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1.1 Mechan'i_sm of Ele‘ct:r'i_ca.l‘ Energy
Flow through the Conductor and
the Ohm’s Law
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® = Ag’ion, immobile, larger in size

* = Free electron

e The four best conductors are
Ag+ i Cu+2 Au+2 Al+3
le 2¢ 2 3¢

o Silver is the best conductor because mobility
of the free electron in a silver conductor is
several times to that of other conductors, so
its conductivity is very high ie. the
conductivity of any material is mainly a
function of free electrons mobility within that
material.

¢ Generally in any conductor, there are 10 to
10 atoms/unit volume (i.e. unit cell) and
hence, there are 10 to 10" free
electrons/unit volume in a silver conductor
re. every conductor is very rich in free
electrons.

Basic Concepts

Georg Simon Ohm
(1789 - 1854)

Whenever generators are - connected to the
transmission lines (basically conductors),
electrical energy will be launched axially,
which results in axial electric field
(a perpendicular magnetic field) and hence,
axial current density along the length of the
conductor. B

An electric dipole

When a conductor is subjected to an axial
electric field, the force exerted by the field on
each free electron is given by
F=Ee (N)
e=-16%x10"C
Since ‘e’ 1s negative, the direction of force is
in the direction opposite to that of ‘E’ and
hence, there exists a net electron motion (i.e.
charge motion) in the direction opposite to
that of ‘E’.
The amount of charge flowing is given by
q=ne C
iLe.  q(t)=n(t)e C
n = The number of free electrons crossing a
reference cross section area ‘S’, a variable
quantity due to large number of free electrons
within the conductor (so called random
variable)
The time rate of flow of these electric charges
(i.e. free electrons) is nothing but the electric
current 1.e.

d
_dq

1:___

t

Georg Simon Ohm found that there is a direct proportionality between the potential difference (voltage) applied

across a conductor and the resuliant electric current. This relationship is known as Ohm's law.



Electrical Circuits

Since ‘q’ is negative, the current direction is
opposite to that of charge motion (i.e. free
electrons motion) i.e. in the direction of ‘E’.

o The current per unit cross section area is
nothing but the current density resulted
within  the conductor i.e.

=1y )

Since ‘S’ is a scalar, the direction of ‘J’ is in
the direction of ‘i’ 1.e. in the direction of ‘E’.

F=E-e(N)
q = ne(C)
dq
=—Z(A
i =—(4)
1A )
s \V/m?
Observation:

e METoM=2nl=ad=2iT=21
linearly :

e AsE=0=2F=0=2n=0=q=0=2i=0=
I=0.
1.e., all the free electrons are at rest.

Definition of Ohm’s Law:

According to Ohm, there exists a linear relation
between the applied electric field (E) and the
resulted current density (J) by

J o< E?=GE—> Basic Ohm’s law in Field
theory form

o = Conductivity of the material i.e. conductor.
J - E Characteristics I

J=0E
Slo = J o}
E U/m
-E 0 E
o
-]

Limitation:

Ohm’s law i.e a linear J-E relation is valid only
when the proportionality constant ¢ is kept
constant 1.e temperature is kept constant.

Example: 1.1

What happens to the conductivity ¢ of all the
conductors, if the temperature increases beyond
room temperature?

Sel: When the temperature increases from room
temperature  (i.e. 27% or 300°k), free
electrons will acquire extra thermal energy
at higher temperatures, which results
increase in collisions among the free
electrons and hence, net free electron

mobility (i.e. carrier mobility) falls, so

conductivity decreases.

Example: 1.2
Why voltage drop occurs in any practical
conductor whenever it carries electrical energy?

Sol: As ‘E’ increases, there exists an increase in
collisions between the free electrons and
immobile positive ions (larger in size),
which results fall in the drift velocity (v4 =
UE m/s, p = average mobility of free
electrons inm%V-S, E=external electric
field in V/m) and hence loss in kinetic

energy (K-E = —;—mvd2 (), m=9.11 x 10°"

kg), this loss in energy will be dissipated in
the form of heat energy, which results in
voltage drop across the conductor.

Example: 1.3

The charge delivered by a constant voltage source
is shown. Determine the current supplied by the
sourceata)t=1sec b)t=3sec
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q(mC) Observation
nly o AsE=0 = p =0 (since all the electrons are
ept L at rest)
10 =Vi=0=>KE=0=P=0Wm’
3 e or -
Sol: o AsE=0=J=0=P=]E=0W/m
the ) , So, when no energy flow through the
nd q(mC) .10 conductor = no voltage drop across the
conductor
10 , -
om A 5 € 5.0
ree ! >
0,0
8y o0 2 S t(seo)
ilts :
‘ee H
on S mA -
S0 : - E
: °_‘L—‘——"VVV\/—°
O | ‘ : > + vV -
aama) DL H Pt e
val ; C
+ \4
g
in dt v i
nd 10 : » Since E=— andJ= —,as /" and ‘S are
5 Slopeof AB= — =5mA  [t=1 to 2sec] L N
Z 2 scalars, the drop polarities are same as electric
N Slope of BC = 10-0 3 33mAft field ‘E’ polarities ar}d t‘he current direction is
i 2-5 same as current density ‘J” direction.
i =2toSsec]
1 Conclusion
3 o Amount of power dissipated within the | Whenever a conductor is carrying electrical
_ conductor energy, currents through all the three passive
In P=1E (A/m’ Vim) lumped R, L, C will always‘ flow _form Posit.ive
0 AV (tve) to Negative (-ve) terminals (i.e. from High
P=cE. E —- level to Low level).
m
T2 3
P=cE Wm Historical
© o . s Actuallym, th iti by immobil
P = Power density i.e. power dissipated per . glym the _opposttion (by immo e
€ . . oy positive ions) for electrical energy flow (i.e.
unit volume (unit cube) within the conductor : :
: free electron motion) through the conductor 1s
due to resistance effect of the conductor. continuous or distributive in nature. but
Due to this effect, the conductor gets heated : : o
practically, we can approximate this single
up. distributive opposition into three lumped
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Electrical Circuits

oppositions called resistance (R), inductance
(L) and capacitance (C) for lower frequencies
(1.e. up to IMHz).

» Magnitudes of these lumped R, L, C are
function of length (1), crosssection area (S)
and conductivity (o) of the conductor.

» Interconnection of these lumped elements
(R, L, C) is nothing but a lumped electric
circuit. Network theory is used to analyse
only these lumped electric circuits at lower
frequencies (i.. up to IMHz).

o At higher frequencies (i.c. above IMHz), we
cannot approximate distributive elements into
lumped elements and hence, no lumped
electric circuit, so no Network theory. Here,

Field theory approach is used d1rect1y on

distributive conductors.

» Field theory approach of solving distributive
electric networks 1is
frequencies starting from zero (i.e. 0 Hz =
D-C).

1.1.1 Getting Started:

There are two Scenarios we will encounter in
Network theory

Scenariol: In the presence of Active Sources

In the presence of sources, all the three passive -

lumped R, L C will always absorb energy.
Whenever they are absorbing energy, currents
through them will always flow from Positive
(+ve) to Negative (-ve) terminals (i.e. from High
level to Low level).

ScenarioZ: In the absence of Active Sources

In the absence of sources, stored energy in the
memory elements (L and C) will be delivered to
the memoryless resistances. Whenever L and C
elements are delivering energy, currents through
them will always flow from Negative (-ve) to
Positive (+ve) terminals (i.e. from Low level to
High level). As the resistor always absorbs
energy, current through it will always flow from
Positive (+ve) to Negative (-ve) terminals.

valid for all the

Example: 1.4
What is the basic difference between Network
and Circuit?

Sol: Circuit = Loop or Mesh i.e. a closed path.
Interconnection of circuits is nothing but a
network.

Eg: Network is like a building, where as the
circuits are like rooms in a building.

: ’1 2 Passnve Lumped R L,C-
| Ek ments and Ohm S Law

1.2.1 Resistance (R)
-Since J = oE 1 ;
i v Ty
50T * 3R
_ . o
V= ——]
oS
— Ohm’s law in Circuit theory
form
where R = —Z—= Ohm = Q = Resistance
oS

parameter of the conductor.

Limitation ,

e Ohm’s law i.e. a linear voltage and current
relation is valid only when the
proportionality constant ‘R’ is kept constant
1. the temperature is kept constant.

o As temperature increases = / T,sT,
= almost constant, 64 so RT.
e Ri=Rp(1+0at)

Where, 0.= temperature coefficient in/ ’c,
positive for all the conductors.
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its - -
t=temperature in %. For R:
ork So, t T = R, T forall the conductors. P=vi =R
R=— =g- ' - ™
65 RS O-m? = [P =i’R| (W) = Instantaneous power.
ith. (O — i\l Ol
ta =(Q-m)" =Q 'm = O/mor S/m. i.c., p(t) = £(6) R (W)
o  Resistivity or Specific resistance = p P=VI=V. v
the ) R
1 RS Q-m
o T T B v
Since V = Ri b P= ® (W) = Instantaneous power.
= R s
: e pty= —2 (W
i=Gv| -3 form of Ohm’s law | Le. p(t) R W)
whereG=%=mho=U W=Ipdt(J) 
= Conductance parameter of the ~ * W= [i’R dt
conductor. S B J. : 0
Since 1= i—? _ _ V2
‘ ' and |W = | —dt
Ja@
“RY 4" form of Obm's 1
ry VER ST orm oThm $1aW - ) y.j Characteristics
Electric power (P) | . o V' Slope=R=1Q
e
P= d—“i = fl_“ifdﬂ v=Ri
dt dq dt
1 =Y |l avi... r=2o1g
(W) = Instantaneous power. i v : 1V2A
y | | D AT
e i.e. p(t)=v(t) . i(t) (W) A )/ ,
v Flectrical (W) RV
ectrical ener _ v
gy sz%/\_:m: Y |y
Since =P = dW =P dt R="2Y _y g -nnnne -2V
dt -2A
W= j Pdt] (J) , .
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1" Quadrant
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Observation _

So from the characteristics, resistor is a linear,
passive, bilateral and time-invariant in v - i plane
(these are possible only at a constant temperature,
where length (/),crosssection area (S) and
conductivity (o) are kept constant i.e. ‘R’ is kept
constant).

1.2.2 Inductance (L)

When a conductor is wound like a spring,
then it is said to be a coil. The coil will
exhibit ideally inductance (L) and practically
some leakage resistance (R), which 1is
modelled in series with the inductance.

When a time varying current is flowing
through the coil, a time varying magnetic
flux will be produced (by Faraday’s law).
The total flux produced is

y=No (Wb)

Where, N = the number of turns
¢ = flux per turn

ie., ¥ (t)=N.¢(t) (Wb) -
This total flux produced is proportional to the

current flowing through the coil

Leyeci=y=Li
Where, L = Inductance parameter of the coil.

The voltage drop across the coil is

V= gd\i_j | By Faraday’s law.

d. .
v=—I(Li}) ..
dt( )
V=L$V
dt
o1
di= —vdt
L
t
. | | .
< | | >
Pleel 0 o0
1 t
i=—jvth
L—oc
) di
=vi1 =L—.1
P it

p= Li% (W) = Instantaneous power.
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pring, W= [pdt( 1.2.3. Capacitance (C)
| wil [pa :
ically [ di d —
= — . _4q
hois v -[L{dt]dt 9 = A ¥ 1i
d _d(1l,. o +
wing p= Lla = a(—z—hz] qoev v vIEC g
metic q=Cv
law). Since W= [pat () )
Where, e
w=| e .
dt{ 2 C = Capacitance parameter of the conductor.
_ 1 ) d
W 2L1 ) i = E{(CV)
= Instantaneous energy dv A
_ 1=C—
o the = Total energy. dt
.e., the energy stored in an inductor at an 1 1,
6o 106 ChCTBY ny dv=—idt =|v=—[idt|V
instant will depend on the current flowing C C*
coil. through the inductor at that iqstant. This is p=v.i
the total energy stored by the inductor from dv
infinite past (- o) to the present time ‘t’. = V-CE

W - i Characteristic

y=Li
)
L=Yy
1 L
— 1 0 i
L
-y
Observation

So from the characteristics, inductor is a linear,
passive, bilateral and time-invariant in - 1 plane
(these are possibie only at a constant temperature,
where length (I), crosssection area (S) and
conductivity (o) are kept constant i.e. ‘L’ is kept
constant).

p= CV((ii—: (W) = Instantaneous power.

W= [pdt()

[ dv
w=| CV( E]dt )

Since W= [pdt (J)
w=1cvg
2

W= Instantaneous energy = Total energy.
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Observation

So from the characteristics, capacitor is a linear,
passive, bilateral and time-invariant in q — v plane
(these arc possible oniy at a constant temperature,
where length (/), cross section area (S) and
conductivity (o) are kept constant i.e. ‘C’ is kept
constant}

1.2.4 Relation between voltage and current in
L ans C elements

V=V, +v,

So, the relation between voltage and current in an
inductor is linear and hence

v=L—|— 5" form of Ohm’s law

Similarly

i :% J vdt] — 6" f01‘1ﬁ of Ohm’s law

1, =C— 1, ¢V,

. d o
1=Cat—(v1+v_2) 1, +1, & v, +v,

So, the relation between voltage and current in a
capacitor is linear and hence

i=cdv) o

form of Ohm’s law
dt

Similarly

t
\ :% Jidt — 8™ form of Ohm’s law

—co

Another Method:
2=7x=RQ I
=Zr=joL Q o—p— Z +—0
1
ZC'—"—‘—Q + V-
joC

e In a.c. domain, Ohm’s law can be vritten as

Vo]
\Y%
V=71 .
_I_‘L__O 1
Z
-V
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e SoVel, provided ‘Z’ is kept constant.

RV, =Z,1,|Z, =RQ

Vi
ZR=RQ
_IR 0 IR
ZR=RQ
-V

So Vg o Iz only when ‘R’ is kept constant
1.e. temperature is constant.

LV, =Z L|Z, =joLQ

VL
Z;=jeL Q
-1 0 I
Z1=joL Q
-V

So Vi o I only when ‘L’ is kept constant
1e. temperature is constant and also at a
constant source frequency ‘®’, where Z; is

constant.
C: V=21 Zc= Lo
* C c-C C J(DC
Ve
1
Zo=—8
¢ joC
—‘IC 0 Ic
z.- L
joC
- Ve

So V¢ o« ¢ only when ‘C’ is kept constant
ie. temperature is constant and also at a
constant source frequency ‘®’, where Z¢ is
constant.

1.2.5 Relation between Network theory and
Flectromagnetic theory

WL:%Li"' J) &

» 1 ]
i< ! Hdl|W, = “HZ(FJ

= Energy density i.e. energy stored per unit
volume (unit cube) in magnetic field
within the conductor due to the

inductance effect of the conductor.

W, :%(:v2 &

v= IE.dl]WEzéeEz(éj
t

= Energy density i.e. energy stored per unit
volume (unit cube) in electric field
within the conductor due to the
capacitance effect of the conductor.

Observation

So, due to resistance, inductance and capacitance
effects of the conductor, energy loss will occur in
the conductor i.e. only pait of the transmitted
source energy will be received by the load.

Example: 1.5

When a resistor R is connected to a current
source, it consumes a power of 18W. When the
same R is connected to a voltage source having
same magnitude as the current source, the power
absorbed by R is 4.5W. The magnitude of the
current source & value of R are

S Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune {Chennaq




There are ten types of elements (i.e. five pairs) as -
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“R=18W =45

(R4.5)R=18W

o1
45

R:‘fﬂzﬂl
45

18

I

2
X" %2

X¥=9=x=3

1.3 Types of Elements

follows

1. Linear and Non-linear

2. Active and Passive

3. Bilateral and Unilateral

4. Distributed and Lumped

5. Time invariant and Time varying

Definitions

A two terminal element is said to be linear if
for all time ‘t’, its characteristics is a straight
line through the origin, otherwise it is said to
be nonlinear.

An element is said to be active if it delivers a
net amount of energy to the outside world,
otherwise it is said to be passive.

An element is said to be bilateral if it offers
same impedance for the different directions of
same current flow, otherwise it is said to be
unilateral.

(-v) L]

-/

z="=Tq -v

=1 1

Fig. A bilateral element characteristic

{7}

+ v -

@i, v)

O Z < 0

-V+
(i)

In other words, for a bilateral element, if (i, v)
is on the characteristic then (-1, ~v) must also
be on the characteristic, then only same
voltage for the different directions of same
current flow and hence same impedance i.e.,
for a Bilateral element, symmetry w.r.t origin
exists.

An element is said to be time invariant if for
all time ‘t’, its characteristics do not change
with time, otherwise it is said to be time
varying. v oooh

-1

;tz

ty

fy

-v
Fig. A time varying element characteristics
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Observation
The above characteristics also represent a linear,
passive and bilateral element.

Note: The resistors, inductors and capacitors are
said to be passive if and only if R >0, L > 0 and
C 2 0 (ie. nonnegative slope of the v-i
characteristics), otherwise they are said to be
active i.e. R <0, L <0 and C <0 (1.e. negative
slope of the v-1 characteristics).

Sources are classified as shown below

SOURCES
|
v
Independent Depfndent
v ! v !

o~

Ideal Practical Ideal Practical

1.4.1 Independent sources

1.4.1.1 Ideal Voltage Source

Q=== 1 vV
+ 12! 7
g+ Vg
w® v
_ 1
N VPP | 0

Note:

» Energy delivery i.e. current delivery in any
source is always from the positive terminal
‘i.e. current flows from negative to positive
terminals.

o For the flow of current (i.e. free electron
motion) always closed path is necessary.

[ VCvS VCCS CCVS CCCS

e, V=Vgforall ‘I’

Property:
In an ideal voltage source, load voltage is
independent of the load current drawn.

Note: Inherently all the sources are nonlinear in
nature, since their voltage and current relation is
non-linear. They are basically active and
unilateral elements. D.C means time invariant and
a.c means time varying elements.

1.4.1.2 Practical Voltage Source

R, 1
—W—>0------ '
+IR~ + ?,I
-t +
CORERPER.
e ;
\
ideal
VS AN
practical
0 I

ByKVL = V,~IR,-V =0

S

Property

In a practical voltage source, load voltage is a
function of load current drawn.

Observation

When I = 0A, then

Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada ; Visakhapamam | Tirupat | Pune |Chennai
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+ 0V - +
+ VS I = 0 RS \Y%
VS _ V = Vg =
+0V -
I
Conclusion

When current through any passive element is
zero, then the two end voltages are equal and vice
versa.

1.4.1.3 Ideal Current Source

el
<

L_,.,A___o..__..-.'
Le., I=Igforall ‘V’.

Property
In an ifsal current source, load current is
independent of load voltage.

1.4.1.4. Practical Current Seurce

I ideal
| practical
0 Vv

Electrical Circuits

ByKCL:>—Is+%+I=O

S

::> I=IS__V_
RS

Property

In a practical current source, load current is a
function of load voltage.

Observation

When V=0V, then|[ = I,

= V=0V

Conclusion

Hence, current always chooses a minimum
resistance path.

i.e. minimum resistance = max current flows
zero resistance = total current flows

1.4.2 Dependent or Controlled Sources

L 3 L 4 . ®

+ e
W QU ARG & K4112 KT
é > ,, Db
VCVS  VCCS  ¢ccvs  cces ' CCvs et
Linear controlled sources (with Non-linear
respect to the controlled controlled
variable, not with respect to the source

voltage and current relation)

o  With respect to controlled variable oﬂly, the

dependent source are said to be linear, active
and bilateral. The presence of these elements
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:13: Basic Concepts

makes the network a linear, an active and a
bilateral.

»  Controlled sources are said to be sources i.e.
active elements in the presence of at least one
independent source, then only controlled
variables are non zero and hence their
magnitudes are non zero.

| 1.5 Kirchhoft mw?]

There are two laws proposed by Kirchhoff
KCL:

There are two types of nodes in network theory
a. Simple Node: It is an inter connection of
only two branches.

It 1s always defined at a node. -

b. Principle Node: It is an inter connection of

at least three branches.

Definition

“In a lumped electric circuit, for any of its nodes
and at any time ‘t’, the algebraic sum of branch -

currents leaving the node is zéro”

N\ k

i

By KCL = Y, Leaving currents = 0
=S-I-htiitigtis=0
= I th=lit+i+is
1.e., sum of entering currents is equal to sum
of leaving currents.
Since

dq  dq

da, _dg, , dq, , da
ddt dt dt dt dt

: . d .
At a given time ‘C, m is same for all

branches

ST Q=@tqtgs
i.e., sum of entering charges is equal to sum of
leaving charges.

Properties

1. KCL applies to any lumped electric circuit, it
does not matter whether the elements are
linear, non-linear, active, passive, time
varying, time-invariant etc. ie. KCL is

~ independent of the nature of the elements

connected to the node.
Ex:

[o]

§R

@

9
i(t) = I, cos ot

o

Here, R, L, C are linear, passive, bilateral,
time-invariant elements and i(t) is a non-
linear, active, unilateral, time varying
element.

2. Since there is no accumulation of charge at
any node, KCL expresses conservation of
charge at each and every node in a lumped
electric circuit.

KVL: It 1s always defined in a loop or mesh
1.e. in a closed path.

Definition

“In a lumped electric circuit, for any of its loops
and at any time ‘t’, the algebraic sum of branch
voltages around the loop is zero”
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:14: Electrical Circuits
that too at a constant temperature (where
I R L Ohm’s law is valid).
PRV 2. Nodal and Mesh procedures are independent
R L= - :
/v\/ + vl | ZemRG of each other, since KCL and KVL are
LY VWV "G Zi=jeld independent of each other.
- -4 Ze= _I_Q 3. Obm’s law is a function of nature of the
joC elements (eight different forms of Ohm’s
law), where as Kirchhoff’s laws are
ByKVL = ¥ Branch voltages =0 independent of nature of the elements.
4. Ohm’s law is defined across an element, that
= V-Vp-VL-Vc=0 element can be lumped (R, L, C) or
distributed (J = o E), whereas Kirchhoff’s
= | V=Vr+ VL +V¢ laws are defined to only for lumped electric
circuits (one is at a node and another is in a
W d loop or mesh).
Since V =— and 1=— in series current is 5. Ohm’s law is not applicable for active
q _ elements like Sources (Generators), since the
same and hence charge flow is same through voltage and current relation is non-linear. It
all the elements. is applicable only for linear passive elements
E _ W n Wy n We like R, L, C, where the voltage and current
q q9 9q q relation is linear.
W=Wg+ W+ We 1.6.1 Nodal Analysis
Properties Vi
1. KVL is independent of nature of the elements 1
(linear, non-linear, active, passive etc.)
present in a loop. + ' MU
_ . i(t) D Vi gRI L <V,
2. KVL expresses conservation of energy in - =
every loop of a lumped electric circuit. R;
ﬂ 1.6 Nodal and Mesh Analysis Tefchniquesﬁ] T 3
o KCL+ Ohm’s Law = Nodal Analysis Steps:
. 1. Identify number of nodes.
o KVL+Ohm’s Law = Mesh Analysis .
2. Assign node voltages w.r.t. the ground node,
Conclusions whose voltage is always equal to zero.
1. The above techniques are network solving 3. Byusing KCL first and Ohm’s law next,
procedures, valid only for lumped electric write the nodal equations.
circuits (where KCL and KVL are valid) and
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15y . Basic Concepts
(where dv
Node 2: i, = C—< (by Ohm’s law, where current
rendent dt
/L are V2>V flows from + to )
vy >0 ByKVL =v| +v.-v;=0= ve = vy~ vy
of the v, > v{t) | .
Ohm’s S So, i, =C—(v, —Vv,)
A ic+iL+ iy, =0 (ByKCL) © Ta !
t .
nt, that ci(vz—vl)+ljv2-dt+ .= VO | Nodel:
C) or dt L~ R, +R; : v, >0
1hoff’s Cen [vl >v2)
lectric _ B
i5na (by Ohm’s law) — @ Nodal = - i(t) +%+C§;(v, ~v,)=0 —Q
active Voo Iy, ,
e the °—>—R- (by KCL and Ohm’s law simultaneously)
+ Ry 1y, ~
ear. It o
*ments v, o C v,
surrent K or——]] o
+ + ! - +
. + ve
Ryl 2R vy %)
: ~ _
oV ov T TOV
ByKVL=v, - Rz'iR2 — V('[) - R iRz =0
. d
R0 . v, —v(t) 1, = CL(by Ohm’s law, where current
= iR2 = 2 A dt
R, +R, flows from + to —)
& c ByKVL=v,-v.- =02 vc=v,-v,
Vi ic V) d
] l———<~@ So, 1, =C—lv, -
N N ) c a ( 1 Vz)
Vi V2 Example: 1.6
node, ov T TOV _What s the value of i;?
8 Q2 ‘m m
N
S/ -
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Electrical Circuits

Apply KCL at Node 1

Vl—V“ri2+(—i2)—4—9+i3
—i3+V‘_V2+V‘_V2=0
12
13 :
W)=
s V-V, =48 - (1)
=V T8
8 8
1.6.2 Mesh Analysis
i] C R2
—> I ~AWY
1T PR
i(t) o= VR, é
N +5- v(H
i(0 i1> §R1 lz> L§VL ‘3>
—_ -1+ -1+ +
I Ve, 2Ry
|
@ 0 ©

Steps:
1. Identify number of Meshes.

2. Assign mesh currents in the clockwise
direction.

3. By using KVL first and Ohm’s law next write
the mesh equations.

Mesh 3: (i3 7 i2]

13 > 1

Note: In a single branch, the branch current is
equal to the mesh current and in a common
branch, the branch current is equal to the
difference of mesh currents.

VR,
@
o OGN
VL F
e VR]
w.r.t. Mesh ©
Ve, =R, 1
Vg, =Ry,

d . .
vL=I,dZ(13—12)
~Vi- Vg, ~V(O- Vi, =0 (byKVL)
~-L ad; (i, -1,)~R, i, ~ v(t) -R; -1, =0

(by Ohm’s law) — @

i, >1,
Mesh2: | © .
i, > 1,

d, .
VL =LE(12 _13)

Ve, =Ry(ia - 11)

w.r.t. Mesh @

=V ~Ve-Vi=0

_ACE Enginecring Acaderny” * -
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(by KVL)

A S d . .
—-Rl-(lz—l[)—a:[olz : dt—La (1,-1,)=0
(by Obm’slaw) —@

1, >1

Mesh 1: (,1 .2)
1 >1,
+
w.r.t. Mesh ©
VR, =R, (1, -1,)

ByKVL= V; -V; =0= 10=0

So, 1 = i(t) = (3) (as both currents are in the |

same direction)

Proof:
ByKCL=-1(t)+1,=0

= 11=1(t) - (3)
Example: 1.7

Find the current in the 3-Q resistor.

IV T

Sol: Meshes | and 3 will form a Shpermesh.
Writing current equ “tion for supermesh,

11—13 =7
Applying KVL to the other path of the

supermesh,
7-1(I; =) -3 - L)1 =0
~Li+4L-4=-7 ...
Applying KVL to Mesh 2,
o (-1)2L3(L - ) =0
[,-6l,+31;=0

)

Solving equations (1), (ii) and (iii)
I[[=9A
Iz =25A
L=2A
Current through the 3-Q resisior =1, — I
=2.5-2
=0.5A

Ul.? Equivalent Circuits w.r.t Passive R, L, C;a]

o Two elements are said to be i series only
when currents through the elements are same
and two elements are said to be in parallel
only when voltages across the elements are
same.

o Impedances in series and admittances in
parallel we can add. '

I I
Z[ A4 Z2 e
+Vl_ +V2- _
ra
Zeg
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I=7x=RQ=7Z;=joL Q V- :
R :LJU; C V1=VC2 V2:VC1
—Z = Q C, +C, C, +C,
joC I I
Leg=11t 1y . R T * .
R:Req:Rl+R2 \% Z, +V Z tEV_ Zeq \Y
LILeq:L1+L2 r‘ | J **—tl
Z,
C, G G Y=Yt Y2
111,
ifC=C=C | Cy, =% w L L 7 Lt
1 - =—1—+L;ifR1 =R,=R
Req Rl 2
Voltage Division Principle R = R
eq
V=71 (by Ohm’s law) ! 21 ;
Li ——=—t—
:_\/_: v ch LI L2
Z, Z,+Z, c. C.~C o
Vi=Zr1 (by Ohm’s law) e
V.7 Current Division Principle
A= o zl V = ZeqI (by Ohm’s law)
1 2 .
A
V=71 (by Ohm’s law) Ltz

— VZZ
7, +7,

\Z

Check

ByKVL=V-V,-V,=0=| V;+V,=V

R V1=RV'I;‘, \/2=RV'R2
I+ 2 1+R2
VL V.

g VlzL L[’ v, = &
l+ 2 L]+L2

L= %/— (by Ohm’s law)

1

I, = -ZV— (by Ohm’s law)

2

1.2,
Z,+7,

L=

Check
BYKCL—_——>—1+11+12:0
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= h+L=1

_ 'R, LR,
' R,+R,” 7 R,+R,
I-L I-L

L: [ =—2; ] =—"1
L +L, L +L,

: I-C

C: I = LCy N
C, +C, C,+C,

1.7.1 Star (Y) — Delta ( A ) Transformation and
vice versa

Zy

Z

Let A- network be given i.e. Z;, Z, and Z; are
known

7 = Z,-Z;  (Product
Y Z+Z,+2Z, | Total
- Zl'zz . _ Z_Z'Z3

247,47, Z,+2,+7,
Observation
Ile :Zzz Z3 :Z, then ZA:ZB:ZC

_Z
3

So, for the balanced case, A to Y transformation
will reduce the impedance by 3 times.

Let Y - network be given i.e. Z, Zg and Z¢ are
known

Z,-Z
Z, :zA+zB+(LZ—B]

C

Their Productj
= sum4| ——m8M8M—

Remaining

7,2
Z,=Z7y+7 + =5

7.7
Z,=Z.+Z, + —C-—Aj
ZB

Observation _

IfZA= ZB = ZC = Z, then Zl = Zz = Zg =37.

So for the balanced case, Y to A transformation
will increase the impedance by 3 times.

Example: 1.8

Find an equivalent resistance between A and B.
4Q

4.5Q

Q>
A~

7.50
Nl

Sol: Converting the two delta networks formed
by resistors 4.5Q, 3Q and 7.5Q into
equivalent star networks, we have

3Q
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R =R - 45x15 2250 So, a resistor in series with an ideal current
P T 4507543 source can be neglected in the analysis i.e. the pa
75%3 load current is independent of R; value. We 50
, =Ry =——7——=15Q cannot omit this resistor in power calculations,
45+75+3 .9
since 1”-R; # 0. v
4.5%3 ) !
3 =Ry = =090 - : :
4547543 S e
2 o Loy \Y
The simplified network is shown in Figure VGb R /\'l/'? v ,'I\/‘,b' ’
4Q n -
o -1 e
B

Here R, # 0, since
violation of KVL.

So, a resistor in parallel with an ideal voltage
source can be neglected in the analysis i.e. the

30 load voltage is independent of R; value. We
cannot omit this resistor in power calculations,
The network can be simplified as follows : 2
530 s1nce——I #0.
W 1 v e,
A | B | : !
2.25Q W 2.25Q /:/\:” = G. P=i= b:/i/v
6Q2 T -
| : B
..... ] S
2.25Q 2.95Q 2.25Q .o
A B ByKCL= -h+i1=0=[i1=1
A T45Q g E
P _ o
V/ _ (2 V=V, L
R ,p=745Q - T
1.8E uivaieht Circuits w.r.t Active Sources
4 T _ B ByKVL=vi-v,=0=vi=v,
By Kt
0-=""1 0-="=1 So, two 1deal current sources are connected
R, - B . in series only when their magnitudes are
P .b L equal, otherwise violation of KCL, which
h 1) h . oo
; Lol Lo results in the unstability of the system and
o s hence, physical connection is not possible i.e.

