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I N : I NSTRUM ENTATI ON ENGI NEERI NG

Dur at ion  : Th r ee Hou r s M ax imum M ar k s : 100

Read t he fol l ow ing i nst r uct i ons car efu l l y.

1. All quest ions in this paper  are of object ive type.

2. There are a total of 65 quest ions car rying 100 marks.

3. Quest ions 1 through 25 are 1-mark quest ions, quest ion 26 through 55 are 2-mark quest ions.

4. Questions 48 to 51 (2 pairs) common data quest ions and question pairs (Q. 52 and Q.53) and (Q. 54 and Q.55)
are l inked answer  quest ions. The answer  to the second quest ion of the above pair  depends on the answer  to
the first  quest ion of the pair. I f the first  quest ion in the l inked pair  is wrongly answered or  is un-at tempted,
then the answer  to the second quest ion in the pair  wil l  not  be evaluated.

5. Quest ions 56 - 65 belong to general apt i tude (GA). Quest ions 56 - 60 wil l  car ry 1-mark each, and quest ions
61-65 wil l  car ry 2-marks each. The GA quest ions wil l  begin on a fresh page.

6. Un-at tempted quest ions wil l  car ry zero marks.

7. Wrong answers wil l carry NEGATIVE marks. For  Q.1 to Q.25 and Q.56 - Q.60, 1/3 mark wil l  be deducted for
each wrong answer. For  Q. 26 to Q. 51, and Q.61 - Q.65, 2/3 mark wil l  be deducted for  each wrong answer.
The quest ion pairs (Q. 52, Q. 53) and (Q. 54, Q. 55) are quest ions with l inked answers. There wil l  be negat ive
marks only for  wrong answer  to the first  quest ion of the l inked answer  quest ion pair  i .e. for  Q. 52 and Q.54,
2/3 mark wil l  be deducted for  each wrong answer. There is no negat ive marking for  Q. 53 and Q.55..
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 Q 1 to Q 25 carry one mark each

1. The di mensi on  of  t he nu l l  space of  t he mat r i x

0 1 1

1 1 0

1 0 1

 
  
   

 is

(a) 0 (b) 1

(c) 2 (d) 3

2. I f the A-matr i x of the state space model  of a SISO
l inear  t ime Invar iant  system is rank defi cient , t he
transfer funct ion of the system must have

(a) a pole wi th a posi t ive real  part

(b) a pole wi th a negat ive real  part

(c) a pole wi th a posi t ive imaginary part

(d) a pole at  the or igin

3. Two systems wi th impulse responses h1(t ) and h2(t )
are connected in cascade. Then the overal l  impulse
response of the cascaded system is given by

(a) product of h1(t) and h2(t)

(b) sum of h1(t) and h2(t)

(c) convolut ion of h1(t) and h2(t)

(d) subtract ion of h2(t) from h1(t)

4. The complex funct ion tanh (s) is analyt ic over a region
of the imaginary axis of the complex s-plane i f the
fol lowing is TRUE  everywhere in the region for al l
integers n

(a) Re(s) = 0

(b) Im(s)  n

(c) Im (s)  
3

n

(d) Im (s)  
(2 1)

2
n 

5. For a vector E, which one of the fol lowing statements
is NOT TRUE?

(a) I f  E = 0, E is cal led solenoidal

(b) I f  × E = 0, E is cal led conservat ive

(c) I f  × E = 0, E is cal led i r rotat ional

(d) I f  E = 0, E is cal led i r rotat ional

6. For  a per i odi c si gnal  v(t ) = 30si n100t  + 10cos
300t + 6sin(500t + /4), the fundamental  frequency in
rad/s is

( a) 100 (b) 300

(c) 500 (d) 1500

7. I n the t ransistor ci rcui t  as shown below, the value of
resistance RE in k is approximately,

(a) 1.0 (b) 1.5

(c) 2.0 (d) 2.5

+10V

1.5k

1.5k

VCE = 50V

I  = 2.0mAC

RE

0.1  F
6k Vout

0.1  F

8. A source vs(t) =V cos100 t has an internal  impedance
of 4 +13  I f a purely resist ive load connected to this
source has to extract  the maximum power out  of the
source, i ts value in  should be

