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ABSTRACT 
Simultaneous UV and optical observations of the magnetic white dwarf binary E1405 —451 taken in 1983 

February, March, and April are reported. In March the source was found in a low state analogous to those 
observed in AM Her. In this state the ultraviolet spectrum of E1405 —451 can be interpreted as the emission 
from a hot white dwarf [T = 26,500 K, R = 3 x 108 x (d/100 pc) cm], and the R and / magnitudes can be 
accounted for by a Roche lobe filling secondary, of spectral type between M3 V and M8 V at a distance 
between 50 and 200 pc. Emission from a residual accretion column may still be present. In the high state, the 
UV continuum is described by a power law FA oc 2-a with a = 1.9, while the optical and infrared magnitudes 
lie above the extrapolation of this power law. Subtracting the emission of the white dwarf and of the second- 
ary from the overall energy distribution in the high state, the residual spectrum seems to contain two com- 
ponents. A steep one, emerging short ward of 2000 Â, could be associated with a hot polar cap, (Fx oc 2~4), a 
flatter one, FA oc 2_1, between 2000 and 6000 Â, rapidly decreasing in the infrared, could be due to cyclotron 
radiation. 
Subject headings: radiation mechanisms — stars: binaries — stars: individual — stars: magnetic — 

stars : white dwarfs — ultraviolet : spectra 

I. introduction 

The X-ray source El405 —451 =H 1405 —45 was recently 
identified with a blue star with emission lines (Jensen, Nousek, 
and Nugent 1982; Mason et al 1983). Optical photometry 
(Mason et al 1983) revealed a rather complex light curve, with 
a 101.5 m periodicity, with a maximum to minimum modula- 
tion of ~ 1 mag. The presence of linear and circular, phase- 
dependent, polarization (Tapia 1982; Bailey et al 1983; 
Visvanathan and Tuohy 1983) showed that the object is an 
AM Her type variable (e.g., Chiappetti, Tanzi, and Treves 
1980; Wickramasinghe 1982; Liebert and Stockman 1983). 
The ultraviolet spectrum observed by Nousek and Pravdo 
i(1983) is also similar to that observed in AM Her type binaries. 

Here we report on three sets of coordinated IUE and 
ground-based observations of the source obtained in 1983 Feb- 
ruary, March, and April. Ajournai of the observations is given 
in Table 1. Phases were computed using the following ephem- 

1 Based on IUE observations collected at the VILSPA station of the Euro- 
pean Space Agency and on optical observations obtained at the European 
Southern Observatory, La Silla, and at the Cerro Tololo Inter-American 
Observatory. 

2 Cerro Tololo Inter-American Observatory is supported by the National 
Science Foundation under contract 78-27879. 

cris (S. Tapia, private communication): Tmin = JDH 
2,445,048.9433(2) + N x 0d07049598(8), where phase 0 corre- 
sponds to the minimum in the circular polarization and in the 
light curve. 

While in February and April the source was in a state similar 
to that of 1982 January (Nousek and Pravdo 1983) and 1981 
June (Mason et al 1983), in March it was considerably fainter 
(Am ~ 1 mag), both at optical and UV frequencies, and the 
emission lines almost disappeared. 

II. UV OBSERVATIONS 
The UV spectra were obtained with the International Ultra- 

violet Explorer using short and long wavelength cameras 
(Table 1). The faintness of the object did not allow us to obtain 
phase-resolved spectra. Therefore, exposure times of the order 
of the orbital period were typically chosen. The object was 
acquired in the large aperture of the spectrograph (10 x 20 
oval) by means of the standard offset technique with coordi- 
nates 

a1950 = 14h05m58s2 , ¿1950 = -45°03,04'.'6 , 

as measured on the glass copy of the ESO sky survey. The 
images were analyzed with the procedure developed at ESO, 
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UV AND OPTICAL OBSERVATIONS OF E1405-451 215 

TABLE 1 
Journal of Observations 

Instrumentation 
Spectrum 

Identification 
Wavelength 

Interval 
Time of 

Midexposure 

Exposure 
Length 

(minutes) 
Orbital Phase at 

Midexposure 

1983 February 

IUE . 

