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v Electronics & Communication Engineering

(Questions with Detailed Solutions)

GENERAL APTITUDE

Q. 1- Q.5 carry one mark each.

01.

01.

Sol:

02.

02.

Sol:

Fill in the blank with an appropriate

phrase

Jobs are hard to these days

(A) Come by (B) Come down
(C) Come of (D) Come from
Ans: (A)

‘Come by’ means to manage to get

something.

The question below consists of a pair of
related words followed by four pairs of
words. Select the pair that best expresses
the relation in the original pair.
MONKEY :TROOP:

(A) sheep  :hard

(B) elephant : Parliament

(C) bacteria : Colony

(D) wolves : School

Ans: (C)

Troop consists of monkeys just as a

colony consists of bacteria.

03.

03.

Ans:

04.

04.
Sol:

Choose the most appropriate word from
the options given below to complete the
following sentence:

If you had gone to see him, he
delighted.

(A) Would have been

(B) Will have been

(C) Had been

(D) Would be

Ans: (A)

‘A” conditional tense type 3 grammatical
code is

If +had+V3, would +have+V3

Which of the following options is closest
in meaning to the underlined word?
European intellectuals have long debated
the consequences of the hegemony of
American popular culture around the
world.

(A) regimen (B) vastness

(C) dominance

Ans: (C)

(D) popularity

Dominance means influence or control
over another country, a group of people

etc.
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05. How many one-rupee coins, 50 paise (B) The best critical reading happens at

coins, 25 paise coins in total of which the critical times in a person’s life.

numbers are proportional to 5, 7 and 12 i i
(C) Readers should get in the habit of

are together work 31157 questioning the truth of what they
(A) 50, 70, 120 (B) 60, 70, 11 read.
(C) 70, 80, 90 (D) None of these
(D) Critical reading requires thoughtful
05. Ans: (A)

and careful attention.
Sol: (5 x1 +7x0.5+12x0.25)x =115

(5 +35+ 3)X =115 06. Ans: (D)
11.5X= 115 SOl:
x=10

Choice (A) is incorrect because the author

never says that reading is dull.
.. Number of one rupee coin = 5x

— 5%10 =50 Choice (B) and (C) are not support by the

Number of 5-paise coin = 7x = 7x10 = 70 paragraph.

Number of 25-paise coin = 12x

=12x10=120

Choice (D) is correct as it is implied in the

entire passage.

Q. 6 — Q. 10 carry Two marks each.

06. Critical reading is a demanding process. 07. Anil’s house faces east from the back-side

To read critically, you must slow down of the house, he walks straight 50 metres,

your reading and, with pencil in hand, then turns to the right and walks 50m

perform specific operations on the text agamn finally, he turns towards left and

mark up the text with your reactions,
conclusions, and questions, then you read,
become an active participant.

This passage best supports the statement
that

(A) Critical reading is a slow, dull but

essential process.

stops after walking 25 m. Now Anil is in

which direction from the starting point?

(A) South-east

(B) South-west

(C) North-east

(D) North- west
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07.
Sol:

08.

: 3 : Electronics & Communication Engineering

Ans: (D)
The movement of Anil are shown in the

adjoining figure

He starts walking from back of his house
(i.e) towards west now, the final position
is D, which is to the north west of his

starting point A.

A and B enter into a partnership, A puts in

50 and B puts in I45. At the end of

4 months, A withdraws half his capital

and at the end of 5 months B withdraws
% of his, C then enters with a capital of
270 at the end of 12 months, the profit of

concern is 3254, how can the profit be

divided among A, B and C ?
(A) 76,380 and 398

(B) 280, 376 and 98
(C)376,398 and X80

(D) 80, T98 and 276

08.

Sol:

Ans: (B)
A’s share B’s share : C’s share
(50x4+25x8) : (45x5+22.5x7) : (70x7)
400 : 382.5 1490
800 : 765 : 980
160 : 153 : 196
Total profit = 3254
Profit of A = 160 x 254
160+153+196
= @x 254
509
=379.8 380
Profit of B = 2>< 254
509
= 376.34
=376
Profitof C= ﬁ>< 254
509
=397.8
~ 398

"." Hence option ‘B’ is correct.
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09. A sum of 325400 was lent out in two

parts, one of 12% and the other at 12%%.

If the total annual income is 33124.2, the

money lent at 12% is

(A)R15240 (B) 25400
(C)10160 (D)331242
09. Ans: (C)
Sol:  Overall rate of interest
321;‘(‘)'5 %100 =12.3%
1" part 2 part
12% 12%%
\ /
12.3%
0.2% 5

.. The sum will be divided in the ratio

0.2:0.3 (or) 2:3

. The sum lent at 12% = 25400><%
=310160.
10. The following question is to be answered

on the basis of the table given below.

10.

Sol:

Category of | Number | Number of
personnel of staff

staff in in the year-

the year- | 1995

1990
Data 18 25
preparation
Data control 5 8
Operators 18 32
Programmers 21 26
Analysts 15 31
Managers 3 3
Total 80 135

What is the increase in the sector angle for
operators in the year 1995 over the sector

angle for operators in the year 19907

(A) 4° (B) 3°
(C)2° (D) 1°
Ans: (A)

Sector angle for operators in the year 1990

=§><360° =81°
80

Sector angle for operators in the year 1995

=£><360°
135

=85.33
=85%

.. Required difference = 85°— 81° =4°

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad |




Englneerlng Academy
Leading Institute for ESE/GATE/PSUs

{24 Y48 ¥15

ALL INDIA ALL INDIA

q;wm of fmm,,w X .
Since 1995 17" RANKS IN GATE 1" RANKS IN ESE

Hyderabad | Ahmedabad | Pune | Delhi | Bhubaneswar | Bangalore | Chennai | Lucknow | Visakhapatnam | Vijayawada | Tirupati | Kolkata

Head Office Address: # 4-1-1236/1/A, Sindhu Sadan, King Koti, Abids, Hyderabad - 500001, Telangana, India.

SHORT TERM BATCHES GATE + PSUs - 2021

(@ HYDERABAD

28" April, 5" May,
10" May, 17" May, 25" May,
1" June, 8" June, 2020

@ 040-23234418/19/20, 040-24750437
N hyderabad@aceenggacademy.com

(@ DELHI
10" & 20"

May 2020

@ 7838971777 (Call or Whatsapp)
M delhi@aceenggacademy.com

Early Bird Offer Rs. 3,000/- Register before 31 March 2020

Upcoming Batches @ ¥1 YDERABAD

GATE+PSUs-2021

Spark Batches  :10" May, 8" & 23" June 2020.

