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Detailed Solutions

ESE-2026 Electrical Engineering
Mains Test Series TestNo: 3

Section A : Power Systems
Q.1 (a) Solution:

The equivalent circuit,

11
—_— Vl
KC TC
=
1
__IZ vV, V
KC TC
b+
i, I
3 ‘/v3
KC =C }_
1 x
3
O
Conductor

Itis given that V, =13.1 kV and V, =11 kV. Let K be the ratio of shunt capacitance to self
capacitance of each unit. Applying Kirchoft’s current law to junctions,

V, = V,(1+K)
v, = b
1+K

Vo=V, +(V,+V,)K
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Vy=1V, +[1‘:2K +V2]K
Vi,1+K)=V,1+K)+[V,+V,(1+K)IK
= V,[(1+K)+ K+ (K+K?)]
= V,[1+ 3K+ K?]
13.3(1 + K) = 11[1 + 3K + K?]
11K+ 199K -21 =0
Solving this equation,
We get K =101
v, = » o 1 _jowy
1+K 1+01
Voltage between line and earth = V, + V, + V, =10+ 11 + 13.1
= 341kV

Voltage of bus-bars

Q.1 (b) Solution:

34.1x+/3 =59 kV

The power loss due to corona for 3-phase is given by

Asf, 8, rand d are the same for the two cases,

For first case,

and

For second case,

and

and

Critical disruptive voltage,

. 3><242.§(f+25)\/g(v_vc)zxw_g, KW/ km
P o (V- V)2
P = 53 kW
106
V=5 =612kV
P = 98 kW
110.9
V= m64kv
53 o (61.2 - V)2 ..(0)
98 o< (64 - V)2 ...(ii)

98 _ (64-Vc)’

53 (61.2-V)?
V. =54 kV

ocopyright: [MADE EASY

www.madeeasy.in



12 | ESE 2026 : MAINS TEST SERIES MADE ERSYH

Let W kilowatt be the power loss at 113 kV
2
113
W= (— ~ Vo | =(65.2 - 54)
&%)
Dividing (iii)/ (i) we get
W (65.2-54)
53 (61.2-54)

2
W= 11.2 x53 =128 kW
7.2
Q.1 (c) Solution:
R L ~
. t=1, i(h)
V2V cost V <~>

To find i(t) for t > 0" we can convert the above circuit in following way

...(iii)

Let, V=t-t, = t=t+1
R L >
. £=0 i)
V2V cos(at’ + 0)t0)<~> ¥=>(0)
v £
i(r) = Wcos(o)if tofy o)+ Ae T (¢ )
Symmetrical short circuit current,
|Z] = YR +(aL)?
o = ta -1 O)_L
R
_ L
TR
Now, it=0)=it'=0)=0

@cos(mto -o)+A =0

Z|
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2V

= —————CO0Ss

|Z

Now change, t =t-t,

ﬂcos((ot—oc)——

Now, if the initial value of dc off set (A) is —

= mto—oc=0
o
= to—g
tan_lm—L
t, = R
0 0

V,, coswt V <~

+> (Zsl

(ot — o)

——F COS
|Z]
v
Z|

(ot —a)e

According to the derivation:

For initial value of dc off set to be —% we required
tan™! o;{L tan! %
h T T T axalaxso | oo msee
Q.1 (d) Solution:
Given percentage differential relay:
400/5 400/5

(=2

v

304 A 320 A

v

i i

it requires that cos(owt, - o) = 1
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As we know,

For trip, i = (i2—i1)>IO+K[11;lz)
Given, K=011,=01A
304
Now, = —2— _-38A
oW 7 400/ 5)
o320
27 (400/5)
i,-i, = 0.2 A
=
Also, % =39A
Now, I, + K(%) = 0.1+0.1x3.9=049
i, = 0.2<1I, +K(11J2”2)

~.Relay will not operate to trip the breaker.
Q.1 (e) Solution:

Reactance of synchronous generator = 1.2 p.u.

Voltage of infinite bus bar = 1.0 p.u.
Reactance of line and transformer = 0.6 p.u.
No load voltage of generator = 1.2 p.u.
Vi xE,

Maximum power, p, = X

S

where X . is total reactance of the circuit.

b - 1.2x1 :EZE
em 12+06 1.8 3
Given, P =P, sin 60 =0.8P,,
6, = 53.13°
dP
where Spy = %60
o, = 2rnf = 2r x 50 = 100% rad/s

Natural frequency of oscillation

SOO‘)S
o = |22

¢ 2H

=P, cosd, =06P, = O.6><§ =04
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Q.2 (a) (i) Solution:

ELECTRICAL ENGINEERING I

1 Spo(os 1 0.4x1007
= e R o3 H
5= 2\ 20 " 20\ 2x4 z

15
Z,=0

Given,

e
For a line-to-ground fault on generator, fault current is given by

X, =02pu, X, =0.2pu, X, =0.05pu

I, = 3lg, =3l =3I,

_ 3E
Zl + ZZ + ZO
I B 3x1 3 2
fic = 02402+005 045
Also, base MVA = 100
Base KVA = 25
.. Base current,

=—pu
3 p
100x10°
I, = 5 =2.309kA
J3x25%10
- Actual fault current in ampere = (I frcpu X1y = 23—0 x2.309%10°
I = 15393 Ampere
Q.2 (a) (ii) Solution:
Pe
Pmax ————————————
Pm | : |
i A : \
IS[) 8(‘1' 8Im€l)( 8
Power generated by the generator,
P, = P_. sind
ocopyright: [MADE EASY www.madeeasy.in




16 | ESE 2026 : MAINS TEST SERIES MADE ERSYH

At g, P,=1pu.
P ..=2pu
8., = rotor angleatt =t
P, = P_. sind
1 = 2 sing,
8, = 30°

* During fault, P, become zero and the fault is cleared at §_,. Mechanical input to the
generator remains constant, P, =1 p.u.
* Applying equal areal criterion,

A=A,
BCI’

A1 = j (Pm_o) ds:Pm(Scr_SO) (1)
3o
Bmax

Ay = | (Pyaxsin8—B,)dd
Scr

=P (cosd,, -cosd )-P (8 -6, ..(ii)
Equating equation (i) and (ii), we get
pm(8C7’ - 80) = PmaX(COSSCT’ - COSSmaX) - Pm (Smax - CT’)

