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ABSTRACT 

We inten d t o describ e her e i n ful l  detail s ou r  procedur e fo r  calculatin g th e syn -
thetica l  stella r  spectrum .  I t  feature s hig h accurac y an d hig h computin g speed .  I n 
combinatio n wit h a n interactiv e progra m fo r  comparin g synthetica l  spectru m wit h 
th e observation s thi s procedur e prove d t o b e a  useful l  an d reliabl e too l  fo r  abundanc e 
analysis ,  spectra l  line s identificatio n an d othe r  practica l  purposes .  T h e compute r 
implementatio n o f  spectra l  synthesi s -  progra m S Y N T H -  i s writte n i n F O R T R A N 7 7 
an d ca n b e installe d o n severa l  type s o f  computer s fro m 38 6 base d P C / A T machin e 
t o mainframes .  R O T A T E -th e progra m fo r  compariso n th e result s o f  S Y N T H wit h 
th e observations ,  i s  m a d e independen t  fro m a  specifi c  graphic s interfac e whic h make s 
i t  portabl e t o a  differen t  graphica l  environments . 

INTRODUCTION 

T h e ultimat e goa l  o f  ever y spectra l  synthesi s progra m i s t o extrac t  s o m e astro -
physica l  informatio n fro m compariso n o f  th e synthesize d spectr a t o th e observation . 
Therefor e th e calculation s mus t  carefull y approximat e th e proces s o f  radiativ e trans -
fe r  throug h th e atmospher e o f  th e sta r  an d als o accoun t  fo r  transformatio n o f  th e 
spectru m insid e th e telescope-spectrograph-detecto r  syste m use d i n observations . 
A n d s o w e ar e goin g t o follo w th e pat h o f  th e light ,  propagatin g fro m th e internal s 
of  th e sta r  "toward s a  computer" ,  whic h produce s a  plo t  o f  residua l  intensitie s a s a 
functio n o f  wavelength .  A t  thi s poin t  th e compariso n o f  th e observe d an d compute d 
spectr a b e c o m e meaningfu l  an d ca n privid e astrophysica l  information . 

I n ou r  synthesi s procedur e w e conside r  onl y th e absroptio n lines .  Furthermor e w e 
trea t  lin e formatio n i n th e loca l  thermodynamica l  equilibriu m ( L T E )  approximation , 
whic h basicall y m e a n s tha t  w e assum e th e temperatur e o f  th e radiatio n t o b e equa l 
t o th e temperatur e o f  stella r  matte r  i n ever y poin t  i n th e atmosphere .  T h e whol e 
procedur e ca n b e extende d fo r  th e star s wher e L T E approximatio n i s no t  valid ,  bu t 
i t  fall s  outsid e o f  th e scop e o f  thi s pape r  (fo r  n o n - L T E treatmen t  see ,  fo r  example , 
Auer  1976 ,  an d th e bibliograph y therein) .  We wil l  als o restric t  ourselve s wit h th e 
cas e o f  plane-paralle l  an d stati c atmosphere .  Thi s m e a n s tha t  th e calculation s wil l 
be les s accurat e fo r  giant s an d supe r  giant s an d the y ar e probabl y no t  applicabl e t o 
th e fas t  expandin g envelopes .  Anothe r  restrictio n arise d fro m ou r  dis k integratio n 
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procedur e whic h assume s n o rotationa l  broadenin g o f  spectra l  line s an d th e spherica l 
shap e o f  th e star .  T h e rotationa l  broadenin g i s importan t  thoug h fo r  compariso n 
wit h observations ,  s o w e include d i t  i n th e cod e tha t  doe s th e compariso n usin g th e 
approximation ,  suggeste d b y Gra y (1976 ) 

We ar e no t  goin g t o repea t  her e th e textbook s o n th e radiativ e transfe r  (see , 
fo r  example ,  Sobole v 1960 ,  Mihala s 1978 ,  an d th e reference s therein) .  Jus t  a  fe w 
definitions : 

