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1 . INTRODUCTION 

T h e s tudy of s t a r formation is a re la t ively young discipl ine o f 
the field of a s t ronomy. Up until the mid point of the twentieth 
c e n t u r y only a most rudimentary unders tanding of the sub jec t was 
p o s s i b l e . Th i s is b e c a u s e pr ior to that time the re did not ex i s t any 
subs tan t ive body of empirical data which could b e used to c r i t i ca l ly 
t e s t even the most bas ic hypotheses conce rn ing s te l la r o r i g i n s . 
However, as a r esu l t of impress ive advances in observat ional 
technology and in ou r unders tand ing of s t e l l a r evolution during the 
las t forty y e a r s , the sub j ec t o f s t a r formation has developed into one 
of the most important b r a n c h e s of modern as t rophys ica l r e s e a r c h . A 
l a rge body of observa t iona l data and a cons iderab le l i t e ra tu re 
per ta ining to this s u b j e c t now ex i s t and a s igni f icant fraction o f 
the internat ional astronomical community devotes the i r effor ts towards 
t ry ing to comprehend the or igins of s t a r s and p l a n e t s . Y e t , despi te 
these efforts we have y e t to observat ional ly ident i fy , with any 
c e r t a i n t y , a s ingle ob jec t in the p roces s o f s t e l l a r b i r t h ! Moreover , 
we have not ye t produced a viable theory of s t a r formation, one capable 
of be ing tes ted and ref ined b y c r i t i ca l expe r imen t . In many ways , 
s te l l a r b i r t h i s as much a mystery today as i t was forty yea r s a g o . 
However, t he re can b e l i t t le doubt that dur ing the las t two decades 
t ru ly revolut ionary p r o g r e s s has been made in the q u e s t to unders tand 
the s t a r formation p r o c e s s in our g a l a x y . Th i s apparen t paradox in 
the s ta te of our knowledge concern ing s te l l a r o r ig ins is resolved with 
the realization tha t the h i s to ry of the s tudy of s t a r formation has 
b e e n a h i s to ry o f the s tudy of p rog res s ive ly ea r l i e r and ear l ie r s t a g e s 
of s te l la r evolut ion. Indeed , it is in p rec i se ly this a rea of endeavor 
tha t we have learned so much . 

In the 1940s and 1950s s tudies of s t a r formation dealt primarily 
with the fossil r eco rd of s t a r formation: c l u s t e r s , OB and T 
assoc ia t ions , and the Initial Mass Funct ion ( I M F ) . Such s tudies 
revealed th ree important facts about s t a r formation: f i r s t , s t a r 
formation was occur ing in the solar neighborhood in the p resen t epoch 
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of galact ic h i s to ry ; second , not long af te r thei r formation most 
s t a r s were once members of OB assoc ia t ions ; and th i rd , low mass s t a r s 
were formed at a much g r e a t e r f requency than high mass s t a r s . In the 
1960s , a g rea t advance was made b y the pioneer ing theore t ica l work of 
Hayashi and his co l labora tors in developing models for ear ly s te l lar 
evolut ion, models which es tab l i shed that T - T a u r i s t a r s were ob jec t s in 
the ve ry ear ly s t ages of p re -ma in - sequence evolu t ion . Impressive as all 
these f indings were , they were fundamentally limited in what they could 
reveal about the s t a r formation p rocess b e c a u s e they were der ived from 
obse rva t ions of a l ready formed s t a r s . In an at tempt to deal with this 
limitation considerable effor t in the 1960s was devoted to s tudies of 
Herbig-Haro ob jec t s and HII reg ions because these ob jec t s were nebulous 
and presumably were assoc ia ted with a much ea r l i e r phase of s te l la r 
evolution than the well developed s t a r s in assoc ia t ions and c l u s t e r s . 
T h e s e s tudies showed us that the formation of s t a r s was often 
accompanied and followed b y even t s and p r o c e s s e s which were ve ry 
d i s rup t ive to the or iginal s t a r forming material , however they revealed 
l i t t le about the actual p r o c e s s o f s t a r formation i t s e l f . 

In the 1970s millimeter-wave CO observa t ions provided as t ronomers 
with a powerful tool to d i rec t ly probe the raw material of s t a r 
formation. Such obse rva t ions es tabl ished that OB associa t ions and 
there fore most s t a r s form from Giant Molecular Clouds ( G M C s ) . S ince 
that time many effor ts to s tudy s t a r formation have b e e n di rec ted 
toward probing deeper and deepe r into molecular c louds , s ea rch ing for 
ea r l i e r and ear l ie r s t ages of s te l lar evolut ion, the ultimate goal 
be ing the observa t ion of a p ro tos t a r , an ob jec t in the p roces s of 
assembling the bulk of the material i t will contain when it ultimately 
r eaches the main s e q u e n c e as a hydrogen bu rn ing s t a r . I f c u r r e n t 
theore t ica l dogma and ou r intui t ion are c o r r e c t , then the evolution of 
such objec ts should b e dominated b y collapse and infall motions of 
ambient molecular cloud mater ia l . Important advances in theoret ica l 
models for collapsing c louds and pro tos ta r s were made dur ing the 1970s 
( e . g . , Larson 1973 , Bodenheimer and Black 1978) and these sugges ted 
that p ro tos ta r s would l ikely b e s t rong emit ters of in f ra red emiss ion. 
Observa t ions during this period revealed numerous embedded infrared 
sou rces and protos te l la r candidates in molecular c l o u d s . However, 
e x t e n s i v e s tudies of t he se ob jec t s during the f i r s t ha l f o f the p r e s e n t 
decade have produced the unexpec ted resu l t tha t most a r e sources of 
ene rge t i c outflow of molecular cloud material . Convincing evidence for 
any inflow motions has so far eluded de t ec t i on . T h i s necess i t a t ed a 
revis ion of our unders tand ing of both ear ly s te l l a r and pro tos te l la r 
evolu t ion . Are p ro tos t a r s simultaneously sou rce s of bo th outflow and 
infall? Do embedded in f ra red sou rces with outflow r e p r e s e n t a new s t age 
of ea r ly s te l lar evolut ion, a pos t -p ro tos t a r s t age? I f s o , where a re 
the much sought a f t e r p r o t o s t a r s ? Such ques t ions undoubtably will b e 
the focus of much r e s e a r c h dur ing the r e s t o f this d e c a d e . Vi rgorous 

