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FIG. 8.-The low-resolution /UE spectrum of BI Crucis. Two spectra 
ofBI Cru have been co-added to increase the signal-to-noise ratio. Even so, 
the UV continuum is still noisy. X indicates a cosmic-ray hit. 
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preceding 1985 June (SWP 26220) spectrum. The lack of con­
tinuum and the significant decline in emission-line strength 
suggests that R W Hya is possibly an eclipsing system. The 
weakness of forbidden lines N m] AX 1747-1753, Si m] i\.1892, 
and C m] i\i\ 1907,1909 implies that the compact nebula in 
which both the primary and secondary stars are embedded has 
particularly high densities, in agreement with Kafatos, Micha­
litsianos, & Hobbs ( 1980). Further observations should be 
made to determine ifRW Hya is an eclipsing system . 

4.10. He 2-106 

The UV spectrum of He 2-106 (Fig. 10) is generally noisy, 
but UV continuum emission is present longward of 1600 A. 
C IV i\i\ 1548,1550, He II i\.1640, Om) i\i\ 1660,1666 and C III) 
i\i\ 1907, 1909 are the most prominent emission lines in the 
SWP range. Gutierrez-Moreno, Moreno, & Cortes ( 1986) sug­
gest that He 2-106 is an optically thick D-type object that ex­
hibits an IR excess due to circumstellar dust. 
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FIG. 9.-Low-resolution SWP spectra ofRW Hydrae obtained between 1979 January and 1987 May. The majority of spectra have a far-UV continuum 
which increases toward shorter wavelengths, consistent with a hot subdwarf. 
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FIG. 10.-An SWP low-resolution spectrum of the symbiotic star He 
2-106 taken in 1986 July. The UV continuum is underexposed and noisy, 
with a few narrow emission lines of C IV, He 11, and C lll]. X denotes a 
cosmic ray hit. 

4.11. Hen 1092 

The IVE spectrum of Hen 1092 (Fig. 11), taken in 1980 
March, has a relatively flat continuum flux distribution with 
both permitted and intersystem emission lines of N v, 0 IV], 

N IV], C IV, He II, 0 III]. He II A.1640 having comparable inten­
sity to C IV AX 1548,1550 suggests that the high-excitation 
permitted line forming region is quite hot, probably in the 
range 65,000 ~ Thot ~ 100,000 K. The weak semiforbidden 
lines beyond 1700 A ofN III] AX 1747-1753, Si III] A.1892, and 
C III] AX 1907,1909 could indicate a very dense nebula where 
ne ~ 108 cm-3• 

4.12. T Coronae Borealis 

Figure 12 displays the variable UV continuum ofT CrB at 
several stages. Emission lines are more pronounced when the 

-,... 

UV continuum flux is strong and become weak when the con­
tinuum decreases. With increasing UV continuum flux, N v, 
C IV, He II, 0 m], Si m], and C m] become more prominent, the 
brightest line being C IV AX 1548,1550. Spectra taken in 1979 
(SWP 3815 and SWP 5804) exhibit vastly different continuum 
levels compared with more recent spectra. The two spectra 
taken in 1986 (SWP 27556 and SWP 28715) suggest large varia­
tions in the continuum level. These continuum variations with 
timescales of about 1 yr could be associated with accretion. 
Kenyon & Garcia ( 1986) suggest that an accreting main-se­
quence star, rather than a white dwarf, that gains -10-6 M0 

yr- 1 is the hot companion. Fluctuations associated with an 
optically thin disk may be responsible for the substantial varia­
tions in the UV continuum and emission-line flux observed. 

