence 1,1",1‘!‘ 3, wer o Whlch will

de proved leter.

. axi
e
« Y ® ,
- 5,;3! .
“wide %3
e
P
Vit i

Wa chall Gaduce poslitive reoults frca the followiug

i, G

fcuna. LetS] e any Jomeldn hounded by a siuple clossd purve " and izt fedil

£

g

& centinvous funetion, ansiytic ia S}, vhich does not u;’.ﬁ. conformalliy onto Ziself,
I£f £ has no fixad point on i then £ has a uaigue fixed peisi % in 3l and fox ey o
A&

in 51 the  ERQuence

LI t!(z“)‘f AwleZ, el (73
—
coavergas Lo z,.
S ' '
* I ar grateful to Feter Walxer for piinting out how this lemms fane b2 used

1 ub
to prove the convergance of i,i7,3 B

<ve » It 8iso serves to unify and éimplify
'many of the agproacheu which have been made to the genersl problem., For other
results of this type we rafer to Burckel {11,

To prove the lemma firet note that £ wust have at least one fixed peint ze
ir..ﬂhy Brouwsr's thesrem (in any particular application the axistence of an
interior £ixed point can often ba demonstrated mfe directly). We assume, as we

may by the Rlemann mapping theores, thatﬂ. is the unit dlse anéd that zo = 0. Ey




Schwarz’a lemma
jeem <zl , (< 1z} <1) 18)
the inequzlity belng Ttrict bmcsure £ 48 not a rvotatfcn ofSL. Thus 'lsznl iz dg-

ereseing and g0

anisiv, Juoe 3uhsequence of L iw conavarxguni, to 2 say, and by the continuity of £
wa Lavy
{£2){ = ¥ = f=m}.
hecereding o 82, thexefors, we must have z = § and 80 zn > 4, 88 rRgulired.
As a first application we show that
Yg‘,_,,u {a : flog af _'t_a')‘}

]

. Pot
e & sov of wovvergancs for 8. This 1s dwe to Thyen +7:.

H
(o

DS

] s

{f o, e

3 % ol 1
B e
e L"o?,, &/ \ }“
; i

W

.
1
tercing ' *
iy
Fa 4 H - 3
Mot wn Jlog wi < 1}'«

we find Thst
togfa™i » iz log al g1, @ &fl, s €RY

eipen 2] € « when 2 €53, The incqusiities here are strict. excapt when z » o,

14
A . ('L S 4 PR o, N ey a kA -
ai 30 & aspselpreperly into itzelf., The only ponsible fixed point of 2 on 24

1 -3 1
i5 2 w2 and this can only oseur when §1«3;~' z2f = e ", Thiz would mmen that a = e“/a

and we already know that a_ is converg

» pl €67 thiz value of &, For any other 8 in
:

. a
R‘: the lemma glves the deslired convergencs of 1, a, 2 ; +v.
Another wmajor contribution tovards the solutisn of this problem was pade

by Gheil in hiy thesls of L183%, part of wiich was poklisned in {6}, %= shall prove

bave one xesult of his, that a, i g:"nve::qen: whan a dlas In
< geT 3
-~
. R, G e 151 <L log 24,
!
! p—c
E } o \

i,
P
SO gy . )
1‘;
wy
Wy
"“
"

,
H
T/

Tor wiy a eg'a Rt A & leg 2, sonsider tha disc
4 s 1 .
-ﬂ«;*f%‘; fe-efl < {2517, ‘
wF
e Jhy uen 2o~ 1f 22 and 5o ()
‘ . .4 . . 2
. ja%07 [ = fexpiz log a} ~ ¥}
« ot fespittze®ul ~ 1l -
< e itall e - 111 0
' | RS

&
s z ., . . : . .
It follaws that & meps f; into itself and avidently has & = &” as & fixed pint.

[<d
This mepping 1s not & rotatiom (for instance, its Jexivazive at ¢® is egual #3&)
and 1t is easy to theck that Z, = 1 lies ia ,ﬂ.gexee-pt when & u ~logd {coxvesponding
to a = &, whare the sonvergencs of a is alxesdy knowa}. According to the proof of
the Jozza the sequence l,a,aa, v s CONVORGES 1O eg ¢ &8 required.
*
I1z]

U)T'm ineguality lo®-1i X ~ 1, vhich we use hexe, follows lumediately from the
Taylor veries for u’" ' ‘
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sazeful study of (9] raveals {5] thet 1£f s = 1f] < 1 then there
and t#nds to zero as 8 tands to 1
depends continuously on a/) such that a® meps the disc

A mors
i3 & numbar 3{s} > © {which

8y 5 with centre o% aad radies g {3i, into Stgelf. Thus if a_ € A% for any n we
5 T
Rl eﬁ’ as n 2 =® ¥y continuity we daduce that the sat of intexicy

.

sust hawve a,

aoiate of FE for which the seqguaence a, is cenvergant forws an Open Sel.

By new the reader will appraciate that the appreach beling used 1z 2o find

@ "gomailn of fsvavience’ for ihs nepping a® which is iezge enough ta includs the pain!i

a itself. Yo give sone idea of the types of 2owaing of {nvarlance which zight be anr

conatered we L1luatraie ihe seuande A, in twe particulay zages whove Lts coovargent

hae oot Lean astablished,

R gy axidel
a4y,
.
] A .
R v
’ N @ : &,
st T -’“a,: . N
£l ¥ o »
N .. o d aeo?
PP o sy {
* A, - S
"L L)
9\"' .-‘,‘g\. .‘ ;}‘ L a'?
“h ) &
R

s equivalont wey to look at this problen 13 o make the suvstitution wasd

asylier in {4, namely,
‘ -4
b = a®
a n

- 3, no®1le2, oas)

PR .
e g Ll 1):: - 1, nnd

where a = 8 . We than have b, = M"* - 3 = explG{e

© - axx:[';bﬁi - 1, 0w 1,2, cas )

atl
also put bg b .—2 ~ 1 end aven b_, * ~l. The peoblaa then is
Bi<i.

~ log 2 by obgerving that the unit dsc is lavariant uwndex the mapping

znd Lt is natuzal W

s sheonr that bn -+ 0 whenever Shall'a axguwment showed that this was taue

when 15}

oF% - 1, foz such £ .

16

To provids soms food for thought we illustrate the spiral~-iike bhehaviour

0.3 %, ' ' :
©f the ssgquencae bn when & = i (which corzasponds 0 a & .99 ¢ L.163) .

b

L S TTIE

““1 "u“‘»ﬁ [Pt

Lt seens cluar that. thle sequence converges to 0, alvait slowly. .E‘oz Instance,
calculations on & computer indicate that when n = 200,000 the wodulus ef b is

: ) ]
about 0.1, In this casa however thers would be no hope of finding a sultabie doamain
of fnvariance 0 for £iz} = “iz =~ 1 since 1£7{0)} = 1, which would force f tu mag
conforpelly ontc itzelf.

2

Hedther cf the poaltive zeasits proved ‘r.ag:liex‘ sovery the ceee & w1, oorre
esgonding to §:% ~0.6+0.7i, which i® notuxally of particular intazest. Apparently
& proof of the wonvergence vhen a = L was given in Sheli®s thesis, buk this foss not
sppear in his subrequent paper. However the foliowing wtunningly sinple proof was
pubiished by .Macinizyra {8l in 1966. zet

L= gxtly : 0 <x,y <1f.

z :
Then £{x} = 1" waps Ji properly lito itsali;since

1% uiz:‘-'t/?, - e»yzg/,;eauwf;f;
e
P
: , o
M KA I )




By inspaction £ has nc. fixed points on @il and oo wa can spply the leawa with

w'é_.! , waich les inJgl.
18

&, Converges whenever & iz of the form e

The same srgument shows that the asyuence

¢ 0% & S,

LR ex;{{lghe
By conjugacy, therefoxe, we

have convargence throughsoug

I3

R, = 12'%: lelswalt.
To gat an lmprasslon of the results go far we illustrats the rets

R, ?B,R,‘ R, and R)( togather and vemind the reader that itha set of mopvargence is

open 4n the Interler of Rc.

1t is interesting that there 48 i» zelaticnship of containment BROBGET Rgg’?'v;'ng

end Rﬁ .

finish with an intriguing fact thet does not sea: %o have baen

wentioued in the literature. The sequence a, iz In fact convergant for wany numpbexs

g z N
rydiay outside Rc. An chvious srauple is 2 = -] but there are alsc, for instance, o~

bounCied sequences of nusbecs 3 in the flrst snd fourth qQuadrante esch having the pro-
party that a®

» a. For sucth mmbers we clearly have 8, me,ma M. .

