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Course Objectives
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Understand AC behavior: Learn how voltage and current vary with time a
how to represent them using sinusoidal expressions.

Analyze circuit components: Study the roles of resistors, capacitors, and
inductors in AC circuits, and how each affects current and voltage.

Apply physical and mathematical laws: Use Ohm’s Law, Kirchhoff’s Lav
and impedance concepts to evaluate circuit behavior.

Design practical electrical systems: Gain the ability to design useful circui
for everyday applications like lighting systems, audio filters, or power
supplies.

Connect theory with real-world applications: Understand how power
plants, electrical grids, and transmission systems operate using alternating
current.

Teaching and Learning Strategies

AW —

Active Learning through Hands-on Experiments.
Inquiry-Based Learning.

Visual Aids and Circuit Diagrams.

Collaborative Learning and Group Projects.




Course Structure

Hours Required Unit or subject Learning Evaluation
2 Learning name method method
§ Outcomes
1 | 2hours Understand the 1. Application of | 1. Conducting labora
2 | 2hours fundamental principles theories in A.C. experiments to b
of AC signals, including | 2. Power in A.C. and  test elect
3 | 2hours frequency, amplitude, | 3. Apparent power circuits
phase, and waveform and ower . )
4 | 2hours characteristics. factor. P This enhances theore
5 | 2hours 4. Maximum understanding and deve
6 | 2Zhours Analyze AC circuit power transfer | practical skills.
7 | 2hours components such as theorem for A.C. | 2. Seeking feedback f
resistors, capacitors, circuit. i
8 | 2hours and inductofs, and 5. Resistance igz:::fc tors and _ peers
. . . A strengths
9 | 2hours predict their behavior measurement Kk
10 | 2hours in steady-state method. v;ea n;ssef. .
11 | 2hours sinusoidal conditions. 6. Three-phase R eviewing cong
circuits. periodically and appl
12 | 2hours Apply circuit laws and 7. Three-phase them to new problemg
13 | 2hours techniques (Ohm’s circuits. reinforce memory
14 | 2hours phacor analysiy 0| power | nderstanding
15 | 2hours Eolve AC cir};uit ﬁleasurement. 4. Encourag.lng' self-rese
. on new topics in electrg
problems. 9. Magnetism. .
10. Solve practical | and exploring re
Calculate and interpret examples on | developments. Weekly,
impedance, admittance, magnetism Monthly, Dail
power factor, and 11. Coil and , and Written
different types of power conductance Exams, and
(real, reactive, and inductance . Final Term
apparent power). 12. Growth and Exam.
decay of current
Design and simulate AC in inductive
circuits using circuit.
theoretical tools and/or | 13. Measuring
simulation software, devices
and evaluate circuit 14. The measuring
performance. device with an
iron core.
Relate theoretical 15. Wattmeter
knowledge to practical device and
applications in power oscilloscope.

distribution, signal
processing, and
electrical devices.

Communicate technical
information effectively
through lab reports,
presentations, or
written analysis of AC
systems.

Course Evaluation

Distribution as follows: 20 points for Midterm Theoretical Exams for the first semester, 20 point
for Midterm Practical Exams for the first semester, 10 points for Daily Exams and Continuous
Assessment, and 50 points for the Final Exam.
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s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department
of Electrical Techniques.

B / Rationale:-

e Itis very important to study Thevenin’s and Norton and superposition
theorems.
e Also to study how to apply the three steps to the saving theorem .

C / Central Idea:-

* Definition Thevenin’s and Norton and superposition theorems .
*How we find the current at each resistance in the network by the above
theorem.

D/Performance Objectives:
To let the student be able to The theories of Thevenin’s and
Nortons, superposition in alternating current circuits with the
solution of applied examples.




* Pretest

1- The Thevenin resistance of a network is found by:
@ Zeroing all independent sources and measuring
resistance between the terminals.

B) Open circuiting all voltage sources only.

C) Short-circuiting all resistors.

2-True or False:

A) “A Norton equivalent is nothing more than a Thevenin
q g

converted through source transformation.” (True)

(B) In an AC network containing dependent sources,
Thevenin’s theorem still applies provided the circuit is

linear. (True)




Thevenin's theorem for A.C. circuit

Example (1)
For the CCT shown below, find the current through Z; by using
Thevenin's theorem.,
Z
L
100V & 8-j8Q) ] []-leQ
Sol/
_ Zy :
Vo o Va=Vrgig el L1 L3 a
— 1 —
= 10]0x 2158 o}
8+)8+8-)8 (\) [ . Vit
R I 2
=10|_0>< 11.3[ 45 Iﬂ[QV ,/z ‘
160 k v
=7.07 [-45=5-5V b
Z1=8+J8=113[45
Z2=8-J8=11.3]-45
71 VAT
_ A7,
Lo Zy 71+ ty 1
_ 11.3|45x11.3|—45 7 Zth
848488 R2UHZ0) |
_ 11.3|45x11.3|-45 + (20+J20) b
16]0
=8+ (20+J20)
=28+120Q
a5 1Y (8 e i
Vg 7.07|-45  7.07|-45 )
L= Tt 2L 28+j20-j10  28+j10 0 as
07|45 Vir=7.071%
= =(0.23]-65 A

3020
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Norton's theorem for A.C. circuit

Example (1)

: !
Using Norton's theorem to _— @

determine the current through
Z3 in the CCT shown in Fig.

Ei=6]0V
E>=12|-20=11.27+]4V
Z1=100]25 =90.6+J422 Q
Z>=180|60=90+J155Q
Z3=120]-30=103-J60 Q

[sc=L+1

_E_ _6lo _ B
L= 2, = To0iz5 0.06]—25

=0.054-J0.025 A

_Ep _ 12|20 _ B
L= Z,  180[60 0.06|-80

=0.011-J0.059 A
Isc=0.065-1J0.084=0.11]-52 A

7 e Z1Z; _ 100[25x180|60
Zy+Z;  90.6+]42.2490+]155

=67.4|38 =53+J41.5 Q

(I3) Jasdl L sy 0 58 (A\Sa pas
ZN
ZN +23

[:=Isc

=0.11]—52 x —74138
53+]41.5+103-]60

=0.047|-20.8 A

Zi=100125 7:=180( 60
d :_

@ E:=12-20

[ Z3=1201-30
I YA Y2 I2
— 1
Ei @ Isc E:
L YA}
I T—
Ix
I’
Isc ] A I3




Superposition theorem for A.C circuit

Example (1)

Use superposition theorem
to find the voltage (V) in
the network shown in Fig.

Sol/

With voltage source only
(current source is open)

11=0

With current source only
(voltage source is short)

[b=10[0 A

I = Iz-— Il
=10]0-0
=10/0 A

V = 10]0x (-J4)
=10]0x 4]—90
= 40]—90 V

50190 v@

50190 V@

40
I
1|
e — P
30 v
C‘* 10L0A
j4Q
402
I
1l
—
30 Il
40
40
Il
1
-—
30 I2
(‘*) 1010 A
ja

j4Q
[

12




Problem (1)

Draw the Norton equivalent circuit with respect to terminals A and B

for the network shown in Fig.

5Q 2+j5Q
—3 — A
2ov Q) 3440 []
B

Problem (2)

Find the current through (Z;) in the CCT shown in Fig. using

superposition theorem.

Z1=20130 Z2=16145
el | SE——
7L

E1=240I_0®

:

40015

(D E2-2341:15
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s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department
of Electrical Techniques.

B / Rationale:-

e Itis very important to study the power in A.C current.

e Also, to calculate the power in series and parallel circuits.

C / Central Idea:-

o Definition of power in AC.

o To calculate the power in series and parallel circuits.

D/Performance Objectives:

To make the student should be able to calculate the power in A.C.
circuits if the load component of resistance only, then inductance only, then
capacitance only, and after load component of inductance and capacitance in

series and then in parallel.



4 ™
Custom:; Active power, Reactive

power, Balanced load, unbalanced load

\- J

ﬂolution \

Active power Jesl! e Jany Al saiiiad 3 il

Reactive power &xila o gia (&5 Al sitad) 2 5 il

Balanced load sk JS ( il 4ad (i yas 4y ()l il sl

\ unbalanced load i JlghYl &l 5 s84d &8 ¥y o) ) - Jaal j




@ The cct contain resistance only

P=Vlcos ® (watt), ®d=0and Cos0=1
1=110/10=11A:. P=110x11x1= 1220 watt

Q=Vlsin® (V.A), ®=0and sin 0=0
Q=110 x11 x0= zero

@ The circuit contain inductance only

P=Vlcos ® (watt), P=90and Cos 90 =0
1=110/10=11A:. P=110x11x0=0

Q=VIsin® (var), ®=90and sin90=1
Q=110x11 x1=1220 var

R=10 Q

%

V=110v, f=50 Hz

=30 ohm

o

N7
f=

v=2l0v o0 HZ




The CCT contain capacitance only

P=VIcos ® (watt), ®=-90 and Cos-90 =0
1=110/10=11A:. P=110x11x0=0

Q=110 x11 x-1=-1220 var

Ex 4 The circuit contains resistance
and inductance in series

Z=V100+400=22.361Q) :. 1=210/22.361=9.391A ®=tan-! (X, /R)
=tan-1(20/10)=84.28 ° , P=VI cos ® (watt),
:.P=210x9.391xc0s84.28=196.554 watt

Q=VIsin ® (var) ,:. Q=210x9.391xsin84.28 =1962.290 var

S

Q=VIsin® (V.A), ®=-90and sin-90=-1 v-=itv . = 20 Hs

X=20 ohm \
| |

1
)

x=cll ohm
=10 ohmn O

0
r=

v=ellv 20 HZ

2o




Ex5 | The circuit contains capacitance

. . . X=20 ohm
and resistance in series. R=Sohm

| {
A

Z=V25+400=20.6 Q :. 1=200/20.6 =9.7A , d=tan-* (X, /R)
=tan-1(-20/5)=-75.9° , P=VI cos ® (watt), 2V
:.P=200x9.7xc0s-75.9 ° = 472.6 watt v=200v . f= S0 HYZ
Q= VIsin ® (var) ,:. Q=200x9.7xsin-75.9 °

.. Q=-1881.55var

Ex 6 The circuit contains inductance
, capacitance and resistance in XSSO oy o
series. R=200 —
Z=V25+(60-40) 2=20.6 Q :. 1=200/20.6 =9.7A
®=tan-*{(X,.- X. ) /R)} )
=tan-1(20/5)=75.9° , P=VIcos ® (watt) P

v=200v , f= 00 HZ

:.P=200x9.7xc0s75.9 ° =472.6 watt
Q=VIsin® (var) ,:..Q=200x9.7xsin75.9 °
.. Q=1881.55 var




T
Ex 9 : For the cct shown find el
active and reactive power A
©
¥=30| ohm W R=3ohn

v=gely , f= 30 HZ

.1=220/10=22A , 1.=220/3=73.33 A
| =220/30=7.333 A
1=V73.33 %+ (22-7.333)2 =74.78A , ®=tan-1{ R/( X, - X))}
®=tan-1(3/20) =8.53°
.. P=220x7.333cos 8.53 ° =1595.415 watt
.. Q=220x7.333sin 8.53 °=239.3 var

\ %
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s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department
of Electrical Techniques.