P

cosd,, = ——(8 ¢ — Op) +COS B4y
Pmax
1 T
cosd,, = =x (110 —30)x——+ cos 110
2 180
o, = 69.14°

Q.2 (b) Solution:
Given, Series impedance, Z = (40 +j125) Q =131.2£72.3° Q
Shunt admittance Y = 10-°£90° U
" the receiving end load is 50 MW at 220 kV, 0.8 pf lagging

I, = 50 £ —36.9° =0.164.-36.9° KA
J3x220%0.8

220
Ve = ﬁéO =127.£0°kV

(i) Short line approximation :
Ve = Ve +ZI
Is = I

©Copyright: MADE EASY www.madeeasy.in
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Vs

‘VS ‘line

I

Sending end power factor

Sending end power

(i) Nominal © method:

Sending end pf

Sending end power

127 + 0.164£-36.9° x 131.2£72.3°
14524.9° kV

251.2 kV

I, =0.164£-36.9° KA
cos (4.9 +36.9) = cos (41.8°)
0.745 lagging

J3 % 251.2 x 0.164 x 0.745
53.2 MW

=1+—
b 2

1+ % x 1073 £90° x 131.2.£72.3°

0.938.£1.2°
Z =131.2/£72.3° Q

Y(1+g) = Y+1YZZ
4 4

0.001.£90° + % x107° £180° x 131.2.£72.3°

0.001.£90°

AV, + Bl

0.938£1.2° x 127 + 131.2./72.3° % 0.164£-36.9°
119.1£1.2° + 21.5£35.4° =137.426.2° kV

238 kV

CV,+ DI,

0.001.£90° x 127 + 0.938.£1.2° x 0.164.£-36.9°
0.127.£90° + 0.154£-35.7° = 0.13£16.5° kA
cos(16.5° - 6.2°) = 0.984 leading

J3 x 238 % 0.13 % 0.984
52.7 MW
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(iii) Exact transmission line equations:

coshyl  Z_.sinhvyl

A B 1
C D| = |=—sinhyl coshyl
Zc

W= (@t B = ¥z
= 1073 £90° x 131.2,72.3° = 0.362,81.2°
1 _
coshyl = E(ealéﬁl +e % - Bl)

vl = 0.0554 +j0.3577

Bl = 0.3577 radian = £20.49°

09554 £20.49° = 1.057.£20.49°
= 0.99 +;0.37

e0054 £_20.49° = 0.946./-20.49°
= (0.886-70.331

cosh yl = 0.938 +0.02
= 0.938£1.2°

sinhyl = 0.052 +;0.35
= 0.354£81.5°

N
|

\E _ [1BL24723° e
¢ Ny V108z90 T

A = D =coshyl=0.93821.2°

B = Z.sinhyl = 362.21/-8.85° x 0.354.£81.5°
= 128.2/72.65°

Now, Vg = 0.938.21.2° x 127.£0° +128.2./72.65° x 0.164.£-36.9°
= 119.13.£1.2° + 21.03£35.75°
= 136.97.£6.2° kV
Vsl = 237.23 kV
C = L sinhyl = ! x 0.354./81.5°
Zc 36221 —8.85°

9.77 x 104£90.4°
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I

Sending end pf

Sending end power

(iv) Approximation, A

‘VS ‘line

I

Sending end pf

Sending end power

9.77 x 1074£90.4° x 127 + 0.938.£1.2° x 0.164£-36.9°
0.1286.£15.3° kA

cos (15.3° - 6.2°)

cos (9.1°) = 0.987 leading

V3 % 237.23 % 0.1286 % 0.987
52.15 MW
YZ
D=1+ =0938212°
2
z(1+Y_Z) _ 7+ Y4
6 6

131.2.£72.3° + % x 1072 £90° x (131.2)* £144.6°

128.5.72.7°
Y(l + E)
6

0.001.£90° + % x 1070 £180° x 131.2./72.3°

0.001.£90°
0.938.£1.2° x 127.£0° + 128.5.£72.7° x 0.164.£-36.9°
119.13./1.2° + 21.07.£35.8°

136.2 + j14.82

137.£6.2° kV

237.3 kV

0.13£16.5°
cos (16.5° - 6.2°) = 0.984 leading

3 %2373 %013 % 0.984 = 52.58 MW
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Q.2 (c) Solution:

0 T T
4
Line (bus to bus) R X R+jX
12 0.025 0.1 Z,
23 0.02 0.08 Z,,
3-4 0.05 0.20 Z,
41 0.04 0.16 Zy
1 1
Y1 = Yot Ypu = Z_12+Z_41
1
= ————=235-7941
Y127 5025+ j01 /
1
= = ——=147-75.88
J1a T I T 9041 j0.16 /

Y = Ypty,=235-79.41+147 - 5.88
Y, = 3.82-j15.29

Y, = -y, =-2.35+;9.41

Y..=0

Yy, = -Y;u=-1.47+j5.88

Yo = Yia¥ Y

Y= =L _p94 1176
Zy,  0.02+;0.08

Y, = 2.35-9.41
Y,, = 529-j21.17

Vo1 = Y1 = Yy = =235+ 941
Yy = iy = ~2.94 +11.76
Y
Y

0

33 = Yt Vs
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Yy = =L 118471
Zy;  0.05+0.2
Y., = 412-j16.46
Y, =0
Y, = Y, =-294+;11.76
Yoy = Y= -y,=-118 +j 471
Yy = Yyt Yy =147 588 +1.18 -j4.71
Y,, = 2.65-j10.59
Y, = Y,=-147+j588
Y,, =0
Y;3=Y,=-118+j471
1 2 3 4
113.82-1529 -2.35+;941 0 —-1.47 + j5.88
vy = 21-235+7941 529-j21.17 294+ j11.76 0
Bus 3 0 294+ j11.76 4.12-j16.46 -1.18+ j4.71
4(-1.47+ j5.88 0 -1.18+ j4.71 2.65-j10.59
(ii) When a new line is added between Bus-1 and Bus-3 following elements will be
changing;:
1. Y,
2. Y,
3. Y,
4. Y

31

Q.3 (a) (i) Solution:

33 kV

20 km

Generator

6.6 kV
Load

33/6.6kV

Figure shown the single diagram of the tranmission system. The voltage drop will be

due to the impedance of tranmission line and also due to the impedance of transformer.

