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PASSIVE NETWORK ELEMENT :
A two terminal passive network element is shown'in Fig"T with v(t), across it, and current

i(1), through it. The passive element may be Resistance R (€2), Inductance L (H) or

. Capacitance C (F). Basic relationships for these elements are linear as shown i,n,F_ig. 2 (a),

(b) and (c) with slopes : R, Land C~ i
v(t) = Ri(t) for the Resistance ' +
o) = Lit) for the Inductance _ v(t) L @;
s 1cC
Fig 1.
where ¢ () is the instantaneous flux (Wb) associated with the inductor current, i(t)
q@® = Cv(t)

where g (1) is the instantaneous charge (Coulomb) associated with the capacitor voltage, v(t).

v, : ¢ R T
' R L C
o —r A —
! i 4 i . v
Fig.2: @ (®) ' ©

~Tt is also known that v (t) = d¢(t) for the Inductor and hence v ® =L ((ii i(t)
dt / t

i(t)y= da(t) for the capacitor and hence i(t) =Cdv(t)
dt dt

The v — i relations for the passive elements are summarized below :

v(t) =Ri(®) i) =Gv()whereG=1/R
t
v(t) =L dit) im=11v(®d
dt | P
1
v =1[i@ i(t)=C dv(t)
c - dt
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POWER AND ENERGY :

The instantaneous power p (1) delivered to the passive element shown in Fig. 1 or to any
network with v (t) and i (t) as shown in Fig.3 is given by

PO = V()i () Was—~ - B

Energy (Joules) delivered up to time t is given by + .
v(t) N
E@-=[p®)dt =[v@®i(madt ' Fig.3

The energy delivered to element or the network from t; to t; is given by
63
E= | v(t)i(tdt
t
Therefore 1y
E=R/J[i#@®dt forresistance R
4

E= 1L {i*®t)-i2@)] forInductance L

2
E=1C[V()-V )]  for Capacitance C
2

ACTIVE NETWORK ELEMENT:

The active network element may be an independent voltage source or current source and it
may be an ideal, or non ideal source. Symbolic representations of sources and their terminal
v -1 characteristics are shown in Fig.4 a, b, c and d.

—0 A RerARIO A,

L
a4 VO =vs ©

Fig. 4 (a) Ideal voliage source (b) Non ideal voltage source

ity A Ai(t) Et) A A1)
+ isg +

quS(t) v(t) isoo(D) §K€ v(t)

I
E; i) =igt) V() -
B

{c) Ideal cutrent source

- (d) Non ideal current source

i() =is(0)- v() / Rs

0
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The sources may also be dependent or controlled as
VCVS (Voltage controlled voltage source) VCCS (Voltage controlled current source)
CCVS (Curent controlled voltage source) CCCS (Current controlled current source)

These sources can be identified in the equivalent circuits of BJT and FET as shown in Fig.5
a, b,andc

B, —1I C G
+ +4 A4
hie ) ]
+ . Abe IS Ve Vgs 4
Vbe : Y hoe
Y b Ve l
- ;
Fig. 5 (a) VCVS (b) VCVS and CCCS (c) VCCS
EQUIVALENT CIRCUITS:
Resistances in series: R; R, R;

RC=R|+R2+R3 - I———P
Re

Voitage Division:
vwit)= Ry v(t) .
Ri+R;

Resistances in Parallel:
"1l=1+ 1 + 1

Re Ri Rz R;

Current Division:
i) = _Rp__i(t)
R +R;
= Gy i(l),G]=l/R|,Gz=l/R2
G+ G o632

L, L,
Inductors in Series:
Leq=L1 +L,+1s

Inductors in Paralle]: F'
A= 1+1+1 Leg
ch Ll LZ L3
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Capacitors in Series: o—|C|-l-—1C|2——1C3
=1 + 1 +1
Cq C &3 G
ng——» -
. Capacitors in Parallel: j_ =T 1
: Cq= C + G + G
—
|

R
[ AW R

i) Equivalent resistance between two opposite diagonal comers of cube shown in figure is
givenby Reg=(5R)/6
ii) If resistances are replaced with inductors of ‘L.’ Henry, then

Teg= (SL) /6
iii) If resistances are replaced with capacltors of ‘C’ Farad, then
Ceq=(6C) /5

Star — Delta transformation and Vice versa:

Rpc
i) Delta to star transformation:
Ra= RIA)BXRCA > Re=RpcxRag ° RC=RCAXRBC,D=RA_B+RBC +Rca
. D D

ii) Star to Delta transformation:
Ras=N/Rc, Rge=N/Ra, Rca=N/Rs, N=RsRp+RpRc+RcRa

. Vi lCl V2 R.
KCL AND KVL: I

® 3 ) YES

R] | L iz
l(t) Ry

For the circuit shown in fig.

ACE Academy JINTRODUCTION 5

KCL applied at node 2 with voltage v,: .
t Linear and constant coefficient differential
Cd(vimv)+1 | vydi+vy—y(t) =0 cquationcan bfe obtained for the variable v,
d—t( 2—Vi) i M ‘2 (R;_Q—+ Ry (orvaorijoriy)aloneas R, L, C elements
2T satisfy Linearity “and time
invariance properties
L7

KVL applied to mesh 2 with current iy:
L d@E-i)+Re+R)L+ v(t)=0
dt

Features:
1. Kirchoff’s laws are independent of the nature of the 01rcu1t elements.
2. KCL expresses the conservation of charge at every node
3. KVL expresses the conservation of energy in every loop..

SOURCE TRANSFORMATION:

Two voltage sources connected in series:

Two current sources in parallel:

Two voltage sources are in parallel:

Two current sources in series:

Resistor in parallel with a voltage source:
Rl «—»
: \%

Resistor in-series with a current source:
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—————— —— = :
Source transformation involving one resistor:

Ry, u®)
+

| —i®= v
o » o

O = v - vt
R; R
Source transformation for a metwork with a single inductor:
L 1 i[(t)
I - Sy

V(t) ='R1.i|(t) +.V1(t)

ACE Academy

T i®
4+

Ry
A7 (t)

) «——» i(t)=ifvdth LY v

v(t) Lt

Source transformation involving one capacitor

| ity —»

Cl + : )
w(t) Vi) +—  i®=C gg
dt |

Magnetically Coupled inductors in series :
Dots indicate like terminals of coupled inductors :

LW=L|+L2+2M — e M
L . S Leq Lz V

i)
+
D L v
T, :
Ly

ACE Academy INTRODUCTION 7

RN i .
. ? M~o = 3 M5
L= Li Ly - M Ly L:vd L9y LY
—_— . »
Li+Ly+2M — : r ;
ch s ; :
Transformer Coupling;
— 1,(1) 12{t}
Two inductors with self inductances -+ Ry l ol
L and L,. mutual inductance M, and 2 f
coefficient ot coupling k, are shown Vi) Ly ‘J'.A/M ia R
- in fig. with dot convention- : _ j
KVL:vi(t) =Ly dif) + Mdit) +R; i1
dt di o
0= Lydiy + Mdit *Riny
dt dt
A transformer replaced by its T — equivalent:
Magnetic aiding: ' Li-M L-M
g L = . D_&LLM%%\”O
— |
i 2\ 1>
- vy M o! Yy
- J
Magnctic 3pposition: ' . ' . - . 0.’/;6\6{\1 Lt M ,
ST — N - T — -« *
- i[' - e M ig e i', : iz
Vi L \ L_‘. V3 E Vi o}fVl Va2
| _ _ [ _

Transformer (Ideal) with voltage and current Transformation and impedance matching

properties
1:n - , My = No=n =1 =Ly/M=M/L,
+ _I} é l Vi N I ’
’ ) ,+ Iv‘ - Zin = ZI.
Z, V| 4? Vs IZ;_ T
NN (k=1.  M=nL L.,
Ly, Ly— x>, M — o0,

(&3

Ideal Transformer Conditions % 5
i '1J!II,2.'E\'1:N1ZN3_'N3N3

~
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SET-A

OBJECTIVE QUESTIONS:
01. For the circuit of Figure., the value

of voltage Vy-is _
T Vo4

(A)+6V
(B)+3V
(©)-3V
D) -6V

RQ

4A

02. A ‘magnetic flux of 400 micro-weber
passing through a coil of 1200
turns is reversed in 0.1 sec. The
value of emf induced in the coil is
(A)96V (B)4.8V
72V (D) None of these

03. Five identical capacitors each of
value 2 farads are connected
between the pair of nodes (a,c),

~(c.d), (a,d), (b.d).and (c,b). If all the
capacitors are initially uncharged,
the equivalent capacitance
between the nodes a and b will be

(A) 3F (B)SF
©)IF (D)2F

04. The power supplied to the circuit in
Figure., by the voltage and current
sources, respectively, are

(B)3W,16 W
D) 16 W,-3W

(A)-3W, 16 W
(€)1W,28W

05. The current in the 1 Ohm resistor in
the circuit shown in the Fig., is
(A) 0A
®0s5a
©) 1A I\
(D)2A

+
1Q —1V

06. A coil of 1000 turns produces a flux
of 2 mWb while carrying a current
of 1 A. The energy stored in its
magnetic field is

(A) 0.25] (B) 0.50]
©n (D).2)

(7. For the network shown in Fig., the
minimum number of independent
equations to be solved simultaneously
for mesh analysis and nodal analysis
respectively are 50

3,3

@ 10 10

B) 2,3 [_-r
(©)32 45 @& ’ 120 __—T'10

()22

08. The Star equivalent of the Delta
circuit shown in Fig., should have R
values of
a

b
c

w2 - B23
©) 32 m13

09. The power expended by the dc
current source shown in Fig .,is

A 15W . 1Q

. ®1oW .
(C)0.5W A oy
D)0 W

10. The energy stored in a capacitor
charged to 10 volts is 10° Joules.
The capacitor value is

(A)2 mF (B) 1 mF
(C) 200 puF (D)100 pF

- |
_T 6v

ACE Academy
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11. A transformer with a turns ratio of
1:10 is terminated by a 100 ohms
resistance on the secondary side.
The impedance seen on the

primary side will be
(A) 10K ohms  (B) 100 ohms
(C) 10 ohms (D) 1 ohm

12. In the circuit shown in Fig., the
current through the 10 ohm resistor
is 1 Ampere. The current I through ™
the 2 ohms resistoris |

16. The current / supplied by the dc
voltage source in the circuit
shown below is

D2A

17. Assuming ideal elements in the
circuit shown below, the voltage vy,

y {4
1 ohm 1A L—/?_j 2 ohm

3 ohms-
10 ohms

/
A)0A
B)0.35 A
L (©1A 1V 1A

A1A B)2a ©O)5A (D)-3A

13. Two identical coils when connected
in series present a net inductance
of 44 mH. When connections of
one of the coils is reversed, the net
inductance is 20 mH. The coefficient
_of coupling (ratio of mutual
inductance to the self inductance) is

1

3 1 1 1
Wy B35 O (D)3_.

14. Two coils having self inductances
of 4 mH and9 mH are placed and
connected in such a manner to
offer minimum possible inductance.

The value of the minimum
inductance is

(A) ImH (B) 7mH
(C) 13 mH (D) 19mH

15. The power supplied by the dc
voltage source in the circuit shown
below is 3Q
(A) 0w

B 10w

©)25W 4 v

D)3ow

will be
T
IZ 1A I Vab
| + -
=
_(A)—3V B)ov
©3v D)5V

.18. The minimum number of equations
required to analyze the circuit shown

in figure i
1

wyr

-
I
AfALL

()5 ®)4
()6 (D)7

Key for Set — A:
(Chapter — 1, Network Theory)

“T0lD 02A 03D 0M4A  05C
06C  07.C 08D (A 10C
11D 12C 13A 14A 15D
16A 17A 18B

1Q

5v
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SET-B

01.1f V, =1 — e, then value of V; is
given by
20

ARAAAA

23Q

YYYrYY

<

(A) 4 (By3+e™
(C) 1+3e™ (D)4 -2¢™

02. In the circuit shown in the figure,
if 1 =2, then the value of the battery
voltage v will be
{ 0.5

AMAARA
Ty

1
AAAAAA
YYYYYY

A)SVv B)3Vv
2v Dy1v _
03. The input resistance of the circuit
shown is
) 1G 40
20 /“\ 50
A1 (B)3.36 Q
(€)224Q D)112Q

04. A parallel plate capacitor is filled with-
two dielectrics of €; and e
lengthwise equally. The capacitance of
the combination is

2
@A) 2epe €2 A ®) 2eq GL €; A
d d
(C) €oA(er+ &)
2d
AG[ €2

® —

05. An electric circuit with 10 branches
and 7 nodes will have
(A) 3 loop equations
(B) 4 loop equations
(C) 7 loop equations
(D) 10 loop equations

06.In a network made up of linear resistors
and ideal voltage sources, values of all

resistors are doubled. Then the voltage-

across each resistor is

(A) doubled (B) Halved
(C) decreased four times
(D) not changed
07. Kirchhoff’s current law is valid for

(A) DC circuit only

(B) AC circuit only

(C) Both DC and AC circuits
(D) Sinusoidal source only

08. The number of independent loops for a
network with n nodes and b - br: anches
is -

A)n-1
C)b-n+1
(D) independent of no. of nodes

(B)b-n

09. Two coils in differential connection
have self inductances of 2mH and
4 mH and a mutual inductance of
0.15 mH: The equivalent mductance of
the combination is-

() 5.7mH (B)5.85mH
(C) 6 mH (D)6.15 mH
10. The effective resistance between .he
terminals A and B in the circuit shown
in the figure is

(A)R

" B)R-1
(C)R2
(D) 6/11R

B R ;
11. The nodal method of circuit analysis is
based on

(A) KVL and Ohm’s law

{B) KCL and Ohm’s law
(C)KCL and KVL

{D) KCL and KVL and Ohm’s law

ACE Academy
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12. In the circuit of figure below, the
voltage v(t) is

1Q 10
——Wh—
o) v i e
(A) eal - ebl (B) eal+ ebl
(C) ae™ - be™ (D) ae™ + be™

13. V, in the following circuig is

. oy .
sov 0.1V, 100V

(A)-385V ®)-77V
(©)333V ®)-333V
14. The current i in the network given
below is
10 — i
ey ';;""
1A 210 303 v
—— d
@Ayra B)2A
©3A Dyoa—

15. In the circuit shown, what are the
values of R; and Rywhen the current
flowing through R is 1A and through
Ry is 5A?

iQ

—

C)mo_v

(B)12Q,5Q
(D)8Q,26Q

(A)20Q,80
©)8Q, 120

16. Node voltages V5 and Vj ate as shown

in the circuit below
2@y 16Q v 3Q

AMAAAA A AAAAAR u
Yy VY Vv

-3V

AAAAAR
VIV¥YY
[\
o
AAAAAA
TYVVYY
[\
o

V,and Vg are respectively

A1, 8 B)6,8
33

9

17. The value of V| in the circuit éhown in
the given figure is

€ 2—4, 3—93 (D) None of these

10

O] 3!

A1V
©3V

B)2V
D)av
18. The V -1 characteristic of an element

is shown in the figure glven below.
The element is v

N
(A) non - linear, active, non — bilateral
(B) linear, active, non — bilateral
(C) non — linear, passive, non —
bilateral -
(D) nion - linear, active, bilateral

19. The total impedance Z (jw) of the
circuit shown below is

(17/6)Q2
kje]

A0 I 40
@AE+NQ B (T+i0)Q
©O+B)Q  D)E+j8)Q

(%)
=]

ARAAAA . ARARRR
VYV YYvYYY

2A
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20. Consider the following circuit

What is the value of current | in the 5Q
resistor in the above circuit ?

(A)OA (B)2A

©)3A D)4 A

21. In the network shown below, what is
the current I in th&siirection shown?

-_[ l. >
10V 3;19 .

Ao ' B)13A

(C)5/6 A D)4 A
22.iyin circuli(t‘ is "

W

20

(A)4I5A (B)6/5A

©)25A D)7/5A

23. What is equivalent inductance between
A & B, where, L; = 2H, L, =3H and

M=1L A
L,
L,
L
B
(A) 517 (B) 513
©-51 (D) zero
24, Equivalent resistance between XandY
in given circuit X
L b
4
o T y
(A)9Q (B)3Q
©11/5Q D)5me

25. In series circuit for series resonance,
the value of coupling coefficient is

K
LN
20 4180 j20 PR

1.0 B)0.5
(€)0.25 (D) zero

26. In given netwgrk final V,?

+
16a(®) 1000F : 509§§v‘
T Yoov, T
(A)32Y (B)-32V
©12v @)-12V

27. In the circuit shown in the figure, for '
R =20 Q the current *I" is 2 A. When

Ris 10 Q, the current ‘T" would be
aA A )

(A)1A @)2 A
(C)25A D)3 A

78. Two coils have self — inductances of
0.09 H and 0.01 H and a mutual
inductance of 0.015 H. the coefficient
of coupling between the coils s

(A)0.06 B)0.5
©1.0 (D) 0.05

29. A network has 10 nodes and 17
branches. The number of different
node pair voltages would be
A7 B9
© 10 D) 45

30. For the given circuit, thzen current [ is

ACE Academy
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31. In the circuit shown in the given
figure, power dissipated in the 5 Q

resistor is 100
AN
® =g @ ®
4A 5A
(A)zero - (B) 80 W
(ORVARY (D) 405 W

" 32. Consider the following:
Energy storage capability of basic
passive elements is due to the fact that
1. resistance dissipates energy
2. capacitance stores energy
3. induictance dissipates energy -

‘Which of the above is/are correct?

(A)1,2and 3 (B) 1and3
(C) 3 alone (D)1and?2

33. The current flowing through the
voltage source in the above circuit

CA)LoA - (B)0T5 A-V
(B)OSA D)025A

34. The number of edges in a complete

@ @-) @D

€ n D)n-1

35. Consider the following properties of a
particular network theorem:

1. The theorem is not concerned with
type of elements. )

2. The theorem 1is only based on'th¢
two Kirchhoft’s laws. ’

3. The reference directions of the
branch voltages and currents are
arbitrary except that they have to
satisfy Kirchhoff’s laws.

Which of the following theorems has
the above characteristics?
(A)Thevenin’s-theorem

(B)Norton’s theorem

(C)Tellegen’s theorem

(D) Superposition theorem

36. A network has 4 nodesand 3
independent loops. What is the number
of branches in the network?

A5 - (B)6
©7 (D)8
37. In a network containing active
componelits, output voltage
(A) will always be grater than input
voltage

(B) will always be equal to the input
voltage

(C) can be less than or greater than
input voltage only ]

(D) will be less than, equal to or
greater than iriput voltage

38. In the circuit

The value of i ;s
(A)2A

(B)-0.6A 10V
©)26A

(D)1.4A

39. The value of ‘I’ in the circuit given - -
below is 50 5Q

e AW

(A)-3A
(B) +5A -y =
(©)—24 = 375V 2200
(D) +2A

Key for Set — B:

1.A 2.C 3.C 4C 58
6D 1C 8.C 9.A 10.C
11B 12D 13A 14D 15A
16.C 17.C I18A 19B - 20A
21A 22B 23A 24C 25C
26.A 27B 28B _29D  30C
3IB. 32D 33A 34B 35C
3683 37.C 38D 39D
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SET-C
01 .-In the circuit of the figure, the value of 04. The dependent current source shown in
the voltage source Eis  GATE-2000 the figure GATE - 2002
50
+
= V=20V 59 { -:L‘ A

(@-16V (b)4Vv
(c)-6V @lev
02. The voltage ey in the figure is
GATE - 2001
40 20
MA :
4+
Vo 495 € 22Q
‘—;0 = ’
@2V (b) 413V
(©4V )8V

03. If each branch of Delta circuit has
ifrlpedanceJ3_ Z, then each branch of
the equivalent Wye. circuit has

impedance. GATE - 2001
@ L )32
{3

©3[32 @£

(a) delivers 80W (b) absorbs 80W
(c) delivers 40W (d) absorbs 40W

05. The differential equation for the
current i(t) in the circuit of the figure

is .. GATE-2003
(T
i 20 2H
. _

& di
(8) 2 —+2— +i(t)=sint-
a¢  dt
& d
(b) .—.zz—+2—+2i(t)=cost __
ad  dt
& di
(€) 2—+2—+i(t)=cos t
&
& d
(d —+2 —+2i(t)=sint
¢ dt

ACE Academy
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06. The equivalent inductance measured
between the terminals 1 and 2 for the
circuit shown in the figure is

GATE - 2004
M
TN
1 o——2gr 'wgm
L ?

20

@L+L+M ()L +1L-M
(C)L1+L2+2M (d)L|+L2-2M

07. A delta-connected network with its

Wye-equivalent is shown in'the figure.

The resistances R, Ry and R; (in
ohms) are respectively GATE - 1999

a
R,
5 0 —>
3
15 b

C

(@15,3and9  (b)3,9and 1.5
(©)9,3and 1.5  (d)3,1.5and 9

08. Twelve 1€ resistances are used as
edges to form a cube. The resistance
between two diagonally opposite
corners of the cube is

GATE - 2003
@) 5/6Q ®1Q
(©) 6/5Q @320

09. A fully charged mobile phone with a
12V battery is good for a 10 minute
talk time. Assume that, during the talk-
time, the battery delivers a constant

" current of 24 andits voltage drops
linearly from 12V to 10V as shown in
the figure. How much energy does the
battery deliver during this talk time?

GATE - 2009
v (1)
A
RV
o
10V

0 10 min >
()220 ®) 12k
(c)13.2kJ (d)144kJ

10. In the interconnection of ideal sources
shown in the figure, It is known that
the 60 V source is absorbing power.

GATE - 2009

mZOV

S

+7

Qo0

12A
AN
/

Which of the following can be the value
of the current source 1?

(a)10A (b)13A
©15A d18A"
KEY:

0l.a 02.c¢ 03.a 04.a O5.c

06.d 07.d 08.a 09. 10.
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11. In the circuit shown in the figure, the 14. In the ci.rcu‘lt shown, the value of the Chapter 2 : Network Graphs
current source I = 1 A, the voltage °“"e“t1‘Q“““ be given by : (MATRICES ASSOCIATED WITH GRAPHS; INCIDENCE,
source V=35V, 111{1 CRz —C Ry = *1 }-‘QTh a4+, FUNDAMENTAL CUTSET AND FUNDAMENTAL CIRCUIT MATRICES)
L| L)"L]—‘l 1 27 € .
currents (in A) through R and the 19 4Vgn The application of KCL and KVL (the basic laws of Network theory) to a network . .
voltage source V respectively will be 5V 1Q [_\ - can be generalized and useful conclusions can be drawn by introducing the concepts of Graph
Ry R, of a Network, Tree and Cotree of a graph, fundamental Cut sets or f- Cut sets and
W | fundamental loops or f- loops (also known as f- circuits or f- tie sets). As KCI"and KVL do
l ; A ) 125A ' not depend upon the nature of the elements (the specific v — i relation of the element), the -
L C Ly B (0.3 o _2_'5 N : Graph of a given Network is described to_show only the mterconnectlon of the various
~ ! : TGy ©175A @ elements with the junctions.
R <_ 15. The current through the 2kQ : Given a network ‘N’, the graph ‘G’ of that is obtained by simply showing each
I L, 3 resistance in the circuit element (R, L, C, coupled inductor, transformer, independent source or dependent source) by
shown is 1kQ, ¢ \/\le a line segment (known as branch or edge in the terminology of Graph theory) and each
@O0mA J junction of the elements is shown as thick dot (known as vertex or node in the terminology of
(b)1 mA Al L Graph theory). A network and its Graph are said to be oriented or directed if reference
- _ i directions of voltage and current are shown. A network and its oriented Graph are shown in
(a)1,4 ®)5,1 (c)2mA r e D\/\IkQ fig. 1(a) and 1(b). The arrows on the Graph indicate the associdted reference directions of
(©)5.,2 @5, 4 (@) 6mA 1kQ l ‘ voltage and current, which are defined for branch k, shown in fig. 2(a) and: 2(b).
| L6V @ 1@ 2 ® . '
12. A3V de supply with an internal - Statement for Linked Answer Questlons : o L 1+
resistance of 2 Q supplies a passive 16 & 17. p 5 37w kY Vi

non-linear resistance characterized by -
the relation Vy, = Py The power
dissipated in the non-linear resistance

is

The current i(t) sketched in the figure
flows through an initially uncharged
03 nF capacitor. .

