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Detailed Solutions

ESE-2026 E & T Engineering
Mains Test Series TestNo: 3

Section A : Analog and Digital Communication Systems

Q.1 (a) Solution:
@@ 1. The given system can be represented as below:

0 %@ O _f el Ly

A cos(m.t + 30°)
x(t) = s(t)Acos(w_t +30°)

= A?[cos(w,t +30°)cos(w.t)]m(t)

2
= A7 [cos(2w,t+30°) + cos 30°|m (t)

After passing through LPF with bandwidth equal to that of message signal, we
get,

m(t)

2 2
y(t) = ATCOS(30°) m(t) = ﬁf

2. Average power of y(t),
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(ij) 1. Two signals are orthogonal over an interval T if their inner product is zero:

Ty
[ so(s(Hydt = 0
0

For coherent BFSK, to maintain orthogonality,

-
fi-fo = 2T,
For the minimum separation or maximum R,, we take n = 1.
1 — (Rb )max
Mo =h-hh=31 =3 )
Given fo = 1000 kHz
f; = 1050 kHz
We get, Af = 1050 - 1000 = 50 kHz
Using the orthogonality condition, from equation (1),
_ (Rb )max
Af min 2
50 kHz = (Rb )max
2
Maximum bit rate,
(Rp) max = 100 kbps
2. New frequency (f;) = ? when R, = 200 kbps

To maintain orthogonality,
R, 200 kbps
= —+=——-——=100kHz

fl fO + Afmin
1000 + 100 = 1100 kHz

Hence, new frequency f, = 1100 kHz
3. BW = (f, - f,) + 2R,
We have, f, - f, = 50 kHz and R, = 100 kbps
BW = 50 kHz + 2(100 kHz)
= 250 kHz
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Q.1 (b) Solution:
(i) The Shannon-Hartley theorem states that the capacity (C) of a Gaussian channel is

given by:

S
C = Blog2(1+ﬁ)bps

where B is the bandwidth
S is the average signal power (S = E, R;)
N is the total noise power (i.e., N = N,B)
For Error-free transmission, the bit rate R, must be less than or equal to the channel
capacity (i.e., R, < C)
@ii) 1. Channel capacity for infinite bandwidth (C_):

The capacity C of a channel with bandwidth B (Hz) perturbed by Additive White
Gaussian Noise (AWGN) is given by:

C = Blog2(1+%) bits/sec

Substituting N = N,B into the capacity equation:

C = Blog, 1+i

NyB
To analyze the limit as B — oo, we manipulate the expression to match the
1/x

standard calculus limit form lirré(1+x)
X
S

exponent by N—o.

=e. We multiply and divide the

S
N S
= B—1] T+——
=% ng( NOBJ
Ny
oSN (S
Ng S oB
Using the logarithmic property
nlog x = log(x")
NoB
S jog,[ 142 ®
We get, C= N, 82 NoB
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S
As the bandwidth B — o, the term —— — 0.
N,B

Let x = i As B — oo, x — 0. The expression becomes:

0
S 1
= lim—1 1+
C_ xlg(l) N, 0ga(1+x)*
Since lim(1+x)/* = e
x—0
ilo e {10 . 1 }
Co = Ny 82 82¢7 10
For ideal channel with infinite bandwidth,
S E;R
= —1Ilo b0 16¢, (e
C. = 108200 =—2 Loga(©)
For error-free transmission, R <C
EyRy
So, R, < NOlog<>
E, > =NoIn(2) = E, . =N,In(2
b 10g2(€) b(min) 0 ( )
2 %mm=( j ( }ma
= ) mW-sec
= 9.7 mW-sec

Q.1 (c) Solution:
(i) From the orthonormal axis ¢,(t) and ¢,(f), the signal vectors are:
5, =[1,1]"
o s5,=[-1,-1]"

The distance (d) of a signal point (x, y) from the origin (0, 0) is calculated using the
Euclidean normal.

e Fors,: d; =N12+12 =2
+ Forsy: dy=y(-17+(-1)% =2
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The distance of a signal point from the origin represents the square root of the

energy of that signal. The energy E of a signal is the square of its distance from the
origin:

ie., E=|s]?
In this specific case, both signals have an energy E = (+/2)* =2 Joules.

(ii) From the provided 2D signal space (¢,, ¢,)
* s, islocated at (1, 1)
* s,islocated at (-1, -1)
The Eucledian distance between two points (x;, y;) and (x,, y,) is given by the
formula:

doin = (1~ x0)2 + (1 - o)

Substituting the values:
foin = (1=(17 +(1-(-1))
o = @747 = Va+4=4B

Hence, the minimum Euclidean distance isd_, = J8 or 242.

N,
(ili) Given the two-sided PSD 70 =0.50 W/ Hz

Hence, N, =1 W/Hz

For a binary digital signalling scheme with optimum receiver having equiprobable

symbols, the BER is:
q [dmm | o [B
¢ 2N, 2(1)

. = QW4)=0(2)

)
I

)
I

Q.1 (d) Solution:
@@ 1. The standard X-Y plot of a CRO for a single tone AM signal is as follows:
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The modulation index of the AM signal in terms of A and B can be given as,
A-B
M7 A+B
From the problem statement,

The pattern is a triangle, meaning it tapers to a point. Therefore, the minimum
vertical height is zero.

4 units

From the CRO display (Trapezoidal Method)
¢ Maximum vertical height (A) = 4 units
¢ Minimum vertical height (B) = 0 units (since it is a triangle)
A-B 4-0
M = = e— 1
A+B 4+0

This represents 100% modulation (i.e., critical modulation).

2. Given: Peak amplitude of the message signal = 10 V. Thus,

A =10V
The modulation index is given as:
_ A
w= Ac
A = E =10V

C

1

2 2
A_C=(10) =@=10Watt
2R 2x5 10

2
w
1+—
C( 2 J
= 10(1 + 0.5) = 15 Watt
Total sideband power (P,)

Psb - Pt_Pc
15 -10 =5 Watt

Carrier Power (P

Il
ge)

Total power (P))
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3. Transmission Efficiency:

B, PBR*p*/2 P

2_2 2
g(1+%;] i

12 1 .

n = 23 =~ 33.33%
In standard AM, the maximum efficiency occurs at u =1, which is 33.33%. This
highlights the main disadvantage of AM i.e., at least 66.67% of the power is
wasted in the carrier, which contains no information. Mathematically a higher u
would increase 1, however it causes the envelope detector to cross the zero
axis. This leads to phase reversals and envelope distortion, making the message
unrecoverable by standard diode detectors. Therefore, 33.33% remains the

practical upper limit of efficiency for AM wave without overmodulation.

n=Pt

For the given case, u = 1. Thus,

X Differentiator Y(t)
(ii) H(s)=s

For a differentiator, = H(s) = s

H(jw) = jo
|H(jo) |? = o?
PSD of Y(t), Sy ) = Sy (o) | H(w) |?
= 025, ()
The auto-correlation function and Power Spectral Density form a Fourier Transform
pair. Thus,
Ry (1) =5 (0)
dRx (1)  crFr .
LR RENT
T
d°Ry (1) crer .
X0 T o)
dt
d°Ry (1) crer
Al -5y (0)

2
- T 5 (0) = Sy (@)
T
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2
So, Ry(t) = d%g(r)
Hence, the auto-correlation function of the differentiated process Y(t) is
~d*Rx (1)
W= g2

Q.1 (e) Solution:
(i) 1. Inany angle-modulated signal, the general form of the carrier is
s(t) = A_cos(2nf.t + (1))
where ¢(t) is the time-varying phase.

