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We r e p o r t  the f i r s t  ast ronomical  observa t ions  made w i t h  t h e  

o p t i c a l  mu l t i channe l  analyser  (OMA) o f  the  São Paulo Un ive rs i  t y .  A de- 

t a i l e d  d e s c r i p t i o n  o f  the ins t rumenta t ion  i s  g iven  as w e l l  as the  r e -  

s u l t s  d e r i v e d  f rom the  observa t ion  o f  some emiss ion nebulae. 

Apresentamos as p r i m e i r a s  observações astronômicas rea l i zadas  

com o sistema mul t i c a n a l  ó p t i c o  da Univers idade de São Paulo. Uma des- 

c r i ç ã o  deta lhada do inst rumenta l  é dada, bem como os  resu l tados  o b t i d o s  

das observações de algumas nebulosas em emissão. 

1. INTRODUCTION 

The f i e l d  o f  l i g h t  d e t e c t i o n  techniques f o r  ast ronomical  pu r -  

poses has been enormously developed i n  these l a s t  few years.  New s o l i d  

- s t a t e  de tec to rs  have a l lowed the improvement o f  the  record ing  o f  s t e l -  

l a r  spec t ra  through o p t i c a l  mul t i- channels  as w e l l  as the  data analys is ,  

s ince  these sensors p rov ide  a l i n e a r  ou t- pu t  w i t h  respect  t h e  l i g h t  i n -  

tens i t y .  Bes ides tha t ,  these d e t e c t o r s  p resen t  o t h e r  advantages as corn- 

pared t o  a photographic  p l a t e :  h i g h e r  quantum e f f  i c i e n c y  a l a r g e r  spec- 

t r a  1 response . 

I n  t h i s  work we descr ibe  i n  d e t a i l  the  new ast ronomical  op- 

t i c a l  mul t i - channe l  a t tached r e c e n t l y  t o  the  61 cm te lescope o f  the  

~ b r a h ã o  de Moraes Observatory a t  Val i nhos. We r e p o r t  a l s o  t h e  f i r s t  ob- 

se rva t ions  o f  d i f f u s e  nebulae made w i t h  t h i s  ins t rumenta t ion .  Two p l a -  



netary nebulae (NGC 6818 and NGC 7009) and two H I I regions (Orion and 

"Lagoori" nebulae) were observed . 

i n  sec t ion  2, we describe the o p t i c a l  systern (telescope and 

spectrograph) and the detector  systern ( s i  1 icon-vi  d i  con) used i n these 

observations. I n  the fo l lowing sections we present our observations and 

the resu l t s  obtained. We compare our data and the physical  parametersde- 

duced f o r  these d i f f u s e  nebulae w i t h  previous observations i n  order t o  

have a reference f o r  the perforrnance o f  the equipment. 

2. INSTRUMENTATION 

The equiprnent used i s  a r e f l e c t o r  telescope coupled t o  a mat- 

ched standard g ra t i ng  spectrograph which feeds an o p t i c a l  rnultichannel 

analyzer, according t o  the fo l l ow ing  descr ip t ion .  

The telescope i s  a standard B o l l e r  & Chivens, 24 inches, a lu -  

rninized Cer-Vit primary m i r r o r  o f  foca l  r a t i o  f/3, and secondary m i r ro r  

o f  7 inches diameter, g i v i n g  a Cassegrain foca l  r a t i o  f/13.5. .The Cas- 

segrain foca l  plane i s  located 12 inches behind the primary m i r r o r  c e l l  

and the f o c a l i z a t i o n  i s  ad jus tab le  by e l e c t r i c  d r i v e  mouvement o f t h e  se- 

condary m i  r r o r .  

The right-ascension and dec l i na t i on  dr ives  areexc lus ive lymo-  

t o r  dr iven.  I n  both dr ives  a three v e l o c i t i e s  system i s  ava i lab le :  a 

slow motor gives a d r i ve  r a t e  o f  3 degrees per time second; a servo am- 

p l i f i e r - m o t o r  gives a se t  d r i ve  r a t e  o f  3 arc  minutes per ,time second 

and a guide d r i ve  r a t e  o f  3 arc  seconds per t ime second. 

The se lec t ion  o f  the desired r a t e  i n  r ight-ascension or /and 

decl i na t i on  i s  made by the ouserver through a remote cont ro l  padd 1 e .  

60th r ight-ascension and dec l i na t i on  dr ives  can be p ivo ted s l i g h t l y  t o  

provide. backlash t o  a l low balance adjustement. 



An i ndependent synchronous t r a c k i  ng motor g i  ves the  d i u r n a  1 

r a t e  through a 30 inches diameter,  pre loaded t r a c k i n g  d r i v e  gear, a t t a -  

ched t o  thle p o l a r  a x l e  s h a f t .  

The te lescope i s  p rov ided  w i t h  p r o t e c t i o n s  aga ins t  dangerous 

p o s i t i o n s  near the  hor i zon ,  excess ive t w i s t i n g  o f  the i n t e r c o n n e c t i n g  

cables and mouvements w i t h  the d r i v e s  i n  the ba lanc ing  p o s i t i o n ,  w h i l e  

the  gears a r e  p a r t i a 1  l y  disengaged. 

Perhaps the  more i n t e r e s t  i ng f e a t u r e  o f  the  te lescope i s t h e i  r 

s p e c i a l  poc i i t i on  d i g i t a l  read-outs. The te lescope i s  p r o v i d e d w i t h s t a n -  

dard i l l u m i n a t e d  c lock- type  d i a l s ,  i n d i c a t i n g  r igh t- ascens ion  t o  10 se- 

cond o f  t ime, hour angle t o  1 minute o f  t ime  and d e c l i n a t i o n  t o  2 a r c  

minutes. I t  i s  a l s o  p rov ided  w i t h  a remote console d i g i t a l  read-ou t ,g i -  

v i n g  r igh t -ascens ion  and hour  ang le  t o  1 second o f  t ime  a n d - d e c l i n a t i o n  

t o  1/10 a r c  minute.  Th is  dev ice  i s  accurate enough t o  use t h e  te lescope 

i n  mapping survey over  reg ions w i t h  dimensions o f  the o r d e r  o f  one de- 

gree, as ar1 ac tua l  o f f - s e t  gu ider .  

l'he te lescope and t h e i r  p e r i p h e r i c  equipment a r e  feeded from 

as e l e c t r o r i i c ,  v o l t a g e  regu la ted  power supply  w i t h  i n t e g r a l  p r o t e c t i o n s  

aga ins t  ove:rloads. The t r a c k i n g  d r i v e  can a l t e r n a t i v e l y  be connected 

t o  the power l i n e  o r  t o  a l o c a l l y  made cons tan t  frequency power source. 

I n  spec t roscop ic  works, t h e  te lescope operates w i t h  a matched 

BOI l e r  & Chivens model 26767 Cassegrain spect rograph i l l u s t r a t e d  i n  F ig .  

