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Detailed Solutions

ESE-2024 Electrical Engineering
Mains Test Series TestNo: 3

Section A : Power Systems

Q.1 (a) Solution:

08+03%x3=17cm
1 08+09=1.7cm

Overall radius of the cable

-
Il

R,=08+06=14cm
R, =08+03=11cm
r=08cm
Let, E _, be maximum stress on the surface of conductor
E) max be the maximum stress on first intersheath
E| max be the maximum stress on second intersheath

R
V2 - V1 = EZmaxR3 lnR—i
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1.4
= Ejmax xl.llnﬁ =0265E, . =20
R
V_ V1 = Emax Xf’lnﬁ
1.1
= Eax ><0.8><1nﬁ =0255E,___
R 1.7
V1 = E1maxR2 lnR_; = Elmax1-4xh'1(a)
VvV, =0272 El, i
V - Vz = 0255 EmaX = 20
Epax = 0255 78.43 kV/cm
V2 - V1 = 20=0.265 E2 max
EZ, max m =78.43 kV/Cm
Vl =66-40=26=0.272 El, .
Lmax © 0272 95.39 kV/cm
Q.1 (b) Solution:
Given, I = (240 +j0) Amp
. 400
CT ratio = - = 80
Therefore, CT secondary current will be
(240 + jO)x 5 ,
= ————=03+j0)A
Is 400 (3+j0)Amp
~ (220+j0)x5 _ .
= "0 = (275+]0)Amp

Differential operating current, i.e.
I, =

7

current in the operating coil,

Ils - IZs

=3-275=0.25 Amp

Restraining current, i.e, current in the restraining coil,
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L+ 34275
I = > T 5 T 2.875 Amp
10% =0.1

The differential operating current required for the operation of the relay corresponding

Slope of the characteristics, K

to current of 2.75 Amp in the restraining coil,
Lyigger = K- 1,=0.1x2.875=0.2875 Amp
Since the actual current in the operating coil is 0.25 Amp,
I, = (025A)<I 0.2875 A)

trigger (
So, the relay will not operate to trip the circuit breaker.
Q.1 (c) Solution:
(i) Stored energy = GH

100 x 8 = 800 MJ

(ii) Using swing equation,

2HG d%§
w, a2 = Tl
2x8x100 d*8 20
360x50 42
%8
2 337.5 elec-deg/sec? (i)

Acceleration, o = 337.5 elec-deg/sec?
(iii) Time, t = 10 cycle

10

% = (.2 sec

1 1
Change in § = Ad = b 1 = 5(337.5)>< (0.2)2

6.75 ele-deg
337.5 elec. deg/sec?

As, o

337.5x (% )mech—deg /sec?

337.5x % X % rpm/sec

R
I

28.125 rpm/sec
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Rotor speed at the end of 10 cycle

120 x50

r

+28.125x0.2 = 1505.625 rpm

Q.1 (d) Solution:
The analysis is done on a per phase basis,

So sending end voltage

3300
Vs phase) = g5 = 190525V

‘75 = VR +T(R+]Xs)

Sending end voltage can be written as

Vg = (Vg cosdg + IR)? + (Vg sinog + IX)? (i)

Py 300x10° 375000
VR COS q)R (OS)VR VR

The current, I=

So equation (i) becomes,

(Vg)? = (1905.25)2
2 2
_ [08vg + 23X37000 ) g gy 04375000
R R
Solving this,
(Vi)phase = 1805.32 Volt

The receiving end voltage,
Ve = V3x1805.32 =3127 V (L-L)
The line current,

375000 _ 375000
I = Ve 180532 = 207.72 Amp
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Q.1 (e) Solution:
Pe
1.75 pu. p------m- - s
125 pu. fo--mmmmmpfm e
P,=10p.u.f-----A4- o [ORORRRRDS.
04pu.fr---7/- '""E ______
i i i | 5
80 61 Scr - 61
Given, P =1pu
max (pre-fault) =17 p-u
max (during fault) =04 p-u.
max (post fault) =125 p.u

From the power angle curve,

S
8,
T -9,
Using equal area criteria,
BCI’
| (B, —0.45in8)ds
8o
7'5—61
| p,-d8
)
1[r - 6, - ]
1.606
1.606
S

cr

sin! L )= 34.85° = 0.608 rad
1.75

sin![ L )= 53.13° = 0.927 rad
1.25

126.87° = 2.214 rad

75—61
| (1.25sin8-1)dd
)

cr

75—81
J. sind- dd
SCT’

8cr
0.4 j sind-dd+1.25
80

0.4[cosd; — cosd,, |+ 1.25[-cos(n — ;) + cosd,, |

0.4[cos 34.85° - cos &, ] + 1.25[-cos (126.87) + cos J ]

0.4[0.820 - cos 8] + 1.25[0.6 + cos 6]
0.9 rad
51.566°
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Q.2 (a) Solution:
The given power system can be redrawn as below :
11kV/110 kV 115kV/12.5kV
36—, 3¢
50 MVA, 13.8kV T j50 £2 T 40 MVA, 132kV
1 2
0 @— Q.
X”=015p.u. 11 kV/110 kV 115kV/12.5kV X”=020 p.u.
g LG GlL, g g
(84
T3 T3
115kV/12.5kV 115kV/12.5kV
G;
30 MVA, 11 kV
X"=0.25p.u.
Given : Base : MVA, = 50 MVA, V, =13.8 kV
Let MVA_,, =50MVAand V =V, =138kV
For generator 1, p.u. reactance in the given base quantities = 0.15 pu
X =015 pu ..(a)
To calculate the reactances in the given base quantities, apply the relation
2
MVA KV,
(Zpu)new = (ZPu )Old x MVAnew X KVOId ] (1)
old new
MVA KV |
. - (7 % new |y old
For transformer 1 : (Z pwnew (Zpu)old [ MVA (Kvnew ]
2
- 01x( 3 )x(155)
45 13.8
X ;= 0.0706 pu ..(b)
Base voltage at L, side (V)
v, _ 1
Vi, 110

