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Sol:

SECTION - A

01. (a) A random process Y(t) is obtained by multiplication of a stationary process X(t) with a

distributed over the interval [0, 27].

density of X(t). Assume that random variable 0 is independent of X(t).

X(t) is
stationary RP Y;(t)
Rx(7) Sy(f)

Sx(f)
cos[2nf t+0]
Qis URV[-r, 7]
(or)
URV]JO0, 27]

[og

x(t) and O are independent

Ry(7) =E{Y(t) Y(t—1)}
= E{x(t)cos2nf.t+ 0)x(t~ t)cos(2nfst — 2nf.t +0 )}

= E{x(t) x(t #1)} E{cos(2mft +0)cos2nf.t — 2nf.t + 0)}

R, (t)=R (1) %cos(2nfcr)
S, (f)= SX(f)*BA(f—fC)Jr%A(f+fC )}

ISX(f—fc)+%SX(f+fc)

sinusoidal wave cos(2nf.t + 0) where the phase 0 is a random variable that is uniformly

Express the power spectral density of random process Y(t) in terms of power spectral
(10 M)

S, (f)=~
Y
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01. (b) Consider the system shown below :

R(s) E(s) 0 C(s)
Gi(s) Ga(s) >

s+2
5
G,(8)=
s(s+4)
Determine the steady state error due to unit step input and’a sgep-disturbance of 10 unit.

(10 M)

Sol:  Steady state error due to unit step input [D(s) = 0]:

E
R(s) + (s) Gro—{Gxo) C(s)
E(s) 1
R(s) 1+G,(s)G,(s)
1

:1+100(s+5) 5
(s+2) 's(s+4)

_ s(s+2)(s+4)
Bls)= [s(s 1 2)5+4)+ 50005+ 5)]R(S)

0
i ) L Als+2)s+4) x(l)—
e, =Lt SE(s) = I SLﬁ\(S +2)s +4)+500(s + 5)} s) 0

Steady state error due to step disturbance:

= p)=( 0 rs)=0

S
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) . |PG)
R(s)=0 + ) E(s) o +® GaS) C(s)
-5
E(s) _ ~G,(s) _ s(s +4)
RG) 1+G,6)G,6) |, 5006 +5)
s(s+2)s+4)
~ ~5(s+2)
B(s)= (s(s 1 2)5+4)+500(s+ s)j'D(S)
0

o = LisE)= Lty s ;jéf) 15
{i(o 2 +4)+ 500k 514

0

_-100 -1

T 2500 25

01. (¢) Find out the tim¢<eompleXity of the following code segment:

for i=n/2; i<n; i+tH
for (k=1;k<i; k*=2)
count+=n*n;
Sol:  Time Complexity Analysis — Detailed Solution
Problem
Find the time complexity of the following code segment:
for 1=n/2;1<n;it++)
for (k=1;k <1i; k *=2)

count +=n * n;

(10 M)
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Analysis

Step 1 — Outer loop

The variable i runs from n/2 to n—1. Therefore, the outer loop executes exactly n/2 times,

which is O(n).

Step 2 — Inner loop

For a fixed 1, the variable k takes the values 1, 2, 4, ... while k < i. The number of iterations is
the

smallest t such that 2"t > 1, i.e., [log: 1] = ©(log 1).

Step 3 — Total work

The body “count +=n * n;” is constant-time. The total number of executions of the body is:

n-1
The total iterations of the innermost statement: ze(logi)
i=n/2

Since for all i€[n/2, n), log(n/2) < log i < log n; andithere are n/2 térms.

n-1
glog(gjﬁ Zlogi<%10gn is = 0(n logm)

i=n/2

01. (d) Determine the divergence of the véetor field A and evaluate them at the specified point :

Sol:

A =pzsindd  +3pz> cos ¢, \at (512, 1). (5+5M)

1{ 0 . 0 2 0
E{a—pm priibleg o 7 cos¢>+§(p.0)}

N
>
I

VA= l[2pzsin(1)—3p z’ sind)]
p

V.A=2zsin¢p—3 z°sin¢
V.A =2x1x1-3x1*x1

VA=2-3=-1
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01. (e) Use Euler path method to find out optimal gate ordering for the stick diagram and layout

of CMOS implementation of the Boolean expression A(B+C)+DE. aom
Sol: B XDD
S
D —o
D
E — S
D
S
1
B H,{ S D
D
Y
D DL
A— ;
| S
4{ | D DL }7 D
— D
B s S € S
it
Euler’s Graph:
Vibbp
D
Y
E
A
C E
A
B B D
v Vss
PUN
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Stick Diagram:

Vbp
| | P DIFF
S (D SID S|D| DS D|S
Y
S D S|D|l IDIS D|S S|D
| | N DIFF
D E A B C
Vss

01. (f) A bit stream 10011101 is received (LSB is reeeived first)."The fransmitter is using standard
CRC method with the generator polynoriial x3\+1. Show the actual bit stream transmitted.
S+5M)

Show that the error is detectable at th€ reéceiver?'s side.

