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Abstract
In a previous study of the blue component of the Albireo double star system (AlbireoB) the spectra at H  and H
were split into two components, one absorption component from the star itself and a second emission
component from the equatorial disk that is being spun off from this rapidly rotating star. To split these spectral
components, the star's photosphere was m odelled as a single layer in thermal equilibrium at a temperature of
18025K and with a mean free path between particle collisions of 42A. Parameters of the star's rotation were also
determined but these parameters do not directly concern us in this study. The aim of this further work was to
deduce additional properties of the star's photosphere in particular its pressure, mass density and effective
thickness.

1. Introduction
The blue component of the Albireo ( Cyg)
double star system (A lbireo B), see figure 1, is
classed as a B8Ve star i.e. a hot (B8) main sequence
(V) star that displays evidence of emission lines (e) in
its spectrum.

Figure 1: Spectra from the Albireo double star plus,
inset, an im age of the pair.

A "normal" star would be expected to display
only absorption lines, superimposed on the top of the
thermal continuum. This absorption is due to
continuum photons, at characteristic wavelengths ,
being absorbed by atoms and then re-emitted in
random d irections and "thermalised" (returned to the
continuum) as they pass through the star's
photosphere on their journey to the spectrograph.
The emission component from Albireo B is
believed to originate fro m an equatorial decretion
disk spun off fro m the rapid ly rotating star and this
emission is then superimposed on top of the normal
absorption lines fro m the star itself.

In a previous work these two spectral line
components were split, using a simple physical stellar
model, and properties of the star and disk deduced.
The stellar model used was that of a, solid body,
rotating uniformly emitt ing oblate spheroid with a
photosphere that is a single layer in thermal
equilibriu m. It is also assumed that the observed
absorption lines are formed solely within this
photosphere.
Using this model an effective "black body"
temperature can be deduced from low resolution (150
lines/mm) spectra provided proper calibration is
performed to correct the continuum spectrum for
instrument response and atmospheric absorption.
High resolution (2400 lines/mm) investigations of
individual line shapes can then be used to determine
other model parameters for examp le, a " mean free
path" between particle collisions in the photosphere
and the star's speed of rotation.
The key to separating absorption and emission
line co mponents for Albireo B was the fact that there
was no evidence of emission at the H wavelength
and therefore this line could be modelled to establish
the physical properties of the star itself. The expected
absorption at H and H wavelengths could then be
computed and the pure disk emission lines deduced
by dividing measured H and H lines by the
expected absorption line profiles.
A suite of custom co mputer programs, freely
available fro m the author, was written to perform the
required computations which has now been enhance
by an additional piece of software that determines
more properties of a star's photosphere. Those
properties include: Pressure
 Mass density
 Equivalent thickness
 Degree of ionisation.

The theory behind this additional functionality
will be described here along with the results obtained
for Alb ireo B.

2. Theory
In this section we will first determine the density
and pressure of a target star's photosphere and then
go on the determine the its effective width.

2.1 Photosphere density and pressure
We know that the concentration of atoms is the
reciprocal of the average volu me swept out by an
atom between collisions i.e :-

Substituting fro m (2.5) into (2.4) we obtain:(2.6)
So if I know we can solve (2.6) to determine
and hence , N and the mass density.
For the Sun we know both l (fro m measurement
= 467A) and N (fro m published data = 1.22e23) so
we should be able to determine . To do this re -write
(2.4) as:(2.7)
So:(2.8)

(2.1)
Now fro m (2.5) I know:where N is the total number density of neutral
and ionised atoms in a photosphere, l is the mean free
path (determined fro m modelling a spectral line) and
the "effective" collision cross sectional area
.
Now by splitting the collision cross -section into a
neutral and ionized atom part we can write:-

(2.9)
Fro m (2.9), a quadratic in
, I can determine
and then use (2.8) to obtain . QED
We can now go on to determine the photospheric
pressure, the perfect gas law states that:-

(2.2)
where
is the "effective" radius of a neutral
atom, is the "effective" radius of an ionized ato m,
and
are respectively the neutral and ionised
hydrogen concentrations. We can calculate a
weighted average classical radius for a neutral atom
at any given temperature but, as quantum
mechanically an electron wave function has a
significant value a considerable distance beyond the
classical radius a mult iplier (q m ) has been introduced
i.e:-

(2.3)

(2.10)
where P is pressure, V is volume, T is absolute
temperature, n is the number of moles of the
particles, R (= 8.31441) is the molar gas constant
therefore:(2.11)
where
is the number of mo les of the particles
per unit volume, but N is the number of particles per
unit volume (that we now know) so:(2.12)

Substituting fro m (2.1):(2.4)
Now the Saha equation states for Hydrogen
that:(2.5)
where
(13.6eV) and
wavelength

is the ionisation energy of Hydrogen
is the electron thermal de Broglie
.

where
is Avogadro's number (=
6.022045e23). An alternative way o f writing the
same equation is:(2.13)
Where k is Boltzmann's constant (=1.380662e23). Which for the Sun yields:(2.14)
This result for the sun is of the correct order.