ocopyright: [MADE EASY
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MADE EASY Test No : 3 ELECTRICAL ENGINEERING | 15
110
VbLl = H x13.8 kV
Vi, = 138 kV
Base impedance of line 1 (L,)
_(kV)? (138)*
Zpiq = MVA - 50 380.88 Q
50
X,, = —— =0.1313
1~ 38088 Py ©
For transformer T,:
Viase = 138 kV
MVA, = 50 MVA =MVA__
2
MVA kV
X new = (X12)o1d X( MV Anew )(kvdd )
old new

Base voltage on generator G, side :

2
015(5—0)(£) =0.2083 pu
25 )\ 138

Vo, 125
VbLl 115
12.5
VbGZ = EX138 kV
V.., =15kV

bG2

New pu impedance of Generator G, on V,

=15kV and MVA, =50 MVA

ase

2
MVA kVA
X = (X % new old
(X)) new = (Xc2)o1d MVA., ]( v J
2
EVED
40 )\ 15
(X hew = 0.1936 pu ...(e)

Now, base voltage at the side of line L,
(Vp)o = (V)1 =138 kV
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Now, new base reactance of line L,

L2~

Base impedance of line L,

pu impedance of line L,

XLB

25

(138)>

= 0.0656 pu
Base voltage of line L, = Base voltage of line L,
(V)5 = 138 kV

x 50

(kV)*> _ (138)°

MVA

25

380.8

8

X5 = 0.0656 pu

New pu reactance of transformer T,

(XTB)new

XT3

Base voltage at generator G, side

(Vea)s

138 kV
(VG3)B

(XG3)new

(XG3)new

50

= 380.88 Q2

new

;

2
kV, MVA
= (X73)old X(k Old) (
Vnew MVAold
2
o2 (2)
138 40
= 0.0868 pu
125
115
= 15 kV
MVAnew kvold
= (Xc3)old
MVAold 1<V1r1ew
2
= 025(@)(2) =0.224 pu
30 /\ 15

|
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Reactance diagram of the network shown below :

X, =j0.0706 X, =j0.1313  X,,=;0.2083

OO OO 00
X, =j0.15 T L, T, X, =70.1936
G, Xy =70.0706 X5 =70.2083 G,
T, T,
X,,=70.0656 & L, L, B X,,=70.0656
X5=70.0868 & T, T, 8 X;,=70.0868
X, = j0.224
Gs

Q.2 (b) Solution:

Swing equation describes the relative motion of rotor w.r.t. the stator field as a function
of time. It is derived by assuming that windage, friction and iron losses are negligible.

Figure below shows the torque, speed and flow of mechanical and electrical power in
synchronous machine,

P, — %A\Tf Generator P, — é%j Motor
Tm (Dm (05 Te
T, = shaft torque, T, = electric torque

d = torque angle
T, = accelerating torque
T{Z - Tm - T@

P, = accelerating power = P, - P,
P, =T, o
21N
= rad/sec
o = — ~rad/

P = Ta-m=Iocco=Moc

©Copyright: NADE EASY www.madeeasy.in
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M = Angular momentum in J-S/elec-rad

o. — acceleration in mechanical rad/sec?

d*e
o= —5

dt?

angle 8 changes continuously w.r.t. time when a sudden change occurs in system,
0=0m.t+0
Rotor field
0]
0 Reference

~./8 o,

rotating axis

* Reference axis

o, is angular velocity of the reference synchronously rotating axis and 6 is angular
displacement in electrical degrees from synchronously rotating reference axis,

Md*e  Md*s
Mo = 2 2 =pu=Pm_Pe
dt dt
Md>s
dtz = Pm_Pe (1)
® = 27éosrad/sec

Further inertia constant of a machine H

Stored energy in mega Joules

- Rating in MVA ,G— Rating inMVA
1 1
Stored energy = EMW = EM(211;f) =Mnf
Th o= Mmnf
en, - =
GH

M = F MJ-sec/radian

GH
= W M]J-sec/degree
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Putting in equation (i),
GH d*8
F? =P, -P,
In p.u. system with G(MVA) as base
H d%3
E? = (P, -P,)inp.u. ..(it)

Equation (i) and (ii), are swing equation that describes dynamics for a synchronous
machine.

Q.2 (c) Solution:
Given : Z = (0.15 +0.78) Q/km = 0.794,79.11° Q/km
Y = 5.0 x 10 U/km =5 x 107°£90° U/ km

o Z 0.794.279.11°
Characteristic impedance, Z. = v 5%105200° 398.5£-5.45° Q ..(1)
NYZ

Propagation constant, Y

= J(5x1076).£90° x 0.794£79.11
y = 1.99 x 10°£84.56° (2
Length of the line = 400 km
¥l = 1.99 x 1073 x 400£84.56°
= 796 x 107°£84.56°
= 0.07546 +j0.7924
Now, sin iyl = sin h(0.07546 + j0.7924)
= sin h(0.07546) cos(0.7924) + j cosh(0.07546) sin(0.7924)
= (0.0530 +j0.7140
= (0.716.£85.75°
cos hyl = cos h(0.07546 + j0.7924)
= cos h(0.07546).cos(0.7924) +j sin 1(0.07546) sin(0.7924)
0.7041 + j0.05378
0.7061524.367°

Series impedance of 400 km line,
Z = Z1=0.794 x 400£79.11

= 317.6£79.11 Q

©Copyright: NADE EASY www.madeeasy.in
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Shunt admittance of 400 km line,
Y

Yl =5 x 10-% x 400£90° U
2 x1073£90° &

(i) Nominal T-representation:

I

= 1+E
2

S
[

(317.6.£79.11)(2 x 107° £90°)
2

=1+

0.6907 £4.983°

B = Z(1+£)
4

317.6.£79.11°)(2 x 107 £90°)
4

(317479.110)[1 W

268.2426.,81.145° Q
C=Y=2x103£90°0

YZ
D=A=1 +7 =0.6907.£4.983°

(i) Nominal n-Network :

— r

e

=
N =
N =
w<

l !

