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4461.510  OjO|ZZAIAHAZ 330

Micro System Measurements
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The course covers measurement principles and meth-
ods for thermophysical properties and temperature at
micro/ nanoscales. It focuses on the principle of scan-
ning thermal microscopy by using atomic force micro-
scopy, temperature measurement by passive technique
and property measurement by active technique, point
heating and point sensing technique, improvement of
measurement accuracy, and double scanning method for
removing conduction effect through air.

4461.511 HE|AHYEHE 3-3-0

Multiscale Heat Conduction
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Multiscale conduction covers conduction heat transfer
in a multiscale system where the mean free path of en-
ergy carrier ranges from its wavelength to the con-
tinuum regime. Main objective of this course is to learn
the bridging method between the Fourier law in the
continuum regime to statistical approach such as
Boltzmann transport equation at nanoscales.

4461512 ZEIAHU=AL 3-30

Multiscale Radiation
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The course covers fundamental theory on radiation
transfer, radiative properties of nanoscale structures, and
near field radiation. The contents include characteristics
of electromagnetic wave propagation, photon transport,
internal total reflection, photon tunneling, control of
wavelength and direction, and limitation of the Planck's
law at nanoscale gap.

4461.513 ZAZSELSAEHS 3-3-0

Microscale Gas Dynamics And Statistical
Thermodynamics
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This course deals with the molecular dynamics and
statistical thermodynamics. Fundamental laws of thermo-
dynamics are studied for various real applications.
Molecular and statistical approaches to many problems
are introduced. Based on the classical thermodynamics,
statistical approaches are made and their results are
compared with the conventional results. Molecular energy
distribution and statistical modeling of gas, solid, and lig-
uid phases are dealt with. Behaviors of diverse materials
are also studied intensively.

4461.514
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Analysis of Turbulent Flow
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Turbulent flow contains multiscale eddies from the en-
ergy-dissipating Kolmogorov scale to the largest eddy
scale corresponding to flow domain. In this course, stu-
dents learn the characteristics of these eddies, the en-
ergy transfer among these scales, and the overall effect
of these eddies on the flow. They also learn statistical
methods to understand the characteristics of turbulent
flow.

4461515 | E[AF|LHARH S 330
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Multiscale Computational Fluid Dynamics
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There exist various flow characteristics having micron
to macro sizes in fluid flows. In this course, students
learn numerical methods for solving flows inside fluid
systems having micron and macro sizes, and for solving
turbulent flows containing various eddy scales.
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Microscale Analysis of Thermal Energy
Systems
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This course is focused on understanding the funda-
mentals and basic principles of fuel cell and related
systems. Main characteristics of fuel cell stack are stud-
ied, and BOP (balance of plant) systems including air
supply system, fuel supply system, heat management
system, water management system are dealt with.
Macroscale behavior of fuel cell system will be in-
terpreted in connection with the microscale phenomena
in constituting components. Starting from the thermody-
namics, fluid mechanics and heat transfer, complex sys-
tem is modeled and analyzed.

4461.520
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This course is an introductory course for the analysis
of the kinematic and mechanical behavior of materials
based on continuum hypothesis The course will focus on
the conservation equations for mass, momentum and en-
ergy, kinematics of deformation and motion, constitutive
equation with application to elasticity of solids and fluid
mechanics.

4461521  E|AFUELYSH 3-3-0
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Multiscale Elasticity
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This course concerns the analysis of elasticity in mate-
rials over various length scales, from discrete atomic lat-
tices, nanowires, nanostructured materials, micro-
structures, to engineering structures. Issues include dis-
crete lattice elasticity, nonlocal effects, gradient methods,
and hierarchical modeling. Topics covered include in-
troduction of governing equations of elasticity, solutions
of boundary value problems, and applications to me-
chanics of materials and materials science.

4461.522 ot st 3-3-0
Fracture Mechanics
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Fracture mechanics is the advanced study of failure of
structural materials under loading, mechanisms of frac-
ture, and microscopic and macroscopic aspects of the
fracture of engineering materials. Various solution techni-
ques and solutions of problems will be discussed.
4461.523
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Numerical Analysis on Continuum Bodies
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Basic expression on tensor notation descnption is
studied. Deformation, stress, strain, equation of motion,
and energy conservations are introduced. Constitutive
equations are studied based on material frame
indifference. Updated Lagrangian and total Lagrangian
descriptions are provided in the framework of nonlinear
finite element analysis.

