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Detailed Solutions

ESE-2024 Electrical Engineering
Mains Test Series TestNo: 8

Section A : Electromagnetic Theory + Digital Electronics + Communication Systems

Q.1 (a) Solution:
Let, at a distance x from the plate of dielectric constant ¢, , the permittivity be
e =¢g +Kx
Now, at x = D, the permittivity is €,

- Field intensity at a distance x from the plate of permittivity ¢,
D o
E(x) = PR 6 = surface charge density on plate-1

o
€ — ¢
g+ 21 Ix
D

.. Potential difference between the plates is

%

D D 1

[E@)dx = of dx

0 081+(82_81 )x
D

oD [ln(gz —, +& )]
(g2 — &) D x=0
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cAD )
= In
(2 —21)A (&
D €
= Q—ln £2 {'.'Q=GA}
Al —g1) (&
So, the capacitance of the parallel plate capacitor is
Ae,—
C = %: 5 £27%
In[g—z)
€1
Fore, =¢, ;
£ _1 €1
C = Alg
D
In(e—z)
€1
&
Let, e - K (8, = &,—¢)
c- lim ARDe A e
K-1 D In(K) K-1D1/K
c = lim é><e><8—2 = A
K-1 D €1 D
Q.1 (b) Solution:
From the above circuit shown,
S=A-B
R=AB
Drawing characteristics table for AB flip-flop,
A B|Q,|s=a-B|r=a B|0,,
0 00 0 0 0
0 0|1 0 0 1
0 110 0 1 0
0 1|1 0 1 0
1 0|0 0 0 0
1 0|1 0 0 1
1 1|0 1 0 1
1 1]1 1 0 1

©Copyright: MADE EASY www.madeeasy.in



MADE EASY Test No : 8 ELECTRICAL ENGINEERING | 11

Finding Q . intermsof A, B, Q,
Q,+1= A-B+B-Q,
This is required characteristics equation,

K-map:
Q,+1 = BQ,+AB A 00 01 11 10
For B =0, from characteristics equation, 0| 0 |T| 01| 0

Qn+1=Qn 1 0 m Ej

For B =1, from characteristic equation,
Qn +1 =A

Hence, we see that
Q,+1 = Q,,whenB=0,
Q,+.1=A,whenB=1
For B =1 A is latched as the output and for B = 0, the output does not change.
Q.1 (c) Solution:

Consider two straight, long parallel lines situated in space as shown below,

Conductor 1 produces a field around and its value is B,. At the location of conductor 2 its
value is given by

I
2nd
While conductor 2 is carrying a current of I, and is situated in the field with flux density
B

B, = Wo

1+

dF

Idl x B
We can write for length /,
F,=11xB
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Ll
2= Ho 2nd
Anx1077 x6x6x4 X
F, = ——— =576 x10°N
271 x 5% 10

According to right hand thumb rule flux between the conductors is nullified when same
direction of current is flowing in conductors, so there will be force of attraction between
conductors.

If direction of I, is reversed then the flux between the conductor is aiding so force of
repulsion is between the conductors of same magnitude.

F=576x10°N

Q.1 (d) Solution:
(i) (A+B)(B+C)(C+A) = AB+BC+ CA

LHS. = (A+B)(B+C)(C+A)
= (AB+AC+B+BC)(C+A)
= [B+ AC + BC|(C + A)
= BC+ACC+ BCC+ AB+ AAC + ABC
= BC+AC+BC+ AB+ AC+ ABC
= BC+AB(1+C)+AC

= BC+ AB + AC Hence Proved.
(i) (A+B)(A+C) = AC+AB+BC
LHS. = (A+B)(A+C)
= AA+AC+AB+BC
= 0+AC+AB+BC Hence Proved.

Q.1 (e) Solution:

For sinusoidal modulation, current relation between carrier and modulated signal is

given by,
Iy m>
Z = 1 +7 (1)
Where, I, = modulated current
I .= carrier current
m = modulation index

According to question, I, =11 A, whenm = 0.4
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.. From equation (i),

I, 11
I = = =10.585 A

¢ 2 2
\/1+m— \/1+Oi
2 2

Now, simultaneous modulation by another audio sine wave:

. Again from equation (i),

.