YZ
A=1+ > = 0.6907.£4.983° (calculated before)

B = Z=317.6£79.11° Q
C = Y(l +£)
4
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(o] _3 (o)
5103 4900[ |, (317:6£79.11 L(z x 107 290 )]

C = 1.6891 x 1073£92.035°
D = A =0.6907£4.983°
(iii) Exact Representation :
A = cos hyl =0.70615.£4.367°
B = Z_sin hyl = (398.5£-5.45)(0.716.£85.75°)
= 285.326.£80.3°
C = sin hyl _ 0.716£85.75°
Z, 398.52 —5.45°
= 1.796 x 10°£91.2 U
D = A =cos hyl = 0.70615£4.367°

Q.3 (a) Solution:

Before fault :
pP,=P_. sing
05P_, = P sind,
6, = 30°=0.523 rad
P
Pmax _____________________
08P, |
= p,=05P,,
0.25P A
. max | ]/ ____-{7?—_\
8 O, O n-9, o
During fault:
Reactance between generator and infinite bus increased to 400%.
Pmax :
P, = TsmS

)
Il

0.25P__ sin

©Copyright: NADE EASY www.madeeasy.in
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After fault:

P, =08P_, sind
AtP,=P_-05P__,
05p_. = 08P _ sind,
5, = 38.68°
= 0.675 rad
For critical clearing angle,
A=A,
S, n-8;
(0.5P,0y = 0.25P,, SIN8)AS = [ (08P Sin S — 0.5P,,,)dS
3, 5
n—3, S, -3,
| 05Pd8 = |025[sins-dd+ [ 08sind-dd |Ppay
S, S, S,
0.5[r - 8, - 8] = 0.25[cos §, - cos ] + 0.8[cos &, + cos J ]
0.5(rn - 0.675 - 0.523) = 0.25[0.866 - cos § ] + 0.8[0.78 + cos § ]
0.9717 = 0.2165 - 0.25 cos 6, + 0.624 + 0.8 cos 6,
0.1312 = 0.55 cos 9,
6 =76.18°

C
Q.3 (b) Solution:
For positive sequence network,

The base voltage on line side of transformer,

= 13.8x£ =120.2 kV
13.2

Base voltage on motor side of transformer

13.2
1202x —— =
115 13.8 kV

2
10x 13.27(30 =7.8423%
13.8 ) | 35

2
20x[ 1221 (30 ) = 24.6%
138 | | 20

Percent reactance of transformer

Percent reactance of motor-1

©Copyright: MADE EASY www.madeeasy.in
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2
Percentage rectacne of motor-2 = 10x 1251(30) - 49.2%
13.8 ) | 10

Percent reactance of line

80x 302 x100 =16.7%
120

As negative sequence network is identical to positive sequence network (except for
sources).

Zero sequence network,

Neutral reactance = 2x3x 30 5 %100 =94.5%
(13.8)
Zero sequence reactance of the line
= 200x izx 100 =41.6%
(120)
+ve sequence network Thevenin’s equivalent from point ‘P’
2

Zero sequence reactance motor-1 = 5x 30 X 1251 _ 6.15%
20 13.8
30 (125 Y

Zero sequence reactance motor-2 = 5x| — [x| —= | =12.30%
10 13.8

70.0784 j0.167 j0.0784
j0.15 70.492 70.246 X, © j0.1466
=
1£0°
+ve sequence network,
70.0784 j0.167 j0.0784
— 000 ——3——000——T00
jo.15§ 70.492 0246 = XZE j0.1466

©Copyright: NADE EASY www.madeeasy.in
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Zero sequence network,

j0.0784 p j0.416 j0.0784

70.05 j0.061 j0.123
=

X, E j0.0676

j0.945 j0.945

(i) L-Gfault:
The sequence network (positive, negative and zero) are connected in series,
1

lo = In =12 507266 + j0.1466 + jo0676 277 PU-
Fault current (If) =31,
= —8.314 p.u.
B t = M =1255 A
ase current = “ETT 0 =
On line side:
30x10°
= ———=1443A
Base current 120
Fault current = 144.3 x 8.314
= 1199.133 A
(i) L-L fault:
Only positive and negative sequence are involved,
1 1 1
I, = = =- , =-j3.41 p.u.
Zi+7Zy, Xy +X, j0.1466+ j0.1466
Fault current = /3 |Ia1|
= J3x3.41 =5.90 p.u.
Fault current = 5.90 x 144.3 = 8559 A
(iii) LLG fault:
1
I, = =-j52p.u.
al ; ] p
10,1467 + ?0.146 X 9.0676
j0.146 + j0.0676
Z (—75.2)(j0.06767) .
I,= ~lpg ———= = j1.647 p.u.
@ = My 7, j0.21367 JRL5E P
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As, Lo+Iy+1,=20
I, = j3.553
Fault current = 3I ;=3 x j3.553
3 x 3.553 x 144.3
1538 A

Fault current magnitude

Q.3 (c) Solution:
(i) Methods to improve string efficiency for an insulator.