:; ®© 1 @ kgl Fig. 2(b)
f Fig. 1(a) Fig. 1(b) S

R ]

@10w (b)1l5W mA S SR The meeting of the branches at the nodes can be analytically described in matrix form by .
15W  (@)30W - : R o node-to-branch incidence matrix A, of dimension n x b, where n, = total number of nodes
©?2. ) - T and b = total number of branches. For the oriented Graph shown in fig. 1(b), A, is g1ven by

branches
1 2 3 4 5 6

13. Assuming ideal elements in the circuit
shown below, the voltage V, will be

NG

wh

(=}

~

0o fraatann
~

7 ni1fo o o +1 + 4
- —— t(j5) : o210 0 +1 -1 0 .0 S
Z \/\2[\§]2\ﬁ [ : 15. The charge stored inthe(cipacitc')r at : A= d 3|0 +1 -1 0 -0 0 M
+F _ t=5 ps, will be f e4l+ -1 0 0 -1 0 :
tal , (@8nC . ()10nC . ssL 0 0 0 0w
Va 5V (©)13nC  (d)16nC ; /.
I i 16. The capacitor charged upto 5 s, as per Note that‘ each column con_tains asingle+l anda s?ngle -1, wnh al.l other elements equal to 0.
- l the current profile given in the figure, E (convention is branch leaylhg a node: +1 ahd e.ntermg : -1, no incidence : 0). ‘
b is connected across an inductor of L The number of branches incident at a node indicates the degree of that node. For the given
0.6 mH. Then the value of voltage - example degree of node 1.is 3. _
(@-3Vv ®ov across the capacitor after 1 ps will : If one of the rows of A, corresponding to some node is deleted, the resulting ‘'nx b matrix,
©3V @5V approximately be 225V where n =, — 1 is called as the reduced incidence matrix, A. Given A, A, can be obtained by the
' (2) 188V (b) 23. property of A, (+1 and -1 in any column). KCL applied at each node of the graph except at the
(©-235V @-306V deleted node (known as datum node or reference node) gives n linearly independent node
equations: >

P AT =0 —> O
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1 3 4
Exa:
1 11 0 4
- _ {0 0 0 -1 o 2 5
Given Aq 1 -1 0 0 |20
0 0 -1 0 1 2 3

Fig. (3). Graph corresponding to A,

Tellegen’s-theorem applies to any humped network. Given its oriented graph, if we assign to

its branches arbitrary branch voltages vy, va,....... ,vp subject only to the constraints imposed
by KVL, and arbitrary branch currents jy, ja, .......... ju subject only to the constraints imposed

h
by KCL, then Z V,J, =0 @

k=) . )

- o b b b ~
Tellegen’s theorem guarantees that . Z Vide= Zf/\KGK =0 Zf/; Jy= Z Vidy = )
: : k=1 k=l

k=l k=1
LA N S . .
“where vy, jx and v, ji, correspond to two arbitrary lumped networks with the only constraint
that they have the same graph.

Exa: The network, /I:I shown is made of (n—2) LTI resistors. For the measurements

shown, determine v;. ~
W mEmes iz WithR, =1Q WithR,=20Q
: N vy = 4 volts V1 = 6 volts
Vi 2 s L
1 RS W i1 =1amp i1 =1amp
V2=1V0|t '/\;z=?

Sub Graph_, Connectivity, Separate Part, Cut set, KCL, Loop, KVL

.. .Given a graph*G’, Gy is a subgraph of ‘G’ if every-node of G is a node of G and if
every branch of G, is a branch of G. A subgraph consisting of one node only without any -
branches is called as degenerate subgrapit, —

A graph-is said to be connected if there is at least one path along the branches™
between any two nodes of the graph. A graph with only one node is considered as connected.
Given an unconnected graph, its connected sub graphs are called separate parts,

Cut set of a connected graph is a set of branches, which cuts the given graph into
two separate parts such that (1) the removal of all branches of the set causes the remaining
graph to have two separate parts, and (2) the removal of all but any of the branches of the set -
leaves the remaining graph connected.

KCL; For any lumped network, for any of its cut sets, and at any time, the algebraic sum of
all the branch currents traversing the-cut-set branches is zero.

Loop (circuit) of a graph is a connected sub graph (closed path) such that
precisely two branches are incident at each node or no node is encountered more than once
along the closed path.

KVI.: For any {umped network, for any of its loops, and at any time, the algebraic sum of the
branch voltages around the loop is zero.

NP
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Tree and Cotree

E_(_at G‘be a connected graph and ‘T° a subgraph of G. Tis a tree of the
?omeqtfad_' grgph Gif(1) T is a connected subgraph, (2) it contains all the nodes of G, and (3)
it contains 1o loops. The graph with the branches not in T’ is called cotree {compiementary
tree)

_ inen a connected graph G and a tree T, the branches of T are called tree
branches (or twigs), and the branches of G not in T are called ligks. (cotree branches or
chgrds.) If a graph has n, nodes and has a single branch connecting every pair of
nodes, then -

Number of trees = n/" 2. —> (6)
For such graphs, when n; = 5, there are 125 trees; when n, = 10, there are' 10° trees, In general
for any graph

Number of trees = det [A AT},

—> ()
where A_ is the reduced incidence matrix. :
Properties

Givena co_nnected graph G of n; nodes and b branches, and a tree T of G,

1. There is a unique path along the tree between any pair of nodes.

2. Number of tree branches, n=n;— | —_> (8
(also known as rank of the tree or tree value of the graph)

—> 0

3. Every link of T and the unique tree path between its nodes constitute a unique loop (this
is called the fundamental loop associated with the link) -

Numberofljnks,i =b—n=b-n‘+-l

4, Every tree branch of T together with some links defines a unique cut set of G. This cut set
is called the fundamental cut set associated with the tree branch.

A graph ‘G’ and four of ité Trees are shown in Fig. 4(a) — 4(e).

1 1 2 1
L3 3 3
4 5 S I 7 4 4N\
/8 8 8
G.raph G Tree T, Tree Tz Tree T,
Fig. 4(a) 4(b) 4@) 4e)
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“The subgraphs shown in Fig. 5(a) and (b). () do not qualify as trees.

1 _ 2 /N
3
6 ) s 6

8 -
Violates property (1)-- Violates property (2) Violates property (2)
5(c)
Fig. 5(a) 5(b) (

Tie set and Cut set matrices

Consider thé network and its oriented grap

b shown in Fig, 6(a) and (b). A Tree: T(6,7.8.9)is
selected. Then Links are: 1,2,3.4,5, }

1

The twigs are shown in thick lines and links are shown in doted lines in Fig. 6(c) and 6(d)

4 9
Fig. 6() 7 Fig. 6(d)

The unique loops and the KVL equations identified from Fig. 6(c) are given below:
L(1,867 Vi +vg Vg +vg :—_: %

L (29,7 . vy vtV =0

L§3,6,8§ S /) -vg Vs ) —(-) 0 > (10)
L (4,8,6,7,9) o V4 +vg +yq Fvg Vo = %

L (5,6,7) : Vs +vg  tV7 =

The above equations which are independent can be put in the matrix form as
BV =0 ——>an

For the given example and chosen Tree

ACE Academy _, NETWORK GRAPHS 21

where vﬁl is a column victor of branch voltages and By is known as  f- circuit matrix or
tie set matrix: For the given example with the chosen Tree:

1 0.0 0 0 1 1 1 0

: 0. 1.0 0 0°0 -1-0 1

Bsy= |0 0 1 0 0 -1 0 1 0 —8—— (12
0 0 0 1 0 1 1 1 -1 s
0 0 0 0 1 1 10 0

The brancgzurrent _J> can be obtained as the éuperposition of one or more loop (lirk)
currents i ’

13)
TE —

where iy =ji, &2 = j2, I3 = j3, is = ja and is = js.

AY
The fundamental cut sets and the KCL eqns, identified from Fig. 6(d) are given below:

f-cut sets ’ KCL eqn.
COIS34) © . 9 b A A He =0
gg}gi;‘) j: :ﬁ :: d; e 8 —> (14
€024 : 2 Heo e =90
The above eqns. can be put in the matrix form as
s —®

> . s .
where j is column vector of branch.currents and Qu is known as  f- cut set matrix._

o 40 1 14 -4 1 00 0
= |4 1 0 4 -1 0 1 0 0

40 1 40 0 © 1 0 > (16)
04 0 10 0 0 0 1

Observe that B, QTbm=?lm L —— a7

It can identified from Fig. 6(d) that V=Q% @ ——> @

>, . ' -
where € is the tree branch voliage vector, with €; = vg, €= vy, €3 = V3, €4 = Vo

* kK k-
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OBJECTIVE QUESTIONS:

01. ldentify which of the following is NOT
a tree of the graph shown in the figure
GATE-99

2. Consider the network graph shown in
the figure. Which one of the following
is NOT a “tree’ of this graph?

GATE -2004

PNV

{d)- !

03. In the following graph, the number of -

trees (P) and the number of Qut-sets(Q)

are
GATE -2008

(D)

@
@P=2,0=2 ()P=2,
‘-(c)P=4,Q=6 (@P=4,Q= 0

04. The minimum number of equations
required 10 analyze the circuit shown

in the figure is - GATE - 2003
C C _
e A |
R R

@3 )4
©6 @7
KEY:

Olc 02b 03.c O4b

ACE Academy
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05. The matrix A given below is the node
incidence matrix of network. The
columns correspond to branches of the
network while the rows correspond to
nodes. Let V=[v; v, ____V6]T denote the
vector of branch voltages while
1={i; i ...ie]" that of branch currents.
The vector E=[e; e; €3 C4]T denotes. the

vector of node voltages relative to a
common ground.

1 11000
A=[0-1 0-110
0 0-110t1

Which of the following statements is
true?
(a) The equations
vi-va+v3 =0,
v3t vy =-vs=0
are KVL equations for the network
for some loops

(b) The equations
vi-v3-vg=0,
V4t V5 - Vg = 0
are KVL equations for the
network for some loops

() E=AV
(d) AV=0 are KVL equations for the
network

06. The number of chords in the graph of
the given circuit will be

@3 (b4
©>5 @e

07. The number of independent loops for a
network with ‘n’ nodes and b’
branches is (Gate 1996)

{a) n-1
(b) b-n
{c) b-ntl _
(d) independent of the number of

/

nodes

08. A network has 7 nodes and 5
independent loops. The number of
branches in the network is

(Gate 1999)
(@13 7 (b) 12
(© 1l (d) 10

09. A network has 10 nodes and 17
branches in all. The number of node
pair voltages would be (LE.S -91)

@7 ) 9
© 10 ) 45

10. Which of the following oriented graphs
have the same fundamental loop :
matrix? (LE.S-93)

W
77

. Select the correct answer using the
codes given below:
Codes:
a)1and2 b)2and 3
<) 1,3and 4 d)2,3and4
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11. Consider the following statements:
(LE.S-94)

1. One end only one path exists
between any pair of vertices of a
tree

2. The number of cutsets are the same
as the rank of the graph.

3. The cut set is a minimal set of edges
removal of which from the graph
reduces the rank of the graph by
one.

4. The rank of a graph is equal to the

: number of vertices of the graph.
Of these statements
a) 2 and 4 are correct
b) 1 and 3 are correct
¢) 2 and 3 are correct
d) 1 and 4 are correct

12. Match List I with List IT with reference
of the graph shown in the given figure
and its particular tree of a circuit and
select the correct answer using the
codes given below the lists:

8 (L.E.S -95)

T
P2 )

b

5
" ListI(Branches)  ListII

A 1234 1. Twigs
B. 4,5,6,7 2. Links
C.123,8 3. Fundamental
cutset
, D. 1,4,5,6,7 4. Fundamental
loop
Codes:

A B CD bAB cD
31 2 4 231 4

0)ABCD dABCD
32 41 1 4 32

13. In the graph and the tree shown in the
given figure, the fundamental cutsel

for the branch i2 is (LES-935) ..

ay2;1.5 'b) 2,6,7,8
92,1345 d)234

14. For the graph shown in the given
figure, the incidence matrix A is given
by B

2 3
A C

1
@1 10 @t 0-1
0 11 110
10 -1 0 -1 1
©fF -10) @ft 01
1 110
1 0 -1 0 -1 1

15.In the graph shown in the figure, one

possible tree is formed by the branches
4,5,6,7. Then one possible
fundamental cut set is (LE.S -97)

a)l, 2,38 Bl 2,56

91,568 A1, 23738

ACE Academy |

T 17.

ACE Academy

16. For the graph shown in the given
figure one set of fundamental cut-set
wouldbe ¢ (LE.S-98)

a) abc, cde, afe b) afdc, cde, abdeae
c) cdfe, afe, bdf d) cbd, abde, cde

(LE.S-2000)
Which one of the following is a cut
set of the graph shown in the above
figure? .
a)123and4  b)234and6
c)1,45and6  d)134and5

~ 18. Match List X with List Y for the tree

branches 1,2,3 and 8 of the graph
shown in the given figure and select

" the correct answer using the codes

given belgw thelists. “LE.S —20@1)/
6 7

5

ListX - 7 ListY
A. Twigs L 4567
B. Links IL 1,238

C. Fundaméntal cutest . 1,234
D. Fundamental loop iV.6,78

Codes:

a) ABCD b) BCD
S Irimmw I I1 1V
¢AB CD d) BCD

I IVl I mwviIi

NETWORK GRAPHS 25
19. Figure givenbelow shows a graph with
6 vertices and 8 edges.
AES-2002) .,

With reference to the above graph,
match List-I with List-1I and sélect the
correct answer using codes given
below the lists:

List-1 ) _

A. Fundamental circuit of chord 6’

B. Fundamental circuit of chord 7

C. Fundamental circuit of chord 8’

List-II

1. The edge set (1°,2°,4°, 6")
2. Theedge set (2°,4°,5°,7")
3. The edge set (2°,3°,5°, 8)
4. The edge set(1°,2°, 4, 7") '

5. The edge set cannot be determined

Codes:

a) AB C b)A B C
1 2 3 4 3 2

c)AB C dA B C
23 4 2 53

To win the RACE join the ACE
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Chapter 3 : Network Theorems

(Superposition, Thevenin, Norton, Maximum power transfer, Tellegen)

Network theorems simplify the analysis of complicated circuits.
1. Superposition Theorem: oL - _ :
The principle of superposition states that the response (the desired current or voltage)

in a finear circuit having more than one independent souree-can be obtained by adding the
responses caused by each independent source acting alone, with other independent sources
set to zero. When a voltage source is set equal to zero it becomes a short circuit. When a

_ current source is set equal to zero it becomes an open circuit. Do not set dependent sources to

Zero,

This theorem is applicable to linear networks ( linear time invariant or time varying)
consisting of independent sources, linear dependent sources, linear passive elements R, L &

C, linear transformer.
Example: Refer to network shown in Fig (1)

Find e by using superposition theorem, when R, = 12 Q
( Al resistor values are in ohms ) _ {

Dueto8A: S -
2 A T
| :
2 120 _ +
8A 10 e 80 VC) 42 ¢=20V.(1)
6 -
Fig. 2 —F | °B
ig, . . ;
Dueto 16 V: g Fig. 3 !
2
MA t——0 A —© A
L —l—16 -+ L _l_ o +
=20 I 2 e 62 Tl e2=8V._.(2)
o Lge e Lo
P, S . B - B

'Fig 4 ' - Fig5
“eo=ei+e=28V . 3"
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2. Thevenin’s and Norton’s Theorems:
A network with load resistance Ry connected | - )
across two terminals A, B-(identified from the NW) NwW R,
is shown in Fig.6 ]
Fig. 6 B

The load may be linear, time invariant or time varying. The theorems are useful to
find out the voltage or current in Ry. They are applicable to linear network with independent
as well as dependent sources (not necessarily linear) 7/

Thevenin equivalent network

- 'Norton equivalent network
( At the terminals A &8 ! e

.....................

Vi = Thevenin’s voltage = O.C. voltage across terminals A & B .
In =Norton’s current = 8.C. current through the terminals A & B )
th=RN=R; VlhleR )

Example: Find Thevenin & Norton equivalent networks at rmi) 3
network shown in Pt ks at the terminals A & B for the

12=8—11

To find V1, refer to Fig 9. I, =Yr-16
20 1, . . T
I \1’11 1012=211+VT, 80—101122[[+VT
Psa 210 M 801 |
Voc=Vr 25 = 80 - Vr, 2Vr-32. =80 -V;

1 .
VTzﬂ(S) —_

TR Vp=412,
3

Fig. 9 B

To find (I)KT : Set the independent sources to zero as shown in Fig 10
pen Circuit (OC) independent current sources, Short Circuit (SC) inde;
B N 2 d
voltagg zgurce. Do not set dependent sources to zero. (3 independent

Fig. 11
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To find Iy = Isc, refer to Fig. 11

h=fA, b=-L+h L =3 “1,10L = 2k, =5k

: = =4 200, 20 _ 8 i - 28
6L =8 L=4a p=Fa, oo p=Ea a
Ry=Rr =4 Q Note thatRy = Ry = —‘I’T- = 40 )
Thevenin’s equivalent circuit Norton’s equivalent circuit
40
A . A
uzv+ 284 4Q
3 . 3
B B
Fig 12 Fig 13

3. Maximum power transfer theorem :- ( refer to fig 14) .
This is used to find the value of the load resistor RL ( optimum) that absorbs

maximum power from a given network \/\ :

Fig. 14

Example: Find the optimum value of Ry, for maximum power
transferred to it and also find this maximum power.

Replace the network by Thevenin Vi=Vs
equivalent circuit as shown in Fig. 15.

For xhaxi.mﬁm power transfer, R, = Rs ...... (9) v
Under this condition maximum power transferred to Ry, = ﬁ{- .....
L
2
)

and maximum power delivered by Vs = ;/T ...... 11
- . L

Under maximum power transfer, efficiency of power transfer=50% ... 12)

This theorem is applicable to linear networks with independent as well as dependent sources
~ This is also applicable to linear time invariant networks under sinusoidal steady state.
The Thevenin’s equivalent circuit is shown in Fig 16

1Zs | Where
-+ Z,= Ry +jX, is complex load
Vs Zy Vg is Thevenin’s voltage phasor

- Zs is Thevenin’s equivalent impedance =Rs +jXs
Fig. 16 '

For maximum power transfer to Z;,

ACE Academy Network Theromes 29

Casel :
Whenonly X, is variable in the load, X), = -Xs. ... (13)
then maximum E)ower transferred to 7,

is _ |VsPR , oreerf(14)

2(RS+RL)

where V| A2 is the RMS value and |Vg| is the maximum value of the source d

. Case 2: When X as well as Ry can be varied, then XL =- Xs, R, = Rs ie,ZL=Zg*

( complex conjugate of Zg )

then maximum power transferred to Zy, = | Vg £ ceenenn(15)
_ 8Rs .
Case 3: When only Ry is variable then Ry, ( optimum ) = VR¢ +(Xs+X1) ? . .(16)

then maximum power transferredto Zy, = __ 0.5 | Vs{R;
| (Re+R)? + (Xs*+X0)® .(17)

For example if Zs =3 Q, X, = 4 Q for maximum power transfer,
R = VRS +(XstXp)
NV9+16 = 5 Q

Example: Refer to Fig.1
Find the value of R), for maximum power transferred to it and find the maximum
Power. The Thevenin’s equivalent circuit at terminals A & B is shown in Fig.17
(same as Fig. 12).

_4Q -

=Ry (optimum) = 4 Q

12 y Ry N
3 : ) -me.=l.-112 I_l} '
. - 3 e J_
B =MW
Fig17 9

If only Ry optimum is required, hote that Vy, ieed not be calculated.

Tellegen’s Theorem:
This theorem is applicable for any luniped network that contains any elements linear

or non linear, passive or active, time-invariant or time-varying. The theorem depends only on
KCL and KVL and henee can be applied to any network for which KCL and KVL are
applicable. Note that this theorem is not valid for distributed network like transmission line.

Consider any lumped network with number of branches = b, as shown in Figure 18 with
b = 6. for branch k, v, = branch voltage, jx = branch current with associated reference
directions as shown in Fig. 19.

Instantaneous Power in kth branch py = viji

If pi is positive power is delivered to the branch. If py is negative power is supplied by the
branch. Then that branch contains source, delivering power.
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Select any arbitrary values of vk and ji for k = 1 fo b such that v,’s satisfy KVL, and j;’s

" satisfy KCL. Then according to Tellegen’s theorem . +vq —
Sy
. (Il
b —wt+ +v -~

S= Z ik =0.......... (17
‘Summation of instantaneous powers in all the O
~ branches in the network = 0. Vi

) _ ¥
Tellegen’s theorem implies conservation of energy. L [

The sum of the powers delivered by.the independent Fig. 18

3
©
sources to the network is equal to the sum of the - + :Jj] :

powers absorbed by all the other branches of the network.

Example : Refer to Fig. 18
Let .
vi=3V;, v,=2V;v3=6 y= 4V vs=5V;vs=1 SatisfyingKVL Fig19
Similarly, '
1=3; j2= 45; ja=1l5;js=-1; j3=-3.5; js= 2 Satisfying KCL
$=(Bx3)+Rx+45)+(6x-35P@xX15)+(Ex-1)H1x42) =9+9-21+6-5+2=0
Given two networks, N} and N;, having the same graph with the same reference direction
assigned to _
the branches in the two networks, but with different element values and kinds. Let vy and
Jik be the voltages and currents in Ny, and v and j,x similarly be the voltages and currents in
No, where all voltages and currents satisfy the appropriate Kirchhoff laws. Then by
Tellegen’s theorem.

b — b .

kz_: :’kljla =0 and kz_‘l’kzjkl =0 Xvikjx,Zvij=0 .

Another Variation of the theorem : If t; and t; are two different times of observation, it still
follows that b '

T vie(t) je () = 0
k=1

Reciprocity Thg_orem

- Consider a litieat time invariant network (NW) which consists of resistors, inductors, coupled

inductors, capacitors and transformers only. Identify any two pairs of terminals

. @ _ @ and @_@ as shown in Fig. 20-22
o] 20=H@) ... 8) 5
&% | NW 2 NW
; for all t

(1) Fig200) @ @ R 20 @

1+

€
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O] @ ® @

i o[y e
lo (A V' ow =00 ... 19 % NW D i
® @— forallt - o—]
| © B
Fig 21(a) Fig 21(b)

" @ ® o 5
M | Nw F—O\ i ;5, 1 oaw :@eo
© @ |

Fig. 22(2) Fig. 22(b)
If i,(t) and e,(t) are equa] for all ‘t’, then j2 = (r\; for all ‘t”;

In terms’ of NwW functxons Reciprocity theorem for LTI networks asserts that
ya () =yn (S) » 22 (S) z2(s), Hi(s)= Hv(s), hiu= hy, AD-BC=1 .....(21)

A network that obeys.the reciprocity theorem is called reciprocal.
X X %K k %k
Example: In the CIl’CUI'( shown, what is the value of C that will cause maximum power

delivery to R1-|Q if vi(t)=2v2 sin(2t)?
Ry 1/3H
) L W

Vi (f)_

Power delivered to Ry = s Ryis maximum if Irms Mmaximum
Ims is maximum under Resonance at w =2

wg = ~1—, C = LZ = g
- e wil 4
Example: If R; = 1Q is connected across ‘C’ in the above example, find ‘C’ that
causes maximum power delivery to R,.
Voltage across R,= Vo= \‘/’1 Z,
Z,+Z,

where Z = [1+| ) ”

='(2—-:-c]+(20+§]

(1 + 12C)

=<i
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| Objective Questions SET- A
: : 2 ) ) 05. In the circuit shown below, the short
P= Power delivered to R, = -2 1. The current in 9 Q resistor using circuit current i is
. superposition theorem is
= » 2 4 3 6 Q
(2—%0) +(ZC +§]
3v 2A

P is maximum when dP/dC = 0 . 0

26 +g 3( -%c), c =%F A5(1-i2)A  b)51+j2)A
: ¢) 10(1 +32 i
Transformer adlustment for maximum power transfer Z) [(;;5) +(@5)1A ) 10(1+j )f‘\' d) 10(1 +j3) A

I 1 ) [( | /5) +(3/5)]A 06. The value of i in the circuit shown
" In the circuit shown, if only the transformation 3 {E) 5 i) J_ 5(_;51;5 A using Supel_position theorem is

-Ratio ‘a’ of the transformer (assumed ideal) +
is adjustable, to find ‘a’ such that maximum
power is delivered to Ry=R¢(Z>) '

Verify that Z}, = Z,/a*

“a= VK, K=|Za/Z4}
The maximum power delivered for this adjustment of ‘a’ is less than that fora
conjugate match Z; = Z*

Power factor correction .

An inductive load with complex power S = P, + jQu (Q is +ve) is shown.

The objective is to-introduce negative Q¢ by shunting the load with a capacrtor S0
that PF is improved.

PF before correction = —Pa¢—~
P, +Q}
PF after correction=——2e__ Q Load Paye, QL
P +Qf
The value of ‘G’ to be introduced is given by ¢ = Q.
V2

ms
Examgle: Given the load with Py, = 500W and Q = +500 vrs, Vi = 220V,
f= 50 Hz, find the' PF. If the PF is to be improved to 0.9 lagging find the value of ‘C’
required,

PF before correction = = S0 1 =0.707 (lagging as Q is +Ve)

\/(500)%(500)2 Ji
With PF = 0.9, verify that Q, = 242 vars
Q¢ = 242-500 = -258 vars
C= =17 WF.