Sol: Generator polynomial = x> + 1 — 1001
Received code word is 10011101

At receiver:
1001001 T OT(10001

1001 4
0)0.001
0000
0001 1
0000
00110
0000 +
01101
1001
0)100

Checksum bits are not zero. Hence error occurred.
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At transmitter: No of parity bits added at end of data bits = 3

Initially all are zero

1001)1001 1000(10001
10014
0000 1

0000
00010
0000
00100
0000"
01000
1001
0)00 1

.. Parity bits are 001
Tx code word is 10011001

02. (a) Consider that, two input signals of#a, Binary” Phasé¢ Shift Keying (BPSK) receiver are
+ sin 2nf.t (Where f. carrier ffequency). Praw the functional block diagram of a BPSK
receiver to recover the bit stteam’ of “0°/and ‘1’. Give the necessary mathematical
interpretation of the sighals; Q20 M)

Sol:  Si(t) = sin(2nft), 0 L+ <°T,

Sy(t) = —sin(2nf),'0 St <1

Considering coherent receiver

S,(0) Integr%tor block T<To | Threshold
y ; Detector
or yi(t) dt y(®) b
Sy (t) 7[( ) (Vi)

Sin(2rf.(t)

For S(t) received

y,(t)=sin’(2nf.t)= % —%cos(4nf0t)

T,
i1 1 T,
y(t)= || = —=cos(4nf t)dt | = —(volts)
C
2 2 2
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Sol:

For S,(t) received

yi(t) = —sin’(2nfit), 0 < t < Ty
y,(t)= —% + %cos(4nfct),0 <t<T,

y(t)= ]-b[— 1 + lcos(4nf t)}dt _—L (volts)
2 2 ¢ 2

0

At threshold detector the decision is taken
If Vin > 0 (volts) — Bit 1 is decoded
If Vi <0 (volts) — Bit 0 is decoded

02. (b) Show that the maximum phase lead of a lead compensatgr occurs at frequency+/ab,

where (-a) and (-b) are the locations of zero and’‘polewcespéctively of the lead compensator.
20 M)

N—"

(s+a

= TF of Lead compensator = ( > [Given]
S+

N—"

“s” replace by “jo”

_(jo+a)

Gc(jm) = (]0) N b)

a

Phase angle Z¢ = tan-* (9) — tan®™ (%)

= To get maximum'phase, differentiate ¢ with respect to ® and make equal to zero.

ie. do =0
do
| 1 () (1))
do o) \a o) \b
I+ — I+ —
a b
- a’> (1) b (1)]_ 0
a’+o’'la) o +b°\b
a b
= — =0
'+ o +b’
ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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= a(w” +b%) —b(@*+ w’) =0
= an’ +ab’—a’b—be’ =0

= o’ (a—b)=a’b—ab’ = o’ (a—b) =ab(a—b)

= o :ab(a_

a—

bj — @’ =ab

= o=+ab rad/sec---(1)

= Equation (1) is the frequency at which maximum phase lead occurs = o = Jab rad/sec

02. (c) A system has 512 mega bytes of main memory and 128 kildbytes of cache memory:
Memory is word addressable with 32 bit word size Cache nientory is 8 way associative with
128 byte block size. Calculate the number of fagdbis refiired of this set associative cache
mapping scheme. 20 M)
Sol:  The given memory is word addressable
One word =32 bits =4 B

MM=512MB = MM = % =128 M words = 2°” words

CM =128 KB = M= 28BBLahi Words = 2'° words
K=28
128
BS = 128 byte = T =32 words = 2° words
TAG bits =?
27

Number of memory blocks; MB = MM _ 2—5 2%

BS 2

15
Number of cache lines; CL = C—M = 2—5 =2
BS 2
10
e  Number of sets = =27
k=8
Set offset = 7 bits
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Sol:

Block offset = log, 32 = 5bits

Ll

27

A

TAG Set offset

Block offset

7 bits
TAG bits =27 —(7+5) = 15 bits

03. (a) (i) Amplitude Modulation (AM) transmitter with a carrier power of 900 W, transmits

a power of 1.1 kW, when modulated with a single sine-wave. Calculate the percentage

of modulation.

If the same carrier is simultaneously modulated Wwithlone® more sine wave of 50%

modulation, calculate the total transmitted power.

P. = 900(W)
P = 1.1(kW)

2
P :P{H“—}
2

2
1.1x103:900{1+%}

- u=0.666 (or) 66.63%
Considering y; = 0/666

2 =0.5

By =R+ =0.694

t

2
P :P{H%}=900[1+¥}=1.2123(kw)

5 bits

4+ 6=10M)
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03. (a) (ii) Frequency modulation (FM) broadcast system is having a maximum frequency
deviation of 75 kHz and modulating frequency of 15 kHz. Calculate the modulation
Index and the required bandwidth using Carson's rule. Discuss whether this FM
broadcast system is narrowband or wideband. Justify your answer. aom
Sol:  Afix = 75(kHz)
finax = 15(kHz)
Af
p=pm =5

BW =2(B + Dfmax = 2[5 + 1] 15 x 10* = 180(kHz)
As B=5[B > 1] this is WBFM signal.

