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Instrumentation Engineering
Q. No. 1 to 25 Carry One Mark Each

1. A system is described by the following differential equation:
dy(t dx(t
Y 2y) 2 ) x(0) i) o

Where x(t) and y(t) are the input and output variables respectively. The transfer function of the
inverse system is
s+1 S+2 s+1 s-1
A) — B) — C) — D) —
A 5 ®) 17 © 3 ©)
Key: (B)

Exp: We know for inverse system

(1)~ ()= &)

HEH ()= 1 ¥ () e e 28
e P
So the transfer function of inverse system is H, (S) = %

It is given that

P ey 2

dt dt
Y SY(s)+2Y(S) sX(S) %(9)
Y Y(S+2) X(S)(S B

v X(S) _s+2
Y(S) S+1
2. If v is a non-zero vector of dimension 331, then the matrix A=vwv' has a rank =
Key: 1tol
&V is non- zero (
Exp: & T T (
Fr(vVv') aand (WVT) ) 1 ¢
Rank of the matrix
A=VVTisl
3. A periodic signal x(t) is shown in the figure. The fundamental frequency of the signal x (t) in
Hz is
x(1)
L0
oo M )
10 [0 10 20 (o)
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Key: 1tol
Exp:

Fince fundamental time period Ty=1 so the fundamental frequency f,=1/T,=1Hz

4, The silicon diode, shown in the figure, has a barrier potential of 0.7 V. There will be no
forward current flow through the diode, if V., in volt, is greater than

2V

500 Q

-

(A) 0.7 (B) 1.3 (C) 18 (D) 2.6
Key: (D)
Vd
Exp: 2=0.7 6001, 4?°
V,. =2[2.-0.7 '5001,]
whenl, =0
V,.>2.6V
5. For a first order low pass filter with unity d.c. gain and -3 dB corner frequency of 2000p
rad/s, the transfer function H( jw) is
1 1 2000 1000w
(A) B) € (D)
1000+ ) v 1+ 1000 w 2000p 4 1+ 1000 w
Key: (C)
Exp: A first order LPF that satisfy unity D.C. Gain should of forms
H(S) a 1

“s+a +y
1 a

Andthe-3 db cut off frequency should be
i 1 1 1 . 1

H(w) = = = —=(D.Cgain) —=

W) T B EOCR
1

H(0)=

()1+j0

Only option (C) is of form —2— = 2200P
s+a 2000 =
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Key:
EXxp:

Key:
Exp:

Key:
Exp:

Key:
EXxp:

A and B are the logical inputs and X is the logical output shown in the figure. The output X is
related to Aand Bby >o

o

Y
-/

(A) X=AB BA (B) X=AB BA (C) X=AB AB (D) X=AB BA
(©)

® o

A A
> - AB
B ’> [So
l/ = —_—
B AB +AB
M S

The most suitable pressure gauge to measure pressure in the range of 10 “to10 2 torr is

(A) Bellows (B) Barometer (C) Strain gauge (D) Pirani gauge

(D)

Pirani Gauge is best suitable-for the:above range 10 *t010-> torr Application-is to measure
“Vacuum Presswur e

The standard for long distance analog signal transmission in process control industry is
(A) 4-20 mV (B) 0-20mA (C) 4-20mA (D) 0-5V

(©)

In process industries, the control signal used is

CurremRimA- 4

Pressulbmi- 3

If a continuous-time signal x(t) =cos(2 p) is sampled at 4 Hz, the value of the discrete-time
sequence x(n)atn =51is

(A) -0.707 B) -1 ) 0 D) 1

(©)

x(t)=cos(2 p)

If the sampling interval is T, then the sampled signal

x(nT,) =cos(2 pT,) GOSgez—p r8;'3 since f, 4Hz
&ef -1
_ ep g NP D 5 pa
T,)= 2P, ¢ - R(5 0
x(nT,) x(n)cos84 n H:COSaEZ_(; 8 +( ) ces 7.
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10. The term hysteresis is associated with

(A) ON-OFF control (B) P-I control
(C) Feed-forward control (D) Ratio control
Key: (A)
Exp: Hyeres’s is need to be ithetoscibationnce i n on off

11. A current waveform, i(t), shown in the figure, is passed through a Permanent Magnet Moving
coil (PMMC) type ammeter. The reading of the ammeter up to two decimal places is

