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MAULANA AZAD NATIONAL INSTITUTEOF TECHNOLOGY,
BHOPAL

NETWORK LAB
EXPERIMENT NO.1

Aim: To study & verify Thevenin’s theorem.
Apparatus Required:

1. Trainer kit
2. Connecting cords

Theory:
Theorem: First of all, Thevenin’s theorem states that:

e Any linear electrical network with voltage and current
sources and only resistances can be replaced at terminals A-B
by an equivalent voltage source Vth in series connection with
an equivalent resistance Rth.

e This equivalent voltage Vth is the voltage obtained at
terminals A-B of the network with terminals A-B open
circuited.

e This equivalent resistance Rth is the resistance obtained at
terminals A-B of the network with all its independent current
sources open circuited and all its independent voltage sources
short circuited.



black box

ot A

Any black box containing resistances only and voltage and
current sources can be replaced to a Thevenin's equivalent
circuit consisting of an equivalent voltage source in series
connection with an equivalent resistance.

We can verify maximum power transfer theorem with the help
of Thevenin’s theorem.

The power transferred from a supply source to a load is at its
maximum when the resistance of the load is equal to the
internal resistance of the source. On the other words" A
resistive load will be consumptive maximum power from the
supply when the load resister is equal to the equivalent
(Thevenin) network resister"



Procedure:

1. Connections should be as per the circuit diagram.

2. Short circuit the voltage source and open circuit the
output terminal for calculation of equivalent resistance.

3. Connect the supply voltage and open the output terminal
and we get Thevenin’s voltage (Vth).

4. Now make a equivalent circuit with load connected

and calculate the voltage across load (RL).

5. Using formula find out the Thevenin’s voltage (Vth) and
equivalent resistance (Req).

6. see here by the current at the resistance equal to the
Thevenin’s equivalent resistance have maximum, other
will be reduced and increased depends upon the
resistance.

7. Verify that power is maximum when RL = Req,.



Connection diagram:

1. For Calculation of open circuit voltage (Thevenin’s voltage)

VERIFICATION OF THEVENIN'S THEOREM TRAINER

MODEL NO. : AL-E032

A Product of
1SO 8001:2008 Co.

IS w s =) N
LOAD RESISTOR
500 Ohm,1W
x J J
" LINEAR CIRCUIT ™
-
RL —— 0-12vDC RL
=
VOLT. CONTROL L
o12voc M &
\ \ J

2. For calculation of equivalent resistance (RTH) by Multi

meter
. MODEL NO. : AL-E032
on VERIFICATION OF THEVENIN'S THEOREM TRAINER e sl
: 2 1SO 90012008 Co
'S ™ ' N
LOAD RESISTOR
o 500 Ohm,1W
+ - ! a
VOLTMETER 2 AMMETER
\ J 2 y,
4 LINEAR CIRCUIT \ (( THEVENIN’S EQUIVALENT CIRCUIT )
RTH
o 0-12VDC
VOLT. CONTROL l
0-12VDC
N RTH N 4




3. Calculation of VTH

ON

VERIFICATION OF THEVENIN'S THEOREM TRAINER

MODEL NO. : AL-E032

A Product of
1SO 8001:2008 Co

r { T \
LOAD RESISTOR
500 Ohm,1W o
+ —
AMMETER
N J
( ( THEVENIN'S EQUIVALENT CIRCUIT
VOLT. CONTROL
0-12VvDC
N . J

4. Thevenin’s Equivalent circuit with load

ON

VERIFICATION OF THEVENIN'S THEOREM TRAINER

MODEL NO. : AL-E032

A Product of
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U A |

‘

~

VOLT. CONTROL
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Observations and calculations:

Vth Req RL
Sr. | vin (Thevenin voltage) (equivalent (Load resistance)
Practical | Theoretical | Theoretical | Practical | Theoretical

no- resistance)

1.

2.

3.

4.

5.

Result: |f Practical and theoretical values meet near
approximation. Then required result is verified.

Questions :

Q.1 What is Thevenin’s Theorem?

Q.2 What is Thevenin Voltage?

Q.3 Where is Thevenin’s Theorem used?

Q.4 Is Thevenin’s Theorem applicable to non-linear circuits?

Q.5 Is Thevenin’s Theorem applicable to AC circuits?




MAULANA AZAD NATIONAL INSTITUTEOF TECHNOLOGY,
BHOPAL

NETWORK LAB
EXPERIMENT NO.02

Aim: To verify the Superposition theorem.
Apparatus Required:

1. Trainer kit
2. Connecting cords

Theory:

The superposition theorem for electrical circuits states that
for a linear system the response (voltage or current) in any
branch of a bilateral linear circuit having more than one
independent source equals the algebraic sum of the responses
caused by each independent source acting alone, where all the
other independent sources are replaced by their internal
impedances. To ascertain the contribution of each individual
source, all of the other sources first must be "turned off" (set
to zero) by:

1. Replacing all other independent voltage sources with a short
circuit (thereby eliminating difference of potential i.e. V=0;
internal impedance of ideal voltage source is zero (short
circuit)).

2. Replacing all other independent current sources with an
open circuit (thereby eliminating current i.e. 1=0; internal
impedance of ideal current source is infinite (open circuit)).



This procedure is followed for each source in turn, then the
resultant responses are added to determine the true operation
of the circuit. The resultant circuit operation is the
superposition of the various voltage and current sources.

The superposition theorem is very important in circuit
analysis. It is used in converting any circuit into its Norton
equivalent or Thevenin equivalent.

The theorem is applicable to linear networks (time varying or
time invariant) consisting of independent sources, linear
dependent sources, linear passive elements (resistors,
inductors, capacitors) and linear transformers.

Another point that should be considered is that superposition
only works for voltage and current but not power. In other
words, the sum of the powers of each source with the other
sources turned off is not the real consumed power. To calculate
power, we should first use superposition to find both current
and voltage of each linear element and then calculate the sum
of the multiplied voltages and currents.



SUPERPOSITION THEOREM:

Statement: Superposition theorem states that "In any linear
bilateral network containing two or more sources, the
response in any element is equal to the algebraic sum of
the responses caused by individual sources acting alone, while
the other sources are non- operative i.e., while considering the
effect of individual sources, other ideal voltage sources and
ideal current sources in the network are replaced by short
circuit and open circuit across their terminals”.