Resistance of each conductor

Reactance of each conductor

20x04=8Q
20x0.5=10Q

Let us transfer the impedance of transformer secondary to high tension side, i.e. 33 kV

side
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Equivalent resistance of transformer referred to 33 kV side

33 ¥
Primary resistance + 0.35(%)

7.5+8.75=16.25 Q

Equivalent reactance of transformer referred to 33 kV side

33 Y
Primary reactance + 0.65(R)

13.2 +16.25 =29.45 Q
Total resistance of line and transformer
R = 8+16.25=2425Q
Total reactance of line and transformer
X, = 10+29.45=39.45Q

Receiving end voltage per phase

33000
Vi = 7\/5 =19052 'V
_ 2000x10°
Line current, I= m =35A

Using the approximate expression for sending end voltage V per phase
Vg = Vi +1cos oy +IX, sin ¢,
19052 + 35 x 24.25 x 0.8 + 35 x 39.45 x 0.6
19052 + 679 + 828
20.599 kV

J3%20599 = 3567 kV
Viz cosdr + IR

Sending end line volgate

Sending end p.f., cos ¢, = Vs
~ 19052x0.8+35x24.25 07826 1
- 20559 e a8
I’R 2242
Line losses = El)’OWkW = % = 89.12 kW
Output power = 2000 x 0.8 = 1600 kW
1600

Transmission efficiency x100 =94.72%

1600 +89.12
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Q.3 (a) (ii) Solution:

. the o " . Veny _ 100£0°
rom the given voltages, R= "R R
1, = Yo (10021207 _ ) 500
JXr j10
I = V.BN :1004.—240 0/-150°
-jXc -j10
For IN =0
I+I,+1,=0
100

?+ 10£-210°+10£-150° =

R =577 Q

Q.3 (b) (i) Solution:
For sudden change in mechanical input:

Figure shows the transient model of a single machine connected to infinite bus bar.

& X, |Infinite bus bar
712 ()——vw——vw vl

Single machine connected to an infinite bus-bar

The electrical power transmitted is given by
E|V]
T XXy

Under steady-state condition, B, = P, = Bpay -sind

sind =P, -sind

Let the mechanical input to the rotor be suddenly increased to A, . Due to the accelerating
power B, = (P, —F,), rotor accelerates and its speed increases (® > ®,) as a result 8 also

increases as shown in figure below.

Pe / C
b/A2
Pml
A,
w
Pmo ll/
5 5 5 0
o — ,
0> o,
<o

Power angle curve for increase in mechanical input to generator
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At angle 81, P, = (Pm1 —-P,)=P,,,sind =0 (at point b), but the rotor angle continues to

increase as ® > ®_. Now, P_ becomes negative (decelerating) hence, the rotor speed starts
reducing but, the angle continues to increase till at angle 8,, ® = o, (at point C). At C, the
)
decelerating area A, equals the accelerating area A, i.e. I P,-d5=0.
80

Since the rotor is deaccelerating, the speed reduces below ®_and the rotor angle begins
to reduce. The state point now traverses the P, - § curve in opposite direction as shown in
tigure above. The system oscillates about the new steady-state point b (6 = 6,) with angle
upto §, and 3, on the two sides. When the oscillations decay out, the system settles to the
new steady state where
P, =P,=P__ sind

Now, using figure, the two areas are

81
1 J.(Pml —F,)-dé
60
)
61

A

and A

2

For the system to be stable, using equal area criterion, we have
A=A,
At point b and c of figure, powers are same, therefore,
B, sind, = P, sind; or sind, = sing,

or, 6, = (-9, (1)

Also, at point b, we have

P, =P, sind,

P
or o, = sin”! (ﬂ) ...(id)
Pm
From equation (i) and (ii), we have
P
§,= m—sin'| =L ...(ii)
m
81 82
[ (B, = Proa 5in8) dd = [ (P sind—P,, ) dd
60 61
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P, [81 = 8] = Prax[cosdy —cosd;] = Pay[cosd; —cosd, — B, [8; — 8]

B [82 =] =

P, [n—8; —8] = P [cosd, + cosd]

P [cosd, - cosd,]

™ [m—8; —§,] = cosd, + cosd,

[r -8, - §,] sin &, = cosd, + cosd,

cos 8, = [r - O, - §;] sind, - cosd,
Now, any further increase in P, ; means that the area available for A, is less than A, so
that the excess kinetic energy causes d to increase beyond point ¢ and the decelerating
power changes over to accelerating power and hence, the system becomes unstable. The
system will remain stable even though the rotor oscillate beyond & = 90°, as long as the
equal area criterion is met. The oscillations for 8 = 90° is shown in figure below which is

a stable system as A, (decelerating area) is greater than A, (accelerating area).

P,
A,
P, b ¢
A
P—Aa
05 o 3, w0

Transient stability with sudden increase in mechanical input for 6 > 90°

Q.3 (b) (ii) Solution:

Generator 1 T Motor
O g E Line g E O

25 MVA 25 MVA

11/66 kV 66/11kV
Given :Gen, Motor : 25 MVA, 11 kV, X" =15%
T/F: X = 10%
Line : 25 MVA, 66 kV, X =10%

P3¢ = 15 MW, pf = 0.8 lead,

p - 15MW 0.6

po T 25MvVA O P
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Terminal voltage of motor = 10.6 kV

Let base voltage at generator

side =11 kV

Base MVA = 25 MVA

Prefault Conditions :

10.6
Terminal voltage of the motor in p.u. = 1
V, = 0963 p.u.
(Pp.u.) - Vp.u. % Ip.u. x cos ¢
Lo 0.963 x I x 0.8
= n ~ 0 ou X 0.
1,, = 0.778236.86
Equivalent circuit :
j0.1 j0.1 j0.1
[\ I oo
j0.15 j0.15
VG
E% X',
EL =V, + L,(Xpy + Vi + X, + XT)
= 0.963£0° + 0.778.£36.86 (j0.1 + jO.1 + j0.1 + j0.15)
= 0.8034£20.41°
E'y =V, - 1,,(X%)
= 0.963£0° - 0.778.£36.86 (j0.15) =1.03£-5.16°
At fault:
7 01 jo1 jo1 g
: 500
, j0.15
j0.15
A
E’,
I = Eg
& j0.15+ 0.1+ j0.1+ ;0.1
_0.8034£20.41° 1.785./-69.50°
T 0452900 eI P
” _ 25
Iy actuay = 1.785£—-69.58 % kA
$ V3x11
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7

g (actual)

m (actual)

