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1. In t roduct ion 

I have been invited by Iosif Romanyuk to give an 
opening talk on the rather general topic of what we 
have learned about magnetic fields in stars during the 
present century, and what part icular challenges and 
problems we may want to work on in the coming one. 
In other words, my topic is "where have we been, 
and where are we going?". Because this is not really 
a normal scientific paper, I wil l take the liberty of 
treating it rather informally. 

Let me start by saying that I am honoured to have 
been invited to give this introductory lecture at the 
last meeting devoted to stellar magnetic fields of the 
20th century. It is also a great pleasure to see here 
a large number of friends and colleagues who share 
my interests in this subject. And last — but not least 
— I should mention that I am extremely impressed 
with the obvious high level of scientific activity and 
achievement here at the Special Astrophysical Obser-
vatory, which is all the more remarkable considering 
the very difficul t situation in Russia today. It is clear 
that this meeting wil l be scientifically very produc-
tive, and I am delighted to be here. 

I would like to start my talk by reviewing in a 
very general way some of the main discoveries and de-
velopments in the field of stellar magnetism (mostly 
in fossil magnetism, since that is the main focus of 
the meeting) that have occurred during this century. 
From this survey, we can gain a sense of just how 
much our predecessors and we have actually accom-
plished — and it is a rather impressive inventory. I 
next want to look briefly at some of the main areas of 
activity today — these are the topics that wil l be the 
main areas of discussion at this meeting — and then 
finally set out some significant goals for us to achieve, 
and problems for us to solve, in the next century. 

• The first white dwarf was discovered by the 
American telescope maker Alvan Clark in 1862, when 
he observed Sirius to test the quality of one of his 
telescope lenses and saw for the first t ime the very 
faint light of Bessel's "dark star", almost invisible in 
the glare of the brilliant pr imary star. 

• One of the first great spectral classifiers, An-
tonia Maury, reported the discovery of spectral pecu-
liarity  in the spectra of a number of bright middle 
main sequence stars in the Harvard Annals for 1897. 
Among the peculiar stars she noticed are a number 
that have since been intensely studied by many of us. 
Her list included CVn, CrB, Aur, UMa, 

Ari , and Dra among the magnetic Ap's, as well 
as the HgMn Ap stars And and Lep. 

These two discoveries, of the two main types of 
stars which are the principal focus of this meeting, set 
the stage for the important discoveries and advances 
of the present century. Several more basic discoveries 
followed soon after: 

• In 1906 Hans Ludendorff, at Potsdam, re-
ported that some of the spectral lines in the peculiar 
star CVn vary in intensity. 

• The very first stellar magnetic field was dis-
covered in 1908. George Ellery Hale, using the new 
20-m solar tower at Mount Wilson, discovered that 
spectral lines in sunspots are split and polarized by 
the Zeeman effect, which had been observed in the 
laboratory only a decade earlier by Pieter Zeeman. 
Although this discovery is fundamental to all of solar 
activity, we are still far from having worked out many 
of its consequences. 

• In 1913, Aristarkh Belopol'skii at Pulkovo 
made an extremely important discovery. He showed 
that the Eu II line at 4129 in CVn varies pe-
riodically in intensity, with a period of 5.5 days. He 
also suggested, as a possible explanation of this phe-
nomenon, the idea that the star is surrounded by 
some kind of cloud or ring with a condensation in 
one area — a clear forerunner of the oblique rota-
tor model. The following year, Paul Guthnick and 
Richard Prager of Berlin reported the small light vari-
ations of the same star using the newly developed 
photoelectric cell. 
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2. Impor tant discoveries and develop-
ments i n th is cen tu ry 

