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Chapter 1 Principle of Electric Circuits
sy HLBR AR

Part One:Principle of Electric Circuits
RERET
FFEREIEAREN-NEFTEEMLER. RENEELSRERVELAFE, TEAR
A EAGKTHFGEE BE BRUREEAEMNZESE , SROERESRMER; sh S 6@ et
AT (AR BB A DI R R R A L R E ) R T IE XA H B AT s = AR A
BIAPOT AT BT R A k. BN¥IRRE . FAEREBEARSMHERTR IFARAOMBRE
ol el B A € [

Course Summary

This course is a very important compulsory course in the undergraduate electrical engineering
curriculum. It introduces the fundamentals of the lumped circuit. Topics covered include: basic circuit
elements(resistor, capacitor,inductor, current and voltage sources - both independent and dependent) ;
basic law and theorems of electric circuits; time-domain analysis of dynamics networks; analysis of
networks in the sinusoidal steady state by employing phasor, impedance, real-, reactive-, apparent-
complex power; methods of analysis, calculation and measurement of power in three-phase networks.
When students successfully complete this course, they will have a good command of basic circuit
principles and demonstrate an ability to solve a variety of circuit-related problems.

FE—F HEHEEBFoBRREEF
Section 1 Circuit Model and Circuit Law

u-i 5tk u-i characteristic H % potential drop

223%  ampere(A) HAF potential rise

* ZF# )7 reference direction * BB FE  voltage

#BF{K superconductor HEF  voltmeter

¥ algebraic sum HIE#E A E voltage-current relation
*x S conductance * BB source

* B inductance #HF electron

* B inductance element * B FH resistance

B charge * B PHJCH resistor

* B current & short circuit

Hfi#+E ammeter B:hr  farad

HE& electric circuit EDLE B RN E /B Faraday’ s law of
H S ¥ circuit parameter electromagnetic

BB  circuit model LM BRITH  nonlinear inductor
72 (B #2%) potential difference L BE  nonlinear circuit

B ICH  circuit element ELHEHBEAICH  nonlinear capacitor

* B Z capacitance ELLE®B B nonlinear resistance

* BZ5 TG4 capacitor LB ICH  nonlinear resistor
H{ potential * REF  volt(V)

HAIZ% A potential reference point : A AT negative charge
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* 1% power Bk sEH Ohm’s law
* KBS EZ TN (CEFSAE) passive sign K picofarad

convention F# kilohertz
EPr¥{i% international system of units (SD) B4 output
Z = millihenry H A input
# 2% (#) Hertz(Hz) B Watt(W)
= F| Henry f# ¥ microfarad
HIREEXBHER Kirchhoff’ s current law % microhenry

(KCL) FT I8/ passive element
HIRERBEER Kirchhoff” s voltage law Pl TF Siemens(S)

(KVL) 2l linear resistance
HIREKRER Kirchhoff’s law LY R ITH  linear inductor
#£H Joule(]) £ g linear circuit
JFB% open circuit LYEHEAICH  linear capacitor
#E4 Coulomb LY PG linear resistor
BUGER Lenz’s law HEXH active element
T H & zero potential point HFBHEEN  right-handed screw rule
A model Jof4 element
fEHE  energy IEHff positive charge
B4 Ohm

EE An electric circuit consists of electrical elements connected together.

o, o o A L e AE — R Y W B T R

EZ Current is the rate of charge flow.

—dq
Tt
HL L2 AT B Y AR LR
—dq
T
EE Voltage is the energy required to move 1C of charge through an element.
—dw
v s
BERERE ICHEAFRE TR ENGER.
b =dw
v dq
EZE Power is the energy supplied or absorbed per unit time. It is also the product of voltage and current.
_dw_,
¥ 4z vl
Ty 2R R L B ) P B R A CR D SR R BB B, BT RA h L R S L A R AR,
—dw_
P az vl

EE According to the passive sign convention, power assumes a positive sign when the current enters an
element across the positive polarity of the voltage.
TR 7S AL B 52 25 e S el R IE SR AR A JT 1, M Sh RFF S R IE.

EE Ohm’s law states that the voltage across a resistor is directly proportional to the current flowing
through the resistor.

B 48 4 - v BEL 7 S 49 L PS5 0 28 92 e BEL Y R DA G
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The current through a capacitor is directly proportional to the time rate of change of the voltage
across it.

dv

dt

The current through a capacitor is zero unless the voltage is changing. Thus a capacitor acts like an
open circuit to a DC source.