Here R # oo, the circuit does not exist. Similarly, for
since violation of KCL.
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parallel connection of two ideal voltage
sources, violation of KVL.

il
(=)
-
<
1}
@
@)

ByKCL=-10+10+1=0=1=0= O-C.

[ 2 souree ot e

It is a simplification technique, which
eliminates extra nodes present in the network
and it is applicable only for practical
sources.

It is impossible to convert an ideal voitage
source into its equivalent current source and
vice versa, since violation of KVL and KCL
(as there is no resistarice in the circuit).

- I=0A %%A oA
ByKVL=10-10-V=0=V=0= R — 0
S.C.. : +QV- +A N %A +

B R I L OREAC
© QoA @ A | b s

The above circuits are equal only w.rt.
performance, but the elements and
connections point of view, they are not equal.
Source transformation is applicable even for
dependent sources, provided the controlled
variable must be outside the branches,
where the source transformation 1s applied 1.
under any circumstances, controlled variable
branch should not be disturbed, otherwise the
controlled source magnitude will effect.
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Example: 1.9

Use source transformation technique to determine
current I;.

Sol: 20Q I
Y Y
2409
— -+
= 101, (% SR
— sov

l.lﬁ'Power Ca‘ic_ulations by |
Tellegen’s Theorem

Definition

o In an arbitrary network, algebraic sum of
powers at any given instant is zero. i.e. the
power delivered by some elements is equal to
the power absorbed by remaining elements
present in the network.

Mathematically,

iv,(i,( =0
K=l

Where b = total number of branches.

¢ When current enters at the —ve terminal of
an element, then that element will deliver

the power, otherwise it will abserb the
power.

Sources can deliver power or they can absorb
power (in order to protect KCL and KVL in
the network i.e. to ensure the stability of the
network), whereas the passive elements will
always absorb power, since current will enter
at the positive terminal in the respective R, L,
C (as the sources are present here).

Propertiés:

This theorem depends on the voltage and
current product in an element, but not on the

type of element (linear, non-linear, active,

passive etc.) i.e. independent of the nature of
the elements (like KCL and KVL)

Tellegen’s theorem expresses conservation of
power (energy) in every lumped -electric
circuit.

Note: While verifying Tellegen’s theorem, do not
disturb the original network given for evaluating
voltages and currents in each and every element
of the network (i.e. Source transformation

_ technique is not applied on the network).

Example: 1.10 :
Verify Tellegen’s Theorem for the circuit shown

below.

10v{ d}zA 350

Sol: Py, =12W (delivered)

Pyq = 8W (absorbed)
Py =2W (absorbed)
Pyy =2W (absorbed)

Since Py = Pas ; Tellegen’s theorm is

satisfied

hyt o >Hydembad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapamam | Tirupati | Pune |Chennai

An of
perfor
subtre
differ

\

Elect




reuits 123 . Basic Concepts
b the o For an ideal op amp, Ay = = V;4=0
| 1 11 N::)twork Theoll;y A[;[;}lcatlon | =V -V,=0=
absorb -0 peratlonal mphimiers i.e. for an ideal op amp, voltage at the non-
VL in inverting terminal is equal to voltage at the
tOf\;}ilﬁ An op amp is an active circuit element designed to inverting terminal.
lSenter perform mathematical operations of addition, | * Foranideal op amp, R;=coand Ry=0
. subtraction, - multiplication, division, V.oV
R L, differentiation and integration. '
oV l—i — X ]
e and :
on the l
active, ! :
ure of : o |
‘ion of : =
lectric E
; Since R; = <o, input current accepted by the
do not i = ideal op amp is always equal to zero and
uating : : hence, it is possible to write the nodal
lement ! ' equations at the input side of an ideal op
nation oV T i amp.
= As Ry = 0 = there exists an ideal voltage
source at the output side of an ideal op amp
: and the current through it can be any value
shown Electrical equivalent of a practical op amp i.e. un-known, it is impossible to write the
. e nodal equation at the output side of an ideal
By writing KVL at the input SIde, op amp.
=>Vi-Vyg-Vp=0= Vig=Vi-V;
For any open loop voltage amplifier
: V,
m is Vo=AyVig =V, =L
‘ A,
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01.

02.

03.

04.

CIass Room Practlce Questlons

In the circuit shown in the given Fig., the

current I through Ry, is (IES-EE-%4)
ézo Q 600 I
J R.=30Q §
A0V T 420V
Fig.
(@2A (b) zero
(c)-2A (d) 6 A

Two coupled coils with L1=1,= 0.6H have a
coupling coefficient of K= 0.8. The turns

ratio DL ig (IES-EE-94-13)

2

@4 (b2

©1 ° (d)0.5

In the delta equivalent of the given star —

connected circuit Z o is equal to
(IES-EE-95)
p Q

10Q

100

R
() 40 Q (b) 20+j10) Q

(©) 5 +] (lf)g (d) (10+j30) Q

Two inductive coils with self — inductances
L; and L, are magnetically coupled in series

05.

06.

07.

+ v -
. W
20
6v¢ 20v<‘:“> 0%

opposing and in parallel aiding respectively.
The mutual inductance between the coils is
M. The equivalent inductances in the two

cases are respectively (IES-EE-96)
IRV L
(@)L, +L, +2M,M
+L,-2M
2
+ (b) L,+L,-2M, L&
L+L, +2M
e — 2
(€ L +L,- ZM,LLZ—M—
L,+L,-2M
_\2
(d) L1 +L2 +2M)_111LZ—M__
,+L, +2M

The coupling between two magnetically
coupled coils is said to be ideal if the

coefficient of coupling is (EES-EE-96)
(a) zero (b) 0.5
(©)1 (d)2

For the network shown i the Fig., what is
the voltage across the current source 1?

({ES-EE-08)
MWW
R
vV 1 C’D
Fig.
(@ V-RI (b) V+RI
(c) Zero (dRI-V

What is the current through the 2 Q
resistance for the circuit as shown below?
(IES-EE-09)
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:25: Basic Concepts
(a)' SA b)4A (a) 0.5 CE? (b) CE*
©)3A d2A (c) 2 CE? (d) 3 CE?
08. In the below circuit, Vi = 40 V when R is | 12. The value of resistance R shown in the given
10€2. When R is zero, the value of V; will be figure 1s (ISRO-06)
(IES-EC-00) 60
(a) 3.5Q Var
0oy Ry, 100 (b) 2.5Q + )
/_l-:—"\/\/\/\ MW AW (C) 10 50V T 0 ?R
o 200 200, g 200 QD " (d) 4.5 B
T 13. The equivalent capacitance across ‘ab’ will
S be | °-|1|“F (ISRO-06)
(@) 40V (b)30V OI'F' HOluF oL
. . du
)20V (d10V a_ ﬂ‘ H H b
09. For the equivalent circuit shown in the given | H
figure, the values of Rap and Rpc are )
respectively (IES-EC-01) OIuF
A A (@) 0.2puF (b) 0.1uF
(©) OSuF ) do
30 " s
Ree Rea 14. Three resistors of 6} each are connected as
150 0 . shown in the following fig. The equivalent
B l\f C B,.‘L o resistance between X; and X; is (ISRO-07)
C .
Fig. .
O__W_'-_"V'WV AVAVAVAT o
Xi 60 60 6Q
(@5Qand15Q  (b)15Qand 30Q :
(c)30Qand5Q (d)20 Qand 35 Q2
(2) 202 (b) 40
8Q 120
10. \[g has the dimension of  (IES-EC-02) © @
(a) time - (b) capacitance 15. An inductor of inductance 0.1H, carrying
(c) inductance (d) resistance current of 6 amps will store energy of
(ISRO-09)
1. A capacitor of capacitance C is charged by (a) 6 Joules (b) 36 Joules
connecting it to a battery of e.m.f E. The (c) 1.8 Joules (d) 3.6 Joules
capacitor is now disconnected and ) ) _
reconnected to the battery with the polarity 16. An 1d'eal voltage source will charge an ideal
reversed. The heat developed in the capacitor (HMWS)
connecting wires is (IES-EC-12) (a) in infinite time  (b) exponenttally
(c) instantaneously  (d) linearly
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126: Class Room Practice Questions
17. A series circuit has 3Q, 10 and 20Q and
2VDC in series. If 10Q resistor is replaced
by open circuit then current in the circuit is
(EPDCL-12) | 01. The number of turns of a coil having a time
(a) zero (b) increased constant T are doubled. Then the new time
(c) decreased (d) constant constant will be (IES-EE-92)
@T (b) 2T
18. An ideal current source has zero (c)4T (dT/2
(a) internal conductance (SPDCL-12)
(b) internal resistance 02. Current having wave form shown is flowing
(c) voltage on no load in a resistance of 10 ohms. The
(d) ripple average power is (IES-EE-92)
19. Three resistances of 1 ohm, 2 ohms and 3 10A fm=m-p=--mop==-=5
ohms are connected in- delta. These . [
resistances are to be replaced by star Ol N >t
connection as shown in the figure below,
maintaining the same terminal conditions. @ M W (b) @2 W
R 1 2
i ©PLw @ Pw
1Q 20 3 4
n oy —— 03. When all the resistances in the circuit are of
30 one ohm each, the equivalent
v resistance across the points A and B will be
T OB c (IES-EE-92)
B O
The value of highest resistance in star will :%
be (SPDCL-12) A B
1 1
(a) n ohm (b) 3 ohm
(c)% ohm (d)1 ohm F’i’g
@1Q (1) 0.5Q
20. The equivalent inductance of the below ©)2Q d15Q
given circuit at the terminals P — Q is
JH (SPDCL-12Z) | 04. Two coupled coils connected in series have
Po l i an equivalent inductance of 16 mH or 8
mH depending on the interconnection. Then
%41{ 2H the mutual inductance M between the coils
is (IES-EE-94)
@ (@ 12 mH (b)8 v2 mH
(a) 4H (b) 2H (c) 4 mH (d) 2 mH
() 6H (d) 8H ©sm

06.

07

(
(
(
(
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:27: ~ Basic Concepts
. The v — 1 characterisfic of an element is
shown in the figure given below. The N ! c
element is (IES-EE-02) R
A
Fig.
@lA bd2A
e > ©)3A d4A
. . . 09. The current in a coil changes from 5A to 1A
(a) non = hne'ar, active, ngn—bllateral in 0.4 second. The induced voltage is 40 V.
(b) linear, active, non — bilateral The self inductance in henry is
(c) non-linear, passive, non — bilateral (IES-EE-12)
(d) non — linear , active, bilateral @1 (b2 ()4 (d) 10
1n the circuit shown below, the value of Vg 10, .F.or- a S‘éﬁes and a parallel circuit, the
is 0, when I'=4 A. The value of 1 when Vs = ~ equivalent total value of certain parameter X
16V, is (IES-EE-03) is given by~
a2 o X=X +X;+ X3+ X4+ ...+ Xn
+ Where X; is the ith value of the parameter
I 20 and X. is the equivalent value, and n is the
$ = Vs q
] I _ number of elements. The parameter X can
) be (IES-EE-12)
Fig. () resistance (b) current
¢) voltage d) power
(2) 6 A (b)8 A (€) voltag @p
() 10A (d12A 11. What will be the value of Xc so that the
i L circuit is non inductive? (IES-EC-91)
Consider the following circuit: _
Which one of the following statements is T
correct? (TES-EE-04) .
50 c
20
o—— MWW
Fig
j 20 (a) 2.5 (b) 5.0
(c)10.0 (d) 20.0°
: dli 12. A dc supply of 35 V is connected across
Ef;)) P af.s tve ag l inear 600€) resistance in series with an unknown
active anc inear resistance. The voltmeter having a resistance
(¢) passive and non-linear &
@ I:l ctive and non-linear of 12kQ is connected across 600Q
resistance which reads 5 V. Then the
The black-box, N contains resistors and unknown resistance should be (IES-EC-92)
independent sources. If [ =3 A and 1.5 A (2) 50 2 (b) 1.7Q
for R = 0 and 2 Q, respectively, then what is (©)7.2Q (d)2.4 k0
the value of Ifor R=1Q?  (IES-EE-05)
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13. The equivalent resistance between the | 16. For the circuit given, what is the expression 20. \
terminal points X and Y of the circuit shown for the voltage v? (IES-EC-065) C
is (IES-EC-94) R
150 R
AAPA Y WY l A
+.
150 30Q + : Ve=t=C
A Vi ()_ CH=v
300Q
300 150
15Q
X MAN Fig
Fig (a) Vi + v, (®) ve
. . ch ch
(a) 150 ohms (b). 45 ohms (©)RC TG (dRC FPRAL
(c) 55 ohms (d).30 ohms 1 :
_ _ 21.
14. For the circuit shown in the given figure, the 17 The current through the branch AB in the
voltage Vg is (IES-EC-95) Fig. shown is | (IES-EC-11)
B A 20 B
=10V l 50V
< ' 2Q0 40 —
50 §5 2 100 10A QD 20V
A Fig.
Fig.
’ (2) 10 A, from A to B 22.
@6V (b)y10V ' (b) 10 A, from B to A
(c)25V (d40V ()0 .
(d) 20 A, from B to A
15. The total power consumed in the circuit ;
shown in the Fig., is (IES-EC-97) | 18. The resistance of a parallel circuit consisting
of two resistors is 12Q. One of the
,WW resistance wires breaks and the effective
‘ resistance becomes 18Q). The resistance of
L the broken wire 1s (ISRO-2006)
w T
“ 202 (a) 430 (b) 1802 -
| ©) 360 (d) 240
Fig.
: 19. An inductance of 1H is realized using air
(a) 10 W (b) 12 W core with 100 turns. What will be the
()16 W (d)20 W inductance if the number of turns are
doubled (ISRO -2009)
(a) IH (b) 0.5H
(c)2H (d) Nore of these
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tions 129: Basic Concepts
ssion 20. What is the value of C such that equivaient 24. In the circuit shown which of the following
-05) capacitance across x —y is SF statements 1s NOT correct?
X .
I\A/V\l 5 3 [VWV
- 3F _L4F 60 100
____%F J‘ ___3F 20
% 20V <“_L> ) ) § 42
_%F 4F c ! @M @
3F ‘
y T
(GENCO-2012)
5 ] (ISRO -2013) (a) The circuit has a super mesh
(a) =F (b) =F - ®)i=i;+6
3 2 (c)-20 +6i1+14i2 =(
(c) 3F (d) 2F (d) 20+ 61,12(11-12) = 0
0 the 21. In the giyen CifCUit, the current flowing in | 5 In the circuit shown. The voltage across 4Q
-11) the 2€ resistor is (AEE-2012) resistance v’ can be expressed as
(GENCO0-2012)
MW
i_._ 3 Volts §2 Q __——+- 6 Volts 60 .
_‘l' 20 -2Q . C+ 40 g .
- E(V) _> v (&)
ov | i
(@ 1A (b) 1.5A
(c) 0.8 A (d 2A
(a) 0.4E-0.61 (b) 0.6 E-0.41
22. The value of current I flowing in the 1Q (c) 0.4E — 2.41 (d) 0.4E +2.41
resistor in the circuit shown will be
(HMWS)
(a) 10A ll
isting (b) 6A
* the @s5a VO = i
ictive (d) zero 01 Ans: (d)
ce of Sol:
1006) 420 -301 , 420301 _,
23. Two resistances R; and R, gives combined 120 60
resistance of 4.5 ohms when in series and 1 3.5-0251+7-051=1
, ohm when in parallel. The resistances are _ _ 105
g air (VSP-2011) 10.5=1751 1= 75 = 6A
> the (a) 2 ohms and 2.5 ohms
o (b) 4 ohms and 0.5 ohms
009) (c) 1.5 ohms and 3 ohms
(d) 5 ohms and 0.5 ohms

Chennai l
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02. Ans: (c) When R =0, V| =V, =V as shown in Fig.
K=0.8 Writing the nodal equations
o ' ° V-60 V V—lOO_O
L, L, 10 10 30
0.6 H %OﬁH 3V—180+3V+V—100_0
. 5 30
N : N, TV =280, V=40V
{
09. Ans: (a) (
03. Ans: (d)
~ 5x10 + j10x10+j10x5 R, = 8N+ OxLI)+A5x3) 45
Zow = 9 9 14.
> =5Q Sol: (
0064300 43
Similarly, R, = 3 15Q
04. Ans: (¢)
Sel: For series opposing 10. Ans: (d)
Lu=Li+L,-2M . |L : : : I
For parallel aiding Sel: G has the dimensions of resistance.
~ LL,-M’
" L,+L,-2M 11. Ans: (c) 15. .
Sel: The heat developed in the connected wires is .
2CF? - Sol: 1
05. Ans: ()
Sol: The coupling between two magnetically
coupled coils is said to be ideal if the | 12- Ans:{(z)
coefficient of coupling is 1. Sol: R =64+ 7R
« R+7 16. .
06. Ans: (b) [ - 50
Sol: Voltage across the current source total - 7R . 17. .
=V + Voltage acrossR =V + R 1 6+R+7
7
07. Ans: (d) T = (Lo )
Sol: 6 v—v =20 Volts = v =4 Volts (R+7)
L4, 4o 50 ( 7 )
20 2 6 + & R +7 -
R+7
08. Ans:(a) 4o 50(7)
Sel: 0o vy 100 200 13R +42
MWV - 52R+168 =350
. é R=35Q
100 ' iy
60V
<> 100V () 13. Ans: (b)
Sol: The circuit can be redrawn as
Fig.
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tions :131: Basic Concepts
Fig. 0.1uF \/ 0.1uF Sol: When 109 is replaced by open circuit
3Q 20Q
a [
= O.1pF
PAY
O.lpF/\/\ 0.1pF T
Current through circuit is zero because no
Under balanced condition closed path for current flow
Ceq=0.05uF + 0.05uF = 0.1pF
18. Ans: (a)
14. Anms: (a) -
Sel: Circuit can be redrawn as 19, Ans: (d)
sol: R, =2X2=1g
—’VW\I__‘ ° 1 6 3
A—
LR P
A 6 2
2x3
Ry = 666 Ra=mg =10
=20
20. - Ans: (b)
15, Ans: (¢) Sol: L=4|[(2+2)=2H
ires is

Sel: Energy stored by Inductor = %LI2

=%(0.1)(6)2 =1.8]

16. Ans: (¢)

17. Ans: (a)
3Q 10Q2  20Q
‘—'\N\I\,—MN\/—'VM—

ZVT

~———4_ Level-2 Key )——\
01.(b) 02.(c)

03.(b) 04.(d) 05.(a)
06.(b) 07.(a) 08.(b) 09.(c) 10.(d)
11.(a) 12.(d) 13.(d) 14.(a) 15.(b)
16.(d) 17.(c) 18.(c) 19.(d) 20.(b)
21.(b) 22.(c) 23.(c) 24.(d)

25. (c)/
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Leon Charles Thevenin
(1857 - 1926)

Necessity of Theorems: Find the current in the 1-Q resistor using super
In a complicated network with several sources, | position theorem.
nodes and meshes, if the response in a single
element i1s desired, then network theorems are A
used. c {=) The i
2Q 3Q
2.1 Superposition Theorem (SPT)
Definition: L
e In a finear network with several independent | Sol: Step I: When the 4-V source is acting alone
sourccs, the response in a particular branch
wher all the sources are acting 20 38
simutraneously is equal to the linear sum of \ ' 14
individual responses calculated by taking one 4V .
inde;-n:dent source at a time.
o All ¢ ideal voltage sources are eliminated
from iiie network by shorting the sources, all I = 4 13 3A( \L)
the ideal current sources are eliminated from 2+1
the network by opening the sources and do
not disturb the dependent sources present in Step II: When the 3-A source is acting
the network. alone
2Q 3Q
Propertics I i
e This theorem is applicable only to linear :
neiworks i.e. the networks with R, L,C,
transformer and linear controlled sources as Dei
elemeits. 15
resj
o The presence of dependent sources makes the ” 2 als(
network an active and hence SPT is used for =3 XT* = 2A(~L>
both active as well as passive networks. +2 Ext
Step III: When the 1-A source is acting
Example: 2.1 alone Fir
. e
Leon Charles Thevenin c.ieveloped the famous theorem, Thévenin's theorem which made it possible to calculate currents in @
more complex electrical circuits and to reduce complex circuits into simpler circuyits called Thévenin's equivalent circuits.



Thevenin

926)
==

super

alone

icting

\cting

—_—

ents in
its.

Circuit Theorems

©

20 3Q

AMA ARAA

LAAL wyy
210

The circuit can be redrawn as shown:

1

3Q
2Q

AAAA

=10

By current — division formula

"= 1x == 0.66A(l)
2+1

Step IV: By superposition theorem,
[=1'+1"+1"

=133+2+0.66=4A()

Homogeneity'Princible’ |

It is the principle obeyed by all the linear
networks

Definition: In a linear network, if the excitation
is multiplied with a constant ‘K’, then the
fesponses in all other branches of the network are
also multiplied with the same constant K.

Example: 2.2

Find all branch currents if source voltage is
Increased to 60 volts in the circuit below.

3Q 4Q
Wt L

20V = 240

Fig.

Sel: First calculating the current in each branch.

4p 39 2A 4Q
- r —MW—
2A
20V —/— 40 v2A

So here, the excitation is multiplied by ‘3’
and hence the responses are also
proportionally multiplied by ‘3°.

12A 39 6A 49
AW Ay
6A
60V —— 40 Y6A

Note: When multiple sources are present,
Superposition theorem to be applied first
and later Homogeneity _ principle 1i.e.,
whenever Homogeneity principle is to be
applied always ensure only one source in the
network.

2.2 Thevenin’s Theorem

Thevenin’s theorem states that a linear two-
terminal circuit can be replaced by an equivalent
circuit consisting of a voltage source Vy, in series
with a resistor Ry, where Vi, is the open circuit
voltage at the load terminals and Ry, is the input
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killed.

Linear

circuit

:34: Electrical Circuits
or equivalent resistance at the load terminals | Procedure
when the independent sources are turned off. i.e I
R(h
Rh
) L I t — o
Two-terminal o
RL = -
= G) Vin R, Vg Vi N
N «Ry =V < R, T) iRﬂ‘
‘ th =
0
2.3 Norton’s Theorem -
‘ . Rth
Norton’s theorem states that a linear two- RL
terminal circuit can be replaced by an equivalent N R, =
circuit consisting of a current source Iy in parallel

with 2 resistor Ry, where Iy is the short circuit
current through the load terminals and Ry is the
input or equivalent resistance at the load
terminals when the independent sources are
turned cit. 1. killed.

——

Linear
Iy 1%
Two-terminal
e (Dn En g,
circuit .
—O—
Propertics

» These theorems are applicable only for linear
networks 1e. networks with R,L,C,
transformer and linear controlled sources as
elements,

o Presence of dependent sources makes the
network active and hence these theorems are
used for both active as well as passive
networks.

\Y
By ohm’s law, I = [it—h— A

th + RL
Voo
—k—ll_R th
IL: Rth — Vth
th + RL Rth + RL
Cases in Thevenin’s theorem (Norton’s

theorem) based on Sources
Case 1: All are independent sources: Vi, Ry

Case 2. At least one independent and one
dependent source: Vi, Isc

\%
= Rth =—Q= Isc = - =1IN
Rth

Case 3: All are dependent sources:

Vi =0V, Isc = 0A, but Ry, #0
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Circuit Theorems

L
= Ry § R, = ILZOA

i.e., Thevenin’s equivalent = Norton’s equivalent

Example: 2.3
Find the current through the 1-Q resistor using
Thevenin’s Theorem.

1A

Removing the 1-Q resistor from the
network,

Writing the current equation for Meshes 1
and 2

I]=—3A
12:1A

Writing Vi equation ,
4—2(11 - Iz)—VTh =(
Vi=4-2(-3-1=4-2(4)=12V

Step 11: Calculation of Ry

Replacing the voltage source by a short
circuit and the current source by an open

circuit,
0 o—
2Q 3Q
A
RTh
B
RTh =20

Step 111 : Calculation of I

2Q
A
12V—“— I 1
B
12
[[ =——=4A
2+1
Example: 2.4
Find the current through the 10-Q resistor using
Norton’s theorem. 5Q
MWW

IQ§L §IOQ D4A §159

NT
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Sol: Step I: Calculation of Isc A
Applying KVL to Mesh 1, I
2"1] :0 .................. (1) 5AG> ;0959 10Q
I 1= 2 ‘

Meshes 2 and 3 will form a supermesh.
Writing current equation for the supermesh,

I3 —Ig =4 (2)
Applying KVL to the supermesh,
ShL~15L=0............... (3)

Solving equations (1), (2) and (3),
11:2A, Iz=—3Aand I3=1A
Isc=L1-L=2-(3)=5A

A 58

‘ISC> 6 49 Sis0

Il 12 13
wWT
_éﬁ
B
Sten II:
Calculation of Ry

Replacing the voltage source by a short
circuit and current source by an open

circuit. :
50
MWW
Ad
BO

Ry=1](5+15)=0.95Q

Step II : Calculation of I

[ =5x—2__043A
10+0.95

24 Maximum Power Transfer
© Theorem MPTT)

Properties _

e This theorem is applicable only for linear
networks ie. the networks with R,L,C,
transformer and linear controlled sources as
elements.

» The presence of dependent sources makes the
network active and hence, MPTT is used for
both active as well as passive networks.

s This theorem is applicable only when load is
variable, otherwise ( i.e load is fixed) choose
the minimum internal impedance of the
source, which results in maximum current
through the fixed load and hence, a maximum
power dissipation across the load.

Under Variable Load Conditions

241 Rgand K. :
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rcuits
V., 24.2 Zsand Zy;
"R, +R, .
Zs= (RgtjXg)
P=1>R,W=VL=R.I
V2.R,
- L (W
P (RS+RL)2( )
P
Pmax --------
s Y
E Rg+R, +jXg+X)
0 lé ~ > - ‘ , 1:. V,
oo JR+R ) + (X +X, )
2 2 _ "
dP =Vs [(RS+R[L) 1 RL]‘Z‘(RS-I_RL)] P= ' I|2RL(W)
dR R.+R, )
linear ' R, +Ry) p= Vs2 Ry (W)
,.L,C, R.+R, P +(X +X, )
, ForMPT::o—ElE—:O Re R+ K +X,)
:es as dR, _ -
2.4.2.1 Only ‘Ry’ is a variable
ss the
:d for = Ru=R O AP VI(RG+R )+ (X +X,)" 1-R 2R +R )] F
dR, [(Rg+R, ) + (X, +X, )]
. 2 V2
)ad 1S Pmax: PR N — VS W = S W ’ . dP
hoose 4R, 4R or MPT-d-R—— =0
[ the Py = Paps ( By Tellegen’s Theorem) L
arrent 5 5 5 >
imum =1 . Rg+I'Ry. |rp-rs = RL=\/RS+(XS+XL) Q
_ Vs o Vs .
ZRL 2RS 2 max — RL :\/Rg +(XS +XL)2
Vv
S
_ Useful Power 4R _1_05
17 Total Power v 2 2.4.2.2 Only ‘X’ is variable
R, :
%n=>50% P VE[(Ro+R, ) + (X +X,)" . 0-R 2 +X,)]
- +R, ) +(X. +X )T
So the efficiency of Maximum Power # dP[(RS ST
Transfer Theorem is atmost 50%. For MPT, — =0
L
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o - = Proj
R, =yR5+X" Q e
f
= \
Pr=P [, Ri=|Rs + iXs| <
2.4.2.3 l?oth R, & X; are varied R"L”:llzs 1Q 1
simultaneously R i
In this case, both the conditions ]
r Prax =P
RLl-z \/R§'+(XS+XL)2 & Xs +X,=0 are TRy = JR? 42 Fea
valid at a time % 1< 50% ( nearer to 50%) Ver
= RL = RS sho
I figu
XL =~ Xs |/ 2.5 Reciprocity Theorem
So,7, - Re-+jXt = R - iXs | B -~
' In a linear, passive and bilateral network, the
ratio of response to excitation is constant even
though the source is interchanged from input
‘ terminals to output terminals.
Pmax = f R =Rg . r-
X, =-¥, [“ ) L
- ' N '
Vs A Vo &
= (W)= (W) |
4R, 4R L o .
Sol
243 Zs and R, : Fe®
Zs=(Rs+ X Q | ]
— L a N J v
i ] ‘ - v |
e | A Fig ()
- , I[ I
, 1.6:.,l = constant |- = —>
It is a special case of 2.4.2.1 with X = 0. v Vi 'V,
i.e Z;, =Ry, only when X; =0
So for MPT R= R+ (X +X,)?| x.
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i Circuit Theorems
Properties _ _,.3x4 40
. This theorem is applicable only for linear, Reg=4+3d=4+ = Q
passive and bilateral networks, i.e. networks 20 7
with R,L,C and Transformer as elements, so - —4
. Vo4 7 9
called reciprocal Networks. [= f{— = Ex = EA [ = i3 =2A

o The presence of the dependent sources makes
the network active and hence the reciprocity
theorem is not applicable, so called the Non-
Reciprocal Network.

Example: 2.5
Verify reciprocity principle in finding current I
shown in figure (b) by using the data given in

figure (a) below 310 40
AW MY
20V ' § 402
30 40 Fig (a)
AW AW

- 20V

4

Fig (b)

Sol: First célculating the current in each branch
of figure (a) given

4A 3Q 4Q
AW — W

20V 240 12A

Now interchange the position of excitation
and then determining the response as below:

3Q 4Q I
MW —MWM——

I Y §4Q 20V
ull

Reg

€q

[ 2.6 Substitation Theorem j]

e Ady branch in a linear network can be
substituted by a different branch without
disturbing the voltages and currents in the
entire network, provided the new branch has
the same set of terminal voltage and current
as the original network.

e In a linear network any passive element can
be equivalently substituted by an ideal
voltage source or an ideal current source,
provided all the other branch currents and
voltages are kept constant. This is possible
only when the original passive element and
the substituted active sources absorb same
power. '

N RISR = N

it
z,
<

Where V =RI

Pr=Py=P;=V.I=RLI=TR (W) (abs.)

Properties

o This theorem is applicable only for linear
networks 1i.e. the networks with R, L, C,
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transformer and linear controlled sources as The equivalents of the a-b branch (Ry) are Prop
elements. shown below in four different ways by o T
o  The presence of dependent sources makes the using ohms Law. I
network active and hence substitution ot ag . tr
theorem is used for both active as well as * ¢
passive networks. 2A o 1
y 24 n
| 30 4A (1) 16V i
Example: 2.6 f ,
Use substitution theorem to represent the load
resistance Ry, for the circuit shown below atleast 10V " 16y .
. e : “xar
in four different ways. bI il be In
a @ (b) (©) theo
and
6 - 2.7 Milliman’s Theorem (or)
R=4Q ~ Parallel Generator Theorem
40V
b By Millman’s theorem, we can replace ‘n’ Sek:

number of parallel Thevenin’s equivalents into a

Sel: For any bilateral network, if the voltage single Thevenin’s equivalent.

across any branch along with the current
through that branch are known, this branch

can be replaced by any combination of
elements so that the voltage across the R, Ry R, R’
chosen branch and the cutrent through the | | | 7777 =
chosen are identical with those of the | v, v, v, \z
previous branch. Let us find the branch
equivalence of Ry, ' 0
a
: i VG +V,G, +. +V.G,
4 G +Gy+ s +G,
60 -
v R.=4Q1 16V o
I =tk +—
40V - R* R, R, n
> =G =G +Gyt...... Gy
1 1
From figure , it can be written as ' =R'= G G, +G,.G,
V40 A A
"Ry, +R, 6+4 Note: In the above case, if polarity of the source
B ‘V,’ is reversed, then V5’ is replaced by -V,’ in
Vo, =R =4x4=16V the expression V.
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Circuit Theorems

Propérties

This theorem is applicable only for linear
networks ie. the networks with RL.C,
transformer and linear controlled sources as
elements.