•  specifi c  intensit y  I stand s fo r  th e amoun t  o f  energy ,  emmi te d throug h a  uni t 
are a aroun d a  give n poin t  o n th e surfac e o f  th e sta r  a t  a  give n wavelengt h i n a 
give n direction .  T h u s I  i s  a  functio n o f  wavelengt h ,  an d th e directio n o f  ligh t 
propagation .  I n th e cas e o f  plane-paralle l  atmospher e w e hav e a  symmet r y 
relativ e t o th e radiu s pointin g t o th e surfac e elemen t  unde r  consideratio n tha t 
i s w h y onl y on e angl e i s sufficien t  t o describ e th e direction .  We expec t  th e 
atmospher e o f  th e sta r  t o b e homogeneous ,  an d th e s a m e mode l  atmospher e 
(se e below )  an d chemica l  compositio n ar e vali d fo r  ever y surfac e element .  S o 
finall y w e have :  ,  where :  i s  th e wavelengt h an d i s a  cosin e o f 
th e angl e betwee n th e radiu s t o a  give n poin t  an d th e directio n o f  propagatio n 
of  I .  A s w e wil l  se e soon ,  i s a  ver y convenien t  paramete r  fo r  characterizin g 
th e direction . 

•  monochromat i c flu x i s th e tota l  amoun t  o f  energ y radiate d b y th e sta r 
toward s th e observe r  a t  a  give n wavelength .  S o ca n b e calculate d b y inte -
gratin g specifi c  intensit y ove r  th e visibl e hemisphere : 

is the projected elementary area on the stellar surface, which 
is getting smaller close to the limb. 

•  Continuou s opacit y coefficien t  i s  a  portio n o f  th e energ y whic h i s absorbe d 
fro m a  b e a m o f  radiatio n wit h a  specifi c  intensit y I  i n th e elementar y vo lum e 
at  a  give n wavelengt h i n a  bound-fre e an d free-fre e transition s processes . 
I n L T E approximatio n i s onl y a  functio n o f  th e physical  condition s insid e 
th e elementar y vo lum e (chemica l  composition ,  ga s an d electro n pressures ,  an d 
temperature )  an d th e wavelengt h .  S o i f  th e radiatio n wit h specifi c  intensit y 
/  wil l  cros s a n elementar y vo lum e wit h opacit y ,  i t  wil l  los e •  I  o f  it s 
energy . 

1. RADIATIVE TRANSFER 

(1 ) 

Over  visibl e 
hemispher e 
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ќ  Line opacity coefficient  is the same as continuous opacity coefficient except, 

that the energy is absorbed in a bound-bound transition processes. 

ќ  Optical depth  is a convenient substitute for geometrical distance scale in. 

stellar atmosphere.  Optical depth between two points  A and  В is defined as: 

where  dx is an elementary geometrical distance along the straight line between 

A and  B .  T h e  s u m  represents the total absorption coefficient. For 

further convenience the direction of the positive optical depth is set so, that if 

we m o v e from the surface towards the center of the star,  will increase.  On 

the surface of the star  =  0. 

and substituting (4) to integral (1) we obtain the expression for monochromatic flux 

radiated from the atmosphere of the star at wavelength  (for derivation see Mihalas 

1978): 

9 4 

(2) 

(3) 

where  - is a source function which in L T E approximation is equal to the 

Plank function and thus depends only on  and temperature.  T h e solution of (3) 

for any point  M on the surface of the star (  = 0 ) can be expressed in the integral 

form: 

(4) 

( 5 ) 

ќ Model atmosphere is a table of basic physical parameters, usually temperature 

and electron and gas density, computed along some standard depth scale in 

the stellar atmosphere. Model atmospheres are supposed to give an adequate 

description of physical conditions in the atmosphere (unfortunately, it is not 

always true). As a depth scale one usually use a monochromatic optical depth 

at a fixed wavelength (for example,  ) or a column density (the total 

mass in a radial column with 1 c m
2
 cross-section measured from the surface 

to a given point in the atmosphere).  T h e state-of-the-art models have been 

calculated by Kurucz (see Kurucz 1971, Kurucz, Avrett and Peytreman 1974, 

Kurucz 1991a, Kurucz 1991b). 

N o w we can write the basic equation of the radiative transfer for specific intensity I: 



wher e an d ,  show n i n Tabl e 1 ,  ar e node s an d weight s calculate d fo r  corre -
spondin g orthogona l  polynomials .  T h e onl y complicatio n her e i s tha t  ar e give n 
i n th e monochromat i c optica l  dept h scal e ,  bu t  ,  a s a  functio n o f  temperature , 
can b e obtaine d fro m th e mode l  atmospher e onl y i n th e dept h scal e o f  th e model . 

