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Abrtract 

1Lo principal  issues a r e  addressed: the  fragmentation of molecular clouds i n t o  u n i t s  of s t e l l a r  mss and 
the  impact of s t a r  formation on molecular clouds. The o b e r v a t i o n a l  evidence f o r  fragmentation is rwa- 
marized, and the grav i ta t iona l  i n r t a b i l i t y  described of a uniform rpher ics l  cloud col lapsing from re r t .  The 
implications a r e  considered of a f i n i t e  pressure f o r  t h e  minimum fragacnt mass t h a t  is  a t ta inab le  i n  opacity- 
l imited fragmentation. The ro le  of m g n e t i c  f i e l d s  is  discusred i n  rerolving the  angular momentun problem 
and i n  making the col lapse anisotropic ,  with notable conrequencer f o r  f ragacntat ion theory. In te rac t ions  
between fragments a r e  described, with emphasis on the  e f f e c t  of p r o t o s t e l l a r  winds on t h e  ambient cloud 
m t t e r  and on inh ib i t ing  fur ther  s t a r  formation. Such in te rac t ions  a r e  l ike ly  t o  have profound conrequencer 
f o r  regulating the r a t e  of r t a r  f o r m t i o n  and on the  energet ics  and dynamics of molecular clouds. 

I. Introduction 

We a r e  f a r  from understanding s t a r  forpation. Observations a r e  only beginning t o  probe the  i n t e r i o r s  of 
molecular clouds where s t a r  b i r t h  is  occurring. Thus any attempt t o  present an overview of molecular clouds 
and s t a r  formation inevi tably runs i n t o  immense gaps i n  our knwledge. Eventually, f a r  infrared and m i l l i -  
metre wavelengtn maps w i l l  improve suf f ic ien t ly  t o  provide a much more coherent physical picture. For now, 
one can only speculate on the  most probable processes tha t  w i l l  occur and a f f e c t  cloud evolution. 

Gravi tat ional  i n s t a b i l i t y  is t h e  process tha t  we understand best,  and much of the  emphasis nere w i l l  be on 
describing some of its ramifications i n  molecular clouds. There a r e  important aspects  of molecular clouds 
t h a t  w i l l  not be discussed here. These include formation and destruct ion,  a s  well a s  the  t r i g g e r  ncchaniam 
by which col lapse and s t a r  formation i s  i n i t i a t e d .  My a t a r t i n g  point w i l l  be a molecular cloud t h a t  is  
undergoing grav i ta t iona l  collapse. One might imagine t h a t  t h i s  is  relevant t o  t h e  cores of cold molecular 
clouds, a s  well a s  t o  clouds tha t  have undergone sudden compression associated with passage of a shock f ron t  
induced e i t h e r  by a nearby supernova o r  a co l l f s ion  with another cloud. However my in ten t ion  is not t o  der- 
c r i b  the grand design underlying molecular clouds and s t a r  formation, about which one can speculate  a t  g rea t  
lenuth, but t o  focus on the  physics of fragrentation. H w  do molecular clouds fragment i n t o  u n i t s  of s t e l l a r  
mass? What a r e  the observational indicat ions and implications of fragmentation? These a r e  the  i s sues  t o  be 
addressed here. 

I commence by discussing the  observational evidence f o r  fragmentation i n  molecular clouds (SIX). I then 
review the or ig ina l  argument by Jeans f o r  g rav i ta t iona l  i n r t a b i l i t y ,  and ind ica te  h w  t h i s  is  modified f o r  a 
uniform spherical  cloud col lapsing from r e s t  (5111). Effects  of f i n i t e  pressure a r e  considered, and the  rig- 
nif icance of the minimum Jeans a s s  f o r  fragmentation is discussed. Next I discusr  the  r o l e  of magnetic 
f i e ld8  i n  resolving the angular momentun problem and i n  making the  col lapse anisotropic  (SIV). The con- 
squences  of anirotropic  collapse f o r  fragmentation theory a r e  explored. In te rac t ions  between fragacntr  a r e  
described, v i t h  emphasis on t h e  in te rac t ion  between newly formed protostars  and t h e  ambient cloud watter  
(SV). It i r  concluded tha t  t h i s  in te rac t ion  may have profound consequences f o r  regulat ing the  r a t e  of s t a r  
formation and the energetics.and dynamics of molecular clouds. 

11. Evidence for fragpwntation 

Molecular clouds a r e  observed t o  contain emaller fragments. Cold clouds, ruch a s  t h e  Taurus dark cloud, 
contain f r a g ~ c n t s  with masser a s  m a l l  a s -  1 Q.  The l i n e  widths of these fragments a r e  o f ten  n a r r w ,  i n  
rome carer  conr i r t en t  with t h e w 1  support a t  T - 10K. kymmetrier i n  t h e  o v e r a l l  p r o f i l e  of the  Taurus 
cloud have been interpreted rr evidence f o r  systematic col lapse or  contract ion (Uyerr 1981). Complexes near 
H I 1  regionr, while exhibi t ing broader l i n e  p rof i l es ,  a l s o  contain fragments. A t  lw rerolut ion,  ruch cow 
plexer a r  tha t  near NGC 2264 contain fragavntr of - 100 & within a molecular cloud complex t h a t  h r r  upwardr 
of .- ld &. One misht imagine t h a t  a t  higher rerolut ion,  f i n e r  r t r u c t u r e  would be reen: rore t en ta t ive  
evidence for  th in  comer from VLA observationr of embedded H I 1  regionr (van Corkom 1981). Evidently, fragacn- 
t a t i o n  a r t  have occurred I n t o  s t e l l a r  m r r e r  a t  d e n r i t i e r  i n  t h e  range ld-105 c d 3 .  

Indirect  evidence t h a t  r t rongly rupportr t h i s  conjecture comer from obrervationr by Blaauw (1978), who 
r tudied the proper w t i o n r  of 0 r t a r r  i n  a young expanding arrociat ion.  He found t h a t  t h e  0 r trr  por i t ion  
.rectors i n  a given subgroup could be t raced back t o  encolparr a minimum voluae, which he i d e n t i f i e r  with t h a t  
of the cloud out of uhich they f o n d .  The r t a r  denri ty  a t  b i r t h  i r  about ld pc'3. An q u a 1  mar8 of y r  i n  
t h e  a- volume would be of mean denoity 3 x 1@ cmm3. I f  the re  were a f a c t o r  10 more gar than r t a r r  a t  t h e  
formation epoch, am ruggerted observations of the  younger r t a r  formation regionr near the  Orion molecular 
cloud (Zuckerun and Palmer 1974). one infer8 an i n i t i a l  cloud denr i ty  of 3 x 16 c f 3 ,  r imi la r  t o  the  



denmitier inferred i n  cold molecular cloud corer. Rapid d i r p e r r a l  of t h i s  b r  could account f o r  t h e  p o r i t i v e  
e n e r w  of t h e  0 arrociat ion.  