ursu i t o f these ques t ions aided b y new advances in observat ional 
capabi l i t ies should lead to the identif ication of p ro tos t a r s and d i rec t 
observa t ion of s t a r s in formation in the ve ry n e a r f u t u r e . 
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Of c o u r s e , this par t icu la r path of inves t iga t ion from OB 
associat ion to p ro tos t a r has been dictated largely b y the evolution of 
t echno logy . S t a r formation occur s in the dust enshrouded wombs of 
molecular clouds and s tudy of the goings on in such cold and obscured 
regions is only poss ib le b y observa t ion in the millimeter, 
sub millimeter and in f ra red bands of the s p e c t r u m . Such observa t ions 
have become rout inely poss ible only r ecen t ly and as our technological 
capabi l i t ies improved so tha t we could more d i rec t ly probe the s i tes of 
ac t ive s t a r formation, we have d iscovered that ear ly s te l lar evolution 
and s t a r formation a r e much r i c h e r , complex and in t e re s t ing p r o c e s s e s 
than we could have imagined for ty y e a r s a g o . Cons ider , for example, 
tha t s ince the las t IAU Symposium on S t a r Formation in Geneva in 1976 , 
we have recognized the importance o f g iant molecular c louds , 
a sce r ta ined the na ture of Herbig-Haro ob jec t s and d iscovered the 
energe t ic outflow phase of ear ly s te l lar evo ly t ion . T h e ques t ions we 
a re inves t iga t ing today a re dif ferent than those we inves t iga ted 20-30 
yea r s a g o . T h e ques t ions along with the di rect ion of our r e s e a r c h 
change as technology opens new and unexplored windows in observat ional 
and physica l parameter space and provides f resh in s igh t s into the s t a r 
formation p r o c e s s . It is in this a spec t tha t we have made fundamental 
advances toward an eventual comprehension o f the p rocess of s te l la r 
b i r t h . 

T h e r e a re two approaches that have b e e n genera l ly adopted in the 
s tudy of s t a r formation in the g a l a x y . Inves t iga t ion of global or 
macroscopic p r o c e s s e s , such as spiral dens i ty waves , sequent ia l s t a r 
formation, the dynamical evolution of OB assoc ia t ions and c l u s t e r s , 
and the initial mass funct ion, on the one hand and invest igat ion of 
local or microscopic p r o c e s s e s , namely the formation and ear ly 
evolution of individual o b j e c t s , on the o ther h a n d . Syn thes i s of 
resu l t s from both approaches has enabled a viable scenar io for the 
evolution of a young s te l la r object from outflow source to field s t a r 
to be c o n s t r u c t e d . In this review I will a t tempt to p r e sen t such a 
scenar io for ea r ly s te l l a r evolution ba sed on our c u r r e n t unders tand ing 
of the evolution of associa t ions and c l u s t e r s as well as individual 
young s te l lar ob jec t s in molecular c l o u d s . T h e ut i l i ty of s tudying the 
opt ica l - infrared b roadband ene rgy d is t r ibu t ions of embedded s o u r c e s 
will b e emphasized and the p rospec t s of such s tud ies for uncover ing 
t rue p ro tos ta r s and d i rec t ly dec ipher ing the s t a r formation p r o c e s s 
i t s e l f will be d i s c u s s e d . 

2 . THE EARLY DYNAMICAL EVOLUTION OF OB ASSOCIATIONS 

Associa t ions a re loose a g g r e g a t e s o f s t a r s of the same phys ica l 
type whose space dens i t ies a r e enhanced re la t ive to that o f field 
population of similar type s t a r s (Blaauw 1 9 6 4 ) . However, the i r space 
densi t ies a re typical ly < 0 .1 solar masses p e r cubic p a r s e c , the 
c r i t i ca l dens i ty for a c l u s t e r to b e s tab le agan i s t disruption due to 
galact ic t ides in the solar neighborhood ( e . g . , Bok 1 9 3 4 ) . 
Ambartsumian ( 1 9 4 7 ) was the f i r s t to real ize the important implication 
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of this bas ic obse rva t ion , namely that asociat ions were young , o f o rde r 
ten million yea r s o ld . S ince this was cons iderab ly l e s s than the age o f 
the ga l axy , this observa t ion provided one of the f i r s t fundamental 
demonstrat ions of the fact tha t s t a r formation was occur ing in the 
p r e s e n t epoch of galact ic h i s t o r y . 

Ambartsumian showed that associa t ions were gravi ta t ional ly unbound 
and sys tems of posi t ive total e n e r g y . Determination o f the actual 
expans ion velocit ies of associa t ions was then and is sti l l a ve ry 
difficult problem. T h e ex i s t ence of runaway s t a r s nea r many 
associa t ions and ear ly p rope r motion s tudies o f the S c o - C e n and II P e r 
associa t ions sugges ted tha t expansion veloci t ies o f o rde r 10 km/s might 
b e c h a r a c t e r i s t i c . A number of hypo theses were advanced to explain the 
or igin o f these s te l la r sys tems of posi t ive total e n e r g y . Ambartsumian 
proposed that assoc ia t ions were formed when mass ive , supe r dense 
bodies formed in the ear ly h is tory of the un ive r se d i s i n t e g r a t e d 
producing both expanding groups of s t a r s and assoc ia ted gas and d u s t , 
( e . g . , Ambartsumian 1 9 5 5 ) . Opik (1953) sugges t ed that the e jec ta from 
a supernova explosion could sweep up and compress in t e r s t e l l a r matter 
into an expanding shel l o f gas which could then form s t a r s which would 
re ta in the outward expans ion motion of the supernova shel l and form an 
unbound associat ion o f young s t a r s . Oort ( 1 9 5 4 ) proposed a similar 
solution using the expans ion o f an HII region r a t h e r than a supernova 
explosion to c r ea t e expanding clouds of gas from which s t a r s could 
form. All these ideas were der ived from a bas ic common assumption that 
unbound groups of s t a r s must have formed from expanding c louds of g a s , 
tha t i s , sys tems or complexes of in t e r s t e l l a r matter with posit ive 
total e n e r g y . T h e ques t ion o f the origin o f assoc ia t ions was reduced to 
the problem of finding a mechanism for producing expanding sys tems of 
i n t e r s t e l l a r g a s . 