Regular Batches : 26" April, 10", 24" May, 8", 23" June, 7", 22™ July,
5" & 20" August 2020.

ESE+GATE+PSUs-2021

Spark Batches  : 10" May, 8" & 23" June 2020.

Regular Batches : 29" March, 26" April, 10", 24" May,

8", 23" June & 7" July 2020.

SSC-JE Batches @ Hyderaba

New Batch Starts from: 10 May 2020

for Civil, Mechanical & Electrical

® www.aceenggacademy.com

Upcoming Batches @ DELHI|

GATE+PSUs-2021
Weekend Batches  : 28" Dec, 11" Jan & 8" Feb 2020.
Regular Batches :17" Feb, 7" March, 10" & 20" May 2020.

ESE+GATE+PSUs-2021
Weekend Batches  : 28" Dec, 11" Jan & 8" Feb 2020.
Regular Batches :17" Feb, 7" March, 10" & 20" May 2020.

GATE+PSUs-2022
Weekend Batches  :28" Dec, 11" Jan & 8" Feb 2020.

ESE+GATE+PSUs-2022
Weekend Batches  : 28" Dec, 11" Jan & 8" Feb 2020.

Scan QR Code for
Upcoming Batches
Details

follow us on: o @ @




“NdBy" Engineering Academy : 7 : Electronics & Communication Engineering

ELECTRONICS & COMMUNICATION ENGINEERING

Q. 11 — Q. 35 carry one mark each. 12. Ans: 0.628 [Range: 0.58 to 0.65]
Sol:  The flux through the contour

iS & = Winax = §§.d_S
C

11.  Assume that excess carriers have been
generated uniformly in a semiconductor to Wi = B,(nr)Wb
a concentration of 10'°cm’ at t = 0. The dy dr
) ) ) v=—"=271B r—
forcing function generating the excess dt dt
carriers turns off at t = 0. Assuming the =-27(0.01)(0.1)(-100)
excess carrier life time t, = 10°s .The = 0.628volt
excess carrier concentration at t = 3ns is
x10"em™.
13. If directional derivative of ¢ = 2xz — y7, at
1. Ans: 4.978 [Range: 4.5 to 5.5] the point (1, 3, 2) becomes maximum in
Sol:  Excess carrier concentration with respect the direction of @, then magnitude of &
to time is given by is
8y(t) = 8y(0) ¢
13. Ans: 7.48 [Range: 7.4 to 7.5]

16 —3x107/107°
=10°xe™

Sol:  Given ¢ =2xz—y’
vy= 07,005, doy
ox Oy 0z

=4.978x10"*/cm’

12. A uniform and constant magnetic field of =2zi-2yj+2xk
10mWb/m? is directed along the z-axis of

a rectangular co-ordinate system. A - Required direction vector = 7= (V¢) at

circular contour in the xy plane centered (1,3,2) = (4i-6j+2Kk)

at the origin has a radius that is decreasing

at 100 m/s. Given the initial radius of Magnitude of = 16+36+4
100mm, the induced emf (in volt) in the = .56

path as a function of time is — 748
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14.

14.

Sol:

15.

ACE
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A sinusoidal carrier is frequency
modulated by a sinusoidal signal with the
frequency deviation of 10 kHz. If the
message signal frequency is 5 kHz, then

the fraction of carrier power P; to the

total power Py is
(Given that Jo(2) = 0.224, Jo(5) = —0.178
& Jo(8) =0.172)

Ans: 0.0501 [Range: 0.0490 to 0.0510]
Given Af=10kHz and f,, = SkHz
_AT_10k

f Sk

m

p

% =100, V,,,o = 0.5V

1 mA/V?,

15.

Sol:

16.

16.

Sol:

The drain current (in mA) with A = 0 is

(Assume y = O.SWandd)F =0.5V)

Ans: 31.44 [Range: 31 to 32]

Viu = Vino +Y(\/2(|)F + Vg _\/Z(I)F)
=0.5+0.5)/(2x0.5)+1-4/(2x0.5)]
=0.707V

Since Vg = Vp, the device is in saturation

1 \\Y%
I, = E 1,Cox (TJ(VGS —Viy )2

I %x(lm)xlOOx(l.5—0.7O7)2

=31.44Ma

A numerical solution of the equation
flx)= x++/x-3=0 can be obtained
using Newton - Raphson method. If the
starting value is x = 2 for the iteration then

the value of x that is to be used in the next

step is

Ans: 1.69 [Range: 1.4 to 1.8]
Given f(x)=x+/x-3=0 and x,=2

o) =1+ 1

2/x

Newton - Raphson formula is
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=1.6939
17.  Consider the following circuit. The
behaviour of parallel circuit with the
power factor of lagging
I L
+ 1Q 3Q
12043"\/@)_
j2Q T j4Q
17. Ans: 0.8 [Range: 0.77 to 0.83]
Sol:  Total admittance
Y=Y +Y, = 1 + Y
Zl ZZ
1 1 1-32 N 3+j4

= + =
1+2 3-j4 5 25
_5-jl0+35+j4 (8-j6)
25 25

Y (6]

10/25
//‘6/25
0

8/25

cosf =0.8
0.8 lagging power factor.

18.

18.

19.

19.

