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LA Part 1 Electrics and Electronics

Unit 1
1. 1 Text

Circuit Elements and Parameters

An electric circuit(or network)is an interconnection of physical electrical devices. The
purpose of electric circuits is to distribute and convert energy into some other forms. Ac-
cordingly , the basic circuit components are an energy source (or sources),an energy con-
verter (or converters),and conductors connecting them.

An energy source (a primary or secondary cell, a generator, and the like) converts
chemical ,mechanical, thermal or some other form of energy into electric cnergy. An energy
converter, also called load (such as a lamp, heating appliance,or electric motor), converts
electric energy into light,heat,mechanical work,and so on.

Events in a circuit can be defined in terms of e. m. f. (or voltage)and current. When
electric energy is generated ,transmitted and converted under conditions such that the cur-
rents and voltages involved remain constant with time ,one usually speaks of direct-current
(D. C.) circuits.

With time-invariant currents and voltages,the magnetic and electric fields of the asso-
ciated electric plant are also time-invariant. This is the reason why no e. m. f. s of self- or
mutual-induction appear in D. C. circuits,nor are there any displacement currents in the di-
electric surrounding the conductors.

Fig 1.1 shows in simplified form a hypothetical circuit with a storage battery as the
source and a lamp as the load. The terminals of the source and load are interconnected by
conductors (generally but not always wires). As is seen,the source,load and conductors
form a closed conducting path. The e. m. f. of the source causes a continuous and unidirec-
tional current to circulate round this closed path.

This simple circuit made up of a source,a load and two wires is seldom,if ever,met
with in practice. Practical circuits may contain a large number of sources and loads inter-
connected in a variety of ways.

To simplify analysis of actual circuits,it is usual to show them symbolically in a dia-
gram called a circuit diagram, which is in fact a fictitious or,rather,idealized model of an
actual circuit or network. Such a diagram consists of interconnected symbols called circuit
elements or circuit parameters. Two elements are necessary to represent processes in a D.
C. circuit. These are a source of e. m. {. E and of internal (or“source”)resistance Rs,and
the load resistance (which includes the resistance of the conductors) R(Fig. 1. 2).

Whatever its origin (thermal,contact,etc. ), the source e. m. f. E(Fig. 1. 2(a))is nu-

merically equal to the potential difference between terminals 1 and 2 with the external cir-
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cuit open,that is,when there is no current flowing through the source:

E=¢g—@g=V, 1.
a
E R
5
17»]
b

®

Fig. 1.1 Fig. 1.2

The source e.m. . is directed from the terminal at a lower potential to that at a high-
er one. In diagram,this is shown by arrows.

When a load is connected to the source terminals (the circuit is then said to be loaded)
and the circuit is closed,a current begins to flow round it. Now the voltage between source
terminals 1 and 2(called the terminal voltage) is not equal to its e. m. f. because of the volt-
age drop Vs inside the source,that is,across the source resistance Rg

Vs = RsI

Fig. 1. 3 shows a typical so-called external characteristic V,,=¢—@=V(I) of a load-
ed source (hence another name is the load characteristic of a source). As is seen,increase of
current from zero to I==I, causes the terminal voltage of the source to decrease linearly

Ve=V=E—Vs=E — R{I
In other words,the voltage drop Vs across the A
a

source resistance rises in proportion to the current. f- —==Z
40

This goes on until a certain limit is reached. Then

as the current keeps rising, the proportionality be-
tween its value and the voltage drop across the E
source is upset,and the external characteristic ceas-
es to be linear. This decrease in voltage may be

caused by a reduction in the source voltage, by an

w
o
~

increase in the internal resistance,or both. 7 7

S
. . Is.
The power delivered by a source is given by

the equality
Fig. 1.3
Ps=EI (1.2)

where Pgsis the power of the source.
It seems relevant at this point to dispel a common misconception about power. Thus
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one may hear that power is generated,delivered,consumed, transmitted,lost,etc. In point
of fact, however,it is energy that can be generated, delivered, consumed, transmitted or
lost. Power is just the rate of energy input or conversion, that is,the quantity of energy
generated,delivered , transmitted ,etc. per unit time. So,it would be more correct to use the
term energy instead of power in the above context. Yet,we would rather fall in with the
tradition.