2
2n%50x220° EEEEE

2. Thevenin voltage across A and B in
the circuit shown below is

100 v

a) ~ (100/19) V
b)(50/19) V

¢) (25/19) V
d10v

3. Superposition theorem is based on the
.. conceptof
- a) duality
¢) reciprocity

- b) linearity
d) non ~ linearity

A
10£0°A T 7Y
—~B
a)82-j1) A
b)22+j) A
42+ A
d)42-j1 A

4. The value of Norton current source for —-
the network shown in figure between
terminals A and B is

2Q

. 20
5A 210 %

—,—_10 \
a) [(4/3) + (16/3)] A

b) [(10/3) + (10/3)] A

) [(103)-(103)]A  d)y(1+2)A

07. The maximum power that can be
transferred to the load resistance in
the network shown in figure is,

2kQ  4kQ 4

20V

“2) 10mW

b) 2.5 mW
€) 7.5 mW——d)5 mW

08. The only two elements in the load
connected across terminals A and B
of the circuit shown below to derive
maximum power from the circuit are

a) Resistance and capacitarice

b) Resistance and inductance
-¢) Inductance and capacitance

d) Conductance and capacitance



34 NETWORK THEORY

‘09. In the circuit shown below, if 2Q
resistance is changed to 4€, the
change in V is

ACE Academ

15. Applying superposition theorem the
current i in the figure is -
i

ACE Academy
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19. Superposition theorem is not

applicable to networks containing
a) nonlinear elements

24. Tellegen’s theorem states that,. ina

circuit if voltage drops and current
associated with elements are v’s and

o X b) dependent voltage sources ~ ’sthen
150 c) dependent current sources n n R
-yt 0A 50 IA 7Q . 5V d) transformers A ikik=0 b)Y, (vg+i)=0
200 3Q 20. In a D.C circuit, Thevenin voltage k:l k=1 s
0V - _ i across load terminals is 15V and n n

a) {(4/5) - (/DA Norton current is 3A. The )z (k- lk) 04 (Vk /i) =0
a) [320/(27x29)1 V b) [(1/5) - (4/5)} A maximum power that can be k=1 o k=1
b) [160/(27x 29)] V - transferred to the load is
c) [80/(27x 29)] V ) [2/5)-@/5)] A A)1225W  b)305W 25. In a linear circuit, the superposition
d) [640 / QTx 29)] V d) [@4/5)- G/ A 9125W d) 22:5 W principle can be applied to calculate

10. In the circuit shown below the 16. The Norton’s equivalent across " 21. For the network shown in figure ;t)levoita d
i . N . L i ge and power
value of i using superpositiotheorem terminals A and B in the circuit Thevenin resistance across terminals b) Voltage and current
> 1 hown below is AandBis v
s an| ¢) Current and power
.d) Voltage, current and power
10V * 20 A% 2)2Q
—T b)4Q l 26. A dc voltage source 10V with
o c)6Q 10V 20 internal resistance of 2Q2 is
dH3Q connected to a resistor Ry, Maximum

a) [(10/3) + (40/3) (Q03)) A oA
b) [(10/3) + (40/3) + (20/3)] A
¢) [(10/3) — (40/3) — (20/3)] A

transfer of power from source to load
takes place when:

a) 33 amps in series with 1 Q

b) 66 amps in serics with 1 Q 22. Thevenin resistance Ry, is the

d) [—_(10/.3? +(40/3) - (.20/3)] ‘A | ¢) 10 amps in shunt with 3 Q@ resistance . a)RL= | b)RL=c0
11. tSouperposmon theorem is applicable d) 60 amps in shunt with 30 a) 2::\‘:,/::11(1 any two terminals of the ORL=2Q d) R, =40
a) linear elements only 17. Reciprocity theorem is applicable b) obtained by short circuiting the 27. For the network shown in figure,

given two terminals

b) nonlinear elements only only to _
: ~-¢)-obtained by removing voltage

¢) linear and nonlinear elements a) Singleisource cucmts

Thevenin voltage between A and B is

d) nonlinear and dependent sources b) Circuits containing two sources S sources only along with their 20 20
.. ¢) Circuits containing any number of internal resistances '
12. The Thevenin impedance of a
L sources d) between the same open :
network between load terminals is d) Circuits containing only — terminals as for finding Vy, 10V

(3 +j5) Q.The load to be connected

. - dependent sources
for maximum power transfer is

23. If a resistance R is connected across

18. In the circuit shown, the change in terminals A and B of the circuit )5V

A3-150Q bE-iPHQ b)25V
: QB+ hB+H)Q current if 1({ Q resistance is replaf:ed _ shown bfelqw, maJ‘(imufn power that 915V 10V
. _ _ by 11 Q resistance by compensation can be dissipated in R is
13. In a circuit Vip = 5V, Ry = 202 and . " theorem is ' _ : + Ve — 28. While calculating Ry, ideal current
‘ Ry = 3Q. The value of load current is w : ! sources in the circuit are
9 2,'5 Ab)L6TAC) 1A d)Q25/6)A ; ' a) replaced by open circuits
14. In'the _'Fhevénin equivalent circuit, 1Q 1A 10Q 3 T 10A 2V, b) replaced by shorts circuits
Vi, equils : | ¢) not changed in the circuit.
a) short — circtit-terminal voltage I : d) converted into equivalent voltage
b) open —circuit terminal voltage a) (1/13) A b) /1) A sources
©) voltage of the source = c; El/l 1))A dg E5/13)2) A 3) 25.0 v b) 125 W
d) net voltage available in the circuit ©)625 W 4120 W
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29. The maximum power is transferred
to load when

a) Z1=Zoc b)ZL—Zoc
C)ZL—-ZQC d)ZL—-Zoc

30. Superposition theorem requires as
many circuits to be solved as there

are:
a) Nodes b) Meshes
¢) Sources d) Paths

. Thevenin resistance of the circuit
shown below across the terminals A
and B

A s
+ 6Q
V= 3IQ
- B

a6Q b)3Q
09Q  d)2Q

p—

3

32. The current flowing tﬁrough the
short connected across A and B is

o V-
a)0 A b)20 A
c)ISA - d)25A

33. If Z = Ry, maximum power is

transferred to Zy, if ZL equals
100.£0°
Volts

2)5Q  b4Q

93Q 9l

34, The Thevenin's equivalent across
terminals A and B in the circuit
shown below is

1Q

WWA— * A
il
20V 10A

7 "

a) 30 V in series with 1 Q resistor
b)30 A in series with 1 Q resistor
¢) 15 V in series with 1 Q resistor
d) 30 A in series with 2 {2 resistar

35. In a linear system, several sources
acting simultaneously produce an
effect which is the sum of
the separate effects caused by
individual source actmg at a time.
This is:

a) Compensation theorem
b) Superposition theorem
¢) Reciprocity theorem

d) Norton’s theorem

36. Referring to the equivalent circuit
“shown, maximum power is
transferred to a purely resistive ldad
Ry when

a) Ry = [Zocl bR =
¢) Ry =-1Zod| d)RL—-Zoc

37, The load resistance Ry requiredto .

extract maximum power from the

A
6Q
. 3Q Ry
18V
- B
source is
2)2Q b)9 Q2

g6Q d)18Q

S 1£0° A

ACE Academy

38. Equivalent Thevenin voltage source
across terminals A and B of the
given circuit is:

— B A
4Q
/‘\—j4Q
o— —o B
)4V b)-j4 Vv
@d-jHv H@E+HVv

39. Norton’s theorem is the dual of
a) Thevenin’s theorem
b) Superposition theorem -
¢) Maximum power transfer theorem
d) Reciprocity theorem

40. Reciprocity theorem can not be
applied to circuits containing
a) Unilateral elements
b) Independent sources
¢) Inductors and capacitors
d) Resistors

4

—

- Tellegen’s theorem is based on
a) Conservation of energy
b) Ohm’s law
¢) Kirchhoff’s lawd) Newton’s law

42-Fhe load connected to a source is
purely inductive. For maximum
transfer of power from source to
load, the source impedance should
bé
a) Inductive b) Capacitive
c) Resistive d) Zero

43-The reciprocity theorem is applicable
to
a) Linear networks only
b) Bilateral networks only
¢) Linear and bilateral networks
only
d) Passive networks

Network Theromes 37

44. Which of the following theorems is
best suited for finding i in the
given circuit?

2A
5V e8Q

a) Thevenin’s theorem T
b) Reciprocity theorem

¢) Compensation theorem

d) Substitution theorem

45. An electrical circuit having one or
more voltage sources is transformed
into an equivalent electrical network
with a single voltage source in series

-with a resistance. This is

a) Superposition theorem
b) Norton’s theorem

¢) Thevenin’s theorem
d) Reciprocity theorem

46. Application of Norton’s theorem

results in: -

a) A current source with ~ —
impedance in paralle!

b) A voltage source with impedance
in series

c) A voltage source alone

d) A current source alone

47. In Figure., the value of R for which it
absorbs maximum power is

(a) 3Q R

®)4Q £
©6a* E
@320 T
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48. The Thevenin's voltage (Vxy) and 52. For the'circuit shown in Fig. '
resistance across X and Y terminals Thevenin’s voltage and Thevenin’s 33. In the ﬁgur_e the current source is 58. In the lattice network, the value of R
for the circuit shown in the equivalent resistance at terminals 120 A., R =1Q, the l-mpedances are for maximum power transfer to the
following figure are abis 1 50 Zc=-iQ, and Z; =2j Q. The ST load is
10 ' Thevenin’s equivalent looking into—~+ . )

II oV

=) cri |
N l -5 1 the circuit across X ~ Y is A
+ !
5Q X | ..

Y a
0.51 b 210 . L : -
20 _ [ | ® g o
\ = Y
@-40V&0Q (b)+40V&IQ @5V &2Q ®7TSV&25Q. @BV, (14 @ gg , (b)65Q
; a " . +
() —40V & 1Q - (d) +40V&=Q ~ ©4VE&2Q (d)3V&25Q. PN2LOV, (T+2) @ © - @9
4 . (b) 22450V, (1-2§)Q
Key for Set— A

49. The condition for maximum power
consumption by load impedance
|Z|£6, where both magnitude and
angle are variables, supplied froma
source with a fixed internal

53. An independent voltage source in (c)2£450V, (1 f.i) Q
- series with an impedance @N2Z245° V. (1+j) Q o
Zs = Rs + jXs delivers a maximum o 1+) - l.L.a2a3ba4ads aéb
average power to a load impedance

56. In the circuit shown, the value of R

such that it dissipates maximum 7.4 8 b 9 a I0.a Il.a 12b

impedance [Zs|Z Os is: Zy when power is :
13.¢ 14.b 15.a 16.¢c 17.a 18.
(@) [Zuf=1Zs] (5) 0,6 S @210 10071000 109 , 2
(@1Zu)L0,= Zs.L0s : @Zi=Rs+jXs  (0)ZL= 119 200Q 00 19.a 20.c 21.d 22.d 23.c 24.35
(d) 121|201~ [Zs|£-s (©) ZL=jXs (d) Z, =Rs-jXs 100 v
. o ©Re I— iR ]— 50V 25.b 26.¢ 27.a 28
- o @220 e
30. Ili;“ nthe,cxrcux_t SERO‘?:: o Fl%';:lze 54.The Thevenin’s equivalent impedance . . 3La 32 4.3
orton’s equivalent curren 2 ] , 7, between the nodes P and Q in the 57.The petwork N, in fig. 1 aqd fig. 2, is )
resxstapce across the teqnm s A an - following circuit is , passive and contains only linear
B Bare _ o . i g (F - resistors. The port currents in fie *
£30 0 2300 _‘_‘g;u—‘ . are as marked. The Value o
50V & B | - 1Q 4A
230 3200 oV ® T [
. @ Q 1A SV T 1A
L ?
(@)3/5A,2Q ~ M5A3Q N
(c)5/12A,24Q ({d)6A,5Q @”1 (b)1 +s+—1— :
s . Fig. 1 Ix
51. The maximum power that canbe - ' 1 245+ 1 l
transferred to the load resistor Ry ©2+s+-— ) 7725 +1 , 10V 10V:
from.the voltage source in Fig is S I ] l }
@F w.. 100Q N
®)10W. Fig. 2
@) 05 W. (©)5A  (d)None
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01. The maximum power thata 12V 06. The dual of parallel RC circuit is a

d.c. source with an internal resistance (A) Series RC circuit

of 2 ) can supply to a resistive load ; . o

is (B) Series RL circuit

A)12W (B)18 W (C) Parallel RC circuit

(C)36W (D)48 W

02. Which one of the following theorems
is a manifestation of the law of
conservation of energy?

(A) Tellegen’s theorem
(B) Reciprocity theorem
(C) Thevenin’s theorem
(D) Norton’s theorems

03. Which one of the following is nota
dual pair?
(A) node, loop
(B) short circuit, open circuit
. (O)L, C circuit,
(D)R,C circuit,

04. Superposmon theorem is not
applicable to networks contammg

(A) non linear elements

®) depenciént \.l'oltag.e,sourge:_v
(C) dependent current source
(D) Transformer .

05. A certain network consists of two

ideal voltage sources and a large
aumber of ideal resistors. The power .-
consumned in one of the resistors is
4W, when either of the two sources is
active and the other is replaced by a
short circuit. The power consumed

by same resistor when both the

sources are simultaneously active
would be

(A)zeroor16W B)4Wor8W
(C)zzroorSW D)8Worle W

(D) Parallel RL circuit

07. Which of the following theorems can
be applied to any network — linear or
non — linear, active or passive, time —
variant or time — invariant ? '

(A) T_hevenin theorem

(B) Norton theorem

(C) Tellegen theorem

(D) Superposition theorem

08. Calculzite the load current I in the

circuit
1Q 2Q
1V 2V
(A)3A  ®)6A
© <A O

09. Iftwo |dent1cal 3 A, 4 Q Norton
equivalent circuits are connected in
parallel with like polarity, the
combined Norton equivalent circuit
wiil be

(A)3A,8Q
(€)0A,2Q

(B)6A,8Q
D)6A,2Q

ACE Academy
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10. The V —I relation for the network
shown is givenas V=419

-0 -
The _equivalent circuit to network N

Shown is giver by

(A)225A,4Q (B)-2.25A,4Q
©)0,4Q (D) None of these

1. Th; Norton’s equivalent of circuit
shown in Figure — I is drawn in the
circuit shown in Figure ~ IL The
value of Isc and Req in Flgure Il are
respectively -

3Q 45Q

-0
1

e

Fig. I  Figll
(A)SRAand2Q
®)2/5 Aand 1 Q
(C)4/5 Aand 12/5.Q
D)2/5 Aand2 Q

12. In the circuit shown in the given
figure, R, will absorb maximum
power when its \;alue is

6

W25 ?j———‘
®75Q &

€)25Q
D)27Q

3oV

13. Match List — I (Property of Network)
" with List — II (Relevant Theorem)
and select the correct answer using
the code given below the lists:
List -1
P. Linearity
Q. Structure
R.’Equivalent Circuit Theorem
S. Bilateral
List-1I
1. Superposition Theorem
2. Norton’s Theorem
3. Tellengen’s Theorem
4. Millman’s Theorem

Codes:

P Q R S
A) 2 5 1 3
(B) 1 3 2 4
© 2 3 1 4
O 1 5 2 3

14. In the circuit shown in the figure, the
power consumed in the resistance R
is measured when one source is
acting at a time, these values are
18W, 50 W and 98 W. When all the:
sources are acting simultaneously,
the possible maximum and minimum
values of power in R will be T

E B 5

Frara

RESISTIVE NETWORK %

(A)98W &18W (B) 166W & 18W
(C)450W & 2W (D) 166W & 2W
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15.

Consider the following statements:

1. Tellegen’s theorem is applicable to
any lumped network.

17. In the circuit given below, viewed

from A,B, the circuit can be
reduced to an equivalent circuit as

Ao—

ACE Academy
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SET C

01. In the circuit of the figure, the
voltage v(t) is - GATE-2000

04. An independent voltage source in

. series with an impedance Z=RHX,
2. The reciprocity theorem is applica- 10V 40 10 _ delivers a maximum average power
ble to linear bilateral networks. @ 10 to a load impedance Z; when
: MA AW p vh
3. Thevenin’s theorem is applicable 50 ¥ sy _ | T ‘ GATE - 2007
to two terminal linear active Z T Na =T ' (@) Zi=R; + jX,
networks. Bo— s Sl ¢" vt 31H S (b) Z=R;
4. Norton’s theorem is applicable to T - (©) Zi=jXs
two terminal linear active networks (A) 5 volt source in series with 10 Q (d) Zi=Rs - jX,
Which of these statements are resistor L oat b at, bt
correct? . (B) 7 volt source in seriés with 2.4Q (@)e"-e"  (b)e+e o
: resistor (©ac*-be?  (d) ac™+ be™ 05. The Thevenin equivalent voltage
(A)1,2and3 (B)1,2,3 and 4 (C) 15 volt source in series with Vi a}pp;rarmg Ee}tB‘Neen the
(©1,2and4 (D)3 and 4 2.4Q resistor 02. A source of angular frequency 1 temm‘;(s}‘? andBofthe
(D) 1 volt source in series with 10 Q rad/sec has a source impedance neftworb shown glzi'}%ure s
16. A network N is a dual of network N resistor . cqnsisting of 1Q) resistance in series gtven by -1999
i with TH inductance. The load that
(A) both of them have same mesh "Key for Set B: - will obtgin the maximum power
equations transfer is GATE - 2003
(B) both of them have the same node IB 2A 3D 4A 5C (@) 1Q resi_stance e
equations (b) 1Q resistance in parallel with 1H ‘\Dj 2
(C) mesh equations of one are the 6B 7C 8C 9D 10B inductance §
node equations of the other _ - {c) 1Q resistance in series with 1F
(D) KCL and KVL equations are the 11D 12C 13B 14C 5B capacitor _
same . @ ﬁgﬁt{aﬂw in parallel with 1 F @jl6344)  B)jl6(3+4)
* 03. The maximuimn power that can be (c) 16(3+j4) (d) 16(3-4)
transferred to the load resistor Ry
from the voltage source in the figure .
is GATE-2005 06. The value of R (in ohms) required
} 100Q for maximum power transfer in the
network shown in figure is

GATE - 1999

10V .

@1W b 10w @2 04 -
©025W OLERY ©8 | W) 16
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07. Use the data of the figure (A). The
current I in the circuit of the figure

®B)is GATE -2000
R, -
R, R;
710V R AT Ra 20V
Fig. (A) Fig. (B)
(@-2A b2A
(c)4A (d) +4 A
08. The voltage e, in the ﬁgure is
GATE -2001
+
€o

@48V ()24 V
936V )28V

09. In the figure, the value of the load
resistor R which maximizes the
power delivered to it is

GATE -2001°

Encos10t

(@) 14.14 Q (b)10Q -
(€)200Q (d)28.28Q

10. In the network of the figure, the

maximum power is delivered to Ry if
its value is GATE - 2002

j—

(@16 Q ® 403 Q"
()60 Q @209

11. For the circuit shown in the figure,
Thevenin’s voltage and Thevenin’s
equivalent resistance at terminals a-b is

GATE - 2005
1A .
>}
— ‘
+ Il
oa +
051y 502 ob T_lov

@5Vand2Q (b)7.5Vand25Q
(©4Vand2Q (d)3Vand25Q

12. If R1= R2= R4= R and R3=1.1R in
the bridge circuit shown .in the
figure, then the reading in the ideal
voltmeter connected between a and b is

GATE -2005

(@) 0.238 V
(©)0.138 V
(©)-0.238V "’i

@1v

ACE Academy -

<T> 400
0.1, 209§ §R 4T
- =50V __

13. For the circuit shown in the figure,
the Thevenin voltage and resistance

. looking into X-Y are GATE -2007

10
v"‘vl‘lA - X

1
2 =5 d) %

1Q7 2A [ 2Q

(@4/3V,2Q ®)4V,23Q
©43Vv,23Q (d)4Vv,2Q

14. The Thevenin equivalent impedance
Z1m between the nodes P and Q in
the following circuit is

GATE -2008

1H IF

- 210
10V o @m

1
@ 1 ) 1+s+

© 2+st (d) —Ez—tiL

s +25+1

“15. In the ﬁgure the current source is

1£0 A, R = 1 Q, the impedances are
Z;=-Q,and Z; =2j Q. The
Thevenin equivalent looking into the
circuit across X-Y is

A

@@ £0V,(142)Q
(b) 2£45°V, (1-2) @
(c) 2£45° V, (14) Q@
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16. The Thevenin’s equivalent of a circuit
operating at @ = 5 rad/s, has
Voe=3.71£-159° V and
Zy=2.38 - j0.667 Q. At this frequepey.
the minimal realization of the '
Thevenin’s impedance will have a

/
a) resistor and a capacitor and an
inductor
b) resistor and a capacitor
c) resistor and an inductor
d) capacitor and an inductor

Staternent for Linked Answer Questions
17 and 18

3 Vas

%11@
+ o B

17. For the circuit given above, the
Thevenin’s resistance across the
terminals A and B is :

(A) 05kQ (B)02kQ.
©) 1kQ- (D)0.11kQ

18. For the circuit given above, the
Thevenin’s voltage across the terminals

AandBis

AY1.25Vv (B)025V

o1V D)yosv
KEY: SET C

01d 02c 03.c . 04d 05a 06c
07d 08d 09a 10a -11b 12.c

13d 144



Chapter 4: TRANSIENT RESPONSE
(Time domain analysis, Simple RLC networks,
Solution of network equations using-Laplace transform)

Resistor; v(t)=R i{t), )
Change in voltage at any instant ‘t’ is ihstantaﬁeouély felt as a changé in current at the same
"instantt.
t
ity=_1 [ wv(tydt, Inductor: ¥))
L -

The current through an inductor at any instant t depends upon the
past history of the voltage across it right from —~ o time to the present time t. ie the

continuous summation of voltage across it upto time t.

The current through an inductor cannot change instantaneously at any time unless

infinite voltage (impulse) is applied across it.

(00 =i(0%), it) = i(t") etc., 3)
Inductor opposes change in current through it. If there is a sudden jump in voltage.
across inductor, the current will not instantaneously change but changes fast or slow
depending upon the resistance in the circuit. The rate of rise is measured by parameters like

time constant, rise time, delay time and band width etc.,
1 o
I oiyat

W-1
C -0

Capacitor: 'e))

The voltage across a capacitor cannot change instantaneously unless infinite current
(impulse) is passed through it.

W0 =v(0"), v(t)=v(t") etc., ) —-
Capacitor opposés change in voltage across it.
If there is a sudden jump in current through capacitor, the voltage will not
instantaneously change but changes fast or slow depending upon the resistance in the circuiit.
The-rate-of rise is-measured by parameters like time constant, rise time, delay time and band

width etc.,

.- exponent of e Is unity in 6. -~ VR
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1. D.C. Transients:

i) R-L circuit: In the R ~ L circuit shown in Fig.ll R
i(t) = V/R[1 —e ™ ©)

The plot of i {t) with exponential rise is
shown in Fig.2

i(0) = i(0,) =0, i(=0) = V/R = Steady state current

i.e,, L behaves as open circuit at t =0 and short circuit as-t=eo,
T =L/R is known as the time constant.

It is the time at which the i(1)

In one time constant t = 1
(1-¢h=1-0368=0632

0 Fig.2
At this time T, current will reach 63% of its final value.

The voltage across inductance decays exponentially according to
v =L.di/dt =V e®W! o

the exponential decay reaches 37% of the initial value.

Voltage across resistor increases exponentially according to
va(®) = V[1 —e® /DY ©)

The exponential rise of resistor voltage and exponential
decay of inductor voltage are shown in Fig, 3

Also, vg +vy = V[l —e®VY 1y g®LI ao V
=V
Power in the circuit elements is given by
pr=Y2 [ 126014 20 an
R .
pL= V_z [ e Rt _ 2R l] (12)
R
Total power,
P=mtp
=V 1-e® =V as t 13)
R R

* Time constant t =L / R can also be defined as the time during which this voltage response,

0  Fig.3
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t=0

i) RC Circuit

In the R- C circuit shown in Fig. 4(a)

i(t) = VIR e %€

i(t) decays exponentially as shown in Fig. 4(b)

Transient voltages across R and C are given by

)=V eVRC

(14)

(15)

ve(t) = V(1 -/ *¢)
ve(0.)=ve(05)= 0
vc () =steady state voltage=V  (17)

(16)

i.e. C behaves as short circuit at t = 0 and open circuit as t = .

