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A b stract

T his th e s is  p r e s e n ts  th e  r e s u lt s  o f a s tu d y  in to  th e  n atu re  o f th e  

lu m in osity  d is tr ib u tio n s  o f e d g e -o n  sp ira l and len ticu la r  g a lax ies. To 

th is  en d , a p ro ced u re  fo r  s e lf - c o n s is te n t  d eco n v o lu tio n  o f th e  

o b se r v e d  lu m in osity  p r o file s  in to  th e ir  com ponent p a rts  has been  

c o n s tr u c te d , and th e  r e s u lt s  o f it s  a p p lica tion  to  o b serv a tio n a l data  

for  15 g a la x ies  o f  w id ely  v a r y in g  b u lg e - to -d is c  ra tio s , su pp lem en ted  

b y tw o ad d ition a l ca n d id a te s  from  th e  lite r a tu r e , d e sc r ib e d . E v id en ce  

is  p r e se n te d  o f th e  e x te n t to w hich  th e  g a la x ies  s tu d ied  h ere  d ep art  

from  a "normal" m orphology, and th e  im p lication s fo r  th e  a p p lica b ility  

o f tra d itio n a l p op u lation  d eco n v o lu tio n  te c h n iq u e s  a d d r e sse d . In  

p a rticu la r , th e  e x is te n c e  and p o ss ib le  n a tu re  o f  in term ed ia te  

com p on en ts are  a n a ly sed  and th e  r e s u lt s  ob ta in ed  a re  u sed  to p lace  

c o n s tr a in ts  on  c u r r e n t  sch em es for  g a laxy  form ation . In  th e  lig h t  o f  

th o se  g a la x ies  s tu d ied  h ere  w hich  show  c lea r  e v id e n c e  o f  "box" and  

"peanut" sh ap ed  b u lg e  iso p h o te s , th e  r e s u lt s  o f  a sy ste m a tic , a l l - s k y  

sea rch  o f su ch  sy ste m s  are a lso  p r e se n te d  and th e ir  im p lication s for  

c u r r e n t  form ation h is to r ie s  o u tlin ed .
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-  Chapter I -

G eneral In tro d u ctio n

1.1 B ackground

E ver s in c e  ex tern a l ga la x ies  w ere f ir s t  id en tif ied  a s  "island  

u n iv e r se s" , th ere  h as b een  a co n tin u ed  d e s ir e  to s tu d y  th e se  o b je c ts  

w ith  a v iew  to  e lu c id a tin g  th e ir  form s and a lso  o f p lac in g  su ch  

r e s u lt s  w ith in  th e  la r g er  co n tex t o f g a laxy  m orphology a s  a w hole. 

The u se  o f su ch  inform ation  to  a c t a s  a te s tb e d  for  th e o r ie s  o f ga laxy  

form ation is  a ra th er  more r e c e n t  d evelopm en t in  th is  regard .

The tr u e  n a tu re  o f  ex tern a l ga lax ies o n ly  rea lly  becam e a p p a ren t  

in  th e  y e a r s  lea d in g  to 1950 w ith th e  rea lisa tio n  th a t su ch  sy ste m s  

are com p rised  o f s ta r s  ju s t  a s  in  our own Galaxy. C oncom itant w ith  

th is  came th e  co n cep t, in it ia lly  prom pted b y  Baade on  th e b a s is  o f th e  

grow in g  am ount o f o b serv a tio n a l data becom ing ava ilab le  a t th e  tim e, 

th a t som e o f th e  a p p a ren t d iffe r e n c e s  b etw een  sp ira l d is c s  and  

b u lg e s /e l l ip t ic a l g a la x ies  cou ld  be a sc r ib e d  to  d iffe r in g  s te lla r  

p op u la tion s -  th e  d is c s  co n ta in in g  (you n g) b lue s ta r s  and the  

b u lg e s /e l l ip t ic a ls  so le ly  (old) red  s ta r s . [S a n d a g e (1986) g iv e s  a more 

d eta iled  a cco u n t o f th e  b ack grou n d  to su ch  a co n cep t.]  An in ev ita b le  

c o n se q u e n c e  o f th e  s te a d y  accum ulation  o f in form ation  s in ce  th a t time 

h as b een  to p ro v id e  a c o n s id era b ly  more r ig o ro u s  te s t  o f th is  

co n cep t, w ith  th e  r e s u lt  th a t cer ta in  m od ifications o f th is  schem e may 

now be req u ired .
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The ch a n g in g  em p h asis in  s tu d ie s  o f ga la c tic  s tr u c tu r e  is  p erh a p s  

m ost g ra p h ica lly  illu s tr a te d  in  th e  co n tex t o f d e v is in g  a g lob a l

c la ss if ic a t io n  schem e. D esp ite  th e  seem in g  con tin u ed  s u c c e s s  of 

sch em es (w hose o r ig in a l form ulations are  a t le a s t  50 y e a r s  old) to 

accom m odate th e  g r e a t ly  in cr ea se d  sam ple o f  ga lax ies for w hich  

m orphological in form ation  is  now ava ilab le , it  is  becom ing in c r e a s in g ly  

clea r  th a t s tr u c tu r a l d ev ia tio n s  from th e  "norm" are re la tiv e ly  

common. In d eed , some o f th e  fe a tu r e s  ( le n se s  and r in g s  are  two th at  

im m ediately come to  mind) now ap p ear su ff ic ie n t ly  fr e q u e n t  a s  to  

req u ire  a s p e c if ic  in c lu s io n  w ith in  th e  main fram ew ork o f the  

c la ss if ic a t io n  schem e it s e lf .  As a r e su lt ,  th e  co n cep t o f w hat

c o n s t itu te s  a "peculiar" g a la x y  is  h a v in g  to becom e in c r e a s in g ly  more 

r e s tr ic t iv e  th an  w as th e  c a se  w hen  th e  sch em es w ere o r ig in a lly  

d e v ise d . Disc w arps and "box"/"peanut"  b u lg e  sh a p e s  -  p r e v io u s ly  

th o u g h t o f as in te r e s t in g  b u t in fr e q u e n t o d d itie s  -  are a lso  b ein g  

iso la ted  in  in c r e a s in g ly  la r g er  num bers (se e  ch a p ter  VI), a s  are  o th er  

sy ste m s  sh ow in g  m orphological fe a tu r e s  g e n e r a lly  a scr ib ed  as  

r e s u lt in g  from m e r g e r s /in te r a c tio n s .

N e v e r th e le ss , in so fa r  a s  a g en era l schem e o f ga laxy  form ation  is  

a p p licab le  to th e  e n tir e  c la ss  o f s p ir a ls /le n t ic u la r s  and to e llip tic a ls , 

it  is  o f co n sid era b le  im portance to com pare th e  g lob a l photom etric

p r o p e r tie s  o f all m orphological ty p e s . A ny sy stem a tic  d ev ia tio n s  from a

"typical" m orphology may p erh a p s th en  be u n d ersto o d  in  term s o f 

loca l v a r ia n ts  on  th e  ev o lu tio n a r y  schem e ad op ted  (w ere su ch  a model 

s u ff ic ie n t ly  flex ib le ) or a s  s u b se q u e n t  ev o lu tio n a r y  p r o c e s s e s  a r is in g  

a fte r  com pletion  o f th e  o r ig in a l ep och  o f ga laxy  form ation.
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Within th is  broad fram ew ork, one p articu lar  q u estio n  w hich a r ise s  

c o n c e r n s  th e  s im ilarity  or o th erw ise  o f e llip tica l ga lax ies and th e  

b u lg e  p op u la tion s o f sp ir a ls  and le n tic u la r s . The notion o f  

e v o lu tio n a r y  lin k s  b etw een  th e s e  tw o form s w ould , for  exam ple, be 

p a r ticu la r ly  a ttr a c t iv e  w ere one to find  th a t th e y  show  similar 

lu m in osity  d is tr ib u tio n s . A ca su a l in sp ec tio n  o f s k y  su r v e y  p late  

m aterial, h ow ever , a p p ea rs  to  in d ica te  co n sid era b le  d iss im ila r ity  in  

th e ir  m orpholog ies -  fo r  th o se  sp ira l g a la x ies  in  w hich th e  lu m in osity  

d is tr ib u tio n  ex ter io r  to  th e  d isc  can  be r e lia b ly  d efin ed  show  v e r y  

f la t  sh a p e s  (sec tio n  V.5) w h eras e llip tic a ls  are , in  th e  main, know n to 

be c o n s id e r a b ly  rou n d er  (ty p ica l axial ra tio s  ¡> 0.6 fo r  th e  168 sy ste m s  

s tu d ie d  b y  S an d age e t  al 1970). H ow ever, co n sid era b le  cau tion  has to 

be a tta ch ed  to  th e s e  r e s u lt s  a s  th e y  r e fe r  to  th e  ax is ra tio  a t a 

sp e c if ic  su r fa c e  b r ig h tn e s s  le v e l (g e n e r a lly  25 B mag. a r c s e c - ^  

h en ce fo r th  u).  F urtherm ore, th e  w ork o f Strom  & Strom  (1978 and  

r e fe r e n c e s  th ere in ) in d ic a te s  th a t c h a n g e s  in iso p h o ta l ax is ra tio s  w ith  

su r fa c e  b r ig h tn e s s  are , fo r  e llip tic a ls  a t le a s t , a d is t in c t  p o ss ib ility .

In d eed , s e v e r a l lin e s  o f e v id e n c e  now e x is t  to s u g g e s t  a d e g ree  o f  

sim ilarity  b etw een  th e  form ation h is to r ie s  o f b u lg e s  and e llip tic a ls . For 

exam ple, e q u iv a le n t re la tio n s  are found  b etw een  lu m in osity  and cen tra l 

v e lo c ity  d isp e r s io n  (th e  F a b er-J a ck so n  re la tion ) fo r  all m orphological 

ty p e s  (Whitmore e t  al (1979), Whitmore & K irshner (1981), Kormendy & 

I llin gw orth  (1983), Korm endy (1985)). A lthough  it  is  now w ell 

e s ta b lish e d  (Korm endy & Illin gw orth  1982) th a t sp ira l b u lg e s  on the  

w hole show  a la r g e r  d e g r e e  o f ro ta tion a l su p p o r t th an  do lum inous 

e llip tic a ls , D avies e t  a l (1983) noted  th a t sp ira l b u lg e s  and e llip tica ls  

o f lik e  lu m in osity  show  sim ilar dynam ical p ro p er tie s . F urtherm ore, 

D ressier  (1987) f in d s  a s tr ik in g  sim ilarity  b etw een  the co rre la tio n s o f
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galaxian  iso p h o ta l diam eter and cen tra l v e lo c ity  d isp ers io n  fo r  all 

m orphological ty p e s  in  c lu s te r s .  T h ese  co n c lu s io n s  are , b y  n e c e s s ity  

o f th e r e  b e in g  few  in h e r e n tly  b r ig h t  sp ira l b u lg es , som ew hat 

u n certa in  due to  lim ited  sam ple s iz e s ,  and it  is  tru e  th at a more 

d eta iled  com parison  d o es  h ig h lig h t  cer ta in  d if fe r e n c e s  b etw een  th e se  

v a r y in g  m orp h olog ies. T h ere is  a lso  som e co n cern  th a t th e dynam ical 

a rg u m en ts  are b ased  on sp e c tr o sc o p ic  o b se r v a tio n s  o f th e  sp ira l 

b u lg e s  w hich  may be s ig n if ic a n t ly  contam inated  b y  lig h t  from th e  d isc  

com ponent, e v e n  fo r  th o se  e d g e -o n  ca n d id a tes  s tu d ied  b y  Korm endy & 

I llin gw orth  (1982) -  s e e  ch a p ter  VII. N e v e r th e le ss , th e  co n c lu s io n s  

im plied are  su ff ic ie n t ly  im portant a s  to  w arran t co n tin u ed  s tu d y  from  

both  th e dynam ical and p hotom etric  v iew p o in ts .

E qually  im portant is  th e  p o ss ib le  e x is te n c e  and n a tu re  o f an y  

"interm ediate"  p op u la tion s in  ad d ition  to th o se  com p on en ts o r ig in a lly  

co n ce iv ed  b y  Baade. I n te r e s t  in  su ch  a fie ld  h as b een  prom pted  b y  

th e  iso la tio n  o f  "thick  d iscs"  in  len ticu la r  g a la x ies  b y  T sik ou d i (1977, 

1979) and B u rste in  (1979b), a llied  to  th e  more r e c e n t  id en tif ica tio n  o f  

a p o ten tia lly  sim ilar com ponent in ou r own Galaxy (Gilmore & Reid 

1983). The s itu a tio n  is  som ew hat le s s  cer ta in  fo r  ex tern a l sp ir a ls ,  

a lth o u g h  claim s for  sim ilar s tr u c tu r e  h ave  b een  made b y  van  der  

K ruit & S earle  (1981a, 1981b). At th e  v e r y  le a s t , th e  iso la tion  o f su ch  

an ad d ition a l com ponent is  o f g r e a t  s ig n if ic a n c e  in  th e  lig h t  o f th e  

s tr in g e n t  c o n s tr a in ts  one w ould th en ce  be ab le to p lace  on ga laxy  

form ation sch em es. Were both  th e  s tr u c tu r a l and  dynam ical p ro p er tie s  

o f th e  "interm ediate"  com p on en ts tr u e ly  in term ed iary  b etw een  th e  

extrem es o f th e  b u lg e  and d isc  p op u la tion s, for  exam ple, then  

form ation m odels su ch  a s  th a t o f E ggen  e t  al (1962) [in v o k in g  th e  

rapid  form ation o f a b u lg e  follow ed b y  a d iss ip a tio n a l co llap se  p h ase
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p rior to s ig n if ic a n t  s ta r  form ation w ith in  a d isc ]  m ust c lea r ly  be 

"tuned" in su ch  a w ay a s  to  e n su r e  th a t th e  co lla p se  is  not so  rapid  

th a t too few  "thick  disc"  s ta r s  can  form. A ltern a tiv e ly , if, as has

r e c e n t ly  b een  p ro p o sed , a su b se q u e n t  p ertu rb a tio n  (su ch  a s  from an

in fa llin g  sa te llite  ga laxy) is  su ff ic ie n t  to  th ick en  a p r e -e x is t in g  d isc  in  

ju s t  su ch  a w ay a s  to mimic th e  e x is te n c e  o f an  ad d ition a l com ponent, 

th en  th is  i s  an o th er  im portant p ro p o sitio n  to  t e s t  as it  has a b earin g  

on our u n d e r s ta n d in g  o f th e  s u b se q u e n t  ev o lu tio n  o f a sy ste m  w ith  

i t s  en v iron m en t. A re la ted  p o in t c o n c e r n s  th e  e x te n t  to  w hich  su ch  

in term ed ia te  com p on en ts may be in flu en ced  b y , and c o -e x is t  w ith , th e  

o th er  s te lla r  p op u la tion s w ith in  th e  ga la x ies  co n cern ed .

It is  th e se  two fu n dam en ta l q u e s tio n s  w hich  p ro v id e  th e  major 

stim u lu s fo r  th e  c u r r e n t  w ork. T his th e s is  th e r e fo r e  a d d r e s se s  th e se  

p o in ts  in som e d eta il prim arily  b y  a ttem p tin g  to d eco n v o lv e  th e  

c o n s t itu e n t  com ponents w ith in  galaxian  lu m in osity  d is tr ib u tio n s  in a 

more sy ste m a tic  w ay th an  has b een  u n d e r ta k en  th u s  far . T h ese  

r e s u lt s  sh ou ld  allow  ex tra c tio n  o f  more re lia b le  s tr u c tu r a l p aram eters

for th e  b u lg e  com p on en ts th em se lv es  w hich  th en  act a s  a b a s is  for

fu tu r e  com parison  to  e llip tic a l ga la x ies  o f lik e  lu m in osity . In ad d ition , 

th e  e v id e n c e  for , and  n a tu re  of, p o ss ib le  in term ed ia te  com p on en ts is  

a d d r e sse d  b y  d eterm in in g  th e  e x te n t  to w hich  th e  lu m in osity  

d is tr ib u tio n s  p erp en d icu la r  to th e d isc  p lane o f a g a laxy  are  

a d eq u a te ly  d e sc r ib e d  b y  th e  co n tr ib u tio n s  from  a p h otom etrica lly  

"simple" com bination o f a d isc  and , for exam ple, an r^ law com ponent 

a lon e, or w h eth er  th e y  are  s u ff ic ie n t ly  com plex th a t th e  in c lu sio n  o f a 

th ird  com ponent w ith in  th e  n o n -th in  d isc  lig h t  d istr ib u tio n  is  

req u ired  to  d e sc r ib e  th e ir  form s.
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P rev io u s  s tu d ie s  o f ex tern a l ga la x ies  h ave  ten d ed  to  co n cen tra te  

on sy ste m s  o f m oderate in c lin a tion  to th e  l in e -o f - s ig h t .  H ow ever, an  

in sp e c tio n  o f su ch  ga la x ies  c lea r ly  r e v e a ls  a lu m in osity  d istr ib u tio n  

dom inated b y  th e  y o u n g  (sp ira l arm) d isc  p opulation  [th e  p h o to g ra p h s  

o f M31, M81 and NGC 253 in  th e  Hubble A tlas (S an dage 1961) se r v e  to  

i l lu s tr a te  th e  prob lem s co n cer n e d ]. For th is  rea so n , th e  p r e se n t  s tu d y  

h as b een  g ea red  tow ard s an in v e s t ig a tio n  o f ga la x ies  as c lo se  to  an  

e d g e -o n  a sp e c t  a s  p o ss ib le , fo llow in g  th e  same m otivation  a s  the  

s tu d ie s  o f T sik ou d i (1977) and van  der Kruit (1979 and su b se q u e n t  

p a p ers).

H ow ever, co n sid era b le  cau tion  is  s t i l l  req u ired  in  a n a ly s in g  th e  

lig h t  d is tr ib u tio n  in  su ch  sy ste m s  b eca u se  o f th e  s e v e r e  op tica l 

d e p th s  fou n d  w ith in  th e  d isc  com p on en ts. As no w ell-d eterm in ed  

schem e y e t  e x is ts  to  d esc r ib e  (and h en ce  allow  for) o b scu ra tio n  

e f fe c t s  a long  th e  l in e -o f - s ig h t  in  su ch  c a se s , no co rr ec tio n s  have  

b een  ap p lied  in  th e  p r e se n t  data s e t  o th er  than  to d isca rd  r eg io n s  o f  

th e  su r fa c e  b r ig h tn e s s  d is tr ib u tio n s  w hich  a v isu a l in sp ec tio n  

in d ica ted  w ere so  a ffe c te d .

1.2 Sam ple d efin ition

The so u rce  from w hich  th e  o b je c ts  com p risin g  th is  th e s is  w ere  

s e le c te d  is  p r in c ip a lly  th e  Secon d  R eferen ce C atalogue o f  de 

V au cou leu rs, de V aucou leu rs & Corwin (1976, h en ce fo r th  RC2) a s  it  is  

la r g e ly  com plete and re liab le  for  r e la t iv e ly  n ea rb y  sy ste m s  and is  also  

e a s ily  a c c e ss ib le  to  com p u terised  sea rch  p ro c e d u r e s . .
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The p r e s e n t  d a ta b a se  w as d efin ed  u s in g  th e  SCAR p ack age on  

STARLINK u s in g  th e  r e v ise d  Hubble c la ss if ic a tio n  num ber (T) a ss ig n e d  

to  each  o b je c t  in  th a t ca ta lo g u e . A p relim in ary  sea rch  o f th e  RC2 for  

sp ira l and le n ticu la r  g a la x ies  y ie ld ed  a total o f 3679 o b je c ts , w ith th e  

sam ple b e in g  fu r th e r  lim ited  to  on ly  th o se  sy ste m s  p o s se s s in g  major 

ax is d im en sion s a t th e  /Jg ~ 25 U iso p h o ta l le v e l (or logjQ D2 5 ) in  

e x c e s s  o f 1.55 [D25 is  m easured  in  u n its  o f 0.1 arcm ins su ch  th a t th is  

lim itation  in  s iz e  c o r r e sp o n d s  to  ~ 4.9 arcm ins or 4.3 mm at th e  p late  

sca le  o f  th e  SERC/ESO and Palomar O b serv a to ry /N a tio n a l G eographical 

S o c ie ty  (h erea fter  POSS) s u r v e y  m aterial]. S u b se q u e n t rem oval o f all 

o b je c ts  s a t is fy in g  th e  a b o v e  c r ite r ia  b u t d efin ed  a s  ir reg u la r  or  

p ecu lia r  in  th e  RC2 r e su lte d  in  a to ta l o f 505 sp ir a ls  and le n ticu la rs .

The n ex t s te p  w as to d e fin e  how m any o f  th e s e  o b je c ts  are  o f  

s u ff ic ie n t ly  e d g e -o n  a sp e c t  fo r  co n sid era tio n  in  th e  p r e s e n t  s tu d y . 

T his w as o f som e im portance in  th e  lig h t  o f th e  in c r e a s in g ly  dom inant 

d isc  co n tr ib u tio n  noted  p r e v io u s ly  for  th o se  sy ste m s  a t in c lin a tio n s  

som e w ay from e d g e -o n . By n e c e s s ity  th is  d efin itio n  w as v e r y  

s u b je c t iv e  -  I re lied  on a v isu a l in sp e c tio n  o f each  o b je c t  on th e  

a v a ilab le  POSS or SERC/ESO s u r v e y  p la te  or film m aterial to s u ff ic e . 

One cou ld  eq u a lly  u se  th e  more "traditional" m ethod o f a d o p tin g  th e  

a x is  ra tio s  quoted  in  th e  RC2 (log^Q R2 5 ) to d e r iv e  an in c lin a tion  

a n g le . S u ch  a p ro ced u re  w as, h ow ever, not ad op ted  h ere  a s  it was 

deem ed too u n reliab le  ow ing to  th e  fa c t  th a t lo g  R25 o n ly  g iv e s  

in form ation  a s  to th e  w hole g a laxy  sh a p e  at th e  25 u iso p h o ta l lev e l, 

su ch  th a t in c lin a tio n  a n g le s  d er iv ed  on th is  b a s is  can  be s tr o n g ly  

in flu en ce d  b y  an  u n u su a lly  dom inant b u lg e  or d isc .



T his fin a l se lec tio n  p ro ced u re  y ie ld ed  a to ta l o f 108 RC2 ga lax ies. 

I w as, h ow ever , ab le  to su p p lem en t th is  d a tab ase  b y  u s in g  l i s t s  o f  

n o rth ern  and so u th er n  e d g e -o n  ca n d id a tes  k in d ly  su p p lied  b y  Harold 

Corwin (p r iv a te  com m unication, 1981). An ad d ition a l 9 ga lax ies w ere  

iso la ted  from  th e  la tte r  u s in g  th e  same se le c tio n  cr iter ia  ou tlin ed  

a b o v e , g iv in g  a to ta l o f 117 o b je c ts  in  th e  fin a l "m aster list" . Such  a 

sam ple form s th e  b a s is  from w hich o b je c ts  from  both  th e  CCD 

o b se r v a tio n s  d escr ib ed  in  ch a p ter  II and  th e  s k y  s u r v e y  a n a ly se s  o f 

ch a p ter  VI w ere se le c te d .

1.3 R ationale b eh ind  c u r r e n t o b se r v a tio n s

The CCD o b se r v a tio n s  p r e se n te d  h ere  are  o f a s u b s e t  o f th is  

"m aster list"  and w ere d efin ed  u n d er  th e  fo llow ing  p r e c e p ts  :

1. E ase o f  a c c e s s ib ility  from th e  AAT (r e su lt in g  in  a ty p ica l 

d eclin a tion  limit o f £ +15° to  avoid  e x c e s s iv e  a tm osp h er ic  ex tin c tio n ),

2. C overage o f  a c o n s id era b le  ran g e  o f  b u lg e :d isc  ratio  (as d efin ed  

from v isu a l in sp e c t io n  o f th e  o b je c ts  from th e  p la te  m aterial) th u s  

en a b lin g  on e to in v e s t ig a te  s te lla r  p op u la tion s in g a la x ies  sh ow in g  

w id ely  v a r y in g  d e g r e e s  o f dom inance from th e  n o n -th in  d isc ,

3. The lim its im posed b y  th e am ount o f te le sc o p e  time made ava ilab le  

for th e  p ro jec t.

The la tte r  p o in t, h ow ev er , p ro v ed  to be som ew hat o f a r e s tr ic tio n  

and a s  a r e s u lt  th e  c u r r e n t sam ple a lso  co n ta in s  a num ber o f ga lax ies  

w hich  do not s a t is fy  on e or more o f th e  se le c tio n  cr ite r ia  detailed  

ab ove (p r in c ip a lly  th e major ax is d im ension  or in c lu sio n  w ithin  the  

RC2). Table 1.1 l i s t s  th e  o b je c ts  con cern ed  and h ig h lig h ts  sa lien t
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NOTES TO TA B LE 1.1

col. 3 : ca lcu la ted  m easu res o f  lo g  D25 m arked b y  a *

col. 6 .’ a b so lu te  m agn itu d es from th e  so u r c e s  d eta iled  in th e  tex t,
a ll co rr ec ted  for  an assu m ed  HQ o f 100 km s ~ l M pc~l.

col. 7 : All d is ta n c e s  assu m e an H0 o f 100 km s -  ̂ Mpc- 1 -  so u rces
quoted  in th e  tex t. That o f NGC 3379 is  tak en  from de V aucouleurs & 
C apaccioli (1979).

col. 8 : The a b so lu te  d iam eters o f NGC 2310, NGC 3115 and A0902-68
are b ased  on an o b je c t  s iz e  a s  g lea n ed  from th e  SERC J p la tes  and  
a re  u n certa in  b y  ± 10 kpc.

co ls . (4) & (10) : In c lin a tion  a n g le s  and p o sitio n  a n g le s  are as
d er iv ed  in th e p r e se n t  work a s id e  from th o se  o f NGC 3115 and NGC 
3379. The la tte r  m easu res are , h ow ever , v e r y  u n certa in .

col. (9) : B or P d en o te s  th e  e x is te n c e  o f a "box" or "peanut"
b u lg e , W d en o tes  th e p r e se n c e  o f a d isc  warp.

col. (11) -  so u r c e s  o f data :

1 B urkhead & K alinow ski (1974)
2 Strom e t  al (1976)
3 Strom  e t  al (1977)
4 Okarnura (1977)
5 B u rste in  (1979)
6 de V aucou leu rs & C apaccioli (1979)
7 T sik ou d i (1979)
8 West e t  al (1981)
9 Whitmore & K irshner (1982)
10 Hamabe & Okamura (1982)
11 Longo & de V aucou leu rs (1983)
12 Nieto (1983)
13 Kent (1984)
14 L au b erts & S ad ler (1984)
15 Longo & de V aucouleurs (1985)
16 M ichard (1985)
17 D avis e t  al (1985)



p a r a m e t e r s  f o r  e a c h  o n e .

Data fo r  an ad d ition a l 7 ca n d id a tes  w ere ob ta in ed  from sca n s  o f  

SERC J p la te  m aterial made b y  th e  COSMOS autom ated p late m easuring  

m achine o f  th e  Royal O b serv a to ry  E d in b u rgh . H ow ever, su b se q u e n t  

a n a ly s is  sh ow ed  th is  m aterial to s u ffe r  from a fa r  too lim ited dynam ic 

ra n g e  to  be u se fu l in  th e  c u r r e n t program m e d e sp ite  th e  ch o ice  of 

so le ly  A g ra d e  p la te s  fo r  th is  p u rp o se . The o b serv a tio n a l m aterial o f  

th is  th e s is  th u s  com p rises th e  CCD data alone.

The o u tlin e  o f  th e  th e s is  is  a s  fo llow s. C hapter II d e sc r ib e s  th e  

m ethods o f data a q u is itio n  and red u ctio n  w h ils t  c h a p ter  III p r e s e n ts  a 

new  ite r a tiv e  f it t in g  tech n iq u e  aimed a t d e sc r ib in g  th e  fu ll 2—D lig h t  

d is tr ib u tio n  in th e s e  ga la x ies . A lso d e sc r ib e d  is  th e  ap p lica tion  o f  

su c h  a tech n iq u e  to "model ga lax ies" , and to  lite r a tu r e  data fo r  two 

la r g e , e d g e -o n  sp ir a ls . The r e s u lt s  o f a d o p tin g  su ch  a tech n iq u e  for  

th e  p r e se n t  d a ta se t are  d escr ib ed  in  c h a p ter  IV, and th e  g e n e r a l  

c o n c lu s io n s  co n cer n in g  th e  d ep a rtu re  o f th e  lu m in osity  d is tr ib u tio n s  

from a "simple" form , th e  e x is te n c e  and form o f a n y  in term ed ia te  

com p on en ts, th e  e x is te n c e  o f co lour g r a d ie n ts  and  th e  n a tu re  o f an y  

p o ss ib le  rad ia l d isc  c u to ffs  are  d is c u s se d  in  ch a p ter  V. With a v iew  to  

e lu c id a tin g  in  some d eta il th o se  b u lg e s  sh ow in g  p ron ou n ced  "box" and  

"peanut" sh a p e s , ch a p ter  VI d e sc r ib e s  th e  r e s u lt s  o f th e  f ir s t  e v e r  

sy ste m a tic , a l l - s k y  s u r v e y  o f su ch  m orpholog ies and d is c u s s e s  th e  

p o ss ib le  im plications o f th e se  r e s u lts  for th e  form ation m echanism s 

c u r r e n t ly  p ro p o sed  in  su ch  g a lax ies. A g en era l sum m ary, to g e th er  

w ith  s u g g e s t io n s  for fu tu r e  w ork, is  g iv e n  in  ch a p ter  VII. Three  

a p p en d ices  are a lso  in clu d ed : ap p en d ix  A co n ta in s  th e  tabu lated

r e s u lts  d is c u s se d  in  ch a p ter  IV, w h ilst ap p en d ix  B d e sc r ib e s  the
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te c h n iq u e s  o f d ig ita l u n sh a rp  m asking and th e  r e s u lts  of a p p ly in g  

su ch  te c h n iq u e s  to th e  p r e se n t  sam ple ga la x ies . A ppendix C p r e se n ts  

a se lec tio n  o f p h o to g ra p h s o f th e  ga la x ies  s tu d ied  in  ch a p ter  IV.
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-  C hapter II -

The CCD o b se r v a tio n s  p r e se n te d  in  th is  th e s is  w ere a cq u ired  o ver  

two sep a ra te  ru n s  u s in g  th e  RGO CCD sy ste m  on  th e  A nglo -A u stra lian  

T elesco p e  (AAT) d u r in g  23-25  A pril 1985 and 15-17 F eb ru a ry  1986 

(h en ce fo r th  ru n s  1 and 2 r e s p e c t iv e ly ) .  D etails o f  th e  sy ste m  u sed  are  

g iv e n  e lsew h ere  (se e , fo r  exam ple, th e  AAO o b se r v e r s  manual (1981) 

and Jord en  e t  al (1982)) b u t th e sa lie n t p o in ts , to g e th e r  w ith an  

o u tlin e  o f th e  perform ance c h a r a c te r is t ic s  p a rticu la r  to  th e se  

o b se r v a tio n s , are  ou tlin ed  in  tab le  2 .1.

The f ir s t  ru n  w as alm ost to ta lly  u n su c c e s s fu l ow ing to  a d v e r se  

w eath er co n d itio n s . A dditional problem s w ere en co u n tered  d u r in g  run  

2 from  rep ea ted  rea d o u t c r a s h e s  and r e su lte d  in  some lo s s  o f data, 

a lth o u g h  su ch  d iff ic u lt ie s  w ere overcom e d u r in g  th e  secon d  half o f  

th e  f ir s t  n ig h ts  o b se r v in g . E xcellen t o b se r v in g  co n d itio n s  occu red  

th ro u g h o u t th e  w hole o f ru n  2 , w ith  estim ated  s e e in g  o f b etw een  1 

and 1.5 a r c s e c s  common to  much o f each  n ig h t.

The g r e a t ly  red u ced  CCD quantum  e f f ic ie n c y  sh ortw ard  o f ~ 4000 

A and longw ard  o f ~ 7000 to  8000 A, cou p led  w ith  an in c r e a sin g  sk y  

b r ig h tn e s s  b eyon d  ~ 7000 A, co n s id e r a b ly  m inim ises th e  u se fu l ran ge  

o f co lour in d ic e s  ava ilab le  to  d eterm ine th e  e x is te n c e  o f colour  

g r a d ie n ts  in  g a la x ies . F u rth er , s e v e r a l p rev io u s  s tu d ie s  (e .g . Simkin

Data a c q u is itio n  and p relim in ary  red u ctio n

II. 1 C urren t o b se r v a tio n s
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(a) General parameters

readout noise 
plate scale 
pixel size 
CCD format

useful detector area 
conversion factor 
estimated QE

(b) Results from the present study : 

maximum steps in bias frame 

underlying bias gradient 

dark current contribution 

scale of flat-field structure

scale of fringing in region 
of strong concentration

fringing in region of 
average concentration

pixel-to-pixel sensitivity 
variations in 100 secs frame

estimated accuracy of sky 
determination

linearity of CCD over both runs

(c) Noise estimates :

typical photon shot noise on sky

S/N on sky in galaxy frames

70 e~/pixel

16.4 arcsec/mm at prime focus 
30 micron (~0.48 arcsec) square 
350 x 512 pixels (last 30 pixels 
in X-axis constitute the bias strip)
2.6 x 4.2 arcinin 
1 ADU = 16 e- = 16 photons 
80 % over both B and R bands

1 to 3 % peak-to-peak 

i 0.01 ADU/ pixel

0.01 ADU/ sec of integration/ pixel

3 X (peak-to-peak) in R

1 % ( " ) in B

4 X of sky (peak-to-peak) maximum
2 X " average

3 X of sky (peak-to-peak) maximum
1 . 5 %  " average

1.5 X peak-to-peak in B
(0.9 X after co-adding)

1.6 X peak-to-peak in R
(0.6 % after co— adding)

£ 0.5 %

0 . 1 %  or better

0.09 ADU/sec in B 
0.16 ADU/sec in R

0.10 /sec in R 
0.06 /sec in B

Table 2.1 : Summary of performance characteristics of the CCD system

during both runs.



(1975), S an dage & V isvan ath an  (1978) and S ch w eizer  (1976)) h ave  

fou n d  (B-V) and (V-R) co lo u rs to be la r g e ly  in e ffe c t iv e  in  th e sea rch  

fo r  co lour g r a d ie n ts , a lth o u g h  g r a d ie n ts  are commonly found to be  

s tr o n g e r  in  (B-R) (Thom pson e t al, 1982). In th e lig h t o f th e se  

f in d in g s  it  w as d ec id ed  th a t, to  a ch ie v e  com plete co v er a g e  a c r o ss  a 

num ber o f ga la x ies , " first pass"  o b se r v a tio n s  w ould be lim ited to the  

B and R b an ds a lone. Im aging in  V and U w ould have b een  attem pted  

had time b een  ava ilab le , b u t th is  did not a ccru e . As a r e su lt , I was 

ab le  to  map a to ta l o f 9 ga la x ies  in  both  B and R, w ith  a fu r th e r  6 

b ein g  co v er ed  so le ly  in  th e  R band (th e  p r e se n c e  o f th e  moon d u rin g  

th e  f ir s t  p art o f each  n ig h t  in ru n  2 te n d in g  to  lim it th e  time 

ava ilab le  for  im aging in  B). S ev en  o f th e  g a la x ies  o b se r v e d  w ere  

su ff ic ie n t ly  la rg e  th a t com plete a rea l c o v e r a g e  req u ired  se v e r a l  

e x p o su r e s  tak en  a t s e le c te d  p o s it io n s  a c r o s s  th e  im age (2 to  3 b e in g  

th e  norm b u t 4 b e in g  req u ired  in  th e  ca se  o f NGC 5078). To fa c ilita te  

ea se  o f m erging  th e se  r e sp e c t iv e  fram es in  th e  su b se q u e n t  red u ctio n  

p r o c e ss , it  w as d ecid ed  to  ad op t a ty p ica l o v er la p  b etw een  p o s itio n s  

30 to 50 p ix e ls , or 15 to 25 a r c se c  in e ith e r  RA or d ec. a s  

ap p ro p ria te . The o b se r v a tio n s  a lso  in c lu d ed  sh o r te r  ex p o su re  fram es  

o f th e  g a la x ies  NGC 3115 (SO) and NGC 3379 (E0) to a c t a s  ga laxy  

s ta n d a r d s  and h en ce  allow  com parison  o f th e  r e s u lt s  ob ta in ed  to th o se  

o f p r e v io u s  o b s e r v e r s .

In v iew  o f th e  d e s ir e  to  o b se r v e  d eta iled  s tr u c tu r e  in  th e  

n o n -th in  d isc  lig h t  o f  th e  sam ple o b je c ts , I a ttem p ted  to u n d ertak e  

p h otom etry  to  th e  fa in te s t  l ig h t  le v e ls  p o ss ib le  w ith in  th e  allowed  

c o n s tr a in ts . As a r e su lt , 2x1000 seco n d  fram es o f  each  ga laxy  at each  

p o sitio n  in  each  co lour w ere ro u tin e ly  ob ta in ed , a s id e  from th e  

"standard" g a la x ies  w hich  w ere o b se r v e d  w ith  sh o r te r  ex p o su res  (<
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500 s e c s  in  all c a se s ) . A lthough  I w as not s tr ic t ly  in te r e ste d  in  

d eta iled  p ro p e r tie s  o f th e  n u clear  r eg io n s  o f th e  ga lax ies o b se r v e d , it  

w as c lea r ly  d esira b le  not to  sa tu r a te  th e  cen tra l reg io n s  to  an 

e x c e s s iv e  d e g ree  a s  an y  "bleeding" o f c h a rg e  a c r o ss  th e CCD would  

contam inate th e  fa in ter  o u ter  p a r ts  o f  th e  o b je c ts  co n cern ed . Careful 

c h e c k s  in d ica ted  th a t no se r io u s  e f f e c t s  re su lte d  from su ch  

sa tu ra tio n . S in ce m ost o f th e  sam ple o b je c ts  are  so  e d g e -o n , d u st  

o b scu ra tio n  w ith in  th e  d isc  p lane s e r v e s  to mask th e  b r ig h te s t  cen tra l 

r eg io n s .

B etw een  each  pair o f 1000 s e c s  e x p o su r e s , th e  te le sc o p e  w as 

c o n s is te n t ly  o f f s e t  b y  ~ 5 a r c s e c  or so  in  random  RA a n d /o r  dec. 

s h if t s  to  allow a more re liab le  d iscrim in ation  to  be made b etw een  

"true" lig h t  v a r ia tio n s  a c r o ss  each  fram e and th o se  e f f e c t s  r e su lt in g  

from s tr u c tu r e  in th e  f la t- f ie ld  and from fr in g in g . The f la t- f ie ld  

ca lib ra tion  fram es w ere tak en  on th e  s k y  d u r in g  tw ilig h t and dawn  

(ad d ition al dome f la ts  w ere tak en  b efore  th e  s ta r t  o f th e  f ir s t  n ig h ts  

o b s e r v in g  in  run  2 ), w h ilst b ias fram es w ere tak en  th ro u g h o u t each  

n ig h t. The e f fe c t s  o f  th e  co n tr ib u tio n  from  dark c u r r e n t w ere  

in v e s t ig a te d  b y  tak in g  two lon g  ex p o su r e s  d u r in g  th e  seco n d  day o f 

ru n  2, w ith  fr in g e  fram es for  th e  R band ob ta in ed  o v er  th e  secon d  

n ig h t o f  run  1 a lone. D etails o f th e se  o b se r v a tio n s  are g iv e n  in  

se c t io n  II .2 below .

In ad d ition , a to ta l o f  38 fram es w ere ob ta in ed  o f  stan d ard  s ta r s  

in  th e  two reg io n s  E3 and E5 o u tlin ed  b y  Graham (1982) to allow  

a b so lu te  ca lib ra tion  o f th e  ga laxy  p h otom etry . S ta rs  o and v  w ere  

o b se r v e d  in reg io n  E3 w h ilst two s e t s  (nam ely s ta r s  m, k,  o and c, Y) 

w ere im aged from reg io n  E5. The g en era l p ro ced u re  adop ted  w as to
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tak e p a irs  o f fram es for  each  s e t  o f s ta n d a rd s  in  each co lour and  

attem p t to  in te r s p e r s e  th e se  b etw een  ga laxy  fram es a s  much as  

p o ss ib le . The le n g th  o f th e  ex p o su re  tim es req u ired  in su ch  fram es  

w as d ic ta ted  b y  th e  req u irem en t o f  a c h ie v in g  a reason ab le  s ig n a l ( 

s e v e r a l th o u sa n d  ADU’s) fo r  th e  "typical" s ta n d a rd , and as a r e su lt  

th e y  v a r y  g r e a t ly  from  one s e t  o f o b se r v a tio n s  to th e  n ext (over  the  

ra n g e  10 to  150 s e c s  fo r  in d iv id u a l fram es). Once aga in , r e s p e c t iv e  

s e t s  o f su ch  fram es w ere o f f s e t  b y  a r b itr a r y  RA and d ec. s h if t s ,  and  

g r e a t  care  w as tak en  to  e n su r e  th a t  no su ch  p o sitio n  w as adop ted  

w h e reb y  th e  s ta n d a rd s  o f  in te r e s t  w ere a ffe c te d  b y  d e fe c ts  on  th e  

ch ip .

The p r e se n t  o b se r v a tio n s  th u s  com p rise 68x1000 s e c s  e x p o su res  

a lon e, w ith  a tota l ~ 200 fram es ( or ~ 80 000 s e c s ) .  O b servation s

tak en  d u r in g  ru n  2 a cco u n t for  87 % o f th e  to ta l. Table 2.2 p r e s e n ts  

a log  o f th e  o b se r v a tio n s  u n d erta k en .

II .2 C h a ra cter istic s  o f  th e  CCD p erform ance

II.2.1 R ead -ou t n o ise  and  b ia s su b tra c tio n

The ap p lica tion  o f a b ias (or g lob a l DC v o lta g e ) o f f s e t  to  th e  CCD 

allow s one to d efin e  an a b so lu te  le v e l w ith  w hich  to r e fe r e n c e  th e

s ig n a l from  an in d iv id u a l p ixel. T his b ias v a lu e  a lso  c a r r ie s  an

a sso c ia ted  s h o t-n o ise  w hich , com bined w ith  o th er  in tern a l no ise  

so u r c e s  w ith in  th e  d e v ic e , is  commonly r e fe r r e d  to as th e  rea d -o u t  

n o ise . B eing an in tr in s ic  p ro p er ty  o f th e  ch ip  u sed , the va lu e  o f th is

n o ise  s e t s  an a b so lu te  low er lim it (or "noise floor") to th e

perform ance o f  th e  CCD sy ste m  -  a t le a st  in th e  low s ig n a l regim e.
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NOTES TO TABLE 2 . 2

all 

c o l .

col

col

col

u n cer ta in  m easures marked w ith  a ( : )

5 : A - effective aperture colour taken from RC2
B - adopted arithmetic mean of all measures in 

Longo & de Vaucouleurs (1983, 1985)
C - taken from Griersmith (1980)
* - assumed value of 1.00 as no reference

measures available

6 : A - taken from Sandage & Visvanathan (1978)
assuming

(V-R) = l.ll(V-r) + 0.29 
B - taken from Lauberts & Sadler (1984)
C - given by Smyth (private communication, 1987)
* - assumed value of 0.90 as no reference

measures available

10 : * - secZ averaged over separate nights and/or runs

12 : Standard error on an arithmetic mean of /JD 
(mean in brackets)

col. 13 : Assumed to be from run 2 unless otherwise stated



J a n esick  e t  al (1984) h a v e  ou tlin ed  th e  in d ep en d en t so u r c e s  

c o n tr ib u tin g  to r e a d -o u t n o ise , p o ten tia lly  th e  m ost s ig n ific a n t b ein g  

th a t in tro d u ced  b y  th e  op era tion  o f th e  o u tp u t am plifier. H ow ever, 

w ork in g  a t o p e r a tin g  tem p era tu res  o f  ty p ic a lly  ~ 150 K (LN2 cooled) 

re d u c e s  th e  1 / f  com ponent o f  th e  am plifier n o ise  alm ost to the  

a b so lu te  lim iting  p erform an ce o f th is  d e v ic e  o v er  a w ide ra n g e  of 

fr e q u e n c ie s  (see , for  exam ple, f ig u r e  36 o f  J a n esick  e t  a l (1984)).

A dditional n o ise  so u r c e s  a r ise  d u r in g  th e  p r o c e s s  o f  tr a n s fe r r in g  

c h a r g e  b etw een  th e  p o ten tia l w ells  (ca lled  th e c h a rg e  tr a n sfe r  n o ise ), 

and from  r e s e t t in g  th e  b ias le v e l a fte r  th e  rea d o u t o f each  in d iv id u a l 

p ixel (th e  r e s e t  n o ise ). The form er is  r e la t iv e ly  un im portant w hen due  

a cco u n t is  tak en  o f th e  v e r y  h igh  ch a rg e  tr a n s fe r  e f f ic ie n c ie s  now  

ro u tin e ly  ob ta in ed  w ith  CCD’s  (Jan esick  e t  al (1984) and M ackay (1986) 

q u ote  '“0.99998 p er  tr a n s fe r ) , w h ils t  th e  la tte r  is  red u ced  b y  a d op tin g  

th e  te ch n iq u e  o f "correlated  d ouble sam pling", th e  p r in c ip le s  o f w hich  

a re  ou tlin ed  in  W right (1982), Jan esick  e t  al (1984), and M ackay 

(1986).

H ence, th e  f ir s t  s te p  in  th e  red u ctio n  p ro ced u re  is  th e  rem oval o f  

th e  b ias le v e l im posed on  each  fram e. The le v e l it s e lf ,  and it s  

a sso c ia te d  n o ise , are both  determ ined  b y  ta k in g  fram es o f zero  le n g th  

ex p o su re  time and w ith  th e  sh u tte r  c lo sed  -  th e se  b e in g  th e b ias  

fram es. A lthough  it  is  w id ely  co n s id ered  th a t th e r e  is  no co n sid era b le  

d r ift  in  th e  b ias o v er  a n ig h ts  o b se r v in g , c h e c k s  w ere fa c ilita ted  by  

e n su r in g  th a t a num ber o f b ias fram es w ere tak en  th ro u g h o u t th e  

n ig h t. T his ty p ica lly  am ounted to 3 a t th e  b e g in n in g , d u r in g  a n d /o r  

a t th e  end  o f each  s e s s io n  -  a tota l o f 6 fram es b e in g  acq u ired  

d u r in g  th e f ir s t  run , and 26 d u rin g  th e  seco n d . No e v id e n c e  w as
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fou n d  fo r  a n y  zero  p o in t s h if t s  from n ig h t - to -n ig h t  a lth ou gh  th ere  

w as one o f ~ 20 ADU’s b etw een  th e sep a ra te  ru n s. T hus, th e  crea tion  

o f a fin a l "master" fram e r e le v a n t for  all th e  CCD data ob tained  w as 

p rec lu d e d . S tr u c tu r e  w as e v id e n t  on all fram es, a s  f ig u r e  2.1 show s. 

The s tr u c tu r e  is  a lrea d y  w ell docum ented  a lth ou gh  it s  o r ig in  rem ains 

u n clear  -  J ed rz je w sk i (1985) g iv e s  a more d eta iled  d escr ip tio n  o f its  

form. In b r ie f, a num ber o f para lle l s l ic e s  tak en  a c r o ss  each  b ias  

fram e show  3 b an d s o f  v a r y in g  in te n s ity  p ara lle l to th e lon g  ax is o f  

th e  CCD. Maximum (p ea k -to -p e a k ) s te p s  in  in te n s ity  am ount to  b etw een  

1 and 3 % o f th e  local rms " background" . H ow ever, t e s t s  carr ied  out 

on th e  b ias fram es ob ta in ed  d u rin g  th e  f ir s t  n ig h t o f run  1 c lea r ly  

in d ica te  th a t, a s id e  from th e se  zonal fe a tu r e s , th e  u n d e r ly in g  b ias  

le v e l is  ex trem ely  f la t  -  w ith  a g r a d ie n t o f  ty p ic a lly  le s s  than  0.01 

c o u n ts /p ix e l.

E ven  so , th e  adop tion  o f a s in g le  b ias le v e l is  in ap p rop ia te  in th is  

s itu a tio n  (th e  sp a tia l v a r ia tio n s  are  s t i l l  c le a r ly  se e n  a fte r  su b tra c tio n  

o f su ch  a mean v a lu e ). H ence, a g lobal mean b ias fram e w as 

c o n s tr u c te d  for  each  run  in  tu rn  (th e  mean for ru n  1 d er iv ed  from  

all 6 tak en  th ro u g h o u t th e  n ig h t, w ith  18 o f th e  26 u sed  from ru n  2 ). 

T hat from th e  f ir s t  ru n  (w eigh ted  b y  th e  sta n d a rd  d ev ia tio n s  on the  

m ean o f each  fram e in  th e  co -a d d  p r o c e ss )  h as an a v e r a g e  co u n t o f  

136.0 (±0.6, stan d ard  error) ADU’s and th a t fo r  th e  secon d  o f 114.1 

(±0.2) ADU’s.

Each mean b ias fram e th en  had an y  co sm ic -r a y  e v e n ts  rem oved  

u s in g  an in terp o la tion  rou tin e a c r o ss  th e p ixe ls  a ffe c te d  (done at th is  

s ta g e  to  p r e v e n t th e  crea tio n  o f  " negative"  e v e n ts  in th e b ias  

su b tr a c te d  fram es th u s  p ro d u ced ). S u ch  e v e n ts  are  ch a ra cter ised  as
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AVERAGED BIAS FRAME

F ig u re  2.1 : A s lic e  tak en  a c r o ss  th e  a v era g e d  b ias fram e u sed  fo r  ru n  2
-  form ed b y  b in n in g  to g e th er  all s l ic e s  tak en  a c r o ss  each  in d iv id u a l row. 

The v e r t ic a l axis is  co u n ts  in  ADU’s and the X ax is r e fe r s  to th e  s lice
len g th  aV'c. the cik. in  p ix e ls .
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b ein g  con fin ed  to  a sm all num ber o f "hot" p ix e ls  (u su a lly  one) and  

are  th u s  e a s ily  id en tifia b le . All su b se q u e n t ga laxy  and stand ard  sta r  

im ages had th e  b ia s su b tra c ted  u s in g  th e  ap p rop ia te  mean fram e. 

P o ss ib le  v a r ia tio n s  in  le v e l b etw een  th a t o f  th e  mean fram e and o f the  

im age fram e w ere ch eck ed  u s in g  th e  a v era g e  v a lu e  in  th e  b ias s tr ip  

o f th e  la tte r  a s  determ ined  e ith e r  from 6 in d iv id u a l poin t m easu res or  

b y  c o n str u c tio n  o f an in te n s ity  h istogram  o f th e  w hole b ias s tr ip  and  

a d o p tin g  th e  modal v a lu e  a s  th e  b ias le v e l. If su ch  a d iffe r e n c e  

e x is te d , th e  ca lib ra tio n  fram e w as sca led  a cco r d in g ly  b efore  

su b tra c tio n , w ith  th e  b ias s tr ip  s u b se q u e n tly  b e in g  rem oved from  

each  one.

I I .2.2 S o u rces  (and rem oval) o f  th e  dark  c u r r e n t

Dark c u r r e n t is  th e  term  g e n e r a lly  a sc r ib e d  to  th e  r e g is tr a tio n  o f  

photon  rec ep tio n  b y  th e  CCD w hen no in c id e n t p hoton  e v e n t  h as  

a c tu a lly  o ccu rr ed . Such  so u r c e s  o f  "additional" p h o to n s are th o u g h t  

to  a r ise  from therm al e f f e c t s  w ith in  th e  s ilico n  su b s tr a te , and th e  

g e n e r a te d  s ig n a l th u s  p rod u ced  w ill c le a r ly  p o s s e s s  it s  ow n a sso c ia ted  

sh o t-n o ise . In th e  s e n s e  th a t th e  com bination o f  dark  c u r r e n t  and  

c o r r e sp o n d in g  n o ise  p artia lly  a r ise s  a s  a r e s u lt  o f  d e fe c ts  w ith in  th e  

sem i-co n d u cto r , i.e . b e in g  a fea tu re  in tr in s ic  to  th e  d e v ic e  u se d , it  

cou ld  be se e n  a s  an oth er co n tr ib u tin g  facto r  to th e  g lo b a l rea d -o u t  

n o ise  fo r  th a t d ev ic e  (Jan esick  e t  al, 1984). H ow ever, i t  is  trea ted  

s e p a r a te ly  h ere  a s  it is  a fu n ctio n  o f ex p o su re  time and a s  su ch  

r e q u ir e s  th e  adoption  o f a s lig h t ly  d iffe r e n t  red u ctio n  tech n iq u e  from  

th a t u sed  for th e b ias rem oval o u tlin ed  p r e v io u s ly .
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An ad d ition a l co n tr ib u to r  to  th e  dark cu rre n t a r ise s  from  

so -c a lle d  " lum inescence"  w ith in  th e  CCD. Such  a g en era l term s e r v e s  

to  d e sc r ib e  th e  n o ise  r e su lt in g  from p h oton s crea ted  w ith in  th e silicon  

due to th e  action  o f sim ply c lo ck in g  th e o u tp u t g a te s  (called  "clocking  

lu m in escence"); from th e  crea tio n  o f p h o to n s a s  a r e su lt  o f too h igh a 

b ias b ein g  ap p lied  to th e o u tp u t am plifier (th e " d iffusion

lu m in escence" ) and from th e  e f fe c t s  o f  d e fe c t iv e  p ix e ls  w hich happen  

to sa tu r a te  much q u ick er  than  ex p ected  ("blem ish lu m in escence" ). A 

more d eta iled  d isc u ss io n  o f th e se  fe a tu r e s  and th e ir  o r ig in s  is  g iv e n  

in  J a n esick  e t  al (1984).

C learly, a s  th e  dark  c u r r e n t a r ise s  from  therm al o r ig in s , it  is  

d r a st ic a lly  red u ced  b y  o p era tin g  th e  CCD at low tem p era tu res . [The 

a ctu a l d ep en d an ce  is  « exp  ( -c o n s ta n t /T ) .]  H ow ever, a s  in  m any o th er  

a r e a s  o f CCD d es ig n , su ch  a b en efit  has to be trad ed  a g a in st

d etrim enta l e f fe c ts  to  o th er  a sp e c ts  o f  th e  d e v ic e  -  in  th is  ca se  a 

low er tem p eratu re r e d u c e s  th e  ab so rp tio n  c o e ff ic ie n t  o f s ilico n  and

th e r e b y  r e d u c e s  th e  r e sp o n s iv ity  o f th e  d ev ic e  (p a rticu la r ly  a t lo n g er  

w a v e le n g th s  (W right, 1982)). In ad d ition , th e  a b ility  o f th e d ev ic e  to  

tr a n s fe r  c h a rg e  from one p o ten tia l w ell to  an o th er  w hen c lo ck in g  ou t  

(th e  ch a rg e  tra n sfer  e f f ic ie n c y  or CTE) is  a lso  found  to be

c o n s id e r a b ly  red u ced  a t low er o p era tin g  tem p era tu res .

The op tim ised  in term ed iate va lu e  u sed  for th e c u r r e n t d ev ice  

(~150 K) is  q u oted  in  th e  AAO o b se r v e r s  manual (1981) a s  g en era tin g  

~ 0.1 e “/p ix e l/s e c o n d  o f in teg ra tio n  (or ~ 0.007 A D U /p ixe l/secon d

assu m in g  a transform ation  o f 1 ADU — 15 e - ). A lthough  th e  quoted

v a lu e  seem s v e r y  small, it  m ust be rem em bered th a t th is  is  a g lobal

mean estim ate -  th ere  are reg io n s  o f  th e  fram e co n sid era b ly  more
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a ffe c te d  b y  th e  e f f e c t s  o f dark  c u r r e n t than  o th e r s  -  and th a t th e  

p r e s e n t  o b se r v a tio n s  re lied  on the a cq u is itio n  o f im ages o v er  

r e la t iv e ly  lo n g  ex p o su re  tim es.

T h erefore  th is  e f fe c t  has to  be allow ed for. The normal p roced u re  

(and th e  on e ad op ted  h ere) is  to in te g r a te  "on th e chip" , w ithout 

o p en in g  th e  s h u tte r , for  a s  lon g  a s  rea so n a b ly  p o ss ib le  and th en  read  

o u t th e CCD in th e normal w ay. Two su ch  "dark fram es" w ere taken  

(one o f  3000 s e c s  and one o f 5000 s e c s ,  both  d u rin g  run  2). T hey  

w ere b ias su b tra c ted  and th en  co -a d d ed . The in terp o la tion  rou tin e  

w as aga in  u sed  to  rem ove all co sm ic-ra y  e v e n ts  and a lso  th e  s in g le  

bad colum n (num ber 142) from the fin a l im age b efo re  th e la tter  was 

norm alised  to  a mean fram e o f 1 s e c  d u ration . Removal o f th e  form er 

is  a p r o c e s s  o f some im portance in a p a ired  fram e o f su ch  lon g  

ex p o su re  time.

A gain, s tr u c tu r e  w as e v id e n t, p a r ticu la r ly  around  th e  e d g e s  o f  

th e  fram e and in  th e  low er le ft-h a n d  co rn er  -  th e  la tter  alm ost

c e r ta in ly  r e su lt in g  from th e  e f fe c t s  o f " d iffu sion  lum inescence" . 

H ow ever, a n a ly s is  in d icated  th a t th e ex p ected  co n tr ib u tio n  from the  

dark  c u r r e n t  in  a s in g le  1000 sec . ex p o su re  im age fram e w as no more

th a n  ~ 10 ADU (or le s s  than  8 % o f th e  b ias le v e l) ,  in  v e r y  good

a greem en t w ith th e  ex p ected  va lu e  quoted  p r e v io u s ly .

The dark  cu r r e n t was su b tra c ted  from each  im age fram e a s , b ein g  

ex ten d ed  o b je c ts , m ost ga lax ies are  o f s u ff ic ie n t  d im ensions to be 

a ffe c te d  (a lb eit v e r y  s lig h tly )  b y  th e se  e d g e  e f fe c t s .  No correction  

w as, h ow ever , made to th o se  o f th e  stan d ard  s ta r s . The typ ica l 

ex p o su re  tim es o f  th e  la tter  w ere much le s s  and the o b je c ts  o f
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in te r e s t  w ere cen tred  on th e  CCD w here th e  e f fe c t s  o f su ch  dark  

c u r r e n t  co rr ec tio n s  are  minimal.

II .2.3 F la t-fie ld in g

In th e  se n se  th a t th e  CCD can  be v iew ed  a s  an array  of 

in d iv id u a l d e te c to r s  (p ix e ls) , a n y  d if fe r e n c e s  in th e  o p era tin g  

c h a r a c te r is t ic s  o f each  p ixel w ill lead to  g lob a l r e sp o n se  

n o n -u n ifo rm ities  a c r o ss  the d ev ic e . The p ro ced u re  ad op ted  in an  

attem p t to rem ove th is  e f fe c t  is  ca lled  f la t - f ie ld in g . The d iffe r e n c e s  

from p ix e l-to -p ix e l most commonly a r ise  from im p erfectio n s in trod u ced  

d u r in g  th e  m anufacturing  p r o c e ss  su ch  a s  v a r ia tio n s  in  p ixel s ize  

a c r o ss  th e  array  (M ackay, 1986), a lth o u g h  quantum  e ff ic ie n c y  c h a n g es  

(i.e . d if fe r e n c e s  in  th e  ratio  o f o u tp u t e le c tr o n s  to  in p u t p h oton s)  

b etw een  p ix e ls  are  a lso  a c o n tr ib u tin g  fa cto r . At r e la t iv e ly  low ch a rg e  

le v e ls  an add itional fea tu re  becom es im portant in  th is  co n tex t, nam ely  

" d eferred  ch arge" . T his e f fe c t , d e sc r ib in g  n o n -u n ifo rm ities  b etw een  

colum ns o f p ixe ls  o v er  th e  CCD, m an ifests  i t s e l f  a s  a th resh o ld  ch a rg e  

le v e l below  w hich a n y  in p u t ch a rg e  to  a p a rticu la r  p ixel (or s e t  

th ereo f) e ith er  fa ils  to  be d e tec ted  or is  r e g is te r e d  in  a com p lete ly  

n o n -lin ea r  fash ion . Baum e t  a l (1981) p r e se n t  a d eta iled  d escr ip tio n  o f 

how one m ight a ttem pt to  m odel th is  e f fe c t  in  astronom ical 

o b se r v a tio n s . In e s se n c e  it  is  y e t  an o th er  m an ifesta tion  o f th e CTE 

m entioned  p r e v io u s ly  and as su ch  it s  e f fe c t , lik e  th a t o f th e  CTE, is  

m ost o fte n  co u n tered  b y  ad d in g  ad d ition al ch a rg e  to th e  d e v ic e  (the  

so -c a lle d  "fat zero") b efore read in g  ou t. H ow ever, th is  tech n iq u e  can  

be q u estio n ed  in th at th e a sso c ia ted  s h o t-n o ise  on su ch  an in p u t  

c h a r g e  o n ly  s e r v e s  to in cr ea se  th e  r e a d -o u t n o ise  a lread y  p resen t. No 

su c h  "fat zero" was app lied  to an y  fram es ob ta in ed  in the p r e se n t
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s tu d y , and as a r e s u lt  lo n g er  e x p o su res  w ere req u ired  w hen tak in g  

f la t - f ie ld s  on th e s k y  to e n su r e  th at th ere  w as en ou gh  ch a rg e  

g en era te d  to  overcom e th e  th resh o ld  le v e l o f th e  particu lar p ixels  or 

p ixel colum ns m ost a ffe c te d .

The m apping o f  p ix e l- to -p ix e l n o n -u n ifo rm ities  is  made more 

d iff ic u lt  b eca u se  th e  e f f e c t s  are  s tr o n g ly  w a v e len g th  d ep en d an t -  the  

a b so rp tio n  c o e ff ic ie n t  o f s ilico n  it s e l f  b e in g  a s tr o n g  fu n ctio n  o f th e  

w a v e len g th  o f th e  incom ing p h oton s. S in ce  th e  lo n g er  w avelen g th

p h o to n s p en e tra te  more d eep ly  in to  th e  su b s tr a te , th e y  are more 

lik e ly  to be a ffe c te d  b y  su ch  n o n -u n ifo rm ities  than  are  sh o r ter  

w a v e len g th  p h oton s. A lthough  th is  is  c le a r ly  n o t an im portant factor  

in  n arrow -b and  im aging, it  is  c e r ta in ly  so  for  th e  w id e-b a n d  f ilte r s  

u sed  th ro u g h o u t th e  p r e se n t  o b serv a tio n s .

To rem ove a n y  resid u a l f la t- f ie ld  c u r v a tu r e  a c r o ss  th e o b je c t

fram es in  q u estio n , both  dome and tw ilig h t s k y  f la t - f ie ld s  w ere  

o b ta in ed . I t is  cr itica l to e n su r e  th a t su ch  fram es are  tak en  th ro u g h  

th e  same im aging o p tic s  a s  th e  o b je c t  fram es s in c e  v ig n e t t in g  and  

d is to r t io n s  w ith in  th e te le sc o p e  are  ad d ition a l c o n tr ib u to r s  to su ch  

c u r v a tu r e  to g e th e r  w ith th e  p ixel n o n -u n ifo rm ities  d eta iled  ab ove. Two 

sep a ra te  dome f la ts  w ere d er iv ed  in  each  co lour u s in g  an illum inated  

w h ite  sc r e e n  w hich , b e in g  o u t-o f - fo c u s , p ro d u ces  (h o p efu lly ) uniform  

illum ination  a c r o ss  the CCD. For ru n  2, s k y  f la ts  w ere ro u tin e ly  

ob ta in ed  a t th e  s ta r t  and end  o f each  n ig h ts  o b se r v in g  (w ith  ty p ica lly  

3 in each  band at an y  one tim e), w h ilst th o se  o f run  1 w ere taken

th ro u g h o u t th e  n ig h t. T hey w ere tak en  in  r e g io n s  o f th e  sk y  known

to be d evo id  o f an y  m oderately  b r ig h t s ta r s  and ga la x ies  u s in g  a lis t  

o f fie ld  c e n tr e s  made availab le  b y  th e  AAO, th u s  m aking it
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u n n e c e s sa r y  to  in terp o la te  th e  p ixel r e sp o n se  a t an y  p osition  a c r o ss  

th e CCD.

Each f la t- f ie ld  fram e w as both  b ias and dark  c u r r e n t su b tra cted  

(th e  la tter  b ein g  a ch iev ed  b y  u s in g  a mean fram e d escr ib ed  

p r e v io u s ly  and su ita b ly  sca led  to  m atch th e  ex p o su re  time o f th e  

f la t - f ie ld ) .  E x ten siv e  a n a ly s is  o f  th e s tr u c tu r e  o f th e  f la t - f ie ld s  in  

each  co lour show ed  no varia tion  from one s e t  to  th e  n ex t (i.e. from  

th e  s ta r t  to  th e end  o f the n ig h t or from n ig h t - to -n ig h t )  so  th e y  

w ere a ll sca led  b y  th e ir  r e s p e c t iv e  ex p o su re  tim es and th en  co -a d d ed  

to p ro d u ce  "master" B and R f la t - f ie ld s  for th a t p a rticu lar  run . It is , 

h ow ever , notab le th a t co n sid era b le  ch a n g e s  in th e  u n iform ity  o f th e  

f la t - f ie ld  w ere e v id e n t b etw een  ru n s , and h en ce  a "master" fram e 

a p p licab le  to  o b se r v a tio n s  for  both r u n s  cou ld  not be c o n str u c te d . 

A ny d e fe c ts  su ch  a s  co sm ic -r a y s  e tc . w ere rem oved a t th is  s ta g e  and  

th e  a v era g e  p ixel va lu e  d eterm ined . Each "master" w as th en  

norm alised  b y  th is  a v e r a g e  cou n t (th e  bad colum n b e in g  rem oved  

p r e v io u s ly  to, on ce  aga in , e n su r e  su ch  a norm alised  fram e more 

c lo se ly  c e n tr e s  on a mean o f 1.0 ).

The r e su lt in g  f la t - f ie ld s  show  co n sid era b le  s tr u c tu r e , both  in th e  

s e n s e  o f c u r v a tu r e  a t th e  e d g e s  o f th e fram e (not un lik e th a t se e n  in  

th e  dark fram es) to g e th e r  w ith  th e  e f fe c ts  o f o u t -o f - fo c u s  d u st  

p a r tic le s  a c r o s s  th e fie ld , a fa c t th at is  c lea r ly  e v id e n t in  f ig u r e  2.2 

w hich  sh ow s mean row s lic e s  (a v era g ed  down each  colum n o f th e  ch ip ) 

a c r o s s  both  B and R s k y  f la t - f ie ld s .  As a n tic ip a ted , th e se  e f fe c ts  w ere  

more prom inent in  th e  R band th an  in B (th e  maximum p ea k -to -p e a k  

in te n s ity  v a r ia tio n s  are  ~ 3 % o f th e  local "background" le v e l in  the  

form er, b u t o n ly  ~ 1 % in  th e  la tter ) . Note, h ow ever, th a t d esp ite
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B SKY FLAT-FIELD

R SKY FLAT-FIELD

F ig u re  2 .2 : S lices  tak en , a c r o ss  th e  final a v era g ed  sk y  fla t-fie ld
ca lib ra tio n  fram es (a fter  norm alisation) fo r  run  2 in both B and R bands. 

T h ese  a v era g e d  s lic e s  w ere form ed as in f ig u r e  2.1, and aga in  the v er tica l  
a x es r e fe r  to co u n ts  in ADU’s and the h orizon ta l axes to th e  s lice  len g th

a c r o ss  th e  tei, in  p ixe ls.



sim ilar s tr u c tu r e  ap p ea r in g  in  th e  a v era g e  f la t - f ie ld  and dark fram es, 

f la t - f ie ld in g  o f th e  im age fram es in  g e n e r a l would not rem ove  

s tr u c tu r e  r e su lt in g  from th e  e f fe c t s  o f dark c u r r e n t  as th e  form er  

are g e n e r a lly  v e r y  sh o rt e x p o su r e s  w hile th e  s tr e n g th  o f th e  dark  

c u r r e n t  is  a fu n ctio n  o f in teg ra tio n  time.

S u b se q u e n t experim entation  in d ica ted  th a t co n sid era b le  resid u a l 

s tr u c tu r e  rem ained in th o se  im ages f la t - f ie ld e d  u s in g  th e  a v era g e  

dome f la ts , s tr u c tu r e  w hich  w as not e v id e n t  w hen  th e  re le v a n t sk y  

f la ts  w ere u sed . T his is  p a rticu la r ly  so  in  B, f ig u r e  2.3 sh ow in g  th e  

r e su lt  o f d iv id in g  th e norm alised s k y  and dome f la t - f ie ld s  in each  

band. The e f fe c t  p rob ab ly  a r ise s  a s  a r e s u lt  o f  sp e c tr a l d iffe r e n c e s  

b etw een  fram es taken  on th e  sk y  and th o se  on th e dome, or eq u a lly  

from th e  fa c t  th a t th e  illum ination  from  th e  sc r e e n  is  d iffe r e n t  from  

th a t o f  th e  s k y  b eca u se  o f n on -un iform  r e fle c tio n  from th e  d iffu se  

su r fa c e . The s k y  sp ectru m  is  com prised  o f an  u n d e r ly in g  continuum  

(alm ost e x c lu s iv e ly  so a t sh o r te r  w a v e le n g th s )  o r ig in a tin g  from  

sc a tte r e d  su n lig h t, on w hich are su p e r p o se d  a num ber o f  prom inent 

atm osp h er ic  em ission  lin e s  (p a rticu la r ly  in th e  red ), a ll o f w hich v a r y  

th ro u g h o u t th e n ig h t. T h ese  fe a tu r e s  alm ost c e r ta in ly  p rec lu d e  th e  

m atch ing  o f dome f la ts  to th e  s k y  sp ectru m . T his w ill be th e  ca se  

e v e n  a llow ing for  th e  u se  o f f i l te r s  to  match th e  sh o r te r  w a v elen g th  

ra n g e  a s  p rop osed  b y  W right (1982) in h is  im proved  p ro ced u re  for  

o b ta in in g  su ch  f la t - f ie ld s . An added  d iff ic u lty  a lso  a r ise s  from th e  

fa c t  th a t, for ex ten d ed  o b je c ts  su ch  a s  th o se  o b se r v e d  h ere , one has  

to  allow for colour var ia tio n s a c r o ss  each  fram e d ep en d in g  upon  

w h eth er  th e  sk y  or th e ga laxy  lig h t  was more dom inant (th e la tter  

b e in g  c o n s id era b ly  red d er  th an  th e  form er). As a r e su lt , th e dome 

f la ts  w ere su b se q u e n tly  d iscard ed  and o n ly  th o se  taken  on the sk y
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F ig u r e  2.3  : A veraged  s lic e s  (form ed as in f ig u r e s  2.1 and 2.2) but now
a c r o ss  th e r e sp e c t iv e  B and R band s k y  f la t - f ie ld  fram es a fte r ^ c y  the  

c o r r e sp o n d in g  dome f la ts . The axes are  as p rev io u s ly .



u sed  in  fu r th e r  a n a ly s is .

It is  noted  h ere  th a t s k y  f la t - f ie ld s  ob ta in ed  a t th e  v e r y  s ta r t  

and end  o f th e  n ig h t a lso  s u ffe r  from sp e c tr a l mismatch w ith  the  

im age fram es su b se q u e n tly  ob ta in ed  (th e form er are co n sid era b ly  too  

b lu e). H ow ever, the g r e a t a d v a n ta g e  o f f la t - f ie ld s  tak en  a t th is  time is  

th a t one can  ob ta in  a good s ig n a l o v er  r e la t iv e ly  sh o r t ex p o su re  

tim es, w hich is  c lea r ly  not th e ca se  if  m edian f la t - f ie ld s  are  

accum ulated  th ro u g h o u t th e  n ig h ts  o b se r v in g . The co n sid era b le  

p r e s s u r e  on  o b se r v in g  time did not allow  th e  lu x u ry  o f  ob ta in in g  su ch  

m edian fram es d u rin g  th e  secon d  ru n  -  th is  m ism atch s t ill  e x is ts  in  

m ost o f my data and has to be borne in  mind, a lth o u g h  it s  m agnitude  

is  an tic ip a ted  to  be small. For th e  ga laxy  fram es tak en  d u r in g  ru n  1 

no n o tab ly  im proved f la t- f ie ld in g  r e su lte d  from th e  u se  o f fram es  

tak en  d u rin g  th e  n ig h ts  o b se r v in g  th an  a ro se  from  u se  o f th o se  

f la t - f ie ld s  tak en  a t th e  v e r y  en d  o f th e  n ig h t, so  it  is  a p p a ren t th a t  

a n y  co lour d iffe r e n c e s  b etw een  my data and th e  r e s p e c t iv e  f la t - f ie ld s  

is  q u ite  small.

The im portance o f a ccu ra te  f la t- f ie ld in g  :

The n e c e s s ity  o f  f la t - f ie ld in g  c o r r e c t ly  is  c le a r ly  ev id e n c ed  w hen  

on e p lo ts  a c u rv e , ca lled  th e  photon  tr a n s fe r  c u r v e , o f th e  n o ise  

w ith in  a d ev ice  a s  a fu n ctio n  o f th e  o u tp u t s ig n a l -  a s  show n in  

f ig u r e  2.4 (see  a lso  B louke e t  al (1981); D jo rg o v sk i (1984); Jan esick  e t  

al (1984) and M ackay (1986)).

T his c u r v e  il lu s tr a te s  th e  p articu lar  reg im es o f s ig n a l o v er  w hich  

th e  ex p ected  n o ise  c o n tr ib u to rs  are  ex p ected  to dom inate. As 

p r e v io u s ly  d escr ib ed , th e  rea d -o u t n o ise  d e fin e s  th e  lim iting
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Figure 2.4 : Photon Transfer curve for the R G O  C C D  based on the
assumption of variations across the chip ~ 3.0 % of the adopted sky level 
(i.e. before flat-fielding and dc-fringing). The regions over which each 
contributor to the overall noise of the system (thick solid line) is most 

prominent are broadly indicated. T h e  "noise floor" is set b y  the read-out 
noise of the chip; the shot-noise gives rise to a line of slope 1/2; and the 

sensitivity changes to one varying linearly with signal. T h e  vertical 
dashed line at a count of 16 383 A D U  represents the saturation level of 
the A/D converter (and thus sets the dynamic range of the device at ~ 

3700). The arrows (marked B and R) refer to the minimum counts obtained 
on the sky in the galaxy frames taken in the B and R ban d s  respectively 
(full-well capacity being taken as a rough upper limit in all cases). For 
comparison, the standard star frames have counts u p w a r d s  of ' 95 A D U  

(B) and ~ 150 A D U  (R), but are well short of saturation.



p erform ance o f th e  d ev ic e  a t low lig h t  le v e ls  (70 e~ in  th e ca se  o f the  

CCD u sed  h ere ), w h ils t  a t in term ed ia te  s ig n a l le v e ls  th e  sh o t-n o ise  

becom es dom inant -  th is  fa cto r  h a v in g  a g ra d ie n t o f b eca u se  the  

n o ise  is  h ere  sim ply p rop ortion a l to  th e  sq u a re  root o f th e  s ig n a l (or 

num ber o f in c id en t p h o to n s). At th e h ig h e s t  s ig n a l le v e ls , how ever  

(and b efore  sa tu ra tion  e f fe c t s  becom e im p ortan t), th e  p ix e l-to -p ix e l  

s e n s it iv ity  v a r ia tio n s (a lso  ca lled  th e  "scene" n o ise) are  dom inant. 

S in ce  th e  sh o t-n o ise  r e s u lt s  from  th e  P o isso n ia n  s ta t is t ic s  in h e r e n t in  

a n y  d e tec to r  em ploying photon  c o u n tin g  te c h n iq u e s , it  is  th e  id ea lised  

a b so lu te  lim iting factor  to th e  op era tion  o f CCD’s a t all h ig h er  s ig n a l  

v a lu e s . T hus, to e n su re  th a t th e la tter  is  th e  so le  co n tr ib u to r  o v er  as  

la r g e  a s ig n a l ra n g e  as p o ss ib le  r e q u ir e s  c o n s id era b le  red u ctio n  in  

th e  p ixel n on -u n iform ities . In th is  co n tex t, f ig u r e  2.4 is  to be 

c o n tr a ste d  w ith f ig u r e  2.5, th e  form er a r is in g  from th e  assu m p tion  of 

no f la t - f ie ld in g  co rr ec tio n s  b e in g  ap p lied  (3 % b ein g  th e  v a r ia tio n s  

ty p ic a lly  seen  in th e  R band as g iv e n  in ta b le  2.1) and th e  la tter  

a fte r  ap p rop ria te  f la t- f ie ld in g  u s in g  th e  p r e se n t  tec h n iq u e s  and  

in d ica tin g  im provem ent o f a facto r  o f 3. C learly ev en  th e  a b ility  to  

f la t - f ie ld  to ~ 1 % g r e a tly  r e d u c e s  the co n tr ib u tio n  from th e "scene"  

n o ise  a t in term ed iate cou n t r a te s  ro u tin e ly  ob ta in ed  h ere  su ch  th a t  

on e is  alm ost a lw ays in th e  idea l p ositio n  o f b e in g  " sh o t-n o ise  limited" 

-  c e r ta in ly  up to s ig n a l v a lu e s  ~ 10  ̂ ADU. T his is  c e r ta in ly  not the  

c a se  in f ig u r e  2.4 in  w hich th e tu rn o v er  p o in t o c c u r s  a t ro u g h ly  an 

o rd er -o f-m a g n itu d e  low er s ig n a l lev e l.

I I .2.4 D e-fr in g in g

In an attem pt to im prove b lue r e sp o n se  and en h a n ce  quantum  

e ff ic ie n c y  in th e p r e se n t CCD, it is  illum inated  from the back (i.e.
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F ig u re  2.5  : As f ig u r e  2.4 b u t assu m in g  th e  p ro c e d u r e s  o f f la t-f ie ld in g
and d e -fr in g in g  red u ce  the p ix e l-to -p ix e l n o n -u n ifo rm itie s  to a le v e l ~ 0.9 7.



th ro u g h  th e  su r fa ce  b en eath  th e  e lec tro d es)  s in ce  su ch  a p ro ced u re  

is  d es ig n ed  to p r e v e n t a b so rp tio n  o f th e se  sh o r t w ave len g th  p h oton s  

w ith in  th e  e lec tro d e  s tr u c tu r e  it s e lf .  H ow ever, to e n su r e  th at th e  

incom ing p h oton s do not tr a v e l too fa r  in to  th e s ilicon  (a p r o c e ss  

w hich  would g r e a tly  d eg ra d e  th e  reso lu tio n  o f th e  d ev ice  a t th a t  

w a v e len g th  and w ould make d eterm ination  and rem oval o f cosm ic-ra y  

e v e n ts  alm ost im p ossib le), th e  su b s tr a te  la y e r  h as to  be co n sid era b ly  

th in n ed . T his tech n iq u e  is  an a lte r n a tiv e  to th a t o f  UV flood in g  (see  

Jan esick  e t  a l (1984) fo r  a d eta iled  d escr ip tio n  o f  th e  la tter ).

