=SRa%E

e LESEHE -5 EREMNEH [T
%5101

Btz Tl ik
(2HR)

ZEE ® A E5W
F # ZXK HKEF BIESR

TR L e P

AIERFHhRAE







sSRe%

BFEEEL
@ LEBEHE +—F ERENNEY R

B zhiz= #l &l 5EiE
($2HR)

FEE ¥ T EH
F ¥ ZEE ¥EF BEI%

AERF AR

b =t



4]

A 5 A Bl A 8 O B e (] )2 ) AR
Iz NETE Rl AL AR A A

AP IR 20 5, EEALE [ S B R R URIRCT T ROR AR A ) TR i
(PR REURAERH RS AR 1R TR R BHIPREE TS S8R o R IR A o) R Bl e AR B, LA R Y
HIHEEfpE

Al 1E A [ Sk S TR B AR G &l i bt , b T TR AR R BT IE I O AT A
FHE AT L TR ARA G A,

(E1
W B 8 e ol e B S M SR R A BE ), B R

P

AEHEMNEBEEAFHREHHIRE , TIREEREHE.
KRBT , B assE ., 2SR EIE. 01062782989 13701121933

B B 7ER4 B ( CIP) #iE

R B dE/ ZEE R, I E . —2 M. —dba . ERRE I ARGE, 201301

(FE L FER L RIEH)

ISBN 978-7-302-30344-2

. OA- 1. OF- @#- 0. OAFEH-—FE-SFRLEF -S4 V. OH3l
rh [ RRA [ 4548 CIP B i 57 (2012) 55 240829 5

RERE: X &
HEIRT.
RERY: &
RS 7 F

HAR&Z AT R R A

pog tik . htip://www. tup. com. cn. http://www. wqbook. com
ith HE . AR R AR R A R B 4. 100084
B #Hl. 010-62770175 : g M. 010-62786544

HRBRE5IEERS: 010-62776969. c-service@ tup. tsinghua. edu. cn
B B Kk f{&:010-62772015, zhiliang(@up. tsinghua. edu. cn
B T #H: bup://www. tup. com. cn,010-62795764

EN Rl . dboor & [HED kil A7 PR 2 Al

AT &: el di® o L sefl AR T

23 8. 4 EBE BN

7 ZA: 185mm X 260mm ED 3. 19.25 = #. A4l T5

h& W 2005 4FE 8 HA 1 M 2013 4F 1 H A5 2 B EN W 2013 4E 1 AT Uk BRI
En #. 1~3000

E ffr: 38.00 JC

PSR S 041976-01



ool

I

B TE RS i TR YA ERR | A A ok i B SR Bk
TEERA TR Z — . T RO E PR S, 22 AR R 22 T I BE s T
WRSLH) Rl Bl o T ML SR Y B B BRI B AERE T R R R S
il TAR Ll Bl A B B B A ) — TR SRR ) . fERRIE, SedtBR fiR &
M52, S BT B R, 51 & T X BA LV SEERE 0 M A A I 75 R 3
W ABEEATHEX —FRMAS .

CABhfEHIL AV IEE) B % 5 ARG LV S0HE BUr KRR B 5% B
PR R E B EOR A O B0 A BB 2R, R Ib
AR, 1 B R BT SRR SRR BT R, B e e =4 1
B TR AR R R AAURTRE I BB IR, R EE IR MER L BIBTAL R R R Y
Tl NA BEE HA] '

A LR R AR RV SETE I B BE I S AERE 1 9 R RN IR AL 2 A X A
FREREEORBINR IR B E PR A IR AA 0 H iy, A E 5
2 S FH B3 Ao T U T B | 2R 8 0 2L GRS, 7 W A > T SR R R A
RMBEAR , A TE B S EG TRE 22 A R A — R JEK P
BN R IFHF- 5 o A TR L Ll R 75 2, J R BLOE T iR
{22 A FE RS R BE LA D AT T 1) 5, D45 ARl DRI B 1T 18 52 (4 A

