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Probability Theory and Stochastic Processes
ngufanuusimanluih

Electromagnetic Field Theory
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3.1.5.2 MOFLENEINMEIDINYY

Inanuall
oA
aIun1
NE.100 WarpIfuANUSURAYOUADTIAN 3(3-0-6)
TU100 Civic Education
Study of principles of democracy and government by rule of law. Students will gain understanding of the
concept of “citizenship” in a democratic rule and will have opportunity for self-development to become a citizen in a

democratic society and to take responsibility in addressing issues in their society through real-life practices.

B5.110 ﬁﬂ%ﬂﬂ1ﬂ1§u1§yﬂﬁ1ﬁﬂ% 2 (2-0-4)
TU110 Integrated Humanities

To study the history of human beings in different periods, reflecting their beliefs, ideas, intellectual and
creative development. To instill analytical thinking, with an awareness of the problems that humanities are confronting,
such as the impacts of: technological development, violence, wars, and various world crises so that we can live well in a

changing world.

NE.120 A¥INGIMITIANAANS 2 (2-0-4)
TU120 Integrated Social Sciences

This interdisciplinary course focuses on the fact that social sciences play an important role for society. The
course explains the origins of the social sciences and the modern world, the separation of social sciences from pure
sciences, and the acceptance of the scientific paradigm for the explanation of social phenomenon. It also involves the
analysis of important disciplines, concepts, and major theories of social sciences by pointing out strengths and weaknesses
of each one. Included is the analysis of contemporary social problems, using knowledge and various perspectives—-

individual, group, macro-social, national and world perspectives-- to view those problems.

NE.130 ardngmInenanansuazmalulad 2 (2-0-4)
TU130 Integrated Sciences and Technology

To study basic concepts in science, scientific theory and philosophies. Standard methods for scientific
investigations. Important evolutions of science and technology influencing human lives as well as the impacts of science
and technology on economies, societies and environments. Current issues involving the impacts of science and technology

on moral, ethics and human values.
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N5.156 ﬂauﬁama%uazmﬂ%ﬂﬂﬂmnimﬁmﬁu 3 (3-0-6)
TU156 Introduction to Computers and Programming

Basic concepts of computer systems, electronic data processing concepts, system and application software,
algorithms, flowcharts, data representation, program design and development methodology, problem solving using high-

level language programming.

nie1  mslimuing 3 (3-0-6)
TH161 Thai Usage
Thai language usage skills: listening, reading, writing and speaking, with emphases on drawing the main idea,

communicating knowledge, thoughts and composing properly.

ad.070 mmé’qnqyﬁugm 1 0 (3-0-6)
EL070 English Course 1

Prerequisite : Language Institute placement

A non-credit course designed for those students with low English command and unable to enroll directly into
English Foundation Course (The assessment criteria are ‘S’ for Satisfactory or ‘U’ for Unsatisfactory and will not be
counted towards the students’ total credits and GPA).

A preparatory course designed to enable students to cope up with real English use of four basic integrated skills

of listening, speaking, reading and writing.

aHd.171 mmé’enqyﬁugm 2 3 (3-0-6)
EL171 English Course 2
Prerequisite : Have earned credits of EL070 or Language Institute placement
An intermediate English course designed to promote four integrated skills to develop students’ English

proficiency at a higher level.

ad.172 mmé’enqyﬁugm 3 3 (3-0-6)
EL172 English Course 3
Prerequisite : Have earned credits of EL171 or Language Institute placement
An upper-intermediate English course to enable students to use integrated skills at a more sophisticated level

than the prior course especially in speaking and writing.
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voA
a3un 2
o X

M123  IANNHITU 3 (3-0-6)
SC123  Fundamental Chemistry

Atomic theory, electronic structure of atoms, properties of elements and periodic trends, chemical bonding,
atomic orbitals and molecular orbitals, molecular geometry, coordination complexes, nuclear chemistry, stoichiometry,
states of matter, types of chemical reactions, solutions and colloids, chemical equilibrium, electrochemistry, chemical

thermodynamics, chemical Kinetics, basic organic chemistry and environmental chemistry.

a wAa = &
IMN.173 ﬂ{]ummimuwugm 1 (0-3-0)
SC173 Fundamental Chemistry Laboratory
Prerequisite: Have taken or currently taking with SC123

Experiments related to the contents in SC123

a¥.202 MPVINYHAHTUMIINNY 3 (3-0-6)
EL202 English for work

Prerequisite: Have earned credits of EL172

Preparing and training students for careers; using business English reading, writing,

speaking and listening in the work-related contexts.

v

A a 'Y Al | a
AN 1 IW1 "l:nuaﬂnm 2 iHIEUNe

106 ANMUEEUMINTNENNTBITUIAUDL NI 3 (3-0-6)
AE106 Sustainability of Natural Resources and Energy

Basics of ecology for environment and natural resource conservation. Characterisation of pollutions and their
impacts on the society. Concepts about sustainability of natural resources and energy. Decision analysis. Environmental
ethics. Sustainable design. Energy consumption in Thailand. Energy consumption in transportation, industries, and
buildings. Sustainability of energy for Thailand. Electricity generation in Thailand. Energy conservation. Alternative
energy. Solar energy. Biomass for energy. Ethanol production. Biodiesel production. Clean coal technology. Nuclear

energy.

38.106 !ﬂﬂﬁﬂsl‘l!ﬂ]ﬁéﬂﬁ1i!m$ﬂ1§ﬁ1!ﬁu6 2 (2-0-4)
CE106 Communication and Presentation Technique

Proficient reading comprehension techniques: interpret, analyse and summarize reading information. Report
writing: Style in reports, formats. Methods of compiling data for report-writing in tables and figures. Units, Symbols and

Mathematical equations. Terminology and transliterate, Presentation skills and techniques for presentation.
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1.209  WADRYHINBUWIAZINAIYE 3 (3-0-6)
LA209 Civil and Commercial Law

This course gives an account of general principles in the Civil and Commercial Code in the following Titles: (1)
Persons (2) Property (types of property and proprietary rights) (3) Juristic acts (general principles, declaration of will,

void and voidable acts) (4) Obligations and contracts

1.249 mm%sﬁmﬁ'usﬁaaf’fvw%’wﬁﬁumaﬂagmy 3 (3-0-6)
LA249 Introduction to Intellectual Property

This course seeks to provide students with fundamental knowledge in relation to the protection of “creation of
the mind of human-beings”, justifications and needs for the protection and benefits to be derived from the protection of
this kind of property, the enforcement of rights flowing from the protection. For this purpose, examples will be drawn
from existing intellectual property law, in particular, such legislation most central to the daily life of students e.g. the

copyright law and the trademarks law.

a & 4
WU.291 [INAVNAY 3 (3-0-6)

BA291 Introduction of Business

The course aims to provide a comprehensive introduction to the key operations of business, namely finance,
accounting, marketing, human resource and production management, and management information system, placed
within organizational, forms of businesses, environmental, legal and managerial context. Underlying business concepts

will be discovered through the study of real-world examples and fundamental business plans.

