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Section A : Network Theory

Q.1 (a) Solution:
Given: Z,,=Ks, Z2,,=72,, =10Ks, Z,, =100 Ks

The transmission parameters for the given two-port network N can be obtained as

A= ;—2 = % =0.1
5 ZnZon = ZnZn _ 100K*s* —100K?s” _ 0
Zyn 10 Ks
C= = -1
Zy;  10Ks
Z 100 Ks
D=7 "ok
A=01,B=0,C= L D =10
’ ’ 10Ks”’
T parameters are defined by:
vV, = AV,-BI,
I, = CV, - DI,
vV, =01V,
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Q1

1
and Il = sz —1012
We have, V,=-Z, xI,=-I, [as R=Z7; =1Q]
v, = 0.1,
[ = 1 (-1,) - 101
1~ 10Ks®W 2 2
P [1+100Ks}
1~ "2 10Ks
R ~0.11,
T T (1+100Ks)
2\ 10Ks
0.1x10Ks
or Zin = (1+100 Ks)
7 - _ K
oL in = 14100Ks
. 1 1
or, in = =
100 + 11 + L
Ks R Ls

Thus, the equivalent circuit is a parallel combination of a resistor and inductor as shown
below:

\AAAS

AN R=102Q 2 L = K Henry

1
ForK=1,R=—Q,L=1H

100

For K =105, R = 1 or-10°H1
’ 100

(b) Solution:

(i) For a magnetically coupled circuit.

X, = KyXp1Xpo

m = 0.8v5x10
5.66 Q

> X
oo
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The equivalent circuit in terms of dependent sources can be drawn as below using

the dot convention:

* If a current enters a dotted terminal in one coil, then mutually induced voltage
in other coil is positive at the dotted end.

* Ifacurrentleaves a dotted terminal in one coil, then mutually induced voltage
in other coil is negative at the dotted end.

50 /]i6612 100 75.661;
T —L D 00
30 50
5020°V (2) >11 > I,
T 40

Applying KVL to Mesh 1,
50 £0°-j5I, - 3(I, - I,) + j4(I, - 1) +5.66L, = 0
: 50£0° = (3 +j)I, - 3 +/1.66)],
B+ 1)L, + (-3 -j1.66)I, = 50£0° (1)
Applying KVL to Mesh 2,
jAl, - I,) - 3(I, - I,) - j10I, + j5.66I, - 51, = 0
jAl, - j4l, - 31, + 31, - j10I, + j5.661, - 51, = 0
-j4l, + j4l, + 31, - 31, + j10I, - j5.661, + 5, =0
(-3 -j1.66), + (8 +j6)I, = 0 (2

From equation (1) and (2), using Cramer’s rule, we get

3+j1  50£0°
3-j166 0
I, = = 8.62/-2479A

] 3451 -3-j1.66
-3-j1.66 8+ 6
The voltage across 5 Q resistor is, thus
V = 5I,=5(8.62 £-24.79°) = 431 £-24.79° V
(ij) To obtain V, across the terminals A-B, the equivalent circuit is given as
2Q A 2Q

I20\/ va >
i 240
20 40
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=0

= 4i, +4(, - 1,) + 21,
= 10i, - 4,

=0

= 4(i, - 1)) + 4,

= 8i, - 4i;

1.875 A, i,=2.1875 A
=0
= Vup

20 - 4(1.875)
125V

125V

o

>
>
>
>

<
<
<
<

AAAA
vV
i~
e}

AAAA
vV
o~
e}

=20 = |[R,=4]4=20

Test No : 1
20 - 2i, - 21, - 10 - 4(i; - 1,) - 24,
10
10
10 - 4(i, - 1) - 44,

10

10
On solving, we get i
Now, 20-2i, -V, -2,

20 - 41,
Vg
Vg
Therefore, Vi
To calculate R, or R, q
Ag‘v‘v‘v 1'4
§§ 20

B

Equivalent circuit:
1'4 ‘V‘VEV%V
240 3
B

V=125

-
=
AAAA
VVy

N
@)
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Q.1 (c) Solution:

O
N
N
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Here, an ideal voltage source is located between two non-reference nodes, so it is
considered to be supernode and KCL can be applied on the supernode. We have,

V,-V, =2V,
where, V, =V,
and thus, V, =3V,

Applying KCL both nodes 1 and 2 (supernode) at a time,

Vi-Vs Viz4 V-Vs U

2>107 = =y 1k % 1k
4+2 =2V, +2V,-2V,
V,+V,-V,=3
We have, vV, =3V, V,=V,

Substituting in the above equation, we get
3V.+V -V, =3

4V -V, =3 (1)
Applying KCL at node 3,
Va-Vi V5-Vp
+ =
1k K emA

-V, +2V, -V, =2
Substitute V, =3V ; V, = V_in above eq.
3V, -V +2V, =2
-4V +2V, =2
2V +V, =1 -(2)
Solving the equation (1) and (2), we obtain
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V. =2V, V,=5V

V,=3V. =6V
V,=V =2V
Q.1 (d) Solution:
Given circuit-I as
o o
RS
C= SrRgL T
L
(<4 O
Zin Y;n
High Q-Coil Resonant Circuit Approximated Circuit
1 . 1
y, = -+ joC+—
in R joL

l+j(o)C —i)
R oL

The frequency o, at which resonance occurs is

1
0)C-—— =0
0 oL
_ 1
o = JIC
We get Z = JoL
© 8y " " 14 joL/R-wLC
) 1
o (R + ]‘”L)(ijJ R, + jol
For the original circuit, Z., = 1 = 1+ ioR.C — w2LC
R, +joL+——— JORs
joC
k- _|_]'
= oLx| —2L — ()
1+ joR,C-w“LC
oL

Q-of the coil, = R

ocopyright: [MADE ERSY www.madeeasy.in



18 | ESE 2024: MAINS TEST SERIES MADE ERSYH

therefore, equation (i) becomes,

4+ ]
Z. = oLX : Q 5
n 1+ joR,C - w“LC
Since Q-is very high,
joL
Zin = : 2
1+ joR,C-w°LC
RC . 1
- C—
1 _ L/ ((D wL)

Flee ) [T -]

At resonance frequency m,, imaginary part is zero.

1
0 C—-——— =
0 oL 0
_ 1
o = JLC

Since resonant frequency w), of the circuit (2) for high value of Q is same as that of circuit
(1). Hence, circuit (2) can be approximated as circuit (1) for high Q with

P
- RC
. o woL
For the given circuit, Q= =
1
where 0y = & forhigh Q
1
2 -
® = Ic
1 1
Hence, C=—5-= 62 — =1.013 pF
wjL  (2mx10°)* x 25% 10
0oL 2 10° x 25 x 1072
and Q = ot _ mtx10° x 25x10 15707

R 10
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Q.1 (e) Solution:
Given, R =25Q; L=2H; C=30uF

—MWW—— B ——

~
-/
Voltage
source

Impedance of the above circuit,

Z(jo) = R+]o)L+,i: R+j(ooL——j
jo
(OL_L
Phase angle, 6 = tan ! ch
(JJL—%
tan6 = Ru)

(i) For phase angle 45° lagging,
0 = 45° (current lags voltage by 45°)

6
(u)L - 1) 2m — 107
oC/ _ 30w

tan (45°) = R = 5
6
25 = Zw—i
30w

750 o = 60 »? - 10°

6002 - 750 - 10° = 0
On solving for roots,
o, = -123 rad/sec
o, = 135.5 rad/sec
Consider only positive value,
135.5

£ = o =21.56 Hz

for frequency of 21.56 Hz, phase angle of the circuit is 45° lagging.
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(@ii) For phase angle leading (or) 6 = -45° (current leads voltage by 45°)