The load resistance R (Fig. 1. 2(b)),as a generalized circuit element, gives an idea
about the consumption of energy,that is,the conversion of electric energy into heat,and is
defined as

P = RI* 1.3

In the general case,the load resistance depends solely on the current through the load,
which fact is symbolized by the function R(I).

By Ohm’s law,the voltage across a resistance is

V =RI a.4

In circuit analysis,use is often made of the reciprocal of the resistance,termed the con-

ductance, which is defined as
g =1/R

In practical problems,one often specifies the voltage across a resistance as a function
of current,V (I),or the inverse relation (V) ,rather than the resistance as a function of
current, R(I). The relations of the form V() or I(V) have come to be known as volt-am-
pere characteristics.

Fig. 1. 4 shows volt-ampere curves for a metal-filament lamp,V,(I) ,and for a carbon-
filament lamp V,(I). As is seen,the relation between the voltage and the current in each
lamp is other than linear. The resistance of the metal-filament lamp increases,and that of

the carbon-filament lamp decreases with increase of current.

I
'
140)]
<3
i 40
I
I > -

Fig. 1. 4 Fig.1.5
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Electric circuits containing components with non-linear characteristic are called non-
linear.

If the e. m.{ and internal resistances of sources and associated load resistances are as-
sumed to be independent of the current and voltage,respectively,the external characteristic
V (I) of the sources and the volt-ampere characteristic V, (I)of the loads will be linear
(Fig. 1. 5). '

Electric circuits containing only elements with linear characteristic are called linear.

Most practical circuits may be classed as linear. Therefore,a study into the properties

and analysis of linear circuits is of both theoretical and applied interest.

1. 2 Specialized English Words

circuit components Hi, f& G4 the dielectric &K

circuit parameters Hi B35 storage battery # Hi¥h

electric circuit H§& wire £k

electrical device HEIFH e. m. f. =electromotive force HBHE
electric energy Hi 8k unidirectional current B2 J5 o] $4 55 ¥
energy source R circuit diagram i B &

primary cell JRA4 b load characteristic A #4FH:
secondary cell FF4 &b terminal voltage ¥§H B

enérgy converter W HE¥ a8 external characteristic Ap4E ¥
conductor F{& load resistance i B 4F

generator &M voltage drop H3 JE [

heating appliance H ##8§ conductance H &

direct-current(D. C. ) circuit E i & 8§ volt-ampere characteristics {Rk & 41
magnetic and electric field HEH metal-filament lamp £ BZTH
time-invariant B A 3F ) carbon-filament lamp BRZITH
self-(or mutual-) induction B (H )& non-linear characteristics JEZ&R M 44

displacement current v B H i

1. 3 Notes

1. 3.1 When electric energy is generated,transmitted and converted under conditions
such that the currents and voltages involved remain constant with time,one usually speaks
of direct-current(D. C. ) circuits. X & —PFE NE &4, When...time, & —/ & When 5| &
9 B @R 35 A, one...circuits. RENMEFHEF, REEMNEAFXGET — A such
that 3| R B4 R RIE N H, Z N A B £ 1B £ the currents and voltages,involved R EH G B
R BEAEWIN, P KRB K, remain £ R 317 1E 815, constant BEFRAERIE, LR
RENDRRARGH. B, BOR SRR MEBES £ FRMEHRE , EERPHXNS
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WM ERNBER AL, RITERLAERBE”, TLEH, 4R REMNA...conditions
such that... 3F %A BB FH, T WIF R FEITH KX B AY i 3% B K FE AT 1) 47 8 % B RE— 7
O eoeeee THRARBENEN IR, HERMNRATHEIRPHBHREAERRE
M) e R L SR A RIE ), X AR R SO RS E MGE

