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Electrical Quantities and Units:

Table (1) Electrical quantities and units

Electrical Quantity Symbol Measuring Unit Symbol

Voltage VorE Volt \%
Current Tori Ampere A
Resistance R Ohm Q
Conductance G Siemen Sor O

Capacitance C Farad F
Inductance L Henry H
Power P Watts w
Impedance Z Ohm Q
Frequency f Hertz Hz
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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

1,000,000Q2. 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).

Prefix Symbol

kilo
Mega
Giga
Terra

centi
milli
micro

nano

pico

Example 1.1: Show multiples or submultiple of Internarial System units for

each one of the following:

Table (2) Internarial System Units (SI)

k
M
G
T
c
m
1)
n

Y

Multiplier and
Submultiple

1,000
1,000,000
1,000,000,000
1,000,000,000,000
0.01
0.001

0.000001
0.000000001

0.000000000001

« V=1kv = 1*10°=1*1000=1,000 v.
= 1=3mA =3*10°=3*0.001=0.003A.

Power of Ten

10°
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» A= 5mm?=5*(10-)?=5*10°=0.000005m?

Electrical Circuit Components

@ _+I | I I I = DC voltage source

/A‘\
\“’} Ampermeter
DC Current source
@ ),
Voltmeter
(’\’) AC voltage source
Resiztor

e —

Capacitor

Wire (000000
Connection Inductor

gy ALLY) -6
H.W 1.1: Show multiples or submultiple of Internarial System units for each one
of the following:
e C=100pF
e P=1pw
e F=1MHz
e V=7cm?
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Ohm’s law:

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

Vil -

4 —
-

Y=RI1

~
YW
I -

V: voltage (volt)

I: current (Ampere)

R: Resistance (ohm)
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Ohm’s Law Triangle

VM)=1IxR ®_— =T

Figure (2.1) 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.

VA VA

Slope =R
Slope=R
P i s i
(a) (b)

Y
r

Figure (2.1): 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 1n 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 (D).




Ll dyl) daalal

Q
]
=l I

Electrical Power:

Power (P) in the electrical circuit is given by product the voltage (V) and

the current (I). The unitof the power is watt (w).

P=V*I

Example 2.1: The current flowing through a resistance is 0.8 A. when the

voltage source 20v isapplied. Find:

1) The resistance.
2) The conductance.

3) The total power.
Solution:

1) R=z=20 = 25Q

I 08
2) G=1=1=0045
R 25

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

Example 2.2: In the circuit shown in figure (2.2), calculate the current, the

conductance, and thepower.

4. ——
P

ook

30V 5 kil Z*;

Figure (2.2)
Solution:
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Vo 30

the current is 1 =— = 0.006A= 6 mA

R a 5+103

The conductance isG=G=1=_1 == 0.00002S=0.2 mS
R 5#10

P=V*[=30*(6 x 1073) =180 mW.

Resistor Power Absorption:

There are two equations:

P=V*1. . (2)
When substituting Eq. (1) in Eq. (2)

P=I*R*]=[**R
Or

v v?
Pegi— =
R R

The resistor power absorption is:

P-F*R Or P--—

Aoy ALY -6
H.W 2.1: For the circuit shown in Figure (2.3), calculate the voltage v, the
conductance G, andthe power p. (Answer: 20 V, 100 uS, 40 mW)

La

+

AW

2 mA @3 10 KL}

v

Figure (2.3)
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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 (€2) p: Resistivity (Q.m)
I: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 resistivityis very big that means the material is

low conductor (isolator material). Table (1.3) represents the resistivity of



a
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different materials.
Table (3.1) represents the resistivity of materials.

Resistivities at 20 C°

material Resistivity ((2.m)
Aluminum 2.82 x108
Copper 1.72 x 10
Gold 2.44 x 108
Nichrome 150. x 108
Silver 1.59 x 108
Tungsten 5.60 x 108

Example 3.1: Find the resistance of 20 C° of annealed copper bar 3mm in

length and 1.5c¢cm? in rectangular cross section area. (Resistivity =1.72*10® Q.m)

Solution: Rz,%

3x10~3

R=1.72*%10% ——— =
1.5%(1072)2

R=3.44*107 Q

Resistor temperature coefficient:

The resistance of most good conducting material increases almost linearity

with temperature overrange of normal operating temperature.

RZZRl( l"‘C(o(Tg—T]))
Ro=Rr ( I+orT)
Rr=Ro(1+0aoT)

or—————
1+ap*T

ag

R;: resistance at lower temperature T,
R,: resistance at higher temperature T,

Rr: resistance at temperature T
R,: resistance at zero temperature 0C°

0o resistor temperature coefficient at 0C°




o resistor temperature coefficient at TC? (Q/C?)

Example 3.2: coil resistance is 3.146 Q at 40C° and 3.717 at 100C°.Find

1) Resistor temperature coefficient at 0C°.
2) Coil resistance at 0C°.

3) Resistance temperature coefficient at 40C°.