UL 2 o 75 25 0 H3 UL IE BG T 3 7 3 o B ] B AR AL 3R

i=C

dv
i=C —
dt
B A o Bifi B (8] IE 26 28 Ak, BN AR AAET . T AR B S, B F M 1E A
F I B .

EX® The voltage across a capacitor is directly proportional to the time integral of the current through it.

0= %J_m idt = %Jo idt + i (ty)
The voltage across a capacitor cannot change instantly.
F 75 2% P O A9 B HE IE BT U A o R i ] B ARG
v= —(1:— :midz = % :0 wdt +i(t,)
B2 B O O L RN RE R AR .

EJ The voltage across an inductor is directly proportional to the time rate of change of the current
through it.

L di
v=L 2t

The voltage across the inductor is zero unless the current is changing. Thus an inductor acts as a
short circuit to a DC source.

B, SRR 1 O A L OF LY T oo Y R B A (] B9 AR R R

_, di
v—Ldz

B 3 e o B e (] IE 76 28 4k, 75 U e AR AR POSm RO R FE 0 . BT DAY B U A IR T 7, R AR O AR R AR
Fha B .

EfY The current through an inductor is directly proportional to the time integral of the voltage across it.

= %J’:w wdt = %J; wdt + v(ty)
The current through an inductor cannot change instantly.
P A H AR 19 B 90 IE Hb T 3L i e H X B (] A R 43
= % quiz = % :0 wdt + v(ty)

Wt L RAR B R A BB R AR .

An ideal independent source is an active element that provides a specified voltage or current, and
completely independent of other circuit variables. An ideal dependent (or controlled) source is an
active element in which the source quantity is controlled by another voltage or current.

AT BERARERBEE T, MRSt - E N ER A, SEE PO EMbSE X,
FRAS A2 37 B IR (RO B B, B AT R4 A9 e FE ok e 3R 32 51 A0 B HE sk Fl A I G .

EER Kirchhoff’s current law states that the algebraic sum of all the currents at any node in a circuit equals

zero. In other words, the sum of the currents entering a node is equal to the sum of the currents
leaving the node.

BERERBWMER - ERBEP EMTALOAARRAOREMNETE, IHR . MAVHAHERZ
AT % A Z A,
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EEE Kirchhoff’s voltage law states that the algebraic sum of all the voltages around any closed path in a
circuit equals zero. In other words,the sum of voltage rises equals the sum of voltage drops.

RREREEER - EREP FEEMAGHEENIARENRENETE. IFR . AEFARZ
MEFHETHEZM.

F N CEHEEFRHTFRHIXR
Section 2 Equivalent Transformation of Resistive Circuits

A-Y A% delta-to-wye conversion #H A A B resistor in parallel
HEEHBE PR/ T analysis of parallel circuit B A $EEE  resistor in series
HEEFENEEITTH  parallel-connected circuit B #E P resistive circuit
element — 4R 4%  two-terminal network
HIFEEE P series-parallel circuit Z¥iJc/4  two-terminal element
* B IF B B4 7 analysis of series-parallel Syt B current-divider circuit
circuit SHEH M voltage-divider circuit
HEEH PSS HT  analysis of series circuit #£hZ¥  lumped parameter
HEEEMNBE KLY series-connected circuit EhZHHBEK  lumped circuit
element EhZ¥oeF lumped element
LR ERBEE PH  equivalent series resistance AW alternating current (AC) power supply
S equivalent conductance FARE BE e ideal circuit element
* 2Pl equivalent resistance =¥ 7014 three-terminal element
* HL P& circuit analysis BEILHAMY  star-connected resistance network
HBE IS circuit theory =AM  delta-connected resistance network
HERPMBENL voltmeter loading effect * ¥ ABPH input resistance
* LA #  source transformation * HfiB ¥ direct current (DC) power supply

BE A linear network consists of linear elements, linear dependent sources,and linear independent sources,
etc. .

— AR N % R R T A R A 3 4 TR R R e S R A5 A AR

EZ Two elements are in series when they are connected sequentially,end to end. When elements are in
series,the current flows through them is the same. They are in parallel if they are connected to the
same two nodes. Elements in parallel always have the same voltage across them.

Sk RAKUCHE Be 9 BN JTAEFR A SR K, U 8B K S0 {4 Y el AR [B] . 1 00 4 4 G 3 2 30 4 D G 8 AN 4
S EFR I, I B IT 4 B9 e 4 e EE A D .

EEE Resistors in series behave as a single resistor whose resistance equals to the sum of the resistances of
the individual resistors. Conductances in parallel behave as a single conductance whose value is equal
to the sum of the individual conductances.