4
m (actual)

I;

1}, (actual)

I

Subtransient current in generator

actual)

Subtransient current in motor

Subtransient fault current

Q.3 (c) Solution:

= 2.34/-69.58 kA

E/,  1.03£-5.16
ol 025 s 6.87.£-85.6° pu
25
6.87.£ —95.16x NERT] kA
= 9.01£-95.16 kA
=1+,
= 1.785/£-69.59° + 6.87.£-95.16° pu = 8.51£-89.96°
= 851/-89.96x—22_ KA
J3x11
= 11.17./-89.96 kA
= 234 kA
= 9.01 kA
= 11.17kA

The Y, matrix of system can be assembled as

Y

bus
Y
Yo,
Yy
Y,
Y,
Y3,
Therefore, Yy s
Iteration1: I =

Y1
Yy
Y3

Yio
Y
Y3,

Yi3
Y3
Y3

Sum of all the admittances connected to bus-1

Yip T Y13 =-j5-j2.5=~7.5 pu

Yy =J2.5 =Yy

Vi3 = Y13 =75

Yip ¥ Yoy = J4 - j2.5=-j6.5
= Yy =j4

= Y F Y=o -j4=-J9
-75 25 50

j| 25 -65 4.0
50 40 -90

S, _PB—-jQ, -1+08
V) ()" 10-j0

=-1+j0.8
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Now, VD =

1 |P -0 i-1
[ ‘/iK+1 = Y—ll{ EVK])*I - 2 VK 1 2 Ylmvnlfl(}:l
1

m=1 m=i+1

~1+ j0.8+ (j2.5% 1.04 + j4 x 1.005)
—j6.5
VD = (0.8953 - j0.1538) pu = 0.9084/-9.75° pu

Since, bus-3 is a voltage-controlled bus, real power P and magnitude of bus voltage are

specified. Now, reactive power Q, at bus-3 can be computed as
QW = Im[V{ x I]]
= Im[1.005 x (Y5, VO + Y,,V{D + Y, V)]
Im[(1.005) * {(j5 x 1.04) + j4 x (0.8954 - j0.1538) + (-j9.0) x (1.005)}*]
0.2647

QO

W~
[Em
~
I

10 = S _1-j02647 = 0.9954 - 10.2633
S Wy 1.005 PRI

® 1 1
I3 — (Y ) + Y53
Y33

Since, bus-1 is slack bus, so its voltage remains unchanged.

(0.9950 — j0.2635) [ j5 x (1.04 + j0) + j4.0(0.8954 — j0.1538)]
~j9.0

VD = 1.0050 + j0.0422

Since, the voltage magnitude at bus-3 is held constant, the real part of V{! is modified as

1)

e

M = |J(1.005)% - (0.0422)? = 1.0041
Hence, v

1.0041 +;0.0422 = 1.005£2.41° pu

Q4 (a) (i) Solution:
Length of cable, [ = 1km =1000 m

495 MQ = 495 x 10° Q

Cable insulation resistance, R

25 B
1 = 7 =1.25cm

4.5 x 10" Q-cm = 4.5 x 102 Q-m

Conductor radius,

\A_
|

Resistivity of insulation,

=
I
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Let r, cm be the internal sheath radius,

p )
= —log =
Now, R 2l 810 "
r,  2mR _ 2mx1000x495x10°
ln_ = = 12 = 069
r p 4.5x10
2.310g10r—2 = 0.69
n
0.69
1" _
2 223 =2
n
r, =2r, =2x125=25cm
Insulation thickness = r, - r; =2.5-1.25
= 1.25cm
Q4 (a) (ii) Solution:
S = 250 MVA,
cos 0 = 0.8
K.E. = 1000 M]
P, = 60 MW
8, = 10°
t = 10 cycles = % =(.2 sec
t = 5cycles = 0.1 sec
Load is removed, p,=0
p =P -P,
= P, = 60 MW,
M= S _KE 1000 _,qqg
180f 180f  180x50
2
d—f L 545.45 ele.degree/s*
dt M

Integrating the above equation, we get

a8\, P,
j[?}zt - Iﬁdt—545.45><t
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Integrating it once again with dt

= [545.45xt(dt)
2
8 = %:2'70

So,  new value of power angle = 10° +2.7°=12.7°

Q.4 (b) (i) Solution:

For multiphase fault or phase to ground fault an arc resistance is introduced in the fault
path. In phase to ground path arc resistance is in series with tower footing resistance.
The arc resistance is appreciable at higher voltages. Arc resistance is added in the
impedance seen by the distance relay. Arc resistance and earth resistance collectively
known as the fault resistance. In case of phase to phase fault, fault resistance consists of
arc resistance only as there is no earth resistance in this case. Figure shows the effect of
arc resistance on impedance relay.

X
B
Zl
F R
Zr+R
E R
0

The relay has been set to protect a line of impedance Z,,. If fault occurs at point F and an
arc resistance R is introduced, the relay will measure (Z, + R). Z is the impedance of line
upto point F. If value of arc resistance is greater than R, the impedance measured by
relay will be greater than the radius of the circle and relay will fail to operate. Thus with
arc resistance, the relay just operates. The maximum length of line which can be protected
is OF with arc resistance ‘R’. It may be seen that arc resistance cause the relay to under

reach.