B / Rationale:-

e Itis very important to study apparent power.
e Also, to study power factor.

C / Central Idea:-

o Definition of apparent power.

o To learn the power factor.

D/Performance Objectives:

To make students able to learn to draw triangle ability and
understanding of the power factor and its effect on the electrical circuits and

how to improve it.



Write laws to find the

active power and reactive power

Solution :
P=V3VL. ILcosCD ( watt)




~_

Active an reactive and apparent power

\

\power is VAsin®

/Active component is that which is in phase with the applied voltage vi.e .Icosh
It is also known as watt ful component.
Reactive component is that which is in quadrature withvi.elsin ® . Itis also
known as watt less or idle component .
It should be noted that the product of volts and amperes in an a.c circuit gives
volt-ampers {v.A) Out of this, the actual power is VA cos®=W and reactive

/

P{Watt)

k 4

lcosO

Q=(var)

S(VA)

Power triangle

—ﬁ

s Lia Jaall (1)

Isin®

O




S(VA) Isin ®
Q=(var)
@ L ® ® .
\hwer triangle P{Watt) lcos & Vv j

S = Apparent power ( 4 sl 3 nill)
LSPHQR (VA)  , SEPHO(E sl s il Aad) |

P =Vicos® (watt) actual power( ataill 3 il gl 5 a8l Jas sia)
Q=Visin® (var) (=il 2 5 lf)

S= ifa e jat LA o




Power factor : it may be defined as.
{1} The ratio {R/Z) ={ resistance/impedance).
( 2} The ratio { true power / volt- amperes }= {W/VA)
(4 oa LD 3 okl 5 ;ukl) Jay gia)
(3} cosine of the angle of lead or lag .

- /

EX{1) : If the impedance of the cct. Equal { Z=3 +j4 ) , the voltage on it {(V=100<30°),
Find the power triangle

/ Solution : IT= V/Z = (100<30°)/(3+j4) =100<30°/5<35.1 =20<23.1°A \
S=V.I=100x20=200VA , P=V.| cos6 =2000 ¢0s53.1 =1200 W
Q= V.l sin 8 =200sin53.1 =1600 VAR { Lagg ) , P.f =cos B =cos 53.1=0.6

P=1200 W’)!

Q=1600var

\ S =2000VA




[ Power factor correction : & 38l Jalza (juuas ]

E_J.Jﬁ'lun&_g,W‘ﬁﬁ@%_}hﬂﬂb%(Edb)daﬂ‘uéw‘ﬂuiﬁh‘ﬁgﬁ \
Sl Seae S Ladg | e ¥ Ban g JDIA aie il ol ey Jasdl Jid e A1 00l Alau giall
S (ssel b SLSY Jvea 8 | pama a0 B o sSaBale  ( aal il SlS)s a0 o gl
o i) 3 080 (A3 Jaid s ol T (g gman Jas Jana 5 Alls 3545 2 ganaa S 581 i e Ll
\_ _’l_}imq;_,hﬁ_pa.an]'li}aia_,iu‘)

[ 50l G oSadte o (4 AUl 5 a8l Jas JuimdV e 5500 Calla N g o )
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Post test

EX. : Forthe CCT. Shown if the first load is an inductive
motor, Dissipated (1000 W) with (0.8 p.f ), and the
second load improves the ability of device. Calculating
the second impedance makes the total power factor

equal 0.95.

o

I1 T

il L)

¥

IL

Jol Lozl \/ Ic

b
!

Ic

In




Solution :

\_

27.9uF

P=S cos® , S1=P1/cosB =1000/0.8 V.A
S1=(1000/0.8).cos 10.8
.. S1=1000+j750 VA
to total cct. That S=P/cos® =1000/0.95 VA

S=(1000/0.95). cos 10.95 =1000+j329VA
Then the taken power with the second load
S2=S5-51=1000+j329-(1000+j750)=- j421=V.I2
12= (S2/v) —(-j421/200<0=-j2.105A
..12=j2.105A,

Z2=\V/12=200<0/j2.105=-]94.9

~

to improve power factor up to (0.95)

/




The 4" week/ Maximum power transfer theorem for A.c. circuit
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s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department
of Electrical Techniques.

B / Rationale:-

e Optimizing Energy Efficiency: It helps engineers design systems that
deliver the maximum amount of power from a source to a load, minimizing
energy waste.

e Designing Electrical Circuits: It's essential for designing and analyzing
communication systems, amplifiers, and power systems where efficient

power transfer is crucial.

C / Central Idea:-

Application of the Maximum Power Transfer Theorem in AC Circuits
with Solved Practical Examples.

D/Performance Objectives:

To learn the student be able to analyze the electric circuit in

AC. Circuit when maximum power transfer in the circuit.



1. Choose YES or NO: Can the maximum power

transfer theorem be applied to alternating current
circuits?

a. YES
b. NO

Answer: a) YES

2 When is the power dissipated across the load will
be maximum?

The power dissipated across the load will be

maximum when the value of load resistance is equal

to the value of source resistance.

3 . Define Thevenin’'s resistance.

It is the resistance measured at the given terminals
with every voltage source reinstated with short

circuits, and every current source replaced by open
circuits.

4 The pc voltage source will deliver maximum power
to the variable load resistor if when the load
resistance is

a. Zero

b. Greater than the source resistance
c. Lesser than the source resistance
d. Equal to the source resistance

Answer: d) Equal to the source resistance L




(1) Constant resistance but variable reactance




In Fig. (a): two CCT. Having constant resistance but variable
reactance, XL or XC, which vary from zero to infinity. When XL=0,
current is maximum and equals (V/R).

For other values, 1=V /VRZ+XL2

The current becomes Zero when XL= a, as seen from Fig. ( b ), the
end point of the current vector describes a semicircle with radius
OC=V/2R and center lying in the reference, i.e. Voltage vector OV.
For R-C circuit, the semicircle lies to the left of OV. As before, it
may be proved that as before, it may be proved that the equation
of the circle shown in ( b) is:

X2+[Y- (V/2R]?=V?/4R? - The coordinates of the center are X=0,
v=V/2R, and radius=V/2R. As before, the Power developed
would be maximum when current vector makes an angle of 45 °
with the voltage vector OV. In that case, currentis | /V2 and

P_=V.l_/2




l

(2)

Constant reactance but variable
resistance circuit.

Y




From the cct. In fig. ( C) it is seen that cct s. having a constant
reactance but variable resistance or Vice versa have the following
properties : (i) the current has a limiting value . (ii) the power
supplied to the cct, has a limiting value also. (iii) the power factor
corresponding to maximum power supply is 0.707(=cos45°).
Obviously. The maximum current in the circuit. It is obtained when
R=0

Im=V/X=V/w.L ...forR—Lcct. Im=V/X=V/w.c ...forR—c cct.

Now, power ( P ) taken by the cct. Is V.l cos® and if Vis constant,
then Pal. Cos © . Hence, the ordinates of current semicircles are
proportional to I.cos 6 . The maximum ordinate Possible in the

semicircle represents the
maximum power taken by the cct..




The maximum ordinate passes
through the center of semi- circle so

that current vector makes an angle $ v

of 45° with both the diameter and n

the voltage vector OV . / A
Obviously , power factor =

corresponding to maximum power ) IR— D

intake is cose45° =0.707 L o *.‘ (e)

Maximum Power :
P =VxAB=vx(l_./2)=(1/2)V. 1 Now, for R- Lcct. |_=V/X
P _=(V2/2.X)=V2/2.w.L ForR-C cct. P_=(VZ/2.X)= (V?-w.C) /2

As said above , at maximum power, 6=45° ,hence vector triangle for voltage is
an isosceles triangle, which mean voltage drops across resistance and reactance
are each equal to 0.707 of supply voltage i.e. V/V2. As current is the same, for
maximum power, resistance equals reactancei.e. R=X (Or Xc). Hence, the
expression representing maximum power may be written as

P_=V2/2R




(3) When R and X Constant

i
W
&
® £
R p =
T ! "\
*,
E
A | ‘ \
* FL q -
N
I " L —~‘
¢ F WA

With R and X constant, the maximum power that can be
transmitted by such a circuit occurs when the extremity of current
vector OA coincides with the point of tangency to the circle of a
straight line drawn parallel to OB. Obviously, v times AE under
these conditions represents the maximum power and power
factor at that time is cos 02




Example 1 : A circuit consists of a constant reactance of 5Q
in series with a variable resistance. A constant voltage of
100 v is applied to the cct. Show that the current locus is
circular. Determine (a) the maximum power in put to the
cct. (b) the corresponding Current, p.f. and value of the

resistance .

