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1 When and how i t all started? 

In 1892 C.A. Young noted that some lines appear doubled in spectra of sunspots. This was probably 
the first observation of an effect in solar spectrum described and explained four years later by Pieter 
Zeeman. Young was not able at that t ime to offer a correct interpretation of the doubling but only a 
few years later George E. Hale noted that it results very likely from the magnetic splitting of spectral 
lines. At the turn of century Hale built a new, very accurate instrument for solar observations — a 
spectroheliograph which provided him with a large number of images of the solar surface obtained 
in selected spectral lines. He often obtained a long time sequence of exposures enabling him to 
follow the dynamics of sunspots. The observations showed spiral motions around spots and Hale 
believed that the electric currents associated with these motions should produce vertical magnetic 
fields, just as observed in solenoids. In 1905 he attempted to detect visually a plane polarization, 
expected from the Zeeman effect, in spectra of sunspots lying close to the solar limb, but he failed. 
When he later introduced a photographic plate as a detector for the Zeeman analyzer, the accuracy 
of measurements increased and in 1908 (Hale, 1908) he could announce the detection of a kilogauss 
field in sunspots. In consecutive years Hale observed both, the linear and circular polarization in 
spectra of sunspots, in agreement with theoretical predictions of a vertical magnetic field. 

One should note that his basic idea of a magnetic field generated by circular motions observed on 
spectroheliograms was wrong. According to the present view, sunspot fields are caused by currents 
having nothing to do with the motions observed by Hale, and flowing deep below the visible surface. 
And yet his idea resulted in an important discovery and demonstrated usefulness of the Zeeman 
effect for detecting and measuring cosmic magnetic fields. By the way: Hale (1908) refers to the 
Preston law, = const. It could not have been George W. Preston, born 22 years later, but i t 
i s interesting to note that stellar magnetism works on some names stronger than on others. 

A t the beginning of XXt h century scientists believed that the terrestrial magnetic field results 
from the Earth rotation. Assuming the same mechanism for the Sun and using a simple scaling 
law Hale estimated that the general solar magnetic field should be about 400 times stronger than 
terrestrial. After a few at tempts he succeeded indeed in measuring it (Hale, 1913). Its intensity at 
the pole was about 50 G, i.e. weaker than expected. Again, a wrong idea that rotation of a conduc-
tive sphere is sufficient to maintain a general, dipole-like magnetic field resulted in an important 
discovery. Pure accident? Certainly not. When you build a new instrument increasing substantially 
the accuracy of your measurements or measuring a new effect, you wil l always do new discoveries, 
no matter what are your detailed theoretical ideas. This was the case of George Hale — one of the 
greatest instrumentalists ever working in astronomy. 

In some of his papers he refers to his collaborator H. Babcock. Could it be Horace W. Babcock? 
Very unlikely, because in 1913 Horace was only one year old. Another name strongly attracted by 
stellar magnetism? Yes, but this time it was not a pure coincidence of names. H. Babcock collab-
orating with Hale was Harold D. Babcock, father of Horace, who greatly influenced the scientific 
interests of his son. 

The first published observations of the Zeeman effect in a stellar spectrum were obtained by 
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W .  H.  W right  (1910).  Guess  which  s ta r  it  was!  W ell,  he  unsuccessfully  tr ied  to  detect  a  polarization 

within  the  line  of  M ira  C eti.  A  few  years  later  P.  W .  Merill  (1913)  looked  for  t h e  Zeeman  effect 

in  spectra  of  В  s tars  (w arm ,  w a r m !) ,  bu t  he  also  failed.  T h e  subject  was  ab an d o n ed  for  t h e  next  30 

years. 

2 B a b c o c k 's d e c a d e 

In  the  forties  H orace  W .  Babcock  s ta r te d  a  new  search  for  stellar  m agnetic  fields.  He  built  a  very  ac-

curate  Zeeman  analyser  and  selected  a  group  of ap p aren t ly  rapidly  r o ta t in g  s ta rs .  He  was  convinced 

that  the  intensity  of  t h e  surface  m agn et ic  field  should  be  correlated  w ith  rapid  r o ta t io n .  He  argued 

that  a  star  ro ta t in g  30  t im es  faster  t h a n  t h e  Sun  should  possess  a  field  30  t im es  stronger,  i.e.  ab o u t 

1500  G  although  t h e  simple  idea  t h a t  ro ta t io n  alone  suffices  to  generate  s t ro n g  stellar  m agnetic 

fields  was  in  t h e  m e a n t im e  proven  to  be  incorrect  (Cowling,  1934).  Because  ro tat ional ly  broadened 

lines  could  m ask  Zeem an  shifts,  Babcock  selected  a  group  of  B,  A  and  F  s ta rs  w ith  narrow  lines 

assuming  t h a t  th e y  are  rapid  r o t a t o r s  seen  nearly  pole-on.  Several  of  these  s tars  showed  chemical 

peculiarities  which  seemed  to  be  a  pure  accident. 