To demonstxate their existence wa show that, for each positive inteqer X,
there ie a nunber z lving in

8= {xtdy : x> 0Q, 0 ¢ ¥ < 4/2},
#uch that ‘

o

gle® - 1) “ 2ukd,

{#d has no fixed points on the boundary.

wlution z 1 §

* leads to the existance of othaer nusbers such that

18

In that case a = e° lfecs in the firct quadrant ani

a® « oxp [2 log 8] = oxp (2] = axp [z + Zakt] = a.

lioreover the solutions z of (10} will ba wibounded with k. Zne way to show that

these solutlons exist is to rewrite {1} as

zZ = log {1+~
The functicn on the riqht~hanq 3ide of this ‘equaucn' sps the first guadrant into 5
‘ Apart from preving that (10) has a unigue
for each X, thy lexma allows us to compute approxiuate waluss for

thass solutions and for the corvesponding nunbers &. The first few of these are

{llustzated below and it ig tlear that they all lie ocutside RC' & {act which can

ilgo ko proved snalytically.

- » &‘3
|
e a2

* Let

& hEY & &
Further work alony these iines (dutails of walsh wijl appear elsewhexe)

8y ™84, a, - Byr e s W give

one exsuples, which the veader 45 invited to check-preferably with the h:ﬁ:‘*af

lortxan IV! Due allowance should be made for round-off erroxs.

1*:32 X az-a3 ® oy ee

|

2.8629 + 3,22334
3.7273 + 5,31804
4.4332 + 7,19384

2.4293 + 0.554854
2.6921 + 0.587851
2.8513 + 0.600674

1.9813 + 0.160311
2.0599 + 0.167023
2.1024 + 0O, 158431

1.7828% + 0.0B21664i
1.B1650 + 0.0718514
1.83403 + 0.,0661241

Finally I should be grateful if someons would disprove {or, better swill,
jove! the following (rather wild) conjectuxe which has deen botharing me for some

Une now. Could it ba that the set of numbers a such that the uquonco a, converges
is sctually dense in tha oomplox plane?
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Msjorization and Schur Functions

Philip J. Boland
University College Dwbiin

The concepts of majorization and Schuy functions lay the basis for a
vich and elegant theory in which many classical and applicable inequalities
may by viewed, In this expository paper the basic definizicns and
properties of majorization and Schur funciions are presented, togecher
with a verioly of applications emphasizing in pani'cuiar some in rellability
theory. For a thorough and recent account of majerization and Schuy
functions, the in;ca;*ested readsr should consult the excollent Ize matities:

Thaory of Msjorization and its Applications by Marshsll and Dikin {1579},

1. #Hajorization

Civem a vacior x = {xl...(.x,} A E", let Rpns Dewed Ry o dzanie a
& S 104 g
decreasing rearrsngensnt of x X *
5 bt 14 : 10 oo 1%y

Dafinition 1.3 7 Xy ERY, then zxcy §f
A Y T A T X 2 Pty 3 -
i i
La.oq 8 3 o3 J 1,0 oDl
‘{AEI}@ fy[“ for § =1, n
5 fi
ans 272 D oyooy.
Iy 1 1}

¥ z<y, we gey thet x is majorized by y. aote that if iy,

then the sompenests of lz_ sre more “spread cut® than thoso of ¥. For
11 1 1
example i-rl-{p ceeatm) o oerosmy O < (L0, 0, e

-

(3.R,000,%) =< (RyseveiX) whore & = Zxy/m.
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Cre of the origins of majorization can be found in the work of
Schur (1223} on Hadamard's determinsnt inequality (which states that for
. - n
any nxn  positive sewi-definite Hermitian matrix M = (m..), det MsW m, ).
ij i ii
Preliminary to proving this result, Schur showed that the diagonal elements

®yyee-.m of a positive semi-definite Hermitian matrix M are majorized

,by the characteristic roots (J\l,...,xn). Horn (1954} lster showed that

this relatienship actually characterizes those vectors nw (“11"""“111))
snd ) « (Al,...,x n) that can arise together as respeciively the diagonal

and characteristic root vectors of the same Mermitian matrix.

Many basic inequalities reduce %0 an inequality of the form
F(Fyoanay) € £(y1,...,yn) for some sppropriate £. This suggests perhaps
considering comparisons of the type f(zl,...,xn) € f{yl,....yn) whars
X < y. Haxdy, Littlewood and Polya (1923) asked the foilowlng question:
what conditions ¢n X = (xz,...,xn] ad y = (yl,...,y“} snsure that

Zgln} % Egly))
for 311 convex functions g:R+R7 ' They proved in fuct that * is true for all

convex g if and only if x<« y.

Majorization is imherent in the work of econunists studying income
inequality in the early part of this century. Lorenz {1905} d4id so in
istreducing vhat is now known as a "Lorenz curve”. Lst x= (xl,..x,xn) be

the wealth vector for & popuietion of size n, i.e. x; is the waalth of
n ]

irdividual i. We let sc =0, and Sk b Le the total wealth of

Eox
1=n-k+17[4]
the k poorest individuals. If we plot the points

(/a, %kisy)  for
k=0,,..,n and connect them in a iinear fashion we obtaln the Lorenz curve
for the vealth vector x. The Lorenz curve is always tonvex and is a straight
line ifand only if the weaith is uniformly distributed. Supposs mow y is
another wealth vector from a population of size n. Ono would say that the

waalth distribution of x is more equal than that of ¥ if the Lovenz curve

\
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of x lies above that of Y- When the total wealth of the zwo populations

is the same this is equivaient to saylng that x«< vy,
— L)

Hardy, Littlewood and Polya {1929) showed that X<y if and oniy if
there is 8 doubly stochastic matrix P (almtri: with nomnegative elements
whose rows and columms both sum to cne) suc;h that X = yP, "Hittiog" a
vector y with & doubly stochastic matrix | P has the effect of averaging

or smoothing out its components. Birkhoff {1946} proved that the set of

doubly stochastic matcices is the convex hull of the perputation matrices
(snd morecver that the permutation matrices ars the extrame points of this
ast). Birkhoff's rssult together with the above characterization of Haxdy,
Littlewood end Pelys enable one to show that for a given Yy fxix~ yi

is the convex hull of the orbit of y under psrmutstions {the zet of pointe

obtained by permuting the components of y).

| /«—p {2:2 v v}
e B &

Yy = (.Vl uYz)

Majorisation vepreseats o partis! ordeving on Y. A schur Fonction ig

2 ran! <alusd e ] s 5 . P
2 rent valved function which is senatons with rospect to this wrdoving,

2551’.‘.‘:. Lon .1 L Snclion satisfying the property thaz  f{x} <{'.>) £y}
LE St Z

Wlinever X < x  is Schuv gonvex (_ggpgg_gg‘ Functigns which are olther Schur

fonvax ov Schur concave ars egiled Schur functions.
Rhciin BRI LTAR L B R

Hote that & Schur function is Recessarily sypasteic or permutztion
- - < n ) ’
invarigns, that Ls £(x) = £{x') where 3‘5“ is an srbitrary resrrengemont of

the coordinaves of x.
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Jrongave)t

ROV

The terainolagy

E moRYL hur fonver, & Fchur conesr function
5 B . 1¥3 . 3
may we fay {rem comweax inowmy uslial GONSE 21 Lae wer 4, MSchur 1nTYARLLE

- convexV, sathough cmfortunatsliy}

o

weald periaps be meva approuriate rhan

s the Jalar term 1§ noe SONVERtiosndl.

a useful cherscterization of Schur fimet

romat of Ostrowski {15523, semetimes roferxed ©

inq.

let A< £ pe convex and peneatatien invseimmk with wos

» the interier

oyentinble

wpuy dwterior, If fiA<R 15 continucusly
of A and continvons and eymmetxic ¢a A, then

2 i Schur cenven {toacave)

L4y 2
3€ B e e e s vt g
{5, ~%, ) [ =2 (3 = = {xd » G & Bor oald 144
LIS X &
= arx, LR
i 3

Let S, (x) te the Kb wimentaxy s

i) =z,

x. for ko= 0,1,v..,8. That is “'o‘-) 1, Si $
53(5) = : X xjxk..... ““(3.'_) ® Ky ees X Veri
ik
P S "J\j’k
Ostyoushi condition, ome cam see that 8, {x} D=}

for %om 0,1,...0,.0.