A recond piece of ind i rec t  evidence tha t  rupportr t h e  occurrence of fragmentation a t  denmitier c-arable 
t o  thore oberved  i n  molecular cloudr cow# from a re ro lu t ion  of the  a w l a r  l o n n t u  p r o b l r  encountered i n  
theor ie r  of r t a r  formation i n  t e r u  of the  o r b i t a l  a w l a t  m o n n t u  of wlde binary p a i r r  of r t a r r .  Mguet ic  
braking enforcer corotat ion a t  lw denmitier, but a r t  becow inef fec t ive  a t  hi& d e r u i t i e r  i n  par t  boceure 
t h e  f i e l d  undergoer r b i p o l a r  d i f fu r ion  r e l a t i v e  t o  the  neu t ra l  coqonent .  m e  r p e c i f i c  o r b i t a l  a w l a r  
m o w n t u  of wide b inar ies  (with period# < lo2 yr.) can be eccounted f o r  i f  a w l a r  m o w n t u  conae-tion 
f i r s t  b e c o n r  e f fec t ive  a t  denmitier i n  t h e  range ld - lo6 (Hourchovlar 1977). Pr io r  t o  th ia ,  corota- 
t i o n  rhould apply, with a rpec i f ic  a a y l a r  H w n t u  appropriate t o  t h a t  of a cloud underpoilrg d i f f e r e n t i a l  
r o t a t i o n  i n  the  ga lac t ic  g rav i ta t iona l  f i e ld .  

Additional evidence f o r  t h i r  in te rpre ta t ion  cow8 from two di f fe ren t  okemat iona .  A t  l e a s t  one i so la ted  
molecular cloud haa recently been found t o  reveal  evidence f o r  undergoing m g n e t i c  braking ( G o l d n i t h  e t  81. 
1981). Secondly, the  m r a  funct ivn of b i m y  recondarier v i t h  periodr i n  t h e  range lo2 - 19 yr i r  ind i r t in -  
guiahable from t h a t  of f i e l d  r t a r r .  wheream t h a t  f o r  rhor te r  period b i m r i e r  i r  u c h  f l a t t e r  (Abt and Levy 
1976). Thir rupportr t h e  viewpoint t h a t  ouch wide b i m r i e a  formed by capture of f i e l d  s t a r r ,  vherear t h e  
cloae binariea formed by a d i f fe ren t  phyricsl  procerr,  presmably by f i raion,  t h a t  ronrerved t h e  o r b i t a l  
angular moment- appropriate t o  an ear ly phase of the col lapre,  prermably when m g n e t i c  braking f i r r t  became 
ineffect ive.  

One concluder that  fragmentation In to  r t e l l a r  m a r  u n i t s  almost ce r ta in ly  har occurred a t  d e n r i t i e r  
charac te r ia t i c  of molecular cloudr. 

111. Gravi tat ional  i n r t a b i l i t y  & fragmentation 

It war f i r r t  demonstrated e x p l i c i t l y  by Jeanr t h a t  en i n f i n i t e  stationary uniform relf-gravi tat ing medim 
i r  auaceptible K G  grav i ta t iona l  i n s t a b i l i t y .  Although Jeana' argument har s ince  been sham t o  be technical ly 
incorrect ,  it l a  ureful t o  review the r e s u l t  here. More rophir t icated analyaer i n  f a c t  recover an i d e n t i c a l  
c r i t e r i o n  f o r  i n r t a b i l i t y .  One f indr  t h a t  in f in i tes imal  perturbat ionr  of t h e  form exp(iut) exp(ikr)  grar  a t  
a r a t e  given by the dirperr ion r e l a t i o n  

Hence perturbationr of wavelength exceeding 

a r e  unrtable, those with X >> X J  g ra r ing  a t  a r a t e  - [cxp(bnQ)l t ] .  

While a r imi la r  r e r u l t  holdr f o r  any r ta t ionary relf-gravi tat ing ryrtem, the g r a r t h  r a t e  i r  d r a s t i c a l l y  
modified for  perturbationa of a cloud undergoing r y r t e a a t i c  collapae or expansion. I n  t h i r  care, t h e  denaity 
p changer over an i n i t i a l  col lapre (o r  expanrion) time, which is 81.0 t h e  tlme sca le  f o r  the  perturbat ion t o  
grar .  Consequently, the  exponential growth r a t e  changer t o  a aecular  g r w t h  rate .  It i r  the  convection by 
t h e  pr inc ipa l  f l w  of the background co l lapre  t h a t  caures t h i r  e f fec t .  For a rpherical ly  symmetric uniform 
ryrtem undergoing col lapse from r e a t ,  the free-fal l  time i r  

where po  i a  the i n i t i a l  denrity. The perturbation growth r a t e  i a  

i n  the  l i n e a r  regime, f o r  denri ty  perturbationr of i n i t i a l  a p l i t u d e  60 (Hunter 1962). Once 6 > 1, se l f -  
gravi ty becomer important f o r  the  f luctuat ionr ,  and rapid gra r th  enruer a8 may be demonrtrated from an exact 
nowl inear  rolution. However only i f  the i n i t a l  amplitude i a  r u f f i c i e n t l y  l a rge  can we reasonably expect 
f luctuat ionr  t o  become la rge  and the  col laprfng cloud t o  f r a p n t .  

What value l a  required f o r  6, i n  order f o r  fragmentation t o  occur? Since the  denr i ty  increraea i n  uniform 
spherical co l lapre  a r  p - po(tf-t)-2, we i n f e r  t h a t  f luc tua t ionr  a r e  large when 6 - 1, o r  a t  a ti.a given by 
tf-t * 6,s just before co l lapre  of the e n t i r e  cloud a t  tf. A t  t h i r  in r tan t ,  the mean denri ty  har increased 
by a fac tor  p i p o  - (tf-t)'2 - 60-2. lknce col lapre by a fac tor  1@ i n  denr i ty  i a  neceraary f o r  per turbat ionr  
of i n i t i a l  m p l i t u d e  bo - 0.01. 