Also, the power in circuit elements is given by

pr =V2R.e™R€ (18)

pc= VIR . (€€ -2 (19)

Total power, : “

Psz+pC=lze—URC =_12_as t—>0
R R

(20)

VIR

0" Fig.4(b)

0 Fig. 5

ve(t)

o

The exponential rise of capacitor voltage and exponential decay of resistor voltage are

shown in Fig. 5.

iii) RL C Circuit N
Inthe R - L - C circuit shown in Fig. 6
Ri+L di/dt+1/Clidt=V
Let a =R , wo=—]_and Q= &y
2L JLC 20
a =@y 8, & = damping ratio

The response i(t) depends spon the following cases:

CASE -1: Over Damped
a>w or Q<¥%,6>1

s =—o tag, = -0 —04g

Where ag=V o (x)o2

In this case the current is given by

C](':slt + Czeszt "

.......... @4

@n
22

Response is (not Oscillatory) as shown inFig. 7.

Fig.7
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CASE-2: (Critically damped) ift)
a=a or Q=%,8=1 (25)
§1=§ = —-a
et (Cy+ Cat) Here, i(t) = (26)
t
Response is (not Oscillatory) as shown in Fig. 8 F lg §
CASE-3: Under damped i
. a<am or Q>1%, 8<!
S| =—a tj®g, $H= -0 —jos
2 04 7/ g /\ N
Where 0g = Vg — o (27 0 N\

Ciet + Cpett Fig.9

iy =
Current is Oscillatory with damped oscillations with frequency w4 as shown in Fig. 9

i (1)
CASE-4: (Undamped (or) loss less)

a=0 or Q= infinity (R=0),5=0 '

S1=jwg , S2=—j@p (28) l \7// l.
@

i(t) = C; Sinwgt + C; Cosmgt
Fig. 10

= A cos (wot +6)
= B sin (wgt + ¢)

Responise is now steady or Sustained Oscillations with frequency op and constant
amplitude as shown in Fig. 10.

The arbitrary constants C; & C, depend upon the initial state of the circuit i.e. initial
yoltage/across_ the capacitor and initial current through the inductor prior to the application of

the input to the circuit.

2) A.C Transients:
i) R~ L Cireuit (Fig. 11), v(t) = Vy sin (ot + ¢)
Ri +Ldi = Vy Sin(ot+ ¢

dt
ity =ke ™ + (VD) sipfaf + ¢ - tan (LRI

. @9)
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It may be noted that
=> The first part-of the above equation contains the factor € which has a value of
nearly zero in a relatively short time, depending upon how small the time constant

t=LMRis.

-R/L) ¢

= The second part of the above equation is the steady state current which lags the
apphed voltage by tan’ ((nL/R)

The transient dlsappears when k 0, ¢ =tan’ (wL/R) (31
ii) R—C Circuit (Fig. 12)
W(0) = Vi sin (@t +9). . R

(32 C

i(t) =ke®+(V/ D) sinfat + ¢ +tan” (I/aCR)]  (33) Fig. 12
Where D = VR? + (1/oC)?

Ri+ 1/C [ i dt=Vy, Sin(wt + )

"It may be noted that:

= The first part of the above equation is the transient with decay factor e’RC

=> The second part is the steady current which leads the applied voltage by
tan”(1/aCR).
The transient disappears when k=0, ¢ =- tan! (1/0CR) (34)

L-Transform Equivalent (s-domain) ckt. for L and C with I.C’s

it)=C %t—"v(t)" N L it

I(s) = C[s V(s) — v(0.)] V(s) = L[s i(s) - i (0]

B B
: 1 - 3Ls
V(s) T s DC . ) Vi(s) +L i (0)
+o ;/\:(s) j_ 1 +o0— I}(s) T .
C -
Vis) | __q5+ o) V@) s -
J— S

o -—

[
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_Example:
Ibsing the avove equivalents for the circuit shown, verify that

1.50 0.5H

1
—> it
v,(t)i ) 1FT vat) @Y i(t) -

Va(s) = F:(Zs) Vis)+ 2253) L(s) + E‘E':) v2(0.) +% i), F(s)=s*+3s+2

The contribution due to each source and each 1.C is clearly identifiable.
Find ZSR (zero state response) and ZIR (zero input response) in the time domain for.
vi(t) = u(t), io(t) = u(t), va(0.) = 1V, i1(0.) = 1A by using the above result. Also mdentlfy the
Natural response and Forced response.

* KK K K

SET - A Objective Questions

01. In the circuit shown, the voltage across

. A 04 ln acircuit th t t
the inductor Vy, at t=0" is given by ¢ transform of current i(t)

isI(s) = 1/(s* + 55 + 6). The expression

2‘3 ?;/V » | . 7 ofi(t) is
@15V Al 303 0 Vi3SH - (a) (e 21+e3‘) uty () Ee>-e*)u)
(@)-6V - @™ +eMuw (@ (-

05. With the switch closed the circuit
.. shown'below is in steady state-The
switch is-opened at t = 0. The

02. The steady state value of vc in the
_circuit shown when v(0) =2 voltsis - . -

@8V T ¥ __l_ voltage across the capacitor at t = 0"
(b)-8V lOu(t)A@ IQ:; XC—\ 12H 15— =0 w\-ﬁ: 3H
©10e2v _E

@-10vV - 10 v-l—

03. In the circuit shown, dv/dt (0") is_ ,,,
i )10V b)o vV
c)Infinity d)5V

06. The Laplace transform of
v(t) =€ * sin 2t u(t) is
(a)(s+4)/‘[(s+4) +4]
(b) 2/ f(s +4)* + 4]

(a)-18 V/sec  (b) 18 V/sec . )

(c) 17 Visec  (d) 20 Visec - OsiHY

@G-/ [s-47+4)
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07. {o(t +5) 8(t) dt equals
@1 G0 ©5 @20

08. The siniissidal function shown can be
expressed as
(a) sin 7t [u(t) + u(t- 1)]
(b) sin mt [u(t) + u(t + 1)]
(c) sin 7t [u(t) - uct - 1]
(d) sin 2t [u(t) - u(t - 1)]

09. The switch in the circuit shown is
closed at t =0. The time constant of the
circuit is

1kQ 1kQ

-1

V= l/ - 4mH

(@2psec  (b)9psec
©4psec ()1 psec
10. Across a series RC circuit
containing R =5Q and
C=0.1F, aD.C. voltage of
5V is suddenly applied at t =0. Then

the current drawn from the source at

t=0" is
__’
50 mH
100Q 2100Q
2u) A
(a) 0.5A (b) zero
® 1A (d>5A

11. The Laplace transform of ﬁr.st
derivative of a function f(t) is

(a) F(s)/s (5) sF(s) - {0)
(©) F(s)-H0) (d) £(0)

T

12. The transform of current in a circuit is
given by I(s) =2 s/ (s* + 16). The time
domain expression for current is

(a) Y sin 4t amps

(b) Y x 1/ (s* + 16) amps
() 2 cos 4t amps

(d) sin t amps

13. The Laplace transform of
v(t) = [sin 2t/ t] u(t) is
(@) 72 —tan "' 512
(b) /2 +an™ /2
(c)tan "' s12
(d)s2

14. In the circuit shoWﬂ, the switch is
closed at t = 0. The circuit can best be
analyzed by '

o 1F

tT)%_'_{
V—_I_l—_' 20212Q ZFT

(a)Finding forced and natural
responses :
(b) Finding zero input and zero state
responses
(c) Using convetitional methods
(d) Using Laplace transforms

15. In the circuit below, iy (07) is

i(t)

t=0 1Q 3H (ZF
vl |
+

() 0A b1A
{©)-1A @d2A

16. A unit current step is applied to a
parallel RLC circuit. Under steady
state, the entire current flows through

(a) R only (b) L only
(c) C only (d)R and L only
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17. With the switch ‘S’ in closed position
the circuit is in steady state. The
current in the inductor after opening
the switch ‘S’ is

(a) Under damped
(b) Critically damped
(c) Over damped

(d) Undamped

18. S is open fora long time and steady
state is reached. S is closed t =0, then

VL(0+) is

@2V
®1Vv
{cov 14
@3V

- 19. The Laplace transform of integral of
function f(t) is
@ (/5 Fs) () sFs)-f0)
©FE)-f0) - @f ©)

20. In'the circuit shown, the values of i(0") -
and i(co) are respectively

1Q

gy L ]
volts (B i(t)> —I 2F

(a) zero and 1.5 A
(®)1.5Aand3 A
©3A and zero

@)3Aand1.5A

T 0)-1V 2w A

21. With initial conditions zero in the
network, the switch is closed at t =(.
"The current drawn from the source
when t tends to infinity is

ﬂ/v&ﬂ 1H
1

10V p

@0Aa - (LSA
(©2A @oA
22. d u(t)/dt equals
_(a) A ramp function
(b) An impulse function
(c) A parabolic function
(d) An exponential function

23. When a unit step vdltage u(t) is applied
to an ideal inductor, the current
- through the inductor will

_ (a) Be zero for all times
- (b) Increase linearly

(c) Be infinite,

(d) Be constant

24, Zero input response of a circuit is

(a) The response when time t =0
(b) The response with initial conditions
zero
(<) The response when the input is zero
{d) The response when'tramsients
become zero

25. In the circuit shown below, v,(0") is )
" 50 mH

(@ov
®1v

10

@zv

26. A unit step voltage is applied across an’,
inductor. The power associated with
the inductor will be
(a) Zero for all time
{b) A step function
{c) An exponentially decaying function

LA\ A ramp fifhction
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27. When a series RL circuit is connected
to a dc voltage V at t =0, the current
passing through the inductor L at t =0"
is .

(b) Infinite

(d) V/L amps

(a) V/R amps
_(c) Zero

28. When a series RC circuit is connected
to a constant voltage V voltsat t =0,
the current passing through the circuit
att=0"is
(2) Infinite (b) Zero
(c) V/R amps_ (d) V/oC amps

29. With initial conditions zero in the
network shown, the switch is closed at
t=0. The voltage across resistance
immediately after the closure of the
switch is !

[

. wV'[—

=0 20 IH
oy

@10V ®)5V
@2V @ov
30. In the circuit shown below i,(0") is
given by 50
2H 2u) A="10V
@1A ®)2A
(©3A @4A

31. Zero state response of a circuit is

(a) The response when time t = 0

(b) The response when transients
become zero

(b) The response when the input is zero

(d) The response with initial conditions
2610

32.A step current | is applied to a parallel
RC circuit. Inmediately after the step
4is applied, the voltage across the

“eapacitor will be
@) Zero (b) Infinity
{¢) Unity @IR

ACE Academy
33. The time constant of a series RL circuit
is .
(@ LR (b) L/IR
(©)RL (@Rt
34. The inverse Laplace transform of 1/s
(1-e®)is
() u()) - u(t-a) () u(t)
(c) u(t-a) (d) Zero
35. The time constant of a series RC
circuit is .
(a) I/RC " (b)R/C
(©)RC (@e®C

36. In over damped circuits,
(a) The response rises or falls very fast
(b) The response falls very slow
(c) The response is a damped sinusoid
(d) The response is oscillatory

37. In the circuit shown below, v{(0") is

. [ somH _
2u A v (31000 1000
(ay100 V (b) 150V
()-100 V (d) 200V

38. A unit step voltage is applied acrossa

series LC circuit and is removed after’

some time. Under steady state, circuit”

© current
(a) Is zero
(c) Increases Linearly
(d) Is oscillatory

(b) Is constant

39. The time constant of a circuit having
R=5Q,L=02His

(b) 2.5 sec
(d) 0.04 sec

(a) 1 sec
(c)2sec

40. The inverse Laplace transform of 6/s*
is -
(a) 3 u(t)
(c) £ u(t)

(1) 2 uff)
(d) 3tu()
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41. A series RC circuit has R = 5Q and
C=2.5 yF. The time constant of the
circuit is '
(@) 12.5 psec
(c) 0.5 usec

() 2 psec
(d) 1/12.5 psec

42. The initial conditions in the network
with switch open are zero. The switch
is closed at t = 0. Voltage across the
capacitor when t— oo is

@0V Sl
®sv [ +2|—
@10V 107 '
@75V

t .
43, { u(t)dt equals

(a) A step function

(b) An impulse function
(c) A doublet function
(d) A ramp function

44. In underdamped circuits,
(a) The response rises or falls-very fast
(b) The response rises or falls very
slow
(c) The response is a damped sinusoid
(d) The response is oscillatory

45. In the circuit shown below, iy(c0)is
i)

@0A ®1A
(©-12A (@2A

46. A unit step current source is applied to
a parallel RLC circuit. Under steady
state condition, the input current-will
(@) Get shared by all the three

components

(b) Get shared between R and C only
(c) Get shared between R and L only
{d) Flow through L only

t
47. (I) 8(t) dt equals

(a) A step function
(b) An impulse function
" {c) A doublet function
(d) A ramp function L

48. In undamped circuits,

(a) The response rises or falls very fast
(b) The response falls very slow

(¢) The response is a damped sinusoid
(d) The response is oscillatory

49. In the circuit shown below, v () is

50 mH

100Q
2u(t) A

(@ 100V (B)ISOV
(©)-100V  (d)200V

50. The current in a pure inductor with a
unit step input voltage is
(a) Zero -
(b) Constant but non-zero
(c) A decaying exponential
(d) A ramp function

51. A series R circuit is initially relaxed.
A step voltage is applied to the circuit.
If 7 is the time constant of the circuit,
the voltages across R and L will be
same at time t equal to

@-tln2 (b) 12 In(172)
(©)~tIn(l/l2)  (d)-1~xIn2

52. The function is said to be periodic
when it

(a) Appears for a particular time
interval

(b) Appears for ali time

{c) Is of recurring nature

(d) Has only linearly varying
<omponents.
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53.01 1(t) dt equals

(a) A step function

(b) An impulse function
(c) A doublet function
(d) A parabolic function

54. In a series circuit consisting of a single
resistor, a single inductor and a single
capacitor, if the resistance is more, the
response is

(a) Overdamped ' (b) Undamped
(c) Oscillatory (d) Underdamped

55. The inverse Laplaee transform of 1/s is

(a) 8(t) . (d)u()
©u(ta (Dt

56. The steady state value of current in a
series RLC circuit, when a D.C.
voltage of V volts is applied to it at
t=0,is
(a) zero (b) V/(RL)

(©) VIR (@) (VOR

57. The initial conditions in the network,
with switch open, are zero. The switch
is closed at t = 0. The current drawn
from the source at t = 0" is

@mﬁﬂ_.zr @0A
iR ®)5 A
10 _ ©10 A
- @20 A
_ 58.1(t) equals
@) tug®) ®) 1t u(t)

(© £ u(t) (d)u(t)

59. In a parallel circuit consisting of a
single resistor, a single inductor and a
single capacitor, if the resistance is
more, the response is

{a) Over damped {b) Undamped .
(c) Oscillatory {d) Under damped

60. The time constant of the network
shown below is

8 sec
Vu(t) A (b) 12
sec

24 sec (d) 36 sec

61. The Laplace transform of ramp
function is

@1 ®s ©US @15

62. In the circuit, current in 4 Q resistor at

t=0%is
E lOU(t)A

(@10A (®5A (©25A @0A
63. 8(at) equals - '

(a)a d(t) (b) (1/2) &(t)
() 2° &(t) (d)u(t)

64. In a parallel circuit consisting of a
single resistor R, a single inductor L
and a single capacitor C, the response
is critically damped if |

ta)R=(%) \I(L/C)

(b) R < (%) Y(L/C)

©) R> %)V (L/IC)
" (@R=D

65. The singular function in the diagram
can be mathematically expressed as

Ouersy —a—
—2u(t+5 o >
© -2u{t+5) —_:_l_t_

@ 59 2
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66. The inverse Laplase transform of ‘s’
is
(a) Impulse (b) Ramp
(c) Step (d) Unit doublet

67. The time constant of the circuit shown
is

0 ut)A

2H 4Q
(a) 2 sec (b) Y sec

()4 sec (d) Y sec

68. In the circuit shown i(0%) is

(a)OA.. )1
©24  (@3A

69. The derivate of a step function is

. (a)zero  (b) an impulse function
{c) aramp function  (d) a constant

70. In the circuit shown the power
supphed by, the source in the steady
state.is L

G 10ut)A
V(.a)40W (b)10 W
(©5W (d)0.W

71. In the circuit shown v(0") is
i(t) _‘ s

2w A(Y) 30 HH

@1V | ®)2V
©4V (d)6V

72. The double integration of a unit step
function will result in

() a unit step function
(b) ramp function

(c) impulse

(d) parabola

v

73. The Laplase transform of f(t)= e™
@ l/(s-a) ®ls+ay .
) Us (d) (/s +a

74. The time constant of the circuit shown
below is 10

10 u(t) amps % 10 2021 IF

(@)2/3sec  (b) 1 sec
(¢) 2 sec @) 3 sec

75. Fﬁ(t) dt equals
@l (®Oo (c) @ 0.5

76. A ramp current flowing through an
initially relaxed capacitor will result in
a voltage across it that

(a) Varies inversely with time ™ -
(b) Remains constant

(b) Varies directly with time twice
(d) Varies as the square of time

77. The singular function v (t) in the
diagram shown can be mathematically
expressed as
Av(t)

2
¥ l'o >t

5
@358t+2)  (b)5 &t-2)
() -2 uft) d)-58(t+2)
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0
78 S(t +5) dt equals
l=.

@0 - (b)
(©)0.5 @1

79. If the step response of an initially
relaxed circuit is known, then the ramp
response can be obtained by
(a) integrating the step response
(b) Differentiating the step response
(c) Integrating the step response twice
(d) Differentiating the step response

twice

g0. | 1'0 2t §(t) dt equals
t=-

@0 ®1 (@05 @

81. The Laplace transform of sin 2t u(t) is

@UE+4) )/ (E+4)
©2UE+4) ()25 (+4)

82. Laplace tl:a.nsform of a function
- f(y=>5tu(t)is

(a) /55 ®)s5
©5s (d)5/s*

83. In the circuit, the current ﬂowing
through inductor at t =0" is

i\
IH 0 F 20

@0A b)2A
©4A (d) Infinity

20

84 | ! 3(t — 10) dt equals
hl

@5 (b) 10 (c)—26 ()25

85 In a circuit the response term that tends
“to zero, when time approaches infinity,
is
(a) Transient response
(b) Steady state response
(c) Forced response
(d) Zero state response

" 86 The unit step response of a system is

given by (1.— &™) u(t). Its impulse
response is:
@€' (b o " u(d)
JOIUL) e*ut) (@-ae” u(t)
87 The time constant of the circuit is

IH 5Q
am, _

2u(t)V 10Q 10Q

(a) 0.2 sec (b) 5 sec

(¢)0.1sec - (d) 0.05sec

88. In Figure., at steady state, the current
through the inductor is
o 2H

et

10V_— =IQ 108 %
(@0A (b)10A
©5A (D204

89. The circuit shown in F ig., has reached
steady state with the switch S open.
The switch is closed at t=0. The current

"7 ithough the switch at t =0+ is

@ 1A 3 S i
® 3a 1Q =0
@34 TV FiH T
) 3.6A

92. The condition on R, L and C such that
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90. In the circuit shown in Fig., the switch

93. For the R-L circuit shy in fig.
is closed at t = 0 sec. The current o The e

input voltage v; ( t)=u(t),-The current

flowing in the circuit at t = 2 sec is i(His
(2) 0A -J———o =0 o
(b) 50A

100 V de
(c) 100A

(d) Infinite

91. For the circuit shown in Fig., the

switch A has been in closed position

for along time. If at t = 0 switch B is

closed and switch A is simultaneously 2 t(sec)
opened, the current in the LC circuit in

the steady state will be: it

’ j | 7 W(sec)
v % ‘j

(a) zero (b) VR
(c) Sinusoidal (d) infinite

Y] . Wsec)

the step response y(t) in Fig has no

oscillations, is

t(sec)




60 NETWORK THEORY

ACE Academy ACE Academy

94. The transfer function H(s) = \—\jnf)l of
a series R-L-C circuit is given lby

H(s) = where Vo(s) is

10
s?+ 20s + 10
the voltage across the capacitor. The
Quality factor (Q-factor) of this circuit
is
(a) 25
(c) 100

(b) 50
(d) 5000

95. In the circuit shown, Ve is 0 volts at
t=0 sec. Fort>0, the capacitor
current i. (t), where t is in seconds, is

given by

ic

20 kQ

10V = 4 uF

(@) 0.50 exp (- 25 t)y mA
(b) 0.25 exp (- 25 t) mA
(©)0.50 exp (- 125ty mA
(d) 0.25 exp (- 6.25 )y mA

© 96. A 2 mH inductor with some initial

current can be represented as shown
below, where s is the Laplace
Transform variable. The value of

initial current is

@05A
(b)2.0A
©10A
(d)0.0 A

Key set—A:

i.a 2.d 3. a
7. ¢ 8 ¢ 9 ¢

13. a
19.a

14.d -
20.c

25.a 26.d

31.b
37.d
43.d
49.a
55.b
6l. ¢
67.b
73.b
79.a
85.a

9l.c

32.a
38.d
M“.b.
50. d
56.a
62. 2
68.a
740
80.a-
86.b
92.¢

15.a
21.b
27.¢
33:b
39. d
45.b
51. ¢
57.¢
63. b
69.b
75.a
8l.c
87.¢

93.B
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01. Voltage across capacitor as a junction

of time will be
4. b 5. a 6. b

10.c 1.b 12.¢ : R

16.b 17.b 18.b ,_ su

2b 23.b 2. 1'

28.c 29.d 30.b

34.a 35.c 36.a AW1A-e"9xsR  B)sRe™C

40.c 4l.a 42.c ©st/cC D)t/ 5C

46.d 47.a 48.d

52.a 53.4 54.a 02. Consider the network given below

58.a 59.d 60.a _

6.2 65.b 66.d l ot

704 714 72.d | v RE RE RE

76.d 77.d 78.d : L

82.d 83.c 84.b ’

88.b: 89.a 90.c The time constant of the circuit is

94.B 95.A 9%.A (A)ﬁ * (B)-ZEL
(C)ﬁ (D)%

03. Steady state value of the current in the
Circuit is

So 142
v ]:

®%  ©2 ]I

04. The capacitor charging current is
(A) an exponential growth function
(B) an exponential decay function

0.5H

Ao

(C) a linear decay function

(D) a linear rise function

SET-B

03. The current through a series R — [,
circuit is -‘lre"z , when exited by a unit
impulse voltage. The values of R and L
are respectively T
(A)8,4
©)2,4

- (B)4,2
D4

06. It a unit step current is passed through
a capacitor the voltage
across the capacitor will be

A)0 -(B) a step function
(C) a ramp function
{D) An impulse function

07. RLC circuit is an shown below.
Assume the circuit is to have been in
this state forever, then dvc(o®) is
- dt

in +vl_

LN X
—= A -
Wl 300 e
+ +
At v,B3H Lv, 5A
127F
A) 35 A ys
w3 ®)-L vis
(C) 108 V/S (D) 81 V/S

08. In the figure initial voltage on C is
Vo. S isclosed at t = 0. Determine iL
for .

t>
0 s, .

- +] .
:;L vVEC

(A) - @9 C Vg sin @ t
(B) 0 Vysinwpt
(C) - Vo sin o t
D) o, C Vo sin oy t

.




NETWORK THEORY

~ ACE Academy

09: A dc voltage source is connected to a

series R — C circuit. When the steady
state reaches, the ratio of the energy
stored in the capacitor to the total
energy supplied by the voltage source
is equal to

(A)0.362 (B) 0.500

(C)0.632 (D) 1.000
. “The circuit is in steady state with
switch in position A. Att=0, the
switch is moved to position B. The
current in the circuit fort >0 is
A)2A
B)3A
©)5+e*A

" (D)3-€*A..

11. For the circuit shown below

Bu{t+ )V
5

3

250 100

o/
{
)(--ﬁ
(=]

AMAAAL
VW

]A(

' ilati=-2s'is
n
B)—- A
®3
8
D)5 A

(A)% A
©2A

12. Consider the electrical network shown
below

oV T
4,

The value-of R so that

current through it is zero is
A)2Q B)59
{C)4Q D)3

SH

13. \/_%' has the dimension of
(A) time (B) capacitance

(C) inductance (D) resistance

14. Steady state is reached with S open. S
is closed at t = 0. The current marked 1
att=0"is given by_

o /S
3 ml Le 20,
i
@30 (®38 (O40 18

15. A unit step u(t — 5) is applied to RL

network R=10

D
u(l 5)
(l-0A

The current is given by
@r1-

(B)[1- S MNut-5) .
©a- e ) u(t—— 5)
Dy 1-

16. In the circuit shown in the given
figure, the switch is closed at t =0.
The current through the capacitor will
decrease exponentially with a time
constant of

(A)0Ss
C)2s

®B)1s
®)10s

ACE Academ

TRANSIENT RESPONSE 63

17. In the circuit shown in the figure
below, if i; = u(t) A, then what are the
initial and steady — state voltages
across the capacitor?

