
7.0 DESIRED ATTRIBUTES OF ENGINEERING GRADUATES

7.1 Program Outcomes

A list of generic attributes for engineering graduates in lndonesia was complied and
presented in Tabb 3-3. They were asseflrbled from various sources such as overseas
accredilation bodies and have been confirmed by feedback given to the consultants in
industry visits. The list presented in Table 7-1 is very similai to urat generic list. They
rnay be altered or added to as the process of cuniculum developrnent erolves.

,ii:l,l;'ltl:i';lilii,i;::.:.,'t,:ii;;ti;::::iii,i::ii:ittXosffii$r#Ri$,t:j.,,ffireilmffim
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1 An ability tc appV knordedge of basic sciences, mathematics and engineering prirrciples
2 An abifry b des(]n and conducl o<perinents, and to ana\ae, interpret and present data
J An ability to desiTn syatems, processes orcorlponents to meet desired ;eeds
4 An atrility b work effectively not only as an individuar, but also in rrrulti ,i;scipfrgry and

multi+uftural teams. wih the capacity to be a leader or managef as well as'a team mernber
5 An ability tc i<Jentify. formulate and sohrc problerns (especialty defining the scope cf the

probtens) h mrnplex process systems

6 ln u(eryranding of and cornmlment to professional and ethical responsibifitbs
7 An ability to conmunicate effeclively, both orally and in writing, with other engheers, witlr

rnanagers ard wid'r the community at laige
o Fluency, wri[en (especialfy for technical reporting) and spoken, in tfie English language
I An awareness of the necessity for safe design and operaticn, and d the environmental

responsibffbs of ergheers, induding the principies of sustainable dweloprnent and an
understanding of the inrpact of engineering solutircns in their socbl, cuhural and global
contexts

10 An understanding of business operatbns, business relatircnships, er{reprefiedrrship and the
p!ryJs of hnovatbn, and of the consibtrtion of the engineer to these func{bns

11 A knowbdge of mrdernporary bsues

12 A recognlbn d the need to maintain competencies ard a willingne€s to undertake lifelong
teaming

13 An abiity to use the tecfrniques, skilb and modern engineering toob necessaryfor
engineeririg pradhe

14 ln4+th tec*rrical cgmpeterrce in at least one speclic area of engineering
15 An awareness of irdormation technologry and the abiEty to acquire dda as reqr:ired from a

range of sources

Table 7-1: Atbibutes of Graduates from Engineering programs

Some desired skitls highlighted by industrialists during the course of the visits to
industry and whicl-r support the above list were:

. A positive attitude to work in the organisation;

. Afl ability b beconre a contributor to the companys operatbns in a short time
aM witr rninimum faining;

a

PART B

Sdf-confidence, knoving that he/she can perform the tasks and provide conect
solutions;

\Mllingness to a$nit mistakes ard to recognise mistakes as a leaming event;
A working knwleQe of real plant equipment (pumps, pprng, heat exchangers
ard so on);

Willingness to adopt a "hands-on" approach, to "get.dirtf;

a

a
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l: 9.2.3 Easfc Science ln Electdcal Englneerlng

Objective of Basic Science

The objective of the studies in basic sciences is to acquire fundamental knorMedge

about nature and its phenomena, induding quantitative expression. These studies must
include both general chemistry and calculus-based general physics at appropriate
levels, with at least a two-semeiter (or equivalent) sequence of study in either area.'

IJse of Computers in Basic Science

The stucjents should be introduced to the use of computers in Chemistry and Physics,

particularly in the use of Spreadsheets for dak manipulation, numerical calculations

and graphing.

Computer-Aided lnstruction (CAl) should be introduced wtrere possible, particularly in
the more conceptual toPics.