4461.524 HE|AHUQE2ETEHAMAI2E  3-3-0
Multiscale Guided Wave Analysis And
Applications
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The analysis of ultrasonic waves requires under-
standing of wave propagation phenomena in multiple
frequency scales. In this course, the physics of elastic
wave propagation in waveguides such as beams, plates
and cylinders will be mainly studied and signal process-
ing techniques such as the short-time Fourier transform
and the multiscale wavelet transform will be also

studied.

4461.525 Az2estaloo| 322 A7 3-3-0

Mechnics of Materials And Design of
Microstructure
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Lattice structures or grain structures in micro-
mechanical behaviors are studied and their relations to
macroscopic behaviors of materials are outlined. Design
parameters of microstructures are extracted and method-
ology of material design is studied.
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Fundamentals of Multiscale Physical
Devises
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For rigorous analysis of multiscale problems, under-
standing from quantum mechanics to continuum me-
chanics are required. In order to design practical
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MEMS/NEMS devices in multiscale, ab initio MD, classical
MD, and continuum computational CAE is studied. All the
related theory and modeling techniques will be
introduced.

4461.527  EHYSIO|EL S8 3-3-0

Theory of Elasticity And Application
Mygergsto] 2g Jidn YRS BEsin wEoj2, At
2| 5 eHaolH g83 22 92| ShaBich @Y SuA
MBE 22 0|A| P2} HHEElE H@Y SWY FE O[%Y
ZHEOHJH—I ES TIES SISt £t =427 Y(two
scales) 7|£te| SO|4EHS 0|85 EHEA| siA7|gs StEd
O2M DAl Sdt HAl SdE 2oz dHEE= TS

SHSSHCY.

Key concepts in elasticity are introduced and under-
lying principles such as the variational principle and re-
ciprocal theorem are studied. Elastic analysis of homoge-
neous and periodic inhomogeneous isotropic/anisotropic
solids is introduced. The homogenization method using
the two- or multiple-scale perturbation technique is in-
troduced to investigate micro and macro structural be-
havior of an elastic body.
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Numerical Analysis for Engineering
Applications
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In th|s course, students learn numerical methods for
interpolation, differentiation and integration of data, and
then study various numerical methods for solving un-
steady ordinary differential equations. With these numer-
ical methods, students finally solve unsteady and steady
partial differential equations in this course.

4461.531 | ZE|AF|UAIZYO|H 3-3-0
Multiscale Simulation
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Molecular dynamics simulation method for analysis of
atomistic scale solids and material is introduced. Study
on the crystal structures and unit cell analysis is
provided. Bridging method between two scales are out-

lined and multiscale computation method is provided.
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4461.532 Lie-HEH 22126 3-3-0

Nano-continuum Bridging Analysis
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Molecular material modelings of metal, polymer, CNT,
and silicon are introduced and MD simulation techniques
based on the molecular material models are investigated.
For the efficiency of the computations, coarse grained
MD analysis techniques are introduced. Bridging method
between continuum domain and atomistic domain is
introduced. Crack problems and heat transfer problems
are studied as examples of multiscale bridging analysis.

4461.533 HE|AH LA AHEAH  3-3-0

Multiscale System Design
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Physics, mathematical theory, and engineering applica-
tions for multiscale system design is studied. Scaling
law, continuum mechanics, quantum mechanics, trans-
port equation, and Monte Carlo simulation is studied in
order to apply in nano, micro, meso, and macro scale
problems. Essential principles in each scale are studied
and engineering application problems such as energy
system and multiscale biosystem are studied.

4461.540  UE|AHUIIZSEMZ 3-3-0
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Fundamentals of Multiscale Fabrication
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In this Iecture students will learn fundamentals of
multiscale fabrication. In order to cover a broad range
of length scales from nano to bulk, various methods are
introduced with fabrication principles and topical issues.
Fabrication methods will be classified into bottom-up (or
self-assembly) and top-down approaches and some hy-
brid methods will also be introduced. After this lecture,
students will understand strength and weakness of each
technique and how to apply each method for specific
applications.

4461541 | DIO|T2/Lpy [HAIAHARIUAS 3-14

Hands on Fabrication of MEMS And NEMS
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This coursework targets teaching multiscale fabrication
technologies in cleanroom. Students will be exposed to
various design and fabrication skills practically used in
MEMS and nanotechnology. Detailed contents include
multiscale design principle, photo-lithography, self assem-
bly, sensor/actuator principles and fabrication methods.

