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Brief Introduction Myself
Present position: T.D.Lee Fellow at Tsung Dao Lee Institute (2020~)

Educations & Experiences: 
• 2004, PhD @ Kyoto Univ., Japan 
• 2004-2005, Postdoc @ Kyoto Univ., Japan  
• 2005-2008, NASA Postdoc fellow @ NASA Marshall Space Flight Center, US 
• 2008-2011, Research scientist @ Univ. of Alabama in Huntsville, US  
• 2011-2014, NSC assistant research scholar @ Nat. Tsing-Hua Univ., Taiwan 
• 2014-2020, Research Associate @ ITP, Goethe Univ. Frankfurt, Germany  



Brief Introduction Myself
Research Activities:  
• My research field: relativistic astrophysics, high-energy astrophysics, plasma 

astrophysics, numerical astrophysics, gravitation 

• My research:  
Investigate the physical behaviour and related high-energy astrophysical phenomena 
of relativistic astrophysical plasma from theoretical and numerical approach 
- How plasma accretes onto black hole and radiate emission?  
- What can we see in the direct observation of black hole? 
- How relativistic jet is launched, collimated, and propagated to large scale? 
- How magnetic energy is dissipated in relativistic jets? 

• Topics: shocks, instabilities, magnetic reconnections, turbulences, particle 
accelerations, accretion & outflow, black hole shadow



Jet Formation from Black Hole Accretion disk

Theoretical model of black hole 
shadow image provides prediction 
for the actual observation by EHT 

General relativistic magnetohydrodynamic simulations of magnetized 
accretion onto Kerr black hole shows formation of powerful jets



Black Hole 
accretion disk & 
relativistic jet are 
very common in 
the universe.

high-energy 
emission
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My research topics 
covers whole picture 
of black hole 
accretion disk 
system.



Frontier of plasma astrophysics
• General Relativistic Magnetohydrodynamics (macroscopic plasma in curved 

space time) 

• Magnetohydrodynamics + General Relativity 

• Hydrodynamics + Magnetic field

= plasma (in macro-scale)

Topics of this lecture



Lecture website
• Lecture website 

• https://oc.sjtu.edu.cn/courses/46629 

• (Backup) https://web.tdli.sjtu.edu.cn/mizuno/astrophysical-hydrodynamics-lecture/ 

• No specific text book for this lecture 

• Upload lecture note of each chapter (pdf) on this website 

• Evaluation: 
- Attendance & activity during lecture (20%) 
- Exercises (40%) 
- Final presentation/report/exam (40%)



Course contents
• Ch1: Basic concept of fluid 

• Ch2: Formulations of the hydrodynamic equations 

• Ch3: Kinetic theory 

• Ch4: Gravity & Hydrostatic equilibrium 

• Ch5: Waves 

• Ch6: Shocks & Discontinuities 

• Ch7: Bernoulli’s equation & transonic flow 

• Ch8: Fluid Instabilities 

• Ch9: Viscous flows

[Hydrodynamics part]



Course contents (cont.)
• Ch10: Basic concept of plasmas 

• Ch11: Single particle motion 

• Ch12: Magnetohydrodynamic equations 

• Ch13: MHD waves 

• Ch14: MHD shocks and discontinuities 

• Ch15: MHD instabilities 

• Ch16: TBD …

[Magnetohydrodynamics part]



Recommendation texts
1. C.J. Clarke & R.F. Carswell, 2007 “Principles of Astrophysical Fluid 
Dynamics” (Cambridge University Press, Cambridge, UK) 

2. L. Rezzolla & O. Zanotti, 2013 “Relativistic Hydrodynamics” (Oxford 
University Press, Oxford UK) 

3. J. Goedbloed & S. Poedts, 2004 “Principles of Magnetohydrodynamics: With 
Applications to Laboratory and Astrophysical Plasmas” (Cambridge University 
Press, Cambridge, UK) 

4. E.R. Priest, 1982, "Solar Magnetohydrodynamics" (Springer, Netherlands) 



Remarks
• Unit:  

- Mixed SI (MKSA) & cgs 

- Most of equations are written in SI unit 

- In astrophysics, cgs unit is popular 

• Derivation of equations: 

- I try to show most of derivation 

- But some of them will go to exercises