B ecau se s ilico n  h as a h ig h  r e fr a c tiv e  in d ex , in tern a l r e fle c tio n s  

w ith in  th e  d ev ice  w ill be com m onplace. As a r e s u lt ,  if  th e  th in n in g  

p r o c e ss  g iv e s  r ise  to v a r ia tio n s  in  s u b s tr a te  th ic k n e s s  a c r o ss  th e  

ch ip , a s  it  alm ost c e r ta in ly  w ill, th en  "thin film" in te r fe r e n c e  fr in g e s  

w ill r e su lt  o v er  th o se  w a v e le n g th s  com parable to th e  S i la y er  

th ic k n e s s  (i.e . in  V and a t lo n g er  w a v e len g th s) if  su ch  a band is  

contam inated  b y  s tr o n g  n ig h t s k y  em ission  lin e s . F o rtu n a te ly  no su ch  

prom inent lin e s  occu r in  B so  fr in g in g  is  not a problem . H ow ever, a 

co n sid era b le  e f fe c t  is  se e n  in  R due to th e  p r e se n c e  o f  01 em ission  

l in e s  a t X5577, X6300 and X6364 A, to g e th e r  w ith  a s e r ie s  o f OH 

em ission  b an ds b etw een  ~ 6000 and 7000 A, w ith in  th e  m ost s e n s it iv e  

reg io n  o f th e  CCD (i.e. a peak  in  th e  con vo lu tio n  b e tw een  th e  quantum  

e f f ic ie n c y  and th e f ilte r  r e sp o n se ) . My ex p er ien ce  in d ica ted  th a t the  

problem  o f fr in g in g  is  a t le a s t  as s ig n if ic a n t  a s  th a t o f f la t - f ie ld  

v a r ia tio n s, and is  in d eed  more so  o v e r  cer ta in  re g io n s  o f th e ch ip . 

F ig u re  2.6 i l lu s tr a te s  th e  re le v a n t fr in g e  p a ttern  in R for th e  d ev ice  

u se d  h ere , a s  d er iv ed  from a co -a d d  o f two in d iv id u a l R band fr in g e  

fram es (each  o f 500 s e c s  ex p osu re) ob ta in ed  d u r in g  th e  f ir s t  n ig h t o f 

ru n  1. The fie ld  ch o sen  for  th is  p u rp o se  w as, in  1950 co ord in a tes, a  =
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R  F R I N G E  F R A M E

F igu re  2.6  : A con tou r p lo t o f th e  ad op ted  mean R band fr in g e  fram e for  
both ru n s a fter  rem oval o f  th e  b ias le v e l, f la t - f ie ld in g  and d e -g litc h in g .  
The 5 con tou r le v e ls  are lin ea r  in  in te n s ity ,  and are s e t  a t +12 %, -4  % of 
the mean va lu e for the w hole fram e. The lab elled  (X,Y) axes are in  u n its  of 
p ixels.



11 h 07m 06s , 8 = -7 7 °  05’ 54” a s  it  w as know n to  be su ff ic ie n tly  free  

from s ta r s  and ga la x ies  th a t su b se q u e n t  rem oval o f su ch  im ages was  

u n n e c e ssa r y . T hese fram es w ere d eb ia sed , f la t-f ie ld e d  and any  

cosm ic-rays/C C D  d e fe c ts  w ere rem oved a s  d escr ib ed  p r e v io u s ly . T hey  

w ere th en  co -a d d ed  and th e  mean fram e norm alised  b y  th e  a v era g e  

co u n t in th a t fram e.

A n a ly sis  in d ica te s  th a t, in  a reg io n  o f h ig h  co n cen tra tio n , th e  

maximum (p e a k -to -p e a k ) am plitude o f a p a rticu la r  fr in g e  is  ~ 4 % o f  

th e  mean sk y  le v e l for  th a t fram e (w ith  a ty p ic a l m easure 2 %), 

w h ilst for  reg io n s  o f "average" co n cen tra tio n  th e  r e s p e c t iv e  v a lu es  

are 3 % (maximum am plitude) w ith a mean o f ~ 1.5 %. T h ese  v a lu e s  

a re  in  accord  w ith th e  prelim inary estim ate  fo r  th is  d e v ic e  made by  

Jord en  e t  al (1982). As a r e su lt , to  e n su r e  re lia b le  r e s u lt s  in  th e  

g a la x y  photom etry  su ch  an  e f fe c t  had to be tak en  in to  a ccou n t.

A com parison  o f th e  s tr u c tu r e  o f th is  norm alised  fr in g e  fram e to  

th e  a v e r a g e  made availab le  b y  th e AAO (one b u ilt up from a num ber  

o f in d iv id u a l fram es tak en  o v er  a co n sid era b le  tim e sp an) in d ica ted  no 

d iffe r e n c e s  in p a ttern  b etw een  th e  two. U se o f  my fr in g e  fram e for  

o b se r v a tio n s  in th e  R band th ro u g h o u t th e  secon d  ru n  is  th e r e fo r e  

ex p ected  to be va lid . T his was p roved  to be th e  ca se  a fter  

co n s id era b le  te s t in g  o f th e  u s e  o f su ch  a ca lib ra tion  fram e.

The fr in g e s  are an a d d it iv e  s ig n a l in in te n s ity ,  and the  

p ro ced u re  u sed  for th e ir  rem oval from each  R fram e e ith er  took the  

form o f a g lob a l su b tra c tio n  o f th e  norm alised  fr in g e  fram e from that  

o f th e  im age, or v ia  th e  stan d ard  ro u tin e  FRINGE w hich  u se s  a 

p r e -d e f in e d  reg ion  o f the im age fram e -  one fr e e  from sta r s  but
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co n ta in in g  an in te n se  area  o f fr in g in g  -  to determ ine th e  

m u ltip lica tive  facto r  req u ired  to sca le  th e fr in g e s  betw een  the two 

fram es, th e  su ita b ly  sca led  ca lib ra tion  fram e th en  b ein g  su b tra c ted  

from th a t o f th e  im age. T his sca lin g  fa cto r  is  p rop ortion a l to the ratio  

o f th e  ex p o su re  tim es b e tw een  th e  r e s p e c t iv e  fram es, and a lso  

d iffe r e n c e s  in  th e  s k y  em ission  lin e  in te n s ity , th u s  in  th e  p r esen t  

ca se  it  has a v a lu e  v e r y  c lo se  to  1.0 (th e two in d ep en d a n t m ethods  

th ere fo re  y ie ld in g  e q u iv a le n t r e s u lts ) .

The con tin u a l o f f s e t t in g  o f im age fram es b etw een  ex p o su r e s  as  

d escr ib ed  ab ove c o n s id era b ly  im proved th e r e lia b ility  o f th e fr in g e  

rem oval p r o c e ss  to th e  p o in t w here d eta iled  v isu a l in sp e c tio n  show ed  

no re s id u a l fr in g e s  a c r o ss  alm ost a ll th e  R fram es tak en  (se e  tab le  

2 .1 ).

II.3 R eduction  p ro ced u res  

II .3.1 Colour co -a d d in g

A fter h av in g  su ita b ly  c lean ed  th e  in d iv id u a l fram es, on e was th en  

in  a p osition  to  com bine each  s e t  for  a p a rticu la r  o b je c t  th a t w ere  

in itia lly  o f f s e t  by th e  ~ 5 a r c se c  (RA, d ec.) s h if t s  noted  p r e v io u s ly . In 

th e  ca se  o f  the ga laxy  fram es th is  ty p ica lly  m eant th e  ad d ition  o f  

2x 1000 s e c s  ex p o su res  fo r  each  p ositio n  in  each  co lour on  th e  o b je c t  

co n cer n e d , w ith up to 4 in d iv id u a l fram es b e in g  co -a d d ed  for  the  

s ta n d a rd s .

The g en era l p ro ced u re  fo r  co -a d d in g  o f a pair o f fram es w as  

f ir s t ly  to d efin e  w hich im age w as to be u sed  a s  th e r e fe ren ce  (u su a lly
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th e  d e e p e s t  o f th e  tw o w as ch o sen  for  th is  p u rp o se ). Then  

approxim ately  6 fid u c ia l s ta r s  common to both  im ages, and d is tr ib u ted  

ro u g h ly  e v e n ly  a c r o ss  th e  f ie ld , w ere ch o sen  from th e  re fe r e n c e  

fram e. A G aussian f it t in g  ro u tin e  w as th en  ap p lied  to each  sta r  to 

tr a n s la te  approxim ate (x ,y ) p o s it io n s  in to  cen tro id  estim a tes  ty p ica lly  

a ccu ra te  to ~ 1 /10  p ixel. T his w as a ch ie v ed  b y  an ite r a tiv e  p r o c e ss

w hich  f it te d  a 2D G aussian  p ro file  (a long  th e  X,Y ax is s lic e s )  to  each

sta r . H ow ever, a s  it  w as o f  some im portance to minim ise an y  

d isc r e p a n c ie s  w hich  may a r ise  from d if fe r e n c e s  b etw een  su ch  a model 

lu m in osity  p ro file  and th e  tru e  sh a p e  (more a c c u r a te ly  approxim ated  

b y  a L oren tzian ), each  fid u c ia l s ta r  w as sp e c if ic a lly  ch o se n  to  be  

b r ig h t  b u t not sa tu r a ted . A le a s t - s q u a r e s  lin ear  tran sform ation  w as 

th en  ru n  to  map th e  seco n d  fram e to  th e  r e fe r e n c e  on  th e  b a s is  o f  

th e s e  a ccu ra te  p o s it io n s , g iv in g  a ty p ic a l rm s a lignm ent erro r  b etw een  

th e  fram es o f ~ 0.03 (± 0.01) p ix e ls . The "resam pled" im age w as th en  

co -a d d ed  to th e  o r ig in a l to p rod u ce th e  fin a l pair.

Such  a p ro ced u re  h as th e  e f fe c t  o f r e d u c in g  th e  random

sta t is t ic a l f lu c tu a tio n s  a c r o ss  th e CCD fram e b y  a facto r  ~ 2. For 

exam ple, a s in g le  s lic e  a c r o ss  a fram e o f sta n d a rd  s ta r s  ob ta in ed  on  

th e  f ir s t  n ig h t o f ru n  2 r e v e a ls  ty p ica l s c a tte r  (p ea k -to -p e a k ) ab ou t  

an ad op ted  sk y  va lu e  ~ 1.5 % fo r  a s in g le  B fram e o f 100 s e c s  

ex p o su re , b u t o f ~ 0.9 % in  th e  co -a d d ed  200 s e c s  fram e. The

eq u iv a le n t a n a ly s is  in  th e  c a se  o f th e  R fram e sh ow s sc a tte r  ~ 1.6 % 

b efo re  and ~ 0.6 % a fter  co -a d d in g .
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II .3.2 E xtinction  co rr ec tio n s

(i) A tm ospheric :

C orrection s d u e to  a irm ass e f f e c t s  h ave  b een  app lied  to all

ava ilab le  data u sed  in th is  s tu d y . The sim ple form

A = C secZ m ags. (1)

w h ere, C = c o n sta n t, and

Z = zen ith  d is ta n c e  (d e g r e e s)

h as b een  u sed . No s ig n if ic a n t  d if fe r e n c e s  w ere found  w hen a d op tin g  

a lte r n a tiv e  form s, su ch  a s  th o se  o f  Y oung (1974) or Golay (1974), 

w hich  im pose h ig h er  o rd er  term s on  th is  eq u ation .

M easures o f th e  c o n sta n t  C to  be ap p lied  to  th e  B band w as 

d er iv ed  from th e  va lu e  quoted  in  th e  UKSTU handbook (1983) for th e  

S id in g  S p rin g  s ite . That a p p rop ria te  to  th e  R band w as k in d ly

p ro v id ed  b y  M. B esse ll (p r iv a te  com m unication, 1986). T h ese  v a lu e s  are  

in  agreem en t w ith  th e  (su ita b ly  sca led ) m easu res o v er  th e  same 

w a v e len g th  r a n g es  a s  g iv e n  in  th e ESO u s e r s  manual (1981), and are  

0.27 mag. (Cg) and 0.13 mag. (Cg).

An in d ica tion  o f how re lia b le  are th e  fin a lly  d er iv ed  estim a tes  o f  

airm ass co rr ec tio n s  from eq u ation  (1) com es from a com parison  o f  th e  

v a lu e s  from a num ber o f CCD fram es tak en  o f a s e t  o f s ta n d a r d s  in  a 

p articu la r  co lour. In no c a se s  w ere th e d if fe r e n c e s  fou n d  to be more 

th an  0.01 m agn itu d es and in  m ost c a s e s  th e y  w ere id en tica l to  £ 1 /100

o f a m agnitude. This is  w hat on e m ight ex p ec t s in c e  le s s  than  25 % of

all th e  CCD o b je c t  fram es w ere tak en  w ith  zen ith  d is ta n c e s  in e x c e ss  

o f 4 0 ° (and all had Z £ 50°). T his is ,  h ow ever , ra th er  a m easure o f
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in tern a l c o n s is te n c y  th an  o f ab so lu te  a ccu racy  s in ce  th e adopted  

airm ass c o n s ta n ts  are  u n lik e ly  to be accu ra te  to much b etter  than  ~ 

±0.03 m agnitude.

(ii) G alactic :

A v a r ie ty  o f m eans e x is t  fo r  d e r iv in g  th e  ex tin ctio n  var ia tio n s in  

e x tr a -g a la c t ic  o b je c ts  a s  a r e su lt  o f o b scu ra tio n  a lon g  the  

l in e -o f - s ig h t  from w ith in  ou r own Galaxy.

The HI maps o f B u rste in  & H eiles (1982) c lea r ly  in d ica te  the  

d is tr ib u tio n  o f su ch  o b sc u r in g  m aterial to be h ig h ly  ir reg u la r  a t all 

g a la c tic  la titu d es  -  su ff ic ie n t ly  so  th a t num erical re la tio n s  o f an y  

form , h ow ever com plex, are a t b e s t  lik e ly  to  be sim p lifica tion s o f th e  

e f fe c t s  o f red d en in g . T his w as confirm ed b y  com paring th e  estim a tes  

fo r  th o se  (8 ) ga lax ies o b se r v e d  h ere  and lis te d  in B u rste in  & H eiles 

(1984, and th u s  b ased  on th e ir  HI maps) to th o se  v a lu es  ca lcu la ted  on  

th e  b a s is  o f th e  eq u a tio n s g iv e n  in  th e  RC2. [The c o e ff ic ie n ts  g iv e n  

fo r  th e  la tter  are in erro r , th e co r r e c t f ig u r e s  b e in g  g iv e n  in  

ap p en d ix  C o f de V aucouleurs & Buta (1983).] The r e s u lts  o f su ch  a  

com parison  in d ica te  th a t th e  RC2 ex tin ctio n  v a lu e s  are  a lw ays la rg er . 

It is  n ot a n tic ip a ted , h ow ever , th a t a n y  im provem ent o v er  th e  

estim a tes  d er iv ed  from th e  RC2 w ould r e su lt  from th e u se  o f  an y  

a lte r n a tiv e  ex tin ctio n  re la tion  (su ch  a s  th o se  o f  S an d age (1973) or  

H eiles (1976)).

As a r e su lt  o f th e se  sh ortcom in gs in th e  u se  o f fu n ction a l 

re la tio n s , I have adopted  a com bination o f  th e  HI maps o f B u rstein  & 

H eiles (1982) and th e  l i s t  o f B u rste in  & H eiles (1984) to d er iv e  the  

g a la c tic  ab so rp tio n  c o e ff ic ie n ts  p r e se n te d  in colum n 4 o f tab le 2.2.
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Such  estim a tes  are an tic ip a ted  to h ave a sso c ia ted  erro rs  o f ~ ± 0.06  

mag. or ~ 10 % o f th e  ca lcu la ted  ex tin ctio n  (w h ich ever  is  the larger)  

b ased  on th e  ex p ecta tio n s  o f B u rste in  & H eiles (1982).

II .3.3 Removal o f con tam inating  b r ig h t s ta r s

An u n fo rtu n a te  fea tu re  o f a small num ber o f th e  sam ple o b je c ts  

o b se r v e d  w as th a t th e y  s u ffe r e d  from th e  su p e rp o sit io n  o f b r ig h t  

s ta r s  w ith in  th e  fie ld  o f th e  CCD. B ecau se  su ch  s ta r s  have a

p ron ou n ced  e f fe c t  on th e r e su lt in g  su r fa c e  b r ig h tn e s s  p ro file s

g e n e r a te d  a t th a t p articu lar  p ositio n  on  th e  ga laxy , th e ir  e f fe c t  h as to  

be a ccou n ted  for.

One p o ss ib le  m ethod is  sim ply to  ig n o re  th e  p a rticu la r  reg io n  o f  

th e  g a laxy  m ost a ffec ted  b y  su ch  s ta r s . H ow ever, th is  p ro ced u re  w as 

deem ed u n su ita b le  in  th e  p r e se n t  s tu d y  : it  is  o fte n  d iff ic u lt  to  d efin e

ex a c tly  the ex ten t to w hich th e  galaxian  iso p h o te s  are a c tu a lly

a ffe c te d  (p a rticu la r ly  r e su lt in g  from th e  fa in t s te lla r  ha loes a r is in g  

from th e  in tern a l r e fle c tio n s  w ith in  th e  te le sc o p e  its e lf)  so that 

rem oval o f a p articu lar  reg io n  may n ot com p lete ly  allow fo r  iso p h o te  

d isto r tio n  due to the s ta r . E qually, rem oving a fu ll q u adrant o f  the  

g a la x y  iso p h o te s  from fu r th e r  a n a ly s is  (and th u s  er r in g  on th e  s id e  

o f cau tion ) is  o ften  v e r y  w a ste fu l in  term s o f d isca rd ed  data w hich  is  

com p lete ly  u n a ffec ted  b y  th e  s ta r  (th e r e b y  r ed u c in g  th e  ava ilab le  S/N  

w hen th e  in d iv id u a l p ro file s  are  co -a d d ed ).

Two a lter n a tiv e  p ro ced u res  w ere te s te d  h ere . In th e  f ir s t ,  a 

com parable fram e w as crea ted  for each  o b jec t fram e in q u estio n  but 

co n ta in in g  a s in g le  b r ig h t s ta r  cen tre d  on th e  p ositio n  o f th at star  to
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be rem oved. The am plitude o f th e  two s te lla r  p ro file s  w ere m atched by  

a sim ple sca lin g  facto r  and th e  two fram es th en  su b tra c ted . H owever, 

th is  p ro ced u re  h as a num ber o f u n d e sira b le  fe a tu r e s . It can n ot, for  

exam ple, e a s ily  be u sed  to rem ove con tam in atin g  s ta r s  w hich are  

sa tu ra ted  (as th e  ste lla r  p ro file s  h ave  to  be m atched in th e ir  w in gs  

ra th er  than  b y  u s in g  th e ir  peak  in te n s it ie s ) . E qually  ser io u s  is  the  

ad d ed  n o ise  one in tro d u ces  b y  su b tra c tio n  o f th e  tw o im ages. In v iew  

o f th e  care  w ith w hich su ch  n o ise  w as red u ced  u s in g  th e  m ethods 

o u tlin ed  p r e v io u s ly  th is  w as deem ed to  be a p a r ticu la r ly  unw elcom e  

a sp e c t  o f th e  p roced u re . A fu r th e r  problem  r e s u lt s  from the  

c o n s id era b le  e ffo r t  in v o lv ed  in  rem oving  a s in g le  s ta r  from each  

contam inated  im age fram e.

The secon d  schem e w as sim ilar to  th a t u sed  b y  C arter (1977) in  

th a t a reg io n  around th e  in te r fe r in g  s ta r  w as d efin ed , and a low  

o rd er  polynom ial f it  to  th e  area  in  an a n n u lu s su rro u n d in g  th e  reg io n  

o f in te r e s t  was u sed  to "extrapolate" a c r o ss  th e  s ta r . T his has th e  

c o n sid era b le  ad v a n ta g e  th a t, th ro u g h  th e  in te r a c t iv e  n atu re  o f th e  

p ro ced u re , th e  e f f e c t s  o f th e  fa in t h a loes to s te lla r  im ages can  be  

a ccou n ted  for . In ad d ition , th e  polynom ial ro u tin e  sh ou ld , in p rin cip le  

a t le a st , be ab le to allow for  v a r ia tio n s  in  "background" o v er  th e  

reg io n  o f th e  fram e sp e c if ie d  e v e n  if  th e  s ta r  is  fou n d  on an area  

h a v in g  a s tr o n g ly  v a r y in g  u n d e r ly in g  sk y  le v e l. The su b tra c tio n  

p r o c e s s  is  a lso  a ch iev ed  r e la t iv e ly  q u ick ly . I t can , or c o u rse , be 

c r it ic ise d  in  th at it in tr o d u c e s  "artificial" data to th e re su lta n t  

su r fa c e  b r ig h tn e ss  p ro file s . H ow ever, in  all th e  s itu a tio n s  noted  here  

for  w hich  a b r ig h t s ta r  rem oval a lgorithm  o f some form w as req u ired , 

th e  p e r c e n ta g e  o f ga laxy  a ffec ted  w as su ff ic ie n t ly  small th a t su ch  a 

problem  w as not th o u g h t to be o f g r e a t co n cern . For th e se  rea so n s , it
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w as d ecid ed  th a t th e ite r a tiv e  rem oval ro u tin e  be adopted  in  all c a se s .  

It is  notab le th at su ch  a m ethod would a lso  have to be adopted  ev en  

i f  one w ere to  u se  a schem e w hich  c lip s  data a t stand ard  d ev ia tio n s  

la r g er  than  a cer ta in  p r e -sp e c if ie d  le v e l ab o v e  th e  loca lly  d efin ed  

m ean, s in c e  th e  la tter  p ro ced u re  w ould a lso  be u n ab le  to allow for th e  

e f fe c t s  o f th e  fa in ter  s te lla r  ha loes noted  p r e v io u s ly .

The sta r  rem oval m ethod w as m onitored a t each  s te p  b y  th e u se  

o f both  con tou r and 3D p lo ts  in  ad d ition  to s lic e s  tak en  a c r o ss  

a ffe c te d  area s . F igu re  2.7 il lu s tr a te s  th e ir  u se  in  th e  s tu d y  o f a small 

reg io n  o f  th e R band fram e o f the g a laxy  A 0902-68 d u r in g  th e  rem oval 

p r o c e ss . An in te r a c tiv e  schem e m aking u se  o f th e  TV m onitor w as a lso  

ad op ted  th ro u g h o u t to t e s t  th e  q u a lity  o f th e  p r o c e ss .

F inally , an y  contam ination  r e su lt in g  from "bleed ing"  o f ch a rg e  

a lon g  colum ns from sa tu ra ted  s ta r s  w as c o rr ec ted  for  b y  in v o k in g  th e  

sam e in terp o la tion  ro u tin e  w hich  w as p r e v io u s ly  u sed .

II .3.4 M osaicing o f th e  fram es

The f ir s t  ad op ted  m ethod for  s u b se q u e n tly  "m osaicing" th o se  

fram es tak en  at s e le c te d  p o s itio n s  a c r o ss  th e o b je c ts  o f in te r e s t  w as 

sim ply  an ex ten s io n  o f th a t u sed  to  co -a d d  th e  o f f s e t  fram es as  

d e sc r ib e d  in se c tio n  II.3.1 ab ove. A reg ion  o f s k y  common to both  

fram es to  be pa ired  w as se le c te d  and a sim ple sca lin g  fa cto r  eva lu ated  

to b r in g  th e  o v era ll in te n s ity  d istr ib u tio n  from on e reg ion  into  

agreem en t w ith th a t o f  th e  o th er . Such  a reg io n  w as ch osen  to  

in c lu d e  a t le a st  p art o f  th e  g a laxy  con cern ed  th u s  sam pling a large
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dynam ic ra n g e  w hen d eterm in in g  th is  factor . The sca lin g  w as th en  

ap p lied  to th e  w hole fram e co n cern ed . O ffse ts  b etw een  fram es w ere  

d efin ed  a s  ab o v e , and th e  fram es w ere th en  m erged to g e th er  to form  

th e  "mosaic" a c r o ss  each  o b jec t.

H ow ever, su ch  a p ro ced u re  fa iled  to m atch up th e  r e sp e c t iv e  

(b r ig h ter )  iso p h o te s  in th e  fram es -  g iv in g  r ise  to a s te p  in  the  

le v e ls  a t th e  b ou n d ary  o f th e  overlap  reg io n  (a lth ou gh  th e  ou ter  

co n to u rs  c lo se  to th e  s k y  w ere w ell m atched in  m ost c a s e s ) . T his  

p ro b a b ly  a ro se  b eca u se  both  th e  a tm osph eric  tr a n sp a r e n c y  and a lso  

th e  o v era ll sk y  va lu e  ch a n g ed  b etw een  th e  o-quisition o f  th e  two 

fram es. The p r e se n t  p r o c e ss , in  d e fin in g  th e  sca lin g  fa cto r  as a 

m u ltip lica tive  term , c o r r e c ts  for  th e  form er b u t d oes not allow  for  

c h a n g e s  in  th e  n ig h t  s k y  b r ig h tn e ss .

As a r e su lt , an a lter n a tiv e  a lgorithm  w as ad op ted . The

m eth od ology  b eh ind  th is  is  b ased  on th e  fa c t  th a t th e  o b se r v e d  and

a ctu a l in te n s it ie s  o f a p articu lar  o b je c t can  be re la ted  v ia  the  

r e s p e c t iv e  s k y  v a lu e s  and th e  a tm ospheric  tra n sm issio n  th u s

11 = AlxIO + B1

12 = A2xI0 + B2

w h ere  (II , 12) are  th e  m easured  in te n s it ie s  ; (B l, B2) th e  s k y  v a lu es  

and (A l, A2) th e  a tm osph eric  tr a n sp a r e n c ie s  in  th e  tw o fram es. 10 is  

th e  a ctu a l in te n s ity  in th e  sp ec if ied  p ixel from th e  o b je c t  co n cern ed . 

T h u s,

12 = (A 2/A 1)(II -  B l) + B2

A p lot o f th e  in te n s it ie s  in  a cer ta in  reg io n  o f each  fram e common 

to  them  both (se tt in g  B l = 0 for co n v en ien ce) g iv e s  th e  ratio  o f th e
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tra n sm issio n  v a lu e s  from one m easure to th e  n ext, w ith th e in te r c e p t  

g iv in g  th e  sk y  v a lu e  in th e  secon d  fram e. T hus sca lin g  frame 1 by  

both  g r a d ie n t and in te r c e p t  sh ou ld  allow a d ire c t com parison betw een  

th e  r e s p e c t iv e  im ages, and th e r e b y  im prove th e re liab ility  o f the  

"mosaic" p r o c e ss . It is  assum ed  in  th e  ab ove , o f c o u rse , th a t th e  sk y  

v a lu e  is  in d ep en d a n t o f a n y  tr a n sp a r e n c y  v a r ia tio n s  b etw een  fram es. 

H ow ever, th is  is  e x p ec te d  to  be th e  c a se , alm ost all o b je c ts  hav in g

b een  o b se r v e d  a t th e  sam e airm ass.

As a t e s t  o f th e  v a lid ity  o f  su ch  a p ro ced u re , 3 d iffe r in g  r eg io n s  

w ere tak en  for each  pair o f  fram es to be a v era g e d . The g en era ted  

b e s t - f i t  g r a d ie n ts  and in te r c e p ts  w ere found  to  be in  v e r y  good  

agreem en t b etw een  each  reg io n , w eigh ted  m eans b e in g  taken  for  the  

ad op ted  g ra d ie n t and arithm etic  m eans for  th e  in te r c e p ts  (the err o rs

in  th e  la tte r  are  too p oorly  d efin ed  for  one to  ad op t w eigh ted  m eans

in  su ch  c a s e s ) . The b e s t - f i t s  are v isu a l ra th er  th an  le a s t -s q u a r e s  

estim a tes  s in c e  th e  la tter  w ould be h ea v ily  b iased  b y  a n y  sp u r io u s  

p o in ts . Trimming aw ay th e se  p o in ts  w ould , h ow ever , ten d  to  in tro d u ce  

a p r e -d e fin e d  q u a lity  to th e  f it s .  The re la tio n s are a lw ays s u ff ic ie n t ly  

t ig h t  th a t su ch  a p ro ced u re  d oes not in tro d u ce  much o f an error .

T yp ica lly  th e  cen tra l fram e w as u sed  a s  r e fe r e n c e , and the  

su ita b ly  sca led  ad d ition al fram es w ere th en  "mosaiced" to  th is . The 

r e s u lt s  o f su ch  a p r o c e ss  p roved  v e r y  sa t is fa c to r y  in all ex cep t two 

c a s e s .  A problem  a ro se  in  th e  ca se  o f NGC 3115 from th e  fa c t  th a t the  

fram es o f  th is  ga laxy  stan d ard  w ere o f  v a r y in g  ex p o su re  tim es. T hey  

w ere, th e r e fo r e , all sca led  to th e  ex p o su re  tim e o f  th e  d e e p e s t  frame 

(500 s e c s )  b efore  th e  ab ove  p ro ced u re  w as a d op ted . The r e su lts  a fter  

ad o p tin g  su ch  sc a lin g s  w ere ex ce llen t. O b serva tion s o f IC 2531,
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h ow ever , su ffe r e d  from th e  fa c t  th a t in d iv id u a l s e t s  of fram es for th e  

d iffe r e n t  p o s itio n s  w ere tak en  d u rin g  sep a ra te  ru n s. As a r e su lt , my 

a ssu m p tion  o f th e  sk y  b r ig h tn e s s  va lu e  b e in g  in d ep en d en t of 

atm osp h eric  e f fe c ts  is  no lo n g er  va lid .

A llow ing for th is  added  com plication  g iv e s ,  u s in g  th e  same 

n otation  a s  ab ove,

12 = (A2/A1)I1 + A2(B2 -  B l)

T h u s, th e  tra n sla tio n  c o e ff ic ie n ts  b etw een  th e  r e sp e c t iv e  fram es in  

th is  o b je c t  are d efin ed  ex a ctly  as p r e v io u s ly . T here w as, h ow ever , an  

ad d ed  d iff ic u lty  w hich  r e su lte d  from th e  fa c t  th a t th e  dew ar had been  

s lig h t ly  ch an ged  in  or ien ta tion  b etw een  th e  tw o ru n s , th e r e b y  g iv in g  

r ise  to a s lig h t  ro ta tion a l o f f s e t  b etw een  th e  o u ter  two fram es and th e  

c e n tr a l one. The e f fe c t  w as ca lcu la ted  and tak en  ou t o f th e  data u s in g  

an id en tic a l le a s t -s q u a r e s  transform ation  a lgorithm  to th a t ad op ted  in  

th e  c o -a d d in g  d escr ib ed  in  sec tio n  I I .3.1 ab o v e . A gain, a fter  c lo se  

in sp e c tio n , th e  "m osaicing" p r o c e ss  w as found  to g iv e  ex ce llen t  

r e s u lts .

I I .3.5 Frame rota tion s

To fa c ilita te  ea se  o f ex trac tion  o f th e  su r fa c e  b r ig h tn e s s  p ro file s  

in  a p articu lar  ga laxy , it  w as d ecid ed  to ro ta te  th e fram es su ch  th at  

each  o b je c t  was horizonta l. T his w as fa c ilita ted  u s in g  a sp e c if ic a lly  

d e s ig n e d  algorithm  (ROTATE) w hich m akes u se  o f  b i-lin ea r  

in terp o la tio n  to e n su r e  an a ccu ra te  m apping o f data p ix e l-b y -p ix e l 

d u r in g  th e  rotation . S u ch  m apping is  a ch iev ed  w ith ou t cre a tin g  g a p s  

in  th e  o u tp u t arra y  (due to th e  e f f e c t s  o f r e a l- to - in te g e r  tru n cation  

d u r in g  th e  transform ation ) or th ro u g h  a n y  lo s s  o f reso lu tion  which
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w ould r e s u lt  if  tru n ca tio n  fo rced  data in  two in d iv id u a l p ixe ls  w ith in  

th e  o r ig in a l arra y  to be b inned  in to  a s in g le  p ixel in  th e fin a l rotated  

fram e.

The p o sitio n  a n g le s  u sed  (g iv e n  in  tab le  1.1) w ere d erived  from  

in sp e c tio n  o f con tou r p lo ts  o f each  "mosaiced" g a la x y  fram e. T hese  

v a lu e s  w ere ch eck ed  a g a in s t  th o se  e x is t in g  in  th e  lite r a tu r e , su ch  as  

from th e  ESO (L au b erts 1982) or UGC (N ilson 1973) c a ta lo g u es , w ith  an  

estim ated  d isc r e p a n c y  £ 2°  in  a ll c a se s .

I I .3.6 S k y  f la tte n in g

P a rticu la r ly  e v id e n t  in  th e  (R band) com posite fram e o f NGC 4289 

w ere ad d ition a l v a r ia tio n s  in  th e  s k y  b a ck grou n d  a c r o ss  th e  fram e 

o v e r  and ab ove  th o se  a lrea d y  rem oved in  th e  f la t- f ie ld in g  p r o c e ss  

(d eta iled  in  II.2.3 p r e v io u s ly ) . The so u rce  o f  su ch  v a r ia tio n s  are lik e ly  

to  be e ith er  h ea v y  contam ination b y  lig h t  from a n ea rb y  s ta r  located  

2.5 arcm ins to th e E or from th e res id u a l f la t - f ie ld  s tr u c tu r e  w hich  

th e  stan d ard  te c h n iq u es  w ere u nable to  c o r r e c t  for  ow ing to th e  

s tr o n g ly  v a r y in g  b ack grou n d  a c r o ss  th e se  fram es. F igu re  2.8 (a)

sh ow s th is  or ig in a l com posite fram e b efo re  f la tte n in g . The g r e y sc a le  

d isp la y  le v e ls  are  s e t  a t ±30 ADU (or ~ ±2 %) o f th e  local sk y  

b a ck grou n d  a c r o ss  th e  fram e. No o th er  o b je c t  fram es su ffe r e d  from  

su c h  an e ffe c t .

The m ethod b y  w hich th is  res id u a l s ig n a l w as rem oved  made u se  

o f s ta n d a rd  te ch n iq u es . T his in v o lv ed  th e  rem oval o f all s ta rs , 

g a la x ies  and d e fe c ts  from th e  fram e co n cer n e d , follow ed b y  the  

d efin itio n  o f  an ex c lu sio n  zone around  th e  o b je c t  o f in te r e s t  o u tsid e
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w hich  a n y  sk y  estim ate w as co n s id ered  to  be fr e e  from contam ination  

b y  lig h t  from th e ga laxy . A low ord er  2D polynom ial w as th en  f itted  

(b y  le a s t -s q u a r e s )  o v er  th e  reg io n  o f th e  fram e th u s  d efin ed  and w as 

u sed  to  ex trap o la te  "beneath" th e  ga laxy  it s e lf .  S in ce it is  v e r y  

im portant to  e n su r e  th e  r e lia b ility  o f su ch  an ex trap o la tion , g r e a t care  

w as tak en  to exam ine th e f it  th u s  p rod u ced  and th e r e b y  e n su r e  that 

a n y  f it te d  b ack grou n d  sm oothly  v a r ied  o v er  th e  reg io n  dom inated b y  

th e  ga laxy . For th is  reason , th e  sm allest ord er  polynom ial n e c e s sa r y  

to  f it  su ch  v a r ia tio n s w as ad op ted . A th ird  o rd er  w as found  to  be 

optim al, a s  lo w er-o rd er  f i t s  w ere found  to le a v e  co n sid era b le  res id u a l  

s tr u c tu r e , w h ilst no im provem ent r e su lte d  from th e  u se  o f a h ig h er  

o rd er  than  th is . F igu re  2.8 (b) sh ow s th e  same R band fram e as  

p r e v io u s ly  b u t a fter  th e  ap p lica tion  o f su ch  a p ro ced u re  (note th a t  

th e  e d g e  e f fe c t s  notab le in  th is  f ig u r e  are  d u e to th e  m osaicing  

p r o c e s s  ou tlin ed  ab ove  and are approxim ately  ±1 % v a r ia tio n s  in  th e  

loca l s k y  b ack grou n d  v a lu e).

I I .3.7 D eterm ination o f  sk y

S k y  d eterm ination  u s in g  CCD’s is  one o f th e  m ost d iff ic u lt  a s p e c ts  

to d e fin e , due in  th e  main to th e  sm all area l c o v e r a g e  a t prim e fo cu s . 

P re v io u s  s tu d ie s  h ave  m ost o ften  made u se  o f s k y  fram es tak en  both  

b efo re  and a fter  th e  o b je c t  fram e and have th en ce  assu m ed  a sim ple  

ex trap o la tion  b etw een  th e  two. This is  a v e r y  u n re lia b le  p ro ced u re , 

r e ly in g  a s  it  d oes so  s tr o n g ly  on  ex p o su re  tim e. For exam ple, 

J e d r z je w sk i (1985) estim a tes  an erro r  in th e  sk y  determ ination  5 % 

u s in g  su ch  a p ro ced u re , for ty p ica l ex p o su re  tim es o f o n ly  60 to 100 

s e c s .  In v iew  o f th e  fa c t  th a t th e  s k y  may ch a n g e  on th e  ord er o f  

m in u tes, cou p led  w ith  th e c o r r e sp o n d in g ly  la r g er  exp osu re  tim es in
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th e  p r e s e n t  s tu d y , it  w as fe lt  th a t a c o n s id era b ly  la rg er  error  would  

r e su lt  w ere su ch  a p ro ced u re  ad op ted  in  th e  p r e se n t  a n a ly s is .

An a lter n a tiv e  is  to  u se  th e  e d g e s  or c o r n e r s  of a particu lar  

fram e and take th e low est mean va lu e  a s  th e  m ost reason ab le  sk y  

estim ate. This m ethod is  an im provem ent on th e  p r e v io u s  one in  th e  

c a s e s  w here th e o b je c ts  o f  m oderate s iz e  are im aged, b u t it  is  c lea r ly  

in ap p licab le  w here ga la x ies  co v e r in g  th e  w hole fie ld  are  b e in g  

o b se r v e d . For th is  reason  I w as v e r y  ca re fu l, w hen  th e  o b se r v a tio n s  

w ere b e in g  acq u ired , to  o r ien ta te  th e  CCD in  su ch  a w ay as to  

maximise th e sk y  co n ten t o f each  fram e. With th e  sam ple o b je c ts  b e in g  

so  e d g e -o n  th is  m erely lim its one to  th o se  p o s it io n s  for  w hich th e  

lon g  a x is  o f th e  CCD is  a s  p ara lle l a s  p o ss ib le  to  th e  minor ax is o f th e  

g a laxy  co n cern ed . T his en ab led  one to  be c o n fid e n t th a t co n sid era b le  

a rea s  o f s k y  are  ob ta in ed  on e v e r y  fram e u sed .

P ro ced u res  to d efin e  th e  actu a l va lu e  for  th e  sk y  abound . I have  

in v e s t ig a te d  two p o ss ib le  m ethods h ere. The f ir s t  made u se  o f a large  

num ber o f s lic e s  tak en  a c r o ss  th e  fram es o f in te r e s t , ch o sen  to  

tr a v e r se  r eg io n s  o f  each  fram e th o u g h t to be dom inated b y  sk y . A 

v isu a l in sp ec tio n  o f th e  grap h ica l o u tp u t w as u sed  to d e fin e  r eg io n s  

in  w hich  contam ination  o f th e  ex p ected  sk y  va lu e  w as minimal and th e  

mean o f th e  co u n ts  from su ch  area s o f each  s lic e  w ere th en  u sed  to  

d efin e  th e  s k y  a lon g  th a t portion  o f th e  fram e. In v e st ig a tio n  o f the  

r e s u lt s  o f su ch  a p ro ced u re  on fram es o f IC 2531 in d ic a te s  th a t one  

can  ex p ec t a c cu ra c ie s  in  s k y  determ ination  a lon g  a n y  on e s lic e  of 

ty p ic a lly  ~ 0.4 % in  B and ~ 0.5 % in R, w ith  s l ic e - to - s l ic e  v aria tion s  

o f r o u g h ly  th e  same m agnitude in each  ca se . The o n ly  lim itations of 

su ch  a m ethod r e s u lt  from o n e ’s  need  to  d e fin e  r eg io n s  free  from
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ga laxy  and sta r  contam ination  in  th e  r e s u lt in g  c u ts  (at b e s t  a 

c o n s id era b le  u n c e r ta in ty ), and  from th e  ty p ica l num ber o f s lic e s  one  

w ould req u ir e  to  d er iv e  a re lia b le  m easure o f th e  sk y  o v er  th e  w hole  

fram e.

A seco n d  p ro ced u re  fo llow s th e  p r e c e p ts  ad op ted  in th e  red u ctio n  

o f  data  g en era te d  u s in g  th e  COSMOS m easu rin g  m achine. In su ch  a 

m ethod, a h istogram  of th e  in te n s it ie s  o v er  a sp ec if ied  reg io n  o f th e  

fram e o f in te r e s t  w ere g e n e r a te d . B ecau se each  on e o f  th e  im age 

fram es are lik e ly  to  be so  sp a tia lly  dom inated b y  s k y  I took su ch  a

reg io n  to be th e e n tire  fram e it s e lf .  An estim ation  o f th e  modal va lu e

o f th e  peak  in  su ch  a (P o isson ian ) d is tr ib u tio n , e ith e r  v isu a lly  or

u s in g  le a s t -s q u a r e s  f it t in g  tec h n iq u e s , sh ou ld  y ie ld  a v e r y  a ccu ra te  

estim ate  o f th e  sk y  le v e l in  th a t p a rticu lar  fram e. P relim inary te s t in g  

o f th is  m ethod w as a lso  ca rr ied  ou t on  th e  fram es o f  IC 2531. By

d e fin in g  a s e r ie s  o f r e g io n s  a c r o ss  both  B and R fram es, i t  w as fou n d

p o ss ib le  to  estim ate th e  s k y  va lu e  to  an  a c c u r a c y  ~ 0.1 % in  each  

su b r e g io n , a lth ou gh  su b se q u e n t r e s u lt s  im plied th a t b etw een  

su b r e g io n s , a more r e a lis t ic  u n c e r ta in ty  w as ~ 0.4 %. The s im ilarity  in  

my a b ility  to  d e fin e  th e  s k y  le v e l o v er  th e  u se  o f th e  p rev io u s  

m ethod, cou p led  w ith  th e  fa c t th a t th e  p rev io u s  m ethod has to be

m odified to avoid  "non" s k y  r e g io n s  (in th e  h istogram  m ethod th e

dom inant co n tr ib u tio n  is  from sk y  su ch  th a t th is  lim itation  d oes not 

ap p ly ) in flu en ced  th e  d ec isio n  to  ad op t th e  la tte r  a s  a m eans o f

d eterm in in g  th e s k y  in  th e  "mosaiced" fram es. The v a lu e s  th u s  

d er iv ed  are g iv e n  in colum n 8 o f tab le  2.2 to g e th e r  w ith th e ir  

a sso c ia te d  u n cer ta in tie s .
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It is  in te r e s t in g  to  n o te  th a t a t 0.4 %, th e  estim ated  a ccu ra cy  o f  

th e  s k y  le v e l determ ination  on  a p a rticu lar  fram e is  a factor  o f 2 

sm aller th an  th e  p ix e l- to -p ix e l s e n s it iv ity  v a r ia tio n s  ex p ected  a c r o ss  

a n y  on e p ortion  o f th e  fram es (as d efin ed  ab ove) a fte r  c lea n in g  v ia  

th e  p r o c e s s e s  in  se c tio n  II .2 ab ove . Such  an a ccu ra c y  tr a n s la te s  to  ~ 

6 m agn itu d es fa in tw ard  o f sk y .

As an a s id e , I h ave  in v e s t ig a te d  if  th e r e  is  a n y  s ig n if ic a n t  

d iffe r e n c e  b etw een  adop tion  o f  a s in g le  m easure for  th e  s k y  o v er  

r e s u lt s  from th e  u se  o f  polynom ial b a ck grou n d  f it t in g . In fa c t , no 

su ch  im provem ents are fou n d . Up to 4th  o rd er  poynom ials w ere  

t e s te d , b u t a s k y  a ccu ra te  to  0.1 % o v e r  th e  re g io n  o f th e  p articu lar  

fram e in v e s t ig a te d  w as found  each  tim e. It is  th u s  co n sid ered  

ju s t if ia b le  to  assum e th e  sk y  to  be f la t  o v e r  all th e  im age fram es  

ob ta in ed . A dd itionally , b y  co rr e la tin g  d er iv ed  s k y  v a lu e s  in su ch  a 

p ro ced u re  w ith  ex p o su re  tim e fo r  th e  fram es tak en  a t r e la t iv e ly  

c lo se ly  sp a ced  time in te r v a ls , I con c lu d e  th a t th e  CCD is  lin ear to  

0.1 %.

II.3 .8  B in n in g  fa c to r s  and p ro file  ex tra c tio n

Some co n sid era tio n  a lso  h as to be g iv e n  to th e e f f e c t s  o f  

c o n v o lv in g  th e  p r e s e n t  o b se r v a tio n s  w ith  th e  se e in g  p ro file . It was 

d ec id ed  th a t, s in c e  fin a l b in n in g  fa c to r s  ad op ted  to in c r e a se  S /N  w ere  

lik e ly  to  be c o n s id e r a b ly  in  e x c e ss  o f th e  d im en sion s o f th e  se e in g  

d isc , th e  o n ly  a llow ance for  th e la tte r  w ould be to eva lu a te  its  

m agnitude on  each  "m osaiced" ga laxy  fram e and su b se q u e n tly  

com p ress  th e  fram e b y  th a t fa cto r  p rior to la ter  b in n in g .
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The se e in g  d isc  w as ev a lu a ted  b y  f it t in g  a G aussian p ro file  a c r o ss  

a num ber o f p r e -d e fin e d  s ta r s  d is tr ib u te d  random ly o v er  th e o b jec t  

fram e o f in te r e s t . The ite r a tiv e  f it t in g  p ro ced u re  th en ce  d efin ed  a 

FWHM se e in g  m easure (in p ixe ls) for  each  s ta r  se p a r a te ly , and a lso  for  

a "mean" s ta r  (estim ated  a s  th e  a v e r a g e  fo r  each  o f th e  in d iv id u a l 

s ta r s  a fte r  a llow ance for th e  e f f e c t s  o f im age e llip t ic ity  on the  

in d iv id u a l m easu res). The r e s u lt s  o f su ch  a p r o c e s s  are  g iv e n  in  

colum n 9 o f  tab le 2.2. All ad d ition a l im ages o f fa in t g a la x ies  or s ta r s  

n ot rem oved  p r e v io u s ly  w ere s u b s e q u e n tly  ta k en  ou t o f th e  o b je c t  

fram es, and each  fram e w as th en  co m p ressed  b y  th e  mean FWHM 

se e in g  m easure for  th a t p articu lar  fram e.

C ontour p lo ts  o f  th e se  fram es w ere th en  in sp e c te d  to d efin e  th e  

p o s it io n s  o f  th e  su r fa ce  b r ig h tn e s s  p ro file s  to  be ex tra c ted . The 

p erp en d icu la r  c u ts  w ere sep a ra ted  in  th e  rad ia l d irectio n  (IR) b y  a 

s u ff ic ie n t  am ount a s  to  p ro v id e  su ff ic ie n t  "resolution"  a c r o ss  th e  

b u lg e  com ponents (w hen p r e se n t)  -  ty p ica lly  3 p ro file s  b e in g  th u s  

ob ta in ed  a c r o ss  th is  com ponent p lu s  th e  minor a x is  p ro file  it s e lf .  The 

s l ic e s  w ere th en ce  ex tra c te d  from  th e  data, and w ere fo ld ed  in to  mean 

p r o file s  a t th a t p articu la r  IR or Z ab ou t a ll axes s in ce  all sy ste m s  

a p p ear ax ia lly  sym m etric.

I I .3.9 A n a ly ses  o f th e  sta n d a rd  s ta r  fram es

A verage  fram es for  th e  stan d ard  s ta r s  o b se r v e d  on a certa in  

n ig h t w ere o b ta in ed  b y  c lea n in g  th e  in d iv id u a l fram es o f  

im p erfectio n s, rem oving th e  d e v ic e  c h a r a c te r is t ic s  from each  frame, 

and th en  c o -a d d in g  th e  r e le v a n t fram es a s  o u tlin ed  ab ove. A perture  

p h otom etry  w as th en  perform ed on th e se  s ta n d a rd s  by d efin in g  a
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c ircu la r  reg io n  around  th e  s ta r  co n cern ed , w h ils t  a d ja cen t areas free  

from contam ination  o f s ta r s , g a la x ies  and a n y  rem aining d e fe c ts  w ere  

u sed  to d e fin e  th e  local s k y  for  th a t star .

A doption o f an a rb itra r y  zero p o in t allow ed th e  d er iv a tio n  o f in itia l 

m agn itu d es for  each  stan d ard  in  th e  fram e, th is  zerop o in t b e in g  

su b s e q u e n t ly  a d ju sted  to b r in g  th e  ca lcu la ted  and litera tu re  v a lu es  

in to  c lo se r  agreem en t. An ite r a tiv e  p r o c e ss  w as ap p lied , tak in g  

rep ea ted  " sk y  + star"  m easu res for  each  sta n d a rd  on th e  fram e u n til 

th e  m ost su ita b le  zerop o in t w as found  w hich  red u ced  th e  

d isc r e p a n c ie s  in  th e se  m agnitude estim a tes  fo r  each  s ta r  to a 

minimum. T his w as adopted  as th e  p articu lar  zerop o in t for  th a t  

com bination  o f ex p o su re  time and a tm osph eric  ex tin ctio n .

In th e  p r e se n t  p ro ced u re , I fa c ilita ted  a ch eck  on th e  

r ep ea ta b ility  o f th e  m agn itu d es th u s  d er iv ed  b y  tak in g  6 to 8 p a irs  

o f s k y  and sta r  m easu res for  each  sta n d a rd . The r e s u lt s  o f th is  

p r o c e s s  in d ica ted  a h ig h  d eg ree  o f  in tern a l c o n s is te n c y  b etw een  th e  

ca lcu la ted  m agn itu d es (of ~ ±0.002 m agnitude b ased  on th e  a v era g e  

sta n d a rd  error  d er iv ed  from all 32 fram es o f  s ta n d a rd s  ob ta in ed  

d u r in g  n ig h t  2 o f run  2). The a v era g e  va lu e  th u s  d efin ed  w as taken  

a s  th e  m agnitude o f th e stan d ard  in  th at p articu lar  ca se .

D ifferen ce s  b etw een  ca lcu la ted  and litera tu re  m agn itu d es w ere, on  

th e  w hole, v e r y  sm all and alm ost a lw ays sm aller than  th e  err o rs  

q u oted  b y  Graham (1982) from  w hich th e  s ta n d a rd s  u sed  h ere w ere  

d er iv ed . D efin ing a n y  d iffe r e n c e  in term s o f th e  param eter

| R| = (ca lcu la ted  m agnitude -  litera tu re  m agnitude | 
quoted  erro r  on lite r a tu r e  m agnitude
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I f in d  ty p ic a l estim a tes  fo r  th e  f ir s t  n ig h t o f ru n  2 o f |R | = 0.3 (± 

0 .05), for n ig h t 2 o f 0.35 (± 0.04) and for  n ig h t 3 o f 0.60 (± 0.10). 

T his is  illu s tr a ted  in f ig u r e  2.9 w hich  sh ow s th e  m agnitude  

d isc r e p a n c y  (in  th e  s e n se  ca lcu la ted  mag. -  lite r a tu r e  mag.) for  all 

th e  s ta n d a rd s  u sed  in each  n ig h t (of ru n  2 ) a s  a fu n ctio n  o f th e  

m agnitude o f th e  s ta r  co n cern ed . The s ta r s  are lab elled  ab ove each  

p lot. The ab ove estim a tes  fo r  |R | do not in c lu d e  th e  m easu res  

ob ta in ed  from th e c and Y s ta n d a rd s  in  reg io n  E5 for th e B band  

o v e r  n ig h ts  1 and 2, and for  both B and R o v e r  th e  th ird  n ig h t, 

w hich  w ere fou n d  to h ave co n s id e r a b ly  la r g e r  d isc r e p a n c ie s  than  th e  

r e s t . The e f fe c t  on |R | o f th e ir  in c lu s io n  is  in d ica ted  in  th e  f ig u r e  -  

th e y  in c r e a se  th is  param eter b y  a fa cto r  5 in  each  ca se . T his r e su lt  

is  p erh a p s  su p r is in g  in  v iew  o f th e  fa c t  th a t th e s e  s ta n d a rd s  w ere  

th e  b r ig h te s t  o b se r v e d , a lth o u g h  s u b se q u e n t  d eta iled  in v e s t ig a t io n  

rev e a led  th a t zero p o in ts  d efin ed  u s in g  su ch  fram es w ere e s s e n t ia lly  

id en tic a l to  th o se  for  th e  "good" fram es. For th is  reason , th e se  

"errant" fram es h ave b een  reta in ed  in  d e fin in g  th e  zero p o in t for  th a t  

p art o f  th e  n ig h t.

The "corrected"  zero p o in t fin a lly  ad op ted  for  th e  o b je c t fram e 

co n cern ed  w as d efin ed  a s  fo llow s :

AioC0rr = A<o + 2 .5 1 o g 10( t /T )  ~ (ocsecZ|obj  -  ocsecZ|s t ) -  AB>R

+ 2 .5 1 o g io ^ ’ ~
( 1 ) ( 2 )

where = zer o p o in t d e f in e d  from ap ertu re  photom etry o f  th e

standard  s t a r  fram e, 

t  = exposure tim e o f  th e  o b je c t  frame,

T = " " standard  s ta r  frame,
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o s e c Z |oi;j = airm ass c o r r e c t io n  o f  th e  o b je c t  frame, 

ocsecZ|sj- = " standard s ta r  frame,

Aĝ g = g a la c t i c  e x t in c t io n  c o r r e c t io n  ( in  B or R) fo r  th e  

o b je c t  fram e. This fa c to r  i s  d er iv ed  assuming 

Ab = 4E(B-V) and AR = 2E(B-V) (Sandage, 1973).

A lthough  it  w as rea lised  th a t a llow ance for  g a la c tic  ex tin ctio n  here  

is  n ot u su a l, and d e sp ite  su ch  m easu res b e in g  r e la t iv e ly  p oorly  

d efin ed , it  w as ad op ted  in  th e  lig h t o f th e  d e s ir e  to  a s s ig n  a b so lu te  

co lour in d ic e s  to  each  ga laxy . Term (1) in  th e  ab o v e  eq u ation  r e fe r s  

to th e  co rr ec tio n  to be ap p lied  in  c o n v e r tin g  th e s iz e  o f th e  

r eso lu tio n  e lem en ts from p ix e ls  to  a r c s e c s  on  th e  sk y , w h ils t  term  (2 ) 

are co lour term s req u ired  to c o n v e r t  th e  d er iv ed  zerop o in t to th at on  

th e  stan d ard  Joh n son  U, B, V sy stem . The la tter  are tak en  from an  

in tern a l memo o f th e  AAO for th e f ilte r  s e t  u sed  in  th e p r e se n t  

o b se r v a tio n s , and com prise a fa cto r  w hich  allow s for  th e  d isp lacem en t  

o f th e  band ce n tr e  in  th e  p r e se n t  f i l te r s  from th o se  in  th e  stan d ard  

sy ste m , to g e th e r  w ith  one allow ing for  th e  co lour d ép en d an ce  o f th e  

ex tin c tio n  co rrec tio n  :

f -0 .1 5 (B -V ) -  0 .01 (B -V )secZ  mag. in  B 
CT = \

L +0.07(V~R) -  0 .05(V -R )secZ  mag. in  R

A com parison  o f th e  co rr ec ted  zero p o in ts  th u s  d efin ed  in d ica ted  

e x c e lle n t agreem en t b etw een  stan d ard  s ta r  fram es tak en  on a 

p articu la r  n ig h t (w hen due a llow ance w as made for  d iffe r e n c e s  in  

th e ir  r e s p e c t iv e  ex p o su re  tim es and ex tin c tio n  c o rr ec tio n s) to  b e tter  

th an  ~ ±0.05 A ĵR* ^or th *8 reason , a mean AiQCorr (sca led  to a

p articu la r  ex p o su re  time and airm ass co rrectio n ) cou ld  be d efin ed  in  

each  co lour for each  n ig h t. S u rface  b r ig h tn e s s  m easu res in th e o b jec t
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**Ib ,R = ^oC0rr IB ,R “ 2. 5 1 o g i o ( T - I s ky) m a S- a rcsec2 .

Ig k y  b e in g  th e  sk y  b r ig h tn e s s  (in ADU’s) p er  p ixel. The co rrected  

zer o p o in ts  ap p rop ria te  to  each  ga laxy  are  g iv e n  in colum n 11 o f tab le  

2.2. For th o se  (3) ga la x ies  o b se r v e d  d u r in g  run 1, for  w hich no 

stan d ard  sta r  fram es w ere ava ilab le , an a lter n a tiv e  to  th e  ab ove  

p ro ced u re  had to be ad op ted . A pertu re p h otom etry  o f IC 4351 was 

u sed  to d er iv e  a zero p o in t (co rrec ted  a s  d e sc r ib e d  ab ove) b ased  on  

th e  V m agn itu d es o f Longo & de V aucouleurs (1983, 1985) and an  

assum ed  (V-R) o f 0.68 (L au b erts & S ad ler , 1984). U n fo r tu n a te ly , th e  

lite r a tu r e  p hotom etry  for  IC 2531 and A 1611-00 (Longo & de  

V aucou leu rs, 1983 1985) w as co n d u cted  o v e r  much la r g er  a p e r tu r e s  

than  was p o ss ib le  h ere . T h erefore , I d er iv ed  an  a p er tu re -m a g n itu d e  

re la tion  from th e  p r e se n t  CCD data in  each  ca se  (open  c ir c le s  in  

f ig u r e  2.10) and f it te d  a 2nd o rd er  polynom ial. T h ese  c u r v e s  w ere  

th en  sca led  to th e  lite r a tu r e  m easu res, and th e  zero p o in ts  d er iv ed  

a c co r d in g ly . In th e  ca se  o f  A 1611-00, for  w hich  s e v e r a l lite r a tu r e  

m easu res e x is t , th e  agreem en t is  se e n  to be p a r ticu la r ly  good (filled  

s ta r s  in f ig u r e  2.10) to ~ ±0.01 mag., and is  ~ ± 0.07 mag. for IC 2531.

II .4 C om parisons to  p rev io u s  work

(a) S u rfa ce  b r ig h tn e ss  p ro file s  :

Both NGC 3115 and NGC 3379 w ere sp e c if ic a lly  ch o sen  to a c t as  

g a laxy  s ta n d a rd s  on th e  b a s is  o f  the la rg e  num ber o f d er iv ed  su rfa ce  

b r ig h tn e s s  p ro file s  (both major and minor and , in  th e  ca se  o f NGC 

3379, EW c u ts )  and a p ertu re  p hotom etry  in v e s t ig a t io n s  p resen ted  in 

th e  litera tu re .

fram es w ere th en  d efin ed  by
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The p r o file s  w ere d er iv ed  a fter  h a v in g  ro ta ted  th e  ga laxy  fram es  

su ch  th a t th e o b je c ts  w ere e d g e -o n  in  a sp e c t  u s in g  th e tech n iq u e  

d e sc r ib e d  ab ove. The c e n tr e  o f  th e  o b je c t  w as located  both  v isu a lly  

and a lso  sem i-au tom atica lly  (b y  u s in g  a te ch n iq u e  w hich  w e ig h ts  each  

p ixel in  a p r e sc r ib e d  box area  b y  th e  in te n s ity  a t th a t p o in t), 

a lth o u g h  th e  form er w as p re fer red  in  all c a s e s . The re le v a n t c u ts  

w ere th u s  p rod u ced  to  th e  maximal e x te n t  o f th e  CCD in  all d ire c tio n s  

(~ 100 a r c se c s )  and  w ere co n v er te d  to su r fa c e  b r ig h tn e s s  m easu res  

u s in g  th e  mean zero p o in t d er iv ed  from th e  m ost a p p rop ria te  s e t  o f  

s ta n d a rd  sta r  fram es for th a t p articu lar  n ig h t. H ow ever, sk y  

su b tra c tio n  w as not perform ed  on th e se  fram es b eca u se  th e  la rg e  

sp a tia l ex te n t o f both  ga la x ies  o v er  th e  CCD p rec lu d ed  a n y  re liab le  

d eterm ination  o f th e  s k y  b r ig h tn e s s . A lthough  th is  w ill h ave  a 

s ig n if ic a n t  e f fe c t  on th e  com parison  o v e r  th e  fa in ter  r eg io n s  o f  th e  

p r o file s , it  sh ou ld  h ave  a minimal e f f e c t  in  th o se  r e g io n s  dom inated b y  

galaxian  lig h t.

F ig u re  2.11 (a) com pares th e  d er iv ed  B band major and minor axis  

p r o file s  o f NGC 3379 to  th o se  from th e  litera tu re  so u r c e s  u sed . The 

sh a rp  d ec lin e  fa in tw ard  o f ~ 20.5 is  due to  my n ot h a v in g  rem oved  

th e  sk y , b u t b r ig h te r  th an  th is  le v e l (w here ga laxy  lig h t  is  dom inant) 

th e  agreem en t is  se e n  to be rea so n a b ly  good -  f ig u r e  2.11 (b ). T his is  

p a r ticu la r ly  so  w hen  com paring th e  p r e se n t  work w ith th a t o f D avis 

e t  al (1985) and  Whitmore & K irshner (1982), w here mean m agnitude  

d iffe r e n c e s  o f -0 .0 2  £i in  both  c a se s  are fou n d  b righ tw ard  o f 20.5 p. 

The in c r e a s in g  d isc r e p a n c ie s  e v id e n t  a t th e b r ig h te r  m agn itudes for 

all o th er  com p arison s are  lik e ly  to  r e s u lt  from a com bination o f  

m ism atch in  th e  major and minor axes a c tu a lly  adop ted  (d efin ition  o f
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th e p o s itio n  a n g le  o f an EO b e in g  in h e r e n tly  u n certa in  b y  ]> ± 5 °), 

cou p led  w ith th e fa ct th a t Okamura (1977) and Kent (1984) quote an  

eq u iv a le n t su r fa c e  b r ig h tn e s s  p ro file . B u rste in  (1979c) u s e s  a p rofile  

d efin ed  10 a r c s e c s  from th e  major ax is  it s e lf .  An eq u iv a le n t f ig u r e  is  

show n  for  th e  R band in f ig u r e  2.12, w here sim ilar co n c lu s io n s  ap p ly .

In th e  lig h t  o f  th e  in h e r e n t d if f ic u lt ie s  in  m atch ing both  major 

and minor axes for  th is  ga laxy , more w e ig h t sh ou ld  be a tta ch ed  to  a 

com parison  o f th e EW p ro file s  show n in  f ig u r e  2.13. Again, b r igh tw ard  

o f th e  p o in t a t w hich th e  s k y  f ir s t  becom es a s ig n if ic a n t  co n tr ib u to r  

to  th e  to ta l lig h t, th e  agreem en t is  found  to be good  w ith  all p rev io u s  

s tu d ie s  ( f ig u re  2.13 (b) exp a n d s th e  reg io n  in (a) b r ig h te r  than 20.5

iu). For c la r ity , th is  f ig u r e  o n ly  in c lu d e s  e v e r y  o th er  p o in t from th e

w ork o f de V aucou leu rs & C apaccioli (1979), a lth ou gh  f ig u r e  2.14 

com pares a ll ava ilab le  data b righ tw ard  o f 20.5 from th is  so u rce  w ith  

th e  p r e s e n t  w ork. The mean d iffe r e n c e  h ere  is  fou n d  to  be -0 .0 6  p.

A com parison  b etw een  th e  p r e se n t  major and minor ax is p ro file s  

o f NGC 3115 and th o se  p r e se n te d  b y  T sikoud i (1977, 1979) is  g iv e n  in  

f ig u r e  2.15. B ecau se o f th e  d iff ic u lty  in d eterm in in g  s k y  in  my fram es  

o f  th is  ga la x y , I h ave  a d ju ste d  th e  p r e se n t  estim ate as req u ired  to  

b r in g  th e  p ro file s  b etw een  th e  r e sp e c tiv e  w orks in to  th e b e s t

agreem en t o v e r  all su r fa c e  b r ig h tn e s s e s  (req u ir in g  a ch a n g e  in  th e  

s k y  va lu e  q uoted  in  tab le  2.2 o f ~ 14 %). It is  e v id e n t  th a t an  

approxim ately  c o n sta n t  zero p o in t o f f s e t  o f 0.43 ;Ug e x is ts  b etw een  th e  

two s tu d ie s . The p ositio n  a n g le  o f th is  len ticu la r  (w hich  p o s se s s  a 

s tr o n g  in n er  d isc  com ponent) is  s u ff ic ie n t ly  w e ll-d e fin ed  to  d isco u n t  

p rofile  "mismatch" a s  b ein g  th e  lik e ly  so u rce  o f su ch  a d iscrep a n cy . 

U n fo r tu n a te ly  it  is  d iff ic u lt  to  p lace th is  d isp a r ity  in  con tex t as
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T sik ou d i d oes not com pare h er data to  p rev io u s  s tu d ie s  o th er  th an  to  

note th a t her to ta l in teg ra te d  B m agnitude is  w ith in  0.1 mag. o f th e  

f ig u r e  quoted  in th e  RC2.

(b) A pertu re p hotom etry  :

S ev era l so u r c e s  o f a p er tu re  p h otom etry  e x is t  for both  NGC 3115 

and NGC 3379, a lth ou gh  th e work o f Longo & de V aucou leurs (1983, 

1985) p ro v ed  to be m ost u se fu l in th is  reg a r d . T h ese m easu res w ere  

su p p lem en ted  u s in g  data p r e se n te d  b y  S an d age  (1973), P er sso n  e t al 

(1979), de V aucouleurs & de V aucou leu rs (1972), de V aucou leu rs, de 

V aucou leu rs & Corwin (1978) and B u rste in  e t  a l (1987).

Z eropoints for  th e  a p er tu re  p h otom etry  w ere ob ta in ed  u s in g  th e  

sta n d a rd  s ta r  fram es noted  p r e v io u s ly . A gain, no s k y  w as rem oved, 

and in  th is  p articu lar  ca se  no co rr ec tio n s  for  g a la c tic  ex tin c tio n  w ere  

made. The r e su lt in g  a g reem en t w ith  th e  ab o v e  lite r a tu r e  so u r c e s  are  

fou n d  to  be e x ce lle n t in th e  ca se  o f NGC 3115, and  v e r y  good for  NGC 

3379 a s  f ig u r e  2.16 sh ow s. A m arginal d e c r e a se  in  th e  m agnitude  

d iffe r e n c e  is  aga in  fou n d  for NGC 3115 w ith  in c r e a s in g  a p er tu re  s iz e , 

b u t no su ch  e f fe c t  is  se e n  in  NGC 3379 -  prim arily  b eca u se  too few  

su ch  m easu res e x is t  a t s u ff ic ie n t ly  la r g e  g a la c to c en tr ic  d is ta n c e s  for  

s k y  contam ination  to  becom e a s ig n if ic a n t  co n tr ib u to r .

A lso show n in  th is  f ig u r e  are th e  com p arison s fo r  tw o o f th e  

program  CCD ga la x ies  a s  ob ta in ed  from th e ab o v e  so u r c e s  and from  

L au b erts  & S ad ler (1984). In  th e s e  p articu la r  c a s e s ,  s k y  su b tra c tio n  

h as b een  perform ed  a s  su ch  a m easure can  be re lia b ly  determ ined  

(a lth ou gh  aga in  no g a la c tic  ex tin ctio n  c o r r e c tio n s  have b een  ap p lied ). 

The agreem en t is  aga in  fou n d  to be ex ce lle n t, te s t ify in g  to the
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r e lia b lity  o f th e  zero p o in ts  d efin ed  u s in g  th e  ab ove p ro ced u re . As a 

r e su lt , th ere  is  e v e r y  rea so n  to ex p ect th a t, fo r  o b je c t  fram es tak en  

th ro u g h o u t th e  n ig h t, p h otom etry  can  be a ch ie v ed  to  w ith in  th e  

a c c u r a c ie s  o f th e  s ta n d a rd  s ta r  fram es u sed  -  g iv in g  estim a tes  to 

±0.06 mag. in  R and ~ ±0.04 mag. in  B b ased  on th e  quoted  er r o r s  of 

Graham (1982).
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-  C hapter III -

A tw o-d im en siona l m odel for  th e  lig h t  d is tr ib u tio n s  in e d g e -o n  

sp ira l ga lax ies and i t s  ap p lica tion  to  NGC 891 and NGC 4565

III .l  In trod u ction

In th is  ch ap ter  I a d d r e ss  th e  problem  o f d e v is in g  a c o n s is te n t  

m eans fo r  ev a lu a tin g  fun dam en ta l g a laxy  p r o p e r tie s  from th e  ava ilab le  

o b serv a tio n a l su r fa ce  b r ig h tn e s s  data, fun dam en ta l m eaning th o se  

u n d e r ly in g  s te lla r  p op u la tion s c o n tr ib u tin g  to th e  lig h t  we o b se r v e  

from th e  sy stem  b e in g  in v e s t ig a te d .

S in ce  th e  p io n eer in g  s tu d ie s  o f H ubble (1930), de V aucouleurs  

(1953) and King (1978), th e  g en era l m ethodology b y  w hich  th is  goal is  

attem p ted  h as b een  to d esc r ib e  th e o b je c t  o f in te r e s t  in  term s o f a 

num ber o f u n iq u e com p on en ts, each  one o f w hich  is  m odelled u s in g  an  

in te n s ity  d is tr ib u tio n /lu m in o sity  law. In th is  co n tex t th e  p r e se n t  

s tu d y  fo llow s id en tica l p r e c e p ts .

F ir s tly  one has to  d efin e  th e  num ber o f in d iv id u a l com p on en ts th e  

g a la x y  u n d er  s tu d y  m ight be ex p ected  to con ta in . T his is  o f  

fun dam en ta l im portance to  su ch  a tech n iq u e  (and a s  su ch  may be seen  

a s  it s  f ir s t ,  and p o ss ib ly  m ost im portant, lim itation). C hoosing too 

m any com ponents may w ell p rod u ce a f it  o f th e  p r e sc r ib e d  a ccu racy  

b u t w ill alm ost c e r ta in ly  lead to m ea n in g less  r e s u lt s  b eca u se  of 

" n o n -u n iq u en ess" . H ow ever, in  th e  ca se  o f sp ira l ga la x ies  th e  s itu ation  

is ,  in  g en era l, p r e -d e fin e d . A c u r so r y  in sp e c tio n  commonly rev e a ls  the
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p r e se n c e , to  a g r e a te r  or le s s e r  d e g r e e , o f a h ig h ly  fla tten ed  d isc  

com ponent su p e rp o sed  on  an  u n d e r ly in g  b u lg e . In su ch  s itu a tio n s  one  

sim ply  a ssu m es a lu m in osity  p ro file  for  each  o f th e se  d is t in c t  

p op u la tio n s. In c a s e s  w here o n ly  one o f  them  predom inates, the  

p ro ced u re  is  to  b eg in  b y  u s in g  o n ly  th e  lu m in osity  p ro file  co n sid ered  

to be m ost re le v a n t to th a t p articu la r  s itu a tio n . If th is  fa ils  to y ie ld  

" sa tisfactory"  r e s u lt s  (a p o in t I r e tu rn  to  below ) th e  n ex t s te p  is  th e  

ad d itio n  o f a fu r th e r  com ponent, w hose form d e p e n d s  la r g e ly  on the  

n atu re  and s iz e  o f  th e  d isc r e p a n c ie s  en co u n tered  u s in g  th e  p rev io u s  

com b in ation s. Prom th e  poin t o f  v iew  o f d e sc r ib in g  th e  g lob a l n atu re  

o f th e  ga laxy  u n d er  s tu d y , on e is  ra p id ly  rea ch in g  th e  p o in t o f  

" n o n -u n iq u en ess" . Global in  th is  co n tex t is  m eant to ex c lu d e  su ch  

fe a tu r e s  a s  b r ig h t  (i.e . " starlike") n u c le i, b a rs , r in g s  and  th e  like  -  

a lth o u g h  it  is  c e r ta in ly  tru e  th at one can  find  m any o b je c ts  in w hich  

th e s e  form s are seen  to  dom inate th e  lig h t  d is tr ib u tio n  o v e r  eq u a lly  

la r g e  sc a le s  to th o se  u n d er  in v e s t ig a tio n  h ere.

In  th e  p r e s e n t  s tu d y , th e  u n sa t is fa c to r y  s itu a tio n  o f  

" n o n -u n iq u en ess"  is  o b v ia ted  b y  c u r ta ilin g  th e  in v e s t ig a tio n  a t th is  

p o in t, th u s  e n su r in g  th a t in  "disc + bu lge"  sp ir a ls  th e  e x is te n c e  o f no 

more th an  3 com p on en ts is  b e in g  in v e s t ig a te d  a t a n y  on e time (and < 

2 in  th e a p p a ren tly  e x c lu s iv e  d isc  or b u lg e  o b je c ts ) . In rea lity , 

c o n s t itu e n t  s te lla r  p op u la tion s th e  m odels are in ten d ed  to  d escr ib e  

may w ell sm ooth ly  m erge w ith  o th e r s  in  th e  ga laxy , to w hich  I may be 

a s s ig n in g  a com p lete ly  d if fe r e n t  lu m in osity  law. B ecau se o f th is , it  is  

d iff ic u lt  to ju s t i fy  th e u se  o f a n y  more than  ~ 3 model com ponents on  

th e  b a s is  o f  th e  "global" data c u r r e n t ly  ava ilab le .
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The n ex t major q u estio n  one m ust a d d r e ss  is ,  h av in g  d efin ed  w hat 

p op u la tion s are  th o u g h t to be p r e se n t , w hat form does one adopt for  

d e sc r ib in g  th e form of th e ir  lu m in osity  p ro file s?  This is  an eq u a lly  

u n sa t is fa c to r y  a sp e c t , and  h as b een  so s in c e  su ch  in v e s t ig a t io n s  w ere  

f ir s t  u n d erta k en . The problem  a r ise s  b eca u se  m any o f th e  model form s 

d e v ise d  are e x c lu s iv e ly  em pirical, i.e . th e y  w ere sim p ly  ch o sen  a s  the  

m ost c o n v e n ie n t m athem atical d escr ip tio n  o f th e  o b se r v e d  data. 

H ow ever, from th e p o in t-o f-v ie w  o f sim ply  g a in in g  an in s ig h t  in to  th e  

o v era ll s tr u c tu r a l p aram eters o f th e  p op u la tion  u n d er  s tu d y , th e  

m odels o f g r e a te s t  s im p lic ity  and v a lu e  are  an ex p on en tia l d isc  p ro file  

(Freem an, 1.970) and e ith e r  th e r^ law form o f de V aucou leu rs (1953) 

or th e  fu n ctio n  p rop osed  b y  King (1962, 1966). A d escr ip tio n  o f th o se  

m odels ad op ted  in th e  p r e se n t  s tu d y  is  d e ferr ed  u n til sec tio n  III .3.1 

below .

For p r e v io u s  s tu d ie s  in  th is  f ie ld , th e  m ost u su a l ap p roach  has  

b een  to f it  (v isu a lly )  a com bination o f th e se  m odels to  th e  d er iv ed  

su r fa c e  b r ig h tn e s s  d is tr ib u tio n s , my ow n s tu d y  o f th e  2D lu m in osity  

d is tr ib u tio n s  in  th e  "archetypal"  e d g e -o n  sp ir a ls  NGC 891 and NGC 

4565 (Shaw  & Gilmore, 1986) b e in g  a ca se  in  p o in t. H ow ever, th e se  

m ethods are  o fte n  in c o n c lu s iv e . E ven  w hen p ro d u cin g  seem in g ly  

c o n s is te n t  r e s u lt s  th e y  h ave  to be trea ted  w ith  cau tion  s in c e  a 

v a r ie ty  o f o fte n  w id ely  v a r y in g  model param eters can  all y ie ld  eq u a lly  

good  f i t s  to  th e  data, w ith  no w e ll-d e fin ed  m eans o f d iscrim in atin g  

on e s e t  from a n y  o th er . T his is  th e  " n on -u n iq u en ess"  re fe rred  to 

p r e v io u s ly  and is  a r e s u lt  o f th e  s tr o n g  corre la tio n  b etw een  the  

com p on en ts m odelled. E qually , co n cern  a r ise s  from a n y  in b u ilt b ia ses  

w hich  may r e s u lt  from  o n e ’s  p reco n ce iv ed  ex p ec ta tio n s  o f th e  ste llar  

p o p u la tio n s o f w hich  th e  o b je c t  is  com prised .
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E v id en tly  to make an y  p r o g r e s s  in a n a ly s in g  th e lu m in osity  

d is tr ib u tio n s  o f sp ira l g a la x ies  in  g en era l, and e d g e -o n  ca n d id a tes  in 

p a rticu la r , re q u ir e s  th e  u se  o f u n b ia sed  tec h n iq u e s . T hese should  

h o p efu lly  allow one to d eco n v o lv e  th e  in d iv id u a l co n tr ib u to rs  to the  

p ro file  con cern ed  w h ilst m inim ising th e  u n c e r ta in tie s  w hich  a r ise  from  

th e  correla tion  b etw een  th e ir  p aram eters. T h is ch a p ter  p r e se n ts  the  

r e s u lt s  o f  an a lgorithm  d e s ig n e d  w ith  th e se  aim s in  mind.

III .2 P rev io u s  m odelling tec h n iq u e s

With a v iew  to p lac in g  th e  a lgorithm  d is c u s se d  below  in th e  

co n te x t o f m odelling ga laxy  su r fa c e  p h otom etry  in  g en era l, th is  sec tio n  

b r ie fly  r ev iew s  p rev io u s  s tu d ie s  u n d erta k en  w ith  a sim ilar m otivation .

It is  in v e s t ig a t io n s  o f e llip tica l ga lax ies w hich  have m ost b en e fited  

from te c h n iq u e s  su ch  a s  th o se  m entioned ab ove  -  p resu m ab ly  b eca u se  

o f th e ir  seem in g  s im p lic ity  o f form. J ed rz je w sk i (1985) h as ou tlin ed  

th e  p r e v io u s  m ethods in  th e  s tu d y  o f su ch  sy ste m s. I w ill o n ly  fo cu s  

on  th o se  sch em es in v o lv in g  a lgorith m s w hich  make u se  o f b e s t - f i t t in g  

e llip se  te c h n iq u e s  to th e  iso p h o ta l co n to u rs  [M ihalas & B inney  (1981, 

c h a p ter  5) g iv e  a more co m p reh en siv e  rev iew  o f th e  f ie ld ] . This 

m ethod is  now tak en  a s  a stan d ard  tech n iq u e  and h as b een  u sed  in  

r e c e n t  s tu d ie s  su ch  a s  th o se  o f J ed rzjew sk i, Lauer (1985) and Davis 

e t  a l (1985). The b a sic  m ethodology in v o lv e s  f it t in g  a s e r ie s  of 

c o n c e n tr ic  e l l ip s e s  to  th e  in te n s ity  co n to u rs  in  a p articu lar  galaxy  

im age (u su a lly  b y  le a s t - s q u a r e s  m eans). A F ourier a n a ly s is  o f the  

r e su lt in g  r e s id u a ls  b etw een  th e  model and th e  galaxian  isophotal 

sh a p e s  th en ce  y ie ld s  th e  e r r o r s  or q u a lity  o f  th e  f it  and th ereb y  

in d ic a te s  th e  d e g r e e  to  w hich  th e  o b je c t  con cern ed  d ep a rts  from a
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tru e  e llip se . The m odelling p r o ced u res  are o f in te r e s t  h ere  s in ce  

r e c e n t  m ethods o f d e r iv in g  photom etric  p r o p e r tie s  o f sp ira l ga lax ies  

h ave made u se  o f v a r ia n ts  on  th is  them e.