Modulation index due to second wave,

m2 = m?—mz

J(0.7569)% — (0.4)2 = 0.641
Modulation index due to second wave is 0.641.
Q.2 (a) Solution:
(i) Since a, is the normal to the boundary plane,
the normal component is
Ey, = Ei-a
E,, = Ey—Ey, =5a,-2a

By boundary conditions

Y
and 81*2E2n = 8rlEln
— 8,,1 = 4: = N
E = —E = —E = 4a
on £, 1n 3 1n z

So, the field in second medium is given as

E, = (Ey+E) =(5&x—2ay+4az) kV/m
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(i) Let, o, and o, be the angles El and Ez make with the interface while 6, and 0, are
the angles they make with the normal to the interface,

o, = (90°-6,)and o, = (90° - 6,)

Eit 5% +2% 29
3 3

tan0, = Eyn =1.795
0, = 60.9°
Similarly,
tan@, = Bt _N5'42 29 =1.346
Eon 4 4
0, = 53.4°

Hence, the angles between electric field intensity and the normal to the boundary
surface in both media are given as

0, = 60.9°and 6, =53.4°

(iii) The energy densities are given as

1 212 1 1077 6
w,, = 581‘E1‘ = SXAX S —(25+4+9)x10
= 672 uJ/md
1 22 _1_,. 107 6
W, = 582‘52‘ = SX3xZ—(25+4+16)x10
= 597 pJ/md

(iv) At the centre (3, 4, -5) of the cube of side 2 m, z = -5 <0, ie., the cube is in region-2
with2<x<4,3<y<5-6<z<-4

Hence, the energy with in the cube is

4 5 —4
W, = [Wpadv = | | [ Wedzdydx
x=2 y=3 z=-6
= Wp,x2x2x2

597 x 8 uJ = 4.776 m]
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Q.2 (b) Solution:
(i) Given, c(t) = 5 cos(2r x 10°t)
m(t) = 3 cos(2m x 10%t) + 6 cos(3n x 10°t)
Frequency sensitivity,
K, = 10 Hz/Volt
The time domain expression for FM wave is

)

A, cos[2nfct + 2anJ.m(t)dt:|

5cos| 21 x10°t + 21 x 10° [ (3cos(2 x 10° ) + 6cos(3 x 10°nt))lt |

5 cos[2r x 10°t + 21 x 10%] [3 cos(2 x 103 nt) + 6 cos(3 x 10° nt)]dt

5cos| 2nx10°t + 2 x 103
20007 30007

3sin(2x10°nt) _6sin(3x10°nt) ﬂ

Spn(f) = 5 cos[2m x 10°f + 3 sin (2 x 10° xtt) + 4 sin (3 x 10° 7t)]

(ii) The instantaneous frequency of FM signal is,

fi = [+ Kom(t)
Maximum frequency deviation,

Af = Kym(t) i
= 10°[3 cos(2 x 10°nt) + 6 cos(3 x 10°mt)] .
= 103 x (3 +6)
Af = 9kHz
Maximum carrier swing, 2Af = 18 kHz
A
Modulation index, B = f
fm max
where, fooo= max{zooon, 3000“} =1.5kHz
e max 2n 2n
9kHz
B = =0
1.5kHz

(iii) Transmission bandwidth,
According to Carson’s rule,
Bandwidth

Z(Af + f m, max’)
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2(9 +1.5) kHz
21 kHz

(iv) Average power in the FM wave:
Since, modulation index, B > 1, hence the given is bandwidth FM signal.
Hence, the power in the FM wave is equal to carrier power i.e,

P, = =

t =125W
2

Q.2 (c) (i) Solution:
Given, modulating signal,
x(f) = 5 sin(4n 103 - 10m cos2r 103 t) V
the standard phase modulated signal can be
s(t) = A.cos (.t + Kp x(1))
Instantaneous angle of the modulated signal is,
6(t) = ot +Kx(i)

ae(t)
Instantaneous frequency, w(t) = o
1 dx(t) K dx(t)
fz(t) 21‘5( ¢ Pdt ) C+27t At
25 | cos(40007t — 107 cos 20007tt)
fly = Jetoo 2
! 27| (40007 + 200007 sin 20007tt)

Att=05ms,

£(0.5ms) = f.+ ;—i[cos(Zn - 107tcos(n))][4000n +20007> sin(n)]

25
= f.+ E[COS(lZﬂ)](ALOOOn) =f,+50 kHz
= 20 kHz + 50 kHz (given, f. =20 kHz)
£,(0.5ms) = 70 kHz
Q.2 () (ii) Solution:

1. From the given waveform,

Smin = AC[1 - H] =-9
Modulation index, T 9-3_6 _1
9+3 12 2
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DS
O
| ——
U
+
| —
| C—
1]
Ne)

2. Transmission efficiency of AM,

e 3

n 2 2
2+
H 2+ (1)
2
1 0,
n = §><100A> =11.11%
3. Given modulation index, p = 0.3
Am
But, n = Ac
where, A, =3 from the given waveform,
Ay 3
Al = u =03 =10V

So, the amplitude of the carrier should be added is 4V to achieve 0.3 modulation

index.
4. General frequency spectrum of AM waveform is
Samlt
anf) A
Apn T An
4 4

fc_f;n fc fc+fm
1
For n = E,AC=6V
sam(D)

0.75 0.75

],

fc_f;n fc fc+fm
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Q.3 (a) Solution:

In FM, the noise increases linearly with frequency. By this, the higher frequency

components of message signal are badly affected by the noise. To solve this problem we
can use a pre-emphasis filter of transfer function H,(f) at the transmitter to boost the
higher frequency components before modulating. Similarly, at the receiver, the de-
emphasis filter of transfer function H (f) can be used after demodulator to attenuate the
higher frequency components thereby restoring the original message signal.