1. 3.2 The terminals of the source and load are interconnected by conductors (general-
ly but not always wires). 9 [ generally but not always wires=generally wires,but not al-
ways wires, BN BE XM FEESFR, BOBEL T LA,

1. 3.3 This simple circuit made up of a source,a load and two wires is seldom,if ever,
met with in practice. ==This simple circuit made up of a source,a load and two wires is sel-
dom met with in practice,if it is ever met with in practice sometimes. B A “Xf B — %
B I RENFHERSRARME LR ELIRPAHNERD  ERRDRH.

1. 3.4 Whatever its origin(thermal,contact,etc. ) ,the source e. m. f. E(Fig. 1. 2(a))is
numerically equal to the potential differcnce between terminals 1 and 2 with the external
circuit open,. .. ¥ between terminals 1 and 2 1% 8 difference, i with the external circuit
open N|{&#fi terminals 1 and 2, B AF XN “TiL B H E WEN S BMA A (BIRIBE K
M, EENERMA 2R ARDPRET 1.2WmZEHITHEBE”,

1. 4 Translation

EBETHESH

BRENSHESEREENTYREX SROERARIEBRMERERLA.B
WA BEATHEEAR ERERBURENZENEESFZX,

R IR AR FARBMA RS EAER AR MEANERERAL
fE. BER LIRS (UFRME SR, L AN AT 30 IR 2% K B AL 56 ) A RB R e UL A AT HL MR 4F R
.

W ) T4 0 T DA R 9 (B D AT MR B IR . MR RBTE AR A B AR BT, A
W% oF R 26 9 o R R B R S B B R TR R AL, AT EAR L v E R AR B

TR AREWERAEE, SEKSREHKANEHNBSERNAER X BRREN
HLAGEERERTEEARANERAHBRESHEOABRRARFUBECBERMOR
A,

B 1.1 A AL 07 S FOR DA E R A R AT R — B R B AR TR S
ESARGERRSA.EOEBRT A ERE, WEHFR, 8 R ARNFEEL— T
AEEE, BHBTE-—NRZARERNESZLAHER.

R —NEE N RRMER G A R B, KR B R R R
R, EHREBETELBEFEHEAATNEZNERENAR.

