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Derive Radial Differential Rotation on Photosphere
using H o, K-Line, UV, and Soft X-ray Solar Images

Abstract

This paper derives the characteristic of the rotation velocity above sun
photosphere and tries to find how the velocity varies when the height increases
using the deviation of longitude at time instant for dark or light sunspots of the
Soft X-ray, UV195 A, K-Line, Ha solar images obtained from web.

After try-and-errors, we find out the optimal method to locate enormous
sunspots, that is to read out sunspot location first in GIF or JPEG files by Adobe
PhotoShop, then utilize the formulae of heliographic coordinates in MS/Excel.
The latitude and longitude are obtained by Peter Meadows’ sunspots location
formula at alternately sample test,

The results tell that rotation velocities are different at each layer above
photosphere independent of latitude (i.e. the phenomena of differential rotation).
Furthermore the rotation velocity isn't the higher sphere, the slower speed, as
generally expected, but the velocity between each sphere becomes the following

regulations :

(a) There is no regulation between photosphere and chromosphere.
(b) It is slower in chromosphere than in transition zone.
{¢) Itis faster in transition zone than in low layer of corona.

Keywords: radial differential rotation, chromosphere, corona
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GRS E &

~ M SXT WRFISHE] - RS IO SERIED e-mail

F!85: Fri, 26 Apr 2002 10:56:12 -0700
?"'[’fﬁ%: "David Alexander" <alexander@Imsal.com>
A LMSAL
1% ¥ : "ricky322.tw" <ricky322.tw@yahoo.com.tw>
= f:Re: please tell me...
Hello Ricky,
The complicated name for the image is computer generated and helps us keep tabs
on when the image was taken and processed:20011207_071122_20011207_16543
means the image was taken on
7 Dec 2001 (20011207) at 07:11:22 (hours, minutes, seconds) universal time (or
Greenwich Mean Time) and was put into our system on 7 Dec 2001 (20011207) at
16:54:03.
As for the changing colors. This is usually just to have a better contrast between
faint and bright structures. The images are showing the distribution of X-rays on
the Sun and so there is no "real" color (see
http://www.lmsal.com/YPOP/ProjectionRoom/color _samples.html)

Hope this helps.
David —

—

ST 2001 F 8 F[SEIRE SVEHY R _H&ﬁ

To whom concerns:

We are the students of Kaohsiung Chung-San Senior High School. We look forward
to getting the novel images; the global view of photos for sun, taken by visible from
August 01/2001~August 31/2001.Thank you very much.

Sincerely!

Rick

| am sorry, but we do not have any data for your dates easily accessible.

We do have about a month's worth of current solar images on our FTP

site at: ftp://ftp.sunspot.noao.edu/realtime-images/archive/

=~ Y PSS &
(e

| need these solar images. | research motive from The New Solar System pages 24s
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of this book, figure 18, read the sun from form layer( light ball layer) to inner part,
rotate the velocity quicker, whether it is from the light ball layer upward through the
chromospheres layer arrive corona of the sun layer of rotate meeting slow?

EJJ%:FST richard@ips.gov.au

Hi Nicola,

We can only give you a limited number of images.... there is so much data. You will need
to tell us which times are important for you.

Best Wishes

Richard Thompson

(EE -

Hi, I'm a student from Taiwan.

Due to my research about sunspot action, It is necessary to analysis images of sun
in varied wavelength.

All | need is from Jan to Dec in 2000 or 2001 with interval less than an hour between
each images.

Would you tell me how and where to get those images?

Thx for your help.Nicola

EJJ%:FST richard@ips.gov.au

Hi Nicola,

Thanks for your email. We have Hydrogen Alpha images from Culgoora Solar
Observatory. We can give you some images but the data volume is huge. So you
would have to specify some particular times of interest.

Best Wishes

Richard Thompson

EJ’%"FFFJ: richard@ips.gov.au

Hi Nicola,

We can only give you a limited number of images.... there is so much data. You will
need to tell us which times are important for you.

Best Wishes

Richard Thompson

(=33

All Irneed is from April to Dec in 2001 with interval less than an hour between each
images.

Thx for your help .

Nicola
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EJJ%:FST richard@ips.gov.au

Hi Nicola,

That is still way to much data to fit onto a CD. We could supply about a day of
images on a CD.

Best Wishes

Richard Thompson

(EE -

Hi, | am a senior student from Taiwan.

Because | and classmates approach sun action with many electromagnetic radiation.
| want the 2000 year of prime pictures which are hourly. Where is FTP? Entering FTP,
need ID password?

Thank you very much!!

EJJ%‘:FET Hubertus Woehl <hw@kis.uni-freiburg.de>

Here is my first answer:

You may download the available images directly with your WWW-Browser

from our institute WWW-pages: www.kis.uni-freiburg. de or my personal
WWW-pages: see below !