03. (b) (i) The forward path transfer function of &fn€gative unity feedback system is given by

G(s) = s(sli o . Determine the values. off/ K and T such that all the roots of

characteristic equation are/ipmthe Yeft-half plane of the vertical line passing through

s =-a. (10 M)
K

Sol: Gf(s)=

—),H(s)zl

s(s+1
CE:s*+Ts+K#A(

“s” replace'by (z - a)
CE: (z—a)’+T(z—2)+K<0
CE:7*—2az+a’+Tz—aT+K=0
CE: 7>+ z(T-2a)+ (a’—aT +K)=0

2 2
z7| 1 (a"—aT +K)
1
z | (T —2a)
0 2
z |(a” —aT + K)
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To lie all the roots to the left half s = — a, all the coefficients in the first column should be
positive.

= (T-2a)>0=T>2a

= (@’—aT+K)>0 = K> (Ta—a?)

fT=2A=K>a’-a’)=>K>a’

—If T =2a and K > a, the poles lies on lines =—a

=If T >2aand K > (Ta — a’), the poles lies left half of vertical line s =— a.

03. (b) (ii) A negative feedback control system has “the’\féorward path transfer function

Sol:

_ K(s+0.5)

and feedback transfer fanction H(s)/= 1,/Find the value of K at the
s’ (s+12)

G(s)

breakaway points. aom

15 -

CE = 1 +G(s) = 0

CE = 14 K6+05) g

s* (s +12)

3 2
K—_ s” +12s
(s+0.5)

= For break point Z—K =0
S

dK _ [(3s? +24ss+0.5)=(s> 125" )] _
ds (54057 )

= 35’ +24s* + 1557 + 125 —s° — 12§ =0
=25’ +13.55" + 125 =0

= s(2s° + 13.55+ 12) =0
=s=0,s=-1.05and s =-5.69
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RL,BP  BP k=0

| oz X:O >
S=12 -5.69  -1.05 s=0
valid  valid valid

Valid break points are 0, —1.05, —5.69

K value at BP:
Ats=0=K=0

Ats=—105=>M=1= KZ(LO'S)‘:l
s (s+12)

| K(- 105+05) |
(-1.05)(-1.05+12) |

K =21.95

Ats=-569= M‘:l

s (s+12)

L K(- . 69+05) |_,

(= 5.69) 569+12\

K =39.36
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03. (¢) An embedded system for a plant contol uses two processes P1 and P2. High priority process
P1 reads temperatures from two sensors at regular interval t and updates the latest
temperature values in two fixed memory locations T1 and T2 sequentially. Low priority
process P2 uses the values stored in locations T1 an T2 to calculate the average of this set of
values. If the average of any set of values happens to be more than 50, then P2 calls a
function to sound an alarm. The loop time of P2 is variable, but is ensured to be always less
than t,

(i) Write an indicative pseudocode describing the above situation and mention what can go
wrong in this case.
(ii) Suggest appropriate operating system mechanism for solving the possible code problem
with appropriate modifications in the pseudocod¢ fof part (i)>»above. (10+10 M)
Sol:  We have:
e Process P1 (High Priority)
o Reads temperature from two sensors-at fixed interval ttt.
o Writes these readings to memoty/ocations T1 and T2 sequentially.
e Process P2 (Low Priority)
o Reads T1 and T2 from memory.
o Calculates their average.
o Ifaverage > 50— triggers‘an‘alatm.

o Runs more ¢ften than ttt, butnot exactly fixed.

(i) Indicative pseudocode (without synchronization)
Process P1: // High priority
loop every t second:
T1 = ReadSensor1()
T2 = ReadSensor2()

Process P2: // Low priority

loop:
templ =TI
temp2 = T2
ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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avg = (templ + temp2) / 2
if avg > 50:
SoundAlarm()
This is a race condition problem:
e P1 writes T1 and T2 sequentially.
e P2 may run in between these writes, reading a new T1 and an old T2 (or vice versa).
e This leads to an inconsistent average (values from different sampling times).
e Could cause:
o False alarms (avg > 50 when it shouldn’t be).
o Missed alarms (avg < 50 when it should be > 50).
(ii) OS mechanism to fix this
Appropriate OS mechanism: Mutual Exclusion
We can use:
¢ Semaphore / Mutex to ensure P1 and P2 don’tiaccess T1 and T2 simultaneously.
e Or disable interrupts in small embedded systems while updating both variables (critical section).
e Inreal-time systems, priority inhé€ritance may be needed to avoid priority inversion.
Semaphore mutex = 1
Process P1: // High priority
loop everyt séconds:
wait(mutex)
TV '= ReadSensor ()
T2 = ReadSensor2()

signal(mutex)

Process P2: // Low priority
loop:
wait(mutex)
templ =T1
temp2 =T2
signal(mutex)

avg = (templ + temp2) / 2
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if avg > 50:

SoundAlarm()
e wait(mutex) ensures only one process is reading/writing T1 & T2 at a time.
e No possibility of partial update being read.

e Data consistency is guaranteed.

