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Chapter One
Basics of electrical circuits
1.1 Electrical Quantities and Units:

Table (1.1): Electrical quantities and units
Electrical Quantity | Symbol | Measuring Unit  Symbol

Voltage VorE Volt %
Current lori Ampere A
Resistance R Ohm
Siemen

Farad

Conductance
Capacitance
Power Watts

Impedance Ohm

G
C
Inductance L Henry
P
4
f

Frequency Hertz

1.2 Multiple and Submultiple of the Internarial System Units (SI):
Here is a huge range of values encountered in electrical and electronic engineering between a
maximum value and a minimum value of a standard electrical unit. For example, resistance can
be lower than 0.001Q or higher than 1,000,000Q. By using multiples and submultiples of the
standard unit we can avoid having to write too many zeros to define the position of the decimal
point. The table (1.2) shows the Multiple and Submultiple Internarial System Units (SI).

Table (1.2) Internarial System Units (SI)

Prefix | Symbol = Multiplier and Submultiple Power of Ten
kilo k 1,000 10°

Mega M 1,000,000 10°
Giga G 1,000,000,000 10°
T

Terra 1,000,000,000,000 10*?

centi 0.01 102
milli 0.001 103
micro 0.000001 10®

nano 0.000000001 107
pico 0.000000000001 1012
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Examplel.1l: Show multiples or submultiple of Internarial System units for each one of the
following:

. V= 1kv = 1*10°=1*1000=1,000 v.
. I=3mA = 3*10-=3*0.001=0.003A.
. A= 5mm?=5*(10-%)2 =5*10° =0.000005m>

LT 0

H.W1.1: Show multiples or submultiple of Internarial System units for each one of the following:
C= 100uF
P=1pw
F= 1MHz
V=T7cm?3

1.3 Electrical Circuit Components

©_+I I I I I = DC voltage source

DC Current source

Voltmeter

("))
Y/ AC voltage source

—VWWW—

Resistor

Capacitor

wire ___(O0000___

Connection Inductor




1.4 Ohm’s law

Ohm’s law states that the voltage v across a resistor is directly proportional to the current 1
flowing through the resistor.

V x|
V=RI

V: voltage (volt)

I: current (Ampere)

R: Resistance (ohm)

Ohm’s Law Triangle

P NS NP N

Figure (1.1) shows the relation between the voltage and current of resistance which there are
two types of resistances:

1- linear resistance (ohm’s law)
2- non-linear resistance.

Slope = 8

7 . 7

{a) {b)

Figure (1.1): The i-v characteristic of: (a) a linear resistor, (b) a nonlinear resistor.




-Most of conductors are linear resistance so can be used the ohm’s law while in non-linear
resistance cannot used ohm’s law such as semi-conductor.

-The inverse of the resistance is often useful. It is called conductance and quantity symbol is G.
The unit of conductance is Siemen (S) or ().

1

G =
R

1.5 Electrical Power:

Power (P) in the electrical circuit is given by product the voltage (V) and the current (1). The unit
of the power is watt (w).

P=V * |

Examplel.2: The current flowing through a resistance is 0.8 A. when the voltage source 20v is
applied. Find

1) The resistance
2) the conductance
3) The total power

Solution:

1) R=2=22 =250
I 0.8
1

2) G=-=—=0.04S
R 25

3) P=V*I=20*0.8=16w

Examplel.3: In the circuit shown in figure (1.2), calculate the current, the conductance, and the
power.

Solution:
30 W0V ::1:)

..V
the currentisi=—= =+, *6A=6 mA
R 5x103

= _=0.000025=0.2 mS

1
R 5%103

P =V*=30* (6 x 103 = 180 mW. Figure (1.2)

The conductance is G = G=




H.W 1.2: For the circuit shown in Figure (1.3), calculate the voltage v, the conductance G, and
the power p. (Answer: 20 V, 100 uS, 40 mW)

Figure (1.3)
1.6 Resistor Power Absorption:

There are two equations:

When substituting Eq. (1) in Eq. (2)
P= I*R*I= IR
Or

2
v v

P=v* —=—
R R

The resistor power absorption is

P=I*R  Or

1.7 Resistance and Resistivity

The resistance of the conductor of uniform cross section is depend on:

1) The type of material (Resistivity).
2) Length
3) Cross section area
4) The temperature.
Hence:

At (20C°) R=p

R: Resistance ({1) p: Resistivity (€©.m)

[:length (m ) A: cross section Area (m?)




