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AT R, NS TE TR R 1) B HERE SRR A BB, B2 E
TR A E, - SR BEE S R EY, WRAREER,
WL AU G AR PR EL, DO AR LR e @A 1298 . AT LRI 4%
B, B KEFERIE AR g R R

HILZF R R, bt 7 anmeErfL.

TR, IRIEC A . BN I E TR, 2058, NIisES.
FETHC T RN 5 N 2GR B IR B, R BB s AT AU 7R, IS 73R
XHRFs LR IAAE S . SRR A SRR LTTER I R AT R A, AR E
R CREHZE, AROW “KERAR”, BRBRERE - A HMERz. &
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AU B EHE B S #LL-55 K (S. Bobby Rauf) &) (ML LAREEAH)
(Electrical Engineering Fundamentals) - £ LLlfs 5 H) 7 0 48 1 TR
A AR, R S8 b H R AR TR LR A S Al TR A S, A B
R B B BB AR, IR TR LSBT E TR A 0 AR RRE R . B
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Abstract

The source material for this translation project is selected from Electrical
Engineering Fundamentals by S. Bobby Rauf. In this book, the author adopts an
accessible approach to introducing core concepts in electrical engineering, notably through
analogies to everyday phenomena and cross-disciplinary examples. These methods
enhance the reader’s understanding of abstract theories while systematically presenting
calculation techniques. This translation practice focuses on Chapter 2, which primarily
discusses direct current (DC) circuit analysis. The chapter covers basic theoretical
concepts and engineering calculation methods in the field of electrical engineering,
including the calculation of resistance, voltage, current, and power. It also offers detailed
explanations of key concepts such as Kirchhoff’s laws, Thevenin’s theorem, and the
superposition principle, supplemented by illustrative examples and computational
exercises to help readers acquire fundamental circuit analysis skills. The chapter is
characterized by rigorous logical structure and highly specialized terminology, combining
academic depth with practical relevance, and laying a solid foundation for the study of
subsequent chapters.

Firstly, in response to the large number of specialized terms in the chapter, this report
outlines how to ensure professional and accurate expression by consulting parallel texts,
technical dictionaries, and engineering manuals, as well as by interacting with large
language models such as ChatGPT. Secondly, in cases where the original text presents
ambiguous technical expressions or omits certain logical steps, amplification was
employed to elaborate on the underlying professional knowledge and clarify the intended
meaning. In addition, with regard to syntactic challenges—particularly how to handle
complex and lengthy sentence structures—this report presents specific translation
techniques such as segmentation and syntactic reordering. Lastly, for the frequent use of
metaphorical expressions in the source text, including lexical metaphors and grammatical
metaphors, the translator adopted strategies such as demetaphorization and conversion of
parts of speech, aiming to make the translation more consistent with Chinese linguistic

conventions and easier for readers to comprehend.
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Through this translation project, the translator not only deepened understanding of
fundamental theories in electrical engineering but also enriched reservoir of
domain-specific knowledge necessary for technical translation. By rendering this chapter
into Chinese, the translator hopes to assist readers from diverse backgrounds in better
grasping the core concepts of electrical engineering, while also providing a reference for

translation practice in this field.

Keywords: Electrical Engineering Fundamentals; Technical Terminology; Metaphor;

Complex Sentences; Conversion of Parts of Speech
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B—E EFEN

1.1 JEICARIR

AR PR S B IR SCACN E B TRE R 2K S «fifill 57K (S. Bobby Rauf)
BB (B TR  (Electrical Engineering Fundamentals) , %+ i E br
BUBEHS 1 IRALAE CRC HE AL T 2020 R4 BB T . MEATA 21 <L
FERHIERE I HOM, 120 RGBS T RO BRI, RS, BT
AT E S H SR O AR, BEVE 2 AR A A, AN T R BN
A AR BRI B AR S I ORI K R ENAS , TR “ HER BRI — LRE N —AT k&%
AR EIRA R AEE AR 2T TS AR 2 KR st e 2
By, AEIEMES 51N+ R 5] T B ST IO SE IR, 18I KR S S
SHTA R BRI TR T, SE T IR 5 TR SEE IR RS

SAE, HurE A MARSIZEER T TR, & RERE & FRE T
SR BETES R AR BEIR . AR EH RS DU 1558 5 “ B A ER AT, AR
AR —— UGS B A 4 S T I RO i A R A 5 R it A
(DC Circuit Analysis, Diodes, and Transistors - BJT, MOSFE T, and IGBT) ANH X% 4.,
RN BEIREA, RGME T ERE R TR, B4 E . SRS
OMES, FEEUEHE 5N Tl & M2 W45 st 5. JESCAR R 10150 17, £
FHPERL 15186 F 10, ARG EN BRI 1 2207 8 SO S SCAR I ol b . SR R R
R,

1.2 EXEHRE

(R TAREA ) & — A4 T A 2 B R SR P L it P 1 5 S B I T ) 5l
FEE, WEY KB TERS MO8, s ar. Byt B9 5845
G NS IRE) R G EHIERSE. BriEd R TR T R R S A
& EHAMSEERN A, BAENHS TRV E RS e, RNV R
g AN R LR TSR A s g T, 3 B At S AR SR KR A R S B e

A EAR L ERETEREROHT, TEMNE TR IR AR
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B M5, SR SRR A A0 S AU R B BRI B AR F B BT R
ZEEENG T RS S, WK e, HORERAEER (KVL)
AL IRE R HER (KCL) , XL AR s A TR IRy skat. Bhds
RENSEGIPHRIEAE R, HIE 7R Bde fr S, ik, AT,
IR, AFIETEARS 18 1 & K A g AN IR AL BRI 0 AT 0735, 8 T AR A T H
G AR PR N A NL 0 3 T8 X o 3L A 4R AN [ R B A R [ R AR I S Hs AT SR
B T DASE G B A an T 2B AT F B ) e A S AL . BEAN, SR T mIEE YR Lk
HCCRE AR LR S 32 P g o A2 ok FELIG i) L) PR s T T L

1.3 SEEE X

MR TR E N — TR TR, B REREPR Ok H A B Ie 4 &
RSB0 EAMY RS TS E IR EMN T E LR T REKTE, T
T AR 50 AE 2024 . (Glover et al., 2016) 110 H i, N B TREHH 2 DLEH
PEANE MM N E, ARBTERD, HE RS, R E AR KRR
B (PG, 2014) BRL, BRI SR E AN STl 3ot fe Dy A I 2 AR FTBIE 7T

DU R T 2 1 E B LET o AEM A S B B BUR SRR, WA B E
P T B TR AR 4 [ o e U AR SO ) BTV FR SR o @ 5 NI S
SOOI R R, PR A RS E N S TR SRR IR R, 0
BETE 207 PN 25 10 S8 T RO ST 1) 90 8 7 T e B B (R4 B 1 FH

A, W FEADNE, FEEAMUBEIRA B TR AR B, Hiae
R X SO BAR 5 LR N ARG &, B I T AR AR . X AT
TR AN PR AR B R AR U FR A 4, [T R 3R T R PR e ) 1) kAT
T I e 5 HE R R ST I A T UMEOR AT, B BRAE SR AT T B i Bl
RIE, RRAVEIRERER I EEEAR .
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F_E FAIES

FERMS SR, BERTHE R R A RSO Ve S HER PRI S B3RS, JUH R
FEXT AR R A iR LR SIS BOARNE A, 78 70 (1 A IV 2% RE 6 A3 AR THARIE 1)
MVETE 5RBIE N £ EABIREAT, B E RSO I A A 45 H 515 5 R
BEAT 70 Mr, AR TR SOREM AR E S Sk T R, AR AR TR
FREPFAT IR, CIEE AN ERS bR SCIR B 2R SC, RN A% O 2
HERE 5 desh, BRI IR TR (CAT)  RIFEL LA, PR
ARVEE B IRORG HE LA SCHE ST fJa, B SERDR T B i B AR R
B, BRSO & R AR U A o M R G o IX SR HE A AT O e SR
SKEPEE IR, RSO R AR S AR BOR B 7 SR IK AT 2 -

2.1 AR RERESHT

TERN— AR RG IR R LREEE AT 5 S S 1B BOb, %R 1
St B BT B9 5 RAFLZ MO, BARGRMEIS R,
BHEAMIRGENA T B LA RS 5 EIRAESL, Wil K& S 5 M
AT, BN E ERE R TR AR, B (ERBEE EAEBNE
B, IRANR T BRSNS LTk, WM. B
GRAYEENIEE, IR AR E R, AR T 5 RS E
HBIERE, $RANERS . WIEBU (Katharina Reiss) fISCASKRRII G, A48T
FRASCA, (AREK-T2, 2014)

REMEERE 2 — 2L E T, WG T KERS LRSS EERES
M, I REBOVEIRIER S E . N T IR IR IR LR 1 5 SOR FR E I
Yist, WEFRIRNIEMBIHAYVIS X &V E A FRES T R0 . ERE
AR, RIARARTE PR HENE, B R PR EONE RSO, DLORAIF 1323 AR08 HE B R AR 1
H R EIR R R AR N2

Behth, AT REMEH KA, ZRBHEOUAR, JUHZE B SUARR 2 2R A
WRI N Z NAIEEK . 1A PR IR PR R B AR, B RSE KA I A
SMFRIFI % PR KAV RIAT AL M BT A A . B EAE AT . &M AEF LA
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JESC AR A TR IE & SOAE 5 AR s R, SR BI6) - 3 F0 & 4 ) (1 1 1%
KE: WIGRFHE S MEEER. NEERMR, #ER BB AR 55 30E
B, digtg, S WEAL. KRR, 2009: 70)

RJG, REARZE™E. SSHHEN. S0 2 m2EXRER, RIRNEAR
MR FE, BUHCE S SR H, BB A B S VAT, 3T
BRI, BRI, BEE TR EICRX I, # iR

BB AR 3 S ME A Z AT IB AR G, DRAIE RN IRAR RN AR EIE S5 2 ki, i3 RE
A 7 T B4 P O3 AT PR B AR DT IR AN R 4 T

2.2 “FATXCARIER

N TR, BEEAEREL R RA A T AHKH AT SRS R
DA B HE R SR A AN IR JE SO I B ARE SH AR S . B, BEAN T 2HE
WA S TR I S b . Bldn, (RS AT ALY (Foundations of Electric
Circuits) « (HRLZ) (Electromagnetics) 545 1248 I AR TREEH . ERIE
AR, PR B A A AR IR R EAT T X, IR — BRI S
HOSCEAR LI IR E

HFE, ¥EIEZH RS TR AT LT, e E A 4
RS, DMEIRE LV AR O BR BOR RORE RIS . BN, AR e #E A
(1992: 55) 1) §—Flff i 55 AE 2 M X 11 X 28 BB S HU P8 7380 5 12 STk e FEL it
YT AN 2 AR AR DG 7L, G AR R AN 20k Uy S B 1R E 10 o) HE A
LR P OB A

5, BESRT AT EARHERN T, @ (B TETFMY  (The
Electric Power Engineering Handbook) RSS2 155E, XEBFENUKG 1) 121
H RSO A 2, I B B R A 0 R AR AR B R AL T BRI 5 SCRIASE FH AR
0o IR AT SO A ], PR BENS SE A AR H R AR U ) T ki AR
BTG W OR B IR T

2.3 FIRTERNEH

B, BEMED) DeepL A1 MemoQ %5 CAT L H, EUEHAEE. BEcisE
4
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Bt ik 7. X e T H B0 [ AR O %30, RmAREfHmES—
P, G ReiEI R BEUC RG> S S B, AT KR S B R RO A s — B
RF I AR AR SOOI R Jo oK 8 3R IR BOARAE i FE 4 P BB SOARIY,  CAT TRk
AN NEE, AU TR P R A AN vsie, A R0 S T RS
=5 A,

BbAh, itk — D ORI B SO HE R R S AR, R A RIS AIE A T
IEEE Xplore. Linguee. 0N ia| M, 4EHE GRFSEELG R M . TVARTE B AP AR P
XESE GV T RKERUEAE AR REIL, R B PO A TR A P & 285
TV RS 2 SO A BARER R IR 7 e D, 78 LB 0 BT AR OC 2 (R
iIAEH, 1EEE Xplore “F & [ S0 SCAOURAE TR BELSTY 5, i T A2 %
BREH, VR PRI UE AR I T RIS T SRR, BEAh, Linguee S5 XUIE 1
KLEEI 2 DyRe, 8B B8t 4 I BRAUBOC IR (R 1R, g v ARk F P HEAf 1
IR SRR R 2 ARG

(RIS, 7 D S e DL B BB R R I, B R R AT R 5 A
U ChatGPT ST R . AUE LI A InE . Al TRAFE MR, HEITMRE
SCARAL DT T R B RO RS B RE 77, JCHRAEALER 2 SR AT MEARTE S KA
REMS IRt Z R R BRI S % . ST, RE AR R ER LA BTN,
AR AT, BeREVRAE AL TR HMIRS, R ET XA R 2 A EE 1Y
WHE. (B8, 2024: 182) BRI, BEFHIFARTEMAM AT AR, M2 AT
XS RAE ], 4G BB AT HE IR RIS, AR R B SCRIHERA . BT
PRtk . @ L TAE, BEEESCRIA M FIR, A R e T SR (1Y
B R, DR PR A e B RO AT

2.4 ENZE RARIERKIEL

AU S, BRI T RERA TR T ARIESTHE AR, RIER
AEFPEA — B B R R BB SRt . R, ERRMER B, M
AGMHIAREFERAGTONE R . HARIERIEAG —, AR SRR IE BT,
BT RE B MVAE BAIE BRI, X SR ARG A R

PRl 7EIEFCRIIERT, 3 1 Joild A MR B, CNKI R ARIE RS M 2% 1%
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PEHEAT 1T AR, X SR T ORE I I0 R BT b AR R L AU R TR
B R TR SRARE R OB 1 Rl UL, a7 (IR
PR ) BT RS, DASRASIE R TE T € SCRIBR#E R, A OREE— TR
TEARRELE H AR s TP ER LR =

NTETEE AR &R, B AR R Rl B 1P
T A AL ARLE, FEH BT ARER . AR ER AL F2E R R seif 2%
THEAGH, T HAE )G AR B SO R G — P SR L Rk i AR . LAk,
B G 50 AR U [F AT e TS, LR & HRARIETIRMER, i
BB 5E R 1 ORAE B HERA VEATIE A1
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B=F Eblotr

FEARTNE, BEFHH IR AR OB 9 Sl 8 (A% Dokl IR A S
Bl o> FL RIS el o BRI R, PR 2 B I = K S I v —— b R IR
A EEMIE KA RZHAR L L ER S LW EEREL. FEELRGAE
UEHER 5 QIS PR e, S 2R T R R DA = KX s AR T 58 T SCRe Al 5 7Y
B, VRN EEDREX = R s Y B AR AE S R TR A2

3.1 BN EHR IR RR

ARFHBEM B E S P ERBRR TREAE, BT OSdEE, JREEET
At RIER S LAARNCAS, A — L LU RUEE LB AR R ARE . [,
EAFEIE—17 2 LIS, — 8@ i E b 5l N5 SR T & . (F
#5F, 2014: 5) JEBERREE WIFES B, FER—CFEFRREN FH 2 AR R RIL[H
— Y, PEEENRHECE TR, ROZE RO A T e SOERHE SOk
SE SRR AN R AE BRI, N T RIESCERT G — 8k, T >1 10
ANF], BFEFE LA R — R, AR CGRIE I R . (533, 2020: 52) XX
S DAL R, PR R EE I R AR R GORREGE X, B BN “ ARG AIE
E7

BRitbz 4, TEAVEI RS R, BRI, T SRR R S B
5, WARIESESURE SO BT SCG, FRAE SCEAAL,  R FR AR E B 1
B, IXE Gy A8 E Ll AT 5 B 2 3 LA HE A FER AR AR MR B G R . B
MU RTE T e fe, ERAEE 51 MM gE, A OARSSE T BE 28 sL
B FAEE R, R RS R B SR T RIE R E G R . Rk, 4
JF SRR A R B AE W R L OGRS BN, RE R I 13 2 (R SR, [N
TG BN . SR, X BRSNS R TE AR A I S, i 3
SR B HAR A R MAE . BRI BT DURHE B A R e i, {2
TEAT A BB AT 217 A4 et BN AL A — 2 AR, IR RO (R
7%,2007: 19)
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3.1.1 HICERR RS EIE

X IR SCA T AE L B BRI A TV IATE, B IE I A kA5 . b AT
TIEBORE, G 22 ] BE A BVE I FEAT LLARL, 4 S BUBIN kP s 1 T R
BEXE—1A 2 XILG, T BRI BE REIR AN 2 B3 AN T8 A 5| 2 SO8 2K 3] 1
BT Bk P A SR A e BRI SRR IERE . (BEHR. IES, 2023: 5314) fEUL
Fenfi b, DR EFICAED TN TR A KE 5 RN ChatGPT &8 3T A IE AR TT
[ A B BR PR, BN T SCIEAT SR SO S, Rt D A SR TRkt
ATERI ANGGAE, A2 mUE B IE R ER.

%1 1: ... such as the conversion of Y (or Star) load (or resistor) configuration to Delta
“ A" load configuration or vice and versa ...

BIBE: Blan, PTLLKE Y (B Star) SUERNECE oM ERIE “ A" ORICE, k2
TR, o
SR BN, FTRUR Y (BIP) ES RN E oA (ML) L7
WACE, NI, ...

ST A ST XY Cor Star) load PA K Delta “ A ” load B, &
T JGAE linguee S5 1A B M S AR AE M3k 28] Y load. Star load. Delta load 37672 B
Pt RS, MR B S AT S SR, T2, &M% Star. Delta
SRR m, I I SO SCEAT [ 30 IE . A Star load 9], e ilid
HWRIGE “BILHE” DI HIeE TR 5 0Y Star load. 5% T zhihu.com )%
ORI T AR N IEIRE (anf& 1), YIAIER] Y. Star. Delta $i5 L FHIZAR .




TR RER 2L

AR YR SRR SN S RIER 2 FEEREARNES,
o i

4 APMRTRETR

BIEETHBE. A, BRERDRER, IARRTENESRSE: YREEETARRE.

YREARIGMWE (1) ME, S TEMAN—EEE—E. A—WoNSaln=TEmARE LR
BTHE SN SR S

K1 SkiJ§: zhihu.com

e, Nt PIRIE, BE T A RIER YRR, [RRERESE (W

4) :
Y-AB (en

Xp 23 fEEE v

%8 & FEKE v

HEBHN > BEHNENEE

Y-ARRSEAEARE S BEVEERSRREROATES > SEALBREBIRRSHRN
YRBBITE - EAIBRELEBODN « E— R8RS MIE - 5 A F1800FE R % - [

HARY-ASE R (20

R » Ra ~ FIR3 D BIRYRZEEEPHEN, « Np » NP BERIPEH » Ry~ Ry ~ R BIRARSERE
N1EENz ~ NiEEN, ~ NoBINg Z FIRIBEH - FZIEYIZBIRRAMARC B - AT BIIARYZE
H®i& o (ERMERE < EPRRINARFRNERES -

K2 k. 4eREE

P &E RREE TR v

ATEEEEFIY B

R, #iE “Y (or Star). Delta ‘A’ 7 WFIIERN “Y (BB ELM” “A (=

i) L7 .

%1 2: ..., mathematical representation of Ohm’ s law, in the form of Eq. 2.2 applies to

AC circuits, where voltage “V” and current “I”

are vectors or complex entities and R,
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as always, is scalar. Note that the symbols with “ half-arrows ”  above them denote
complex AC, or vector, entities.

BIE: Wb e MR RER (A= 2.2 Fior) RS TA2m g, w8
HLEgH, R V7 R “T7 RREEEZRSE, mHH “R” SRR, EE
B, bBIi CREERT F7S AR R R R B RIS SR BR B S

SO BRI E R R (A 2.2 Bs) [FIFEIE A TAC T g . 7E2C I
R, HE V7 AR ‘17 RRESER, mHEE “R” B R E. EEE,
LU CEEER” AP RRRRRCMERERE . (entities A7)

ST AR BIEEME S E T X “complex entity” HIACER, WIRERA R REE 1%
HmE R ey “E2Rsk” , (HERZXFENHIE AN, & ailE
i) AN 2 5] B3 o ik EAR AR B PR AR LU DAR T 5N B9 B AR BRI

12627 ChatGPT H)FEE DLREN 3 % 4R, L iRscanid 3.

FUEEEIEEFRE (asl2.2inr) FEfHaRTaommEE. EonBiEs, BE VR I'EXE
S, MR RGERRE. R, &6 Pl FelEER s onaiEEEs.

