




























21cm Astronomy/Cosmology 

Radio Astronomy maps galaxy pictures by Doppler’s effect of neutral 

Hydrogen atom (HI) hyperfine  

 

NSF (US) National Radio Astronomy Observatory https://public.nrao.edu/gallery/phangs-alma-survey-sample-galaxies/ 

https://public.nrao.edu/gallery/phangs-alma-survey-sample-galaxies/


FAST (Five-hundred-meter Aperture Spherical radio Telescope)  

FAST in China (貴州洼坑) completed construction in 2016.  It is the most 

powerful radio telescope.   

See http://fast.bao.ac.cn/ for its design and scientific goals.  

 

http://fast.bao.ac.cn/


 

In September 2016, FAST was completed.  Science (the magazine) carried a featured 

article introducing the new concepts in the telescope’s design.  See the article entitled 

“The Biggest Ear” at http://science.sciencemag.org/content/353/6307/1488 (accessible 

via CUHK sites). 

http://science.sciencemag.org/content/353/6307/1488


21-cm line is also a way to study the baby universe (first billion years of the 

universe).  See 2019 Nature article: https://www.nature.com/articles/d41586-019-02417-7 

 

For a professional discussion on what 21-cm physics can do for 21st century 

cosmology, read the review article 

J.R. Pritchard and A. Loeb, 21 cm cosmology in the 21st century, Reports on 

Progress in Physics 75 (2012) 086901  

http://iopscience.iop.org/article/10.1088/0034-4885/75/8/086901/pdf (from CUHK sites) 

  

https://www.nature.com/articles/d41586-019-02417-7
http://iopscience.iop.org/article/10.1088/0034-4885/75/8/086901/pdf






Further Reading on Hyperfine Structure (Quantum Mechanics) 

A more thorough treatment of Hyperstructure and Effects due to the nucleus 

for hydrogen atom can be found in  

B.H. Bransden & C.J. Joachain, Physics of atoms and molecules   

[first-order perturbation theory works] 
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