One s tu d y  a d o p tin g  su ch  an " ellip tica l a v era g in g "  m ethod is  that 

o f B oroson (1981) in v o lv in g  a n a ly s is  o f 26 sp ira l ga lax ies v ia  

p h o to g ra p h ic  su r fa ce  p h otom etry  (th e o b je c ts  prim arily  b e in g  o f 

m oderate in c lin a tio n s or a p p roach in g  a fa c e -o n  a sp e c t) . A fter sca lin g  

each  on e o f  th e  36 rad ia l p r o file s  (i.e . s l ic e s  ru n n in g  a t 10 d eg ree  

o p en in g  a n g le s  from th e  c e n tr e  o f th e  ga laxy) b y  th e  ra tio  o f th e  

e llip se  rad iu s a t th a t sp e c if ie d  a n g le  to th a t o f  th e  major ax is , a 

s in g le  mean co -a d d ed  p ro file  o f th e  o b je c t  co n cern ed  w as d er iv ed . 

S u b se q u e n t d econ v o lu tio n  o f su ch  a p ro file  fo llow ed  th e  p r e c e p ts  o f  

th e  w ork b y  Korm endy (1977a) o u tlin ed  below .

A more re c e n t a n a ly s is  u s in g  sim ilar te c h n iq u e s  w as made b y  Kent 

(1984, 1985) in  h is  CCD p h otom etry  o f 105 fie ld  sp ir a ls , le n tic u la r s  and  

e llip tic a ls  o f w id ely  v a r y in g  in c lin a tio n  a n g le s . In th is  ca se  the  

p o sitio n  a n g le  and e llip t ic ity  o f each  f ig u r e  w ere allow ed to  v a r y  a s  a 

fu n c tio n  o f rad ia l d is ta n ce  u n til th e  d iffe r e n c e  b etw een  m odel and  

actu a l galaxian  iso p h o ta l sh a p e s  are  m inim ised. The lu m in osity  p ro file s  

w ere th u s  ex tra c ted , and v a r ia tio n s  o f major and minor a x is  su r fa ce  

b r ig h tn e s s  w ere ev a lu a ted . S u b se q u e n t m odelling in v o lv e d  th e  u se  o f  

n on lin ear le a s t -s q u a r e s  f i t s  u s in g  a 2 -com p on en t model com bination of 

an exp on en tia l d isc  and th e stan d ard  de V aucou leu rs law, all

co n v o lv ed  w ith a G aussian  se e in g  p ro file .

T here a re  co n sid era b le  a d v a n ta g e s  in  th e  ap p lica tion  o f th ese  

algorith m s to e llip tic a ls  : th e  fu ll in form ation  con ta in ed  in a galaxy
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can  be re ta in ed  b u t w ith g r e a t ly  en h an ced  S /N  ob ta in ed  in  th e  le s s  

w ell-d e fin ed  ou term ost r e g io n s . H ow ever, th ere  are draw backs w hich  

r e s u lt  from th e  e x te n s io n  o f su ch  a m odelling schem e to sp ira l 

g a la x ies . In th e  ca se  o f  fa c e -o n  sy ste m s  to w hich  th e  m ethod has so  

fa r  b een  m ost fr e q u e n tly  a p p lied , th e  ev a lu a ted  param eters o f an y  

p articu la r  e llip se  are c le a r ly  not u n iq u e  to a sp e c if ic  s te lla r  

p op u lation  a s  th e y  are lik e ly  to  be sam pling  l ig h t  from all o th er  

com p on en ts w ith in  th a t sp e c if ie d  ra d iu s. As a r e su lt ,  sp e c if ic  

p op u lation  decom position , o f th e  ty p e  in ten d ed  h ere , is  im p ossib le  

u s in g  th is  schem e. T his problem  is  p a r ticu la r ly  w ell il lu s tr a te d  in  

f ig u r e  1 (c) o f Kent (1984).

Once th e  lu m in osity  d is tr ib u tio n s  th e m se lv e s  h ave  b een  ob ta in ed , 

th e m ethod in itia lly  p rop osed  b y  Korm endy (1977a), w hich e f fe c t iv e ly  

m akes two non lin ear le a s t - s q u a r e s  f i t s  to  su ch  p r o file s , is  m ost o ften  

u sed  to d e r iv e  s tr u c tu r a l d e ta ils  o f th e  c o n s t itu e n t  p op u la tio n s. By 

sp e c ify in g  r e g io n s  o f th e  p ro file  w here th e  d isc  and n o n -d isc  l ig h t  

are ex p ected  to dom inate, th e  a lgorithm  e v a lu a te s  th e  le a s t - s q u a r e s  f it  

fo r  th e  d isc  o v er  it s  r a n g e , su b tr a c ts  it  from th e  to ta l p ro file  and  

th en  f i t s  th e  n o n -d isc  lig h t  in  it s  dom inant regim e -  ite r a tio n s  

b etw een  th e  tw o co n tin u in g  u n til c o n v e r g e n c e  is  a ch ie v ed . The 

tech n iq u e  w as u sed  to e f fe c t  b y  B u rste in  (1979a), and a v a r ia n t on  

th is  them e w as a lso  ad op ted  b y  B oroson  (1981). The schem e is  

m eritoriou s in  th a t it  in d ic a te s  th e  v a lid ity  o f  th e  com p on en ts adop ted  

e v e n  o v er  th e  in term ed ia te  r e g io n s  from w hich  no in form ation  re le v a n t  

to th e  f it  is  d er iv ed . It a lso  a llow s one to v a r y  the ra n g e  o v er  w hich  

th e  c o n s t itu e n t  p op u la tion s are  ex p ected  to  dom inate (u n lik e a more 

tra d itio n a l le a s t -s q u a r e s  f it t in g  p ro ced u re ). H ow ever, it is  o ften  

ex trem ely  d iff ic u lt  to d efin e  su ch  r a n g e s . T his h as to  be coupled  with
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th e  r e s tr ic t io n  o f n eed in g  to  s p e c ify  a fu n ctio n a l form w hich , w h ils t  

b ein g  req u ired  to f it  o v er  th e  sp ec if ied  ra n g e  o f th e  lu m in osity  

p ro file  co n cern ed , m ust a lso  be valid  g lob a lly . T h ese lim itations o ften  

make th e  u se  o f  su c h  a p ro ced u re  in ap p licab le  or in terp re ta tio n  o f 

th e  r e s u lt s  a s  v e r y  u n reliab le .

A fu r th e r  m ethod h as b een  d e v ise d  b y  van  der K ruit & Searle  

{1981a,b and 1982a,b) w hich  is  more a p p licab le  to th e  cu rre n t  

in v e s t ig a tio n  a s  th e ir  a n a ly se s  are  o f  e d g e -o n  sp ira ls . T hey  ad op t  

f it t in g  m odels w hich  are  no lo n g er  sim ply  fu n c tio n s  o f  rad ia l d is ta n ce  

(IR) b u t a lso  o f h e ig h t  (Z) ab ove th e  d isc  p lan e. The sc a le le n g th  o f  

a n y  d isc  com ponent is  d efin ed  b y  c o n s id e r in g  th o se  lu m in osity  

p ro file s  (sp e c if ic a lly  ch o sen  to  be w ell aw ay from p o ten tia l d u st  

contam ination  in th e p lane) para lle l to th e  major ax is -  th e  parallel 

p r o file s . C uts p erp en d icu la r  to th e  p lane are  u sed  to  sp e c ify  th e  

s c a le h e ig h t . By f it t in g  o v er  th e  w hole ga la x y , a fte r  su ita b le  b in n in g  to  

im prove S /N , a su b tra c tio n  o f th e  d isc  com ponent sh ou ld  allow  

m odelling o f th e  res id u a l lig h t  (or v ic e -v e r s a  in  th e  ca se  o f b u lg e  

dom inated ga lax ies su ch  a s  NGC 7814 a s  s tu d ied  in  v a n  der K ruit & 

S ea r le , 1982b).

S in ce  a n y  p articu lar  com ponent is  m odelled o v e r  th e  w hole ga laxy  

in  IR and Z at a n y  on e tim e, th is  im m ediately overcom es th e  major 

lim itation  in h e r e n t in  th e  a n a ly s is  o f  K orm endy. The o n ly  p recau tion  

in  u s in g  th is  schem e is  th a t one m ust e n su r e  th e  p ara lle l p r o file s  are  

u n a ffe c ted  b y  d u st  contam ination . T his is  n ot a problem  to  th o se  

a n a ly s e s  o f van  d er Kruit & S earle  b u t is  c e r ta in ly  o f  co n cern  for the  

m odelling o f sy ste m s  co v ered  b y  few er  re so lu tio n  elem en ts.
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III .3 O utline o f th e  p r e s e n t  m odelling p ro ced u re

As a r e su lt  o f th e lim itations to th e  a lter n a tiv e  sch em es ou tlin ed  

a b o v e , th e  p r in c ip le  o f  g lob a l, n on lin ear le a s t - s q u a r e s  f it t in g  to th e  

lu m in osity  p ro file s  o f  th e  p r e se n t  sam ple o b je c ts  (of a form sim ilar to 

th a t o f van  der K ruit & Searle) w as ad op ted . H ow ever, a lim itation in  

th e  la tter  s tu d ie s  r e su lt  from th e  n eed  to m odel each  com ponent 

in d ep en d a n tly . The p r e se n t  a lgorithm  w as w r itte n  in  su ch  a w ay as  

s im u lta n eo u sly  to in c lu d e  th e  e f f e c t s  o f  a ll com p on en ts th o u g h t to be  

e x ta n t in  th e  ga laxy  u n d er  in v e s t ig a t io n . As a r e su lt ,  th e  p ro ced u re  

ad op ted  is  q u ite  sim ilar to th e  schem e o u tlin ed  b y  Bahcall & K ylafis

(1985) in  th e ir  a n a ly s is  o f  NGC 891. The p r e s e n t  m ethod is ,  o f c o u rse , 

lim ited b y  a n y  c o rr e la tio n s  b etw een  th e  v a r io u s  p aram eters o f a 

p a rticu la r  m odel com ponent, and a lso  b y  th a t b e tw een  th e  sep a ra te  

com p on en ts b e in g  f it te d . Both prob lem s are  u n fo r tu n a te ly  in h e r e n t  

fe a tu r e s  o f all su ch  le a s t - s q u a r e s  f it t in g  r o u tin e s  (th o se  o f K orm endy, 

v a n  d er Kruit & S earle  and Bahcall & K ylafis b e in g  no ex ce p tio n s). 

T heir e f f e c t s  m ust be b orn e in  mind in  th e  s u b se q u e n t  a n a ly se s .

III.3.1 The m odels ad op ted

S ection  I II .l ab ove  has a lrea d y  ou tlin ed  lim itation s to  p opulation  

s tu d ie s  o f ex tern a l sy ste m s  -  in  p articu la r  th o se  r e s u lt in g  from the  

em pirical n atu re  o f m any o f th e  m odels g e n e r a lly  u sed . This is  

c e r ta in ly  tru e  o f th e  exp on en tia l d isc  (Freem an, 1979), th e  r^ law and  

a lso  th e  King m odels a s  th e y  w ere f ir s t  in tro d u ced  (King, 1962). The 

la tter  w ere, h ow ever , s u b se q u e n tly  p laced  on a more p h y sic a l foo tin g  

in  King (1966).
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T his sec tio n  d e ta ils  th e  fu n ctio n a l form s adop ted  in  th e  p r e se n t  

f it t in g  a lgorithm  to m odel th e  s te lla r  p op u la tion s w ith in  th e sam ple 

g a la x ies  o f tab le  1.1.

(i) The "old disc" :

The p rin cip a l fu n c tio n a l form  made u se  o f  to  model th is  s te lla r  

pop u lation  w as th a t in it ia lly  ad op ted  in  th e  w ork o f van  der Kruit & 

S ea r le , in  p a rticu lar  th e ir  p ap er  I (1981a). I t i s  assu m ed  th a t one can  

approxim ate the d e n s ity  d is tr ib u tio n  p(IR,Z) w ith in  a d isc  b y  a 

s e lf -g r a v ita t in g  isoth erm al s h e e t  (th e  s te lla r  v e lo c ity  d isp e r s io n  b e in g  

in d ep en d en t o f Z -h e ig h t). In th is  p a rticu la r  c a se , th e  g ra v ita tio n a l 

fo rce  a t a n y  p o in t in  th e  d isc  o f  th is  (s tr a tif ie d )  sy stem  can  be  

sep a ra ted  in to  a p ro d u ct o f th e  rad ia l (IR) and  p erp en d icu la r  (Z) 

com p on en ts. By r e q u ir in g  th e  s te lla r  d is tr ib u tio n  fu n c tio n  to s a t is fy  

th e  eq u ation  o f c o n tin u ity  (and th a t th e  d e n s ity  d is tr ib u tio n  fo llow s  

P o isso n ’s  eq u ation ) le a d s , th ro u g h  a sep a ra tio n  o f th e  (R,Z) v a r ia b le s ,  

to  a so lu tio n  in  w hich

p(Z) a  s e c t f  Z 

(S p itzer , 1942, and Camra, 1950).

The rad ia l d ep en d en ce  is  assum ed  to  be ex p o n en tia l, b ased  on th e  

(p u re ly  em pirical) lu m in osity  d is tr ib u tio n  ad op ted  b y  Freem an (1970). 

N e v e r th e le ss , b eca u se  o f th e  (a lb e it sim p lified ) p h y s ic a l b a s is  b eh ind  

th e  Z -d ep en d tn c e  in th e  p r e se n t  m odel, cou p led  w ith  th e  r e s u lts  o f  

lim ited  ea r lier  s tu d ie s  w hich  s u g g e s t  it  is  a rea so n a b le  f i t  to  th e data, 

it  is  ad op ted  in th e  p r e se n t  in v e s t ig a t io n s . I ts  form , as u sed  

h ere , is
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f ju(0,0 )  -  2 .5 1 o g 10( [1 + (IR2/2 h R2 ) lo g e (IR/2hR) ] sech 2 (Z /Z .,))  
W(IR,Z) = \

I ju(0,0) -  2 .5 1 o g 10( [ (TTlR/2hR)^ ex p (-R /h R) ] sech 2 (Z/Z0) )

w here fJ(0,0) is  th e  c e n tr a l su r fa c e  b r ig h tn e s s  (in mag. a r c se c  2 ), ZD 

th e sc a le h e ig h t  and hR th e sca le le n g th  (both  in k p c). The f ir s t  

re la tion  is  ap p licab le  w hen  iR «  h R and th e  seco n d  is  va lid  for IR »  h R. 

The model is  h e n ce fo r th  r e fe r r e d  to a s  th e  " sech 2 " d istr ib u tio n .

H ow ever, b eca u se  th e  s e c h 2 form has been  u sed  in r e la t iv e ly  few  

p r e v io u s  s tu d ie s  w hich  have so u g h t to model galaxian  lig h t  

d is tr ib u tio n s  in  th is  w ay, a d o u b le -ex p o n en tia l form (in both  IR and Z) 

is  a lso  ad op ted  h ere  to allow a more d eta iled  com parison  w ith  th e se  

ea r lier  in v e s t ig a t io n s  :

I (IR,Z) = I (0,0) exp - [  !R/hR + Z /h z ] 

w hich , in  term s o f su r fa c e  b r ig h tn e ss  (u), g iv e s

ju(IR,Z) = ¿u(0,0) + 1.0857[ IR/hR + Z /h z ] mag. arcsec~2

w h ere  hR th e  sc a le le n g th  o f th is  population  and hz  th e  sc a le h e ig h t  

(b e in g  h a lf th e  sc a le h e ig h t  o f th e  s e c h 2 model a b o v e). At la r g e  (IR,Z), 

h ow ever , th e se  r e s p e c t iv e  m odels becom e e s s e n t ia lly  in d is t in g u ish a b le . 

For co m p le ten ess  it  is  a lso  noted  th a t an a lte r n a tiv e  fu n c tio n , a llow ing  

for  th e  e f f e c t s  o f v a r y in g  in c lin a tion  a n g le s  to th e  l in e -o f - s ig h t ,  has  

b een  p ro p o sed  b y  J en sen  & Thuan (1982). I did  n ot make u se  o f th is  

m odel form in  th e  fo llow ing a n a ly s is .

An a n a ly s is  o f th e  "young" d isc  p op u la tion  w as p rec lu d ed  in  th e  

m odelling schem e u sed  h ere  b eca u se  it s  lu m in osity  d istr ib u tio n  is  

lik e ly  to  be h ea v ily  a ffe c te d  b y  o b scu ra tio n  a lon g  th e  l in e -o f -s ig h t  

from  d u st  la n es  in  th e  e d g e -o n  ga la x ies  co n s id ered .
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(ii) The "interm ediate" population  :

Any su ch  "thick d is c ” com ponent was modelled u s in g  id en tica l

fu n ction a l form s to th o se  ou tlin ed  above in  the ca se  o f the th in  d isc. 

However, in  u sin g  th e  sech^ form, I have adopted  a d isc  sca leh e ig h t  

param eter o f Zj (rath er than th e ZQ g iv e n  above) in su b seq u en t

a n a ly ses .

(iii) The b u lge  :

The m ost w id ely  u sed  model form taken  to  d escr ib e  th e  total

n o n -th in  d isc  lig h t, and th e  one p rin cip a lly  u sed  in th e p resen t

in v e s tig a tio n s , is  th e  stand ard  r^ law o f de V aucouleurs (1953). Such  

a model is  p u re ly  em pirical, and is  o f th e  form

lo g ]0  ( I /I e ) = ~3-33 C (0/ ee )M ~ 1]

or in  su r fa ce  b r ig h tn e ss ,

ju(iR,Z) = iue + 8.325[ ( e /e e )^ -  1] mag a rcsec -^

w here,

6 = V q2 IR2 + Z2

q b ein g  th e axis ratio , 0e th e e f fe c t iv e  rad iu s (in sid e w hich half th e  

tota l lig h t  o f th e galaxy is  fou n d ), and qe th e su rfa ce  b r ig h tn e ss  of 

th e model p rofile  a t th at rad iu s.

As an a ltern a tiv e  to  th e  ab ove, how ever, an exponentia l f itt in g  

fu n ction  was a lso  adopted  as in  th e two p rev io u s c a se s . In the  

co n tex t o f th e com ponent b ein g  m odelled, th e ap p licab ility  o f such an 

(isotherm al) form may be called  into  q u estion , a s  it is  m erely another  

attem pt to f it  th e  data b y  u s in g  a co n v en ien t f itt in g  function . 

However, B inney (1982) has p resen ted  ev id en ce  o f an a lternative  form 

to  th e  r^ law w hich is  non-em pirical and is  claimed to d escrib e the
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l ig h t  d is tr ib u tio n  in  th e  stan d ard  e llip tic a l NGC 3379 b e tte r  th an  d oes  

th e  form o f de V aucou leu rs (1953). In p articu la r , B in n ey’s assu m p tion  

o f a lu m in osity  com ponent d escr ib a b le  in  term s o f a s e lf -g r a v ita t in g ,  

iso th erm al and sp h e r ic a lly  sym m etric s te lla r  p opulation  lead s to a 

(Boltzm ann) m odel d is tr ib u tio n  and g iv e s  a b e tte r  f it  to  th e  

p h otom etry  o f NGC 3379 o v e r  th e  in n erm ost r e g io n s  o f th e  su r fa ce  

b r ig h tn e s s  d istr ib u tio n . I n ote  th e  e x is te n c e  o f  su ch  a form for  

c o m p le ten ess  a s  it  w as not e x p lic it ly  in c lu d ed  in  th e  m odels te s te d  for  

th is  com ponent in  th e  p r e s e n t  a n a ly se s .

A lthough  th ere  a re  c le a r ly  a la r g e  num ber o f  o th er  p o ten tia l 

a n a ly tic  fu n c tio n s  on e cou ld  u se , i t  w as d ec id ed  to  r e s tr ic t  th e  

p r e se n t  s tu d y  to th e  tw o m odel form s a lr ea d y  d e sc r ib e d . T his was 

b eca u se , in  th e  c a s e s  w h ere  more th an  2 com p on en ts may be req u ired  

to d e sc r ib e  th e lig h t  d is tr ib u tio n  se e n  in  th e  g a la x y  u n d er  s tu d y , one  

w ill be u nable to  d is t in g u ish  b etw een  a lte r n a tiv e  fu n ctio n a l form s on  

th e  b a s is  o f  th e  ava ilab le  data. S u ch  s itu a tio n s  are  o b v ia ted  b y  u s in g  

th e  s im p lest model co n s id ered  ap p licab le  in  th a t p articu la r  c a se . 

D ifferen ce s  in model form are , in  a n y  e v e n t , p u re ly  a r b itr a r y  a s  th e  

r^ law and th e  m odels o f H ubble (1930, b u t s e e  a lso  K orm endy, 1977b) 

a re  a ll e s s e n t ia lly  em pirical in n atu re . In a d d ition , th e y  all m easure  

sim ilar s tr u c tu r a l d e ta ils  w ith in  th e  ga laxy  co n cer n e d  -  th e r e  b e in g  a 

d ir e c t  (a lb eit not a o n e -to -o n e )  c o r r e sp o n d e n c e  b etw een  th e  

sc a le le n g th  param eters in  each  c a se . F u rth er , a s  i t  i s  a lso  th e  m ost 

com m only ad op ted  form in  th e  c u r r e n t lite r a tu r e , u se  o f  th e  r*  law  

fa c ilita te s  an e a s ier  com parison  b etw een  p r e v io u s  and p r e se n t  

in v e s t ig a t io n s  than  w ould, fo r  exam ple, th e  u se  o f a King p rofile .
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III .4 F ea tu res  o f  th e  le a s t - s q u a r e s  f it t in g  ro u tin e

H aving ou tlin ed  th e  m odel com ponents u sed  w ith in  th is  algorithm , 

I now d eta il th e  sa lie n t c h a r a c te r is t ic s  o f th e  p r e s e n t  rou tin e. As 

in p u t, it  r e q u ir e s  a 2D a rra y  (in  (IR,Z) sp ace) o f  su r fa ce  b r ig h tn e ss  

m easu res a c r o ss  th e  g a laxy  u n d er  in v e s t ig a tio n . A num ber o f NAG 

r o u tin e s  (p r in c ip a lly  th e  n on lin ear m inim isation f it t in g  fu n ctio n  

E04FCF) are  th en  u sed  to  se e k  an u n co n stra in ed  minimum in th e sum  

o f sq u a r e s  o f th e r e s id u a ls  b etw een  th e s e  (real) data  v a lu e s  and th e  

o n es  ca lcu la ted  on th e  b a s is  o f  th e  com bination  o f m odels ad op ted  for  

th a t p a rticu lar  itera tio n . Each su r fa c e  b r ig h tn e s s  m easure in  th e  

in p u t a rra y  is  w eig h ted  on th e  b a s is  o f  th e  a sso c ia te d  erro r  a t th a t  

p oin t.

When ru n n in g  th e  program , th e  u se r  m ust p ro v id e  in itia l e stim a tes  

o f th o se  p aram eters r e le v a n t to th e  com p on en ts b e in g  m odelled in  th e  

fit . T h ese  v a lu e s  are  u se d  b y  th e  program  to d e r iv e  th e  b a sic  model 

su r fa c e  b r ig h tn e s s  data a rra y  to be u sed  in  th e  su b se q u e n t  

m inim isation. Within th e  program , th e r e  e x is ts  a fa c il ity  for  m onitoring  

th e  p r o g r e s s  o f th e  f it  a t each  iter a tio n , w ith  m easu res su ch  a s  th e  

sum o f sq u a r e s  o f r e s id u a ls , th e  X ,̂ th e  red u ced  and th e  actu a l 

param eter v a lu e s  d er iv ed  d u r in g  th a t p a rticu la r  iter a tio n , b e in g  

o u tp u t to  th e  u se r  (and to a h a rd co p y  file  fo r  fu tu r e  in sp e c tio n ). The 

la tte r  is  o fte n  o f  c o n s id era b le  v a lu e  in  d e fin in g  th e  v a lid ity  o f a 

p a rticu la r  fit .

T here are 3 p r in c ip a l p aram eters w ith in  th e  ro u tin e  w hich se r v e  

to  m aintain th e  problem  w ith in  rea so n a b le  b o u n d s and th e r e b y  en su re  

rap id  c o n v e r g e n c e  to  a so lu tio n . T hey  are  a s  fo llow s :
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(i) MAXCAL :

T his is  a param eter u sed  to  s p e c ify  th e to ta l num ber o f tim es th e  

arra y  o f  sum s o f sq u a r e s  o f  r e s id u a ls  is  ca lcu la ted . By ch o o sin g  a 

r e la t iv e ly  small va lu e  fo r  th is  fa cto r  (~ 400 x th e  num ber o f free  

p aram eters w as ad op ted  h ere) h e lp s  to e n su r e  th a t th e  p r o c e ss  does  

not becom e p r o h ib it iv e ly  e x p e n s iv e  in  term s o f com puter time.

(ii) A ccu racy  :

The program  r e q u ir e s  th a t, b efo re  a n y  iter a tio n  can  tak e  p lace , a 

v a lu e  is  a s s ig n e d  for  th e  a c c u r a c y  o f th e  req u ired  so lu tion . A lthough  

a sm all in p u t va lu e  fo r  th is  param eter may lead  to  in cr ea se d  a ccu ra cy  

in  th e  fin a l r e su lt ,  th is  aga in  h as to be co u n tered  w ith the  

c o r r e sp o n d in g ly  in cr ea se d  com puter tim e req u ired  to  ob ta in  a so lu tion . 

T e sts  in d ica ted  th a t ch a n g in g  th e s e  to lera n ce  lim its (w ith in  w hich th e  

f i t  w as co n sid ered  reaso n a b le) had lit t le  e f f e c t  e ith e r  on th e  fin a l 

o u tp u t v a lu e s  th em se lv es , or on th e  sp eed  and d irectio n  w ith  w hich  

c o n v e r g e n c e  to th is  r e s u lt  w as a ch iev ed . I t w as th u s  d ecid ed  to  

perform  a r e la t iv e ly  low a ccu ra c y  f it  (w ith  a co r r e sp o n d in g ly  

in cr ea se d  to lera n ce  le v e l)  o f  ~ 50 %. All th e  fo llow in g  d is c u s s io n s  

c e n tr e  on f i t s  d er iv ed  u s in g  th is  v a lu e  alone.

(iii) S te p s iz e  :

F inally , th e  u se r  is  req u ired  to  s p e c ify  an estim ate  o f th e  total 

" d ista n ce” allow ed b etw een  th e  s ta r t in g  p o in t (as d efin ed  on  th e  b a sis  

o f th e  u s e r -su p p lie d  in itia l in p u t p aram eters) and th e  fin a l so lu tion . A 

ca r e fu l ch o ice  o f th is  fa c to r  h e lp s  to p r e v e n t m athem atical overflow  

problem s d u rin g  ca lcu la tio n  and a lso  e n s u r e s  th a t th e  minimum found  

is  a "local" one -  "distant"  minima may w ell h ave  a sm aller overa ll 

sum o f sq u a r e s  o f r e s id u a ls  b u t ex p er ien ce  in d ic a te s  th a t th e  ou tp u t
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v a lu e s  th u s  g en era te d  are  u su a lly  in va lid . Of co u rse , care  has to  be  

ad op ted  in  th e  ch o ice  o f  th is  param eter s in ce  r e s tr ic t in g  th e f it  to a 

v e r y  sm all s te p  s iz e  may r e s u lt  in th e  ro u tin e  b e in g  u nable to fin d  a 

minimum at all. On b alan ce it  w as d ec id ed  th a t, s in c e  th e p o in t o f th e  

"local" minimum is , b y  d e fin itio n , unknow n, th e  d e fa u lt va lu e  for th e  

s te p s iz e  w ould be ch o sen . As w ith  (ii) ab o v e , th is  param eter is  a lso  

u n ch a n g ed  in  all s u b s e q u e n t  d isc u ss io n s .

Tim ing t e s t s  rev e a led  th a t MAXCAL w as f ir s t  ex ceed ed  a fte r  35 

m ins o f CPU time had b een  u sed  w hen  in co rp o ra tin g  a model 

com bination  o f 6 fr e e  p aram eters to a data a rra y  o f some 500 su r fa ce  

b r ig h tn e s s  m easures.

Sim ilar m ethods h ave  r e c e n t ly  b een  d escr ib ed  b y  Kodaira e t  al

(1986) and b y  Schom bert & B othun  (1987), w hich  aim to m inim ise th e  

sum s o f sq u a r es  o f r e s id u a ls  or th e x^ r e s p e c t iv e ly  o v e r  th e ava ilab le  

param eter sp a ce  o f a tw o-com pon en t (exp on en tia l + r^ law) model 

com bination  u s in g  le a s t - s q u a r e s  te c h n iq u e s . The la tter  m ethod is  

fou n d  to  rec o v er  th e  s tr u c tu r a l p aram eters o f in te r e s t  w ith v a r ia tio n s  

in  in p u t e stim a tes  o f up to ± 20 %, b u t d if fe r s  from th e  p r e se n t  

tech n iq u e  in  a d o p tin g  an ex ten s io n  o f th e  ite r a t iv e  "disc + bulge"  

schem e d evelop ed  b y  K orm endy (1977a) and is  th e r e fo r e  ex p ected  to  

be co n stra in ed  b y  th e  lim itations o f th at schem e a s  o u tlin ed  in  sec tio n

III .2 ab ove. I t a lso  d if fe r s  from my ro u tin e  in th a t ex p lic it  b ou n d aries  

are im posed for  th e  reg io n  o f  param eter sp a ce  to be sea r c h e d , th e se  

b e in g  d efin ed  on th e  b a s is  o f th e  ex p ected  r a n g e s  in  su ch  param eters  

th o u g h t to be p h y s ic a lly  r e a lis t ic . In  th e p r e se n t  m ethod I do not 

ad op t a n y  su ch  b ou n d s a s  it  w as co n s id ered  th a t su ch  lim its could  

not be re lia b ly  d efin ed . F urtherm ore, th e ir  m ethods do not seek  to
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in v e s t ig a te  th e  e x is te n c e  o f a p o ss ib le  "interm ediate" com ponent in  

sp ira l g a la x ies  and le n tic u la r s  a s  is  in ten d ed  h ere.

III.5 T estin g  th e  program  on a "model" ga laxy

I now o u tlin e  th e  f ir s t  o f a s e r ie s  o f t e s t s  co n d u cted  w ith  a v iew  

to  determ in in g  th e  o p era tin g  c h a r a c te r is t ic s  o f th e  m odelling  

algorithm . The "model" g a laxy  co n cern ed  w as c o n str u c te d  by  

p ro d u c in g  an arra y  o f " su rfa ce  b r ig h tn e ss"  v a lu e s  a s  a fu n c tio n  o f  

g a la c to c e n tr ic  d is ta n ce  and Z -h e ig h t, sp e c if ie d  on  th e  b a s is  o f a 

num ber o f d es ir e d  com p on en ts and th e  model p aram eters ad op ted  for  

th e se  com p on en ts. In a d d ition , e r r o r s  w ere a s s ig n e d  to  each  p o in t on  

th e  b a s is  o f th e  fo llow in g  ’ex p ected  u n c e r ta in tie s  (as a fu n c tio n  o f  

su r fa c e  b r ig h tn e s s )  :

20 < p < 23 mag a r c se c  2
23 < u < 25
25 < u < 27
27 < u

a ss ig n e d  erro r 0.02 mag. arcsec~2  
0.04 mag. arcsec~2  
0.08 mag. a r c se c “2 
0.20 mag. arcsec~2

S u ch  v a lu e s  co rr esp o n d  q u ite  c lo se ly  to  th e  actu a l s c a tte r  in  ju 

ty p ic a lly  found  in  s tu d ie s  o f th is  k ind . The a b ove e r r o r s  are  a s s ig n e d  

at each  p o in t to  allow  one to  perform  w eig h ted  le a s t - s q u a r e s  f i t s  to  

th e  model data.

An ad d ition a l fe a tu r e  o f  th e  program  allow ed th e  p o s s ib ility  o f

" sk ip p in g  over"  sp e c if ie d  row s o f in p u t m odel data b efo re  the

program  w as ru n . T his en ab led  on e to  sim ulate th e  d ecrea sed

co n tr ib u tio n  from a th in  d isc  to th e  r e su lta n t  p r o file s  -  and h en ce

t e s t  th e  v ia b ility  o f th e  program  in  d isc e r n in g  not o n ly  th e  param eter  

v a lu e s  a s s ig n e d  to each  com ponent, b u t more g e n e r a lly  th e num ber of 

com p on en ts a c tu a lly  th o u g h t lik e ly  to e x is t  in  th e  data b ein g  u sed .
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S ystem a tic  e r r o r s  (as m ight r e s u lt  from an in c o r r e c t  ch o ice  o f sk y  

va lu e) w ere sim ulated  b y  sim ply  a d d in g  th e  ad op ted  err o rs  s e t  ou t  

a b ove  to  th e  model data v a lu e s  th em se lv es . M odelling th en  p roceed ed  

as fo llow s :

a). U sin g  all th e  ava ilab le  model data, f i t s  w ere ru n  b ased  on th e  se t  

o f p aram eters u sed  to  g e n e r a te  th e  in itia l d a ta se t. T his s e r v e d  to  

e n su r e  th a t th e  f it t in g  program  w ould g e n e r a te  th e  in itia l in p u t

p aram eters u sed  to d e fin e  my "model" ga la x y , and r e s u lt s  sh ow ed  th at  

th is  w as in d eed  fou n d  to  be th e  ca se .

b) A fo llo w -u p  s e r ie s  o f  ite r a tio n s  w ere th en  perform ed b y  

se q u e n tia lly  ch a n g in g  th e  in itia l estim a tes  for  th e  p aram eters to  be  

m inim ised. T h ese w ere o f c o n s id era b le  v a lu e  in  d e fin in g  th e  re lia b ility  

o f th e  program  to g e n e r a te  th e  same o u tp u t p aram eters from a (w id ely  

v a r y in g )  s e t  o f in p u t e stim a tes .

c ). V arying am ounts o f th in  d isc  co n tr ib u tio n  w ere  sam pled (u sin g  th e  

m ethod d escr ib ed  ab ove) and s te p  (b) w as th en  rep ea ted .

The la tte r  tw o s te p s  w ere co n tin u ed , sy ste m a tica lly  c h a n g in g  th e  

in p u t p aram eters a fte r  each  s u c c e s s fu l  iter a tio n , u n til th e rou tin e  

fa iled  to  co n v e r g e .

The r e s u lt s  o f su ch  t e s t s  show ed  th e  a lgorithm  to  be v e r y  r o b u st  

to a w ide v a r ie ty  o f  in p u t m easu res. For exam ple, in  th e  ca se  o f a 

sim ple "exponentia l model + r^ law profile"  com bination , id en tica l 

o u tp u t v a lu e s  w ere r ec o v ered  (w ith in  th e  ro u n d in g  err o rs) from

v a r ia tio n s  in  th e in p u t c e n tr a l su r fa c e  b r ig h tn e s s  in  both  m odels o f  

± 2 mag. arcsec '^ ; jn exp on en tia l s c a le h e ig h t  o f  ̂ ± 14 a r c se c s  (± 80

The e f fe c t  o f  sy ste m a tic  e r r o r s  :
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%),' ex p o n en tia l s c a le le n g th  ± 34 a r c s e c s  (± 30 %); law axis ratio  ~

± 0.2 (± 30 %); and r^ law sc a le le n g th  ± 20 a r c se c s  (± 33 %). S ev era l

s e r ie s  o f  iter a tio n s  ru n  a t each  s te p  g en era te d  fin a l o u tp u t

p aram eters w hich  w ere c o n s is te n t  b etw een  one ru n  and th e  next, and

te s t i fy  to th e r e lia b ility  o f th e  v a lu e s  th u s  p ro d u ced . In  ad d ition , th e  

model w as c le a r ly  ab le  to  d e fin e  r u n s  in  w hich  th e  "wrong" model 

com binations w ere b e in g  a p p lied  to th e  data -  w rong in  th is  s e n se  

m eaning a ttem p ts to  d e sc r ib e  a "model" g a laxy  made up o f a

tw o-com pon en t m odel com bination  b y  a th ree -co m p o n en t f it  and

v ic e -v e r s a . E x c e ss iv e ly  la rg e  sum s o f sq u a r e s  o f r e s id u a ls , red u ced  

and , le s s  re lia b ly , num ber o f iter a tio n s  req u ired  b efo re  c o n v e r g e n c e ,  

w ere all good  d ia g n o stic s  o f su ch  an  in a p p ro p ria te  m odel or th e  u se

o f in su ff ic ie n t  data (as o ccu red  w hen  th e  th in  d isc  co n tr ib u tio n  w as

rem oved e n t ir e ly ) .

The ad d ition  o f random  n o ise  :

Random n o ise  a t a n y  p o in t in  th e  model data  a rra y  w as g en era te d  

b y  th e  u se  o f a random  num ber g en era to r  (RNNORM), b ased  on a mean 

o f zero  and a a  eq u a l to  th e  erro r  a s s ig n e d  to  th a t p articu la r  p o in t 

in  th e  arra y . S u ch  n o ise  w as th en  ad d ed  to th e  ca lcu la ted  su r fa ce  

b r ig h tn e s s , a v isu a l in sp e c tio n  o f th e  r e s u lt  in d ica tin g  c lo se  

resem b lan ce  to a ctu a l p r o file s  in  term s o f th e  ty p ic a l s c a tte r  o b se r v e d  

at a n y  p a rticu la r  /U.

The sam e f it t in g  p r e c e p ts  ou tlin ed  ab o v e  w ere  ad op ted  h ere. The 

m ost notab le fe a tu r e  w as a c o n s id e r a b ly  in crea sed  sum o f sq u a r es  of 

r es id u a ls  d er iv ed  w hen  in co rp o ra tin g  su ch  e r r o r s  (ty p ic a lly  0.1 to 1.0 

com pared to  ~ 10~6 or 10“  ̂ as found  p r e v io u s ly ) . It w as noted th at 

to  a ch ie v e  a f it , cer ta in  p aram eters had to  be fixed  a t sp ec ified
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v a lu e s . E xperim entation  in d ica ted  th a t w hen an law p ro file  was 

u se d , it  w as g e n e r a lly  th e  p aram eters for  th is  com ponent w hich w ere  

th e  m ost d iff ic u lt  to co n stra in , in  p a rticu lar  th e  sca le le n g th  ee> Once 

th e  la tte r  was fix ed , rep ea ta b le  f i t s  w ere g en era te d  to w ith in  th e

ro u n d in g  er r o r s  o f ~ on e p art in 10^, and w ith  eq u a lly  a ccu ra te  

o u tp u t e stim a tes  fo r  th e  in p u t p aram eters to  th o se  fou n d  p r e v io u s ly .

A gain th e  program  w as fou n d  to be ex trem ely  s u c c e s s fu l  at

iso la tin g  c a s e s  in w hich  in a p p ro p ria te  com p on en ts w ere b e in g  f it te d  to

th e  data b e in g  u sed . In su c h  c a se s  bad f i t s  w ere e v id e n c e d  e ith e r  b y

th e  fa ilu re  o f c o n v e r g e n c e  (i.e . th e  num ber o f iter a tio n s  ex ce ed in g  

50), p rem ature e x its  from th e f it  b eca u se  o f sim ple arith m etic  e r r o r s ,  

or red u ced  X̂  v a lu e s  a fa c to r  o f  ~ 2 to  5 g r e a te r  th an  b efore .

In ad d ition , th e  r e p ro d u c ib ility  o f  th e  fin a l o u tp u t v a lu e s  w ere

aga in  confirm ed b y  ru n n in g  a s e r ie s  o f  f i t s  w ith  la r g e  v a r ia tio n s  in

in p u t, id en tic a l r e s u lts  b e in g  g iv e n  in  all c a s e s  w hen good  f i t s  to th e

data w ere in it ia lly  ob ta in ed . The q u a lity  o f  th e  f i t s  w ere n ev er

im proved  b y  alter»««* th e  in itia l e s tim a tes  o f th e  p aram eters to be
«»

m inim ised. The m odelling a lso  p roved  to  be v e r y  s e n s it iv e  to  th e  

am ount o f th in  d isc  rem oved from th e  t e s t  data  b efo re  th e  f it  was 

made, as one w ould ex p ect. I t is , h o w ev er , im portant to  note th a t th e  

ro u tin e  ex p lic it ly  s e e k s  to m inim ise th e  sum o f sq u a r e s  o f re s id u a ls ,  

ra th er  than  th e  x^. P relim inary t e s t s  in d ica ted  th a t th e  en d p o in ts  o f a 

p a rticu la r  itera tio n  did not n e c e s sa r ily  y ie ld  th e sm allest x^ v a lu es . 

For th is  rea so n , s u b se q u e n t  d isc u ss io n  w ill p r in c ip a lly  fo cu s  on  

r e s u lts  d ed u ced  from com p arison s o f th e  sum o f sq u a r e s , the  

im portance o f  th e X̂  (or red u ced  X^) o n ly  b e in g  noted  in c a se s  w hen  

th e  form er w as u n ab le  to  d is t in g u ish  b etw een  r e s p e c t iv e  model
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com binations.

In th is  sec tio n  I d e sc r ib e  th e  r e s u lt s  o f t e s t s  carr ied  ou t u s in g  

e x is t in g  litera tu re  data fo r  th e  e d g e -o n  sp ira l ga laxy  NGC 891. The 

data co n cern ed  are th e  J, F and U’ p a ssb a n d  p h o to g ra p h ic  m aterial o f  

van  der K ruit & S earle  (1981b, h era fter  KS81) and k in d ly  made 

ava ilab le  b y  th e  f ir s t  a u th or . T heir u se  in  th is  co n tex t are  o f  

p a rticu la r  va lu e  in  a llow ing  one to  com pare d ir e c t ly  w ith th o se  

p aram eters d er iv ed  b y  van  d er Kruit & S earle  u s in g  th e ir  own  

tec h n iq u e , a s  w ell a s  c o n tr a s t in g  w ith  th e  m ethod (and th e  r e su lts )  o f  

B ahcall & K ylafis (1985) who make u se  o f th e  same data s e t . An 

ad op ted  d is ta n ce  to  th is  g a laxy  o f 9.5 Mpc is  tak en  from KS81.

One is  f ir s t  req u ired  to  d efin e  th e  err o r  d is tr ib u tio n  for  th e  data  

b e in g  m odelled. Such  e r r o r s  w ere ty p ic a lly  d efin ed  b y  th e  sc a tte r  in  

th e  m easu res o f ¡X a t a n y  p a rticu la r  p o sitio n  on  th e  g a laxy  b etw een  

th e  p la te s  u sed  (see  f ig u r e  4 o f KS81). T his p ro ced u re  w as follow ed  

b y  ta k in g  all th e  ava ilab le  su r fa c e  b r ig h tn e s s  p r o file s  in  a p articu lar  

band and norm alising  them  at a Z -h e ig h t ab ove th e  p lane o f 32 

a r c s e c s  (i.e . sc a lin g  each  p ro file  su ch  th a t th e  su r fa c e  b r ig h tn e s s e s  

w ere eq u a l a t th a t Z). The r e su lta n t  sc a tte r  in  Ai w as tak en  a s  th e  

ty p ica l u n c e r ta in ty  e x ce p t in  th e  reg io n  o f norm alisation  and o v e r  the  

fa in te s t  le v e ls  w h ere  too  few  data p o in ts  e x iste d  to  d e fin e  a re liab le  

erro r . In th e se  c a s e s  I sim p ly  in terp o la ted  th e  e r r o r s  a c r o ss  su ch  

re g io n s  -  from Z ~ 20 to  40 a r c s e c s  a t  th e  p o in t o f norm alisation , and  

sm oothly  ex trap o la ted  fa in tw ard  from th e  la s t  Z -h e ig h t at w hich a 

s u ff ic ie n t  num ber o f in d iv id u a l su r fa c e  b r ig h tn e s s  m easu res ex isted  to

III .6 A pplication  o f th e  m odelling to  NGC 891
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d efin e  su ch  sc a tte r .

III .6.1 R esu lts

A m eth od ology  w as ad op ted  w h e reb y  I te s te d  th e  a p p lica b ility  of 

all p o ss ib le  tw o- and th r e e -  com ponent model com binations a d op tin g  

th e  form s d eta iled  in  se c tio n  III .3.1 ab ove. Table 3.1 g iv e s  th e  m odels 

te s te d  in  th e s e  s e r ie s  o f f i t s ,  and  o u tlin e s  th e ir  s ta t is t ic a l q u a lity  (in  

term s o f  th e  sum o f sq u a r e s  o f r e s id u a ls , th e  red u ced  X  ̂ and th eir  

a sso c ia te d  s ig n if ic a n c e  lim its b ased  on estim a tes  g iv e n  in  stan d ard  

ta b le s ) , w h ilst tab le  3.2 sh o w s th e  r e su lta n t  p aram eters d er iv ed  in  

each  p a rticu la r  ca se . An in sp e c tio n  o f ta b le  3.1 in d ic a te s  th a t th e  data  

for  th is  ga laxy , in  a ll c o lo u r s , can  be w ell approxim ated  b y  a sim ple 

tw o-com p on en t model. T h ese param eter v a lu e s  are aga in  " input 

estim ate  in varian t"  i.e . th e y  r e su lt  from a s e r ie s  o f  f i t s  run  w ith  

w id ely  v a r y in g  in p u t p aram eters and a s  su ch  are  v e r y  rep ro d u cea b le  

in  a ll c a se s .

In term s o f th e  sum o f sq u a r e s  o f r e s id u a ls  a lon e, it  is  c lear  th a t  

an eq u a lly  good d e sc r ip tio n  o f th is  g a laxy  can  be a ch ie v ed  b y  th e  

ad op tion  o f e ith e r  th e  exp on en tia l or sech^  form fo r  th e  th in  d isc  -  

th e  sum o f sq u a r e s  d iffe r in g  b y  no more th an  2 % w hen com paring  

su c h  m odels w ith in  each  p hotom etric  band. A sim ilar " fit-b y -f it"  

com parison  o f th e  co r r e sp o n d in g  red u ced  x^ estim a tes  y ie ld s  a 

s im ilar ity  a t ~ 93 %. In ad d itio n , a lth o u g h  th e  sum o f sq u a r e s  fa il to  

d iffe r e n tia te  th e  m ost a p p ro p ria te  model form fo r  th e  n o n -th in  d isc  

lig h t , an in sp e c tio n  o f ta b le  3.1 in d ic a te s  a m arginal im provem ent in  

th e  red u ced  X  ̂ estim a tes  w ith th e  ad op tion  o f th e  sech^  form. 

H ow ever, a more d eta iled  com parison  o f  th e se  red u ced  X̂  v a lu es
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(e ith er  on a " f it-b y -f it"  b a s is  or b y  form ing a v era g ed  v a lu es)

in d ic a te s  th a t su ch  an im provem ent is  not s ta t is t ic a lly  s ig n ific a n t. To

illu s tr a te  th e  q u a lity  o f th e  r e s u lt s  th u s  ob ta in ed , f ig u r e  3.1 sh ow s a 

r e p r e se n ta t iv e  se le c tio n  o f m odel f i t s  to  in d iv id u a l (J band) profile  

c u ts  a d o p tin g  th e  d ou b le  sech^ m odel com bination o f tab le  3.2.

A n otab le  p o in t from  se c t io n  (a) o f tab le  3.2 is  th e  h igh  d e g r e e  of 

r e p ro d u cea b ility  o f th e  fin a l m odel p aram eters b etw een  th e  v a r io u s  

m odel com binations. T here is  a lso  a la r g e  d e g r e e  o f s im ilarity  b etw een  

r e s p e c t iv e  sca le  p aram eters in th e J and F p a ssb a n d s , a s  e v id e n c ed  

b y  th e  ra tio s  o f th e  a v era g e d  p aram eters g iv e n  in  tab le  3.3. The (J-F ) 

co lour in d ex  o f th e  th in  d isc  model a s  g iv e n  in tab le  3.3 com pares  

fa v o u ra b ly  w ith  th e  estim ate o f 0.99 quoted  b y  KS81 for  th is  ga laxy .

H ow ever, p ron ou n ced  d if fe r e n c e s  are  fou n d  in a ll p aram eters w hen  

one com pares r e s u lt s  for  th e  J or F b an d s w ith  th o se  ob ta in ed  in  U ’ 

-  p a r ticu la r ly  so  w hen com paring U’ and F band r e s u lts . The 

d is tr ib u tio n  o f  a sso c ia ted  e r r o r s  is  v e r y  d iffe r e n t  in  th e  U’ band than  

in  e ith e r  J or F, a p o in t p rob ab ly  o n ly  g iv in g  r ise  to d if fe r e n c e s  in  

th e  s ta t is t ic a l " q u a lity -o f-f it"  p aram eters g iv e n  in  tab le  3.1. An 

ad d ition a l rea so n  fo r  th e  param eter d if fe r e n c e s  in  tab le  3.3 may stem  

from  th e  co lour g r a d ie n t noted  b y  van  der K ruit & S earle . The 

e x is te n c e  o f su ch  a g ra d ie n t, se e n  a s  a b lu er  co lour o f th e  d isc  lig h t  

a t la r g e r  g a la c to c en tr ic  d is ta n ce , w ould be ex p ected  to  h ave  some 

e f fe c t  on a com parison  o f  th e  d er iv ed  model p aram eters b etw een  each  

p a ssb a n d , b u t p a r ticu la r ly  so  b etw een  U’ and F (as is  s e e n  to  be th e

c a se  in tab le  3.2) w here th e  d iffe r e n c e  in e f fe c t iv e  w a v e len g th s  is

g r e a te s t .  F u rth erm ore, th o se  d er iv ed  th in  d isc  co lour in d ic e s  show n in 

tab le  3.3 in co rp o ra tin g  th e  U’ band are  c o n s id e r a b ly  red d er  than the
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v a lu e s  q u oted  b y  van  d er K ruit & Searle  (for w hich  (U’-F ) = 1.15 and  

(U ’-J ) = 0 .16). The rea so n  fo r  th is  is  alm ost c e r ta in ly  due to th e  

in c lu s io n  in  th e  p r e s e n t  m odelling schem e o f a ll th e  ex p ected  th in  d isc  

l ig h t  -  KS81 o n ly  c o n s id e r  data tak en  a t Z  ̂ 32 a r c se c s  to avoid  

contam ination  o f th e  lu m in osity  p r o file s  b y  d u st  ob scu ra tio n . An 

in sp e c tio n  o f th e  d is tr ib u tio n  in  (U ’-F ) (th e ir  f ig u r e  3) sh ow s th at  

in ter io r  to  Z ~ 1 k p c and (R ~ 10 k p c, th e  d isc  is  dom inated b y

so u r c e s  w ith  (U’-F ) r e d d er  than  1.6 -  1.8. T h is co n c lu s io n  is

confirm ed  w hen  p r o g r e s s iv e ly  la r g e r  am ounts o f  th e  th in  d isc  are

rem oved from th e  p r o file s  b efo re  f it t in g . I f in d  th a t rem oval o f data  

to a Z -h e ig h t o f 21 a r c s e c s  h as v e r y  lit t le  e f f e c t  on th e  d er iv ed  model 

co lour in d ic e s  in  a ll b an d s (b eca u se  th e  data p o in ts  b e in g  rem oved  

are a s s ig n e d  a v e r y  low w e ig h t on a cco u n t o f  th e ir  v e r y  la rg e  

a sso c ia te d  e r r o r s ) , w h ils t  th e  rem oval o f  more th in  d isc  co n tr ib u tio n  

to  Z ~ 32 a r c s e c s  r e s u lt s  in  a red u ctio n  o f a ll co lour in d ic e s  (i.e . a 

p r o g r e s s iv e  tren d  tow ard s b lu er co lou r), th e  form o f w hich  is  

id en tic a l to  th a t se e n  in  th e  KS81 data.

The r e s u lt s  o f KS81 s u g g e s t  a fa r  la r g e r  co lour g r a d ie n t in  (U’-F )  

in  th e  n o n -th in  d isc  com ponent th an  is  se e n  in  th e  d isc , to g e th e r

w ith  one in , to a le s s e r  d e g r e e , (U ’-J ) . One m ight, th e r e fo r e , ex p ect  

th e r e  to  be s ig n if ic a n t ly  la rg er  d if fe r e n c e s  in  sca le  p aram eters  

b etw een  U’ and J or F p a ssb a n d s  th an  w as fou n d  to be th e  ca se  for  

th e  m odel th in  d isc  -  an in sp e c tio n  o f ta b le  3.3 confirm s th is

p red ic tio n . In d eed , on  th e  b a s is  o f th e  stan d ard  e r r o r s  q u oted  in th at  

tab le , th e  d if fe r e n c e s  in  s c a le h e ig h ts  in  both  ex p o n en tia l and sech^ 

th ick  d isc  model form s are in  e x c e s s  o f 10a (J:U’) and 14a (U’:F). 

S u ch  a co lour g ra d ie n t, cou p led  w ith  th e  e f f e c t s  o f in c lu d in g  all the  

th in  d isc  p hotom etric  data a s  n oted  p r e v io u s ly , is  a lso  lik e ly  to
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a cco u n t for  an y  d isc r e p a n c ie s  w hich  m ight e x is t  b etw een  th e  (U’-F )  

and (U’-J ) co lour in d ic e s  fou n d  h ere  and th o se  q uoted  b y  van  der  

K ruit & S earle . A gain th e  ava ilab le  e v id e n c e  in d ica te s  a v e r y  sm all, if  

an y , g r a d ie n t in  (J -F ) -  p r e c ise ly  th e  r e s u lt  one w ould ex p ect on th e  

b a s is  o f th e  g r e a t  s im ilarity  in all th ick  d isc  model com ponents  

b etw een  th e se  p hotom etric  p a ssb a n d s  se e n  in  tab le  3.3. Table 3.4 

com pares th e  " b est-fit"  p aram eters o f  th e  tw o-com pon en t " exp ./sech ^  

+ ex p ./sech ^ "  m odel com binations (cu lled  from  tab le  3.2) w ith th e  

c u r r e n t ly  ava ilab le  param eter v a lu e s  for  th is  sy ste m  as g iv e n  in  th e  

lite r a tu r e . In all c a s e s  th e  a g reem en t w ith  th e  r e s u lt s  o f van  der  

Kruit & S earle  is  r ea so n a b ly  good , a lth o u g h  d if fe r e n c e s  are a p p a ren t  

b etw een  th e  p r e se n t  v a lu e s  and th o se  o f B ahcall & K ylafis (1985) -  a  

poin t I r e tu rn  to below .

I t  is  a lso  o f  in te r e s t  to  in v e s t ig a te  th e  r e s u lt s  o f  su p e r p o s in g  a 

tw o-com p on en t model com bination  o f ex p o n en tia l or sech^ th in  d isc  

model and an r^ law p ro file  to  th e  NGC 891 data. Table 3.1 sh ow s th a t  

th e  ad op tion  o f a n y  su ch  com bination  g iv e s  a som ew hat p oorer f it  to 

th is  g a laxy  b ased  on com p arison s o f e ith e r  th e  sum  o f sq u a r e s  or th e  

red u ced  X -̂ A " f it-b y -f it"  com parison  o f th e  r e s p e c t iv e  red u ced  X̂  

estim a tes  y ie ld  s ta t is t ic a l d eg ra d a tio n s  in  th e  g o o d n e s s -o f - f i t  from

99.5 % (w ith th e  ad op tion  o f a sech^  model) to 97.5 % (w ith  an r^ law  

p rofile ) in J, 99,5 % to 99.0 % in U’ and 99.0 % to 97.5 % in  F. T hus, 

w ere on e to  ex c lu d e  all m odel com binations a t e ith e r  th e  99.5 % or 99.0 

% co n fid en ce  le v e ls , a tw o-com p on en t m odel com p risin g  a 

" sech ^ /ex p o n en tia l d isc  + r^ law" com bination  w ould be re je c te d  in  

fa v o u r  o f th e  " ex p ./sec h ^  + ex p ./sech ^ "  s e t . H ow ever, in  view  o f the  

s tr o n g  d ep en d an ce  o f  su c h  p ro b a b ilit ie s  on the adop ted  error  

d is tr ib u tio n  (see  sec tio n  III .7 below ), a more m ean ingfu l com parison
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r e s u lt s  from  an in sp e c tio n  o f c h a n g e s  in  th e  sum o f sq u a r es  b etw een  

th e  r e s p e c t iv e  f it s .  A " fit-b y -f it"  com parison  from tab le 3.1 y ie ld s  th e  

fo llow in g  :

FSUMSQ (exp . model : sech^ model : p r o f i l e )
= 1 .2 1  (± 0 .0 4 ) : 1 : 1 .71  (± 0 .0 4 ) in  J ,
= 1 .0 6  (± 0 .0 6 ) : 1 : 1 .1 2  ( - )  in  U’ ,
= 1 .15  (± 0 .0 6 ) : 1 : 1 .2 7  (± 0 .0 2 ) in  F,

w hich , on th e b a s is  o f  th e  quoted  sta n d a rd  e r r o r s , am ount to ;> 3a

e f fe c t s  in J or F.

When one s tu d ie s  th e  r e su lta n t  model p aram eters g iv e n  in tab le

3.2 it  is  e v id e n t  th a t, w hile th e th in  d isc  model p aram eters are in  

good agreem en t w ith  all th e s e  v a lu e s  in  a lte r n a tiv e  tw o-com p on en t  

model com binations, /Jg and 6e for th e  law show  v e r y  large

d isc r e p a n c ie s  b etw een  th e  r e s p e c t iv e  photom etric  b a n d s. Only th e ax is  

ratio  q, fo r  w hich  I f in d  a mean o f 0.57 (±0.01), a p p ea rs  to  be

in v a r ia n t from one m odel com bination  to th e  n ext and b etw een  th e  

v a r io u s  p a ssb a n d s . T h u s, w h ils t  th e  d er iv ed  s ig n if ic a n c e  le v e ls  

in d ica te  o n ly  a m arginal d iffe r e n c e  b etw een  th e  model f i t s  to th e  NGC 

891 data w hich  u se  an exp on en tia l or sech^  p ro file  o v e r  th o se  

ad o p tin g  th e  r^ law form , a com parison  o f both  th e  d er iv ed  sum of  

sq u a r e s  and red u ced  in each  ca se  in d ica te  co n sid era b le

im provem ent w ith  th e  u se  o f  th e  form er o v e r  th e  la tte r . I f th e  

d er iv ed  f i t s  are  a lso  req u ired  to rep ro d u ce  th e  ava ilab le  litera tu re  

data  for  th is  o b je c t , th e  a b ove co n c lu s io n  is  s tr e n g th e n e d  b y  th e  

im p lau sib ly  d isco rd a n t model p aram eters b etw een  p a ssb a n d s  which  

r e su lt  w hen  a d o p tin g  th e  r^ law p ro file .

T his r e s u lt  is  o f som e im portance in  th e  lig h t  o f the main 

c o n c lu s io n s  d er iv ed  b y  Bahcall & K ylafis (1985) who a rg u e  th at su ch  a
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d is tin c tio n  b etw een  m odel form s can n ot be made, in th is  or an y  o th er  

g a laxy , on th e  b a s is  o f c u r r e n t ly  ava ilab le  photom etry . S in ce th ere  is  

no e v id e n c e  to th e  c o n tr a r y , it  is  assum ed  fo r  p r e se n t  p u r p o se s  th a t  

th e  s tu d y  o f  Bahcall & K ylafis a d o p ts  an  erro r  d is tr ib u tio n  ak in  to  

th a t o f  v a n  d er K ruit & S earle  and h en ce  e s s e n t ia lly  id en tica l to th a t  

u sed  h ere . The rea so n  fo r  th e  d if fe r e n c e s  in  th e  p r e s e n t  co n c lu s io n s  

and th o se  o f B ahcall & K ylafis may lie  in  th e  n atu re  o f th e  model 

form s ad op ted .

In f ig u r e  3.2a I p lo t th e  d iffe r e n c e  in  d er iv ed  su r fa c e  b r ig h tn e s s  

d is tr ib u tio n s  b etw een  th e  r^ law (labelled  Vauc) an<  ̂ an

ex p o n en tia l (t^exp) model a lon g  a p ara lle l p ro file  ca lcu la ted  at a 

Z -h e ig h t o f 1.5 k p c -  a v a lu e  w hich , a t th e  d is ta n ce  o f NGC 891, 

c o r r e sp o n d s  to a p ro file  u n a ffe c te d  b y  lik e ly  d u st  contam ination  from  

th e  g a la c tic  p lane b ased  on th e  ex p ec ta tio n s  o f  KS81. The model 

p aram eters u sed  in  each  ca se  are th o se  d er iv ed  from th e  p r e se n t  

m odelling r e s u lt s  in  th e  F b a n d p a ss  fo r  th e  n o n -th in  d isc  com ponent 

o f NGC 891 and q u oted  in  tab le  3.2. The a sso c ia te d  erro r  b ars are  

ca lcu la ted  on th e  b a s is  o f th e  erro r  in  th is  m agn itude d iffe r e n c e  

(w hich  in tu rn  are  d er iv ed  from th e  ad op ted  erro r  d is tr ib u tio n  in  F 

o u tlin ed  in  se c tio n  III .6 a b o v e). E v id en tly  to  an IR ~ 3 k p c (~ 1.3 6e or 

0.7 hp a ssu m in g  th e  a v e r a g e  v a lu e s  g iv e n  in tab le 3 .2), th e  two 

m odels ap p ear  to  be e s s e n t ia lly  id en tic a l w ith in  th e  q u oted  e rr o rs . 

B eyond th is  p o in t th e y  d iv e r g e  (in th e s e n s e  o f th e  r^ law profile  

becom ing p r o g r e s s iv e ly  fa in ter  th an  th e  ex p on en tia l form a s iR 

in c r e a se s )  o u t to IR ~ 12 k p c, b eyon d  w hich a c o n sta n t d iffe r e n c e  of

1.2 mag. is  p red ic te d .

H ow ever, f ig u r e  3.2b is  o f more v a lu e  in  th is  reg a rd  as it  p lo ts

78



(a)

LO

cno
E

<DUa.
iq
6
I

Z = 1.5 kpc
. * * * * * * *

i  i— i i | i | i | . | i | i | i | ■ r

_•—  i— ■------- :— !— i--- ■— -—  —  '—  ■— l— « lj— i— l_

0 2 4 6 8 10 12 14 16 18 20
galactocentric  distance (kpc)

(b)
■g
’ov_V
£« O 
+ 
c 

's i

~  oa.
i
_  CO 
o  O

£  CO

é  o

n i 1 i 1 i 1 i 1 i 1 i 1 i i 1 r

* *

- h h -h -H

* * * * * * * * * *

a. Z = 1.5 kpc

-I-----I- ■ 1 ■
0 2 4 6 8 10 12 14 16 18 20

galactocentric  distance (kpc)
(c)

galactocentric  distance (kpc)

figure 3.2



th e  o v e r a l l  d isc r e p a n c y  a lon g  su ch  a para lle l p ro file  w ith  th e  e f fe c t  o f 

th e  th in  d isc  tak en  in to  acco u n t. The th in  d isc  model con cern ed  is  o f  

sech^  form and is  ch a r a c te r ise d  b y  th e  same  c o n s t itu e n t  param eters  

(aga in  cu lled  from tab le  3.2) in  both  com binations, w ith  th e  error  b ars  

ca lcu la ted  a s  in f ig u r e  3.2a. From th is  p lo t it  is  se e n  th a t th e  model 

form d e sc r ib in g  th e  n o n -th in  d isc  lig h t  e s s e n t ia lly  can n ot be d efin ed , 

w ith in  th e  e r r o r s , for  IR & 8 k pc. The (co n sta n t) d iffe r e n c e  o f ~ 0.4  

mag. b etw een  th e two com binations b eyon d  th is  p o in t is  s ig n if ic a n t  at 

th e  ~ 3 -4  a  le v e l fo r  a ll IR ou t to th e  la s t  m easured  p o in t a t 20 kpc  

(w here th e  ca lcu la ted  su r fa c e  b r ig h tn e s s  in  both  model com binations  

is  ~ 26 mag arcsec~2). H ence, from f ig u r e  3.2b it  is  con clu d ed  th a t  

B ahcall & K ylafis may fin d  no d iffe r e n c e  in  th e  r e s p e c t iv e  model 

com binations b eca u se  th e y  im pose a m agnitude lim it o f 25 mag a r c s e c -^ 

(m arked b y  th e  v e r tic a l arrow  in  f ig u r e  3.2b) and do not co n s id er  

data fa in tw ard  o f  th is  limit. A doption o f su ch  a lim it w ill lead  to th e ir  

sam pling  o n ly  " 4 k p c o f IR in  f ig u r e  3.2 (co rr esp o n d in g  to  ~ 1.7 0e or 

0,9 Iir) o v e r  w hich  to d is t in g u ish  b etw een  th e se  model form s -  

p o ten tia lly  too sm all a ra n g e  for  a n y  rea l d if fe r e n c e s  to  becom e 

a p p a ren t. Such  a co n c lu s io n  is  a lso  to be found  in  th e s ta r  cou n t  

a n a ly se s  o f Gilmore & Reid (1983). T hey w ere u n ab le  to  d is t in g u ish  

b etw een  an exp on en tia l and an r^ law p ro file  for  th e  n o n -th in  d isc  

lu m in osity  d is tr ib u tio n  in  ou r ow n Galaxy to Z ~ 5 k p c and IR ~ 3.5 6e . 

H ow ever, in  u s in g  all th e  ava ilab le  data, th e p r e se n t  m odelling  

p ro ced u re  overcom es th e  in a b ility  to d efin e  th e  m odel form m ost 

ap p lica b le  to  th e o u ter  p a r ts  o f NGC 891 b y  sam pling data to an IR in  

e x c e s s  o f 7 s c a le le n g th s . The data a t su ch  la rg e  IR (~ 18 k p c), d esp ite  

h a v in g  la rg e  a sso c ia te d  e r r o r s , are  cru c ia l in  th is  reg a rd  a s  th eir  

in c lu s io n  p la ces  a s u ff ic ie n t  c o n str a in t on th e  m odelling p r o c e ss  to  

allow  su ch  a d iscrim in ation  to be made. It is  im portant to note,
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h ow ever , th a t o n ly  data a t sm all Z -h e ig h ts  are req u ired  for  th is  goal 

to be a ch ie v ed  s in ce  th e  ex p on en tia l and r^ law m odels becom e  

e s s e n t ia lly  in d is t in g u ish a b le  a t la r g e r  Z -  as e v id e n c ed  b y  f ig u r e  3.2c  

w hich  sh ow s d if fe r e n c e s  in  r e s p e c t iv e  form s, a s  in  f ig u r e  3.2a, but  

ev a lu a ted  a t a Z -h e ig h t o f 3 k p c (~ 1.7 Kz on th e  b a s is  o f th e  v a lu es  

g iv e n  in tab le  3 .2).

D ifferen ce s  in  th e  c o n c lu s io n s  b etw een  r e s p e c t iv e  s tu d ie s  o f th is  

g a la x y  may a lso  a r ise  from  th e  cr ite r ia  ad op ted  in  d eterm in in g  th e  

a c c e p ta b ility  o f a p a rticu la r  model f i t  to  th e  data. B ahcall & K ylafis  

(1985) not o n ly  r e ly  on a com parison  b etw een  th e  sum o f sq u a r e s  o f  

r e s id u a ls , b u t a lso  on a v isu a l in sp e c tio n  o f th e  d e g ree  o f agreem en t  

w ith  th e  a ctu a l ga lax ian  iso p h o ta l co n to u rs . The la tte r  cr iter io n  is  

c le a r ly  h ig h ly  su b je c t iv e .

H ence, on th e  b a s is  o f th e  a rgu m en ts p r e se n te d  ab ove, and  

d e sp ite  th e  fa c t  th a t th e  p r e s e n t  m odelling p ro ced u re  w as u n ab le  to  

d is t in g u is h  b etw een  th e  r e s p e c t iv e  model form s in  th e  ca se  o f th e  

th in  d isc , it  w ould seem  th a t th e  co n c lu s io n s  o f  B ahcall & K ylafis are  

u n d u ly  p ess im istic . E x istin g  data a re  s u ff ic ie n t ly  a ccu ra te  to  d efin e  

th e  m ost lik e ly  m odel a p p licab le  to th e  n o n -th in  d isc  l ig h t  in  th is  

p a rticu la r  sy ste m  b ased  on th e  s ta t is t ic a l " q u a lity -o f-f it"  estim ators  

th u s  d er iv ed . P r e se n tly  ava ilab le  data in  th is  sy stem  ex ten d  to th e  

p o in t a t w hich  one w ould ex p e c t th e  r e s p e c t iv e  tw o-com p on en t m odels 

to  d iffer  b y  ~ 0.4 mag. T his m agn itude d iffe r e n c e  is  in d eed  r e flec ted  

in  th e  s ta t is t ic a l f i t  p aram eters o f tab le  3.1 -  it  th e r e b y  p r e c lu d e s  th e  

n e c e s s ity  for  th e o b se r v a tio n s  o f th is  g a laxy  to be a ccu ra te  to ~ 0.1 

mag. a t 1 % of th e  ad op ted  sk y  b r ig h tn e s s  le v e l (i.e . a su rfa ce

b r ig h tn e s s  o f Pp ~ 26.0 mag a r c s e c -^ in  th is  p articu lar  case) as
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req u ired  b y  Bahcall & K ylafis. T his d isc u ss io n , o f co u rse , a ssu m es no 

zero p o in t e r r o r s  in th e  data. The e x is te n c e  o f an y  su ch  sy stem a tic  

u n c e r ta in tie s  w ill be th e  predom inant ca u se  o f an y  d iffe r e n c e s  in  th e  

" q u a lity -o f-f it"  p aram eters b etw een  th e r e s p e c t iv e  p a ssb a n d s,  

a lth o u g h  th e y  w ill n ot a ffe c t  th e  ”f i t - b y - f i t ” com parisons w ith in  each  

band a s  u sed  p r e v io u s ly .

U se o f a th ree -co m p o n en t m odel :

I te s te d  th e  p o ss ib le  e x is te n c e  o f a th ree -co m p o n en t s tr u c tu r e  to 

NGC 891 prim arily  w ith th e  in ten tio n  o f  d e fin in g  w h eth er  th e  adoption  

o f an  ad d ition a l com ponent g iv e s  a s ta t is t ic a lly  s ig n if ic a n t  

im provem ent to  m odelling o f th is  sy stem , b u t a lso  to  d efin e  th e  

re lia b ility  o f th e  f it t in g  ro u tin e  it s e lf .  S u ch  t e s t s  a lso  fa c ilita ted  a 

com parison  to  p u b lish ed  w ork on th is  ga laxy , in  p a rticu la r  th e  s tu d y  

o f v a n  d er Kruit (1984) w hich  p r e s e n ts  th e  e f f e c t s  on th e  m odel f i t s  

o f th e  in c lu s io n  o f th ree -co m p o n en ts  (h is  f ig u r e  3). He co n c lu d es  th a t  

su c h  a com bination  g iv e s  a som ew hat b e tte r  f it  to th e  data than  d oes  

th e  sim ple tw o-com pon en t com bination  o f a sech^ th in  d isc  and law  

m odel form , b u t th is  p o in t w as n ot a d d r e sse d  in  a s ta t is t ic a lly  

m ean in gfu l w ay.

In th e p r e se n t  m odelling, I assu m e o n ly  an r^ law p ro file  for  the  

n o n -th in  d isc  com ponent in  th is  ga laxy , a p ro ced u re  w hich  e s s e n t ia lly  

lim its th e  p r e se n t  in v e s t ig a tio n  to one in v o lv in g  fou r  p o ss ib le  model 

com binations (nam ely th e  " sech ^ /ex p o n en tia l th in  d isc  + 

sec h ^ /e x p o n e n tia l th ick  d isc  + r^ law" s e t s ) .  As tab le 3.1 sh o w s, on ly  

3 o f  th e s e  p o ss ib le  com binations a ch iev ed  c o n v e r g e n c e , w h ilst a 

fu r th e r  m odel com bination w as u nable to a ch ie v e  a f it  for th e F band  

data, r e g a r d le s s  o f in p u t p aram eters te s te d . T h ese  param eters are
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aga in  co n sid ered  to  be v e r y  rep ro d u cea b le  in  th e  lig h t  o f th e  w ide  

v a r ie ty  o f su ch  in p u t estim a tes  w hich  w ere s t ill  found  to y ie ld  the  

o u tp u t v a lu e s  g iv e n  in  ta b le  3.2.

From a d eta iled  com parison  o f th e  f i t  p aram eters ou tlin ed  in tab le

3.1 for  th o se  model com binations w hich  w ere ab le to c o n v e r g e  to a

r e s u lt , it  is  c lear  th a t no s ig n if ic a n t  im provem ents r e s u lt  from th e  

ad op tion  o f an ad d ition a l m odel com ponent. For exam ple, I fin d  th a t a 

com parison  o f th e  r e su lta n t  sum o f sq u a r e s  b etw een  th e  r e s p e c t iv e  

(" sech ^ /ex p . th in  + se c h ^ /e x p . th ick  d isc ) tw o -, and th e ir

c o r r e sp o n d in g  th r e e , -com p on en t com binations, y ie ld s

_______ 1 : 0 .9 5  in  J ,
FSUMSQ (2 component : 3 component) = 1 : 0 .9 4  in  U ',

1 : 0 .9 6  in  F.

A side from th e  fa ilu re  o f  c o n v e r g e n c e  in  a ll b u t th e  3 

com binations show n in  tab le  3.2, and from th e  in a b ility  o f one su ch  

com bination  to m odel th e  F band data, th e  th ree -co m p o n en t m odels 

show  p ron ou n ced  d if fe r e n c e s  in  d er iv ed  model p aram eters. The la tter  

is  c le a r ly  se e n  in  tab le  3.5 w hich  in d ica te s  th a t, a s id e  from th e  th in  

d isc  p aram eters (w hich are  fou n d  to be v e r y  com parable to  th o se  o f  

tab le  3.3 p r e v io u s ly ) , la r g e  flu c tu a tio n s  are  p r e s e n t  in  all o th er  

co r r e sp o n d in g  v a lu e s  b etw een  th e  p hotom etric  b an d s. T his p o in t is  

v e r y  e v id e n t  for  both  0e and q in  tab le  3.5 (for re a so n s  n oted  ab ove  

w e would ex p ec t su ch  p aram eters to  be e s s e n t ia lly  id en tica l in  J and  

F a lth o u g h  th is  tab le c le a r ly  p r e c lu d e s  su c h  a r e su lt)  and in  the  

mean co lour in d ic e s  w hich  are  m ostly  ex clu d ed  on th e  b a s is  o f th e  

r e s u lt s  o f KS81, p a rticu la r ly  th o se  fo r  th e  e x p ./se c h ^  th ick  d isc  

com ponent. Based on a v isu a l in sp e c tio n  o f th e  f i t s  th u s  d er iv ed , the  

c a u se  fo r  th e la rg e  d e g r e e  o f s im ilarity  in f it  param eters in tab le 3.1
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b etw een  th e  tw o - and th ree -co m p o n en t s e t s  a r ise s  b eca u se  th e  

ou term ost com ponent in  th e  la tte r  is  a lw ays s u p p r e sse d  to su ch  an  

e x te n t  th a t th e s e  com binations e s s e n t ia lly  com p rise o f on ly  two model 

c o n s t itu e n ts  -  a p o in t con firm ed  b y  the s im ilarity  in th ick  d isc  

param eters b etw een  ta b le  3 .2(a) and  (b ), and  g ra p h ica lly  illu s tr a te d  in  

f ig u r e  3.3 w hich sh ow s model f i t s  to a r e p r e se n ta t iv e  s u b s e t  o f th e  J 

band p ro file s  u s in g  th e "sech^ + exp . + r^ law" model com bination  o f 

tab le  3.2. From th is  f ig u r e , it  is  c lea r  th a t th e  in c lu s io n  o f th e  

a d d itio n a l com ponent o n ly  becom es s ig n if ic a n t  in th e  v e r y  ou term ost 

r e g io n s  o f  an y  p erp en d icu la r  su r fa c e  b r ig h tn e s s  p ro file  (w here th e  

a sso c ia te d  e r r o r s  a re  lik e ly  to be in e x c e s s  o f  ~ 0.25 m ag.), and o n ly  

becom es dom inant (in term s o f it s  e f f e c t  on  th e  o v era ll sh a p e  o f th e  

summed model p rofile) b eyon d  th e  la s t  m easured  point.

III .7 M odelling NGC 891 u s in g  an a lte r n a tiv e  err o r  d is tr ib u tio n

With a v iew  to  d e fin in g  th e  r e lia b ility  o f  th e  p r e se n t  a lgorithm  a s  

a fu n c tio n  o f th e  erro r  d is tr ib u tio n  u se d , I p erform ed  an ad d ition a l 

s e r ie s  o f  t e s t s  in co rp o ra tin g  a much more r e s tr ic t iv e  d is tr ib u tio n  than  

th a t ad op ted  p r e v io u s ly . The e r r o r s  g iv e n  b y  J en sen  & T huan (1982) 

and d er iv ed  from th e ir  B and R p a ssb a n d  p h otom etry  o f  NGC 4565 

w ere ta k en , a fte r  "m agnitude w eigh tin g"  a s  o u tlin ed  in  se c t io n  III .8 

below , and w ere su ita b ly  m odified to th e  p r e s e n t  in v e s t ig a t io n s  o f NGC 

891 b y  u s in g  th e  c o n v e r s io n s  b etw een  th e  r e s p e c t iv e  photom etric  

sy ste m s  a s  o u tlin ed  in  KS81. T his a lte r n a tiv e  erro r  d is tr ib u tio n  is  

much more r e s tr ic t iv e  b eca u se  J en sen  & T huan claim small random  

e r r o r s  in th e ir  data s e t  a fte r  p la te -s ta c k in g  and b in n in g .
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III.7.1 R esu lts

In th e  l ig h t  o f th e  r e s u lt s  noted  p r e v io u s ly , th e  p r e se n t  s e r ie s  of 

f i t s  fo c u sse d  on  tw o-com p on en t model com binations a lone. As a r e su lt  

o f a d o p tin g  su ch  a r e s tr ic t iv e  d is tr ib u tio n  o f e r r o r s , th e  p r e se n t  

s ta t is t ic a l f i t  p aram eters are  co n s id e r a b ly  la r g e r  than  th o se  ob ta in ed  

p r e v io u s ly  -  tab le  3.6 g iv e s  th e ir  v a lu e s  in  all model com binations  

te s te d . N e v e r th e le ss , th e  r e su lta n t  p aram eters th u s  ob ta in ed  sh ou ld  be  

com parable to th o se  fou n d  p r e v io u s ly  in  th e  a b se n c e  o f an y  

sy ste m a tic  d if fe r e n c e s  b etw een  th e  two erro r  d is tr ib u tio n s  p r e s e n t ly  

ad op ted , and a com parison  o f th e  ”q u a lity -o f - f it s "  on a r e la t iv e  b a s is  

is  s t i l l  a ju st if ia b le  m eans o f com paring su ch  m odels.