Solution:
(a) | ,=V/x=100/5=20A
P..=(1/2)V.l_=(1/2)x100x20=1000 w
(b) Atmaximum power input current, is=0 A
.. OA=1_/\/2=20//2=14.14 A ,Pf.=cos 45°=0.707
R=X=50




Ex.2: If a coil of unknown resistance and reactance is connected
in series with a 100-V, 50 HZ supply, the current locus diagram is
found to have a diameter of 5A and when the value of series
resistor is 15 Q, the power dissipated is maximum. Calculate the
reactance and resistance of the coil and the value of the
maximum power in the cct. And the maximum current .

solution : Let the unknown resistance and reactance of the coil be R
and X respectively. Diameter (d)=V/X, : 5=100/X or X=20Q
Power is maximum when total resistance = reactance or
15+ R =20 :. R=5Q
P..= V2/2X =(1007%)/2x20=250 watt ,
|_=100/V(202+5%)=4.85 A




N\

I Post test J

Ex. .3: A constant alternating sinusoidal voltage at constant
frequency is applied across a circuit. Consisting of an inductance
and a variable resistance in series. Show that the locus diagram of
the current vector is a semicircle when the resistance is varied
between zero and infinity. If the inductance has a value of

0.6 Henry and the applied voltage is 100V at 25 Hz. Calculate : (
a ) the radius of the arc (in amperes) and (b)) the value of
variable resistance for which . The power taken from the mains is
maximum, and the power factor of the circuit. At the value of

the resistance.

Solution :
X =w.L =0.6x2xTTx25=94.26 Q ,
(a ) Radius=(V/2). X=(100/2)x 94.26= 0.531A

(b) R=94.26 Q for maximum power factor=0.707.




EX(4): For the circuit shown find (1) Thevinin’s equivalent, (2) Find RL which
relates to the equivalent when it dissipation Maximum Power, (3) Find Pmax.

010 HW
o0
5 o
10k 0v S |
EQA 20K P
Zth=10Q)
Ri=10Q)

Pmax.= 15.62 watt
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The 5™ week/ Resistance measurement method

e ——

s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department
of Electrical Techniques.

B / Rationale:-

It is very important to study resistance measurement method.

C / Central Idea:-

. To learn resistance measurement method.

D/Performance Objectives:

To let the student be able to learn how he was measuring the different

resistances.



* Pretest

Define : resistance
Onms law

solution: Ohym's law: V=

Resistance:

it may be defined ast
Which t opposes the

e property of a substance due to

ow of electricity through it
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Series type Ohmmeter
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/Exl:

Ampere meter we went to used it as ((series type
ohmmeter)) measured resistance with series. It have
(full scale defection F.S.D ) equal to(50pA) the voltage
with open case(a,b)is (bv) we change F.s.D to
Zero and connected (R,) unknown it make F.S.D=1/4

find (R,)

| Uti Irm=S0u
solution T
R
_ =<
N

Rh=V/Im =6/(50x10 ° )=120k
S=Ilm/lrs.=1/4=0.25
Rx=(Rp+R21){(1-s)/s)}

- Rx=120{(1-0.25)/0.25)}=360k




3- Shunt type ohmmeter s £ g daglall (uliia
L8 0SB saalle LIl () 5S5 Ladie
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When Rx is out from the cct. :
IFs.0.= E/(R1+R2)
When Rx put in the cct.
Im=E/[(Rm+Rx)/(Rm+R1)]
S= |m/|F.S =[Rx.(R1+Rm)]/[(R1+(Rm+Rx)+Rme] 4 guaial) 5 il Jalaa gf Apibuaal
:.S=Rx/(Rx+Rp) , Rp=R1Rm/(R1+Rm)
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.P/Q=R/S  :R=(P/Q).S
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Ex:- The Bridge shown in figer . There is Un balanced with it by
change (400Q)) equal to (xQ). Find the currents of the bridge and
the voltage and current of meter. We let (X=1Q) .Find:

5kl ¢l 5l s gl a gl x laias o gl 4003 stiall iy S35 68 SR Leale T Hh Ayl 5yl

el 20 shall &, jiall & pualill aa sl L asf asl s =x G e il s il 8 IS
el /el 5800, 1= Apulsa IS 1A

Rg=100




t W) ol oy 0 Ay Hlas (Badas o 5163 DU Al a8 oDl 5y daall
4l gal) 45 jan sac |8y Eo=EN-Ep

En=E. (B/A+B)={1000/(400+100)}x4(4000/5000)
Also ;Ep=R/(R+X+x)=4x{100/(500+X)}
Eo=4{(1000/500)-100/(500+x)}

:.E0=4.X/2500 =E =1600X (micro volt)

N
100 4000
aalalall da glaall alany 4y jUaul) jeass oYl
b LS (ibiall il a5y plaie 5kl M " TRe
D O sl (g5 58 (st R
10 4000+x

> —
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R &s(X+x) 0555 .. Ro=[B.A/(B+A)+{R(X+x)/(R+X +x)}]

Ro=(1000x4000)/5000+{100(400+x)/(500+x)}
:.Ro=880 Q2

E/(R+X+x) — ID(X+x)/(R+X+x) =IR En=lE>E]D}<<8

Ix=(E/(R+X)+ID(R/R+x), also we can
found Ia,lB

Eo=1600x1=1600uv , lg=Eth/(Rth+G)=1600/(880+100)=1.63uA

5ualdll = HLillxdasleall =1.63x0.1=16mm
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Ex2: D.c Amper meter F.s.p=1mA , Rm=24Q we found
% F.s. D.=2000Q (Rh) ,E=3v Find (RpP, R1).

el (and o3 ol 24= 4lile daglia s el Lo 1 = 4 a0 ALS 5 il jaiie L ulia
el JadY legiiad aaat aay Al 5 (Rp, R1) e 5124l

solution: Ix=3/2000=0.0015A IF.s.0=1 mA
.. IR2=0.0015-0.001=0.0005A
R2.IR2=Rm.Im .. R2= (24x0.0010)/0.001=480Q

Rp=(RmxR2)/(Rm+R2)=(24x48)/(24+48)=16Q

:.R1=2000- 16=1484 O /




__ ——— = —

" The 6 ;7“‘ weeks /Three-phase circuits

e ——

s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department
of Electrical Techniques.

B / Rationale:-

It is very important to study 3-phase circuits

C / Central Idea:-

e Definition 3- phase circuits.
e To learn star and delta connection.

D/Performance Objectives:

To make students able to learn how to generate alternating
current, one phase and two stages, and three phases with the knowledge
of how to link the star and the triangle, and the characteristics of each

link in the case of balanced and unbalanced.



Custom  pregnancy balanced and
unbalanced load

Balanced Load: means that the same number
of passes in each branch, current loads have
the same values. You attempt the same
amount of power. and be here, equal powers
in three phases.

The unbalanced load: its load harm pulls
different streams in every phase of its three
phases imbalance loads values in each phase.
Thus, the value or the amount of each phase is
different according to the value of the load.



ar

Three Phase (AC System)

E, = Esinwt

=EmE

E, = E, sin{wt = 120

E. = E_sin(wt — 2407

- B, | -240°

E. = E,sin(wt + 120)

E“ Eh E‘f

Vi

% Wl gr

waveforms
ZE,
:H- i20*
120% % } -
>, E,
"“' 120"
FE,

Phase diagram



Three-phase -Y- connection

Three-phase “Y" connection has three voltage sources connected to a

commotn point.

Generrator \ Loads
A

A > s A

T Load _
E."'l.:"l' I

- ‘ H - H

L-:‘_I:I/ Load
I + .

> In

For “ % * circuils

I, Ig, [ = Line current = Phase current

IL=Irn

Ean, Egc, Eca ==> Line Voltage (Vollage between line to line (V1))

Eﬂ};? Eny. Ery = Phase "-.-'Clllli'tgﬁ f"l.-'rph]

V. =3 Vo

When the circuit is in balance —— the neutral 1s negligble [Iy = 0]

I_q+I E1+IL‘= I:-.[




Three-phase Delta ( A ) connection

EAH

Eap= Egr=Ecra = Line vollage = Phase voltage

Vi=Vpy,

la,Ig,lr => Line currents
lag, Isc, [ca === Phase currents

IL= Wu'llg_ [F"h




Power for balance load

1- True power (P) | P=Vylncosp (sl skl B33, a5 )l

. phase angle between Ip, and Vi,

V]”h=:r_,%: =1L

Aapr=3X % % [, X cosg pr = V3 VLI, cosg (W) (R)
2- Beactive power (Q): Qr = V3 VI sing (Var)

3- Apparent power (S): Sr=v3VI, (VA)

or  Sr=,P2+ Q2 (VA)

Power for unbalance load

1- True power (P): P =Vpplpn cosg (2al sl ally
Pr=Ppntpenatpens  (45)

2- Reactive power (Q): | Q =Vepulpy singp (25l 5 shall)
Qr=QpuitQpnztQpna  (2:81)

3- Apparent power (S): | §;=,/P2 + (2




Example (1)

A 3-g-star—connected system with 230V between each phase and neutral has
resistances of 4,5 and 6£2 respectively in three phase shown in fig. find:

a) The current flowing in each phase.

b) The neutral current. I
¢} The total P,(3.5.
) Q 230V =40
! v __IN
J
Sol/ o 0
I
Vp, = 230V 1 A
Vag = 230 L 0°V 230V %4 0
Vgy = 230L = 120°V _l_ Iy N
Ve = 230 L — 240°V I, o 55
Ve = 230 L 120°V -
I.?.
V,, 230L0°
[, = = =57.5L0°=5754A
o4 4
Vo 230L —120°
 =—== : =46 —120°= =23 +j39.84
Vo 230L120°
ly=—~= z =38.3L120° = -19.15 —j33.17 A

I]"-I = ]1 + Iz + |3
Iy, =57.5—=234+)39.8-19.15-j33.17 = 15.31 +jo.6 = 16.71L23.32% A

Pr=P+ P:+ Py

PL=17 xR, = (57.5)° x4 =13225 W

P, =12 xR, = (46)2 x5 = 10580 W

P, =12 xRy = (38.3)* %6 = 880134 W
Pr=13225 + 10580 + 8801.34 = 32606.34 W



Example (2)
A balanced star-connected of (8+)6){1 per phase is connected to a 3-phase 400V
supply shown in fig., find:

a) The line current. T
b) Power factor (P.F.)

¢) Power and total volt-ampere.