8o PPy O

K3 KiH: chatgpt.com

HiG, EkxiadnTai. 5%, & TAEER EERF entity 10 &H
AR (i 4) , HT bing. com EAIL “Avector  isa...entity” HITEIE (U
K 5D, #E—BRAIE T entity fEAG) PR — A0, moAE “SEiA” o HAEZRu L,
B T RS “EH complex” Al “[i & vector” {ERFPFERE LR IFFIIMES, MR AT
HTRREEH (6. 7) , X5ECHE “complex ... entity  or vector entity”
HIZE R FAUCHAD, T A2 002 SO ) complex BN “E R Mk “E407 , M4
WA XA FTHE “entity” BAAZIAEIBERI AT %% T bing. com F#Z “vector” —
N, RILT “vector quantity KEMIE" X—#&, RS “RE” A%, HAA
o i 1 AR S S T R 0 KSR [l CAn P 8) o B i 5 1B LT 4 R entity ”
— U B S ORE SO R I AT “ quantity” — AN CUTE 90, B BRSO Y
“entity” BNy “&” , [, “vector entity” BNy “vector quantity & MIE” , 1M
REMEHAGIREFE, WEKIE, AL HKEMET entity, H complex
entities ELIEFE N “HEH” , # complex AC, or vector, entities LI A “ A2 2 ok

K" G,
10



T TR R85

an-ti-ty ~ (Bn'Ti-18)
n pl en-ti-ties

1. Something that exists asfa particularjand discrete un

154

K4 RIR: g aR

wachor antity 4 =

P

O R COPLDT [ 1, EL) il Wi L i E% IR

) 7,300,000 -5

Geometric entity
A vector is a geometric entity|characterized by both magnitude

and direction " * 7.

KI5 Kii: bing.com

8 (complex number) B8, X—A(ERENSR) BEEELRIN, CEETINN—HER
WS (ENTE FRESHENARAE), RE—ENEHNE, EASARSIEMHANEES
SRBERSSHE RSN, TEREEIR ST A SR ETE (HET %
Ef)EH, #FBiEiENERGE LA EE (B EEH SR TR, LT EHNEE
EERMBRRE—E,

K6 Kii: bing.com

B/ MRS SN/ SN SEAEE - BENES, EERY

(LETEEALERY— M LatnaBETEN [hTU AR TaELRRRNSET—

entity

nown

1.

Kl 7 >KJH: bing.com

What are vector quantities?

The physical quantities that are
specified completely by the
magnitude and direction are called
vector quantities. For example, physical

Kl8 Kii: bing.com

thing, being, body, Individual, object, presence, existence, substance EIESIUFE argar

cnnvanl af tha aadh ag a vinn andi

Ko K. 4EE R}

11
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3.1.2 BRARPEZSEH

FER IR REES, ERZDEIGIT, AR SRS AR A AT P&
LGN S SRR R B R, SRR Bl 4iM. RIEE
B E RO FE SOF BAFE ECRIE S 0. X R, BRaei s RN e
PE, R DUEHER I RIE R SCRI AR, iR B FoR, RSO AT & HARE MRS
(7K, 2015: 62) PR, I 13 D0 Z0UE NTAE N S SCHRERA M 0 A0 78 0 5 B R SRRt |, dBE
G U AR B B R SO, DR DR 1 SCREAT & R 2 SCAS 1, SCRA R
AR AR E

1 3: ..., the brain of a microprocessor is a “sea” of transistors generating binary logic.

B AL RS 00 R G f2 B B DAL AR B R K KR 51, A e — k)38 4

BB A EE AR A% O e B DG T R A R R B R R A, BT SRAS
HEEM I EES .

I AR BRI s AR T AR PR R SO R R A T ) AR 1 SOANB DA R e
AR R R . HIPERRACH, BEFN Y AR dERE T b, AU “AERL” A
PO TR SRy “CANE . AR, mSEbr A BTN SCRT L A
EEAAGE RS I RGN A (0/1) LB EEE, Hik, #AshiE “AmR”
N REAER AL 16 ok s 4E F 304E SRR 34 @I OOIRAS A S I f ik
B TAERH, KRS EE R, shah, B AR kw4
AR S, AN “ES T AR SO “EEST
AR “ZHR” A5, W% 7 EREDNEIEBE W ZE .

{5 4: ... Zener diode is capable of recovering from avalanche reverse bias breakdown
mode ...

¥IE: L AERRIERS G, O R B NS T R IR

W L AERIRER G, o B R AT B AR Oselal e i v 5
RIBIR T T AGEINED TIRE ...

GEAT e AR TR T A0 Lk i B A R B T RAE . R PR
“avalanche reverse bias breakdown mode” BE 1%~ “ 55 jij i g i a” BARIE MR, (2

12
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AR I WHEIE (BRKAE) 57 EARE S GRS 1A
FARER, SR B0 L IR IR AE AER AR . SCRESR P 5 5 1 B SRS, RANBERE I ORIE (1
SRR, R R B i v SR B T T IR,
ST PRARIZR TR W IEA AR RE, TR TE R S 5O XM e REOR B IS I &
Ak, SR 7R E XA TR BRIk =, RS R I 2 T
PR [ R 5 AR Tl B B 5 oK

1 5: Applying KCL at the node, the sum of currents entering equals the sum leaving,
which allows the calculation of unknown branch currents.

BIVE: (E79 AL A KCL BRI, JA R F AN S T B s e A, ]
DA B A K 1 3 2 IR

SRR R RAC R KCL @RI, YN T s 6 U e R 48 T B T A I U e
AN, f8TRT LLHE e N7 25 R S AR R 1 S P U

GIMTs AR BRI ME AR T AT R R R S SRR e i AR IR R A
S SRR o JESC LRI ZRA) SUMERE T KCL %O JE N g B ~p 1E, BT 36
SCERAM, currents WKL H 19 K ——node B, BN L i I )
BRAE, AT ReAE S A AT RS SR A, BRI AR F R 1T AR SR A
Hk, TR REBATNE, W15 TR A FA SR O RO U BIHBUE R AR, 1
Ja SUE RAEFHRARYE B G R 2, BRIk, PR TEe A BN T “ @,
PR IE I AR R SRR e, M VTR PR S (RN, S R T iR
i, kb7 DRl S SR M T SRR B R s R, IAh CEESIOTRET R E
A BAR B D IR . BRSSOk UL, REFE B) TR A ELFR Wit 22 TR 78
BOCHRALRRESHED A TBOEE S BT B PR E A OIRYE SPIE Sy
), BT TAERIE SRR

3.2 HEKAMRFELE

AF R E TE B SOR, AR SCARRE KAt E S IREH,
PR RS 2. A, EENINAIRERENE G KA, HiXEN
FEEARIE A FNTERIIRE, XMEE A TN MEERREOVE R, SfliEik

13
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TANEIPRAR . A SRR SOR R AR 8 TR SO B S, A 5 VG B R SCAR I H AR AL
R mZE . KL, i A BRI M £ E A 45 B AR E LS, (Karlsson, F., 2007:
365-392) & AT PR B B A R 7 A ) — AN B HE A

B T ERELR AN, ARREHRER 5 — M s TR N B . 7E(5 BAUCA R,
HNTE T AN R S B, TR IN AT 254 I B M R B R RIA, BT
OB AR AN TN AT — FEON ST A AR, B BAR AT DU A R HEAT
fERE, (HREIENA)H, YIW T AT RE T, D D . B S R
—E MBS . (R, 2024: 106) [FItL, P& TRGUEFET A G P PER, Rl 40
AT BE 51 R BB R ) RS R, AU AT A B, DL IR ORI . 2
B

deAh, VSRR EAEIEIFIS KA. “HFIER” FRRRANEREZAE L
M JZUIF H LD R F R, 3883 I 5% e 5 H A 7y 2% #e i i ) 2
FEPSOIEFI A, B AR 1R BE S ST DA e o A B (R R 6 2R, TS Fh Ok AT
AETC T AT FIARICAR I o (HFETESCH, FRA S5 M RO AT B8 LB E 5123 (A but.
while. as %) , W] BRI 5 EUE T AR R AT S RIS HIk, PO L0

P REFHED), (BEAUE, 2021: 158), N H R W E .

3.2.1 UIEEEEE

PIorik, RMFSERARE WK Tk, BAEmHRELE T BRIy B AL,
Xf e E AT A R, AT B — SO DB ) T, R RTE RSB S,
XA BAFHAT R A, JHEANTIEE. GEFRE, 2004: 64) BIIETLA
FERBIIFARME ) T h A F 2 R BS54, A5 BIART AR AR RO 5 50 B 28 A)EAT IF
o, XA TEEAE, BaEE, XA TS fEEK R, AR
e TR A G . B, GRS E S aN, JUHERIRE E M
AR AL, D9t bR B BOIE L RERS HERRIT IR IR SC N A, 1EE T DICR T L Sms, X Jit
AT EEA) )

% 6: Thevenin’s Theorem states that// any linear circuit containing several voltages
and resistances can be replaced //by just one single voltage source// in series with a single

resistance //connected across or in “shunt” form to the load.

PR SRR EBAR M, AR MRS 20 A R B A 2 1 F R AR T DL —

14
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AN BEL 5 SR SGEFRER L, “ it T8 2 HE A L s Ut e BB

R iR E BT AR R 2 A R IEURT F B A £ HR AT DL e
AN RS, IR YR s B AR I, XA BB L DO R T S
PSR

e XA BRI S R R TR T A B O DL B TR IR AL B U Ak . %]
e NEER, BE AN NEMERE, &2 i 2R R, AR Ik
BESCEEREIT . SRS B IRTE AL B RS, e P ST R R AR A AL B LLTT
HHSCERIE I, B4 “ containing several voltages and resistances” f&11fi “any linear
circuit” , 5 EAERYFENS & FWT ) IR 2RI AT B EUS B B RX AR S
17Xl47: Thevenin’ s Theorem states that/ any linear circuit containing several voltages
and resistances can be replaced// by just one single voltage source//in series with a single
resistance (fZ1ffifif 3L single voltage source) // connected across orin  “shunt”  form to
the load (fE1Hi T 3L single resistance) 8t X 2 A7 5 B e i 1 £ SR 7, K
BB AN BAR RL BB sy b, BB IO MIE SO R E 28, KB

AL RS R T

5] 7: ...unlike regular diodes, when the reverse bias is removed, the construction of a
Zener diode is capable of recovering from avalanche reverse bias breakdown mode// as a
property that makes it ideal for voltage regulation.

WIE: S9N T PRGN TR Tl R, B RS I A i R RS R S NS
g O i st v 51 & B3+ 5 B AU I 5O IS R A H i o
JE R R AR R

B S E MEA R TR N, ERAmERRE, BERENE
A AU O i i s 51 R B8 155 B U 38 IS0 IR, DRI o FL
TR BEARE R

Gt ARFEHEEAME S AE T FE S 2 BRI EN AN, BERETAEE
JRST “FEGN AE R~ E IS R~ N BRSO “unlike...”
G H TN R RO T F A AR B, S B “when...” SFATE A EIFR ISR N
AR I ML A R T RT SR AR AR S R AR IR, B “as..” SN S BIX —
REME S AR AR TR I B B R . W RN AR A IE AN R T

15
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TR, ERENEAE SR T A2 Bk A S o e A R R R R A L O e R
R AR RS BOEE S B A, H LRI RO, X RIE e T
S I R, B CRIATE SO BN R S0 B AR O R B
—ARIHATY) 0, R IR R T RTE IR R RE, IBRITUART CReE”
Zikty, AR K R ZAERUAC MR 7B I SCH)Z AR, A seBLE SCHILAL .

{5 8 : Application of KVL requires// that voltage around each circuit element be
defined in terms of known values and the unknown variables// and the sign or polarity of
each voltage must be assigned before formulating equations// that can be solved to
determine the values of the unknown parameters.

BIRE: BEIREE IS U T 0 B R B A B B ORI R R 4 S C AR AR
EoRFIR, I A R MRS s 06 ZE S 3T R AR R DA S A A miT R
5

SRR BRI SR R, TR S O R AR R R R AN FL G
RS (B2, E55 77 AT E & R RS Skt XA ELR 7T RA
A SRAR R

ST AR B SFE T, U “requires that..” “and...”  “before...”
GWHIEE, HiaHEREREEER (KVD) KREREAE —F KR, X
F2 RO 8 Jee T (9 Bk 7E 9 S b ol AR B AR R0, (H AT BN R B D 1) &5
), RIRERKA, WEANEEEES TRAN . BE7E SR FER AR E I
FIRREAT T U045, SR ok, i HFH” BT “EHERRT 5 R
bRE” MR B, bR AR SICR, JEH, BA R PRk
M W IR (HNRE S T S oA AR5 A R A R R
2O o P, FEEASIEDE “and” RN T HET, smil TESTHIGT, Ek
WA AR AR . BE, B IXAEEE ST U7 R L AT SR H R AN AL A,
S H R . XY KPR RSO ANE R, BE TR RES, [FN
W 7RSI AT BRI

51 9: The gate voltage, which acts as a critical control parameter in MOSFETs //by

determining the conductivity between the source and drain terminals through the

16
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application of varying voltage levels, enables precise modulation of current flow //for
applications such as signal amplification and electronic switching.

WIE: MR E, 129 MOSFET A id s it 0 A [7] 5 7K P ke i e YA 5 IR i i
T2 8] T PRI OSBRI I S 40, BefE S R AL IRORS A TR 1 AR TS S ORI T
KEFNH 6

MR MR FEE ARy MOSFET H () o045 il 4k, wlas el i 15 A e R4 i Y il
SR S, TSR R AR §], DA RS KRS T RS N
7oK

Gt ANREHPEAME S AE T, A — RYMEEE N A AR R E, A
HA T ) 22 B R PE ATV E DR AE T — DA . HIBEOREE 1 S OIS, FFP X
FFBERY, HOESAHLORE SR RS EEIRT ) Ko E,
7 B . PR AR SR IR M L 2 MOSFET HH Skt i 241 1k
RBSLHIFRIA, AF 3 e X — A0S, A AE — R — K &
EUPE RSy . BAE F Al I U Y H AR AT 45 VR B 5 T AR ] ) 3 fEL R 7 X — ST R
F)IE I B T R, KR RS S M R RO R AR k. )
DL AT SE B LA IR B i ), DA RS S TR S TP RS N H 755K 7 S 4 LR
VA ARSI R H (). SO AR AAE 118 FH U1 015 2 2R i e 13 B 55 B R
ANE AT, AR B) T A EA B A DI RE, AT BRI 1 3 ST I 1) 152 A
[, AT B AR IR H, XA IIE R EE PGB RE I, B
(i BF- 2 ) BRAS KTE T (R B2 5 ), AR 1 — IR HEUHR 9 S ) AT Ry SR R TU A AT

3.2.2 BFEEEE

WAL Sy “ZbrBliE” JEN, CAEARE A RN T, BRIk
B RIA R, AR 1 SCRIXS B . (Newmark, 1988) fEXFHH&HESF T,
PPk R AR B LA e, S R SR 1R 7 R, B AR RSP A
5, EHEER AT NEM. RREANTM, RIS ST BRI S E
H T BEE B4 R R TE

%1 10: (DAn important feature that is instrumental 2)in minimizing the time it takes

to replace a control board, ® in case of board malfunction, @ is the “ quick
17
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connect/disconnect”  type terminal strip - labeled as (1) - (shown on the right side
to the control board (PCB).

B CEFEHIBGRIR IO IE LR, 98/ SE Sz AR T 75 I ) — S T e 2 R
HOE R/ B v 1 -ARid A (1) - R E AR (PCB) I A ] .

B QFEIEHINCR AR, @ HI(PCB)A M@ “ PusE /Wi i
T (BRI (D) O REE AR @b 58 428 il A i 75 1 ]

IR AN BORR IR S EARILAE 5 A AR I DL CE TR IR BB . S
SKHT “An important feature that is instrumental in...” 3X —%5 ¥y, ¥ “PeddE s/ Wi
B ity 1 AR VR N AR A% 0SB, HlTREEREM, 4557 E T LOR
R tEAh, “in minimizing the time it takes to replace a control board” PL & “in case
of board malfunction” X ™1 ia] BTG #E— B G I 4] 1 2 IR o HIEE IR OB Al
WEAARFIT o AR EOLN 2208 S ] S0 45 R 1 i ) 36 LA 433 o5 B ™ 24 25 I
A BRI I BOR I & 2%, BOE M T B AR IR EEL . (35771, 2021: 158) MHLLZ T,
CSCE SR R e PP i SR A AT A, (S BV NS A DUBIRIE . Bk, B
“HEFERIBUR AR W BT E, IR R, JREESE 91 R (PCB) AN R
HOER/WT M, B0 E BRI, HIk, il R i oCHS
S/ b T A AR BT 75 6 1) Ok LR IA 1 A M IhRE, (5 RE PR ATE W,
B T IR b B AR AR T R B A — AN E IR L RO AR
FETR. WA, EEE RIS, A ChRCh (1) 7 B U
G TAE R TG S TSR AR R S AR RS 1

%1 11: (Donce the voltages and respective polarities have been identified, @ you
simply sum up all the voltage values with appropriate signs, as observed, @ while going
around the loop in the chosen direction.

B LA E [ b % BB A O R At fE R R T B 45 5 T2
BRI E BTSN, RN E 15 R SEA BRIEAT .

B OFERE A1 % o % F B S Nl v e, ) R AR H% IR T I 5 [ 3 ]
@IS B, BT IR SR SRS IER .

AT FERIPERBORNS, PR IE R HME A AR T AT AL B A) R H) “ while going
around the loop in the chosen direction” o JA][JIX AN FEEL S /4 _E 2B hn 261+,

18



g I N e VAT

TN E [0 B8 o 42308 488 0 77 TR0 0EAT 23 A B 7 42 S AT o Rl TS o 3K AN S O 3R 26 ) Rt
FEF, RIS S A TR A0, B “while going around the loop” 1A M4
BHER) R fA) 7 BAFTK . Ik, kX — a0 A TR & ST R Ik 1 4
M, SRR S B E R EIRE], AJEM “while going around the loop in the
chosen direction” FiA /& —Fp &R 7 20, TIFE S S0 & Fi 7 208 2 e A1) F
TFk B BRI EA), DU f) RS TT KRR 2. BRI, PR3 i @ i v R 15
JF R AR ROEAN T R, K USRI F T T 1R BREAT, R S S R B E A
I, AT RSO “while” MBI EXFERIEIIFAAE T, ERRIFT
JESCHIZ RN S X, ol i i R P Al 6 7 B fal v, @ T ALERES, [H
I B A IR Rk S

% 12: Next, Mbefore KCL can be applied to determine the source current, @the
individual currents, through each of the resistors, need to be defined - @using Ohm’ s
law - @in terms of the specific resistance values and the voltages around them:

e B ROk, fERHERE RER (KCL) RRMFEBITR AT, 7 EmiL Rk
0858 8 SCRRAS FIBELAS I IR, AR AT Bl R s DA S B Y e B SRR R
XL

R TR, AT B @S & BRI e 1 @R AR v BE A [ i) v e B HL A
BEAE, @75 Hilid & BB R AE, O 54 wlia 3R E K EH (KCL) K&
PR

GIRT: X B 1R IR M R AR AR SR ) A ST, B KR A A
ARG o JCH B R B E W before RIERFIEHEN, MM HHE K
A BB AE 55 RS T o T R E B R AR A I R A AR I

FEJFECH,  “before” 4% T “KCL @HERINH” A “Hig Bii” X H4F 1,
BSBR b, IXPIE T 2 SN0 B e RO Se e iRl , A5 ReR A KCL &
FESK ARV B o BRI B SO ) 1 S5 A R RO R B, e SO A T4 R
RS EHRFIINT, 530 E HR R 25 5 I A0 B T X AR & H SOk ST 8
RfE S N T ALBXAN R, BEERA T “HE” BRIEDE, HE RN R
A4k, SR A G TR R B R 4 R R T SRR, SRS TR e
i3S KCL SRR ARIE I . @i XFr =, BERE T IRAMTAEE, SUEE 7 e

19
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RIKM A

) 13: (D The IGBT, which combines the high-speed switching capability of a
MOSFET with the high-current handling capacity of a BIT, @is widely used in power
electronics for applications (requiring efficient control of large currents.

