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MODULE-1 PRINCIPLES OF COMBINATION LOGIC

Definition of combinational logic, Canonical forms, Generation of switching equations from
truth tables, Karnaugh maps-2,3,4variables, Quine-McCluskey Minimization Technique,
Quine-McCluskey using don’t care terms.

1.1 COMBINATIONAL LOGIC

Introduction Logic circuit may be classified into two categories
1. Combinational logic circuits

2. Sequential logic circuits

A combinational logic circuit contains logic gates only but does not contain storage elements.

A sequential logic circuit contains storage elements in addition to logic gates. When logic gates
are connected together to give a specified output for certain specified combination of input
variables, with no storage involved, the resulting network is known as combinational logic
circuit.

In combinational logic circuit the output level is at all times dependent on the combination of
input level. The block diagram is shown

Combinational logic circuit

(logic gates only)

Fig : Block diagram of Combinational circuit

The combinational logic circuit with memory elements(s) is called sequential logic circuit. It
consists of a combinational circuit to which memory elements are connected to form a feedback
path. The memory elements are devices, capable of storing binary information within them.
The block diagram is shown.

External inputs outputs from combinational circuit

Combinational
circuit

Memory
elements )

Outputs from  memory
elements

Fig : Block diagram of Sequential circuit
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By block diagram, it can be said that the output(s) of sequential logic circuit is (are) dependent
not only on external input(s) but also on the present state of the memory element(s). The next
state of the memory element(s) is also dependent on external input and the present state.
Applications Logic gates find wide applications in Calculators and computers, digital
measuring techniques, digital processing of communications, musical instruments, games and
domestic appliances etc, for decision making in automatic control of machines and various
industrial processes and for building more complex devices such as binary counters etc.

Laws and Rules of Boolean Algebra

e Laws of Boolean Algebra

The basic laws of Boolean algebra-the commutative laws for addition and multiplication, the
associative laws for addition and multiplication, and the distributive law-are the same as in
ordinary algebra.

The commutative law A+B = B+A
AB=BA
The associativelaw A+ (B+C)=(A+B)+C
A(BC) = (AB)C
Distributive Law A(B+C)=AB+AC

¢ Rules of Boolean Algebra

1LA+0=A 7T.A-A=A

2A+1=1 8.A-A=0

3A-0=0 9.A=A

4A-1=A 0.A+AB=A

5. A+A=A IILA+AB=A+B
6.A+A=1 12.(A+ B)A+ C)=A+ BC
A. B. or € can represent a single variable or a combination of variubles.

(Referring to the table above)
Proof Rule 10: A+ AB=A

This rule can be proved by applying the distributive law, rule 2, and rule 4 as follows:
A+AB=A(1+B) Factoring (distributive law)

=A Rule2:(1+B)=1
=A Rule4:A.1=A
Rule 11.
A+AB=A+B
This rule can be proved as follows:
A+AB=(A+AB)+AB Rule 10: A=A+ AB
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=(AA +AB) + AB Rule 7: A= AA

=AA +AB +AA +AB Rule 8: adding AA=0
=(A+A) (A+B) Factoring

=1.(A+B) Rule6: A+A=1
=A+B Rule 4: drop the 1

Rule12. (A+B)(A+C)=A+BC
This rule can be proved as follows:
(A+B)(A+C)=AA+ AC + AB + BC Distributive law

=A+AC+AB+BC Rule7: AA=A
=A(1+C)+AB+BC Rule2:1+C=1
=A.1+AB+BC Factoring (distributive law)
=A(1+B)+BC Rule2:1+B=1
=A.1+BC Rule4: A.1=A
=A+BC

DEMORGAN'S THEOREMS

The complement of a product of variables is equal to the sum of the individual complements
of the variables.

XY=X+Y
The complement of a sum of variables is equal to the product of the individual complements
of the variables.

X+Y=XY

1.2. CANONICAL FORMS AND NORMAL FORMS

We will get four Boolean product terms by combining two variables x and y with logical AND
operation. These Boolean product terms are called as min terms or standard product terms. The
min terms are X’y’, X'y, Xy’ and xy.

Similarly, we will get four Boolean sum terms by combining two variables x and y with logical
OR operation. These Boolean sum terms are called as Max terms or standard sum terms.
The Max terms are x+y, x+y’, Xx’+y and x’+y’.

The following table shows the representation of min terms and MAX terms for 2 variables.

X Yy Min terms Max terms
0 0 mo=X"y’ Mo=x+y
0 1 mi=Xx"y Mi=x+y’
1 0 ma2=xy’ Ma=x"+y
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1 1 m3=Xxy Ms=x"+y’

If the binary variable is ‘0’, then it is represented as complement of variable in min term and
as the variable itself in Max term. Similarly, if the binary variable is ‘1°, then it is represented
as complement of variable in Max term and as the variable itself in min term.

From the above table, we can easily notice that min terms and Max terms are complement of
each other. If there are ‘n” Boolean variables, then there will be 2" min terms and 2" Max
terms.

1.3 GENERATION OF SWITCHING EQUATION FROM TRUTH TABLE
Canonical SoP and PoS forms

A truth table consists of a set of inputs and output(s). If there are ‘n’ input variables, then there
will be 2" possible combinations with zeros and ones. So the value of each output variable
depends on the combination of input variables. So, each output variable will have ‘1’ for some
combination of input variables and ‘0’ for some other combination of input variables.

Therefore, we can express each output variable in following two ways.

e Canonical SoP form
e Canonical PoS form

Canonical SoP form (Minterm canonical form)

Canonical SoP form means Canonical Sum of Products form. In this form, each product term
contains all literals. So, these product terms are nothing but the min terms. Hence, canonical
SoP form is also called as sum of min terms form.

First, identify the min terms for which, the output variable is one and then do the logical OR
of those min terms in order to get the Boolean expression (function) corresponding to that
output variable. This Boolean function will be in the form of sum of min terms.

Follow the same procedure for other output variables also, if there is more than one output
variable.

Example:
Consider the following truth table.

Inputs Output

plgq|lr| F

0(010 0
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001 0
0(1]0 0
011 1
1100 0
1101 1
1110 1
1111 1

Here, the output (f) is ‘1’ for four combinations of inputs. The corresponding min terms are
p’qr, pq’r, pqr’, pqr. By doing logical OR of these four min terms, we will get the Boolean
function of output (f).

Therefore, the Boolean function of output is, f=p’qr + pq’r + pqr’ + pqr. This is the canonical
SoP form of output, f. We can also represent this function in following two notations.

f=m3+m5+m6+m7
=>m(3,5,6,7)

In one equation, we represented the function as sum of respective min terms. In other equation,
we used the symbol for summation of those min terms.

Canonical PoS form (Maxterm canonical form)
Canonical PoS form means Canonical Product of Sums form. In this form, each sum term

contains all literals. So, these sum terms are nothing but the Max terms. Hence, canonical PoS
form is also called as product of Max terms form.

First, identify the Max terms for which, the output variable is zero and then do the logical
AND of those Max terms in order to get the Boolean expression (function) corresponding to
that output variable. This Boolean function will be in the form of product of Max terms.

Follow the same procedure for other output variables also, if there is more than one output
variable.

Example

Consider the same truth table of previous example. Here, the output (f) is ‘0’ for four
combinations of inputs. The corresponding Max terms are p+q+r, p+q+t’, p+q’+r, p’+q+r. By
doing logical AND of these four Max terms, we will get the Boolean function of output (f).
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Therefore, the Boolean function of output is, f=(p+q+r).(p+q+r’).(p+q’+r).(p’+q+r). This is
the canonical PoS form of output, f. We can also represent this function in following two
notations.

f=M0.M1.M2.M4
=[1M(0,1,2,4)
In one equation, we represented the function as product of respective Max terms. In other

equation, we used the symbol for multiplication of those Max terms.

The Boolean function, f=(p+q+r).(ptq+r’).(p+q’+r).(p’+q+r) is the dual of the Boolean
function, f=p’qr + pq’r + pqr’ + pqr.

Therefore, both canonical SoP and canonical PoS forms are Dual to each other. Functionally,
these two forms are same. Based on the requirement, we can use one of these two forms.

Standard SoP and PoS forms

We discussed two canonical forms of representing the Boolean output(s). Similarly, there are
two standard forms of representing the Boolean output(s). These are the simplified version of
canonical forms.

o Standard SoP form
o Standard PoS form

We will discuss about Logic gates in later chapters. The main advantage of standard forms is
that the number of inputs applied to logic gates can be minimized. Sometimes, there will be
reduction in the total number of logic gates required.

Standard SoP form

Standard SoP form means Standard Sum of Products form. In this form, each product term
need not contain all literals. So, the product terms may or may not be the min terms. Therefore,
the Standard SoP form is the simplified form of canonical SoP form.

We will get Standard SoP form of output variable in two steps.

e Get the canonical SoP form of output variable
o Simplify the above Boolean function, which is in canonical SoP form.

Follow the same procedure for other output variables also, if there is more than one output
variable. Sometimes, it may not possible to simplify the canonical SoP form. In that case, both
canonical and standard SoP forms are same.
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Example
Convert the following Boolean function into Standard SoP form.
f=p’qr + pq’r + pqr’ + pqr

The given Boolean function is in canonical SoP form. Now, we have to simplify this Boolean
function in order to get standard SoP form.

Step 1 — Use the Boolean postulate, x + x = X. That means, the Logical OR operation with
any Boolean variable ‘n’ times will be equal to the same variable. So, we can write the last
term pgr two more times.

