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Preface

Since the reform and opening up, China has entered a period of rapid economic
development, quickly integrated into the tide of world economic development. The
economic globalization and cultural diversity have made the internationalization become
the universities'top priority. The Chinese Educational Council will also employ bilingual
teaching as an important criterion of the quality assessment of higher education.

Electrical Engineer is a fundamental technical course for non-EE-major undergraduates.
The teaching quality of this course will affect the students ' learning of subsequent
courses. The current climate of internationalization of undergraduate education has also
brought new requirements for this course. Bilingual electrical engineering textbook and
learning material are urgently needed by the students to master the knowledge.

As the author of this book, through years of collaborative research with the
universities in United Kingdom, I have profound understanding that the direct academic
communication in professional English will greatly help us to play to our potential and
enhance our competition ability on the world stage. On the other hand, from my
experiences of teaching at the Harbin Institute of Technology and interviewing graduate
candidates, I found that a big gap lies between students' professional English proficiency
and their oral English. Therefore, I firmly believe that bilingual education will improve
the technical professionals'direct communication ability and help them to fit the needs of
China's rapid economic development.

To better prepare undergraduate students for their graduate school aboard, we

publish this bilingual textbook Fundamentals of Electrical Engineering. This book is
based on "the basic requirements for Electrical Engineering course" promulgated by
Ministry of Education. It is compiled by teachers who have taught Electrical Engineering
course for many years and had experience of studying aboard.

This book is based on the Lesson in Electric Circuit written by Tony R. Kuphaldt,
the 5" edition (2006). The book retains some original chapters about the basic laws,
basic concept, etc, abridges some parts and adds some new examples and contents
according to the Chinese students'practical needs.

Additionally, the author adds the introduction at the beginning of each section. The
main idea and the important contents are summarized in the Introduction to assist
Chinese students better understand.

Thanks for the supporting of Tsinghua University Press during the compiling

process.
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This book can be used as the bilingual textbook of fundamental course for those non-
EE-major undergraduates. It can serve as a reference book for the technicians in the
Electrical Engineering and Automation field as well.

As for the ability of the author is limited, the contents of the book have errors. Hope

the readers and the teachers propose the good advice in order to revise in the next
edition.

Harbin Institute of Technology Zheng Xuemei in Dec, 2012



Chapter 1

Table of Contents

DC Circuits

1.1 Basic Concepts of Electricity

1.1.1 Static Electricity -+er-reeeee
1.1.2 Conductors,Insulators,and Electron Flow -+«cccocereereniniiniianan...
1.1.3 Voltage and Current
1.1.4 Resistance -------
1.2 Ohm's Law =rcveereesee
1.2.1 How Voltage,Current,and Resistance Related ---oroeveeeoeene.
1.2.2 Power in Electric Circuits s+es-rrerereens
1.2.3 Nonlinear Conduction
1.3 Series and Parallel Circuits
1.3.1 SCI’iCS Circuits 484 e a0 00t e ns ene sen et ane mN s ene ans sae e cas sre ke tet asuans st annses one
1.3.2 Parallel Ci.['CLlitS S s it esetas vt e ar e aes tes canas s one cneast tae bes o ats a0 tenann
1.3.3 Conductance
1.3.4 Series-Parallel Combinational Circuits
1.3.5 Analysis Technique
1.4 Divider Circuits and Kirchhoff's Laws
1.4.1 Voltage Divider Circuits
1.4.2 Kirchhoff's Voltage Law (KVL)
1.4.3 Current Divider Circuits
1.4.4 Kirchhoff's Current Law (KCL)
1.5 DC Network ANalysis «--ereeeesereeesreersnns s ieitie ittt ee it s e
1.5.1 What Is Network Analysis?
1.5.2 Branch Current Method
1.5.3 Mesh Current Method
1.5.4 Node Voltage Method
1.5.5 Introduction to Network Theorems
QUESTIONS e

Chapter 2 Steady-State Sinusoidal Analysis

2.1 Basic AC Theory e s s e el s eeEeen ase Nee Tt ere YRR Se s tb e RN N Sheaas Nes beuses e 0 et tne
What Is Alternating Current (AC)‘? et seeeucaer cnecnennaone st reassere o
- 57