The instantaneous frequency (in Hz) is

fit) = %%[Mfctwa)]
) = fet bl

For FM: The phase deviation [¢(t)] is given as

t
2mk; [ m(t)dt

o(t) =
Differentiating,
do(t
% = 2nkfm(t)
= f(t) = fc+kfm(t)

Therefore, the maximum frequency deviation is

(Af)maX/FM - |f’ (t)_f’3|max = kf ‘m(t)‘max - kam

For PM: The phase deviation [¢(#)] is given as,

o) = km(t)
Differentiating,
do(t) _  dm(t
dt Pt
ky, dm(t)
= e V)
- 0 = fc+271: dt
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Therefore, the maximum frequency deviation is

ky | dm(t)
p
(Af)max,PM - E dt

2. Differentiating the given signal m(t), we get
2 (o)

max

dt
An
2
6
t
> (sec)
_Am
6
d A
—m(t) = " Volt
dt max

Hence, its maximum absolute value is Tm Volt

3. We have, (Af ) em = kam

Ky |dm(t)
- P2
(Afmax)PM T oonl dt max
k,( A k,A
P __pm
(Afmax)PM - ﬂ(?m)_ 47
For (Afmax)PM = (Afmax)FM
k,A
p~m - _
ym kam
k

|4
E = 4n rad/Hz

(ii) 1. The problem specifies high-side injection (f, , > f.), thus
ho = fotfi

Minimum carrier frequency:
fe min = 9550 kHz

www.madeeasy.in
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Maximum carrier frequency:
Je max = 1650 kHz
Fixed f,, = 450 kHz

Thus, minimum LO frequency:

fLO, min ~ J¢, min +fIF

550 kHz + 450 kHz
1000 kHz

Maximum LO frequency:

f;:, max +fIF
1650 kHz + 450 kHz

2100 kHz
So, the local oscillator must tune from 1000 kHz to 2100 kHz.

f LO, max

1 1
2. For an LC oscillator, the frequency is given by f = ndiC. Since f o Jo e

have:

C

fmax = [—Cmax

f min Cmin

2
Cmax _ f LO,max
Cmin f LO,min
Substituting the calculated oscillator frequencies:

Cinax (2100 jz _ 1)

Cmin 1000
Cmax

=441
Cmin

3. Inamixer, the local oscillator frequency f, , is mixed with the signal frequency
f. to produce f;.
* High-side injection: f, , = f + f;
* Low-side injection: f; , = f. - f|;
High-side injection is preferred because it requires a smaller capacitance ratio
in the tuning circuit. If low-side injection were used for a 550-1650 kHz range

with f,; = 450 kHz, the f; , would need to range from 100 kHz to 1200 kHz,
requiring a larger and impractical capacitive range.
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Q.2 (a) Solution:

M(f) 5(f)
0.003 ‘ il 0% 5
' o2
(i) T 0.001 1 &201 s
= | KH o — KHz
3 -150 15 3 f(d2) < —£+3 0 f£-3 [ f (Hz)
Z(f)
0.003
4
| 0.(4)}01 A
= = f(kHz)
3 -15 15 3

Powerins(t) = [ [s()f dt= [ [S(F) df

2 2
= 2[1500( 0'0021 A ) +1500( 0'0023AC j =100 mW

= %[1500A§><10‘6 +1500A§><9x10‘6] =100 x 10-3

= AC2

1333 = A_=3.65

(ii) From the spectrum of z(tf), we can write
2 2
Power of z(t) = 2[1500( 0.0(213AC ] + 1500( O'OTAC j } =25 mW

N,
@iii) n(f)is AWGN with, S (f) = 70

1 1
n(t) cos 2nf,t will have PSD of 7 Sy(f = fe) +rSu(f + fo)

_ 1(No),1(No|_No
a2 )4l 2) 4

The noise affecting the demodulator output is as shown below,
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N(f)
NO
4
! | kHz
-3 kHz 0 3 kHz u )
6000

Noise power
(iv) SNR at output

Q.2 (b) Solution:
(i) For sinusoidal signal m(f) =

o
TS

A

max

or,

(i) N,

(iii) For sinusoidal signal, S,

A

\%

SNR =

(iv) For uniform distribution, S,

S0

So,
Ny

T(0.0001><10‘3) =0.15 mW

Signal Power _ 25mW

=166.67 = 22.2 dB

Noise Power 0.15mW

cos(2mft). To avoid slope overload distortion,

d
‘— m(t) = 27.Eflqmax = (DAmaX

dt max
ofs

w

OAmax _ 2mx3.4x10°

7. 64000

0.3337

2 2 3

0’B _ (03337)*(34x10%) _ 1o
3. 3(64000)

2

A" o5

2
So__05 _55360-24.04dB
N, 0.00197
(1-(1* _1

12 3
0333 _ 5508 4B
0.00197 -1 !
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(v) The minimum transmission bandwidth BT for a baseband signal (using Nyquist

criterion) is:

R, 64kHz
B.= —L=

T 5 =32 kHz

Q.2 (c) Solution:

(i) Output bandpass noise will have non zero power within frequencies in the band
49 to 51 MHz.

So,  Power, P= | Sa(DH( df

—oco

51x10°
p=2 | 10—8(1—%)@r
49x10° 10
, Plx10°
p=2x107° [ f- }

8
23107 ]9, 106

p=2x10" {{5&106 —M}{@xuf —MH
2x10 2x10
P =1.99 x 102 Watt
(@ii) The narrowband noise y(t) can be represented as:
n(f) = n,(t) cos (2m (50 x 10°)) - n,(t) sin (2m (50 x 10°)¢,
where 7 (f) is the in-phase component and n q(t) is the quadrature component.

Power content in both n (f) and n q(t) will be same as n(t).