Procedure:

1. Make the connections as shown in fig.1 and measure the
current 'l'.

2. Short circuit E2 (assuming the internal resistance of E2
source to be zero) as shown in fig.2 and note down the current
|, when only E1 is acting.

3. Note down the current in to millimetres and multi meter.

4. Short circuit E, (assuming the internal resistance of E, source
to be zero) as shown in fig. 3 and note down the current 12
when only E2 is acting.

5. Note down the current in to milli meters and multi meter.

6. By superposition theorem | = I1+l,.



Connection diagram:

n
]

MAINS

OFF

ON

VERIFICATION OF SUPERPOSITION THEOREM TRAINER

MODEL NO. : AL-E034

\

\
v 10
AMMETER




VERIFICATION OF SUPERPOSITION THEOREM TRAINER

L -

...

MODEL NO. : AL-E034

TO

Observation table:

on \
=
A

MMETER

Parameters

Theoretical Values

Practical Values

I1

I,

Result : If Practical and theoretical values meet near
approximation. Then required result is verified.




Questions :

1. What is the superposition theorem?
2. Is the superposition theorem valid for AC circuits?
3. Is the superposition theorem applicable to power?

4. Can the superposition theorem be applied to non-
linear circuits?

5. Why do we use the superposition theorem?

6. Limitations of Superposition Theorem?



MAULANA AZAD NATIONAL INSTITUTEOF TECHNOLOGY,
BHOPAL

NETWORK LAB
EXPERIMENT NO.03

Aim: To study & verify Norton's theorem.
Apparatus Required:

1. Trainer kit
2. Connecting cords

Theorem:

Norton's theorem states that any two terminal linear network
with current sources, voltage sources and resistances can be
replaced by an equivalent circuit consisting of a current source
in parallel with a resistance. The value of the current source is
the short circuit current between the two terminals of the
network and the resistance is equal to the equivalent
resistance measured between the terminals with all the
energy sources are replaced by their internal resistances.

black box

o L i’ ' szi Frio

m
o



Any black box containing resistances only and voltage and
current sources can be replaced by an equivalent circuit

consisting of an equivalent current source in parallel
connection with an equivalent resistance.

Connection diagram:

1.For calculation of short circuit current (Norton current)

=
ON

VERIFICATION OF NORTON'S THEGREM TRAINER MODEL NO. : AL-£073

N

®

LOAD RESISTOR
500 Ohm,1W

CONSTANT
CURRENT QD RN
SOURCE

VOLTAGE
CONTROL 0-12VDC

N

LINEAR CIRCUIT

NORTON'S EQUIVALENT CIRCUIT

S




2.For calculation of load current

Ta St Tar s . 2 RATARELA A RI60 MYTT " Ve 5 R
( ON VERIFICATION OF NORTON'S THEOREM TRAINER MODEL 0. : AL-£073

N

o]

LOAD RESISTOR
500 Ohm,1W

CONSTANT
CURRENT 0 RL é?
SOURCE

VOLTAGE
CONTROL 0-12VDC

| LINEAR CIRCUIT NORTON'S EQUIVALENT CIRCUIT J

Procedure:
1.Connection should be as per the circuit diagram.

2 Vary the supply voltage and take the corresponding reading
from the ammeter.

3.Remove the load resistance & short that terminal.

4.Find the Norton’s resistance RN i.e equivalent resistance of
the circuit.

5.Find the Norton’s current IN or short circuit current.

6.Set constant current source value equals to the Norton’s
current which is controlled by variable voltage.



7.Now connect the load and measure the current in the load
resistance directly.

8.Using formula find out the current in the load resistance and

Norton’s current.

Observations and calculation:

Sr IN (Norton current) Req IL
no. | Vin (equivalent (Load current)
Practical |Theoretical |resistance) |Practical |Theoretical

1.

2.

3.

4,

5.

Result: If Practical and theoretical values meet near
approximation. Then required result is verified.




Questions

1. What is Norton's Theorem?
2. Whether we can apply Norton’s theorem to the AC circuits?

3. What will be Norton’s equivalent circuit, if the circuit
consists of multiple dependent sources and multiple
resistances?

4. In how many methods, we can calculate Norton’s equivalent
resistance, for the circuit, which is having multiple
independent & dependent DC sources and multiple
resistances?

5. In how many methods, we can calculate Norton’s equivalent
resistance, for the circuit, which is having multiple
independent DC sources and multiple resistances?



MAULANA AZAD NATIONAL INSTITUTEOF TECHNOLOGY,
BHOPAL

NETWORK LAB
EXPERIMENT NO.04

Aim: To study & verify Maximum power transfer theorem.
Apparatus Required:
1.Trainer kit

2.Connecting cords
Theory:

Theorem: First of all, Maximum power transfer theorem
states that:

e Any linear electrical network with voltage and current only
resistances can be replaced at terminals A-B by an equivalent
sources and voltage source Vth in series connection with an
equivalent resistance Rth. This equivalent voltage Vth is the
voltage obtained at terminals A-B of the network with
terminals A-B open circuited.

e This equivalent resistance Rth is the resistance obtained at
terminals A-B of the network with all its independent current
sources open circuited and all its independent voltage sources

shortcircuited.
hlack bhox




Any black box containing resistances only and voltage and
current sources can be replaced to a Maximum power transfer
equivalent circuit consisting of an equivalent voltage source in
series connection with an equivalent resistance. We can verify
maximum power transfer theorem with the help of Maximum
power transfer theorem.

The power transferred from a supply source to a load is at its
maximum when the resistance of the load is equal to the
internal resistance of the source. On the other words" A
resistive load will be consumptive maximum power from the
supply when the load resister is equal to the equivalent
(Maximum power transfer) network resister"

Procedure:
1. Connections should be as per the circuit diagram.

2. Short circuit the voltage source and open circuit the output terminal
for calculation of equivalent resistance.

3. Connect the supply voltage and open the output terminal and we
get Maximum power transfer voltage (Vth).

4. Now make a equivalent circuit with load connected and calculate
the voltage across load (RL).

8. Using formula find out the Maximum power transfer voltage (Vth)
and equivalent resistance (Req).

9. see here by the current at the resistance equal to the Maximum
power transfer equivalent resistance have maximum, other will be
reduced and increased depends upon the resistance.