1
20 30x 10
o — W X
tan (-45°) 5
25 = 29—
o x30x10"

25 x @ % 30 = 2 x 30 x ®?-10°
60 w2+ 750w -10° = 0

On solving for the roots,

o, = 123 rad/sec
®, = -135.5 rad/sec
Consider only positive value,

f= 2 19571,
2

T
For frequency of 19.57 Hz, the phase angle of the circuit is 45° leading,.
Alternate Solution

The phase angle at half power-points is 45°. The power factor is leading at the lower
half-power point of frequency f, and is lagging at the upper half-power point of frequency

f

We have,
N —
Ip/N2 |=m e £oess
! L R
EB.W.E— ﬂ
! ! ! f
0 )
R tf f L L
esonan requency, = =
* 2nJLC  2m2%x30%x10°°
f, = 20.55 Hz

(i) The phase angle of the circuit will be 45° lagging at

BW R
= +— = 4+
L= f > fo 1l
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25
= 20.55+
= f 4 x 2
= f, = 21.55Hz
(@ii) The phase angle of the circuit will be 45° leading at
BW R
ho= om0 g
25
h 4m X2
f; = 19.56 Hz

Q.2 (a) Solution:
Graph of the network:

Considering the voltage source as short-circuit and the current source as open-circuit,
the graph of the given circuit can be drawn as below:

©)

(2) Q 4)

1) (6)

Selecting the branches 2, 4, 5, the tree of the graph is obtained as below:
3

-

Taking one link at a time and thus, forming a loop and taking the orientation of the link
as the orientation of the loop we have B - as follows:
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Tie Set Matrix [Bf :
Ftie set Branches
1 2 | 3|4 |5 6
[1,2,5] | 1 0 0] 1|0
2,34 |0 -1 1 [1] 0|0
[4,56] | O Oj0|-1]-1]1
Loops Branches

111 1. 0 0 1 O
B,= 20 -1 1 1 0 O
310 0 0 -1 -1 1

1 2 3 4 5 6
12 00 0 0 O
2100 50 0 0 O
Z,=3/0 05 0 0 O
4/0 0 0 j5 0 0
50 0 0 0 -j4 0
6/0 0 0 0 0 2
Hence, the loop impedance matrix,
Z = B;Z,Bf
2 00 0 0 Of1 0 O]
0500 0 01 -1 0
~ t1 0010 005 0 0 00 1 0
2= _111000001'50001—1
000_1_110000—]'401 0 -1
000 0 0 2|0 0 1]
(1 0 0]
1 -1 0
2 50 O -j4 0 001 0
Z=10 -5 5 ].5 0 0 0 1 -1
0 0 0 -5 j4 2 1 0 -1
0 0 1]
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7-j4 -5 j4
Z=| -5 10+j5 —j5|=BsZ,B;
74 -5 2+

The equilibrium mesh equation in matrix form is given by

BAIZBATII] = [BAIIVS] - [Z,)11]
[Bf] = Tie set matrix

where,

We have,

[Z,] = branch impedance matrix

I

[I] = link current matrix = | I,

[L]
[V]
Z

I3

= Source current matrix

7 =

Source voltage matrix
[BAIZ,[B,"
7 - j4

-5
74

The overall network equation will be
E where E= Bf[VS -Z,1]

zI,

Hence, the final equations are:

-5
10+ 5
_]5

o O O O O

107

j4
_]5
2+

S O O O oPN

10
10

o O O O O O

o O O U1 © O

0 0 00
0 0 0|0
0 0 o0|-=2
5 0 o0fo0
0 —j4 0f 0
0 o 2o0]
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7-j4 -5 j4 ] [10

5 10+j5 —j5 ||I,|=]10
4 =5 2+ 1, 0
(7 - 4))L, - 51, + jal, = 10 -(2)
-5, + (10 + j5)L, - j5I, = 10 (3
jal, - 5L+ 2+ j1)I, = 0 .(4)

2,3 and 4 are the loop equations.

Q.2 (b) Solution:

(i) Itis giventhatI=10 A, V,, (drop across heater) =50 V, R - (resistance of choke) =5
Qand V=200 V.

200V, 50 Hz
R, (Resi f h _ 0 5Q
1 (Resistance of heater) = 10
Hence, net resistance of the circuit is
R=R,+R.=5+5=10Q
Obviously, Ve (drop across R;) = R,; x =50V
and Vie = Rex1=5x10=50V
Also, Vi, (drop across X;, the inductive reactance of the choke)
vV, = IX, =10X, V
However, the supply voltage being the vector sum of the drops V, and V,, we have
V= (Vret Vry) H1V1

(200)2 = (50 +50)% + V7
V2 = (200)% - (100)> = V,=173.21V
17321 17321
= = =17.32Q
o T 10
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This gives the impedance of the choke as

Z = R2+X?

J5)? +(17.32)2 = 18.027 @
Thus, the impedance of the coil = 18.02 Q

The impedance of the whole circuit

= \/(Rc +Ry)* + X}

J(102 +(17.32)> =20 Q

L
Z 20

Power factor

Thus, for the given problem
Impedance of the choke = 18 Q, P.F = 0.5
(i) Maximum power transfer theorem:

A resistance load, being connected to a dc network, receives maximum power when
the load resistance is equal to the internal resistance (Thevenin’s equivalent
resistance) of the source network as seen from the load terminals.

Let R, be the resistance that is to be connected across x-y for maximum power
transfer from source to load. As per maximum power transfer theorem, R; should
be equal to the Thevenin resistance (R,,) across the terminals x-y. To find R, all
the sources are deactivated i.e. the current source is open-circuited and the voltage
source is short-circuited.

1Q 2Q 5Q
10Q 3Q = Ry,
fig. (b)
Here, R, = {[]110)+2](|3} +5
R, = 648 Q

Thus, the load resistance (R;) must be having a value of 6.48 Q for the maximum
power transfer.
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Next, the open circuit voltage (Thevenin voltage) across x-y in fig. (a) is to be

calculated. With reference to fig. (c), KCL at node (1), gives
i +iy+i, =5

ho1Q v i, 2
AAAA AAAA P AAAA . X
\AAAJ v he

15v (%) 5A<Dl 10Q 30 Vin

I3

*y
Assuming voltage at node (1) to be V.
or V—15+1+V—Vth _ 5 M
’ 1 10 2
Vi Vi =V

also, TJF Y, - 0 -(2)
On solving equations (1) and (2), we get

V, =923V

Amount of maximum power transfer is given by
Vi (9.23)°
max 4R, 4% (6.48)

Hence, for the given problem,

=329W

P

Resistance to be connected between terminal x-y for maximum power transfer is
6.48 Q

Amount of maximum power is 3.29 W.

Q.2 (c) Solution:
@i 1. Given that Pf=cos 6 =0.856,

We obtain the power angle as
0 = cos™1(0.856) = 31.12°
Given the apparent power S =12 kVA,

then the average power or real power is

P = Scos6
P =12 x 103 x 0.856
P = 10.272 kW

While the reactive power is
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Q = SsinB=12x103%x 0.517
Q = 6.202 kVAR
2. Since the Pfis lagging, the complex power is

S=P+jQ
S = 10.272 + j6.202 kVA
from, S = Vrmsl:ms, we obtain
s _ S _(10272+/6.202) kVA
sy 120.£0°
I, =856+j51.7 A=100 £31.13° A
I =100£-3113°A

Thus, peakcurrent, [ = 21,

I, = +/2(100)
I =14142A
3. the load impedance
Z = Vims = 12020 =1.2/31.13°Q
I 100« - 31.13°

rms

which is an inductive impedance.
(ii) 1. Graph of the network:

Considering the current sources as open circuit, the graph of the given circuit
can be drawn as below:

(1) ®)

4
The graph has 4 nodes and 5 branches. Assume the orientations of the branches
as shown in the graph.
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The incidence matrix is given by

Nodes Branches
1 2 3 4 5
11-1 0 0 1 O
A= 200 1 0 -1 -1
30 0 -1 0 1

491 -1 1 0 O

Let us select a tree as shown below with branches 1, 3 and 5 as twigs.