The presence of dependent sources makes the
network active and hence Millman’s theorem
is used for both active as well as passive
networks.

Example: 2.7
In the network shown in Fig., using Milliman’s

theorem, or otherwise find the voltage between A

and B. 50Q
—{ —¢ y B
20Q
50V— 40 Q 10 Q
100 V=
1T A

Sol: The given circuit is shown in Fig. 1, where

40 Q across 50 V can be deleted._

B
%509 200

409 —

10 Q

I
=
+
AMA

gl

Fig. 2

Vga is found by reducing the given circuit
to the left of BA into a single voltage

source, V. and a series resistance, R. by
using Milliman’s theorem.
The equivalent circuit is shown in Fig. 2

50 _ 100
vV = ViG, +V, G, _ 50 20
) G, +G, 1.1
50 20
-4x100 4
) _ 400
7 7
1 1 100
_ - =0
R G+G, 1 1 7
50 20
400 10
Vi, = ——X
710 +10
7

—ﬂxmx ! -@v
7 170 17

U 2.8 Principle of Duality ‘]

o Two linear circuits are said to be duals of one
another if they are described by the same
characterizing equations with dual quantities
interchanged.

o Network and its dual are same only with
respect to the performance, but the elements
and connections point of view, they are not

equal.

Dual Pairs
Resistance R~ «> Conductance G
Inductance L.~ «> Capacitance C
Impedance Z <> Admittance Y
Voltage v < Current 1
Voltage source > Current source
Node <> Mesh
Series path > Parallel path
Open circuit <> Short circuit
KCL < KVL
Thevenin <> Norton
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= —— IR
Star network ¢ Delta network Wh——|
Ri(t) & G R, C
Lg_i% o Cd\(;(t) v@) %L =R, 0. T
t ¢
Lop. 1
- [ime o 3 [V
o The numbpr of mesh equations in the original Sol: (a) Place a node inside each mesh.
netwqu 8 §qual fo the number. of nodal (b) Place a node outside the mesh which
equations in its dual network and vice versa. will  correspond to the datum node.
» ‘N’ nodal equations represents (N+1) (c) Connect two internal nodes through a
principle nodes. dashed line. The element which is dual
The following steps are involved in constructing of t.he comtnon branch  (here )
the dual of a network - capamtapce) will form the brar}ch (@)
1. Place a node inside each mesh of the given gonnect1ng th.e corresponding
network. These internal nodes correspond to independent no_d ¢ in the dual network.
. : (d) Connect all internal nodes to the
the independent nodes in the dual network. external node by dashed lines crossin
2. Place a node outside the given network. The iclerlrlla no ehy he d nls 0 hl 8
external node corresponds to the datum node a- the branc; ¢s. The dual of these
i1 the dual etwork. b1anche_s will .fonn the branches
3. Connect all internal nodes in the adjacent (cl(;Elnrzctmg the independent node and
mesh by dashed lines crossing the common ' ,
branches. Liements which are the duals of the .Y ﬁ ¢
common branches will form the branches / WY I Y
connecting the corresponding independent : : E |
node in the ¢ual network. ! ! L ' :
4. Connect all internal nodes to the external ;' (DL --------- 6---§R2 !
node by dashed lines corresponding to all P 1 2 \\\ .'
external branches. Duals of these external ", '.| ! ,'
branches will form the branches connecting TN ; '
independent nodes and the datum node. P
5. A clockwise current in a mesh corresponds to v 02.
a positive polarity (with respect to the datum e ’
node) at the dual independent node. C
6. A voltage rise in the direction of a clockwise i ]”[ 2
mesh current corresponds to a current flowing
towards the dual independent node.
| I<i> G, L §G2
Example: 2.8
Draw the dual of the network shown in Figure.
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cuits
Vltn
0l. The equivalent circuit of the following
circuit is (IES-EE-92)
»— . g * o2
+ + +
Vv \' \Ys
/hich ) - -
de. R R R
igh a ot
(ﬁual Flg '
ere
anch (@) a (®) a
\ding
k.
the v 3V
3sing
these
iches 3R 3R
and b b
(C) a (d) I a
3V v
R/3 R/3
b b

02. If the combined generator and line
impedance is (5 + j 10) ohm, then for the
maximum power transfer to a load
impedance from a generator of constant
generator voltage, the load impedance is
given by which one of the following

(IES-EE-02)

(b)(5-510)Q

(dsQ

(@) (5+j 10) Q
©(5+j5Q

Class Room Practice Questions

03.

04.

05.

06.

07.

S

Superposition theorem is not applicable for
(IES-EE-02)

(a) voltage calculations

(b) bilateral elements

(c) power calculations

(d) passive elements

A voltage source having an internal
impedance of (8 + j6) ohms supplies power

toa  resistive load. What should be the
Joad resistance for maximum power
transferred to it ? (IES-EE-04)
(a) 8 ohms (b) 6 ohms

(c) 10 ohms (d) +10 ohms

A load is connected to an active network. At
the terminals to which the load is connected,
Ray = 10Q and Vg = 60V. Then
maximum power supplied to the load 1s
(IES-EE-19)
(b) 90 W
(d 10w

(@) 360 W
(c) 60 W

The maximum power will be transferred
from a voltage source to a load when
(IES-EE-12)

(a) the source impedance is half that of the
load impedance

(b) the source impedance is equal to that of
the load impedance

(c) the source impedance is twice that of the
load impedance

(d) both source and load impedances must
be zero

A source having internal impedance of (9 +
J12)Q 1s to deliver maximum power to a
resistive load. The load resistance should be

(IES-EC-10)

b) 120
()21 0

(@)9Q
©)15Q
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08.

09.

10.

11.

12.

13.

Class Room Practice Questions

The maximum power that a 12V DC source
with an internal resistance of 2Q ean supply

to a resistive load is (IES-EC-12)
(a) 2W (b) 48W
(c) 24W (d) 18W

Kirchhoff’s current and voltage laws apply
for (AEE-2012)
(a) resistive circuits only

(b) linear circuits oniy

() nonlinear circuits only

(d) both linear and nonlinear circuits

In the circuit of fig below Ry, is given by

‘o (HMWS)
—AWW
AAAA 0
20 3 4H
Vg
b 20
0
(3) 50 ()20
(c) 40 (d) 60

Tellegen’s theorem is applicable to

(@) linear networks only (HMWS)
(b) non-linear network only

(c) both linear and non-linear networks

(d) neither linear nor non-linear  networks

The Nodal analysis is primarily based on the
application of (EPDCL-12)
(a) Ohm’s law

(b) Kirchoff’s current law

(c) Kirchoff’s voltage law

(d) Both (1) and (2)

Maximum power transfer takes place at an
efficiency of
(@) 25%
(c) 50 %

(SPDCL-12)
(b) 75%
(d) 100%

14.

01.

02.

Superposition theorem requires as many
circuits to be solved as there are

(a) sources (SPDCL-12)
(b) nodes

{c) sources + nodes
(d) sources + nodes + meshes

e

R LR E A T £ T Ry LA
\LEVEL-2 Questions)

An ac source of voltage E; and an internal

impedance of Z; = (R; + jX,) is connected to

a load of impedance 7; = (Rp +j Xy) .

Consider the following conditions in this

regard.

1. Xp=Xgif only Xy is varied.

2. Xp=-Xy ifonly Xy is varied.

3. Ru=yR2+(X, +X,)?, ifonly Ry
is varied.

4. |ZL l = |ZS l , if the magnitude alone of
Zy, is varied, keeping the phase angle
fixed.

Among these conditions, those which are to
be satisfied for maximum power transfer

from the source to the load would
include (IES-EE-93)
(@)2and3 (b) land 3

(©)1,2and 4 (d)2,3and 4

If R, in the circuit shown in the given figure
1s variable between 20 Q and 80 Q2 then the
maximum power transferred to load Ry will

be (IES-EE-95)
M
+ -
()mv R=6003
(@) 15W (b) 1333 W
(©) 6.67W ()24 W
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03.

04.

05.

Network Theorems

In the network shown in the given figure,
the Thevenin source and the impedance

across terminals A ~ B will be
respectively (IES-EE-99)
10Q 10Q

(@) 15Vand 13.33Q
(b) 50 V and 15 Q
(c) 115V and 20 Q
(d) 100V and 25 Q

The Thevenin’s equivalent resistance Ry, for

the given network is (IES-EE-01)
2Q
1A £20
° <«— R th
+
LV
(@)1Q (b)2Q
(©)4Q (d) Infinity

Applying Norton’s Theorem, the Norton’s
equivalent circuit to the left of the terminals
a and b in the below circuit is having
equivalent current source (Iy) and equivalent

resistance (Ry) as (IES-EE-16)
4Q 4Q
WVAV J\M/\; 0 a
+
(Hav 4a(p) 89 : <
o b
Fig.

06.

07.

08.

@ In=5A;Ry=4Q
b)IN=4A;Ry=6Q
() IN=9A;Ry=16Q
(dIn=4A;Ry=3Q

In the lattice network, find the value of R for
the maximum power transfer to the load.

(IES-EC-92)
6Q
W
Fig. 90
@5 @®65 ()8 (9

In the network shown in the given figure
currenti=0 whenE=4V, I=2Aandi
=1 A when E=8V, 1=2 A The
Thevenin voltage and the resistance looking
into the terminals AB are (IES-EC-96)

1A
+
E

I Resistors
Only

C ) B
Fig.

(2)4V,2Q
©)8V,20Q

(b)4V,40Q
@8 V,40

Which one of the fellowing is applicable to

any network-linear or non-linear, active or

passive, time-varying or invariant-as long as

Kirchhoff’s laws are not violated?
(IES-EC-09)

(a) Tellegen’s theorem

(b) Reciprocity theorem

(c) Maximum power transfer theorem

(d) Superposition theorem
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Class Room Practice Questions

09. Thevenin’s equivalent resistance as seen
from the terminals AB for the circuit is

o (IES-EC-12)

(a) 1kQ
(c) 100Q

() 10Q
(d) 10kQ

10. A voltage source V with internal impedance
R + jX is driving such a load as to have
maximum power transfer. Power transfer to

load is given by (HMWS)
V? V?

a) — b) —

(2) R (b) R
V? v Y
— d)i——| R

© 4R @ (R+X]

11. For the circuit shown in figure. The
Thevenin’s voltage and resistance at
terminals A and B respectively ,are.

3kQ
MN——0A
L
Vi
4000
~p
({TO)
(@) 8 Vand S kQ
(b)8 Vand 10k
(c) 4V and 5 kQ
(d)4Vand 10 kQ

12. For the circuit shown in figure a value of R
(in Q ) to which the voltage source would

deliver 50% of the maximum deliveralle

power 18 . (JT0)

IOl

(a) 1 (b) 0.5
(€) 0.25 (d) 3-8

13. The resistance which should be connected
between terminals P and Q for maximum
transfer of power from source to the

combined load is (SPDCL-12)
<__Source_9
W {— ¥
! |
2Q : |
+ : l% . P!
10V )10\/ :ﬁ 40 o 5C0mbined load
— : :
' |

© (a) Zero
(c) 4Q

(b) 2Q
(d) infinity ohms

14. The Norton’s resistance of the circuit shown

1S 40 10
AWy—-0

3V [+ IZQT C/I\ A Ry
0

(GENCO-12)
@17Q
()4 Q

®)3Q
(090
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ble 15. Kirchhoff’s current law is based on the law | 03. Ans: (c)
)) of : (GENCO-12) Sol: Superposition theorem is not applicable for
(a) conservation of energy power calculations as Power is proportional
(b) conservation of charge to V2 or I%.
(¢) conservation of momentum
(d) conservation of mass 04. Ans: (c)
Sol: R, =R2+X? =[64+36 =10Q
16. Kirchoff’s voltage and current laws cannot ok Ry s f
be applied at (SAIL-13)
(a) low frequency 05. Ans: (b)
(b) constant temperature Sel: , Ry,
(c) linear circuit o Ra=10Q
(d) High frequency V=00V
ted .
um Vi (;] Load
the
2) N— .
[ LEVEL'1 ) Fig. 1
01. Ans: (d) Referring to Flg l.
Maximum power is supplied to the load,
9 when load is R;, =Ry, =10 Q
oad 60
Ll = =3A
@\)\_/ R? X@ RE V R§ L 10410
b |R R R .. Maximum power = I,” R, = 90 W
o
Fig.] 06. Ans: (b)
a . : ;
ao O—\ N Sol: When the source impedance 1s §qual to load
R VO impedance maximum power will transfer to
— 3V —§ — / load.
wn - — ) s —
R R
b 3 07. Ans: (c)
A Sol: Zi=(9+j12)Q

Fig.2 Fig 3 For maximum power transfer, resistive load,
R, = yRZ+X2 =/97 +127 = 150

The equivalent circuit across the terminals a,
b is obtained by simplifying the circuit as | 08. Ans: (d)
2) shown in Fig. 1, Fig. 2 and Fig. 3. Sol: The maximum power that can be delivered

isP = Ve :@:ISWaﬁs
02. Ans: (b) "U4R, 4(2)

Sol: For maximum power transfer,
7,=7"=(5-j10)Q
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Engineering Academy 148 Class Room Practice Questions
(9. Ans: (b) 11. Ans: (¢ 12. Ans: (d)

10. Ans: (b) 13. Ans: (¢) 14. Ans: (a)

Sel: Ry, 1s the resistance seen through load

terminals when all Independent sources are e ( Leve12 Key D SN

replaced by their internal resistance
0l.(d) 02.(a) 03.(c) 04.(b) 05.(a)

30
A0 06.(b) 07.(b) 08.(a) 09.(c) 10.(c)

. 12.() 13.() 14() 15 (b)
Zﬂé §29 §4Q<:th '

6@ D

Ry =4|(3+)=2Q

“ACE Engineeiing Academy .
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Pierre-Simon-Laplace
(1749-1827)

T T We can add impedances in series and
(@) -3.1 Laplace Transform Application for admittances in parallel.
© | Solving Steady State AC Circuits
‘ , Example: 3.1
(b) » Find out the Laplace transform of the shifted gate
fit) | F@s) f(t) E(s) pulse shown below.
W, i | 15 | s | 1 EE
v®) | V) | u®) | s £
R R 1(t) 1/5* Klhemo--
L SL pt) | 15§
a 1
o C _1~ 0l¢ tu('[) S—+g
SC >
ku(t) k/s t bt
Fig: A shifted gate funciion
V(3) , '
1(s) =1s) Q Sol: This shifted gate function can be synthesized
- with the help of two step functions as
= V()=2(s).I(s) =1(s) = % follows:
S
KU () |
—IE)—:Y(S)U :>V(s)=£sl
V(s) Y(s) QT —
Fig(1): A step function
. stagrting att, P
= 1(s) =Y(5).V(s)
5 :tl : >t
1 : i
Y(s)=——[0 L by
=26 o X
l: Fig(2) : A step function
\ starting at f
() ¥() K |
1 KU () ¥ ' E
RE) —0 L
R KU (¢t)-U ()] :
1 B
SL Q o 0 Fig: A gate pulse obtained
SL S
By subtracting signal of
1 Fig.(1) and (2)
‘SE SCO 0 ty ty -

Pierre-Simon, marquis de Laplace was a French mathematician and astronomer jormulated Laplace's equation,
and pioneered the Laplace transform which appears in many branches of mathematical physics.
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:50: ___ Electrical Circuits
The above waveforms show that the gate 1 1 [_e™®
pulse can be represented as I(S) = =
’ s+1 s+l s+1
f(t)=Klu(t-t)-u(t-t)] ... The driving point impedance Z(s) is given

(e(e]= elKule-t)-u(t-1,)) o
Kielut- )] fut-1,)] 7(s)=~¢)
| 1)

1

)
=Ki-e"" == by equation .. 0 s
{S —S—(l—e ) s+1 ]
= =10.— =10} 1 +-
= ——(e's" —e'“z) 7—(1 —e‘z“) s § Introd
S . $+1 o Tr
10 1 pre
Exainple: 3.2 = 10+?= 10+—1— inc
Figure shows an impedance whose voltage and ' l—OS ° sto
currept are as shown . ' ins
' Y ) We know that Laplace transform of R ie., int
i(t)=¢" -¢ the value is unchanged and Laplace an
in
transform of capacitor is -16 Thus, the the
s |
+ above impedance appears to be series - W
v(t) = 10:41)~10v(t-2) <> Network connection of resistor and capacitor. 1.€ ., iﬁ
— ¢
- Z Z(s)=R+L : R=10Q and C:LF re:
sC 10 vo
The circuit will be,
o Tt

Find out the impedance Z of the network using

laplace transform method. C’_'WV\’T as
Z— LF co
l 10

Sol: Let us first evaluate the Laplace transforms X
of v(t) and i(t) . _ co
‘ Fig: Impedance of the network
V(t) =10 u(t) - 10 u(t-2) 321
By taking Laplace transform of above — -
equation using standard transform tables, we { 3.2 Introduction to Transient Analysis
get, ' : S
1 1
V(s)=10.- 10~ ¢ %
s s
].0 -2 t=0 I
=—|l-¢™ £
) V N
The current is given as, i(t)=¢™ —¢ ™ £
Taking Laplace transform of above ‘ t

equation, we get,
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Transient Circuit'Analysis

@) ACE
uits i Engineering Academy
0" 0
| I
< I
—00 O 0
siven 1
0 =-0.000........ 01
0" =-+0.000.........01
0" —0"=0.000....02
=0.0
) 1.e. with 1n zero time
Introduction:

» Transients in the system is because of the
presence of energy storing elements called the
inductor and the capacitor. Since the energy
stored in a memory element cannot change
instantaneously i.e within zero time, (due to

1e., integrations of energy variables iy and V¢) L
slace and C elements will oppose sudden changes
| in the system, which results in unstablity of
. the the system due to severe oscillations.

eries « When the network consists of only resistances

(a memoryless system), no transients occur in

the system at the time of switching, since the
F resistor can accommodate any amount of

voltages and currents (v = Ri or i = v/R).

» The transient effects are more severe for d.c
as compared to a.c and the transientfree
condition is possible to only for ac
excitations (at zero crossings of sine or
cosine).

3.2.1 Behaviour of L and C elements at t = ¢
and as t — oo instants

0 0
P
17T
—00 O 0
ZL:SLQ
]
Ze=—0
e

t=0"=>S=0=7Z =0=L->0.C

Zc=0 :>C—-)_S.C
t>0=>8>0=7Z, -0 =L->S8.C

=7, >0=C->0.L

A long time after the switching action (t— o) is
the steady state. In steady state, the inductor
behaviour is a short circuit behaviour and the
capacitor behaviour is an open circuit behaviour.

Steady state or Drunked State

Whenever an independent D.C. source is
connected to the network for a long time (i.e.
ideally infinite amount of time and practically up
to 5 time constants), then the network is said to be
in steady state. In steady state, the energy stored
in the network is maximum and constant. So
energy stored in the memory elements is
maximum and constant.

N . ‘
1.€. EleL = Maximum & Constant

= 1, = Maximum & Constant

So, inductor will act as a constant current source
in steady state.

Since V1= L%L— =>v, >0 =L->8C
Similarly —IZ-CVé = Maximum & Constant.

= vc= Maximum & Constant

So, capacitor will act as a constant voltage source
in steady state.

L dv ,
Since 1c=C—dt£:> i,>0=>C->0C
Observation:
The above discussion is valid only for dc
excitations /sources.

What about AC excitations / sources?

Ans:For AC, during the positive slope of the
period, both L and C elements are charging
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[ie., storing the energy] and during the
negative slope of the period, they are
discharging [ i.e delivering the energy ], so
the net energy observed over the period is
zero. And hence, L and C elements are
always present for a.c excitations / sources

Blind approach:

+ In steady state, Z;=jol.Q and Z_ = —_-I—Q
joC

o For A.C, 0. And hence Z;=jol Q) (#0) and

Z :——LQ ( #0) 1.e. The impedances are

© jeC
finite 'jmd hence, L and C elements are alwaj;s
present for a.c excitations / sources.
o Ford.c, ®=0and hence
Zt=00=L->S8C
Zec=0)=>C—->0.C

Le., The L&C elements will dies for d.c
excitations / sources in steady state.

3.2.2. Inductor current at t = 0 and at

t=0" instants

y

0 o" ¢
1

L |
]

1
2
-S> o 4+

. 1]
L i(h=r JfVL(t).dt

-0

= ‘IIj Oj"vL (H).dt+ —é ]’vL (t)dt

—0 o

N
=1,(0 )+EOJVL(t).dt

. " ’ . _ 0"
At t=0"=10)=i.0 ”%ﬁL:o.dt
/

i, (0")=1,(07) A

E (0)=E, (0°) J]

So, inductor current cannot change
instantaneously i.e. with zero time for all the
practical excitations. Similarly the energy.

0-(
If ve(t) = 3(t), then i(0%) = iL(O“)+% [Bcp.at

0

E (0)>E (07)]

So, inductor  current can  change
instantaneously i.e. within zero time for
impulse voltage across it. Similarly the
energy.

More Specifically for impulse:

0
_

- i) o0

V() =8(t) = 0for —co <t < 0"
N
=i (0)=7 [V, (t)hde=0A

-0

iL(OJ“):%A
1

So, EL(07) = 0] & EL(0") = —2-.1, i2(0%)

2
ZL.L.H
2 L

l
E (0)=—1
(0=
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Transient Circuit Analysis

wctal

3.2.3. Capacitor voltage at t =0 and at t = 0"

instants
t t

IR Y
C: V)= jlc.dt = Ve(0)+ - jlc.dt

—o 0

o0 =0
Att=0"= V(0" = Ve(0) %ﬂ
Tt

Vo (0")=V.(07) V

For all practical inputs

E.(0")=B(0) ]

More Specifically for impulsé:
ic =0(t)=0 for -c0<t<
17,
=Vc(0) = - jlc.dt =0V

—0

VC(O*'):éV

S0, Ec (0)=07J & Ec(0")
1 (1Y
CVilot)==C| =

EC(O+):56 J

1
2

3.24 Equivalent Circuits:

L: iL

ijv dit= i, =i (04— jVL.dt i (0)=1,

Proof: ByKCL,

t t
-, +%ij.dt+10 =0=i, =1, +%JVL.dt

0 0

o Classification of Transients:
i) D.C Transients
ii) A.C Transients

T 1

3.3.1 Source free circuits
(i.e. without independent sources)

— RL—=L—,
Source free —— RCC—V,
circuits RLC—L—],

C—)Vo
(or) Both
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Property: In all the source free circuits, stored
energies in the memory elements are maximum at
t = 0 and as a function of time, these stored
energies will be delivered to the memoryless
resistances in an exponentially decayed manner
and hence, the energy present in the network at
steady state (t — ) i zero.

3.3.1.1 Sourcefree RL circuit

0
RS Wr VL RL
+ -
1
= 0V
For t >0;
By KVL
-Vg—= V=0
—Ri—L.-d—1=0 —d—1+—1—{—i:0
d dt

Let D=g :>(D+—)i=0
dt

.. : R
Characteristic equation = D + T =)

Lp=_R
L
ItislikeS=uo
i(t)=Ke" for 0<t<w
-R

= KeT(A for 0<t<w

L]

tl

Fort >0
i(0")
.9
Loy

Att=0": A resistive circuit

ByKCL = —i(0*)+1, =0
=107) =1, |
So,t=0"=i(0") =ke ™ = k=i(0") =1,

-R
= it) =IoeLt Afor0<t<o

—t
= i(t) =Ie 4 Afor 0<f<o
L ) o ..
1= E =sec = Time constant of the circuit

il
Vv, (t)= L%\t—t) by Obm’s law

i(t),Amp
L]
03681=Lo |
‘1
0-0067 1, \\
0 t=:'c t=!5'c ﬁt‘(sec)

le— Tr. period —+—S'S. period —

At t=51,
I
i(t)y=T,e~ = e—‘;= 0-0067 Iy = 0-0
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I t)
B(1)=LL2())=L 1. [I e_] :
2 T, % Vo
R
Vit
=E, e—(J) for0<t<o ®
Ty } _l_ C
Byt !
X Fort>0 T? o
E.T
TE
0 _ i (sec)
T, L
Ty =—=—— S€C
2 2R
So the energy decay is 2 times faster than the At t=0"; A resistive circuit
current decay. = V(0" =V,
- So,t=0" = V(0*)=Ke® = K=v(0") =V
3.3.1.2. Sourcefree RC circuit ( l ° )=V
) V(t):VOeEVforOStSoo
Fort>0
-« iR 1c — _t
* V(t)=V,ex| Vfor0<t<ow
7=RC = Sec = Time constant of the circuit
Rg C i:+vo c=C dv(t) by Ohm’s law
V(t),volts
Lov Vo ]
By KCL
\Y
=iy +i =0 X+Cd—V—O 0368 V=2 |
R dt e .
3c) ;
:>d—v+l—0 :>(D+~—)V 0 0-0067 Vo --1-cemmmmm=s
dt RC l : .
-t _ t="51 {(sec)
0
= V(t) =Ke* V for 0< t<oo =T
k—  Transient — |<— Steady State —|
Period Period

eenngAcadelnY | Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune | Chennai‘,!
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Example: 3.3 (@)i(0) -
SPST 1s closed at t = 0 .What is the time constant
of the circuit. 0 t=0 () i(t)-
r—ANW——;——X
(a) 26/7
(b) 7/26 19 Qi)
(c) 713 1 |
(d) none V= - 1Q |
Ec(t) | (d) non
Ans: (c
E.T | :
G Ans: (b) Sol
Sol: Att=0
T
2Q 1Q
- . MW— —AMWW——
0 t '
1Q 0.5 | 20
— W = W |
| | ]
tz__zzv—:EC—sec : T 05 ?19 |
2 2 1Q 0.5 !
So the energy decay is 2 times faster than the o E W .
voltage decay. ) ' f
sec = sec 1/12= 3 0.5 |
o1 = Z=RC 2 7 }
YR —+05=-
L 3 6
CR2 =1 = Unit less Req =—7—//1Q:>Req :_7_
6 13
CR® . 7 7
R =1=Unitless, Time constant = Req C = —.l =—
132 26
CR? =L = Henry '
Example: 3.4
L
— = C =Farad . :
R? e The circuit is shown, find i(t) if the impulse |
L voltage is applied to the circuit.
—— =R = Ohm ' R
RC Yy —
L —R? =~ 2 - - — 1
c R* = Ohm", ()= ) C—F+
L i
\f— =R =0hm |
C |

>Hyderabad | Dethi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune | ChennaiJ
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1

i(t) = t
@0~ 3 (I/RC)e“’RC]u( )

. 1
(b) i(t) = Wu(t)

) = . ¢
OO~ 2o aroee; "V
(d) none
Abs: (¢) R
Sel: e

v /) f:_l_
‘ I(s) sC
' 1 sC
Iis)=
Ry L SRC+I
sC
s s
I(s)= RCl =R ]
s+— S+—
RC RC
R
1(s)= | —RC : RC
L
RC
1
_ 1, __RC
B 1
Rl s
RC

Example: 3.5

In the network of figure, the switch is initially at
the position 1. On the steady state having
reached, the switch is changed to the position 2.
Find current i(t).

ot

,
J
R; . L

i(t)

Sel: At t = 07, the network has attained steady-
state condition. Hence, the inductor acts as a
short circuit.

Since the inductor does not allow sudden
change in current,

o)

1

Writing KVL equation for t >0,

Y
(R1+R2)1+Ldei=0
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The solution of this differential equation is _ L ' 3.3
given by i(t)y=4e? '
R, i(3)=4e'=148 ,
““ B =veB=4¢ x3=444 3.3
& ) § LY Att=3 S, is closed. 2 Qis SC.
i(t) Ry Current jumps to a higher value and then
decays to zero quickly with a reduced time
constant. |
_[B&} For 3 <t <8, the circuit is shown in Fig. 2. ‘ Proj
i(t)=Ke * *  elen
3 _ VC(3+) — :
. \Y 1.3,)=—" =444 ~ thes
Att=0, 1(0)=R— 1 |
‘ ic(e0) =0 . Exa
\ Ke°=K { In t
—=Ke = i <t<ow i in Fig. :
R, ic(t) for 0 <t <oo is shown m_Flg 3 C elos
R+R, i
i{i)= LJ[T} fort>0 i F g0 - find
' RI ' __‘,,_l HW
+
12V | 2Q
Example: 3.6 _<> ~ §
The capacitor in the circuit as shown below is
initially charged to 12 'V with S, and S, open. 5, Fig.1
is closed at t = 0 while S, 1s closed at t = 3. The F
waveform of the capacitor current  is i 1o Sol
AW —
represented by | |
1Q 444V
—— A )
S, l
i S ;
nvV-—=C 20 § : Fig.2
| i) 1 12%e=444
Fig. 4
Sel: For 0 <t <3, the circuit is shown in Fig.1. )
10,) = % =4A
t=RC=1x3=3sec 0 4 23 6t

Fig. 3
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Transient Circuit Analysis

3.3.2. With Source Circuits & using Laplace
Transform Analysis |

3.3.2.1 Behaviour of inductor and capacitor
with sources, initial (t = 0*) and final
(t— ) conditions

Atot=0"=>L=0C=C=SC
Asot—ow0o=L=SC=C=0C

Property: At these two instants, L and C
elements will lose their significance and hence
the nature of the circuit is resistive.

(o]

Example: 3.7
In the network shown in figure, the switch is

closed. Assuming all initial conditions as zero,
) _

find i, éand%‘atwoﬁ
dt

Q) IH
_()( 10

IOV_T_ /3 ' —~ IyF

Sol:

M—o o©
IOV‘L D
T (0" '

Att=0"

1(0)=0; v(0)=0
At t = 0", the inductor acts as an open

circuit and the capacitor acts as a short
circuit.

i0H=0
vy(0) =0

Writing KVL equation for t > 0

109 IH
AN, —N——

e —— lyF
10V /v
i(t) i

. t
10-10i1 %1 jidtzo
dt 10x107,

f0=10i+ 8y ! cfidt (i)
dt 10x10° ;

Att=0"
o dig,
10=10i(0 )+E< J+0

di
dt
Differentiating the equation (i) , we get
. . 2
0=10é+£71+— 1 -
cdt dtt 10x10°

Att=0"

di d* 1
0=10—{0" J+—10" J+ —il0"

SRR

(0)=10ass

i

&i

dt?

(07)=~10x10=-100A/5?

Example: 3.8

In the accompanying figure is shown a network in
which a steady state is reached with switch open.
At t = 0, switch -is closed. Determine v,(0),
va(0%), vp(07) and vp(0").

100
10Q V(1) 200
V(1)
— =—=2F

5V 7
I 10Q
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160: Electrical Circuits

Sol: At t = (7, the network attains steady-state | Example: 3.9
condition. Hence, the capacitor acts as an | The energy stored in the capacitor is |

33.2.2 With sources, Laplace transforms

open circuit. 10Q :
Wy l . |

2200 8Q L«
10Q V,(0) 20Q ‘ 30V — '
L A—e— A —V:(0) IuF |
10Q Q |
| L :

sV T o Sol: Network at steady state, Exa

& %0 The

30V _— T v T an

T 0 o . cur
Vi(0)=5V 100 E1ov 14{, 70 l
Vi0) =5V — i |
+ . Vc =4V :
At t =0, the capacitor acts as a voltage . |

E tored = —-CV
source of 5V. nérgy Sore 2 i
' 1 2 '
Vi(0) =5V | = XIx(d] = 8uJ |
Writing KCL equation at t = 0, ‘ A

10Q approach of solving transient problems for 0 <
W~ (oo,
) Ix(s)
O o——
10Q v, (0% 20Q R: i +
' ' Vi(07)
Ve § R Vils) éR
5V—— 10Q 5V o —
t-D . S-D
i L
L o—b———— o
+

Yy (TO)—S + V*‘l(g+)+ Va((;))_S =0 Vi L § I = i § L (DIO

0.25v,(0Y)=0.75

o o W S

t—~
t-D D

v,(0Y=3V
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Transient Circuit Analysis

Example: 3.10

The network below represents the equivalent of
an inductor in Laplace domain. Determine initial
current through it

6V

S/12Q

5-D

Ans: Since LIy=6VandL=%H ‘

Solh=—= Y =12A
/2
iC ic
C o
* +
A Vo
Ve C"r—— VO = V.
B -C
_ | |
D tD
Le(s) Ie(s)
o O e
* +
Vo
V) § = Vel L o0 (? CV,
— 1o _
- SC
o0— o
S-D SD

Example: 3.11

In the network shown in figure, the switch is
closed at t = 0, the steady-state being reached
before t = 0. Determine current through inductor
of 3H.