ARSI LA SRR ARIA AR AU R T RIE N 2 Y Stk
PERNSC I, A 45 B SCE S 18 [ B A 15 B A ST 9 Bl 80b L &
F R ERE LA AP R EOR B E, FERARNER#EE R
BORUEA AR B A B2l R R A PRS0 N A, O 35 Bl 2 Al o 2 )
INGRANY” FRAR T ML HIR o ARG A 2 R el SRt R AN Ll PR T 0
B EBME G, A PR SERIE A, s B s ] B e -5 5 i R i B
RAEH . A EE R A P A5 T | B A 5| BE i i B
S HZGE RS R SCETT I AE 1. A BRIT IR AR S TE
B BHIRECTS EDUE RSk ) LA KB A R A 3R . Horp, SRRSO
ARG IO BORBEBOR , B T ARLEREAS Y | TR AL AR X A E RN
HINA . RSCHER B EM RSO h B il S s iR . k)
FOUSE B B SEURSC N A R P R, TR IR S Bl o BHEIETE
BT RGN 21 T RHBCEE BHR O — RO A . B AR I




0 B ohre b 5 (2 %)

ENNBAL LB BTSN & REH S, LY R4 fRHRE

(B shEHl &L 3E) B 2005 45 8 A ALK, 152 T A KB — K BUTAIF L 3
F SRR, TR TR 2RI, b3 R 15 B 5 TR SR A
Wi K &, I FE WAL X 1 B 1R 1 — LE BRI, G DL E N R B #E AT E
T FEBIT SRS, FmN AT R AR, B BuHRR A, EMEREES
KRER . BRI S, B OREA AT R AR TI0F, B i e B4 4
S5 FEOR IS B R e h TR T R 2 T4 1 AP Lesson 8 #)
Discrete-time Systems and the z-Transform Method , Lesson 9 f{ State-space Analysis of
Control Systems,Lesson 10 {J Introductions to Liapunov Stability Analysis )} % Lesson 11
f Introductions to Optimal Control Systems %5 [ 2%, ZE5% 2 WX #M3E T Unit 1 ¢ Voltage
and Current Laws , Unit 2 f{ Sinusoidal AC Circuit Analysis and Three-Phase Circuits, Unit
13 ] Microcontroller and Its Application LA % Unit 14 f] Electronic Design Automation % X
2 IFEEM RN TE T BB AL B R VE RS BRI BT U
HiA VB AR ANCR U R P SCGREX REN S, UME T A SR hRERE
.

Y ZEEEMEHEAE E 5, 2 R K KEFHER E5R, SRS TIEH
WHERRE EEL BERE XS PREE, K@ KERS Unit 1 # Unit 2, FHHFE
Unit 3 A1 Unit 4, 3kEEFZRE Unit 5 ~ Unit 8 ,{&ZEW%E Unit 9 ~ Unit 11 2 Appendix A,
Appendix B, 4%E4#E Unit 12 ~ Unit 14 J% Appendix C.Appendix D,Z=EE4E Unit 15 ~
Unit 17 f2 Appendix E,BEHi % 45 Unit 18 Unit 19 2 Appendix F,X||#: B 44’5 Unit 20,
1#%EkIE 4% 5 Unit 1 ~ Unit 10 5 ¢ Translating Skills, 7 4% 5 Unit 11 ~ Unit 20 H1 ()
Translating Skills, 24 i Z=EEME W SR F E .

BT wEKFAR, BPiiRZ A 7ErER, BOF R EMITREE.

% &
2012 459 A



g“\% m Q; r-g'\ gf ‘%“,r "g‘ é%‘

Unit 1

Unit 2

Unit 3

Unit 4

Unit 5

Unit 6

Unit 7

Voltage and Current Laws ----c-cooeeevmeeeiiiiiiiin, 1
Translating Skills B} F1E BIFMLIAR ---ovveemeveeens 6

Reading Material Charge, Current and Voltage --- 11
Sinusoidal AC Circuit Analysis and Three-Phase

CIrCUILS crrrrerreroretsrsnccstecinsesstotsnsssscasensacanns 18
Translating Skills  ZE{UE 7 X HL S BHiE --evee e 23
Reading Material Power in AC Circuits and

