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Chapter I The Base of Power Electronics

Unit 1 Linear Circuit Analysis

Text

1. Ohm’s Law

Suppose that some material is connected to the terminals of an ideal voltage source u(f) as
shown in Fig. 1-1. Suppose that u(/)=1V, then the
electric potential at the top of the material is 1 V above
the potential at the bottom. Since an electron has a V=1V R li(')
negative charge, electrons in the material will tend to e]
flow from bottom to top. Therefore, we say that a
current tends to go from top to bottom through the Fig. 1-1 connection to an ideal voltage source
material. Hence, for the given polarity, when u(f) is a positive number, i(r) will be a positive number
with the direction indicated in Fig. 1-1. If u(¢) =2V, again the potential at the top is greater 2V than at
the bottom, so i(f) will again be positive. However, because the potential is now twice as large as
before, the current i(¢) will be greater (If the material is a “linear” element, the current will be
twice as great). If the resulting current i(f) is always directly proportional to the voltage for any
function u(f), the material is called a linear resistor.

To a linear resistor, we have:

R=% and i(t)=%f)

The unit of resistance (volts per ampere) is referred to as Ohms and is denoted by the capital
Greek letter omega Q. Both equations above are also referred to as Ohm’s law.

2. Kirchhoff’s Current Law

It is a consequence of the work of the German physicist Gustav Kirchhoffl") (1824—1887) that
enables us to analyze an interconnection of any number of elements (voltage sources, current
sources and resistors), as well as other electronic devices. We will refer to any such interconnection
as a circuit or a network.

For a given circuit a connection of two or more elements shall be called a node. We now
present the first of Kirchhoff’s two laws, his current law (KCL), which is essentially the law of
conservation of electric charge:



D= ion
At any node of a circuit, at every instant of time, the sum of the currents into the node is equal
to the sum of the currents out of the node.
An alternative, but equivalent, form of KCL can be obtained by considering currents directed

into a node to be positive in sense and currents directed out of a node to be negative in sense. Under
this circumstance, the alternative form of KCL can be stated as follows:

D=0

At any node of a circuit, the currents algebraically sum to zero.

3. Kirchhoff’s Voltage Law

We now present the second Kirchhoff’s laws—the voltage law. To do this, we must introduce
the concept of a “loop”. Starting at any node » in a circuit, we form a loop by traversing through
elements and returning to the starting node n, and never encountering any other node more than
once. Kirchhoff’s voltage law (KVL) is:

2 =2

In traversing any loop in any circuit, at every instant of time, the sum of the voltages having
one polarity equals the sum of the voltages having the opposite polarity.

An alternative statement of KVL can be obtained by considering voltages across elements that
are traversed from plus to minus to be positive in sense and voltages across elements that are
traversed from minus to plus to be negative in sense (or vice versa)l®. Under this circumstance,
KVL has the following alternative form.

Zu =0

Around any loop in a circuit, the voltages algebraically sum to zero.

4. Circuit Analysis Techniques

The process by which we determine a variable (either voltage or current) of a circuit is called
analysis. Though some simple single-stage amplifier circuits can be quite useful. We have already
come across some simple single-stage amplifier circuits whose analysis was accomplished by
applying the basic principles converted to data—Ohm’s law, KCL and KVL. Nonetheless, we must
also be able to analyze more complicated circuits—those in which it is simply not possible to
conveniently write and solve a set of linear algebraic equations.

There are several distinct approaches that we can take. In one we write a set of simultaneous
equations in which the variables are voltage, this is known as nodal analysis. In another we write a
set of simultaneous equations in which the variables are currents, this is known as mesh analysis.
Although nodal analysis can be used to all circuits, this is not the case for mesh analysis. A class of
circuits known as “nonplanar” networks cannot be handled with mesh analysis. However, a similar
approach—Iloop analysis—can be used. Here the variables are also current.

S. Sinusoidal Circuits

Step and impulse functions are useful in determining the responses of circuits when they are



first turned on or when sudden or irregular changes occur in the input. This is called transient
analysis. However, to see how a circuit responds to’! a regular or repetitive input—the steady-state
analysis—function that is by far the most useful is the sinusoid.