The pre-emphasis network and its frequency response are as shown,

R, 2010g|H,,(f)
AVAVAVAV
o——— 0
11
Message o < Pre-emphasis
. C > R2 .
signal b= message signal
: : f
o ] fi £
The de-emphasis network and its frequency response are as shown,
R 2010g|Hy(f)|
o—W——7—o
ho h
Detected oL De-emphasized ' = f
message signal T  message signal
o °

In FM broadcasting f, and f, are normally chosen to be 2.1 kHz and 30 kHz respectively.
The frequency response of pre-emphasis network is

(Y JIORON
Hy(f) = (031 ]jOH-O)Z
Where, w, =2nf, 0o=2nf
Forw << w,,
Hp(f) =1
For o, << o << w,,
j2nf
H() = "o

So, the amplitude of frequency components less than 2.1 kHz are left unchanged and
greater than that are increased proportional to f.
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The frequency response of de-emphasis network is,

_ !
Hyf) = j2nf + o,
Foro<<wm,,
2 f + @y
H) =
Such that, H,(f) Hyf) = 1

Q.3 (b) Solution
As it is required to design a 3-bit counter, the number of flip-flops required = 3

Sequence diagram:

0 1 3 2
(o) (o)
000 001 011 010
NG N
100 @ @ 110
N N
4 5 7 6
Excitation table:
Present state| Next state |Required excitations
QLU | LAY || I | T
0 0 O 0 0 1 0 0 1
0 0 1 0 1 1 0 1 0
0 1 0 1 1 0 1 0 0
0 1 1 0 1 0 0 0 1
1 0 0 0 0 O 1 0 0
1 0 1 1 0 0 0 0 1
1 1 0 1 1 1 0 0 1
1 1 1 1 0 1 0 1 0
Minimization:
K-map forT. K-map forT K-map forT,
0,9 p 2 0,Q, p 1 0,Q, p 0
00 01 11 10 00 01 11 10 00 01 11 10
Q Q Q
0 1 8] 2 0 1 ] 2 0 1 2 2
0 @® 0 ® JyO) @®
4 5 7 6 4 5 7 6 4 5 7 6
1@ 1 @ | o] o
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T) = Q Q1 Q+QQ=(Q®Q)Q
1= Q201 Qo +Q01Q0=(Q ®Q1) Qg

Ty = Q2 (Q1 ©Q)+Qx(Q; ®Qp)
= QO ®(Q0Q))=(Q2®0Q71) ®Qy
Logic circuit:
h Al 1] L
z T, Qr—t T, Q4 T, Q,
> T-FF Qo > TFF | & > T-FF | &
éo ] é1 I éz —
CLK

Q.3 (c) Solution:

For a single-tone AM signal,

. - H 0
Transmission efficiency, n= 22 x100%
u2
Antenna current, I =1 1+7
02
When i (t) = m,(t), —1= =020 = pi=040+(020)pj
2+
(0.80)p2 = 040 = pi=050

When m (t) =m,(t) + my(t),

I \/2+u2
— =105 = =1.05
Iy, \/2+u%

n? = ui+u3; u, = Modulation index due to m ,(t) alone
2+uf +u3
_— < _ 2
o4 H% (1.05)
2.5+ 3
% = (1052 - p2=050
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When m (t) =m,(t),

Q4 (a) (i) Solution:
Here, [
A,

[(1.05)2 ><2.5] ~25=0.25625

2
]

2
B se100% - 0.25625

2413 225625

x100% ~11.36%

50 cm,
1uC/m,

A =2uC/m
Ay =1pC/m

In this case total field intensity at the centre is given as

E =

-

Where, E;

B B, +Fs
Field at the centre due to side-1

2x107°%x50x1072 ..

a
2megry 2arr

2% 107 x50x 1072 .

=

50 tan 30°

[Here, r =

- e

Y
25

2neo%><10—2 \/[502 +4( NG

6x107°
TCEO

‘iy V/m
Field at the centre due to side 2

-6 -2
11077 % 50x10 a, sin60° — a,, cos 60°)

(=i
Zrceor\/l2 +4r? ' g

[Here, r =

-

(—a, sin60° — 4, cos60°) V/m

25
52—0’can30O = —3CH1]

2x107°x50x1072

(=i, sin60° — @, cos 60°)

25

2me, T x1072 \/[(50)2 + 4@5

3x107°
TCEO
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E; = Field at the centre due to side-3

-6 -2
_ 1x107 x50x 10 (3, sin60° - &

2
2neo%x1o—2 \/[502 + 4(%) ]><104

-6
= 5x10 (4, sin60° — a1, cos60°)V/m
TTE

, €0s60°)

