Circuit elements are classified into

Passive elements Active elements such as
1-Resistor 1-Voltage source like batteries
2- Inductor 2-Current source
3- Capacitor 3-Generators

4-Operational amplifier

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 element is not.

1.1 Resistance of the material:

The flow of charge through any material encounters an opposing force due to the
collisions between electrons and between electrons and other atoms in the material,
which converts electrical energy into another form of energy such as heat, is called the
resistance of the material . The unit of measurement of resistance is the ohm, for which
the symbol is (€2). The circuit symbol for resistance appears in Fig. (1.1)

Figure 1.1

The resistance of any material with a uniform cross-sectional area is determined by the
following four factors:

1. Material resistivity
2. Length

3. Cross-sectional area
4. Temperature

Conductors will have low resistance levels, while insulators will have high resistance
characteristics. At a fixed temperature of 20°C (room temperature), the resistance is related
to the other three factors by:

R=p— {ohms, (1)
A

(1-1)

where r (Greek letter tho) is a characteristic of the material called the resistivity, 1 is the
length of the sample, and Ais the cross-sectional area of the sample.

Table 1-1



Resistivity (p) of various materials.

Material p @ 20°C
Silver 9.9
Copper 10.37
Gold 14.7
Aluminum 17.0
Tungsten 33.0
Nickel 47.0
Iron 74.0
Constantan 295.0
Nichrome 600.0
Calorite 720.0
Carbon 21,000.0

1.2 TEMPERATURE EFFECTS

Temperature has a significant effect on the resistance of conductors, semiconductors, and
insulators. Conductors have a generous number of free electrons, and any
introduction of thermal energy will have little impact on the total number of free carriers. In
fact, the thermal energy will only increase the intensity of the random motion of the particles
within the material and make it increasingly difficult for a general drift of electrons in any
one direction to be established. The result is that for good conductors, an increase in
temperature will result in an increase in the resistance level. so, conductors have a positive
temperature coefficient.

The plot of Fig.(1.2) . (a) Positive temperature coefficient—conductors; (b) negative temperature

coefficient—semiconductors.
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-
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it is important that we have some method of determining the resistance at any temperature
within operating limits. At two different temperatures, T, and T, , the resistance of copper is



R; and R, , we may develop a mathematical relationship between these values of resistances
at different temperatures. as shown in equation (1-2).

245+ T, 2485+ T,
R i (1-2)
T+ T _ITI+ T,
R R (1-3)

Table (1-2)
Inferned absolute femperatenes (T )
Material %
Silver —243
Copper =134.58
Gold —~774
Aluminum =236
Tungsten —204
Nickel —147
Iron — 162
Nichrome —2.250
Constanian — 125,000

where |T| indicates that the inferred absolute temperature of the material involved is inserted
as a positive value in the equation. In general, therefore, associate the sign only with T; and
T,.

EXAMPLE 1.1 If the resistance of a copper wire is 50 at 20°C, what is its
resistance at 100°C (boiling point of water)?

Solution:

234.5°C + 20°C _ 234.5°C + 100°C
501} R

__ (50 (1)(334.5°C)

= 6572 {1
i 254 55C

EXAMPLE 1.2 If the resistance of a copper wire at freezing (0°C) is 30 ,what is its
resistance at 40°C?

Solution:

234.8°C + 0 _ 234.5°C — 40°C
00 R

{30 (2)(194.5°C)
234 5°C

R = = 24.58 {1



EXAMPLE 1.3 Ifthe resistance of an aluminum wire at room temperature (20°C) is 100
m (measured by a milliohm meter), at what temperature will its resistance increase to
120 m?

Solution:
236°C+ 20°C _ 136°C+ T
W00m 120mil
256°C %
) - { b — EED
and G sl 17V
L = T1.2°%C

1.3 Temperature Coefficient of Resistance

There is a second popular equation for calculating the resistance of a conductor at different
temperatures. Defining :

1-4
F.\ |T|_+D:C {(ELECAD) ( )

o

as the temperature coefficient of resistance at a temperature of 20°C, and R20 as the
resistance of the sample at 20°C, the resistance R; at a temperature T, is determined by

[ R = Rull = 2T, — 20°C] | (1-5)

Equation (1-4) can be written in the following form:

R: ) R:-:. 1 ﬁ
\T—20c) AT
Cag = Rap = Ry

(1-6)
The values of a20 for different materials have been evaluated, and a few are listed in Table

Table (1-3)

Temperature cocfficient of resistznce for
variows conductors at 20°C.