04. (a) (i) Plot the entropy function of a Binary Memoryless Source (BMS). List the important

Sol:

observations: from the drawn plot. aom
Binary Memory Less source has only two outcomes.
Siand S,
Let P(s;) =P
Then P(sp)=1-P
.. Entropy of this source is

H(s)=—{Plog, (P)+(1-P)log, (1-P)]

Considering di[H(S)] =0, to determine at value of ‘P>“entropy is maximized

- —[Px%logz(PH(l—P)(l:—IP)+Iog2(1—P)(—1)} _o

= logy(P) = log,(1~ P)
2P =1
P=1/2
Hence H(s) is maximum when both S; and S, occur with equal probability

H(s)4
1 —+£

(Probability)
H(S)at p=0 = 0 (bit/symbol)

H(S)at p=1 = 0 (bit/symbol)
H(S)atp=12 =1 (bit/symbol)
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04. (a) (ii) Plot the curve of transition probability versus Channel capacity for a Binary

Sol:

Symmetric Channel (BSC). List the significant observation from the drawn plot. (10 M)

Considering BSC as shown in the figure below.

Input 1P output
X 1 > Y1
P
X5 Y2
1-P

.\ e Y, Y
Transition probability is P{X—l} = P[—Z} =P

2 1

Line probability is P A =P Yz =1-P

Xl XZ
Channel capacity, C = 1 + Plogy(P) + (1 — P)logy(1 — P)(bits/symbol)
At P =0, ¢ = 1(bit/symbol)

At P =1, ¢ = 1(bit/symbol)

1 .
AtP= > ¢ = 0(bit/symbol)
C(bits/symbol) t
; >
5 (Probability)
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04. (b) (i) Sketch the polar plot for G(s)H(s) = 4;
s'(s+2)

(ii) How do you count the number of encirclement of the
(A) Origin
(B) (-1 +0)

points? Use examples to justify the answer (12+4x2 = 20)

Sol:
() G(s)H( )=S4(Sl+ )
S0 GHljo)= foero )
M= 1
o*vo’+4

<¢=-360°— tan” (EJ
2
= Negative “tan” term push the polar plotsin-clockwise direction.
®0=0 0<-360°

o= 0<-450°

=0
) =0 -"-360°
=0

CW
—450°

(ii)
(A) Counting Encirclements of the origin:
— The number of encirclements about the origin of the nyquist plot of G(s)H(s) relates to the

number of open loop poles and open loop zeros in the right half of the s-plane.

Nioriginy = (open loop poles RHS) — (open loop zeros RHS)
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s+2)

Ex: G(s)H(s)=( :
S p—
= Norigin = 1 —0 =1 (Once encirded origin)

Verification :

Nyquist Contour

+joo
A\

) OA +1

Nyquist plot:

2
M = c)2+4
o +1
<¢= —[1800 —tan”' (co)]+ tan ! (%j
=-180° + tan ' (w) + tan"! (%j
o=0 2/<+180°

® =™ 1 <0°
= Positive “tan” push-theplot in anticlockwise direction

tIm(GH)
(V=00
~180° 0 =1
=0 / R(GH)
N(origin) =+1

= Norigin) = = 1 (once encircled origin). Hence verified.
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(B) Counting encirclements of the critical point (-1 + j0):
— The point (—1 + jO) is the critical point for closed loop stability analysis in the

nyquist criterion.

N(-1,j0)=(P-2)

Where P — OL poles lies in the RHS

Z — CL poles lies in the RHS
B (s + 2)

C(s+1)s-1)

OL poles RHS P =1

Ex: G(s)H(s)

Nyquist contour:

Aj())
+joo
1Sect-1
Sect-TH
—0 >
2 1 9y
1Sect-Al
fjoo

Vo© +4
M =——
i(o +1i

< f=—tan" () ~[180° ~ tan " ()] + tan” (E)

<h=—180"+ tanl(%j

— Anticlock wise direction

o=0 2 <-180°

® =00 0 <-90°
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_180° ©=0 -1 m=0
-2 (=00
N(—l,jO) =+ 1 ACW
-90°

N-1)=FP-Z)=+1=+1-z=2z=0= no closed loop pole RHS CL system stable.

