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1- What is the units of voltage, current, Resistance?
2- What is the equation of ohm’s law?
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e Electrical Quantities and Units
e  Multiple and Submultiple of the Internarial System Units (SI):
e Electrical Circuit Components

e Ohm’s law
e Electrical Power
e Resistor Power Absorption
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Electrical Quantities and Units:

Table 1: Electrical quantities and units

Electrical Quantity = Symbol = Measuring Unit = Symbol

Voltage VorE Volt v
Current Tori Ampere A
Resistance R Ohm Q
Conductance G Siemen SorO
Capacitance C Farad F
Inductance L Henry H
Power P Watts w
Impedance V4 Ohm Q
Frequency f Hertz Hz

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 0.001€Q 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 (2) shows the Multiple and Submultiple Internarial System Units (SI).
Table (2) Internarial System Units (SI)

Prefix Symbol | Multiplier and Submultiple Power of Ten
kilo k 1,000 10®
Mega M 1,000,000 108
Giga G 1,000,000,000 10°
Terra T 1,000,000,000,000 10%
centi c 0.01 10
milli m 0.001 103
micro 1l 0.000001 10°
nano n 0.000000001 10°

pico p 0.000000000001 102




Example: 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*107=3%0.001=0.003A.
e A= 5mm?=5%(10)2 =5%10°=0.000005m>

Electrical Circuit Components

+ -
@ I I I I I = DC voltage source
@
Ampermeter
D rren r
C Current source /\—f\
u Voltmeter
)
W/ AC voltage source
Resistor
Wire | |
L Capacitor
® Wire (o000
Connection Inductor
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.

Vol
V=RI

V: voltage (volt) 11

I: current (Ampere)

| - +

~
Y

R: Resistance (ohm)




Ohm’s Law Triangle

Vo N NG

A\

Figure below 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 = R
Slope =R
// i i

{a) {b)

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 (V).

G_1
R




Electrical Power:

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

P=V * 1

ExampleThe 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:
v 20

1) R=2=22 =250
I 0.8

2) G=2=—==0.04S
R 25
3) P=V*[=20*0.8=16w

Example In the circuit shown in figure below, calculate the current, the
conductance, and the power.

Solution:

Wiy

Vo 30 30v 5 ki)

the current is 1 = — = ——= 0.006A= 6 mA
R 5%10

1
5%103

The conductance is G = G= % = =0.000025=0.2 mS

P=V*[=30* (6 x 107°) = 180 mW.
Figure (1.2)

Resistor Power Absorption:

There are two equations:

When substituting Eq. (1) in Eq. (2)
P= I*R*[= >*R




Or

2
v v

P=p* - =2
R R

The resistor power absorption is

P=I*R Or  P=2

Al ALid)
1- Show multiples or submultiple of Internarial System units for each one of
the following:
C=100puF
P=1pw
F= 1MHz
e V=7cm’
2- For the circuit shown below, calculate the voltage v, the conductance G,
and the power p. (Answer: 20 V, 100 uS,
40 mW) I

2 ma () 0k = ¥

eV WPV EIN]] pﬁ)
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1- What is the factors affecting resistance?
2- What is the effect of temperature on resistance ¢

alad) (5 giaal)

e Resistance and Resistivity
e Resistor temperature coefficient

3 _walacal) iy giaa
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 () p: Resistivity (Q.m)
l:length (m ) A: cross section Area (m?)

Resistivity is a fundamental property of material, when the value of the resistivity
1s 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 3 represents the resistivity of different materials.

Table 3 represents the resistivity of materials.

Resistivities at 20°C
Mate il Resistivity (C2em)
Advvrvinae 282 x 105
Copper L.72 »= 10"
Croled 244 = 10T
Michrome 150, = 10—
Silver 1.59 = 10—
Tungsten 5060 = 10%

Example 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: R=p %
3%1073

= *¥10)8 —mm 9 — — —
R=172410° s

R=3.44%107 Q

Resistor temperature coefficient:

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

Ro=R(1+ao(T2-T1))
R():RT (1—0LTT)
R1=Ro(1+0aoT)

Qo
T T

R;: resistance at lower temperature T}

R»: resistance at higher temperature T

Rr: resistance at temperature T

Ro: resistance at zero temperature 0C°

op: resistor temperature coefficient at 0C°

or: resistor temperature coefficient at TC? (€/C?)
Example 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:

(1) R2:R1(1+0L()(T2—T1))
3.717=3.146(1+a0(100-40))
3.717=3.146(1+00 *60)

3.717= ((3.146*1) +(3.14600*60))
3.717=3.146+ 188.760,




3.717-3.146= 188.760a0

0.571=188.7600

0571

ap=———= 0.003 Q/C°
188.76

(2) Rr=Ro(1+a,T)
3.146= Ro(1+0.003*40)
3.146=1.12 Ry

Ro= 2220 —98250
1.12
_
w—293 __ _ 0.0026 Q/C°
14+0.003%40
Al ALid)

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?)

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 Q/C°. (answer:

R,=134.4Q)
(Dl b Jusd US) il sinal

gl J1:8 polead| 03
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1)If number of resistances connection in series write total voltage, current laws .

2 ) If number of resistances connection in Parallel wrights total voltage , current laws

alad) (s giaal)

e Series Circuit

e Voltage divider’s law
e Parallel circuit

e  Current divider’s law

3 _palaal) iy giaa
Series Circuit

As shown in figure below, 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 ky

2) Vlzi*Rl
szi*Rz

3) By using KVL to loop (Clockwise direction) we
have
-V+V1+V2=O
V=V+V,
4) The equivalent resistance:
Re= R1 +R»
For N resistor in Series ; R

0a
-3
2
s

Req: R1 +R2 +R3+R4 ............. +RN ¥

T

5) V=R¢q * 1| as shown in figure




Voltage divider’s law:

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

v
V1: * Rl
R{+R,

vV
R{+R,

V2: * R2

vV
VN==—*R
N Req N

N: represent the resistance

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

J 40

— -

AA A
37 %@ é 4
Solution: S T

1) Reg= Ri1 ¥Rz +R3
Req=4+4+8=16 Q
2) V=R¢* 1
32=16*1
32

=25
16

1=2A  which i=lsg=luq=Izq (Series Connection)
-
3) VN_ Req * R N
32
4+4+8

VSQ: *8 = 16v




Example: For the circuit shown in figure below, find the voltage source v.

Solution:
V=R* i

; 3()
—
Req: Rl +R2 +R3 MWW
Re=3+4+5=12 Q Vaa=bv
. ¥
4()

V3a=1*Rsq

6=1*3

1=2A

V=Re* i
V=12 * 2=24v

50

WW

Parallel circuit

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

¢ , Node a
>
i * is *
'@ T
D)
Node b
1) The R1 and R2 have the same voltage and equal V (V =Voltage
source).
V=Vr1=VR)
.V
2) 11—R—1
=2
&
3) By using KCL at node a (Clockwise direction) we have
i:i1+i2
4) The equivalent resistance of two resistance:
11 1
— — + —
Req R1 Ry
1 _RetRy
Req RiR;




RiR,
R =
@ R, +R,

For N resistor in parallel

1 1 1 1 1 1

_:—+—+_+_...........-----_
Req Ri Ry R3 Ry RN

i a R

— -

5) V=R¢*1 |as shown in figure (2'8)°<J? TN

J
<
s

V

> Q

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

l

i1: * RZ

R1+R,
i

R1+R,

i2: * Rl

Example: for the circuit in figure , find —_— a
1) The equivalent resistance i

2) Total current 12V T 60 =30
b

3) The current of each resistance

Solution:

R1R;

R{+R,
R 6

“1 3+6
18

*
RquFZZQ

1) Req =
3




i2= E = 4A

Example : Find V (voltage source) of the circuit shown in figure below, if the
13=0.2A, then find total current I an'd. the equivalent resistance.

,“"1 ,Uzz Uz‘fo.m

VI 3005 3005 1002

Solution:

i1===0.06 A
30

. _ V.