BB 455 7 MOSFET RTRIEIT OCRE 70 BIT I3 AL 2R 68 /1% IGBT, 4
J" 2 N FH T 75 B O o L 1 F D R ATE

i (DIGBT 5t A MOSFET HPREITKAE /15 BIT HIsRHERUKEAE ), ORI
FCRE m RO R IR, @) R T T

ST PR REREENA, K IGBT [ThBERE S5 B SR g e —
Ay, AR AR R LR B R A DL B R SR T ORI . W) BB SR TR SUE B,
(HPER) G LI T 08EMEARL, SEF TN &, 5k, TR EE
B BT eI LA B AEARIA 0 “BE 2 R 2R, R BB
ERRATT, N T N G o FK BIRE HORE JE S R) R 1 )5 B T 1 requiring efficient
control of large currents” JE [, WMAEHN “HJHFAUR” FEE, # IGBT M
ARIRHE RN AR 2 B E R RAER Y, B T EARBENZ R, S
HEAAN, AESEMEMNEWE . H5%, ¥ “which combines...” #F#H “Hf
Hoeooeo R oo 8707, P DUERLF IFH) S5 MBS £, 3 IGBT [R)I #4 ( Pa b
WA DIREE M E M. FR, M “#” R R SRR IR R B, AL
VA BRI X — AR S BB IGBT () V2 B LRI R, AT 345 S
PUIRCR . XFER BT G DOERE I, MR ARZ ™%, &7 7%
SCIA AT A A R F R RS HEFE

3.3 femrE X EZERE

FHAF R R A KRR HA R AR SOR I8 S R, IR — 4
BRI, (EB%. ZFNR, 2022: 21) ARSCAFAERFERILR, —HMoilil LRk
My, BIVIE I R AR R A T R LU R A A, PRAR R A, (i
FE TR R B DACRR J5 SCRRD B M RT3 S L Mgy S B ORRE B2 AR B A X 86 o 1
R, AR R R R R, EAEDOER, I A R B R

20
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B, RS SRIRE, BoRBCE SRR R AR %, DM 7 13 . (7
e BAE5T, 2021: 51) DMk, BEFIES 7R, RERCHE BRASCRLEER
AN EE HARAER,; J—MOsERERE, B TE S AR R IR Z ALK TT,
B IS IR, BBy 86, IR . (B,
18, 2016: 92) MRS EHF, ARSI RGN 7 RIE RS E, Bl 7k
BN ZNZ 5. (EIHE, 2010) MR dl, Aiatee Mgk, sisiEsH
ARz BT RIB R R AL, T DOE T R A AR U S A . PR,
RAE P AIE S N AEZE SR, BEEH TR m Ik, SRR S DUERIE ]

;I\)'ﬂ_i‘o

3.3.1 TRV Remar i = Farar

MR A E R, BEMa o AT 25— S A DA R R S — sl DA R
o OrllE. /ML, 2023: 83) AEIFEMRLP ) Z AR, 1FEHHIIAN
TR 2SN MG & R R LU A AR it B2, DA Bl BEAR . SR, PR ERY
FE AR ORI, A SRR A B A R R B bR, I S IR SIS L
DS 5 e D B o i % 1) A A4 B SR B AR ST, TR T R AR 9% T b R R Y 12
BRI B, B AR A A B R AR B i DL SIS S SEAR TR IR L
SKH T 2 a4k ) S

{5 14: With all voltages - voltage source, voltage load, and voltage drops across
the resistors - identified and their polarities noted, apply KVL by _“walking” the
annotated circuit beginning at the cathode or negative electrode of the voltage source, V.

BIE: 2R TATE R —— R, BRI B R ERE, HARiE T
EATHIRIESS, MHEETR Vs B BB RAR A, VA AR IS B L i,
873 /R R R R (KVL) .

M IR T AR E——HEE . BRI ER R, FRhsE T
EATHRIRIE S, AR Vs BRI AR H e, T E AR I R IE D A A
o, MHIFRE R EER (KVL) .

G AA)ESCH, VRER W E DT B A L T B ELRE Dy
HHEE BT BT, BRI R whstaibmE LI, BATTE
LR AR KM o 1] R RZ O i) 45 2 — N REREAL 8 SR =, SCRERE S iR ) R

21
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B FRfr IR e S0 S S B b SOR PR R, B SO walking FFEASR
BECER R, Mk R ERIE, SRR IR B I A B 3 T
RISy IR RJTE IR M2 B SR E R e (KVL) I ERAEP IR, BAR
KU, FEM I Vs IR ARt $E IR BRI B 05 ), I R — 2y
Praoot, IR R E. TREHIESE 7R “walking” BIFHN “E4N70
Br7 o IXFERE SRS BT B RETAR IR AR AL Bk, B b 7 R ok
R TN TR, SOEbLE 1 RCCERIENE S, RIS S EneT &
PHECCAS 1R XA o

f 15: A diode can be perceived as a “self-actuating” electronic switch.

P IRE W DEER AN S ERIKE)” IR,

B ARE R DUE R R A EARR 1 TR

GERTe AR ESCAELE R R, K AR N7, ATRASEEL ¢ 3 FRIK
27, XAGHLwy “CHTFIOR” o BEE RIS SO, MECT S A L, BT
FOFDLN AL BT PR SO o BB, 08238 3 R N B r K, TR, AR A) SRR
TR “HRIRSN” AR, “self-actuating” 7FJFSCHHIE 8 R AE TARR 2R
DL — RO TR AR Be0 Al SFIEARAS AR, X R R R T 2R
PEREAR < FZhtE” , T Ak T 2 54k A 52 e ER ML A . SR, WIRE <A
RIKS)” BARAEFE EXR T “self-actuating” , 0 “ BIRIKS)” 7E T30 hii A2k
EH ARSI B A B A EBRER AT R, X5 R B T RORRE 1 0 s
FEHETE. SRR “AftR” , XA SR T R aR,
W eIkt A AR TE BRI B N SRS B, AN 5l 5 5t
BB P A R AR X — SR Ak, SRR AR R T SR P R £ 3 1
“TAMEBARR” EEARE R, SRS T EAE LGN S B S RE, 2
PESCHE TS5, AU

%1 16: Zener diodes are analogous to “relief valves” that open under high pressure.
IR fERHE LTS, AT LTI B “ 24 ” .
B (ERE RN, S RE R Sl R IUR 7, RS .
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e AR BRI AR TR AR AR TR TR B AR R B . £ I Al
P« X, ATREs SRS, THERZ BT TR RS,
XF TN ARE B B AR TTARBLE AR 2 g s A 2SR 2 e R AR T 7 e
WU 20 R B, B RRAREE SR R PR EAT IR Y 7 X R A AR SR
FHRBIWULET, RIS, BB SO AR AR DU A R TR, T DU
] B A R S IR A R, LR i T AR R AR 9 K S0 (B8 5, 2021: 31) A
b, BEEERERN AT TR, DOREIEEIAFT ) s O R .

FIRE IR RS T RO BRI 454, B IR R HE— 20 U W 5798 A8 7 F it o 1 R
RAEH, (65 “ e XK BB o= SoRAHT . thot,  “3TIFHIFF 4N
THRE T X RIBE S SRR, TN T ARE B AT R AR U 3 HT
TP B ORI, A Sk A S ) T Iy 5 R IS I N IR, SRV LA
Wk, ATMESE BBk . IR IR dE o AHELZ R, SRR 1 2 amifl
IS, ANFRE SRR 22 A X b, T B U SR AN AR AR AL,
B “YE® @S, P e SRR, RiEga” o B R
73, DRFEZE 4" X — IR U N, A 59 AR AE A R T A A AN AN A5 B A e s =
Mo XA ER T AADOERF G BORICA KR TEZOR, A B3 SCRENS B A7 WOt 1A 12
BALIETEON A EAE B ORI BARTIRE, IR E T HRATE “ LA X
W B AR ST AR AR B XA BRI T T B SCRIBORHER I, I
TR B ORA LA A B, s SR A AR b S IR B L e A T

f5] 17: The gate voltage, the “traffic light” in a MOSFET, determines the conductivity
of the device.

Bl MR H Ry MOSFET i) “ZCl(ESH ", g T2 S H k.

B MR HLEAE A MOSFET A (142 SZH, OB T RS EE

SR ARESCHRER T “traffic light” B BLE ELE v MOSFET Hf) “38
WAESAT” , BIETE S U WA f R AE B i 284 S M A T AR o i Ll A
Ay, BERBUATE G 5IR R, B “SO8E 57 R T —MAE BT
AL SRR HIF B, ks b, RIEESC, WHREEE A — N EES L, i
MU R BT SR F B, BA @B GRS stk . Wl B SE R T
XLy, FERE S G S AR SR, (HX P E BRI LU T R AR Tk i
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LAJA MOSFET W A7 AE RN T 20815 S AT L], ATVRIEBORAR R o 1My 50k 4
Xk, K MR R KRy MOSFET W i) “Lifii=z2%” , BN
HAEGAF P i B0 B . B XA RA T 30, SO AME G 1 BRI Ry
REME TR, 10 HL AT S RS SR A AR it AN 2 L 1 25K

3.3.2 TEIR RS A PR

ORI, AIEIEE RN FN . W S, A R R s, R e
WA AR B AT IBRIR AROR “HRiR 7 RO, XA B
Olo HAA A RPRR RS DR BES T HORR s s, X Bl 7 e, “44
W L”  (nominalization) (AR FITE % b #9424 B AR R i F2 8 30 At A2 XA Be e
Ao BEEL, 2009: 5) ARBOCAPEES RKEL KGN, FEOFEERETII
FEABNy, AR HH I HME DA PR i R ) S S5 00, DARRE Y IR R AR A 11 ]
ZERA (2002: 5) AN, ATl EE R O R B WOR R R EE R, A REAE A AN
LB BT RESOE PR TR 2, XM G DUIA U 5 DU S5 H T 3hia Bog 2 1)
R GAIXE R, AT AR SAb 7. FERH R RS ot 202 F X SR R, A3 SRR A
BPAE R B 2R

51 18: ..., a check valve offers resistance to the attempt by the fluid to move in the

reverse direction.

B 1k [ DO 1) A s 7 ) sl i 22 iR B

SR b I I BELL A AR R T

ST JESCh &R AL G54 “offers resistance to...” & A H) BT HOME S BT AE . B
SR A E N I R B AN X R M A4 1A, BRI E “to the attempt by
the fluid to move in the reverse direction” X —KAi 1, (FEAA)FELK FEAITK
HEREZ . EGET, R EHX N, A 5 0 A A 5 R A R 1
o HIFR B PR FE RS, HXMRIAT A BAETCHAE, Kegwbi 17k
& R E R FAZ O TR, 4 T R A A

SO U B T R 44 A B Rk B o s R RA . ELRER A B LRV KR A = 1)
sl Mg, BEIRER TR SCREEAE S, R RIAL T A 4R . X RE Y Ab B
T S RE A RGeS T BE A4 TR AT SR B A ARG s Lk, SOREADGHEBR TITKR
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B, m B R EEE, R EATR N SRS FeA Oy BARK “RHIET
A TR R AREMEE . 5 T . @ w s a) i, L7 ER
R A% i o IXFEAUAT G B ML BRSO R B SR, B 5 RE T A2 338 XHE T M TR
B R, A B SCAE 2 AR AT S F I B AR SE e = .

i 19: As expected, analyses of circuits that consist of more than one current loop
tend to be more complex, and require formulation of multiple equations and utilization of
additional conventions and principles.

¥ 520 o TaEZABIRESE BB ITEAE AR R, FED
AN RE S AN A 5 B R R P IS A

BUEE: SPUH— TS 2 AR R R T A O R R, R
SLEANTIRE, Fris B R

57 B SCH “require formulation of multiple equations and utilization of additional
conventions and principles” SR [ 4 inl L&, XA &5 Ry 7E S S b R REM e 15 B X g
PRILIZ AR AL, (HAE DO b B0 B A B BT AR U HRBRIE 7). W) EAR
LSS IR g M, (AT “Or e f e e A B
R, A RS, R SORMIE, 555 A B B RS2 B A 2
HIiE S fidH . U RAERE AT, 2B RIE S 5 iE s B S RA S E
W, BT A 12 0 2 2 M (R A 4

SRR UDE A e el P, SRR A A )RR A A A R T . EOR B JE SO O

FREMERS, A Ta M Nt B EINEN . shiE @S M s B
RIL T BARRIEAESIE, FF a0l B RS HRE i, A5 e 0 SE PR il 4 30
FE AT BT RR O D IR, T AN 2 PR D ek F il SRR T 8 A ] R T IR B R R
T o ] P e 8 1) SRS BEAE A DR 8 SRR SR R AT IR T, B R 5 DB I 2k ST i
& BIME BRI AL 138 518 5 R R L IR P 4

5 20 : Most engineering problems entail determination of unknowns of key

parameters, under certain known circumstances or conditions.
I R HCTRE REAE T SR B Bk A T BR8240 BAR AU E
B REECTARMEAE T, MRS R0 AP 5L B 2% 1 B AR R B R B 2 0
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T AR A A BAE T “ determination of unknowns of key parameters”
X—45fr,  “determination” I “unknowns” FIXUE 4414k, )T 45 4 B N
%, (BN T B ARAERE . X RIS T RAERHESOE T BONE W, Rei R R LA
RIREE . (HE BB 7R BT B, RS SER CRIEAN S, £5
FEAE AERIR AL I ) . WIS i R R S A M REAT B RE, < OREES EUR B R A
Wi ” FEAX N “determination of unknowns of key parameters” , {H—J7 T, “5&4#
SRR B E 7 X —RIEBOATUK, JUHRZ “AREBUNHE” X450 R
0, AFFE R WFRE . H—orm, 2 AR ) = R AHERE,
AEEM, SZRGIEERR,

PEHIESOE e “determination” 1441 308 RN EhIA “HiE” , AT
ZERTEINAF G DUE 2RI, M8 G 1 AR B 10 44 e A ik . K, 4 “unknowns”
XA RIERE LA W RN, IS5 “RBESHE” 46, BHEEREE
B B, SR “RYE SRR EEBOR A LM, 5P A& 00E
FIE W, WA T A AT SRS S R

gi bRk, BRI A4k, KSR RA T R N R DS
BB, R FEMRY, &% T R AR AR S S UK A AR, X
ReFR 7 SR T T RS0l sk, R T ARE IR E, (E(E B
S ST
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BUE BE4ERE
B B B R B R B S B R R I L BEA YT, HoR O LA T AR G e
SitAE i, SRIPEE TR SRR E. B, B NREAT BT R SE
TR S AL, BBk, B R IR S IEIUE 8 I BL HEShE
B H SR R teAh, SR EFE DY SR RSB . i (] B i
H, B&EmiR Rl sk, B0 iiEkie. Wik, fxx
SR, BEE AT T LU RS

4.1 FJFHR

FEVIRRSE R, X IR S B OB A BT B, BRI AR
REAFAE IR IR I EOE XM . R TR B ERS MK — XN R, i
FUFRARTE S 5 AR A ENE, FREESCREESE TR, NAFE HARiE 5 ek
I o TR I P S () B PRI S 2 Ak, 1 B S I AT FEANE R, IR B
Z A T RMBERRIEAT AL, I R, DAk S5 S A% 18 1 HE AR 12 ATl 2
Ko

A A e TS, B LARRREOR I E (RFF S A M B, AR S0 254
B OB A5 o KRNI E UG, 1EE AR 2 R R84 e 5 i s — L4440
o L, BEEIEENAESE R ERERE, S RA” —BUNE, LA
R AT E S . I A7 A BT TI, R A S R A I AT
AR BRI A AL, 2P 588 B0, SRTH R ARIE U HER

BEAL, R IR B 2 AR SR AT 1 L M [R] 2 RS X B SCEAT 55 =05 1 el
Tk [F] 2 FRIE SO A AR RBORRIE M HER I, A% LU A R AR 2
REEARAE AT 1 U U AN BB AR 5 RO 5 L TR TR 0 R RIS B BT S5 U T 2
HEREL. @ =% “TWM” NRZRIER, BDRD TP R, R
SR RRRERIES B ARSI 1L, AER 5 RIE IR, MR ARKT .

4.2 LASHER

ARUEHELE DL CRA TR 3 —F A AN R, BREFEARUANEIES
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kil i RGP ARG, EEKA)SEMRE =K O, EFHED
TR T — EE R RHE SUAR BB SRR R, IR T W B R BB A TR A, AR
DRNZUESTIE)

BT B VAR S R A PR AR IR AERR, R K A T AT SOR K 2 B B 1)
MG o, IS A E NSNS (i (RS BT O . BoRbRUE Can (L
SIRETFMY ) ¥ AR¥IERE (IEEE Xplore) , ST AEFE LLAH B4 I TE M 5
—EE. B, CY/AFERICE” R TR A T SRR SR 4 RS T H
AL, B E RS ERIE . R, P —id 2 X% (W0 “complex entities” )
AT S AL TR (41 ChatGPT) MAHBIHERE, B4 HfE “B8”7 NIEMPEE,
TR T T E BB M. Mok, X T Iep ol B ST AR R IR,
B RO PEE AT 1 SRS B8 Can “H Tl O, @l AE T A
BARE 5 “BR T AR, RN HE T Lk 58 .

AR ELE ) S5ITUK AN, BEE “OImE” 5 “WpE” AR, Sel
BB EEESE. Fltn, JFEXH “Thevenin's Theorem states that...” — i@t 1]
GBS, K CERERHLBE Y “IRBR SR OGS B R, B G T S
NITLKABMRAFI Ffi . BEAN, B SEsch)fp Srhoc e 2 e, R Pk R B
BIJES . W “before KCL can be applied...” —AJ# L IE R F 4 7, ¥ < AT
BT AR 2, R SCERE SO BRI S . IR AR T T
BESCIPTERTE, BE M TR SO P 1 I A

e, RHESCRH R BE R E —4 X187, BERT DUE N ad B, ARk
BB SCT L, X SR PR Fe 40 o TEAET . £ XAV RS (40 “traffic light” ), K
Mg, DL “H0iRESH BAUR LL, % kLl IR .
Xt T BT (U044 7L 454 “ determination of unknowns” ) , WU 7] PEFE R ( “
SERMSEAE” ) ICIFEENVES R, TH MRS ST R FIE NS b S8 1 B AR o

4.3 DR E5HGH

AU P S B B e R TNV B IR 2 YRR . AR RRARIE T, X
MR U7 AR R S B, S0 BRI AR AR B, S BT
SCAFAEVE SCIRZE AL o AR R TG NSRS 22 B RIR A 5, AL 5 15 U b 17 2% 2T HLAR
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MRS ORI 2 AR PR . L, BIR T RMIS A T2 e BARME 1
AR P AN BB A, B TR AYRER ThRe anic 2 AL . H Bl s AL SE MR T8 70
FH, w7 SR, FEEEIRIRGY IR ARRE, #—PREALY
REAH Bh R PR T REYE, SRTHBIIF TAFRAR AR REA KT B, I Ta) 5 B SRMS 2R
NP HCE RNV IR, UM ARSI . B RS T OB I S e Il H o
S8R e B BUB B, R b S i i B B R, I SR A e )
AHERR, SRS BN A2 IE .