2H 2Q

— R oA ——
vk V2e ) gw
’ i\(t) i(t)

Sol: Att =0, steady-state condition is reached.
Hence, the inductor of 2H acts as a short

circuit.
— OO

VT v §2Q

1,(07)

i,07)= %A
(00 =0

Since current through the inductor cannot
change instantaneously,

il(0+)=%A
i,(09=0

For t > 0, the transformed network is shown
in figure. Applying KVL to Mesh 1,

2% 1’7 2

IRL L

I(s)
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é—ZsIl(s)+1—2(11(5)—Iz(s)):0 _;_(m) ) |
C= =-=
(2425),(5)-21,(5) =1+ sts+2) o
S §=— ;
Applying KVL to Mesh 2, 1 ’ 1 7
|
2(1,6)-1,6)-21,6)- 31,6)=0 !

gzig_m@+ﬂ—5@+1J

—2[,(s)+(4+3s)1,(s)=0
l( ) ( ) 2( ) Taking inverse Laplace transform,

By Cramer’s Rule,, 1 5 L )t
i P S |
2+2s 1+1/s ? 12(‘[)—2 0. 75° fort>0
- (s + 1)
N R — Example: 3.12
T e2s 2] (2s+2)4+3s)-4 | TEORES
-2 4435 For the netwotk shown, determine the current i(t)
i | when the switch is closed at t=0 with zero initial
- S+ = S+ conditions. '
s@s P+ 75+ 2) | >
33(3 + gj(s +2) o—W—

.
-3~(s +1) ) > 1H
i(®)

o) T

By partial — fraction expansion Sol: The transformed network is shown in figure
5
LA B O i ?
s s+2 1 ;
S+ g S ‘ A
5¢7
1 s Q—D al
S+ 1 1) 6 J
A= — T § ]
(3 ”S‘
(s +2) 84— ‘ |
3 )l Applying KVL to the Mesh for t> 0, »
5¢ 6
Ls+1) = 51(s) -~ 1(s)= 0 ¢
3 1 S S . o
B= N 1o 6 S¢” a
s@+j Sl 1) +16) =
3, 5 s’
I( )_ 5¢° _ 5¢7°
sls?+55+6) s(s+3)s+2)
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By partial —fraction expansion, - R.P [Vm el ,eiﬁ“J
LA, B C P [Ven|
s(s+3)(s+2) s s+3 s+2
_ 1 1 V=Vue® — Exponential form of phasor
B (s+3)s+2) y 6 representation
B= o :1 =Vn/® — Polar form of the phasor
s(s + )S:_3 3 representation
C= 1 :_l = Vi (cos ¢ +j sin ¢) > Rectangular,
ss+3),, 2 form of Phasor
{ ) ) representation
I(s)=5¢"| —+ - 04 =
D I:6s 3s+3) 26+ 2)} i(t) = I cos (0t +0)
I=1In/0 — Polar
5¢° S5e° 5¢° =1_¢" — Expo.
t) = 4 7
1l 6 s 3s+3 2s+2

Taking inverse Laplace transform,

i(t):%u(t—1)+§e"3('"1)u(t—1)—‘§e‘2(“')u(t 1

fort>0

3.4 Phasor Repf?sie:n}'tt_i*ltionj and its ‘"
Importance in Steady State AC
Circuit Analysis -

J
A Phasor is a complex number that represents
amplitude and phase of a sinusoid. It is defined
only for the cosinusoidal signals. All sinusoidal

signals are converted into cosinusoids by
subtracting 90° from phase.

As a complex quantity, a phasor may be
expressed in exponential form, polar form or
rectangular form. Since a phasor has magnitude
and phase (“direction”), it behaves as a vector.

V(t) =V, cos(ot+¢)

=RP [V, ¢l |

= In(cosB + ] sinf) — Rect.

eg: V(t)=10 cos (2t+30%V
V =10430°— Polar
=10e’"  —Expo.
=10{cos30° + jsin30%) - Rect.

=10 3E+jl Le.,phasoris a
2 72

representation of complex number
eg: i(t) = 10 sin (2t + 30%)A
=10 cos (2t +30°-90)A
=10 cos (2t — 60°) A
1=102£-60°
=107
=10 (cos 60° - jsin 60°)

:10(1_ jﬁ)

2 72

L& |
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t-DeoP-D

i(t) © 1
vty V
R <> RQ
L ©jol Q (s=jn)
<->_*1—Q
joc

Note:

1. Analysis of a.c in steady state is generally
carried out in the phasor domain i.e.
KCLKVL, Ohm’s law, Nodal, Mesh &
Source transformation are written only in the
phasor domain.

2. Addition and subtraction operations of
phasors are camried out only in the
rectangular form, where as division and
muitiplication operations of phasors are
carried out either in polar or in exponential
form.

[ 3.5 A.C. Transients j]

3.5.1 Steady State Response & Transient - Free
condition for RL, RC and RLC Circuits

3.5.1.1 Series RL circuit
S
R
X MM~
t=0
+

V()= Vi (~ /> L
sin{ot+@) - ) i 3

CS=CF+PI

= Natural response + Forced response.

= Response up to 5t + Response after 51

= Transient response+Steady state response
R

i(t) = 1u(t) + iss (1)

i(f)= Ke " +ig(t) = Ke L +ig(t)

R
iss(t): o
+
wwvm(€> i(9) §L
sin(ot+®) o
NWisin S-S

Methed (1): By Phasor approach

Transform above network into phasor domain.

R
AW
+ +
v, /D-90° /D joL Q

NWisinP-D

V =2Z1/Byohm’s law in P.D
By KVL in P-D
=V _ZO-90°-RI~joLI=0
- Z0-9 ,
1~%ﬁ>%LYn® méﬁwﬁgj

) R L) R

R+JoL

= I= ———X‘——LC‘D ~tan™ ((£) -90°
VR +(0L)? R
=asp =ae”
i(t) =R.P[1e* A
= a.cos(owt + )

ol

1 O 0
= acos(ot + D —tan ]—il— -90°%)
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= ——V"‘——— sin(oat +®—tan™ 911)A
JR? + (L) R
= iss(t)
Method (2): By LTA
V(t) =Vpsin(ot+ )

16s) _ b
Vis) His) = ()"Z(S) R+SL
I
H(](D)_R+j0)L
= 1 /—ta 'J(DL
R? +(0L)’ R

= I(s) = H(s)- V(s)

oL
= () = ===V, sin[cot+ ® —tan™ —jA
IR+ (oL) (mL)2 R
- ISS(t)
1(t) = 14(t) + iss(t)
=Ke W + ————sin(ot + ®—tan" m—]')

YR +((oL
i(0)=0A= 1(0 )

oL

Vv
=0=Ke”’ + m___sin(0+®—tan™ —E)

1/ R* +(ol)’
e —— SII{CD —tan —Ii)<<l
JR? +(03L

As K <<I, the transient effects are less
severe for a.c.

V. (t) = Ld—;(—) By Ohm’s law

Suppose q)—tan“‘—O;—L:O =>K=0

= iu(®) =0 = i() = ix(t)
1.e. A transient- free response.

So, condition for transient - free response at
t=01s

@ =tan“'—w—li

i-e-'(wt+®)l o = tan™ &L)

Note:

o  So, if the total phase of excitation at the time

©
of switching is equal to tan™ (?) then no

transients will result in the system at the time
of switching for sinusoidal excitation.

s If the switch is closed at t = t; ,then the
condition for the transient free response at
t=1t,1s

L
o

ot, +d =tan" (

o If the excitation is V(t) = Vy, cos (wt + ©),
then sine is replaced by cosine in the steady
state response and hence ‘K’ is a function of
cosine.

L =
¢ Suppose, ® —tan™ oz
pp R 2

=>K=0=i,()=0
= i(t) =i, (1)

1.e. A transient - free response

®=tan" QL +E att=10
R 2

4oL} =w
oty +® = tan” ——)+— att=t

R) 2

o In the above cases if ‘ L’ is replaced by ‘C’

then t =§ should be replaced by 1=RC
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3.5.1.2 Parallel RL Circuit

O-tnero(D) X S g0

=0

irss(t) by LTA:
IL.GS) _ HS) = de.sued LT
I(S) excitation L.T

I(S).R
R+SL

IL(S) =

(By current division in s — doimain)

}L_(sl =H(S) = R
1S) "TR4SL
H(J(D) = jQ}L = I - A—tan_l (%L)
1+ Y 1+(911)
R

lL(t) = iLn' (t) + iLss (t)

—Ke 4 B

2
1+ (ED—LJ
R

i,(07)=0=i,(0")

sin(wt+ @ — tan ™ —(;—L)

-1
K = ——ﬂ——sin(fb ~tan” BL-] <<l
(OJLJZ R
1+ &~
R
di, (t
v, (1) = L‘—(LitQ by Ohm’s law

Suppose @ — tan ™ EJRE =0

=>K=0=1,(t)=0

———

= iL(t) = iLss (t)

1.e., A transient - free response

® = tan™ (—QET
' R

4 0L
ot, +® = tan ‘—R- att=+tp

att=0

(same as series RL circuit)

Ifi(t) = Icos (ot + @), then

) ol =«

d=tan  —+—| at t=0
R 2

qoL 7w
oty +®=tan™ — +—| att=to
R 2

In the above cases if ‘L’ is replaced by ‘C’, then

=—1L€ should be replaced by © =RC.

Note: Transient - free condition is not possible
for networks with both the energy storing
elements i.e. for RLC networks.

Reason:

SpS,=a + jﬁ

i(t) = 1x(t) + iss(t)
= e (K, cos Pt + K, sin Bt) + 1(t)

Here by applying initial conditions i(0") and
ve(0"), K, is a function of sine and X, is a
function of cosine (vice versa), hence no time will
satisfy both K, and K, simultaneously to zero and
so the transient term is always present in the
complete response.

Obs: So, the transient - free time (o value) in RL
and RC circuits with A.C excitation will depend
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on the source frequency (), its initial phase (®),
on the circuit constants (R, L, C values) and on
the nature of the excitation (sine or cosine), but
not on the maximum value of the excitation (Vy,
or Iy).

Example: 3.13

For the network shown in figure, find the

response V(t).
2Q
o— Al —

v,(t)= %costu(’c) Q) N i

+ o

r
|
|
i
<
=
=

Sel: The transformed network is shown in figure

0
e ;
V) =2V
s
V.6)= % szs+1

By voltage-division formula,

4
S

Vo(s)=Vs(s)x2+ %

_ZVS(S)_ S.
Cs+2 (2 +1fs+2)

By partial — fraction expansion ,
As+B C
Vo ( ) =

| sP+1  s+2
s=(As+B)(s +2) +C (s*+1)
s=5" (A+C) +5 (2A +B) + (2B +C)

Comparing coefficient of £, s and s°, we

have
A+C=0
2A+B=1

2B+C=0

Solving the equations, we get

A=04,B=02,C=-04
0.4s+62 04

Vols)=— -

o) s 4+l s+2
04s 02 04
TR I

s+l s+l s+2

Taking the inverse Laplace transform,

i(t)=0.4cost+0.2sint—0.4e™ for t >0
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Class Room Practice Questions

e SR 05. The time constant associated with the
capacitor changing in the circuit shown In ‘
Fig. is (IES-EC-96) -'
01. A square wave is fed to an RC circuit. Then 20
(KES-EE-92) W
(a) voltage across R is square and across C N

1S not square _

(b) voltage across C is not square and across <>Vd° == uE
R is not square

(c) voltage across both R and C is square ¥ i
(d) voltage across both R and C is not square 18 , 10
(a) 6 ps (b) 10 ps
02. If the unit step response of a network is (1~ (c) 15 s (d) 25 ps
e~ ) then its impulse response will be ' '
(IES-EE-97) | 06. Time constants of R-L and R-C circuits are

ively: IES-EC-11 !
() ae ™ ®) 1 o-tla respectively (IES ) ;
| a R=1Q;L=1H andC=1F }
©) —r2 (d (1-a)™ (a) 1 sec and 1 sec
ae " (b) 1 sec and 2 sec
(c) 2 sec and 3 sec
03. A system function has a pole at s =0 and a (d) 2 sec and 4 sec
zero at s = —1. The constant multiplier is 0
unity. For an excitation sin t, what is the | (7. Time constant of a series R-L circuit equals '
steady-state response ? = (IES-EE-06) (ISRC-2006)
(@) V2 sin(t+45) (2) L/R second (b) LR second
(b) 2 sin(t-45") ©LR (LR
(c) sin(t-45") ' 08. A dc voltage V is applied at time
(d)sin't t = 0 to a series RC circuit. The steady state
' current 1s (FRO)
04. Consider an L-R circuit in which a current i \Y ' b A
= 5¢2 A is flowing. The voltage across the (a)i (b) C
R-L circuit is given by (IES-EE-12) \Y
(2) 20e”' V - ©) = (d) Zero
(b)-10e2y  Fo— VR®+C ‘
(©) 10e™V 3
d) 5¢*V Rz 40 09. For the network shown below, the switch K
v(t) is closed at t = 0. With capacitor uncharged,
L % 11 the value of current at t=0"is  (HMWS)
Yo W—
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01.

02.

:69:

Transient Circuits Analysis

100volts 'J:j -~ luF

(a) zero amp(b) 0.1 amp

(c) 0.01 amp(d) 0.001 amp

The time constant of the network shown in |
figure is , _ ' '
(a) 2RC _d R

(b) 3RC ’

RC

O Lo oaz Lo

Consider the following data :

(IES-EE-93)
1. Input applied for t <t,
2. Input applied fort > t,
3. State of the network at t = t,
4. State of the network at t <t,
Among these, those needed for determining
the response of a linear network for t > t,
would include
(a)1,3and 4
(c)2and3

(b) 2,3 and 4
(d)2and 4

Two coils having equal resistances but
different inductances are connected in series.
The time constant of the series combination
is the (IES-EE-93)

(a) sum of the time conf the individual coils
(b) average of the time conf individual coils

03.

(c) geometric mean of the timonstants of the
individual coils

(d) product of the time constants of the
individual coils

The response of an initially relaxed linear
circuit to a signal V is ¢ * u(t). If the

. . dv,
signal is  changed to (VS +2 btsj the
response would be (IES-EE-94)

(a) -4 M u(ty+d(t)

(b) =3¢ * u(t) +25(t)
(c) 4> u(t) -3(1)
(d) 5¢™ 2 u(t) +25(t)

04. A unit impulse voltage is applied at

05.

t = 0 to the R-L circuit shown below while

1(07) =1 A. What is the expression for i(t) ?

(IES-EE-05)
-10t .
ggel oot R% 100
©) 20t st
(d) 10 10 - L g 1H
Fig.

In the circuit shown in the Fig. below, if iy =
u(t) A, then what are the initial and steady-
state voltages across the capacitor ?

(IES-EE-06)
3 m? %

(a) 1 Vand 1V, respectively
(b) 1 Vand 0, respectively
(c) 0 and 1 V, respectively
(d) 0 and 0, respectively

1 pF

Fig.
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70 Class Room Practice Questions
06. In the circuit, if Ve(0) = 25 V, the (c) underdamped
expression for V(t) fort> 0 is (d) over, under or critically damped
(IES-EE-11) depending upon the magnitude of the
40 step voltage
MW
09. The time-constant of the network shown
|t inthe figure is (ISRO -2007)
1OQ§ O-IFTVc(t) %69 (a) CR R C
- (b) CR? rw'—*j
. ©) CR i 1
Fig. L4 v R ¢ i
CR
(a) Ve(t) =20 'V (d) B ,
(b) Ve(t) =25V
©) Ve®)=20e>'V
(d) V() =252V 10. The time constant for the circuit shown
below is _ (ISRO -2009)
For the circuit shown below different time 1,k, ,QA -
constants are given: (IES-EC-92) ‘
1.0.5 x 107 ms ' L
2.2 x 107 ms O-uF A0E 220
3.0.25 x107 ms ' | T
4,107 ms
What arc the charging and discharging time (a) 0.2 microsecond
constants respectively? (b) 0.8 millisecond
(¢) 0.4 millisecond
le (d) 0.2 millisecond
+ R
— 1 E %lkﬂ 11. For the circuit shown m the figure, the
0.5 pF T 0.5 F switch is closed at t = 0. After some time
B when the current in the inductor was 6A, the
rate of change of curment through the
inductor was 4A/sec. The value of the
(@1,2 (b)2,3 inductor is (AEE-2012)
© 1,3 (d)2,4 S t=0)
=7
A step function voltage is applied to an RLC _J_
series circuit having R = 2Q, L =1H and 20V — %L
C = 1F. the transient current response of the '
circwit would be (IES-EC-95) %
(a) over damped
(b) critically damped

dems | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapamarn | Tirupati | Pune ! Chennai
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Transient Circuits Analysis

e —

0.5H b) 1.5H j
8 1 0H E dg Indeterminate 15. The current i(0") and % in the circuit given
© below are

12. In the circuit of fig given v(t) for t > 0 is
given by (AEE-2012) 1——va —

. S( 10~ 3F
s
+ [\V §
5 1 2 henry
Lu(t) () L R§ V(®) ?—
- - @0,0 0,
(a) IR e__LT/R (b) IR e-RT/L 3 33
© R (1) (@) RO € =, 0 @, 2
2 2°2

13. In the circuit of series RL given in fig., V is

given by (AEE-2012) _ _
v _ 16. In the given R — C circuit, the current
+ ® sim t reaches its maximum value ~ (SPDCL-12)
—6— A o————8—
1Q 1H _ 100Q
- S
+
Q 10 Volts D.C. g
A e _
(a) 2sint (b) 2cost
(©) sin(t+45%  (d) 2sin (t+45"

14. In the circuit of fig shown steady state has (a) after 50 p.sec. of tuming on the SWitCh 5
been reached with the switch open the (b) after 100 p.sec. of turning on the switch
switch is closed at t =0 the current I at t =0 S . ‘ .
is (AEE-2012) (c) after 1000 p.sec. of turning on the switch

1Q S :
‘va—?—/o&’— (d) immediately after turning on the switch
S
+ Q 1Q . . e
6V <> 1 i \F 17. A capacitor C at time t = 0" with  initial
N _ charge Qg acts as (SPDCL-12)
1H (a) short circuit
! (b) open circuit
(c) current source
@) 32 A (b) 9A (d) voltage source
(c) 2A (d) 4A
ACEEngmeenngAcademy | Bhopal | New Delhi | Bengaluru { Bhubaneswar | Vijayawada { Visakhapatmam | Tirupati | Pune | Chennai ,
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Class Room Practice Questions

01. Ans: (d)

Sel: V(t) rises exponentially during the rising,
charging half cycle and falls during the
discharging, falling portion of the adjacent
half cycle. vg(t) is also not square.

02. Ans: (a)

Sol: u(t) —>1-¢*

o(t) = 4 u(t) — 4 (1-e™*Y)
dt dt
=ae ™, t>0
=0 , t<0
&3 Anbs: (b)
1
sol: 1) = 7 Hiig)
s
o £1+j(1}) _e —-_], o=1
© ®
Hoh)=1-j1
[HGDI= 2, ZH(jl) = -45°
Steady state response = 1 [H(j1)| sin
(t+ ZHG) = V2 sin(t—-45")
04. Ans: (¢)
Sel: Vi =54 =20eV
di d/
Vi=L—=1]—(5¢"
b Lt( )}
= -10¢™
Vi) =Vr+VL
=10e™V
05. Ans: (a)
Sel: 6

r=RC,R=2]|3=§ 0,C=5x10°F

T= g x 5x107° = 6 psec

06. Ans: (a)
Sol: Time constant

= -E— =[sec, for R — L circuit

=CR =1 sec for RC circuit
07. Ans: (2)

08. Ans: (d)

Sol: Under steady state capacitor acts as a open
circuit
-, current 1S zero

09. Ans: (b)

Sol: Capacitor opposes sudden change in voltage
.. At t=0" itacts as a short circuit
Att=0", i:-\izl—og:o.m

R 10

10. Ans: (d)

Sol: Equivalent resistance  seen  through
capacitor terminals after switch operation,

Ry =(R)IR)-2F

- Time constant = R, C = g%g

' /—{ Level-2 Key H

01.(d) 02.(b) 03.() 04.(c) 05.(c) | |
06.(d) 07.(c) 08.(b) 09.(2) 10.(a)
1.2 12.(6) 13.(d) 14.(c) 15.(a)

16.(d) 17.(a)
\Jo@ T Y,

c

Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatam | Tirupati | Pune §ChennaiJ |

Ints

An
and
AC

v




€n

i |

4.1 Average and RMS_"V‘al'u_és{o’f o
Periodic Signals .

Introduction:

An alternating waveform changes its magnitude
and direction periodically. Figure shows various
AC waveforms.

\Z) v VT

Many times, alternating voltages and currents are
represented by a sinusoidal waveforms.

A sinusoidal voltage can be represented as
v=V_sinb
=V, sin ot
= Vm sin 2nft

=V, singﬁt
T

Terms related with alternating Quantity:

1. Waveferm: A waveform is a graph in which
the instantaneous value of any quantity is
plotted against time. Figure shows a few
waveforms.

2. Cycle: One complete set of positive and
negative values of an alternating quantity is
termed as cycle.

3. Frequency: The number of cycles per

second of an alternating quantity is known as

Alessandro Volta
(17451827

frequency. It is denoted by f and is expressed
in hertz(Hz) or cycles per second (c/s).

Time peried: The time taken by an
alternating quantity to complete one cycle is
cafled time period. It is denoted by T and is
expressed in seconds.

Amplitude: The maximum positive or
negative value of an alternating quantity is
called the amplitude.

Phase: The phase of an alternating quantity
is the time that has elapsed since the quantity
bas last passed through zero point of
reference.

Phase difference: This term is used to
compare the phases of two altermating
quantities. Two alternating quantities are said
to be in phase when they reach their
maximum and zero values at the same time.
Their maximum value may be different in
magnitude.

A leading alternating quantity is one which
reaches its maximum or zero value earlier as
compared to the other quantity.

A lagging alternating quantity is one which
attains its maximum or zero value later than
the other quantity.

A plus (+) sign when used in connection with
the phase difference denotes ‘lead’, whereas
a minus(-) sign denotes ‘lag’.

V, =V sinwot
V, = V_ sin{ot + (j))
Here, quantity B leads A by a phase angle ¢.

Alessandro Giuseppe Antonio Anastasio Volta was an Italian physicist known for the invention of the battery in the 1800s.



Electrical Circuits
th',A v=0 0<0<n/4
/ =Vnsind  w4<f<r
——t =0 T<0<2n
k-d)-’ w 1 2n
Vo == [V(0)d0
: ¢ o2
Let x(t) be the periodic signal of period ‘T,
then x(t 2 T) = x(t) 1%
Average Value = DC Value . jVn1 sinf do

1 A
g = Ad T £x(t)dt

_ Area of thesignal over one period
Period

1 g,
RMS Value = X s = ? i X (t).dt

X(t)max — Xmax
x() . X

avg avg

Peak Factor =

ms

Form Factor = Ko
avg

The average and value of sine or cosine

function of any phase and frequency is zero,

. . Maximumvalue
and its rms value 18 \/-
2

If f{t) = ap + a; cos ot + a; cos 2wt +
.......... +bysinot+bysin2mt+...........,
then the RMS value of f{t)

f(t) s = ,/ag +%(af +a5 +...+b’ +b] +)

Example: 4.1
Find the average value and rms value of the
waveform shown in figure.

Sel:

V4

Vb --

n/4
.,'V
= 21_[( Cose)n/4
_Va
— =(1+0.707)= 0272V,

jsm 0 do

V2
\/_ﬂ (l cos29jde
2T
V_j](__sm%
2n\ 2

\Pm n osin2n w sinm/2)
2

w\2 4 8 4 )

= 0.227V2 =0476V,

A

Example: 4.2

Find the rms and average value of the waveform
shown in figure.

Sol:

Ste:
ach
swi
gen

Pr

Tre
dot
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va 1 Q
joC
100F-------- ! I | Ry
W MWWy
gOf------ Lo N
gof 11 | | ¥ ¥
[ S T | L O
ol i MO) 2 1) e
AEEREEEE N
00123456738
0+40+60+80+100+80+60+40 NW is in P.D
Sol: V. = 3
=57.5V V=71
v - \/02+(40)2+(60)2+(80)2+(100)2+(80)2+(60)2+(40)2 ByKVLinP-D
ms g
:6442V led)_R] II_J(DL](II—I2):O ...... (1)
-1
1 N )
4 2 Smusoxdal Steady State Analys1s _ JCOC ~Re i mjoby 1 mjoky 1, =1)=0
(S3 A) by Uﬂmg Phasor_ S A
I :_1- i o
| =l (=R Pl e A
Steady state indicates absence of transients. It is I = A, i2(t): -P[I2 el ]A
achieved practically after 5 time constants of A
switching action and analysis in steady state is
generally carried out by using phasors. Example: 4.3

Procedure:
Vit = Vmcos(mt+¢)< 4 (tlj éLI iz(ﬂ) L,

N/W is in S.S.

Transform the above network into phasor
domain

Find mesh currents I; and I, in the network of

100445%@) i) j100 )1
[

J

100

I~

I,

Sel: Applying KVL to Mesh 1,
100 £Z45° -3 +j4) 1 —j10(I; - 1)) =0
(3+j14)1; - j10L, = 100.£45° (1)
Applying KVL to Mesh 2,
—10(L - I;) +10(L;) = 0
jl0I, =0

1y yderabad | Delhi | Bengaluru |
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11 =0
Substituting [} in equation (1) we get ,
—j10I, = 100.£45°

1 o
[, = 00485° 1o 1350 A
10£-90°
Example: 4.4

A two-element series circuit is connected across
an ac source given by e = 20042 sin(314t + 20°).
The current in the circuit then 1s found to be
i =10V2 cos(314t - 25°).
parameters of the circuit.
Sol: i =102 cos(314t-25°)
=10+/2 sin(314t - 25°+90°)

i = 1042 sin(3 14t + 65°)

Also, & = 20042 sin(314t +20°)

Current lead emf by (65°-20°) =45°

Power factor = cos 45° = 0.707 (leading)
Yy = M =20Q
L, 10\2

R=7Zcos $=20(0.707) = 14.14 Q and
Xc=7Zsin ¢=20(0.707)=14.14 Q

Determine the

Now, Z =

X, =—1—=14.14:>C:——1——
2xfC 2nf x14.14
= 1 =2.2523x107*F
2x3.14x50x14.14
=225.23 uF

n ~ 4.3 Phasor Diagrams j]

o A graphical or pictorial representation of
phasors is known as phaser diagram.

o Phasor diagram 1s a pictorial representation
of all the phase voltages and their respective
currents in a network.

e Phasoris a rotating vector, which rotates in

the anti-clockwise direction with angular
frequency ‘®’ in the time domain.

‘ot = 90°
 rond ot =0°
at =180 or > o
ot = 360°
at =270°
Zzr=KQ=R20'Q

ZL:j(OLQ=jXLQ =XL Z90° Q/
- where X; = oL

| 1
Ze=——Q=—j——
joC J oC
=—jXo =X £-90Q/
whereXc=—1—
oC

4.3.1 Series RL Circuit

N/WisinS.S.
VRZI'R
V=17 =1-Xg 290"
'
v
90’
e BT
VR I
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V= Vé L2 4.3.3 Series RLC Circuit
L
\ I R L
o= tan™ (—Lj = Impedance Angle — AWM ——— N —
VR + VR — + VL —_
= Admittance Angle N +
AN v () Ve =€
cos ¢ =pf= v (lag)ie “I” lags “V” - -
4.3.2 Series RC Circuit N/WisinS.8.
. Vg=I-R
IR + VR
BN Ve=1.Xp £290°
+ Vi -
+ Ve=1.Xc £-90°

N/Wisin S.S.

Ve=I-R
Ve=I-Zc =1-Xc/-90°

»
L
O
S
<
g
~=7
e

Jo

\

V= VI +V?
V.
¢ =tan ( J = Impedance Angle
VR
= Admittance Angle
(V
cos ¢ =Pf= (VRJ (lead)

i.e “I” leads “V”

(i) Vo>V

V=V + (V- V)
(V. -V
¢:tan—l( L Cj
V

R
= [mpedance Angle

= Admittance Angle

cos p=P.f= (y\%} (lag)

i e “I” lags “V”
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(i) Vc>Vy
VL A
90° Ve
Q > >(0
o Ve | 90° I
\Y%
Y(Ve—Vy)

V= JVR2 + (Vc - VL_)2

V-V
-1 c L
= tan

R

= Impedance Angle
= Admittance Angle

.‘ Y
cos o =pf=|—21(lead
o=p ( v j (lead)
i.e “I” leads “V”
(i) Vi, = Vo

Vi

90°
H—— Yo
Vi 90° I

®

¢ = 0° = Unity power factor

In the above phasor diagram, inductor and
capacitor voltages are equal in magnitude
and opposite in phase. So they cancel each

other and this is called “resonance”.

4.3.4 Parallel RL Circuit

I=I.2+1°
I
¢ =tan™ I_}; = Impedance Angle
= Admittance Angle

cosd = pf= (%j (lag)

i e “I” lags “V”

4.3.5 Parallel RC Circuit

\ 4 IR Y IC

Id) ?R T=c Vv

N/W is in S.S.

Electrical Circuits
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v 0 Ic>L
IR = —Ii—
[o— \Y Ic
o —ZT (Ie-Ip)
\% |
=1Ic= —290° 90
C XC o 5\(1) ‘—-I S > o
lk ~J90°
I¢ 1 v
A L
I
0 I= \/IR2 +(IC_IL)2
0 90
) o I > i 1 I-1;
Ik v ¢ = tan’ I
S = Impedance Angle
1=k -; I = Admittance Angle
11 =< I
= tan = Impedance Angle Y
0 I p € ANng cos =p.f= ( I j(lead)
= AdmittamI:e Angle
R 3 [11 $3) (13 Y42
cos g =pf= T (lead) i.e “I” leads “V

i.e “I” leads “V (i) IL.>Ic

4.3.6 Parallel RLC Circuit o 4
- v Ir H900
+| =% & , .
I, =— Z-90° I
1 §R L —c vt x
1 (1o
[ = /90° o
— =C {
RS X(t)
N/w is in S.S.

2
1= 12 +(I, -1.)
I [IL —Ic]
¢ = tan I,
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= Impedance Angle
= Admittance Angle

Iy
cos¢ =p.f= (T) (lag)

i e “I” lags “V”

(i) I, = I¢

I

00
O
g &
<}
e

0=0"=>UPS

So the circuit is under “resonance”.

ﬂ : 44Power 'Ca:l'cﬁl'atiéhsl - . I

4.4.1. Power relations in AC circuits

For a DC circuit, the power is given by

2

P, - VI=TR =~
R

The power at any instant in an AC circuit is

called instantanecus power. It is defined by the
product of voltage and current at that instant, i.e.

