NANgAIATAENITINEMNTINIMIUMTN  d1u13u13AINTIULNAY (MTE)
(vangasuSuuse w.A. 2555)

FoUsuan: agmandgnamnssiLvndin Geanssuliiii)
A.0.4. (Aanssulnii)
Master of Science in Technical Education (Electrical Engineering)
M.S. Tech. Ed. (Electrical Engineering)

Iuumilsinnaeanangns 36 wiein
TAs9a51990nangns
WNU N WUU N 2
PNINIYIUIAY 27 wdagia
w109 15 wiiefn
Inefinus 12 wihein
edvnldiumiheinazan* 2 WUenn
NNV UADN 9 %A
AU UADNRNIZUUUS 6  wiwhn
FdenanEuruEouusivdy 4 3 wlena

FIUARDANANGAT 36 WILAn
* psuseifiunanisAnwnduseauazuy S/U

LAY U
RNINIYIUIAY 18 wiaefn
Fv1UsAU 15 wiwha
Jyyiiae 3 Wwhe
ANINIYINADN 18 w8
AU UADNRNIZUYUS 9 wiwhe
T denanTuIuIEouuTIvaY 4 9  wwhn
FAWARDANANGAT 36 MBfn
szazIaTlun1sAne
Julumudetaduuminedumaluladnsyasunainszuaswile Imenmsanwseauduinfnw) w.e. 2552
s lundngas
ANINIYIUIAU
Seadu ThanwSeudndsfu Sy 15 wiheRa anseivaelud
E G dasein IuIUnIENN (UsTee-UUR-Anernienuiag)
020215100  waliAnsAwudamsUIAINssUnh@nw 3(2-3-5)
(Computational Technique for Electrical Engineering Education)
020215101  mFIdedazain 3(3-0-6)
(Research and Statistics)
020215102  A1sHMeNISEOU 3(1-4-4)
(Teaching Supervision)
020215103 wgufuazn1suszgnamimnssulnidne 3(3-0-6)

(Electrical Engineering Education Theory and Applicaiton)
020215104 Agenansluifne 3(2-2-5)

(Teacher Training in Electrical Engineering Education)
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acerM4
Highlight
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Highlight
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acerM4
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acerM4
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a a 4
MYIUNUT (LWL A LUU N 2)

SREIY Fomedv IUIUNUIEAN
020215106  Inendinus 12
(Thesis)
Uy (e )
WY Hasein uumidein (Usseng-ujia-Anedtenues)
020215107  Ugymdikeiy 1 1(1-0-2)
(Special Problem 1)
020215108  Ugyuniileie 2 2(2-0-4)

(Special Problem 1)

sevvRubitumiiein  (MsUssliunansanvnduseiuaguuy S/U)
FWERYN Hasein uumilein (Usseng-ujia-Anwdtenuies)
020215109  dunuwnesaudmnssulnindne 1 1(0-3-1)
(Seminar on Electrical Engineering Education I)
020215110  dunuwenudenssuluiindne 2 1(0-3-1)

(Seminar on Electrical Engineering Education II)

ANINIYNADN
Fvndenamizuvus wuady 5 uwwuadn
Wi N MU N 2 IdenSouseiviluseudinladvmds sauaulivesnin 6 misedn wasdyane
WL BRULIYEN 3 widaeiin
LA ThdenSounsdnluwsudinledvids Swnulddesndt 9 wiiedn wazivianie
wLvS BRI 9 9 wieda

1. wausIrIaanssuszuulnianA1ds (Power System Engineering)

WY Haseim uumilein (Usseng-ujia-Aneddenues)

020215800  AdinFanImnsIutuge 3(3-0-6)
(Advanced Engineering Mathematics)

020215801  wgufaunuuaimanii 3(3-0-6)
(Electromagnetic Field Theory)

020215802  IAINTTUTYUUAIUAL 3(3-0-6)
(Control System Engineering)

020215803  wialuladwaasulil 3(3-0-6)
(Electrical Energy Technology)

020215804  N1591ARILASLUUINADIWMIIAINTTH 3(3-0-6)
(Engineering Simulation and Modeling)

020215805  n1sUTEIaNadY Y IUATNE 3(3-0-6)
(Digital Signal Processing)

020215806  N1sUTEIIANANIWLUUATYA 3(3-0-6)
(Digital Image Processing)

020215807  n3esiletndidnvsedng 3(3-0-6)
(Electronic Instrumentation)

020215808 msduindeudaslnihiiugs 3(3-0-6)
(Advanced Electric Drive)

020215809 iadpadnslihidugs 3(3-0-6)

(Advanced Electrical Machines)
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020215301  AsaAsIznszuubinidaenaun e es 3(3-0-6)
(Computer Aided Power System Analysis)

020215302  nsesURlugsyuulninmas 3(3-0-6)
(Power System Optimization)

020215303  ysudsuansiniilussuuluiianigs 3(3-0-6)
(Electrical Transient in Power System)

020215304  g15UpUNALATNITODNLUUAINTBIAIAT 3(3-0-6)
(Harmonics and Power Filter Design)

020215305  NISIANITWAINU 3(3-0-6)
(Energy Management)

020215306  Besdmanizmenudmnssuszsuulniisg 3(3-0-6)

(Selected Topic in Power System Engineering)

2. WUIIAINTINIEUUAUAN (Control System Engineering)

WAV dos1e39n JuIUNYIBAN (Usse8-UJUR-Anwdienuia)

020215800  AAFNARTIMINTIITUAS 3(3-0-6)
(Advanced Engineering Mathematics)

020215801  wufaunuuaimdnli 3(3-0-6)
(Electromagnetic Field Theory)

020215802  IFINITUTLUUAIUAL 3(3-0-6)
(Control System Engineering)

020215803  walulagwasauluii 3(3-0-6)
(Electrical Energy Technology)

020215804  N13A1ADILASLUUINADWMIIAINTTH 3(3-0-6)
(Engineering Simulation and Modeling)

020215805  N1TUsTAIANAAYQYIMAIE 3(3-0-6)
(Digital Signal Processing)

020215806  NSUTEIIANANIWLUUARIA 3(3-0-6)
(Digital Image Processing)

020215807  n3psiletndidnnseiind 3(3-0-6)
(Electronic Instrumentation)

020215808 msduindeusaslwititugs 3(3-0-6)
(Advanced Electric Drive)