Just to confuse the issue, I would like to start the 
20th century off a littl e early, because two part icu-
lar discoveries of great importance to this meeting 
missed being in our century by a few years. Perhaps 
we can consider them to be "honorary" 20th century 
discoveries, because they have been so central to our 
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•  T h e  following  year,  H orace  Babcock,  using  t h e 

high  dispersion  s p e c t r o g r a p h  of  th e  2.5-m  telescope 

at  M o u n t  W ilson  w ith  a  p o lar iza t io n  analyzer,  ob­

served  Zeem an  sp l i t t in g  in  t h e  spectra l  lines  of  t h e 

Ap  s tar  78  V ir.  He  quickly  followed  th is  discovery  w ith 

th e  detection  of  m a g n e t ic  fields  in  a  n u m b e r  of  o th er 

A p  s ta rs ,  including  E q u ,  C V n,  C S V ir ,  C r B , 

HD  10783,  HD  153882,  a n d  HD  188041.  By  1950  he 

was  able  to  r e p o r t  t h a t  t h e  observed  longitudinal 

com ponent  of  t h e  field  of  C S V ir  varies  periodically 

with  th e  sam e  p e r io d  a lready  d e term in ed  for  t h e  spec­

t ru m  variability  of  th is  s ta r  by  A rm in  D eutsch  at 

M ount  W ilson. 

•  By  1950,  B a b c o c k 's  observations  were  being 

in terp re ted  by  th e o r i s t s  w ith  m odels  ranging  from 

m agnetic  oscillations  a n d  waves  to  giant  su n sp o ts . 

Am ong  th e  p ro p o sa ls  was  t h e  oblique  dipole  r o t a -

tor  m odel,  developed  in d e p e n d e n t ly  by  Brit ish  as-

tro n o m er  D .  W .  N .  S t ibbs  a n d  by  Babcock  (a l th o u gh 

it  took  some  years  before  Babcock  fully  accepted  th is 

m odel) .  T h i s  idea  h a s  b ec o m e  th e  fun dam en ta l  phe-

nomenological  m odel  underly ing  a lm ost  all  work  on 

th e  m agn et ic  f ie ld  s t r u c t u r e  of m a gn e t ic  A p  s ta r s  a n d 

m agnetic  w h ite  dwarfs. 

•  An  in terest ing  extension  of  t h e  known  d o m a in 

of  m a in  sequence  m a g n e t i sm  to w ard s  h o t te r ,  m o re 

massive  s ta r s  cam e  w ith  th e  discovery  by  E r m a n n o 

B o r r a  a n d  me  of  m a gn e t ic  fields  in  som e  early  В  He-

s tro n g  s ta rs .  W e  were  able  to  show  t h a t  th e  f irs t  such 

s t a r  found  to  be  m a gn e t ic  (in  1977),  Ori  E,  n o t 

only  h as  a  s t ro n g  field,  b u t  also  s u p p o r t s  some  k in d  of 

co-rotat ing,  m agnetica l ly  confined  circum stellar  enve-

lope  which  is  dense  enough  to  cause  weak  eclipses  a n d 

shell  lines  at  certa in  ro ta t io n a l  p h ases .  (This  s t r u c -

t u r e  is  rem arkab ly  similar  to  t h e  cloud  or  r ing  w ith 

co n d en sat io n s  p ro p o sed  by  Belopol'skii  m ore  t h a n  60 

years  earlier!) 

•  A  couple  of  years  la ter,  in  1980,  a n o th e r  im-

p o r t a n t  extension  of  th e  know n  d o m ain  of  m a g n e t ic 

s ta r s  o ccu rred  with  t h e  discovery  by  Richard  R obin-

son,  P e te  W orden,  a n d  J a c k  H arvey  of  d e tec tab le 

Z eem an  b ro ad en in g  of  sp ectra l  lines  in  two  m ain  se-

quence  s ta r s  cooler  t h a n  t h e  Sun.  It  h a d  of course  long 

been  expected  t h a t  som e  solar-type  s ta r s  would  have 

su b s ta n t ia l  surface  m a gn e t ic  f ie lds,  b u t  th e  com plex 

n a t u r e  of  these  f ie lds  (based  on  t h e  solar  analogy) 

m e a n t  t h a t  th e  usual  m e t h o d  of  detect ing  f ie lds  in 

m a gn e t ic  A p  s ta r s  could  n o t  be  applied. 

