IN: INSTRUMENTATION ENGINEERING

Q.1 to Q.20 Carry 1 Mark Each

1

Ifz = x+jy, where % and vy are real. The value of |ejz s
(8 1 (8) ¥+ (c) o (o) e

The walue of ﬁsm—zdz, where the contour of integration is a simple =g
z

curve around the origin, is

(8 0 (8) 2aj () () @

Let P=0 be a 3x32 real matrix. There exist linearly indgfendent®ectors » and v
such that Px=0 and Py=0. The dimension of the randggpad® of P is

(a0 By 1 (cyz 3
& sphere of unit of radius is centered at it/ The unit normal at a

point{x,y,z3) on the surface of the sphere | or

(B) 0y2) (B [%%%] (c

an WD T is supplied with a si
1kHz. The oufput is connect
voltmeter is 1% for a dis
displacement is 1mm 4n
reading of the valtm et@r |
(B -1V

7 ©EEE

voltage of amplitude 5% and frequency
n ac wvoltmeter. The reading of the
of 1mm from the null position. When the
osite direction from the null position, the

Y (C) 1y (D) 5Y

The circuit sh figureis
F
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{AY an all-pass filter (B} a bandpass filter

{C) a highpass filter (DY alowpass filter



7 The diodes in the circuit shown are ideal. & wvoltage of 0% represents logic 0
and +5% represents logic 1. The logic function 2 realized by the circuit for
logic inputs X and ¥ is

+5Y
"o .z
\Trl
(8) Z=X+Y (B) Z= XY (C) Z =X Oy z=xy
8 The minimal sum-of-products expression for th qic tion f represented

by the given Karnaugh map is

FQ
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(B} QS +PRS +F
(C) PRS +RB0OR JiRSH:'ER
+PRS +PQR

re shown, the initial state of Q is 0. The output is observed after
lication of each clock pulse. The output sequence at Q is
(B) 1010... (Cy 1111.. (D) 1000..

CLOCK ———{» CLK
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The binary representation of the decimal number 1.375 is

(&) 1.111 (B) 1.0

10

(Cy1.011 (D) 1.001

Consider a system consisting of a microprocessar, memory, and peripheral
devices connected by a common bus, During DMaA data transfer, the

microprocessor
{A) only reads fram the bus
{BY only writes to the bus

{C}) both reads from and writes to the bus
{03 neither reads from nar writes to the bus

The fundamental period of =(t)=2sin2xt+ 3sin3at , with t e w&- f

seconds, is
(8 15 (B) 0.6

& linear time-invariant causal system has a frequency

is

(C) 25 (D)

ssponse given in palar

farm as ;é— tan~tm. For input x(t) = sin t, the Q is

1+m?

{A) Ln::|:|5 t (B} Ln:n:|5

2 2

& BE0% duty cycle square wave with

in an ideal frequency modulator wi

modulated signal from that o

{A) a square wave
{C}) a triangular wave

The figure shows
setting which e

(3

e

usoidal carrier of frequency m. The

ideal phase demodulator {a circuit
o the difference in phase of the
ry. The output of the circuit is

-0.&

-1.5

-2.5

(A level: 0.2Y, slope: -ve
(B level: 0.5Y, slope: -ve
{CY level: -0.2%, slope: +ve
(DY level: 1.8Y, slope: -ve



16 The input impedance of CRO is equivalent to a 1M resistance in parallel with
a 45pF capacitance, Itis used with a compensated 10-to-1 attenuation probe.
The effective input capacitance at the probe tip is
{4y 4.5pF (B EpF {2 45pF (D) 450pF

17 & galvanometer with internal resistance 1000 and full-scale current 1ma is
used to realize a dc wvoltmeter with a full scale range of 1%, The full scal
range of this woltmeter can be extended to 10% by connecting an exter
resistance of value
(4) Ok (B 9.9k0 (Cy 10k (DY 11

. . 2 . .
18 & plant with a transfer function ———— is contfrolled by a PI co % with
55 +3)