2>

1.5

: /I A ﬂ K
X 1 2 ét( ) 4 5 6 7
(A) -0.25 A (B) -0.12A (C) 0.37 A (D) 0.5 A

Key: (A)
Exp: Consider the PMMC as zero centered meter
Average value of the above signal is

1es 2 ra

létz‘1 ‘2 71el o

—&— 1 9.25 Amps.
2&21° P

houog Ty

12. The connection of two 2-port networks is shown in the figure. The ABCD parameters of N1
and N2 networks are given as

éA B g 1leb andZA & _ ;’b 0
& DY o0& dc &, d2 1
L :
'—E— N1 ®. N2 [T
*— 1 . —E—o
1 - ! 3
The ABCD parameters of the combined
2-port network are
e2 5 el 2 e5 2 el 2
A B) & 4 D) ¢
()&).21 ()8).51 (C)g).sl ()8).55
Key: A
el 5 4 e0 ptl1 0 6 2 ® ¢
E TI=|T|| T, T = =5 U s
o [T1=[nll ]%) & 1 H+0& o+ o201 §
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13. The figure shows a shape ABC and its mirror image A;B;C; across the horizontal axis
(X - axis). The coordinate transformation matrix that maps ABC to A;B,C; is

Y

B
original
A
c

e 1 e0 1
(A) & o (B) €1 0
Key: (D)
Exp: g Mirror image across
e
A(L 2)
el 0 g
1 2g gl 2
[t 25 it
8 el 0
A(Xl yl)' Al(xl ‘yl) Y(Xl yl)g) 1

B(x, ¥2)= (X - Ya)

e0 1 g
[ y]g_l 0 g( y X)

Ci

A ﬁirmr image

B,
el 0
C,
© ¢

14. The differential amplifier, shown in the figure, has a differential gain of A, =100 and
common mode gain of A, =0.1. If V, =5.01V and V, =5.00V, then V,, in volt (up to one

decimal place) is

_'_

Key: 14tol6
Exp: Given
A, =01V, 501V; V, 500V; A, 1G9
V,=AV, AV,
V,=V, -V, %01 500 0.08V
Y _Vi+V, 5.01+500 10.01
‘ 2 2

5805V

Differential
Amplifier

V, =100 0.01 61 5805 1 H.5005 1.5005V. 1.5V
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15. A circuit consisting of dependent and independent sources is shown in the figure. If the
voltage at Node-1 is — 1 V, then the voltage at Node-2 is V.

Node-1 L

1A

e
Key: 2to2
Exp: 1,=1 { 1) 2A
V,:=2 0.5 B T 21,
V,=131 =Vv-
V,= 4V, V,; 1-4 2 1- 2V

el -1 5 g
16. The eigen values of the matrix Azgo 5 6 %e

O -6 54§

(A) -1,56 B) L,-5 °6 (C) 1L,5° j6 (D) 1,5,5
Key: (C)
1=l 1-
Exp: Characteristic equationis| 0 ~5- I 6 | &
0 -6 5 -l

V(- )§5 -)1 36+80 =
| 4 %16 616 =

10° 100 224 10 j 56
2 2

Y

17. The figure shows a phase locked loop. The output frequency is locked at f, =5kHz. The value

of f;in kHz is
i puase LPF vco e,
.| Detector g
=5 <
Frequency divider
Key: 1tol
Exp: f,=nf,
5
f.=— 4kHz
5
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18.

Key:
Exp:

19.

Key:

EXxp:

20.

Key:

21.

Key:

Identify the instrument that does not exist:

(A) Dynamometer-type ammeter (B) Dynamometer-type wattmeter

(C) Moving-iron voltmeter (D) Moving-iron wattmeter

(D)

To Measure power we require to coils (C.C & P.C)

- Dynamo meter will consist two coils. So it can measure power.

- Dynamo meter can also measure current and voltage, if we connect C.C & P.C in series.

- Moving Iron meter will have only one coil, so it can measure current and voltage But not
power.

