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GATE 100 Most Important Questions with Solutions

1. Consider the CMOS circuit shown in the figure (substrates are connected to their respective
sources). The gate width (W) to gate length (L) ratios (W/L) of the transistors are as shown.
Both the transistors have the same gate oxide capacitance per unit area. For the pMOSFET,
the threshold voltage is -1 V and the mobility of holes is 40cm?/Vs. For the nMOSFET, the
threshold voltage is 1 V and the mobility of electrons is 300cm?/Vs. The steady state output

voltage Vo is

av = ]‘?
pMOSFET | % -5
.V,
nMOSFET w_,
5 =
A. equalto 0V B. more than 2 V
C. less than 2 V D. equal to 2 V
Ans. C
Sol. Given,
ID = IDn = IDP
Vg 2 Ve — W

t, always true.

From the given diagram Ve = Vb hence both MOSFET are in saturation

1 W \2
L. = 5 1Cox [T )1 Ves = V)
1 WY .2
IDp = 5 MeCox |\T’_|p (Vas — |Vt||
ID = IDn = IDp
1 W 2 1 (WY .2
3 t Cox ) (Ves V) = E“pccm IKT’_IF> (Vas — |Vt||
fTW .2 W .2
1-Cox T (Mg = Vs =V, ) = 1Chy T ks (Vs -V, - |Vt||

300x1(V,-0-1)" =40x5(4-V, -1}
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3(V,-1F =2(3-V, )
3VE+3-6V, =18+ 2V7 12V,
VZ+6V,-15=0

v, = 0EN30+060 4 gqy, _780v

° 2
At Vo = 1.89V, both MOSFET will be in saturation.

Hence, the correct option is (C).

2. The Fourier transform X(jm) of the signal x(t) = ;2 is
(1+t%)
A. l_(oe"“" B. E(De"“"
2j 2
c. Felol D. Zelel
2j

Ans. A
Sol. Consider, x(t) = eI

By taking Fourier transform,

Xljo) =
Jo 1+ e?

F.T. 2

-1l
e
1+w°

By differentiation in frequency domain property,

ex (0T 559 x(n)
dao
d| 2
el F.T. | a | |
! do'll+e?)
et F T -4jo
[1+c1>2]2

Apply duality property,

_4]21:2 F.T. 2.‘[(—(0]e+:"|
(1+t)
t FT. —2nopel®
(1+t2) —4]
£ FT. 7 ol
(1+t2) 2]
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3.
2 k2
AW O
- 2kQ 2
v () =
O
Ip
-8V
7 > Vo
for what range of Vi(t) diode in the Breakdown region.
A.Vi(t) =10V B. Vi(t) > 12V
C. Vi(t) > 11V D. None
Ans. B
Sol. From given V-I graph if is clear that diode breakdown voltage is -8 volt.
2 kQ
MWW O a

= 2kQ
@) Vi(t) = () av

O b
Vab = 8 b 2
Vab = 6V
V() x 2k
0 2ka + 2kQ
Vi(t)
V,, = 122
ab 2
6 U(®
2
V(t) = 12 Volt|

So, diode will go in breakdown if Vi (t) > 12 V
4. The system with input x(t) and output y(t) described as % +4t%y (t) = 2t x (t)

. Linear and non causal

. Non linear and causal

A

B

C. Linear and causal

D. non linear and non causal
. C
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Sol.

Ans.

Sol.

Linearity:

For input x1 (t)

X, (t) > + 4ty (1) = 2tx,(t) ...(1)

dy; (t)
dt

For input x2 (t)

X, (t) - dyjt(t) +4t%y, (1) = 2tx, () ...(2)

Multiply equ™ (1) by a and equ" (2) by b and then adding

a dy,(t) b dy, (t)

+ 4at?y, (t) +
dt 1(Y dt + 4b t?y2(t) = 2at x1(t) + 2b txa(t)

d
dt [ay1 (t) + bya(t)] + 4t2 [ayi(t) + by2(t)] = 2t [axa(t) + bxa(t)]
This equ" shows that for an input axi(t) + bxa(t) output is ayi(t) + bya(t), so system is linear.

Causality: The output depends on the present input only therefore the system is causal.

A magnetic field strength of 10 pyA/m is required at point on 6 = g, 4 Km from an antenna in

air. Neglect ohmic loss.How much power (in Watt) must antenna transmitted if it is g dipole?

[2 to 2.5]

I, cos ‘% cos 8\]
‘H /

“'S‘_ 21 rsing

ILs COS(E cosz]
10x10° = \2 2,
27« 4 x 10° xsin%

- I, cos(0)
10x10° = ——
2n x4 x10% « 1
I
10x10° = —2
81«10

I =807x10°x10°
[, =801 mA

1
Prad = Elg I:{rad

P = %{80 1)’ % 73

4606405.12 x10™°
Prad = 2

P

I

ad=2.3W
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6. Find value of k under resonance cond".

Ans. B
Sol. At resonance Xeq = 15

27f (M=k L Ly)

Xm = kX1 X5

27f (Leg =Ly +L, +2M)
Xoq = X1 + X5 +2Xy

Xoq = X1 + X5 + 26X X,
15=6+7+2ky6x7

7. Determine DTFT for given signal
x(n) = {-4,-1,0,1, 4} originat 0
A. 2j (4sin 2Q - sin Q) B. -2j (sin Q - 4 sin 2Q)
C. 2j (sin Q + 4 sin 2Q) D. -2j (4sin 2Q + sin Q)
Ans. D
Sol. X(e) = -4e%2-1.e¥? + 0 + e 4 429

= —d{ezjQ - e‘zjﬂ +(-1) [ejﬂ — ejQJ

[EZjQ _ e—szJ [ejﬂ _ e—jﬁ}
4 - x2j-1.2j—m—=
2] 2]

= - 8j sin 2Q - 2j sin Q
= - 2j [4 sin 2Q + sin Q]

8. Nd = 10'%/cm?3
Vr = 26mV
Dn = 35.1 cm?/s
Dp = 12.48 cm?/s
ni=1.5x 10%/cm?3
A=1nm?
Find the minority carries in N-Type semiconductor in length of semiconductor is 2nm?
A. 100 B.0
C. 10%? D. 1073
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Ans. B

Sol.

Ans.

Sol.

10.

Total minority carriers

= r\—‘><A><L
N

D

20
- %x 107 x2x 107

= 4.5X10°V

=0

{L=2nm;L=2x 107 cm
A=1nm?/A=1x (1077)2cm?
A = 10714}

5 kQ 10
..... A
=5ko 5 ko | -10
8\\'1 10V = 5kQ
= = = J_—
Find io
A. 1 mA
C.5mA
B
It is a comparator
vVt = 8V
- 10x5 10
v ="""2_""_5y
5+5 2

If, Vt >V~ ; Vout = + Vsar = 10 V
V* <V~ ; Vour = = Vsat = =10 V
Here, V* > V-

So, Vour = 10 V

=

B. 2 mA
D.-2mA

B. 6

x(s) = i /LJ ROC:R_(s) =8
ds? ls-8)’ e
The signal x(t) = (tek)? U(t), where constant k is
A. 2
C. 4

D. 3

B33
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Ans. C
Sol.
-1
1 L eS8t U(t)
s-8 '
& [1] ot £2 8t U(t)
ds? |s-8] '
2 _
dz [ (t ekt]2 u(t)
ds? |s-8J '
2k = 8
K =
11.
rmv
- 10 kO
w2y B=75 Va=0.7
10 k@
= sk
J'-mw
Find Vec = ?
A. 6.2 B. 3.43
C. 4.5 D.5
Ans. B

Sol. 10-10x (1 +B)Is-0.7-10Is+2=0
10-10x (1 +75)I8-0.7-10Is+2 =0
10-760Is-10Is + 1.3 =0

770 Is = 11.3
I, = = =14.6 nA
70
Ic=B1Is=75x% 14.6 pA = 1.095 mA
Ie=(1+B)Is
Ie = 76 x 14.6 YA
Ie=1.109 mA
Write KVL

10 - 10 kQ x 1.109 mA - Vec - 5k x 1.095 mA + 10 = 0
20 -11.09 - 5.475 = Vec
Vec = 3.435 Volt
12. A signal uniformly distributed on [-1, 1] is baseband modulated using PCM with 128 levels.
Calculate the resulting SQNR?
A. 36 dB B. 42 dB
C. 48 dB D. 30 dB
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Ans. B
Sol. The pdf of the signal given will be:
A£.00)
1/2
D 1 X

The power of the signal is given by
co

P, = ]‘ x2 fx(x)dx
11 1
_PBs= f_lgxzdx =

n = logz 128 = 7 bits

SQNR = P/Py
P, = A2 _24m _ 2 _ 1
Where " ¥ 7 12 and L 128 64
1
P.. =
> N7 sa2x12

= SQNR = 16384
= SQNR (dB) = 10log 10(SQNR) = 42 dB
13. Two A/4 transformer lines are used to connect a 50Q line to a 70Q load. Determine characteristic
impedance Zoi if Zoz = 30Q.
Assume there is no reflection to the t of A.

—IA—I_

Z,=50Q z, o %E 70Q

R A4 A4

A.24.5Q B. 20.5 Q

C.50Q D.25.35Q
Ans. D
Sol.

ZDZ
Z, Z, zZ,

1
_Z _(39)
"z 70
[Z ]2
Y 01
II"I]_ Z
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14.

Ans.

Sol.

L ok

|n1 70
There is no reflection to left to A so
z, =7,

11

z, =50

So,
(30)°
70
(30)* x50
70

/50
Z,;, =30,/=—
01 70

Zo1 = 30 x .85
Zo1 = 25.35Q

(Zy,)" =50

Zo1 =

For circuit Diode is ideal plot Vo versus Vi is

[ S A

L 4

B
10x2

Voltage at cathode terminal =

So, for Vi (anode)< 5V
Diode is open circuit
Vo = Vi

v. A ..
B. ':
st
5 10
D. None
5V

For Vi (anode)> 5V diode is short circuit

So, Circuit will be

10
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15.