N3.201 HANMITUIMS 3 (3-0-6)
HR201 Principles of Management
Management concepts, evolution of management, roles and skills of managers, planning, organizing, leading,

controlling, managerial decision making and ethics

f1.213 msygmam%qammﬁmé’m 3 (3-0-6)
EC213 Introductory Microeconomics

A study of principles of economics regarding an allocation of scarce resources, theory of value and price
determination. An introduction to the theory of consumption and production leading to the determination of supply
and demand of goods and services. Price determination and allocation efficiency in perfectly and imperfectly

competitive markets.
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2. 35 UMz
a.n 3%117‘:1@mmmtﬁﬂﬁmm%!mﬁﬂmmaﬂ%
M.133 Wanaamdviains 1 3 (3-0-6)
SC133 Physics for Engineers I
Motion, force, gravity, collisions, rotational motion, bodies in equilibrium, elastic and fractures, fluids,
oscillations, waves, sound and applications, heat and the kinetic theory of gases, the first and the second laws of

thermodynamics.

m.134 Wandgam3vinans 2 3 (3-0-6)
SC134 Physics for Engineers I1

Prerequisite: Have taken SC133

Electric charge and electric fields, Gauss’ law, electric potential, capacitance, dielectrics, electric current, DC
circuits and devices, magnets and electromagnets, magnetic induction and Faraday’s law, inductors, AC circuits,
electromagnetic theory and applications, light, lenses and optical instruments, reflection, refraction, diffraction,

interference and polarization, modern physics.

a wa al@a _ do v Aa
IN.183 ﬂgﬂﬂﬂ]iﬂﬁﬂﬁﬁ]ﬁiﬂ?ﬁ?ﬂi 1 1 (0-3-0)
SC183 Physics for Engineers Laboratory I
Laboratory practices involving measurement and errors, force and motion, energy, momentum, waves and

heat.

a wva ala do v A
IN.184 ﬂ{]ﬂﬂﬂ]iﬂﬁﬂﬁﬁ]ﬁiﬂ?ﬂ?ﬂi 2 1 (0-3-0)

SC184 Physics for Engineers Laboratory II

Laboratory practices involving electro-magnetic fields, electric circuits and instruments, optics and modern

physics.

¥
v A

f.111 unanaanugIu 3 (3-0-6)
MA111 Fundamentals of Calculus

The elecmentary number system and functions, calculus of one variable functions, limit, continuity, the
derivative and its applications, antiderivatives, techniques of integrations and its applications, series, Taylor’s Theorem

and its applications

Note: There no credit for students who studying or passed MA111 or MA216 or MA218
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A.112 mlmtﬁﬂ?miwﬁuazuﬂagé’aﬂizqnﬁ 3 (3-0-6)
MA112 Analytic Geometry and Applied Calculus

Prerequisite: Have earned credits of MA111

Analytic geometry for conic sections and second degree equations, vectors, transformation of coordinates, polar
coordinates and graph drawing, functions of several variables, partial derivatives, multiple integrals, scalar fields and
vector fields, derivative of vector valued functions, integration in the vector fields, Gauss’s Theorem, Green’s Theorem

and Stokes’ Theorem, Fourier and Laplace analysis and theirs applications.

A214  auMITOYIUE 3 (3-0-6)
MAZ214 Differential Equations

Prerequisite: Have earned credits of MA112 or MA113

First order differential equations, second order differential equations, homogeneous linear differential
equations, nonhomogeneous linear dirrerential equations,s differential equations of higher order, series solution of linear
differential equations, special functions, partial differential equations, the Laplace transform and Fourier transform,

introduction to nonlinear differential equations, applications engineering problem solving.

1.2) 36ﬂ1ﬁu§1uﬂ1qﬁmnﬁu
M.100 n5IWNIFINTIN 3(2-3-4)
ME100 Engineering Graphics
Prerequisite : -
The significance of drawing. Instruments and their uses. Lining and lettering. Work preparation. Applied
geometry. Dimensioning and description. Orthographic drawing. Pictorial drawing. Freehand sketchin. Sectioning.

Computer aided drawing.

28,100 DIUFIINANSVIANING 0 (0-0-0)
CE100 Ethics for Engineers
Prerequisite : -
Ethical issues relevant to the engineering profession. Potential impact of technoloty transfers and
implementation with respect to society and its members. Potential problems that may arise are studied along with

possible ways to prevent them from occurring and ways to deal with them once they occur.

28,101 m1u§a§mé’1’uw1ﬁmﬁwﬁmnsmmam% 1(1-0-2)
CE101 Introduction to Engineering Profession

Engineering profession, Role and responsibility, Engineering fields, Curriculum and courses in engineering,
Problem solving in engineering, Mathematical and scientific tools, Tests and experiments, Engineers and society and

environment, Computers in engineering.
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J0.121 J@QIAINTIN 1 3(3-0-6)
IE121 Engineering Materials I
Prerequisite : -

Properties and structure of engineering materials such as metal, alloy, ceramics, plastics, rubber, wood and
concrete. Phase diagram. Materials characteristics. Materials properties testing. Relation of microstructure and
macrostructure with material properties. Manufacturing processes of materials. Effects of heat treatment on

microstructure and properties of material.
InnitlaaeulaamadsIsanssuinih

w200  adiamaniienssalilih 3(3-0-6)
LE200 Electrical Engineering Mathematics

Prerequisite : -

Linear algebra: review of vectors and matrices; vector spaces; linear transformations; systems of linear
equations; eigenvalue problems; models in electrical engineering. Fourier and Laplace transforms and their applications.