During the las t ten yea r s millimeter-wave CO obse rva t ions have 
shown that associa t ions form from giant molecular clouds ( e . g . , 
Elmegreen and Lada 1976 , 1977, Blitz 1980) which a re l a rge ( 5 0 - 1 0 0 pc 
in the i r longes t dimension) and massive ( 1 0 , 0 0 0 - 1 0 0 , 0 0 0 solar masses) 
complexes of molecular mater ia l . Giant molecular c louds have average 
mass dens i t ies o f about 15 M 0 pc~3 and in te rna l tu rbu len t p r e s s u r e 
( i . e . , ~ p v2) grea t ly in e x c e s s of the thermal p r e s s u r e of the 
in te rc loud medium, they a re c lea r ly gravi ta t ional ly conf ined . How is it 
tha t such bound clouds produce unbound assoc ia t ions? Observa t ions of 
the X Ori OB and T associa t ion led Deur r , Imhoff and Lada ( 1 9 8 2 ) to 
propose an a l te rna t ive scenar io for the or igin o f expanding 
a s soc i a t i ons . This associa t ion is located within a low dens i ty HII 
region which is sur rounded b y a near ly spher ica l shel l o f in t e r s t e l l a r 
gas and d u s t . T h e HII region has swept away near ly all the original 
molecular cloud from which the associat ion was b o r n allowing a fairly 
a c c u r a t e account ing of total population o f s t a r s formed in the c loud . 
Assuming that the material in the swept up shel l was once pa r t o f the 
molecular cloud that formed the associa t ion, D u e r r , Imhoff and Lada 
compared the mass of gas in the shell to the mass of s t a r s in the 
associat ion and concluded that the s t a r formation eff ic iency of the 
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original cloud was ve ry low ( i . e . , 0 .2 to 0 . 3 % ) . Th i s sugges ted that in 
a re la t ively sho r t time ( i . e . , the age of the HII reg ion) the massive 
s t a r s in the associat ion have swept away the vas t majority o f the 
original binding mass of the system in which the s t a r s formed. Clearly 
this would resu l t in an unbound system of s t a r s . According to D u e r r , 
Imhoff and Lada the unbound s ta te o f associa t ions is a na tura l 
consequence of s t a r formation in a giant molecular cloud with a low 
convers ion ef f ic iency o f gas into s t a r s , followed b y a rapid 
des t ruc t ion and removal o f the unprocessed gas from the sys t em. 

This scenar io for the origin of unbound associa t ions was 
independent ly d i scussed b y von Hoerner ( 1 9 6 8 ) who sugges t ed tha t O 
s t a r s were powerful enough to rapidly d i spe r se a ve ry massive s t a r 
forming c loud . More detailed calculat ions b y Whitworth (1979) showed 
that an en t i re g iant cloud complex could b e d i spersed b y O s t a r s i f 
only 4% of the cloudy material was conver t ed into s t a r s with an IMF 
typical of that of field s t a r s . Calculat ions b y Elmegreen and Lada 
( 1 9 7 7 ) showed that sequent ia l OB s t a r formation could produce even more 
eff ic ient cloud d i s p e r s a l . Evidence for the sequent ia l s t a r formation 
mechanism now e x i s t s for many clouds and associa t ions ( e . g . , Blaauw 
1964 , Elmegreen 1 9 8 5 ) , a par t icular ly lucid example be ing the W3/W4 
molecular cloud complex (Lada et a l . 1978 , T h r o n s o n , Lada and Hewagama 
1 9 8 5 ) . 

F igure 1 is a schematic diagram which depic ts the evolution of 
s t a r formation in a g iant molecular cloud and the creat ion o f an 
expanding as soc ia t ion . Initially low mass s t a r s form throughout the 
en t i re cloud complex conver t ing on the o r d e r o f 1% of the gaseous mass 
into s t a r s . At some point in time massive OB s t a r s form in the cloud 
and hea t , ionize and d i s rup t the sur rounding molecular g a s . T h e 
formation of the OB s t a r s can lead to both the cessa t ion of s t a r 
formation locally (Herbig 1962) and the propagat ion and stimulation of 
additional massive s t a r formation in deeper l aye r s of the cloud 
(Elmegreen and Lada 1 9 7 7 ) . Ultimately, the formation of OB s t a r s 
resu l t s in the dissipat ion of the ent i re complex . Initially s t a r s form 
in the deep gravi ta t ional potential well o f the bound and massive giant 
molecular c loud . T h e y orb i t in the cloud with veloci t ies cha rac t e r i s t i c 
o f the tu rbu len t molecular g a s . T h e OB s t a r s remove the majority of 
the initial b inding mass (90-99%) in a re la t ively shor t time and the 
s t a r s do not have time to adiabatically adjust to remain in a bound 
conf igura t ion . T h e s te l la r system violently r e l axes and expands with an 
expansion veloci ty comparable to i t s ini t ial virial veloci ty 
d i spe r s ion . Even i f the system could adjust to the loss o f the 
molecular b inding mass, i t s s te l la r dens i ty would stil l b e too low to 
remain s table agan is t galact ic t i d e s . B e c a u s e of the low s t a r 
formation eff ic iency the members of the associat ion must expand into 
the field a f t e r the res idual gas is removed. 

An important predic t ion of this scenar io for producing unbound 
associa t ions is that the veloci ty dispers ion of members o f an expanding 
associat ion is comparable to that o f the gas in the original molecular 
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* Low m a s s p o p u l a t i o n o f YSOs f o r m i n g w i t h i n c l o u d 

E x p a n d i n g Naked A s s o c i a t i o n * F o s s i l GMC 

Figure 1 . Probable s t a g e s in the formation of an expanding OB 
associat ion from a g iant molecular c loud . Low s t a r formation 
ef f ic iency in conjunction with eff icient d i spersa l o f res idual , 
unprocessed molecular gas b y OB s t a r s resul t in a s te l la r sys tem with 
posi t ive total e n e r g y . 
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cloud, that i s , on the o r d e r of a few k m / s . Mathieu and Latham ( 1 9 8 6 ) 
have measured the ve loci ty dispers ion of about 20 members of the X Ori 
associat ion and have found a veloci ty d ispers ion of about 2 km/s for the 
s t a r s . Th i s is v e r y similar to the veloci ty widths of molecular l ines 
from the cloudy material in the shell around the associat ion and in 
g iant molecular clouds in g e n e r a l . It i s also i n t e r e s t i ng to note that 
the veloci ty d ispers ion o f T Taur i s t a r s in T a u r u s c lose ly 
resembles tha t o f the gas in the molecular cloud conta ining the s t a r s 
(D ie t e r 1976 , J o n e s and Herbig 1 9 7 9 ) . In addition the systematic 
i nc rea se in size with age of the th ree l a r g e s t s u b g r o u p s in the Ori OBI 
associat ion ( s e e Blaauw 1964) is cons i s t en t with an expansion veloci ty 
o f a few km/s for the s t a r s . T h e s e obse rva t ions provide s t rong suppor t 
for the content ion that the unbound dynamical s t a t e of OB associa t ions 
i s a resu l t o f the combination o f low s t a r formation eff ic iency and 
rapid and eff ic ient gas d i s p e r s a l . 