The sinusoid is an extremely important and ubiquitous function. To begin with the shape of
ordinary household voltage is sinusoidal, consumer radio transmissions are either amplitude
modulation (AM), in which the amplitude of a sinusoid is changed or modulated according some
information signal, or frequency modulation (FM), in which the frequency of a sinusoid is
modulated.

We have the following conclusions about the sinusoid.

1) If the input of a linear, time-invariant™ circuit is a sinusoid, then the response is sinusoid of
the same frequency.

2) Finding the magnitude and phase angle of a sinusoidal steady-state response can be
accomplished with either real or complex sinusoids.

3) If the output of a sinusoidal circuit reaches its peak before the input, the circuit is a lead
network. Conversely, itis a lag network.

4) Using the concepts of phasor and impedance, sinusoidal circuits can be analyzed in the
frequency domain in a manner analogous to resistive circuits by using the phasor versions of KCL,
KVL, nodal analysis, mesh analysis and loop analysis.

New Words and Phrases

admittance [sd'mitons] n. HEA, A, EilE, F49 (B EFAMEIED
algebraical [.&ld3ibreiikol] adi. 1REEEH

consequence [konsikwons] n. 453, #HH, #Eid, TEAIMAL
polarity [pou'lerati] n. Pith, i, XL

depict [di'pikt] ve. fHim, ik

interconnection [iintoke'nekfon] n. H#H#ELR, Hi%E

single-stage ['singl'steid3] adj. P44, PALH)

node [noud] n. Wi/, ¥8 (nodal adj. T7f, PHTHD

nonplanar ['non'pleins] adj. IEFMEA, ZE[E K (BRZERT)

impulse [impAls] n. W3, Bk, R, &bz, v #3
transient ['trenziont] adj. ¥EH, BEIH, n BEIE, KY
function ['fagkfon] n. TifE, PR¥L, BKMES, vi. ITFERI, 81T
omega ['oumige] n. HWETFBHERE—NF, KT, BE
conservation [konsa'veifon] n. {RFE, 1REF, {RiPFiHE

encounter [in'kaunts] vt. &, #iE, BE, n BE, HRER
traverse ['treevas] n. BEAR, L, v FIL, VRHAFS, vi B, iEE
impedance [im'pi:dens] . FHHT (EIEHAS B

loop [lu:p] vi. #T3%, &, » 2, B, UAE) HE

mesh [mef]n. Mz%, MR, W42, BEE, vi RS, v ARHEE
ubiquitous [ju:'bikwites] adj. WEFAER, TTATAZER



modulate ['modjuleit] v«. {877, W, (FS) #HEl, vi iR
domain [dou'mein] n. #IK, Mk, Hif=, A

phasor ['feizo(r)] n. HHE, HEHE

sinusoid ['sainesoid] n. 1E5Z#HZE, TiX

refertoas 3RF|eeeeer, fENereees , e B Y

analogousto fELF----

Technical Terms

amplitude modulation  (AM) i@
frequency modulation ~ (FM) 4
lag network ¥ J5 4%

lead network #H AT M 2%

transient analysis B AT

Notes

[1] Gustav Kirchhoff, A%, fEEYHEEER (1824—1887), fhéa T HERHTHIA A&
A ER.

[2] vice versa F/n “RZIMR, RiTRE—H", W@:

Ultimately, it is the individual stocks those determine the market, not vice versa. JiZ|/K, *&
— X REE TR RIE R, TRZIFR.

[3] respond to iR “Xifeeeees ML, Hfeeoeee fEH RN, WY, [EIE”, .

People respond to your warmth and curiosity now, and your world only gets better and better.
AT SR AIE FIF AT O TR, RS SRR BB T !

[4] time-invariant adj. AR, ANBER SRR, . BRAZE

time-invariant circuit FfANZEH IR (F2AHEER), linear time-invariant systems £&{%HIEHIAR
R4

We start with time-invariant filters and basic wavelets. M B 7528 B85 88 M1 A/ g T 46
Wiz,

Exercises

I. Answer the following questions according to the text.
1. What is Kirchhoff’s Current Law?

2. What is Kirchhoff’s Voltage Law?

3. What is called a circuit analysis?

4. Why the sinusoid is an extremely important function?
I1. Translate the following phrases into Chinese.

1. be directly proportional to the voltage 2. percentage of modulation
3. introduce the concept of a “loop” 4. the phasor versions of KCL
5. present the second of Kirchhoff's laws 6. time-invariant circuit

7. sinusoidal steady-state response 8. ordinary household voltage



IIL. Translate the following sentences into English. _

. TR HES I R REOT R AR S .

