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Experimentl

AC Simple Circuits

+ Objectives:
- To identify some basic concepts of AC circuits.
- To study phasor diagram for purely resistive, capacitive and inductive circuits.

+ Theory:

The path for the flow of alternating current is called an AC Circuit. The alternating current
(AC) is used for domestic and industrial purposes. In an AC circuit, the value of the
magnitude and the direction of current and voltages is not constant, it changes at a regular
interval of time. It travels as a sinusoidal wave completing one cycle as half positive and half
negative cycle and is a function of time (t) or angle (6=wt) as shown in Fig.1 .
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Figure 1: Sinusoidal Waveform

But, why study AC circuits? You probably live in a house or apartment with sockets that
deliver AC. Your radio, television and portable phone receive it, using (among others)
circuits like those below. As for the computer you're using to read this, its signals are not
ordinary sinusoidal AC, but, thanks to Fourier's theorem, any varying signal may be analyzed
in terms of its sinusoidal components. So AC signals are almost everywhere. And you can't
escape them, because even the electrical circuits in your brain use capacitors and resistors.

There are various types of AC circuit such as AC circuit containing only resistance (R), AC
circuit containing only capacitance (C), AC circuit containing only inductance (L), the
combination of RL Circuit, AC circuit containing resistance and capacitance (RC), AC
circuit containing inductance and capacitance (LC) and resistance inductance and capacitance
(RLC) AC circuit.
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Before examining the driven R,L,C circuits, Let's get to know some of the basic concepts of
AC circuits:

s Amplitude

The maximum positive or negative value attained by an alternating quantity in one
complete cycle is called Amplitude or peak value or maximum value. The maximum
value of voltage and current is represented by E,, or Vi, and I, respectively.

s Frequency

The number of cycles made per second by an alternating quantity is called frequency. It is
measured in cycle per second (c/s) or hertz (Hz) and is denoted by (f).

% Cycle

When one set of positive and negative values completes by an alternating quantity or it
goes through 360 degrees electrical, it is said to have one complete Cycle.

+»+ Instantaneous Value

The value of voltage or current at any instant of time is called an instantaneous value. It is
denoted by (i or e).

% Time Period

The time taken in seconds by a voltage or a current to complete one cycle is called Time
Period. It is denoted by (T).

< Wave Form

The shape obtained by plotting the instantaneous values of an alternating quantity such as
voltage and current along the y axis and the time (t) or angle (B=wt) along the x axis is
called waveform.

+» Phase Difference

The two alternating quantities have phase difference when they have the same frequency,
but they attain their zero value at the different instant. The angle between zero points of
two alternating quantities is called angle of phase differences.

3|Page



Eng. Mohammed Hammouda Electric Circuits Il LAB (EELE2111) Eng. Haya Ashraf Swedan

Q Part I// Purely Resistive load:

The circuit containing only a pure resistance of R ohms in the AC circuit is known as Pure
Resistive AC Circuit. The Alternating current and voltage both move forward as well as
backwards in both the direction of the circuit. Hence, the Alternating current and voltage follows
a shape of Sine wave or known as the sinusoidal waveform.

@ R Vel
V(£) =V, siney L

Figure 2: Pure Resistive AC circuit

In the pure resistive circuit, the power is dissipated by the resistors and the phase of the voltage
and current remains same i.e., both the voltage and current reach their maximum value at the
same time. The resistor is the passive device which neither produce nor consume electric power.
It converts the electrical energy into heat.

Let the alternating voltage applied across the circuit be given by the equation:
V = Vp, sin (ot).
Then the instantaneous value of current flowing through the resistor will be:

V_vm . .
I = = :?msm (ot) >> | = Iy sin (ot).

The value of current will be maximum when ot= 90 degrees or sinot = 1.

As shown in Fig.3, It is clear that there is no phase difference between applied voltage and the
current flowing through a purely resistive circuit, the i.e. phase angle between voltage and
current is zero. Hence, in an AC circuit containing pure resistance, current is in phase with the
voltage.

Voltage

Current Power

p,vandi

n ! 27

_— 1

Figure 3: Waveform and Phasor Diagram of Pure Resistive Circuit
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Q Part 11// Purely Inductive Load:

The circuit which contains only inductance (L) and not any other quantities like resistance and
capacitance in the Circuit is called a pure inductive circuit. In this type of circuit, the current
lags behind the voltage by an angle of 90 degrees.

Q !

Fit) =V, sin@f

Vi(1)

B

Figure 4: Pure Inductive AC circuit

The inductance is measured in Henry. The opposition of flow of current is known as the
inductive reactance.

Let the alternating voltage applied to the circuit is given by the equation:

V =V sin (ot)

The emf which is induced in the circuit is equal and opposite of the applied voltage. Hence, the
equation becomes:

in (o) = L3
Vp sin (ot) =L p”
After integrating both sides of the equation, we will get:
1% . 1% .
I= w—rz sin(wt =/, ) = X—T sin(wt —/5)

Where, X, = oL is the opposition offered to the flow of alternating current by a pure inductance
and is called inductive reactance.

The value of current will be maximum when sin (ot — /2) = 1. Therefore,

m .
Iy = X_L >> | = |, sin(wt — ”/2 )
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As shown in Fig.5, When the voltage drops, the value of the current changes. When the value of
current is at its maximum or peak value of the voltage at that instance of time will be zero, and
therefore, the voltage and current are out of phase with each other by an angle of 90 degrees. The
phasor diagram is also shown on the left-hand side of the waveform where current (I) lag

voltage (V) by an angle of /2.

Voltage

r
Current powe

p,vandi

Figure 5: Phasor Diagram and Waveform of Pure Inductive Circuit

O Part 111 // Purely Capacitive Load:

The circuit containing only a pure capacitor of capacitance C farads is known as a Pure Capacitor
Circuit. The capacitors stores electrical power in the electric field. Their effect is known as the
capacitance. It is also called the condenser. In pure AC capacitor Circuit, the current leads the

voltage by an angle of 90 degrees.

V(t) =V, sin@

Figure 6: Pure Capacitive AC circuit

Let the alternating voltage applied to the circuit is given by the equation:
V =V, sin (ot)
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Current flowing through the circuit is given by the equation:

_dq _ d(cv)

|=
dt dt

After the derivation process, we get:
1= wC W, sin(wt +7/,) = I;(—m sin(wt + 7/, )
Cc

Where Xc = 1/0C is the opposition offered to the flow of alternating current by a pure capacitor
and is called Capacitive Reactance.

The value of current will be maximum when sin (ot + n/2) = 1. Therefore, the value of
maximum current I, will be given as:

Vm .
If you examine the curve carefully, you will notice that when the voltage attains its maximum
value the value of current is zero that means there is no flow of current at that time. When the
value of voltage is decreased and reaches to a value of &, the value of voltage starts getting
negative, and the current attains its peak value. As a result, the capacitor starts discharging. This

cycle of charging and discharging of capacitor continues.

The value of voltage and current is not maximized at the same time because of the phase
difference as they are out of phase with each other by an angle of 90 degrees. The phasor
diagram is also shown in the waveform indicating that the current (I,,) leads the voltage (V) by
an angle of n/2.

Voltage Bower

Current

—ep

Figure 7: Phasor Diagram and Waveform of Pure Capacitor Circuit
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+ Practical Part:
> Stage one: Studying the relation between AC Voltage and reactance of passive load.

1- Resistive load
Procedures:
1- Construct the circuit shown in figure with 1K resistor.
2- Adjust the source at 1 KHz.
3- Change the rms amplitude as shown in the table.
4- In each value read the ammeter and write it down in the table.
5- In each value calculate the reactance R= V/I.
6- Plot the relation between reactance and amplitude and write your comment.
Ammeter
Rms voltage Rms current Z=VI/I A
V) (mA) (9) p a4
0.5 Voltmeter
: & RS ®
15 v
2 AC Supply
2.5

2- Inductive load

Procedures:
1- Construct the circuit shown in figure with 10mH inductor.
2- Adjust the source at 1 KHz.
3- Change the rms amplitude as shown in the table.
4- In each value read the ammeter and write it down in the table.
5- In each value calculate the reactance XL= V/I.
6- Plot the relation between reactance and amplitude and write your comment.
Rms voltage Rms current Z=VI/I A"}:{Ser
V) (mA) () O/

2.5 Voltmeter
15 @ L CV)

2

AC Supply

2.5
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3- Capacitive load

Procedures:

1- Construct the circuit shown in figure with 1MF capacitor.