- Resistivity is a fundamental property of material, when the value of the resistivity is very small
that means the material is good conductor (conductor material), but when the value of resistivity
Is very big that means the material is low conductor (isolator material). Table (1.3) represents the
resistivity of different materials.

Table (1.3) represents the resistivity of materials.

Resistivities at 20°C

Mhaate il Resistivity (S2em )

Advrminme 2,82 = 105

ot 1.72 = 10—%

Cold 2 A4 > 1OS

MNichromme 150, = 1o

Silver 1.59 » 1o

Tuangsten S50 = 10"

Examplel.4: Find the resistance of 20 C° of annealed copper bar 3mm in length and 1.5cm? in
rectangular cross section area. ( Resistivity =1.72*10% Q.m)

Solution:

31073
1.5%(1072)2

R=3.44*107 Q

R=1.72*107

H.W1.3: Find the cross-section area of the aluminum wire at 20C° that has length of 1Km and
the resistance is 0.002 Q. ( Resistivity =2.82*10% Q.m). (answer: A=0.0141m?)

1.8 Resistor temperature coefficient:

The resistance of most good conducting material increases almost linearity with temperature over
range of normal operating temperature.

Ro=R1(1+0ao(T2-T1))
Ro=Rt ( 1 +0LTT)
Rt= Ro( 1 +OLoT)

—_ Qo
T fageT
. resistance at lower temperature T;
. resistance at higher temperature T,
. resistance at temperature T
: resistance at zero temperature 0C°
. resistor temperature coefficient at 0C°
: resistor temperature coefficient at TC? (Q/C°)

6




Examplel.5: coil resistance is 3.146 Q at 40C° and 3.717 at 100C°.Find
1) Resistor temperature coefficient at 0CP.
2) Coil resistance at 0C.
3) Resistance temperature coefficient at 40C°.

Solution:

(1) R2=Ri(1+00(T2-Ty))
3.717=3.146(1+a0(100-40))
3.717=3.146(1+00 *60)

3.717= ((3.146*1) +(3.146a5*60))
3.717=3.146+ 188.7600
3.717-3.146=188.7600

0.571=188.7600

_0.571

Olo= =0.003 Q/C°
188.76

(2) Rt=Ro(1+aoT)
3.146= Ro(1+0.003*40)
3.146=1.12 Ro

Ro= 222° =2825 0

112

(3) ar=—>

1+CZO*T
_0.003
0l40

= = 0.0026 Q/C°
1+0.003%40

H.W1.4: Copper coil resistance is 100Q at 20C°. Calculate it is resistance at 100C°. If the
resistance temperature coefficient at 20 C° is 0.004 Q/C°. (answer: R,=129.6Q)




1.9 Branches, nodes and loops:

A branch represents a single element such as a voltage source or a resistor.

A node is the point of connection between two or more branches.

A loop is any closed path in a circuit.

Independent loops (Mesh) is a special case of loop do not have any other loops within it.

Examplel.6: In the circuit shown in Figure (1.4). Determine:

e the number of branches
e the number of nodes
e the number of independent loop (Mesh).

Figure (L4)

Solution: ) so

e the number of branches (b)=5 WAWAA—
e the number of nodes= 3 o @2 o =

e the number of loop (Mesh)=3

sl ¢

b=1+n-1
b=3+3-1=5

H.W1.5: In the circuit shown in Figure (1.5). Determine:

e the number of branches
e the number of nodes ' 260 G 2A
e the number of independent loop (Mesh). '

Figure (1.5)




1.10 The direction of the current:

1) Voltage source

2) Current source

3) Resistance

T g




1.11 Short circuit and open circuit:

A short circuit is a circuit element with resistance approaching
zero.

An element with R = 0 is called a short circuit, as shown in Figure
(1.6a).

For a short circuit,

v=IR=0

An open circuit is a circuit element with resistance approaching
infinity.

An element with R = o0 is known as an open circuit, as shown in
Figure (1.6 b).

Figure (1.6): (a) Short circuit (R = 0),
1.12 Kirchhoff’s laws: (b) Open circuit (R = ©).
1) Kirchhoff’s current law

Kirchhoff’s current law (KCL) states that the algebraic sum of currents entering a node is zero.
using KCL for the circuit as shown in figure (1.7) will be given

D Iintering and leaving = 0 at node

l1—1o+I13+12—15=0

Figure (1.7)
Or the he sums of the currents entering a node is equal to the sum of the currents leaving the node

D Iintering =) Ileaving at node

li+is+la=12+ 15




2) Kirchhoff’s voltage law (KVL):
Kirchhoff’s voltage law (KVL) states that the algebraic sum of all voltages around a closed

path (or loop) is zero.