®)

“) . 0 . (4) (5)

_________

Ny
f-cutset2: [2,3,4]

f-cutsetl: [1,4]\ ! f-cutset3: [2,4,5

Twig (1) Twig (5)

The cut-set matrix is obtained as follows:

f-cutset Branches

1 2 3 4 5
1-1 0 0 1 O

Q=201 -1 -1 0
3]0 1 0 -1 -1
2. The reduced incidence matrix can be written as

10 0 1 0
Al=]0 1 0 -1 -1
00 -1 0 1

The number of possible trees is given by
N = det{[A ] [A,]T}

www.madeeasy.in
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-1 0 0]
-10 0 1 00 1 O
N=dety0 1 0 -1 -1||0 0 -1
0 0-1 0 1(1 -1 O

0 -1 1|
(2 -1 0
N = dety|-1 3 -1{;=8
0 -1 2
The number of possible trees is 8.
Q.3 (a) Solution:
4 15
Given: Z=110 3
V, =4l +1.5I, (1)
vV, = 10I, + 31, -(2)
also, V-5, -V, =0
V, =51+ V, e
vV, = -2, 4)
From equation (2) and (4), we get
I, = -2I, )
I _~_
L G =-2
Divide equation (2) by (1)
Vs 101, + 31,
ie. 2 -Gy =L
/ Vv, 4l + 151,
101 + 3(-2I4) ‘ '
Gy = 4T, +1.5(-21;) .. using equation (5)
10-6
=2y
1-3 ..(6)
from equation (5) and (6), we get
Gp = [Gy x Gl
Gp= 4% (-2)| =8
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Input Impedance,

Z.

m

Z.

m

Vy 4L +150, 45 +15(-2)

I I I
(4-3); _

L

1Q

[using equation (5)]

Now, to calculate Z_ ,, short circuit V_ and remove 2 Q resistor and apply a voltage

source V providing current I.. We get, Z_ , =

The circuit diagram becomes

X

I_.

X

_[4 15
10 3

and,

from equation (1),

from equation (2),

4l + 151,
AL + 151
1,51,

15

_7[3(

101, + 31,
) 0( ~1.5I,

ij§1+

j+3g

[using equation (7)]

..(10)
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Q.3 (b) Solution:

(i) Let usredraw the circuit

¢ 2AA5A§2 a AAAA d
AAAAJ \AAAJ
10v(®) 350 320

b
fig (a)
The Thevenin equivalent circuit across the terminals a-b can be drawn as below:
Z,=251(3+2) =2 ©
yvyvy I
_10x(@3+2) _20 <
Va=25+3+2 -3 VO 250
fig (b)
5/30Q
5/3Q
{VAVAVAV 5 Q
) | b
£ I S 1Q
-0 > 60
1V
fig. (c)
fig. (d)
The current in 5 Q resistor before the change takes place is
20
I= % ~1A
—+5
3
Now, when the resistance changes to 6 Q,
20 2
3 3 20
I'= g=—=53=77A
> +6 Bk
3 3
-3
=1I'-1=—A
Al 3
Therefore compensation source voltage is [ AZ
=1x1=1Volt
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The polarity of this source is as shown, as Al is negative. If Al were positive, the

polarity of the source will be opposite to what is given in figure.

Now let us superimpose the current due to compensation source on various
branches of the network and find out the branch current and verify the result by
solving the original network with 6 Q resistance rather than 5 Q. Initially the current

through 5 Q branch is from a to b and with the current Al, from b to a, the new
3 20

current in branch ab is 33

Now Al current to be distributed among the parallel combination of 2.5 Q and 5 Q.

3 5 2
= —X—=—
Current through 2.5 Q branch 375 o3

From a to ¢ net current,

24

23 23
Current through (3 + 2) Q branch,

325 1
23775 23
With direction a to d i.e., the net current

1+ 1 = 2—4A
23 23
The obtained results can be verified by taking 6 Q resistance in the original network

across branch ab.

5 5x6

=+

2 11

E 30 115

Net input resistance =

2 11 22
10x22 44
15 23
44 5 20
Current through 6 € branch 3 X 1 = >3
Current through (3 + 2) branch 44 X 6 = 24
23 11 23

Hence, the results are verified.

Current through 2.5 Q resistance =
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(ij) 1. The voltage drop across r, is given by

V,=1r,=10x82=82V

Voltage drop across L, is given by
V,, = IX;; =10 x 2rn x 25) x 0.01
V,, = 1570V

Voltage drop across r, is given by
V,=1Ir,=10x27=27V

Voltage drop across L,
V,, = IX;, =10(2n x 25) x 0.03
V,, =4712V

Voltage drop across r; and L, (branch-1)

vy = L2 + X}

10y(8.2) + (27 x 25 x 0.01)>
83.5V

Similarly, voltage drop across r, and L, (branch-2)

Iy + X2,

10y(2.7)% + (27 x 25 % 0.03)?
54.31V

2. Total resistive voltage drop
Ve=V, +V,=82+27=109V
Total inductive voltage drop
V, =V, +V,=157+471=628V

3. Supply voltage

=~
[

JVE + V2

Vo = J(109) + (62.8)2
V, = 1258V

impedance angle of branch-1

1N
D
iy
Il

tan~! ("’—Ll} = 10°50" = 10.83°
5]
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0, = impedance angle of branch-2
-1 (l)Lz ,
= tan | —=| = 60°11" = 60.19°
2

and

q X1+ X
P.F angle of the circuit = 0, = tan ! (”—LZ] = 30°

n + 1)
P.F

cos 30° = 0.866

Q.3 (c) Solution:
(i) Applying KVL in the left most loop,
V,-1001,-20(I,-1,) = 0
V, = 1001, + 20(I, - )

where, I, = -10I,
V, = 1001, + 20(I, + 10I))
V, = 100 I, + 220 I,
o
o= 320
10V, -V,
= -10I, = 020
Also, h 7 320 32
From the theory of ideal transformer,
-1,  -L Vo 10V,
= — = = 4+ — 10 = —
L= (;Lj 32( ) 32
10
10V, -100
Thus, V,=-R/I,= —10><( 0 )— 3 Vo
V, -100
Volt in = —=——=-3125
or oltage gain = "= 735

To find power gain, first let us calculate the power supplied (instantaneous) by the
independent voltage source (V)
Vo Vg
P.=VI =V, x—9L="0
0 Too T T0 350 T 320
Power absorbed by the load resistor (R)) is
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_100 Y’
V_22_ 37 10 _103V02

2770710 T 10
P,  10°
Power gain = ?(2) = 10oa x 320 = 312.5
So, for the given problem
Voltage gain = -3.125
and Power gain = 312.5
(i) Given circuit
i L & b= 0 liR
E;48S2

wey@® Lptve ] S0

240
z‘d%lo H

Before t = 0, a current source of 3A is connected and the switch is open. At steady

state i.e. at t = 07, capacitor acts as open circuit and inductor acts as short circuit.
The circuit in the steady state for ¢ < 0 can be drawn as below:

o

INO RN

IS
0e]
©

AAAA

VVVV

=240

AAAA
v

L 3x24
BO)= 48322~
2. V.(0)=48xi,(0)=48x1=48V = V(0"

At t > 0, the switch is closed and the step current source is deactivated (open).