2.1.1
2.1.2

AC Waveforms

—

© N 9 D s W = e

N W W N NN N DN DN e e e e e e e
B W 00NN~ O O 0T U s N - -O

- 55

55
55



B ITE (iBR)

2.1.3 Measurements of AC Magnitude N 41 0]
2.1.4 AC Phase . 64
2.2 Complex Numbers . 65
2.2.1 Complex Numbers INtroduction =«--«rerrveeerreeeraiieaiecssseas - 65
2.2.2 Complex Vector Addition - 66
2.2.3 Polar and Rectangular Notation «---------- - 67
2.2.4 Complex Number Arithmetic - 70
2.3 Complex Method in AC Circuits - 71
2.4 Reactance and IMpPedance -« e oveerrmmorimmuit ittt e e eeen 73
2.4.1 AC RESISIOr CiTCUIts - orsrrrerrssrerarsernriniisienersesaneoessessnensesenens 73
2.4.2 AC INAUCLOT CiTCUILS -« rrrevvsrerrereeresrmnrnemsinesessreare e enearareenanes T4
2.4.3 AC Capacitor Circuits - 77
2.5 Calculation of AC CiTCUILs =+ rerreerscerrerrutrmureiesisiee ittt s seeenereencnees 79
2.5.1 Review of R, X ,and Z - 79
2.5.2 Series R, L ,and C Circuits - - 80
2.5.3 Parallel R, L ,and C Circuits - 82
2.5.4 Susceptance and Admittance - 83
QUESTIONS - 85
Chapter 3 Three-Phase AC Circuits - 88
3.1 The Generation of Three-Phase Balanced Source -:-:- - 88
3.2 Three-Phase Source Y and Delta Configurations -rooreserereemeersvrieiie. 90
3.2.1 Three-Phase Source Y Configurations - 90
3.2.2 Three-Phase Source Delta Configurations ----eeesoeereeeieerneiannncaes 92
3.3 Analysis and Calculation of Three-Phase AC ----reereeecerserieccisiinie e 93
3.3.1 Y Connected Three-Phase Loads and the Characteristic
OF NEULLal LLIME «+cveereevesnrecrmraserrsrsrmnnieeenrararsainaeesaarersniesseness 93
332 Delta Connected Three'PhaSC LoadS T T I T 97
34 Three_Phase POWCT e s s ase sid uen senceaansnee Ess see abe e seaanaUNaBas as BeT Sttt g o e 98
QUESTIONS - 102
Chapter 4 Frequency Response, Filters,and Resonance - 104
4.1 FOUrEr ANALySis <« eeerrereresressenemianinsniunrniniiin e e 104
4.2 The RMS and Average Power of Non-Sinusoidal Waveform «+¢exceeeeeeeeee 106
4.2.1 The RMS Value of Non-Sinusoidal Waveform - 106
4.2.2 Average Power of Non-Sinusoidal Waveform - 107
4.3 Filter - 108
4.3.1 Transfer Function - 108
4.3.2 Low-Pass Filters - 109