Hence, total field at the centroid is given as

—

E, = El +Ez +E3

6x107° . 3x10°°
a, +

(—4a, sin60° — a,, cos 60°)

a TCSO Y TCSO Y
-6
+ 5x10 (—a, sin60° — a,, cos 60°)
TCEO
107° . 10°x36m .
= ——(6-6c0s60°)a, = —(6-3)a
TEy ( ) y nx107° ( ) v

= 10°x36x34, =108 kV/m

Q4 (a) (ii) Solution
Anodd parity bit generator gives the output 1 when the number of 1’s in the data bits is
even, so that the total number of 1’s in the data bits and the parity bit together is odd.
Thus the truth table for this condition using four bit input is

A|B|]C|[D[F

oloflofof1

olojo|1]o0 K-map
olo|1]0]o0 CD

olo] 1] 1]1 ABN\] 00 01 11 10
0|1 0| 0|0 00| 1 1
ol1]o0]1]1

0]1]1]o0]1 01 1 1
ol1]1]1]o0 ul 1 )
1/10]0]0]o0

1]0]0]1]1 10 1 1
1]0]1]0]1

1]10]1]1]0

111]0]0]1

111]0]1]0

111100

1]1]1]1]1
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From the K-map, the output is
F = ABCD+ ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD
AB(C® D)+ AB(C ® D)+ AB(C ® D)+ AB(C ® D)
(C®D) (A® B)+(C® D)(A® B)
(A®B)®(C®D)

DD e

De

Logic diagram :

el

Q4 (b) Solution:
Given two cones 6 = 20° and 6 = 160° and sphere of 0.2 m radius.

Applying Ampere’s circuital law encircling the cone, we get

2np H, = 50
25 :
H, = ﬂ:_p in cylindrical coordinate system
2nr sin@ Hy = 50
25 . . .
H, = —— in spherical coordinate system
Trsin®

(i) The magnetic field intensity

25
TTr sin O

H a, A/m

(ii) The stored energy density,

2
1 25 625,
W = _ - — 3
H 2”°(nrsine) 2 sinlg /™

The stored energy,

W, = 625—%2_.?1?00;..2#-1’2 sin® - drd0dd

H 21> 0 50 o r*sin” 0
160
_ Mo, onx02 [ . do
on 50 SINO
160°
12 ’
= 1251, ln‘tang =50%x10°In w‘ =173.5u]
- - tan10°
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Q4 (c) Solution:
(i) For the given 4-bit R-2R ladder converter output voltage,

V. &[b_1+b_2+b_3+b_4:|

Voo TR T2 3 o8
Given that, Ve =10V

R = 5kQ

value of 1 LSB = 1 volt
Rf 1
1= 10 ]
5x10% x 24
Rf= 10 =500 x 24 = 8000 Q
Rf= 8 kQ

(ii) For binary value of 1000
b, =1,b,=b,=b,=0

R
f 1]
= 10)( —
8 5x103[2
2 10°

R, = 8x Xlgx O ko

(iii) Thus for getting a full scale voltage of 10 V,
b, =b,=b,=b,=1

fow[l+i+i+i:| _ 10
5x103 12 22 23 24|
R
f
0.9375] = 1
5><103[ |
5% 103
= = 5.333 kQ
f 0.9375
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Section B : Computer Fundamentals - 1 + Electrical and Electronic Measurements - 1

Power Electronics & Drives - 2 + Engineering Mathematics - 2

Q.5 (a) Solution:

Pl PZ P3 P4 P5
0 35 60 70 90 105
! oo : :
P, P, P, P, P
Calculating TAT:
P, :35-0=35
P,:60-5=55
P,:70-20=50
P,:90-45=45
P :105 - 65 =40
Avg TAT = 35+55+550+45+4O 45
SRT:
(a2 [R[R[Am[PR [P ] P |
0 5 20 30 40 45 65 80 105
oo b l
P, P, P, P P,
Calculating TAT:
P,:105-0 =105
P,:30-5=25
P,:40-20=20
P,:65-45=20
P, :80-65=15
105+25+20+20+15
Avg TAT = 5 =37
Difference = 45-37=38
Q.5 (b) Solution:
For moving instrument, we have
I? dL I* dL
ke = e or 6= 2k de
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Given, L = (0.01 + C6)> mH
dL ,
g0 2(0.01 + CO) - C mH/radian
90° = = radi
Also, 0, = =5 radian

. 2m .
0, = 120 =?rad1an,11 =15A,1,=2A

0 ix 2C(0.01+C6,)
6, I3 |2C(0.01+C6,)

