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Section A : Network Theory
Q.1 (a) Solution:

For given circuit:

With D.C. source, inductor acts as short circuit.

Since bridge network is in balanced situation i.e.,
Zy X Zy = Zy % Zg
Now, the simplified circuit will be

2Q 5Q
2Q
AvAvAvAv . . 1 Q
I
25Q 6.25Q
10v(®)
Q
AV‘V‘V‘V
AVAVAVAV
I AV‘V‘V‘V
10
[= —————=1698 Amp
2+[7]8.75]

*Solutions updated on 14.04.2023
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Now, power supplied by source is
P=VI = (10)(1.698)
= 16.98 Watt

Q.1 (b) Solution:

Transform the given two port network into Laplace domain,

I Q 1Q I
+0 MW MW o+
"D 3D
—- 0 o —

By applying KVL in Mesh 1;
Vi-Lx1-s(I,-1;) =0
V= (s+1) -5l ..(i)
By applying KVL in Mesh 3;
-s(I,- 1) -I;x1-s(I,+1,) =
-sly+ sl - Iy -sl,-sl, = 0
I,(2s + 1) = —sl, +sl;

|
e}

S S
I - I
2s+1 ' 2541 2

I, = ...(ii)

By applying KVL in Mesh 2;
Vy,-s(,+1) =0
V, = sl, +sl, ..(iii)

Substituting equation (ii) in equation (i),

S S
1% +1I; - I - I
1 (s+ 1) S(25+1 1 2s+1 2)

s2+3s+1 L+ s I .
Vi = 25+1 P 2s+1) 2 (1)

Substituting equation (ii) in equation (iii),

S S
sl +5s I, — 1
2 (2s+1 L oos41 2)

52 I n 52‘|‘S I
Vo= 12s+1) ' | 25412 (V)
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Comparing equation (iv) and (v),

s +3s+1 52
[211 211 | 2s+1 2s+1
Zy Zyp| 52 s%+s
25+1 25+1

Q.1 (c) Solution:

In constructing the graph of the network, the current source I_ is replaced by an open
circuit, the voltage source V_ is replaced by a short circuit, and all other branches
containing linear elements are shown by line segments. The network graph is shown
below.

@ 2@

®
The graph has 3 nodes and 4 branches.

The complete incidence matrix is given by
1 2

The reduced incidence matrix is given by

1 1 0 0
A=19 1411
1 0
|1
)
0
1 0
-1 1 0 0} 1 -1
AAT =
0 -1 1 1), [0 1
0 14><2
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det[AAT]
6-1=5

A tree is an undirected connected graph in which any two vertices are connected by

No. of possible trees

only one path.

Now, drawing all the possible trees.
@ @ @ @
(@) ; (b) ;
©) ®
@® @ o @
© \/ (A )
© 3
@ @
N
®

Q.1 (d) Solution:

At t = 07, switch is open and the circuit in steady state hence, inductor acts as short-

circuit.
B 2100
S10Q :
154Q0) =0 10 Q
i(07)
i(0)
L) = 1'5X10=0.75A
L 10+10
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Since inductor current does not change instantly.
,(0) =1i,(0")=075A
For t > 0, the circuit is transformed into S-domain and is shown below,
V(s)
10Q
2100 2100
15 Z T
~O }
Is) 0.75 A
Applying KCL analysis at node V(s),
V(s) N V(s) N V(s)+0.75 15
10 10 s+10 s
V(s){i+l+ 1 } _ 15 07
10 10 s+10 s s+10
V(s) 10+s+5)  1.5(10+s)—0.75s
5(s +10) s(s+10)
Vi) = 5(0.75s +15) 1
(%) = s(s+15) -(1)

Applying partial fraction expansion on equation (1) we get,

A B
V(s) = :+s+10
4= 5(0.75s +15) _5
s+15 |
g = 5(0.75s+15) _ 105
§ s=-15
Vie) = E_ 1.25
(S) s s+15
V(s)
Now, I(s) = —10
o) = 03_0.125
®) = s s+15

Now applying inverse Laplace transform, we get,
i() = (0.5-0.125¢"1 for t >0
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Q1

Q1

(e) Solution:

The Cauer II form is obtained by continued fraction expansion about the pole at the
origin. The given function Z(s) has a zero at the origin. The admittance function Y(s) has
apole at origin. Hence, the continued fraction expansion of Y(s) is carried out. Arranging
the polynomials in ascending order of s, we have,

35t +4s? +1  1+45%+3s*
$°+3s° +5 s+3s° +8°

Yicls) =
By continued fraction expansion of Y(s), we have

s+353+s5i 1+ 4s% + 3s* (%<—Y

1+3s%+ ¢t

s2+2s4js+353+s5i%<—z

s+ 2¢°

1
s3+s5isz+254 i? —Y

P+ st

s4is3+s5i%<—z

The impedance are connected in series branches whereas the admittances are connected
in parallel branches in a Cauer or Ladder realization.