(a) 3 (b) 4
(c) 5 (d) 7

9. Which one of the fol lowing statements is NOT TRUE
for  a cont inuous t ime causal  and stable LTI  system?

(a) Al l  the poles of the system must l ie on the left  side
of the j axis

 (b) Zeros of the system can l ie anywhere in the s-plane
(c) Al l  the poles must l ie wi thin | s|  = I
(d) Al l  the roots of the character ist ic equat ion must

be located on the left  side of the j axis

10. The operat ional  ampl i fier  shown in the ci rcui t  below
has a slew rate of 0.8 Vol ts/s The input signal  is 0.25
sin (t). The maximum frequency of input in kHz for
which there is no distort ion in the output is

         

_

+

470k

22k

0.25sint

V0

0

(a) 23.84 (b) 25.0
(c) 50.0 (d) 46.60

11. Assuming zero ini t ial  condi t ion, the response y(t) of
the system given below to a uni t  step input u(t) is
(a) u(t)
(b) t u(t)

(c)
2

( )
2
t

u t                      
U(s) 1

S

Y(s)

(d) 1 ( )e u t
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18. The di fferent ial  pressure t ransmit ter  of a flow meter
using a venture tube reads 2.5 × 105 Pa for a flow rate
of 0.5 m3/s. The approximate flow rate in m3/s for  a
di fferent ial  pressure 0.9 × 105 Pa is

(a) 0.30 (b) 0.18
(c) 0.83 (d) 0.60

19. A bulb in a staircase has two switches one switch being
at the ground floor and the other  one at  the fi rst  floor.
The bulb can be turned ON and  also can be turned
OFF by any one of the swi tches i r respect ive of the
state of the other swi tch. The logic of swi tching of the
bulb resembles

(a) an AND gate (b) an OR gate
(c) an XOR gate (d) a Nand gate

20. Th e i m pu l se r espon se of  a syst em  i s
h(t) = t u(t). For an input u(t –  1), the output is

(a)
2

( )
2
t

u t (b)



( 1)

( 1)
2

t t
u t

(c)



2( 1)

( 1)
2

t
u t (d)




2 1
( 1)

2
t

u t

21. Consi der  a del t a connect ion of  r esi st or s and i t s
equivalent  star connect ion as shown below. I f al l
elements of the del ta connect ion are scaled by a factor
k , k  > 0, the element s of the cor responding st ar
equivalent  wi l l  be scaled by a factor of

Ra

Rb Rc

RA

RBRC

(a) k2 (b) k

(c) 1/k (d) k

22. An accelerometer has input range of 0 to 10g. natural
frequency 30 Hz and  mass 0.001 kg. The range of the
secondary displacement t ransducer in mm required
to cover the input range is

(a) 0 to 2.76 (b) 0 to 9.81
(c) 0 to 11.20 (d) 0 to 52.10

23. I n the ci rcui t  shown below what is the output vol tage
(Vout) in Vol ts i f a si l icon t ransistor Q and an i deal
 op-amp are used?

_

++
_

1 k
+15 V

–15 V

0

Q

Vout

5V

(a) – 15 (b) – 0.7
(c) +0.7 (d) +15

12. The t ransfer  funct i on 2

1

V ( )
V ( )

s
s

 of t he ci r cui t  shown

below is

10 k

100 F

V (s)2V (s)1

100 F

+

_

+

_

(a)



0.5 1

1
s

s
(b)




3 6
2

s
s

(c)



2
1

s
s

(d)



1
2

s
s

13. Th e t ype of  t h e par t i al  di f f er en t i al  equ at i on

f
t




 = 
2

2

f

x




 is

(a) Parabol ic (b) El l i pt i c
(c) Hyperbol ic (d) Nonl inear

14. The discrete-t ime transfer funct ion 
1

1

1 2

1 0.5

z

z








 is

(a) non-minimum phase and unstable
(b) minimum phase and unstable
(c) minimum phase and stable
(d) non-minimum phase and stable

15. M atch the fol l owi ng biomedical  i nst r umentat i on
techniques wi th their  appl icat ions

P Otoscopy U Respiratory volume
measurement

Q Ultrasound Technique V Ear diagnost ics

R Spiromet ry W Echo-cardiograhy
S Thermodi lut ion X heart  volume

Technique measurement

(a) P-U, Q-V, R-X, S-W
(b) P-V, Q-U, R-X, S-W

(c) P-V, Q-W, R-U, S-X
(d) P-V, Q-W, R-X, S-U

16. A cont inuous random var iable X has a probabi l i ty
densi ty funct ion f(x) = e– x, 0 < x < . Then P {X > 1} is

(a) 0.368 (b) 0.5
(c) 0.632 (d) 1.0

17. A band-l imi ted signal  wi th a maximum frequency of
5 kH z is to be sampled. According to the sampl ing
theorem, the sampl ing frequency in kHz which in not
val id is