020215809 iedpadnslihidugs 3(3-0-6)
(Advanced Electrical Machines)

020215401  SEUUMIUANLUUAITA 3(3-0-6)
(Digital Control System)

020215402  3AINTIUYULUA 3(3-0-6)
(Robotic Engineering)

020215403 Usgysyrsedugdmsuimnssuviugus 3(3-0-6)

(Artificial Intelligence for Robotic Engineering)

020215404  szuvileduaziasovisUszaviiiey 3(3-0-6)
(Fuzzy System and Artificial Neural Network)

020215405  n1seysnundsnuliiuaznisauu 3(3-0-6)

(Electrical Energy Conservative and Control)
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3. wvusIvidnssudiannseiing (Electronic Engineering)

SWEIY
020215800

020215801

020215802

020215803

020215804

020215805

020215806

020215807

020215808

020215810

020215501

020215502

020215503

020215504

020215505

020215506

020215507

020215508

4,
SHEYN
020215506

020215800

Fosrw3n
Adiamansimnssutugs
(Advanced Engineering Mathematics)
vguauuwiwantiin
(Electromagnetic Field Theory)
IMINTTUTLUUAIUAY
(Control System Engineering)
wialuladwasaulndi
(Electrical Energy Technology)
N159790WASLUUTIADINIIAINTTY
(Engineering Simulation and Modeling)
NsUSTIIANAFY YA
(Digital Signal Processing)
NISUTZUIINANINLUUATA
(Digital Image Processing)
windfleTadidnvseding
(Electronic Instrumentation)
mﬁumﬁlaué”wh\lﬁﬂ%uqa
(Advanced Electric Drive)
nsdeansioyauazialetneneuiames

UL (Ussere-UUua-Anudlenues)
3(3-0-6)

3(3-0-6)
3(3-0-6)
3(3-0-6)
3(3-0-6)
3(3-0-6)
3(3-0-6)
3(3-0-6)
3(3-0-6)

3(3-0-6)

(Data Communication and Computer Network)

nseenLuUBiannIelindmias

(Power Electronic Design)
Amnssudanisunng

(Biomedical Engineering)
MMTIATISAFYIUTINN

(Bio-signal Analysis)
NMTIATIERLAZNNTOONUUUNATAINE

(Digital Circuit Analysis and Design)
NTIATITALAZDDNLUUNITTILTIUEU
(Linear Integrated Circuit Analysis and Design)
MTAATIEINRTTINANE Iy

(Radio Frequency Integrated Circuit Analysis)
A ulaysuaimanlii
(Electromagnetic Compatibility)
Fosmanznsduimnssudidnnseiind

(Selected Topic in Electronics Engineering)

Yos1e3vn
MTAATIEINRTTINANE VY
(Radio Frequency Integrated Circuit Analysis)
Adamanimnssutugs

(Advanced Engineering Mathematics)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

KUUIIBIIAINTIUINTANUIAL  (Telecommunication Engineering)

wva =

uumilein (Usseng-ujia-Anedienuies)
3(3-0-6)

3(3-0-6)
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020215801

020215802

020215803

020215804

020215805

020215806

020215807

020215810

020215601

020215602

020215603

020215604

020215605

020215606

020215607

020215608

020215609

020215610

5.
SWEIY
020215700

020215701

vguauuwiwantiin
(Electromagnetic Field Theory)
IFMINTIUTTUUAIUAY

(Control System Engineering)
wialulagwasauluii

(Electrical Energy Technology)
N159189 AL UUIIADINIIAINTT
(Engineering Simulation and Modeling)
NsUSTIIANAFY QIR

(Digital Signal Processing)
N15UTEUIBNANINLUUATYIA

(Digital Image Processing)
\3esilotndidnvsedng

(Electronic Instrumentation)
mi?iaam’fa;ﬂau,azl,ﬂ'%a‘dmﬂauﬁama%
(Data Communication and Computer Network)
MsAeashdva

(Digital Communication)
nsdeanslowiauas

(Optical Fiber Communication)
NMSIATILYEI8RINA

(Antenna Analysis)

MIuNsnITANEAAY

(Wave Propagation)
msasziasiulasiivuayisasveny
(Analysis of Microwave Circuits and Amplifiers)
nsdeanslidane

(Wireless Communication)
aunuusimdnlihdugs

(Advanced Electromagnetics)
wadalsiaavdmsuudianlni
(Numerical Technique for Electromagnetics)
MSUIMITANISHaUAILE

(Wireless Spectrum Management)
Sosdmameneinuimnssuivsauua

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

(Selected Topic in Telecommunication Engineering)

wUUIIBINTABUIAINTIUINA (Electrical Engineering Teaching)

Fomein
gngIsNsaeIvIATA
(Didactics for Teaching Technical Courses)
Aansnsaeulvdiannseling
(Pedagogy for Electronics)

Iuunein (Ussere-ufua-Anudienuias)
3(3-0-6)

3(3-0-6)



020215702

020215703

020215704

020215705

020215706

BHUNSANEY

Fansnsaewivinaluladlnii

(Pedagogy for Electrical Technology)
NSHNUININYINT

(Trainer Training)

UIMNIIUNITIBUNITADU

(Instructional Innovation)
s2iJ8UIsN1TIANANITANY

(Educational Measurement Methodology)
NSIANISISEUIWUUYTUINTS

(Integrated Learning Management)

WY N LlUU N 2

SHEIYN
020215100

020215103

020215104

SHEYN
020215101

020215xxx

020215xxx

SUEIY
020215102

020215xxx

020215106

020215109

Uit 1 anansinendl 1

Fosedvn
wiadansauludmsuiamnssulnindnw
(Computational Technique for Electrical Engineering Education)
noufuazn1sussgnamadeanssulnidny
(Electrical Engineering Education Theory and Applicaiton)
AgenansluihAnw
(Teacher Training in Electrical Engineering Education)

394 9 waenn

I 1 aanasdnendl 2
FosreIun
MTILLATADRA
(Research and Statistics)
AU UADNRNIZUYUS
(Elective Course)
AU UNADNRNIZUUUS
(Elective Course)
59 9 WULENA

I 2 mansAned 1
FosreIun
N3UMANSaDUY
(Teaching Supervision)
Fdenaneuruviouvusivdy 4
(Elective Course)
INeInus
(Thesis)
gunumenndanssulniidne 1 (lddundiein
(Seminar on Electrical Engineering Education )
39U 9 WuUqEAn