Table of Contents

4.3.3 High-Pass Filters s eeveveereencanns

- 112
4.3.4 Band-Pass Filters «-cececerveroereerinricinns . 113
4.3.5 Band-Stop Filters =+- - s srereerrcmmiiii i . 115
4.4 RESOMAML wvoesvorrrecarmeettiitiet ittt it ieti asr et et srasss tretersae st sassnsaeesns |15
4.4.1 Sjn“ﬂe Parallel RESONATICE ++rvtrrerratotrtroertsttrtiatiirneasnennensnons 117
4.4.2 Simple Serics Resonance - 117
4.5 (@ and Bandwidth of a Resonant Circuit - 118
4.5.1 @ in Scries Resonant Circuits - 119
4.5.2 @ in Parallel Resonant Circuits - 120
4.5.3  Applications of RESONANCE -+ v reemsernmrsrnriieminiiniesie e s 120
QUESTIONS . 121
Chapter S Transformers «+- s« -etse e tetate ittt et e et e 123
5.1 Mutual Inductance and Basic Catalogue - 123
5.2 Types and Construction of Transformers ------«.-..- - 130
5.2.1 The lIdcal Transformer - 131
5.2.2 Theory of Operation of Rcal Single-Phase Transformer «---------++ 134
5.3 Special Transformers and ApplCations -« -« s ssseseesersrerieisise e neees 138
5.3.2 Instrument Transformers - 140
533 Thrcc-Phasc Transformers ea s ass ereuasenaate e et et et a0t mat et aeEs nen sue 141
5.3.4 Potential Transformers - 144
5.3.5 Air Core Transformers - 144
5.3.6 Saturable Reactors - 145
5.3.7 Linear Variable Differential Transformer --e--ceoremeeeerineeeriaeeaes 147
QUESTIONS - 147
Chapter 6  AC MOLOES -« v toevtsrrrers o smnuns s ettt st s s r et s st st e 149
6.1 Introduction - 149
6.2 The Basic Construction of Three-Phase Induction Machine - 151
6.3 The Basic Principle of Three-Phase Induction Machine ««xex:e - 152
6.3.1 A Simple Loop in a Uniform Magnetic Field «++-+eerereereeneeeenee 152
6.3.2 The Torque Induced in a Current-Carrying LoOp -:-+svreeeseeeeereee 154
6.3.3 The Rotating Magnetic Field - 157
6.3.4 The Reverse Rotation of Motor Motivation and the Speed of
Rotating Magnetic Field - 159
6.3.5 AC Machine Power Flows and Losses «:-vtessrermreneemeeeneneeneeees 161
6.4 The Character of Three-Phase Synchronous Motor =« resrrrrereesressrmemeeee 163
6.4.1 The Circuit CRATACter s-eereresreressesmersessnemsmensansunneseneeeceess 163



B WER)

Chapter 7

Chapter 8

10

6.5

7.1

7.2

7.3

7.4
7.5

8.1
8.2
8.3
8.4

8.5
8.6

6.4.2 The Electrical Magnetic Torque Character and the Mechanic

Character Ceemae Seaiune e Baaueas aiaweTs @ SRR BTaTe Wele @R SRS & 4R e e S e GRS B
Other Kinds of MOLOIS cvvrrerreretrsneriitittsisoteisnsessornssasesssrrsosssresessessos

6.5.1 Syl’lChI’O]'lOllS CONAENSET tr+tervrensrraraanatnnarveseerasssnenesace asassensans

6.5.2 Reluctance Motor

6.5.4 Doubly-Fed Induction Generator .-
6.5.5 Induction Motor Alternator

6.5.6 Sing]e_Phase INAUCtiOn MOLOIS orceerreeerareoeetetoistiieeioiiencenarsna,s

DIC MIOLOFS »tc 2 re st oottt 1ottt nasaonatsnteeasetesnstosassosronsnesassssssnsaennseassossan

The Basic Construction of DC Machines
7.1.1 The Stator Part of DC Machine

7.2.2 The Work Principle of DC Motor
The Basic Character of DC Motors

7.3.2 Torque Characters
7.3.3 Mechanical Characters
DC Motor Starting

Semiconductor Diodes

Valence and Crystal Structure -+
Electrons and "Holes"

The P-N Junction

Diodes and Application

8.4.1 Diode Ratings

8.4.2 ReCtIfIer CIICUILS «reerrrersrsseseeteermetmiuimiiiare et aaeersnaaaes
- 210
- 211
- 212
- 213

... 213
- 214
- 215

8.4.3 Clipper Circuits
8.4.4 Clamper CirCUits «e«eessseersrsssnertmminiii e

Zener DiOdeS e S T I R R TR T R T P

Special-Purpose DiIOAES v+ vevrerrretmrensetrioiststirerieits it aiiatie et

8.6.1 Schottky Diodes
8.6.2 Light-Emitting Diodes

QUESTIONS

166
168
168

- 170

172

- 176
- 180

181

- 185

- 185
- 186
7.1.2 The Rotor Part or Armature of DC Machine «+--veeereemieneiinniond
The Work Principle of DC Maching -« --seeererseesmerimimiiine
7.2.1 The Work Principle of DC Generator ««----««eeeeruemmruemniieenn.