Complex analysis: complex numbers and functions; complex integration; residue theorem.

w201 dfiamsnugrumadanssaluih i 1(0-3-0)
LE201 Basic Electrical Engineering Laboratory I
Prerequisite : Have earned credits of LE240

Laboratory to introduce students to basic equipments and measurements in electrical engineering.

w.202 ﬂﬁﬂ'ﬁmsﬁuugmmﬁmmm"lvl%ﬂ] 2 1(0-3-0)
LE202 Basic Electrical Engineering Laboratory 11
Prerequisite : Have earned credits of LE201
Basic laboratory work on topics in electrical engineering including electronic circuits, digital signal processing,

electrical machines and transformers.

w210 dysamazszuy 3(3-0-6)
LE210 Signals and Systems

Prerequisite : Have earned credits of MA111

Continuous-time and discrete-time signal and system; linear time-invariant system (LTI); signal analysis using
Fourier transform, Laplace transform, and Z-transform; applications of signal and system; modern techniques in signal

and system analysis.
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w2 nguaannazsutaznszuiumsgu 3(3-0-6)
LE211 Probability Theory and Stochastic Processes
Prerequisite : Have earned credits of MA111
Introduction to concepts of randomness and uncertainty: probability, random variables, stochastic processes.

Applications to communications, signal processing, and automatic control.

w220 nguavumimaniviih 3(3-0-6)
LE220 Electromagnetic Field Theory
Prerequisite : -
Vector analysis; electrostatic fields; conductors and dielectrics; capacitance; convection and conduction

currents; magnetostatic fields; time-varying electromagnetic fields; Maxwell’s equations.

w230 matamsdavmaIanssaliih 3(3-0-6)
LE230 Numerical Techniques in Electrical Engineering

Prerequisite : Have earned credits of MA111

Graph theory and applications. Introduction to numerical techniques: solutions of equations and system of
equations, method of least squares, eigenvalue problem, numerical differentiation and integration, methods for solving

differential equations.

w240 mdanziingesvih 3(3-0-6)
LE240 Electric Circuit Analysis

Prerequisite : -

Circuit element, node and mesh analysis; Thevenin and Norton equivalent circuits; capacitance and
inductance. The first order and the second order circuits. AC sinusoidal steady-state responses; phasor diagram; three-

phase circuits. Two-port networks. Network theorems.

wl.241 Qilnmiuamam&ﬁnmaﬁnéﬁugm 3(3-0-6)
LE241 Basic Electronic Circuits and Devices
Prerequisite : Have earned credits of LE240
Diode: physical structure, characteristics and modes of operation; diode application circuits; DC power
supply amplifiers; BJT and FET physical structure, characteristics and modes of operation; use as an amplifier and a
switch; biasing; principle of small-signal analysis; models for 2- and 3-terminal devices; operational amplifier and its

applications in linear and nonlinear circuits; introduction to power electronics.
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w.242

LE242

N1590NILVIIITAINDA 3(3-0-6)
Digital Circuit Design
Prerequisite : -

The design and implementation of digital circuits. Topics include number representations, codes, Boolean

algebra, logic gates, combinational and sequential circuit design (both synchronous and asynchronous). The real

implementations begin with basic gates and progress to Programmable Logic Devices (PLD).

w.260

LE260

n3eadnsnalvlih 1 3(3-0-6)
Electrical Machines I
Prerequisite : Have earned credits of LE240

Energy sources, magnetic circuits, principles of electromagnetic and electromechanical energy conversion,

energy and co-energy, construction of rotating machines, principle of DC and AC rotating machines and their efficiencies,

principle of single-phase and three-phase transformers and their efficiencies.

w300

LE300

Hnama3aanssulnih 0 (Train at least 240 hours per semester)
Electrical Engineering Training
Prerequisite : Junior student and passed the required English language test

Practical training related to the field of electrical engineering during a summer semester in a company,

factory, government agency, or state-owned enterprise, which is approved by the department, with a total training period

of at least 240 hours Students must submit training reports to the department. This course is graded S/U and students

cannot take other courses during this summer semester.

w3  dfiamsmadaanssuliih 2 (1-3-2)
LE301 Electrical Engineering Laboratory
Prerequisite : Have earned credits of LE202
Laboratory work on topics in Electrical Engineering including electronic circuits, electric machines and so on.
l.302  msvenuuunumdIaInssalnih 2(1-3-2)
LE302 Electrical Engineering Design

Prerequisite : Have earned credits of LE301

Design projects on topics in Electrical Engineering.
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w.320 wqyﬁmiéams 3(3-0-6)
LE320 Fundamentals of Communication Systems

Prerequisite : Have earned credits of LE210

Introduction to signal and system; spectrum of signal and applications of Fourier Series and transform; analog
modulation, AM, DSB, SSB, FM, NBFM, PM; noise in analog communication; binary baseband modulation; Nyquist’s
sampling theory and quantization; pulse analog modulation, pulse code modulation (PCM), delta modulation (DM);
multiplexing, time-division multiplexing (TDM); frequency-division multiplexing (FDM); introduction to transmission

lines, radio wave propagation, microwave components and satellite communications, and optical communication.

w330 MdnNziBaan 3(6-0-3)
LE330 Statistical Analysis
Prerequisite : Have earned credits of LE211
Confidence intervals; hypothesis testing; estimation; regression and correlation; nonparametric tests; analysis

of variance; engineering applications.

w340 290591EAMIeling 3(3-0-6)
LE340 Electronic Circuits
Prerequisite : Have earned credits of LE241
Frequency response of bipolar and CMOS amplifiers; current mirrors, differential amplifiers, output stages and

power amplifiers; feedback amplifiers and stability; positive feedback and oscillators; analog filters.

w341 Sidamsedinamenn 3(3-0-6)
LE341 Physical Electronics

Prerequisite : Have earned credits of SC134

Atomic physics and theory of energy bands in solids; energy bands and charge carriers in semiconductors;
excess carriers in semiconductors; PN junction diode; bipolar junction transistors; field effect transistors; lasers;

switching devices; microwave devices; Integrated circuit fabrication

w360 szuvlvihmas 3(3-0-6)
LE360 Power Systems

Prerequisite : Have earned credits of LE260

Introduction to AC machine. Sources of electric energy production, structure of electric power systems, load
characteristics, electric power plants, electric energy transmission, transmission line impedance, relationship between
currents and voltages, regulation of voltages, transmitted power and losses, symmetrical three-phase faults, electric energy
distribution, construction of transmission and distribution systems, power system equipment, standards and safety.

w361 mawaauazmsasnemasinih 3 (3-0-6)
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LE361 Electrical Power Generation, Transmission and Distribution