4.13. AG Draconis 

The IUE spectra taken of AG Ora are characterized by ei­
ther a strong continuum rising toward shorter wavelengths in 
outburst or a flat, weak continuum in quiescence. Both phases 
are associated with intense permitted emission lines (e.g., N v, 
C IV, He II), and weak intersystem emission lines (e.g., N III], 

Si III], C m]) (Fig. 13). Emission-line intensities increase by a 
factor of 3 to 6 during active phases, compared with quies­
cence. The continuum level was considerably higher in the 
1980/1981 outburst (SWP 11002, SWP 15709) than in the 
1985/1986 outburst (SWP 27542). N v, C IV, and He II are the 
strongest emission lines in both active and quiescent states, 
while Si III] and C III] are always weak or absent, consistent 
with a high-density nebula (10 10 ~ ne ~ 1011 cm-3) (Kafatos, 
Meier, & Martin 1993). 

4.14. HK Scorpii 

One of the least studied symbiotics, HK Sco exhibits a rela­
tively weak UV continuum that is relatively flat and noisy. 
However, N v AX 1238,1242, C IV AX 1548,1550 and He II 

A.1640 are both present suggesting a hot source 65,000 ~ Thot ~ 
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FIG. 11.-The far-UV spectrum of Hen I 092 obtained in 1980 March. This star has a flat continuum and strong emission lines ofC IV AX 1548,1550 and 
He II Al640. 
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FIG. 12.-IUE low-resolution spectra ofT Coronae Borealis. Most of the UV spectra shown exhibit a strong and variable continuum with many broad 
emission lines. 

100,000 Kin the line-forming region; the conspicuous weak­
ness of semiforbidden lines also suggests the densities are ne ~ 
1010 cm-3• A decrease in continuum and emission line inten­
sity is evident in the spectra shown in Fig. 14 obtained in 1981 
March and 1982 February. Between these two observations the 
C IV flux decreased by a factor of 4 and He II by a factor of 2. 

4.15. CL Scorpii 

Although the spectrum of CL Sco (Fig. 15) is rather noisy, 
the continuum rise with increasing wavelength is evident. The 
semiforbidden lines ofO III], Si III], C III], as well as C IV are the 
strongest emission lines in the spectrum, while N v, C II, 0 IV], 

N IV] and others shortward of 1500 A are weak. The strong 
intersystem lines are evidence of a low-density photoionized 
region, i.e., 104 ~ ne ~ 108 cm-3• 

4.16. Hl-36 Arae 

In this UV spectrum ofH 1-36 Arae (Fig. 16), the most prom­
inent lines are the broad emission profiles of C IV ")...")... 

1548,1550, He II ")...1640, N III] XA 1747-1753 and C III]")...")... 

1907,1909. The continuum is underexposed. 

4.17. YCrA 

The far-UV spectrum of Y CrA in SWP 6820 (Fig. 17) is 
relatively weak. This early IUE exposure shows a low, flat con-

tinuum and several allowed and intercombination lines ofN v, 
0 IV], N IV], C IV], He II, 0 III], N III], Si III], and C III]. 

4.18. YY Herculis 

The far-UV spectrum ofYY Her is dominated by the emis­
sion lines ofN v, N IV], C IV, He II, and 0 III] superimposed on 
a flat continuum (Fig. 18). Many semiforbidden lines (i.e. 
N III], Si m], and C m]) in the spectrum longward of 1700 A are 
very weak. The emission line intensities decreased generally by 
a factor of2 to 3 between 1980 May and 1981 December. Over 
this 1.5 yr period, the intensity in N v and 0 I decreased by 
factors of 6 and 4, respectively, consistent with YY Her being 
an eclipsing system. However, the continuum flux did not de­
crease together with the emission line fluxes, except below 
1400 A, suggesting the regions in which free-free and free­
bound emission originate are more extended than the line 
forming regions. 