RMS Values :rrerereerertcnctcninnns 26
Analog Ampliﬁer .......................................... 28
Translating Skills /] & f 3 U, SiE5EF - 32
Reading Material Analog Circuits «---essseeeeeeeeenees 38
Basic Circuits of Operational Amplifiers ------------ 40
Translating Skills  SEDUEFHINS BB (1) --oor 44
Reading Material Class A Amplifiers —--«eoeeeeeeeees 50
CMOS Logic Circuit «---eoseeseeemmmemii. 52
Translating Skills  EUUEF 9% H B BIPE(2) v 55
Reading Material Digital Logic Systems «:-eeeeee- 60
Introductions to Control Systems :-----coceeeeeeeenees 62
Translating Skills  Bim] HIETE  -coverrrrrrmeeeeeenns 67
Reading Material Advanced Control «----«seeeeeeeeees 3

Introductions to Mathematical Models of Physical
Systems ...................................................... 76

Translating Skills Rz sUHISHAMERIE KB - 80
Reading Material Electrical Engineering  «+-«««+---- 84




o b ohde bl & b 3B (2 M)

Unit 8

Unit 9

Unit 10

Unit 11

Unit 12

Unit 13

Unit 14

Unit 15

Unit 16

Unit 17

Basic Control Actions and Industrial Automatic Controls(1) ----- 87
Translatlng Skl“S iﬁ])‘(%iﬁ*%%‘ﬂ%l qﬂ ................................. 91
Reading Material An Eye on Reactor and Computer Control «:---- 97
Basic Control Actions and Industrial Automatic Controls(2) ------ 99
Translatlng Sk]“s iﬂi‘ﬂ@i@éﬁvﬁj .......................................... 102
Reading Material Introductions to SCADA «+-eeererrreneiiiinninn. 108
Design and Compensation Techniques -«---::-oeeeeeveeiniiininn. 110
Translating Skllls iﬁjtrﬁzﬂg%jﬁ ....................................... 116
Reading Material An Introduction to Computer Simulation ------ 122
Nonlinear Control Systems ............................................. 124
Translating Skills EJ—?-EE%B{J%& ................................. 127
Reading Material Computer Interfaces for Instrumentation
Systems ............................................. 131
Introductions To Phase-Plane Analysis --::-ccoocevereeeeieeennn. 134
Translating Sklllﬁ ’:L%’ Uig]j]ﬁléiﬁ] H(]i%;li( 1 ) ........................ 138
Reading Material Motion Con[rol .................................... 144,
Microcontroller and Its Application ................................. 146
Translating Skills ﬁ%gma%iﬁ] E,\J‘i%ii(z) ........................ 150
Reading Materia] Embedded System ................................. 157
Electronic Design Automation ....................................... 159
Translating Skl]ls m@iﬁ%& B{Ji%}‘lﬁ ................................. 166
Reading Material What iS MatLab ................................. 172
Introductions TO Sensors ............................................. 174
Translating Skills % 75 M) B[R TE AT (1) oeveeeneee 179
Reading Material Thermoelectric Effects and Temperature
Measurement ....................................... 184
Introductions to PID Contro“ers .................................... 186
Translating Skills 5 i W\ /) K2 [R1 57 375 M) B30 (2) ovveeeeeees 191
Reading Material Tuning of the PID Controller ««-«+-seeeeeeeeees 197
Introductions to PLC ccccctrereriiiiiiiiiiiiiiiiiiiciiitticsscsaccnnnns 199

Translating Skills  JRIEMMATHIIEDL (1) coeeervmnenmenenininaniniann, 202



Reading Material Automation and Soft PLC  «+-eeeeereneenene. 207
Unit 18 CAD AN CAM e vcereenrnrnmmmminieiiteriireeiteeieseaneneanes 210
Trans]ating Skllls ){jiig-y\/'ﬂ E/\Ji%i/‘z\t ( 2 ) .............................. 216
Reading Material Numerical Control ................................. 221
Unit 19 Intelligent Control and Its Dimensions «««----cccoeeeeeeeeeriiinnnn. 224
Translating Skjlls ‘L/(flﬂ E/‘Ji%% ....................................... 229
Reading Material Role of Instrumentation and Control in