A =1 (07)

The circuit at t = 0" can be drawn as below:

ic(0%) ix(0%)

18v(® M1a

AAAA

UAAA
N
=
©
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48
(0" =—=2A
3. ir(0") o1

4. UsingKCL, i (0)=-1-2=-3A

5. To calculate V (f), the circuit in s-domain for ¢ > 0 is drawn as below:

Vq(s)
240 l+
5 10s
: Ve(s) 2240
Ve(0) _48 /N € o 3
== ] Li, (0" =10
by nodal analysis,
48
)T Ve©+10 , Vels) _
240 10s 24
s
Vc(5)|:i+i+i = 1_1
240 10s 24| 5 s
) -
s+ 24+ 10s -5
O | = °
240s | B5s
48s — 240 48(s - 5)
Vels) = = =
s*+10s+24  (s+4)(s+6)
By using partial fraction expansion
48(s-5 = A N B
(s+4)(s+6) s+4 s+6
48(s - 5) 48(—4 - 5)
48(s -5 -6 —
B = 7(5 ) = M =264
s+4 |.__¢ )

V(t) = -216e74 + 264¢%; t>0
att=20.2,
0.2) = -216¢08 + 264 ¢12
0.2) = -1754V
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Q4 (a) Solution:

Given;

(s> +1)(s* +5)

Y(s) = s(s2 +3)

Cauer-I form: The Cauer-I form is obtained by continued fraction expansion of the
network function about the pole at infinity. Hence, the continued fractione expansion is

performed on Y(s). We have,

The Cauer-I form:

1

" Y(s)
5(52+3) 1

= /2 2 =0+ 4 2

(5™ +1)(s” +5) s* +6s>+5

s° +3s
$+3s) st 652 +5 (5=,

_s4t352

3% +5)s"+3s (F=2,

s3+%s

%s) 352+5(%S=Y4

352
4
5)%5(1—55‘25
%s
0
1
Z(s)=0+
/ s+ 1
Z1 / i+1
Y.
2 / 2s+1
7 4
3 is
Y, /15
Zs
1 4
3 H 15 1
OO OO
9
- 1F = =
4F
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Cauer-II form: To obtain Cauer-II Form, the polynomials are arranged in ascending
power of s. The continued fraction expansion is done about the pole at the origin. Z(s)

has no pole at origin. So, we consider Y(s).

Given,

35+5° B 1 B
2(s) = 5+65°+5* 5+65° +s*
35 +5°

Performing continued fraction expansion on Y(s),

We obtain,

The Cauer-II form,

35 +57) 5+652+s (2=,
5+%52
13 2, ay3e483( 2 =
33 59(135 g
35+ﬁ53
4 3,13 169
3% )55+t (=,
13
EER
44 50 4 _
)159(355=%
x 3
13°
0
1
=05 1
Zl 3s i.p 1
Y, 1% 169, 1
Z, /125 4
13s
Y, J/
Z5
13 13
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Q.4 (b) Solution:

® e 4 G
ST
I
KCL at Node A,
I, = [[+1,-041, =0.6l +1, (1)
Now, KVL in loop (2)
-V, +20I; = 0
V, = 20(0.6l, +1,)
V, = 12I, + 201, (2

KVL in loop (1)
V, = 5[ +02V,+V,
V, = 58I, +1.2V,
5I, = V,-1.2V,
I, = 02V, -0.24V, (3)
Putting I, in equation (2),
V, = 12(0.2V, - 0.24V,) + 201,
20I, = -24V, +3.88V,
I, = =012V, + 0.194V, ..(4)

So, comparing eqn. (3) and (4) with standard y-parameter equation
02 -0.24
W= 1012 0194

(ii) For this resonant circuit, the phasor diagram is shown in figure,

In the inductive branch, the current I; lags the voltage V and in the capacitive branch,
the current I - leads the voltage V
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Phase angle of the inductive branch,

~1| WL
¢, = tan 1(1{—)

L

Phase angle of the capacitive branch,

q)c = tan_l( 1 J
oR-C

For the two currents to be in quadrature, the below condition must hold true

0, +0c = 90°
tan~! (1)_L +tan ! 1 = 90°
RL (DRCC
oL 1
R @R-C
tan ™! L_Ofc = 90°
oL 1
1-—x——
Ry ©RcC |
oL 1
R, " oR-C
% = tan 90° =
" R,RC
1- L =0
R;R-C
L
R R. = —
L *C C
Q4 (c) Solution:
(@)
10V
!
10v(E) Sose (D24
939 V2 AAAA vV
J?_ Ji \AAA ngvgvz 1
Sos0 B Zoma
1o
V3

ocopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 1 E & T ENGINEERING | 41

Apply KCL at node (1)
Vi-Vs + Vi-V,

+2 =0
0.25 0.5
6V, -2V, -4V, =-2
3V, -V,-2V, = -1 (1)
Apply KCL at node (2),
Vo=-Vy V.
= L+-2 142
2T 05 s
I = -2V, +4V,
V, =10
where, [ = -2 =1, =2V, -20
x 0.5
2V, -20 = 2V, + 4V,
-2V, +2V, = =20
-V, +V,=-10 (2
Apply KCL at node (3)
i + 213( + u =0
0.25 0.25

8V, - 4V, +2(2V, - 20) = 0
4V, + 4V, + 8V, = 40
SV + V42V, =10 -(3)

The equations (1), (2) and (3) can be written in the matrix form as below:

3 _1 _2 Vl _1
-1 1 0|V|=|-10
-1 1 2|V, 10
3 -1 =2
A=1]-1 1 0[=A=312)+1(-2)-2(0)=4
-1 1 2
-1 -1 -2
Ay =110 1 0|=A; =-1(2)+1(-20)-2(-20) =18
10 1 2
3 -1 -2
A, = |1 =10 0|= A, =3(-20) +1(-2) - 2(-20) = —22
-1 10 2
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3 -1 -1
A, = -1 1 -10] = A;=3(20) + 1(-20) - 1(-1 + 1) = 40
-1 1 10
Using Cramer’s rule,
A, 18 Ay 40

= —=—=45V,V3=—=—=10V
Vi A 4 STOA 4

Vi-Vy 45-10
0.25 0.25

(@ii) Given, circuit has zero initial energy. At ¢t = 0-, switch is closed.

=-22A

I, =

o—— -
0 £x
+ i,(07) V(1)
%F LV 0) § 1H

=4 i
;(0) =0
V0) =0
Since inductor current and capacitor voltage cannot change instantaneously.
,(0) = 0=14,(0%
V0) = V(0" =0
At t >0, switch is opened.

i(t)

AAAA
VVVy
=

sy V(b
= ng

[ -

1
2F

by transforming above circuit into Laplace domain,

AAAA
\A
=
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V(s) = I(s) X Z(s)

2 s X g 25
where, Z(s) = R+s||= =R+ = R+—5—
5 2 s°+2
s+
s
V(S) 2s
— = R+
I(s) s2+2
05x(v2) _ 052 _
where, V(s) = 2+ (2) 240 as V(t) = 0.5sin~/2t u(t)
1 1
= = oy g2t
I(s) Grva)?  SLrov2s+2 as i(t) = te V7 u(t)
0.5v2
V(S) 52 + 2 2s
- = ———=——=R+
Iy 1 s +2
s? + 2425 +2
0.5v2(s? + 24/2s+ 2) = 2R + 25 + 2R