Kp=1 and K;=0 in a unity feedback configuration, The lowesiivalusgof K; that

ensures zero steady state error for a step change in the refer ifput is
(a)0 (B) 1/3 (C)1/2 (D)1
) 2
19 & mass spectrometer is to be used to resalve pea spiinding to CO™ and
MZ". The atomic masses are °C = 12,0000, 0 £ 15.9 , and
YN = 14,0031 amu. The resolving power of pectraometer should be
atleast
(8) 250 {B) 350 { o0 (D) 3500
20 Assuming com plete dissociation, t 1m M solution of HZS Oy is closest
to
(4 3 (BY 2.7 (C) 2.4 (D 2.1
Q.21 to Q.60 carry 2 Marks E@
21 The ei?en values o HE) trix ¥ are -2 and -3, The eigenvalues of matrix
{=+10 " (x+EID) ar
(Aay -3,-4 (BW-1,-2 (i -1,-3 (DY -2,-4
1 1
22 = 0 0f rotates a vector about the axis [1| by an angle of
o1 0 1
(B} 609 (C) 909 (D) 1200

23 ning test is carried out to detect a certain disease. It is found that
of the positive reparts and 15% of the negative reports are incorrect,
dssuming that the probability of a person getting a positive report is 0,01, the

probability that a person tested gets an incaorrect report is

(4)0.0027 (B) 0.0173 (C)y0.1497 (D) 0.2100
24 One of the roots of the equation x3=jJ where j is positive square root of -1, is
. F o1 F o1 b
B By —+]= C) —-]= (D) -—-1=
(4] (B) —-+1g (© Z-1g ) -—-Jg
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The differential equation Tl with ®{03=0, and the constant t >0, is
T

to be numerically integrated using the forward Euler m ethod with a constant
integration time step T. The maximum wvalue of T such that the numerical
solution of ® converges is

(aY /4 (BY /2 (Cyt (DY 2t

& gquantity ® is calculated by using the farmula

B o= (p-o)r,

The measured values are p=9, q =6, r=0.5,

Assume that the measurement errars in p, g and r are independe
absolute maximum error in the measurem ent of each of the three
iz = The absolute maximum error in the calculated value of x4
(A)e {(B) 2= {C) 3= (D) 16=

ies

The response of a first order measurement system unit step input is

1- &%, where tis in seconds. & ramp of 0. 1units caind is given as the
input to this system. The error in the measure r transients have
died down is

{Aay 0.02units (B 0.1lunits { (DY lunit
The source network S is connected tot al ork L as shown by dashed
lines. The power transferred from S taWwo e maximum when ELis

20

R

—————— o
Sourc orfl S Load Metwork L
(&) 00 BY 0.60 (C)y0.80 (D 20

iu:’yEtem is used for measuring the speed of a rotating shaft.
one target mark on it. The maximum strobe rate at which

2 2

r r
2 I:D:I 1
= fa Fy + 1z

Ml
(B) —=— oy
ry +rs ry

The figure shSows the cross-sectional diagram of an orifice flow meter with an
orifice radius R, Point "2’ is 30R upstream while points '‘b* and 'c’ are 0.8R and
30R downstream from the orifice respectively. The pressures at points a, b
and ¢ are P, Py and P.respectively. Then
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Flaw ——
—>»
2K 4 h C
]
{Figure not to scale)
(A) Po> Ry = Py (B) Ry >P.>P, (COR =R >R (D) =P

The values of the material constant p for thermistors P_aod Q@ are 4000 K and
3000 K, respectively. The resistance of each thermi 3t ol K ois ko, At
373 K the ratio of the resistance of therm istor P to th'S thermistor Q will be
closest to
{8y 1.33 (B) 1.00 (cy ol (D) 0.50

Four strain gauges are fixed on a cylindric measure torque, as
shown in the figure,

& correct way f ese gauges in the bridge is
{4y P-1, Q-2, (By P-1, Q-3, R-2, 5-4
(CYy P-3, @1, R- (D P-2, Q-1, R-3, 5-4

sh‘uwn, the Zener diode has ideal characteristics and a
ltage of 3.2%. The output voltage ¥, for an input voltage Vi =
est to

1 -
-+ 4




{A) -10% (B} -G6.0% {C) -5Y (Dy-3.2v

34 The input resistance of the circuit shown in the figure assuming an ideal op
amp, is
(8) R/3 (B) 2R/3 (CYR (DY) 4R/3

a5 In the circuit shown in the figure, the switch S has been in Position 1 for

long time. It is then moved to Position 2. Assume the Zener diodes to be id
The time delay between the switch moving to Position 2 and the transitj
the output voltage ¥, is

. +15% 10k
Paosition 1

FPosition 2—= S —

Q

— 5V,

— Zener diode

lpFr
!