3 . THE IMPORTANCE OF S T A R FORMATION EFFICIENCY 

T h e fundamental problem of s t a r formation in OB associa t ions does 
not lie in the s ea r ch for a solution to or igin o f the expanding motions 
o f the s t a r s , s ince this is a natural consequence o f s t a r formation in 
g ian t molecular clouds with low s t a r formation e f f i c i ency . T h e 
fundamental i s sue that needs to b e addressed is why s t a r formation is 
so ineff icient in molecular c louds . Unders tanding this problem is 
intimately re la ted to unders tand ing the most bas i c phys i c s of the s t a r 
formation p r o c e s s i t s e l f . 

At the p r e s e n t time it is not at all c l e a r what the phys ica l 
condit ions a re that consp i re to produce s t a r formation at low 
e f f i c i ency . Th i s may tu rn out to b e an ext remely difficult problem to 
s o l v e . However, na ture may have provided a c lue to the solution in the 
e x i s t e n c e of bound galac t ic c l u s t e r s . Only 10% of all s t a r s a re thought 
to have formed in bound c lu s t e r s ( e . g . , R o b e r t s 1957) and thei r 
e x i s t e n c e s u g g e s t s that in unusual c i r cums tances the in te rp lay o f ye t 
to b e identified phys ica l p r o c e s s e s ins ide molecular clouds can lead to 
the formation o f bound s te l la r g r o u p s . Apparent ly under ce r ta in 
phys ica l c i r c u m s t a n c e s , e i t he r the s t a r formation eff ic iency in a cloud 
can become v e r y high o r s t a r s can b e formed in a high dens i ty 
configurat ion with low eff ic iency b u t with slow and ben ign removal o f 
unprocessed gas ( e . g . , Lada , Margulis and Dearborn 1984 , Wilking and 
Lada 1 9 8 5 ) . Whatever the c a s e , comparat ive s tudy o f the phys ica l 
condit ions in molecular c louds producing bound c l u s t e r s with those of 
clouds producing assoc ia t ions may provide the b e s t approach to 
unders tand ing this v e r y important a spec t o f the s t a r formation problem. 
T h e main diff iculty in this approach is be ing able to identify 
molecular clouds tha t a r e in the p rocess of c l u s t e r formation. I f 
bound c l u s t e r s a re formed in reg ions where the s t a r formation 
eff ic iency i s h igh (25% or g r e a t e r , e . g . , Elmegreen 1 9 8 3 , Mathieu 1983 , 
Lada , Margulis and Dearborn 1 9 8 4 ) , then determining the s t a r formation 
eff ic iency in an appropr ia te volume of a molecular cloud could lead to 
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the identif ication a p r o t o - c l u s t e r . T h e key to this approach is to 
determine the "approporia te" volume within which to measure the s t a r 
formation e f f i c i ency . I f not chosen wisely the s igni f icance of the 
der ived eff ic iency will not b e c l e a r . For example , we suspec t that i f 
one chose s a small enough volume, say that encompassing the infalling 
envelope of a pro tos te l la r ob j ec t , the s t a r formation eff ic iency in 
tha t volume could approach v e r y high values up to 100%, even though the 
s t a r i t s e l f might b e a member o f an ultimately unbound g r o u p . A useful 
volume within which to measure the s t a r formation ef f ic iency might b e 
tha t volume of a molecular cloud that conta ins 100 young s te l la r 
o b j e c t s . T h a t volume would b e expec ted to b e l a rge for an associat ion 
( t e n s o f p a r s e c s ) b u t small (one p a r s e c ) for a c l u s t e r . T h e co re o f the 
Rho Ophiuchi cloud appear s to b e one such region where as many as 100 
s t a r s a r e located in a one pa r sec sized a rea and where the re is also 
a re la t ively high s t a r formation eff ic iency (25%, Wilking and Lada 
1 9 8 3 ) . It would b e c lea r ly o f i n t e r e s t to inves t iga te and compare the 
phys ica l condit ions in reg ions o f vary ing s t a r formation e f f i c i ency . 
We a l ready know that t he re a re a number of d i f fe rences between the 
region forming a c l u s t e r in the Ophiuchi dark cloud and the region 
forming a T associat ion in T a u r u s , even though both a re forming 
similar mass s t a r s . T h e s t a r formation ac t iv i ty is much more cen t ra l ly 
condensed in the Ophiuchi cloud than in T a u r u s . T h e Ophiuchi dark 
cloud is cons iderably h o t t e r ( T = 35K) than the T a u r u s cloud ( T = 1 0 K ) . 
T h e or igin and implication of these d i f ferences for s t a r formation is 
not y e t c l e a r , bu t a b e t t e r unders tanding of them i s l ikely to provide 
an important key to unlocking the na ture of the s t a r forming mechanism 
in molecular c louds . 

T h e concep t o f s t a r formation eff ic iency may b e as useful when 
cons ider ing the formation o f a s ingle ob jec t a s i t is for a c l u s t e r or 
associat ion of s t a r s . Fo r example , ammonia obse rva t ions o f a number of 
isolated and nea rby dense c o r e s associa ted with low mass YSOs ( e . g . , 
Myers and Benson 1983 , B e n s o n , Myers and Wright 1984 , Myers 1985) 
s u g g e s t s t a r formation ef f ic iencies o f around 50% for r eg ions o f o r d e r 
.1 pc in r a d i u s . It i s l ikely tha t the condi t ions in such c o r e s c losely 
resemble the initial phys ica l condit ions of a p ro tos te l l a r o b j e c t . 
I ndeed , one possible definition of a p ro tos t a r i s : tha t pa r t o f a 
molecular core within whose boundary the s t a r formation eff ic iency 
approaches 100%. For low mass co res with masses similar to those 
d i scussed b y Myers ( 1 9 8 5 ) and power-law dens i ty g rad ien t s similar to an 
isothermal s p h e r e , the s ize scale for a one solar mass p ro tos t a r would 
b e then on the o rde r o f .05 p c . High resolut ion molecular l ine and 
in f ra red observa t ions capable of resolving such s t r u c t u r e s in nea rby 
clouds offer the b e s t poss ib i l i ty of d i rec t ly de tec t ing and s tudying 
s t a r s in the actual p r o c e s s o f formation. Such obse rva t ions a re now 
becoming possible and unambigous identif ication o f p ro to s t a r s is l ikely 
to o c c u r ve ry soon . Already infrared obse rva t ions a re beg inn ing to 
revea l new and in t e re s t ing information about the na tu re and evolution 
of embedded young s te l l a r o b j e c t s . 
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4 . THE EVOLUTION OF P R O T O S T A R S AND YOUNG STELLAR O B J E C T S 