Putting the values, we have

T

n/2 _ 15V 0.01+5C
2n/3 2) loo1+*c
s

3 (3¢ | 001+°C
: O
4) 1o+ c
3
or, 4f001+%%c | = 3f001+ cC
3 2
~0.06 _
or, C = — ==-2729x10 % or -2.72837 x 10
C = -2.73 x 107

Q.5 (c) Solution:

Hence the output is a square wave, value of fundamental voltage is

4V,  4x230
Vo = ofs - afa = 2070727V

Magnitude of load impedance at fundamental frequency is,

1Z,] = R? + (@L)? = 107 + (21x 50 % 0.03)?
|z,| = 137414 Q
Vo _ 207.0727
I = = 15.0692 V

00" Zy 13.7414
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4V, 4x230

- = =69.0242 V
Vs nm2 3m2

1Z,] = 102 + (3% 2mx50x0.03)> =29.9906
69.0242
Iy = 55,9902 = 23015 A
Similarly, Iys = 920 X ! =0.8597 A
5XxV2 102 + (5% 2mx 50x 0.03)2
920 1
I, = = 0.4433 A

X
7xnxN2 " \[107 + (7% 2mx 50 % 0.03)?
Rms value of resultant load current,

_ 2 2 2 2
I = \/101 +Ips + o5 + Ipy

0, rms

I

0, rms

J(15.0692)% +(2.3015)2 + (0.8597)? + (0.4433)>
15.27 A

Power delivered to load = IglrmsR = (15.27)2 x10
2331.729 W

Q.5 (d) Solution:
Page size = 1KB = 2% bytes
Page table entry = 4 B = 22 bytes

15t level page table = # page table entries x Page table entry size

234
= ZTXZZ bytes = 224 x 22 = 226 bytes

2nd Jevel page table = # page table entries x Page table entry size

226
= ZTXZZ bytes = 216 x 22 = 218 bytes

3 level page table = # page table entries x Page table entry size
18

ETOX 2% bytes = 28 x 22 = 210 bytes

Now page size = 34 level size.

So no need of further level.
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Q.5 (e) Solution:

(i) Since f (x) is a probability density function, we have

[ f(x)dx

1

Il
—_

4
That is [ F(x)dx
0

f(x) is a continuous function, we have

2 4
Iaxdx+ja(4—x)dx =1
0 2
or 2a+2a =1
_ 1
“T
X
(i) F(x) = P(-o<x<x)= [ f(x)dx
We have,
x<0; Fix) = 0
Tx x?
0<x<2; F(x) = -([dezg
Tx 1
2<x<4; F(x) = gzdx"'_l.z(‘L—x)dx
= 1+1(8x—x2—12)
2 8
1 2
- —(8x-x2-8
S(8x-x*-9)
x>4; Fix) =1
4
1
(iii) P(x>25) = [(4-x)dx
4
25
5T
4 25
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Q.6 (a) Solution:

Here, we have

1 J- e“ldz ¥
2niczz(zz+22+2) _%9”
Poles are given by, z = 0 (double pole) &
z = -1 £ i (simple poles) X 3 ® 3 X
All the four poles are inside the given circle, d+i
‘Z| =3 Y
Residue at z =0 is
zt ot
= lim iz2 ¢ -1 d €

lim (2% +2z+2)t e — (22 +2)e*
z—0 (z2 +2z+ 2)2

2te® - 200 (£-1)

4 2

Residueatz=-1+1

= lim (z+1- i)eZt lim

im-—— -
z—0 dz zz(z2 +2z+42)  z50dzz% 42742

ezt

o4 2 (24 1—i)(z+1+0) 2O 2 (24 140)

o (1D o (i)t

6(—1+l)t

(-1+i)?(-1+i+1+i) (1-2i=-1)(20)

zt

e
dz = ; -
I ) (22 12242) 2r i (sum of the residues)

2t f1 D (1D

1 J' e gz N .
21 22 (2% + 22+ 2) 2 4 4

_t . . — _t
_ t 1 " e—(elt t 1
2 4

4
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Q.6 (b) (i) Solution:

The moving coil (PMMC) reads average value of current.

The Hot wire Ammeter reads rms value of current.
The electrostatic voltmeters reads rms value of voltage.

The current flowing through voltmeters will be negligible as they have high internal

resistance.
Given : i(t) = 0.5+ 0.3 sin of - 0.2 sin 2wt
.. Average value of current, (. g = 05A
2
Rms value of current, i = \/(0.5)2 + (% )2 + (%) =0.561 A
Reading of moving coil =i,,,=05A
Reading of hot wire ammeter = i =0.561 A

Also, voltage across resistor is
Ve =i X R=0.561x1000 =561 volt

= reading of electrostatic voltmeter across 1000 €2
resistance

Also, instantaneous voltage across inductor is

v, = L% =L (0.3 cosot — 0.4 cos2wt)