Kt LA BT CEFHCERARSERNERE, X aEELR ERE
M, N EH LR SR RN EAEE XM EEEEERNR BT AR
HRBEFSHAR. ¥ TER—HRSE ZL0BERHTH IREEHEN E.AREY
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RsWEEMAZEH(EHEEEFEANERRLAL 2,
EREBHENFEDNRAAGIFTERR EELREMEX=EN . EREHE
ECRLE 1.2@)DFEHE L ST 1.2 W% 2 18 9 FF B s JE , B 24 63 35 P o o R AT B
E=¢q—p=V, (1.1)
BERSBEWTEAKENSERSEMNS . EABRERAF AN LEER.
YRS R EAAE A EBERIERDERAS Y, AR E K EE B BT
W UR N R E E R Vs (3 BT BEL Rs b A9 FE )
V= Rl
BB LR 1.2 B2 I (AR D) B RS T 2 d s,
A1L3BRT M HABREBEENHREMFTEIEE Ve=a—a=VIDOWMKIBHE
HREFTE). NEFATEL, SERATEKE I~], ot BERBEREETHE
V,=V=E—Vyg=E — R;I
BmEL, B NPT ERE V SHBMRER. ZE B - ERFSI R s E— it
REHIE ARG FEERM KSR, L SHEREEZ WEEE T IMEERE R
M. BEMXHTHROFRED FREREN TR, CFERTAENE K REWEHTE
Z.
BERMHEMIEHR TAHE
Ps = EI (1.2
A, P HEIFEINE,
TEHWBERMZEBEBRET RN —FERE RGBS, LA RIS X FohEm
A R HRE B RS ENURE . AM.EL L, FRERASETEEBM L NE L
FIHFE A BA YL , T 32 (L2 RE B A0 3 A SR e ) L 3R, B BA {67 Bf 1) P9 70 Ak L 4R IR 5 4 45 0 B
BE, A EALARANEFPHBRE"XMRBEMAA DR SERERE, RTAMNIBT £
5 ORTR
ERN—FMBUREBRTH, AREMH RULE L.2ONDERT — N INEERNES,
B e &, HI e U h
P = RI* (1.3
BE,AREBENBATESARMER. X—STHRDOYEREFLSEER.
K 9 5 TR0, b L 7 S 0 L R
V = RI 1. 4)
EEBIMF . EEEARENBEE.HRZIEE, HEXH
g=1/R
£ SC B Al BE AR, A3 7R % %4 e B 2R 9 68 W60 BB B R (DD , TG 45 e B 780 4% o I 0
NERMOEHE VD, BHERBRIV)  BEVIDFKIVIKNERE B ABT 88 K- 45
e
A14FHMR VI (DMV,(DSRNER—SBRLITHMBRLZITHENR-THEEHL.
MEFREMTHRYERMEEZRN XA RAREMW . HEBRGEN, & BL2THK
o BEL A2 98 00 9 I B 24 4T MO B e BEL R /B .
SRERETHHEBERIIEXR R,
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BUEBRGEFIFNARSHREN AR BHEBF AN A E R RAE ETATEL,
HABRBHSMHE VIDORABRKR-ZRHEV.(DBIKEHNLE 1.5).

E LT BB FR R B,

REBELIRE BT AR LR B, R AR NIRRT RRR
FHEBEMELERHONER X,



Unit 2 Ideal Sources Series and Parallel Equivalent Circuits * Q.

Unit 2
2.1 Text

Ideal Sources Series and Parallel Equivalent Circuits

Consider an elementary circuit containing a single source of e. m. f. E and of internal

resistance Rs, and a single load R (Fig. 2. 1). The 1 a
resistance of the conductors of this type of circuit may

be neglected. In the external portion of the circuit,that R
is,in the load R,the current is assumed to flow from Rs E Il v
the junction a (which is at a higher potential such that

@ =) to the junction &6(which is at a lower potential ) ,
such that ¢ =g,). The direction of current flow may be

shown either by a hollow arrowhead or by supplying Fig. 2.1

the current symbol with a double subscript whose first digit identifies the junction at a
higher potential and the second the junction at a lower potential. Thus for the circuit of
Fig. 2. 1,the current I=1,,.

We shall show that the circuit of Fig. 2. 1 containing a source of known e. m. f. E and
source resistance Rs may be represented by two types of equivalent circuits.

As already stated,the terminal voltage of a loaded source is lower than the source e.

m. f. by an amount equal to the voltage drop across the source resistance:

V=ga—-—@=E—-Vs=E—R 2.0
On the other hand,the voltage across the load resistance R is
V=g¢g—¢=RI (2.2)
Since ¢y =@, and @ =@, from Egs. (2. 1) and (2. 2) it follows that E—RsI=RI ,or
E = RsI + RI (2.3)

and
I =E/(Rs + R)

From the last equation we conclude that the current through the source is controlled
by both the load resistance and the source resistance. Therefore,in an equivalent circuit di-
agram the source resistance Rs may be shown connected in series with the load resistance
R. This configuration may be called the series equivalent circuit (usually known as the
Thevenin equivalent source).

Depending on the relative magnitude of the voltages across Rsand R,we can develop
two modifications of the series equivalent circuit. In the equivalent circuit of Fig. 2. 2(a),V
is controlled by the load current and is decided by the difference between the source e. m.

f. E and the voltage drop V5. If Rs<R and,for the same current, V<V (that is,if the