Ans.

Sol.

16.

Ans.

Sol.

[ | [
3__§2I-cQ - éi“‘Q

C2k0 .

Vo

Write KCL,

Vo Vo-10 V-V
2K 2kQ 1kO

Vo + Vo - 10 + 2Vo - 2Vi =
4Vo - 2Vi = 10

4Vo = 2Vi + 10
Vo=.5Vi+ 2.5

So, If Vi = 10

Vo=7.5vVv

@oyys

A sum of money is to be distributed among P, Q, R, and S in the proportion 5 : 2 : 4 : 3,

respectively. If R gets ¥ 1000 more than S, what is the share of Q (in ¥)?

A. 500

C. 1500

D
P:Q:R:S=5:2:4:3
Money of P = 5x

Money of Q = 2x

Money of R = 4x

Money of S = 3x

Money of R = 1000 + Money of S
i.e. 4x = 1000 + 3x

x = 1000

Now, Money of Q = 2x

= 2000

B. 1000
D. 2000

If the vectors (1.0, -1.0, 2.0), (7.0, 3.0, x) and (2.0, 3.0, 1.0) in R3 are linearly dependent the

value of x is

8

Given vectors are
x1=[1-12]

x2 = [7, 3 X]

x3 =1[231]

are linearly dependent
Let,

A= XDGXS |

11
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17.

Ans.

Sol.

18.

1 7 2

A=1]-1 3 3]

2 x llzxs
Rank (A) < order of 3
~rank (A) <3
= A should be singular matrix |[A] =0

1 7 2
=|(-1 3 3[=0

2 x 1

>1x(3-3x)-7x(-1-6)+2x(-x-6)=0
=>-5x4+40=>x=8

E BYJU'S

A digital transmission system uses a (7,4) systematic linear Hamming code for transmitting data

over a noisy channel. If three of the message —codeword pairs in this code (mi ; c¢) where ¢ is

the codeword corresponding to the i message mi, are known to be (1100;0101100),
(1110;0011110) and (0110 ; 1000110), then which of the following is a valid codeword in this

code?

A. 0110100 B. 1011010
C. 0001011 D. 1101001
C

Given code is systematic linear hamming code of order (7, 4)
Given message and code word pairs are

1100; 0101100

1110; 0011110

0110; 1000110

The code word is of the form

p1 p2 p3 di1 d2 ds d4

where P1 = d1@d.Pd4

P2 = d2@®ds@Pds

Ps = di®d2pds

The code word which satisfies this pattern is 0001011

-~ option 'C’ (or) option ‘3’ is answer.

Find resp. of Vc ic, & Vx when initial voltage of cap. Is 3V.

L |2
= 6Q 80 = ——
* | Ve | -SF
Vv, 2Q
- |
A. Vc(t)= 3&“”2, ic (t)=—0.75 e 12 B. V¢ (t) - ﬁe—tfl’ ic (t) - 2e—tf’2
V, (t) = E o t/2 Vy (t) =3 e2
8 4
C.Ve(t)=4e™ ic(t)=15e"? D. None

Vi (t)=1.5e?

12
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Ans. A
Sol.

= 80

a0 = —— .5F

In steady state cap. Without source
Vc = 0 (cap. Discharge through R)
Vc (07) = Vc (0%) = 3V (given)

Req = 8| |8 =4
Cap. Is without source.
Ve =3e4x:5

Vc(t]=3e_%

Ccdv d _tn
i-r=———=.5x3—¢e
C7 4t dt
ic=—75e_%

_chz
X7 642

Vo 3 -

E BYJU'S

19. An 8 bit digital data 10101100 is fed to an DAC. The reference voltage is +5V. Analog output

voltage will be:
A. 1.05
C. 4.5
Ans. B
Sol. n=38
i/p = 10101100 = (172)10
Vour = Ve
2" -1
_5x172 5x172
2° -1 255

_ 860 _ 3.372

~ 255

x172
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20. The state equation Of LTI system is represented by
)n( _ 0 1 X+ 01 U
-4 0 1 0]

Eigen value are

A -1, +1 B. -1, -1

C.x2j D. None
Ans. C
Sol. For Eigen value,

[ISI-Al =0

s -1

(SI—l):{4 s_|

ISI-A|l =S+ 4

[ISI-Al =0

S2+4=0

S?2=-4,S=+=2j

21. Given L‘l{ 3s+4 }

s +4s+(k-2)s
if limf(t) =1, then value of k is

X—0

Al
C.3
Ans. B
Sol. Itimof(t) =I5iggsF(s)

lim s - (st 4) =1
50 s[s4 4+ (k—2)]
; 35+ 4 _
I iarr—2 !
A
k=2

4=4+k-2=k=2

22. A ideal long silicon pn junction diode is shown in fig. The n-region is doped with 10 organic
atoms per cm? and the p - region is doped with 5 x 10'® boron atoms per cm3. The minority
carrier lifetime of holes are 10®seconds and diffusion constant is Dn = 23 cm?/s and
Dp = 8 cm?/s .

The forward-bias voltage is Va = 0.61V

— ] w ly———
V.o—e p o
x=10 X—

14
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Ans.

Sol.

23.

Ans.

Sol.

E BYJU'S

The excess hole concentration is

A. 6.8 x 1012 2#*cm=3, x =2 0 B. 6.8 x 101%2e?**cm=3, x 2 0
C.3.8 x 10™e 3> cm=3, x>0 D. 3.8 x 10'4e33% cm=3,x =20
D

Epn =DPn — Pno = Pro [E% -1 lE_(ﬁ)‘

_nf (1sx 1010)*

Pro=pno=" oo = 2.25 x 10*em™3

Lp=/DyT,, =V8x 1078 =2.83 x 10*cm

Sp, = 2.25 x 10* [e(m)‘”] [E_(z.ga:m_“):l = 3.8 x 101%e~333% o3

The electrical system shown in the figure converts input source current is(t) to output voltage
Vo(t)

i(t)
i1H—
|| v,(t)
e Ll
i‘(t)CD v(t)== 5%1 o
<

.|||I_|

Current i(t) in the inductor and voltage vc(t) across the capacitor are taken as the state
variables, both assumed to be initially equal to zero, i.e., iL(0) = 0 and vo(0) = 0 The system is
A. neither state controllable nor observable

B. completely state controllable but not observable

C. completely observable but not state controllable

D. completely state controllable as well as completely observable

A

v
i =i +—=
s L 1
di
i IL+Ld_tL: - (1)
Y
IS:IC+TC
d Ve
i.=C—£ .
¢ dt
Let iL = X1
Ve = X2
is = u = input
d
L—x, +x,=u
1.> de '
X'l__TX1+Eu

15
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d
C—X, +X%X;,=U

2. dt
. 1 1
XQZ—EXQ-I-EU

Output, y(t) = Vc(t) = x2(t)

So, we have

1 ’ PR
-= 0 (1
- "
X = 1 X + y u
0 -= .
\ C, h Cz
Yy = X2
y =(01)x
Putting L = 1H and C = 1F we get
10 ] 1\]
X = x+‘ u
'\0 _1, '\1,
Yy = X2
y=(01)x

Controllability Matrix
Sz[B AB| = 1 _1[

- |1 -1}
|S| = 0 = uncontrollable

Observability Matrix
V= € ]: 0 1
CA 0 —1J

|[V] = 0 = unobservable

24.
= 200
1o0v (%
CD =200
i(t) '
30Q
Find i(0~) and i(0")
A. 2A, 10/7A B. 6 A, 20/7A
C.2.5A, 20/7A D.4.5A, 10/7A
Ans. C

16
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Sol.
at t=0-
200
-\;-'i'=u
AP 200
100V t:) (o) 1 200
=20
i(t)
AV
300
Lis S.C.
<t> 100V 2005 200 =
.8 AW ’
i) 300
_ 100
() =5
=2.5A
L(07)=2.5A
att=0*
I
2.5A §=- 200
@ 100V L [:
= 2028 = 200
- .\.‘ '.\‘.'.'!L |
i(t) 30Q
Va_100+2.5 Va_ o
0
100
Va = ?
i(o+) - 2.5+ 71020
bt
( 1
- 2.5\ 1+ _J
\ 7
8x2.5
7
(0%) - 20.0 ,
7

BYJU'S
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25. An air filled rectangular wave guide is operating at 6 GHz with dominant propagating inside it.

byjusexamprep.com

If the wavelength inside the wave guide is 6cm, then the wave impedance of the mode is given

by Q.

A. 245.6 B. 345.6

C.452.4 D. 568.6
Ans. C

Sol. Given, f = 6GHz

c

_,;_=—=

= f

A =0cm

B

L

CiH

Mode = TE1o
Wave impedance

e 1205 %8
A 2

7., =45240

Moz =1

26. A message signal m(t) and a carrier signal C(t) are applied to an amplitude modulation shown
mit) _; x(t) NDn‘—Linear vt} (dlzal 5(t)
2 , AM signal
j

Clt) = cos2nfct

The message signal m(t) is band-limited to fm, where fc>> 3fm. The BPF has a unity passband gain
over a Bandwidth of 2fm centred at fc. The input-output characteristic of non-linear device is y(t)
= 8x(t) + 2x?(t). If average power of message signal m(t) is 16W, find the % transmission
efficiency of resultant AM signal.