1 and o u t l i n e d  i n  F i g .  2. Th is  spect rograph has an o f f - a x i s  p a r a b o l i c ,  

50 mn work ing diameter,  675 mm f o c a l  l e n g t h  c o l l i m a t o r ,  w i t h  screw ad- 

justement and d i a 1  read-out o f  focus p o s i t i o n ;  g r a t i n g  o f  1200 grooves/ 

mm blazed f o r  5000 8 i n  t h e  f i  r s t  o r d e r  ( L i  t r o v  mode), wi t h  64x64 mn ru -  

l e d  area; c o n c e n t r i c  Cassegrain-Maksutov camera wi  t h  f /3  f o c a l  r a t i o ,  6  

inches f o c a l  length.  I t  i s  p rov ided  w i t h  an ad. iustable s l i t  and decker 

assembly a l l o w i n g  s l i t  w id ths  o f  28,56,80,112 and 160 w n a n d s l i t l e n g t h s  

o f  0.25, 2.5, 10 and 25 mrn. The s l i t  v iewer  c o n s i s t s  o f  a  ro ta t : i ng  10 x 

eyepiece w i t h  1 i nch  diameter f i e l d  a t  the  s l i t .  



Fig. 1 - The picture shows the spectrograph mounted on the telescope; 

over the tabie, the OMA console, X-Y scope display and d ig i ta l  recorder. 

The spectrograph i s  a l s o  p rov ided  w i t h  a f i l t e r  ho lder  a b l e t o  

suppor t  f i l t e r s  o f  1/4 x 1/4 i n c h  and a s h u t t e r  operated through an ex- 

terna1 c o n t r o l  knob; a p ropac to r  w i t h  v e r n i e r  and lock,  i n d i c a t i n g  the  

g r a t i n g  angle, ti; a c a l i b r a t i o n  source assembly c o n s i s t i n g  o f  an incan- 

decent b u l b  feeded by a c o n t r o l l e d  v o l t a g e  power supply, d i f f u s e r s  and 

condensing lens t o  g i v e  u n i f o r m i t y  o f  i l l u m i n a t i o n  on the  s l i t ;  and a 

comparison source assembly, c o n s i s t i n g  o f  an Helium-Argon lamp w i t h  po- 

wer supply, t o  a l l o w  t h e  measure o f  the  wavelength corresponding toeach  

channel o f  the measured spectrum. 
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Fig.  2 - Optical diagram o f  the spectrograph showing the gra t ing  angles 

used iin the tex t .  



The output  o f  the spectrograph feeds an o p t i c a l  mult ichannel 

analyzer (OMA), ser ies 1200, manufactured by Princeton Applied Research 

Coorp. through a S i  l icon I ntensi f ied  Target Oetector (S IT)  , model 1205- 

-D. 

The $ IT  cons is t  o f  a s i l i c o n  i n t e n s i f i e d  ta rget  camera tube, 

de f l ec t i on  components, h igh  vol tage power supply, and p reamp l i f i e r .  The 

detector  head has a two 0.2x0.5 inches input  pat tern,  corresponding t o  

500 d i g i t a l i z e d  channel o f  the OMA, i n  two l i n e s  o f  detectionwindowsas 

shown i n  Fig. 3. The window wid th  per channel a t  the detec t ion  i n p u t i s ,  

therefore:  

w = 0.5/500 inches = 25.4 pm (1 

The rec iproca l  l i n e a r  d ispers ion,  i n  R/channel, w l l l  be equal 

where y = dx/da i s  the rec iproca l  l i nea r  d ispers ion a t  the o u t p u t o f t h e  

spectrograph, g iven i n  (12). 

y i s  a f unc t i on  o f  the g ra t i ng  angle, e, but  i n  a11 cases,the 

average rec iproca l  d ispers ion a t  the output  o f  the OMA i s  o f  the order 

o f  1 8/channel; i .e., an average spect ra l  range o f  500 8 , f o r  each expo- 

sure cycle. 

The spectrograph s l i t  and decker assembly a l lows t o  use a l t e r -  

n a t i v e l y  one o r  two simultaneous s l i t s  (except f o r  the maximum height ,  

h = 25 mm). When a s lng le  s l i t  i s  being used i t  i s  found on the r i g h t  

s ide  o f  the s l i t  viewer f i e l d  and i t s  monochromatic pro jec ted a r e a f a l l s  

on the f i r s t  1 ine o f  windows o f  the  detector  input  pa t te rn  (see Fig.3). 

I f  a double s l i t  i s  used, the s l i t  centers are separated by  1.2.5 mm, 

which corresponds t o  a pro jec ted distance equal t o  2.82 mn a t  the de- 

t ec to r  input .  The r i g h t  s ide  s l i t  w i l l  be c e n t r a l l y  p ro jec ted over the 

f i r s t  1 ine o f  detector  input  windows; and the l e f t  s ide s1 i t wi 11 be pro- 

jec ted over the second l ine o f  windows (a lso  ca l  led  dark l ine), as shown 



Second  ( D a r k )  l i n e  

Fig.  3 - SIT detector input pattern,  showing dimensions and monochroma- 

t i c  projected areas for a double s l i t  w i th  w = 56pmand h = 2.5 mn. 

i n  F i g .  3.  This second l i n e  o f  de tec t ion  windows al lows an operatingrno- 

de o f  the OMA, i n  which the counting o f  the charge contents o f  the dark 

l i n e  are automat ical ly ,  channel-by-channel subtracted from the contents 

of the f i r s t  l ine ,  e l im ina t i ng  from the rnemory accumulation t h e  dark 

current  and s t ray  l i g h t  cont r ibu t ions .  This operat ing mode, associated 

5 1 



wi t h  the double s l  i t f e a t u r e  o f  the  spectrograph, p e r m i  t s  t o  o b  t a  i n 

s t e l l a r  spec t ra  by two measures, w i t h  t h e  s t e l  l a r  image sucess ive lyover  

the r i g h t  and l e f t  s i d e  l i f t s .  Th is  i s  n o t  the  method g e n e r a l l y  used a t  

Val inhos S t a t i o n .  

The response o f  the  1205-D d e t e c t o r  i s  shown i n  Fig.4. I t  i s  

over  count /phot .  from 3600 8 t o  7000 8 ,  w i t h  a maximum a t  4300 8 .  

WAVELENGTH nm. 

F i g .  4 - Response versui wavelength for the S-20, 1205-D SIT detector 

-wlth model 1205 OMA. 

The o u t p u t  o f  the  d e t e c t o r  i s  read one channel a t  a t ime  by a 

scanning e l e c t r o n  beam. The d e t e c t o r  housing a l s o  con ta ins  t h e  low-noi- 

se, c o n t r o l l e d  bandwidth p r e a r n p l i f i e r .  The h i g h  leve1 s i g n a l  f r o m  t h e  

p r e a m p l i f i e r  i s  rou ted  t o  the  1205 OMA Console f o r  f u r t h e r  process ing.  

