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DETAILED EXPLANATIONS

Section A : Control Systems + Engineering Mathematics

1. (d)

o

[ 2
%MP= e 1-§ x 100

So, normalized (%M,) peak overshoot will remain same as ‘€’ is constant.

2. (d)
Closed loop poles location, s=-CEo, *jo,
Also, s=-4+;2
jw-axis
j®
S j2
S e, }"d
R
-5 —41 0 N
S -2
| Jo
= Eow, =4

and damped frequency of oscillation,

®,; = 2 rad/sec
3
° &,

3
Settling time (5% tolerance), 1" 0.75 sec

3. (a)

a c

s(s +2E®,)

2 2
n — (Dﬂ
2428w s+m2 2+ (280, + K02 )s + 0

2

@y,

s2 +2(§+ %)mns + 02

* o, remains same i.e., R.L. intersect at same point on jw-axis.

* ¢ increases which reduces peak overshoot.
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1
e Time constant, T = asET =1l
o,
* Type of the system is unchanged.
4, (c)
Both the statements are correct.
5. (b)
Routh-Hurwitz array is
S4 bO bz b4
53 b]. b3
&2 (Orby =bobs)
by
2
h%%_%%—h%
st by 0
(b1by —byb3)
by
SO b4

Necessary condition for stability
b,>0, b;>0, b,>0, by>0andb,>0

From R-H array (sufficient conditions) are

biby —bybs
b,
- (b,b, - byby) > 0
2
b1b2b3b by,
d 1 >0
an biby —bybs
by
N (bbb~ bybs2 = b2b) > 0
6. (b)

If any coefficient of the characteristic equation is complex or contains power of ‘¢’, this criterion

cannot be applied.

7.  (d)
Characteristic equation is
1+ G(s)H(s) =0

K
+ =0
s(1+Ts)
= Ts2+s+K =0
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For s = -a line, replace s by (s - a)
T(s-a)Y’+(s-a)+K=0
= T(s>+a?-2as) +s+ (K-a) =0
= Ts*+ (1 -2aT)s + (K-a+a’T) =0
For system stability w.r.t. line s = -a i.e. no roots to lie on RHS of s = -a line,

Coefficients must be positive,

i.e., T >0, 1-24T>0
and K-a+a’T>0
i T>0 T< l
ie., } %
and K >a-a’T
or K> a(l-aT)
H F = l

ere, For =22
or aT =0.5

K>a(1l-0.5)
. K> a
ie., >
8. (9
K(s+2)
G(s)H(s) =

(s+1)(s> +4s+5)

K(s+2)
(s+1)(s+2+)(s+2—-))

jO
o +
Eez \\ 0
S RN o
2! 1 0
L0
sl -
Here, 0, = 90°
0, = 90°
0, =180° - a

= 180° —tan ! (%) =180° - 45° = 135°
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. Angle of departure, dp = £[180° - (0 - ¢,)]
Where, dp =0, + 6, =135° +90° = 225°
and ¢, =06,=90°
i Op = £[180° - (225° - 90°)] = +45°
The root locus from (-2 + j) will depart at an angle of +45 and at -45° angle at (-2 - j).
9. (d)
K(s+1)
G(s)H(s) = )
s(s+2)(s* +2s+5)
_ K(s+1)

s(s+2)(s+1+j2)(s+1-j2)
Total open loop poles, P=4
Total open loop zeros, zZ=1
No. of asymptotes, P-7=4-1=3

Angle of asymptotes:

o | CK+D 1500 Where, kK =0,1,2..., (P-Z 1)
(P-2)

o, 60°

0, 180°

0 300°

Y(real part of poles) =0 + (-2) + (-1) + (-1) = 4
Y(Real part of zeros) = (-1) = -1
. Centroid, c where asymptote meet at real axis is

_ X(Real part of poles) — X(Real part of zeros)

P-Z
_ (-1
4-1
= c=-1
e e0e
I | e
L L
o 3¢ Jls/\/éoo * o
180 * g 5
("]2) \\ 300°
1

ocopyright: IMADE EARASY www.madeeasy.in



m FI D E E n S H Electrical Engineering | Test4 19

From plot, tan 60° = %

y=3=1732
. The asymptotes along 60° line and 300° line will intersect the jw-axis at j1.732 and -j1.732
respectively.