0.525% +25+~/2 = SR+ 25+ 2R
On comparing, R = 0.707 Q

Section B : Control Systems

Q.5 (a) Solution:
Step-I: Shifting the summing point 2 to the right of ‘G,” as shown below:

|—|Gl /L G, |
R(s) +, y A\—
®, ¢ ®, ¢ ¢ c)

Step-II: On splitting the upper combined feedback path and replacing it with individual
one, we get
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L
GlHl
RO+ B W W o
1) 7a g T s € P ©) P B i oy S0

Step-III: On combining summing point 2 and 3, we get

H
L |
GlHl
RE + AN e Y. e
ST 1e /&) L G C(s)

Step-IV: Now, shift (1 + G,) right of summing point 2 and redraw the block diagram as

follow:
—_H ]
GlHl
1+G,
1
i 1+G,
R(s) + - _
O AN ———

Step-V: Now, adding all the parallel feedback paths we get

1 GH;
J\ T1eG T1eG T
R(s) + -

® o
By using negative feedback formula,

Cl) _ G

R(s)  1+G(s)H(s)
Here, G(s) = (1 + GG,

Hs) = 1 L & + H,

+
1+G; 1+G
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C(s B (1+Gy)Gy
e
) ilasecy|1+- Lo+ Gy
1+G; 1+G
C(S _ (1+G1)G2
R(S - 1 + [(1 + Gl )G2 + G2 + G1G2H1 + (1 + Gl )G2H1]

Q.5 (b) Solution:
We have,

Closed loop transfer function,

C(s) B 10
R(s) s°+0.1s*>+10
input, r(f) = 5+ 10t + 4#2
We know that,
Closed loop transfer function is given as
C(s) G(s)
R(s) ~ 1+G(s)H(s)
Now rearrange the given transfer function to obtain the open loop transfer function,
C(s) 10 B 10
R(S) 1+ 31702 + #
s”+0.1s s“(s+0.1)
On comparison, we get
open loop transfer function,
10
Gls)H(s) = sz(s +0.1)
We have input r(t) =5 + 10t + 4> = 5+ 10t + gtz
The error coefficients can be obtained as:
k = lmG(s)H(s)
P50
. 10
= lim—————=-00
s—05°(s+ 0.1)
. 10
k= limsX =
v 520 s7(s+0.1)
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P lims? x 2 =100
2 550 s°(s+0.1)

Now, steady state error e_ is given as
e, = egte,te,
where,
e, is due to step input (A, = 5)
e, is due to ramp input (A, = 10)

e, is due to parabolic input (A, = 8)

o= M A
= 1+k, k, Kk,
5 10 8
bs T 1+oo+; 100
e, = 0.08
Q.5 (c) Solution:
(i) We have,
K

open loop transfer function, G(s) = s(1+sT)

Let the value of damping ratio is &, when the peak overshoot is 75% and &, when
peak overshoot is 20%.

We know that, peak overshoot is given as

g
M, = e_ ¢
for 75% of peak overshoot,
S
B g
100
~0.29 = —n&12
1-¢
On squaring both sides, we get,
(029 = T )22
(=]
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0.0841 = (iij—gj

0.0841 - 0.084182 = m2g2

g2 = 845x107
&, = 0.092 (i)
Similarly, for peak overshoot of 20%, damping ratio is &,
)
020 = V178
—n&p

-1.61 =
J1-83

On squaring both sides, we get

LS
1-8
2.60 - 2.6083 = n2E3

2.60 =

g2 = 0.209
&, = 0.46 ...(ii)
02
The open loop transfer function of standard 2" order system is given as s(s+—2n§con)
(K/T)
and we have, G(s) = 1
{1+
T
. 2 K
On comparison, we get ; = T
_ K
W, = A7
d 2 -1
an Eo, = T
1
&= 270,
1 |T
=7 ar\K
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1
NS
From (i) and (ii) we get,

& VK _0.092
&  JK; 046
K,
K, = 0.04
K, = 0.04 K,

or, the amplifier gain has to be reduced by a factor 1. 25.

(i) Let, & = 0.2, when gain is K}, and
&, = 0.6, when gain is K,

6 &
& Ky
02 &
06 VKq
1K
9 Ky
K, = 9K,

Ky
K2=7

the amplifier gain should be reduced by a factor of 9.
Q.5 (d) Solution:

(i) The signal flow graph representing state variables is as below:

1 1 1
s
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The state equations can be written as:

X1 T X

Xy = Xy=X; - X,

X3 = -2x, - 3x, - 4x; + 2u
Writing in Matrix form,
Xq 0 1 0 |x 0
x| =|-1 -1 1 ||xp|+]|0|u=Ax+Bu
3&3 —4 —3 —2 X3 2
and y = [1 0 ij =Cx

@ii) The transfer function of the system is given as:

C(S) -1
= ——=C|sI-A| B
HO = ) [s] - A]
s -1 0
We have, [sI-A] = |1 s+1 -1
4 3 s+2
) T
" sS°4+3s+5 —(s+6) —(4s5+1)
[sI-A]' = — s+2 s(s+2) —(3s+4)
s(s* +3s+5)+1(s + 6) )
1 s s“+s+1
1 s> +35+5 542 1
= —(s+6)  s(s+2) s

$2 +3s2 +65+6 )
—(4s+1) —(3s+4) s“+s+1

s> +3s+5 s+2 1
P +352+65+6 50 +357+65+6 s +357+65+6
B —(s+6) s(s+2) s
| +352 46546 £ +352+65+6 50 +352+65+6
~(4s5+1) —(3s + 4) s +5+1
2 +352+65+6 S +352+65+6 s +35>+65+6]
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0
[1 0 ofsi-A]"|0
2

Hence, H(s)

2

s> +35% +65+6
2s

s> +35% +65+6
2(s* +5+1)
_s3+352+6s+6_

[1 0 0]

2
s> +3s% +65+6

H(s) =

Q.5 (e) Solution:

(i) The closed-loop transfer function of the system shown in figure is

k
C(s) = s(s+b) k
R(s) ¢, K s? +bs+k
s(s+b)

Comparing it with the standard form of the closed-loop transfer function of a second-
order system,

k B 03,%
s2+bs+k 5% +2Ew,5+ >
We have, (1),% =k
or o, = Jk
26w, = b
b b
= 20, 2k
b2
- 2= 2
ie., £ P
k M LI [Given]
we Know, » = - 750 4+ iven
28\1-¢
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1 1 1
————— = 256 = = o
4E2(1-€7) w (o v v v 0
4k 4k k 4k
We have, o = 0,y1- 2£2 =15 [Given]
205 = w(1-28%) =k 1ot
- 4k
b2
225 = k——
or >
b* = 2k - 450 ..(if)
From equation (1)
b? . ) 1
K\ 4k) 256
4K
204k _ B2\ = - _
b=(4k - b%) X ..(iif)
Put value of b? in equation (iii)
(2k - 450)(4k - 2k + 450) = ﬁ
2.56
2k - 450)(2k + 450) = ﬁ
( 2.56
= 4k> - 202500 = ﬁ
2.56
10.24k* - 4k* - 518400 = 0
i = 518400 _ 988,93
6.24
Therefore, b= 2k -450 = 11.245
o, = Jk =+/288.23 =16.97 rad/sec
b 11.245
= = =0.331
S = 20k 2x1697
(@ii) Settling time
4 4 o
t = =——=0.712 sec (for 2% criterion)

°*  &w, 5.617
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L. 3 3
* o, 0331x16.97

1/2
The bandwidth o, = ©, [1 _ 082 42— 487 4+ 4¢* }

1/2
16.97[1 2% (0.331) ++/2 - 4% (0.331)% + 4 x (0.331)" }
24.295 rad/sec

= 0.534sec (for 5% criterion)

The result is
(@) For M =1.6, ®, =15rad/sec, k =288.23 and b = 11.245.