. WEHEBNA SRR, B—BNKERENSTAHEEM.
- BAVLIE 2 51T LR AT R

. Bl R PR AN Y LUE A TR HL .

BB RN AU R R TR N A s

W oA W N =

Translating Skills

PR REWENIRES A

BFE—FEAE, NEEFRIEREENEE, B —MESREHEEENERE. X
MEBRFHELIHVEBNERFEIENATS SR, EHRIEMAGEM L, REFMISHRE
SCEF BRSO R R A IS R .

1. BFRYERE

PHR SRR BIESAE TR 0 “ B sE. d@R” A F.

B, HABIETRIAE, FELIREENARTEMERREREER, ST
RORIEBIEM: ESHRRRERERGE, RERIHAKEH.

W, B3R 0E S WAEMA S E, fFEam.

BSEEBNTRAHSARRRA, sh— A BTSN, EESEANE: BNmASE,
BB AR N A S XUk, IR ok 25 TR . Biftn:

The electric resistance is measured in Ohms.

WV B RBUR R B

ER: AR B AL R RRG

All metals do not conduct electricity equally well.

R¥: ERSBEATREHRELT.

ERF: FAEE R ARG FE.

The moment the circuit is completed, a current will start flowing the coil.

E#E: WM —HEGE, BRARRRLZLE.

Some special alloy steels should be used for such parts because the alloying elements make
them tougher, stronger, or harder than carbon steels.

B MNEXEZRATKAELHERNESMN, BAESETERREMOIME. BE.
&R

MEL BB LI R E R, AREENDS, HARZEIE, PUEFRIGRTEL, ik
REFEERERE. B, BNFRERAARERRE. i, # 1 i “BE” SEnE
SEEA, ARERMEE.

2. BiReYAHE .

BRI A BRI E H ¥ (literal translation) FIE ¥ (free translation). Hi¥, HIIE
“BERETRIXAR, EETERERICHER” ®BE: 5% MEREREETEXHMAA, H
AP TIRICHTER .

BiENRECH ERBMIE, REFENRERE, FEEFVNREE. NE—-ITTF

b



Rid, FEFFIERGEA —FP i, ATLAAC R4 P ok I 3 FH LA _E R i

HE T KT

Milky Way, NiFJN “4Rin” (B, RAHEN “4-4i7,

bull’s eye, NN “HE.07 (BF), RNATHER “4HRE".

New uses have been found for old metals, and new alloys have been made to satisfy new
demands. ZMERE THHRE, HHEBBPIEHER, UBEFHNTEE (RO EWmsm
TERE, B¥EESHATHEED.

The ability to program these devices will make a student an invaluable asset to the growing
electronic industry. FFEIXLLESMFIRIE T35 42 o B 2848 K e T VAT o I B A A
CX B asset JREA “¥/™”, WMIFELFXEER “AA.

3. MFPME LS

TWIRBERIGES T NAMERE, HE -3, Xpie TELiESEiiss
RAMZER. LWIGELHMENIER, WHRAEEZELSWHTEN R, EEEFAE
BT, RARSG. BMERI—AME, EAF¥REWIEET, B4 X HRANRM. B

The computer took over an immense range of tasks from workers muscles and brains.

WRiF: EHARE T TAKERILAFI KR,

IEWE: WEHLEAT A KBRS 555

(X B muscles and brains 5|24 “4k 3 F% 11955h 7. )

In any case work doesn’t include time, but power does.

Ev¥: EEAHBRT, AafEntE, BhEaiEeiE.

(X B work, power ZEJEEE N RITEA “Th”. “ThEK”,)

Like charges repel each other while opposite charges attracted.

EV: FWBEAAHEER, FHEBREAHERS .