Thir e r t b o t e  a a a u e r  tha t  the perturb8tionr a r e  alwayr v e l l  above the  inmtantaneoua Jeanr length. I* 
they a r e  not, growth can be ruppreaaed (Figure 1).  It 10 convenient t o  introduce the iwtantaneoua J e r  6 

m a r  defined k 



During tho diffuoo col lapro pharo, tha c l d  v i l l  r u i n  approximately i r o t h e r u l .  h n c e  a@ tho dear i ty  iw 
croarer ,  tQ w i l l  decrease. A f luc tua t ion  t h a t  i r  i n i t i a l l y  b e l w  tho Joanr u r r  a t  tho onoat of co l lapre  
w i l l  avontually k 6 i n  t o  g r w  uhon i t  f i r r t  ovortakor the  Joanr mrr* There i r  ac tua l ly  a d n i m u  *rhe f o r  
tho Jeans m r r ,  uhich effoct ivoly occur. uhon tho col lapro beeova  adiabatic. Thir inevitably happen8 a t  a 
ru f f ic ien t ly  hi6h column donri ty ,  uhon radiat ion trappi- occurr and cooling i r  inhibited. 

1 I I I I 
I I@ 10' lo' lo' Id" 10" Id" lo" 

Figure 1. The f a t e  of density f luc tua t ionr  i n  a collapsing cloud. The Jeans mare ( l e f t  ordinate)  is  r h m  
a s  a function of denri ty  f o r  spherical  co l lapre  using a r i l i c a t e  g ra in  model. It a t t a i n s  a mini- 
mum value of - 0.007 )(O a t  a p a r t i c l e  denri ty  of - 2 x 1012 cme3. Ihe  evolution of the  denri ty  
contrast  ( r igh t  ordinate) is i l l u r t r a t e d  for  a f luc tua t ion  containing a maor ein and f o r  one of 
maor < @in but > w i n .  

J 

Consider then a f luc tua t ion  of wavelength A vhich only c o r a n c e r  t o  grow a t  a time t~ v a l l  i n t o  the  col- 
laprs. In other  uordr, a t  t ~ ,  the  f luctuat ion u s e  I$ f i r s t  exceadr the Jeans m a s .  I f  the  densi ty contraat  
a t  *h i*  time i r  6~~ fragmentation v i l l  occur a t  an epoch ti, ray, vhan the  background denmity h r r  increamed 
by l fac tor  ( 5 1 6 ~ )  , according t o  a recent analpais of uniform rpher ica l  co l lapre  (Tohline 1980). However a 
~ r u c i a l  a r smpt ion  is that  the co l lapse  remains i s o t h e r u l .  In o ther  words, p ( t 1 )  n m t  not exceed p(ta,j), 
where the epoch a t  which the  co l l rpse  f i r r t  becomes ad iaba t ic  i r  denoted by tad. Ragmentation v i l l  only k 
effective on u r r  sca le r  l a rger  than HA, r ince smaller r c a l e r  w i l l  not have separated out by tad. If t h e i r  
denri ty  con t ra r t  is  w a l l  a t  th in  atage, the f luc tua t ionr  v i l l  not survive i n t o  the  ad iaba t ic  co l lapre  phame 
a s  d i r t i n c  f r a g ~ c n t s .  The minimum us8 fragment8 t o  form w i l l  have just  become non-linear a t  tad. I f  bPin 

P (tad)-1 denotes the minimum Jean. r r r  a t  tad, ue i n f e r  t h a t  

and the minima m r r  fragocnt is 

f h i r  simple r e s u l t  lead* t o  a conridorable d i f f i c u l t y  i n  underrtanding r t a r  fo rmt ion .  In addi t ion t o  t h e  
f a c t  tha t  co l l rp re  by a denri ty  enhancement fac tor  of about 105 i r  required f o r  f l u c t u r t i o n r  of amplitude 1 
percent from the i n r t a n t  t h a t  they a r e  f i r r t  Jeanr unrtable, tho minimum f r a g r n t  u s r  k c o r r  uncomfortably 
l a r r .  To roo h w  t h i s  a r i r e s ,  l e t  ur br iof ly review tho opacity-limited f r a m n t a t i o n  r r y . n t  t h a t  dofinor  
n J m  n. 

Tho t h  evolution of a volume element i n  tho uniform rpherical ly  col lapring cloud i r  defined by r loeum 
i n  the  tomperature-denrity plane. Tho condition t h a t  tho voluw element k able  t o  f ree ly  rad ia ta  may i t r  
thermal enorgy a r  it i r  c o q r e r r o d  and tr  i n t e r n a l  e n e r g  incroarer  def iner  a r e l a t i o n  k t v o o n  T and p t h a t  
i n i t i a l l y  ir a l c r t  i r o t h e r u l i  T * p 1  h i r  ac tua l ly  found t o  apply (Si lk 1977a). Since the  Joan. r r r  can 
be w i t t a n  

UJ * conrtrnt  (p/~ ' / '  131Z , 



and t h e  equat ion  of r t a t e  i n f e r r e d  f  r  o p t i c a l l y  t h i n  uniform r p h e r i c a l  collapme i r  p = pYIe ,  one r e e r  t h a t  
t h e  Jean. m a r  dec rea re r  an )(I = p69lb .  For exac t ly  i r o t h e ~ l  c o l l a p r e ,  one would have NJ - p'l h .  

At r u f f i c i e n t l y  high d e n r i t y ,  i n h i b i t i o n  of cool ing  by r a d i a t i o n  t r app ing  q u a l i t a t i v e l y  a l t e r s  t h i n  re- 
r u l t ,  mince t h e  e f f e c t i v e  equat ion  of r t a t e  ncw rerembler = p5I3.  Thir  i r  i n e v t t a b l e ,  because t h e  column 
d e n r i t y  a c r o r r  a I ean r  m a r  f r a ~ m e n t  i r  p o p o r t i o n a l  t o  p I f 2  and t h e  o p t i c a l  depth  even tua l ly  becomer large .  
The new equat ion  of s t a t e  i n  t h i s  a d i a b a t i c  regime i r  der ived by r equ i r ing  t h a t  a n  i s o l a t e d  f r agpcn t  be a b l e  
t o  r a d i a t e  away t h e  g r a v i t a t i o n a l  energy acquired  am i t  con t r ac t r .  S ince  t h e  coo l ing  r a t e  n w  dependr on t h e  

n t  r i r a ,  t h e  evo lu t ion  t rack  i n  t h e  (T,n) p lane  i r  mrr-dependent.  I h e  J ean r  sarr n w  r i s e r  a r  HJ = 
and i ts  minimum value occurr  where t h e  o p t i c a l  depth  ac ros s  a fragment is of o rde r  un i ty .  [Ire o t  opa- 

c i t i e r  correrponding t o  convent ional  g r a i n  modelr ( g r a p h i t e  o r  r i l i c a t e r )  and a a o l a r  abundance of heavy e l e -  
ment. i n  g r a i n s  y i e l d r  a va lue  )(Imin - 0.005 & ( S i l k  1977.). There i r  a c o r r e c t i o n  f a c t o r  t h a t  rhould  be 
incorpora ted  due t o  t h e  prerence  of neighbauring fragmentr vhich  e f f e c t i v e l y  d e c r e a r e  t h e  r o l i d  ang le  o w r  
which an  ind iv idua l  fragment can r a d i a t e  f r e e l y  (Smith 1977). This  e f f e c t  rrires t h e  minimum fragment mass 
by a f a c t o r  - N ~ / ~ ,  where N i r  t h e  number of fragmentr i n  t h e  cloud ( S i l k  1980). 