(a) 5 (b) 12
(c) 15 (d) 20
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24. I n the feedback network shown below, i f the feedback
factor k is increased, then the

A0

K
+
_

Vout

+
_

+
_

+
_ Vin V1

Vr = kvout

+
_

(a) input impedance increases and output impedance
decreases

(b) input impedance increases and output impedance
also increases

(c) input impedance decreases and output impedance
also decreases

(d) input impedance decreases and output impedance
increases

25. The Bode plot  of a t ransfer funct ion G (s) is shown in
the figure below.

40

32

20

–8 1
10 100

 (rad/s)

0

G
ai

n 
(d

B)

The gain (20 log| G(s)| ) is 32 dB and – 8 dB at  1 rad/s
and 10 rad/s respect ively. The phase is negat ive for  al l
. Then G(s) is

(a)  
39.8

s
(b) 2

39.8

s

(c)
32
s

(d) 2

32

s

Q.26 t o 55 car r y  t w o m ar k s each

26. While numerical ly solving the di fferent ial  equat ion

22
dy

xy
dx

  = 0 y(0) = 1 using Euler’s predictor corrector

(improved Euler-Cauchy) method wi th a step size of
0.2, the value of  y after  the fi rst  step is
(a) 1.00 (b) 1.03
(c) 0.97 (d) 0.96

27. One par t  of eigenvectors cor responding to the two

eigenvalues of the matrix 
0 1

1 0

 
 
 

 is

(a)
1 J

J 1
   
       

(b)
0 -1

1 0
   
   
   

(c)
1 0

J 1
   
   
   

(d)
1 J

J 1
   
   
   

28. The digi tal  ci rcui t  shown below uses two negat i ve
edge-tr iggered D-fl ip-flops. Assuming intial condi t ion
of Q1 and Q0 as zero, the output Q1Q0 of this ci rcui t  is

D1

D-Flip-flop

D1

D-Flip-flop

D0

D-Flip-flop

Q1 Q0

Q1 Q0

(a) 00,01, 10, 11,00 (b) 00,01,11,10,00

(c) 00,11,10,01,00 (d) 00,01,11,11,00

29. Con si der i ng t he t r ansfor m er  t o be i deal , t h e
transmission parameter ‘A’ of the 2-port  network

+

_

1
2

5
I1

V1

I2

V2

2

5

1 2
2

2

+

_

(a) 1.3 (b) 1.4

(c) 0.5 (d) 2.0

30. The fol l owi ng ar r angement  consi sts of  an  i deal
t ransformer and an at tenuator which at tenuates by a
factor of 0.8. An ac vol tage Vwx1 = l00V is applied across
WX to get  an open ci rcui t  vol tage Vyz1, across YZ. Next,
an ac vol tageVyz2 = 100V is appl ied across YZ to get  an
open ci r cu i t  vol t age Vwx2 across WX. Then, Vyz1,
VWX1 / VWX2 / VYZ2 are respect ively.

W

X

Y

Z

1.1.25

(a) 125/100 and 80/100

(b) 100/100 and 80/100

(c) 100/100 and 100/100

(d) 80/100 and 80/100

31. The open-loop transfer funct ion of a dc motor is given

as 
( )

V ( )a

s
s


 = 

10
1 10s

. When connected in feedback as
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shown below, the approximate value of K a that  wi l l
reduce the t ime constant of the closed loop system by
one hundred t imes as compared to that  of the open-
loop system is

+_
R(s)

Ka

Va(s) (s)
10

1+10s

(a) 1 (b) 5
(c) 10 (d) 100

32. Two magnet ical ly uncoupled induct ive coi ls have Q
factors q1 and q2 at  the chosen operat ing frequency.
Thei r  respect ive resistances are R1 and R2. When
connected in ser ies, the effect ive Q factor of the ser ies
combinat ion at  the same operat ing frequency is

(a) q1 + q2

(b) (1/q1) + (1/q2)
(c) (q1R1 + q1R2)/(R1 + R2)
(d) (q1R2 + q2R1)(R1 + R2)