Temperature

Marerial Coefficient {sy)
Silwer 00038
Copper [IRLIEDE ]
Geold 0.0034
Aluminum 000391
Tungsten 0.003

Nickel 0,006

Iran 00055
Constantan 0.000008

Nichrome 000044




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. below, has three elements joined at three terminal points (a, b, and c) to
provide a closed path for the current I.

R

-The current is the same through series elements.
-The current is the same through series elements.

- to find the total resistance of N resistors in series, the following equation is
applied:

Rr=R + R+ Ry +---+ Ry {Dth: !1}

To find the total resistance of N resistors of the same value in series, simply
multiply the value of one of the resistors by the number in series; that is,

R, = NR

the current drawn from the source can be determined using Ohm’s law, as
follows:

I, = o (amperes, A)
Rr

the voltage across each resistor with the total resistance. using Ohm’s
law; that is,

Vi= 18, o =18 V=1, ooy Y= 1Ry (volts, V)




The power delivered to each resistor can then be determined using any one of
three equations as listed below for R1:

=V =0Tk (watts, W)

The power delivered by the source is:

Py = El (watts, W)

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

That 1s,

Fagp = Bitlls =05 £ Py

EXAMPLE: for Figure

a) find the total resistance for the c['; = éﬁ‘?ﬂ

series circuit of - -
b) Calculate the source current I . T % R §] 0%
c) Determine the voltages V; , V, , & Ry=510) a

and V5. iF ’VEV\'_ =
d) Calculate the power dissipated by ) :

R;,R,,and R;.

e) Determine the power delivered by the source, and compare it to the sum
of the power levels of part (d).

Solutions:



E 20V
b [ =—= =25A
TR, 80
c. VV=IR=025A)Q20) =5V
v, =1IR = (25 A)] Q) =28V
V,=IRy=(25A)(50) =125V

d P,=VI, =GBV)(25A) =125W
P,=ER =025A%1 Q) =625W
Py= VAR = (125 V)¥5 0 = 31.25 W

e. P, =EI=20V)25A)=50W
Pi,= P + P, + P,
S50W =125W +625W + 31.25W
50W = 50 W (checks)

EXAMPLE : Determine Ry, I, and V, for the circuit of Fig. below
.

L — v
I R=70 R=40
v
E—=—_50V R, gﬂl
- R—Tp.
= R, 0
AV

= 70

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. Since

R; =R3=Ry,

R=NR+R=03)T0)+40=210+40=250
E _50V
R: 250
V, = IR, = (2AX4 Q) =8V

= =12A



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.

In Fig. 5.12, by following the current, we can trace a continuous path that
leaves point a through R; and returns through E without leaving the
circuit. Therefore, abcda is a closed loop. For us to be able to
apply Kirchhoff’s voltage law, the summation of potential rises and

drops must be made in one direction around the closed loop.

- V]—
a b

|,—-; R, =

il
'l
r

KVL R2§ v

&

iQ.

For uniformity, the clockwise (CW) direction will be used throughout the
text for all applications of Kirchhoff’s voltage law.

(Kirchhoft’s voltage law
in symbolic form)

qu V=20

which for the circuit of Fig. yields (clockwise direction, following the
current I and starting at point d):

+E—Vi—%=0
B g

the applied voltage of a series circuit equals the sum of the voltage drops
across the series elements.



Kirchhoff’s voltage law can also be stated in the following form:

EC‘} "’;ises = EG II"’r(drnps

If the loop were taken in the counterclockwise direction starting at point
a, the following would result:

EC} V=10
—E+ W+ V=20
E=Vi+ VW
The application of Kirchhoff’s voltage law need not follow a path that
includes current-carrying elements.

For example, in Fig. 5.13 there is a difference in potential between points
a and b, even though the two points are not connected by a current-
carrying element. Application of Kirchhoff’s voltage law around
the closed loop will result in a difference in potential of 4 V between the
two points. That is, using the clockwise direction:

+12 V= ¥ =8 =10

e b
QT Ve —

X
—_ v (—) —zv
—

EXAMPLE 5.4 Determine the unknown voltages for the networks of
Fig.



+ V-  +42V- +12V—  +6V-—

R, R;
Wy Wy —WV——MWV—

E,——= 16V E,m==29V Emm=32.V Ve R § 14V

(a) (b)
Solution (a):

+EE-Vi—-W—-E=0

Vi=E - VWVW—E=16V—42V -9V
=28V

Solution(b):

+E—V,— V=0

V.=E—V,=32V-12V
=20V

Or

== =G =10

V,=V,+ B=6V+ 14V
=20V

EXAMPLE : Using Kirchhoff’s voltage law, determine the unknown
voltages for the network shown below.