4 . 1 The E n e r g y Dis t r ibut ions o f Young S te l l a r Objec t s 

In an at tempt to s tudy the na ture of the embedded population of 
inf rared sources in the core of the Ophiuchi dark cloud, inf rared 
b road -band photometery from 1 to 20 microns was obtained for a l a rge 
fraction of the sou rces in the cloud b y Wilking and Lada (1983 ) and 
Lada and Wilking ( 1 9 8 4 ) . From this data Lada and Wilking ( 1 9 8 4 , 
h e r e a f t e r , LW) cons t ruc t ed ene rgy d is t r ibut ions [ i . e . , log(XF^) v s . 
l og (X) ] for all the obse rved s o u r c e s . From analys is o f these e n e r g y 
d is t r ibut ions LW found tha t the inf rared sou rce s could b e divided in to 
morphological c l a s s e s based on the shapes of thei r e n e r g y 
d i s t r i bu t ions . In pa r t i cu la r th ree d i s t inc t c l a s s e s could b e 
ident i f ied: I - sou rces with b roade r than b lackbody e n e r g y 
d is t r ibu t ions which were r i s ing longward o f 2 microns wavelength; I I -
sou rces with b r o a d e r than b lackbody e n e r g y d i s t r ibu t ions b u t flat o r 
decreas ing e n e r g y d is t r ibu t ions longward of 2 microns ; I I I - sou rce s 
whose ene rgy d i s t r ibu t ions could b e modeled with reddened b lackbodies 
with no or l i t t le e x c e s s near inf rared emission, and s l ight mid 
inf rared e x c e s s emission most l ikely caused b y the relat ively cool and 
d is tan t g ra ins respons ib le for the obse rved ext inc t ion to the 
o b j e c t s . Class I sou rce s were all invis ible and deeply embedded in the 
c loud . Class II and III sou rces were associa ted for the most par t with 
vis ible s t a r s a l a rge number o f which had known opt ical 
c l a s s i f i ca t ions . Nearly all the previously known c l a s s II sources were 
class i f ied as T T a u r i s t a r s . Where ava i lab le , opt ical c lass i f ica t ions 
o f the c l a s s III sou rce s agreed ve ry well with the ef fec t ive 
temperatures and luminosities der ived from fits o f reddened b lackbody 
functions to the i r e n e r g y d i s t r ibu t ions . 

T h e LW class i f icat ion scheme can b e made more quant i ta t ive 
b y defining the spec t r a l i n d e x : 

d log(XFx) 
a = 

d log(X) 

F o r c lass I sou rces 0 < a < + 3 ; for c l a s s II s o u r c e s -2 < a i 0 and 
for c lass III s o u r c e s -3 < a j< - 2 . A summary o f the th ree types o f 
e n e r g y d is t r ibut ions is shown in f igure 2 . It i s i n t e re s t ing to note 
tha t when class i f ied this way all the vis ible ob j ec t s in the Ophiuchi 
cloud were cha rac t e r i zed b y e n e r g y d is t r ibut ions with negat ive spec t r a l 
i n d i c e s . At the same time all the sources with posi t ive spec t r a l 
ind ices in the LW sample were inv i s ib le , as mentioned a b o v e . 

F igu re s 3 , 4 and 5 show obse rved examples o f c l a s s I , II and I I I 
sou rces r e s p e c t i v e l y . E x c e p t for the sou rce L1551 I R S 5 all the s o u r c e s 
a re from the Ophiuchi sample of LW with some additional IRAS 
measurements for s o u r c e s WL-16 and WL-22 taken from a s tudy b y Y o u n g , 
Lada and Wilking ( 1 9 8 6 ) . T h e observa t ions o f L1551 I R S 5 a re based on 
data p resen ted b y Cohen e t a l . ( 1 9 8 4 ) . It is i n t e r e s t i ng to ask i f the 
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Figure 2 . Proposed c lass i f ica t ion scheme for the e n e r g y d is t r ibut ions 
o f embedded young s te l la r o b j e c t s . Class I ob jec t s have b r o a d e r than 
b lackbody dis t r ibut ions with s lopes or spec t r a l ind ices which are 
pos i t ive longward of 2 microns wavelength; t hese ob jec t s may b e 
p r o t o s t a r s . Class II ob j ec t s have b roade r than b l ackbody d is t r ibut ions 
which a re flat o r have nega t ive slopes longward o f two mic rons . Class 
II d is t r ibut ions are c h a r a c t e r i s t i c o f T Taur i s t a r s . Class III 
d i s t r ibu t ions are fit well b y reddened b lackbody functions and 
r e p r e s e n t reddened s te l l a r pho tospheres o f s t a r s ve ry nea r to o r on the 
ZAMS. 
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Figures 3 and 4 . Observed ene rgy d is t r ibu t ions for typical c lass I and 
c l a s s II s o u r c e s . Left hand figure ( 3 ) shows c lass I e n e r g y 
d is t r ibut ions and the r igh t hand f igure ( 4 ) shows examples of c lass II 
d i s t r i bu t ions . 

morphologies of the e n e r g y d is t r ibut ions in the Ophiuchi cloud a re 
similar to those of in f ra red sources in o the r c l o u d s . Well determined 
infrared ene rgy d is t r ibu t ions now ex i s t in the publ ished l i t e ra tu re 
for dozens of low to moderate luminosity ( i . e . , L < 10** L 0 ) in f ra red 
sources from T Taur i s t a r s to ext remely red pro tos te l la r candidate 
sources ( e . g . , R y d g r e n , Strom and Strom 1976; Cohen and Kuhi 1979 ; 
Elias 1978; Cohen e t a l . 1984 ; Harvey , Thronson and Gatley 1979; E v a n s , 
Levreaul t and Harvey 1986 ; e t c . ) . Examination of such data ind ica tes 
tha t most all known inf ra red sources associa ted with low mass s t a r s can 
b e charac te r i zed b y the c lass i f icat ion scheme desc r ibed a b o v e . 