1. By using longer cross arm : The value of string efficiency depends upon K
(ratio of shunt capacitance to mutual capacitance). Lesser K value, greater is
string efficiency. Hence longer cross arm will reduce shunt capacitance and
maximize the string efficiency.

2. By grading the insulators, such that the top unit has maximum capacitance,
increasing progressively as the bottom unit is reached. As voltage is inversely
proportional to capacitance, this method tends to equalize potential distribution
across the units in the string.

(i) Given, Spanlength, ! = 375 m
Weight of conductor/m length,
W = 0.865 kg
Conductor dia, d = 1.96 cm

ice coating in thickness, ¢t = 1.27 cm

, _ 9060
Working tension, T = = 4530 kg

Volume of ice/m (i.e 100 cm) length of conductor
nt(d+t) x 100 cm3
Tt x (1.27) (1.96 + 1.27) x 100 = 1288 cm?
Wt of ice/m length of conductor is
Wi = 0.91 x 1288 =1172 gm
Wind force/m length of conductor
W,y = (Pressure) x (d + 2t) x 100
= 3.9 x (1.96 + 2 x 1.27) x 100 gm = 1755 gm

Total weight of conductor per meter length of conductor is

W, = W+ W) + (W )?
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J(0.865+1.172) + (1.755)% = 2.688 Kg

WP 2.688x(375)°
5% = 78T 14530x8 10430m

Q4 (a) Solution:

Let ‘7 be the earthling resistance needed to leave 10% of winding unprotected,

_6.6x10°
Vo= g5 =38105V

6
Full load current, 1= 200 _grz7a
J3x6.6x10
Let reactance per phase be “x” ohms
2
Zynse = kVZ 4.356 Q
ase MVA

X = Zp ¥ (1), =4.356 x 02 =0.8712 Q
0.2 x 0.8712 = 0.17424 Q

V¥ 0.2=38105 x 0.2

7621V

Impedance offered to fault by 20% winding

Reactance of 20% winding

Voltage of 20% winding

Zp = \J(0.17424)% + 17

o 762.1
Earth fault due to 20% winding = B
f
When this fault current, between 170 A, the relay will trip
762.1

= 170
Zy
762.1 o
(0.1742)% +7%
2
762.1
2 2 — |
(0.17424) + 1 ( 170 )
r=4480Q
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Q4 (b)

The single line diagram is as shown:

RAS

25%
LV side
HV side’l%b‘ 11/66 kv
Feeder

Let the base MV A chosen be 20 and base kV be 11 kV on generator side and 66 kV on
feeder side. Per unit reactance of each generator,

Xg pu = 0.20 p.u.
Per unit reactance of transformer on new base,
20
= 0075 x— =
X 15 0.1 p.u.

t p.u.
Per unit reactance of the reactor,
X u 0.25 p.u.

The fault occurs at point F on hv side of the transformer pre-fault voltage at F,

—_ @ —_ 1 o
Viouw = 56 0£0
=4 [
% 0.20 $ 0.20 $ 0.20 % 0.20 0.10 0.10
- L X
Xep p.u. ep p.u.
0.10 025 0.10
F F
The equivalent reactance is given by,
0.10(0.25+ 0.10)
X = 0.1+ =0.1778 p.u.
eq pu. (0.10+0.25 + 0.10) P-4
Thevenin’s voltage = V., =10
pr.u. 1.0
The per unit fault current, I ou = Xeqpa. ~ 01778 =5-624pu.
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(MVA), x10>  20x10°
Base current on h.v. side, I, = 3 x (V) = m =175 A
b

Actual current, If = pr'u' x [, =5.624 x 175 = 984.251 A

Q4 (c) Solution:
Let V be the operating voltage and C be the capacitance to the ground.
Given, number of insulation unit,
n==6
According to question, mutual capacitance
= 10 x Capacitance to ground = 10C

Mutual capacitance 10C
Hence, m = - = =10
Capacitance to the ground  C

Let V,, V,, V,, V,, Vo and V, be the voltages across the different units as shown in figure
below :

e <

To calculate the voltage across different units, apply the relation :

LV
Vo= ZFFVn (1)
1
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where n=123,45and 6
V.
Now, v, = L4y
m
Vi 11V
= —=+V,=—=F =11V .2
10 ' 10 1 @
The voltage across the third unit is given by :
v, = K+V2 _ Vi+V, £11V, = Vi +1.1V; +11V,
m
=021V, + 1.1V,
vV, =131V, ..(3)
L % Vi+V,+V;
Similarly, V,= —+Vz3g=————+V
1milarly 4 - 3 10 3
_ AL 1B g
10
V, = 1651V, .(4)
v = VitV +V3+V, ‘v,
5 m
_ Vi +1.1V; +1.31V; + 1.651V; +1.651V,
10
Vs = 2157V, (5)
Vi+ Vo, +Va+V, + V.
v, = 1t Vot Vst VatVs | Vs
m
_ V1 +11V; +1.31V; +1.651V; + 2,157V, + 2157V,
10
Ve = 2879V,

Voltage across the string,
V=V+V,+V,+V,+ V. +V,
=V, +11V, + 131V, + 1.651V, + 2157V, + 2.879V,

vV =10.097V, ...(6)
From eqn. (6),
vV, = 0.09V
Thus, voltage across topmost unit,
vV, =0.09V
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Similarly, V, =11V, =1.1x0.099 V
V, = 0109 V
V, = 131V, =131 x 0.099 V
Vv, = 0130 V
V, = 1.651V, =1.651 x 0.099 V = 0.163 V
V, = 2157V, =2.157 x 0.099 V = 0.2135 V
V, = 2.879V, =2.879 x 0.099 V = 0.285 V

As we know that the voltage across the unit nearest to the conductor is maximum
V¢ = Maximum unit voltage = 0.285 V
Now, % string efficiency
Operating voltage

- : % 100%
n X maximum voltage across the

unit nearest to conductor

1%
= ———x100% =58.48%
6 x 0.285V 28487

Section B : Systems and Signal Processing-1 + Microprocessor-1

+ Electrical Circuits-2 + Control Systems-2

Q.5 (a) Solution:
Switch is closed at t = 0, for t < 0 inductor acts like short circuit. Hence, at t = 0- the
equivalent circuit becomes as below :
1%

i(0) i(0)

<
NG 2120 100

AAA

= 400
>

AAAA

Assuming node voltages as V as shown above. In the above circuit 12 Q, 10 Q and 40 Q
are in parallel.