= f=p’qr+ pq’r + pqr’ + pqr + pqr + pqr
Step 2 — Use Distributive law for 1% and 4" terms, 2" and 5" terms, 3™and 6" terms.
= f=qr(p” + p) + pr(q’+q) + pq(r’+r)

Step 3 — Use Boolean postulate, x + x* = 1 for simplifying the terms present in each
parenthesis.

= f=qr(1) + pr(1) + pq(1)
Step 4 — Use Boolean postulate, x.1 = x for simplifying above three terms.
= f=qr+pr+pq
= f=pg +aqr+pr

This is the simplified Boolean function. Therefore, the standard SoP formcorresponding to
given canonical SoP form is f=pq + qr + pr

Standard PoS form

Standard PoS form means Standard Product of Sums form. In this form, each sum term need
not contain all literals. So, the sum terms may or may not be the Max terms. Therefore, the
Standard PoS form is the simplified form of canonical PoS form.

We will get Standard PoS form of output variable in two steps.

o Get the canonical PoS form of output variable

« Simplify the above Boolean function, which is in canonical PoS form.
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Follow the same procedure for other output variables also, if there is more than one output
variable. Sometimes, it may not possible to simplify the canonical PoS form. In that case, both
canonical and standard PoS forms are same.

Example
Convert the following Boolean function into Standard PoS form.
=(ptqtr).(pratr).(p+q +n).(p"+qtr)

The given Boolean function is in canonical PoS form. Now, we have to simplify this Boolean
function in order to get standard PoS form.

Step 1 — Use the Boolean postulate, x.x=x. That means, the Logical AND operation with any
Boolean variable ‘n’ times will be equal to the same variable. So, we can write the first term
p+qg+r two more times.

= =(ptqtr).(p+tqtr).(p+q+1).(p+qtr’).(p+q +1).(p’+q+1)

Step 2 — Use Distributive law, x + (y.z) = (x+y).(x+z) for 1% and 4"parenthesis, 2" and
5™ parenthesis, 3" and 6" parenthesis.

= f=(ptqtrr’).(ptr+qq’).(qtr+pp’)
Step 3 — Use Boolean postulate, x.x’=0 for simplifying the terms present in each parenthesis.
= f=(p+q+0).(p+r+0).(q+r+0)
Step 4 — Use Boolean postulate, x+0=x for simplifying the terms present in each parenthesis
= f=(p+q).(p+r).(q+r)
= f=(p+0).(q+).(p+r)

This is the simplified Boolean function. Therefore, the standard PoS formcorresponding to
given canonical PoS form is f=(p+q).(g+r).(p+r). This is the dual of the Boolean function,

f=pg+qr+pr.
Therefore, both Standard SoP and Standard PoS forms are Dual to each other.

14. K-MAPSFOR 2TO5VARIABLES

We have simplified the Boolean functions using Boolean postulates and theorems. It is a time-
consuming process and we have to re-write the simplified expressions after each step.
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To overcome this difficulty, Karnaugh introduced a method for simplification of Boolean
functions in an easy way. This method is known as Karnaugh map method or K-map method.
It is a graphical method, which consists of 2" cells for ‘n’ variables. The adjacent cells are
differed only in single bit position.

K-Map method is most suitable for minimizing Boolean functions of 2 variables to 5 variables.
Now, let us discuss about the K-Maps for 2 to 5 variables one by one.

2 Variable K-Map

The number of cells in 2 variable K-map is four, since the number of variables is two. The
following figure shows 2 variable K-Map.

e
g =
YZ
0 | mg| my 00 01 11 10
1 m,| ms or Mg my | M3 My

e There is only one possibility of grouping 4 adjacent min terms.

e The possible combinations of grouping 2 adjacent min terms are {(mo, My), (M2, M3),
(mo, m2) and (mz, m3)}.

3 Variable K-Map

The number of cells in 3 variable K-map is eight, since the number of variables is three. The
following figure shows 3 variable K-Map.

YZ
X 00 01 11 10

0 Mg m 1 ms] M 2

1 My Mg | M7 Mg

« There is only one possibility of grouping 8 adjacent min terms.

e The possible combinations of grouping 4 adjacent min terms are {(mo, M1, Mz, my),
(ms, ms, mz, me), (Mo, M1, M4, Ms), (M1, M3, Ms, Mm7), (M3, M2, M7, me) and (M2, Mo,
Me, Ma4)}.

e The possible combinations of grouping 2 adjacent min terms are {(mo, My), (M1, M3),
(ms, mz), (M2, Mo), (M4, Ms), (Ms, M7), (M7, Me), (Ms, M), (Mo, M4), (M1, Ms), (M3, M7)
and (m2, me)}.

o If x=0, then 3 variable K-map becomes 2 variable K-map.
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4 Variable K-Map

The number of cells in 4 variable K-map is sixteen, since the number of variables is four. The
following figure shows 4 variable K-Map.

YZ
wx N\ 00 01 11 10

00 | Mg My | Mz Mo

01| mg| ms| mo| mg

11 |mysfmMy3|Mys{Mya

10 Mg | Mg My Myg

e There is only one possibility of grouping 16 adjacent min terms.

e Let Ry, Rz, Rz and R4 represents the min terms of first row, second row, third row and
fourth row respectively. Similarly, C1, Cz, C3 and Carepresents the min terms of first
column, second column, third column and fourth column respectively. The possible
combinations of grouping 8 adjacent min terms are {(R1, R2), (R2, R3), (R3, Ra4), (R4,
R1), (Cy1, C2), (C2, Cs), (Cs, Ca), (C4, C1)}.

o If w=0, then 4 variable K-map becomes 3 variable K-map.

Minimization of Boolean Functions using K-Maps

If we consider the combination of inputs for which the Boolean function is ‘1°, then we will

get the Boolean function, which is in standard sum of products form after simplifying the
K-map.

Similarly, if we consider the combination of inputs for which the Boolean function is ‘0, then

we will get the Boolean function, which is instandard product of sums form after
simplifying the K-map.

Follow these rules for simplifying K-maps in order to get standard sum of products form.

o Select the respective K-map based on the number of variables present in the Boolean
function.

« If the Boolean function is given as sum of min terms form, then place the ones at
respective min term cells in the K-map. If the Boolean function is given as sum of

products form, then place the ones in all possible cells of K-map for which the given
product terms are valid.
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e Check for the possibilities of grouping maximum number of adjacent ones. It should
be powers of two. Start from highest power of two and upto least power of two.
Highest power is equal to the number of variables considered in K-map and least
power is zero.

o Each grouping will give either a literal or one product term. It is known as prime
implicant. The prime implicant is said to be essential prime implicant, if atleast

single ‘1’ is not covered with any other groupings but only that grouping covers.

o Note down all the prime implicants and essential prime implicants. The simplified
Boolean function contains all essential prime implicants and only the required prime
implicants.

Note 1 — If outputs are not defined for some combination of inputs, then those output values
will be represented with don’t care symbol ‘x’. That means, we can consider them as either
‘0’ or ‘1’. Note 2 — If don’t care terms also present, then place don’t cares ‘X’ in the respective
cells of K-map. Consider only the don’t cares ‘x’ that are helpful for grouping maximum
number of adjacent ones. In those cases, treat the don’t care value as “1°.

1.5. THE TABULATION METHOD (QUINE-MC CLUSKEY ALGORITHM)

For function of five or more variables, it is difficult to be sure that the best selection is made.
In such case, the tabulation method can be used to overcome such difficulty. The tabulation
method was first formulated by Quine and later improved by McCluskey. It is also known as
Quine-McCluskey method.

The Quine—McCluskey algorithm (or the method of prime implicants) is a method used for
minimization of boolean functions. It is functionally identical to Karnaugh mapping, but the
tabular form makes it more efficient for use in computer algorithms, and it also gives a
deterministic way to check that the minimal form of a Boolean function has been reached.

The method involves two steps:

¢ Finding all prime implicants of the function.

e Use those prime implicants in a prime implicant chart to find the essential prime
implicants of the function, as well as other prime implicants that are necessary to cover
the function.
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Finding prime implicants : Minimizing an arbitrary function:

ABCD f

mO0 0000 O
ml 0001 O
m2 0010
m3 0011
m4 0100
m5 0101
m6 0110
m7 0111
m8 1000
m9 1001
ml0 1010
mll 1011
ml2 1100
ml3 1101
mil4 1110
ml5 1111
One can easily form the canonical sum of products expression from this table, simply by
summing the minterms (leaving out don't-care terms) where the function evaluates to one:

X POOORFr,rOO

P X OR R

F(A,B,C,D) = A'BC'D’ + AB'C'D’ + AB'CD' + AB'CD + ABC'D’ + ABCD

Of course, that's certainly not minimal. So to optimize, all minterms that evaluate to one are
first placed in a minterm table. Don't-care terms are also added into this table, so they can be
combined with minterms:

Number of 1s Minterm Binary Representation

1 m4 0100
m8 1000
2 m9 1001
mlo 1010
ml2 1100
3 ml 1 1011
ml4 1110
4 mls 1111

At this point, one can start combining minterms with other minterms. If two terms vary by
only a single digit changing, that digit can be replaced with a dash indicating that the digit
doesn't matter. Terms that can't be combined any more are marked with a "*". When going
from Size 2 to Size 4, treat '-' as a third bit value. Ex: -110 and -100 or -11- can be combined,
but not -110 and 011-. (Trick: Match up the '-' first.)
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Number of 1s Minterm 0-Cube

1 m4
m&

2 m9
mlo
ml2

3 mll
ml4d

4 ml5

| Size 2 Implicants
|
| m(4,12) -100*
| m(8,9) 100-

| m(8,10) 10-0
| m(8,12) 1-00
|
| m(9,11) 10-1
| m(10,11) 101-
| m(10,14) 1-10
| m(12,14) 11-0
|
|m(11,15) 1-11
| m(14,15) 111-

| Size 4 Implicants

| m(8,9,10,11) 10--*
| m(8,10,12,14) 1--0%

|m(10,11,14,15) 1-1-*
|

At this point, the terms marked with * can be seen as a solution. That is the solution is

F=AB'+AD'+AC+BC'D’

If the karnaugh map was used, we should have obtain an expression simplier than this.