•  A nd  finally,  to  com plete  th is  list  of  in terest ing 

discoveries  a n d  developm ents,  I  m en tio n  t h e  detec_ 

tion  of  rad io  emission  from  h o t  Ap  s tars ,  first  found 

by  S tep h en  D rake,  David  A b b o t t ,  a n d  a  n u m b e r  of 

co l laborators  in  1985.  T h e  d etec ted  rad io  emission, 

found  in  Ori  E  an d  in  HD  215441  (B abcock 's  s ta r) 

a m o n g  o th e rs ,  a p p a r e n t ly  comes  from  relativ istic  elec­

t r o n s  t r a p p e d  in  a  stellar  m a g n e to sp h e re . 

•  A  m ajo r  new  field  of  stellar  m a g n e t i sm  o p en ed 

in  1967  w ith  t h e  discovery  of  pulsars  by  Jocelyn  Bell 

an d  A n th o n y  Hewish  of  C am b rid ge  University.  Th ese 

bizarre  rad io  sources  t u r n e d  o u t  to  b e  n e u t r o n  s ta r s 

with  m a gn e t ic  fields  of  order  10
12

  G;  t h e  C am b rid ge 

radio  a s t r o n o m e r s '  discoveries  were  th e  forerunner  of 

some  h u n d r e d s  of  p u lsars  now  known. 

•  In  1970,  a  m a g n e t ic  field  of  s t re n g th  in te rm e _ 

diate  between  t h e  10
3
  G  of  m ain  sequence  s ta rs  a n d 

the  10
12

  G  fields  of n e u t r o n  s ta r s  was  detected  in  t h e 

white  dwarf  G rw  + 7 0 °  8247  by  J a m e s  K e m p ,  J o h n 

Swedlund,  Roger  Angel  a n d  m e .  Th is  discovery  h as 

D uring  t h e  following  four  decades,  m uch  was 

learned  a b o u t  t h e  n a t u r e  o f  s tars ,  b o t h  on  th e  m a in 

sequence  a n d  as  w h ite  dwarfs.  In  solar  physics,  t h e 

s tu d y  of  t h e  S u n 's  m a g n e t i sm  opened  whole  new  ar­

eas  of  research.  S p e c t r u m  variability  was  observed  in 

a  n u m b e r  of  peculiar  A  s ta r s  (for  exam ple  in  CS  V ir 

an d  73  D r a  by  W .  W .  M o rgan  during  t h e  1930's). 

B ut  t h e  n e x t  m a jo r  s tep s  in  th e  s tu d y  of  m a g n e t i sm 

in  o ther  s ta rs  were  only  taken  after  t h e  end  of  t h e 

Second  W orld  W ar. 

•  In  1945,  T h o m a s  Cowling,  of  th e  University  of 

Leeds,  discovered  t h a t  a  stellar  m agn et ic  field,  once 

established  in  a  s ta r ,  would  decay  so  slowly  (due  to 

th e  high  electrical  con ductiv i ty  a n d  huge  size  of  t h e 

s tar)  t h a t  any  c o n t e m p o r a r y  f ie ld  could  be  t h e  rem­

n a n t  of  one  established  in  t h e  s ta r  billions  of  years 

earlier.  H e  th u s  in i t ia te d  t h e  idea  of  "fossil"  m a gn e t ic 

f ie lds,  one  of th e  cen tra l  th eo re t ica l  ideas  a b o u t  stellar 

m agn et ism ,  before  m a g n e t i s m  h a d  even  been  discov­

ered  in  any  o th e r  s ta r  t h a n  t h e  Sun. 

now  led  to  th e  detection  of  m egagau ss  (or  larger!) 

fields  in  some  50  w hite  dwarfs. 