1 x 1073 x 10° (0.3 cos ot - 0.4 cos 2wt)
300 cos wt - 400 cos 2mt

.. Reading of electrostatic voltmeter across 1 mH inductor is
2 2
300 400
V, = ,|—=1| +| —= | =353.55volts
' \/( V2 ) (ﬁ )
Q.6 (b) (ii) Solution:

Total power in the load circuit,

P = W, + W, = 6000 - 1000 = 5000 W
o = tan-t| Y3 — 1)
| Wi+,

_

tan™

[ \/3[(6000 — (~1000)]
| 60001000
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~1| ~/3(7000
an 1[#} = 67.58°
cos ¢ = 0.381
Load current per phase, I, = e 4543(;)2 0.381 =1722 A
Load impedance per phase, Z, = Yp_ 40 _ 44.25 Q
Ip (17.22
59
Load resistance per phase, R, = Z, cos ¢ = 44.25 cos (67.58)
= 44.25 x 0.381
Ry = 16.87 Q
Load reactance per phase, X, = Z,sin ¢ = 44.25 sin (67.58)
Xp =409 Q
Reading of wattmeter B will be zero when power factor,
cos 0" = 0.5
¢’ = 60°

Since there is no change in resistance, reactance in circuit per phase,
X’ = Rptan ¢’
X', = 16.87 x tan 60° = 29.22 Q

Values of capacitive reactance introduced in each phase,
Xe=Xp- X,

40.9 - 29.22 =11.68 Q

1
T o2nfXe  2mx50x11.68

= 272,52 uF

Q.6 (c) (i) Solution:

y = 0.516x + 33.73
x = 0.512x + 32.52
dy
rax = 0.516
ra—x = 0.512
dy
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(r g_y Irg_x] =\0516x0512 = 514
x |y

0.514

r

Coefficient of correlation

(i) and (ii) pass through the point (x,¥).

y = 0.516x +33.73 (V)
= 0.512y +32.52 (Vi)
On solving (v) and (vi), we get
X = 67.6,
y = 68.61

Q.6 (c) (ii) Solution:
The integrand has singular points where
24 +522+4 =0
We get, 72 =-1,-4

ti1,+2i

or z
These singular points are simple poles lie inside c .

Let z = a be a pole,

d(z a acoshma  coshma
then Res f(z)Res|:L = (1),( ) _ . =—
z=a” " z=a | Y(2) v(a) 4a°+10a 44 +10
Hence, I= 2ni[Resf(z) +Res f(z) + Res f(z) + Res f(z)]
z=1 z=—1 z=2i z=—2i
| coshmi coshmi cosh2mni cosh2mi
= 2m + - -
6 6 6 6
2mi . .
= T[coshm — cosh 2]
Since, cosh z = cos iz, we obtain

I= %[cos(—n)—cos(—mr)] = _im

Q.7 (a) Solution:

(i) Here in this case line commutated inverter means the battery is supplying power to
source, since battery is supplying total power which is desired to be transferred i.e.

5000 W and IglrmsR loss. So, according to energy balance equation.
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2
E, I, = 5000 + I s R

I

orms = 1o because of large inductor

500 I = 5000 + I3 12.4

12.4 Ig —-5001,+5000 =0 is a quadratic equation, the roots of this equation are
I,=21.96 A or 18.35 A. Considering the lowest value of load current,

I,=1835A
Vy=I,R-E,
SVl coser = I,R - E,
T
3x+/2 x 440
% cosa = -500 + (18.35) (12.4)
o = cos L[ T272AOXT ) _ 117 59000
3x/2 x 440
Iy 3 .
(a) Input power factor = I—x cosa = Ecos(117.2920 )
S
= 0.4378 lagging

(b) Rms value of fundamental ac current

L, = EIS = E(Io1 /E )z —610 _Y6, 18.35 =14.307 A
T n 3 T T
(c) Efficiency of energy transferred

5000 5000

= = x 100
E, I, 500x18.35
n = 54.49%
(ii) The maximum usable firing angle is obtained by making load current equal to zero,
SVl cose = -E + IR
- 0
Sxy2x440 V2 x 440 cosa = -500
T
—1| -500
o = COS
594.208

o = 147.29°
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(iii) Rms current rating of SCR is,

L =1 \E = 18.35\% =106 A

SCR voltage rating = Maximum value of source voltage

=V, =4402 =623 V

Q.7 (b) (i) Solution:

: _ log z
Using Cauchy’s integral formula, I 3
c (z-1)
1
C:|z-1| = >
Poles are determined by putting denominator equal to zero,
(z-1P3 =0
z=11,1
There is one pole of order three at z = 1 which is inside the circle C
.2 .
(L@ g, - 2 @) Y L
(z - a)® 2! (z—a)"* n!
[ 2
= T d—zlog z] =T [i(l)]
| dz e dz\z)] _,
Zz o Tt
Q.7 (b) (ii) Solution:
The given equation can be written as
—%cose+rsin6 =72 (i)
Dividing equation (i) by 7 cos 6, we get
odr _ g
~r %+ r " tan® = sec 0 ..(it)
Putting, ri=v
So that AV tion (ii t
o that, o = o inequation (ii), we ge
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d_V+ VtanO = sec 6
do
ILE. = ejtanede = ebgsece =secO
Solution is
VsecH = IsechechG +C
VsecH = Isecz a9+ C
secO
= tan 0+ C
B
r1 = (sin 6 + C cos 0)

1
sin® + Ccos6

Q.7 (c) Solution:
(i) Program development life cycle:

A program is needed to instruct the computer about the way a task is to be performed.