187
187
188

- 189
- 189
7.3.1  Speed CRATACIErS rv s seerrs o sresrenrssmemns it ettt et
- 190
- 191
- 191
Brushless D MOTOT ««- e+t resrerarreennesensssesesassnie s tmiare neersreasnuonaassarsese

190

194

- 197

- 197
- 199
- 202
- 205
- 207

208



Chapter 9 Bipolar Junction Transistors

0

W W W W O O WO
e~ 3Ol Ww N

9.10

The Conception of BIT
The Structure of PNP or NPN
Active Mode Operation

The Common-Emitter Amplifier

The Common-Collector Amplfier -oeeeerer e

Biasing Techniques

Transistor Ratings and Packages
Junction Field-Effect Transistors
9.8.1 The Basic Type of JFET

982 The Transistor as @ SWItch seceererreer i ettt iiancncnians
9.8.3 Active-Mode Operation T T T T
Insulated-Gate Field-Effect TransiStOrs -« - - maessreeetittaiatensertnaenensans

6.9.1 Introduction of IGFET

9.9.2 Depletion_Type IGFETS tcccreresrecaceverectnciotesesatotonterossoanccaansaan

IGBTs

QUESTIONS

Chapter 10 Operational Amplifiers

10.1
10.2
10.3

10.4

10.5

Single-Ended and Differential Amplifiers
The Operational Amplifier

Negative Feedback in Amplifier

10.3.1 Summer Circuits

10.3.2 Differential Amplifier

10.3.3 The Instrumentation Ampllfler e P TR
10.3.4 Differentiator and Integrator Circuits -r««s--srerrerererassvenceceeeens

Positive Feedback

10.4.1 POSitiVC Feedback Application e T T L L R PR R Y
10.4.2 Offset Circuits R L T D O

10.4.3 Drift

Practical Analog Circuits

10.5.1 Power Supply CirCuitS e teasassasseseeseea aesata et enssasee net et st et tue

10.5.2 Computational Circuits

QUESTIONS

Chapter 11 Numeration Systems

11.1

Numbers and Symbols -« «eseseeeereneeires

11.2 Systems of Numeration

Table of Contents

- 216

- 216
- 218
- 220
- 222
226
- 228
- 232
- 233
- 234
236
238
241
- 241
242
- 245
- 246

- 248

-« 248
ve 250
ciee 252
- 254

- 256
257
258
- 260
261
264
- 265
- 266
266
v 267
- 270

- 272
- 272

- 273

1



BI% (WER)

11.3 Decimal,Octal,and Hexadecimal Numeration to Decimal Conversion «----«+-- 274
11.4  Binary Arithmetic  o-e-cooreeerermeriemme it e e e e eaeeeeee 977
11.4.1 Binary Addition «e«--eeeeemrereemmmetemit et e 277
11.4.2 Negative Binary NUMDErs «+-eecceeeeerenmeemnireiiarninenneaenees 278
11.4.8  SUBLEACION s wonmws susins s ssmmss s auie s Spames 668 samis 40900 5 sivassss s vndne D]
11,44 Oveiflow oo sssmse vovms v usmvsnns s ames sswes ¢ 508 SEases § 5064 s0s £ 098 a0n.5e DRD
11.5 Boolean Algebra «:-e-eresererssrteieimniioeniiitin e e reeieee e s vee e 284
11.5.1 Introduction of Boolean Algebra ««-s:-ereereemeenieeisieiuinninnee. 284
11.5.2 Boolean Algebraic Identities ««ecererereriiiaiiinn, 285
11.5.3 Boolean Algebraic Properties ««:es-=seeeerereesiienemnnn e, 287
11.6 DeMorgan's ThEOrems - eeeeveeeserrmrnememmiisiin ottt inteaen e seneee 987
11.6.1 DeMorgan's Theorems Contents ««s-ereeverriamienienani.. 288
11.6.2 Boolean Rules for Simplification ««-eeererreeeramiiennii 291
11.7 Karnaugh Mapping «---e-ossseeseerom s saneesmmraiin et ene e 203
11.7.1 Venn Diagrams and Sets  seeseeeesresasnmnmeaniiin e, 203
11.
11.
11.
11.
11.