10. Verify that power is maximum when RL =RI.



Connection diagram:

1. For calculation of open circuit voltage (Maximum power transfer
voltage)

MODELNO.:AL-E034 )

A Product of
1SC 9001:2008 Co

VERIFICATION OF MAXIMUM POWER TRANSFER THEOREM TRAINER

-~ Ne,

.......

LOAD RESISTOR
500 Ohm,1W

VOLTAGE
CONTROL 0-12VDC

o LINEAR CIRCUIT MAXIMUM'S POWER EQUIVALENT CIRCUIT _/

2. For calculation of equivalent resistance (RTH) by Multi meter

( : ODEL NO. : AL-E034 )
SN VERIFICATION OF MAXIMUM POWER TRANSFER THEOREM TR e
ISC 8001:2008 Ca

POt ~

LOAD RESISTOR
500 Ohm,1W

- ~.

VOLTAGE
CONTROL 0-12VDC

 &F LINEAR CIRCUIT MAXIMUM'S POWER EQUIVALENT CIRCUIT _J




3. Calculation of VTH

: ;
LUl VERIFICATION OF MAXIMUM POWER TRANSFER THEOREM TR

ODEL NO. : AL-E034 )

A Product of
ISO 8001:2008 Ca

~~~~~~~

LOAD RESISTOR
500 Ohm,1W

- =15

~. -

VOLTAGE
CONTROL 0-12VDC

N LINEAR CIRCUIT MAXIMUM'S POWER EQUIVALENT CIRCUIT J

4. Maximum power transfer equivalent circuit with load

f
Sl VERIFICATION OF MAXIMUM POWER TRANSFER THEOREM TRAINER

MODEL NO.:AL-E034 )

A Product of
1SO 9001:2008 Co

P .

________

LOAD RESISTOR
500 Ohm 1W

-

.......

VOLTAGE
CONTROL 0-12VDC

......

\ LINEAR CIRCUIT

MAXIMUM'S POWER

EQUIVALENT CIRCUIT _/J




Observations and calculation:

Vth Req RL
sr | . | (Maximum power (equivalent | (Load resistance)
no. Vin transfer voltage) resistance)
Practical | Theoretical Practical | Theoretical

1.

2.

3.

4.

5.

Result: When maximum power is transferred near RL=Req.
Then theorem is verified.

Questions

l.

What is the Maximum Power Transfer Theorem? Explain
with an example

circuits?

Transfer Theorem?

. What is Thevenin’s Resistance?

. Does the Maximum Power Transfer Theorem apply to AC

. What is the Maximum Power Transfer Formula?

. What are the limitations of the Maximum Power




MAULANA AZAD NATIONAL INSTITUTEOF TECHNOLOGY,
BHOPAL

NETWORK LAB
EXPERIMENT NO.05

Aim: To plot a graph between current and frequency in a series
LCR and parallel LCR resonance and to find its resonant
frequency to find the quality factor and band width of series
and parallel resonant circuit.

Specific requirement:

1. RLC Trainer
2. Audio frequency generator 10Hz-100KHz

Series resonance:

In a series RLC circuit there becomes a frequency point where
the inductive reactance of the inductor becomes equal in value
to the capacitive reactance of the capacitor. In other words, X,
= Xc. The point at which this occurs is called the Resonant
Frequency point, (fr) of the circuit, and as we are analysing a
series RLC circuit this resonance frequency produces a Series
Resonance.

R1
- |
-

AAA H Y Y\

o\
L



Series Resonance circuits are one of the most important
circuits used electrical and electronic circuits. They can be
found in various forms such as in AC mains filters, noise filters
and also in radio and television tunning circuits producing a
very selective tuning circuit for the receiving of the different
frequency channels. Consider the simple series RLC circuit
below.

Firstly, let us define what we already know about series RLC
circuits.

eInductive reactance: X;= 2nfL = wL

1 1
21fC wC

e Capacitive reactance: Xc=

e When X, > Xc the circuit is Inductive
e When X¢ > X, the circuit is Capacitive

e Total circuit reactance = X = X - Xc or Xc - X,

* Total circuit impedance =/ R? + X% = R+ jX,

From the above equation for inductive reactance, if either the
Frequency or the Inductance is increased the overall inductive
reactance value of the inductor would also increase. As the
frequency approaches infinity, the inductors reactance would
also increase towards infinity with the circuit element acting
like an open circuit. However, as the frequency approaches
zero or DC, the inductors reactance would decrease to zero,
causing the opposite effect acting like a short circuit. This



means then that inductive reactance is "Proportional” to
frequency and is small at low frequencies and high at higher
frequencies and this demonstrated in the following curve:

Series Resonance Frequency

Capacitive Inductive

|

|
AT s X, | X X
" =i |

-

XL

Inductive and Capacitive
Reactances are equal here

Reactance in Ohms

X -Xe frmmmae e

Frequency, f

Jr)
Series Resonance

where: frisin Hertz, Lis in Henries and C is in Farads.

Electrical resonance occurs in an AC circuit when the two
reactance’s which are opposite and equal cancel each other
out as X, = Xc and the point on the graph at which this
happens is where the two reactance curves cross each other.
In a series resonant circuit, the resonant frequency, fr point
can be calculated as follows.



We can see then that at resonance, mathematically the two
reactance’s cancel each other out as X, — X¢ = 0. This makes the
series LC combination act as a short circuit with the only
opposition to current flow in a series resonance circuit being
the resistance, R.

In complex form, the resonant frequency is the frequency at
which the total impedance of a series RLC circuit becomes
purely “real”, that is no imaginary impedances exist. This is
because at resonance they are cancelled out. So, the total
impedance of the series circuit becomes just the value of the
resistance and therefore: Z =R.

Then at resonance the impedance of the series circuit is at its
minimum value and equal only to the resistance, R of the
circuit. The circuit impedance at resonance is called the