Solution:

(I) Re=Ri(1+ao(T>-T1))
3.717=3.146(1+ao(100-40))
3.717=3.146(1+a, *60)

3.717= ((3.146*1) +(3.14600*60))
3.717=3.146+ 188.76a,
3.717-3.146= 188.7600
0.571=18R8.76qy

=227 0.003 Q/C°

188.76

Oy

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

Bo= 222 cogaegy

112

i)

(3) (IT_1+CI'0*T
0.003

oo—————— = 0.0026 Q/C°

1+0.003+40
rdga) ALY -6
H.W 3.1: 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?)
H.W 3.2: Copper coil resistance is 100Q at 20C°. Calculate it is resistance

at 100C°. If the resistance temperature coefficient at 20 C° is 0.004 €/C°.
(answer: R,=129.6Q)
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Branches, nodes and loops:
e A branch represents a single element such as a voltage source or
a resistor.
e A node is the point of connection between two or more branches.
e Aloop is any closed path in a circuit.
¢ Independent loops (Mesh) are a special case of loop do not have

any other loops within it.

Example 4.1: In the circuit shown in Figure (4.1). Determine:

i 50 B
e the number of branches § L
o+
e the number of nodes Ve 203303 ®

¢ the number of independent loop (Mesh). (

c

Figure (4.1)



Solution:

b

e the number of branches (b)=5

a 502
e the number of nodes= 3 - E_: @2 " §©§©GD

o

e the number of loop (Mesh)=3

P

c

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

The direction of the current:

1) Voltage source

2) Current source
@

3) Resistance

}+

+ -

e

5
Lo
H

Short circuit and open circuit:
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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 = o is known as an open

circuit, as shown inFigure (1.6 b). =3
v + _
i = lim — =0 Il“”
R—oc R
¥ R=o

o

Figure (4.2): (a) Short circuit (R = 0),
(b) Open circuit (R = ).

Aoy ALY -6

H.W 4.1: In the circuit shown in Figure (4.2). Determine:

e the number of branches

e the number of nodes v @

¢ the number of independent loop (Mesh).

Figure (4.3)

sdoulad) jaladll e
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Kirchhoff’s laws:

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 (5.1) will be
given
> TLintering and teaving = 0 atnode
i1 _i2+i3+i4_i5=0

L 5o gl Jalal & Ll
Al s 5L Jadall el gl

Figure (5.1)

Or the he sums of the currents entering a node is equal to the sum of the currents

leaving the node

Z Iintering = Z Ileaving at node
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i1+i3+i4=i2+i5
2) Kirchhoff’s voltage law (KVL):

Kirchhoff’s voltage law (K'VL) states that the algebraic sum of all voltages
around a closedpath (or loop) is zero.
For the circuit as shown figure (5.2) using KVL of the loop (Clockwise

direction) will be given:

YW=0 in loop(Mesh)
V,+V,+V;=0 m @ q

-V,+I*R+I*R,=0

Figure (5.2)

Example 5.1: For the circuit as shown figure (5.3) find current lo by using

KCL.
Solution:
[}
1 Ty A
2-10+4-1,=0 3
245 4.4
IO - 4 A '3_- Ay Wit 4_{?
L ] b
=]
Figure (5.3)

ExampleS .2: For the circuit as shown figure (5.4) find V by using KVL.

Solution: v
loop CW direction: é
-12+10+8-V=0
V = 6v P
Figur:e (5.4)
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H.WS5.1: For the circuit as shown figure (5.5) find V by using KVL. (answer:

Vi=14v).
- N -
: __.ﬁ._.-\:f\.n
6V z "
12V 10V 1=
Figure (5.5)

H.W5.2: For the circuit as shown figure (5.6) find 1; and i, by using KCL.

(answer: i,=7A, i,=-5)

Figure (5.6)
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Series Circuit

As shown in figure (6.1), the two resistors are in series which has

characteristic as following:

1) The R; and R, have the same current and equal 1 _1_, a R Ry
———AW—A
typ=- +p-
V]Zi*Rl
2)
Va=1*Ra
3) By using KVL to loop (Clockwise direction) we have b
Figure (6.1)
-V+V+V,=0
V=V+V;

4) The equivalent resistance:

: : : e B Req
For N resistor in Series O A
Req= R1 tR2+R3+R4........... . +Rx S
5
V=Kgq 1
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5) as shown in figure (6.2).
Voltage divider’s law:

Vi=I*R} e (1)
V=Reg*1 —mmmmeeeee- (2)
11 XA (i 3 (3)

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

VjL: v * R 1
Ri+R2

V2= 4 * R )
RitR2

N: represent the resistance

14
Vy=—=*R
o Req N

Example 6.1: From the circuit shown in figure (6.3), find
1) The equivalent resistance.
2) The current through each resistance

3) The voltage of 8Q using voltage divider’s law.

2. 40
AV
-
2 @& s 48
8Q
AWM
Figure (6.3)

Solution:

1) Req: R; Ry +R3
Re=4+4+8=16 Q

2) V=R.*i

3) 32=16*
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which i = i=l4q0=140=1gq (Series Connection)
Req
VgQ: 32 x8=16v
4+4+8

Example 6.2: For the circuit shown in figure (6.4), find the voltage source v.
Solution:

-~

3()
V:Req* i Gl F'-.-'l'-.."'.,."'.,
Re=3+4+5=12 Q

—

WV AAAA
w
~

Via=1*R3g 4Q
6=i*3

1=2A Figure (6.4)
V=R, i

V=12 * 2=24v

Parallel circuit:

As shown in figure (6.5), the two resistors are

in parallel which has
characteristic as following:

s Node a
D
iy 2y
> >
3 R s R
D
Node b
Figure (6.5)
1) The R1 and R2 have the same voltage and equal V (V =Voltage source).
V=Vri=Vr2
2) gV
Ry
: %4
17—
Rz