X i) B A A S B S Y, O R B AR 7T . B R A
Wi oe 3 RREE M . BORRESIAN TAFTTIE, 551 MRS AT 3 17 SCAC I3 0 B 4 52
o
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fiR—: BRZHAKRER

P55 T H 3
1 AC circuit AT L
2 algorithm node BEIET R
3 ammeter EN/TRA
4 And Gates ATl
5 anode CHfD BEAR;  CJE A 5tk
6 augmented matrix TR R
7 avalanche point E
8 Base clipper B PR R A5
9 bilateral linear circuit WU 26 A FL it
10 BJT XU EE T AR
11 branch currents % LR
12 breakdown voltage T R
13 cathode CREfRmD bl (BRAIB) TEAR
14 center leg HHLO ST K
15 check valve 1k 1A i
16 circuit board-type diode AR AR
17 circuit loop G 0]
18 Clamping circuit BT L
19 coefficient matrix FRAUE
20 conductor Sk
21 constant current source ERR
22 constant voltage source QENES
23 converter At
24 Cramer’s Rule i SR BRI )
25 crest-initiated flow PV FRLIR
26 current LI
27 current division GaRi
28 DC circuit IER/EEN S
29 diode CRE
30 electrical potential KD
31 Equivalent resistance SERLERH
32 forward biased 1E A B
33 four-diode bridge VY AR
34 Full-wave rectifier AR
35 gallium arsenide iR
36 germanium B
37 germanium diodes R
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38 Half-wave rectifier e B

39 higher energy orbital = AEfIUIE

40 hydraulic system WL &5t

41 IGBT Y MU e A
42 incandescent bulb T

43 inner loop A [B] 2%

44 inverter WA S

45 jumper BhLk

46 KCL HORE R BUER
47 KVL SRR LS E
48 light-emitting diodes R ZARE

49 linear algebra 2 AL

50 load component o

51 load voltage %8 FL

52 lymph node ML

53 MOSFET & B AN SR RN iR
54 multi-loop circuits NN

55 Nand Gates 517

56 negative charge carriers A1 L ey 2
57 negative pole 1/ B

58 negative side Ak

59 net flow 1 FL

60 Net voltage ELLEREN

61 node 1

62 Norton Equivalent i 5 K

63 n-type semiconductor VAL SR

64 Ohm’s law DX AR E e

65 open-circuited VAR 4

66 OR Gates 5]

67 oscilloscope TN A

68 parallel electrical circuit iR N

69 PCB FEL 7 B0l FEL B AR
70 Peak clipper WS A PR 25
71 peak inverse voltage WA Sz 1) B
72 positive pole 1E/BHAR

73 positive side 1EHK

74 positive terminal 1E/BHAR

75 potential point FLA

76 p-type semiconductor p B FR

77 PVC RAL)E
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78 p-n junction p-n4s

79 rectifier ik

80 resistor FA, BH

81 reverse bias voltage S [a) i L FEL s
82 reverse biased 1A i
83 reverse current S [A) FLYL
84 reverse voltage S Je] H
85 SCR b [T /P e / e I 4 1 I o
86 semiconductor material e AR R
87 series resistor R IPC L BH
88 short-circuit current LB FELR
89 shunt srimas: orin/E FRE
90 silicone fik i

91 silicone-type diodes Tk HE
92 single-loop circuit FLPA I H
93 sinusoidal AC 1E5Z AT
94 source current b REER/

95 substitutional matrix B
96 superposition theorem 2 hnE B
97 the gate I IR/
98 the threshold voltage EAEIENEENED
99 Thevenin Equivalent AT U
100 thyristors Fi ) 57
101 to Ground P

102 transistor i R
103 two port networks R [ X 2%
104 two-terminal circuit Uiy FL
105 UPS AN 1] Wy LY
106 urethanes Rl
107 vacuum tube rectifier P E R AR
108 VFD IR
109 voltage division B

110 voltage drop HA, 1
111 voltage loads %8k FL
112 voltage polarity HA s AR
113 voltage regulator Fa R AR
114 voltage sources NS
115 voltmeter L
116 Zener diodes FON I
117 Zener knee voltage F R
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fiR—: X EECHTER

Source Text

Target Text

Introduction

In this chapter, we will begin with the review of
three fundamental laws of physics and electrical
(1) )
law (KVL), 3)
Kirchhoft’s current law (KCL). These three laws

engineering, namely, Ohm’s law,

Kirchhoff’s  voltage and
are instrumental in performing basic circuit
analysis. Laws serve a vital purpose in electrical
engineering analysis and problem-solving. Most
of these laws can be applied in direct current

(DC) as well as alternating current (AC) domains.

Most engineering problems entail determination of

unknowns of key parameters, under certain known

circumstances or conditions. Laws allow us the

opportunity to formulate equations that can be
solved for values of unknown parameters.
Solving for one unknown variable requires a

minimum of one equation. Solution for
determination of the values of two unknown
variables requires two equations, and soon.
Therefore, laws afford us the opportunity to
model an engineering problem or scenario in the
form of set of equations that can be solved to
adequately define and identify unknowns. Not
unlike other laws of physics, the KVL and the
KCL are used to solve for important electrical

parameters such as current, voltage, resistance,

5l
ARE A, ESEIRARE R ) B
FRHES TR A A E
HE,ORD (D) BRESEHEE;  (2) HEOR
B R R (KVL) ;P& (3)
Je /R EE R AL E A (KCL) , = A
TEREAT HEA B BR A3 AT I+ 20
PRI B X 43 AT A ik ok
F 2 TR A i) R o 2 G
BRI 5 K 43 41
& AT E R (DC) A1AZ it (AC)
. REHTRENBET,
A T R0 014 B 5 S A1 o R
MRS HUE, T H LR IRAT
LA AT R AR 7R . SR
— AR REEDFEAT
P2 BT AR A = 1,
T EA T Reee e DL HE
U, AT LA B IRAT
A7 #2109 7 2K ok A5 0L L A% 1)
AL, T 7 43 M e SRR Al &
RIAH . AR B T A —FE,
e IR E K Ha R S A LI R A
FIF RN HIE. B,
. R, WP, b, H
PMAEEEBISH. wE=A
ZHCER —FETNH, £H

o
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power, energy, reactance, impedance, and

reactance. While the later three parameters were
introduced in Chapter 1, they are discussed in

greater detail in Chapter 3.

—EHRXA MU

Important electrical circuit principles and circuit
simplification techniques, such as voltage division,
current division, superposition theorem, Thevenin
Equivalent, and Norton Equivalent, will be
discussed in this chapter in addition to the
introduction to basic laws. The application of the
laws will be illustrated through sample problems
in this chapter. Note that there are many other
principles and methods that are at electrical

engineer’s disposal to solve or analyze complex

circuits such as the conversion of Y (or Star) load

(or resistor) configuration to Delta “A” load

configuration or vice and versa and two port

networks. However, in-depth discussion of these
and many other advanced circuit analysis methods

is outside the scope of this text.

KERR T HEARJFHASN, ib
W o 1 L P T R
TR, Wk, 5.
TNGE B SRAE T 5 RO T A
WS, BATK @ AT s
51 5K I b S 5 A R FH . fH
LS AR VF 2 7 ik A )
AT LA SR A vk 543 A B 4k
Fo B, FTUK Y (B %
SR E Y A (A
) FELERHRILE, R IR
IRe BEAL, ARATIE AT DLAE A XY
Uiy 1 WY 28 55 77125 AN X a3
HAZK, HAth ) B 75 4 77k
AEAR SR TEFEIZ A

==,
=

We will introduce the reader to two basic

electronic devices, namely, a diode and a
transistor, their basic characteristics, and some of
their applications. We will conclude this chapter
with a pictorial “tour” of a typical electronic
printed circuit board (PCB) to allow the reader an
opportunity to gain a measure of familiarity with

basic electronic devices.

FRATT K A 48 7 ot A L 2%
P, ARERRERE, DURE
MIRZE AR RN 43 B . A
e R R — A A T
EIT A FEL AR (PCB) [ R, ke
HNFEA I BT R —
i
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OHM'’S LAW

Ohm’s law was introduced, briefly, in Chapter 1.
Ohm’s law stipulates that voltage, or voltage drop,
in a DC (or an AC) circuit is equal to the product
of current flowing in the circuit and the resistance
(or impedance) in the electrical circuit. In other
words, voltage or voltage drop in an electrical
circuit is directly proportional to the resistance (or
impedance) of the circuit and the current flowing
through it. Ohm’s law can, therefore, be stated

mathematically as follows:

\% 5

V=IR,I= X.orR = — for DC circuits (2.1)
R |

o e W T

V=IZ, lf-Zf. Uré’ﬁT for AC circuits 2.2)

R 48 e R

5B fREA AT BRI E
R ERE, B (BT
% TR FE H B PR AT FL B
R AL AT H B (B BE BT 1 e
o Heb)IEYL, BB EE
BT % 5 R ) HLBE (B R T)
B F S T LR R B
b, W e T DU A Rk
LU

V:IR,I:X, R:X
LI EL K - Rogg 1
2.1

e Y B
35 HL B z L

(2.2)

The first mathematical representation of Ohm’s
law, in the form of Eq. 2.1, pertains to DC circuits,
and in this statement of Ohm’s law, all three
parameters — V, I, and R — are scaler. On the other

hand, mathematical representation of Ohm’s law,

in the form of Eqg. 2.2 applies to AC circuits,

where voltage “V” and current “I”’ are vectors or

complex entities and R, as always, is scalar. Note

that the symbols with “half-arrows” above them

denote complex AC. or vector, entities. These half

arrows are shown here to introduce the reader to
this method for representing vector or complex
entities. Later in this text, vector or complex

entities will be represented mostly in bold fonts.

WU e e — a2, L EH
THW AR, HAXFHR=1
ZH- vV, THIR —#fEhriE.

(X 2.2 oo FEREEH T

YL (EACI B,
£ “V” R 17 & Jc ik
SHL THL“R”EA R bR
gEE, bHA CCEEEK”

IR T NIV ES PN

T R RN R E BN
Jitke FEAREH, REWE
ok EE AR RN . WS
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As one examines the statement of Ohm’s law in
the form of Egs. 2.1 and 2.2, it becomes obvious
that Ohm’s law can be interpreted and applied in
several ways. This fundamental aspect of Ohm’s
law, its versatility, and wide application will
become more evident through various circuit
analysis problems in this chapter, and others in

this text, beginning with Example 2.1.

R4 E A, W SR FRATH A =
2.1 40 2. 2 KB ACR R, 1R B
S WU A ET LT LR O 5k
FRREFISLFE o BRAR 8 A X —
FATTHE, PLRERZ DR
AT 32 N2 R i o A = 2 A ST
& LB 2 BT ), — B
ICAREERE . M 2. 1 JF 4R

Example 2.1

The DC circuit shown below consists of a hybrid,
parallel—series, network or resistors: R; =10 Q, R;
=50,R3=10Q, and R4 = 10 Q. Calculate the
following parameters in this circuit: (a) Req Or Riotal
i

for the entire circuit. (b) The amount of current

flowing through resistor Rj.

2.1

N TS B B L R R R
T Ek L B DA S R B2 B : R, = 10
Q,R =59, R=19, R, =
10 Q. ®EPHIHES I
T (a) BEAHEE AT R 4
(b) it HELBHE 1 AN T

R1 R,
AA'A VWA
R, R, R, Ry
12V "= 12V =
R, R,
Solution: -
a. Req Or Riotal fOr the entire circuit: N
eq U Thtotal A HLBR A B

Req = R1 + R4 + (Rz'R3)/(R2 + R3) =10Q+10Q +
(5/6 Q) = 20.833 Q

o:n

b. The amount of current “i” flowing through
resistor Ri:
By Ohm’s law: V = I-R, or, | = V/R.

Therefore, i =12 V/Req = 12 V/20.833 Q = 0.576 A.

Ru=R;+Rs+ (RyR3)/(R, + Ry)
=10 Q +10 Q +(5/6 Q) =

20.833 Q

ik FBH Ry MU

AR EHE V=R, 3 I1=V/R.

21 i=12V/R 4

=12V/20.833 Q=0.576A.
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KIRCHHOFF’S VOLTAGE LAW (KVL)

KVL stipulates that the algebraic sum of voltage
drops around any closed path, within a circuit, is
equal to the sum of voltages presented by all of the
voltage sources. The mathematical representation

of KVL is as follows:

2 VDrops = 2 Vs

KVL can also be stated as follows:

(2:3)

Sum of ALL voltages in a circuit loop = 0 or:

ZV:O

(2.3a)

HE/RERBEER (KVL)
HORE R EEEME, EE
il —A AR, &oofE b
fi H s B (R AR BSR4 T BT A H
JE V5 AT S LA BUR AR . 108
R ARFRIT:

2V =2V oy
B I A KRN

VA4 a8 BT A H R PR AR EOR
TH 0, Bf:

2.3

>VvV=0 2.3a)

Some electrical engineers find the later

representation of KVL somewhat easier to apply
when performing circuit analyses because, with

this version, once the voltages and respective

polarities have been identified, you simply sum up

all the voltage values with appropriate signs, as

observed. while going around the loop in the

chosen direction. This importance of this

approach, and alternative approaches, is illustrated
through Example 2.2.

Example 2.2 - KVL

Variation of current in the circuit shown below
needs to be studied as a function of the three
resistors and the voltage source, Vs. Using Ohm’s
law and KVL, develop an equation that can be
used to compute the value of current I for various

values of Ry, Ry, Rs3, and V..

AHAS LRI, 7EHTH
BEAHTES, ZE RS — R
NITRE SR, B
A, ZERA 5 0] % b 25 R AR

e . AT LLE S 2. 2
T Bl X Fp vk N AL VA B

1 2. 2-KVL

WK TR , SRR =
FELR FEL I Y5V FD B R E 7L P
R AR . M R E FEAT KVL
HEFH IR ATELESR Ry, Ry, Ry

AV B A0ME T AH B FE | A EL
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V.o v
WW— — MW — ——w—i
—W\—
b | = R, +
Rl R2 + R, 2
. + Vs +_.._
V S - I !
R,
VWA
R;
VWA
Solution:

Similar to other engineering disciplines, in most

electrical  engineering  problems, multiple
methods can be employed to derive the solution.
The suitability of one method over another
depends on the known parameters and the

complexity of the circuit.

#E .

HHEAM TSR, R
B A TR, ATRERH
ZROTEKAE S R, — Ry
AT 53— A7 A
BT C RS HOR L ) 2%
1.

APPROACH I
Reduce or simplify the given circuit to a “net”
voltage source and equivalent resistance Req.

Since Ry, Rz, and Rs are in series:

Req :Rl +R2 +R3

k-
ol B R A 25 58 ) L N1
RS R R oo BT

R']/ RZ/ R3 '%"Ht;é:

R ;/Ri+RxHR3

Based on the assumption that Vs is indeed the

source driving this circuit, by electrical
convention, the current in this circuit would flow
“out” of the positive terminal, or anode, of the
voltage source. Hence, the current would flow in
the clockwise direction as shown in the diagram

below.

FAMBL Vs B B Eh HL

HJR , ARYE R | R
(1 EELJATRE A R YR PR L AR B R
W BRI, ORI B

s, s Eps.
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Vi
W] MW
I R, * Ry

ot

Vs — i
R;
W

+
‘75 J

By the same token, application of the electrical
current convention to the voltage device, or load
voltage, V. would mean that it would try to set up
counterclockwise direction.

current in the

However, because we assumed that voltage
source Vs is driving the net flow of current
through the circuit, its dominance over V. is
implied, and the net voltage in the circuit would

be as follows:

VNet = VS 'VL

R R F AR N T
JBE A Vo, A
LR & I A1 05 e sl . (B
&, BT A B R IR Vs
ezl 38 Se SR i o bl ez BUES Il
ER VORI, g

A LR 3R s

V@ =V5_VL

This results in the simplification of the circuit as

depicted below:

5
- (VoY)

-
1
il
w

Then, application of Ohm’s law yields:

I:(V\—VL) OI',I_ V‘G—VL

R " R +R,+R;

APPROACH II
This approach is premised on the application of
KVL to the given circuit after the circuit has been

annotated with voltage designations, voltage

TRBATER T I fafe
LU [N

Tl
s - (Vi-VD) = 3 D
LﬁP Lﬁ}‘w_‘

WK G 5 A A L B P v 7 FH 2
o

V) YW

1 3§ (RS Lk
R1+R2 +R3

papr|
i XA 7 IR AT SR A — 2
SE MRS NS KVL , HizH
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polarities, and current direction.

B OZhbSE T HUE R, Bk

AR LT T

According to another electrical convention,
voltage polarities are assigned such that the
current enters the resistances (or loads, in
general) on the positive side and exits from the
negative side. The voltage sources or existing
“voltage loads” retain their stated polarities. The
result in the

aforementioned steps

transformation of the original (given) circuit as

follows:
+ Vri _ ‘IL_ +VR2 -
L
VWA L VW
TI R, T R,
. +
Vs I
R,
VWA
= v =+
R3

Apply Ohm’s law to define the voltages, or
voltage drops, across the three resistors.

Vi1 =IR; Vg, =1R; Vi3 =1R;

MR T3 — 2O, AR
PR 0 BC A 45 LR IE AR N
HL B (— AR A 72 | S

BT, R IR B A 1 HE
T TR LS it | T2
TEUT (45 € ) LB ) e e, dn
>

-
5
1 |
'
w
S

R,

Ve T

iz PR e R E St =4

CENUENETE AT AN

Vri=IR; ; Vr2=1IR2; Vw3 =1R3

With all voltages — voltage source, voltage load,

and voltage drops across the resistors — identified

and their polarities noted, apply KVL by “walking”

the annotated circuit beginning at the cathode or

M T ——H

oS WS R o LN A DA

B, JFbriE T eInte s
M FE 5 Vi (948 28 1 sl 4

negative electrode of the voltage source, Vs. Note

the voltages and respective polarities as you make

a complete loop around the circuit in the

KK, W bR a1 R IE A )

P& Aot |, B REE R H
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clockwise direction of the current. This results in

the following equation:

V=0

'_VS+VR1+VL+VR2+VR3:0

JEERE (KVL) . HTFRATEE

FLJAL PR TR 477 1] 8 HL A T
—N SRR, FIEE R

HLHAT % AR S5 R

V=0
-Vs+VrRi+VL+VR2+Vr3 =0

Expansion of this KVL-based equation through
substitution of the resistor voltage drop formulas,

derived earlier, yields:
V. +IR,+ V. +IR,+IR; =0
Further rearrangement and simplification result
in:
IR;+R; +R;3)=(Vi = V1)

ke VsivL
R,+R,+R;

A 2 R S 10 F LS B
AN KET KVLHRETT

(SR
-Ve+IR1+VL+IR2+1R3=0
Hadt— PS5

o
I(Ri+R2+R3)=(Vs-VL)

1=(Vs - VL)/(R, + R, +R3)

KIRCHHOFF’'S CURRENT LAW(KCL)
According to KCL, total current flowing into a
node is equal to the total current that flows out of
the node. The mathematical representation of
KCL is as follows:

Dia= ) ou

2.4)

HRBRBERER (KCL)
FRYE KCL, AT R B LIRSS
TRHTT AR SRR, TR
Z/
2in=2iw

24

Proper identification of a node before
application of KCL is pivotal in the application of

KCL. Applying KCL at the node., the sum of

currents entering equals the sum leaving, which

fERH KCL Z |, IERfHE
PRI S ARG E 7R AL
% KCL e, AT S
H YA A 5 T B T A I LV
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allows the calculation of unknown branch

A0, fgar DLyE e T R

currents. The concept of a node is not unique to
electrical circuit. Intersections and junctions in
fluid piping systems are sometimes referred to as
nodes, by mechanical engineers and technicians.
The term finds its use in disciplines as diverse as
human anatomical “lymph node” system and the
algorithm nodes in computer systems. In the
electrical realm, a node is sometimes construed as
a point where two conductors merge or get
connected. However, as illustrated through
application of KCL in Example 2.3, a more
meaningful definition of a node in electrical
circuits is that it is a point where three or more
conductors are electrically terminated or
connected together. Just as significance and
effectiveness of KVL was illustrated through
Example 2.2, we will demonstrate the utility of

KCL and selection of a meaningful node in a

“parallel” electrical circuit through Example 2.3.

BRI SRS L . T R R
WA A . HLCL
FEIT R FEARN A I o i A
BE R G0 A8 X R AN LR
N R EAARIBIEIR Z %R}
St A BT, WA AR
RS “MELE” RGEMITH
LRGSR . AR
sk, T AN EAS SRS
I BOERER . AR, R
Fizs, B 2.3 HF KCL HI M
H, BAIGH T A—AER
BHIE S, BT AREAER
=EACLE R AL B B
BE—RR . Ep 2.2 fr
WA ) KVL fr) 2 PR A Ak
—FE, BATEEL G 2. 3 BHR
KCL (¥ 1 0 dn i 72 < IF
BE” R B kA R TS
o5

\ O

Example 2.3
Determine the value of voltage source current in

the parallel circuit below.

I
—

1 LE

$. %x

Solution:

% 2.3

e N BB TR & HL
TR EIR A

Ve ' % R, % ¥, é R,
B
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Similar to Example 2.2, we will present two
different approaches for determining the value of
unknown source current. The first approach
simply utilizes Ohm’s law and the parallel circuit
simplification method. The second approach, on
the other hand, utilizes KCL and “nodal” analysis

technique.