Sol:

Sol:

2
Given X(z)z z tz

3 5 ;| z|>1, then
7z —3z"+3z-1

x(n) value atn=2 is

Ans: 4
X(z)

1-3z"'+3z27 - 2_3)2_1 + Z_Z(Z_1+4Z_2+ -----
7' 372°+37°-7*
472 37347 %
472127 °+127 42>

_ 7' +z77
1-3z"'+3z2%-7"°

X(z)=z"'+4z72+ -
Apply inverse z-transform
8(n—n,)e>z ™

x(n) =0(n—1) +43(n —2) + ------
x(2)=4

A control system is represented by the
block diagram shown in figure. The
nominal values of the parameters are
K; = 1 and K, = 10. Then Sensitivity of

the transfer function with respect to K; is

Ans: 0.5

Transfer function,

K, K,

E%Z(HKI J[HKJ:(IITEIKJ
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g [ OT/T :[Ej oT A0
“ 6K, /K, T | 6K, ,
v ly
K, 10(11+11K,)-10K,(11) § §
= X 10Q
10K, { (11+11K, ) 0 (D1
11+11K,
Y (R L N LI
11+11K, Vs 22 21.  Ans: 4.5
Sol: Vv
20. A butter worth LPF is to meet the M i 10iy
following specifications pass band ripple iy
= 1dB for Q < 4rad/sec and stop band 50 15A § 10Q
attenuation > 20 dB for Q2 > 8 rad/sec.
The minimum order required for
butterworth filter is By KCL at node ‘V’
20. Ans:5 vV V-10i
—+ ~=15=2V+V-10i, =150
Sol:  Given 9, = 1dB, Q, = 4rad/sec, 6s = 20dB 5
and Qg = 8 rad/sec 3V -101, = 150
o] 107 =1 3V—10(Xj=150:V=150V01ts
1 0g 10%1% _1 5
2 Q, and i, = V. 30A
logl — Y5
QP
1 {1 00120) 1} Power delivered by the dependent source
%8 1000 10, -V
:l 10 ! Pd:VaId Z(IOiy Y
bl
log| —
4 10(30)-150
— 42895 :10><30(Tj
=300(15) = 4500 Watts
21. In the given circuit, the power (in — 4.5kW

kiloWatts) delivered by the dependent

source is
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22,

Sol:

23.

23.

Sol:

Engineering Academy 112 PRE-GATE_2020
Simplify  the  following  Boolean BW of VSB signal = SMHz + 1MHz
expression F=XY+XYZ+ X(Y + X?) =6 MHz

BW of the DSB-SC signal =2W
and the number of literals in the simplified orthe sigha
. =10 MHz
expression are
Ans: 0 So, the BW saving is 4 MHz.
F=XY+XYZ+ X(Y * XY) 24, The asymptotic magnitude plot of a
= Xi? +YZ)+ X(Y + X)(Y + ?) minimum phase system is shown in
o figure. The transfer function of a given
[*." distributive law A + BC ‘
system 1s
=(A+B)A+CO)]
M(dB)
=X(Y+2)+X(X+Y)

- . —20dB/decade
=X(Y+2)X(1+Y) [+A+A=1] 20 f----- e 4
“X(Y+2)X(1+Y) [“A=A] ‘Po1 i 030 N om deade
-X(Y+2z)X=0 o 0}

[ A(I+B)=A, AA=0] (s+D)(s+10)(s+30)

B 3000s
A base band signal band limited to 5 MHz (B) (s +1)(s + 10)(s + 30)
is to be transmitted using VSB . 30005
modulation. The percentage of vestige © (s+ 1) (s +10)(s +30)
bandwidth allowed is 20% of USB
(D) 300s
bandwidth. ©~The bandwidth  saving (s +1)(s +10)(s +30)
(in MHz) due to VSB modulation when
compared to DSB-SC modulation is | 24.  Ans: (B)
Sol:  Calculations for initial slope

Ans: 4 g M, - M, _20-0
Given W = 5 MHz logw, —log o, log1—1og0.1
BW of USB is 5 MHz . g= 20 — 120 dB/dec
BW of vestige is 20% of 5 MHz = 1 MHz 0+1
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Transfer function,
G(s)H(s)

Calculations for K:

B Ks
(1 +s)(1+s/10)(1+s/30)

M| _,, =20logK +20log®
0 = 20logK — 20log0.1

0 =20logK — 20

20 =20logK = K =10

G(s)H(s)

B 10s
(1+s)1+s/10)(1+s/30)

~ 30005
" (s+1)(s+10)(s+30)

25. Consider the following circuit. The diode

forward drop and base-to-emitter forward

drop is considered to be 0.7V.
[Vie on) = Voony =0.7V].  Sketch  the
transfer characteristics?
+V
I
Qi
+
T Q2 Ry YO

25.

Sol:

(A) Vot /
/0.7\7
vy TV
0 /
07% 0] 07 -V,
\ n
© v T
0
0.7
0} —»Vi
/ 0.7V
(D) Vot
0 > Vi
Ans: (A)
Vin | Vg1 | Vo
ov 1.4V 0.7V
-0.7V | 0.7V ov
VOT/
/0.7V
vy TV
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26.

Sol:

27.

27.

Sol:

PRE-GATE_2020

For the function f(x, y) =x’—y’, the
point (0, 0) is

(A) a local minimum

(B) a saddle point

(C) a local maximum

(D) not a stationary point

Ans: (B)

Given f(x, y) =x’ -y’

= f, =2x,f, =-2y and

f =21

XX > Xy

Consider fy=0and f;=0

=0,f,, =2

=2x=0and 2y =0

= (0,0) is a stationary point

At(0,0), £, f,, —(f, ) =-4<0

XX

. f(x, y) has neither a maximum nor

minimum at (0, 0).

A synchronous counter built using T flip-
flops, the flip-flop inputs are Tz = Q.PQ;
T = Q1 ©Qo; To = Q20Qy. Determine the
counter state after 2 pulses if the present

state 1s 110.
(Assume Q, as MSB, Qg as LSB)

(A) 000 (B) 110
(C) 100 (D) None
Ans: (A)

T=Q:®@ Q1 ; Ti=Q1 @ Qo;

28.

28.

Sol:

To=Q20Q
CLK P.S FF Inputs N.S
QQiQo| T2 Ty To| QQi1Qo
1 1 10 010 (10 O
2 1 00 100 (00 O

A system is described by the impulse
response h(n) = (-1)"u(n). The difference
equation of the inverse of this system is
(A) y(n) + y(n—1) = x(n)

(B) y(n) - y(n—1) = x(n)

(C) y(n) = x(n) + x(n-1)

(D) y(n) = x(n) —x(n—1)

Ans: (C)
Given h(n) = (~1)"u(n)

n , LT 1 — 1
@)"u(n) = H(z)= =
_ -1 _ Y(Z)

H,, (Z) H(Z) =l+z" = X(Z)