1 uF

(A)1V and 1V, respectively
(B) 1 V and 0, respectively
(C) 0 and 1V, respectively
(D) 0 and 0, respectively

18. At time t = 0" with zero initial
conditions voltage across 20 Q is
102

0.5H
10pf
mv[ : 20Q
Ao @®1wv €2V
(D) none of these

19. In the circuit shown in the figure
below, steady — state was reached
when
the switch S was open. The switch was
closed at t = 0. The initial value of the
current 2glrough the capacitor 2 C is

(A)zero (B)1A (C)2A (D)3 A

20. In the circuit below, S was initially
open. At time t=0, S is closed. When
the current through the inductor is 6 A,
the rate of change of current through
the resistor is 6 A/s. The value of the

inductor would  be

§ 10

A)1H
(B)2H
(C)3H wv
D)4H

21. If a unit step current is passed through
a capacitor what will be the voltage
across the capacitor?

Ao

(B) a step function

{C) A ramp function

(D) An impulse function

22. Consider the following statements

"If a network has an impedance of

(1 -}) at a specificfrequency, the
circuit would consist of series

1.Rand C 2.Rand L
3.R,LandC

Which of these staternents are correct?
(A)land2 (B)1and3
) 1,2and 3 (D)2and 3

23. In the circuit shown in the given
figure,
the values of 1(0+) and I(c0) will be,
respectively

3e7u(t) ‘l
/lq F

(A) Zero and 15A
(B)l5Aand3 A
(C)3 A and zero
M3Aand15A

24. Consider the following statements
associated with the superposition
theorem:

1. It is applicable to d.c. circuits only

2. It can be used to determine the
current in a branch or voltage across

a branch

3. It is applicable to networks
consisting of more than one source

4. It is applicable to networks
consisting of linear and bilateral
elements

Which of these statements are‘correct?

(A)1,2and3  {B)2,3and4
{0)3,4and1 {D)4,1and2
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25. The time constant of the circuit after

the switch shown in the figure is
opened is 120

1002 D(

TV

A)02s B)5s (O)0.0s

(D) dependent of R and hence cannot
be determined unless R is known.

26. Match List ~ I with List - I and select

the correct answer:
Lisr - I

P. A series RLC circuit is overdamped

when
Q. The unit of the real part of the

complex frequency is

R.If F(s) is the Laplace transform of
f(t) then F(s) and f(t) are khown as
S. If f(t) and its first derivative are

Laplace transferrable then initial

value of f(t) is -given/f)y
- List— 11

2.RMAL* < 1/LC

3. rad/s

4. inverse functios
5-RY4L? > 1/LC,

6. neper sec”!

7}11% fity= ‘lif,n?'SF(S)

8. transform paiss

Codes:

P Q R S
(A)S5 6 8 i
B)S 6 i 8
6 5 3 4
e 5 2 7

1.£(t) =sF(s) limt/ 0lims >

27. The maximum power thata 12 V d.c.
source with an internal resistance of
2 Q can supply to a resistive load is

(A)12W (B)18 W
€36 w (D) 48 W

28. Match List — I (Quantities) with List —
1T (units) and select the correct answer

List—1 . List - 11
P.R/L 1. Second
Q.1I/LC 2. Ohm
R.CR 3. (Radian/Second)’
s.uc 4. (Second)”
Codes:

P Q R S
(A) 4 3 I 2
(B)3 4 2 1
©)4 3 2 1
)3 4 1 2

29. Consider the following network

Which one of the-following is the

-~ differential equation for ‘v’ in the abiove

network"

dv
(A)C > +Gu=0(B)G —g+Cu=0

©cC —+G v=0(D)C g{—’—-Gwo ‘

Key for Set B:

01.C 02B 03D 04B 05.C
06.C 07.C 08D.09B 10D
11.C 12A 13D 14A [5C
16B 17.C 18B 19.C 20.B
21.C 22B 23.C 24B 25A
26A 27B 28A 29C
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01.In the figure, the switch was closed for
voltage Vy at=0"is ™ GATE - 2002
[ ]2.5A -

20Q

5H
o
L
20Q
e V, —)l

@25V ~ )50V
(©-50v S @ov

02. For the R-L circuit shown in the fi 1gure,
the input voltage vi(t)=u(t). The current

i(t) is GATE - 2004
1H
it)
vit) 2Q
—

o t(sec) Vn t(sec)

a long time before openmg att=0.the .

SET -C

03. The condition on R, L and C such that

the step response y(t) in the figure has
no oscillations, is GATE - 2005

04. A 2 mH inductor with some initial
current can be represented as shown
below, where s is the Laplace

* Transform  variable. The value of
initial current is

GATE -2006

@035 A
(b)2.0A__
(©1.0A
(@ 0.0 A
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05 In the figure shown below, assume that
all the capacitors are initial
uncharged. If vi(t)=10u(t) Volts, vy(t)
is given by GATE - 2006

vi(® +~ THF v

(@) 8¢ "% Volts (b) 8(1-¢ "9 Volts
(c) 8u(t) Volts  (d) 8 Volts

06. In the following circuit, the switch S is
closed at t = 0. The rate of change of
current d (0+)lS given by

GATE - 2008

@0 - ® _Rds
@ &R (@)

07. A linear time mvanant system has an
impulse response ¢, for t > 0. If mltlal
_ conditions are 0 and the input is e*, the
“outputfor t > 0 is GATE - 2000

(a) e3l . CZt (b) esx
(e +e® - (d)None of the above

08. At t=0", the current i; is:
GATE - 2003

1
S C

ik

" (@-V/2R (b)-VR
(c) -V/4R (d) zero

* 09. The circuit shown in the figure has

initial current i,(07)=1A through the
inductor and an initiai voltage
ve(0)= -1V across the capacitor. For
input v(t)=u(t), the Laplace transform
of the current i(t) for t > 0 is

10 lHGATE —~2004
+ -
l(t .
=~ iF
; |
S -s+2
@OFmar O
s—1 s—2
( ) 2«r-s+l ( ) 7 s +s+l

10. For the circuit shown in the figure, the
initial conditions are zero. Its transfer

function H(s)= Vols) s
ViS)GATE - 2004

10k 10mH
+ +
vi(t) 104F ve(t)
- -
@ sz+1olﬁs+106 ®) s2+10130;+10"

10° 10

© —Zisnet @ TEdse

11. A square pulse of 3 volts amplitude is
applied to C-R circuit shown in the
figure. The capacitor is initially
uncharged. The output voltage v ¢ at
time £=2 sec is

vi GATE - 2005
3V
2 sec t
0.1yF
Nl T
Vi Z 1kQ Vo
o= ==0
@3V ® -3V
©)4 (v

12. In the circuit shown, V¢ is 0 volts at
t=0 sec. For t>0, the capacitor current
i(t), where t is in seconds, is given by

GATE - 2007

(a) 0.50 exp(-25t) mA
{(b) 0.25 exp(-25 t) mA
(c) 0.50 exp(~12.5 ) mA
(b)0.25 ex_p(—6.25 t) mA

ACE Academy TRANSIENT RESPONSE - 67
m

Common Data for Questions 13 and

14:

The following series RLC circuit with zero
initial conditions is excited by a unit
impulse function 8(t) GATE - 2008

.7
13. For t>0, the output voltage V(t) is '
1H 10

C—e_ilcos\/a«
0 ol 31

2 ' V3
(d) -J;-e ._sm[Tl}

14. For £>0, the voltage across the resistor
is

-——ﬁ—l 1-l
@ fe?t - )
(b) eii" {cos[—;{]: %Sm(iz—lﬂ

© Lo
‘/5 € Sll'l[l2 I)

@ %e“i’cos(fg_g,)
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15. The circuit shown in the figure is used
to charge the capacitor C alternately
from two current sources as indicated.
The switches S1 and S2 are
mechanically coupled and connected
as follows:

For2nT <t<

2n+ 1T, (n==_0,1,2,...)
S1toP1and S2to P2.

For 2n + 1)T <t <(2n#2)T,
(0=0,1,2,...)
'$1toQl and $2 to Q2.

_ GATE - 2008
Ql p1 2 P2

Q
+
Sl S2 .
C
0.50 Ve(®) Q
o IF 10
A | | 1A

Assume that the capacitor has zero initial

charge. Given that u(t) is a unit step
function; the voltage V.(t) across the

capacitoris given by
@ &1 )
(b) u(t)+2§l(—l)"u(t-n‘1")
(©) tu(i#2E (-1 (eaTyue-o)

@ 3 [0.5- B M0.5¢ ¢ D]
n=0

16.1; (s) and I (s) are the Laplace
transforms of i (t) and i (t)
respectively. The equations for the
loop currents I (s) and Iz (5) forthe -
circuit shown in the figure, after the ™
switch is broughit from position 1 to
position 2 at t=0, are

GATE 2003

Ls [1’, ) ] =[ VIS
Ls r+1/csj L2 0
R+Ls+1/Cs " —Ls I
(b) [ 1 (s) } =
-Ls R+1/Cs)L 2 ()
+LS+1/CS -Ls L)) - Vis
g 3
-Ls RLs+1/Cs)L 2 G) 0.
Vue ) (Vs
L (s) 0

17. The switch in the circuit shown
was on position ‘a” long time,
and is moved to position ‘b’ at

time t = 0. The current
* i(t). The current i(t) fort>01is -
given by GATE - 2009
10kQ

R+Ls+1/Cs

~—
KX

R+Ls+1/Cs -Ls
(@
~-Ls R+Ls+1/Cs

100

a)02¢ % u(t) mA

b)20 €% u(t) mA
) 02" u(t) mA
d)20 ™™ ut) mA

N2 ] L ,
17 ie

18. In the circuit shown in figure switch
SW, is initially CLOSED and SW, is
OPEN. The inductor L carries a current
of 10 A and the capacitor is charged to

10 V with polarities as indicated. SW;
is initially CLOSED at t = 0- and SW;
OPENED at t = 0. The current through

_ C and the voltage across L at t=0+is

SW2 106
R;
lgh SW] T 10 4 0V
{ amps c _
@55A,45V  (B)55A,45V
©45A.55V  (d)4.5A,55V

- 19. The time constant for the given circuit

will be _
IF 30

LT
T -

a)1/9 s b)1/4s c)4s d)9s

3A

20. In the figure shown, all elements used
are ijdeal. For time t<0, S; remained
closed and S; open. At =0, S is
opened and S; is closed. If the voltage
V., across the capacitor C, at t=0 is
zero, the voltage across the capacitor
combination at t=0" wjll be

Sl Sz
3v~L T : J’:
T G l 1F Ko} I
@1V b2V
(¢) 1.5V (d)3V
KEY SET -C
0l.c 02c . 03c 04a
05.b 06b - 07a 08a
09.b 10d 11b] I2a

13.d 14.b

To win the RACE join the ACE




Chapter 5 : Steady State Sinusoidal Response
(Analysis using phasors, Phasors diagrams, Locus plots, Frequency domain
analysis of R-L<C_circuits, Power calculations, 3-¢ Circuits)

Sinusoidal excitation to R;L, C elements

Let the excitation be ) ) + it R

W(t) = Vi cos(at + 6) = Re [V "] or

or v(t) = Vin sin(ot + 8) = Im [V &) L

' o . U - or

where the complex valued V=V, & L —e— C

is known as the phasor of v(t) and can be represented in the

complex plane by a directed line segment with length, Vy, at
‘an angle of © from the positive real (horizontal) axis.

The current i(t) /hrough the element can be obtained from the v —i relation as

i(t) = I cos(ot+ 6 + ¢) = Re[l &"'] ' '

or i(t) = L, sin(wt +6 + ¢) = Im[I &

where the phasor [ =1Ip, J©*® ig displaced from V by ¢.

Element Value : R(QY) : L(H) - C(F)

In . ’ Va/R : Val(eL) V_m/ [1/(@C)]
Phase diff between 0 - 90 +90

i(t) and v(t) = ¢ (deg)

. is inphase lags v(t) leads v(t)

Current i(1) with v(t) . by9(® by 50°
Phasor impedence R j(@L) §[1/(e0)]
Z=V/I1(Q) _

Phasor admittance G=1/R -{1/(eL)] j(C)
Y = 1/Z (mhos) . . o )

PF = cos (¢) 1 ' 0 0
Puve (PuR)2 0

Phasor (vector) . >3
diagram : | v \l; I v : l\___%
A%

oL and 1/{@C) are called as the reactances of L and C respectively. 1/(oL) and oC are called
as the susceptances of L and C respectively. T

1 T
Instantaneous power defivered to the element p(t) = v(t) i(t), Pave = T 0] V() i(t) dt, T=2n/o
Pove = (1/2) Vin Iy €OS() = Vims Lrms c0s(9), cos(¢) is called as power factor (PF)

The steady state analysis of RLC networks is simplified by phasor method.
1. Replace the time domain circuit into equivalent phasor circuit. All the sources are
represented <ither in the cosine form or sine form and they are replaced by the corresponding
phasors. R,L, C elements are-replaced by the respective phasor impedances; R, joL, 4/ («C).

2. The phasor form of required response, either voltage or current at any point in the circuit is
obtained by the usual mesh or nodal analysis.
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3. The time domain response is obtained by multiplying the response phasor by exp (jot) and

then taking the Re or Im part depending upon cosine excitations or sine excitations. .

Example: Find i; (t) in the steady state in the network shown for

vi(t) = cos (2t + 30°%). Find also-the driving point impedance Z ;
L - j2

L=1H,C=0.5F,R=2Q V= lexp (j30%
From the mesh equations:  jlI;+j1 L =1exp(j30%, jIIi+(2-jDL,=0

1 1 . . 1
b=t =L exp (51059, i) = —= cos(2t- 105°
T W p (51057, ix(t) 5 cos(2t - 1059

(—11)X2+.2“ 1+j
2-j1 *71-jo5

Z= = 1.6 exp [j(45" + tan™0.5)]

gimilarly transfer impedances, admittances, voltage and current transfer functions can be
efined. ' )

Phasor Diagrams: Vr=Rl, Vi=joLI
RL Series Circuit: : T
v V=Vg+V =27l Z=R+jol
AT Y _
e L v V=2 + V2
A, AL 0 =tan” (Vi/Vi) = tan"'(0L/R)
(PE) = Cos0 (lagging), I lags V
RC Series Cireuit: . V=Ve+Ve=1I, Z=R +[1(eC)]
" +Vg —~ . v | V=JVR + V¢
R
0 =tan’ (Ve/VR) = tan” {1/(@CR)]
Ve (PF) = Cos0 (leading), I leads V

1 e Lyov=z, z=re {oL-1/(oC)].
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For Vi > V¢t Vi

ol>1/(eC) -
(Vi=Vo) V=V Vg2 + (V- Vo)
/S/ : 0= tan” (V.- Vc)/ (Va)]
9 T PF = cosB (lagging), I lags V
ve
14
Ve
For Ve > Vi
1/(@Cyp oL Vi :
W I V=VVZ+(Vc=Vy)’
0 8= tan" [(Vc—Vi)/ (V)
PF = cosf (leading), [ leads V
v [ (Vc - VL) Note: By convention PF is said to be leading or
lagging depending upon whether I leads or lags V

Ve
For V| = V¢ or oL, = I/ (C), the circuit is
said to be resonant at @ = @y = INLC
Under this condition, Vi, = jQV, Vc=-jQV
V = Vg = RI, where the Quality factor _

ol 1 1L

Q=% . 1
R @CR RAC Vo

V and I are in phase, PF s unity, Z is purely real = R, Reactance is zero.
Admittance Y is purely real = G = 1/ R, Susceptance is zero
Frequency response of current I is shown in the figure :

b, fi=fy N1+82+8),8=1/2Q) I
fif =1 fis geometric.mean of f; and f5.

B=1f,-fi =£/Q.. In
where f; = lower 3 - dB frequency L
(half power frequency, eutoff frequency) 2 :
And f; = higher 3 - dB frequency A
(half power frequency, cutoff frequency) 0f f
B is 3 — dB Bandwidth.

When 8 is small, 8* < < 1, f;, fy = f, (1 £ 8),
fo=0.5(f; + f;) = Arithmetic mean of f; and f,.

RL,RC, RLC parallel circuits : Interchange V & I, Z & Y with
Q= (R/oL) = 0CR = R(VC/L) in the above relations for series connection.

Vi

Ve

e eeibon

f

&n
ol

at resonant frequency, fy

Power calculations:
For a periodic signal, x(t) T
Average value: =1 | x(t)dt = Area of the signal over one period
TO period

Form factor = RMS value/Average value

[T
ms value: = /1 [ ¥@d Peak factor = Maxium value/Average value

VT 0

" The current is maximum equal to I, = V/R

ACE Academy Steady State Sinusoidal Response 73
Consider the one port RLC network with no independent sources. .

Let the driving point impedence, Z= R+jX=lZ| exp(j0) ot Y

And driving point admittance, Y = G+ jB v(t) RLC
Real part of Z is known as resistance = R =lZ Icose o | Nw
Imaginary part of Z is known as reactance = X%ZI sin® Note that G = 1/R and B # 1

Real part of Y is known as conductance = G
~Imaginary part of Y is known as susceptance = B
Power delivery to the network:
Complex (or phasor) power, $ =P, +jQ=V, I’
Pave = average (Active, true) power = V,I; cose =12 R =V G Watts, V;=], |Z|
Q = reactive power = +VJ, sinf = I,> X'= -V,2 B vars
For inductive circuit Q is positive and for capacitive circuit Q is negative.
Apparent power (Volt — Amperes) =| Sl = WJP’ZM +'Q2 =V, I va
Pure resistor: P = Vg Iims = Im,s2 R W, Q=0 vars, |S|=P va-
Pure inductor (or) pure capacitor:
L:P=0W, Q= Vmslms vars, |S| =1Q[ va
C:P=0W, Q=-V;Lvars,, IS|=]Q|va

G=R/|Z’ and B=-X |
L7

Example: If i,(t) = 5V2 sin(2t) i)
for the one port network shown verify:
Z=3+(/3), Pye = 75 W, Q=25/3 vars,

j =151V,
PF = 0.9% leadmg, 1l SA 12 = 545/3 A,
I3 = 5\2/3 A, Pyye = P1+Py+P3 = 50 + (500/36) + (400/36) = 75 W
Q=Q; + Q2 =500/36 — 200/36 = 25/3 vars

Locus plot - -
Consider the one port network shown. Sketch the admittance locus.
Y = Yeo+ Yo+ Yr, Yao= — ok — " |
_ RLT Yo+ Yg, YR R/ +jo’ ) L- I
- Y —> Tc
Yc= joC, Yr=1/R, >R, T
O
ilmY
j Im Yre ©liIm Y¢ i Im Y ®
o1 of 1 0
"R 0 R e ()
© OReY, : ot 1 ;
l\mﬁ// e Yri (Mé ReYc | Re Yx ﬁ}J OReY
A (B) © w O

Individual locus plots for (A) R; L branch, (B) the C branch, (C) the R, branch (the locus
being a single point) and (D) the complete tocus for Y found by adding the loci for the three
parallel branches.
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3-6 CIRCUITS:
3 coils are 120 electrical apart and the emf’s generated in the respective coils also
dlsplaced by each other by 120° All the 3 co:ls can be either delta connected or star
connected.

. Star connected load or generator:
For the balanced case, V= V3 Vp, I = I
Observations: o :
The line voltages are 120 apart.
- The line voltages are 30° ahead of the respective phase voltages.
The angle between the line voltage and the respective line current is (30 + ¢)° with
current lagging, where ¢ = impedance angle per phase.

 Delta connected load or generator: . ' :
For the balar_lced case, Vi =Vp, I =\3 Iph .

Observations:
The line currents are 120° apart
The line currents are 30° behind the respective phase currents.
" The angle between the line voltage and the respective line current is (30 - ¢)° with current
lagging, where ¢ = impedance-angle per phase.
Power Calculations:

For both the type of connections,

Total active power = 3 x pér phase power
P=3Vy Iy cosdp = W VL I, cos ¢ W, where ¢ = angle between the phase voltage and
current

Total reactive power (Q) = V3 VL Iy sing Vars
Apparent power (§)=V3 VLI, -VA

* K Xk % %
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Objective Question SET- A

01. For the circuit shown in fig., the time
constant RC =Ims. The input.voltage
is v; (t) =V2 sin 103 t. The output
voltage v, (t) is equal to

R
o— M o
+ +
@ = C v

o — 0
(A) sin (103t - 450)V
~ (B)sin (103t + 450)V
(C) sin (103t - 530)V
() sin (103t + 530)V

02. In the circuit shown in Fig,, voltage V,
across the'resistance R at resonance of
the tank (LC) circuit will be

(A) Zero (B) V3
©vn D)V

03-. For the circuit shown in ‘ﬁgﬁre, the
* gain (JVo/Vi|) at very high frequencies
is

R
v, R:Z V,
C -
(A) 1 T (B®)0
(C) R2ARI1+R2) (D) R2/R1

04. The power factor-of an R-L circuit is
A1 {B) <1 and leading
{C) <1 and lagging (D)>1

05. The circuit in Fig., at resonance,
behaves like L
R

— AW — T
i

a.c. SOURCE
(A) an open circuit
(B) a pure resistor of value R
(C) a pure resistor of value higher than
R

D)a pilre resistor of value VLC

06, A resistance R, inductance L and

capacitance C are connected in parallel
across an ac voltage source of output
voltage V. At the resonant frequency
o, the source current will be

A)_1 V_ By L
JLC R
oL V.
Ra R ()ET

07. In the circuit shown in figure.,the
rms value of the current “ I * is

SOQ V=200V v =200V
wW— N
4 1

~{~ 100V

(A) 6A (B) 10A
(C)2A (D) Cannot be determined

08. In the circuit shown in Fig., the
magnitude of the current [ flowing

through the 2 Q resistor is
20 i
p 0 L,
.~ 10sin200t _ 4
Y1

(A) 5sin 200t (B) 2.5sin 200\t
(C)2A (D) 2+2.5 sin200t
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7 09.In ﬁgure the magnitude of current i(t)
in Amp is 10a 100

A (B) 1112
©) 11\2 022

10. In a series RLC circuit with quality
factor Q at resonance, if the voltages -
measured across source, resistance,
inductance and capacitance are Vs,
Vi,Vy and V respectively, then at
‘Tesonance,

(A) VL=QVs (B)Va=QVs
©)VL=QVc (D) Ve=QVp

1

—

. The resonant frequency for the given
circuit will be
0.1H

-J' IF

T , 1Q
(B) 2 rad/s
(D) 4 rad/s

o—

(A) 1 rad/s
(C) 3 rad/s
12. For the circuit in Fig. the current L is

20 -j'ZQ

—
5200 : I Q 0£60°
_ 30

2 90° Amps
(A) 103 10‘13 2 90° Amps

B) 10_}3_ 2 —90% Amps

(C) 52600 Amps
(D) 5£-600 Amps

13. The circuit shown in fig., with
R=1/3Q,L="%H, C=3 F has input
voltage v(t) = sin 2t. The resulting
current i(t) is

o _
+ i(t) l
it RE L T c

Oi

(A) 5 sin (2t +53.10)A

(B) 5 sin (2t - 53.10)A

(C) 25 sin (2t +53.10) A

(D) 25 sin (2t-53.10)A
14. In the AC network shown in the figure,
" the phasor voltage Vag (in volis) is

A

523004 ()

(A)0 B (B)5300
(C) 1254300 (D) 174300
15. For the circuit shown below the

steady-state current [ is
I

? 1Q]
V(t)Eb

1mH 1000 pF

v(t) = 5\2¢™ cos (1000t V
(A)0A
(B) 52 cos(1000t) A
(C) 5 \2-€os(1000t - 1) A
(D)5V2A

16. In a series RLC circuit R=2kQ,1=1 H,
and C=1/400 pF. The resonant
frequency is
(A)2x 104 Hz

(C) 104 Hz

@) X 10%z
T
(D) 2n x 104 Hz.