For the circuit as shown figure (1.8) using KVL of the loop (Clockwise direction) will be given:

z V=0 in loop (Mesh) -

“V1+Vo+V3=0 n @
-V1+1*R1+1*R»=0

Figure (1.8)

Examplel.7: For the circuit as shown figure (1.9) find current lo by using KCL.

Solution:

=]
1 1 A

2-10 + 4 - 1o=0
lo=-4A

o

Figure (1.9)

Examplel.8: For the circuit as shown figure (1.10) find V by using KVL.

Solution:

loop CW direction
-12+10+8-V=0
V=6v

Figure (1.10)




Homework

H.W1.1: For the circuit as shown figure (1.11) find V by using KVL. (answer: V1=14v)

12V 10V

@

Figure (1.11)

H.W1.7: For the circuit as shown figure (1.12) find i; and i, by using KCL. (answer: i1=7A, i>=
-5)

Figure (1.12)




Chapter 2
Series and Parallel Circuits

2.1 Series Circuit

As shown in figure (2.1), the two resistors are in series which has characteristic as following:

1) The R; and R; have the same current and equal i e R ks

O—\VW——AWW

2) Vlzi*Rl
Vo=1*R,

3) By using KVL to loop (Clockwise direction) we have b
-V+V1+V,=0
V=V+V, Figure (2.1)
4) The equivalent resistance:
Req: Ri +R>
For N resistor in Series

Req: R1 +R, +R3+Ry

5) V= Req * 1| as shown in figure (2.2).

2.1.1 Voltage divider’s law:

Substituting Eqg. (2) and Eq. (3) in Eq. (1)

Vi=—— x R
YRitr, 1
v

VZ_R1+R2 * Ry

%4
Vn=— * R
N Req N

N: represent the resistance




Example2.1: From the circuit shown in figure (2.3), find
1) The equivalent resistance.
2)the current through each resistance
3) the voltage of 8Q using voltage divider’s law.

Figure (2.3)
Solution:

1) Req: R]_ +R2 +R3
Req:4+4+8:16 Q
2) V=Reg™ |
32=16*i
. 32
==
16
I=2A  which i=lyo=lio=I3q (Series Connection)

=32 _48=16v

+4+

Example2.2: For the circuit shown in figure (2.4), find the voltage source v.

Solution:

V=Re* |
Req: R]_ +R2 +R3
Req=3+4+5=12 Q

V30=1*Rsq
6= i *3 AAAA
I1=2A o
V=Reg* I Figure (2.4)

V=12 * 2=24v




H.W2.1: As shown in figure (2.5), calculate the value of resistance R; and the voltages of each
resistances using voltage divider’s law. (answer: R1=11 Q, V1=30v, V2=15v, v=55v)

R,

e A A
vy

'h
R, 33kD

R,

AR
yyw

Figure (2.5)




2.2 Parallel circuit

As shown in figure (2.6), the two resistors are in parallel which has characteristic as following:

Node a

" €

Node b

Figure (2.6)
1) The R1 and R2 have the same voltage and equal V (V =Voltage source).
V=VRr1=Vr>

2) li1=

3) By using KCL at node a (Clockwise direction) we have
1=+,
4) The equivalent resistance of two resistance:

1 1 1
_—_+_

Req R1 Rz
1 _ Ry+Ry

Req RiR;

P = RiR,
¢4 R, +R,

For N resistor in parallel

1

..RN

as shown in figure (2.7).

Figure (2.7): Equivalent circuit




2.2.1 Current divider’s law:
As shown in figure (2.6)

Substituting Eq. (2) and Eq. (3) in Eqg. (1)

.

Il_R1+R2
i

Io= * R
2TRi+R, 1

*Rz

Example2.3: for the circuit in figure (2.8), find
1) The equivalent resistance
2) Total current
3) The current of each resistance

Figure (2.8)
Solution:
_ RiRy

1) Req = Ri+R

Req 3+6
18

Ry, = — =20

eq —

3x6
9

2) V= Req * i




Example 2.4: Find V (voltage source) of the circuit shown in figure (2.9), if the i1;=0.2A, then
find total current I and the equivalent resistance.

g *E': ,\, ‘7.3 =0.2A
109.:55

Figure (2.9)