Table 1 

We ca n solv e thi s proble m an d obtai n th e value s o f  usin g a  differentia l 
equatio n tha t  link s th e monochromat i c optica l  dept h scal e t o th e "standard "  scal e 

: 

i f  th e dept h scal e o f  th e mode l  atmo -
spher e i s th e standar d optica l  depth , 

i f  th e dept h scal e o f  th e mode l  atmo -
spher e i s th e co lum n density , 

wher e al l  th e function s i n th e righ t  par t  (Kstd, an d ) ,  ca n b e foun d fro m mode l 
atmospher e an d therefor e ar e k n o w n a s a  function s o f  th e mode l  atmospher e dept h 
scale .  T h e initia l  conditio n fo r  equatio n 7  i s se t  o n th e surfac e where :  =  = 0 . 

Finall y w e wil l  lis t  th e step s o f  synthetica l  spectru m calculation s fo r  a  singl e 
wavelength : 

95 

wher e -  i s  a  secon d exponentia l  integral . 

We solv e equatio n 5  numericall y usin g a n 8-t h orde r  Gaussia n quadratur e formul a 
(fo r  descriptio n o f  numerica l  integratio n wit h Gaussia n quadratur e se e fo r  example : 
Pres s e t  al .  1986) : 

(6 ) 



•  Star t  fro m th e surface ,  tha t  i s  wher e th e monochromat i c optica l  dept h =  0 ; 

•  Integrat e equatio n 7  fro m curren t  t o th e nex t  fro m Tabl e 1  an d obtai n 
a correspondin g valu e o f  ; 

•  Fin d th e valu e o f  th e Plan k functio n ; 

•  A d d t o th e s u m m 6 ; 

•  Incremen t  i an d repea t  th e procedur e fo r  th e nex t  nod e unti l  th e deepes t 
fro m Tabl e 1  i s reached . 

T h e continuou s opacit y an d th e lin e opacit y ar e no t  give n i n th e mode l  at -
mosphere .  T h e y shoul d b e calculate d usin g thos e physica l  parameter s whic h ar e 
availabl e fro m th e model .  We ar e goin g t o discus s th e opacitie s calculation s i n th e 
nex t  section . 

Thre e processe s contribut e t o th e continuou s opacity :  free-fre e an d bound-fre e 
atomi c transition s an d scatterin g o n mos t  abundan t  particle s i n th e atmosphere . 
I n ou r  calculation s w e includ e th e followin g agent s o f  continuou s opacity :  neutra l 
hydrogen ,  helium ,  silicon ,  aluminium ,  magnesium ,  carbon ,  nitroge n an d oxygen ; 
positiv e ion s H 2

+ ,  H e + ,  S i + ,  M g + ,  C a + ;  negativ e ion s H -  an d H e - ;  th e scatterin g 
on fre e electrons ,  neutra l  hydroge n an d heliu m atoms .  We adopte d formula s an d 
interpolatio n table s fro m Kuruc z (1971 )  wit h som e correction s an d extensions . 

Lin e opacit y i s du e t o th e bound-boun d transition s i n a  particula r  ion .  Severa l 
ion s o f  differen t  atom s ca n contribut e t o th e lin e opacit y a t  a  give n wavelength ,  s o 
th e tota l  lin e opacit y i s a  s u m m : 

2. OPACITIES CALCULATION 

(8 ) 
Line s 

wher e i s th e centra l  opacit y o f  lin e l an d H(ayv) i s  th e Voig t  functio n whic h 
describe s th e wavelengt h dependenc e o f  th e bound-boun d absorption : 

(9 ) 

wher e th e parameter s an d ar e define d as : 
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where:  Г is the line damping parameter and  is the Doppler width.  We use 

the approximation of Voigt function suggested by Dobrichev (1984), which combines 

high accuracy and computing speed: 

where Voigt width  is defined as: 

includes thermal and microturbulent broadening: 

,(10) 

( П ) 

(12) 

The value of the damping parameter Г in most of the cases is determined by 

three processes: radiative, quadratic Stark and van der Waals damping: 

(13) 

The corresponding constants for a number of lines are available from experiments 

or quantum  mechanical calculations.  For other lines more simple approximations 

of the impact theory can be used (see Gray 1976). 