Nuclear Power Plants ........................... 234
Unit 20 Introductions to Robotics ............................................. 236
Translating Skllls *j‘,ﬁmﬁﬁi%i%?i .............................. 243
Reading Material Mechanization and Automation — -=-«eceeeeeeeee 252
Appendix A @ I},T; _%{S‘z *IJ ( SI) ................................................... 254
Appendix B E =& LBk (Metrology Comparison Table) «------------- 255

Appendix C & H&FS K #H5F3%KiA(Common Marks, Symbols and
Mathematical Expressions) ....................................... 259
Appendix D & FH[ T 324 57 ( Common Latin Abbreviations) ------ 265
Appendix E ﬁmgﬂkiﬂ i[% ................................................... 267
AppendixF q:%ii%*ix:}ﬁﬁ S I P 286
BEAELHR -+ vvvvermeermeern et 209



Voltage and Current Laws

In this Unit, we will be ready to begin analyzing simple circuits constructed from the
basic circuit element. The techniques we will learn are based on two relatively simple laws
Kirchhoff’s current law (KCL) and Kirchhoff’s voltage law ( KVL). KCL is based on the
principle of conservation of charge, and KVL is based on the principle of conservation of

energy both fundamental physical laws®. Once familiar with basic analysis, we make
further use of KCL and KVL to reduce series and parallel combinations of resistors, voltage
sources, or current sources, and we develop the important concepts of voltage and current
division®. In subsequent chapters, we learn additional techniques that allow us to efficiently

analyze even more complex networks.

Nodes, Paths, Loops, and Branches

We noW focus our attention on the current-voltage relationships in simple networks of
two or more circuit elements. The elements will be connected together by wires ( sometimes
referred to as “leads” ), which have zero resistance. Since the network then appears as a
number of simple elements and a set of connecting leads, it is called a lumped-parameter
network. A more difficult analysis problem arises when we are faced with a distributed-
parameter network, which contains an essentially infinite number of vanishingly small
elements®. We will concentrate on lumped-parameter networks in this text.

A point at which two or more elements have a common connection is called a node. For
example, Figure 1-1 (a) shows a circuit containing three nodes. Sometimes networks are
drawn so as to trap an unwary student into believing that there are more nodes present than is
actually the case. This occurs when a node, such as node 1 in Figure 1-1 (a), is shown as
two separate junctions connected by a ( zero-resistance) conductor, as in Figure 1-1 (b).
However, all that has been done is to spread the common point out into a common zero-
resistance line. Thus, we must necessarily consider all of the perfectly conducting leads or
portions of leads attached to the node as part of the node. Note also that every element has a
node at each of its ends.

Suppose that we start at one node in a network and move through a simple element to
the node at the other end. We then continue from that node through a different element to the
next node, and continue this movement until we have gone through as many elements as we

wish. If no node was encountered more than once, then the set of nodes and elements that
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we have passed through is defined as a path. If the node at which we started is the same as
the node on which we ended, then the path is, by definition, a closed path or a loop.

For example, in Figure 1-1 (a), if we move from node 2 through the current source to
node 1, and then through the upper right resistor to node 3, we have established a path;
since we have not continued on to node 2 again, we have not made a loop. If we proceeded
from node 2 through the current source to node 1, down through the left resistor to node 2,
and then up through the central resistor to node 1 again, we do not have a path, since a node
(actually two nodes) was encountered more than once; we also do not have a loop, because
a loop must be a path®.

Another term whose use will prove convenient is branch. We define a branch as a single
path in a network, composed of one simple element and the node at each end of that
element. Thus, a path is a particular collection of branches. The circuit shown in Figure 1-1

(a) and (b) contains five branches.