=60V I:] A




Solution (a):

60V —40V — V. +30V =0

V,=60V +30V-40V=90V—-40V
=5V

Solution (b):

—6V—14V = V,+2V=0
V,=—20V +2V
= —18V

Since the result is negative, we know that a should be negative and b
should be positive, but the magnitude of 18 V is correct.

EXAMPLE : For the circuit shown

+ V- + W -
R R,
i Wy —W
|_ 40 1 60
== jis -
E7F20V
Ry J,
-
a) Find Rr.
b) Find 1.

¢) Find V; and V,.

d) Find the power to the 4Q2 and 62 resistors.

e) Find the power delivered by the battery, and compare it to that
dissipated by the 4Q and 6Q resistors combined.

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

Solution:



E 20V
Ry 1018}
c. V=IR=QA)4Q)=8V
Vo= IR, = (ZAN6 ) =12V
Vi_(@BVY _ 64
R, 4 4
Py, = PR, = 2 A)(6 Q) = (4)(6) = 24 W
e. Pe=EI=(20V)2A)=40W
Pg= Py + Pso
AAW=16W+24W
40 W =40 W (checks)

d. .ID4“ — =16 W

f S.V=4+E-V,—%=0
E=V +V,
20V=8V + 12V
20V =20V (checks)

EXAMPLE : For the circuit of Fig. shown:

V=15V
2
Wy -
R-

3 ]

Eum= 54V R § 70 Y
+ -

R,

Wy

V=18V

a) Determine V, using Kirchhoff’s voltage law.
b) Determine I.
¢) Find R; and Rs.

Solutions:

a) Kirchhoff’s voltage law (clockwise direction):



—E+Vi+ i+ V=0

or E=V + W+ W

b, i=—= =3A
E 70
Wi 18V
6 By= i =g g O
R —E— ISV—SH
= O 3A

voltage divider rule : a method referred to as the voltage divider rule (VDR)
that permits determining the voltage levels without first finding the current.
The rule can be derived by analyzing the network shown.

RT: RJ =t Rz
and I= =
Rr
I
Applying Ohm’s law: " "
R -
\ T R ZV,
Vi=IR = (E)R; - :
Rr, Rr e ok
with Vo= IR, = (E)Rz i REZV
Rr, Ry -
Note that the format for V; and V5 is ]
R E ;s
V. = (voltage divider rule)

where Vy is the voltage across Ry , E is the impressed voltage across the
series elements, and RT is the total resistance of the series circuit

The voltage divider rule (VDR) :states that 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.

EXAMPLE 5.11 Using the voltage divider rule, determine the voltages V; and
V3 for the series circuit shown in Fig.



R =2kQ

E™=— 45V R, < 5k}

R, = 8kO r._
=L
Solution:
o KB (2 kQ)(45V) _ 2k0)@Es5V)
"7 Ry 2Kk + 5kO + 8kO 15 k()
_@x10°M@EsV) _ 0V _ G
15 X 10° Q 15
v RE _ BkO)ESV) _ (8 X 10° Q)45 V)
R 15 kO 15 % 10° Q
IO _ i

15



Parallel Circuits
Two elements, branches, or networks are inparallel if they have two

points in common. In Fig. shown below, for example, elements 1 and
2 have terminals a and b in common; they are therefore in parallel.

g

B
\/

Different ways in which three parallel elements may appear in this Figures.

1]

-Total Conductance and Resistance

For parallel elements, the total conductance is the sum of the individual
conductance. That 1s, for the parallel network of Fig. , we write:

| Gr=G+Gz+GJ.+'+ T |

Since G =1/R, the total resistance for the network can be determined by:

e I

o SO O :




Determining the total resistance of parallel resistors.

l l
P AR e
R Ry

R

i

e
R R

EXAMPLE : Determine the total conductance and resistance for the
parallel network of Fig. shown.

Solution:

= (7, —.G?=L—.L=ﬂ.3335*0.16"5=ﬂ.SS
) =30 sn G

and Rr=—=——=210 —

EXAMPLE : Determine the effect on the total conductance and
resistance of the network of previous Fig. if another resistor of 10 Q were added
in parallel with the other elements.

Solution:
GT=D.55+L=U.55+0.15=0.65
100
| |
Rr=—=——a1.667 0}
T™ Gy 06S

*Note, as mentioned above, that adding additional terms increases the
conductance level and decreases the resistance level.