1 1 1 1

Rq 12 10 40
R, = 48Q
V=48x15=72V

, vV 72

iW(0) = 35=15 =72A
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The equivalent of the given circuit for t > 0 is :

-

() (f)

=10 Q 40Q 3
<

25H % i(0) 4H % i,(0)

The above circuit can be given in Laplace domain as shown below :

AAAA
\AAAJ

Li(s) Ly(s)
100 00QZ
2.5s % 72 4s % 18

S S

L(s) Ly(s)
10 Q 40 Q
2.5s 4s
18V 72V

0-(-18) 18 _ 7.2

hO) = 25410 255410 s+4
L@ = 0-(-72)_ 72 _ 18
4s+40  4s+40 s+10
By taking inverse laplace transform of the above two equations, we get
i,(f) = 7.2 u(t) A
i(H) = 1.8 10%(t) A

©Copyright: NADE EASY www.madeeasy.in



32 | ESE2024: MAINS TEST SERIES MADE ERSYH

Q.5 (b) Solution:

The block diagram of uncompensated system is drawn.

R<s>ﬂﬁ§ o )

With tachometer feedback the block is redrawn as shown :

K
s(s+2)

sK,

The overall transfer function of the compensated system is

C(s) B K
R(s)  s*+(2+KK,)s+K
Since M, = 25%
—nE
025 = V¢
1025 = —™ Ine
1-¢2
_1.38 = S x1
J1-E2
£ =04
t, = 1 sec
0, \ll_g
T

e
=
ﬁ‘
|
e
N
I
a

o = = =~ = 3.42 rad/sec
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The characteristic equation for the compensated system is
s?+(2+KK)s+K =0

From the characteristic equation, it is noted that

o, = VK
and 28w, = 2+ KK,
342 = JK
K = (342)2=117
28w, = 2+ KK,
2%x04x342 = (2+11.7K)
K, = 0.065

t
Q.5 (c) Solution:

From the given block diagram,

_ 4:(Kp + KDS) _
G(s) = —s(s T4 and H(s) =1
The steady state error for unit ramp input is defined as
Ll 1
® Ky limsG(s)H(s)
s—0
0.20 = !
lims x 2Kp + Kps)
s—0 s(s +4)
4(Kp)
5= ——=
o 0+4
K,=5
Now, the closed loop transfer function of the system is
T(s) = G(s) B 4(Kp + Kps)
1+G(s)H(s) s(s+4)+4(Kp +Kps)
ForK,=5:
T(S) _ 4(5 + KDS) _ 20+ 4KDS

s(s+4)+4(5+Kps) s> +4s+ 20+ 4Kps

20+ 4Kps
s? + (4 + 4Kp)s + 20
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On comparing the characteristic equation with the standard second order equation, we

get

and 28w,

2X\/EXO.75—4

Q.5 (d) Solution:

()

Time period, T

Fundamental frequency, o,

or 1,

(ii) o,
X(w) can be rewritten as,

X(e)

Comparing with X(w)

We have X[K}

J20
4+ 4K,

4K,
0.677

, K=3

otherwise
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)

2 X[K]e]K(Dot
K:—oo

(iii) x(b)

.jm T
Lro1 o
2 T

Q.5 (e) Solution:

(i) XCHG : On execution of this instruction the content of HL register pair are exchanged
with DE register pair.
It requires 1 byte, 1 machine cycle and 4T states. No flags are effected.
(@ii) IN : Using this instruction, the data from input device having port address given in
the instruction will be copied to the accumulator.
* [tis a 2-byte instruction.
* It requires 3-machine cycle and 10T states.
* No flags are affected.
(iii) OUT : Using this instruction the contents of accumulator will be copied to into the
output device having port address given in the instruction.
* Itis a 2-byte instruction.
* It requires 3-machine cycle and 10T states.
* No flags are affected.
(iv) DAA : Decimal adjust accumulator. This instruction converts the binary number in
accumulator to BCD number.
* Itis 1-byte instruction.
* It requires 1 machine cycle and 4T states.
* All flags are affected.

Q.6 (a) Solution:

(i) Two 2-port network are said to be connected in cascade when the output port of one
is the input port of the other as shown in figure below :

Ill 112 121 122
+ + + o
Vll [Tl] V12 V21 [T2] VZZ
- 0— - - o —

By the definition of transmission parameters

V. Ay By ||V
For 1% network, RIS N | R (1)
111 Cl Dl 112
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(Vo1 [A2 B[V
nd 21 — ..
For 2"“ network, Iy Cy Dy ||l ..(it)
[V ] _ FV12]
I | [12

Substituting equation (ii) in (i),

[V11:| [ Ay 31] (A, B | FV22:|
I

B A B —Al qu —Az B,
[T]overall - C DI|~ Cl D1 CZ D2

Thus, transmission parameters or ABCD parameter matrix of the overall two port
network is equal to the product of the matrices of ABCD parameters of the individual

network.