•  Also  in  1970  G eorges  M ichaud  proposed  w h a t 

h a s  t u r n e d  o u t  to  b e  th e  principal  sort ing  m ech an ism 

t h a t  leads  to  th e  a b u n d a n c e  peculiarit ies  o n  m a g n e t ic 

Ap  s ta rs .  M ich au d  showed  t h a t  t h e  co m p eti t io n  be-

tween  grav i ta t io n a l  sett l ing  a n d  rad ia t ive  levitation 

of  t ra c e  heavy  e lem ents  in  a  reaso n ab ly  stable  stellar 

envelope  could  lead  to  a b u n d a n c e  anom alies  q u a l i ta-

tively  like  those  observed  in  m a n y  of  t h e  peculiar  s ta r s 

of  t h e  m iddle  m ain  sequence. 

•  A n o th e r  m ajor  b r e a k t h r o u g h  in  our  ability  to 

explore  t h e  m a g n e t ic  Ap  s ta rs  c a m e  in  1978  when  D on 

K u r tz ,  working  at  t h e  S u th e r la n d  O bservatory  o f  t h e 

U niversity  of  C a p e  Town,  discovered  m ulti-periodic, 

non-radia l,  high  overtone  p u lsa t io n s  in  th e  m a g n e t ic 

Ap  s ta r  H D  101065  (Przybylsk i 's  s t a r ) .  This  discov­

ery,  followed  by  t h e  detection  of  similar  p u lsa t io n s 

in  o th e r  cool  Ap's,  will  eventually  provide  us  w i th  a 

powerful  m e a n s  of  p ro b in g  t h e  interior  s t r u c t u r e  of 

m a g n e t ic  s ta rs . 
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3. Major ongoing l ines of research 

The numerous discoveries and developments I men-
tion above, and others, equally important, that I have 
omitted, have led in turn to many ongoing lines of re-
search as we try to find more examples of interesting 
types of stars, to discover further new phenomena, 
and to explore the consequences of theoretical ideas. 
These continuing research projects, though perhaps 
not as exciting as the initial discoveries and theoret-
ical breakthroughs, are every bit as important as we 
try to understand fully the physics behind the phe-
nomena we observe. 

Some of these lines of research have become so 
large that one could almost speak of major multi-
national industries developing. Many of us are in-
volved in one or more of these industries, and they 
wil l certainly continue into the next century, to be 
carried on by the younger generation. Several of the 
major research fields at present are the following ones: 

• Hale's discovery of sunspot fields led eventu-
ally to an international effort to observe all aspects 
of solar activity that are governed and /or energized 
by the magnetic fields. The set of phenomena ob-
served and modelled has now grown to include the 
chromosphere, corona, solar wind, sunspots, plages, 
filaments, prominences, and flares. Al l of these phe-
nomena are essentially affected by the complex so-
lar magnetic field. Their elucidation has turned out 
to constitute an enormously tough set of interlocked 
problems. This field of research has commanded the 
attention of numerous major observatories, including 
(at present) the Crimean Astrophysical Observatory, 
the US National Solar Observatories at Kit t Peak and 
Sacramento Peak, Big Bear Solar Observatory, the 
Themis telescope at the Observatory of the Canaries, 
etc. 

In recent years this field has branched out into the ob-
servation and analysis of magnetic fields in solar-type 
stars. Fields of strengths of 2 or 3 kG are now known 
in well over a dozen stars; in various stars they appear 
to cover anywhere from 2% to 70% of the stellar sur-
face. Jean-Francois Donati, Nicolai Piskunov, John 
Rice, and Klaus Strassmeier, among others, have been 
active in developing mapping methods for such solar-
type stars. 