ACE Academ

17. For the circuit shown below the
voltage across the capacitor is

10Q2
-j100Q
+
(10+j0) V()
- 7100Q
(A) (10 +§0) V (B) (100-+36) V
(C) (0+j100) V (D) (0 - j100) V

18. In the circuit shown in the following

[

 R=1Q 3| Tc=o.25F

L=1H

' Scos 2t A

figure, the current through the 1Q
resistor is

(A)(1+5cos2t)A (B)(5+cos2t) A
©C)(A-5cos2t)A (D)6 A

Key Sheet for SET -A -

01.LA 02.A 03.C 04.C 05.C
06.B 07.C 08.C 09.C 10.A
11.C 12.A

C13.A 14.C 15.A
16.B° 17.D - 18.C -

SET-B

OL. A series resonant circuit has an
inductive reactance of 1000 Q, a
capacitive reactance of 1000 Q and a
resistance of 0.1 Q. If the resonant
frequency is 10 MHz, then the
bandwidth of the circuit will be
(A) 1 kHz (B) 10 kHz

(C)1 MHz D) 0.1 kHz

02. For a series RLC circuit, the powe.r
factor at the fowest half power

frequency is
(A)0.707 lagging  (B) 0.5 leading
(C) unity (D) 0.707 leading
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03. The value of current at resonance in a
series RLC circuit is governed by
(AR {B)L
©cC (D) all of these

04. A series RLC circuit has resonance at

1 MHZ frequency. Atf= 1 1 MHz the
circuit impedance is

(A) Capacitive
(C) resistive

(B) inductive
" (D) none of these

05. A system function has a pole at s =0
and a zero at s = - |. The constant
multiplier is unity. For an excitation
cos t, the steéldy state response is given
by
(A) \2 cos(t + 459
(B) «12 cos(t = 45"

D) \12 cos(t+ 45 9
06. The power in a series RLC circuit will

be half of that at resonance when the
magnitude of the current is equal to

(C)cost

N v
(A) 25 ®) V3R
© Ix @ 2L

07. In the RLC parallel circuit the
1mpedance at resonance is
«A) Maximum (B) Minimum
{C) zero (D) infinity

08. If the resistance in a series RC circuit
is increased, then the magnitude of the
phase

(A) increases

(B) remains the same

{C) decreases -

(D) Changes in an indeterminate
manner

09. On increasing the ‘Q’ of the coil
(A) its power factor increases
(B) its power factor decreases
{(C)its power factor-remains unaltered
(D) its power may increase or
decreases
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10. A circgibwithéresistor, inductor and 16. The circuit shown in figure
. OlH

capacitor in series is resonant at fy Hz.
If all the component values are now
doubled, the new resonant frequency is

(A)21 (B) still f;
(C) fo/4 D) fo/2

11. An RLC series circuithas R = 1,
- L=1Hand C=1F, then damping
ratio of the circuit will be

(A) more than unity (B) unity
)05 (D) zero

12. An RLC series circuit has a resistance
R of 20  and a current which lags
behind the applied voltage by 45, If
the voltage across the inductor is twice
the voltage across the capacitor, what

is the value of inductive reactance?

K100 B)20Q
©400 (D) 60 Q

13. A parallel R — L — C circuit resonates .
at 100 KHz. At frequency of 110 KHz,
the circuit impedance will be _
(A) Capacitive (B) inductive
(C) Resistive (D) none of these

14. For a parallel RLC resonant circuit, the
damped frequency is V8 t/s and
bandwidth is 2 t/s. What is its resonan

frequency? -
A2 B)V7
®) V10 D)3

15. A delta load is connected to a balanced
400 V, 3 — phase supply as shown in
figure. The total power dissipated in
the network is equal to

a0
20 j20
20
b o - AR
C O~
(A) 2kW (B)4kW
{C)6kW (D) 8 kW

W

10mA

The switch has been closed for a very
long time. The switch opens at t = 0. ig
att=0"1is

A0 ' - B)4mA
(C) 6mA (D) 10mA

17. The resistance of the series RLC
circuit is doubled and inductance is
halved, then BW becomes

1

(B) double
(D) four times

(A) half
-(C) one — fourth
18. For the following parallel resonant

circuit, the admittance at resonance
conditionis __I

1
®);

© & ) %

19. Vs = cos t. The current T is given by

—1 i
+ . L ) 59 :
o |
- . .2.H

v

(A) V2 cos (t—45%)
(B) V5 cos (t—tan™'2) _
(C)cost (D) None of these
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20. An RLC resonant circuit has a
resonance frequency of 1.5 MHz and
bandwidth of 10 KHz. If C = 150 pf,

- then the effective resistance of the
circuit will be
(A)29.5Q

©94Q

(B) 14.75Q
(D)4.70Q

21.15=5cos 2t=5 £0" The phasor cur-
rent through the inductor I is given by

ok 1H l
‘ I

(B) 5 £45° '
(D) 512 £-45°

- (A) 10V2 £45°
(C)5\2 £45°

22. Consider the following statements:
When a series R — L — C circuit is
under resonance

1. current is maximum through R

2. magnitude of the voltage across L is
equal to that across C

3. the power factor of the circuit is
unity

Which of the statements given above

——arecorrect?
(A)1,2and3  (B)1and 2 only
(©)2and3only (D)1and3 only

23. In the circuit shown in the figure
below, the current supplied by the
sinusoidal current source I is

R L
!
12A 164
(A)28 A (B)4 A
(©)20A
(D) not determinable from the data
given

24. For the following circuit a source of
Vi =e?is applied.

0

W) vl
T,
O 0

T.hen the resulting response Va(t) is

grven
@)™ +e" ®)¢"
Cye'—e™ oe*n

25. Consider the following circuit:

For what value of @, the circuit shown
above exhibits unity power factor?
1
A) — e
JLC ® [NLC +R2CY
B) —Lr D)L
[VLC-- R’C?| ©) RC

26. For the a.c. circuit given below, what
is the value of [?

£ 6

8 -j120

L] .

g j60
A)1+j1 (B)1+j0
©o0-j1 D) 0+jo

Key for Set B:

0LA 02D 03A 04B 05B 06.C
074 08.C 09B 10D ILC 12.C
13A 14D 15D 16A 17D 18D
19C 20D 21D 224 23C 24C
5B 26.C :
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SET-C

0. The circuit of the figure represents a
GATE-2000

_OVO

r,
T 1.

(a) low pass filter (D) high pass filter
{c) band pass filter (d) band reject filter

C

02..A series RLC circuit has-a resonance
frequency of 1kHz and a quality factor
‘Q = 100, if each of R, L and C is.
doubled from its original value, the
new Q of the circuitis GATE- 2003

(b) 50
(@200

(a)2s
(c) 100
03 The circuit shown in the figure, with

R=1/3 Q, L=1/4H, C=3F has input
voltage v(t)=sin2t. The resulting

current i(t) is

GATE - 2004
o= 1
G l
v(t) RE LR =cC

(a) 5 sin2t+53.1%)  (b) 5 sin(2t-53.1°)
(925 sin(2t+53.1%) (d) 25 sin(2t-53.1°)

04. For the circuit shown in the figure, the
time constant t=1 ms. The input
voltage is vi=\l'2_ sin10’t. The output
voltage vo(t) is equal toGATE - 2004

U -0
o WA

vi(®) J-C va(t)
o

o—

(a) sin(10°t-45°) - (b) sin(10°t+45%)
(©)sin(10°t:53% (@ sin(10°t+53%)

05. In a series RLC circuit, R=2k2, L=1H,

and C=1/400 pF. The resonant
frequency is GATE - 2005.

(b) I/n x 10*Hz

(2)2x10*Hz
(d)2n x 10* Hz

(¢) 10°Hz

06. The RC circuit shown in the figure is
GATE - 2007

[

(a)a low-;.)ass filter
(b) a high-pass filter
© éband-pass filter
(d) a band reject filter

Emcosth\D

ACE Academy
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07. When the angular frequency o in the
figure is varied from 0 to o, the locus
of the current phasor I, is given by

GATE - 2001

it)

i \fiz(t)

%RI %Rz

TC

(a
(b) A N > 0=0
B E=E,.20°
R, Y
\4 i
A !
& .
2R, L [2
N
N\:\r’=<b
©
N L
- =0 , . - N
7 \‘/w——co
< £->|<ge>1€ g > E=Epl°
d
Ef\ o= E=F,20%
2R,
v
A -
Lo
R v
v '-
A 1,
L /!
2Ra .
vi -
\“Fw

08. If the 3-phase balanced source in the
figure delivers 1500 W at a leading
power factor 0.844, then the value of
Zy (in ohm) is approximately.

GATE -2002

3 PHASE
BALANC 7
ED
SOURCE

(2) 90 £32.44° ~ (b) 80 £32.44°
(c) 80 £-32.44°  (d) 90 £-32.44°

09. The current flowing through the
resistance R in the circuit in the figure
has the form P cos 4t, where P is

GATE -2003

M=0.75H
¥ N 1/1024F

R=3.92Q

(a) (0.189+j 0.72) (b) (0.46+j 1.90)
(c)~(0.18+] 1.90) (d) ~(0.192+ 0.144
10. An input voltage v(t)=10Y 2cos(t+10°)
+10V 2¢cos(2t+10°)V is applied to a
series combination of resistance R=1Q
and an inductance L=1H. The resulting

steady-state current i(t) in ampere is
GATE -2003

(2) 10cos(t+55%)+10cos(2t+10%+an™'2)
(b) 10cos(t+55°)+10V3/2¢0s(2t+55)
(c) 10cos(t-35°)+10cos(2t+10°~tan'2)
(d)rlOms(t—35°)+lO\BEcos(2t—35°)
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11. The transfer function
of an R-L-C circuit is given by
10°
H6)= 25067105 The Quality

factor(Q-factor) of this circuit is

_ GATE - 2004
@325 (6)50 -
(c) 100 (d) 5000

12. Consider the following statements
S1 and S2 S1 : At the resonant
frequency the impedance of a series
R-L- C circuit is zero S2 : In a parallel
G-L-C  circuit, increasing the
conductance G results in increase in its
Q factor. Which one of the following is
correct?
GATE - 2004

(a) S1is FALSE and S2 is TRUE
(b) Both S1 and S2 are TRUE

(c)S1 is TRUE and S2 is FALSE
(d)Both St and S2 are FALSE

13. For the circuit shown in the figure, the
instantaneous current i;(t) is
. . GATE - 2005
Q- -JZQ
ll

540°A6> J‘;T 3 (Pocs

103

105 ®) > L9

(a) —490°

(c)5266° Amps (d) 5£-60° Amps

ACE Academy
14. Impedance Z as shown 1n the given
figure is GATE - 2005
J5 i2

@pe . mie
©jve - (@399

15. Two series resonant filters are as
shown in the figure. Let the 3-dB
bandwidth of Filter 1 be B, and that of
Filter 2 be B,. The value of By/ B, is’

GATE -2007
ﬁl Ly
11 A 1LS
+ +
\'A R§ v,
“Filter 1

C=4C, L2=Ll1/4

\2 R§ v,
- Filter 2 y
(a)4 - (b1
© % (d) %

Bl
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16. In the AC network shown in the figure,
the phasor voltage V g (in Volts) is

GATE - 2007
50 50
230° AQP
30 T 3Q
=
(@)0 (b) 5.£30°
©12.5230°  (d) 17.230°.

17. An AC source of RMS voltage 20 V
with internal impedance Z; =(1 + 2_|) Q
feeds a load of impedance
Zy= (7+ 4j) Q in the figure below. The
reactive power consumed by the load
is : )

Z=(1+2)Q

Zi=(7+4)Q

)8 VAR ~  b)16 VAK
)28VAR  'd)32 VAR

18. The time domain behavior of an RL
circuit is represented by

di
L +Ri=Vo(1+B e®Lsin ty u(t)

For an ipitial current of i(0) = %

>

the steady state value of the current is
given by

a) i(t)—)To b iM)> e

R
c)l(t)->— (1+B) d)l(t)—)—YQ(HB)

19. The circuit shown in the figure is
energized by a sinusoidal voltage
source V| at a frequency which causes
resonance with a current of I.

[ TV

The phasor diagram which is
applicable to the circuit is

> a .
» 2

@ l I vV - Vi
Ve ’

®)
Ve
(©
Ar vl
(d
AV,
Jv Ve

L
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20. An ideal capacitor is charged to a
voltage V, and connected at t=0
across an ideal inductor L. (The circuit
now consists of a capacitor and
inductor alone). If we let

, the voltage across the
capacitor at time >0 is given by

@ Vs (b) Vocos(wot)

(c)'Vosin(a)ot) (d) Vo' " - cos(apt)

—_—

21. The transfer function of the filter
shown in the figure and its roll off --

respectively are
1Q

@) 1/(1+RCs), -20dB/decade
(b) (1+RCs), -40dB/decade
() 1/ (1+RCs), -40dB/decade

(d) {RCs/ (14RCs)}, -20dB/decade - -

KEY SET -C

oLd  02b  03a 0da 05.b
06.c  07a  08.d 09. 10.c
11b 12d  13a 14.b15.d
16.d 17, 18.

22. The R-L-C series circuit shown is
supplied from a variable frequency
voltage source. The admittance-locus
of the R-L-C network at terminals AB
for increasing frequency @ is

® 1

Re
e
©
Im §}-—
.
@ =
. lmT
@
—’
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23. In the figure given below all phasors ~ 25. The equivalent capacitance of the input
are with reference to the potential at loop of the circuit shown is
point “0”. The locus of voltage phasor
Vyx as R is varied from zero to infinity iy, - 1kQ 1kQ

is shown by ,
. 1K8
input loop )

A)2pF  (B)100 uF
(C) 200 F (D) 4 uF

Locus of Vyx

24. The resonant frequency for the given

circuit will be
‘LIF 1Q

A
T

a) 1 rad/s b) 2 rad/s
c) 3rad/s d) 4 rad/s

@




Chapter 6: Two-port network parameters
(Driving point and transfer functions)

A two- port network with standard

reference directions for the voitages
and currents is shown in Fig. 1.

Note that current entering a port is
equal o the current leaving that port.

The relation between the four variables Vi, L, Vs
aking two of them as dependent variable
independent variables. The four coefficients of the
quations are known as the two-port parameters

of two-port parameters are indicated in the

be calculated from the circuit, which is obtained

two equations in six ways by t
depend upon the other two as
independent variables inthe e
describing the network. The six sets
following table: The parameters can

1
L

1

o—

i

+ Two - port
Port1—> V, rietwork

I

after implementing either a short circuit \

I = 0) as shown in Fig. 2

Fig. 1

and I, can be described as a set of
s, which

+
v, <— Port 2

= 0 or V, = 0) or an open circuit (1= 0 or

Fig.(3) o —ve] o2  SymmetricifYa=Ys _
B Yat o 1o
“m-network - ' [Y]=[ w¥e s ] .
110 o B2 8

Name of the Exp | Interms E q..ua fon Cor;:j)i:ion
parameters ress of passivity,
symmet
Open-circuit  (z) V, I;and I | Vi=znly +Ze2lz Z12= 221
Impedance V, Landlp | Vo= 2zpuli +2Zzh Z1=22
Short-circuit ~ (y) Iy Viand Vo | 11 = yaiVi+ y12Ve Y12 Y21
Admittance- I Viand V; | Lo = y21Vi + y22Ve Yi1=Yz
T Transmission Vi [Vaand1; | Va= AV,— Bl Y[ AD-BC=1
(AB,CD) i |Veandly | Iy=CV,—Dk A=D
V, Viandly | Vy=AV-Bl AD-
Inverse transmission | I Viand Iy | L=CV;-D B’C_'=1
(A, B, C, D) A=D
Hybrid () |Vi [handVa |Vizhul+ bV hi2= -hay
L | handV, | Leholet haVs Ae=1
{ Inverse hybrid (9) I1 Viand I | 11 =guVi+gil2 g1z 912 -Oz1
. Vo | Viand L | Vo= g21V1+ Gel2 %= 1

Transmission paraméters are also called as chain parameters or general circuit

. parameters.

\
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The symbol A indicates the determinant: For example A, =det [h] = hy; ha—hyz hyg

! V=0 I =
A 4 b2
: N +

Vi Network L Vi Network \72
0_—- _o -
Fig. 2(a) Fig. 2(0) ~

"Port 2 is SC for calculating

Port 2 is OC for calculating
Y11, Y21, hiq, Bt B & D

Z11, Z21, 911, 921, A& C

I, =0 1
Vy =0 éz S é—
| s - o 3
I; Network A "V Network V,
- o— 5 .
Fig. 2(c) - Fig. 2(d)

Port 1 is SC for calculating

Yr2, Y22, G2, 922 B&D Port 1 is OC for calculating

Z12, Zo2, 12, g, A & C’

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 Y

[yl=[z]", [T1=[T]", [g]l=[h]" —> (1)
AyAz=1, Z11 Y11 = 22 Y22, A= 211/ 221, h11=B /D = 1/yy, etc.

Typical networks and parameters are given below:  Reciprocal Nw, Y= Y21 *
AR L

Ye

FYA=0,Ys=0, Yc =Y, the n-network becomes the series element shoWn in Flg “)

lo : 02 Y RY Det[y]=0 . > ®
) l={ .y Y Z-parameters are not
B defined for this network

Reciprocal and Symmetric

Fig.(5) Reciprocal Nw, 2=z
T-network 12 =( ?:Zc ZBECZCJ > @

Symmetricif Za=Zs
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IfZo=0,Zg =0, and Zc=2, ‘the T-network becomes the shunt element shown in

Fig.(6) S (5
[Z ZJ . —> (9)
[z}= det{z]=0
Z

lo 62
y-parameters are not
o o

defined for this network
Reciprocal and Symmetric
Fig.(6) Neither Reciprocal nor Symmetric
L. le & (Contains dependent sources)
+ re + r tr B
\Y Y \Y bt Te
! oo T2 en PR [h1= Och 1/(re+rd)}% ©
_ Flg. (7) Model of the CE connected transxstor
I, Ideal I, '
s 4 Vy_.nm ___ I Reciprocal
Vv, V, -, = "1, Symmetricifn=1
. - n 0 0 ny 7
o T1= (h}= >
ni{ing (m [0 4’“] [-n 0]
Fig.(8) Ideal Transformer Neither z-parameters nor y-parameters are deﬁned for
this network.

lnterconnectlon of 2-port Networks:

2-port networks with a common terminai / Na

between the input and output are quite

common.T and = netwroks ( Fig. 3 and 5)
are familiar examples. Ny
Parallel connection: This is illustrated in Fig. ¢

with 2-p011netyvorks having common ground terminal. _ l/}/ _ -

+ Fig.(9)
For this case the 1nd|v1duai—y-parameter matrices get added to give the y parameter
matnx of the overall netw
CRCEC) — ©

The individual y parameters also get added : y11 = Y11a *+ Y111, €tC.

This relation is true only when the nature of the two networks is not altered by parallel
connection. Fig.10 (a) shows a Twin —T network, which is illystrated in Fig 10 (b) as
the parallel connection of two 2 — port (3 terminat ) T- networks. Similarly Fig 11(a)
shows a bridged ~T network, which is illustrated in Fig. 11 (b) as the parallel
connection of a T-network and a n-network with only a series element Za

T4 G I/CZ
1 l 1€
b R
R Ry o
1o—L—mf T 0p  To———MW

| §R1 Tc,

Fig. 10(a_i

10—

F-tg 11(a)

__resistor of the lattice is shorted and

( lattice becoming a = network )
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M

Fig. 10(b)

Fig. 12 illustrates a 2 — port, 4 terminal
network (lattice with no common terminal)
in parallel with a 3 terminal T network
having a common terminal. Relation (8)
is not valid here because the lower

the nature of the original lattice is altered

Series connection: This is illustrated in Fig. (13) . o o N, o e
Here the individual Z — parameter matrices get added.

(- kb o

o Qo - 0]
For this relation to be true, the nature of the original Fig. (13)
networks should.not be altered by series connection. - :
Prob : Fof the parellel coririectien of two Prob : For the series connection of two

two- port networks shown in two — port networks shown in

Fig. (14), find the y-parameters. Fig. (15), find the z- parameters.

- I1a f\‘&’

2Q % N, 29%
I o
a W a

o 10
202 Ny 20
A\V—
4@ Fig. (14) Fig. (15)
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Cascade ( chain or tandem) connection :

N e .
I, ila Lo Iy — SR
~— A B oA By JJ:’eﬁu
vV H Vi V
_ 1 :Via Ca Da VZa Vn, Cb Db Zb: 2 }
,,,,,,,, Fig. (16)

Fig. (16) illustrates this connection. Here the individual T- matrices get
multiplied.

{t)={x) x ®). —qo

which is valid irrespective of whether the original
networks have a common ground terminal or not.

Note that A £ A, Ay, etc. A= A Ay + B, Cp , etc.”

‘Prob: Find the z-matrix for the circuit in Fig. (17)

L 4 - 10 4s+10
+é.+ 2‘ it #+ [21= 150 3si10 @
Fig{17) v, S01F Ve e S
By

. o=
Prob: Find the T-matrices for the circuits shown in Fig: (18) -

(1+20 ) [t 2 21 % z
m {7 | Z‘ Sy 2 2
: ‘yz . 1 YZ1+Z—1 o : 0 . O 0

@pg agy  ®

Fig. (19)
Prob: For thie circuit shown in Fig. (19) [Ta1] = [g ‘;] . Find the T-matrix for the

overall 2-port, using the castade connection and the result of the previous problem.
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SET-A .
01. The input impedance of a network 07. For the two — port shown in figure
having transmission parameter matrix 160
A'B|. + 1 +
®lc p|® v, Fea y,
(A)AIC (B) A/B e
(C) ABIDC (D)DIC The value of [h] parameter matrix is

02. The condition for the electrical
symmetry in the network is
(A)hp=-hy; (ByAD-BC=1

(C) Z12 =2 (D) A=D
03. Ideal transformer cannot be described
by

(A) h - parameter
(B) ABCD parameter
(C) g - parameter
(D) Z - parameter

04. For a two port network Y, is given by

(A) znlAy (B) zi/Az
(C) zn/Ay (D) zp/Az

05. Two,two— port networks are connected
in cascade. The combination is to be
represented as a single two port

network. The parameters of the
network are obtained by the
multiplying the individuals

(A) z — parameter matrix
(B) h — parameter matrix
(C) y — parameter matrix
(D) ABCD parameter matrix

06. z;; for the two port shown is
250 50Q

é 25Q
v, v,
0s5v,
5 5
(A)25 (B)50

)75 (D) 100

40 -40 40 40 |
(A)[-40 50} (B)[zto 50J
o l002s 0025 } |8 0.8]
( )[- 0.025  0.02 J ¢ {-0.8 0.02

08. For the two — port network shown
1, S0 el |

ynand y; | are respectively .
(A)0,0.6 (B)0.6,-02
(€©)0.6,0 . (D) 0.6,0.2

09. In a two.port network, the condiﬁon
for reciprocity in terms of ‘h’
parameters-is
(A)hyz=hy B)hy=h;

(©Ohy=-hp D) hpp=-hy

10. If the current through 1 Q is I, the

y — parameters of the network shown
in matrix form is.

