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3.3 Current Sources

The current source is often referred to as the dual of the voltage source. A battery supplies
a fixed voltage, and the source current can vary; but the current source supplies a fixed current to
the branch in which it is located, while its terminal voltage may vary as determined by the network
to which it is applied. Note from the above that duality simply implies an interchange of current
and voltage to distinguish the characteristics of one source from the other.

A current source determines the current in the branch in which it is located

and

the magnitude and polarity of the voltage across a current source are a function of the network
to which it is applied.

Example 3.7 Find the voltage Vs and the currents I; and 5

Solution:
V.=E=12V
Ve E 12V
h=—=—= =34
R R 40

Applying Kirchhoff’s current law:
I=5L+1L
and L=I-L=T7TA—3A=4A

3.4 Source Conversions
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Example 3.8

a. Convert the voltage source of Fig.(a) below to a current source, and calculate the current

through the 4-Q load for each source.
b. Replace the 4-Q load with a 1-kQ load, and calculate the current I for the voltage source.
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3 a
E 6V F
IL= = =1A ;
£ R. + R 20 +410) nggﬂ
R.I (2 (3 A)
I = 2 = — y
ITR AR 20+40 RZ40
+
E 6V i . -
b I = = = 5.00 mA
TR A+R 20+41k0 m _I

(b)

Example 3.9 Reduce the network of Fig. below to a single current source, and calculate the
current through R, ??

Solution
L=I,+L=4A+6A=10A 1K
B 3 B R=sn Y

and R.=R/|R,=80Q(240=60 . C)M rg0 S0
Applying the current dvider rule .
.E'_ T 311l.-'

— Rl _ (6 fl)(lﬂiﬁ‘*} _ 60 A — 34 L
L R +R 604140 20 ; -

[o%
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3.5 Superposition Theorem

The superposition theorem, like the methods of the last chapter, can be used to find the
solution to networks with two or more sources that are not in series or parallel. The most obvious
advantage of this method is that it does not require the use of a mathematical technique such as
determinants to find the required voltages or currents. Instead, each source is treated
independently, and the algebraic sum is found to determine a particular unknown quantity of the
network.

The superposition theorem states the following:

The current through, or voltage across, an element in a linear bilateral network is equal to the
algebraic sum of the currents or voltages produced independently by each source.

Example 3.10 Using superposition, determine the current through the 4-Q resistor ??
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Solution: Considering the gffects aof a 54-V source

Rr=R1+R||R:=240+120]40=240+30=
E 54V
Ry 27Q

Using the current dvider rule,

, RI  (12)(2A)  24A

s = = = =15A
R,+R 1200+40 16

Considering the effects of the 48-V source

271}

Rr=R+R |R=40+240120=40+80=120

E, 48V
=2 = =4A

I.‘.‘ —
* Ry 120
R, I R,

A '

-:'4 ;’] _______ \ 49_1,;" I:Iﬂ.l'tf'l}" m

- replaced by short -
+ | ¥,  circuit N Ry

- -
Eyme= 54V RE 100 | - =V RS0
| _
I
R =40 .

in

O
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240 I I [
. By
+ S
R §11“ Eye=43V mmp- R 2240 RET120 E = 48V
_ | _
ki '
'n Ry I N
\. AV ‘ - , Ay
410 210 40
34-V battery replaced
by short circunt
B I'=15A
The total current through the 4-{) resistor T —
. W
L=I5—-T;5=4A—-15A=15A (direction of I'5) 40
=14

3.6 Maximum Power Transfer Theorem

The maximum power transfer theorem states the following:

A load will receive maximum power from a linear bilateral dc network when its total resistive
value is exactly equal to the Thévenin resistance of the network as “seen” by the load.

For the Thévenin circuit

£2
Pr . = 4;; (watts, W)

For the Norton circuit

LRy
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Example 3.11 Find the value of R. in Fig. below for maximum power to R, and determine the
maximum power ??

R i‘—_l
M—Ii
30 o By
68V
ICl)ﬁfk RE100 R,
Ry
W
21}
Solution
ﬂ.l].d RL = Rm =15 !l
Fl = F; =0V
and Vs =LA, =IR, = (6 A)(10 £2) = 60V

Applying Kirchhoff’s voltage law,
3aV=—V,—E +Ep=0

and Ep=V,+E =60V +68V=128V

_ Em (128

Thus, F = = =273.07TW
fmec 4R 415 (D)
Ry
A C—a
in
C &3
R, =101} —_—
o s Ry
20