1>— R,

== = 0.06A
30

1=11+1+13
e total current

1= 0.2+0.06+0.06=0.32A

e cquivalent resistance




1 5 1

Req 30 6

Req =6Q
@l JLmAy)

1- As shown in figure below, calculate the value of resistance Rj; and the
voltages of each resistances using voltage divider’s law. (answer:

R3;=11K Q, V1=30v, V2=15v, v=55v)

gl
—ANN
6 k2
I = SmA
V, — 100V R, €3k
L A

2- As shown in figure below , calculate total current and the voltages of each
resistances using voltage divider’s law. (answer: [=7.65pA, Vi=13y,

V2=13v, =13v)

AAA

1.9 MR




3- for the circuit shown in figure below, calculate:

1) equivalent resistance

2) currents of each resistance (i, 12, and 1)

3) total current

4-for the circuit shown in figure below, calculate the currents of each resistance

(i1, 12) using current divider’s law.

va

20 mA @ 2 6k

V

Vv

AA 7
VVVYy
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Determine the combination in the circuit as shown figure below

6 k2

A

alad) g giaal)
e Series -parallel combination
e Examples

3 _yalaall il gina

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 R
parallel, then selectivity applies series and parallel J

2 Q

rules as necessary to determine what is happening.

20 Q)

Example: For the circuit shown in figure below ,
determine:

28 —

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

Solution: 1) b
@ o

°?1 —
:En =R | R R

1R = Aoxr30 _ V25 S’t\“n e5s
= [ Foxde %1‘1.*-2; -
= ™ '
el 1A o B RaURY e

R&i =3 2 = &6x3 - 1.5%
\ l ’ c+3

. |
& @ @
- quf = 14 e
T- Y __ 2% _op




2) Curent - dividess laws -

5
I = 2 30 -
\ 20130 = | AT Lola L.
204t
.I.l-:' 2 % 20 :O-gﬁ P - L %3&)‘1
20430 — <
28V vI
T3¢ Iy
Vl = L-&R; = L1x20=24 b jSJL
"'\.ub
\Jj_-:: I-I_JgR';_ =0.¥ % 30 A\

A

I .
Vi =V, = 2Ny [ because Ry and R: E:,g;:mld']
o2 5 3 okl
6+ 3
Iq: - *x g :1!333
643

<= Vay = IghRa = 06T % 6§ = &N

= 4V
Vy = Tyx Ry =333 x 3

\JB:\J\{"

LW E 'oc:'mu.-c F-?j, and, \-’-'—{\‘ = qu\'tc,'lj

Example: Find the equivalent resistance of the circuit shown in figure below.

4 Q

1Q
< MY

WMWY

2Q
R

VWWWA

5Q

6 Q 3Q
8Q




" o 4Q
’ o - 0"y Seric
24 % 20 1+5=
Req % 5Q — Rﬂ, | 3(2//6(2% 69
z20
20 6 Q 3Q <0 ’)
O— Wy o—AMWW
(1) )
410 40
o——AWW o
Series
2+2=
R
— a0 Zeo E—) s, 2408
4Q//6Q
80 0
o A Y =24
Y o—AWN 176
3) @
0
Series
R 4+2.4+8=
— 14.4Q
Req =14.4Q
E"
(5)
Example: For the circuit shown in figure below, Find: _1, 30 20 -
I
1) The total current 1. WW——/MW X
2) The value of Ix.
) v @ % 40 % 60 320
—




Solution:
30 20 10 30 20
AWM AW ) — W Series —
1+2=
%49 §6Q %29 _ 240
<
— —
—
Req R'-"-]
(1) (2)
30 .
e Series
JJcTo[e) +212=
THEN Sia fad)
e —
R,
(4)
Series
4Q//4Q ‘ 3+2=
2 ?T
R, s
(5)
(6)
_ — 10 _
Req =5 == =24
2)by using current divider’s law _1__ 31Q 20 1Q
. WW YWWA i >
From figure (4) can be given I;: L v,
2 ¥
_ 2 4= 10v (e g 4Q % 60 2Q
x4 =14 ®
i0 Il
] A
40 =40
-

| &,




= x6=06674
6+3

Example: For the circuit shown in figure below, Find the value of V, (the

voltage of 9KQ)
6 k€2
30mA@ %S ok < 12k0
Solution:
6KQ and 12K is series _J
6K+12K=18KQ omA @ e ek
Can be using current divider’s law

30%1073
(9%¥103+18%103)

Vo=Io*Roka
Vo=0.02%9%103
Vo=180v

* (18 * 10%) = 0.024

I():

dganyl) ALy

1- Find 1; and 1, in the circuit shown in Figure below. Also calculate v, and
V2. (Answer: vi =5V, i1 =0.416A, v2 =10 V, i = 0.250 A.)

i
_L1na
Ay
T ‘.’I —
G0
A .
o

.
15V *D S0 »S400




2- Find equivalent resistance in the circuit shown in Figure below. (Answer:

Re=6Q.)
20 30 40
O—\WA AN A
A
— 60 40 50
10 [ [ 30 T
o—"AAN SN

3- Find equivalent resistance in the circuit shown in Figure below. (Answer:

Rap=11Q.)