EXAMPLE : Determine the total resistance for the network of Fig. below.

Solution:



S=—t=——F+'=—==058+ 0258+ 028

and Rr= = 1.053 {1

The above examples demonstrate an interesting and useful (for checking
purposes) characteristic of parallel resistors:

The total resistance of parallel resistors is always less than the value of the
smallest resistor.

-For equal resistors in parallel, the equation for the total resistance becomes
significantly easier to apply. For N equal resistors in parallel :

[a—

R =

+

+
| — |-

|-
| =
+
N
|

[R—

>
e
| -
P
- =

=
L
1
2|

EXAMPLE : Find the total resistance for the configuration in Fig.

R B S20 RS20




Solution: Redrawing the network

R_20_

= 0.5 Q
N

RT=

Special Case: Two Parallel Resistors

For two parallel resistors, the total resistance is determined by Eq. :

Multiplying the top and bottom of each term of the right side of the equation by
the other resistor results in

L_(Rz)L%&)L_ R, | R
R; R,/R, \R,/R, RR, RR
I R+ R

R,  RR,

=
£

R /R,
=
R, + R

In words, the equation states that

the total resistance of two parallel resistors is simply the product of their values
divided by their sum.

EXAMPLE : Determine the total resistance for the parallel combination in Fig.

- R,§1n R1§4['1 R3§5['1
Rr

Solution:



First the 1Q2 and 4Q resistors are combined, resulting in the reduced network

in Fig.
O
=" R'r§ﬂ.sn R3§5u
R.R, 10)40Q) 4
RL=—+" = XL —0 =080

T"Ri+R, ID+40 5

Then,

, 0.8 Q)5 O '
Rt R,y _( ](J :]— 4 1 =0.69 O

R. = = -
T RL+R, 080+50 58

KIRCHHOFF’S CURRENT LAW (KCL):

The algebraic sum of the currents entering and leaving a junction (or region) of

a network 1s zero.

In Fig. below, for example, the shaded area can enclose an entire system or a
complex network, or it can simply provide a connection point (junction) for the
displayed currents. In each case, the current entering must equal that leaving,

i
’
4

.

I=4A System,
comPlex L=10A
network,

E.IF[- o E"a junction ‘
1!| + 1!4 — I] + 1’3 f *
4A+8A=2A+10A I,=8A

1

12A =12A (checks) 1

I



EXAMPLE : Determine currents I5 and I4 in Fig. using Kirchhoff’s current

law.
I
Solution:
At node a:
2 =21,

2A+IA=1,=3A
At node b, using the result just obtained:

SI =3I,
SA+I1A=I=6A

EXAMPLE : Determine currents I3 and I5 in Fig. through applications of
Kirchhoff’s current law.

L=3A
AMA o
L=1A
A 4 —— AMA— -
1, =4A
= b
AN

Solution:



At node a:

31 =3I
.!r; + 1r1=1r3
4A+3A=L=TA
At node b:
3= 31,
L=I1L+I
T&= b+
and Ii=TA-1A=6A

EXAMPLE : For the parallel dc network in Fig.

1 :

2y}
1=
=
3

lﬁm.ﬂ\

= R, Z2K0

} 10mA

.3

l- 2mA

%

||I——||

. Determine the source current I .

. Determine Rj.

a
b. Find the source voltage E.
C
d. Calculate Rt

Solution:




a)

zl =21,
[, =BmA + 10mA + 2mA =20 mA
b)

E=V,=IR, =(@mA)2kQ) =16V

c)
Vi E 16V
k; I, I, 2mA
d)
E 16V
= = = 0.8 kQ
k7 [.  20mA
CURRENT DIVIDER RULE:

We now introduce the equally powerful current divider rule (CDR) for
finding the current through a resistor in a parallel circuit.

-For two parallel elements of equal value, the current will divide equally.

-For parallel elements with different values, the smaller the resistance, the
greater the share of input current.

-For parallel elements of different values, the current will split with a ratio equal
to the inverse of their resistor values.



Deriving the current divider rule:

a) parallel network of N parallel resistors

Since the voltage V is the same across parallel elements, the following is
true:

V=LR =hLRy=5hLRy=---=LR,

where the product I Ry ,refers to any combination in the series.

Substituting for V in the above equation for I, we have




which states that:

The current through any branch of a parallel resistive network is equal to the
total resistance of the parallel network divided by the resistor of interest and
multiplied by the total current entering the parallel configuration.

EXAMPLE : For the parallel network in Fig., determine current I; using
(CDR).