1 1

(a) (b)

Figure 1-1 The circuit containing nodes and branches
(a) A circuit containing three nodes and five branches;

(b) Node 1 is redrawn to look like two nodes; it is still one node

Kirchhoff’S Current Law

We are now ready to consider the first of the two laws named for Gustav Robert
Kirchhoff (two h’s and two f ’s), a German university professor who was born about the
time Ohm was doing his experimental work. This axiomatic law is called Kirchhoff’s current
law ( abbreviated KCL) , and it simply states that;

The algebraic sum of the currents entering any node is zero.

This law represents a mathematical statement of the fact that charge cannot accumulate at
a node. A node is not a circuit element, and it certainly cannot store, destroy, or generate
charge. Hence, the currents must sum to zero. A hydraulic analogy is sometimes useful
here; for example, consider three water pipes joined in the shape of a Y. We define three
“currents” as flowing into each of the three pipes. If we insist that water is always flowing,
then obviously we cannot have three positive water currents, or the pipes would burst. This
is a result of our defining currents independent of the direction that water is actually flowing.

Therefore, the value of either one or two of the currents as defined must be negative.
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Consider the node shown in Figure 1-2. The algebraic sum of the four currents entering
the node must be zero:
iy +ig+(=i) +(=-1,) =0
It is evident that the law could be equally well applied to the algebraic sum of the
currents leaving the node:
(=iy) +(=1iy) +ig+i, =0
We might also wish to equate the sum of the currents having reference arrows directed
into the node to the sum of those directed out of the node:
iy +ig = ig +ip
which simply states that the sum of the currents going in must equal the sum of the currents
going out.

A compact expression for Kirchhoff’s current law is

z i, =0 (1-1)

which is just a shorthand statement for
I 41, 403+ +iy =0 (1-2)
When Eq. (1-1) or Eq. (1-2) is used, it is understood that the N current arrows are either

all directed toward the node in question, or are all directed away from it.

Figure 1-2 Example node to illustrate the application  Figure 1-3 The potential difference between
of Kirchhoff’s current law points A and B is independent of

the path selected

Kirchhoff’s Voltage Law

Current is related to the charge flowing through a circuit element, whereas voltage is a
measure of potential energy difference across the element. There is a single unique value for
any voltage in circuit theory. Thus, the energy required to move a unit charge from point A
to point B in a circuit must have a value independent of the path chosen to get from A to B
(there is often more than one such path). We may assert this fact through Kirchhoff’s
voltage law (abbreviated KVL).

The algebraic sum of the voltages around any closed path is zero.

In Figure 1-3, if we carry a charge of 1 C from A to B through element 1, the reference

polarity signs for v, show that we do v, joules of work. Now if, instead, we choose to
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proceed from A to B via node C, then we expend v, — v, joules of energy. The work done,
however, is independent of the path in a circuit, and these values must be equal. Any route
must lead to the same value for the voltage. In other words,
VI =V, —V; (1-3)

It follows that if we trace out a closed path, the algebraic sum of the voltages across the

individual elements around it must be zero. Thus, we may write
vV, +V, vy +r vy, =0
or, more compactly,
N

Y v, =0 (14)

We may apply KVL to a circuit in several different ways. One method that leads to
fewer equation-writing errors than others consists of moving mentally around the closed path
in a clockwise direction and writing down directly the voltage of each element whose ( + )
terminal is entered, and writing down the negative of every voltage first met at the ( —)
sign®. Applying this to the single loop of Figure 1-3, we have

-v, +v, —v, =0

which agrees with our previous result, Eq. (1-3).