Prime implicant chart

None of the terms can be combined any further than this, so at this point we construct an
essential prime implicant table. Along the side goes the prime implicants that have just been
generated, and along the top go the minterms specified earlier. The don't care terms are not
placed on top - they are omitted from this section because they are not necessary inputs.

4 |8 |10 |11 |12 |15

m(4,12) X X -100 (BC'D’)
m(8.9,10,11) X X [X 10-(AB")
m(8.10,12,14) X X X 1--0 (AD")
m(10,11,14,15) X X X [1-1- (AC)
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Analog Electronics 22EC32

Module 4

Feedback and Oscillator Circuits
4.1 Feedback Concepts

A typical feedback connection is shown in Fig. 4.1. The input signal V; is applied to a mixer
network, where it is combined with a feedback signal V’r. The difference of these signals Vi, is
then the input voltage to the amplifier. A portion of the amplifier output Ve is connected to the
feedback network (B), which provides a reduced portion of the output as feedback signal to the
input mixer network. If the feedback signal is of opposite polarity to the input signal, as shown
in Fig. 4.1, negative feedback results. While negative feedback results in reduced overall

voltage gain, but a number of improvements obtained are
1. Higher input impedance.

2. Better stabilized voltage gain.

3. Improved frequency response.

4. Lower output impedance.

5. Reduced noise.

6. More linear operation.

- Vin
V; (input | I—_— A > Vour
signal) - (output
signal)
Vs
.
Feedback Amplifier

Fig 4.1: Simple Block Diagram of Feedback Amplifier

Dept. of ECE, BGSIT, ACU
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INTRODUCES 186 _
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J 4 APFIER ¥
\ —) —l ’ | AL
\ W ) el
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\
V15 14° OUT OF \ { ¥ INPHASE
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1_ - FEEDRACK = | ¢ | FEEDRACK
' NETWOR , | KETWORX
\NTROOUCES § . N IVTHODUCES 180
"PHASE ST “PHASE SHFT
Fig 4.2(a): Negative Feedback Fig 4.2(b): Positive Feedback

The above figure 4.2(a) and 4.2(b) shows positive and negative feedback circuits.

If the feedback energy (voltage or currents), is out of phase with the input signal then it is
Negative feedback. Negative feedback reduces gain of the amplifier. It also reduces distortion,
noise and instability. This feedback increases bandwidth and improves input and output

impedances. Due to these advantages, the negative feedback is frequently used in amplifiers.

If the feedback energy (voltage or currents), is in phase with the input signal then it is positive
feedback. Positive feedback increases gain of the amplifier also increases distortion, noise and
instability. Because of these disadvantages, positive feedback is not often used in amplifiers.

But the positive feedback is used in oscillators.
4.2 Feedback Connection Types

There are four basic ways of connecting the feedback signal. Both voltage and current

can be fed back to the input either in series or parallel. Specifically, there are four types of

feedback:

1. Voltage-series feedback.
2. Voltage-shunt feedback.
3. Current-series feedback.

4. Current-shunt feedback.

Dept. of ECE, BGSIT, ACU



Analog Electronics

In the above mentioned four types

YV V V V

source.

1. Voltage-series feedback

v
e _¥p
vV, =pv, B v,
Gain without feedback A _:
: \
Feedback f# -
Gain with feedback As :

3. Current-series feedback

22EC32

voltage refers to connecting the output voltage as input to the feedback network;
current refers to tapping off some output current through the feedback network.
Series refers to connecting the feedback signal in series with the input signal voltage;

shunt refers to connecting the feedback signal in shunt (parallel) with an input current

2. Voltage-shunt feedback

L
[ ! =%y
f ' A=—a ix,§rc‘,
|

/

v S | AI_( =
1, =BV, ‘ — i
/ I 1
B=3-
l o
. 2 Vv
Gain without feedback A »IL'
; I
Feedback f# v
o . ) "
Gain with feedback As =

4. Current-shunt feedback
1, 1= I}

-k
p ’“
I,
Gain without feedback A I_
; Iy
Feedback 2
Io
Gain with feedback Ay 7

Fig 4.3: Feedback Connections

All four types of feedback connections are as shown in above figure 4.3.

Series feedback connections tend to increase the input resistance, while shunt feedback

connections tend to decrease the input resistance. Voltage feedback tends to decrease the output

impedance, while current feedback tends to increase the output impedance.
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4.2.1 Gain with Feedback

The gain of each of the feedback circuit connections are examined in this section.

4.2.1.1 Voltage-Series Feedback

+ + = e
v, ’\, v, A=t v,e R
)

< - [ — }_

% V
) =BV - i
‘/_ﬁ‘u -"'

0

Fig 4.4: Voltage Series Feedback

Figure 4.4 shows the voltage-series feedback connection with a part of the output voltage(V,)
fed back in series with the input signal(V5), resulting in an overall gain reduction. If there is no

feedback (V7), the voltage gain (A4) of the amplifier stage is given by

If a feedback signal, /; is connected in series with the input, then

Vi=V,— ¥,

Since Vo=AV; =AWV — V) = AV, — AV, = AV, — A(BV,)
then (1 + BAYV, = AV
so that the overall voltage gain with feedback is
v, A
Ve il | R (4.2)
77y, T 1+ p4

Equation (4.2) shows that the gain with feedback is the amplifier gain reduced by the factor
(1+BA). This factor will be seen also to affect input and output impedance among other circuit

features.
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4.2.1.2 Voltage-Shunt Feedback

A\ .

I, =BV, ‘ 1 e

Fig 4.5: Voltage Shunt Feedback

Figure 4.5 shows the voltage-shunt feedback connection with a part of the output voltage (V5)
fed back in series with the input signal(/y), if there is no feedback (/y), the gain (4) of the
amplifier stage is given by
A = Ve \/,_
TFf the —‘feca’bauc 8,'3r\n:l I‘f in connected ¢y Shewn
mm% Feusre. £.C  Stheyy slhe  Goaan 9
e  Jeedback rehoork oy

AJ = Ve ;e e m & C‘f“-")
Lo

o
H

Te= T, +tTp £By applyrns ket o mod}

A‘ = Vo
T +Ig
Ohune Tp = BV,
Ag- Vo _
Ii ’{_ﬁvo
MO‘C \/o = AI;
A‘r = \/o = Vv - A z'

I +B AT, T 4p»H 2 C14pA)

A, = A - i == ulns)
L > =

—

Equation (4.5) shows that the gain with feedback is the amplifier gain reduced by the factor

(1+BA). This factor will be seen also to affect input and output impedance among other circuit

features.
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4.2.1.3 Current-Series Feedback

+ +

v, 0\ v, A

= ] -

I
<k
=

V,
7 -
Vi=Bl, PB= —Ll,

Fig 4.6: Current Series Feedback

Figure 4.5 shows the voltage-shunt feedback connection with a part of the output current (/,)
fed back in series with the input signal (V5), if there is no feedback (V}), the gain (4) of the

amplifier stage is given by

A o .Z .. .. (40
VS V,’

Tt the Feolback Bignal Vp & Convnecled as Fhown
fo Frogute L b dhen dhe Feain § e Feudbak nehowx

oL
- Lo . o = o % Cdp. )
Ay 7
oheae \é__ \/.' f—\(r { Jworn 3,,-3..1\‘ £ 6}
Ap = _—=_
¥ Vi, 4V,
ROhaste \4 - PI, From Jrqune 4. 6
A, = p o
v; + PL
rohre T = Av; Frovn vt 4 F
A/ & —-j-:"——_"' & _:4_\./1____._
V. t+RAV; v; 1BAV;
—-_— A
7 (1 +PA

: = _A .
A{—-C"fﬁi)_> ~ = e lf.q)

Equation (4.8) shows that the gain with feedback is the amplifier gain reduced by the factor

(1+BA). This factor will be seen also to affect input and output impedance among other circuit

features.
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4.2.1.4 Current-Series Feedback

-

!
Sl
ety

Fig 4.7: Current Shunt Feedback

Figure 4.5 shows the voltage-shunt feedback connection with a part of the output current (Z,)
fed back in series with the input signal (/;), if there is no feedback (/y), the gain (4) of the
amplifier stage is given by

A-‘-‘£=£— ""‘(4'*.Q)
Ty T,
L e '}Q_plbauk ﬂ-‘gr\oJ I_, o2 cormected o
Zlhiowm n F¥Fuhe  HF Cher Hhe FGoin a&qJ\..

Tesdbaue nehoevk <A

Ar = T. i I s R D |
Te
hehe
N T, = I +1¢ £ By orplyivng KO o nodely
Ag = i S
Ic+Xg
wohere Ty = Eope P, Frorr Fygute 4.7
Ap = 1=
I AP T
vohute I, = AT; Frown Eavadion 4. &
AI = X3 = Az:

I, tPATL; Z (1 +BA

g e
Ct1+pa)

rquatuon (4.11) SnOws tnat ine gain witn recavack 18 e amplurier gain reaucea oy e ractor

(1+BA). This factor will be seen also to affect input and output impedance among other circuit

features.
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4.2.2 Input Impedance and Output Impedance

The input and output impedance of each of the feedback circuit connections are examined in

this section.