R,

- Wy
(1, 1 k2
Ir=12mA R 12 mA

—_— —_—

W

10 kL)
&3

M

22 k0

Solution:

R]r=
+

I
I
R, R,
1

T

Ik 10kQ  22k0

A
R I

|
I 1073+ 100 X 107% + 45.46 X 10°°

1
1145 % 1073

= 873.01 )

and the smallest parallel resistor receives the majority of the current.

(873.01 Q)

=g (12mA) = (0873)(12mA) = 10.48 mA



SERIES-PARALLEL NETWORKS:

A series-parallel configuration is one that is formed by a combination of series and parallel
elements.

A complex configuration is one in which none of the elements are in series or parallel.
The network in Fig. shown is a series-parallel network. At first, you must be very careful to

determine which elements are in series and which are in parallel.

AN My
A, Ry

£ By

-
i Ry A,

series-parallel network

AAA AAA

LA A YYy
(5, & A, 4
E=C s Ry 1

,' (a)

R =R+ R,

Megluce phase

Fetum phane




Example : Find current 5 for the series-parallel network in Fig. below.

RZ
A
kil t

k2

Il
I
L
i
G

I

Solution:

ARy (12 kﬂ_,l[f‘.! kﬂ:l
B = K. RJ_ - - - - 1
i3 Ry + R 12k + 6 k0O
i £ i
l Ay
o 2k0
+
EZ=_54V 3 3’ 4K0

Substituting the parallel equivalent resistance for

resistors R, and Rj

Ry =R, + R =2k} + 4k} = 6k}

The source current is then determined using Ohm’s law:

E 54V

——=0mA

A %" o
I1 is the total current entering the parallel combination of R, and R; . Applying the current

divider rule results in the desired current:

( 12 k0 )q ——
TRLY-+ BRE T e

gl % Yo
T xR:"'R:jI_

Example : For the network in Fig. below. Determine currents 14 and I and voltage V.




Solution:

3 § .5 ki)

_

12%

-
= 1E Kk § Vi

R.R:  (18K0)(2 KAL)

8 ki

i——|

"R+ R, ISKQ+2K0

R’ L8 kD
v =[:— E= 12V =251V
3 R’+R,) (J.Ekﬂ+ﬁ.8kﬂ) .

peae 12V
'R+ R 68k + 1.3KD
and [, =1, +[,=140mA + |.46 mA = 2.86 mA

= |4 mA

H.W// Determine all the currents and voltages of the network in Fig. below.

i R A
a. A 1 b
o A
41 l'rﬂ 1-r|:
B C
GT - R, 2050
+ T L
E=— 10V R3§4n R,‘&:m
RiZ=150

= e

H.W// Find the indicated currents and voltages for the network in Fig.

T
o=
I

o
o

=
3

T
522

T
l:u
i
§:u
o
—
]
+

m
-]
-
]
=
-
2
A
e
=
o]
&
My
12
=
-
=
-




Y- A AND A-Y CONVERSIONS:

Circuit configurations are often encountered in which the resistors do not appear to be in
series or parallel. Under these conditions, it may be necessary to convert the circuit from one
form to another to solve for any unknown quantities if mesh or nodal analysis is not applied.
Two circuit configurations that often account for these difficulties are the wye (Y) and delta
(A) configurations depicted in Fig.

The purpose of this section is to develop the equations for converting from A to Y, or vice
versa.

Delta to Star :

R = RyRc

I Ry + Ry + R
b= R4Rc

" RitRatRc
o RiRs

" Ryt Ryt R

-Note that each resistor of the Y is equal to the product of the resistors in the two closest
branches of the divided by the sum of the resistors in the A.



Star to Delta:

R\R; + RiR; + RyR;

RiRt; + Rits + RaRt;
s

RE=

-Note that the value of each resistor of the A is equal to the sum of the possible product

combinations of the resistances of the Y divided by the resistance of the Y farthest from the
resistor to be determined.

Let us consider what would occur if all the values of a A or Y were the same. If Ry, =Rp =

Re,

Ryfy _ R, Ri _ R,

R1= = e = m—

T Rt R e R Rp+-By+R 3Ry 3

and, following the same procedure,

R'l R.»‘.
Ry=— Ry=—
: A = 3
In general, therefore,
Ry
R\.- = T
or R, = 3R,

The Y and A the often appear. They are then referred to as a tee (T) and a pi (p) network,

respectively. The equations used to convert from one form to the other are exactly the same
as those developed for the Y and A transformation.