Sal/

a) Zpp = V8% + 62 = 100
vV, 400

Vo, =— = =231V
Fh ﬁ r—g
Vpn 231

lpy =— = =2314A
Ph g 10

IP[‘L == IL == 23.1 1!51.

b) F.Fzmsng% —£ _ 0.8 (Lagging)

h 10

¢} Br=+3 VL lLcosp=+3 x400x23.1x08=128W
or Pr=31%, Ren

Sr=v3V. I, =+3 x400x23.1=16VA

i Ta find reactive power () :
| cos”1 0.8 =g ~tp = 36.B7° ;
| Qr = +3 V. I sing = 1.7 X 400 % 23.1 x sin 36.87" = 9.6 Var :



Example (3)

For the CCT shown, the generator phase voltage

is 100V and its frequency

60Hz. Caleculate the line and neutral currents. Then find the total P,Q,S.

Iy A
10011
In
(R111] 1o )
1592mH bh.3uF
Salf I3 C B
|
s
¥ =2nfL=2x3.14 % 60 % 159.2 % 107* = 600
1 1
X = = =400
2ufC 2 % 3.14 % 60 x 66.3 x 1074
Zy=100 = 100 L 0° £}
Zy=Ra—jXc = 10040 = 107.7 L-21.8° 02
Zy=Ry+j Xe = 100 +j60= 1166 £ 31% 0
E 100L0°
[, =28 =140°A
21 1poLee
Egr 100L — 120°
= —— = =0929/{ — 982" A= —0.133—j092Z A
2 107.7L — 21.8°
Eqy 100L120°
hi=—"= = 0.858 LB9° A = 0.015+j0.B58 A
3 116.6 L 31°
=0+ L+ Iy Q, =0
Iy = 1+{—0.133 — j 0.92 }+{ 0.015 + j 0.858 ) Qa =15 %X
= (0882~ [ 0.062=0884 [-4°A = (0.929)° x 40 = 34.52 Var
Qy =13 x X
Pr=P+ P2+ = (0.858)% x 60 = 44.169 Var
P, =17 xR; = (1)? = 100 =100 W Qr =0, +Q, +0Q,
P, =13 xRy = (0.929)% x 100 = B6.304W Qr = (—34.52) + 44.169 = 9.95 Var
P, =1 xR, = (0.B58)? x 100 = 73.616 W S5 =P + 0%
Pr=100 + B6.304 + 73.616 = 2599 W = ,/(259.92)% +(9.65)2
= 260.1 VA




Example {(4)
The circuit shown is connected to three phase system of 200 %ol

a) Find the current distribution in the circuit.
b Draw the pharos diagram from the voltage and current.
) Find the active power, reactive power and apparent power.

g
o -
B .-
Solf
Vag = 200200V, Vage = 200. — 1209V, Vea = 20021200V
Vag 200,00
P — — 20.75% A
AB T g.n  10-.—750
o _ VBc _ 200-.—120" D Os—a5® A
BC =7 = T10-.—750 0T
Viea 20021209 o
lca = Zen  102—750 20,1959 A
[ = lag — [ea = 202752 — 20,195 = 34.6-.45% A

Ig = lge — [ap = 202—45° — 20-.75° = 34.6-.—75% A

e = [pa — Ige = 202195 — 20-—45" = 346,165 A

S— Wy

e} PBr =3V I cosp =3+ 200 + 34.6 cosqp(T5) = 3102 W

Qr =3V I sing =3 * 200 * 34.6 sin(75%) =11577.39 Var

St =+P2 + Q% =+31022 4 11577.392 = 1157822 VA



Problem (1)

For three phase circuit shown below, E, = Eg = E = 120V.
Zy = 2023010 Zg =40260%°0; Z:. = 30230°%0, find:
a) The current distribution (1, Ig, I, Iy).

b} Draw the phasor diagram for voltages and currents.




o —— e —

The 8™ week/ Three phase power measurement

s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department of Electrical
Techniques.

B / Rationale:-

It is very important to study three-phase power measurement.

C / Central Idea:-

e Definition Kirchhoff's current law at any electric point.
e Definition Three Three-phase power measurement.

e To learn Wattmeter's method.

e Definition of Kirchhoff's voltage law.

D/Performance Objectives:

To teach the student how he measures single and 3-phase power.



Define : Active ,reactive
and apparent power

Solution

P=V.lcosB watt (Active power), Q=V.Isine 8 var (Reactive Power)
S=V.I (v.A) (apparent power)



(1) Single wattmeter method : This cct. Is suitable only for 5
a balanced load

— M current ol

AR

=2 Wj

I ! I Supply 1ol vetuge col Lo

SuPPLY " Lood 23




P=1A.Vaa +IB.VButlc. Ve (2) Two-wattmeter method

It is suitable for Y-connected or

A-connected W1 /’\ _ia_
Balanced or unbalanced loads. - rmh %
The load Power is sum of the
meter readings
[A = instantaneous currentin OB
meter Wi i
Van —Ven= Iinstantaneous voltage Ven=V @
coil of W1 F -
also ‘ +JH( ak — O[j
[c = instantaneous current in We Ic
meter W2 Lood

Most often used

Ven ~Ven= instantaneous voltage
oil of W2




There for:-
The instantanecus Powers measured by each
Of these instruments are :
P1=ia(VAa —VBb) , P2=ic(Vcc — VBb)

. P1+P2 =P=IA(VAz —VBb) + ic(Vce — VBb)...(1)
.. P =laAVAa - iA VBb + ic Vee - ic VBb
= AVAa + ic Vec — VBbx(iA + ic)....(2)

With balanced or Un balanced load, the
algebraic sum of the currents at the neutral
point of a Y- connected load must be Zero
(for a 3- wires supply )




IA+iB+ic=0 ©r, lA+1c=-1B....(3)Substituting U= s=% from Eq -.{3) in Eq..{2)

P=lavaa +lcvec+18Veb ....{4) Eq..{4) is identical Jites Eq {1) showing that the sum
Of the instantaneous powers measured by the two watt meters is equal to the
total instantaneous power dissipated in the load .consequently the sum of the
two watt meters readings is the average power dissipated in the 3-phase load .

It can also be shown that for a A - connected load the two watt meters indicate
the total power dissipated . In this case the wattmeter current coils carry
instantaneous currents of iA-lc and ic-iB . The voltage coil instantaneous potential
Differences are :- -Vaa and — VBb . The sum of the meter readings is :-

P=Vaa(lA-lc) — VBb{lc-IB) =vaala+Vels-lc(Vaa+Veb)
For A - connected system, there is no circulating current and :-

Vaa+Veb+Vee=0  or: Vaa+Veb=-Vcc giving P=Vaala+VeblB+Vecle ....(5)

Eq ...(5) is once again the same as Eq ..{1), showing that the sum of the meter
readings gives the total [oad power .




Example (1):-

A dynamometer type wattmeter with its voltage coil connected
a cross the load side of the instrument reads 250w . If the load
voltage be 200v, what power is being taken by loads ? The
voltage coil branch has a resistance of 2kQ). Calculate reactive and
apparent power

Solution :-

Power consumed by Voltage
coil = V° /R=

200° /2000=20 watt

.. Power being taken by load
= 250 -20 =230 watt
Q=VIsin®




Ex (2) «= The current coil of a wattmeter is connected in series with an

ammeter and an Inductive load .

A voltmeter and the Voltage circuit of the wattmeter are connected

A cross a(400 Hz} supply . The a meter reading is 4- 5 A and voltmeter and
wattmeter reading are respectively (240v, 29 watt) . The inductance of the
voltage cct. Is (SmH)

and its resistance is {4k} . If the voltage drops across the a meter and and
current coil are negligible , What is the percentage error in wattmeter reading?




Solution:

The reactance of the veltage coil cct. s
Xp=2TTxfxL = 2]TX400x5x107 = 4TQ
tan©=Xp/R=4 T]/4000=0.003/42 :.6=0.003142 radian
(angle is very small) :.0= 0.18° Or =0 11

cosd

True reading=
5 cos8.cos(p — 8) xactual reading

) cosd actual reading
V.lcos¢ = cosB.cos(p — 8) xactual reading VoI = cos(p — @)

Cos(¢ -8 )= 29/(240x4.5)= 0.02685 :.$ — 6 =88 28~
Or ¢=88 39 . Percentage error={(sinB}/{cot¢ +sinB)}x100
={(sin11" }/(cot88 39~ +sin 11~ )}x100={(0.0032/ (0.0235+0.0032)}x100= 12%



/ (3) Three—Wattmeter methods

P1=VplpcosO

Y- connected load 4- wire
unbalanced load.

.. PT=P1+ P2 +P3

( For a balanced load

Only one meter is

required ).

-




P1=Vp lpcosO

A- connected load unbalanced load for a balanced load, only one
meter is required.




Ex(3):-
The Load a balanced A- connected is supplied from

a Y- connected generator as shown. The load consists
of R1=R2=R3= 33.30 and L1=L2=L3=523mH .

The supply has a phases voltage of 115.5v and f=60Hz
. The power dissipation measured by

the two-wattmeter.
Calculate :-
the Load power and Power indicated by each wattmeter



Solution:
P=3Vp.lpcos ¢ , P=Vv3 VL.IL .cos ¢
VL=200v Ip=1A, IL=1.73 A $=80 -
VL= v3 Vp=v3 x 115.5 =200v i
XL= 2TTf L=2x60x523=197.20 I ey
71=72=73=R+jxL=33+j197.2Q Eap 1

. 121=v33.3° +197.2 % = 2000 WA - A

lipl=11=12=13+VL/Z=200/200=1A : | .

IL=v3Ip=v3x1=1.732A c L J_ Ve TPl
at L{)ad : Genarater

Vph=VL=200v ..P=3Vplp

cos$p=3x200x1xc0s80.4=100 watt

P=v3 VL IL cosp=v3X200x1.73xcos80=100 watt




The 9% , 10 Weeks/\MaEnetisn:

s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department of Electrical
Techniques.

B / Rationale:-

e Itis very important to study Magnetism
e Also to study Magnetic field of solenoid.

C / Central Idea:-

e Definition It is very important to study Electromagnetism any electric closed circuit .
e To study Magnetic field of solenoid

D/Performance Objectives:

To let the student be able to learn the magnetic field of conductor carrying current and

another effects it .