Prerequisite : Have earned credits of LE260

Power system structure; Sources of electric energy; Conventional and renewable energy power plants; Load
characteristics; Generator characteristics and models; Power transformer characteristics and models; Transmission line

parameters and models; Electrical power distribution systems; Introduction to distributed generation; Power system

equipment.
380  nsesdieYauazmsYamalnih 3(3-0-6)
LE380 Electrical Instruments and Measurements

Prerequisite : Have earned credits of LE241

Fundamentals of measurement. Units and standard instruments. Standard and calibration of electrical instruments.
Voltage, current and power measurements. Impedance measurement at low and high frequencies. Magnetic measurements.
Measurement systems: sensors and transducers, signal-conditioning circuits, analog-to-digital converter. Digital techniques in
measurement. Noises. Signal-to-noise ratio enhancement techniques: shielding, grounding, filtering. Data analysis and

measurement errors.

w381 szuumIuaw 3(3-0-6)
LE381 Control Systems

Prerequisite : Have earned credits of LE210

Principles of automatic control systems. Mathematical modeling of physical systems. Transfer functions. Block
diagrams and signal-flow graphs. Introduction to state-variable analysis. Stability of linear control systems. Time domain
and frequency domain analysis of stability. Root-locus analysis. Frequency-response analysis. Basic control actions and

industrial automatic controllers. Design of control systems and compensation techniques.

w.390 Qmﬁmaﬂ% 3(3-0-6)
LE390 Thermal Sciences

Prerequisite : Have earned credits of SC134

Fundamental concepts of thermodynamics, fluid dynamics, combustion and heat transfer; Law of
thermodynamics; Ideal gas law; Fluid mechanics; Combustion; Heat transfer; Steady flow devices; Refrigeration cycles;

Internal and external flows
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w401 Tasanumadanssuluih 1 1(0-3-0)
LE401 Electrical Engineering Project I

Prerequisite : Senior student who either passed the English training programme or has the TU-GET score of
at least 300.

Research and development project on an electrical engineering problem is carried out by an individual or a
group of students under supervision of one or more academic staff members. The student must submit reports and give an

oral presentation on the project.

w402 Tasesnumadanssylih 2 2 (0-6-0)
LE402 Electrical Engineering Project I1
Prerequisite : Have earned credits of LE404
A continuation of Electrical Engineering Project I to the final stage of writing a full report and giving a final

presentation.
a v o A a A
2. NIBPIVIAVL@dNUASINYITUADN

w.203 ﬂf]ﬁﬁmﬁmﬁmnssu‘lﬂ%’\hgﬁmﬁu 1(0-3-0)
LE203 Introduction to Electrical Engineering Laboratory

Prerequisite : Have earned credits or taking LE209 in the same semester

This course focuses on practicing skills in basic electrical engineering. Learn how to use equipments and some
electrical elements. Connect some electrical circuits. Identify, analyze and solve some basic problems in electrical circuits
and electronics. Learn how to use basic circuit and electronic software.

(This course for students in Mechanical, Chemical, Industrial and Civil Engineering)

w200 Sennssafhiiiesdu 3(3-0-6)
LE209 Introduction to Electrical Engineering

Prerequisite : -

Basic D.C. and A.C. circuit analysis; voltage; current and power; transformers; introduction to electrical
machinery; generators, motors and their uses; concepts of three-phase system; method of power transmission;
introduction to some basic electrical instruments.

(This course for students in Mechanical, Chemical, and Industrial Engineering)
224 malulagnsaumanaznsaeas 3(3-0-6)

LE224 Information and communications technology

Prerequisite : -
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Digital revolution; principles of information and communication technology (ICT); software and hardware of

computer; communication and networking; cutting edge technologies and trends in information technologies.

w225 malulaginsaaunniniiesdu 3(3-0-6)
LE225 Introduction to Telecommunication Technology
Prerequisite : -

Fundamentals of telecommunication technology: transmission lines and media; network connections;
communication channels. Data networking basics: wide area networks; local area networks. Network services. Optical

networking. Wireless communications.

wlaos  wisanlifhiuFanades (3-0-6)
LE295 Electric Energy and Environment

Prerequisite : -

Energy conversion process and electricity generation technology; renewable resources; application of
information and communication Technology to generation, transmission and distribution of electricity; efficient use of
electrical energy; power quality; electricity tariff determination; environmental effects of electricity generation; Impact of

energy utilization on nature and environment; assessment of environmental issues related to electricity generation.

w314 msiszaanadyaadnea 3(3-0-6)
LE314 Digital Signal Processing

Prerequisite : Have earned credits of LE210

Review of discrete-time signals and systems, the Nyquist theorem, the discrete Fourier transform (DFT), fast
Fourier transform (FFT) and z-transform; structures of discrete-time systems; digital filter design techniques (ITR and

FIR filter); introduction to wavelet transform; multirate signal processing.

w323 msdessasnea 3(3-0-6)
LE323 Digital Communications

Prerequisite : Have earned credits of LE320

Review of sampling theorem; probability and random processes; line coding and pulse shaping; signal
detection; digital modulation techniques; performance analysis; introduction to information theory; source coding;

channel coding.
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w324 mi?'raaﬁ%'agauawﬂ%mhﬂ%'aga 3(3-0-6)
LE324 Data Communication and Networks
Prerequisite : Junior student
Introduction to data communications and networks; layered network architecture; point-to-point protocols

and links; delay models in data networks; multi-access communication; routing in data networks; data flow control; data

security.

) | 4' \J
37\].325 IFovIEgNIIaaaIIMaTaI8aN 3(3-0-6)
LE325 Communication Network and Transmission Lines

Prerequisite : Have earned credits of LE240
Network theorems; analysis and design of equivalent one-port and two-port; series and parallel resonance,
multiple resonance, wave filters; impedance transformation and matching networks; network approach to theory of

transmission line; utilization of transmission lines for impedance matching.

w333 Sanssadalasni 3(3-0-6)
LE333 Microwave Engineering
Prerequisite : Have earned credits of LE220
Microwave transmission lines; s-parameters; microwave network analysis; microwave resonators; power

dividers and directional couplers; microwave filters; microwave systems and applications; microwave measurement.

w343 Vaumans 3(3-0-6)
LE343 Optics

Prerequisite : Have earned credits of SC134 and MA112

Ray and the foundations of geometrical optics. Interference, diffraction, coherence, and polarization. Imagery
by a single surface and a thin film lens. Gaussian optics, introduction to aberrations, optical design. Introduction to

mathematical optics and Lie optics.