Network -1 Network -2

Here, network 1 and network 2 are identical and cascaded.

I 4Q 4Q I,
+ +
v, 1Q 2Q Vi
Y o o o -
Va _ Aa Ba Vb
Ia - Ca Da Ib
V. =AV,+BlI
Iu = Cuvb + DaIb
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Case I : Open circuiting the output port, i.e., I, = 0.

[ 4Q 40 I,=0
+ +
v, 1Q 2Q Vy
o o 5 o —
Current Ic through 4 Q and 2 Q resistor
1 I
= aX7=—ﬂ
1+2+4 7
I 2
Vb = 7“)(2:;101
I{l
C =-%£=350
a Vb
I
V, =4 +1(4+2) =4I, +7“(6)
34
Vu = 7Ia
3,
a
A = ﬁ:_; —=17
Vp °r

Case II : Short circuiting the output port, i.e.,, V, = 0.

I, 4Q 4Q ],
1Q
O O
[ - Iaxl_I_u
b 1+4 5
1x4
vV, = Ia(4+1+4) =48] =48x5x],
B —£—24Q
a Ib -
I{l
D, = I, =5
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Since, T, and T, are identical networks

Q.6 (b) (i) Solution:

17 24
T1=T2=[3.5 5]

17 24|[17 24
[Tl][T2]=[3.5 5][3.5 5]

373 528
~ |77 109

[T]

1. Similarities between JUMP and CALL :

1. Both change the sequence of program execution.

2. Both are 3 bytes instructions.

3. They do not have any effect on flags.

Difference between JUMP and CALL :

1. The contents of PC are transferred to stack by CALL but not by JUMP.
2. JUMP requires 10T states while CALL requires 18T states.

3. JUMP is used for branching while CALL is used for subroutines.

4. A CALL instruction has to be followed by a RETURN instruction. There is no
such compulsion for JUMP.

2. Similarities between STA and STAX :

1. Both transfer contents of accumulator to a memory location.

2. They do not affect any flags.

Difference between STA and STAX:

1. STA uses direct addressing mode while STAX uses indirect addressing mode.
2. STA is 3 bytes while STAX is 1 byte.

3. STA needs 13 T-states while STAX needs 7 T-states.

Q.6 (b) (ii) Solution:

Assume 16-bit number at memory locations 2501H (MSB) and 2502H (LSB) and
complemented value at 2503H and 2504H.

LXI H,2501H ; Load HL pair with an address 2501 H

MOV AM

CMA

; Data stored at location indicated by HL pair moved into
accumulator

; Complement the data stored in accumulator
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STA
INX
MOV

CMA
INR
STA
JNC
INX
MOV
INR
STA
HALT

Q.6 (c) Solution:

Consider the given signal

2503 H
H
AM

2504 H
HALF

A,M

2503 H
HLT

for x(t) to be periodic,

Let

which also yields,

as

and

Thus, x(t) is periodic if

; Store the data of accumulator at address 2503 H

; Increment the content of HL pair

; Data stored at location indicated by HL pair moved into

accumulator.

; Complement the data stored in accumulator

; Increment the content stored in accumulator

; Store the data of accumulator at address 2504 H

; Jump to end of programm in case of no carry
; HL pair now points to 2503 H

; MSB again brougth into accumulator

; Increment accumulator
; stare the data of accumulator of address 2503 H. (MSB)

; stop

x(t) = i e My (2t —n)

x(t+T)
x(t+T)

T = % =

x(t+T)

2T -n

N=—co

x(t)

> e CED Y2t +T) - n)

N=—oc0

D e~ PH2T=m)y (04 4 2T — 1)

N=—oo

0 aAS 11 = oo

D e My (2t — m)

M=—oo

x(t)
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n—m
==
Thus, the fundamental time period is
L1
2
ut-n) =1
n
For t > )

x(t) = i e 2t u(2t - n)

N=—oco

1
Let us now define x(f) over one time period 0 < t < >

0
Y o g<t<

() = :
N=—c0
0 [}
_ e—Zt z el = e—ZtZ (e—l)n
n=—oco n=0
-2t
e 1
t) = ; 0<t< —
x(0) 1-¢! 2
The average power contained in x(t) is given by
T
1 2
p. = ?“x(t)‘ dt
0
v ot 2
=2] | dt
o L1-e
1/2
2 4t
= dt
—1\2 J.
(I-¢7) 0
1/2
2 e[ 2a-e?
1-e')?| 4|, 41-¢')

1 (1-ehHd+e) 11+
2 (1-e71)? 2{1-¢71
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Q.7 (a) Solution:

The frequency domain equivalent is shown below :
2

A
vy

>

<
<

24,0°(~ j10 40
O > g€

X, =2nfL;=1Q
X, = 2nfL, =4 Q
From the data on mutual inductance,

M = KLiL, = /(3.185)(12.74)

M = 637 mH

Xy = 2nfM=2Q
Mesh equation for network are :

2+ -j2I, = 24£0°
2, + (4 + 4L, = 0

Solving (i) and (ii) gives

AAAA
LA
I
e}

D

—~
I

9412-11.31° A
I, = 3.33433.69° A

,(f) = 9.41 cos(314t-11.31°) A
i,(t) = 3.33 cos(314t + 33.69°) A
At t =5 msec
314t = (314) x (5 x 107%) = 1.57 = 90°

i,(t=5msec) = 9.41 cos(90 -11.31°) =1.845 A
i,(t =5msec) = 3.33 cos(90 + 33.69°) = -1.847 A
Therefore, energy stored in mutually coupled inductor,

