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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.

1. #F2%4#K Course Title TS (A FL A 36 Computational Space Physics
2. BRIEA HER 525 (ARl 2% & Department of Earth and Space Sciences

Originating Department

3. RERS ESS411
Course Code

4. REZ%S Credit Value 2

5. RS LV EiE Major Elective Courses
Course Type

6. #Z= Spring
Semester

7. BRET HIEXLE English & Chinese

Teaching Language

BEBT. FIRER. BRH o
R CmEEAREE, R | R, FEAY

bR R BT fE4: binzheng@ucar.edu
8. g -
?:;::g:or(s), Affiliations Binzheng Zhang, The University of Hong Kong
(For team teaching, please list E-mail: binzheng@ucar.edu
allinstructors)

W RIBIE. FTB%R. BLR
9. BN /34 To be announced

Tutor/TA(s), Contact

ERASRB(TAE)

10.  Maximum Enrolment
(Optional)
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Delivery Method Lectures || Tutorials Lab/Practical ||Other (Please specify) | Total
e 20 12 32
Credit Hours
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Pre-reqqlsnes o or Other CS102B Introduction to Programming B
Academic Requirements

JEERE. HEZEIMR
Courses for which this course
is a pre-requisite
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This course introduces fundamentals of physical consideration and numerical implementations for computational space
physics, with focuses on numerical magnetohydrodynamics schemes, particle-in-cell and hybrid algorithms for space
plasma. Through the course study, students will be able to apply fundamentals of computational space plasma physics
to solve research problems.
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Upon completing the course, students will master the following knowledge:

One-dimensional schemes for numerical magnetohydrodynamics;
Two/Three-dimensional methods for numerical magnetohydrodynamics;
One-dimensional particle-in-cell schemes;

Two-dimensional particle-in-cell schemes;

Hybrid methods;

. Applications of various computational methods for space plasma.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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Chapter 1: One dimensional finite differencing schemes (4 Hours)

1D Advection-diffusion fluid code and stability analysis code: higher order finite differencing schemes, shocks, flux-
corrected transport;

Chapter 2: One dimensional schemes for magnetohydrodynamics (6 Hours)

1D finite volume method for magnetohydrodynamics, total variation diminishing methods, mathematical properties of the
equations of magnetohydrodynamics;

Chapter 3: Two dimensional schemes for magnetohydrodynamics (6 Hours)

2D finite volume method for magnetohydrodynamics, constrained transport (Yee Grid);

Chapter 4: One dimensional kinetic simulations (6 Hours)

1D Vlasov electrostatic code: simple muliti-dimensional programming, two-stream instability, bump-in-tail instability;
Chapter 5: One dimensional particle simulations (6 Hours)

1D1V, time-dependent, electrostatic particle-in-cell code and electrostatic dispersion code: effects of particle number on
noise level and in approximating a numerical Maxwellian velocity distribution;

Chapter 6: Introduction to hybrid simulations (4 Hours)

One-dimensional, time-dependent hybrid code; using FFT to evaluate wave dispersion properties, distinguish RH and
LH circular polarized waves in simulation data, simulate and diagnose ion cyclotron waves and ion cyclotron instability.

Bt R B S %% 5 Textbook and Supplementary Readings

1. Finite Difference Methods for Ordinary and Partial Differential Equations by R. L.. LeVeque. — basic methods for
hyperbolic, parabolic, and elliptic equations;

2. Numerical Computation of Internal and External Flows by C.Hirsch — no plasma physics but a good reference for fluid
problems in general;

3. Plasma Physics via Computer Simulation by C. K. Birdsall and A. B. Langdon, McGraw-Hill, 1985, 1991
(comprehensive text on the theory, approximations and applications of particle-in-cell codes).
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Type of Time
Assessment

VP ASSESSMENT
HEREBRSE L BT £

% of final Penalty Notes
score

H &) Attendance |

BERI
Class
Performance

ANIE

Quiz

WRIETIE Projects

SR ARk

Assignments

40

BPER
Mid-Term Test

20

BRER

Final Exam

40

BRHRE
Final
Presentation

He (TRERE
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Others (The
above may be
modified as
necessary)
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VA, +=FE5 % Letter Grading
OB. Z&ic4#] GEI/AEIL) Pass/Fail Grading

2 it REVIEW AND APPROVAL
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This Course has been approved by the following person or committee of authority

HBR S 2 R B2 R AR AR &

Undergraduate Teaching Steering Committee of the Department of Earth and Space Sciences
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