A. 40 B. 60
C. 80 D. 90
Ans. C

Sol. x(t) = m(t) + cos2nfct
y(t) = 8x(t) + 2x3(t)
= 8[m(t) + cos2nfct] + 2[m(t) + cos2nf.t]?
= 8 m(t) + 8cos2nft + 2m?(t) + 2cos?2nft + 4m(t) cos2nfct
After passing through BPF, we get
y(t) = 8cos2nfct + 4m(t) cos2nfct

[ Im|t) |
=3 1= cos2mft
[ 5| c

The amplitude sensitivity of resultant AM signal is K, = %V‘l

The transmission efficiency of resultant AM signal is

18


https://byjusexamprep.com/

@oyys

byjusexamprep.com

s

( .
%1 =] ——"—=100 |%

Pm = message signal power = 16W

1
%n= —213
1+ = | x16

« 100% = 80%

27. How many 1’s are present in binary representation of

7x64+5x%x8+3

A. 8 B. 9
C.7 D. 10
Ans. C

Sol. (22+2+1)x20+ (22+1)x23+(2+1)
28 + 27 + 26 4254+ 23 + 21 + 20
111101011
So, Ansis 7
28. X is random variable with uniform probability density function in the interval [-2, 10]. For

Y = 2X -6, the conditional probability P(Y < 7|X = 5) (rounded off to three decimal places) is

Ans. 0.3
Sol. Given (0.3 to 0.3)
[1/12 2 <x<10

fe (x) ="
x (%) [ 0 otherwise
Asy =2x -6
So,
, 1/24 -10<x=<14
£ (y)=1
v (Y) | o otherwise

Ifx25theny =>4
So,P(y £7/x=25)=P(Y £7/y =24)

P(4=<y=<
_PE=y=7) 3 43
P(4<y=<14) 10
1/24“ 4<y<7
7
-10 0 4 7 14

19
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29. The block diagram of a closed-loop control system is shown in the figure. R(s), Y(s), and D(s)
are the Laplace transforms of the time-domain signals r(t), y(t), and d(t), respectively. Let the

error signal be defined as e(t) = r(t) — y(t). Assuming the reference input r(t) = 0 for all t, the

steady-state error e(o), due to a unit step disturbance d(t), is (rounded off to two decimal

places).

=
s(s+10)

+¥Y(s)

Ans. [- 0.11 to - 0.09]
Sol.

s(s+10) +¥is)

1
G,(s)=10, %"= 5710
Eis) -G, (s
D[s]_1+Gllslelsl
-1
sis+10!)
- { 1 0
1+ 10x ——— |
L s(s+10))
\ -1
52 +10s+10
D[s]:l
S (Given in the question)
e_=limelt) =limsE(s)
== t—m s5—=0
I A
5:1:[—1]
. s/
e__=I|m2—
= =0g°+10s+ 10
-1
e__z_
= 10
e _=-0.1

30. The magnetic field of a uniform plane wave in vacuum is given by
H(x,y,z,t) = (&, + 23, +b3,)cos(et + 3x —y - 2)

The value of b is .......
Ans. 1

20
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Sol.

31.

Ans.

Sol.

Given,
H(x,y,zt) = (éx +2ay +b+éz)-cos(c-3t+3x—y—z)A /m

For a uniform wave,

k-Ho =0,k-Eo =0, Eo-Ho = 0

i.e., E, H and K are mutually perpendicular to each other.

(K is the vector along the direction of wave propagation)

Comparing the given expression of H with the standard expression.

k=3 8-y - &

And,

Ho = ('éx + 2éy + béz)

Then,

kiHo=3-2-b=0

>b=1

A sinusoidal message signal having root mean square value of 4 V and frequency of 1 kHz is fed
to a phase modulator with phase deviation constant 2 rad/volt. If the carrier signal is
c(t) = 2 cos (2n10°%t), the maximum instantaneous frequency of the phase modulated signal

(rounded off to one decimal place) is KHz.
[1010 to 1013]
m(t)rms= 4V
%m(t) = 442 x27x10° cos (27 x 10°t,
m(t) = 442
dm(t -
”;t( ]=4\/§x2n><10~"

Kp =2 rad/ volt

PM: 6(t) = we t+ kem(t)

dm(t)
wi(t) = we + kp dt
K, [dm(t)]
_e .
aximum = fe + 57 { dt
fnm.r = 1000 % 10° + 2% X 4./2 %27 % 10° Hz

fuaximum = (1000 +8v2 |kHz

fraximum = (1000 +11.3137)kHz
frasimum = 1011.3137 kHz
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32. A germanium sample of dimensions 1 cm x 1 cm is illuminated with a 20 mW, 600 nm laser
light source as shown in the figure. The illuminated sample surface has a 100 nm of loss-less
Silicon dioxide layer that reflects one-fourth of the incident light. From the remaining light, one-
third of the power is reflected from the Silicon dixodie-Germanium interface, one-third is
absorbed in the Germanium layer, and one-third is transmitted through the other side of the
sample. If the absorption coefficient of Germanium at 600 nm is 3 x 10* cm™ and the bandgap

is 0.66 eV, the thickness of the Germanium layer, rounded off to 3 decimal places, is pm.

Ans. [0.230 to 0.231]

Sol. Pabsorbed = Pincident (1 — €7* X)
1/3=(2/3)(1 —e=*)
ex*=0.5

now « = 3 x 104 cm™!

-In(0.5)
SX=———
3x10
~ X =0.231 pm
33. Consider the circuit shown with an ideal OPAMP. The output voltage Vo is V (rounded off to

two decimal places).
3R

ok
ey

+15V

T 416V = s16v - in
v o 2gx1.6-2', x1.6 - 2°b, x1.6+ 2%, x 1.6
in 24
( ) )
_ 1«1.6V 164x1.6V _ 05V

22
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Now we get,

R
l'l'l'l'
R 2R
—s V,
V,, = 0.5V
v, =R .05--0.5v
3R

Hence, the correct answer is - 0.5V.
34. Consider a unity feedback system as in the figure shown

X(y) + % . Yiy)
-% -, J G-+

1

s> +3s+2

with transfer function as G(s) = , where K > 0,

Find the positive value of K for which there are exactly two poles of the unity feedback system

on the jw axis is equal to (rounded off to two decimal places).
Ans. 6
Sol. Overall
K
Ge(s)=

5(52 +3s +2:)

sq(s)=s" 435" +25+k =0

~ & M

1
s2 |3
6_

3
k

Auxiliary equation is 3s> + k = 0
And for roots on imaginary axis s! row = 0
6—k
. — 0
3
35. The switch in the circuit in the figure is in position P for a long time and moved to position Q at
timet=0

5 kQ Py —
ANV t=0 5 kQ

Q

10 kQ
E 20 kQ v(t) == 1 mF

20v ()

AbAA

0.1 mH

23
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dv(t)

The value of att=0tis
A.-5V/s B.3V/s
C.-3V/s D.0V/s
Ans. C
Sol. Att=0"
5k P
A"‘Y‘T‘Y 5kn
4b
| 3 10kQ
> Q + b=
20 (D $20ka V,(0) o/c |
Volt z s/cl i.(07)
R 20
i (07) = >0 imA
V.(0") =20 22 — 10volt
20
P
MW—o 5ka

AAAA

20 (”_’)

Volt imA

iC(O')+%+1=0

= i.(07) = -3mA

dv.(07) _ic(07) _ 3mA _ -3volt/sec
dt C imF

36. A simple closed path C in the complex plane is shown in the figure. If

. 2F
——dz=-itA
fezz 1
Where | = ~-1 , then the value of A is (rounded off to two decimal places).

Im(z)

©,0) |10  Re@

+

Ans. [0.5 to 0.5]

24


https://byjusexamprep.com/

byjusexamprep.com

Sol.

37.

Ans.

Sol.

38.

Ans.

Sol.

BERLS

22

?:Zz_ld}( =—itA
1. 2
LHS dz==¢ -z
i 7 -1 2 i z° - i ral
For pole z = 1 does not lie inside the close path counter so apply cauchy’s integral theorem
Z = -1 lie inside the close path C. So —1'{- Z dz——lx?_ﬂxz‘l = —nli
B Pat = =0 T ¥z 1t T e -7
1, =z 1; -1
== dz——: dz=0+_—"ni
= z2 - 2 E - 2 F: -1 2
A=0.5
The stack pointer of an 8085 micro-processor is ABCDH. At the end of execution of the

sequence of instructions, what will be the content of the stack pointer?
PUSH PSW
XTHL
PUSH D
JMP FC70H
A. ABCBH
C. ABC9H
C

Push instruction decreases the stack pointer by 2.

B. ABCAH
D. ABC8H

. Two push instruction in programme decrement it by 4.

. SP = ABCD - 4 = ABC9H

The Nyquist sampling rate of the signal x(t) = 4 Sinc? (10%) sinc?(106t) is
decimal points)

[2.01 to 2.09]

MHz (upto two

sin ct 4&. rect(f)

1
sin c(10°'t) «—» rect[f/10'] «—»
» f(kHz)
-5
k
sin c’(lo't)qﬁr
» f(kHz)
-10
4k
4sin ¢’(10°t) PLILLEN
» f(kHz)
=10
Kl
sin ¢’(10°t) cret
» f(kHz)
-1000 1000

25
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fmax = 1000 +10

= 1010 KHz

= 1.01 MHz

Nyquist sampling rate fsmin) = 2fmax
= 2 (1010) KHz

= 2.02 MHz

39. The electric field in free space is given by E = 100 cos(108 + % X) ay V/m. Calculate the time it

take to travel a distance of /2.

A. 30 ns B. 31 ns
C.31.42 ns D. 32 ns
Ans. C

Sol. Distance = %

Wave Traveling at speed of light C = 3 x 108 m/s.
So, Distance = Speed x Time

E_:CYT

—H N

C
. 2n
b= —
p

(o
E=100c05‘10t+§x ay

1

So, ==

P 3
)._=2Tﬂ= b

3
AL=6n
T 6n

2><(_3><108)
T=31.42ns

40. The state space representation of a control system is given by
X1 10 1 X1 0 ,
[x2 - [—2 —3] [xz] + [1] us
1
x(0) =[] 5

v=tt o [2]

The transfer function of above system will be

1 1
.2— B.z—
s +3s+2 s“+6s+4

4 6
.2— D.2—
s°+3s+8 S°+6s+8

26
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Ans.

Sol.

41.

Ans.

Sol.

42.

Ans.

Sol.

A

Transfer function

Yes) )
E—T(S) —C[S[—A] 1B'l‘;D

=i oy [

o P

(s+1)(s+2)
_ 1
s+ 3542

E BYJU'S

A silicon NMOS has gate width 95 ym length 1.5 um, tox = 0.2 um. Relative permittivity of oxide

is 3.9, pn = 0.08 m?/v-s. Calculate the trans conductance of device in triode region for drain

voltage of 2V.