. The portion between -1 and 0 and - to -2 will lie on root locus.

10. (a)
* Root locus is plotted when system gain is varied from 0 to o or e to 0.

* Addition of pole to the system transfer function shifts the root locus branches towards jw-axis.

11. (b)
The SFG of the system is
-H,
G G G
Hl
-1
Forward path gain is, P, = G,G,G,
Loop gains, L, = -G,G,G;
L, = G,G,H,
L, = -G,G,H,

A=1-[L,+L,+L,]
=1-[-G,G,G, + G,G,H, - G,G;H,]
=1-G,G,H, + G,G,H, + G,G,G,
and A=1

By Mason’s gain formula

C(S) _ PlAl _ G1G2GS X 1
R(S) A 1 - G1G2H1 + G2G3H2 + G1G2G3
_ G1GyG3
1- 995, 6 61, +6,6,6,
G
_ 3G,

(1—(;18Hl+8H2 +8G1)
Gy

8 = G,G,
12.  (d)

When the phase margin (P.M.) is less than zero then the system is said to be unstable.
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13. (a)
The given compensator is a lag compensator which reduces the bandwidth there by increasing the
rise time.
14. (b)
(1+4Ts) 1+2s
(1+aTs)  1+2(7-43)s
T=2
o=7-43
Maxi h = sin”! ——1_06:| = sin”! 71_7+4\/§
aximum phase, o, = 150" 1+7-443
_alaB-6] . 4| (@V3-6)(8+4V3)
= sin =sin 5 5
18-443 8% — (443)
= Sin_l ﬁ} = 600
| 2
Frequenc o = L L = !
quency, " TJa af7-—a3  2V7-4x173
05 _05x10_ 5
~Joos V8 22
=25 x(.707 = 1.8 rad/sec
15. (<)
All the statements given are correct.
16. (b)
* The plot Q represents an all pass function whose phase at high frequencies approaches to
-180°.
* The plot R represents a non-minimum phase function.
17. (a)

At gain crossover frequency, the magnitude has 0 dB value and at this o, ,
Phase of the system is,

9

P.M. = 180°+9]
'gc

= -240°

[O] oc

= 180° + (-240°)
= -60°

" P.M. <0, system is unstable.
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18. (a)
Corner frequency are, 10, 50 and 2000 rad/sec
GOH(E) = =
S LA N
ol ® 3
B sK ~ 10°Ks
Sl S e (s+10)(s+ 50)(s +2000)
10 50 2000
From the starting slope,
=mx+C

0 = 20log+/10 +20log K

0 = 22—Olog 10 +20log K

K = 1095 = \/E =0.316

10° x0.316s 316x10%s
(s+10)(s +50)(s +2000) ~ (s+10)(s + 50)(s + 2000)

G(s)H(s) =

19. (a)
For constant damping ratio, the root locus will be a family of concentric semi-circle in the left half
of s-plane with undamped natural frequency of oscillation.
E=cos 0. i]w
\\\ ) (Dnl
\,‘(: V’;( j(onZ

// /<‘ ,r"x j(oﬂ3

20. (a)
Qc=[B AB ....]
0 1][1] [o
o=l <ol
10
Qc=[0 —2}
= Qc| =1x(-2)-0x0=-220
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Hence, the system is controllable.

C
Q.- [ca
ca= 1][_02 _15]=[—2 4]
a5 4

Qo] =1x(-4)-(-2)x1=-4+2=-220

. System is observable.