Boolean Relationships on Venn Diagrams -r-coeeecoreereeeeereeeens 204
Making a Venn Diagram Look Like a Karnaugh Map -------+---- 296
Karnaugh Maps, Truth Tables,and Boolean Expressions ««««««e: 299
Logic Simplification with Karnaugh Maps -+-----ccreeereeeieeeeees 302
4-Variable Karnaugh Maps -seecsesssmrereereremeeeenai e 305

11. The Minterms and the MaXterms -« -r-eesereemremesnecneosssensaasaees 309

11.7. 5 & 6-Variable Karnaugh Maps «=+«c v eessrersseine e 311

NN NN NN
0N e U E W

Chapter 12 Logic Gates Circuits e s e M 84 tEa sasssE SE A EEeNEs ERe Ies BAs AN AEs EBE U NP PET RS TSR OO N PR 318

12.1 Digital Signals and Gates ««+-werereereresmmsmr s 318
12.2 The TTL NOT GAate rceceereeereneostnensneesoiiienineiisaeinesiiatnes e 32()
12.3  Multiple-Input Gates «reeesessessrnees s ameessssins st e nesene e 329
12.3.1 The AND Gate »-eeeeeeeresessenenertuiarsiiinnsenireimnriarsaeesaasesaneon 323
12. The NAND Gate - re-reerreeesreeseoreronrenssrasieiasssieeainaeeaenaes 323
12. The OR Gate reesreersseaereraeennanianstiiinantraranierses e aancaeseaaes 324
12. The NOR Gate -+« e oeseeeenvreersernsmmmnmemrrnnuieamscen e 324
12. The Negative-AND Gate  erereeesrererseesm et 324
12. The Negative-OR Gate rrrrrerrere s e 325
12. The Exclusive-OR Gate «++-eereerenrrrrrmrnrannnssmmans e 325
12. The Exclusive-OR FUNCLION  corerrreecorrecrsrsnaritiaaiiiaeenees 326
12.3.9 The Exclusive-NOR Gate «-eeeeeeeersrrereernerserinimna 327
12.4  TTL Circuit Gate  ce-eeessrremmeseesmsrreessuensmii s e senneneeceeses 327
12.4.1 TTL NAND and AND Gates -« «wrsseveeemsrmnnnnns coensesaneinncn 327

W W W W Ww Ww w
cC ~N O s N

12



12.5

12.6
12.7

12.4.2 TTL NOR and OR Gates

CMOS Gate CITCUIL srrrrrrrrrrsrrrecrisiarrisatniertsniesses

12.5.1 CMOS Gate with OC TTL Gate
12.5.2 CMOS NAND,NOR,OR Gates
Special-Output Gates
DIP Gate Packaging

QUESTIONS

Chapter 13 Multivibrators ----------:

13.
13.
13.
13.
13.
13.

Sy Uy e WY =

13.7
13.8

Digital Logic with Feedback «--+r+ seeerrrmruimemiiiii e
THE S-R LLALCR e e terersnserrecaenmnansansarunen e tnesenterrnesrsansescaransonsrasnes
The Gated S-R Latch ceerererrererermemiiinntie s renis tee et seasenses vas ens
THhe D Latch srrreeeeeenemrensueeamtae et ot setiis tenaiaessas s ree et ore ane s ven san
Edge-Triggered Latches: FIip-Flops «++«cesreeesrererceriniiisininininnna
The J-I LALCR  +evevrmrersnreansannnmnraetntunnomsointienetoseinare et tstassonstessne
13.6.1 Main-Slave J-K LatCh reeeseerereerseraoreemerrnmasartoneneaesnreansenans

13.6.2 The J-K Flip-Flop
Asynchronous Flip-Flop Inputs -
Counters

13.8.1 Binary Count Sequence

13.8.2 Asynchronous COUINLETS trererrreareasssoneerarericussscunnesnnetctorssvenes
13.8.3 Synchronous COUNLETS *vrrreemreeorrrentensscrettieisncistenoaerenastoesaes

QUESTIONS

Chapter 14 Shift Registers T R T

14.1
14.2
14.3
14.4
14.5
14.6

TyPCS of Shlft Registers Mt e e e enetasameantererasestatate s Rt e Ne s ab s s sae aea teo et tes ane
Shift Register,Serial-in/Serial-out Shift cereereerreeoeriiiiiiiiiieianaieien