4.2.2.1 Voltage-Series Feedback

Amplifier L,

ly
| :
I . IR
Yy I\/ Y L '\' AV, Vo /
L- e l

‘\ e
f 7
\
Feedback network V,
el L
1 : Ly, ‘( T 14 A
o, |
f" (i Vo ] ' /

Fig 4.8: Voltage Series Feedback Connection

From the equation 4.16 the input impedance with voltage series feedback is seen to be the

value of the input impedance without feedback multiplied by the factor (1+5A).

Dept. of ECE, BGSIT, ACU



Analog Electronics 22EC32

Condichs dhe Voltage -Sdves Fewlbatk tnnection Ahein

in Hque A.E,
() The I".J,':i} t:»_ﬁcdnhu- Con' be dedermined o Jollowts:

WET The  (npuk wnned L Bgivn by

L« Vo .- 42
Z
WOh Ve \/‘__-.\/‘-—V}
V, = BV,

' P BN (73R T )

jldu;dc. V; = \/SIBV.

Subtti bude owudton 4.13 wm AL 4 9 inpud impeshine Zp

e V.s—ﬁ\/. W)

ohee \ AV = AL T - -@-1\s)
‘Suhs{:w'r‘z.ls w @ ) e qat-
Zitis Lk~ \’b'AZ—aIi
2.1 + BAZL L < Ve
Z 1. (14BP = 3

Vs . z (I4PD

I;.

Cﬁ; - Z;(ITBAD 4
Zig ip e 1npod 1mpedance w0t Fuslbak.

Dept. of ECE, BGSIT, ACU




Analog Electronics 22EC32

6 fu Voltoge Boud Jeadback

( The © g vpedon
(o he delremined oy ollows

Applying  KVL ad olp Side in Foune 4. % we g

V, = A1 1Z (4.19)
'ow‘\/,. . - \p e =BV " 4;. 3‘9..;[:.::'}‘“
V, - 12,1 A[-PW)
V, = 77~ APY%
12, - (L HARY)
12 = V(1 tAP
Ve , B
(1P

ya
Ziw outpud T wpedany Loith Judbauk
“Tha suipd m\’dmu ?‘,k Nedu (o h’«» ,}adw Q“"P'v
. \/0“"‘ P oA ',ju)&d} sonpetdin

10

Dept. of ECE, BGSIT, ACU



Analog Electronics 22EC32

4.2.2.1 Voltage-Shunt Feedback

e

-
"
i

Fig 4.9: Voltage Shunt Feedback Connection
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4.2.2.3 Current Series Feedback

)

¥
Vi=B1, B= 1

o

+

Fig 4.10: Current Series Feedback Connection
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4.2.2.4 Current Shunt Feedback
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Summary of Feedback Concepts:

Summary of Feedback, Gain with and without feedback

Voltage-Series Voltage-Shunt Current-Series Current-Shunt

Gain without feedback A —l,-"l ,I—"’ —{"’T ll"’_
Vy 1 Ve 1

Feedback B V: ’_: l_ol 1_:

Gain with feedback 4 '[ / % :_o ;_o

Effects of Feedback Connection on Input Impedance and Output Impedance

Voltage-Series Current-Series Voltage-Shunt Current-Shunt

Z; Z,

- {1 + BA (1 + BA S S i
(increased) (increased) (decreased) (decreased)

Z 7z

Zr —— Z,(1 + B4 —— Z(1 + B4
of l+ﬁA o( E) 1+BA o( B)
(decreased) (increased) (decreased) (increased)

Problems on Feedback Connections:

1. Determine the voltage gain, input, and output impedance with feedback for voltage

series feedback having 4 = —100, R; = 10 k(), R, = 20 k() for feedback of (a) B =
—0.1 and (b) B = —0.5.

Solution
Using Eqs. (18.2), (18.4), and (18.6), we obtain
A —-100 —-100

A= = - = -9.09
@ A= T T con00) 1

Zy=7,(1 + B4) = 10 kQ (11) = 110 kO

3
Z,=—2o = HXW _ 4010
| + Bd 11

(b) 4= A —-100 _ —100 _ _1.96

L+B4 1+(0.5)(100) 51
Ze=27,(1 + B4) = 10 kQ (51) = 510 kQ
7, _20x10°
1+ p4d sl

Zof = 392.16 )
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4.3 Oscillator Operation

An oscillator is a circuit that produces a periodic waveform on its output with only the dc
supply voltage as an input. The output voltage can be either sinusoidal or non-sinusoidal,
depending on the type of oscillator.

The use of positive feedback that results in a feedback amplifier having closed-loop gain |44
greater than 1 and satisfies the phase conditions will result in operation as an oscillator circuit.
An oscillator circuit then provides a varying output signal. If the output signal varies
sinusoidally, the circuit is referred to as a sinusoidal oscillator. If the output voltage rises
quickly to one voltage level and later drops quickly to another voltage level, the circuit is

generally referred to as a pulse or square-wave oscillator.

V, A V, =AY, n V, = BAV, ‘

Fig 4.14: Feedback circuit used as an oscillator

To understand how a feedback circuit performs as an oscillator, consider the feedback circuit
of Fig. 4.14. When the switch at the amplifier input is open, no oscillation occurs. Consider
that we have some voltage at the amplifier input (¥;). This results in an output voltage
V,= AV after the amplifier stage and in a voltage Vy= AV after the feedback stage.

Thus, we have a feedback voltage Vy= pAV;, where A is referred to as the loop gain. If the
circuits of the base amplifier and feedback network provide A4 of a correct magnitude and
phase, Vrcan be made equal to V; Then, when the switch is closed and voltage V; is removed,
the circuit will continue operating since the feedback voltage is sufficient to drive the amplifier
and feedback circuits resulting in a proper input voltage to sustain the loop operation. The
output waveform will still exist after the switch is closed if the condition f4=I This is known
as the Barkhausen criterion for oscillation.

The condition #4 =1 is known as Barkhausen criteria. 1t implies

(1) Magnitude of the loop gain 4 =1

(2) Phase shift over the loop = 0 Or 360 degrees.

18
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If fA is made greater than 1 and the system is started oscillating by amplifying noise voltage,
which is always present. Saturation factors in the practical circuit provide an “average” value
of A of 1. The resulting waveforms are never exactly sinusoidal. However, the closer the value
PA is to exactly 1, the more nearly sinusoidal is the waveform. Figure 4.15 shows how the

noise signal results in a buildup of a steady-state oscillation condition.

STEADY-STATE
ENVELOPE LIMITED
BY CIRCUIT SATURATION

2

INITIAL
NOISE
VOLTAGE

NON-SINUSOIDAL \
OSCILLATIONS AS IS NOT NON-SINUSOIDAL WAVEFORM
EXACTLY 1 DUE TO SATURATION

Buildup of Steady-state Oscillations

Fig 4.15: Buildup of steady-state oscillations.
4.4 FET Phase Shift Oscillator

A practical version of a FET phase-shift oscillator circuit is shown in 14.16. The circuit is drawn to
show clearly the amplifier and feedback network. The amplifier stage is self-biased with a capacitor
bypassed source resistor Ry and a drain bias resistor Rp. The FET device parameters of interest are gm
and ry. From FET amplifier theory, the amplifier gain magnitude is calculated from

|Al=gmR0L

Where Ry in this case is the parallel resistance of Rpand ry, i.e

Rprys
R +ry

Ry
The RC Oscillator which is also called a Phase Shift Oscillator, produces a sine wave output
signal using regenerative feedback from the resistor-capacitor combination. This regenerative
feedback from the RC network is due to the ability of the capacitor to store an electric charge,
(similar to the LC tank circuit). This resistor-capacitor feedback network can be connected as
shown in figure 14.16 to produce a leading phase shift (phase advance network) or interchanged
to produce a lagging phase shift (phase retard network) the outcome is still the same as the sine

wave oscillations only occur at the frequency at which the overall phase-shift is 360°. By
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varying one or more of the resistors or capacitors in the phase-shift network, the frequency can

be varied and generally this is done using a 3-ganged variable capacitor.

5

N

Fig 4.16: Practical FET phase-shift oscillator circuits

If all the resistors, R and the capacitors, C in the phase shift network are equal in value, then

the frequency of oscillations produced by the RC oscillator is given as:

|
2R VN6 RC

S

Where: f is the Output Frequency in Hertz R is the Resistance in Ohms C is the Capacitance
in Farads N is the number of RC stages. (in our example N = 3).

We shall assume as a very good approximation that the input impedance of the FET amplifier
stage is infinite. This assumption is valid as long as the oscillator operating frequency is low
enough so that FET capacitive impedances can be neglected. The output impedance of the
amplifier stage given by Rw should also be small compared to the impedance seen looking into
the feedback network so that no attenuation due to loading occurs. In practice, these
considerations are not always negligible, and the amplifier stage gain is then selected somewhat

larger than the needed factor of 29 to assure oscillator action.
BJT Phase Shift Oscillator:

If a transistor is used as the active element of the amplifier stage, the output of the feedback
network is loaded appreciably by the relatively low input resistance (hi.) of the transistor. Of
course, an emitter-follower input stage followed by a common-emitter amplifier stage could be

used. If a single transistor stage is desired, however, the use of voltage-shunt feedback (as
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shown in Figure 4.17) is more suitable. In this connection, the feedback signal is coupled
through the feedback resistor R’ in series with the amplifier stage input resistance (R;). Analysis
of the ac circuit provides the following equation for the resulting oscillator frequency:

Figure 4.17 shows Practical BJT phase-shift oscillator circuits.