w344 eofladidnnseting 3(3-0-6)
LE344 Optoelectronics
Prerequisite : Have earned credits of LE341
Physics of optical radiation. Interaction between optical radiation and matter. Principles and applications of

optoelectronic devices, e.g. sources, detectors, as well as other optical materials, devices, components, and equipment.
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w345 mallaBnskanasaeian 3(3-0-6)
LE345 Semiconductor Fabrication Technology

Prerequisite : Have earned credits of LE341

Integrated circuit fabrication technologies: crystal growth, vapor phase epitaxy, liquid phase epitaxy,
molecular beam epitaxy, thermal oxidation, thermal diffusion, ion implantation, chemical vapor deposition, metallization,

lithography, annealing, assembly and packaging, future trends.

w363 m3esdnsnaliih 2 3(3-0-6)
LE363 Electrical Machines II

Prerequisite : Have earned credits of LE260

Performances and characteristic of single-phase induction machines, three-phase induction machines and
synchronous machines; starting, paralleling, and controlling of electrical machines; application of AC electrical machines;

troubleshooting of electrical machines; protection of electrical machines.

l.364 mvenuuuszuyInih 3(3-0-6)
LE364 Electrical Systems Design

Prerequisite : Have earned credits of LE360 or LE 361

Basic design concepts; power distribution schemes; codes and standards for electrical installation; electrical
drawing; load estimation; wiring design; grounding; short-circuit calculation; coordination of protective devices; power

factor improvement; emergency power systems.

w365 madanzdszunIiihigs 3(3-0-6)
LE365 Power Systems Analysis

Prerequisite : Have earned credits of LE360 or LE 361

Calculation of transmission and distribution networks, load flow analysis, load flow controls, symmetrical
fault analysis, unsymmetrical fault analysis, power system protection and equipments, transient stability, economic

dispatch, grounding.

aos  Favemumaimnssulihi 3(3-0-6)
LE408 Special Topics in Electrical Engineering I
Prerequisite : Instructor’s permission

Topics of current interest and new developments in various fields in electrical engineering.

400  FWavedumymIaanssalviih 2 3(3-0-6)
LE409 Special Topics in Electrical Engineering IT
Prerequisite : Instructor’s permission

Topics of current interest and new developments in various fields in electrical engineering.
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wa1s  msdszaawann 3(3-0-6)
LE415 Digital Image Processing

Prerequisite : Have earned credits of LE210

Historical development of image processing. Image data structures. Image preprocessing. Image enhancement.
Image classification. Image postprocessing. Image compression and restoration. Figure modeling. Computer animation.

Contour mesh conversion. Applications of image processing. Introduction to computer vision.

l.426 mséamsmmm 3(3-0-6)
LE426 Optical Communication

Prerequisite : Have earned credits of LE220

Cylindrical dielectric waveguides and propagating conditions; structure and types of optical fiber; optical
fiber parameters; optical fiber production; optical cable types; signal degradations in optical fiber; optical sources;
modulation techniques; optical detectors; optical receivers; optical repeaters and amplifiers; optical components; link

budget calculations.

428 FanssuangeIma 3(3-0-6)
LE428 Antenna Engineering

Prerequisite : Have earned credits of LE220

Basic definitions and theorems; isotropic point source; power and field patterns; directivity and gain;
radiation impedance; wave polarization; radiation from current elements; radiation properties of wire antenna; linear

array antenna; Uda-Yagi antenna and log-periodic antenna; aperture antenna; microstrip antenna; antenna

measurement.
w434 msaeasiZme 3(3-0-6)
LE434 Wireless Communication

Prerequisite : Have earned credits of LE320

Introduction to wireless transmission systems; propagation; modulation and coding; networking systems and
standards. network architectures and protocols in wireless and mobile networks such as cellular networks, cordless
phones, paging networks, GSM, UMTS, IEEE 802.11 and ad hoc networks; location management; handoff management

and authentication protocols; next generation wireless system.
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w.435

LE435

SenssuInssnm 3(3-0-6)
Telephone Engineering
Prerequisite : Have earned credits of LE320

Introduction to telephone systems; Signaling in telephone network; Switching technology; Public switched

telephone network (PSTN); Private branch exchange (PBX); Traffic analysis; Network planning; ISDN; ADSL; Voice

over IP; Introduction to mobile telephone system.

w.455

LE455

malulagansalasv uazmanan 3(3-0-6)
Hard Drive Technology and Manufacturing
Prerequisite : Have earned credits of LE241

Hard drive introduction. Hard disk drive's construction. Writing and reading data. Magnetic recording head

& disc. Recording channels & head positioning system. Drive manufacturing and testing. Electrostatic discharge (ESD).

Cleanroom and contamination control. Interface. Hard drive Manufacturing visit.

w458

LE458

{ d Y 4 I3 v a
ﬁugmnaﬂmmmﬂuﬂmmzﬂﬁuamsmﬂ'mi 3(3-0-6)
Basics of Quantum and Wave Mechanics for Engineers
Prerequisite : Have earned credits of MA214 and LE220

Topics include brief review of classical mechanics of particles and waves; "derivation'" of Schroedinger

equation; the quantum theory of simplest systems, in particular atoms and engineered quantum wells, the interaction of

radiation and atomic systems, and examples of application of the quantum theory to lasers solid-state devices and

nanotechnology.

a g Aa do w
31/\].465 alannNIvUNaNIal 3(3-0-6)
LE465 Power Electronics

Prerequisite : Have earned credits of LE 241

Characteristics of power electronics devices; power diode; thyristors, power bipolar transistors; MOSFET;

IGBT; characteristics of magnetic materials in power electronics; power transformer core; ferrite core; iron powder core;

converters and their applications; ac to dc converter; dc to dc converter; ac to ac converter; dc to ac converter

w.467

LE467

Tsalihwazaailvih 3(3-0-6)

Power Plant and Substation
Prerequisite : Have earned credits of LE363

Load curve, load duration curve, load factor, energy resources, hydropower plant, steam power plant,

combined cycle plant, gas turbine plant, diesel plant, nuclear power plant, economic operation in power system, principle

of substation, control center, equipments and design of substation, planning and management of substation, lightning

system.
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w468 mstestuszurlihmdwazmsmauvessiad 3(3-0-6)
LE468 Protection and Relay