¥ ¢ iz a convex {tomceve) Tunetion of pne teal vaviabie,

£(x) = Zg(x.) 1is Schur convex {roncave}. This epablas sae o construct
et i
wany Schue funciions.

b One may we tlis

. a
2y nE:f; iz Selwmwy comvex wn {Q.e)5,

result te Frove & inegualizy Jue o Schweitzeaw {19443:

2¢

Let Oﬁwgaigu for 1=1,...,n. Then
ﬁ:ﬂ}_

( sa, )(

.
) AR Y
s 1, Henoce the
Lagerse Vs
. e ap DI Y
a BY LORYEE oR R . aX)

is the sampic “stapdard deviatics® fur ths sampie veltst

One mEy show L8t & convex sywmervie real valued fencvicn Y ls Schos
convex, If f is convnd, thrre are various methads of syuac

- P
tovring

ureseyving itz nsvenat Lbanse genecuting & Sehwr soaven fanoriond.

Yerhuigues of this sery onz une to prove & famoug in

Sty due to

ctlewnnd and Polyz (1934),

rhead (1903 and Ho-dy, L

*
4
Thepren 2.5 Let o [}’i_....‘yn) whowre ¥ *¢ for o= Y,....A.

8 =b, chen
“ ]
TS e Y

.
Mote in particuiar that waking & = { ff seens e

obtains the arithmetic-gocmsiric mesn imequali

o \
f:}'l “es yn}1/ﬂ£ Eyj‘/.n. . L

3. Applications in Reliability Theory

Q_rgi:initimx 3.1 A system with n independent components which fimetions

£ and only 4f av least % of the SABDARERTS function is 2 & _out of n

sysiem,




A parallei system 13 @ 1 out of n sysiem, an n-l1 out of n systems is

called a fail-safe system, and 8n n out of h system i3 & series system.

if p= {p!,.,..p } is the vector of components religbilities {that is
] Py

Py = probability that compunent i functioms), thea

I-¢ l-¢
£ € A=k,
g . 1 n H .
nE = 2 offt B Ger) T Qe

€.+, .43 %
1 n

n

{where €; is either 1 or O

iz the probability that k or wore of the components functiun, h,,_‘(g) is

called the reiiability function for 2 k out of n system, MNote also that

hk{p) o8y be interpretsd as the probability of ¥ eor more successes in n

ind epmdeu. Berncuiii trials with respective success probsbilitics Pyoveoaty

Using the Schur Gstrowski characterization of Scher functions and a

mopovonicity resulk, one obtaing the f2llowing Theorsm {Ealand-Preschau, 1962):

Theoysm 5.2 The Teiisbiiity fusction hfp) of a ¥ out of w aystom

[ kot ? Sch ve in | o, E1]"
S @ . | . k )
15 Szhur convex in i ;-—-1- s 3 and Schur concave { "

£ k=1, that is we are considering a parallel system, the above result

a . .
says that hk(p} is Schur convex on  {0,1]". 17This means that subject to
the constraint that -1y is constanz, the more spread out the component
religbilities are the morc raiiabie the svstem is. When zonsidering =

series system (ken), the cpposits is true - subjsct to the comstraint thag
op.

Tp: is constant, the more squal ths component. reiliabilities are the more
i .

reiiable the systenm is.

Exomple 3.3 iet us consider 2 3 out of 4 system, If pe @1'92"’3'3’43

is the vector of couponent relisbilitiss, then

2%

a) (1;(},.9,.8,.7) ¥ields higher reiisbility than
+-9%,.75,.75) which in turs is superior to

-25,.88,.85,.85).

b} £.6,.5,.3,.2) i3 infer ior o 0.8,.4,.4,.8) which

in tuen s inferior to {.4,.4,.4,.4),

T h{p) is tho reliability function of a systom, ons Can measure the
{ impwtanr’e ¢f a component in contrib ting to system relizbiliz 1y by the rate
at which sysces reliebility imoveves s the reliabilivy of the cospunent
tagroves. More specifivaily onv con define the relishility im Liance

5033 of componan: § u3 1.0 - k1S {5} . (Sea Barlow-Proschan, £8751,

3?1
Now lot us consider egsin a K ouz of n sysiem.  Without logs of
generality let us assume that Coapanent relisbilities D= {pl,..._.,pn}

sre such thst P&y £y By Using th Schur Sstxrawski coadition spd

LY
Theeren 3.2, 1t foliows thag

NI ‘
a) whengver p_é{g»‘- .l{ the most rellable component {component
il' 1 -

23 i3 the most inportant to the system, and

4 B
b} whenavar EE[C, L‘»‘-} the least relisbie CprO“lf..li. is the

RoST Important to the system, B

fcte that thiz says thut for example for parallel systeas, ths czwpcu =Nt with

highest reliabilizy iz the mosi iuportant to the system., Thiy is intuitively

clesr as the systen fimcticus if only one copenent functions. On the other
hund for a serias 3yst az, the weakest Corpouent iy the most irpertant to the
System. This reflects the well known adage that a chain is as strong as its

weakest link,
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Tre wesults are the big Picard theares and in

ihe origingl grood of Yicerd's (heorem, using

srd monodrony, resains firmiy ai postyracuale

s VR &b

g pad =0 4h was Aule;

- p Y - * * e .
aroblems.  intil Tas® vear, Lhe prosf norsally vsed was beeinsliy that 5
o L) i > ¥

wia the theuwrem: of Binch and Schebtk, . The

Landau's "Newers
ation of this Tatier proof. I gels tha resit o nne

new proet 35 & 3%
page afier Scicltiy's theorem, The entire proof, assuming the mazinum rinciple,
Rovckes theevem, and a knowledge of the Yogarithem and vomplex powers, may he

s, inc new-ides 15 Gug o Giriogus, Ca ver. Juiien,
- fourd this

gresented in twvo Tects

Hines, and Riclman, and s expiaiped in (7). Curigusiy enough, &
Yug to, but becaure they sought b

simpler pronf, not because they were try
construciive proof, if.e. one not using
The new proof of thz prime mmber Lheorsm s cue to Newser 18]
appeared, the simplest proof was that in Heing® ®Topizs™. The lalier proot
involved the Riemann-lebosgue Temas and many technicel convergencs delad
Bewsan actually offered fwo proofe. He staried by giving an inqenious proot
of 3 Tauberian theorem of Ingham, He observed that Landau's equivaient form
3f the prime number theorem follows at once. He went on to give the details
ot another proof, based ¢n the fact that the existence of the Timit




< iim ¥ o9 n .
fioo sen ; ing n
p prime

implies the prime number thecrom. Kovevaar {47 hes produced a variztion on
Newian's methud. Korevaar's version is shorter than gither of Newman's proofs.
It can be precented in three or four lecturss, 4ncluding the basic facts about
the Riemann zets function. Hewmen's first praaf, with all the dotails {ncluded,
takes about five lectures. Some oF the details are sufficiently straightforward
to be left tu students. We are {nclined to favour Mewman's first proof, even
though it takes more time, beczuse the proot of the su/Ticizncy of Landau's
zquivalent form depends upon two gems of rumber theury, nemely the MSbiue
taversion formula and Girichlet's estimate

(1) +d(2) ...+ d{n} = nlogn + {2y-1n + (v}

where d{n) is the nuaber f divisers of n, and vy is Euler's constant., The
proof of Landau's equivaleat form e in {5]. A more recent reference is {13,
which containg a complets zccount, with all the details, of Newman's first

oro6f.

3G
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Group Theory and Other Abstract Tripe

IR, Broos
S et

After completing the marking of ths summer exsminations, a disturbing
rhoughts inevitably berome rathsr philesophical.

exporience for most of us, ones
ching our students?