7(s) §1H §1H §1H

(f) Solution:
From circuit: Ry = Ri+ [R, || 5]
From voltage division rule:

V, = V,x Rp 5

1+R;+R, |5
Vo _ RIS
Vs, 1+ Req
R, -5
0.05 = Ry, +5
T 1439
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5R
, o 2o
Ry +5
2R, +10 = 5R,
10
R, = Ry +[R, || 5]
39 =R, +2
R, = 37kQ
Q.2 (a) Solution:
We have, V., =10cos10°% = 10£0° o =10°rad/s
1
_ ——=—720Q
C=50uF = joC J
L=10mH = joL=j10Q
Now, the simplified circuit is
5 y, G209, j0Q
VVV» II qﬂﬂr

1020°(~)

+

E e <> 41y Vo §

Iy

AAAA
\J

\AAAl
S8
o
Q

Apply nodal analysis at node V:
V;-10 +ﬁ+ Vi-V,
20 20 -j20

pll,1, 1] 1
2020 Zj20

= 0.5

V(0.1 + 0.055) - j0.05V,

Apply Nodal analysis at node V:
-Vi, 4iy + 2

-j20 30+ 10

o= +4(h) + Vz,

-j20 20) 30+;10

1V,
220

0

Lo
0 (.lo—zO\J

Vi 1+,i +j0.05V, + V2
5 20

30+10
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V1(0.2-70.05)+V, | 0.05] + =
1(02-70.05) 2{ j 30+j10} 0
V,(0.2 - j0.05) + V,(0.03 + 0.04j) = 0
0.03+0.04]
v, = (02_—]005J (=V2) ...(ii)
170
ii) in (i = —=0.148+6.48;
Put (ii) in (i), v, 0.6 262 ]
30 . 30
. = . = (0.148 + 6.48
Now; Vo= V2 (30+ j1o} ( J )(30+ j1o]
= 2.07 +5.78;
V, = 6.149 £70.25° Volt
..
Now, iy = %
0.03+0.04;
where; V, = m (=V2) ...(from eqn. (ii))
V, = [0.094 + 0.223{][-0.148 - 6.48]]
= 1.43 - 0.64
V, = 1.56 £ -24.16° volt
oo Yo 156224167 0784160 Amp
020 20
iy = 0.078 cos[10%t - 24.16°] Amp

Now; Power factor between V, and i, is
P.F = cos[0, - 0,] = cos[70.25° - (-24.16°)]
P.F = cos[94.41°]

-0.076 (lagging)

Therefore;

i) V,=6.149 £70.25° Volt

(i) i,=0.078 £-24.16° Amp

(iii) Power factor (PF) = -0.076 (lagging)

Q.2 (b) Solution:

(i) Total no. of nodes

Total no. of branches
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So, the complete incidence matrix A of the given graph will have 5 rows and

7 columns.
1 2 3 4 5 6 7
@l1 0 0 0 0 -1 1
@/-1 1 0 1 0 0
A, =@ 0 -1 -1 0-1 0
@0 0 1 -1 0 -1
®»lo o 0 0 1 1 0]

The reduced incidence matrix is given as:
1 0 0 0 0 -1 1
/-1 1.0 1 0 0 O
“lo 1 -1 0 -1 0 0
o 01 -1 0 0 -1
To find number of possible trees of a graph,

No. of possible trees of a graph = Det[AAT]

1 -1 0 0
0 1 -1 0
0 0 -1 1
A7=[0 1 0 -1
0 0 -1 0
10 0 0
1 0 0 -1
1 1 0 07
0 1 -1
1 0 0 0 0 -1 1
0 0 -1 1
11 0 1 0 0 0
Now, [AATI=] g 1 4 o0 1 0 o0 0 1 0 -
0 0 -1 0
0 0 1 -1 0 0 -1
4x71 0 0 0
1 0 0 -1,
3 -1 0 -1
4 3 1 -
[AAT] =10 1 3 4
14 1 3,
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Now, no. of possible trees = det[AAT]
3 -1 0 -1
-1 3 -1 -1
|0 -1 3 -1
-1 -1 -1 3

After solving, the determinant, we get
No. of possible trees of graph = 24

(i) Given reduced incidence matrix

1 1 0 0 0 O

0 -11 1 0 0 O

Ao 0011 1 0

0 0 0 0 0 -11

Now, complete incidence matrix A_is given as

1 2 3 4 5 6 7
@110 0 0 0 0
@0 -1 1 0 0 0
AT® 0 0 01 1 1 0
@lo o 0 0 0 -1 1
&1 0 -1 0 -1 0 -1

Now drawing the oriented graph corresponding to complete incidence matrix.
No. of nodes = 5
No. of branches = 7

No. of possible tie sets = b-n+1
where b — No. of branches
n — No. of nodes
7-5+1=3

Possible tie sets
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Q.2 (c) Solution:

At t = 0, when the switch is in position s,, the source is connected at ¢ = 0, hence the

network is in transient state.

Att=oo

The circuit is in steady state,

_ ﬂ 100
L R 100
time constant of the circuit,
L 0 2 1
~ R 100 500°
= I, () + (I(0) - I, (o)) e7/"
1+ (0 - 1)e500
=1- e—500t A

The inductor current, I

o

—~

=
|

=

—~

=
|

Voltage across inductor, V() = L It

V() = 02 d[ e—som]
V,(f) = 0.2 x 500 ¢°%"V for 0 < < 0.5 ms
i;(0.5x107%) = 1-¢0%=02212 A
V(0.5 x10%) = 1006'0-25 =7788V
Let the second switching occurs at time ' =0
Then, ¥ =t-05x1073
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E T T E, I

For time t’ > 0, the mesh equation is

. di;
Ri; (#)+L = _
ZL( ) dt/ E2
diL R . , —E2
. T =
ie. e LzL( ) [ withi(0)=0.2212 A
d, R.,, E,
+—i (') = —=2

i(t) = Ke® -05

where ‘K’ from initial condition can be obtained as

K-05 = 0.2212
ie., K = 0.7212
i(f) = 0721250 05 A
di, (1)
N = L L

V() = 0.2 x (-0.7212 x 500)e-500¢
V,(t) = -72.12¢75000 v
When t’ = 0, inductor voltage = -72.12 V

The current and voltage transients are,

i (f) v,
100 V
10 Aboommom oo \
----- 77.88 V
02212 A F---zmr-mmmmmmm e
t
| tC \ 0 tc |
B 7212V bt

www.madeeasy.in
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Q.3 (a) Solution:

(i) When resistor is in series with current source, then resistor act as redundant.