Prerequisite : Have earned credits of LE 365

Causes and statistics of faults, role of protective relays, fundamental of protective relaying, protective relays
requirement, relay structures and characteristics, current and voltage transformers, over current and earth fault
protection for transmission lines, transmission line protection by pilot relaying and distance relaying, differential

protection, transformer protection, generator protection, bus-zone protection, motor protection.

e msvumaeudesdaluih 3(3-0-6)
LE469 Electric Drives

Prerequisite : Have earned credits of LE465

Mechanical requirements for electric drives; converters in electric drives; basic principle of electro-mechanical
energy conversion; DC motor drives; permanent magnet AC motor drives; induction motor drives; feedback controller

for motor drives.

a7z Feanssulihusega 3(3-0-6)
LE473 High Voltage Engineering

Prerequisite : Have earned credits of LE220

Generation and uses of high-voltage, high-voltage measurement techniques, electric field and insulation
techniques, breakdown of gas, liquid and solid dielectrics, test of high-voltage material and equipment, lightning and
switching overvoltages, lightning protection.
wara  malszgndneniinneslumsimnzsiszunluihmas 3(3-0-6)
LE474 Computer Methods for Power Systems

Prerequisite : Have earned credits of LE360 or LE 361

Power system matrix, power system programming, steady-state computation, stability computation, short-

circuit computation, state estimation, optimization techniques.

w477 HANMIPUMINMET 3(3-0-6)
LE477 Fundamentals of Power Quality
Prerequisite : Have earned credits of LE465
Sources, consequences, Impact of nonlinear loads on power systems and solutions of power quality problems

that affect the operation of electrical equipment. Power quality standards and monitoring. Power quality assessment.
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Wwars  wwudaeswainveuniessnsnalniiwaz sz lthds 3(3-0-6)
LE478 Dynamic Modeling of Electrical Machines and Power Systems

Prerequisite : Have earned credits of LE360 or LE 361

Dynamic modeling of synchronous machine, induction machine, load, and power system; algebraic equation of
power network; large- and small-signal stability analysis; applications of power system model in rotor-angle and voltage

stability analysis.

W79 szuulasengldihoansas 3(3-0-6)
LE479 Smart Grid

Prerequisite: Have earned credits of LE240 or LE209

Basic Concept of the Smart Grid, Smart Grid Architectures, Restructuring of Electricity Supply Industry,
Smart Power Grid Framework - Generation Domain, Transmission Domain, Distribution Domain, Load Domain,
Renewable Energy Complex, Power Station for Electric Vehicle, Power from Smart Building, Smart Grid as a Driving

Force to Low Carbon and Green Growth Society.

483 n3esileTanszuaums 3(3-0-6)
LE483 Process Instrumentation

Prerequisite: Have earned credits of LE380

Introduction to measurement and control devices; analog and digital transducers; pressure measurement
techniques; differential pressure transmitter; fluid flow measurement includes primary meters, secondary meters and
special methods; measurement of temperature includes non-electric methods, electric methods and radiation method;
types of liquid level measurement, direct liquid level measurement, indirect liquid level measurement includes hydrostatic

pressure methods, electrical methods and special methods; conventional controller.

21484 TulasTsivaesuazmsilsvyndly 3(3-0-6)
LE484 Microprocessors and Applications

Prerequisite: Have earned credits of LE242

Introduction to microprocessors; structure of microprocessors; system connections; interrupts; interface
techniques; memories; microprocessor programming; applications of microprocessors in instrumentation, automation

and control systems.
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37\].486 ﬂ1§i‘)f’]mmﬂ§$ﬂﬂ!ﬂéﬂﬂﬁi’)sjﬂ 3(3-0-6)
LE486 Instrumentation System Design

Prerequisite: Have earned credits of LE380

Introduction to industrial process control system; instrumentation symbols and identifications; process
drawings; loop and wiring diagram; instrument specification sheet; installing and commissioning instrumentation; plot

plans; final control devices; instrument protection.

wasr  Tasaelszamuazszuuiad 3(3-0-6)
LE487 Neural Networks and Fuzzy Systems
Prerequisite: Have earned credits of LE200
Theory and applications of fuzzy systems and neural networks. Adaptive fuzzy systems. Neuron structure and

dynamics. Unsupervised and supervised learning.

lass  szuudRlMIIAMIgAEIHNIIH 3(3-0-6)
LE488 Industrial Automation Systems

Prerequisite : Have earned credits of LE380

PLC-based industrial automation systems including servo drive and electro-pneumatic systems. Basic PLC
programming. Principles of SCADA systems. SCADA programming to monitor and control the PLC-based industrial

processes.

493 szuunzesiuiialWihuuunszne 3(3-0-6)
LE493 Distributed Generation Systems

Prerequisite: Have earned credits of LE360 or LE 361

Introduction to distributed generation; technologies of DG, conventional and renewable technologies; grid
interconnection; technical impact of distributed generation on distribution systems, loss, voltage profile, reliability,

protection, load flow; smart grids; economics aspects.

w.494 wﬁ'aammguﬁ:m 3(3-0-6)
LE494 Renewable Energy

Prerequisite: Have earned credits of LE360 or LE 361

Introduction to energy systems and renewable energy resources; potential of renewable resources in Thailand;
difference of conventional and renewable energy technologies; renewable technologies such as solar, wind, biomass,
geothermal, biogas, municipal solid waste, wave energy, fuel cell; energy Storages; laws, regulations, and policies of

renewable energy; economics aspects.
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W.495 UszanEMnazmMsdANINAINY 3(3-0-6)
LE495 Energy Efficiency and Management

Prerequisite: Have earned credits of LE360 or LE361

Fundamental of energy efficiency; principle of energy efficiency in building and industry; load management;
laws and regulations of energy conservation; energy management and analysis in building and industrial; technical
aspects to use energy efficiently in lighting system, heating and ventilating and air-conditioning (HVAC) systems,

Industrial motor; co-generation; energy conservations and management measures and economics analysis

SniidaaeuTaamadnou
IN.291 NAAAASIAINTIN 3 (3-0-6)
ME291 Engineering Mechanics
Prerequisite : Have earned credits of SC133
Force systems; resultant; equilibrium; kinematics and Kinetics of particles and rigid bodies; Newton’s second law

of motion; work and energy, impulse and momentum

310 msvenuuuszulilasldssaases 3 (3-0-6)
CN310 Microprocessor Systems Design

Prerequisite : Have earned credits of CN210 or LE242

Introduction to microprocessors. CPU architecture. System bus. Memory interface. Instruction set. Assembly
language. Input/output interface using parallel ports. Serial communications. A/D and D/A conversions. C language for

microprocessor. Programming techniques. Interrupts processing. Applications of microprocessors and microcontrollers.