Lad

L

2k

(a) (k)

Solution:
o RRe __ (0mQ00) 2000 _,.
' R.+ Rs+R. 0N +200+ 100 60 ]
R,R 0 01080
R alte =|: i J=3ﬂﬂﬂ=5ﬂ
Ry + Rg + R 60 1) a0
R 2 0 o)
- WRe _(00)(300) _s000 _ o
R_,J'_RB"-RC ﬁ'ﬂﬂ 'EIC'

The equivalent network is shown in Fig. below.




Example : Convert the Y in Fig. to a A.

he

Solution:

_ RR; + R\R; + R;R,

Ry = R,

(60 0)(60 02) + (60 0)(60 ©2) + (60 02)(60 )

= 60 1
3600 0 + 3600 0 + 36000 _ 10,800 0
- 60 A

R, = 180 Q

However, the three resistors for the Y are equal,
R, = 3Ry = 3(60 (1) = 180 0

And
Ry=R.= 180 02

The equivalent network is shown in Fig.




Example : Find the total resistance of the network in Fig. where Ry =3Q , Rg =3Q , and R¢
=6Q .

fr
r
Solution:
Two resisiors of the A were equal;
therefore, wo nesislors of the Y will
be aqual.
RiR 3060 18}
R = 8 C. L (3 ()6 L)) i — 1.5 (pe—
R,+R;+R- 30=30+60 12
R.R ERNAT(:E 03] F
Ry= ake: .. GO _ =150
Ry + Rag+ R 120 12
R.Ry AmEn 9N
R, = ; = = =75 0}
* R,+R,+R.- 120 12

Replacing the A by the Y, as shown in Fig., yields:

Cr
e T A0 +150)20 + 1.50)
= "GO FIs0)+ 20+ 150) 40 20
(55401)(3.510) 158 1.50
=0I5 0+ o -
=0750 + 2.1390)
Ry = 2890
r

Example : Find the total resistance of the network in Fig.

. ‘,.;,':.I,

LEN

a0 b



Solutions: Since all the resistors of the A or Y are the same,

a. Converting the AtoaY:

61 a0

6 11

The network then appears as shown in Fig.

_ (o)
“Tlaf+on

T

] = 3271}

b. Converting the Y toa A :
Ry=3Ry=(3)(90) =270
. (60)(270) 1620
TTen+2710 33
_ _R7[RT+R7)  RPR; 2R}
T REFRYFRY IRE 3
_2(4.91 Q)

=49]1)

T

= 3.27 i}

O [




H.W// Using a A-Y or Y- A conversion, find the current I in each of the networks

—y
20 20 47k0 11k
- 114} -
0V = WAy BV = Ay
= = 6.5 ki)
6.5 ki) 68 ki
in 40 i
—
Ay =
' 6kl I
- AWM A
4k0 40 +|
| 2v=
400V = g 4,0 3

1 £}



CURRENT SOURCES:

a current source determines the direction and magnitude of the current in the
branch where it is located. the magnitude and the polarity of the voltage across a
current source are each a function of the network to which the voltage is
applied. A few examples will demonstrate the similarities between solving for
the source current of a voltage source and the terminal voltage of a current
source, so we just have to remember what we are looking for and properly
understand the characteristics of each source. The symbol for a current source
appears in Fig. (a). The arrow indicates the direction in which it is supplying
current to the branch where it is located. The result is a current equal to the
source current through the series resistor. In Fig. (b), we find that the voltage
across a current source is determined by the polarity of the voltage drop caused

by the current source. For single-source networks, it always has the polarity of
Fig. (b).

EXAMPLE :
circuit in Fig.

I =10 mA 20 ki1 v

Solution:

I, =1=10mA

V, = LR, = (10 mA)20 1)) = 200V

v

E

=V, =20V



EXAMPLE : Find the voltage Vs and currents I; and I, for the network in Fig.

In

e

. P
IQ)'.—‘-. E:_'_"%_IE\.' R?:-Hl

Solution:

Since the current source and voltage source are In parallel,

V.=E=12¥
Further, since the voltage source and resistor R are in parallel,
Ve=E=12V
v 2v
and L=-—2=—""—<=3A
TR 1101

The current /) of the voltage source can then be determined by apply-
ing Kirchhoff’s current law at the top of the network as follows:

ZI = ZI,
f=.‘r| +.|r3
and L=I-L=TA-3A=4A

EXAMPLE : Determine the current I1 and the voltage VS for the network in
Fig.

o
i 7
Wy
0

+ 0V

R,

% L5
Wiy
Vv, ! BA 10

Solution:

First note that the current in the branch with the current source must
be 6 A, no matter what the magnitude of the voltage source to the right. In other
words, the currents of the network are defined by I, R;, and R, . However, the
voltage across the current source is directly affected by the magnitude and
polarity of the applied source.