2.2 Photosphere thickness
To determine the effective thickness of a
photosphere we need to use an additional equation
which was derived in the previous study of AlbireoB
i.e:-

doing so relate the star's photospheric thickness to the
known thickness of the Sun's photosphere (
).

3. Measure ments
A high resolution (2400 line/ mm) spectrum of
AbireoB taken at the Hwavelength is shown in
figure 2.

(2.15)
where:







C is a constant of proportionality.
NI2 is the number of neutral Hydrogen atoms
in the n=2 state
t is the effective thickness of the
photosphere.
is the central wavelength of the spectral
line under study.
is the spectral intensity at the
wavelength .
is the Planck function
is a s mall wavelength range at
(effect ively the CCD b in width)

All other symbols take their usual physical meanings.
Note that we can write:(2.16)
where
is the Lyman alpha wavelength (1216A).
This step is justified because most neutral atoms are
in the n=1 state even at the higher stellar
temperatures for examp le for Alb ireo B with T =
18025K

the

factor

.

Equation (2.15) can thus be re-written as:(2.17)
When applied to the Sun at H (2.17) beco mes:-

Figure 2: Measured AlbireoB H absorption line

For this H absorption line, using the custom
software, the continuum gradient was removed and
the central wavelength determined, based on equal
areas each side of centre. The A() value for the
normalized absorption line was found to be 0.439.
The profile was then converted to an equivalent
normalized emission line prior to modelling, the
result of wh ich is shown in figure 2 in the form of a
modelled absorption line.
The theory behind the modelling is not
presented here but is available on the RSpec user
group website or directly fro m the author for those
interested in the detail. Parameters of the model are:




(2.18)



When applied to a target star we have:

(2.19)
Equations (2.18) and (2.19) can be divided to
eliminate the constant of proportionality C and in



L0: the central wavelength in Angstrom
T: the photosphere temperature in Kelv in
MFP: the particle mean free path in
Angstrom
v: the maximu m surface velocity of the star
as a proportion of c.
Ob: the Ob lateness of the star i.e. equatorial
radius divided by polar radius (Ob ≥ 1).
Theta: the viewing angle in radians above
the stellar equator.
dL: this is the
value at the central
wavelength.
AMass: I assume the effective atomic mass
of the atoms is 1.255 (91.5% H and 8.5% He

atoms by number) a different figure can be
input to the simu lations if p referred.



All parameter values appear as labels in the RSpec
displayed spectra as can be seen in Figure 3, the
equivalent width of the absorption is also calculated
and displayed as a label.





qm: the classical radius mult iplier to allow
for quantum effects (a runtime adjustable
parameter).
ri: the deduced ionised effective atom
radius.
NII: the ionised atom concentration
NI: the neutral ato m concentration.

4. Discussion
When the new software is run on spectra taken
fro m the sun, via reflection fro m Jupiter's moon
Europa, the results obtained at H are displayed in
figure 5.

Figure 3: Simulated H absorption line (red) target (blue)

The theory described in section 2 has been
implemented in a new piece of software
(PhoSph.exe) which when run on the RSpec file
displayed in figure 3 results in additional stellar
parameters being calcu lated and output as labels, see
figure 4.
Figure 5: Sun: Simulated H absorption line (red) target
(blue)

It can be seen that the known properties of the
Sun's photosphere are, not surprisingly, accurately
reproduced i.e:


Figure 4: Simulated H absorption line (red) target (blue)

These extra labels display the following
properties of the photosphere: P: The pressure in Bars.
 Rho: the mass density.
 tpho: the effective thickness
 rn: the weighted average classical atomic
radius.

Mass density = 2.53e-4 kg m-3
Effective thickness = 4.00e5 m

In order to obtain these values, given the model
used with a t imes five classical ato m radius
mu ltip lier, the effect ive ion rad ius is calculated to be
7.19e-7 m. It is assumed that this value is temperature
independent. The calculated pressure is close to the
accepted mean value wh ich is of the order of
0.05Bar. It can also be seen that the neutral atoms
greatly outnumber the ionised atoms.
Looking now at the results for AlbireoB we see
that the pressure is much lower than for the Sun i.e.
0.36mBar. The density at 3.04e-07 kg m-3 and
thickness at 1.4e3 m are also significantly less than
for the Sun. As expected, given the temperature of
18025K, the nu mber of ionised atoms greatly exceed
the number of neutral ato ms. These numbers suggest

that the surface of AlbireoB would look much
sharper than the Sun's with less limb darkening.

5. Conclusions
A theoretical analysis of stellar spectra has been
presented, based on a simple thermal equilibriu m
photosphere model, that determines "ball park"
figures for parameters of a star's photosphere those
parameters being:




Pressure
Density
Thickness
State of ionisation

When applied to the star AlbireoB the results
obtained are:




Pressure = 3.64e-4 Bar
Density = 3.04e-7 kg m-3
Thickness = 1.4e3 m
State of ionisation: 98.4% ionised

The model needs to be tested on more stars in
order to test its applicability and self consistency. I
would invite constructive criticis m (v ia the RSpec
usergroup) so that I can correct any errors in the
analysis that may exist.
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