Y(2) =X(2) + z 'X(z)
Apply inverse z-transform

y(n) =x(n) +x(n-1)
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29. In the following circuit, the thevenin's 30. Consider a CMOS inverter with C = 5fF,
voltage and resistance looking into Vpp = 2V and propagation delay t, =
terminals p & q respectively are. 10ps. Find the energy-delay product when
60 the inverter is operated at its theoretical
p —AWWW . . .
maximum possible operating frequency.
6Q)
© V* §1m (A)10x10%° J-s  (B)20 x 1072 J-s
. A B (©)10x 10" Js  (D)20x 107" J-s
9 i 30.  Ans: (A)
(A) 40V, 6Q (B) 60V, 12Q Sol: EDP = % V2, (,
(C) 40V, -120Q (D) 60V, —6Q
29.  Ans: (D) = %xleO_ls x(2) x10x10™"
Sol: V-l method A 2
=100x 10°"=10x 10" J-S
I p 6V,
e VWW—2¢
6Q 31. The bit rate of a system is 40 kbps. To
S5A e
vV — G) 120 § v correct the errors in transmitted bits, a
2Vy - (7, 4) block code is used. The output of
the coder again passed through the 16-
q QAM modulator. If the raised cosine
By KCL at Vi y . .
y e pulse with 100% excess bandwidth is
V. -2V, V., .
I= T+ 5+ 0 used, then the bandwidth of the QAM
signal is
-V, V. -2V _+60+V,
[=— "5+ = - (A) 35 kHz (B) 17.5 kHz
121=60_V (C) 20 kHz (D) 10 kHz
V-V .
121 = 60 — (V — 6]) =—— 3. Ans: (A)
121 = 60—V + 61 Sol:  Bit rate = 40kbps
V=V -6l
v =-61+60 0KPS 1 copER 16QAM | -2utPut
V= RthI + Vth
Vi =60 Volts In a coder bit rate increases by a factor of
Ry =—-6Q n/k. Wherek=4,n=7.
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The bit rate at the output of the coder is

7
40 kbpsx — .
L

The bit rate at the input of the modulator
= 70kbps.

Raised cosine pulse with oo = 1 is used &

M=16
Bandwidh = Xel 9
log, M
~70x10°[L+1]  70x10° %2
log, 16 4
=35 kHz.
32. A continuous random variable X has a

probability density function
f(x)=e™,0<x<o. Then P(X >2) is

(A) 0.1353 (B) 0.2354
(C) 0.2343 (D) 1.1353
32. Ans: (A)
Sol: P(X>2)= j f(x)-dx
2
= Ie_"dx =£
2 -1 2
= e =0.1353

33. A material has ¢ = 102S/m and & = 3¢g,.
At what frequency will the conduction

current equal the displacement current?

33.

34.

34.

Sol:

Sol:

(A) 180MHz (B) 60 MHz
(C) 0.6 MHz (D) 6 GHz
Ans: (B)

For the two current to be equal

el = [l

oE = jocE

c =me =2nfe

o 10~
2= 10
me 2T x3x

= 60MHz

6m

In a counter type ADC the clock
frequency is 1 MHz and threshold voltage
is 10 mV. The DAC has full scale output
of 20.46V and resolution of 10 bits. Find
the conversion time for analog input of

3.728V.

(A) 1023pus (B) 511.5us

(C) 190us (D) 187us

Ans: (D)

Step size 2—2100'46 = 2046 =20mV.
27 -1 1023

Given Vi, = 3.728V, then V4 has to be =
3.728 + 10mV

V4=3.728 +0.01 =3.738V

=L3’2:=186.9= 18710
20%10
=010111011,

Conversion time is = 187x1us = 187ps.
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The solution to x’y"!

Ay= Cix*+Crx°

+xy' —y=0is

(B)y=C;+Cx*
©y=Cx+ <2
X

D)y=Cix+Cyx*
35. Ans: (C)

Sol: Put/nx =tso that x =e¢'and

dy 2d2Y
let x— =Dy, x"— =D(D -1
o DY e (D-Dy

where D = i
dt

Given differential equation is
211

Xy +xy1—y=0
= D(D-1)y+ Dy—-y=0
= (D*-1)y=0

Consider Auxiliary equation f(D) = 0
=>D’-1=0
= D =1, -1 are different real roots

The general solution of given

equation is

y=Cie'+Ce ' =C x+ &2
X

Q. 36 — Q. 65 carry Two marks each.

36.

36.

Sol:

An ideal MOS capacitor has boron doping
concentration of 10'°/cm’ in the substrate.
When a gate voltage is applied a depletion
region width of 0.3um is formed with a
surface potential of 0.1V. Given that gy =
8.854 x 10 F/em and the relative
permitivities of silicon and SiO, are 12
and 4 respectively. The voltage drop(in
mV) in the oxide layer, if the thickness of

0
oxide layer is 100 A is

ET Eox
7 s
v
Wox s
G2
O S
tox Xd
Ans: 20 [Range: 19.8 to 20.1]
1
Ws :EXdEs
2 .
S:i:2x01 =£V/um
X, 03um 3
€ox Eox = & Es
E =% p =122V /im=2V/um
€ 4 3

0
Yox = Eox tox =2V/um x 100 A
1

=2V——x100x10""m
0

m

=20mV
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The circuit is under steady state for t <0,
the switch is opened at t = 0. The value

of i(t) (in milliamperes) at t = 4msec is

40Q t=0 300
MW >§ WW'(t)
1
+ i .
<_>8OV 25uF == T th) 500

Ans: 294.303 [Range: 292 to 296]

400 t=0 300
MW— AW
S i)
F A1 .
®) sov 25uF = (4 9 500

Fort<0,Sisclosedatt=0"
Circuit is in steady state condition and

capacitor acts as open circuit

v, 300
AW )
40Q i(t)
Dsov Vo th) 500
By KCL at Vg,
Y, =80 +i(t):@:>—v‘) —80 +m:0
40 2 40 2

:>V0—80+l & 0

40 2\ 80
4Vy—-320+Vy=0=5Vy=320V
Vo =64 Volts

For t > 0, S is opened, R-C source free
circuit
30Q2
MW
v i(t)
iy i(t)
2ouF =S Ve VA Z 500
For Req
I 300
> MW
i(t)
VT 1L 500
T=RC
i(t) .
[+ ——==1(t
i)
S0
2
A% _1
80 x2
=R, = ¥ =160Q2
Voltage across capacitor is given by,
-t
Ve(t) = Vye © = 64e 2"
V t -250t
i(t) = c(t) _64e
80 80
= (1) | g = 0.8 =294.303mA
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38.  In the following circuit, the MOSFETs
used are of enhancement mode and
operating in saturation region. If all the
MOSFETs are identical and by neglecting

the channel length modulation, the low

. . V, :
frequency small signal gain (V—] is

A+VDD

— v

+ M;
= M;

'y

38. Ans: 0.5 [Range: 0.49 to 0.51]

Sol:
1 1
— |t =
gm2 m2
m o
Vin 1 Vo 1
. — 13 =—
= m3 gm3
Vo g (1/gws)
Vin Vgsl +id1 (l/gm3)
_ idI (1/gm) _l
- idl (l/gm)+idl (l/gm) - 2

=0.5

39.

