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Plasmas occur pervasively in nature. Indeed, most of the known matter in the Universe is in the ionized state, and many
naturally occurring plasmas, such as the surface regions of the Sun, interstellar gas clouds, and Earth's magnetosphere,
exhibit distinctively plasma-dynamical phenomena arising from the effects of electric and magnetic forces. Plasma physics
was developed both to provide an understanding of these naturally occurring plasmas and in furtherance of the quest for
controlled nuclear fusion. Plasma science has now been used in a number of other practical applications, such as the etching
of advanced semiconductor chips and the development of compact x-ray lasers. Many of the conceptual tools developed in
the course of fundamental research on the plasma state, such as the theory of Hamiltonian chaos, have found wide
application outside the plasma field.

The aim of this class instructs undergraduate students on the basis of plasma physics and technology. Students should be
prepared in electromagnetic theory, vectors, and vector calculus. Also, students should have some knowledge of

thermodynamics and statistical mechanics, including the Maxwell-Boltzmann distribution.
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To learn about plasma and a relation with the leading edge of technology

To learn collective phenomena of plasmas

To learn motions of charged particles in various electromagnetic fields

To learn the fluid description of plasmas
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REETEIER Course Plan

No. 18 H Topics AZA Content
1 B | AR IXARFEZOERA MEOELORE [ 77 X<] ik, BoEY 0TI XvhoBEar 7 X7 aA0 s
eIl F—FEE T
Z | Modern Plasma Science and | What's plasma?, plasma technology, nuclear fusion
Applications
2 B | 9B T IATREICADE | /—RNLVEZEET VI 12T —IlL2 77 XCRBOER.
EMESHHIFELE (XD 1)
& | Collective Phenomena (1) Plasma frequency discovered by Langmuir
3 B | WELN TSI ATRBICARD L | BABZEC T 77 b -7 /31 8-
EMEH;NELD (XD 2)
Z | Collective Phenomena (2) Debye shielding
4 B | @ENTFEEOREEYZ L | @ERNFOI—~—88., Y470 A VEARROES. EEHL (HA74 7>
U7 MEBETIZLEHNTE | 2—) EZDFY T b,
% (zo 1)
% | Drfit Motion of Charged- | Gyro-motion, Cyclotron frequency, Guiding-center drift
particle (1)
5 H | WENTFISHAORZED SN | EXB FU T b,
U7 P EBETI>ZENTE
% (2o 2)
% | Drfit Motion of Charged- | Drfit Motion of Charged-particle (2)
particle (2)
6 H| 7—~—B#H%T-oTWaH | 27—,
BRLF AW AIRITD > TRE
LTR-TK%ZEHHSD
% | Magnetic Mirror Reflection of charged particles from the magnetic mirror
7 B | #5HICEHCADONI-TE | AEESICNTE277> a3y ((FR) OR7E. BBATREE0OEH,
RFAFORFEICONT
% | Adiabatic Invariants Action, magnetic moment
8 B | PEAFRR FTRFEFCORBEARICETZEIRBREITS.
% | Mid-term Examination Mid-term examination
9 H| AENFOEEY TH2 /7 | NTFEREHHEH HMENESE L ERNFHE. Viasov 2. Maxwell 57,
Av%&mile L TRV &
R B DEHE
& | Plasmas as Fluids (1) What's fluid?, Distribution function, Vlasov equation, Maxwell distribution
10 H | RAEEOEHAE HETW) O ENREEEDE.
Z | Plasmas as Fluids (2) Derivation of the fluid quantities
11 H | 6 RITTOAMBEEMEWVWSERA | AIEZRREE L. (MEEBRANTORE.
DEA
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& | Phase Space Six coordinates, Conservation in the phase space
12 | B | SB#ERAER REZETOES. A4 k. BFRAEAER.
Z | Approximation to Magneto | Derivation of fluid equations from the Liouville equation
Fluid
13 B | 77X~x%x28BRE%z2b7a0A | LREMHD 77 X< 0B HRER.
BREZMRTEVWIERA
% | Definition of Single-fluid MHD | Charge neutral, Plasma current
Plasma
14 | B | 1 /& MHD 72 X~ 0 hZH | FEARAOBEE, 7+—X7 Y —FRAL
THTIRRE
Z | Equilibrium of  Single-fluid | MHD equilibrium equations, The beta value, Force-free equilibria
MHD
15 H| £&d AERTFLODEREZRL 5.
Z | Summary Summary of this lecture
[t prerequisitey ]
B | %, BERY, BEFYRTLEORER WRANEZEEZFHTHDZENEE L,
%= | Itis desirable that the mechanics, electromagnetism, mathematical physics, and statistical mechanics have been pre-studied
before taking this class.

HBROBRILTTELS, ZOBRICES EFTOBRERLERL TERZITVLET.

In this lecture, | will emphasize how the final results are derived from physical basic processes.

H | BRE 77Xy b= x| (BHFBE, F—Lt), 3FF 77 X<2AM]) (IHEXRE., FHitdHR), [77 X<
mEY] GREER. B\REE), [T77XvHE - el (BXRER. RRAFPHERR) / Zofs, #&ERICENLET.
Z | Introduction to plasma physics, R. J. Goldston and P. H. Rutherford (IOP Publishing Ltd.)

HEE(T0%), LR—bGB0%)IC&LY REFFMmEITVE T,

Examination(70%), and Homework(30%)

‘

Lectures are given in person along with online.
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