8kQ g
AvAvAvAv oa
+
2ov®  0001v,< 50kQ SV,

801

ob

Step I: To obtain short circuit current (I,)
* Remove load (if present) and replace it with short circuit.

Simplified network is given as:

8 kQ
MW a
2v(® P 801 Iy
b
2 1
I=5=ym8
I, = -80I= —806) =20 mA

Step 2: To obtain equivalent resistance across ab:

* Deactivate the dependent source i.e., current source replaced with open circuit
and voltage source replaced with short circuit.

* Remove load (if present) and replace it with open circuit.

* Keep the dependent sources and place 1 mA independent current source across
ab terminal.

8 I
AV‘V‘V‘V a
+
L ooy, & V. 250kQ 1mA
. "<> <¢>801 T
b
V., = 50[1-80I]
~0.001V,,
where, I = s
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V, = 50[1+80(%ﬂ

V,=50+05V,
vV, = 100 Volt

V,
R, = Ry=—%-=100kQ
1 N7 1mA
Step 3:
Norton’s equivalent circuit:
o a
20ma()  ER, =100k
ob
21 R ¢ .
(ii) 1. Resonant frequency, f,= 2nJLC
1
= —=0.1591Hz
fo 27
2. Damping ratio ‘¢’
R |C
=3
1
= —=0.125
s 8
3. Maximum voltage across inductor ‘V,".
_ 1 ’ 1
h 2nLC . R%C
2L
1 1
h= i . (0.25)% x1
2x1
f, = 0.1617 Hz
X, = 2nf,L =1.0116 Q
X. = t 0.988 Q
c Zﬂ;fLC

Total impedance, Z = \/Rz +(X, - Xc)?

ecopyig MADE ERSY www.madeeasy.in
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Z = 0252 Q
0
I = K=£=28.059A
Z 0.252

. Maximum voltage across inductor V,
V, =IX, =2851V

Q.3 (b) Solution:
(i) For Foster-Iform, function should be impedance function Z(s) and apply the partial
fraction method. In this case, numerator degree is lower than denominator.

Z(s) = s(sz+9)
®) = 5 2+13)
e = s(s® +9) _AstB Cs+D
®) = i) 2+13) 245 2413
After solving, we get,
L1
S 2
B=0
o1
S 2
D=0
1 1
26) = —5+t 3% = Z4() + Z,09)
2s+— 25+ —
s s
h Z,6) = o= and Zy(s) =t = —
where, s) = = and Z,(s) = =
! Y1 (s) sCq +L Y2(s) sCy +——
SLq SL2
Therefore, C,=2F and C,=2F
1 1
= —H L,=—H
STy 2726
The network is shown as:
1 1
10 26
00 oo
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(@ii) For Foster-II form, function should be admittance function Y(s) and apply the partial

fraction method. For applying partial fraction, numerator degree should be lower

than denominator.
5(52 + 4:)(52 +6) s(s4 +10s% + 24)
() = (Z13)(2+5) 4852415
Ve = s° +10s° +24s
6= e 115
s*+852+15 ) s> + 105> + 24s ( s
s>+ 8s°+15s
25>+ 9s
- 253 +95 . 253 +9s
Yls) = st+8s2+15 (s> +3)(s> +5)
. L 2Kps  2Ks
() = >+3 §2+5
2 2
4 6
Now, 2Ky = (243, .= +2)(S +6)
s°=-3 s°+5 ‘52=_3
_ s(—3+4)(—3+6)_§S
- -3+5 2
3
or 2K, = )
2
Again, 2K,s = (s +5)Y(5)52=_5
552 +4)(s> +6)| _ s(B+4)(5+6) 1
243 |2, 5+3 2
1 1
Y(s) = Sty t g = Yi(9) + Va9) + Ys()
—s5+— 25+—
3 s S
1 1
where, Y,(s) = sC,, Ya(s)= =
Z2(S) SL2+—
SC2
1 1
and Y,(s) = =
Z3(S) SL3+—
SC3
Theref C =1F Ly=2H, C,=~F, [.=2Hand Cs = —F
erefore, = 1E Lo=gt, Co =0t L= and -3 =75
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The network is shown as,
O

000,

N|—= W[IN
an

000,

N

an

Q.3 (c) Solution:
1. When t<10ms
for V. (t) =0, the NMOS transistor is off.
20 kQ

AAAA
\AAAJ

+0

20kQ

5v(®)

=330nF

out

[ ;

Since the 5V DC source is connected to the network, it is said to be in steady state,
hence capacitor is treated as open circuit.

AAAA
\AAAJ

20 kQ

+0

VAt) = V, . (t) =5V for t <10 msec
2. When 10 ms < <20 ms
During this period, V, (t) =5V, so the transistor is ON. (- Ve=5V)
The resultant network at t = 10 ms can be drawn as

20 kQ

AAAA
\AAAJ

+0o

=220k (D)5V Vo

5v(®)

AAAA

ocopyright: [MADE ERSY www.madeeasy.in
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V.(10ms*) =V  (10ms)=V()=5V

out out

The steady state value of the circuit when the transistor is in ON is equal to V_ (co).