541 2.2 2840, AT AP
TS [] FR) 073 9 A A0 5 AR R HE
B, 25— 7 e s A

R 48k 5 AN AT HEL R 8T 40 77
e M AR T KCL
FOHT B THR

APPROACH I

Reduce or simplify the given circuit to a voltage
source and equivalent resistance Req. Since Ry, Ry,
and Rz are in parallel, application of Eq. 1.13

yields:

_ 1
! 1 1
s +7

R, R, R;

R

RiR:R;
RIR‘_) +R3R3 +R|R3

eq —

This simplifies the given parallel DC circuit as

follows:

R,R,R,
R,R, +R,R, +R R,

Vs o
: S, -

Next, Ohm’s law is applied to determine the

source current:

T R/R>+R2R;3+R|R;
] R;R;R;

T
FEAR B A AL 45 € L 22— H
FEIEANSERCEM. BT R R

ARy ZIFRE , M 113 15

2:

R 4y = 1/ (1/Ri+1/Ra+1/R3)

R 4 = RIR2R3/
(RiR2tR2R3+R R3)

TR 45 %E T I B HEL S ] 4L

wr:

_ RIR:RS
“ RR, +R,R; +RRy

B2 R N FH R e R e i FE
M

i RiR>+R5R3+RiR;5
1 R\R,R;
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APPROACH II

This approach is premised on the application of
KCL to the given circuit after the node had been
identified and circuit has been annotated with
voltage designation, voltage polarity, branch
currents, and current directions. See the circuit
diagram below:

Node

1 L

papr|

X — T3k R AT 2 | £
RVRE AR VRS, R
PE. SCEHIRL BRI A
T4 L s KCL €
. W R

Node

&+
Vs =

Subscribing to the definition of a node as a point
where three or more conductors merge, the
shaded segment in the diagram above s
designated as the node for this circuit. Next,

before KCL can be applied to determine the

source current, the individual currents, through

each of the resistors, need to be defined — using

Ohm’s law — in terms of the specific resistance

values and the voltages around them:

LA
R, R,

Vs
R;

I = I; =

Then, application of KCL at the designated node
yields the following equation:

I=l1+15+I3
Substitution of the values of branch currents, as

defined earlier, yields:

RAET RHE X, A==
MU ESAREIRR, EEFEH

SR W LR Y R %
POk, BRAN T 2R 45 5 KR E

RN g A F B ] (] ) HA T
HARBH{E |, 45 H 8 % HapH

HIURAE , i Jis A Al i 3k R

FeEHE (KCL) SR#f IR

I, = Vl1 Vzlf“
R] R') R;
WRIG  EFRET & ENA KCL,

(EEEI NN

|=|1+|2+|3
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Y,V ¥

R, R, R,

UNRTETE | K SO AR A fEL
BN

o M Vo NS

[=
R, R, R;

At this juncture, it is important to note that when
circuit elements are in parallel — as is the case
with R, R2 and Rs — their voltages (or voltage
drops around them) are equal. In fact, not only
are the voltages around the parallel circuit
elements equal to each other but they are the
same as the source voltage, Vs. In other words:
Vs=V1=V,=V3
Therefore, the current equation can be rewritten

as follows:
1:£+L+L:VS LR
R, R, R; R, R, R;

And the source current would be as follows:

r—v [RiR2+RiRs + RaRs
; R.R.R;

which is the same as the answer derived through

Approach 1.

VOLTAGE DIVISION
Voltage division is a shortcut for determination of
voltage across a series resistor. According to the

voltage division rule, the voltage across resistance

SR, AVEEE , HHHT
PEIFIRI ——m & Riw Ry AR,
WL M ——"eE AT B
(ECE AT A Bl 1 H T o) AR 2%
M. SSE b, BT
%, HEANRE SRR Vs
FAIR. R

Vs=Vi=V,=V3

it R SN

I:£+%+£:V§[L+L+LJ

l{1 R3 Rl RQ R3
PRI A
[=v [RiR2+RiR; +R:R;
i R\R:R;

57— AR AR

s

G s 2 it R 5 BB L L P s (14—
Pl S 75 . AR 70 R U0
TE— A~ B BH R SURIHE R IR V
MER AT, BEHEHR ERH
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R, in a DC circuit, with total resistance Riota, and
a voltage source V, can be determined through the

following formula:

VR i . v
R total

(2.5)

For AC circuits, the voltage on impedance Z; , in a
loop with total impedance Ziota, With a voltage

source V, would be as follows:

Viz( Z )V
Ztmal

(2.6

JEA] H T =0 E -
Vr = (R/R ) -V
FERPBATUAN Z 5, BEIER VB
AT LR R, BTN Zi i

FLFR 20 BT -
Vi= (Z/Z ) V

(2.5)

(2.6)

Example 2.4
Determine the following for the DC circuit shown

below:

12V e

a. Equivalent resistance for the entire circuit, if Ry
=5Q,R;=R3=10Q,andRs=Rs=20Q
b. Current flowing through resistor R;

c. Voltage across resistor Rs

Solution:

Bl 2. 4
7€ R P s B LU FL B

12V "=

a B MR ISR Ry=
50, R=R3=100Q ,R,=Rs
=200

b i HLFH Ry ) IR
C.FLFH R HYHL

#E

5Q

12V

20Q 20Q

a. R2 }FD R4Z;FD R2’4:R2 +R4
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5Q

10Q 10Q

12V "am

20Q 200

a. Combination of R;and R4=R;2=R;+Rs=100Q
+200=300Q

Combination of R3and Rs=R35=R3+Rs =10Q +
200=300Q

Combination of Ry4 and Rs 5 =

_(09)-G0) _900_,.
TGR0Q+30Q) 60

Reg =R +R25=5Q+15Q=20Q

b. Current through R; would be the same as the

current through the 12 V supply:

vV 12V
R, 20Q

I= =0.6 A

c. One method for determining Vs, voltage across
Rs, is to first calculate Vgr2-5, the voltage across
the combined resistance of resistances Rz, Rs, Rg,
and Rs. Then, by applying voltage division,
calculate Vgs as follows:
According to Ohm’s law,

Vra-s =1 - (Ry-5) = (0.6 A)- (15Q) =9V

Then, by applying the voltage division rule:
R;s
Rs+R;s

20 Q
=O9OV)|——
20Q+10 Q

= 9OV)-(0.67)=6V

Vrs =(9 V)'[

=100Q+200=30Q

R Al Rs Z A Ry 5=R;+Rs
=100+200=300

Ry 4+R; 5=

R,-s=30 Q- 30 /(30 O+ 30
(2)=900/60=15Q

Ruy =R +Rs=5Q+15Q =

20 Q)
b. i8I Ry HLFLFHIE I 12V L)
) L A [

| =V/R +,x=12 V/20 Q= 0.6 A

C. —FPHE Ves , B Rs LIHL
FEHITERE S Veos , H
BH Ry, Rs, Ry AT R, (2 A FEFH 1
M. RJE N, THE

Vs U1F:

R F D b e«
Vias =1+ (Ras) = (0.6 A)- (15
Q) =9V

FEAFH o3 s )

Rs
Rs5+R;

o[22
20Q+10Q

= (9V)-(0.67)=6V

Vrs =9 V)(
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Example 2.5

What is the voltage across the 6 Q resistor?

80 80 100 10 Q

|+

0V =

6 50

Solution:

The right-hand side of the circuit, consisting of the
two 10 Q resistors and the 5 Q resistor, is
irrelevant insofar as the determination of voltage
across the 6 Q resistor is concerned.

Parallel combination of the two 8 Q resistors
results in an equivalent resistance of 4 Q as

follows:

8Q)-BQ)
8Q+8Q

Rsaisa =

Using voltage division, the voltage across the 6 Q

resistor would be as follows:

Veai= (LOV)| 225
=4 )[4Q+6Q]

=6V

# 2.5
B 6 Q HRH P I R R 2
/9
+{ 80 8O 100 100
0V =
60 50
y

FEL B (14 00 e 7 10QQ Fi FELAT

—/> SQHPHAL R , XX T 6Q)
FEL EL 4 S P I P 72 A TE R R
Y,

IS 8 QR B IFIREE &7 A
SSERCE Y 4Q , R

8Q)-BQ)
8Q+8Q

Rsaisa =

R 3 B SR ), 60 B, FH 7 i B
JERNA

60
Voo =(10 V)-
=4 )[4Q+6Q]

=6V

CURRENT DIVISION
The current through a resistor R in parallel, or in
shunt, with another resistance Rparana and a
current into the node of I is:
Ikz(if““)i
o (2.7)

where

SR

TEIFE BB e | et
B R R SCIRRERLIE R A
W IR
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Riotai= The sum of the resistances in parallel (and
not the parallel combination Rgq)

Ryarallel = Resistance value of the resistor opposite
the “subject” resistor

I = Current through the source

When current division is applied in AC circuits,

the formula for current through an impedance Z,
in parallel with another impedance Z, e, would
be as follows:

Zum]lrl)
Ip = | Sl |
“(mﬂ

(2.8)

R A9 FFIK HL S P T AT F L 2 A

( MARIFERH A Req )

Ry 95" AR i B X ) Fi FELPHL
(=)

| Jyid i R LR
LR WA Sl N L B
YL Z Je 57— 5 2 FF BRI

Z y R~ A~ pros:

k=l (Z 4/Z ) (2.8)

where
I = Current, in its complex AC form, flowing into

the node formed by the parallel impedances

Z..., = The sum of the impedances in parallel (and
not the parallel combination Z¢q)

Z..10 = The impedance of the load opposite to the

subject impedance

I = AC through the source

I
| AR, AR AR AR R
AN PRSI A I REDSY

Z o NHFBRBHAT AN ( TR
ME Ry )

Z BT S RO

SR L

| Dyt HE YR R A FL.

Example 2.6
Determine the current flowing through the 10 Q

resistance in the circuit shown below.

50 I

— MW —=

I l 100

24V o= l

20Q

%l 2.6
f & T~ B BT R LR R 10
Q i B LA -
T
v wlge 3|
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Solution:

We must determine the value of source current |,
first. In order to determine the value of current I
flowing through the source and the 5 Q resistor,
we must consolidate all resistors into an
equivalent resistance Req and then apply Ohm'’s

law.

(10 Q)- (20 Q)
Rpg=5Q+| ————— |=5Q+6.67Q=11.67Q
10 Q) +(20 Q)
Y _EY e
Reo 11.67Q

Apply current division formula in the form of Eq.

2.7:

Log =1, =| Remae ki 06 A=1.36A
Ry 10Q+20Q

H

B, FRATTL 2 E YR A |
RME v 1 R e it YR AT 5 O
FLRELAR) LIAL | AR ARAT T8 20
P FBE 5 IR N SE R RE Req |

R L R e

(10Q)-(20 Q)

Rpo =5Q+
(10 Q)+ (20 Q)

):5£2+6A67Q:11.67Q

A )
Rgp 11.67Q

R 2.7 i a

Lpo=L= Rt = i .06 A=136 A
Riouat 10Q+20Q

=2.06A

MULTI-LOOP CIRCUIT ANALYSIS

As expected, analyses of circuits that consist of

more than one current loop tend to be more

complex, and require formulation of multiple

equations and utilization of additional conventions

and principles. Similar to single-loop circuit

analysis covered earlier, in most cases, there are
multiple strategies and approaches available for
solving multi-loop circuits. We will illustrate one

approach through Example 2.7.

% [B] B L B BT
S, MTAEE A

2%, WEENZARE, s

H Ao e B e E B . 5 Al
WIS AT, 78
REHIED T, A 2P sug Al
D3R R 2 IR EL
WAV B 2. 7 Y Hrp—
P

Example 2.7
Using the KVL method, determine the current

flows, 11 and I, in the circuit below.

Bl 2.7
iz R E RHIEERE, T
T H S AR R T A T
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1Q 20 402
+ +
24V _I_ 12V

Solution:

I

Current I; and I, are two of the five unknown
parameters in the circuit above. The other
unknown parameters are Vi q, Vaq, and Vaq. One
approach for determining the values of I; and I,
would be to formulate two equations, using the
KVL, such that each equation includes the same
two unknown variables, 11 and l,. Then, by
applying the simultaneous equation technique to

the two-equation system, with two unknowns, we

can determine the values of I3 and I,.

R |y A 1 2 b o v o A
RINSEF RIS HABARKN
ZHN Vig. Vool Vyqo HiIFE |
A AE I — R MR KVL
SEEN AR | AR
5 REHR L AR 1R R IS R AR
il VL P SR 3 VA 555
AR F AR FNE e s
FE, ANITRT CARASE | A0 1 B4R

Application of KVL requires that voltage around

each circuit element be defined in terms of

known values and the unknown variables and the

sigh or polarity of each voltage must be assigned

before formulating equations that can be solved

to determine the values of the unknown

parameters. See the diagram below.

1 I,

1
—> —>
- =+ +
1S Vi 20 SV i zvm
+(Ct +( - 3
24V 12V
T- I 'T L

I A R S LT SE AN, 5
ESE G ORISR FIEREROR
BT RIS ; HA
LE3'5 77 FEHT e bR 25 HUE
HIFF S 5t | XAEESTA) T

E2H n] SR AR AR RN R

I, I,
_— —_—>
- =+ +
1Q Vio 2Q Via 40 Via
+(Ct +( - a
24V 12V
T' L -T I,

1B VB FRLIARL T ) FHORE B S A A 23
Pie s 5 ol 0 28k (L BEL) AT (PR

VWA
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Rules for assuming the current direction and
assigning voltage polarities to various loads
(resistors) and sources (voltage sources) are as
follows:

1. As shown in the figure above, by convention,
the currents are assumed to be emanating from
the positive pole (positive electrode or anode) of
the voltage source and are assumed to be
terminating into the negative pole (negative
electrode or cathode) of the voltage source.

2. As shown in the figure above, the end or side of

the resistor or load that the current enters from is

labeled as positive.

BT I

L w3 N £ 9145817 O 4
S FELIAL AN FEL 95 1 I AR (1 F
WREFARR) A, IR R
VR AR (AR B EA ) o

2. W EEIPr , WA HLFE
B ) — i B AR e
1.

3. The polarity for a voltage source is assumed as

encountered in the direction of current flow.

Examination of the circuit above reveals that
there are three loops in the given circuit. The left
loop will be referred to as loop 1, the loop on the
right segment of the circuit is loop 2. The third
loop in this circuit is formed by the outer
perimeter. We will focus on the first two loops to

derive two equations for the determination of the

two unknown currents. Assume that |, is greater

than I,. Conventionally, it is acceptable to make

such assumptions as long as the assumptions are,
strictly, adhered to in deriving all equations

necessary for the solution.

3. MBGE HL R IR AR 5
TR BN 77 17—

o b T A FRL B AT LUK IR S
SE B A = A el g, AEil

1B AR g e 6 1, A3 1 [
PROgIaLEE 2, FELES )8 = el
B2 AR R . AR E
HT AT A B, HES A
JIRERAA E IX P AR R o
—BORUL , AT AT AR AR G
RIMERE , R AR R A P 7
R BT A 5 REIRS ™0 57 X A
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B, EAMER AT, Bt

AT PR | KT L

“Walking” loop 1, beginning at the negative
terminal of the 24 V DC source, yields the
following equation:

=24V +Vig+V2q+12V =0 (2.9)

M 24V B IR I Tk iz 4T
[l 1, A~ o

24V +Vig+ V2o +12 V=0
(2.9)

“Walking” loop 2, beginning at the negative
terminal of the 12 V DC source, yields the

following equation:

-12V-V20+V4q=0 (2.10)
Based on Ohm'’s law:
Via=(L) - (1Q)=1 (2.11)
Via=(lh) - (4Q)=4l, (2.12)
Vig=(Li-L): Q=2 L -L) (2.13)

Then, by substituting Egs. 2.11-2.13 into Egs. 2.9
and 2.10, we get:

2441342+ (11-12)+12=0

313-21,=12 (2.14)
-12-2'(|1-|2)+4|2=0
-211+61,=12 (2.15)

Equations 2.14 and 2.15 represent the two
simultaneous equations that were needed to
solve for currents I; and I,. These equations will
be solved simultaneously to determine the values
of Iy and I,.

313-21,=12 (2.14)

M2V Ei IR I s AT B
# 2, s A

—12V—V20+V4Q=0

(2.10)
PRI R U6 12

Via=(1) - (1Q)=1 (2.11)
Via=(I)* (4Q)=4L (2.12)

Voa=li-L)- Q=2 (Ii -1

(2.13)

e Hx2.11-213 A 2.9

=210, 1530

24+13+2-(11-12)+12=0

313-21,=12 (2.14)
-12-2'(|1-|2)+4|2=0
-213+61,=12 (2.15)

230214 0 2.15 Foom 3K H HR
L AT 1 B PIANERSL T RS R IX Lt
JTIREFIS SR, BATRAFH |,
A1, B

313-21,=12 (2.14)
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211+61,=12 (2.15)

213+61,=12 (2.15)

For simultaneous equation solution, multiply left-
and right-hand sides of Eq. 2.14 by 3 and add it to

Eq. 2.15:

91, - 61> =36

=2l +6I, =12

71 =48
. 11=6.86A
Then, by substituting this value of I; into Eq. 2.15
yields:
-2(6.86)+61,=12
Or
12=4.29A
Note: The values of unknown currents I and I,
can also be determined by applying Cramer’s Rule
to Egs. 2.14 and 2.15 in matrix format and linear

algebra.

T B TR, BATE
214 WA WL FEIE 3 L 3
2R, 2.15 -

91, - 61, =36

-2l + 612 =12

711 =48
. 11=686A

R K L IXAMEARA R
215 , 1331

-2(6.86)+61,=12
g

1=4.29A

VD ORETHLI 1A BB AT LA
I 7E R R T AN MR
B O RERIE I N 3K 2.14 A1

2.15 RHE .

CIRCUIT ANALYSIS USING CRAMER’S RULE AND
LINEAR ALGEBRA

Cramer’s Rule can be applied to solve for
unknowns, in lieu of simultaneous equations or
substitution methods, after a set of equations have
been formulated using the loop analysis method
described above. Since the Cramer’s Rule involves

matrices

P LSRRI M AR A R B AT
HLEE AT

FEA I _E 3R [R]# 73 Hr 5325
—RINTTREE, BATR BN H
SO BRIE WA R AL 7 R B
ATTIERR AR N KL 7O B
FE e 80 R B AT 2R AR
RO
R0 1 2. 8 F i i 7 3

56




g I N e VAT

Example 2.8
The values of all known parameters for the
following multi-loop circuit are listed in the table

below. Find the values of currents Iy, I, and Is.

Vi

R;

BRI (I ML o

%l 2.8

AN Z Rl s Bk BT 512
B BUE T RATR . SRR
I, 1, %HI HI1E

R,

VWA
G L
IV

15

s
D

R, R -
2
VWA
R, R;
VWA VWA :
R, R,
Rl 10Q2 Ry 10Q
Ro 20 R> 2Q
Rs 3Q R3 3Q
R4 40 & 4Q
R
Rs 70 5 7Q
= Rs 3Q
6 3Q R o
B Q Vi 20
Vi 20 Vs 5
Va 5 V3 12
V3 12
Solution:
HE
In this example, the fundamental strategy,
ARG TR =ANR AR

conventions, and principles needed to calculate
the three unknown currents Iy, I, and Is would be
the same as the ones described in Example 2.4.
The obvious difference is that this circuit has a
total of four loops — including the outermost loop

— and has three unknown variables in the form of

Lo A1 B A SRS . €
AN 545 2.4 4R 2 1A
Al PR RIXAE , XA L

S YA (] B —— 5 e A1
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currents I, I3, and Is. Therefore, we will need a
minimum of three equations. Those three
equations, as before, are derived by applying the
KVL to each of the three inner loops. The voltage
drops across each of the load components (or

resistors) are defined on the basis of Ohm’s law, V

=I-R.

J7 f [a] B —— I B = AR
MR AR 1L 1A s
I, TATEADFE =T

WET AR, R KVL 8 RN
HT=AWEE , A58 T
KA SRR W e
V=IR, JATHhE TR ETT

P (ERERAS ) BRI R,

Before we embark on the formulation of current
computation equations, let’s ensure that the
circuit is in its most simplified form. In that vane,
by inspection, we notice that the two series
resistors in the bottom loop, R, and Ry, can be
added together or combined as follows:

R27=Ro+R7

FEFATVENL BT TR Z AT

AT 75 EE R Ok R A TR A )
. aefms  FINEERR
P8 [ 6 8 A B BB HL BEL R, AT
Ry rI A% 40 N J7 A Ik 4 5+

R27=Ro+R7

This simplification and assignment of voltage drop

the circuit

results in

polarities following

schematic:

Application of KVL in loop 1, with the assumptions

that 11> I and I3, and 12> I3 yields:

LR -Vi+(Ii+)Rs+(Ii -I3)R4 =0

IIRI-Vi+IIRs+LhR5+[1IRs - I3R4 =0

+
/él:!