4.19. AS 296 

The IUE spectra of AS 296 are noisy and exhibit a weak 
continuum. In the spectra shown here, C IV")...")... 1548,1550 is 
the only prominent high-excitation line. The first two spectra 
in Figure 19 were taken in 1982 February (SWP 16380) and 
1982 November (SWP 18389). Six years later, spectra were 
obtained 3 months prior to the 1988 March outburst (SWP 
33047) and 5 months following that outburst (SWP 34725) 
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FIG. 13.-Low-resolution SWP spectra of AG Draconis. These spectra are representative of the system in active and quiescent states. Note the variations 
in the UV continuum between activity and quiescence. 
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FIG. 14.-Low-resolution /UE spectra :>fthe symbiotic star HK Scor­
pii. The spectra exhibit strong emission lines of C IV and He 11 superposed 
on a weak UV continuum. 
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FIG. 15.-A low-resolution SWP spectrum ofCL Scorpii taken in 1980 
July. Weak UV continuum appears to rise with increasing wavelength. 
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FIG. 16.-This low-resolution SWP spectrum ofHI-36 Arae was ob­
tained in 1979 October. The spectrum is not well exposed, but broad emis­
sion lines ofC IV and C 111] are detected. 
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FIG. 17.-Low-reso1ution spectrum of Y CrA obtained in 1979 Oc­
tober. Y CrA exhibits weak emission lines that are superposed on a flat UV 
continuum. 
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Flo. 18.-Low-resolution IUE spectra of YY Herculis. The spectra 
show permitted and intersystem emission lines on a relatively flat UV 
continuum flux distribution. 
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FIG. 19.-Low-resolution SWP spectra of the symbiotic star AS 296. 
All spectra are underexposed. C IV XX 1548,1550 is the most prominent 
emission line. X indicates a cosmic ray hit. 

(Munari 1988). The latter of these suggests an increase in the 
continuum flux longward of 1600 A and an increase in the 
intensity of many of the intersystem lines (e.g., 0 III], Si III], 

and C m]). This increase in the intersystem line strength, cou­
pled with a decrease in the principal permitted lines ofC IV and 
He n could indicate that the atmosphere of the M giant has 
been photoionized by the hot star. 

4.20. AS 295B 

The UV spectrum of AS 295B in Figure 20 shows broad 
emission lines of C IV A.A. 1548,1550 and He II A. 1640. As with 
H 1-36 Arae, underexposure has left no trace of a continuum. 

4.21. AR Pavonis 

IUE ultraviolet spectra of AR Pav in and out of eclipse (Fig. 
21 ), indicate that the UV continuum and emission lines 
strongly depend on the orbit phase. When AR Pav is out of 
eclipse (SWP 5829, SWP 13956) (Andrews 1974) the contin­
uum flux rises noticeably with increasing wavelength and the 
emission lines tend to be stronger; C IV A.A. 1548,1550 and He II 
A. 1640 fluxes also increase by a factor of2. During a minimum 
visual phase there is an overall decrease in continuum and 
emission line intensities expected because the hot star is partly 
occulted. This decrease can be seen in SWP 10510, SWP 
16857, and SWP 17070, which show the presence of contin­
uum and emission lines around phase <I> = 0.0 (±0.1 ). 

4.22. V443 Herculis 

The far-UV spectra ofV 443 Her shown in Figure 22 indicate 
a relatively strong and flat continuum with many intense emis­
sion lines superposed. Both spectra show strong Si IV, 0 IV], 

N IV], C IV, He II, and 0 III] emission. The emission-line inten­
sities increased by about 15% during the 6 month period from 
1980 May (SWP 9122) to. 1980 November (SWP 10439). 

4.23. BF Cygni 

The UV spectra of BF Cyg (Fig. 23) indicate a strong UV 
continuum which increases toward shorter wavelengths, ex­
cept near visual minimum, <I> = 0.0, when the hot star is in 
eclipse. The UV continuum flux distribution varies with the 
photometric ephemeris determined by Mikolajewska (1987), 
consistent with an occultation of the hot companion star. The 
spectra at minimum show a flat continuum with weak N v and 
0 I (SWP 13477 and SWP 30924), while spectra near maxi­
mum exhibit a strong UV continuum and emission lines. 
Many of the intersystem lines are particularly prominent, such 
as 0 m], N III], Si III], and C III]. The N v and 0 I permitted 
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FIG. 20.-Low-resolution SWP observation of AS 295B taken in 1979 
August. This spectrum exhibits broad emission lines from C IV and He 11, 

superposed on a underexposed UV continuum. 
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FIG. 21.-Low-resolution IUE spectra of AR Pavonis obtained in and out of eclipse. Orbital phases were determined from Andrews ( 1974) min {V) = 