On th e  b a s is  o f ju s t  su ch  a r e la t iv e  com parison  o f  th e  sum of  

sq u a r e s  (or in d eed  th e  red u ced  x^ estim a tes) q u oted  in tab le  3.6, th e  

ad op tion  o f an r^ law p ro file  for  th e  n o n -th in  d isc  data c o n s is te n t ly  

y ie ld s  a su p e r io r  f it  in  th e  U* and F b an d s o v e r  th e  a lte r n a tiv e  form s  

-  f ig u r e  3.4 sh ow in g  f i t s  in  F u s in g  th e  "sech^ th in  d isc  + r5* law  

profile"  com bination  o f tab le  3.7. Only in  J d o es  th e  u se  o f an r^ law  

g iv e  a s ig n if ic a n t ly  in fer io r  f i t  th an  th e  m ajority  o f th e  o th er  model 

p r o file s . Table 3.7 i l lu s tr a te s  th e  r e su lt in g  m odel p aram eters d er iv ed  

from th e s e  f i t s  -  th e  "exp. + exp." f i t  to  th e  J band p ro d u ces  v a lu e s  

p a r ticu la r ly  w orth y  o f com m ent. In su ch  a com bination , th e  th in  d isc  

m odel h as e v id e n t ly  b een  h e a v ily  su p p r e sse d  su ch  th a t th e  

su p e r p o se d  model is  e s s e n t ia lly  a s in g le  ex p on en tia l. The d iscord an t  

" q u a lity -o f-f it"  r e su lt in g  from u s in g  su ch  a com bination is  a lso  

e v id e n t  in  tab le  3.6, in  w hich  a red u ced  X̂ > la rg er  b y  a factor  o f ~ 20
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th an  a n y  o th er  s e t  in  th a t p articu la r  p a ssb a n d , is  fou n d .

N e v e r th e le ss , a com parison  o f th e  d er iv ed  " b est-fit"  param eters  

r e v e a l a good  a g reem en t b etw een  ta b le s  3.7 and 3.2 -  p a r ticu la r ly  so  

for  th o se  m odels in v o k in g  a sech^  form for th e th in  d isc . The

a g reem en t is  in d eed  s u p r is in g ly  good in  th e  l ig h t  o f th e  co n sid era b ly

d if fe r e n t  erro r  d is tr ib u t io n s  ad op ted  in  th e p r e se n t  m odelling

p r o c e d u r e s . A d eta iled  com parison  b etw een  th e  r e s p e c t iv e  model 

param eters o f  tab le  3.7 (i.e . a co ro lla ry  to ta b le s  3.3 and 3.5) fa ils  to  

in d ica te  a n y  s ig n if ic a n t  d if fe r e n c e s  b etw een  th e  r e s p e c t iv e  p a ssb a n d s. 

In p a rticu la r , th e  m arked s im ilar ity  b etw een  p aram eters in J and F 

b an d s confirm s th e  f in d in g s  o f sec tio n  III .6.1 ab ove.

The m ost s ig n if ic a n t  r e s u lt  in  th e  u se  o f  th is  a lte r n a tiv e  erro r  

d is tr ib u tio n , and one w hich  th e r e fo r e  w a rra n ts  a more ca re fu l

d isc u ss io n  than  d oes a d eta iled  p a ra m eter -b y -p a ra m eter  com parison  

from ta b le  3.7, is  th e  fa c t  th a t th e  ab o v e  c o n c lu s io n s  are  c o n tra ry  to  

th o se  ob ta in ed  p r e v io u s ly  (i.e . in  se c t io n  III .6 .1). E v id en tly  th e  

so lu tio n s  on e d e r iv e s  from  su ch  le a s t - s q u a r e s  f it t in g  p r o ced u res  

d ep en d  la r g e ly  on  th e erro r  d is tr ib u tio n  on e a d o p ts . T h is is  

p a r ticu la ry  w ell il lu s tr a te d  if  on e com pares f ig u r e  3.4 w ith  th e  

c o r r e sp o n d in g  F band f i t s  in  f ig u r e  3.5 a d o p tin g  a "sech^ + exp."  

model com bination . The d eg ra d a tio n  in  f i t  r e s u lt in g  from  th e  la tter  

com bination  (for w hich  th e  sum o f sq u a r e s  is  g r e a te r  th an  th a t in  

f ig u r e  3.4 b y  a fa cto r  ¡> 2.5) is  e n t ir e ly  due to  th e  v e r y  sm all e r r o r s , 

and th en ce  la rg e  w e ig h ts , a s s ig n e d  to data p o in ts  w ith in  th e  ran g e  24 

26 mag. arcsec~2 on th e b a s is  o f th e  p r e s e n t  "m agnitude 

w eighted"  erro r  d is tr ib u tio n . The " ex p ./sech ^  d isc  + r^ law profile"  

com binations are ab le to  f i t  th e se  p o in ts  to  a co n s id era b ly  b e tter
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d e g r e e  th an  are a lte r n a tiv e  com binations, a lth ou gh  th is  r e su lt  is  o ften  

fou n d  not to be th e  c a se  at both  th e  b r ig h te r  and fa in ter  e n d s  o f  

each  lu m in osity  p ro file . The law is , h ow ever , sp e c if ic a lly  exclu d ed  

in  th e  p r e v io u s  a n a ly se s  b eca u se  th e  a sso c ia te d  er r o r s  in  sec tio n  III .6 

a s s ig n  le s s  w e ig h t to  th e  P p  = 24 -  26 mag. a r c s e c ~ 2  ran ge , and th u s  

c o r r e sp o n d in g ly  more so  to  th e  ou term ost p a r ts  o f each  p rofile . 

[A lthough  f ig u r e s  3.1 and 3.3 show  th e J band d is tr ib u tio n , th o se  

e r r o r s  in  F are v e r y  sim ilar in  m agn itude a t each  co rr esp o n d in g  

Z -h e ig h t.]  U sin g  th e  err o r  d is tr ib u tio n  o f f ig u r e s  3.1 and 3.3, th e  

e x p . / s e c h ^  model form  is  ab le to d e sc r ib e  th e se  o u ter  r e g io n s  o f each  

p ro file  c o n s id e r a b ly  b e tte r  th an  is  th e  r^ law p ro file , prim arily  ow ing  

to  th e  v e r y  f la t  n a tu re  o f th e  la tter  m odel form at la rg e  

g a la c to c en tr ic  d is ta n c e s  (as is  e v id e n t  in  f ig u r e  3 .4).

The w e ig h t a tta ch ed  to  th e  r e s u lt s  o f ta b le s  3.6 and 3.7, com pared

to th o se  in  ta b le s  3.1 and 3.2, c lea r ly  r e d u c e s  to a d isc u ss io n  o f th e

erro r  d is tr ib u tio n  on e c o n s id e r s  m ost su ita b le  in  th is  p a rticu lar  ca se . 

N e v e r th e le ss , th e se  t e s t s  h ave  p ro v ed  th e ir  w orth  not o n ly  b y

v e r ify in g  th e  r e s u lta n t  m odel p aram eters ob ta in ed  in  III .6.1 p r e v io u s ly  

(to som e e x te n t r e g a r d le s s  o f  th e  a s s ig n e d  u n c e r ta in t ie s ) , b u t h ave  

se r v e d  to  in d ica te  th e  v a lu e  in  a n y  su ch  le a s t - s q u a r e s  m odelling  

p ro ced u re  o f a d o p tin g  a r e a lis t ic  and a ccu ra te  erro r  d is tr ib u tio n  to  

th e  data b ein g  f it te d .

III .8 A pplication  o f th e  m odelling to  NGC 4565

A fu r th e r  t e s t  o f  th e  v a lu e  o f th e  p r e se n t  f it t in g  algorithm  was 

fa c ilita ted  b y  u s in g  th e  (B and R p a ssb a n d ) data o f NGC 4565

p r e se n te d  b y  J en sen  & Thuan (1982). H ow ever, in  th e lig h t  o f the
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r e s u lt s  o f se c tio n  III .7.1 ab o v e , it  w as d ecid ed  n o t  to  u se  th e ir  quoted  

e r r o r s  fo r  th is  d a ta se t. S u ch  e r r o r s  are d er iv ed  from stan d ard  

d ev ia tio n s  in  su r fa c e  b r ig h tn e s s  a t a p a rticu la r  (IR,Z) r e su lt in g  from  

th e  s ta c k in g  o f  in d iv id u a l p ro file s  in  th e r e s p e c t iv e  q u ad ran ts o f th e  

ga laxy . W hilst th is  p ro ced u re  o ften  r e s u lt s  in  th e  co -a d d in g  o f 4 

sep a ra te  p r o file s  a t a n y  p o sitio n , in  th e  w o rst c a s e s  o n ly  2 are u sed , 

th u s  g iv in g  r ise  to a s s ig n e d  e r r o r s  o f v e r y  v a r ia b le  r e lia b ility  as a 

c u r so r y  in sp e c tio n  o f th e ir  f ig u r e  18 and tab le  10 sh ow s. T his 

s itu a tio n  w as u n d e sira b le  in  th e  co n tex t o f th e  p r e se n t  te s t in g  s in ce  

cer ta in  p o in ts  w ould be g iv e n  e r r o n e o u s ly  la r g e  w e ig h ts  r e su lt in g  

from tw o in d ep en d a n t e stim a tes  o f Af(IR,Z) w hich  h ap p en ed  to  a g ree  

p a rticu la r ly  c lo se ly .

It w as rea so n ed  th a t an im proved  estim ate  o f  th e  a sso c ia ted  error  

w ould r e su lt  if  it  w as co n s id ered  to be a fu n ctio n  o f  su r fa c e  

b r ig h tn e s s  ra th er  th an  sp a tia l (IR,Z) p o sitio n  on th e  ga laxy . I th e r e fo r e  

d er iv ed  an erro r  d is tr ib u tio n  o v e r  all su r fa c e  b r ig h tn e s s ’ se e n  in  th e  

data (b inned  in  1 /2  mag. in te r v a ls ) , and form ed a mean erro r  w hich  

w as th en  ad op ted  a s  th e  u n c e r ta in ty  w ith in  th a t p a rticu la r  su r fa ce  

b r ig h tn e s s  ra n g e . A com parison  o f th is  ("m agnitude w eigh ted " )  

d is tr ib u tio n  to th at o f J e n se n  & Thuan sh ow s rea so n a b le  agreem en t  

b etw een  th e  tw o, w ith  th e  form er sm ooth ing o v e r  a rea s  o f th e  

l ite r a tu r e  data w ith in  w hich  th e  q uoted  e r r o r s  w ere co n s id e r e d  too  

u n certa in . In g en era l, th e  p o in ts  in th e ir  ta b le  10 m ost a ffe c te d  b y  

th e  p r e se n t  a lte r n a tiv e  erro r  d is tr ib u tio n  are th o se  w ith  Z -h e ig h ts  in  

e x c e s s  o f 85 a r c s e c s  in  both  B and R p a ssb a n d s.
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III.8.1 R esu lts

From tab le  3.8 I d e r iv e  a mean sum o f sq u a r e s  fo r  the

tw o-com p on en t m odels o f 0.9 (±0.1) x 1 0 i n B and 1.0 (±0.1) x 10“  ̂ in  

R, w h ils t  th e  th ree -co m p o n en t com binations y ie ld  a mean o f 4.4 (±0.2) 

x 10~5 in  B and 5.8 (±0.1) x 10"5 jn r . H ence, a s ig n if ic a n t

im provem ent (at th e  ~ 5o  le v e l if  on e a ssu m es an  o v era ll u n c e r ta in ty  

in  FSUMSQ o f 10'^ b ased  on th e se  stan d ard  erro r  estim a tes) r e s u lt s  in  

th e  p r e se n t  m odelling o f  NGC 4565 w ith  th e  adop tion  o f a

th ree -co m p o n en t model. T his co n c lu s io n  is  confirm ed  if  one u n d e r ta k es  

a more d eta iled  " f it -b y -f it"  com parison  o f e ith e r  th e  sum o f sq u a r e s  

or red u ced  X  ̂ v a lu e s  in  th is  tab le . F u rth er , on th e  b a s is  o f th e

tab u la ted  X  ̂ s ta t is t ic , one f in d s  th e  tw o-com p on en t m odels to be  

a cce p te d  a t o n ly  50 % or ~ 75 % le v e ls  (d ep en d in g  upon  th e ch o ice  

o f th in  d isc  model) w h ils t  th e  th ree -co m p o n en t f i t s  are  a ccep ted  a t >

99.5 % in  v ir tu a lly  a ll p o ss ib le  com binations. A lth ou gh  th e a b so lu te  

v a lu e s  o f su ch  p ro b a b ility  lim its are not m ean in gfu l in  th e  co n tex t o f 

com paring model form s, th e  p ron ou n ced  d if fe r e n c e s  in th e ir  r e la tiv e  

v a lu e s  s e r v e s  to  confirm  th e  s ig n if ic a n c e  o f th e  im proved  f it  q u a lity  

fou n d  from  th e  in sp e c tio n  o f th e  sum o f sq u a r e s  m easu res.

The rea so n  fo r  th e  in a p p lica b ility  o f th e  tw o-co in p on en t f i t s  are  

i l lu s tr a te d  in  f ig u r e  3.6, w hich  sh ow s r e p r e se n ta t iv e  " b est-fit"  model 

p r o file s  in th e R p a ssb a n d  data u s in g  th e "sech^ d isc  + r5* law

profile"  model com bination  o f tab le  3.9. The v e r y  "flat" n atu re  to th e  

su r fa c e  b r ig h tn e s s  d is tr ib u tio n  in  th e  ou term ost reg io n s  o f each

(a) T w o-com ponent v  th ree -co m p o n en t m odels :
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MODELS ADOPTED B BAND R BAND

FSUMSQ red. X 2 P (X) FSUMSQ red, x2 P (%)

(a) Two-component combinations (v = 6 )

sech? disc + 
exp. disc 
sech? disc 

r^ law profile

exp. disc + 
exp. disc 
sech? disc 

r^ law profile

5.9xl(T5 1.59 >95.0
1.2xl0-4 2.32 >75.0
5.4x10-5 1.49 >95.0

9.5x10-5

1.0x10-4
8.9x10-5

4.46 >50.0
4.35 >50.0

3.57 >50.0

6.3x10-5 2.24 >75.0
1.2x10-4 3 , 5 3 >50.0

7.5x10-5 2.32 >75.0

1.2x10-4 4 , 7 2  >50.0

1.0x10-4 4.75 >50.0
1.3x10-4 4 , 10 >50.0

(b) Three-component combinations (V = 9) :

sech^ disc + 
sech? disc +
r^ law profile 4.4xl0_5 1.78 >99.0

sectf disc + 

exp. profile

5.9x10-5 2.38 >97.5

4.1x10-5 1 . 3 3  >9 9 . 5  5.5x10-5 p g g  >gg , 0

exp. disc +
r* law profile 3.9x10-5 1>61 >99.5 5.8x10-5 1 , 63 >9 9 . 5

exp. disc + 
exp. disc 4.1x10-5 1.46 >99.5 5.8x10-5 1 . 5 5  >9g .5

exp. disc + 
sech^ disc +
r^ law profile 5.4xl0~5 1.54 >99.5

sech? disc + 

exp. disc 4.7x10-5 1.70 >99.5

5.8x10-5 1.63 >95.5

DID NOT FIT DATA

Table 3.8 : Statistical "quality of fit" parameters for all the model
combinations for which convergence was achieved for the data of NGC 
4565 by Jensen & Thuan (1982). The relevant parameters are detailed in 
table 3.4. The error values used in these iterations were the "magnitude 

weighted" distribution described in the text.



MODELS ADOPTED lg t DISC MODBL 2nd DISC MOD E L Ru  LAW MODEL

1 B
(a) Two-component combinations :

sech2 disc + = 20.94 19.58
exp. disc hp = 5.2 4.9

Z Q = 0.84 0.86

sech2 disc + p 0 = 21.01 19.55
sech2 disc hp = 5.2 4.8

Z 0 = 0.90 0.85

sech2 disc + uQ = 21.22 19.82
rX  law profile hp = 6.0 5.1

Z 0 = 0.88 0.87

exp. disc + u 0 = 20.01 18.83
exp. disc hp = 7.4 6.7

hz = 0.49 0.51

exp. disc + n 0 = 20.05 18.74
sech2 disc hp = 7.3 6.4

hz = 0.52 0.51

exp. disc + u 0 = 20.31 19.07
law profile h R = 8.9 7.5

hz = 0.56 0.58

(b) Three-component combinations :

sech^ disc + V Q = 20.89 19.43
sech^ disc + hp = 5.5 4.8
r" law profile Zo » 0.83 0.78

sech^ disc + VQ = 21.47 19.46
sech^ disc + hR = 7.3 4.7
exp. disc z 0 = 0.76 0.74

sech^ disc + v Q = 20.87 19.53
exp. disc + hR = 5.2 4.8

law profile Zo = 0.84 0.83

sech^ disc + Vo = 21.10 19.58
exp. disc + hp = 6.0 4.9
exp. disc Zo = 0.84 0.84

exp. disc + V0 = 24.34 22.16
sech^ disc + hR = 66.6 8.9

low profile hz = 0.33 1.51

exp. disc + V0 = 22.77 ___
secl|2 disc + hn = 157.83
exp. disc hZ = 0.46

B R B R

Vo = 23.70 22.58

h R = 8.3 8.1
hz = 1.92 2.26

^o = 24.91 23.68
h R = 6.5 6.9

Zl = 3.51 3.93

^e = 22.06 22.51

ee = 1.8 3.9
q = 0.34 0.37

V0 = 24.04 22.96
hR = 7.9 7.4
hz = 2.20 2.73

^o = 25.20 23.96
h R = 6.4 7.0

Zl = 3.89 4.35

Ve = 23.4] 24.37

©e = 3.2 11.1
q = 0.44 0.59

VQ = 24.26 22.38 ^e = 22.50 23.89

hR = 8.9 6.3 ©e = 2.1 7.1

Zl * 1.57 1.58 q = 0.37 0.36

v 0 = 21.89 21.61 = 24.28 23.25

hR = 4.3 5.2 h R = 10.7 10.3

Zl = 1.12 1.31 hz = 2.36 2.92

VQ = 23.46 22.16 ^e = 22.97 26.26

hR = 14.9 8.9 ©e = 2.5 24.1

hz = 1.05 1.51 q = 0.46 0.69

VQ = 22.07 22.00 Vo = 25.31 26.50

hR = 5.4 7.6 hR = 15.2 26.6

hZ = 0.94 1.63 hz = 3.21 29.67

VQ = 21.52 19.53 Ve = 22.18 26.26

h R = 6.3 4.8 ©e = 1.9 24.03

Zl = 0.94 0.83 q = 0.34 0.69

Vo = 21.06 = 23.94
hR = 4.6 h R = 9.2

Zl = 0.93 hZ = 2.18

Table 3.9 : Resulting model output parameters for both two-component (a) and
three-component (b) fits to the NGC 4565 data of Jensen St Thuan (1982) using 
the "magnitude weighted" error distribution. As in table 3.2, all central 
surface brightness’ are quoted in mag. arcsec"? , and scale parameters in kpc.
From an assumed distance to this galaxy of 10 Mpc, 1 arcsec translates to 48.5 pc.
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p ro file  p r o v e s  to  be v e r y  d iff ic u lt  to  model u s in g  an y  tw o-com pon en t  

com bination  -  p a r ticu la r ly  a t la r g er  g a la c to c en tr ic  d is ta n c e s  as  

ev id e n c ed  in  th a t f ig u r e  -  d e sp ite  th e  la rg er  a s s ig n e d  e r r o r s  a t su ch  

p o s it io n s . The e x te n t to w hich  an o u ter  m odel in  su ch  tw o-com pon en t  

f i t s  h as to  "flatten" to f i t  th e  data is  c lear from th e  un iform ly  la rg e  

s c a le le n g th s  in both  co lo u rs  se e n  in  tab le  3.9, and  is  eq u a lly  e v id e n t  

in  th e th ree -co m p o n en t f i t s  su ch  as th e "sech^ + exp." model 

com bination  show n in  f ig u r e  3.7. In a d d ition , th e  rea so n  fo r  th e  

c o r r e sp o n d in g ly  la r g e r  s ta t is t ic a l f it  p aram eters in  tab le  3.8 w hen  

u s in g  th is  R band data  a r ise  b eca u se  o f th e  v e r y  much sm aller er r o r s  

a ss ig n e d  to th e  ou term ost data p o in ts  o f each  p ro file  th an  are  found  

in  th e  B band -  c lea r ly  a p o in t w hich  p la ce s  fa r  g r e a te r  r e s tr ic t io n s  

on th e  m odelling p ro ced u re , p a rticu la r ly  w hen  a tw o-com pon en t model 

com bination  is  b e in g  te s te d .

(b) R esu lts  from th e  th ree -co m p o n en t m odelling :

In th e  lig h t  o f th e  ab ove r e s u lts ,  th e r e fo r e , it  is  co n s id ered  th a t  

a th ree -co m p o n en t model is  req u ired  to d e sc r ib e  th e  su r fa c e  

b r ig h tn e s s  d is tr ib u tio n  in th is  ga laxy . H ow ever, a num ber o f  

th ree -co m p o n en t m odels can  im m ediately be ex clu d ed  from fu r th e r  

c o n s id era tio n  b efo re  in sp e c tio n  o f tab le  3.8. T h ey  are th r e e  (of th e  

p o ss ib le  fou r) s e t s  m aking u se  o f an exp on en tia l model fo r  th e  th in  

d isc  -  two o f w hich  fa il to c o n v e r g e  in an y  p a ssb a n d , w h ils t  a th ird  

fa ils  w hen  m odelling th e  R band data, r e g a r d le s s  o f th e (w ide v a r ie ty  

of) in p u t e stim a tes  te s te d .

W ithin th o se  (5) com binations w hich  w ere found  to  c o n v e r g e  for  

both  th e B and R data, tab le  3.9 p r o v id e s  no s e t  o f m odels w hich are  

a s ta t is t ic a lly  s ig n if ic a n t  im provem ent o v e r  a n y  o th e r s . An in sp ectio n

89



N
G

C
4

5
6

5
 

D
A

TA
 

IN
P

U
T

 
FI

LE
 

IS 
R

E
R

R
O

R
S

.D
A

T

( z _ s o a s o . r e  § e m )  r l ( 3 _ s o s s o j b  S e in )  r i

( g _ s o a s o jB  S b u i )  t !  ( 2 _ e d 3 s d j b  S a r a )  r l

figure 3.7



o f tab le  3.8 sh ow s th a t th e  o n ly  in d ica tio n s  o f c h a n g es  in  th e  

" q u a lity -o f-f it"  p aram eters w ith in  th e 4 " s e c h ^  th in  disc" com binations  

are fou n d  in  th e  red u ced  and in d ica te  th a t a m oderately  im proved  

f i t  in  th e  R band r e s u lts  from th e ad op tion  o f an exp on en tia l (as  

op p o sed  to  a s e c h ^ )  form for th e  th ick  d isc . An in sp ec tio n  o f th e  

m odel o u tp u t p aram eters in  tab le  3.9 c le a r ly  in d ic a te s  th a t for  all 

m odel com b in ation s, th e  sc a le le n g th  param eter (hpj or ©e ) is  not 

w e ll-d e fin e d . C onsiderab le  v a r ia b ility , e ith er  b etw een  p a ssb a n d s  in a 

p a rticu la r  m odel f i t  or b etw een  th e  a lte r n a tiv e  model com binations  

th e m se lv e s , is  a lso  e v id e n t  for  th e  sc a le h e ig h t  ( h z ) o f th e  exp o n en tia l 

m odel w hen  su ch  a model is  u sed  to d e sc r ib e  th e  n o n -th in  d isc  lig h t  

in  th is  sy stem . A p ro n ou n ced  co lour g r a d ie n t in  th e  th in  d isc  (noted  

b y  J en sen  & T huan, 1982) may exp la in  th e  d isc r e p a n c ie s  b etw een  th e  

B and R p aram eters, p a r ticu la r ly  in  h^. H ow ever, th e  o th er  p aram eters  

in  tab le  3.9, p rim arily  th o se  o f th e  th in  d isc , ap p ear to  be q u ite  

com parable b etw een  p a ssb a n d s  in  a p articu la r  m odel com ponent, w h ils t  

a mean (B-R) co lour in d ex  o f th e  th ick  d isc  o f 1.13 is  q u ite  c o n s is te n t  

w ith  th e  v a lu e  (of 1.2) fou n d  b y  J en sen  & T huan. H ow ever, b y  far  th e  

g r e a te s t  c o n str a in t  p o sed  b y  th e  r e s u lt s  o f th is  ta b le  is  th a t for o n ly  

th o se  model com binations in co rp o ra tin g  a double s e c h ^  model s e t  are  

th e  (B-R) co lo u rs  c o n s id ered  r e a lis t ic  -  th e " s e c h ^  + exp on en tia l + 

law" com bination y ie ld s  a co lour in d ex  o f 0.1 for  th e  in term ed ia te  

com ponent, th e  " s e c h ^  + exp o n en tia l + exponentia l"  s e t  a co lour o f 0.0  

fo r  th e  fa in te r  ex p o n en tia l p ro file , and a th in  d isc  co lour o f  -2 .2  from  

th e  "exponentia l + s e c h ^  + r^ law" se t . This r e s u lt  th e r e fo r e  ex c lu d e s  

a ll b u t two o f  th e  th ree -co m p o n en t f its .

T hose f i t s  d eta iled  in tab le  3.9 sh ow in g  "unrealistic"  re su lta n t  

m odel p aram eters are w o rth y  o f fu r th e r  comment a s  th e y  g iv e  an
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added  in s ig h t  in to  th e  n a tu re  o f  th e  p r e se n t  m odelling p ro ced u re . The 

"exp. + s e c h ^  + exp." com bination  h as on ly  b een  ab le to model th e  B 

band data b y  h ea v ily  s u p p r e s s in g  th e th in  d isc  com ponent, r e su lt in g  

in  an e f fe c t iv e  tw o-com p on en t m odel f it  o f th e  form found  in  sec tio n

(a) o f  tab le  3.9 (com pare th e d er iv ed  s e c h ^  and fa in ter  ex p on en tia l 

p aram eters h ere  to  th e  th in  d isc  and th ick  d isc  v a lu e s  in  th e  

tw o-com pon en t f i t s ) .  A v isu a l in sp e c tio n  o f th e  model f i t s  confirm s  

th a t th e  same co n c lu s io n  a lso  a p p lie s  to  th e  p r e v io u s  com bination  in  

tab le  3.9 (b ). Note th a t th e  more r e s tr ic t iv e  R band erro r  d is tr ib u tio n  

is  a lik e ly  c a u se  o f th e  g r e a t ly  in cr ea se d  r^ law p aram eters req u ired  

to f i t  th e  data in  su ch  an e f fe c t iv e  tw o-com p on en t model. The g r e a tly  

in cr ea se d  sca le  p aram eters o f  th e  fa in te r  ex p o n en tia l model p ro file  in  

th e  model com bination  o f tab le  3.9 (b ), and p a r ticu la r ly  th o se  for  

th e  R p a ssb a n d , are  fu r th e r  e v id e n c e  th a t tw o-com p on en t com binations  

s u ff ic e  to d e sc r ib e  th e  l ig h t  d is tr ib u tio n  in  th is  ga laxy  o n ly  to a 

Z -h e ig h t o f ~ 100 a r c s e c s ,  b eyon d  w hich  p o in t th e  th ird  com ponent is  

req u ired . The r e p r e se n ta t iv e  f i t s  in  R fo r  th is  com bination  show n in  

f ig u r e  3.8 c le a r ly  i l lu s tr a te , h ow ever , th a t to  m odel th e s e  ou term ost  

p o in ts  r e q u ir e s  su ch  a th ird  com ponent to  be v e r y  f la t  -  h en ce  th e  

la r g e  sca le -p a ra m e te rs  o f th e  exp on en tia l form in  th is  com bination , 

and fo r  alm ost all o th er  su ch  com binations in  tab le  3.9. The la tter

p o in t is  a lso  p e r tin e n t  to th e  th ird  m odel com bination  o f tab le  3.9 (b), 

a lth o u g h  th e  in tr in s ic a lly  f la t  n atu re  o f th e  r^ law p ro file  r e q u ir e s  

th e  th ick  d isc  model to  co n tr ib u te  to th e  f i t  ou t to  much la rg er

Z -h e ig h ts  th an  is  n e c e s s a r y  w hen  th e  ex p o n en tia l p ro file  is  u sed  for  

th is  com ponent. I t is  fo r  th is  rea so n  th a t th e  sca le len g th  o f th e

ex p o n en tia l th ick  d isc  model is  c o r r e sp o n d in g ly  in cr ea se d  o v er  that

show n  in  f ig u r e  3.8.
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In  th e  lig h t  o f th e  g e n e r a lly  p oorly  d efin ed  sc a le le n g th s  w hich  

cou ld  be a s s ig n e d  to  a ll com p on en ts in  tab le  3.9, a s e r ie s  o f iter a tio n s  

w as ru n  to  t e s t  w h eth er  im provem ents cou ld  be ga in ed  b y  fo rc in g  hp 

in  both  th in  and th ick  d isc  m odels to be eq u a l (a lth ou gh  the  

param eter it s e l f  w as n ot held  c o n sta n t) . No s ta t is t ic a lly  s ig n if ic a n t  

d iffe r e n c e s  w ere fou n d  in  e ith e r  th e  sum o f sq u a r e s  or th e  red u ced  

X2 v a lu e s  for  model f i t s  ob ta in ed  u n d er  su ch  a p r o c e ss . H ow ever, a 

fu r th e r  s e r ie s  o f t e s t s  sp e c if ic a lly  exc lu d ed  a n y  m odel com binations in  

w hich  th e  sc a le le n g th  o f all th r e e  com p on en ts w ere eq u al on th e  b a s is  

o f th e g r e a t ly  in cr ea se d  g o o d n e s s -o f - f i t  p aram eters r e s u lt in g  from  

su ch  a p ro ced u re  (th e  c o r r e sp o n d in g  sum o f sq u a r e s  b e in g  la r g e r  in  

th is  ca se  b y  a fa c to r  2 in  R and 3 in  B o v e r  th e  e q u iv a le n t f i t s

w hen  no su ch  r e s tr ic t io n s  on h p  w ere made).

S in ce  th e  m odelling p ro ced u re  w as fou n d  to y ie ld  an r^ law  

p ro file  w ith a v e r y  c o n s is te n t  axis ra tio  in  all com binations fo r  w hich  

f i t s  w ere a ch ie v ed , I in v e s t ig a te d  th e  e f fe c t  on  su ch  f i t s  o f h o ld in g  

th is  param eter c o n sta n t  a t a v a lu e  o f 0.7. I fou n d  th a t no model

com binations a ch ie v ed  c o n v e r g e n c e  u s in g  su ch  an a x is  ratio , and th a t  

e v e n  a t th e  poin t o f fa ilu re  a red u ced  X2 o f 3.7 (±0.4) w as found  (th e  

c o r r e sp o n d in g  a v e r a g e  sum o f sq u a r e s  w as 9.3 (±0.3) x ICT^). The

p r e se n t  m odelling p r o c e s s  w ould th e r e b y  ap p ear to ex c lu d e  su ch  a 

round  com ponent in  a n y  th ree -co m p o n en t model o f  th is  ga laxy .

In  co n c lu s io n , th e  c u r r e n t  in v e s t ig a t io n  o f NGC 4565 r e q u ir e s  th e  

ad op tion  o f a th ree -co m p o n en t model to f it  th e  lig h t  d istr ib u tio n  seen  

in  th is  sy ste m  in  both  B and R p a ssb a n d s , a lth ou gh  th e  added  

req u irem en t o f th e d er iv ed  (B-R) co lour in d ex  b e in g  con sid ered  

" realistic"  ex c lu d e s  all b u t tw o o f th e se  m odels. Table 3.10 com pares
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th e  o u tp u t p aram eters fo r  th e s e  m odel com binations to e x is t in g  data in  

th e  lite r a tu r e . On th e  w hole, th e  agreem en t a p p ea rs  to be good  

in d ica tin g  th a t, e v e n  in  a sy ste m  a s  com plex a s  NGC 4565 (w hich is  

know n to p o s s e s s  a " box/peanut"  b u lg e  and a lso  a d isc  w arp), th e  

p r e s e n t  a lgorithm  w as s t ill  ab le  to  g e n e r a te  rep ro d u cea b le  r e s u lts . No 

allow ance h as b een  made in th e  c u r r e n t a n a ly se s  fo r  th e  e f fe c t s  o f 

th is  d isc  w arp on th e  lu m in osity  d is tr ib u tio n  o f  th e  ga laxy  a s  a w hole, 

and it  is  co n ce iv a b le  th a t th e  p r e se n c e  o f su ch  a fe a tu r e  cou ld  lead  

to  th e  " un rea listic"  v a lu e s  for  som e p aram eters in  tab le  3.9. B ased on  

th e  data o f van  d er Kruit & S ea r le , th e  d isc  warp f ir s t  becom es  

e v id e n t  a t a su r fa c e  b r ig h tn e s s  25 U in  J, tr a n s la t in g  to ~ 26 in  R 

a d o p tin g  th e  a p p ro p ria te  co lour in d ic e s  from  th e ir  w ork and J en sen  & 

Thuan (1982). T his c o r r e sp o n d s  to  a Z -h e ig h t in  e x c e s s  o f 100 a r c s e c s  

fo r  a ll p r o file s  m odelled. T h u s, th e  p r e se n c e  o f  th e  w arp is  m ost 

lik e ly  to  in flu e n c e  th e  model p aram eters fo r  th e  fa in te s t  o f  th e  m odel 

p r o file s  ad op ted  h ere.

No attem pt w as made to  in v e s t ig a te  th e  d eta iled  n a tu re  o f th e  

" box/p ean ut"  b u lg e  a lon g  th e  minor ax is . The p erp en d icu la r  p ro file s  

g iv e n  b y  J en sen  & T huan (th e ir  f ig u r e  18) show  th a t su ch  a fea tu re  

o n ly  becom es e v id e n t  in ter io r  to Z ~ 20 a r c s e c s  or so . The er r o r s  

o v e r  su ch  r e g io n s  are su ff ic ie n t ly  la r g e , and th e  num ber o f in d iv id u a l 

su r fa c e  b r ig h tn e s s  m easu res s u ff ic ie n t ly  few , th a t no d eta iled  

in v e s t ig a t io n  o f th e s e  data w as u n d erta k en . N e v e r th e le ss , a g en era l 

p o in t can  be made co n c e r n in g  th is  com ponent on th e  b a s is  o f the  

p r e s e n t  m odelling r e s u lt s .  I t w as found  th a t an inw ard extrap olation  

o f th e  r^ law p ro file  to  th e se  r e g io n s  w ould n o t  be ab le to  accou n t  

for  th e  lu m in osity  d is tr ib u tio n  se e n  in th e  reg io n  5 i  Z £ 20 a r c se c s .  

For exam ple, a d o p tin g  su ch  a p ro file  w ith  mean param eters (cu lled
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from tab le  3.9b) o f  = 22.51 mag a r c se c -  ̂ and 6e = 2.17 kpc im plies  

a jUg 21.54 mag arcsec~2 at  a Z -h e ig h t o f 5 a r c s e c s  -  some 2 mag. 

fa in ter  th an  th e  actu a l v a lu e  q uoted  b y  J en sen  & Thuan a t th is  minor 

ax is p o sitio n  (see  th e ir  tab le  10). T his d isc r e p a n c y  is  a ~ 10a e f fe c t  

a ssu m in g  an a ss ig n e d  u n c e r ta in ty  a t th is  p o in t from  th e  "m agnitude  

w eigh ted "  erro r  d is tr ib u tio n  ad op ted  a b ove (a more s tr ik in g  

d isc r e p a n c y  is , o f c o u r se , fou n d  w hen  a d o p tin g  th e  " b est-fit"  

ex p o n en tia l model g iv e n  in  tab le  3.9b w hich  y ie ld s  a /Jg o f 24.38 mag 

a r c s e c “2 at Z = 5 a r c s e c s ) .  The rea so n  for su ch  a d isp a r ity  in  th e  

ca se  o f th e  mean r^ law p ro file  is  th a t th e  w ell-k n ow n  peak  in th is  

m odel a t sm all Z -h e ig h ts  o n ly  becom es im portant in ter io r  to ~ 3 a r c se c  

or so. T his is  tru e  e v e n  w hen  co n v o lv in g  su ch  a model form w ith th e  

s e e in g  p ro file  ad op ted  b y  J en sen  & Thuan (se e , in  p a rticu lar , th e ir  

f ig u r e  22). H ence, co n tr a r y  to  th e  e x p ec ta tio n s  o f  J en sen  & T huan, th e  

in n erm ost " box/peanut"  b u lg e  com ponent w ould seem  to be d is t in c t  

from th e  fa in ter  model com ponent d efin ed  h ere.

III .9 C onclu sion s

In th is  ch a p ter  I h ave  p r e se n te d  an a lte r n a tiv e  ite r a tiv e  

le a s t - s q u a r e s  f it t in g  a lgorithm  w ith  a v iew  to m odelling th e  lig h t  

d is tr ib u tio n s  sp e c if ic a lly  (b u t not e x c lu s iv e ly )  for  e d g e -o n  sp ira l 

g a la x ies . T h is schem e a llow s one to m odel th e  com plete sp a tia l data  

a rra y  a c r o ss  a g a la x y  a t on e tim e, and a lso  a llow s in corp ora tion  o f as  

many m odel com binations a s  req u ired . A fter e x te n s iv e  te s t in g  

(in v o lv in g  ~ 180 ru n s) to d eterm ine th e  rep ro d u cea b ility  o f th e

d er iv ed  r e s u lt s  from su ch  an a lgorithm  it  w as co n clu d ed  th a t w hen  

th e  program  is  ab le to f i t  th e  data w ith in  th e  p r e -d e fin e d  to lerance  

lim its, it  is  ab le  to do so  r e p e a te d ly  (and in  th e p r o c e ss  g en era te
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id en tic a l o u tp u t model p aram eters) to w ith in  th e  ro u n d in g  er r o r s  o f  

one p art in  ~ 10^, and a lso  for a la rg e  v a ria tion  in in itia l in p u t

estim a tes  for  th e se  param eters.

The p ro ced u re  d e fin e s  th e  model com binations m ost ap p rop ria te  to  

th e  t e s t  data b e in g  f it te d  on th e  b a s is  o f th e  sum o f sq u a r e s  o f

r e s id u a ls , th e  red u ced  X  ̂ and , to  a le s s e r  d e g r e e , th e  num ber of

ite r a tio n s  n eed ed  b efo re  c o n v e r g e n c e  is  a ch ie v ed . T h ese cr ite r ia  can  

be fu r th e r  su p p lem en ted  b y  r e q u ir in g  th e  r e su lt in g  " b est-fit"  model 

p aram eters to be " realistic"  on th e b a s is  o f ava ilab le  photom etry

e x is t in g  fo r  th e  o b je c ts  u n d er  s tu d y . H ow ever, th e  fa c t  th a t su ch  

lite r a tu r e  e stim a tes  are  e ith e r  r a re ly  a v a ila b le , or are  in  th em se lv es  

d er iv ed  b y  le s s  r ig o ro u s  m eans th an  th e  c u r r e n t  p ro ced u re , d ic ta te s  

th a t req u ir in g  a g reem en t b etw een  data s e t s  is  o f seco n d a ry

im portance to  th e  s ta t is t ic a l "quality" p aram eters d efin ed  u s in g  th e  

p r e se n t  m odelling schem e.

An im portant co n c lu s io n  r e su lt in g  from m odelling th e  e x is t in g  

lite r a tu r e  data o f NGC 891 is  th e  s tr o n g  d ep en d a n ce  o f th e d er iv ed  

m odel p aram eters on th e  ad op ted  erro r  d is tr ib u tio n . T hus, it  is  v e r y  

im portant to be aw are o f  su ch  a lim itation  w hen  m aking u se  o f a n y  

su ch  le a s t - s q u a r e s  te ch n iq u e  -  be it  th e  p r e se n t  form or a n y  o f th o se  

u sed  in  th e s tu d ie s  o u tlin ed  in  se c tio n  III .2 ab o v e . B ecau se th e  

r e s u lt s  o f  th e s e  m odelling p r o c e d u r e s  r e ly  to  su ch  an e x te n t  on  th e  

a ss ig n e d  e r r o r s  m eans th a t th e  a b so lu te  v a lu e s  o f red u ced  x^> and  

th e ir  a sso c ia ted  p ro b a b ilit ie s , are  m ea n in g less . For th is  reason , th e  

s ta t is t ic a l " q u a lity -o f-f it"  p aram eters d eta iled  in  ta b les  3.1, 3.6 and  

3.8 are u sed  to  d iffe r e n tia te  b etw een  model com binations b y  "ranking"  

th e ir  a sso c ia te d  sum o f sq u a r e s  (and a lso  red u ced  X^) in  a re la tiv e
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s e n se  on ly .

The p r e s e n t  schem e s t il l  h as cer ta in  flaw s. In th e  ca se  o f  

th ree -co m p o n en t f i t s  to NGC 4565 data, for  exam ple, it  p ro v es  d ifficu lt  

to  d e fin e  th e  sc a le le n g th  p aram eters (hj^ a n d /o r  ©e ), b etw een  

p a ssb a n d s  or b etw een  a lte r n a tiv e  m odel com b in ation s, w ith  a n y  d eg ree  

o f r e lia b ility . N e v e r th e le ss , a p p lica tion  o f th e  program  to  "model 

galaxies"  (w ith  and w ith o u t th e  su p e r p o s it io n  o f  both  random  and  

sy ste m a tic  p hotom etric  e r r o r s )  h ave  te s t if ie d  a s  to  it s  r e lia b ility . U se  

o f e x is t in g  data for  both  NGC 4565 and NGC 891 h ave  a lso  se r v e d  to 

v e r ify  th e s e  ex p ec ta tio n s , e v e n  to  th e  p o in t o f c o n s id e r a b ly  ch a n g in g  

th e ir  a sso c ia ted  e r r o r s  in  su r fa c e  b r ig h tn e s s . On th e  b a s is  o f su ch  

r e s u lt s ,  th e  p r e se n t  a lgorithm  th e r e fo r e  a p p ea rs  to  be th e  m ost 

r e le v a n t (and one o f  th e  m ost p ow erfu l) m eans c u r r e n t ly  ava ilab le  for  

in v e s t ig a t in g  th e  c o n s t itu e n t  lu m in osity  d is tr ib u tio n s  in  ex tern a l

g a la x ies . It is  one w hich  is  ab le  to g iv e  in form ation  co n cer n in g  th e

data b e in g  u sed  a t tw o le v e ls  : m ost fu n d am en ta ly  w hat com bination  o f  

m odel com p on en ts are  req u ired  to b e s t  f it  th e  data and , a t a more 

d eta iled  le v e l, to  d e fin e  th e  v a lu e s  o f p aram eters w ith in  th e  f it te d  

m odels. The la tte r  is  c le a r ly  th e  main goa l in  th e  ap p lica tion  o f su ch  a 

m ethod.

U se o f th e  q u oted  lite r a tu r e  data h as a lso  allow ed me to

in v e s t ig a te  th e  c o n c lu s io n s  o f  r e c e n t  a lte r n a tiv e  in v e s t ig a t io n s  o f both  

sy ste m s. The p r e s e n t  r e s u lt s  are, for  exam ple, fou n d  to  be in  

e x c e lle n t a g reem en t w ith  th o se  o f Shaw & Gilmore (1986) -  ev en

th o u g h  th e  la tte r  s tu d y  w as lim ited to  a v isu a l f it t in g  p ro ced u re  alone  

and n ot a le a s t - s q u a r e s  p r o c e s s  a s  ad op ted  h ere . T his com patib ility  is  

c le a r ly  show n  b y  com paring th e ir  tab le  I to  ta b le  3.2 and 3.10 in th e

96



S p ec if ic  co n c lu s io n s  fo r  th e se  sy ste m s  on th e  b a s is  o f th e  p r e se n t  

r e s u lt s  are  a s  fo llow s :

(a). In  th e  p r e s e n t  a n a ly s is  o f NGC 891, I f in d  an  im provem ent in th e  

model f i t s  r e su lt in g  from th e  ad op tion  o f  a tw o-com pon en t " sech ^ /exp . 

+ sech ^ /ex p ."  model s e t  w hen com pared to  th o se  com binations  

in co rp o ra tin g  th e  r^ law p ro file  -  d ed u ced  from both  th e  sum of  

sq u a r e s  and th e  red u ced  X  ̂ param eters. In o n ly  2 c a se s  are  

th ree -co m p o n en t m odel com binations fou n d  to c o n v e r g e  to a so lu tio n  

in  J, F and U’ b a n d s, and in both  c a s e s  I fin d  th a t th e  ex tra  

com ponent d oes not s e r v e  to red u ce  e ith e r  th e  sum o f sq u a r e s  or th e  

red u ced  x^ b y  a s ig n if ic a n t  fa cto r . In d eed , a v isu a l in sp ec tio n  o f th e  

m odel f i t s  in d ica te  th a t w hen  ad op ted , th e  th ird  com ponent is  

su p p r e ss e d  in th e  model f it t in g  to th e  p o in t w h ere  it  o n ly  becom es an  

im portant co n tr ib u to r  to th e  o v era ll m odel p ro file  o v e r  th e  o u ter  few  

p o in ts  o f each  p ro file  -  as is  c lea r ly  e v id e n t  in  f ig u r e  3.3. On th e  

b a s is  o f th e  in d is t in g u is h a b ility  o f th e  " q u a lity -o f-f it"  param eters  

ou tlin ed  in  ta b le  3.1, I th u s  co n c lu d e  th a t th e  u se  o f  su ch  an  

ad d ition a l com ponent is  u n w arranted  in  d e sc r ib in g  th e  lu m in osity  

d is tr ib u tio n  seen  in  th is  sy stem .

(b ). A doption o f th e  a lte r n a tiv e  ("m agnitude w eigh ted " ) error  

d is tr ib u tio n  o u tlin ed  in  se c tio n  III .7 y ie ld s  com p lete ly  co n tra ry  r e su lts  

to th o se  in  (a) in  th at th e  u se  o f th e  r^ law p ro file  is  fa v o u red  (in 

p r e fe r e n c e  to  a sech^  or exp on en tia l model form) for  th e  n o n -th in  

d isc  com ponent, a r e su lt  w hich  in d ica te s  th e  im portance o f the  

ad op ted  erro r  d is tr ib u tio n . H ow ever, in sp e c tio n  o f f i t s  su ch  as th o se

p r e s e n t  s tu d y .
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in  f ig u r e  3.4 in d ica te  th a t th e  v e r y  small a s s ig n e d  e r r o r s  to  th e  

ran g e  24 £ /ip i  26 mag. a r c se c -  ̂ b ia s th e  m odelling to  su ch  a d eg ree  

th a t th e  r*4 law p ro file  in  th is  c a se  fa ils  to  d e sc r ib e  th e  ou term ost  

p o in ts  o f  each  p ro file  a s  w ell a s  d o es  th e se c h ^ /e x p , model u s in g  th e  

p r e v io u s  erro r  d is tr ib u tio n .

(c). A com parison  o f  th e  d er iv ed  m odel p aram eters fo r  NGC 891 

in d ica te  good  a g reem en t w ith  a v a r ie ty  o f  lite r a tu r e  so u r c e s , and th u s  

con firm s th e  s im ilar ity  o f  th is  sy ste m  to  th a t o f  our ow n Galaxy, 

p r e v io u s ly  a llud ed  to b y  van  d er Kruit (1984). T his p o in t is  am plified  

in  tab le  3.11 w hich  com pares th e  c u r r e n t ly  ava ilab le  p aram eters for  

ou r ow n Galaxy and my " b est-fit"  e stim a tes  for  NGC 891 -  th e  

r e s p e c t iv e  v a lu e s  are  se e n  to  be rea so n a b ly  c o n s is te n t  b etw een  th e  

two.

(d ). The in a b ility  to  d is t in g u ish  b etw een  a v a r ie ty  o f model form s for  

th e  n o n -th in  d isc  com ponent in  th is  o b je c t , fou n d  b y  Bahcall & K ylafis 

(1985), may be a r e s u lt  o f th e ir  sam pling o v e r  too sm all a ra n g e  o f 

g a la c to c e n tr ic  d is ta n ce  fo r  d if fe r e n c e s  b etw een  su ch  m odels to becom e 

e v id e n t  (ow ing to  th e ir  se lf-im p o sed  m agn itude lim it to  th e  data b ein g  

u se d ). The v e r y  e x is te n c e  o f data fa in tw ard  o f  th e ir  m agn itude lim it is  

fou n d  to  be a s u ff ic ie n t  c o n str a in t  on  th e  p r e s e n t  a n a ly s is  to  allow a 

d is tin c tio n  in  model form s to be made, d e sp ite  th e  la r g e  a sso c ia ted  

e r r o r s  in  su ch  data. In d eed , a t th e  lim it o f th e  p r e se n t  d a ta se t, th e  

p red ic te d  su r fa c e  b r ig h tn e s s  e stim a tes  from exp o n en tia l and law  

m odels d iffe r  b y  ~ 0.4 m ag., an am ount su ff ic ie n t  to  n eg a te  the  

req u irem en t o f  B ahcall & K ylafis th a t th is  d a ta se t  be a ccu ra te  to ± 0.1 

mag. a t a su r fa c e  b r ig h tn e s s  ~ 26.0 mag a r c s e c - ^.
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(e ). On th e  b a s is  o f th e  "fit quality"  p aram eters g iv e n  in  tab le 3.8, 

th e  p r e se n t  m odelling o f  NGC 4565 sh ow s th a t th e  adoption  o f a th ird  

com ponent r e s u lt s  in  a c o n s id era b le  red u ctio n  in  th e  sum o f sq u a r es  

o f r e s id u a ls , and th e  red u ced  X^, in  all c a s e s  te s te d . H ow ever, th e  

sc a le le n g th  p aram eters p ro v e  to be p oorly  co n stra in ed  in  all tw o- and  

th ree -co m p o n en t m odel com b in ation s, w h ils t  in  on ly  tw o o f th e  

th ree -co m p o n en t f i t s  are  th e  d er iv ed  (B-R) co lour in d ic e s  co n sid ered  

to  be "realistic" . No im provem ents r e s u lt  from fo r c in g  th e  sca le len g th  

p aram eters to be eq u a l in  th e  th in  and th ick  d isc  m odels, w h ilst equal 

v a lu e s  fo r  all th r e e  com p on en ts are  e x p lic it ly  ex clu d ed  on th e  b a s is  o f  

th e  g r e a t ly  in fer io r  q u a lity -o f - f it s  w hich  r e su lt  from su ch  a 

p ro ced u re . The u se  o f a s ta n d a rd  de V aucou leu rs r^ law p rec lu d e s  

ax is ra tio s  rou n d er  than  0.4 w hen  q is  allow ed to v a r y  a s  a fr e e  

param eter. T his v a lu e  is  e n t ir e ly  c o n s is te n t  both  w ith  p rev io u s  

estim a tes  for  th is  sy stem  (e .g . ~ 0.4 a t a su r fa c e  b r ig h tn e s s  o f 27ju 

from van  d er Kruit & S earle  (1981a); 0.5 a s  fou n d  b y  J en sen  & Thuan  

(1982) and 0.46 from Hamabe e t  al (1980)). A fixed  ax is ratio  o f 0.7 is  

sp e c if ic a lly  r e je c te d  in  th e p r e s e n t  r e s u lt s  b y  th e  facto i' o f 3 in c r e a se  

in  both  red u ced  X  ̂ and sum o f sq u a r e s  w hich  r e su lt .  The e x is te n c e  o f 

a r e la t iv e ly  f la t  r^ law p ro file , cou p led  w ith  th e  e x is te n c e  o f a d isc  

w arp, may a r g u e  in  fa v o u r  o f a c o n s id era b le  g r e a te r  sim ilarity  

b etw een  NGC 4565 and our Galaxy th an  h as r e c e n t ly  b een  a rg u ed  in  

v an  der Kruit (1984) -  a r e su lt  aga in  c o n s is te n t  w ith  th e  f in d in g s  

d eta iled  in  tab le  3.11.

(f). C ontrary  to  th e  co n c lu s io n s  o f J en sen  & Thuan (1982), the  

c e n tr a l " box/peanut"  b u lg e  d oes not ap p ear to be an inward  

ex trap o la tion  o f  th e  ou term ost com ponent. D esp ite  th e  fa c t th at the  

law p ro file  p o s s e s s e s  an in tr in s ic  peak  tow ard s th e c en tre , it  s t ill
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u n d erestim a tes  th e  lig h t  d is tr ib u tio n  se e n  in  th e  reg io n  dom inated b y  

th e  " box/peanut"  b y  > 2 mag. a t a Z -h e ig h t o f 5 a r c se c s . S in ce it is  

se e n  to  ex ten d  o v er  ~ 40 a r c se c  o f th e  minor ax is p ro file  o f J en sen  & 

Thuan, th is  fe a tu r e  w ould ap p ear to be a sp e c if ic  com ponent 

p h otom etrica lly  d is t in c t  from an  exp on en tia l or law model form.
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-  C hapter IV -

R esu ltin g  o b se r v a tio n s  o f  th e  program m e ga lax ies  

In tro d u ctio n

The prim ary aim o f th is  th e s is  is  to  (s ta t is t ic a lly )  t e s t  th e  v a lid ity  

o f u s in g  sta n d a rd  f it t in g  fu n c tio n s  w hen  d e sc r ib in g  the lu m in osity  

d is tr ib u tio n s  o f g a la x ies , in  a more sy ste m a tic  w ay th en  h as b een  

attem p ted  to d ate. In th is  ch a p ter , th e r e fo r e , are  p r e se n te d  th e  

r e s u lt s  o f in v e s t ig a t io n s  o f th o se  ga lax ies noted  in  tab le  1.1 for  w hich  

CCD p h otom etry  w as o b ta in ed . For th e  sa k e  o f c la r ity , o n ly  th e  

co n c lu s io n s  a p p ro p ria te  to  each  ca se  are  d is c u s s e d  h ere  -  th e  more 

g e n e r a l im plications o f  th e  r e su lts  ob ta in ed  b e in g  d e ferr ed  u n til 

c h a p ter  V.

In ad d ition  to  th is  main goal I have a lso  a ttem p ted  to  d e fin e  th e  

e x te n t  to w h ich  th o se  g a la x ies  w ith in  th e  p r e s e n t  d a ta se t  w hich  show  

c lea r  " box/p ean ut"  m orp h olog ies can  be d e sc r ib e d  b y  m eans o f th e  

sam e sta n d a rd  f it t in g  fu n c tio n s . By d eterm in in g  th e  q u a lity  o f  th e  f i t s  

ex ter io r  to th e  d isc  com ponent in  su ch  sy ste m s, I h ave  th e r e fo r e  

p ro ceed ed  to t e s t  w h eth er  th e  b o x /p ea n u t b u lg e s  can  be view ed  

m erely  a s  th e  b r ig h t, c en tra l r e g io n s  o f th e  data a t la r g e r  (R,Z), or  

w h eth er  th e y  are  an ad d itio n a l (i.e . d is t in c t)  co n tr ib u to r  to th e total 

lu m in osity  d is tr ib u tio n  in  each  ca se .

The m eans b y  w hich  th e se  aim s w ere u n d erta k en  w as to ap p ly  the  

n on lin ear , le a s t - s q u a r e s  f it t in g  te ch n iq u e  d escr ib ed  in  ch a p ter  III. A
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sy ste m a tic  in v e s t ig a t io n , in co rp o ra tin g  s in g le , double or tr ip le  model 

com b in ation s, w as ad op ted  in  each  g a laxy  to  d efin e  th a t p articu lar  

f it t in g  fu n c tio n  (or s e t  th ereo f)  for  w hich  th e  sm allest sum

o f sq u a r e s  o f  re s id u a ls  w as ob ta in ed  w hen  com pared to th e actu a l 

data.

In th e  fo llow ing  s e c t io n s , th e  term  "bulge" (as u sed  in  an attem pt 

to d e sc r ib e  th e  v isu a l a p p ea ra n ce  o f  each  sy ste m  b e in g  stu d ied ) is  

d efin ed  to  mean th e  to ta l n o n -th in  d isc  lig h t  w ith in  th e  ga laxy . To 

im prove th e  c la r ity  o f se c t io n  IV.2, th e  ta b le s  o f model p aram eters  

d er iv ed  for  each  g a laxy  are  to  be fou n d  in  a p p en d ix  A. For d is ta n ce  

estim a tes , HQ = 100 km s ~ l  Mpc-  ̂ is  assu m ed  in  a ll c a s e s . P h otograp h s  

o f th e  ga la x ies  b e in g  m odelled h ere  are p r e se n te d  in  a p p en d ix  C.

IV. 1 D erivation  o f th e  err o r  d is tr ib u tio n s

In th e  lig h t  o f th e r e s u lt s  o f ch a p ter  III, c o n s id era b le  care  w as 

tak en  w hen  a s s ig n in g  an erro r  to  each  m easu re b e in g  m odelled . The 

erro r  on a "mean" ju d er iv ed  o v er  1 mag. a r c s e c -  ̂ b in s  o f  each  data  

s e t  b e in g  m odelled w as ca lcu la ted  in  th e  sam e w ay a s  th a t ad op ted  fo r  

th e  "model galaxy" in  se c t io n  III .5, and  w as u sed  fo r  th o se  p o in ts  for  

w hich  o n ly  a s in g le  m easure w as ava ilab le . In  all o th er  c a s e s ,  th e  

u n c e r ta in ty  a s s ig n e d  to th a t p a rticu lar  p o in t w as e ith e r  th is  

ca lcu la ted  m easure ap p ro p ria te  to  su ch  a p a rticu la r  su r fa ce  

b r ig h tn e s s  or th e  stan d ard  erro r  on th e  mean v a lu e  d er iv ed  from the  

b in n in g  p ro ced u re  in  se c t io n  I I .3.8, w h ich ev er  w as th e  la r g er . Such  a 

p ro ced u re  y ie ld s  sm ooth ly  v a r y in g  erro r  d is tr ib u tio n s , and g r e a tly  

r e d u c e s  th e  lik lihood  o f an  u n r e a lis t ic a lly  la r g e  w e ig h t b e in g  a ssig n ed  

b eca u se  o f  th e  ch a n ce  s im ilar ity  o f  th e  su r fa c e  b r ig h tn e ss  at that
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IV.2 A pp lication  o f  th e  a lgorith m  to  th e  program m e ga lax ies

p o in t a fte r  fo ld in g  ab ou t both  major and minor axes.

IV.2.1 NGC 2295 (a = 0 6 h 4 5 m 23s , S = -2 6 °  40’ 48")

NGC 2295 is  on e o f  s e v e r a l o f  th e  g a la x ies  o b se r v e d  h ere  for  

w hich  no e n tr y  cou ld  be fou n d  in  e ith e r  th e  RC2 or RSA ca ta lo g u es .  

D esp ite it s  v e r y  sm all a p p a ren t d im ension  (som e 2 .2 ’ on th e  SERC J 

p la te  5552) it s  a p p ea ra n ce  is  o f an in term ed ia te  ga laxy  p o s s e s s in g  

both  a co n sp icu o u s  d isc  and  a c lear  c e n tr a l b u lg e . The ~ 7° o f f s e t  

from  an ex a ctly  e d g e -o n  a sp e c t  g iv e s  r is e  to  p artia l o b scu ra tio n  o f  

th e b u lg e  in  th e  NW. B ecau se  o f th e  prom inance o f  th is  d isc , the  

Sab[?] c la ss if ic a tio n  a ss ig n e d  b y  Corwin e t  al (1985) is  ad op ted  for  

th e  p r e se n t  w ork, a lth o u g h  an SO/a m orphology is  q u oted  in th e  ESO 

ca ta lo g u e .

The d er iv ed  R band co -a d d ed  CCD fram e w as ob ta in ed  w ith  th e  

ch ip  lo n g  ax is  o r ien ta ted  N -S to allow  com plete sp a tia l c o v e r a g e  o f  th e

g a laxy  to g e th e r  w ith  an e x c e lle n t estim ate  o f th e  local s k y  b ack grou n d
;

a t th e  time o f  o b serv a tio n . Of o rd er  48 s te lla r  and  n o n -ste lla r  o b je c ts  

w ere rem oved from th is  fin a l im age fram e p rior  to  ex tra c tio n  o f th e  

su r fa c e  b r ig h tn e s s  p ro file s . The p r e se n c e  o f  2 r e la t iv e ly  b r ig h t s ta r s  

d u e n orth  and so u th  o f th e  ga laxy  it s e l f  w as p a r ticu la r ly  notab le on  

th is  fram e, b u t a d eta iled  com parison  o f  th e  p ro file  c u ts  sh ow ed  no 

r es id u a l s tr u c tu r e  a fter  th e ir  rem oval w hen com pared to  eq u iv a le n t  

data in the o th er  3 q u a d ra n ts  o f th e  g a la x y  (a testim on y  to the  

b r ig h t  s ta r  rem oval p ro ced u re  o f se c tio n  I I .3 .3). A ny contam ination  

from th e  major a x is  d u st  lane w as rem oved in  th is , a s  in all the
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program m e g a la x ies , b y  a p o in t -b y -p o in t  in sp e c t io n  o f each  su r fa ce  

b r ig h tn e s s  p ro file  a t sm all Z -h e ig h ts , to g e th e r  w ith a tr ia l in sp ec tio n  

o f model f i t s .  T hose data fou n d  to  becom e p r o g r e s s iv e ly  fa in ter  w ith  

d e c r e a s in g  Z w ere assu m ed  to be a ffe c te d  b y  o b scu ra tio n  and w ere  

th u s  s e t  to  zero  p rior to  th e  g en era tio n  o f th e  fin a l data  array  to be 

ad op ted  in  th e  m odelling. In  th e  ca se  o f NGC 2295, a v isu a l in sp ec tio n  

o f th o se  p ro file s  tak en  SE and NW o f th e  major ax is show  th e  d u st  

lane to a f fe c t  data o n ly  fo r  w hich  Z <, 5".

T here is  o n ly  on e n ea rb y  sy stem  se e n  on th e  CCD fram es and th e  

SERC/ESO p la te  m aterial -  a d if fu se  g a laxy  som e 1.1* NW o f c e n tr e  -  

a lth o u g h  NGC 2295 it s e l f  is  loca ted  o n ly  5.6* w e s t  o f th e  p ron ou n ced  

in te r a c t in g  SO/E com plex NGC 2292/93 . In d eed , th e  ESO ca ta lo g u e  

a s s ig n s  a common g rou p  m em bership  to  th e  program  ga laxy  and to  th e  

in te r a c t in g  sy ste m , a lth o u g h  no d is ta n ce  estim a tes  w ere fou n d  fo r  a n y  

o f th e s e  ga lax ies.

R esu lts  o f  th e  m odelling

The d er iv ed  model p aram eters, to g e th e r  w ith  th e  co rr esp o n d in g  

s ta t is t ic a l " q u a lity -o f-fit"  estim a to rs  a p p ro p ria te  to th at p a rticu lar  f it ,  

are g iv e n  in  tab le  A .I. [To r e - ite r a te  from ch a p ter  III, su ch  r e s u lt s  

co rr esp o n d  to th e  minimum sum o f sq u a r e s  o f r e s id u a ls  (FSUMSQ) 

ob ta in ed  for  th a t p a rticu la r  model com bination , ra th er  th an  in  th e  

a sso c ia te d  red u ced  p aram eter.]

As is  e v id e n t  from an  in sp e c tio n  o f th is  ta b le , s in g le  com ponent 

model com binations are in ap p licab le  in  th is  p a rticu la r  ca se  ow ing to  

th e  s ig n if ic a n t ly  p oorer f i t s  ob ta in ed  (b y  ~ an  o rd er -o f-m a g n itu d e  in 

th e  sum o f sq u a r e s  o f re s id u a ls )  w hen  com pared to  th e  tw o com ponent
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s e t s .  F u rth erm ore, a s ta t is t ic a lly  s ig n if ic a n t  im provem ent in th e  

g o o d n e s s -o f - f i t  d o es  not a ccr u e  w hen  a d o p tin g  a tr ip le  com ponent 

com bination  -  th e  la r g e s t  r e d u c tio n s  fou n d  o v er  th o se  p r e v io u s ly  

b ein g  o n ly  1.1 % in  FSUMSQ and ~ 2.6 % in  red . x^. The reason  for  

th is  s im ilarity  a r is e s  b eca u se , in  a ll c a s e s ,  on e o f th e  th ree  

com p on en ts b e in g  ad op ted  is  s u p p r e sse d  to su ch  an e x te n t  (e ith er  as  

a r e su lt  o f  e x c e s s iv e ly  fa in t c e n tr a l su r fa c e  b r ig h tn e s s  a n d /o r  v e r y  

la r g e  sc a le le n g th  p aram eters) th a t th e  fin a l m odel f i t s  com p rise two  

com p on en ts a lone.

The e s s e n t ia lly  id en tic a l q u a lity -o f - f i t s  fo r  all tw o-com pon en t  

com binations in  th a t tab le w hich  ite r a te  to a so lu tio n  in d ica te s  th a t  

th e  n o n -th in  d isc  lig h t  in  th is  sy ste m  can  be eq u a lly  w e ll-d e sc r ib e d  

b y  a n y  o f  th e  f it t in g  fu n c tio n s  ad op ted .

In th e  l ig h t  o f  th e  p oorly  d efin ed  sc a le le n g th  p aram eters fou n d  

w hen m odelling NGC 4565 in  ch a p ter  III, ad d ition a l iter a tio n s  w ere  

co n d u cted  sp e c if ic a lly  w ith  th e  in ten tio n  o f d e fin in g  th e  

rep ro d u cea b ility  o f hr and ee . By u n d e r ta k in g  t e s t s  in  w hich  both  

su r fa c e  b r ig h tn e s s  e stim a tes  and sc a le h e ig h t  (or, w here a p p ro p ria te , 

ax is  ratio ) p aram eters w ere h eld  c o n sta n t a t th e ir  r e s p e c t iv e  v a lu e s  in  

tab le  A .l, o n ly  th e  p aram eters o f in te r e s t  w ere allow ed to rem ain as  

v a r ia b le s . For a w ide v a r ie ty  o f in p u t (ty p ic a lly  ~ 2" to  500" in  h r 

and 20" -  500" in  Qe ) id en tica l o u tp u t v a lu e s  w ere ob ta in ed  to th o se  

o f th a t ta b le , th u s  in d ica tin g  th e  e x c e lle n t r e p e a ta b ility  o f  all th e  

sca le  p aram eters th u s  d efin ed . The same co n c lu s io n  w as d er iv ed  for  

f i t s  co n d u cted  w ith  th e  sc a le h e ig h t  a s  th e  fr e e  param eter.
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F ig u re  4.1 i l lu s tr a te s  th e  r e s u lt s  ob ta in ed  w hen  u s in g  th e  

" exponentia l + r^ law" s e t  b efo re  fu ll a llow ance w as made for  d u st  

contam ination  from th e  th in  d isc  a t sm all Z -h e ig h ts  (to illu s tr a te  th e  

im portance o f  a llow ing fo r  su ch  contam ination ). In  f ig u r e  4.1 (a) are  

sh ow n  th e  model f i t s  to a r e p r e se n ta t iv e  s u b s e t  o f th e  su r fa ce  

b r ig h tn e s s  p ro file s  ex tra c te d  a c r o ss  th is  ga la x y , w h ils t  f ig u r e  4.1 (b) 

i l lu s tr a te s  the a sso c ia te d  (u n w eig h ted ) r e s id u a ls  for  th is  model 

com bination  (su ch  r e s id u a ls  b e in g  d efin ed  a s  th e  d iffe r e n c e  b etw een  

th e  p red ic te d  and o b se r v e d  su r fa c e  b r ig h tn e s s  m easu res) a s  a 

fu n c tio n  o f su r fa c e  b r ig h tn e s s  (labelled  a), g a la c to c e n tr ic  d is ta n c e  (b) 

and Z -h e ig h t (c).

A s ig n if ic a n t  fe a tu r e  o f th is  f ig u r e  (p a rticu la r ly  c le a r ly  se e n  in  

th e  r e s id u a ls  diagram ) is  th e  a p p a ren t sy ste m a tic  tren d  o f a 

p r o g r e s s iv e ly  fa in te r  m odel th an  data a t fa in t su r fa c e  b r ig h tn e s s e s .  

The d e c r e a s in g  (/Jmodel ~ ^data) se e n  h ere  may e ith e r  r e su lt  from a 

sy ste m a tic  erro r  in th e  data b e in g  m odelled , or  th e  in a p p lic a b ility  o f  

th e  m odelling p ro file  b e in g  ad op ted . A fu r th e r  d isc u ss io n  o f th is  

p o in t, w hich  p r o v e s  to be common to m any o f  th e  ga la x ies  s tu d ied  

h ere , is  d e ferr ed  u n til ch a p ter  V, b u t fo r  th e  p r e s e n t  it  is  assum ed  

th a t th e  form er is  th e  c a se . An in sp e c tio n  o f th e  a b ove  r e s id u a ls  

diagram  th e r e fo r e  in d ic a te s  th a t th e  estim ate  o f th e  local sk y  

b a ck grou n d  has to be red u ced  b y  ~ 0.3 % o f th e  v a lu e  q u oted  in  

tab le  2.2.

F ig u re  4.2 sh ow s th e  r e s u lt s  o f a d o p tin g  a d ouble exp on en tia l 

m odel com bination  a fte r  co rr ec tio n  h as b een  made for the  

contam ination  e f f e c t s  and th e  sy ste m a tic s  a t fa in t ju, th e  model 

p aram eters th u s  d er iv ed  b e in g  g iv e n  in  tab le  4.1. The sum of sq u a res
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Figure 4.1 (a) : Model fits to a representative subset of the surface
brightness profiles extracted across NGC 2295. The ordinate is surface 

brightness and the abscissa Z-height (arcsecs) above the assumed major 
axis. The galactocentric distance of each surface brightness profile is 
labelled R and shown in the upper right of each plot (in arcsecs). The 
summed model profile illustrated (thick full line) is that resulting from a 
superposition of exponential disc and law model profiles (both thin full 
lines). The assigned error bars were derived as described in the text.
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Figure 4.1 (b) : The distribution of unweighted residuals (defined as the
difference between the predicted and observed surface brightness) for the 

model fits shown in figure 4.1 (a). These residuals are plotted as a 
function of observed surface brightness (labelled (a) and plotted as 

stars), of galactocentric distance (labelled (b) and plotted as crosses) and 
of Z-height (labelled (c) and represented by filled circles). The 

corresponding scales (Wdata» ^ anc  ̂ are given al°ng the lower axis, and 
lines of zero residuals are also shown in each case. All scale parameters 

are given in arcsecs and surface brightnesses in mag. arcsec- .̂



NGC 2295  -  R b a n d

Z (arcsecs)

INPUT FILE IS n 2 2 9 5 r.sy s  
(WITH 4 SKIPPED DATA POINTS)

Z ( a rc s e c s )

Z (arcsecs) Z (arcsecs)

UNWEIGHTED RESIDUALS -  NGC 2 2 9 5  DATA

o<DGOOCicd
QOcd

td•a
=1
I

n
o
Sa.

(a)

(b)

(c)

17.0 18.9 20.8 22.7 24.6 Adata

0 12 24 36 48 R (")

0 12 24 36 48 Z (")

figure 4.2



o f r e s id u a ls  in  th is  ca se  is  red u ced  b y  > 40 % o v er  th o se  " b est-fit"  

com binations in tab le  A .I. A v isu a l com parison  o f th e f it s  d er iv ed  to 

th e  a p p earan ce  o f th is  ga laxy  in  ap p en d ix  C s u g g e s t s  th a t th e  f ir s t  

ex p o n en tia l m odel d e sc r ib e s  th e  lu m in osity  d is tr ib u tio n  o f th e  n o n -th in  

d isc , w h ils t  th e  fa in ter  (b u t sp a tia lly  more ex ten d ed ) secon d  p rofile  

d e s c r ib e s  th e  th in  d isc  com ponent.

D esp ite  th e  s ta t is t ic a lly  im proved  f it , h o w ev er , su ch  a model 

com bination  o n ly  p r o v id e s  a good  d e sc r ip tio n  o f  th is  g a la x y  to  a 

ty p ic a l rm s re s id u a l o f ± 0.25 Pp. In a d d ition , th e  r e la tiv e

co n tr ib u tio n s  o f th e  m odel p r o file s  th u s  d efin ed  do not co rresp o n d  to  

th e  v isu a l ap p ea ra n ce  o f th is  ga laxy . T his is  prim arily  b eca u se  th e  

ex p o n en tia l p ro file  dom inating th e  minor ax is a t sm all Z -h e ig h ts  (in a 

reg io n  c lea r ly  dom inated b y  th e  n o n -th in  d isc  com ponent) is  th e  same 

as th a t model dom inating th o se  p ro file s  a t IR )> 30" w here th e  n o n -d isc  

in flu en ce  is  su b s ta n tia lly  le s s  th an  th a t o f  th e d isc  com ponent. All 

m odel com binations te s te d  h ere  r e v e a l a s im ilarly  im p lau sib le  so lu tion . 

T his would im ply th a t no s e t  o f model com binations te s te d  h ere  can  

p ro v id e  a "realistic"  d escr ip tio n  o f th is  sy stem .

IV.2.2 NGC 2310 (a = 0 6 h 52m 16s , S = -4 0 °  47’ 54")

T his g a laxy  (c la ss if ie d  a s  SO b y  th e  RC2 and ESO b u t S0+ b y  the  

RSA) p o s s e s s e s  a s tr o n g  d isc  com ponent and a b u lg e  w hich  sh ow s  

p ron ou n ced  " box" -shap ed  iso p h o te s  on both  th e  SERC (J5747, fie ld  

309) and  ESO (R3530) p la te s . The la tte r  p la te  a lso  r e v e a ls  e v id e n c e  o f  

a w eak major ax is  d u st  lan e, w h ils t  th e  s tr o n g , c e n tr a lly  con cen tra ted  

n u c leu s  is  p a rticu la r ly  c lea r  on th e  ESO B p la te  1776. The CCD fram es 

sh ow  s tr o n g  boxy iso p h o te s  to th e  v e r y  c e n tr e  o f th is  sy stem , and
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a lso  re v e a l a w arp a t th e  NE end o f th e  major axis (appendix  C). 

D igital u n sh a rp  m asking (ap p en d ix  B, in  p a rticu lar  f ig u r e  B.2) r e v e a ls  

th a t th e  b u lg e  may, in  fa c t , be s tr o n g ly  " p ean u t" -sh ap ed  a t th e  v e r y  

b r ig h te s t  iso p h o ta l le v e ls  and  th a t th e  c lear  major a x is  d u st  lane  

e x te n d s  c lo se  to  th e  c e n tr a l r e g io n s  in  th e  p r e s e n t  data.

The loca l en v iron m en t o f  NGC 2310 is  sp a r se , w ith  o n e  sm aller  

ga laxy  ~2.2’ to  th e  S and one ~9.0* W -  it  is  a s s ig n e d  a fie ld

c la ss if ic a tio n  in  th e  p r e se n t  w ork. The local s te lla r  d e n s ity  is , 

h ow ever , q u ite  h igh  (w ith  in  e x c e s s  o f 35 s te lla r  and n o n -s te lla r  

o b je c ts  rem oved from each  fin a l co -a d d ed  fram e). In p a rticu la r , one  

v e r y  b r ig h t  s ta r  ‘vl . l*  SE o f th e  ga laxy  c e n tr e , w h ils t  n o t fa llin g  on  

th e  fram es o b ta in ed , con tam in ates th e  fa in ter  g a laxy  su r fa c e

b r ig h tn e s s  p r o file s  SE o f th e  major ax is . All data  con ta in ed  w ith in  th e  

a ffe c te d  a rea s  w ere rem oved  if , b y  com paring w ith  th e  c o r r e sp o n d in g  

v a lu e s  in  th e  NW p ro file , a d isc r e p a n c y  in  e x c e s s  o f  tw ice  th e  

a ss ig n e d  erro r  a t th a t p o in t w as en co u n tered . The h ig h  d e g r e e  o f

sym m etry  in  th e  b r ig h te r  ga laxy  p ro file s  NW and SE o f th e  major ax is  

v in d ic a te s  su ch  a p ro ced u re .

The d er iv ed  (s in g le  p o sitio n ) co -a d d ed  fram es ob ta in ed  p ro v id e  

sp a tia l co v er a g e  a c r o ss  alm ost th e  w hole d isc  com ponent -  w hose  

dim ension  on J5747 is  'v3 .1’, co r r e sp o n d in g  to  8.5 k p c assu m in g  a

d is ta n ce  to  th is  ga laxy  o f  9.5 Mpc (ca lcu la ted  from th e  r e c e s s io n a l  

v e lo c ity  p u b lish ed  b y  S an d a g e  (1978), c o r r e c te d  fo r  motion o f th e  

loca l g ro u p ). Such  a d is ta n ce  tr a n s la te s  to  a sca le  fa c to r  o f 0.046  

k p c /a r c s e c s .
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U pon in sp e c t io n  o f th e  su r fa c e  b r ig h tn e ss  p r o file s  b e in g  m odelled, 

it  w as im m ediately e v id e n t  th a t a ll p ro file s  in B a t g a la c to cen tr ic  

d is ta n c e s  in  e x c e s s  o f 9" are s tr o n g ly  a ffe c te d  a t small Z by  

contam ination  from th e  major a x is  d u st  lan e -  p a rticu la r ly  th o se  

b etw een  9" and 32". To rem ove th e s e  e f f e c t s  r e q u ir e s  th e  rem oval o f 

a t le a s t  th e  in n er  3 data p o in ts  in each  p ro file . T hus th e su b se q u e n t  

d isc u ss io n  w ill fo cu s  on f i t s  d er iv ed  a fte r  th e  rem oval o f data  in ter io r  

to th is  Z -h e ig h t. I n te r e s t in g ly , th e  in n er  p ro file  c u ts  (th e  minor axis  

and R = 2.7" p r o file s )  show  no s ig n  o f d u st  contam ination  -  and  

in d eed  th e  cen tra l 3 p o in ts  a lon g  th e  minor ax is  show  a r ise  o f  ~0.5a/ 

tow ard s th e  c e n tr e  a lth o u g h  su ch  contam ination  m ust s t i l l  be p r e se n t  

in  su ch  r e g io n s . The much im proved  s u c c e s s  fou n d  in  th e  R band  

w hen  m odelling th e  fu ll data  a rra y  im plies th a t a t  lo n g er  w a v e le n g th s  

th e  e f fe c t  o f  th e  d u st  lan e is  c o n s id e r a b ly  red u ced  (a p o in t confirm ed  

b y  a v isu a l in sp e c tio n  o f  th e  data o b ta in ed ). H ow ever, to  m aintain  

c o n s is te n c y  w ith  th e data in  B, th e  in n er  3 data p o in ts  a t th e  sm allest 

Z -h e ig h ts  w ere rem oved  p rior  to  th e  m odelling p ro ced u re .

All s in g le  com ponent m odels can  im m ediately be r e je c te d  on  th e  

b a s is  o f  th e  fa c to r  5 or more in c r e a se  in th e  a sso c ia ted  sum of  

sq u a r e s  o f  r e s id u a ls  w hen  com pared to  th e  tw o-com p on en t f i t s  in  

ta b le  A.2. In ad d ition , th o se  lim ited num ber o f tr ip le -co m p o n e n t s e t s  

fo r  w hich  a so lu tio n  o f  a n y  form  cou ld  be a ch iev ed  are  a ll fou n d  to 

h ave h ea v ily  su p p r e ss e d  one model p ro file  in  fa v o u r  o f th e  o th er  two 

(th e n c e  y ie ld in g  id en tic a l m odel p aram eters and s ta t is t ic a l f it  

estim ators  to  th o se  o f th e  c o r r e sp o n d in g  tw o-com p on en t s e t s ) .  Of th e  

tw o-com pon en t com binations th em se lv es , th o se  in co rp o ra tin g  th e law 

f i t  th e  data co n s id e r a b ly  b e tte r  th an  d oes a n y  o th er  model

R esu lts  o f th e  m odelling
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com bination  te s te d .