Why am I here? What is it all for? Especially — what are we taa
what I want to dlscuss hure is the couxse destgn rather than

Mot a lotsusually., but
eus or otherwise in tvaching these coursss {aithough the two are clearly

I wil) concentrate on the hopows couraes for the same reasons
saching: we have a free hand

nur Bune
ciosely likad.)

that we usuaily over emphasise this aspect of our t
here tn the coucse content, we £&N aveid gatting involved in anrthing unsavoury Jike
mestions of spplications to cthar subjects and wo all went through honousd Colrpas
curzelvez. (I sheuld explaln thst the et ured here refers to the rathesatical
comrunity at large, and since this article is rather critical of this compunity 'S
prticiss the "wa” probably doess't include the reader snd Jdafinireiy doen not incluvle

oz,}

the &%
usvally

The first hint bonours students have that sonathing may e amiss
comae with the traditional & & analysis conrse. Hint here is perhsps understeting
the cage, the sxperisonce Saoms moze zkin to bedng hikt ovex
rpows dlsorientation process fireh year

This i3 past of the well
ehin aev (easming?? oxperienze and

wladge haaler.
atudenis underge, waere aay connactions hatween
sehond mathematics sxre misimdzed. Mureovex great poing are taken
winfch w*. apmran rather trivial to the sninitinted (a8 wail 28 Hewion wud Gaveg
probabiy) but whish use & Sefiatnion whizh takes a yeer oo understand, As s

e 1ift 353 enpecting to e shot wn o the

Lo prove resulis

ca:livuque+ put it, "having jumped in faHt

tup floon che student ie immedistaly teken down b the pagersnt.® Thaokiaily this

fother augters aszart ie complLemented by sone 1ight rellef in the shepe ob 5 Tovrse
ahis is

- {what eige?) algebra, usual Ly an introdunilon Lo group NIOIY.

on abailact
in fact that it appesvs hagdiy o ba walthomatics at

alen & new AXOsTience, 680 AW

atl. pore a aovs oF coptrived

Letdng them with equaily meny e

2o fining an wany new words ze possible zud &
vut betier Lf yeu San manage two) Lline

Ltues of presi: exirs sarks are awsrded if chey are encaede? e the acber s)f' Jines
of ntatesant].  You kuow the sort of thing, iujact
IPateited TRIPE could & noce Samaga O the ivage vi athematics thun

"fﬁixy ghould he rewsiin wiunyRous ~ It wae Brian Twosey .

the herd with an inteliectual

ar gase {which we call TRYPR) ., The game involves
tnecTens . (Lines hexs refory to the awlder af

Lve, Keraal, subgrocp, hosomorphisn
the Rubic ouke.!

a2

educational valus 1s that it impresscs upon
{In raetrospect it seems rather
Yes, I know there are not many

The thinking behind the game, its
the student the ioportance of structurs, a key word.

asazinyg that Gauss managed without thia experlance.
Geuss's{?) about, but if you adwiv he was good, and structure is {mportant, why
dMdn'c he spand more time playing TRIPE?}

The socond year is usually the worst in the standard thres yesr coursia.
Witk the aiidbi of giving final year options the relevant springboard (and usually

vith no referencae to what is actually taught there} we squeeze in large amounts of

good solid (= dreadful?) matheratics. The sort of stuff abuglutely essential for

the safe releass of any soif rsepacting honours student {always assusing theve ace

&y such students left by vear twv). The wost irportant ingredient appears w0 e

the "all you ever wanted to know about liresr slgebra (and a great deal wore besides)”™

course, and the "advasced {now that you don't understand €lementary) calculus®™ cousse

{on an arbitrary Bansch space Lf you are lucky.) From these huge achines,. eraciad

with a great deal of trcuble thers swergas after a poadercus crank of the handle
8ll sorts of wondexful tﬁi.nga! Why, 4i{d you know one can classlfy quadrics up to
fuclidean wotions? Impressed ~ well just wait until Lagrange multipliers change yuur
1ife! Probably the saving gracs, universally, is the standard second year course
on complex analysis. For my fellow students thie was the first thing vhat lcoked
remotely like echool mathematics since they etarted thelr university caxerr, a8 Son-

rour integrals were dovourad with Uie same relish with whilch 2 staiving wan thhes hiw
.

Zirst decent mazal. .

And then we N&vas the ultimate intellectual evperience, the final year
honours courses, which usuvally come fn a cullection of rather standard packages.
Group Theory. by now fairly popular with the players of TRIPE, supplies even
longer definitions and connecting theorsmt. To prove that these antics aren’t
' the private property of the algedraists a course on Topolegy is often given (If

you thought connected meant in one piece, wait until you have seen our Befintrion!) .
At?n then there is Functional Analysis. I remembar attending a coursa which started
with meanure spaces, 1z\te§ration and went on to Lz spaces, separadble Hilbert spaces,
_t;l\e Riesz representation theorem, and discussed unitary, normal, s2if adjeint (end
other) operators on these Hillert spaces. Feeling rather like Oliver when he agked
for moxe, ¥ remember zeking, at the ond cf ths couzse, "whyi" (02 words to that
effect.! Our lecturer fmmedistely started talking authoratively sbout Sturm~
Louivills thaory and differantial aquations, and I remombex fesling vary imprcssed.

The only exanpls
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of a measure he had introduced wis the counting measure on a finite set: solving
D.%.'s using that would certainly ke 2 gond trick. T gould go on {what about the
courses on slgebrate mmbar theory vhich don’t appear to have anything %o 4o with
nuebers?) and 8¢ could vou.

Well what are we teaching our students? Ia s word, or rathev two, formal
tripe. Bow can one justify teaching a fizal year ccurse simply an group theory.

e mention of Galois theory or gecawtric transformations, just drgary theorswm after
droary t;k'ws;-rem‘ {(1f the Jordan Holder theorem does something for you, my coadolences.)
Yet iook st the standard undergraduste textbooks cn yrouy theory. Siailarly showld

we really lat peopls who want to teach courses on Hilbart spaces and iz opsrators
withoot mentloning dlfferaniial eguatisns loose on the streets? wWhet 1s the polnt of
tesching alyehraic numbez theoxy when we o often duck out of any course on elemeniary
supber theoxy? Why 4o we do it? One reason is undoubtadly that this type of course
% nest and easily availabla in nice tidy packages. Anothexr mazy e ’;ln/ that we ara

the welvdos who asctually liked the stuff; or ab lesst 44d well an s- Just in case
vou think the author is an exception, wmay I shamefacedly acdaoit that I lapped this
abstract rvbbish up ag an undergraduate (but couldn't do a contowr integral to save
ay 1ife.} In common with many othexsoy conversion tock place during the First yeay
% spent doinyg resescch. Having sosked up courses of the above type I had e vague
idea that by writing out a svitable iist of axions all sorts of wonderful theorems
woudd pup out and maks oo famous; mathematics had become a forwsl gams., It took me

a yerr to grow out of this illusion, o rvealise that a }cou:plece andsretanding of two
good exanples is worth (and will probably result in) ten good theoreas. That the
simple version of the theoren is the important cone and that any Yool could generalisze
fand 1 often Aid).

The effect of cux tesching programme iz freguently dsastrous, for exactly
these reasons. The students have ne sease of history of the subjset, nor its origins.
They see no yelationship betwesn mathematics and the world in which we live, They
ere coptinuaily confrontad with Jdefinitions and theoroems completely cut off from | |
theiz histevical and quite valid origins. (Abstraction, structure have their place,
but ai the right level, and this is vsually postgraduate.) But worst of all we kill
any enthusissm our students have for the subject, which we pressnt as a logical and
p2destrian development of rosulta {rom an apparently arbitrary base made up of sone
axioms, (We xnow on the othar hand from our reseaxch experisncé, that the subject
ia anything but logical, that anyone sticking with axicms also sticks with threc
line theorems, that these sxioms have their origine in some very important concdrate
theorews &nd examples.] OF course we have our occasionsl successes as wall, buc
the students involved ara often s¢ good it is unclear whether they have succeaded

bacauee of or éespita wur sefforts. Whera we fail, and fail quits dismally, is with
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the hard worklag students of avarage ability, These pecrle. whe eonstituts the
majordty of our honours classes trequently leave the uriversities dinidlusioned and
perplexed, having gained 1ittle or mothing from their theiee yeay stay. {(fa eaxtra
reason foY CORCern on cur part is thar they fraquantly go on to teach ip secondary
schools; but owr bad Inflvence thers ig anothar story.!

in ovarstating my case, I hoge ¥ lLave trodden on as wmany <orms as pessible,
and lock forwsrd to the ansuing eriticism. What T would like to s2e 18 an approach
to the syllsbus taught wore in line with the historical developaent of the sublect
{ & azd & ensrged trom problens "wncemed with Fourier series not caleuliue). ’l“w
further one is from vhysics, number theory ang grenetty, the threa main sources of
gued methematios, the more carcsud tne must be about the material taught {perbaps sven
the ressareh ong aoss{.’) - Rbstraction for its uwn rake can quickly degenerata ints
¥relevent and trivial nonsense. Probahly the worst cxime of 21l o comslt {6 not
to give many reslly good exarplex in courses. Dxamples first and undliying concepts
Crash) later. If we must 8t out on a new thadory we should alwiys be able to 4,1.;;*1::‘3'
the Journey on the grounds that the mcerisl developed solves some interesting'pmhlem
lying outside the course itself. The need for gued enercises is of couzse alse welil
estabiished. Mathemation im not a spactator sport; bat too often now exanivations
are paswed on buckwork, and exexcises get éuring the year for the abstrser courses
inveive definiticn Inegling only. so thet the preblenm sielving aspect of eur st udenty
ducation suffers, ) .