The OMA console has severa1 func t ions .  The f i r s t  o f  these i s  

t o  d i g i t i z e  the s i g n a l  f rom t h e  d e t e c t o r .  Once i n  d i g i t a l  form, the  da- 

ta'  mayibe d i  r e c t e d  t o  e i  t h e r  o f  two 500 word, 21-bi t memories ( ~ e n .  A 

and Mem. B )  These memories may be used t o  s t o r e  t h e  r e s u l t  o f  a s i n g l e  



2.8 ms (one frame) exposure o r  t o  signal-average many exposures, thus 

mproving both the s ignal- to- noise r a t i o  and the dynamic range. Gener- 

i l l y  the A memory i s  used t o  s tore  the desired s ignal  p lus undes i r e d  

; ignals (such as background sky 1 i g h t  and detector  dark current)  and the 

B memory i s  used t o  s to re  the undesired s igna ls  alone. The two .memo- 

r i e s  may then be subtracted channel-by-channel t o  y i e l d  the des i reds ig-  

na l .  Once the data i s  i n  t h i s  form, each channel m y  be read d i g i t a l l y  

on the f r o n t  pane1 o r  may be d i rec ted t o  an HP 5055 d i g i t a l  p r i n t e r .  A 

high-speed analog output i s  used t o  d r i ve  a model 604 T e k t r o n i x  X - Y  

d isp lay  scope and a slow analog output i s  being used t o  d r i v e  an HP pa- 

per recorder . 
'The OMA can be used i n  severa1 operat ing mdes : 

Input Mode,;. - I n every i nput mode, the data f rom a1 1 f i ve hundred detec- 

t o r  channels i s  read i n t o  a memory. The data may be added t o  the A me- 

mory (A-Accum. button) , t o  the B memory (B-Accum. but ton) , o r  t o  both 

f o r  any nuinber o f  scans. I t i s  a lso  possib le t o  se lec t  a delay o f  from 

zero-to-elleven times 32.8 ms between ac t i ve  read- in cycles. This allows' 

the s igna l  t o  accumulate on the, detector  before be i ng app l i ed t o  the 

preampl i f ie r ,  thus improving the s ignal- to-noise r a t i o  fo rweaks igna ls .  

I n  add i t io i i ,  there i s  a t e s t  rnode which provides a t e s t  input  l e v e l w i t h  

an a r t i f i c i a l  peak a f t e r  the cursor channel. 

rlccumulation may be automat ical ly  stopped i n  two ways. Selec- 

t i n g  the F z d Z Z  ScaZe HoZd mode, the accumulation i s  stopped when the 

count i n  aiiy channel reaches o r  exceeds 98.000. Se1 e c t  i ng t h e  Preset 

HoZd mode, the accumulation i s  stopped a f t e r  a preset number o f  read- in 

cycles. The accumulation time wi 11 be the number se t  on the Preset swi t ch  

times the I lelay swi tch p lus  one, times 32.8 ms. The measurement may be 

manually stopped a t  any t ime by re leasing the respect ive Accum. button. 

DispZay MotLs - The output  o f  e i t h e r  A o r  B memories, the channel - by 

-channel d i f fe rence (A-B) , o r  the Real Time ( s ing le  frame scans o f  the 

Vidicon) ai-e displayed on the Tekt ron ix  X-7 d isp lay  scope. The OMA con- 

sole has two cont ro ls  t o  se lec t  the v e r t i c a l  s e n s i t i v i t y  f o r  the scope: 

the Scale Factor swi tch selects the magnitude o f  the most s i g n i f i c a n t  

d i g i t  read from the memory t o  the d isp lay  D-A converter; the Ve r t i ca l  

Expand cont ro l  var ies the v e r t i c a l  gain from X1 t o  X10. There i s  a l so  a 



l ogar i tmic  d isp lay  mode i n  which the log.  o f  the selected data source 

i s  displayed. 

An i n t e n s i f i e d  channel on the d isp lay  marks the l oca t i on  o f  

the cursor, The cursor channel number i s  read ou t  d i g i t a l  l y  on the OMA 

f r o n t  panel, together w i t h  the contents o f  t h i s  channel. The cursor may 

be moved t o  the r i g h t  o r  t o  the l e f t  o r  returned t o  channel zeroby pres- 

s ing the respect ive buttons, thus a l lowing the reading o f  the channels 

o f  every channel. 

The scope.display may be expanded i n  the hor izonta l  d i r e c t i o n  

by tu rn ing  the Hor izontal  Expand con t ro l .  I n  t h i s  mode, thed isp lays tar ts  

expanding a t  a po in t  twelve channels t o  the l e f t  o f  the cursor. 

There i s  a l so  a summation mode i n  which the sum o f  the con- 

ten ts  o f  any number o f  adjacent channels can be displayed i n  the OMA 

f r o n t  panel. This i s  done by pos i t i on ing  the cursor on the l e f t m o s t  

channel t o  be summed and then pushing the C button. The cursor i s  then 

moved t o  the r i g h t  u n t i l  i t  i s  over the r ightmost channel t o  be sumned. 

The sumnation w i l l  appear a t  the d i g i t a l  d isplay.  Moving the cursorf rom 

r i g h t - t o  l e f t  w i l l  subt rac t  the contents o f  each channel from the sum- 

mation. The displayed sum i s  m u l t i p l i e d  by X10 o r  X100 as selected by a 

swi tch on the back panel and ind ica ted by a LED t o  the r i g h t o f t h e f r o n t  

panel d isplay.  

Principal Parameter5 

To estimate the more important parameters o f  the Spectrograph 

we w i l  l f o l  low schroederl, ~ o w e n ~  and the Ins t ruc t i on  Manual f o r  t h e  

instrument. 

Let  us assume t h a t  a s l i t  width,  w = 56 um and a s l i t  height ,  

h = 0.25 mm has been selected t o  some observation. 

According t o  the above descr i p t i on ,  the diameter and foca l  

length o f  the telescope are: 

D = 24 x 25.4 mm; f = 13.5 D 

and s i m i l a r l y  f o r  the co l l ima to r  



and f o r  the camera: 

The g ra t i ng  constant i s :  

The angles subtended by the s l i t  on the sky are: 

@ 5 w/f .: 6 . 8 ~ 1 0 - ~  rad = lt!4 

4 '  = h/f = 3.04xlO-~ rad = 6'!3 

and the angles subtended by the s l i t  a t  the co l l ima to r  are: 

y = o/f1 = 8 . 3 ~ 1 0 ~ ~  rad = 17'!1 

y' = h/fl = 3 .76~10 '~  rad = 1417'.'6 

The projected s l i t  width and height  i n  the camera focal  p la-  

ne (wi thout including the anamorphic e f f e c t  o f  the g ra t  ing) are: 

The angular d ispersion o f  the g ra t i ng  can be obtained fromthe 

well-know re la t i on :  

x = L (sen a + sen B) 
Y 

(6) 

where K i s  the spectral  order; 1, the wavelength; T, the gra t ing  cons- 

tant ;  a and $, the incident and r e f r a c t i o n  angles. This expression can 

easely be w r i t t e n  i n  terms o f  the angles $ and e o f  Fig. 2: 

Q x = 2 cos sen e 
K 

At f i r s t  order and being T = 1/12000 cm; + = 50°, (7) becomes: 

55 



which a l lows  the s e l e c t i o n  o f  e f o r  the  c e n t r a l  wavelength t o  be obser- 

ved . 

For a f i x e d  ang le  o f  incidente we can f i n d  the angu la r  d i s -  

p e r s i o n  o f  the g r a t i n g  by d i f f e r e n t i a t i o n  o f  (6 ) :  

dB K - = - =  sen a + sen B 

dX T cos B X COS B 

which, i n  terms o f  8, $, g i v e s  the r e c i p r o c a l  angular  d i s p e r s i o n :  

For our  spectrograph, ( 1  0) becomes : 

The r e c i p r o c a l  l i n e a r  d i s p e r s i o n  a t  the  o u t p u t  o f  the  camera, 

i n  a/mm w i l l  be: 

A = - - - -  dx i " A ( c o t g  e - 0.466) 
da. - f l  dB =300 

The corresponding r e c i p r o c a l  1 inear  d ispers ion ,  i n  8/chan. a t  

t h e  OMA o u t p u t  i s  i n d i c a t e d  i n  E q .  (2 ) .  