Id en tica l t e s t s  to  th o se  co n d u cted  for  NGC 2295 again  in d ica te  

th at th e sc a le le n g th  p aram eters h r and e e in th e  " best fit"  

tw o-com p on en t com binations ap p ear  to  be v e r y  w e ll-d e fin ed  in both B 

and R. F urtherm ore, I a lso  a ttem p ted  to d efin e  w h eth er  the  

sc a le h e ig h t  o f th e  d isc  com ponent v a r ie s  a s  a fu n ctio n  of 

g a la c to c en tr ic  d is ta n ce  b y  m odelling each  su r fa c e  b r ig h tn e s s  p rofile  

in d ep en d a n tly  o f th e  r e s t ,  u s in g  a m odel com bination  in  w hich  all 

p aram eters o th er  than  th e sc a le h e ig h t  it s e l f  w ere held  c o n sta n t at 

th e ir  v a lu e s  in  tab le  A.2. A ny v a r ia tio n s  in  th e  lig h t  d is tr ib u tio n  

p erp en d icu la r  to th e  p lane w ould th u s  be m an ifested  b y  v a r ia tio n s  in  

h z w ith  IR. No e v id e n c e  w as fou n d  in  e ith e r  p a ssb a n d  for a n y  

sy stem a tic  v a ria tion  in  th is  param eter a c r o ss  th e  e n tir e  a rra y  o f 

p erp en d icu la r  p ro file s  m odelled -  mean sc a le h e ig h ts  o f 0.294 (±0.004) 

k p c in B and 0.257 (±0.003) kpc in  R b e in g  fou n d  (in v e r y  good  

agreem en t w ith  th o se  in  tab le  A.2). E v id en tly  th e  assu m p tion  o f  a 

co n sta n t  d isc  sc a le h e ig h t  in  th is  ga laxy  is  a good on e. In p a rticu lar , 

th e  lack  o f an y  tren d  se e n  a t la r g er  IR in d ic a te s  th a t th e  p r e se n c e  o f  

th e  d isc  warp h as a minimal e f fe c t  on  th e  p aram eters ch a r a c te r is in g  

th e  d isc  com ponent. Were th e  lig h t  d is tr ib u tio n  in  th e d isc  

s ig n if ic a n t ly  a ltered  b y  th e  p r e se n c e  o f th e  w arp, one m ight h ave  

e x p ec te d  th e  sc a le h e ig h t  to in c r e a se  a t la rg er  IR from th e  "flaring"  

w hich  w ould r e su lt  in  su ch  p ro file s  a fte r  r e f le c t io n  a b ou t both  major 

and minor axes.

H ow ever, a com parison  o f th e  model p aram eters th u s  obtained  

r e v e a ls  d iffe r e n c e s  o f ~ 45 % b etw een  th e  d isc  s c a le le n g th s  in  B and  

R. In d eed , a v isu a l com parison  o f model f i t s  g ra p h ica lly  illu s tr a te s
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th a t th e  r e la tiv e  co n tr ib u tio n s  o f th e  model d isc  p rofile  are q u ite  

d iffe r e n t  in  th e two d a ta se ts . A p o ss ib le  ca u se  o f th is  d isp a r ity  may 

r e s u lt  from th e  fa c t  th a t th e  lu m in osity  p ro file s  b e in g  m odelled are all 

v e r y  "flat" (as a fu n ctio n  o f Z) ex ter io r  to th o se  g a la c to cen tr ic  

d is ta n c e s  dom inated b y  th e  b o x -sh a p ed  fe a tu r e . It ap p ea rs th a t th e  

m odelling ro u tin e  is  u n ab le  to  u n am b igu ou sly  d iffe r e n tia te  b etw een  th e  

ava ilab le  model com p on en ts ad op ted .

S u ch  d isc r e p a n c ie s  are  im plausib le , and a s  a r e su lt  I u n d ertook  to 

t e s t  w h eth er  p o ss ib le  d iss im ila r itie s  in  th e  r e s p e c t iv e  erro r  

d is tr ib u tio n s  ad op ted  w ould a cco u n t for  th e s e  e f f e c t s .  To th is  en d , I 

im posed a low er lim it on th e  erro r  a s s ig n e d  to  each  data p o in t u sed , 

and te s te d  th e  s im ilar ity  o f  th e  d er iv ed  model p aram eters in  th e  two 

p a ssb a n d s  a t e q u iv a le n t low er lim its. Such  a p ro ced u re  w as in d eed  

fou n d  to  red u ce  th e  d isp a r ity  b etw een  all sca le  p aram eters in th e  B 

and R data -  im posing  a minimum erro r  o f  ± 0.10 q red u c in g  th e  

d iffe r e n c e  in  d isc  s c a le le n g th s  to 28 % and in  9e  to 13 %. The r e su lts  

ob ta in ed  b y  a p p ly in g  th e  " b est-fit"  exp on en tia l + r^ law com bination  

to th e  p r e se n t  data a fte r  a llow ance fo r  su ch  param eter d if fe r e n c e s  are  

il lu s tr a ted  in  f ig u r e s  4.3 (B) and 4.4 (R).

In co n c lu s io n , NGC 2310 is  b e s t  d e sc r ib e d  b y  a com bination  o f a 

d isc  com ponent and an r^ law p ro file . The f ig u r e s  in d ica te  th a t a fter  

a p p ly in g  a minimum erro r  to th e  d a ta se t  u sed , a ty p ica l resid u a l 

b etw een  th e  p red ic te d  and o b se r v e d  lu m in osity  d is tr ib u tio n  is  ~ ± 0 . 5  

jU in  th e  B band and ~ ± 0.4 fJ in  R. I n te r e s t in g ly , the b ox -sh ap ed  

iso p h o te s  ap p ear w e ll-d e sc r ib e d  b y  th e  same r^ law p ro file  w hich is  a 

major co n tr ib u to r  to  th e  summed model p ro file  a t la rg er  Z -h eigh ts . 

The lu m in osity  con ta in ed  w ith in  th e box r e g io n s  th ere fo re  ap p ears to
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be p r e c ise ly  th a t e x p ec te d  from th e  cen tra l co n cen tra tio n  o f th e  

fa in te r  n o n -d isc  com ponent in th is  sy stem . T his r e su lt  w as confirm ed  

upon  in sp e c tio n  o f im age fram es for  NGC 2310 from w hich th e  

exp o n en tia l and r^ law model lu m in osity  d is tr ib u tio n s  had been  

su b tr a c te d . The res id u a l lig h t  ex ter io r  to th e  d u st  lane (b u t in an  

area  noted  a s  b e in g  p r e v io u s ly  dom inated b y  th e  box m orphology) is  

o n ly  ~ 10 (± 5) % o f th e  to ta l n o n -th in  d isc  lig h t  w ith in  th e  o r ig in a l

im age fram es in  both  p a ssb a n d s.

IV.2.3 NGC 3115 (a  = 10h 0 2 m 44 .8s , S = -0 7 °  28’ 27” )

In both  th e  RC2 and RSA th is  g a laxy  is  c la ss if ie d  a s  SO-  i.e . 

th e r e  a p p ea rs  to be an a b se n c e  o f  a n y  d u st  a lon g  th e  major ax is. 

H ow ever, th e  p r e s e n t  CCD o b se r v a tio n s  c le a r ly  show  th e  p r e se n c e  o f a 

p ro n o u n ced , b u t v e r y  th in , in n er  d isc  com ponent a t  th e  b r ig h ter  

iso p h o ta l le v e ls  (se e  a lso  T sik ou d i (1977, 1979) for  eq u a lly  c lear

e v id e n c e  o f th is  fe a tu r e ) .

On th e  SERC J s u r v e y  (p late 8438, fie ld  781) th e  major axis  

dim ension  is  ~5.6’ and th a t o f the minor ax is ~ 1 .7 \ T hus th e  co -a d d ed

s in g le  p o s itio n  fram es c e n tr e d  on th e  n u c leu s  are  s u ff ic ie n t  to  co v er

th e  w hole ga laxy  to su ch  iso p h o ta l le v e ls  (due to th e a sso c ia ted  

p o sitio n  a n g le  ~45°). The local s te lla r  fie ld  is  r e la t iv e ly  sp a r se , w ith  

o n ly  ~20 im ages rem oved  from  th e se  c en tra l fram es, and a sim ilar  

num ber on th e  R band fram es c o v e r in g  th e  SW ex trem ity  o f th e  d isc . 

The g a la x y  en v iron m en t is  a lso  sp a r se , w ith  th e  n e a r e s t  n eigh b ou r  

b e in g  ~5’ E and th e  n e a r e s t  b r ig h t  sy stem  (a fa c e -o n  sp ira l) ~16’ SSE  

o f NGC 3115 it s e lf .  An ad op ted  d is ta n ce  o f 4.8 (±0.2) Mpc is  derived  

from  a mean o f th e  r e c e ss io n a l v e lo c it ie s  o f M orton & C hevalier (1973),
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Rubin e t  al (1980) and Williams (1975) co rr ec ted  for  so lar motion  

r e la tiv e  to th e  local g ro u p . T h is tr a n s la te s  to an im age sca le  o f 0.023 

k p c /a r c se c .

IV.2.3 (a) R esu lts  o f th e  m odelling

A p ron ou n ced  tu rn o v er  in  su r fa c e  b r ig h tn e s s  is  se e n  b etw een  the  

in n erm ost data p o in ts  o f th e  minor ax is p ro file  o f  th is  sy stem . This is  

u n lik e ly  to be due to d u st  o b scu ra tio n  (as su ch  an e f fe c t  is  not seen  

in  th e  im m ediately a d ja cen t p ro file s ) b u t it  may a r ise  from some 

u n d efin ed  sa tu r a tio n /n o n lin e a r ity  e f f e c t s  at th e  v e r y  c e n tr e  b eca u se  

o f th e  r e la t iv e ly  lo n g  (1500 s e c s )  ex p o su re  o f th e  b r ig h te s t  g a laxy  in  

th e  sam ple. In itia l t e s t s  w ere con d u cted  w ith  up to 3 p o in ts  rem oved  

to  d e fin e  th e  s ig n if ic a n c e  o f su ch  an e f fe c t  on th e  model p aram eters  

o b ta in ed , a lth o u g h  in  th e  lig h t  o f th e  d e g r e e  o f  rep i’o d u cea b ility  

b etw een  p aram eters in  th e s e  t e s t s ,  th e  p r e s e n t  a n a ly s is  fo c u s s e s  on  

th e  m odelling r e s u lt s  d er iv ed  w hen th e  s in g le  data p o in t a lon g  th e  

major ax is w as rem oved from  each  p ro file  p rior to  m odelling.

The d eta iled  d is c u s s io n  u n d erta k en  b y  T sik ou d i (1977) o f th e  

p rin cip a l a x es  (and e q u iv a le n t) p ro file s  o f th is  ga laxy  o b v ia te s  th e  

need  for  sim ilar o b se r v a tio n s  h ere, a lth ou gh  it  is  noted  in  p a ss in g  

th a t none o f  th e  "fine s tr u c tu r e s"  se e n  in  h er major axis p ro file  are  

fou n d  in  th e  p r e s e n t  data. The m ost o b v io u s  o f  th e se  fe a tu r e s  (at R 

~1.5’) may r e s u lt  from  th e  p r e se n c e  o f an unrem oved  fa in t s ta r  -  th e  

CCD fram es show  a num ber o f  su ch  s ta r s  supei-im posed  on th e v e r y  

b r ig h te s t  iso p h o ta l r e g io n s  o f  th is  ga laxy .

Table A.3 sum m arises th e  r e s u lt s  ob ta in ed  from each  s in g le  and  

tw o com ponent model f it  to  th is  sy stem . I did not u n d ertak e
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th ree -co m p o n en t f i t s  in  th is  ca se  as th e y  ap p eared  u nw arranted  in  

th e  lig h t  o f th e  v isu a l a p p earan ce  o f  th is  sy stem  and b eca u se  th e  

lim ited sp a tia l and dynam ic ra n g e  o f th e  c u r r e n t  o b se r v a tio n s  w ere  

co n s id e r e d  in ad eq u a te  to  a p p ly  a fu r th e r  com ponent.

As is  e v id e n t  from th e se  r e s u lt s ,  th e  sim ple law p rofile  p ro v id es  a 

su b s ta n tia lly  b e tte r  f it  th an  an y  o th er  s in g le , and m ost double, 

com ponent com binations. H ow ever, in sp e c tio n  o f th e  r e p r e se n ta t iv e  f it s  

and th e  co rr esp o n d in g  r e s id u a ls  d iagram  for th is  model -  f ig u r e  4.5 

sh o w s i t s  a p p lica tion  to  th e  data  in B -  r e v e a ls  d isc r e p a n c ie s  a t both  

sm all and la r g e  Z -h e ig h ts . The form er are  m ost in  e v id e n c e  o v e r  th o se  

p r o file s  a t la r g er  g a la c to c en tr ic  d is ta n c e s  (~40 to 80"), and are  

c o n s id e r a b ly  red u ced  b y  th e  in c lu s io n  o f  an  ad d ition a l d isc  p ro file  -  

e ith e r  u s in g  a sech ^  m odel (p re ferr ed  in  th e  R band and red u c in g  

FSUMSQ b y  22 % o v e r  th e  s in g le  law p ro file ) , or an ex p on en tia l 

model (in B w here th e  im provem ent in FSUMSQ is  53 %).

A more d eta iled  s tu d y  o f th e  d isc  com p on en ts in  su ch  

tw o-com pon en t f i t s  show  no tr e n d s  o f s c a le h e ig h t  w ith  IR to ~ 2 % in B 

and 4 % in R. The c lear  sy stem a tic  ov erestim a tio n  o f th e  o b se r v e d  

l ig h t  d is tr ib u tio n  se e n  a t fa in ter  q in  f ig u r e  4.5, h ow ever , p e r s is t s  

w ith th e  in c lu s io n  o f  th e  d isc  p ro file . A ssum ing, as p r e v io u s ly , th a t  

su ch  an e f fe c t  is  a r e su lt  o f an in c o r r e c t a s se ssm e n t o f  th e  s k y  

r e q u ir e s  th o se  v a lu e s  in ta b le  2.2 to be red u ced  b y  11 % and 2 % 

in  B and R r e s p e c t iv e ly . S u ch  c h a n g e s  are su b s ta n tia lly  la r g e r  than  

th o se  req u ired  for  alm ost all o th er  ga la x ies  in th e  p r e se n t  sam ple, b u t  

th e  s k y  m easu res fo r  th is  d a ta se t  are  v e r y  much le s s  cer ta in  ow ing  

to  th e  lim ited num ber o f p ix e ls  in  th e  im age fram es ob ta in ed  w hich  

are lik e ly  to  be fr e e  from contam ination  b y  lig h t  from th e galaxy  

it s e lf .  The ch a n g e  req u ired  in th e  B band is  rea so n a b ly  c o n s is te n t

114



Am
ed

ei 
- 

¿¿
da

ta 
(m

ag
 

ar
cs

ec

NGC 3115  -  B b a n d

Z (á re s e o s )

INPUT FILE IS n 3 1 1 5 b .m o d

Z (a rc s e c s )

Z (a rc s e c s )  Z (á re s e o s )

CJI

UNWEIGHTED RESIDUALS -  NGC 3115 DATA
INPUT FILE n 3115b .m od  (WITH 1 SKIPPED POINTS)

(a)

(b)

+ —f — j—- I ---------f —

(c)

f Mil*rrrii 1 M ! ! ! : • FH-ii**T 1 - - T
• * • •

16.0 18.2 20.4 22.6 24.8 ^  data

0 20 40 60 80 R (")

0 23 46 69 92 z O')

figure 4.5



w ith  th e  14 % req u ired  in  ch a p ter  II to  b r in g  th e  major and minor 

a x is  p r o file s  in to  a g reem en t b etw een  th e  p r e se n t  w ork and th at o f 

T sik ou d i (1977).

A fter a llow ance fo r  su ch  sy ste m a tic s , th e  d er iv ed  model 

p aram eters aga in  show  u n p h y s ic a lly  la rg e  d isp a r it ie s  b etw een  B and R 

p a ssb a n d s  p a r ticu la r ly  fo r  th e  d isc  com p on en ts. The fa c t  th a t none o f  

th e  tw o-com pon en t com binations in  th e  R band ite r a te  to a so lu tio n  

w ith in  th e  f it  c r ite r ia  im posed  (d e sp ite  th e  q u oted  o u tp u t param eter  

v a lu e s  in su ch  c a se s  b e in g  d efin ed  m any ite r a tio n s  b efo re  th e  MAXCAL 

fa c to r  is  ex ceed ed ) is  p ro b a b ly  a r e s u lt  o f th e  more r e s tr ic t iv e  erro r  

d is tr ib u tio n  than  th a t u sed  in  B (a p o in t w hich  is  a lso  lik e ly  to g iv e  

r ise  to th e  much la r g er  red u ced  e stim a tes  th an  en co u n tered  in  th e  

B p a ssb a n d ). H ow ever, ad op tion  o f a "minimum error"  le a d s  to  o n ly  

m arginal im provem ent in  th is  c a se . Of a ll th e  p o ss ib le  com binations  

te s te d , th e  m ost c o n s is te n t  r e s u lt s  w ere ob ta in ed  w hen im posing  a 

minimum erro r  o f ± 0.15 ju, y ie ld in g  d isc  s c a le le n g th s  e q u iv a le n t to 43 

% and 0e to 31 %.

In th e  lig h t  o f th e  p r e se n t  u n c e r ta in tie s  in  th e  local sk y  

b a ck grou n d  on th e se  fram es, I a lso  te s te d  the r e s u lt s  o f a d o p tin g  a 

minimum erro r  p ro ced u re  a fte r  c o r r e c t in g  th e  sk y  m easure b y  th e  

am ount (14 %) n eed ed  to b r in g  th e p r e se n t  w ork in to  agreem en t w ith  

th a t o f T sikoud i. No im provem ent w as found  in th e  s im ilarity  o f th e  

c o r r e sp o n d in g  m odel p aram eters b etw een  th e  p r e se n t  B and R 

p a ssb a n d s . The " b e st-f it"  model com binations, co rr ec ted  for  

sy ste m a tic s  and b r in g in g  th e d er iv ed  p aram eters in to  th e c lo se s t  

p o ss ib le  a greem en t, are  show n in  f ig u r e s  4.6 and 4.7 ap p lied  to B and  

R data r e s p e c t iv e ly . The v a lu e s  d e fin in g  th e se  f i t s  are g iv e n  in table
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4.1 a t th e  en d  o f th is  ch a p ter .

The c a u se  o f su ch  param eter d if fe r e n c e s  may be lik en ed  to  th e  

ca se  o f NGC 2310 p r e v io u s ly  in  th a t a v isu a l f it  to th e  su r fa ce  

b r ig h tn e s s  p r o file s  ex tra c te d  a t la r g e  iR w ould s u g g e s t  th a t a sim ple 

ex p o n en tia l p ro file  w ould be a ll th a t is  req u ired  to  model th e  ga laxy  

o v e r  all Z -h e ig h ts  -  th e  m odelling ro u tin e  th e r e b y  b e in g  u nable to  

d elin ea te  u n iq u e c o n tr ib u tio n s  from each  model in  su c h  s itu a tio n s .  

A ltern a tiv e ly , it  may be d u e th e  v e r y  lim ited sp a tia l, and  dynam ic, 

ra n g e  co v er ed  in  th e  p r e s e n t  o b se r v a tio n s . T yp ica l rm s re s id u a ls  

b etw een  th e  o b se r v a tio n s  and  th e  b e s t  model f i t s  o f ~ ± 0.2 q are  

found  in  both  co lo u rs.

IV.2.3 (b) Com parison to  p r e v io u s  work

C onfirm ing th e  c o n c lu s io n s  a rr iv ed  at b y  T sk iou d i (1977, 1979), 

th e  m odelling r e s u lt s  in  th e  B p a ssb a n d  co n ta in  c lear  e v id e n c e  o f a 

fa in t d isc  com ponent w hose r e la tiv e  co n tr ib u tio n  becom es most 

s ig n if ic a n t  a t in term ed ia te  Z -h e ig h ts  ('v20 to  100") a t small IR. The 

p r e se n t  w ork is , h o w ev er , more than  a sim ple confirm ation  o f  th e  

ea r lier  s tu d y  b eca u se  th is  is  th e  f ir s t  attem p t to  d iffe r e n tia te  th e  

m odel c o n tr ib u to r s  to th e  to ta l lig h t  d is tr ib u tio n  in  th is  g a la x y  by  

u s in g  p u r e ly  s ta t is t ic a l m eans. The a n a ly s is  o f T sik ou d i w as 

p a r ticu la r ly  lim ited in b a sin g  m ost o f it s  c o n c lu s io n s  on  d econ vo lu tion  

o f major, minor and e q u iv a le n t  p r o file s  a lone and , more im p ortan tly , 

from m odelling o f  each  com ponent in d ep en d a n tly  from the o th e r s  (w ith  

a ll th e  lim itation s, noted  in  ch a p ter  III, th a t su ch  a m odelling  

p ro ced u re  in v o k e s ) .
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A d eta iled  com parison  b etw een  th e  p r e se n t  B band r e s u lts  and  

th o se  o f T sik ou d i (1977) is  not p o ss ib le  ow ing to the lim ited sp a tia l 

c o v e r a g e  in  th e  p r e s e n t  w ork com pared to  th a t o f th e  ea r lier  

(p h o to g ra p h ic) s tu d y . N e v e r th e le ss , some u s e fu l com parisons can  s t ill  

be made. B ased on tab le  5 o f T sik ou d i (1977), I note th a t all su r fa ce  

b r ig h tn e s s  p r o file s  m odelled in  th e  p r e se n t  B p a ssb an d  data  

co rr esp o n d  to  sem i-m ajor axes o f i  60", th e  p o in t a t w hich th e  

in te g r a te d  lu m in osity  is  ~ 75 % o f th e  tota l. In d eed , 2 /3  o f th e  model 

p ro file s  m odelled h ere  are in ter io r  to  ~ 40", w h ere  T sik ou d i s u g g e s t  

th a t h a lf o f th e  to ta l lu m in osity  o f  th is  sy ste m  is  co n ta in ed . Her 

r e s u lt s  g iv e n  o v e r  r e g io n s  o f 25 % to  50 % o f L ^ ,  show  a ra n g e  in  qe 

o f 18.15 to 20.26 mag. a r c s e c - ^, a  ee o f 7.8" -  21.6" and an axis ratio  

o f 0.42 to  0.31. The v a lu e s  ap proxim ately  en com p ass th e  param eters  

d efin ed  in  th e  p r e s e n t  w ork (th e ee o f  0.26 k p c d er iv ed  h ere

c o r r e sp o n d in g  to 11.5") w hen  due a cco u n t is  a lso  tak en  o f th e

zero p o in t d iffe r e n c e  b etw een  th e  r e s p e c t iv e  s tu d ie s  noted  in  ch a p ter  

II. The p r e s e n t  a x is  ratio  a lso  com pares w ell w ith  th e  v a lu e  o f  0.40  

(±0.01) fou n d  b y  Strom  e t  al (1977) from th e ir  ite r a t iv e  e llip se  f it t in g  

to data  in  th e  V band in ter io r  to a sem i-m ajor ax is  ~ 100".

An e q u iv a le n t com parison  o f th e  d isc  is  n ot p o ss ib le  fo r  th e  same 

r e a so n s  n oted  a b o v e  (T sik ou d i m odels su ch  a com ponent to  Z -h e ig h ts  

~150" -  c o n s id e r a b ly  b ey o n d  th e  e x te n t o f  th e  p r e s e n t  su r fa c e

b r ig h tn e s s  a r r a y ). N e v e r th e le ss , a v isu a l in sp e c tio n  o f h er  minor ax is  

p ro file  in d ic a te s  th a t th e  exp on en tia l d isc  f ir s t  becom es a s ig n if ic a n t  

c o n tr ib u to r  to  th e  summed model p ro file  a t a Z -h e ig h t ~ 60", in  

rea so n a b le  a g reem en t w ith  th e  c o r r e sp o n d in g  m odel f i t  in  f ig u r e  4.6.

F u rth erm ore, a d o p tin g  th e  m odelling r e s u lt s  o f  T sik ou d i’s 3

p erp en d icu la r  p ro file  c u ts  a t 44, 50 and 74 a r c se c s  y ie ld s  a mean fJQ
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o f 21.32 )U in  rea so n a b le  a g reem en t w ith  th e  p r e s e n t  r e s u lts .  H ow ever, 

h er c o r r e sp o n d in g  sc a le h e ig h t , co r r e c te d  for  th e  d iffe r e n t  assum ed  

d is ta n c e s  b etw een  th e  tw o s tu d ie s , o f  1.7 k p c is  co n s id era b ly  la r g er  

th an  th e  p r e se n t  estim ate . A p o ss ib le  so u rce  o f  th is  d iffere n c e  may 

aga in  r e s u lt  b eca u se  th e  p r e s e n t  data  co v e r  su ch  a sm all ra n g e  in  Z 

a s  to make a d e fin itio n  o f  th e  d isc  sc a le h e ig h t  u n cer ta in , and b ecau se  

h er r e s u lt s  are  u n cer ta in  a s  th e y  a p p ly  to  an in d ep en d a n t m odelling  

p ro ced u re  for each  o f th e se  3 su r fa c e  b r ig h tn e s s  p ro file s  m entioned.

IV.2.4 NGC 3573 (oc = l l h 09m 01s , S = -3 6 °  35’ 49”)

T h is b u lg e  dom inated sy ste m , w hich  a lso  p o s s e s s e s  a pron ou nced  

d u st  lan e o b sc u r in g  th e  low er c e n tr e  o f th e  ga laxy , is  c la ss if ie d  as  

SAO (pec?) in  Corwin e t  a l (1985), and SO in  th e  ESO ca ta logu e  

(a lth ou gh  it  is  not con ta in ed  in  e ith er  th e  RC2 or RSA). In sp ec tio n  o f  

both  th e SERC J s u r v e y  p late 3993 (fie ld  377) and th e  c u r r e n t CCD 

data r e v e a ls  e v id e n c e  o f  com plex (b u t fa in t) s tr u c tu r e  a t th e  

ex trem itie s  o f th e  major a x is  w ith in  th e  d isc  com ponent. The tota l 

major ax is d im ension  on th is  p la te  is  ~ 4 .5 ’ su ch  th a t th e  (s in g le  

p o sitio n ) B band fram es, for  w hich  a ch ip  o r ien ta tio n  EW w as ad op ted , 

c o v e r  th e  cen tra l b u lg e  b u t o n ly  ~ l /3  o f th e  tota l d isc  e x ten t. In R, 

h o w ev er , th e  c u r r e n t data sam ples an  area  co n s id e r a b ly  b eyon d  th at  

o f th e  fa in te s t  iso p h o te s  on J3993 a s  it  com p rises  a m osaiced  

com posite o f 3 p a irs  o f co -a d d ed  fram es.

The local s te lla r  en v iron m en t on th e s e  fram es is  s u ff ic ie n t ly  d en se  

a s  to req u ire  th e rem oval o f  ~ 27 im ages from both  B and R fram es  

cen tre d  on th e  n u c leu s . H ow ever, o n ly  one b r ig h t  s ta r  is  found to fall 

on th e  g a laxy  it s e l f  -  ly in g  on th e  so u th er n  end  o f  th e  o b scu r in g
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d u st  lan e -  and  a s  su ch  had no e f fe c t  on th e  d er iv ed  su r fa c e  

b r ig h tn e s s  p ro file s  tak en  a c r o s s  su ch  a reg io n . The im m ediate galaxian  

d e n s ity  is  a lso  q u ite  r ich , th e  n e a r e s t  sy stem  b e in g  on ly  ~ 2.2’ w est  

o f NGC 3573 it s e lf .  An a s s ig n e d  c lu s te r  m em bership  is  taken  from the  

ESO ca ta lo g u e . H ow ever, th e  c lu s te r  is  u n id en tified  in th is  so u rce , and  

no d is ta n ce  estim a tes  for  th is  g a laxy  cou ld  be fou n d .

The n o tab ly  " d istu rb ed "  n a tu re  o f th e  d u st  lan e, p a r ticu la r ly  at 

la r g e  g a la c to c en tr ic  d is ta n c e s , w as o f  some co n cern  w hen  ex tra c tin g  

p r o file s  a t su ch  p o s it io n s . A com parison  o f th e  c o r r e sp o n d in g  E and W 

p r o file s  w as u sed  to d eterm ine th e  e x c e ss  contam ination  in  th e la tter  

o v e r  th e  form er -  th o se  m easu res c le a r ly  a ffe c te d  b y  o b scu ra tio n

e f fe c t s  b e in g  d isca rd ed . S u ch  a p ro ced u re  req u ired  th e  rem oval o f  

b etw een  3 to  6 in n er  data p o in ts  in  B -  few er  in  R -  b u t in  ad d ition  

all data a lon g  th e  major a x is  it s e l f  in  both  co lo u r s. The v a lid ity  o f  th e  

la tte r  p ro ced u re  w as e v id e n c e d  b y  th e  10 % red u c tio n  in FSUMSQ

(and 38 % in red . X^) com pared to th e  f i t s  d er iv ed  w hen  su ch  data  

w ere re ta in ed . The data a r r a y s  f in a lly  ad op ted  in  b oth  co lo u rs  are  a s  

fr e e  from contam ination  b y  th e  major ax is  d u s t  lane a s  a v isu a l  

in sp e c tio n  o f th e  data ob ta in ed  would allow.

R esu lts  o f  th e  m odelling

The r e s u lt s  o f m odelling th is  sy stem  are g iv e n  in tab le  A.4. On 

th e  b a s is  o f a com parison  b etw een  th e  s ta t is t ic a l f it  e stim a to rs , the  

b e s t  d escr ip tio n  o f th is  ga laxy  is  a ffo rd ed  b y  a com bination  of

ex p o n en tia l d isc  and r^ law p r o file s  in  th e  B band. In R, th e  tr ip le  

com bination  o f " exponentia l + sech ^  + r^ law" p ro file s  g iv e s  th e  

sm allest sum o f sq u a r e s  o f r e s id u a ls  (b y  45 % o v e r  the b est

tw o-com p on en t com bination). H ow ever, an in sp e c tio n  o f th e param eters
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d er iv ed  h ig h lig h ts  an u n r e a lis t ic a lly  la rg e  sc a le h e ig h t  fo r  th e

ex p o n en tia l p ro file , and an ex ce p tio n a lly  small sca leleng'th . In d eed , a

v isu a l s tu d y  o f  th e  f i t s  d er iv ed  in  th is  ca se  sh ow s su ch  a model to  

p o s s e s s  a su r fa c e  b r ig h tn e s s  r o u g h ly  c o n sta n t w ith  Z o v er  all

p r o file s . The s ta t is t ic a l im provem ent noted  ab o v e  r e s u lts  from th e

im proved  f it  o v e r  th e  ou term ost 3 data p o in ts  in each  p rofile  (i.e. 

th o se  fo r  w hich  Z  ̂ 45").

D iscou n tin g  su ch  com binations on th e  s tr e n g th  o f  th e  im plausib le  

param eters o b ta in ed , a com bination  o f sech^  and law m odels f it  th e  

data  b e s t  in  R. H ow ever, tab le  A.4 r e v e a ls  sim ilar u n p h y s ica l  

d isp a r it ie s  b etw een  th e  m odel p aram eters in  B and R, w h ils t  th e  f it s  

ob ta in ed  show  su ch  m odel com binations to  be q u ite  in ad eq u a te  in  

d e sc r ib in g  th e  lu m in osity  d is tr ib u tio n  in  th is  ga la x y . E v id en ce  o f a 

sy ste m a tic  o v erestim ation  o f th e  o b se r v e d  l ig h t  a t la r g e  Z is  se e n  in  

th e  R band, a t le a st  fo r  th o se  p ro file s  in ter io r  to g a la c to c en tr ic  

d is ta n c e s  ~ 50", w h ils t  eq u a lly  poor agreem en t, b u t seem in g ly  not due  

to a n y  " system atics" , is  a lso  found  o v e r  th e  same r eg io n s  in  th e  B 

band.

The 0.3 % red u ctio n  in  th e  loca l s k y  b a ck grou n d  req u ired  to  

c o r r e c t  for th e sy ste m a tic s  a t la r g e  Z in  R, are  found  to ch a n g e  th e  

r e su lta n t  model p aram eters by minimal am ounts, and  c e r ta in ly  

in su ff ic ie n t  to  im prove th e  q u a lity  o f th o se  f i t s  a t la r g er  IR to the  

o n e s  noted  p r e v io u s ly . The q u estio n  th e r e fo r e  a r is e s  a s  to w hy th e se  

" b est—fit" model com binations are  u nable to f it  th e  o b serv ed  

lu m in osity  d is tr ib u tio n  to  b e tte r  th an  ~ 0.4 U in  both  co lo u rs, ev en  

a fte r  a llow ance h as b een  made for  a n y  p o ss ib le  sy ste m a tic s  in the  

data. Owing to th e  som ew hat in c lin ed  a sp e c t  o f th e  d u st  lane (a f ig u re
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o f 7 °  is  estim ated  from th e  p r e s e n t  o b se r v a tio n s ) , and in  th e  lig h t  of 

th e  v a r y in g  am ount o f data rem oved to allow for  contam ination from  

su ch  a fe a tu r e , th o se  p aram eters d e fin in g  th e  th in  d isc  com ponent 

m ust be v iew ed  w ith  c o n s id era b le  u n c e r ta in ty  (p a rticu la r ly  in  B w here  

th e  e f f e c t s  are m ost m arked). As a r e s u lt  o f  th e  add itional c o n str a in ts  

p laced  on  d ecom position  o f  th e  n o n -th in  d isc  lig h t  w ith  su ch  

u n certa in  d isc  p aram eters, th e r e fo r e , v a lu e s  for  th e  r^ law profile  

m ust a lso  be v iew ed  a s  co n s id e r a b ly  le s s  w e ll-d e fin e d  th an  for  o th er  

g a la x ies  in th e  c u r r e n t sam ple.

H ow ever, w h ils t  th e  p r e se n c e  o f th e  d u s t  lane u n d o u b ted ly  

in tr o d u c e s  com p lication s w hen  m odelling th is  ga la x y , th is  can n ot be 

th e  rea so n  for  th e  poor f i t s  ob ta in ed  o v er  all (IR,Z). For exam ple, th e  

minor ax is p ro file  is  p oorly  d e sc r ib e d  in  both  B and R b eyon d  Z 

4 0 ”, a lth o u g h  a v isu a l in sp e c tio n  o f th e  im age fram es co n cern ed  

(ap p en d ix  C) r e v e a ls  r e la t iv e ly  lit t le  o b scu ra tio n  a lon g  th is  p ro file  

b eyon d  20", and ex p lic it ly  p r e c lu d e s  th e  e x is te n c e  o f d u st  lane  

contam ination  a t su ch  Z -  p a r ticu la r ly  in th e  R band w here th e  model 

f i t  is  th e  p o o rest. In d eed , th e  w hole ga laxy  to  a su r fa c e  b r ig h tn e s s  

25 Afp; w ould h a v e  to be so  a ffe c te d  w ere th is  h y p o th e s is  to be 

ten ab le .

In th e  lig h t  o f  th e  d issim ilar  p aram eters n oted  ab o v e , a minimum 

erro r  p ro ced u re  w as ag a in  ap p lied  to th e  d a ta se t  a fte r  rem oval o f  the  

sy ste m a tic s  in  th e  R band. I t w as found  th a t a su b sta n tia l  

im provem ent in th e  rep ro d u cea b ility  o f a ll sca le  p aram eters (or ig in a lly  

d isco rd a n t b y  70 % in  all c a se s )  could  be ob ta in ed  b y  im posing a 

minimum erro r  o f ± 0.2 fu -  th e  co rr esp o n d in g  d iffe r e n c e s  in

sc a le le n g th s  now b ein g  red u ced  to  29 %, th e  s c a le h e ig h ts  to 37 % and
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th e  e f fe c t iv e  rad ii to  21 %. No fu r th e r  im provem ents a ro se  w ith th e  

rem oval o f more data a t sm all Z -heig'hts. The r e su lts  o f su ch  a 

p ro ced u re  are  illu s tr a ted  in  th e  model f i t s  show n in f ig u r e s  4.8 (the  

"exponentia l + r^ law" com bination  in  B) and 4.9 (th e s e c h ^  + r** law" 

s e t  in  R). In d eed , th e  g o o d n e s s -o f - f i t  p aram eters in d ica te  a 

s ta t is t ic a lly  co n sid era b le  im provem ent in B o v e r  th e  co rresp o n d in g  

m odel com bination  in  tab le  A.4 (FSUMSQ b ein g  red u ced  b y  ~ 50 %), 

a lth ou gh  th e  im provem ent in  R is  on ly  m arginal (at 5 %). H ow ever, 

in  R th e ty p ica l rms r es id u a l a p p ea rs  to be red u ced  to  ± 0.25 U-

In co n c lu s io n , th e r e fo r e , NGC 3573 can  be w e ll-d e sc r ib e d  b y  th e  

model com binations ad op ted  to ± 0.3 Mg and ± 0.25 Mr , and y ie ld  model 

p aram eters e q u iv a le n t to ~ 30 % in  B and R. H ow ever, to ob ta in  th is  

a g reem en t r e q u ir e s  a la r g e  ch a n g e  in  th e  ad op ted  sk y  b ack grou n d  on  

th e  R fram e, and a minimum error  o f ± 0.2 M in both  p a ssb a n d s.

IV.2.5 NGC 4289 (a = 12h 18m 27s , S = 04° 00’ 06")

The s tr ik in g  a p p earan ce  o f  th is  g a laxy  (c la ss if ie d  a s  Sc in  both  

RC2 and UGC) r e s u lt s  from th e  dom inant d isc  com ponent, w ith  th e  

in c lin a tio n  ~4° from an e d g e -o n  a sp e c t  b e in g  d ed u ced  on th e  b a s is  o f  

th e  s lig h t  o b scu ra tio n  o f th e  b u lg e  se e n  on th e w estern  s id e  o f th e  

ga laxy . On both  th e  POSS red  and b lue s u r v e y  (p la tes  1560), and th e  

c u r r e n t  o b se r v a t io n s , no e v id e n c e  o f an y  d isc  w arp in g  is  s e e n . The 

to ta l d isc  d im ension  on th is  p la te  m aterial is  ~4.5’, and is  su ff ic ie n t  to  

req u ir e  CCD fram es o r ien te d  N -S (long ax is p ara lle l to th e  major axis  

o f th e  ga laxy) fo r  fu ll c o v e r a g e  to  be a ch iev ed . The lim ited spatia l 

c o v e r a g e  p erp en d icu la r  to th e  major a x is  w as not co n sid ered  a 

r e s tr ic t io n  in  o b ta in in g  s k y  in  th e se  fram es b eca u se  o f th e rapid
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fa l l -o ff  in  th e  lig h t  d is tr ib u tio n  o f th e  ga laxy  in  su ch  d irec tio n s .

The loca l s te lla r  d e n s ity  is  su ff ic ie n t ly  low that o n ly  b r ig h t, or 

m od erately  b r ig h t, s ta r s  req u ired  rem oval from th e  fram es ob ta in ed  

(none w ere located  on th e  g a laxy  im age it s e l f ) .  The im m ediate ga laxy  

en v iron m en t is  a lso  q u ite  s p a r se  -  th e  n e a r e s t  sy ste m  b e in g  ~ 5.6’ to  

th e  W -  b u t th e  la r g e r  sca le  en v iron m en t (o v er  an  a p er tu re  o f 1 or 2 

sq u a r e  d e g r e e s)  is  v e r y  r ich . H ow ever, no r e fe r e n c e  to  c lu s te r  

o ccu p a n cy  cou ld  be fo u n d , and no d is ta n ce  estim a tes  w ere th u s  

d er iv ed .

R esu lts  o f th e  m odelling

Table A.5 d e ta ils  th e  r e s u lt s  ob ta in ed  w hen  m odelling th e  arra y  o f  

su r fa c e  b r ig h tn e s s  p r o file s  a fte r  th e  data p o in ts  a lon g  th e  major axis  

h ave b een  rem oved to  allow fo r  r e s id u a l major ax is d u st  

contam ination .

T his tab le  r e v e a ls  th e  s ig n if ic a n t  im provem ent w hich  r e s u lt s  from  

th e  ad op tion  o f  a model com bination in co rp o ra tin g  an exp on en tia l d isc  

and an r^ law p ro file  o v er  all o th er  s in g le  and tw o-com p on en t s e t s ,  

and m ost th ree -co m p o n en t com binations. The b e s t  th ree-co m p o n en t  

com bination  p r o v id e s  a red u ctio n  15 % in  FSUMSQ o v er  th e  b e s t  two  

com ponent s e t , a lth o u g h  an  in sp e c tio n  o f th e  model f i t s  d er iv ed  show  

th e  th ird  com ponent to  make a minimal co n tr ib u tio n  to  th e  summed 

m odel p ro file  (r e su lt in g  from th e  ~ 2.5 ju fa in te r  c e n tr a l su r fa ce

b r ig h tn e s s , cou p led  w ith  a sc a le h e ig h t  sm aller th an  th a t o f th e  

b r ig h te r  d isc  model b y  30 % to 50 %). The im plausib le v a lu es  of 

th e se  p aram eters r a ise s  co n cern  as to  th e  p h y s ic a l rea lity  o f su ch  a 

th ird  com ponent.
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All sca le  p aram eters fo r  th e  " b est-fit"  tw o-com pon en t com bination  

w ere fou n d  to be v e r y  rep ea ta b le  for a w ide v a r ie ty  o f in p u t  

estim a tes . The sc a le h e ig h t  o f th e  d isc  com ponent is  found  to be  

c o n sta n t to b e tte r  th an  ± 3 % o f th e  mean v a lu e  o f 3.12", w ith no 

e v id e n c e  o f  a sy stem a tic  tren d  w ith R o v e r  th e  w hole arra y  o f p ro file  

c u ts .

D esp ite  th e  c o n s id era b le  d e g r e e  o f c o n s is te n c y  in  model 

p aram eters in  tab le  A.5, h ow ever , a v isu a l in sp e c tio n  o f a ll model f it s  

d er iv ed  u s in g  th e  com binations in  th a t tab le  show  sim ilar sy stem a tic  

tr e n d s  a t la rg e  Z a s  n oted  in th e  g a la x ies  m odelled p r e v io u s ly .  

A llow ance for  su ch  an e f fe c t  r e q u ir e s  a red u c tio n  in  I^y o f ~ 0.3 %. 

The m odel f i t s  ob ta in ed  a fte r  su ch  a co rr ec tio n  has b een  ap p lied  to  

th e  "exp. + r^ law" s e t  are  illu s tr a te d  in  f ig u r e  4.10 -  th is  model 

com bination  is  now fou n d  to d e sc r ib e  NGC 4289 to ± 0.3 tig.

The r e la t iv e ly  sm all ch a n g e  in  m any o f  th e s e  p aram eters from  

th o se  in  ta b le  A.5 in d ic a te s  th e  ra th er  lim ited s ig n if ic a n c e  o f  su ch  an  

e f fe c t .  A B /T  ratio  o f  0.19 from th e  a b ove r e s u lt s  is  in  accord  w ith  

th a t ex p ected  fo r  su ch  a la te - ty p e  sy stem  (Sim ien & de V aucou leu rs  

1986), w h ilst th e  v e r y  sm all s c a le h e ig h t  o f th e  d isc  model co rro b o ra tes  

th e  v isu a l ap p ea ra n ce  o f  th is  sy ste m  in  a p p en d ix  C.

IV.2.6 NGC 4469 (<x = 12h 26m 53s .9, S = +09° 01’ 2")

P rob ab ly  on e o f  th e  c le a r e s t  exam ples c u r r e n t ly  know n o f a 

le n ticu la r  ga laxy  p o s s e s s in g  "peanut shaped"  iso p h o te s  is  NGC 4469 -  

th e  d e p r e ss io n  in  iso p h o ta l co n to u rs  a lon g  th e  minor (rotation) axis  

g iv in g  th e  c h a r a c te r is t ic  "bow -tie" ap p earan ce . This s tr u c tu r e  is
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d is c u s se d  in  more d eta il in  ch a p ter  VI and is  p a rticu la r ly  e v id e n t  in  

f ig u r e  B.2 o f ap p en d ix  B a fte r  th e ap p lication  o f d ig ita l u n sh arp  

m asking.

An SO/a m orphology is  a s s ig n e d  to  th is  sy ste m  in  both  th e  RC2 

and UGC c a ta lo g u es  and is  ad op ted  in  th e  p r e se n t  w ork. The major 

ax is  d u st  lan e g iv in g  r is e  to  th is  c la ss if ic a t io n  is  e v id e n t  on  both  B 

and R POSS p la te s  (num bers 1563) and is  p a r ticu la r ly  so  in  th e  B 

band CCD fram e ob ta in ed  h ere . N e v e r th e le ss , su ch  a d isc  d oes not 

ap p ear  s u ff ic ie n t ly  dom inant to  s u g g e s t  th e  Sab m orphology adop ted  

in  th e  RSA.

The d isc  d im ension  on th is  p la te  m aterial is  fou n d  to  be ~ 3 .4 ’. 

T h u s, s in g le  p o sitio n  CCD fram es cen tre d  on  th e  n u c le u s  would  

p ro v id e  inform ation  a c r o ss  v ir tu a lly  th e  e n tir e  b u lg e  to  th e  isop h ota l 

le v e ls  s e e n  on th e  p la te s  -  e v e n  w ith  th e  NS o r ien ta tio n  (th e  p osition  

a n g le  o f  th is  sy ste m  is  alm ost ex a c tly  90°). H ow ever, to maximise 

sp a tia l c o v e r a g e  o f th e  d isc  com ponent, and  th e  ga laxy  a s  a w hole at 

fa in te r  iso p h o ta l le v e ls  th an  th is , th e  CCD fram es w ere o f f s e t  some 10" 

-  20" e a s t  and w e s t  o f c e n tr e . U n fo r tu n a te ly  tim e did n ot perm it th e  

ea stern m o st fram es to  be ob ta in ed  in  th e  B band, and th u s  for  

g a la c to c e n tr ic  d is ta n c e s  in  e x c e s s  o f ~ 10” th e  data are  d er iv ed  a fter  

fo ld in g  ab ou t th e  major a x is  a lone. The m odelling in th is  co lour  

a ssu m es g a laxy  sym m etry  ab ou t th e  minor ax is b u t to  ju d g e  b y  th e  

sp a tia lly  com plete data in  R su ch  an assu m p tion  is  va lid .

The fram es ob ta in ed  are  alm ost d evo id  o f an y  s ta r s  and ga lax ies. 

H ow ever, NGC 4469 is  o n ly  ~ 4 ° so u th  o f M87, and it s  m em bership o f  

th e  V irgo c lu s te r  is  g iv e n  in s e v e r a l so u r c e s  (e .g . the RSA,

125



K raan-K ortw eg (1982), Geller & H uchra (1983)). T hus a d is ta n ce  o f 10.7 

Mpc is  ad op ted  -  g iv in g  an im age sca le  o f 0.052 k p c /a r c se c .

R esu lts  o f th e  m odelling

W hilst th e  ad op tion  o f a s in g le  law p rofile  is  found  to p rov id e  

a su b s ta n tia lly  im proved  q u a lity -o f - f it  o v e r  m ost o th er  com binations in 

tab le  A.6, two p rin c ip a l so u r c e s  o f d isc r e p a n c y  w hich  a r ise  w hen  

u s in g  th is  p ro file  in d ica te  th a t th e  sh a p e  o f th e  lu m in osity  

d is tr ib u tio n  in  NGC 4469 is  too com plex to ad op t a s in g le -co m p o n en t  

f it t in g  fu n ctio n . The form o f su ch  d isc r e p a n c ie s  is  a sy stem a tic  

o v erestim a tio n  o f th e  p red ic te d  lu m in osity  a t la rg e  Z -h e ig h ts  r e la tiv e  

to  th a t a c tu a lly  o b se r v e d , and a fa ilu re  to  d e sc r ib e  th e  " th ick er” 

p ro file s  a t IR 15" and Z £ 30" (a ttr ib u ted  to th e  p e a n u t-sh a p ed  

m orphology n oted  ab ove).

The e f fe c t  o f a d d in g  an ex p on en tia l d isc  to th e  r^ law is  to 

r ed u ce  FSUMSQ b y  51 % in  B and 23 % in  R. T his s ta t is t ic a l  

im provem ent r e s u lt s  from th e  co n tr ib u tio n  o f th e  d isc  to th e f it  a t 10" 

£ Z £ 40", th e r e b y  re lax in g  c o n str a in ts  p laced  on  th e r^ law p rofile  

and th u s  lea d in g  to  a som ew hat im proved  f it  o v e r  th e  in term ed ia te  

and la rg e  IR p ro file s .

The m odelling r e s u lt s  in  tab le  A.6 p rec lu d e  th e  adop tion  o f a 

th ree -co m p o n en t f it  s in c e  th o se  com binations found  to iter a te  to a 

so lu tio n  are  o n ly  ab le to  do so  b y  th e  s u p p r e ss io n  o f th is  th ird  

com ponent. T his r e s u lt  w as a lso  noted  a t th e  e n d p o in ts  o f a ll s e t s  in 

th a t ta b le  for  w hich  a fin a l so lu tio n  cou ld  n ot be d er iv ed .
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D esp ite  th e  s ta t is t ic a l im provem ents noted  ab o v e , th e "exponential 

+ law" s e t  s t ill  fa lls  sh o r t o f an ad eq u ate  d escr ip tio n  o f th is

g a laxy  ow ing to an in a b ility  to  d e sc r ib e  th e  p ean u t b u lge  at IR ~ 15" 

and from th e  e x is te n c e  o f  sy ste m a tic s  a t la r g e  Z o f th e  form noted  

p r e v io u s ly . Removal o f th e  la tte r  e f f e c t s  req u ire  red u c tio n s  in I^y o f  

0.6 % in  th e  B band and 0.3 % in R o v e r  th e  v a lu e s  quoted  in tab le

2.2. F ig u r es  4.11 (B) and 4.12 (R) show  th e  f i t s  ob ta in ed  u s in g  th is  

m odel com bination  a fte r  im p osin g  su ch  a ch a n g e  in  th e  ad op ted  sk y  

le v e l.

H ow ever, th e  d isc  s c a le le n g th s  w hich  r e s u lt  a fter  c o r r e c t in g  for  

th e se  e f f e c t s  are  d isco rd a n t b y  60 % b etw een  B and R. In d eed , a 

v isu a l in sp e c tio n  o f th e  im age fram es (ap p en d ix  C il lu s tr a tin g  th a t in  

R) w ould s u g g e s t  th a t th e  sc a le le n g th  o f  th e  ex p o n en tia l p ro file  in  th e  

R band is  far  too sm all s in c e  th e  d isc  b e in g  m odelled c le a r ly  e x te n d s  

o v e r  an e q u iv a le n t rad ia l sca le  a s  d oes th a t in  B. The p aram eters for  

th e  f i t  to  th e  B band data are  th e r e fo r e  co n s id e r e d  to  be more 

" realistic"  in  th is  s e n se .

The rem oval o f th e  d isp a r it ie s  b etw een  th e  model p aram eters in  

th e  r e s p e c t iv e  p a ssb a n d s  (e v id e n t in  tab le A.6) req u ired  th e

in corp ora tion  o f a minimum erro r  o f ± 0.1 /U. The e f f e c t s  o f th is

p ro ced u re  red u ce  th e  d if fe r e n c e s  in  hr b y  an o r d e r -o f-m a g n itu d e

(a lth o u g h  d if fe r e n c e s  in  9e in c r e a se  to ~ 30 %). S u ch  model

com binations are s t il l  fou n d  to  be le s s  th an  optim al due to  a poor f it  

a t la r g e  Z o v er  cer ta in  p r o file s  and an u n d erestim a tio n  o f th e  lig h t  

a c r o s s  th e  e d g e  o f th e  p ea n u t iso p h o te s  (b y  ~ 0.25 /Ur  and ~ 0.1 j U g ) .  

T h ese  u n d erestim a tio n s co rresp o n d  to ~ 4 % o f th e  tota l p red icted

lu m in osity  o v er  su ch  r e g io n s  in  th e  B band and 7 % in R. I find
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B.
a.

Z (a rc s e c s ) Z (a rc s e c s )

C\JI

UNWEIGHTED RESIDUALS -  NGC 4469  DATA
INPUT FILE n 4469b .sys (WITH 5 SKIPPED POINTS)

(a)

(b)

(c)

19.5 21.4 23.3 25.2 27.1 ¿‘data

0 26 52 78 104 R (")

0 18 36 54 72 z (")

figure 4.11
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UNWEIGHTED RESIDUALS 
INPUT FILE n 4469r.sys

NGC 4469  DATA 
(WITH 5 SKIPPED POINTS)

(a)

(b)

- (c)

18.0 20.1 22.2 24.3 26.4 ¿'•data
0 26 52 78 104 R (")

0 20 40 60 80 Z (")

figure 4.12



th a t su b tr a c tio n  o f th e  summed "exponentia l + r^ law" model 

lu m in osity  d is tr ib u tio n s  from  th e  or ig in a l im age fram es y ie ld  o n ly  ~ 15 

-  20 % e x c e s s  lig h t  in  both  p a ssb a n d s  ex ter io r  to th e  d u st  lane and  

th u s  a ttr ib u ted  to  th e  p r e se n c e  o f th e  p ean u t. A lthough su ch  

m orphology is  v e r y  e v id e n t  upon  a v isu a l in sp e c tio n  o f th is  ga laxy , 

th e  p ea n u t a p p ea rs to be a le s s - s ig n if ic a n t  co n tr ib u to r  to  th e  total 

n o n -th in  d isc  lig h t  in  NGC 4469 than  is  n oted  for  o th er  sy ste m s  in  

th e  p r e s e n t  sam ple sh o w in g  sim ilar iso p h o ta l sh a p e s .

The g e n e r a lly  im proved  d e sc r ip tio n  a t la r g e  Z w hen all p ro file s  

a re  co n s id e r e d , h ow ever , in d ic a te s  th a t th e  n o n -th in  d isc  l ig h t  in  th is  

g a la x y  b eyon d  th e  r e g io n s  m ost dom inated b y  th e  p ea n u t m orphology  

is  r ea so n a b ly  w e ll-d e sc r ib e d  b y  th e  r^ law p ro file . The p ean u t  

th e r e fo r e  a p p ea rs  to  be su p e r p o se d  on , and not an inw ard  

ex trap o la tion  o f, th e  r^ law p ro file . T his m orphology e x te n d s  o v e r  a 

su ff ic ie n t ly  la rg e  ra n g e  o f  rad ia l d is ta n ce  th a t m odelling o f th e  

p r e s e n t  d a ta se t  w ith  th e  p ea n u t rem oved w as not u n d erta k en  ow ing to  

th e  lim ited data a rra y  w hich  w ould rem ain. T yp ica l rms r e s id u a ls  o f  

± 0.25 jUg and 0.2 /Jpj are fou n d  in  th e s e  f it s .

In th e  o n ly  o th er  p r e v io u s  s tu d y  o f NGC 4469, Watanabe e t  al 

(1982) note th e  e x is te n c e  o f  a "shoulder"  in  th e ir  g en e r a lise d  radial 

lu m in osity  p ro file  b etw een  50" and 80", w hich  th e y  in fer  to  be  

in d ir e c t  e v id e n c e  o f  th e  e x is te n c e  o f a le n s  com ponent. The 

s c a le h e ig h ts  o f th e  p r e s e n t  th in  d isc  com p on en ts show  la rg e  sc a tte r  

ab o u t th e ir  a sso c ia te d  m eans (0.38 (±0.02) kpc in  B and 0.31 (±0.05) 

kp c in  R), a lth o u g h  a more d eta iled  in sp e c tio n  r e v e a ls  an ap p aren t  

co rre la tio n  b etw een  sc a le h e ig h t  o f  th e  d isc  model and th e appearance  

o f th e  n o n -th in  d isc  iso p h o te s  a t th a t p articu la r  p osition . In d eed , a
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q u a lita tiv e ly  sim ilar tren d  is  n oted  for  all ga la x ies  in  th e  p r e s e n t  

sam ple co n ta in in g  c lea r  p ea n u t m orphology. H ow ever, th e d e cre a se  in  

d isc  h z a t 45" i  IR £ 60" (more prom inant in  R th an  B due to th e  

seem in g ly  more p ro n ou n ced  p ea n u t sh a p e s  a t lo n g er  w a v e len g th s)  is  

not s ta t is t ic a lly  s ig n if ic a n t  in  th e  lig h t  o f  th e  a sso c ia ted  u n cer ta in tie s  

in  each  m easure. E qually , th e  in a b ility  w ith in  th e  p r e s e n t  m odelling  

sch em e o f d is t in g u is h in g  b etw een  a tru e  v a ria tion  o f  hz (IR) and the  

"param eter coup ling"  (n oted  in  ch a p ter  III) to th e  p ea n u t iso p h o te s  

m eans th a t su ch  r e s u lt s  ca n n o t be tak en  a s  a confirm ation  o f th e  

f in d in g s  o f W atanabe e t  a l (1982).

IV.2.7 NGC 5078 (a = 13h 19m 19.8s , S = -2 7 °  09 ’ 08")

T h is g a laxy  is  c h a r a c te r ise d  b y  a dom inant b u lg e  on  w hich  is  

su p e r p o se d  a p ron ou n ced  major a x is  d u s t  lane w h ose  in tern a l 

s tr u c tu r e  becom es p r o g r e s s iv e ly  more com plex fu r th e r  from th e  

g a la c tic  c e n tr e . The v is u a l ap p ea ra n ce  is  n o t d issim ilar  to  th a t o f  th e  

Som brero g a la x y  (NGC 4594). The a s s ig n e d  m orphological ty p e  o f  

SA (s)a  is  tak en  from  th e  RC2, a lth o u g h  su ch  a c la ss if ic a tio n  is  a lso  

ad op ted  b y  Corwin e t  al (1985). The ESO ca ta lo g u e  a s s ig n s  it  an SO 

ty p e , b u t su ch  an estim ate  a p p ea rs  u n ten a b le  on  th e  b a s is  o f th e  

sca le  o f, and th e  p ron ou n ced  s tr u c tu r e  se e n  in , th e  d u st  lane.

The in c lin ed  a sp e c t  o f th is  d u st  lan e le a d s  to  contam ination  o f  

alm ost h a lf o f  th e  SW e x te n t  o f th e  b u lg e . The la tte r  com ponent 

a p p ea rs  q u ite  f la t  o v e r  th e  ou term ost iso p h o ta l le v e ls  on both  th e  

c u r r e n t  CCD fram es and from the ESO R band s u r v e y  p la te  3185. On 

th e  SERC J s u r v e y  (p la te  2347, fie ld  508) th e  to ta l major axis  

dim ension  is  ~ 5 .6 ’. T h u s, a s in g le  p o sitio n  CCD fram e cen tred  on th e
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n u c leu s  (and w ith  a N -S o r ien ta tion ) would sam ple alm ost th e  w hole  

b u lg e  com ponent to th e  iso p h o ta l le v e ls  s e e n  on th is  p la te , b u t would  

in c lu d e  o n ly  h a lf o f  th e  l ig h t  a lon g  th e  major ax is. As no sk y  would  

be o b ta in ed  on  su ch  a fram e, th e  p r e se n t  (R band) o b se r v a tio n s  o f  

th is  g a laxy  com prise a m osaic o f 4 fram es (each  on e a co -ad d  o f two  

1000 s e c s  ex p o su r e s )  tak en  a t v a r io u s  p o s it io n s  a c r o ss  th e  sy stem  -  

o n e c e n tr e d  on  th e  n u c leu s  it s e l f ,  on e o f f s e t  ~30" W o f c e n tr e , a th ird  

c o v e r in g  th e  SE and a fo u rth  th e  NW ex tem ities  o f  th e  major ax is . The 

ce n tr a l fram es w ere sca led  to  th o se  o u ter  o n es  w h ere  an a d eq u a te  s k y  

estim ate  cou ld  be d efin ed .

F o rtu n a te ly , th e  loca l s te lla r  d e n s ity  in  th is  fie ld  is  v e r y  low, 

w ith  o n ly  on e m oderately  b r ig h t  s ta r  (~30" SE o f c e n tr e )  located  on  

th e  g a laxy  im age it s e lf .  P a rticu la r ly  e v id e n t  on  th is  im age, h ow ever , 

are a la r g e  num ber o f fa in t ga la x ies  -  J2347 in d ic a te s  a s  many a s  9 

sy ste m s  w ith in  a 4 .5 ’ a p er tu re  c en tre d  on NGC 5078 it s e lf .  Two su ch  

g a la x ie s  are  n o tew o rth y  fo r  th e ir  e f fe c t  on  th e  su r fa c e  b r ig h tn e s s  

p r o file s  ex tra c te d  from  th is  data, nam ely an e llip tic a l ~40" due so u th  

and a v e r y  b r ig h t  b arred  sp ira l o n ly  2 .2 ’ SW o f th e  n u c leu s . The 

la tte r  in  p a rticu la r  w as fou n d  to s ig n if ic a n t ly  a ffe c t  th e  SW 

ex trem itie s  o f  th e  p r o file s  o b ta in ed  e v e n  th o u g h  th e  b r ig h te s t  r e g io n s  

o f th e  o b je c t  it s e l f  did n ot fa ll in  th e  area  co v er ed  b y  th e  m osaic. 

H ow ever, th e  e x c e lle n t d e g r e e  o f  sym m etry  fou n d  in  th e b r ig h te r  

r e g io n s  o f a ll p r o file s  ob ta in ed  fa c ilita ted  r e la t iv e ly  s tra ig h tfo rw a rd  

d efin itio n  and rem oval o f th e  r e g io n s  m ost contam inated  b y  th e se  

n e ig h b o u rs . The p o in t -b y -p o in t  com parison  o f  th e  co rr esp o n d in g  

m easu res NE and SW o f th e major a x is  a lso  allow ed th e v a ry in g  

e f f e c t s  o f th e  d u st  lane contam ination  to  be su ita b ly  allow ed for.
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D esp ite  b e in g  a s s ig n e d  c lu s te r  m em bership in  th e  ESO ca ta logu e, 

no d is ta n c e  estim a tes  fo r  th is  g a laxy  could  be fou n d .

R esu lts  o f th e  m odelling

As tab le  A.7 sh o w s, th e  ad op tion  o f an law p ro file  p ro v id es  a 

good d escr ip tio n  o f th is  ga la x y , a lth o u g h  a fu r th e r  red u ctio n  o f ~ 23 

% in both  FSUMSQ and red . X? r e s u lt  from th e  ad d ition  o f a d isc  

m odel to th e  fit . The so u rce  o f th is  im provem ent com es from th e  

b e tte r  f i t  to th e  data a t Z £ 10" w hen  th e  ad d ition a l com ponent is  

in c lu d ed .

H ow ever, a v isu a l in sp e c tio n  o f th e  model f i t s  d er iv ed  in  su ch  

tw o-com pon en t com binations sh ow s th e  ex p o n en tia l p ro file  to make no 

c o n tr ib u tio n  to  th e  summed p ro file  b eyon d  Z ~ 5-10" (a r e s u lt  o f th e  

u n r e a lis t ic a lly  sm all sca le  p aram eters sh ow n  in  th a t ta b le ). An 

in sp e c tio n  o f  th e  im age fram e in  ap p en d ix  C con firm s th e  u n p h y s ica l 

n atu re  o f th is  so lu tio n . The ad op tion  o f a s e c h ^  d isc  model is  eq u a lly  

u n sa t is fa c to r y , in  th is  c a se  ow ing  to th e  v e r y  fa in t  c en tra l su r fa c e  

b r ig h tn e s s  and u n r e a lis t ic a lly  la rg e  sc a le h e ig h t  w ith  w hich  su ch  a 

com ponent is  a s s ig n e d . T h ese  p aram eters com bine to  e n su r e  th a t su ch  

a p ro file  m akes a minimal co n tr ib u tio n  to th e  summed p ro file  -  th e  

d iffe r e n c e s  b etw een  th e  la tte r  and th a t o f th e  r^ law b e in g  ~ 0.2 

o v e r  a ll !R and Z. T his r e s u lt  is  in d eed  s u g g e s te d  b y  th e  sim ilarity  o f  

both  s ta t is t ic a l f i t  e s tim a to rs  and th e  model p aram eters d e fin in g  th e  

r^ law i t s e l f  b etw een  th e  s in g le  and double com ponent s e t s  in  th a t  

tab le . The u se  o f  a th ree -co m p o n en t com bination  is  ex p lic it ly  exclu ded  

in  th e s e  data.
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o v e r e stim a te s  th e  actu a l lu m in osity  d is tr ib u tio n  a t Z £ 75" o v er  all R 

(b y  a s  much a s  ~ 1.0 Hr a t a Hr 27 H), th e  rem oval o f su ch  an  

e f fe c t  r e q u ir in g  a red u c tio n  o f ~ 0.2 % in th e  I sk y  estim ate in tab le

2.2. F ig u re  4.13 il lu s tr a te s  th e  r e su lta n t  f i t s  to th is  sy stem .

In  co n c lu s io n , th e  p r e s e n t  m odelling ro u tin e  is  u n ab le  to  find  

e v id e n c e  o f  a n y  d isc  com ponent w ith in  th e  p r e se n t  data, b u t is  ab le  

to model th e  lig h t  d is tr ib u tio n  aw ay from th e  d u st  lane b y  a s in g le  

law  p ro file  to  an rm s r e s id u a l o f ty p ic a lly  ± 0.2 H r . The in c lin ed  

a sp e c t  o f th is  sy ste m , th e  s tr o n g  contam ination  from th e  d u st  lane  

and th e fa c t  th at lig h t  from th e  r** law is  so  dom inant o v er  much o f  

th is  ga laxy , w ould all make th e  id en tif ica tio n  o f a n y  d isc  p opulation  

v e r y  d iff ic u lt  w ere on e to e x is t . The p o s s ib ility  a lso  a r is e s  th a t th is  

g a laxy  p o s s e s s e s  n o th in g  o th er  th an  a d u st  lan e su p e rp o sed  on th e  

n o n -d isc  lig h t  d is tr ib u tio n .

IV.2.8 NGC 5170 (a = 13h 27m 06 .5s , 8 = -1 7 °  42’ 17")

The Sc c la ss if ic a t io n  for  th is  d isc  dom inated g a laxy  is  tak en  from  

th e  RC2. I t is  a lso  g iv e n  th is  ty p e  in  th e  ESO ca ta lo g u e , a lth o u g h  an  

S b [?] m orphology is  a s s ig n e d  in  th e  RSA, w h ilst Corwin e t  a l (1985) 

d e sc r ib e  it  a s  S bc. The SW reg io n  o f th e  b u lg e  is  p a r tly  o b scu red  by  

th e  com plex d u st  lan e (th e  g a laxy  is  an estim ated  5° from e d g e -o n ) ,  

w h ils t  th e  d isc  com ponent -  for  w hich  a to ta l d im ension  o f ~8.4’ is  

fou n d  from th e  SERC s u r v e y  p la te  J8408 (fie ld  576) -  sh ow s no s ig n  

o f w arp in g . On th e  ESO R band p la te  5973 th e  v e r y  f la t  cen tra l b u lge  

is  p a r ticu la r ly  c lea r , w h ilst th e  co r r e sp o n d in g  B p late (1499) again  

h ig h lig h ts  it s  v e r y  s tr o n g  d e g r e e  o f cen tra l co n cen tra tio n  tow ards the

H ow ever, th e  law p ro file  in  tab le  A.7 p r o g r e s s iv e ly
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n u c leu s .

With an ad op ted  CCD lo n g  axis o r ien ta tio n  N -S (to im prove th e  

estim ate  o f th e  loca l s k y  b a ck grou n d ) th ree  co -a d d ed  fram es w ere  

req u ired  to  sp a tia lly  map th e  to ta l e x te n t  o f th e  d isc  as seen  on th e se  

p la te s . A lthough  a ll th r e e  su c h  p o s it io n s  w ere co v er ed  in  B, time

lim itation s o n ly  allow ed tw o su ch  p o s it io n s  to  be ob ta in ed  in  R. T hus

th e  m odelling r e s u lt s  in  th e  la tte r  assu m e p e r fe c t  sym m etry  ab ou t th e  

minor ax is (a lth ou gh  su ch  an a ssu m p tion  d o es in d eed  ap p ear va lid  

from th e  B data). The loca l s te lla r  d e n s ity  is  q u ite  low, req u ir in g  o n ly  

~20 im ages to  be rem oved  from  th o se  B and R fram es c en tre d  on th e  

n u c leu s . H ow ever, th e  g a la x y  en v iron m en t on  th e  s u r v e y  p la te  m aterial 

a p p ea rs  q u ite  r ich , w ith  tw o a d ja cen t sy ste m s  o n ly  2 .8’ n orth  and 3 .9 ’ 

so u th . In d eed , th e  ESO ca ta lo g u e  a s s ig n s  it  th e  dom inant m em bership

o f a g rou p  to  w hich  th e s e  fa in ter  sy ste m s  are a lso  a p art.

The ad op ted  d is ta n ce  o f  13.4 Mpc to th is  sy ste m  (F ish er  & T ully , 

1981) tr a n s la te s  to  a co r r e sp o n d in g  im age sca le  o f 0.065 k p c /a r c se c .  

S u ch  an estim ate  is  in  good  a g reem en t w ith  th e  20 Mpc (assu m in g  an  

H0 o f 75 km s - l  M pc~l) q u oted  b y  Bottem a e t  al (1987).

R esu lts  o f  th e  m odelling

The r e s u lt s  show n in tab le  A.8 c lea r ly  d isco u n t all s in g le  and  

th r e e  com ponent m odel com binations on th e b a s is  o f  th e  e x c e s s iv e ly  

la r g e  s ta t is t ic a l f i t  e stim a to rs  (w hen com pared to  th e  tw o-com pon en t  

s e t s )  in  th e  form er, and th e  in a b ility  o f  the la tter  to c o n v e r g e  to a 

so lu tio n  fo r  a w ide v a r ie ty  o f in p u t estim a tes . The r e s tr ic t iv e  error  

d is tr ib u tio n  w hich  p la ce s  su ch  s tr in g e n t  c o n str a in ts  on an y  

th ree -co m p o n en t com binations is  a lso  lik e ly  to  be th e  ca u se  o f m ost of
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th e  tw o-com p on en t f i t s  n o t a ch ie v in g  fu ll c o n v e r g e n c e  w ith in  th e  lim it 

of th e  num ber o f allow ed ite r a tio n s . N e v e r th e le ss , w ith in  th e se  

com binations, th e "exponentia l + sech^" model com bination is  

marginally- p re fe r r e d  o v er  th a t o f  th e  "exponentia l + r^ law" s e t  in B, 

w ith  th e  r e v e r s e  b e in g  th e  c a se  in  R.

The r ep ro d u cea b ility  o f  a ll sca le  p aram eters in  tab le  A.8 h as aga in  

b een  confirm ed in both  co lo u rs. For th e  " exponentia l + sech^"  

com bination  in  th a t ta b le , a mean sc a le h e ig h t  (for th e  ex p on en tia l 

model in B) o f 0.535 (±0.001) kpc is  fou n d , w h ils t  th a t o f th e  same 

p ro file  in  th e  "exponentia l + r^ law" f it  to th e  R band data is  0.481 

(±0.003) k p c o v er  th o se  p r o file s  in ter io r  to  IR = 150" (i.e . 10 o f th e  

p o ss ib le  13 p r o file s  av a ila b le ). E qually  sm all s c a tte r  ab ou t th e  

c o r r e sp o n d in g  m eans are  fou n d  for  th e  d isc  com p on en ts in  a v a r ie ty  

o f a lte r n a tiv e  tw o-com pon en t m odel com binations. The v a lu e s  are in  

e x ce lle n t a g reem en t w ith  th o se  in  tab le  A.8, and no sy stem a tic  

v a r ia tio n  o f  s c a le h e ig h t  w ith  IR is  n oted  in  all c a se s .

H ow ever, a v isu a l in sp e c tio n  o f th e  model f i t s  ob ta in ed  in  th e se

c a s e s  re v e a l a s e v e r e  u n d erestim ation  o f th e  o b se r v e d  lu m in osity  

in ter io r  to  Z 10" and a sy ste m a tic  overestim a tio n  a t la r g er

Z -h e ig h ts . S in ce  th e se  m odels p ro v id e  an a d eq u a te  d escr ip tio n  o f the  

data  a t su ch  sm all Z o n ly  for  th o se  p ro file s  a t IR ¡> 17.8" (or 1.16 k p c), 

th is  d isc r e p a n c y  is  tak en  a s  e v id e n c e  th at th e  summed model is  

fa ilin g  to  a cco u n t for  th e  sm all b u lg e  com ponent p a r ticu la r ly  e v id e n t  

on th e  im age fram e show n  in  ap p en d ix  C. T hose iter a tio n s  con d u cted  

w hen  a d o p tin g  th ree -co m p o n en t com binations n ev er  p roceed ed  a 

s u ff ic ie n t  "distance"  from th e  s ta r t in g  p o in ts  fo r  one to d efin e the

rea so n  for  th e ir  in a b ility  to  f it  th e  data  in e ith e r  p assb an d .
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With a v iew  to te s t in g  th e  r e s u lt  o f im posing  a th ree-co m p o n en t  

m odel com bination  to th e  data more sp e c if ic a lly , I u n d ertook  a s e r ie s  

o f ite r a tio n s  in co rp o ra tin g  a fixed  co n tr ib u tio n  from e ith e r  sech^ or 

r^ law p ro file s  u s in g  th e  p aram eters in tab le  A.8. The 27 %

red u ctio n  o f FSUMSQ in  th e  R band and 19 % in  B w hich  r e su lt  

in d ica te  th e  c o n s id era b le  im provem ent a r is in g  from th e  su p e rp o sitio n  

o f an ad d ition a l ex p o n en tia l m odel to th e se  o r ig in a l double com ponent 

com b in ation s. Once th e  p aram eters fo r  th e  ad d ition a l exp on en tia l 

p ro file  had b een  d efin ed  u s in g  th e  a b ove p ro ced u re , a fu r th e r  s e r ie s  

o f ite r a tio n s  w as th en  co n d u cted  w ith  su ch  a com ponent fix ed . An 

" exponentia l + r^ law" s e t  w as ad op ted  in  both  p a ssb a n d s , and  

c o r r e c tio n s  o f  0.4 % in  B and  0.6 % in R w ere ap p lied  to  rem ove  

sy ste m a tic s  a t la r g e  Z. The e x c e ss  lig h t  a t sm all Z a p p ea rs  

w ell-m od elled  b y  an ex p o n en tia l p ro file  w hich  is  b r ig h t  b u t sp a tia lly  

q u ite  small. Such  a m odel form p r o v id e s  no co n tr ib u tio n  to th e  

summed f it  at IR ¡> 30", a p o sitio n  w hich  a v isu a l in sp e c tio n  o f th e  

im ages fram es in d ic a te s  is  ju s t  th a t w ith in  w hich  th e  sm all, b r ig h t  

com ponent n oted  in  th e  a b ove  d escr ip tio n  is  fo u n d . T his lea d s  on e to  

s u s p e c t  th a t th e  b r ig h t  ex p o n en tia l p ro file  d oes in d eed  r e p r e se n t  th is  

com ponent.

D esp ite  th e  " realistic"  n a tu re  o f th e s e  so lu tio n s , h ow ever , 

d iffe r e n c e s  in  m odel p aram eters are aga in  e v id e n t w hen com paring the  

r e s u lt s  o b ta in ed  in  B and R -  th e  m ost su b sta n tia l b e in g  in e e (51 %) 

and hr (22 %). The a ssu m p tion  o f a minimum erro r  o f  ± 0.1 p red u ces  

th e se  to  16 % and 7 % r e s p e c t iv e ly  -  f ig u r e s  4.14 and 4.15 show ing  

th e  r e su lta n t  f i t s  ob ta in ed  a fte r  in corp ora tion  o f all su ch  co rrec tio n s . 

The co r r e c te d  model f i t s  d e sc r ib e  th e  o b se r v e d  lu m in osity  d is tr ib u tio n

135



NGC 5 1 7 0  -  B b a n d
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UNWEIGHTED RESIDUALS -  NGC 5170 DATA
INPUT FILE n 5170b .sys (WITH 1 SKIPPED POINTS)
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figure 4.14
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NGC 5 1 7 0  -  R b a n d

Z (arcsecs)

INPUT FILE IS n 5 1 7 0 r . s y s
(WITH 1 SKIPPED DATA POINTS)

Z (arcsecs)

Z (arcsecs) Z (arcsecs)

OJI

UNWEIGHTED RESIDUALS -  NGC 5170 DATA
INPUT FILE n 5170r.sy s (WITH 1 SKIPPED POINTS)

*

£ *

j hi! |!1 m i m  mi Hi mi n i  I I I ;  [ 
•• .*•* • .* * *

---------

(a)

(b)

(c)

18.0 19.8 21.6 23.4 25.2 '“ data
0 48 96 144 192 R (")

0 22 44 66 88 Z (*')

figure 4.15



i n  t h i s  s y s t e m  t o  ~ ±  0 .3  Mg a n d  0 .2  Mr .

The m odel p aram eters fo r  th e  seco n d  ex p on en tia l com ponent in  

th e s e  com binations are  c le a r ly  in  v e r y  good agreem en t w ith  th o se  

q u oted  in  tab le  A.8, w h ilst th e ir  dom inant co n tr ib u tio n  to th e o v era ll 

m odel f i t  a t all IR and 10" i  Z i  30" s u g g e s t s  su ch  a p rofile  

c o r r e sp o n d s  to th e  th in  d isc . An in d ica tion  o f th e  r e la t iv e ly  minimal 

co n tr ib u tio n  to  th e  to ta l l ig h t  o u tp u t from  th is  g a laxy  from th e  

b r ig h te r  exp o n en tia l com es o f  th e  d er iv ed  B /T  ra tio s  o f 0.13 (B) and  

0.14 (R). S u ch  estim a tes  are  in  good a g reem en t w ith  th e  v a lu e  o f 0.08  

I ca lcu la te  from th e  w ork o f  Sim ien & de V aucou leu rs (1986) fo r  a 

ga laxy  o f th is  m orphological ty p e .

The m odelling r e s u lt s  c lea r ly  d isco u n t th e  com ponent b e s t  

d e sc r ib e d  b y  th e  b r ig h te r  exp on en tia l a b o v e  a s  b e in g  an inw ard  

ex trap o la tion  o f th e  lig h t  a t la rg e  Z w e ll-f it te d  b y  th e  r^ law -  the  

la tte r  u n d erestim a tin g  th e  lu m in osity  se e n  a t Z = 10" b y  ~ 0.5 M in  

both  p a ssb a n d s . T his w ould ap p ear to d e s ig n a te  th e  r^ law as  

d e sc r ib in g  an in term ed ia te  com ponent fo r  w hich  a co lour in d ex  o f 1.72 

mag. is  fou n d  -  sim ilar to th a t o f th e  b r ig h te r  ex p o n en tia l model.