Solution:
\%

i3: R_3
0.2 = %
V=0.2*20=4v

i1: —
1
== =0.06A
30
=Y
I>= R,
. 4
Ih=— = 0.06A
30
I=i1+i2+13
e total current
i= 0.2+0.06+0.06=0.32A

e equivalent resistance

1 1 1 1
=t —+ =
Req R1 Rz Rz




IHHomeworlk

H.W 2.2: for the circuit shown in figure (2.10), calculate:

1) equivalent resistance
2) currents of each resistance (i, iz, and is)
3) total current

Figure (2.10)

H.W 2.3: for the circuit shown in figure (2.11), calculate the currents of each resistance (i, i)
using current divider’s law.

zom@

Figure (2.11)




Chapter three
Series-Parallel combination

In the Series -parallel combination circuit, the circuit components are series connected in same
part and parallel in other part. We won’t be able to apply a single set of the rules to every of the
circuit. Instead, we will have to identify which parts of the circuit are series and which parts are
parallel, then selectivity applies series and parallel rules as necessary to determine what is

happening.

Example3.1: For the circuit shown in figure (3.1),
determine:

1) The total current
2) The voltage and currents of each resistance

Figure (3.1)




Cuvient - divideys law s -

e
30 =
0 -}3’0&: =

a3 = - 2‘ X lﬁ - Glfﬂ
2o 430

Vl = E\-&R.L = LW21x20 =2V

\fl = I. 9 s Rg_ —0.8 % 30 =2MV

\)\ = Vl = 29\ Ebffm-lS:f R, and R» ﬁg?ﬂmﬂt.kj

% 2 =o66%H
x ‘;— :\1333
6€+3
T-g x> Ry = 0667 % € = &4V

I_\;_atﬁui = 1233 x 3 = AV

L\V' E .Df:‘au.f:-ﬁ F?3 ar k—i{ul V= Pwrnﬂdj




Example3.2: Find the equivalent resistance of the circuit shown in figure (3.2).

4 Q 1 Q2

MWW MWV
2Q

20 6 Q 3Q

Series

Series
442 .4+8=

= 14.4Q

Figure (3.2)

Series
E:_" 1+5=

< 4Q//6Q
z«z§4*6_24
4+6




Example3.3: For the circuit shown in figure (3.3), Find:

Ix

1) The total current I.
2) The value of IXx.
) IOVCD

—

AWV

§4Q %69 20

Solution:

Req

Figure (3.3)

Series

| 1+2=

'{i . 3

3Q//6Q

20

4Q//4Q)
e

240
=

..‘x/

Series

| 2+2=
S40

5

(4)

_______ Series

| 342
2 5Q
=

—




2)by using current divider’s law

From figure (4) can be given I;:

L=—— % 6 = 0.6674
6+3

Example3.4: For the circuit shown in figure (3.4), Find the value of V, (the voltage of 9KQ)

6 kQ

Solution:
6KQ and 12KQ 1s series
6K+12K=18KQ

Can be using current divider’s law

30%1073
(9¥103418%103)

Vo=10*Rokaq
V,=0.02*9*103
V=180V

% (18 % 10%) = 0.024

|o:

Figure (3.4)




HHomeworlk

H.W3.1: Find iy and i, in the circuit shown in Figure (3.5). Also calculate v; and v,. (Answer:
vi=5V,i1=0416A,v.=10V, i, =0.250 A))

i
o120
A
e
6Q
A

1sv @

Figure (3.5)

H.W3.2: Find equivalent resistance in the circuit shown in Figure (3.6). (Answer: Req=6£2.)

20Q 3Q 40

o—"WWy AW AW

R _
- 60 40Q

iQ

Figure (3.6)




Chapter four
Wye-delta transformations
4.1 Wye-delta transformations

There are some cases often a rise in circuit analysis, when resistors are neither in parallel nor in
series. For example, consider the circuit shown in figure (4.1).

Star (wye or T) connection:

B
Y -Network T-Network

Delta (A or m) connection:

Rac
A i ,C
Raig i Rpe
B' I

A-Network n-Network




4.1.1 To convert a Delta (A) to Wye (Y):

Rap Rac
Rap * Rac* Rac

Ry=

Rsp Rac
Rag+ Rac* Rac

RB=

Raic Rae

4.1.2 To convert a Wye (Y) to Delta (A):




Example4.1: Using (A-Y) transformations to find the equivalent resistance and total current of
the circuit shown in figure (4.2) (let voltage source V= 10v).