04. (c¢) A demand paged virtual memory system uses 4 page_frames{Ceonsider following string of

memory references:

1 2 4 0 5 7 4 3 4 0
Indicate the page frames for the reference string apd detérmine the number of page faults
for

(i) FIFO (Fist In First Out) page peplacément-algorithm

(ii) LRU (Least Recently Used) page yeplacement algorithm (10+10 M)
Sol:
(i) FIFO: Number ofpage faults =7
1 2/ .4 0.5 7T 4 3 4 0
0 0110(]0]]3 3113
4 |4 411414444
2112712 2 TI117117117117
1 1 1 1 5 5015 5 5110
x X X X X X Vv x v X
(i) LRU:
0 0[[0]|0]|3 3113
4114 4114114444
21122 y) TI17117117]17
1 1 1 1 5 5015 5 5110
X X X X X X vy X v X
.. Number of page faults = 7
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SECTION - B

(o)
/4 N}
v v
v v
VN .Y Engineering Publications

0S. (a) Consider a telephone channel having a bandwidth of 3 kHz and the channel capacity of

30 kbps. Calculate the Signal-to-Noise ratio of this digial telephone communication system.
(10 M)

BW =3 (kHz)
C =30(kbps)

Sol:

S
C:Blogz(lJrﬁj
3 3 S
30x10° =3x10 10g2(1+—j
N
g 1+§:21°:1024
N

S _1023- 101og,,(1023)=30.098(dB)

05. (b) Figure approximately represents:a differentiator, Its transfer function
e _ Ks ¢ Note that i () =Ss.
150,K—>0 R(S)

R(s) - s(ts+ 1)+ K
Find the step, ramp-and parabolic error constants for this system, where the ideal system is

assumed to be a differentiator.

J’_
R(s) K C(s)
- ts+1
1 <
S
(10 M)
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Sol:

Ks

CLTF = ———~—
s(sr + 1) +K

OLTF:- add one positive and one negative unity feedback

R(s) + K C(s)
- ts+1
L l
S
K
Ts+1+ K_ K C(s)
s

Gls)= (s(sr T 1;<+SK N Ksj’ HGs)=)

Gls)= s’T+ S(F—SK)+ K Rl

Step error constant:
0

K, = Lt G(s)=(Lt| = ) =0
P oo g2t 51— K)+ K

Ramp error constant:

0
K, = LtsG(s)= Ltd | - =% =0
50 >0 (s’t+5(1-K)+K
Parabolic error constant:
0
K, = Lts’G(s)= Lt g =0
520 =00 (s?t+s(1-K)+K

= The error constants for all the inputs is 0.

= This implies that the given system is differentiator. The steady state error becomes very large

for all the inputs.
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05. (¢) Draw precedence graph for the schedule of transactions X, Y, and Z shown below and find

if the schedule is conflict serializable ?

X Y Z

Read (A)

Write (B) | Read (C) | time
Write (A)
Write (C)

Read (B) | Commit

Write (A)

Commit Write (A)

Commit

(10 M)

Sol:  The precedence graph for the schedule given is

As the precedence graph/has a cyele from X~ Y and Y—Z then the given schedule is not

conflict serializable,

05. (d) Find the maximum-effectiy€ area of a A/2 wire dipole operating at 300 MHz.

How much power is received with an incident plane wave of strength 2 mV/m ?
S+5=10M)

3x10®
300x10°
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2
A2 L6422 s
4n
S_\E|2 _(2x107)
2, 2x120m
Al
S
-6
p —ga =107 164 60107
2x120m  4n
P, =0.69nW

05. (e) Show that the accumulator is the inverse system of a’backward difference system. (10 M)
Sol: Backward difference equation is
y[n]=x[n]—-x[n—1] x[n—n J=£L5 72" X{(7)
Lzt
Y(z)=X(z)1-z""

M:1 z"

T.F H(z):X(Z) =

h[n]*h, [n]=9J[n]

mv

17T

1
H(z) -z

H(z) Hin(2) = 1 = H,,, (2)=

J1ZT

h,, [n]=un]= 3 &[k]

k=—w

y[n]= Zx[k] — Accumulator

k=—0

yinl= Y x[k] |—»

k=—0

A 4

— y[n]=x[n] =x[n —1]
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05. (f) A double-heterojunction InGaAsP light emitting diode (LED) used in a Fiber optic
communication system emitting a peak wavelength of 1310 nm has radiative and non
radiative recombination times of 30 ns and 100 ns respectively. The drive current is 40 mA.
Calculate :

(i) Bulk recombination life time
(ii) Internal Quantum efficiency
(iii) Internal power of the LED B+3+4=10M)
Sol:
(i) Bulk recombination lifetime (ty):
1. The bulk recombination lifetime is given by the formula:

1 1 1
_— =t —
T, T, T

Where 7, 1s the radiative recombination time€ @ndwt,.is the non-fadiative recombination time
2.Given 1, =30ns and 71, =100 ns
3. Substitute the values:

1 1 1

= 5t -
7, 30x10~ 100x10

1 100x10” +30x10° 430%10’

T 300010755102~ _ 3000%107

1 :ﬁxlo":ixw
T, 3000 300

T =ﬂx10_9sz23.08ns
* 13

The bulk recombination lifetime is approximately 23.08 ns.