4461542 | LE|AHARADAAIAAZAUSE 3-30

Multiscale Biomimetics System
Manufacturing And Applications
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In this lecture, students will learn fundamental knowl-
edge and concepts to fabricate/apply/evaluate useful
products by understanding nature’s highly optmized func-
tional surfaces and working principles. In particular, lotus
leaves, water striders, gecko foot hairs will be mimic su-
perior such as super hydrophobicity, smart adhesiveness,
and migration. A simple device will be for students’
hands-on experience. Also, will understand why struc-
tures are useful and demonstrating functionality.
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4461.543 L}/HIO|28BHA|AEl  3-3-0

Nano/Bio Fusion Systems
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This course is focused on the key elements of muilti-
scale/ multiphysics problems selected from fundamentals
and applications of the area of multiscale/multiphysics.
Detailed topics dealt with include basic concepts such as
cell physiology, biochemistry, nano particles, bioMEMS, mi-
crofluidics. This course also emphasizes the definition of
terms and understanding of principle in order to train
students from many different major fields.

4461.544 HE|AHUURZSE 3-3-0

Multiscale Particle Engineering
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Synthesis of particle from nanometer to micrometer
scale will be studied. Methods for classification of par-

= 7| 8855 (Dept. of Mechanical & Aerospace Engineering)

ticles depending on their size will be also described.
Technologies for controlling particle size and crystallinity
are also dealt with. In addition, nanoparticle assembly
technologies will be studied for the formation of one-D,
two-D and three-D particle structure arrays and the ap-
plication devices utilizing nanoparticle arrays such as
electric, optical and magnetic nanodevices will be
introduced.
4461.545  00]2Z338 3-3-0
Aerosol Science And Technology
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Definition of aerosols will be first introduced and char-
acterization of particle sizes will be described. Particle
transport due to diffusion, electrical migration, fluid con-
vection and thermophoresis will be studied. Particle
charging and inertial behavior will also be dealt with.
Aerosol dynamics for predicting particle growth will be
discussed and its governing equation will be derived.
Measurement methods and instrumentation will be also
studied.

4461.546 LI=E82i=z9| A22HEIt 3-3-0

Fabrication And Evaluation of Nano
Composites

ke UeRE E= L YAZ ZotE Eel0i/s5 7[R9
Lie S8A=0l g8 220 2(49| 452 flst 4 7|-of
CHotiA stEetth Chlsd Lie=mgae SuE, 44, H7|M
£y 59 d5S mefst| fIet 4587t 7ol chs 12
Ct

rot

Polymer/metal matrix nanocomposites with CNT or
nano particle reinforcement are introduced. Processing
conditions and dispersion techniques are studied in order
to achieve optimal performance. Nanocomposite material
characteristics such as thermal conductivity, electric con-
ductivity, mechanical stiffness/strength are studied and
also property evaluation techniques are introduced.

4461547  HE|AFAURH SOl O|BEZE 3-30
Biomedical Application of Nano, Micro
and Macro-scale Fluidics
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his class will cover the fundamentals of fluid behav-
ior at nano, micro and macro scales with emphasis on
the differences and similarities at different length scales.
Various applications of nano and microfluidic phenomena
in applications such as sensors, detectors and in ana-
lytical methods will be covered in depth.

- 374 -



Chsked(Graduate School)

4461.550 HE[AH LI AMEAMOILE 1 3-3-0

Seminar on The Multiscale Mechanical
System Design 1
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This course is designed to explore special topics in
Multiscale mechanical system. Specialists from industries
and domestic/foreign universities will visit to hold semi-
nars on the newly developed Multiscale mechanical
system.

4461.551 HE|IAH LI |AZAMOILE 2 3-3-0

Seminar on The Multiscale Mechanical
System Design 2
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This course is designed to explore special topics in
Multiscale mechanical system. Specialists from industries
and domestic/foreign universities will visit to hold semi-
nars on design and manufacturing of the newly devel-
oped Multiscale mechanical system.
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Dissertation Research 1
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Discussions with academic advisor, checking of re-
search progress, and presentation of the current status
of thesis progress are made for improved research con-
tent of the dissertation.

4461.804  CHSHA=2QIF 2 330

Dissertation Research 2
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Discussions with academic advisor, checking of re-
search progress, and presentation of the current status
of thesis progress are made for deeper research content
of the dissertation.
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