1., 1. 5 ..
WO, = o005 sec = it +5 Lo — Minia

2
~ (6.37 x 10°%) x (1.845)(-1.847)

W(t) = 0.005 sec) = 48.62 m]

5.42 x 1073 +21.73 x 1073 + 21.47 x 102

1 1
> (3185 x 107)(1.845)2 + — (12.74 x 107)(-1.847)2
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Q.7 (b) Solution:

Eigen values :

M- A] =

Characteristic equation is
AMAR+6) = (7)(=2)] - (-DI[-3( +6) - (-2)(12)] = 0
A+D)A+2)A+3) =0

.. Eigen values are

A=-1,-2,-3
Corresponding to A = -1, the eigen vector is
-1 -1 0 ||x
—3 -1 =2 X2 = 0
12 7 5 |]|x;
ie., x,+x, =0
Xy = =Xy

Bx; +x,+2x, = 0
or Xy = Xy
12x; + 7x, + 5x, = 0
If x, =1, then x, and x, are -1.
1
Therefore, eigen vector is | —1 .
-1
Corresponding to A = -2, the eigen vector is
2 -1 0]|x
-3 2 2||x,
12 7 4 ||x;

Il
(@)

i.e., 2x; +x, =0 orx,=-2x,
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Bx; +2x, +2x, = 0
or Xy = lx
3 2 1
12x; + 7x, +4x, = 0
If x, = 2, then x, = -4and x; =1
2
therefore, the eigen vector is | —4
1
Corresponding to A = -3, the eigen vector is
-3 -1 0 X1
-3 -3 2||x| =0
127 3 ||x;

3x; +x, =0
or x, = -3x,
3x; +3x,+2x, = 0 or x,=23x;
12x; + 7x, + 3x, = 0

If x, =1, then x, = -3 and x, = 3.

[ 1
Therefore, the eigen vector is | -3
| 3
1 2 1]
Modal matrixis [-1 —4 -3|.
-1 1 3]
[+(-12+3) —(6-1) +(-6+4)
adj[M] = | (3-3) +(B+1) —(3+1)
| +(-1-4) —(1+2) +(-4+2)
[9 -5 2
=6 4 2
-5 3 2
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M) = {(-4-3) - (-3 x 1)} - 2{(-1 x 3) - (-1 x -3} +
(-1 -1) - (-4 x 1)} = =2

. -9 5 2
]\/I'1 = —E 6 4 2
|5 -3 -2]
1”—9—5—2“ 0o 1 off1 2 1
M‘lAM=—E 6 4 2 3 0 2(|-1 4 3
-5 3 -2|[-12 -7 -6]|-1 1 3
-1 0 0
=10 -2 0
[0 0 3
1
B =10
1”—9 -5 -2][1
MB = —5 6 4 2
|5 3 -2]|2
"137
13| | 2
= —% 10 [=]|-5
9] |9
[ 2 ]
Therefore, canonical representation is
_ i [13 ]
21 -1 0 0 Zl 7
2| =10 =2 0|[z|+]-5
z3 0 0 =3[z 9
[ 2 ]
Zlq
y=[11 1]|z
Z3_
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Q.7 (c) Solution:
For given system,

Overall closed loop transfer function,

16(1 + K;s)
CO 2t __ 161+K)
(s) 1+1%1+Kﬁ) s*+ (1.6 +16K,)s + 16
s” +1.6s
Using characteristic equation :
1+G(s)H(s) = 0
o> =16
®, = 4 rad/sec
Also, 28w, =16 +16 K, (Given, & = 0.8)
2(0.8)4 = 1.6 +16 K,
K, =103
If the input is unit step input,
RO - 3
s
) = 1 16(1 +0.3s)
S s +6.45+16
= £+ LS She I ...(By partial fraction
s 5 +64s+16 (Byp )
16
K, = 16 1
and 16(1 +0.3s) = (s> + 6.4s +16) + (K,s + K))s
K,+1=0
K, =-1
K,+64 =428
K, =-16
1 -s—1.6 1 -s—1.6
) = 5 P 6as+16 s (5+32)2+576
1 s+3.2 1.6

S

+
(s +3.2)* +5.76

(s +3.2)* +5.76
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Taking inverse Laplace transform of above equation,

1—cos2.4t(e>?) + gsin 2.4t(e%)

c(®)

= 1-e7%[cos2.4t —0.667 sin 2.4t]

Now differentiating above expression w.r.t. time,

de(t)

— = 0- [(e732) (-2.4 sin 2.4t - 0.667 x 2.4 cos 2.4)

+ (cos 2.4t - 0.667 sin 2.4¢) (-3.2 e324)]
-e732t [(-2.4 sin 2.4t - 1.60 cos 2.4t) - (3.2 cos 2.4t - 2.13 sin 2.4)]
= ¢732t[-0.27 sin 2.4t - 4.8 cos 2.4t]

For obtaining the peak time,

dc(t)
T
-0.27 sin 2.4 t, - 4.8 cos 2.4 t,= 0
4.8
= ——=-17.07
tan 2.4 t, 0.7
;o= tan'(-17.07) _m—tan ' (17.07)
P 24 24
t, = 0.678 sec
For maximum value c(t)
t=t,=0678

(D = 1- €770 [cos(2.4 x 0.678) — 0.667 sin(2.4 x 0.678)]
1 -0.114 [cos 1.6272 - 0.667 sin 1.6272)]

1-0.114 [-0.0563 - 0.667 x 0.9984]

1-0.114 [-0.722] = 1.0823

% maximum overshoot, for unit step input

[C(t)max B C(t)ﬁnal] % 100
C(t)ﬁnal

- wxmo - 8.23%
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Q.8 (a) Solution:

(i) Given electrical network

0
11
11
11
11

N

Applying Kirchhoft’s current law at node 1 and 2,
Vi-V dV1+V1—V2

+C =0
R, bat R,
Vi-Vi o dVs _
R, 2 dt
v, -V,

Ry
Rearranging (i), (ii) and (iii),

Wi Vo v (1
dt CRy GR, C

v, Vi Y
dt ~ CyR, C,R,

A
R, R,
dv. .
Putting V, = x, and d—tl = Xq
av, .
V,=x,and i T
Therefore, i = _CL(RL +Ri) ) Cxlz2
1\ Ky 2 )
X, = X1 X2
2GRy, GyR,
1y ox
Y R, R,

1
_+_
Ry Rz)
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The state model is,

X

Q.8 (a) (ii) Solution:

For t <0, the switch is open and inductor acts like a short circuit.