1.5 m CTIO 
(SIT + Vidicon) 

SWP 18269 
LWR 15301 
SWP 19270 
LWR 15302 

16036 
16037 
16038 
16039 
16040 

1200-1900 
2000-3100 
1200-1900 
2000-3100 

4000-7000 

Feb 16 UT 7:22 
Feb 16 UT 8:24 
Feb 16 UT 10:57 
Feb 16 UT 13:18 

Feb 16 UT 7:31 
Feb 16 UT 7:53 
Feb 16 UT 8:17 
Feb 16 UT 8 :36 
Feb 16 UT 8:53 

18 
97 

200 
52 

20 
20 
20 
15 
15 

0.75 
0.36 
0.86 
0.26 

0.83 
0.05 
0.29 
0.47 
0.64 

1983 March 

IUE . 

IUE  
3.6 m ESO (IDS) . 

4 m CTIO 
(SIT + Vidicon) 

1 m ESO   

SWP 19359 

LWP 1817 

Photometry 

1200-1900 

2000-3100 
4000-5900 

4300-5100 
U-B-V-R-Ic 

Mar 1 UT 6:24 
Mar 1 UT 9:39 
Mar 1 UT 7:39 
Mar 9 UT 9:42 
Mar 9 UT 9:47 

Mar 10 UT 9:09 
Mar 13 UT 8:03 
Mar 13 UT 8:16 
Mar 13 UT 8:28 

40 
128 
100 

5 
5 

10 
12 
12 
12 

0.59 
0.52 
0.33 
0.04 
0.10 

0.90 
0.82 
0.93 
0.08 

1983 April 

IUE . 

1, 5 m DANISH ESO 
3, 6 m ESO   

SWP 19818 
LWR 15818 
SWP 19819 
Photometry 
Photometry 

1200-1900 
2000-3100 
1200-1900 

BVIC 
JHK 

Apr 26 UT 3:41 
Apr 26 UT 5:02 
Apr 26 UT 6:27 
Apr 26 UT 5:00 
Apr 26 UT 5:00 

101 
51 

101 
101 
101 

0.40 
0.21 
0.05 
0.18 
0.18 

using the calibration curves reported in Bohlin and Holm 
(1981) and in Blades and Cassatella (1982). The short- 
wavelength spectra (1200-1900 Â) obtained on February 16, 
March 1, and April 26, are shown in Figure 1. The March 
spectrum differs substantially from the other two : emission 
lines are almost absent, the continuum intensity is lower and 
tends to decrease rather than increase toward shorter wave- 
lengths. 

a) The Continuum 
Average fluxes in selected wavelength intervals 50 Â wide, 

chosen to avoid strong lines and camera defects, were com- 
puted in order to study the continuum. The associated errors 
were assumed to be given by the standard deviation of the 
mean within the 50 Â band. The UV spectra taken earlier by 
Nousek and Pravdo (1983) were also reanalyzed in order to 
allow direct comparison with the 1983 data. 

The continua measured on the same day do not differ signifi- 
cantly and were therefore combined in order to improve the 
signal-to-noise ratio. No absorption dip appears around 2200 
Â in the 1983 data. A two-parameter fit with either a power 
law or a blackbody distribution gives only an upper limit of 
E(B—V) < 0.15 at the 95% confidence level. However, in the 
Nousek and Pravdo (1983) data the 2200 Â absorption feature 
is apparent, and the quality of the fits of these data improves 
significantly for E(B—V) = 0.1. In the following we shall there- 
fore adopt this value of the reddening. 