Although it is convienent for d iscuss ion purposes to divide the 
sources into t h r ee d i s t inc t c l a s s e s , i t i s important to point out that 
in fact the e n e r g y d is t r ibut ions a re found to va ry more or l e s s 
cont inuously in spec t r a l index from -3 > a > + 3 . T h e r e a re also a 
number of sou rces with cons ide rab le , often well defined ( e . g . , double-
humped) s t r u c t u r e which cannot b e cha rac t e r i zed b y a single spec t r a l 
index from 2-100 mic rons . T h e ene rgy d i s t r ibu t ions of these sou rces 
appear to b e intermediate between pure c l a s s I and pure c lass I I . 
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Figure 5. Class III d i s t r ibu t ions obse rved in the Ophiuchi c l u s t e r . 
Solid l ines a re reddened b lackbody fits to the obse rved d a t a . S ince 
the ext inc t ion is well determined from the H-K color i nd i ce s , the 
fits a r e reasonably u n i q u e . Effect ive tempera tures der ived from the 
fits a g r e e ve ry well with those der ived independent ly from optical 
c lass i f ica t ions (Lada and Wilking 1 9 8 4 ) . 

4 . 2 . An Evolutionary S e q u e n c e ? 

Does the more o r l e s s cont inous variation in the spec t r a l shapes 
o f embedded infrared sou rce s r e p r e s e n t a s equence o f evolution for 
p ro tos t a r s and young s te l l a r ob jec t s? Most c l a s s II and II I ob jec t s a re 
assoc ia ted with visible s t a r s , mostly T Taur i s t a r s and PMS s t a r s . On 
the o the r hand , most c l a s s I ob jec ts a re invis ib le and heavily 
o b s c u r e d . Consequent ly the i r na ture is difficult to a s c e r t a i n . T h e y 
could b e p ro to s t a r s , o r v e r y deeply embedded T Taur i -PMS s t a r s or some 
intermediate type of o b j e c t . However, it is unl ikely that they a re 
merely more heavily reddened vers ions of T Taur i s t a r s b e c a u s e examples 
o f such s t a r s ex i s t in the Ophiuchi c l u s t e r and the i r e n e r g y 
d i s t r ibu t ions are typical ly flat or decreas ing at long wavelengths 
(s imilar to optically vis ible T Taur i s t a r s b u t unl ike c lass I 
o b j e c t s ) , bu t are cons iderab ly s t e e p e r at s h o r t e r wavelengths than the 
vis ible T Taur i s t a r s . It is possible that c l a s s I ob jec t s a re 
p r o t o s t a r s , al though many a re the dr iving sou rce s of molecular outflows 
a c i rcumstance that has b e e n in te rp re ted to indicate that such ob jec t s 
a re in a pos t -p ro tos ta r phase o f very early s te l la r evolution (Wynn-
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Williams 1982; Lada 1 9 8 5 ) . Recen t theore t ica l models which predic t the 
emergent e n e r g y d i s t r ibu t ions of low mass p ro to s t a r s s t rong ly s u g g e s t 
tha t c lass I ob j ec t s a re indeed ob jec t s in the p r o c e s s of bui lding 
up mass b y the acc re t ion of infalling c i rcumste l la r mat ter (Adams and 
Shu 1985 , S h u , Lizano and Adams, this c o n f e r e n c e ) . In any even t i t 
appears evident and i t is reasonable to assume that c l a s s I ob jec ts a r e 
in a much y o u n g e r s t age of development than c l a s s II s o u r c e s . S i n c e 
c l a s s III sou rces a r e s t a r s with very l i t t le nea r in c i rcumste l la r dus t 
i t also seems reasonable to assume that they a re the most removed in 
time from the even t s of s t e l l a r formation and the most evolved o f the 
inf rared s o u r c e s . 

T h e hypothes i s tha t the empirical s equence o f spec t ra l shapes 
co r re sponds to an evolut ionary sequence o f young s te l l a r ob jec t s would 
b e much more convinc ing i f suppor ted b y phys ica l a r g u m e n t s . Indeed, a 
qual i ta t ive phys ica l evolut ionary model is in fact sugges t ed from the 
obse rved s e q u e n c e . Th i s i s apparen t when one cons ide r s the fact tha t 
the variation in the shape of the source e n e r g y d is t r ibu t ions 
r e p r e s e n t s a variat ion in the amount o f luminous c i rcumste l la r dus t 
around each o b j e c t . Class I sources have ve ry l a rge amounts o f 
luminous c i rcumste l la r dus t while c lass III ob j ec t s have almost no 
luminous c i rcumste l la r d u s t . It is l ikely the re fore that the in fe r red 
evolut ionary s equence is a sequence o f the gradual dissipation of dus t 
and gas envelopes around newly forming or formed s t a r s . The fact that 
many bu t not all c l a s s I ob jec t s and many b u t not all T Tau r i 
s t a r s a re assoc ia ted with energe t ic outflows and o r s te l lar wind 
ac t iv i ty s u g g e s t s that the outflow/wind phase is a t ransi t ion between 
the protos te l lar s t age and the T Taur i s t age and tha t the outflow/wind 
is the agen t tha t d i ss ipa tes the c i rcumste l la r envelopes and dr ives the 
evolution of ob jec t s from c l a s s I to c l a s s I I I . 