2Q 3Q

v(t) = 3i(t)=6V,t<0
Thus, i(0) = 2A

For t > 0, the switch is closed and circuit be

3Q
+‘VAVAVAV_
0 iy i
S6q goH
Ry =31l6=20Q
So that time constant is
L
T= — =1sec
Ry,
Hence, i(h) = i(0)e/"=2¢"A,t>0
Since the inductor is in parallel with the 6 Q and 3 Q resistors.
G o oet “ty.
vy(t) = -V = Lo =- (=2e7") = 4e7'V; t>0
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lo(t) = ?— 6 2? _tA
0A, t<0
and W) = Z26tA, 50
3 Vi
6V, t<0
Vol = 4oty ¢ 0
' 2A, t<0
M= Voeta t20

Q.8 (b) Solution:

(i) To determine whether or not a system is linear, we consider two arbitrary inputs
x,(n) and x,(n).
For input x,(n), output,

n+ng

yy(n) = z xp (k)
k=n—-ng
For input x,(n), output,
n+ng
v) = 2 1)
k=n-ng
For input x,(1), output,
n+ngp
ys) = X x3(k)
k=n-ng

Let x,(n) be a linear combination of x, (1) and x,(n). That is,
x,(n) = ax,(n) + bx,(n)

where, a and b are arbitrary scalars.

If the system is linear, then
ysn) = ay,(n) + byy(n)

Consider the LHS of the above equation,

n+ng n+ng
ysn) = D x(l)= X axy(k)+bxy (k)
k=n-ng k=n-ng
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n+ng n+ng
=a 2 x1(k)+0b Z x5 (k)
k=n-ng k=n-ng

ay,(n) + by,(n) = RHS
Since, LHS = RHS, we conclude that the system is linear.
(i) Let x,(n) be an arbitrary input to the system,

n+n(Q

x,(m) =y, ) = Y, xak)

k=n-ng

n+nQ

x(n) > yy(n) = Y, xp(k)

k=n-ng
Let x,(n) be obtained by shifting x,(n) in time, i.e.,
x,(1) = %, - m)
If the system is time-invariant.
Then, Yyo(n) = y,(n-m)
Consider the LHS of the above equation,

n+ng n+ng

y(n) = Y, xk)= Y, x(k-m)
k=n-ng k=n—-ng
Now, consider,
n+ngQ
ym = Y x(k)
k=n-ng
n—m+mn( n+ng
yy(n-m) = Z xq (k)= 2 xq (k—m)
k=n-m-ng k=n—-ny
Clearly, Yo(1) = y,(n - m)

Thus, the system is time-invariant.

(iii) x(n) is bounded by a finite integer B,, i.e. |x(n)| <B, forall, n

n+ng n+ng n+ng
ol = | X xk)= 3 Rkls > B
k=n-ng k=n-ng k=n-ng
< B [(n+ny) - (n-ny)+1]
< B,(2n,+1)
Hence, C < (2n,+1)B,
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Q.8 (c) Solution:

The waveform is periodic with period T = 2 and fundamental frequency

W, = T =T
The given waveform for one period may be written as
5 = t, O<t<l1
W=, 1<r<2

Since the wave is neither even nor odd, the series will contain both sine and cosine terms.

a, = —j [j tdt + JOdtJ

0 1
_1
Now, we determine a, and b, :
5T
a = ?J.x(t) cos(nw,t)dt
0

1 2
= 2 Jtcos(nnt)dt+jOcos(nnt)dt
2 0 1

1
= Jtcos(nnt)dt +0
0

: 1 1
_ tsm(nnt)] N cos(nmt)
[ nm 0 |: (nn)2 :|0

_ ! 5 (cos(nm) — 1)
nm)
_22 , n=1,3,5,..
a, = {(nm)
0, n=2,4,6,..
) T
b, = = [x(t)sin(no,t)dt
0
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1 2
Z j tsin(nnt)dt + j Osin(nmnt)dt

= j.tsin(nnt)dt +0 = [M]l + [Sin(nnt)}

2
0 nm 0 (1’[7'5) 0
-1
= —cos(nm

- (nm)
i, n=1,3,5,...
nm

b, = 1
—, n=2,4,6,.....
nm

Substituting the values of a v, and bn
x(t) = a,+ 2 [a,, cos(nw,t) + b, sin(nw,t)]
n=1

1

= —- %Cos(nt) - 5 cos(3mt) —

T (3m) (5m)

5 cos(5mt).....

+ lsin(mf) - isin(21rt) + isir1(31rt) .....
T 2 3r

The even harmonic amplitudes are given directly by | b, |. Since, there are no even-harmonic
cosine terms. However, the odd-harmonic amplitudes must be computed using C, =

Jaz +b>,n21and C,= a, Thus,

2 2
c, = (3) (l) - 0377
T T
C, = 0.109
Cs = 0.064
0377
1
“ \ BE
2 3 4 5

Q000
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