Table 2 gives, for the different epochs, broad-band fluxes in 
selected wavelength intervals and the best fit parameters of 

power-law and blackbody distributions with the correspond- 
ing reduced x2. In all cases, except in the low state (1983 
March), the power law fits better than the blackbody. The 
continua in 1983 February and April are 20% lower than in 
1982 January, with a similar value of the spectral index a = 1.9. 
In the low state a blackbody distribution with T = 26,500 K is 
clearly preferable to a power law. 

b) The Line Spectrum 
The equivalent widths and intensities of the ultraviolet lines 

in the high state at different epochs are reported in Table 3. 
The profile of C iv 21550 clearly shows a narrow unresolved 
component with broad wings of 40 Â FWZI. Significant inten- 
sity variations are observed not unequivocally related to the 
continuum intensity. In fact, the lines appear significantly 
weaker in 1983 February than in 1983 April, while the contin- 
ua do not differ appreciably. On the other hand, in 1982 
January, the continuum is 20% higher than in 1983 April, 
while the equivalent width of Si iv + O iv 21400 is a factor of 3 
larger; C iv 21500 is 20% stronger, while all other lines appear 
comparable. 

In the low state of 1983 March, the emission lines are strik- 
ingly weaker than in all other spectra. A complex feature seems 
to be present between 1500 and 1570 Â which could be inter- 
preted as due to very broad C iv emission with two absorption 
dips at 1515 Â and 1550 Â, where two emission peaks were 
previously present (Nousek and Pravdo 1983). The equivalent 
width of C iv 21550 is reduced by more than a factor 10, while 
the continuum faded by a factor 2. On the other hand, the 
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MARASCHI ET AL. 216 

Fig. 1.—UV spectra of El405 —451. The March 1 spectrum corresponds to 
the low state of the source. 

equivalent width of O m 21660 appears similar to that in the 
high state. 

III. OPTICAL AND IR OBSERVATIONS 

Optical observations were obtained simultaneously with the 
UV exposures in February (spectrophotometry) and April 
(optical and IR photometry). In March, photometric and spec- 
troscopic information was provided 10 days after the UV 
observations (see Table 1). 

On February 16 a full orbital period was covered with five 
exposures of 20 min using a SIT Vidicon detector at the Cass- 
egrain spectrograph of the 1.5 m telescope of CTIO. A slit 
width of 3Í7 was employed, giving a spectral resolution of 8.5 Â 

(FWHM). The photometric accuracy of the calibration for 
these observations was verified to be of the order of 3%. Large 
variations in intensity of both continuum and lines were 
observed. The shape of the continuum is also variable with 
orbital phase. 

In Figure 2, two spectra, corresponding respectively to 
maximum and minimum intensity, are shown. Emission lines 
of H i and He i, n are present. Average equivalent widths are 
given in Table 3. They are smaller by a factor 2 than those 
found by Mason et al. (1983), in 1981 June. It is also worth 
noting that the He n 24686 in the February 16 spectra is con- 
siderably weaker, relative to the He i and H i lines, than was 
the case in the Mason et al. (1983) observations, indicating a 
generally lower level of ionization. Although the SIT Vidicon 
data are of only moderate spectral resolution, it is clear that the 
profiles of the emission lines, especially the Balmer series, 
change considerably through a period. An examination of the 
shape of Hß (see Fig. 3) indicates that it is complex, with a 
broad component which seems to be rapidly variable. A red 
asymmetry is clearly present at phase 0.29 and a blue one at 
phases 0.47 and 0.64. At phase 0.05, the line appears to be 
narrower than at all other phases. 

In Figure 4, the continuum intensity in selected bands and 
the intensity and equivalent widths of some Balmer lines are 
plotted versus phase. The minimum in the light curve appears 
less prominent at shorter wavelengths. The line intensities vary 
in accordince with the continuum, though with a smaller 
amplitude and a more sinusoidal shape. In fact, the equivalent 
widths show a maximum at phase 0.0. 