2- Adjust the source at 1 KHz.

3- Change the rms amplitude as shown in the table.

4- In each value read the ammeter and write it down in the table.

5- In each value calculate the reactance Xc= V/I.

6- Plot the relation between reactance and amplitude and write your comment

Rms voltage Rms current Z=VII Ammeter
\%) (MA) (@) (A)
2'5 C — Voltmeter
15 @ 1T (\D
2 AC Supply
2.5

» Stage two: Studying the relation between AC frequency and reactance of passive load.

1- Resistive load
Procedures:

1- Construct the circuit shown in figure with 1K resistor.

2- Adjust the source at max volt.

3- Change the frequency as shown in the table.

4- In each value read the ammeter and voltmeter and write it down in the table.
5- In each value calculate the reactance R= V/I.

6- Plot the relation between reactance and frequency and write your comment.

Frequency | Rms voltage | Rmscurrent | Z=V/I Ar}rﬂiter
(H2) (V) (mA) @ G,
200
400
600 @ R (V)
800 AC Supply
1000
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2- Inductive load
Procedures:

1- Construct the circuit shown in figure with 10 mH inductor.

2- Adjust the source at max volt.

3- Change the frequency as shown in the table.

4- In each value read the ammeter and voltmeter and write it down in the table.
5- In each value calculate the reactance XL= V/I.

6- Plot the relation between reactance and frequency and write your comment.

A
Frequency | Rms voltage | Rms current Z=VII mzeter
(H2) V) (mA) () O/
200 Voltmeter
400
600 N L C\D
800 AC Supply
1000
3- Capacitive load
Procedures:
1- Construct the circuit shown in figure with 1MF capacitor.
2- Adjust the source at max volt.
3- Change the rms amplitude as shown in the table.
4- In each value read the ammeter and write it down in the table.
5- In each value calculate the reactance Xc= V/I.
6- Plot the relation between reactance and frequency and write your comment
Frequency | Rms voltage | Rmscurrent | Z=VI/I A"}“lite’
(H2) (V) (MA) © %),
288 C - Voltmeter
600 @ T GD
800 AC Supply
1000
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Experiment 2
Series AC Circuits

+ Objectives:
- To investigate the series RC, RL, LC circuits and determine the relationships between
frequency and impedance on the voltages and currents in the circuits.

+ Theory :
Each of the following circutes will be identified and analyzed:

AC Circuits
|

Series
RL RC LC

> RL Series Circuit:

A circuit that contains a pure resistance R ohms connected in series with a coil having pure
inductance of L (Henry) is known as RL Series Circuit. The circuit diagram of RL Series Circuit is

shown below:

Vo Vr

Vin=V sin(wt)@ e :

<

>

Figure 8 : Series RL Circuit and its Phasor diagram

VR = IR . VL = IXL . XL = 27fL

[Vinl = V(VR)? + (V1.)?

1Z] = (R)2+ (X.)?,, Z=R+jX_

Where:

Z: is the impedance (measured in ohms)

From the phasor diagram shown above it is clear that the current in the circuit lags the applied
voltage by an angle ¢ and this angle is called the phase angle.
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v 4V oV
1L =cos7 1 R=gin 1%
VR in Vin

¢ = @y— ¢; =tan"
Power factor = cos (¢)

+«» The effect of changingRon I, V, , Vi, Vi, ,0:

R I VL VR Vi (P
0 max Vin 0 constant | 90°
00 0 0 Vi, | constant 0°

% The effect of changing frequency of supplyon I, V, .V, Vi, 0:

0 max 0 Vi, | constant 0°
0 0 Vin 0 constant | 90°

> RC Series Circuit:

A circuit that contains pure resistance R ohms connected in series with a pure capacitor of
capacitance C farads is known as RC Series Circuit. A sinusoidal voltage is applied to and
current | flows through the resistance (R) and the capacitance (C) of the circuit. The RC Series
circuit is shown in the figure below:

Vr

|
!

Vr Ve m—t

Vin=V sin(wt)@

Ve V=iZ A

Figure 9: Series RC Circuit and its Phasor diagram

Ve= IR ,, Vo= IX¢ ., Xc = 1/21fC

| Vinl = V(VR)2 + (V)2

|Z | = \/(R)Z + (XC)Z " Z=R+jXC

From the phasor diagram shown above it is clear that the current in the circuit leads the applied
voltage by an angle ¢ and this angle is called the phase angle.

¢ = ¢y — @ =tan"" 7€ = cos
Vg

Power factor = cos ()
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+» The effect of changingRon I, V, , Vi, Vi, ,0:

R | Ve Vi V; ®
0 max Vin 0 constant | -90°
00 0 0 Vi, | constant 0°

% The effect of changing frequency of supplyon I, V, .V, Vi, 0:

0 0 Vin 0 constant | -90°
0 max 0 Vi, | constant 0°

> LC Series Circuit:

An LC circuit is also called a tank circuit, tuned circuit or resonant circuit, is an electric
circuit built with a capacitor denoted by the letter ‘C’ and an inductor denoted by the letter ‘L’
connected together. These circuits are used for producing signals at a particular frequency or
accepting a signal from a more composite signal at a particular frequency. LC circuits are basic
electronics components in various electronic devices, especially in radio equipment used in
circuits like tuners, filters, frequency mixers and oscillators.

The sum of the voltage across the capacitor and inductor is simply the sum of the whole voltage
across the open terminals. The flow of current in the +Ve terminal of the LC circuit is equal to
the current through both the inductor (L) and the capacitor (C).

I I_ VL 4
e | e

Vo v

Figure 10: Series LC Circuit and its Phasor diagram

Voo =V, + Ve

R/

s We must know that at higher frequencies XL will increase while XC decreases. At
lower frequencies, of course, XL will decrease while XC increases.

s If XL > XC, the combined circuit looks purely inductive to the source. If XC > XL,
the circuit looks capacitive.
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The question that begs to be asked is, How does the circuit behave at the frequency where
XL = Xc? Also, how can we determine what that frequency will be?

Since both XL and XC depend on frequency, we simply set the two to be equal to each other,
and solve the resulting expression for frequency

X, =Xc
wL = 1/wC
1
T VIc

Which is termed as the resonant angular frequency of the circuit. Changing angular frequency
into frequency, the following formula is used:

1
"~ 2nVIC

At resonance, since XL = XC, it is also true that XL - XC = 0. Therefore, there is absolutely no
reactive component to Z at the resonant frequency. In the absence of any resistance, current i
rises without limit, and becomes theoretically infinite. The voltage source behaves as if it were
directly short-circuited.

f
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+ Practical Part:
1- RL Series Circuit.

Procedures:

7- Construct the circuit shown in figure with 1K resistor and 10mH inductor.

8- Adjust the source at max volt.

9- Change the frequency as shown in the table.

10- In each value measure Vg, Vi, Vs and Is and write them down in the table.

11- In each value calculate the reactance = Vs/Is and phase angel = tan (V/Vg)™.
12- Plot the relation between Vr impedance and frequency and write your comment.

Frequency | Is Vk | VL | Vs | Z=VII | Phase Angel
. (KHz) [(mA) | (V) | M) (V) | () (9)
4
6
8
10

2- RC series circuit.

Procedures:

1- Construct the circuit shown in figure with 1K resistor and 1MF capacitor.

2- Adjust the source at max volt.

3- Change the frequency as shown in the table.

4- In each value measure Vg, V¢, Vs and Is and write them down in the table.

5- In each value calculate the reactance = Vs/Is and phase angel = tan (Vc/Vg)™.
6- Plot the relation between impedance and frequency and write your comment.

Frequency | s VR | Ve | Vs | Z=V/I | Phase Angel R C
(KH2) [ (mA) | (V) | (V) | (V) | (@ (9) =

2 o] e
8

10
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3- LC series circuit.