1 ie
—>1 MMM OS5
+ \}Zl, +
v, “ V.
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11. Match List ~ I with List—II for the 14. The input voltage V, and current I, for SET-B
two port network shown and select the a linear passive network is given by 04. The impedance parameters Z;; and Z,
correct answer using the codes given Vi=AV;-Bhandl; =CV;- DL 01. A 2- port network is shown in the of the two — port network in the figure
below the Lists: Newre mmmridom s Solloendon mpioene figure. The parameter hy; for this are
—>i, L e e L . network can be given be
[y : 1o 702 2Q 20 20
\' §E R v, Vi Vs I —> <« 1 O—IVV\—-— —072
= : 1 o= —0 o
List I List —II Which one of the follo_wit__lg i_i the o : v, ‘ o v, IQ§ 1Q
P. 2y 71 R ' transmission matrix ‘é g of the _ _ 1o oy
Q. zp 2.R+L - P 7 ° - :
R. 2 3.R=1Ls network shown above?
S 7 AR+Is r @112 (&) +112 ®2=275 Qand 2, =025 0
o M1 o B - |1 101 (©) 312 S (d)+32 _ } _
Codes: 0 10 0 1 (b) Z” =3QandZy; = 0.5Q
P Q R 8 ~ : 02. The admittance parameter Y); in the
A1 2 1 4 01 ’0 10 2 ~ port network in figure is ©Z;=3QandZ;;=025Q
- © 0 0 ) 1 0 - 200 ,
B)2 1 1 3 : 1 L I L (@) Z1;=225Qand Z;;=0.5Q
. : , o—> —W\ «—o0
©1 1 1 4 ) ) . R
: - 15. What is the expression for hjzin -
D)2 1 3 4 respect of the network shown below? E'T 5Q IOQT E, 05. For the lattice circuit shown in the
Z : _ . figure, Z, = j2Q and Z, = 2Q. The
12. The h — parameters (hyy, hiz) of the o- o values of the open circuit impedance
two - port network shown in figure are parameters are Zu  Zo
respectively @-02mho  (b)0.1 mho -
. MW heos (©)—0.05mho  (d)0.05 mho
0 . o , .
v, j502 Vv, ' Z 03. The Z parameters Z,; and Z;, for the
_ » ) - Zo-Z 7+ 7 2 — port network in the figure are
- o waa L ®F - |
Z] + Zz 2 1 I ZOQ I
(A)2,0 - B)21 S 2
B)0,2 D)2,5 Z,+7, L -7,
_ ©z 7z Oz 50
13. The impedance matrices of two, : ' EIT T B
two — port networks are given by ' IOE
3 2)aal15 5 . T .
2 3] (525 .
If these two networks are connected in Key for Set A:(Ch.7 (network @) -6 7 = 16 o - (a) . . ® . .
series, the impedance matrix of the theory) Zy = —ITQ’ A I+j 1+) -1+j 14§
resulting two — port network will be , ' 6 4 :
. : . . . B 05. =—0Z, =—Q . ; . -
_ 01.D 02D 03.C 04B 05D ® z, HQ =7 4] 141 14] -14]
( A)[;}_ -—;SJ ®) @8 278J 06D 07D 08B 09D 10D © 7 - 6 0z - -16 o © L @ .
: . . 11.C 12B 13B 4B 15A LT haat ") _,.'J J J
C 15 2 . . : 4 4
© 5 3 (D) indeterminate @ z, = I 0;Z, = m Q
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06.For the circuit shown in the figure, the
initial conditions are zero. Its transfer
functlon
oo Hi)=

: V,()
“10kQ 10mH
——o
vy 1 v
100uF
[, —0
\ 1 5) 10°
(a’sz +10°5 +10° { ST ¥ 10°5+10°
3 6

524105 +10° V52 +10°5+10°
07. The ABCD parameters of an ideal n:l
_ transformer shown in the figure are

n 0
0 X
The value of X will be
o 'Ilt n: 1 12< o
Vi /]\ /]\ Vs,
O . —_—0
(@n ®)1/n
O @i/

08. In the two port network shown in the
figure below, Z;, and Zy; are,

respectively
I

j < nl

Q% I| Iy

@)rcandfry,  (b) 0'and - firo
{C) 0 and Bro (d) Te amd - ﬂro

-t

—o

09. The h parameters of the circuit shown
in the figure are

1 20Q 5"
(:-é M <=

+ +
Vi _ 200 V2
s - 5
0.1 0.1 10 -1
(a) ' )
0.1 03 1 0.05
30 20 10 1
© d
20 20 ) -1 0.05

10. A two - port network is represented by
ABCD parameters given by

A B
Vi _ V2
I c o)™t
If port — 2 is terminated by Ry, the

input impedance seen at poxt ~1lis
givenby:

AR, +C
( )A+BR (b) 1,
C+DR, BR, +D

(\DR +4 (d\B+ARL
BR,+C "D+CR,
KEYS:
0l.a 02.c 03.c 04.a 05.d 06.d

07. 08b 094 10d
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Two Port Parameters 95

SET-C

01. In the circuit of the figure, the
voltagev(t) is GATE-2000

10 @ 10

(a) eal_ eht (b) eat + ebt

(©)ae®-be®  (d)ae™+be

02. The admittance parameter Y|, in the 2-
port network in Figure is ..
~ GATE - 2001

4 .""L»rﬂ_'

ET 250 210 TE,

(a) -0.2 mho " (b) 0.1 mho
(c) -0.05 mho (d) 0.05 mho

03. The ABCD parameters of an ideal n:
transformér shown in the figure are

n . The value of X will be
o X GATE - 2005
Iz IZ
v, V2
n:l
(@n (b) I/m
(©)n’ ) 1/’

04. A two-port network is represented-by
ABCD parameters given by

(-8 0) [3)

If port-2 is terminated by Ry, the input
impedance seen at port-1'is given by

GATE - 2006
- A+BRp AR +C
@ <opr. ® BRD

DRL+A d ﬁ.A_RL
) BR.+C @ D+CRy

05. In the two port network shown in the
_ figure below, z;;.and z;; are, |
- respectively - GATE - 2006

1 )

) C?BII r‘.)

._(a) 1c and Pr, (b) 0 and Pr,
(c) 0 and Pr, (d) re and -Br,

06. The Z parameters Z; and Z,, for the
2- port network in the figure are
lGATE -2001
2

I‘ AMAN
o = VYWY

g 16
@ Zy= 'I—I‘Q; Ly=7%

' 6 : 4
b Zp= I—I'Q; 7y = TI'Q;

6 116

) Zn= —iTQ; 2y =-EQ;

4
(d) Z” = i‘Q Zz] Q
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07. The impedance parameters Zuand Zy;
of the two-port network in the figure
are e GATE -2003

A

A
WYYy

—0797

(a) Z11=2.75 Q and Z;=0.25 Q
(b) Z||-'=3 Q and Z|2=05 Q

(C) Zl [=3 Qand le=0_.2_5 Q
(d) Z||=2.25 Qand Z|2=0.5 Q

08. For the lattice circuit shown in the
figure, Z,=j2QandZ;=2Q2. The values
of the open circuit impedance
parameters

e .
z= are  GATE - 2004
21 In .

Zy

14 14 14 -1+
@ 7 7@ ’]
EERE N E T

09. The h parameters of the circuit shown
in the figure are GATE - 2005

SN TiTo) &

10. The driving point impedance of the

following network ~ GATE -2008
J_.
- -\-C '
P 0.2s
= . The
is given by ZFS) - 27018 2

component values are

(2)L=5H,R=0.5Q,C=0.1F
()L=0.1H,R=0.5Q,C=5F
()L=5H,R=2Q,C=0.1F
(@L=0.1H,R=2Q,C=5F

ACE Academy
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Linked Answer Questions : Q.11 to Q.12

carry two marks each. Statement for

linked Answer Questions 11 and 12:
GATE -2008

A two-port network shown below is
excited by external dc sources. The
voltages and currents are measured with
voltmeters V), V; and ammeters A, A; (all
assumed to be ideal), as indicated under
following switch conditions, the-readings
obtained are:

(1) S; — Open, S;—closed A; = 0A,
Vi=45V,V,=15V, A= 1A

(i1) S; — Closed, S;— Open, A; =4A,
Vi=6V,V,=6V,A= 0A

Two
port

N, !
Network]

11. The z-parameter matrix for this
network is

5 1 5 45
(a)[IS 15} (b){IS ]
45 15 {1545 -

. . 45 15
@[H 4? @[
15 15 1.5 45

12. The h-parameter matrix for this
network is

(a)l—s 3] (b)[—s -1 :I
-1 067 3 067
) el

1 067 3 ~0.67

13. In the circuit shown, what value of R
maximizes the power delivered to R, ?
GATE 2009

Vx v
NS

4 4
A AV .
‘Vx+

vi(l)floo :

a)24Q b)83Q )4Q dh6Q

. 14. A 2-pon.hetwork is shown in the .
figure. The parameter hy, for this -
network can be given by . '

GATE-99
I|-\——> 4+ lz
- 40 N M o4
R R
Vi - R V3
-o : —0 -
(a)-1/2 - (b) +1/2
© -312. (& +32

15. The parameter type and the matrix
representation of the relevant two port
. parameters that describe the circuit

shown are .
I — «— I

+ +

Vi ’_—“ V2

(a) z parameters,

(b) h parameters,
(c) h parameters,
(d) z parameters,
KEY SET -C

01d 02c 03b 04d 05b 06
072 08d 09d 10d 1lc 12a

Ry
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Chapter - 7: State equations for network '

. 5. Manipulate the equations in (3) and (4) as may be necessary until they appear in the

In the method of Loop (mesh) analysis, network equations are standard form of equation (2).

formulated using loop currents as independent variables, which can be determined by solving
the equations. In the method 'of nodal analysis, network equations are formulated using node-
to-datum voltages as independent variables, which can be determined by solving the
equations. Any voltage and current can be expressed in terms of either loop currents or node-
to-datum voltages.

Exa: 1. Obtain the state equations for the network shown in Fig 1.

The state and input vectors are taken as + r
Ve
2>_1i > [v1] i
xX=]H us=s|. S
: ) 's V1

A tree is selected as shown in Fig. 2 5 Fig. (1)

There is a third method of analysis known as state variable analysis,
where network equations are formulated using state variables as independent variables. Any
voltage or current in a network at any time‘t’ can be obtained by.knowing the initial state of
the system (inductor currents and capacitor voltages at t = 0). The state variables usually

selected are the capacitor voltages and inductor currents. The particular advantage of the state 4 2 _
variable formulation of network equations is that it is in a specific form especially suited for o—r
computer solution. State variable equations for a second order network with two excitations Rz
are given below: ) +

) Rz ls

X1 =a11X1+ @12 Xa+ b1g Uy + biaUz | Xp = @1 Xg + @z X2 + bpg Uy + boa Uz (1)

‘ 5 Fig.(2)
where x;(t) and x,(t) are state variables and u(t) and ux(t) are excitations in the network '

and the symbol s ¢ over a variable indicates time differentiation. These equations can be put Atnode 3 connected to C (Fig. 3), apply KCL to get node equation:

in a compact way (in vector-matrix form) as C \}c'+ i1+i,=0 (5)
> > > . :
Y=Ax+Bu @ - Apply KVL to the loop (Fig. 4), formed by the ¢hord L; to get the loop equation:

- (x). > ur | _ Liig—vi+Rilj-v.=0 (6)
where x= is the state vector, u = is the input vector .
X2 uz ) 3 Apply KVL to the loop (Fig. 5), formed by the chord L; to get the loop equation:
a= |2z o fbu b ) ) | (3) " Ll * Rollz *l) =ve + Refz %= 0 ' ™
T 1@ axn ["P 7 by by

Ve i, L
Pl S 3

A is known as Bashkow matrix (A is in general known as system matrix

where the system in the present case is the network) ) — e Ry
Extensiontoan n th order network with r excitations is stralght forward. Then x(t) is an 1 Ry
nx 1 column vector, u(t)isan rx 1 column vector, A is an n X n square matrix and B is an v+ L
n xr rectangular matrix. If there are m desired outputs (yi, ¥3, --.., Ym) they can be v _Rels
represented as an m x 1 column vector and the output equation is written as _ 5 ° —
p - put eq Fig. (4) 5 Fig. (5)
> > -
y=Cx+Du_ ) - @ Equations (5), (6) and (7) are put in the standard form of state equations (1).
where C isan mxn matrix and D isan mx r matrix. \./c=°Vc‘%:' i1-%iz+ov1+ois (8)
The following steps are followed in formulating state equations: .
l Select a tree containing all capacitors but no inductors. i1= |—1- Ve —1R—1 i1+oi, +1r Vit Ols - (9)
. )
2 The state variables are the branch (capacitor) voltages in this tree and the inductor
" currents in the chords (finks). = —1[- Ve+0ig - RTRZ t— |1_ Vi- 52 is (10)
3. Write a tiode equation for each capacitor. ' ’ ’ ’ ’ , 2 > >
Identifying these equations in vector-matrix form of state equation (2), x=Ax+Bu

4. Write a Joop equation using each inductor as a chord in the tree of (1).
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1 1
T T 0 0
1 _R 1
A=|T L ° B=|T; ©
1, _ReR 1 _Re
Lz 2 I-2 I-2
Exa: 2. Obtain the state model for the network shown: Ve

The state variables are X; = Ve, X3 =iL
Inputisw; =

KCL applied at node 3 gives
C\./c=iL. \;c:ovc"’ lC‘iL"'OVs —> (1)

: ] 4 Fig. (6) -
KVL applied to the loop gives
: . : 1 . _
LIL-VS+R.I|_+V5=0: |L="‘EVC"BL i+ Vs - (19
Tdentifying equations-(11) and (12) in the form of state equation (2)
0 X
j 13
R R L Y
L LU A O L
L L

Exa: 3 Obtam the state model of the circuit shown in Fig. (7)

Current through the capacitor, o
_2Vcl =1
Current through the capacitor, C;
2\;:2 = icl
voltage across 0.5 Q = vc1 + Ve
Current through 0.5 Q is i as the opamp is deal
ior= - (Ve +ve2) /0.5
Applying KCL at the junction of 0.01 Qand 2 F
4_?_ i@=ia+ Vo — Vi) /0.01

Fig. (7)

Putting the above equations in the standard form
Vo= -V — Ve t 0 vi

(14)

Ve =49 Ve — Ve ~ 50 Vi (15)

ACE Academy
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-1 -1
A=[49 —1] B={—5ﬁ o

If. y=vq is the output desired, the output equation in the standard form of equation (4) is
given by

y=CX , C=[11] (17)

E&A. Obtain the state model of the circuit shown in Fig. (8)

Take xy=v; and x; =iy, as the state variables and u;=v; as the input

Nodal equation with capacitor current is 2Q
Cve=iL+i1—h (18) W
Loop eq}latlon with inductor currént is . i
L 2ip+LiL+4CVetve-vi=0 | (19) 'ﬁv
voltage of node 1 =4 Cve¥ v, (20) vi {
b= (%) (4 C Ve + o) . 1) B
T i =(1/8) (vi—4Cve-ve) (22)
The above equations can be manipulated to give the state equations
ve=-15v.+4i +05v; (23)
L= 2ve-18i +4v; (24)
.' Etra(;le) e;u;ll"zl(()l:lgs 2/2 51; and i, as state variables in the circuit shown in Fig. (9), show that the
iy iz

L av o -L L]V 0
_ dt : C C .
2 X = | di 1 R e
°§;R2#= Ly _If 0 |lin]+| e
& dip| {3+ o -Rejll g
dt L, L2 j|" :
L Fig.(9) : '
= g. Equation (25)
Taking the desired outputs as y; = i, y; = h o L 1) 0_ '
. find the matrices Cand D in the standa:d 1 iL?1 Lz
ooutput equation (4). Taking the state variables| ¥* | ={ = - L_1 0 o+ )71 es
?scharge q in C, ¢;and ¢, as fluxes in the o1 ! R
inductors L;and L, show that the state o2 C 0 -2 o 0
equation is (26). L2 J{%

Equation {Z6)
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. OBJECTIVE QUESTIONS
Prob: 2. Obtain the
state 'mov.‘iel? fori_ @ Ly L LR, 1. For the circuit in the figure write the 3. Refer to the circuit shown,
. the circuits in s CR L R g s R cr ; g state equations using v, and i as state . (Gate 1996) (EC)
Fig. (10) and Fig. (11) T 1 variables. (Gate 2000) (EE) ISR L R
Fig. (10) . Fig. (11)
Solution of state equation: ?: A?-l-—B_l_? - (2)

. L > > —>
with n _s_;ate variables and r inputs. Let x(t) LN X(s), 3t)~—)U'(s)
9
Then x() > s X(s) —?(o) (27) where xz) is the initial state vector at t=0.
-> ..
GI-AXO<B e +x@) (28

Eqn. (2) is converted to
where 1 is identity matrix. ?(s) = ¢(s) B%(s) +¢(s) )_(?o) 29)

_ where §(s)= (s I-A)" . - (30)

9
Taking inverse L.T. x(?) = ¢t) * B 13) +¢ (t)_x(o) . 31
=ZSR + ZIR. (32)

where §(t) = Inverse LT of ¢(s) is known as the n x n State Transition Matrix ( STM)
Z.S.R is Zero State Response , Z.LR is Zero Input Response

The outputs are calculated using ?(t) =C )?(t) +D u(?) . 4)

e(®)

For the circuit shown in the figure abovk
choose state variables X; X3 X3 to be
iLi(1), Vea(this(t)  (Gate 1997) (EC)

(a) Write the state equations,

=
X1
=Alx [ +B e(t)ﬂ"
X3
L

(b)Ife®=0,t20,i1(0)=0, Va(0) =0,
ir3(0) = 1A. Then what would be the
total energy dissipated in the resistors
in the interval (0,00) be ?

Choosing the voltages v,(t) across the
capacitor, and the current i () through
the inductor as state variables, ie

ve(t)
t = |.
(0] IZL@J
Write thie state equation in the form-

i—tx(t)l = [AILX(0] + BIRu()]

and find [A] [B], and [u(t)]

04. Which one of the following is NOT a

correct statement about the state-space
model of a physical system?
(LE.S -2003)

a) State-space model can be obtained

only for a linear system

_b) Eigenvalues of the system represent

the roots of the characteristic
equation.

¢) X=AX+BU represents linear state-
space model of a physical system.

d) X{(t) represents the state vector of the
svstem )
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05. Which one of the following is the
correct state model for the network
shown in the given figure with

xa(t) = I(t) and xi(t) = ve(t)?
(LE.S -94)
R, L —IL

RIS C = V()
V() l

a) x.(t 1/R,cl 1/C, x,(t) Jv(t)
Xz(t) -1/L;  -Ry/L, Xz(t) 1/L,

b) x.(t Ry L, 1/cl |(t) 0 ] v(t) R
z(t) -1/1; -1/R| z(t 1/L;

c) X](t Ry L, -1/L, X](t I/Lz v(t)
Xz(t -1/Cy -1/RCy Xz(t) 0

,rdi[xl(t UR(C -1Ly El(t) {1 z]'v(o
%) |-1/C, -R2Ly| L) L 0

06. The state equation for the current I;

" shown in the network shown below in
terms of the voltage V and the
independent source V, is given by

30 02H 50

@
®)
©

@

07. Which one of the following state-space
models is-the correct representation of
the physical system described by the
differential equation
& y(t) + 4 dy(t) + 6y(t) LES-97)
ar* Tdt

a)lxi(®] [0 1}{xi®)| [0 fu()
Xz(t =-6 -4 Xz(tiql- 8
y(©) =10 {x,(0)

x(t)

S x| 0 1] x| |0]u(
xa(t) |6 4 xz(t)‘+ 8
y® =10 |x(@)

x(t)
)| xi(t]. 01 'xl(t). 0 [u(t)
Xt ~l-6 4 Xz(tJ+ 8
vy =10 [x@
x)(1)

A xe) 10 1] x ‘o u(t)

| xot) 7|6 4 xz(t)‘+ 8

vy =10 |xi(0)

|x(0)

08, With the conventional notation

" X = AX+BU for the state description
of a linear time-invariant
network, examine the validity-of the
following statements relating to the
matrix A: - - (LE.S-2003)

1. A is symmetrical if the network is
reciprocal
2. The sum of the natural frequencies
of the network is equal to the
determinant of A.
Which of these statements is/are true?
a)Both1and2 b)1only
- ¢)2only d) neither 1 nor 2

' .lI“To win the RACE join the ACE” ||

Chapter 8: Elements of Network Synthesis
(LG, RC, RL, Foster and Cauer Forms )

Parallel & Series Structures

DP Z(s) and Y(s) across .tl.1e~terminals A B

L YO=Cstl ,  z9= ¢
A B Ls —~—
O : s+l .
C'"' Fig1 Le '

1ls
L | 2 =Ls+1, Y= —L— o
Fig. 2 . Cs . s+ 1

B Y@ =1 +C Z() ———-IE
A W1 5 s)=L +Cs 5)= 3)
e — R sl
- RC
A Fig. 3 . is
| Zs)=R +1 Y(s)= —R @
f Fig. 4 Cs s+ L
RC

— W -
A B Y =1+1 , ()= — ()
’W‘L ~ R Ls . s +_lE_
A Fig. 5 -
| L
% R Fig. 6 Z(s)=R+Ls Y(s)= . ©

s + R
Bq__;L-_ o : L

Observe the similarity between the relations3 & 6; 4 &5

L C NETWORK SYNTHESIS
Foster Forms
Zs)= _(s*+1) {(s>+9) , Partial Fraction Expansion  15/16
s £ +4) L 4/9
_ Ks+ K +K s Fig. 7 -
- s -S4 € 4/15

FOSTER -1 FORM
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Ki= Z(s) =1,Ks= sZ(s) =9, Ks= s +4 Z(s) = 15
S S s>0 4

5

s> -4

Y(s)= s (s*+4)
*+1) *+9)

Partial Fraction Expansion

A
= Kis + K;s
@r D) 49 8/3 3 8/5
Fig. 8
& 378 5172
Ki=s’+1 Y(s) =3 B
2s 8 :
s >-1 " : FOSTER - Il FORM

Kz=s +9 Y(s) =5_
8
_ 29 9
The driving point function of one port network, whether impedance or admittance is given a
‘common name immittance function.

. Properties of DP immittance function, Z(s) or Y(s) of one port LC networks

1. It is a ratio of even to odd or odd ta even polynomials.
2. The highest degree terms of N(s) and D(s) differ by one. Lowest degree terms of N(s)
~ and D(s) also differ by one.
3. Poles and zeros are simple and alternate on the jo-axis. (Separation Property)
4. The residues of the poles are real and positive.
5.ReZ(jw) or Y(jw) = 0, Z(jw)=;X(0), Y(o) =} B(w)
6. The slope of the reactance (or Susceptance) curve is positive, d [X(w) or B(a))] > 0

o da
CAUER FORMS for—o < < ®
7\ = + 102 -5 qQ . R .
S+ 4> S +Jres_+ 9/s Continued Fraction Expansion,
st +4¢? N(s) and D(s) are arranged in
6sf + 9)5 +4s ( descending order
$+ 3 S
. — 1 12/5
T 5s\682+9(12 s H—
2 6 \5 _l_
9\5s ( 5s 1/ 6T _|_. 5718
2 \1 :
“5s Fig. 9
2 CAUER -1 FORM
0
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Continued Fraction Expansion,

4s+5\9+10s2+sY9 - N(s) and D(s) arranged in
9+ 9¢ 4s ascending order
RN 4
B }_ISZ + S4 4s + S3 _6_
4 4s+ 16 $$\31s
15 s 31 S+
. - 605
60/31 3
i—g l
15 s
Fig. 10 31/16 %31/15 31 315
_ 155
CAUER II FORM _1_1_
0

Poles and Zeros are given the common name, critical frequencies. P’s & Z’s at s = 0
and s.= o are classified as external critical frequencies. All other P’s & Z’s form the
internal critical frequencies. Minimum number of elements required is equal to the number

of internal critical frequencies plus 1.
F-1, F-1I, C-1, C-i1 are the realizations with minimum number of elements. Hence they are

known as canonic networks.

RC — Synthesis

2 .
Z(s)=-_(*1) (s+4) Partial Fraction Expansion
s (s+3) .
=1 +2s H =1+A+B_, A=sZ(s)=4 B=(s+3)Z(s) =2
s(s+3) s s+3 s20 3 s2-3 3
F—1FORM _ F-IIFORM
13/4 ____?/\/9/\/\ T
o—AMY | 3/2 3
.——-—| |
3R 2/3 1/2
” Fig. 11
12.
& B Fgn2

To get F - I FORM, Divide Y(s) by ‘s’

Y(s) = s (s+3) , Y(s)=(s+3) Partial Fraction Expansion
(s+l) (st4) s (stl)(st4)

Y§=A + B , A=2,B=l
s s+1 s+4 3 3
25 is
Yo =3_ + _3
s+1 0 s+l
R RC
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- e e~ ————————————— - ——————
To get C~1FORM Continued Fraction Expansion of Z(s), N(s) & D(s) in descending order Properties of RL impedance function
2,02y 4 The i i
£43 s)sz +55+ (1 i 2 e impedance expression for the RL case has the same form as the admittance expression
&+ 35 2 o—\/v\,—rv\/v—:L for_ the RC case, and RL admittance is similar to RC impedance. Then the conclusions
s 11 )Sz " ; s ( 57 Fig. 13 Ly v, reached for the RC ¢ase for impedance apply to the RL case for admittance and vice versa.
$£+2s I
25+4(2 i
s 25; o PR Function _ y o
X 4) s ( s S Ifa one-port net.work with passive elements (R, L & C) is to be synthesized,-its Irﬁmittance
s\4 . funcylon (either impedance function, Z(s) or its admiftance function Y(s) ) should be
0 specified and it should be POSITIVE REAL (PR).