20 O
s 0 s 0
5 v —
7
> 4
s/ N _ 200
s 1Q
o 90 = .
289 "\
5 <
deudlad)z:8 oo el 0
star-delta transformations 1B poloeall Olgis
‘QBL'C A clow :U"’J‘J‘A” P.w‘
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tedaill Oilayseo gl ASgludl COluad)
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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 below

£y

A AT AT
R ki/\7/
2 X ‘?‘.?R'L

Rp
B
Y-Network T-Network
Delta (A or m) connection:
A Rac ' R
- = AC
Ap—AM—C
Ras Rpc Ras § Rpc
B B

A-Network niNetwork




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

Rap Rac
Ry=
Rag+ Ryc + Rye
Rig Rae
Rp= '
Rag+ Rac * Rae
RicRee

L
e

Rag + Rac T Rac

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

R:R
Ryg= Ru+Rp+ &2 A
Re
RaRe
Rge= RB+Re+ —
Ry
Ry




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

12 Q 18 Q

A%
6Q

Req

Solution:

dransform & —
= Rpp T2 3 Rac
R = Fpe Fac
Kpe + Rac +Fac
24 I8 EATA
Jo% 1% 4 6 =1
RB FRAag Rac
AaR v RAac + Wac
- 2 » G - _F2 _ag

fl{.l?‘t(; 26

= |z 4 Rge=8=

I3
1

AaL Rt

R = Rhre Fec
— RAB 4 R+ RRc
- 1 e g lag

IIIE_';L_ |'j__'l-L - i :..35]
12 4 24 6 S

(2 —

Ay ' :{:E&.

Tenes RS Ji 2o
= - VB
i_il‘z:_ 2 2 :J—'-: 15 a 20 :S-Ei?-

LI e .
—— 2 —
C4)




oo Rey = 145 Series
= f4s7a
S |
s
» Total current (Voltage source (10v))
I = __\'_.-':_ \_I-
E’-‘-"}_ -
b Fe
o — %f El(
T | : u— 4 BRI
184.59%
I = ocegeech




Example: Convert a Wye (Y) Network to equivalent Delta (A) Network for the

circuit shown in figure below.
R, R,

1 o VW VWi < 2
10 Q 20 Q

Ry 2 400
-
3

Solution:

o= e \{ o O % —

-

Ry = eoe , K2 o= 2092, IR 3= Loz

RF:‘,:, f?l —FJ'Q;?_--F ——ﬁ:‘l e

3 -l""?lﬂ.
— [ 4 2o SO K20 _’.L 2
I Y
— 2502 :f'}”b Pt
Ra=< '~ fﬁz?
- J[;J-
;"'5'?:13:: Hi‘_ 1—1'!?5 Ll 'Xlﬁj'{ .-"I
T 3
__- ] D4 Ho .
2o o =] T |
=2 Fa
t"t?l:f; N RB —+ N
- SO 4+ Yo i_:&{._—ifu
-+ - 2.
— o 2

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

s 130
AN l L
24 Q ,; —_— ; 10 Q2
100V @ I——»-ww—-l o
3002 Zs00
] j |
b

Solution:




Solution: T
T s A tronsterem | == [
i i L . o
-E.LF-FLE* T ..-_M“L Q-:_;., = i"‘*-—"; R [ FoJ l j?l.’_ = Z0JL
Bhﬂﬂ B ﬁﬂ “
- . R 1:-'% - = -
) L Rap o = My o+ =3
(4 =2 Boa ?‘qi:it =40
E&_\IL}-‘ - e Fe
a "'I?L-;c = f‘?b + e -




'3'.,1-&
) Seven
= Easf 4 2o
BT - OF T
—
C 4
a4
= j'!"II1I'--
=%8
= L Aar.sEl Yoo = =TT i - T S+
AF-E N =
—-—
C =D
U
= E‘Ef-'F_L
1A 2FD
= o g
. |
Caa
I
_h..
d=- ,-;J (1) Lqrm
Y
T - oo _25n
i =
L) ALy

I- Find the equivalent resistance and total current of the circuit shown in
figure below by Using (Y-A) transformation of the nodes a, b and c.
(answer:2002)




2- Convert Delta (A) Network a to equivalent Wye (Y) Network for the circuit
shown in figure below.