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

FMUIURULAAN
3(2-3-5)

3(3-0-6)

3(2-2-5)

UIUNULBNA
3(3-0-6)

3(3-0-6)

3(3-0-6)

FUIUNULLAAN
3(1-4-4)

3(3-0-6)

1(0-3-1)
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SHEIYN
020215106

020215110

LbNU U

SUEIY
020215100

020215101

020215103

020215104

SHEIYN
020215102

020215xxx

020215xxx

020215xxx

SHEYN
020215xxx

020215xxx

020215107

I 2 aanasdnend 2
Fosredun
Inefinus
(Thesis)
Funumesimnssulnihdnw 2 (aidumdiein)
(Seminar on Electrical Engineering Education II)
59U 9 WUlENA

U7 1 aansened 1
Y5183
wadansauudnsuIInssulninAnw

(Computational Technique for Electrical Engineering Education)

ANSITLLAZEDG
(Research and Statistics)

al 3 a =
mqwgLLazmi‘dizqﬂmmﬂ’smﬂﬁﬂﬁ/\lﬂmﬂm

(Electrical Engineering Education Theory and Applicaiton)

AgenansluihAnw

(Teacher Training in Electrical Engineering Education)

594 12 wdaein

I 1 aanasdnend 2
Fosedun
NIUMANITEDU
(Teaching Supervision)
AU UADNRNIZUYUS
(Elective Course)
AU UNADNRNIZUYUS
(Elective Course)
AU UADNRNIZUYUS
(Elective Course)
39U 12 WA

Ui 2 mamsinendi 1
Foedvn
FdenaneuruvTouusivdy
(Elective Course)
FdenanvuIuIEouusivdy
(Elective Course)
Ugyyiivay 1
(Special Problem 1)
39U 7 %enn

UIURULLAAN
9

1(0-3-1)

FUIUNULLAAN
3(2-3-5)

3(3-0-6)

3(3-0-6)

3(2-2-5)

UIUNULBNA
3(1-4-4)

3(3-0-6)

3(3-0-6)

3(3-0-6)

FMUIURULAAN
3(3-0-6)

3(3-0-6)

1(1-0-2)
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U7 2 aansenen 2

NIV Foeivn IMUIURUAA
020215 AVUEBNANIZWILIS B UULANEY 9 3(3-0-6)

(Elective Course)

020215108 Uyt 2 2(2-0-4)

(Special Problem 1)

3794 5 waenn
AN93UEI183Y
020215100 wadiansauadmsuimnssulniifne 3(2-3-5)
(Computational Technique for Electrical Engineering Education)
Jdsdvneu - lud
Prerequisite  : None

Wsunsupeuiinmesifien1suddgmandanssufing nMsinszimaianuiianain n15men
FINVDIAUNTT HARAELTIRIAVURENNTTRFULAL I TATY N1sveuRUSLAUSHUSIBFIAY wag
msmwaLaa&JL%WT’JLamsuaﬂaumﬂ%daqﬁuﬁ’

Computer program for solving engineering study problems, error analysis, root finding,
numerical solutions of linear and nonlinear systems, numerical integration and differentiation,
and numerical solutions of differential equations.

020215101  M5IuATADTA 3(3-0-6)
(Research and Statistics)
Jdsdvneu ¢ lud
Prerequisite : None

nsgUuMITe nstmuatlam madeuiagusvasd msdaauisiu nsaaeiosdio nafu
swswdeya nisldadialunideiuedizuasmaia@nw nMsleszideya Msleusenunsidy

Research process, problem identification, research objectives and hypothesis, research
tool construction, data collection, statistics for vocational and technical research, data
analysis, research report writing for data analysis.

020215102  AsUwmeANIEDU 3(1-4-4)
(Teaching Supervision)
dsdunew ¢ lud
Prerequisite : None

wlurimivesnsimanisaeu JUwuukarinslunmsivanisaou UV]U’W]LLawﬁWﬁsumuﬂa’miﬁ
Rerdsiumsiimansaey 1n3esleuazgunsaldnnennuazmnlumsime madanislidninw
msdanansal Msusediuna NsUTulRnIsaeu msUfiRnstimansaouluduEounse

Perspectives of teaching supervision, teaching patterns and methodology of supervision; roles
and functions of supervisors and related personael, facilities and tools for supervision; consulting

techniques; observation, evaluation, teaching improvement; supervision practice in real situation.



020215103

020215104

020215106

020215107

nguuaznsuszendnimnssuliihAnw 3(3-0-6)
(Electrical Engineering Education Theory and Applicaiton)
wdsduneu  : Tl
Prerequisite  : None

Usziimsinermansiuazadinmanififsrdostuimnssuluindnw nsidenlesaamime
adinmansuazineimansiuimnssulnindne nsuszendimnssuluihuazdidnnselind nguas
nauineszuulwiuasdygin nouijausiiiiuasauuwimdniedesdngnaliin weluladd
denasion1sdnnsiseunsaausuImnssulihdne

History of science and mathematics related to electrical engineering education; knowledge
transfer of mathematics and science to electrical engineering education; applications of
electrical and electronic engineering, laws and theories in electrical system and signals,
electric field and magnetic filed theories; electrical machines, technology for instructional

management in electrical engineering education.

Agenansliifne 3(2-2-5)
(Teacher Training in Electrical Engineering Education)
wdsdunew Ll
Prerequisite  : None

nsfnwilasgiassinagifsdestunuiuimassulid msliseiesduseneureanis
ISPUNTADU N1TITNUNNSISIUNNTAOULAZNNTINNINTIUNNSISIUNNTEOU mﬂ%ﬁamsaau 1599
warUszilunanisaey Msideludusen miﬁwuwﬁﬂqmiw%mazmiﬂﬁmﬁuwamiﬁ&mmsaau
nsufURnIsaeugania

Content analysis of teacher training in electrical engineering, instructional factor analysis,
instructional and activity planning, usage of teaching aids, educational measurement and
evaluation, classroom research, course development, instructional assessment, micro

teaching practice.