Ex:(1)  Find magnetic flux density when
A=0.02m? , W=50pwb

[ B=W/A=(50x10°)/0.02=25x10" Tesla ]

4 N
When : W=magnetic flux (Weber) , B=magneticflux

density (web/m?)=W/A (T)

(S J




1- Magnetism

Magnetism is a physical phenomenon produced by the motion of electric charges. It results in attractive
and repulsive forces between objects.

- Origins of Magnetism

« Caused by electron spin and orbital movement.
o Materials exhibit magnetic behavior when atomic dipoles align in a particular direction.

- Magnetic Field (H)

« Denotes the force applied to a magnetic material.
o Unit: Ampere per meter (A/m)
o Defined as:

where N is number of coil turns, I is current (A), 1 is length (m).
@ Solved Example 1.

Q: A coil of 300 turns is wound around a magnetic core of length 0.5 m. If a current of 2 A flows, what is the magnetic field
HH?

Solution:
NI 300%2

i 0.5

— 1200 A/m



2- Magnetic Poles — North & South

Magnetism is one of the fundamental forces in nature, observable through natural and artificial
magnets. At the heart of this phenomenon are magnetic poles, the regions where the magnetic effect is
the strongest. Every magnet possesses two poles: a North pole and a South pole.

Nature of Magnetic Poles

. Magnetic poles always exist in pairs. If a bar magnet is broken in half, each resulting piece will
develop its own North and South pole.

« North pole (N): The end of the magnet that points toward the Earth’s geographic North when
freely suspended.

« South pole (S): The end that points toward the Earth’s geographic South.

Magnetic Field Lines

« Magnetic fields are visualized through field lines that emerge from the North pole and enter at the
South pole.

. Inside the magnet, the lines continue from South to North, forming closed loops.

. The density of these lines represents the strength of the magnetic field: the closer they are, the
stronger the field.

Interaction Between Poles

. Like poles repel, and unlike poles attract. This principle underpins the operation of electric motors,
magnetic sensors, and various instruments.
« The force between two poles depends on their strength and the distance between them.



Properties of Magnetic Poles

Property

Pole Pairs

Direction of Force
Magnetic Field Origin
Magnetic Monopoles

Strength Distribution

Description

Magnetic poles always appear in N=S pairs

Opposite poles attract; similar poles repel

Field lines emerge from the North and return at South
Have never been observed in isolation

Strongest at the poles, weaker at the center



3-  Types of Magnetic Materials

Magnetic materials respond to an external magnetic field in different ways based on their
atomic structure and electron behavior. The main classifications are:

1. Ferromagnetic Materials

. Strong attraction to magnetic fields.

Domains (groups of atoms) align parallel, even after removing the field.
Can be permanently magnetized.

Examples: Iron, Nickel, Cobalt, and steel.

Applications: Motors, transformers, permanent magnets.

2. Paramagnetic Materials

. Weakly attracted to magnetic fields.

. Do not retain magnetism when the field is removed.

. Atomic dipoles align slightly with the field.

. Examples: Aluminum, Magnesium, Platinum.

. Applications: MRI contrast agents, scientific research.



3. Diamagnetic Materials

- Repelled by magnetic fields.

. Magnetic dipoles are induced in the opposite direction.

. Effect is very weak and present in all materials but masked in others.
. Examples: Copper, Bismuth, Water, Quartz.

. Applications: Magnetic levitation, shielding, precision instruments.

4. Antiferromagnetic Materials

. Neighboring magnetic moments align in opposite directions and cancel out.
. Net magnetism is zero.
. Examples: Manganese Oxide (MnQO), Nickel Oxide (NiO).

. Applications: Spintronics, memory devices.
5. Ferrimagnetic Materials

. Like antiferromagnets, but opposing moments are unequal, producing a net magnetic
effect.

. Commonly used in ferrites.

. Examples: Magnetite (FesO4), ferrite ceramics.

. Applications: Antennas, inductors, radio frequency devices.



4-  Magnetic Field

¢ Definition:
A magnetic field is the region around a magnet or current-carrying conductor where magnetic forces can be detected.

« Vector quantity, represented by H \vec{H} or B"\vec{B} depending on the context.
« Direction is from the North pole to the South pole outside the magnet.

¢ Units:

o Magnetic Field Strength HH: A/m (amperes per meter)
« Magnetic Flux Density BB: Tesla (T) or Weber per square meter (Wb/m?)

¢ Generation of Magnetic Fields:

« By permanent magnets
o By electric currents (e.g. around a straight wire or a solenoid)

Example 1 — Magnetic Field around a Current-Carrying Wire:
Use Ampere’s Law to find the magnetic field at a distance r from a straight wire carrying current II:
iyl

B =0
r

Lletf=5Ar=01m,and g, = 47 X107 H/m:

5 (Arx10”7) X5

=1x107°T
2 X 0.1




- Magnetic Flux

¢ Definition:

Magnetic flux (®\Phi) is the total number of magnetic field lines passing through a given surface
area.

© =R-A-cos(8)

. B: Magnetic flux density (T)
. A: Area vector (m?)
. O\theta: Angle between B"\vec{B} and the normal to the surface

¢ Unit:
. Weber (Wb) 1 Wb =1 Tesla x 1 m?

Example 2 — Magnetic Flux through a Surface:

Let B =02T, A= 0.05m%, and angle & = 0°;

@ — 0.2-0.05 - cos(0) = 0.01 Wb



- Comparison Table

Property Magnetic Field (H/ B) Magnetic Flux (®)
Definition Force per unit magnetic Total field lines through
pole/current area
Unit A/m (H) or T (B) Weber (Wb)
Scalar/Vector Vector Scalar
Tool for Tesla meter, Gauss meter Flux meter
Measurement
- Applications

« Magnetic Field:

o Motor design

o Wireless charging

o MRI (Magnetic Resonance Imaging)
« Magnetic Flux:

o Faraday’s Law (Induced EMF)

o Transformer design

o Flux linkage in inductors



5- Magnetomotive Force (MMF)

What is MMF?

Magnetomotive Force (MMF) is the magnetic equivalent of electromotive force (EMF) in an electric circuit. It acts as

the driving force that sets up magnetic flux in a magnetic circuit.

o Symbol: F or simply F.
o Unit: Ampere-Turns (At)
o Formula:
MME = N x [
Where:

« N: Number of coil turns
o I: Current through the coil in amperes

¢ Analogy with Electric Circuits:

Electrical Circuit

Magnetic Circuit

Voltage (V) MMF (F)
Current (I) Magnetic Flux (®)
Resistance (R) Reluctance (R)




Example 1: Basic Coil
Problem: A coil has 150 turns, and a current of 0.5 A flows through it. What is the MMF?

Solution:

F=N-T=150x05="75At

Example 2: Motor Winding

Problem: An electric motor winding consists of 500 turns. If it carries a current of 2 A, find the
MMF.

Solution:

F=500x2=1000At

Example 3: Variable Current
Problem: A solenoid has 300 turns. How much MMF will it produce when: a) Current=1.5 A

b) Current=0.2 A

Solution: e a)F =300x15 = 450 At

e b)F =300x02=60At



6- Magnetic Flux Density

Magnetic Flux Density (B) is a measure of the amount of magnetic flux (®\Phi) passing through a unit area
placed perpendicular to the direction of the magnetic field.

« Symbol: B
« Formula:

™| S

Where:

. B: Magnetic flux density in Tesla (T)
. @®: Magnetic flux in Weber (Wb)
. A: Cross-sectional area in square meters (m?)

Note: 1 Tesla =1 Weber per square meter (1 T =1 Wb/m?)
- Explanation

« Magnetic flux density quantifies how concentrated the magnetic field is over a given surface.
. Itis analogous to electric field strength in electrostatics.

« A higher flux density means a stronger magnetic field at that location.



* 4, Example 1:

Problem: A magnetic flux of 0.05 Wb passes through a surface of 0.01 m2. What is the
magnetic flux density?

Solution:

005
- 0.01

»| &

¢ 5. Example 2: Variable Angle

If the surface is tilted, the effective area is reduced by the cosine of the angle 8 between
the field and the normal:

® = B-A-cos(8)

Problem: A 0.02 m? coil is in a magnetic field of 0.3 T at 60°. Find the magnetic flux.

Solution:

® = 0.3%0.02Xcos(60”) =0.3x0.02x0.5=0.003Wb



7- Factors Affecting Magnetic Flux

Magnetic flux (O\Phi) refers to the total magnetic field lines passing through a defined surface area.
® = B-A-cos(f)

Where:

®: Magnetic flux (in Webers, Wb)
B: Magnetic flux density (in Tesla)
A:
0:

Area the field is passing through (in m?)
Angle between magnetic field and normal to the surface

¢ 2. Factors Affecting Magnetic Flux
A. Magnetic Flux Density (B)

« The stronger the magnetic field, the greater the flux.
« Directly proportional relationship: 1B — 1@

B. Cross-Sectional Area (A)

o Flux increases with larger surface area.
o Ifthe area is reduced, fewer field lines pass through.

C. Angle Between Field and Surface (0\theta)

« Effective flux is reduced when the surface is not perpendicular.
o Maximum flux when 6=00¢\theta = 0"\circ, 1.e., field is perpendicular.

® = B-A-cos(8)



D. Material Permeability (n)

« Flux flows more easily through high-permeability materials (e.g., iron, soft steel).
« Air or vacuum has low permeability — higher reluctance.

E. Presence of Magnetic Saturation

« When a material reaches its saturation point, it cannot carry more magnetic flux despite increasing
MMF.
« Beyond this, further increases in current do not significantly increase flux.

Worked Example

Problem: A magnetic field of 0.4 T is applied to a surface of 0.02 m? at an angle of 60°.
What is the magnetic flux?