It  turned  out  la ter  t h a t  nearly  all  steps  in  his  reasoning  were  wrong:  a  dipole  p a r t  of  th e 

solar  field  is  order  of  m a g n i tu d e  weaker  t h a n  m easured  by  Hale,  ro ta t io n  of  early  ty p e  s tars  is  not 

related  to  their  m agn et ic  fields,  and  chemically  peculiar  s tars  are  slow  r o t a t o r s  on  average.  And 

yet  Babcock  succeeded  in  discovering  t h e  first  stellar  m agnetic  field!  T h e  sam e,  old  recipe:  ta k e  an 

instrument  m easuring  som ething  new,  which  is  beyond  reach  of  old  in s t ru m e n ts ,  and  observe  t h e 

sky  —  satisfaction  (i.e.  new  discoveries)  guaran teed  or  m oney  back! 

The  first  s ta r  outside  of  t h e  Solar  System  with  a  m easured  m agnetic  field  was  78  Virginis 

(Babcock,  1947).  T h e  s ta r  was  observed  on  April  24,  M ay  7,  8  and  J u n e  15,  16,  1946,  i.e.  exactly 

50  years  before  t h e  t im e  of  our  conference.  Babcock  d e m o n stra te d  a  presence  of  t h e  m agnetic  field 

in  a  figure  where  t h e  observed  shift  between  left-  and  right-polarized  line  com ponents  is  p lotted 

against  the  theoretically  expected  shift.  T h e  lines  with  larger  expected  shifts  show  indeed  t h e  larger 

observed  shifts.  For  com parison,  Babcock  shows  th e  results  of  observations  of  Peg  where  t h e 

observed  shifts  are  com parable  w ith  errors  and  are  uncorrelated  with  theoretica l  values.  This  m eans 

a  null  m agnetic  field.  Since  th e n  such  diagram s  have  become  s ta n d a rd s  for  discussing  t h e  presence 

of stellar  m agnetic  fields. 

In  the  end  of  his  decade  Babcock  (1958)  published  a  famous  catalogue  where  he  sum m arizes  his 

magnetic  field  m e a su re m e n ts  obta ined  over  11  years. 

3 P r e s t o n ' s d e c a d e 

When  I  first  th o u g h t  of  writing  this  review  I  assumed  t h a t  while  t h e  fifties  was  t h e  Babcock's 

decade,  th e  sixties  can  be  called  a  P re s to n 's  decade  in  stellar  m agn et ism .  After  a  closer  inspection 

of available  d a t a  I  found  o u t ,  however,  t h a t  t h e  P re s to n 's  decade  actually  lasted  only  5  years.  He 

began  m agnetic  field  m e a su re m e n ts  in  July  1963  (P res to n  and  P y p e r,  1965),  whereas  in  sum m er 

1968  he  left  t h e  Lick  Observatory.  It  is  rem arkable  how  much  had  been  done  within  these  5  years. 

In  1965  P re s to n  received  a  prestigious  award  —  t h e  Helen  B.  W arn er  prize,  and  in  December  of 

that  year  he  presented  t h e  Helen  W arner  Lecture  on  "Studies  of Stellar  M agnetism  —  P a s t ,  Present 

and  F u tu re"  ( P re s to n ,  1967a).  He  sum m arized  in  it  th e  unsolved  problem s  of th e  stellar  m agnetism . 

Probably  th e  m ost  i m p o r t a n t  of  these  was  t h e  question  ab o u t  t h e  correct  m odel  of  m agnetic  field 

variations.  Several  theories  existed  of  which  two  were  best  known  and  e laborated :  t h e  m agnetic 

oscillator  (Schwarzschild,  1949;  Ledoux,  1967)  and  t h e  oblique  r o t a t o r  (Stibbs,  1950;  D eutsch,  1954; 

1958).  Th e  strongest  a rg u m e n ts  in  favor  of  t h e  oblique  r o t a t o r  were  t h e  existence  of  t h e  cross-over 

effect,  discovered  and  in terpreted  by  Babcock,  and  th e  relation  between  t h e  variability  period  and 
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of  a  m agnetic  s ta r .  T h e  strongest  argum ent  against  it  was  t h e  existence  of  a p p a re n t ly  irregular 

variables. 