21. (c)
b = ot = Lo (an+ 400 (AD° (AT
o 2! 3! 41 7
2,2 3,3 4,4
= I+(At)+A ! +At +A ! +
2! 3! 4!
22. (a)
[ s ol
_p 3 4 B 4
C=la 2]

o 1][1] [ B
Where, AB = [—p 3][3]_[_P+3B:|

1B
Qc = [B —p+3B]

For the system to be controllable, |Qc| # 0

ie., (-p+3B)x1-P2#0
= B-p-p2=0
= p=3p - B
and for the system to be unobservable
Q| =0
C
Where, Q, = CA
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=

23. (b)

Transfer function,

and

24. (b)

ca-lo 20 0|2 @)

o 2
Qo = [—2;7 (0c+6)}

Qo| =0

o(on+6)+4p =0

T.F=C[sI-A]"'B+D
s -1
[SI-Al=14 542

. 1 (s+2) 1
[s - Al T os(s+2)+4| 4 s

10 1 [(s+2) 1][0
[ ]s(s+2)+4_ —4 s][1:|

I 0]_1} -1

T s(s+2)+4 5| s2+2s5+4
28w, =2
o, = J4 =2rad/sec
2xEx2=2
£=05

T.F.

2 3 4
A=|3 -2 5
1 1 1
Al =0
p(A) <3
2 5

Minor of the element 2 = ‘ 1 1‘ =-720

p(A) =2
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Alternate Solution:
Apply row transformation
R,—R,- (R, +R,)
(2 -3 4]
0 0 0
1 1 1)
R, < R,
(2 -3 4]
1 1 1
10 0 0]

25. (d)
If PQ is defined then number of rows in Q must be equal to number of column in P. If QP is
defined then number of columns in Q must be equal to number of row in P.
Order of Q =nxm

26. (c)
11 13
=3x>+5x+8in | —,
flx) =3x x + 8 in [ 7' ]
. . . . . a+b
For any second degree polynomial function f(x), the mean value C in the interval (g, ) is 5

oo 1B 1Y
“2l2 2

27. (c)
The maximum value of
flx) =x3-9x% +24x + 5in [1, 6]
f(1)=1-9+24+5=21
F(6) =216-36x9+24%x6+5
=216-324+144 +5 =41
f'(x) =3x2-18x+24=0

3x>-6x+8)=0
x=2,4
f7(x) =6x-18
f72)=12-18=-
f74)=24-18=6
f(2) =25

But f(6) > (1)

Maximum is 41.
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28. (c)
A = xPyi-2xz]+2yzk
ik
9 9 9
curl A = [0x dy oz
xzy —2xz 2yz
curl A = (2z+2x)i — (0 — O)]A +(2z- x2)12
= (2z+22)i +(-2z-x?)k
i j k
i< 222 |l
curl(curl A) = . 3y 2 |- (2x+2)j
(2x+2z) 0 -2z- x?
At (1, -1, 2)
curl(curl A) = 4]
29. (a)
Evaluate J‘F-E along the curve
c
x2 + y2 = 4
z=0
So that, dz =0
I?-E = J(xf+y}+zl€)-(dxf+dy}+dzl€)
c c
= Jx dx+ydy
c
_ [J©o-0)dx dy
R
=0 (.- by Green’s theorem)
30. (a)
Required probability = P(C/M)

P(M)

P(MNC) 10 _2

15 3

ocopyright: MMIADE ERSY

www.madeeasy.in



26 ESE 2025 Prelims Exam e Classroom Test Series

MADE ERSYH

31. (o)

If the two lines of regerssion are perpendicular to each other then correlation coefficient is zero.