“dynamic impedance” of the circuit and depending upon the
frequency, Xc (typically at high frequencies) or X_ (typically at
low frequencies) will dominate either side of resonance as
shown below.



Impedance in a Series Resonance Circuit

Capacitive Inductive
zm. Xo= XL XL > Xc
A =

Impedance

Z=R
0 | >
: I Frequency. [
Dynamic Y
impedance Series Resonance
Series RLC Circuit at Resonance
Hither side of resonance At resonance the voltage
the voltage drop = V-V drop equals zero
R L C R
XT =(
AN AN -
short circuit
Vr ‘ V- Ve =| Vg | Qv
- = | -4 - -+ - | - =
! f
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Since the current flowing through a series resonance circuit is
the product of voltage divided by impedance, at resonance the
impedance, Zis at its minimum value, (=R). Therefore, the
circuit current at this frequency will be at its maximum value
of V/R as shown below.

Series Circuit Current at Resonance

_ v
L I= =
|

Circuit Current

0 ) -
( 7r) Frequency, f
Series Resonance

The frequency response curve of a series resonance circuit
shows that the magnitude of the current is a function of
frequency and plotting this onto a graph shows us that the
response starts at near to zero, reaches maximum value at the
resonance frequency when Iyax = Ir and then drops again to
nearly zero as f becomes infinite.

The result of this is that the magnitudes of the voltages across
the inductor, L and the capacitor, C can become many times



larger than the supply voltage, even at resonance but as they
are equal and at opposition, they cancel each other out.

As a series resonance circuit only functions on resonant
frequency, this type of circuit is also known as an Acceptor
Circuit because at resonance, the impedance of the circuit is
at its minimum so easily accepts the current whose frequency
is equal to its resonant frequency.

You may also notice that as the maximum current through the
circuit at resonance is limited only by the value of the
resistance (a pure and real value), the source voltage and
circuit current must therefore be in phase with each other at
this frequency.

Then the phase angle between the voltage and current of a
series resonance circuit is also a function of frequency for a
fixed supply voltage and which is zero at the resonant
frequency point when:V, | and VR are all in phase with each
other as shown below. Consequently, if the phase angle is zero
then the power factor must therefore be unity.



Connection diagram:

[ RLC RESONANCE IN SERIES AND PARALLEL TRAINER
Product Code: AL-E090
2 ¥ 4 65 10 20 5, ¥ 2 o 0
(0] ® (0]
© SELECT SELECT . " SELECT F o
RESISTANCE (IN-OHM) CAPACITENCE (IN uF) INDUCTANCE (IN mH) i
/—\ + AMMETER —
. ®
|
| ;
l APPLY
@ SINE WAVE
APPLY FROM AUDIO
SINE WAVE I FUNCTION GENERATOR
FROM AUDIO i
FUNCTION GENERATOR |
j —6

Procedure: (Series resonance)

¢ The capacitance (C), inductance (L), resistance (R) and a
milli-ammeter (mA) are connected in series with an Audio
frequency generator and voltmeter in parallel with AFO
as shown in the diagram 1.

¢ Refer the connection diagram where connections are
shown on trainer set with thick wires.

¢ The capacitance (C) is set to be 0.5 puF and resistance (R)
is set as 22 ohms and inductance to 10mH.

+*»* The audio frequency oscillator is adjusted to a minimum
value of 10Hz.

¢ The current shown by milli ammeter is noted.



¢ Keeping the C, L and R values as a constant, the frequency
of AFO (audio frequency generator) is increased in steps
of 100 Hz and the corresponding milli-ammeter readings
are noted.

*»* See the difference as the frequency increased and its
nearer to the resonant frequency the current in meter
rising up and will be maximum at the frequency of
resonance. And start decreasing rapidly after the
resonance.

¢ The same procedure is repeated for different values of R,
L and C etc for the same range of frequency and the
readings are tabulated.

*» A graph is drawn with frequency along the X-axis and the
current along the Y-axis.

¢ The frequency at which the current is maximum is the
resonant frequency.
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Table: To determine the resonant frequency in series mode

Sr.no. | Frequency( Khz) | Current(mA) | Voltage(V)

Parallel resonance theory:

In many ways a parallel resonance circuit is exactly the same
as the series resonance circuit we looked at in the previous
tutorial. Both are 3-element networks that contain two
reactive components making them a second-order circuit,
both are influenced by variations in the supply frequency, and
both have a frequency point where their two reactive
components cancel each other out influencing the
characteristics of the circuit. Both circuits have a resonant
frequency point.

The difference this time however, is that a parallel resonance
circuit is influenced by the currents flowing through each
parallel branch within the parallel LC tank circuit. A tank
circuit is a parallel combination of L and C that is used in filter
networks to either select or reject AC frequencies. Consider
the parallel RLC circuit below.



Resonance occurs when X, = Xc and the imaginary parts
of Y become zero. Then:

B 1

X =X, = 2mjl=e
# = 1 _ 1

2L x 2nC 44710
- 1

{ 47 LC
)= L[Hz) or m = 1 (rads)

2m JLC 4 LC

Notice that at resonance the parallel circuit produces the same
equation as for the series resonance circuit. Therefore, it
makes no difference if the inductor or capacitor are connected