P res to n  u n d e rs to o d  t h a t  t h e  key  to  solution  of  t h e  problem  of  a  correct  m odel  is  a  good  in-

s tru m en t.  He  p u t  a  lot  of  effort  to  build  an  analyser  of  t h e  best  possible  quality.  Together  with 

th e  coude  system  of  t h e  3  m  telescope,  which  was,  due  to  a  b e t t e r  g ra t in g  and  a  lower  num ber 

of  reflections,  superior  to  t h e  system  of  t h e  5  m  telescope,  he  was  able  to  o bta in  a  large  num ber 

of  sharp,  well  widened  and  well  separated  Zeeman  sp ectra  of  several  m agnetic  s ta rs .  In  all  cases 

when  a  significant  m agn et ic  field  was  detected,  t h e  s ta r  tu r n e d  out  to  be  a  periodic  variable  (e.g. 

P reston,  1967c),  a l th o u gh  t h e  period  was  in  some  cases  unexpectedly  long.  C o n cu rren t  p h o to m e tr ic 

observations  showed  a  lack  of  any  phase  preference  between  m agnetic  and  light  e x t r e m a  (P re s to n 

and  Stepien,  1968a,  b)  which  strongly  su p p o rted  t h e  oblique  r o t a t o r  m odel.  Im proved  values  of 

variation  periods  and  showed  a  strict  correspondence  of  these  two  p a r a m e t e r s .  Based  on  t h e 

oblique  r o t a t o r  m odel  a  d istr ibution  of  inclination  of  m agnetic  to  ro ta t io n  axis  was  determ ined 

(P res to n ,  1967b),  t h e  m ain  m echanism  of  light  variations  resulting  from  a  redistr ibution  of  flux 

due  to  a  nonuniform  element  d istr ibution  was  identified  (Wolff,  1967)  and  first  detailed  m aps  of 

chemical  element  d istr ibutions  were  obtained  (P y p er,  1969).  P re s to n  noted  an  im p o r ta n c e  of  t h e  so 

called  null  lines  (insensitive  to  m agnetic  broadening)  for  t h e  correct  d e term in at io n s  of  values, 

and  m easured  t h e  m ean  surface  m agnetic  field  H s  (in  addition  to  t h e  m ean  effective  field  He)  for  a 

num ber  of  s ta rs .  Since  th e n  t h e  oblique  r o t a t o r  has  become  generally  accepted  as  t h e  only  correct 

model  of  m agnetic  s ta rs . 

Not  all  results  were  a  success  —  th e re  were  also  failures.  T h e  m ost  notab le  one  was  probably  a 

detection  of  a  5  days  period  for  light  and  m agnetic  field  variability  of  a  H gM n  s ta r  к  Cnc  (P res to n 

et  al.,  1969).  T h e  observed  am plitudes  of  this  s ta r  are  close  to  m easurem en t  errors  and  t h e  best 

in terpreta t ion  of  t h e  observations  is  by  assuming  zero  m agnetic  field  and  constancy  of  light.  L ater 

observations  did  not  confirm  t h e  announced  period. 

If  we  ad o p t  t h e  Helen  W arner  Lecture  as  an  opening  bracket  of  t h e  P re s to n 's  decade,  t h e  review 

article  in  P u b l .  of  t h e  A str .  Soc.  of  Pacific  can  be  taken  as  a  closing  bracket  ( P re s to n ,  1971).  In  t h e 

list  of  references  to  t h e  first  article  only  one  paper  by  P res to n  is  given  whereas  a b o u t  one  th ird  of 

papers  listed  in  t h e  second  article  was  published  by  P res to n  and  his  collaborators.  This  is  a  m easure 

of  th e  im p o rta n c e  of  t h e  P re s to n 's  half-decade  to  t h e  studies  on  stellar  m agn et ism . 

At  t h e  end  let  me  call  your  a t te n t io n  to  a u th o rs  of  two  papers  listed  in  t h e  P re s to n 's  review 

article,  b o t h  published  at  t h e  t u r n  of  sixties  and  seventies:  L andstreet  (1970)  and  M ichaud  (1970). 

These  two  as tro n o m ers  becam e  leaders  of  research  on  stellar  m agnetism  in  t h e  next  decades. 

This  work  was  p ar t ly  su p p o rted  by  a  gran t  KBN  2P  304  004  007. 
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