There is no password necessary, for non-commercial usage just give a reference to

the source. For commercial usage ask about the rights of the images !
| hope this information is useful for you.

Best regards,

H.Woehl.

(EE -

Hi, I'm a student from Taiwan.

Due to my research about sunspot action, It is necessary to analysis images of sun
in varied wavelength.

All | need is from Jan to Dec in 2000 or 2001 with interval less than an hour between
each images.

Would you tell me how and where to get those images?

Thx for your help.Nicola

EJJ%: FSI“: John Varsik <varsik@bbso.njit.edu>

The FTP site is at: ftp.bbso.njit.edu.

The user name is "anonymous". The password is your e-mail address.

The images for 2000 are found in /pub/archive/2000. There is a directory for each

day of the year. For example, 15 December is located at:/pub/archive/2000/12/15.
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The hourly images are in gzip compressed FITS format.
Best regards, John Varsik

(EE -

| can't found hourly h-alpha images athttp://fits.gsfc.nasa.qov/software.html.
Please say carefully. Does it belong to the catalog .Thank you very much!!!!
Best regards,

Nicola

EJJ%: FSI“: John Varsik <varsik@bbso.njit.edu>

Dear Nicola,

| did not say the images were at the Goddard site. Software to read the images is at
Goddard. The images are here!

To reiterate:

The images are at ftp://ftp.bbso.njit.edu/pub/archive/2000 and the directories
reachable from there.

The software to read the images is at:http://fits.gsfc.nasa.qov/software.html

The FTP site is at: ftp.bbso.njit.edu. There is also a link to the FTP site on our web
page. Click on "FTP-Archive".

If you use a regular FTP client program, the user name is "anonymous".

The password is your e-mail address.

The images for 2000 are found in /pub/archive/2000. There is a directory for each
day of the year. For example, 15 December is located at:/pub/archive/2000/12/15.
The hourly images are in gzip compressed FITS format. FITS is a standard file
format for astronomical data.

Best regards,

John Varsik

(EE -

Hi, I'm a student from Taiwan.

Due to my research about sunspot action, It is necessary to analysis images of sun
in varied wavelength.

All | need is from Jan to Dec in 2000 or 2001 with interval less than an hour between
each images. Would you tell me how and where to get those images?

Thx for your help. Nicola

EJJ%:FST Larry Combs <Larry.Combs@noaa.qov>
Dear Nicola,
We do not have images of the cadence (interval less than one hour available for your
request. | am not sure what observatory would be able to provide that data for
-35-



you. You can find images from Jan through Dec 2000 on our web site at
http://sec.noaa.gov/solar_images/index.html that are collected at varied times of day.
You might check a few other sites like:The National Solar Observatory at Sacramento
Peak, N.M. at http://www.sunspot.noao.edu/ or The Big Bear Solar Observatory
(BBSO) located in Big Bear Lake, Ca.http://www.bbso.njit.edu/

Hope this helps.

Regards

Larry Combs

(EE -

Hi, I'm a student from Taiwan.

Due to my research about sunspot action, It is necessary to analysis images of sun
in varied wavelength.

All | need is from Jan to Dec in 2000 or 2001 with interval less than an hour between
each images.

Would you tell me how and where to get those images?

Thx for your help.Nicola

EJJ%‘:FET Luis Sanchez Duarte <lsanchez@esa.nascom.nasa.qov>

Dear Nicola,

All we have available is a 96 minute cadence of intensity images taken
by MDI. These are in FITS format and can be obtained using the SOHO
archive interface (see http://sohowww.nascom.nasa.gov/datal).

You are welcome to download them if you think are suitable for what you
want to do. If you have any problem with the archive, just let me know.

(EE -

Hi, I'm a student from Taiwan.

Due to my research about sunspot action, It is necessary to analysis images of sun
in varied wavelength.

All | need is from Jan to Dec in 2000 or 2001 with interval less than an hour between
each images.Would you tell me how and where to get those images?

Thx for your help.Nicola

EJJ%:FST Kirk Borne <borne@rings.gsfc.nasa.gov>

Hi Nicola. Look here for solar images :
http://umbra.nascom.nasa.gov/sdac.html

http://lwww.gong.noao.edu/

http://Isohowww.nascom.nasa.gov/

http://Iwww.lmsal.com/solarsites.html
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http://Iwww-istp.gsfc.nasa.qov/
Kirk Borne

(EE -

Hi, | am a senior student from Taiwan .

Because | and classmates approach sun action with many electromagnetic radiation.
| want the2000 all year of prime pictures which are hourly. Where is FTP? Entering
FTP, need ID or password ?

Thank you very much!!

