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VTTI. SUMMARY AND CONCLUSTONS

Th is  t hes i s  has  p resen ted  a  f a r  i n f ra red  pho tone -

t r i c  su rvey  o f  H I I  r eg ions  i n  t he  ga lac t i c  p lane  be -
T T  n

tween  1 . "  =  350 "  and  35o .  t he  resu l t s  d i scussed  and

analysed here have been obta ined wi th a bal loon-borne

gondo la ,  con ta in ing  two  20  cm f / 6  t e l escopes  w i th  a

f i e l d  o f  v i ew  o f  0 .5  deg ree ,  l aunched  i n  coope ra t i on

w i t h  t h e  F r e n c h  S p a c e  R e s e a r c h  O r g a n i s a t i o n  C . N . E . S .

Jup i t e r  was  obse rved  fo r  ca l i b ra t i on  pu rposes

th roughou t .

The  f l uxes  we  have  obse rved  a re  gene ra l l y  f ac to rs

two  to  f ou r  h ighe r  t han  the  resu l f s  ob ta ined  by

H o f f m a n n  e t  a 1  ( 1 9 7 1 )  o n  t h e  s a m e  s o u r c e s  u s i n g  a

b a l l o o n - b o r n e  t e l e s c o p e  w i t h  a  0 . 2  d e g r e e  b e a m .  T h e

d i f f e rences  i n  t he  resu l t s  ob ta ined  a re  ma in l y  due  to

d i f f e rences  i n  beam s i zes .  The  beam sw i t ch ing  tech -

n ique ,  wh i ch  de tec t s  t he  d i f f e renc ia l  o f  che  sou rce

f l ux  d i s t r i bu t i on  and  has  necessa r i l y  t o  be  used  i n

fa r  i n f ra red  as t ronomica l  obse rva r i ons  f rom the

g round ,  ae rop lanes  and  ba l l oon -bo rne  gondo las ,  i s  i n -

sens i t i ve  t o  sma l l  f l ux  g rad ien ts  and  tends  to  l ead

to  an  unde res t ima te  o f  t he  f l ux  f r om the  who le

sou rce .  Obse rva t i ons  w i th  l a rge  beams  g i ve  a  much

be t te r  de te rm ina t i on  o f  t he  t o ta l  f l ux  em i t t ed  by  ex -

t e n d e d  s o u r c e s .

As  was  d i scussed  i n  chap te r  I I ,  i t  seems  reason -

ab le  t o  exp la in  t he  f a r  i n f ra red  em iss ion  f rom H I I

reg ions  i n  t e rms  o f  r ad ia t i ng  dus t  g ra ins ,  d i s t r i -
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buted wi th in and around the nebulae and in thermal

equ i l i b r i um w i th  t he  rad ia t i on  f i e1d .

The observat ions were carr ied out  in  two wave-

l eng th  bands  s imu l taneous l y ,  wh i ch  a1 lows  us  t o  de -

r i ve  t he  tempera tu re  o f  t he  em i t t i ng  dus t  once  we

have  assumed  a  spec i f i c  wave leng th  dependence  o f  t he

a b s o r p t i o n  e f f i c i e n c y  o f  t h e  p a r t i c l e s  i n  q u e s t i o n .

I n  t h i s  case  we  have  chosen  to  assume an  abso rp t i on

e f f i c i ency  Q)  *  l - n  whe re  n  =  I  (M ie  sca t te r i ng )  and

n  =  2  (ha rmon ic  osc i l l a to r ) .  The  tempera tu re  so  de -

r i ved  does  no t  depend  s t rong l y  on  the  cho i ce  o f  n ,

a l t hough  the  tempera tu res  f o r  n  =  Z  a re  a lways  l ower

than  fo r  n  =  l .  I n  gene ra l  we  f i nd  dus t  t empera tu res

der ived by th is  method to range between 20 and 60 K.

Th i s  may  i nd i ca te  t ha t  t he  p rope r t i es  o f  t he  dus r  a re

app rox ima te l y  t he  same fo r  a l l  H I I  r eg ions .  These

tempera tu res  a re  l ower  t han  the  dus t  t empera tu res  de -

r i v e d  b y  F r o g e l  a n d  P e r s s o n  ( 1 9 7 4 )  f r o m  o b s e r v a t i o n s

o f  H I I  r eg ions  a t  IOU and  20u .  Th i s  may  fu r the r  l ead

us  to  t he  conc lus ion  tha t  t he  ma in  pa r t  o f  t he  f a r

i n f ra red  em iss ion  o r i g i na tes  f r om the  coo le r  ou te r

r e g i o n s  o f  t h e  d u s t  d i s t r i b u t i o n .  T h e  f a r  i n f r a r e d

obse rva t i ons  ava i l ab le  un t i l  t he  p resen t  t ime  have

no t  been  made  w i th  su f f i c i en t  angu la r  reso lu t i on  t o

c o n f i r m  t h i s  c o n c l u s i o n .