X e AR P T AL A 0 BiE S5
B

Ry,

BV > LA, o>y, FERLE T

N R R HL R E R, R
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(Ri+Rs5+R4)I; + bRs -I3R4 =V (2.16)

IR -Vi+(Ii+D)Rs+(I1 -13)R4 =0

LRI -Vi+LIRs +hRs +I1R4 - Iz:R4 =
0
(Ri+Rs+R4)I1 + LbRs -IzR4 =V

(2.16)

Application of KVL in loop 2, maintaining the

assumption that ;> I, and I3, and 1> 13 yields:
-Vo+LR; +(L+L)Rs —V3+(L+L)Rs =0

—Vz + 12R3 + 11R5 + Ist — V3 + IzR(, + I3R6 =0

Rsl; + (R3 +Rs + Rg )12 +LRs =V2+V3 (2.17)

s 1>, A 15, Ho 1>l , £E ]
2 TR H] 3 R R L R 2
A5

-V, +LRs +(I +B)Rs — Vi+(L+E)Rs =0

-V2 +IzR3 +I1R5 +12R5 - V3 +12R6 +I3R6 =0

Rsli +(R3 +Rs + R ) b + BRs = V2 + V3 (2.17)

Application of KVL in loop 3, maintaining the

assumption that I1> I and I3, and 12> |3 yields:
I3R2_7 - (11 - I3)R4 - V3 + (Iz + I3)R6 =0
I3R2_7 - 11R4 + I3R4 — V3 + 12R6 + I3R6 =0

-Ruli-RsI2+(R4 + Rs + R2-7)13= V3 (2.18)

s 1>, A 15, H 1>l , £E[]
#% 3 B kR B R L E
B, A

LRy -(ILi-L)Rs = Vi+ (I +13)Rs =0
IR27 —LIR4+ R4 — V3 + LRs+ I3Rs =0

-RsI1-ReI24+(R4 + Rs + Ro-7)13= V3

(2.18)

The three simultaneous equations thus derived

are as follows:

(R1+R5+R4 )11+R512 —Rul3=V; (2.16)
Rs[1+(R3 + Rs + Rs ) b+RsI3 = V2 + V3 (2.17)
-R4li+Rs b + (R4 + R + Ro-7)13=V;3 (2.18)

HE 3 I = AL TR R
(Ri+Rs+R4 )I1+RsL, ~Ral; =V, (2.16)
RsLi+(Rs +Rs + Re) L+RsIs = Vs + V3

(2.17)

—R411+R612 + (R4 +R6 +R2,7)I3= V3

(2.18)
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Substitution of the given resistor and voltage
source values into Eqs. 2.16-2.18 yields the

following simultaneous equations:

2111 + 712 - 413 =20

T+ 131, + 313 =17

411+ 31 + 141 = 12

e 25 5 (0 R BELAT H IR PR AELARN
1 2.16 2] 218 152 K HIBRIL Ty

Fe:

2111 + 712 - 413 =20

71+ 131 + 313 =17

411+ 3L + 1413 = 12

Apply Cramer’s Rule to solve for the three
unknown currents Iz, Iz, and I3. The augmented

matrix thus developed would be as follows:

1 N R R
¥ 13 9§17
-4 3 14112

The coefficient matrix, denoted as A, would be as

7 FH 58 34 B U SR At = A S
PR 1, 1o 1y, JREAS 31 A 38

JUREREANTR
21 7 41 20
¥ B 3 17
-4 3 14112

follows:
217 A4
% 18 3 RBGERECA A, A
-4 3 14
217 A4
T 13 3
-4 3 14
The determinant of the coefficient matrix, | Z 45 1% 147 51 i KA, A

denoted as |A|, would be as follows:
|A| =21{(13x14) - 3x 3)}- 7{(7x14) - (-4 x 3)}-
4{(7x3) - (-4 x13)}=2,571

The determinant of the substitutional matrix, A,
for determining the value of I, is denoted as

|A:], and

IA| = 21{(13x14) - (3x 3)}-

T{(7x14) = (-4 x 3)}= 4{(7x 3) -
(-4x13)}=2,571

BHIERE A AT, T
E LIME , d

A1| i )]_I\U
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20 7 4
A= 17 13 3
12 3 14

|A1]=20{(13x14) - (3% 3)}- 7{(17x14) - (12x 3)}-
4{(17x 3) - (12x 13)} = 2,466

The determinant of the substitutional matrix, A,

for determining the value of I, is denoted as

|Az|, and
21 20 -4
A, =| 7 17 3
-4 12 14

|A2| = 21{(17x14) - (12x 3)}- 20{(7x14) - (-4 x
3)-4{(7x12) - (-4 x 17)} = 1,434

20 7 4
A= 17 13 3
12 3 14

| Az]= 20{(13x14) - (3x 3)}-
7{(17x14) - (12x 3)}- H{(17x 3) -
(12x13)} = 2,466

BHIERE A 4T85, T8

5E L ME , ieRA L,
20 20 —4
A=| 7 17 3
4 12 1

|Az] = 21{(17x14) - (12x 3)}-
20{(7x14) - (=4 x 3)}- 4{(7x12)
—(-4x17)}=1,434

The determinant of the substitutional matrix, As,

for determining the value of I3, is denoted as

|As], and
21 7 20
A= 7 I3 17
—4 3 12
|As] = 21{(13x12) - (3x17)}- 7{(7x12) - (-4

x 17)}+20{(7x 3) - (-4 x13)} = 2,601

BHIERE A 478050, T

€ S IE , E0|A], T
20 7 20
A=l 7 1B 17
4 3 12
|As] = 21{(13x12) - (3x17)}-

T{(7x12) - (=4 x 1 7)}+ 20{(7x 3) - (-4

x13)}= 2,601

Applying Cramer’s Rule, the unknown variables,
currents Iy, I3, and I3, can be calculated by dividing
the determinants of substitutional matrices Aj,
A, and As;, respectively, by the determinant of
the coefficient matrix A.

Therefore,

I FH TS BRI, FRATTRT DL
BHAERE A, A A (475150
53 ik LA R BOERE A 1947 51 X
RAFFRFNAZE |y, 1A s

ES Y
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AL 2466 _ 959 o
A] ~ 2,571
[A] 2,571
Al 2601 00
Al 2,571
SUPERPOSITION THEOREM

Superposition theorem provides us a method for
analyzing complex circuits, with multiple power
sources and multiple loads or resistors, in a
simplified fashion, with fewer steps than typical
loop analysis methods. The superposition theorem
states that for a linear system the voltage or
current response in any branch of a bilateral linear
circuit — consisting of more than one independent
source — equals the algebraic sum of the responses

caused by each independent source acting alone.

l:@:&:(}_gsgA
A| 2,57
! :M:ﬂzossgA
A] 2,571
A _2.601_ 0154
Al 2511
BineH

B N B TRATHR AL T —Fh A
T VRS i B 2/ B R A
EZNiE - RN iR SeN
EC MY AR o A 5 R D SR B
o ShEEEH, T —4
MRS, —AEZDMALIR
IR A2 2 11 B S PRI AT S B 1)
MR, CEEBCHRD , ST
AN L Y B IS ) i 182 )
RH .

The superposition method of circuit simplification

and analysis is implemented as follows:

1. Net current is determined by summing the
currents caused by each current source, with the
voltage sources shorted.

2. Net voltage is determined by summing the
voltages caused by each voltage source, with the
current sources open-circuited.

3. Short all voltage sources, open all current
sources, and then turn on only one source at a

time.

FHL i 181 1 5 20 A 1) B ik
/TN

L EREIEBAEOL S, &
LI B BEAS HLJALYRE e ) HE
A

2. FEHREITEEITEOLR, 1§
HL e D fR A H R U 2 R
22,

3. DI SR, TR
R, e — IR AT A4
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4. Simplify the circuit to get the current or voltage
of interest.

5. Repeat until the responses of all sources have
been evaluated.

6. Add the results to get the answer.

The superposition method is illustrated through

Example 2.9.

LR .

4. e fb i s L1 2 BT 7 16
LB

5. HELL ML, HEEFAH
P8RS VE A TE B o

6. KL AAHmM, FHER.

I 2. 9 KRS I E B

Example 2.9
Using the superposition theorem, determine the
current flowing through the center leg of the

bilateral circuits below.

2Q

AAA

+ I +
S0V = -

20V

f 2.9
MAZMERE, € R T
U] R B F 0 SR LA o

Solution:

First “turn off” the 20 V voltage source in the
right-side loop and calculate the current
contributed to the center leg by the 50 V source.
This scenario and the current calculation are

depicted below.

2Q 40 2Q

—MWA———— W

+ I
BV o

= Lov=50V/2Q=25A =

B S S M A (el % ) 20v
R, JFTHS 50v LR A
OSCEART A 40 F Fras i
R 7z S AR

20

]-—_

I -.% |

= sov=50V/2Q=25A

AR ML e N 1B A Y 50v
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Next, “turn off” the 50 V voltage source in the

left-side loop and calculate the current

contributed to the center leg by the 20 V source.

This scenario and the associated current

calculation are depicted below.

2Q 4Q 40

—  Lw=20V/4Q=5A —=

Therefore, in accordance with the superposition

HURJR |, IFTH5 20v B PR
O SCEE R HTE . W P

R 7z AR R 5L

Rt , WReEE e | @dh

OS2 B BVE RN 25A + BA =

theorem, the total current through the center leg | 30A,
would be 25A+5A=30A.
THEVENIN EQUIVALENT RAEFTER

The Thevenin Equivalent is a simplified
representation of a more complex electrical circuit.
Determination of a Thevenin Equivalent circuit is

premised on Thevenin’s Theorem. Thevenin’s

S T S R — Pl B A % F i
It RN . B4k R S5 20 FL
R 8 E DL IRAE R € BN AT S o

WAL e AR, AR

Theorem states that any linear circuit containing

22 A L SR HL B B A P

several voltages and resistances can be replaced by

AT A A~ L H R JRAR

just one single voltage source in series with a

B, 7T YRR - O ER R

single resistance connected across or in ‘“shunt”

I A~ LB X RA TR IR 77 3 5

form to the load. In essence, according to

Thevenin’s Theorem, it is possible to simplify any
electrical circuit, no matter how complex, into an
equivalent two-terminal circuit with just a single
constant voltage source in series with a resistance
or impedance connected to a load, as shown in

Figure 2.1.

FEGERE . WA BT,
24 7 7€ B AT DA A AT AT R R
T a8, HALLELHA
LR g, RFE—AME
J V8 B — A L L B B 0 i 4%
g, W 2.1 For.
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RTh A

LW

VTh — Voc ]llsc
B

FIGURE 2.1 Illustration of the Thevenin Equivalent
principle.
The Thevenin Equivalence principle can be

translated to mathematical form as follows:

Rm=—

Isc

3
12V T

Rrh A
—W—>
Y()

Vi = Voc ]llsc

B
B 2. 1 5t pg 5 20 B

2 T A5 R ) R A T R R
FIEWTF

where

Rth = The Thevenin Equivalent resistance

Voc = The open circuit voltage or the voltage one
would measure with a voltmeter with points A and
B open-circuited as shown in Figure 2.1.

Isc = The short-circuit current or the current one
would measure with an ammeter between points A
and B, with the points short-circuited as shown

2

with a “jumper” or “ | ” in Figure 2.1 Thevenin

Equivalent circuit.

-&

Re, = 4E RS 52 HLRH

Vo= T % B B HL T R =
(A SR B S TFER FEL R, 4
K 2.1 Fioss

Lo, =FPE IR EE I 2. 1 BT
AN CERER” BT IR R
FAAERCB R, R R T
(1A SR B s 8] AR B A o

Example 2.10
Derive the Thevenin Equivalent for the circuit

given below.

1 2. 10
S H T B R R R
RAH
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4Q

20
Wﬁ
+ +

20V

RUAY
B

T

Solution:
The requirement “Thevenin Equivalent” implies
the determination of Vi and Rrh. Combination of

these two key components, as depicted in

diagram below, constitutes the Thevenin

Equivalent for the given circuit.

B
Thevenin Equivalent

H

MRAE TR R 24, FAT T LA
5E Vi M Rrpe AN EIF7R | X
KRS FInERIE R Al W
ST PR PR S E i A 20

RTh
—W—?
5 —
Vi = Lse
i
AL SRR

First, let’'s focus on the calculation of Vm, the
voltage shown in the diagram below by applying

Ohm’s law.

— 20V

B FATATCURSE R E

THEH T BT Vo, (1R
20 Vo 40
T A
+ +
S0V Vi 200
L ]
J_Grouud or Common
=2 R ; B, Vi = 50V -
(2 ) |

FH, BT A RS M A AR AR TR B

| = 2 =5 A
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_50V—Vy,
20

I

{Ohm’s Law}; or, Vi =50 V—-(2 Q)-1

And, since there is an open circuit between point A and Ground,
_50vV-20V
T 6Q

Then, Vi, =50 V-2 Q)- (5 A)=40V

I

{Ohm’s Law}=5 A

WA, V=50V = 2 O)-(5A) =40V

Next, we focus on Rrh. To determine the value of
Rth, we view the circuit from the vantage point of
A and Ground, inward. Although some might find
this observation less than obvious, as you look
into the A — B (A to Ground) plane, you find that 2
Q and the 4 Q resistors are in parallel. You can
visualize this by imagining that you crease the
page along the line formed by points A, B, and
Ground. Also, in accordance with the principles of
Thevenin’s Theorem, when computing R, you
neutralize the 50 V and 20 V voltage sources.
Hence, the parallel combination of the 2 Q and
the 4 Q resistors, as shown below, would result in

Rm of 1.33 Q.

_(2Q)(4Q)

Rmh = 20140 =1.330Q

BEROR, RATHE ZHE Ry, 1
B, FRATTAN A b I 8] 4 F)
LB A NS LR . BART] RE
AR HEIRUEEA - B (A
F )P, AR 2040
AQHLFHE ). ATRAE R —
N LWE AL B AURIERH A
H R B4 P gt T I &
A WRHE 4 e |, it
BRTh i, BPHRART Y 50 VAl
20 V BRI, BRI, FRATTRTEL
B, FE% 2Qr- M 4QH

BH f JF Bk 4H & 15 2 /9 Rey 9

NORTON EQUIVALENT

Norton Equivalent is a simplified representation of
a more complex electrical circuit consisting of
current sources, voltage sources, and resistors or

loads. Determination of a Norton Equivalent

1.33Q0,
_20)[49)_
Rmh = 70140 =133 Q
TR

VAR RS IR . BRI
AT e L 7 G 2H i ) B A2 2 f
PRI TR A RN o VIS 2 PR I
(ot € DAV e BN AT $ . 1
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circuit is premised on Norton’s Theorem. Norton’s
Theorem states that any linear circuit containing
several current sources, voltage sources, and
resistances or loads can be replaced by just one
single current source in parallel with a single
resistance connected across or, in “shunt,” form to
the load. In essence, according to Norton’s
Theorem, it is possible to simplify any electrical
circuit, no matter how complex, to an equivalent
two-terminal circuit with just a single constant
current source in shunt or parallel with a resistance
or impedance connected to a load, as shown in
Figure 2.2. Note that Norton current, Iy, is also the
current that would flow through a jumper or short
across terminals A and B of the Norton Equivalent
circuit as shown in Figure 2.2. In other words, In =

ISc.

Norton Equivalent

FIGURE 2.2 Illustration of the Norton Equivalent principle.

Example 2.11
Develop the Norton Equivalent for the circuit

given below.

e R, EMEsZAH
TRVR 0 R B AR e
6 8 AT DA — A AL VR BT Y
R, Z AR S — A HLBE ER R,
LA iR R g R
o MRAEEWE, WA -
ik, ARfTHEE, TiRZ A E K,
AT LA A g — A~ 88 RA K 1 o
R, Ho—AMEE RS
B SR H B IR, ]
2.2 Fim. HER, 2.2 ik
R T A2 I V00 55 2
A ity -k 4 BRI 1) LA
BrgEvl, I = L.

!
b () R % lls(

B 2.2 VRS 28R I o

fl 2. 11
T H T T T e HL i ) T A
RAEF o
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—MA

I, L
_—> —_—>
4Q 3A 120
+
24V T

4Q

3A<> 1o

24V

— W

Solution:

The requirement “Norton Equivalent” implies the
determination of Iy and Ry. Combination of these
two key components, in parallel, as shown later in

the solution will represent the Norton Equivalent.

H

MRAE VAR BRAT AT A E
I A Ry XS KB TR 14 HR
SRCRELE A J P iR m A T At

Using Ohm’s law, first replace the series
combination of the 24 V source and the 4 Q
resistor with a parallel combination of a 6 A
current source in shunt with the original 4 Q

resistor as shown below.

FI R e | B ¥ 6A
HL s A AQ FLBH ) FEBRAH &
B ffehi 24V HLEA R 4QHLBH
()RR

Combination of the two parallel current
sources, 6 A and 3 A, results in a net, total, Norton

current source of 9 A.

L I
— —> A
m% 3A<> 1o
s
24V T
* B
1 L=(4V)(4Q)=6A

I, I

—_— A
6A<> 4Q

3A QD 120 lls(-

FHIRALE 1 6A F1 3A HJR

Ja A RN EFHE DN 9A T

NraaN
LEENN
L L
5 S N
49% 54 ) 120
+
24V T
B
l L=Q24V)(4Q)=6A
I, I,
5 LN n
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Next, we focus on Ry. To determine the value of
Rn, we view the circuit from the vantage point of
A and B, or ground/common. As you look to the
left from points A and B, you find that 12 Q and
the 4 Q resistors are in parallel. Also, in
accordance with the principles of Norton’s
Theorem, when computing Ry, you neutralize the
6 A and 3 A current sources. This amounts to
“open-circuiting” the two current sources. Then,
the parallel combination of the 12 Q and the 4 Q

resistors, as shown below, would result in Ry of 3

Q.

_(120)(4Q) _

T 120440 3Q

RN

The Norton Equivalent for the given circuit would

then appear as follows:

I_\-=9A<T> Rx=3(2% llsc

B

Norton Equivalent

R, A Ry N T Hi
5E Ry ME ARATIA A F1 B(alHY
T/ 2 3% 550) 1A s B 4
Mo MM A SAIB S AER
R4 R B 120 HL LR 4Q LB
FEIFHRHY . BRAL AR v i E
PR JEN S5 Ry, 6A
A 3A FLFLIRAR AN, IXAR 2 T
(817 R 7 = 7 7
THR , 12QEBEAT 4Q L BH

FFERH G T LA E] Ry 3Q

_(120)(49)

RN =To0+10 -

30

A4 1% B BV T A5 R0 R
Fs

1Isc

B

Norton Equivalent

DIODES

A diode, unlike its “functional” predecessor — the
vacuum tube rectifier — is constructed out of
such as silicone,

semiconductor materials

germanium, and gallium arsenide. While a

semiconductor is not a good conductor at room

—RE

THEAFETER “ThEett”
il 3 —— R E B, Bf
ERE N RN SR 3 )
BB . BRI
MARRGE, HEIFAUE

70




g I N e VAT

temperature, it doesn’t fall distinctly in the
category of insulators, such as, glass, ceramics,
urethanes, chlorides

plastics, and polyvinyl

(PVCs). A semiconductor can, however, be
transformed into a “partially” or “selectively”
conductive substance through a process called
“doping.” The term doping implies addition of
“impurities” into a pure substance like silicone. If
these impurities are added to create a region with a
predominant concentration of negative charge
carriers, or electrons, the end result would be the
formation of a region called n-type
semiconductor. At the same time, if impurities are
added, adjacently, to create a region with
predominant positive charge carriers, or holes, a
p-type semiconductor is formed. The plane where
the p- and n-doped materials interface with each
other is called the p—n junction. A p—n junction is
where the essential function of a diode takes place

in response to the application of proper voltage.
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A diode can be viewed as a device that
functions as an electronic “check valve.” As we
know, the function of a check valve, in mechanical
or hydraulic systems, is to permit the flow of
fluids in one specific direction. In other words, a

check valve offers resistance to the attempt by the

fluid to move in the reverse direction. A diode

performs the same function in the flow of current.
A diode permits the flow of current only from a

higher voltage (or electrical potential) point in an
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BT “aIkEE” AR R E .
WATRITE, FEHUER L RSt
w1k T R T e R A A 1)
—AMREE T S . g2
P s 1 o R S
A —AREALE BRI A
AL FRERER . B R R
UL AN H B A A L (B

71




g I N e VAT

electrical circuit to a lower voltage or ground
potential point. This unidirectional behavior is
called rectification, and this function of a diode
finds a common application in the conversion of
AC to DC. Common applications of diodes in
rectifiers and other equipment are discussed later
in this chapter.