1 o VA o2
\ 240 /

5 102 150 &

Ry

Rls b /\ R23

3
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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 determine all the current and therefore all

voltage drops in the network.

Example : from the circuit shown in figure below find all the currents in the
resistance by using Kirchhoff’s law method.

Solution:
I R, « B T3
oMWW
18 V—I‘L’_ 1 £}
Ll A~ +
1‘—1;'(—)_’;1%& /—D ¥,
L8 T— -7 T—FVv
) J ]

'—-kcL at+ node Ca)
"-[l] - I‘.?_ +I3 —_
R o i e V)

_ KV I-a»f L-“—"QPC-IJ'

HT 42 T2 =28 - - -—- )
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= O
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Example: Find the voltage of resistances to the circuit shown in figure below
using Branch current method. ; ;
4Q 1 £.3Q

—AAA
AN — AN

1 th %

10V ? g6Q #5.-\

NAVAVAVS

Solution:
: R o , , h B3 30
1358 5 aslae <l i 2l o)) gl Bl il phal aal A Ll jaaa cllias 48] o5

" - "Vr.\,v Vs 4.'.‘.1'. 'u’"\"\v—_
aadl ol uSe (mgjaall s Y §; =-5 -yt yi "Wt
KCL at node a 2>

0V Zen @

-i1-i2+i3:0 T
i1: -i2+i3
1=-1-5 ..., (1)
KCL at node a
-10-411+61,=0............... (2)

(2) Ualaa & (1) Ualaall (gia g2
-10-4(-12-5) +61,=0

-10 + 402046, =0 T————) 10+10i=0 ——> i,=-10/10C=) | ir=-

1A

(1) Wlae iy agad

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

V1= il >k1{4g = -4*4=-16V
Vo=1; *Rgq = -1*6=-6v
Vi=13 *R3q = -5*3=-15v




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

i i3 10Q
6‘0- ——1—" ——» AAAA

220

@M }ém
|

[
N
<

Figure (5.3)
Solution:

1h 8 (—ULLA Gl s asl o) Lﬁ‘ loops J s @ Dl jaaae Slla-
. 6Q i i3 10Q2
i, =6A i aen

V'V " R"‘"‘ AA
—>- ',_ P
KCL at node a <20
11+ip-13=0 22V @6 A 249
: |

i1: —i2+i3

KVL for super loop
-22+61,+1013+413=0
-22+611+1413=0............... (2)
(2) Wb 8 (1) Al 2 5

-22+ 6(-6+i3) +1413=0

-22+(-6%6) +6i3 +14iy= 0C———)  -22-36+20i3=0 ——)i;=-58/-20 —>

i3: 29A

(1) Uabas 45 (agad

1= 6+—=) 1;=-6+2.9) | ii=-3.1A
Vo =11 *Req =-3.1%6=-18.6

Vaq =13 *Ryg = 6*2=12v

Viq =13 ¥Ry =2.9%4=11.6v

Vioa = i3 *Rioq =2.9%¥10=29v
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1- From the circuit shown in figure below find all the currents in the
resistance by using Kirchhoff’s law method. (answer: [1=SmA, I,= 0A,
I3=5mA) I I5

é o #

2KQE S
[

2- From the circuit shown in figure below, find the v;, v, and v; of the
resistance by using Kirchhoff’s law method. (answer: i1=3A, i,= 2A,

‘,.
(
\

i=1A) o
ov @ hZ230 260

3- From the circuit shown in figure below, find the main equations only by
using Kirchhoff’s law method.