Procedures:

1- Construct the circuit shown in figure with 10mH inductor and 1MF capacitor.

2- Adjust the source at max volt.

3- Change the frequency as shown in the table.
4- In each value measure V|, V¢, Vs and Is and write them down in the table.
5- In each value calculate the reactance = Vs/Is.
6- Plot the relation between impedance and frequency and write your comment.

Frequency | s V. | Vc | Vs | Z=V/l1 | Phase Angel
(KHz) [mA) V) | M) V) | (©Q) ()
2
4
6
8
10
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Experiment 3

Parallel AC Circuits

+ Objectives:
- To investigate the parallel RC, RL, LC circuits and determine the relationships between

frequency and impedance on the voltages and currents in the circuits.

+ Theory :

Each of the following circutes will be identified and analyzed:

AC Circuits
|

Parallel

RL RC LC

> Parallel RL circuit

Since the resistor and inductor are connected in parallel, the input voltageis equal to
output voltage but the currents flowing in resistor and inductor are different. The circuit diagram

of RL Parallel Circuit is shown below:

IT

L IR

Vin = V sin(wt) @ L R

Iu

Figure 11: Parallel RL Circuit and its Phasor diagram

Vin

IR = % 1 IL = X_ " XL = ZT[fL
L
IIr | = V(Ir)? + (IL)?
R *JX|, in
7= = — (Impedance
RT)X, 1, 4P )

1 1 1
—=-—]—=G+JB

1
Y=—+
R JX, R "X,
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Where:
Y is the admittance.,,G: is the conductance,,,B: is the susceptance(All measured in siemens).

From the phasor diagram, the value of phase angle will be:

41 41 4+ R
1R —gin 1I—L = tan 1X—

@ =tan"! L =cos
Ir T T L
Power factor = cos (¢)
% The effect of changing Ron Iy ,1;, Vi, ,0:

R Ig I Vi )
Increase | Decrease | Increase | Constant | Increase

«+ The effect of changing frequency of supply on I , I, , X, , ¢:

F X I Ig o
Increase | Increase | Decrease | Increase | Decrease

> Parallel RC circuit

A resistor—capacitor circuit, or RC filter, is an electric circuit composed
of resistors and capacitors driven by a voltage or current source. A first order RC circuit is
composed of one resistor and one capacitor and is the simplest type of RC circuit.

The circuit diagram of RC Parallel Circuit is shown below:

IT

Vin =V sin(wt) @ R _—_—¢

l<

Figure 12: Parallel RC Circuit and its Phasor diagram

= h " IC = Vﬂ 1 XC = 1/21ch
Xc

| Ir] = v IR)* + (Ig)?

_RxJXc Y

" R+JXe  Ip

From the phasor diagram, the value of phase angle will be:
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I a1 41
1L =cos 1I—R=sm 1<

@ =tan~
Ir T IT

Power factor = cos (¢)

> LC Parallel Circuit:

This circuit containing an ideal inductance and an ideal capacitance connected in parallel with
each other and with an ideal signal voltage source.

IT

IL Ic

Vin =V sin(wt) @ L

| |
1
o
P>

Figure 13: Parallel LC Circuit and its Phasor diagram

_

Im:E'i' E

The current drawn from the source is the difference between i_and ic. However, when
XL = Xc and the same voltage is applied to both components, their currents are equal as well.
Therefore the difference is zero, and no current is drawn from the source. This corresponds to
an infinite impedance, or an open circuit.

This doesn't mean that no current flows through L and C. Rather, all of the current flowing
through these components is simply circulating back and forth between them without
involving the source at all. The currents calculated with Ohm's Law still flow through L and
C, but remain confined to these two components alone. As a result of this behavior, the
parallel LC circuit is often called a "tank" circuit, because it holds this circulating current
without releasing it.
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#+ Practical Part:

4- RL Parallel circuit.

Procedures:

13- Construct the circuit shown in figure with 1K resistor and 10mH inductor.
14- Adjust the source at max volt.

15- Change the frequency as shown in the table.

16- In each value measure Ig, I, Is and Vs and write them down in the table.

17- In each value calculate the impedance = Vs/Is and phase angel = tan (1./Ig)™.
18- Plot the relation between impedance and frequency and write your comment.

Frequency | s Ir IL | Vs | Z=VI/I | Phase Angel I

(KHz) [mA) | V) | M) V) | (©Q) () > -
2

4

8

10 .

5- RC Parallel circuit.

Procedures:

7- Construct the circuit shown in figure with 1K resistor and 1MF capacitor.

8- Adjust the source at max volt.

9- Change the frequency as shown in the table.

10- In each value measure Ig, ¢, Is and Vs and write them down in the table.

11- In each value calculate the reactance = Vs/Is and phase angel = tan (I¢/Ig)™.
12- Plot the relation between impedance and frequency and write your comment.

Frequency Is Ir Ic | Vs |Z=VI/l | Phase Angel I
H) mA) M) MV | © (o)

Eng. Mohammed Hammouda Electric Circuits Il LAB (EELE2111) Eng. Haya Ashraf Swedan

200

1000

|
400
600 [\/ Vs R
800
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6- LC Parallel circuit.

Procedures:
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7- Construct the circuit shown in figure with 10mH inductor and 1MF capacitor.
8- Adjust the source at max volt.
9- Change the frequency as shown in the table.
10- In each value measure I, Ic, Is and Vs and write them down in the table.
11- In each value calculate the reactance = Vs/ls.
12- Plot the relation between impedance and frequency and write your comment.

Frequency
(Hz)

Is
(mA)

I

V)

Ic

V)

Vs
V)

Z=VI|
(©Q)

Phase Angel
(o)

200

400

600

800

1000

1200

1400

1600

1800

2000

21|Page
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Experiment 4

RLC Series and Parallel AC Circuits

+ Objectives:
- Toinvestigate RLC circuits and determine the relationships between frequency and
impedance on the voltages and currents in the circuits.

+ Theory :
O Part 1 //Series RLC AC Circuits

The RLC Series Circuit is defined as when a pure resistance of R ohms, a pure inductance of L
Henry and a pure capacitance of C farads are connected together in series combination with each
other. As all the three elements are connected in series so, the current flowing in each element of
the circuit will be same as the total current I flowing in the circuit. The circuit diagram of RLC
Series Circuit is shown below.

Vin =V sin(wt

Figure 14: Series RLC Circuit

Vn =V, + Ve + Vg
Iln=IL = IC= Ig

V= IR ,, Vi = IXp ., Vo = X,
Xc = 1/2nfC,, X, = 2nfL
The phasor diagram of the RLC Series Circuit:

%+ When the circuit is acting as an inductive circuit that means (V>V¢) (X >Xc ) as shown
below:

Figure 15 Phasor diagram for series RLC Circuit (V,>V)
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Vinl =V (VR)Z + (Vi — V¢)?

Vinl = 1Y (R)2 + (X, —Xc)? =1Z

Z:R+J(XL'Xc)

From the phasor diagram, the value of phase angle will be:

tan((P) = VL_VC = XL_XC 9999 (p = tan_l XL_XC
VRr R
«+ When the circuit is acting as an capacitive circuit that means (V. < V¢) (X < Xc) as shown
below :
7y
Ve !
0 B P>
P
VeV '
Y. LA
Ve v

Figure 16 : Phasor diagram for series RLC Circuit(VL<VC)

Vinl = V(VR)? + (Ve — V1,)?