Shift Register, Parallel-in,Serial-out

Serial-in, Parallel-out Shift Register -«-xresrmrerrmsrrraerianininiacn e

Parallel-in, Parallel-out,, Universal Shift Register

Rlﬂg COUHtCI'S S

QUESTIONS

Appendix A Design Science License T T L I R R R R R R

Appendix B Index

References -ceccecceoeroraaenareanees

Table of Contents

- 329
- 330
- 331
- 333
- 337
- 338
- 340

- 342

342
343
345
346
347
350
350
- 351
- 353
- 354
- 354
355
363
- 368

370

370
373
- 375
379
- 382
386
- 389

391

- 395

- 400

13



1.1

1.2

1.3

1.4

1.5

HEAE AR A o niers somes s smrisnimine somsivs £EmawE 656008 SEREE §56 HERASE 2idiane o vmiman wenseans
1. 7.1 BRI v svrs smsmans as susises sumess S50FHwREs § S5H5E SHRIEE SWnbimmmns mmmas <messns sne
T 0.4 B e s sommsmomns swmms summesnmrms 5 comens SEEmEN 665 560905 S0ST0AY SVRES I5 60 mmine » s

BRIGGERR oo vrrmennnns

1.7, R, B T e s o e orsuns s ; QU S0 S0 8 S A
1.2.2 B Bk B sevss » comummes wawes sunmmssmsse sumsn senwes s
1.2.3 JEBRAESHE oeee oo immiiisie oo e

EF 02 B . s mosien ¢ owmmantens v awans s NesEES o

18- 1 RV PR smescs s somumrons s cotones siaesss e 450930 St & SPIRASRERAS ¥ MR .SA0NA SV § 54
1.3.2 SREEE P s s s s sonss samm e 5w Svs SRS § S5 S § 505645 5
18,8 HEEH ssmwis cowsas soosmsm.as s s Seas.sns 543 SHERD & SH6 RS § SR TN TS 48
1.8.4 28 SPIER A B wsses = svvns smusaus amvinys sxaims § SwscasSng s SS0E SIS & SR AAHETS 3 43

1.3.5 APHFFEE covueaenmies

ST o e T 0 B s e s S 05 SNSSR £ SIS 5 M SIS § AL S
1.4 1T AFFEEIER crevreeermtn ittt e e e e
I N B L TT ——————————————

1.4.3 APTHELEE ceveverrorrere ottt i e e e e e
1.4.4 BIREREPIEM ooorerre e e
BV B PR L8 A0 BT T T <o creereves s vmn et e e et

1.5.3  POFLELIEEE «ooeeeverreneossessesaessonsenaas narsrm st st st sttt st i s e
1.5.4 BELHLFETE wovrorrererereeeesirenntnnot i it e e
1.5.5 PRZEGEHHATLR ooveevereereeneenemensensnssst st st st sttt e b

SEF e
E2WM ERTTERMATHRBE oo remrorr e it

2.1

§¢§m%%ﬂmmWWMWWNWNMNWWMMMMWMWMMMWW
2.1.1 HABATHHLEE ooeeemrereeros it i s e
2.1.2 RFHBREG - vevveremmmmmermnnn

—

O NN R W e e

Gl W W DN NN NN = e e e e e
WO O AN DN = O 00U RN = - O

55

ob

- 57



BT 5 (WiER)
2.1.3 XHEHBIEEHNE -
2.2 ﬁﬁm"
2.2.1 EEHNE -
2.2.2 EHENNE -

2.2.3 HmARENHEEN -
2.2.4 BE¥zEHEN - L

2.4.1 ZHEBEEHEEBHE -

2.5 XWBHEITHE -

2.5.1 R, X & Z 4% 65 e e ee e eeieeeeeareeanrnens
2.5.2 HEER,L JC HEE et i s
2.5.3 FHEER,L JLC HLER coreeovrennimm it e e
0.5.4 BLEIEE B -roeeerrrnneereee e e e e e e
5 I T Tt

%3% E@ﬁm@%.MNMMWMMMmMMNmmm“NMMmmmmmmm“

3.1 SRR TR FE A oo erernesrnssserentsnasesann s e
3.2.1 Eﬁ@ﬁ%g%%&.MMWWWWMMWMMMMWMWWMMH
3.2.2 jﬁ%%%ﬁ%ﬁ%.MMWMMNMMMMMWMMMWWMMU