10 €2 20 €2 ?O Sl

24V = a0 Q sA =200

v
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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 : From the circuit shown in figure below, find all the currents in the

resistance by using Mesh method. R, R;
WW—r VWW
1Q 1Q
E, — 28V 202R, Y .= &
Solution:

Mesh()  KVL 2-

VWA
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Example : Find the voltage of resistances to the circuit shown in figure below
using Maxwell current loop method.

60 10Q

A

T
é , 10
|

Solution:

KV supermesh

22 4+ 61 4 '||:311+HI?-":‘:’

- 22463, 41Ty =0 - _--@)

\ﬂ}r,ﬁﬂﬂm#{l}r;q_)muﬁ;ﬂ
2+ 6T 4 M (6+T) =

-:lﬂ-+é-Ir +84 41y =0 > G2 =201

| 11 = "3'\Fl_. -I| = ICFL - -3/f

Il g"l’I| = ‘J‘l (—}(“3'” = L3R
I_l Tion = Thn 'jﬂm Ve =T« Rey =30« €212,

Vin =6 %Ry -€a2 =12V
Vioa: Tp xR 522945 jo2 29

41 V"'IJL IZ%RM_'Z":’I#-IJ Bigv




Example: From the circuit shown in figure below find all the currents in the
resistance by using Mesh method.

20Q 10Q

120V 002 007 @ 3A

Solution: =

1lZI ﬂ 10 S..i'.

B - —t '\l'

120V ?Q @1 z

IEE = -2/
Mesh 1) VL

.

_i2e 4 9w Tia3edi-T2) =0
- 12 4 ub_L'_JﬂIa“f:}
ST ~301; =120 —---- €1

Mesh 2) k|

30 L‘J:l—-LJ“—; lo Iz +1I¢CI1—I3):Q
E)DIE '3!3 I] -‘Ell'j"]:j =0




B6 Ty -3c1 —4o (-3) =o

IE‘}'D 11_3,3]:‘[:."}14:} -~ ~---C2)
[ 6o I, _30 I, —i20Jee ()
[ -3 T, +80 I, =-120]+3 - - - - cv)
oo I, - 1, = 960 —— - -y
-~ dol, s &40 I, =360 _ _ . 4y
l_’-f;'l'fi‘l_fj = fop
[T;:j*qag"ﬂ;‘l Ilr-_- Ilmﬂ_zl-?j_-'—_;ﬂ
5o Iy, -3, = 120 - —-- ¢ >
5o 1935 — 3o T, = /20
]r_E__l = = ':'-"'-??Eiﬂ _1_'1_ = I'Fﬁl-ﬁ_ = -E'-:ETEH

I.Bu’i_ = 1,- Ia = /938 — (o339 = g 41 1

Tyon = Io - 15 = "0335 - (=30 = 5 .225R

Ay ALLd

1-Find v; and v, of the circuit shown in figure below by using Mesh method.
(answer: v; =18 v, vo=26v)

vV
— 0
5 A 3‘%100 503 14
3



2-Find v, and v; of the circuit shown in figure below by using Mesh method.
(answer: 1; =6 A, 1,= 7A)
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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 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

1dea.

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

Figure below Ry T Ry
W———W
4Q 10




. —W
Solution: 10

E: is On and E; is Off |
E: is short circuit (because voltage source) T

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

12
1+2

R'o= (—2) +4 =0.667+4

4.667

) |4 28
[=——=—"—=06A
R'eq 4.667

E1 is Off and E; is On
E is short circuit (because voltage source)

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

I”X R1 F‘] I
2y e e
R ¢ (4+2) +1=0.332+1 0 'l
=1.332 I i
1134 A el
V7 3y 3
R'eq 1332
[”= 3 42=%=14 (current divider’s law)
4+2 6

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

Example: Find v in the circuit in Figure below by using the superposition

theorem. 80
AfMy L

+
6V 4Q =¥

e

|

G 3A




Solution:
6v is On and 3A is Off 80
AN
3A is open circuit (because is current source) o [ n
LV 6 6V 4Q =V
I_R’eq_8+4 0.5A T_
V’'=05%*4=2V
6vis Off and 3Ais On 3 :':1
6v is short circuit (because is voltage source) W [+
<
"= %8 =24 (current divider’s law) 10 ::_F A
8+4 T
V»=2* 4 =8V

V=V’+V” =2+ 8 =10
daayl) ALt

1- Using the superposition theorem, find V, in the circuit in Figure below
(answer: Vo=12v) 50

"v"v"w W
B éf é

2- determine the value 1 in the circuit in Figure below by Using the
superposition theorem. (answer: i=0.5A)

L

10 Q ? 12 Q

~9 o
ey

-T.-.q +
WA

40
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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 Vy, in series with a resistor Ry,

where V1, is the open-circuit voltage at the terminals and Ry, 1s 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 below.