BF
Percentage under reach = @X 100%

Similarly it can be seen that a line protected by MHO relay will have problem of under
reach due to arc resistance. It can be seen from figure as under.
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X

O

BF
Percentage under reach = o> 100%

However the protection of under reach can be solved by shifting the MHO circle towards
R-axis by making the characteristic angle of MHO circle o less than the characteristic
angle of the line ¢. The resulting characteristic will tolerate a greater value of arc resistance.
Figure below shows the new characteristic:

X
Zq
F /R B
&
45 Diameter
0]
o

MHO circle shift towards R-axis

In the case Z, + R may even be greater than Z,, but less than the diameter of the circle. In
such a case, the relay will operate so long as the point Z. + R remains within the
characteristic circle. The maximum length of line that can be protected is
Z, = OB cos (¢ - o), where OB is diameter of the circle. The inclination of relay
characteristic towards R-axis for lower voltage level is more and such characteristic have
a greater tolerance for arc resistance. Arc resistance affects the performance of different
types of relay to different extent. MHO relays is most affected, impedance relay is
moderately affected and reactance relay is least affected by arc resistance.
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Q4 (b) (ii) Solution:

§ Bus-2

z,=jQ ;

Bus-1

ngjg
i2

00

Bus-3

: ’UWQ
T
z=jog = "7

Ltiti

By KVL,; V= gliyp + 10 + iy + i)
V, = 2ji, + ji, + ji
and V, = ji; + 2jiy + ji,
V, = ji, + ji, + 2ji
Vi 2j j j][n
=2 |k
Vsl i d 2l
(2j ] ]
Zbus = ] 2] ]
i 2j]
=/
4 4 4
v B
us 4 4 4
i1 3
4 4 4

Q4 (c) Solution:
Let current in section AB be (x + jy)

Current in section BC,

Igc = (x+jy)-50 (0.8 - j0.6)
= (x-40) +j(y + 30)
Current in section CD,
Iep = [(x-40) +j(y +30)] - [120 + O]

= (x - 160) + (y + 30)
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Current in section DA,
Ins = [(x-160) + j(y + 30)] - [70(0.866 - j0.5)]
= (x-220.6) +j(y + 65)
Drop in section AB,
= IppZap = (x +jy) (1 +/0.6)
(x - 0.6y) +j(0.6x + y)

Drop in section BC,

= IpcZpc
[(x - 40) + j(y + 30)][(1.2 +j0.9)]
(1.2x - 0.9y - 75) + j(0.9x + 1.2y)

Drop in section CD,

IepZep

[(x -160) +j(y +30)][(0.8 +0.5)]
(0.8x - 0.5y - 143) + j(0.5x + 0.8y - 56)

Drop in section DA,
= IpaZpa
[(x - 220.6) + j(y + 65)][3 + 2)]
= (Bx -2y -791.8) +j(2x + 3y - 246.2)
Applying Kirchhoff’s voltage low to mesh ABCDA,
We have
Drop in AB + Drop in BC + Drop in CD + Drop in DA =0
= [(x +0.6y) +j(0.6x +y) + [(1.2x - 0.9y - 75) + (0.9x + 1.2y)]
+ [(0.8x - 0.5y - 143) +j(0.5x + 0.8y - 56)]
+ [(Bx - 2y - 791.8) + j(2x + 3y - 246.2)
=0
(6x - 4y - 1009.8) + j(4x + 6y - 302.2) =0
. 6x -4y -1009.8 = 0
and 4x + 6y - 302.2

=0
Solving for x and y, we have
x = 139.7 A;
y=-428A

Current in section AB = (139.7 - j42.8)A
Current in section BC = (x - 40) +j(y + 30) = (99.7 - j12.8)A

©Copyright: NADE EASY www.madeeasy.in



34 | ESE2026: MAINS TEST SERIES MADE EASY

Current in section CD = (-20.3 -j12.8)A
(x -220.6) + j(y + 65) = (-80.9 + j22.2)A

Current in section DA

Voltage at supply end A,

11000
A= T 6351 V/phase

<
I

Voltage at section B,

Vg = Va—TapZap

(6351 + j0) - (139.7 - j42.8) (1 +j0.6)
(6185.62 - j41.02) volts/phase

Voltage at section C,

Ve = Vp—TIpcZpc

(6185.62 - j0) - (99.7 - j12.8) (1.2 +j0.9)
(6054.46 - j115.39) volts/phase

Voltage at station D,

Vp = Ve ~IepZep

(6054.46 - j115.39) - (-20.3 - j12.8) x (0.8 +;0.5)
= (6064.3 - j95) volts/phase

Section B : Digital Electronics-1 + Microprocessor-1

+ Electrical Circuits-2 + Systems and Signal Processing -2

Q.5 (a) Solution:
(i) Graph of the network:

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

drawn as below:

P R T B

(2)
1) 3)

4
The graph has 4 nodes and 5 branches. Assume the orientations of the branches as
shown in the graph.
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MADE ERSYH Test No : 3
The incidence matrix is given by

Nodes Branches
1 2 3 4 5
-1 0 0 1 O
A= 210 1 0 -1 -1
310 0 -1 0 1
41 -1 1 0 O

Let us select a tree as shown below with branches 1, 3 and 5 as twigs.
4 5
(>) 2 0O 3

) ) . O o @ ©)

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

f-cutsetl: [1,4
Twig (1) Twig (5) Twig (3)

The cut-set matrix is obtained as follows:
f-cutset Branches

1 2 3 4 5
1[-1 0 0 1 0
=200 1 -1 -1 0
310 1 0 -1 -1

(i) The reduced incidence matrix can be written as
-1 0 0 1 O
[Al=]10 1 0 -1 -1
0 0 -1 0 1

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

www.madeeasy.in

ocopyright: [MADE EASY



36 | ESE 2026 : MAINS TEST SERIES

-1 0 O
(-1 0 0 1 0]/0 1 0
N=detq0 1 0 -1 -1|{0 0 1|
|0 0 -1 0 11 -1 0
|0 -1 1]
(2 -1 0
N = dety|-1 3 -1(;=8
o -1 2
The number of possible trees is 8.
Q.5 (b) Solution:
. 1) ZT. 1 :
(i) (E) uln] 1 21> 5 (i)
2
(1) u[n] <ZT 21> ...(ii)
3 7—=
The ROCs in eqns. (i) and (ii) overlap, and resultant ROC:
21> 5
Z z Zz(z—%)
Thus, X(Z) = Z_l + Z_l = ( 1)( 1), |Z| > E (111)
z—— |l z-
2 3 2 3

From eqn. (iii) we see that X(z) has two zeros at

% and z = % and that the ROC is |z| > %
Im(z)
-
1/2/7
.
7

ROC (i)

5
z=0andz= 7 and two poles at z

()
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.. 1Y z 1 .
(ii) (5) uln] < T |z] > 3 ..(iv)
3
1Y) -z 1
(E) u[-n-1] < z_l |z] < 5 (V)
2
The ROCs in eqn. (iv) and (v) overlap, and thus
z z 1 z 1 1 .
X(Z)= —2_1_—2_1 =—g( 1)( 1), §<|Z|<E...(V1)
z——|lz-=
3 2 2 3

1
From eqn. (vi), we see that X(z) has one zero at z = 0 and two poles at z = > and

1
z=73 and that the ROC is %<|z|<%.