Mathamztt_:"i.?s .‘Lsﬂ_ faselnating, vibrant alive - you all balleve this, Yet we
(322 ramembar Vhat we means!) seen lucapsble of persuading cur Studentr that this is
tha wase. Dasplts Russeli's A384ITIONR to Liw contrary mathesaties §8 not the subjecn
in which m nevex know what we are talking abkout, nor whather »hat we :r: saying is
true. He just teach it az 12 it WL,
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THE COCKROFT REPORT: A review

A Cooorittea of inguiry was agtablished n 1978 undex the chalrmanship of

or. W,0. Cockioft, vice chancellor of the New niversity of Ulster,with the follom=

ing terms’ of reference:
ary schools

mpo consider the teaching of mathematics in primary and second
particulayr xegaxd to the mathematics required in

in Bagland and Wales with 7
further and higher education, enployment &nd adult iife generally, and o

make recommendacions."”
wilishad in Janusry 1982, compi Llees three

dult iifs, employment and further
carried out of the current state

The Report “pschapatics Counts”, P
girst tha mathomatical neads of B

sduration are examined, then a datailed analysis iw
of mathematical education in primary and secondary achools,
for the training of mathematics teachers both initial and i
B larqé sumber of recuwmendations ir inciuded in the body of the Report and

I can 4o no more

s great deal of statistical information is appended. Accordingly, &
th of infoxmution and analysis in the

Ciearly, aiso, I eannot

~E 2

maln sectlons:
and finally facilitlies

n-servics are dlscuseed.

hare than present a small sampie of this weal

207 to furthex investigation.
na Trlsh context: such a task

Bowever,

nope of stimulating ths ree
pake precise the ‘rejevance of the Report to
an oxder of magnituds altogsther difforent
1 belisve that its ralsvance ghould not ba underestimated. Perhaps &

ulus for an iavestigation into th
shat wnderteken by the Comaittas:

but nevertholese with
Ig such

from this reviav.
% could pro~

hoye o

would bz of

vide & timely stim
matics in Irish schools sleng similar lines o
perhaps taking iess time, pexnaps not 80 kroad ia ifts brief,
sufficlens influsnze 9 racomnend cnanjes which may weli be long overdue.
an investigation nevesgary?

There 45 & cleav recognitien in the Re
Vor example at the primaxy level

1seven year difference’ in schieving, an

cnder stunding of plscs valus which ie suffictent to write down the number
By this we nean thet, whereas an savarags’

which i§ A moxs than 8335,
not at age 10, there are s0m3 14 year

carn parform this tase st age 1) but
7 year 0lds whu can. Similar, compaxisons

a" {34D)

matlice found among schoolohiideen.

exy therzfove seent that thexe in a

«ids who canpot do it and soms
can be made in respect OF othexr tople

{the numbey in hrackets refars o toe paragraph in the Raport from which

ha quote L6 taken)

2 teaching and learning cf mathe~

port of the gpraad of abillty in mathe~

ehild

(%)
o

The princi.pﬁal implicatione of this lle in the organisaticn of clagsroon
tanhing to cope with the range of abllity found within eech class. The Repori

& guite fixm in recommending that efforis should be made to adapt the currlculoenm

sd pace of learning ae far ¢s possiblz to suit the fndividual child., How far these

ffoxta Can go will obviously depend on the school concerned and on thz enthusiasm

w2 ability of the teacher. Hovwever vertain helpful aids are discussed sueh az the

5 of workcards and textbooks, the deployment of tnaching staff in a varlely of

H P . s { Ly 3 %
iternative modas {for example the use of team teaching) and tha provision of =

S L . .
pathenscice erea™ within the school., There is also & detalled discuesion of the

tiative mexits of the argenisation of classes on the one hand into "sets” and on

he other into “mixed ablility™ groups, with the forwer heing regarded as the more

proociate &t the secondary lavel. Even within tha “sats™ the zanga of aviliuy
! i

s guite wide enough for any ordinary teschey to cope withl

The Repori zmphisines repeatedly ths need to foster positive avtitudes wWwards
whematice from the earlisst days ot school., The axtremes of stiitude which zan and
} woevy ave described thus:

"8y the oaad of the primary yearz & child's attitude to mathewmatics Ls sften

becoming fired and will detsrmina thoa way in which he will approach mathoma-
tios 2t tha sccondary Stage. v oy thorcughly aniey his work in mathamatics,

or he way te coanting the days until he can stop &htesding wathomatics lesscus,

learned that aatnenatiss provides a meiqs of undexstanding, eox-

Fa mpy hawv
or he way hava failed to reallso

ploiniig and contrelling hils environrent,
that Lt has any velevanse outside the tlazsrmomm. e may have learncd the
Ipportance of exploration and perssverance when tackiing a problem and ex-
perienced the pleasure which comes from finding its solutfon, or he may ce~
gard wathematics as a series of arblirvary routines to bz carried out at tha
teacher’'s bzhest, with e op;:qrtmi.ty for inftiative or independent thouwght.
e may be wall on the way to masterin; soss of the mathematician’s sk{lls,

\ or hs may already cee mathegatics ag an area of work «hich he csnnct under-
#tand and in which he always erpariences failure.™ {348) A

1t ghould thsrefore Lz the afm of any teashing programme to instil confidence

ot the pupll in his abillty to use what mathamatics he knows {and however iittle it

w ba} and to apply it in his everyday life. In the cese of childrsn whosa attsin-

it fe ler.advances should »e mads very gradually with frequent opporxtunity for ra-

altion and zeinfozcesent. Use should ba wmades of

Al . R




-

Y wo e-vreday altuaticas

g oral Work TaLd:

nuxreasive and varied practicel
A the ves of wney” (335

guch 2% measursnant, ShHd s
proviiss a sroundation ligt of toplos” o Cors W iah

In psuthcalar the Report
should of course not

; work in ths secondary years (but which

showid be the basis o : )
vided for childran of hlgher avtain-

te ragarded as Limiting tha soope o€ coursas pra
noney, percentages,

atial concnpte, FAtic and pro-
andl pleterial zepresanation. spatial soncopls; ¥ jod
irpels of

1. Do a?‘r
azaln the need W make pathematice av dow
his iv brought homs wery oieanly

5 ¢ calenlstor, tine,
rent), 'The broad healdings a¥3: number, use o id '
maasvcenent, graphieal
porcion and statissical ideas.
- r

day illfe is stwessed.
& guhplzaions razelved by the Criemd tiee.

from one of the s
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savhenaticy centelns Yery 1ittiz iscidentel inforwalion.
mavhenatic AL
might well centaln incidental Information avout Franoe - i On ackoas the

3 ! drfoh one whight
but in mathematics the inzidcntal inforsstion wilch ona Wi

ine frow the sciuwlon of ¢
' & Feench lasssa

euryicaniwsg
evvact {curreat axchaznge &nd laterest rates;
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genaral knowlsdge on erinste,
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@ no way see this as parit

-

e theis
Ire Comnitiee’s abhorrapce of tha wras
£ the pupils ig avidant £n the proainence At glves

. .y
ibillyy uhes taaching mathematics .,
vles of weaching methemsszical rounines

<

raEpung
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a1 nrzed Frou the owerydsy

raCh.

o ihie . -
. o the fouadazion list of toplss the aim shouid be to provids =
tohed to uhe leval of sttainment end

W Tt
with the sim of Leproving heis magtery of the wathe

- confidence in their epproach o

mellca When wuudy and Lnspiriay ham O gF : ¢ ompm
patlessrios, This shovnld be achieved by providiag two "refererzce;walhj. z; ‘
tice purposas {zather 1ike the Higber and lgwax jevel syllshuses for Ix:mz:;ﬂ::
and Leaving Cextificate roursest. The Report Questions sha walidiry of ino ‘,.\,
mony of the topies at present. appearing examinstion syllabuses. E’»:;i: exa::pna:
' .. vultibass acithwetlc, Although this i& a topls whiah offavs

- A 1 he 3 ! 3
oppoxtuaity -for inte resting and cften challengd

in the hands &f 4 skilled taas
wa 36 not belleve that & guesticn of tha kind

*Ha cite

a plage in some ClaSEXGODI,

axauing

ng work &t 2 vacievy of izwals

her, end which can tharafore appropriately £ind

‘evaluazte 27 x X in base 8° is suitable as an s2xeminaticn guestion at any

level.”