32. (o)

Given, x——+Yy =0; y2)=-2

Integrating both sides
d dx
Fyels = 1o
logy +logx=C
xy =C
atx=2andy=-2
C=-4

The solution is xy = -4

33. (a)
Let, x = N1/3
¥ =N

Let, flx)=x*-N
frx) =32

Newton - Raphson’s iteration formula is
ey L)

f(x)
_ . _(a-N)

Y41 = 7 32

n

=
|

i, N
ne1= 3T 2
n

34. (o)

Singular points obtained by putting
22+2z+5 =0

z

121

1

-1+ 2i, -1 - 2i are singular points but both are lying outside C :

ocopyright: MADE ERSY
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35.

36.

37.

38.

. By Cauchy’s integral theorem

J' 2Z+4) iz - o

+2z+5)
(0)
Now, Y, = f(lD) [x - sin(3x)]
2D 1 .
y, = [msm&c] ! 1 ((1+D2)Sm(3x)]]
Y, = %xsin(?vx)—%cos(?)x)
v, = %sin(Bx)—%cos(Bx)

(b)
Total cases = 6° =216
Let, X = Number of dice show same face
P(X22)=P(X=2)+P(X=3)

()
The median of 55, 100, 75, 80, 90, 85, 95, 45, 70, 70, 55
Arranging them in increasing order
45, 55, 55, 70, 70, 75, 80, 85, 90, 95, 100
Median =75 (Middle most observation)

(d)

Since, the given system has non-zero solution.

1 -k -1
k -1 1| =9
1 1 -1
Applying ¢, = ¢, - ¢, ¢, > ¢, + ¢4
1+k -k -1
1+k -1 -1} =0
0o 1

2 +1) - (k+1)>=0
(k+1)(2-k-1)=0
k=+1

ocopyright: MMIADE ERSY
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39. (d)
Since, three distinct numbers are to be selected from first 100 natural numbers.
n(s) = 1°C,
E(favourable events) = All three of them are divisible by both 2 and 3
n(E) = 1°C,
16
Required probability = % = %
3
40. (a)
. log z 1
Using Cauchy’s Integral formula J‘ig,d‘z C:lz-1==
c(z-1) 2
Poles are determined by putting denominator equal to zero.
(z-1)%= 0
z= 1,1,1

There is one pole of order three at z = 1 which is inside the circle C.

J

f—(jz))3 dz = 2mi £2(a)

(z 21 y
_2n i logz
= o dZ2 g /\
z=1 N
05\ (@0 J15
()
- 2 ZZ z=1
o 2
5 T
41. (a)
4
Since EP(x) =1
x=0
c+2c+2c+2+52=1
6c2+5c-1=0
1
c = g, -1 X 0 1 2 3 4
1122|115
Since P(x) = 0, the possible value of P(x) 61616136136
1 xP(x) | 0 2141320
R 616136 |36
6
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4
2 4 3 20
= xP(x)=0+—4+—4+—+—
Mean xé)() 6 6 36 36
_ . 1.638
36
Variance = 62 = E(X?) - [E(X)]?
2
JLORORBRERENH
6 6 6 36 36 36
=1.45
42. (c)
0.4
h
f fx)dx = E[yo +2(y1 + Y2+ Y3) + Vs ]
0
0.1
= —[0+2(15+ 60 +135) + 240
2
=33
43. (c)
_ n(n+1)
A = Y
2
A 1= 1’l(1’l+1)_1: n°+n-2
2
_ (n+2)(n-1)
- 2
A, n(n+1)
A, -1~ (n+2)(n-1)
( n )(n+1) (2 3 4 n )(3 4 n+1)
T = = =x=X—... —X—.....
n n-1)\n+2 1 2 3 n-17\4 5 n+2
_ 3nm
S on+2
imT, - lim /=3
n—e0 n—eo 1+ 2
44. (d)
Root locus branches always starts from open loop poles and end either at open loop zeros or at
infinity as the system gain K varies from 0 to ee.
45. (a)

Both the statements are correct and statement-II is the correct explanation of statement-I.
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Section B : Electrical Circuits-1