Im(z)

/@ 17 / 73 Re(z)
72 ,

(i) (%) ufn] & —— 2] > = ...(vii)

1Y z 1
(5) u[-n-1] < _Z_l |z| < 3 ...(Vviii)
3

The ROCs in eqn. (vii) and (viii) do not overlap and hence, there is no common
ROC, and thus x[n] will not have X(z).

Q.5 (c) Solution:
3 1
y(n+2) —Zy(n+1)+§y(n) = x(n+2) +x(n+1)
Expressing the given equation in delay operator we have,
3 1
y(m) =7 y(n=1)+2y(m=2) = x(n) +x(n - 1)

Now x(n) = u(n)
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(i) Calculation of ZIR:

Consider x(n) = 0

L Y(z)- %(2_11/(2) +y(-1))+ %(Z_ZY(Z) +27y(-1)+y(-2)) =0

3 1.1 5 1
1-2 ~z2lY(z) = =
( 42 +82 ) (2) 3

1
Y(2) 8 _1>< 1
z) = .

123,14, 2 8 (1 1 aY; 1

4 8 2 4
__ A ., B

1-L1 1

2
1 1

This is zero input response of system
(i) Calculation of ZSR:

So consider initial conditions to be zero

1
and X(z) = !
Y(z)—%z‘lY(z)+%z_2Y(z) = X(z) + 27 X(2)

(1 - %z‘l + %z‘z )Y(Z) = (1+z7Y X(2)

Y(z) = - X(2)
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-1
1-z 1—12_1 1—12_1
4 2
6 5
Yo = —3—+—3 40
1—Z_ 1_1 -1 1_1Z_1

This is zero state response of the system.

Q.5 (d) Solution:

Assuming octal inputs as D, to D, with D, having highest priority and outputs as x, y, z
and V where (xyz), is a binary equivalent of highest priority input available and V is the
valid bit indicator.

The truth table of this encoder can be written as follows :

D, D, D, D, D, D, Dy D, x Y z \%
0 0 0 0 0 0 0 0 x x x 0
1 0 0 0 0 0 0 0 0 0 0 1
x 1 0 0 0 0 0 0 0 0 1 1
x x 1 0 0 0 0 0 0 1 0 1
x x x 1 0 0 0 0 0 1 1 1
x x x x 1 0 0 0 1 0 0 1
X x x x x 1 0 0 1 0 1 1
X X X X X X 1 0 1 1 0 1
x x x x x x x 1 1 1 1 1

x y z|V

If D,=D, =1, then Output = 77T

Q.5 (e) Solution:

START: LXIH, XX50H ; Setup HL as a memory pointer for bytes
MVID, 00 ;  Clear register D to set up a flag
MVIC, 02 ;  Set register C for comparison count
CHECK: MOV A, M ; Get data byte
INXH ;  Point to next byte
CMP M ; Compare bytes
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JC NXTBYT If (A) < second byte, do not exchange

MOV B, M Get second byte for exchange

MOV M, A Store first byte in second location

DCXH Point to first location

MOV M, B Store second byte in first location

INXH Get ready for next comparison

MVID, 01 Load 1in D as a reminder for exchange
NXTBYT: DCRC Decrement comparison count

JNZ CHECK If comparison count # 0, go back

MOV A, D Get flag bit in A

RRC ;  Place flag bit D, in Carry

JCSTART ; Ifflagis 1, exchange occurred

;  Start the next pass
HLT ; End of sorting

Q.6 (a) Solution:

With the switch closed, the initial voltage across the capacitor is

120
v,(07) = ——————-%2000 =80V
1000 + 2000
After the switch is opened, the transformed circuit is shown in figure,
1000 Q
AVAVAVAV 0
1000 <2 2 3000 Q
MW 0 +
120/s (% LV
120v() 2000 (o33 V(0) 4° L X L 1/107s oe)
T T ‘ 2000Q3
T 80/s
°- o

Applying KCL at node X, we get

120 80
Vx(@E)-— v Vx——
s 4 VX s _
4000 2000 1
10785

1 1 -8 120 -8
Vx| ——+——=+10
= X [4000 2000 S] 4000s +80>100

www.madeeasy.in
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_ 903 gox1007¢

S

0.03 ,_ 80 10078
5(0.00075+107%s) ~ 0.00075+107%s

40 40 .\ 80
s s+0.075x10° s+0.075x107°
40 40
s s+0.075x10

Taking inverse-Laplace transform,

V() = 40+40 ~0.075x10°%
Therefore, the desired voltage is
120 - Vx (t)
4000

Vy(t) = Vx(H)+ % 3000

6
100 + 10g~0-075X10°¢ for 0 < +<20 pus

At t = 20 ps, the voltage of node X is
V. = 40+40 e—O.O75><106><20><10_6
X

48.925 V
When the switch is reclosed at t = 20 ps, the voltage across the capacitor will be 48.925 V.

After reclosing the switch, the transformed circuit is shown in figure,

1000 Q
MW o
7%
X
120/s Ci) L L 1/10%s Vo(s)
200002
< 48.925/s

0

Now let the voltage of node X be V,/
Applying KCL at node X, we get

/ 120 , 48.925
O e KO
1000 2000 1 B

10785
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, 1 1 -8 120 -8
Vi (s)| —— +——+10 48.925% 10
X(S)[woo 2000 S] * X

1000s
= Vg(s)[0.0015+10—85] _ 912 489281078
S

0.12 48.925%107°

= Vi(s) = 3. -8
5(0.0015+107%s)  0.0015+107%s
0.12 ,_ 48925
T 5(s+0.15x10°)  s+0.15%10°
, 80 3107

- Yx(®) = T 015x10°

Taking inverse Laplace transform, we get V,’(t) = 80 — 31.075¢0-15x10°

In this case, the output voltage V|, is equal V,/(t). Since time ¢ is to be counted from the
instant the switch is reclosed, t is replaced by (¢ - 20 x 1079)

Vy(t) = 80— 31.075¢01510°-20007)  for 4> 20 s
Q.6 (b) Solution:

To fetch the instruction located in memory location 2005H, the following steps are
performed :

1. The program counter places the 16-bit address 2005H of the memory location on
the address bus.

2. The control unit sends the Memory Read control signal (MEMR, active low) to
enable the output buffer of the memory chip.