Cne aspoct of mathematiecs which in the opinien of ths Comnittee has besen
largely lgnored in receat years is the use of pental avithmetic. Those who can use
mathenstice effecuivaly in their daily lives usually employ mental celeulaticns with
ease and these are very often bazad < guitz d4ffevent technigues from the ones they
leorned at school. ©Oral and mental work shwald therefore form o significant cesponant
of any mathematics prograimee. However, althnugh a farility with addition and multi-~
plication tableg up to the 10 tipmes table is dusivable, the Comcltise tortally reject
the ca‘lll. for & “hack t basics™ appyoach to teaching mathevatics. The wovesent to-axds
suh an approach has

“encouragaed some primary tsachers and sonme teschers of low-atiaining pupils

{n secondary schools to rastrict their teaching lazgely o the attalnwent

of computatlionsl  skills ...However, we hope thel the argusent ... waxes L

clsar that the ability %o sarry osut & particulsr numexical spevation z2nd the

abjlity Lo know when to make ure of it are not the same; both are neaded ...

An excesslve conveniratinn on the puvely mechanlesl ukille of arithmetic fox
thelr own seke will pot asedst the, developmane af cnderstanding in thoss cthey

srezs. I& follews that thsa results of a ‘back te 2esies’ approsch ... ars

4

wiah o Bsee, anvd we gan iun n9

mesr waldkelv to be toone whish SGE proponenis

ooy vecomsend an appreash of this &lad.™ (278)

way snnp

L3
L lad idivcysaion of tha Josepltiee’’ compranansice sasalysis ol the axaxming

tion syztem is inappropriate hers as Lt denls nf couxse with the ¢arrent positica in
Epgland snd Weles . Howeaver thelr description of the spirit of nn examination is
perhaps worthwhile resording.

“We believe that there ave two fundsmeosial prinniples which should govern

any examinavion in mathematics. Ths f#irst is that the sxamina clol -papers
zaet cther metheds of assessmeat which are usad should be such that they
enable the candidaten Lo demrnstrabe what they do knww ratisr than what they
€0 uot krow., The sscond 318 that examinations should sot undasraine t;ﬁgx conm
#idence of thoss whe atbewpt them." {521)

One of the “other anethods of sssesemant” adverted to is iodicated:

*... we believe that provision shouid ve mede for an elament of teacher azsgss~

ment 42 ba included in the axamination of pupiie at ell lavals of atiainnent.”
{535}

. Howevar eveasn thim combined with forwal ewarinations may be insppropriate for
lover-attaining pupile and the Report reccsmends that thers ba further reseazch inte

the ssszsspent of such puplls.




haya.

The subiect of teachar training ia siwmilarly unsuitable for dutailed discuss
However it may 28ain be worthwhile to pick ont one paragraph: this one deall
with the aips of courses provided by the unilversitles for intending teachera of mat
According to the Committee these should bs

“tn develop knowledge znd magtery of mathematics substantially beyond che

ey wiil ke teaching snd also, where zppropriate, provids

watics.
. lavel at which h
oppartunity to pursue some topic in depih;

to develop enjoyment of mathesetics and confidence is its spplication;
to provide an historical perzpective of wmathematics;

to provide an appraciation of the relstionship Petween mathamutics snd

other filclds of gvady:
to develos the ahillty to communicate iathematical ldeas both orally and

" in writing." (343
There L5 &ibso & great deal of room fov improvewent in the number of girls
taxing mathezatics at degves ‘level or as the prineipal subject in & teachsr trainh
course. Indesd, the Report includes a svbstantial appendix on “Differences ln mat!
matizal performanse betwesn girls and boys®, which may point he wsyv £o the resolv
of the problems of disparity of nwnbers and acute shortags of wall-gualifled tsach

of mathematics.
The Committes urge a significant improvemsnt in the in-sexvice Juppourt pra=

vided for teachtexs
" ... any improvament in the standazds of mathematics in schools must cowe
largely as a result of the efforts of those teachers who are alysady in pos
[and thexeforse)] all these vho teach mathematics need continuing support
throughsut thelr carcers in oxder to be zble to Gavelcp their professional
skiils and so caintain ang enhance the quality of their work.” {713,716)
7n its conclusion the Report does not attempt to draw up a list of recommen
viong preferring rsthier to leave thezse to be interpreted in the context in which™s
aris2, instead ihe Committea identify six agencies
"whose active response ... { i) essential if the changes in mathematical
néucaticn [recommended] are %o be brought about.” {809)
Thase are: teachers, iocai sducation authorities, examination boards,

central governnent, training institutions and those who fund &nd cerry our curri-

cuiun development and educaticnsl vesearch, To these is added & saventh, nasely

the public at large whoss support is a stne qua non of progress. There is a wide-
spread belief among the general population that avery boy and girl at school needs

to develop an understanding of mathematics and confidence in its use.

40

"Ia our view this czn only cewe aboud o8 the rasult of good mathematiss
taaching Dy teachers wiho have beon tralned for thelr wurk and who receive
continuing in-sexrvice support. It mwst therefors ke the r&aeh of all who
share this halieg to suppert and encourags the implementatinn of the changes
whirh we Lsliavs to bLe necessary and to maks Lt clear that, a3 paxt of the
educetion whleh ouwr childses vecelve, mathemsilcs ctzm;:a." (810)

Raference:

Mathematics Counts, Report «f the Comwittas of Inquivy into the Teaching
of xathemntics ia Schools, BHSO (1933 STEES.73, 311 pages.

P. Flezyatriow




DINEEN ON HOLOWOUPHY - A REVIEV

-

CONPLEX ANALYSIS IN JOCALEY CONVEX SPACES, by Gean Diaeen, Noxihe

Holland, 1681, 492 pp.

“fhe pain purpona of this book ..... ¥as 6 provide an intpoduction teo
modern infinite dimensional complex analysis, or infinite dimensional
nolomsxphy as it is commonly callzd, for the graduste student and -

research mathematician, Sincs we were move inierented in cosmnicating

the nniure rather ihan the scope of infinits dimenaionsl cowplex
5081Y818 e.ee. w2 choga to develop a singls theme which has nade nuch
progress in recent ysars and which exemplifies the inirinsic natuze of
the gubjent, pamely the study of loeally convax topolegles on spaces of
holomsrphin functisns in Infinitely many variabtles,*® Thus tagins the
suthorta foraword, There followz a comprehensive indreduciion tw
infinite d.ﬁensioml hplomoxphy from the fopelogical viewpoiad, |

eomplete with exercisen for fthe resdar, 8 helpfml hisiorical comeuiaxy
P- 8 Ty

and an exienzive biblicgra

s
1!

Inlinite dimensional holomorphy can trace iis oxigins at least as (er

back ag Filbert, but in the lsat 18 years s great explosion of ressarch

hen taken piace, and meat of tbe maierial of the book has come from thls

pericd, The wnifying themo ip the prodlem of how best o topologisae the

spoee of holemcrphic functicns. Consider the case cf one camplex

variatle, E(U} will denote ths get of holomsrphic functiens on the
cpen subeel U of the coumpiox plene. Having formed thia ast, vve's
immediate instinct is to equip 1% with some atructures. For exwnple,
#(6) is & complex vecitor spave. To soe Yow naturally the gquestion of

topology xises, considexr the cenvergence of the Taylor soxries.