Bven i n  t h e  absence of any heavy elementr,  opac i ty  due t o  H- format ion is  important.  I n  t h i s  ca re ,  t h e  
minimum Jeans  m a r  is - 0.3% (S i lk  1977b). A simple express ion f o r  mmin t h a t  e x p l i c i t l y  demonatrater t h e  
r o l e  of heavy elements i s  (Rees 1977, S i l k  1977b) 

Here & - ( h c / ~ ) ~ I ~  - 1 )t) is t h e  Chandrasekhar m s r  and u 1s t h e  mean molecular w i g h t .  Provided t h e  heavy 
element abundance remains a b o w  - t h a t  of t h e  s o l a r  value,  coo l ing  occu r r  t o  b e l w  10 K. However, a t  
l w e r  values,  heavy element cool ing  is unimportant,  and T - 1@ K i s  maintained by Lya cooling.  

The dilemma confront ing  fragmentation theory is now very apparent.  With bin > ld mmin f o r  6 - 9-01, a s  
expected i n  s p h e r i c a l  c o l l a p r e ,  i t  is not a t  a11 obvious har fragmentr of s t e l l a r  m a r  can form. Fragments 
of pr imordia l  composition a r e  e n t i r e l y  ou t s ide  t h e  convent ional  s t e l l a r  mars range. Even f o r  s o i a r  compori- 
t i on .  r t a r s  of a o l a r  mars a r e  excluded. Indeed, t h e  fragments a r e  l l k e l y  t o  provide  l w e r  l i m i t s  t o  t h e  
a c t u a l  PLII~SCI  of the  p r o t o s t a r s  t h a t  form. I h e  var ious  non-linear processes  t h a t  one can imagine, i nc lud ing  
a c c r e t i o n  of uncondensed m r t t e r  and c o a y l a t i o n  of fragments,  w l l l  tend t o  i n c r e a r e  t h e  M s s e r  of fragments. 
This  r e s u l t  led Tohline (1980) t o  conclude t h a t  Popu la t io~ r  IT1 of pr imordia l  composit ion cone i r t ed  not of 
s t a r s  b u t  of very arassive ob jec t s .  Unfortunately.  t h e  l i t t l e  evidence one has  is c o n r i r t e n t  w i th  t h e  no t ion  
t h a t  Population 111 cons i s t ed  of s t a r s ,  al though p r a c t i c a l l y  a l l  were cons ide rab l  more m s s i v e  than  t h e  run. 
A t  l e a s t  one ha lo  s t a r  has been discovered wi th  es.entia11y ze ro  r t a l l i c i t y  (1O-Ia5 I 0  according t o  Nor r i s  
[1981]),  and presumably is s r e l i c  of popula t ion  111. 

Another coneequence of t h e  h e i r a r c h i c a l  opaci tv- l imi ted  f r a ~ m e n t a t i o n  theory  i r  t h a t  cloud8 fragment on a 
f r e e - f a l l  time-.scale. There is cons ide rab le  evidence t h a t  s t a r  formation i r  s m c h  r l w e r  process.  F i r s t .  
molecular clouds a r e  r e l a t i v e l y  l o n g l i v e d .  Ninimum e s t i m t e n  of l i f e t i m e s  a r e  , ld yr ,  and 3 x lo7 y r  i r  
probably w r e  p l a u s i b l e  given s t a r  formation e f f i c i e n c i e s  of o rde r  10 percent ,  comparable t o  t hose  obrerved 
i n  Taurur and Orion (Cohel and Kuhi 1979). Second, r t u d i e r  of t h e  Her t t rprun&Rursal l  diagram i n  open 
c l u s t a r r  i n d i c a t e  t h a t  lw mars s t a r  f o r m t i o n  proceeded on a longer  t ime-rca le  t han  d i d  marrive s t a r  forma- 
t ion .  In t h e  c a r e  of t he  P l e i ades ,  t h e  nuc lea r  turn-off q e  i r  7 x 10' yr ,  vhe rea r  t h e r e  a r e  many r t a r s  
above t h e  lover  m i n  sequence t h a t  must have been f o n d  r o m  2 x 1@ yr aRo ( S t a u f f e r  1980). A r ecen t  r tudy 
of NCC 2264 (Strom 1981) concludes t h a t  t h e  s t a r  formation r a t e  i nc rea red  wi th  time a s  p rog re r r ive ly  more 
marrive s t a r r  formed. 

In  order  t o  a t tempt  t o  r econc i l e  f r a l fun ta t io r .  theory v i t h  mtar formation,  tw phyr icnl  a f f e c t 6  w t l l  be 
explored here. In  SIV, t he  r o l e  of a n i r o t r o p i c  c o l l a p r e  w i l l  be d i lcursud.  I n  $V, t h e  i n t e r a c t i o ;  i newly 
f o n d  p r o t o r t a r s  with uncondenred cloud m t t e r  w i l l  be conr idered .  

I V .  Aniro t ropic  c o l l a p r e  rnd f ragmenta t ion  

The envelope of a c o l l a p r i n g  cloud w i l l  be more e a r i l y  supported by t h e  magnetic f i e l d ,  empecinlly i f  i t  
i r  rowwhat tangled ,  than t h e  cloud core.  This  i r  bacruse  t h e  c r i t i c a l  m a r  b e l w  which maenetic eupport  is  
p o r r i b l e  f o r  l uniform r p h e r i c a l  cloud ( t h e  " m g n ~ t i c  Jeanr  u r n " )  i r  

where C - 0 .3  and B = I + ,  v i t h  113 < K < 1/2  (Murchov ia r  and S p l t r c r  1976; Ibu rchov la r  1976). Qnrequent ly ,  
Her - n'3 and i r  rmduced i n  t h e  cloud core. In 511, evidence m a  c i t e d  t h a t  ruppor t r  t he  occurrence  
of magnetic b r a k i q  up t o  d e n r i t i e a  c h a r r c t e r i r t i c  of a o l e c u l r r  cloud cores .  I f  angular  momentu l a  con- 
r en t ed  du r inp  c o l l a p r e  a t  d e n r i t i e r  g r e a t e r  t han  nb and c o r o t a t i o n  wi th  t h e  galaxy i r  enforced a t  l w e r  den- 
r f t i f r ,  t he  r e r u l t i n p  s p e c i f i c  angular  m r n t u  of a one molar m e n  t r a m s t  i r  !I - 3 Y. lds ( n b / l d  cm- 

cd r - l .  For t h e  dene i ty  range ld > nb > ~ m - ~ ,  one i n f e r 6  t h a t  ld a < f < ldQ ci? a-l , and 
t h e  correrponding range i n  period8 of binary r t a r r  i f  f o r n d  wi th  t h i n  amount of orbit .11 a n y l r r  m o w n t u  i r  
10-1 - yr. Thir  i n d i c a t o r  t h a t  t h e  angular  moment- of molecular cloude r e r i d e r  i n  o r b i t a l  angu la r  
m o w n t u  of wide b i n a r i e r ,  provided t h a t  both f ragmenta t ion  and magnetic b r a k i q  have accurred  at. d e n r i t i e r  
near  nb. 