• Similarly, Babcock's discovery of magnetism in 
Ap stars has led to a large international observing ef-
fort, both to measure the magnetic fields of these stars 
and to study their many other peculiarities (such as 
their very bizarre surface chemical abundance pat-
terns, their spottiness, the pulsations exhibited by 
some, and even their radio emission). Groups that 
have contributed to this work include George Preston 
at Mount Wilson and Las Campanas Observatory, 
and Sidney Wolff at the University of Hawaii, both us-
ing Babcock's coude spectroscopic method; Ermanno 

Borra and me with the UWO Balmer-line Zeeman an-
alyzer; the Magnetic Mafia of the Special Astrophys-
ical Observatory, who started a major observing pro-
gramme under the leadership of Yurij Glagolevskij in 
the late 1970's using the spectrographs and Balmer-
line Zeeman analyzer of the 6 m telescope; Gautier 
Mathys, using the Cassegrain spectrograph and coude 
echelle of the European Southern Observatory 3.6 m; 
and Jean-Francois Donati, Gregg Wade, and me with 
the Musicos spectropolarimeter at Pic-du-Midi. 
Measurements of stellar magnetism have steadily ad-
vanced in number and in quality. We now know fairly 
accurately the longitudinal field variation for about 
80 stars, and the variation of the mean field modulus 
(or surface field) for about 25. The precision of the 
best longitudinal and surface field measurements has 
reached 20 or 30 G, and even smaller errors should 
soon be available. Mathys has showed that other field 
moments, such as the crossover field and the mean 
quadratic field, can be detected in appropriate spec-
tra, and has published a number of variation curves 
of these moments. The variations in broad-band lin-
ear polarization produced by the transverse Zeeman 
effect in spectral lines has been detected and mea-
sured in a number of stars by Jean-Louis Leroy at 
Pic-du-Midi, and linear spectropolarimetry data are 
now available from the Musicos instrument. 

• Closely related to the improving field mea-
surements has been work aimed at modelling, and 
more recently, mapping the distributions of magnetic 
flux and of chemical abundances over the surfaces of 
the magnetic Ap stars. The pioneer in this field was 
Armin Deutsch, who in the 1950's tried to use avail-
able longitudinal magnetic field, radial velocity, and 
equivalent width measurements of CS Vi r to define 
Laplace expansions describing abundance and field 
distributions over the surface of the star, by relat-
ing the Laplace expansion coefficients to Fourier fit s 
to the observational data. This pioneering work has 
been followed up start ing in the 1970's by a number of 
people, including Vera Khokhlova, Tanya Ryabchiko-
va, and Nicolai Piskunov of the Inst i tute of Astron-
omy in Moscow (eventually together with several col-
leagues in mathematics at Moscow State University); 
Bil l Wehlau and John Rice from Canada; Claude 
Megessier in Paris; and me. Gregg Wade, as well as 
Martin Stift and Stefano Bagnulo in Vienna, are in-
creasingly active in this field as well. 
Mapping of surface abundance distributions (for low-
field stars, where the direct influence of the magnetic 
field can be neglected) is becoming increasingly se-
cure and detailed. The magnetic f ield has typically 
been modelled rather than mapped, using, for ex-
ample, a low order multipole expansion; but this is 
beginning to change. Techniques are being developed 
for carrying out simultaneous mapping of abundances 
and field geometry. This is an area of great current 
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interest. 

•  T h e  search  for  a n d  s tu d y  of  m a g n e t ic  w h ite 

dwarfs  h as  been  a  m a jo r  ongoing  a r e a  of  research. 

Th e  group  at  t h e  U niversity  of  Arizona,  s t a r t e d  by 

Roger  Angel  a n d  now  led  by  G a r y  Schm idt  w ith  J im 

Liebert,  continues  to  b e  very  active.  O t h e r  i m p o r t a n t 

groups  working  in  th is  f ie ld  include  t h e  t e a m  at  t h e 

Special  Astrophysical  O bservatory  u n d e r  Sergei  Fab-

rika;  a  g ro u p  in  B ri ta in ;  a  group  at  t h e  A ustra l ian  Na-

tional  O bservatory;  a n d  several  G e r m a n  a s t ro n o m e rs . 

