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Helioseismology

Five-minute Oscillation



Solar p-mode

l = 28,   m = 24,  n = 9 l = 28,   m = 24,  n = 10



Solar p-mode – A Time Series



Acoustic Resonance Cavity



Acoustic Resonance Cavity



Dispersion Relation of Solar p-mode Waves



Observing System of Taiwan Oscillation Network



3.5" Reflector and Charged Couple Device (CCD)



K-line Filter



Solar K-line Image

Data Specification：

•Image Size：1051 ×1051 pixels  
1000 pixels (24 mm) diameter

•File Size：2.3 MB / image

•Sampling Rate：1 frame /minute

•Oscillation Amplitude：2 – 3 %

Pre-processing Procedures：

•Dark-current Removing

•Flat-field Correction

•Image Registration

•Image-size Reduction

•Brightness Normalization

•Limb-darkening Effect 

•Site Connection



Solar Velocity Image



Sites of Taiwan Oscillation Network

Big Bear
California, USA

1994/06

Tenerife, Spain
1993/08

Tashkent, Uzbekistan
1996/07

Beijing, China 
1994/01

Taiwan, ROC
1991/06



Tenerife — Observatory Initiation

GONG’s Photometer 
for site survey

The pyramid for 
BISON & IRIS
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Tenerife — Project Pioneers

D-Y Chou

M-T Sun
T-Y Huang

A Jimenez



Tenerife — In the Summer



Tenerife — In the Winter

German Tower



Huairou Lake, Beijing─A Poetic Site



Big Bear Solar Observatory (BBSO, NJIT)



Big Bear — After Sunrise

3.5" Reflector Telescope

Water-cooled CCD

K-line filters
Guiding telescope



Big Bear — In the Morning



Big Bear — After Sunset



Big Bear — Indoor Instrument



Tashkent, Uzbekistan — The Installer

D-M Mu



Tashkent, Uzbekistan — Sharing the Sun

100 years old
Tashkent Observatory

(1st in central Asia)

TON’s telescope

A herd of grazing sheep



Tashkent, Uzbekistan — The Telescope



The First ? -l Diagram



Acoustic Imaging
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圖二：聲波成像法收集聲波之行進路徑示意圖
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Acoustic Imaging

a Average Brightness     b Intensity Image

c Depth = 0 m                 d Depth = 3 x 107 m

e Depth = 4 x 107 m        f Depth = 6 x 107 m

a Average Brightness   b Depth = 0 m

c Depth = 1 x 107 m        d Depth = 2 x 107 m

e Depth = 3 x 107 m        f Depth = 4 x 107 m



Acoustic Imaging – Experiments



Acoustic Imaging – Tempo Evolution



Acoustic Imaging – Inversion Method



Acoustic Imaging – Inversion Experiments



TON-related Academic Achievement

• 19 refereed papers

• Nature 1

• Ap. J. Letter 4

• Ap. J. 10

• Solar Phys. 4

• 3 invited talks 

• 36 conference papers

• Initializing the Taiwan Earthshine Network project

URL: http://ton.phys.nthu.edu.tw