46. (b)
Average power absorbed by a load depends only on fundamental components.
v(t) = 100cos(wt) = 100sin(wt + 90°) V
il _100x6
So, Pavg(load) - 2 COS¢ -
= 300 cos(60°) x 103 =150 mW = 0.15 W

c0s(90° - 30°) mW

47. (d)
For maximum power transfer, Z, = Z: = (R, + j X, )* =R, —jX;
_ V,£00 v,
© Z,+Z; 2R,
2
1, 1 V2 |7
= —["Rj==——"-XR, = ——
Average power, Pan 5 s=5 (2Rs)2 s = B8R,
48. (a)
Initially, C,=5uFand Q, =19 uC
C,=CuFand Q,=0
Qr=0Q;+Q,=19uC ..(1)

When C, is connected to C, parallely, the charge is transferred from C, to C,. However the total
charge remains equal to 19 uC due to the law of conservation of charge. For the capacitors connected
in parallel.

V,=V,
A _ %
G G
1 8
5 C
C=3.64 pF
49. (d)
In order to obtain Norton’s equivalent across the terminals ‘0" and ‘¢’ the circuit can be redrawn as
b c
b Cc I
SC
? 20Q ? A
AAAA \AAAJ
\AAAJ L 20Q

-
S 100 <i>5v

AAAA
VVVY
[uy
(e}
)
)
O/
—_
N
>
o
O/
o
Q1
>
©
Q1
<
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ISC = T =12A
10x 20
and ™= 20110 =6.67 Q
50. (b)
For a series RC circuit,
AVAVAVAV
R

- V. = Vs 1) Vs
ere ¢ k. 1 joC) ™ joRC+1
joC

Phase difference between V¢ and V,

¢ = tan"! ®RC
Asz(])T;RT(])T;CT(])T
Asol ol

51. (b)

The time constant for RC circuit is

T= Req Ceq
here, Req =2Q

(4F+4F)(10F) 8Fx10F
_ = =444 F

and Coy= 4F+4F)+10F  18F

T=2x444 = 888 sec

52. (b)
1
I=ZA s V=IxR=R/4V
At Node ‘A’ by using KCL, we get,
5-V -V-5
-+ =]
4 20
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5-R/4 -R/4-5 1

4 20 4
25 2R R 5 _ ¢
4 4
6R
20-22
T =5
R _ 5
= -
R=10Q

Alternate Solution:
Thevenin’s equivalent network across A,

V. = 5x20-5x4
AT 20+4
10
V, = ?V,
10
Ry, = 20114=—>V
1=025A A
105
R 3
w0,
L
10/3
= R+10/3
10 10/3 40
R+— = —/—=—
= 3 025 3
R=2D-F 40
-3 3 3
53. (b)
For an ideal transformer, K=1

applying KVL in the primary and secondary loops, we get,
Vi = (oLl +joMI,
V, = (joLy)I, + joMI,

(. I, and I, both enters through the dots)
Vi LI + MlI,

Vo T Ly, +MI
1

2 =
| Il

7 \/E \/E'I1+\/g12 _
V,  \NL| JLi +L L,

+HV

4Q

L1
L2
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54. (b)
Under steady state condition,
+ 91
0 O
i AAA i
vvvy
ISORNN'S
- =5kQ
6 mA 3kQS 2 <
G) < +1 :; 4kQ
v, <
-9
Capacitor behaves as open circuit,
By current division rule,
. 3x10°
i = 6mAX 3 3 5 =2mA
3x107 +2x10° +4x10

Power dissipation in 2 k€,

= 2x2x10%=(2x103)2 x 2 x 103

= 8 mW

Voltage, v, = ix4x10°
= 2x102 x4 x10°
= 8 volts
.. Energy stored in capacitor C,,
1.2 1 3 ()2
E, = Eczvz = E><4><10 X (8)" =128 mJ