Solution:

@ = B-A-cos(8) = 0.4-0.02 - cos(60°) = 0.4-0.02-0.5 = 0.002 Wb



8-  Permeability

Permeability is a material property that indicates how easily a magnetic field can pass
through it,

* Symbol: u
* Unit: Henry per meter (Hf/m})

» |t defines the ability of a substance to conduct magnetic lines of force, or magnetic
flux,

Types:

* Absolute Permeability: p = u -1

+

* u, is the permeability of free space = 4n x 167/ H/m

* p_isthe relative permeability (dimensionless)



L A. Influences Magnetic Flux

- Higher permeability = more magnetic flux for the same magnetomotive force (MMF)

F
P =— and R = —
R A

- Here, R is the magnetic reluctance, [ is length, and A is cross—-sectional area.

L B. Determines Core Efficiency

- Materials with high permeability (like silicon steel) reduce magnetic losses in
transformers, motors, and inductors.

L C. Reduces Magnetic Reluctance

- Low-reluctance materials concentrate and guide magnetic flux with minimal
resistance.

EX.:When (u_) for aluminium equal( 1.00002 ) find (1) .

Solution : ho= u/u LU LM
. u=4T[x107%250=3.14x10* H/m



9-  Magnetic Reluctance

Magnetic Reluctance is the opposition that a material offers to the flow of magnetic flux
—very similar in concept to electrical resistance in an electric circuit.

» Symbol: R
e Unit: Ampere-turns per Weber (ATt/Wb)

» It determines how “reluctant” a material is to carrying magnetic flux,

< Formula for Reluctance

o I
HA
Where:

¢ [: [ength of the magnetic path {meters)
e A: cross-sectional area (m?2}

s u: permeability of The material (H/m)



& Example: Calculating Reluctance

Problem: A magnetic circuit has the following properties:

* Length{=0.25m
¢ Cross-sectional area 4 = 2.5 X 10"t m?

* Relative permeability u_= 800

Find the magneftic reluctance R,

Solution:

1. Calculate the absolute permeability:
p=p,-p = (4 x1077)-800 = 1.005 X 10" *H/m
2. Use the reluctance formula;

{ 0.25

A 1.005x107°-25x%x10

~ 995 522 At/Wb



10- Application of Kirchhott’s Laws

Kirchhoff’s laws can be extended to magnetic circuits in the following ways:

¢ Kirchhoff's MMF Law (Analogous to KVL)

In any closed magnetic loop, the sum of magnetomotive forces equals the sum of
magnetic drops (reluctance x flux)

ZF= Z(GJ-R)

¢ Kirchhoff’s Flux Law {Analogous to KCL)

At any junction, the total incoming magnefic flux equals the total outgoing flux;

Z 1:I:"in — z (Duut



- Examples and Problem Solutions

= Example 1: Single Loop Magnetic Circuit

Problem: A magnetic core has a mean path length of 0.3 m, cross-sectional area of
4 x 107 * m2, relative permeability (= 1200, and a coil of 500 turns carrying 2 A. Find the

magnetic flux.
Solution:

1. Calculate MMF:
F=N:-JT=5800:-2= 1000 At
2. Permeability:

=g, -y, =4wx1077-1200 = 1.51 x 10" ° H/m

3. Reluctance:

I 0.3
R = = ~ 4977 Af WD

1A 1.51x10 -4 x 10" %

4. Flux:

> = 1004 ~ 2.01 X 10 °Wh
R ag97.7



L, Example 2: Magnetic Circuit with Parallel Branches

Problem: A magnetic circuit splits into two parallel paths. Flux divides equally, each path
has a reluctance of 1500 A/Wh. The total flux is 3 x 10> Whb. Find the MMF required.

Solufion:

1. Flux per branch:

3x107° L
O, = D, = = 15X 107 Wb
2

2. MMF for each branch:

F=0-R=15X10""-1500 = 2.25 At

Answer: Since the branches are in parallel, only one MMF is needed, so total required
MMF = 2.25 At



H.W.

'] Definitions a. Define magnetic field intensity HH and magnetic flux density BB.

What are their SI units? b. Explain the physical difference between HH and BB.

(] Magnetic Flux a. What is magnetic flux ®\Phi? Give its formula and unit. b. A
uniform magnetic field of 0.4 T passes through a circular loop of radius 5 cm at an

angle of 30°. Calculate the flux through the loop.

(] Magnetomotive Force (MMF) a. Define magnetomotive force. What is its analogy

in electrical circuits? b. A coil of 250 turns carries 1.2 A. Calculate its MMF.




e

The 11" week /VCOHand conﬁucance inauctance

s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department of Electrical
Techniques.

B / Rationale:-

It is very important to study the Coil and conductance inductance.

C / Central Idea:-

e Definition Coil and conductance inductance.
e To learn Self inductance.

D/Performance Objectives:

To let the student be able to identify the electromagnetic induction .



Compare ohms law with magnetic flux

I=V/R (Q)

d=m.m.f/(R (Weber)



1- Self-Induction of a Coil

Self-induction is the phenomenon where a changing current in a coil induces an electromotive force (EMF) in the same
coil due to its own magnetic field.

o This EMF opposes the change in current (according to Lenz’s Law).

¢ Self-Inductance (L)
Self-inductance is the property of a coil that quantifies its ability to oppose changes in current flowing through it.

o Unit: Henry (H)
o Formula: $$ L =\frac{N \cdot \Phi}{I} $$ where:
o LL = self-inductance
o NN = number of turns
o ®\Phi = magnetic flux through each turn
o II = current
o Induced EMF (Faraday’s Law): $$ \varepsilon = -L \cdot \frac{dI}{dt} $$

Example

A cail of 100 turns has a magnetic flux of 0.02 Wb when a current of 2 A flows through it.
What is the self-inductance?

Solution:

_N-@&  100-002
=——= 5 —

L 1H



2-Mutual Inductance Between Two Coils

Mutual inductance is the phenomenon where a changing current in one coil induces an EMF in a second nearby coil
due to the shared magnetic field.

¢ Mutual Inductance (M)

. Formula: $$ M =\frac{N_2 \cdot \Phi_{21}}{I 1} $$ where:
o N2N_2 = number of turns in second coil
o ®21\Phi_{21} = magnetic flux through coil 2 due to coil 1

o I11_1 = current in coil 1
o Induced EMF in coil 2: $$ \varepsilon_2 = -M \cdot \frac{dl 1}{dt} $$

Example

Two coils have a mutual inductance of 0.5 H. [f the current in coil 1T changes at a rate of
4 Afs, what is the induced EMF in coil 2?

Solution:

9= —M-—= —05-4= —2V

1
dt



3-Coil Connections and Mutual Inductance

Let’s explore how mutual inductance behaves based on different coil connections:

Type of Connection
Series - Aiding

Series - Opposing

Parallel - Aiding

Parallel - Opposing

Equivalent Inductance (Leq)
Inductances support each other

Inductances oppose each other

Supportive mutual effect

Opposing mutual effect

Formula
qu=L1+Lg+2M

qu=L1+Lg—2M

1 1 1 2M

_——= - = —
Leg Ly Io LyL
1 1 ; | 2M
- = _|_ [ —

o

T Example:

Let's assurme:

Aildding connection:

- L, —3H,L: —2H, and M — 0.5 H

Legq — 3 + 2 + 2(0.5) — 6 H

Opposing connection:

Legq —3 + 2 — 2(0.5) — 4 H




© Example:

Assume:

e L =4H,1,=6H M=1H

Aiding:
1 1 1
Lg 4
Opposing:
1 1 . 1
Ly 4 6

5 1
12 12
5 1

12 12




* Posttest

Two 500uH coils have a mutual inductance of
200 uH.

Determine: the total inductance Of the two
coils

(a) When they are connected series-adding .
(b) When they are connected series-opposing.

Ans.
(a) 1.4uH
(b) 600uH
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The 12" week / Growth and decay of current in inductive circuit

s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department of Electrical
Techniques.

B / Rationale:-

It is very important to study Growth and decay of current in inductive circuit .

C / Central Idea:-

. Definition Growth and decay of current in inductive circuit

D/Performance Objectives:

To let the student be able to learn the effect of the coil and the capacitor on the

current and voltage with d.c current.



*¢* Pretest

Write the laws which used to find :
1): energy stored in the coil
2)inductive reactance 3) Capacitive reactance

'[ Solution |




.. . . . )
Growth and decay of current in inductive circuit

Adiall 30l o Sl JDlaanal s
- J

In fig. Shown a resistance of R in series with a coil of
self- inductance (L) henery the two being put across a battery of
(v)volt . The R-L combination becomes connected to battery when
switch (S) is connected to terminal (a) and is short-circuited when
(s) is connected to (b) . The inductive coil is assumed to be
resistance less, its actual small resistance being included in (R) .

(4 R AL
"/ ~ |"— iR“‘t* o
Q‘ L=L.Cell/ et}

i




When (S) is connected to (a) the R-L
combination is suddenly put across the voltage of
(V) volt .Let us take the instant of closing (s) as
the starting Zero time . It is found that current dos
not reach its maximum value instantaneously but
takes some finite time .

It is easily explained by recalling that the coil possesses
electrical inertia i.e self — inductance, due to the
production of the counter e.m.f of self-inductance,
delays the instantaneous Full establishment(u«3: ) of
current through it .




@ will now investigate (8 the growth of currenm
through such an inductive circuit.

The applied voltage (V) must , at any instant, supply
not only the ohm drop (i.R) over the resistance

(R) But must also overcome the e.m.f of self-
inductance i.e Ldi/dt

V=i.R+L .di/dt ....(1) OR (V-i.R)=L.di/dt

.. [di/(v- i.R)=di/L]
Multiplying both sides by (-R) , we get (-R).{di/(v-i.R)}
= - (R/L).dt integrating both sides, we get:

@di/(v-iﬂk - (R/L)fdt , log, Y™ =-(R/L)t+K /




Where (e) is the Napier an logarithmic base =2.718 and (k) is
constant of integration
Whose value can be found from the initial known conditions.
To begin with , when t=0 , i= 0 ,hence putting these values
in(1) above, we get
log V" =-(R/L).t+log_’ orlog Y- log =-(R/L)t or

log, "™ =_(R/L).t=t/A where L/R=A .... Time constant.
(v-i.R)/v = e™ or i=(v/R)( 1- e ) :. Now V/R represents the

maximum steady value of current ( | ) that would eventually be
established through the R- L circuit

L=l (1-e VM) (2)

m




This is an exponential equation whose graph is shown
It is seen from it that current rise is rapid at first and then
decreases until at t=a , it becomes zero.
Theoretically , current does not reach its maximum steady
value I until infinite time .

