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'‘Basic

Unit One

Text
Electric Circuit

_Passage A

The diagram of Fig 1.1 illustrates the essential parts of an electric circuit, which consists, in its
simplest form, of an energy source and an interconnected energy dissipation or conversion device,
known as the load.

Interconnecting wires

| |

Source Load

Energy

Fig 1.1  The electric circuit in its simplest form

A practical energy source may take one of many forms, depending, for example, on electro-
chemical, electro-magnetic, thermo-electric, photo-electric etc., principles, but for the purpose of
circuit analysis only two idealized forms are recognized, to one of which all practical sources
approximate. These are: the voltage source and the current source.

The voltage source maintains a constant terminal voltage irrespective of the current supplied to
the load. It is important to appreciate that the voltage may be a function of, for example, time,
temperature, pressure etc. It is constant only with respect to variations of load.

The current source maintains a constant current in the load irrespective of the terminal voltage
—which, in this case, is determined by the magnitude of the load. As with the voltage source, the

generated current may depend on many other factors, but its one essential attribute is its
independence of load.

(a) (b)

Fig 1.2 (a) A voltage source; (b) A current source

The symbols used for these active devices are illustrated in Fig 1.2(a) and (b). Also shown on




the figure are the arbitrarily chosen positive directions of voltage and current. It should be noted
that, conventionally, current flows through the source from the negative to the positive terminal.
The transformation from these idealized sources to simulate the characteristics of real sources
can be simply effected.
The energy, w, expanded in moving a charge g through a potential difference (p.d.) u is given
by
w=qu ' (1.1)
hence dw/dt = vdg/dt = ui (1.2)
The rate of expenditure of energy is defined as the power p. Hence, in general the power is
given by
p@® = U®i(®) (1.3)
and is measured in watts when u and i are in volts and amperes, respectively. If power p(r) is
expanded for time 7, the total energy expanded (or stored) is

T
W = pyr (1.4)

By a method similar to that adopted for energy sources, the load — or passive element of a
circuit — may be idealized and defined by its terminal voltage/current relationship. All practical
passive devices possess energy dissipative properties, often accompanied by energy-storage
properties so that three distinct idealized types are possible.

(a) The resistance parameter:

A circuit, which dissipates energy but stores none is said to consist solely of resistance. The
property is defined by the relationship

R=20

i(t)

Where R is the resistance in ohms if u(f) and i(f) are in volts and amperes, respectively, and Eq. 1.5
is known as Ohm’s Law.

(1.5)

- 5 i

uny | R w) 3L (1) c

¥
A A |
(1) i) if)

(a) (b) ©)
Fig 1.3 Symbols for (a) resistance: (b) inductance; (c) capacitance

The corresponding diagrammatic representation is shown in Fig 1.3(a), which also shows the
positive directions of p.d. and current. It should be noted that, unlike an active element, a passive
element develops a potential difference in opposition to the current flow so that there is a fall of
potential through the element in the direction of the current flow. For this reason the terminal p.d. is

called a potential drop - or voltage drop. The element which possesses resistance is termed a
resistor.




The reciprocal of resistance is conductance designated by the symbol G. Thus,

G=1/R (1.6)
the units of G being siemens, or reciprocal ohms. Hence, an alternative form of Ohm’s Law is:
i) =ul®)G (1.7

The power dissipated, u(#)i(f), may be written in terms of resistance (or conductance) and

voltage or current only; thus,
p(®) = i) Ri(H=R [i1))

= u(t) u(t)/R

=G [u()p (1.8)
If, for example, the voltage applied is constant, i.e. U()=U, then i(f)=I and the power

P=PR=U*G (1.9

is also independent of time.

(b) The inductance parameter:

A circuit is said to possess inductance if it is able to store magnetic field energy. The property
is defined by the relationship

u(t) = L di(t)/ds (1.10)

where L is the inductance, the units of which are henrys if u and i are in volts and amperes,
respectively, and t is in seconds. A p.d. of 1V will, therefore, cause the current to change at the rate
of 1A/sec in an inductance of 1H. The circuit representation of the inductance parameter is shown
in Fig 1.3(b). '

The eq.1.10 may also be written in general integral form:

_ 1
i(t) = zju(t)dt (1.11)

The element which possesses inductance is termed an inductor.
The power, u(z)i(r), may be written:
p(®) = Li(r) di(H)/dt (1.12)
and is non-zero only when di(#)/d(r) has a value. Hence for a steady current i()=1, p()=0, but for the

current / to have been established, p(¢) has contributed to the stored energy: ;