33. For the ci rcui t  shown below, the knee current  of the
ideal  Zener diode is 10 mA. To maintain 5 V across RL,
the minimum value of  the load resistor RL in  and
the minimum power rat ing of the Zener diode in mW
respect ively are

100

10V

V  = 5 VZ

RL

ILoad

(a) 125 and 125 (b) 125 and 250
(c) 250 and 125 (d) 250 and 250

34. The impulse response of a cont inuous t ime system is
given by h(t) = (t –  1)+ (t –  3). The value of the step
response at  t = 2 is

(a) 0 (b) 1
(c) 2 (d) 3

35. Signals from fi fteen thermocouples are mul t iplexed
and each one is sampled once per second wi th a 16-bi t
ADC the digi tal  samples are converted by a paral lel
to ser ial  converter to generate a ser ial  PCM signal .
This PCM signal  is frequency modulated wi th FSK
modulator wi th 1200 Hz as 1 and 960 Hz as 0. The
mi n i mum band al l ocat i on  r equ i r ed for  fai t h fu l
re-production of the signal by the FSK receiver without
consider ing noise is

(a) 840 Hz to 1320 Hz
(b) 960 Hz to 1200Hz
(c) 1080 Hz to 1320 Hz
(d) 720 Hz to 1440 Hz

36. Three capaci tors C1, C2 and C3, whose values are 10F,
5F, and  2F respect ively, have breakdown vol tages
of 10V, 5V, and 2V respect ively. For the interconnect ion
shown below the maximum safe vol tage in Vol ts that
can be appl i ed acr oss t he combi nat ion  and t he
corresponding total  charge in C stored in the effective
capaci tance across the terminals are respect ively

C1

C2
C3

(a) 2.8 and 36 (b) 7 and 119
(c) 2.8 and 32 (d) 7 and 80

37. The maxi mum val ue of  the sol u t i on  y(t ) of  t he
di f fer ent i al  equat i on y(t ) + y(t ) = 0 w i th  i n i t i al
condi t ions y(0) = 1 and y(0) = 1 for  t  0 is
(a) 1 (b) 2

(c)  (d) 2

38. Th e L apl ace Tr an sfor m r epr esen t at i on  of  t h e
tr iangular pulse shown below is

x(t)

1

1               2      t

(a)
2

2

1
[1 ]se

s


(b)
2

2

1
[1 – ]s se e

s
 

(c)
2

2

1
[1 2 ]s se e

s
  

(d)
2

2

1
[1 2 ]s se e

s
  

39. I n the ci r cui t  shown below, i f t he source vol tage
Vs =10053 : 13° vol ts then the Thevenin’s equivalent
vol tage in vol ts as seen by the load resistance RL is

3 j4 j6 5

j40I2

I2I1

10VL1

+
_

R
L=

10
 

VS

VL1

+ _

+
_

(a) 10090° (b) 8000°
(c) 80090° (d) 10060°
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40. A signal  V1(t) =10 + 10sin 100t + 10 sin 4000 t +
10 sin 100000 t is suppl ied to a  fi l ter  ci rcui t  (shown
below) made up of ideal  op-amps. The least  attenuated
frequency component in the output wi l l  be

750

V1 (t) V0 (t)

(a) 0 Hz (b) 50 Hz
(c) 2 k Hz (d) 50 kHz

41. The signal  flow graph for a system is given below. The

transfer funct ion 
 
 

Y

U

s

s  for  this system is

U(s) 1

1

1 Y(s)s -1-1

–4

– 2

(a) 2

1

5 6 2

s

s s



 
(b) 2

1

6 2

s

s s



 

(c) 2

1

4 2

s

s s



 
(d) 2

1

5 6 2s s 
42. A vol t age 1000 si n  t  Vol t s i s appl i ed acr oss

YZ Assuming ideal  diodes,  t he vol tage measured
across WX in Vol ts, is

(a) sin t

(b) (sin t + | sin t| )/2  

1k
W XY

Z

1k+ _
(c) (sin t –  | sin t| )/2

(d) 0 for  al l  t

43. I n the ci rcui ts shown below the op-amps are ideal .
Then Vout in Vol ts is

_

+
_

+

1 k

1 k1 k
– 2 V

1 k

+ 15 V

– 15 V

+1 V
1 k

– 15 V

+ 15 V

Vout

(a) 4 (b) 6
(c) 8 (d) 10

44. I n the ci rcui t  shown below, Q1 has negl igible col lector-
to-emit ter  saturat i on vol tage and the diode drops
negl igible vol tage across i t  under forward bias. I f Vcc,
is + 5 V, X and Y are digi tal  signals wi th 0 V as logic 0
and Vcc as logic 1, then the Boolean expression for Z is