3) By using KCL at node a (Clockwise direction) we have
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1=11+H1
4) The equivalent resistance of two resistance:
1 1 1
— + —
1 _ Rp+Ry
Req R1R>

_ RRy
G T

For N resistor in parallel

- r 1 + 1 +l o
Req R4 R, R3 Ry Ry
i = Req
5) V=R *1i as shown in figure (6.6). AAAA
+ oy =

Figure (6.6) Equivalent circuit

Current divider’s law:

As shown in figure (6.6)
Vi =I*R, (1)
V=R *i (2)
__RiRy 3
Req = R, + R, G)

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

. i
1=
R]_ +R2
. i
1= * Ry
Ry+Ry

*Rz

Example 6.3: for the circuit in figure (6.7), find —

2) Total current

1) The equivalent resistance m, % _ ém
[ ]
b
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3) The current of each resistance

Figure (6.7)

Solution:

R41R
D Req R11+}:2
3%x6
Rea =356
18
Req - ? - ZQ
2) V=R * i
12=2%1
1= 6A
3) il—RL1
1|=%2=2A
TR
1> R
=" =44

Example 6.4: Find V (voltage source) of the circuit shown in figure (6.8), if

the 1;=0.2A, thenfind total current I and the equivalent resistance.

*tﬁ * in *;‘3 =0.2A

Figure (6.8)

Solution:
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-
13 Ra
02 =
10
V=0.2*%20=4v
-,
1 R,
. -+
11=—=0.06 A
30
1 :l
12 R,
4
L=— = 0.06A
=i11+12+13

e total current
1= 0.2+0.06+0.06=0.32A

® cquivalent resistance

1 5 | 1 i |
=4 — 4+ —
Req Rl Rz RB
. 1 1
Regq 30+30+10
X i § 1 3
Req 30 30 30
AU |
Req 30 6
Req =6Q

Aoy ALY -6

H.W6.1: As shown in figure (6.9), calculate the value of resistance R; and the

voltages of eachresistances using voltage divider’s law. (answer: R;=11 Q,

V1=30v, V2=15v, v=55v) A
6k
I=5mA
—— <
¥y 1V R, 33 k0
Ry
Figure (6.9)
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H.W 6.2: for the circuit shown in figure (6.10), calculate:
1) equivalent resistance
2) currents of each resistance (i4, iz, and i3)

3) total current

__LJ'TE L‘fz ,*fs

100 V= 502 1302 1000

P

Figure (6.10)

H.W 6.3: for the circuit shown in figure (6.11), calculate the currents of each

resistance (i, 1,) using current divider’s law.

s -
20ma @) S6kQ T 4kQ

Figure (6.11)
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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.

Example7.1: For the circuit shown in :

figure (7.1), determine:

20 ) 30 )

1) The total current J;—
2) The voltage and currents of each T

resistance 50

28\

(-l

Figure (7.1)
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Solution; 1)
aa o
;?1@1 | g
L= . = Souu R‘ W R>
L 12t = 20x3% _j2.0 Series
B 20
=7 e = 12422
TR 1A Ralr R = [
P&; RE - 230 w5 3 i
T 6+3
e ; =
@) ©)
Eic Rcﬂ\, = oz
T Z - f: -2
I
2) Current _ divides’s law s -
Tie 2 _ >
L T 3o \
-Ll':' % 20 = O-gﬂ
20430

Vo = L 2 xRes =0.¥% 30 =24V

\’\ = Vl oy lq‘.\j‘ E'OECGMSE Rl o.f"-'\ Rz 'is,?uvallg,l-_l

13:#2;—— e = :':6.56?9
G+ 3
Lt 50 L322




== Va ==

Tz x Ry

N = 1\{_*9?\\:\.3%3*3

Ny = Oy =

—3 OIG6¥ .- ' Q =1

TN

e W

4v because R4 and, YRy Vs qun‘\‘td]

Example 7.2: Find the equivalent resistance of the circuit shown in figure (7.2).

4Q 1Q
o A", MW
20
Req 50
-— 6Q 30
O—AM
Figure (7.2)
Solution:
4Q 1Q 40 .
0 AMAN AW O——AWW
20 Series
2 Q. 1+5=
R, Ry % 6Q
. 50 — 130//60
6Q 3Q 228
80 -
o A\V’M O_A\A.N"v
(1) (2)
4Q 4Q
o ——, O——— W
Series
2+2= R 4Q//6Q
R %49 %sg & 2403426 _
4+6
80 8Q
e -
(3) (4)
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o
Series
R ”
o 4+2.4+8=
14. 4€2
Req =14.4Q
G_
(3)
Example 7.3: For the circuit shown in figure (7.3), Find:
1) The total current |. Y " (0
2) The value of Ix. 1'*
v @ % 40 § 60 T 20
I
. Figure (7.3)
Solution:
30 20
1+2=

$ 40

ch R"ﬂ
(1) (2)
N iQ
—AW— AW Series

| 1 BQ/6Q +2=
49 Zpo ) : @

— i — 1 -

Ry R

() (4)




Series

J 312-

x 50
_ 3
(6)
Req =5Q I= % Y|
2) by using current divider’s law _1. 30 |, 20 1Q
A A AN I X
From figure (4) can be given I;: I ls
2 ov @ 10 360 320
Ii= x4 =1A @
4+4 —>
3Q I; Req
—AM j
IE’ -
240 ZaQ
— [
| Req