L s

[

L
k ———
r T
!
=
N, Cy
| !
2RRC o6+ MR IR

vaﬂ(—— w—%—¢k4

Fig 4.17: Practical BJT phase-shift oscillator circuits

4.5 Wein Bridge Oscillator

A Wien-Bridge Oscillator is a type of phase-shift oscillator which is based upon a Wien-Bridge
network comprising of four arms connected in a bridge fashion. Here two arms are purely
resistive while the other two arms are a combination of resistors and capacitors. In particular,
one arm has resistor and capacitor connected in series (R and C;) while the other has them in
parallel (R; and C; ). This indicates that these two arms of the network behave identical to that

of high pass filter or low pass filter.

+Vs

L o—+— Output
R ,-..'RJ a .,,"/

Fig 4.18: Wein Bridge Oscillator using op-amp amplifier
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Wien-bridge oscillators can even be designed using Op-Amps as a part of their amplifier
section, as shown by Figure 4.18. However, it is to be noted that, here, the Op-Amp is required
to act as a non-inverting amplifier as the Wien-Bridge network offers zero phase-shift. Further,
from the circuit, it is evident that the output voltage is fed back to both inverting and
noninverting input terminals. At resonant frequency, the voltages applied to the inverting and
noninverting terminals will be equal and in-phase with each other. However, even here, the
voltage gain of the amplifier needs to be greater than 3 to start oscillations and equal to 3 to
sustain them. In general, these kinds of Op-Amp-based Wien Bridge Oscillators cannot operate
above 1 MHz due to the limitations imposed on them by their open-loop gain.

The resonant frequency for a Wein Bridge Oscillator is calculated using the following formula,

1
27 \/Rl (i'l Rz(vg

fr —

if Ri=Ro=RandCy=Cy=C
then f, = _=
ittt = 92RC

4.6 Tuned Oscillator Circuit

A variety of circuits can be built using that shown in Fig. 4.19 by providing tuning in both the
input and output sections of the circuit. Analysis of the circuit of Fig. 4.19 reveals that the

following types of oscillators are obtained when the reactance elements are as designated:

Reactance Element

—  Amglifier
O.‘l‘.' fl‘l‘ﬂfl]r T'bp. ‘\x'; .\._' .\\’7:;
Colputts oscillator C C L
> X, > X3 : "
Hartley oscillator L L (
- Tuned input, tuned output LC IC -

Fig 4.19: Basic configuration of resonant circuit oscillator
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4.6.1 Hartley Oscillator

Hartley Oscillator is a type of harmonic oscillator which was invented by Ralph Hartley in
1915. These are the Tuned Circuit Oscillators which are used to produce the waves in the range
of radio frequency and hence are also referred to as RF Oscillators. Its frequency of oscillation
is decided by its tank circuit which has a capacitor connected in parallel with the two serially

connected inductors, as shown by Figure 4.20.

Fig 4.20: Transistor Hartley Oscillator circuit

Here the RFC is the radio frequency choke which allows only DC component, while the emitter
resistor Rg forms the stabilizing network. Further the resistors R; and Rz form the voltage
divider bias network for the transistor in common-emitter CE configuration. Next, the
capacitors C. and Cy are the input and output decoupling capacitors while the emitter capacitor
Ck is the bypass capacitor used to bypass the amplified AC signals. All these components are
identical to those present in the case of a common-emitter amplifier which is biased using a
voltage divider network. However, Figure 4.20 also shows one more set of components viz.,
the inductors L1 and L and the capacitor C which form the tank circuit.

On switching ON the power supply, the transistor starts to conduct, leading to an increase in
the collector current, Ic which charges the capacitor C. On acquiring the maximum charge
feasible, C starts to discharge via the inductors L1 and L. This charging and discharging cycles
result in the damped oscillations in the tank circuit. The oscillation current in the tank circuit
produces an AC voltage across the inductors L1 and Lowhich are out of phase by 180° as their
point of contact is grounded. Further from the figure, it is evident that the output of the amplifier

is applied across the inductor L; while the feedback voltage drawn across L is applied to the
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base of the transistor. Thus, one can conclude that the output of the amplifier is in phase with
the tank circuit’s voltage and supplies back the energy lost by it while the energy fed back to
amplifier circuit will be out-of-phase by 180°. The feedback voltage which is already 1800 out-
of-phase with the transistor is provided by an additional 180° phase-shift due to the transistor
action. Hence the signal which appears at the transistor’s output will be amplified and will have
a net phase-shift of 360°.

The inductors Li and Lohave a mutual coupling, M, which must be taken into account in
determining the equivalent inductance for the resonant tank circuit. The circuit frequency of

oscillation is then given approximately by

1

Jo = Dy s INVEY G O

eq

Leg =L, + Ly +2M

FET Hartley Oscillator Circuit:

+

m

RFC
C,
Ly
> — m—«»
v ) o
— — M- R

Fig 4.21: FET Hartley Oscillator circuit
The FET Hartley Oscillator circuit is as shown in the figure 4.21, the working is similar to transistor Hartley

Oscillator circuit.
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4.6.2 Colpitts Oscillator

Colpitts Oscillator is a type of LC oscillator which falls under the category of Harmonic
Oscillator and was invented by Edwin Colpitts in 1918. Figure 4.22 shows a typical Colpitts
oscillator with a tank circuit in which an inductor L is connected in parallel to the serial
combination of capacitors C; and Ca. Other components in the circuit are the same as that found
in the case of common-emitter Cg which is biased using a voltage divider network i.e. RFC is
the radio frequency choke which allows DC components, R is the emitter resistor which is
used to stabilize the circuit and the resistors R1 and R2 form the voltage divider bias network.
Further, the capacitors C. are the input coupling capacitor while the emitter capacitor Ck is the

bypass capacitor used to bypass the amplified AC signals

—

Fig 4.22: Transistor Colpitts Oscillator circuit

As the power supply is switched ON, the transistor starts to conduct, increasing the collector
current Ic due to which the capacitors C; and C; get charged. On acquiring the maximum charge
feasible, they start to discharge via the inductor L. During this process, the electrostatic energy
stored in the capacitor gets converted into magnetic flux which in turn is stored within the
inductor in the form of electromagnetic energy. Next, the inductor starts to discharge which
charges the capacitors once again. Likewise, the cycle continues which gives rise to the
oscillations in the tank circuit.

Further the figure shows that the output of the amplifier appears across C1 and thus is in-phase

with the tank circuit’s voltage and makes-up for the energy lost by re-supplying it. On the other
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hand, the voltage feedback to the transistor is the one obtained across the capacitor C», which
means the feedback signal is out-of-phase with the voltage at the transistor by 180°. This is due
to the fact that the voltages developed across the capacitors C; and C; are opposite in polarity
as the point where they join is grounded. Further, this signal is provided with an additional
phase-shift of 180° by the transistor which results in a net phase-shift of 360° around the loop,
satisfying the phaseshift criterion of Barkhausen principle.

At this state, the circuit can effectively act as an oscillator producing sustained oscillations by
carefully monitoring the feedback ratio given by (Ci/Cz). The frequency of such a Colpitts

Oscillator depends on the components in its tank circuit and is given by

o l
et o

_CiCo
C, + C,

Cc.q ==

Where, the Ceq is the effective capacitance of the capacitors expressed as shown in above

equation.
FET Colpitts Oscillator circuit:

FET Colpitts Oscillator circuit is as shown in below figure 4.23.

Fig 4.22: Transistor Colpitts Oscillator circuit
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4.7 Crystal Oscillator

A crystal oscillator is basically a tuned-circuit oscillator using a piezoelectric crystal as a
resonant tank circuit. The crystal (usually quartz) has a greater stability in holding constant at
whatever frequency the crystal is originally cut to operate. Crystal oscillators are used
whenever great stability is required, such as in communication transmitters and receivers.
Characteristics of a Quartz Crystal

A quartz crystal (one of a number of crystal types) exhibits the property that when mechanical
stress is applied across the faces of the crystal, a difference of potential develops across

opposite faces of the crystal. This property of a crystal is called the piezoelectric effect.

Fig 4.23: Electrical equivalent circuit of a crystal
When alternating voltage is applied to a crystal, mechanical vibrations are set up—these
vibrations having a natural resonant frequency dependent on the crystal. Although the crystal
has electromechanical resonance, we can represent the crystal action by an equivalent electrical
resonant circuit as shown in Fig. 14.23.
The inductor L and capacitor C represent electrical equivalents of crystal mass and compliance,
while resistance R is an electrical equivalent of the crystal structure’s internal friction. The

shunt capacitance Cm represents the capacitance due to mechanical mounting of the crystal.

Capactive Inductve Capacitive

N
0

Output
mpedance

|’3| |

1
|
|
|
|
|
|
|

o ) T T e

Series | Parallel o
Resonance \ Resonance
Crystal
Frequency

When the frequency of ac source signal is equal to the frequency fs the current through the
crystal becomes maximum (Imax), this condition is called series resonance and f; is called the
series resonant frequency.
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When the frequency of ac source signal is equal to the frequency f, the current through the
crystal becomes minimum (Inin), this condition is called parallel resonance and f;, is called the
parallel resonant frequency.

Series-Resonant Circuit:

To excite a crystal for operation in the series-resonant mode, it may be connected as a series
element in a feedback path. At the series-resonant frequency of the crystal, its impedance is
smallest and the amount of (positive) feedback is largest. A typical transistor circuit is shown
in Fig. 4.24(a). Resistors R, Rz, and Rg provide a voltage divider stabilized dc bias circuit.
Capacitor Cg provides ac bypass of the emitter resistor, and the RFC coil provides for dc bias
while decoupling any ac signal on the power lines from affecting the output signal. The voltage
feedback from collector to base is a maximum when the crystal impedance is minimum (in

series-resonant mode).