(ii) Internal Quantum Efficiency (Mint):
1. The internal quantum efficiency is given by the formula:
T

1’]im =
T

T

2. Given 1, ~23.08ns and 1, =30ns
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3. Substitute the values:

_23.08x107°

= ~0.769
Min 30x107°

The internal quantum efficiency is approximately 0.769 or 76.9 %.

(iii) Internal Power of the LED (P, ):

1. The internal power of the LED is given by the formula:
he 1
P.. =N XTXE
Where h is Planck’s constant (6.626x10* J.s), ¢ is the’speed of light (3x10® m/s), A is the
peak wavelength (1310 nm), I is the drive current(40/mA).and-¢ is the elementary charge
(1.602x107" C).
2. Substitute the values:

6.626x107*x3x10° 40x107

P, =0.769 x - X |
1310x10 ¥602.x 10

P, =0.769x(1.517x107")x (2.497 x 107)

P =0.769x0.0378

int

P =0.029W or 29mW

int

The internal powerof the ILED:is approximately 29 mW.
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06. (a) The z-component of magnetic field for the dominant mode propagating in air-filled

Sol:

waveguide in the z-direction at 10 GHz is given by the following expression:

H,(x z)=10cos(43.74nx)e ", A/m

Find:

(i) the cutoff wave number

(ii) the broader dimension of the guide

(iii) the phase velocity

(iv) the wave impedance

Given: H,(x z)=10cos(43.74nx)e " A/m
f=10 GHz

M _ 43747, =10 GHz
a

(5+5+5+5=20M)

TE o mode:
T 4374
a
1
a=——-—=2.28cm
43.74
8 2
TE o 120m whete f, = 1 X ! - _3x107x10 =6.8GHz
o £ )P 2\/1eg, 22x10 4.4
1—| ==
(1]
_ 120 10 £ 517.830
(68 > 053
i)
3x10°  3x10°

=4.12%x10* m/s

" \/l_(fcjz ~Jos3
£

— c/f  (3x10°/10x10°)  0.03
7\/ = = =

J0.53 J0.53 J0.53
L =4.12cm
- 2 2
B :Tn:—n_2:152.5rad/m

A 4.12x10
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06. (b) Using overlap add method of block filtering find the output of a filter with impulse

Take L(value of non-overlapping blocks) = 3. 20 M)
Sol:  Total length of the input sequence x[n] is 6 and length of LR is m = 2.

Let the length of each section x,[n] is N =3
Since h[n] is of length m = 2 and x,[n] is of length N= 3, linear convolution of length
(N+m-1)=(3+2-1)=4. We have to pad each section by (m— 1) =(2 — 1) =1 zero and h[n]
by (N —1) = (3 — 1) = 2 zeros so that their lengths will be equal to length of results of linear
convolution. Thus the sections (or blocks) of input sequence are
x,[n]={l, -2, 3,0}

2

1 zero
x,[n]={0, -1, 2, 0}

2

1 zero
Now we will compute linear conveolution using 4 points circular convolution of each section x,[n]
with h[n] to get y,[n]
yo[n]=h[n]®x,[n]= {2, - 2,2, 60}

1 -2/ 340 4
2 2 added y,[n]=h[n]®x,[n]
2 4 6 =0 0 -1 2 0
2 4670 )
02 4 0
yin] > 0 2 2 4 0
d d
added added

The filtered output sections will overlap by (m — 1) = 1 sample and there overlap samples must
be added to get correct final result

y[n] = {2,-2,2,(6+0), -2, 2, 4}

ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams

&
online Enjoy a smooth online learning experience in various languages at your convenience




LEX<,

& ACE "

06. (¢) (i) The loss computed for a single-mode optical fiber cable is given as 0.25 dB/km.

Sol:

Determine the optical power at a distance 100 km from a light source of 0.1 mW. (10 M)
Loss =0.25 dB/km
Total distance = 100 kms
.. Total loss =25 dB
Pr=0.1 mW = 10 * Watts
10"

102.5

P, =0.3162 (uW)

06. (¢) (ii) Consider that 6 GHz is the receiving frequency at satellite transponder from the earth

station and 4 GHz is the output frequency of theSatéllit€ transponder.
Draw the block diagram of the satellite transponder ‘and explain the functionality of

each block. (10 M)

Sol: Transponder:

e A typical satellite transponder consists of an input-bandlimiting device (BPF), an input low-noise

amplifier (LNA), a frequency translatoms.a lowslevel:power amplifier, and an output bandpass filter.

e The below figure shows a simplified block/diagram-of a satellite transponder. This transponder is an

RF-to-RF repeater. Other transpondersconfigurations are IF and baseband repeaters similar to those

used in microwave repeatets:

From earth station
6 GHz or 14 GHz

Frequency translator

Cow-roise| '~ ——— | Low-
. ! : : power
BPF amplifier RILF Mixer RE, BPF — amplifier
LNA || | TWT
'| MW shift !
| oscillator i
| 2GHz |

________________________ To earth station
I 4 GHz or 12 GHz
To other
transponders

Fig. Satellite transponder
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In above figure the input BPF limits the total noise applied to the input of the LNA. (A common
device used as an LNA is a tunnel diode).

