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2- Actual sources

Voltage and Current sources

For the voltage source, if Rs = 0 Q or is so small compared to any series resistor that it can be
ignored, then we have an “ideal’” voltage source. For the current source, if Rs = oo or is large
enough compared to other parallel elements that it can be ignored, and then we have an “ideal”
current source. See fig (2-4).

If the internal resistance is included with either source, then we have an “actual’ voltage source
or “actual’ current source fig (2-5); then that source can be converted to the other type. Fig (2-
6).
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Fig (2-6)
Source conversion.

Voltage source to current source and vice versa

3- Network simplification

3-1 SERIES CIRCUITS

A circuit consists of any number of elements joined at terminal points, providing at least
one closed path through which charge can flow. The circuit of Fig. 3-1 has three elements joined
at three terminal points (a, b, and c) to provide a closed path for the current I.
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(a) Series circuit Rland R2 and E

| (b) Ry and R, and Rz are not in series.

(b) R, and R, are not in series

In Fig.( 3-1) the resistors R1 and R2 are in series , the battery E and resistor R1 are in
series, and the resistor R2 and the battery E are in series .Since all the elements are in
series, the network is called a (series circuit.)

Note
1- The total resistance of a series circuit is the sum of the resistance levels.
RT=R;+R; (ohm Q)
2- The current is the same through each element and the current drawn from the source
(Total current Iy) of Fig. (3-1a) equal:
I=lri=lr2 =It (Amp)
I+ can be determined using Ohm’s law.

—
1= lr=— (Amp)
3- Vi=IR; Vo=IR, V=V+V, (VOlt)
4- The power delivered to each resistor can then be determined using any one of three
equations:

-
Vi

P, = VI =IiR = o (watts, W)

1
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The power delivered by the source 1s

Py, = EI (watts, W)

The total power delivered to a resistive circuit is equal to the total power dissipated by
the resistive elements.

Pdel:PI‘I_PJ_I‘P_;‘}_""I‘Pj;

EXAMPLE 1

a. Find the total resistance for the series circuit of Fig. 3-2

b. Calculate the source current Is.

c. Determine the voltages V1, V2, and V3.

d. Calculate the power dissipated by R1, R2, and R3.

e. Determine the power delivered by the source, and compare it to the
sum of the power levels of part (d).
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RT
Ry=50 7l
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Fig (3-2)
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Solutions:
a. R =R, +R +R;=20+10+50=8Q
b1 =L =20V 554

R, 8Q

c. Vy=IR, =(25A)2Q0) =5V
V,=1IR, = 25A)1 Q) =25V
V. =1IR, = 25A)50) =125V

d P,=V71=G5V)(25A) =125W
P, =13k, = 25A)(1 Q) = 625 W
P, =TV3/R,=(125V)/5Q =3125W

e. Py =FEI=R20V)25A)=50W
Pdel — Pl + P3 ‘f—P_;
SO0W=125W + 625W + 3125 W
50 W = 50W (checks)

EXAMPLE 2 Determine RT, I, and V2 for the circuit of Fig. 3-3

— I’rg +
If_ R=7Q  R,=4Q
Fom=_ 50V R § 70
+ >
RT
A
I Ry I]
M
= 70
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Solution. Note the current direction as established by the battery and the polarity of the
voltage drops across R; as determined by the current direction
R=R1+R,+R3+R4
Rr=7+4+7+7 =25 Q
E 50V
Ry 250
Vo=1IR, = (2A)4Q)=8V

I =

=2A

EXAMPLE 3 Given Ry and I, calculate R; and E for the circuit of Fig.3-4 .

4 kO
. AV AV
Solution: R, Ry
Rr=R,+R,+R; Ry = 12k
1K) =R, +4K0 + 6 k0 E === R; 2 6k0
R, =12k} - 10k() = 2kQ
_3 3, . I =06mA
E=IR;=(6 X107 A)(12X 10° Q) =72V
Fig(3-4)

3-2 VOLTAGE SOURCES IN SERIES

= —_——
—_|IT|-+—_|+ - —|—
10V 6V 2V 181
(a)

ET=E1+E2+E3=10V+6V+2V =18V

and the polarity shown in the figure
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; B B E 1Er

B e -~
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AV 9V 3V 8V
(b)

ET=E2+E3-E1=9V+3V-4V=8V
and the polarity shown in the figure

Fig3.5
(a,b) Reducing series dc voltage sources to a single source.

3-3 KIRCHHOFF’S VOLTAGE LAW

Kirchhoff’s voltage law (KVL) states that the algebraic sum of the potential rises and
drops around a closed loop (or path) is zero.

A closed loop is any continuous path that leaves a point in one direction and returns to that same
point from another direction without leaving the circuit.

The clockwise (CW) direction will be used throughout the text for all applications of
Kirchhoff’s voltage law. Be aware, however, that the same result will be obtained if the
counterclockwise (CCW) direction is chosen and the law applied correctly. A plus sign is
assigned to a potential rise (- to +), and a minus sign to a potential drop (+ to -). If we follow the
current in Fig. (3-6 )rom point a, we first encounter a potential drop V1 (+ to -) across R1 and
then another potential drop V2 across R2.