in parallel or series.

Also, at resonance the parallel LC tank circuit acts like an open
circuit with the circuit current being determined by the
resistor, R only. So, the total impedance of a parallel resonance
circuit at resonance becomes just the value of the resistance

in the circuit and Z = R as shown.



Either side of resonance the Atresonance the

current = 1 - Ic reactive current is zero
IMAK I|_ - Ic Ir-«'IIN
I 0
C / R AXr=o
/X/ _— = % open circuit

] L

At resonance, the impedance of the parallel circuit is at its
maximum value and equal to the resistance of the circuit and
We can change the circuit’s frequency response by changing
the value of this resistance. Changing the value of R affects the
amount of current that flows through the circuit at resonance,
if both L and C remain constant. Then the impedance of the
circuit at resonanceZ=Ryaxis called the “dynamic
impedance” of the circuit.



Parallel Circuit Current at Resonance

Current

-
( Fr) Frequency, f

Parallel Resonance

The frequency response curve of a parallel resonance circuit
shows that the magnitude of the current is a function of
frequency and plotting this onto a graph shows us that the
response starts at its maximum value, reaches its minimum
value at the resonance frequency when lyn=IRand then
increases again to maximum as f becomes infinite.

The result of this is that the magnitude of the current flowing
through the inductor, L and the capacitor, C tank circuit can
become many times larger than the supply current, even at
resonance but as they are equal and at opposition (180° out-
of-phase) they effectively cancel each other out.

As a parallel resonance circuit only functions on resonant
frequency, this type of circuit is also known as a Rejecter
Circuit because at resonance, the impedance of the circuit is
at its maximum thereby suppressing or rejecting the current
whose frequency is equal to its resonant frequency. The effect
of resonance in a parallel circuit is also called “current
resonance”.



The calculations and graphs used above for defining a parallel
resonance circuit are similar to those we used for a series
circuit. However, the characteristics and graphs drawn for a
parallel circuit are exactly opposite to that of series circuits
with the parallel circuit’s maximum and minimum impedance,
current and magnification being reversed. Which is why a
parallel resonance circuit is also called an Anti-
resonance circuit.

=~
[ RLC RESONANCE IN SERIES AND PARALLEL TRAINEﬂ j

Product Code: AL°E030

[
2 ¥ 4 05 W0 29 5, ¥ 2 o o I
® ® ®
SELECT SELECT

SELECT
RESISTANCE (IN OHM) CAPACITENCE (IN uF) INDUCTANCE (IN mH)
/—-—_\ + AMMETER -

= c/ @

i

I R L
|

APPLY )
@ SINE WAVE c
APPLY FROM AUDIO
SINE WAVE I FUNCTION GENERATOR

FROM AUDIO 1
FUNCTION GENERATOR i

o

Procedure (Parallel Resonance):

¢ The inductance (L), the resistance (R) and Capacitor are
connected in parallel with AFO.

+*¢* The milliammeter (mA) and AFO are connected as shown
in diagram 2.

+*¢* The capacitance (C) is set to be 0.5 puF and the resistance
(R) is set to be 22 ohms.



¢ The audio frequency oscillator is adjusted for a minimum
value of f=1 kHz.

** The current in the circuit shown by the milliammeter is
noted.

¢ Keeping the C, L and R values to be constant, the
frequency is increased in steps of

+** 500 Hz and the milliammeter readings are noted.

** The procedure is repeated for different values of L, C and
R for the same frequency range and readings are
tabulated.

¢ A graph is drawn with the frequency along the X-axis and
the current along the

¢ Y-axis. The frequency at which the current is minimum is
the resonant frequency.




-
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Table: To determine the resonant frequency in parallel mode

Sr.no. | Frequency (Khz) | Current(mA) | Voltage(V)

Result: If Practical and theoretical values meet near
approximation. Then required result is verified.




MAULANA AZAD NATIONAL INSTITUTEOF TECHNOLOGY,
BHOPAL

NETWORK LAB
EXPERIMENT NO.07

Aim: To study the ABCD parameters of a two port network.
Apparatus Required:

3. Trainer kit
4. Connecting cords

Theory:

A pair of terminals at which a signal (voltage or current) may
enter or leave is called a port. A network having only one such
pair of terminals is called as one port network. A two-port
network (or four-terminal network, or Quadri-pole) is an
electrical circuit or device with two pairs of terminals.
Examples include transistors, filters and matching networks.
The analysis of two-port networks was pioneered in the 1920s
by Franz Breisig, a German mathematician.

A two-port network basically consists in isolating either a
complete circuit or part of it and finding its characteristic
parameters. Once this is done, the isolated part of the circuit
becomes a "black box" with a set of distinctive properties,
enabling us to abstract away its specific physical buildup, thus
simplifying analysis. Any circuit can be transformed into

a two-port network provided that it does not contain an
independent source.
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A two-port network is represented by four external variables:
voltage and current at the input port, and voltage and current
at the output port, so that the two-port network can be
treated as a black box modelled by the relationships between
the four variables, and there exist six different ways to describe