No d eta iled  p h otom etric  s tu d ie s  o f th is  g a la x y  ap p ear to  h ave  

b een  u n d e r ta k en  w ith  w hich  th e  ab o v e  r e s u lt s  cou ld  be com pared. The 

o n ly  so u rce  know n is  th e  (v e r y  lim ited) s tu d y  o f Bottem a e t  al (1987) 

u s in g  d ig it ise d  sc a n s  o f  th e  SERC p late m aterial. By c o n s id e r in g  data  

b righ tw ard  o f 25.5 Mg a lon e, th ey  iso la te  a d isc  com ponent w ith  sech^  

model p aram eters o f M0 = 21.2 -  21.6m; Zq = 0.57 -  0.82 kpc; and h r =

6.8 kpc (th e  r a n g e s  r e su lt in g  from a v a r y in g  in clin ation  an g le  o f 85° 

to  87 °). E ven  a llow ing fo r  th e  d iffe r e n t  d is ta n ce  estim a tes  adopted  in
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th is  s tu d y  and th e  p r e s e n t  w ork, th e  agreem en t w ith  th e

c o r r e sp o n d in g  sech ^  th in  d isc  m odel p aram eters in tab le  A.8 is  

rea so n a b le . Bottem a e t  a l a lso  d e fin e  a maximum d isc  rad iu s o f ~200". 

T his is  more th an  tw ice  th e  sp a tia l c o v e r a g e  ava ilab le  in  th e  p r e se n t  

data and th e r e fo r e  a p p ea rs  to  v in d ic a te  th e  ch o ice  o f not im posing  

su ch  a d isc  c u t -o f f  in  th e  p r e s e n t  m odelling p ro ced u re .

IV.2.9 IC 2531 (ex = 0 9 h 57m 42s , S = -2 9 °  22’ 30”)

The s tr ik in g  e d g e -o n  a p p ea ra n ce  o f  th is  g a la x y  is  h ig h lig h te d  b y  

a com plex major a x is  d u st  lan e from th e  dom inant th in  d isc  com ponent. 

A c e n tr a l b u lg e  (p a r ticu la r ly  c lea r  on  th e  c u r r e n t  R band CCD fram e  

and th e  ESO R s u r v e y  p la te  6359) is  s e e n  w h ich , d e sp ite  it s  sm all

s iz e , sh ow s c lear  "peanut" sh a p ed  iso p h o te s . On th e  SERC J p late

10012 (fie ld  435) th e  to ta l d isc  d im ension  is  ~ 6 .7 ’ a c r o ss  w hich ,

a ssu m in g  an o b je c t  d is ta n c e  o f 21.9 Mpc (F ish er  & T u lly  1981), 

c o r r e sp o n d s  to an a ctu a l d im ension  o f ~ 63 k pc. A lthough  no o b v io u s  

w arp in g  o f th e  d isc  is  e v id e n t  on th e  SERC J p la te , a s lig h t  "flaring"

a t th e  e a s te r n  lim it o f th e  p r e s e n t  fram es is  n o ted . On th e  c u r r e n t  R

CCD fram e th is  v e r y  fa in t fea tu re  d oes in d eed  ap p ear to be th e  s ta r t  

o f a d isc  w arp, a lth o u g h  th e  major ax is d u st  lan e d oes not show  an y  

a p p a ren t ch a n g e  in  geo m etry  o v e r  su c h  a reg ion .

The p r e s e n t  o b se r v a tio n s  r e s u lt  from  s in g le -p o s it io n , co -a d d ed  B 

fram es from  ru n  1 and a m osaic o f  3 co -a d d ed  R fram es from run 2. 

In su ff ic ie n t  tim e w as ava ilab le  to com plete th e  sp a tia l m apping in  B 

d u r in g  th e  secon d  ru n , and th u s  o n ly  ~ 1 /2  o f  th e  d isc  seen  on  

J10012 is  co v ered  in  th e s e  o b se r v a tio n s  (all fram es w ere orien ta ted  

N -S to im prove th e estim a tes  o f th e  loca l s k y  b ack grou n d ). Such
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red u ced  c o v e r a g e  h as to  be borne in  mind for  th e  m odelling r e s u lts  

d is c u s se d  below , p a r ticu la r ly  it s  e f fe c t  on  th e  d er iv ed  d isc  

sc a le le n g th .

A lth ou gh  th e  loca l s te lla r  d e n s ity  on th e  J s u r v e y  p la te  ap p ea rs  

q u ite  sm all, some 33 o b je c ts  w ere rem oved from  both  B and R fram es  

c e n tr e d  on th e  n u c leu s . T hree (r e la t iv e ly  fa in t) s ta r s  fa ll on th e  

b u lg e  o f  IC 2531 it s e lf ,  and  a b r ig h te r  on e a t th e  e a s te r n  arm o f th e  

major ax is d u st  lan e. Each o b je c t  w as sa t is fa c to r ily  rem oved b y  th e  

ro u tin e  ou tlin ed  in ch a p ter  II. The galaxian  d e n s ity  a lso  a p p ea rs  q u ite  

low , w ith  no sy ste m s  se e n  w ith in  ~ 7 .8 ’, a lth o u g h  o v e r  la r g e r  sc a le s  (~ 

2°) s e v e r a l much b r ig h te r  sy ste m s  a re  e v id e n t. IC 2531 is  a s s ig n e d  

c lu s te r /g r o u p  m em bership in  th e  ESO ca ta lo g u e .

R esu lts  o f th e  m odelling

A reaso n a b le  d e sc r ip tio n  o f th is  ga laxy  can  be a ffo rd ed  b y  

a d o p tin g  alm ost a n y  tw o-com pon en t com bination  a s  tab le A.9 

i l lu s tr a te s , w ith  one in co rp o ra tin g  an r^ law p ro file  b e in g  m arginally  

p r e fe r r e d  in  a ll c a s e s . The r e s u lt s  d er iv ed  u s in g  an  "exponentia l + r^ 

law" com bination in  R, and a "sech^ + r^ law" s e t  in  B are show n in  

f ig u r e s  4.16 and 4.17 r e s p e c t iv e ly . The p r o file s  in  B are  seen  to  be 

r ea so n a b ly  w e ll-f it te d  b y  th e  im posed model com bination , a t le a s t  in  

th e  s e n se  o f  th e r e  b e in g  no o b v io u s  sy ste m a tic s , a lth ou gh  th ere  are  

clea r  d isc r e p a n c ie s  in  th e  R band -  p a r ticu la r ly  fo r  th o se  p ro file s  at 

in term ed ia te  g a la c to c e n tr ic  d is ta n c e s  and th o se  co in c id in g  w ith th e  

e d g e  o f th e  dom inant p ea n u t fea tu re  a t sm aller K. In th e  ca se  o f th e  

la tte r , th e  model com binations u n d erestim a te  th e  actu a l lu m in osity  

d is tr ib u tio n  b y  £ 0.5 (and b y  ~ 0.25 £fg) for  th o se  data in the  

ra n g e  10" £ Z £ 20" -  c o r r e sp o n d in g  to an e x c e ss  ~ 11 % o v er  the
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p red ic te d  lu m in osity  in  th e  R band and 6 % in  th e  B. T his is  a lso  

g ra p h ica lly  illu s tr a ted  b y  th e  r e s id u a l lig h t  se e n  at sm all (IR,Z), but 

e x ter io r  to th e  d u st  lan e w hich  rem ains upon  su b tra c tio n  o f th e  

b e s t - f i t  "d isc + r^ law" model com binations in  each  p a ssb a n d . I find  

th a t ~ 35 (±10) % o f th e  to ta l n o n -th in  d isc  lig h t  in th e  R band for  

th is  ga laxy , and 30 (±5) % in  th e  B, is  co n ta in ed  w ith in  th e  reg io n  

dom inated b y  th e  p e a n u t-sh a p e d  iso p h o te s .

In th e  lig h t  o f th e  ab o v e  d isc r e p a n c ie s , it  w as o f som e in te r e s t  to  

a sc e r ta in  w h eth er  th e  a d d itio n  o f  a th ird  com ponent would fa c ilita te  

an im proved  d e sc r ip tio n  o f th e  p ean u t. The in corp ora tion  o f  su ch  a 

ad d ition a l m odel is  fou n d  to  g iv e  a s ta t is t ic a lly  im proved  f it  in  m ost 

c a s e s  (b y  £ 18 % in FSUMSQ in  th e  B band and £ 8 % in  R). H ow ever, 

1 /2  o f th e  model com binations in  B, and  ~ 2 /3  o f  th o se  in  R can  be 

im m ediately re je c te d  in  th e  lig h t  o f th e  c le a r ly  u n r e a lis t ic  model 

param eters show n in  tab le  A.9. Of th o se  rem ain ing, o n ly  th e  

"exponentia l + sech^  + r^ law" com bination  g iv e s  a s ta t is t ic a lly  

s ig n if ic a n t  red u ctio n  in  FSUMSQ o v er  th e  tw o-com p on en t s e t s  noted  

ab o v e . W hilst th e  exp o n en tia l p ro file  in  th e s e  com binations m akes th e  

m ost s ig n if ic a n t  co n tr ib u tio n  o v er  th o se  r eg io n s  w hich th e  im age  

fram es th em se lv es  s u g g e s t  are  dom inated b y  th e  p ea n u t iso p h o te s  (i.e . 

IR £ 30", Z £ 20"), su ch  a m odel s t il l  fa ils  to d e sc r ib e  th is  m orphology. 

F u rth erm ore, th e  d escr ip tio n  o f th e  R band data  o v e r  all (!R,Z) ap p ea rs  

lit t le  b e tte r  than  th a t fou n d  w hen  o n ly  a d ou b le-com p on en t s e t  was 

u sed  (in d eed  th e  r e s id u a ls  d iagram s d er iv ed  s u g g e s t s  th e  model 

sy ste m a tica lly  o v ere stim a te s  th e  lig h t  a t la r g e  Z to  a d e g r e e  not seen  

in  th e  two com ponent f i t s ) .  The sech^  model in  th is  com bination makes 

e s s e n t ia lly  no co n tr ib u tio n  to  th e  summed p ro file  o v e r  all iR and Z.
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A n otab le  fe a tu r e  o f a ll su c h  model com binations in  tab le  A.9 are  

aga in  th e  d isco rd a n t model p aram eters b etw een  B and R p a ssb a n d s. In  

p a rticu la r , both  ee and q show  d if fe r e n c e s  ~ 100 %. The adoption  o f a 

minimum erro r  in  th is  c a se  d o es  n ot im prove th e  agreem en t s in ce  more 

c o n s is te n t  r^ law p aram eters are  b a lan ced  b y  le s s  c o n s is te n t  d isc  

v a lu e s . For exam ple, a minimum erro r  o f  ± 0.2 u  ap p lied  to th e "sech^  

+ r^ law" com bination  r e d u c e s  th e  d isp a r it ie s  in  0e to  17 % and q to  3 

%, b u t ZD and hr show  d iss im ila r itie s  o f 28 % and 78 % (p r e v io u s ly  5 

% and 18 % r e s p e c t iv e ly ) .  The b e s t  th ree -co m p o n en t m odel show

d isc r e p a n c ie s  co n s id e r a b ly  la r g e r  th an  th e se  v a lu es .

With a v iew  to  d e fin in g  th e  q u a lity -o f - f it  ex ter io r  to  th e  reg io n  

dom inated b y  th e p ea n u t m orphology, I u n d ertook  a s e r ie s  o f f i t s  b u t  

w ith  th e  reg io n  o f th e  g a laxy  dom inated b y  th e  la tte r  sp e c if ic a lly  

ex c lu d ed  (as d efin ed  b y  a v isu a l in sp e c t io n  o f th e  im age fram es  

o b ta in ed ). Note th a t IC 2531 is  th e  o n ly  g a laxy  in  th e  p r e se n t  d a ta se t  

for  w hich  s u ff ic ie n t  sp a tia l c o v e r a g e  ex is ted  in  th e  rad ia l d irec tio n  to 

allow  su ch  a p ro ced u re  to  be ad op ted  (p a rtly  a r e s u lt  o f th e  lim ited  

sp a tia l ex te n t o f  th e  p ea n u t it s e lf ) .  E ven  so , th e  lim ited c o v e r a g e  in  

th e  B p a ssb a n d  h as to  b e b orn e in  mind in  th e  fo r e g o in g  d isc u ss io n .

The "sech^ + r^ law" com bination  p ro v ed  to  be th e  o n ly  s e t  for  

w hich  a so lu tio n  cou ld  be d er iv ed , and th e  model p aram eters fo r  the  

r^ law p ro file  w ere aga in  fou n d  to  be q u ite  d isco rd a n t b etw een  B and  

R p a ssb a n d s  (9e b y  99 % and q b y  98 %). S u ch  d if fe r e n c e s  w ere  

r ed u c e d , to  95 % and 80 % r e s p e c t iv e ly , b y  im posing  a minimum error  

o f ± 0 .1  ju on  both  d a ta se ts . The r e su lt in g  model f i t s  ob ta in ed  in R are  

i l lu s tr a te d  in  f ig u r e  4.18.
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INPUT FILE IS i c 2 5 3 1 r . n b p
IC 2 53 1  -  R b a n d  (WITH 4 SKIPPED DATA POINTS)

Z (arcsecs) Z (arcsecs)

Z (arcsecs) Z (arcsecs)

UNWEIGHTED RESIDUALS -  IC 2531 DATA
INPUT FILE ic2531r.n b p  (WITH 4 SKIPPED POINTS)

19.0 20.5 22.0 23.5 25.0 ¿Hata
0 36 72 108 144 R (")

0 10 20 30 40 Z (")

figure 4.18



The m odel f i t s  illu s tr a te d  in th is  f ig u r e  show  a red u ctio n  in  

FSUMSQ o f 23 % in th e  B band and 3 % in R o v er  th e  co rr esp o n d in g  

s e t  in  tab le  A.9. H ow ever, th e  co n tin u ed  d if fe r e n c e s  b etw een  th o se  

p aram eters d e fin in g  th e  r^ law alm ost c e r ta in ly  a r ise  b eca u se  too  

much h ig h  su r fa c e  b r ig h tn e s s  data h ave  b een  su b tr a c te d  w hen  

rem oving  th e  p ea n u t to  allow  th e  p aram eters fo r  su ch  a p ro file  to  be  

re lia b ly  d efin ed  (p a r ticu la r ly  so  in  B). N ev e i'th e le ss , th e  fa c t that 

su ch  a rea so n a b le  f i t  can  be ob ta in ed  to  th e  n o n -th in  d isc  l ig h t  in  

both  p a ssb a n d s  o v er  r e g io n s  far  rem oved from th e  p ea n u t it s e l f  aga in  

s u g g e s t s  th e  la tter  to be a d is t in c t  c o n tr ib u to r  to th e  l ig h t  

d istr ib u tio n .

In co n c lu s io n , it  a p p ea rs  th a t th e  extrem e n a tu re  o f th e  p ea n u t in  

th is  g a la x y  d isc o u n ts  a n y  m odel com bination  te s te d  h ere  a s  b e in g  a 

good f i t  to  th e  o b se r v a t io n s , a lth ou gh  su ch  m odels are  ab le to  

d e sc r ib e  th e  r eg io n s  ex ter io r  to th e p ea n u t to  w ith in  an rm s res id u a l 

~ ± 0.25 d in  both  p a ssb a n d s . The sca le  p aram eters d e fin in g  th e  d isc  

com ponent are  e q u iv a le n t to b e tte r  th an  30 % in  a ll c a s e s  b etw een  th e  

r e s p e c t iv e  p a ssb a n d s  m odelled. The su b s ta n t ia lly  poorer f i t  to  th e  

lo n g er  w a v e len g th  d a ta se t  w hen th e  p ea n u t is  in c lu d ed  in  th e  f it  is  

th e  r e s u lt  o f th e  la tte r  b e in g  a much more s ig n if ic a n t  co n tr ib u to r  to  

th e  to ta l l ig h t  o u tp u t in  R th an  in  B, con firm in g  th e f in d in g s  for  

o th e r  g a la x ies  in  th e  p r e s e n t  sam ple sh o w in g  sim ilar m orp h olog ies.

IV.2.10 IC 4351 (oc = 13h 55m 03.8^, 8 = -2 9 °  04 ’ 16")

T h is g a laxy  is  som e w ay from an  e d g e -o n  a s p e c t  (w ith  an  

estim ated  in clin a tio n  a n g le  'v85°) and th e  s tr o n g  o b scu ra tio n  r e su lt in g  

from sp ira l arm s tr u c tu r e  in  th e  d isc  p o se s  co n sid era b le  problem s for
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a n a l y s e s  o f  t h e  b u l g e  p o p u l a t i o n  t o  t h e  e a s t e r n  s i d e  o f  t h e  m a j o r  a x i s .

A lthough  th e  d isc  is  a prom inant fe a tu r e  on  th e  SERC J su r v e y  

p la te  1318 (fie ld  445), th e  b u lg e  is  s t i l l  s u ff ic ie n t ly  clear to w arrant  

th e  in term ed ia te  Sb m orphology a s s ig n e d  to th is  sy ste m  in both  th e  

RSA and RC2 c a ta lo g u es . Corwin e t  al (1985) a d op t an Sbc form, w h ilst  

it  is  c la sse d  Sc in  th e  ESO ca ta lo g u e . The to ta l major a x is  d im ension  

o f th e  d isc  on th is  p la te  m aterial is  ~5 .4’. No w arp in g  is  e v id e n t ,  

a lth o u g h  th is  is  to  be ex p ected  for  data o f  su ch  lim ited rad ia l 

co v er a g e .

The s in g le  p o s itio n  co -a d d e d  R band CCD fram e o f th is  o b je c t  

(from ru n  1) w as d er iv ed  w ith  th e  ch ip  lon g  a x is  o r ien ted  N -S. A 

p o sitio n  a n g le  o f 17° (tab le  1.1) th e r e fo r e  d ic ta te s  th a t o n ly  ~ l /3  o f  

th e  d isc  d im ension  on  J 1318 w as co v ered  in  th e  p r e se n t  o b se r v a tio n s  

(i.e . to  a su r fa c e  b r ig h tn e s s  ~ 25 tig). In th e  l ig h t  o f  th e  d e s ir e  to  

o b ta in  a s  much s k y  a s  p o ss ib le  th is  fram e w as c e n tr e d  on a reg io n  

~20" N and ~30" W o f th e  ga laxy  n u c leu s . T h u s, th e  su r fa c e  

b r ig h tn e s s  p r o file s  e x tra c te d  sam ple th e  l ig h t  d is tr ib u tio n  w estw a rd s  

o f th e  major ax is a lone.

The ESO ca ta lo g u e  a s s ig n s  IC 4351 m em bership  o f a r ich  c lu s te r  

o f g a la x ies  to th e  e a s t  on  J1318. The g a laxy  a lso  p o s s e s s  s e v e r a l  

a d ja cen t fa in te r  s y s te m s , th e  n e a r e s t  b e in g  ~4.5* NW and SW o f IC 

4351 it s e lf .  The ste lla r  d e n s ity  in  th is  fie ld  (for w hich  b̂ I ~3CP) is  

a lso  q u ite  h ig h  a s  25 o b je c ts  req u ired  rem oval from th e  fin a l im age 

fram e p rior  to ex tra c tio n  o f  th e  su r fa c e  b r ig h tn e s s  p ro file s . Only one  

w as fou n d  to  contam inate th e  ga laxy  lig h t  -  a s ta r  some 1.7’ SW of 

c e n tr e . The su r fa c e  b r ig h tn e s s  e stim a tes  for  su ch  a reg ion  w ere th u s
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b ased  so le ly  on th o se  o f  th e  p ro file  a t an e q u iv a le n t g a la c to cen tr ic  

d is ta n ce  NE o f th e  n u c leu s  a fte r  fo ld in g  ab ou t th e  minor ax is . An 

assum ed  d ista n ce  o f 24.9 Mpc (F ish er  & T ully 1981) tr a n s la te s  to  an  

im age sca le  o f 0.121 k p c /a r c s e c , and th u s  a to ta l d im ension  on J1318  

o f ~ 39 kpc.

R esu lts  o f th e  m odelling

As tab le  A. 10 sh o w s, th e  s ta t is t ic a l g o o d n e s s -o f - f i t  estim ators  

d isco u n t a ll s in g le -c o m p o n en t f i t s  to IC 4351 in  fa v o u r  o f a 

tw o-com pon en t com bination  in co rp o ra tin g  ex p o n en tia l and r^ law  

p ro file s . In o n ly  tw o c a s e s  d oes th e  in c lu s io n  o f a th ird  com ponent 

g iv e  a s ta t is t ic a lly  s ig n if ic a n t  im provem ent o v e r  th e  a b o v e  s e t ,  and o f  

th e se  o n ly  th e "exponentia l + sech^ + law" com bination  y ie ld

p aram eters w hich  are co n s id e r e d  to  be "realistic"  in  th e  co n tex t o f  

th e  d a ta se t u se d . The red u ctio n  in  sum o f sq u a r e s  o f re s id u a ls  is  

25 % o v er  all tw o-com p on en t com binations, a r e s u lt  o f th e  som ew hat 

b e tte r  d e sc r ip tio n  a ffo rd ed  to  th e  data a t Z £ 10" fo r  th o se  p ro file s  

in ter io r  to  iR 10" b y  th e  ad d ition  o f th e  th ird  com ponent.

T e s ts  co n d u cted  on  th is  " b est-fit"  th ree -co m p o n en t s e t  in d ica te  

e x c e lle n t r ep ro d u cea b ility  in  all th e  sca le  p aram eters q uoted  in  tab le  

A. 10, w h ils t  th e  sc a le h e ig h ts  o f  both  d isc  com p on en ts aga in  show  v e r y  

sm all s c a tte r  ab ou t a d er iv ed  mean in  good a g reem en t w ith  th e  g lobal 

estim a tes  g iv e n  in th a t tab le  (I fin d  hz = 1.04 (±0.01) kpc for  the  

ex p o n en tia l and Zj = 1.48 (±0.03) kpc for  th e  sech^  m odels). In deed , 

t e s t s  co n d u cted  on  th e  " exponentia l + r^ /4  law" s e t  rev ea l ev en

sm aller s c a tte r  o f  ~ ± 0.9 % ab ou t th e  mean o f 1.05 kpc for th e  d isc  

p rofile .
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H ow ever, a v isu a l in sp e c tio n  o f th e  f i t s  d er iv ed  show  all model 

com binations to sy ste m a tica lly  o v erestim a te  th e  lu m in osity  d is tr ib u tio n  

a t Z  ̂ 40" o v er  all p ro file s . The rem oval o f th is  e f fe c t  r e q u ir e s  th e  

local sk y  b ack grou n d  m easure to be red u ced  b y  ~ 0.7 %. F igu re  4.19  

sh ow s th e r e s u lts  o f  a d o p tin g  an "exponentia l + r^ law" f it  to the  

data  so  co rr ec ted .

A com parison  o f  th e  f i t s  in  th is  f ig u r e  to  th e  im age fram e

ob ta in ed  (ap p en d ix  C) con firm s th at th e  r e la tiv e  co n tr ib u tio n s  from  

each  m odel p ro file  are  " rea listic" , w h ils t  th e  d er iv ed  B /T  ra tio  o f 0.24  

is  q u ite  c o n s is te n t  w ith  th e  in term ed ia te  H ubble ty p e  to w hich  th is  

ga laxy  is  a s s ig n e d  (I d e r iv e  a ty p ica l va lu e  o f 0.19 for  an Sb sy stem  

from th e  f ig u r e s  p r e se n te d  b y  Sim ien & de V au cou leu rs (1986)). A 

ty p ica l r e s id u a l for  th is  com bination  b e tw een  th e  o b se r v e d  and

p red ic te d  lu m in osity  d is tr ib u tio n s  is  ~ ± 0.3 Af̂ .

The in corp ora tion  o f an ad d ition a l (sech^ ) model p ro file  to th e

ab o v e  g iv e s  r is e  to  a v e r y  m arginal red u ctio n  in  FSUMSQ o f on ly  ~ 8 

%. The reason  for  su ch  a sm all im provem ent is  due to th e  e s s e n t ia lly  

n e g lig ib le  co n tr ib u tio n  (~ 1.4 % o f th e  to ta l in te g r a te d  lu m in osity  o f  

th e  model com bination) p ro v id ed  b y  th is  ad d ition a l com ponent o v e r  all 

(IR,Z). B ecau se th e  in c lin ed  a sp e c t  o f th is  ga laxy  m akes d econ v o lu tio n  

o f th e  data a t Z £ 20" (th e  reg io n  o v e r  w hich  th e ad d ition a l sech^  

model is  o f m ost im portance to  th e  summed p ro file ) am b igu ou s, I 

co n c lu d e  th a t IC 4351 is  m ost r e a lis t ic a lly  d e sc r ib e d  b y  a

tw o-com p on en t com bination  o f exp on en tia l d isc  and r^ law.
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1C 4 3 5 1  -  R b a n d

Z (arcsecs)

INPUT FILE IS ic4 3 5  l r . s y s

Z (arcsecs)

Z (arcsecs) Z (arcsecs)

UNWEIGHTED RESIDUALS -  IC 4351 DATA
INPUT FILE ic4-35 lr .sys (WITH 4 SKIPPED POINTS)

16.5 18.4 20.3 22.2 24.1 ^•data
0 22 44 66 88 R (")

0 12 24 36 48 Z (")

figure 4.19



IV.2.11 A0902-68 (a = 09** 02m 03s , S = -6 8 °  01 ’ 42")

T his anonym ous g a la x y  h as no e n tr y  in  e ith e r  th e RC2 or RSA

c a ta lo g u e s , th e  a s s ig n e d  Sb m orphology com ing from th e  ESO

ca ta lo g u e  and Corwin e t  a l (1985). The la tte r  so u rce  g iv e s  th is  ga laxy

th e  ad d ition a l name NGC 2778A.

A 0902-68 is  v e r y  c lo se  to e d g e -o n  (an in clin a tio n  o f 87° is  

ad op ted  h ere) and  h as a c lea r  major ax is d u s t  lane. E ven  so , th e  

sy ste m  a lso  sh ow s a prom inant n o n -th in  d isc  com ponent w hich  is  se e n  

to  p o s s e s s  a c lear  "peanut" sh a p e  (SERC J s u r v e y  p la te  3901, fie ld  

num ber 60). The s lig h t ly  in c lin ed  a sp e c t  o f th e  g a la x y  is  ev id e n c ed  b y  

th e  cen tra l co n cen tra tio n  o f th e  b u lg e  SE o f th e  major a x is  as se e n  

on  th e  ESO R p late 1293. The to ta l major ax is  d im ension  on J3901 is  

2 .8 ’ and no d isc  w arp in g  is  e v id e n t  on th e  p la te  m aterial or on  th e  

c u r r e n t  CCD fram es. S in g le  p o sitio n  B and R fram es a d o p tin g  a N -S  

or ien ta tio n  sam ple th e  w hole ga laxy  to  th e  iso p h o ta l lim its o f th e  

s u r v e y  p la te  a s  w ell a s  co n ta in  good  sp a tia l c o v e r a g e  o f  th e  

su rro u n d in g  sk y  b a ck g ro u n d .

The local s te lla r  d e n s ity  is  h ig h  on th e s e  fram es (th e  fie ld  is  

c lo se  to th e g a la c tic  p lane) and ~ 92 s te lla r  and n o n -s te lla r  o b je c ts  

w ere rem oved from each  co -a d d ed  fram e. Only on e b r ig h t  s ta r  fa lls  on  

th e  g a laxy  im age it s e l f  -  on th e  d isc  some 1’ NE o f c e n tr e . H ow ever, a 

d eta iled  in sp e c tio n  o f th e  iso p h o ta l con to u r  d is tr ib u tio n  and th e  

d er iv ed  p erp en d icu la r  su r fa c e  b r ig h tn e s s  p r o file s  did not r ev e a l an y  

e v id e n c e  o f res id u a l contam ination  a fte r  i t s  rem oval u s in g  th e  

sta n d a rd  p ro ced u res . The galaxian  en v iron m en t is  a lso  re la tiv e ly  rich . 

A p ecu lia r  w arped  d isc  sy ste m  lie s  some 4 .5 ’ SSW and a more d iffu se
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sy ste m  ~ 5 .6’ NE o f th e  sam ple o b je c t , and g r o u p /c lu s te r  m em bership  

is  a ssu m ed  b ased  on  it s  a p p a ren t link  w ith  th e  ga laxy  ESO 060-IG23 

(West e t  al 1981).

A d is ta n ce  o f 41.2 Mpc is  ad op ted  from  W est e t  al. This tr a n s la te s

to  an  im age sca le  on  th e  s k y  o f  0.20 k p c /a r c s e c , and  to a to ta l ga laxy

d im ension  o f  ~ 34 (± 7) k p c a d o p tin g  an a p p a ren t d im ension

d eterm ined  from J3901.

R esu lts  o f th e  m odelling

As tab le  A. 11 sh o w s, th e r e  is  no e v id e n c e  in e ith e r  p a ssb a n d  for  

a s ta t is t ic a lly  s ig n if ic a n t  im provem ent in th e  g o o d n e s s -o f - f i t  b y  th e  

in corp ora tion  o f a th ree -co m p o n en t m odel com bination . All su ch  tr ip le  

m odel s e t s  c o n v e r g e  to  an en d p o in t com p risin g  co n tr ib u tio n s  from

so le ly  tw o-com p on en ts fo r  all p o ss ib le  com binations and all in p u t  

param eter e stim a tes  te s te d  (due to th e  p h y s ic a lly  im plausib le  

p aram eters d efin ed  fo r  th is  ad d ition a l com p on en t). A m arginal 

p r e fe r e n c e  is  s e e n  w ith in  th e  tw o-com pon en t s e t s  for  th e  " exponentia l 

+ r^ law" com bination  in  B (b y  2 % in  FSUMSQ o v er  th e  n ex t b e s t  

double com ponent s e t ) ,  and a more s ta t is t ic a lly  s ig n if ic a n t  one (of 

14 % ) for  th e  " exponentia l + sech^" s e t  in  R.

A dditional t e s t s  o f all th e  " b e st-fit"  com binations in A. 11 aga in  

in d ica ted  th e  good r ep ea ta b ility  o f  a ll sca le  p aram eters. F u rth er , th e  

s c a le h e ig h ts  o f th e  d isc  com ponents in  th e  " exponentia l + r** law" s e t  

in  th a t ta b le  are  fou n d  to  be co n sta n t to  ± 3.0 % (mean = 0.71 kpc) in  

th e  B band, and  ± 3.9 % (mean = 0.70 kpc) in  R. For th e  "exponential 

+ sech^" s e t  in  R, a mean sc a le h e ig h t  o f 0.67 k p c (exp on en tia l model) 

and 1.97 kpc (sech ^  p ro file ) show  sta n d a rd  d ev ia tio n s  o f 1.9 % and
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1 1 .0  % r e s p e c t i v e l y .

H ow ever, a lth o u g h  no e v id e n c e  w as fou n d  o f a sy stem a tic  tren d  

w ith  Z or u, an in sp e c tio n  o f th e  f i t s  th u s  ob ta in ed  in d ica ted  th at th e  

" b e st-fit"  model com binations are v e r y  poor d e sc r ip tio n s  o f th e

lu m in osity  d is tr ib u tio n  in th is  sy ste m , prim arily  due to an in ab ility  to 

model a d eq u a te ly  th e  "peanut" b u lg e . The l ig h t  a t th e  e d g e s  o f th is

fe a tu r e  is  u n d erestim ated  b y  ~ 0.8 fU o v e r  re g io n s  10" £ IR £ 20" and

9" £ Z £ 15", c o r r e sp o n d in g  to  9 % o f th e  p red ic te d  lu m in osity

d is tr ib u tio n  in  th e  B band o v e r  su ch  r e g io n s , and 13 % in R. The 

p ea n u t m orphology a c c o u n ts  fo r  ~ 20 (±8) % o f th e  to ta l n o n -th in  d isc  

l ig h t  in th e B band and 17 (±10) % in  R b ased  on th e  res id u a l

lu m in osity  d is tr ib u tio n s  d er iv ed  a fte r  rem oving  ex p o n en tia l and r^ law  

com p on en ts from  th e  o r ig in a l im age fram es.

F urtherm ore, p a r ticu la r ly  e v id e n t in  tab le  A. 11 are su b sta n tia l  

d iffe r e n c e s  in  both  d isc  and r^ law model p aram eters b etw een  the  

r e s p e c t iv e  p a ssb a n d s  (h r b e in g  d isco rd a n t b y  ~ 66 %, 0e b y  99 % and  

q b y  27 %). By a d o p tin g  an " exponentia l + r^ law" com bination  in  both  

c o lo u r s , and  im posing  a minimum erro r  o f ± 0.05 U, th e s e  d isc r e p a n c ie s  

are red u ced  to 28 % in hr and 33 % in  Qe , a lth o u g h  d iss im ila r itie s  in  

th e  a x is  ra tio s  in c r e a se  to ~ 70 %. The model f i t s  d er iv ed  are

illu s tr a te d  in  f ig u r e s  4.20 and 4.21, w h ils t  th e  r e d u c tio n s  in FSUMSQ 

o f 55 % in  th e  B band and 40 % in  R are testim o n y  to  th e  g r e a t ly  

im proved  f i t s  o v er  th e  co r r e sp o n d in g  com b in ation s in  tab le  A. 11. On 

th e  b a s is  o f th e se  f ig u r e s ,  I estim ate  su ch  m odel com binations to 

d e sc r ib e  th is  ga laxy  to  w ith in  ± 0.3 jug and 0.35 jUg.
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A 0 9 0 2 - 6 8  -  D b a n d

Z (arcsecs)

INPUT FILE IS a 0 9 0 2 b . m o d
(WITH 2  SKIPPED DATA POINTS)

Z (arcsecs)

Z (arcsecs) Z (arcsecs)

C\JI

UNWEIGHTED RESIDUALS 
INPUT FILE a0902b .m od

A 0 9 0 2 -6 8  DATA 
(WITH 2 SKIPPED POINTS)

(a)

(b)

-  (c)

18.0 19.8 21.6 23.4 25.2 ¿Alata
0 16 32 48 64 R (")

0 6 12 18 24 z O')

figure 4.20



A 0 9 0 2 - 6 8  -  R b a n d

B
d.

INPUT FILE IS a 0 9 0 2 r . m o d
(WITH 2 SKIPPED DATA POINTS)

Z (arcsecs) Z (arcsecs)

B,
3.

Z (arcsecs) Z (arcsecs)

O<D
GOO5hcd
tU)
cd

(0

X5O
6

3.

UNWEIGHTED RESIDUALS 
INPUT FILE a0902r.m od

A 0 9 0 2 -6 8  DATA 
(WITH 2 SKIPPED POINTS)

☆ ☆
☆
☆

* * ** ¿A ** ■§
*  ft w

☆
☆ . ☆ ☆ ☆ Jc* ^ *

* ■ -4.x* -
ft**

$  * ft *
☆

-I-X 1 i

• • • •
-1— -f —•— Î— -f —S— S— -Ï — — *- •

(a )

( b )

(c)

17.5 19.5 21.5 23.5 25.5 ¿‘data
0 16 32 48 64 R (")

0 8 16 24 32 Z (")

figure 4.21



The rea so n a b le  f i t  e v id e n t  a t la rg e  Z -h e ig h ts  o v er  all p ro file s  

aga in  in d ic a te s  th a t th e  c lea r  p ea n u t o n ly  a p p ea rs  to be a fea tu re  o f  

th e  b r ig h te r  iso p h o te s  o f th e  ga laxy  (w ith  su ch  a m orphology "fading"  

at la rg e  d is ta n c e s  from th e c e n tr e ) .

In  co n c lu s io n , s ta t is t ic a l f i t  p aram eters (and th e  req u irem en t of 

th e  model p aram eters to  be "realistic" ) s e r v e  to d isco u n t all 

th ree -co m p o n en t f i t s  in  fa v o u r  o f  a com bination  o f two com ponents  

w hose co n tr ib u tio n s  d ep en d  on  th e  p a ssb a n d  b e in g  m odelled. H ow ever, 

th e  co n sid era b le  d if fe r e n c e s  w hich  rem ain in  th e  a x is  ratio  o f th e  

law com ponent b e tw een  B and R, cou p led  w ith  a ~ 0.8 /u

u n d erestim ation  o f th e  lig h t  a c r o ss  th e  p ea n u t, in d ica te  th at th is  

sy ste m  can n ot be w e ll-d e sc r ib e d  b y  th e  f it t in g  fu n c tio n s  ad op ted . 

T his r e su lt  is  n ot su p r is in g  in  th e lig h t  o f  th e  e v e n  more extrem e  

p ea n u t m orphology th an  th a t o f  IC 2531, to g e th e r  w ith  th e  ad d ition al 

r e s tr ic t io n  th a t su c h  a fe a tu r e  dom inates th e lig h t  in  th is  ga laxy  to  

su c h  an  e x te n t  a s  to  make p aram eterisa tion  o f th e  d isc  com ponent 

ex trem ely  d iff ic u lt . S u ch  dom ination a t a ll (IR,Z) p r e c lu d e s  a n y  attem pt 

to  m odel th is  g a laxy  w ith  th e  p ea n u t rem oved.

IV.2.12 A 0919-33 (a = 0 9 h 18m 55s , S = -3 2 °  58» 48")

T his is  a n o th er  anonym ous g a la x y  not co n ta in ed  in  e ith e r  th e RC2 

or RSA. The ga laxy  is  o f  in term ed ia te  form , p o s s e s s in g  a prom inant 

b u lg e  com ponent b u t a lso  a su b sta n tia l d isc  w ith  a major ax is d u st  

lan e w hich  p a rtia lly  o b sc u r e s  lig h t  o v e r  th e  so u th er n  reg io n  o f th e  

n o n -d isc  lig h t . The a s s ig n e d  m orphological ty p e  o f Sbc com es from the  

ESO ca ta lo g u e  (a lth ou gh  Corwin e t  a l (1985) a s s ig n  it  an SAb[?] 

m orphology).
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The ga laxy  i t s e l f  h as a d isc  d im ension  o f o n ly  ~2.8’ on th e  SERC J 

s u r v e y  p la te  2982 (fie ld  372). The ad op ted  N-S or ien ta tio n  o f the CCD 

ch ip  lon g  ax is , e v e n  fo r  th e  co -a d d ed  s in g le -p o s it io n  fram es cen tred  

on  th e  n u c leu s  it s e lf ,  are  th u s  su ff ic ie n t  to  allow  sp a tia l co v era g e  o f  

th e  d isc  (w hich  sh ow s no e v id e n c e  o f  w arp in g  e v e n  to  th e  fa in te s t  

l ig h t  le v e ls ) .

As th e  local s te lla r  d e n s ity  is  v e r y  h ig h , c o n s id era b le  care w as  

ad op ted  in th is  p a rticu la r  ca se  in  rem oving  a ll su ch  o b je c ts  from th e  

im age fram es (som e 54 in  to ta l) . In p a rticu la r , a b r ig h t  s ta r  located  on  

th e  NE arm of th e  d isc , some ~0.5’ from th e  g a la c tic  c e n tr e , was 

p a r ticu la r ly  trou b lesom e. A d eta iled  in sp e c tio n  o f  th e  im age fram e and  

iso p h o ta l con tou r d is tr ib u tio n  in d ica ted  th at th e  p ro file s  N o f th e  d u st  

lan e a t R = 36" and 46" w ere both  s t il l  a ffe c te d  b y  res id u a l

contam ination  a fte r  th e rem oval p r o c e ss  o u tlin e  in  se c tio n  II .3.3. The 

n orth ern m ost r e g io n s  o f th e s e  p a rticu la r  p r o file s  w ere th u s  d isca rd ed  

p rior to g e n e r a tin g  th e  fin a l su r fa c e  b r ig h tn e s s  p ro file  a rra y  -  th e  

p ro file s  a t th e s e  p o s it io n s  th e r e fo r e  com p risin g  m eans o f 3 in d iv id u a l 

s lic e s  ra th er  than  4 a s  in  a ll o th er  c a se s . The g a laxy  en v iron m en t is , 

h ow ever , r e la t iv e ly  sp a r se , w ith  th e  n e a r e s t  sy ste m  (an e d g e -o n  p u re  

d isc  ga laxy) b e in g  some ~12.3’ E o f A0919-33 it s e lf .  No m agn itude or 

d is ta n c e  estim a tes  w ere fou n d  for th is  sy stem .

R esu lts  o f  th e  m odelling

With all su r fa c e  b r ig h tn e s s  p ro file s  aga in  a ffe c te d  by d u st  

contam ination  from th e  d isc  com ponent a t sm all Z -h e ig h ts  ( i  2"), the  

fo llow in g  r e s u lt s  are  d er iv ed  from f i t s  made a fte r  th e  in n er 2 data  

p o in ts  o f each  p ro file  w ere rem oved b efore  th e  itera tio n s  w ere
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c o n d u c t e d .  T a b l e  A .1 2  d e t a i l s  t h e  r e s u l t s  o b t a i n e d .

B ased on  th e  s ta t is t ic a l p aram eters for  th e  model com binations in  

th is  tab le , I fin d  a su b s ta n tia lly  im proved  f it  to be ob ta in ed  b y  the  

ad op tion  o f a d ouble com ponent com bination  in co rp o ra tin g  an r^ law  

p ro file . A lthough  m ost th ree -co m p o n en t f i t s  are to  be p re fer red  in  th e  

s e n se  o f th e ir  a sso c ia te d  FSUMSQ v a lu e s  b e in g  17 % in B (~ 3 % in  

R) sm aller th an  th e  tw o-com p on en t s e t s ,  p la c in g  th e  ad d ition al 

c o n str a in t o f th e  r e s u lt s  b e in g  "realistic"  in  e ith e r  p a ssb an d  

d isc o u n ts  all p o ss ib le  com binations in  th a t tab le .

P a rticu la r ly  n otab le  from an  in sp e c tio n  o f  th e  f i t s  d er iv ed  are  

aga in  sy ste m a tic  o v ere stim a tio n s  o f th e  lig h t  a t la r g e  Z b y  all model 

com binations a d op ted , w h ils t  th e  d er iv ed  sca le  p aram eters aga in  show  

la r g e  d isc r e p a n c ie s  b e tw een  B and R. C orrection  fo r  th e  form er e f fe c t  

r e q u ir e s  th e  red u ctio n  o f  th o se  s k y  e stim a tes  q u oted  in  tab le  2.2 by  

1.3 % in  B and 0.2 % in  R. The la tter  e f f e c t  is ,  h ow ev er , o n ly  p a rtly  

a llev ia ted  b y  th e  ad op tion  o f th e  minimum erro r  p ro ced u re  -  an  

" exponentia l + r^ law" com bination  c o rr ec ted  for  sy ste m a tic s  and  

ap p lied  to  data w ith  a minimum erro r  o f ± 0.2 q is  fou n d  to red u ce  

th e  d isp a r it ie s  in  d isc  s c a le le n g th  to 14 % (from 63 %) and e f fe c t iv e  

r a d iu s  to 34 % (from 50 %), a lth o u g h  th e  co r r e sp o n d in g  d isc

s c a le h e ig h ts  becom e more d isc r e p a n t (41 % com pared to  25 %

p r e v io u s ly ) . The m odel f i t s  ob ta in ed  are  illu s tr a ted  in  f ig u r e s  4.22 (B) 

and 4.23 (R) -  su ch  com binations are ab le to d e sc r ib e  th is  ga laxy  to  

w ith in  a ty p ic a l r e s id u a l o f  ± 0.2 q in both  p a ssb a n d s.

I t is  p o ss ib le  in  th is  c a se  th a t in su ff ic ie n t  th in  d isc  lig h t  

(uncontam inated  b y  th e  p r e se n c e  o f th e  d u st  lane) e x is ts  to re liab ly
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A 0 9 1 9 - 3 3  -  B b a n d

Z (arcsecs)

Z (arcsecs)

INPUT FILE IS a 0 9 1 9 b 2 . s y s
(WITH 3 SKIPPED DATA POINTS)

Z (arcsecs)

Z (arcsecs)

UNWEIGHTED RESIDUALS -  A 0 9 1 9 -3 3  DATA
INPUT FILE a0919b 2 .sys (WITH 2 SKIPPED POINTS)

20.0 21.6 23.2 24.8 26.4 /Alata
0 14 28 42 56 R O')
0 6.6 13.2 19.8 26.4 Z (")

figure 4.22
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INPUT FILE IS a 0 9 1 9 r 2 . s y s

3 .

Z (arcsecs)

Z (arcsecs)

&

Z (arcsecs)

UNWEIGHTED RESIDUALS -  A 091 9 -3 3  DATA
INPUT FILE a0919r2 .sys (WITH 2 SKIPPED POINTS)

r-b.g j?* * Adr-irA *

At

(a)

(b)

- (c)

[ i ! 11 I |M  4 i M m  5 r -t -
i

18.0 20.0 22.0 24.0 26.0 ¿¿data
0 13 26 39 52 R (")
0 11 22 33 44 Z (”)

A 0 9 1 9 - 3 3  -  R b a n d

R = 0.00 a rc se c s

20 30
Z (arcsecs)

figure 4.23



d e f i n e  t h e  s c a l e h e i g h t  i n  e i t h e r  o r  b o t h  d a t a s e t s  m o d e l l e d  h e r e .

IV.2.13 A 0931-32 (a = 0 9 h 31m 13s , S = -3 2 °  48’ 36” )

A lthough  not co n ta in ed  w ith in  th e  RC2 or RSA, th is  "disc

dom inated" ga laxy  is  c la ss if ie d  a s  an Scd b y  Corwin e t  al (1985). The

ESO ca ta lo g u e  a s s ig n s  it an Irr c la ss if ic a t io n , p rob ab ly  b eca u se  o f the  

h ig h ly  com plex n a tu re  o f  th e  d u st  lan e. T here is  no e v id e n c e  on th e  

SERC J p la te  5580 (fie ld  373) fo r  a n y  d isc  w arp, w ith  th e  o v era ll d isc  

major ax is on th is  p la te  m aterial b e in g  ~ 5 .6 ’ or 5.4 k p c b ased  on an  

o b je c t  d is ta n ce  o f  3.2 Mpc (F ish er  & T ully  1981). T h is d ista n ce  

c o r r e sp o n d s  to  an a sso c ia te d  CCD im age sca le  o f  0.016 k p c /a r c se c . Two 

p o s s ib ly  a sso c ia ted  sy s te m s  are  e v id e n t  on  J5580 -  an am orphous

ga laxy  ~3.9* to  th e  n orth  and a p a rtia lly  fa c e -o n  b arred  sp ira l, some 

'v2 .8> e a s t  and o n ly  ~1.1* a b o v e  th e  d isc  p lane. H ow ever, no r e fe r e n c e  

w as found  for  a n y  c lu s te r /g r o u p  m em bership  fo r  th is  sy stem .

The (s in g le  p osition ) co -a d d ed  CCD fram e o b ta in ed  for  th is  o b je c t  

(ob ta ined  w ith  th e  cam era lo n g  ax is a lig n ed  N -S) c o v e r s  r o u g h ly  h a lf  

o f th e  rad ia l ex te n t a s  determ ined  on  J5580, and w as p o sitio n ed  in  

su ch  a w ay a s  to  avo id  th e  b arred  sp ira l to  th e  E and 2 b r ig h t  s ta r s  

to th e  W o f th e g a la x y  c e n tr e . R oughly  34 s te lla r  and n o n -ste lla r

o b je c ts  w ere rem oved from th e  fin a l co -a d d e d  fram e p rior to  

ex tra c tio n  o f  th e  su r fa c e  b r ig h tn e s s  p r o file s . As w as th e  ca se  for  the  

B band data o f IC 2531, th e  e f f e c t s  o f su ch  lim ited sp a tia l co v er a g e  of 

th e s e  data on th e  d er iv ed  m odel p aram eters m ust be borne in  mind.

151



d e sc r ib e  it  u s in g  e ith e r  s in g le  or tw o-com pon en t model com binations. 

D esp ite  th e  com plex n a tu re  o f  th e  d u s t  lan e, th e  su r fa ce  b r ig h tn e ss  

p r o file s  do not d ev ia te  from a sm ooth ly  d e c r e a s in g  ju w ith  in cr ea sin g  

Z -h e ig h t b eyon d  ~3.5". T h u s, th e  fo r e g o in g  m odelling has b een  

co n d u cted  a fte r  rem oval o f  th o se  data  in  each  p ro file  fo r  w hich Z i  

3.5" (i.e . th e  in n erm ost 3 data p o in ts ) .

As is  im m ediately e v id e n t  from th e  r e su lt in g  p aram eters in  tab le  

A. 13, in  ch o o s in g  to  d e sc r ib e  th is  sy stem  b y  a s in g le  m odel, th e  u se  

o f a p u re  ex p o n en tia l y ie ld s  a s ig n if ic a n t  im provem ent o v e r  th e  sech^  

form (b y  30 % in  FSUMSQ), and th e r^ law (b y  ~ 53 %). All

tw o-com pon en t com binations in  th a t tab le  can  be im m ediately r e je c te d  

in  th e lig h t  o f th e p h y s ic a lly  im plausib le  d isc  sc a le le n g th  param eters  

th u s  d efin ed  (all o f w hich  are  la r g er  th an  th e  rad ia l c o v e r a g e  in  th is  

data b y  a fa cto r  > 20), and b y  th e  c o r r e sp o n d in g ly  la rg er

g o o d n e s s -o f - f i t  p aram eters.

U se o f th e  s in g le  exp o n en tia l p ro file  r e v e a ls  no tren d  o f  

sc a le h e ig h t  w ith  IR, th e  d er iv ed  mean o f 0.10 k p c b e in g  c o n sta n t to ±

3 % fo r  0 < IR < 1.2 k pc. H ow ever, a s  is  e v id e n t  from  th e

r e p r e se n ta t iv e  f i t s  illu s tr a te d  in  f ig u r e  4.24, th is  p ro file  sh ow s  

s ig n if ic a n t  d isc r e p a n c ie s  o v er  th e  data a t la r g e  g a la c to c en tr ic  

d is ta n c e s  (£, 50") and Z ¡> 20". An in sp e c t io n  o f th e  im age fram e u sed  

r e v e a ls  su b sta n tia l p a tch y  d u s t  contam ination  a t th is  IR w hich  ap p ears  

to h ave an e f fe c t  on all data to Z 25", b u t it  a p p ea rs  u n lik e ly  to 

ex ten d  to Z 40". T hus th e  so u rce  o f th e  d isp a r it ie s  a t la rg e  Z are  

u n clea r . T h ey  can n ot be due to an in c o r r e c t  a sse ssm e n t o f th e  sk y

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

B e c a u s e  o f  t h e  m o r p h o l o g y  o f  t h i s  g a l a x y ,  I  o n l y  c h o s e  t o
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A 0 9 3 1 - 3 2  -  R b a n d

£ e.

INPUT FILE IS a 0 9 3 1  r . m o d
(WITH 3 SKIPPED DATA POINTS)

Z (arcsecs) Z (arcsecs)

W)cô
e.

Z (arcsecs) Z (arcsecs)

c\JI

UNWEIGHTED RESIDUALS -  A 0 9 3 1 -3 2  DATA
INPUT FILE a0931r.m od  (WITH 3 SKIPPED POINTS)

(a)

(b)

(c)

20.0 21.2 22.4 23.6 24.3 ¿Alata
0 16 32 48 64 R (")
0 136 26 39 52 Z (")

figure 4.24



le v e l a s  no sy ste m a tic  tr e n d s  are  se e n  a t la rg e  Z a n d /o r  fa in t su r fa ce  

b r ig h tn e s s . Of c o u r se , th e  fa c t  th a t a ll r e g io n s  o f th e  ga laxy  in the  

fram e show n in  a p p en d ix  C are a ffe c te d  b y  d u st  contam ination (i.e . Z 

<> 25") m eans th a t th e  m odel p aram eters for  th is  sy stem  m ust be 

trea ted  a s  v e r y  u n cer ta in . Removal o f a ll data  th u s  a ffe c te d , how ever, 

w ould le a v e  too few  p o in ts  in  each  p ro file  to  allow ex tra c tio n  o f  

m ean in gfu l r e s u lts .  T h is g a la x y  th e r e fo r e  a p p ea rs  to be d escr ib ed  b y  

a s in g le  exp on en tia l p ro file  b u t o n ly  to  an a ccu ra c y  ~ ± 0.4 (b ased  

on th e  r e s id u a ls  d iagram  in  f ig u r e  4.24).

IV.2.14 A 1611-00 (<x = 16h l l m 48s , S = -0 0 °  05’)

T his anonym ous d isc  dom inated g a la x y  is  n ot co n ta in ed  w ith in  a n y  

o f th e  major c a ta lo g u e s  -  th e  a s s ig n e d  m orphological ty p e  Scd b ein g  

d er iv ed  from th e  l i s t s  o f Corwin (p r iv a te  com m unication, 1981.). I ts  

ap p ea ra n ce  on th e  SERC J s u r v e y  p la te  5803 (fie ld  872) is  o f a 

s lig h t ly  in c lin ed  sy ste m  p o s s e s s in g  a c lea r  d u st  lan e and a v e r y  sm all 

b u t b r ig h t  c en tra l b u lg e  com ponent. The to ta l d isc  d im ension  on th is  

p la te  is  ~4.5’ and no d isc  w arp in g  is  e v id e n t. The CCD c o v e r a g e  (w ith  

th e  ch ip  lo n g  ax is o r ien te d  N -S) is  s u ff ic ie n t  to  e n su r e  sp a tia l 

c o v e r a g e  o f  a s  much a s  2 /3  o f  th e  major a x is  a s  s e e n  on  J5803.

The local s te lla r  d e n s ity  is  v e r y  low , w ith  o n ly  ~12 o b je c ts  b e in g  

rem oved from th e  w hole area  co v er ed  b y  th e  co -a d d e d  CCD frame 

(none b e in g  lo ca ted  on th e  ga laxy  i t s e l f ) .  T here e x is t  s e v e r a l b r ig h t  

and fa in t g a la x ies  se e n  on  th e  s u r v e y  m aterial w ith in  1° o f  A1611-00, 

th e  n e a r e s t  (am orphous) sy ste m  b e in g  some 3.3* SW. No d ista n ce  

estim ate  is  ava ilab le  for  th is  ga laxy .
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A p o in t-b y -p o in t  in v e s t ig a tio n  o f th e  su r fa c e  b r ig h tn e s s  p ro file s  

at sm all Z -h e ig h ts  se r v e d  to h ig h lig h t  th o se  m easu res so u th  o f th e  

major ax is m ost a ffe c te d  b y  th e  o b scu ra tio n . Such  v a lu e s  w ere  

d isca rd ed  and th e  su r fa c e  b r ig h tn e s s  at th e se  p o in ts  w ere tak en  from  

th e  n o rth ern m ost se c t io n  o f each  p erp en d icu la r  p ro file  alone prior to 

g en era tio n  o f th e  fin a l data a rra y . R esidual contam ination  se e n  along  

th e  major a x is  i t s e l f  req u ired  th e  ad d ition a l (g lobal) rem oval o f th e  Z 

= 0" data p o in t in  each  on e b efo re  th e  m odelling w as co n d u cted .

R esu lts  o f th e  m odelling

As is  se e n  in  ta b le  A. 14, th is  g a laxy  is  b e s t  d escr ib ed  b y  a 

com bination  o f d isc  and r^ law p ro file s  -  th e  s in g le  com ponent f i t s  all 

b ein g  exclu d ed  on  th e  b a s is  o f  th e ir  la r g er  g o o d n e s s -o f - f i t  estim ators  

(b y  > 57 % in  th e  c a se  o f FSUMSQ) and th e  tr ip le  com ponent

com binations a ll c o n v e r g in g  to double com ponent en d p o in ts  fo r  all 

in p u t. In d eed , an in sp e c t io n  o f all te s te d  th ree -co m p o n en t f i t s  w hich  

fa iled  to a ch ie v e  c o n v e r g e n c e  in d ica ted  th at, a t th e  p o in t o f  arith m etic  

erro r  (r e su lt in g  from th e  e x c e s s iv e  d e g ree  to  w hich  th e  th ird  

com ponent had b een  su p p r e s s e d ) , th e  sam e c o n c lu s io n s  ap p lied  to  

th o se  w hich  w ere ab le to  y ie ld  a so lu tio n  w ith in  th e  im posed  

c o n s tr a in ts . The mean sc a le h e ig h t  o f  th e  d isc  com ponent in  th e  

"exponentia l + r^ law" com bination  is  3.19 (±0.10)", th e  stan d ard  

erro r  b e in g  som e 3.0% o f th e  mean. T hus th e  a ssu m p tion  o f a co n sta n t  

sc a le h e ig h t  w ith  g a la c to c en tr ic  d is ta n ce  fo r  th e  d isc  com ponent 

a p p ea rs  to be reason ab le  in  th is  ga laxy .

A gain, h ow ever, a sy ste m a tic  o v erestim a tio n  o f  th e  l ig h t  a t la rg e  Z 

w as noted  and allow ance for  su ch  an e f fe c t  req u ired  a red u ction  o f

0.2 % o f th e  I s k y  estim ate  in  tab le  2.2. F igu re  4.25 sh ow s th e r e s u lts
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INPUT KILE IS a  1G11 r . s y s
A161 1 - 0 0  -  R b a n d  (WITH 1 SK IP P ED  DATA POINTS)

Z (arcsecs) Z (arcsecs)

Z (arcsecs) Z (arcsecs)

UNWEIGHTED RESIDUALS -  A 1 6 1 1 -0 0  DATA
INPUT FILE a !61  lr .sy s  (WITH 1 SKIPPED POINTS)

19.0 20.6 22.2 23.8 25.4 ^ data
0 18 36 54 72 R (")
0 7 14 21 28 Z (")

figure 4.25



o f in co rp o ra tin g  su ch  a co rr ec tio n  to th e  b e s t - f i t  "sech^ + pW law" 

com bination.

is
D esp ite  th e  a llow ance for su ch  sy ste m a tic s , th e  r^ law m odel^still 

a poor d e sc r ip tio n  o f th e  data b eyon d  Z ~ 20" o v er  all 

p r o file s , w h ils t  a com parison  o f  th e  f i t s  ob ta in ed  to th e  im age fram e 

i t s e l f  r a ise s  som e c o n c e r n s  a s  to  th e  r e la t iv e ly  minimal co n tr ib u tio n  

from th e  d isc  com ponent b eyon d  Z ~ 5-10" -  an  in sp e c tio n  o f th e  

a ctu a l fram e s u g g e s t in g  th a t a co n tr ib u tio n  to  ~ 20" m ight seem  more 

r e a lis t ic . The so u rce  o f lu m in osity  at th e se  h e ig h ts  s t ill  ap p ear to be 

pred om in an tly  due to  th e  ga laxy  ra th er  th an  sim ply  th e  sk y  

b a ck g ro u n d . As a r e s u lt ,  d e sp ite  th e  seem in g ly  "simple" form o f th is  

g a laxy , and th e  c lea r  d iffe r e n ta tio n  b etw een  th e  r e s p e c t iv e  model f i t s  

in  tab le A. 14, th is  g a la x y  a p p ea rs  w e ll-d e sc r ib e d  b y  th e m odel 

com binations o n ly  to  w ith in  ± 0 .3 5  fJ -  e v e n  a fte r  d u e a llow ance h as  

b een  made fo r  a n y  sy ste m a tic  d isc r e p a n c ie s  a t la r g e  Z -h e ig h ts  

b etw een  m odel and data.

IV.2.15 UGC 7170 (a = 12h 08m 06s , 8 = +19° 06’)

T his g a laxy  w as in c lu d ed  in  th e  c u r r e n t sam ple a s  b e in g  a prime 

exam ple o f a la te - ty p e , and seem in g ly  p u re  d isc , sy ste m . Both th e  

p r e se n t  CCD data and th e  POSS s u r v e y  (p la te  num ber 89) r ev e a l o n ly  

a lim ited d e g r e e  o f cen tra l c o n cen tra tio n  in th e  l ig h t  d is tr ib u tio n  and  

th e  p a r ticu la r ly  th in  n a tu re  o f th e  d isc . In d eed , Goad & R oberts  

(1981) in te r p r e t  th is  sy ste m  a s  b e in g  a su p e r th in  g a laxy  (for w hich  

a x is  ra tio s  o f ty p ic a lly  i  0.1 are  e n c o u n te r e d ). The adopted  

c la ss if ic a t io n  o f Sc com es from th e  UGC a s th is  ga laxy  is  not en tered  

in  e ith e r  th e  RC2 or RSA.
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An ad d ition a l fe a tu r e  o f  th is  ga laxy , h ow ever , is  th e  p ron ou nced  

w arp in g  o f th e  n o rth ern  and so u th e r n  ex trem ities  o f th e  d isc  -  g iv in g  

th e  g a laxy  th e  a p p earan ce  o f an in te g r a l s ig n  and c lea r ly  e v id e n t on  

th e  iso p h o ta l con to u r  p lo ts  show n  in both  B and R in f ig u r e  4.26. The 

p r e se n t  CCD data show  th e  so u th ern m o st w arp (tu rn in g  to  th e  SE) to  

be fa r  c lea rer  and s l ig h t ly  "sharper"  than  th a t a t th e  n o rth ern  end ,

i.e . sh o w in g  a more rap id  d iv e r g e n c e  from  th e  d isc  p lan e. The la tter  

is  in d eed  b a re ly  v is ib le  on th e  POSS p la te s . A lso n otab le  in  th e se  

fram es (p a rticu la r ly  in  B) are  num erous co n d e n sa tio n s  a lon g  th e  d isc  

plane w hich  may be a sso c ia te d  w ith  sp ira l arm s tr u c tu r e . Such  

co n d e n sa tio n s  are  a lso  d e tec ta b le  in  both  w arped  r e g io n s  o f th e  d isc .

An in clin a tio n  a n g le  o f  90° is  assum ed  in  th e  p r e s e n t  w ork , su ch  

a v a lu e  b e in g  s tr o n g ly  im plied b y  th e s tr ik in g  c la r ity  o f th e  d isc  

w arp s. The d isc  d im ension  a s  determ ined  from p la te  R89 is  ~ 2 .2 ’. 

T h u s, th e  s in g le  p o sitio n  CCD fram es (ch ip  lon g  a x is  o r ien ta tio n  N -S) 

c o v e r  n ot o n ly  th e  rad ia l e x te n t  o f  th e  d isc  b u t a lso  fa c ilita te  an  

e x ce lle n t d eterm ination  o f th e  s k y  b a ck g ro u n d . The local s te lla r  

d e n s ity  is  v e r y  low in  th is  fie ld  (1^ = 252°, b^ = 177°), a lth o u g h  the  

num ber o f g a la x ies  w ith in  a 16.5’ a p er tu re  c e n tr e d  on  UGC 7170 i t s e l f  

is  q u ite  h ig h  (th e  UGC ca ta lo g u e  a s s ig n s  th is  sy ste m  m em bership  o f  

th e  NGC 4155 g ro u p ). T hus a m e r g e r /in te r a c t io n  o r ig in  o f th e  w arp is  

a d is t in c t  p o ss ib ility .

The d is ta n ce  o f 23.9 Mpc to  th is  ga laxy  is  d er iv ed  from F ish er  & 

T u lly  (1981), a g r e e in g  w ell w ith th e  32.0 Mpc (for an Hq o f 75 km s“ l 

Mpc- 1) o f Goad & R oberts (1981), and c o r r e sp o n d s  to an im age sca le  

o f 0.116 k p c /a r c s e c s .  The d is ta n c e  ad op ted  h ere  im plies a maximum 

d iv e r g e n c e  o f  th e  w arp from th e  so u th e r n  en d  o f th e  major axis o f
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1.0 k p c a t ~ 25.5 A<g (or ~ 24.7 tip). At su ch  iso p h o ta l le v e ls , th e  warp  

m akes an a n g le  o f 17° w ith  th e  d isc  p lane on th e  so u th ern  end  and  

9 °  a t th e  n o rth ern  end .

R esu lts  o f  th e  m odelling

W ithin th e  co n tex t o f th e  p r e s e n t  m odelling , it  is  c le a r ly  d iff ic u lt  

to a s s ig n  g lob a l p hotom etric  p aram eters to a g a la x y  assum ed  to be 

axia lly  sym m etric b u t know n to  be s tr o n g ly  w arp ed . T h u s, in  an  

attem p t to c o u n ter  th e  e f f e c t s  o f th e  w arp, o n ly  th o se  su r fa c e  

b r ig h tn e s s  p r o file s  w ith  g a la c to c en tr ic  d is ta n c e s  in ter io r  to ~ 55" 

w ere u sed . T hose p r o file s  e x tra c te d  from p o s it io n s  a d ja cen t to th e  

major ax is w ill be o n ly  s lig h t ly  a ffe c te d  ow ing  to  th e  fa c t  th a t th e  

l in e -o f -n o d e s  o f th e  w arp and th e  d isc  p lane are  alm ost co in c id en t  

o v e r  su ch  r e g io n s . T his c r ite r io n  th e r e fo r e  d isp o se s  o f  th e  ou term ost  

2 p r o file s  in  both  B and R in  f ig u r e  4.26. No p ro file s  in ter io r  to th is  

p o in t show  a n y  e v id e n c e  o f th e  e f f e c t s  o f  w arp in g  (su c h  a s  a s h if t  in  

th e  peak  su r fa c e  b r ig h tn e s s  o f  th e  p ro file  aw ay from  th e  assum ed  

major a x is , or to  th a t o f  it s  c o r r e sp o n d in g  p ro file  a t th e  o p p o site  end  

o f th e  d isc ) . At th e  ex trem itie s  o f th e  major a x is  w h ere  th e  w arp is  

m ost in  e v id e n c e , it  is  o n ly  d e tec ta b le  fo r  th o se  iso p h o te s  fa in ter  than  

~ 23.2 Afg or ~ 22.8 Afjj.

As tab le  A. 15 i l lu s tr a te s , s ta t is t ic a lly  im proved  model f i t s  r e su lt  

from  th e  ad op tion  o f a tw o-com pon en t m odel, and in d eed  all 

th ree -co m p o n en t s e t s ,  o v er  th e  s in g le  exp on en tia l d isc . N e v e r th e le ss , 

th e  v e r y  rep ea ta b le  p aram eters fo r  th e  dom inant d isc  p ro file  in  all 

com b in ation s in th is  tab le  in d ica te  th a t th e  same model com ponent is  

b ein g  id en tif ied  in  both  p a ssb a n d s  and r e g a r d le s s  o f th e  model 

com binations ad op ted .
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S u b se q u e n t ad d ition a l te s t in g  o f a v a r ie ty  o f model com binations  

in  both  B and R ag a in  a t te s te d  to th e  r ep ro d u cea b ility  o f a ll sca le  

p aram eters in  tab le  A. 15. It w as o f c o n s id era b le  in te r e s t ,  h ow ever, to  

a n a ly se  a n y  v a r ia tio n s  in  th e  sca leh eigh t, o f th e  d isc  com ponent(s)  

w ith  g a la c to c en tr ic  d is ta n c e  w hich  may be a ttr ib u te d  to  th e  e f fe c t s  o f  

th e  w arp and th u s  not fu lly  allow ed for in th e p r e se n t  m odelling. In 

both  p a ssb a n d s  th e  s c a le h e ig h t  o f th e  s in g le  exp on en tia l d isc  sh ow s  

no e v id e n c e  o f a sy ste m a tic  v a r ia tio n  w ith  IR, w ith  th e  d er iv ed  m eans 

o f 0.36 k p c (B) and  0.38 k p c (R) h a v in g  a sso c ia te d  e r r o r s  o f o n ly  ±

1.8 % and ± 1.9 % r e s p e c t iv e ly . None o f th e  (random ) v a r ia tio n s  about  

th e  mean v a lu e s  cou ld  be a s s ig n e d  to  a n y  o b v io u s  fe a tu r e s  in  th e  

ga laxy  it s e lf .

H ow ever, a v isu a l in sp e c tio n  o f th e  f i t s  d e r iv e d  in  th e s e  c a se s  

c le a r ly  show  th e  m odel p r o file s  to becom e sy ste m a tic a lly  b r ig h te r  than  

th e  o b se r v e d  lu m in osity  a t la r g e  Z -  p a r ticu la r ly  for  th e  p ro file s  a t 

la r g e r  rad ia l d is ta n c e s . T h ese  e f f e c t s  are  lik e ly  to r e s u lt  from th e  

p r e se n c e  o f th e  w arp and n ot fu lly  allow ed fo r  in  th e  ab o v e  schem e  

(d e sp ite  th e  seem in g  c o n sta n c y  o f hz (IR)). A c lo se  in sp e c tio n  o f th e  

f i t s  ob ta in ed  in d ic a te s  th e  d ev ia tio n s  from an ex p o n en tia l p ro file  f ir s t  

becom e e v id e n t  a t su r fa c e  b r ig h tn e s s e s  o f ~ 26 £/g and ~ 25 Hr*

T h u s, a s e r ie s  o f f i t s  w as co n d u cted  b y  a p p ly in g  both  s in g le  and  

d ou b le  ex p o n en tia l m odel com binations to  data a r r a y s  su ita b ly  

c o r r e c te d  b y  rem oving  all data fa in ter  than  th e se  lim its. F ig u r es  4.27 

and 4.28 il lu s tr a te  th e  r e s u lt s  o f su ch  a p ro ced u re  w hen  a p p ly in g  a 

s in g le  ex p o n en tia l p ro file  to  data in  B and R r e s p e c t iv e ly . The 

p aram eters d e fin in g  th e s e  f i t s  are  e s s e n t ia lly  id en tica l to th o se  o f  

tab le A.15 (w ith th e d isc  (B-R) co lour in d ex  o f 0.95 mag. b e in g  on ly
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UGC 7 1 7 0  -  B b a n d

E.
3.

INPUT FILE IS u 7  1 7 0 b .n e w
(WITH 0 SKIPPED DATA POINTS)

Z (arcsecs) Z (arcsecs)

e.
s.

Z (arcsecs) Z (arcsecs)

CMIO0)COo
cti
bO
cd

asT)
=1

a)TJo
0=t

UNWEIGHTED RESIDUALS 
INPUT FILE u7170b .new

UGC 7170  DATA 
(WITH 0 SKIPPED POINTS)

(a)

(b)

(c)

21.0 22.6 24.2 25.8 27.4 Mdala
0 14 28 42 56 R (")
0 4 8 12 16 Z (")

figure 4.27
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UGC 7 1 7 0  -  R b a n d

Z (arcsecs)

INPUT FILE IS u 7 1 7 0 r . n e w
(WITH 0 SKIPPED DATA POINTS)

Z (arcsecs)

Z (arcsecs) Z (arcsecs)

UNWEIGHTED RESIDUALS -  UGC 7170 DATA
INPUT FILE u 7170r.new  (WITH 0 SKIPPED POINTS)

I___________ I___________ I___________ I___________ I___________ I___________ I___________ I___________
21 .4  22.8 24.2 25.6  Md„ta

12 24 36 48 R (")
4 8 12 16 Z (")

figure 4.28



3 % la r g e r  th an  th a t d er iv ed  from  p aram eters in  th e  ta b le ), a lth ou gh

th e  red u ctio n  in FSUMSQ b y  10 % in  B and '  18 % in R in d ica te

th a t an im proved  a llow ance fo r  th e  w arp has b een  a ch iev ed . The 

c o r r e sp o n d in g  tw o-com pon en t f i t s  s t i l l  g iv e  a sm aller FSUMSQ, 

in d ica tin g  th a t r e s id u a l l ig h t  from  th e  w arp s t il l  con tam inates th e  

p r o file s  m odelled, a lth o u g h  th e  e f f e c t s  are  le s s  s e v e r e  than  th o se  in  

ta b le  A .15. T his is  m ost e v id e n t  in  R w here th e  im provem ent from th e

a d d ition  o f th e  seco n d  ex p o n en tia l d isc  p ro file  i s  ~ 23 % in  FSUMSQ

com pared to  42 % in  tab le  A. 15.

What is  p a r ticu la r ly  n otab le , h o w ev er , is  th a t su ch  double  

com ponent com binations g iv e  eq u a lly  poor f i t s  to th o se  p ro file s  at

sm all IR. T h ese  p r o file s  sh ou ld  show  c o n s id e r a b ly  le s s  contam ination  

from  th e  w arp fo r  th e  r ea so n s  o u tlin ed  a b o v e , so  th e  ca u se  o f su ch

poor f i t s  may be due to  a ll o th er  p ro file s  b e in g  more s ig n if ic a n tly

a ffe c te d  th en  th e se . H ow ever, th e  r e s id u a ls  d iagram s in  both  f ig u r e s  

show  th o se  p r o file s  a t IR 10" to  be v e r y  w e ll-f it te d  b y  th e  s in g le  

ex p o n en tia l p ro file , a reg io n  s u ff ic ie n t ly  c lo se  to  th e  minor ax is th a t  

an in sp e c tio n  o f th e  im age fram es in d ica te  su c h  c u ts  are  dom inated b y  

th e  c e n tr a l co n cen tra tio n  o f  th e  d isc  o v e r  alm ost a ll Z. In sh o rt, it  

a p p ea rs  u n lik e ly  th a t th o se  p r o file s  a t IR ~ 6 " are com p lete ly

u n a ffe c ted  b y  th e  p r e se n c e  o f th e  w arp w h ils t  th o se  a t ~ 10" are  

a ffe c te d  a s  h ea v ily  a s  th e  v e r y  ou term ost p r o file s  (for w hich  IR ~ 50"). 

T h ere rem ains th e  p o s s ib ility , th e r e fo r e , th a t UGC 7170 is  not 

w e ll-f it te d  b y  an ex p o n en tia l d isc  e v e n  in  r e g io n s  le s s  a ffe c te d  b y  th e  

d isc  w arp. The rem oval o f  data  to  p r o g r e s s iv e ly  b r ig h te r  su r fa ce  

b r ig h tn e s s e s  w as not a ttem p ted  ow ing  to  th e  fa c t  th a t too few  p o in ts  

w ould be fou n d  o v e r  a ll p r o file s  to r e lia b ly  d e fin e  th e  p ro p er tie s  o f  

e v e n  th e  s in g le  ex p o n en tia l p ro file .
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In co n c lu s io n , o f  all th e  m odel com binations te s te d  h ere , UGC 7170 

seem s to  be b e s t  d e sc r ib e d  b y  a s in g le  exp on en tia l model w hich  sh ow s  

v a r y in g  d e g r e e s  o f con tam ination  from th e  d isc  w arp. Removal o f 

th o se  su r fa c e  b r ig h tn e s s  p r o file s  ex ter io r  to a sp e c if ie d  radial 

d is ta n c e  can n ot allow fo r  th e  a f fe c t s  o f th e  w arp, a lth ou gh  

s ig n if ic a n t ly  red u ced  d isc r e p a n c ie s  a t la rg e  Z are  fa c ilita ted  by  

d isc a r d in g  data a t a s p e c if ic  su r fa c e  b r ig h tn e s s  le v e l. H ow ever, th e se  

p r o c e d u r e s  g e n e r a te  ex p o n en tia l d isc  p aram eters w hich  are  h ig h ly  

rep ro d u cea b le  in  a ll c a s e s ,  s u g g e s t in g  th a t th e  d isc  p aram eters  

q u oted  in  tab le  A. 15 c lo se ly  approxim ate th e  "true" v a lu e s  fo r  th is  

sy stem . In d eed , e v e n  a v isu a l f i t  to th e  minor a x is  p ro file  a lone y ie ld s  

v a lu e s  fo r  th e  c e n tr a l su r fa c e  b r ig h tn e s s  and s c a le h e ig h t  o f 21.25 iu 

and 0.32 k p c r e s p e c t iv e ly  in  th e  B band, and 20.10 u and 0.32 kpc in  

R -  a ll e stim a tes  in  v e r y  c lo se  a g reem en t w ith  th o se  d efin ed  in  th e  

m odified a r r a y s  a b o v e  and th e  v a lu e s  in  tab le  A. 15. The poor f i t s  a t IR 

£ 10", h ow ever , im ply th a t e v e n  if  due a cco u n t can  be made o f  th e  

e f fe c t s  o f th e  w arp , th e  ad op tion  o f an ex p o n en tia l p ro file  may s t il l  be  

u n ab le  to d e sc r ib e  th is  g a la x y  to  b e tte r  th an  th e  rm s r e s id u a ls  o f ± 

0.15 n g and 0.2 fou n d  in  th e  p r e se n t  a n a ly s is .

IV.3 G eneral c o n c lu s io n s

In th is  c h a p ter  I h ave  p r e se n te d  th e  r e s u lt s  ob ta in ed  w hen  

a p p ly in g  th e  n on lin ear , le a s t - s q u a r e s  m odelling ro u tin e  ou tlin ed  in  

ch a p ter  III to  th o se  g a la x ies  for  w hich  CCD p h otom etry  w as ob tained  

(tab le  2 .2).

A com bination  o f g o o d n e s s -o f - f i t  e stim a tes  and th e  req u irem en t o f  

th e  o u tp u t p aram eters th u s  d efin ed  to be "realistic"  (in the co n tex t o f
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th e  data  b e in g  m odelled) is  fou n d  to  iso la te  a p a rticu lar  model 

com bination  a s  b e in g  m ost a p p ro p ria te  to  th a t data in  a ll c a se s . T his  

con firm s th e  c o n c lu s io n s  o f ch a p ter  III and th e r e fo r e  d oes not 

su p p o r t v a n  der Kruit (1984) who in fe r s  th a t a n y  d iffe r e n c e s  in the  

q u a lity -o f - f it  b etw een  tw o and th r e e  com ponent m odel com binations is  

so le ly  d u e to c o r r e sp o n d in g  d if fe r e n c e s  in  th e ir  a sso c ia te d  d e g r e e s  o f  

freedom . F u rth erm ore, all p aram eters d efin ed  fo r  each  " b est-fit"  

com bination  show  e x c e lle n t rep e a ta b ility  for  each  ga laxy  o v e r  a w ide  

ra n g e  o f in p u t estim a tes .

A num ber o f sp e c if ic  co n c lu s io n s  em erge  from  th e  p r e se n t  

in v e s t ig a t io n . For all th o se  g a la x ies  fo r  w hich  a th in  d isc  com ponent 

can  be c le a r ly  d e fin ed , th e  sc a le h e ig h t  o f  th is  d isc  is  fou n d  to  be 

c o n sta n t  to b e tte r  th an  ± 16 % (and ty p ic a lly  ± 4 %) o f  th e  d er iv ed  

mean in  all c a se s , con firm in g  th e  r e s u lt s  fou n d  in  th e  lite r a tu r e  for  

sm aller d a ta se ts  th an  th a t s tu d ied  h ere.