Topics lncluded in Basic Science

CHEMISTRY

*rgunl" Chemistry Atomic Srudure and Periodic Trends of Properties;
Modds of Bondir€;
Solubility & Acid-base Equlibrium in Aqueous Sdution;
Eeciro-chem'sq6
Changies of Enthdpy, Entropy & Free-Energy During Reactions; Properties of

Sdutions;
Structures of Mdecules and Crustds:

Organic Chemistry Properties, Preparation, Reactions and Uses of various dasses of Organic
Comoounds

BASIC PHY$CS

Waves and Optics Harmonic Oscillations, he Wave Equatim;
Mechanical Waves: Sound Waves, LEht Waves;
Lklht and Matter. lnterference, Diffraction"

Elecficity and Mag netism Flux & Gauss's Law, Bectric Fidd & potential, PotentialEnergy, Capacitanrc,
Didectrics, Energy Density, Electric Current (not CirctitTheory),
Magnetic Field, Lorentz Force, Magnetic Moment Torque on a Dipoie, Biot-
Savart l-aw, Ampere's Law, Field of Wires and Sotenc*ds, lnduction,
I nd uclircn. Stored En ero v. Elec*roma onetic waves.

Heat & Properties of
Matter

Temperature, Heat, Work & First L"ar/ of Thermod5unam'lcs, Entropy & the
Secord Law, Low Tempenatures & the Third Law
Kinetic Themr of oases. Elastic Moduli. Hvdrostatics, Fluid Dvnamics.

Quantum Mechanics Quani.m Phenornena;
Atom'c Spectra;
The Wave Function;
lnstruments & Tectrniques;
Sdid+tate Materials

Electical Engineering
Materials

Band Theory of Semiconduclorc, Effect of lmpurities, Fermi Levd, Dtiffusbn &
Recombrination, Diodes and Rectifiers, Junction Widtt & Capaciiance,
Transistor Mechanisrns, Hall Efieci, Photodiodes, Solar Cells;
Eeddcd orooerties of materids

Table $7: Basic Science in Electrical Engineering



g.1.3 Mathematie in Hectrical hgin*ring

O bjective of Mathematics

The mathematics category provides tre trnderpinning mathematical know4edge for a

student entering into electrical engineering studies'

The emphasis of tho studles of mathernatics must ernphasise concepts and principles

rather than comPutation-

lJse of ComPuters in Mathematics

The stucients should be introduced to tre use of computers as tools in mathematics,

basically seen as an extension of the calculator' cunenfly in common use'

Students should become comPetent:

. ln the use of Spreadsheets, e.g. Microsoft EXCEL to an advanced level, i-e.

use of functions, userdefined functions using Msual Basic, looping and

decision making etc.;

. ln the more advanced nnthernatics software packages, eg. Matlab and many

of its toolboxes for higher level usage.

. Computer Assisted Leaming (CAL) should be introduced vrfrere possible,

particularlyrin the more conceptual topics'

Topics lncluded in Mathematics

Differenlial and I nteg ral
Calculus

Differential calculus: rnathematical induction, Rolle's and Mean Value theorem,

curve sketcfring, maxinn and minima; lntegration: numerical approximation ot

integrals, integials over infinite intervals, techniques of integration: inverse

f u nctions, indeterminate forms

Differential Equations Differenlial equations, use of Laplace transforms, solutjons by series; partial

diflerential equations and their solution for selected physical problerns. use ol

Fourier Series

Probability & Stat-stjcs

Linear Algebra lnner producls, orthonormal ved.ors and Gram-schmidt proc-ess; symnretrb and

positive definite matrices, quadratb forms; complex veclor spaces; orthogonal

expans}on

Complex Variables Elementary properties of analytic func{ions of a complex variable; differential

and integral calculus for analytic func{ions

Discrete Mathernatics
I

Role of proof in rnathernatics: logical reasoning and implication; different types

of proof; sets: algebr:a d sets, operations on sets; Mathenratical logic: tnrlh

tables, synbx, indrrction; Graphs and directed graphs, basic graph algorithms;

Counting, cornbinational iCentities, binomialand multinomialtheorerns: Binary

operations and their properties, groups and semigroups, ordered struclures;

Recursion relations: Application to network lheory, assignment problems and

popuhtion gro,vth.