Figure (4.2)
Solution:

+!_l.‘.1'|"l-5'|ju'l"'|"l""|- M= -\{
2 Rpp T 9 Rac

= g , Rge =&

Ff' Fae Fac
B =
Kag + Fac +Fac

12 a 1€
l2 v+ 1% 4 6
FAar Rac
AR« Rae + Wae
J2 »= G
Mooy 18 =+ G

R = Rpac Kec
fAY + Eic + Rec
12 % G
2 4 7+ 6




Beﬁ-.:-_g
"_ g+ EJ_"_J?‘ _
P =5F

» Total current (Voltage source (10v))

=X

=1




Example 4.2: Convert a Wye (Y) Network to equivalent Delta (A) Network for the circuit shown
in figure (4.3).

Figure (4.3)

- [
Frarsb e rem \'l: _— A

K, = 1ot




Example 4.3: Find the equivalent resistance and total current of the circuit shown in figure (4.4)
by Using (Y-A) transformations of the nodes a, b and c.
s 130

— =
———C— A\ ]

24 Q =

300
100\-'@ I—uw

Figure (4.4)

Solution:

+"|"L'-\.l"':'_".-i"\-1' il _:IJ? Ei

Q{x = 2.‘#;5 Fﬁ)b - JoJr }:{}f_ = 2aS

- R R
Rap = Ra 4+ Ry + -—---—QREJ'Q

- DM wEC -
= 2 o B0 2% 3 = 40U

i

o

"fq?l::-t: = J"?h + Re "‘Eﬂ_pi

Rac

109 HEom = 12%60 _ g o7
= o G

= i
- - Py L —
- Bong MFESE = - +_;‘:__- —
o [ B







H.W4.1: Find the equivalent resistance and total current of the circuit shown in figure (4.5) by
Using (Y-A) transformation of the nodes a, b and ¢. (answer:20Q))

e A AA
VWA

Figure (4.5)

H.W4.2: Convert Delta (A) Network a to equivalent Wye (Y) Network for the circuit shown in
figure (4.6).

Riz

VWV
250 /

2 1002 150 &
Z x

o2

Ry3 / Ra3

3

Figure (4.6)




Chapter five

DC Circuit Analysis
5.1 Kirchhoff’s law method (Branch current method)

In This method, we assume direction of the current in network, then write equations

describing their relationships to each other through Kirchhoff’s and ohm’s laws. Once we have
one equation for every unknown current, we can solve the simultaneous equation and determine

all the current and therefore all voltage drops in the network.

Example 5.1: from the circuit shown in figure (5.1) find all the currents in the resistance by using
Kirchhoff’s law method. R, L] R,

AAA AA'A
4 Q

Figure (5.1)

Solution: _
= I R a R T3
> WM<

I YT, 2

= A~ L
By Qgg% R, FD ¥,
LR T— -5
i

T-FV

] = »

_-.}(CL at+t nede Ca)
#Tl] — J'.";_ +I3 = o
s N TP T O

B kL ,r_‘,_”,— L.QQPCIJ'

—2% 44y T 42Ts =°
q£1+1.11f1—% - 7 7 -
34

C2)




kv‘!_ _):":3;/ L,_c)r:);}D C.Z)

_ 215 - +z3 +F =o
—2 T —Fxy = —F - -—-- C2)
(<> q-\?) R PR AN S {‘;, SLoD (P
qil _2 T 5 =2

ACTE: —T3d4 2T 2 =2%
}_|F-1——2—-L‘II_3 A2 T x> =2
ETo> 484 T5 - 2 -—--- &

Z ]R3 __ _c 3>
é-IZ—Lj‘IS = ‘3_’_% - — - - CT™DY

_ G;ZQ_--?)T;—S =— 21 ---- %3
6 A, —4Uiz=2% S

"_‘71[3::—',—7

-

=T Ié_:h‘ﬂ

—
———

I‘l—j‘\j"ﬁ R *}{\fx‘)f‘;;:—ﬁ Al \-:I.EI} (\Jb:);’m
-.ZI'}_ —13'—._‘“7 - - =03
-2 11 *'h{:'n = - F




Example 5.2: Find the voltage of resistances to the circuit shown in figure (5.2) using Branch
current method.