T
W= p(tydt (1.13)
1]
Where T is the time taken for the current to build up to 1.
Hence, W=%L12 (1.14)

(c) The capacitance parameter:

A circuit which is able to store electrostatic field energy is said to possess capacitance. The
property is defined in terms of the electric charge stored per unit of potential difference at its
terminals, according to the equation:

q(t) = Cu(® (1.15)
where C is the capacitance, the units of which are farads when u and g are in volts and coulombs,
respectively. Hence, a capacitance of 1F stores a charge of 1C for a terminal p.d. of 1V, Combining




i(f)=dg/dt and Eq.1.15 gives
i()=Cdu()/d(t) (1.16)
with ¢ in seconds.
Thus, a current of 1A flows into a capacitance of 1F when the terminal voltage changes at the
rate of 1V/s.
Eq.1.16 may be rewritten in general integral form:

1¢.
ut) = P j i(t)dt (1.17)

The element which possesses capacitance is termed a capacitor, and its circuit representation is
illustrated in Fig 1.3(c).
The power, u(?)i(£), may be written
p() = u(t) C du(r)/dt (1.18)
and is non-zero only when du(#)/ds has a value. Hence, for a steady voltage u(f) = U, say, p(t) = 0,
but for the voltage U to have built up on the capacitor, p(¢) has contributed to the stored energy

T
W= [p(dr (1.19)
0
Where T is the time taken for the voltage to have built up to U.
Hence W=%CU2 (1.20)

Eq.1.10 and Eq.1.16 show that step discontinuities are not possible in the current through
inductance nor in the voltage across capacitance, since such steps would require, respectively,
infinite voltage and infinite current. The ideas implicit in these restrictions are important in the
analysis of circuits containing inductance and capacitance since they enable the initial conditions to
be defined.

New Words & Special Terms

1. electric /i'lektrik/ a. Hiff); FIERM

2. circuit /'sotkit/ n. EERE; [FIEK; £

3. illustrate /ilostreit/ v. $iBH; MEBE; 254

4. essential fi'sen[ol/ a. SLJRM; HEAN; VER

5. interconnect /intatko'nekt/ vt FHEBR; FHELES
6. dissipation /disi'peifan/ n. K& Wi

7. conversion /kan'va:fon/ n. ¥4k; Tk

8.load /laud/ n. fiE

9. electro-chemical /i'lektrou-kemikal/ a. Hifh (2%) [
10. electromagnetic /i'lektrou'magnitik/ a. EREL

11. thermo-electric /Bamo'ilektrik/ a. HHIf

12. photo-electric /'foutou-i'lektrik/ a. FEHLA

13. irrespective /iris'pektiv/ a. REEH; P

14. magnitude /meegnitjud/ n. K/h; BE




15. active /'&ktiv/ a. EFHHK; B BIEM

16. power /'paus/ n. IhE

17. watt /'wot/ n. BL CF)

18. volt /volt/  n. fR4¥F; R

19. ampere /empior/ n. &

20. passive /'pasiv/ a. #BNF); LIEK

21. resistance /ri'zistons/ n. FHPH; HHT; HFHSE

22. resistor /ri'zists/ n. ELFH2S; HFH .
23. conductance /kon'dAktans/ n. HF; {E5H; BSH
24. siemens /'simens/ n. W[ ]F (HFHAD

25. reciprocal /ri'siprokal/  a. {3 ¥H

26. inductance /in'dAktons/ n. H; RN RH
27.henry 'henri/ n. F; FFH| (BFHAHAL)

28. inductor /in'dakts/ n. HEKES; BNVLEE

29. integral /intigral/ a. K TEM . B4
30. capacitance /ka'pasitons/ n. HZE; B

31. electrostatic /i'lektrou'stetik/ a. FREEM; BREZM n He
32. farad /feerad/ n. VAR (ERARHAL)

33. coulomb /kulom/ n. PFEf (HREHAL)

34. capacitor /ka'pesits/ n. ELAZR

35. discontinuity /diskonti'njuiiti/ n. FIELEM:; |EK
36. implicit /im'plisitV a. &FMK; BAEN

37. relationship /ri'leifonfip/ n. ¥*&; BE

38. restriction /ris'trikfon/ n. [R&l; 4%

Phrases & Expressions

1. voltage source B EVR
2. current source HLYR
3. potential difference(p.d.) H#E
4. potential drop R BHRE
5. voltage drop R RE
6. in terms of RYE: Moo FHBE
7. Ohm’s Law K1 e 1
Notes

Also shown on the figure are the arbitrarily chose positive directions of voltage and current.