However, it reaches

Im

practically this value in a / current orfowin}
a relatively short time . ;:; /L

The rate of rise of vent | 7 T sopefent e
current di/dt at any e

stage can be found by od7 T

differentiating (2) {7 -~ — '

closed Tirie

above w.r.t time.




However the initial rate of rise of current can be obtained by
putting t==0 and i=0 in ( 1)above
.. V=0xR+L.(di/dt) OR di/dt=v/L

The constant A=L/R is known as the time constant of the circuit . It can
be variously defined as :- (i) It is the time during which current would have
reached its maximum value of Im=V/R
had it maintained its initial rate of rise..

Time taken= Im/initial rate of rise = (V/R)/(V/L)=L/R

But actually the current takes more time because its rate of rise
decreases gradually. In actual practice, in a time equal to the time
constant, it merely reaches 0.632 of its maximum value as shown:
Putting t=L/R=A in(1) above ,we get

i= Im(1-e M ) =Im{1-(1/e )}=Im{1-(1/2.718)}=0.632Im

Hence, the time constant rise to 0.632 of its maximum steady
value for above . This delayed rise of current, in an inductive circuit
is utilized in providing time-lag in the operation of electric relays and

trip coils etc.




Decay of current in inductive circuit
igall sl 4 Ll Sl

When the switch ( S) is connected to point (b) the
R-L circuit is short circuited . It is found that the
current dose not cease immediately, as it would do
in @ non inductive circuit, but continues to flow and
is reduced to zero only after an appreciable time has
elapsed since the instant of short circuit :

The equation for decay of current with time is
found by putting V=0 in Eq. (1)
0= {i.R+L(di/dt) OR di/i= -(R/L).dt




Integrating both sides , we have :
[ difi= -(R/L)(dt : log, .i= -(R/L).t+K ....(3)
Now ,at the instant of switching off the current i=Im and
if time is counted from this instant ,then t=0 , log,
M= 0+K
Putting the value of K in Eqg. (3) above we get: log,,
i=-(t/A) +log.."™ :. log, /'™ = -(t/A)

. i/|m=€'tﬁ‘
Li=Im. eV L (4 )




It is a decaying exponential function and is plotted in fig.

It can be shown again that theoretically current should take
infinite time to reach zero value although practice it dose so a
relatively short time.

switch

Again putting t=A in Eqg. (4) apened
we get 10 —
i= Im/e= Im/2.178= 0.37Im LY
Hence ,time constant (A) \ 1=0,=]m
of an R-L of L —
Circuit may also be defined "/ |- i
as the time during which 037 T N
current falls to 0.37 of its g A A ecufrent decay
maximum steady value \ D s S

while decaying fig shown .




Example(1) :

with reference to the circuit shown calculate :
1) The current taken from the d.c supply at the instant of
closing the switch .
2) The rate of increase of current in the coil at the instant of
switching on
3) The supply and coil currents after the switch has been
closed for a long time .
4) The maximum energy stored in the coil.
5) The e.m.f. induced in the coil when the switch is opened .

1S akim

e B

120 v 5 %

| R2 230 ohm ;?SE X
J -



Solution :
1) When switch (S) is closed the supply d.c voltage of 120v

is applied across both arms.

The current in R2 will immediately become 120/30=4A

However, there is no instantaneous flow of current in it . Hence, current
taken from the supply at the instant of switching on will be (4A) .

2) Since at the instant of switching, on , there is no current

through the inductor arm , no potential drop

Will develop across R1 . The whole of the supply voltage will be applied
across the inductor if di/dt.

Is the rate of increase of current through the inductor at the instant

of switching on . Then the back e.m.f. produced in it is L.(di/dt)

This e.m.1. is equal and opposite to the applied voltage

120/L.(di/dt) OR di/dt=120/2=60 A/s




3) When switch has been closed for a sufficiently long time,
current through the inductor arm reaches a steady value=

120/R1=120/15=8A, Current through R2=120/30=4A supply
current = 8+4=12A

4) Maximum energy stored in the inductor arm = (L.I12)=
(2x82)=64 Joule

5) When switch is opened current through the inductor arm
cannot change immediately

because of high self- inductance of the inductor .

Hence , inductance current remains at (8A).

But the current through R2 can be changed immediately. After

the switch is opened , the current inductor path lies through R1
and R2. Hence e.m.f. Induced in the inductor at the instant of

switching off is = 8x (30- 15)=360 v



Example (2):

The two cct. In fig. have the same time constant of
0.005 second. With the same d.c voltage applied to
the two cct. It is found that the steady — state

current of cct. (a)is2000times the initial current of
cct. (b) Find R1,L1 and C.

Ri1 Ra

{0 10w

o) ko



Solution:
The time constant of cct. (a) is

A=L1/R1 second and that of cct. (b)
A=C.R2 second :. L1/R1=0.005
:.Cx2x10°=0.005 :. C=0.0025x10°
.. C =0.0025 pF
steady state current of cct. (a) is=V/R1 =10/R1 A
Initial current of cct (b) = V/R2=10/2x10°
=5x10° A Now : 10/R1=2000x5x10"°
:.R1=1000 Q
Also: L1/R1=0.005 :.L1=1000x0.005=5H



Charging of a capacitor

The fig. shows an arrangement by which
a capacitor ( C ) may be charged through (
a) high resistance (R ) from

a battery of (v) volts.

The voltage across (C ) can be measured
by a Suitable voltmeter . When switch ( S)
is connected by a suitable voltmeter .
When switch (s) is connected to (a)

Then ( C) is churched , but when it is
connectedto (b ), (C )is short circuited
through ( R ) and is thus discharged .
The voltage across ( C ) does not rise to
( v) instantaneously but builds up slowly
.Charging current is maximum at the

— V|
~ i
™
L A ||

|
I'-,f.-'. |
Fig -2 -



start i.e when (c ) isun charged, then it gradually decreases and
finally ceases when P.d.across capacitor plates becomes equal
and opposite to that of the battery. At any instant,

Let v=p.d across c , | = charging current, g= charge on
capacitor plates

The applied voltage ( v ) is always equal to the sum of (1)
resistive drop (i.R ) and

( 2 ) voltage across capacitor (v)
V=i.R+v , Now i=dqg/dt=(d/dt)( CV)).
=C.(dv/dt) :. V= v+ C.R (dv/dt) ...(4-b).

.. - (dv/V-v )= - (dt/C.R),

Integrating both sides, we get :
[ (-dv/V-v)=-(1/C.R)[dt , log, (VY)=-(1/C.R) +K .....(5)
, When K is a constant of integration whose value can be found
from initial known conditions . We know that at the start of
charging when t=0,v=0



Substituting these values in iii....(5 ) we get

log. V=k , Hence (5) becomes
log, VV)= (-1/C.R) + log,V

loge (V-v)/V=-(t/C.R)=-t/A where A=C.R=time constant

(V)= o1 et (6)

This gives variation with
time of voltage across the
Capacitor plates and is
shown in fig. (a)
Now v=q/c and V=Q/C
Eq...(6) becomes
q/c=(Q/C)(1-e*?) :. q=Q
(1-e*)..(7)

we find that increase of
charge, like growth of
potential, follows an
exponential law in which
the

—o|

|/

C b



Steady value is reached after infinite time. Now i=dq/dt , from eq. (7)
differentiating both sides, we get dg/dt=i=Q{d/dt(1-e"*) =Q{+(1/A).e"
YA}=(Q/A)e* = (C.V/C.R)e'/* But
Q=CVand A=CR :.i=(V/R).e?» OR i=l_e* .. (8) where
|_=V/R

As charging continues, charging current decreases according to eq...( 8 )

as shown in fig. (b ) Time constant

a) Just at the start, p.d. across capacitor is zero,
hence from eq..(4-b)

b) putting v=0 . We get V=(C.R)dv/dt

. Initial rate of rise of voltage across the capacitor is =dv/dt=V/(C.R)
volt/second

If this rate of rise were maintained, then time taken to reach voltage V would
have been

V/(V/C.R)=C.R This time is known as time constant (A) of the cct.



Example

A capacitor of (3uf) capacitance is connected through
a resistance of (1 mega ohm ) to a constant e.m.f .
Find how long will it take before the capacitor receives
99% of its final charge .

Solution :
q=Q(1- e*) Here A=C.R=3x10°x10°=3 second,
q/Q=0.99 , t=?

1-e/A =099 Or e'*=0.01 ,e'*=100 ,
or e/a=100

(t/3)logl0 °=log,,'® or (t/3)log,,*"18=2
:.t= 13,8 second




H.W.

If a coil has resistance of (10Q) and an
inductance of ( 1 Henry, what is the
value of the current 0.1 second after
switching on a 100v d.c supply .

solution

The time of 0.1 second given in the question happens to be
equal to the time constant of the cct. A=L/R =1/10=0.1 second.
During 0.1second the current reaches a value of 63.2% of its

maximum steady value . In this case the steady current which

will eventually flow through the cct. Is : =V/R=100/10=10A
i=0.632x10=6.32 A




s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department of Electrical Techniques.

B / Rationale:-

e Itis very important to study Electrical measuring devices.
e Also, to study What is physical effects of at all electrical measuring devices.

C / Central Idea:-

e Definition Electrical measuring devices.
e To learn Classify secondary instruments divide.

D/Performance Objectives:

To let the student be able to identify how measure current, voltage, ohm with (D.C and A.C).



What are physical effects of at all electrical measuring devices ?

solution | (1) Magnetic effect- for ammeters, voltmeters usually .

(2) Electrodynamics effect-for ammeters, voltmeters and watt meters.

(3) Electromagnetic effect-for ammeters, voltmeters , wattmeter's and
watt-hour meters.

(4) Thermal effect- for ammeters, voltmeters .

(5) Chemical effect — for d.c ampere-hour meters.

(6) Electrostatic effect- for voltmeters only .