Figure (5.2)
Solution:
358 5 asbae Ol i as) (o)) () 3 yilall ol yhal aa) (8 ) e ellia.
stuadl oladl (uSe (g jiall slad¥I Y i3 =-5
KCL at node a

-11-1o+13=0

1= -i2+i3

KCL at node a
-10-4i1+6i,=0

(V) Uslaa 8 (V) Adbaal) 2 gas

-10-4(-i,-5) +6i,=0
-10 + 4i+20+6i, = 0 C————)  10+10i,=0 ) i,= -10/10—>
(V) dolaa Ay (a g

1= -i-5 = i1= ~(-1) -5 =) |i=-4A

V1= 11 *Ryq = -4*4=-16v
Vo= i2 *Req = -1*6=-6v
V3= I3 *R3q = -5*3=-15v




Example 5.3: Find the voltage of resistances to the circuit shown in figure (5.3) using Branch
current method.

i i Q
6 QO I ’3” }0 -

I

S -a - >

Figure (5.3)
Solution:
Iy 585 aslxe ) L aal o)) ) [oOpS U a5 8 L) aas @llia-
i, =6A
KCL at node a

11+15-13=0

1= -i2+i3

KVL for super loop
-22+61;+10i3+4i3= 0
-22+6i1+14i5=0

(Y) ol 8 (1) Alaal) in o

-22+ 6(-6-i) +14i3=0

-22+(-6*6) +6is +14is= 0C————)  -22+36+20i3=0 C——) i3= -58 /-20C—»
(V) Abrs i sl

1= 6-is==> 1= 6-(2.9) —p|i1i=3.1A
Vsq = i1 *Req = 3.1%6=18.6

Vaq = iz *Roq = 6*2=12v

Viq = i3 *Rag = 2.9%4=11.6v

Vioa = i3 *Rioq =2.9%10=29v




IHHomeworlk

H.W5.1: From the circuit shown in figure (5.4) find all the currents in the resistance by using
Kirchhoff’s law method. (answer: 1:=5mA, I,=0A, I3=5mA)

Figure (5.4)

H.WH5.2: From the circuit shown in figure (5.5), find the vy, v, and v3 of the resistance by using
Kirchhoff’s law method. (answer: i1=3A, i>= 2A, i3=1A)

v )

1 ‘]2
v @ h330

3$Q I i3
AL

— g —-
A
v

Figure (5.5)




5.2 Mesh method (Maxwell current loop method)

Mesh analysis provides another general procedure for analyzing circuits, using mesh currents
as the circuit variables. Using mesh currents instead of element currents as circuit variables is
convenient and reduces the number of equations that must be solved simultaneously. Recall that
a loop is a closed path with no node passed more than once. A mesh is a loop that does not contain
any other loop within it. Mesh analysis is also known as loop analysis or the mesh-current method.
Mesh method applies KVVL only to find unknown voltages or current in a given circuit, while
KCL not applies.

Example 5.4: From the circuit shown in figure (5.6), find all the currents in the resistance by
using Mesh method. R;

Figure (5.6)

Solution:

Zoopf;) Kyl ¢ -

—28+’11I;Lf—l(;£|~11):‘3
—-2&8& 44T, 421, -2T; =0
- 611 __-121_2 = 287

L oo o2 KVL ¢

‘?_Il_l_—tl—irj:l*"‘?‘:c

) 31_.”‘,)_‘“1_{.—!_':_—? —_— = (—_c‘_:]

39




[ 21, +3 T = -F (23 _ 2y
RS
_ 2D

o 3_2__11:_18 - = -
L

1, -7 =
o T. —1ip




Example 5.5: Find the voltage of resistances to the circuit shown in figure (5.7) using Maxwell
current loop method.

10Q

Solution:

N Supe.f l.-::u::}‘::

—922 4+ 61 4 1o Ta 44 12 =0
~ 224 6%, 44Ty =0 - —_ - @) _
WS ) r‘,-r'._h_:\_-_-. =t (Dl o il E;;IT';;J
—22 46T, 4 M€+ T,) ~ o
=22 46T 484 4y =0 > g2 =201 =

‘T =-3\R [r, =T, - -31A

1o =2¢+T 2 T, - € 4+¢-30 =294
Iy =Tpon = Iyn :f-nm_’ Ve =T « Req =30 = €= 124,

= Ven =6 % Rn =€az =12V
ﬁlﬂ_ - ’ Vo = Ia #c‘Q!:JL_:E*':H-JD:ifIv

V"—IJL = Ig ¥ Q—f-JI. w28 ity = Wiv




Example 5.6: From the circuit shown in figure (5.8) find all the currents in the resistance by
using Mesh method.