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

connection such as current of load resistance I;.

. Vrn
I1=
RTh +R],
RTh a
Ay O

Pt
et

b

Example : Find the load current of resistance in the circuit figure below by
using Thevenin’s theorem

a

10
I, Lil _l,-
S0V = s5sQ R; =10Q

Y >
Solution:
VTh I A\}'\-’s‘.}\ ﬂ +

50
= = 5A Vth
14544

SOV =50




VTh:VSQ: 5 * 5= 25 \%

18
Rm=2.5Q L
:};: s Rt
. > —
SCrics
l+4-5q Zsa Esa R ) 550 G Re
v —_
Q)] ' (2
Rm=2.5Q2
V RTh a
— Th Ay O
IL_ RTh +RL 2.5Q | & li
J Vi (D 10()% R,
[=——=24 25v
2.5+ 10 .
b

Example: Find the load current of resistance in the circuit figure below by

using Thevenin’s theorem.
6 Q 6 2 a

) |

ov@ @ el acw

Solution:




Using Mesh Method
L-1,=2

L=2+1,...... (1)

super loop

-12 +61,+61,+41,=0
-12+61;+101,=0......... (2)
-12+61,+10 (2+1,) =0
-12+61,+20+101,=0

16 [,=-8

11——;: — —054

12:2+Il

L=2+(-0.5) =1.5

VTh: V4Q = (4*1.5) =6v
R

6+6=12 Q

(series) L .
12 Q ., 4Q =

e

(1)

RTh :3Q

I.rTh
6v

6o 60 :
4Q \l R
| %
a
|
12 Q // 4Q
3 Q ﬂ'
(2)
RTh i
Ay L




IL= Ron +R[
6
Ii= renra 1.54

Example: Find the load current of resistance in the circuit figure below by
using Thevenin’s theorem 0V

v

R, S 400
igure (6.8)
Soluti ‘
olution 100 : 20 V“
1= 22 3334 —wW——p—ll—
10420
KVL: & !
-L $200 A%
-201+20 +V11,=0 100V _1“? s
220 *3.33 +20 +V=0 '
266.6 +20+V ;=0
Vo= 46.6v
{1 R
Ry 10Q // 20Q
Rip = —22 = 6.667Q : $200 R
10420 <
P




Rth +R],
Vry
46.6
= = 14 e
6.67+ 40
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1- Find the Thevenin equivalent of the circuit figure below. (answer:

V1=2.4v, R1v=1.62)

. V "..,"'..."‘._ O a
3 €2
12V ? 2Q 2
5Q
AAVAVAN -C b

2- Find the load current of resistance in the circuit figure below by using
Thevenin’s theorem. (answer: Vrn=60v, Rtn=10Q, I;= 1.5A)

200Q a
A -
L,
: Ri2300
120V 2100 s 200 S
b
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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 1s 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 below.

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

connection such as current of load resistance I;.



Lol
Iy (4 3 Ry EY)
¢ ] ] )

Example : Find the load current of resistance in the circuit figure below by using
Norton’s theorem.

4Q “
LUATAVAY O
IA
10V 6 6oz RiZzeo
:}—
| b
Solution: 4Q

Vi

Iv=—=25A w® ™ £ l

Find Ry o~ 5
4‘ 6 >
401/ 60 —— = 2.40) - Ryo =
4+6

Norton Equivalent




In
I1= * R I
L Ry+r, N 2.5A

L
2.5 Iy % Ry

IL:2.41-+3.6 s

I[i=1A

Example: In the circuit figure below Find Norton equivalent circuit.