3. The instruction (4FH) stored in the memory location is placed on the data bus and
transferred (copied) to the instruction decoder of the microprocessor.

4. The instruction is decoded and executed according to the binary pattern of the

instruction.

Figure shows how the 8085 microprocessor fetches the instruction using the address,
the data, and the control buses.
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4F=<—01001111
8085
Microprocessor Data Bus
] Memory
Internal Data Bus 2000
Flag ]
Accumulator | | Flip- Instruction B C 2005 01001111
Flops Decoder D E
H L
Arithmetic/Logic Unit SP
PC
|
Control
Unit 2005
| Address Bus
Control Signals 4F —»
MEMR

Q.6 (c) (i) Solution:

Truth table for the given expression :

F(A, B, C,D) = (1,3, 4,11,12,13, 14, 15)

Select

Lines Inputs Output
Dec A B C D F
0 0 0 0 0 0
1 0 0 0 1 1
2 0 0 1 0 0
3 0 0 1 1 1
4 0 1 0 0 1
5 0 1 0 1 0
6 0 1 1 0 0
7 0 1 1 1 0
8 1 0 0 0 0
9 1 0 0 1 0
10 1 0 1 0 0
11 1 0 1 1 1
12 1 1 0 0 1
13 1 1 0 1 1
14 1 1 1 0 1
15 1 1 1 1 1
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Dec | Selection Lines Inputs Output
A B C D F
0 0 0 0 0] 0]
1 0 0 0 1 1
F=D
2 0 0 1 0 0
3 0 0 1 11 1]
4 0 1
5 0 1 0 1 0
F=CD’
6 0 1 1 0 0
7 0 1 1 1 0
8 1 0 0 0 0
9 1 0 0 1 0 .
10 1 0 1 0 0 -
1 | 1 0
12 1 1 0 0 1]
13 1 1 0 1 1 Feq
14 1 1 1 0 1
15 1 1 1 1 1]
A B C D
‘ |
11 co |co |p
3 2 0
So 4x1
S, MUX
ja
Q.6 (c) (ii) Solution:
LXI H, 2501 H
MVI B, 00
MOV A,M
CMA
ADI 01H
STA 2503H
JNC GO
INR B
Go: INX H
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MOV A M
CMA

ADD B

STA 2504H
HLT

Q.7 (a) Solution:

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

i) 2R
i + i,(07) V(1)
o F =Vel0) g1H
i(0) =0
V() = 0

Since inductor current and capacitor voltage cannot change instantaneously.
i;(07) = 0=i,(0%)
V0) = VC(0+) =0
At t > 0, switch is opened.

i(t)

AAAA
\AJ
=

sy 140

1L
2F-- ng

o -

by transforming above circuit into Laplace domain,

[0} —_

—

Is)

AAAA
\AJ
=
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5 SX =
R+s|= =R+ ;=R+2275
S s+ = s +2
s
R+ 225
s +2

05x(v2) 0542

2+ (V22§42

1

1

as V(t) = 0.5sin~/2¢ u(t)

(s +2)? 2+ 2425+2

0.5v2

52 +2
1
s2 4+ 22542
s?R + 25 + 2R
s2R + 2s + 2R
0.707 Q

where, Z(s) =
V(s) _

I(s)

where, Vis) =
Its) =

Vi) _

I(s)

0.5v2(s* + 2425+ 2) =

0.5v2s% +2s++2 =

On comparing, R =

Q.7 (b) Solution:

) ) 1 1
@i Given: K, = 5 K, = 1
As, A (2) = A, (2) +

K z"A (z“l)

Ay(z) = 1 (initialize)

as i(t) = te V2 u(t)

A(2) = Af2) + Kz A Y = 1+%z‘1 x1
1+ 1 zt
2
Ay(z) = Ay(z) + Kz?A (27

_ 1
Az =A =1+
S A (zT) 1(2)“02_1 22)
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= 1+ lz_1 + lz_2 +lz_1
2 4 8
A(z) = a,1 o
A2) = 1+=z" +—z
1
: -1
Thus, Ay(z) = 2‘12(1)2
i=0
5 1
a,(0) = 1, a,(1) = 3 a,(2) = 1
i i Output
Z(K) 1K)
x(n) 0—?— i
| 0o Tw)
L |

(ii) Itis necessary to normalize H(z) so that the first coefficient is unity.

H(z) = 8 1+1z"1+12:_2+12:_3
2 4 8

= (®)H;(2)
Hy(2) = 1+lz_1+%z_2+—z_3
K, = a3(z'3)
1
K; = g =0125

We use step down recursion to get lattice structure.
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1 _ _
H,(z) = 5 [H3(z) - K3z 3H3(Z 1)]
1-K3
S 1 +12_1 lez_2 +12_3 1 1+12_1 lez_2 +27°
(1 2 2 4 8 8|8 4 2
g
Hy(z) = 1+ 0476227 + 01905272 K, = a,(z)
K, = 0.1905
1 _ -
Hi(d) = ——[Ha(2) - Koz "Hy ()
1-K;5
_ W [(1+0.47627 1+ 0.190522)
~0.1905(0.1905 + 0.4762z7" + z72)]
Hy(z) = 1+04z™
Ky = a,(z7)
K, =04
The lattice structure is as shown in figure
Y(2)
H(z) = X(2)
Output
y(m)

04 (K,) 0.1905 (K,) 0.125 (Ky)

04 (K,) 0.1905 (K,) 0125 (K;)

=
=
=
{00
A

Z—l

Q.7 (c) Solution:
Minimum no. of flip-flops required = 3

Sequence diagram:
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Excitation table:
Present State Next State Required Excitations
Q Q Q | QB AU Q% | L|K|L|K|L|K
0 0 O 0 0 1 0 X 0 X 1 X
0 0 1 0o 1 1 0 X 1 X X 0
0 1 1 0O 1 0 0 X X 0 X 1
0O 1 O 1 1 0 1 X X 0 0 X
1 1 O 1T 1 1 X 0 X 0 1 X
1 1 1 1 0 1 X 0 X 1 X 0
1 0 1 1 0 O X 0 0 X X 1
1 0 O 0O 0 O X 1 0 X 0 X
Minimization
K-Map for ], K-Map for K,
Q1Q Q1
> 00 01 11 10 > 00 01 11 10
0 m 0 @ X | x| x
1] X | X | X L)_(J 1 U
J2=Q1Q Ky =0Q1Qy
K-Map for J, K-Map for K,
Q1Q Q1
> 00 01 11 10 o) 00 01 11 10
0 1 Xl X 0] X | X
1 X | X 1] X [ X | 1
J1=0Q2Q K1 =Q>Q0
K-Map for ], K-Map for K|,
Q1Q A1
00 01 11 10