Radial velocities of the peaks of the Hy, Hß, and Ha emis- 
sion lines are plotted as a function of phase in Figure 5. Sys- 
tematic variations are observed with a total amplitude of 500 
km s-1, which is comparable to the amplitude of the radial 
velocity variations seen in AM Her (Cowley and Crampton 
1977) and other polars (Liebert and Stockman 1983). The 
derived mass function is 0.12 M0. Zero velocity in El405 —451 
apparently occurs near phases 0.0 and 0.5, which is not the case 
for any of the components of the emission lines in AM Her-like 
systems (cf. Liebert and Stockman 1983). Time-resolved 
spectra of El405 —451 at much higher resolution should be 
obtained in order to distinguish the motion of the regions emit- 
ting the broad and narrow components of the lines. 

On March 9 and 10 two spectra were obtained with the 3.6 

TABLE 2 
UV Fluxes and Best Fit Parameters 

Epoch of 
Observation 

(1983) 

Fa ( x 10”14 ergs cm“2 s“1 Á“1)3 Best Fit Parameters1* {Eb_v = 0.1) 
Spectrum 

ID 1450 1750 2500 3000 K 

Jan 3 .. 

Feb 16 

Mar 1 . 

Apr 26 

SWP 
LWR 
SWP 
LWR 
LWR 
SWP 
LWR 
SWP 
SWP 
LWR 

15943 
12273 
19270 
15301 
15302 
19359 
1817 
19818 
19819 
15818 

1.62 

1.42 

0.81 

1.46 

1.39 

1.00 

0.84 

1.06 

0.66 

0.51 

0.37 

0.55 

0.55 

0.43 

0.22 

0.48 

6.1 x 10“ 

2.9 x 10“ 

1.1 x 10“ 

4.1 x 10“ 

1.96 2.1 2.6 x 10“24 26300 5 

1.89 6.8 1.8 x 10“24 28000 8.8 

1.84 9.3 1.2 x 10“24 26470 5.3 

1.94 3.8 1.3 x 10“24 30650 5.2 

a Fluxes are averaged over 50 Â intervals. Errors, defined as standard deviation of the mean, are typically 5%. The photometric accuracy of /U£ is better 
than 10%. 

b Spectra have been fitted with power laws (Fx = K/l“a) and blackbody distributions. For the latter case the given constant A is the square of the ratio 
between the radius and the distance of the source. 
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MARASCHI ET AL. Vol. 285 218 

X(Â) 
Fig. 2.—Optical spectra of E1405 —451 on 1983 February 16 (high state) at two different phases 

Fig. 3.—Profiles ofHß at different phases (1983 Feb 16) 

m telescope at ESO (courtesy of A. Ardeberg) and with the 4 m 
telescope at CTIO. They are shown in Figure 6. The photo- 
metric accuracy of these data is poor due to imperfect seeing 
conditions. Moreover, instabilities up to 7% in the response 
curve of the IDS used at the 3.6 m ESO telescope were 
observed. The weakness of the lines, compared to the February 
spectra, indicates a variation in equivalent width of more than 
a factor 10. In the CTIO spectrum, taken at orbital phase 0.8, 
Hy and H/? in emission are both weakly visible, while they are 
absent in the ESO spectrum, which was taken near phase 0. 
Absorption features seem to be present in both spectra with no 
obvious identifications. Some similarities with the spectrum of 
AM Her in low state (Schmidt, Stockman, and Margon 1981) 
suggest a possible interpretation of the features marked in the 
figure as Zeeman components of Hß in absorption. If one 
associates the troughs around 4700, 4800, and 4900 Â with the 
three main components of Zeeman-split Hß, using the curves 
computed by Angel (1977), a field between 10-15 megagauss is 
inferred. 

Optical photometry (UBVRI) was obtained on March 13 
with the T m ESO telescope at La Silla at phase 
0.82 < (p < 0.08. A modulation of 0.3 mag in F, R, I was 
observed, while the U and B fluxes were constant. Magnitudes 
are given in Table 4. 