LW

=}

— Zener diode

{A) 5.00ms {B) 8 {C) 10.00ms (D) 13.75ms

36

CLOCK —— CLEK > CLK

above shows a 3-bit ripple counter, with Q2 as MSB, The flip-flops
ing-edge triggered. The counting direction is

always down

always up

{CY up or down depending on the initial state of Qponly

(DY up or down depending on the initial states of Q2 Qp and Qg

37 an 8-bit ADC, with 2's complement output, has anominal input range of -2%
to +2%, It generates a digital code of 0O0H for an analog input in the range -
TB1ZEmY to+7.8125mY. An input of -1.5% will produce a digital output of
(4) 90H (B) 96H (C) 9BH (D) A0H

38 The following is an assembly language program for 8085 microprocessors,
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Address Instruction Code Mrem onic

1000H 2EOG MWI A, OGEH
1002H ca 70 ADT 70OH
1004H 220710 S5TaA 1007H
1007H AF mEA A
1002H Fl=] HLT

When this program halts, the accum ulator contains
(&) 0OH (B O&H {C) 9BH (D) AOH

Forinput «(t), an ideal impulse sampling system produces the out

y(t)= 2 w(kT)e(t-kT) where &(t] is the Dirac delta functio
b=t

The system is

{4 nonlinear and time invariant

(B nonlinear and time varying TS

() linear and time invariant

(DY linear and time varying

The root mean squared value of #{t) = 3+ 2sin{

(8) 3 (8) B (D) 11

an analog signal sampled at 9kHz. The ze obtained is filtered by an
FIR filter with transfer function H[z] = e of the analog frequencies
for which the magnitude response

(4) 0.75kHz (B) 1kHz (D) 2kHz

The transfer function H{z) of -order linear phase FIR system is given

by
H[z]= (1 +2z7 Z'EJG(

Il

() 342271 4272 -1 +%2'2 () %+ 2zl 772 (DY 1+2z+ 327

The dc potenti engshiown in the figure has a working current of 10ma with
switch S apen. Fy=100W. The galvanometer G can only detect
currents ater than 10m A, The masimum percentage error in the

t of'the unknown emf E, as calculated from the slider position

||3v

|

l 2500
AN AAN
A |
IEEE, BmEI

(4 0.3 (B) 0.5 (C) 0.6 (D) 1.0
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& filter is represented by the signal low graph shown in the figure, Its input
#(th and output is yit), The transfer function of the filter is

1
#(s)
k
-k -1/5
-[1+ks 1+ks -[1-ks
(&) “lirks) (B) (arks) (C) it (D
s+ k s+ k s+ k
& unity feedback contral loop with an open transfer function & the form
K has a gain crossover frequency of 1 rad/s and a phase gin of 509,
= +a) V'S
If an element having a transfer function chk £] == E to the loop, the
5++3
phase margin will become
(4300 (B3 300 a (DY 6009
& linear time-inwvariant single-input singgle-o system has a state space
model given by
dx
—— =Fx+0G
m KA+ GU
Y =Hx
0
where F:[ ;
-4 -2

Here, % is the s

(43 0.25 BY 0.5 (Cy 1 (DY 2

acly system has the transfer function

lue of b for which the loci of all the three roots of the closed loop
eristic equation meet at a single pointis

®) ©= O

& standard three-lead frontal plane ECG is taken of a person with a narm al
heart. The peak amplitude of the R-wave is

{A) greatestin lead I

(B} greatest in lead 11

{C}) greatest in lead I1I

{03 equal in all the leads



449 The operating valtage of an ¥-ray tube is changed from 40kY to 50kY. The
resulting change in the shortest wavelength generated is
(&) +20% (B) -20% (CY+25% (D) -36%