P=wi

As the voltage and current are not constant in an
AC circuit, the power value will also change with
time. Therefore, the average power taken over a
period T is

:80: Electrical Circuits
1 T
P=— J.Vi dt
T 0
1 2n
Also, P=— jvi dt
21

0

The average power is also called the active power
or true power and is measured in watts (W). The
bigger units are kilowatts (kW) and megawatts
(MW).

4.4.2. Powerin Pure resistive circuits

The voltage and current in a pure resistive circuit
are in phase and may be respectively represented

by

v=V_sinot
andi=1_sinot
The instantaneous power is given by
| P=wvi
=V_I_sin’ at

1
= —Z—lem(l ~cos’ ot)

.. The active power is given by
. T
P=— [vidt
T 0
VI T .
=—28 H(]-cos” wt)dt
e fo-cron

0

T
- leIm [ jcosz ot dt:()]
2 0

VoIl
=l—=| 7= Vm‘.slrmsw
il

The power waveform is positive throughout the
cycle. This is because voltage and current are in
phase. The power flows only in one direction. It
is consumed in R and appears in the form of heat.
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4.4.3. Power in pure inductive circuits

The voltage leads the current by 90° in a pure
inductive circuit. Let the voltage and current at
any instant be respectively represented by

v=V_sin(wt+90°)
and 1=I_sinot
The instantaneous power is given by
p=vi

=V, I, sin(wt +90°)sin ot

= %lem (2coswt sin mt)

= leIm sin 2wt
2

Active power (or) Average Power
1 T
P, === [V,1,sin2otd
2T

0

LVI —1—( cos20t),
o

2T m'm
:—_L’“I—‘“—(COSZQ)T—COSO)
40T

o
= L (cos4m—cos0)
4T

_Yala —nm (1 -1)=0
40T

Therefore, in a pure inductive circuit, the active
power supplied over a complete cycle average cut
to zero.

Reactive power: The power supplied to a
reactance (inductive or capacitive) is termed
reactive power. Unlike active power denoted by
symbol P, the reactive power is denoted by
symbol Q and given the name volt-amp-reactive

(var). Let us now see how the reactive power is
calculated.

The peak value of instantaneous power is given
by

Vo Vo I
2 242

For a pure inductive circuit,

Q=

l' ms™ rms

VL Vlms XLIL
QL= VL =X,

2

Also, Q, =—

L

Here Qy is the rate of change of reactive energy
between the load and the source. By convention,
Qv is taken as positive and is called the lagging
reactive power.

4.4.4. Power in pure capacitive circuits:

The voltage lags the current by 90° in a pure
capacitive circuit. Let the voltage and current at
any instant t be represented respectively by
v=V_sinot
and i=1_sin(et +90°)

.. The instantaneous power can be written as

p=vi= %lem 2sin ot sin(et +90°)

m-m

_1 —V 1 sin2mt
2

Active pairver (or) Average Power

T T
V.1
P. 1 Jp dt =——— Jsin 2otdt
T, 2T
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T —

— —

V |
m-m 1 1 — 0
40T ( )

Reactive power

The peak value of instantaneous power can be
written as

VI V.
PC — m-m m Im V I

2 \/" \/’ s~ rms

For a purely capacitive circuit,

les = VC = XCIC

Q.= VCIC = IéXc

\s

. C

o Qe=o—
Ne

Here, Qc is the rate of change of reactive power
between the load and the source. By convention,
Qc is taken as negative and is called the leading
reactive power.

4.4.5. Power in a general series circuit

For a passive ac circuit, let the voltage and
current at any instant to be given by

v=V_sinot
and i=1_ sin(ot - ¢)
Where ¢ is the phase difference between the

voltage and the current. If ¢ is —ve, current leads
the voltage.

The instantaneous power p is given by
p=vi
=V_I_sinot sin(wt - ¢)

I (2sinot sin(ot-¢))

m m

V. 1, (cos¢—cos2ot - ¢))

The average power P is given by

1 T
— fsincot dt

P =
LT

1V I
=— | == (cosd) ~cos(2wmt - ¢)dt
T! 2

= —\%‘l[}coswt - TJhcos(Z(nt - ¢)dt)

0 0

AR r
“Tor xcos¢x T [ oj cos(2ot - ¢)dt = 0]

—Zcosp=V cos

rms ms

Vu L

f V2

The product of Vi, and Iy Is called the apparent
power and P is calied the true or real power.

.. P= Apparent power x cos ¢
or

True(real) power = Apparent power x Power factor

- That is, the product of rms values of voltage and

current with the cosine of the angle between them
(i.e., the power factor) is called the real power (or
true power) denoted by symbol P.

Reactive power: We can now generalize our
previous definition and state that the product of
rms values of voltage and current with the sine of
the angle between them is called the reactive

power Q.

5o Q= Vs s S0 ¢
The reactive power is also called the wattless
power or quadrature power. The following table
represents the different expressions of power in
ac series circuits:
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| power | Realpower Reactive | Appareat Complex Power:
Circuit factor power poyver .
P=Venlomsc08h | oy Ysing | s=7.02 || 1he powers S, P and Q of a power triangle can be
obtained from the product VI*, where I* is the
R 1 Vi L 0 Vmslms || conjugate of L. It is called the complex power S.
For a capacitive load, let
L 0 0 vrmslrms(lag) VYmSII'll‘IS
V=V and [=1y, "%
C 0 0 VnnsIrms(lead) Vimslems S = VI*
. - o -j(6+0)
RL | cosblsg) | Vidmecosh | | Vi Vs & Tt
) = Vemslims e-ﬂ)
VimslrasSin ' o
RC cosf(lead) | Vi limscosd (lead) Vimslins - VrmsIrms( cos ¢ -j SlIl(l))
cost(lag) | Vi T COSH Vmﬁ;ﬂsm‘b VoI = Vimslims €08 ¢ — JVimslims sing
S ‘ =P-jQ
rmshrnsS1Y .. . B
RLC | cosflead) | VinslmsCost | % 0 Venslins Similarly, for an inductive load, let
O ek 0 Vodws || V= Vi and 1= Iy 709
(in phase)

Power Triangle:

T
1

he geometrical representation of the apparent

power S, the average (true power / real power) P
and the reactive power Q is called the power
triangle. Figure (a) shows the power triangle for
an inductive load.

Similarly, the power triangle for a capacitive load
1s shown in figure (b).

P
b
S
Q
Q S
¢
P
(@) (b)

S=VI*

= Vims eie Ixmse—j(e_‘b)

= Viglims €

= Vimslms(c0s¢ + j sind)

= Vrmslxms cos ¢ + ermsIrms Sil’l(b

“P+jQ
By convention, +Q indicates lagging reactive
power, while —~Q indicates leading reactive
power. The inductive load absorbs the lagging
reactive power and the capacitive load supplies
the lagging reactive power. In other words, the
inductive load supplies the leading reactive

power; whereas, the capacitive load absorbs the
leading reactive power.

Conclusions:

Case (i)

Let v(t) = Vycos(ot+a) V
i(t) = I, cos(wt + B) A
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(@) True Power = Active Power = Real Power
=P = Vpys . Ims.cos¢ (W)

o= (o~ p)
= The angle between voltage and current
(b) Reactive Power = Imaginary Power = Q
= Vims - Ims - sing (VAR)
(c) Complex Power = Apparent Power = S
= Vims - Ims (VA)

S=P+Q" (VA)
Case (ii) -
LetZ=R *jX
1(t) = I cos(wt+f) A
= T Z = I R £ I X

=>8=P+jQ
§=+/P* +Q?
ZS:itan‘l(gj
p

P = Iuns™R (W) =Py

Q = Ims"- X (VAR) = Quyq
Case (iii)

LetZ=R+ jX

v(t)=V_sin(ot+a)V

P=V2 .G (W)=Py,

ms

Q= Viuns' B (VAR) = Q¢
Example: 4.5

Determine the current in the circuit of figure.
Also, find the power consumed as well as pf.

20 0.02H
MM
oo [V

20 200uF
A —F

62

(~)
%
100V.50Hz
Sol: X, =2mx50x0.01=3.14Q

Xy, =21x50x0.02 = 6.28Q
1

Xo=—— —=15920Q
2nx50x200x 10
Z,=6+314Q
Z,=4+j6.28 Q
Z,=2-i1592Q
7-7 + 225
Z,+27,
i6.28)(2 - j15.92
{6+ 1) A 5292-1592)
(4+6.28)+ (2~ j15.92)
=17.27430.75°Q
(oY 10207 _sa9, 30750a
Z 1727430.75°

P=VIcos ¢ =100 x 5.79 x cos (30.75°)

=497.94 W
pf=cos ¢ =cos (30.75°) = 0.86 (lagging)
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Example: 4.6

Find the average power delivered to a 10Q
resistor with a voltage across it as shown in the
figure.

VT

A

01123 4567

-> {ms

Sol:

19 ¢
=—X—X—
216 3
0

3

V., x{1.5)° =0.316
2x16

(V)" (0316)
R 10

P= =100mW

4.5 Concept of Resonance or 'Ffequency ;
Domain Analysis of RLC Circuits

Resonance in electric circuits i1s because of
the presence of both energy storing elements
called inductor and capacitor. At a fixed
frequency g, L and C elements will exchange
energy freely as a function of time, which results
in sinusoidal oscillations either across inductor or
capacitor.

4.5.1 Series RLC circuit — Series Resonance

1 R L
P WW——
+ VR B + VL -

+ +
VGP Vc_:: C
®

>
Z N/WisinS.S.
.Z/= ZR + ZL + ZC

Ny 1
Z (jo) R+][@L ij

1e., different sources with same network
offers different impedances.
Since V=27 1],

In series, current flowing through all the
elements is same.

As Z is more = V is more => that nature of
the circuit.

\\/(DC _ ' oL
. .

=

<Capacitive > Wo<Inductive —> ®

leading pf  Resistive lagging pf
{

upf

=R ,

0 o 0]

1y Hyderabad | Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatam | Tirupati | Pune | Che@




Electrical Circuits

Engineering Academy
1
O=0)=> -——==0,L
®,C

= o, __L rad/sec

Jic

-——>Z(jO)o)=R

Since, I=~V— = I=K
Z R

== Response at resonance.

Here, Zp + Zc = 0 = Z = R = LC
combination is like a short circuit

¢=0"= upf

Freq Response:
(1.e response magnitude vs frequency)
\% \

z V,R2 +(mL—£E]2

0=0 ==0

I:

»il-ff

®= =)= |I] = % =1Ipn (" LC combination
\Y V.
Ve=IRVi=1.7;= R R= R Jo L is like a short circuit)
= [V =V] = [v, = Qv 20'] o=w= =0
1
Where, Q= Ll
R In
. vV 1 : I
Ve=1Zc=— ={V,=QV£-90’ .
© R jo,c S < 2
Where, Q= 1
®,CR
0 f
Check:
ByKVLinP-D = Vg + Vi + V¢
=V+jQV-jQv=V B-W=t
Observation: Where Q = O, L _ !
Here Vi, + V¢ = 0 = LC combination is like a R o,CR
short circuit. (with respect to source). e
Phasor Diagram v, fuf, =l
4
o At resonance, impedance reaches a
90" minimum value and hence, current reaches a
- ] . > o maximum value, so called acceptor circuit.
Vi rl9_0" ! » Since voltages across L and C elements are
magnified by ‘Q’ times (This amplification is
'y due to stored energies in L and C elements),
C
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the series RLC circuit at resonance is also
called as voltage magnification circuit.

Oscillation phenomenon

Let  v(t) =V cos oot
0=0g=>72=R
Since, i(t) = ( () =i(t)= T{— cos®,t

= iR(t) =11(t) = ic(t) (from basics)

Since periodic current through the resistor

Pavg = PrmsR (W)
V 2
S 2
S| R R =Ya(w)

2 2R

vc(t)~lj (thdt = Y

sin @, t
@, -

Total energy stored in the circuit in steady state

at resonance 18
W(t) = Wr(®) + Wc(t)

| .2 1 2
=—.L.i,"t)+—-.C.v. (t
R (t) 5 ¢ ()
2 2
ey ™ Cos’, f4a C—YT—ZSinzcoOt
2 202C
) 2
=—L-—"2-1]
2 R2 ()
LC C
2 1
> C=—
L

1.e., The total energy stored in the circuit is
constant as the L & C elements are not seeing the
source at resonance.

W(t)

W(t)= W(t) +W(t)

wit)

We(t) —

[ans

%

oA s
PTG

EN I P

0 X maximumenergystoredin L or C at resonance

Q=

Average power dissipatedat resoancne

:m@:%i: ]
®,CR

So Q factor is a function of only circuit constants.
As ‘Q’ is more = circuit is said to be more
selective and oscillations produced are of high
quality. i.e clean in nature (Like crystal oscillator)

3AsR20>Q5>0=>BW-0
Sh-fio0=f=1=1
i.e., the circuit operation approaches to a single
frequency called the resonant frequency, which
is impossible to achieve physically, since
violation of KVL in the circuit i.e. the voltage
source gets short circuited.
So, for the physical existence of the circuit, a
minimum R is to be maintained in the circuit (for
maximuym Q) and this minimum resistance is
called as the critical resistance of the circuit,
where the damping ratio £ = 1.

ACF. Engineering
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W boorihotery o0 _ Hearilrait
1 1 1 1 Ph:
= — = 1 - = ey — L [
: 2Q < 2 R, /C 2
L
=R, =2.|=Q| =Rupn
@
45.2 Parallel RLC Circuit - Parallel 0 % ¢
Resonance
1
* O =0y => — = oyC,
N ' Ig I +];IC T s oL
+
v_—c V ] ]
I D § R VIL 0 = — radisec = Y(jog) = —
@ 2o s ;
o : 1 L
r ) Since V= v = e
1Y N/Wisin 8.8
Response at resonance
—nce =Y.V ' o= W ¥
i parallel, the voltage is same across all the _V_1R _
) IR : = IR =]
el ments. ‘ | R R V
As Y is more => I is more = That nature of the I = v .IR Sl = Qi -9
circuit. Z, jo,L
Y=Yr+Y.+Ye¢ R
1 t 1 ’ Where Q= —
Z, 7, Z; g
\Y IR o o
: 1 ( -1 Icz——:———l‘ = I, =QI£90
= Y(jo)=— +jl oC—— Zg . o
R "\ oL | jo,C
¢
| - Where Q = @CR
— oC
oL
| Check:
R ByKCLimPD =g+ +1c
. =101 +jQ1 =1
| Obs:
E Here, I, + Ic = 0 = LC - combination is like
: an open circuit. (with respect to source)
0 [<Inductive> oy <—Capacitive—> @
lagging pf Re‘fistive leading pf

upf
L) Hyderabad | Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune | Chennai’
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PhaSor Diagram f
8 BW=fy—f= L
=Ql Q
Where Q = R oyCR
L’9o° ®,L
o Ir ‘J90° 7 >w0 ViufL =1o
o Atresonance, admittance reaches a minimum
[ =Q value (i.e, the impedance reaches
B , amaximum value) and hence the circuit
= . v >“’0 accepts less current (I = Y.V), so called the
. 0';— ] - rejector circuit.
=0 > up N

i.e., AC circuit behaves likes DC circuit at
resonance.

Frequency response

-1
Y
I I
M - ——
Y \[1 1
2+(mC——~)
R oL
=0 =|V|=0

v
Vm r """""
Vy oo flnee LI
2 .
N
0 fr f fy f
k—Bw —

«  Since current through L & C elements are
magnified by Q times (This amplification
also due to the stored energies in L and C
elements), parallel RLC circuit at resonance
is also called as current magnification
circuit.

Oscillation phenomenon
© Let i(t) = I, sin et

(0=(D():I>Y=l
R

Since v(t) = %l =R Isin mgt
= v(t) = ve(t) = vift)
2
Pvg = V,ans= (W)
&)
L)

ir(t) =% JVL(t).dt = - l;jz cos 0,

Total energy stored in the circuit at steady state of
resonance is

W(t) = Wr(t) + W(t)
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1 1
= 5.L.lj(t) + E.C.vcz(t)
R * 1 .
Y 2 cos’ @,t+—.CRL," sin’ ot
2 oL 2
= l(:R21m2(J)
2
1
Wy =———
LC
= o L= 1
C
= o.C= 1
L
Lerar,?
Q = o x 21
~1_R
2
2
CR
= myCR = % = ——l}—
0, oL

S>ASRHo0=2Z50=3Y-530=2Q->
Z>B.W—)OZ>fH—fL—)OZ>fH=fL:f0

i.e. the circuit operation approaches a single
frequency called the resonant frequency, which
is impossible to achieve physically, since
violation of KCL in the circuit i.e. the current
source gets open circuited.

So, for the physical existence of the circuit, a
maximum R is to be maintained (for maximum
Q) and this maximum resistance is called as the
critical resistance of the circuit, where the
damping ratio £ = 1.

1
£ 05!

Q: %Z) RCI_\/E/—E:%

=R, :lJEQ = Riax
2\ C

r 4.6 Locus or Circle Diagrams a]

Locus diagrams are useful for analysis and
designing of the circuit. Eg: Filters, Induction
machines, Synchronous machines.

With respect to practical application, it is possible
to develop possible following locus diagrams:

1) Current locus diagram
i1) Voltage locus diagram
i) Impedance locus diagram
iv) Admittance locus diagram

The path traced by terminals of current vectors by
varying either any one of the circuit elements (or)
by varying source frequency is called as current
locus.

In the circuit shown below, as the inductance 1s
varied, the locus of current 1 in the circuit is
plotted below.

If L = 0, circuit is purely resistive and i is in
phase with V and its magnitude 1s (V/R) shown as
diameter.

For a small value of inductance L present in the
circuit it is an R-L load where current lags
voltage by impedance angle (1 phasor rotates
clockwise).

As L value increases, the current ‘1" further lags
as shown in the figure below.
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Dia= V.
R
—_— I
o Locus of ]
IM

Centre (,V_ 0)
R’

Also in the above network, by keeping all the
elements constant and by varying source
frequency also, current locus diagram of same
shape is obtained.

Example: 4.7
Develop current locus for the circuit shown:

Sel: R=0,

Z’;XL

~— Locus of I

IH
Centre 0 __V_
J 12X,

Example: 4.8

Develop current locus of I; and I for the circuit
shown. I L,

\d Il
R,

Sol: R;=0.1Q

LY
R,

8;=0

I=L+h

R/T Y, 8,=0, L= constant
IV, Rz, 1=0,1=],

Locus of I

Locus of I

When power factor angle is constant, the
shape of the current locus is straight line.

When PF angle is variable, the shape of
current locus is semi circle.

Example: 4.9

Develop current locus of I;' and I for the circuit
shown.
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Sel: X, L
27fC
Xc=0 .
Zl=R1
-
Rl
6120
Il :II+ 12

=0, =]

Example: 4.10
Design a network for given current locus
diagram.

Electrical Circuits

Semicircle downward = Inductor
Semicircle upward = Capacitor

Admittance Locus Diagram:

4 +ch
Dia = 1
G
~* Locus of y
Centre (—1—, 0) _ "-iB
2R
Impedance Locus Diagram:
XL = 0, XL T
Z=R, 727
4 X
6=0, O=tan|=t|T
R
14X,

X[A Z4

X13 Zy
Locus of X —> Locusof Z

X2 | Z,

>R
leR
v __j XC
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02.
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04.
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01. An alternating current source having voltage
E = 10 sin (wt + ©/3) is connected in an a.c.
circuit. If the current drawn from the circuit
varies as I = 5 sin (o t — m / 3), the
impedance of the circuit will be

(IES-EE-92)

(b) 16 ohm

(d) none of the above.

(a) 22 ohm
() 30.8 ohm

02. In a series R — L — C circuit excited by a

: 1
voltage e = E sin at, where, LC < —-
0]

(IES-EE-92)
(a) Current lags the applied voltage
(b) Current leads the applied voltage
(c) Current is in phase with the applied
voltage
(d) Voltages across L and C are equal

03. A high Q coil has (IES-EE-92)
(a) Large bandwidth  (b) High losses
(c) Low losses (d) Flat response

04. When Q factor of a circuit is high, then
(IES-EE-92)
(a) Power factor of the circuit is high
(b) Impedance of the circuit is high
(c) Bandwidth is large
(d) None of line

05. An RLC series circuit has f; and f; as the
half power frequencies and f, as the
resonance frequency. The Q — factor of the

circuit ts given by (EES-EE-94)
f, +f f, -1,
b i 'S
(a) —+ £ (b) — £t
f, +1
(©) (d -
fz - f[ 0

06. If the source of 200 V rms supplies active
power of 600 W and reactive power of 800
VAR. The rms current drawn from the

source 1s (IES-EE-99)
(@ 10A b)5SA
(©375A (d25A

07. The reactive power drawn from the source
in the network shown in the given figure is

. (IES-EE-99)

j10QQ -j10Q

‘WW_W\__{%

(a) 300 VAR (b) 200 VAR
(c) 100 VAR (d) zero

08. For a series RLC circuit, the power factor at
the lower half power frequency is

(IES-EE-99)
(a) 0.5 lagging (b) 0.5 leading
(c) unity (d) 0.707 leading

09. If the resonant frequency of the circuit
shown in Figure — I is 1 kHz, the resonant
frequency of the circuit shown in Figure — II

will be (IES-EE-00)
1000 L ﬁ
oA\ —— NG | o
Figure - [

O—WW-—W’“GW

Figure - 1T

C
o L L
C
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Class Room Practice Questions

(b) 2 kHz
(d) 0.25 kHz

The equivalent reactance of two coils A and
B connected as in the given figure is given
by (IES-EE-00)

(@) Xp1 + X1z - 2 Xu
(b) Xp1 + X2 + Xu
(c) Xpi + X — Xy
(d) Xp1+ Xn+2 Xy

1. An imperfect capacitor is represented by a

capacitance C in parallel with a resistance R.
The value of its dissipation factor tan & is

(IES-EE-02)
(@ oCR (b)coZCR
CR 9 oCR

in the given circuit, at resonance, Iz in

Amperes 1s equal to (IES-EE-02)
! S0 uF==
(Dsa 0.05H
RY
(@0 ®10 (5 (o5

In a series R-L-C circuit, the maximum
voltage across the capacitor occurs at a
frequency (IES-EE-06)
(a) Double the resonant frequency

(b) Equal to resonant frequency

14.

15.

16.

17.

(c) V2 times the resonant frequency
(d) Below the resonant frequency

When is a series RLC circuit overdamped ?

(IES-EE-07)
R’ 1 R 1
a) — = — — < =
@ 417 LC ®) 4L  C
R* 1 R’ 1
— > = d) — = —
O YiETie

In a series resonance circuit, at resonance,
selectivity Q is equal to (IES-EE-12)

1 [C
(a) J_ (b)ii\/;

1
@E\E @ Ve

Consider the following statements regarding

- the properties of an R-L-C series circuit

under resonance: (IES-EC-09)

1. Current in the circuit is in phase with
applied voltage.

2. Voltage drop across capacitor C and
inductance L are equal in magnitude

3. Voltage across the capacitor is equal in
magnitude to the applied voltage.

4. Current in the circuit is maximum.

Which of the above statements is/are

correct?

(a) 1 only

(c) 2 and 4

(b) 1,2 and 4
(d)1,3and 4

At 3-dB frequencies, current in the series
RLC circuit equal current at resonance
multiplied by (ISRO-06)

@ % O @

1 1
b) — —
()ﬁ 4 W2
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A series RLC circuit resonates at 1000kHz.
At frequency of 995kHz, the circuit
impedance 1s (ISRO-06)
(2) Resistive (b) minimum

(c) inductive - (d) capacitive

When L is doubled and C is halved, the
resonance frequency of series tuned circuit

becomes (ESRO-06)
(2) Doubled (b) Halved
(c) One quarter (d) Unchanged

With fixed value capacitor C and variable
voltage V across it, the energy stored in the

capacitor is (ISRO-07)
(a) CV? (b) 0.5CV?
(c) 2CV? (dCcv

. A dc voltage V is applied to a series RL

circuit. The steady state current
(ISRO-07)
(b) VIL-

(d) zero

(a) VIR
© —

R* +12

In RLC circuits, the current at resonance is

(a) maximum in parallel resonance and
inimum 1n series resonance

(b) maximum in series resonance and
minimum in paralle] resonance

(c) maximum in both series and  parallel
resonances

(d) minimum in both series and paralle]
resonances

For an RLC series circuit, current at series
resonance is

(2) maximum at leading pf

(b) maximum at lagging pf

(c) maximum at unity pf

(d) minimum at unity pf

24.

25.

01.

The 'equivalent inductance of the circuit
between terminals P and Q is equal to
| (SPDCL-12)

PG

LI M L2

QG L 2

@ (L, +L, +2M)
. LL, -M)
. (L, +L,-2M)
LL,-M)

o (LL,-M?)
(L, +L,+2M)
LL,-m)

@ (L, +L, -2M)

The impedance of a two element series
circuit is represented by

(20-j10)Q2 at a certain frequency. If the
frequency is doubled; the new value of
impedance is (GENCO-12)
@R045)Q  (b) (40-20)Q

(c) (10-10) Q (d) (20-j20) Q

S T

T

EVEL-2 Question

=

Y

=
| ]

In the circuit shown in the figure,
Vs =V sin 2t and Z, = 1+ j. The value of C
is chosen  such that the current 1 is in
phase with V;, The value of C (in farads) is
(IES-EE-93)
—> 1




ACE

‘f Engineering Academy 196 ____Class Room Practice Questions
1 b 1 05. In the circuit shown in the given fig., if the 08.
(a) 4 ) m . power consumed by the 5 ohm resistor is 10
©)2 (@) 4 W, then the power factor of the circuit is
(IES-EE-96)
02. The current read by the ammeter A in the ac 50 L 100
circuit shown in the given figure is - —"V\I\]\,—mm—WW—
: (IES-EE-95) _
_®_® : (*’) Vmax O 9
1A 3A YS5A 50V
(@) 0.8 (b) 0.6
—® ' ' (c)0.5 (d) zero
(@)9 A (b)5 A 06 The phase angle of the current ‘I’ with
(©)3 A (d1A . respect to the voltage V; in the circuit shown
| in the figure is (IES-EE-97) 10
03. Consider the following statements with '
respect o a series R— L — C circuit under . I
resonance condition: - (IES-EE-95) Vi=100(1+5) (~ L % _
1. All the applied voltage appears across R N =10.0 j10.0
2. There is no voltage across either L or C. V=100 (147)

3, The voltage across L and C are equal to
their maximum values.
(a) 1 alone s correct
(b) 2 alone is correct (2)0° (b) +45°
(c) 1 and 3 are correct (c) - 45° (d) - 90°
(d) 1 and 2 are correct

| 07. Inthe given RC circuit, the current
04. The resonant frequency of the series circuit i(t)=2cos S000t A . (IES-EE-02)

shown in the given figure is  (IES-EE-95) 1.
M=1 ' + 00
Y ()
S 1 W 1) N E— - 20 uF
2H 2H  2F T
1 1 The applied voltage v(t) is
(8) —Hz ® T (2) 28.28 cos (5000t — 45°) V
| | (b) 28.28 cos (5000 t+45°) V
(c) Hz (d) Hz (c) 28.28 sin (5000t — 45°) V
212 4m3 (d) 28.28 sin (5000 t + 45%) V
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. For a parallel RLC resonant circuit, the

damped frequency is V8 r/sand bandwidth
1s 2 1/s. What is 1ts resonant frequency ?

(IES-EE-04)
(b) V7

(d)3

(a) 2
()10

For the network shown, if the current
i(t) = +/2 sin (@t-30°), then what is the

value of R ? (IES-EE-08)
@10 R J19

(b)3Q :

© Ho | ~ | i(t)

d) 343 Q v 20

What 1s the approximate steady state current

in the above circuit? (IES-EC-09)
3Q 0.08H
Y-
+ 1
25cos(100 t+45%) T 2 MF
Fig.
(@50 A (b)25A
()SA (d1A
The value of C which gives the critical
damping in the given circuitis  (ISRO-06)
10 2H

+
O sug

T C
(b) 4F
(d) 1F

(a) 2F
(c) 8F

12.

13.

14.

15.

16.

A series RLC circuit resbnates at 3MHz and
has 3-dB bandwidth of 10 kHz. The Q of the
circuit at resonance (ISRO-06)

(2)30 (b) % (¢)300 (d) 30042

In a series resonant circuit, with the increase
inL (ISRO-06)
(a) Resonant frequency will decrease

(b) Bandwidth will decrease

(c)Q will increase

(d) All of these

The source in the circuit shown is a
sinusoidal source. The supply voltages
across various elements are marked in the

figure. The input voltage is (ISRO -07)
\%
VoMY 10V
I
3 3Q
(D )—
%
(a) 10V (b) 5V
(c) 27V (d)24v

When a unit impulse voltage is applied to an
inductor of 1H, the energy supplied by the

source is (ISRO-08)
(a) 0
b)11J
1 V(t)=S(t) 1H
-]
2 o
(do

A coil has self resistance of 50 and
inductance of 1uH. The value of Q at IMHz

frequency is (ESRO -09)
(a) 200 (b) 100
(c) 40 (d) None of these
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17.

18.

19.

20.

21.
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Class Room Practice Questions

In the circuit given below, the current s i(t)
=4 sin (500 t) amps. The applied voltage in

volts (FRO)/(SPDCL-12)
i(t
0 100
P
20 mH
(a) 40 sin (500 t)
(b) 56.56 sin (500 t + 45
(c) 40 cos (500 t)
(d) 56.56 cos (500 t +45%)

The value of current at resonance in a series
RLC circuit 1s affected by the value of

(8 R (L

(©)C (dR,L,and C

Two coupled inductors L; =02 Hand L, =
0.45 H have coefficient of coupling k = 0.8. The
mutual inductance M is

()02 H (b) 0.24H

(c)042H (d)0.8H

The supply voltage [V| in diagram below is

4V 70V 100V
o—WW——a——|(—o

|

(2) 210V
(c) 50V

(b) 70V
(d) 230V

An alternating voltage has a periodic time

2T. The voltage for a time %T is 50V, for

22.

23.

24.

1

p T, 1s 20V and zero for 2 T. Calculate the .

rms value and the average value of the
voltage

(a) 30,20
(c) 20, 35

(b) 35, 20
(d) 25, 35

A RLC series circuit resonant at frequency
of fp. If all the component values are
doubled the new resonant frequency is
(VSP011)
(@) 2%
(c) 0.5fp

(b) fo
d) 0.250,

The peak of conductance curve of a series
RLC circuit occurs at (EPPCL-12)
(a) zero frequency

(b) below the resonant frequency

(c) resonant frequency

(d) above the resonant frequency

For the circuit given below, the current
through 1 ohm resistor will be

(EPDCL-12)
1Q L

— W
68 Volts;

< 10Volts 50 Hz >

(a) 2 amps
(c) 6 amps

(b) 4 amps -
(d) 8amps
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Sel:

02.
Sol:

Sol:

04.
Sol:

0s.

Sol:




01.
Sol:

02.

Sol:

03.

Sel:

04.
Sol:

05.

Sol:

Transient Circuits Analysis

Ans: {d)
Phasor, E =10 Z=n/3
Phasor, I =5 /Z-7/3

Z:%:242n/3

Ans: (b)
When ® = @y = Resonant frequency

:1/1 Z=R+]j coL—L =R
LC’
If LC<—, o < , ( ®,), then the

reactance of Z is negative and circuit is
capacitive and current leads the applied
voltage.

Ans: (¢)
_ 9L
Q R

If Q is high, R is less (low loss) and

bandwidth is small as BW = % .
Ans: (b)
For circuit,

Z=R+joL=R £1+j®—;—j = R(1+jQ)I

series

mpedance of the circuit is high.