The instructions in a program have three essential parts:

1. Instructions to accept the input data that needs to be processed.

2. Instructions that will act upon the input data and process it.

3. Instructions to provide the output to user.

The instructions in a program are defined in a specific sequence. Writing a computer

program is not a straightforward task. A person who writes the program (computer

programmer) has to follow the program development life cycle.

Following are the steps that are followed by the programmer for writing a program:

* Problem analysis: The programmer first understands the problem to be solved.
The programmer determines the various ways in which the problem can be
solved, and decides upon a single solution which will be followed to solve the
problem.

* Program design: The selected solution is represented in a form, so that it can be
coded. This requires three steps:
¢ An algorithm is written, which is in English-like explanation of the solution.

A flowchart is drawn, which is a diagrammatic representation of the solution.
¢ The solution is represented diagrammatically, for easy understanding and
clarity.

©Copyright: NADE EASY www.madeeasy.in



36 | ESE2024: MAINS TEST SERIES MADE ERSYH

+ A pseudo code is written for the selected solution. Pseudo code uses the
structured programming constructs. The pseudo code becomes an input to
the next phase.

* Program development:

¢ The computer programming languages are off different kinds low level
languages, and high level languages like C, C++ and Java. The pseudo code
is coded using a suitable programming language.

¢ The coded pseudo code or program is compiled for any syntax errors. Syntax
errors arise due to the incorrect use of programming language or due to the
grammatical errors with respect to the programming language used. During
compilation, the syntax errors, if any, are removed.

¢ The successfully compiled program is now ready for execution.

¢ The executed program generates are output result, which may be correct or
incorrect. The program is tested with various inputs, to see that it generates
the desired results. If incorrect results are displayed, then the program has
semantic error (logical error). The semantic errors are removed from the
program to get the correct results.

¢ The successfully tested program is ready for use and is installed on the user’s
machine.

* Program documentation: The program is properly documented, so that later
on, anyone can use it and understand its working. Any changes made to the
program, after installation, forms part of the maintenance of program. The
program may require updating, fixing of errors etc. during the maintenance
phase.

Steps of program development cycles are:
Program analysis:

* Understand the problem

* Have multiple solutions

* Select a solution

Program design:

* Write algorithm

*  Write flowchart

*  Write pseudo code
Program development:

* Choose a programming language
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* Write the program by converting the pseudo code, and then using the
programming language.

* Compile the program and remove syntax errors, if any

* Execute the program

* Test the program. Check the output results with different inputs. If the output is
incorrect, modify the program to get correct results.

* Install the tested program on the user’s computer.

Program documentation and maintenance:

* Document the program for later use.

* Maintain the program for updating, removing errors, changing requirements
etc.

@ii) /* calculation of gross salary */

main()

{
float bs, gs, da, hra;
printf(“Enter base salary”);
scanf(” %f”,&bs);
if (bs <1500)

{
hra=bs*10/100;
da=bs*90/100

}

else

{

hra=500;
da=bs*98/100;

gs=bs+hra+da;
printf(“gross salary=Rs.%{”,gs);
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Start

Y

Input
NO YES
Y Y
hra = 500 hra = bs*10/100
da = bs*98/100 da = bs*90,/100

%/

gs =Dbs + hra + da

Stop

Q.8 (a) Solution:

Given : V = 100 volt
I=9A
cos ¢ = 0.1 (lag) = ¢=284.26°
Rp =3kQ, R-=01Q
Lp = 30 mH

Load Power = True Power = VIcos ¢ =100 x 9 x 0.1 = 90 Watt
p.c. reactance = oL, = 2nf1p =2n x 50 x 30 x 10 = 9.42 Q
Let phase angle of p.c. circuit = 3, then

oL
tanp = —L = 242 _ ) 00314 radian

R, 3000
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(i) When p.c. is connected on supply side then,

P = Total Power measured

total

P, 4 + Power loss in p.c.
P, .4 = VIcos ¢ =90 Watt

and Power loss in p.c. resistance

= V—2 = (100 = 3.33 Watt
R, 3000 '
Also, Measured power = [VIcos ¢(1 + tan ¢ tan )] + I’R_
= 90 (1+9.95x0.00314) + 3.33
W = 9281+ 3.33 = 96.14 Watt

m

Wm — WT
0 — —Mm £ Ix100
% error ( W )

96.14 — 90
- | 2227 1100 = 6800
( % ) 6.82Y%

(i) When the p.c. is connected on load side then,

Wattmeter reads, W, = P.qt P INcC.C.
Total Power = P, +I>xR__ =90+ (9)>x 0.1 =98.1 Watt
Also, Ri.q = 111x01=111Q
Xipaq = 11.1x0.995=11.05Q
Rigt R, = 111+01=121Q
= R, = Resistance of load + Resistance of c.c.
Xtotal + ch = 11.05 Q= Xtotal

= Reactance of load + Reactance of c.c.