50 In a pulsed ultrasound imaging system, a single EMHz crystal is used both as
source and as detectar. Bursts of atleast 20cycles are needed for acceptable
image quality. The velocity of sound in the tissue being imaged is 1500m /s
The minimum distance of the objects to be imaged should be
(A 12mm {BY Bmm {C) 3mm (DY Imm

Common Data Questions
Common Data for Questions 51 and 52:

The figure shows a sample-and-hold circuit using a MOSFET &5 a switch. The
threshold voltage of the MOSFET as a switch, The threshold agelof the
MOSFET is +2%. It has zero leakage current in the off state. As e that the

capacitor is ideal. ) <
I
Ill'llll:l

I I""'Isul:- 1
i 1nF
£l The input voltage v ranggs fi -9% to + 5, Appropriate values of Yo, of ¥,

during hold are, respegtive
CaY +12Y 2 +7Y and_ =53y
(B -12%,= +3%, an

(C) +12V,= +3

(DY -12%,2 +7 < -3y
52 The ciggui us@d at a sampling rate of 1kHz, with an &/D converter having a
conwver e of 200m=. The op amp has an input bias current of 10n4. the
hald error is
(B) 2m¥ (C) GmY (DY) 10m v

Data Questions
ata for Questions 53 and 54:

rcuit shown in the figure uses three identical transistors with Yeg = 0.7% and

00, Given Ry=Rs=Fa=1kQ, kT/9.=25m%. The collector current of transistor Qzis
2mh,



+12W

4
-1z
E3 The hias voltage Vg at the base of the traris Is approxim ately
(&) -9.3v (B -10.0% ( 3V (D) -11.0v
4 The small signal voltage gain of &
(&) -20 (BY -40 CYy 20 (DY) 40

Common Data for Questions 5
The figure shows an arrangemag Ok m2asuring small angular displacements in a
vertical plane. & non-condugt E
Cwidth w, height d) is bent al
Four electrode plates of len
plate capadtors Cy a

water with an air bub f
/4. the capacitar
bridge has ac ex

arc of a circle with radius R=>d, centered at P,
width w are placed to form two curved parallel
a negligible gap between them. The tube contains
tangular cross section {width w, height d) and length
are cted in a bridge circuit as shown in the figure, where the
atin:nzﬁ.ri. angular displacement A8 occurs about the paint P,
1/4
;== Gy

|Bubble
1 1

s Front wiew 7

Ry

pn‘ “

EL The range of angular displacement {in radians) this system can measure is



(A S to +|— (B} —4_|!T’c|:|+L

=] aR 4R

3l I I I
C) -— to +— D} -— to +—
- 4R ®) -5 R

TN
EG The sensitivity Yol
fil=

is

(&) inversely proportional to R and |

(B inversely proportional to R and directly proportional to |
{C) directly proportional to R and |

{0y directly proportional to R and inversely proportional to |

Linked Answer Questions
Statement for Linked Answer Questions 57 and 58:

& disturbance input dit) is injected into the unity feedback control oo own in the
figure. Take the reference input r{t) to be a unit step. TS
di £

E7 If the disturbance is measur
significantly using a fee
component of the output

3n

1 T
&) F4-7 ( 4 (©) N2sm (D) 2o

ntroller Gy ¢ {5). To eliminate the
1= sint, Gy djw)|w=1 should be

E& Let Ggis) be a ntgller, If dit) = sin 2t, the amplitude of the frequency

2 fo dit)is

g 17 20
TS (B) EE) (C) 3 (D} 3

terferometer illum inated with a source of central wavelength i, and
idth of AL is adjusted for equal path difference for the beams returning

he two mirrors, When one of the mirrors is moved by a distance of D.1mm

is position, 300 fringes move past the field of view. When the mirroris moved
her, the fringes completed disappear when the mirror is approsimately 4cm from
the initial position.

59 The central wavelength of the source is
(A% E40nm (B 63Z2.8nm () 667nm (D) 720nm

60 The spectral width of the source AXL is approximately
(4) 0.0056nm (B) 0.0100nm (Cy 0.0500nm (D) 0.1000nm
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