
1 

  

Temperature changes of Rho Cassiopeia 
Low-resolution Spectroscopy combined with Photometry 

Martin Sblewski, Strausberg, Germany, m8neptun@t-online.de 

 
Abstract 

Rho Cassiopeiae (ⱢCas) is a superlative example of a Yellow Hypergiant 
(YHG). It is a star with enormous luminosity, a radius that is one of the 
largest stellar radii of all, a mass about 40 times that of the Sun and, in 
addition, a pulsating variable of the semi-regular type. During a pulsation 
cycle, the spectral class can change from F8 to K0, encompassing more than 
one complete spectral class in the Morgan-Keenan (MK) system. The 
temperature, one of the main parameters of each star, changes with the 

spectral class and is thus subject to special interest when evaluating the observations. 
 

Ɫ Cas has been regularly observed by me photometrically and initially also spectroscopically 
since the beginning of 2017. This paper reports on the different approaches that have been used 
to try to detect a change in temperature spectroscopically, as well as to determine the absolute 
temperature photometrically using different approaches. 

 
Spectroscopic investigation 
One of the main spectral features of the F-class is the G-band. The G-band is the CH molecule 

from 4299-4313  with a total width of 14. Gray/Corbally [1] emphasizes its importance in 
spectral classification due to the rapid increase in intensity at low temperatures. Walker [2] refers 
to the G-band as the hallmark of the F-class and points out its relationship to the neighbouring              

H ɔ line. 
 

The line ratio G-band/H ɔ is thus a reflection of the spectral class change and therefore also of 
the temperature change of a star. To theoretically reproduce this correlation, a synthetic spectra 
sequence was calculated from 5000K to 7000K with a stepping of 250K, as shown in                          
Fig. 1. The software "Spectrum" used for this purpose was developed by Gray [3]. The parameters 
used for modelling, such as surface gravity, metallicity and microturbulence, correspond roughly 

to those of Ɫ Cas. Since this is a qualitative estimate, thermodynamic atmospheric effects that the 
models cannot reproduce may be neglected. 

 
In Fig. 1, the G-band is on the left, the FeI 4326 line in the middle, and H ɔ on the right. The 

already mentioned increase in the intensity of the G-band towards low temperatures is clearly 

visible in the synthetic sequence. In an earlier project in May 2017, the Cepheid star ŭ Cephei 
was observed in a clear weather week continuously spectroscopically during a complete pulsation 

period (unpublished so far). The period of ŭ Cep is about 5.3 days.  
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Fig. 1: Synthetic spectra sequence, spectral resolution ȹɚ 3 , dispersion 2/Pix 
 

During this time, the spectral class changes from F5 to G2 and back to F5. The spectrograph 
used is homemade, the grating has 600 L/mm, is rotatably mounted and can be adjusted in 

wavelength via a worm gear. The observed spectra of  ŭ Cep  were recorded slitless. The camera 
used was an Atik 314 L+ CCD camera. The dispersion is 1/pixel at an average resolution of 
R=500; the resulting signal-to-noise ratio is approximately 100. The spectra were processed 
with the software ESO-Midas [4]. 

 

Since ŭ Cep has already been continuously observed by me photometrically with a digital 
single-lens reflex camera (DSLR) over a longer period of time, photometric observations as well 
as spectroscopic ones were now available for analysis. 

                  Fig. 2: DSLR observations                                   Fig. 3: LDR measurements 

Fig. 2 shows the photometric measurements of the green channel and the blue channel of the 
DSLR. The varying difference of both curves already shows the change of the colour index (FI), 
which is the difference between green and blue and thus the change of the spectral class.  
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which is the difference between green and blue and thus the change of the spectral class. With 
an increasing FI in the minimum, the star becomes redder and thus cooler and later in its spectral 
class. Fig. 3 shows the intensity ratio from line depth ratio (LDR) measurements of the G-band to 

H ɔ during the above-mentioned week in May 2017. Both curves show very good agreement. The 
slow descent and the steep ascent are characteristic for the starõs pulsation cycle. The temperature 
change that should be detected was therefore demonstrated. This result formed the starting point 

for the question of whether the temperature change of Ɫ Cas can also be measured via the ratio of 

the G-band to H ɔ. 
 