the relationships between these variables, depending on
which two of the four variables are given, while the other two
can always be derived.

Note: All voltages and currents below are complex variables
and represented by phasors containing both magnitude and
phase angle. However, for convenience the phasor notation V
and | are replaced by V and | respectively.

The parameters used in order to describe a two-port network
are the following: Z, Y, A, h, g. They are usually expressed in
matrix notation and they establish relations between the
following parameters:



Input voltage Vi1

Output voltage V2
Input current 11
Output current 12

ABCD-model: In the A-model or transmission model, we
assume V1 and |1 are known, and find V2 and 12 by:

(¥)= =)

Where,
Vs : Vs :
A= - when [, is zero B = = when V] is zero
2 1
I, : I :
C = — when I, is zero D = - when I/ is zero
1 1

Here A and D are dimensionless coefficients, B is impedance
and Cis admittance. A negative sign is added to the output
current I, in the model, so that the direction of the current is
outward, for easy analysis of a cascade of multiple network
models.



Procedure :

» Connect the circuit as shown in connection diagram shown
below.

» While making the connections make sure that connections
are correct.

» Connect all meters with correct polarities.
» Switch on the trainer kit

» Set the DC power supply to 5V provided on the panel.
PART A:

1. First open the input terminal and connect the power
supply 5V to the output terminal. Measure the output
voltage (C), input voltage (V;) and output current (I,).

2. Note the reading in the tabular column as shown below.

3. Repeat the procedure for another set of reading by
varying the dc power supply provided on the panel.

PART B:

1. Secondly short the input terminals and connect the
supply 5V to the output terminal. Measure the input
current (I;), output current (I,) and output voltage (V/5)
with the meter provided.

2. Record the reading obtained as per in the table given
below.

3. Repeat the procedure for another set of readings.

» Calculate the ABCD parameters using the formula.

» Switch off the trainer after taking the readings.



Observation Table :

When input is open circuited | When input is short

S.NO. |(i.e.I; =0) circuited (i.e. V; = 0)

Vi V, I, V, I, I
1.
2.
3.
4.
5.
Calculations :

Va . Vs .
A= - when [, is zero B = - when V] is zero
2 1
I : I :
C = —V—Z when [, is zero D = —1—2 when V] is zero
1 1

Tabulation :
S.No. | Parameter Theoretical Value | Practical Value
1. A
2. B
3. C
4 D

Result: If Practical and theoretical values meet near

approximation. Then required result is verified.




Questions

1. What is the two port network?

2. If two-port networks are connected in cascaded form, then
which two port network parameters can be multiplied?

3. Which matrices of two port network parameters are inverse
to each other?

4. If two port networks are connected in series, then which two
port network parameters can be added?

5. If two port networks are connected in parallel, then which
two port network parameters can be added?



MAULANA AZAD NATIONAL INSTITUTEOF TECHNOLOGY,
BHOPAL

NETWORK LAB
EXPERIMENT NO.08

Aim: To study the Reciprocity Theorem Verification.
Apparatus Required:

5. Trainer kit
6. Connecting cords

Theory:

In many electrical networks it is found that if the positions of voltage
source and ammeter are interchanged, the reading of ammeter
remains the same. It is not clear to you. Let's explain it in details.
Suppose a voltage source is connected to a passive network and an
ammeter is connected to other part of the network to indicate the
response. Now any one interchanges the positions of ammeter and
voltage source that means he or she connects the voltage source at
the part of the network where the ammeter was connected and
connects ammeter to that part of the network where the voltage
source was connected. The response of the ammeter means current
through the ammeter would be the same in both the cases. This is
where the property of reciprocity comes in the circuit. The particular
circuit that has this reciprocal property, is called reciprocal circuit. This
type of circuit perfectly obeys reciprocity theorem.

The voltage source and the ammeter used in this theorem must be
ideal. That means the internal resistance of both the voltage source
and ammeter must be zero. The reciprocal circuit may be a simple or
complex network. But every complex reciprocal passive network can



be simplified into a simple network. As per reciprocity theorem, in a
linear passive network, supply voltage V and output current | are
mutually transferable. The ratio of V and | is called the transfer
resistance. The theorem can easily be understood by this following
example.

A C A C
@ & ] - _— R
I
| |
‘ + 3 .'/'*'*.I‘ 4=
v Network ph | &3l f ) Network o
B D B D

Connection Diagram

VERIFICATION OF RECIPROCITY THEOREM TRAINER MODEL NO. : AL-E181

R1 (1K)

VOLTAGE
CONTROL (0-15VDC)




VERIFICATION OF RECIPROCITY THEOREM TRAINER MODEL NO. : AL-E(81

- -
i 0-15VDC

VOLTAGE
CONTROL (0-15VDC)

Procedure:

1. Connect the circuit as shown in connection diagram.

2. Give dcsupply inthe one end and check current in the other end.

3. Then interchange the supply and check current in the end where
supply has given earlier.

Conclusion:

When you interchange the source then current in the other end is
