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Abst rac t . Interstel lar ext inct ion curves ( m e x t vs. of 20 A resolu t ion have been obta ined at the 
D A O from photoelectr ic scanner obse rva t ions in the range 4000 A to 5000 A for five s tars , a n d of 
50 A resolut ion for four s tars in the r ange 4000 A to 6500 A from Wil l s t rop ' s photoelec t r ic da ta . 
T h e r e is a closely l inear sect ion between 4900 A and 5800 A for all of the curves. T h e r e are changes of 
gradient o r discontinuit ies associa ted with the broades t diffuse interstel lar b a n d s at 6180 A, 4882 A, 
4761 A and 4430 A. There is a m a r k e d discont inui ty near 5800 A a n d for s o m e stars a b road a b 
so rp t i on nea r 4200 A. T h e 4430 A b a n d lies between two unequa l wings of a n o m a l o u s l y low ext inct ion 
(one of which has been detected at Ed inbu rgh ) . T h e irregulari t ies vary f rom star to star , and those 
in the n e i g h b o u r h o o d of the 4430 A band seem to have the same form as those in the region of the 
a b s o r p t i o n peak at 2200 A 

Interstellar extinction curves were derived for five early-type reddened stars in the 
range 4000 A to 5000 A from digitized scans made with a low resolution scanner on 
the D.A.O. 72-inch telescope in an attempt to define the form of the curve in the region 
of the discontinuities found by Nandy (1964, 1967). The resolution was 20 A in the 

T A B L E I 

Pairs of interstellar reddened and unreddened stars ( reddened s tar first) 

Star Sp. AE(B-V) D a t a Curve 

37022 0 6 0.35 D A O / 
Model 98 0 9 Underhi l l 
46711 B3 II 1.05 D A O c 
74280 B3 V 
46711 B3 II 1.05 D A O d 
Model 63 B2 V Underh i l l 
154043 B l I 0.68 Wil l s t rop h 
165024 B0.5 II 
154368 0 9 . 5 l a b 0.77 Wil l s t rop g 
149438 B0 V 
160529 A 2 Ia + 1.25 Wil l s t rop J 
167356 AO l a 
167971 0 8 f 1.04 Wil l s t rop i 
149438 B0 V 
183143 B7 l a 1.23 D A O b 
197345 A 2 l a 
198478 B3 l a 0.47 D A O e 
M o d e l 63 B2 V Underh i l l 
211971 A 2 l b 0.90 D A O a 
197345 A 2 I a 
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Fig. 1. Interstel lar ext inct ion curves (Amx vs. 1 /A) derived for the s tars in T a b l e I between 4000 A 
a n d 5000 A. Curves a re normal ized t o J m 5 o o o = 0 and J / m o o o = 1. Curves (a) t o (f) a re based on 
D . A . O . scans of 20 A resolut ion and (g) t o (j) a re based on Wi l l s t rop ' s (1965) scans of 50 A resolut ion. 
Crosses indicate a c o m p a r i s o n with a p p r o p r i a t e m o d e l a t m o s p h e r e fluxes. In (b) t w o curves based 
o n different n igh ts ' observa t ions have been super imposed a n d the po in t s j o ined by bars . T h e posi t ions 
of the diffuse abso rp t ion features at 4882 A, 4763 A, 4502 A, and 4430 A are s h o w n . F u r t h e r detai ls 

a re given in the text. 

spectrum. Each scan was corrected for atmospheric extinction and sky background, 
and, in some cases calibrated in absolute flux units by reference to standards listed by 
Oke (1964). Two to four scans were taken and an average formed for each star. 
Wavelength calibration was applied using the stronger stellar absorption lines of H 
and Hei. To derive an extinction curve spectral energy distributions of the reddened 
stars were ratioed with spectral energy distributions of unreddened stars or model 
atmosphere fluxes for stars of corresponding spectral type. The luminosities of the 
pairs of stars were never quite the same and consequently the members of the Balmer 
series which are strongly luminosity sensitive do not match and these regions have been 
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Fig. 2. Interstel lar ext inct ion curves between 5000 A and 6500 A at 50 A reso lu t ion for s tars 
observed by Wil l s t rop (1965) in T a b l e I. Curves normal ized to J m s o o o 0, Amwoo ~- I. 

omitted from the curves. Only continuous opacity sources have been considered in 
calculating model atmosphere fluxes and consequently there is no matching in the 
region of either the Balmer series or the stronger Hei lines which have been omitted 
from the curves. 

The pairs of reddened stars and unreddened standards are listed in Table I. 
The extinction curves are shown in Figure 1. Each curve is normalised to give 
^ 5 0 0 0 = 0, ^ 4 o o o = 1- Two extinction curves derived from scans taken on different 
nights for HD183143 are shown superimposed with the pairs of points joined by bars. 
In the case of HD46711 curves have been derived from comparisons both with an 
unreddened standard star and with model atmosphere flux predictions. The close 
agreement of the two sets of results for HD183 143 shows that none of the irregularities 
discussed below can be ascribed to observational error. The very close agreement of 
the two curves for HD46711 indicates that none of the larger observed irregularities 
in the extinction curves is caused by incomplete compensation for the stellar absorption 
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lines between the standard and reddened star spectra since in general this should lead 
to oppositely directed errors in these two comparisons. 

The data published by Willstrop (1965) for four pairs of reddened and unreddened 
early-type stars has been treated in the same manner as the D.A.O. observations to 
yield extinction curves at 50 A resolution between 4000 A and 6500 A. The stars are 
listed in Table I and the extinction curves are shown in Figures 1 and 2. The region of 
the stronger ' / ' emission has been omitted for HD167 971. The positions of the broad 
diffuse interstellar absorption bands at 6180 A, 4882 A, 4763 A, 4430 A are shown 
(Wilson, 1958). 