W e  now  know  a b o u t  50  isolated  m a g n e t ic  w h ite 

dwarfs.  T h e  d e tec ted  fields  ran ge  from  a  few  te n s  of 

kG  to  a b o u t  10
8
  G .  For  t h e  br ightest  w h ite  dwarfs, 

f ield  m e a s u r e m e n t s  a c c u r a te  to  a  few  kG  are  possible. 

A bout  half  of  t h e  m a g n e t ic  w hite  dwarfs  a re  know n 

to  vary  d u e  to  r o t a t io n ;  a  considerable  n u m b e r  ap-

p aren t ly  e i ther  do  n o t  r o t a t e  w ith  p er io d s  o f  less  t h a n 

decades,  or  have  aligned  r o t a t i o n  a n d  m a g n e t ic  axes. 

T h e  s p e c t r a  of  these  s ta r s  a re  becom ing  well  u n d e r-

stood  as  a to m ic  physics  groups  work  o u t  t h e  expected 

m agn et ic  sp l i t t ing  of a t o m s  of  H,  He,  e tc .  in  t h e  enor-

m ous  f ie ld s  observed,  a n d  t h e  results  are  applied  to 

observed  s ta r s .  M odelling  of  t h e  field  s t r u c t u r e  so  far 

h as  assu m ed  simple  f ie ld  s t r u c tu r e s  such  as  m ult ipo le 

expansions. 

4 .  M a j o r  q u e s t i o n s  for  t h e  n e x t  c e n t u r y 

You  will  agree  t h a t  t h e  inform ation  we  have  o b ta in e d 

a b o u t  stellar  m a g n e t i sm  d u r in g  t h e  p as t  century,  a n d 

th e  progress  we  have  m a d e  in  in te rp re t in g  it ,  a re  re-

ally  impressive.  N evertheless,  th e re  are  a  n u m b e r  of 

basic  questions  which  still  re m a in  to  be  answered; 

in  fact,  it  seems  t h a t  som e  of  t h e  m o st  fundam en-

tal  questions  are  t h e  very  ones  on  which  we  have  so 

far  m a d e  t h e  least  progress .  This  is  d iscouraging,  in 

one  way,  after  so  m u ch  work;  b u t  it  also  m e a n s  t h a t 

young  a s t r o n o m e r s  com ing  into  our  f ie lds  still  have 

really  i m p o r t a n t  p ro b lem s  to  address .  H ere  are  som e 

of  t h e  p ro b lem s  t h a t  still  need  to  be  solved. 