New Words and Phrases

1. element [ 'elimont | n. Jof4, 8844 B0, BE, o0&

conservation [ konsa(:)'veifon] n. {&FF,{/FF;F1HE

series [ 'siorizz] n. HRER[ ], #B17;ELL, R A B

parallel [ 'paralel | adj. FATHY; AHEE, 200 ; FHBRA)  n. SFATER ML
v. AT

5. lumped-parameter n. ££ M S¥

6. distributed-parameter n. 231 S5

7. current division Hi, I 4TBEC
8
9

.l

. node [noud] n. 78,4558, M.E

. path [pa:®] n. ERE, BRI, /MR, BRER s BUIE , JEIE

10. loop [luip] n. [E1jf ;35,4 (48) Bl 25 40, B14% ; TR 3R

11. branch [brain(t) [] n. 3Z@&; 8L, 508508, 2008, (R 408, 3T X0,
Xk

12. lead [lid] n. R£&,5|4; 017, 9%

13. vanishingly [ 'veenifigli] adv. JHIE{LIHE , 4EDLZE 5 HY

14. unwary [ 'an'weori] adj. RNERK,HOK, AN EBR ;5 ZHE

15. axiomatic [ &eksia'meetik] adj. AFEHY, B K

16. algebraic [ @ldzi'breik | adj. {REH, X FREFED

17. hydraulic [ hai'dro:lik ] adj. K F789, 7K ER/Y

18. analogy [ o'neelodsi] n. &ML, FE{L, BEH0L; 2 b, A5
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19. positive [ 'pozativ] adj. HER, FARE); 4aXT 8 ; [ %] B/, [ B ] P, [ 188 ]
JR Y

20. negative [ 'negotiv] n. &5, B KR adj. B, WA FU, BIHERY

21. compact [ 'kompakt ] adj. 'ZBEH, BFH,FEN n 824, 8F;/0E

22. shorthand [ 'forthend] n. #id,#icH

23. in question 1E#iTiE, A A 4E

24. potential energy n. #gE

25. independent of AfK#i------ SRS T e

26. polarity [ pau'leriti] n. et # ;X757 , #e v

27. joule [dgu:l] n. (Y] £EH

28. work n. Yk BOl, M55 4728 /6, UK, [ 9] 20

29. via [ 'vaia, 'viio] prep. & i@, %4 H

30. trace out v. f#i%:H

31. clockwise [ 'klokwaiz] adj. IS5 A adv. JBE4EEJ5 [ H

Notes
(D KCL is based on the principle of conservation of charge, and KVL is based on the

principle of conservation of energy both fundamental physical laws.

KCL £ s faf <P E 73, KVL T e R~Fia i, WA HE LAWY ER,

® Once familiar with basic analysis, we make further use of KCL and KVL to reduce
series and parallel combinations of resistors, voltage sources, or current sources, and we
develop the important concepts of voltage and current division.

—HRE T EAR 78, AT LA —BF A KCL 1 KVL AL E dBE i
FEUR S IR SR IFERA &, I B & A5 R B e i B A

® A more difficult analysis problem arises when we are faced with a distributed-
parameter network, which contains an essentially infinite number of vanishingly small
elements.

LEATE X A & T/ IT A B 43 A S B0 e 0 2% e, g2 HH B L A IR ME Y 4 T
) &

@ If we proceeded from node 2 through the current source to node 1, down through the
left resistor to node 2, and then up through the central resistor to node 1 again, we do not
have a path, since a node (actually two nodes) was encountered more than once ; we also do
not have a loop, because a loop must be a path.

NIRRT A 2 tH &, E i R IRSIY A1, 1 Tl e R BB 5 2, ARG )
E@Ed PR EEERTN AR L, TR (LR ERRAT Q) $Ed TAIE—K,
BATTIRBA 1 B — 8 5 B T[] B R B, AT A F B — 1 el e

(® One method that leads to fewer equation-writing errors than others consists of moving

mentally around the closed path in a clockwise direction and writing down directly the voltage
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of each element whose ( + ) terminal is entered, and writing down the negative of every
voltage first met at the ( —) sign.

] N A AR LA 1 5 1) B 3 e R Wt ook IEAR B B, [R]BHE T B H
JE T URAE B0 A A 388 F) 70 {8, SR FH X — o ik 7E 91 55 O R I 7 A 9 4 R H oAt 7 vk
GE

Translating Skills
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Mg e , B R  AARHFT =  ARABA LB

BEMEEAR MR B L B8R 2R 4, A SME R A R 18 B A R 1 13 LS
EFR, HEBRETFEORS A O BRI BIE =R, BN RS, BEOE.
X B BEE,
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JOERM A R ZMES Z— B E A KA A, B A AR E K,
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In certain cases friction is an absolute necessity.
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The tendency of evolving organisms to follow a trend is widespread.
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He wanted to learn, to know, to teach.
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