Not e: Moving | ron wattmeter doesn’t ex

The output V, shown in the figure, in volt, is close to
2KQ

(A) -20 (D) 0
(B)
V, = Ry V% __ 103 10¥
. 1
V, < -V,
soV,= VvV, =5V

An 8-bit microcontroller with 16 address lines has 3 fixed interrupts i.e., Intl, Int2 and Int3
with corresponding interrupt vector addresses as 0008H. 0010H and 0018H. To execute a 32-
byte long Interrupt Service Subroutine for Intl starting at the address ISSI, The location
0008H onwards should ideally contain

(A) aCALL to ISSI (B) an unconditional JUMP to I1SSI
(C) aconditional JUMP to ISSI (D) only ISSI
(A) or (B)

A series R-L-C circuit is excited with a 50V, 50 Hz sinusoidal source. The voltage across the
resistance and the capacitance are shown in the figure. The voltage across the inductor (V) is

\Y
R L €
/\/\/\/\/ —nm, | ¢
AN
Vr=50V V=2 Ve=50V
50V
50 Hz

50 to 50
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Exp: bc3 V.=V S0V Yhe circuit is at resonance
atresonanceV, =V, YV, 50V

22, The condition for oscillation in a feedback oscillator circuit is that at the frequency of
oscillation, initially the loop gain is greater than unity while the total phase shift around the
loop in degree is

(A)O (B) 90 (C) 180 (D) 270
Key: A

23. Let z=x 4y where j=+/ 1. Then cosz =
(A) cos z (B) cosz (C) sinz (D) sinz
Key: (B)

Exp: c0Sz=c0sz

24. The region of Convergence (ROC) of the Z-transform of a causal unit step discrete-time

sequence is

(A) |z]<1 (B) |7]¢1 ©) |z|>1 (D) |21
Key: (C)
Exp: The Z-transform.of unit step sequence is

x(z)=g u(n)z* =g* 1:1—_l;|21‘| 1<]z¥| 1 <

n=- a 0 F ¥
Y|zl g‘)aa" =Lonlywhen|a| K
€ o 1-a
.1 .
Y =<1 Yz| 2

25. The pressure drop across an orifice plate for a particular flow rate is 5 kg/m?. If the flow rate is
doubled (within the operating range of the orifice), the corresponding pressure drop in kg/m® is

(A) 2.5 (B) 5.0 (C) 20.0 (D) 25.0
Key: (C)
Exp: In case of an orifice plate
Q VP
Ny
2Q DP

Q. No. 26 to 55 Carry Two Marks Each

26. The two-input voltage multiplier, shown in the figure, has a scaling factor of 1 and produces
voltage output. If V, = 45V and V, = 3V, the value of V, in volt is
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l«—0 ‘72

Multiplier

Vi

Key: -5t0-5

Exp: Given V, =15V; V, 3V
Usin g nodal analysis
0-Vv, 0- (13v,V,)

R

)

Vl

R

- V1 j‘/o V2 :
V. =

0 V2

V, = 1—5 5\

217. For the circuit, shown in the figure, the total real power delivered by the source to the loads is
kW

T T,=5/30°A

200/0° V<
50 Hz

Key: 1.75to01.96
L4, 50 53¢
=9.6615
Real power=VIcos q200 9.86 cosi5
=1.86kW

Exp: I=

28. The magnetic flux density of an electromagnetic flow meter is 100 mWb/m?. The electrodes
are wall-mounted inside the pipe having a diameter of 0.25m. A voltage of 1V is generated
when a conducting fluid is passed through the flow meter. The volumetric flow rate of the
fluid in m%s is

Key: 19to2
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29. In the circuit, shown in the figure, the MOSFET is operating Vpp=+15V
in the saturation zone. The characteristics of the MOSFET is
given by I, :%(VGS 1)’mA, where Vg is in V. If
V, = BV, then the value of Rs in kW is : 8 MQ § Rp
Key: 9.9t010.1
Exp: Given —
1 2
V,=5V; 1, =[V, H mA —oVs
’ 2[ w4 7 MQ §
3 Rg
V, v %
15 e

Vo=V, V, % 5- 2% =

|D:%[2 1 e5mA

V, _ 5
I, 053107

S

30. The hot junction of a bare thermocouple, initially at room temperature (30°C), is suddenly
dipped in molten metal at t = 0s. The cold junction is kept at room temperature. The
thermocouple can be modeled as a first-order instrument with a time constant of 1.0s and a
static sensitivity of 10mV / °C. If the voltage, measured across the thermocouple indicates 10.0

mV at t = 1.0s, then the temperature of the molten metal in °C'is
Key: 1605 to 1618

31. A series R-L-C circuit is excited with an a.c. voltage source. The quality factor (Q) of the
circuit is given as Q =30. The amplitude of current in ampere at upper half-power frequency
will be

M CORP
R(Q) L=10 mH
6 15V 4uF —
Key: 6to7
1 L
Exp: =.|—
p: Q =\C

- 3 -3
QVc 30\2310° 3

at upper half power frequency |z|=+2R —5\/35\/\/
S|Vl _15
Y [ll=—/— == 3 636A

l Z| 52
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32. An angle modulated signal with carrier frequency w, = pl@°rad/s is given by
iw(t) =cos( v 5sin (1000 t))plOsiﬁ(ZOOO t). The maximum deviation of the frequency
in the angle modulated signal from that of the carrier is kHz.