E[(nf(t))} - E[(ng(t))} - E[(;ﬂ(t))} =1.99 x 10-2 Watt
(iiiy PSD of n _(t) and n q(t) is given by
Snc(f) = an(f)
{Sn(f_fc)'i_sn(f"'fc); f|<B/2 HZ}

0 ; otherwise
For the range |f| <1 MHz:

Snc an(f)
S,(f-50 x 106) + S _(f+50 x 106); |f| <1 x 106 Hz
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_ 10° .
We have, S (f+50 x 109 = 107 2010+ f 08 10 0.5—L8 ..(0)
10 10
8, 50x10°—fF ) . g f )
S,(f-50x106) = 1077 1-——5—= =107 0.5+ ()
On adding (i) and (ii)
Snc(f) = an (f) = 10_8 W/HZ} f| < 1O6HZ
0 ;  otherwise

(iv) The auto-correlation function R (7) is the inverse Fourier Transform of S _(f). We

have,
10°
Ry(r) = | 1077
-10°
j2mft 10°
_ 108 X{ej } _ 10-8x sin(2mx10°7)
27T | o6 T
| | o sin(my)
Equivalently, R, (t) = 2x102sinc(2 x 10°7) where sinc(x) = -

Q.3 (a) Solution:
(i) Given angle-modulated signal,
u(t) = 5 cos[2nf t + 40 sin(500nt) + 20sin(10007t) + 10 sin(20007t)]
The instantaneous phase,
0(t) = 2nf t + 40 sin(500mt) + 20 sin(10007t) + 10 sin(20007t) (1)
1. Let u(t) be the PM signal.
The standard form of the PM signal is given by
u(t) = A_cos[2nft + kpm(t)]

where instantaneous phase,

6(t) = 2mf t + k,m(f) ..(ii)
On comparing equation (i) with equation (ii), we get
kpm(t) =40 sin(500 ntt) + 20 sin(1000 mt) + 10 sin(2000 mt) ..(iif)

(@) Maximum phase deviation occurs when all sine terms reach their peak
values.

A9, . = 40+ 20 +10 =70
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A¢, .. = 70 radians
(b) Given, kp 5 rad/volt

From equation (iii), message signal m(f) can be written as,

m(t) = %[40 sin(5007tt) 4+ 20 sin(10007tt) + 10 sin(20007tt)]
14

m(t) = %[40 sin(500mt) 4+ 20 sin(10007tt) + 10 sin(20007tt) ]

m(f) = 8 sin(500mt) + 4 sin(1000mt) + 2 sin(2000mt)
2. Let u(t) be the FM signal,
The standard form of the FM signal is given by

u(t) = A cos| 2nf.t+ky [m(t)dt

where, instantaneous phase,
O(f) = 2nf.t+ky [m(t)dt ..(iv)
On comparing equation (i) with equation (iv), we get
ka‘m(t)dt = 40 sin(500mt) + 20 sin(1000mtt) + 10 sin(20007t)
(@) Maximum frequency deviation: Af.

i max
We know that instantaneous frequency,
1 4de(t)

i 2n dt

1d
f(t) = 5= [40 sin (500m#) + 20 sin(1000mt) + 10 sin(2000 )]

1
= - —[200007 cos(500m)] + 200007 cos(1000x) + 20000 cos (2000 it)]

Maximum frequency deviation occurs at t = 0.

ALY = i[200007t + 200007 + 200007]
1 max ZTC
s A L = 30000 Hz
(b) For an FM signal,
dao
T 2nf + kfm(t)

but from equation (i),
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dao
T 2nf_ + 200007 [cos(500mtt) + cos(1000mt) + cos(2000mt)]

Thus,
kfm(t) = 20000m[cos(500mtt) + cos(1000mtt) + cos(2000mt)]
given, k; = 10000m rad/sec-V
m(t) = 200007
100007
m(t) = 2 cos(500mt) + 2 cos(1000mt) + 2 cos(2000mt)

(@ii) Let us assume for BPSK signal, the transmitted signal
S(t) = Acoso_t for binary 1
= - Acosw t for binary 0

[cos (500mt) + cos(1000mt) + cos(20007t)]

E, is the average bit energy

AT

Eb =
2

2E,

A= T

We can write,

2E, 2E,
51(t) = Tcosmct and Sz(t) = - Tcoscz)cif

Consider the basis function with unit energy as

o) = \/zcoscot
= \7 .

The output of the correlator at t =T
z(T) = ay(T) + ”0 i=1,2

where \/7 / '[cosm t(cos w t +0)dt

= \/_bcose

Similarly, a,(T') = - Eb cosO
The probability of error for a binary signalling system with additive white Gaussian
noise (AWGN) is given by

- N
P, = Q( ‘1120”2 j, where 62 = 70
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With a phase error of ‘0’, the signal responses of correlator becomes /E;, cos

P, = Q 2,JE, cosB -0 2E, cos’ 0
2Ny /2 N
Q.3 (b) Solution:

(i) 1. We have, [P(X, V)]

or —/E, cos0. Thus,

[P( X)]d PIY | X]

LR

{ a(l-p) ap }z{P(xlz]h) P(xlzl/z)}
1-

or o)p (1-0)(1-p) P(xy,y1) P(x2,y2)

n m
We know that H(Y | X) 2 Zle,y] log, P(y;1x;)
—1i=1

By above expression, we have
H(Y | X) = -P(x}, yy) log, P(y, | x)) = P(xy, y,) log, P(y, | x,)
- P(x,, y) log, P(y | x,) = P(xy y,) log, P(y, | x,)

or H(Y | X) = -a(1 - p) logy(1 -p) - ap log, p - (1 - o) p log,p
~-(1-0) (1-p)logy(1-p)
or H(Y | X) = -plog,p-(1-p)log, (1-p)

Weknow that [(X;Y) = H(Y) - (Y| X)=H(Y) +plog,p + (1 -p)log, (1-p)
2. We know that
PIM)] = [PX)T[P(YX)]
For o= 0.5 and p = 0.1, we have
09 01
P[(Y)] = [0.5 0.5] {0.1 0.9} =[0.5 0.5]

Thus, P(y,) = P(y,) =
Now, using the expression

n

2 (v;)log, P(y;), we have

H(Y) = (yl) log, P(y,) - P(y,) log, P(y,)

or H(Y) = -0.5log, 0.5 - 0.5 log, 0.5 = 1 bits/symbol
We have, plog, p + (1 -p) log, (1 -p) =0.11og, 0.1 +0.9log, 0.9 = -0.469
Thus, I(X;Y) =1-0.469 = 0.531 bits
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3. When a=0.5and p = 0.5, we have

_ 05 0.5
[P(Y)] = [0.5 0.5] [0.5 0'5} =[0.5 0.5]
H(Y) = 1 bits
and, p log,p + (1 -p) log, (1 -p) =0.51og, 0.5+ 0.5log, 0.5 = -1
Thus, I(X;Y)=1-1=0

(i) Given ‘X is a Gaussian random variable with m =0, 6 = 1.