The symbol and drawing of common circuit

board-type diode are shown in Figure 2.3.

g

Anode
(+)

Cathode
=)

+ |-
1!

FIGURE 2.3 Symbol, diagram, and schematic of a basic diode

circuit.

I

Forward

Reverse Bias E
Bias

Breakdown

FIGURE 2.4 Current response of a diode in forward and reverse bias

modes.
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The left side of the diode, labeled “anode™ is
normally connected to the positive or higher
voltage point in the circuit. The right side of the
diode, labeled “cathode,” on the other hand, is
normally connected to the ground, negative, or

lower potential point in the circuit. When a diode
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is connected in this manner, it is said to be
forward biased. As apparent from the diagram of
a typical diode in Figure 2.1, a band on one side of
the diode denotes the cathode side of the diode. If,
however, the voltage is reversed such that the
anode of the diode is connected to the negative
voltage potential and the cathode is connected to
the positive potential, the diode is said to be
reverse biased. The current response of a diode in
forward and reverse bias modes of operation is

depicted in Figure 2.4.
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In Figure 2.4, Vp represents the forward bias
voltage. Forward bias voltage of a diode is the
voltage at which the diode begins to conduct
current or is the voltage where the diode is said to

be “turned on.” A diode can be perceived as a

“self-actuating” electronic switch, as well. The

forward bias voltage, Vp, is approximately 0.7 V
for silicone-type diodes and 0.3 V for germanium

diodes.
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As depicted in Figure 2.4, when a diode is
reverse biased, the amount of current (or reverse
current) it conducts is negligible, until the
magnitude of the reverse bias voltage approach
approaches Vpr, breakdown voltage. The
breakdown voltage is also called the Vprv, peak
inverse voltage, or Vpry, peak reverse voltage.
The reverse voltage is considerably higher than the
forward bias voltage; approximately ten times the

magnitude of Vp. Although, technically, all diodes
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are capable of rectifying AC, the term “rectifier”
is essentially reserved for diodes designed to
operate at currents in excess of 1 A and, therefore,
utilized frequently to convert AC into DC.
Conventionally, the term diode refers to
applications involving currents less than or equal

to 1l A.
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SPECIAL PURPOSE DIODES

Three of the most common, special purpose,diodes
that find applications in our daily lives and
mainstream electrical or electronic equipment are
LEDs, SCRs, and Zener diodes.

LED: LEDs, or light-emitting diodes, are the
leading sources of non-natural light in
contemporary buildings of all types. LEDs are
substantially more efficient than the traditional
sources of light. For instance, LED-based lamps —
for equivalent number of lumens — are almost ten
(10) times more energy efficient than the
traditional incandescent bulbs. Symbol for an LED
is shown in Figure 2.5. LEDs can emit light in
different colors. Unlike the regular diodes, the
LEDs turn on at higher forward bias voltages. For
example, a red LED, typically, turns on 2.0 V,
yellow at 2.1 V, green at 2.2 V, blue at 3.5 V, and
white at 3.2 V. LEDs emit light when they are
turned on by the application of a higher potential

at the anode relative to the cathode or the forward

bias voltage. When the LEDs turn on, electrons

KRR AR AR
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within the LED material fall from higher energy
orbitals to lower energy orbitals; in doing so,
energy is released by the LEDs in the form of

photons or light.

REPLIE BRvE B AERLIE ; fEE
R, LED BUYE T B0t TR 5
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The SCRs, also known as thyristors, are applied
heavily in variable frequency drives (VFDs),
inverters, converters, UPS, uninterruptible power
supply systems, while Zener diodes are key

operating elements in DC voltage regulators.
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SCR: The acronym “SCR” stands for “Silicone
Controlled Rectifier” or
“Semiconductor Controlled Rectifier.” These
specialty diodes are also referred to as “thyristors.”

Schematic of an SCR is shown in Figure 2.5.

SCR: “SCR” s& “Silicone
Controlled Rectifier REMHE
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As apparent in Figure 2.5, an SCR differs from
a regular diode, mainly, due to an added feature
called the “gate.” The gate serves as “trigger” or
“firing” mechanism for an SCR. Specific voltage
application at the gate triggers or “pulses” the SCR
on and allows the current to flow. The diode
portion of the SCR continues to conduct after the
gate voltage dissipates. The SCR, or diode portion
of the SCR, stops conducting once the forward
bias voltage drops below the threshold voltage,
Vb.
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SCRs are mainly used in devices associated
with the control of high power and high voltage.
Their innate characteristic and mode of operation
makes them suitable for use in medium- to
high-voltage AC power control applications, such
as lamp dimming, regulators, and motor control.
Thyristors are also commonly wused for
rectification of high-power AC in high-voltage DC
power transmission applications. They are also

used in the control of welding machines.
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Zener Diode: Zener diodes are similar, in
construction, to basic diodes. But unlike regular

diodes, when the reverse bias is removed, the

construction of a Zener diode is capable of

FH_RE: T
FE S5 1y b5 He il — B AR o
B2, Fa8  RE G A [E
e DY = R ol - A TN T DA 2

recovering from avalanche reverse bias breakdown

BrJE . EBEWE M T AR

mode as a property that makes it ideal for voltage

e Ji g e ot v 5] o B A8

regulation. Therefore, as a mechanical analogy,

Zener diodes are analogous to “relief valves” that

open under high pressure and reinstate their

normal blocking function once the pressure
subsides to a nominal level. The Zener diode is
named after Clarence Zener, who discovered its
electrical property. The symbol or electronic
representation of a Zener diode is depicted in

Figure 2.6.

Anode | 2 Cathode

LED

Anode Cathode

Gate
FIGURE 2.5 Symbols or diagrams for LED and

SCR or thyristor.
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Anode ; Cathode

— T

FIGURE 2.6 Symbol and diagram for Zener diode.
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Current =1 mA
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Forward Bias Voltage = + 0.65V

FIGURE 2.7 Current response of a Zener diode.

v
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Bl 2. 7 b KR A
Ri.

A Zener diode allows current to flow in the
forward direction in the same manner as an ideal
diode but will also permit it to flow in the reverse
direction when the voltage is above the breakdown
voltage. The breakdown voltage is also referred to
as the “Zener knee voltage,” “Zener voltage,” or
“avalanche point”. Because of this basic
characteristic of a Zener diode, it is commonly
used to provide a reference voltage for voltage
regulators or to protect other semiconductor
devices from momentary voltage pulses or
excessive voltage “spikes.” The current response
of a Zener diode is shown in Figure 2.7.

COMMON APPLICATIONS OF DIODES
Some common applications of diodes are as

follows:
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1. Half-wave rectifier

2. Full-wave rectifier

3. Clamping circuit

4. Base clipper

5. Peak clipper
Among the diode applications listed above, the
two most common ones are (1) halfwave rectifier
and (2) full-wave rectifier. These two applications

are explored below.
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HALF-WAVE RECTIFIER

Half-wave rectifier is a circuit consisting of two
core components, a diode and resistor. See Figure
2.8a. As shown in Figure 2.8a, the sinusoidal AC
waveform is applied to the input side of the
diode-resistor circuit. The diode, as shown in
Figure 2.8b, is the core “active” component. A
half-wave rectifier circuit banks on the innate
characteristic of a diode to allow current to flow

b

only “one way,” in the forward-biased direction.
In other words, the diode permits the current to
flow only during the positive half of the AC cycle.
When the AC voltage “dives” into the negative
realm — acting as a “check valve” — the diode shuts
off the flow of current. This response of the diode
is plotted graphically in Figure 2.8c, in the form of

a series of positive wave crests, average of which

represents the DC voltage produced.
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Note, however, that half-wave rectifiers only

produce one positive DC crest per AC cycle. The
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DC output of a half-wave rectifier can be
computed through Eq. 2.19.

AC Voltage,
(]

(b)

T Voltage Magnitude

A

FIGURE 2.8 (a—c) Half-wave rectifier.
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FULL-WAVE RECTIFIER

Common full-wave rectifier is a circuit consisting
of four diodes and a resistor. See Figure 2.9. The
sinusoidal AC waveform applied to the input side
of the four-diode bridge and resistor circuit is
shown in Figure 2.9a. The four-diode bridge
configuration shown in Figure 2.9b is the essential
power conversion segment of the overall full-wave
bridge rectifier circuit. When AC voltage is
applied between terminals A and B on the input
side of the diode bridge, as Vin, the positive crest
of the sinusoidal waveform drives current through
terminal A, diode CRj, resistor R, diode CR4 to
terminal B. During this positive crest-initiated
flow of current, diodes CR; and CR4 are forward
biased. As the current assumes this course, it
“drops” a positive “half” wave across the resistor

or terminals C and D. This positive DC crest is the
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first crest from the left, in Figure 2.9¢c. During the
positive half of the AC cycle, diodes CR2 and
CR3 are reverse biased; therefore, they do not

conduct, and no current flows through the CR2,

R, and CR3 paths.

AC Voltage, V(1)

FIGURE 2.9 (a—d) Full-wave rectifier.
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During the negative half of the AC cycle, diodes
CR1 and CR4 are reverse biased and no current
flows through them. However, because terminal A
is negative during the negative half of the AC
cycle, diodes CR2 and CR3 are forward biased
and the current flow is driven from terminal B,
through diode CR3, resistor R, and diode CR2.
This path of current flow also results in a positive
voltage drop or positive voltage crest across
terminals C and D. This positive DC crest is
represented by the second crest in Figure 2.9c.
Therefore, one AC cycle on the Vi side results in
two positive crests on the Vou side. The average
value of the positive crests shown in Figure 2.9¢
represents the DC output of this full-wave bridge

rectifier circuit. Of course, the DC output in most
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DC power supplies is refined or corrected into a
straight-line form through application of resistors,

capacitors, and inductors. The formula for

full-wave rectified DC voltage is represented by

Eq. 2.20.

Vp

o VR E R EE A
2. 20 s

Vp

Vo= 2 - (=2 ) (2.20)

Figure 2.9d shows how the signals would appear if
an oscilloscope or scope meters were connected to
the full-wave rectification circuit on the input and
the output sides. Notice the zero average — zero
DC — complete sinusoidal voltage signal on the
scope meter connected on the input side (left-hand
side) of the circuit. On the right-hand side — or the
output side — the scope meter shows the fully
rectified signal — with a finite average — in the
form of two voltage crests in the positive voltage
realm. In essence, the average value of this double
crest — full-wave rectified — waveform would be as

stated in Eq. 2.20.
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TRANSISTORS

Similar to diodes, transistors are semiconductor
devices. The approach to constructing transistors
is similar to the approach used for fabrication of

€6 .9

diodes. The “n” and “p” doping approach
employed with the construction of transistors is
shown in Figure 2.10. As somewhat evident from
Figure 2.10, a transistor — functionally, and from
construction point of view — appears as set of two
diodes connected “back to back.” There are three

major types of transistors: the BJT, or bipolar

e
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junction transistor, MOSFET, or

metal-oxide-semiconductor field-effect transistor,
and the IGBT, or insulated gate bipolar transistor.
the

The IGBT, which combines high-speed

(BIT), & JEE M- FIE
S fh A (MOSFET) , 148 2 A
UM A (IGBT) . IGBT 3 H
MOSFET fJ P IT K G /) 5 BIT

switching capability of a MOSFET with the

high-current handling capacity of a BJT, is widely

used in power electronics for applications

T PR A, 3R

requiring efficient control of large currents. In this

text we will delve deeper into the operations and
application of BJT transistors, we will discuss a
few important facts associated with the MOSFET
and IGBT transistors, and compare these three

transistors, to a degree.
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When transistors are used in ‘“‘saturation”
mode, they act like digital switches that generate
I’s and 0’s. Note that 1’s and 0’s are the only
digits in a binary number system. The brain of a
typical computer is a microchip referred to as a
microprocessor, and a microprocessor performs all
computation and performs all decision-making in
binary number system and binary logic. That is to

13 2

say, the brain of a microprocessor is a_‘“sea” of

transistors generating binary logic. A typical

microprocessor consists of about two billion

transistors. These billions of transistors are
fundamental building blocks of logic gates such as
“And Gates,” “OR Gates,” “Nand Gates,” and
“Flip Flops,” and combination of these gates

results in the formation of a microprocessor.
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BJT Transistors: Within the BJT category,
there are two subcategories: The “npn” and the
“pnp” transistors. We will limit our discussion to
the introduction of npn BJT-type transistors in this

text.

Collector

+}- +I=.

FIGURE 2.10 Bipolar (FET) junction, npn

transistor.
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Unlike the diode, an npn transistor consists of
three “doped” zones: (1) An n-doped segment that
is known as the “collector,” (2) a center p-doped
segment referred to as the “base,” and (3) a second
n-doped segment known as the “emitter.” See the
bottom section of Figure 2.10 for the relative
location and the construction of an npn transistor.
The interface lines where the collector—base and
the base to emitter regions meet are referred to as
the n—p, collector to base junction, and the p—n,
base to emitter junction, respectively. As shown in
Figure 2.10, in a normal npn transistor application,
the collector to base junction is reverse biased and
the base to emitter junction is forward biased. As
shown in Figure 2.10, common configuration and
transistor resembles a

application of a
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back-to-back connection of two diodes; the one on
the left being reverse biased and the one on the

right, forward biased.

P TARE R RERER, £l
IR AR E, A2 IR
i L.

By energizing the base of a BJT transistor, the
small amount of base current ends up catalyzing
and amplifying the flow of a large amount of
current from the emitter to the collector. When
you increase the base current, the collector current
increases significantly. The symbol used to
represent a BJT transistor in an electrical or
electronic circuit is depicted in the top segment of
Figure 2.10, with proper labeling of the three

terminals of the transistors, in terms of collector,

base, and emitter.
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A common application of BJT transistors in
a typical “output module” of a PLC: A BJT
transistor can be applied as an “electronic switch”
to execute a Programmable Logic Controller
(PLC) microprocessor command in the field. This
is illustrated in the form of a transistor-based PLC
output, operating a solenoid valve, as shown in
Figure 2.11. Applying ample positive bias to the
left of R1 will turn “on” the npn transistor, causing
a “short” to ground. This permits the current to
flow through the solenoid coil. Flow of current
through the solenoid coil generates magnetic flux
through the core of the coil, thus applying
magnetic force on the “plunger” or “pin” in the

core of the solenoid coil. Depending on the design

of the solenoid, the magnetic force can either open

BJT & #& & # ft &
PLC “Sy AR ” o i) H W
F o WU &5 A4 7T LU
“HIFIFR” 1R AT ] G
P32 48 2 1) 4% (PLC) T Ak BE 2%
e WK 2. 11 iR, Xg—
ANEE T RE R PLC faiit, H
THAE =B . 75 R WA
] it o 76 A2 19 1F A s K 4 npn
AR BB, ST

“RERR” , HHIRERES B
2R TBIINY, i o 2R P AR i d

AT A T 2 B Y 1
“HESE” B R ML)
R R, BT AT
AT FF 5% P HL B TR
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or close the solenoid valve.

+12 Vpe

Solenoid
Valve

Collector

Emitter

FIGURE 2.11 Bipolar (FET) junction application in

a PLC output module.

Solenoid
Valve

Collector

Emitter

B 2. 11 XU H% (FET) 45 1% PLC %

H AR A A
Source I_T_I Gate '—T:ram D .
- S
FIGURE 2.12 MOSFET construction, symbol, and Bl 2. 12 MOSFET it £ 5 M
. E]i_\‘o
picture.
MOSFET or Metal-Oxide-Semiconductor
MOSFET B & B E A+ T4

Field-Effect Transistor: The MOSFET is a type
of field-effect transistor (FET) and has three
terminals, source, gate, and drain. The gate is

used to bias or control the MOSFET operation.

Figure 2.12 shows the cross-section, or

construction, the symbol, and a picture of a typical

MOSFET transistor. The gate voltage, the

“electronic traffic light” in a MOSFET. determines

the conductivity of the device. Because it has the

ability to change conductivity with the amount of
voltage applied at the gate can be used for
amplifying or switching electronic signals. The

MOSFET was invented by Mohamed Atalla and

RUNL RS . MOSFET 247 %M
A (FET) 1 —Fl, A =i
T ER, WA . B
F T i B 5 4% i) MOSFET 1) T
YE. 18 2. 12 Ji7R T $ A4 MOSFET
LN ERINE AL (N
K. Ak Ay MOSFET
PG SR, Yo T3
PRI G HPE . e R AR
HUE SR S ibE, nTHFHRT
RN ONETIEE Y P
MOSFET H142 5 BRAE « Bl 28 4ii

55
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Dawon Kahng at Bell Labs in 1959 and is believed
to be the most widely used semiconductor device
in the world. The construction or crosssection, the
symbol, and a picture of a typical MOSFET are
depicted in Figure 2.12.

(Mohamed Atalla) Fl VT K J&
) T 1959
AR DURSER = R, Rt
AE R RS P SRR

(Dawon Kahng,

IGBT or Insulated Gate Bipolar Transistor:
An IGBT is a three-terminal power semiconductor
device primarily used as an electronic switch
which, as it was developed, came to combine high
efficiency and fast switching. Figure 2.13 shows
the cross-section, or construction, the symbol, and
a picture of a typical IGBT. Note that physical
shapes of transistors vary based on their ratings
and types. An IGBT consists of four alternating
layers (P-N-P-N) that are controlled by a
metal-oxide semiconductor (MOS) gate structure.
IGBT transistors are used in switching power
supplies in high-power applications: VFDs,
electric cars, trains, variable speed refrigerators,

lamp ballasts, and air-conditioners.

IGBT Bl % % Hit AR & 44
B IGBT & —Fh =i D2 5
R, FEMHERTITR,
TER R IBE 56T R A
PO IR TERE . Bl 2. 13 IR
T S8 IGBT MR LA L
SHER. BEEENZ, &
AR 1 40 B T SRR 40 D 200 1
AERARAL . TGBT HPYANAE
B2 P-N-P-N) 4k, HEEA
2 T4k (MOS) HI 4% 45 4 4%
i, T R T 2R ) LR
o6, BlnAssngs . Baas.
KE RHRUKFE . KT AR A

T

The gate voltage, which acts as a critical control

parameter in MOSFETs by determining the

MR B A A MOSFET H

conductivity between the source and drain

terminals through the application of varying

[ C B P il 2 K, m] 36 i e
R 4% o) AT 5 A0 (R )

HPE DA T S 3D L 9T A 7 U

voltage levels, enables precise modulation of

icl PO =) NS L SR A

current flow for applications such as signal

YRR

amplification and electronic switching.

o [T »J
Eptaxio
it reaion
N

=
& collector
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Emitter

{ N
Epitaxial
drift reaion
N

[ =

6 Collector

FIGURE 2.13 IGBT construction, symbol, and picture.

Comparison between BJT, MOSFET, and
IGBT:

Some comparisons and similarities
between BJT, MOSFET and IGBT are as follows:
* While in BJTs it is the base current that
determines the flow of collector to emitter current,
in MOSFETs, the current between the source and
the drain is the function of the gate voltage. In
IGBTs, the collector to emitter current is also a
function of the gate voltage.

* The IGBTSs are considered to be a hybrid of BJTs
and the MOSFETs.

* BJTs are considered to be high-voltage and
low-current type of devices.

» The MOSFETs are high-current and low-voltage
devices, with low drain to source resistance.

» The MOSFETs are capable of operating at high
speeds, upwards of around 500 kHz.

 IGBTs are high-voltage and high-current
devices. Therefore, they’re used for higher power
drives. The switching speed of IGBTs is relatively
low, at around 50 kHz.