+VCC

R1

R2

Q1
Diode

X

Z

Y
(a) X Y (b) XY

(c) X Y (d) XY

45. The ci rcui t  below incorporates a permanent magnet
moving coi l  mi l l i -ammeter of range 1 mA having a
ser ies resistance of 10 k Assuming constant diode
forward resistance of 50 a forward diode drop of
0.7 V and infini te reverse diode resistance for each
diode, the reading of the meter in mA is

    
_

+

mA

10k
+

10k

5V
50Hz

(a) 0.45 (b) 0.5
(c) 0.7 (d) 0.9

46. Measurement  of opt ical  absorpt ion of a solut i on is
disturbed by the addi t ional  stray l ight  fal l ing at  the
photo-detector. For est imat ion of the error  caused by
stray l ight  the fol lowing data could be obtained from
control led exper iments.
Photo-detector output wi thout solut ion and wi thout
stray l ight  is 500 W
Photo-detector output wi thout solut ion and wi th stray
l ight  is 600 W
Photo-detector output wi th solut ion and wi th stray
l ight  is 200 W
The percent error in comput ing absorpt ion coefficient
due  to stray l ight  is
(a) 12.50
(b) 31.66
(c) 33.33
(d) 94.98
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47. Two ammeters A1 and A2 measure the same current
and provide reading I 1 and I 2 respect ively. The ammeter
errors can be character ized as independent zero mean
Gaussian random var iables of standard deviat ions 1
and 2 respect i vel y. The value of t he cur r ent  i s
computed as

I = I 1 + (1 –  )I 2

The val ue of   whi ch  gi ves the l owest  st andard
deviat ion of I  is

(a)

2
2

2 2
1 2



  (b)

2
1

2 2
1 2



 

(c)
2

1 2


  (d)
1

1 2


 

COM M ON DATA QUESTI ONS

Com m on Dat a for  Quest i ons 48 and 49

A tungsten wire used in a constant current  hot  wire ane-
mometer has  the fol lowing parameters

Resistance at  0° C is 10 , Surface area is 10– 4 m2, L inear
temperature coefficient  of resistance of the tungsten wire
is 4.8 × 10– 3/°C, Convect i ve  heat  t ransfer coefficient  is
25.2 W/m2/C, flowing air temperature is 30C, wire current
is 100 mA, mass-speci fic heat product is 2.5 × 10– 5 J/C.

48. The thermal  t ime constant  of the hot  wi re under
flowing  ai r  condi t ion in ms is

(a) 24.5 (b) 12.25

(c) 6.125 (d) 3.0625

49. At steady state, the resistance of the wire in  is

(a) 10.000 (b) 10.144

(c) 12.152 (d) 14.128

Com m on Dat a for  Quest i ons 50 and 51

A piezo-electr ic force sensor, connected by a cable to a vol tage
ampl i fier, has the fol lowing parameters.

Crystal  propert ies St i ffness 109 N/m, Damping rat io 0.01,
Natural  frequency 105 rad/s, Force-to-Charge sensi t ivi ty
10– 9 C/N, Capaci tance 10– 9 F wi th i ts loss angle assumed
negl igible.

Cable propert ies Capaci tance 2 × 10– 9 F wi th i ts resistance
assumed negl igible

Ampl i fier  propert ies Input impedance 1 M, Bandwidth
1 MHz, Gain 3

50. The maximum frequency of a force signal  in Hz below
the natural  frequency wi thin its useful  midband range
of measurement, for  which the gain ampl i tude is  less
than 1.05, approximately is,
(a) 35 (b) 350
(c) 3500 (d) 16 × 103

51. The minimum frequency of a force signal  in Hz wi thin
i ts useful  mid-band range of measurement, for  which
the gain ampl i tude is more than 095, approximately
i s,
(a) 16 (b) 160
(c) 1600 (d) 16 × 103