As we know PDF for Gaussian random variable ‘X’ with mean ‘m” and variance ‘o’

is given by
e
X) = e 20
S 2162
Substituting m =0, 6 =1, we get
.
X) = e 2
Now, for random variable Y
Y =aX+b ..(i)
As we know PDF of Y
dX ..
£0) = fx0f )
Differentiate (i) w.r.t “x’
av ax _1
X T2 gy, ..(iif)

using (iii) in (ii), we get

£) = fx[y‘bj-l

a ) |al
" _(y—bz>2
= ——¢ 2ﬂ
fY(y) 27‘[&2
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Q.3 (c) Solution:

(i) Given: The normalized autocorrelation function of the input signal for a lag of one

sampling interval is

px(l) = =0.75

[
~ =

Error variance

= Ry(0)| 1-p3(D)]
where R (0) = Input signal variance

Input signal variance

Processing gain, GP B Error variance
¢ . RO
= 2
PR (O -px()]

B 1 a 1
[1-p3()] |1-(0.75) ]

_ 1 2.286
7

Processing gain in dB,
G,(dB) = 10 log,(2.286) = 3.59 dB

(ii) V(t) = y [cosw,t-cos(w;t+0;)—sinw,t-sin(w;t+6;)]
i=1
Now, consider the signal,
M(t) = cos(wt+0,)
Its Hilbert transform will be
M, (b = cos((x)it +0; —g)
= sin(w;t +0))

The expression of upper sideband in SSB-SC modulated signal is given by
= M(t) X cos o t - M, () sin w_t

= cos(w.t + 0,)cos o t - sin(w.t + 0)) sin w_t

(I)USB

ocopyright: [MADE ERSY www.madeeasy.in



MADE EASY Test No : 3 E & T ENGINEERING | 33

* Thus, V(t) is the USB SSB modulated signal of

N
= 2 cos(w;t+6;)
i=1
* The expression for lower sideband is
N
= 2 [cos w,t cos(w;t +8;)+sinw.tsin(w;t +6;)]
i=1
* The expression for total DSB-SC signal is given by the addition of USB and LSB
SSB-SC modulated signals as,

N
s(t) = Y, cosm,t-cos(w;t+6;)
i=1

Q4 (a) Solution:

(i) The generator matrix is given by G =[P |],]. For a (5, 1) linear block code, number of
message bits k = 1 and the codeword length, n = 5. Given,

G=[11111:1]

The parity check matrix is therefore obtained as H=[I _, | P]

1000 1
10100 1
"loo10:1
00 01 1
(1 0 0 0]
0100
H'=10 0 1 0
0 0 01
11 1 1]
Syndrome, S = eH'
1. Here e is error pattern, for single error we have
Error pattern Syndrome
00001 1111
00010 00 01
00100 0010
01000 0100
100 00 1000

ocopyright: [MADE ERSY www.madeeasy.in



34 | ESE2026: MAINS TEST SERIES MADE EASY

2. For two errors in the received code word, we have

Error pattern Syndrome
0 0011 1 110
0 01 01 1101
01001 1 011
1 0 0 01 0111
00110 0 011
01010 01 01
1 0010 1 0 01
01100 0110
1 01 00 1 010
110 00 11 00

@ii) 1. For any stationary or ergodic process, the mean square value is equal to the
value of auto-correlation function at t = 0.

E[X*(f)] = Ry(0)

Substituting T = 0 in the given equation

25(0)% +36
Ry(0) = 6.25(0)* +4
36
Ry(0) = =9

Therefore, the mean-square value E[X?(#)] = 9.

For an ergodic process with no periodic components, the square of the mean
value is equal to the limit of the auto-correlation function as T — oe.

ux = lim Ry(1)
T—00

To evaluate this limit, divide the numerator and denominator by 1%

25+%
2 — li T
Mx = 0 i
™ 6.25+
T
, _ 2540 _ 25 _,
HX ™ 62540 6.25

Taking the square root, the mean value |u, | =2

2. The variance (6%) represents the AC Power of the process and is defined as the

difference between the mean-square value and the square of the mean.
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Variance (6%) = E[X?(t)]-[E[X(8)]]?

ok = Rx(0)-u%
(j%( =9_-4=5

Hence, the variance of the process X(t) is 5.
3. Physical significance of R,/(0)
The value R,(0) represents the Total Average Power of the random process.

For any stationary process, the auto-correlation is always maximum at the origin,
meaning | R,(t) | <R(0). This physically implies that a signal is most strongly
correlated with itself at zero time-shift.

Physical significance of Ry()
The value Ry(e) represents the DC Power (or the square of the mean) of the
process. If Ry () = 0, it physically signifies that the random process has zero
mean (no DC component).
Q4 (b) Solution:
(i) To find PSD of n,(t), we are finding its ACF first. The ACF of n,(t) is given by

Ry, (t1 ty) = E[ny(t) ny(t)]
= E[{n1(ty) cos(2nf.t; +0)—ny (t1)sin(2nf,t +0)}[ {n; (t) cos(2nf. t, +0)— 1y (t5) sin(2nf. £, +0)} ||
E [n,(t;)n, (t,) cos (2nf t, + 0) cos(2nf.t, + 0)
-n,(t))n,(t,) cos (2nf t, + 0) sin(2f t, + 0) - n,(t,)n,(t,) sin (2f t,
+0) cos (2nf t, + 0) + n,(t,)n,(t,) sin (2nf t, + 0) sin (2nf £, + 0)]

As we know,
cos (A - B) = cos A cos B +sin A sin B
sin (A + B) = sin A cos B + cos A sin B ()
By using equation (i), we can write as:
Ry, (ty, ty) = E[ny(t)ny(ty) cos 2mf (£, - £) = ny(£)ny(E) sin[2nf, (¢, + 1) +26])]
= E [n,(t;)n,(t,)] E [cos[2nf (t, - t,)] - E[n,(t;)n,(t,)]

x E{sin(2nf (t, + t,) + 20)} ...(ii)
Given that 0 is uniformly distributed R.V. fu®)
Because of this we know, 1
E {sin(2nf. (t, + t,) + 26} = 0 o
By equation (ii), 0 - 0
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RNz(tl, t,) = E[n,(t,)n,(t,) cos 2nf (t, - t,)]
or RNz(tl, t,) = RNl(tl, t,) cos 2mf T
(. ny(t) is stationary, so we can write ¢, - t, = 1)
so, RNz(r) = Ry, (T) cos 2mf T ..(1ii)

Taking Fourier transform of equation (iii),

1
Syl = 5[ S (F+ £+ 8wy (= £0)]
and Sy, (f) is given in question. So, Sy (f) can be drawn as

Su, ()

NA L N

S-S Sro femoo fo frO

2m

(i) 1. Given,

O (t) = A.[1+cos(2nf,,t)]cos|2mf,t]
n (t) cos(2nf t) - n (t) sin(2nf,t)

noise, n(t)

nZ(t) = n<(t)=2Nof,
Let r(t) be the output of adder,
r(t) = Om(f) +n(t)
A [1+ cos(2nf, t)] cos(2nf t) + n (t) cos(2nf.t)
- n(t) sin(27f t)

Output of multiplier,
Let m(t) = r(t) -2 cos(2nf.t)
m(t) = [AJ[1 + cos(2nf, t)|cos(2nf t) + n (t) cos(2nf t)
- n(t) sin(2nf t)]2cos(2nf t)
Signal part, Let s,(t) = A1+ cos(2nf, t)][1 + cos(4mf t)]
Noise part, Let n'(t) = n(t)[1+ cos(4nft)] - n(t) sin(4nf.t)
After passing through lowpass filter (with cutoff frequency of f, )
we get, s;(t) = A1+ cos2nf t] +n (t)
After DC block (which removes constant A ),
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y(t) = A_cos(2nf t) +n (t)

