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Study on Solar Limb Darkening

| ntroducti on

The brightness of the solar image is decreasing from center to limb, which is called limb darkening.
The effect of limb darkening can be derived from the radiation transfer equation:

cos 0 dclj‘/l\'(e): I 3 (9)—8/\ where I}\=I}\(T)\;@

where S is the source function,T) is the optical depth and /;( @) ,is the radiation intensity of the

position with an angle 8to the center of solar disk where T)= 0

In the general case, assuming
Si(T)* IZ a/\iTi/\
The result is
L( 8, TACO8 wih A=g,i !
i
In practically, the ratio of /(' @) and /;( 0) js Osed for study

|,00,6)/],(0,0)= g, +p,c0s8 +C,cos 6+

The material is called black body when it is in perfect thermodynamic equilibrium
Assuming that the solar atmosphere is in local thermodynamic equilibrium (LTE) so that
S=I/,=B,, where B, is the Plank function. Then the relation between optical depth and
temperature can be derived. But the solar atmosphere is not the gray atmosphere, which is
wavelength independent. Observing two strongly emission bands Ha and Call K line in

chromosphere, and we can get more information form the solar atmosphere.

Data Anal ysi s

Observations
We used the Kodak TP2415 negative film and the Takahashi FS78 telescope (aperture:78mm; focus

length:630mm) to take the solar images. The ND4 filter was used, and the exposure time was controlled

between 1/60~1/4000 sec. Finally, we choose the one took in 1/125 sec to analyze.

Figl: the image in white light Fig: the image in red light



Digital images from Big Bear Observatory
In order to analyze the models of the solar atmosphere in different bands, we also compared our

images with those from Big Bear Observatory,in Ho ~ Call K line and white light. The white light and the
K line images was taken by 8-bit Kodak MegaPlus 1.4iCCD camera The Ha images was taken by 14-
bit, 2032x 2032 pixel Apogee KX4 CCD.

A supergiant on the late period of evolution and its atmosphere has a great different probably. The
image of Betelgeuse (M2 Iab) from Faint Object Camera of Hubble Space telescope was chosen for

comparing.

Fig4: the image from BBSO in Call K line

Hig Besr Solar Ghesrwvatery J000-18-17 16:36: ¥R 1FF

Fig5: the image from BBSO in white light Fig6: Betelgeuse’s image from HST

Software
We used the software Astroart to get the intensity on every pixel of the images.

Image processing methods

1.The center coordinates of the solar disk are determined in terms of the symmetry of light and
geometry on the solar disk.

2 Finding out the two points which change largest near the limb, the center position of the two points



is the definition of the limb; The radius is the distance between disk center to the limb with the unit
pixel.

3. From a simple geometry, it is easy to find cos@=(1-1/R)"?, where R is the radius of the solar disk
and r is the distance from the position we observed to the center with the unit pixel.

4.Assuming that the intensity distribution in the area near the disk center is random, and we average

the values of the intensity in this square area to be the | (0,0).

Resul t s

Coefficient for representation of limb darkening:

wavelength C, b, a

1 whitelight(TP2415)  -0.015 0.8008 0.2197

2  redlight -0.3021 0.9832 0.332

3 whitelight(BBSO) -0.1082+0.0188  0.7702+0.0267  0.2994+0.039

4 Ha(6563A) -0.3225+0.4368  0.8270+0.053 0.4850+0.0265

5 Call-K (3933A) -0.1282+0.0965  0.6955+0.1431  0.4502+0.0461
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Di scussi ons
1.According to the definition that ; = J’kpds, where K is the absorption coefficient p is the

density and S is the path of light, then we know that the absorption coefficient is wavelength
independent based on the hypothesis that the solar atmosphere is a gray atmosphere. When Sis a
fixed quantity, the T, is proportional to the p and the temperature. From this, we know that the p
and the temperature decreasing from the bottom of the solar atmosphere to the higher layer in
photosphere.

2.The degree of absorption in red light is smaller than that in white light, so we can see the
deeper layer of solar atmosphere in red light than the one in white light.

3.Discussing the character of the source functions of white light in photosphere and the Ha
and K line in chromosphere, the function of white light, which is approximate linearity, is
different from the functions of Ha and K line.

4.The source functions derived from daily images of Ha and K line are quite different. The
active regions on the solar disk influence it, but you cannot see the change in white light.

5.Analyzing the image of Betelgeuse, the logarithmic relation between S, and T, indicated a
different atmospheric structure.

Concl usi ons
1.The solar atmosphere based on the hypothesis that it is a gray atmosphere in white light in LTE, the

temperature decreasing with the optical depth in a ratio of 0.7.

2.There is a great difference on structure in terms of two emissive strongly bands between chromo-
sphere and photosphere.

3.Betelgeuse is an M type supergiant. It is quite different between its atmosphere and solar atmosphere.
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