The most significant features of the curves in Figures 1 and 2 seem to be the follow
ing: the 4882 A diffuse band appears as a discontinuity rather than an enhanced 
absorption; the 4763 A diffuse band shows as a change of slope or discontinuity in all 
cases; the stars in Cygnus, HD183143, 198478, and 211971, show the 4430 A band 
between unequal low absorption wings and the short wavelength wing can be seen for 
HD46711, and, weakly, both wings for several other stars. A broad absorption or 
change of slope can be seen near 4200 A for HD46711 and to a lesser extent for the 
other stars. If it is real, however, the feature is not at the same wavelength for all of the 
stars. The star HD37022, the brightest member of the Trapezium, shows the most 
pronounced change of slope near 4763 A and virtually no 4430 A band absorption 
confirming Morgan's (1944) observation. The short wavelength low absorption wing 
associated with the 4430 A band has already been reported by Bruck and Nandy 
(1968). There is a change of gradient at 6180 A for all of the curves and there is a 
marked discontinuity for all of the curves at 5800 A except for H D 160529. The differ
ence between the curves for HD160529 and 154043 in Figure 2 is not as extreme as it 
appears. When the two curves between 5000 A and 6500 A are superimposed the 
curve for H D 165024 has a smaller slope between 5000 A and 5800 A and the effect 
of the large discontinuity of slope at 5800 A for HD154043 is to bring the curves 
into coincidence. 

Although different in scale, the form of the curves in Figure 1 in the region of the 
4430 A interstellar band resembles the ultraviolet extinction curve in the region of the 
absorption peak near 2200 A found by Stecher, and Bless and Savage, which they have 
presented at this symposium. Their results seem to show a change of slope of the ex
tinction curve on passing through the region of the absorption peak and there appear 
to be wings of low absorption on either side of the peak. 
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Discussion 

Underhill: Y o u ment ioned a h u m p (weaker ext inct ion) jus t l ongward of 4430 A. D o you th ink 
this is related t o the emiss ion wings of 4430 A which W a m p l e r t h o u g h t he h a d detected in a few 
stars? 

Walker: I d o n ' t th ink so . W a m p l e r cons idered a smal ler baseline in wavelength . I th ink he did 
find a n a symmet ry of profile. 

Greenberg: H o w deep a re t h e emiss ion wings? Are they c o m p a r a b l e to the height of the abso rp t ion 
peaks relative t o t he c o n t i n u u m ? 

Walker: I wou ld prefer t o cons ide r these wings jus t as regions of lower ext inc t ion r a the r t han 'emis
s ion ' a n d their dep th of course depends o n the ' n o r m a l ' level a s sumed for t he ext inct ion. However , 
o n e c a n ex t rapo la te the l inear po r t i ons of t h e ext inct ion curve f rom 4882 A a n d 4200 A a n d they tend 
t o intersect close to the b o t t o m of t he 4430 A b a n d . So , t o this extent , the wings have the same dep th 
as t h e a b s o r p t i o n band . 

Morton: T o what extent a r e these effects general proper t ies of the interstel lar m e d i u m and h o w 
m u c h d o they depend o n the par t icu lar s tars used for the compar i son? In o the r words a re any of 
these effects p ropo r t i ona l t o E{B— VJl 

Walker: T h e curves d o vary f rom star t o s tar a l t hough they are all normal ized to the same co lor 
excess between 4000 A and 5000 A. T h e r e a re no t enough to separa te possible regional differences 
f rom those for individual s tars . 

Wickramasinghe: D o you find t h a t the d iscont inui ty in the s lope of the ext inc t ion curve is in any way 
dependen t o n the s t rength of t he 4430 A band? F o r example is the sharpness , o r the ra t io of t he 
s lopes any different in the case of s tars wi th very weak 4430 A? 

Walker: I d o n ' t th ink so . H D 3 7 0 2 2 has vir tual ly n o 4430 A a b s o r p t i o n but it does show a m a r k e d 
change of slope near 4763 A. 

Borgman: A r e the features only found when c o m p a r i n g observat ions with mode l a tmospheres? 
Walker: N o , some of the presented g r aphs a re based o n c o m p a r i s o n of r eddened a n d un reddened 

s ta rs . 
Greenberg: I d o no t want t o overemphas ize the fol lowing poin t . I shou ld merely like t o point ou t 

t ha t a n ' a p p a r e n t ' d iscont inui ty in the s lope of the ext inct ion curve at a b o u t A - 1 = 2 . 2 / / - 1 occurs in 
m y theoret ical calculat ions for cyl inders which give a good m a t c h t o ext inct ion. I believe that this 
manifes ta t ion is due essentially t o t he fact tha t we a re r ep roduc ing a curve which has a change f rom 
o n e sign of curva ture to a n o t h e r occur r ing jus t a b o u t a t this poin t . O n m y theoret ical ca lcula t ions 
there a re n o intrinsic discont inui t ies in t he opt ica l proper t ies of t he grains . 

( N o t e a d d e d in subsequent discussion.) I shou ld like t o suggest tha t a possible way of establ ishing 
the emiss ion a n d abso rp t ion features a r o u n d 4430 A would be t o d r a w a ' theore t ica l ly ' derived 
c o n t i n u u m ra ther t h a n try t o guess where the c o n t i n u u m runs from the observa t ions . By a theore t i 
cal ly derived c o n t i n u u m I m e a n o n e which fits the ext inct ion curve in the o the r spectral regions and 
is derived perhaps like the o n e which I presented. 
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