2,420,330 + 604.4dE. Notice that the strength of the UV continuum flux distribution exhibits orbital phase dependence. 
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FIG. 22.-Low-resolution SWP spectra ofV443 Herculis obtained in 
1980. Both spectra exhibit a moderately strong UV continuum accompa­
nied with many intense emission lines. C IV;>..;>.. 1548,1550 is particularly 
strong. 
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lines are very weak in most observations of BF Cyg, except 
SWP 28734 and SWP 33579, which are at about <P = 0.7. 
Spectra taken between 1986 July and 1988 May contain more 
emission lines shortward of 1500 A than spectra obtained from 
1979 June to 1981 March . 

4.24. CH Cygni 

The far-UV spectra ofCH Cyg (Figure 24) show many varia­
tions covering the period 1979-1987. Usually, the continuum 
is rather flat, but rises with increasing wavelength during out­
burst. Several emission lines, e.g., 0 I XX 1302-1306, C IV AA 
1548,1550, He II X1640 and 0 III] AX 1660,1666, are present 
with little sign of any absorption. However, some spectra (e.g., 
SWP 22056) have a continuum flux distribution that can be 
attributed to an opaque UV absorbing region dominated by 
multiplets of Fe 11 and other singly ionized metals. The UV 
continuum strength increased by a factor of 5 between 1979 
December (SWP 7409) and 1984 January (SWP 22056) when 
CH Cyg underwent an outburst (Selvelli & Hack 1985), then 
decreased to about 20% of this value by 1985 January (SWP 
24956). SWP 24956 exhibits many semiforbidden lines (e.g., 
N III), Si III], and C III]). 

The UV continuum continued to decline until 1986 Jan­
uary (SWP 27571), when it again resembled its preoutburst 
state (e.g., SWP 7409) and singly ionized metallic absorption 
was evident. The most recent IUE spectrum ofCH Cyg (SWP 
30134), taken in 1987 January has a weak and flat continuum 
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FIG. 23.-Low resolution IUE spectra of the symbiotic star BF Cygni. Near minimum the UV continuum flux decreases noticeably. Orbital phases were 
calculated using the ephemeris min(pg) = 2,415,058 + 756.8d£ (Mikolajewska 1987). 
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FIG. 24.-Low-resolution spectra of CH Cyg obtained from 1979 December to 1987 January. The continuum is highly variable in flux level and 
wavelength distribution. SWP 22056 was taken following outburst, when the UV continuum was heavily blanketed by Fe n absorption. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 

http://adsabs.harvard.edu/abs/1994ApJS...94..183M


1
9
9
4
A
p
J
S
.
.
.
9
4
.
.
1
8
3
M

212 MEIER ET AL. 

that is accompanied by weak emission features, suggesting that 
the system is in a low-excitation, quiescent state. Line blanket­
ing from Fe II is not apparent. 

4.25. HM Sagittae 

The IUE spectra of the D-type symbiotic star HM Sge 
shown in Figure 25 are characterized by a very weak, flat con­
tinuum with many intense emission lines ofN v, N IV], C IV, 
He II, 0 III], Si III], C III]. These spectra show that the emission­
line intensities decreased slightly between 1980 August (SWP 
9898) and 1981 August (SWP 14756) but increased by about a 
factor of 2 through 1982 April (SWP 167 52) to 1986 August 
(SWP 28896). This activity was followed by a decrease from 
1986 August to 1987 April. 