The central opacity is proportional to the population of the lower energy level 

by the atoms, responsible for the line formation,  , to the oscillator strength f 

and to the stimulated emission factor: 

(14) 

where m and e are the mass and the charge of electron. The population of the lower 

energy level is obtained from Saha equation which gives the ratio of the number 

of atoms in two consecutive ionization stages Nlon and  N
jon+1
 as a function of the 

number density of electrons  Ne and the temperature  T: 

(15) 

where  U
ion
  and  U

ion+1
  are the partition functions for two stages of ionization and 
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3. NUMERICAL CALCULATION OF THE MONOCHROMATIC FLUX 

T h e e q u a t i o n 7  i s so l ve d start in g f r o m t h e sur fac e w h e r e b o u n d a r y c o n d i t i o n i s 

set .  T h e in tegra t io n i s carr ie d u s i n g a  6-t h o r d e r  R u n g e -  K u t t a p r o c e d u r e d e s c r i b e d , 

fo r  e x a m p l e ,  b y P r e s s e t  al .  ( 1 9 8 6 )  a l t h o u g h w e w o u l d n o t  r e c o m m e n d t o u s e t h e 

c o d e f r o m thi s b o o k .  M u c h be t te r  F O R T R A N i m p l e m e n t a t i o n c a n b e f o u n d i n N A G 

a n d I M S L scientifi c  s o f t w a r e libraries .  We a r e u s i n g a  slightl y m o d i f i e d vers io n o f  a 

6-t h o r d e r  R u n g e -  K u t t a r o u t i n e f r o m I M S L library .  B y u s i n g 6-t h o r d e r  a l g o r i t h m 

we a c h i e v e t w o goals :  t h e a c c u r a c y c a n b e c h e c k e d w i t h o u t  e x t r a in tegra t io n w i t h a 

s m a l l e r  stepsize ,  a n d i f  t h e a c c u r a c y c r i t e r i u m i s n o t  satisfie d o n l y t h r e e m o r e po in t s 

s h o u l d b e a d d e d t o o b t a i n t h e integra l  fo r  ha l f  stepsiz e interval . 

I n e a c h p o i n t  o f  t h e in tegra t io n w e h a v e t o c o m p u t e t h e righ t  p a r t  o f  t h e e q u a -

t io n 7 .  T h e c o n t i n u o u s o p a c i t y usua l l y b e h a v e s qu i t e s m o o t h l y t h r o u g h , t h e 

a t m o s p h e r e ,  s o w e calcu lat e i t  i n a d v a n c e fo r  e a c h p o i n t  o f  t h e m o d e l  a n d u s e t h e 

p a r a b o l i c in terpo la t io n d u r i n g t h e in tegra t io n o f  "equa t i o n 7 .  I n o u r  c o d e w e a r e us -

in g t h e c o n t i n u o u s opaci t ie s s u b r o u t i n e s f r o m K u r u c z ' s A T L A S - 5 p r o g r a m ( K u r u c z 

1 9 7 1 ) . 

L i n e a b s o r p t i o n m a y h a v e v e r y s tee p c h a n g e s .  T o s a v e s o m e c o m p u t i n g 

t i m e w e t a b u l a t e t h e n u m b e r  dens i t y o f  al l  n e u t r a l  a t o m s a n d ions ,  w h i c h p r o d u c e 

lin e a b s o r p t i o n i n a  g i v e n spect ra l  interval ,  p l u s t h e n u m b e r  dens i t y fo r  h y d r o g e n 

a n d h e l i u m ,  n e e d e d i n v a n d e r  W a a l s b r o a d e n i n g calculat ions .  T h e stepsiz e o f  m o d e l 

a t m o s p h e r e i s usua l l y to o b i g fo r  thi s sor t  o f  tab les ,  s o w e a d d e x t r a p o i n t s ( s o m e t i m e s 

u p t o 1 0 0 p o i n t s fo r  o n e s te p o f  t h e m o d e l  d e p t h scale )  i n s u c h a  w a y t h a t  linea r 

in terpo la t io n p r o v i d e s t h e r e q u e s t e d a c c u r a c y .  T h e e lec t ro n n u m b e r  dens i t y and , 

t h e t e m p e r a t u r e a r e in te rpo la te d f r o m t h e origina l  m o d e l .  T h e par t i t io n funct io n 

h a v e b e e n p r e t a b u l a t e d b y K u r u c z a n d w e a r e jus t  u s i n g hi s s u b r o u t i n e P F S A H A 