L I NK ED ANSWER QUESTI ONS

St at em ent  for  L i nk ed Answ er  Quest i ons 52 and 53

Consi der  a pl an t  w i t h  t h e t r an sfer  fun ct i on
G(s) 0 = 1/(s + 1)3. Let  K u and Tu be the ul t imate gain and
ul t imate per iod corresponding to the frequency response
based cl osed l oop Zi egl er -N i ch ol s cycl i n g met h od,
r espect i vel y. T he Zi egl er -N i chol s t u n i ng r u l e for  a
P-control ler  is given as K = 0. 5K u

52. The values of K u and Tu, respect ively, are

(a) 2 2  and 2 (b) 8 and 2

(c) 8 and 2 / 3 (d) 2 2  and 2 / 3
53. The gain of  the t ransfer funct ion between the plant

output  and an addi t ive l oad di sturbance input  of

frequency 2 / Tu in closed loop wi th a P-cont rol ler

designed according to the Ziegler-Nichols tuning rule
as given above is
(a) – 10 (b) 0.5
(c) 1.0 (d) 2.0

St at em ent  for  L i nk ed Answ er  Quest i ons 54 and 55

A di ffer en t i al  ampl i f i er  w i t h  si gnal  t er mi nal s X,Y,Z
i s con nect ed as sh ow n i n  F i g.(a) bel ow  for  CM RR
measurement  wher e the di fferent i al  ampl i f i er  has an
addi t i onal  const an t  of fset  vol t age i n t he ou tpu t .The
observat ions obtained are when V1 = 2V, V0 = 3mV, and when
V t  = 3V, V0 = 4 mV

+
_

Y

R3

R4

R

Z

R

X

Y
Differential
Amplifier

R1

R2

Strain
Gage R

R

+5V

V0

X

Fig. ( )a Fig. ( )b

Z
+

–

V1

54. Assumi ng i t s di f ferent i al  gain  t o be 10 and the
op-amp to be otherwise ideal , the CMRR is
(a) 102 (b) 103

(c) 104 (d) 105

55. The di fferent ial  ampl i fier  is connected as shown in
Fig. (b) above to single strain gage br idge. Let  the
st r ai n  gage r esi st ance var y ar ound i t s no-l oad

resistance R by 1% . Assume the input impedance

of the ampl i fier  to be high compared to the equivalent
source resistance of the br idge, and the common mode
character i st ic to be as obtained above. The output
vol tage in mV var ies approximately from
(a) + 128  to – 128
(b) + 128 to –  122
(c) + 122 to –  122
(d) + 99 to –  101
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GENERAL  APTI TUDE (GA) QUESTI ONS

Q. 56 t o Q. 60 car r y  one m ar k  each.

56. St atem ent  :  you can always give me a r ing  whenever
                         you need

Which one of the fol lowing is the best  inference from
the above statement?
(a) Because I  have a nice cal ler  tune

(b) Because I  have a bet ter telephone faci l i ty

(c) Because a fr iend in need is a fr iend indeed
(d) Because you need not pay towards the telephone

bi l ls when you give me a r ing

57. Complete the sentence

Dare_________mistakes

(a) Commi t
(b) to commit
(c) Commi t ted
(d) Commit t ing

58. Choose the grammatical ly CORRECT  sentence

(a) Two and two add four

(b) Two and two become four

(c) Two and two are four

(d) Two and two make four

59. They were requested not to quar r el  wi th others
Which one of the fol lowing opt ions is the closest  in
meaning to the word quar r el?

(a) make out

(b) cal l  out

(c) dig out

(d) fal l  out

60. I n the summer of  2012, i n New Delhi , t he mean
temperature of Monday to Wednesday was 41C and
of Tuesday to Thursday was 43C. I f the temperature
on Thursday was 15% higher than that  of Monday,
then the temperature in C on Thursday was
(a) 40 (b) 43
(c) 46 (d) 49

Q. 61 t o Q. 65 car r y  t w o m ar k s each.

61. Find the sum to n terms of the ser ies 10 + 84 + 734 +

(a)
9(9 1)

1
10

n 
 

(b)
9(9 1)

1
8

n 


(c)
9(9 1)

8

n

n




(d) 29(9 1)
8

n

n




62. The set of values of p for  which the roots of the equat ion
3x2 + 2x + p(p –  1) = 0 are of opposi te sign is
(a) (– , 0) (b) (0, 1)
(c) (1, ) (d) (0,)

63. A car t ravels 8 km in the fi rst  quarter of an hour, 6 km
in the second quarter and 16 km in the thi rd quarter.
The average speed of the car in km per hour over the
ent i re journey is
(a) 30 (b) 36
(c) 40 (d) 24