The c o l l a p s e  of cloud co res  is accordingly l i k e l y  t o  be an i so t rop ic ,  c o n t r a c t i n g  p r e f e r e n t i a l l y  a long 
f i e l d  l i n e s ,  s i n c e  f i e l d  decoupling w i l l  only occur gradual ly .  Now the  cloud, i f  cold ,  is  highly Jean r  un- 
s t a b l e .  The c h a r a c t e r i s t i c  mass f o r  g r s v i t a t i o n a l  i n s t a b i l i t y  is  given by t h e  BonnerEber t  c r i t e r i o n ,  which 
t akes  account of the  ambient pressure :  

Thus t o  decide  w h ~ t h e r  f ragmentat ion occurs ,  we s e e  t h a t  s p h e r i c a l  c o l l a p s e  may be a n  u n r e a l i s t i c  a s r m p t i o n .  
A more p laus ib l e  assessment of f ragmentat ion may be given a s  follows. 

Consider t h e  c o l l a p s e  from r e s t  or a  cloud t h a t  is  i n i t i a l l y  uniform, presaure-f ree  and o b l a t e  spheroidal .  
For s i m p l i c i t y ,  only a  smal l  i n i t i a l  dev ia t ion  from s p h e r i c i t y  i s  a s smed .  The a n a l y s i s  of t h e  g r w t h  of 
small dens i ty  pe r tu rba t ions  is s i m i l a r  t o  t h a t  f o r  a  uniformly c o l l a p s i n g  sphere.  The c o l l a p s e  of t h e  spher- 
o i d  is descr ibed by two s c a l e  f ac to r s :  R ( t )  i n  the  d i r e c t i o n s  of two equa l  axes  and Z( t )  i n  t h e  d i r e c t i o n  of 
t h e  amalleat axis .  The pos i t ion  of any point  i n  t h e  spheroid is then  given by r  - rOl((t) ,  z - zo2( t ) ,  where 
r  and z a r e  c y l i n d r i c a l  coordinates  and ro and zo r e f e r  t o  the  i n i t i a l  p o s i t i o n  of t h e  point.  The dens i ty  
a a t i s f  i e s  

v - V ~ ( R ~ Z ) "  , 

where v o  i s  t h e  c r i t i c a l  densi ty .  Now the  sphe ro ida l  cloud, even i f  very near ly  s p h e r i c a l  a t  t h e  onset  of 
t h e  co l l apse ,  becomes progress ively  more f l a t t e n e d  a s  t h e  c o l l a p s e  cont inues  (Lin,  Mestel  and Shu 1965). In  
f a c t .  i t  co l l apses  f i r s t  along t h e  z-axis i n t o  a  t h i n  pancake. What t h i s  imp lie^ is t h a t  i n  t h e  f i n a l  s t a g e s  
of t he  co l l apse ,  R( t )  changes r e l a t i v e l y  slowly. while Z f t )  + 0 ( i n  p r a c t i c e ,  t h e  th i ckness  w i l l  be f i n i t e  
because the  mtltte, w i l l  possess  a  c e r t a i n  amount of thermal energy and pressure) .  

Reca l l  t h a t  i n  uniform s p h e r i c a l  co l l apse ,  a  small  dens i ty  pe r tu rba t ion  ampl i f i e s  i f  i t s  s c a l e  exceeds t h e  
Jeans  l eng th  and r e s u l t s  i n  fragmentation ( t h a t  is t o  say,  6vIv becomes l a r g e )  s h o r t l y  before  t h e  cloud it- 
s e l f  has  col lapsed,  i n  f a c t  w i th in  a  f r a c t i o n  1-6, of an  i n i t i a l  f r e e - f a l l  time. An i n t e r e s t i n g  d i f f e r e n c e  
a r i s e s  when we study t h e  growth of pe r tu rba t ions  i n  a  sphe ro ida l  co l l apse .  Density f l u c t u c t i o n s  t h a t  a r e  
predomina~,tly a l i ~ n e d  with t h e  c o l l a p s e  ( z )  a x i s  do not become l a rge ,  whereas f l u c t u a t i o n s  t h a t  a r e  perpendi- 
c u l a r  t o  t h e  co l l apse  a x i s  do amplify and sepa ra t e  out p r i o r  t o  t h e  i n s t a n t  of pancaking. Sel f -gravi ty  
dominates the  f i n a l  evo lu t ion  of o b l a t e  pe r tu rba t ions  but i s  unimportant f o r  p r o l a t e  per turbat ions .  The r a t e  
a t  which the  o b l a t e  pe r tu rba t ions  g r w  i s  found t o  be 

An i n t e r e s t i n g  d i f f e r e n c e  is n w  seen t o  a r i s e  from the  one-dimensional na tu re  of o b l a t e  sphe ro ida l  col-  
lapse.  Because the  dens i ty  inc reases  a s  0 a Z" when Z + 0, we s e e  t h a t  t h e  dens i ty  enhancement achieved by 
t h e  cloud a t  f r a ~ m e n t a t i o n  (6 - 1 i n  t h e  l i n e a r  theory)  i s  

i n  marked c o n t r a s t  t o  t h e  r e s u l t  f o r  s p h e r i c a l  col lapse .  Inc lus ion  of a  f i n i t e  i n i t i a l  pressure  which a c t s  
t o  delay f ' , ~ c t u a t i o n  g r w t h  modifies t h i s  r e s u l t ,  but l e s s  severe ly  than i n  t h e  case  of s p h e r i c a l  col lapse .  
Th i s  is because t h e  r e t a r d a t i o n  means t h a t  t he  e n t i r e  g r w t h  occurs when t h e  c o l l a p a e  is nearly one- 
dimensional,  and the  geometr ica l  e f f e c t s  dominate the  growth r a t e .  If  a  f l u c t u a t i o n  i s  f i r s t  J r a n s  uns t ab le  
wi th  amplitude 6~ a t  an  epoch t i ,  one f i n d s  t h a t  a t  fragmentation 