S
2. Signal to noise ratio = -2
Ny

From the output of system,
y(t) = A_cos[2nf t] +n (t)

AL

Signal power, Sy = >

Noise power = ncz (t)=2Nof, (given)

s AL A
Njo  2X2Nofy  4Nofy
=10V

C

A
f =10kHz =10*Hz
N

S
N

3. Given,

, = 10 uW/Hz =10 x 10° W/Hz

J, - 7
o 4Nofy
102
4x10x107°x10x10°

S
(EJO =250 (or) 23.98dB

Q4 (c) Solution:

t
@) x () = A cos{u)ct+ [ m(t)dt}
For a RC high pass filter,
VO R sRC C
_ = = 11
V. g, 1 sRC+1 ° i °
sC 1% 2 14
Vo joRC " Rz 0
V;  1+joRC . .
Given oRC <<1 High pass RC filter
Vi
= 70 = joRC ..(0)
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Using the property of Fourier transform,

x(t)LX(jw)

Ex(t)(Lj(oX(j(o)

Rewriting equation (i) in time domain
d

Vi) = RC-Vi(h)

If V() = x:(f)=A,cos

w,t+ j m(t)dt}

—oo

o o

then, Vy(t) = RC ; [A cos

Vo

—oo

(t) = —RCA, (o, +m(t))sin{wct+ j m(t)d

f}

The envelope of V() is given by RC A_ (o, + m(t), which contains the message

signal. Thus, an envelope detector can demodulate the signal.
(i) 1.

Let P, denote the probability that a binary symbol is in error on transmission

through the complete system. Then P, is also the probability of odd number of

errors, since an even no. of errors restores the original value. So probability of

an even no. of errorsis 1 - P,. Hence,

(1-2P)%P,

P, =P, j(1-P)+(@1-P,_,)P,
= (1-2P)P, ,+P,
P, =P ,(1-2P)+P,
P, = (1-2P)P, ,+ (1-2P)P, +P,
P, = (1-2P)°P, ,+ (1-2P)%P, + (1-2P)P, +P,
P, = (1-2P, )"~ 1pl+(1-2p1 )
+(1-2P)P, + P,
n-1 .
P = P (1-2P)
i=0
— n_
p = p|d-2R)"~1
" (1-2P)-1

P = %[1—(1—2191)"]
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2. If P, is very small and 7 is not too large, then
(1-2P)" = 1-2Pn

1
Thus, P, = 5[1_(1_2P1”)]
P = Pn

Section B : Digital Circuit-1 + Microprocessors and Microcontroller

Network Theory-2 + Signals and Systems-2

Q.5 (a) Solution:
(i) Given, (70)g + (122), = (211),
Converting the given system into its decimal equivalent,
2 +1(XH +1(X%) = 81 x7+8Yx 0+ 62 x1+6! x2+60x2

2X2+X+1=56+36+12+2
2X2+ X +1 = 106
2X2+ X = 105

X(2X +1) = 105
XQX+1) = 7x15
XQX+1) = 72 x7+1)
7

On comparing, we get X

(@ii) Given base system,

(131),, = (X)g + (78),
Converting into decimal equivalent,
122x 1+ 121 x3+120x1 = (X)g+ (7 x 91 + 8 x 9Y)
144 +36+1 = (X)g + (63 + 8)
(181),5 = (71); + (X)g
(X)g = (181)15 = (71); = (110)y

Converting above result into binary equivalent,

oo o oo
—_
(6]
|
—_
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(110),, = (1101110), = (156),
(X)g = (156), = X =156

Q.5 (b) Solution:
Here, R=8k®, L =0.2mH, C =8 uF, V=10 sin ot (V)

1 1 10°
0. = = = =25krad/s
0 JLC  J02x103x8x10°® 4

i} U S GRS e S
(i) ®1= "5rc "\|2rC | "LC

1 1 2 1
== 3 . 3 | T 3 3
2x8x10°x8x10 2x8x10°x8x10 0.2x10°x8x10
= 0, =24.992 krad/s

_1 oy,
@27 5rc "\l 2rRC ) " LC

1 +\/ 1 2+ 1
2x8x103x8x107° 2x8x10°x8x107° 02x10°x8x107°

25.008 krad/s
(iii) Quality Factor, Q =, RC =25 x 10 x 8 x 10° x 8 x 10~° = 1600

(i)

= 0,

oy 25x10°
= (0 —w)=—=————=15.625rad/s
BW = (0 —0;) 0 1600 /
I
(iv) Ato=w, Y= = Z=R=8kQ
Z 8000
As the entire current flows through R at resonance, the average power dissipated at
O = W, is,
Tien_ 1 342 3
pP= §|I| R =E(1.25><10 )°(8x107) = 6.25 mW
V2 102
= L=— " —=625mW
o 2R 2x8x10°
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As o, and w, are half power frequencies. Thus, at ® = w, = w,, the power dissipated

is,
2 2
P= Yo LS =3.125mW
4R 4x8x10

Q.5 (c) Solution:
Given, length of the filter M =7

Hence, the order of the filter is M-1
order =7-1=6
From the given coefficients, it is clear that the filter follows:
h(n) = h(M -1 -n)

Hence, it is linear phase filter and odd length symmetric.

Now, hn) = (1(0), h(1), h(2), h(3), h(4), h(5), h(6)}

Virtual Y-axis
Due to even symmetry about virtual Y-axis
h(0) = h(6) =-0.3

h(1) = h(5) =
h(2) = h(4) =
h3) = 0.5
The output of FIR filter is
M-1
y(n) = - Oh(m)x(”—m)
y() = h(0) [x(n) + x(n = 6)] + h(1) [x(n - 1) + x(n - 5)] +
h(2) [x(n-2) +x(n - 4]+ h(3) - x(n - 3)
Here, number of delay elements = M -1=6
No. of multipliers = M2+ 1 % =4

(for Linear phase FIR filter due to symmetry)
Multipliers are reduced in Direct Form-II of FIR filters.
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Filter Design:
-1 -2
x(n) z1 X =1) z! xn-2) z! x(n - 3)
© o 0
1 =i =1
x(n-6) L x(n-5) = x(n-4) =
h(0) = -0.3 h(l) =04 h(2) =02 h(3) =05
® ® O
Q.5 (d) Solution:
LDA 1100H
MOV C, A ; Initialize counter
SUB A ; Clear Accumulator
LXI H, 2100H ;  Initialize pointer
LOOP: ADD M ; SUM=SUM + DATA
INX H ;  Increment pointer
DCR C ; Decrement counter
JNZ  LOOP ;  if count # 0 repeat
STA 3200H ; Store sum
HLT ;  Terminate program execution

Q.5 (e) Solution:

(i) 1. Setup time: The setup time, denoted as t_, is defined as the period of time
immediately preceding the active clock edge during which the excitation input
must be stable i.e., the excitation input must be “setup” atleast ¢, prior to the
active clock edge so that it can be reliably latched.