64. What  i s the chance that  a l eap year, sel ected at
random, wi l l  contain 53 Saturdays?

(a)
2
7

(b)
3
7

(c)
1
7

(d)
5
7

65. St at em ent  : There were di fferent  streams of freedom
movement s i n col on ial  I ndi a car r i ed ou t  by the
moderates, l iberals, radicals, social ists, and so on

Which one of the fol lowing is the best   inference from
the above statement?
(a) The emergence of nat ional ism in colonial  I ndia

led to our Independence
(b) Nat ional ism in India emerged in the context  of

colonial i sm
(c) Nat ional ism in India is homogeneous
(d) Nat ional ism In India  is heterogeneous

ANSWERS
1. (b) 2. (d) 3. (c) 4. (d) 5. (d) 6. (a) 7. (a) 8. (c) 9. (c) 10. (a)

11. (b) 12. (d) 13. (d) 14. (d) 15. (c) 16. (a) 17. (a) 18. (a) 19. (c) 20. (c)

21. (b) 22. (a) 23. (b) 24. (a) 25. (b) 26. (a) 27. (a) 28. (b) 29. (a) 30. (b)

31. (c) 32. (c) 33. (b) 34. (b) 35. (d) 36. (c) 37. (d) 38. (d) 39. (c) 40. (a)

41. (a) 42. (d) 43. (c) 44. (b) 45. (a) 46. (b) 47. (c) 48. (b) 49. (b) 50. (d)

51. (b) 52. (c) 53. (b) 54. (c) 55. (b) 56. (c) 57. (b) 58. (d) 59. (b) 60. (c)

61. (d) 62. (b) 63. (c) 64. (a) 65. (d)
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EXPLANATI ONS

3.
h1 ( )t h2 ( )t

h ( )t

h(t) = h1 (t)  h2
 (t)

   4. Tan h (s) =  is analyt ic
I f es + e– s  0
 e2s  – 1 s 
 I m(s) 

    5.  E = 0, E is cal led i r rotat ional , which is not  t rue.

    6. W0 = 100 rad/sec fundamental

3W0 = 300 rad/sec thi rd hermonic

5W0 = 500 rad/sec fi fth harmonic

    7.          VB =   
10 6

2.8V
6 15

k
k






VE =  2.8 –  0.7 = 2.1V

RE= 
VE 2.1

1
IE 2 A

k
m

  

8. Zi = (4 + j  3) 

ZL  =
2 24 3   = 5 

9. Consi der  op t i on  A : In which al l the pols l ie on the left
of j axis which sat isfy casual  stable LT1 system.

Opt i on  B : For a stable casual  system, there are no
restr ict ion for  the posi t ion of zeroes on s plane.

Opt i on  C : text  t rue.

Opt i on D : Roots of characteristic equat ion are all  closed
loop poles and they al l l ine on the left  side of the j axis.

11. H (s) =
1
s V( )s Y( )s1

sh(t) = u(t)

( )u t  = input

output = u (t)  h (t) = u (t)  u (t) = r  (t) =  u t

12. Taking Laplace t ransformat ion of the ci rcui t ,

+

–

V(S)1 V(S)2

10 × 103

1
100 × 10 × S

–.6

+

–

By applying vol tage devider rule:

V2 (s) =

4
3

14 4
3

1010 10
V ( )

10 1010 10

 


  

s s

s s

2

1

V ( )
V ( )

s
s  =

1
1 1

2 21

ss
s

s

 




  13.
f
t




= 
2

2

f
x



 B2 –  4AC = 0

The equat ion in parabol ic

  14. H (z) = 
1

1

1 2
1 0.5

z
z








For minimum phase system, al l  poles and zeros
must l ie inside the uni t  ci rcle.

The stable system al l  poles must l ie inside the
uni t  ci rcle.

   17. Here fm
 = 5KHZ

 fs > 2fm = 10 KHZ

  B,C,D opt ions are greater than 10 KHZ

   18. Let swiches = P1, P2

P1 P2 2(O/P)

OFF OFF OFF

OFF ON ON

ON OFF ON

ON ON OFF

 From truth table i t  can be ver i fied that  Ex –  OR
logic is implemented

19. L et  us consider  the swi t ches A and B and bulb Y.
Switches can be 2 posi t ions up (0) or down (1)
Start ing wi th both A and B in up posi t ion. Let  the bulb
be OFF. Now since B can operate independent ly when
B goes down, the bulb goes ON

A B Y
up (0) up (0) OFF
up (0) down (1) ON

Now keeping A in down posi t ion when B goes down, the
bulb wi l l  go OFF.