Using the current divider rule:

; Rif (16 A) 1 faae L S
— = = =i = F
) R, + R, el A

The voltage V:
Vi=ILR =(2AN21) =4V
Applying Kirchhoff's voltage rule to determine V.
+V,— ¥V, —20V=10
and V.=V, +20V=4V+20V=214V

In particular, note the polanty of the voltage V| as determined by the
network.

SOURCE CONVERSIONS:

The current source appearing is the previous section is called an source due
to the absence of any internal resistance. In reality, all sources whether
they are voltage sources or current sources have internal resistance in the
relative positions shown in Fig. For the voltage source, if Rs = 0, or if it is so
small compared to any series resistors that it can be ignored, then we have an
“ideal” voltage source for all practical purposes. For the current source, since
the resistor RP is in parallel, if RP = oo, or if it is large enough compared to any
parallel resistive elements that it can be ignored, then we have an “ideal” current
source. Unfortunately, however, ideal sources cannot be converted from one
type to another. That is, a voltage source cannot be converted to a current
source, and vice versa—the internal resistance must be present. If the voltage
source in Fig.(a) is to be equivalent to the source in Fig. (b).

(=) 3]



the load Ry would not know which source it was connected to. This type of
equivalence 1s established using the equations appearing in Fig. below. First
note that the resistance is the same in each configuration a nice advantage. For
the voltage source equivalent, the voltage is determined by a simple application
of Ohm’s law to the current source E = IRp. For the current source equivalent,
the current is again deter- mined by applying Ohm’s law to the voltage source:

I=E/Rs.

the equivalence between a current source and a voltage source exists only at
their external terminals.

L~

I

EXAMPLE : For the circuit in Fig. below:

a. Determine the current IL.
b. Convert the voltage source to a current source.

c. Using the resulting current source of part (b), calculate the current through
the load resistor, and compare your answer to the result of part (a).



solution:
a. Applying Ohm’s law:
E 6V 6V
I, = = = =1A
L"R+R 20+40 60

b. Using Ohm’s law again:

and the equivalent source appears in Fig. with the load reapplied.

0
IA J;L
,r:%:“ Q‘) Rpgll'! Rf_g-t[l
o b
c. Using the current divider rule:
R 203 A) 1
L (20 ) o loayera
2004+40 3

LT R+ Ry

We find that the current {f; is the same for the voltage source as it
was for the equivalent current source—the sources are therefore

equivalent.

Example:
Determine current f; for the network in Fig.

5V




Solution:

. ) P 34
For the source conversion: l
E =R =(@4A(30) =12V £ = v
: a BEE_ BY SV BV .. = I’
o "R +R, 30+20 50 = 5

CURRENT SOURCES IN PARALLEL:

We found that voltage sources of different terminal voltages cannot be placed
in parallel because of a violation of Kirchhoff’s voltage law.

Similarly,

current sources of different values cannot be placed in series due to a violation
of Kirchhoff’s current law. However, current sources can be placed in parallel
just as voltage sources can be placed in series. In general, two or more current
sources in parallel can be replaced by a single current source having a
magnitude determined by the difference of the sum of the currents in one
direction and the sum in the opposite direction. The new parallel internal
resistance is the total resistance of the resulting parallel resistive elements.

EXAMPLE : Reduce the parallel current sources in Fig. to a single current
source.



Q)ﬁ.—t R gzn

e
=

(l)mn B § &1}

Solution:

I=10A-6A=4A

with the direction of the larger.
The net internal resistance is the parallel combination of resistors, R,
and R;:

R,=30)60=20

I'(l- AR,

O

EXAMPLE : Reduce the network in Fig. below to a single current
source, and calculate the current through Ry .

Solution:

L=5L+L,=4A+6A=10A
R.=R/|R,=80)240=60

and

Applying the current divider rule to the resulting network



i, 0A Rl.,g &0 RL§ 1401

.||—

Rl (60)(10A) _60A _

= = 3A
R,+R, 60+140 20

I

Note :

current sources of different current ratings are not connected in
SEries,

just as voltage sources of different voltage ratings are not connected in
parallel.




SUPERPOSITION THEOREM

The superposition theorem is unquestionably one of the most powerful in this field. It has
such widespread application that people often apply it without recognizing that their exercises
are valid only because of this theorem.