Key: 121013

Exp: f,(t) =os( . 5sin(1000 t) [Osin (2000 t))

Instantaneous phase
f,(t) = av 5sin(1000 t) plOsin (2000 t) p
df;—t(t): w(t) =, w5 +000 cos(po00 t) p
T +10 32000 qos(2000 t)
Instantaneous frequency

Y f,(t)=f, ©500co0s(1000 tp 10800cos (2000 t)

Y Maximum deviation in maximum value is

2500C03(1000pt) -&0000005(2000 t)) 2500 10600 12.5kHz

33. Three DFT coefficients, out of five DFT coefficients of a five-point real sequence are given as
as: X(0)=4,X(1) 4 H and X(3)=2 +2. The zero-th value of the sequence x(n), x(0), is
(A1 (B) 2 (C) 3 (D) 4

Key: (B)

Exp: We know for N-point DFT (for real sequence)
x(K)=x"(N -K),hereN 5so x(K) xH5 K})..()
The standard IDFT

=P
N

x(n)==28 x(K)eJ n,Substitutingn =)

a x(K) if N Sthen

((0)=14 x(k) 200 %(2) #3) xte)

5
It is given that
x(0) =4
x(1)=1 -iL
x(3)=2 42
using equation (1)
x(2)=x*(5 -2) **@Q) (= j2p 2 R -
x(4)=x*(5 4) *x*(1) (=p*r 1 g +
using equation (2)

X(O):4+(1 ) @ j2) (2+j2)+(1 BN 2
5 5
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34. A closed-loop system is shown in the figure. The system parameter a is not known. The
condition for asymptotic stability of the closed loop system is

¥ s+a
R(s) s3+2as?+as+1 > C(s)
(A) a <05 (B) -05 < a0s (C) 0< a &5 (D) a 0.5
Key: (D)
Exp: The characteristic equation of the unity feedback system is 1 + G(S)=0
V14 ot @ 9 ¥ 25a Stk S+ +0

S+2 & +Sal +
YS+2& (+ 43 ( +)a0+ =
By R-H criterian if the equation is of form as’+bs® €s d Othen the condition for stability
is bc > ad,
Using this
(2a)(a® (> B+ 2 Yla > 0%

35. The power delivered to a single phase inductive load is measured with a dynamometer type
wattmeter using a potential transformer (PT) of turns ratio 200:1 and the current transformer
(CT) of turns ratio 1:5. Assume both- the transformers to be ideal. The power factor of the load is
0.8. If the wattmeter reading is 200W, then the apparent power of the load in kVA is

Key: 250 to 250

Exp: LN,
P I, N,
I &.1
NZ
L2l
5
Vo Ny
V, N, ° °
V,
V2
200 V Vv,
1
I through CC- 1,
V/gcrossPC- V, o °

. 200:1
Power measured by w/m will be

200=V,.l,cos f

200=_"1 di gg
200 5

V1, :% 30° 250KVA
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C(s
36. The overall closed loop transfer function Q represented in the figure, will be

R(s)

w
13|
I

—
[
o —

. Ga(s) C[Sg

(3]
iy
—
L5
g
r

Hy(s)
(A) (Gl (S)+G2 (S))G3 (S) (B) (Gl (S)+GS (S))
1+(Gy(s) 6,(s))(H.(s) :(s)) 1+ G, (s)H,(s) 6,(s)Gs(s)
(Gl (s)- G, (s))H. (s) Gy (s)G, (s)Hi(s)
© (D)
1+(G,(s) 6,(s))(H,(s) @(s)) 1+G,(S)H,(s) 6,(5)G,(5)
Key: (A)
Exp: The Parallel connection of G;,G; can be replaced by G;+ G..
i : G, +G
(G1+G,) forms a feedback loop-with-H,,-it.can-be replaced by o (Gi *Gz)Hl
Final considering Gz and the unity feedback
(Gl + GZ)G3
C(S)_ G _1+(G, %,)H,
R(S) 146 |, (6.+G)H,
1+(G, 6,)H,
- (G.(S)+G(S))Gs(S)
1+(G,(S) ,(5))(H.(S) &4(8))
37. When the voltage across a battery is measured using a d.c. potentiometer, the reading shows