Both y and y expressed by (12) and (2) a r e  r e c i p r o c a l  l i n e a r  
C' 

d i s p e r s i o n  f o r  the c e n t r a l  wavelength o f  the  r e f  r a c t e d  spectrum. These ' 

values can be used through a11 t h e  smal 1 s p e c t r a l  band, AX - 500 8, cor-  

responding t o  one exposure c y c l e ,  w i t h  c e r t a i n  e r r o r .  A more accura te  

computat ion i s  needed t o  o b t a i n  a b e t t e r  r e l a t i o n  between wavelengths 

and channel numbers o f  the OMA d e t e c t o r ,  a long  the  wavelength range o f  

a s i n g l e  measurement. 

Cal 1 i n g  i t h e  d e t e c t o r  number (O -< i 5 4991, t h e  d i s t a n c e  f rom 

t h e  channel i f rom the  c e n t r a l  one w i l l  be ( i  - 249.5) w ,  a t  t h e  camera 

f o c a l  plane. The r e f r a c t i o n  angle,  Bi, corresponding t o  t h e  i channel, 

i s  (see F i g .  2 and 3 ) :  



where =: 8 + 4/2 

This va 

and A B  - sen AB = ( i  - 249.5) df2. 

lue o f  Bi, together w i t h  Eq. (9) g ive  the rec iproca l  

l i n e a r  dispersion, i n  8/mm, corresponding t o  the channel i: 

where y i s  g iven i n  (12) 

Accord i ng (2) , 
/channel, f o r  the channe 

the same rec iproca l  l i nea r  dispersion; 

1 i, w i l l  be: 

For our spectrograph, i n  the f i r s t  order (12.2) becomes: 

yci -= 
- 2.31 48x 1 O-'-? (i-249.5) sen (8+2s0) 

Yc ( 1  2.3) 

Th is  (12.3) gives the number o f  A corresponding t o  the channel 

i. Genera,lly, the observer l i k e s  t o  know the wavelength range correspon- 

d ing t o  a g iven p a i r  o f  channels, say il = m, i2 = n (me n). The desi-  

red wavelength range wi11 be: 

AA = (n-m) .3889 cos (e+2s0) - 1 . l574xl0-" (499-n-m) sen (8+2s0)] 
m, n 

(12.4) 

which provides a way'to compute the wavelength f o r  a given channel num- 

ber, when the wavelength centered on another channel i s  know, from a 

compa r 

su i tab 

son spectrum. 

The important parameters o f  any spectrograph, determining the 

1 i t y  o f  the instrument f o r  a g iven observational program, are: 



anamorphic magn i f i ca t ion  o f  the gra t ing ,  n ;  spectra l  p u r i t y ;  61; spec- 

t r a l  reso lu t ion  R e f f  iciency, r; throughput, Le (somet imes ca l  led  Lu- e ;  
m i n o s i & ) ;  throughput- resolution product, L,.R,; and s p e c t r o g r a p h  i c 

speed, S .  

The anamorphic magn i f i ca t ion  i s  def ined by: 

r = cos a /cos B 

which, i n  terms o f  e,$, becomes: 

l t t g  2 tge 110.466 tge 
r = - - 

4 
(1 4 )  

i - t g  tge 1-0.466 tge 

The e f fec t s  o f  t h i s  f ac to r  r are as fo l lows:  the r a t i o o f  the 

dispersed beam width t o  the inc ident  beam a t  the g ra t i ng  i s  l/r; the 

pro jec ted s l i t  width i n  the camera foca l  plane i s  a c t u a l l y  w' =rwf2/fi; 

the angle subtended by the pro jec ted s l i t  width, w f ,  a t  the camera i s  

r . Y .  The name of anamorphic magn i f i ca t ion  i s  appl ied because r a f f e c t s  

the beam and pro jec ted s l i t  widths, but  not  the heights.  i t  can beshown 

tha t  when r # I  other parameters are modi f ied:  the spectra l  p u r i t y  i s  d i -  

r e c t l y  p ropor t iona l  t o  r; and the spect ra l  r eso lu t i on  and the spectro- 

graphic speed are both inverse ly  propor t iona l  t o  r. 

To def ine  the spectra l  p u r i t y  i t  can be assumed tha t  the en- 

trance s l  i t  i s  i l luminated by two monochromatic wavelengths s e p a r a t e d  

by A A .  The two images i n  the camera foca l  plane w i l l  be j u s t  separated 

when the angle between corresponding s i  des o f  the images i s s 1 i gh t 1 y 

greater  than y .  When the images are i n  the verge o f  being resolved, A A  

= 6A, the l a s t  being c a l l e d  spect ra l  p u r i t y .  I n  t h a t  case, the condi- 

t i o n  

together w i t h  ( 3 ) ,  (4) and the matching cond i t ion ,  D/f = dl/fl, gives: 

which, f o r  our spectrograph, becomes: 
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ax  = 4 . 1 4 5 ~ 1 0 - ~  x(cotg e - 0.4666) ( 16) 

By d e f i n i t i o n ,  the spectra l  r eso lu t i on  i s :  

The e f f i c i e n c y ,  r, o f  the spectrograph can be expressed as 

the product o f  bare aluminum f i l m  coated co l l ima to r  m i r ro r ,  camera, and 

g ra t i ng  e f f  i c ienc ies .  Assuming the two f i r s t s  fac tors  are 0.85, thespec- 

trograph e f f i c i e n c y  i s :  

The throughput, Le , i s  re la ted  t o  the amounto f l igh t  trans- 

m i t t ed  by the telescope-spectrograph combination. I t  was shown by Jac- 

qu inot3  tha t  the f lux  transmi t ted ,  F , by any o p t i c a l  system i s  the pro- 

duct o f  the luminance, L , a t  the entrance apertura and the throughput 

o f  the system. 

Considering on ly  the spectrograph, the luminance i s  the i n -  

t e n s i t y  per u n i t  area a t  the entrance s l i t .  The throughput, as def ined 

by Jacquinot i s  the product o f  the s o l i d  angle o f  the entrance s l i t s u b -  

tended a t  the co l l imator ,  the co l l ima to r  area, and the s p e c t r o g r a p h  

transmi t t a i ~ e ,  T. I t i s  found tha t :  

whi ch, f o r  our spectrograph, becomes: 

An important measure o f  the mer i t  .of a g iven spectrograph i s  

the througtiput- resolution product, which i s :  



o r ,  i n  terms o f  8 and f o r  t h e  s e l e c t e d  va lues o f  w ,  h:  

The r e l a t i o n  (22) i s  most u s e f u l  when comparing d i f f e r e n t  

spect rographs f o r  use on t h e  same te lescope under s i m i l a r  c o n d i t i o n s  o f  

seeing.  When cons ider ing  d i f f e r e n t  seeing cond i t i ons ,  o r  extended sour-  

ces, i t  i s  a l s o  necessary t o  take  i n t o  account the  l u m i n a n c e o f t h e  sour-  

ce a t  the  spect rograph entrance s l i t .  From the  d e f i n i t i o n  o f  luminance 