(b)For k = 288.23, b = 11.245, t = 0.712s and B.W = 24.295 rad/sec

Q.6 (a) Solution:

We have,
Open loop transfer function, G(s) = P SN s 3122:51())
Thus,
Characteristic equation of the system,
1+G(s)H(s) = 0 “H(s)=1
N 2K +5 -
s(s — (2 +K))
$2-(2+Ks+2K+5 =0 (i)

(i) Using Routh-Hurwitz criterion,

s 1 2K +5
st —(2+K)
¢ 2K+5

For stable system

-(K+2)>0 and 2K+5>0

K+2<0 and 2K > -5
-5 S -2 K

K<-2 and K>7 2

5
Therefore, the system is stable for _E <K<-2

ocopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 1 E & T ENGINEERING | 53

(i)

(iii)

In characteristic equation (i), put s = z - 1 (for analysis of poles in reference tos +1 =0
line)
then
(z-1)?-(K+2)(z-1)+ (2K+5) =0
On solving, we get
22+z(-4-K)+3K+8 =0

Using Routh-Hurwitz criterion,

2 1  3K+8

z' —4-K

2’ 3K+38

For all poles to lie to the left of s + 1 =0 line,
-4-K>0 and 3K+8>0 B
-4 >K and 3K>-8

K>_—8
3

Hence, for no value of ‘K’, both the poles lies to the left of s + 1 = 0 line.

Using Routh array obtained in part (b),

z2 1 3K +8

' -4-K
2’ 3K+38
Now, possibilities for one pole in left and one in right side of s + 1 = 0 line is listed
below:
Case-1 Case-II

2 4 22 +

zZl - or z! +

Z0 - ZO -
For Case-I:
-4-K<0 and 3K+8<0
-K<4 and 3K < -8

8 _ -

K>-4 and K< 3 ! ?8
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8

Hence, -4 <K < 3 ..(ii)
For Case-II:
-4-K>0 and 3K+8<0
-4 > K and 3K < -8

8 4 B
-4>K and K< 3 3
Hence, K< -4 ..(iif)

From equation (ii) and (iii), we can conclude that for one pole of the characteristic
-8
equation to be present in the left of s + 1 =0line -4 <K < 3 or K< -4.

(iv) According to question,

-0.125 + 0.7i and at
-0.125-0.71

Thus, characteristic equation must satisfy at s, and s,.

Poles are present at s,

)

On putting s, in the characteristic equation, we get
(-0.125 + 0.7i)> - (2 + K)(-0.125 + 0.7]) + 2K +5 =0
(-0.47 - 0.175i) + 0.25 - 1.4i + 0.125K - 0.7Ki + 2K +5=0
478 -1.5751 + 2.125K - 0.7Ki = 0

(4.78 + 2.125K) - 1.575i - 0.7Ki = 0

equating real part to zero or equating imaginary part to zero
478 +2125K = 0 -1.5751 -0.7Ki = 0
2.125K = -4.78 -0.7K = 1.575
K =-225 K = -225

Hence for K = -2.25, pole is at s = -0.125 + 0.7i.
Since s, and s, are complex conjugate poles. Therefore we get that for K = -2.25;
poles are at s, = -0.125 + 0.7i and at s, = -0.125 - 0.7i.
Q.6 (b) Solution:
(i) Lag compensator:

The lag compensator is an electrical network which produces a sinusoidal output
having the phase lag when a sinusoidal input is applied. The lag compensator
circuit in the ’s” domain is shown below:
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The transfer function of this lag compensator is

1
S+ —
Vos) _ 11~ 1
Vi) of ., L
ot
Ry +R,
where, 1= R,C and o = R,

From the above equation, o is always greater than one.

From the transfer function, we can conclude the lag compensator has one pole at

5= T This means, the pole will be nearer to origin in the pole-zero configuration

of the lag compensator.

Substitute, s = jw the transfer function.

. 1

Vo(jw) _ 1] J®T ¢
Vl(]w) o ]'(1)-|-i
T

Phase angle, ¢ = tan™! ot - tan™ awr

Since the phase of the output sinusoidal signal is equal to the sum of the phase
angles of input sinusoidal signal and the transfer function.

So, in order to produce the phase lag at the output of this compensator, the phase
angle of the transfer function should be negative.

This will happen when o > 1.
(i) Lead compensator:

The lead compensator is an electrical network which produces a sinusoidal output
having the phase lead when a sinusoidal input is applied. The lead compensator
circuit in ‘s” domain is shown below:
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1
1 5C
11
o MWW o
+ +
1
<>
e
Vi(s) Vo(s)
° o

Here, the capacitor is parallel to the resistor R, and the output is measured across
resistor R,.

The transfer function of this lead compensator is
Vo (5) st+1
Viis) — T Pst+1
R
2 .
Ri+ R,
From the transfer function, we conclude that the lead compensator has pole at
= -1/Pt and zero at s = -1/7. It has a dominant zero i.e. zero is nearer to origin

where, T=RC; = 1

than the pole.

Substitute, s = jo in the transfer function

Vo(jo) jot+1
Vi(jw) ot +1

Phase angle, ¢ = tan™! @t - tan™! fot

In order to produce the phase lead at the output of this compensator, the phase

angle of the transfer function should be positive. This will happen when 0 < $ < 1.
(iii) Lead-lag compensator:

Lead-lag compensator is an electrical network which produces phase lead at one

frequency region and phase lag at other frequency region. It is the combination of

both the lead and lag compensators. The lead-lag compensator circuit in the s domain

is shown below:

1

R, sC;
o—WW—|I °
+ +
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This circuit like both the compensators are cascaded. So the transfer function of this
circuit will be product of transfer functions of the lag and lead compensators.

2]
VO_(S) B l %) (S’El+1)
Vis) @ ( 1 J (Bsty + 1)

S+ —
Ty

where, o = 1

where, T, = R,C;; 1, = R,C,
Q.6 (c) Solution:
(i) The solution of the homogeneous state equation is given by
x(f) = ¢(5)X(0)

¢(1), the state transition matrix is computed as follows.

v L N | IR
[S—]—s()l—ll__1 a
s-1 1
0 s-1
_ A1l = L J
[sT= 4] s2-2s+1
[s—1 0 |
1 s—1
== (s—1) == ¢(s), the resolvent matrix
1y,
_ 71 a4 ] s-1
o) = L [sI-A] =L ) .
(s-1)* s-1

Il
QM
-~
NH_ o
| I |

te!