Equivalent widths, Line intensities 
The analysis of the recorded spectra was initially carried out with measurements of the 

equivalent widths. When measuring the equivalent widths, the dependence of the spectral 
resolution on the nightly seeing, caused by the slitless recording technique, results in the 
problem that the measuring range cannot be reproduced exactly from one recording to the next. 

 
In addition, due to the low resolution, the individual lines are not always completely resolved 

and therefore other lines included in the measuring range are also measured. An especially good 
example of this is the G-band. In its vicinity we find the FeI line 4326 (Fig. 1). In the low-
resolution spectrum, this line is rarely separable from the G-band. This results in measurement 
widths for the G-band that can vary between 40 and 50 and thus also contain the FeI line. 

 
The resulting measurement errors were unsatisfactory in the long-term. Therefore, the line 

depth was used to determine the line depth ratio (LDR) of G-band and H ɔ. The absorption core 
of the blend is always found at the same wavelength and is therefore both easier and more 
reliable to use (Fig. 3). This method, however, is reserved for clearly defined lines. For lines that 
are only slightly separated from the continuum, the measurement of the equivalent width is 
preferable. 

 
Determination of the continuum 

The normalization of spectra of spectral type F to K as they can occur with Ɫ Cas, is often 
difficult to perform by hand, since the determination of the continuum is always subject to 
personal and thus arbitrary judgement. This can result in continuum ranges that are evaluated 
differently from one recording to the next, which in turn influence the measurement quality.  

 
To minimize this source of error, the function CONTINUUM/SPEC from Midas is used for 

normalization. Midas calculates a polynomial curve of the continuum from an algorithm-
supported weighting of the line profiles, which can then be used for normalization. 
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Observations and Investigations on Ɫ Cas 
 
Fig. 4 shows a sum spectrum from 3 individual exposures with 300 s integration time each,                 

as it typically appears after extraction in Midas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Sum spectrum from 2018-05-12 
 

Fig. 5 shows a representative selection of normalized spectra. The already described ratio of 

the G-band to H ɔ and the different quality of the resolution in the individual spectra are clearly 
visible. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5: Selection of spectra from August 2017 to October 2018, wavelength range 4280-4350  
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Fig. 6 shows the measurement of the LDR line ratio of the G-band to H ɔ for the period from 
March 2017 to October 2018. The black curve shows a 4th order polynomial that was placed 
over the measurement points to smooth the curve of the line ratio. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Time behaviour of the line ratio based on the LDR line depth 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Photometric light curves with Atik 383 L+ on TS Apo 60mm and Johnson-U/B filter of 
the same period as in Fig.6. The dark blue curve shows the B channel, the cyan curve shows the 
measured values of the U channel. Both curves were additionally provided with a polynomial as 
in Fig. 6, but with a 5th degree (black continuous line). 

 
Fig. 7 shows my own light curves of the U- and B-channel for the observation period. Since the  
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early part of 2017, the photometric equipment has been complemented by a CCD camera and 
a photometric filter set in the Johnson UBVRI system. The filters U and B were selected for 
presentation because the amplitudes of the brightness changes are greatest here and they are 
therefore particularly well suited for visualisation. Even if spectroscopically and photometrically 
determined data do not coincide in every detail, a correlation of the polynomials in both data sets 
is clearly evident over time. From the photometric curve difference, the temperature change, as 
described above, is again qualitatively well recognizable. 

 
The curve of the line ratio in Fig. 6 can also be understood as temperature variability. I.e., 

Fig. 6 and Fig. 7 each qualitatively depict the temperature variation with the change of spectral 
class or with the photometric brightness. However, an absolute determination of the 
photospheric temperature is not possible with this method. This is discussed in more detail in 
sections 2 and 3 of the article.  