Adopting the  opaci ty- l imi ted fragmentation r e s u l t  t h a t  fragments should have achieved dens i ty  c o n t r a s t  of 
o rde r  un i ty  p r i o r  t o  tad ,  one n w  i n f e r s  t h a t  t h e  minimum fragment mass 

f o r  o b l a t e  sphe ro ida l  co l l apse .  Since  t h i s  r e s u l t  i s  v a l i d  even f o r  i n i t i a l  f l a t t e n i n g 6  zO/rO - 0.8, one 
i n f e r s  it is l i k e l y  t o  apply i n  any r e a l i s t i c  s i t u a t i o n .  The s p h e r i c a l  c o l l a p s e  model i s  too  highly  i d e a l -  
ized t o  be r e l evan t ,  given any reasonable range of i n i t i a l  dev ia t ions  from s p h e r i c a l  symmetry a s  would be 
expected f o r  p l aus ib l e  l t ~ i t i a l  cond i t ions  a t  t h e  onset  of thz- col lapse .  

impl ica t ions  f o r  s t a r  formation a r e  profound. For one expects  t h e  d e n s i t y  f l u c t u a t i o n  l e v e l  t o  be a t  
l e a s t  6  - 0.01 over a  wide range of sca l e s .  I n  pr imordia l  clouds,  t h e m 1  i n s t a b i l i t y  a s soc ia t ed  wi th  H2 
coo l ing  guarantees  s i z a b l e  f l u c t u a t i o n s  d m  t o  mare s c a l e s  of a  few tQ. In  convent ional  molecular c loudr ,  
t h e  complex h i r t o r y  of a  cloud, involving accumulation of d e b r i s  from sma l l e r  clouds and evolving r t a r s ,  sug- 
g e r t r  t h a t  f l u c t u a t i o n s  should be p re ren t  dawn t o  s c a l e e  of - 1 PD. Moreover, t he  v i o l e n t  events  i n f e r r e d  t o  
be r t i r r i n g  up t h e  i n t e r r t e l l a r  medim ( inc lud ing  @upernova exploriona and r t e l l a r  winds) should a l s o  gene- 
r a t e  p ra r ru re  f  l u c t u a t i o n r  over a  wide range of sca l e s .  These a r e  a b l e  t o  p e n e t r a t e  - tiA-' wavelength8 i n t o  
a  cloud before  d i s s i p a t i n g .  Conrequently, f o r  a  cloud of mss \, one e r p a c t e  t h e  f l u c t u a t i o n  l e v e l  t o  be 6~ - (nA&) ' /3  > 0.01 over r t e l l a r  m a r  s c a l e s  \. 



With ) i ~ m i n  - 0.005 Kf i n  molecular c loudr  and 0.3 W i n  p r imord ia l  c louds ,  t h e  preceding d i r c u r r i o n  im- 
p l i e s  t h a t  f ragmenta t ion  is l i k e l y  t o  be e f f e c t i v e  on s c a l e s  a r  m a l l  am 0.05 )8 (molecular c loudr )  t o  3 W 
(p r imord ia l  c louds) .  The imp l i ca t ion r  of t h i s  r e s u l t  f o r  s t a r  f o r m t i o n  a r e  d i ecu r red  b e l w .  

V. I n t e r a c t i o n  of p r o t o s t e l l a r  windr w i th  molecular c louds  

Once p r o t o s t a r s  form of m a s  > 1 PD, i t  seamm l i k e l y  t h a t  t h e i r  enerpy inpu t  t o  t h e  cloud w i l l  s i g n i f i -  
c a n t l y  i n h i b i t  continued fragmentation.  It is  t h i s  e f f e c t  t h a t  provides  promise of unders tanding t h e  a p p r  
r e n t  longevi ty  of molecular c louds  i n  t e r n  of t h e t r  a b i l i t y  t o  ru rv ive  many f r e e - f a l l  timer. There i r  con- 
s i d e r s h l e  evidence t h a t  p r o t o s t e l l a r  windr provide an  important energy inpu t ,  a t  l e a s t  i n t o  l o c a l i z e d  r eg ion r  
of molecular clouds.  In  what f o l l w r ,  I w i l l  s w - r i z e  t h e  evidence f o r  t h i s ,  and then  a t t . a p t  t o  make some 
g l o b a l  i n fe rences  about cloud evo lu t ion  and s t a r  f o m n t i o n .  

The most dramat tc  example of t h e  i n t e r a c t i o n  of a p r o t o s t e l l a r  wind wi th  a molecular  cloud i r  L1551, which 
r e v e a l s  a b i p o l a r  s t r u c t u r e  wi th  a v e l o c i t y  spread of > 12 km s'l ( S n e l l  e t  a l .  1980). There a r e  a s s o c i a t e d  
Herbig-Haro o b j e c t s  whose measured proper motions p r o j e c t  b c k  t o  a n  i n f r a r e d  source  a t  t h e  c e n t e r  of t h e  CO 
lobes.  The t o t a l  mss of high v e l o c i t y  gas  is  - 0.3 M3 over  an e x t e n t  of - 0.5 pc. The luminosi ty  of t i le 
c e n t r a l  source  i s  - 25 ID. and is i n s u f f i c i e n t  t o  d r i v e  t h e  outflow by r a d i a t i o n  pressure .  Another rou rce  
wi th  s i m i l a r  parameters is NCC 1333 ( S n e l l  and Edwards 1981). S t rong winds a r e  a l r o  found around r e v e r a l  
much a c r e  luminous i n f r a r e d  sources ,  t h e  beer-studied e x a m ~ l e  being IRcZ wi th  a l uminor i ty  of > 104 I8 and 1 0  
t43 of gas moving a t  f 50 km s- l .  Other examples a r e  CepA (Rodriguez e t  a l .  1980) and AFCL490 (Lada and 
Harvey 1981). Another in t r :es t ing  system is t h a t  of HH1 and HH2 (Jones  and Herbig 1381),  where mearured pro- 
p e r  motions i n d i c a t e  near ly  c o l l i n e a r  motions of f i l amen t s  away from a c e n t r a l l y  l oca t ed  P T a u r i  l i k e  s t a r  a t  - 100 km s-1 . 