Vinl = 1/ (R)2 + (Xc —Xp)? =1Z

Z=R+J(Xc-Xy)
From the phasor diagram, the value of phase angle will be:

-1 Xc— XL
R

Ve-VL _ Xc— XL

VR R 9999 (p = tan

tan(¢) =

There are three cases of RLC Series Circuit:

e When X > Xg, the phase angle ¢ is positive. The circuit behaves as a RL series circuit in
which the current lags behind the applied voltage and the power factor is lagging.

e When X, < X, the phase angle ¢ is negative, and the circuit acts as a series RC circuit in
which the current leads the voltage by 90 degrees.

e When X = Xc, the phase angle ¢ is zero, as a result, the circuit behaves like a purely
resistive circuit. In this type of circuit, the current and voltage are in phase with each other.
The value of power factor is unity. The current value will be as high as possible. The value of
resistance is minimal.
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Figure 17: Relationship between impedance and current with frequency when XL=XC in series RLC

%+ The effect of changing frequency of supply :

F Xy Xc I Ve Vi Vi 0]
0 0 0 0 Vin 0 0 -90°
0 0 0 0 0 0 Vin +90°
fo Xc Xy max V; Vin Ve 0°

QO Part Il //Parallel RLC AC Circuits

RLC Parallel circuit is the circuit in which all the components are connected in parallel across
the alternating current source. The circuit diagram of RLC Parallel Circuit is shown below:

IT

Vin = V sin(wi) @ L R ——¢C

Figure 18: Parallel RLC Circuit and its Phasor diagram
IlTl =IL + IC+IR

RN

szﬁz V—C= V—R

24|Page



Eng. Mohammed Hammouda Electric Circuits Il LAB (EELE2111) Eng. Haya Ashraf Swedan

The phasor diagram of the RLC Parallel Circuit :

%+ When the circuit is acting as a capacitive circuit that means (I <lc) (X_> X¢) is shown
below:

Figure 19: Phasor diagram for parallel RLC Circuit(IC >IL)

11| = r)?+ (Ic—11)?

From the phasor diagram, the value of phase angle will be:

_ Ie-I, _ R(XL—Xc) _
tan((p) - IR - Xc * XL, 9995 (p = tan

-1 RZXL-Xc¢)
Xc * XL

%+ When the circuit is acting as a inductive circuit that means (I.> Ic) (X< Xc) the circuit
will behave as an inductive circuit.

Figure 20: Phasor diagram for parallel RLC Circuit(IC <IL )

1] =VIR)2 + (I, —I¢)?

From the phasor diagram, the value of phase angle will be:

IL.-Ic _ R(Xc—XL)

tan(p) = T Txox v @=tan

-1 RXc-XL)
Xc* XL
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e When X, = Xg, the phase angle ¢ is zero, as a result, the circuit behaves like a purely
resistive circuit. In this type of circuit, the current and voltage are in phase with each other.
The value of power factor is unity. The resistance value will be as high as possible. The value
of current is minimal.

Fmax

Figure 21: Relationship between impedance and current with frequency when XL=XC in parallel RLC

%+ The effect of changing frequency of supply :

F Xy, Xc I I Iy Q
0 0 o0 Iin 0 0 -90°
0 0 0 0 lin 0 +90°
fo Xc XL max I Iin 0°
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#+ Practical Part:
7- RLC Series circuit.

Procedures:

19- Construct the circuit shown in figure with 1K resistor and 10mH inductor and 1MF

capacitor.
20- Adjust the source at max volt.
21- Change the frequency as shown in the table.
22-In each value measure Vg, V|, V¢, Vs and Is and write them down in the table.

23- In each value calculate the impedance = Vs/Is and phase angel = tan ((V.-Vc)/Vg) ™.

Electric Circuits Il LAB (EELE2111)

Eng. Haya Ashraf Swedan

24- Plot the relation between impedance and frequency and determine the resonance
frequency
25- Write your comment.

Frequency
(Hz)

Vs
V)

VR
V)

\1
V)

V)

(mA)

Z=VI/|
(©Q)

Phase Angel
()

200

400

600

800

1000

1500

2000

2500

3000
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8- RLC Parallel circuit.

Procedures:

1- Construct the circuit shown in figure with 1K resistor and 10mH inductor and 1MF
capacitor.

2- Adjust the source at max volt.

3- Change the frequency as shown in the table.

4- In each value measure I, I, Ic Is and Vs and write them down in the table.

5- In each value calculate the impedance = Vs/ls and phase angel = tan ((I.-Ic)/Ir)™.

6- Plot the relation between impedance and frequency and determine the resonance
frequency

7- Write your comment.

Frequency | s Ir I Ic | Vs | Z=V/I | Phase Angel
(Hz) | (mA) | (mA) | (mA) | (mA) | (V)| (@) (9)
200
400
600 Is

800 e TL
1000

2500
3000 . .

1500 f\j Vs R ]
2000

Ic
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Experiment 5
RLC Series / Parallel AC Circuits

4+ Objectives:
- To investigate Combination of RLC circuits and determine the relationships between
frequency and impedance on the voltages and currents in the circuits.

#+ Theory :
1- Parallel RC >>Series with L

For this circuit :

LTI
L
f IR
1a'|':=1.|'5:r|.\‘1;(w) VIMR
{

Figure 22 Combination of RLC circuit and it’s phasor diagram

V1 = VR = VC
1
VR :IR*R L] VC :IC* XC " XC - 2nfC
1] = | = U+ U2 Vi = I * Xy X, = 2mfL

g R Wi
_R+IXC_IT(mpe ance)

Vin = Ir % (X, +2)

2- Parallel RL >>Series with C

For this circuit :

Vin=Vsin(wt) @

Figure 23 Combination of RLC circuit and it’s phasor diagram
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V1=VR=VL
VRZIR*R . VLZIL* XL ” XL=2T[fL

1
|IT| = IICI = V (IR)Z + (IL)2 " VC = IC * XC ”’XC = 2nfC

Z_R*]XL
T R+JX,

=1 (Impedance)
It
Vin =Ir * (Xc + Z)

3- Parallel LC >>Series with R

For this circuit :

T AW
—
IL Ic
t
Vin =V sinjwt) @ Vi L :: c
4

Figure 24 Combination of RLC circuit and it’s phasor diagram

V1:VC:VL

1
2nfC

VC = IC * XC . VL = IL * XL " XL = anL ,,,XC =

|IT| = |IR| = V (IC)Z + (IL)Z m’VR = IR * R

JKc* Xy W1
= ———— = — (Impedance
JKc + XL Ir ( )

y/
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4+ Experimental Procedures:
e RL-Parallel with C-Series circuit.

Procedures:

26- Construct the circuit with 1K resistor and 10mH inductor and 1MF capacitor.

27- Adjust the source at max volt.

28- Change the frequency as shown in the table.

29- In each value measure I, I,V Vs and Is and write them down in the table.

30- In each value calculate the impedance = Vs/Is.

31- In each value calculate the Vs = (Vg® + VA and Is = (1% + 1.2)°°.

32- Plot the relation between impedance and frequency and determine the resonance
frequency

33- Write your comment.

Frequency | Vc(v) | VrRW) | Vsv) | IimAa) | IL(mA) | Is(mA) Vs Is Z=V/I

(H Z) calculated calculated (Q)
V) (mA)
200

400
600
800
1000
1500
2000
2500
3000
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e RC-Parallel with L-Series circuit.
Procedures:

8- Construct the circuit with 1K resistor and 10mH inductor and 1MF capacitor.

9- Adjust the source at max volt.

10- Change the frequency as shown in the table.

11- In each value measure Ig, Ic Is, Vg, V. and Vs and write them down in the table.

12- In each value calculate the impedance = Vs/Is.

13- In each value calculate the Vs = (V&? + VA% and Is = (Ig? + 1c9)°°

14-Plot the relation between impedance and frequency and determine the resonance
frequency

15- Write your comment.

Frequency | V. | Vr Vs I Ic Is Vs Is Z=VII
(H Z) MM V) (mA) (mA) (mA) calculated | calculated ©)
V) (mA)

200
400
600
800
1000
1500
2000
2500
3000
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e LC-Parallel with R-Series circuit.
Procedures:

1- Construct the circuit with 1K resistor and 10mH inductor and 1MF capacitor.

2- Adjust the source at max volt.

3- Change the frequency as shown in the table.

4- In each value measure I, Ic Is, Vg V. and Vs and write them down in the table.

5- In each value calculate the impedance = Vs/Is.

6- In each value calculate the Vs= (Vg2 + (VL — Veo))*? and Is = (Ig? + (Ic— 1)%)%?

7- Plot the relation between impedance and frequency and determine the resonance
frequency

8- Write your comment.