( K u r u c z 1 9 7 1 )  fo r  so lv in g t h e S a h a e q u a t i o n .  T h e d a m p i n g c o n s t a n t s a r e calculate d 

u s i n g L i n d h o l m a p p r o x i m a t i o n o f  t h e i m p a c t  t h e o r y ( M i h a l a s 1 9 7 8 )  i f  m o r e accura t e 

va lue s a r e n o t  s u p p l i e d w i t h t h e o t h e r  lin e p a r a m e t e r s .  D u r i n g t h e in tegrat io n o f 

e q u a t i o n 7  w e c o m p u t e t h e centra l  opaci t ie s ( e q u a t i o n 1 4 )  a n d t h e V o i g t  funct io n 

( e q u a t i o n 1 0 )  va lue s fo r  e a c h lin e a n d e v a l u a t e t h e tota l  lin e a b s o r p t i o n coefficien t 

u s i n g e q u a t i o n 8 . 

A f t e r  t h e las t  n o d e i n T a b l e 1  h a s b e e n r e a c h e d ,  w e c a n f i n d t h e v a l u e o f 

m o n o c h r o m a t i c f l u x u s i n g q u a d r a t u r e f o r m u l a 6 . 

4. WAVELENGTH GRID SELECTION 

T h e a v o i d r e d u n d a n c y o f  t h e calculat ion s w e u s e a  p r o c e d u r e fo r  d y n a m i c con -

st ruct io n o f  t h e w a v e l e n g t h gr i d insid e t h e spectra l  interval .  T h i s p r o c e d u r e mini -

m i z e s t h e n u m b e r  o f  m e s h po in t s b y c h o o s i n g t h e var iab l e stepsiz e w h i c h provides ] 

a f i xe d a c c u r a c y o f  l inea r  in terpo la t io n o f  t h e synthet ica l  s p e c t r u m fo r  a n y insid e 



our  interval .  T h e procedur e start s wi t h c o m p u t i n g m o n o c h r o m a t i c f luxe s i n bo t h 
end s o f  spectra l  interval .  N e x t  i t  add s a  poin t  i n th e cente r  o f  ever y spectra l  line .  I f 
tw o line s ar e close r  tha n certai n limit ,  onl y o n e centra l  wave lengt h (th e shorte r  one ) 
i s added .  T h e n extr a point s ar e inserte d i n th e m i d d l e o f  eac h pai r  o f  neighbourin g 
lines .  A t  th e las t  stag e th e procedur e check s ever y poin t  fo r  th e accurac y o f  linea r 
interpolatio n a n d adjust s stepsize ,  i f  needed ,  th e kee p th e interpolatio n erro r  u n d e r 
a requeste d limit .  Let' s se e h o w t o est imat e th e stepsiz e w h i c h provide s a  certai n 
accurac y o f  linea r  interpolation .  I n a  give n wave lengt h ,  w h i c h fall s  b e t w e e n 
an d ,  th e m o n o c h r o m a t i c flu x i s app rox ima te d as : 

(18 ) 

becaus e n o lin e opacit y shoul d b e included . 
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(16 ) 

T wo error s contribut e t o th e valu e o f  Error :  th e erro r  o f  linea r  interpolatio n itsel f 
an d th e erro r  o f  approx imat io n o f  th e firs t  derivativ e o f  w i t h a  finit e difference s 
formula .  B o t h o f  t h e m ar e proportiona l  t o .  N o w i f  w e a d d a  thir d 
poin t  i n th e m i d d l e o f  a n d le t  h b e th e stepsiz e be twee n a n d ,  th e 
tota l  erro r  ca n b e est imate d as : 

(17 ) 

an d fo r  a  give n valu e o f  Erro r  th e stepsiz e ca n b e foun d f r o m (17) . 
N o t e tha t  th e procedur e basicall y add s m o r e point s i n place s wi t h highe r  curva -

tur e (fo r  e x a m p l e ,  lin e cores) . 

5. CONTINUUM CALCULATION 

I n orde r  t o b e abl e t o compar e th e synthetica l  spectru m t o th e observation s w e 
need t o normalaiz e i t  t o th e continuu m level .  T h e integratio n o f  th e continuou s flu x 
i s no t  ver y differen t  fro m th e monochromat i c flu x integration .  We tak e advantag e o f 
a smal l  an d smoot h variatio n o f  th e continuu m leve l  insid e th e synthesize d interva l 
(typicall y les s tha n 10 0 )  an d calculat e continuou s flu x onl y i n th e end s o f  ou r 
spectra l  interval .  Fo r  al l  othe r  point s continuu m leve l  i s  obtaine d b y linea r  inter -
polation .  Anothe r  differenc e fro m monochromat i c flu x calculatio n i s th e equatio n 7 
whic h i s transforme d to : 

i f  th e dept h scal e o f  th e mode l  a t m o -
spher e i s th e standar d optica l  depth , 

i f  th e dept h scal e o f  th e mode l  a t m o -
spher e i s th e column,density , 



The procedure of wavelength grid construction, described in the previous section 

is applied after the normalization to the continuum level is done. 