EJJ%:FST Randy Fear <rf@bbso.njit.edu>

Hi

Sorry | have not gotten back to you until now, | have been out of town for the last two
weeks. | am not quite sure what you are asking for. Daily full disk images can be
obtained by going to our website http://www.bbso.njit.edu/ clicking on FTP-Archive
then on archive then year, month and day. There are jpeg and gzipped fits format
images which can be downloaded. Hourly images are not available for download.
Randy Fear

Big Bear Solar Observatory

P4~ = LF i ARMaps [ I:_%
=8 -

Hi !

| get some image from ARMaps Web, but find out there is a little difference between
image and sunspot location data.

Would you tell us how do you choose the sunspot center and measure sunspot
location in heliographic coordinate system.

THX!

AA

EJJ%‘:FET "barry labonte SRP" <labonbj1@labontes-pc.jhuapl.edu>

To: cruel blackwing@yahoo.com.tw

The page at

http://www.solar.ifa.hawaii.edu/ARMaps/armaps.html

has the explanation of the difference between the sunspot positions in the table and
on the plot. The plot is for later in the day, and the Sun has rotated about 9 degrees.
We are glad you like our plots.

SUR Fﬁ?? EJ%EK—Line PR TR
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(EE -
Hello A
I'm a student in senior high school from Taiwan.
| have some question....
Ca|| (K-Line) belongs to Chromospheres or Transition region?
There are some books said that is Chromospheres, but the others said
Transition....
Thx for you to read this letter, Wing.

EJJ%:FST John Varsik" <varsik@bbso.njit.edu>

What kinds of books are talking about MDI? For example.

Probably the best book about the SOHO MDI is: The SOHO Mission edited by Fleck,

Domingo and Poland.

Published by Kluwer in 1995. The same articles appear in Solar Physics Vol. 162.

Is MDI means Michelson Doppler Imager?

Yes.

Is it continuous spectrum image?

The MDI operates in the Ni | 6768 angstrom line. This is a photosphere line, so the

images look similar to a continuous spectrum image.

Best regards,

John Varsik

BBSO = %
2%

(EE -

How could we know the height about K-Line and H-alpha?

thank you very much A4

Best Wishes,

Wing

EJI%‘: Fﬁ‘: John Varsik" varsik@bbso.njit.edu

This is not a simple question. | will try to explain it as simply as possible, but the
real details of how spectral lines are formed are very complex.
Inside a star, the radiation is emitted by atoms and reabsorbed.

In a dense high-pressure gas there are processes that work at all wavelengths. If
you could measure the spectrum inside the star you would find it to be continuous,
with no lines. As the
gas gets less dense as you reach the outside of the star, the processes that work on
the continuous spectrum become less effective, and the light can escape to space
without being
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reabsorbed. We call the region where this happens the photosphere.

Even though these continuous processes are less effective, the light can still be
absorbed in the spectrai lines.

In other words, the gas is more opaque in the line than in the continuum, and so
when the light in the line finally escapes from the star it is coming from a higher
altitude than the light in the continuum.

Most of the time, the light from a part of an absorption line is determined only by the
local conditions where the light was able to escape to space. This is called "local
thermodynamic

equilibrium” or LTE. However, often the conditions elsewhere also play a role in
determining when the light can escape.

This is called "non-LTE".

Basically, what we mean by the height of formation of a spectral line is the height at
which most of the radiation can escape to space rather than be absorbed and
re-emitted. Strictly speaking,

This idea requires LTE. Because there is a transition possible at a given spectral
line, the gas is more opaque at the wavelength of the line than at other wavelengths
nearby, so the height of formation is higher in the line than in the continuum. In
general, the height of formation increases as you go from the continuum to the
wings of the line and into the core of the line. The relationship between the height of
formation and the wavelength in the line depends on the physics of that particular
line.

Some lines are more complicated than others. Most of the weak photospheric
lines can be safely treated as LTE. However, in the strong lines non-LTE processes
are usually important. In particular the formation of the K line is complex and is
non-LTE.

However, detailed numerical models can show that different parts of the K-line are
generally formed at different heights in the solar atmosphere, and the inner parts of
the line are formed at different heightsin the chromospheres. The models also
indicate exactly what those
heights are.
| hope this is some help. Best regards,

John Varsik
BBSO

(EE -

Hi,

I'm a student in Taiwan.

| have a question...

K-Line and Halpha,Which is higher on Chromosphere?
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And how to know the height?
THX

Best wishes

Wing.

EJJ%‘:FET Therese Kucera <terry.kucera@gsfc.nasa.qov>

Hi.

There is a discussion of the heights shown by the Hydrogen Alpha and
Calcium Il K lines at

http://Iwww.sunspot.noao.edu/PR/CaK Ha expl.html

Yours truly,
Terry Kucera
SOHO Science Team

) B ML ES o

(= IH:

Hi...AA

Can MDI image represent Photosphere?
THX...,Wing.

EJJ%: FAT: John Varsik" <varsik@bbso.njit.edu>

The Ca ll K line (393 nm) is a chromospheres line.

The MDI "white light" image is representative of the photosphere.
John Varsik

BBSO
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