•  A  gro u p  of  fu n d am en ta l  quest ions  t h a t  have 

n o t  really  received  a  satisfactory  answer  concern  t h e 

origin  of  stellar  m a g n e t ic  fields.  W e  find  evidence  for 

fields  in  m a n y  regions  of  t h e  G alaxy,  a n d  in  dense 

clouds  in  p a r t ic u la r ;  fields  a re  now  being  d e te c te d  in 

T  Tau  s ta rs ,  t h e  im m e d ia te  progen itors  of lower  m a in 

sequence  s ta rs ,  a n d  in  H erbig  Ae  s ta r s ,  t h e  forerun-

ners  of  A  a n d  В  s ta rs .  W e  suspect  t h a t  t h e  fields  of 

m ain  sequence  A  a n d  В  s ta r s  are  fossil  r e m n a n t s  of 

th e  galactic  f ie ld,  t h o u g h  we  do  n o t  know  clearly  how 

this  field  is  conserved  during  t h e  deeply  convective 

pre-m ain  sequence  phases .  W e  do  n o t  have  a n y  clear 

idea  of  how  m a g n e t i sm  evolves  from  t h e  galactic  field 

to  th e  fields  of solar-type  s ta r s .  It  is  n o t  yet  clear  w h a t 

role  fossil  m a g n e t i sm  plays  in  t h e  form ation  of  lower 

m a in  sequence  s ta r s ,  nor  w h a t ,  if  any,  kind  of d y n a m o 

activ ity  occurs  during  evolution  to  t h e  m iddle  m a in 

sequence.  W e  do  n o t  yet  u n d e r s t a n d  at  all  clearly  why 

m ost  m iddle  m ain  sequence  s ta r s  do  n o t  seem  to  have 

m a g n e t ic  fields.  Th is  subject  needs  m uch  further  ob-

servational  work,  searching  for  weaker  fie lds  to  t ry 

to  see  m ore  clearly  w here  t h e  f ie lds  occur  and  w here 

th e y  are  really  absen t .  T h e r e  is  also  a  great  need  for 

theoretica l  work  to  follow,  at  least  roughly,  the  evolu-

tion  of  flux  th r o u g h  t h e  s tages  of  cloud  collapse  a n d 

s ta r  form ation. 

•  Similarly,  we  do  n o t  yet  u n d e r s t a n d  satisfac-

torily  th e  further  evolution  of  ste llar  m agn et ism  after 

t h e  m ain  sequence.  W e  have  no  evidence  at  p resen t 

t h a t  s trongly  suggests any  successors  to  m a g n e t i sm 

in  solar-type  s ta rs .  For  t h e  m id d le  m a in  sequence,  t h e 

existence  of  a p p a r e n t ly  fossil  fields  in  a  small  fraction 

of  all  w hite  dwarfs  suggests  t h a t  t h e  m a gn e t ic  Ap's 

evolve  to  becom e  t h e  m a g n e t ic  w h ite  dwarfs.  W h e t h e r 

th is  is  correct,  a n d  if  so  how  t h e  field  evolves  d u r in g 

t h e  deeply  convective  g iant  p h a s e  a re  still  quite  un-

clear.  A  further  c o n u n d r u m  is  t h a t  a p p a re n t ly  m o st 

or  all  n e u t r o n  s ta r s  are  formed  w ith  huge  fie lds.  W e 

do  n o t  yet  know  why  th is  is  so. 

Again,  b o t h  theoretica l  a n d  observational  progress  is 

required.  D etection  of  a  weak  field  in  a  few  g ian ts 

could  help  to  clarify  t h e  evolution  th ro u g h  this  p h ase . 

M odelling  of  field  evolution  d u r in g  t h e  giant  s tage  is 

also  very  i m p o r t a n t . 

•  T h e  in ternal  physical  s t a t e  of  m agn et ic  Ap 

s ta r s  is  still  n o t  clearly  estab l ished.  T h e  basic  r u n 

of  variables  such  as p  a n d T  is  clear,  b u t  uncer-

ta in ty  exists  concerning  t h e  form  a n d  im p o r ta n c e  of 

ro ta t ion -in duced  (E ddington-Sw eet)  m eridional  cir-

culation,  th e  precise  e x te n t  of  convective  layers,  t h e 

e x te n t  o f  mixing  due  to  " t u r b u l e n c e " ,  a n d  t h e  degree 

to  which  th e  f ie ld  enforces  r ig id-body  ro ta t io n .  T h e 

im p o r t a n c e  of  diffusion  is  clear,  b u t  its  effects  a re  still 

n o t  well  u n d e rs to o d ,  as  th ey  d e p e n d  on  t h e  results  of 

co m p eti t io n  w ith  all  t h e  m ixing  processes  m en t io n ed 

above,  and  require  m assive  a m o u n t s  of  r a t h e r  accu-

r a t e  a to m ic  d a t a  for  good  calculation  of  rad ia t ive  ac-

celerations. 