T h e s e cons idera t ions s u g g e s t the following phases of evolution for 
p ro tos ta r s and young s te l la r o b j e c t s . F i r s t , a molecular core forms 
from a molecular c loud . T h e core is expec t ed to have a s teep dens i ty 
gradient and to be ro ta t ing ( e . g . , Adams and Shu 1 9 8 6 ) . T h e co re 
becomes uns tab le and col lapses nonhomologously from the inside out 
( e . g . , Larson 1973 , Adams and Shu 1 9 8 6 ) . The volume of the uns tab le 
c o r e for which the s t a r formation eff ic iency will ultimately be near 
100% becomes a pro tos te l la r o b j e c t . For a solar mass s t a r , the ini t ial 
s ize of the p ro tos te l l a r ob jec t is somewhat l e s s than 0 .1 pa r sec in 
d iameter . At the c e n t e r of this ob jec t a dense s t e l l a r core and disk 
develop and become luminous as a resu l t of infall and accre t ion o f 
material from the ou te r infall ing enve lope . Detailed radiat ive t r a n s f e r 
calculat ions for such an ob jec t have been ca r r i ed out b y Adams and Shu 
and show that the emergent e n e r g y d is t r ibu t ions have s teep posi t ive 
spec t ra l indices in the i n f r a r e d . At some point , and it is not c l e a r 
when, an in t ense outflow develops and b e g i n s to a r r e s t and r e v e r s e the 
infall o f the ou te r enve lope . T h e outflow f i r s t d i s rup t s and removes 
the infalling envelope and then la te r the c i rcumste l la r disk ultimately 
reveal ing a reddened young s t a r approaching or ve ry near the ZAMS 
( i . e . , a c lass III o b j e c t ) . 
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I t i s in te res t ing to cons ide r at this point where T Tau r i s t a r s , 
ob j ec t s with negat ive spec t r a l indices ( c l a s s I I ) , fit into the 
evolut ionary sequence outl ined a b o v e . T h e e n e r g y d is t r ibu t ions of 
c l a s s II ob jec t s are wider than those of b l ackbod i e s , indicat ing 
s igni f icant e x c e s s inf rared emission at wavelengths longer than 2 
mic rons . This emission has been shown to most l ikely a r i se from 
luminous dus t g ra ins ( e . g . , Cohen and Kuhi 1979; R y d g r e n and Cohen 
1985) probably located a few A . U . from the s te l la r su r f ace ( L W ) . T h e s e 
luminous gra ins could b e located e i the r in a spher ica l shell ( e . g . , LW) 
o r disk around the s t a r ( e . g . , Rydg ren and Cohen 1985 , Harvey 1 9 8 5 ) . 
T h e fact that the in f ra red luminosities of T Taur i s t a r s a r e often 
comparable to thei r optically der ived bolometric luminosities ( e . g . , 
R y d g r e n , Strom and Strom 1976 , Lada and Wilking 1984) i s sugges t i ve o f 
spher ica l ly d is t r ibuted d u s t . Radiation p r e s s u r e from a low mass s t a r 
i s insuff ic ient to keep a spher ica l d is t r ibut ion o f dus t from 
col lapsing onto the s t a r , and i t i s possible tha t the obse rved dus t 
around c lass II ob jec t s r e p r e s e n t s the remnants of the original 
infall ing envelope which formed the s t a r . However, the e n e r g y 
d is t r ibut ion of such a remnant is not expec ted to b e b road with a 
nega t ive or zero spec t r a l index typical of c l a s s II s t a r s un less the 
dens i ty dis t r ibut ion o f the infalling envelope is re la t ively flat 
( H a r v e y , Thronson and Gatley 1 9 7 9 ) . 

On the o the r hand , the emitting dus t could b e s table ly conf igured 
in a d isk around the s t a r . Fo r a disk with a tempera ture g rad ien t T ( r ) 
~ r ~ n , the spec t ra l index of i t s ene rgy d is t r ibut ion for thermal 
emission is equal to 2 / n - 4 (Elmegreen 1 9 8 2 ) . T h e ene rgy 
d i s t r ibu t ions o f c lass II ob j ec t s could then b e expla ined b y d i sks with 
tempera ture d is t r ibut ions cha rac t e r i zed b y .5 < n < . 7 5 . A luminous 
acc re t ion disk is expec ted to b e cha rac te r i zed b y n = .75 ( L y n d e n - B e l l 
and Pr ing le 1974) and Adams and Shu (1986 ) have shown that such a 
tempera ture gradient is e x p e c t e d for an optically th ick disk heated b y 
a young s t a r . Indeed , detai led model calculat ions b y Adams, Lada and 
Shu ( 1 9 8 6 ) indicate that the ene rgy d is t r ibut ions of many c lass II 
ob jec t s can b e fit v e ry well b y a s te l la r pho tosphere plus disk 
combinat ion. Moreover , r e c e n t h igh resolution in f ra red imaging o f the 
T Taur i s t a r HL Tau has provided s t rong ev idence that the e x c e s s 
in f ra red emission around tha t ob jec t or ig inates in a c i rcumste l la r disk 
(Grasda len e t a l . 1 9 8 4 ) . It appears that c l a s s II s o u r c e s r e p r e s e n t 
ob jec t s around which the or iginal infalling envelopes have been 
removed, b u t which have re ta ined remnant s t a r forming material in the 
form o f the i r c i rcumste l la r d i s k s . Such s t a r s appear to b e 
success fu l ly modeled as an evolut ionary t rans i t ion be tween c l a s s I and 
c l a s s I I I o b j e c t s . Suppor t for such an in te rp re ta t ion is also found in 
the modelling o f the e n e r g y d i s t r ibu t ions o f the double humped s o u r c e s . 
Adams Lada and Shu have shown that these ob jec t s can b e explained as 
s o u r c e s in which par t b u t not all o f the i r infall ing envelope has been 
removed . T h e obse rved spec t rum is then well fit b y a s e l f - cons i s t en t 
combination of cen t r a l s t a r p lus disk ( n e a r in f ra red hump) and a 
par t ia l ly evacuated infall ing envelope ( f a r inf rared h u m p ) . 
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Molecular outflows and ear ly s te l la r winds input a subs tan t ia l 
amount of mechanical e n e r g y in molecular clouds ( e . g . , Lada 1985; Snel l 
1986 , this con fe r ence ) and af te r formation, young s te l la r objec ts may 
radical ly a l t e r the condi t ions in the s t a r forming g a s , leading pe rhaps 
to condit ions more conducive to the formation o f high mass s t a r s . Once 
h igh mass s t a r s form the cloud will b e d is rupted and the young s t a r s 
formed within will b e revealed as an unbound s te l l a r associat ion o r 
open c l u s t e r depending on the s t a r forming ef f ic iency in the original 
mater ia l . 