L= %6 =10.6674
643

Example 7.4: For the circuit shown in figure (7.4), Find the value of V, (the
voltage of 9KQ)

6 k2

vV ey

omAa@ w“ieo  Inko

Solution:

6KQ and 12KQ is series o
6K+12K=18KQ wmi@ “iowe s
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Can be using current divider’s law

_ 30%1073
(9+103+18+103)

x (18 * 103) = 0.024

lo

Vo=lo*Rokaq
Ve=0.02*%9*10°
Vo=180v

dnany) ALY -6

H.W 7.1: Find 1, and 1, in the circuit shown in Figure (7.5). Also calculate v,

and v,. (Answer:v1 =5V, i1 = 0.416A, v2=10 V, i = 0.250 A.)

i
L 120
A
6L
A *h
15v (& glﬂﬂ Fﬁgdﬂﬂ

H.W_7.2: Find equivalent resistance in the circuit shown in Figure (7.6).

(Answer: Req=6().)

210 3Q 40Q
O‘_'\'.I'A\f'h"."ll'.' '.".".\"A'v""-' F"."‘\v'.\'v".‘.’
R < Figure (7.5) <
—_— -: 6Q < 4Q < 5Q
1Q 3Q
o—"AAN A
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Wye-delta transformations

There are some cases often a rise in circuit analysis, when resistors are

neither in parallel nor inseries. For example, consider the circuit shown in figure

(8.1). Ry

Star (wye or T) connection:
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Y-Network T-Network
Delta (A or 1) connection:
A Rac C Rac
M\ A AC Tc;
Rugp Rpc
. _ |
A-Network m-Network

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

Raip Rac G
R A -
R AB +R AC o RBC
Rag Rye
Ry = ‘
Rag + Ryc* Rae
Ric Rae
Re=

R.-“.B -+ R.'"\C + RBC

To convert a Wye (Y) to Delta (A):
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R:R
Rm - R.‘. 4 RB = = ATB
Re
RgRe
Rge= MB+Re+ -
RiRc
RAC = R’:‘ - R.c = R
B
RAC
& ey |y VA o c
\RCL R‘,\ﬂ
A} 1 N
/
. \/ F
X {
Ras "; e Rac
Y me
\ E'/;Ra /
N T
\\ /
s R B A

Example8.1: Using (A-Y) transformations to find the equivalent resistance

and total current ofthe circuit shown in figure (8.2) (let voltage source V= 10v).

Req

Figure (8.2)

Solution:




LI teansform & —> I
-~ RHB = s 9 Rac
Rpe, Fac
Ra = :
Ras + Rac +RBc
1€
12 % e RN PR

= les , Rge =62

I+ IR 4 6 36

R RAR Rac
RaB+« Rac + Rac
12 > G s i

124 12+ G a6

RC _ RRC KDB('
fﬂwL*EﬂcTﬁgc

12 % ¢ = 1€ _gq

124 )+ 6 oe

T
=62

V5 2L !‘ e

% Ba20 857
5«20

oSy cy)
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i R&_'} = 4. 5¥JL Se'r;?_l:,
:—?" Is5¥a
R |
La)
» Total current (Voltage source (10v))
I=_Y X
,‘ﬂ-.}’_ L
8, O3 Re
oV ———— ‘-:j;'_ iﬁ

I i Ve . - - 4 E5FI

4.5%
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Example 8.2: Convert a Wye (Y) Network to equivalent Delta (A) Network for
the circuit shownin figure (8.3).

Ry R,
1 o——wWw» YWW——C 2
10 Q2 l 200
Ry S 400
I
32
Figure (8.3)

Solution:

"."TC.-\‘l"l"_;-r'.:.-:':.s"fﬁ \{ EE S ES = -

R‘ = jOuT fu:",z = IS

/ o I Resedinde
. S
Rm = /?l o fny oy K—;;g_—
> N F\jli’. _
= U ok B | __fo;l—zﬂ 5 1 9
E Ho 3\'5:.'1. j;
- 2572 ‘fwl " ﬁ )
Ra=< ~ /;“-*-;h.aj
' 2 K2 Ka 7
/'?2_3 - /L\‘J'_ - ,C?_ﬂ — -T_ \F',.
|
o o b 2p4 40 3
P e U S S e
o
= Mouw

/_?'3 = Ky —+ R3 2

<2
L
-— JD + Lo ol .'r_:n'f 1.;_5
2.
N - TA T
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Example 8.3: Find the equivalent resistance and total current of the circuit

shown in figure (8.4) by Using (Y-A) transformations of the nodes a, b and c.

R 130
240 = Z100
T 200
100 W @ r—« "v"/—:|c
3003 Ef 50
= b
Figure (8.4)
Solution:
i.j(\L a +"Cn"‘:5lk\-' r‘\"‘TA) &
.-?I‘Pa- 'h-; JDVL- Qf_; - 5_"{_,1.) Qb = JaJL ) I?C = 205
3en & 5e : Ra R
il e - i'% ' 3 - o
Ig qb f r M\p % RC_
(1) =2y 4 Bo~4 230 -don.
L
3 \u{ KXo Re
r——oAN—F 5 Rbc = Rp + Re + —
9, ag, | a

| (e fo 52 - 20 -
= Cr e "
o == = - « ) — = ey O
IRap = D HN = 3 O 4 20 o X i )
~ M