AP RIHAKEIE shown on the figure fEiE, i % 4347 chose MIE positive directions
B{]i%o




I. Choose the best answer for each of the following:

1. The voltage source maintains a constant terminal voltage the current supplied to the load.

a. irrespective of b. related of c. interrelated
2 .The current source maintains a constant
a. voltage b. current c. load
3. The units of the inductance are if U and I are in volts and amperes respectively.
a. simens b. ohms c. henrys
4. A circuit which is able to store electrostatic field energy is said to possess
a. inductance b. capacitance c. resistance
5. As with voltage source, the generated current may independed on
a. time b. temperature c. load

I1. Answer the following questions:

1. What does an electric circuit consist of?

2. What is the load?

3. How many idealized forms are recognized for the purpose of the circuit analysis? What are they?

4. What is the inductance which a circuit possesses?

5. What is the capacitance which a circuit possesses?

LI Fill in blanks with the words or expressions given below, change the form where
necessary.

Two of charge are known, arbitrarily designed positive and negative, which __
characterized the experimental observation that, static conditions, like
charges exert a mutual force of repulsion, unlike charges, under similar conditions, exert a
force of attraction. Under these conditions the field of force associated ____ charge is referred

as an electric filed. The potential at the point raised, electrons will flow that point

until all points of the conductor are again the same potential.

to under with while towards

kind separate be by at
IV. Translate Chinese into English:
1. FRBE p YR 55 2 AR T 1 £ B M R
2. EERBETTRER R, BENENSHER, T5RE0KNEEL,
3. HEAARIE AL R R LR, ThER IR R A,
4. FUIHFE L RE T AN 77 e Bl A SR R 2 4 o PR el B
5. HNRERERRRTE S B




Reading Material

Potential and Current

Electric charge is as fundamental a constituent of our universe are mass and energy. Indeed,
present physical theory supposes that all matter consists of particles, the principal attributes of
which are mass and electric charge.

Two kinds of charge are known, arbitrarily designated positive and negative, which are
characterized by the experimental observation that, under static conditions, separated like charges
exert actual force of repulsion, whilst unlike charges, under similar conditions, exert a force of
attraction. Under these conditions, the field of force associated with charge is referred to as an
electric field.

The smallest known charge is that of a single electron, and, since this is much too small to
adopt as a unit for all but a few special purposes, a unit, the coulomb, equal to 6.24x10'8 electrons,
has been chosen as the practical (S.I.) unit. ;

As a consequence of their mutual forces, any system of charges possesses potential energy,
since, unless constrained the individual charges will move and energy will be released. As part of
the theoretical structure this energy is ascribed to the electric field, and so it is possible to identify
with every point in the field a level of energy, the magnitude of which is dependent upon the
charges and their relative positions.

When one of the charges is of unit magnitude, and positive, the energy at the point defining its
position is referred to as the potential at that point, and hence is measured (in S.I. units) in foules
per coulomb (J/C) or volts. The potential difference between two points in a field is therefore the
difference in energy, per unit charge, at the two points.

Observation shows that the force experienced by a charge — a measure of the electric field
strength — varies with distance and diminishes to zero only at an infinite distance from the source
charge (s). Therefore a point at infinity may be considered to be at zero potential.

In practice, however, we are generally concerned with a datum of potential that is not zero the
most common being the earth’s surface considered as an equipotential. Since most of our
experiments are earth-bound there is no need to take into account the potential of the earth with
respect to the true zero datum.

Problem: The potential energy of a charge of +4C at a point A in a field is 24J, and at a point B, 36]J.
Determine, in volts, the potential difference Uss.
Solution: Energy difference W,;=24-36 = -12())

But this is for a charge of 4C. Hence, the potential difference (p. d.) or energy difference per
unit charge=—12/4V=-3V (J/C).

The negative sign means that energy is required from an external source to move the charge
from A to B. This energy is recoverable when the charge moves from B to A. Point B is said to be
at a higher potential than point A. Hence, Upp=+3V.

Note that, since energy is scalar, it is not necessary to know the path followed by the charge in