55. (<)
Here,

56. (c)
Att>0

T =2 andv(t)={

<
Il

rms

l[16 +64] =
2 2

4, O<t<1
8, 1<t<?2

1 1 2
- j42dt+f82dt
rms 2 O 1

8 40

J20 =210 V =2 x 3.162 = 6325 V

20V=

AAAA

\AAAJ

3Q
=i()R=6x3=18V

©copyright: MMIADE

www.madeeasy.in



34 ESE 2025 Prelims Exam e Classroom Test Series MADE EASY

V, =20-18=2V
di(t)

= L— =
vV, TR 2=1L(8)
= L= z =025H
8
58. (b)
Applying KVL in the circuit;
80-V, -2V +V,=0
= 80 =3V_ -V, ..(1)
_Vx VO
Also, 30 - 45
—2 .
- V. = ?VO ...(ii)
From (i) and (ii),
-80
Vy = TV =-26.67V
59. (d)
Bandwidth of a series RLC circuit is given as:
B.W = R
L
BW = 2
004
B.W = 625 rad/sec = 0.625 k rad/sec
60. (d)

Power efficiency of the source can be more than 50%. But power efficiency will be 50% when
maximum power is being delivered to R;.

Section C : Digital Electronics - 1 + Microprocessors - 1

61. (b)

f(A,B,C) = ABC+ABC+ ABC + ABC

AC(B+B)+ AC(B +B)

[
>
0
—+
>
0l
I
B
@
0

f(A,B,C)= A®C=A®GC
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62.

63.

64.

65.

66.

(b)
Z=x®[y®xyl = x®[yxy+7ry]|
x®[y(x+y)+0]= x®[yx +0]

x(Y+x)+xyx = x+xXy =x+y

Now, on representing in K-map, we get,

X, 0 1
0 1
1| 1 1
Hence, flx, y) =Zm(1,2,3) or fx, y)=Zn(0)

(b)

Y = C(AC+BC)+C(BC+ AC)

= AC+AC =A

Further, f=YD+YD

f= AD+AD=A®D=AGD
(0)

f= A{B+C(AB+AC)} = AB+ AC(AB-AC) = AB
Thus, it behaves as AND gate with respect to A and B.
(c)

45 00 01 11 |10
CD

001001|—>§5

Apc-OLi{L]] 010 10

11| 0 0 0 0

10| 1 0 0 1

f= ABC+BD=B(AC +D)
(a)
f= AB+ACD+ ABD+ ABCD
= A+B+ACD+ ABD+(A+B)CD
= A+B+ACD+ ABD+ ACD+BCD
= A(1+CD+BD+CD)+ B(1+CD)

= A+B = Two literals
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67. (c)
The expression can be written as
BC

A
o|[0]] 1 |[o | ofy=@+®

1 L(')_‘ 1 1 1

L @+o

f= (A+B)(B+C)

Thus, the circuit can be drawn as

A

B —s

c )
So, minimum 4 NOR gates are required.

68. (a)

e Address bus in 8085 microprocessors is unidirectional bus.

* Data bus is used to transfer data between memory, IO and microprocessor.
69. (a)

8085 microprocessor has a multipurpose register called accumulator by which almost all arithmetic
and logical operations are performed.

70.  (¢)

fdk _ f Cr};tal _ %MHZ - 5 MHz

71. (o)

MVIstands for “move immediately”. The instruction indicates that the 8-bit data will be immediately
stored at a memory location whose address is stored at reference of HL pair register.

72.  (d)
CMA operation will complement the content of accumulator
A—11H
(0001 0001),

y
[1110 1110), (1's complement)
Iy —

(EE)y
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73. (a)
RST 7.5 is a hardware interrupt.
74. (a)
* Grouping process (grouping a pair i.e. 2 cells) minimizes the number of variables in the product
term.

* Example:

[1] 1]

F = BC(A+A)+AB(C+C)
= BC+AB

Hence, variable existing in normal and its complemented form disappears.

Q000
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