NYINUS 12
(Thesis)

Idsauneu  : ldd

Prerequisite  : None

ﬁﬂﬁmzmﬁaﬁﬁwﬁﬁaﬁé’uﬁuéﬁuué’ﬂg_jmuaz/ﬁamﬂiuia%wLLsuuﬁmﬁ"Lé'Lﬁaﬂmﬂ%’mqﬂﬂami‘
T vuelidn@nudosamalousiuon 3 wihedausn Wodisuduuuiuasiiaue  ide
Snendnuslumansianizuaudinndlafne

Students are required to conduct a thesis on a topic related to their field of study. Enrollment

of seminar course of there credits and presentation of their research toptic are required.

Ugyyiiva 1 1(1-0-2)
(Special Problem 1)

wdsduneou il

Prerequisite  : None

AnwiAuniisieyanaluiioaieatunisiauinismiieinis dadulgmaudesnisuas
Tiwumsanuageansanavnssy luawivimnssulnivseaivfiieites
Students are required to individually study academic development in demand problems,

and evolution of instructional education in relation to electrical engineering or related field.



020215108

020215109

020215110

020215301

020215302

Uy 2 2(2-0-4)
(Special Problem 1)
IdeRuney 020215107 dgymiiiey 1
Prerequisite  : 020215107 Special Problem |
Anwdunhssyanasellesaniviyvfies 1
This is the continualtion of special problem I. Students are required to finish their

individual study and submit their study report.

dunumsuimnssuluin@nuw 1 1(0-3-1)
(Seminar on Electrical Engineering Education 1)
dedunew ¢ lad
Prerequisite  : None

TnAnwdesdnuduaiisesiiierdestuaniiieuaindis unanudunis wnansivinig
wiastidesiiaula viauslutuSeunaze et

Students are required to research various topics in relation to their field of study from
textbooks, articles in academic documents and journals, and website. Topic of study they are

interested in must be summarized, presented and discussed in class.

dunumisinienssulnidnw 2 1(0-3-1)
(Seminar on Electrical Engineering Education II)
Jdsduneu 020215109 dunumeanudnssulniidne 1
Prerequisite  : 020215109 Seminar on Electrical Engineering Education |
TnAnwdesdnuduaiisownsiifedostuaniideuaindis unanudvinis wenansivnig
LLé”gajﬂﬁaaﬁaﬂa diauslutubsunareivsesiuiy
Students are required to research various topics in relation to their field of study from
textbooks, articles in academic documents and journals, and website. Topic of study they are

interested in must be summarized, presented and discussed in class.

masgsszuulnihmadlneneuimes 3(3-0-6)
(Computer Aided Power System Analysis)
deAuneu  : Lidl
Prerequisite  : None

wuuassdulsznaurestsuuliiiimas nMslesgilnanlial MsiesizRauRaUINAveq
53UV wasUfURNsUsEynAldgensuasiun1sinsei

Modeling of power system components, load flow analysis, fault analysis, computer

laboratory session for application of software to analysis.

nseeURludssuulniiings 3(3-0-6)
(Power System Optimization)
wdsdunew Ll
Prerequisite  : None

gauaLazLLIAneIn1seaUdludluszuulniiimas Bnrseevdludatslmidmiunisudtem
Tussuulnihigs glinreufinmud nsnelnansgisusendn nsluavesidslnfinegramungay
fian uazmsldmeufinmeditetaglunmuitgm

Scope and concepts of power system optimization, modern optimization techniques for
solving power system problems, unit commitment, economic dispatch; optimal power flow,

computer laboratory session for application of software to sample studies.



020215303

020215304

020215305

020215306

nyudsudnisluinlussuulainmas 3(3-0-6)
(Electrical Transient in Power System)
Jdedvneu - lud
Prerequisite  : None
wswm%uﬁﬁadmﬂmsﬂaﬂ—ﬁuaimsﬁmmﬂﬂauaxqﬂLa‘u ﬂswﬂgmiajmﬂé'mlmLﬁﬁﬂlﬂﬂﬁmﬂ
NUTeusE AauasULENeEs T matestuussuivamms e welemsinuasvndeunay
Simple switching transient, abnormal switching transient, electromagnetic phenomena
under transient condition, traveling wave on transmission lines, lightning, protection against

transient over-voltage, measurement technique and surge testing.

g15ualNALAE NTODNLUUAINTBINA 3(3-0-6)
(Harmonics and Power Filter Design)
Ideduneu  : ldd
Prerequisite  : None

gsuedndidosiy nisiamnudadenansueing slawuud undsrdaendueing nansenuves
gsuetindlussuuliihiAds nsussmensuelind umsgiuensuetind

Introduction to harmonics, measurement of harmonic distortion, resonances, sources of

harmonics, effects of harmonics on power systems, harmonic mitigations, standard of harmonics.

AIFIANITNANY 3(3-0-6)
(Energy Management)
Fdedunew ¢ lad
Prerequisite  : None

anuddyvesnslindinunaznszuiunsmandsanu nguanefsdesfuiundsnu seuu
wAZNILUIUNIAUYTEANSAMNAIY dnvaizkasUSuansTanasny Wugunasulazanisly
w¥susimy gunsailindsnulnih Weunds lovh o1ned uasndauguiuudug msanduny
NINAR AeTaunszan LLazwaﬂsx‘mwia?ﬁLLméJanSw] ULBUIBNAIIIY NIFIILANY N15A1LHUNTS
M137 990U uaznsUTUUTIeEseLilns fad Sanaduduntsdundsay waluladnisaseiuas
N15UUAN MINTINEOUNITIINEIIY NFauTNENENY

Significance of energy usage and processes; laws related to energy; energy efficiency process and
system; energy usage characteristics and quantity; energy baseline and specific energy consumption;
equipments fueled by electricity, fuel, steam, compressed air, and others; reduction of production
cost, greenhouse gases, environmental impacts; energy policy, planning, implemention, investigation,
management review, and continuous improvement; energy performance indicators; energy

measuring and recording technology; energy auditing; energy conservation.

Sosmanzmainidmnssuszuulniimas 3(3-0-6)
(Selected Topic in Power System Engineering)
Jdsduneu ¢ lud
Prerequisite  : None

tndnwdesnuduaiidie unanudunis enansivinig wazndlediedenideriauloundy
Mnsfnwdadnlagldsuduuziiamneransdiivinm

Students are required to research textbooks, articles in academic documents and journals,
and wesite to select a topic of their interest in order to study in depth under advisior(s)’ (s)

supervision.