Ans: (c)

Q==
Q w T
and f; are the upper and lower half power
frequencies respectively.

BW =

where f;

06. Ans: (b)
Sol: VIcos ¢ =600
V Isin ¢ =800
4 , . 25 5
tang=—, sec"9=-—,secp=—,
b=, sect =T secg =
cos = 3. 0.6
;=0
600 600
Veosd  200x0.6
07. Ans: (d)
Sol: The reactive power is zero as Z = 3Q) and
. the reactance is zero.
08. Ans:(d)
Sol: 1.1 V—R—l 1
Vi RVy R 1+jQ(3—9°~j
®
At lower half-power frequency, o,
r_1r.r
V, R I1-j1
.. I'leads Vg by 45°
. PF =cos ¢ = cos 45° =(.707 leading.
09, Ans: (¢)
1
Sol: f,=- =10’
" amfLC
fo 1
" am2Lx2C
:% f,,=500Hz or 0.5kHz
10. Ans: (d)
Sol: The coupling is aiding,

Lequ=L1+L2+2M
J(,OLequ joL; +joL; + 2 joM
. X L= X +X +2Xy
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Sol:

13.
Sol:

14,
Sel:

15.
Sol:

16.
Sol:

:100: Class Room Practice Questions

i
=
e

<

I

At resonance, parallel LC is open. Ix = Is=
S5A

Ans: (b)
Ve(max)=Q Vg if Q>1 at
O = Ores
=Vs if Q<1 at 0=0
Ans: (¢)

Poles are given by

SZ+ES+~1— =0
L LC

2 : 2
When (EJ > 4 orR—>l,
L LC 4L C

poles are distinct, real and negative and the
circuit 18 overdamped.

Ans: (¢)
o, L
C=R

Where o, = L rad/sec

fic

Ans: (b)
For a series RLC circuit,

T:X,Z:R+j oL -
Z oC

At resonance,

mL:—l—,T:
oC

I and V are in phase \7L =- V.

'
— (maximum) ,

17. Ans: (b)

18. Ans: (d)

Sol: Series resonance circuit is capacitive before
resonant  frequency & 1s Inductive
afterwards. Also it is resistive at resonant
frequency.

19. Ans: (d)

Sel: Resonance frequency of series circuit =

1

JLC
NowL=2L&-C:%

New, Resonance frequency
1 1

wf€)

2

20. Ans: (b)

21. Ans: (a)
Sel: Inductor acts as a S.C. under steady state
v
Sl=—
" R

22. Ans: (b)

Sol: In RLC circuits, current is maximum for
series circuit and minimum for parallel ckt
at resonance condition.

23. Ans: (¢)

Sol: (i) At resonance condition, circuit is resistive
hence unity pf
(i1) For series resonance circuit, current is
maximum at resonance
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24.
Sol:

25.
Sol




24.
Sol:

25.
Sel:
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Transient Circuits Analysis

Ans: (c)

Current 1s entering in dotted terminals of
one coil and leaving from dotted terminals
of other coil. If means both coils are

connected in opposite polarity
LL,-M?

L +L,+2M

Ans: (a)
For a given impedance, real part represents

resistance of network which is independent

of frequency. _
Imaginary part represent reactance which
depends on frequency

When j(wL - —1—) >0

®C
= circuit is inductive and reactance is
proportional to frequency also reactance is
positive

When j(wL - —1—] <0
oC

/___1( Level-2 Key

1. (c) 12.(c) 13.(d)
16.d) 17.() 18.(a)
21.(¢) 22.(c) 23.(c)

Circuit is capacitive and reactance is
inversely proportional to frequency also
reactance is negative.

For given impedance (20—j10)Q, circuit is
capacitive as reactance is negative

. Reactancea
frequency

. New impedance = (20-j5)Q

?;'02. (b)  03.(a)
07.(2) 08.(d)

04 (a) 05.(b)
9.6 10.(¢)
14b) 15.0)
19.(b) 20.(c)

240 )
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D intrqddction j

A port is a pair of nodes across which a device
can be connected. The voltage is measured across
the pair of nodes and the current going into one
node is the same as the current coming out of the
other node in the pair. These pairs are entry (or
exit) points of the network.

Il 12

1 = — 2
Porl + Two - port + Port2
ox:«_’ v, Network v, *—
— (N Z
1] < - 2
L , L
Fig. 1

So, a network with two input terminals and two
output terminals 1s called a four-terminal
network or a two-port network.

In a two-port network, there are two voltage
variables and two current variables. According to
the choice of input and output ports, these voltage
and current variables can be arranged in different
equations, giving rise to different port parameters.

Relationships of Tweo-Port variables

In order to describe the relationships among the
port voltages and currents of an n-port network,
‘0’ number of linear equation is required.
However, the choice of two independent and two
dependent variables is dependent on the particular
application.

So, from four variables, we can select two
variables as independent variables in 4. =

Charles-Augustin de Coulomb
(1736 -1806)

6(ncz) different ways and hence, six sets of two

port parameters for a given network

Types of parameters as mentioned below:

1. Open-circuit impedance parameters
(Z-paraifneters)

2. Short-circuit admittance parameters
(Y-parameters)

3. Transmission or chain parameters
(T-parameters or ABCD- parameters)

4. Inverse transmission parameters

(T"-parameters)

Hybrid parameters (h-parameters)

6. Inverse hybrid parameters (g-parameters)

W

Symmetrical Network

A symmetrical network is a network which is
divided into two equal halves, with each half as a
mirror image of the other.

In other words, if the network looks same from
both the ports, then it is said to be Symmetrical,
otherwise it is said to be Asymmetrical.

Reciprocal Network

If the network obeys Reciprocity theorem, then it
is said to be reciprocal, otherwise it is said to be
non-reciprocal.

All the passive networks are always reciprocal
and all the active networks are always non-
reciprocal.

Eg: 10 10

o AW AW o

40

o —0
Symmetrical & Reciprocal

The
and
in si
vari

Nar

Ope

Sho

Inv

Charles-Augustin de Coulomb was best known for developing Coulomb's law, the definition of the electrostatic force
of attraction and repulsion, but also did important work on friction.

The




:103: Two Port Networks

independent variables. The four coefficients of
the independent variables in the equations are
known as the two-port parameters describing the
network.

The six sets of two-port parameters are indicated
in the following table. The parameters can be
calculated from the circuit, which is obtained
after implementing either a short circuit (V; =0
or V,=0)or an open circuit (I; =0 or I, = 0) as
shown in Fig. 2(a), 2(b), 2(c) and 2(d)

Asymmetrical & Reciprocal

The relation between the four variables Vi, I;, V»
and I, can be described as a set of two equations
in six ways by taking two of them as dependent
variables, which depend upon the other two as

. Condition f
Name of the parameters | Express In terms Equation Associated ondion "or
of Matrix reciprocity,
symmetry
Vi Z., Z -

L . Il and Iz V1= Z“I] + lelz 7] = 11 12 le— Z21
Open-circuit Impedance (z) V, Landl, | Vo= Zyl, + Zyl, [ ] Z, 7., Zi=Zn
Short-circuit Admittance (y) | L Viand Vo ) =YV, + Y,V [Y] = i Yo Yn=Ya

Y I, Viand Vy [ L=Yy Vit YuVs Y, Y, Yn=Yn

Transmission ( T) Vi | Vyandl, | V,=AV,-BL 1] A B AD-BC=1

(A,B,CD) I Vyand], | 1,=CV,-D], C D A=D

Inverse Transmission ( T") ; A B'] A’D’-B'C=1
(A, B, C, D) V, | Vandl | V=AY-BT | [T C D A=D
T 12 Vland 11 Iz= C’Vl—D’I[ _

Hybrid (h) Vi Liand V, | Vi=hyIi+h,V, [h] _ hy, 12 hyy = -hy;

12 Il and V2 12=h211ﬁ.‘ h22V2 _h2] h22 ] Ah =1
: L Viandl, | I;=gnVitgol, _ g Bn £212= -2

Inverse hYbrld (g) V, Vland L | V= g21V1 + g2212 [g] _g2| g | Ag: 1

Transmission parameters are also called as chain parameters or general circuit parameters.

The symbol A indicates the determinant. For example Ay, = det [h] = hy; hyy—hyp hy

| 1 Vz = 0 i 1242—0
o o— o
+ + +

Vi Network I Vv, Network v,
o— o——| I
Fig. 2(a) Fig. 2(b)

Port 2 is SC for calculating yy;, yy;, hyy, hy;, B & D Port 2 is OC for calculating z;,, zyy, g11, 821, A & C
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1104 Electrical Circuits
1 15 ;
vl = . 2 — <—
<« O] —0
9 + +
+ twork
1, Network Vs, Vi Networ \_/2
- o—o L 0
}-———20
Fig. 2(d
Fig. 2(c) &2

Port 1 is SC for calculating yy5, v, 812, 822, B’ & D’

The parameters of one set can be expressed in
terms of parameters of any other set by
appropriately using the two sets of equations. For
example

vl=[z]", [T1=[T1", [g]=[h] "= (1)

5.1 Open Circuit Impedance Parameters:
(Z-Parameters)

The impedance parameters represent the relation
between the voltages and the currents in the two-
port nztwork.

The impedance parameter matrix may be written
as

\:V1:|:[le lewll:\or Vl = ZnIl +lelz
Vv, I_Z2l Zzzj I, V,=2,1,+Z,],

In this matrix equation, it is easily seen without
even expanding the individual equations, that

\Y . L
Z, = I L = Driving point impedance at Port-1
1,0
\Y .
Z, ==t = Transfer impedance
12 I,=0
v, :
Z, =— = Transfer impedance
I

Port 1 iS OC for Calcula’[ing Zy2, 272, hlZ; hzz, A &C

V.
Zzz =2

2 11,=0

= Driving point impedance at Port-2

It can be seen that Z-parameters correspond to the
driving point and transfer impedances at each
port with the other port having zero current (i.e.,
open circuit). Thus, these parameters are referred
to as the open-circuit parameters.

Example: 5.1
Determine the Z-parameters for the network
shown in fig 1.1

1 A
X +
VvV, 20Q v,

l'e s 2’

Fig. 1.1

Sol: We consider two situations:

(a) Whenl; =0, 1e., Port-1 is open circuited
In this case, no current will flow through the
5-Q resistor.

By KVL in the right mesh, we get
10, +20L, -V, =0
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: 105 : Two Port Networks

From fig 1.1 (a) we get Vg =201y

—L =200

2

L2y =

I11=0

(b) When I, =0, 1.e., Port- 2 is open circuited
In this case, no current will flow through the
10-Q2 resistor.

By KVL in the left mesh, we get

51, + 201, -V, =0 -
\Y
LT = =250
Il Ip=0
I , -
| 2,50 10Q ‘Iioz
+ +
Vi g V2
1!% :2!

Figl.1 (b) When 1,=0
From fig 1.1 (b), we get V, =201,

— =20Q

1

o2y =

Ip=0

Therefore, the z-parameters of the network

e [z]:[

25 20
Q
20 30}

5.2 Shert Circuit Admittance Parameters
- (Y-Parameters)

The admittance parameters represent the relation
between the currents and the voltages in the two-
port network.

The admittance parameter matrix may be written

as
l:ll}:{y” Yl2}{vl}or L[ =Y,V +Y,V,
Iz Y21 Yzz Vz Iz = Y21V1 +Y22V2

The parameters Y11, Y12, Y21, Y2, can be defined
in a similar manner, with either V; or V, on short
circuit.

I - . .
Y, ==+ =Driving point admittance at Port-1
V
Hv,=0
I .
Y, =—| = Transfer admittance
Vs V=0
I .
Y, =-3  =Transfer admittance
Vi V2=0
I o . .
Y,, ==2  =driving point admittance at Port-2
2 V,=0

It can be seen that the Y-parameters correspond
to the driving point and transfer admittances at
each port with the other port having zero voltage
(i.e., short circuit). Thus, these parameters are
also referred as the short circuit parametess.

Example: 5.2

Find the y-parameters for the network shown in
fig 1.2 500
W

§ZOQ ?og

i

; Fig 1.2
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1106 Electrical Circuits i
Sol: We constder two situations: By KCL at the node 1, : A=
When V; =0, 1.e., Port -1 is short circuited Vi-0 + Vi-0_ I o
-

In this case, no current will flow through the 20 50 ‘
) stor. . . 1 -
20 Q resistor. The modified circuit ts shown Ly, = L _+L 0070 B=-
is fig 1.4(a) Y 20 50 - ]

Vo=0
By KCL at the node 2, 2 _
Also, from fig 1.4 (b) we get I _0v C=-
V-0 V-0, > HOMAE 1. gt =, :
o s I, | |
S Yy T =—=0.02Q D=-
IZ 1 1 ,\/l Vo =0 O )
LYy =l =—+—=0.12Q .
v, Vi=0 10 50 Therefore, the y-parameters of the network
0.07 0.02
0-V, are [y]= 6] Thes
Also, from fig 1.2 (a) we get [, = 0.02 0.12 parap
' enter
L 00, | T - wedn(
, AAA .3 Transmission Parameters end g
€ V———«t——-@ | - . )
- (ABCD-Parameters)
— S - Exan
V=0 100 § Vs , |
The ABCD parameters represent the relation
: between the input quantities and the output For t
> o quantities in the two-port network. They are thus ABC

Fi = .
Figl2 (a) When Vi=0 voltage-current pairs.

However, as the quantities are defined as an
_ b ~0.020 input-output relation, the output current is marked
as going out rather than as coming into the port.
The transmission parameter matrix may be

When V; =0, i.e., Port-2 is short circuited written as -
In this case, no current will flow through the {Vl} - {A B:l[ V2 } 0 Vi =AYV, -BI,

Y= j—l

“2lvi=0

r’
10-Q resistor. The modified circuit is shown I, C Dj-T, I, =CV,-DI,
in fig 1.2 (b) Sol:
I1 IZ
I 1 506 9 b Linear )
W [ V,|Post 1 Passive Port2 1y,
network
Vi § 20Q V=0
Fig : Two-port current and voltage variables for
calculation of transmission line parameters
€
Figl.2 (b) When V,= The parameters A,B,CD can be defined in a

similar manner with either Port 2 on short circuit
or Port 2 on open circuit
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:107:

A=—  =open-circuit reverse voltage gain
211,=0

B=—Y = Short-circuit transfer impedance
2 V,=0

C=-4 = open-circuit transfer admittance
21,=0

I, L .

D=— = Short-circuit reverse current gain

21v,=0

These parameters are known as transmission
parameters as in a transmission line, the currents
enter at one end and leave at the other end, and
we need to know a relation between the sending-
end quantities and the receiving- end quantities.

Example: 5.3

For the network shown in fig 1.3, determine the
ABCD parameters.

1Q i

! %-—#vm—rwwﬂww,ﬂ—ez
+ +

Fig.1.3

Sel: The ABCD-parameter equations are
V,=AV, -BI,
[, =CV,-DI,
For the network shown in fig 1.3, we
convert the delta consisting of the
resistances of 2 () each into its equivalent
star so that the circuit becomes as shown in
fig.1.3(a)and figl.3(b).
o 2x2 2
24242 3

I =1, =1

. ,7/_/\ /
T
2 { \
Two Port Networks
L1 2Q 0 e 1y,

1 22
+ +
Vv, 2/3Q v,

1'_ 52

Fig 1.3 (a)
1.67Q 1670 L
¥ ¥
Vi 0670 § V,
lle- :-._2’
Fig 1.3 (b)

To find the ABCD parameters, we consider two
situations:
When V, =0, 1.e., Port — 2 is short-circuited.

I 1.67Q

1.67Q0 1,
1 oi_/VVV\/_._JV\N\,: o)
+
Vi

0.670 §

I

Fig13(c)

As shown in fig 1.3 (c), by KVL we get,
1.671, +0.67(1, +1,)=V,

o,  2331,+067I, =V,
and,  0.67(1, +1,)+1671,=0
233
o, I =-=221,=-35I
bo067 " !
I
zD:kJ- =35
I2 V,=0

Putting this value in the first equation, we get,
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233x(-3.5)I, +0.671, =V,

Vv
:>B:‘———1 =7.5Q

2 1v,=0

When I =0 i.e., Port-2 is open-circuited
Here, no current will flow through the right side
of the 1.67Q) resistance.

L 1610 1670 1=0
1 ;ijv\/v\,_,_/v\/v\,_“:,z
+

<+

Vi 0.67Q§ v,

le —a 2
Fig 1.3 (d)

€

By KVL, we get, V, = (1.67+0.67)[, = 2.33],
and, V, = 0.67],

o L I TR 7%
Vol 067
23
AR

Therefore, the ABCD parameter of the network
are A=35B=75Q;C=150;andD=35

15.4 Inverse Trai}sitiissibh,i’airéamet‘g:rs»
(A’B’C’D’-Parameters)

The inverse A'B'C'D' parameters represent the
inverse relation between the input quantities and
the output quantities in the two-port network.
They are also voltage-current pairs.

Here also, the output current is marked as going
out rather than as coming into the port as shown
in fig 1.5. the inverse transmission parameters
matrix may be written as

v,] [A" B][V,] V,=A'V,-BI,
= or,
L | |Cc D|-1] 1, =CV,-D1,

The parameters A’, B', C', D’ can be defined in a
similar manner with either Port 1 on short circuit
or Port 1 on open circuit.

V o :
A'=—% = open-circuit voltage gain
L=0
A o :
B'=——=  =Short-circuit transfer impedance
1 lv,=0
L o .
C'=— =0Open-circuit transfer admittance
Ly =0
I L .
D'=~-% = Short-circuit current gain

Liv=0

| 5.5 Hybrid Parameters
- (h-Parameters)

The hybrid parameters represent a mixed or
hybrid relation between the voltage and the
current in the two-port network.

The hybrid parameter matrix may be written as

\4 B h, h, | ]
= or
I, h, hy, |V,

The h-parameters can be defined in a similar
manner and are commonly used in some
electronic circuit analysis.

Vl = hnIl +h12V2
,Iz = h2111 +h22V2

1" = Short-circuit impedance input impedance

1 ly,=0

= Qpen-circuit reverse voltage gain

1,=0

2
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o . Sol: By KVL, 15I, +5I, =V, ... (i)
h, =~4 = Short-circuit current gain
1v,=0 SIL+20L, =V, ... (i1)
h,, = \I/_Z = Open- circuit output admittance Thus, the z-parameters are z,, = (5 + le)Q
2i1=0

As the h-parameters are dimensionally mixed,
they are also named mixed parameters. Transistor
circuit models are generally represented by these
parameters, as the input impedance (h;;) and the

short-circuit current gain (hy;) can be easily -

measured by making the output short-circuited.

hybrid-model of the CE configuration of
transistor

Il I2
— I Te «—
o—AW—AWY o

+
I
Vi Hep V2 i> VDl Vi
- o
Fig. (7)
Model of the CE connected transistor
I+t
[h] _ Tk Hroe
Oy, 1/(rC +rd)
Neither Reciprocal nor Symmetric
(Contains dependent sources)
Example: 5.4

Find the hybrid parameters for the network shown
in below figure

II 12
1o =9

10Q 15Q

SQ;%
U e- ¢ —a 2

Zy =2y = Zy = (5+j15)£)
The hybrid parameters equations are,
V,=h,I,+h,V, and I, =h, I, +h,,V,

From  equation (i), we get,
-5 V. 1 1

L=-"T+"2=—1+—V,....... iii

2 =g g Tl g Ve )

Putting this value of I, in equation (i), we
\%
get, 151, +5 ~lI1 +—= =V,
4 20

55 1 .
BV =TTV (iv)

Comparing equation (iii) and (iv) with the
standard equations of h-parameters, we get,
55 1 i

—h, =—h) =-—h, =—

1
h11 = -
4 4 4 20

- 5.6 Inverse hybrid Parameters -
U (gParametersy -

The inverse hybrid parameters also represent a
mixed or hybrid relation between the volitages and
the currents in the two-port network.

The inverse hybrid parameter matrix may be
written as

Iill } :[gn ng}[Vl} or [ =g,V +8,l,
Vv, 8n 8xllL V, =g,V +8xl,
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The g-parameters can be defined in a similar v, o _ ' |
manner and are commonly used in some | 8 :_V— =Open — circuit voltage gain : '
electronic circuit analysis. Fi1,=0 ‘ '
I L . V. o :
g, = = Open-cn‘cmt input admittance g, = % = Short - circuit output 1mpedance |
Vil L lveo -  Seri
I Thi
l . . .
g, =—| =Short-circuit reverse current gain g
21lv,=0 | B
Interrelation Between Two-Port Network Parameters
Yo _Yu A AT Ab by
[Z] Z” le Ay Ay C C h22 h22
Zyn Iy Yu  Yu 1 D h 1
Ay Ay c C h,, hy
B
oty D _ar 1ot o
Iy] Az Az Yu Yo B B h, b, ! cot
_in I Yu Yn 1A hy Ab | Pa
Az Az B B h, h, *
C
W & Yu 1) b by
Z, Z y y A B h h c
ABCD 21 21 21 21 21 21
AEDTE 1 4, & {c D) hy 1
Zy  Zy Ya Y h, hy,
Tt
Az oz, 1y B ° AT ha
[h] Zp In Yn Yu D D by, by, P
s L Yo b LI by o
Zy Iy Y Yu D D m
T
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Two Port Networks

| 5 Interconnectlon of 2-p0rtNe‘tw0rks,J~]

Series connection:
This is illustrated in Fig. (1). Here, the individual

Z — parameter matrices get added.

For this relation to be true, the nature of the
original networks should not be altered by series
connection.

Parallel connection:

AN NN
N

/74

Y4

Ny

Fig. (2) w

This is illustrated in Fig. 2 with 2-port networks
having common ground terminal.

For this case, the individual Y-parameter
matrices get added to give the Y-parameter
matrix of the overall network.

(V)= (Y,)+(Y,) oo, @)

The individual Y-parameters also get added :

Y=Yt Y, ete.

This relation is true only when the nature of the
two networks is not altered by parallel
connection. Fig.2(a) shows a Twin -T network,
which is illustrated in Fig 2(b) as the parallel
connection of two 2 — port (3 terminal) T-
networks. Similarly Fig 3(a) shows a bridged -T
network, which is illustrated in Fig. 3(b) as the
parallel connection of a T-network and a -
network with only a series element, Z,.

G G,
I¢ ¢
_ N [ 1C
1 O - - MA, > '\/V\l 02
R, R,
R, ~C,
] o— 079
Fig. 2(a)
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N
I[ ':Ila jzi _ILb I21': Il
‘*5’_—?2 A, B, —5- — Ay By :"F:O-i-
\4 :Vla V. Vv V2b: A\
! 2a 1b 1
_ b C. D, G D, —

Fig. (4) illustrates this connection. Here, the
individual T- matrices get multiplied.

(T)=(T,)x(T,) R 3)

Which is valid irrespective of whether the
original networks have a common ground
terminal or not.

Note that A # A; Ay, etc.
A = Aa Ab + Ba Cb 5 etC.
Example: 5.5
Find the transmission parameters for the network

shown in fig considering two networks connected
in cascade.

10 20 10
MWW——
+ +
v, 20 2Q§ vV

Sol: The network of fig can be considered to be
the cascade comnection of two — port
network as shown in fig

Network 1 Network 2

————————————

T
+ it !
v, ! §ZQ §2Q oV

We know that for cascade connection, the
overall transmission parameter matrix 1S the
product of the individual transmissior
parameter matrices

We find the transmission parameter matrix
of the individual sections.

For each section, the z-parameters are given
as

zZ,= (1+2)= 3Q; 2, =z, =20
2, =(1+2)=3Q
By the interrelationship  between

z-parameters and transmission parameters,
we geu

.

|
A, B _ A, B, _| 22 Z21|
¢, D |G D, 1 ﬁlJ

Zy  Zy
.‘.A:Z” =§;B:Az_:3x3—22 :EQ;
Z, 2 Z,, 2 2
C:—l—:lU ; Dzzi—é
Z, 2 Z, 2

Therefore, the transmission parameter
matrix of the network of fig (a) is

¢ o)

o= w
N Jwro | wu
x
M=o W
PO | WO | wn
I
[NSHNUCE S|
D= | 5
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ﬂ '_5..8"Typical hetworks and Parameters

We consider six typical two-port networks

T networks

7 network

Ladder network

Lattice network

Bridge -T network

Parallel-T or twin-T or notch-filter network

S e

5.8.1 T or Star or Y network

The configuration of a typical T-network is

shown in ﬁgI 1,
1
| e—— 7, 2 Zy o2
+ +
V! V2
I'e . -7

By KVL equations for the two meshes, we
get

(Z,+z, ), +2.1,=V,
and Z 1, +(Z,+Z )1, =V,
Thus, the z-parameters are

Z, :(Za +Zb);ZIZ =2, =2;7y :(Zb +Zc)

Rearranging,
Z, = (Zn _Z12)5 Z,= (Zzz _le) Z,=1,+Z,

From the inter-relationship, we get for T-
network, the transmission parameters as

:113:

Two Port Netwonic_s_
Z ' 7.7
NI § e : Bzg: 7 +7, +—22
Z2l Zc Z2] Zc
zy, Z, | Zy Z,
Conversely, Z, = (AC_ 1); Z, = (DC— 1); and

c

Z :é and the y-parameters,

2Ly Z,+Z, .
e 2,2, +2,7.+7.7,°
oy, =tno ~Z, .
I T, T 77 477,422,
Zy Z,+Z, .
Yn=77 5
Az 727, +7,7.+7Z.7,
5.8.2 1 or Delta Network

The configuration of a typical m - network is
shown in fig '

L I
le— > Y, +———3)
+ +
v, Y, Yq \'A
1 o- ® a2

By KCL equations at the two nodes, we gzt
V-V Y, + VY, =1 = (Y, + Y, )V, - Y.V, =,
VY, +(V, -V )Y, =1, YV, +(Y, + Y, )V, =1, Thus
, the y-parameters are

Yu= (Ya +Yb);Yl2 =Yy ==Y, ¥n= (Yb +Yc)
Rearranging,

Y, = (YH +Y12)a Y, = (Yn +Y12) Y. ==Y ==Yy
From the inter-relationship we get for © -

y__,':ff':i% | Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune | Chennail
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transmission

network, the

Y
A:_h:[l’f‘_b‘], B:—L:L’
Y

parameters — as

y2| c y21 Yc
C:—ﬂ:[Ya+Yb+mJ; D:—XQ:[HL)
Yau Y, Yu Y,
Conversely, Y, = (—DB;I), Y, = (A _ 1);and
-
B
5.8.3 Ladder Network

The configuration of a typical ladder — network is
shown in fig:

1 o— Zl @ Z; ZS

I'e ---2

The series arms are indicated by their impedances
21,73, 7Zs, ...... and the shunt arms are indicated
by their admittances Yo, Y4, Y, .....

In order to find the driving point impedance at
Port -1 we start computation at Port -2 with Yy;
i.e., inverting Y, combing with Zs, inverting the
sum, and so on.

Thus, the driving point impedance at Port 1-1" is
given as

Z,=72,+

Note: This equation is known as continued
fraction.

In order to find the transfer function, we again
start at the output port and then proceed
backward, applying KCL and KVL where
necessary.

5.8.4 Lattice Network

A Lattice network forms the basis of design of
most four- terminal networks like attenuators,
filters etc. .-

It consists of two identical impedances in series
arm and two identical impedances in shunt arm as

- shown in fig (a)

I 1 IZ
1 Z, | 2
_:_—’—Y‘ 7—4—:-
Zy Zy
v i VZ
I Z, 2
Fig (a)

Here, 7, are the series arms and 7, are the
diagonal or shunt arms.

To find the z-parameters, we redraw the networks
as shown in fig (b)

1
b+ ; \
Z, Z
E +y, -
V] I, 2 2
Zb Za
v —
1
Fig (b)
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Assuming I, = 0, the current I; enters the
bridge at the point A and divides equally between
the two arms. :

.-.I—lza+v2:1—lzb:>v2:1l 22,
2 2
\ zZ,~Z
0,4 (B2
L 2
Also,
I \ Z,+Z
V=2(Z,+2,)>z, == =|"t"21a
2 L 2

the network is reciprocal and symmetrical
Z -7
"'221:212:[ : ajandznzzzzz(

Lz, = (Zn "le) andZ, :(le +Z12)

Z,+7Z,
2

5.8.5 Bridge- T Network

The configuration of a typical bridge-T network
is shown in fig

—~

Ly
II 12
1 o Zl - Zz <+ 2
+ +
I'e 22

In this case, the current in the output depends on
the voltages and a number of nodes instead of
one; thus resulting in a number of simultaneous
equations.

Therefore, for such networks, analyzing eithet on
node basis or on loop basis, the network function
13 expressed as a quotient of determinants.

For loop basis, the admittance function,

:-Al‘j—,where A 1s the loop basis system

jk

:115:
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Two Port Networks

determinant and Ay is the cofactor. Here, Y's
will be y-parameters if the output is shorted.

For node basis, the

—k,l, where A’ is the loop basis system

impedance function,

e

Z

determinant and A'y; is the cofactor. Here, Z's will
be z-parameters if the output is open-circuited.

vV, A I, A
AlSO)Gzlz_—z—:A—,ﬂ 21—1—2=A—21
1 11

i 11

/

5.8.6 Parallel-T or Twin — T or Notch-Filter

Network

The configuration of typical twin-T network is
shown in fig

2F

M,

2F
— -
20 20

{ °——’VWTVW\,—
+ ¢ +
v, IF — %IQ V,
1,—0_ ;2’

In this case also, the current in the output depends
on the voltages and a number of nodes instead of
one; thus, resulting in a number of simultaneous
equations. We solve the network in the similar
process as in the bridge-T network.