M313 - MsIsunsuMEIerauea 3(3-0-6)
CN313 VHDL Programming

Prerequisite : Have earned credits of CN210 or LE242

Using the VHSIC (Very High Speed Integrated Circuit) Hardware Description Language (VHDL) for modeling
and top level design of digital systems. Structural and behavioral models, concurrent and sequential language elements,
resolved signals, generics, configurations, test benches, guarded signals, and case studies will be studied. With the use of
the industry standard compiler, simulation and synthesis tools, designs will be constructed and synthesized, ultimately

being configured on CPLD and FPGA chip.

157



¢ 2w J = A a =
4. izNﬂﬂi%ﬂﬁl“ﬂ!ﬂﬂ3ﬂﬂﬂi$ﬂﬂﬂ1imﬂ1ﬂﬁu1u (iﬂiﬁjﬂ\ﬂu HIDATINVANYI)
v Av  a = < a = ' Y 1 o A v o v Y o a =

ﬂ1ﬂﬂ31ﬂﬂ®ﬁﬂ1iﬂﬂﬂ!°ﬂﬂﬂ'JiN‘lJiSﬁ‘iJﬂ1§ﬂﬂl!'J‘lﬂ‘lﬂ/‘lﬂﬂH!slﬂ@Jﬂ1§‘ﬂ1\ﬂuiﬁﬁ muumngm"lﬂmﬁummwwlmm

a K [ { 1T a v v A o R =] Yy d
HasavinafAnyl (ﬂxi}ﬂag“lunqm‘mmﬂuman) iﬂﬂ‘lr!ﬂﬁﬂ‘hﬂin?ﬂﬁﬂ'ﬂx‘l!!N‘Ir!fﬂiﬁﬂ‘hlﬂﬂ’JWIﬂﬂﬂ1iﬂ§$ﬁﬂﬂ1imﬂ1ﬂﬂ‘uﬁﬂu
stuuvla

= v dJ
4.1. mmgmwamszmugmmﬂszaumimmﬂamu
[ = 4 J v ] Ay A
mmﬂmmﬂuwamsamugﬂaxanmsmmﬂaummmunﬁnm HONU

0% a wva = Y [ o_ o = 4 a2
00} ﬂnyﬂumiﬂg]ummmnamuﬂixnﬂums ﬂﬂﬂﬂi]uuﬂ'ﬂuﬁlﬂiﬂuﬁﬁﬂﬂ1i ﬂ'ﬂ?»lil1!ﬂ141uﬂ1§!§ﬂu§7lq‘ﬂ{]u1ﬂ

v
=®

[INRIN ]

D-

@ ysanmsanuiniseusniiesiluddammaslumagamunssuldecnammnzan
3

@) HszevIvy asanal thladausssutazaansedSudadduaavlszneumsia

Yy
= w U Jd o \ U Sld' vy
Nuyweduiusuazannsemausnigoulaa
) Aanundlumsuaasesn vazinanudaadvassa il Teyiluandd
4.2. %390
a = =® b4 :’J = d‘
I innu mamsanggiouvestuili 3
a a s =g d' = =g g’J = d'
IAMNANET MAMSANEIN 2 VoM sAnIFUIN 4
4.3. MIFANAMASZAITIIAOU
a = £ <& b4
I iElnau dadunalumaggieu
Iarnfny IUANNIA 1 MAMSANE
Y o d' U o A a
5. YoMMHANEINUMINIASINUHIBNIDY
5.1 mesueneee
o o Y v K A =) a a Y z:'l | a § Y v K] Y
nangasmnualfiindnmnannsaenzaidnlassnumadanssulnih 1 vaz 2 Failinildingnumnla
= an s v a ¢ P vV oAA Y woa v, A v P
Anp3% madudeya MmsIns iz agilma muenuznamamsuidayilna q ifeavesnviainssuivih muitlaszy’l
(Y] '3 av yas a d Y ) dd‘
luingilszaanmside lagliIsmsmadInenamans meldmsuuzihvesernsdiifsnm
52 NASFIUKAMIBU]

LV = s Y a d Y A A A A d Y
pANEIEINIIRNSZUIUMSTUMSIRDYOYA INTIZH HAZWAL HHIMY 130IBMS HIONIZUIUNMS HID DINANNS
Traiq Niimsnaagen gy duduanugndes uazamniniens tazaunsadsuBsalSyantinusierivavenansinmn i

53 ¥3a0m
4 < 4 o s A

MAMSANEIN 1 HAZMAMIANEIN 2 VoIUMIANYIN 4
54 MIUNUENA

Tassanmadanssalni 1 1 ¥iuenn

Tassnumdanssylvih 2 2 ¥HuEnn
55 MSOSENMS

dd' Y v R | v E o o
1 sevwnensEilSnulassnulviindnyuiungu 4 azdszana 1-2 au nleusdaassanznssumsasy
TAsanu

¢ Y o A v Y = v v a
2) 91%152]‘“1]%ﬂ‘l&lﬂﬁﬂ]‘lﬁﬂ}lﬂuﬂ1im’€)ﬂﬁﬂﬂlﬂ !!ﬁ%ﬂﬁgﬂﬂuﬂ1§ﬁﬂ}ﬂﬂuﬂ3]l!ﬂ31]58!311‘!9&1

[y q‘/ o A d 1 U o U o
3)  datluamslrmdTnelasanuive mnesdndSayunazmy imsdamunamsitssom