Kr‘. -Son }?ﬂl( — f‘?c: +5‘?(_ - AL ""E
o e e bC I HQ'I}
& e eh 4 2B L L
() =
140
L= N‘\\h‘v— ‘U(
I I'__ 03z o = %80 _ g 570
- = o rio
g?u& [
- - 5(“-7{ ‘_) _—
ROy BRI - - e = G d
:__‘, _)U.LJ”‘?_JJ._ 5_0 ','7§:
—— J

()




atai

@\AJJ!‘:"“‘LJ
e
iy
Tl Sy ey e
iy .5 i
=l = i
T 3% oI
e
C U
- A ;
|32
L 35S Fall fou =
T
C R
a s
- Senve .
[{}3—5—113
F; I{ﬁﬁ—
L&
T av)

BbST w10 _ o F0

3% . s¢¥+0

.I'ml-"("'_‘j = Ho =
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H.W 8.1: Find the equivalent resistance and total current of the circuit shown
in figure (8.5) by
Using (Y-A) transformation of the nodes a, b and ¢. (answer:20Q)

s

00

Figure (8.5)

H.W 8.2: Convert Delta (A) Network a to equivalent Wye (Y) Network for the

circuit shown infigure (8.6).

R
1l o «»55. o2
250 /
100 150 &
Rz % X Rog

3

Figure (8.6)
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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 determineall the current and therefore all
voltage drops in the network.

Example 9.1: from the circuit shown in figure (9.1) find all the currents in the

resistance by using Kirchhoff’s law method.

Figure (9.1)
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Solution:

-I-l Rl | R; Ts

S MWA—<

T g0
4‘1'2

o e b 3 2 -\- 3 &
% (—D-‘Slé& f) = 7
2 = ~T v

—k'CL C{q‘* l"lc:cf!f' Ce)
AT o 4 L =
By I,.L"];z__l'?) IR < ).

- BENTL - Loeapcl)

-.2%*)_‘:[:"'_‘_?_1:‘1 = O
L{‘I_J\_kltz_-:lg *"~—~C1)
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}\’\/L_ For Z_c:c>/> cz2)

2. o - +3 +F =0
wkidey wb®X Em TP =ass KR
s é,é\‘smﬁl\\;gxu {“;.e\s; A GP gm
HTy wiTe =B

4(I1—I3)+211:'?_<2,
"—IIZ—HIB &y 2 X 2 =2¢

612.-—’—\-:_3 = 2% e i G
d:}?,—‘fxl.\ o= a (2> v;)‘:-?—\)\—’“- iR ?:)2\.3:\”&4\_::3
[(-':)‘*I2——I3:—?j K.‘B‘_:-C 3)
6. T2 4T3 =22 - — .. cw
— 66X 2-_BIz3 =21 —--- CB
AP AR R
‘713:1
~"- IB:';‘H.

— —
—

I'Z- -D\"s‘ﬁ CARN S i’:’)‘:\& Al \‘513 U:J;a

R Tor Qg £ Y
-2, M7 = .2 I =-9=)
- 2 Iz S

v

|

-2

- D

Li=T, Ta » Ty= b-c)=5R

Example 9.2: Find the voltage of resistances to the circuit shown in figure
(9.2) using Branchcurrent method.
s A Ban

VWV
131 $f2 v

10V nZ6Q
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Figure (9.2)

Solution:
i3 585 astee <l jlo aal of ol 3 al il aal 8 SLal jaiaa cllia

Jhadl olad) e g il et (Y i =

KCL at node a

-il-i2+i3:0

i1: -i2+i3

KCL at node a

-10-411+61= 0 oo (2)

(2) Haleall 3 (1) Uabaall (a2 g

-10-4(-ip-5) +6i,=0

-10 + 4i+20+61, =0 ) 10+10i,=0 > i,=-10/10=> | ir=-1A
(1) Aalaal) & 5i (g2

= --5 = i=-(-1)-5 ) [i=-4A

V1: i] *R4g2 = -4*4:-16V
sz i2 *Rég = -1*6=-6v

V3: i3 *R3Q =-5%3=-15v

Example 9.3: Find the voltage of resistances to the circuit shown in figure

(9.3) using Branchcurrent method.

b
[§)
-
o
*=
AV
dn
-~
-




il 4

Figure (9.3)
Solution:
2A 16=
KCL at node a

11+12-13=0

i1= -ig_+i3

KVL for super loop

-22+61,+1013+413=0

22+4611+1415= 0 oo )

(2) Udtaall 8 (1) Aalasll i gas

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

-22+(-6%6) 63 +14i3= 0C———)  -22+36+20i,=0 C—— is=-58 /-20r— [ i;= 2.9A
(1) daleall & 5f G sas

= 6-,=>1,=6-(29) C—lii=3.1A
Vea =11 *Req = 3.1%6=18.6

Vya =1, ¥*Ryq = 6*2=12v

Vg =13 *Ryq =2.9%4=11.6v

Vioa =13 *Rioo =2.9*10=29v

gy ALLY) -6
H.W 9.1: From the circuit shown in figure (9.4) find all the currents in the

resistance by using Kirchhoff’s law method. (answer: Ii=SmA, L= 0A,

L:=5mA)
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I1 13
—_— —
|5
30V 20V I
2k 2 SkQ & i
l l
Figure (9.4)

H.W 9.2: From the circuit shown in figure (9.5), find the v;, v, and v; of the

resistance by usingKirchhoff’s law method. (answer: i1=3A, i»= 2A, i3=1A).

i i
B 3 .. %
AN
Vl ‘ ;2
30\-“ n23Q S 6Q

Figure (9.5)
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aeala Il 8 10
8 poalagl gl gkl big=n
SR terrig -8l
ad a1l awll 2lsgull gerglll o gy, glllala  Hadb
ti_poala L el gl
tgleill le = gl 4ys ghodl 8l ol -1
-2
-3
g Ml gl lyogl ol
apis |l ol Ll

Aalal ALy - 4
ealadl (s giaa) -5

s dbaad) (Ligad
1Al g jaaa ) LS s (e dygadll -

D Jlaa
2A 100 | JAL“ I
I
1!