same for both cases. And we said that reciprocity theorem is verified.



Questions :
1. What is Reciprocity Theorem?

2. Whether we can apply the Reciprocity theorem directly to the
circuits which have multiple independent sources?

3. Whether we can apply the Reciprocity theorem to the AC circuit?
4. What are the limitations of the Reciprocity theorem?
5.Whether Antennas will satisfy the Reciprocity theorem?

6. What is a Reciprocal network?
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W IR |

HH Tgel, ST GRATT Y foh §H HWell ARV (RLC) Hihe & aR
H Ugel ¥ & FA1 Fe &

U Tfaferar: X = 2nfL = wlL

1 1
21tfC~ wC

o Gld X|_>chﬁ'fgg%m%
o ST Xc > X, @fhe Fofdfea gar &
-SWWQ%WT= X=X -Xcor Xc- XL

« FoT Wi ufaarer =/ R% + X7 = R+ jX,

o hUTATET RUFT: Xc=

HaTHATCHS FiAfshar & T 3wierd deleor &, afq ar ar g ar
ONehcd ST ST & dl IRl &I GHI ARHAHAS gfafhar g
W S S| -5 3R 3eTd T Tgadr & Flhe ded TH Gl
giche T G FIH A & 1Y OhT T Jiarshar Y 31d0d $r 3R §¢
STl | grelifes, S-S 3T e AT SR & RS wgEh @, W
gfafshar T de &A g SIeel, foad faadid gara Qe |fshe $r T e
HIH M| SHA AT TG § (o NEHeACHS Tidfehar T & faw
"3TAieR” § 3N FHA gl W B § 3R 3T Hgdl | 3T §
AR I8 AeAfei@d g H 9efdd gidr g




ATAT A IR
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me' How XL : X=X
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Inductive and Capacitive
Reactances are equal here

Reactance in Ohms

XL-Xc -

( fr) Frequency. f

Series Resonance

SEl: freéa A g, Lgaer 7 § 3R Chas # gl

Teh TH Hiche H A Helelle o gial & Sie &l Tidfshar s faodie
3R FATT ST &, T g8 & XL = Xc & §T H Eg N &l ¢ 3N A6
W Jg fog 998 o v@T @r & ST ar gfafhar 9% Tk g d 9R
FI 81 Ueh Sl ISIAAT Fiche H, FSAAT 3G, fr féig T rore
fretTear 1 ST "Rt B
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271l =< 2nC A1 LC
f= 21
4 LC
- fo= L (Hz) or o = L (rads)
21 L LC 4 LC

a9 §H $W Fehdl ¢ T 3Meele W, AT &7 & &7 Ifafshaid wh gav
P Xi—Xc=0 & & H Ieg X <l §1 38H H@ell LCHIASA Ueh ATC
gfthe & &7 H HF AT g, T0H JTel 3efolg dfehe H IaAET Jarg
T ThATT fader gfeRier g &, (R)

Sfeer ®9 H, oA g 9 3gfa § 9w W H@er 3rvedr afde
T For gfdarer gt aE @ "aredias” g S §, 3d HS Hedfaw
gfcrarer Hisg w@ gl &1 v swfAv & FifF e R F Eg @
S &1 oY, y@er afche dr el GfdaTer shaer TieRIer 1 Al el el
g 3k safaw: z=R.

T 311G WX H@ell Fithe HT YiASTET Il FPATH Hed W gl &
3R hael dfche & faNY, R & SR gl 81 3ol W Afehe Ffdsren
Y dfche 1 "Iicefier Ffdsmer sgr S & 3R g & 3UR |, Xc
(3MHAN I 3= HGRAT W) AT X, (3THAR W HA AGRAT ) 3716
& et 3T g1ar gem ST & AR R I g




TS Al Iefelg Aihe # gicdarr

C apacitive Inductive
() Ko= XL
-

L= ¥e
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Impedance

Z=R e
0 ] -
f Frequency, [
Dynamic (/1)
impedance Series Resonance
Wi 9T @ifs IRvad dféee
Either side of resonance At resonance the voltage
the voltage drop = Vi, - V¢ drop equals zero
R L C R
KT =0
AN AW -
short circuit
\ ‘ V- Ve — Vg ‘ Ov
- = | - - -+ = | -4 =
f f

Tum /></ Tuax
e Y



qfeh Teh HWell 3Tfele Wihe & HILIH § 6o arel URT Yidamer &
fFafSia diees &1 3curg g, gfavafed 9 gfaemeT, Z 39e sgfad 7ol
W g, (=R)| 38T, 38 gl W Afdhe e V/R & HfhaA A W
g S & S fewmrr ar=ar g

AT 9 AW Wike arT

Circuit Current
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|
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|
|
|
|
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|
|
|
|
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{ Fr) Frequency, §
Series Resonance

Teh W 3HeJoAlc Fiche i AT Fidfhar @b & Ial Tolar g fob
IAHAT T IRATOT INGRT 1 Teh F1d § 3HR 3@ T A6 W Cale el
¥ g 9aT Todr § 5 afafEar gmw & F9 gF g § 3 s
R HURTA Hed dF TGIA § ST Iuax = | IR BT 018997 = &
ST & Fifer f 37 & ST gl

sHPT YR Ig & fF IR F&arer, v 3R U, O ) dieest &l
qRATOT MY dlecsT @ S I[AT §37 g Feohll &, gl b foh gfaeafa
W ofY, et Ifh I FAT § 3R Oy W E, 3 v g A g W o
gl




qfeh Teh HGoTl 3ol Hihe el 3efG Mg W Hd Far g, 56
YR & Hiche I Teh Flehcdl Alehe & & H 8 S ST g Fifeh
3eAE W, @fdhe i gfdarer 3ve 7 gead W el § safaT e @
URT T THR HT ol § ST 3ngfa saehr 3refere 3mghy & SRR
gl &

39 Ig Y <@ Fehd € & 3ol W Afhe & AT A fARIH arT
Fae 9faiy & Ao (T YeY AR Iafas Aed) carT WfAT 2 &,
safdT AT dlecst AR Afhe ORT 58 3MGRT W Th gE} & AP WOT
# gl e

T T @l 3efe dfdhe & dledst 3R adAT & & =)o Hior 8
T ARIT Yt dleest & v 3mgfd &1 v w7 § 3R S 3efere
3mgfa fig WX e & a3 3R AR |l 0 @y & a1y WoT H
¢ oier T fe@mar a3 § &) Sciolde, afe =@RoT AT e § o Afed
R TATT THdT glell BT
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FUNCTION GENERATOR,

yfsram: (sr@er yfaeafa)

< HAAEH (C), 52 (L), 9faer (R) 3R Tk fAGH-TAIY (mA)
TUHE3N & AR Ua Fifsar Hiaddl Jekel 3R diecdet &
AT AT 7 I3 §U & o o T 1 A7 fegrar @ gl

% AN INW W ST8T Al dRI F 1Y o VT W FaiaRlT e@w
T gl

< HAAEH (C)hr 0.5 uF IR 9fay (R)&r 220 3R SsFAT &I
10mH I & foRar = g

< 3HifSA Hrerde AT 1 7 gTad 10Hz A W FARNTS fohar
ST gl

< AT TAIET garr g2t a1 e &t Al fHar Jrar g




% C L 3R R A= 1 2R @A T, TUH3T (AT IHFT Sefiex)
1 3mgfar 100 Hz & =ROT & Fe18 el & 3R daftra fAed-vaex
Afar e fr a2

% AR G S-S IR Fect & 3R Ig ISIAT R & A
gichl &, #eX & URT FW 3ol § 3R 3egelre T 3mgh o iftrenc
gref| 3R wfdeafa & a1e doft & F gl o91d &l

< A A @A & faT RL MR C e & fafdes Hear &
fow we & ufshar e Sl § 3R AfSr &1 aRofeey fmar
oIl

< X-378T o 3feffeer MR 3R Y-318T & 3Mefeer URT & AT TH Ah
drar S g

< g8 g 59 W 4R AfARIA gl &, AT IRy 8 &

7 éﬂ\swo

"
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eIl H@ell HIS H A AGRT HETRT el & faTw

