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Elements and Léw(zs

A. Text

Resistors, Capacitors and Inductors

Resistors, capacitors and inductors are very important elements in electronic circuits.

Resistors and Resistance

A resistor is a two-terminal element. Resistance is the capacity of materials to impede
the flow of current or, more specifically, the flow of electric charge. In SI, resistance is
measured in ohms. The Greek letter omega ({)) is the standard symbol for an ohm. Larger
amount of resistance are commonly expressed in kilo-ohm (k) and in mega-ohm (M(}).

The circuit element used to model this behavior is the resistor. Figure 1.1 shows the

circuit symbol for the resistor, with R denoting the resistance value of the resistor.

R
—ANN—

Figure 1.1 The circuit symbol for a resistor

For purposes of circuit analysis, we must reference the current in the resistor to the
terminal voltage. If we choose the associated reference direction, the relationship between
the voltage and current is

v=IiR (1.1)

Where v is the voltage in volts, i/ is the current in amperes, and R is the resistance in
ohms.
If we choose non-associated reference direction, we must write
v=—iR (1.2)
The algebraic signs used in Eqs (1.1) and (1.2) are known as Ohm’s Law. Ohm'’s
Law expressed the voltage as a function of the current. However, expressing the current
as a function of the voltage is also convenient. Ohm’s Law is the algebraic relationship

between voltage and current for a resistor.

Unit 1
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Capacitors and Capacitance

Electrical energy can be stored in an electric field. The device capable of doing this
is called a capacitor. The ability of a capacitor to store electrical energy is termed
capacitance.' Figure 1.2 shows the circuit symbol for the capacitor. The circuit parameter
of capacitance is represented by the letter C, is measured in farads (F). Because the
farad is an extremely large quantity of capacitance, practical capacitor values usually lie in
the picofarad (pF) to microfarad (ufF) range.

C

O—H——O

Fig.1.2 The circuit symbol for a capacitor

As the voltage varies with time, the displacement of charge also varies with time,
causing what is known as the displacement current.” At the terminals, the displacement
current is indistinguishable from a conduction current. When the current reference and the
voltage reference are associated, the current is proportional to the rate at which the voltage
across the capacitor varies with time, or, mathematically,

.~ dv
i=Ca (1.3)

where i is measured in amperes, C in farads, v in volts, and ¢ in seconds.

Inductors and Inductance

It is well known that inductors are one of building blocks in electronic circuits. All
coils have inductance. Inductance is the property of opposing any change of a current
flowing through a coil. Inductance is symbolized by the letter L, is measured in henrys
(H). Figure 1.3 shows an inductor.

L

O——" VYV VY +—0
Fig.1.3 The circuit symbol for an inductor

When the reference directions of the current and voltage are associated, yields

_p di
v=L 9 (1.4)

where v is measured in volts, L in henrys, i in amperes, and ¢ in seconds.

Note from Eq. (1.4) that the voltage across the terminals of an inductor is proportion-
al to the time rate of change of the current in the inductor. We can make two important
observations here. First, if the current is constant, the voltage across the ideal inductor is
zero. Thus the inductor behaves as a short circuit in the presence of a constant, or dc.
current. Second, a current cannot change instantaneously in an inductor; that is, the cur-
rent cannot change by a finite amount in zero time. An inductor, like a capacitor, stores
the energy supplied to it, but it stores energy in the form of a magnetic rather than an
electric field.’

AN\ Wit 1



Technical Words and Expressions

resistor
capacitor
inductor
element
electronic
circuit
resistance
terminal
capacity
impede
current
charge

SI

ohm

voltage
associated
ampere
non-associated
algebraic

Eq.

Ohm’s Law
function
capacitance
electric field
parameter
faradfarad
picofarad

microfarad

be proportional to

inductance
coil

henry
constant
finite

short circuit
dc. current
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1.

II.

Notes

The device capable of doing this is called a capacitor. The ability of a capacitor to store
electrical energy is termed capacitance.

TAABRE AR B I LA g . AP AR REAYAE I WU fiftr 2

fjH“to store electrical energy” W ANERNEEE . WA FREBSNMES  1ERHTIE
T RS

As the voltage varies with time, the displacement of charge also varies with time, causing
what is known as the displacement current.

“’%FISEBTIETJ*‘{{:HT H fa LR L BT (] 22 1k, 5 2 1 ARFIT A 2 HL i

{£ “causing what ...” H, causing ZFLE A EIEVELS HORIE  what 5] 5218 M A) 7
causing [ EETE .

An inductor, like a capacitor, stores the energy supplied to it, but it stores energy in
the form of a magnetic rather than an electric field.