1.08V. But when the same voltage is measured using a Permanent Magnet Moving Coil
(PMMC) voltmeter, the voltmeter reading shows 0.99V. If the resistance of the voltmeter is
1100wV, the internal resistance of the battery, in W, is

Key: 100 to 100

Exp: We use potentiometer to measure unknown voltages (very low) it is a Null type instrument

— ilh—

Slide wire

B

Un known v/g
(Battery)
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- The Galvanometer reads zero when the voltage drop across slide wire and unknown

Battery voltages are equal.

- Given that potentiometer reading as 1.08V

i.e., The Battery voltage will be 1.08 volts.

RSy
+
v R
1.08V " R, =1100 V

PMMC reads, R
v, =0.99V. ©
By KVL
VvV =1.08 -0.99
V =0.09Volts.
- |m:ﬁ 099 o 154 AMPS.

R, 1100
- Ri:X —0'09_4 90 . W

I 9310

38. The probability that a communication system will have high fidelity is 0.81. The probability that
the system will have both high fidelity and high selectivity is 0.18. The probability that a given
system with high fidelity will have high selectivity is
(A)0.181 (B) 0.191 (C) 0.222 (D) 0.826

Key: (C)

Exp: Let A, B be the events respectively that the communication system will have high fidelity,
high selectivity then
P(A)=0.8landP(A AB) 6.18

P(A /B
required probabilityisP (B/A)= ( ) 018 0.222
P(A) 018
39. The current response of a series R-L circuit to a unit step voltage is given in the table. The value
of Lis H.
tins 0 [025 |05 0.75 1.0 o}
t)inA |0 |0.197|0.316 | 0.388 | 0.432 05
Key: 1tol
R
Exp: We know i(t) =0.5-05¢ L'
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40.

Key:
EXxp:

41.

Key:
EXxp:

att= gi(t) ;/9 05

1

R=— 2 W
0.5
att=0.25
R
0197=05 05¢ L °° W = ¥ R 2 a4y
L 2 2
. . +12'V;
A resistance temperature detector (RTD) is m

connected to a circuit, as shown in the figure,

Assume the op-amp to be ideal. If V, = 2.0V, . v,
then the value of x is . " n —'
0.19t00.21 o = |

At the inverting terminal of the op-amp

i.e., at V(_)

By virtual ground V,, =V, 9
(12- 0) +(v0 0) i 12 0} o

R(1+x) R R
12 22200 12 D5 9 16l x)+ X M2 02
R(1+x) R 'R {1 %)
The circuit of a Schmitt triggeris shown in the figure. The zener-diode combination maintains
the output between °7V. The width of the hysteresis band is V.
+15V

*12V
0.6t0 0.7
When zener diode combination maintains output of °7V
7305
urp = ———— 9.333V
-7 05
=———— =0333V
‘P 105

Width of hysteresisband =V, -V, 333 (-0.333) 0.668V
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42.  The loop transfer function of a closed-loop system is given by G(s)H(s) = S(5+2) The

breakaway point of the root-loci will be

Key: 171.2to-1.0
Exp: To obtain the Break point first of all we have to arrange K intevms of GH, then the roots of
3—k =0 gives break point
S

on = K(5+6) Y-l(S(S 2)) «

S(S+2) S 6
d d
Y K= g@ g gk (_SJrG)ds(SZ 25) (8 25)£(s 6)

&S+6 5 ds (S+6)2
Y 0=(s 6)(2s 2) ($* 25§ 25V 25 425 42 S% 25- 0
Y $+12S 42 & ¥ £1-10.83

To decide which among the two root is Breakaway draw the pole zero plot & mark real axis

' TR
i)

So break away point be in 0'to-2 so-break away point is=1.1:

43 The unbalanced voltage of the Wheatstone bridge, shown in the figure, is measured using
digital voltmeter having infinite input impedance and a resolution of 0.1mV. If R =1000 \
then the minimum value of DR in W to create a detectable unbalanced voltage is