.. Impedance of load including c.c.
= J1.21)% +(11.0572 =11.1Q

1.21

. p.f. of load including c.c. 11 0.109

(0] 83.75° and tan ¢ =9.132
. Reading of wattmeter,/W = VIcos ¢(1 + tan ¢ tan B)
98.1(1 + 9.12 x 0.00314)
100.9 Watt = 100.909 W

Measured power
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and True power = 90 Watt
Wm — WT
0 = | —Z——+ |x100
% error ( W J
= [W )x 100=12.1% or12.12%

Q.8 (b) Solution:
Let P(x, y, z) be any point on the sphere and A(3, 4, 12) the given point so that
AP? = (x=3)*+ (y-4)* + (- 12)* = f{x, y, 2) (say)
We have to find the maximum and minimum values of f(x, y, z) subject to the condition
O, y,2) = x>+ +22-1=0
Let F(o1,2) = fv y,2) + M, v, 2)
= (=32 (- 4P+ (=122 AR+ P 2 )

F
Then, ?9_x = 2(x - 3) + 2Ax
oF
@ = 2(y-4)+2\y
oF
Pl 2(z-12) + 2Az
F
Also, a—P=0,a—1:=0anda—=0
ox ay 0z
x-3+Aix =0
y-4+iy =0
z-12+2Xz =0
-3 -4 -12
which gives po= It IR E ..(iif)
x y z
=37+ (-4 + (2-12)°
- \/x2+y2+z2

Substituting for A in (iii), we get
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4
TN
12
TN

9+16+144 169

2 24 .2 = =
Ty (1xJF) (1)
or 1i\/7 = %13
Jf = 12,14

We have left out the negative values of \/7 because \/7 = AP is positive. Hence,
maximum AP = 14 and minimum AP = 12.

Q.8 (c) Solution:

(i) For given expression:

(124)5 - (36);5 + (40);6 = (211X 00 Y),
(124) = (1010100),
(36),, = (1001 00),
(40),, = (1000000),
(124)4+ (40),, = (10010100),
(124)5+ (40), - (36);, = 10010100-100100=(1110000),

On comparing with (Z11 X 00 Y),
Z=1 X=0, Y=0

(ii) Given, LHS = (A+C)(AD+AD)+AC+C
= (A+C)A(D+D)+(A+1)C ..(Distributive property)
= A+CA+C ...(Complement, Identity, Idempotent
= AA+AC+C ...(Distributive)
= A+CA+1) ...(Idempotent, Distributive)
= A+C ...(Identity)
= RHS
Given, LHS = A(A+B)+(B+A)(A+B)

= AA+AB+BA+BB+AA+AB ..(Distributive)
= A(A+A)+A(B+B)+AB+BB

...(Distributive, Idempotent, Identity)
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= A+AB+BB
= (A+A)(A+B)+BB ...((Distributive and Absorption law)
= A+B(1+B) ...(Identity, Distributive)
= A+ B=RHS

Given, LHS = A+BC+CD+BC+(A®B+C)-(A+B)
= A+BC+CD+BC+(AB+AB+C)-(A+B)...(EXNOR property)
= A-BC-CD+B+C+(AB+AB+C)-(A-B)

...(By De Morgan’s law)
= A-BC-CD+B+C+(AB+AB+C)(AB) ...(Complement)
= ABCD+B+C+ABAB+ABAB+CAB

...(Distributive, Associative)
= ABCD+B+C+0+AB+CAB
= B(1+ACD)+C+AB(1+C) ..(Distributive, Identity)
= B+C+AB
= B(1+A)+C ..(Distributive,)
= B+C =RHS
Given, LHS = ABC[AB+C(B®C+AC)]

= ABC[AB+C[(BC+BC)+AC] ...(EXNOR)
= ABC[AB+BCC+BCC+ACC] ...(By distributive law)
= ABC[AB+BC+0+0] ...(Complement, Associative)
= A(B+C)[AB+BC] ...(De Morgan’s law)
= A[BAB+BBC+CAB+CBC] ..(Distributive)

W= 0+ABC+ACB+ACB ..(Distributive, Complement)
= AC(B+B+B) ..(Distributive)
= AC(1)=AC =RHS

Q000
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