ZAHEBRNEEEMEESFTEITHEAENR. ZTEAFRNSEERETEI IR ZRM.

EXE A source transformation is the process of replacing a voltage source in series with a resistor by a
current source in parallel with a resistor,or vice versa.

AL R A 2 P i O Ik e B A F L R B SR BB B A B R R (R 22 W — R g 22 .
FE= SHWEENE AT
Section 3 Methods of General Analysis in Resistive Circuits

B & parallel circuit XTFRM 4 bilateral network
* B2 4 reference node JEF M H B  nonplanar circuit

BECHPE  series circuit fifin 7 #  supplemented equation
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J"XH5 & supernode SEEH B planar circuit
"X MF, supermesh # tree
* H& mutual conductance # % tree branch
* Bl mutual resistance E  graph
[l g& loop RFL mesh
[ R L loop current RfLE# mesh current
* FEEE i E:  loop-current method * MFLEB#E  mesh-current method
" EB&4r4TEE loop analysis method R FL4#rE:  mesh analysis
A node HEHE I  accompanied current source
WABE node voltage A EPE  accompanied voltage source
* A B EE  node-voltage method F* B branch
P EHPrE nodal analysis method FB&E L  branch current
#i#EKE connected graph F WY branch-current method
%3  link STE L E  branch voltage
B4 path

EE A branch is a single two-terminal element in an electric circuit. A node is the point of connection
between two or more branches. A loop is a closed path in a circuit. The number of branches &, the
number of nodes 7, and the number of independent loops / in a network are related as

b=Il+n—1
F RPN T ITF . AR LA . B R A R Y B
1 4% o B S B 350 b, AT B n IS I BE B WE RN R AR .

b=I1l+n—1

EZE Mesh analysis is the application of Kirchhoff’s voltage law around meshes in a planar circuit. We
express the result in terms of mesh currents. Solving the simultaneous equations yields the mesh
currents.

AL AT FEE P HERO ML EE N E RERBEEEN TR HERARNILEME
7R o 3 A K ST 7 R 4 VT 48 B 45 R FL R

EE Nodal analysis is the application of Kirchhoff” s current law at the non-reference nodes. (It is
applicable to both planar and nonplanar circuits.) We express the result in terms of the node
voltages. Solving the simultaneous equations yields the node voltages.
WEAMERE/RERBEMEREESZ W R LR A CE W R T e B e e B, g
RAVWREERR. BXRKL T EATHEIEN T AHEE,

E¥ Nodal analysis is normally used when a circuit has fewer node equations than mesh equations. Mesh
analysis is normally used when a circuit has fewer mesh equations than node equations.
PRATE—BRATERIYEATELRIATRDOOER . MILAWE —BNHFREFRILT
BREWATBRIOOER.
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Section 4 Circuit Theorems

JF¥ principle Z KB equivalent generator

EH theorem * B fiEH B H I current-controlled current
E/R law source (CCCS)

A variable * i EH B E ¥  current-controlled voltage
* WMAE TS B Thevenin equivalent circuit source (CCVS)

W4T EH Thevenin’s theorem B current source

LM BB equivalent circuit * B JEf&E 4l B #i %8 voltage-controlled current



B EERA

source (VCCS) H5 M4 reciprocity network
* B FE 4 B E ¥ voltage-controlled voltage Bl excitation
source (VCVS) * 2% H % Norton equivalent circuit
HHEE voltage source il sEFM Norton’s theorem
B EW A M internal resistance of voltage source CAZ matching
ZNEI  superposition principle R EM Tellegen’s theorem
*x JiiSZ ¥ independent source FEAR T R E M Tellegen’s power theorem
* XTANERL  equivalent external to the conversion HFEH R EHE  Tellegen’ s quasi-power
“¥iH & two-terminal circuit theorem
7 (Z4) B IR dependent source/controlled FILEHE substitution theorem
source P g linear circuit
JEL BB nonlinear circuit YN FRE B linear bilateral circuit
* fi#%, load LVE{H linear quantity
A Z N loading effect 22 P44 linear combination
THEHE working voltage Wi i  response
HLEM reciprocity theorem R %  original circuit
H 5 %14 reciprocity condition * Fx KINFEH maximum power transfer

Bl Network theorems are used to reduce a complex circuit to a simpler one, thereby making circuit
analysis much simpler.

P 4% B 25 F 2 B T8 B 4 el B A O T P e B, AT (R BR X AT E AR 55«

EE The superposition principle states that the voltage across (or current through) an element in a linear
circuit is the algebraic sum of the voltages across (or currents through) that element due to each
independent source acting alone.