V=1*R
V=2%*10 =20 Volt
daal pe s Y s e Ja BaadG Q10 a3 @
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10Q

Jaall
—— 20V

10Q

S
20V

1S Jdaa ) Al jaaa e Jagadd) -
(A5 Anglla + Al b jauad))

|=V/R=10/2

el e s s U I e Jsa oAl Q2 Rasliall @

Siaks |

|
sng i
S,

Exp.

((gj\ﬂ LJ&A + Lo JM.A))

4\

6Q§

1OQ§

50

10v_——

Find the voltage across (8 Q) by using Kirchoff's law ??, VgQ ?7?

Solution:
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6Q 80 50

o o
100

8y )

V=[*R=3%6=18V

-18+61,+81,+10(,-1,)=0
141,+101,-10 I, =18

2411-10 =18 ... 2 o ais
121 -515=9 oo (1)
-10v+10(L-I;)+ 5,=0
-10v+101,- 10I;+51,=0
151,-101, =10

312-2I1=2
2L +3L=2. e (2)
1211— 512 =9
‘211"‘312:2 6@&_1)4.1
AN
121,-51, =9

-12 I1+ 18 12 =12 b‘gb

131,=21

,=21/13=1.6A
(1) & o=y
121,-5*1.6=9

L =1.41A
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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 KVL only to find unknown voltages or

current in a given circuit, while KCL not applies.

Example 11.1: From the circuit shown in figure (11.1), find all the currents

in the resistance by using Mesh method.




atai
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AN AN
R R2
1.2KQ . 1.8KQ
p——— 2.7kn§ —l_E2
T 10v T 20v

Solution: Figure (11.1)

- WA
ioo/;::(/) K\L Q- \ ]

|
l':l,* ll 2 [1 _,._ P,
-9&+‘I.It+?-CI|—Iz)=G 28v 'O“ OT:"

-2 8 44 1:; + 2 Il -2%75 o

- 6% —21, =28 ____1)

Loo /3(2) /{V]_ s

Q(Iz—Il)‘fT-—l % ‘:r = O
1 ) _?_11+_£1+7:0

L :%T‘-L--:)_-K‘_—_,-_TIZ ‘__———(-_Z‘)
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ET w2l IV =a-= CW)
[ -2, +3T2 = "FIt3 - - c2)
GI/\'_? LT12=228 - V)
e 4+89 Xz =2 = - __c_w
. ¥1, =% = '_I-;__\
- T2 =1p zr_%_‘
@1,-2 T, =28 —- - =C\)

Example 11.2: Find the voltage of resistances to the circuit shown in figure

(11.2) using Maxwellcurrent loop method.

60 104

4'.""\ """ \
-T> '

S0

v @m l,m

o

Figure (11.2)

Solution:
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KVL SHPGV 100

-22 *(1\1\01111* T2=0

-1‘1.‘. le"f’qu ) - = (2-)
\<)r-d»m fJ(n)r,a_),m gﬁ,u
-22 46T 4+ M(6+T) =0
22461 484 4y =0 D G2 =-20] D

'L--38 [r, =T, - -3If

1'2_1'-6'1'I|’>.L1 C+C3I)-L°lf\

I—l ':I.'o.n _ I‘fﬂ- =29 Ve =1, » Req = 31 « €184,
T Vin =6 * Ryg - €2 =12V
2 Viean - I, *’Q*J;,:QHHD:Z‘IV
v‘iJL: Izﬁ%:zqf‘!:n‘\’

Example 11.3: From the circuit shown in figure (11.3) find all the currents in

the resistance by using Mesh method.

20 Q 10 Q
120V 002 4007 3A
a5

Figure (11.3)

Solution:




IS = -3
!._001’3( 1) KV’L‘

=120 el 2::_, I|-1- SC‘(Il —]_2_) =0
=120 & 501-‘ - 3O Ja=0

S0l ~301; =120 ~---- 1)

LOU}U C2) )( VL

g0(L,-L)+ oI, +4o(I2-T3)=0
80Ty - 30T, ~40I3 =0

86 I -30 1, 4o (-3) =o

Bo I, -Fol; - <20 ~-un€3)




[50 II - 30 1_2 :;IZO].;S? oL
2’30 I + 8¢ 12 :-ID_O]*L_S’ - w O

oo I; - 2481, = 940
-9 1, 4 Z40 T, = 360
SIOI, = Goo

-— = = CU)

- -_— - (’2)

50 L} »30 ]y = J230 = =w- )13
50 % )935 - 30 I—z - J2C

r'z_? . 0‘??53{ s = Ts = "o3¥5A

IBu:.. = I,- 1, - 1935 - {~0.23%) = 2- 11 R

Iyon = To - I3 = o335 - (-3 = 9.225R
rdae) ALY -6

H.W 11.1: Find v, and v, of the circuit shown in figure (11.4) by using Mesh

method. (answer: vi=18 v, v,= 26v)

8‘.‘ 1)
—@—
5.&.‘ Swa 503 55
il n

Figure (11.4)
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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 toeach independent source acting alone.