The superposition theorem states the following:

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

-In other words, this theorem allows us to find a solution for a current or voltage using only
one source at a time.

when removing a voltage source from a network schematic, replace it with a direct
connection (short circuit) of zero ohms. Any internal resistance associated with the source
must remain in the network.

Setting a current source to zero amperes is like replacing it with an open circuit. Therefore,
when removing a current source from a network schematic, replace it by an open circuit of
infinite ohms. Any internal resistance associated with the source must remain in the network.

The above statements are illustrated in Fig. below :

vk ad LD LT
[ =1 ‘@ 3 =-> 2o
L, t oy |

Since the effect of each source will be determined independently, the number of networks to
be analyzed will equal the number of sources.

I m +

EXAMPLE : Using the superposition theorem, determine current I; for the network in Fig.

anw ICDE.—'-. R, -f-:“_ﬁﬂ
-

I+

th—|



Solution:

First let us determine the effects of the voltage source by setting the current source to zero
amperes as shown in Fig.

ET="30V E, § £ 0

R K 460 : =

Now for the contribution due to the current source. Setting the voltage source to zero volts
results in the network in Fig. Since the source current takes the path of least resistance, it
chooses the zero ohm path of the inserted short-circuit equivalent, and the current through R
is zero amperes. This is clearly demonstrated by an application of the current divider rule as

follows:
l{.
’?}) A R, § 600

R (0 Q) 4}
I’ = 0A

R+ R Dboiel =

=0 +1I7=5A+0A=5A

W B T
ST M R et

EXAMPLE : Using the superposition theorem, determine the current through the 12Q
resistor in Fig.

1Mo
|
|

|j|



Solution:

R, Ry I #
Ay Ay [y
240 1 p, 40 X :IEE '-idhﬂx_c;gm 24 0) L Iy
+ - cincuir - i
E, =54V Rzguﬂ - 5=V Rzglzil
n ]

The total resistance seen by the source 1s therefore

Rr=R +R|R=40+120|40=240+30=2710)

and the source current is

Using the current divider rule results in the contribution to /; due to the
54V source:

, _ B, (4012 A)

2" R+ R, A0+ 120

=054

If we now replace the 54 V source by a short-circuit equivalent, the network in Fig. results

The result is a parallel connection for the 12Q) and 24Q resistors.

R Ry Ry
Py Ay Ay
2410 40 an
o Rr

+
t

YV - g 2411

4EW

+1

34 ¥ battery replaced
by short circuit

Therefore, the total resistance seen by the 48 V source is

Ri=R,+ R, IR =40+ 1201|240 =40+ 80 =120
and the source current is
_Eg_-ﬁ\-’ -
' R 120}

Applying the current divider rule results in

4 A

. Rl (240)4A)
TR +R, 240+ 120

= 26T A

L=I"—I1'"=26TA—05A =2I17TA




lr}:u.sa
R: =120 - A =120
]'.I'":=2.f|_-' A TJ’::I.]T.-\

EXAMPLE :

a. Using the superposition theorem, determine the current through resistor R2 for the
network in Fig.

L
A
12 1}
+ -
ET="36V R =6l rCDw.
Solution :
a)
Cument source
replaced by open circuit
RI
My '
—120-= l
I
1-: :
E—=—i3aV Ry < 610
: K 2
Iz _£_ E _ BV _ 38V i Bt T
! R, R,+R, 120+60 18BQ ° =S
R, i
June :
120
|
- i =94
1I§ala G)
s ¥
R (12 039 A)
IR, L ) — L
- R| +R3 lzﬂ_ﬁfl =
lh:lp. lb:l-:-k

L=P+T1,=2A+6A=8A lf"F“



EXAMPLE : Using the principle of superposition, find the current I, through the 12 kQ
resistor in Fig.

35 k0

Current divider rule:

RI_ (6kQ)6mA)

T = =2
TR +R 6K0D+ 12k

mA

Considering the effect of the @ 'V voltage source (Fig 9.17):

E 9%

I = -
P R+ R 6Kk0+ 12KN

= 0.5mA

Since /S and /", have the same direction through R, the desired cur-
rent is the sum of the two:

L=1+0,
=2mA + 0.5 mA
= 2.5 mA
- av =
A, Ry 1%
l 1 I3 Ak} 12 kf)
R, akil R 12 ki)
LI
ol e il
E E
Ay :-a'i 14k} R, = 35k0
Ry R,
14k} 5 35kl

+ gV =