20Q 10 Q2

|

P02 400 @) 34

<I.
=

Figure (5.8)
Solution:

208 10 &i

120V (11? @u f

—
—

-I_E = -2
L-Il'l:.:-llr?{‘ 1) }(w,'-"L_

r—T

—

120 4 9% Li+ 2o(1 -T2) =0
- 120 4 E-:::I'_EEIE:EI?
551—!‘3-’—"-1_2 — %0 - - - -- C1)

G"C" l:I:-_—IIJ—; o Ig_ -k “'-f":‘fi Iﬂ—l_j:::'l.."_‘!
aDIE 'SDI| —-"filf}]:j =0

42




B6 Iy -301 —to (-3) =0
6o I, 30, ==I20 ----C2)

ir o I, - 3¢ I, =120 ]« _ _ _ _
II!_"E‘:;' I.I _P-SI:! I;_. :P‘Jiﬂj*hﬁl - = = - €]

Yoo I, - I: =960 __
- Go I, 4 ZHo T, =360 _ _ . 4y
3lo], = 6oo

[ j},- - L‘TB‘?HJ I.r - Ilf:.-.-'?‘_ - II-.EIFEE.H

EGII'I.EGIIE_:JFEG — = - - 3

-'I_.-“' I;:L = 1935 —{‘n.?":,rE:] -~ "E-'JHIF'I

— _T_;- — 1_3 =  &.3+75 —{—53:‘ ~ 9.295R




IHHomeworlk

H.W5.3: Find v; and v, of the circuit shown in figure (5.9) by using Mesh method. (answer: v,
=18 v, v,= 26V)

@

Figure (5.9)




Chapter six

Circuits theorems
6.1 Superposition theorem:

The superposition principle states that the voltage across (or current through) an element in a
linear circuit is the algebraic sum of the voltages across (or currents through) that element due to

each independent source acting alone.

The principle of superposition helps us to analyze a linear circuit with more than one independent
source by calculating the contribution of each independent source separately. However, to apply

the superposition principle.

We consider one independent source at a time while all other independent sources are turned
off. This implies that we replace every voltage source by 0 V (or a short circuit), and every current
source by 0 A (or an open circuit). This way we obtain a simpler and more manageable circuit.
Other terms such as killed, made inactive, deadened, or set equal to zero are often used to convey

the same idea.

Steps to Apply Superposition Principle:

1. Turn off all independent sources except one source. Find the output (voltage or current) due to

that active source.
2. Repeat step 1 for each of the other independent sources.

3. Find the total contribution by adding algebraically all the contributions due to the independent

sources




Example 6.1: Use the superposition theorem to find I, for 4Q in the circuit in Figure (6.1).
Ix Rl R3
—- W
1Q

B — v 2!2%R3

Figure (6.1)
Solution:

E1is On and E2 is Off

E is short circuit (because voltage source) I' R R,

AN A ———
R'ee= (1Q// 2Q) + 4Q —jH—l—»«;ﬁ

e ﬁ =
R eq= (1+2) +4 =0.667+4 b — v :!1%11_-
= 4.667 |

v _ 28

Req 4667

E1is Off and Ez is On

E: is short circuit (because voltage source)
R”eq= (4Y/ 2Q) +1Q

eq= (

s
| =

4%2
442

) +1 =0.332+1

29 V 7
I'= ——=—"—=34
1.332

3 6 L,
I”’v= — * 2 == = 1A (current divider’s law)
4+2 6

Ix=1x +1x =6-1=5A




Example 6.2: Find v in the circuit in Figure (6.2) by using the superposition theorem.
8Q

AAN
LAY \"}"-.

4Q =

4
¥V

G 3A

Figure (6.2)
Solution:

6v is On and 3A is Off
3A is open circuit (because is current source)

P=——=—-=05A

B R'eq T 8+4

V'=0.5%4=2V

6v is Off and 3Ais On
6V is short circuit (because is voltage source)

= 83: * 8 = 2A (current divider’s law)

V7=2%4=8V

V=V+V* =2+ 8 =10




HHomeworlk

H.W6.1: Using the superposition theorem, find V, in the circuit in Figure (6.3). (answer:
Ve=12v) 30 50

W VWA

4

5220 A @ v

Figure (6.3)

H.W6.2: determine the value i in the circuit in Figure (6.4) by Using the superposition theorem.
(answer: i=3.5A)




6.2 Thevenin’s theorem

Thevenin’s theorem is a way to reduce a network to equivalent circuit composed of a single

voltage source, series resistance and load.

Thevenin’s theorem states that a linear two-terminal circuit can be replaced by an equivalent
circuit consisting of a voltage source V1, in series with a resistor R, where V1, is the open-
circuit voltage at the terminals and R, is the input or equivalent resistance at the terminals when

the independent sources are turned off.
Steps to follow for Thevenin’s theorem

1) Find the Thevenin source by remove the load resistance from the original circuit and
calculating voltage across the open connection points where the load resistor used to be.