2. Hold time: Hold time denoted as ¢, is defined as period of the time immediately
following the active clock edge during which input should not change.
(ii) N = (18.6),
Converting to base 10 via series substitution yields
Nyjp=1x91+8x90+6x91+ .
9+8+0.666 ...
= (17.666...),,
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Converting from base 10 to base 11 via radix divide produces

1117 6
0.666 x 11 = 7.326

1 1 4454 0326x11=3586

0 0.586 x 11 = 6.446

Putting integer and fraction parts together,
N, = (16.736),

Q.6 (a) Solution:

Given sequential circuit,

Ql

Clock

Let input to D-flip-flop, D = Y
where Y is the output of 2 x 1 MUX

We have, Y = SI,+SI,
Y = SAy+SA
D = §AO +SA1

Output of D-flip-flop; Q = D at each positive edge of the clock.
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The timing diagram for input D and output Q of the circuit is as follows:

1 2 3 4 5 6 7 8 9 10

ClOCk A A A A i A
1

Ay

=

W »n

Q.6 (b) Solution:
We know that,

z-parameter are given as
Vi=2Znl+Z431, }

(1
Vo =Zylh +Zpl, 0
and y-parameter are given as
I =Y;1V1+ YV, } )
Iy =Yy Vi + YoV, ~(2)

and also [z] = [y]tand [y] =[]} -(3)
(@) By KVL,

(Za + Zc)Il + ZCIZ Vl Z Zb

and Z1 +(Z,+Z)l, = V, " D [] - Q ;
On comparing with eq. (1), we get,

z-parameter matrix as
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_ [ZH+ZC] ZC
[Z]'{ Z, [Zb+ZCJ

Now, y-parameter of the circuit can be obtained as,

[yl =[]

ol = 1 {[Zb +Z.]  -Z. }
N 2o+ 22y +20-22| 20 [Z,+Z]
Zb +ZC —ZC
7,70+ 2,7+ 2470 27y + 2y + 2y 7
vl = 7. Z 47,

2 Zy+ZaZo 47020 ZoZpy+ZaZo+ 27,
@) By KCL,

[ = Vl_szlV —lV 1._13_:_1;2_.2
1=z Tzt gz Z
v, -V, 1 1 " "2
and 12 = %=_2V1+EV2 1 .

On comparing with eq. (2), we get, y-parameter matrix as

1 1

Z Z
[v] = 1 1

'z z

Since, Ay = Y11Y,, = Yqp Yoy = 0, the z-parameters do not exist for this network.
(iiiy By KVL,

Il +IZ 1 ’ 2
1 = Y =V2 11 12
. ’ v, Y v,
or, vV, = Y I + Y I v y
1 1
and vV, = (?jh +(?)12

On comparing with eq. (1), we get, z-parameter matrix as

[2] =

<= <=
<= ==
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Since, Az = z,,z,, - 2,,Z,, = 0, the y-parameters do not exist for this network.

(iv) By KCL,

L=YV +(V,-V)Y =V(Y,+Y)-V,Y,
L, =Y, V,+(V,=- V)Y ==V Y +V, (Y, +Y)
1
1 3 T A 2
Vi Y, Y, V,
1 X

On comparing with eq. (2), we get, y-parameter matrix as

Y, +Y., =Y,
WV:{—n n+n}
Now, z-parameter of the circuit are
[z] = [y]"
1 [Y,+Y.] Y
I a2 0
Y, +Y, Y,
Y, Y, +Y, Y. +Y,Y, Y.V, +Y, Y. +YY,
=1 = Y, Y, +Y,

VY, +Y,Y. +Y,Y, Y.V, +Y,Y.+Y,Y,

Q.6 (c) Solution:

()

Direct addressing mode : The operand’s offset is given in the instruction as a 16 bit
displacement. In this addressing mode, a 16-bit memory address (offset) is directly
specified in the instruction as a part of it.

Example : MOV AX, [0020H]. Here, the 16-bit data to be moved to the register AXis
present in a memory location in the data segment. The offset addresses of the
memory location in the data segment is 0020H. The effective address of memory is
calculated as “10H x [DS] + 0020H".

Register addressing mode : In this addressing mode, the data is stored in a register
and it is referred using the particular register. All the registers, except IP, may be
used in this mode.

Example : MOV AX, BX ; here, the 16-bit data to be moved to the register AX is
present in the register BX.
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Register indirect addressing mode : In this addressing mode, the offset address of

the memory location is specified indirectly, using the offset registers. In this
addressing mode, the offset address is in either BX or SI or DI register and the
default segment register is either DS or ES.

Example : MOV AX, [BX]; here the 16-bit data to be moved to the register AX is
present in a memory location in the data segment. The offset address of the memory
location in the data segment is in the register BX. The effective address of the memory
location is “10H x [DS] + [BX]".

Indexed addressing mode : In this addressing mode, the offset address of the
memory location is specified indirectly using one of the index register. DS is the
default segment register for index registers SI and DI in case of string instructions.
This addressing mode is a special case of the “register indirect addressing mode”.

Example : MOV AX, [SI]; here the 16-bit data to be moved to the register AX is
present in a memory location in the data segment. The offset address of the memory
location in the data segment is in the register SI. The effective address of the memory
location is “10H x [DS] + [SI]”.

Register relative addressing mode : In this addressing mode, the offset address of
the memory location is obtained by adding an 8-bit or 16-bit displacement to the
content of any one of the registers BX, BP, SI and DI. The default segment register
for this addressing mode is either DS or ES.

Example : MOV AX, 50H[BX]; here the offset address of the 16-bit data to be moved
to the register AXis present in a memory location which is obtained by adding 50H
to the content of the register BX. The effective address of the memory location is
“10H x [DS] + 50H + [BX]".

Based indexed addressing mode : In this addressing mode, the offset address of
the memory location is obtained by adding the content of a base register [BX or BP]
to the content of an indexed register (SI and DI). The default segment register for
this addressing is either DS or ES.

Example : MOV AX, [BX] [S]] ; here the 16-bit data to be moved to the register AXis
present in a memory location in the data segment. The offset address of the memory
location in the data segment is obtained by adding the content of the register BX to
the content of the register SI. The effective address of the memory location is
“10H x [DS] + [BX] + [SI]”.

Relative based indexed addressing mode : In this addressing mode, the offset
address of the memory location is obtained by adding an 8-bit or 16-bit displacement
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(ii)

to the sum of the content of a base register (BX or BP) and the content of an indexed
register (SI and DI). The default segment register for this addressing mode is either
DS or ES.

Example : MOV, AX, 50H [BX] [SI]; here the 16-bit data to be moved to the register
AXis present in a memory location in the data segment. The offset address of the
memory location in the data segment is obtained by adding 50H to the sum of the

content of the register BX and the content of the register SI. The effective address of
the memory location is “10H x [DS] + 50H + [BX] + [SI]”.