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

1dea.

Steps to Apply Superposition Principle:

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

Example 12.1: Use the superposition theorem to find I, for 4Q in the circuit

in Figure (12.1).

R

Figure (12.1)

Solution:
E1is on and E2 is off

E2 is short circuit (because voltage source)

R = (1Q//2Q) +4Q

R~ (;‘f;) +4 =0.667+4
=4.667
= I o B
I= Req 4667 64

E1 is off and E2 is on

E1 is short circuit (because voltage source)

R = (4Y/ 2Q) +1Q

4%2

R o~ (4+2) ‘+1=0.33251
2
e W e B
1= Req 1332 34
S . gy o
I’’\= W f=g= 1A (current divider’s law)
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=T -+ 1w =H61=5A

Example 12.2: Find v in the circuit in Figure (12.2) by using the

superposition theorem.

Figure (12.2)
Solution:

6v is on and 3A is off 8 Q

3A is open circuit (because is current source)

et o S e

o R'eq T 8+4
V'=05%4=2V

6v is off and 3A is on x.s'z

6v is short circuit (because is voltage source) [ *

[’= B 8 = 2A (current divider’s law) ] -
8+4

V=2 %4 =8V

V=V’+V>’ =2+ 8=10

L) ALY -6
H.W 12.1: Using the superposition theorem, find V, in the circuit in Figure
(12.3). (answer:Vo=12v)
3Q 5Q

AAAA
LA

%320 xA

Figure (12.3)
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H.W12.2: determine the value 1 in the circuit in Figure (12.4) by Using the

superposition theorem.(answer: i=3.5A)

40 Q

AW

Figure (12.4)
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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 Vr, in series
with a resistor Ry, where Vry, 1s the open- circuit voltage at the terminals and
Ry, 1s the input or equivalent resistance at the terminals whenthe 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
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circuit) and calculating total resistance between the open connection.

3) Draw the Thevenin equivalent circuit composed of a single voltage source,
series resistanceand load as shown in figure (13.1).

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

connection suchas current of load resistance I;.

(e 3~

Fa
et

Figure (13.1) 7

Example 13.1: Find the load current of resistance in the circuit figure
(13.2) by using Thevenin’stheorem

14 a

A
|

sov ;‘E s O R; =100
-, b
Figure (13.2)
Solution: [ '@
—P_ _ﬂ-\ll'_',"' —. +
VTh J Vrn
50 50V é 2 5Q
I= = 54 I’
1+5+4
Vi Vau= 5% 5=08y A ® -
10
=so Rm
Rr=2.5Q
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:; —=
series S0 £so Rr ‘ SVSQ - Z2sa Ra
1+4=5 ‘ : | '

. AOb- -—_Oh.
(1) -3
Rp,=2.5Q
- VTh
=
RTh +R],
25
- = 1.54
25+10
RTh a
2.510 ; * It
rn @ 100 < R,
25v [

S e)

Example 13.2: Find the load current of resistance in the circuit figure (13.3) by

using Thevenin’stheorem.

6 Q 6 Q_ a
12V 2A é 3 1QZ Ry
i
b
Figure (13.3)
Solution:
6 .Q 642 i
AN '+
< Vi
@3 #%
__.-

Using Mesh Method
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super loop

-12 +614+61,+41,=0
-12+61,+101,=0......... (2)
-12+614+10 (2+14) =0
-12+61,+20+101,=0

16 11=-8

= = -054

16

|2=2+|1
,=2+(-0.5) =1.5
VTh= V4Q = (4*1 5) =6V

RTh 651 ou ]
" : 40 Rtn
a a "
— —
6+6=12 Q

wag Aee  — b
‘—-————4}- L -

b b
(1 ()
Ry, =3Q
RT]: a
I = —R VT+hR 30 __}‘ I!_
e Vo @ 10 =R
6 6v
IL: - 15A
3+1 .

Example 13.3: Find the load current of resistance in the circuit figure (13.4) by

using Thevenin’stheorem - - 20V

AN |




il 4

Figure (13.4)

Solution:

[=—"-=333A — 1
KVL: + '
-201420 +V1,=0
-20 *3.33 +20 +V1;,=0 B
-66.6 +20+V1,=0
V1= 46.6v

R, 10Q /1 20Q

1020 R

Th ™ S 0+20

!
= 6.667Q - R

Sdgana) ALLY) -6
H.W 13.1: Find the Thevenin equivalent of the circuit figure (13.5). (answer:
V1n=2.4v, R1h=1.6(2)
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“vﬂ‘-*""."’"- o a
3Q
552
AUAVAYAY —O b
Figure (13.5)

H.W 13.2: Find the load current of resistance in the circuit figure (13.6) by
using Thevenin’stheorem. (answer: Vrh=60v, Rty=10€Q, I.= 1.5A)

20Q

a
MMM
VY VY

AWVY
=
o

‘;'\‘,\,\"

2

S

o
=

=

V!