B BF R - AE LR ¥ o B P AT — 2844 b Y e B el TR R R B 45 1 2 ST e R SR gk 4 B AE AL
Ae f E, s Bl e A & .

EE8 Substitution theorem states that any branch within a circuit may be replaced by an equivalent branch,
provided the replacement branch has the same current through it and voltage across it as the original
branch.

B AE R 4 S RO AE — SRR IR T B — SR HOR B AL B AU R B W A IR 5 RS B (E
A A .

EE Thevenin’s theorem states that a linear two-terminal circuit can be replaced by an equivalent circuit
consisting of a voltage source Vyp, in series with a resistor Ry, » where Vp, is the open-circuit voltage at
the terminals and Ry is the input or equivalent resistance at the terminals when the independent
sources are turned off.

WA T ER R BT LR — SRR Z A — T ER Va 5— 18 M Ry $
BRAMR. Hp, Vo FF 0B EE, Ry F T BB ET RO ARER B,

& Norton’s theorem states that a linear two-terminal circuit can be replaced by an equivalent circuit
consisting of a current source Iy in parallel with a resistor Ry, where Iy is the short-circuit current
through the terminals and Ry is the input or equivalent resistance at the terminals when the
independent sources are turned off.

T E B AR O BT A — A — IR Inv 5 — A Ry IR B4 AR 80 3 e B R, 3T
o, I 55 F it i o B 4 6 B0, R 55 F 20 37 o3 YR B )5 B9 30 A B S5 25 R B

EE For a given Thevenin equivalent circuit, maximum power transfer occurs when R, =Ry, ,that is,when
the load resistance is equal to the Thevenin resistance.

X F— A4 WA TR B, A R B TR T A LY, B Ry =Rq 58 B 8 L A Th R
B,
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Section 5 Resistive Circuits with Operational Amplifiers

Z#Hi A differential mode input faiA%E  transistor

L& ABJIE differential input voltage EEMARS  operational amplifier(op amp)

* {85 5 B8 inverting-amplifier FE e H 25  open-loop voltage gain
circuit * JFIAHE2E  open-loop gain

K A%  inverting amplifier * MAHZHMOKEE ideal op amp

JZ [5) %5 A%i inverting input terminal * Eit B [E  output voltage

B i fEE  voltage transfer characteristic * 8y A input voltage

* B JERBBESE  voltage follower i ABL$L input impedance

A% A inverting input [l 4% A noninverting input

WK H B  amplifier-circuit [E 4% A% noninverting input terminal

il ¥ negative power supply X linear region

fi f 4%t negative feedback HE48  virtual short

A3¥  common node W3 gain

HE BB  integrated circuit IEH ¥ positive power supply

I summing circuit

E¥ An op amp is an active circuit element designed to perform mathematical operations of addition,
subtraction, multiplication, division, differentiation and integration.
B HOR AR — A T B AR 1, B T AT 3 i s By (B oy R FIE
EX The op amp is a high-gain amplifier that has high input resistance and low output resistance.
1B FBOK 5 R — A 0 18 2 HOK 4%, s A B BLAR K, 1T 44 ot e BELAR /DS .
ER An ideal op amp is an amplifier with infinite open-loop gain,infinite input resistance, and zero output
resistance.
P A 2 ST OR AR R IR 23 0 055 K Vi AR B O B 55 K e B B R F A0 aE UK A% .
BN Two important characteristics of the ideal op amp are:
(1) The currents into both input terminals are zero.
(2) The voltage across the input terminals is negligibly small.
A EHMARAE R TEER .
(D) FA PN A S B B A F
(2) B~ $i A St 22 (6] Y B FEAR VN, 7T A B B A3
EF In an inverting amplifier, the output voltage is a negative multiple of the input.
TR A R 2% o i R R A R T LA R B AT B
EJ In a noninverting amplifier, the output voltage is a positive multiple of the input.
() AH B K 2% H 46 H e R R 4 A B H 3 DL IE RO A B
In z voltage follower,the output follows the input.
B, L PR A A% < CH R R SF T (BR D ST A LR .
E:E Op amp circuits may be cascaded without changing their input-output relationships.

EERAKHEBETUREK, HAERA FHEA-BHEER.
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Section 6 First-order Circuits

* RC (H BH-# 5) B8 # RC (resistor-capacitor) 1EB 22 fuse
circuit HMAT advance/ lead
* RLCEPH-HBOHE B  RL(resistor-inductor) circuit ¥R impulse function