Classify secondary instruments divide

U : 4

(A) Indicating instruments (C) Integrating instruments

N
(B)Recording instrument

(A) Indicating instruments are those which indicate
the instantaneous value of the electrical quantity
being measured at the time at which it is being
measured. Their indications are given by pointers
moving over calibrated dials. Ordinary ammeters,
voltmeters and watt meters belong to this class .




(B)Recording instrument are those which instead of
indicating by means of a pointer and a scale the
instantaneous value of an electrical quantity, give a
continuous record of the variations of such a quantity
over a selected period of time . The moving system of
the instrument carries an inked pen which rests lightly
on a chart or graph that is moved at a uniform and low
speed, in a direction perpendicular to that of the
deflection of the pen.

The path traced out by the pen presents a
continuous record of the variations in the deflection
of the instruments



(C) Integrating instruments are those which measure
and register by a set of dials and pointers either the
total quantity of electricity(in amp-hours) or the total
amount of electrical energy(in watt-hours or kwh)
supplied to a circuit in a given time. Their summation
gives the product of time and the electrical quantity
but gives no direct indication as to the rat at which the
quantity or energy is being supplied because their
registrations are independent of this rate provided the
current flowing through the instrument is sufficient to
operate it . Ampere-hour and watt-houre meters fall in
this class.



Moving coil instruments (M.C.I. )

When current passes through
the coil , torque produced, and

the pointer moves. Py '//%
Spring Produce a force that ‘ y
returnee the coil current is c “"}”’J
zero.
Ammeter moving coil instrument
MQ fndn Can be used as ammeter as
Eim— shown in figure where the
— resistor are connected in parallel
T with (MCI).

N

dmre ter with roving scole
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Ex(1)
Moving coil Instrument has a coil resistance of (5Q), given

full —scale deflection J«\S <) a5l for a current of (5 A) .Determine
the value of shunt resistance Required for scale-range
increased to (1A,5A,10A).

Solution: o
Vm=Rm.Ilm =5x5=25mv ubg”  Rnlr
I=11+Im :. 11=1-lm=1000-5 -
:.11=995mA ~AN—
R1=Vm/I1 / Efw
:.R1=25/995=0.025Q ~AA—
12=1-Im=5000-5=4995mA \
R2=Vm/12=25/4995=0.005Q /

armeter with moving scale

13=1-Im=10000-5=9995mA
\ R3=vm/13=25/9995=0.0020

~—




Voltmeter Instrument \
Moving Coil instrument can be used as voltmeter as shown in

figer by connecting large resistance in series with coil.

Example(2) :

Moving coil instrument has a coil resistance
And given full- scall deflection for a current (5mA). Determine
required resistance for scale-Range for voltage (5v,10v).

Solution : o 5
Vm=Rm.Im=5x5=25mv / Re Reln
V=V1+vm:.V1=v-Vm=5000- v Rs

25=4975mv . © He

R1=V1/Im=4975/5=995Q

V2=V-Vm=10000-25=9975mv
2=\2/Im=9975/5=1995Q




/ Ohmmeter instrument \
ger

MCI can be used as ohmmeter as shown in fi
by connecting the coil to battery variable resistance.

Ex.(3):
MCI has (Rm=5Q) and
(Im=ImA) need
To be used as OHMMETER
to (100kQ) as shown.

\_




Solution :
For Maximum deflection:
(1) Im=1mA
R=0, Im=E/R+Rm :. 1x1000=9/R+5 :.R=89950)
(2) For % deflection: Im= 0.5A = E/R+Rm+Rx
.. 0.5x1000=9/(8995+5+Rx) :.Rx=9000Q=9kQ

m=0,5mA

(3): for % deflection : 25Rtper] >
Im=0.25mA=E/R+Rm+Rx
.0.25x1000=9/8995+5+Rx
..Rx=27000 :.Rx=27kQ




/ A.C Measuring instrument \
M )

easurement of A.C current by Mcl((A.C Ammeter)

For M.c.I. to be used to measure A.C current then A.C current is
converted to D.c current by using (1) half wave rectifier
(2) Full-wave rectifier.

o 5A_}| I::Fw

LA R

Iz Ri

[n




Ex.(4):
M.C.l. has (Rm=5Q) and (Im=1mA) need to be used as
ammeter for A.c current (5A) by using (1)H.w.R (2) fw.R

Solution

(1) For H.W.R

(2) 1av=0.636x5=3.19A , Vm=ImXRm=1X5=5mv
Iav=l1+Im . l1=lav-Im=3190-1=3189mA
R1=Vm/I1=5/3189=0.0015Q

(2) For fw.R |lav=0.9x5=4.5A
12=1Av-Im=4500-1=449mA
R2=Vm/Im=5/4499=00.0011Q



/Measurement of A.C voltage by MCI ((A.C Voltmeter)) \

For M.C.l to be used to measure A.C voltage A.C voltage converted
to D.C voltage this done by (1) H.w.R(2) f.w.R

Ex;(5)
M.C.l need to be used as voltmeter to measure A.c

voltage equal to (10v) if the coil resistance (Rm=10Q)),
and (Im=5mA)




Solution:

(1) For H.w.R
Vav=0.636%x10=6.36 v=Im.Rm=5x10=50mv
V1i=var-Vm=6360-50=6310mv
Ri=V1/In=6310/5=12620

(2) For f.w.R
Vav=0.9x10=9 v
V2=Var-Vm=9000-50=8950mv
R.=V2/In=8950/5=17900




Post test

Ex.(6)

MCI has Rm=10Q and Im=1mA . Find the
Range of current we have if a resistance
(0.005Q) is connected in parallel with the coil.

Solution:
Vm=Im.Rm :.Vm=1x10=10mv Mi‘ff} Rl
11=Vm/R=10mv/0.005=2000mA -
. I=11+Im=2000+1=2001mA

-
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The 14™ week / The measuring device with an iron core

s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department of Electrical
Techniques.

B / Rationale:-

It is very important to study the measuring device with an iron core.

C / Central Idea:-

. Definition Iron core measure meant
.» To learn the measuring device with an iron core.

D/Performance Objectives:

To make the student should be able to find out the measuring device with Moving iron
instruments where installation, and how to use it in electrical measurements and know its
advantages and disadvantages .To make the student should be able to find out the measuring
device with Moving iron instruments where installation, and how to use it in electrical

measurements and know its advantages and disadvantages .



Mention the advantages of the measuring moving coil

1. Dissipative capability and low.

2. The proportion of high torque-to-weight .

3. The possibility of large-scale action and regular.

4.Can use a single device as voltmeter and as ampere meter to
cover a wide range of values of voltages and currents and using
atomiser resistors and multiplier.

5. Use dwindling stream whirling.

6. Free device has magnetic hysteresis and beyond that the

mistakes that caused by stray magnetic fields.



Iron-Core Measuring Devices: Structure, Operation, and
Applications

M Introduction

Iron-core measuring devices are instrumental in the field of electrical engineering and industrial
automation. These devices operate based on the principles of electromagnetic induction and are
primarily used to measure electrical current, magnetic fields, or material properties.

Examples include:

o Current Transformers (CTs)
« Inductive sensors
o Magnetic flux meters

% Structure of the Device
A typical iron-core measuring device includes the following components:

o Iron Core:
o Made of soft iron, laminated to reduce eddy current losses.
o Provides a low reluctance path for magnetic flux.
o Primary Coil:
o Carries the current to be measured or creates the magnetic field.
o Often a single turn (e.g., a conductor passing through the core in CTs).
+ Secondary Coil:
o Wound around the core to detect changes in magnetic flux.
o Converts magnetic variation into a measurable voltage or current.
o Encapsulation:
o The coils and core are typically housed in insulating material for protection and
durability.

& Working Principle

« The device uses Faraday’s Law of Electromagnetic Induction.

o When an alternating current flows through the primary coil, it produces a time-varying
magnetic field.

« This field is concentrated by the iron core, which directs it through the secondary coil.

« A voltage is induced in the secondary coil, proportional to the rate of change of magnetic flux.

o This induced voltage or current can then be measured and interpreted.



[®, Measurement Use Cases
These devices are used in:

o Electrical Current Measurement:
o Current transformers monitor high currents in power systems by converting them to
manageable levels.
o Material Testing:
o Iron-core sensors detect ferromagnetic materials or flaws in metallic structures.
o Control Systems:
o Used in automation to detect position, proximity, or movement.

Advantages

« High Sensitivity: Amplifies weak magnetic fields.

« Robust Construction: Durable and suitable for industrial environments.

o Accurate Readings: Especially for sinusoidal current waveforms.

o Non-Intrusive: Minimal impact on the primary circuit in transformer-type devices.

/\ Disadvantages

o Core Saturation: Limits dynamic range when magnetic flux exceeds saturation point.
« Eddy Current Losses: Particularly at high frequencies if not properly laminated.

o Temperature Sensitivity: Iron properties can vary with temperature.

o Size and Weight: Bulkier than air-core alternatives.

=4 Device Diagram (Described)
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The 15" week/ Wattmeter device and oscilloscope

s Overview

A /Target population:-

For students of First year -Technological Institute of Basra-Department of Electrical
Techniques.

B / Rationale:-

It is very important to study Wattmeter and oscilloscope.

C / Central Idea:-

e Mention the advantages of measuring moving iron instruments

* To learn Wattmeter and oscilloscope.

D/Performance Objectives:
To make students able to install the wattmeter device and see
plugged into an electrical circuit to measure the Power , as well as
to identify on Oslo scope device and its uses.




Mention the advantages of the
measuring Moving iron instruments
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Features device

1): used for qualitative continuous AC

Because deviation proportional to the square of the current.
2): high durability. 3): he quit high torque.
4): fairly high accuracy.

5): bear disorders over loading.

6): a simple fixed parts. 7): cheap price.




Electro dynamometer construction and principle of operation
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Ex.
MCI has Rm=10Q and Im=1mA . Find the
Range of current we have if a resistance

(0.005Q)) is connected in parallel with the coil.

e

g e
Mr}—*”Jr Reln 4

Solution: \

darmme ter with rnoving scole

Vm=Im.Rm :.Vm=1x10=10mv
11=Vm/R=10mv/0.005=2000mA

&I=I1+Im=2000+1=2001mA