(OR)
= _+ =
) Vgs2 gmz Vgsz )
+
Vin Vgsl gml Vgsl
= —_— VO
+
Vg53 gm3 Vgs3

From the above diagram

Y

g5

=8n, VY,

283
=V, =V, (g, =g, =g, =g.)___ (D
ByKVL, V, =V,=V,__ (@

VO = \/gs3 7(3)

Apply Equation (2) and (3) in equation (1)
Vin— Vo=V

= V=2V,
:izl:O.S
V., 2

Consider two 4-ary constellation plots as

shown in figure below:

P2(t)
X +4a X
| 1 t
A r ¢1(t)
X -IT X
—a
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(1) cos 45° = XL
r

/Kr A .'.r:ﬁxllezr/\/f

\K)/ " sin45°= 1

r

" r=\/5y1:>yl=r/\/§

¢@1(t) and @,(t) form ortho normal basis

functions. It is known that the average
) Average energy of the second
energy taken by both the constellation

2 2
plots is same. If a = Kr, then the value of constellation plot = %x 4{%+%} =r’
K is [where K is a positive
constant] i
Since average energy of both the
39. Ans: 0.707 [Range: 0.7 to 0.71]

constellation plots are same
Sol:  Average energy of the first constellation

—=2a°=r

1 2, 2 2
lot= —x4[a"+a’] =2a
P 4 b a=Lr:>a=0.7O7r

NG

Considering the circular constellation plot

(Xlayl)

y |

40. The system shown below has second order response with a damping ratio of 0.5 and a settling

time with + 2% tolerance is 0.5 sec. Then the value of K; is

100 1
R(s 1, K * -
(®) ® 4 ! 14025 )

K>

v
[\
)
72
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40. Ans: 10.24

[Range: 10 to 11]
Sol: C(s) 100K, /(20s(1+0.25))

~ 100K,

R(s) |, 100K, 100K,  20s(1+0.25)+100K, (20s)+ 100K,
(1+0.2s)  20s(1+0.2s)

C(s) 100K, 100K,

R(s)  20s+4s? +2000K,s + 100K,  4s? +s(2000K, +20)+ 100K,

CE 4s” +5s(2000K, +20)+100K, =0

CE s®+S(500K, +5)+25K, =0

Given Data: § = 0.5, ts= 0.5 sec

£29% =4 505-—2
0, 0.5xm,

= ®, = 16 rad/sec

o, =25K, = K, =%= 10.24

Vbc
41. The transistors shown obey a non linear relation I¢ = Ig e'" where V7 is the thermal voltage

equal to 25mV and Is is the reverse saturation current. If 3 is large, then the value of output
voltage Vj (in milli volt) is

W
S = A
10V R
T [P e
1 Q2 i +
s R
= R
R [—
+ =
1Y
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41. Ans: 57.56 [Range: 57 to 58] -t 2
y(t)= 2X| —+—
Sol: Here Ve, = —VBEZ, Vei =—VBE] 3 3
V:Ve _Ve :Ve_Ve .
‘ ? P Thel T The But, given y(t) = Ax(% + Cj
I, Then A =2
B=-3
=V;In 10/R =25m In[10]
1/R 2
c==
Vo= 57.56 mV 3 .
A+B+C =?= —0.333
42. Consider the signals x(t) & y(t) as shown i ) )
43. Consider a CMOS inverter for which Vpp
below. Then y(t) expression interms of
=2V, Vin = |Vy| = 0.6V, pn, = 2, and
t
x(t) as y(t) = AX(E+ Cj. Then the value I = IOOuA/VZ, L = 0.15um and
of A+B+Cis (%) = 2 . The transistors are matched.
y(t) ) . .
x(t) The output resistance (in kQ) of the
4
2 inverter in the high output state is
N . 43. Ans: 3.571 [Range: 3 to 4]
- ! -1 J Sol: Since PMOS and NMOS devices are
42 A 0333 [R 0.30 to —0.35] matched, the output resistance in the high
. ns: —0. ange: — 0.30 to —0.
] ] o output state will be same as output
Sol:  y(t) is amplitude scaled by 2 it is also

folded, expanded & shifted version of x(t)
y(t) can be expressed as y(t) = Ax(at + )
t =—1 of x(t) corresponds to t = 5 of y(t)
t=1 of x(t) corresponds to t =—1 of y(t)

Sa+pB=-1

—at+pB=1

resistance in the low output state i.e. rpsgp
= IDSn
The output resistance of the inverter in the

low output state is

1

Ipsn =
Mncox (Wj (VDD - Vm )

L
~ 1
T 100x107°x2x(2-0.6)
I'psn = IDsp = 3.571kQ2

=3.571kQ
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44. Consider a base band signal band limited .. Power of noise at output of Ry is
to 5 kHz. The modulation scheme is DSB- 2f XE[NO] = 4N, x 2f,
. . m 4 m
SC. The modulated signal s(t) is —4x2x100%2%5x%103
transmitted through a channel, which is =8 uW
modelled using AWGN having two sided NOTE: Z(t) = A, cos(2n.t)
PSD of 10" W/Hz. The Coherent A2
receiver is used to demodulate the Ry, (T): 2c cos(2nfcr)
message signal from the modulated signal, Rxg(T) — RS[Y(T)
as shown in the figure below. Sxx(f) Syy(f)
s(t) +n(t) Ideal LPF | Y(®)
DSB-SC I
fo = fin A, cos[2nfit]
AZ
Ryy (’C) =Ry (T)Rzz (T) =Ry (T)TCCOS(%thI)
A2
:SYY(f):TC[SXX(f_fc)+SXX(f+fc)]
4 cos(2nf.t)
The power of the noise component (in | 45. Consider the differential equation
W) at th tput of i i d 2
KW) at the outp ogicC U Y toxy=e* with initial condition
44.  Ans: 8 [Range: 7.95 to 8.05] x
Sol: y(0) = 1. The value of y(1) is .
PSD of noise at the input of Ry
N 45. Ans: 0.7357 [Range 0.73 to 0.74]
0
_0 d .
2 Sol:  Given —y+2Xy= e L. (1)
> f dX
—f—fy, S 10 f—fy fotfm
with  y0)=1 ... (2)
IZX dx %2
PSD of noise at output of Rx ~LF.=¢€ = €

s u]2]