20 kQ

AAAA
\AAAJ

+0

out(oo)

VVVv
<<

5 VC:) 20 kQ §

5x20K

Vout(°°) = 10K =25V

Time constant of circuit,

20 kQ
AVAVAVAV
220k <_‘
R,,
20K x20K
R = 20Kx20K _ 10 KO
eq 40K

RC =10 x 103 x 330 x 10~ = 3.3 ms

A
Il

for 10 ms <t <20 ms
Voult) = Vout(*) + |:Vout (10 ms” )~ Vout (w)] et/
_(t-10) ms
V() = 25+(5-25)e ™
_(t-10) ms
Vo) = 25425 33my

3. When t>20ms:

The transistor is turned off again. Because the voltage across the capacitor can’t
change instantaneously, V_ .(20ms*)=V_ (20ms~) and V__ (20 ms~) can be written
as

20 ms -10 ms
V(20 ms) = 25+25e O™
V_.(20ms") =262V

out

The V_ (=) is same as the steady state value when the transistor is off,
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The time constant,

20 kQ

AAAA
\AAAJ

20 kQ

.
-

R, = 20 kQ
RC =20 K x 330 x 10 = 6.6 ms

T
V. ui(t) for t > 20 ms,

Voue®) = Vour(=)+| Vour 20 ms™) = Vo (=) [e™*

_t=20 ms
V. (f) = 5+(262-5)e ™V
_t-20ms
Vot = 5—-2.38e 66ms v/ for +>20 ms
Vout(t)

10 20 30 40 50 f(ms)

Q4 (a) Solution:

Given two port network,

Il 1H 1 Iz
+o [HO MM o+
Vv, v,
L+, = 05F
o o-

ocopyright: MIADE ERSY www.madeeasy.in
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By taking Laplace transform,

L;(s) ° MO
+o——— PO — +
Vi(s) V,y(s)
L&) +LO T2

By using source transformation theorem, we can redraw the given two port network as

. L,(s) ’6%6‘ g‘v‘i‘z‘v Ly(s) o
L,
Vi(s) ° Vs(s)
(L) + L) 2
[/ o~

we know that,

transmission parameters can be written as,

vV, = AV, -BI,
I, = CV, - DI,
For A:
Vi
A —_—
V2 Irb=0

V,() Loop 1 s Vsy(s)
LE) x5
By writing KVL in loop 1,
Vi(s)-1(s)s=V,(s) = 0 ..(i)
where, V,(s) = g'1.1 (5)"'%'11 (s)
S S
4
Vy(s) = 211(5)
Vz(S)'i = I,(s) ..(ii)

ocopyright: [MADE ERSY www.madeeasy.in
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Substituting equation (ii) in equation (i),

Vi(s)= 5 Va(s) s=Va(s) = 0

2
Vis) = |1t Va(s)
2
PR R P
VZ (S) I;=0
For C:
. .. I1 S
From equation (ii), C = A = "
21, =0
For B:
-V
B = I_l
2 1lv=0
Lis) S 1 I(s)
+ o HOO™ MW
L,
: (o
a0 /LD :
(Li(s) x In(s)) 5
T o

By writing KVL in loop L;:

Vi) = 1(5)-5=2 (1) + 1)~ (1(9)+ 12(5)) % =0

4 4

V1(S)—Il(s)'s—gfl(s)—gfz(s) =0

-+ 200200 =0
by writing KVL in loop L,:
0- 1) 1-(h () + L) 2~ (1) + 1) =0

46| 210147

L) = b

Il
[a)

...(iii)

ecopyright: MIADE ERSY
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s+4

L(s) = —Iz(s)[T} ..(iv)

Substituting equation (iv) in equation (iii),

2
v1<s>+(s :ﬂ(%]b(s)—éfz(s) -0

3 2
s°+4s”+4s+16 4
V1(5)+( __J 12(5) =0
4s S
$3+4s2 +45+16-16
Vi(s)+ I,(s) =0
4s
3 2 2
s +4s” +4s s*+4s+4
Vils) = _(TJ 12(5):_(TJ I»(s)
-Vi (52+45+4)
B=— =
I2 Iy, o 4
For D:
. . _11 s+4
From equation (iv) D = T ==
2 vy =0

The transmission parameters matrix is

s > +4s5+4
1+— | ———
4 4

s ( s+ 4)
4 4
Q4 (b) Solution:

The oriented graph and its selected tree are shown in figure. Since voltage v is to be
determined, branch 2 is chosen as twig.

[1] =
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Twigs : {2,4},
f-cutset2 : {2,1, 3}, f-cutset 4 : {4, 3}

Cut set matrix [Q]

ONORORO)
f-cutset2 |-1 1 1 0
Q] = f-cutset3 | 0 0 -1 1

The KCL equation in matrix form is given by

[QIY,I[QTIIV,] = [QIL]-[QI[Y,I[V]

where, [V,] = Twig voltage column matrix
[Q] = Cutset Matrix
[Y,] = Branch Admittance matrix
[I] = Source current column matrix
[V] = Source voltage column matrix
05 0 0 O
0 05 0 O
MI=10 0 05 o0
0 0 0 05
"0
0
[15] = 0
—2v
2
0 Uy,
Vi=|ol V= [UJ
0
-1 0
1 0
1= 0
0 1
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Now,

[QI[Y,] =

[QI[Y,] =

[QI[Y,]IQ"] =

[QI[Y,]IQ"] =

[QIIL] =

[QIIL] =

[QIIY,IIV,] =

[QIIY,IIV,] =

05 0 0 0
-1 1 1 0]l 0 05 0 0
_O 0 -1 1 0 0 05 O
0 0 0 05
(=05 05 05 0]
i 0 0 -05 0.5_
-1 O
-05 05 05 071 O
i 0 0 -05 0.5_ 1 -1
0 1
15 -05
_—0.5 1
0
-1 1 1 0] 0
_O 0 -1 14 O
20
0
_—20
2