2

of(1 [ x) x

HRaD

Jo= @2@1 + Qo
Jo=Q ©Q

o) 00 01 11 10

0 X

a1

1(x [ 1) X

Ko=Q1Q,+Q,Q;

Ky=0Q0,®Q;
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Logic Circuit:

g DT

Qi—
Jo . o DD—
2
1 i[%
— K Q
Ko A Q LA™ 4’_D7
%
CLK
Q.8 (a) Solution:
Truth Table :
Present State | Inputs | Next State | FF Outputs
AB EF AB JaKaJsls
00 00 00 0x0x
00 01 00 0x0x
00 10 11 Ix1x
00 11 01 0x1x
01 00 01 0xx0
01 01 01 0xx0
01 10 00 0xx1
01 11 10 1xx1
10 00 10 x00x
10 01 10 x00%
10 10 01 x11x
10 11 11 x01%
11 00 11 x0x0
11 01 11 x0x0
11 10 10 x0x1
11 11 00 x1x1
Ja:
EF
ABN_00 01 11 |10,

00|00 M

01| 0 | 0 m x

11| x X IL‘ X

10| x X X
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], = BEF + B'EF’
J, = (BF + BF)E

K,:
EF
AB 00 01 11 10
00| x X x M
01| x X IT‘ 0
11| 0 0 m 0
10| 0 0 0 1
]
K, = BEF +BEF
K, =],=(B'F +BF)E
Jg:
EF
AB 00 01 11 10
00| O 0 1 1
01| x X X X
111 % X X x
10| 0 0 1 1
Jg=E
K;:
EF

AB 00 01 11 10

00| x X X X

01| 0 0 1 1

1| 0 0 1 1

Ky=J,=E
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Q.8 (b) (i) Solution:

E

F

Ja A

Is B

Apply Laplace transform to the circuit.

®

2®

Ky B
OO
3/s 1/s 1 0.5s
- 1/5 1Q EE Vout(s)
)
Perform a source transform and combine parallel capacitors.
1 o5
<— +>—16mj\——o
+
—=1/s =1/s 102 Voul
)
1 05
{— +)—166'6\——o
+
=1 102 Vol
2 CT) 25 s out
°

Apply source transformation and combine series voltage source to produce a series

circuit.

©

1/2s  05s
{| OO0 o+
1 Q %E Vout
o-

()
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Use voltage division rule to find V_(s),

1 1 1
Vout(s) = 1 + g
—+0.5s+1
2s

Vo 2
out(®) = s+1
Apply inverse Laplace transform
Vo) = Lt [—S i 1] =2¢"'u(t) Volts

Att=1 sec VOut is
V. ..@1Q) = 2¢1=0.736 Volts

out
Q.8 (b) (ii) Solution:
Given network is divided into two sub-networks and these networks are connected in
parallel.

The total Y-parameters of the network is obtained by addition of two individual sub-
network Y-parameter.

ie., [Y]T = [Y]A + [Y]B
1 1
0 Y
o 1 [———o
+ +
Vi 210 V2
° °
Z-parameters of the network is
1+ 2l 1
s
[Z]A - 1
1 1+—
2s
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252 +1 1
S
215 = 25+1
1
2s
4s% +2s —4¢2

1 4s+1 4s+1

= Z_ =
Y, = 1214 —45? 452 +2s
4s+1 4s+1
2Q 2Q
+ +
Vi =1/5Q V2
o o
Z-parameters of the network is
2+1 1
s s
[Z]B =
1 2_*_1
[ s s
[2s+1 1
_ s s
215 = 1 25+1
| s s
2s+1 -1
= 4s+4 4s+4
= [2]2}
My =12 =1 " 5eia
4s+4 4s+4

[Y]T = [YJA + [Y]B

[ 165° +325> +14s+1  —(165° +165° +4s+1) |
(4s+1)(4s+4) (4s+1)(4s+4)
1= ~(16s% +1652 +4s+1) 165> +32s% +14s+1
(4s+1)(4s+4) (4s+1)(4s+4)
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Q.8 (c) Solution:
(i) <
[ ) A
x _J ]A Q P
CLK — y—
> z
Ka —
Y —PDo—
v
x —po—% 5
y Ji Q

>

(ii) |Present State] Input |Output| Flip-flop inputs Next State
A B | x| yl| z |J,]K ]| Js | Ks |AE+1)|Bt+1)
0 0 0 0 0 0 0 0 1 0 0
0 0 0 1 0 0 0 1 0 0 1
0 0 1 0 0 0 0 0 1 0 0
0 0 1 1 0 0 0 1 0 0 1
0 1 0 0 1 0 0 1 0 0 1
0 1 0 1 0 0 0 1 0 0 1
0 1 1 0 0 1 1 0 0 1 1
0 1 1 1 0 1 0 1 0 1 1
1 0 0 0 0 0 1 0 1 0 0
1 0 0 1 0 0 1 1 0 0 1
1 0 1 0 0 0 1 0 1 0 0
1 0 1 1 1 0 1 1 0 0 1
1 1 0 0 1 0 1 1 0 0 1
1 1 0 1 0 0 1 1 0 0 1
1 1 1 0 0 0 1 0 0 0 1
1 1 1 1 1 0 1 1 0 0 1

(iii) For a J-K flip-flop, characteristic equation is given by

Q(t+1) = JQ(H)+KQ(t)

State equations for A and B,
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A(t+1) = JAA+K,A
= (ABx)A+(A+Bxy)A
= ABx+[A-Bxy |A
A(t+1) = ABx

B(t+1) = JgB+KgB

|
=
=
+
<
os]]
+
S
oS

y1§+ (B+y)B

yE+B+yB
B(t+1)

yt+B

Q000
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