» Ideal applications of MOSFETs are power
management, welders, DC power supplies, and

inverters.

e IGBTs are transistors of choice for UPS and

B 2. 13 LM AR E 554 /55
&)

BJT. MOSFET %% IGBT fit
Et: BJT. MOSFET 1 IGBT {35
o3 XAV RTAR AL A0 R
* fEBJT H, ERBRIE S
A AR B R S AR B IR R R 3
17 MOSFET 1, JEAR ARk 2
(1] ¥ R o o R L S 9 A2 4
MAS k. F IGBT H, LR
RS AW 1) L A1 I A AR B 1)
AT A o
* IGBT /& BJT MIMOSFET fI%# &
&

* BJT A& HUE A FL A 24
* MOSFET s s WLyt AT HL JR 4%
fF, BACIR VR R .

* MOSFET BEf¢ £ ik 500 kHz
T i R AR

* IGBT j2& s K imat, M
THEEIIFRMIREN . HIFK
HEABRBK, 2974 50 kHz.
* MOSFET fid& A T FEVE A 2L,
FENL, B RIS AR 35

* UPS M1 = AH HE AL 4% ) i ik 6
F IGBT @A .

* BJT Hi& T E UM, 5
FEA2 R0 13k AL

* IGBT F1 MOSFET — f¥% tt BJT
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three-phase motor control. HE T,

* Ideal applications for BJTs are: audio amplifiers,

single-phase control, and stepper motors.

* IGBT and MOSFET tend to be more expensive

than BJTs.

ELECTRONIC DEVICE APPLICATIONS ON PRINTED | B3t &%-7E Bl B s A _b fy o
CIRCUIT BOARDS H

This section is designed to provide a brief
introduction to a common PCB and an assortment
of common electronic devices typically installed
on a PCB to perform control, monitoring, and data
collection functions. Some of the electronic and
electrical devices identified on this board are
explained in greater detail in the preceding and

subsequent chapters.

e (3) Solid

FIGURE 2.14 Electrical and electronic devices on a

PCB-L

AR B E T B4 LY PCB
225 4E PCB EAT ], I
TFR S B Th RE 1 L LT
W ME EFRRM—LH T
FALA B4 7E 2 I A B 1A VR4
A, ST R B
TEAHL AT RS
R —

B 2.14 PCB-T1 _LfH-T-HS

B

The devices pin pointed in Figure 2.14 are listed
below, in clockwise order, beginning from the top
right corner:

1. A toroid-type inductor or coil applied for DC
power refining and filtering purpose.
2. DC voltage regulator applied for voltage

regulation purposes. See Chapter

B 2. 14 /5| JAHE A A 25 F
W NEpR, WA AR
I £HHES1 -
1. T HRBEFFEHENERR
IR HL K Bl 2 e
2. HRES, MHTHLH
o KT HMHI A AT ie i
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3 for a comprehensive discussion on regulation.

3. Solid-state logic gate integrated circuit (IC)
micro-chip applied to perform logic, algorithm,
and computations for control purposes. This type
of IC consists of logic gates such as OR gates,
NOR gates, Exclusive OR gates, AND gates,
NAND gates, and Flip Flops.

4. A typical, low-voltage electrical fuse for
protection of the board and upstream power source
against faults and shorts.

5. A transistor, with collector, base, and emitter
pins visible to the right.

6. A diode, labeled using the conventional “CR”
prefix-based nomenclature.

7. A typical “proprietary” IC device. While the
functional specifications of such devices are made
available to electronic control engineers for
application purposes, the contents and design of
such devices are, typically, kept confidential and

are not published.

53 F.

3. HTHUTZ . FikAnEh)
TR [E A 12 SR R L

(TO) Tt Fr o IR FH ST (4 1
L% FHIZ AR T2, W1 OR 74
NOR 1. 5807 511 AE5T1T
i 2 25 o

4. — MR ERR L, H
TR R AR AN Ui R, B
1E A AR I

5. —MEmEE, NGl A
B H AR FERRA R SR 51 T
6. —NITIRE, HHESK
“CR” R4 fm LT FRIC

7. AU “BH 7 SRR
o BIRIX L1 25 1Y T e HLAS
A LABR fit g 45 AR I A
TR B, HEEEERN
DRV E R, AT 2.

Figure 2.15 depicts another segment of the same
printed circuit control board. The devices noted in
this segment of the control board, in clockwise
order, beginning from the top right corner are as

follows:

2. 15 J&7n 1 [A)— BVl HL i 42
w5 —B. WA BT
FZ S BN n

B 2.15 PCB-TT [ H A0
o
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FIGURE 2.15 Electrical and electronic devices on a
PCB-II.

1. Power transistor, npn (or NPN); with collector
current rating of 30 A at 40 V, capable of
switching at a maximum frequency 200 kHz.
Maximum power rating of 150 W DC. The black
heat-dissipating fins surrounding the power
transistor are designed to radiate waste heat and to
protect the transistor against overheating.

2. A low-wattage resistor with visible color-coded
bands identifying the resistance value and the
tolerance specification of the resistor.

3. Higher wattage ceramic resistor. Notice the
remarkable difference in the physical size and
construction of this higher wattage and higher
operating temperature ceramic resistor and its
lower wattage counterpart described above. The
ceramic resistor in Figure 2.15 is encased in a
ceramic enclosure to withstand higher temperature

and heat.

4. A capacitor.

1. ZhEAAE, npn(5LNPN) ;
S HARAIE LA 30A, RN
40V, BRI RAIFTY 200kHz .
B RIhZE 1500 DC. FREET R
AR S [FB] ) S E R e R
BRI R I ORI iR S T i
o
2. —HFMKFLE PR, R
0 G i A 1 FEL EL 2% £ R BEL A
FI ZE R o

3. B BLAI M S B . 1T
AR R A SR B
ERER—— RN A E &
M TARIRE . B 2. 15 P &
H R 3 A PE B B4k e, BA
7R 8 v (R B i

4. —MHESE.

5. A row of LEDs designed to annunciate the state
of various inputs received and outputs transmitted
to electrical and electronic equipment in the field.
Each of the output terminals represents a
hardware-based command from on-board controls
out to the field.

6. Four diodes being used in a full-wave bridge

formation to convert AC to DC to meet on-board

DC needs.

5. —HELED AT, HsRERIZH
T HURB A BRI 1 % Bl N
A% IR S o BN H 280
REE— A AL i 1) 37 1 il
(R R

6. TEAE M S R A Y
N ZIRE A I O B
AR A2 AR B B 7R 2K
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An important feature that is instrumental in

minimizing the time it takes to replace a control

me 2. 16 fios, ZEESIRER A
w5 AR (PCB) A3 M 11

board, in case of board malfunction, is the “quick

PR R/ T A g (b

connect/disconnect” type terminal strip — labeled

0 (1)) B 5 B8 il /b o 3 g

as (1) — shown on the right side to the control

] A PIT 5 N (] o A T A b

board (PCB), as shown in Figure 2.16. Prior to the
advent of this quick connect-/disconnect-type
terminal  strip, board replacement required
meticulous examination and care in reading the
electrical drawings, identification of each wire and
terminal, and finally, exercise of proper
craftsmanship in termination of wires to ensure
correct and reliable electrical connections. The
lack of such diligence resulted in miswiring,
electrical faults, extensive troubleshooting period,

prolonged commissioning time, etc.

/Wit B 1 B R/, 5
e v AR T AT R AN A A
e 32 AR, TR AR 2R
A, W e Fah#t AT S
EA% . ARG EIRIX—RETT,
HOH o P EUREANR . A
b iR HRRR A, 1A
ERSES VT

When disconnecting a control board, the quick
connect/disconnect terminal strip, shown in Figure
2.16, allows technicians and engineers to simply
pull off the connector, with reasonable certainty
that wires will remain securely intact for quick
reinstallation. Since all wires normally remain
terminated in the connector, once the new
(replacement) board is physically secured in place,
the connector is pushed/ plugged onto the
connecting edge of the new board. Note that the
circuit boards and respective connectors are,
typically, equipped with an interlocking feature to

prevent incorrect orientation of the connector. As

obvious, incorrect insertion of the connector onto

= W O 42 i AR, dn 1
2.16 fr7n, HORN SN LRI
AR R T 2 / W T g 1 e
] B P R AR, R E
Sk trFF 2 se e, DUMEPUE
HHrg . W T A EE R
AR E RS R, —H
W (B ) BB LE E B, i
A L A /368 T AR A B
L% b EIER, HESERON
B B B A T 25 A T
Thag, LAB &R 1 77 [ A
o A IRHUREE A L
HRCRE T 3 2L R AT R
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the board can result in electrical faults and damage

to the electrical devices.

FIGURE 2.16 Electronic devices on a PCB-II1

BEARIR

B 2.16 PCB-IIT L [rESHI
o

The picture of the circuit board in Figure 2.16
also shows a set of two LEDs, labeled as item (2).
These LEDs serve as indicators of certain control
conditions or signals.

Three devices pointed out on the circuit board
pictured in Figure 2.17 are as follows:

1. A large size circuit board capacitor.

2. Higher wattage ceramic resistor. Notice the
legend on the right side of the resistor. Typically,
this legend includes the resistance value and

power capacity specifications.

2. 16 H HLERAR 1) B A
8T —%F LED, #Ric T H
(2) o IX U LED Ayt bdz i) 2% 4F
EREREEEEN

2. 17 Firm HLER AR b4
B =T
Lo NIRRT B LR AR R A
o
2. S LB . R
FL L (0 ) PR 9] o 3 LS
P LB AN Th 2 25 B

3. Metal-oxide varistor, rated 100 J (100 Joules)
and 1 kVA. Metal oxide varistor, also referred to
as MOV, serves as stray energy arresting device
on electronic circuits and electrical systems, in
general. In this capacity, an MOV serves to absorb
voltage spikes and rogue energy that might
otherwise spread around various parts of a circuit
board or electrical control system. Stray energy or
voltage spikes, left unchecked, can damage ICs, or
IC ICs relatively

semiconductor chips. are

3. EEAN B, FlE
100J (100 ££H-) #1 1kVa. &J&
ANEECRRE, AR MOV,
I E BT B RS RS
AR E . X R
T, MOV AT RAMR AT FEL s 2 U A S
WAEE, TNIXLREET R
PR AR B R R G
AN A EARE I,

A HURE B B R ARG 2 B R A
Jil LB R s LI A
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sensitive. They operate at low voltages, typically,
at around 5 V DC. The MOV in this particular
case, as visible in the picture, is designed to absorb
a maximum of 100 J of electrical energy. The “rate

2

of absorption of this energy,” or the power
absorption capacity, is labeled on the MOV as 1
kVA; to be exact, the apparent power (S) rating of

this MOV is 1,000 VA.

higher wattage

FIGURE 2.17 Electrical and electronic devices on a

PCB-1IV

Fro ICHHXTERUR, EA1E 1

5 V DC Zi A5 IR R LA
FERXMRFPRAEOL N, Qi
7N, MOV iz 22 WA 100 £E Y HY
AE.  “iZReRmMIMICE” 5T
IR AT MOV _EAric N

lkva; #EYIHBUL, 1% MOV AR
FET)Z (S) BEE N 1,000 VA,

B 2.17 PCB-1V b [ EA M
%o

SELF-ASSESSMENT PROBLEMS AND QUESTIONS —
CHAPTER 2

1. Determine the following for the DC circuit
shown below if R1 =5 Q,Ro =R3 =10 Q, and R4 =
Rs=20Q:

a. Current flowing through resistor R;

b. Voltage across resistor Rs

2. What is the current through the 6 Q resistor in
the circuit shown below?

3. Find the current through the 0.5 Q resistor in the
circuit shown below

4. Determine the value of currents I, I, and Is in

the circuit shown below if the voltage source V3

fails in short-circuit mode. The specifications of

HPRIRH -3 2 &

1. ¥R =50Q, R =R =10
Q, R, =R;=20 QI, HiE
L NNE BTN

a. Jiad FLRH R, (1) HELIA

b. FLBH R, £

2. tFEEEH, i 6 Q HPH
HOERTIP e 24

3. MR N 0.5 Q HIFH
(T AL o

4. SR EYR VR,
DA HLER IR T, LA T,
o SRS AT R R
5. HZ-miEsEE T Bl i
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all components are listed in the table below:

5. Use current division to determine the value of
current I in the circuit below:

6. Using KVL, calculate the current circulating in
the series resistor network below:

7. Determine the value of voltage source current

in the parallel circuit below using KCL.

I HE.

6. I KVL T BUT g o e
K P BEL 4 P -

7. FKCLAfE N T 3K L o
V5 BRI

Ancillary question: If one of the 5 Q
resistors is removed (or replaced with an open
circuit) and the other one is replaced with a short

circuit, what would be the source current?

B0 1) R - an SRS B — 1 5
Q H[H (S B N ), H—
ANE WM, HHRAZ D

The contrast between AC and DC isn’t just
rooted in physics but goes as far back as the 1800s
when, for a period of time, both vied for the
residential, commercial, and industrial markets.
Electricity was first discovered and harnessed,
mostly, in the DC form. However, due to the
physical constraints associated with transmission,
distribution, and application of DC in industrial,
AC

commercial, and residential applications,

vanquished DC in the power distribution arena.

A3 L (AC) 5 B L (DCD
Z ) R0 FEAM AN Y T4 B
JEH, Hsegrrle i 2 19 e,
M FH G EEE BT
AT R EEA Z . B,
NI FE 3 R FH 1 2 B
HL. SR, HIT B F /RS L
Pic i A Tolk AR 2 B
A BRI, A R AAAE
HL g 43 BE AR 4 S A

The early competition between DC and AC is
often remembered through early “rivalry” between
Edison, the proponent of DC, and Tesla, the
pioneer behind AC. Nevertheless, today, DC holds
its own in low-voltage control and digital logic
applications. In fact, albeit relatively uncommon,

DC is being reintroduced in the ultra-high voltage

X3 I 5 S A A A
TEHRBMSRFETL S - &
A A AR et
AL S lTE Ul 1] VA
JEN, B AR RS A
ANH 732 i N AT AT 8 o Ff
. FHL R, REBOY
DL, ABAERE AR E LR
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realm in certain special situations. One advantage
of DC power transmission lies in the fact that DC
resistance in conductors is less than AC resistance,
due mainly to the reason that the AC current flow
results in skin effect. The 900,000 V DC
transmission line system project, in India, is a
more contemporary example. There has been some
interest in 900 V DC transmission line systems in
the United States, as well. The ultra-high voltage,
900 V DC systems find greater appeal in long,
direct, power transmission applications, primarily
because DC would always need to be converted to

AC before it can be applied in most common

applications.

LA L IE T T R
. B, B A
BERBALT, SR B,
B SR RN, X E
L R[PSS RN N TN LTI Y15
27 o EREER 90 J4R (900, 000
V) Bt LRI R G
BRG], fEREWBALT
900 V FLtfa HL £k % 2 4 1
Tt MR EREERGEK
B A R R s R
71, EEFRET BRBIER
2B LS P S e S i
A HL o

If we could attribute the acceptance of AC for
residential, commercial, and industrial applications
to one pivotal entity, it would be the transformer
and concept of voltage transformation. In
essence, when DC was first distributed and
transmitted to end users, it was at a fixed voltage
level because DC voltage transformation was not
feasible. Due to resistance in the transmission lines
— as stipulated by Ohm’s law: V = IR — the DC
power generators had to be located in the vicinity
of the consumers to mitigate the undesirable
voltage regulation issues. Longer transmission
runs resulted in higher resistance, or “R,” which,
in turn, resulted in larger voltage drop, “V.” In the

mechanical fluids’ realm, this would be analogous

to unacceptable pressure drop — due to frictional

IR BRI AT
Feg Mk K TV R e 2 4% 52
TR R R, 2
AR s s L e L S AR SR o
FEBRAT,  ELICHE AT HL2 DA
[#] 5 HL IS BEAT IV, ROV ELIR A
s B AR AR I A TTAT . AR A
BRUGEHE  V=IRV=IR, H T
HLZR I A FELRH, BV FRLLAG
LTI B, DA
L RENC IO S NNk L h N RS
FHCEEF A RR, HEM7 A
SR ERE VY. ERAA )%
W, X B GER T
B T B B B ik i i
I R AN AT RS2 1 R A7 R, Bk
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head losses — if fluid is distributed over extended
distances without some sort of booster pumps.
Introduction of AC accompanied practical
means for “stepping up” and “stepping down” of
voltage through the use of transformers. So, AC
could be generated at, for instance, 4,000 V,
stepped up to 100,000 V — through the application
of transformers — for transmission purposes, and
miles away, it could be stepped down to usable
levels, such as 480 V, 240 V, or 120 V. That is,
mostly, the way AC is generated, transmitted, and

distributed to consumers today.

K R

AT L) IR T — Tl
“TE” ACRER” RS HTT
V%, B 2 R R
fln, AZHHEFLALL 4,000 V
MTHEF= A, SR JE A R A%
TFZ 100, 000 V #E47 320 2 25 %
L, FRPEHCE AN 2 480 V.
240V 8¢ 120 V2RI AL . 1X
W AT K R i
AR 7 2

We learned earlier that movement of
electrons, or other charged particles, constitutes
electrical current. When the charged particles
move in one specific direction — such that there is
a net displacement in their position or when the
charged particles travel a net distance — direct
current or DC is said to exist. On the other hand,
when the electrons or charged particles oscillate or
vibrate about a point — similar to a pendulum —
such motion of charged particles constitutes

alternating current or AC.

IEANETSCHTA, A2 H
T B A R T RIS B
MR o =47 FRE 73 B —
JiReEh, AEHA B R AR
M ERBIEMNS, RUERER
HL o T 2 R BT R T [ 48
R Rk EERz) GBI
s8I, WSS .

In fact, if AC voltage, DC voltage, and
current were compared using an oscilloscope, the
graph displayed on the screen would be similar to
voltage and current graphs shown in Figures 3.2
and 3.3, respectively. However, the inception of
AC voltage or current is better depicted in Figure

3.1, where X represents voltage or current, X(°/t)

Sebr b, HEAE RN AT
PUAZ I L B R T L
Bt b SRR A T
3.2 AN 3.3 oo AR, AT
P 8 R AL 1 A it A E I
3.1 9133 7 EEMH R,
X AREE R B, X
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simply denotes a voltage or current signal varying
as a function of time, +Xm represents the positive
maximum or peak value of voltage or current

signal, and —Xm represents the negative

minimum value of voltage or current signal.

/X /1) Fon R B RS
5 BEIS E] 1) AZ A, +Xm F=Xm 53
AR I B 5 R ROR
A5 /INEEAE

However, even though it is the parameter
time “t” that is plotted along the X-axis in Figures
3.2 and 3.3, these graphs would look almost
identical if time were replaced by rotation
expressed in degrees, radians, or cycles, similar to
the representation of X-axis in Figure 3.1. The
left-hand side of Figure 3.1 represents multiple
entities. The counterclockwise rotation not only
represents the rotation of AC voltage and current
vectors but also depicts the rotation of the
generator rotor. The graphical depiction in Figure
3.1 implies that the voltage or current signal
magnitude, in this generation of AC, would peak
when the generator rotor coil’s tangential velocity
is at 90° relative to the magnetic field. Note that
since Sin 90° is equal to “1,” a “sine” function (sin
0) would be maximum when the angle is 90°. Also
note that the reason behind the equivalence of
time, degrees, radians, and cycles, along the
X-axis, is that once we anchor the power or
electrical utility frequency to 60 Hz, in the United
States, certain amount of time is always going to
be equal to certain number of degrees, radians, or

cycles.

RE KT X RS H08
IIR] 7, {EEREE [A] B ey
DASFRE L RS B AR AR I e
R, i JLTAH I,
WK 3.1 fn. B 301 A m
AEZAMNEE: W E IR A
N RIRAT L L A LI K B )
Jigl, A AR K AL T
(FIlieie . 12K, ERHH
IS FE R, MR LT
24 Bl 1 1) 1) R BEAR N T Rd s
) 90° B, HEBHIRESH
MRE IS B . T
=1, DAtk R R S FRL
FEH “IEFL” BB (sin )
FE90° I EUR KA. BEA, X
B EETRL. fRE L SIOREAN R
Z IR RS RO R UE T B AR
fflE e, BlanEEE, BhR
GEIBRAEATIZ A 60 Hz o IX Rk
A6 — 7T [T ARF A] 5] B 6 S8 %8 2T
RESE ARSI B

sin90

T RILGER 7> ol & ISR e B 541
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