020215401

020215402

020215403

FYUUMIUANKUUAIT 3(3-0-6)
(Digital Control System)
wdsduneow ;- fl
Prerequisite  : None
dyaauguuuunneg  nsuUasdygnaeziuaeniduadvawaznisuwlaidviadu esuuaen nguj
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YOIMINTOIUUAT MIIATIZATZUUAIYA N1I90NUUUAINTEIRITa FIR Lag IR

Signal types, A/D and D/A Conversion, sampling theory, mathematical model of discrete
system, linear time-invariant system, Fourier transform, discrete time Fourier transform,
discrete fourier transform, z transform, structure of digital filter, digital system analysis, digital
filter design (FIR and IIR).

APINTIUYUEUA 3(3-0-6)
(Robotic Engineering)

wdsdunew  : hidl

Prerequisite : None

FaumansvevunavusudlugUwmsnduuuenius Buidymvesauniseauaans n1smsu
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wainuayNIAUANLILNG Fan919U InTesdunmdmTurusud duisiaznisandring vugud
wwAaud n1slUsunsuliuguivinuaufenis viusuddasey YusuRd msunsussgndlyly
AANMNTIU

Kinematics of manipulator robots in terms of homogeneous matrices, solution of the
kinematics equations; differential translations and rotations, Jacobian and inverse Jacobian;
manipulator path control; manipulator dynamics and control; sensors, machine vision for
robots, object location and recognition; mobile robots; programming of robot tasks,

intelligent robotics, robots for industrial application.

UayayUseRugdmiuieanssuvueud 3(3-0-6)
(Artificial Intelligence for Robotic Engineering)
Jdsdvneu - lud
Prerequisite  : None

nsvvIuTiEiAIuiueud n13AIuANsEazlnad msuiugudIuAIEfewarLUUN1IInTEUY
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Robotic paradigms; teleoperation for autonomous robots, the hierarchical paradigm.
Reactive paradigm; biological sciences, animal behavior, social behavior, adaptive behavior,
perception, coordination and control, schema theory, potential field methodology, common
sensing techniques for reactive robots, hybrid deliberative/reactive paradigm and multi-
agents, topological/metric path planning, localization and map making, research and

development in Al for robotic area.



020215404

020215405

srUUleuaziAIovIsUssa e 3(3-0-6)
(Fuzzy System and Artificial Neural Network)
wdsdunew Tl
Prerequisite  : None

wnAnidesiuienfuiledaodn fudion anuduiusuuuiied ngfteduuy ifthen nsuansily
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Basic concepts of fuzzy logic, fuzzy sets, fuzzy relations, fuzzy if-then rules, fuzzy
implications and approximate reasoning, fuzzy logic and probability theory. Fuzzy logic in
control engineering, information technology, patterns recognition, and industrial applications.
Fundamental of artificial neural networks, neuron network architectures, perceptron learning
rule, signal and weight vector spaces, single layer perceptrons, multilayer perceptrons,
variations on backpropagation, associative learning, competitive networks, self-organizing
maps, recurrent networks, radial-basis function networks, theory of support vector machines,

principal components analysis, and applications of artificial neural networks.

nseysnundsnuliiuaznisaunu 3(3-0-6)
(Electrical Energy Conservative and Control)
Jdsdvneu ¢ lud
Prerequisite  : None

nsAndandsauliii 199510 H 81 2995818nnsedindrinds nsaidswayndsaulai
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Electricity generation, electrical power and electronic circuits, electrical energy and power
measurement, principles of electric transformer, motor, generator, phase and voltage control,
induction motors control, automatic electrical energy control and data processing, examples
and applications of control system and data transmission in industry and building, electrical
power distribution and control in factory/building, power factor improvement, peak demand
control, compressed air system, pump, fan, and control techniques, refrigeration and air-

conditioning System, latest electrical energy conservation and control technology.



020215501

020215502

020215503

nMsoNLUUBIaNNIolNAfMas 3(3-0-6)
(Power Electronic Design)
Jdsduneu - lud
Prerequisite  : None
nsdanszilaseaiiaazgUiuasuesinesuuuaing  msdmnaiiiermusvuinveineues
weswuualing asmuAudmiU Leadens / 3iile / Lo Aeuneimesuardunedines 1asnun
nudamesuuuUinuardunednes wiouvasiihdivhousedygonda wazaud nanswnu
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Synthesis of static converter structures, calculation of the static converters dimensions,
control circuits for SCR/GTO/IGBT-converters and inverters, control circuits for transistor
bridges and inverters, transformer in pulsed mode and high frequency, disturbancies induced

by the static converter. industrial applications of static converters.

AMINITUTINITUNNE 3(3-0-6)
(Biomedical Engineering)
Jdsduneu - lud
Prerequisite : None

AnvnAsrfudnuusaniinilifiuagnisnaveadoibowasivad Uiﬁﬂgﬂﬁaﬁmauﬁm%
woAnssumsliiinvensad nsdeansseninaea msdsiudyaaliiitlussuutsran aduliih
Wlansuafigesuuudasigninuazhuun1swlsaduiiuaud szuuinnugUls audasndonay
m3L%a§alé’suaqqﬂﬂsa§mﬂvmwLLasmmaﬁiﬁﬁmamiLwaé MR 9 aRaTing

Electrical and mechanical properties of tissues and cells, membrane phenomena, neural
electrical behavior, cell communication, electrical transmission in neural System,
electrocardiography, transducers: ultrasonic and variable impedance, patient monitoring
system, safety and reliability in electrical and mechanical devices and system used in

medicine, clinical measurement.

MMTIATIZATYYIUTINN 3(3-0-6)
(Bio-signal Analysis)

Fdsdunew ¢ lad

Prerequisite  : None
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Anwnfenisussenednuvazvesdyanalulaiuniud awandudedou msuvasFies nsuva
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Signal description in a frequency domain, complex spectra, Fourier, Laplace and Walsh
transforms, signal and system description in a time domain, weighting functions, convolution,
filtering properties of continuous and sampled weighting functions, correlation and sampling
properties, auto and cross-correlations, analog-digital converters, measuring digitalizers, digital
transducers, digital-analog converters, series and parallel conversions, problems of biological

signal analysis.