0 0 -05 05]0
0

-0.5 05 05 0} 0

Now put all the values in equation (1),

(15 -05]]
05 1 |7,

(15 -05]]
05 1

n 4

From the figure,

I
|

Now,

—
Q1
S|
|
=
Q1
S
Ny
I

S
U1
S|
+
Ks!
I

o

o)
WE)
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Oy = -150
v = 0.44 Volt
v, = -0.666 Volt

t4
Q4 (c) Solution:

(i) Consider series RLC resonant circuit,

R, L , C
— WA——— 00 ——|
Vg —=~—1V, Ve
I
=)
-/
1%
The voltage across inductor is V, and is given by,
V, =1-(oL)
but I = v
. " Z
V(wL)
vV, = Y (1)
\/R2+(wL—j
oC
Squaring equation (1),
Vi?L?
vV =
L 1 \2
R2+(wL——)
oC
VP = T3 2 2 = 2p2~2 2 2
L R*C?*0w?*+(0’LC-1* o R°C*+(w°LC-1)
w*C?

By differentiating V2 with respect to 0 and equating only numerator term to zero.

We have,

202LC - ®?*R2C2-2 =0
®?’(2LC - R*C?) = 2

o2

©7 7 orc-Rr2C?

o = ;rad/ sec
R2C?
LC————

2
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Therefore, the frequency ‘f,” at which inductor voltage V, is maximum is given by
1

f= / 22
21 LC—R C
2
1
fi = R*C t
2w LC 41— ——

2L
(i) Given,R=50Q,L=0.05H, C=20uF, V=100V

Maximum voltage across inductor in series resonant circuit occurs at frequency

given by
f - 1
' R*C
2nJLC \/ 1- oL
f, = 225.07Hz
The impedance of series resonant circuit at f, is given by,
Z = R+jX -X)
where, X, = (2nf;)L = (2 x m x 225.07)(0.05) = 70.7 Q
X, = L ! ——=35.35Q
€ (2nfiC) (2mx225.07)(20x107°)
Z = 50 +j(70.7 - 35.35)
Z =50 +j35.35 Q
Total current in series circuit is,
I= % = 50:]% =1.633£~-35.26° Amp

Voltage across inductor = V, =I(jX,)
[1.633 £ -35.26°][70.7.£ 90°]
V, = 115458 £ 5473V

Section B : Control Systems
Q.5 (a) Solution:

Given: From the characteristic equation

K
(1+5)(1.5+5)(2+5)
-1+jo

G(s)H(s) =

Put S
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N K
CHEL0) = )51+ jo)2—1+ jo)
' K
GH(-1 +jw) = (jo)(0.5+ jw)(1+ jo)
' ) K
M = |GH(-1 +jw)| = m(\/1+w2)(\/0-25+w2)

M - 2K
) (o(\/1+40)2)(\/1+(02)

Phase angle ZGH(-1 + jo) = ¢ = -90 - tan™!(®) - tan™!(2w)

) M 0
0 o —90°
o 0 —270°
0.5 2.53K -161.56°
0.1 19.5K ~107°
1 0.63K ~198°
10 |9.94x107*K | -261°
0.707 1.33K ~180°

Nyquist plot for the system is given as

133K

0=0
Now, the frequency at which phase is -180° is given by
-180° = -90° - tan™! ® - tan™'(2w)
0 +20 1

1-20% 0
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Q.5

® = %rad/sec

1
Atw = ﬁ rad/sec, the value of M is given as,

2K 4
= =K
M 1 3

1 1
=X [1+4x =X, |1+~
V2 \/ 2 \/ 2

From the Nyqusit criterion, Z = P-N

Here, Z = No. of closed-loop poles inside the right half of S = -1 plane.
P = No. of open-loop poles inside the right half of S = -1 plane.
N = No. of encirclement around S = -1.

As P =0,

For system to be stable, N should be zero.
For N to be zero, 133K <1

1.33
K < 0.75

Hence, K = 0.75 is the largest value of K.

(b) Solution:

2¢79%%(0.125s + 1)
5(0.5s+1)

Given, G(s)H(s) =
We know that,

Phase margin, PM = 180°+LG(]'0))H(]'L0)|

W=0g

180°x 7 -1
PM =~ +[—0.5wgc+tan 01250, |-

90°x 1t _
180

T - —
PM = 5 -050, +tan (01250, ) —tan™" (0.50,,)

In order to find maximum phase margin,

dPM
Ao g,

0.125 0.5

0-05+ > 3
1+ (0.125(ogc) 1+ (0.5(ogc)

=0

tan~

1(0.5%)}
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Q.5

2

Let Wee =t
8 2
-——— =9
64+t 4+t
12+ 56t +448 = 0
t = -9.66, -46.33
Here, o . comes out to be imaginary for maximum phase margin.

Maximum phase margin is NOT defined for given system.

(c) Solution:

The given control system can be redrawn as,

R(s)—= G(s) C(s)
k k
s(s+2) s(s+2)
where, G(s) = X 55 5
1+ — 1+
s(s+2) k (s+2)
Gls) = k
(%) = s(s+7)
The steady state error due to input tu(t) for type 1 system,
1
e.= —
Ss kv
where,
velocity error constant, k, = It sG(s)
s—0
Here, input given is 100t u(t).
100
steady state error, e, = ——
ko
k = 1t s
Y 550 s(s+7)
Lk
v 7

steady state error due to 100t u(t), is 0.01
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100

e, = =0.01
v
100
T 0.01
7)
k
= ; = 104
k =7x10%

Q.5 (d) Solution:

We have peak overshoot with step input given as 5%.