(charge & MCH “H#. . B, BH7, BEWEIREBAY “HE7)

MELEBIEYAT SN, BMbIEEL ISR, BN, BIFEHRMER. B4, EX. XK
DERBATRERGHIZHUERE TN, BERAFEEBEIKE,

Reading

Thevenin's Theorem

Suppose that a load resistor Ry, is connected to an arbitrary (in the sense that it contains only
linear elements) circuit as shown in Fig. 1-2a.What value of the load R, will absorb the maximum
amount of power? Knowing the particular circuit, we can use nodal or mesh analysis to obtain an
expression for the power absorbed by Ry, then take the derivative of this expression to determine
what value of Ry, results in maximum power. The effort required for such an approach can be quite
great. Fortunately, though, a remarkable and important circuit theory concept states that as far as R
is concerned, the arbitrary circuit shown in Fig. 1-2a behaves as though it is a single independent
voltage source in series with a single resistance (Fig. 1-2¢).

Once we determine the values of this source and this resistance, we simply apply the results
on maximum power transfer.
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Suppose we are given an arbitrary circuit containing any or all of the following elements
resistors, voltage sources and current sources. The sources can be dependent as well as independent.
Let us identify a pair of nodes, say node a and node b, so that the circuit can be partitioned into
two pars as shown in Fig. 1-2b. Furthermore suppose that circuit A contains no dependent source
that independent on a variable in circuit B, and vice versa. Then we can replace circuit A by an
appropriate independent voltage source, call it uoc, in series with an appropriate resistance, call
it R, and the effect on circuit B is the same as that produced by circuit A. This voltage source and
resistance series combination is called the Thevenin equivalent of the circuit A. In other words,
circuit A in Fig. 1-2a and the circuit in the left box in Fig. 1-2¢ have the same effect on the circuit
B. This result is known as Thevenin’s theorem, and is one of the more useful and significant
concepts in circuit theory.

. L a L o
arbitrary circuit circuit + Ro circuit

- Ry
circuit A B 1) — B

a) b) <)
Fig. 1-2 The circuit of the Thevenin’s theorem

a) Arbitrary circuit and its associated load  b) Circuit partitioned into two parts  c) Application of Thevenin’s

To obtain the voltage uoc which is called the open-circuit voltage, remove circuit B from
circuit A, and determine the voltage between nodes a and b. This voltage, as shown in Fig. 1-3a,
18 Uoc-

a a
o = °  |circuit A with all[F° circuit A with all
circuit A u independent | <R, independent
oc sources set to sources set to
—0 Zero —o Zero
b b
a) b) ©)

Fig. 1-3 The Thevenin’s theorem

a) Determination of open-circuit voltage b) Determination of Thevenin equivalent{output) resistance c¢) Determination of output resistance

To obtain the resistance Ro Which is called the Thevenin equivalent resistance or the output
resistance of circuit A, again remove circuit B from circuit A. Next, set all independent sources
in circuit A to zero. Leave the dependent sources as is! (A zero voltage source is equivalent a short-
circuit, and a zero current source is equivalent to an open-circuit.) Now determine the resistance
between nodes a and b—this is Ro as shown in Fig. 1-3b.

If circuit A contains no dependent sources, when all independent sources are set to zero, the
result may be simply a series-parallel resistive network in this case. However, Ro can be found by
applying an independent source between nodes a and b and then by taking the ratio of voltage to
current. This procedure is depicted in Fig. 1-3¢c, for the most part it doesn’t matter whether uo is
applied and ip is calculated or vice versa.



New Words and Phrases

theorem ['iorom] n. T, ¥ER], EHE

arbitrary ['a:bitrori] adj. {EEHK], REH, n EBEAEIBR
partition [pa:'tifon] n. 2%, X%, 47F, Bk, v Koy, R
derivative [dirivetiv] n. £T2EH1, WRAEY), adj. SIHE), TRER
resistive [ri'zistiv] adi. BIRIUHHI, WIH, n BFHK

depict [di'pikt] vz. #E, R, #5, K

Exercises

1. Translate the following phrases into English.

1. FAMTRE 2. EEERERMS
3. MFERKIIR _ 4. HIFERALFHM 2%
5. Ji Wi Y R 6. R EER

7. AT AEES PR ML BRI TE 8. Hu
I1. Translate the last paragraph into Chinese.