Immediate addressing mode : In this addressing mode, immediate data is a part of
instruction and appears in the form of successive byte or bytes.

Example: MOV AX, 0020H; here the 16-bit data to be moved to the register AX is
0020H.

Implied Addressing Mode: In this addressing mode, the operand is implicitly
defined within the opcode itself, requiring no explicit operand field.

Example: CLC instruction is used to reset the carry flag to zero.

The overall delay produced by the given subroutine program can be calculated by
determining the total number of T-states required to execute the program.

The total number of T-states required to execute the program can be determined by
analysing the given program as shown in the following table:

. Number of times | Number of T-states
Instruction . .
executed for one time execution
MVI B, Data_8 bit 1 7
LOOP: DCR B N 4
(N-1) =>true 10 = true
JNZLOOP 1 =false 7 = false

RET 1 10

The total delay produced by the subroutine in terms of T-states can be given by,
Delay = (1 x 7T) + (N x 4T) + [(N-1) x 10T + 1 x 7T] + (1 x 10T)
= (14N+14)T=14(N+1)T
The time delay corresponding to one T-state is,
1 1
VI

=0.5us - Giventhat, f. ,=2MHz
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So, the total delay produced by the program is,

Delay = 14(N + 1)%us =7(N+1)us (1)

Required value of N, to produce a delay of 70 us;
From the result in equation (i),
Delay = 7 (N +1) us

7(N+1)us = 70 us
N+1 =10
N=9

Q.7 (a) Solution:

The graph of the network is shown in figure below. Further, a suitable tree is selected as
shown below:

N
IS
; N
(€8]
Q)
)
N
W
-~
L 2
N

(a) ﬁ G

The fundamental cut-sets are identified as
f-cut-set-1:[1, 2, 6]
f-cut-set-2: [3, 5, 6]
f-cut-set-3:[1, 4, 5]

The fundamental cutset matrix is given as

1 234 5 6
c, -1 100 0 1
Q=C, 0 01 0 -1 1
C; 1 001 -10

The node equations are given as

[QIIYIQTIIV,] = [QI*{[L] - [V, [V} =-[QI[Y,][V] {sincel =0here}
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Here,
1y
5
o 1
5
-1 1.0 0 0 1|0 o
[QIY,J[QTI=|{0 0 1 0 -1 1

1 001 -1 0[0 O
0 O
0 O

09 05 -0.2

=105 08 02

-02 02 05
1y

5
o 1
5
-1 1.0 0 0 1|0 o0
[QIIY,J[V]J=]0 0 1 0 -1 1
1 001 -1 0[[0 O
0 0
0 O
Thus, the KCL equations are

09 05
=105 08
-0.2 0.2

0O 0 0 O
O 0 0 Off-=1 0o 117
1 1 0 O
0 1 0 0 00 1
10 0o -1 -1
0 0 1 olll 1 O
5 L J
0O 0 O 1
2]
0O 0 0 O
0 0 01[910]
0
1 0 0 -182
10 0 1.1 ¢
1 0
0O — 0 O
10 0 182
o o L ol 0]
5
0O 0 O 1
2]
—0.2 || Vy 182
02 || Vs |=| O
0.5 || Vig -182

Solving by Cramer’s rule, we get the tree-branch voltages as
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182 05 -0.2
0 08 02
-182 02 05| 182
= = =1433V
Vo= Too 05 —02] 0127
05 08 02
-02 02 05
09 05 182
05 08 0
-02 02 -182] -
V, = _ 9822 -300.94 V
3 0.127 0.127
The branch voltages are thus given by V, = Q"V,. Thus,
V] [-1 0 1] [—444.24 ]
Vio 1 0 O 143.3
143.3
Vis 0 1 0 1433 |- -14.33 v
Vsl |0 0 1 200.94 | -300.94
Vis 0 -1 -1 ' 315.27
Vel |1 1 0 | 128.97 |

19 0 000
5
1 r — — -
;] |05 0 0 0 0/-444244910] [ 93.152
Iy 1 1433 28.662
I 00 35 0 00 433 1433
b3 | _ _ A
La| {9 0 o L o o —30094 ~30.094
Ips 10 315.27 63.054
el (00 0 o0 % ol 12897 | | 64485 |
00 0 0 0 %
2
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Q.7 (b) Solution:

Given, N =28
(2
-il = |K

Wi = e (Nj
WS_O = 1
Wg ! =0.707 + j0.707 w0 =1 W1

_ X 7 . Ll 2 =

Ws 2 =] W41 =]
Wg?° = -0.707 + j0.707

The DIT - Inverse FFT butterfly diagram for N =8 would be as follows:

X(0) — S — >< 0
X(l) _ ~ :Sll i 521 X(4)
g | -1 w' 18
'S 'S
X@) — ! ' = 1 'W-oi s g 1/8 x(2)
i 4
s s ><
X(3) — . - = - ~—= *(6)
i Wi > 1/8
| s
X(4) ; e s x(1)
i s ><
o : A T
i 516 i 526
X(6) 1o 1 o] )
Wg™ W 1/8
X(7) i 517 i Sy X
-1 Wg | LW -1 Wy 1/8
Stage-1 : Stage-2 : Stage-3

Output of Stage-1

10 = X(0) + X(4) = 255 -85 =170

S = X(1) + X(5) = 48.63 + j166.05 + (-78.63 - j46.05)
-30 + 7120
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Output of Stage-2

Output of Stage-3

12

513

22

wn »n On 9]
NN
ST

X(2) + X(6) = -51 + {102 - 51 - j102 = ~102
X(3) + X(7) = -78.63 + j46.05 + 48.63 - j166.05
-30 - j120

[X(0) - X(4)] W5 =255 + 85 = 340
[X(1) - XE)IWg "

(0.707 +j0.707)[48.63 + j166.05 + 78.63 + j46.05]
-60 + j240

[X(2) - X(6)]Wg? = j[-51 + j102 + 51 + j102] = 204
[X(3) - X(7)] Wg®

(-0.707 + j0.707)[~78.63 + j46.05 - 48.63 + 166.05]
~60 - 1240

(Syo + Syp) =170 - 102 = 68
(Spy + Sy) = =30 + j120 - 30 - 120 = =60

(Spo- Sp) W0 =1(170 + 102) = 272
511 - 513) I/V4_1 =j[—30 +7120 + 30 + 7120] = -240

340 - 204 = 136
~60 + j240 - 60 - j240 = ~120

+ 516
515 + Sl7

)
)

S14 - S )W, 0 =1[340 + 204] = 544

(Sy5 - Sy) Wt =j[-60 + j240 + 60 + j240] = -480

(68-60)
e

(Sa0 =521 )W;° = @ =16

1

(

wnn
N
o

+

wn
N
—_
N

(272 - 240)
8
_ (272+240)