—fm 0 fn

Now, the general solution of (1) is

2 2 2
=y. e” =J-CX .ex dx +c¢

2
X
=y. € =x+c
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Using (2), (3) becomes 47.  Ans: 600
= 1=0+c=c=1 Sol:  CE 1+G(s)H(s)=0
X2 x? K(s+40) 1
_ CE 1+ . =0
y=x©€ +8¢ == T 5(5+10) (5+20)
2
y=(x+1) € CE s(s+10)(s+20)+K(s+40)=0
Ly(h)=2xe'=07357 CE s°+30s2 +s(K +200)+40K =0

CE:- s* + 30s® + s(K + 200) + 40K = 0
46. The surface integral ” (F.n)dS over the

. s |1 K+200
s> |30 40K

2, 2y 2
surface S of the sphere x” +y~ +z° =9, 1 (30(K+200)_40Kj

where F = (xty)i + (x+tz)] + (yt2)k

30
0
and 7 1is the unit outward surface normal, s° |40K
yields 4
For marginal stable
46. Ans: 226.08 [Range: 226 to 227]

— (30K + 6000 — 40K) = 0

Sol: F:(x+y)¥+(x+z)]+(y+z)l;

10K = 6000
divF=1+1=2 K = 600
”ﬁﬁds = ‘[Hdivlidx dydz (By Gauss
S \%
_ 8 ((y/2)+1 3
_”J-ZdXdde I[ J. (sz dedey, using the
=2 x volume of the sphere n &
Yy . _ [2x-y Yy .
_ 2x§n(3)3 =70 1 =226.08 substitution u = ( 5 ) and v = 5 is
47. Consider a control system  with
48. Ans: 4
K(s+40) 1
66)="S ) = Lo o ,
s(s+10) (s+20) Sol: Givenu= 5 and v= 5
The value of ‘k’ for which the system will q
oscillate is =du=dx, dv= 7}, and dy =2 dv
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Ifx= % then u=0 LO (2Sinc(2f ))(4Sinc(4f )df
o t t

_ Y _ =| rect| — |rect| — dt
Ifx E+1 then u=1 J._m [2j (4}
Ify=0 then v=0 ( j

rect| —

Ify=38 then v=4 N

8 2 2X—y 4 1
I I( 5 jdx dyz_[ I2ududv=4 ,

y v=0 u=0 -1 0 1t
2

rect(—]

49.  Given F.T of x(t) is X® = RS
8Sinc(2f)Sinc(4f). Then the value of
x(t)att=01s

49. Ans:2
Sol:  Using plancheral’s theorem rect[ijrecttiJ
2 4
J._wxl(t)xz(t)dt 3 J._OCX1(f)X2(f)df “1
t .
Arect(?j <>AT Sine(fT) o VIR
8Sinc(2f)Sinc(4f)= [2 Sinc(21)][4Sinc(41)] J‘Oo rect( it jrect( t Jdt _ J«l (l)dt _
- 2 4 -1
50.  Two Johnson counters of 2-bit and 3-bit are connected parallely as shown in the following

figure. The initial value of the counter is ABCDE = 00001. The modulus of the counter is

4G—L —
AN A ‘/ Ts B Jo C Io D> J: E
> > > > —>
KA K I KB E ‘KC 6 I KD ﬁ KE E
CLK j j
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v
)
R

50. Ans: 15

Sol:  In the given figure

J,=AB=A+B J,=A Jo=D+E=DE J,=C J.=D
K,=A+B K,=A K. =DE K,=C K,=D
CLK | Ja Ka| Js Kg Jo K¢ Jb Kp |Jg K |AB C D E
0 0 00 01
1 1 0 0 1 1 0 0 1 0 1 1 01 00
2 0 1 1 0 1 0 1 0 0 1 01 1 10
3 0 1 0 1 1 0 1 0 1 0 0 01 1 1
4 1 0 0 1 0 1 1 0 I 0 1 0 0 1 1
5 0 1 1 0 0 1 0 1 1 0 01 0 01
6 0 1 0 1 1 0 0 1 0 1 001 00O
7 1 0 0 1 1 0 1 0 0 1 1 01 10
8 0 1 1 0 1 0 1 0 1 0 0 1 1 11
9 0 1 0 1 0 1 1 0 1 0 0 00 11
10 1 0 0 1 0 1 0 1 1 0 1 0 0 01
11 0 1 1 0 1 0 0 1 0 1 01 1 00
12 0 1 0 1 1 0 1 0 0 1 001 10
13 1 0 0 1 1 0 1 0 1 0 1 01 11
14 0 1 1 0 0 1 1 0 1 0 01 0 1 1
15 0 1 0 1 0 1 0 1 1 0 0 00 01
So, the modulus of the counter is 15
51. A hollow rectangular wave guide with dimensions satisfying the condition a > b > a/2, is to be

used to transmit a signal at carrier frequency of 6 GHz. The cut off frequency of the dominant
TE mode is lower than the carrier by 25% and that of the next mode is at least 25% higher than
the carrier. Then the narrow dimension (in cm)is

51. Ans:2

Sol: Form=1andn=0 (TE;o mode) and v = ¢ (hollow guide)

Y
) =
TEI0O Qg
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Denote carrier frequency as f, = 6 GHz

fcTElo =0.75f,=0.75x6 GHz = 4.5 GHz.
We have

8
a ¢ 3x10 =3.33cm.

Toxf. 2x45x10°
TE

10

If' b is chosen such that
a > b > a/2 the second mode will be

TE()], followed by TEZ()

fCTEm: 9 GHz [As the carrier frequency is less than cut-off frequency. So, TE;p mode will not
propagate]
for f, -
TE0l  2b
f  =125f,=7.5GHz
TEO1
we get
8

b c _ 3x10 _=2em

2f, 2x7.5x10

TEO1

Consider a p-type semiconductor at T = 300K, with carrier concentrations of po = 10"*/cm’,

nyg = 10°/cm’® and n; = 10"%cm’. In non-equilibrium assume that the excess carrier concentrations

are O, = O, = 10"/cm’. Determine quasi-Fermi energy levels

(A) Quasi Fermi level for holes (Efp) remains the same as equilibrium Fermi level (Er) but
quasi Fermi level for electrons (Eg,) will be below intrinsic level (E;) by 0.1796eV.