R R=R+AR
AAN A :(//,'_Y

77N\

Key: 0.17t00.23

3;';: ﬁ ’é’(—l) By Voltagedivision Rule.
V, =1.0001volts {2)ByKVL
1.0001 _1k+ B

2 2k+ B.
Bysolvingaboveequation,wegetD, $.2 W

Exp: V,=2

X
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44, In the circuit diagram, shown in the figure, S; was closed and S, was open for a very long
time. Att =0, S; is opened and S, is closed. The voltage across the capacitor, in volt, att =5

ns is
=0 A 10 =0

8 + 'sl\
V= 20 NIF = v
Key: 1.43t01.63
Exp: att=0 (L
V(0 )=1v N
aft- o ZV"% T Ve(0) =
Ve (=) 2 3 2
3 1W
t R, C, % 10° 10°8 2—: s m A
Ve(t)=Ve( 9 (P‘/C(O) V. ( ))e’_t/t J O+
w 3V — 3 2w Ve(0)
=9 X10° ’ Q-
510° .

V. (5ms) 2 N 1527V

45, The block diagram of a closed-loop control system is shown in the figure. The values of k and
ko are such that the system has a damping ratio of 0.8 and an undamped natural frequency w,
of 4 rad/s respectively. The value of k, will be

& k
R —{ $>—’ Sis+ 1 e

L (1+k,$)

Key: 0.32t00.4

Exp: 1+GH=0 represent the characteristic equation of the close loop —ve feed back system

K(1+K,S)
S(s+1)

Y $+S K KK,S 0= S¥ (1+KK#S K 0

Y 1+ D B(S B Kl K.$) 0
Comparing with standard 2™ order equation
YS+2x® $W = YKv # K K= 16

Using K=16, the characteristic equation becomes
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46.

Key:

EXxp:

S*+(1 46K,)S 1 0= 2Y , xIwl6K,
_2xw t (2208 %) &

VK, =
16 16
:E £.3375
80

Assuming the op-amp shown in the figure to be ideal, the frequency at which the magnitude of
V, will be 95% of the magnitude of Vi, is kHz.

Vo

10 nF ;\
Sh = =

1 kQ

29t03
% v,
V, = 3 ] -
1+RCS 1 40 ®° .16 109S
Y v,
Vo= —— =
1+j10%2°p 1 j6.28 16°f
a 0 . :
VO :é -{& \dx (4_ 1)+ 3- \/I - = 2\/| .
¢ R = 1+j6.28 340°f 1 j6.28 1G°f
whenV, =0.95V,
0.95V, = 2V,

\/1+(6.28 10°f )

\/1+(6.28 310'4f)2 2 9405
0.95

1+(6.28 30°*F)" 4431

6.28310*f =/3.431
\3.431

6.28310°
= 2.949kHz
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47.  The following table lists an n™ order polynomial f(x)=ax" 4, x"* 2 ax a, and the
forward differences evaluated at equally spaced values of x. The order of the polynomial is

X f(x) Df Df D’f

-0.4 1.7648 -0.2965 0.089 -0.03
-0.3 1.4683 -0.2075 0.059 -0.0228
-0.2 1.2608 -0.1485 0.0362 -0.0156
-0.1 1.1123 -0.1123 0.0206 -0.0084
0 1 -0.0917 0.0122 -0.0012
0.1 0.9083 -0.0795 0.011 0.006
0.2 0.8288 -0.0685 0.017 0.0132

(A1 (B) 2 € 3 (D) 4
Key: (D)

Exp: Clearly the entries in the fourth forward difference (i.e.D“f)arealIsamewhich is 0.0072

\' The order of the polynomial is 4.

48. Consider two discrete-time signals:

x,(n)={14} and x, (n)={1,2} ,forn H.1.

The Z-transform of the convoluted sequence x(n) =x, (n)*x, (n) is

(A) 1+2z*' 82°
(C) 1+3z* ®z°*

Key: (C)

(B) z2?+3z ®

(D) z2+3z2 ®z*

49, In the a.c. bridge, shown in the figure, R =10° Vind C  #0°"F. If the bridge is balanced at a
frequency w,, the value of w, in rad/s is

Key: 10000 to 10000

Exp: According to bridge balancing condition
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€ps 1
1 6..% jwC
+— g2REé———
wC = éR+i
g jwC

R3 oR
¢

R? + _R 2R - R
jwC JVCR %
R?’jwC R _  2R?
jwC JVCR %

(R*jwC R)(j @GR 1} 2R?j C w

(jwC)’R® +R?] @ j+CR? R +2R% C
jwCgj vCR® R’ R 2R’ g R= -

- WC*R® =R-
1 . 1
W C? = Y w=
R? JR*C?
1 1 1 .