Table 9-3: Mathematics in Electrical Engineering
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72 Chapter I Introduction to Electrical Engineering

1.1 ELECTRICAL ENGINEERING
The typical curriculuT of an undergraduate electrical engineering studentincltrdes the subjecis risted in Tabie 1.1. Although the distinction.between
some cf these subjects is not always clear-cut, the table is sufficienrly
representative to serv€ our purposes. Figure 1.1 illustrat;;^; il;;;;;:connection between the disciplines of rable r.1. The aim of this book is tointroduce the non-electrical engineering student to those aspects of electri-cal engineering that are likely to be most relevant to his or her professional
career. virtually all of the topics of Table 1.1 will be touched on in the book,
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Table 1.1 Etectrical engineering disciplines

Circuit analysis

Electromagnetics

Solid-state electronics

Electric machines

Electric power systems

Digital logic circuirs

Computer systems

Communication systems

Electro-optics

Instnrmentation

Control systems

Circuit
analysis

Figure 1 .1 Electrical ensineerins rtisninli-o.



Chapter I Introduction to Electrical Engineering

1.1 ELECTRICI\L ENGINEERING
The typical curriculuT of an undergraduate electrical engineering studenrincludes the subjects listed in Table r.r. Arthough the distincrion.berween
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Table 1 .1 Etectrical engineering disciplines

Circuit analysis
Electromagnetics

Solid-state electronics

Electric machines

Electric power systems

Digital logic circuits
Computer systems

Communicadon systems

Electro-optics

Instnrmentation

Control systems
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Figuqe 1.1 Electrical ensineer;nc rticninli---
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{g,1.3 Electicxrt Engineuingspecfalisatfon

O bj e cti ve o f EI e ct ri cal En gi n e e ri n g Di sci pti n e S pe a afi s ati on

while EtedricalEngineering lrinciyle-sprovidg 
the un&rpinning knowledge required to

be a practising pilt"*ion"f engiind A;t't-i; requiiea in one' area of electrical

engineering

The specialisatjm area builds on u-re electrical engtrpeTng principles and provides the

add*ionar depth ,"d;Ji, " ,J,{di; prir*w ire.gtri. engineering educatron. rt

extends tn. rnol"rtg-" ;in.o into'cr;arive',apprication in the specific erectrical

enginedring sPecralisation'

LJse of computers in Electrical Engineering Disapline Specialisation

Students shourd be exposed to, and becorne proficient in the use of conputers for:

.Hardwareandsoftwaredesignofelecfuigalanddectrorricsystems;

. The use of application packagesfor design and production;

. The design, development of modification of application pac*ages in

engineering;

fopics Included in Electrical E'gin'"'i'g ?i":!::,::,: ,

Frftedng; D[ital Frltes;
s,gttd Ptffi;,d AnatYt'ts: und.to

D'rgilal Sklnal Processor GhL; Acoustt And Sebm'rc Signal Processing;
Qinna

ELECTRIC POWER

P"".t qitt.{" A*tysb; Power S}stem Protedion:

Stability,Dynam.rcsandControl:DistributionSysternPlanningandoperation:

Ootimisation of Thermal, l-lydro and Geo'thermal Power Systerns;

e Larornagnetic Trans'rent Analys's;

static VAR Compensation; Power gYstem Ranning-1nd cqtd*t?9
ffi;;s;;; C,iitt"r; ntn"*Jb Eirergy Sources Photoroftaic svstems;

Remote Area SuPPtP Hanno

Power SYstens

na; lnsulating Material Application :

VortageDbturbances;ivln;Yviryi;'*i-t$ffff.i5*""R1*
;HiHfi ;ffi; El"#; r'"rt"t'inu orves; tucing Fautt characteristics:

partialDischarge Detec1on and Location;Gaseous Dbc*rarges and lnsulation;

;ilpr*il; t"r,U"*-iit "*pf,"r*; 
Synthreric Loading'of Machines;

E}e<ticalMachineModelling;ElectricatSafetrVectorContoloflnductionand

Etectrical Power
Eq uipment and utilisation

; rTransformers; Inverters for

Machine Drives; Mi","#";;;c""t'"1 ;i Pgv"l!91T5.13f**'y
Uiilb"#tr',JF;ffi;$;-cibse1'*1'*'nhues;PowerEreciron'c
Simulatjon Studies: Er"ailC'C"t-t'"ttt"ru n*t" M S"ppk