 
An attempt was also made to verify the temperatures derived from the individual spectra by 

means of flux calibration and Planck curve fitting at the maximum line flux. Nevertheless, the 
results were subject to such great fluctuations that this approach was abandoned thereafter. Also 

an attempt was made to create a thermometer for the LDR from G-band to H ɔ using known 
temperatures of standard stars [5]. Unfortunately, this attempt failed due to the low spectral 
resolution and the quality of the spectral images. 

 
Photometric investigations of V-brightness 

Lobel et.al. [6] investigated in their paper the relationship between the V-brightness of Ɫ Cas 
and the equivalent width of the FeI 5572 line. This line is particularly well suited because it is 
not subject to any blends and is not disturbed by other spectral lines that could interfere with the 
cyclic behaviour which is correlated with the V-brightness. 

 
From the measurements of the V-brightnes and the equivalent widths, they derived a linear 

progression and a formula for determining the surface temperature of Ɫ Cas in the period of 
normal pulsations. The starting points are two spectra from 1993 and 1995 with temperatures of 
7250 +/- 200K and 6500 +/-200K, respectively. Temperatures were determined from the 
measurement of 23 FeI and 11 FeII lines. To determine the equivalent widths and for comparison 
with the light curve, 78 spectra from the period from 1993 to 2002 were measured. 

 
Quote Lobel: ăOn the other hand, the strong correlation of the Fe I line with V during the 

quiescent pulsation phases enables us instead to directly estimate Teff from V, by inserting 
equation (1) into equation (2): T eff = 9115 - 2525(V - 3.75) K ò. 
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While the FeI 5572 line is correlated with the brightness, the FeII lines behave anti-
cyclically. The FeI 5572 line showed an especially good agreement and was therefore used to 
create a linear function. The linearity is no longer given during the eruption phase, so that the 
formula can no longer be used to determine the temperature.  

 
Similarly, low horizon heights during observation in summer, for example, can falsify the 

measurements and thus the result. The above mentioned uncertainties of the temperature 
determinations suggest that this is rather a rough temperature estimation and that no exactly 
calibrated temperature curve can be expected. 

 
Figure 8 shows my photometric measurements in the Johnson-V channel converted to 

temperature in Kelvin. The shape of the curve is of course identical to that of the light curve, 
except that the ordinate now forms the temperature scale. 

 
 
 

 

 
 
 
 

 
 
 
 
 
 
 

Fig. 8: Temperature curve from converted V-brightness from March 2017 to January 2022 
 

Determination of temperature from colour indices (FI's) U-B and B-V 
The idea for this investigation was based on the paper by van Genderen et.al. 2019 [7], in 

which photometric properties of Ɫ Cas, V509 Cas and two other YHGs were studied. In the 
analysis presented here, an attempt was made to adopt the approaches of van Genderen et al. 
including the reported extinction and to make a comparison between the methods of Schmidt-
Kaler (SK) and de Jager/ Nieuwenhuijzen (dJN). Thermometers were created for both methods 
and for both FIs (U-B and B-V), on which the temperatures from the own measurements will 
later be determined. 
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Method SK, calibration of the two FIõs by means of polynomial fit to the data sets of SK [8] 
and Allen [9]. Spectral classes and temperatures are given by Allen for Ia, Iab, Ib Supergiants, 
while SK for Ia Supergiants gives values for U-B and B-V, see Tab. 1. 

 
 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

Tab. 1: Data set for the determination of a thermometer 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9: Fit of the data set (Tab. 1) of SK FI B-V/Temperature 
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With the help of this data set, a polynomial was calculated, which can now be used to convert 
the self-measured FI's into a temperature value. Values above 10,000 K were excluded as they 

are not of interest for Ɫ Cas and the curve can be fitted more easily (Fig. 9).This fit was also 
created for U-B, here the values are slightly more scattered; an error calculation results in a 
standard deviation of 78K for B-V and 122K for U-B. 