Example: 5.6

For the bridge-T RC network, find the transfer
admittance Yo

1 Al 13 AAA 2
YWy ‘L LiLL
Dostr C 1
¢ T 2
1’ , 2!
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Sel: By KVL:

2
(l+z)ll +-I, -1, =V,
S S

2 1 2 1
L+ =+—|,+=1, =V
g ! (:2 Sj 27508 2

3.2
—Il+112+ —+—1,=0
2 2 s}

(1+g) 2 -1
S S
as| 2 (L)L s
S b S 2 S
1 3 2
-1 _ e
2 2 s
21
. D) s +6s+8
A, =(=1)*8 =
! » [g 2\ os+0)
2 s

5.8.7. For Series and Shunt elements.
For Series element (I,= - I,)

— [

4-—12

l o z o 2

1’ e o 2’

Z-parameters are not defined for this network
(+ If I, =0 then I; also Zero)

Y -Parameters can be defined by

1

_| Z Z
[Y]_ _l l
Z 7

ABCD parameters can be defined by

<o

Reciprocal and Symmetric

For Shunt element (V,=V,)

[o o 2
1
z

s ] o 7

Y-parameters are not defined for this network
(= If V, =0 then V; also Zero)
Z-Parameters can be defined by

7 7
Z 7
ABCD parameters can be defined by
[A B} {1 0}
=|1
— 1
CD 7

Reciprocal and Symmetric
For an ideal Transformer (i.e., K=1)

Ideal
I n:1 I
o__
+ e e +
Vl VZ
o o
NI:NZ
Vz_Nz_l_Il
Vi N, n -]

Reciprocal Symmetﬁc ifn=1

Provided “-I,” is the leaving current from port
(2)
\=/s

1.t the current delivered to the load.

o 1) o

Neither Z-parameters nor Y-parameters are
defined for this network.
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Room Practice Questions

A D T R

04. Two two — port networks with transmission
parameters A}, B;, C;, Dy and A;,B;, C;,
D, respectively are cascaded. The
01. When a number of 2 — port networks are transmission parameter matrix of the
connected in cascade, the individual cascaded network will be (IES-EE-98)
(IES-EE-95) ‘A, B,| [A, B,
(2) Zoe matrices are added (2) C D + C. D
(b) Ysc — matrices are added LTS L T
(¢) Chain matrices are multiplied A B/| |A, B,
) - (b)
(d) h — matrices are multiplied :1¢c, D,]{C, D,
02.  An impedance match is desired at the 1 - 1’ ©) A A, B B,
port of the two — port network shown in the C, C, D D,
given figure. The match will be obtained AA+CC A.—-BD
when Z, equals (IES-EE-96) d {( A+ GG) (A A, 7B D) }
(Cl A,-Dy Cz) (G Cz +D, Dz)
W— W 05. The h parameters h;; and hy, are related to z
and y parameters as (IES-EE-01)
5 (a) h11 =71 and h22 =1/ 7y
~ : (b) hj1 =2z and hy, = Npy)
< § Z3 ZL g (C) h]l = 1/y11 and h22 = 1/222
| (d) hyy = Vyyy and hyy =y
! 2’
$ ¢ e 06. For the two-port network as shown below,
Y1, is equal to (IES-EE-03)
(a) Z] + Z3 v
(b) Z1+ Z3 (Zz +ZL) [ o— YC —0 )
2,+7,+7;
© Z,(Z,+Z,) Ya Ys
2, +2,+7,
(d) Z; re Fig. s
03. For a two — port network to be reciprocal, it Y, Y,
’ YatYs (b)Y,
1S necessary that (IES-EE-98) @YatYs (b) Yo+ [YAJrYB
(a) z11 = zp and yy1 = y12 _y DY
(b) 211 = 2 and AD — BC =0 ©-Ye @Y
(€) by =~hp and AD -BC= 1 07. For the two port network shown below, what
(d) y21 = y12 and gy =y, is the voltage transfer function Vy(s)/Vy(s) ?
(IES-EE-05)
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Class Room Practice Questions

S S
(1+2s%) ®) (142s)
1 1
(1+25%) @ (1+25)

(a)

(c)

The 2-port network of Fig. A has open
circuit impedance parameters given by

matrix (IES-EC-91)
O -0
1 R 2
e, + 0]
Fig.
()"R R] o) 'R O]
a
'R R 10 R|
© [0 R @ R o]
C
(R o (o R

The impedance matrices of two, two- port
networks are given by (IES-EC-00)

3 2 15 5§
and
|:2 3} { 5 25}

If these two networks are connected in
series, the impedance matrix of the resulting
two-port network will be

3 5 o187
@l 2] P72

15 2
5 3

(c)

J (d) indeterminate

10.

11.

12.

13.

14.

Consider the following  statements

associated with two-port networks:
(IES-EC-07)

I Zp=Zyn 2. Yin=Yy

3. h12=h21 4. AD—BC= |

Which of the statements given above are
correct?

(@)1,2and3
(c)1,3and 4

(b) 2,3 and 4
(d)1,2and 4

With respect to transmission parameters,
which one of the following is correct?
(IES-EC-09)

(a) A and B are dimensionless
(b) B and C are dimensionless
(c) A and D are dimensionless
(d) B and D are dimensionless

If the connection of two two-ports 1s such
that the transmission matrix of the overall
network is the product of the transmission
matrices of the individual networks, what
type of connection is it? (IES-EC-09)
(a) Series connection

(b) Cascade connection

(c) Parallel connection

(d) None of the above

In a two-port network, hybrid parameters
express

(a) Vi and V; in terms of I; and I,

(b) I and I in terms of V;and V,

(c) Viand I interms of V; and I

(d) Viand I in terms of V,and I

In a two port network, open circuit
impedance parameters express

(SPDCL-12)
(@) Vi, Vyinterms of Iy, I
(b) I, I in terms of Vy, V;
(c) Vi, I in terms of Vo, I,
(d) Vy, I, interms of Vy, I
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01.

02.

:119: _ Two Port Netwerks
Admittance is the reciprocal of [ |
(SPDCL-12) 1 L
(a) impedance (b) inductance (a) Z Z Z 7
(c) susceptance (d) reactance L l L
Zz 7 Z 7
Impedance U (1 1 \
Z7,=20/50°Q and Z,=10/30°Q. Then % is ©|z 7 (o j1 | |
2 -1 1 L—l —
(SPDCL-12) Z)
(a) 2/80°Q (b) 2£50°Q 03 Consider the following statements :
©) 2 /30°0 () 2 /20°0 For a bilateral network,
L 1. A=D
2. 2=y
3. hlZ = - h21
_ Of these statements (IES-EE-94)
The figure shows two different sets of input (a) 1,2 and 3 are correct
and output variables for the same two — port (b) 1'and 2 are correct
resistive network N. I, is~ (IES-EE-93) (c) 1 and 3 are correct
(d) 2 and 3 are correct
+ Resistive 04. A two — port network is defined by the
4V network 1Q relations [} =2V, + V. ond » =2V, +
— | N 3V2 . Then Z}g is {EES“-EE-g‘J}
I - (a)-2Q M-1Q
X — 1
— 1
+‘Z Resistive (©-79 d)-1/40Q
30
6V netvl\\;ork 3 05. With the usual notation, a two — port
B resistive network satisfies the condition
X 3 4
(a) 12 A (b) 8 A A=D=5B=§C
()4 A (d) 3 A The Z;; of the network is (IES-EE-95)
2 _ (a) 513 (b) 473
The short - circuit admittance matrix of the () 2/3 (d) 173
network shown in the given figure is
(IES-EE-94)
I 1, 06. The Z and h parameters of ths nefwork
+ — = shown in the given figur il be
; | 7 } (1E5-EE-96)
Vl V2 o —0
_i j_ =10
Vv . .
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:120: Class Room Practice Questions
11 10. A two — port network is symmetrical if 14
h ZL J (IES-EC-95) |
1 0 1 (a) 211 2 — 212 221 =1 i
(b) Z = } h:[ } (b)AD-BC=1
1 -1 1 (¢)hjphp-hphy =1 - |
(c)Z:|:1 0—;h=—1 1} Dynyn-ynyn=1
-1 1: Ll 11.  Which one of the following pairs is correctly | -
@z {0 1 b :{0 - 1} matched? (ES-EC-95) | 1
10 2 172 (a) Symmetrical two — port network |
“AD-BC=1 |
07. For a two — port symmetrical bilateral (b) Reciprocal two — port network
network , if A =3 and B =1 Q, the value of | - AT A)
parameter C will be (IES-EE-00) (c) Inverse hybrid parameter
(a)4 S (b)6S - :A,B,C,D
(©)8S (d)16S (d) Hybrid parameter
: (V1 , Iz) , (11 s Vz) _

08. Two identical T-sections, such as one shown . _ . -
beiow are connected in series. What is the | 12. Which one of the following is the !

y1; ¢* the combination ? (IES-EE-04) transmission matrix for the network shown |
100 100 in the figure given below?  (IES-EC-06) o
(@) 11240Q  —W——W—o . e i §
(b) 22240 Q) | | 7 f
() 11350 Q Qs %
(221200 | . -
. [+ . 0 {
' 1 1+yz] l+yz z
09. If the Z-parameters for the T-network as (@) (b) |
shown below are Z;; =40 Q, Z,, = 50 Q and :y z - y
715 =75, =30 Q, then what are the values of © 1z %) 1 T+yz
Zi,Zyand Z3? (IES-EE-09) y l4yz| .
I 7 73 L

13. Which of the following are the conditions
for a two port passive network to be a

—_—
—

v, Zs v,

reciprocal one? (IES-EC-06)
i - Lzpn=2y 2.yp=yn 3hp=-hy
g Select the correct condition from the code
(2) 10 Q, 20 Q and 30 O given below:
(b) 20 Q, 30 Q and 20 O ‘ (@)Onlyland2  (b)Only2and3
(€)30€,40Qand 10 Q (c)Only 1 and 3 (d) 1,2 and 3
(d)40 €, 50 Qand 10 Q
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15.

01.
Sel:

62.
Sol:

04.

Sol:

1121

When two 2-port networks are connected in
parallel, it is convenient to use

(SPDCL-12)
(a) open circuit impedance parameters
(b) short circuit admittance parameters
(c) transmission parameters
(d) inverse hybrid parameters

The two-port parameter hy; is called
(GENCO-12)

(a) open-circuit output admittance

(b) short-circuit input impedance

(c) open-circuit reverse voltage gain

(d) short-circuit forward current gain

Ans: (c)
2 —port NW’s in cascade :

Individual chain matrices (ABCD matrices)

are multiplied to get the overall chain
matrix.

Ans: (b)

Impedance match is obtained when Z, =7,
23| (Za+ 7))

N 2(Z,+Z,)
2,+1,+7;

1

. Ans: (¢)
: For a reciprocal NW :

Z12 =231, Y =12, b =-hyy,
AD-BC=]

Ans: (b)
[T]: Al Bl A2 B2
Cl Dl .CZ DZ
|AA+B,C, A B, +B,D,
"|CA,+D,C, C,B,+D,D,

08. Ans: (a)
Sol: From the given network V=V,
Keep [, =0then Vi =R 1,
V V

Z”:il:R" Z2,=~Il—2=R
Keepl;=0thenV,=R 1],
Zu:l:R7 Zzzzy_lzR
I L
(7] = R R
IR R
09. Ans: (b)

Seol: For series connection
(Z]=1[Z,]+[Z;]

13 2 15 51 |18 7
“l2 375 25077 28
10. Ans: (d)
Sel: A 2-port network is reciprocal

Two Port Networks
05. Ans: (c)
Sel: h,,=~V—1 =—~—1—~=—1——
Ly, =0 _Il_ yll
Vl V, =0
by, —'IL = 1 = ’l'
Vv, 1,=0 vV, Zy
L [ =0
06. Ans: (c)
| sot: v, =-h Ly,
: ‘ 2 lv,=0
07. Anus: (c)
!
S0 V. (S) S 1 - 21
V(s) 254 28" +1
S

|
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11.
Sol:

12.
Sol:

13.
Sel:

4.

:122:

Class Room Practice Questions

Zp=2y,Y12=Y2 ,AD-BC=1, hj; =~
hyi, go=-gu

Ans: (¢)
V]ZAVZ—Blz
I]ZCV2—D12
A=al p-_L
V2 1,=0 I2 Vv, =0

A and D are dimensionless, whereas B is in
ohms and C is in mhos.

Ans: (b)

For cascade connection,
[T]={T:i] [T:]

Ans: (d)
Vi =h, L +h,V,
L =k, +h,V,

Ans: (a)

Sel: open circuit impedance parameters means Z-

15.

Sol:

16.

Sol:

parameters only

Vi=Z,1,+Z,l,

Vy, =2yl + Zy],

Ans: (a) _ _

Admittance is reciprocal of impedance

conductance is reciprocal of resistance
susceptance is reciprocal of reactance.

Ans: (d)
e 0
L0020 fsr -300)
Z, 10£30° 10
=2/20°Q

RO G E6
- 06. (b) 07.(0) 08.(2) 09.(a) 10.()
11.(d) '12."(c')”f1'3.(a)' 14.(b) 15.(d)

(3N
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Three Phase Circuits

Galileo_Ferraris
(1847 - 1897)

5 R Vry = Vyg = Vg =V (Line Voltage)
PolyP hase Systém L Vry = Vr=Vy; Vyp = Vy =V ; Vpp
R SRR Vg Vi
+  More than one phase: ) L
2,3,4,5,6,7,8,9............. phases Phasor diagram censidering phase voltages as
e 3,6,9, 12......phases i.c., multiples of ‘3, referencej
} are used in industrial applications. E Ve e
g Main advantage of 3-ph system are ,-'
Smaller in Size v . [for Lagging load]
Constant output power Tk
Greater output power
Superior motor performance R
Ease in parallel operation Ze S;Z:e)
Reliability | v !
Interconnection of system is possible in : Vg 7
(Y & A).
\ Vr=Vy=Vp=Vy
. I\3/Ig1(‘;1:al phase shift between each phase is | Vry = Vyg = Vpr = V1.
=120° | VL =43V,
6.2 STAR Connected Balanced With Respect to Phase voltage,
! " Three Phase _Supply‘ ﬁ 1. Line voltage is leading by an angle of 30°

2. For inductive load, phase displacement
between line voltage and line current is
(30°+¢)

3. For resistive load, phase displacement
between line voltage and line current is 30°

4. For capacitive load, phase displacement
between line voltage and line current is

(30°-¢)

VRY: VLZO VR = Vph Z-30°

Vyp =V £-120°  Vy=Vy £-120°-30°
Vir = V1.£-240° Vi = Vpn/+120°-30°
From the figure, (or) Vi £+120°

ILl :ILZ =1, :IR :IY =1

1.e., Ipp = I, in Y —connection
Van=Ven=Vyn = Vph (Phase Voltage)

Galileo Ferraris was an Italian physicist and electrical engineer, noted mostly for the studies and independent discovery of the
rotating magnetic field, a basic working principle of the induction motor



R
B (-Ve sequence)
Y

V, =3V,

With respect to Phase Voltage

1. Line voltage is lagging by an angle of 30°

2. For inductive load, phase displacement
between line voltage and line current is
(30°-¢)

For resistive load, the phase displacement
between line voltage and line current —is 30°

[

4. For capacitive load, the phase displacement

between line voitage line current is (30° + ¢)
Vry =VLZ 0° Vg = Vpp £+30°
Vyg=VL £+120° Vy = Vpn Z120+30°
Vpr= Vi £-120° Vg = Vpp £-120 +30°
(or) =V £+240°

Power in three phase star connected system :

v
S=3 Vph Iph = 3\—/—;—IL
=S=+3V,I,|  VaAs
P=+3V,I .cos§| Watts
Q=43 .sing| VARs

1124

Electrical Circuits

63 DELTAconnected baianéed :

v“_,:‘_’:"/“;;;_"th‘xr"eex[’ihgsfe supply -
R ILl + _
h |
I
/ V\fwy
Vph ph Vir
B QVQ";Q : I“l _|
R __—t)Iy Y Vyl ' |
L
Iy = F
Vry=Vyg=Vay =V,
=VL= Vph
L= -Igsl, =1 -1
=l -1y;

R
Y (+Ve
sequence)
L ¢
VBR
IL = \/glph
1. In +ve phase-sequence. of A - connected
system, with respect to phase current, line
current lags by an angle of 30°
2. In -ve phase sequence of A -connection
system, with respect to phase currents, line
currents leads by 30°
3. In +ve phase sequence, the phase

displacement between line voltage and line
current is L —30°+ ¢, R—30°, C - 30°-¢
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Three Phase Circuits

4, In -ve phase sequence, the ’ phase
displacement between line voltage and line
current is L — 30°-¢ R—30°,C—>30°+ ¢

Star connected load

Z)=Z,=Z; = Balanced

Zs Zy  Zy# Zy# Zy => unbalanced

Delta connected load

7, =71y = Zc =Balanced
Z, # 7y #Zc = unbalanced

Interconnection between Source — Load :

Source [ Load
Y LY
Y A
A 1Y
A A

o System source is always balanced

« Potential at neutral point of source is always
zero, whether the load is balanced (or) un
unbalanced.

¢ Load neutral is considered as floating point
neutral with respect to unbalanced load.

By applying Milliman’s theorem, the above
~ circuit can be simplified to

S (Load Neutral)

R () Ve

N (Source Neutral )

Potential difference between source neutral
(N) and load neutral (S) is

VR.N + VYN + VBN
ZR ZY ZB
1 1 1
—t—
ZR ZY

Voy =

Z

v - Ve Vg + Vi Yy + Ve Y,
SN Y, +Y,+Y,

NS = —VsN
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e Wa

Rl R*—ﬂ; : (M)

ST Z (if)
2 ’

- (i)

Zy

B‘ Wa

_ (M)

In 3¢, 4-wise system

Neutral current I, =T +1, + IB) (i1)
_ Total three phase power = W + W, + W; %

— VRN . — VYN . _ VBN :

I = Iy = I = _ (111)

Zy Zy Zy 3- ¢, 2- wattmeter method :
n 65 Méas‘ﬁjrement of 3¢ po_wel_"i_' Re I M L
o 3- wattmeter method used for balanced or :' c v 7 !
unbalanced loads. . L cceecemed] - l
¢ 2 — wattmeter method used for balanced or w-i S |
unbalanced loads. - 1
¢ l-wattmeter method used for balanced load _ Z, 7 |
only ' 2 1
. |
3~ ¢, 3- wattmeter method : B |
In a commercial wattmeter, we can identify R RRELEEEELE L-. F
the terminal connections as LM .
M — Mains Yﬂ E

L —> Load L Vi |
C — Common : E |
V- Voltage | T W—2 ______ 5

=
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Wattmeter W;:

(i) Current measured by current coil of
wattmeter — 1 = Ig
(i) Voltage measuwred by pressure coil of
wattmeter —1 = Vpg= Vg - V3
(iif) The phase displacement between ‘I’ and
‘Vgg’ 1s equal to
(30° - ¢) - Inductive
30° - Resistive
{30° + ¢) - capacitive

Wattmeter W,:

(i) Current measured by current of wattmeter 2
s=1Iy

(ii) Voltage measwed by pressure coil of |

wattmeter — 2
Vyp=Vy-Vg
(iif) The phase displacement between ‘I’ and
‘VYB is
(30°+¢) > Inductive
30°  — Resistive
(30° — ¢) — Capacitive

So, |W, =1, Vpzc08(30° ~¢)
W, =1, Vi c0s(30° + ¢)

For balanced load
h=y==L
Vry =Vyg = V=V,

Wi+W, = VI [cos (30-¢) + cos (30 + d))]
So, total active power

P=W, +W, =\/§VLIL'cos¢

also W1~W2 = Vil sing
But reactive power Q = V3 3V, I, sin¢

Q= \/—_[WI—WZ]
Q \/—VLIL sind \/g(wl "'Wz)
:> —_
p \/_VLIL cosp W, +W,

Three Phase Circuits

— e

ﬁ(wl — Wz )
(Wl + Wz)

Power factor angle

o~ _,{f(w W)il

= Tanf=

(W, +W.)

Effect of power factor on wattmeter reading:

W, = VI, cos (30°~¢)
W, =VLIL cos (30°+¢)

Case (i):if ¢ =0,

W1= VLILCOS30°
W2 = VLIL cos30°

W1:W2

If PF. angle is 0°, both wattmeter
readings are equal

Case (ii): if ¢ = 30°

W, =V,1,
W._, — VLIL
W, =

If PF. angle is 30°, one wattmeter
readings is half of the other.

- Case (iii): if ¢=060°

NE)

W=V

W, =0

If P.F. angle is 60°, one of the wattmeter
leading is zero

Case (iv): if $ = 90°

W — LIL
{
-V, 1
W2 - 2L L
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e

I

If P.F. angle is 90°, one wattmeter reading is
negative,

Example: 6.1

The line voltages Vap, Vi, Vea 0f 3 -0, 100 V,
ACB system can be represented as

(a) 100 £-120, 10020, 1002120

(b) 160 £120, 100 £0, 100 Z-120

(c) 100 £240, 100 £0,173 £ -240

(d) None
Ans: (2)
Sel:
+ve (sequence) —ve(sequence)
0° 0°
-120° +120° (-240°)
+120° ~120° (+240°)
Example: 6.2

The phase voliage Vi, Vi, Vo of a 3—¢, 173 V.

ABC system caii be repiesented as
(a) 100 £90, 1602-30, 100£~150
(b) 100£-90, 160.£-210, 10030
(¢) 173 £90, 173 £-150, 73 £-30°
(d) 100 £90°, 180£-150, 100(X) £-30°

Ans: (a)

Sel: since positive sequence ABC
- 30°
—30°-120°=-150°
—30°+120°=90°

So,

-30°

- 150° l
+90°

Example: 6.3

Three 100 € non-inductive resistors are
connected in

(a) Star

(b) Delta
across a 400V, 50Hz supply
Calculate power taken form supply in each
case.

() In the event of one of the resistance gets open
circuited, then what would be the value of
total power taken from mains in each of the
above two cases.

Sol: .
(a) Star:
P= 3.. Vph Iph
400
_\3
Iph =—=
100
(400
400) 3
=>p= (3)(Vph leh) = G{f) 200
Py=1600 W
(b) Delta
400 v 1002 100
400
= —_—= 4
100
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Three Phase Circuits

P=(3) (Vph) (Iph)
Pa=(3) (400) (4) = 4800 W

(c) If one of the resistance in star connection
gets open
T 100 Q
400V

100

-
)

(400 400x400
~(100+100) 200
Popen_'{ =800 W
If one of the resistance in delta connection
gets open

400V

(400)* . (400)°
100 100
=3200 W

P

open-A

Conclusions :

Example: 6.4
The minimum wattmeters required to measure

3-¢, 3-Wire balanced (or) unbalanced power is
(a) 1 (b) 2 ()3 (d)4

Ans: (b)

Example: 6.5

A L -L input voltage to the 50 Hz A.C. circuit
shown below is 100V rms, assuming that phase
sequence is R-Y-B, wattmeters should read

(a) 80, 866 (b) 500, 500
(c) 0, 1000 (d) 2500, 750
1mmmmmmm ey Wil
Re f?ﬂ

5 £60°
5 £60°
- 5 Z£60°
Y e
o "\l
Be— /8 '
Ans: (¢)

Sol: W, =V, I, cos(30° +¢)
W, =V, 1, cos(30° —¢)
> the load is balanced and impedance angle
is 60° (i.e. ¢ =60°)

So, W, = (100{1006

5

100//3
5

Jcos(30 +60)=0

W, =(1 oo)[ Jcos(30—60))
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=i oo)(g/%jgzlooow

Example: 6.6

For a 3-¢ circuit shown in figure, the ratio of I,
Iyand Iy 1s

Iy

(@) 1:1: 43 (b)1:1:2
©L1:0 (d)l:l:l/zE
Ans: (a)
Sel: I, =1,

Iy =1,

I, =31, =31,
120
v =R 20 08 =~
IB :\/§IR :\/glph
In this case, Iy i1yt Iy =1, 11y, :\/glph
=1:1:43
=Lk

‘Iz’ is the phasor sum of Iy and I, at angle
120°

Example: 6.7

Two resistors of equal value are connected in
series across the lines ‘B’ and ‘C’ of a
symmetrical 3-phase system. What is the
magnitude of voltage between line A and the
junction of resistors.

400 400
(@) — (b) —
"B "B
200
o d) 10043
(c) 5 (d)
Ans: (¢)
Sol:
0 A -
400V
B oy — +
R _1VBN
N 400 V
R

C -

.. Given that symmetrical 3—¢ and 400 V

system
Van=7  Van=Vgap+ Vpy
V,, =400.£0°
V _ 0
Vg =2 = 021207 _ 5002-120°

Ve =400.£0° +200£ -120°
[V =20043 Volts
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01.

02.

03.

01.

02.

35 R AP RO R,

A balanced delta connected load has an
impedance of 9/30° ohms per phase. What
is the impedance per phase of its equivalent

star? (IES-EE-04)
() 27.£30°Q (b) 27.£90° ©
(€)3£30°Q  (d)3.£20°Q

A 3-phase, 4-wire system supplies power to
a balanced star-connected load. The current
in each phase is 15A. The current in the

neutral wire will be (TES-EE-12)
(@15 A (by45 A
(c)8.66 A (doA

The power expression in 3-phase circuit in
terms of line voltage Vi, line current I, and

power factor of the load is43 V.1, cosg,

where ¢ is the angle between
(SPDCL-12)
() line voltage and line current
(b) line voltage and phase current
(c) phase voltage and line current
{d) phase voltage and phase current

A 3-phase delta connected symmetrical load
consumes P watt of power from a balanced
supply. If the same load is connected in star
to the same supply, then what is the power

consurnption? (IES-EE-05)
(a)P/3 (b)P
)3 P d)3P

A 3-phase, 3-wire supply feeds a star
connected load consisting of 3 equal
resistors. If one of the resistors is to be

Practice

03.

04.

05.

Questions

£ A a6 4 B A z e

removed, then what is the reduction in

power as compared to the original power?
(IES-EE-07)

(a) 25 % of the original power

(b) 33.3 % of the original power

(c) 50 % of the original power

(d) 66.6 % of the original power

The voltage phasor of a circuit is 10./15°V
and, the current phasor is 2/-45°A. The
active and reactive powers in the circuit are

(a) 10W and 17.32 VAr
(b) 5W and 8.66 VAr
(c) 200W and 60VAr

(d) 2042 W and 1042 VAr

For an ac circuit v = Vysin(ot + o) and 1 =
Insin{wt + B). The phase angle between
voltage and current waveform is

. (APPSC-12)
(@) ot+Pora-p
bya-PorPp-a
(c) p-aorf+a

(doa-p

The voltage from A to N in a balanced
three-phase circuit is 231/-30°. If the
phase sequence is positive, what is the value

of VBC? (APPSC-IZ)
(a) 4002-30 (b) 400./-90
(c) 4002120 (d) 400.£-150

Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam : Tirupati | Pune lChennaj]

ot e



:132: Class Room Practice Questions

(_LEVEL-1 )

01. Ans: (¢)

Sol: Z (star):9é30 V230 =3/30"Q
’ 27/30°

02. Ans: (d)
. Sol: [;=15£0°+152-120°+15£-240°
=0

03. Ans: (d)
Sol: Power factor angle ¢ is angle between phase
voltage and phase current.

~Level-2Key

0L.(b) 02.(c) 03.(a) 04.(b) 05.(c)
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ﬂ | Introduction ﬁ]

Graph Theory is geometrical representation of
given electrical network by replacing all the
passive elements by line segments(branches or
edges) and ideal voltage sources are replaced by
short circuits and all the ideal current sources are
replaced by open circuits.

v
6
4 I 3
I I1I
L2
/ |
\%

I
A linear oriented graph

Graph Theory

William Thomas Tutte
(1917 - 2002) .

Observation

Graph branches are less than or equal to the
network branches.

»  The number of nodes or vertices=n=4
¢  The number of edges or branches =b =6
Complete Graph or Standard Graph

Def: In a complete graph between any pair of
nodes only one branch is connected for all the
combinations.

The minimum number of edges to make a graph

complete with ‘n’ nodes is "C, .

Node Graph Edges

2 o——— 1 = 2_(%__1))
2

3(3-1)

3 N 3= —=——
2 )

4 @ 6=(4—(4——Q)
2

oy
2

Connected Graph
Connected graph

William Thomas Tutte known as Bill Tutte. He had a number of significant mathematical accomplishments, including
Sfoundation work in the fields of graph theory and matroid theory.
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PR Free node or
S isolated node .
o \\;
Un-connected graph ‘\‘ ,’I
T(, 4,5) v
In a connected graph all the nodes are connected L(1,3,6)

by atleast one branch, otherwise 1t is said to be
unconnected.

Sub Graph

It is a graph with less number of branches (least
one branch) as compared to the original graph.

Tree of a Graph

Def: Tree is a connected sub graph, which
connects all the nodes without any closed
loop.

o Tree branches are called twigs

e The number of tree branches of any graph =
(n-1)

o For the present graph there are (4-1) = 3 tree
branches

o The number of possible trees of a complete
graph with ‘n’ nodes = n®?

o For the present complete graph there are
44D = 4 = 16 possible trees.

Co — tree or the complimented tree

Def: It is a tree formed with all the removed
branches from the original graph in order to
construct a tree.

o Co tree branches are called links or chords

o The number of links of any graph =
L=b-(n-1)=L=(bntl)

s For the present graph there are 6 -4 + 1 =13
links.

@---~-- &----- ®
(1, 2, 3) .
L(4,5, 6)
e-----p
Q\ I,
\6/
T(2,4,6) 1(1,3,5) cetc.....

1e, The remaining 13 trees at their
respective Co-Trees.

Obs:

So, the co-tree may consist a loop in its
representation.

Tree + Co-tree = Original graph i.e., for any
graph both trees and co-trees are always equal.

U 7.1 Incidence Matiix (Al)j

Let the branch currents be ij, 1 ....... 1 for the
branches 1,2, ....... 6 respectively

By writing the KCL equations at every node
I =2i-iktig =0
I =-ip+ig+is=0
M=1i-i5-1 =0
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23 4.5 6 I )
Ifr 0 0-10 1] |i 0]
o -1 0 1 1 0 | |0
mo o 1 0 -1 -1 |i,|
vi-1 1 -1 0 0 O_E:m 1 __ml;
J R
(A)
Properties
1. For a given graph the incidence matrix is

unique and its order is (nxb)

2. The rank of incidence matrix is equal to rank
of the graph = (n-1)

For the present graph rank is (4-1) =3

3. The determinant of the complete incidence

matrix of a closed loop is always equal to

Zer0.
i
3
2
I I 1II
o2 3
I(1 0 -1
[Ad=1]-1 1 0
I 0 -1 1 |

nxb)

'AI‘:O sorank=r#n#3

=rank=r=n 2

The determinant of incidence Matrix of a closed
loop graph is 0.

Incidence matrix of a closed loop graph is of
order

nxn.

Graph Theory
C
Ex: @ @
a b
-1 0 1
[Al=1 0 -1 -1
Sl 10

det |A| = —1(~(~1)) + 1(1)
=1 +1=0,

If the incidence Matrices of ‘2’ independent
network graph are identical, they said to obey the
principle of Isomorphism.

W7 2 Tie-Set matrix (By) j

Tie-Set matrix (By) is also called Fundamental
lcop matrix (or) Fundamental circuit matrix.

Tie-Set:

Def: It is a closed path which contains only one
link together any number of twigs.

Let the branch voltages be v), vy,
branches 1, 2, 6 respectively.

v for the

f-loops or f-ckts or tie sets

These are the minimum number of loop or mesh
equations required to solve the  corresponding
network of a given graph.

Steps

1. Select a tree.
2. By adding one link at a time to the existing
tree will result one f- loop ata  time.
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3. Select the f- loop current direction as in the
link branch direction.

Since every f-loop consists of only one link and
hence unique loop current direction.

T(2,4,6)
L(1,3,5)

fll =V +vt+ve=0

f]2 = v3+tvatvgtvg=0

6
/55\
T

2

f13 :>V5——V6—V4=0

Vl
1 2 3 4 5 6 v
£{1 1010 0] oo
£
£101 11 0 1 o=l
: _ v
£,1000-11 —1J53x6) ) 0
: b-n+l)xb Vs b-nHK
V. |(6x
IB,) AL
Properties

1. Rank of Tie-set matrix = (b-nt1)
For the present matrix rank is (6-4+1) =3

2. Since every link will result one Tie set at a
time, for any graph the number of f-loops
always equal to number of links = (b-n+1)

3. Every fundamental loop consists of only one
link (Unique) in its representation.

4. Since every tree will result one Tie-set matrix
at a time, for any graph the number of f- loop
matrices are always equal to the number of
trees.

For the complete graph there are n®? f-loop
matrices.

ﬂ‘ 73Cut—Set matrix (Qo) G]

Cut Set

Def: It contains only one twig together any
number of links which may cut and divide the
network into two parts.

I 5 I

n 2 W

Obs: It is not a complete graph.

C(2,3,4)

C(3,4,5)
*r

| —_—

. s) C(1,3,4)
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C(2,3,5)x
C(2, 4, 5)x

The removal of (2, 5) branches itself gives
the cut-set, there is no need of removing 3
or 4 and hence improper cut sets.

(1,2, 5)x

'
1
i
® !
7

The removal of (1, 2, 5) branches divides the
graph into three isolated parts, so it is not at
all a cut set.

Std. graph

C(1,2,3)
C(1, 4, 6)
C(2,4,5)
C(3,5,6)

C(1,2,5,6)

e

.

The graph after cut set i.e. the remaining
branches

C(2,3,4,06)

[ aem———— ]

The graph after cut set ie. the remaining
branches

C(1,3,4,5)

SN

The graph after cut set i.e. the remaining
branches

f-Cut Sets

These are the minimum number of nodal
equations required to solve the corresponding
network of a given graph.