A. 6.9 x 107%S
C. 1.749 x 1073S
C

Given that,
L=1.5pm

W =95 pum

tox = 0.2 ym

3.9x8.85x10712
0.2x10°

Eox
* Cox - t_ -
ox

Cox = 1.7265 x 10™* F/m?

In triode region

W
g= -un Cox T'VDS
=0.08x1.7265 « 10~ x 195; .

g =1.749 x 103S

X

1
The value of J'ZXe—dx
e +1

A. tan + X
(e) 1

c. X

4
B
Pute* =t
eXdx = dt
limit
x=0,t=1

x=1,t=e

B. 6.9 x 1072S

D. 1.45 x 107°S

B. tan! (e) - ~
(e) 1

D. tan () + =
(e) >

27
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So, ! tz%dt
= [tan t];
= tan~!(e) - tan"(1)
= tan~!(e) - n/4
43. In the voltage regulator shown below, Vi is the unregulated at 15 V. Assume Vge = 0.7 V and

the base current is negligible for both the BJTs. If the regulated output Vo is 9 V, the value of

Rz is ....... Q
V, =15V Vo= 9V
< <
S =1kQ S
t 3 3 = 1ka
<
R,=3.3V ZR2
Ans. 800
Sol.
V, = 15V -y
\ 7k
‘P
2R, =1K 3
b'd <R, =1KQ
s

/

s
v, =3.3V 3R

Voltage Vs = Vz+Vse

= 3.3+ 0.7
Ve = 4V ...(i)
I= 9;4
1K
I=5mA
Since base cement is negligible,
VB = 9 x RZ
Ry +R,
R R, = 8000
1K +R,

28
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equivalent resistance of the following circuit is

E BYJU'S

44. Using the incremental low frequency small-signal model of the MOS device, the Norton

A. rds + R + gmrdasR

C.ras + R

Ans. B

gmf rds
Sol.

+R
1+ gmrds

e+
B I’-ds
G
1 vV,

m

1
D. r,+—+R
g
<&
>3
9.V, 3"
I |

T

Viest = —Vgs

= rds (Itest — gmVtest) + ItestR

Viest(14+gmrds) = Itest(rds + R)
Vtest -R
Itest

Fds +R

B 1+ Imlds

45. A solar cell of area 1.0 cm?, operating at 1.0 sun intensity, has a short circuit current of 20 mA,
0.2 sun intensity is .
Ans. [0.59 to 0.63]

29

and an open circuit voltage of 0.65 V. Assuming room temperature operation and thermal

equivalent voltage of 26 mV, the open circuit voltage (in volts, correct to two decimal places) at
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Sol.

46.

Ans.

Sol.

47.

For solar cell open circuit voltage is given by,

CI
V. = VT.I’H | ? l

0

@oyys

Since, the Current through the solar cell is directly proportional to intensity of light,

ey |

Ve = Viory = Vrfn: =V.In

V.., =V,., —0.026/n(5)

=0.65-0.041845=0.608 V

Voc2 = 0.608 V.

(0.20)
I, 1.0

Let x,(t) =efu(t) and x,(t) =u(t)-u(t-2), where u(.) denotes the unit step function. If y(t)

denotes the convolution of x:(t) and x.(t), then Itim y(t) =

decimal place).
[0 to 0]

X (t)=etult)

X (t=ult)-ult-2)
y (b =x (t)=x (t)
By applying Laplace transform

1 1-e7

Yls'lle[sl-){z(s)=(5+1_l .

By applying final value theorem,

: : (1-e2)
y(t)],_. =limsY(s) = |5|r_"|;||\ =1

=0
Alternate Method:

y(t) = xu(t) * Xa(t)

=eu(t) * [u(t) - u(t - 2)]
=etu(t) * u(t) - etu(t) * u(t - 2)

t-2

. (Rounded off to one

_ i eu(D)dt - | e tu(t)dt [u(t) is the impulse response of an integrator]

- —at

y(t) = [1 - eJu(t) - [1 - e“2]u(t - 2)

y(0) =[1-0]1-[1-0]1=0

In the circuit shown below, the (W/L) value for Mz is twice that for M1. The two NMOS transistors

are otherwise identical. The threshold voltage V1 for both transistors is 1.0 V. Note

that Ves for M2 must be > 1.0 V.
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Fy
¥
1

Hl M)

R._"r

Current through the nMOS transistors can be modeled as
W 1.,
IDS = Hcox (T) ((VGS - VT)VDS - EVDS) for VDS < VGS - VT

V.. -V
Ips = nCoy (%j(GSZ—T) for Vs = Vgs — Vr

The voltage (in volts, accurate to two decimal places) at Vx is
Ans. [0.3 to 0.5]
Sol. The device constant Kn,
K _ 40 Cor (W)
g 2 L)

Given that,

Then,
K. =2K

n2 nl
For M1
Ve, -V, =2-1=1V
Now, for M2
Viee-Vo=2-V, -1=1V-V <1V
Vosz = (3.3 -V, ) » (Ve — V5 |
Here, clearly M1 will be in linear region and M2 will be in saturation region. But current across
them would be same,
ID_' = ID_'

r"<-.r.1 [2 | Il"‘::51 - VT | Il“{151 _V§51] = Kr.2|VG52 _V:T |2

K:[202-1)V, -VZ]=2K, (2-V, -1)
2V, -VP=2(1+VZ-2V | =2V> -4V, +2

W26V, +2=0 ; V-2V, +2=0
)

V, =1z 4_2—1 Ly

TN 43 T3

Ve, =(2-V, )2V, = (1-V, =0

So, the only valid value, V, =1 —\E = 0.4226 'V
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48.

Ans.

Sol.

49.

Ans.

Sol.

50.

Ans.

Sol.

2
S(s+2)

A sinusoidal input x(t) = 2sin(2t) is applied to system with transfer function P(s) =

Determine steady state o/p.

A. 2 sin(2t + 45°) B. .707 sin(2t - 135°)
C. .5 sin(2t - 90°) D. .707 sin(2t - 90°)
B
X(t) = A Sin (Wt)
W=2,6A=2
Calculate magnitude and phase at w = 2 of system
Magnitude = 2
2(2)" +(2)
1
N

Phase = -90° - tan! (2/2)
= - 90° - 45° = - 135°
So, o/p will be

y(t) = 2><i sin(2t - 135°)

J8
Y(t) = .707 sin(2t - 135°)
The function f(x) = x?2 - x = 2 the maximum value of f(x) at value of x in closed internal [-2, 2]

is
A. .5 B. -2
C.2 D.0
B

f(-2) = (-2)>-(-2) - 2
f(-2)=4+2-2

f(-2) =4
f(2) = (2)2-2-2
=4-4
f(2) = 0

So, maximum value of f(x) at value of x = -2

A causal LTI system described by the difference equation:
Yy(nN)=y(-1)+y{Mn-2)+x(n-1)

The impulse response of the system is h(n). Then the value of h(1) =
[0.95 to 1.05]

Given difference equation is:

yin)=y(nh-1+yn-2)+x(n-1)

Applying Z-transform to this equation,
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=Y(2) =z Y(@) + z7%2Y(z) + z7X(2)

Y(z) z !

= H = =

@) X(z) 1—z1-—z2

Z

=>H =

@) z2—z-1

0.447z 0.447z

= H(z) =

z—1.618 z+0.618
= h(n) = 0.447(1.618)"u(n) — 0.447(—-0.618)"u(n)
= h(1) = 0.447 x 1.618 — 0.447(—0.618)
h(1) =1
51. The voltage and current associated with a load is V = 100£30°, I = 52-30°.
Then which of the following are true?
A. the power factor of the load is 0.5 lag
B. the power factor of the load is 0.5866 lag
C. the active power of load is 250 W
D. the active power of load is 500 W

Ans. A, C
Sol. Given: V = 100£30°,1 = 52-30°
=S=VI"

= S =(100430°)(5430°)

= S = 5004£60°

Here ¢ = 60°

= pf = cos@ = cos60° = 0.5 lag

Since, current lags the voltage in this load.
The active power of the load is given by:

P = Scosg = 500 x 0.5 = 250 W

52. An engineer needs to make an RC high pass filter. He has one 10PF capacitor, one 30PF capacitor,
one 1.8KQ resistor and one 3.3KQ resistor available. The greatest cutoff frequency (in MHz)
possibleis__

Ans. [18 to 19]

Sol. Cut-off frequency of HP filter is given by:

1

f=
2mRC
So, to get the maximum cutoff frequency, the values of R and C should be as low as possible.

So the two resistors should be connected in parallel.

_1.8x33
47 1.8+ 3.3

Also, the two capacitors should be connected in series.

=R = 1.1647 KQ
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= (o = M =7.5PF

“4 10+ 30
So, the greatest cutoff frequency is given by:
¢ 1 1

T 2MR,Coq 2T * 11647 ¥ 103 ¥ 7.5 x 1012

= f = 18.2 MHz
53. Let x(t)= %[1 —et]u(t). Then the value of Laplace transform of function at s = 1 is

Ans. [0.67 to 0.71]
Sol. Let, y(t) =[1 —e "Ju(t)

= x(0) = 7y(®

= X(s) = f Y(s)ds

s

1 1
Ys)=———
(s) s s+1

oo

ml 1
:X(s)=[§ds—f ds

s+1

s

= X(s) = —In(s) +In(s + 1)

X(s) = In (S il 1)

%), A= In @ =G

= X(s = 1) = 0.693

54. The value of R for which the circuit resonates is?

Ae
10Q %/
_jo

jioQ
B‘
A.8Q B. 12 Q
C.16 Q D.6Q
Ans. D

Sol. When a circuit resonates at a particular frequency, at that frequency the imaginary part of

impedance or admittance of the network is zero.