(see p.e. ~ o n ~ h u r s t ~ ,  f o r  a  complete d iscuss ion  on photometr ic  parame- 

t e r s )  i t  can be see t h a t  f o r  a  p o i n t  source ~ c t ( $ ' ) - * ,  w h i l e  f o r  an ex- 

tended source o f  u n i f o r m  s u r f a c e  b r igh tness ,  L = constant,  whenthe sour-  

ce 's  angular  d iameter  i s  l a r g e  compared t o  the seeing l i m i t .  I f  these 

r e s u l t s  a r e  incorpora ted  i n t o  (22), the  f o l l o w i n g  express ion f o r  t h e  

t r a n s m i t t e d  f l u x - r e s o l u t i o n  i s  found: 

i rd  DA dB 
- f o r  p o i n t  sources (24) 

Ji' dA 
F.Re a 

dB ~d DA$' dj; f o r  extended sources 

From (24) , i t can be seen t h a t  b e t t e r  seeing (smal l e r  $I') re-  

s u  1 t s  i n  a l a r g e r  transmi t t e d  f l u x - r e s o l u t i o n  product ,  as expected. I f  

the  seeing d i s k  i s  l a r g e r  than the  angular  w i d t h  o f  t h e  ent rance s l i t  

( $ I  > a) ,  then  increased r e s o l u t i o n  can be ob ta ined  o n l y  a t  t h e  expense 

o f  t r a n s m i t t e d  f l u x .  I n  Eq. (25) ,  t h e  f a c t o r  I/J' i s  n o t  r e l a t e d  t o  t h e  

seeing; i t  i s  s imp ly  the angular  h e i g h t  o f  t h e  ent rance s l i t  p r o j e c t e d  

on the sky.  

The spec t rograph ic  speed i s  p r o p o r t i o n a l  t o  t h e  f 1 u x  per  

u n i t  area t h a t  the  spect rograph y i e l d s  a t  the  d e t e c t o r  i n p u t .  According 

Bowen2 , the  w i d t h  o f  t h i s  area can be taken as the  d is tance  which co- 

vers a wavelength range o f  1  8 .  I f  the rec ip roca1  l i near  d i s p e r s i o n  i s  

y, i n  u n i t s  o f  8/rnm, then t h i s  d is tance  i s  s imp ly  l / y  mm. For an e f f e c -  



t i v e  entrance s l i t  he igh t  h (which may be the diameter o f  a seeing-bro- 

adened po in t  source) the he ight  o f  the area on the detector  i s  h'.  The 

detector  are i s  then ht/y. 

From (18), (24) and (251, the f o l  lowing expressions fo r  the 

t ransmit ted f l u x  are obtained: 

T D ~ I J J / $ ~  f o r  poi  n t  sources (26) 

rD2$$ f o r  extended sources (27) 

Denoting the speed by S i t  i s  found, f o r  a seeing broadened 

po in t  source, t ha t :  

s a T D ~ Y $ / $ ' ~ '  

and 

f o r  extended sources . 

the 

Two cases can be considered, f o l  lowing ~ o w e n ~ :  Case A - A1 1 

i gh t  passes the entrance s l i t ,  i n  which case $ = $', h '  = w '  and: 

S ~ T  ~~y w '  

,hotographic detectors o' i s  normally taken as the For ol 

t i o n  o f  the emulsion. For our OMA detector  such a l i m i t  

the distaince between centers o f  two adjacent channels ( 

Case B - The entrance s l i t  i s  narrower than the image ($' > $), i n  which 

case : 

T w ' y W  
S a 

(~1') L [$I2 
For exterided sources, i t  i s  obtained: 

1. imi t o f  resol  u- 

can be taken as 

1 ) :  



The s e l e c t i o n  o f  the s l i t  dimensions t o  be used i n  t h e  ob- 

s e r v a t i o n  o f  a g iven  source can be made f rom the above èxpress ions,  t a -  

ken i n t o  account the  source type  and the  seeing c o n d i t i o n s  d u r i n g  t h e  

rneasurernen t . 

For the  purpose o f  i l l u s t r a t i o n ,  l e t  us assume t h a t  a 5 t h  

magnitude s t a r  spectrum i s  t o  be measured i n  a l i m i t e d  ban around 4400 

8 .  
For such s t e l l a r  source, assuming good seeing c o n d i t i o n s , i t  

can be se lec ted  w = 28 um and h = 0.25 m. 

The ang le  o f  the  g r a t i n g ,  8, i s  r e l a t e d  t o  the  c e n t r a l  wa- 

ve length by Eq .  ( 8 ) .  For 170, i t  i s  ob ta ined  hc = 4415 8. The c e n t r a l  

rec ip roca1  1 i near  d ispers ion ,  g i v e n  by Eq.  (2 ) ,  i s  yc = 1,048 8/channel. 

The 500 channels o f  the  d e t e c t o r  w i l l  cover  i n  t h i s  case a spect ra lband 

o f  about 524 8,  centered on 4415 8. The a c t u a l  wavelength corresponding 

t o  each channel can be determined record ing  a comparison spectrum f rom 

t h e  A-He lamp source, a f t e r  o r  b e f o r e  the  s t e l l a r  measurement, w i t h  the  

same g r a t i n g  s e t t i n g .  I t  i s  a good p r a c t i c e  t o  take  the  comparisonspec- 

trum i n  t h e  same te lescope p o s i t i o n  o f  the s t e l l a r  observat ion,  t o a v o i d  

even tua l  s h i f t i n g  due t o  f l e x u r e s .  

The c o l l i m a t o r  must be focussed a t  t h i s  stage, accord ing the  

s e l e c t e d  g r a t i n g  angle. The e m p i r i c a l  r e l a t i o n  between e and the  c o l l i -  

mator f o c a l  d ia1  read-out,  E, i s  

which, i n  our  ca 

The 

exp la ined  above, 

ise, g i ves :  E = 3.05. 

i n t e g r a t i o n  time, T, must be now se lec ted .  As i t  was 

T i s  g i v e n  by: 

where D i s  the  delay,  o r  the  number o f  s ignal- average 32.8 ms exposures, 

over  the f i r s t ,  composing one read- in  cyc le ;  and P i s  the  p r e s e t  number 

o f  read- in  cyc les .  



Our uncooled 1205-0 d e t e c t o r  admits a maximum delay D = 3 .  

Th is  a l l o w s  f o u r  accumulat ions cyc les  f o r  each read- in  c y c l e ,  which i s  

the delay r iormal ly  used a t  the  Val inhos S t a t i o n .  The number o f  a c t i v e  

read- in  cyc les,  P, must be s e l e c t e d  t a k i n g  i n t o  account t h a t  i r ic reas ing 

P a b e t t e r  spectrum w i l l  be obta ined,  b u t  t h e  maximum count i n a n y  chan- 

ne l  must n o t  exceed 98000. For a 5 t h  magnitude s t a r  i n  normal c o n d i t i o n s  

a good measure i s  ob ta ined  w i t h  P = 300; i .e . ,  T - 40 sec. Both D and P 

a r e  f i x e d  through the respec t i ve  thumbwheel s w i t c h  a t  the  OMA f r o n t  pa- 

ne l  . 