The solution of the homogeneous state equation is given by
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et 011 el xq(t)
x(t) = o(t)x(0) = ol ot [J: te! =L2(t)}

This can also be obtained by finding X(s) and taking its inverse Laplace transform,

s—-1 0 1 s—1 1
[ 1 s—JM { 1 } s-1
X(s) = ¢(s)x(0) = = =

(s—1)° (s—1)° 1
(s-1)
1
x1 (%) _ 4| s-1 ¢!
x(t) = ch(t)} =Lt [X(s)] =11 . 2 _ th}
(s-1)

(@ii) The solution of the nonhomogeneous equation called the state transition equation
is

t

x(t) = 0(H)x(0)+ [ o(t - )Bu(t)dr

0

t
o(t) [x(O) + _[(b(r)Bu(r)dr]

0
as O(t - 1) = et -7 = AL AT = ¢(1)-0(-7)

The input is a unit-step function, therefore u(t) =1

17 & ¢* 0 |[0
x(t) = o) |, |+ [l T}[ Jdm}
0
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Q.7 (a) Solution:
We have,

K
open loop transfer function, G(s)H(s) = s(s +2)

(i) Closed loop transfer function,

s(s +2)
Vos) K
Vi (s)  s(s+2)+K
Vo(s) K

Vi (s) T 242s+K ()

(i) We have characteristic equation as;
1+G(s)H(s) = 0
£+2s+K =0

On comparison with standard 2"¢ order characteristic equation,

2tw, = 2and w, =K

n

e
Il
-

From figure (ii) we get,

1414 |-

1414 -1
Peak overshoot; %Mp =71 x 100

%M, = 41.4%
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We know that,
—ng
_ g 414
Mp =€ 100
—nt
[1 _ E_,Z = -(0.88
On squaring both side, we get
2¢2
U
1-¢2 = 0.77
n2g2 = 0.77 - 0.77&2
&2 = 0.07
1
= 026 =—=
- 3
JK = 3.85
K =14.82
Hence, for M, =41.4%, K . =14.82
(iii) Here, K = 2K_..
K =29.64
Put K in equation (i)
Vo(s) 29.64
Vin(s) 8% +2s+29.64
We get, 26w, =2 o, =~/29.64
1
§ = P 0.18 o, =544 rad/sec

n

(Dd = (l)n 1—(‘;2

= 5.44./1-(0.18)°

o, = 5.35 rad/sec

e
a2
|

7= 22" 117 sec
©, 535
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Q.7 (b) Solution:

(i)

24

10

. ' ' log o
0.1 0 10 ®;

At frequency o,, the slope of the line changes from 0 dB/dec to 20 dB/dec, hence
the transfer function contains the term G, (s) givens as:

&) = (“w—J

where ®, can be calculated as below:

24-10
log —
W1
10 14
log— = >0
(OF] 0
E — 100.7
Wq
10
0

= 1007 =1.995 = 2 rad/sec

At the corner frequency of 10 rad/sec, the slope of the line again changes to
-40 dB/dec from 20 dB/dec. Hence, the transfer function contains the following
term:

1

g 3
i)
10

Now, at corner frequency of w,, the slope of line changes to 20 dB/dec from

Gy(s) =

-40 dB/dec, therefore, transfer function contains the following term:
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3
Gg(s) = (1+0)izj

where, m, is calculated as below:

2-24
-40 dB/dec = ®,
loo 22
€10
log& = 22
10 40
©, = 10%% x 10 = 35.48 rad/sec

Therefore, overall transfer function becomes
T(s) = KG,(s) Gy(s) G4(s)

K(l ’ 3(1 ’ 35%48)3
I(s) = T
(1 + 10)
We have, 20log K = 10
= 10°5 = 3.162
3.162(s + 2)(s + 35.48)° x 10°
1) = 75 (35.48)° (s + 10)°
0.035(s + 2)(s + 35.48)°
1) = (s +10)°
@ii) Given, G(s) = 1+ s
s7(1+5)(1+2s)
, 1+5jw
CU0) = 220+ jo) 1+ 2j0)
2
G| = — s
0°V1I+ o0 V1+4w
ZG(jo) = tan50 - 180° - tanlo - tan"12w
So,atw=0 |G(jw)| = o
£G(jw) = -180°
atm =-oo |G(jw)| =0
£G(jo) = -270°

ocopyright: MMIADE ERSY

www.madeeasy.in



MADE EASY Test No : 1 E & T ENGINEERING | 63

The polar plot can be drawn as below:

Re

Note:

The frequency at which the polar plot cuts the horizontal axis (i.e., 180° line) is none
other than phase crossover frequency.

atw,, ZG(jo) = -180°
. =180° + tan™'5 W, - tan~! ®, - tan~! 2w, = -180°
3w
tan ! 5w, = tan ! 7“2 =0
= 200,
5y = 3wy,
12y,
3
2 _ 2
1-20,, = 5
3 2
2 _1_=—_=
205 = 175773
_ L. 0.45rad/sec
0, = =0
GM = L
: IG( jco)|w:wpc
B 1
1+ 2507,
021+ 02 \[1+ 402,
(0.45)2\/1+ (045)% \[1+ 4x (045)% 011
) 1+ 25(0.45)2 '
In decibel G.M. = 20log !
n aecipeils, AL = T=, .
G(jo)[|, _,
pc

20 log(0.121) = -18.344 dB
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Q.7 (c) Solution:

* The open-loop transfer function of the uncompensated system is,

_ 10
f(s) - s(s+1)

Finding the phase margin of uncompensated system :

* The gain crossover frequency of uncompensated system is,

10 _
2
mgc,/1+mgc

ot +02. -100 = 0

8¢ 8¢

2

wye = 9.51 (taking only positive value)
W, = 3.1 rad/sec
* The phase of the system at ® = ® o 185

0, = -90°-tan" (o, ) = -90° - tan™'(3.1) = ~162°
* The phase margin of the uncompensated system is,
PM) = 180°-162°=18°
To design the required compensator:
(PM) pcompensaied = 18°
(PM) > 43°

* So, the compensator to be designed should be a lead-compensator and the phase

uncompensated

overall

lead to be provided at new gain crossover frequency is,
¢, = 43°-18°+¢

€ = margin of safety and it can be taken as 5° for this problem, as the gain of the
uncompensated system is rolling-off with a slope of -40 dB/decade nearer to its
gain crossover frequency.
So, ¢, = 43°-18°+5°=30°

*  The general form of the transfer function of lead compensator to be designed can be
given as,

K, (1+s7)
(I+sor)

G.(s) = ..(i)

* The value of K_ can be determined by using desired K as follows:

lim s G (s) G (s) = lim 10K (1+5T)s
5—0 s—0s(s+1)(1+sar)

K

%

10K, = 10=K,=1
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* The constant “0” can be given as,

1-sing, 1-sin30° 1-05 1

1+sing,, 1+sin30° 1+05 3

* The magnitude and phase bode plots of the lead compensator block can be given as
follows:
20log,, IG () |

-20log,, Jou

0dB

o
®,, =30°

e
[

—_

T mm\/&

* The value of w  should be selected at the new gain crossover frequency. So, at ® =
o, the gain of overall open-loop transfer function should be unity and it can be
determined as follows:

G (jo)||Ge ()| = 1
. 1
‘GC(]Q))LD:(D,,” = ﬁ
So, ‘Gf(jm)Hm=mm = Vo
0 _ Ja-L
W (1+02,) V3
o +02,-300 = 0
w2, = 16.83 (considering only positive value)
o, = 4.1rad/sec
1
= =042
TS oo
ot = 0.14
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By substituting the value of 7, at and K_in equation (i), we get the transfer function
of the desired compensator, which is as follows:

G = (1+0.425)
¢ (1+0.14s)

The open-loop transfer function of the overall system (or) compensated system is,

10(1+0.425)
s(1+5s)(1+0.145s)

Gls) = G(9)G(s) =

The gain crossover frequency of the overall system is w .= o = 4.1 rad/sec

8
The phase margin of the overall system can be calculated as,

q)gc = -90° - tan"!(® gC) -tan"(0.14 ® gc) +tan~1(0.42w0 gc)
= -136.3°
(PM) ompensated = 180° - 136.3° = 43.7°

The phase margin of uncompensated system is 18°. So, the designed compensator
improved the phase margin of the system by 25.7°.