In general .  b i p o l a r i t y  i s  not uncommon i n  pre-mcrin-sequence o b j e c t s  (Calvet  and Cohen 19781, and m y  be 
i n d i c a t i v e  of wind i n t e r a c + i c m  wi th  a c e n t r a l  d i sk .  Direc t  evidence f o r  s t r o n g  winds from pre--in-squence 
s t a r s  has been obta ined by Cohen e t  a l .  (1981). who discovered r eg ions  of extended f r e r C r e e  emisr ion  around 
s e v e r a l  T-Tauri s t a r s .  If  t h e  outflow is s p h e r i c a l l y  symmetric, a m a ~ s - l o s s  r a t e  - lo4 PD yr-' i s  i n f e r r e d  
f o r  T-Tauri. f o r  example, al though t h i s  may overes t imate  t h e  a c t u a l  mass l o s s  r a t e  i f  t h e  wind is  ani ro-  
t r o p i  -. 

One 1. cempted t o  t r y  t o  r e l a t e  wind input  of energy t o  one of t h e  g r e a t  mys te r i e s  about molecular clouds,  
namely the  o r i g i n  of t h e i r  supersonic  l i n e  widths. Overa l l  c o l l a p s e  provides  an  untenable  exp lana t ion  f o r  
t h e  l i n e  widths ,  and one i s  l e f t  wi th  a cloud model which c o n s i s t s  of a number of supe r son ica l ly  moving 
clumps of gas. The ou t s t and ing  ques t ions  are :  what d r i v e s  t he  cltrmp motions and h w  a r e  t h e  clumps -in- 
t a i n e d  f o r  per iods  > 10' yr? A s i m i l a r  d i f f i c u l t y  i e  encountered both  i n  warm molecular clouda and i n  dark 
c lauds. 

The most n a t u r a l  exp lana t ion  is  t h a t  p r o t o s t e l l a r  winds a r e  cont inuously  d r i v i n g  mass motions ( N O ~ M F  and 
S i l k  1980). Cloud longevi ty  can be understood i f  t h e  winds a r e  not  d i s r u p t i v e ,  a p l a u s i b l e  a s s m p t i o n  f o r  T- 
Taur i  s t n r s  embedded i n  cold  clouds.  Now i n  a dense molecular cloud, a wind a t  < 200 ha s" w i l l  be radia-  
t i v e  and approximately momentum conserving. One may crudely  e s t i m a t e  t h e  w a n  v e l o c i t y  d i s p e r s i o n  acquired  
by an average volume element i n  a cloud of mass \ con ta in ing  U* i n  s t a r s  which have l o s t  a f r a c t i o n  AM* of 
t h e i r  mass a t  some c h a r a c t e r i s t i c  wind v e l o c i t y  V, a s  

Evident ly  a s u b s t a n t i a l  f r a c t i o n  of t h e  cloud ma t t e r  can be s t i r r e d  up wi th  (bv> - 1 kn 8'' i f  Vw - 200 k 
8- l ,  Ur/Uc - 0.1 ( a s  observed i n  dark c louds ) ,  and AU*lU* - 0.1. For t h i s  t o  p e r s i s t  over 2 x lo7 y r ,  a con- 
s i d e r a b l e  p a r t  of t h e  cloud would have t o  be cons~med i n  s t a r  formation: indeed, exhaust ion  of cloud 
m a t e r i a l  may lead  t o  t h e  f o r m t i o n  of a T aaaocia t ion .  On t he  o t h e r  hand, i n t e r v e n t i o n  of an e x t e r n a l  
t r i g g e r ,  perhaps a s soc i a t ed  with a nearby supernom o r  expanding H I 1  region, may c h a q e  t h e  cloud evo lu t ion  
i n  a m n n e r  t h a t  w i l l  now be ou t l i ned .  and form an 0 a s roc i a r ion .  

Let 11s suppose t h a t  t h e  f i r s t  s t a r r  t o  fonn a r e  T-Taurl s t a r s .  I h e s e  lw m a s  s t a r s  develop winds which 
w i l l  sweep up s h e l l s  of p a t e r i a l .  The f i n a l  r ad ius  of such a s h e l l  is l i m i t e d  by t h e  ambient cloud p rea ru re  

where V* i r  t h e  s t e l l a r  v e l o c i t y  d i r p e r s i o n  and U t h e  mean m a r  l o s r  r a t e .  The cond i t i on  f o r  much r h e l l s  t o  
g r o r s l y  a f f e c t  t he  cloud evo lu t ion  and i n h i b i t  f u r t h e r  f ragmenta t ion  and r t a r  f o n u t i o n  is  t h a t  any p a i r  of 
r h a l l s  should i n t e r s e c t  w i th in  t h e  l i f e t i m e  of t h e  p r o t o s t e l l a r  wind phase. This  can be expressed a e  



For compariron, one of t h e  bes t  n tudied  dark cloud regionr  i n  Taurum-Auriga con ta in r  aggregacer of between 4 
( Jones  and Herbig 1980) and 30 (Cohen and Kuhi 1979) T-Tauri r t a r r  pc'3 d e t e c t a b l e  a t  A, < 4. 

Thi r  demonrtratcm t h a t  wind-driven r h e l l s  a r e  l i k e l y  t o  j n t e r r e c t .  S h e l l  i n t e r r e c t i o n  w i l l  r e r u l t  i n  t h e  
format ion of muperronically moving clumpr, r i n c e  i n  gene ra l  i n t e r r e c t i o n  occu r r  be fo re  t h e  a h e l l s  a r e  i n  
p r e r r u r e  balance. The c h a r a c t e r i m t i c  clump mrmer  a r e  0.1-1 W ,  wi th  rizem of - 0.1 pc. They w i l l  only be 
weakly confined by ram p r e r r u r e  becaure of t h e i r  lw U c h  numberr, and r o  w i l l  con t inour ly  replenimh t h e  
in terc lump medium. Hovever, new clumpm w i l l  form, and clump c o i l i r i o n r  and a c c r e t i o n  w i l l  r e r u l t  i n  t h e i r  
n e t  growth. It r e e m  l i k e l y  t h a t  v i t h i n  a feu  c o l l i r i o n  t imer  o r  cromring t imer ,  ray 16 yr, a clump w i l l  
have grown ruf f i c i e n t l y  t o  become Jeanr  unr table .  

Let u s  specu la t e  t h a t  i n  t h e  abaence of any e x t e r n a l  t r i g s e r ,  t h i s  r e r u l t a  i n  f u r t h e r  f a r ~ r a t i o n  of low 
marr r t a r s .  I n  tt.:s manner, t h e  procesr  become se l f -pe rpe tua t ing :  low marr r t a r r  form, develop windr t h a t  
sweep up s h e l l s ,  t h e  s h e l l s  i n t e r r e c t  and form clumpr, and t h e  clumpr c o a l e r c e  and form more low mom rtarm. 
The p roce r r  t e rmina te s  e i t h e r  when t h e  gar  rupply i n  exhaurted,  a f t e r  > ld yr, o r  when an  e x t e r n a l  t r i g g e r  
r t i m u l a t e s  a r r r i v e  s t a r  format ion t h a t  could c a t a r t r o p h i c a l l y  d i s r u p t  t h e  cloud. An example of t h i s  would be 
a nearby supernova exp lo r ion  t h a t  rhocked t h e  cloud, a c c e l e r a t i n g  t h e  r a t e  of clump coa le rence  and providing 
enough energy input  t o  a l r o  r a i s e  t h e  J eans  arms r u b s t a n t i a l l y .  