On April 26 optical and IR photometry covering a full 
orbital period simultaneous with the IUE exposures was 
obtained with the 1.5 m Danish and the 3.6 m telescopes at 
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Fig. 4a 

PHASE 
Fig. 4b 

Fig. 4. Data of 1983 February 16 (high state), (a) Broad-band fluxes at different wavelengths vs. phase, (h) {top) Equivalent width of Balmer lines normalized to 
the average value vs. phase, (bottom) Intensity of Balmer lines normalized to the average value vs. phase. 

ESO La Silla. Light curves in B, V, Ic, and JHK were derived 
and will be presented in a separate paper. Average magnitudes 
to be compared with the UV continuum are given in Table 4. 

IV. DISCUSSION 

Although the observations of El405 —451 cover a rather 
limited period, it appears that one can distinguish a two-state 
behavior similar to that of AM Her and of other polars. A low 
state occurred in 1983 March, lasting about two weeks. In this 
state, at orbital phase 0.8 (i.e., outside the minimum) mv = 16.6, 
and the average ultraviolet flux is F1500 = 8 x 10-16 ergs 
cm-2 s-1 Â-1. In the low state the ultraviolet lines, except 
O in 21660, disappear, and the Balmer lines are weaker by 
more than a factor 10 in equivalent width. 

PHASE 
Fig. 5 

a) Low State Continuum 
The low state spectrum can be used to deconvolve the con- 

tributions of various sources of light in the system. 
The fact that the fit to the UV continuum with a blackbody 

distribution is considerably better than that with a power law, 
suggests an interpretation as emission from a white dwarf, in 

pIG 5—Velocity vs. phase as deduced from the peak emission of the Balmer lines (1983 Feb 16) 
Fig. 6.—Optical spectra of E1405-451 in low state (1983 March 9, 10). The upper spectrum was taken at CTIO; the lower one, at ESO. The ordinate scale is 

arbitrary. Arrows indicate the location of possible Zeeman components of H/?. In the low frame the low state spectrum of AM Her observed by Schmidt et al. (1981) 
is included for comparison. 
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TABLE 4 
Optical and Infrared Photometry at 

Different Epochs 
A. March 13 

O U B V Rc Ic 

0.82 16.05 16.92 16.61 16.57 15.78 
0.93 15.91 16.89 16.80 16.79 16.06 
0.08 16.00 16.87 16.93 16.83 16.05 

B. April 26 
Typical Average over Light Curve 

Ba Va Ia J H K 

16.08 15.47 14.76 13.69 13.43 13.17 
a A systematic error of ~0.1 mag should be applied to 

the average level of these magnitudes. For the rest, 
typical errors are ~ 3%. 

analogy with the case of AM Her (Szkody, Raymond, and 
Capps 1982). From this hypothesis with T = 26,500 K we 
obtain a white dwarf radius RWD = 3.4 x 108 x (d/1000 pc) 
cm. The suggested value of the distance, d ä 100 pc, is com- 
pletely plausible, as discussed by Bailey et al. (1983) and in the 
following. The white dwarf interpretation of the ultraviolet 
continuum is also consistent with the possibility that some 
absorption features in the optical spectra of the low state may 
be Zeeman components of Hß. A difficulty may however be 
introduced by the absence of a broad Lya absorption feature, 
as expected at these temperatures (e.g., Szkody, Raymond, and 
Capps 1982), which should be clearly visible in the spectrum, in 
spite of the intense geocoronal Lya emission. 