(B) Quasi Fermi level for holes (Eg,) remains the same as equilibrium Fermi level (Er) but
quasi Fermi level for electrons (Er,) will be above intrinsic level (E;) by 0.1796¢eV.

(C) Quasi Fermi level for holes (Erp) remains the same as equilibrium Fermi level (Er) but
quasi Fermi level for electrons (Eg,) will be below intrinsic level (E;) by 0.2993eV.

(D) Quasi Fermi level for holes (Eg,) remains the same as equilibrium Fermi level (Er) but

quasi Fermi level for electrons (Er,) will be above intrinsic level (E;) by 0.2993¢eV.
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Ans: (B)

n=ngy+ o, = O,

P =po+ 8 = po

Since p = po, Erp 1s same as Er

Epn— E; = KTzn[iJ - KTEn[
1013
loloj

Since Ep,— E; > 0 = Ep, lies above E; by 0.1796eV

n.

1

=0.026 x En(

=0.1796eV

n,+90,

] ~ KT[
n;

Sy
n.

In the following logic circuit, find the minimum number of clock pulses required to obtain the

A = B output HIGH of digital comparator.

Initially both counters are cleared and A < B output is high.

CLK

(A)9

(C) 18

Mod-10 2
~ Ripple Q
Up counter Qi
M Q

MSB

LSB

Mod-10
Ripple
Up counter

2

(B) 17

(D) 88

_ O O =

Az

Ao

| B,
| B,
' B,

By

4-bit
Digital
comparator

A>B
A=B
A<B
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53. Ans: (B)
Sol:  Here CLK of up counter (2) is Qo of up counter(1).

CLK | Q3Q2Q1Qo Az Ay Ay Ay B3 B2 B; By A=B
0 0 00O 0 0 0O 1 0 01 0
1 000 1—0 0 0 1 1 0 01 0
2 0 01O 0 0 0 1 1 0 01 0
3 001 I——0 0 1 0 1 0 01 0
4 01 00 0 010 1 0 01 0
5 01 0 1——=0 0 1 1 1 0 01 0
6 01 10 0 0 1 1 1 0 01 0
7 011 1——0 1 0 0 1 0 01 0
8 1 00 O 01 0O 1 0 0 1 0
9 1 00 1—0 1 0 1 1 0 01 0
10 0 00O 0 1 0 1 1 0 01 0
11 000 1—0 11 0 1 0 01 0
12 0 010 0110 1 0 01 0
13 001 1I——0 1 1 1 1 0 01 0
14 01 0 O 0 1 1 1 1 0 01 0
15 010 1—1 0 0 O 1 0 01 0
16 01 10 1 00O 1 0 01 0

)| o1 11 100 1L]| 1001 1
18 1 000

54. The transistors Q; and Q; are similar and +Vpp
neglect early effect. The small signal Rp
Vo
voltage gain [&] is —100. Using Q,
Vin Cr =

miller’s approximation, find the input

capacitance  Cin  (Neglect all other V'+¢r }\}Ql
?Cin =

capacitances). Assume the transistors

operate with the same bias current.

(A)Cr  (B)2Cr (C)11Cr (D) 101Ck
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54.  Ans: (B) (A) 45° (B) —45°
Sol: (C) 135° (D) -135°
5S. Ans: (C)
§ Sol
ol:
L Vi I iQ
gm2 it
= B Lo I
v. © Qe Ve 2
IR =5A
Ic = joCVe = 5290°
IL=1=Ig+1c=5+j5=5J2.,45°
Vi =joLl = j542445°= 542./135°
Ve=10£0°
J | i 1 h
V., _ia [l/gmz] e 1 — Voltage across capacitor lags the
v, igll/g.,] Ve, voltage across inductor by 135°.
—A=-1
A= 4 2 1 3]
a 56.  Given matrix [A]=|¢ 3 4 7/, then the
Cin=Cr(1+A)=Cp (1 +1)=2Cp 2.1 0 1]
X, |
55.  For an AC circuit as shown in figure, what x
) system AX = O, where X = | " | has
is the phase angle of voltage across X,
capacitor lags the voltage across the Xy |
inductor |
ZH (A) no solution
A T (B) a unique solution
1 (C) only one independent solution
~) “F = ey 320 : , :
Vs 8 (D) two linearly independent solutions
o = 4rad/sec l

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad




57.

: 35 : Electronics & Communication Engineering

. ACE
Engineering Academy
Ans: (D)
4 2 1
GivenA=|6 3 4
210
Rz—)4R2—6R1;
R3—)2R3—R1
2 1 3
~10 0 10 10
0 -1 -1
R; — (10)R3 + R,
4 2 1 3
~({0 0 10 10
00 0 O
Sop(A) =2
Number of linearly independent
solutions

= Number of variables — Rank of A
=4-2=2

Consider X(t)
= (A + 1) cos(wt) + Bsin(wt). Where A

the random process

and B are independent random variables
both having zero mean and unit variance.
The auto correlation function Rxx(t;, t2) is
(A) coso(ty —t;)

(B) sinm(t; —tp)

(C) 2cos(wt)cos(mty) + sin(mt;)sin(wt;)

(D) cos(wt;)sin(mty) + sin(mt;)cos(wt)

57.

58.