1 1
= Yap =
AB 10+j10+R—j2
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v _10-j10 | R+j2
AB T 102 + 102 " R2 4 22

v 10 R ( 10 2 )
AB 200 TRZ+4 I\200 RZ+4
Now equate the imaginary part to zero.
- 10 2 0
200 RZ+4
= R*+4 =40
= R? =36
=>R=6(
55. A unity feedback system has open transfer function G(s) = L A PID controller having
(s+4)(s+5)

transfer function G_(s) =(kp + sk, +£j is introduced to improve the steady state as well as
S

transient performance. For what value of ki, the steady state error is 10% for unit ramp input?

A. 1l B. 2
C.3 D. 4
Ans. D

Sol. The open loop transfer function with controller is given by:

50 k;
G(s)with compensator — m * (kp + 5kd + ?)

50(s%kq + sk, + k;)

G(s =
(Swe s(s+4)(s+5)
A 1
T O TR TH0xK
4 %5

Given % €ss = 10%
=0.1= <

50k
=k =4

56. The position of a particle y(t) is described by the differential equation:

dy __dy Sy
dt? dt 4

The initial conditions are y(0) = 1 and ?TI 0. The position (accurate to two decimal places) of
t=0

the particleatt =n is .
Ans. - 0.21
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Sol. Given condition,

2
dy+dy+5yzo

de? dr 4
yiol=1
y'(0)=0

This can be solved easily in laplace domain,

52Y|s|—5|1|+s‘r’|s|—1+§‘r’|sl =0

s5+1 s5+1
Y(s)= 5 7 Z
S5+ sillg
4 1772)
5+1} 1
F 1 2 F 1 Z
l5+§i+1 15+§i+1

By taking inverse Laplace transform we get y(t),

¥ (L) =e‘f-"2;c05|t|%sin|t|| =0

Now its value at t=n,
y(t=n)=e"?[(-1)=(0)] ="
=-0.2078 =-0.21
57. A curve passes through the point (x = 1, y = 0)and satisfies the differential
2 2
equation dy S + Y, The equation that describes the curve is
dx 2y X
2 1 2
A. In Y l-x-1 B. =In Y l-ox-1
[1+5) )
C. In(1+1)=x—1 D. lIn[1+xj=x—1
X 2 X
Ans. A

Sol. Given Differential equation,

dy _X+y* |y
dx 2y X

We need to use suitable substitution here,

put, Y -t
X
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dy dt
o kel
oy +de
dt x  tx
1ex X X
Kax T 2T
XE—XIIL-FE:
dx 2t 2/
dt f1+£2)
X— =X
dx L2t
[ ztzdt=|'dx+(:
1+t .
In1+t7)=x+C
=Y
X

After simplification we obtain the following relation,

¢ 27
n1+Y_  =x+cC

xZ |
Given that the curve passes through points,
x =1, y = 0, we can obtain the value of constant C.
mf1+%j=m|1| =0=1+C

C=-1

f 2
So, In 1+y_2j=x—1

Se

58. Consider a white Gaussian noise process N(t) with two-sided power spectral density

_t2
Sn(f) = 0.5 W/Hz as input to a filter with impulse response 0.5e 2 (where tis in seconds)

resulting in output Y(t). The power in Y(t) in watts is

A.0.11 B. 0.22
C. 0.33 D. 0.44
Ans. B

Sol. Power Spectral Density of noise input,
Sylf)=0.5 W/Hz

Power of y(t),

P = [ s, (FH(Ffdf
=050 [ |H(FIf df =0.50 ] |h(F ) de

Given the impulse response of the filter being used,
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59.

Ans.

Sol.

1 -,
hit)=ze7'2
N 2E'
So,
@ T -
p-1ilteerla_ L] evar
¥ 2_.:;2 | 8_-:
T
=—=022W
3

Let c(t) = A cos(2nf.t) and m(t) = cos(2xnf t). It is given that fc > > 5fm. The signal c(t) + m(t) is
applied to the input of a non-linear device, whose output vo(t)is related to the
input vi(t) as v,(t)av,(t) + bv’(t), where a and b are positive constants. The output of the non-

linear device is passed through an ideal band-pass filter with center frequency f. and
bandwidth 3fm, to produce an amplitude modulated (AM) wave. If it is desired to have the

sideband power of the AM wave to be half of the carrier power, then a/b is

A. 0.25 B. 0.5
C.1 D. 2
D

According to given input signal, we can obtain an output signal as follows,
v (t)=A cos|2aft)+cos|2af,t)

v, (t)=av,(t)+bvi(t)

=[aA, cos(2xft)+acos(2af t)|+b

[AZcos?(2xft) + cos® (2af,t) +2A. cos

(27ft)cos(2af_t)]

When the signal is passed through given Band Pass Filter,
y(t)=aA cos2aft +2bA cos(2xft)
cos|2af,t)

=ad [1 + & Cos |_2,Tfmt'|} cos(2aft)
c = . c

The Modulation index can be obtained through output of the BPF,

_%

H
We have been given in the problem statement that Side Band contains half the carrier power,

el
i 1
P.=_P =P
=B 2 C 2 C

So, wr=1=u=1

Comparing with the value obtained in form of a and b,

2
=5

1
a_s
b
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60.

Ans.

Sol.

61.

Ans.

Sol.

BERLS

The distance (in meters) a wave has to propagate in a medium having a skin depth of 0.1 m so

that the amplitude of the wave attenuates by 20 dB, is

A.0.12 B. 0.23
C. 0.46 D. 2.3
B

Attenuation constant is related with skin depth as follows, And according to given condition of
20 dB attenuation we can get required depth by following calculation,
1

=——— =10 Np/m
skin depth P/
20log,, g =20 dB
E, E,
2 =10=(E,|==%
E - 7%=
E =Ee™ =Ee? 5
10
e—lezi

10
X :%Imlﬂl =0.23m

A circuit and the characteristics of the diode (D) in it are shown. The ratio of the minimum to

. : NV, .
the maximum small signal voltage gain 6TOUt in (rounded off to two decimal places).
in
2kQ 2kQ
+ AMAM AAAA
b YYYy A\AAAJ
__H_
Vi 5 D e
2kQ S
Vout <
_Y -
I_D._ D
D
+ o -
- v
< 20 o
E
2 10
0
0.7 V, (V)
[0.7 to 0.8]

Given circuit is shown below,

2kQ 2kQ

+ FYYTY FYYYY

A Yy yyy
vin + D 4:

Vout S2kQ
- <
3 [
Figure (a)

And diode characteristics is,
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Ip(mA)

1

10

>V, = (volt)

CI:?
Figure (b)

Replacing the circuit in figure (a) with the small signal equivalent

2kQ 2kQ

A AAAA
Yvy ryyy

]
AAAA
rYyy

+ o

v

o f
Case 1: When diode ON

As rd(ON) = 0, the 2kQ resistor in parallel to the diode becomes short circuit.

>
> 2kQ)
>

AAAA

out

V — 1“"’;npuﬂ: . 2 — ‘Vi'nput
ot 4 2
eV, B 1
eV | .. 2

Case 2: When diode OFF
As rd(OFF) = infinite, the equivalent resistance will 2kQ + 2kQ + 2kQ = 6kQ

V = 4 \'{input

Vo = = -
2+2+2 3

av_, 2

Voo | 3

avoul: 1

eV | 5 3
Clnlon 2 _1.3_4 75
c Vout % Ve

eV o 3

Hence, Correct answer is 0.75
62. A lossy transmission line has resistance per unit length R = 0.05 O/m. The line is distortionless

and has characteristic impedance of 50Q. The attenuation constant (in Np/m, correct to three
decimal places) of the line is

Ans. 0.001
Sol. The following condition is true for a distortion-less transmission line,

L_¢
R G
Propagation constant is given by,

v=a+ Jf= \[| R+ jol)|G+ jaC)

=4RG'1+jm%f
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63.

Ans.

Sol.

And the attenuation constant, which is real part of the propagation constant,

o =-{RG

Characteristic impedance,

7 (R+jol) _\/ﬁ

> {[G+JjeC) VG

<R
-z
So,
a:ﬁ.ﬁzizﬂ-cﬁzﬂ.ﬂi

20 zo SD 1D

=0.001Np/m

ERS

A p-type semiconductor with zero electric field is under illumination (low level injection) in steady

state condition. Excess minority carrier density is zero at x = +2/,, where /» =10* cm is the

diffusion length of electrons. Assume electronic charge, g = —1.6 x 101°C. The profiles of photo-

generation rate of carriers and the recombination rate of excess minority carriers (R) are shown.

Under these conditions, the magnitude of the current density due to the photo-generated

electrons at x = +2/n is

Semiconductor —»

P
]

Photo generation ----- - : -- 10
Rate (cm /)
...... =v.---0
4 : 2 - > X
=26 -4, 0 i 26,
i x: A
R =10"exp| - =
\ f'“,
EXCESS MINOFItY «rereerememnmemsans fge e 4 970
courier
recombination
-3
rate (em /s)
-0

[0.57 to 0.61]

on(x) =Rt = 10 M,

sn(ln) = 1020e (D)
|, <x <2l

Continuity equation in steady state,

AT o

DnC-Ozn—i_G_l:;{zCI
OX
Since, G:Ol |,.l = X 52|n
R =0

mA/cm? (rounded off to two decimal places).
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~ D

n

&sn 0
ex?

Whose solution is,
on(x) = Ax +B

Since at x = 2In:

én(2l )=0 (given)
0=A(2_)+B
__B
2l
B ( x|,
s on(x)=——x+B=B 1-—  ..(ii
() 2l L2 (i)

- Atx =l equation (i) = equation (ii)

10t =B/ 1- o |
o)

" B=2x10%e"r,

. on(x) = 2% 10%er, | 1—% L <x£2,

.~ Electron diffusion current density:

dn A e B
_=(;|DI_I><2><1CI2 ®eox1 | 0-—
X i 2

|Jn|dFF =4ab, q

. n.t
1.6 x10™ =« P % 2x10%" x e "
B 2l

n

=1.6x10" x| «10% xe™

21610 «1-10% xa* |, =107 cm|
= 0.588 mA/cm? = 0.59
64. In the circuit shown in figure below, identical transistors with large g value andV,, =V,, =100V

at a thermal voltage of 26 mV are used. The approximate small signal output resistance of the

circuit in KQ is .
12v

T

‘D I,=1mA

FYYYY
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Ans.