\||\| '“ + Onpns
$ . L
? 4
h v

Fig 4.24: Crystal-controlled oscillator using crystal in series-feedback (a) BJT (b) FET

The coupling capacitor C. has negligible impedance at the circuit operating frequency but
blocks any dc between collector and base. The resulting circuit frequency of oscillation is set,
then, by the series-resonant frequency of the crystal. Changes in supply voltage, transistor
device parameters, and so on have no effect on the circuit operating frequency, which is held
stabilized by the crystal. The circuit frequency stability is set by the crystal frequency stability,

which is good. The frequency of circuit operating in series-resonant mode is given by

1
1= i c
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Parallel-Resonant Circuit:

> - L 'L‘!l?“‘

- —

- NIAaL
A
—_— e §A‘
#, '
-—

I & 4

Fig 4.25: Crystal-controlled oscillator operating in parallel-resonant mode.

-

Since the parallel-resonant impedance of a crystal is a maximum value, it is connected in shunt.
At the parallel-resonant operating frequency, a crystal appears as an inductive reactance of
largest value. Figure 4.25 shows a crystal connected as the inductor element in a modified
Colpitts circuit. tor element in a modified Colpitts circuit. The basic dc bias circuit should be
evident. Maximum voltage is developed across the crystal at its parallel-resonant frequency.
The voltage is coupled to the emitter by a capacitor voltage divider—capacitors C;

and Ca. The frequency of circuit operating in parallel-resonant mode is given by

1

fo = 97vL.Cy

where,

cc,,
(C+Cy)

The value of C.is usually very large as compared to C. Therefore, the value of Cris

Cp =

approximately equal to C and hence the series resonant frequency is approximately equal to

the parallel resonant frequency (i.e., fs = f;).
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Network Analysis (18EC35) K Prabhavathi

SYLLABUS

Module -1

Basic Concepts: Practical sources, Source transformations, Network reduction using Star — Delta
transformation, Loop and node analysis With linearly dependent and independent sources for DC and
AC networks, Concepts of super node and super mesh.

Module -2

Network Theorems: Superposition, Reciprocity, Millman‘s theorems, Thevinin‘s and Norton‘s
theorems and Maximum Power transfer theorem.

Module -3

Transient behavior and initial conditions: Behavior of circuit elements under switching condition and
their Representation, evaluation of initial and final conditions in RL, RC and RLC circuits for AC and
DC excitations.

Laplace Transformation & Applications: Solution of networks, step, ramp and impulse responses,
waveform Synthesis.

Module -4

Resonant Circuits: Series and parallel resonance, frequency- response of series and Parallel circuits, Q—
Factor, Bandwidth.

Module -5

Two port network parameters: Definition of z, y, h and transmission parameters, modeling with these
parameters, relationship between parameters sets.

Text Books:

1. M.E. Van Valkenberg (2000), “Network analysis”, Prentice Hall of India, 3" edition, 2000, ISBN:
9780136110958.

2. Roy Choudhury, “Networks and systems”, 2nd edition, New Age International Publications, 2006,
ISBN: 9788122427677.

Reference Books:
1. Hayt, Kemmerly and Durbin “Engineering Circuit Analysis”, TMH 7th Edition, 2010.
2. J. David Irwin /R. Mark Nelms, “Basic Engineering Circuit Analysis”, John Wiley, 8th edition, 2006.

3. Charles K Alexander and Mathew N O Sadiku, “Fundamentals of Electric Circuits”, Tata McGraw-Hill,
3rdEd, 2009.
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Network Analysis (18EC35) K Prabhavathi

Module 1: Basic Circuit Concepts

Circuit Elements:

Any two terminal circuit components are called circuit elements.
Types:

1) Active elements: Deliver the energy to the network
Examples: Voltage Source, Current Source

2) Passive elements: Absorb the energy from the network
Examples: Resistors, Capacitors, Inductors

Network:

Interconnection of two are more circuit elements is called network

Circuit:

Network with at least one closed path is called circuit

Note: Every circuit is a network but all networks are not circuits

Network Terminology

same node

 Branch

A branch represents a single element, such as a resistor or a battery

Dept. of ECE, BGSIT Page 2



Network Analysis (18EC35) K Prabhavathi

* Node

A node is the point or junction in a circuit connecting two or more branches or circuit
elements. The node is usually indicated by a dot (.) in a circuit

 Loop

A loop is any closed path in a circuit

* Mesh

It is a loop that contains no other loop within it.

Energy sources:
Energy sources
Voltage source Current source
Ideal VS Practical VS Ideal CS Practical CS
Ideal VS:

e \Whose internal resistance is zero

e Irrespective of the load current, terminal voltage is constant
v

Vs

O

Practical VS:

e \Which has finite internal resistance and connected in series with the source

e Terminal voltage decreases with increase in load current

v

Q|

Dept. of ECE, BGSIT
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Network Analysis (18EC35) K Prabhavathi

Ideal CS:
e Has infinite internal resistance

e Irrespective of the load voltage, terminal current is constant

Practical CS:
e Has finite internal resistance

e Terminal current decreases with increase in load current

(D) ez

o = s— )

v

Dependent sources/ Controlled sources:

» Sources whose voltage/current depends on voltage/current that appears at some other location of the
network.

» Represented by diamond symbol

* 4types

<'_> V = AVy @v = Bly, <> = CVy <>| = Dly

Yolfage conrolled Current Controlied voltage Controlled Cumrent Contrailed
Voltage source{vivs) Yollage Source(Tovs] Cumrenf Source[voCs] Cument Source [CCIE)

Dept. of ECE, BGSIT Page 4



Network Analysis (18EC35) K Prabhavathi

Classification of Networks:

1) Linear and Non linear networks
A Linear circuit is one whose parameter are constant i.e., they do not change with voltage or current.
Examples: Network consisting of R, L and C
A Non linear circuit is one whose parameters change with voltage or current.
Examples: Network consisting of diode and transistor
2) Unilateral and Bilateral networks

The circuit whose properties or characteristics change with the direction of its operation is said to be
Unilateral.

Examples: A diode rectifier is a unilateral, because it cannot perform rectification in both directions.
A Bilateral circuit is one whose properties or characteristics are the same in either direction.
Examples: R, L & C.
3) Active and Passive network
Network consisting of only passive elements is called Passive network
Examples: Network consisting of R, L and C
Network consisting of at least one active element is called Active network
Examples: Network consisting VS and CS
4) Lumped and Distributed network
Network in which elements are physically separable is called Lumped network.
Examples: R, L and C
Network in which elements cannot be physically separable is called Distributed network.

Examples: Transmission lines having R, L, C all along their length.
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Source Transformation

Source Transformation involves the transformation of voltage source to its equivalent current source and vice-
versa.

Consider a voltage source with series resistance R and a current source with same resistance R in parallel as
shown below.

t.\ l‘
R + s«
| + &g ¥
u
—b _
b
Fig: Voltage source Fig: Current source

The terminal voltage and current relationship in the case of voltage source is;
vi=V—iiR ...... (1)

The terminal voltage and current relationship in the case of current source is;
i1=i-vi/R

vi=iR-i1R ...... ()

If the voltage source above has to be equivalently transformed to or represented by a current source then the
terminal voltages and currents have to be same in both cases.

This means egn. (1) should be equal to egn. (2).
This implies,

v=iR

or

i=v/R...(3)

If egn.(3) holds good, then the voltage source above can be equivalently transformed to or represented by, the
current source shown above and vice-versa.

Woltage Source Eguivalent Currant Source
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Examples:
1 Ry
AN O+ . O+
+ 6.0 £}
@ E. — 20A I, R,260%
Q- O
2
Ry
. 0— W 0~
[ B 0.80 ©
_ A

Combination of sources:

1. Two ideal voltage sources in series

2. Two ideal voltage sources in parallel

OQ =%

Vil V=V ST vieva

3. Two ideal current sources in parallel
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i CD CD Y e n+i

4. Two ideal current sources in series

&

1y

5. Two practical voltage sources in series

i

7. Two practical current sources in series
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=, @% ¥,

I

=

8. Two practical current sources in parallel

——8
7,® E E LIRS
! 2
L TH"VL
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1 ISEC34
o [TTTTTTTTT] | -
/ Third Semester B.E. Degree Examination, June/July 2018
Network Analysis
Time: 3 hrs. Max. Marks: 80
Note: Answer any FIVE full questions, choosing

A ONE full question from each module.

LE' Module-1

'E, 1 a. Determine the equivalent resistance across XY shown in Fig.Ql(a) (05 Marks)
4 % Q0 p QN @ AON—
iz ° AR AN AW o
E= A : Y
< =
25
el
£ g o Ao s Qo5 \On
22 A
iZ \0 s Qoa- D o
=2 Fig.Ql(a)
g = b. Calculate the voltage across the 6Q) resistor using source shifting and transformation
35 technique shown in Fig.Q1(b). (05 Marks)
E 3 Y
TE
b= Yoo K-
£ +
;- _5_ \2 v an. [ ‘_V&
i‘é _ Fig.Q1(b)
g _;ﬁ ¢. Determine the power supplied by the dependent source of Fig.Q1(c) shown. (06 Marks)
§2
2
&
E

Fig.Ql(c)
lof 5
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OR
a. Using Millman’s theorcm, find I, through Ry for the network shown in Fig.Q4(a). (06 Marks)

k¥
T
RN LY - SN i
%"1‘ 4o
N -:.?_b\l N
\ 2 \{3
b ‘ . _ Fig.Q4(a)
+ Verify reciprocity theorem for the circuit shown in Fig.Q4(b). (06 Marks)
g5, N
s\av &
- 3 Ny
Joa ‘I:,_\ LI i
Fig.Q4(b)
c. State and explain maximum power transfer theorem. (04 Marks)
Module-3

a. In the circuit shown in Fig.Q5(a), the switch K is changed from position 1 to position 2 at
t = 0, the steady state has been reached before switching. Find the values of

¥ +2
1, %and %17 att=0. (08 Marks)
' ‘ ] 205
X (—I;ﬁ—-—NWi‘--——"
S a
aoN [~ W .
‘ W) LGP
Fig.Q5(a) .
b. The switch in the network shown in Fig.Q5(b) is closed at t = 0. Determine the voltage

across the capacitor. Use Laplace transform. ) (08 Marks)

\O SN

T 1T
_l__... 05 ‘J_&F Ve (k)
S I B

Fig.Q5(b)
Jof5
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OR
6 a Atk o g *
In the network shown in Fig.6(a), the switch K is opened at t = 0. AUt 0, solve for the
» d\' d:\- o
values of v, "y and T 3 if1=2A, R=200Q and L = [T (0% Marks)
dt
1
Fig.Q6(a)

p. Determine the Laplace transform of the periodic saw tooth waveform of Fig.Q6(b). Use gate

function. (08 Marks)
5 (%)

N N
VNT

-A - -

Fig.Q6(b)

Module-4
7 / Derive for a resonant circuit, the resonant frequency fo = Jfify , where f, and f; are the two
half power frequencies. (07 Marks)
Find the value of L for w
w = 5000 rad/sec.