%. T | AT (Khz) FIC (mA) | dlees (V)

AR (Nerer) Irgere g

%S ATl A Teh AR 3efeile Hiche faesher 3H Y@ 3ef-le Tfche
& FAGT ¢ O g ool cgaIRTe & S@r Ul el 3-dcd Acas ¢
S ar vfafsrameler ges g1a § S 3¢ g %A &1 dfdhe aard 8,
gt 3mgfed 3mafa #F fesar & wenfaa @ € 3R Qe F v maf
feig BT & STeT 3oteh & gfafshaneiier Teeh dfdhe T faoem3it s genfad
A gV Teh g@Y &I I A od g1 aat afehel # Teh I[eraatel g
fig g ¢l

gTcllieh, 36 TN 3R Ig ¢ foh Ueh FAWNI 3Helole Hidhe AR Torel
¢ gfdhe & MR ISk AR @l & ATETH & &g dlell URIAT
T garfad giar g1 T & feee vl 3R WY T T FHAATR IS ¢
fSrgenT 3T fhoet Acas # TH ARl T Yolol AT IFEAHR
& fov fopar Srar g1 s GU v §AeiaR 3IRuer afhe W faaw
ey

3G A Bl & 519 X, = X 3R Y& @ledfalsh #ET g=F 81 S &
dd:
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X =X. = 2nfL-=

- « 2nfC
2 1 1
;o= - 7
2l x2nC  ax’ LC
f - 21
4n LC
1

wf= (Hz) or o = (rads)

1

21 JLC JLC
e & 6 eedle W FACIR Hihe HWell 3efele Afhe & AT
HEOT 3o T gl AT, 3AY HIg Beh gl ISl foh IRHA
HIAITE T HUTRT FAACR IT A"l H 3 §T ¢

SHH IHelldl, elolle, W FAEIHR Tordll S Fihe Toh ol dfche i e
ST 1 &, 3efelle, T Ueh HATACR 3HeloAle Hiche Sl el FiaTen dfche
H 9iae &1 AT 3R Z=Rad STl § Siar & fe@mr = g

Either side of resonance the Atresonance the
current = 1 - 1z reactive current is zero
IMA}{ IL - IC Irv'IIN

' 6
-

R }{T = o
= /X/ open circuit




311G, TR, HATAIR Hiehe &l GiAaTer 370e HbShdH Hed W gl &
AR &fhe & 90y & R gl § 3R &7 38 Iy & Hed &l
deory e #T 3Mgfa wfafsrar & sga @&ha 1 3% L3k ¢ g
[ @a 8, RS A Feolel 8 3efelc W Flehe & ATEIH § Jarfed
gl dTell YRT &I AET YA glc &1 fh 31eelle Z = Rmax TR HAfhe
&1 gfderer & "fehe $r "arfaehar gfdemar wgr Jrar gl

I[AG W AT Widhe 4T

I
A

Current

-
( Fr) Frequency, J

Parallel Resonance

FATAIR 37e]eTe Hiche &l 3T FTAfhaT ash & Il Tl & o dciaT
ol IRATIT T &l Teh H § AN @ Teh I W Tic el ¥ g
qal Telal & o 9fafshar 3der 3if¥ehad Hed W YE gl §, 3egee
I W 3T 7GeTadH Hed deh qgiraﬁr%aa Ivin=IR 3R T
3eid g1 Sl O Gof: ThcdH deh ¢ Silell gl

sHT IRUTH I § b IR Ftaarer, v 3R guiRe, @ & Ifhe &
ATETH § 61 dToll YRT 1 IRATIT YfT URT § H3 T 937 &1 Hehell




g Tel T T Iefele WO, dfed il 9 @A § R fauy
(180° 33T 3it-%hot) T THIET &7 & TH-GEX Al GG A & ol

qfh Teh HAGIR 3elelle Afhe dhael 3G AR T HA T g,
39 YR & dfhe &l RetFe F@fhe & T H Y J=T Jar § Fifh
3fefele,. W, Fiche HT gfderer 9= 3ftsda W gl & Sad 39 ar
T T AT PR A AT SAr & foreehr 3nmgfy g@ehr 3egare 3mafd
& SR glal &1 AR IRUY F 3l & THIE T "TAHT 3ofTe"
AT gl ST B

AR 3efolle Hfehe T aRANT e & fIT IR 39T H 78
IOTAT R ATH 3o o9l & FAT § fSleTerl IUANT §HA H@ell Hiche &
forT foram ar| grarts, TAaR dfdhe & fow Wi a8 Jvare 31k arme
FGT Hiche & ool A9l 8, o8d FAEIR fthe 1 3fbahdd 3R
sgAH AT, YRT 3R 3T 3o §Idr &1 Jel HRUT § b AT
3efelle, Hiche T T-3HefAlg Alhe 3 gl ST B
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YT (AT ITG):

< Wehea (L), 9feRer (R) 3R GRS AFO & HATIR 3 §U ¢

< fAeFIeRH T (mA) 3R Tuw3n T 2 & fQ@me 3 aR &3 g
gl

< eTRAT (C) & 0.5 pF 3 9fakier (R) & 22Q 30#F W A fohar arar
gl

< 3Hif3A Hredd Aol #t 7gAdH A f= 1 kHz & fov gaArRIfSdT
frar Srar g

< fANHCIACT garr R@iv 71w gfdhe & aic sl fRar Srar g

% C, L3R RAE I R @A §U, 3qfd & wROM H §gr2r S &

% 500 Hz 3R ey §fSer A $r S g

< FAT AR IS & faw L, C 3R R & Afde Fear & fow gfshar
Qs e & 3R OfEr arofisey fr S #

< X-31&T & 3JefieRr Igfd 3 RT & 3efeer v A1 e S g



< Y-3787. 98 g S W URT =GeTaa gl §, 3ef=Aer 3nghr gl
gl
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faggdia sifimifet faur
Jead o9
AT ShHIP 07
3G6e: Al GIC sicash o USIHIST AUGST ol IeqTq el

ATAGh 3IYhIUT:

1. ¢oX fohe
2. SEaT aren IRAT

IGICCGE

cfAeer T T SIS 9 W RAesTel (diecsT AT FC) TAA H Tohel ¢
T fAFe Fhal g, 9IE Fgolldl g1 T dAcasw & fAFA HI Fdd Th
S gl § 39 def I Acds ogl Sl ¢l al-alc Acdes (IT IR-CHeToT
Scadh, AT FATS1-Ulel) Teh Taegd Hiche IT 3UIVT § foHEd e Sits eidieter
gld g1 3cIeol | gIfeiee, heeX 3R A sicas aifAd g1 gr-dic
sicas &1 TA2AYUT 1920 & Ak H Tk STHA 0T WiaT fofoter ganry
forar arar T

Teh GI-GIC AAcas H HT §9 ¥ U qUT Hiehe AT 38 BEA I 31em@T
AT AR 3T AT ATIEST FT IdT 9T A g1 Toh IR T @l
S & a6, Hishe T 3rerer GEwr fAfse aquil & wh A F @y us
'Sl SlFd" §1 AT §, S §H 38 fafAse #ifder HATor & gy et
H et Srar g 99w faevur g g Srar g1 R off afde =i
SITARa T S Hepm &

Ush al-uic siecgeh a9 o STH IS Taad @d o &l
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T gl-iIc Aicash H IR FEd W eaRT AT ST §: $eIge 9T W
dieest 3R e, AR 3M3eqe 9 W dledst 3R e, difeh a-aie dAcash
H IR & ST Ul GaRT IR fhT T soleh ST & §T H AT ST
| W, 3R 37 W & §1T FET T JUTT Ped & B 3TAI-37e19T
Al 8, [9ae 3R W IR & ¥ & W QU v §, Fafeh 37 aF gAm
gred fhT ST E@hd B

dle: A fGu v |8l diedsr 3R 9Rw Sfeer @r § 3R aR#Amwr 3R
TROT 0T Sl aTel TRUN E@RT GRATT 7T §| grellich, Giaem & fow =xor
Hehdel V3T 13 AT VIR | garT gfaeaniad far Sirar gl

al-qIc Acd® T Juld T & [T 3UdeT FT I g WA
ffaf@a 8 z v, A h, gl @ 3MAIR W AfgFa AT # cgad o
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33eYe e 12
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9TeY T 3R g
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H13eYe HiC (12) N A
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qe & v gfshar &1 grgad|

T 1

1.3, 3AYE STHAAT &l GreT < 3T MY 5V Fl A3eqe SHAA § FirFe el
T T fiex & TA9E FE (11), A8TE Fe (12) 3T ASeIE Aleas (V2) FI

AT

2.1 &I T2 ATTrT 6 STHT I T &l FiE <
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