Sol:

Ans: (C)
Given that E(A) =0, E(B) =0,
2

— 2 =
G, =05 =1

Rxx(t1,t2) = E[X(t1)X(t2)]

= E[[(A + 1)cos(wt))
+ Bsin(ot;)][(A+1)cos(wt;)
+ Bsin(ot,)]]

Rxx(t1,t2) = E[(A+1)*]cos(ot;)cos(wmty)
o E[Bz]sin((;)tl)sin((;)tz)
+ E[(A+1)]Bcos(wt;)sin(mt,)
+ E[B(A+1)]sin(wt;)cos(mt,)

E[A+1]* = E[A?+2A + 1]
= E[A%] + 2E[A] + E[1] =2

E[(A+1)B] = E[AB] + E[B]
— E[A]E[B] + E[B] = 0

E[B’] = 1.
Substituting all the values in Rxx(t;.t2)

Rxx(t1,t2) = 2cos(wt;)cos(wty)

+ sin(wt; )sin(mt,)

The open loop transfer function of a

K(s—2)

system is G(s)H(s) = 5+1)

The Nyquist plot for this system is
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(A) I M_K\/co2+4 7z
®=0+ / =2 tan™(w)+ [1 80°—tan™' (%D
>R,
2K 0
\ .
Z ¢=180°—tan' a]-2 tan ()
(B) o=0 ;2KA180°| . o .
I Direction is clockwise
g w=o;0£-90°
o =0+ <3
2K 0 AX N /
180° >
o= 0+ \\0
-90°
©) In
59.  Letx(n)= {3,4,5,6}. The step interpolated
*
=0+
° - /\ 5 >R, signal h(n) = x(0.5n—1) is
(A) {3,0, ATL ,0,5,0,6,0}
(B) {393’ ﬂ' 9475:576:6}
(D) N (C) {3,344, ? ,5,6,6}
/\w (D) {39495) ? 93349536}
/'/0 >R, 59.  Ans: (B)
J Sol:

58. Ans: (A)
K(jo-2)

Sol: G(jo)H(jo)= (jo+1)’

x(n—1)={3, ?’ 5,6} =y(n)

h(n)= y@ = {3,3,44,4,5,5,6,6}

if we apply step interpolation
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60. A lossless transmission line is operating at
a frequency of 1 GHz connected to an

unmatched load producing a voltage

reflection coefficient of 0.5./30°. If a

short circuited stub is connected in

parallel to this line for providing
impedance matching, then the optimum
length and nearest location of the stub
from the load respectively are

(A)3.41lcm & 12.5 cm

(B) 1.70 cm & 6.25 cm

(C)3.41 cm & 6.25 cm

(D) .70 cm & 12.5 cm

60. Ans: (C)
Sol:  Given: frequency, f=1 GHz
10
:£:3X10 =30cm
f 1x10°

Reflection coefficient, K=0.5230°
K| =0.5

200 (o)
$=30" (o)~

Optimum length of the stub:

1|k’
7, =itan_1 | |
2 2K|
2
_Ltanllﬂl =i(0.713)
2n 2x0.5 2n
s A, =3.4lcm

61.

Nearest location of the stub from the load

1S

l, :%[d) +m—cos” QKD]

" 4n| 6

AT o
= —47—=
4n{6 3}

_ASn_sh
4t 6 24
s =625cm

A [E+n—cosl(0.5)}

Consider the following circuit
VDD

N | |

In the given 4-input NOR gate, if the
width of NMOS transistors are W, then

the widths of PMOS transistors to obtain

equal rise and fall times with p, = 2, is

(A) 4W (B)iW

(C) 8W (D) %w
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61. Ans: (O) 63. In the following 2-bit synchronous
Sol:  Since p, = 2, the series combination of up/down counter using T-flip flops

4 PMOS devices must present resistance ifm=1
equal to that of an NMOS transistor, then = It should act as an ‘up counter”
Wn:ﬁjwpzhwnzzw ifm=0
W m, Hp = it should act as a “down counter”
— Width of PMOS transistor W, X, y, z are functions of m ,which of the
= 4(2W) following is correct.
=8W 1 1 To Qo[ T, Q
s A
62. The annual precipitation data of a city is CLE
I —
normally distributed with mean and 4:1 L _\:
MUX L v
standard deviation as 1000 mm and Ij L
200 mm, respectively. The probability that Qf Q*
1 0
the annual precipitation will be more than (A)w=y=m, (B) w=y=m
1200 mm is X=zZ=m X=zZ=m
(A) 0.1587 (B) 0.3174 (Ow=y=0 (D)w=y=m
(C) 0.3456 (D) 0.2345 by x=z=1
Ans: (B
62.  Ans: (A) 63 v
.. - Sol:
Sol:  Let X = annual precipitation
We know area under normal curve in the & Input N5 FE Inputs
interval (U — o, u + o) = 0.6826 QQ mlQ Q| T T
. . 0 0 0 1 1 1 1
where p is mean and o is standard
o 0 0 1 0 1 0 1
deviation
0 1 0 0 0 0 1
= P(800 < X < 1200) = 0.6826
0 1 1 1 0 1 1
Required probability = P(X > 1200) 1 0 0 0 1 1
_ 1-0.6826 10 1 11 0 1
2 1 1 0 1 0 0 1
=0.1587 1 1 1 0 O 1 1
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64.

Sol:

compute the DFT of the sampled signal
with spectral spacing Af. The number of
zeros needed to be Padded to reduce the
spacing to 0.5Af, using the minimum
sampling rate to avoid aliasing if we use

radix-2 FFT are

(A) 100 (B) 156
(C) 28 (D) 256
Ans: (B)

Given signal duration = 1 sec
fn =50 Hz & f; = 21, =100 Hz
and N = (f;) (signal duration) = 100 x 1
=100
f,
and Af= = =1Hz
N
To

A7f=0.5Hz, we require 200 samples.

reduce  spectral  spacing  to

So, N =256 (for FFT)

Available number of samples = 100

.. Number of Padding zeros = 256 — 100
=156

Engineering Academy :40: PRE-GATE_2020
=To=1 65. The far field of a certain antenna is given
Ti = QoOm —
1= Qo by ‘E‘ = @sinz OV/m, then the total
ie ifQ=0=T;=m r
ifQ=1=T =m. average power (in Watt) radiated is
Then [,=L=m iew=y=m (A) 100 (B) 200
L=h=miex=z=m (C) 400 (D) 375
65. Ans: (B)
We wish to sample a signal of 1 sec E‘Z
21 e .
duration, band-limited to  S0Hz & | Sol:  Py=["[" ~-s®sin6d0dg
=020 2m,

2 2
= [@) d 27| sin’
T 0
Finding integration part

]Esins 0do = ]E(l — cos 0 sin0d0
6=0

6=0

LetcosO =t

= sin0dO = —dt
ForO=0=t=1landfor0=n=t=-1

So, now

Jh-e) x(a)=[ e ¢ -t

eT el [ 16
o I T
1 1

Now equation (1) becomes,

27 16

P = x (150)° x — = 200W
2x120m 15
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