-
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Suppose for aimplicity that U is a disc with ceatre a, 30 that far
evexy f H(U), the Toylox series at a converges to f at every point

of U, lLet 2, be the n-th partial gum of this series. Ia what

precise sense doss ths seguence s, wnverge io £ in the spasce I{U)7

3T T is mot s dise, the Taylox seriss al owz point will i, la general,

rapeessnt §  thauughout U, iEe'e Tusvres velle us thai

SUssy ke posadbls de appasydmetle £ by miysondsls, or meticsal

[

P e .
Tanctions; in other woris, these funciions fova & denss gubaet of I
Lo rmxnd g o ~ - -+ . N
fov a cartain topology. The “cight” topslcgy in thda come is fhe
wempact open topelogy, ¥, - a seguenck ) in {B(U_‘;,ro) OBV G

3, P T o P S s % £ .
o Tanetlon §OU0 £ {e) seweexgss to ${z) wmifsmndy on sach

233 haturadly iB oy setiings,

wompsct subsed of U,
3 bes many usslul propariiea; fur esample, L4 45 compaiible wilh o

veolor space siracture of B{UY, 1t 1o seirivalle and i senplete.

o 5Ty e Y 4 e s Y . - - £y dam [
Trvs f,hw,.«.a; iz &« Prfuhet spuce., On a Goepew leval, i‘:i'-:u};:::\} in
wiso Huclear, Uhese propsriies opie wWbe dcosw of sk arte cany of wanposis

.

aaarntisl Marenis io th

Faon Fuellonsd dnslyots wilek ane weole of

Bl BRVELGL

oy ©F e sdeacion. theorsss of w

variables,

IS Y js sow s domaln in an infinaie dimensional space, the r’%,,@

beoomes maoh mite conpliontsd, 'C“ is defined oo B{T) in the sume

in maxy Dneortant cases, one finds that thoss proponiien

Aomade 1t se uselol In flnite dimecaions, muel na meicizadility

aod Mdkeszivy, Do longer apply. Shers sypsate a gelexy of Siffsrect .-
wielogles on B{U), vaoh with its own Jusiif leativa, soreiless agreeing
with one saother, weze often mot, The eyplersiicn of these tapoicglies
bz Laen teniral to the developeent s infinite dimsensionéi bolumsrphy
ip xscent yeaywy ard very many of the grest ad"au-:er ®hick have baen

madr boay Niseen's nems,
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Tais book is not simply an account of the topology of H(U), rathex is
it a nomprehensiv‘e intreiaction to infinite dimensional mlomrphy,
the inspiration for the development noming {rom these fundamentisi
tepologienl proviems, The prereguisiies for the reader would includa,
ol course, complex variatles, tut, more imprrisntly, a reasonable
knowledge of functiomal anslysis, including ith: elements of lccally
convex spaces. A useful appendiz provides a sumesry of definitions

and vesults from several complex variables and fucctiopal analysis,

ttapter 1, Polymomials On Locally Coavex Topelogical Vestor Spacea,
iotroduces the btuilding blocks of the Tayicr asries, ibe hom:ieneouws

wlymmials, Ssveral iypes of yolynomlsls, suck as centinuoua,

*

wypocsntiouous and mcisar, sre wei, and varicus lopwlogiss on the
epaces of polynonisls ave studied, 'he duslily tasoxry of polymendals

is bexe, together wiith the special featwres of polyuowidls on mclear

BLA088,

Chapier 2, Cnlomozphic Mappings Deiween Iogally fonvex Spaces, luiroduses
whe realer io hoioworphic mappings on open seis, and holomorphiia gervs
on toupact seia, and their elemsniary properiiss., he three moat

imporiant topologies on ®{(D), "C;,!‘@ and ?l:g gre introduced.

Chepier 5, Folomorphie Punciions On Balanced S8iz : The balanaed et
in infinive ¢imznsions replates the diae in the complex plmue - it
has the emucial propsciy that the Taylor series at the centres ol <the
sat rejrraents the function throughnsut the set. Thws E(U) is, in some
nsnse, the direct mum of the subspaces of homogenecus polynemials.
One can then hope thai topelogicel properijes of the spaces of

polynemials can be pleced together to give results adout H(U). This

idea is expleited here, ths main tools being Schaudsy desgmposiitions
and sssociated topologies,

;
Gha,c ve 4, Dolomorphic Punciione On Davsud Spates, and Chaptsz 5,
»s.Lomrp!aic Funetions On Muclear Spaces With A Busls contlime the stuly
of holomorphis funciions on teo contreaiing %ypes of dousing, Thers
rre no infinite dimensional spaces which axe ot the sane tiwe Banach
aud mucleny, sud the theories for thass two iypes of spacens develop in

% woys, Foxr Danach syaces, ihe suphssis is on the inferplay

betyeen th: guometry of ibs space sal ihe holemerphis funstlons. The
Yaxiwam mqu Theorem, Sehwprz®s Lesws swd thely ~pp..if-a‘&.iomn are
woending sets, and the eguaiity of the topelogics

spaces with wuconditiensl bases, In pualesy

cocditioms on e space allow uwa fo wolile i

Tarior ssrie woing sepcnliels, waich

coGirfinaten, Again, asing e hsds, 00w G&F

leads s 8 vey

Reinrarat domalse,  Thi

sad the veaclublon of smuny of the Wepolegd

crapier &, Jozas, Surizotive Limils, § -Products and Fuwer Sariss Epacsa.
¥ 2

.
Tha chapier opers with o “urtoer otuly el zpaves of lrelemos ,:hi': ST
. X 3 £

oy cotpast sets, and their ralaticusnip o tha etudy of BT}, Suwjmeiive

lirsits provide a weithed Jor conshmucting, by & rrejeciive process, spaces

b moed holemorphic yroperiies. The £ -predust, whish san be ‘;'ews;;.-

5
Mo
&
.

goenaralisad tencox ouduct, relates the thowzy of weelor-valusd

4 that of soaled valusse, The shapter close wil

#alte oa vepresentationa of spsoas of holomeuphic luwnctiona 8

sortain SBJUENICE $2R0ED,
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Each chapter is accompanied by & set of exerzises, Soms of iliese ave .
Pxoblens Page
easy, soma challenging, and gome, in the author's own words, “juits

@3fficult™, They should at lesst be vead, as mavy indicate farther Haw or old, solved ar unsolved, pblished oz unpublished, whis paye will
sreas of rugearch, and introduce topics not coversd in the text. dlecwss amy problen wuich hos that cervain somethicg. Fleass wend prowlems. solus
; Appendix I1iI, Hotes un Scme Exsveines, has bints and szplanations, and tivok wnd references o e Loliar.
i , references to ithe literaiure for the interested prodlem~sclwar, i, It P ke «a sbdivasy point Ls & zonlendy trisngla ASC, and lat ¥X, BY, w2
Appendix 11, already wentioned, consisis of definitionz ond resulis : Be the internal biksctozs of <BRC, 400K, R respevidvaly.

from [unoctional snalysis, complex variables aund topology. Appendix i,
Purther Developments in Infinite Dimensional Holomorphy, is a survey

of current researcn which emphiasises aveas mot treated in ths book.

4%t the end of each chapler is a section sniitisd Noies and Remarks,

| c

? comprising a fascinating histerical acasvnt of the subject matter of

| ths chapter, togziher with wmany illuminating insights, soggeatlone foz Prows that
further regearch, and a guide to ihe 2iterature. he Biblisgraphy is izng o+ twni s deel > 20iemb <« foxd + dvefy,
ENOTWOUS, ‘containing some 725 eniries in all, Tanging fyoa pepers ¥ & iax e X Rnow this L8 Barrew's fmeguality, bat I have ng
Volterra and Von Koch in the 1980%s up fo tho prosent, This Is the The WAkEr Lnegueiit W, S ?:z;S'Y:';-‘.?,V;ﬁnii.i.';‘?c‘.i.-.’?-i'? LAk
firet conplete listing of papers in holomoxrphy and will be of great ia Ave to Brdos, '
value to workexs im the field, and indosd, %o intsresied spestatora, 2. This probien args {vow Yow zaffey. Is

, a2 o sdn ol o n € W owo?
I ig the revieswsr's cpinion that this book is 2 majsr contrivelion o . Finbarr Solland, working with his #¥5L, fouré the spproxisstion 7 ® 355/113 whicy
infinite dimensional bolemorphy. It suozeeds admivadly in ita stated clves 355 sin 355 & 0.8107. Later Jo Hanning checkad (on the Thw) uw’t”g-hj:,; ta
- .

ains, and while giving & complete accounit of the theoxy from the \  ths mmallest value of in min ol for 1 $n <1 8 e pronien wuld b angwersd
topelagionl viewpnint, ia in no way closed or static -~ one is alwys ©An the afflymative 17 B vers approxiaeile by Yalicnels to order 2 £ 0.5 7:0; ard 5y
1sd o %o think of ths noxt step, ihe wighi generalisstlon, the open prasussbly this 45 also open. FiIl Brwss fownd an astinle by Chudnovalky (Spris:
protiem, This wild guxely be tho helomuzphist's biblf’ Tox wony yeexs | becture Notes in Meth, ¥51) which yives nevitiva resulte up the apprexization uf
to com2, Hay It gain many converis] " by vatisaals.

i
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nectel Lets.