ie., %My, = 5%
05
—En
1-82 = In(0.05)
—En
-3 = 1-¢2
& = 0.69
We have settling time for +2% of tolerance as T = 4 sec.
. 4
i.e., T, = fo,
4
o, = 471
o, = %:O.lﬁzl.élélrad/s
Now, characteristic equation for given feedback system is
1+G(s)H(s) = 0
K
s(ts+1) 0

s(ts+1)+K =20

2t+s+K =0

» 1 K
sTH+=s+—
T T

Il
[a)
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On comparing with s? +2&m,s+®2 =0
K
®, = 7
2bw, = % = 1=05 LEmo =1
o = 1l44rad/s
K
®, =\
- 0=
K = r-w%
K = 0.5(1.44)*
K =1.03
K=103=1
Q.5 (e) Solution:
Number of forward paths,
Py = GGy Py=Gy Py=GGy
P, = GGGy Ps = GGG,y
Number of individual loops,
L, =Gy L,=Gg; L,=GG,
There is one pair of two non touching loops.
LiL, = GyG,
By Mason’s Gain formula,
k
PA;
C(s) i=1
R() = N where k = Number of forward paths.
where, A=1-(L, +L,+L;)+(LL,)
=1-(Gy+ G, + GG + (G,Gy)
=1-Gy-G; - GG, + GGy
A =1-L=1-G,
Ay=1-(L,+L,+L,)+LL,

1- Gy -G, - GG, + G,G,
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Ay=1-L,=1-G,
A, =1
A =1
C(S) _ P1A1 + P2A2 + P3A3 + P4A4 + P5A5
R(s) A
(G1G)(1=Gg) + Gy4[(1 - Gg — G5 — G5Gg) +(G3Go)]
C(s) _ _ *(GrGg)(1=G3)+(G1GsGs)(1) +(G7GeGo ) (1)
R(s) 1-Gg =G5 —GsGg +(G3Go)
Q.5 (f) Solution:
For type-1 system; K, = lims-G(s)
s—0
So, G(s) = lims-KE+0)
s—0  s(5+2)
= 3K

For input r(t) = 2tu(t), the steady state error is given as:

A

e =

- ...’A” is amplitude of input

K,
2
bs = 3K
e, = 0.1
2

3K

0.1 =
3K = 20
20
= —=6.66
K 3

Q.6 (a) Solution:
(i) From the given figure,
It is clear, that there is a zero at origin due to which there is +20 dB/dec slope
before w =1 rad/sec.
= G(s) = Ks
Now, At w =1 rad/sec, slope changes to 0 dB/dec from +20 dB/dec. Hence, there
is a pole at ® =1 rad/sec.
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= Atw=>5rad/sec, slope changes to -20 dB/dec from 0 dB/dec. Hence, there is
a pole at w = 5 rad/sec

Ks
(s+1)(§+1}

= Atw=20rad/sec, slope changes to -40 dB/dec from -20 dB/dec. Hence, there
is a pole at w = 20 rad/sec.

G(s) =

Ks
G(s) = S S
(s+ 1)(—+ 1) (—+ 1)
5 20
Now from the figure 30 = 20 log, K
K = 31.623
Transfer function of the system
31.623s
G(s) = . .
(s+ 1)(+ 1) (+ 1)
5 20
(ii) For o o =
50 = 30-0 _ 30
logig1-logig®,, ~ —logip(wy,)
W, = 0.03162 rad/sec
For o 27 =
0-M,
40 =

log1o(®, ) —10g19 20
Where M, is the magnitude in dB at o = 20 rad/sec.
The magnitude, M, at 20 rad/sec is obtained as

20 = 30-M,
log10(5) —log0(20)
M, = 18 dB
10 - -18
logg(wg,)—logqo 20
W, = 56.234 rad/sec
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(iii) Gain crossover frequency W, = 56.234 rad/sec

® ®
At W, = 56.234 rad/sec
0 = 90°— tan"[56.234]  tan ™! {_56-234} I [56.234}
5 20
0 = -154.32°

Now,  phase margin PM = 180° + ¢
180° - 154.32°
25.68°

PM

Q.6 (b) Solution:
Consider the given open loop transfer function,
K(s+Db)

() = (s+a1)(s+a2);K20

The pole-zero configuration is shown as

jo
5o
-0 He—p———X 9
b -4, — \0
Fig. (a)

Now check for all the points in the s-plane for which the angle criterion is satisfied.

Let us examine any point s, in between the two poles. As this point is joined by phasors
to the poles at s = -4, and s = -a,, and the zero at s = -, it is easily seen that

(i) the pole at s = -a, contributes an angle of 180°.

(ii) the pole at s = -a, contributes an angle of 0° and

(iii) the zero at s = -b contributes an angle of 0°.

Therefore, the angle criterion is satisfied and the point s, is on the root locus.

To examine s-plane points not on the real axis, we consider a representative point
s=0+jo.

K(o+jo+D)
(c+jo+ay)(c+jo+ay)

At this point, F(s) =
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~ K(c+b+ jow)
- (6+m)(0+ay)+ jo(c+ay +c+a2)—(x)2
K(c+b+ jw)

(6+a;)(0+ay) — 0 + jo(26+ ay +a,)

ZE@s) = tan™! L)—tan‘1 OZotm +a,)
o+b (c+ay)(c+ay)-m

®  o(2c+a+ay)
1| ©+b (o+a)(0+ay)-o

2

= tan
Q) 0(26+a; +ay)
c+b{(c+al)(0+a2)—w2}
ZF(s) is a multiple of 180° if,
®  o2c+a;+ay)
o+b (0+a)(0+ay)— > 0

® 0(26+ay +ay)
6+b| (0+a)(0+a,)— >

After manipulation of this equation, we get
(c+b?+w? = (b-a)(b-a,)

This is the equation of a circle with centre at (-b, 0) and radius = \/ b-a)(b-ay).