Once the  s t a r  image i s  centered over  the  s l i t ,  t h e  measure- 

ment can be i n i  t i a t e d .  For  t h a t ,  the A-Mem. d i s p l a y ,  A-Mem. erase, Pre- 

set -Hold and A. Accum. bu t tons  must be pressed i n  o r d e r .  

A t  the end o f  the se lec ted  i n t e g r a t i o n  t ime, t h e  coun t ing  

i s  a u t o m a t i c a l l y  stopped and the  Preset-Hold lamp l i g h t s  up. The con- 

t e n t s  o f  a1 1 the  500 channel a re  shown i n  the  X- Y scope d i s p l a y .  A lso  

each conter i t  can be d i g i t a l l y  read on the  OMA f r o n t  panel,  t o g e t h e r  

w i t h  t h e  channel nurnber, the  changing o f  channel be ing  made through t h e  

+ o r  + but tons. 

As i t  was exp la ined  above, the  con ten ts  o f  the  A memory a t  

t h i s  s tage correspond t o  the  n e t  s t e l l a r  f l u x  p l u s  the  sky background, 

s t r a y  l i g h t  and d e t e c t o r  dark c u r r e n t .  To i s o l a t e  t h e  n e t  s t e l l a r  f l u x  

a second measure must be made. By a smal l  mouvement o f  t h e  t e l e s c o p e t h e  

s t a r  image i s  removed f rom t h e  s l i t  and a new coun t ing  can be d i r e c t e d  

t o  the  B memory (p ress ing  nor  the  B-Accum. b u t t o n  ins teado f theA-Accum.  

b u t t o n  i n  the  sequence above) . When t h i s  second coun t ing  c y c l e  i s  f i n i -  

shed, the  n e t  s t e l l a r  f l u x  i n  each channel can be read on t h e  OMA f r o n t  

pariel by p ress ing  the  A-B b u t t o n .  The X-Y scope w i l l  t hen  d i s p l a y  t h e  

d e s i r e d  ne t  spectrum. The con ten ts  o f  a11 the  500 channels can be paper 

impressed by the  HP d i g i t a l  recorder ,  by p ress ing  the  P l o t / P r i n t  button. 

The count  i n  each channel i s  i d e n t i f i e d  by the  r e s p e c t i v e  channel num- 

ber  i n  the record .  

To look  the main f e a t u r e s  o f  the  measured spectrum i t  i s  

sometimes usefu l  t o  take a photograph o f  the scope d i s p l a y  w i t h  a Pola-  

r o i d  camera o r  a  paper record  o f  t h e  spectrum through t h e  r e a r  slowana- 

l o g i c  o u t p u t  w i t h  the  HP m i l i v o l t m e t e r ,  a l s o  a v a i l a b l e  a t  t h e  S t a t i o n .  



O f  course, i f  a wider  range o f  t h e  source spectrum i s  des i -  

red, i t i s  necessary t o  repeat  the  descr ibed procedure f o r o t h e r  g r a t i n g  

s e t t i n g s .  

A method f o r  da ta  r e d u c t i o n  i s  g iven  i n  Apendix 1, which 

a l l o w s  t o  e l i m i n a t e  the e f f e c t s  o f  atmospheric s e l e c t i v e  absorp t ion ,  

a p p l y i n g  t o  d i f f u s e  sources. A s i m i l a r  a n a l y s i s  can be used f o r  s t e l l a r  

spect ra  . 

3. THE PLANETARY NEBULAE NGC 6818 AND NGC 7009 

NGC 6818 

NGC 6818 i s  a southern p l a n e t a r y  nebula whose c o o r d i  n a t e s  

(1950) are:  a = 1 9 ~ 4 1 ~ 0 6 ~  and 6 = - 1 4 ~ 1 6 ' .  I t s  rad ius  i s  about 9.1 a r c  

seconds. The observat ions o f  t h i s  o b j e c t  were made on the  n i g h t s  o f  8/9 

and 9/10 September 1977 w i t h  reasonable sky c o n d i t i o n s .  As a comparison 

s t a r ,  was choosen HR 7379, an AO s p e c t r a l  type.  The spectrograph s l  i t  

was a l i g n e d  on the  North-South d i r e c t i o n  and we have used a s l i t - w i d t h  

o f  h " ,  placed a long the  reg ion  o f  h igher  b r igh tness .  The i n t e g r a t i o n  

t ime, i n c l u d i  ng background accumulat ion,  was 3m44sfor each s p e c t r a l  band 

o f  500 Angstrons o f  the  nebula and 3m055 f o r  the comparison s t a r .  Thus, 

an a l  l s e t  o f  observa t ions  i s  done i n  about 35m. 

NGC 7009 

Th is  i s  a l s o a  southern nebula w i t h  coord inates (1950) :  a 
h m s 

= 21 01 30 and 6 = -11°34'. The r a d i u s  o f  t h i s  nebula i s  about 13.4arc 

seconds. Th is  p l a n e t a r y  nebula i s  i n t e r e s t i n g  because i t  shows a double 

r i n g  s t r u c t u r e  and s t r i k i n g  ansae. A d e t a i l e d  s tudy o f  t h i s  o b j e c t  was 

presented by A l l e r  and Epps . The observa t ions  were done on the same 

n i g h t s  as NGC 6818 and HD 200761, an AO s t a r ,  was choosen as a compari- 

son. The o t h e r  c o n d i t i o n s  were s i m i l a r  t o  those descr ibed before.  I n  

t h i s  case, the  s l i t  was p laced a long the  b r i g h t  r i n g  i n  t h e  NS d i r e c -  

t i o n .  



Table 1 shows the observed in tens i  t y  o f  th;? ident i f ' ied  l ines 

as we l l  as the corrected i n t e n s i t y  through the i n t e r s t e l l a r  reddening. 

The data reduct ion method i s  g iven i n  the appendix 1 .  

- 

E l e m e n t / l  i n e  

111 3727 

[Se 1 1  I] 3869 

Hy 4340 

i  I  i] 4363 

He 1 4471 

He l l  4686 

HB 4861 

I  I  i] 4959 

I i  I] 5007 

He 1 5876 

Ha 6563 

@ i  I] 6584 

- 

N G C  6818 N G C  7009 

I Reddening corrected i n t e n s i t y  
C 

I. E Observed i n t e n s i t y  

The e lec t ron  temperature o f  the nebulae can beestirnatedfrom 

the r a t i o  o f  the nebular and aurora1 (forbidden) l i n e s  o f  O I I I  (seeap- 

pendix 2) . The resul  t s  t ha t  we have obtained are  given i n  t ab le  2 com- 

pared a1 so wi t h  previous estimates. 

The e lec t ron  densi ty could be, i n  p r i nc ip le ,  estimated from 

the 3726/3729 doublet l i n e  r a t i o  o f  O I I .  However the sky condi t ionsdu- 

r i n g  our ~ ~ b s e r v a t i o n s  were not  good enough t o  resolve the doublet and 

on ly  the t o t a l  i n t e n s i t y  could be obtained. 



Table 2 

Electron Temperature 1 Object 1 1 Author 

Once the e lec t ron  temperature i s  determined, the i o n i c  den- 

s i t i e s  can be estimated from the l i n e  i n t e n s i t i e s .  l h e  basic equations 

and the prescr ip t ions  t o  co r rec t  f o r  other i on i za t i on  stages are  given 

i n  the appendix 2. 