HL RS FIHL 28— FF  AERR AL B AR R (HU2 e R IREARIE A2 L HL 3 T 5
frfififig st

fijrf“rather than™ n] { iRl TR, S0 I8 1003 , 7R AE M & vh (B A T e, 5
ESE A JamnT LA R AR JB 2R R Shia sl in A e 5

Exercises

Try to match the following columns.

1. two-terminal element Lk

2. assocmted reference dlrectlon 7 ‘ ki a

3. Ohm’s Law ; 7%@@%7
4. electric field W

5. dlsp]acemem current B . I jT:ﬁi
6. short circuit N Rk

7. magnetic field o T
8. conduction current eSS =

Choose one word from the word list below to fill in the blank in each of

the following sentences. Change the form of the word where necessary.

inductance capacitance resistance inductor capacitor resistor
1. The ability of a capacitor to store electrical energy is termed
2. A ~is a device designed to have capacitance.

3.In SI,  is measured in ohms.

TR\ Wnit 1
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4. Ohm’s Law is the algebraic relationship between the voltage and current fora
5. s the property of opposing any change of a current flowing through a coil.

6.  stores energy in the form of a magnetic rather than an electric field.

II1. Please translate the following paragraph into Chinese.

We can make two important observations here. First, if the current is constant, the
voltage across the ideal inductor is zero. Thus the inductor behaves as a short circuit in
the presence of a constant, or dc. current. Second, a current cannot change instantaneously
in an inductor; that is, the current cannot change by a finite amount in zero time.

B. Knowledge about Translation

PR ENFIRER TR

MIFRA—METRAZ RAFERERMEHAGESHE AARET AL B R, IHREKE
H LI GAFRRFEFN N EF TR, LERTAB I E M EIEEFH M
Aol £ A6 IR AE b 1% LRI MR AR B 1E A R S IR A B 3 A ik

1. #iF ey Anof

A E G EIFAF A THAE A B K GBI WA F

B RABEE TR AL, FH LM FAE N E T MR EL R, RIF
FEEIGM Bl B R EBRBFRERMS A THRELRRTE

iR : 535 L35 F L SRENA B 1, AR HLTE

&9 5 R ARSRA A 80 . 8 52 BT, i A B R, WA BT B % 55 R R
% BB BAE AR LS KA IRk R X TR, #lde.

1) He knows something about electricity.

BiRiFk bl A X B R L AT,

A ALE SR

2) The electric resistance is measured in ohms.

AaRiF kR 0 BAE A B 2 8Y

Ay ik W LAY ) A R R

3) All metals do not conduct electricity equally well.

Hrikif ik 232K/ AR T RITARFLT

EA TR 2 B AR AT S8

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

AiRIFE R T R B A, AR TSRS E

EAFE U8, LR RIAGKE .,

MVA B A 6) P ST AT 2 M A B R AR E M, SF 4 iR 98 5038 5 iR URGERLIEAL, HF3E

TS 47 005




In

BET_ e

A BRI BGLE,

AR R EG IR AP R R SR A REGFE, Bl F6 2 PR TER
&, XA R 6 iF ik,

2. BFMF %

3% 64 7 F K ARG R A A . A% (literal translation ) #= & % (free translation) .

HiZ PR BREETRIAL, LEETRIBN 98T AR AL REF, RTEL
A 3L,

EF HABEETRIGAS, RIGRT R X,

FEER, BN FEA LA T L R AFORAEF, T FHRETF, AANE
— A8 FAEREA—F A&, AR EAST ETIREARRE A, $2, &80
“eE BIRTHFE .

KA T @eg#H 5

the Milky Way 4R (&%) (R T LiF A : 455% )

bull’s eye $o.3 (FiF) (R A iF A  FIRE)

catch a cold 2§ (&F#F)(RT ALFH IME—A%)

New uses have been found for old metals,and new alloys have been made to satisfy
new demands.

R BA T NG, S EHR B R AHBEIHGEE, (KOATER9 AL
BiFk, EFAs MG LEFR, )

1 C. Classroom Reading

The Ideal Basic Circuit Element and Kirchhoff’s Laws

The ideal basic circuit element An ideal basic circuit element has three
attributes: (1) it has only two terminals, which are points of connection to other circuit
components; (2) it is described mathematically in terms of currents and/or voltages; and
(3) it cannot be subdivided into other elements. We use the word “ideal” to imply that a
basic circuit element does not exist as a realizable physical component. We use the “basic”
to imply that the circuit element cannot be further reduced or subdivided into other
elements. Thus the basic circuit elements form the building blocks for constructing circuit
models, but they themselves cannot be modeled with any other type of elements.

There are five ideal basic circuit elements: voltage sources, current sources, resistors,
inductors, and capacitors.

Kirchhoff’s Laws A circuit is said to be solved when the voltage across and the
current in every element have been determined. Ohm’s Law is an important equation for

deriving such solutions.
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