< -
2A . >
12V
AN &

>
(o)

'
~

AN

Solution:

I, =2A

-12 + 4(1,-1;) +81,+81,=0 (loop2)
-12 +41,-41;, +16 I,=0

-12-(4*2) +201, =0

-20+201, =0

L=1A

L=Lk=1A

C¥e! o

Ry e :
’ Vi

4+ 8+8 =20Q z

20Q // 5Q = 4Q '
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Norton equivalent

1A {L4Q J}
Iy '55 Ry = RL
Al ALy

Find the current of load resistance in the circuit figure below using Norton’s
theorem. (answer: IN=8 A Rx=5(), I1=4A)

2Q a S0

"b” ."'- ""v :’>—' '." v"«""._
< <« <,
e Sk < <
1wa @ 3= sQ g 2 5
= 2 <~ Q
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> Source Transformation:
We have noticed that series-parallel combination and wye-delta transformation help

simplify circuits. Sources transformation is another tool for simplifying circuits. Basic to
these tools is the concept of equivalence.

— — AW

v-/\/'v-—-—o a l—o a
: e % R
—o b —o b

R S—— — ——y Ny Y

A source transformauon is the process of replacmg a voltage source ¥,
in series with a resistor R by a current source i in parallel
with a resistor R, or vice versa.

Example .
Use source transformation to find V, to circuit in Fig. . (a).(Ans. 3.2 V).

102 3A 8Q < v, 12V




@l ALy
Find Io in the circuit of Fig. . (b) using source transformation. (Ans. 1./3 A)
o'“' 1o
EIERE
s ,» 5A 30 = 70 =% 3A 10 =
l I | i
®»)
s daul JI:B ool 953
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Find the current in the load resistance using Thevenin’s theorem

30 Ohm
AATA" "
gwn Ohm -
360 -
— 1 Ohm
L
Akl (s ginall

e Maximum power transfer theorem

e Example
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7 Maximum power transfer theorem:

In many practical situations. a circuit is designed to provide power fo a
load. While for electric utilities. minimizing power losses in the process
of transmission and distribution is critical for efficiency and economic
reasons. there are other applications in areas such as communications
where it is desirable to maximize the power delivered to a load. We now
address the problem of delivering the maximum power [0 load when
given a system with known internal losses. It should be noted that this
will result in significant internal losses greater than or equal to the power
delivered to the load.

The Thevenin equivalent is useful in finding the maximum power a
linear circuit can deliver to a load. We assume that we can adjust the load
resistance R; .

PA
.
___,'.‘.,.'."'.'.‘ ’-'.‘., '___0___ - pmu _________

% ;

]

‘-"n‘ L s

]

|
o— >
0 R R

Fig(a) ° Fig, (b)

Fora given circuit Fig.(a). Vry and Ry are fixed. By varying the load
resistance R; . the power delivered to the load varies as sketched in Fig.p We
notice from Fig.b that the power is small for small or large values of R; but
maximum for some value of R} between 0 and co. We now want to show that
this maximum power occurs when R is equal to Rp,. This is known as the
maximum power theoren.

AAAA
( Maximum power is transferred to the load when the load resistance equals the
L Thevenin resistance as seen from the load (R, = Rry).




Taking our Thevenin equivalent example circuit, the Maximum Power Transfer Theorem
tells us that the load resistance resulting in greatest power dissipation is equal in value to
the Thevenin resistance (in this case, 0.8Q) Fig. 35:

RThevcnin
0.8 Q
Ts6v’ 7 A
| (o + | Reoas = Rhevenin
Erpevenn . — 112V 56V % 0.8 Q
i =
Fig. 3§

With this value of load resistance, the dissipated power will be 39.2 watts:

REVIEW:
The Maximum Power Transfer Theorem states that the maximum amount of power will be
dissipated by a load resistance if it is equal to the Thevenin or Norton resistance of the

network supplying power.

Example
Find the value of load resistance RL that will provide the maximum power

delivered to the load Fig. (a) . Also calculate maximum power Py.
(Ans. 4Q, 625W)

200 , 30
",’r\,"'yﬁy : '\"}A-"l'v
10v @ R @
b
o o (2)
Find the value of RL for maximum power transfer in the circuit of Fig. (b).

Find the maximum power. (Ans. 9 Q, 13.44W)

60 30 20
'g.,'\. F,“v,‘,‘ .l_/A.’,A v‘A_' '-‘.*V»‘.". 4_0__
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