Frequency | V| | Vr Vs I Ic Is Vs Is Z=VII
(HZ) V) V) ) (mA) (mA) (mA) calculated | calculated Q)
V) (mA)

200
400
600
800
1000
1500
2000
2500
3000
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Experiment 6
Single Phase Transformer

+ Objectives:
- To study how transformers work.
- To know type of transformer.
- To study the voltages and currents curves when the operating single phase transformer.

+ Theory:

A transformer is an electrical device that transfers electrical energy between two or more circuits
through electromagnetic induction. Commonly, transformers are used to increase or decrease the
voltages of alternating current in electric power applications.

The coil to which the source supplies the power is called the primary winding. The coil that
delivers power to the load is called the secondary winding.

Magnetic Core

- w—

a3

Flux_|
[

Applicd
Alterating |
Current

T Supply

upply

0

il El LRLEN 2 B

|
Primary | - . Sccondary
e | >
Winding | Winding
l !

Figure 25 Single phase transformer

Construction of a Transformer

In order to keep the core loss to a minimum, the core of a transformer is built up of thin
laminations of highly permeable ferromagnetic material such as silicon-sheet steel. Silicon steel
is used because of its properties and low magnetic losses.

In all types of transformer construction, the central iron core is constructed from of a highly
permeable material made from thin silicon steel laminations. These thin laminations are
assembled together to provide the required magnetic path with the minimum of magnetic losses.

Laminated
Steel Core

il

|nurvk

Laminations

Figure 16: thin laminations from steel
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Types of Transformer:

For economic reasons, electric power is required to be transmitted at high voltage whereas it has
to be utilized at low voltage from a safety point of view. This increase in voltage for transmission
and decrease in voltage for utilization can only be achieved by using a step-up and step-down
transformer.

High voltage
transmission line

I 37 151
A Step-down
transformer ~ Step-down

(substation)  transformer

12,000 V 240,000 V 7200V 240V
Figure 27 Transformer in transmission System

The major difference between step-up and step-down transformer is, step-up transformer raises
the output voltage, whereas step-down transformer reduces the output voltage.

1- Step-Down Transformer:

Y- =

Figure 28 Step-Down Transformer

e Input voltage is high while the output voltage is low
e High voltage winding is the primary winding

e Current is high on the secondary winding.

e Rating of output voltage: 110v, 24v, 20v, 10v, etc.
e Application: Doorbell, voltage converter, etc.
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Secondary Winding \ . |
_’
\ |

Figure 29 Step-up Transformer

2- Step-up Transformer:

—>
Primary Winding

e Input voltage is low while the output voltage is high

e High voltage winding is the secondary winding

e Current is low on the secondary winding.

e Rating of output voltage : 11000 volts or above

e Applications: Power plant, X-rays machine, microwaves, etc.

% Important Note:
The Same transformer can be used as a step-up or a step-down transformer. It depends
upon the ways in which it is connected in the circuit. If input supply is given on the low
voltage winding, then it becomes a step-up transformer. Alternately, if the input supply is
provided on the high voltage winding, the transformer becomes a step-down one.

Ideal Transformer:

A two-winding transformer with each winding acting as a part of a separate electric circuit. Let
N1, and N2 be the number of turns in the primary and secondary windings.

| 1 S et 2

—— ] T-"
+

N1 3. .g N2 vz | toad

;
1
e (V!

-
&
-

ideal—transformer

Figure 30 ideal transformer
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The total induced voltage in each winding is proportional to the number of turns in that winding
and the current is inversely proportional to both voltage and number of turns.

E1: primary voltage

I;: primary current N1 V1 )
E,: secondary voltage a=—= —= —
I,: secondary current N2 V2 I1

Ni: primary turns
N,: secondary turns
a: turns ratio

+ Experimental Procedures:

Finding transformer turns ratio (a) by three methods:
e Practical in Lab
1- Transformer Voltage Ratio.

Procedures:

1- Construct the circuit shown in figure with open circuit at output.

2- Adjust the source at 50 Hz frequency.

3- Change the amplitude as shown in the table.

4- In each value measure V1 and V2 and write them down in the table.

5- Plot the relation between V1 and V2 and determine its slope (transformation ratio)
6- Write your comment.

Rms Rms V1 Rms V

\éoltage(v) V) v) Vout
5

1 V ny 6’) v

15 '”() :

2

2.5

=
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2- Transformer Current Ratio.

Procedures:

1.

ok~ wd

Construct the circuit shown in figure with short circuit at output.

Adjust the source at 50 Hz frequency.

Change the amplitude to reach current at input as shown in the table.

In each value measure 11 and 12 and write them down in the table.

Plot the relation between 12 and 11 and determine its slope (transformation ratio)
Write your comment.

Rms |1
(mA)

Rms 12
(mA)

Rms
voltage(v)

0.5

1

1.5

2

2.5

3- Transformer impedance Ratio.

Procedures:

1.

Noakwh

construct the circuit shown in figure with 1 KQ at output.

Adjust the source at 50 Hz frequency.

Change the amplitude to reach volt at input as shown in the table.

In each value measure V1, V2, I11 and 12 and write them down in the table.
In each value calculate Z1 and Z2 and write them down in the table.

Plot the relation between Z1 and Z2and determine its slope (a%)

write your comment.

Rms V1 Rms |1 RmsV2 | Rms |2 Z1 Z2

Vout
v)Vz

s30)

) (mA) (v) (MA) Niin: ,
05

: Vin O )
15 () H

2

2.5
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e By Program
1- Transformation voltage ratio.
2- Transformation current ratio.
3- Transformation impedance ratio.

Find the turn’s ratio between nodes 1, 2 primary side and nodes 3, 4 secondary side.
&, Determine the turn’s ratio using voltage ratio

1- Connect the circuit as shown in figure below.

POWER SUPPLY
Woou

TRANSFORMER

lPH\

2- Open data table window and record data step by 10% from 0% - 100%

39|Page

Figure 31 Determine the turn’s ratio using voltage ratio

E1 E2

(V) (V)
0 ] 0
1 2256 38.57
2 46.8 ¥9.99
3 G316 116.49
4 0224 167.63
2 114.83 196.3
] 137.5 234904
T 160.7 27458
a 184.6 3542
a 207.87 3552
10 229749 39269

Figure 32 Data table for voltage ratio
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3- Open graph window from data table to find slope of the line between E1 at Y-axis and E2
at X-axis.

— Xeanis

= Y-anis

W E1 I=
CE2 r
- r
l r
r r
- r
- r
l r
r r
- r
- r
l r 200 300 400

Figure 33 Graph window for voltage ratio

4- Find slope of the line from figure above.

AE1 _ 175-120

= =0.55
AE2  300-200

a=

&, Determine the turn’s ratio using current ratio

1- Connect the circuit as shown in figure below.

POWER SUPPLY
- TRANSFORUER RESISTIVE LOAD

- NN

o

Figure 34 Determine the turn’s ratio using current ratio
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2- Open data table window and record data step by 10% from 0% - 100%

1 12

(A) (A)
0 0 0
1 0.052 0.029
2 0101 0.057
3 0151 0.085
4 0a7 0111
5 0.247 0139
6 0292 0165
T 0.34 0182
8 0387 0.219
g 0431 0244
10 0.479 027v2

Figure 35 Data table for current ratio

3- Open graph window from data table to find slope of the line between 12 at Y-axis and 11

at X-axis.

— X-axis

~Y-axis

n

13

= == E === = E

=H = EEE == = EEE

Figure 36 Graph window for current ratio

4- Find slope of the line from figure above.
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. Determine the turn’s ratio using impedance ratio.

TARMIF OSMOR

E2/12= 22 =2191.025

Figure 38 Primary and secondary Currents and voltages

<+ Exercise:

1- Repeat the above two methods to find transformer ratio (a) between:

a) Primary side 1,2 and secondary side 5,6
b) Primary side 7,8 and secondary side 5,6
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Experiment7
Three Phase AC Circuits
+ Objectives

To apply three phase AC circuit using lab-volt device in the lab practically and simulation using
(LVVL) program.

- To be familiar how can be connection star and delta load and the difference between them.

- Using the phasor diagram and oscilloscope window to show the relationship between the currents
and voltages in the phases.