W = - =
RC 10°310" 10°*

50. The junction semiconductor temperature sensor shown in the
figure is used to measure the temperature of hot air. The output
voltage V, is 2.1V. The current output of the sensor is given by

I=T A where T is the temperature in K. Assuming the op-
amp to be ideal, the temperature of the hot air in °C is

approximately

Key: 76to 78

Exp: Voltage at point V,, is

VA:L 3V, L3 omv
1+2 3

By virtual ground

V,=V_ 97V

\ 'V, =0.7V

1=Ye 0 07 a5q 5
2kw 2000

Asgiven I =1 @
\ T=350K £350 273)°C 77C

+5V

2kwW

2kQ

Temperature
Sensor

1
; Temperature

sensor

2kQ
1kQ
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51. In a sinusoidal amplitude modulation scheme (with carrier) the modulated signal is given by
A, (t)=100cos( wt) 30cos( ,tycos( .t where w, is the carrier frequency and w,, is
the modulation frequency. The power carried by the sidebands in % of total power is

%
Key: 11to11.2
Exp: Given amplitude modulated signal

A, (t)=100cos( wt) 50cos( ,tycos( .t
=100 25 2
1\ cos( \é\tz \cos( cW Htw 25ces( @

! !

Carrier Side Branch
2 25)°  (25)°
p_= 100 . (25) L_)
2 2 2
=5000 %25

Total power = 5625

Power carried by the side bands in % of total power B 2 41.11%
52.  The angle between two vectors x,=[2 6 14]" and x,=[ 12 8 16]" in radian is

Key: 0.65t00.8

_(2)(-12) 46)(8) (t4)(16) _ 248 _ 62
J4+36 496144 64 236 +/236+/464 /59116
\ q 6.72 radians

Exp: cosq

@75

53 Quantum efficiency of a photodiode (ratio between the number of liberated electrons and the
number of incident photons) i B=662476%)athe
charge of an electron e=1.6 30*C and the velocity of light in the photodiode

C,, =2 30°m/s. For an incident optical power of 100 m\ at 830 nm, the photocurrent inmA
is

Key: 74510 75.5

3 -9
Exp: Responsivity R =he = 0.75 1_'2 10 - B30 ®° 7518.11310°
6.624310™" 2 1

l,=R ¥, 718.11 16* 106 10° 751841 10* %518 20°A 75.18 A
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54, The two inputs A and B are connected to an R-S latch via two AND gates as shown in the
figure. If A =1and B =0, the output QQ is

A J
Py S Q
R-S Latch

(A) 00 (B) 10 (©) 01 D) 11
Key: (B)
Exp: Itissimilarto JKFFA=J,B=K
J K Q.
0o 0 O
0 1 0
1 0 1
1 1 Q
Previous J K Next State
A B State
[Qn] AQ | B.Q Quat Qrit
1 0 0 1 0 1 0
1 0 1 0 0 1(PI’EVi0US 0
output)
. + .
55.  The Laplace transform of a causal signal y(t)is Y (s) =§. The value of the signal y(t) at
t=0.1sis unit.
Key: -2.4t0-2.0
Exp v(s)=St2 S8 4 S 6+ 4 4
S+6 S 6 S & S 6+ S 6

Taking inverse Laplace

y(t)= ¢t) e"u(t)

y(02)= €0.1) 4e°'u(0.1) 0=4(e°*)(1) 4e2°- 219
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General Aptitude
Q. No. 1 -5 Carry One Mark Each

1. The event would have been successful if you able to come.

(A) are (B) had been (C) have been (D) would have been
Key: B
2. Four cards lie on a table. Each card has a number printed on one side and a colour on the other.

The faces visible on the cards are 2, 3, red and blue.
Proposition: If a card has an even value on one side, then its opposite face is red.
The cards which MUST be turned over to verify the above proposition are

(A) 2, red (B) 2,3, red (C) 2, blue (D) 2, red, blue
Key: C
Exp: Tocheckeven Y red, we must confirm that back of 2 is red and back of blue is an odd
number.
é16 X62 35_2X 446
3. What is the value of x when813 5 = 5 H4?
25 0 5® 0
(A) 1 (B) -1 (C) -2 (D) cannot be determined
Key: B
é16 xéz

