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Unit ()ne’

Text
Electric Circuit
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

I |

Fig 1.1  The electric circuit in its simplest form

Energy

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 without 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 Voltage source and A current source

(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
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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 ¢ 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(7) (1.3)
and is measured in watts when # and 7 are in volts and amperes, respectively. If power p(7) is
expanded for time 7, the total energy expanded (or stored) is

W= [pydt (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 i)
i(1)

where R is the resistance in ohms if %(7) and i(7) are in volts and amperes, respectively, and Eq. 1.5

I L

(1.5)

is known as Ohm’s Law.

u(r) R u(t) L ul)

| | |
ir) i(r) i(r)

(a) (b) (c)

Fig 1.3 Symbols

(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 obedience 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.

4



Unit One
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) =u()G (1.7)

The power dissipated, u(7)i(f), may be written in terms of resistance (or conductance) and
voltage or current only; thus,

p(t)=i(t) R i(H)= R [i()]

=u(t) u(t)/R

= G [u(t)’ | (18)
If, for example, the voltage applied is constant, i.e. U(f)=U, then i(#)=I and the power

P=FR=UG (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(z)/dt (1.10)

where L is the inductance, the units of which are henrys if # 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:

i(H)= % u(t)de (1.11)

The element which possesses inductance is termed an inductor.
The power, u(?)i(#), may be written:
p(t) =L i) di(¢)/dt (1.12)
and is non-zero only when di(#)/d(7) has a value. Hence for a steady current i(¢)=/, p(#)=0, but for
the current 7 to have been established, p(7) has contributed to the stored energy:

T
W= jp(t)dz (1.13)
0
where T is the time taken for the current to build up to /.
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 « 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

15
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i(fy=dg/dt and Eq.1.15 gives
i(Hy=Cdu(t)/d(¢) (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 ¢
un= - jz(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(f), may be written
p@) = u(?) C du(f)/dt (1.18)
and is non-zero only when du(f)/df has a value. Hence, for a steady voltage u(¢) = U, say, p(t) = 0,
but for the voltage U to have built up on the capacitor, p(7) has contributed to the stored energy

T
W= J'p(t)dz (1.19)
0
where 7' is the time taken for the voltage to have built up to U.
Hence W= % cuU’ (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

. electric /i'lektrik/  a. L JHH

.circuit /'sakit/  n.  FHP; [FlEK%; ki

.illustrate /'ilostreit/ v. ViHH; [EE; 254

.essential /i'senfal/ a. LM FEAM); LM

. interconnect /into:ka'nekt/  ve. FAHEECR; A A 4G
. dissipation /disi'peifon/ n. IKE; WHFE

. conversion /kan'va:fon/ n. Fik; AR

.load /loud/ n. %

. electro-chemical /i'lektrou-kemikal/ a. HLfL (%) 1
10. electromagnetic /i'lektrou'maegnitik/ a. HLHLH

11. thermo-electric /@a:mo'ilektrik/ a. K]

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

13. irrespective /iris'pektiv/  a. AFEER; BT

6

O 00 N N L A W N =



14.
13
16.
17.
18.
19.

Unit One
magnitude /magnitjud/ n. K/ph; EfH
active /'zktiv/ a. FIN; G HIEK
power /'paus/ n. HFE
watt /wot/  n. L CKF)
volt/volt/  n. fR%F; 1R

ampere /'‘@mpiar/ n. ZH;

20. passive /'peesiv/ a. B TCIRM
21. resistance /ri'zistons/ n. HIFH; HPT; HHPHE
22. resistor /ri'zists/ n. HIFH3%; HPH
23. conductance /kon'daktons/ n. HS; £, S
24. siemens /'simens/ n. P41 ] CHESHAD
25. reciprocal /ri'siprokal/ a. 8%
26. inductance /in'daktons/ n. HER; BN R
27. henry /henri/ n. F; FH| CHBHALD)
28. inductor /in'dakto/ n. HLERAE: [ENVEL R
29. integral /intigral/  a. B TR n. By
30. capacitance /ko'pasitons/ n. HLZY; HASE
31. electrostatic /i'lektrou'stetik/ a. FRHLM); SN no #EY
32. farad /ferad/ n. Vb CHEFPALD
33. coulomb /'kwlom/ n. FE4r (HLEFHAD)
34. capacitor /ko'pasita/ n. HAEE
35. discontinuity /'dis.konti'njwiti/ n. ANZELEYE; [A]#T
36. implicit /im'plisit/ a. &M [FAH
37. relationship /ri'leifonfip/ n. KFR; KR
38. restriction /ris'trikfon/ n. PRl Z0R
Phrases & Expressions
1. voltage source F R 5
2. current source YA
3. potential difference(p.d.) A
4. potential drop MR, AR
5. voltage drop FH %
6. in terms of FRYE: Moeeee J7 T
7. Ohm’s Law ¢/ EFELE

Notes

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