Sol.

65.

Ans.

Sol.

66.

[8.8 to 9.2]

Apply KCL at node C: :

= lgg = Iy +1gg + 1,

But given both transistors are identical,

= lref = IC2 + 2182

2
Lef = Ica [1 + E]

ll‘ef = ICZ
Vao 100
Now r,, =— =——=100KQ
Ico 1m
_ 10K+ 100K

R, =—————=9.09KQ
° 10K+ 100K

An intrinsic semiconductor is doped with an impurity concentration of 10'6/cm3. Assume the
intrinsic carrier concentration ni = 1.5 x 10'%/cm3and the thermal voltage Vr = 26 mV. The Fermi
level in doped semiconductor

A. Goes down by 0.35 eV if the impurity is 3rd group element

B. Goes up by 0.35 eV if the impurity is 3rd group element

C. Goes up by 0.35 eV if the impurity is 5th group element

D. Goes down by 0.35 eV if the impurity is 5th group element

A, C

Shift in Fermi-level is given by:

. Doping concentration
shift = KTIn ( )

Intrinsic concentration

16
= shift = 0.0261n (m)

= shift = 0.35 eV

If the impurity is 3™ group element, the resultant is a P-type semiconductor and the Fermi-level
shifts downwards.
If the impurity is 5% group element, the resultant is an N-type semiconductor and the Fermi-

level shifts upwards.

In the following circuit Vc(07) = 5V and vc(t)=§v at t = 0.1 sec, then the value of C in

uF is .

= Ve(t)

A AAAL
(o]
)

40 k 3
<
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Ans.

Sol.

67.

Ans.

Sol.

68.

Ans.

Sol.

[2.4 to 2.6]

It is a source free RC circuit; voltage across capacitor is given by:

t
Ve(@® =V (0 )e'x
Where, t = CR

5 o1
Given V.(0.1) = P 5e RC

o1
= 5e¢" ! = 5¢ RC

= RC=0.1
:>c—0'1—25 F
~a0k M

A photo diode has a quantum efficiency of 80% when photons of energy 1.6*1071°] are incident

upon it. Then the incident optical power in yW required to obtain a photocurrent of 4pA is .

[5 to 5]
Given data is:
n =80% = 0.8

E =hf=1.6%10"1°]
Responsivity of a photo diode is given by:

=1
hf

:R_O.8*1.6*10‘19_08
T 16x10"1 T

Responsivity is also given by:

R

Ip photocurrent
R=—=—=
P incident optical power
N _4*10‘6_5 -
o8 M
Consider a CMOS inverter fabricate in a 0.13um process for which Voo = 1.2V,

Vin =V, =0.4, o _ 4 and u,C,. =430pA/ V2. If the NMOS and PMOS transistor are matched,
Hp

then find the noise margin for high level and noise margin for low level respectively.

A. 0.55V and 0.65V B. 0.55V and 0.55V
C. 0.65Vand 0.55V D. 0.65V and 0.65V
B

Noise margin for high level is given by:
NMy = Vou — Vg
ButVOH = VDD =12V

1 1
Also Vg ==(5Vpp —2V,) ==(5*1.2—2%0.4) = 0.65V
IH g DD t g

= NMy =12-065=0.55V
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69.

Ans.

Sol.

70.

Ans.

Sol.

Noise margin for high level is given by:
NM,, = Vi, — VoL
But VUL =0V

1 1
Also Vi =2 (3Vpp +2V) = (3 + 1.2+ 2%0.4) = 0.55

= NM, = 0.55—0 = 0.55V

Since NMOS and PMOS are matched NMy = NM.
The impulse response of a unity feedback control system is c(t) = te"tu(t), and then which of the

following are correct?

A. CLTF = ;2 B. OLTF = 1
(s+1) S(s+2)
C. Closed loop system is stable D. Type of closed loop system is zero
A B, C
. N 1
CLTF = L[impulse response] = L[te "u(t)] = (s-l-—l)z

As the poles of closed loop system are in the left half of s-plane, it is stable.
OLTF can be found as below:
Cs)  G(s) 1 _ 1

R(s) 1+G(s) (s+1)* s2+2s+1

1+ G(s) 5
W—S +2s+1

CLTF =

1
5> ——+1=s*+2s5+1
G(5)+ s°t2s+

= G(s) = !

s(s+2)

= OLTF =

s(s+2)
Only one pole at s=0, so the type of the closed loop system is 1
For the system shown in figure below, the DC gain due to noise is

Noise (N)
R——» 1 M * 4 »C
X S+1 S+2
[0.6 to 0.7]
The transfer function is given by:
4
E _ s+ 2
N —1 4
1= [s F1°5+2
C 4(s+1)

"N GrDG+2) +4
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Ans.

Sol.

72.

Ans.

Sol.

C_ 4(s+1)

N s2+3s+6
DC gain is obtained by putting s = 0 in the TF,
40+1) 4

= in=———"=—
DCgaln = o 1 6™ 6

= DC gain = 0.67

E BYJU'S

Given that Vr = 1V, u,C,, =60uA/V?, % =40, and Io = 0.3mA and Vo = 0.4V . Then the

value of Rs is?

Iul Re
Vee=-2.5V
A. 3.3 kQ B. 4.2 kQ
C. 2.6 kQ D. 3.8 kQ
A
The transistor is in saturation region, so Ip is given by:

1 W
ID = i uncox (T) (VGS Y VT)2

1
= 0.3%10 3 = ~ 60 * 10 ° x 40 * (Vgg — Vp)?

ﬁVGS—VT=O.5V

= Vgs = 1.5V

Vg=Vg= 15V

ButVg =0V

= V= ~15V

SRg= 7255y
0.3m

The real conjugate symmetric part of signal x(t) = e®7" is

A. sinh(5t) . sin(7t) B. sinh(5t) . cos(7t)
C. cosh(5t) . cos(7t) D. cosh(5t) . sin(7t)
C

We know that conjugate symmetric part is given by:
x(t) + x"(—t)
2
e(5+7j)t + e—(5—7j)t

2

XCS (t) =

= Xes(t) =
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73.

Ans.

Sol.

e (cos(70) + jsin(7t)) + e>*(cos(7t) + jsin(7V))
2

jsi 5t —5t
= .. (1) = (cos(7v) + ]sm(27t))(e +e5Y)

= XCS (t) =

The real part of conjugate symmetric signal is:

S5ty -5t
Re(xCS (t)) = ¥ cos(7t)

= Re(xcs(t)) = cosh(5t) cos(7t)

Let h[n] be the impulse response of a discrete-time linear time invariant (LTI) filter. The
impulse response is given by

1 1

h[0] = 3 h[1] = §;h[2]= ;and h[n]=0forn<0Oandn > 2

wW|

Let H(w)be the discrete-time Fourier system transform (DTFT) of h[n], where o is the
normalized angular frequency in radians. Given that H(w)=0 and 0 < wo < =, the value of wo(in
radians) is equal to

2.094

It is given that,

h[0] = g; h[1] = 1; h[2]=

W~
W|—

h[n]=0forn < 0and n > 2.
~ h[n] = h[0]38[n] + h[1]8[n-1] + h[2]8[n-2]

%[6[n] +0[n-1] + &[n - 2]]
Apply DTFT on both sides,

1 _ :
~ H(w) = 5[1 yel 4 ee]

Given that H(wo) =0 & 0< wo<n

1 ) :
3 [1+e¥+e?] =0

1+e7o(1+ e®) = 0
1+ elo = -glo

elo + el = -1

COosW = —l
2
2
- Oy =
wo = 2.094
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74. A continuous time signal x(t)=4cos(200nt)+8cos(400nt), where t is in seconds, is the input to a

Ans.

Sol.

75.

Ans.

Sol.

linear time invariant (LTI) filter with the impulse response

2sin (300 nt)
h(t)= nt
600 t=0

t=0

Let y(t) be the output of this filter. The maximum value of |y(t)]| is
[7.9 to 8.1]
2sin(300 nt)
Given: (t)= nt
600 t=0

t=20

Thus h(t) =600sin c(300t)

~H(F) = 2rect (%)

Given x(t) = 4cos200nt + 800cos400nt
In f-domain
X(f)=2[d(f-100) + d(f+100)] + 4[6(f-200) + d(f+200)]

il XiE)

=101 ]

Bl

=100 100 — f
For the whole signal =4 x 2 = 8
An optical fiber is kept along the Z direction. The refractive indices for the electric fields along

X and y directions in the fiber are nx= 1.5000 and ny =1.5001, respectively (nx # ny due to the

imperfection in the fiber cross-section). The free space wavelength of a light wave propagating
in the fiber is 1.5um. If the light wave is circularly polarized at the input of the fiber, the minimum
propagation distance after which it becomes linearly polarized, in centimeter, is

[0.36 to 0.38]

For circular polarization, the phase difference between Ex and Ey is ©/2

The phase difference for linear polarization should be =

= So the wave must travel a minimum distance such that the extra phase difference of /2
must occur.

Byllmin —Bxlmin =g

= Imin
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® n_ 2nl, n
o=z =5 end=s
= lmin =
-5
o _15x10° 15 o,

4[n,-n,] 4[0.0001] 4
= 0.375 x 102m = 0.375 cm

76. The band diagram of a p-type semiconductor with a band-gap of 1eV is shown. Using this
semiconductor, a MOS capacitor having V1 of -0.16 V, C'ox of 100 nF/cm? and a metal work
function of 3.87 eV is fabricated. There is no charge within the oxide. If the voltage across the
capacitor is V1, the magnitude of depletion charge per unit area (in C/cm?) is

Y Vacuum level
4 eV
E.
0.5 ev
- E,
foze N\
E.
A. 1.41 x 108 B. 1.70 x 1078
C.0.93 x 108 D. 0.52 x 1078
Ans. B
Sol. From the figure, Ec — Ev = 1eV = 0.5 Ev+ q ¢ + 0.2 eV

= qes = 0.3eV
= @8 = 0.3 V, where qgs = Ei - Ers
The magnitude of depletion charge density

Pe =2 € NaWg coverennne . (D
Where, ys =298 =2 x 0.3V =06V ........... . (i)
Voltage across capacitor,

2N
SV + NS s i, . (iii)

+
FB
C

ox

V.