Another bard probles 12 to declds wheiler the syuera can be dizgeciad

inte an ofd pumber of triangles each hawing tha sawe eres.
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CONFERENCE REPORTS

REPORT ON TRE NASECODE 1Y CONPOREICER

{Comasunicatad by J5E Millar of the Numerie2l Analysis Group, Dubidn)

The second intsrnstional confurence on the NMumeyicsl Analysis of Semle
condurter Sevices asd Integrated Circuits, MASECODE I1. vas held in Trinity
Collrge, Univevsity of Dublin, Dublin, Iraland from Juae 17th o 382h, 1881,
wivier the auspices of the Numarioal Anslysis Sireup. 1T was attendsd by over
L dslegates irem 21 countiiee. Tha aim of this seriss of conferences is tha
fostering of a fruitful axchansge of idesas Detwsan eloctsanic engine-ar's and. nunari-
el sralveta.

The industrial szotoer was styongly reepi:ee;:mted At thia conferance, as was

fase alse &t the NASECODE I {mnfevence. Thersfore, the problems of computa~

4

titn and pumerlizal anslysis discusesd are of grest practicel Lfmportance sz well

&2 uing Antells:

rally challe

The spplicatisn of numerical methuds o sawmiconductoy device rodeling hogan
PP ¢

sbost 15 yeaxs age, and sincs thon it has Aeveloped and broadsned Lo scope very

vapidly. To dats relatively few profes:ional s :-;.—icai analysists have worked
wn tihis aren. ond opnzeguentiy 14 48 st8)l a fertile sourcs of stimulating wp~
E J.ve& problems of widely varying degrees of Sifflculty.

Tha madals of technological Lm;xzxtau‘.'ce ara maluly in two s;éc'ﬁ*dmensiom:

#rd they muy also be time dependent. TUypically, twe or thres nonlinear &£feren~

tisl aguetions have to be sclved ca compiicated domains with a variety of boundary

conditionz. <Computational experianos indicates that the systeus are eften vary

srifs.

For the numerical snalyst there iz & weaith of problems. Fraquently, wnder—

‘flow occur and spoecial tricke have to be wsed to allow the computation to proceed.

Coavergines of the iterative mathod for @olving the discreta anonlinesr system is

wsnaily a problem. The very fine weshes ganerelly used in certain paxts of the

Pl ot

e g
e T —
-




-
cnseguently the sysians to be
crete systeme, and censeguently
domain give rise to large discrete sy

—

34 r sgualtion aolvera,
2 L4 . any scandard lines 3
sutved after lineaxisation ave large. Mapny 3

[ N Solid~Stete ls
(] *
al or siomply fail for these problems.,

CRXONICE ~ An Intarnational Jousnel. Pergamon Prusa,
both direct nnd 1.:’:am;§¥.v@, nee impres

Oxfard,

Th : ; EAS ilone of |
£ practlisal and offisient technlgues for solving extension
he developnent o cizal and

t J @ CHFEL - ¥y International Jouraal for Computation and Matbezatics in
en-gtatlionary oass arve rlao |

space dimenginns and to {hae non-gt v

tharz problews to three spate dizension

Blactrical and Zle

: Disctronic Znglneering, Bocle Prass, Dubiin,
!dd ! *!‘&w*&wﬁiﬁ
aeedod, |
: T TRANET B
santative collectlon of paperz on the subject the rea o
' For a representative coll } ‘ ; BROLDS T3 rexr e
(13, {2} znd €4) sescoizscd with the NRZECSDE sons SROIFY 1Y GAtNay
- irpa peblications (17, (2} ar = ; ot .
eoraait the thres publica il Kurats (3} and %sck (5). This yagyr, the Croup Theawy Conference was saain hald in Galway on Hay 1& anat 15,
ey the sehjest ave Xovats ! .
N FLrst tun mONOS b . .
Sayencer. The First o F . 217 white the wore i 1% wng & highly suctezsful evont with peretelpants (24) ang Fpeskers from Iraland,
cordne SRt axre (L ana W Walie ' :
N mvering enginsering aspects o
The meln dovrnels covering @ t 4e the sew donvnal {(B). Irivain and Australia, The progranme conslsted of hour leag telke By o
! e w Slocusgyd o the om =
eiemal patiiamativel agpoestes Wwill e s :
gutsticoal and mat ’ T, witd be held 1n Galway, freiand As BIYCR (QM.C.AANLLY, A, Christofideg (B.C.C.), o Petopatrick (Y.c.o.),
AR T nE oz 2N T hm A
. 3 et . 2 geries, MASECODE IIX, w
The third omfarence in the e Bowicis Bosdsky and B, Siefart r.C.b.1 togethar with shorzer salkg by M. Berxy {Caxyators),
. s cosponsored By the Tlaciron Bavices Booleky
. 1 Juns 1,98J; it im CRTLONRIT .
fyom LGen to 17th Juns, T.C. Hurley {w.c.5.), 7.0, Fey (2irminghanm), 7. Medermote (U.C,8.),
e e Ty Mathamatical Sociaty.
of the TEI¥ and the Ixish v Slemoss (U.0.6.0, snd AL Wiltescen (u.c.c.).
oy . " ‘- - 3 ' < -
BreLiaaRAIRL 13 of Sswinscadictor Davices, Sviglnaliy San Sax) (Cnnkrldges wae gcheduled te talx bu due Lo & bersavessst Lr-
N " merdenl Analyoi SRS LL I
— T M. Hillar {edy) . Nmerical
RS BT WToEE, Jeme Yo Pt “nakle o traval, .
£ the NASECODE T Coufersuce. Beole Press, Dublin {187%1. .
T TTA L 1Y e N - 3
 Frofesdlags of © Syele of Sseloonductss Pavises The talks, formal and infoonel, produced much desussion, Goms now regults worg
. wperioal Analyels of I .
. ) . illax (:353} . Nagerlicn g
o5 2,7, Browne, J.J.H. Mil AR et e g X - 3 ugnsi e y s iad
[ 2 ) Cf the HAZECUUR 17 fontsrence. arounced and mony idess were exchanged, A3 ususi, the #0zial events stimulsced
— Lrevits,  Procesdisgs of o o R
ed Integrated Clrcu the Mathematics and contriruted to the enjoyment of the aicasion. iXa usual, slsq,
v& Trass, Dublin (1581). :
Bouis Frevs, Dubli ol it mevor rains ang Lt Bun always sh I.M.5. Groups,
lysis for Semleonductor Dewloes. Lealngton Bookd, Fains and i trays shines on + Grovg
. urata. (hamericel Aunalysisz fov fe . 2
1% . Kuraiae., thoerica i N We sre grateful o Ray Ryan for thic Yeare® guoup(}} photograph. Un:a:tynataly,
Hassachusetie (15411, fual Anslysis of Sami~ w0 of our Dublin colluaguss ware omitres as thalr car broks down, They sventislly
; - Nuserival Anziysis o : .
o Y. Bn introduction o the )
%3 T2 Millex ledd i ture Notegs of o Shore Lourss ‘arsived but too late for the photograph, Wa hops o insery their Fhotogzaphs so
i Cigcults, lachun : " 4
. o 5 d Integrated Cogcults, R
conductor Devices an r 2. Booie Fress, Dubliin (1931}, they will not be logt to posterity. This event is too frpostant for pecple noz o
v s SRCODE 11 Sonfexensa. s
S S fth the NASECODRE II <
hield dn wsscclacion w. . have their cacy serviced the week hefore!
1 Analyeis of Sexiconductor Devices. Roola Freas,
. PR g iioca X & hatadand v '
{5 .8, Mook, Hathematicd & ¥artin Nowell and his colleagues sre to bhe congratulated for erganising this N4
Uublin (to sppear). aov, an ~taze £ Alyenraists,
Davices. fThs Inetituts of Elsctrictel ,80nus) get-togethar o Algekralsts
Tlectron | . n
. asaccions on Bleciro
&) I1.8.E.8, Traos

G0 mbadrizld bes ar an am ses arfs.
and Elactronles Englacers, New Yoxk.,

TED BURLEY
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