Power Eteclron'tcs

opti*E*tt*t i""d.*ppUot Fibre and lntegrated opths;

Ebcfro0PticOeuq

Micnn*ave cfucuils "rrd6G; 
Mkroyrave lrieasurenrent and Elecironk=:

Antennas and Phased anaY6:

Signal Processing
ul'rqr vn,'.* 

rProcessing ard Video Signal
sDeech Processins and Codng; Oisilal 

I "'3"^ I^fT:jT^1:.1:fi ,'
;ffi;-; "r;] 

#;il'""a-n*mi': Acrive and Adaptive Filtering;
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Digital Commmications; Dfu ital Radro turd Modulatim Gh.d"
Corn m un ication Networks

Communication Syoiems

computer c.ornmunications and Local Area Nehrcrks; Neur erctritoctures ror
LocalArea; Netr,rork R{E!!!!y and service Availabilirya tsoru, nin Fioo.ots
RadarAnd Navigational Airls;

Semiconductor Device Physics; Novd SemicoMuclor Devices;
tntegrated Circuit Desig n ; I ntegrated Ciruit Tecfrnology
Optical And lnfr+red Detector Anays;
Microelectrronic Sensors;
Photovdtaic Sdar Energy Conversion; Slicon Solar Cells;
Computer-Aided lC Design;
Plasma Processing; lntegrated circuits For Advanced signal processing;
Pt"totr red Devices; da* Oevices
Multi.v,:i,able Control, Sim dation, Modell ing,
Expert Sptems ln Conbd Design, Mvanced Control Of polor planl
ComputerAided Desen and Optinal Contrd.
cybemetic Engineering and Advanced Robotics: srgnar, pauem, tmage and
Scene, Analysis and processing, Bnain Moddling, f.luuA ComputingtanO
Leaming Machines. Msion Robotics and nssern6ix noaptirre contd
Hi era rch ical control, Fonnal systems and Funciional Re'p'esentarlon.
Robust Control, Computation lssues ln Contrd, Adaptive Control.
Adaptive and Multi-variabre Systems, Mutti-rate contror, Robust Digirar
Control, Robust Digital Contrd, Motion Control Systems"
Dl g ftal a nc Ada ptive contrd, Rear-rm e compirti ng, M urti-rnarh de contror
Biom e.dical Engineeri ng, B iorog icd signar An arysb, phys iorog'rca r s ystems
Modelling and Arnlysis, computer Hardware ano softt.,r"r", 6ata ncquisition,
Signal Processing Ecg Analysis
Control and Sim ulatjon,. Digital SFig, and Digitd Signal processing,
Physiolog ical S ystern Mod eil i ng, 

-Bidogical 
S iind 6;"i;;, a;r"O**

Mocelling of lnformation processing, rieurar iompLrting and ieaming
Machines, Adaptive Contrd.
Robust Adaptive Contrd Theoryand Apflications, Robot Confd, Fuz_zy
control systems, Neural Networks For'tdentification and c"nru,'u..rt r"t*
Digital confolsystems, Adaptive Noise cancdlation, prd 6r"t
Systems.

orr'Line Measurement systems; systems Anaryais, rdentification and contrd:
PE5llyg:frocessins ln Measurements and Conbd: C*,pri; -
s i m ul ations of p orper G e n e ratio n a nd I nd us*a I F i".; ;;' t{Ji'o ptr m is"uonaM Control; Computer Simt-datjons in Education

Contrd Systems

Computer Stluclures Arctritectural philosophies- nrsc ano crsc; pr,o"essor performance
rneasurement and analysb; proesor organisations;
lnstruction set- register fire interactions; pipdining, scheduring: Memory
managletnent; Concr.rnent processino.

Real Time Systems
Qvelviw of tasking concepts; R€Hdm
algorithm;

Real"time kernds; Real-'time case str.rdies- cruise conbol, robotics, deyator
control, distibuted plocess contrd; SC.AOA slaterns
Network organisationar issues: Topdogres ratency nioiE te"r*G6oGng;
Queuing theory and performance moddling of data networks.
Para[d computin g strucfiJ res; patem recog nition ;

Other Tofiir:s

Database machines' Mnnhim ricim.