0
Exp: S22 T 3g1 444

B

2x+4 2x
, 84 0 48 B A9
Vg g e au Vom g e 1a (%) —= x V1

¢ 16
4. There was no doubt that their work was thorough.
Which of the words below is closest in meaning to the underlined word above?
(A) Pretty (B) complete (C) sloppy (D) haphazard
Key: B
5. Two dice are thrown simultaneously. The probability that the product of the numbers
appearing on the top faces of the dice is a perfect square is
(A) 1/9 (B) 2/9 (C) 13 (D) 4/9
Key: B

Exp: Required probability=— =

36

olinN
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Q. No. 6- 10 Carry Two Marks Each

6. Bhaichung was observing the pattern of people entering and leaving a car service centre. There
was a single window where customers were being served. He saw that people inevitably came
out of the centre in the order that they went in. However, the time they spent inside seemed to
vary a lot: some people came out in a matter of minutes while for others it took much longer.

From this, what can one conclude?

(A) The centre operates on a first-come-first-served basis, but with variable service times,
depending on specific customer needs.

(B) Customers were served in an arbitrary order, since they took varying amounts of time of
service completion in the centre.

(C) Since some people came out within a few minutes of entering the centre, the system is
likely to operate on a last-come-first-served basis.

(D) Entering the centre early ensured that one would have shorter service times and most
people attempted to do this.

Key: (A)
Exp: People coming out in the same order in which they enter indicates that the centre operates on a
first-come-first-serve basis.

7. The points in the graph below represent 5lesi 6 o oo o
the halts of a lift for durations of 1 ol | iets | Seiat ok del § el bt |

minute, over a period of 1 hour. 2 i | §

) . E3 ) ° 00—

Which of the following statements are = 2 : ‘ g

correct? 82 s e |

Oooé eie ® éeoéoeoe;e éoe; eo;oéeé—
| i i 1 ] I i I ] I 1 i
0 5 10 15 20 25 30 35 40 45 50 55 60

Time (min)

(i) The elevator never moves directly from any non-ground floor to another non-ground floor
over the one hour period

(ii) The elevator stays on the fourth floor for the longest duration over the one hour period
(A) Onlyi (B) Onlyii (C) Bothiandii (D) Neither i nor ii
Key: (D)
Exp: (i) is incorrect as it moves directly
(i) is incorrect as it stayed for maximum duration on ground floor.

8. A map show the elevations of Darjeeling, Gangtok, Kalimpong, Pelling, and Siliguri,
Kalimpong is at a lowest elevation than Gangtok. Pelling is at a lower elevation than Gangtok.
Pelling is at a higher elevation than Siliguri. Darjeeling is at a higher elevation than Gangtok.

Which of the following statements can be inferred from the paragraph above?

(i) Pelling is at a higher elevation than Kalimpong

(if) Kalimpong is at a lower elevation than Darjeeling

(i) Kalimpong is at a higher elevation than Siliguri

(iv) Siliguri is at a lower elevation than Gangtok

(A) Onlyii (B) Onlyiiandiii  (C) Onlyiiandiv (D) Only iiiand iv
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Key: (C)
Exp: The given information is K<G, P<G, S<P and G<D
From these it can be inferred
S<P<G<D and also K<G
So K<D as well but no comparison between K and S (or) K and P is given.

9. P, Q,R, S, T and U are seated around a circular table. R is seated two places to the right of Q.
P is seated three places to the left of R. S is seated opposite U. If P and U now switch seats,
which of the following must necessarily be true?

(A) P is immediately to the right of R
(B) T is immediately to the left of P
(C) T is immediately to the left of P or P is immediately to the right of Q
(D) U is immediately to the right of R or P is immediately to the left of T
Key: (C)
Exp: Following two possibilities can be drawn

T T

U R S R

P S P U
Q Q

Given in question P and U interchange then-new diagram can be drawn.

T T
P R S R
U S U p
Q Q
now only option (C) verifies.

10. Budhan covers a distance of 19 km in 2 hours by cycling one fourth of the time and walking
the rest. The next day he cycles (at the same speed as before) for half the time and walks the
rest (at the same speed as before) and covers 26 km in 2 hours. The speed in km/h at which
Budhan walks is

(A1 (B) 4 € 5 (D) 6
Key: (D)
Exp: Let cycling speed = ¢ and walking speed = w
al 6. 3&a .9
Given C W —pi I
iven 832— 8 > g_:. g (1)
c+w =26 (ii)

On solving eq(i) and (ii), we get
w =6km/hr
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