It can easily be verified that at every point on this circle in the s plane, ZF(s) is £180°.
Every point on the circle, therefore, satisfies the angle criterion.

The root locus plot is shown as

jo

Q.6 (c) Solution:

For the given system assuming state transition matrix,

0 = {q)n(t) ¢12(t)}
0 (t)  0x(t)
We know, x(t) = ¢(t) - x(0) (i)

¢
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Using above equation (i), we can write

et B {%1(1‘) ¢12(t)}[ 1}
et 0 () d(t) || -2
et = 0(H) -2 ¢p5(1) ...(ii)
=27t = 0, (1) - 2 0y(t) ..(iif)
d et {¢11(t) ¢12(t)}[ 1}
’ 2| T Lon(®) on()] 1
et = ¢ (f) - 0(H) ..(iv)
—e2 = 01 (£) = dyo() (V)
Subtracting equation (iv) from equation (ii), we get
et - e = (D

¢12(t) = e_Zt -et

Now using obtained value of ¢,,(t) in equation (ii), we get
et + Z[e_Zt - e_t}

= Qe 2t _ ot
Subtracting equation (v) from equation (iii), we get
“2et + e = —¢,,(1)
(or) Oy(F) = 2e7F - e
Now using obtained value of ¢,,(¢) in equation (v), we get
01(F) = Op(t) - ™
= Dot _ o2t _ p2t

= et - D2t

04(f)

92t _ ot 2t -t

State-transition matrix, ¢(¢
® 207t —2e72 27t — 72

2 1 1 1

s+2_s+1 s+2_s+1
2 2 2 1

_s+1_s+2 s+1_s+2
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1 [265+1)-(5+2) (s+1)—(s+2)
%) = GH2) s+ 1) 2(s+2) - 2(s +1) 2(S+2)—(S+1)}
_ 1 (s -1 _ -1
O EE s+3} ot Al

11s -1
T A2 s+3

Matrix [sI - A] can be identified as shown below using above result,

s+3 1
s[-A = 2 s
s 0] [s+3 1
A= 0 s| | 2 s
-3 -1
A=12 o]
Q.7 (a) Solution:
Y We have: GS\H(E) = K(s+2.5)
(i) e have; (s)H(s) = Ta(er D) (5+2)

The characteristic eqn. = 1 + G(s).H(s) =0
s(s+2)+K(s+25) =0
s2+ 25+ Ks+25K = 0
s2+s(K+2)+25K =0

Compare with standard 2" order system’s characteristic equation:

s 428w, 5+ 0> =0

w2 = 25K, 2w =K+2
K+2 4+2
o, = 10 rad/s E= 20)11:2@
10 = 2.5K & =0.948
K=4
1. Damping ratio (§) = 0.948
2. Damping factor (o) = o, =3
3. r(t) = 5+ Hu(t)
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R(s) = 5 + 1 5s+1
(6)= 37272
Now, steady state error;
s [ 55+1 }
e = lmL(s) _ lim;z
s s501+G(s)-H(s) s—0 1+ K(s+2.5)
s(s+2)

e. =02 ..whenK=4

SS
(ii) 1. Rise time (¢ ): For underdamped systems, the rise time is normally defined as
the time required for the step response to rise from 0 to 100% of its final value
for the first time. For overdamped systems, the 10 to 90% rise time is commonly
used.

2. Peak time (tp): It is the time required for the response to reach to peak value or
maximum value of the overshoot.

3. Peak overshoot (mp): It is the maximum amount by which the response
overshoots the steady-state value. It is common to use per cent peak overshoot
given as:

C(ty) —C()
0 = ———x100%
%om, c) x100%

4. Settling time (¢ ): The time required for the response to reach and stay within
specified tolerance band usually 2%.

Q.7 (b) Solution:

(i) The system’s characteristic equation can be written as,

1+(Ss:(:)(s(s+21)<(s+4)j =0

s*+10s® + 3282 + (K +32)s + K =0

Routh array is formed below:

5 1 32 Ka

$ 10 K+32
) 288 -K
10
1 (288—K)(K +32)—100Ka
288 —K
S Ko

Ko
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For overall system to be stable, following conditions should be satisfied.
K < 288
Ko >0
(288 - K)(K+ 32) - 100 Ko > 0
(i) Now we need to choose K and o to meet the required conditions.

So, if we choose K =200
th _ 88x232 =1
e %= 100x200

This result gives system’s velocity error constant as

K limsG,(s)- G(s)
5—0

v

oK Ko _200x1_25
© 4x2x4 32 32 4
. % velocity error for unit-ramp input,

100 4
—=—x100=16 ich i
X o5 ... which is acceptable

[

~
I

200 and o = 1 are suitable values.

Q.7 (c) Solution:

(i) The characteristic equation of the system is,
52 +2s+2+KC(1+§j (s+3) =0
ors®+ (2+K)s?+ (2+8K)s+15K =0
Letting s = §—2, we have
(6-2)° +(2+K.)(§-2)> +(2+8K_)(§-2)+15K_ =0
$ 4+ (K, —4)3% + (4K, +6)5+ (3K, —4) =0

Applying the Routh’s criterion,

§° 1 4K, +6
§ K, -4 3K. -4
. 4K? 13K, -20

K, -4
§ 3K, -4
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If there is no sign changes in the first column of the array, then all roots satisfy

Re(5) <0, that is the roots of the original characteristic equation satisfy Re(s) < -2.

Thus, we require that K_satisfy all the following condition,

K >4 K,>43892 or K <-1.1392; K, >~
3

The requirement K _< -1.1392 is disregarded since K _cannot be negative. Therefore,
we have R (s) < -2 for all closed-loop poles provided that K_> 4.3892.