5 . CONCLUDING REMARKS 

Considerable p r o g r e s s has been achieved in many aspec t s of s t a r 
formation r e s e a r c h in the nearly ten y e a r s s ince the las t IAU 
Symposium on S t a r Formation in Geneva . Although we have still not ye t 
convinced ourse lves that we have actual ly obse rved a s t a r in the 
p rocess of formation, obse rva t ions have unveiled a r ich t apes t ry o f 
as t rophys ica l phenomena associa ted with the b i r t h of s t a r s and have 
a l te red many of our bas ic percept ions conce rn ing s t a r formation and 
ear ly s te l lar evolu t ion . 

This review has emphasized two major a reas of r e s e a r c h where 
s ignif icant p r o g r e s s has b e e n made. On the global s c a l e , r ecen t s tudies 
of associa t ions and c l u s t e r s , the fossil r ecord of s t a r formation, have 
d i rec ted our a t tent ion to the fundamental importance o f the role s t a r 
formation ef f ic iency plays in the evolut ionary h i s to ry of young s te l l a r 
g r o u p s . T h e mechanism for the production o f expanding associa t ions i s 
no longer perce ived as the c r i t i ca l i s sue in unders tanding s t a r 
formation in associa t ions as it was tweny y e a r s a g o . The total 
posi t ive ene rgy of assoc ia t ions is now seen as a d i rec t and natura l 
consequence of s t a r formation in a giant molecular cloud with low 
e f f i c i ency . T h e c r i t i ca l i s sue at the hea r t of the s t a r formation 
problem in molecular c louds today i s : why is the s t a r formation 
eff ic iency so low? 

Millimeter-wave, inf rared and optical obse rva t ions of young 
s te l la r ob jec ts have stimulated a major revis ion in our unders tanding 
of pro tos te l la r and ear ly s te l la r evolut ion . T h e d i scove ry of ene rge t i c 
molecular outflows and s te l l a r winds around ext remely young objec t s has 
provided a new and c ruc ia l piece in the puzzle o f s t a r formation and 
has lead to a r eas ses smen t of our concep t o f a p r o t o s t a r . T h e 
development o f ou r abi l i ty to obse rve young s te l l a r ob jec t s over many 
decades in f r equency has provided new ins igh t s in to the i r evolut ion . 
Opt ica l - infrared e n e r g y d is t r ibut ions appear as a powerful tool for 
s tudying p ro to - and ear ly s te l la r evolu t ion . A viable scenar io for the 
evolution of a young s te l la r objec t from pro tos t a r to field s t a r can 
now b e c o n s t r u c t e d . T h e scenar io proposed h e r e seems to b e a plausible 
o n e , b u t i t needs to b e r igorously t e s t e d . T h e r e a re many important 
ques t ions which remain u n a n s w e r e d . For example , when in the evolution 
of a p ro tos ta r does the molecular outflow turn on? Could it o c c u r 
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befo re the build up of a luminous cen t ra l core? When does the outflow 
tu rn off? Why? What i s the origin of the flat e n e r g y dis t r ibut ion 
o b s e r v e d for many c l a s s II s o u r c e s ? High angu la r resolut ion millimeter 
and submillimeter obse rva t ions and high spec t r a l resolut ion infrared 
obse rva t ions should make major inroads toward the resolution of all 
t hese problems during the n e x t d e c a d e . In pa r t i cu l a r , in ter ferometr ic 
millimeter-wave obse rva t ions may b e capable o f ach iev ing sufficiently 
high resolution to reso lve and unambigously identify the collapsing 
envelope of a p ro tos ta r within the nex t few y e a r s . Impress ive as such 
an achievement might b e , i t will not provide us with the solution to 
the problem of s t a r formation, bu t more l ikely it will d i rec t our 
a t tent ion away from the s tudy o f young s te l la r ob jec t s toward the 
q u e s t to unders tand the or igin of molecular cloud c o r e s and ultimately 
molecular clouds themse lves . 

I am grateful to the Local Organizing Committee o f the IAU and the 
Univers i ty of Arizona Committee on Foreign T r a v e l for providing the 
t r ave l suppor t which made poss ib le my part ic ipat ion in this symposium. 
I thank Fred Adams, F r a n k Shu and B r u c e Elmegreen for useful 
d i scuss ions • 
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WILSON: What about the influence of the formation of binary stars on your 
picture of star formation? 

LADA: The qualitative picture of source evolution ignores binaries which 
certainly must be present. However, the effect that binaries have on the 
energy distributions is unclear to me. I would think that in many binary 
systems the masses of the components are different enough that we only 
observe the mot,t luminous object. Certainly any realistic scenario of evo­
lution for young stellar objects must eventually come to grips with this 
issue. 
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MATHIEU: I would like to make two comments on the first half of Dr. 
Lada's fine discussion. The first concerns the stellar kinematics of 
star-forming regions. Since I first gave Dr. Lada the velocity 
distribution of late-type stars in X Orionis which he pre-

. sented we have studied three additional star-forming regions: NGC 2264, 
the Trapezium cluster and the Taurus-Auriga region. Except for the 
Taurus-Auriga region all have radial velocity dispersions of 2-3 km/ 
sec; the velocity dispersion of the Taurus-Auriga region is smaller. 
There are however substantial differences between these regions: the 
X Orionis and Taurus-Auriga regions have stellar densities of a few 
tenths of a M Q / P C 3 , NGC 2264 a stellar density of 1-10 M 0 / p c 3 and the 
Trapezium cluster a stellar density greater than 500 M©/pc 3. The stel­
lar mass of the latter region is marginally sufficient to bind itself 
in the absence of molecular gas. I might also note that the radius of 
the OB association in X Orionis is about 4 pc while the age of the 
system is a few million years. The indication then is that the velo­
city dispersion among the early stars is also of the order of 1-2 km/ 
sec or less. A high-precision radial velocity study of early stars has 
begun this winter. 

Secondly, we must be wary of saying that most or all stars form 
in OB associations. All or most stars do form in molecular clouds. But 
the relationship between the formation of the OB stars and the lower 
mass stars remains unclear. Consider again the X Orionis region. Most 
of the Ha stars are concentrated about the two clouds B30 and B35. 
There is a notable paucity of Ha stars about the OB association itself. 
Also, there is no evidence for a clustering of low-mass stars about 
the OB stars as would be expected if the OB stars were tracers of a 
population of stars derived from the Miller/Scalo initial mass func­
tion. The indication then is that the initial mass function, while 
perhaps more or less similar from one giant molecular cloud to another 
is not necessarily uniform over star-forming regions within a giant 
molecular cloud, e.g. over size scales smaller than 10 pc. 
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