(Sz2 —Sp3)W;° = — s - 64

(Spp +533) = =4

O|—= |~k |~k |
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1 136 -120
x(1) = 5(524 +595) = (87): 2
1 o _ (136+120
x(5) = g(sz4 A % =32
1 544 - 480
x(3) = 5(526 +5y7) = (87) =8
1 —o _ (544 +480
x7) = (52~ SpryWi® = EEEED 1o
Hence, x(n) = {1, 2,4,8,16, 32, 64,128}
Q.7 (c) Solution:
()
} At =1 unit z
X — Yy
The output z is given by
z(t+At) = x(t)z(t) =x(t)+z(t)
Consequently the timing diagram is obtained as:
Whenever x changes from 0 to 1, the output z starts oscillating with a period of 2At
(2 unit in this case). However, when x changes from 1 to 0, the output z becomes 1
after a time delay of At.
X
1 8 12 16 t (units)
N B
567 12 1314 15 £ (units)
z i 5 5 5
NN AR ¢ (anits)
0 567 1131415116
(ii) f(A,B,C,D,E) = [IM(0, 2, 4,11, 14, 15, 16, 20, 24, 30, 31)
Above function can be minimised using a 5-variable K-map.
A
DE DE
poN 0L 1 10 O 0L 11 10
00 [0} 0 00 {0
aliof | | | o1 |0
1 Y T I 0] 9
10 0| 10 {0

f=(B+D+E)B+C+D)(A+B+C+E)(A+B+D+E)(A+C+D+E)
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Q.8 (a) Solution:
LXI H, 1000H ;  Initialize memory pointer
MVI B, 32H ;  Initialize counter with 50,, = 32H
LOOP1: MOV A,M ; Get the number
CMP C ; Compare with the given byte
]Z L1 ; Go to L1 if match occurs
DCR B ; Decrement counter
JNZ LOOP1 ;  If not zero, repeat
LXI H, 0000H
SHLD 1100H ; Store 00 at 1100H and 1101H
JMP L2
L1: SHLD 1100H ;  Store memory address
L2: HLT ;  Stop
Flow chart:
éta;lj;s

Y

Initialize memory Pointer

Y

" memory datz;\*\

= search bytg,,//

Y

Increment memory
and decrement counter

/‘\

No if

_counter=0

Y

Store memory address

Yes

Store 00 as a result

ocopyright: MMIADE ERSY

www.madeeasy.in



56 | ESE 2026: MAINS TEST SERIES MADE ERSYH

Q.8 (b) Solution:
(i) Here, R=9Qand L =8 mH, i =5 + 100sin(1000t + 45°) + 100 sin(3000¢ + 60°) A
For dc component
Current, [, =5 A, Z;=R=9Q
Vo =1, xR=5x9=45V

For first-harmonic component

Current, I, = 100£45° A
Impedance, Z, = R+joL=9+;1000 x 8 x 1073
= (9 +;8) =12.04 £41.63° (Q)
V, = 1,Z,=100£45° x 12.04 £41.63°
= 1204 .£86.63° (V)
For third-harmonic component
Current, I, = 100£60° A
Impedance, Z4 = R+j30L
= 9+73 %1000 x 8 x 107
= (9 +j24) = 25.63£69.44°(Q)
V, = 1,Z,=100£60° x 25.63 £69.44°

2563.129.44° (V)
. The applied voltage is given as
v =45 + 1204 sin(1000¢ + 86.63°) + 2563 sin(3000¢ + 129.44°) (V)
(@ii) The fundamental frequency current,
250sin 314t

S 17.7 sin(314¢ — 45°) ()
The third harmonic current,
L= Si;‘(fﬁ;foo) —1583sin(942¢—41.69) (i)
Equating the magnitude in equation (i),
250
2222 =177 = R?2+ 0’L?=199.495 ...(1if)

Equating the angles in equation (i)

314t—tan_1%L = 314¢ - 45°
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1 WL oL
— =45 =» —=1 = L=R

= tan
R

Putting in equation (iii),

= (wL)?> = 99.747 = oL =9987=R
L= % =0.0318
R =9987Q L=0.0318H
Average power Vlzll oSy + V3213COS 03
Power factor = Apparent power = 7z v 22
Sl 73  [FL 473
\/ 2 ¥ 2 X\/ 2 ’ 2
250>;17.7 cos45° + 50><;.583 cos 41 6°
= =0.69
\/2502 +507 \/17.72 +1.583°
2 2
Q.8 (c) Solution:
(i) Given,
inputs: x, y, z (3-bit binary input)
outputs: A, B, C (3-bit binary output)
given condition:
For inputs 0 -3 = output=input+1
Forinputs4 -7 = output =input - 2
Truth table:
X Yy oz Decimal Output A B C
input (in decimal)
0 0 0 0 0+1=1 0 0 1
0 0 1 1 1+1=2 0 1 0
0 1 0 2 2+1=3 0 1 1
0 1 1 3 3+1=4 1 0 0
1 0 0 4 4-2=2 0 1 0
1 0 1 5 5-2=3 0 1 1
1 1 0 6 6-2=4 1 0 0
1 1 1 7 7-2=5 1 0 1
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For output A:
A =2m(3,6,7)
Using 3-variable K-map:

yz

> 00 01 11 10

=
1 “i”

A =yz+xy

For the output B:
B = Zm(1,2,4,5)

yz

3 00 01 11 10

0 T| ©)
1|1j

yz+xy +xyz

oo
Il

os]
I

y(x+2z)+xyz

For the output C:

O
I

>m(0,2,5,7)

00 01 11 10
ol ] il
| |G

C=xz+x2z
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X y z
A
D
B
)
|
A
@ii) Given crystal frequency,
f=5MHz
The microprocessor internally divides the crystal frequency by 2. Thus,
5MHz
clock frequency, f, = =2.5MHz
lock period T—i1 =0.4 usec
clock period, T' = 2706 =Y

Program T-states
DELAY: MVI D,10H 7T
Loop 22 LXI B,2030H 10T
Loop1: DCX B 6T
MOV A, C 4T
ORA B 4T

JNZ Loop1 10T/7T
DCR D 4T

JNZ Loop 2 10T/7T
RET 10T

The Loop 1 is executed (2030H) = 8240 times. When the condition is true (i.e. 8239
times), the jump condition takes 10T-states and 7T-States when the condition is
false i.e. 8240t time.
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Each iteration of Loop 1 takes
(6+4+4+10) = 24T-states
.. For 8239 iterations,

8239 x 24 = 197736 T-states
21T-states

T-states

Last iteration, 6 +4 +4 + 7

Total jump Loop 1 executes,
197736 + 21 = 197757 T-states
Similarly, JNZ Loop 2, is executed 15 times when the condition is true
and Last iteration (No jump) = 7T-states
Total T-states in outer loop:
Inner loop per outer iteration:
10 +197781 +4 + 10
For 15 iterations,
197781 x 15

197781T-states

2966715 T-states

Final iteration,
10+ 197757 +4 + 7
Add initialization and RET:
7 + 2966715 + 197778 + 10 = 3164510 T-states
Total Execution time, T = 3164510 x 0.4 usec
T = 1.265 sec

Q000

197778 T-states
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