T h e  u p p e r  b o u n d a r y  o f  t h e  s t a r  is  also  an  i m p o r t a n t 

p a r a m e t e r  in  diffusion  ca lcu lat ions:  is  t h e  a tm o sp h e re 

closed,  is  th e re  selective  ra d ia t iv e  loss  of  a to m s  from 

t h e  a tm o sp h e re ,  or  is  th e r e  a  (m ore  or  less)  well-mixed 

weak  wind  t h a t  includes  H  a n d  He?  Or  is  th ere  (some-

tim es)  accretion?  How  i m p o r t a n t  is  th e  m agn et ic  f ie ld 

in  m o d u la t in g  any  m a ss  loss  (or  gains),  a n d  w h a t 

o th e r  effects  does  it  have  on  t h e  t r a n s p o r t  of  spe-

cific  e lem ents  in to  a n d  o u t  of  t h e  visible  a tm o sp h e re ? 

T h is  is  a  subject  which  should  grea t ly  benefit  from 

m a p p in g  of  chemical  a n d  m a g n e t ic  d is tr ibut ion s  on 

t h e  stellar  surface,  a n d  from  a n y  new  techniques  dis-

covered  t h a t  allow  us  to  observe  t h e  p o s tu la te d  winds 

directly.  It  is  also  a n o th e r  a r e a  in  g re a t  need  of  m o re 

theoretica l  studies;  B abel 's  p ioneering  work  on  w ind 
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structure needs to be continued. 
As a consequence of the large areas of uncertainty 
mentioned above, there is still no single star for which 
we are able to predict either the general abundance 
table or the distr ibutions of specific elements over the 
stellar surface correctly. There is still a lot of work for 
good theorists in this field! 

• The interpretat ion of the roAp pulsations is 
another area in which much important work remains 
to be done. We have not yet securely identified the 
pulsation mechanism in these stars, nor the mode-
selection mechanisms which excite only a few of the 
many possible vibrat ions. In fact, even the identifica-
tion of specific pulsat ion modes in the observed oscil-
lations is generally quite difficul t and uncertain. Fur-
thermore, the study of the effects of these oscillations 
on spectral lines, which should yield further valuable 
insight, has only begun. The amount of information 
that wil l be available about the internal structure of 
a number of magnetic Ap stars when these problems 
are solved is so great that this field certainly deserves 
intensified observational and theoretical studies. 

• Another topic that I feel is of continuing inter-
est is the observational s tudy of populations distribu-
tions of various types of magnetic stars, their mem-
bership and frequency in clusters, their frequency and 
distribution among the local field stars, and their oc-
currence throughout the galaxy. Such studies have 
real potential for helping to understand the evolu-
tion of the fields and associated characteristics such 
as slow rotat ion and chemical peculiarity; increased 
telescope apertures and improved spectrograph effi-

ciencies mean that we can expand previous samples 
by a considerable factor and perhaps resolve the in-
consistencies and conflicting conclusions that have re-
sulted from previous population studies. 

• The nature of the dynamo that produces the 
solar field is still far from clear, and a fortiori  so is the 
nature of the dynamo operating in other solar-type 
stars. This is very difficul t theoretical problem, but 
i t underlies much that we would like to understand 
about the Sun and similar stars. In the same context, 
the action of the solar field in heating the magneti-
cally active regions of the chromosphere and corona, 
and the mechanisms involved in the formation of such 
large and obvious structures as prominences, still re-
quire considerable theoretical (and probably observa-
tional) work. 

• Finally, the spectra of magnetic white dwarfs 
appear to be understood reasonably well for fields of 
less than a few times 107 G in H-rich atmospheres, 
and even in He-rich ones, but the observed spectra 
above 108 G continue to defy detailed modelling. 
There is room for further theoretical work here on 
both on the relevant atomic physics and on the for-
mation of spectra in these huge fields, as well as fur-
ther observational work of both intensity and (partic-
ularly) polarization spectra. 

I think i t is abundant ly clear that we still have 
many important and very interesting problems on 
which to work, and which we can propose to students 
and young researchers. I am quite confident that our 
fields wil l remain exciting and challenging well into 
the next century. 