6.  AC C URAC Y 

Three parts of the synthetical spectrum calculations are crucial for the accuracy: 

construction of the line optical depth scale (the integration of equations 7 and 18), 

calculation of the monochromatic flux (equation 6) and selection of the wavelength 

grid, described in section 4. 

Runge - Kutta algorithm, used for integration of equations 7 and 18, can be 

tuned to any required accuracy. We usually select 3 ќ 10
-5

, which is consistent with 

the accuracies achieved in the other parts. 

Flux integration accuracy is more difficult to check.  To do it we compared our 

results with a direct disk integration of equation 1 and we found that the 8-th order 

Gauss quadrature formula provides the accuracy better then 1 0
- 4

 for a wide range 

of model atmospheres with effective temperatures from 3500 К up to 20000 K. 

For the wavelength selection procedure we usually put the accuracy criterium 

to 10
- 4

. The resulting synthetical spectrum can be interpolated to any wavelength 

within a given spectral interval with the accuracy better then 5 ќ 1 0
- 4

 which corre

sponds to signal-to-noise ratio of 2 000. 

7.  LIMB  DARKENING   C ALC ULATIO N 

We also compute  a continuum limb darkening coefficient, which can be used 

later for convolution of the synthetical spectrum with the rotational profile. To do 

this we integrate equation 4 the same way as we did with equation 6 and find the 

values of specific intensity for continuum at 3 points on the disk at 0, 0.6 and 0.95 

stellar radius from the center. The limb darkening coefficient  и is then found from 

least square approximation of the conventional formula: 

8.  C O MPARISO N  WITH  THE  O BSERVATIO NS 

The comparison with the observations is done with a separate program which 

includes an interactive graphics interface. It shows the observed and the calculated 

spectra on the screen and with the help of m e n u one can convolute the synthetical 

spectrum with the rotational profile, the macroturbulence profile (using the approx

imation formula from Gray 1976) and the instrumental profile (Gaussian).  For the 

rotational profile we followed the approximation suggested by Gray (1976): 

100 

(19) 



w h e r e t h e ke rne l  o f  t h e c o n v o l u t i o n i s a  f unc t i o n o f  l i m b d a r k e n i n g : 

(20 ) 

101 

T h e synthet ica l  s p e c t r u m c a n als o b e shifte d i n w a v e l e n g t h a n d z o o m e d fo r  fin e 

tunin g o f  t h e shift s a n d b r o a d e n i n g s .  T h e equ iva len t  w i d t h ca lcu ta t io n simplifie s 

th e e s t i m a t e o f  c h e m i c a l  a b u n d a n c e s . 

9. COMPUTER IMPLEMENTATION 

B o t h synthet ica l  s p e c t r u m calculat io n c o d e ( S Y N T H )  a n d t h e p r o g r a m fo r  c o m -

parin g t h e synthet ica l  s p e c t r u m t o t h e obse rva t i on s ( R O T A T E )  a r e w r i t t e n i n c o n -

ventiona l  F O R T R A N 7 7 a n d w e h a v e b e e n u s i n g t h e m o n A T / 3 8 6 t y p e p e r s o n a l 

c o m p u t e r .  C o m p i l e d w i t h N D P F O R T R A N c o m p i l e r ,  S Y N T H take s a p p r o x i m a t e l y 

2 second s p e r  o n e w a v e l e n g t h po in t ,  w h i l e c o m p u t i n g 2 5 spectra l  line s o n a  2 0 M H z 

m a c h i n e .  T h e o n l y critica l  r e q u i r e m e n t  w a s t h e p r e s e n c e o f  e x p e n d e d m e m o r y ,  b u t 

wit h 4  M b y t e s o f  tota l  m e m o r y siz e w e w e r e ab l e t o ca lcu lat e 3 0 A  interva l  w i t h 8 0 

spectra l  lines .  B o t h p r o g r a m s c a n p r o d u c e co lou r  g r a p h i c s u s i n g N D P L O T library . 