2) Find the Thevenin resistance by removing all power sources in original circuit (the voltage
source is short circuit and the current source open circuit) and calculating total resistance
between the open connection.

3) Draw the Thevenin equivalent circuit composed of a single voltage source, series resistance
and load as shown in figure (6.5).

4) Analyze voltage and current for the load resistor following rules for series connection such

as current of load resistance I,.

Figure (6.5)




Example 6.3: Find the load current of resistance in the circuit figure (6.6) by using Thevenin’s
theorem

Figure (6.6)
Solution:

VTh

50

= 54

T 145+4

V1h=Vs5q=5*5=25v

series

l+acsq Esa Ese ) 5050




Example 6.4: Find the load current of resistance in the circuit figure (6.7) by using Thevenin’s

theorem.
6 Q 6 Q2 a

Figure (6.7)

Solution:

(s @ @m

6 Q 6<2

Using Mesh Method
I-1,=2

(1)
super loop
-12 +61;+61,+41,=0
-12+61,+101,=0
-12+61,+10 (2+15) = 0
-12+61,+20+101,=0
16 1,=-8

|1=;—: — —0.54

1,=2+1,

1,=2+(-0.5) =1.5

V= Vag = (4*1.5) = 6v




6+6=12 Q

(series) L
12 Q%

|

12 Q // 4Q _
3Q




Example 6.5: Find the load current of resistance in the circuit figure (6.8) by using Thevenin’s

theorem o0 0V

—w——|

szon

]
s

Figure (6.8)

Solution

1= 29 —333A

10420
KVL.:

-201+20 +V=0

-20 *3.33 +20 +V =0
-66.6 +20+V =0
V1= 46.6V

Rtn 10Q // 20Q

R, = —22% _ 66670

10+20

VTh
RTh +R],
46.6
6.67+ 40

=14




Homework

H.W 6.3: Find the Thevenin equivalent of the circuit figure (6.9). (answer: Vth=2.4v, R1h=1.602)

5Q

. L) ‘.l "
——-J',‘,"", Nay - b

Figure (6.9)

H.W 6.4: Find the load current of resistance in the circuit figure (6.10) by using Thevenin’s
theorem. (answer: Vth=60v, RTh=10Q, I.= 1.5A)

20Q a

MM
VYVY

IL‘

120\'# Soa swo Rugao

| ’\—{
b

Figure (6.10)




6.3 Norton’s Theorem

Norton’s theorem is a way to reduce a network to equivalent circuit composed of a single current
source, parallel resistance and load.

Norton’s theorem states that a linear two-terminal circuit can be replaced by an equivalent circuit
consisting of a current source Iy in parallel with a resistor Ry, where Iy is the short-circuit current
through the terminals and Ry is the input or equivalent resistance at the terminals when the
independent sources are turned off.

Steps to follow for Norton’s theorem

1) Find the Thevenin source by remove the load resistance from the original circuit and
calculating voltage across the open connection points where the load resistor used to be.

2) Find the Norton resistance by removing all power sources in original circuit (the voltage
source is short circuit and the current source open circuit) and calculating total resistance
between the open connection.

3) Draw the Norton equivalent circuit composed of a single current source, parallel resistance
and load as shown in figure (6.11).

4) Analyze voltage and current for the load resistor following rules for parallel connection

such as current of load resistance I.

I
IL=—N_« R,
Rn+Ry,

Figure (6.11)




Example 6.6: Find the load current of resistance in the circuit figure (6.12) by using Norton’s

theorem.
4Q

r.vr._.'/'.v/\v

1wv@® 6o

Figure (6.12)

Solution:

IN= % = 25A

Find Rn

4%6
4Q /) 6Q —— = 2.40)
446

Norton Equivalent




Example 6.7: In the circuit figure (6.13) Find Norton equivalent circuit.

8Q

2@

figure (6.13)
Solution:
I, =2A
-12 + 4(l5-11) +81,+81,=0
-12 + 41,-41; +16 1,=0
-12-(4*2) +201, =0
-20+201, =0
I, =1A
I2=In= 1A

R
4+ 8+8 =20Q
20Q // 5Q = 4Q

I

200




IHHomeworlk

H.W 6.5: Find the current of load resistance in the circuit figure (6.14) using Norton’s theorem.
(answer: In=8A Rn=5Q, I.=4A)

10A@ 3823

Figure (6.14)