A composite spectrum obtained combining the ultraviolet 
observations and the optical photometry in the low state is 
shown in Figure 7. Magnitudes measured at <p = 0.8 are 
reported, which should represent the brightness outside the 
minimum. It is clear that the emission from the hot white dwarf 
which can account for the ultraviolet continuum, is well below 
the fluxes observed at longer wavelengths. Though some varia- 
bility over the 10d interval between the UV and optical obser- 
vations cannot be excluded, the continuity between the 3000 Â 
IUE flux and that in the U band indicates that it should not be 
substantial. The excess emission in the optical-infrared bands 
could be due to the secondary star and/or to cyclotron emis- 
sion from a residual accretion column. The available data are 

not sufficient to evaluate the two contributions separately; 
however, one can take them to represent upper limits to the 
emission from the secondary star. From the Roche lobe filling 
condition with a mass ratio 0.1 < <? < 1 its radius should be 
between 0.15 R0 

an<^ 0.42 RQ. For a main-sequence star the 
corresponding spectral types are M3-M8 with 3000 
K > T > 2400 K. Fitting the excess emission with blackbodies 
in this range, gives acceptable distance values between 50 and 
200 pc. 

In Figure 7 the sum of two blackbody distributions 
(T = 26,500, T = 3000 K) is compared with the low state 
observations. The best fit curve falls somewhat below the mea- 
sured B and V magnitudes allowing for a contribution from a 
residual accretion column with FA = 5 x 10-16 ergs cm-2 s-1 

Â-1 at 5500 Â. The modulation observed in the V, R, I bands 
in the low state could indicate a contribution from the accre- 
tion column somewhat higher than this lower limit, implying a 
contribution from the secondary star smaller than assumed 
above. Alternatively the modulation in the low state could 
result from ellipsoidal or heating effects of the secondary. 
Extensive observations, polarimetry, photometry, and spec- 
troscopy of a future low state are needed in order to evaluate 
the stellar and cyclotron contributions separately. 

b) High State Continuum 

A composite spectrum obtained from the simultaneous UV 
optical and infrared observations of 1983 April is shown in 
Figure 8. The fluxes (crosses) represent averages over the light 
curve. Subtracting from these the emission of a white dwarf 
and of an M5 V secondary as estimated above, the fluxes rep- 
resented by dots are obtained. The resulting overall distribu- 
tion is steeper than the original one shortward of 2000 Â and 
flatter in the 2000-6000 Â range. A rapid falloff at infrared 
frequencies is also indicated, especially if one considers that the 
blackbody distribution underestimates the stellar emission in 
this spectral range. 

The change in slope around 2000 A suggests that two com- 
ponents are present. The steeper one could derive from the 
Rayleigh-Jeans tail of a hot spot (T > 50,000 K), possibly 
associated with a polar cap. A fit of the data shortward of 
10,000 Â with two power laws, FA = C^-4 + C2 2" Ogives the 
result shown in Figure 8. Though the choice of the exponents is 
not unique, the data are at least consistent with the above 
suggestion. Simultaneous soft X-ray observations are needed in 
order to determine the temperature and area of the hot spot. 

Fig. 7.—Overall energy distribution of E1405 —451 in the low state. The bars represent the observations. The continuous curve is the sum of two blackbody 
distributions with T = 26,500 K, R = 3.4 x 108 x (d/100 pc) cm, and T = 3000 K, Æ = 3.8 x 1011 x (d/100 pc) cm. The dashed curves represent the individual 
distributions. 
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Fig. 8.—Overall energy distribution of E1405 —451 during the high state. The crosses represent observed fluxes. The dots are the result of subtracting from the 
observed fluxes, the contribution of the white dwarf and of the main sequence stars as estimated in Fig. 6a. The continuous curve is the best fit of the dots obtained 
with the sum of two power laws Fx oc 2-a with fixed spectral indices, oii = 4and a2 = 1. 

The flatter component FA = C2 2-1 should derive from thin 
cyclotron radiation. In fact, the spectral index was chosen in 
analogy with that of the eclipsed component of AM Her 
(Raymond et al 1979). The increasing cyclotron optical depth 
could be responsible for the falloff at infrared frequencies, 
where the continuum shape is again consistent with a 
Rayleigh-Jeans distribution. 

c) The Lines 
The presence of lines corresponding to different ionization 

states and with complex profiles indicates that various regions 
contribute to the emission. 