 
Method dJN, calibration of a temperature curve based on the luminosities and 

temperatures given by de Jager/Nieuwenhuijzen (dJN) 
 
C. de Jager and H. Nieuwenhuijzen [10] have published a paper in 1987 on the analysis of a 

data set with 199 observations on stellar bolometric luminosities and 268 observations on stellar 
temperatures. From this, they created a table giving the spectral classes, the luminosity classes 
and the corresponding temperatures. From these values on the hypergiants of the spectral classes 
from O5 to M4, luminosity class Ia+, thermometers were also developed and compared to the 
Allen/Schmidt-Kaler thermometers. 

 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
Fig. 10: Fit of the data set of dJN FI B-V/temperature 

 
With the polynomials developed in this way, my own measurements could now be converted 

into temperatures. Figure 11 shows the comparison of the temperature curves for both methods 

for the colour index B-V. Van Genderen et.al. [7] state that the extinction E(B-V) for ⱢCas is 
0.45 and E(U-B) is 0.44. My own measurements were corrected for these values in order to 
achieve comparability with the results of van Genderen et al. [7]. 
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Fig. 11: Comparison of methods 1 and 2 for B-V with specification of temperature 
 

The most striking feature of Fig. 11 is the height offset for both curves, B-V SK varies around 
a mean value of approx. 5200K, while B-V dJN is approx. 500K cooler at 4700K. Van Genderen 
et al. [7] refer to the lack of data for stars of luminosity class Iab for SK [8] 1982 and therefore 
recommend using the calibration of dJN [10] for stars of this class. 

 
Van Genderen et.al. [7] compare photometric and spectroscopic data collected in 2010. With 

this they find the spectroscopic temperatures with approx. 1000K higher than the photometric 
temperatures of dJN [10]. The spectroscopic temperatures were found to be between 5777K and 
6044K, while the photometric ones have varied between 4890K and 5040K. 

 
The authors state that the reason for the difference is that the observed FI B-V is too red and 

an exact temperature determination is not possible photometrically. In the atmosphere of Ɫ Cas, 
a high opacity layer is assumed to influence the photometric measurements. Rising stellar 
temperatures increase the mass loss and feed the high opacity layer, which in turn becomes more 
opaque. The absorptions of the photometric filters B and V do not change in a uniform way and 
therefore lead to an error in the colour index. This error increases towards higher temperatures 
and decreases significantly towards lower temperatures. 

 
It should be noted that the temperatures determined in section 2 according to Lobel 2003 [6], 

which were obtained in connection with a spectroscopic basis and the photometric observations 
based on it, are significantly higher than those determined by van Genderen et.al [7] in the period 

of 2010. However, it is assumed that Ɫ Cas was significantly hotter during the period of the 
underlying data from Lobel 2003 [6]. From my point of view as an observer, it should be noted 
that each FI consists of two individual measurements, which are subject to different error sizes 
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from one recording to the next. Consequently, error variables are included in the FI, which in 
the ideal case can cancel each other out, but in the worst case can also amplify each other to the 
maximum. With reference to my own measurements, this can be as much as 0.05 to 0.07mag in 
individual cases in B-V and under poor recording conditions, and as much as 0.1mag in U-B, 
leading to significant outliers in the temperature curve. For the purpose of completeness, the 
temperature determination from the FI U-B is shown in Fig. 12. Surprisingly, the curve based on 
dJN [10] fits much better to the temperature range given by van Genderen et.al. [7]. As this 
colour index is not investigated by the authors, no explanation can be given at the moment. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 12: Comparison of methods 1 and 2 for U-B 

 
Summary, conclusions, outlook 

It could be shown that temperature changes at Ɫ Cas can be recorded with different 
observation methods. For the spectroscopic observations, it could be demonstrated that it is 

possible to assign changing temperatures with the help of the ratio of G-band to H ɔ. 
Nevertheless, it must be noted that the quality and resolution of the spectral images have a 
considerable influence on the quality of the results. Furthermore, it was not possible to 
determine the absolute temperature, but only to observe the temperature change. This remains 
reserved for high-resolution spectroscopy using recommended line ratios. 