T™H

Where, Vrs = @ms = om — @s

= 3.87 - 4.8

Vrs = @ms = =0.93V ............ . (iv)
From (i), (ii), (iii) and (iv),

ps = 1.7 x 108 C/cm?
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Ans.

Sol.

78.

Ans.

Sol.
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Four points P(0, 1), Q(0, — 3), R(— 2, — 1), and S(2, — 1) represent the vertices of a

quadrilateral. What is the area enclosed by the quadrilateral?

A. 4 B. 42
C.8 D. 82
B
Y
PO D)
e *, x

R(-2, -1) & i' s(2, -1)

Yo, -3)

Length of PS = \/'-2—0'2 +(-1-1°=.8

N
Il

Length of SQ = V4 +4 =48
Length of QR = V4 +4 =48
Length of RP 4+4 =48
Length of RS = V16 +0 =4

Length of PQ = v0+16 =4
Here, Length of PQ= Length of RS
Hence, PQRS is square

Area under PQRS = (/8]
Area under PQRS = 8

If the op-amp is ideal, then the current in amperes through the 90Q resistor is

1000 90
av .V,
¥ <
2K 2K 210K
‘P
6H

[0.02 to 0.02]

Since DC 4V is given and there are no transients, we can do steady state analysis.

Under DC: C becomes open circuited and L becomes short circuited

The circuit then will be as below:
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79.

Ans.

Sol.

80.

Ans.

Sol.

From superposition theorem:

90 90 H 4(2K) }

Vo= —— (@) +|[1+—
° 100()+[ T T00) |2k + 2K

=>V,=-36+38=02V

From the circuit we can write as below:

_4RK)
27 2K42Kk ¢
>V, =2V
V-V, 2-02_
=gy = = =0.02A

90 90
For a class B amplifier providing a 20V peak signal to a 16ohm load speaker and a power supply
of Vcc = 30V.. The efficiency is

A. 76.3% B. 52.3%
C. 48.37% D. 81.25%
B
A 20V peak signal across a 16Q load providing a peak load current of:
I, = E = @ =1.25A
mTR, 16
21,

2
| =—(1.25)=0.796 A
de T TE( )

The input power delivered by the supply voltage is:
P =V, I43.=30x%0.796 = 23.9 W

Ipc
The output AC power is given by:
V2 207

P = — = =125W
°AC T 2R, T 2+16

Therefore, efficiency is given by:

P ac 125
— Z°AC L 100% =
N *100% =273

ipc '

* 100% = 52.3%

An analog signal of BW 20 KHz is sampled at a rate of 40 KHz and quantized into 16 levels
resultant signal is transmitted using M-PSK with raised cosine pulse of roll off factor 0.3. Find

minimum value of M if channel with a 110 KHz BW is available to transmit data?

A. 2 B. 4
C.8 D. 16
B

Number of bits required for 16 levels is:
n =log, L =1log, 16 =4

Bit rate is given by:

R,=nf; =4X40K =160K

BW for M-ary PSK is given by:
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Ans.

Sol.

82.

Ans.

Sol.

w-—To g4
_logzM( ©

160
= 110K =
log,

=>M=2'%=37

K
L (1+03)

>M=4

Since, M is always an integer.

‘]B&NS

A HWR with capacitor filter is to supply 30V to a 500Q load. If the ripple factor is 0.02 and

frequency of AC supply is 50 Hz, then the value of peak diode current is

A 212 A B.1.2A
C.1.48A D.2.36 A
A

Given values are:
Vpe =30V R.=500Q r=0.02 f=50Hz

Vpe 30

2 - —006A
R, 500

:[DC:

Ripple factor of HWR is given by:
1
r=————
2V3R,fC
oL _ 1
© 2V3Ryfr 29350 % 0.02 # 500

= 0.58 mF

Inc 0.06
V,o=X=
T fC ~ 500,58 1073

=2.07V

V. 2.07
=V, =VDC+EI= 30+ ——=31.035V

The value of peak diode current is given by:

2V,

= ijeak == [DC 1 A 2T
r

, 31.035
= ip peak = 0.06 |1+2m |2+ ——==2124A

A and B play a game where each is asked to select a number from 1 to 25. If the two numbers

match both of them win a prize, and then probability that they will not win a prize in single trail

is
[0.95 to 0.97]

No. of ways in which either player can choose a number from 1 to 25 is 25

Total number of ways of choosing numbers is 25 x 25 = 625

There are 25 ways in which the number chosen by both players is the same.
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Ans.

Sol.

84.

Ans.

Sol.

The probability that they will win a prize in single trail is:

_25 _ 1
625 25
The probability that they will not win a prize in single trail is:
= P = —i=2—4=0.96
25 25
dy

E BYJU'S

If the differential equation ax x? +y?, y(1) = 2 is solved using the Eulers method with step

sizeh =0.1,theny(1.2) = __
[2.3 to 2.5]

Let, f(x, y) = j—i =X +y?

From Euler’s method:

=y = y(1.1) = yo + hf (x5, o)
=y =2+ (01)f(1,2)

>y, =2+ (01)(V1+4)

=y = 2.2236

Again from Euler’s method:

=y, =y(1.2) =y, + hf (x,¥1)
=y, =2.2236 + (0.1)f(1.1,2.2236)

Sy, =2+(0.1) (J(1.1}2 n (2.2236)2)

>y, = 24717

A base band signal with f = 4 MHz is uniformly distributed in the range from - 4V to 4V. This

signal is sent on a channel whose maximum capacity is 32 Mbps using PCM. The best SNR (in

dB) that could be achieved is
[23.5 to 24.5]

Signal power is Mean Square Value (MSV) of Uniform random variable

4 4
16

1
>85= fxzf(x)dxz fxzxgde?W

—4 —4
Ideal sampling frequency is given by
fs=2fm
> f,=2%X4M=8MHz
For error free transmission through a channel, using PCM:
C = BW = nf,
= 32 Mbps =n X8 MHz

>n=4
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Ans.

Sol.

86.

Hence maximum value of n = 4 bits/sample

2

Vo -V
For best SNR, Noise power N = f—z should be small. So, step size A = w should be small.

n’ Should be considered the maximum value
4—(—4) 8 1

R T T

1 1
N=gx1z"a"

s 16 B
SNR = = =X 48 = 256

= SNR(indB) = 10log(256) = 24.08 dB

The transmitting and receiving antennas are separated by a distance of 200A and having
directive gain of 25 and 18 dB respectively. If 5mW of power is to be received, the minimum
transmitted power in wattsis_

[1.57 to 1.59]

Given that G.(dB) = 25 dB = 101log(G;)

= G, = 1025 = 316.23
Also given that G,.(dB) = 18 dB = 10log(G,.)
=G, =10 = 63.1

Using the Friis equation, we have:

A, 2

4]"{R
A c;tc;
P 5 x10-3x [431:*200&]2)( 1
£ A 316.23 *63.1

=P, =1.583W

A finite state machine (FSM) is implemented using the D flip-flops A and B, and logic gates, as
shown in the figure below. The four possible states of the FSM are QaQs =00,01,10 and 11.

s N

CLK l |

Assume that Xin is is held at a constant logic level throughout the operation of the FSM. When
the FSM is initialized to the state Qa Qs = 00 and clocked, after a few clock cycles, it starts cycling
through

A. all of the four possible states if Xin = 1

B. three of the four possible states if Xain = 0

C. only two of the four possible states if Xin = 1

D. only two of the four possible states if Xiv = 0
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Ans. D
Sol. In given diagram
X, = 0 Next State | X, = 1 Next State
Present D, |D, X, X,
State 0% 0% o 0%

00 0 1 0 1 0 1 0 1
01 1 1 0 1 1 1 1 1
11 0 1 0 1 0 1 0 0
01 1 1 0 1 1 1 1 1

87.

Ans.

Sol.

88.

When Xin = 0 2 States
When Xin = 1 3 States
Consider the D-Latch shown in the figure, which is transparent when its clock input CK is high
and has zero propagation delay. In the figure, the clock signal CLK1 has a 50% duty cycle and
CLK2 is a one-fifth period delayed version of CLK1. The duty cycle at the output latch in

percentage is .

TBK

: CLK1—Ip Ql—
C'-Kl_! ; | | | |_ D-Latch "

CLK2 E ! | | | CK
'—b: 54— CLKZO—]

Tl 5

[29.9 to 30.1]

CLK-2 I |—|
CLK-1 | I—
[ ]

= Duty-cycle of output = __2 3 . 100=30%

CIE
In a non-degenerate bulk semiconductor with electron density n = 10'® cm3, the value of Ec -
Ern = 200 meV, where Ec and Ern denote the bottom of the conduction band energy and electron
Fermi level energy, respectively. Assume thermal voltage as 26 mV and the intrinsic carrier
concentration is 10'° cm=3. For n = 0.5 x 10'® cm™3, the closest approximation of the value of
(Ec - Em), among the given options, is .
A. 226 meV B. 174 meV
C. 218 meV D. 182 meV
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Ans. C
Sol.
Ec } KTIn €
-1 Egn o
kTIn —2
1 Ei } n;
EV

n-type
Given, Ec - Em = 200 meV = 0.2 eV
NC
We know that, E_-E. =KTIn—
ND
Case 1:

n=N_, =10* /cn?®

N
E.-E., = +(r|nN S =0.2eV =200 meV

o,

cC

=2191.43 = N_. =2191.43 10"

D.‘
Case 2:

n=N, =0.5x10* fem*

E.-E kT A
_ = n
c Fn2 N

D

2191.43x10%*
0.5x10

=kTIn

- 26In(2121:43)
0.5

=218 meV
Other Method:

Nc .
Let, Ec—Eq; = kT lnN— (1)

D,

EC_ EFn. = I'(Tlr'l—C (||)
. N

(i) - (i)

N_ N,
(E.-E_|—-(E.-E. |=kTIn_= .~
| —C . | —C Fn, | ND: NC

101.6

E-E -200=kTln——"
- 0.5-10%
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89.