The ca n d id a te  sh o w in g  p ron ou n ced  "box" sh a p ed  cen tra l iso p h o te s  

(NGC 2310) a p p ea rs  w e ll-d e sc r ib e d  b y  th e  sta n d a rd  f it t in g  fu n c tio n s  

ad op ted  -  th e  l ig h t  co n ta in ed  w ith in  th e  c e n tr a l r e g io n s  b e in g  

c o n s is te n t  w ith  th a t ex p ec te d  from an inw ard ex trap o la tion  o f the  

n o n -th in  d isc  com ponent a t la r g e  (IR,Z). The 10 % e x c e s s  l ig h t  at 

sm all (fR,Z) noted  in  se c t io n  IV.2.2 a fte r  su b tra c tio n  o f th e  " b est-fit"  

m odel com binations is  e s s e n t ia lly  a n u ll-d e te c tio n  in  th e  lig h t  o f th e  

a c c u r a c y  w ith  w hich  su ch  estim a tes  can  be d e fin ed . For exam ple, a 

sim ilar p ro ced u re  ap p lied  to  th e  n o n -b o x /p e a n u t NGC 4289 r e v e a ls  a 

5 -  10 % e x c e s s  in  th e  R band o v e r  th e  tw o-com pon en t model w hich is  

on th e  w hole fou n d  to p ro v id e  a v e r y  good d escr ip tio n  o f th is  

sy stem .
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H ow ever, in  a n sw er to  th e  q u estio n  p osed  a t th e  s ta r t  o f th is  

ch a p ter , th e  "peanut" sh a p ed  iso p h o te s  can n ot be w e ll-f itte d  b y  an y  

p ro file  -  th e  model com binations all u n d erestim a tin g  th e  lig h t  a t th e  

e d g e s  o f th e se  fe a tu r e s  b y  ~ 0.25 Hg and ~ 0.75 Rg. T h ese  co rresp o n d  

to  ty p ic a lly  10 % o f th e  p red ic te d  (model) lu m in osity  in  th e  R band  

o v e r  th e s e  r e g io n s  and 6 % in  B. The in c lu s io n  o f an ad d ition al 

m odel com ponent d o es  not r e d u ce  th is  d isp a r ity . The p ean u t  

m orp h olog ies ty p ic a lly  c o n tr ib u te  £ 20 % (and a s  much a s  35 % in IC 

2531 -  th e  m ost extrem e ca se ) o f  th e  to ta l n o n -th in  d isc  l ig h t  in  each  

p a ssb a n d  for  th e  g a la x ies  co n cern ed . The n o n -th in  d isc  lig h t  at 

r e g io n s  o f la r g e  (IR,Z), h ow ev er , is  r ea so n a b ly  w e ll-d e sc r ib e d  b y  th e  

f it t in g  fu n c tio n s  a d o p ted , s u g g e s t in g  th a t th e  p ea n u t m orphology is  

an ad d ition a l co n tr ib u to r  to  th e  to ta l lu m in osity  o f th e  ga laxy  and is  

not m erely  a cco u n ted  for  b y  a co n cen tra tio n  o f  th e  "outlying"  

com ponent to  th e  cen tra l r e g io n s . T his r e s u lt  is  in  accord  w ith  th a t  

found  for  NGC 4565 in  c h a p ter  III.

U n fo r tu n a te ly  in  o n ly  on e sy ste m  (IC 2531) is  th e  p ea n u t sh a p e  

s u ff ic ie n t ly  sm all, and  d oes th e  data ob ta in ed  c o v e r  a su ff ic ie n t ly  

la r g e  ra n g e  in  IR, to  allow  a m ean ingfu l t e s t  o f th e  f it t in g  fu n c tio n s  

ad op ted  a fte r  rem oval o f  th o se  r e g io n s  m ost a ffe c te d  b y  th e se  

iso p h o ta l " d istortion s" . In so  d o in g , I fin d  th e  m odel com binations  

ad op ted  can  p ro v id e  an a d eq u a te  d e sc r ip tio n  o f  th e  data rem aining to  

w ith in  an rm s r e s id u a l o f  ± 0.25 Rg in  both  p a ssb a n d s.

The main aim o f th is  ch a p ter , h ow ever , w as to  d eterm ine w h eth er  

th e  lu m in osity  d is tr ib u tio n s  o f  th e  g a la x ies  s tu d ie d , and in  p articu lar  

th e ir  n o n -th in  d isc  r e g io n s , can  be w e ll- f it te d  b y  a su ita b le  ch o ice  o f  

f it t in g  fu n c tio n s , and  w h eth er  a n y  d isc r e p a n c ie s  w hich  r e su lt  from
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th e  ad d ition  o f a p a rticu la r  s e t  o f com ponents can  be a ccou n ted  for  

b y  th e  in c lu s io n  o f ar. ad d ition a l p ro file . In o n ly  two ga la x ies  m odelled  

h ere  (NGC 5170 and IC 2531) is  th e r e  an y  ev id e n c e  o f a th ird  

com ponent, m ost sy s te m s  b e in g  b e s t  d e sc r ib e d  b y  th e  com bination o f a 

d isc  model (th e ex p o n en tia l is  s ta t is t ic a lly  p r e fe r r e d  to th e  sech^  in  

alm ost a ll c a se s )  and an r^ law p ro file .

Two p articu la r  d isc r e p a n c ie s  ap p ear common to  m ost ga lax ies  

s tu d ied  in  th is  sam ple. The m odel com binations show  a sy stem a tic  

o v erestim a tio n  o f th e  l ig h t  a t la r g e  Z -h e ig h ts  in m any c a se s ,  

co rr ec tio n  fo r  w hich  r e q u ir e s  th e  s k y  estim a tes  q u oted  in  tab le  2.2 to 

be in  erro r  b y  ty p ic a lly  0.5 % in  R and 3.3 % in B. F u rth erm ore, e v e n  

a fte r  c o r r e c t in g  fo r  th e se  e f f e c t s ,  su b s ta n tia l d if fe r e n c e s  rem ain  

b etw een  th e  m odel p aram eters th u s  d e fin ed  in  th e  two p a ssb a n d s .  

A lth ou gh  th e  p r e se n t  le a s t - s q u a r e s  a lgorithm  p erform s a f it  b ased  on  

th e  w e ig h tin g  a s s ig n e d  to  each  data p o in t, fo r  su ch  r e s u lt s  to be 

m ean in gfu l th e  f i t s  o b ta in ed  a re  req u ired  to be a d eq u a te  g lo b a lly . 

Such  h ig h ly  d isco rd a n t m odel p aram eters th e r e fo r e  ap p ear u n p h y s ica l, 

and th e ir  rem oval r e q u ir e s  th e  erro r  d is tr ib u tio n s  to be m odified  

a c c o r d in g ly  (b y  im p osin g  a ty p ic a l minimum erro r  to  each  data p o in t  

o f ± 0.2 fj). The im p lica tion s o f  th e se , seem in g ly  im p lau sib le , co rrec tio n  

fa c to r s  r eq u ir ed  to  b r in g  o b se r v a tio n s  and  p r e d ic tio n s  in to  

sa t is fa c to r y  agreem en t are  d is c u s se d  in  more d eta il in  ch a p ter  V. 

H ow ever, a fte r  th e ir  a p p lica tion , th e  m odel com binations are fou n d  to  

d e sc r ib e  th e  p r e s e n t  g a la x ies  to w ith in  a ty p ic a l rm s res id u a l ~ ± 0.3 

U, w ith  th e  d er iv ed  p aram eters c o n s is te n t  to  w ith in  ~ 30 %, in both  

p a ssb a n d s . Table 4.1 sum m arises th e  " b est-fit"  param eters  

c h a r a c te r is in g  each  sy ste m  a fte r  a ll c o r r e c tio n s  h ave  b een  ap p lied .
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GAI.AXY THIN DISC PARAMETERS N0N-TM1N DISC l’AIIAMI-TlillS

NGC 2295 _ 20.91 P (R) Ho = 16.69 u (IO
hz = 12.49 " cio h z = 3.21 " (R)
*»r = 51 .4 " d u 1,,. = 17 .6  " (IO

NGC 2210 Vo = 20.55 p tu ) 18.94 il ( 17 ) u,, = 17.18 U (IO 15.07 il (lì)
h* = 0 .2 9 kpc d o 0 .2 6  kpc (IO e e  = 0 .16  kpc d o 0 .1 9  kpc (II)
h,. = 2 .9 kpc ( id 3 .1  kpc (lì) q = 0 .27 (B) 0.24 (II)

NGC 3115 He = 17.25 [X (B) 16.07 ri (R) PQ = 21 .50  p (II) 20 .56  p (H)
e c  = 0 .2 6  kpc (B) 0 .33  kpc (R) hz = 0 .7 7  kpc (B) 0 .70  kpc (IO
q - 0 .38 (B) 0 .38 (R) h,. = 3 .3  kpc (B) 1 .5  kpc (IO

NGC 3573 v0 = 22.04 V (B) 23.87 H (R) He = 19.72  U (B) 17.67 (i (R)
hz = 5 .4 3 " (B) Z„ = 17 .16  ” (lì) Be  = 11.47 " (B) 9 .02  " (R)
h r = 3 0 .6 " <n> -13. 4 " (R) q = 0 .52 (H> 0 .56 (R)

NGC 4289 Vo = 20 .59 V (lì) He = 17.62  p (R)
h2 = 2.71 " (lì) ° e  = 4 .0 8  " (li)
h r = 53 .4 " ( iì) q = 0 .40 (R)

NGC 4469 Vo = 20.89 V (B) 20 .72  il (R) He = 18.29  p (B) 15.00 ri (lì)
h z = 0 .40 kpc (B) 0 .4 6  kpc (R) ®e = 0 .34  kpc (B) 0 .23  kpc (R)
h r = 1 .9 kpc (B) 2 .0  kpc (R) q = 0 .33 (B) 0 .32 (R)

NGC 5078 He = 18.08  p (R)
e e = 26 .65  " (R)
q = 0.51 (R)

NGC 5170 Vo = 20.84 V (B) 19.27 Al (R) Ho = 18.74 p (B) 16.94 u (R) pe = 22 .81  p (B) 20.61 p (IO
hz = 0 .5 6 kpc (B) 0 .5 3  kpc (R) hz “ 0 .1 9  kpc (B) 0 .21  kpc (R) ee = 2 .8 0  kpc (B) 2 .36  kpc (IO
h r = 7 .6 kpc (B) 8 .2  kpc (R) hr- = 0 .7  kpc (B) 0 .7  kpc (R) q = 0 .4 6  (B) 0 .48  (IO

IC 2531 Vo =21.03 V (B) 20 .24  U (R) He = 17.42  p (B) 23 .87  il (R)
z o = 0 .8 6 kpc (B) 0 .7 8  kpc (R) s e = 0 .5 2  kpc (B) 9 .54  kpc (R)
h r = 5 .5 kpc (B) 7 .9  kpc (R) q = 0.44 (B) 0 .10 (R)

IC 4351 V0 = 19.53 V (R) He = 15.81 p (R)
h z = 0 .91 kpc (H) ®e = 0 .7 3  kpc (R)
h r = 11 .4 kpc (R) q = 0 .53 (R)

A0902-68 Vq =19.69 V (B) 17.50  11 (R) He = 18.62  p (B) 19 .57  n (R)
h z = 0 .6 8 kpc (B) 0 .6 6  kpc (R) «e = 0 .8 6  kpc (B) 1 .20  kpc (R)
h r = 5 .1 kpc (B) 3 .7  kpc (R) q = • 0 .3 3 (B) 0 .10 (R)

A0919-33 Vo S 20 .73 V (B) 19.90  il (R) He = 21 .55  p (B) 19.75  (l (R)
hz = 2 .8 2 M (B) 4 .8 2  " (R) 0e  = 19 .91  " (B) 13 .06  " (R)
h r = 4 2 .8 " (B) 3 6 .6  " (R) q = 0 .63 (B) 0 .69 (R)

A0931-32 Vo = 19.61 V (H)
hz 0 .17 kpc (R)
h r = 6 .4 kpc (R)

A1611-00 Vo =21 .51 V (R) He = 19 .4 6  p (R)
z 0 = 4 .5 9 h (R) ®e = 10 .32  " (R)
h r = 8 8 .5 11 (R) q = 0 .19 (H)

UGC 7170 Vo =. 21.34 V (IO 20 .36  u (II)
hz = 0 .37 kpc (II) 0 .3 8  kpc (lì)
h r = 3 .8 kpc (II) 3 .7  kpc (R)

NGC 891 Vq = 21.20 P ( J ) p0 = 22 .04  p (J)

z o = 1 .05 kpc (J ) hz = 1 .56  kpc ( J )
h r = 4 .4 kpc (J ) h r  = 5 .9  kpc ( J )

NGC 4565 Vo - 21 .47 P (IO 19.46  ti (R) H0 = 24 .2 8  u (B) 23 .25  ri (R) = 21 .8 9  p (B) 21 .61 p (IO
Zo = 0 .7 6 kpc (B) 0 .74  kpc (R) h z ~ 2 .3 6  kpc (B) 2 .9 2  kpc (R) Zi = 1 .12  kpc (B) 1.31 kpc (R)
h r = 7 .3 kpc (B) 4 .7  kpc (R) Hj- = 10 .7  kpc (B) 10 .3  kpc (R) h r  = 4 .3  kpc (B) 5 .2  kpc (R)

Tab le  4.1 : R e s u l t a n t  p a r a m e t e r s  f o r  t h e  p ro g ram m e  ga lax ies  a f t e r
c o r r e c t i o n  f o r  a l l  p o s s ib le  s y s te m a t i c  e f f e c t s  a n d  a f t e r  im pos ing  

minimum e r r o r s  in  some c a s e s  to b r i n g  sca le  p a r a m e t e r s  b e tw ee n  B 
a n d  R d a t a  in to  a g r e e m e n t .  All s u r f a c e  b r i g h t n e s s  e s t im a te s  a re  

g iv e n  in  mag. a r c s e c “ ^ (¡J), a n d  sca le  p a r a m e t e r s  in  k p c  o r  a r c s e c s
(").



-  Chapter V -

V .l The a p p lica b ility  o f  s ta n d a rd  f it t in g  fu n c tio n s

The p r in c ip a l goa l o f  ch a p ter  IV w as to d eterm ine how w ell th e  

lu m in osity  d is tr ib u tio n s  o f sp ira l and le n ticu la r  ga la x ies  can  be  

d e sc r ib e d  b y  th e  ad op tion  o f  stan d ard  f it t in g  fu n c tio n s , and in  

p a rticu la r  th e  e x te n t  to  w hich  th e  n o n -th in  d isc  lig h t  in each  ca se  

d e p a r ts  from  th a t o f  a s in g le  model p ro file . The m ost im portant r e su lt  

o f  th is  in v e s t ig a t io n  is  th a t, e v e n  a fte r  a p p ly in g  co r r e c tio n s  to  

rem ove all p o ss ib le  sy ste m a tic  d if fe r e n c e s  b etw een  th e  p red ic te d  and  

o b se r v e d  lu m in osity  d is tr ib u tio n s  (sec tio n  V.2 below ) and to  red u ce  

a n y  p o ss ib le  d isp a r it ie s  b etw een  th e  model p aram eters th u s  d efin ed  in  

th e  tw o p a ssb a n d s  (se c tio n  V.3), th e  r e s u lt  ob ta in ed  s t il l  show  ty p ica l 

rms r e s id u a ls  ~ 0.25 -  0.3 ju in  both  co lo u rs. The q u estio n  th ere fo re  

a r is e s  a s  to  w h eth er  th is  f ig u r e  is  an a b so lu te  lim it to  te c h n iq u e s  o f 

th is  ty p e .

To p la ce  th is  co n c lu s io n  in  co n tex t, I h a v e  th e r e fo r e  com pared th e  

p r e se n t  r e s u lt s  to  th o se  d er iv ed  b y  van  d er Kruit & S earle  (1981a,b  

and 1982a,b) -  su c h  lite r a tu r e  s tu d ie s  b e in g  w id e ly  c o n s id ered  to  be 

th e  b e s t  c u r r e n t ly  ava ila b le . In th e ir  a n a ly s is  o f  NGC 7814, van  der  

K ruit & S earle  (1982b) q u ote  ty p ic a l r e s id u a ls  o f  i  0.2 IU b etw een  th eir  

p red ic te d  and th e  o b se r v e d  lig h t  d is tr ib u tio n . H ow ever, an in sp ectio n  

o f th e ir  m odel f i t s  show  th a t for  a n y  p articu la r  su r fa ce  b r ig h tn e ss  

p ro file , d isc r e p a n c ie s  c o n s id e r a b ly  la r g er  th an  th is  va lu e  (in d eed  o f

Photometric properties of the programme galaxies
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as much a s  ± 0.75 ¡J.) are  e v id e n t . By w ay o f illu s tr a tio n , I show  in  

f ig u r e  5.1 a rep ro d u ctio n  o f th e ir  f ig u r e  8 in  th e  ab ove  p ap er. In  

a d d ition  to  th e  a b o v e  random  v a r ia tio n s , sy ste m a tic  e f f e c t s  are a lso  

e v id e n t  a t both  sm all and la r g e  Z -h e ig h ts  in a ll co lo u rs. In sh o rt, 

th e ir  q u oted  a ccu ra c y  o f  ± 0.2 ju is  o n ly  a tta in ed  w hen  tak in g  th e  

r e s u lt s  a s  a whole, on  a p r o f ile -b y -p r o f i le  b a s is  th e  agreem en t is  

g e n e r a lly  much w orse  than  th is . S u ch  a co n c lu s io n  is  tr u e  for  all 

th e ir  s tu d ie s , e v e n  for  th e  p u re  d isc  sy s te m s  NGC 4244 and NGC 5907. 

The aim h ere  is  n o t to  s in g le  o u t th e s e  s tu d ie s  p e r  se , b u t m erely  to  

n ote  th a t in g e n e r a l th e  a n a ly se s  e x is t in g  in th e  lite r a tu r e  show  

d isc r e p a n c ie s  o f th e  form , and o f m agn itu d es e q u iv a le n t to  (and o ften  

g r e a te r  than) th o se  noted  in  ch a p ter  IV. T his r e s u lt  sh ou ld  not, in  

fa c t , be too  su p r is in g  -  for  p h otom etr ica lly  "simple" sy ste m s  su ch  as  

e llip tic a ls , th e  agreem en t b e tw een  th e  data  and m odel (ev en  w hen  

c o n s id e r in g  o n ly  th e  rad ia l ra n g e  in w hich  th e  f it t in g  fu n c tio n s  b e s t  

d e sc r ib e  th e  o b se r v e d  p ro file s ) is  not dem anded to be b e tte r  than  

0.1 -  0.2 iu (K orm endy, 1980).

From th e  q u oted  lite r a tu r e  so u r c e s , th e  m odelling te c h n iq u e s
So

com m only ad op ted  a r e /s im p lif ie d  a s  to make it  im p ossib le  to a sc e r ta in  

w h eth er  th e  n oted  d isc r e p a n c ie s  are  th e  r e s u lt  o f  poor q u a lity  data, 

o f an  in a p p ro p ria te  f it t in g  p ro ced u re  or  b eca u se  o f  th e  g en era l 

in a p p lic a b ility  o f  u s in g  sta n d a rd  f it t in g  fu n c tio n s  (or in d eed  an y  

com bination  o f  th e  a b o v e). In th e  ca se  o f v a n  d er Kruit & Searle  th e  

f ir s t  op tion  is  c o n s id ered  u n lik e ly  a s  th e ir  data  are  a n tic ip a ted  to  be 

o f h igh  q u a lity . S in ce  all th e  data a cq u ired  in th is  th e s is  w ere  

o b ta in ed  u n d er  e s s e n t ia lly  id en tica l o b serv a tio n a l co n d itio n s , and  

b eca u se  th e  lu m in osity  d is tr ib u tio n s  w ere ob ta in ed  b y  a n a ly s in g  th e  

data in  an id en tic a l fa sh io n  in  each  c a se , th is  lim itation is  co n sid ered
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F i g u r e  5.1 : T h e  r e s u l t a n t ,  f i l s  o b t a in e d  by  a d o p t in g  a  tw o -c o m p o n e n t
" s e c h ^  + r M law " model co m b in a t io n  to t h e  d a ta  in J ,  U’ a n d  F f o r  NGC 
7814. T h is  f i g u r e  is r e p r o d u c e d  from fig .  8 o f  v a n  d e r  K ru i t  & S e a r le  

(1982b). G a la c to c e n t r i c  d i s t a n c e s  a n d  Z - h e ig h l s  a r e  q u o te d  in a r c s e c s ,  a n d  
th e  s u r f a c e  b r i g h t n e s s  is t h a t  r e la t i v e  to sk y .  T he  r*  law p rof i le  is 

r e p r e s e n t e d  d a s h e d ,  t h e  s e c h ^  p ro f i le  a s  t h e  th in  fu l l  l ine  a n d  t h e  summed
p ro f i le  th e  bold line.
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u n t e n a b l e  w h e n  c o m p a r i n g  t h e  p r e s e n t  B a n d  R  d a t a s e t s .

The seco n d  p o in t is  a more d is t in c t  p o ss ib ility , and an y  

in a d eq u a c ies  in  p r e v io u s  sch em es h a v e  b een  ex p lic it ly  determ ined  h ere  

b y  th e  c o n str u c tio n  and ap p lica tio n  o f  th e  a lgorithm  d escr ib ed  in  

ch a p ter  III. N e v e r th e le ss , lim itations to  th e  p r e s e n t  schem e remain  

d e sp ite  th e  fa c t th a t th e  ro u tin e  ad op ted  h ere  is  one o f th e  b est  

m ethods c u r r e n t ly  a v a ilab le  fo r  s tu d y in g  galaxian  lu m in osity  

d is tr ib u tio n s  and  is  th e  o n ly  on e prim ed fo r  a fu ll, sy ste m a tic  sea rch  

o f th e  lu m in osity  com p on en ts w ith in  ga la x ies . C hapter IV a t t e s t s  to  th e  

h ig h  d e g r e e  o f r e p e a ta b ility  o f th e  r e s u lts  o b ta in ed , w h ils t  com parison  

to  p r e v io u s  s tu d ie s  a p p lied  to  g a la x ies  common to  th e  c u r r e n t sam ple  

h as in d ica ted  r e s u lt s  w hich  are  a s  c o n s is te n t  a s  on e m ight ex p ect  

from  su ch  w id e ly  d iffe r in g  d a ta se ts  and decom p osition  te c h n iq u e s .

H ow ever, th e  fa c t th a t a ll su ch  m ethods y ie ld  ty p ic a lly  e q u iv a le n t  

rm s r e s id u a ls  o f  ~ ± 0.3 iu s tr o n g ly  im plies th a t th e  la s t  p o in t is  th e  

m ost lik e ly  so lu tio n . In p articu la r , s in c e  th e  q u ite  d isco rd a n t  

p aram eters ob ta in ed  b etw een  th e  p a ssb a n d s  s tu d ied  are  seen  in  

g a la x ies  r e g a r d le s s  o f  th e  num ber o f model com p on en ts req u ired  to  

d e sc r ib e  th e ir  n o n -th in  d isc  lu m in osity  d is tr ib u tio n s  im plies th a t th e  

q u a lity  o f th e  data u sed  aga in  d oes not ap p ear to be th e  ca u se  o f  

a n y  su ch  d isp a r it ie s . E v id en ce  e x is ts  in  n ea r ly  all sy s te m s  stu d ied  in  

ch a p ter  IV s u g g e s t in g  th a t th e  u se  o f stan d ard  f it t in g  fu n c tio n s  is  

n ot an optim al m eans o f e lu c id a tin g  th e  ap p ea ra n ce  o f g a lax ies.

No a llow ance w as made w ith in  th e  p r e se n t  m odelling p ro ced u re  for  

th o se  g a la x ies  in th e  p r e s e n t  d a ta se t  w hich  show  clear ev id e n c e  o f  

box and p ea n u t sh a p e s  a t th e  b r ig h te s t  iso p h o ta l le v e ls  b eca u se  I
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aimed to  sp e c if ic a lly  t e s t  w h eth er  th e s e  sh a p e s  cou ld  be d escr ib ed  b y  

th e  sta n d a rd  f it t in g  fu n c tio n s  ad op ted  in  all o th er  c a s e s . A lthough th e  

s in g le  b o x -b u lg e  ca n d id a te  (NGC 2310) w as w e ll-d e sc r ib e d  b y  th e  

fu n c tio n s  a d o p ted , th e  p ean u t sh a p e s  cou ld  not be a d eq u a te ly  

m odelled. In  th e  la tte r  sy ste m s, th e  d isc r e p a n c ie s  b etw een  p red ic ted  

and o b se r v e d  lu m in osity  d is tr ib u tio n s  took th e  form of an  

u n d erestim a te  o f th e  actu a l l ig h t  a t th e  e d g e s  o f th e  p ea n u t (i.e . o v er  

th e  r e g io n s  o f g r e a te s t  Z—h e ig h t a b o v e  th e  m ajor ax is) b y  ~ 0.25 to  

0.75 IJ. T h ese  v a lu e s  co rr esp o n d  to  e x c e s s e s  6 % in  B and 10 % in  R 

o v e r  th e  m odel lu m in osity  p red ic te d  in th a t p articu la r  reg io n . The 

fa in ter  iso p h o te s  w ere , h o w ev er , w e ll-f it te d  in  m ost c a s e s . This seem s  

to co n cu r  w ith  th e  s tu d y  o f NGC 4565 p r e se n te d  in  ch a p ter  III in  

s u g g e s t in g  th a t th e  p ea n u t is  a fe a tu r e  q u ite  d is t in c t  from  th e  o th er  

n o n -th in  d isc  c o n s t itu e n ts  m odelled h ere , and is  not m erely  an  inw ard  

c o n cen tra tio n  o f th e  "outlying"  com ponents.

V.2 The form  o f "sky" sy ste m a tic s

One o f th e  m ost n otab le  a s p e c ts  o f th e  r e s u lt s  in  ch a p ter  IV is  

th a t, e v e n  a fte r  h a v in g  d efin ed  th e  p a rticu la r  m odel com bination  

fou n d  to be th e  m ost su ita b le  in  each  p a rticu la r  c a se , fu lly  2 /3  o f th e  

sam ple sh ow ed  su c h  m odels to  sy ste m a tica lly  o v erestim a te  th e  actu a l 

lu m in osity  d is tr ib u tio n s  a t la rg e  Z -h e ig h ts  o v e r  alm ost all p ro file s  in  

on e or both  o f th e  photom etric  p a ssb a n d s  s tu d ied . T his sec tio n , 

th e r e fo r e , o u tlin e s  an  attem p t to a sc e r ta in  th e ex te n t to w hich th ese  

e f f e c t s  cou ld  be a cco u n ted  fo r  b y  sy ste m a tic  er r o r s  in  th e sk y  

estim a tes  u sed  in  each  ca se .
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By ch a n g in g  th e  s k y  estim a tes  in  each  ga laxy  a s  a p p rop ria te , 

im proved  m odel f i t s  (in term s o f  red u ced  sum s o f sq u a r e s  o f r e s id u a ls  

o v e r  th o se  ob ta in ed  p r e v io u s ly  fo r  th e  same m odel com bination) w ere  

d er iv ed  in  a ll c a se s . H ow ever, w h ils t  it is  c e r ta in ly  tru e  th a t the s k y  

m easu res fo r  NGC 3115 and , to  a le s s e r  d e g r e e , NGC 5078 are lik e ly  to  

be p oorly  d efin ed  b eca u se  o f  th e  lim ited num ber o f  p ix e ls  in each  

data  a rra y  not contam inated  b y  lig h t  from th e  ga laxy , th is  lim itation  

is  co n s id e r e d  u n lik e ly  in  a ll o th er  g a la x ies  fo r  w hich  sy ste m a tic s  are  

se e n . F u rth erm ore, rem oval o f  su ch  e f f e c t s  r e q u ir e s  th e  s k y  estim a tes  

to be red u ced  to b r in g  data and model in to  a g reem en t, a lth o u g h  in  

th e  l ig h t  o f th e  m ethods b y  w hich  th e  s k y  v a lu e s  w ere d er iv ed  

(se c tio n  II .3 .7), a red u ctio n  in I^y seem s h ig h ly  u n lik e ly  (b eca u se  th e  

low er in te n s ity  reg io n  o f  th e  assu m ed  P o isso n  d is tr ib u tio n  o f  p ixel 

in te n s it ie s  is  v e r y  w e ll-d e f in e d ). For th e  g r e a te r  p rop ortion  o f  

g a la x ies  so  a ffe c te d , c h a n g e s  in  I^y " 4 tim es th e  a s s ig n e d  e r r o r s  in  

tab le  2.2 a re  req u ired  (th e se  e r r o r s  b e in g  b ased  on  a v isu a l 

estim ation  o f th e  a ccu ra c y  w ith  w hich  th e  modal peak  can  be  

d eterm in ed ). T h u s, th e  sy ste m a tic  tr e n d s  noted  in  ch a p ter  IV can  o n ly  

be acco u n ted  fo r  b y  an im p lau sib ly  la r g e  m odification  o f th e  local sk y  

estim ate  p a rticu la r  to each  d a ta se t b e in g  m odelled.

I t is ,  th e r e fo r e , im portant to  d efin e  w h eth er  an a lte r n a tiv e  so u rce  

o f su c h  sy ste m a tic s  e x is ts  o th er  than  from u n c e r ta in tie s  in  th e  

ad op ted  s k y  v a lu e . The p o ss ib le  in a p p lica b ility  o f th e  model p ro file s  

b e in g  ad op ted  has a lrea d y  b een  a llud ed  to ab o v e  and w as a fu r th er  

p o ss ib ility  to  be in v e s t ig a te d . B ecau se  th e  sy ste m a tic s  occu r  o v er  th e  

r eg io n  o f th e  p ro file s  fo r  w hich  th e  r** law w as in v a r ia b ly  th e  major 

c o n tr ib u to r  to  th e summed model lu m in osity  d is tr ib u tio n , I so u g h t to 

t e s t  th e  a b ove  h y p o th e s is  b y  co n d u ctin g  ite r a tio n s  in  a sim ilar v e in
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to  th o se  u sed  to  d e fin e  th e  v a r ia tio n s  in  d isc  sc a le h e ig h t  w ith  IR in  

ch a p ter  IV, b u t in  th is  ca se  ch o o s in g  th e axis ratio  to be th e fr e e  

param eter. Only th o se  (4) g a la x ies  for w hich  clear n o n -th in  d isc  

com p on en ts are  se e n  (th o se  sh o w in g  b o x /p e a n u t m orphology b ein g  

sp e c if ic a lly  exclu d ed ) w ere  in v e s t ig a te d . H ow ever, it  is  noted  th a t for  

o n ly  3 o f  th e se  sy ste m s  -  NGC 3115, NGC 3573 and A0919-33 -  is  the  

r^ law p ro file  an a d eq u a te  d e sc r ip tio n  o f th e  n o n -th in  d isc  lig h t, an  

ex p o n en tia l p ro file  b e in g  m ost a p p ro p ria te  fo r  NGC 5170.

The r e s u lt s  o f su ch  a p ro ced u re  are illu s tr a te d  in  f ig u r e  5.2, 

w hich  sh ow s v a r ia tio n s  in  a x is  ratio  w ith  IR for  th e  data in both  

p a ssb a n d s  to g e th e r  w ith  th o se  for  th e  ra tio  q (B )/q (R ). The axis ra tio s  

u sed  in th is  f ig u r e  are th o se  g iv e n  in  tab le  4.1. A ny sy stem a tic  

v a r ia tio n s  o f a x is  ra tio  w ith  IR ap p ear p rec lu d e d  in  all sy ste m s, 

a lth o u g h  th e h ig h ly  d is tu r b e d  n atu re  o f  th e  d u st  lane in NGC 3573, 

and it s  c o r r e sp o n d in g  e f fe c t  on th e  m odel r e s u lt s  d er iv ed  for  th e  

n o n -th in  d isc  com ponent, is  su c h  th a t m easu res in  th is  ca se  are  

c o n s id e r a b ly  le s s  ce r ta in  th an  th o se  o f  th e  o th er  th r e e  ca n d id a tes . 

The sh a p e s  o f  th e  n o n -th in  d isc  iso p h o te s  a p p ear  eq u a l in  both  B and  

R for all ga la x ies  in  th is  f ig u r e .

Strom  e t  al (1977) and Strom  & Strom  (1978) h ave  u n d erta k en  a 

sim ilar in v e s t ig a t io n  o f th e co rr esp o n d a n ce  b etw een  isochrom e and  

iso p h o te  sh a p e s  fo r  NGC 3115. T h ese  s tu d ie s  co n c lu d e  th a t in ter io r  to  

a sem i-m ajor ax is o f  60", th e  isoch rom es are  f la tte r  than  the  

iso p h o te s , w h ils t  from 60" i  b i  120" th e y  are  e q u iv a le n t in sh ape. 

H ow ever, th e  c h a n g e s  b etw een  U and R found  b y  them are v e r y  small 

10 %). The d iffe r in g  sp a tia l s c a le s  co n cern ed  in th e se  s tu d ie s

com pared to th e  p r e s e n t  w ork are su ch  a s  to make a deta iled

169



ex
p

. 
+ 

r 
' 

la
w

" 
NG

C 
31

15
 

N 
"e

x
p

. 
+ 

r1
/4

 
la

w
" 

NG
C 

3
5

7
3

SIX B

:

+

1 ' 1 ’ 1 ' 

0 •

+ o •

+ o 9

-  + °

+  o*

+  *°

+ o •

1
+  °

1 , 1 : 1 ,
2'T I 8 '0  9 '0  *>'0

O I I ^ J  SIX B

O I}19J SIX O  S IX  19

figure 5.2



com parison  d iff ic u lt . In  a d d ition , b eca u se  all su ch  a n a ly se s  r e ly  upon  

d u e a cco u n t o f th e  p r e se n c e  o f th e d isc  com ponent, su ch

r e s u lt s  m ust be v iew ed  a s  som ew hat m odel d ep en d a n t in  each  ca se

(p a rticu la r ly  in  th e  p r e s e n t  s tu d y  in  w hich  th e  d isc  sc a le le n g th s  

rem ain q u ite  d issim ilar b etw een  th e  r e s p e c t iv e  p a ssb a n d s) . T hus, it  

may be u n w ise  to p lace  too much w e ig h t on a d eta iled  com parison  

b etw een  th e  r e s p e c t iv e  a n a ly se s , o th er  th an  to  n ote  th a t, for  th e  one  

g a la x y  in th e  p r e se n t  sam ple for  w hich a p r e v io u s  in v e s t ig a tio n  has  

b een  u n d erta k en , th e  r e s u lt s  ob ta in ed  are  q u a lita tiv e ly  sim ilar to  

th o se  in  f ig u r e  5.2. An e q u iv a le n t sh a p e  b etw een  th e  iso p h o te s  and  

isoch rom es is  a lso  in  accord  w ith  th e  f in d in g s  o f van  d er Kruit & 

S earle  (1981b, 1982b).

The lack  o f a n y  c lea r  co rre la tio n  b etw een  th e  ax is  ratio  and

g a la c to c e n tr ic  d is ta n ce  s tr o n g ly  s u g g e s t s  th a t a v a r ia b le  a x is  ratio  is  

not ab le  to  a cco u n t fo r  th e  sy ste m a tic s  s e e n  in  th e s e  ga la x ies  in  

ch a p ter  IV. T his w as confirm ed  b y  p erform ing  an id en tic a l s e r ie s  o f  

ite r a tio n s  b u t on  data  fo r  w hich  th e  loca l s k y  b ack g ro u n d  had b een  

ch a n g ed  b y  th e  am ounts req u ired  to  b r in g  th e  o b se r v e d  and

p red ic te d  lu m in osity  p r o file s  in to  agreem en t -  f ig u r e  5.3 sh ow in g  th e  

r e s u lt  o f  su ch  a te s t .  A co n sid era b le  red u ctio n  in  th e  v a r ia tio n s  o f q 

w ith  IR is  s e e n  fo r  NGC 3115 w hen  com pared to  f ig u r e  5.2, som ew hat 

le s s  so  fo r  th e  o th er  sy ste m s. The ratio  q (B )/q (R ) d e c r e a se s  from 1.08 

(±0.05, sta n d a rd  error) to  1.00 (±0.01) for NGC 3115 in  g o in g  from  

f ig u r e  5.1 to  5.2, w h ilst th e  ch a n g e  is  £ 13 % in  all o th er  c a se s .

In co n c lu s io n , th e  sy ste m a tic  tr e n d s  noted  in ch a p ter  IV cannot  

be a cco u n ted  for  b y  a llow ing  th e  r 5* law to p o s s e s s  a variab le  axis  

ratio  w ith R. T h ey  can  o n ly  be co n s id ered  to r e su lt  e ith er  from an
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im p lau sib ly  la r g e  err o r  in  th e  a s s ig n e d  local s k y  b ack grou n d  le v e l in  

each  c a se , or a s  a r e su lt  o f  th e  fa c t  th a t th e model p ro file s  adop ted  

are in a d eq u a te  to  d e sc r ib e  th e  lu m in osity  d is tr ib u tio n s  o b se r v e d .

V.3 Param eter d if fe r e n c e s  b etw een  th e  p h otom etric  p a ssb a n d s

An eq u a lly  s ig n if ic a n t  and r e s tr ic t iv e  co n d itio n  to th a t o f th e  

sy ste m a tic s  a t la r g e  Z are th e  c o n s is te n t ly  d isc r e p a n t o u tp u t model 

p aram eters for th e  " b est-fit"  model com binations b etw een  th e  

r e s p e c t iv e  p a ssb a n d s. T h is is  p a r ticu la r ly  s u p r is in g  as d iv is io n  o f th e  

B and R data fram es y ie ld s  no s ig n if ic a n t  s tr u c tu r e  in  a ll c a se s  (a 

p o in t d is c u s se d  more fu lly  in  sec tio n  V.5 below ), th u s  im p ly in g  th a t  

a ll sca le  p aram eters sh ou ld  be e s s e n t ia lly  id en tic a l in  th e  two 

p a ssb a n d s.

U n fo r tu n a te ly , p r e v io u s  s tu d ie s  are u n ab le  to  g iv e  a n y  in d ica tion  

o f th e  ex te n t to  w hich  th e  m odel p aram eters d iffe r  w ith  co lour . The 

s tu d ie s  o f van  der K ruit & Searle  ex p lic it ly  fo rce  su ch  p aram eters to  

be eq u a l in a ll co lour b an d s s tu d ie d , a lth o u g h  su ch  a p ro ced u re  can  

be ca lled  in to  q u estio n  (u n le s s  in d ep en d a n t m odelling o f each  co lour  

d oes y ie ld  sim ilar p aram eters) a s  it  is  u n c lea r  w hich  p a ssb a n d  is  to  

b e tak en  to  d efin e  th e  sca le  p aram eters for  th e  ga laxy  u n d er  s tu d y .

As th e  q u a lity  o f th e  data ob ta in ed  h ere  a re  co n sid ered  to be 

e q u iv a le n t in  both  B and R (for th e  r ea so n s  noted  a b o v e), and s in ce  

th e  p r e s e n t  d isp a r it ie s  are  c le a r ly  not th e  r e su lt  o f sy stem a tic  e f fe c t s  

in  th e  r e s p e c t iv e  d a ta se ts  (rem oval o f  w hich  s t ill y ie ld  th e  d iffe r e n c e s  

fou n d  p r e v io u s ly ) , th e  o th er  p o ss ib le  so u rce  are  the d iffer in g  error  

d is tr ib u tio n s  ad op ted  in  th e  tw o c a se s .
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The p o ss ib le  s ig n if ic a n c e  o f th e  erro r  d is tr ib u tio n s  adop ted  in  th e  

p r e se n t  w ork w ere te s te d  b y  r e -r u n n in g  th o se  " b est-fit"  model 

com binations d efin ed  in ch a p ter  IV, b u t w ith  minimum er r o r s  a ss ig n e d  

to each  d a ta se t  b e in g  m odelled . The r e s u lt s  ob ta in ed  in  each  ca se  are  

ou tlin ed  in  th a t ch a p ter , b u t in  g en era l th e  e q u iv a le n c e  o f th o se  sca le  

param eters w hich  w ere o r ig in a lly  v e r y  d isco rd a n t b etw een  B and R 

can  be im proved  to  ~ 20 -  30 % b y  im p osin g  a su ita b le  low er lim it on 

th e  erro r  a s s ig n e d  to each  data p o in t (ty p ic a lly  ~ ± 0.15 -  0.2 u). The 

n e t  r e s u lt  o f th is  p ro ced u re  is  to  r e d u ce  th e  la r g e s t  d isc r e p a n c ie s  

b etw een  th e  p red ic te d  and o b se r v e d  lu m in osity  d is tr ib u tio n s  

a lth o u g h  a v isu a l in sp e c t io n  o f  th e  r e s id u a ls  d iagram s th u s  ob ta in ed  

in d ic a te s  th a t random  s c a tte r  ~ ± 0.2 U s t i l l  rem ains w ith in  each  

p a ssb a n d .

The p aram eters for  th r e e  ga la x ies  rem ained d isco rd a n t a fter  

ad op tion  o f su ch  a p ro ced u re , h ow ever . It w ould ap p ear th a t the  

extrem e p ea n u t m orphology a t th e  b r ig h te s t  iso p h o te s  o f IC 2531 

e n s u r e s  th a t su ch  a g a la x y  can n ot be w e ll-d e sc r ib e d  b y  a n y  s e t  o f  

m odel com binations te s te d  h ere  (r e g a r d le s s  o f th e  c o r r e c tio n s  a p p lied ). 

M odifying th e  ad op ted  erro r  d is tr ib u tio n s  in  su c h  a w ay a s  to b r in g  

th e  r^ law p aram eters in to  b e tte r  agreem en t o n ly  s e r v e s  to  red u ce  

th e  s im ilar ity  b etw een  th e  d isc  v a lu e s  b etw een  B and R. The same 

g e n e r a l co n c lu s io n  a p p ea rs  to  be tr u e  fo r  A 0902-68 w hich , 

a d d itio n a lly , s u f fe r s  from th e  fa c t  th a t th e  p ean u t m orphology  

dom inates th e  to ta l l ig h t  o u tp u t in  th is  ca se . The rem aining  

d if fe r e n c e s  for  NGC 3115, w h ils t  sm aller in m agn itude than  th o se  o f  

th e  p r e v io u s  tw o c a s e s ,  are  s u p r is in g  in  th e  lig h t  o f th e  seem ing  

sim p lic ity  o f th is  ga laxy . It seem s lik e ly  that th e  lim ited sp atia l 

c o v e r a g e  o f  th e  p r e s e n t  data, cou p led  w ith  th e  co rr esp o n d in g ly
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lim ited dynam ic ra n g e  (of o n ly  th e  b r ig h te s t  iso p h o ta l le v e ls ) ,  h as a 

s ig n if ic a n t  e f fe c t  on th e  m odel p aram eters d er iv ed  in th e  p r e se n t  

w ork.

C onsiderab le im p rovem ents are, h ow ever , n o ted  in  all o th er  c a se s  

b y  th e  ad op tion  o f su c h  a "minimum error"  p ro ced u re , both for  

g a la x ies  sh ow in g  "normal" n o n -th in  d isc  l ig h t  d is tr ib u tio n s  and th o se  

sh ow in g  b o x /p e a n u t m orphology. H ow ever, th e  la r g e  minimum er r o r s  

req u ired  are  not ta k en  as e v id e n c e  th a t th e  data b e in g  m odelled are  

o n ly  w e ll-d e fin e d  to  th e s e  le v e ls  o f  a c cu ra c y , b u t th a t th e y  are  

sim ply  th e  e r r o r s  on e h as to  ad op t in  each  c a se  to  y ie ld  rep ea ta b le  

p aram eters in  each  co lour . T h is is  ta k en  a s  fu r th e r  e v id e n c e  o f th e  

in a p p lic a b ility  o f th e  f it t in g  fu n c tio n s  ad op ted , a t le a s t  to  th e  p o in t o f  

re q u ir in g  c o n s is te n c y  b etw een  th e  d if fe r e n t  p a ssb a n d s  to b e tte r  than  

~ 30%.

V.4 Im plications o f  th e  p r e s e n t  r e s u lt s

One p a r ticu la r ly  im portant r e su lt  can  be e x tra c te d  from tab le 4.1. 

Ten g a la x ies  in  th e  p r e s e n t  sam ple (s e v e n  o f  them  not sh ow ing  

b o x /p e a n u t m orp h olog ies) are  fou n d  to  p o s s e s s  c lea r  n o n -th in  d isc  

p o p u la tio n s, a lth o u g h  th e  r e s u lt s  o f ch a p ter  IV ex p lic it ly  ex c lu d e  th e  

e x is te n c e  o f  two m odel com p on en ts in th e se  sy ste m s. A dded to th is  is  

th e  fa c t  th a t in  th e  c a se  o f NGC 891, ch a p ter  III sh ow s th e  n o n -th in  

d isc  lig h t  to be b e s t  d e sc r ib e d  b y  a n y  f it t in g  fu n c tio n  o th er  than an  

r^ law  p ro file  -  th e  p aram eters th u s  d efin ed  b e in g  more akin  to th o se  

o f  an in term ed ia te  com ponent. T h u s, th e r e  d oes not ap p ear to be a 

o n e -to -o n e  co rr esp o n d a n ce  b etw een  th e  e x is te n c e  o f an r^ law p rofile  

in  a g a laxy  and th a t o f an in term ed ia te  population .
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It is, therefore, possible that the possession  of a disc component 

is a necessary requirement for a galaxy to show evidence of an 

intermediate population. Of course, I am unable to investigate such a 

hypothesis further because the present dataset does not specifically  

include any non-disc galaxies. N evertheless, such an proposition is 

important to test as it has a bearing on possible formation schemes 

for intermediate components, particularly those resu lting from events  

having taken place subsequent to initial galaxy formation. On the 

basis of recent work by Quinn & Goodman (1986), for example, it 

appears possible that the accretion of a satellite by a pre-existing  

two component galaxy could, under certain conditions, give rise to the 

creation of a "thick disc" component by substantially increasing the 

random motions of the disc stars in the Z direction. One might, 

therefore, conclude that table 4.1 merely serves to pinpoint those 

galaxies in which such an accretion event could have taken place. 

That the host galaxy concerned is required to have p ossessed  such  

satellite system s needed to give rise to the disc "thickening" does not 

appear to be a major constraint (Toomre having argued that almost all 

galaxies in the NGC catalogue are likely to have undergone mergers at 

some time in their past). A more restrictive condition is that a disc of 

some form must exist prior to the creation of the intermediate 

component itself.

If the work of Schuster & Nissen (1987) is interpreted as 

evidence for a similar age of all non-thin disc populations seen in our 

own Galaxy, then to invoke this "disc thickening" mechanism would 

therefore require the relevant accretion event to have occurred at 

the same epoch as the formation of each non-disc component. It is  

unclear at present how substantial the disc is required to be to
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a c c o u n t  f o r  t h e  i n t e r m e d i a t e  c o m p o n e n t s  s e e n .

In conclusion, from the modelling resu lts in chapter IV it appears 

that no one model combination, or set of model parameters, appear 

sufficient to describe the luminosity distributions of all the galaxies 

analysed in the present dataset.

V.5 Radial disc cutoffs

One of the most suprising, and potentially most significant, 

conclusions of van der Kruit & Searle (1981a, b, 1982a, b) is the 

existence of apparent "edges" to the disc components of spiral 

galaxies, several of which showed a typical e-fold ing ~ 1 kpc at a 

position ~ 4.5 scalelengths from the nucleus. If real, such a resu lt 

implies that star formation is ineffective at, and beyond, these disc 

positions.

A number of candidates exist within the present dataset for which 

complete spatial coverage of the disc components is available to allow 

one to address the existence of such radial cutoffs. However, only 

NGC 4469 has data to 4.5 disc scalelengths based on the final model 

parameters in table 4.1.

Surface brightness cuts parallel to, but o ffset from, the major 

axis would not suffice to determine the existence of radial cutoffs as 

one must determine the extent to which the actual disc light falls 

below that predicted by the model at some specified Z and IR. Thus, a 

search for disc cutoffs should ideally seek system atic overestimations 

of the model compared to the true disc luminosity distribution at
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large IR. A study of all "best-fit" diagrams in chapter IV reveal no 

such system atics at small Z-heights (where the surface brightness is 

dominated by light from the disc) for NGC 4469 beyond 5hr, implying 

that no radial disc cutoff ex ists in th is case. An inspection of the 

current data su g g ests, in fact, that the disc of th is galaxy may well 

extend beyond the edge of the image frames obtained (which 

correspond to ~ 5.5 scalelengths in the B band).

It might be argued that the nature of the modelling routine itself  

is such that no evidence for a cutoff would ever be found because 

the model parameters defining disc and bulge would be modified 

sufficiently  to fit the data regardless (data at small Z being assigned  

the largest weight). However, were a radial cutoff present, the shape 

of the luminosity distribution would change substantially when 

comparing perpendicular surface brightness profiles interior and 

exterior to the cutoff point. A visual inspection of all profiles taken 

across NGC 4469 revealed no evidence of such changes. Disc cutoffs  

were also not seen  in any of the other system s outlined above, 

although in the light of the predictions of van der Kruit & Searle this 

is to be expected as none of them have data available at sufficiently  

large IR. On the basis of the model parameters in table 4.1, such 

system s were modelled over data of spatial extents ranging from ~ 0.2 

disc scalelengths in the case of A0931-32 to one of ~ 4 scalelengths  

for A0902-68.

V.6 Colour gradients

An important means by which constraints can be imposed on 

galaxy formation histories is by placing limits on the existence of
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c o l o u r  g r a d i e n t s  w i t h i n  t h e  n o n - d i s c  c o m p o n e n t s  o f  s p i r a l  g a l a x i e s .

A first impression of the evidence for such gradients in the 

present dataset comes from figure 5.4. This illustrates the resu lts  

obtained by defining the mean colour index within apertures of 

increasing radius centred on the nuclei of the galaxies concerned. 

Although 9 of the present sample have photometry in both passbands, 

only 8 of these have sufficient spatial coverage to allow aperture 

colour indices to be defined, and only 4 show no evidence of 

non-linearity/saturation e ffects  at the centre.

From this figure one would deduce that global changes in colour 

are seen across the spirals/lenticu lars studied, with a smooth and 

more gradual trend towards bluer colours with increasing IR for the 

two la ter-type system s (UGC 7170 and IC 2531), and very  red central 

regions in the earlier types, beyond which a roughly constant colour 

is seen. For the la ter-type system s, such colour changes amount to 

-0.016 mag kpc~l in both cases, over radial scales of 1.2 to 10.6 kpc 

for UGC 7170 and 2.1 to 11.7 kpc in the case of IC 2531. In addition, 

the range of (B-R) colours implies that the earlier-type system s are 

inherently redder than are the la ter-typ es. Such resu lts are to be 

expected -  la te-typ e galaxies show an increased thin disc contribution  

(consisting of young, blue stars) and thus have smaller mean (B-R) 

colours, whilst the more noticeable trend towards bluer colours with 

increasing IR merely indicates the increasing importance of the disc in 

such system s. However, diagrams such as figure 5.4 have to be 

treated with some caution since any circular aperture photometry of 

the form adopted here must, by definition, include within the aperture 

regions of the galaxy for which the presence of the dust lane
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precludes the extraction of meaningful resu lts. Furthermore, as the 

influence of the dust lane varies over differing radial scales, it is 

impossible to allow for its  influence. In particular, the interpretation  

of colour changes within such apertures is very  difficult owing to the 

inclusion of (likely varying) effects  from all constituent components in 

the galaxies concerned in addition to the effects of the dust lane 

itself.

Thus, with a view to undertaking a more specific search for the 

possible existence of colour changes in the non-thin disc regions, the 

final data arrays used to extract the surface brightness data used in 

chapter IV were divided to produce a global (B-R) map across each 

galaxy. Because of the inherent noise which arises when undertaking  

such a process, the data arrays derived were heavily smoothed using  

a 9-point smoothing algorithm. Two points are particularly notable 

from a visual inspection of the contour plots which result :

(1) All nuclear regions show a substantially redder colour than do 

the rest of each galaxy after division, thus accounting for the 

pronounced colour changes seen at small IR for both NGC 3115 and NGC 

3573 in figure 5.4. Again the presence of the dust lane is likely to be 

a considerable factor influencing colours at such positions.

(2) Aside from the expectedly complex structure seen in the dust 

lanes concerned, no large scale colour gradients appear to exist 

across any galaxy.

The second point was confirmed after deriving variations of (B-R) 

with both IR and Z for the galaxies in figure 5.4. A binning procedure
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was adopted in an attempt to maintain S/N in the mean colours 

obtained at any position across the galaxy of in terest, with the 

following resu lts :

colour gradient parameter range

NGC 3115 0.0004 (± 0.0011) mag kpc-1 0 < R < 1.4 kpc
0.041 (± 0.047) mag kpc-1 0 < Z < 0 .6  kpc

NGC 3573 -0.0012 (± 0.0032) mag arcsec- ! 0 < IR < 70 arcsec
-0.0011 (± 0.0038) mag arcsec- ! 0 < Z < 45 arcsec

NGC 5170 -0 .020  (± 0.009) mag kpc-1 0 < IR < 16 kpc
0.0004 (± 0.0467) mag kpc- ! 0 < Z < 3.5 kpc

A0919-33 0.0010 (± 0.0021) mag arcsec- ! 0 < IR < 50 arcsec
-0 .0029 (± 0.0041) mag arcsec- ! 0 < Z < 30 arcsec

The blueward trend in (B-R) with increasing radial distance in 

the case of NGC 5170 is due to the colour change within the disc 

component (which dominates the luminosity distribution in this system  

over almost all IR and Z). However, in no other case is there any 

evidence of a gradient with IR or Z (although the limited spatial 

coverage of NGC 3115 precludes identification of a small gradient over 

larger dimensions were one to exist). Such a resu lt is somewhat

suprising in view of the work of Wirth (1981) and Wirth & Shaw

(1983) who found evidence of (B-V) gradients in most of the galaxies 

in their sample, and in particular a stronger gradient in Z for the 

latest Hubble types. The above resu lts appear to rule out any such  

gradients perpendicular to the plane, although the earlier studies

would imply that a gradient 3 or 4 times larger in NGC 5170 or 

A0919-33 than in NGC 3115 and NGC 3573 should be seen.

Unfortunately a more detailed comparison is not possible as they do 

not quote the spatial scales over which the gradients seen by them 

were measured. Even so, it would be difficult to reconcile the present 

null detections as being due to limited spatial coverage in all except
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NGC 3 1 1 5  i t s e l f .

Additionally, I undertook a search for colour gradients within the 

box/peanut bulges. In no cases were significant d ifferences noted 

between these morphologies and the rest of the constituent galaxies. 

More specifically, d ifferences in colour indices of 0.01 mag. were 

found for both NGC 2310 and IC 2531 (corresponding to ~ 7 % and 11 

% resp ectively  of the standard errors assigned to the colour indices 

of the box/peanut features them selves), whilst both A0902-68 and NGC 

4469 show differences of 0.04 mag. (30 % and 67 % respectively  of the 

standard errors).

The evidence as to whether colour gradients are a common feature  

of the non-thin disc light in spiral and lenticular galaxies is still 

uncertain owing to the conflicting conclusions to be found in the 

literature for additional edge-on  candidates. Jensen & Thuan (1982), 

for example, find no evidence of any such gradients in (B-R) within 

the non-disc regions of NGC 4565. However, van der Kruit & Searle 

(1981b, 1982b) find clear evidence of gradients between all the colour 

indices defined in their studies of both NGC 891 and NGC 7814. The 

largest gradients seen in the latter system s (i.e. in (U’-F)) are -0.06 

(± 0.01) mag. kpc- l  for NGC 891 (over 0 £ ff? i  15 kpc) and -0.096 (± 

0.041) mag. kpc-  ̂ for NGC 7814 (over 1.2 £ Z £ 10.9 kpc).

The interpretation of colour gradients (or lack thereof) within the 

context of the stellar population mix of which the non-thin disc 

regions are comprised is very  uncertain as a large number of possible 

parameters may be involved. However, if one interprets the colour as 

being due to a metallicity effect, as is now commonly believed to be
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the case, then the above resu lts would imply an essentia lly  uniform 

metallicity distribution over all regions exterior to the thin disc 

component. A similarity in age is thereby predicted for the

constituents of the non-thin  disc light if all such populations follow

the same age-m etallicity relation.

V.7 The intrinsic flattening of spiral bulges

A common misconception in galaxy morphology concerns the shapes 

of the non-thin disc light in spiral galaxies (which are typically

anticipated to have axial ratios ~ 0.8). An inspection of, for example, 

sky  survey  plate material immediately confirms galactic bulges to be 

inherently flat objects. This is particularly well illustrated in figure

5.5 which shows q as a function of the ratio of the non-thin disc

light to that of the total luminosity of the galaxy. The latter ratio was

derived from the absolute magnitudes of the constituent components 

(which in turn were those obtained by using the magnitude and scale 

parameters in table 4.1 and adopting the relations between absolute 

magnitude, surface b rightness and scalelength given in Kodaira et al 

(1986)). All galaxies in the present sample for which clear non-disc  

populations are defined in the modelling of chapter IV have axis

ratios smaller than 0.69, and 60 % of th is sub set have q £ 0.4. Such

ratios are means over the whole dataset in each case, and are thus

applicable to all data ranging from that over which the model profile 

fir st proved to be the major contributor to the total light distribution  

(i.e. ~ 20 Pg along the minor axis and ~ 24.5 /Jg at the largest 

galactocentric distances) to the limiting surface brightness values of 

the current photometry (of ~ 26 (Jg).
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Of course, such estim ates also include those of a number of 

box/peanut candidates -  these galaxies being underlined in this 

figure. However, removing the box/peanuts does little to change the 

above conclusion -  mean axis ratios of 0.45 (± 0.08) in B and 0.42 (± 

0.06) in R being found when the box/peanuts are not considered and 

0.38 (± 0.04) and 0.34 (± 0.05) respectively  when they are.

What is particularly in teresting  from th is figure is the lack of 

any significant correlation between flattening of the non-disc light 

and the existence or nature of the thin disc population in either 

passband (the derived correlation coefficients of 0.43 and 0.46 in B 

and R resp ectively  are not significant even at the 90 % level). This 

resu lt is of some importance for galaxy evolution, as it indicates that 

the gravitational field of the disc is not a significant factor 

influencing the overall morphology exterior to the disc. This implies 

that the very  flat isophotes seen in the present sample are dictated 

by the properties of the non-thin disc population itself.
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-  C h a p t e r  V I --

VI. 1 Introduction

Evidence has been available for many years indicating the 

existence of a number of spiral galaxies which seem to display box- or 

peanut-shaped central bulges when viewed from an approximately 

edge-on aspect (see, for example, Burbidge & Burbidge, 1959). By 

box-shaped are meant bulges whose light distribution shows a 

pronounced cu t-o ff in both galactocentric distance and Z-height, and 

hence g ives the appearance of being square. Peanut-shaped bulges 

show similar features but also p ossess  a depression in isophotal 

shapes along the minor (rotation) axis of the galaxy, thereby giving  

the semblence of a "figure-of-eight" when viewed in the plane 

perpendicular to th is axis. Such features are illustrated in the 

montage of in tensity  contour plots and photographic prints presented  

in figure 6.1 and also the contour plots of NGC 2310 and NGC 4469 in 

figure B.2 of appendix B after digital unsharp masking.

To date, however, little work has appeared either concerning the 

objects already known to display these features or, more generally, of 

defining precisely  how common such structures really are. Their 

importance stems primarily from the fact that they must be accounted 

for in any proposed general scheme of formation of spiral galaxies 

were they shown to be present in a statistically  significant fraction of 

spiral bulges. They would thence provide an additional means of 

comparing the photometric properties of bulges with ellipticals of 

similar absolute magnitude. Further, were such features found to be

T h e  n a t u r e  o f  " b o x "  a n d  " p e a n u t "  s h a p e d  g a l a c t i c  b u l g e s
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F ig u r e  6.1 : A m o n ta g e  o f  p h o to g r a p h ic  p r in t s  and co n to u r  p lo ts  fo r  a 
r e p r e s e n t a t iv e  s u b s e t  o f  th e  S b  to  S b c  t y p e s  in  th e  c u r r e n t  e d g e - o n  
g a la x ie s  sam ple . T he c o n to u r  p lo t s  a r e  d e r iv e d  from COSMOS m apping mode 
s c a n s ,  u s i n g  a 16jJ s p o t  s i z e ,  o f  ESO/SERC J or POSS R band s u r v e y  p la te s .  
T he r e l e v a n t  p la te  n u m b e r s  a r e  g i v e n  t o g e t h e r  w ith  th e  g a la x y  name, v /h i ls t  
th e  c o n to u r s  a r e  s e t  a t  a r b i t r a r y  log a r i th m ic  in t e n s i t i e s .  The nu m b ered  X 
an d  Y a x e s  a r e  in  p ix e l s  an d  th e  s c a le b a r  r e p r e s e n t s  50. a r c s e c s  in  each  
c a se .  The p h o t o g r a p h ic  m ateria l is  d e r iv e d  from th e  same s o u r c e s  a s  the  
co n to u r  p lo t s ,  w ith  e a c h  p r in t  r e p r o d u c e d  a t  normal c o n tr a s t  to  th e  same  
Beale a s  th a t  o f  th e  p lot .  P r in t s  ta k e n  from th e  POSS are  © Palomar 
O b s e r v a to r y /N a t io n a l  G eo g ra p h ica l  S o c ie t y .

A d d it ion a lly ,  e a c h  g a la x y  c a r r i e s  a  d e s c r ip t o r  s i g n i f y i n g  w h e th er  it is  
c la s s i f ie d  a s  a c le a r  b o x /p e a n u t  c a n d id a te  (BP in  f i g u r e  6.1a); w h e th er  it  is  
d e f in e d  a s  an  u n c e r t a in  or  m arg in a l  exam ple  (U in  f i g u r e  6.1b); or w here  it  
i s  c o n s id e r e d  f o r  th e  p r e s e n t  s t u d y  th a t  no b o x /p e a n u t  e x is t s  (No in f ig u r e  
6. 1c) .
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associated with galaxy mergers, a study of them would provide us 

with a valuable estimate of the expected frequency of mergers in 

spiral galaxies since their formation.

It is the potential importance of such distortions in bulge shape, 

together with the current paucity of available evidence concerning  

their frequency of occurrence, which has led me to initiate a survey  

of all 4364 entries of the RC2 supplemented by separate lists  of large 

northern and southern edge-on  candidates kindly supplied by Corwin 

as noted in chapter I.

VI.2 The survey

The present survey  is the second to have been carried out with 

th is intention -  the first (Jarvis 1986, henceforth J86) centering on 

all galaxies in the ESO catalogue south of declination -18°. Since the 

earlier work was carried out using a completely d ifferent methodology 

and a different galaxy source list, it provides a useful means of

defining the com pleteness of my own survey , of identifying the

significance of selection effects  for both and also to check the resu lts

of the earlier study.

VI.2.1 Sample definition

The sample on which th is survey  is based is that of the 117

large, normal, edge-on  spiral and lenticular galaxies defined in 

chapter I. The choice of sufficiently  edge-on  candidates is of critical 

importance for the current work, since the anticipated magnitudes of 

the bulge distortions of in terest are sufficiently  small in comparison
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latter must be reduced to an absolute minimum.

These objects are collated into groups on the basis of their

appearance on the ESO/SERC survey plate material -  those not 

displaying clear box- or peanut-shaped central bulge isophotes being 

grouped according to their apparent bulge:disc ratio as defined on 

such plates (henceforth termed disc dominated, bulge dominated and 

intermediate types). Uncertain cases are further investigated by image 

enhancement techniques applied to scans from the relevant plate

material by COSMOS (such as those d iscussed  in appendix B), or by 

using previous investigations of the objects concerned to be found in 

the literature. Successfu l identifications of 75 % of the "uncertain" 

cases resu lt from a combination of these procedures. Those which

remain undefined are grouped according to their apparent dominance 

of bulge or disc and not counted with the box/peanuts. Salient 

parameters of the clear box/peanut system s thus selected are given in 

table 6.1.

VI.2.2 The identification of box/peanut bulges

Presented in figure 6.1 are a series of isophotal contour plots 

derived from COSMOS mapping scans of the relevant plates, together 

with prints also taken from such plates, for a subset of the Sb to 

Sbc typ es in my current sample, by way of illustration as to how a 

box or peanut bulge is defined. Isolation of the peanuts is relatively  

straightforw ard, as the edge-on  aspect of the sample objects ensures  

that any depressions along the minor axis are well-defined. The box 

bulges are less  so but the particular features of galaxies possessing

t o  t h e  t o t a l  l i g h t  o u t p u t  f r o m  t h e  d i s c  t h a t  c o n t a m i n a t i o n  b y  t h e
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TABLE 6.1

o b j e c t  typ e  lo g  D95 mp
( 1 )  ( 2 )  ( 3 ) ~  ( 4 )

NGC 678 SB (s)b 1 .70 1 3 .0 0
NGC 1055 SBb 1.88 1 0 .7 9
NGC 1596 SA0 1 .5 9 1 1 .9 6
NGC 2310 SO 1.70 1 2 .1 6
NGC 2654 SBab 1 .63 11 .3 5
NGC 2683 SA (rs)b 1 .97 9 .3 4
NGC 3079 S B (s )c 1.88 10 .31
NGC 3390 Sb 1 .60 12 .9 0
NGC 3957 SA0 1 .55 12 .9 1
NGC 4013 Sb 1 .72 11 .1 7
NGC 4235 S A (s)a 1 .63 1 2 . 0 0
NGC 4388 SA(s)b 1 .7 1 10 .6 5
NGC 4469 S B ( s ) 0 /a 1 .5 9 1 1 .2 9
NGC 4565 SA(s)b 2 . 2 1 9 .0 6
NGC 4710 SA (r)0 1 .71 1 1 .85
NGC 4845 S A (s)ab 1 .7 0 1 1 .07
NGC 4958 SB0(r) 1 .61 1 1 .4 8
NGC 5389 S A B (r)0 /a 1 .61 1 3 .2 0
NGC 5529 Sc 1 .7 7 1 2 .6 0
NGC 5746 SAB(rs)b 1 .90 1 0 .2 4
NGC 5965 Sb 1 .7 3 1 3 .5 5
IC 2469 Sa 1 .5 6 1 2 . 0 0
IC 2531 Sc 1 .7 4 1 2 .9 3

-  Mc i a» n environmei
(5 ) ( 6 ) (7 ) ( 8 ) (9)

2 0 .7 4 87 3 0 . 9 1 5 .2 c l u s t e r
2 0 .9 2 79 3 6 .0 1 0 .3 "
2 0 . 1 0 76 2 4 .5 15 .7 "
1 9 .3 1 79 8 .5 9 .5 f i e l d
2 0 .9 9 85 3 8 .6 2 2 .5 t l

2 0 .1 7 82 1 3 .3 3 .7 "
2 1 .6 4 83 3 8 . 6 1 2. 0 c l u s t e r
2 0 .6 5 88 - - - - f i e l d
1 9 .5 9 87 - - - - c l u s t e r
2 0 . 0 2 90 1 7 .8 8.8 f t

2 1 .3 9 83 - - - - »1

2 1 .0 5 80 3 8 .1 1 8 .3 »1

2 0 .4 1 72 1 6 .7 10 .7 t t

2 2 .7 9 86 7 0 .8 8 .4 t l

1 9 .8 5 90 2 2 .3 1 0 .7 I I

2 0 . 2 2 75 5 8 .5 2 8 .8 I I

2 0 .6 3 74 8 . 8 5 .4 11

1 9 .8 1 73 - - - - I I

2 1 .3 0 88 7 1 .1 2 9 .6 I I

2 2 .3 4 85 6 2 .5 1 9 .0 t l

2 0 .6 2 87 5 7 . 2 2 6 .2 t l

f i e l d/ O
2 0 .5 4 90 6 2 .7 2 1 .9 c l u s t e r

Notes to Table 6.1 :

col. (2) : morphologicul types arc derived from those given in the R C 2 .

col. (3) all major axis dimensions are again taken from the R C 2  with an 
estimated error ±  0.04 in each case (equivalent to 0.1 arcmins).

col. (4) : where available, valuos arc derived from the R S A  assuming the 
prescribed galactic and internal extinction corrections. Otherwise 
magnitudes reduced to a common (B) system are obtained from the R C 2 , the 
lists of Longo L  de Vaucouleurs (1983, 1985), from Nilson (1975, U G C ) or 
from Dixon L  Sonnenborn (1980). A typical error ± 0.2 mag is adopted.

col. (5) : the R S A  is the genera) source for absolute magnitudes. Other 
measures are calculated using the values of col. (4) together with
recessional velocities given in the R C 2 ,  U G C  or E S O  catalogues or Palumbo, 
Tanzella-Nitti &. Vettolani (1980). If such velocities cannot be found, a mean 
measure is adopted from the group or cluster to which the galaxy is
associated (if it is a cluster member). A typical error is taken as ± 0.4 mag.

col. (6) : for inclination angles (degrees) I generally rely on the large lists 
of Bottinelli el a l . (1984, 1985) and Dressier L  Sandage (1983) although
specific values are also quoted if available. Such measures are compared 
with values calculated using the quoted (R C 2 ) axis ratios, yielding 
uncertainties ± 5°.

cols (7), (8) : absolute galaxy sizes (Apj in kpc) are derived from Fisher L  

Tully (1981). The same is true of the distances (D in Mpc) if HI masses are 
given, otherwise they are calculated using the Bottinelli e t  a l . distance
moduli. Note that the distance to both NGC 4469 and NGC 4710 is taken to 
be that of the Virgo cluster. The measure for NGC 2310 comes from a visual 
estimate of the major axis dimension on the relevant SERC J survey plate 
and the distance estimate in col. 8 (see chapter IV).

col. (9) : identifications of companions or group/cluster membership are 
based primarily on information contained in the U G C  and E S O  catalogues, 
although notes given in the R C 2  are also checked. In addition, individual 
references to studies of specified clusters are used (Virgo by 
Kraan-Kortweg (1982); Coma by Rood L  Baum (1967); Ursa Major by Weekes 
(1981)) or to clusters in general (Turner A Gott (1976), Geller &. Huchra 
(1983)).



such shapes (namely a general flattening of the isophotes and/or  

abrupt cu t-o ffs  to the light distribution both parallel and 

perpendicular to the major axis) generally become evident to the 

educated eye on closer inspection of the plates and without the use 

of photographic enhancement techniques.

Each object defined in th is way was system atically checked in all 

other available passbands going to roughly the required surface  

brightness level. I am thus confident of the classifications for the 

objects isolated in the present work. However, any remaining 

sub jectiv ity  in future studies of th is type could be removed 

completely by the use of techniques, such as those outlined by Lauer

(1985), to determine the extent to which the bulge departs from a 

perfect ellipse. These methods would be most useful for galaxies in 

which the bulge shapes are considerably less  w ell-defined than those  

in the present sample.

VI.2.3 Selection effects

Aside from the imposed size limitation, a more obvious concern  

here is the bias introduced in deciding whether objects are 

sufficiently  edge-on  to warrant inclusion in the survey. This effect  

depends strongly  on the prominence of the bulge in each of the 

galaxies concerned since it is inherently d ifficult to assign  an 

inclination angle to a galaxy whose disc is weak or heavily masked by 

bulge light (approximately 25 % of the bulge dominated, 17 % of the 

intermediate and fewer than 2 % of the disc dominated objects have i 

£ 75°). Because of the rapid decline in numbers of the latter system s 

around 75°, th is figure has been adopted as a reasonable estimate of
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t h e  e x p e c t e d  s a m p l e  l i m i t .

The actual galaxian luminosity function (i.e. in a volume-limited 

sample) r ises monotonically from an absolute (B) magnitude of -23 to 

-16 (Sandage & Tammann, 1981). The distributions in Mg for both the 

box/peanut and non-box/peanut groups (figure 6.2) show a peak at 

around -20, indicating that th is is the point at which selection effects  

in th is parameter fir st become evident. Although the actual value of 

th is turn-round is not relevant, the equivalence of the distributions 

in this figure brightward of -20 indicates that both the box/peanut 

and non-box/peanut subsamples are affected by such a selection bias 

to the same degree (application of a KS test reveals a similarity 

between these respective distributions to better than the 97.5 %

confidence level). Evidently, any such bias is unimportant in the 

present survey , as I merely seek to compare the relative properties 

of these galaxy forms. The same conclusion is found to apply to the 

respective apparent magnitude distributions brightward of the limiting 

magnitude of the RC2 (mg ~ 13.5).

VI.3 Results

VI.3.1 Statistical resu lts from the survey

Of the 117 objects in the final sample, I find 23, or ~ 20 (±4, vTJ 

error) %, to show evidence of box/peanut shapes. Of the rest, 12 (~ 

10±3 %) are bulge dominated, 59 (~ 50±7 %) disc dominated and 23 are 

of intermediate form. Moreover, discarding the disc dominated system s 

in the present sample resu lts in an increase to 17 (~ 29±7 %) in the 

proportion of box/peanut forms. Assuming the latter exist in galaxies
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notes to table 6.1. All distributions appear to be equivalent brightward of 
-20, and selection e ffects  are considered to be unimportant brighter than 
th is limit.



of all Inclinations (there is no reason to suspect that the box/peanuts  

preferentially reside in galaxies which happen to be seen edge-on) 

and also system s of all s izes, implies that ~ 610 (±120) of the (2527) 

normal spirals and (532) lenticulars in the RC2 should be of this form.

Coverage of these bulges on the basis of object appearance on 

the su rvey  plate material should be essentia lly  complete within the 

selection criteria imposed. However, subsequent enhancement 

techniques, either by ultra-high contrast photography or the digital 

unsharp masking outlined in appendix B, have revealed several 

additional candidates in the sample showing box/peanut structure at 

the plate limit. Since their existence was unsuspected at the level of 

the current study, the estimate quoted above must clearly represent 

an absolute lower limit to the true incidence of these objects.

VI.3.2 Properties of the box/peanut bulges

(a) The distribution of morphological types

Current classifications of any galaxy regardless of inclination 

cannot be achieved to better than a subtype, even  though galaxies of 

modest inclinations contain the maximum amount of information (such  

as openness of spiral arms and so on) required to ascertain their 

morphologies. Clearly for edge-on  candidates even this accuracy is 

out of the question. Thus, conclusions based upon the distributions  

presented by J86, and in particular the quoted lack of Sa types, are 

highly uncertain.

Hence, in table 6.2 (a) are shown the respective distributions in 

these two su rveys over type bins. In this, as in all tables, assigned
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T a b le  6 . 2  : 

sam ple SO -  SO/a Sa -  Sab

(a )  The r e s p e c t i v e  b o x /p e a n u t  sam ples

p r e s e n t  work 

J a r v i s  (1986)

(31±12*)

19
(46±11S)

3
(13±8*)

6
(15±6*)

Sb -  Sbc

10
(43±14*)

15
(37±9X)

Sc -  Scd

3
(13±8S)

1
(2±2*)

Sd -  Sm t o t a l s

23

41

(b) The "comparison" sam ples:

p r e s e n t  su r v e y  21
n on -b o x /p ea n u ts  {22± 5X )

a l l  normal 
RC2 s p i r a l s  & 
l e n t i c u l a r s

1276
(42±1*)

6
(6±3S!)

297
(10±1*)

18
(19±5*)

658
(21±1S)

35
(38± 6*)

542
(18± 1*)

14
(15±4*)

286
(9±1*)

94

3059

T able  6 . 3  :

GALAXY TYPES

b o x /p e a n u ts  d i s c  dominated b u lg e  dom inated  in te r m e d ia te

8 o f  o b j e c t s  
in  c l u s t e r s

18 38 8 17

% o f  o b j e c t s  7 8 (± 1 8 )  X
in  c l u s t e r s

6 4(± 10) % 6 7 (± 2 4 )  % 74(±18) X



uncertainties are /N values. The present sample shows a strong  

concentration towards intermediate (Sb -  Sbc) and very  early (SO -  

SO/a) morphologies, with the Sa -  Sab’s and those later than Sbc 

being relatively poorly represented. A KS test indicates no 

statistically  significant equivalence between the distributions in this 

table (they are similar at only the 50 % confidence level). Potential 

reasons for the d ifferences between them are addressed in section  

VI.4 below. If, however, one adopts the morphological classifications  

contained in the ESO catalogue for the galaxies in the J86 sample, the 

relative dominance of the earliest types is reduced and the later 

typ es increased, thereby bringing the resu lting distribution into 

considerably better agreement with the present work (they are now 

equivalent at the 75 % level). Whilst the ESO measures (based on 

object appearance within the "quick blue survey") are to be 

preferred in the sense of being a more internally consisten t data set, 

the personal estim ates of Jarvis are based on material reaching a 

lower limiting magnitude (private communication, 1986).

As those (94) galaxies in the present sample not defined as 

p ossessin g  box/peanut bulges are subject to the same selection  

process as are the box/peanut candidates, they form a useful 

subsample to compare with the latter. The resu lt of dividing the 

morphological type distribution in the box/peanuts by that of this 

"comparison" sample is shown in figure 6.3 -  a strong concentration  

is evident towards intermediate types, with 70 % found to lie in the 

range Sa to Sbc. The properties of the comparison sample made use of 

here are indicated in table 6.2 (b) and illustrated in figure 6.4. Table 

6.2 (b) also highlights the distribution of revised Hubble types of all 

normal spirals and lenticulars in the RC2 regardless of size.
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Statistically, the latter and the combined box/peanut and 

non-box/peanut distributions are not similar even at the 1 % level, 

with the principal d ifferences evident at the earliest and latest 

classifications. Hence, a direct scaling of the box/peanut distribution  

to the 3059 normal spirals and lenticulars in the RC2 will inevitably  

lead to an incorrect assessm ent of the total proportion of box/peanuts 

within this catalogue over the early and late types (underestimating 

the former, and overestim ating the latter, by a factor ~ 2). To allow 

for these d ifferences in morphological type distribution with apparent 

galaxy size, I have scaled the combined box/peanut and 

non-box/peanut distributions to that of the 3059 normal spirals and 

lenticulars in the RC2 over each bin of table 6.2, and have thus 

derived a modified estimate of the proportion of box/peanuts expected  

in the latter sample. A total of ~ 750 candidates are predicted, the 

increase of ~ 20 % over the figure derived by a direct scaling  

between the respective samples arises from the fact that most of the 

SO -  SO/a types in the RG2 have small apparent sizes. This, of course, 

assum es that the majority of (small) lenticulars in this source are not 

m is-classified spirals of moderate inclination (see section VI.4 below).

The majority of box/peanut candidates contained within the 

earliest type bin of figure 6.3 are of the latest morphologies (i.e. 

types S0+ to SO/a) and thus show an enhancement of dust and/or  

evidence of more pronounced disc structure than do the earlier (S0-  

to SO) forms. In contrast to the distribution presented by J86, this 

resu lt serves to strengthen  the pronounced peak towards intermediate 

morphologies already evident in figure 6.3.
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(b) Photometric and radio properties of the box/peanut bulges

Section VI.2.3 above has already alluded to the similarity of the 

absolute magnitudes of all galaxies contained within the present  

survey  (whether thay show evidence of a box/peanut bulge or not). 

Equally, comparative distributions of both apparent and absolute 

galaxy dimensions between the box/peanut and comparison samples 

reveal similarities at better than the 95 % confidence level. The latter 

are calculated using the formulation given by Fisher & Tully (1981), 

and using the distance estim ates either quoted in the same source or 

from the lists  of Bottinelli et al (1984, 1985). Figure 6.5 (a) shows the 

relevant distributions in apparent major axis dimensions (log Dgs) -  

clearly box/peanuts are likely to occur in host system s having an 

equally wide range of sizes as those of the non-box/peanuts.

Furthermore, based on the total and HI m asses, and the total blue 

luminosities for those sample objects contained in the study of Fisher 

& Tully, I find that the galaxies in the present survey  which p ossess  

w ell-defined bulges tend to reside in marginally more massive (and 

brighter) host system s than do the essentia lly  pure disc galaxies, but 

that the form of the bulge (be it a box/peanut or not) again seems to 

be irrelevant. Such conclusions are, however, restricted  by the small 

number sta tistics which resu lt from few of the sample objects being 

contained in the above HI survey.

The radio properties of the present candidates are based on those  

galaxies common to the current work and those of Hummel (1980), 

D ressel & Condon (1978) and Bottenelli et al (1982). The respective  

distributions shown in figure 6.6 show no statistically  significant 

dependance of radio luminosity (log P^ot) or raf^° flux on the form of
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i so p h o ta l  l e v e l  ( log  D2 5 ) fo r  b oth  th e  n o n - b o x / p e a n u t s  (fu ll l ine , l e f t -h a n d  
f r e q u e n c y  ax is )  an d  th e  b o x /p e a n u t  c a n d id a t e s  (d o t ted  l in e ,  r ig h t -h a n d  
f r e q u e n c y  ax is )  in  th e  c u r r e n t  sam ple (a). The e q u iv a le n t  d is tr ib u t io n  for  
t h o s e  o b j e c t s  c o n ta in e d  in th e  sam ple o f  J a r v i s  (1986) for  w hich  su ch  
d im e n s io n s  ca n  b e  d e r iv e d  is  sh o w n  in (b ) .  The d a sh e d  lin e  a t  lo g  D25 = 
1.55 r e p r e s e n t s  th e  limit o f  the  p r e s e n t  s u r v e y .
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the bulge concerned (although the samples are clearly limited). As far 

as can be derived from the small number of radio observations 

currently available in th ese literature sources, the existence of a 

box/peanut bulge does not appear to correspond to enhanced radio 

emission from the objects concerned.