The amplitude and phase of the radial velocity curve of 
El405 —451 favors the secondary as the emission region of the 
narrow components of the lines. In fact, in this case the mass 
function is consistent with the mass of the secondary estimated 
above (§ I Va), while in the opposite hypothesis, i.e., that the 
observed velocity is associated with the motion of the white 
dwarf, an implausibly low mass would result. Moreover, the 
zero in radial velocity at <p = 0 is consistent with inferior con- 
junction of the secondary, which can account for the observed 
line intensity minimum. 

The broad components are usually thought to derive from 
gas streaming toward the accretion funnel and may differ in 
velocity both from the narrow components and from the 
deeper region of the accretion column (cf. Fig. 1 of Liebert and 
Stockman 1983). The present data are insufficient for a dis- 
cussion of this component. 

The inverted Balmer decrement of both components 
FHß/FH(X = 1-2, similar to that observed in AM Her, can be 
interpreted in terms of collisional and opacity effects in a high- 
density gas(n ^ 1012 cm-3) (Liebert and Stockman 1983). 

In the low state the resonance UV lines and the Balmer lines 
practically disappear, while the intercombination line O m 
21660 persists. This can be understood if, due to a decreased 
accretion rate and far-UV emission, the density in the emission 
regions is lower than in the high state. Consequently, the very 
broad C iv emission, possibly present in the low state, could 
indicate that density conditions suitable to produce the reson- 
ance lines are met deeper in the accretion column, where the 
velocity is larger. 

d) Geometry of the System 
In several AM Her-like systems the modulation of the con- 

tinuum intensity is understood as due to the accretion column 

being occulted by the rotating white dwarf. This also corre- 
sponds to an inversion of the sign of the circular polarization 
when the column crosses the limb of the white dwarf. This does 
not occur in El405 —451 where the circular polarization is 
always positive (Tapia 1982; Bailey et al 1983). 

On this basis Bailey et al (1983) propose a different picture, 
where at <p = 0 the column is pointed toward the observer and 
the modulation is due to intrinsic beaming of the cyclotron 
radiation outside a cone centered on the magnetic axis. The 
observed minimum in the circular polarization would be due 
to dilution of the cyclotron radiation by other sources of light 
in the system. This interpretation is consistent with the radial 
velocity curve if the column points toward the companion in 
azimuth as suggested also for other polars (cf. Liebert and 
Stockman). 

However, this model is questioned by the observations of 
Tapia (1982) and Visvanathan and Tuohy (1983), which show 
linear polarization pulses near <p = 0. Since linear polarization 
pulses are usually attributed to the column being perpendicu- 
lar to the line of sight, it is difficult to see how the two pictures 
can be reconciled. 

v. CONCLUSION 

The discovery of a low state in the emission of E1405 —451 
has enabled us to recognize the emission from a hot white 
dwarf in the far-ultraviolet region of the spectrum and to esti- 
mate the contribution of the secondary star of spectral type 
later than M3 V, in the optical-infrared bands. 

In the high state, besides these two sources of radiation, two 
components seem to be present. One is a relatively flat dis- 
tribution, becoming self-absorbed in the infrared, which is 
likely to be due to cyclotron radiation. A steep component, 
consistent with a Rayleigh-Jeans distribution between 1000 
and 2000 Â, suggests the presence of a hot spot at the polar 
cap, analogous to that hypothesized in other polars. A confir- 
mation of the existence of this component and a determination 
of its temperature and extension require soft X-ray observa- 
tions simultaneous with the ultraviolet ones. 

We wish to thank Dr. S. Tapia for communicating data in 
advance of publication and for useful comments on the manu- 
script. 
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