T h i r  s cena r io  has a number of imp l i ca t ions  f o r  cold  molecular clouds.  There should be embedded i n f r a r e d  
sou rces  v i t h  < 10 ID, evidence f o r  high v e l o c i t y  mars motions, an  j n t e r n a l  source  of u l t r a v i o l e t  r a d i a t i o n  
t h a t  could a f f e c t  dark cloud chemis t ry ,  and clumpinens on s c a l e s  of 0.1-1 P8. Its p r i n c i p a l  v i r t u e  h a r  been 
t o  make a d i r e c t  connect ion  between tvo d imt inc t  but more o r  l e r r  co inc iden t  t ime-rcaler:  r t r r  format ion 18 
non-coeval i n  open c l u r t e r s .  apparent ly  extending over  a per iod  >lo7 yr ,  and molecular c loudr  a r e  long-llved, 
v i t h  l i f e t i m e r  > lo7 yr  and g r e a t l y  i n  excess  of f r e e - f a l l  t ime-scaler.  This  provider  t h e  b a s i r  of ou r  
model, vhich a s s e r t s  t h a t  such a f o r t u i t o u s  c o i ~ ~ c i d e n c e  i s  r e a l l y  due t o  a d i r e c t  ~ h y s i C a 1  coupl ing between 
molecular cloude and s t a r  formation.  A major bonus is t h a t  t h e  ongoing r t a r  f o r m t i o n  provides  a s u b s t a n t i a l  
momentum input  i n t o  molecular clouds,  l ead ing  t o  a n a t u r a l  i n t e r p r e t a t i o n  of ~ u p r a t h e r m l  l i n e  v i d t h r .  

V I .  Conclurions 

Molecular c louds  undergo f ragmenta t ion  a t  a dens i ty  < lo5 Seve ra l  l i n e s  of evidence l ead  t o  t h i n  
i n fe rence ,  inc luding t h e  dens i ty  of 0 a s r o c i a t i o n e  a t  b i r t h  and molecular obscrvat iona  of nea-by dark clouds.  
I t  18 l i k e l y  t h a t  dev ia t ion r  from s p h e r i c i t y  induced by c o l l a p r e  a long magnetic f i e l d  l i n e s  p lay  an important 
r o l e  i n  t h e  f ragmenta t ion  process.  Anisot ropic  c o l l a p s e  enab le s  sma l l e r  fragments t o  s e p a r a t e  ou t  be fo re  t h e  
i nc reas ing  opac i ty  i n h i b i t s  any f u r t h e r  fragmentation. AnisoLropy has  a dramat ic  e f f e c t  on f rsgmenta t ion  
because i t  l i m i t 8  t he  g r w t h  r a t e  of t h e  background dens i ty ,  wherear a f l u c t u a t i o n  g r w r  i n  de -c i ty  o o r t l y  
because of i t 8  a d d i t i o n a l  s e l f - g r a v i t y ,  vhich  is  more o r  l e s r  indepc.ident of t h e  background ki?ematicr.  

The m a l l e s t  fragments t o  form and strrvive a n  i n i t i a l  f r e e - f a l l  t ime a r e  not a t  t h e  minio.um Jeanr  n u r r  but 
must be considerably  l a r g e r ,  r i n c e  they mst have been a b l e  t o  a t t a i n  a dena i ty  c o n t r a r t  of o r d e r  u n i t y  
be fo re  t h e  :ol , .~pse becomes ad i aba t i c .  A highly  s i m p l i f i e d  a n a l y s i s  r r ~ g g e s t s  t h a t  t h e  minimum mars fragments 
may be - 0.05 ti0 i n  i n t e r s t e l l a r  cloude; i n  pr imordia l  c louds ,  t h e  minimum a a r r  is  l i k e l y  t o  exceed - 3 b. 

Once such fragments form and become p r o t o s t a r s  of mars > 1 Mo, they a r e  l i k e l y  t o  have a s i g n i f i c a n t  
i n t e r a c t i o n  wi th  t he  r e a t  of t h e  cloud. Af t e r  a n  i n i t i a l  f r e e - f a l l  time, only t h e  i nne raoa t  c o r e  of t h e  
cloud could have fragmented. One expec t s  t h a t  a s u b s t a n t i a l  f r a c t i o n  of t h e  cloud w i l l  s t i l l  be re1at ive l .y  
d i f f u r e  a t  t h i n  s t age ,  especially i f  m g n e t i c  support  !e inportan: i n  t h e  o u t e r  cloud envelope. The moat 
e f f e c t i v e  mode of i n t e r a c t i o n  i r  l i k e l y  t o  be v i a  r t e l l a r  winds from pre-main-sequence r t a r r .  Obre rva t ion r l  
evidence  i n d i c a t e s  t h a t  such v indr  m y  play an  important r o l e  i n  r t i r r i n g  up molecular c loudr .  

Hence a p l a u s i b l e  rpecu la t ion  is t h a t  t h e  f i r s t  r t r o n g  protc.rte ' . lar  winds can i n h i b i t  cloud c o l l a p r e  and 
fragmentation.  Such winds a r e  l i k e l y  t o  i n t e r a c t  and gene ra t e  a d d i t i o n a l  clumpinerr i n  t h e  cloud Clumpi- 
near  enhancer f ragmenta t ion ,  and i t  reema e n t i r e l y  p o r r i b l e  t h a t  p r o t o r t e l l a r  windr a r e  s e l f - r u r t r i n i n g .  As 
soat winds d i e  away, new p r o t o r t r r r  form t h a t  a r e  capable  of providing a dynamically r i g n i f i c a n t  momentum in- 
put  i n t o  t h e  cloud. Only when t h e  gas  r e r e r v o i r  is dep le t ed  a s  a number of ~ r r i v e  r t r r r  form vould t h e  r t r r  
format ion p roce r r  te rminate .  In  t h i n  way, one might be a b l e  t o  underr tand such i r r ~ e r  a r  why mtar format ion 
is  non-coeval, vhy molecular cloud l i f e t i n e r  a r e  many f r e e - f a l l  t imer ,  and why c loudr  e x h i b i t  a clumpy r t r u c -  
t u r e  and r u p r % t h e r m l  l i n w i d t h r .  

Th i s  research  ham been ruppor ted  i n  p a r t  by t he  U.S. Nationa: Science  Foundation. 
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