To get C - Il FORM Continued Fraction Expansion of Z(s), N(s) & D(s) in ascending order
L. A function F(s) = p(s)/ q(s) is positive real if

'3's+sz> 4+5s+ s (Q_ i " 6/112 o 1. F(s) is real for real s
4+4s 3s ; ie., F(o) isreal fors=¢
3 ) 5 °'-“ ” 2.ReF(s)>0 forRes=g¢20
ls+s 3s+s2<i 1/9 1172
3 3s+ %s 11 ! : IL. Necessary conditions for F(s) to be PR
ST T o— ' _ a) All polynomial coefficients should be real and positive -
ﬁ57> _3__8 s (E_ Fig. 14 b) Degrees of numerator and denominator polynomials differ at most byl. .
;3 s c) Numc_zrator and denominator terms of lowest degree differ at most by I.
. s d) Imaginary axis poles and zeros should be simple. :
N2/ s _ €) There should be no missing terms in numerator and denominator polynomials unless
s 1_Is (1_1 all even or alt odd terms are missing ‘
2
. % s* IIL. Test for necessary and sufficient conditions
- 1. F(s) is real for real 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 i ; resi
| . PROPERTIES OF RC DP ) - o iosi:iyve, 1s poles of F(s) are simple; residues evaluated at these poles are real
Impedance function Z(s) - “Admittance function Y(s) - ' "7 iii.Re Y(jo) 20, 0< 0<®
~ 1. Poles and zeros lie on the negative 1. Poles and zeros lie on the negative
. _ -Example.1:
real axis and alternate. real axis and alternate. _

2. There must bé a pole nearest to (or at) 2. The lowest critical frequency is a zero Fs) = (s+a)/ ($+bs+c)is PR, if 1 abc20, 2b 2a
the origin s = 0 and there should be zero which may beat s=0 and the highest (s+4)/(s"+55+3) is PR as it satisfies the above conditions 1 and 2.
nearest to (or at) & = B critical frequency-is a pole, which may However the function (s +2)/(s2+ 3) isnot PR because b<a

beat s=ow. B Example .2 :
Th . = (2 2 .
3. The residues of the poles must be real and 3. The residues at the poles of Y(s) are e function F(s) = (s" +ass +a0) / (5" + bis +bg) is PR
. 2
positive. real and negative and of Y(s) / s real if abi > (Yao- Vo)

and positive Q- Test whether F(s) = (s*+3s+36)/(s2+3s + 25) is PR ornot

4.d_ Zo) <0, Zw) < Z(0)
do 4.4 Y(©) >0, Y(0)< Y(w)
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SET-A

01. The poles and zeros of a driving-point

function of a network are simple and

interlace on the negative real axis with

a pole closest to the origin. It can be

realized

(A) by an LC network

(B) as an RC driving-point impedance

(C) only by an RLC network.

(D) None N

02. Consider the following from the point
of view of possible realization as
driving-point impedances using two

passive elements : L&C or R&L or

R&C.
(5+3)
M s(s+5) @ s’(s+5)
3) _(s7+3) @) 5+5)
s2(s* +95) “s(s+3)
Among these

(A) 1,2 and 4 are realizable
(B) 1,2 and 3 are realizable
(C) 3 and 4 are realizable
(D) None is realizable

03. The driving point admittance of a
network is given by
2
4
Y(s)= S+ds+3
- os(s+2) -
The minimum number of elements
required to realise this network is
A5 ®B)2
©3 - D)4 -

04. Consider the following statements
regarding the driving-point admittance
function

Y(s)= (s +2.55 + 1)/ (s> + 4s +3)

I. It is an admittance of RL network

2. Poles and zeros alternate on the
negative real axis of s-plane

3. lowest critical frequency is a pole

" 4. Y(o) =1.3.
Which-of these statements are correct?
(A) 1,2&3 B)2&4
{C)land3 M)1,2,3and 4

05. Match List-1 with List I for the
driving-point impedance synthesis and
select the correct answer using the

_codes given below the lists:
List - I (foifii)" =~ -
P. Cauerl
Q. CauerIl
“R. Fosterl
S. FosterII
List —II (Network)
1. L in series arms and C in shuat arms

of a ladder
2. C in series arms and L in shunt arms
of a ladder
3. Series combination of L and C in
parallel '
4. Parallel combination of L and C in
series
Codes: )
P Q R S
)1 2 3 4
®)1 2 4 3
©)2 l 4 3
(D)2 1 3 4
06. The network function
+
F(s)= o ;) (52 +3) represents an
(A) RC impedance
-~ (B):RL impedance . .
(C) RC impedance and an RL
"admittance
(D) RC admittance and an RL
impedance

07. The driving - point impedance of a one
— port reactive network is given by

E+1)(E+2)
(F+1)(E+3)
s(s+2) (£ +4)
s(?+1)
© “F @+
o _!

s +1

08. If an impedance has the pole-zero
pattern shown., it must be composed of

A4

B
o e

(A) RC elements only
(B) RL clements only
(C) LC¢elements only
(D) RLC elements only

09. For an RC driving-point impedance
function the poles and zeros

(A) should alternate on real axis
(B) should alternate only on the
negative real axis
(C)-should altemate on the imaginary
axis .
(D) can lie anywhere in the left half
plane

10. Match List I with List -1 using the
codes given below :

List~ I{F(s)]

P. (s —s+4)/(s +s +4)
Q. (s+4)/(s +3s -4)
R. (s+4)/(s +6s +5)
S. (¢ +3s) / (s* +2¢ +1)

List—1I [T ype of F(s)]
1. Non - positive real
2. Non-minimum phase

3. RC - impedance

4. Unstable

3. RL - impedance

P Q R S

Al 2 3 4
®r 2 4 5
©2 4 3 1
D)2 4 1 5

11. Which one of the following is a
posmve real functlon ?
A) s(s +4)/(s +1) (s +6)
®) S(s -4)/(S +1) (s +6)
©) (s* +35* +25+ 1)/4s
D) s(s*+3s7+ 1)/ (s+1) 5+2) (s+3)
(std)
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12. The circuit shown in the fig. is

c L
1 mﬂ

L
Z(s) z Lz

14

(A) Caver 1 form  (B) Foster 1 form
(C) Cauer Il form - (D) Foster II form

13. The driving point impedance function
of a reactive network is:
Z(s) =(s*+ 4y (s + 16) /s (s+9)
Consider the following circuit in this

regard:  asieqy
— 1H
Lo
9/64F | 9/36F
i1
~1H 9/35 F
—m— [

IL. —n—
35/81H 9/6,:;-1

127H 7H92H
,____,
m
. |
. 125H. ot
127 H
—

v e b
12/5H _ -‘5/?{8_F - |moz2F

The first and second Foster forms will
be as in figures

(A)1 and ITI respectively

(B) I and IV respectively

{C) L and II respectively

(D) 11 and IV respectively

14.The first critical frequency nearest the
origin of the complex frequency plane
foranR-L driving point impedance
function will be

(A) a zero in the left-half plane

{B) a zero.in the right-half plane

{(C) a pole in the left-half plane

D) either a pole or zero in the left-halt
plane depending on the connection
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19. The driving-point impedance function
of a reactive network is:

15. Which one of the following circuits has

a driving-point impedance of
Us)=2(s"+s+ %)/ (s +s+1)?
1

——WW—— —f
@a 1 %1 %1(8) 1

16. The driving point impedance function
$+3 can be realized by

s+4 10 340
A) ngfl E'A'ﬁ
o MAH _ 13H
1.75(2_
® Loy |

L=THc=113F

(C) neither (A) nor (B) above
(D) both (A) and (B) above

17. The driving point impedance of a
network at a frequency of 1 Hz is

2j.The impedance can be realized as :

e 1
(A) 10 gy H
. A
® V2o L 1F
1H g
© i
20 %
®) 2H

18. An RC driving-point impedance

function has zeros at s=-2 and s = -5.

The admissible poles for the function
wouldbe - :
(A)s=0;s=-6 B)s=-1;5=-3
(C)s=0;s=-1 (D)s=-3;5=4

ACE Academ

2(s® +1)(s*+3)

s(s°+2)" -
Which one of the following.diagrams
realizes the Cauer network for the
above Zp(s)?

Zp(s)=

e 2F 1/4|§F_%1/12H'

1/12F

(®) ‘I‘

' 1/8F
1/4F T

TAH 1784 L .
© - 1/4H % % 1124

2H 8H

o TI1/4F Tl 112F

20. Match List -1 and List — I and select

the correct answer using the codes
given below the lists:
List-1I
P. (-s+1)/(sP+s +1)
Q. (SS+s+1)/(sP-s +1)
R. (s?+4s+3) /(s> +6s +8)

List—1II
1. RL admittance
2. RL impedance
3. Unstable -
4. Non-minimum phase ;
P Q R
(A) 1 2 3
®) 1 4. .2
©) 4 3 2
D) 4 3 1

ACE Academy
21. The driving point impedance of a
network is given by ’

s’ +4s5+3
X s(s+2)
The number of energy storing

clements present in the network is
@r  ®2 ©3 D)4

- Key for Test 6:

LB 2D 3D 4B 54 6.C
7B 8D 9B 10.C 11.A 12.B
13.A 14.A 15.A 16C 17.A 18B
19.D 20.C 21.B

SET-B

01. A pole of driving point admittance

function implies

{(A) zero current for a finite value of
driving voltage

(B) zero voltage for a finite value of
driving current

(C) an open circuit condition

(D) none of (A), (B) and (C) mentioned
in the question :

02. Cauer and foster forms of realizations
are used only for
(A) driving point reactance functions
(B) transfer reactance functions
(C) driving point impedance functions
(D) transfer impedance functions '

03. Driving point impedance ,
- 7 = S!S +1 !
©) £+4
is not realizable because the

“(A) number of zeros is more than the
number of poles. '
(B) poles and zeros lie on the
imaginary axis.
(C) poles and zeros do not alternate on
'imaginary axis.
(D) poles and zeros are not located on
" thereal axis.

. 04. Poles and zeros of a driving point

".

Elements of Network Synthesis . 1i3

function of a network are simple and
interlace on the jo axis. The network
consists of elements

(A)Rand C
(ORandL

(B)Land C
(D)R,LandC

05. A Hurwitz polynomjalhas
(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 jo axis only.

06. The driving point impedance Z is given
by 3
— W ——

—
Z

T
Q
o

MK 533

S+

©OK; |
S+ 7 S+ 3
07. The driving point funétion of the cirquit
~ shown in the given figure when s3>0
ands—co,(the elements are
normalized) will respectively be

0750 . ithi

2y =05 F Ao
R

(A) /s and 2/s
() 0.75 and 2/s

(B) s and 0.75
(D) 2/s and 0.75
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08. For a driving p@iﬁf impedance function

=+ 4
ZS) =§;—g— . the voltage will lead the
current sinusoidal input, if

(A) 0. & P real possitive and o> B

'(B) o is real positive and f is real

negative and o> B

(C)a and B are real positive and B o

09. The driving point impedance function

10.

1

-

s+25+2

Z(S)—‘- Trstl can be realized as a

(A) R-C network
(B) R — L network

(C) L - C network

(D) R — L - C network

Voltage transfer function of a simple
RC integrator has
(A) a finite zero and a pole at infinity
(B) a finite zero and a pole at the
origin ' _
(C) a zero at the origin and a finite
_ pole
(D) a zero at infinity and a finite
pole

. Match the List — I (Network) with -

List — IT (Poles of driving — point
impedance) and select the correct
answer using the codes given below
the :

"Lists:
List—1 List—1I
" P.LC 1. Negative real
"Q.RC 2. imaginary .
R.RLC 3. Either real or complex
S:RL
“Codes:
P Q R S
@ 2 3 1
®)1 2 i 3
)2 1 1 3
1 3. 1

©2

o

D) and f} are real negative and > o

12. Z(s) for the network shown in the

figure is

24 6s+
%s) _ 3G 6s+8)

s“+4s+3
The value of C and R are, respectively

(A)1/6Fand 4 Q
(BY2/9 F and 92 2
(C)2/3Fand 112 Q
(D)12Fand1Q

(S

* 13. The functions +2 + ;S)’—can berealized

(A) both as a driving point impedance
and as a driving point admittance

(B) as an impedance, but not as an
admittance :

(C) as an admittance, but not as an

impedance

(D) neither as an impedance nor as an

admittance

14. Which one of the following statements
is not a property of R — L driving point
.. impedance?

(A) The first critical frequency at the
' origin is a zero
(B) The last critical frequency is a pole
(C) the impedance at S = oo is always
" . "less than the impedance at S = zero
(D) The slope of the impedance curve
is positive at all points

15. The correct sequence of the time
constants of the circuits shown below

in the increasing order is
R
. ROt 2 'mﬁ L
R 2 ot
3 mﬂ E:uz::a 4 R E:L::?l
] .
(A)1-2-3-4 ®)4-1-2-3
3-1-2 D)4-3-2-1

. (C)4-

ACE Academy

16. For the network shown in the figure
given below, what is the value of Z(s)?

O~
w
= 2(s) =IF []m
1H
o~
2
$+25+2 s+2
Ar 5 B+
s+1 (s+1 [2
Oz D) s¥2)

17. Which one of the following functions is
an RC driving point impedance?

: A3 (s+4) (s+3)(s+4)
| W e Perner

+3(+4) MLt (s+4)
O+ 06+ Perneny)
18.P(s)=s'+s* +2s? +4s+3
Q(s)=5"+35 +s
Which one of the following statements
is correct for above P(s) and Q(s)
~ polynomials?

(A) Both P(s) and Q(s) are Hurwitz
(B) both P(s) and Q(s) are non —
Hurwitz oo
_(C) P(s) is Hurwitz-but Q(s) is non— _
Hurwitz
(D) P(s) is non — Hurwitz but Q(s) is
Hurwitz

19. Consider the following expression for
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20. Match List — I {form) with List —1I

(Method) with respect to the synthesis
of R — C driving point function

Z(s) = 1/y(s) and select the correct
answer using the code given below the
lists:

List -1 L7

P. Foster I form
Q. Foster II form
R. Cauer I form
S. Cauer II form

List—1I
1..Continued fraction expansion of Z(s)
around s = o '
2. Partial fraction expansion of Y(s)/s
3. Continued fraction expansion of Z(s)
“around s =0
4. partial fraction expansion of Z(s)
Codes:
P
A)1l
(B)4
O1
D)4

Nuwmo
—_— = Y

WNNNWW,m

21. The lowest and the highest critical

frequency of an R — L driving - point
impedance are, respectively
(A) a zero, a pole

_ (B)apole,apole

(C) a zero, a zero
(D) a pole, a zero

the driving point impedance:

+DN+4
ss+1)(s+2)

(1) It represents an LC circuit.
(2) it represents an RLC circuit.

(3) it has poles lying on the jo axis.
(4) it has a pole at infinite frequency
and a zero at zero frequency.

the correct statement are
(A)2and4 B)1and3
{C) land 4 (D)2and 3

AS

Key Set B:

0LB 02.C 03.C 04B 0SB 06.C

.07.B 08.C. 09.0 10D 11D I12.A

13.A 14.C 15.C 16.C 17D 18D
19.B 20.D° 21.A
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SET-C

01. The first and the last critical frequency
of an RC-driving point impedance -.-

function must respectively be - . '
GATE - 2005

(a) a zero and a pole
(b) a zero and a zero
———(¢)-a pole and a pole
(d) a pole and a zero

02. The first and the last critical
frequenc1es (singularities) of a driving
point impedance functieti of a passive
network having tow kinds of elements,
are a pole and a zero respectively. The
above property will be satisfied by

GATE - 2006
(a) RL network only
(b) RC network only
(c) LC network only
(d) RC as well as RL networks

03. A negative resistance Ry.g is connected
to a passive network N having driving
point impedance Z;(s) as shown
below For Za(s) to be positive real,

GATE - 2006

Rneg

Zy(s) Zy(s)

() [Riegl <ReZa0), Yo
' (0) Reeg < Z1GG00), Vo

(©) Recg) € ImZo), Vo

(d) Raegl < £Zi(j), VO

04. The driving-point impedance Z(s) of a

network has the pole-zero locations are
" shown in the figure. If Z(0)=3, then
Z(s) is
Im GATE 2003

Ye--:q 1. s-plane
B IE Re
-3 -1
X----1-1
3(s+3)
@ s*+2s+3
2(s+3)
®) +23+2
© _2(2:.)_
)
§*-2s-3
KEY-SET C

01.d 02b 03a 04. b

Chapter 9: Transmission Criteria

Consider the first order system:
A simple R-C low pass fitter
as shown in Fig. 1 o c

v;_ k —[- . V—i(t)

+ R : +

When the input is a step voltage-as-shown in fig(2), with an instantaneous jump of voltage by
one volt att=0, the capacitdr output voltage vy(t) will not rise instantaneously at t = 0 from
zero initial capacitor voltage to one volt. As the capacitor voltage cannot change
instantaneously the qutput rises from 0 to 1V, according to the exponential rise as shown in

Fig (3). vo(t)=1-¢" fort20,t=RC (1)

vtt)
i(t
"(])1___ Doy
0.63 [~
—_t / —> t
0 . o . _

Fig. 2
Fig.3

Rate at which the capacitor voltage rises is specified by parameters like time constant (), rise

time (t;) and delay time (tq).

Time constant (t) is defined as time during which' the response rises to 63% of its
final value. It is also defined as the time during which the response reaches the final value, if
it is assumed to rise with its initial slope, 1/. Rise time (t;) is defined as the time taken for the

response to rise from 10% to 90% of its final value.

t=t-t, 127 =09, and 1-e"/* = 0.1
=231, t;=0.17, t,=221=22RC )

Delay time {t) is defined as the time during which the response reaches 50% of its final .
value.

ts = In(2)t = 06931 3)

1, t, & t4 are known as transient response or time domain response specifications.

Consider the frequency response H (o) or H (f ) of the same system.
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Vp (o) = H@)=H() =1 __,0=2nf @ 12N Alo)

Vi 1+jRCo /____ 0.707
Mag. Response A(w) = {H(®)| = 1 (5) - —> @

oA+ RCa’ o o
is shown in Fig.4 Fig. 4

Phase Response 8(0) = /H(0)= -t (RC)  (6) G
isshowninFig.5 .. 2.
For distortion less transmission of a signal through a system,
the system should respond to input such that o Se
vo(®) =Kvi(t-t) SN )] 0 :
in the time domain and _____»______:Zt_/f‘ ______________________
H(f)=H (o) =Kexp (Hjot) - ®) -n/2 o
where K is constant and ty is time delay Fig.5
i.e A(m) =K ( constant with frequency) ()]

. and 0 (@) = - too, varying linearly with frequency  (10)

For the RC low pass system considered above A() is not constant and 6 () is not a linear
function of ® and hence the output is a distorted version of the input.

The rate at which of the magnitude response is decreasing with frequency is specified
by 3dB cut-off frequency o - ¢ is defined as the frequency at which the magnitude response
reaches 1 / V2 times the initial value (or at which the response is down by 3dB from the
‘initial value at ©=0).

o.=1/RC) =1/1, f.=1/2aRC)= VQ@rt) - - (D
Note that rise time f,=2.21= 2.2 / 0.=035/f, , tallf, (12)
. L (t
‘A pulse put and the response is shown in Fig:6. Observe the / A
distortio caused by the system on the input. 1
Vo (1
Let t, be/the rise time for exponential rise during the pulse k
width ffom t = 0 1o t,. To minimize distortion << t, b S
0 tp
Fig. 6
Distortion is said to be tolerable or the output is reasonable
reproduction of the input, if t; = 0.35 1£,=035t,,0r f.=1/%
As a rule-of thumb pulse shape is preserved if fo~ 1/ pulse width (13)

if a 0.5 ps pulse is to be reasonably-reproduced, f; of the fitter should be approximately 2
MH7

For a cascade of two systems of rise times. ty and t; , the overall rise time is given by the
empmcal relationship.
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t=105Vty 4 tp - (14)
=105ty VI+K, (15)
where k=tn /ty
=149t , 16)
for ty=tq

L
If the rise time ty of an _input wave form is measured by C.R.O with rise time t , the
observed rise is more than the actual rise time by approximately 50% for t,; = t,. according to
the above formula. The actual measurement shows that the observed rise time is 53% longer
than the rise trme of the mput waveform. If t< ; tn the observed rise time differs from the
rise time of i mput wave form by less than 10%. Hence CRO used for rise time measurement
should have a bandwidth at least three trmeg'the bandwidth of the circuit under test.

Referring to'an LTI system with trans_fer_f\ulction (or system function) H(e) or H(f), both
equations (9) & (10) should be satisfied: For a bandpass system with center frequency, f;
and bandwidth, 2W, Let A{o) be constant but 8(w) is nonlinear as shown in Fig. 7.

For such a system causing distortion on the input,

Phiase delay or Carrier delay, ,= - 8(e) = —6(f) )
e 2nf,

: A’singte~tone (frequency) cos(wct, undergoes delay as cos{oc(t- )]  (18)

Whereas a low pass message srgnal m(t) with a group of fréquencies,

7 undergoes Group delay =1, = — d w) = -do) (19 8(w)

- : . . do 2ndf

A”bandpasssrgnalm@eos (6;'t) undergoes delays s o
a(t=tg ) cos | @ (t- 1)} (20) —— . oS &
e, ingenera, | ]

SN
Fig7? € 2W=>]
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01. The RC circuit shown in the figure is

o—
+ R _—ic +
Vi R C v

F

(A) a low-pass filter
(B) a high-pass filter
(C) a band-pass filter
(D) a band-reject filter

102. A two — port network is said to be
reciprocal if .
A)yn=-y (B)hiz =hy,
(C)BC-AD=-1(D)A=D

03. For a2 — port reciprocal network, the
output open circuit voltage divided by

.the input current is equal to
A)B B)z12
© 17yn (D) hi

_04. Two series resonant ﬁlteré are as
shown in the figure. Let the 3-dB

band width of filter 1 be By and that of

filter 2 be B;. The value of _Br is

. B, .
Ci- Ly ?
—
+
Vi Vo
Filter 1
C=4C, L,=Ly/4
—— b
+
Vi R Vo
Filter 2
A4 B)1

©) % (D) 1/4

05. The y - parameters of the network‘
shown in fig. is given by the matrix

I
£0 I‘ 2 0+

V1 V2

- | Ys -,
e v e %)

(C)[“Y(Z Q] (D) None

-
{
/

06. The z- pérameters of the network-
shown in fig., is given by the matrix
2 I

© [g" Z L(D) None

07. The transfer function
——— H(s)=(s* - 55+100) /(s*+ 55+ 100)
represents

(A) a high-pass filter

(B) a band elimination filter
(C) a low pass filter

(D) an all pass filter

Zy Zp Zp —-Zp-
A mn| Bl 7
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08. If the transmission parameters of the
network shown in figure are A = C = 1,
B =2 and D = 3, then the value of Zin
in ohms is

‘ +
v A2 —port
: Network Vv, 10Q
Zin
12 13
(A) 13 (BFE
©)3 D)4

09. The ABCD parameters of the ideal
transformer in figure is given by the
matrix

L n:a_ b

0 4 0 (1/n)
A) Eﬂn) o] (B)[n o}
© Ewn) oJ ®) [n o]
0 n 0 (1/n)

10. The transmission parameters of atwo

port network is given by the matrix,
{2 1] IfalQ resisfor is connected in

12

series with one of the ihput leads,
then the transmission parameters of
the overall 2 port network will be

(A)B :13] S (13)[:13 g]
12 2 3
°fd  of3

11. The transfer function, T(s) =s/ (s+a)
is that of a

(A) low-pass filter

(B) notch filter

{C) high-pass filter
(D) band-pass filter

12. The transfer function of a low pass RC
network is .
(A)RCs (14RCs)  (B) 1/(1 +RCs)
(CQ)RC/(1+RCs) (D)S/(1+RCs)

13. An electric circuit contains R,L and C
in series with a voltage source. The*
current through the circuit at the
resonant frequency is Iy. The -
frequencies at which the current
would reduce to 0.707], are fo1 and
fo;. The resonant frequency of the
circuit is the
(A) geometric mean of fy and fy,
B) arithmetic mean of for and fo,
(C) difference of fy) and £,

(D) harmonic mean of f; and 1

14. A transfer function having open right-
half plane zero isa/an

(A) minimum phase function

(B) non-minimum phase function -
(C) unstable function’

(D) constant phase function

15. Frequency response of the function
T(s) = (s + 1) / (s+2) exhibits
maximum phase at a frequency (in
radian / sec.) of
(A)0 . ®1/\2

©)\2 S D)o

16. Two netwarks are cascaded through an

ideal buffer. If ty; and ty are the delay

times of the networks, then the overall
delay of the networks together will be

A) Vi 1 @)Vl + o _
© ta+ty D) (tar + )2

17. Two networks are-cascaded through an
ideal buffer. If t,; and t,, are the rise
times of the two networks, then the
overall rise time of the two networks
together will be )

AVt t @)Vt + 12
Ota+ty D) (ty +1,)/2
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18. For a reciprocal network, the two port
h - parameters are related as follows:

(A) =

B) hiz =2
©huhn - h= 1
(D) None

01. The resonant frequency of the given

series circuit s
VAR
2H 2H 2F
(A) H2n\3 Hz (B) 1/4n N3 Hz'
(C) V/an 2 Hz (D) 1/4n N2 Hz

02. If the numerator of a second — order
transfer function F(s)isa constant,
then the filteris a
(A) band — pass filter
(B) band — stop filter
(C) high — pass filter
(D) low — pass filter

03. Voltage transfer function of a simple

RC integrator has-’
(A) a finite zero and a pole at infinity.

(B) a finite zero and a pole at the.
origin.
(C) azero at the origin and a finite

pole.

(D) a zero at infinity and a finite pole.

04. For an all - pass function

(A) Zeros are in the right half plane
(RHP) and poles in the left half
plane (LHP)

(B) Zeros are in the LHP and poles in
the LHP - o

(C) Zerxos are in the LHP and poles in
. the RHP:

D) Zeroé are in the RHP and poles in
the RHP
Keyr"‘Set‘B

01.B 02D 03.D 04.A
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