The output of the LNA is fed to a frequency translator (a shift oscillator and BPF), which
converts the high-band uplink frequency to the low-band downlink frequency.

The low-level power amplifier, which is commonly a travelling-wave tube, amplifies the RF
signal for transmission through the downlink to earth station receivers.

Each RF satellite channel requires a separate transponder.

07. (a) Given a uniform plane wave in air as

Sol:

Ei =40 cos(ot —fBz)a, +30sin(ot—Bz)a,, V/m

Find Hi. If the wave encounters a perfectly conducting plate’'normal to the z-axis at z = 0,
find the reflected wave E. and H.. Assume e =1. 20 M)
E, = 40cos(ot —Bz)% + 30sin(ot — Pz)y

(1) AIR (2) PERFECT CONDUCTOR

n, =n, =120% (6 —>®) mn,= J0¥l =0
\ o+ joe

F nZ_nl :—1:5

n, +n, E;

E,=-E, = —[40 cos(owt+Pz)X +30sin(wt + Bz)ﬂl]
UPW (—ve z-direction)

E E
—S =+_y=n1 =120m
H,  H,
b= [TA0cos(@t+B)) 1 e
y 1207 3n
- —30sin(ot +Bz) _ _Lsin(wt +Pz)
1207 an

H= —Lsin((;)t +Bz)x + Lcos(o)t +Bz)y
4n 3n
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07. (b) A light bulb L turns ON and OFF depending on the positions of two switches P and Q.
P and Q never change positions simultaneously. L. is OFF when P is in OFF position
irrespective of the position of switch Q. L tums ON when Q toggles its position while P is in
ON position, and then remains ON until P goes to OFF position.

Design an asynchronous circuit to implement the above logic. Derive the minimal-sum

Boolean expressions for the output and next state variables in terms of the inputs and

present state variables. Q20 M)
Sol: PS NS FFifp’s o/p(L)

PQ PQ DDy L
00 01 01 0
01 11 11 0
11 10 10 0
10 00 00 1

D, = Q_

D,=P

L=PQ

A
D Qb D QR
L
’7> 61 > 60

CLK

07. (c) Find the shortest path tree from every node to node 1 for the graph of figure shown using
the Bellman-Ford and Dijkstra algorithms.

(10 + 10 = 20)
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Sol:

1 |2 |3 |4 |5 6 7
S = {1} 0* | oo l oo | 00 | 00 | 0o | oo
S={1, 2} 0*14* 15 | o loo oo | oo
S=1{1,2,3} 0% [ 4% 5% |7 [14 | o | o
S=1{1,2,3,4} 0 [4x 5[ 7+ 14 [14 | 4
S={1,2,3,4,6} O* [ 4% | 5% | 7* 13 | 10*| o
S=1{1,2,3,4,6,5} O* | 4% | 5% | 7% | 12% | 10* | 12
S=1{1,2,3,4,6,5,7} | 0% | 4% [ 5% [ 7% [ 12%] 0% 12%

Shortest path tree: (Both Bellman ford, Dijkstra provide the same DFS Tree

Destination Shortest path Path cost

® o0 =
® OamO. 3
® 0220200 7
O OO0 10
O
® 14

oJoleleloter
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08. (a) (i) Two A/4 transformers in tandem are to connect a 50 Q line to a 75 Q load as given

below: . A
ZOZSOQ Z()1 ZOZ %75(2

Determine the characteristic impedance Z,; if Z,, =30 Q and,there is no reflected wave

to the left of A. (10 M)
Sol:
| i | :
A A 4
O O O
75 Q
ZOZ ZO]
(o, O O O
, _(Zyo) > (Za)
Az, ) 5
2 2
= Z,=2,=50= ol where Z, = Ze)
Zx 75

N |

30v1.5=36.74 Q
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08. (a) (ii) A distortionless transmission line operating at 250 MHz has R = 30 Q/m, L. = 200 nH/m

and C = 80 pF/m. After how many meters travelling along the line, will the voltage wave

get reduced to 30% of its initial value. (10 M)

Sol:  Given transmission line is distortionless
R_G
L C
R =30Q/m , f=250x10°Hz
L =200nH/m
C=80pF/m

200x107°

Box107 08

Propagation Constant,

y=0a+jB=+/(R+joL)G + joC)

= \/ (R + ij)(% + ijJ ¢ \/(R + ij)(RC%j‘”LC)

1 . : & L2
- \/I(R + joL) CR + joly” = \/f(R +joL)

= \/g(R +710L)

= R\/g +jovIEC

-12
= 301f&0_9 +32mx 250106 x~+/200x 107 x80x 107
200x10

3 .
=—+]2n
5 J

=(0.6+j6.283) /m
So, . =0.6 Np/m & B =6.283 rad/m
Now V,e ™™ =03V,

= e =03= —ad=1In(0.3)
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So after traveling 2 m along the line, the voltage wave get reduced to 30 % of its initial value.