158



LV o ' av v d A o o a
4) unﬂnmmmuaimainmimmmuﬂmn]nmaﬂmmﬁﬂnnﬂmwaiummaummxuaxﬂixmuwa
v =] o = a v v ¢ A o Y a
5) ‘Hﬂﬂﬂ‘H1‘H1!ﬁ‘Hi’)Nﬁﬂ1§ﬂﬂHﬂﬂi\NTH'J‘i]f.l!ﬁJ‘U‘ihﬂﬂjﬁ1ﬂi’)ﬂﬂ!1‘i]1§ﬂ'¥qlﬂﬂ‘H!Wi’)iﬂﬂlﬂ!ﬁuﬂ!!u%!m%ﬂi%!uuwa
o =] J v a v Y d 1 dci
6) ‘HﬂﬁﬂH1i;Ng‘lJ!ﬁNiWNTHﬂﬂﬂﬂﬂﬂﬁuyiﬂ!ﬂﬂﬂ1ﬂ1iﬂﬂlﬁﬂH1!!a$ﬂm$ﬂ§§Nﬂ1iiﬂiﬂﬂ1u
5.6 nszIumstszdiuwma
A v =] 1 Y v Y dJ a LY d a
1) i’)1%1§ﬂﬂ‘lﬁﬂ‘l&n!!ﬁzﬂﬂﬂﬂ‘len‘i'JNﬂ‘L!ﬂTIf'i‘L!ﬂ‘I"i'J"lli’)!!ﬁ%!ﬂﬂ!‘ﬂﬂ]‘iﬂi%!NHN@W1N3WQTJ§$Q’Qﬂ§]ﬂ?‘B1
v L ) = v a 4! v 1 o
2) uﬂﬁﬂ‘hﬂiﬂ!ﬂui‘)ﬂﬂiﬂiﬁﬂH1!!a$§ﬂﬂ1iﬂ§$!NuIﬂﬂﬂm3ﬂiiuiﬂiiﬂiﬂxﬂu FuU153uWIM s T ueNa
=2
NIIANHI
d a o ' < ° [ &
3) ﬂﬁniﬂﬂixﬁﬂux‘ﬂu?‘lﬁﬁﬂi\‘l\‘l11-!‘1-!1?]8!!1!1!7“]ﬂﬁ'flulﬁuﬂ‘llﬂﬂ313»1!1’11«!‘IfE]‘U‘inﬂﬂﬂ!gﬂiiﬂﬂ1§ﬂ§$‘iﬂﬁﬂﬂgﬂi IWo

hwamsdsediviavenenaz 4

159



[y 3 a v =]
ﬁanmmmﬁlumiﬂszmuwaunﬂnm

= A (% ¢ v [
1. ﬂ{]i3!ﬂﬂﬂﬂ§®ﬁﬁﬂ!ﬂm‘1ﬂuﬂ151‘”33(71‘]]?13!!1!14! (n3a)

v Y o Y v o a LY Jd 1 v =2 o =) k4
1.1 MIIANa Gl‘l‘i!‘l.lull‘].lﬂ]um@ﬂﬂﬂﬂuﬁ13ﬂﬂ1ﬁﬂﬁiiuﬂ1ﬁﬂ‘i 31ﬂ38ﬂ1iﬂﬂy1‘ﬁuﬂ%f,’giy1ﬂi N.7. 2540 (!!ﬂ"l‘ll

Q‘ a K K £ 1:' v
!WN!ﬂNﬂQﬂ%i}Uu AVVN 3 N.A. 2555) VD 12, 13 1Az 14

U = ' 3 U dd‘ 1 U 1 d! i a v 1 dw
1.2 mydanamsaneuUaiy s szau N‘D’ﬂ!!azﬂ1§$ﬂﬂﬂﬂﬁuﬂﬁu?ﬂﬂﬂﬂ\iﬂﬁﬂﬂu

sTaU

A B+ B C+ C D+ D F

MIzA

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0

% a =2 a k4 a2 o v A | S|
1.3 NMIIANAIV 'JV\I. 305 Nﬂ\ﬂ'lr!“ﬂl‘l'flﬁ?ﬂii?»llh‘h/\h HasIY.100 VIYHIINAIVIIUIAING wiaily 2 szau

[

A
o

zou S A¥18) waz U @al¥d16)

2. DIZUIUMIMIUTOUINASFIUNATHGNEURINNANY

2.1.

MIMUFTeUINAIFIMNaMsiBauvazinanmddliduiamsanm

d v
(1) WmnuaszuumsmuasuNadugnsmsiseu3veuinanyuluaiurtiavesszvumsseiuaamnniely
Y Q

@
3

2.2.

'

= 4 o

fzdevihinadnlonseny nazildduiiumsonussauadugns Fediszifiumeanenszdesannse
4

as1vaevla

msmugevluszauneInaslfinfnnlszaiumssaumsasuluszaugdn

msmuaevluszavnangasannsamldlasiiszuudsziugammmely duiiumsmvaevinasgiuwa

MsBauiuazenuNa

= k4 LY ] o < =<
MIMUADVNIATFIHNAN IS UIHAINNUNADHIAUIINIANEN

Autiumsaane i

)

(0]

3)

“@

(©))

Mazmsinuihvesudia Usziiiunntudaudaz suioumsane luduvesszaznalumsmaui
AMANABAING ANNAINT ALiulavesTadalumsdszneumsnuern

v Y o ¢ A ' & a =
msnsvaeunndiszneums lagmsvarndun el n3e mygwuuaeuan imelszifiunnuiianelaly
v A d' =2 Y_ o ) 1 1A d' = d' < 4
Tudianaumsanywazidnmavluaavdszneumsiiy q Tumuszezaamag wu I 1 99 s Judu
msdszifiudmmiie nazvseanuinninlumanuvesudia
msdszdivnniadiailiilszneverdn lusdvesnnundeusazanadoinmundniiGeu srunsmvian

. 14 ¥
q nviualuvangas Mg aeanumsdsznevainvesiudia samatlalemalfiawedefamulums

Al ¥
yaa Ky

USuniangaslhagavudie
& Y a a a [ A | ¢ a ' v O]
AMHHINANIINaaiMeuen Hwndsziivndngas vise iluermsdiiay Aeanuwienvasindnily

= A A a v [ = v o J v o ]
MIIYU HASATNUABY ] NMNYIVBINUNISUIUNITLIGUI UASTNMITNAHIDIANIINIVOIUNANHY

3. maeimsduSamsinmmamangas

F ) a ! k4 v = v a | c: \J | a
3.1 Ulﬂﬁﬂ‘isﬂiﬁl')”lﬂﬂnc] ﬂi‘lJﬂ]NiﬂiQﬁiN‘l’mﬂgﬂi !!ﬁzNﬁu’Jﬂﬂﬂﬁz%ﬁﬂNﬂ]ﬂ’J] 144 ¥iHENA

FOAl U d' | l; Al o
3.2 "lﬂmﬁmumaﬂawu‘lumnm 2.00 (NITUY 4 ITAVATUUY)

a wva 4 : Y a d a [ d o
3.3 é’l’mﬂ(g]uﬂmuﬁau"lmﬁuq finaEIfINIsumans tazuINeNaesIsNAmIaAIMrua

160