Q.8 (a) Solution:

()

K

* open-loop transfer function, G(s)H(s) = m

* The open-loop poles are located at s = 0; -2; -5. Hence, p = 3.
* There are no open-loop zero’s. Hence, z = 0.

e The root locus on the real axis is in between

s = 0to-2and
s = -5to -
* Angle of asymptotes,
(2n +1)180°
o, = T; n=0,1,..p-z1
o = (2n +1)180°
n 3-0
o, = (2n+1)60°
o, = 60°
o, = 180°
o, = 300°

ocopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 1 E & T ENGINEERING | 67

* DPoint of intersection of asymptotes and real axis,

2real part of poles — Zreal part of zeros
p-z

Centroid =

(-0-2-5)

Centroid = 30

-7
Centroid = 3 -2.33

dK
* Break away points, —= = =0
The characteristic equation is 1 + G(s)H(s) = 0

ss+2)(s+5+K =0

K = -s(s +2)(s + 5) = -s(s*> + 7s + 10)
dK
T = s@s*7)+ (s? +7s + 10)
= 3s% + 145 + 10
K
ds
32+ 14s+10 = 0
s = -0.88; -3.79

Since, root locus is only present between (-2, 0) and (-5, —0).

Hence, -3.79 is not a valid break away point. Therefore, s = -3.79 is discarded.

jo

|
a1 X
= C
o
o
[¢]
2
//
/
/
/
U
/I 1
1
/ 3
//g‘
/ o
/
fi o
I, Oj
—_
[@)
Q

Intersection of root locus with imaginary Axis

ocopyright: [MADE ERSY www.madeeasy.in



68 | ESE 2024 : MAINS TEST SERIES MADE ERSYH

The characteristic equation
1+G(s)H(s) = 0
ss+2)(s+5+K =0
$+7s2+10s+K =0

From Routh-Hurtwiz criterion,

s 1 10
52 7 K
g 70-K

7
s0 K

For the system to be on the verge of stability

2K 0ie, K=70
K /
The auxiliary equation gives the location of poles on the imaginary axis,
7s*+70 = 0
s = +j3.16
(ii)) We have,
K

)= c+2)s+5)
characteristic equation, 1 + G(s)H(s) = 0
s(s+2)(s+5)+K =0
$+72+10s+K = 0 (i)
Now, suppose a characteristic equation of a 3rd order system having one pole at s

=-a

(s +a)(s> + 28w, s + w2) = 0
On solving we get it as,

$2 +5% (28w, +a) + s(coﬁ + 2&(10)”) +aw2 =0 ..(id)

On comparing (i) and (ii), we get
200, +a =7 >+280,=10; o> =K

according to question, we have § = 0.5
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_ . 2 —10- /2 —
o, +ta=7 ;, +aw,, =10; aw;, = K

a=7-w,
w%+(7—wn)wn =10
o),%+7(on—w% =10
o, = 1.43 rad/sec
Since, o, +ta=7
a=7-0=7-143
a =557
2 _
aw; = K

(5.57)(1.43)2 = K

K = 11.40
Q.8 (b) Solution:
(i) We have,
jo
meeeeeod 2
|_6 o
X )

The poles of a second order system are given by s = -Ew_ * jm,

Thus, -&w, = -6 and o,= 0, 1-8%2=2 ..(ii)
Eo, =6 (i)
On solving (i) and (ii), we get
o, = 632rad/sec and £ =0.95

1. Transfer function for the standard 2" order system is given as

C(s) o

R(s) ~ % +2Em,s+ 0>

C(s) (6.32)°

R(s) ~ s +2(6.32)(0.95)s + (6.32)?
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Cs) 40
R(s) ~ s* +12s+40
2. Settling time = Eo S€C  (for 2% tolerance band)
n
-2 0.66
= ¢ ~0.66sec
3. Percentage peak overshoot;
—nE
%M, = eV'% x100%
-7(0.95)

_ V1099 L 1009
7.06 x 10-3%

As & is close to 1; Mp is close to O.

4. Rise time:

— -1 — -1
£ = L‘Q’@)SQC _T—cos (0.9) sec =1.41 sec
(OF] 2

5. Delay time:

L 07  1+0.7(0.95) _ 0.6
ST, 632 T
(ii) Redrawing the circuit diagram as shown in figure below and applying Kirchoff’s

laws, we get

=
—~~
©”
)
AAAA
Vv
=
A
x
S
—~~
=
b
Il

[1] |e(®) =R, Vol

V) = LER 2, E ) =L©)R,

! S(:1 ’
As amplifier of unity voltage gain is used, it implies E,(s) = E,(s)
I
and £ = h(OR 20 Vo) = hORs
52
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[C) Ir(s)Ry I5(s) R,
Transfer function, V(s) LR+ Ol (Il(s)] X (Rl ) 1j
51 SC1
where, Iy(s) = EZ(S)l and I,(s) = Ellz(s)
Ry + o 1
2
1
E Ry +——
Th Wo(s) _ Z(S)/( 2 J R
en, =
Vi(s) E()/ Ry e 1
! sCq

E,(s) = E,(s) then, after substituting in the above equation, we get
VO (S) 1

Vi) 1+ ! 1+ !
SR2C2 SR1C1

Substituting the value of R}, R,, C, and C,, we get

Vols) _ 1 _ 52
Vi(s) (1_,_%)(14_%) (s+2)(s+1)
Vo (s) s”

(5) (s +3s+2)

1
For unit step input, B

~. :
—~
¥
~—"

I

N |
Vol®) = (s> +35+2) s
S 2 1
Vo) = (243s+2) (5+2) (s+1)
Vo(t) = LH(Vy(s))

Vo(t) = (e - eu(t)
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Q.8 (c) Solution:

The given open loop system has no poles in right half of s-plane i.e., P = 0. So for closed

loop system to be stable, the Nyquist plot must not encircle the (-1 + j0) point of the g(s)
plane.
K(jo +4) K(jo +4)(2 - jo)

G(jw)H (o) = (jw)*(jo +2) T 0?2+ j©)(2 - jw)

~K(8+0?)  j2Ko
) 2t )
0 (4+0%) o (d+o’)

Along the segment (C,) of the Nyquist contour on the jw-axis, jo varies from —jeo to +jeo.
At w = -0, G(jw)H(jw) = -0 - 0.

Atw =07, G(jo)H(jw) = -0 - joo

Atw=0", G(jo)H(jo) = -0 + jeo

At ® = +oo, G(jw)H(jw) =-0+0

So, we get points to draw an approximate Nyquist plot. The semicircular indent around
the plot at the origin of the Nyquist contour represented by

]6 3 o o o
s = =& (6 varying from -90° to 0° to 90°)
is mapped into

jo
lim K(e e’ +4)

: : copj20
e—0(e eje)(e]e +1)

00 /180° — 00 /0° — = /-180°
It is an infinite circular arc with clockwise direction. The infinite semicircular arc of

Nyquist contour (C,) is
= lim Re/ (¢ varying from +90° + 0° to -90°)

R—oo

®
|

is mapped into
. K(Re/®+ 4)
im Ty
R—e (Re/?)"(Re/*+ 1)

= (e 2

Z£-180° — £0° — £180°
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The map turns around the origin from £-180° — £0° — £180° as shown in figure below,

jo w= q+ iv
—oco +]oo

+jo<> Ref¢

G R—

o G

c .

. 170 !

o
i 0w=0

—00 —]oo

(i) Nyquist contour (ii) Nyquist plot

The point of intersection of Nyquist plot on real axis is obtained by setting imaginary
part to zero.

2Km
> (4+ 0)2)
ow=0
The value of real part at the frequency is obtained by substituting this value of w in the
real part of G(jw)H(jo) i.e.,
~K(8+ w?)
o’ (4+w0?)

—00

Based on the above information, it can be concluded that system is unstable as the Nyquist
plot encircles the (-1 + jO) point twice in clockwise direction.

Q000
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