 

The project of low-resolution spectroscopy to observe the ratio of G-band to H ɔ was 
therefore already abandoned at the end of 2018 and only discussed again in the context of this 
article. The determination of temperature from photometric measurements using a colour  
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index is subject to variable influences of the stellar atmosphere that falsify the results and can 
therefore not be recommended. Further observation of FI U-B may be of interest if 
spectroscopically determined comparison temperatures are available. The most reasonable 
approach seems to be a further recording of the temperature from the measured brightness in the 
Johnson V channel, of course taking into account the limitations already mentioned in part 2. 
Although this curve follows naturally from a transformation of the brightness into a temperature 
range and not from the spectroscopically determined temperature, it can at least serve as an 
estimate of the current temperature conditions. 

 
In the future, photometric data will continue to be recorded regularly and submitted to the 

AAVSO database, where they will be accessible to all interested astronomers. Many observing 

astronomers are hoping that Ɫ Cas will be subject to another eruption in the near future. It 
would also be a special pleasure for me to be able to document such an event with my 
photometric measurements. For those who would like to know more precisely in which time 
periods outbreaks are to be expected, I recommend the recently published paper by G. 
Maravelias et.al. [11]. 
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Abstract 
This study demonstrates that it is possible to detect and study the magnetic 
fields of a star with a 0.072m refractor, a polarimeter designed from 3D 
cinema glasses and a spectrograph produced in 3D printing. The chosen 

target is Ŭ2 CVn, an Ap-type star (chemically peculiar) widely studied for its 
magnetic field and its variability. In order to obtain a complete coverage 
according to the phase, 10 nights of observations were necessary. The Star'Ex 

spectrograph equipped with a grating of 2400 lines per mm and a slit of 10ɛm coupled to a 
72mm f/6 refractor delivers spectra with an average resolution of å 25000. We will rely on the 

Zeeman effect and calculate the Stokes I and V profiles on the HŬ line to extract the information 
that interests us. 

 
Introduction  
In November 2018, I came away very impressed from a conference given by Christian Buil at 

the RCE (Paris). This conference was entitled òSpectrography: the new Horizons". I learned 
there, among other things, that spectropolarimetry was on the way to becoming accessible to 
amateurs and making it possible to measure and map the field magnetism of the stars. Fascinating 
field of investigationé but which seemed to me at the time far from my possibilities! Since then, 
the years have passed and the formidable Star'Ex spectrograph manufactured with a 3D printer 
has appeared, making it possible to make high resolution spectra of very good quality. In parallel, 
the field of possibilities with the Sol'Ex project (StarõEx dedicated to the sun) has evolved and it 
is now possible to produce magnetograms using a polarimeter made from 3D cinema glasses. 

 
I thought it would be great to adapt this little polarimeter for stars and to try to detect the 

polarization of the bright star Ŭ2 CVn (Cor Caroli) located about 110 light years from us. This is 
the first star classified with the type òApó, chemically particular, which has been the subject of 
many studies about its variability and its magnetic field. The challenge for me was to confirm the 
detection with a modest configuration, accessible to all: a 72mm SkyWatcher refractor f/6 on a 
HEQ5 mount associated with the Star'Ex spectrograph. 

 
Methodology 
The measurement of the magnetic field of a star is made possible thanks to the Zeeman effect. 

This quantum effect shows that within a spectrum, certain "magneto-sensitive" lines will divide 
into several components in the presence of a magnetic field. These components are circularly 
polarized for the longitudinal field (in the line of sight) and linearly (perpendicular to the axis  
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sight) for the transverse field. The sensitivity of the line to the magnetic field is defined by the 
Landé factor between 0 and 3. To better represent the phenomenon here is a small video of the 
ESO proposing a visual representation of the Zeeman effect: 

Zeeman Effect - Control light with magnetic fields - YouTube  
 

The polarimeter built for the Sol'Ex allows us to isolate the polarization circular left (-45°) 
and right (+45°). It allows us to measure the longitudinal magnetic field. 
 
 
 
 
 
 
 
 
Fig. 1: Simulation of a solar spectrum with a passing sunspot. The Fe I line is deformed by the 
the magnetic field of the spot. The polarimeter allows to isolate left and right polarization.               
To give an order of magnitude : a longitudinal mean field of 1000 Gauss distorts the line by 

0.0445 . 