+ Theory

There are two types of electrical system ,the first one is single phase system that has only one
phase wire and one return wire thus it is used for low power transmission and the second one is
three-phase system that has three live wire and one returns path as shown in Figure 1. The three
phase system is used for transmitting a large amount of power.

Three-phase

line
A\
. .
Three-phase / \ Three-phase
voltage @ ®  load
source \\ °

Figure39 Three phase system

The 3 Phase system is divided mainly into two types. One is Balanced three phase system and
another one is unbalanced three phase system. A three-phase generator consists of three single-
phase generators with voltages of equal amplitudes and phase differences of 120 as shown in
Figure2.

Phase 1 Phase 2 Phase 3

120° 120°

Figure 40 Waves of three phase
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Analysis of Balanced 3 Phase Circuits:

There are two phase sequences in three phase AC circuits: positive and negative sequence as
shown in figure below. (In this lab we will use abc (+) sequence).

abc or (+) sequence acb or (-) sequence

Figure 41 Phase sequences

There are two ways to connect three phase system:

e Star(Y) connection.
e Delta (A) connection.

As the three phase supply is connected in star and delta connections. Similarly, the three-phase
loads are also connected either as Star connection or as Delta Connection.

Firstly//Star (Y) connection:

The star connection requires four wires in which there are three phase conductors and one neutral
conductor. Such type of connection is mainly used for long distance transmission because it has a
neutral point. The neutral point passes the unbalanced current to the earth and hence make the
system balance.

Figure 32 Connection of three phase Y —Y
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The current flowing through each phase is called Phase current Iy, and the current flowing
through each line conductor is called Line Current I._. Similarly, the voltage across each phase
is called Phase Voltage Vpn, and the voltage across two line conductors is known as the Line
Voltage V..

Van, Ven, Von — Phase Voltages Ve

Van=-V0LO .
VBN:VI_-12O.

VCN =VL+120.
Vag, Vec, Vca— Line Voltages.

Vag =Van-Ven =v3 Vo L+30.

Viac = Ven— Ven=V3 Von L-90.

VCA = VCN_VAN = \/§Vph L +150. 8
Vbc
Figure 43 Phasor diagram between phase and line voltage in
Y-connected with positive sequence

lag lgc. lea laa log lec — Line and phase Currents.

The phase angle between each voltage is 120.
The line to line voltage leads the line to neutral voltage by 30 in abc(+) sequence.

The current in any line is the same as the current in the corresponding phase. (1= Ipp).

The amplitude of the line to line voltage is equal to v/3 times the amplitude of the phase voltage.

Power in 3 Phase Circuits:

Power in a single phase system or circuit is given by the relation shown below:

Pph: |Vph| |Iph| COSB , (9: vah— leh )

In a 3 phase circuits (balanced load), the power is defined as the sum of various powers in a three
phase system. i.e.

Piotar = 3 [Vpn| [lpn| cos 6
Potar = V3 VL[ IL| cos B

Peotar =Pph1+ Pphz +Pph3 =3Pph
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Measurement of Three Phase Power:

Power measurement in an AC circuit is measured with the help of a Wattmeter. A Wattmeter is
an instrument which consists of two coils called Current coil and Potential coil. The current
coil having low resistance is connected in series with the load so that it carries the load current.
The potential coil having the resistance is connected across the load and carries the current
proportional to the potential difference.

For measuring the power in a 3 phase , more than one wattmeter is required, or more than one
readings are made by one wattmeter. The number of wattmeter’s required to measure power is
determined as follows:

1- Balanced circuits (Y-connected with neutral):
One Wattmeter method is employed to get one reading, then multiply this reading by 3.

Piorar= 3 * wattmeter reading

2- Unbalanced circuits (Y-connected with neutral):

Three Wattmeter method is employed to measure power in a 3 phase, 4 wire system. The
connections for star connected loads for measuring power is shown below:

laA

Figure 44 Three wattmeter method
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The total power is given by the algebraic sum of the readings of Three wattmeters.

Piotar= W1 +W2 +W3

3- Balanced or unbalanced circuits without neutral:

Two Wattmeter method can be employed to measure the power in a 3 phase, three wire
star or delta connected the balanced or unbalanced load.

In Two wattmeter method the current coils of the wattmeter are connected with any two
lines, say R and Y and the potential coil of each wattmeter is joined on the same line, the
third line i.e. B as shown in figure below.

W,

laA

Figure 45 Two wattmeter method
The power measured by the Wattmeters, W1 and W2 are:
W= IaA * Vab *COS( eyab — elaA)
Wa2=Icc * Ve, *cos( 8y, — 6;,.)
OR
Wi= 1,4 *Vy, *cos(6 + 30)
W2=1.*V,, *cos(8 —30)

Therefore, the total power measured by the two wattmeters W; and W, will be obtained
by adding the equation (1) and (2):
Ptot= W1+ W2=v3 VI, cos 6

The total reactive power measured by the two wattmeters W, and W, will be obtained by
subtracting the equation (1) and (2)

Qtot=v3(W2-W1) =v/3 V,I, sin 8
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Note:

QO If 6=60° that leads to P.F=0.5—— one of the readings of the wattmeter will be zero.
QO If <60° that leads to P.F > 0.5——> the readings of the two wattmeter will be positive.
QO If 6>60° that leads to P.F<0.5— one of the readings of the wattmeter will be negative.

Secondly// Delta (A) connection:

The delta connection has three wires, and there is no neutral point. The delta connection is
shown in the figure below.

a a

» °
IL\ I_J_B / \ICA i -
aA

Figure 46 Connection of three phase Y - A

Im-axis
Iag. lgc, lca —Phase Currents e

las-ILO
IBC =1L-120.

ICA =1L +120.

laa s log , lcc — Line Currents

laa=lag- lca = \/§ Iph L -30.

lbg = lec— lag = V3 Ipn L+90.

lec = lca—lsc =3 lpn L-150.

Vag, Vec, Vea, Vaa, Vog, Vec —Line and phase
Voltages.

InB

Figure 47 Phasor diagram between phase and line current in

. A connected with positive sequence
e The phase angle between each current is 120.

e The line currents lags the phase currents by 30 in in abc(+) sequence.
e The Line-to-line voltage magnitudes are the same as the phase voltages. (VL= Vpn).
e The amplitude of the line current is equal to +/3 times the phase current.
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= Experimental Procedures:

Prove that a three-phase generator
consists of three single-phase
generators with voltages of equal

amplitudes. .
il

Vopn =220 v VL =380v VLine
Vi
Vs
N

Figure 48 Clarification of voltage source

1- Ensure that the power supply is switched off. Then connect the circuit by (LVVL)
program as shown in figure below to get star-connection source.

2- Switch on the power then use the indicator to set phase voltage at 110V(by put the
voltage control Knob 50%).

Figure 49 Y-connected generator
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If you put voltage control Knob=50%, that means Vp,= 50%* 220V = 110V V| = 50%* 380V =
190V, that satisfy V| = v3Vp in Y-connected source. You can show that in Metering window:

POWER SUPPLY

B boaou

Figure51 Line voltages in Y-connection
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3- Use Phasor and oscilloscope window to prove that phase differences between each phase
voltage is equal 120.

=
a0 Vollage Cumend
20V ||| [osam. =]
1] J el 2l *
El W nr
= 2
B 13
Refersncs Phas
E1 bl
Phasos Dists
AC[AMS] Frme  Fisguency Phasm Data
ETM [ miee ul A0 AC [RMS] | Phase
11546 | 1200 50.00 )
Eapy | 11545 | 1200 .00 E1(V) 115.46 0.0
108
208 115.46 -120.0
0 3 (A) i
a0 !E_E :'u"} 115.46 120.0
Figure52 Phasor diagram between phase voltages in Y-connection
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The First case: Y-connection Load

1- Ensure that the power supply is switched off. Then connect the circuit by (LVVL)
program as shown in figure below to get Y-Y connection.

2- Switch on the switch in the resistive load to get the resistor value 2200Q.

3- Switch on the power then use the indicator to set phase voltage at 110V(by put the
voltage control Knob 50%).