Fig.Q7(b) is resonant at a frequency of

hich the circuit shown in
(06 Marks)

e S
Vv
‘s I—-_‘;\M\_.
Fig.Q7(b)
A series RLC circuit has R = 10Q, L =0.01H and ¢ = 0.01puF and it is connected across
. 10mV supply. Calculate i) fy  1)Qo i) B.w. (03 Marks)
OR

§ # A series RLC cireult has a resistance of 100, an inductance of 0.3H and a capacuance of
100pk. The applicd voltage 1s 230V. Find © i) Resonant frequency i) Quality factor
iii) Lower and upper cut off frequencics 1v) Bandwidth v) Current at resonance Vi) currents
at f; and f; vi1) voltage across in (08 Marks)

ductance at resonance.
b, Derive an expression | Also show that

or the resonant frequency of a parallel resonant cureuit.

the circuit is resonant al all frequencies if Ry R “ where Ry = Resistance in the
; ¢

acitor branch. (08 Marks)

“ ol 2

inductor branch, R¢ = resistance in the cap
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// Module-5
. T, oL 08 Marks)
9 a. FindY parameters and Z parameters for the circuit show in Fig.Q9(a). W
aN,
\ S Ia «+
e ' =
i—
o
. V:L
N, gy AN
iR
~ Fig.Q9(a) 08 Marks)
b. Express ABCD parameters interms of Y-parameters and h-parameters. (
OR L ark
. ) (08 Marks)
10 a. Determine z parameters for the network shown in Fig.Q10(a).
Fig.Q10(a) (08 Marks)

b. Express h—parameters interms of Y—parameters.

* K K ok K
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Third Semester B.E. Degree Examination, .lunc/J‘:l(i'S'r'-'-lﬂ'l‘)

Network Analysis

Time: 3 hrs, Max. Marks: 100

Note: Answer any FIVE full questions, choosing
ONE full question from each module.

Module-1
1 a. Define the following terms with examples:
i) Active elements
i)  Passive elements
iil) Linear and non linear elements
iv)  Lumped node
v)  Unilateral and bilateral clements. (10 Marks)
b. Use the node analysis and find the value of Vy in the circuit shown in below Fig.Q.1(b).

Such that the current through the impedance (2 + J3)Q is Zero.
sn 2473 [

1 s
sn B Vy
JoLﬂff -
Fig.Q.1(b) | (10 Marks)
OR
2 a  Derive an expression for i) Ato Y transformation i) Y to A transfarmation. (10 Marks)
b. Find the voltage across 202 resistor in the network shown in Fig.Q.2(b) below by using
Mesh analysis method. (10 Marks)
5v+ ~ 1oV
]‘ -+
' Zon
Fig.Q.2(b)
Module-2
3 a State and prove Millman’s thecorem with an example. (10 Marks)
b Findthe Thevenin’s equivalent circuit of Fig.Q.3(b) shown below: (10 Marks)
Va  gion
1,:20l64 @
o b
Fig.Q.3(b)
1of3
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5

6

OR

17EC35

a.  Prove that the maximum power transferred from source to load when.

i) Re=Ro i) Ry =[Z, iii) Z, = Zo
b. Find the value of iy using Norton’s equivalent circuit wh

focon 2o0oln

2y

Fig.Q.4(b)

Module-3

.

(10 Marks)

en R = 667Q, refer Fig.Q.4(b).
(10 Marks)

a. Determine i, ﬂ‘ -(-]—;- at L= 0", when the switch is closed at t = 0, from the Fig.Q.5(a) shown

(10 Marks)

below.
K Rzlog. | - |H
1=0 ’
loy e JME
Fig.Q.5(a)
b. Find:
i) i(07) and v(0")
i di(07) andd dv(0")
dt dt
iii) I(e0) and v(=)
from the circuit shown in Fig.Q.5(b) below. .- (10 Marks)
H
150

5ult)

Fig.Q.5(b)

OR
a. Deduce the Laplace transform of the following:

i) Sindt i) Cos®t i) Sinwt V) _[i(l).dl
0

b State and prove Initial and Final value theorems,

20f3

(10 Marks)

(10 Marks)
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a D Module-4
. Demonstrate the terms: i) Resonance _if) Q-factor i) Band width  iv) Selectivity

Y \I')] Half power frequency pertaining to a R- L-C scries circuit. (10 Marks)
. Prove that the Resonating frequency in a R-L-C serics circuit is gcometrical mean of half

power frequencies i.e. fo =+ by (10 Marks)
OR
a. Eyaluate wo, Q, BW and half power frequencies and the output voltage V at Wg. refer
Fig.Q.8(a). - (10 Marks)
ool 2ok
a0
sok E
Vv
{my g fuopp -
Fig.Q.8(a)
b. Derive an expression for resonance by varying Ri. in parallel RLC cireuit. (10 Marks)
Module- -5
(10 Marks)

what are hybrid parameters.

9 a. Express Z parameters. in terms h parameters and
etwork shown Fig. Q 9(h) below. (10 Marks)

b. Determine the transmission parameiers for the n

T

Fig.Q.9(b)

rs for two networks connected in cascade.

OR
10 a. Obtainthe condition of {ransmission paramete

(10 Marks)

(10 Marks)

r the circuit shown in Fig.Q. 10(b) below. !
|

Ig

b. Determine the Z-parameters fo
2N 2.
— +

1

Fig.Q.10(b)

* ok kKK

3of3
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Network Ana!ys|s

Time: 3 hrs. Max. Marks: 100
Note: Answer any FIVE full questions, ch_qo!;ing ONE full question from each module

Derive the expression for: (i) A to Y transformation (i) Y to A transformation (10 Marks)
b. Calculate the voltage across the 6Q resistor in the netWorl( of Fig.Ql(b) using source

1 a

shifting technique. P
{ W g
” Fi"g\.:fgzl(b:; (10 Marks)
o, _ OR | N
2 a. Determine the resistance between the terminals A and B of the network shown in Fig.Q2(a).
* Fig.Q2(a) (10 Marks)
b. Find glir;fé“iits in all the branches of the network shown in Fig.Q2(b) using mesh analysis.

L%

£ o
.-‘ml.“'E] .ﬂ--'

e

B

y w A o N1

Fig.Q2(b) (05 Marks)
Find voltages V and V2 inthe network shown in Fig.Q2(c) using node analysis method.
c.

sy 1 YE

)

Fi'g Q2(c) ‘ (05 Marks)
1 of4
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. . Module-2
3 a. Obtain Thevenin’s equivalent network for Fig.Q3(a).
oun—
4o ;
20 O'v 30-.9-"

60jn—
(08 Marks)
(06 Marks)

Fig.Q3(a)

b. State and_ prove Millman’s theorem.
c. For the circuit shown in Fig.Q3(c), find the voltage Vx and verify reciprocity theorem.

Fig.Q3(c) . (06 Marks)
OR
a. State and prove .maximum power transfer theorem for AC circuits (when Ry and X are
varying) - i (10 Marks)
b. Find ‘V’ in the circuit shown in Fig.Q4(b) using super position theorem.
' o ] 60V

&A.

Fig.Q4(b) o (10 Marks)

Module-3 |
5 a What is the significance of initial conditions? Write a note on initial and final conditions for
' (05 Marks)

basic circuit elements. 3. |
Fig.Q5(b) switch °§’ is changed from A to Batt= 0 having already
a .

b. In the network shown in
gl el and

established a steady state in position A shown that at 2R +R, R,

i3=0. 3

Fig.Q5(b) (10 Marks)
¢ In the network of Fig.Q5(c) switch ‘S’ is closed at t = 0 with zero initial current in the
inductor. Find 1 -d—l and —q—.,l att=0"if R=10Q,L= | Hand V=10 Volts.
| " dt dt’
S R
L

V

Fig.Q5(c) (05 Marks)
2 of 4
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_ OR
6 a. Obtain Laplace transform of

(i)  Step function

(i) Ramp function -

(iii) Impulse function L« (10 Marks)
b. Find the Laplace transform of the waveform showr in Fig.Q6(b).

£(€)

T - b
Fig.Q6(b) (10 Marks)
T | Module-4
7 & BPfrive the relation betweeit bandwidth and quality fictor B.W = fy/Q. (10 Marks)

- Show that the value of'capacitance for max voltage across the capacitor in case of capacitor
T h

9 ¢+

R:AX?
. @
K. .

tuning series resonance is given by C =

-."-'_L::r.“-‘ﬁ: : \
i e
FigQ7(b) = . (10 Marks)
OR."
y' a. Derive for fy for parallel resonance ¢ircuit when the resistance of the capacitance is
considered. t=y o™

i .‘ T ﬂr_-ﬂ—[{__'a_“’r'__

E:."'

o & rV vollz

=,

" i ~ “Fig.Q8(a) (10 Marks)
VFind the valuetof L for which the circuit in Fig.Q8(b) resonates at @ = 5000 rad/sec.