(ii) Step 1: There are three open loop polesi.e., s =0, s=-1and s =-2 and no open loop
Zero.

So pole-zero plot is as shown below,

jo
X % o
-2 -1 0
Step 2: Number of asymptotes=p-z=3-0=3
(2K +1)180°
Angle of asymptotes ¢, = ? where K=0,1, ...p-z-1
¢, = 60°,180° 300°
) Ypoles—Xzeros -1-2-0
Step 3: Centroid ¢ = p— =——%3 - -1

Step 4: The breakaway point can be found as solution of the equation C;—K =0
s

where, K = —[s(s+1)(s +2)]
.. These solution are s = -0.422 and s = -1.577

but s = -1.577 do not lies on valid root loci so s = -1.577 is eliminated and s = -0.422
is valid breakaway point. At s =-0.422, K =0.38

Step 5: The jw-axis crossover points is founded by RH array criteria.

1+ GH = 0 ...characteristic equation

$P+3s2+2s+K =0

S 1 2

52 3 K

gl ﬂ 0
3

g0 K
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At K = 6, system is marginally stable and the intersection point of root locus with jw

axis is given by the auxiliary equation.
3s?+K =0 = 3s2=-6

= 5

Step 6: The root locus plot:

H

N2

Q.8 (a) Solution:
(i)

Now, steady state error (e,,):

For r(t) =2u(t) = e,
eSS
For r(t) =5t-u(t) = e,

For r(t) =5f2-u(t) = 10(%) u(t)

= e

~.~ Given system is type-1 system. The error constants are obtained as follow:

lim G(s) = oo
5—0
lims.G(s)=1
5—0
lims?.G(s) =0
5—0

A
1+K, .."A” is amplitude of input.
2
1+o0
A5,
K, 1
A_D_
K, ©
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(@ii) The characteristic equation is given as:

1+ G(s)xH(s) = 0
s(0.5s+1)(0.2s+1)+1 =0
$+7s2+10s+10 = 0

(s +5.52)(s*>+1.484s+1.81) = 0

The magnitude of the real root is more than 7 times the magnitude of the real
part of the complex roots. Therefore, the complex-conjugate root pair gives the
dominant closed loop poles with

o, = 1.81=1.35rad/s

<= 21241%4 =0

0, = 0,\1-E =1351-(055)> =1.12rad/s
Now, Rise time (t,) = T C(C;i_l(g) I _1?1'388 =1.92 sec
. Peak time (t) = T =2.79sec

p O
. Peak overshoot (m,) = ,~&n J1-g2 — 01265

4 4x2

* Settling time (¥2%) = T, = Fo, VT 5.39 sec

Q.8 (b) Solution:

The block diagram of uncompensated system is shown below:

R(s)*(i?a i ce)

Now the system is to be compensated by tachometer feedback.

Block diagram of compensated system is given as

+ + 12
R(s) @ G+ Cs)

sK,

Now, the overall transfer function of the compensated system is given as
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12
s(s+1)
125K, 12
T+———¢ 2 1ok
Cs) _ s(s+1)  s"+s5+12sK;
R(s) 12 1+ 12
1 s(s+1) s% 45+ 12sK,
+7
125K,
1+
s(s+1)
C(s) _ 12

R(s)  s*+s+12sK,+12
The characteristic equation for the compensated system is
s2+s5(1+12K)+12 =10

Comparing it with standard 2" order characteristic equation, we get,

O, = J12 =3.46 rad/sec
2bw, = 1+12K, (1)
Now given, first peak undershoot is 6.5%.
—2&n
6.5 _g2
100 o
After solving we get, & =04
Put in equation (1),
2x04x346 =1+12K,
K, = 0.147

t
Q.8 (c) Solution:
(i) Using the open-loop poles and zeros, we represent the open-loop system whose
root locus is given as
k(s—3)(s—5) k(s> —8s+15)
(s+1)(5+2) (s +3s+2)

G(s)H(s) =

But for all points along the root locus,

kG(s)H(s) = -1, and along the real axis, s = ¢
k(c* - 80 +15)
(6% +30+2)

Hence, = -1

~(6% +30+2)
(6% -85 +15)
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dk
do
gk —|(26+3)(c” ~80+15)~ (6 +30+2)(20-8)]

_— = = O
do (6* -85 +15)°

for break points, =0

dk  116*-266-61 _ 0

ds  (6°-8c+15)>
1162 -260 - 61 = 0
o = 265726” +4x61x11
2x11
o = -1.45;3.82
. The breakaway point is,
o, = -145
The break-in point, o, = 3.82

(ii) Given system involves one integrator and two delay integrators. The output of
each integrator or delayed integrator can be a state variable. Let us define the output
of the plant as x,, the output of the controller as x, and output of the sensor as x,.

Then we obtain,

X1 () 10
X(s) ~ s+5
X5(s) 1
U(s)=X3(s) s
X3(s) 1
X1(5) — s+1
Y(s) = X,(s)
which can be rewritten as
sX,(s) = -5X (s) + 10X(s) (i)
sX,(s) = -X;5(s) + U(s) ...(if)
sX5(s) = X (s) - X5(s) ..(iif)
Y(s) = X,(s) (iv)
by taking the inverse Laplace transform of the above equations (i), (ii), (iii), (iv)
x; = -5x; +10x,
Xy = =Xyt u
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X3 = X, - X,

y=x
Thus, the state space model of the system in the standard form is
.72,'1 -5 10 O X1 0
Xo| =0 0 1| xy|+|1]|u
5(’3 1 0 -1 X3 0
!
y=1[10 0]x
X3
Q000
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