020215504

020215505

020215506

020215507

AMTAATITAUALATOONLUUNITAINE 3(3-0-6)
(Digital Circuit Analysis and Design)
Idsauneu  : ldd
Prerequisite  : None
M3UTEAYEUALNITNTUIMUUTINBNRTTINATIA Msiau 2asegrsiedmsuldlunisAium
msldnauiimestislunseenLUULAEIATIEANAIANE LaENITHAIUINITEDNWUUNITEIULDY
Construction and consideration to simulate application circuit for digital integrated circuit,
development and implementation of elementary calculation for selected device and

computer aided circuit analysis and subsystem design.

ATIATITILALDDNRUUINITTILTUEY 3(3-0-6)
(Linear Integrated Circuit Analysis and Design)
wdsduneu  : Tl
Prerequisite  : None

AN BULTDINATTINTUFU N15ATILNNATTINTNAY aussauglun1svineu v99195TIUT
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Characteristics of linear integrated circuits, analysis of linear integrated circuits, operating performance
of linear integrated circuits in case of low noise signal, impedance, high frequency and wide frequency
range, case study of basic construction of various linear integrated circuits such as operational ampilifiers,

current-mode electronic devices, wide-band amplifiers and phase-locked oscillator.

m'ﬁm'ﬁwﬁawasammmﬁ%m 3(3-0-6)
(Radio Frequency Integrated Circuit Analysis)
Jdsdvneu - lud
Prerequisite  : None
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Communication circuits design, low noise amplifier, automatic gain control, phase look
loop, oscillator, frequency synthesizer, analog and digital modulator and demodulator, high

frequency circuits design and relatively research topics of this course.

AN ulansusidnlai 3(3-0-6)
(Electromagnetic Compatibility)
deduneu ;- Ll
Prerequisite  : None
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Electromagnetic Theory, Noise generator and coupling, techniques for noise reduction,
shielding, grounding and filtering. Measurement of Electromagnetic Interference (EMI) to
comply with government regulation. EMI problems and solutions to engineering applications,

design of EMI filter and study to effect of electromagnetic interference.



020215508

020215601

020215602

020215603

Sosdmanznesuimnssudidnvseind 3(3-0-6)
(Selected Topic in Electronics Engineering)
Ideduney  : ldd
Prerequisite  : None

UnAnendesdnuduaiims unaudving wnansivnis wasndlediiiedentideriaulondn
MnsAnwnddnlnglasuiuuzihainetaseiusne

Students are required to research textbooks, articles in academic documents and journals,

and wesite to select a topic of their interest in order to study in depth under advisior(s)’ (s)

supervision.

N13deasAava 3(3-0-6)
(Digital Communication)

wdsdunew  : Ll

Prerequisite  : None

sruukavdya n13nsIsdudeyalalindnnisanumiieuduuuuaian nsueqadu way
WUUANT9ANNELaZALARINT N1SIATIZRTEUURIURAUAIINE ANSTUNIUTENINSTQYanwal
Bnsdelmiemnuwiiisuiy nsaeamla wagn1swesdaie

System and signal, maximum likelihood data detection, modulation methods and
bandwidth requirements, bandpass System and analysis, intersymbol interference and

equalization methods, phase-locking and synchronization.

nsdeanslowiniuas 3(3-0-6)
(Optical Fiber Communication)
Jdsdvneu - lud
Prerequisite  : None

VENNTeIsTUUNSARaSIeLa nvarauTivewanawes dnvarauifivesnmsieansiouas
vdnmsveaduletuas msvegiatutazmsivegiady  gunsalivhasnenamsioansmeuasiay
msUszgnalday

An outline of optical communication System, properties of laser light, characteristics of
optical communication, fundamentals of optical fiber, light sources, modulation and

demodulation optical devices and optical communication and applications.

N1TIATITEIBDINA 3(3-0-6)
(Antenna Analysis)
wdsdunew  : Ll
Prerequisite  : None

@mé’ﬂwmsﬁwﬁ’zyﬁugmmmmammﬂ N153ATIERAEAIUINIURUUNIS unsnsEaeAdy
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Fundamental important parameters of antenna, analysis and calculation of radiation pattern
input impedance mutual impedance and other important parameters of antenna; analysis and
design dipole, loop, helical, linear antennas array, slot, hom, aperture, reflector-type antennas,

and microstrip antenna; antenna measurements and other related topics of this course.



020215604

020215605

020215606

MIuNsNITANEAAY 3(3-0-6)
(Wave Propagation)
JdeAuneu ;- Lfl
Prerequisite  : None

Asunsnszanenay aumisnhluiufiidewnaneduiuin Aduiy nsunsnszaneves
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Wave propagation, induced fields in the conducing ground due to surface waves, ground
waves, propagation of waves through the sky, the sky as a media of multi-layers, sky waves,
communication of signals through some natural obstacles, noise, temperature effect, rain

effect, transmission and reception of signals and the associated apparatus.

mMaeemasiulasnniazinsveiy 3(3-0-6)
(Analysis of Microwave Circuits and Amplifiers)
Ideduneu  : ldd
Prerequisite : None
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Microwave circuit analysis, scattering parameter, Smith’s chart, impedance matching
techniques, planar circuits, divider, shifter, amplifier circuit design, stability of amplifier circuit,

circuit design using numerical methods.

msdeansliane 3(3-0-6)
(Wireless Communication)

dsAuneu ;- Ll

Prerequisite : None

nsdeansl¥aneasislvel nluladuestneanu vénmsuazantnenssuvessagal Msunsnszany
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Modern wireless communications, network topologies, cellular principles and architecture,
radio propagation and multi-path fading, digital modulation, error control encoding in wireless
System, multiple-access schemes and spectrum issues,  application of to cellular,
synchronous channel DS/CDMA receivers, multi-user performance measurement, optimal
detector and performance, asynchronous DS/CDMA channels, adaptive linear detectors and

research topic related to this course.