NGC 6818 

NGC 7009 

Table3 showsthe resu l ted  elemental abundance ra t i os .  We g i ve  

a l so  the resu l t s  f o r  the b r i g h t  r i n g  o f  NGC 7009, fo l lowing the work o f  

A l l e r  & Epps5. The,He abundance i s  q u i t e  good since d o e s n ' t  depend 

s t rong ly  on the e lec t ron  temperature. The other r a t i o s  are more sensi- 

t i v e  t o  t h i s  parameter.and therefore the uncer ta in t ies  are greater .  Ne- 

vertheless our resu l t s  and those o f  A l l e r  & Epps agree w i t h i n  a f ac to r  

three f o r  Ne and N and are i n  very good agreement f o r  He and 0. 

Table 3 

1 1  000 O K  

11700 O K  

9430 O K  

10300 O K  

- 

Object r 

Present 

A1 l e r  G ~ p p s ~  

Present 

A1 l e r  & ~ p p s ~  

NGC 7009 

Author 

Present 

Present 

A l l e r  & EppsS 



4. THE LAGOON NEBULA 

The H I I 

thern ob jec t  (as0 = 

minutes and a t o t a l  

reg ion, the Lagoon Nebula ( ~ 8 ;  NGC 65231, i s a sou- 

18~01'; &,, = - 2 4 0 )  wi th  a diarneter o f  about 25 arc  

ionized gas mass o f  the order o f  l o 3  Me. 

This fiebula was observed on two consecutive nights (1 1/12and 

12/13 September 1977) i n  three d i f f e r e n t  pos i t ions  wi t h  the ob jec t i ve  

t o  measure possible temperatures gradients. However, the observations 

were done i n  the west pa r t  o f  the sky, where the l i g h t s  from Campinas 

a f  f ec t  the measurements and due t o  the epoch, the  observat ions were a l so  

done a t  considerable zen i tha l  distances. Therefore, the present obser- 

vat ions are o f  poor qual i t y  and we repor t  on l y  the resu l t s  fo r  thebrigh- 

t e s t  measured po in t .  We plan t o  observe th.is nebula i n  the next season 

wi t h  more favourable condi t ions .  

I n  the posi t i o n  two, placed a t  about 60 arc  seconds west from 

9 Sgr, the b r i gh tes t  po in t  we have measured, i t  was possible t o  estima- 

t e  the r e l a t i v e  i n tens i t y  o f  the doublet 3729/3726 o f  O I I and therefo- 

r e  t o  estimate the e lec t ron densi t y .  We have obtained f (3729)/1(3726) = 

= 0.82, i ihích corresponds t o  an e lec t ron densi ty o f  1 . 3 ~ 1 0 ~  t y p i -  

ca l  f o r  w c h  a nebula. The e lec t ron temperature, obtained from the ne- 

bular  and aurora1 1 ines o f  O I I I was 10240 OK. 

Table 4 shows the observed i n t e n s i t i e s  o f  some common l i nes  

a lso  measured by Peimbert. and costero6 i n  a nearby region. The agreement 

'Table 4 

Element/line 

1 i] 3727 

[O I I I] 4959 

[O l l l ]  5007 

He 1 5876 

Ha 6563 

@ 1 6584 

flemark: IHg = 100 

Present 

126.6 

84.7 

212.4 

32.1 

507.1 

28.8 

Peimbert b Costero6 

126.0 

79.5 

417.0 

13.8 

407.0 

83.1 



i s  good f o r  some Oxygen l i nes  but  i s  poor f o r  the red l ines ,  spec ia l l y  

f o r  the A6584 - II] l i n e .  We remark tha t  the theo re t i ca l  value f o r  the 

r a t i o  1(5007/1(4959) o f  01 1 1  i s  3 . O ,  whi l e  Peimbert and Costero haveob- 

ta ined a. r a t i o  o f  about 5.2 and we have obtained 2.5, i n  be t te r  agree- 

ment w i th  the expected value. This by no means says tha t  our observat i -  

ons are the best, but  t h a t  more ca re fu l  measurements should be done. 

5. THE ORION NEBULA 

This nebula around the s t a r  e2 O r i  has been the mostobserved 

H I I region o f  the sky due t o  i t s  la rge angular s i ze  (severa1 arc m i  nu- 

tes) , low reddeni ng and very h igh  emiss ion. I t can be observed f rom both 

the southern and northern hemisphere (approximate cent ra l  c o o r d  i n a t e s  

a - 5h34m, 6 - -s025') provid ing a comparison source f o r  p h o t o m e t r i c  

and spectroscopic studies o f  o ther  nebular regions. I t  i s  impossible t o  

g ive  a complete bib l iography concerning t h i s  object ;  but ,  between the 

more re levant  and recent spectroscopic works, i t  can be mentioned: Cru- 

v e l l i e r 7 ;  ~ o b b i n s ~ ;  cap1anq; ~ i m ~ s o n ~ O ;  ~eh renbach l l ;  Peimbert and Tor- 

res-peimbert12. 

We observed the Orion Nebula on the n igh ts  9/10, 11/12 and 

12/13 September 1977. Four non cent ra l  po in ts  were selected f o r  measu- 

r ing ,  shown i n  Fig.  5. These observations were made w i t h  a medium-poor 

sky qual i t y  and resu l t s  are reported on ly  t o  i l l u s t r a t e  the instrument 

performance. (More recents measuring, s t i l l  not reduced, show tha t  re- 

s u l t s  are very sens i t i ve  o f  the sky seeing condi t ions).  A delay D = 3 

preset  Ps  = 800 were used, g i v i ng  an i n teg ra t i on  time o f  105 sec. f o r  

each measure. The s l i t  dimensions were w = 160 pm and h = 2.5 mm. 

Table 5 shows the reduced r e l a t i v e  i n t e n s i t i e s  o f  the detec- 

ted l i nes .  

The r a t  i o  1(3729) /3726) was computed by graphi ca l  r e s t i  tu-  

t i o n  o f  the l i n e  shapes from the histograms i n  the respect ive spectra l  

range, f o r  each observed po in t .  These r a t i o s  o f  the 13 doublet a1 low 

the eva luat ion  o f  the e lec t ron  densi t i e s  (Appendix 2), which a r e  show 



F i g .  5 - Sky Project ions o f  the s l  i t  ( 1 ,  2 ,  3 and 4) f o r  the observed 

regions o f  the Orion Nebula. Coordjnates a r e  o f  epoch 1950. 

i n  Table 6 .  Our r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  ones ob ta ined  i n  recen t  

researches ( E l l i o t  & ~ e a b u r n l ~ ;  ~ a p l a n g )  b u t  somewhat h i g h t  i n  r e l a t i o n  

t o  Caplan nieasurements, f o r  p o i n t s  c o i n c i d e n t s  w i t h  c e n t r a l  p o s i t i o n  o f  

ou r  s l i t .  These d i f f e r e n c e s  can be due t o  o u r  low angu la r  r e s o l u t i o n s ;  

each p o s i t i o n  o f  o u r  s l i t  covers a long s t r i p  o f  t h e  nebula and so o u r  

r e s u l  t s  correspond t o  severa1 reg ions measured by Capl an. 

The e l e c t r o n  temperature was eva lua ted  through the r a t i o  o f  

nebular  ancl aurora1 1 ines o f  r0 I I I] : I ( 4 9 5 9  + 5007)/1(4363) . The low 

leve1 o f  eni ission a t  A4363 over  the  no ise  p reven t  quan t i  t a t i v e  r e s u l t s  

f o r  a l l  but  the  p o i n t  1. 