L
o
te)

Figure (13.6)
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Norton’s Theorem

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

Norton’s theorem states that a linear two-terminal circuit can be replaced
by an equivalent circuitconsisting of a current source Iy in parallel with a resistor
Ry, where Iy is the short-circuit currentthrough 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
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circuit) and calculating total resistance between the open connection.
3) Draw the Norton equivalent circuit composed of a single current
source, parallel resistanceand load as shown in figure (14.1).
4) Analyze voltage and current for the load resistor following rules for

parallel connection such as current of load resistance |,.

IL: IN * RN
RN—l-RL

i @

—AM—

:x
Ry % .

Figure (14.1)

Example 14.1: Find the load current of resistance in the circuit figure (14.2)

by using Norton’s theorem.
4Q a

AP
1]

10v@® 6Q

\“\/\/"‘-’JL

Figure (14.2)

Solution:
b

In=—2=25A

1w @® In
Flnd RN

- 1 ;—i ”
482 1/ 682 =8 =240
4+6
60 = Rn

Norton Equivalent:




il 4

L=—2XN _«R

N =
e Lo  Bso
=24 2 My L
2.4+3.6 | |
Ii= 1A

Example 14.2: In the circuit figure (14.3) Find Norton equivalent circuit.

8Q .

2
&
b
()
<
AMAA
th
~

80 b
Figure (14.3)
Solution:
4 =2A
12 + 4(1,-1;) +81,+81,=0 (loop2) 30 "
-12 + 41,-41, +16 1,=0 ;g_m
-12-(4*2) +20l, =0 “’*.@m @
-20+201, =0
= 1A - ’
L =I\w=1A
Ry ] e
4+ 8+8 =20Q o zso Ry
20Q // 5Q = 4Q ' "
s b
'!:2012 g | ﬂ
[ =52 Ry I Z a0 R
: 2

Norton Equivalent
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1A

Iy @ éﬁ.\ é:-RL
1 ]

Aoy ALY -6
H.W 14.1: Find the current of load resistance in the circuit figure (14.4) using
Norton’s theorem. (answer: IN=8A Rnx=5Q, I1=4A)

20, 5Q

A I——'v‘ A\

IOAQ SQ§ S0 2

VAR
™én
o]

L

b

Figure (14.4)
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e i Il gl ~alsgiil |5 r.rﬂ.ﬁ]l e L,.1511| ii.L-:_mJI il
vt pala e el ol
il lg s gl @S gl slaalll -1
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i N gl byl
a1l -l el
Badiaal) (e Gk gl g aliwl L gl ), il

Abal AN - 4
1l (5 giaal) -5

:(Maximum Power Transfer) 5 2 alicj Jii

A1l da el Cum 5aS LS juaall eag Ledie Rs Ddeaall Alafall dagliall 50 Jaadl
S O5SHRs Aeslaall e

L et (e deaal) (Sl 858 all A8 e A e Wiy (ied 4y et aladnnly Jaadls
A slie ge Mgl e Mie 4l jamas yiall S

MM
'u'l‘ ".-"I W

RS

RL=

P|_ = |2 * R|_
s E V2xp _pg2 *
PL= (——)" *Ru=E/(Rs + RL) * RL

¢ Ol sliall iaai 13l 5 )M alac] &5 2ic

Aol (i
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Py _ E2 I(R5+RL)2*1— Rp 2 (Rs+ RL)

Ry, (Rs+Rp)*

R, e dsad oY s s
e [ aliall AEide * anal) — Jandl diiie * Lladll )

0 =E?[(Rs + R;)?> = 2 Ri(Rs + R;)]
E2((Rs+ R;)? —E?22R_. (Rs +R;) =0
E2(Rs + R)?=E22*R, (Rs+R\)
2R.) + (Rs E e auit
Rs+R.=2R_
Rs = Ry L aal 13
5o akae] J35 die Jeall 4 glie ae dlalall 4 glaall (5 gl Jaadls

:Source transformation Jibadl Jisad

For the two following figures we will try to make them equivalents:

AVAVAY,
RS
RL
T__ Vs
Vs
b =
Rs+ R;,
Vs
VL = IL " R = * Rt
Rs+ Ry,
kkhkkkkkkkkkkkkkkkkkkkkkkkkkk
Rsi
I =ls—/——
Rsi+ R, e e
I FRENG Rsi = RL %
Is * Rsi " " I\L/’ ) )
V|_ = IL*RL = = RL
RsiL+ Ry,
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If the two sources give same current I in the same load R

Vs* RL Is * Rsi = RL

= . if Rsi = Rs
Rs+ Ry, Rsi+ Ry,
Vs=1Ig* Rs
rdesll e hueat (e loe Al jame (8445 58 ol
E2
Pimax=——
max 4RS
GAL:J\ 3).€+AS\ EJJﬂ\ Gy _)\:ﬁu JLAA]\ A ‘53
I?Rs? I%°Rs
Plmax = =

4 Rs 4
Exp:
In the circuit shown below find the maximum power transfer in Ry :

If0>RL, Vg,Rg

Solution: %
Vg? g

e gy RLZ
) Vg
Pimax = (Oril‘) R
0 = Rg L
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Exp:
In the circuit shown below, find?
1- The value of RL at maximum power transfer

2- Maximum power transfer

3- Maximum current and voltage at maximum powertransfer.




Ll dyl) daalal

4- The power supplied by the source

Solution:
Rs = RL = 0.5 Qwhen maximum power transfer

2 o 404 1600
=800 W

4R? 4R 4705 2

— 40

Rs
RL
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