.
12 / OATA ACOUST W INTEAPACE
T

PR 06/ %6/ 0| m
; e Lodle lle

Figure 54 The circuit of 3-phase Y-Y connection

4- If you put voltage control Knob=50%, that means V= E1=115.2V V, = E2 =199.6V,
that satisfy V. = v/3V,n in Y-Connection. You can show that in Metering window:

el et ||l e2| ez |
Ac_| v [ _ac | v |

Figure 55 Phase and line voltage in Y-Y connection
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5- Use phasor and oscilloscope window to Prove that the line to line voltage leads the line
to neutral voltage by 30 in abc(+) sequence.

90 Valtage Current
1

sovidv. || [oosaddv. ]

T AT | EC i

Bl W nr
=~ 2 ™
B3 3

Reference Phasor

E1 -
Phasar Data
AC [RMS]  Phase  Frequency

ETQV) | 115.24 0.0 50.00
E2 19961 30.0 50.00
E3 (V)
11 (A)
12 (A)
13 (A)

1
-90°

Figure 56 Phasor diagram between phase and line voltage in Y- Y connection

Ch1) | ] | one |
Input E1 - Input EZ -
[1o0vidv, =] [1oovide. =]

@ = Bpgs = 6
E a3l E el

th3 | cwv |  cha | che |

Input  |Mone - Input  IMone -

KX el ad 2
= o 2 = o 2
Waveform Data Trigger

[~ Cursars RMS AVG fiHz] Source | Ch E1 level [T00 % Slope|+ —

- ) pe
7ol w [ 1153 | 002 | 5000 o =ller < | . |
[ coel[ v [ 18861 | 000 | 50.00 Memory Tlme =
F EH slore View 5 msdiv.
Cnd Ché JJ Fi e J

Figure 57 AC signals for phase and line voltage in Y-Y connection
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6- To measure power : You can use two method:
» One wattmeter :
1. Make the appropriate connection as you can show in figure6.
2. Switch on the resistive load to get the resistor value 2200€2.
3. Measure phase voltage and current for one phase.

POW U

RESISTIVE LOAD

ol af]xl 4l

[Fostenllf ¢ | Freum |

EI

e, ot & e |l W {| e | |

Figure 58 The first method for Power measurement in Y-Y connection

As you can see : E1=V,=114.8V,,, 11= 15, = 0.052A , So Ppn=114.8 * 0.052
*1=5.991W ,,, P3pn=3 * 5.991 = 17.8W.

» Two wattmeter :
1. Make the appropriate connection as you can show in figure?7.
2. Switch on the resistive load to get the resistor value 2200€2.
3. Measure Line voltage and current for two phases.
As you can see : P3pn=8.98+8.98 = 17.8W.

RESISTIVE LOAD E3| £ |

k| v

¢ Pz |

m

ol afjel  affe]  w

Pl owm [ e| e || oo [post )

Lotz a0

Te | he|  wl

Figure 59 The second method for Power measurement in Y-Y connection
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The Second case: A connection Load

1-Ensure that the power supply is switched off. Then connect the circuit by (LVVL)
program as shown in figure below to get Y-A connection.

2-Switch on the switch in the resistive load to get the resistor value 2200€2.

3-Switch on the power then use the indicator to set phase voltage at 110V (by put the
voltage control Knob 50%).

Figure 60 The circuit of 3-phase Y-A connection

4-You can see the relationship between line and phase current in metering window.
IL =V3ln=v3 *0.090 = 0.157A

n | ) [l 2] iz
Ac_| A J|f_ac | A |

Figure 61Phase and line currents in Y-A connection
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5-Using phasor and oscilloscope window to prove that line currents lags the phase
currents by 30 in in abc(+) sequence.

90¢ Yaltage Current

B A T

RO | @ 2

E1 [ n»
E2 [T 1z W
E3 13

Reference Phasor

12 -
Phazor Data
AC[RMS]  Phasze Frequency

E1(V)

E3 (M)

17 (A) 01E -30.0 50.00
12 (A) nnog 0.0 50.00
13 (A

I
-90°

Figure 62 Phasor diagram between phase and line current in Y- A connection

Ch1) | ] | ore |
InpLit 1 - Input |2 -
|01 sdiv. ~| |01 Addiv. |

TECEEm || 2
E el E sl
ch3 | owr | che | che |

Input  |Mone = Input  |Mone =

| o i
EE = ElEE
Waveform Data Trigger
B B NS AG M | sapcefom f[1 <] Level [R00 A Slope[+ =]
- X pe
[cricre] [ A 0.16 000 [ 5000
[ onel[ & 009 | -000 | 5000 Memory Time Base
,? chT Store Wiew 5 mardiv.
o] o J50 [ [ EJEN XS R J

Figure 63 AC signals for phase and line current in Y-A connection
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+ Exercises:
1- What is the effect of changing the 3-phase resistive load on dissipated power
e One phase of star load is disconnected .....................ceoeeee.
e One phase of star load is shorted....................ooiiiiinin,

N
1

By two methods, measure the power for 3-phase Y-A connection circuit that consist of:
VL.=50V,, Load: 1100Q .

w
1

Fora 174 V three-phase Y-Y ideally balanced system , Find mathematically and
practically: (Load: 885 Q)

a) The magnitude of the line current .

b) The magnitude of the load line and phase voltages .

c) The real, reactive, and the apparent powers consumed by the load.

d) The power factor of the load.

4

Prove that Line voltage = phase voltage in three phase A-A connection and draw phasor
diagram using LVVL program.
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Experiment 8
Filters

+ Objectives:
- To study the filter concept and its functions
- To know and study types of Active Filters
- To be able to design and dealing with Active filters

+ Theory :

Filters are an electric circuit that can control the input signals depending on its frequencies the
circuit can allow it to pass or block it. That means any filter has two cases (frequency regions),
case for allowing to pass wanted signals and the other for blocking unwanted signals.

Filters can be divided into two distinct types: active filters and passive filters. Active filters
contain amplifying devices to increase signal strength while passive do not contain amplifying
devices to strengthen the signal. As there are two passive components within a passive filter
design the output signal has a smaller amplitude than its corresponding input signal, therefore
passive RC filters attenuate the signal and have a gain of less than one, (unity).

Passive filters are made up of passive components such as resistors, capacitors and inductors and
have no amplifying elements (transistors, op-amps, etc) so have no signal gain, therefore their
output level is always less than the input.

Filters are so named according to the frequency range of signals that they allow to pass through
them, while blocking or “attenuating” the rest. The most commonly used filter designs are the:

e Low Pass Filter : the low pass filter only allows low frequency signals from OHz to its
cut-off frequency, fc point to pass while blocking those any higher.

e High Pass Filter : the high pass filter only allows high frequency signals from its cut-off
frequency, fc point and higher to infinity to pass through while blocking those any lower.

e Band Pass Filter : the band pass filter allows signals falling within a certain frequency
band setup between two points to pass through while blocking both the lower and higher
frequencies either side of this frequency band.

¢ Band Reject(Stop) Filter: the band reject filter blocking signals falling within a certain
frequency band setup between two points to pass through while allow both the lower and
higher frequencies either side of this frequency band.
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As the function of any filter is to allow signals of a given band of frequencies to pass unaltered
while attenuating or weakening all others that are not wanted, we can define the amplitude
response characteristics of an ideal filter by using an ideal frequency response curve of the four
basic filter types as shown.

Af Af Af Af
* Low Pass Filter High Pass Filter Band Pass Filter t Band Stop Filter
Pass Stop Stop Pass Stop | Pass | Stop Pass | Stop | Pass
0 £ 0 £ 0 0 7
fo  Js T A fo  Js fo 14

Figure 64 Ideal Filter Response Curves

> The Low Pass Filter

A Low Pass Filter is a circuit that can be designed to modify, reshape or reject all unwanted high
frequencies of an electrical signal and accept or pass only those signals wanted by the circuits
designer.

A simple passive RC Low Pass Filter or LPF, can be easily made by connecting together in
series a single Resistor with a single Capacitor as shown below. In this type of filter arrangement
the input signal ( VIN ) is applied to the series combination (both the Resistor and Capacitor
together) but the output signal ( VOUT ) is taken across the capacitor only.