VI.3.3 Cluster membership

By using the membership criteria for the box/peanut bulges in 

the present sample detailed in the notes to table 6.1, the aim of this 

section is to investigate the valid ity of the (null) hypothesis that 

such galaxies are preferentially found in c lu sters rather than in the 

field.

In table 6.3 are outlined the actual percentages of box/peanuts 

found to be cluster or group members as compared to those of all the 

other typ es. There is no statistically  significant difference between 

the cluster:field  ratio in the box/peanuts to any other galaxy types in 

the present sample. This resu lt is confirmed if one compares the 

number of objects in the non-box/peanut bins of table 6.3 to 

calculated frequencies in these bins assuming all such forms show the 

same cluster:field frequency as do the box/peanuts. The evaluated  

product-moment correlation coefficient between such observed and 

calculated frequencies is 0.998. The marginal, but not statistically  

significant, evidence of a reduced cluster.'field ratio for the disc 

dominated class in the present work is precisely  that expected for 

galaxies of such late morphological type (Gisler (1980), Dressier

(1980)).
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V I .3 .4  G a l a x y  c o u n t s

With a view to testin g  the validity of formation models for 

box/peanuts invoking mergers with small satellite system s, the local 

galaxy environment around a number of those system s in the present 

sample has also been investigated. A total of 32 galaxies were 

surveyed  for faint neighbours on both ESO/SERC J and POSS R 

survey  plate/film  material within a chosen area of study of 8 x 8 

arcmin centered on each object (corresponding to typical absolute 

dimensions of 40 x 40 kpc).

A comparison of these galaxy counts with those for 

non-box/peanut objects in both clu sters and the field was facilitated  

by choosing an equivalent region of study around each non-boxy 

bulge, and preferentially excluding galaxies considered so large that 

their size would affect the counts in the area specified. In addition, a 

broad range of morphological type of object was chosen to ensure  

that the resu lts were not affected by any possible correlation between 

galaxy counts and types. The resu lts for the mean counts in each 

case are illustrated in table 6.4 (note that checks of internal 

consistency are achieved by deriving counts from both J and R 

survey  plates in each case).

It is concluded from th is analysis that, whilst those counts for 

objects found on the ESO/SERC J survey  are in general slightly  

higher than from the R plates (the former survey  being considerably  

deeper than the latter), all such counts are internally consistent 

within the uncertainties quoted. [It is implicitly assumed in the 

foregoing argum ents, of course, that all the faint objects counted are
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Table 6.4

galaxy types passband galaxy counts number of
     (± standard error) galaxies used

NON-BOX/PEANUTS :

southern field J 27 (±3) 8
non-box/peanuts

southern cluster J 28 (±4) 5
non-box/peanuts

northern field R 21 (±4) 5
non-box/peanuts

northern cluster R 26 (±2) 3
non-box/peanuts

BOX/PEANUTS :

southern field J 33 (±4)
box/peanuts

southern cluster J ----------
box/peanuts

northern field R 22 (±2)
box/peanuts

northern cluster R 23 (±6)
box/peanuts



galaxies. Although I make no allowance here for contamination from 

faint stars, th is effect has to be borne in mind, particularly at lower 

galactic latitudes.] Results from the Durham-AAT galaxy survey (Ellis, 

1981) indicate that, at the plate limit of the ESO/SERC J survey, ~ 30 

objects would be expected over the present search area. The counts 

in table 6.4 (for box/peanuts and non-box/peanuts alike) are, in fact,

all quite consisten t with the numbers expected from the general

distribution of galaxies found in this survey  to within ~ 1/4 or 1/2 

mag. or so of the J survey  plate limit. There is  no evidence in the 

current data for an overdense concentration of small satellite system s 

around box/peanut bulges compared to any other types. Indeed such 

resu lts indicate that very  few, if any, of these small and faint 

neighbouring objects would be expected to be physically associated  

with the survey  galaxy in that region of sky.

Magnitude estim ates for th ese nearby neighbours :

Using the available calibrations between object magnitude and size

given  by King et al (1981) for the J survey material, and by King & 

Raff (1977) for the POSS B and R plates, I find the typical range of 

magnitudes for the neighbouring system s to be ~ 16.0 to 22.0 in J 

(with a mean of ~ 18.5), whilst an equivalent range for the sample 

galaxies with major axis dimensions between 5 and 7 arcmin is 10.7 to

13.4 in J, with a mean ~ 12.4 (±0.8). Galaxies p ossessin g  box/peanut 

bulges (and indeed all the sample objects) have few, if any, nearest 

neighbours ~ 6 mag. faintward of the object measured -  assuming my 

failure to detect extremely diffuse (very low surface brightness) 

neighbours at such distances does not have a statistically  significant 

effect on the resu lts  derived.
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The appearance of "typical" Local Group members when placed at 

the distance of each galaxy used to derive the counts given  in table

6.4 has also been investigated. In all cases, a satellite system  of 

equivalent absolute magnitude to either the LMC, SMC or an

intrinsically bright dwarf elliptical (such as A0058) would be easily  

isolated in the current stu d y  within the area searched. A fainter

dwarf elliptical, such as Leo II, would typically be detected in ~ 70 %

of the cases.

VI.4 Comparison to previous work

In comparing the resu lts of th is study with those of J86, it is 

immediately noticeable that ones ability to detect box/peanut bulges 

(as a function of inclination) d iffers somewhat from the estimated 

lower limit of ~ 80° set in the earlier work. Although the prominence 

of these bulges are likely to be lost through projection (May et al, 

1985), the limit of their detection is  not w ell-defined as it depends on 

the dominance of the box/peanut concerned over the other populations 

in the galaxy.

Except for galaxies of the smallest dimensions (for which it 

becomes increasingly difficult to assign  type classifications and

delineate morphological features), the construction of the sample in 

the J86 survey  is not biased by any specific selection criterion on 

galaxy size as is my own. I have therefore made a comparison between 

the two su rveys for all objects in the list of J86 for which such  

dimensions (based on measures in the ESO catalogue) are available -  

figure 6.5 (b) showing the result. Only one of the galaxies (IC 2531) 

in the earlier work is large enough to be included in the present
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study, although conversely  3 objects (NGC 3957, NGC 1596 and IC 

2469) are not found in the J86 survey despite satisfy ing  the relevant 

selection criteria.

Of primary significance, however, is the order-of-m agnitude 

discrepancies between the expected frequency of box/peanuts quoted 

by Jarvis (~ 1.2%) and that found in the present work. Aside from 

biases in the stu d y  of J86 which may have resulted from basing 

extrapolated total frequencies on the use of galaxy counts in only 20 

random fields, a possible reason for the disparity between these

su rveys arises from the limitation of Jarvis to objects of very  small

angular sizes as figure 6.5 (b) graphically illustrates. Such a

restriction, coupled with the relatively weak appearance of bulges in 

the morphologically latest system s, strongly su g g e sts  an erroneously  

low detection rate of bulge distortions in these types in the J86 

analysis. In addition, the earlier work is often unable to d istinguish  

small, faint spirals of moderate inclinations from SO’s seen edge-on  

and so his study may well also incorrectly assign  too many

box/peanuts to the v ery  earliest types (as table 6.2 (a) would appear 

to indicate). This su g g ests  that the very  small incidence found by J86 

is artificially low, due to the inherent detection problems in his 

sample galaxies. The angular dimensions of the objects in the present 

survey  are large enough that the nature of the bulge is se lf-ev id en t, 

sufficiently  so as to minimise such m isclassifications and to preclude 

dust lanes along the minor axis (previously noted by, for example, 

Hawarden et al (1981) for a number of ellipticals) as being the cause 

of the dip in isophotes seen in the cases of the peanut bulges. 

However, it is important to s tress  that any survey  of this kind can 

only determine a lower limit to the true incidence of box/peanut
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b u l g e s .

Binney & Petrou (1985, henceforth BP) have proposed a series of 

potential formation mechanisms for box/peanut bulges invoking the 

use of galaxy mergers, possib ly involving small satellite galaxies. In 

the context of the present study, which preferentially discriminates 

against objects with relatively  low luminosity bulge distortions (the 

greater proportion of objects studied here p ossess  box bulges of 

almost comparable luminosity to the system s in which they are found), 

the modelling of BP favours two alternative schemes amenable to 

testin g  using the current resu lts. These are accretion of a large 

number of small, faint satellite system s or the slow merger of two 

spirals of equivalent mass.

The fir st  seems unlikely on statistical grounds as it would require 

the infall of a succession  of galaxies all with similar angular momenta 

with respect to the host galaxy. This is necessary  to ensure that all 

the stars are continually fed into the same portions of action space 

(or equivalently, have the necessary phase space distribution function  

over orbital energy and angular momentum) required to generate the 

appearance of a box bulge. It seems plausible (though not necessary) 

that the initial distribution of orbital parameters of satellites would be 

more random than th is. Therefore, one should still expect to see  

evidence of remaining faint neighbours which did not p ossess the 

required orbits and thus remain to be accreted. Such system s have 

not been found around the sample objects to at least 6 magnitudes 

fainter than the parent, whilst satellites fainter than this, if they

V I.  5 D i s c u s s i o n
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exist at all, seem somewhat unlikely to be able to generate

box/peanuts of the required magnitude seen in most of my objects. If 

the accretion of many faint system s is adopted as a likely formation 

mechanism, one is, therefore, led to conclude that none are presently  

seen because all the box/peanuts that could have formed have done 

so already.

The accretion of a neighbour of roughly equivalent mass to M32 

might be expected to generate the box bulge seen in M31 (Kent 1983, 

1987) under such a mechanism, although BP su g g est that any such 

process would require an orbital decay timescale typically very  much 

larger than the orbital period of the satellite around its  host. The 

inference is thus that such processes occur over a long time,

inconsistent with the above hypothesis (although the proposed scheme 

for M31 would yield a smaller bulge distortion than noted in the 

present sample objects). More work is clearly required to clarify this 

point.

The resu lts presented in section VI.3 indicate that dense cluster  

environments are not a p re-requ isite for the formation of box bulges 

-  those we see in c lu sters today are ju st as likely to have formed 

externally and have been subsequently  captured by the gravitational

potential of the cluster. Indeed, in a cluster environment,

gravitational interactions with neighbouring cluster members might be 

expected to disrupt the angular momentum distribution specifically  

required in the BP scheme to form box bulges. Furthermore, if the 

merger of spirals of equivalent mass is taken as a suitable formation 

mechanism, then "head-on" collisions are specifically precluded owing 

to the very  large angular momentum transfer likely to be imparted
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during such an event. These arguments do not preclude formation by 

means of field collisions between two spirals of equal mass -  indeed, 

th is may presently  seem to be the most tenable of the (merger) 

mechanisms presented by BP. Such a process must, however, be very  

common and efficient in view of the high proportion of box bulges 

discovered in the current survey . Equally, I cannot entirely rule out 

a similar scheme invoking the gradual merger of a field spiral and 

elliptical, although the elliptical would clearly have to be of low mass 

to ensure that the spiral itse lf remains largely intact throughout such 

an encounter (Gilmore & Shaw (1986) present a more graphic 

representation of a likely outcome to such an event). Any merger 

mechanism must also reconcile the seeming lack of enhanced radio 

emission found in the box/peanut bulges over that observed in 

"normal" bulges (although it is clearly of some importance to confirm  

th is preliminary conclusion using a larger database of radio 

observations).

Whilst merger hypotheses present a possible mechanism of forming 

the bulges found in my sample, the effects  of bar formation and 

development on a host system  present an alternative formation 

mechanism and may be relevant. Purely by way of illustration as to 

what constraints one might expect to place on presently  existing  

models, the following discussion centres on those proposed by Combes 

& Sanders (1981, hereafter CS) involving the observations of bar 

evolution under the influence of an exponential disc and a rigid and 

spherically symmetric bulge.

Their simulations resu lt in the generation of a bar possessing the 

desired box/peanut shape seem ingly regardless of the degree of bulge
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or disc dominance imposed. They propose that the box and peanut 

bulges are merely m anifestations of the same feature, i.e. bars seen  

along differing lin es-o f-s ig h t with boxes being those seen end-on and 

peanuts being bars seen  more edge-on . Such an explanation would 

thus imply a greater frequency of peanuts than boxes (assuming that 

any bar seen slightly  away from exactly end-on looks peanut-shaped) 

p recisely  as is found to be the case both in the present study (in 

which 60 % of the objects are peanuts) and in that of J86. However, 

peanuts are much easier to define than box bulges using the 

detection methods outlined in section VI.2.2 above, and thus any 

su rveys involving visual searches will inevitably have inbuilt biases 

tending to detect the former at the expense of the latter.

Since the present resu lts show a concentration of box/peanuts 

towards moderately early and intermediate typ es (S0+ -  Sbc), for 

which bulgerdisc mass ratios are ~ 2, the resu lts of CS imply that the 

greatest number of these system s have formed recently, with the 

earlier typ es forming most recently of all. They argue that few  

box/peanuts earlier than SO-  or SO are seen since the evolutionary  

timescale of bars in such galaxies is too long for them to have formed 

since the galaxy itse lf  has existed. It is also claimed that the later 

types (where bulge:disc mass ratios ~ unity are found) develop bars 

so soon after formation of the whole system  that any such features, if 

present, have "faded" sufficiently  to become undetectable in this 

study. However, many other N-body simulations have shown that once 

formed, bars are generally very  stable, clearly precluding any 

significant fading with time. In addition, the model also makes a 

specific prediction as to the expected ratio of early:late types in 

boxes and peanuts in that the later morphologies should show almost
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exclusive evidence of box bulges, while the peanuts should become 

more prominent at earlier types. This is not borne out in the current 

stu d y -  indeed, my resu lts su g g est quite the reverse situation to be 

the case. Potentially the most significant argument against the 

modelling of CS, however, is that few (if any) other N-body 

simulations have led to the generation of such bulge shapes. Hence, 

considerable caution must be adopted as to the significance of the 

above conclusions, at least until additional codes confirm the resu lts  

of CS.

The effects  of torques (possibly resu lting  from the presence of a 

disc rather than specifically from a bar) on the evolution of steady  

state elliptical galaxies have been investigated  by May et al (1985). 

Their simulation, after application of such a torque, is found to yield 

the bulge shapes of in terest, although in th is case the lin e-o f-s ig h t  

viewing angle does not alter our perspective of such bulge distortions 

-  a peanut bulge being seen as such at all positions perpendicular to 

the rotation axis of the figure. Only projection effects  induced from 

looking at inclinations far from edge-on  are likely to affect the 

resulting appearance of the bulge so formed.

On the basis of his derived type distributions, Jarvis has 

suggested  that the d iscs in galaxies earlier than Sa have too small a 

mass to produce a torque of the required extent to generate the 

box/peanut, whilst in later types the disc is, conversely, too 

dominant. My own more broadly peaked distribution, and in particular 

the considerable number of la te-type lenticulars to very  early-type  

spirals, indicates that galaxies may p o ssess  a box bulge even when 

their disc masses are likely to be sufficiently  small as to have a
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formation of a box/peanut. Indeed, recent work (Lauer (1985), 

Jedrzjew ski (1985)) reveals that several elliptical galaxies also show 

evidence of box-shaped outer isophotes (possibly as many as ~ 20%). 

[See the candidates studied in appendix B.] In the case of the 

ellipticals one is clearly able to cite examples in which the effect of a 

disc is insignificant in the evolution of such isophotal distortions. 

Thus, present resu lts do not appear to favour models in which disc 

torques or instabilities are the formation mechanism, assuming that 

such schemes are universally applicable (i.e. that they do not, for

example, depend on the prominance of the bulge). The validity of th is

assumption is as yet unclear.

VI.6 General conclusions

In this chapter use has been made of the previously defined  

sample of 117 edge-on  normal spirals and lenticulars with major axis 

dimensions in excess of 5 arcmin. To re-iterate from chapter I, this  

sample is likely to be complete to mg ~ 13.5, Mg ~ -20 and inclination  

angles ¡> 75°. The following features resu lt from a study of this

sample:

(1). Of the sample objects, 20 (±4) % are box/peanuts -  implying that 

as many as ~ 750 normal spirals and lenticulars in the RC2 are of 

such forms.

(2). The distribution of morphological typ es in these box/peanuts 

shows a strong tendency towards la te-type lenticulars to intermediate 

(Sbc) type spirals, with 70 % lying in the range Sa to Sbc. Both the

l i m i t e d  e f f e c t  o n  t h e  e v o l u t i o n  o f  a  b u l g e  a n d  t h e  s u b s e q u e n t

202



earliest lenticulars and spirals later than Sbc are under-represented  

in these resu lts. The present study is, however, likely to be free  

from the selection effects  which strongly bias the distribution derived  

by Jarvis (1986), and hence the conclusions of that paper.

(3). No d ifferences are evident between boxy and "normal" bulges for 

any of the derivable optical or radio properties for the current 

sample objects. This indicates that the properties of the parent galaxy 

as a whole are largely independent of the form taken by the bulge 

present, and is in marked contrast to kinematic studies of a (small) 

number of box/peanut bulges (e.g. Kormendy & Illingworth (1982), 

Bertola & Capaccioli (1977)) which reveal the existence of cylindrical 

rotation -  a distinction which g ives them the appearance of being 

kinematically isolated from the general class of spiral bulges.

(4). Box/peanuts are not found preferentially in clusters -  dense  

cluster environments are clearly not required for their formation.

(5). There is no preference for the box/peanut bulges to be 

surrounded by more faint satellite galaxies than are seen around any 

other types ~ 6 magnitudes faintward of the host galaxy and down to 

a limiting (J) magnitude ~ 22.

(6). If merger hypotheses are relevant, the galaxy counts argue 

against the accretion of small satellites but instead favour the slow 

mergers between field spirals of like mass. Even in th is case such 

mergers must be very  frequent to explain the presently observed  

numbers of box/peanuts isolated. However, it may yet be premature to 

disregard hypotheses invoking the accretion of a small number of
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m o r e  m o d e r a t e l y  s i z e d  s a t e l l i t e  g a l a x i e s .

(7). Based on the morphological distribution of box/peanuts in the 

current sample, d iscs seem an unlikely source of torques possibly  

required to generate these features. This assum es, of course, a 

unique torque-generation mechanism of formation in all cases, 

although th is may be an invalid assumption. The discovery of 

box-shaped ellipticals further indicates that, if such distortions are 

equivalent to those seen in their spiral counterparts, strong discs are 

not p re-req u isites for the appearance of such features.

(8). If such bulges formed by mergers, the likely timescales for 

accreted satellites to complete a full rotation period around the host, 

and hence become dynamically "well-mixed", are likely to be 

sufficiently  short in comparison to the age of the primary that the 

lack of a colour gradient within the box/peanut bulges (outlined in 

chapter V) is unlikely to be able to place any strong constraints on 

the formation histories of these system s. N evertheless, accretion  

even ts involving a companion whose colour is substantially different 

from that of the typical bulge (i.e. if such a companion p ossessed  a 

disc) as seems most likely, are explicitly excluded over timescales 

shorter than the evolutionary lifetimes of the young, blue stars 

contained therein. These resu lts  are, of course, quite consistent with 

a bar formation mechanism, although the "bar-heating" process can 

equally only be applied to the more evolved stars within the d iscs of 

such system s.
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-  C h a p t e r  V I I  -

General summary and suggestions for future work

The principal goal of th is thesis has been to test the validity of 

the use of standard fitting  functions in attempting an unambiguous 

description of the luminosity distributions of spiral and lenticular 

galaxies. In particular, I aimed to ascertain whether the residuals 

which result from the application of one model combination to the 

non-thin disc light were sufficiently  system atic as to require the 

incorporation of a further component for their removal.

To th is end, some 15 galaxies were observed (having been chosen  

to represent a wide variation of contribution to the total luminosity 

from that contained in the non-thin disc), and their constituent model 

components defined by the application of a least-sq u ares modelling 

routine. It was found possible (using the present algorithm) to 

differentiate between two and three component combinations to the 

point of being able to identify  a specific model combination as being 

the best description of each galaxy (on the basis of the respective  

good n ess-o f-fit estim ators thus obtained and the requirement of the 

resultant model parameters to be "realistic" in the context of the data 

being used). In this context, van der Kruit (1984) notes that a 

three-com ponent model is apparently able to describe the observed  

luminosity distribution of NGC 891 better than does a two-component 

set (a point not  supported in the analyses in chapter III). He infers  

that any difference in q u ality -o f-fit between such combinations is a 

result of d ifferences in the corresponding degrees of freedom. In the
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light of the above find ings, therefore, I consider this expectation to 

be incorrect.

However, a detailed inspection of the fits  thus obtained reveals  

many cases in which discrepancies are seen between the predicted  

and observed luminosity d istributions. In general they are most 

evident as a system atic overestim ation of the predicted light 

distribution to that observed by ~ 0.25 -  0.5 /J at large Z-heights, the 

removal of which require implausibly large changes in the adopted 

sky  brightness levels  determined in chapter II. Furthermore, even  

after corrections are applied to remove these system atics, the model 

parameters thus derived are often quite dissimilar between the B and 

R passbands observed here. The latter effect can, in almost all cases, 

be accounted for by imposing a more equivalent error distribution on 

each dataset, although the "minimum errors" required for th is process  

to be su ccessfu l (typically ± 0.15 -  0.2 ju) are again considered

implausible. The parameters derived after these corrections are 

applied are equivalent to ~ 30 % at best, and the model fits  show 

random variations about the observed profiles of typically 0.25 -  0.3 

ju.

In the case of those bulges showing "peanut" morphologies, the
r

model fits  underestim ate the light at the ex((emities of these features  

by as much as 0.75 -  1.0 fJ. This amounts to an excess 6 (± 1) % in 

the B band and ~ 10 (± 2) % in R above the luminosity predicted by 

the model combinations adopted over the regions most affected. 

Furthermore, by subtracting the "best-fit" model combinations from 

the original data frames, I find the peanut morphologies to contribute 

£ 20 % of the total non-thin disc light in each passband. These
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resu lts  strongly su g g ests  that peanut bulges are superposed on the 

underlying luminosity distributions of the galaxies and are not merely 

the resulting central concentration of any "outlying" non-thin disc 

population.

In general, therefore, it appears that the traditional technique of 

adopting standard fitting  functions is not an optimal means of 

deconvolving the luminosity distributions of galaxies (at least to 

accuracies of better than ± 0.3 fj), even  those cases studied here in 

which the orientations are most favourable for delineating the 

non-thin disc components. N evertheless, in spite of such  

discrepancies, two galaxies in the present sample (NGC 4565 and NGC 

5170) still show statistically  significant improvements in their 

q u a lity -o f-fits  by the inclusion of a third component, whilst the 

non-thin disc light of IC 2531 (the only galaxy for which sufficient 

coverage exists to allow removal of the peanut shapes) can only be 

adequately described by the incorporation of a two-component model. 

Those model profiles which appear to delineate the old disc component 

show constant disc scaleheights (over the total radial extent of the 

data) of between ± 0.2 and 16 % (and typically 4 %) of the mean 

values in each case.

In the light of those galaxies studied within this th esis  which are 

seen to display such box/peanut shaped isophotes, it was of some 

in terest to define how common these features are in a more complete 

sample. An a ll-sk y  survey, making use of available sky survey  plate 

material, placed a lower limit of 20 (± 4) % on the frequency of such 

morphologies within the galaxy sample defined. By implication, ~ 750 

normal spiral and lenticular galaxies within the Second Reference

207



Catalogue (de Vaucouleurs, de Vaucouleurs & Corwin, 1976) should 

show such features.

Of those galaxies for which nmlti-colour photometry was obtained, 

three system s showed a p rogressively  bluer colour with increasing  

radial distance of ~ 0.016 to 0.020 mag. kpc~l, the source of which 

was attributed to the influence of the disc component. However, in 

none of the galaxies studied for which clear non-thin disc populations 

could be isolated were any detectable gradients evident perpendicular 

to the disc plane -  the gradients thus defined being i  90 % of the 

assigned errors of ± 0.05 mag. kpc~l or ± 0.004 mag. arcsec- ! . In 

addition, no evidence was found for a significant difference in the 

shapes of the isophotes and isochromes in these system s. For the one 

galaxy for which photometry extended beyond the radial distance 

which previous stud ies in the literature would su g g est a disc cutoff 

might be expected (~ 4.5 disc scalelengths) no such cutoff was noted.

Furthermore, in all galaxies for which clearly identifiable non-thin  

disc light were seen, such a luminosity distribution is flatter than an 

axial ratio ~ 0.4 in 60 % of the sample over surface b rightnesses  

ranging from those in which such a component appeared to be a 

major contributor to the summed model luminosity distribution (~ 20 

jug along the minor axis and ~ 24.5 jUg at large IR -  based on a visual 

inspection of the model fits  illustrated in chapter IV) down to the 

limit of the data (~ 26 tfg). The lack of a clear correlation between 

such flattening and the bulge:total ratio implies that the non-thin disc 

light does not owe its  shape to significant gravitational influence from 

the disc components.
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Suggestions for future work

The model parameters derived in chapter IV were very repeatable 

in all galaxies and for a wide variety of input estim ates. The fact 

that, taken as a whole, they fall in a narrow area of the parameter 

space tested  indicates that a similar local minimum has been isolated  

in all cases. However, the possib ility  that an (improved) alternative 

solution exists ju st beyond the region sampled during any particular 

iteration always ex ists in the present scheme. As such a limitation is a 

feature common to any such least-sq u ares algorithm, it is considered  

that no future improvements in th is area will be forthcoming in the 

future -  such procedures always being limited by the need for a 

specific starting point. However, it is to be hoped that future work 

on the distribution functions and mass distributions of galaxies will 

lead to the derivation of a model luminosity profile with which to 

compare to the observational data but for which a w ell-defined  

physical basis exists.

The importance of accreting satellite system s to the evolution of a 

host galaxy is another area worthy of further study. This is 

particularly so as such schemes may be resp on sib le  for the formation 

of the intermediate components seen in our own Galaxy and in several 

external system s. In the light of the similar ages of the bulge and 

intermediate populations in our own Galaxy, it would appear to be of 

most importance for such stud ies to define how much disc is required 

to account for the intermediate components currently seen. The 

presence of a thin disc component as a necessary requirement for the 

existence of an intermediate population is an interesting point for 

galaxy formation models, and is one amenable to testing  by
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undertaking a search for, and thence studying the photometric 

properties of, system s with "thick disc" components but no thin discs.

However, in the light of the seemingly complex nature of the light 

distributions of apparently "simple" system s, it would seem to be very  

important also to in vestigate the properties of the non-thin disc light 

in spirals and lenticulars from a dynamical viewpoint. The paucity of 

data currently  available for edge-on  spirals is very  suprising, and 

more work in this area is clearly required. Indeed, the only studies  

undertaken thus far with th is specific intention are those of 

Kormendy & Illingworth (1982) and Illingworth & Schechter (1982). 

However, both adopted lon g-slit spectroscopy techniques and may well 

suffer from the inherent limitation of not reaching "true" sky at the 

ed ges of the slit as is claimed (the requirement of obtaining sufficient 

non-disc light to make such spectroscopy feasib le inevitably leads to 

analyses in which such light contaminates the whole slit). In addition, 

for slit positions parallel to, but o ffset from, the major axis itself, 

there remains the possib ility  that at large IR one is still contaminated 

by disc light. For example, the Z = 34" parallel cut across the 

non-thin disc region of NGC 4565 by Kormendy & Illingworth is, on 

the basis of the modelling undertaken in th is th esis , anticipated to be 

dominated by light from the intermediate component certainly beyond 

IR ~ 60", and almost certainly so interior to this point. In short, 

dynamical studies undertaken even for the non-disc components of 

very  ed ge-on  candidates sample light from all the components 

contributing to the photometric profiles, thus complicating the 

analysis if one is unaware which component is dominating the light 

distribution at each region of the galaxy.
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Perhaps the most promising means of averting this difficulty may 

be to use groups of fibres positioned on specially selected points 

across the non-thin disc regions. By undertaking such observations 

in galaxies for which detailed photometric decomposition has already 

been undertaken, one would thus be in a position of extracting  

kinematic information at points where the relative contributions of the 

various stellar populations are already defined. Sky measures could 

be obtained by positioning other fibres over regions far removed from 

the galaxy under study. It is clearly of considerable importance to 

search for kinematic d istinctions between the different photometric 

components in a galaxy. As a complement to these kinematic studies, 

additional photometry would be useful, particularly multi-colour data 

to allow a more detailed study of the colour distributions of the 

non-thin disc light in spirals than was possible in the present, rather 

restricted , observations.

Furthermore, as is evident from the resu lts  in chapter IV and V, 

there is much work to be done concerning the nature of the 

box/peanut morphologies. No allowance was made within the present  

modelling routine for such shapes since insufficient data existed  

beyond these features in almost all galaxies studied here. Thus, the 

largely un su ccessfu l fits  obtained here su g g ests  that future  

photometric analyses will have to incorporate luminosity distributions 

specifically  tailored to describe such galaxies. Although these system s 

are considered to show cylindrical rotation, no stud ies have yet been 

optimised to match the dynamical observations with complementary 

photometry of equivalent quality. Furthermore, such (kinematic) 

resu lts rely on observations of only two galaxies. Constraints on 

merger formation mechanisms within these system s could be imposed
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by undertaking a system atic search for relatively low luminosity 

"indicators" such as shells, disc warps, tidal tails and so on. However, 

such constraints could only be of relevance for recent mergers since  

the dynamical timescales involved in the subsequent evolution of these  

morphologies are sufficiently  short as to discount these features as 

being long-lived  phenomena. Any study will, however, have to make 

use of digital electronic devices (or at least other detectors with 

equally reliable flat-field ing properties).

The resu lts of the data reduction presented  in chapter II indicate 

the care with which a flat-field  stra tegy  has to be defined. In 

particular, the use of fla t-fie ld s taken on the inside of the dome is 

clearly inappropriate -  a point echoed in the papers of Baum et al

(1981) and Djorgovski (1984). Although they are a considerable 

improvement over dome flats, strong argum ents can equally be 

levelled against flats taken on the twilight sky (which seem to be 

unable to remove pixel-to-pixel non-uniformities to better than 1 %).

The technique of drift scanning introduced by J. F. Wright and C. 

D. Mackay appears to be the best means of removing such device 

characteristics (the principals of which are well described in Mackay

(1986) and references therein). The fact that each region of sky  

"sees" all the pixels in a column of the array greatly reduces the 

pixel non-uniform ities down this particular column as the device is 

read out, although one still has to allow for column-to-column 

variations. The latter point is one which still requires a considerable 

degree of care (see, for example, the d iscussion in Wright (1982)). 

This is particularly true when imaging extended objects whose light is 

likely to contaminate sky estim ates over much larger fractions of each
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column. Even so, preliminary indications are of reduced  

non-uniform ities of only ~ 0.1 % or better (Wright (1982); Wright & 

Mackay (1981) and Mackay (1982, 1986)).

Aside from the obvious benefits of greatly improved flat-field ing  

and near-perfect colour matching, drift scanning negates the use of 

separate calibration frames and also allows one the considerable 

flexibility of increased areal coverage. For imaging of extended  

objects this is particularly valuable in allowing one to guai'antee 

detection of the sky at sufficient d istances from the object itself.
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-  Appendix A -

In th is appendix are presented the tabulated resu lts of the 

least-sq u ares modelling for all 15 galaxies in the present sample as 

described in chapter IV. In each case, central surface brightness  

values are quoted in mag. arcsec~2, whilst all scale parameters are 

given in kpc un less no distance estimate for the galaxy concerned  

was available (see the comments in chapter IV). Also included are the 

sum -of-squares of residuals (FSUMSQ) and the reduced appropriate 

to that particular model combination. The symbol (**) denotes those 

cases in which convergence to a final solution was not achieved prior 

to the number of calls to the working subroutine exceeding the 

imposed upper limit (i.e. the MAXCAL parameter described in chapter 

III). In these particular cases, the model parameters are those 

obtained when MAXCAL was fir st  exceeded.
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MODEL

C O M B INATION
M O D E L  O U T P U T

PA R A M E T E R S
"QUALITY-OF-FIT"

ESTIMATORS

exp. P0 = 1 7 .5 0 FSUMSQ
hz = 5 .0 5 red. X2
h r = 2 2 . 9

s e c h 2 P0 = 1 8 .3 3 FSUMSQ
ZD = 7 .5 3 red. x 2
h r -  3 9 .7

t-1/4 i aw Ue = 1 6 .7 0 FSUMSQ
0 e = 5 . 0 0 red .  x2
q = 0 .3 0

exp. + PQ = 1 7 .1 7 2 1 .6 3 FSUMSQ
exp. hz = 3 .8 5 1 4 .4 7 r e d . -X 2

h r = 1 8 .1 6 9 . 9

s e c h 2 + p 0 = 2 2 .8 4 1 7 .1 7 FSUMSQ
exp. Z0 = 2 5 .2 5 hz = 3 . 9 7 red .  x2

h r = 5 5 . 6 1 8 .5

s e c h 2 + DID NOT FIT DATA .
s e c h 2

exp.

s e c h 2 +
r 1/ 4 law DID NOT FIT DATA

+ L1o - 17.26 ^e = 22 .47 FSUMSQ
law hz = 3 . 9 8 4 5 .71 r e d . x2

h r = 1 9 .1 q = 0 . 3 8

exp. + II03. 17..17 21.,63 54..82
exp. + hz = 3..85 14,.47 259,.4
exp. h r = 18. 1 69.,9 15..8

exp. + P q ~ 17. 18 39. 83 22.,84
s e c h 2 + = 3.,97 324.,18 2 1 = 25..25
exp. h r = 18. 5 118. 1 55 . 6

FSUMSQ = 
red .  X2

FSUMSQ = 
red . X2

s e c h 2 +
s e c h 2 + DID NOT FIT DATA
exp.

exp. + ß Q = 1 7 .2 7  2 0 . 4 9  Ue  = 2 2 .9 6  FSUMSQ =
exp. + hz = 3 . 8 2  5 . 9 3  ö e = 5 7 .0 0  red .  x2
r ^ ' 4 law

exp. + U0 = 1 7 .2 3  2 2 . 6 8  Ue = 2 2 .7 8  FSUMSQ
s e c h 2 + hz = 3 .9 0  Zi = 1 0 .4 1  e„ = 5 4 .3 6  red .  X2
r 4/ 4 law

IIc3. 1 7 .2 7 2 0 .4 9 ^e = 22 . 96
3 . 8 2 5 .9 3 e e = 57 . 00

h r = 1 7 . 6 4 0 . 7 q = 0. 44

= 1 7 .2 3 2 2 .6 8 ^e = 22 .7 8
hz = 3 .9 0 Z i  = 1 0 .4 1 ®e = 54 .3 6
h t. = 1 8 .2 5 5 . 4 q = 0 .47

s e c h 2 +
s e c h 2 + DID NOT FIT DATA
r 4/ 4 law

= 1 .2 0 x 1 0 ’ 3 
= 4 1 .58

= 5 .8 8 x ]0 “3 
= 190.80

= 2 .00x10-3  
42.93

= 2 .9 2 x 1 0“4 
= 7 .6 5

= 2 . 8 8 x l0 _4 
= 7 .6 0

= 2 . 7 9 x l 0 - 4 
= 7 .3 4

2 . 9 2 x l0 ~ 4 
7 .7 9

2 .8 8 x 1 0 -4
7 .7 4

2 .77x10-4  
7 .1 6  '

2 .7 6 x 1 0 -4
7 .1 5

T a b l e  A . l  : M o d e l l i n g  r e s u l t s  f o r  NGC 22 9 5
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MODEL
COMBINATION

M O D E L  OUTP U T

PARAMETERS
"QUAI.ITY-OF-FIT"

ESTIMATORS

exp. U0 = 19 .43  
hz = 4 .5 0  
hr = 2 3 .6

FSUMSQ = 1 .2 1 x 1 0 -3  
red. x 2 = 16 .40

s e c h 2 DID NOT FIT DATA

r-1/4 law DID NOT FIT DATA

exp. + »0 = 1 8 .03 2 0 .5 0 FSUMSQ = 4 . 3 4 x l 0 - 4
exp. hz = 2 .2 6 5 .8 3 red . X2 = 5 .5 4

h r = 8 .9 3 2 .7

s e c h 2 +
exp. DID NOT FIT DATA

s e c h 2 +
s e c h 2 DID :NOT FIT DATA

+ ^0 = 2 0 .3 1 A/e = 17-50 FSUMSQ = 1 .7 3 x 1 0 -4rl/4 iaw hz = 3 .0 6 ee = 3 .7 6 r e d . X2 = 2 .4 0
h r = 3 8 .5 q = 0 .4 2

s e c h 2 + ¿'o = 2 1 .6 8 Ue = 1 7 .1 4 FSUMSQ — 2 .1 4 x 1 0 -4
r t / 4  law z o = 3 .7 6 6e = 3 .4 6 r e d . X2 = 3 .0 5

h r = 6 1 .2 q = 0 .3 9

exp. + ^0 = 1 8 .05 2 0 .5 8 20 .71 FSUMSQ = 4 .1 1 x 1 0 -4
exp. + hz = 2 .2 9 6 .0 0 0 .61 r e d .  X2 = 5 .1 9
exp. h r = 8 . 9 3 2 .5 1 8 2 8 .8

s e c h 2 + ^ o = 9 2 .4 0 1 8 .0 3 20 .5 0 FSUMSQ - 4 .3 4 x 1 0 -4
exp. + z o = 2 2 .2 0 h7 = 2 .2 6 5 .8 3 red . X2 = 5 .6 7
exp. h r = 8 0 5 .8 8 . 9 32 .7

s e c h z + ^0 — 2 2 .0 9 2 3 .7 3 1 8 .6 7 FSUMSQ = 6 .4 6 x 1 0 -4
s e c h 2 + z o = 1 .3 3 , Z 1 = 1 4 .8 7 hZ = 3 .4 6 re d .  X2 = 8 .15
exp. hr = 1 479 .3 6 3 .9 1 5 .1

exp. + ^0 = 1 9 .9 3 2 2 .4 3 ¿'e = 1 7 .7 6 FSUMSQ = 1 .4 7 x 1 0 -4

+ hz = 3 .2 9 2 .1 6 ee = 3 .9 5 r ed .  X2 = 2 .0 5
r V 4  law h r = 1 9 .0 1 1 1 .7 q := 0 .3 9

s e c h 2 + ^0 = 2 2 .4 1 2 0 .1 9 ^e := 1 7 .6 3 FSUMSQ - 1 .4 9 x 1 0 -4
exp- + z o = 2 .6 0 h7 = 3 .5 1 e e := 3 .7 6 red . X2 = 2 .2 6
r l / 4  law h r = 1 4 6 2 .9 2 1 .9 q := 0 .3 9

s e c h z + ^0 2 1 .9 8 2 2 .4 5 Ve := 1 7 .1 1 FSUMSQ = •2 .0 1 x 1 0 -4
s e c h 2 +. z o = 2 .3 6 5 .2 0 = 3 .4 0 re d .  X2 = 2 .9 5
r ^ /4  law hr = 6 9 .2 5 4 .6 q := 0 .4 0
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MODEL

COMBINATION
MODEL OUTPUT

PARAMETERS
"QUALITY-OF-FIT"

ESTIMATORS

exp. Vo = 19 .96 FSUMSQ
hz = 3 0 .8 8 red. X2
hr = 6 8 .7

se c h 2 Vo = 2 0 .6 6 FSUMSQ
2o = 4 1 .1 7 red. X2
h r ■ 5 5 .0

r-1/4 law Ve = 1 7 .3 8 FSUMSQ
0e = 19 .55 r e d . x2
q 0 .5 1

exp. + V0 1 7 .7 6 2 0 .6 5 FSUMSQ
exp. h2 = 8 .8 2 4 1 .7 8 red . X2

h r = 2 1 .0 8 5 .3

s e c h 2 + = 2 0 .9 7 17 .20 FSUMSQ
exp. 2o = 4 6 .1 9 hz = 7 .3 6 red . X2

h r = 5 9 .9 1 7 .2

s e c h 2 + Vo = 2 0 .6 5 2 5 .3 2 FSUMSQ
s e c h 2 2o = 4 0 .0 7 21 := 1 36 .5 6 red. x2

h r 5 4 .3 8 7 .0

+ Vo 1 4 .5 6 ve = 17 .4 0 FSUMSQ
r-1/4 law hz - 1 .4 6 e e = 1 9 .70 red .  X2

h r = 7 .9 q = 0 .5 1

s e c h 2 + Vo — 2 3 .6 8 Ve = 1 7 .2 4 FSUMSQ
f l / 4  law Zo = 5 3 .5 2 ®e = 1 7 .75 red . X2

h r = 4 3 .3 q = 0 .5 0

exp. +
exp. + DID NOT FIT DATA
exp.

exp. +
s e c h 2 + DID NOT FIT DATA
exp.

sech2 +
sech 2 + ' DID NOT FIT DATA
exp.

exp. +
exp. + DID NOT FIT DATA

law

exp. +
se c h 2 + DID-NOT FIT DATA
r V 4  law

s e c h 2 +
s e c h 2 + DID NOT FIT DATA
rl/4  i aw

= 4.97x10-4  
= 98.71

= 2.79x10-4 
= 78.86

= 2 .1 0 x 1 0 -5  
= 5 .93

= 4 . 0 8 x l 0 - 4 
= 66.69

= 1.53x10-4  
= 25.00

= 2.79x10-4  
= 78.18

= 2.09x10-5  
= 5 .94

= 1.62x10-5  
= 4 .5 9
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MODEL
COMBINATION

MODEL OUTPUT
PARAMETERS

"Q U A LITY -O F-FIT"
ESTIMATORS

exp.

sech2

ri/4 law

exp. + 
exp.

sech2 + 
exp.

sech2 +
sech2

exp. + 
ri/4 law

sech2 + 
rl/4 iaw

exp. + 
exp. + 
exp.
exp. + 
exp. + 
sech2
sech2 + 
sech2 + 
exp.
exp. + 
exp. + 
ri/4 iaw

exp. + 
sech2 + 
ri/4 iaw

sech2 +• 
sech2 + 
ri/4 jaw

^o = 18.54
hz = 1.13
hr = 5.3
P q = 20.14
2o = 2.18
hr 8.0

^e : 15.44
ee = 0.67
q = 0.31

^0 = 16.96 19.15
hz = 0.51 1.30
hr = 1.4 6.5

—22.10 18.06
2o = 3.05 hz = 0.90
hr = 8.1 '3.6

= 20.14 4 2 .2 7
2o = 2.18 Z i  = -1.63
hr 8.0 34.8

. 19.59 ^e = 15.09
hz = 1.04 ee = 0.55
hr = 9.6 q = 0.56

Vo = 20.70 Me = 15.37
z0 = 1.39 ©e = 0.65
hr = 9.3 q = 0.54

¿'o — 16.97 19.17
hz = 0.51 1.31
hr = 1.4 6.5

= 17.05 19.31
hz = 0.53 1.37 :
hr = 1.6 6.5

FSUMSQ 
red. x2

FSUMSQ 
red. X2

FSUMSQ 
red. X2

FSUMSQ 
red. X2

FSUMSQ 
red. X2

FSUMSQ 
red. X2

FSUMSQ 
red. x2

FSUMSQ 
red. X2

22.69 FSUMSQ =
0.003 red. X2
91-.4

24.69 FSUMSQ =
Z j  = 0.86 red. X2

2.8

DID NOT FIT DATA

M0 = 19.56 21.22 Me = 15.28
hz = 1.04 1.02 0e = 0.56
hr = 4.8 306.2 q = 0.51
U0 = 19.64 21.42 Me = 15.65
hz = 1.04 Z 1  = 1.45 ee = 0.64
hr = 5.2 6.8 q = 0.51

FSUMSQ = 
red. X2

FSUMSQ = 
red. X2

DID NOT FIT DATA

= 3.14x10^4
= 17.76

= 2-OOxlO-3 
= 88.38

= 8.31x10-4 
= 31.12

= 1.76x10-4 
= 6.75

= 2.25x10-4 
= 10.57

= 1.96x10-4 
= 8.97

= 6.12x10-5 
= 3.55

= 6.49x10-5 
= 4.12

1.73x10-4 
= 6.80

1.63x10-4 
= 6.58

5.59x10-5 
= 3.23

4.56x10-5 
= 2.76

T ab le  A .10 : M odelling  r e s u l t s  fo r  IC 4351
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MODEL
COMBINATION

MODEL OUTPUT
PARAMETERS

"QUALITY -OF-FIT"
ESTIMATORS

exp. Vo = 20.15 FSUMSQ _ 1.18x10
hZ = 6.67 red. x2 = 17.40
hr = 78.4

sech2 V0 = 21.21 FSUMSQ =; 2.18x10'
2o = 10.98 red. X2 = 31.31
hr = 72.8

r4/4 law Ve = 18.42 FSUMSQ 11 5.95x10'
®e = 6.31 red. X2 = 7.60
q = 0.14

exp. + Vo = 19.04 23.06 FSUMSQ = 4.80x10'
exp. hz = 3.86 23.06 red. X2 = 6.22

hr 38.7 3531.6
sech2 + Vo 23.01 20.22 FSUMSQ — 1.17x10exp. 2o = 3.75 ■ hZ = 6.86 red. x 2 = 17.62

h r = 71.0 78.2
sech2 + DID NOT FIT DATA
sech2
exp. + Vq 19.91 Ve = 19.84 FSUMSQ = 2.62x10“
r4/4 law hz = 3.19 ee = 11.09 red. X2 = 4.10

hr = 59.8 q = 0.18
sech2 + Vo = 21.52 Ve = 19.00 ' FSUMSQ = 2.56x10'
r4/4 law 2o = 4.67 e e = 8.12 red. X2 = 4.22

hr = 91.1 q = 0.19
exp. + 
exp. + 
exp.

DID NOT FIT DATA

exp . + 
s e c h 2 + 
exp .

s e c h 2 + 
s e c h 2 + 
exp .

exp . + 
exp . + 
r^/4 xaw

exp . + 
s e c h 2 + 
r V 4 law
s e c h 2 +. 
s e c h 2 + 
r4/4 law

DID NOT FIT DATA

DID NOT FIT DATA

Vq ~ 19.91 118.57 V,
hz = 3.19 -3.00 6,
h r  = 59.8 74.5 q

V0 = 20.81 21.85 v,
hz = 3.14 ZX = 4.75 0<
h r  = 42.5 92.5 q

= 19.84 
= 11.09 
= 0.18
= 19.41 
= 9.46
= 0.19

FSUMSQ = 2.62xl0~4 
red. X2 = 4.24

FSUMSQ = 2.54xl0-4 
red. X2 = 4.23

DID NOT FIT DATA

(**)

T ab le  A .14 : M odelling  r e s u l t s  fo r  A1611-00
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-  A ppendix B -

D ig ita l U n sh arp  M asking

T his a p p en d ix  d e sc r ib e s  a tech n iq u e  w hich  p roved  u se fu l in th e  

r e c o v e r y  o f more s tr u c tu r a l in form ation  w ith in  th e  o b serv a tio n a l 

m aterial p r e se n te d  in  th is  th e s is  than  w as p o ss ib le  from a sim ple  

v isu a l in sp e c tio n  -  p a r ticu la r ly  fo r  th o se  g a la x ies  sh ow in g  th e  

b o x /p ea n u t m orphology d is c u s se d  in  c h a p ter  VI.

An " un sh arp  mask" is  th e  name g iv e n  to  th e  v e r s io n  o f  an  

o r ig in a l im age w hich  h as u n d e rg o n e  sp a tia l fr e q u e n c y  f ilte r in g . Such  

a mask is  sa id  to  be "unsharp" if  it  a c ts  o n ly  to f i l te r -o u t  th e  low 

fr e q u e n c y  s ig n a l in  an  im age, th u s  le a v in g  th e  f in er  d e ta ils  

u n to u ch ed . Malin (1977) w as th e  f ir s t  to  d eta il astronom ical 

a p p lica tio n s  o f  su ch  a m ethod, and more r e c e n t ly  S ch w eizer  & Ford  

(1984) h ave  ou tlin ed  th e  g en era l p ro ced u res  in v o lv e d  in  d ig it is in g  th is  

tech n iq u e . T h ey  h ave  a lso  p o in ted  o u t th e  ad d ed  v a lu e  o f  th e  d ig ita l 

form o v e r  th e  p h o to g ra p h ic  v e r s io n  in  a llow ing  one to c r e a te  an  

u n sh a rp  mask o f a s p e c if ic  lu m in osity  p ro file  (su c h  a s  an r 1/* law) 

ra th er  th an  b e in g  lim ited to  a sim ple G aussian  p ro file  -  a p ro ced u re  

g e n e r a tin g  more q u a lita tiv e  in form ation  co n cer n in g  th e  photom etric  

p r o p e r tie s  o f th e  g a la x ies  u n d er  s tu d y .

In e s s e n c e  th e  p r o c e s s  is  a com bination  o f sm ooth ing and f ilte r in g  

a g iv e n  im age fo llow ed  b y  su b se q u e n t  m anipulation  to  en h a n ce  low  

su r fa c e  b r ig h tn e s s  fe a tu r e s  (su ch  a s  sh e lls )  or fe a tu r e s  h ea v ily  

m asked b y  lig h t  from th e  g a la c tic  b u lg e  (su ch  a s  in n er  d u st  la n es).
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The s te p s  in v o lv e d  in  su ch  a p r o c e ss  are  a s  fo llow s

(1) F ir s t one is  req u ired  to  rem ove a s  many con tam in atin g  s ta r s  or  

fa in t ga la x ies  as p o ss ib le  -  th e  in terp o la tio n  ro u tin e s  o u tlin ed  in  

ch a p ter  II are  ap p lied  in  su ch  s itu a tio n s .

(2) The e f f e c t s  o f ad d ition a l fa in t s ta r s  or g en era l n o ise  (su ch  as  

th a t r e su lt in g  from n o n -u n ifo rm ities  in  th e  p h oto g ra p h ic  p la te) are  

th en  s u p p r e sse d  o v e r  th e  reg io n  o f in te r e s t  b y  a p p ly in g  a m edian  

f i lte r  to  th e  im age. The u se  o f  su ch  a f ilte r  can  be p a r ticu la r ly  

a d v a n ta g eo u s  in a c t in g  to  r e d u ce  th e  e f f e c t s  o f  fa in t s ta r s  w hich are  

su p e r p o se d  on  th e g a laxy  o f in te r e s t  and w here in terp o la tio n  ro u tin es , 

su ch  a s  th a t ad op ted  in  ch a p ter  III, p ro v e  u n re lia b le  and would  

in tro d u ce  sp u r io u s  e f f e c t s  o f th e ir  own.

(3) The u n sh a rp  m ask is  th en  cre a ted . S u ch  a m ask sh ou ld , b y  

d efin itio n , p o s s e s s  a ll th e  u n d e r ly in g  fe a tu r e s  o f  th e  o b je c t  con cern ed  

(i.e . i t s  o v era ll sh ap e) b u t sh ou ld  be a su ff ic ie n t ly  sm oothed v e r s io n  

o f the o r ig in a l. The crea tio n  o f su ch  a mask is  fa c ilita ted  by  

c o n v o lv in g  th e  m ed ia n -filtered  fram e w ith  a G aussian  p ro file  o f  

sp e c if ie d  a , th e  v a lu e  o f w hich  is  op tim ised  to  e n su r e  co n sid era b le  

en h an cem en t o f  th e  in p u t fram e o v e r  th e  sca le  req u ired  (b u t balanced  

w ith  th e  c o r r e sp o n d in g ly  in c r e a se d  com p u tin g  time req u ired  to  

a c h ie v e  th e  en d  r e su lt ) .

(4) A su ita b ly  cre a ted  u n sh a rp  m ask is  th en  su b tr a c te d  from th e  

m ed ia n -filtered  im age so  th a t th e  sm ooth "background" is  rem oved, 

h en ce  a llow ing on e to  en h a n ce  co n s id e r a b ly  th e  c o n tr a s t  o f th e  

r e su lta n t  fram e or u se  fu r th e r  m ed ia n -filter in g  to h ig h lig h t the
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fe a tu r e s  o f in te r e s t .  Such  a b ack grou n d  w ill, o f c o u r se , in c lu d e  not 

o n ly  s k y  around  th e  o b je c t  co n cern ed  b u t a lso  a ll s tr u c tu r e  on  th e  

o b je c t  it s e l f  o v e r  sc a le s  la r g e r  th a n  th e  box s iz e  ch o sen  for  th e  

f ilte r in g  p r o c e ss . T yp ica lly  o n ly  ~ 80 to 85 % o f th e  u n sh a rp  m ask is  

a c tu a lly  su b tr a c te d  a s  th is  a llow s on e to  p r e s e r v e  th e  in te n s ity  le v e ls  

b etw een  in itia l and  fin a l im ages (i.e . e s s e n t ia lly  to im prove th e  

v is ib i l ity  o f  th e  re s id u a l s tr u c tu r e  a fter  a p p lica tion  o f su ch  a 

p r o c e ss ) .

By w ay o f  illu s tr a tio n , below  are p r e se n te d  th e  r e s u lt s  o f su ch  a 

p ro ced u re  in  th e  s tu d y  o f th e  p e a n u t-sh a p e d  e llip tic a l ga laxy  IC 2977, 

an  o b je c t  w hich  com plem ents th o se  in v e s t ig a te d  in  ch a p ter  VI.

B .l The ap p lica tion  o f  d ig ita l u n sh a rp  m ask in g  to  IC 2977

T his o b je c t  w as in it ia lly  k in d ly  b ro u g h t to my a tten tio n  b y  Dr. B. 

J a rv is  (p r iv a te  com m unication, 1986). S in ce  I iso la ted  it  in  th e  l i s t  o f  

sh e ll e llip tic a ls  p r e se n te d  b y  Malin & C arter (1983), it  w as a n tic ip a ted  

th a t th is  ga laxy  w ould p ro v id e  a good t e s t  o f th e  q u a lity  o f th e  

p ro c e d u r e s  o u tlin ed  ab ove.

The op tim ised  box s iz e  o v e r  w hich  th e  m edian f ilte r in g  w as  

ca rr ied  o u t was fou n d  to be 7x7 or 9x9 p ix e ls  w ith  th e m ost 

ap p ro p ria te  ch o ice  o f a  fo r  th e  c o n v o lv in g  G aussian  p ro file  b e in g  o f  

eq u a l s iz e  to th a t o f  th e  m edian f ilte r . V alues in  e x c e s s  o f  9x9 w ere  

not fou n d  to  im prove th e  q u a lity  o f th e  fin a l im age. B est r e s u lt s  w ere  

a ch ie v ed  w hen  o n ly  80 % o f th e  u n sh a rp  mask w as su b se q u e n tly  

rem oved  from  th e  m ed ia n -filtered  im age.
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The r e s u lt s  o f su ch  a p r o c e s s  are  illu s tr a te d  in  f ig u r e  B .l w hich  

g iv e s  a s t e p - b y - s t e p  g u id e  to th e im age a p p earan ce  d u r in g  

p r o c e s s in g . The sh e lls  are  c le a r ly  v is ib le  a fte r  a p p lica tion  o f th e  

m asking p r o c e ss , w ith  se v e r a l id en tif ia b le  a t both  th e  S.E. and N.W. 

ex trem ities  o f th e  ga laxy . Two la r g e r  sca le , b u t v e r y  much fa in ter ,  

s h e ll- l ik e  fe a tu r e s  w ere a lso  id e n tif ie d  ou t to  d is ta n c e s  o f  s e v e r a l  

galaxian  rad ii (n ot e v id e n t  on f ig u r e  B .l) .  In common w ith  m ost sh e ll 

e llip tic a ls  s tu d ied  to d ate , none o f  th e sh e lls  se e n  h ere  is  com plete (in  

th e  s e n s e  o f e n c ir c lin g  th e  h o st  sy ste m ). No fu r th e r  im provem ent in  

th e ir  fin a l a p p ea ra n ce  r e su lte d  from th e  a p p lica tion  o f a lter n a tiv e  

m edian f ilte r s . The fin a l fram e (4) in  f ig u r e  B .l sh ow s th e  e f fe c t  of 

su b tr a c tin g  th e  u n sh a rp -m a sk ed  im age from th e  o r ig in a l -  th e  p ean u t  

sh a p e  o f th e  u n d e r ly in g  e llip tic a l ga laxy  is  p a r ticu la r ly  e v id e n t.

B.2 U n sh arp  m ask ing o f  a num ber o f  th e  p r e s e n t  sam ple ga lax ies

In th is  se c tio n , u s in g  th e  p r e c e p ts  o u tlin ed  in th is  ap p en d ix , I 

seek  to  in v e s t ig a te  th e  e x is te n c e  o f p o ss ib le  low su r fa c e  b r ig h tn e s s  

s tr u c tu r e  around  th e  b u lg e s  o f  a num ber o f  th e  sp ir a ls  and  

le n tic u la r s  in  th e  p r e v io u s ly  d efin ed  sam ple o f la r g e , e d g e -o n  ga la x ies  

d is c u s se d  in  ch a p ter  I, su p p lem en ted  b y  a num ber o f  b o x -sh a p ed  

e llip tic a l ca n d id a tes .

The o b je c ts  c h o se n  fo r  in v e s t ig a t io n  in  th is  w ay com prised  all 

th o se  for  w hich  CCD o b se r v a tio n s  w ere ava ilab le , i.e . th o se  in tab le

1.1 p lu s  2x400 s e c s  R band fram es o f th e  b o x -e llip tica l NGC 7029 tak en  

a t th e  AAT u n d er  s e r v ic e  o b se r v a tio n s  d u r in g  A u g u st 1986, to g e th e r  

w ith  se v e r a l ca n d id a te s  scan n ed  b y  COSMOS u s in g  th e  SERC J s u r v e y  

p la te s . Only on e g a la x y  m apped u s in g  POSS m aterial, th e  b o x -e llip tica l
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NGC 5322, w as u sed  a s  it  w as rea lised  th a t su ch  p la te s  are  g e n e r a lly  

o f too poor dynam ic ra n g e  and c o n tr a s t  for  su ch  a n a ly se s . In th e  

ca se  o f  ga la x ies  scan n ed  b y  COSMOS, I fo c u sse d  on e f fo r ts  to 

d elin ea te  ex ter n a l fe a tu r e s  to  th e  b u lg e s  co n cern ed  s in c e  th e  p late  

m aterial from  w hich  th e  sc a n s  are  d er iv ed  w as o ften  fou n d  to  be 

sa tu ra ted  in th e  v e r y  cen tra l r e g io n s  o f  m ost o f  th e  g a la x ies  ch o sen .

S p ec if ic  r e s u lt s  o f su ch  an in v e s t ig a t io n  fo r  th o se  sy ste m s  

a n a ly sed  from th e  COSMOS m apping data, or  for  w hich  CCD data was 

a v a ila b le , and  w hich  resp o n d ed  to  su ch  p r o c e s s in g  are ou tlin ed  below .

R esu lts  for  th e  COSMOS sca n n ed  ga la x ies  

NGC 3390 :

C onsiderab le  f la r in g /d is to r t io n  o f th e  fa in te s t  iso p h o te s  w as  

e v id e n t  a t both  e n d s  o f  th e  d isc . S u ch  s tr u c tu r e  w as not s e e n  on  th e  

o r ig in a l p la te  u sed  and h as su ch  an ir reg u la r  form  th a t it s  r e su lt in g  

from w arp in g  o f th e d isc  seem s u n lik e ly .

NGC 3717 :

The iso p h o te s  o f  th e  in n er  b u lg e  w ere s e e n  to  d isp la y  a w eak  

p e a n u t-sh a p e d  a p p ea ra n ce , a lth o u g h  th is  sy ste m  is  not ex a ctly  

e d g e -o n .

R esu lts  fo r  th e  CCD ga la x ies  

NGC 2310 :

T his g a laxy  w as in it ia lly  c la ss if ie d  a s  p o s s e s s in g  a box b u lg e  a t  

th e  c e n tr e . H ow ever, u n sh a rp  m asking h ig h lig h te d  p ron ou nced  

d e p r e s s io n s  a lon g  th e  minor ax is a t all iso p h o ta l le v e ls  (th e fa in ter  

o n es  g a v e  th e  g e n e r a l a p p earan ce  o f a p ea n u t sh a p e ). A dditional
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e v id e n c e  e x is ts  fo r  a major a x is  d u st  lane (w hich w as se e n  to  ex ten d  

to  th e  v e r y  cen tra l r e g io n s  o f th e  ga laxy) -  f ig u r e  B.2 (le ft) sh ow in g  

th e  B band iso p h o te s  o f th is  ga laxy  b efo re  and a fter  ap p lica tion  o f  

su ch  a tech n iq u e .

NGC 4289 :

E v id en ce  w as fou n d  o f a sh a rp  d ev ia tio n  o f  th e  d isc  l ig h t  aw ay  

from th e  major a x is  a t th e  N end  o f  th e  d isc  and o f th e p o ss ib le  

e x is te n c e  o f a p ea n u t sh a p ed  cen tra l b u lg e  (th e  la tte r  n ot b e in g  

e v id e n t  on  in sp e c tio n  o f  th e o r ig in a l fram e), w ith  minor a x is  isop h o te  

"dips" se e n  e ith e r  s id e  o f th e  d u st  lan e.

NGC 4469 :

P re v io u s  in sp e c t io n  o f  th e  im age sh ow ed , a s id e  from th e  c lear  

e v id e n c e  o f  th e  p ea n u t b u lg e , th e  e x is te n c e  o f  a major ax is d u st  lane. 

U n sh arp  m asking rev e a led  th a t th is  lane e x te n d s  to  th e  v e r y  c e n tr e  

o f th e  g a laxy . The p ea n u t sh a p e  w as a lso  c o n s id e r a b ly  en h a n ced  b y  

th e  m asking p r o c e ss  a s  is  c le a r ly  e v id e n t  in  f ig u r e  B.2 (r ig h t) . No 

o th er  (fa in ter) fe a tu r e s  w ere noted  in  e ith e r  B or  R im ages, h ow ever.

NGC 5170 :

A gain im ages in  both  B and R o f th e  v e r y  cen tra l reg io n  o f th e  

b u lg e  sh ow ed  a p ea n u t-sh a p e d  ap p ea ra n ce  (e v e n  a llow ing for  the v e r y  

sm all s iz e  o f th e  b u lg e  in th is  ga laxy  cou p led  w ith  it  b e in g  some w ay  

from e d g e -o n ) . T here w as, h ow ever , no e v id e n c e  o f  a n y  low su r fa ce  

b r ig h tn e s s  fe a tu r e s  in  th is  ga laxy .
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D igital u n sh a rp  m asking o f th e  (so le ly  R band) fram es o f th is  

b o x -sh a p ed  g a laxy  fa iled  to  d e te c t  a n y  e v id e n c e  o f fa in t sh e ll  

s tr u c tu r e  in  th e  o u ter  r e g io n s  w hen  a d o p tin g  m edian f i l t e r s  o f e ith er  

7x7 or 9x9 p ix e ls . H ow ever, c lea r  e v id e n c e  w as se e n  fo r  in n er  d isc  

s tr u c tu r e  (a lth ou gh  th is  fe a tu r e  w as a lso  e v id e n t  to  a le s s e r  d e g ree  

on th e  o r ig in a l fram es). NGC 7029 is  c la ss if ie d  a s  an u n cer ta in  E6 b y  

th e  RC2 b u t as an SO b y  th e  RSA.

IC 4351 :

U n sh arp  m ask ing g r e a t ly  en h a n ces  o n e ’s a b ility  to tra ce  th e

sp ira l arm p a ttern  to  th e  c e n tr e  in  th is  ga la x y . C ontrast en h an cem en t  

o f th e  r e su lt in g  u n sh a rp  m asked im age ob ta in ed  from a COSMOS sca n  

o f th e  r e le v a n t p la te  r e v e a ls  a f la tte n in g  o f  th e  in n er  b u lg e  -  

a lth o u g h  th is  is  a te n ta tiv e  r e su lt  a s  IC 4351 is  some 5° from

e d g e -o n . The sp a tia l e x te n t  o f th e  CCD o b se r v a tio n s  is  too lim ited to

allow  fu r th e r  c o n c lu s io n s  to be draw n.

NGC 7029 :
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NGC 2295 (R band)



NGC 2310 (R band)



NGC 3573 (R band)



NGC 4289 (R band)





NGC 5078 (R band)



NGC 5170 (B band)





IC 4351 (R band)
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SURFACE BRIGHTNESS DISTRIBUTIONS IN TWO EDGE-ON SPIRAL GALAXIES
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G.F.Gilmore
Institute of Astronomy, Madingley Road, Cambridge, U.K.

1. INTRODUCTION

Of considerable importance to modelling the formation and early 
evolution of galaxies is the relationship between the spheroids of 
spirals and SO's, and those of ellipticals. In this context, the 
isolation of a thick disc in our own Galaxy (Gilmore et al. (1985)) and
in other spirals (van der Kruit (1984); herafter vdK) - aside from
their initial discovery in SO's by Burstein (1979) - has added 
significance because the luminosity profiles of several spirals seem to
be dominated by this component over considerable ranges of galacto-
centric distance (R) and height (Z). On the other hand, "elliptical
like" spheroids, generally characterised by the de Vaucouleurs r1/4 
law, seem to be barely detectable in many galaxies in complete contrad
iction to our preconception that this model adequately describes all 
forms of galaxian spheroids.

Here we present analyses of the surface brightness distributions 
in the two well known nearby edge-on spirals NGC 4565 and NGC 891 
(adopted distances of 10 and 9.5 Mpc respectivly). This is the first 
such an investigation of the NGC 4565 profiles presented by Jensen & 
Thuan (1982; herafter JT), while other recent data on this galaxy (van 
der Kruit & Searle 1981; herafter KS1) are used to supplement those of 
JT. The analysis of NGC 891 (from van der Kruit & Searle 1981; herafter 
KS2) is included both to extend the results of vdK and to complement 
those on NGC 4565.

2. THE ADOPTED MODELS

In attempting to describe the thin disc in the following analysis, 
we have made the, now usual, assumption of a locally isothermal and 
self-gravitating sheet. In its present form the model used is that 
first proposed (and more fully described) by KS1, reducing to the 
following expressions in terms of surface brightness
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ÎH (0,0) [ l+(R2/2h2 )ln(R/2hR ) ] sech2(Z/Z0) for R « h
i  " 2

n (0,0) [(?rR/2hR) exp-(R/hR)] sech2(Z/ZQ) for R » h R

n (0,0) mag arcsec“2 (herafter "m ") being the central surface brightness.
Implicit in the derivation of this model is the approximation of a 

constant scaleheight with R. Although it is not an immediately obvious 
result, KS1 have given some evidence to support its validity.

Modified forms of the above equations are also used to represent a
possible thick disc (with a suitable choice for h R and scaleheight 
(Z1/2). Alternatively, the familiar exponential model is also applied

L(R,Z) = L exp-[(R/h ) + (Z/h )]0 r z
h being the thick disc scaleheight.
2 A spheroid component is represented either by an exponential 

similar to that of the thick disc, or by the more usual de Vaucouleurs 
r '4t law

log(L/L0) =

where d = (q2R2 d-Z2)̂ 2, 
effective radius.

3. RESULTS

3.1 NGC 4565

In this section we present the results of a full analysis of the 
existing B band data of JT for NGC 4565 - the running of single, two or 
three component fitting iterations being used in an attempt to describe 
the form of these observed profiles.

Major discrepencies, when compared to the actual data, are genera
ted by the adoption of either single or two component model fits. For 
example, a two component thin disc and spheroid combination consistent
ly underestimates the amount of light present in the galaxy at inter
mediate Z (typically ~2.4 to 5.1 kpc) by as much as 1.2 jj (amounting 
to ~30 times the quoted errors of JT). Similar underestimations are 
revealed, but in this case in the outer regions of each profile (Z in 
excess of 3.4 kpc), by the superposition of a thin disc and thick disc 
- the dicrepencies here running from 0.5 to 3.0 p or~3 to 20 times 
quoted errors. In neither of these cases do the discrepencies appear to 
be model dependant nor systematic in origin.

Observations are, on the other hand, very well described by a 
combination of all three of the components noted above - as figure 1 
shows. For such a combination, the thin disc has a (ZQ) scaleheight of 
0.82 kpc comparing quite favourably with that found by KS1 and with the 
currently accepted value for our own Galaxy as deduced from star 
counts. The resultant thick disc scaleheights also prove to be indep
endant of R, having values of 0.84 kpc for the exponential and 0.80 kpc

-3 .33 [ ( 9 / /4 -1]

q being the axis ratio, and 0E is the
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(Z,/2) for the sech2 model forms - such values again in accord with 
the existing data. The spheroid, it turns out, is equally well describ
ed by exponential or r'/4 laws. Use of the former gives rise to an 
unambiguous increase in scaleheight with R although this trend, rather 
than describing any fundamental property of the spheroid, merely seems 
to indicate the increasing dominance of this component over the other 
two as R increases. This is supported by the fact that at large Z 
(>8.7 kpc or~30E), the (1^) scaleheight of the spheroid 
approaches a limiting value of 3.1 kpc.

Figure 1. Selected surface brightness profiles of NGC 4565 with super
imposed three component (thin disc, thick disc plus spheroid) fits 
and associated errors. R is the galactocentric distance.

Isophote shapes provide a more graphic representation of the 
above. We find clear evidence of global isophotal flattening with R 
for all models used, further deconvolution of these isophotes into 
their respective components indicating the presence of a very highly 
flattened thick disc at all R underlying a much rounder spheroid 
(albeit still a little flatter than one might expect from a preconcep
tion that it is of the same form as an elliptical galaxy) - see fig 3.

3.2 NGC 891

We now apply the same modelling procedure used above to the 
existing J(A4700A) and F(A6400X) band data on NGC 891 from KS2. The 
three examples shown in figure 2 clearly indicate how well described 
these profiles are by the combination of a thin disc and an 
exponential thick disc (the sech2 form is unable to model the thick 
disc in this case). The best-fit thin disc scaleheights (ZQ) are 
0.94 kpc in F and 0.99 kpc in J, while for the thick disc the 
scaleheight (1^) is 1.92 kpc in both bands (it is again constant for 
all R). The appropriate central surface brightnesses of the two 
components are given in table 1.
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The isophote shapes of this thick disc noticeably flatten beyond~ 
8.3 kpc as figure 3 shows. Interior to this the isophotes are moderat

ely rounded and are consistent with ellipses having axis ratios of 
between 0.6 and 0.66 (compared to the 0.6 adopted by vdK and the range 
0.6 to 0.7 quoted by Bahcall & Kylafis (1985)), so in this respect the 
thick disc seems a little different to that of NGC 4565. Inspection of 
the relative scaleheights in table 1 supports this result.

Z (arcseca) Z (arceecs) Z (arcseca)

Figure 2. Selected J surface brightness profiles of NGC 891 with super
imposed two component fits using a thin disc and exponential thick 
disc.

Hence, taking the above photometric data in isolation, we see no 
evidence for a spheroid in this galaxy down to a limiting surface 
brightness ~26.5 or 2 7 j j in F and~27.5 to 28p in J. It is quite 
possible, of course, that a spheroid component does exist but that it 
is only apparent at levels fainter than this. Indeed, if this is the 
case, and if we can use the results of NGC 4565 (for which the spheroid 
only becomes prominent around P B ~27jj ) as a guide, then we might 
expect such a component in NGC 891 also to appear only around 27 - 27.5 
p in J assuming the galaxies to be fairly similar. This is very close 
to the limit of the current photometry and so the failure to detect a 
spheroid is not really suprising.

Problems in analysing NGC 891 first become apparent only when one 
wishes to try and model all the profiles with one component alone or 
when one Insists on adding to the models a spheroid brighter than 
~27p . Use of just such a bright spheroid together with a thin disc, 
for example, generates disagreements very similar to those noted in the 
case of NGC 4565 between the predicted and observed surface brightness 
distributions. Here, as found previously, such discrepencies can only 
be eliminated by the addition of a third component - the thick disc - 
to the models.
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4. POSSIBLE PROBLEMS

Some of the general problems associated with profile deconvolution 
of edge-on spirals have been addressed by, for example, Kormendy (1982) 
- two of these are of particular concern here.

The first is the effect that even a small amount of internal 
absorption due to gas and dust might have on the resultant parameters - 
in particular those of the thin disc. In the case of NGC 891, for which 
we have good multicolour data analysed with the above techniques, such 
absorption is the likely cause of differences in both thin disc and 
thick disc central surface brightnesses - and to a lesser degree the 
thin disc scaleheights - between the J and F bands. As far as the scal- 
eheights are concerned, the greater problem of obscuration in J gives 
rise to artificially flattened profiles at small Z (artificially 
compared to F that is). To continue to fit the data in such a situat
ion, the thin disc scaleheight in the J band must be correspondingly 
increased. The preferential light loss in J also results in the central 
surface brightnesses of both thin and thick discs appearing fainter 
there than in F.

The second major concern lies with the effect on the parameter 
values of galaxy inclination, although with an inclination~89° such

o.o
R (kpc)

4.9 9.7 14.6 0.0

R (kpc) 

4.6 9.2 13.8

R (arcaeca)

Figure 3. Isophote shapes of the spheroid of NGC 4565 (left) and the 
thick disc of NGC 891 (right) both derived using exponential models. 
Each curve corresponds to a specific surface brightness - in the 
case of NGC 4565 running from 26.2jj (bottom curve) to 29.Op (top) 
and for NGC 891 from 24.2p (bottom) to 27.Op (top). The dashed box 
for NGC 4565 represents the area of significant contamination by the 
"peanut" bulge, while arrows on the NGC 891 plot marks the Z-height 
below which dust obscuration and thin disc contamination are likely 
to be a problem.
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a difficulty is not as severe for NGC 891 as it is likely to be for NGC 
4565 (for which % is only 85° - 86°). The effects on NGC 4565 will 
only become apparent in our analysis when we have completed a study of 
the red profiles of JT.

5. DISCUSSION

We see no evidence in the photometry of NGC 891 by KS2 (currently 
the best available on this galaxy) for the existence of a spheroid, the 
profiles being very well described by a locally isothermal thin disc in 
combination with an exponential thick disc, both possessing uniform 
scaleheights at all R. The constancy of the thick disc scaleheight in 
both J and F, together with only marginal evidence for a (J-F) colour 
gradient with R or Z in the KS2 data (despite strong evidence of (U'-F) 
gradients), argues in favour of a uniform age to this component. In 
agreement with the contour plots presented by KS2, the thick disc 
becomes progressivly flatter at large R.

Analysis of NGC 4565 suggests the presence of a thin disc resemb
ling that of NGC 891 even to a similar scaleheight, and a thick disc 
again having a constant scaleheight with R. In addition, a spheroid 
(becoming progressively more dominant for Z)>8.7 kpc) has had to be 
invoked because of the failure of single or two component modelling to 
reproduce adequately the observed profiles. The isophote maps indicate 
a moderate flattening of the spheroid, but a high degree to the thick 
disc.

Aside from the obvious advantage of being relatively nearby, 
another of the major motivations for studying these two galaxies in 
particular has been to investigate how they might resemble our own 
Galaxy were it viewed from a similar aspect, and a strong case has been 
recently been made for NGC 891 in this regard (vdK). The existence of a 
warp in the disc of NGC 4565 - a feature in common with our own Galaxy 
- together with the similarities of its parameters derived above to 
those of the Galaxy and NGC 891, argue that NGC 4565 is also a good 
candidate for such a comparison.

However, it has been stressed that additional problems of inter
pretation arise when modelling NGC 4565 because of the presence both of 
the warp and also the so-called "peanut" bulge. In particular, vdK has 
argued that residual light from the warp contaminates the outer spher
oid sufficiently to lead to the observed flattening of the isophotes. 
Thus we have attempted to estimate the degree of importance of either 
to our conclusions. It seems that despite the obvious dominance by the 
bulge of the minor axis profile, it is not of fundamental significance 
to our results mainly because it becomes unimportant beyond R ~3 kpc 
(i.e.~10E) and Z ~2 kpc. In our analysis, however, further inves
tigation of the bulge is hampered partly by dust obscuration but in 
particular by the inherent uncertainties resulting from subtraction of 
all the other components.

An investigation into the likely effect of the warp is best addre
ssed using the KS1 data for NGC 4565 because it has not been smoothed 
over all the galaxy quadrants. A comparison of surface brightnesses at
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corresponding points in the (R,Z) plane over the whole galaxy (together 
with even a brief inspection of the contour plots presented by KS1 
themselves) clearly shows this warp only to be present over regions 
fainter than MB~27 p and R in excess of ~23 kpc. However, flatt
ening in the thick disc - and to a lesser extent in the spheroid - 
first becomes noticeable at much brighter magnitudes and much smaller 
R. It is also important to note that the same degree of global iso- 
photal flattening is seen in all quadrants and is not appreciably 
different in that containing the strongest evidence for the warp. Even 
if it is both more extensive and more complex than is assumed 
- admittedly rather naively in this discussion - we suspect the warp 
may be too faint to have a significant effect on the above conclusions.

As for the importance of these isophote shapes, even modest 
deviations of such shapes from true ellipses in any spheroid are highly 
significant because, as pointed out by Binney & Petrou (1985), they 
arise from correspondingly much larger deviations in the underlying 
three dimensional structure of the galaxy. In analysing these shapes, 
therefore, it is interesting to note the recent study of variations in 
ellipticity for a large sample of E's and SO's presented by Michard

TABLE I - Derived and adopted parameters for NGC 4565 and NGC 891

component

fj. (0,0) = 21.12 (+0.30) mag arcsec

ZQ = 0.82 (±0.02) kpc 

h = 5.5 kpc

NGC 891

M (0,0) =
20.16 (±0.05) mag arcsec 2 in F

[21.30 (±0.30) mag arcsec- in J

i0.94 (±0.01) kpc in F 

0.99 (±0.03) kpc in J 

h r = 4.9 kpc

m (0,0) = 21.44 (±0.20) mag arcsec

5.5 kpc

0.84 (±0.09) kpc

/i (0,0) « 23.10 (±0.40) mag arcsec 

h r = 5.5 kpc

Z = 1.60 (±0.19) kpc

M (0,0)

h . 

h .

2Î.60 (±0.12) mag arcsec-2 in F 

| 22.40 (±0.19) mag arcsec-2 in J 

4.9 kpc

1.92 (±0.14) kpc

r law

spheroid

=» 24.20 (±0.30) mag arcsec 2

q - 0.7

©0 = 2.9 kpc

M (0,0) ■ 24.20 (±0.30) mag arcsec-2

h r =* 5.5 kpc

h 2 = 3.1 (±0.2) kpc for Z > 180 "
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(1984). These results show that the shape of a galaxy flatter than E3 
varies in a fashion which is qualitatively similar to the observed 
behaviour of the global (i.e. thick disc plus spheroid) isophotes of 
NGC 4565. Extending the conclusions of Michard, a natural explanation 
of this result is that E galaxies also have a two component (thick disc 
plus spheroid) structure as seen in NGC 4565 after thin disc subtract
ion. There exists, therefore, the interesting possibility that flatten
ed (thick disc) structure is an integral part of a spheroidal galaxy, 
leading in turn to the possibility that thin and thick disc structure 
are unrelated in spirals.
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