4.26. CI Cygni 

The far-UV spectra in Figure 26 show CI Cyg in and out of 
eclipse in 1980 and 1982. There are many prominent emission 
lines (e.g., N IV], C IV, He 11, 0 III], and C III]) superposed on a 
flat continuum which disappears at visual minimum phase 
(Aller 1954). During the 1982 eclipse, many resonance lines 
such as N v and He II were stronger than during the 1980 
eclipse. Many of the intersystem lines (e.g., 0 III], N III], C m]) 
were much brighter during the 1980 eclipse, suggesting the hot 
source interacted more with the M giant atmosphere than in 
1982 during the earlier eclipse phase. 

4.27. V/016 Cygni 

The UV spectrum of V 1016 Cyg displays many intense 
emission lines (NV, 0 I, 0 IV], N IV], C IV, He II, 0 III], N III], 
Si III], and C III]) superposed on a weak continuum. As shown 
in Figure 27, the emission lines [Ne v] :.\1574 and [Ne IV] 
:.\1601, usually weak in most symbiotics, are very strong in the 
UV spectrum of V1016 Cyg. All orbital phases were deter­
mined using the UV ephemeris of Nussbaumer & Schmid 
(1988). During a UV maximum, <I> = 0.5 (±0.1), the emission 
lines increase in strength by a factor of about 2. The strongest 
emission spectra reproduced are SWP 5611 and SWP 9878, 
both of which are near UV maximum. Whitelock ( 1987) finds 
that the UV continuum is strongly reduced by both interstellar 
and circumstellar reddening. 

4.28. RR Telescopii 

The SWP spectra shown in Figure 28 exhibit many strong 
emission lines that include N v, Si IV, 0 IV], N IV], C IV, He 11, 

0 111], and C III], reflecting a broad range of ionization energies. 
There are many strong permitted lines from the spectra ofN v, 
C IV, and He n that provide evidence of a hot star Thot ~ 105 K. 
The emission-line intensities have varied by a factor of 2 or 3 
between the 1978 and 1987 IUE observations, consistent with 
the behavior of slow novae which exhibit a slow decline follow­
ing outburst. 

4.29. HBV 475 

The far-UV spectrum ofHBV 475 (or V1329 Cyg) exhibits 
very weak UV continuum flux and a wide assortment of per­
mitted and intersystem lines that includes N v, Si IV, 0 IV], 
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FIG. 25.-Low-resolution /UE spectra of HM Sagittae. This system 
exhibits many intense permitted and intersystem emission lines that are 
superposed on a flat UV continuum. C IV, He n, and C III] produce the 
strongest emission lines in the spectra. 
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FIG. 26.-Low-resolution spectra of CI Cygni taken between 1979 June and 1983 August. These spectra were obtained before and after eclipses that 
occurred in 1980 July and 1982 November. During a minimum phase, <I>= 0.0 (±0.1), the UV continuum disappears, while at maximum, <I>= 0.5 (±0.1), the 
continuum is slightly elevated. Orbital phases for each spectrum were found from Aller (1954) min(V) = JD 2,411,902 + 855~25. 
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C IV and He 11. The UV continuum flux is relatively flat and independent of wavelength. 
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FIG. 29.-Low-resolution IUE spectra ofHBV 475 (=V1329 Cyg) obtained between 1980 August to 1988 September. Emission line intensities increase 
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(1979). 
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C IV, He 11, 0 m], N m], Si III], and C m]. The permitted lines 
are much stronger in absolute flux than the intersystem lines 
(Fig. 29). IUE spectra taken between 1980-1988 show in­
creased emission during a visual maximum phase <I> = 0.5 
(±0.1) and a subsequent decrease in activity during a visual 
minimum <I> = 0.0 (±0.1 ). Orbital phase values were calculated 
using the ephemeris min(V) = JD 2,424,870 + 950dE (Grygar 
eta!. 1979). There is a decrease in most emission-line intensi­
ties by a factor of 3, 4, or even greater between phase <I> = 0.5 
(±0.1) and phase <I>= 0.0 (±0.1). During minima, both the UV 
continuum and emission lines have decreased intensity, pro­
viding evidence of an eclipsing binary system. 