 
 
 
 
 
 

 
 

 
 

Fig. 2: The two òleftó and òrightó filters of the polarimeter made with 3D cinema glasses.                  
Each òglassó (plastic) consists of a polarizing plate and a quarter-wave plate at -45° or + 45° 

depending on the eye 

 
Observation strategy  
Observation strategy: The acquisitions are carried out in sequence in an accurate order. Note 

that the exposure time (1h47 per night) is quite substantial for a target of magnitude 2.81. In 
question are the òhomemadeó polarimeter which leads to a loss of flow (40% less flow) which is 
not negligible and the small diameter of the instrument (SW72ED refractor f/6).  
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     Acquisition sequence:  
     IL    (ɚ) 2 x 800s (polarization left) 

     IR  (ɚ) 2 x 800s (polarization right) 

     I'R (ɚ) 2 x 800s (polarization right) 

     I'L  (ɚ) 2 x 800s (polarization left) 
 

The Stokes parameters I and V corresponding respectively to the total intensity measured 
(strictly positive) and at the rate of circular polarization, which can be positive or negative 
depending on the direction of rotation are calculated using the relationship next: 

 
 

 
                                       
 

The null-polarization spectrum allowing the measurement error to be estimated is obtained 
with the relationship: 

 
 
 
 
 
The ephemeris adopted for the phase calculation is the following (Farnsworth, G. 1932, ApJ, 

75, 364): 
 
 
 
The easiest data to obtain from the previously calculated data is the longitudinal field Bl 

expressed in gauss - i.e. the component of the magnetic field in the line of sight - which is related 
to the Stokes parameters I and V to through the following equation (Donati et al, MNRAS 291, 
658-682, 1997): 
 
 
 
 

 

where Ic is the unpolarized continuum, v is the radial velocity, c is the velocity of the light in 

the same unit as v,  ɚ0 is the central wavelength of the line in nm, and g is the effective Landé 

factor of the line. 
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     Simulations 
Here are two simulations to better represent the measured phenomenon: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

                                       
 

 
 
 
 

 
 
 
 
 
Observations and treatment 
 
The sightings (eleven nights) were spread between June 30, 2022 and July 15, 2022 with the 
equipment described below. òObservatoryó located in La Montagne (44) near the city of Nantes. 
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Fig. 3: Late-type active stars have 
small-scale structured magnetic 
fields. They can be detected and 
characterized using high resolution 
spectroscopy combined with circu-
lar polarization analysis. The Stokes 
V signatures of the magnetic spots 
move along the profile of the line 
and change shape and amplitude as 
function of the orientation of the 
field inside the spot. Source: Oleg 
Kochukhov. 

Fig. 4: Some early-type stars exhib-
it very strong and generally orga-
nized magnetic fields. Their mag-
netic geometries can be described 
approximately with a dipole in-
clined with respect to the stellar 
axis of rotation. For such stars, we 
can measure and interpret the varia-
tion of the profile of the line in the 
four Stokes parameters. Stokes V 
spectra provide information on the 
magnetic component of the line of 
sight while the linear polarization 
spectra (Stokes Q and U) character-
ize the transverse magnetic field.  
Source: Oleg Kochukhov 
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Results 

Fig. 7: Ŭ 2CVn magnetic field detection of July 2022 
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Fig.5: The polarimeter is placed in front 
of the spectro guide cube. Closer to the 
slot would have been better to limit the 
optical defects of the flexible lenses of 
the glasses but I wanted to make it as 
simple as possible in terms of assembly. 

Fig.6: SkyWatcher 72ED f/6 refractor; 
StarõEx 2400 L/mm spectrograph, 

80x125, 10 ɛm slit. Polarimeter 3D cin-
e m a  g l a s s e s 
ux1rgkgdauY); Science camera: ASI 183 
MM PRO; Guide camera: ASI 178 MM; 
Mount: Heq5 Pro 


