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Circuit Elements 3,l.J| polic

There are two types of elements found in electric circuits: passive elements and
active elements. An active element is capable of generating energy while a passive
elementis not.

Examples of passive elements are resistors, capacitors, and inductors. Typical active
elements include generators, batteries, and operational amplifiers.

The most important active elements are voltage or current sources that generally
deliver power to the circuit connected to them. There are two kinds of sources:

independent and dependent sources.
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An ideal independent source is an active element that provides a specified

voltage or current that is completely independent of other circuit elements.

In other words, an ideal independent voltage

O O
source delivers to the circuit whatever current is
necessary to maintain its terminal voltage. +
v (T V —=
Physical sources such as batteries and generators - B
may be regarded as approximations to ideal
voltage sources. Figure shows the symbols for 0

independent voltage sources.

(a) (b)
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Notice that both symbols in Fig. (a) and (b) can be O
used to represent a dc voltage source, but only the
symbol in Fig. (a) can be used for a time-varying

voltage source. —

Similarly, an ideal independent current source is ——O
an active element that provides a specified current (a) (b)
completely independent of the voltage across the

source.
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That is, the current source delivers to the
circuit whatever voltage is necessary to
maintain the designated current.

The symbol for an independent current
source is displayed in Fig. where the arrow

indicates the direction of currenti.
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An ideal dependent (or controlled) source is an active element in which the source quantity is

controlled by another voltage or current.

Dependent sources are usually designated by
diamond-shaped symbols, as shown in Fig. Since
the control of the dependent source is achieved by
a voltage or current of some other element in the
circuit, and the source can be voltage or current, it
follows that there are four possible types of

dependent sources, namely:
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1. A voltage-controlled voltage source (VCVS).
2. A current-controlled voltage source (CCVS).
3. Avoltage-controlled current source (VCCS).

4. A current-controlled current source (CCCS).
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Dependent sources are useful in modeling elements such as transistors, operational amplifiers,
and integrated circuits. An example of a current-controlled voltage source is shown on the right-

hand side of Fig. where the voltage 10i of the voltage source depends on the current i through

element C.

A B

10:

)
<
1
3y
@
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It's surprising that the value of the dependent voltage source is 10i V (and not 10i A)
because it is a voltage source. The key idea to keep in mind is that a voltage source comes

with polarities (+ -) in its symbol, while a current source comes with an arrow, irrespective

of what it depends on.
A B

5V —/ C 10
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It should be noted that an ideal voltage source (dependent or independent) will produce any
current required to ensure that the terminal voltage is as stated, whereas an ideal current
source will produce the necessary voltage to ensure the stated current flow. Thus, an ideal
source could in theory supply an infinite amount of energy. It should also be noted that not
only do sources supply power to a circuit, they can absorb power from a circuit too. For a
voltage source, we know the voltage but not the current supplied or drawn by it. By the same

token, we know the current supplied by a current source but not the voltage across it.
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A branch represents a single elementsuch as a voltage source or a resistor.

In other words, a branch

. q 50 b
represents any two-terminal — A — ’
element. The circuit in Fig. has I

: wv(Z) 20Z30= (h)24
five branches, namely, the 10-V =/ £32 < < WL/
voltage source, the 2-A current r | | ﬁ

ll_-l |
source, and the three resistors. c
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A node is the point of connection between two or more branches.
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:Serial Connection Jlulud oy
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eq

R
1 +W- 2 1
+ Vi ¥ +
— Va SR, =V —
. v, .
VAW 4
R, J

legliall luluddl Juogll
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Req = R; + Ry +R3
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Find Req for the circuit shown in fig.

Req = 2.5+ 1+ 3 = 6.5[KQ]

Rosistor

2.5k Q

#

Resistor \

-\~
| 3k Q

| L gl
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1 1+ 1 .\ 1 RyR; +RiR3 +RyR;
R, Ry R, Rz R, R, R,
Rl‘Rz'R3

eq R{R>, + R{R3; + R,R;

eq
= R,

é LQSMLM‘MM‘&HAA R —R —R —R 443‘-««4.&4._".&3\-4“;9‘5‘:‘ 1adasHa
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Find Req for the circuit shown in fig.

1 1 1 1
=4 —+=

Req 1 25 3
L 173k
Req 7.5 3]

= Req = 0.578[kQ]
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Find Rec| for the circuit shown in fig.

Jr—‘ S—
. ; 2 X 4 || ~AAA— |
— | 2k 2
=4 +(2+4) [ | -
8 26 ||
Req=3+g=?

= Req = 4.33[k0]
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Problem. Find the equivalent resistance for the circuit shown in Fig.
R,=30

R,=1Q R,=2.2Q R¢=4Q
o—_I R,=6Q
—__

o

R5=18§2
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R,, R, and R; are connected in parallel and their equivalent resistance R__. is given by:
eql

1 1 1 1 6+3+1 10

=—4-4—= =
Reqq 3 6 18 18 18
18
= Req1 = 75 = 1.8[0]

The circuit is now equivalent to four resistors in series and the equivalent circuit

resistance R is given by:
eq

Req = 1+22+1.8+4 =9[Q]
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Find Req for the circuit shown in fig.

R,=10Q R,=50Q

o——AMy A

15€2
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R,=10Q R,=5Q DA R,=10Q
o——AMN . AN ;ﬁ o—AWN o

R, § 20Q2 R, § 150 R, g 2002 § 12{8‘21;

o & o ]
a) Original network b) Network after replacing R3 and
R,=10Q R4 by their equivalent resistance
< AW 5
§ R, =100 g R.=20Q
© 0

d) Combining R1 and Req2 in
series yields the equivalent
resistance of the entire network

¢) Network after replacing R2
and Req1 by their equivalent
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Find Rec| for the circuits shown in figs.

R,=2Q0)

"t,h.ﬁ, . .
R= <R= <R-=
§ 6Q2 § 3§32 § 2;2
(a)
R,=100Q
My
o) [ &
W R = R =
R2=SOQ :é 75Q g 25Q
(C)
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Y Jouadl § gl &l ¥ slall agad Gewo U Lady

A 1Y e Jogmdl o slas .o YA oo dogmdl c¥slas

Rl : RZ R, — R12 | R13

Ri; =R; + Ry + R, 1 R, + Rys + R,
R; - Rj R. — Ri2 "Rz

R13 — R]_ + R3 + R2 2 R12 _I_ R13 _I_ R23
R, - Rj R. — Ri3 " Ras

— 3 —
Rag = Ra K3 R, Ri2 + Ri3 + Ry

manara.edu.sy



https://manara.edu.sy/

[

6)liall

Obtain the equivalent resistance Req for the circuits shown in fig. and

use it to find current i i

—_— 1

12.5Q g 10

5.0
20v(E) e —wWw—n

Q
150 %Eﬂﬂ

b

O

ga{m

o0
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