Ans.

Sol.

90.

Ans.

Sol.

E.-E., =200+kTIn2

|-I_

=200+ 26xIn(2)

=218 meV

2
Consider the homogeneous ordinary differential equation x? j—g - 3xj—1 +3y =0, x > 0 with
X

y(x) as a general solution. Given that y(1) = 1 and y(2) = 14 the value of y(1.5), rounded off
to two decimal places, is

[5.24 to 5.26]

Given differential equation is of Cauchy - Euler differential equation type.

Soletx =e?.z=1Inx

The differential equation can be written as,

D(D-1)-3D+3=0

~D?-4D+3=0

~D=1,3

Sy =Cre’ +Che

Sy =0x +C2x3

Nowy (1) =1
~Ci+ Ca=1..(I)
And y(2) = 14

~ 2C1 + 8Cz = 14 ..(ii)

From (i) and (ii)

Ci=-1,C=2

Ly ==X+ 2x3

~y(1.5) = -1.5 + 2(1.5)3

~y(1.5) = 5.25

Consider the DE given below with y(0) = 1. Then y(3) = ?

1
x? +1

(x? +1)j—i+4xy =

A. 0.01 B. 0.02
C. 0.03 D. 0.04
D

Given DE can be rearranged as below:

dy 4x 1
— 4 . =
dx 1+x* (1+x2)

This is a standard Bernoulli’s equation, whose integrating factor is given by:

f 4x
IF = e’ 1+x°
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2x
S JF = ol T @ — pam(1ea?) (1 + x2)2

The general solution is given by:

y(IF)—f(IF) ! ————dx

(1+x2)2
= y(1+x2)? Zf(1+x2)2.7(1+x2)2dx
>y(1+x3)2=x+c
c

2 Y= Gt @R

Given, y(0) = 1,
=2>y(0)=1=0+c
=2c=1

:’y(x)z(liiz_lz}z

4
= y(3) = 55 = 004

91. If f(z) =x-2ay +i(bx —cy) is an analytic function, then (Z—Cj =7

A. - 0.5 B.-1
C. 0.5 D.1
Ans. A

Sol. Let, f(z) =x-2ay +i(bx-cy) =u+iv
>u=x—2ay&v=bhbx—cy
= U, =1&u,=—2a
>V, =b&v,=—c
For a function to be analytic, it should satisfy CR equations
2 Uy =y &uy = -,

=21=—-—c& —2a=-b

=c=-1
=>b=2a

acy a(—1)
::’(?)— 7q 0.5

92. For a MOD-28 ripple counter, each flip flop has a propagation delay of 50 ns and the NAND gate

has a propagation delay of 30 ns . The maximum frequency of clock that can be applied to the

counter is
A. 9.2 MHz B. 2.5 MHz
C. 3.57 MHz D. 4.34 MHz
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Ans. C

Sol. We know that:
MOD < 2"
= 28 < 2"
=>n=>5

Total delay in the flip flops is given by:
To = ntpd
To =5 x 50 ns = 250 ns
So, the total propagation delay is:
= T =250+ 30 = 280 ns

1 1

= fmax = =

T 280ns

93. The logic levels used in a 6-bit R-2R ladder type DAC are 1 = 5V and 0 = 0V. Find the output
voltage forinput 1 01 0 1 1. Consider R = 1kQ.

=3.57 MHz

A. ﬁV B. EV
32 8
C. 2£V D. 9—7V
64 4
Ans. C
Sol. Output voltage of R-2R ladder is given by:
V, = —IzR
V, [5 +0+ 2 +0+ > + :
= = — |— i A W
o 2R 8R 32R  64R
160+ 40+10+5
-u—] |
64R
_ 215
> 64

Here, negative sign only shows that input is given to inverting pin of op-amp or output is
180° phase reversed input.
215
= Vo = EV
94. The following program is executed on 8085 microprocessor. After execution the contents of stack
pointer is
LXI H, 0100H
DCX H
SPHL
PUSH H
PUSH PSW
CALL SUBI
POP H
RET
A. 0100 H B. OOFD H
C. OOFF H D. 0O0FB H
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Ans. C
Sol. LXI H, 0100H HL = 0100 H
DCX HHL =0100H - 1=00FF H
SPHL SP = HL =00FF H
PUSH H SP = O0OFF H - 2=00FD H
PUSH PSW SP = OOFD H - 2=00FB H
CALL SUBI SP = O0FB H -2 +2 =00FB H
POP H SP = O0OFB H + 2=00FD H
RET SP = OOFD H + 2=00FF H
So, the contents of SP is O0FF H
95. The approximate delay in LOOP2 that the below 8085 microprocessor program with clock
frequency of 2MHz produces in milliseconds is?
MVI B, 38H
LOOP2: MVI C, FFH
LOOP1: DCR C
JNZ LOOP1
DCR B
IJNZ LOOP2
Options:
A. 50 B. 75
C. 100 D. 125
Ans. C
Sol. Instruction with corresponding T-states is given as:
MVI C, FFH 7 T-states
DCR C 4 T-states
IJNZ LOOP1 10/7 T-states
DCR B 4 T-states
IJNZ LOOP2 10/7 T-states
So, the delay in LOOP1 is given by:
Tpy = (T X Loop T states X N,;,) — (correction)

Ty, = (0.5 % 14 % 255) — (0.5 % 3) = 1783.5us

And the delay in LOOP2 is given by:

= Tp, = 100 ms

96. A parallel plate capacitor with plate area of 5 cm? and plate separation of 3 mm has a voltage

50sin(10%t)V applied to its plates. The displacement current assuming & = 2¢, is?

A. 147.4 sin(103t) nA B. 274.1 cos(103t) nA
C. 147.4 cos(103t) nA D. 274.1 sin(103t) nA
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Ans.

Sol.

97.

Ans.

Sol.

98.

Ans.

Sol.

C
From the below equations:
eV
D=c=—
T4
B aD i av

ZJa= 5 Tqar

Displacement current is thus given by:
Iz=1714.5 :éd_V: Cﬁ
d dt dt

2 * 10“’>< 51074

36m 3+1073

=1, = 147.4cos(10%t) nA

=>1;= x 10° X 50 cos(10°t) A

Consider a super heterodyne receiver tuned to 600 kHz. If the local oscillator feeds a 1000 kHz

signal to the mixer, the image frequency (in integer) is kHz.
1400
FLD = FRF

F F
1000 = 600 + F = F =400 kHz

F
FImage = Fts + 2 IF
600 + 2(400) = 1400 kHz

For a unit step input u[n], a discrete-time LTI system produces an output signal (28[n +1] +

Fimage

o[n] + d[n-1] ). Let y[n] be the output of the system for an input [Gj u[n]j. The value of y[0]

is

0
ufn] — hIn] |—» 25(n + 1] + s[n] + 3[n - 1]

1 ZT. Z
U[n | &—— —1
| Z_

25[n+1:|+ a[n:|+5[n—1:|<L> 2z+1+z7t

:2z+1+1
z

_"'2zz+z+1\]

z
Now

!
(222 +z+1) /[ z )
H[Z]:‘ z J/|zl;|
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99.

Ans.

Sol.

H(z) =

(z-1)(22° +z+1]

H(z) = 2z

H(z) =2z-1-272

.
2

Z

h[n] = 28[n + 1] - §[n] - &[n - 2]

x(n]—{_hin] | y(n]

x[n] = ‘

I\-.Jll--l

‘| -
J uin]

y[n] = 2x[n + 1] - x[n] = x[n - 2]

y[n|=2

1
0l=2 =
ylol-25

1\
3

y1

.uf1]-

y[0]=1-1-0
y[0] =0

The transfer function of a linear time invariant system is given by H(s) =2s* -5s® +5s5-2.

ER 1T
u[n+1 |_|-E,f| .u[n_|—| EJ

=2

LV ourol-(L) ur-2d

E BYJU'S

, h[n] = 28[n + 1] - §[n] - d[n - 2]
y[n] = x[n] * h[n]
y[n] = x[n] * [23[n + 1] - 3[n] - 3[n - 1]]

~u[n-2]

The number of zeros in the right half of the s-plane is

3

Since, Routh Hurwitz gives information about location of roots about imaginary axis.

So, the roots i.e. zeroes of H(s) can be found by Routh Hurwitz.

We can proceed here by taking this polynomial as characteristic equation and conclusion can

be draw by using RH criterion. As we are interested to know how many roots are lying on right

half of s plane.

S 2 1] -2
-3 +3 1]

[ Since row of zero
occursthe
awxiliary equation

-2 |75

Ae:2s8 -2

d

—(dr) =4

as

4 0
S -2

— The number of roots i.e. the number of zeros in this case in right half of plane is number of

sign changes

— Number of sign changes = 3
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100. The open-loop transfer function of a unity-feedback control system is

K

G(S) = ——
() s> +55+5

The positive value of K at the breakaway point of the feedback control system's root-locus plot
is
Ans. 1.25

Sol. In this first we need to find the break point by finding the root of % =0 and then by using

magnitude condition value of k can be obtained.

Kk
s> +55+5

k=(s?+ 5s +5)

dk
— =0
ds

G(s) =

=25+5=0=>s=-2.5

Applying magnitude condition |G(s)| =1

K ~1

S2 +SS+55:,2,5

= I K =gl
| (-2.5%)[5x(-2.5)]+5]

= K }: 1
16.25-12.5+5

= _ Ll ‘= 1
-1.25

=k =1.25

%k %k %k %k

63


https://byjusexamprep.com/