‘f_h——

Fig.Q&(b) (10 Marks)

3of4
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17EC35
Module-5
9 a. Derive the expression of Z parameters in terms of Y parameters. (10 Marks)
b. Determine Y and Z parameters for the network shown in Fig.Q9(b).
[
Y 2V 1
V) Vor
-
o % ! —O
Fig.QI(b) (a0ars)
i OR (10 Marks)

[ i ' i CD hparameters.
. Derive the expression of h parameters in terms of ABC s -
0 g. Find ABCD clz)nstants. and show that AD — BC =1 for the network shown in Fig.Q10(b)

I T2
2.

| 0ng. | Jeon f
vt WHr e

i —]—' - 1606
b—""10 |
| - Fig'”Ql{}(b) (10 Marks)
¥+ ¥ ¥ ¥ *
4014

4
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/ ADICHUNCHANAGIRI UNIVERSITY
18EC35

Third Semester BE Degree Examination November 2020
(CBCS Scheme)
Time: 3 Hours ; Max Marks: 100 marks

Sub: Network Analysis
Q P Code: 62305

Instructions: 1. Answer five full questions. G, s
. Choose one full question from each module.
3. Your answer should be specific to the questions asked.

3
4. write the same question numbers as they appear in this question paper.
5. Write Legibly

~J

T
>
ing,

Module -1
] P

@ Find the currents i1, iy, i3 and is using mesh analysis for the circuit shown in figure Q1(a). 07 marks

a/"

an | gy
o

A | S
111“

o

0
A\
+
0
:l
AA
[+ =
P

< <7
-3

Flg, Ql(a)
b Reduce the network shown In. ﬁgure Ql(b) to a single voltage source in series with a 07 marks
resistance between terminals A and B.

:""1_;__ *
, &
5 Fig, Q1(b)
¢, Determine Rap in the network shown in f'gure Ql(c). 06 marks

. A 0—-——_‘“"1_ i
72 3 j

" Pas Ga? 18

' -'-"- L

.
é G

Fig, Ql(c)
PTO

1|Page
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4

Or
source (o the circuit shown in figure 10 fiigey
2 o Detériing ihe power supplied by the 20V voltage source (o the ¢ ma;&‘
Q2(a) using nodal analysis.
Fig, Q2(a) o,
— n s 2 . P K2 arks
b Distinguish between the following with suitable examples %, 10 mark
1) Linear and non-linear elements.
i) Dependent and independent sources.
iii) Supernode and supermesh, 4
iv) Ideal and practical current sources, :
V) Unilateral and bilateral elements, L
Module -2 - N
?::9,@‘-.:?”'":3. '
3 a State and prove Thevenin’s theorem, "*'-',ﬁ_:_“ 4 10 marks
b Using superposition theorem, obtain the responsg--l--fgg;ihe network shown in figure 10 marks
QB(b) £, -1:?"‘"’::5
—O0
31136°
->T
WW-HI—-J
; .’ (\ UL | =jla
b 'i: []
4oy fan Bapd s
. 7 Fig. Q3(b)
: f Or
4 a State and pro;c maximum power transfer theorem for an AC circuit with an impedance as 10 marks
the load with variable Ry, and fixed load reactance.
b "FAorrfhc circuit shown in figure Q4(b), find Thevenin’s equivalent circuit across the terminals 10 marks
/{fb -
: 20 5\
o
o l
1o
(o
v 1

Fig. Q4(b)

SRR

TS “2|Page
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Module - 3

a The network shown in figure Q5(a), has two independent node pairs. Switch K is opened at 10 marks

t=0, find the following quantities at t=0".
) Vi i) V2 fidVi/dt iv)dVa/de ) divdt

i Fig. Q5(a) :
b In the network shown in figure Q5(b), K is changed from position 1 to 2 at t=0. Solve fori, 10 marks

B ;5 : di/dt and d%i/d? at t=0"".
B

11 20Q

i K
20V = 2
- t=0 -

“H I(t)’DT* 1pF

Fig. Q5(b)
Or
06 marks
Fig. Q6(a)
b Find the Laplace trané’ﬁiy_;nzfof )8t it i) e™ 06 marks
08 marks

¢ Find initial and.final value theorem for the function given below.
F(s)=(s+75243) &(s™+3s7+4s5+2)

Module — 4
her of R;=1.3Q and L,=15mH and two 10 marks

7 a '_.I_:\\{_ouih'bq_ils one of Ri=0.51€2, Li=32mH, the ot
th a resistance of 0.24€2. Determine the

'-"' aﬁ%@éifﬁrs of 25puF and 62pF are all in series Wi
. following of this circuit.

. i) Resonance frequency ii) Q of each coil iii) Q of the circuit
iv)Cut-off frequencies v) Power dissipated of resonance if E=10V.
b In a two RL-RC parallel resonant circuit L=0.4H and C=40uF, obtain resonant frequency 10 marks
for the following values of RL and Rc.
DR=120Q,Rc=80Q i) Ri=Re =80Q2 iii) Ri=80 Q, Rc =0 Q
iv) Ri=Rc =100 Q v) RL=Rc=120Q
PTO
i it e S T e B SR —— SRR e —_—— - . - 3 | Page
‘A
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b

[+~]

Or
A RLC series circuit consists of 50 Q resistance, 0.21 inductance and 10pF capacitance with 10 marks
an applicd voltage of 20V. Determine i) Resonant frequency i) Q factor iii) Lower and
upper frequency limits  iv) Bandwidth.
Define the following terms with reference to resonant circuit 04 marks
i) Resonance i) Q-factor i) Half-power frequency  iv) Sclectivity

Derive the expression for resonant frequency of a parallel resonant circuit with lossless 06 marks
capacitor in parallel with a coil of resistance R and inductance L.

Module -5 Y,
-1{}"”».:); o
Define Y parameters. Determine the Y parameters for the network shown in figure Q9f#).", 08 marks
—'"'l 2Q e (”"a‘:.
+0 1 12 -1—"-'_°+ - { {:’13 v
gaﬁﬁhf
%'}”f?.-}
Vi 2Q 2Q 3l Vs ,,{-‘4’(/"?;. %
[+ — . ‘?/*;A-'s
Fig. Q9(a) _ e
The Z parameters of a two port network are Z11=20€2, Z]gil,{?k‘i{f’-@gFIOQ and Z2=10Q. 06 marks
Find its Y and ABCD parameters. {'-'{,_ %,
o o
Define h-parameters. Represent h-parameters in terglsa.gf‘ikBCD parameters. 06 marks
4%

P
Or 7 s

Define transmission parameters and Z parameters. Fxpress transmission parameters in terms 10 marks
of impedance parameters. oy, G

%

o &

:u,:.":

Find the h parameters of the network shSwn in figure Q10(b). Also draw its equivalent 10 marks
circuit. e 5
wRkKK*

N

g "ETﬁ_a_g—e
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ADICHUNCHANAGIRI UNIVERSITY
IRECIS
Third Semester BE Degree Examination January 2020
(CBCS Scheme)
Time: 3 Hours Max Marks: 100 Marks
Sub: Network Analysis

Instructions: 1. Answer five full questions
2. Choose one full question from each module
3. Your answer should be specific to the questions asked
4. Write the same question numbers as they appear in this question paper
5. Write Legibly.

Module -1

| a. Derive expressions for i) Star to Delta conversion (10 marks)
if) Delta to Star conversion

b. Write the mesh equation for the circuit shown below and determine mesh currents using
mesh analysis. (10 marks)

OR
2 a. Explain the classification of Networks. (10 marks)

b. For the network shown below, find the node voltages V4 and V.. (10 marks)

Module -2

3 a. State and prove Maximum power transfer theorem for AC circuits. (10 marks)

Scanned with CamScanner
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(10 marks)

4 a. State and prove Millman’s Theorem. (10 marks)

twork shown below.

b. Find the voltage Vy and verify the reciprocity theorem for the ne
(10 marks)

Module -3

5 a. Write a note on initial conditions in basic circuit elements. (10 marks)

b. In the network shown below, a steady state is reached with the switch K open. At t =0, the
switch is closed. For the element values given, determine the values of V4(0") and Va(09).
(10 marks)

OR

6 a. State and prove i) Initial value theorem and ii) Final value theorem (10 marks)
. ark
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b. Find the Laplace transform of the fallowing: i) Sin’t and ii) Cos’t (10 marks)

Module -4

metric mean of

7 a. Show that resonant frequency of series resonance circuit is equal to the geo
(10 marks)

two half power frequencies.

=1 mH and C = 10 pF, calculate Q-factor, bandwidth,

b. A series RLC circuithasR=4Q, L
(10 marks)

resonant frequency and the half power frequencies fi and f2.

OR
8 a. Derive the expression for resonant frequency for parallel circuit containing resistance in both
the branches. (10 marks
b. Find the value of R, such that the circuit given below is resonant. (10 marks)
Module -5
9 a. Define Y parameters and derive Y parameters in terms of h parameters. (10 marks)
b. Find Z parameters for the circuit shown below. (10 marks)
OR
of y parameters. (10 ma'rks)

10 a. Define Z parameters and derive Z parameters in terms

‘Seafined vilth Ca

TR L

it (R T hgah st

mScanner



b. Determine Y parameters for the circuit shown below.

(10 marks)
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