T o m a k e t h e c o d e les s d e p e n d e n t  o n g r a p h i c s p a c k a g e w e m a d e a  s i m p l e inter -

m e d i a t e se t  o f  interfac e s u b r o u t i n e s ,  w h i c h i n c l u d e al l  scal ing s a n d call s t o g r a p h i c s 

librar y func t ions .  S o w i t h s i m p l e subst i tu t in g o f  t hes e call s w e h a d n o p r o b l e m s 

runn in g S Y N T H a s b a t c h j o b o n t h e V A X ( w i t h n o g r a p h i c s )  a n d R O T A T E a s a n 

X W i n d o w s clien t  o n S u n w o r k s t a t i o n w i t h al l  bell s a n d whis t le s avai labl e there . 

S Y N T H requi re s t w o sort s o f  i n p u t  d a t a :  line s lis t  a n d m o d e l  a t m o s p h e r e .  L i n e s 

lis t  inc lude s t h e spect ra l  interva l  t o b e s y n t h e s i z e d a n d t h e n u m b e r  o f  line s f o l l owe d 

b y t h e p a r a m e t e r s fo r  e a c h line .  L ine ' s p a r a m e t e r s i n c l u d e t h e n a m e a n d ion izat io n 

stag e o f  c h e m i c a l  e l e m e n t ,  centra l  w a v e l e n g t h ,  exc i ta t io n e n e r g y ( e V o r  c m - 1 ) ,  m i -

croturbulen t  veloci t y ( k m / s ) ,  lo g gf a n d t h r e e d a m p i n g c o n s t a n t s (radiat ive ,  S t a r k 

an d v a n d e r  W a a l s )  i n e x p o n e n t i a l  o r  l o g a r i t h m i c f o r m (se e e x a m p l e b e l o w ) .  I f  s o m e 

o f  th e d a m p i n g c o n s t a n t s a r e n o t  k n o w n ,  t h e y s h o u l d b e se t  t o 0  a n d S Y N T H wil l 

us e t h e a p p r o x i m a t i o n f o r m u l a fo r  t h e m .  H e r e i s a n e x a m p l e o f  o n e spect ra l  lin e 

description : 

' F E 1 ' ,  6 1 6 5 . 3 6 ,  3 3 4 1 2 . 7 1 ,  0.5 ,  -1 .670 ,  7.943 ,  -6.156 ,  -7 .83 3 

T h e f i l e n a m e o f  t h e m o d e l  a t m o s p h e r e d a t a i s i n c l u d e d w i t h t h e line s list .  U s u a l l y 

m o d el  a t m o s p h e r e i nc lude s t h e c h e m i c a l  c o m p o s i t i o n d a t a ,  u s e d d u r i n g t h e m o d e l 

calculation .  We rel y o n thi s a b u n d a n c e s va lue s a s a  defaul t  fo r  spect ra l  synthes is , 

bu t  t h e y c a n b e c h a n g e d f r o m t h e line s list .  F o r  e x a m p l e ,  t o c h a n g e t h e defaul t 

a b u n d a n c e o f  i ro n a n d nike l  o n e s h o u l d a d d t h e fo l lowin g lin e t o t h e line s list : 

'FE:-4 .4 ' , 'NI : -5 .8 ' , 'END ' 

M o d e l  a t m o s p h e r e d a t a bes ide s t h e defaul t  a b u n d a n c e s s h o u l d i n c l u d e t h e opt ica l 



dept h scale ,  temperature ,  ga s an d electro n n u m b e r  densitie s an d th e densit y o f  stella r  matter . 

As th e resul t  S Y N T H produce s a  file ,  whic h contain s th e wavelengt h grid ,  th e 
correspondin g residua l  intensitie s an d th e lim b darkenin g coefficien t  i n a  forma t 
suitabl e fo r  R O T A T E . 

R O T A TE accept s th e dat a produce d b y S Y N T H an d th e f i l e wit h observation s 
(i f  any )  i n th e s a m e forma t  a s th e synthetica l  spectrum . 

T h e result s o f  interactiv e fittin g (rotational ,  instrumenta l  an d macroturbulen t 
broadenin g an d wavelengt h shift )  wit h R O T A T E ar e store d i n th e outpu t  file ,  whic h 
ca n b y use d fo r  plottin g o r  furthe r  processing . 
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