P * 12 1
3.3.1 Eﬁé%%gmﬁﬁ&¢%%ﬁm.MMMWMWMMWMMMMN

3.3 ZEMAZRBESH R

3.4 _mwz
IR

4.1 fEEHSH -

4.2 #E%&%ﬁﬁﬁ%ﬁﬂmﬂ

4.2.1 FEEZBHERE -
4.2.2 %E%&%¥ﬂm$
4.3 JRBIR -

4.3.1 AETRBRB-wroerreveeeemmorrms e s
4.3.2 AEGBIRBEEE weerremeromommmmerer st
£.3.3 TEIEEEILBR v vee e oeeere s s e

2.1.4 AWEBHELE - SR § EER ST § SEAEEEIER SANEA YOG 6 § SR win b

64

-« 65
-+ 65
66
- 67
2.3 e B ER BT B gk evwes savaws vsmns susmsmmes somses vunserns S A seseems s

R kT T ———— S

71
73

2.4.2 ZEFLELEEBUHLER «reevrrnerreomnererensosnmeine i e s bes e s s s e e
2.8.3 ZEFLHLREBYHIED wussn s mmmmns poses s sresvouns s roves sxemss vas copurs pevess sveaes
.. 79
. 79

74
77

80

83
85

88

.. 88
-« 90

90
92

93

.. 97
.. 98
-+ 102

104

-+ 104
-+ 106
-+ 106
-+ 107
-~ 108
-+ 108
-+ 109

112



4.4

4.5

5.1
5.2

5.3

4.3.4 WIEIEHE--

4.3.5 HFPHEHKE -

R e e
4.4.1 fAREIFBRIEHR--

4.4.2 fHRMPEIER -

ﬁﬁﬁﬁﬁﬁﬁ@%%ﬁﬁ"m.m”“mm”m
4.5.1 HEEEIRAY S TRBIE e ees

4.5.2  FFBRIEHRE SRR

B FE BB ZE I FITL TR wvveererrsnemerrr ot e see s cee e sesseesae sove s nn e e ane s e
5 5 5 (RS TR M8 ouomis s & sl i SSEMAIG AR TODEGE 00 SO SRS § SO
I NG i E o Al e o ————————
WS TR SE Ty BT one smree s covmoun w3 sopasmooms » o0 ssommes e MOWSTES SaWins § SIS
B0 PR v sorrse « st ' s § i § S0 U S55 FPRGSEs URGS § SRR

SRR e § SEEEEE SURNTS S e Femes Srsie s semmss TAQ)
B T B E e eeereeateeeeeeeas et e e ee e et e e r e e et s eeeee e e
e Tt TS B v oo o e 3 somas e o wreion Swawm st i it s mss
00 3 nscore e s e sk e st i e ooa s s et
BB o o T Tl o sy s i s e s ot  atesamainy s scusv

3
AL FEAEFE S e eee v

[ S 1 NI S) BN &2 BN G ) BN S ) B ]

W w Ww w w Ww
N O e W N

5 s » s wrnen s
o TFAM e

6.1
6.2
6.3

6.4

6.5

ma -

AR FE ML A R

B8.3.1 BAPHIRREIG o eevorevrrrmeernensareses connemes e ot s e e et ats e et sb b s
-« 154

- 157

6.3.2 BRI
6.3.3 EFERY--

6.3.4 %m%ﬁﬁﬁﬁﬁ%m%m%ﬁmmmmmmmmmmmmmmm

B e | - ) |
-+ 163
-+ 163

6.3.5 %m%mﬁﬁm&ﬁﬁ
ZHFE R YL R -
6.4.1 e[RRI

6.4.2 %@%%ﬁ@&mwﬁ@ e o v S SIS 3 FEEEEOTINNS 3 EN HEBEY ST
s = e A HE BENEES VSIS § SR yumene sepeee TGS

HABM R BT RE -

4.5.3 FEIREYRI T ovevveererrerermmmmiononn
2@.......
- o Y U

MBI EAGH -

-+ 113
-- 115
-- 115
- 117
veeee 117
-- 118
-« 119
-- 120
ceee 120
-- 121

123

123

e 130
- 131
.~ 134

138
139

141
144

- 144

145
147

- 147

-- 149

- 149
.- 151
-« 152

152

159

166

17