Steps

.

Select a tree

By removing one tree branch at a time will
result one f-cut set at a time.

Select the f- cut set direction as in the tree
branch direction.

Since every f-cut set consists of only one tree
branch and hence unique f-cut set direction.

Obs: It is not a complete graph.

1

7
5

(1,7, 5)
C(1,2,4)

fcﬁ
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The graph after The f-cut set ie the
remaining branches.

Je,:C(1,4,6,3)

/
The graph after the f-cutset
1.€., the remaining branches
: C(5, 6)

SRV

The graph after the f-cutset
i.c., the remaining branches

f-Cut set matrix (Q,)
1 2 k) 4 3 6 7
fell -1 0 1.0 0 0
f.10 0 -1 -1 0 -1 1
fe (0 0 0 0 1 0 E3x7gxb

n-~]
Properties

1. The rank of the f- cut set matrix = (n-1)
For the present matrix rank is (4-1) =3

2. Since, the removal of one tree branch will
result one f-cut set at a time, for any graph the
number of f-cut sets are always equal to the
number of tree branches 1.e. twigs =(n-
1).

3. Every f-cut set consist of only one tree branch
in 1ts representation.

4. Since every tree will result one f — cut set
matrix (Qc) at a time, for any graph the
number of Q¢ matrices are always equal to
the number of trees.

5. For the complete graph there are n™? f-cut
set matrices.

Example: 7.1

Construct the correct graph of the network shown
below.

Sel: Voltage Source =5.C
Current Source = 0.C

Node (n) =4

Branch (b) =6

Mesh (m) — independent loops
m=3-[6-(4-1)]

Loop ()=3+4=17 '.'1i:[b—(n—1)]

Example: 7.2

Number of possible path for the above gréph
from node (1) to node (3) is 5.
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Sol: | Sol: The given is an [A;], So make it (complete

A

oo N, [A])
| (1) 1—1}0 0 -170
IH—Vz 1_"\\;‘*“3 1\/3 @] 0 -1 -1}0 0 -1

@ olo 1 —1}1 0

Example: 7.3 Hl-1-0 0 140 1
Construct the complete incidence Matrix for the | . The network graph has nodes = 4,
oriented graph shown below. edges =6

Sel:
a b ¢ de f Example: 7.5
=1+l 41 O 00 » The number of possible trees from network graph
[A] = @0 -1 0 -1120 shown below is & draw them
@0 0 -1 +10 -1 separately.
Hi+1 0 0 0 -1 1
@)L s a @ b
The algebraic sum of the elements of every @ @
column vertically is zero. c
d e
Example: 7.4
Construct the oriented graph of a network where @

incidence matrix is given as
1 1 0 0 -1 0
0 -1 -1 0 0 -1
0 0 1 -1 1 0

Sol: Just connected graph
Number of trees = det [A,][A.]'|
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1 0 0 -10] o -1

0 -1 0 0 -1lyg 0 _
0 0 -1 1 1}~ o1
LO_I 1_
2 0 -1
a4 =0 2 -1
-1 -1 3

det [[A] [A]']=2(6 - 1) -(2)
=10 -2 = 8 (Possible terms)

These trees are

IR 2VAY
N VYV

Example: 7.6

Construct the Tie-Set Matrix & the write the
equilibrium equation in standard KVL form for
network graph shown below by considering a, b,
c as tree branches.

Sol: Number of f.loops =5-(4-1)=2
fl =a, C,d——)il

flh=a b, c,e o1

a b ¢ d e
i {+1 0 -1 +1 0
M]=
Li+l +1 -1 0 +1}

Equilibriufn Equations:

— Branch currents

Va, Vo, Ve, Vg, V. — Branch voltages

Set —i:

KVL[—]
[M][Vp] =10} ]
v, ]
Vb
{1 0 -1 1 o} m
V. =
11 =10 1), " 0],
LVe_5x1

Set —1I:

Relation between §° & ‘' [ 4 ]
[M]" [1] = [3]

1 1] .
0 1 ; Js
0 H -1
1 0 2 1 jd
101 Jsx2 LJe Jsa
| It ] r]a—
) T
—h =5 | =
4 Ja
[ &) L
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Note: In graph theory if graph is given; we
consider every edge as a load set of reference (by
default)

Example: 7.7

Which of following set of branches represents a
proper cut set for network graph shown below.

a C
(@acd (b)bdc
{clace (dycde
Ans: (b)
Sel:

Example: 7.8

Construct the cut-set matnix & write the
equilibrium equation in standard KCL form for
the oriented graph shown below by considering
branches a, b, ¢ as tree branches.

Sol: Number of f-cut sets=4—-1=3

5
fci=a,b,e— ¢
.

fc,=b,e — e
fey=c,d,e—e;d

a bc d e
e,f1 00 -1 -1
[Cl=e,j0 1 0 0 -1

fe0 001 1+l

Let,
ja,jba j07 jd7 je
Va, Vb, Ve, Vg4, Ve — Branch voltages

— Branch currents

Set—1I: °
KCL[ -]
[CIf%] = [0] _
i,
100 -1 -1 iy 0
010 0 -1 1. =10
_0 01 1 1 (3%5) jd Ole
L Je dsa
rja_jd—je O
b=l |=]0
_jc+jd+je 0
Set —11:

Relation between ‘V’ & ‘¢’ [ ]
[CT [e&i] = [Vs]
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10 0] [V ab cde f
0 1 0 e, v, o0 1 1 0
0 0 1| le| ={V M]=i,l0 1 0 -1 0 -1
-1 0 1 € Ly | Va 001 0 -1 1]
B Ve Jo 1000 0 0]
I A 010000
e, V 001000
— b [Zb]:
€ =1V 4000200
—¢ +¢ \7 000020
€ —e,te; | |V, ] 00000 2|6
Example: 7.9 ' | +2] 0]
) 0 0
Solve the network the find all the branch currents 1 0 0
and voltages by writing the equations in standard [Il] =11, [Vs]z : [Is]z
KVL & KCL form. i 0 0
‘ 3 i3x1 0 0
\_O_6x1 _O_6Xl
[1 0 0]
0 1 0
2 2 0
0 0 1
-2 0 =2
1 -1 0
0 -2 2
Sol: 11 0 -1
_O -1 1_6><3
= 5 =2 =211
=-2 5 =21i
-2 =2 5 il
01. TIE SET:
[M] [Zo] IM]" [1] = [M] [V] - [M] [Zo][K] RHS:
2
[M][V] =10
O3><1

<
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Final LHS Final RHS 100 0 0 0]
5i-2i,-2i, | [2 010 0 0 0
—2i,+5i,-2i, | =| 0. Find RMS [y, ]= 001 0 0 0
e
~2i,~26,+5i, | |0 0 001/2 0 O
y 000 0 1/2 0
on solving, we get LO 00 0 0 1/2-3%
. 6 . 4 4
I = "?A, I -—:7—14, 13—?14 —2— —O—
¢ 0
Then, branch currents can be calculated by !
: ed=e| =] 0=
[M]'[L] = [I] o o100
r T M ] € 3x1
1 0 0 Ja 0 0
0 1 O 6/7 jb \_0_6><1 _O-Gx]
0 0 1 Je LHS:
4/7)=|". - .
1 -1 0 Ja 1 -1 0
4/17 _ 1 0 1
b0 Je St 0 o] |
0 -1 1] 7 ] S URD SIS TE I I
Final Ans:
: 0 1 -1
_ﬁ-_ﬂ-_ﬂ-_gl__ i 0 0 I/ZMG_1 0
Ja 77Jb 79Jc s Ja 7’ Jt 0 0 |
02. Cut-Set: 521 1 e
=l 1 5/2 -1]}le,
[CI[Y5] [C]'e] =[C] [I] - [C] [Y,][ V] I =1 5/2||e,
RHS:
— [CI[Ys] [Vi]
~2 +2
—-|=2|=]+2
0 0

Final LHS Final RHS
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2.5e +e, +e, 2 (-1 -1 0] V]
e +2.5¢e,—¢e, | = |2 1 0 1 v
1 2 3 4/ 7 b
e, —¢,+2.5¢, 0 0 1 -1 V.
4/7| =
1 0 0 V,
On solving, we get 0 1 : 0 v,
e1=4/1V (0 0 1] v,
e, =47V
e =0V Final A:ngswers \ \ )
then, branch voltages can be calculated by v, = —7— vV, V, =7 V,V, :; V,V,= 5 \
[CT" [ed = [Vs] 4
v, =;V, V=0V
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02.

03.

04.

R T AR

(LEVEL1 Quesions

A network having n nodes and b branches
will have (IES-EC-91)

(a) (b + n) links

(b)b—n+1 links
(c)b+n—1links
(d)b+n+1links

A network has 10 nodes and 17 branches in
all. The number of node pair voltages would

be (IES-EC-91)
(2)7 (6)9
(c) 10 (d) 45

Which of the following oriented graphs have
the same fundamental loop matrix?

R
N7

Select the correct answer using the codes

given below: (IES-EC-93)
Codes:

(@) and 2 (b)2 and 3
(¢c)1,3and 4 (d)2,3 and 4

For a network of 11 branches and 6 nodes,
what is the number of independent loops?

(IES-EC-05)
(2)4 (b)5
©) 6 (d) 11

05.

06.

01.
Sol:

02.
Sol:

03.
Sel:

G

What is the total number of trees for the
graph shown? (IES-EC-06)

Fig.

(a)4 (b) 8
©) 12 (d) 16

In a network with twelve circuit elements
and five nodes, what is the minimum

number of mesh equations?  (IES-EC-09)
(a) 24 (b) 12
(©) 10 (d)8

LEVEL-1 )

T

Ans: (b)

No. of tree branches = (n— 1)

~.No. of co-tree branches = No. of links
= No. of chords =1
=b-(n-1)=b-n+1

Ans: (d)

n=10,b=17

9
No. of node pair voltage= Zi = 45

=1
Note that the number of fundamental cutsets =
Number of tree branches =Number of
independent nodal equations=n-1=9

Ans: (a)

The orientation in graphs (1) and (2) is exactly
opposite 1.., the current directions in graph
(2) are exactly opposite to those in graph (1).

William Thomas Tutie known as Bill Tutte. He had a number of significant mathematical accomplishments, including
Joundation work in the fields of graph theory and matraid theory. -
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In such a case the fundamental loop matrix is =4 =16

same for both graphs. 06. Ans: (d)

Sel: No. of tree branches

04. Ans: (¢) _ =5-1=4
Sol: No. of tree branches=6-1=15 Minimum no. of mesh equations

No. of independent loops = No. of links = 11 =12-4=8

-5=6
05. Ans: (d) ’
Sel: The graph is a complete graph

2Number of trees = n"

Where n = number of nodes.
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Synthesis of Passive
Networks

ﬂ Introduction ]

For a given network and a source of
excitation, we can determine the response of
the network. This is known as analysis of
electrical networks. In network analysis, the
structure of the network is known.

In network synthesis, the excitation as well as
the response of the network is known but the
structure of the network is not known.

By synthesis, we can find out the structure of

the network. The network synthesis does not

give a unique solution. For a particular

response we can get a number of network

structures. The network must be causal and
- stable

For a network to be realizable, it must be
stable, 1.e. for a bounded input there should be
bounded output. For stability in frequency
domain, the poles of the system must lie in
the left-half plane or on the jw-axis, i.e.
simple poles on the jw-axis are permissible.
Let the transfer function to be synthesized be
given as below.

as"+a s"'+.+as+a
H(S) n n-| 1 4]

bs"+b, 8" +..+bs+b,

n-|

The order of the numerator ‘n’ cannot exceed
the order of the denominator ‘m’ by more
than unity. For n > (m + 1), multiple poles
will be present and that is not acceptable.

To synthesize the network, the required
elements are linear passive and time-invariant
and are inherently causal. We will check the

physical realizability of H(s) in terms of the
following conditions.

. No poles of H(s) should lie in the right-half of

s-plane.

. There should not be any multiple poles of

H(s).

. The degree of numerator should not be more

than unity with respect to that of the
denominator.

The denominator polynomial of the transfer
function becomes the Hurwitz polynomial.
The objective of this chapter is to introduce
synthesis of passive networks.

1 8;1_ﬂ’ﬁes'triction on the Location of the

"P_Olcs_and Zeros in the S-Plane

. The coefficients in the polynomials N(s)

Nis
D(s

TN
Na—’

|

. . . v
We consider a network function F(s)=

N—

nd

[aN]

D(s) must be real and positive.

. Complex and imaginary poles must be

conjugate.

. The real part of all poles and zeros must either

be negative or zero. Thus, all poles and zeros
must lie on the left half of the s-plane or on
the imaginary axis.

. If the real part of any pole or zero is zero then

that pole or zero must be simple, not repeated.
This includes the origin.

. Polynomials N(s) and D(s) must not have

missing terms between those of highest and
lowest order unless all even terms or all odd
terms are missing.

D) Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapamam | Tirupati | Pune |Chennai '




:148:

Electrical Circuits

The degree of N(s) and D(s) may differ by
zero or one only.

The lowest degree of N(s) and D(s) may
differ by one at most.

8.1.1 A function F(s)= p(s)/ q(s) is positive real if
1. F(s) is real for real s
ie., F(o) isreal fors=¢
2. ReF(s)>0forRes=02>0

8.1.2 Necessary Conditions For Driving Point
Functions

The coefficients in the polynomials N(s)
and D(s) must be real and positive.

Complex and imaginary poles must be
conjugate.

The real part of all poles and zeros must
either be negative or zero. Thus, all poles
and zeros must lie on the left half of the s-
plane or on the imaginary axis.

If the real part bf any pole or zero is zero

then that pole or zero must be simple, not

repeated. This includes the origin.

Polynomials N(s) and D(s) must not have
missing terms between those of highest
and lowest degree unless all odd terms are
missing.

The degree of N(s) and D(s) may differ
by zero or one only.

The lowest degree of N(s) and D(s) may
differ by one at most.

8.1.3 Test for necessary and sufficient
conditions
1. F(s) is real for reai s or Arg F(s)=0orn
when Arg s=0.
2. 1. F(s) has no poles in the right half plane.
ii. Imaginary axis poles of F(s) are simple;
residues evaluated at these poles are real
and positive.

i Re Y (jw) 20, 0< o<

Example 8.1

Check whether (i) F(s) = (s +4) / (s + 5s + 3),
(i) s +2)/ (s*+3) is PR,

Sol: For F(s)=(s+a) /(s> +bs+c) tobePR,
a,bc>0,& b>a
(i) (s+4)/(s*+5s+3) is PR as it satisfies
he above conditions.
(i) However the function (s +2)/ (s* +3)
is.- not PR because b<a

Examp_le 8.2

Check whether function

2
F(s)z 52 ta8+2) o pr
s"+bs+b,
Sol: The given function will be PR for

abe > (o - o)

Any polynomial P(s) is said to be Hurwitz, if
the following conditions are satisfied.

1. P(s) 1s real when s is real.

2. The real parts of the roots of P(s) should

be zero or negative.
The Hurwitz polynomial

" 8.2 Hurwitz Polynomials 41

n-1

P(s) = ags" + ay.18" +ano8" F. .. +ag. S+ay,

Where P(s) has the following properties.

1. The coefficients of s must be positive.

2. The roots of both the even and odd parts of
P(s) must lies on the jo-axis.
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3. All the quotients during the continued fraction
expansion of the ratio of even to odd parts or
odd to even parts must be positive.

4. If the polynomial P(s) obeys the conditions of
Hurwitz, the polynomial must be Hurwitz to
within a multiplicative factor W(s) such that

P(s) = W(s) Pi(s)

5. If the ratio of P(s) and its derivative gives a
continued fraction expansion with all positive
coefficients, P(s) is said to be Hurwitz.

[] 8.3 Positive Real Functions 1

e The driving point impedance Z(s) or driving
point admittance Y(s). of a single-port
network can be represented by

H(S):§0§;+als:‘jl+...+an_ls+an _ P(s)
S"+bs™ +..4b_s+b,  Qls)

s The function H(s) will be called a positive real
function if it satisfies the following conditions:
1. F(s) will be real if s is real.

2. Q(s) 1s Hurwitz polynomial.

3. If H(s) has poles on real axis, the poles
must be simple and the residues must be
real and positive.

4. Real [H(jo)] > 0 for all value of .

» The properties of positive real functions are
given below:

1. Both P(s) and Q(s) are Hurwitz
polynomial and they may contain factors
of the form s + ’.

2. The highest and lowest powers of P(s) and
Q(s) differ by unity.

3. It H(s) 1s a positive real function, the
reciprocal of H(s) must be a positive real
function.

4. The sum of positive real functions is a
positive real function too. But the
difference of positive real functions may
not be a positive real function.

r 8.4 Basic PhiloSophy of S_ynthesis‘ B

« For a given positive real function, it must be
decomposed into smaller functions and each
of them must be a positive real function. Here
each function represents a single element R, L
or C, or a suitable parallel combination of R,
L and C. Let Z(s) be represented by

aos" +a;s" 4+ +a, s+a,
Zls)=

bos™ +bys™ ! +..+ b, s+b

It is possible to decompose the function Z(s) by
any of the following methods or a combination of
these where the methods are given by

Step — [: Removal of a pole at infinity,

Step — II: Of a pole at origin,

Step - III: Removal of conjugate imaginary
poles, and

Step — I'V: Removal of a constant.
Note: Depending upon the given network
function, the above steps are applicable.

Step — I: Removal of a Pole at Infinity:

If the order of the numerator of Z(s) is greater
than that of denominator Z(s) by 1, i.e.

a
n-m= 1, we can take out the term —>s by
0
dividing the numerator by the denominator. We
can write that,

| 26)=4 2,

0
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Where Z,(s) is the reminder of Z(s): In the above

. Ay . o
equation =Y indicates that an indicator should
0
be taken out and this is a series inductor. On the
other hand, if the function is an. admittance,
removal of a pole at infinity will indicate that a
capacitor will be taken out and it will be a shunt

capacitor.

Z(s) Zy(s)

(a) impedance network

Yis) —=3C | vy

(b) Admittance network

Step- 1I: Removal of a Pole at Origin:
To remove a pole at origin, it should be possible

to take s common from the denominator

polynomial of Z(s). Here Z(s) will be represented
by

ags” +as" 4. a, s+a,
7fs)=

bos™ +b;s™ T +..+b, s +b_

K cos" s 4t

bm—l + bm_zs +...+ blsm_z + bosm-l

or Z(s)=Z(s) Za(s)

K
Zl(s): ?0

Here, Z,(s) represents a capacitor in case of Z(s)

as shown in Figure (a) whereas Z;(a) will be
represent an inductor in case of Y(s) as shown in
figure (b).

- sC
—F— o
2 zw| YO E

o | O

Y(s)

(a) impedance network ~ (b) Admittance network

- Step-lII: Removal of Conjugate Imaginary

Poles: '

If Z(s) has poles at s = % jay, Z1(s) written as
Z,(s)=(s+a)(s - joo ) =5* + o

factors the denominator polynomial. Hence Z(s)

is given by

P(s) '

Z(s)= (or)

(s + 2 in(s)

2K.s
Zs)=——2
s) " +o;

t+Z, (s)

If L and C are in parallel, we can write that

Lo 1
sC___C__2Ks¢
2, 2
sL+L s2+-1— § o
sC LC
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l
Therefore, @~ C=—— and °
2K, 1
K K,
- o Y(s) x Y(8)
2K s o]
Hence L represents the  parallel T
2 o
S+

combination of L and C in series with Z(s).
If the given function be an admittance, we can

write that Y(s)= 22K182 +Y,(s)

S +(,01

ZKIS

5%+ of

In the above equation

represents a shunt

across the terminals with L and C in series.
| Cs
AN =
&) 1 Ici+1
sC

sL +

S
L 2Kg
s +a;

&4

C

" L:—l— and C:gi—‘
2K, o,

The above two representations are shown in
figure.

2w,
o
R
o
SRS
2() s Zy(s)
e,

(a) impedance network

(b) Admittance network

Step —1V: Removal of a Constant

The plot of Re [Z(jw)] versus . That Re
[Z(jw)] is minimum at @ = @, and it is equal to K.
We can write that Re [Z(jo)] is minimum at @ =
o and it is equal to K. We can write that

Z(s) =K +Zx(s)

Where K represents the resistance. If the
original function be Y(s), K will represent
conductance and Y(s) can be written as

Re[Z(jw)]]

1K
! .o
®;
Y(s) =K'+ Yxs)
Where K' = % represents  the
conductance. The above two representations.
K
o—WY
Z(s) Z,(s)
—

(a) impedance network
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y (s) ? K' Yz (S)
Y ‘
(b) Admittance network

8.5 Driving point synthesis of one-port
Networks with two types of Elements

Evaluation of the elements of a network from its
driving points impedance or admittance (i.c.,
Immittance) functions is known as driving point
synthesis. We discuss here the properties and
synthesis of driving point immittance function of
one-port networks with two passive elements.
The three different networks are.

1. LC network

2. RL network, and

3. RC network

8.5.1 Properties of LC Driving Point Functions

1. Driving —point immittance function [Z¢(s)]
or [Yyic(s)] 1s the ratio of even to odd or odd
to even polynomuals.

2. Since both Ej(s) and Oj(s) are Hurwitz, they
have only imaginary roots. Thus, thé poles
and zeros of the immittance function are on
the imaginary (jo) axis.

3. The poles and zeros of the immittance
function interlace on the jw-axis, ie., the
poles and zeros alternate on the imaginary
axis.

4. The highest as well as the lowest powers of
the numerator and denominator polynomials
must differ by unity.

5. There must be either a zero or pole at origin
(s=0) and infinity (s = o)

6. The residues of the poles are real and positive.

7. The slope of the reactance (or Susceptance)
curve 15 positive, ad— [X(w) or B(co)] >0
o
for —o<@ <o

(S? +1)(S2 +3)

Ex: Z(S)=
X Z3) S(S? +2)(S +4)

O

1 S-Plane

8.5.2 Properties of RC impedance and RL
Admittance Functions:

1. Poles and zeros lie on the negative real axis,
and they alternate.

2. The residues of the poles must be real and
positive.

3. The critical frequencies nearest to the origin
or at the origin must be a pole, whereas, the
critical frequency nearest to infinity or at
infinity must be a zero.

2(S) = (S+2)(S+4)
(S+1)(S+3)
j©

l S-Plane

X

) Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune | Chennai




:153: Synthesis of Passive Networks

8.5.3 Properties of RL Impedancé and RC
Admittance Functions

1. Poles and zeros lie on the negative real axis,
and they alternate.

2. The residues of the poles must be real and
positive.

3. The critical frequency nearest to the origin or
at the origin must be a zero; whereas, the
criiical frequency nearest to infinity or at
infinity must be a pole.

Ex: Z(S)= S+D(E+3)
(S+2)(S+4)
jo
S-Plane
HK—O0—H—C l P
Example:8.3

The impedance function

2 2
7 = SHVE )

s(s’+2)
Sol:
LC driving point function
Example:8.4

The lowest and the highest critical frequencies of
R-C driving-point impedance are respectively

Sel: A pole and a zero

Example:8.5

The driving point immittance function of a one
(s+2)(s+4)

@+D@+ﬂ

port network is F(s) = . Then the

function is

Sol: RL — admittance function

ﬂ | 86 ;Metho'ds of Synthesis ﬁ]

The network synthesis does not provide a unique
solution to a given problem. For a given positive

real function F(s), the network can be synthesized

by any one of the following two methods:

1. Foster forms ~ 2. Cauer forms

Foster Forms:

The networks synthesized by partial function
expansion methods are called Foster type of
networks.

Foster form I:

It provides series impedance network realization
Z(s).

Example:8.6
2 2
2(s)= (s +12 (s +9),
(s"+4)

Sol:  Partial Fraction Expansion

K K.s
=K+ —2+ 52
s s +4
Z
Klz—@:L K2=s.Z(s):2, K,
Soa 3 s 4 $2 5 _4
2
s*+4 15
= Z(s) = —
S ) 4
15/16
1 ) ETATE 4/9
o——— P —]
|
|
4/15
o——

FOSTER -1 FORM
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Foster form II: numerator and denominator of the network
It provides parallel admittance network function in Qescendlng [OWErS Of. s" and then to
A find the continued fraction expansion.
realization Y(s).
Example:8.7 Example:8.8
4 2
=g + +
s(sz+4) Z(s)=s +10s°+9
Y(s) =

isz+1Hsz+9}

Sol: Partial Fraction Expansion

Ao

§ 83 § 8/5

— 5/72

——3/8

o 1]

FOSTER - Il FORM

Ks K,s
= +

(52 +1) (52 +9)

sP+1
Kl =T Y( ) =
52——>—l §

S2
K, Y(s)==
2 59

Cauer Forms:

The network synthesized by continued fraction
expansion methods are called Cauer type of
network. By this technique, the synthesized
network is of a ladder type. Cauer forms are of
two types.

Cauer -1

The first Cauer form of a network realization is
obtained by repeated removal of poles at infinity
(s = o), which corresponds to arrange the

Sel:
s’ +4s) st 4105 +9(s

st 42

6% + 9) $+ 4s (%s

3
$+ 2%

Continued Fraction Expansion, N(s) and
D(s) are arranged in descending order

1 12/5
W]

16 T = 5/18

I
|

CAUER -1 FORM

Cauer - 11

The second Cauer form of network realization is
obtained by repeated removal of poles at origin (s
= (), which corresponds to arrange the numerator
and denominator of the network function in
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Synthesis of Passive Networks

ascending powers of ‘s’ and then to find the
continued fraction expansion.

It may be mentioned here that in both the forms
of the networks, Foster and Cauer, the number of
elements are one greater than the number of
internal critical frequencies, which are the poles
and zeros of the network function excluding those
at s = 0 and s = co. Both the forms of network
give the minimum number of elements for a
specified network function. For this reason,
Foster and Cauer forms of network are termed
canonical network (canonic means that the
network contains the minimum possible number
of elements).

Example:8.9
Z(s)=s" +10*+9
Sel: Continued Fraction Expansion, N(s) and

D(s) arranged 1n ascending order

4s+s3)9+1052+s4(s

9+2§
4

Esz+s4 4s+5° l6—5
4 \ 31

4s+1§s3 7
31

5)3_1 [@

31 j4 60s
3o
4

s“)E § 1—53
31 \31

15
31

0

4/9 60/312
¥ [l
© In 1lh

31/16 §

CAUER - Il FORM

% 31/15

Thus, there are four basic canonic forms of
networks while dealing with the synthesis:

(b) Foster II form
(d) Cauer IT form

(a)'/Foster I form
(c) Cauer I form, and

~ Note:

Poles and Zeros are given the common
name, critical frequencies.

P’'s & Z’s at s=0and s = oo are classified -
as external critical frequencies. All other
P’'s & 2Z’s form the internal critical
frequencies.

For a L-C driving point immitance
function, a pair of imaginary conjugate
frequency is considered as a single internal
critical frequency.

Minimum number of elements required is
equal to the number of internal critical
frequencies plus 1.

F-I, F-1I, C-I, C-II are the realizations
with minimum number of elements. Hence
they are known as canonic networks.
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01.

02.

03.

Class Room Practice Questions

For a system to be stable. (IES-EE-93)

(a) all poles and zeros of the transfer
function must be in the right half of s —
plane

(b) all poles and zeros of the transfer
function must be on the imaginary axis

(c) all the poles of the transfer function
must be in the left half of the s — plane

(d) all the zeros of the transfer function must
be in the left half of the s — plane

The driving-point impedance of the circuit
shown in the Fig. is (IES-EE-93)

1H
T

20 — T ' Zro

s’+Rs R +5+R
() (b) ———

1+Rs : Rs+l

s*(R+1)+3 1
© SR

1+Rs (I+R5)
The pole-zero configuration of an
impedance function is given in the Fig.
The network 1s (IES-EE-94)
jo
oo N Y
Fig.

04.

05.

06.

07.

~ (b)a transfer function,

(a) R-L realizable
(b) R-C realizable
(c) L-C realizable
(d) R-L-C realizable

The reciprocal of a network function is
(IES-EE-95)
(a) an immittance function, if the original
JSfunction is an immittance function

function is a transfer function
(c) never an immittance function
(d) never a transfer function

(s+1)(s+3)

Fs) = s(s+2)

represents an

(IES-EE-95)
{(a) RC impedance
(b) RC admittance
(c) RC impedance and an RL admuttance
(d) RL admittance

A Hurwitz polynomial has

(IES-EE-96)
(a) zeros only in the left half of the s — plane
(b) poles only in the left half of the s — plane
(c) zeros anywhere in the s — plane
(d) poles on the j @ axis only

The lowest and the highest critical
frequencies of R-C driving-point impedance
are respectively (IES-EE-12)

(a) a zero and a pole

(b) a pole and a pole

(c) a zero and a zero

(d) a pole and a zero
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02.

03.

04.
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Consider the following properties:
1. Z(s) isreal when s isreal

2. L is not necessarily positive real
Z(s)

3. All coefficients of Z(s) are real and non-
negative

4. No poles or zeros of Z(s) are in the rlght

half of the s-plane
Those properties which are satisfied by a
positive real network function Z(s) would

include (IES-EE-93)
(@)1,2and3 (b)2,3 and 4
(c)1,2and 4 (d1,3and4

For the network shown in the given figure -
Z(0) = 3 Q and Z(c0) = 2 Q. The values of -

R, and R, will respectively be

Ri

._MN\V 'WV\V

JR S

@20,10
©30,20

H1Q,20
20,30

For an all — pass function zeros are in the
(IES-EE-96)
(a) right half plane (RHP) and poles in the
left half plane (LHP)
(b) LHP and poles in LHP
(c) LHP and poles in RHP
(d) RHP and poles in RHP

The network function

(IES-EE-%4)

05.

06.

Network Synthesis
F(s) = _(+2) represents an
(s+1)(s+3)
(IES-EE-98)
(a) RC impedance
(b) R L impedance

(c) RC impedance and an RL admittance
(d) RC admittance and an RL  impedance

Consider the following circuit :
In the below circuit Z(s) = 2 as s - oo and
Z(s) = 3 as s > 0. What are, respectively

-the values of R; and R,?

(IES-EE-04)
R,
o -

F_

49 ERpep 230

(2)6Q,3Q

(0)4Q,20Q
(©)3Q,6Q (d)6Q,20
The realization of the driving point
impedance function
2
7(s) = wis shown in the
(s“+3s+P)

circuit given below : What are, respectively
the values of o and B?

(IES-EE-64)
VWJ
20 l
Z(s)—=> IFT g |
(a) 5,2 () 2,5
(©)2,3 (d)2,1
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function, if the original function is  an
Immittance function.

65. Ans: (¢)
Sol: F(s) =

(_ LEVEL-1 ) (s+1)(s+3)
It has P-Z-P-Z structure with P at origin. F(s)
represents Zpc as well as Yy .

61. Ans: (¢
Sel: For a system to be stable, all the poles of the
transfer function must be in the left half of the | g Aps: (b)

s — plane. Sol: A Hurwitz polynomial has poles only  in

the left half of the s — plane
02. Ans: (b)

RX} 07. Ans: (d)
Sol: Z(s) = 1s + —3 Sol:
R+~
S
R Rs*+s+R

= § + =
Rs+1 Rs+l1

03. Ans: (b) The location of pole, zero for a R-C driving —
Sol: The pole-zero configuration of Z(s)is P Z P Z point impedance function
P Z aliernating on the negative real axis with

vole ncarest the origin and zero nearest < .
This Z(s) is R-C realizable.

Levei-2 Key

i, Ao 01.(d) 02.(a) 03.(a) 04.(c) 05.(a)

Sol: Immittance is common name used to indicate 06. (d)
either an Impedance or admittance. Hence the
reciprocal of a NW function is an Immittance
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