Q Resistor, R I
R
O

Vo Capacitor, C e Vot

Figure 65 Passive Low Pass Filter

P 1
€ 2nfC

Z= /RZ +Xc*
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Xc — Xc
Vout - Vin * _Vin 7
/R2+XC2
fe = 27RC
Gain =20 log V-‘-Sjmu—t fe
N _ B,
! Pass Band } | StopBand
Y ¥
0dB
BB — — — — — 4—""3d5(450}
Frequen
R N Y Slope =
= €sponse -20dB/Decade
O
3 |
Bandwidth
- - ‘

Frequency (Hz)
(Logarithmic Scale)

Figure 66 Frequency Response of a 1st-order Low Pass Filter

» The high Pass Filter

A High Pass Filter is the exact opposite to the low pass filter circuit as the two components have
been interchanged with the filters output signal now being taken from across the resistor

In this circuit arrangement, the reactance of the capacitor is very high at low frequencies so the
capacitor acts like an open circuit and blocks any input signals at VIN until the cut-off frequency
point ( fC ) is reached. Above this cut-off frequency point the reactance of the capacitor has
reduced sufficiently as to now act more like a short circuit allowing all of the input signal to pass
directly to the output as shown below in the filters response curve.

Capacnor C

A
v,
Ve Resistor. R Wout
° ns

Figure 67 High Pass Filter Circuit
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g Vou_ R _R

V.
" /RZ + X

AtLow f : X; 20,V =0

At ngh f . Xceo » Vout = Vin

f 1
C —_—
2nRC
- Vout
Gain (dB) = 20 log ——
(dB) 9 Vin
b '4[‘
Stop Band : ( PassBand
0dB | — — — — — —
_ o
| 3dB (5T Frequency
| Response
- |
;— Slope =
a | +20dBDecade
' Bandwidth
| - L
-dB

Frequency (Hz)
(Logarithmic Scale)

Figure 68 Frequency Response of a 1st Order High Pass Filter
> Passive Band Pass Filter

Band Pass Filters can be used to isolate or filter out certain frequencies that lie within a particular
band or range of frequencies. The cut-off frequency or fc point in a simple RC passive filter can
be accurately controlled using just a single resistor in series with a non-polarized capacitor, and
depending upon which way around they are connected, we have seen that either a Low Pass or a
High Pass filter is obtained.

One simple use for these types of passive filters is in audio amplifier applications or circuits such
as in loudspeaker crossover filters or pre-amplifier tone controls. Sometimes it is necessary to
only pass a certain range of frequencies that do not begin at OHz, (DC) or end at some upper high
frequency point but are within a certain range or band of frequencies, either narrow or wide.

L [

Wi R;UD

Figure 69 Passive Band Pass Filter
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| VeGw) R jw
W) = Vstwy =2 Towyes Mwr]

R w
L[(Zew?)+(3)iv]
Z=wlL, 7=+~

wC

Hence if the frequency is zero (i.e. D.C.) the impedance of the inductor is zero (i.e. a short
circuit) and the impedance of the capacitor is infinite (i.e. an open circuit), this is shown in the

circuit below.
L &

+ +
Wi R;VD

Figure 70 When inductor is short and capacitor is open

Now if the frequency is infinite, the impedance of the inductor is infinite (i.e. an open circuit)
and the impedance of the capacitor is zero (i.e. a short circuit), this is shown in the circuit below:

L &

+ +
Wi Rgva

Figure 71 When capacitor is short and inductor is open
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e Center Frequency (w,)

This is the frequency at which the transfer function is at a maximum:

W_1
0 \JLc

e Cut off frequency (wcq, wep)

This is the frequency at which the transfer function equals (0.707) of the maximum value:
R R\? 1
wer =5+ () + (%)

wer =5+ () + (%)
e Bandwidth (B)

This variable is the width of the pass band. (see graph below):

B = Wea-wer
e J& @[ I @)

e Quality factor (Q)

This parameter is the ratio of the center frequency to the bandwidth. This gives a measure of the
pass band and can be used to describe the shape of the transfer function graph.
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. Nout
Gain = 37— fe fc
| Stop Band Pass Band Stop E'Eﬂdr'}
. y _, : v
0dB
-3dB «— -3dB (457)
Frequency Response
= Slope =
= P Ban dwidth L -20dB/Decade
o] h .
‘"““x Slope =
+20dB/Decade
-dB
fL feenter fu Frequency (Hz)

(Logarithmic Scale)

Figure 72 Frequency Response of a Band Pass Filter

» Band Stop Filter

The Band Stop Filter, (BSF) is another type of frequency selective circuit that functions in
exactly the opposite way to the Band Pass Filter we looked at before. The band stop filter, also
known as a band reject filter, passes all frequencies with the exception of those within a specified
stop band which are greatly attenuated.

If this stop band is very narrow and highly attenuated over a few hertz, then the band stop filter is
more commonly referred to as a notch filter, as its frequency response shows that of a deep notch
with high selectivity (a steep-side curve) rather than a flattened wider band.

Also, just like the band pass filter, the band stop (band reject or notch) filter is a second-order
(two-pole) filter having two cut-off frequencies, commonly known as the -3dB or half-power
points producing a wide stop band bandwidth between these two -3dB points.

Then the function of a band stop filter is too pass all those frequencies from zero (DC) up to its
first (lower) cut-off frequency point fL, and pass all those frequencies above its second (upper)
cut-off frequency fH, but block or reject all those frequencies in-between. Then the filters
bandwidth, BW is defined as: (fH — fL).
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R1
et A
it L1
— Vin
Vout
C1
| A4

Figure 73 Band Stop Filter

1
(Wl — ——

. 1

So for a wide-band band stop filter, the filters actual stop band lies between its lower and upper -

3dB points as it attenuates, or rejects any frequency between these two cut-off frequencies. The
frequency response curve of an ideal band stop filter is therefore given as:

- Vout
Gain = Vin
[Fass Bandr":j: :j::1 Stop Band Y [Pass Ba ru:I"'j:-
0dB |
-3dB
. Bandwidth
*EEL Frequency Response
=
@]
-dB
I fe

-
JH Frequency (Hz)
(Logarithmic Scale)

Figure 74 Band Stop Filter Response
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+ Practical Part:

Low Pass Filter
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To Draw frequency response for each type of filter

Procedures: (R=1K,C=1u,L=10m)

16-Construct the circuit of LPF.
17- Adjust the source at max volt.

18- Change the frequency as shown in the table.

19- In each value measure Vi, and V,; then write them down in the table.
20- Plot the relation between H (w) and frequency and determine the cutoff frequency

21- Write your comment.

Frequency(Hz)

Vin

Vout

TF:Vout/Vin

30

40

50

100

200

400

600

800

1000

High Pass Filter

Procedures: (R=1K,C=1u,L=10m)

1- Construct the circuit of HPF.
2- Adjust the source at max volt.

3- Change the frequency as shown in the table.

4- In each value measure Vi,and Vo, then write them down in the table.
5- Plot the relation between H(w) and frequency and determine the cutoff frequency

6- Write your comment.

Frequency(Hz)

Vin

Vout

TF:Vout/Vin

20

40

50

100

200

500

1000
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Band Pass Filter

Procedures: (R=1K,C=1u,L=10m)

Electric Circuits Il LAB (EELE2111)

1- Construct the circuit of BPF.
2- Adjust the source at max volt.

3- Change the frequency as shown in the table.

Eng. Haya Ashraf Swedan

4- In each value measure Vi,and Vo, then write them down in the table.
5- Plot the relation between H(w) and frequency and determine the cutoff frequency

6- Write your comment.

Frequency(Hz)

Vin

Vout

TF:Vout/Vin

3

500

1000

1500

2500

3000

40k

Band Reject Filter

Procedures: (R=1K,C=1u,L=10m)

1- Construct the circuit of BRF.
2- Adjust the source at max volt.

3- Change the frequency as shown in the table.

4- In each value measure Vi,and Vo, then write them down in the table.
5- Plot the relation between H(w) and frequency and determine the cutoff frequency

6- Write your comment.

Frequency(Hz)

Vin

Vout

TF:Vout/Vin

3

500

1000

1500

2000

2500

3000

40k

67|Page