Continuing through the voltage source, we have a potential rise E (- to + ) before returning to
point a. In symbolic form, where X represents (Summation), the closed loop, and V the potential
drops and rises, we have :
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_ (Kirchhoft’s voltage law
2oV =0 in symbolic form)

Which for the circuit of Fig. (3-6 ) yields (clockwise direction, following the current | and
starting at point d):
+E - V| — V2 —_ O

the applied voltage of a series circuit equals the sum of the voltage
E=V + 1 drops across the series elements.

I".. |

r:.."_T_ o

Fig (3-6) Applying Kirchhoff’s voltage law to a series dc circuit.
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Kirchhoff’s voltage law can also be stated in the following form:

Z‘C‘, Vrir;n.:r; — Z‘C‘, Vu:‘lrr.-pr;

EXAMPLE 4 Determine the unknown voltages for the networks of Fig. (3-7)

V + 42V + 12V +6V
Rl RZ R| Rj
A—W AMA—o—AWA

E,===" 0V E==m 32V

and

||I——|

(a)

Fig3-7

—|—E| — V| - V_ - Eg — 0

Vi=E —Va—E =16V —42V —

= 2.8V

o]

9V
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YE—-V,—V,=0

A

and V,=FE—V,=32V —12V
=20V
Using the clockwise direction for the other loop involving R, and R;
will result in
+V,. =V, = V=0

and V.=V,+1V;=6V + 14V
=20V

EXAMPLE 5 For the circuit of Fig. 3-8

a. Find R,.

Find 7

Find V; and 7>.

Find the power to the 4-) and 6-() resistors.

Find the power delivered by the battery, and compare it to that dissi-
pated by the 4-) and 6-) resistors combined.

f. Verify Kirchhoft’s voltage law (clockwise direction).

S

w
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R, R
; — W
4 () / 6 ()
_|_
o 20V
e
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Fig 3-8
Solutions:
b= £ =20V 54

TR 10Q

10
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V, =IR, = 2A)4 Q) =8V

V, = IR, = 2 A)6 Q) =12V

2 2 ,
_ﬂ:(SV) :64:16W
R, 4 4
Pio = PRy, = (2 A)(6 Q) = (4)(6) = 24 W

P, = El= (20 V)2 A) = 40 W
P = Pyo + P

AOW =16W + 24 W

40 W = 40 W (checks)

3aV=4E—V,—V,=0
E=V,+7,

20V=8V + 12V

20V =20V (checks)

EXAMPLE 6 For the circuit of Fig. 3-9

a. Determine V> using Kirchhoft’s voltage law.
b. Determine /.
c. Find R, and R;.

11
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o=15V
AMA—
R, /
E e 54V R, & 71}
_I_
R,
is W
Fig 3-9
Solutions:

a. Kirchhoff’s voltage law (clockwise direction):
—E+Vi+ Vot V=0
or E=V,+ V,+ I;
and Vo =E—-V, — V=54V -18V—-15V=21V

v, 21V
b [=—2=""=3A
Ry 70
v, 18V
. R=—=—""=60Q
I 3A
Vi 15V
Ry =— = -50
I 3A

12
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3-4 INTERCHANGING SERIES ELEMENTS

The elements of a series circuit can be interchanged without affecting the total resistance,

current, or power to each element. For instance, the network of Fig. (3-10) can be redrawn as
shown in Fig.(3-11)

5 10 O 20 O
AM——W AM—W
IR R, TR R,

Fig. (3-10) Fig. (3-11)

Series dc circuit with Circuit of

elements to be interchanged with R2and R3 interchanged.

EXAMPLE 7 Determine I and the voltage across the 7€ resistor for the network of Fig.
3-12

13
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Solution:

The network is redrawn in Fig. 3-13

Fig 3-13

Ry =2)4Q)+7Q0=15Q
_E _ 375V

Ry 15Q
Voo = IR = (25 A)T7 Q) =175V

!

=25A

3-5VOLTAGE DIVIDER RULE (V.D.R)

The voltage across a resistor in a series circuit is equal to the value of that
resistor times the total impressed voltage across the series elements divided by

the total resistance of the series elements.

.= — (voltage divider rule)

14
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EXAMPLE 8 Determine the voltage V1 for the network of Fig. 3-14

20 () 60 ()
RI R_
E~== 64V
Fig (3-14)
20 LTUEY!
M Wy
i s
[t
Fig (3-15)

Sol.
The circuit is simplified to fig (3-15)

_RE_ RE _ (200)64V) _ 1280V

V =
"R, R, +R, 200+600Q

&0

=16V

15
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EXAMPLE 9 Using the voltage divider rule, determine the voltages V1 and V3 for the
series circuit of Fig. 3-16

ey
=
r_'_j"|
-
=~
-
T.J]
:'?:

=
Fig 3-16
Solution:
y o RiE _ (2 k)45 V) _ 2kQ)E5V)
'R, 2kQ 4 5kQ + 8KkO 15 k()
(2 X 10° Q)45V) 90V
= - 4 ==X =6V
15 X 107 Q) 15
yo_ RE _ (8kO)MASV) _ (8 X 107 Q)45 V)
SR, 15 kQ) 15X 10° Q
_ 360_v gy

15

16
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Note The rule can be extended to the voltage across two or more series elements.

R'E
V — ; -
R, (volts)

EXAMPLE 10 Determine the voltage V' in Fig.( 3-16 ) across resistors R; and R.

Solution:

g RE _ QkQ+5kOE5V) _ TkQESY) _, y
Ry 15 kQ 15 kQ

Please read and try understand in the first reference Chapter 5.
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(DCCA).
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