020215607

020215608

020215609

020215610

auuusiminlnihdugs 3(3-0-6)
(Advanced Electromagnetics)
Jdsduneu - lud
Prerequisite  : None

larduvosniurunamiaiifunsuszgndldon moduwuuanedini fleiduresniu vuevaneia
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One-dimensional Green's functions with applications; multi-conductor transmission lines,
multi-dimensional Green's functions for solving separable electromagnetic problems with arbitrary

excitation, integral equation formulation for general wave problems of practical interests.

wedadsiavdmsuudimanlni 3(3-0-6)
(Numerical Technique for Electromagnetics)

Jdsduneu 020215100 wiadiansanadmsuimnssulniidne

Prerequisite  : 020215100 Computational Technique for Electrical Engineering Education

FBnsiuauuulnluidawud Wlwidnmesisuda Frlui-eagu dwiulflumidedu
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Finite element, finite difference and finite volume methods for electromagnetic research,
method of Moments solution of integral equations of electromagnetic radiation and scattering,

applications to conducting and material bodies, apertures, wires, microstrip and microwave circuits.

MsUBMsiAnIsLauALE 3(3-0-6)
(Wireless Spectrum Management)
dedunew ¢ lad
Prerequisite  : None
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Spectrum definition, physical characteristic, spectrum application, spectrum pollutions,
principle of spectrum management, spectrum management, international spectrum
management organization, regional spectrum management organization, national spectrum
management organization (NTC), spectrum conflict and resolution, the telecommunications

universal service obligation (USO)

Sosdnanznnesuimnssulnsauung 3(3-0-6)
(Selected Topic in Telecommunication Engineering)
JdeRunen  : il
Prerequisite  : None

UnAnwdesnuduaiims unaudving wnansivinis wasndlediiiedentideriauloud
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Students are required to research textbooks, articles in academic documents and journals, and

wesite to select a topic of their interest in order to study in depth under advisior(s)’ (s) supervision.



020215700

020215701

020215702

020215703

gvsisnIsaRtIvImAlla 3(3-0-6)
(Didactics for Teaching Technical Courses)
Jdeduneu - lud
Prerequisite  : None

FULUUA99 98aMsi3eunsaeudndn. mslasevinagnsmateulasnisasuivnimlagidunis
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Vocational teaching techniques, analysis of teaching and learning strategies analysis of on
electrical and electronic content, design and development of vocational curriculum, and

vocational teaching and learning organization.

FansnsaeuIvBidnnsetingd 3(3-0-6)
(Pedagogy for Electronics)
Jderuney  : il
Prerequisite : None

nsifeuduaznisaeudidnnsedndludiuiens gunsaikazimaluleddidnuseiind Vieszuy
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Teaching and learning of electronic circuit; electronic devices, analog and digital
technology; content relations in electronics science, design and development of lesson plan,
Instructional media; electronic study, measurement and evaluation; educational research for
electronic education development.

Fansnsaewivmaluladluii 3(3-0-6)
(Pedagogy for Electrical Technology)
Jdsduneu - lud
Prerequisite  : None
nsiFeuduasmsaeumalulaglviinluguisesiwihmsfindeszuulnihnglusasneusnenas
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Teaching and learning of electrical technology, interior and exterior electrical system installation,
electric motor protection devices and control, content relations in electrical technology, design and
development of lesson plan, Instructional media, measurement and evaluation for electrical
technology study, educational research for electrical education development.

NsHNaUIIINEINT 3(3-0-6)
(Trainer Training)
Jdsduneu ¢ lud
Prerequisite  : None

AL IvENEYeINSHINeUTH aussausvesineInslumuimnssuliin nsadaeesilolunis
AATIERANABINITIUNITHNBUTY N1BBNKUY N1THAINILAEN1STNAGRUUTEANTAINMANENS
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Training objectives; competencies of electrical engineering trainers; construction of tool for
training need analysis, design, development and efficiency validation of the training course,
implementation and assessment of training course.



020215704  WIANSIUAISLSBUNNTADU 3(3-0-6)

020215705

020215706

020215800

(Instructional Innovation)
Jdeduneu - lud
Prerequisite  : None
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Application of information technology to learning and teaching management, design,
development and simulation programs for electrical education in regular and online learning

coverging both theory and practice, database management of systematic teaching and learning.

szt leUIsN1TIANaNI5ANY 3(3-0-6)
(Educational Measurement Methodology)
JdeAuneu ;- Ldl
Prerequisite  : None

U531n1530 N13neaey wazn1sUTEEUNaNSANY) 138379 NINAFBY WAZNITIATISRAMNIN
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Philosophy of educational measurement, testing and assessment, construction,
valulidation, and quality analysis of various evaluation tools, competency-based

measurement for electrical education.

NMIANITRBUTUUUYTUNING 3(3-0-6)
(Integrated Learning Management)
dsduren il
Prerequisite  : None
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Interdisciplinary and multidisciplinary integration, integrated teaching of mathematics,

physics and engineering, survey of research related to integrative teaching.

Adiamanimnsautuge 3(3-0-6)
(Advanced Engineering Mathematics)
Jdsdvneu - lud
Prerequisite  : None
flndnadunifasdndmivamiddimnss Bgiinnwes mslesesimelenuualony
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Linear algebra in finite dimensions for engineering applications, abstract vector spaces,
eigenvalue and eigenvector analysis; linear algebra of vector for engineering applications, 2D and

3D vector space, vector calculus analysi,s and mathematics for elctrical engineering application.



020215801

020215802

020215803

020215804

nguiauuwiwantiin 3(3-0-6)
(Electromagnetic Field Theory)
JdeAuneu ;- Ldl
Prerequisite  : None
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Vector analysis, electrostatic, magnetostatic, electromagnetic field, energy and poynting
vector, maxwell equations, transmission line theory, plane wave, electromagnetic wave

propagation, types of medium, applications of electromagnetic field effects to industry.

IMINTIUTEUUAIUAY 3(3-0-6)
(Control System Engineering)
Jdsduneu ¢ lud
Prerequisite  : None

nnwasuaiuning n1sunudiulsan1izvesssuy seuulawniin sUsuulygRvesseuy N3
Jounduuazamdnuyy N1SUNUAIING SLUUAIUANTUAY LsnQianasuaziduna feiduaniieg
w@igsnmuasdeyuen

Vectors and matrices, state variable representation of systems, dynamical system,
functions of languages, canonical forms of systems, feedback and its characteristics, pole
assigcnment, linear control systems, regulators and observers, state function, and Liapunov
stability.

wialulagwdsulni 3(3-0-6)
(Electrical Energy Technology)
Jdedvnew ¢ lad
Prerequisite  : None

NEIURUUA L guUnTalAzANNE Y wunmasaelvl fufiudszguualvg  wwasnde
NEUadensne WwadiTeunas waduaeiing foiuay wwaldunmsann nsnsusukasnsld
wdsrmumaden uwagihdeduiiieades

Classical energy, storage devices, modern batteries, super-capacitor, alternative energy
sources, fuel cells, solar cells and wind turbines, trend of developement, planning and using

of alternative energy sources and other related topics.