Us ing  the  tempera tu res  de r i ved  as  i nd i ca ted  above

we  have  ca l cu la ted  i n teg ra ted  i n f ra red  f l uxes ,  t o ta l

l u m i n o s i t i e s ,  m a s s e s  o f  t h e  d u s t ,  a n d  d u s t  t o  g a s

ra t i os ,  f o r  each  obse rved  H I I  r eg ion .
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The integrated in f rared f luxes are a lmost  inde-

pendent  of  the choice of  n.  The uncer ta inty  in  the

temperature of  the dust  can account  for  the d i f fer-

ence in in tegrated in f rared f luxes.  I f  nebulae are

op t i ca l l y  t h i ck  t o  u l t r av io le t  and  v i sua l  s te l l a r  r a -

d iat ion the in tegrated f luxes are representat ive of

t he  to ta l  em iss ion  o f  t he  s te l l a r  popu la t i on ,  wh i ch

is  responsib le for  the ionizat ion of  the gas and the

heat ing of  the dust .  The dust  d is t r ibuted wi th in and

around HII regions acts as a wavelength transformer

for  much of  the energy output  of  the ste l lar  popula-

t ion.  Par t  of  the heat ing of  the dust  gra ins may re-

sult from absorption of Lyman-cr photons produced in

the maintenance of  the ionizat ion equi l ibr iurn wi th in

the gas.  This mechanism alone is  for  uost  nebulae in-

suf f ic ient  to  account  for  the in tegrated in f rared

f luxes.  Addi t ional  heat ing due to absorpt ion of  s te l -

lar  photons depends on the rat io  between the opt ica l

depths for absorption of these photons by the gas and

by the dust .

For  most  sources the tota l  luminosi ty  can be ex-

p la ined by a ste l lar  populat ion wi th absolute magni-

tudes d is t r ibuted according to the in i t ia l  luminosi ty

function. This function is derived from the distribu-

t ion of  s tars as found in young c lusters in  the solar

neighbourhood.  I t  may be quest ionable whether  th is

re lat ion a lso holds for  the more centra l  regions of

the galaxy. Apart from the galactic centre we do not

observe sources wi th a tota l  hmr inosi ty  greater  than
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lO7  LO( i . e . ,  comparab le  t o  a  s ta r  c l us te r  w i t h

brightest member one O5 star). This may indicate that

the init ial luminosity function is a realistic repre-

sentat ion of  the d is t r ibut ion of  s te l lar  luminosi t ies

everywhere in the galaxy where stars have recently

been formed.

The estimated masses of the dust and the derived

dust to gas ratio depend strongly on the choice of n.

For n = I it is evident frorn the results in chapter

VII that the average dust to gas ratio is of the same

order of magnitude or less than in the general inter-

s te l l -ar  medium ( tO-zr .  For  n = 2 mrch h igher  dust

masses are necessary to account for the total emitted

energy. This, however, strongly depends on the reso-

nances in the chemical  composi t ion of  the par t ic les

that  determine the in f rared absorpt ion cross sect ion.

High resolut ion spectra l  observat ions above 20;r  are

necessary to detect  the absorpt ion features such as

those  expec ted  by  Aanes tad  (1975 ) .  I n  add i t i on  more

accurate observat ions in  the spectra l  region wel l

above the absorpt ion features (> l00u)  are necessary

to determine the shape of the spectrum.

In chapter  I I I  we der ived est imates for  the

f luxes of  far  in f rared forb idden t ransi t ions in  ions

of  heavy e lements.  Observat ions of  these l ines can

add substant ia l ly  to  our  knowledge of  the physical

condi t ions in  HI I  regions.  Because the t ransi t ion

p robab i l i t i es  o f  t hese  fo rb idden  l i nes  a re  sma l1 ,

sel f -absorpt ion in  the l ines is  unimportant .  This

l 1 3



means that  the gaseous component  of  the nebulae wi l l

be  op t i ca l l y  t h i n  t o  f o rb idden  l i ne  rad ia t i on  so  tha t

the  obse rved  f l uxes  a re  d i rec t l y  p ropo r t i ona l  t o  t he

ion i c  abundances .  Obse rva t i on  o f  t he  f l ux  ra t i o  o f

f o rb idden  l i nes  f r o rn  d i f f e ten t  s tages  o f  i on i za t i on

g i ve  t he  abundance  ra t i o  o f  t hese  i ons  immed ia te l y .

On  the  o the r  hand ,  t he  d i s t r i bu t i on  o f  i on i za t i on

s c a g e s  o f  h e a v y  e l e m e n t s  ( e . g . ,  C ,  N ,  O ,  e t c . )  i s  i n

gene ra l  comp le te l y  de te rm ined  by  t he  rad ia t i on  f i e l d

o f  t h e  s t e l l a r  p o p u l a t i o n  o r  t h e  H I I  r e g i o n s .  I f  t h i s

s t e l l a r  r a d i a t i o n  f i e l d  i s  d i l u t e d  d u e  t o  t h e  a b s o r p -

t i on  o f  i on i z i ng  pho tons  by  t he  dus t  t h i s  w i l l  d i -

r ec t l y  a f f ec t  t he  i on i za t i on  equ i l i b r i um o f  heavy

e lemen ts .  Obse rva t i ons  o f  t hese  l i nes  cou ld  we l l  be  a

c ruc ia l  f ac to r  i n  t he  den ia l  o r  suppo r t  o f  t he  p re -

sen t  weak  ev idence  (de r i ved  f rom the  rad io  recomb ina -

t i on  l i nes  o f  He )  f o r  t he  abso rp t i on  o f  Lyman  con t i n -

uum pho tons  by  t he  dus t .
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