08. (b) A data byte read from port 0 of 8051 microcontroller is to be sent out serially from bit 0 of
port 1. Each bit duration for serial transmission is 2 milliseconds and least significant bit
goes out first. Write assembly language program using timer 0 for the delay. Assume
crystal clock frequency to be 12 MHz. 20 M)

Sol:

e Data byte read from port 0 of 8051 microcontroller is'to be,sent.serially out via P1.0 Pin.

e There are 2 dedicated serial port pins TXD and RXD in port 3 and corresponding SFRs like,
SBUF, SCON and PCON.
But it is given that we need to send the data bit viaa pOrt pin.

Therefore, let’s use logic of shifting'the byte to isolate €ach bit and then sending it out.

e Ruffidea

8051

Step A1 |
Port 0
< Data

byte
Step 3 \U/

—1—«—|CYP|MSB>>--—| LSB

Step 1: Receive data byte into ACC.

Step 2: Isolate each bit starting from LSB by rotating into CY.
Step 3: Move CY to P1.0 and call for 2ms delay

Step 4: Repeat for 8 times

ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online Affordable Fee | Available 1M [3M |6M |12M |18M and 24 Months Subscription Packages




(o)
/4 N}
v v
v v
VN .Y Engineering Publications

38

ESE 2025 MAINS_Paper_II Solutions

Timer O is to be used for creating 2ms Time delay.

Time frequency = Fotou

12
= 12 ?;HZ (" given that 12 MHz clock frequency)
=1 MHz
Timer clock = M 1 ps

2 ms delay is required

2 ms = Timer count x 1 us

. 2ms . Delay
= Timer count = 1e., —
lus tick
=2000

Let’s use Timer 0 as 16 bit Timer (mode 1)

We need to initialize TMOD register for*Timer mode configuration and also THO, TLO to be
initialized with timer count.

Timer run control bit TRO and timer over:flow flag bit TFO of TCON will be used to start/stop

timer 0 and to check overflow réspectively in'delay subroutine.

Timer “Counts up’} ffom theunitial timer count loaded into THO and TLO until it overflows.

Timer Count = 65536 < D.elay
tick
— 65536 28
Lus
2
— 65536 2000k
Tus
= 65536 — 2000
= 63536 in decimal
=F8AOH
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MOV A, PO ; (A) « data byte at port 0
MOV R7, #08H ; (R7) = 08H for count of shifting

LOOP: RRC A ; Rotate Right (A) through carry
CcY ACC

+MSB{+»» --—| LSB
; & ) This 1s for isolating each bit

MOV P0.1,C  ; (P0.1) « (CY)
ACALL DELAY ; 2ms Time delay subroutine called
DINZ R7, LOOP ; Decrement counter R7 and

; Jump if (R7) # 00H.to LOOP LABEL

; first isolating next bitinto carry

HERE: SIMP HERE ; for putting48051 in infinite LOOP
; and alsg for separdating sub routine

; ffom mainprogram

DELAY: MOV TMOD;#01H “Timer 0 is mode, Gate bit=0,C/T =0
MOV THO, #0E8H ‘% Timer Count for 2ms delay
MOV TLO; #0A0H " ; is FSAOH
SETB TRO ; Start timer 0
AGAIN: JNB TFO, AGAIN ; Continue to be in this loop till
; TFO = 0 and break as TF0 =1

CLR TRO ; Clear Timer 0 Run control bit
CLR TFO ; Clear Timer 0 Over flow bit
RET ; Return to Main program
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08. (¢) (i) The downlink of a satellite communication operated at 4 GHz, the receiving antenna is a
parabolic reflector with a diameter of 3.6 m and efficiency is 0.7. Calculate the gain of
the receiving antenna in dB. aom

Sol: f=4x10"Hz

Diameter = 3.6 mts

n=0.7

8
=210 0,075 mts

4x10

4nx A

G=nx P £
mD*  7n(3.6)°

Where A, = I =324n

G- 0.7x4nx3.24x 7

T ~15917.698 = 42.018.dB
(0.075)

08. (¢) (ii) The numerical aperture of an_epticalfibér.is 0:3. Calculate the acceptance angle for the
meridional rays. Furthep caleulaté the acceptance angle for the skew rays which change
direction by 90° at each refleetion:

(Assume that refractive indexs n; ofair is 1) aom

Sol: NA=0.3

For meridional Rays
Acceptance angle 0..=sin”' (NA) =sin'(0.3)=17.457°

For Skew Rays

Acceptance angle 0, = sin™ NA
cos(Y)

Where Y is the angle of reflection for the Skew rays at the core-cladding interface.
Given Y =90°

. 0, is undefined
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