N1991899UALLUUINADINIFINTIH 3(3-0-6)
(Engineering Simulation and Modeling)
Idsauneu  : ldd
Prerequisite  : None
MIRATIRRALELATIETEUULNTN NMSAMNTITINBSYDITEUL LUIANYBINITAS1ILUUT A8
NNALAFIEATLAZLUUTIADINNNATH N1TANAUTUTOUVDILUUIIADY N1TI1ADINITNIIUVEI
seuulnerenwasidaden ndifnuseseruidiiiosiaeusdeslaiumdalniiuuuaing
Electrical system analysis and synthesis, system parameter identification, concepts of
mathematical and dynamic models, simplification of complex models, system simulations using
selected simulation softwares, case studies with selected software for static converter

simulations.



020215805

020215806

020215807

MIUTUIBNAFYYIUAINE 3(3-0-6)
(Digital Signal Processing)

wdsduneow ¢ il

Prerequisite  : None

o o o

AMAN YU YRITEUUNTUTELIANAT U IUATE 1ATIET19URIAINTRIFYIUARYTR LnATlANTS
wnde nsulasdygrnnousasniudyyrundna nsuvasdygiundvailiu weuzaen ns

a
PONLUUAINTBIF YAV NsuUasyiSesvesdyaumda msussendldau uagiitedu 9 7

v
=1

Aeadesfumedund
Characteristics of discrete-time signal processing system, filter structures, sampling
techniques, A/D and D/A conversion, digital filter design, discrete Fourier transform,

application and other related topic of this course.

NMIUTELIBNANINLUURITIA 3(3-0-6)
(Digital Image Processing)
Jdsauneu  : ldd
Prerequisite  : None

SruUNsUaNU wasndmsunisulasnin 2 85 wasndmSunisuasnin 3 85 wuusiaesd nns
USUUTINN NMTUTEIAHANINABITEAU N15MIVOUNN NsuUadyfSiesuuu 1 17 uay 2 IR venduas
RAenfumsussananan

Visual perception, 2D transformation matrix, 3D transformation matrix, color model, image
enhancement, binary image processing, edge detection, 1D Fourier transform and 2D Fourier

transform and image processing software.

winsflondidnnsetingd 3(3-0-6)
(Electronic Instrumentation)
Fdsduneu ¢ Ll
Prerequisite  : None

vdnmMsvhauuaznseenuuLasesadalaalay insestiufindeya  in3esleinlwiiuuuddnea
2ATTALUUUERY ans-uead  nSestiusuan ndestilndygaedumetuardnidsunisunsndou
N38IAUNITIUNIU S2UUNTIA  NMIALTARYQYIANTUNIY  HANTENUTDILUWIAG HANTZNUVDIN
%‘V\hﬁ ﬂﬁmmm%au msmmssuaam%aqaﬂa&é“ﬂmaﬁﬂﬁ ASNAFDULAZAITUSULAY

Principle of operation and design of oscilloscope, recorder, digital multimeter, R-L-C
bridge, counter, function generator, interference, shielding, grounding system, noise source,
bandwidth effect, drifting effect; interference wave, amplification of electronic instrument,

test and calibration.



020215808

020215809

020215810

nstuindeuselnihdugs 3(3-0-6)
(Advanced Electric Drive)
Jdeduneu - lud
Prerequisite  : None
msmuq:uLﬁbﬂ%"ummL%fasausumLﬂ%"aw‘”ﬂﬂ,v\lﬁmixLLamaLLﬁziWﬁwﬂszLLaaé’ULLuuaﬁ’waaa
wieadnsluinszuanss nsduinden wazn1sUsEENAlay wuuiaewnwanveuasesdnslih
wilenhuaziasednsinihdsdasta wwusaomuy aannnes VI N1IAIUANAINAUILULWAN
(MIAIVANINNDS) BUIBTINBTUAZNNTAIUAN NTHBREAMEANUNTIaIAd (PWM) N1suagLan
searannaes (SVPWM) F3ruauuuudug msmusuuuliieures Tassaieszuumuauuuy
#39 vouasesdnslninszuaady
Control of speed adjustable in DC and AC machines, modeling of DC machines, drives and
applications, dynamics modeling of asynchronous and synchronous machines, space vector
modeling, theory of magnetic field control (vector control), inverter and its control, PWM,

SVPWM, control methods, sensorless control, different structure control of AC machines.

wpadnslnihdugs 3(3-0-6)
(Advanced Electrical Machines)
wdsduneow ;o Tl
Prerequisite  : None
niudsudnaglounindvosniosdnsnalliin tadesdnsnalnillugauai ssuudeniae
Lm%‘ad%’ﬂiﬂﬁiWﬁﬂiuizUUﬂaUﬂu aun1svhluveamdosdnsnaluiiinszuaadu nasiiuadesding
Balasifa wardudndu n1sdnieasvenaiesdnslii Ysngnisaidalasluduaznisesadianly
indesinsdalasta Bnmseneiedosiudauarszuy warinenmsadelmidddluiiagdu
Transient and dynamic of electrical machines, Ideal machine, couple circuit and per-unit
system, DC-machine and machines in control systems, general equations for ac-machines,
operation of synchronous and induction machines, short circuit of an alternator,
synchronizing phenomena and sustained oscillations in synchronous machines, method for

generator and system analysis, recent developments.

nmsdeansteyauaziaietnoneuiunes 3(3-0-6)
(Data Communication and Computer Network)
Ideduneu  : ldd
Prerequisite  : None
anndnonssuvesdinsinaeavanstusasiaiotisnenfiuned vdnnmsfiugiunsdstoya nslnao
amsﬁauim%’auﬂa n1snsIadunazuileauianaindeya N15308151a18709919 108
pauImBswULNaswarlSa1s mnuUasnisvoaun3ouns N159BNLUUSEUUIASUNIABNAIADS
Layered protocols and computer network architectures, fundamentals of data transmission,
data link protocols, data error detection and correction, multi-access communications, wire and

wireless computer network, network security, computer network system design.
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