4.30. AG Pegasi 

AG Peg is one of the brightest symbiotic stars in the SWP 
wavelength range. The UV spectrum contains many broad in­
tense emission lines (e.g., N v, N IV], C IV, He 11, and 0 III]) and 
a UV continuum which rises toward shorter wavelengths. In 
Figure 30, N v AX 1238,1242 has a broad base, perhaps in part 
due to continuum flux. The rise of continuum emission with 
decreasing wavelength indicates a hot component with Thot ~ 
105 K; many authors have determined 30,000 :S: Thot :S: 

I 00,000 K (Gallagher et a!. 1979; Keyes & Plavec 1980; Ken­
yon & Webbink 1984). N IV] A.l487 is exceptionally strong, 
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while the semiforbidden line intensities of N III] AX 1747-
1753, Si m] A-1892, and C Ill] A.A. 1907,1909 longward of 1700 
A are weak (Fig. 30), suggesting a very dense (ne ~ 1010 cm-3) 

nebular region (Keyes & Plavec 1980; Penston & Allen 1985). 

4.31. Z Andromedae 

The far-UV spectrum of Z And shows many strong inter­
combination and permitted emission lines that are superposed 
on a strong continuum which increases toward longer wave­
lengths during activity but is relatively flat in quiescence. Fig­
ure 31 presents eight SWP spectra taken between the years 
1978 to 1988. The system was in a quiescent state between 
1978 April (SWP 5809) to 1984 March (SWP 11006). An out­
burst occurred in 1984 March that preceded a larger outburst 
in 1985 September to 1986 May (SWP 26937, 27028, 27203, 
27632), which was followed by a period of quiescence from 
1986 June to 1988 January (SWP 32208, 32845) (Cassatella et 
a!. 1988a,b ). In outburst, there was an increase in UV absolute 
continuum flux that was accompanied by an increase in emis­
sion line intensities by factors of2 or 3 for many of the intersys­
tem lines (e.g., 0 Ill], N III], Si III] and C m]) that become more 
pronounced in outburst. 

The continuum rises with longer wavelengths, suggesting 
that the hot source is photoionizing material from the cool 
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FIG. 30.-Low-resolution spectra of AG Pegasis. Many prominent resonance emission lines (e.g., N v, C IV, and He II) dominate the far-UV. Note the 
UV continuum flux distribution increase toward shorter wavelengths consistent with a hot subdwarf. 
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FIG. 31.-Low-resolution spectra of Z Andromedae obtained during outburst and quiescent phases. In quiescence, the spectra exhibit a flat UV 
continuum with strong permitted lines ofC IV XX 1548,1550 and Hell l\1640. During outburst, the intersystem emission lines dominate the spectrum, while 
the UV continuum rises noticeably toward longer wavelengths. 
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FIG. 32.-Low-resolution IUE spectra of the H 11 region ofR Aquarii, obtained between 1979 January and 1988 January. The spectra show a few intense 
emission lines (e.g., C IV and C m]) and a moderately strong continuum. An X signifies a cosmic ray hit. 

component. This behavior agrees with the model of Fernan­
dez-Castro et al. (1988). During quiescence, the UV contin­
uum is relatively flat and the permitted emission lines ofN v, 
C IV, and He II are much brighter than during outburst, indi­
cating that the photoionizing flux emitted by the hot star is 
enhanced. 

4.32. R Aquarii 

R Aqr is a complex, D-type system containing a cool Mira, a 
hot secondary, a circumstellar envelope, and a jet of nebular 

material extending -6" NE of the system (Wallerstein & 
Greenstein 1980). The IUE observations of the H II region ofR 
Aqr shown in Figure 32 reveal moderate emission lines such as 
C IV A.A. 1548,1550, 0 III] A.A. 1660,1666, N III] A.A. 1747-1753, 
Si III] A.1892 and C m] A.A. 1907,1909. SWP spectra taken be­
tween 1979 January and 1988 January reveal weak to moder­
ate emission strength, with C IV and C m] being the strongest 
lines. The continuum flux distribution is relatively flat as a 
function of wavelength over the entire SWP range. 
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