Apply ing formula o f  Appendix 2 and us ing  va lues o f  T g i v e n  e 
by o t h e r  workers f o r  reg ions 2, 3 and 4, some abundances were computed, 

which a r e  shown i n  Table 6 .  The va lues ob ta ined  a r e  i n  accordance w i t h  

the ones r e s u l t i n g  f rom more d e t a i l e d  s t u d i e s  r e f e r r e d  i n  the  l i t e r a t u -  



r e  (Peimbert and ~or res-pe imber t12)  f o r  respect ives reg ions o f  the ne- 

bula.  

These pre l im inary  resuf ts ,  although obtained i n  n igh ts  o f n o t  

very good seeing condi t ions,  a l low us t o  say tha t  the instrurnent i s s u i -  

Table 5 

tia 6563 

* The lack o f  data a t  these wavelengths i s  due t o  l i m i t a t i o n s  

o f  observing time; t h i s  range was not  measured f o r  po in ts  3 

and 4. 



t a b l e  f o r  nteasuring phys ica l  parameters o f  t y p i c a l  h i g h  and medium leve1 

emiss ion H I I  reg ions and p l a n e t a r y  nebulae. 

Table 6 

I I Reg i on 

APPENDIX 'I 

The Data Reduction Method 

The da ta  a n a l y s i s  which i s o u t l  ined belo\  

a p p l i e d  t o  emiss ion l i n e s  from d i f f u s e  o b j e c t s  such as p l a n e t a r y  nebu- 

l a e  and H I I I  reg ions.  

L e t  N the  number o f  counts i n  channel k i n  a g i v e n  i n t e -  k 
g r a t i o n  t ime tQ 

The t o t a l  number o f  counts i n  the  l i n e  w i l l  be 

where N i s  the  number o f  counts per  channel o f  the neighbour ing c o n t i -  
C 

nuurn .and S i s  the  d e t e c t o r  sensi b i  1 i t y  a t  t h e  k-chat&l. k 



The energy i n t e n s i t y  o f  the l i n e  w i l l  be 

where a i s  an average scale f ac to r  ( i n  erg cm-2 count- I  i f  111 i s  given 
-2 i n  e rg  cm s - l )  cha rac te r i s t i c  o f  the detector  and the exponential fac- 

t o r  takes i n t o  account the atmospheric ex t i nc t i on .  

I f  we are in teres ted on ly  i n  r e l a t i v e  i n tens i t i es ,  we ob- 

serve a comparison s t a r  f o r  which we know the r e l a t i v e  spectra l  inten- 

s i t y .  I f  we choose a nearky s t a r  i n  order t ha t  the a i r  masses (object  

and comparison s ta r )  are p r a c t i c a l  l y  the same dur ing the observations, 

the i n t e n s i t y  o f  the s t a r  near the spect ra l  region o f  the l i n e  under 

considerations i s :  

where <N*S > i s  the average number o f  counts per channel centered on k k a .  
the l i ne ,  obtained i n  a i n teg ra t i on  time t,,II, X i s t h e l i n e  wavelength, 

II 
D i s  the dispers ion o f  the spectrograph detector  a t  the considered wa- 

R 
velength ( i n  Angstron per channel) and C i s  the l i g h t  ve loc i t y .  

From eqs. A(2) and ~ ( 3 )  one obtains: 

f \ 

Considering the i n t e n s i t y  o f  a given 1 ine R wi th  respect some 

reference 1 ine  R o ( H ~ '  i n  general) and tha t  the detector  sens i b i  1 i t y  doens 

vary t o  much i n  the neighbouring channels, 'the eq. ~ ( 4 )  can be w r i  t t e n  

the form 



The equation A ( 5 )  i s  i n  the form a c t u a l l y  used i n  the present work. 

d i f f e r e n t  i n teg ra t i on  times are f i x e d  previously i n  the counter, 

d ispers ion i s  obtained from the ca l  i b r a t i o n  spectrum, the d i f f e  

counts are obtained from the experimentand the r e l a t i v e s t a r  spectra 

tensi  t y  i s  obtained from the 1 i t t e r a t u r e  (see, f o r  instance, O'Connz 

The 

the 

r e n t  

1 i n -  

1114). 

Figure 6 shows the r e l a t i v e  energy d i s t r i b u t i o n  f o r  s ta rs  o f  

spectra l  type i n  the range AO-A3 i n  the main sequence, t a k e n  from the 

work o f  O'Cmnel P 4 ,  which was used i n  the present analysis.  

Relative Energy Distribution 

A (0-3) Stor 

F i g .  6 - R e l a t i v e  energy d i s t r i b u t i o n  f o r  s t a r s  o f  spec t ra l  type i n  the 

range AO-A3 i n  the  main sequence taken fran O9Connel 14. 

APPENDIX 2 

Evaluation aF the Electron Ternperature 

For e lec t ron  dens i t ies  

nebular and aurora1 1 ines o f  O I 

l i nes  o f  N I1  depend p r a c t i c a l l y  

so lu t i on  of the s t a t i s t i c a l  equi 

smaller than l o 5  ~ m - ~ ,  the r a t i o  o f  the 

I I and the r a t i o  of the red and orange 

on the e lec t ron  temperature. Frorn the 

l i b r i u m  equations one obtains 



and 

1 0-2n, 
where x = - , as usual. 

5 

Hdiurn lonic Abundance 

The He lines are essentially recombinations 1ines.Therefore 

from the knowledge of the effective recombination coefficients one ob- 

tains: 

and 

Oxigen lonic Abundance 

From the solution of the statistical equil ibrium equat ions 

one obtains 



and 

l h e  oxygen abundance, tak ing i n t o  account the other ioniza- 

t i o n  stages,, i s  estimated from the p resc r ip t i on  

Nitrogen loniic Abundance 

Analogous, f o r  the ni t rogen one obtains 

and the t o t a l  abundance 

Neon lonic Abundance 

For the v i o l e t  l i nes  o f  Ne 1 1 1 ,  the  s t a t i s t i c a l  equationsgive 

us 

and the t o t a l  abundance 



~ e + +  [a] = i.] 
I n  order t o  obta in  the numerical c o e f f i c i e n t s  g iven i n  the 

equations above, we have used the e f f e c t i v e  recombination c o e f f i c i e n t s  

f o r  He and H ca lcu la ted by ~ r o c k l e h u r s t l ~ * 1 ~ .  For the N, O ,  Ne l i nes  we 

have used the t r a n s i t i o n  p r o b a b i l i t i e s  ca lcu la ted by Seaton and Oster- 

brock18 and ~ u s s b a u m e r ~ ~ .  C o l l i s i o n  strengths are those ca lcu la ted by 

seaton17 and pradhan20. 

Electron Densities 

The r a t  i o  of 1 i ne i ntens i t i  es o f  13 1 I] , ~ ( 3 7 2 9 )  /1(3726) , i s  

ra ther  independent o f  the temperature, and gives a measure o f  the elec-  

t r on  densi t y .  Eissner e t  a121 evaluate the r e l a t i o n  between Ne and t h i s  

r a t i o .  For x = 1 0 - ~  N~/TI/~. 
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