A B Y
down (1) up (0) ON
down (1) down (1) OFF

find t ruth table corresponds to XOR gate.

20. As h(t)   =     t a(f)

             input         response

(t)  t a (t)

u(t) 
0

( )


  
t t

a I dt tdt  = 
2

( )
2
t

a t

u(t –  1) 



2( 1)

( 1)
2

t
a t
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21. Ra

Rb Rc

RC
RB

RA

RC

RB

RA

Rc =
R R

R R R
a b

a b c


 

 as Ra is scaled by facts k

R 
c  =

R R
R R R

 




 

a b

a b c
 = 

2R R
(R R R )

a b

a b c

k
k


 

 = 
R R

R R



 
a b

a b

k
c

so elements corresponding to star equivalence wi l l  be
seated by facts k.

23. Using the concept of “vi r tual  ground” in an operat ional
ampl i fier, we can set  the vol tage at  the point  to zero
vol ts since the non invert ing terminal  is grounded.
Once VA = 0, VC wi l l  also be zero.
We know that  for  a si l icon n– p– n t ransistor,
VBE = VB –  VE = 0.7 V
Since, VB = 0  VE = –  0.7 V
Hence the output voltage is the same as the emitter voltage
so, Vout = – 0.7 V

24. I nput Independence of a voltage-voltage feedback ci rcui t
= 2i  (1 + A0 k)

Zi
 = i n i t i al  i nput  impedance (wi thout  feed output

Impedance of a vol tage-vol tage feedback ci rcui t

= 0 0Z (1 A )k
Z0 = ini t ial  output impedance (wi thout feedback)
Hence, As K is increased, the input  impedance wi l l
increase and output impedance wi l l  decrease.

25. 20 log k = 32

k = 101.6 32db – 40  db

two poles at origin 

– 8ab 1 10 100

= 39.8

T(s) = 2

39.8
s

 26.
dy
dx = – 2xy2, x0 = 6, y0 = 1

h = 0.2

f(x, y); yP1 = y0 + h + (x0, y0) = 0.96

is the value of y after  step.

  27.  = j , – j  are eigen values

(A –  j I )x = 0 
1 0

1 0
j x

j y
      

           

Eigen vector for  j  = 
1
j 

 
 

and (A + j I )x = 0  
1 0

1 0
i x

j y
     

      
     

Eigen vector for  – j  is 
1
j

 
 
 

30. 1st  case :
Vwx1 = 100 V

So, Vyz1 =
2

1
1

M V 1.25 100 125V
M

  wx

 Vyz1 = Vyz1  x = 125  0.8 = 100 v.

 Vyz1/Vwx1 =
100

.
100

2nd case:
Vyz2 = 100 V

 Vyt2
 =

100 100 125
0.8

 


v

Now, Vwx2 =
11

2
2

M 1V 125 100
M 1.25

  y z v

 Vwx2/Vyz2 =
100
100

31. Given:
Open loop transfer funct ion of a dc motor as

( )
V ( )a

w s
s  =

10
1 10 s

10
1 + 10sKa

+
–

w s( )V (S)aR(S)

Topic : P control ler  wi th uni ty feed back

For m ula: For fi rst  order system loop transfer funct ion

is
C( ) K
R( ) 1 T




s
s s

comparing with
( ) 10

V ( ) 1 10


a

w s
s s  Topen loop=10

Now for closed loop overal l  t ransfer funct ion is given by

( )
R( )
w s

s
 =

10K
1 10

101 K
1 10

 
  
    

a

a

s

s

= K 10 10K
1 10 K 10 10 (10K 1)


   

a a

a as s
Dividing numerator and denominator by 10K a + 1

Now ( )
R( )
w s

s
 =

10K
10K 1

101
10K 1


 

   

a

a

a

s

So Tclosed loop =
10

10K 1a

 (By comparing from formula)

In Question given that t ime constant of closed loop system

is 
1

100  t imes of time constant of open loop system
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so closed loop openloop
10 1 110 T T

10K 1 100 100
     a

10 K a + 1 = 100

10 K a = 99

K a = 9.9  10

 K 10a  approximate value

32. Let the effect ive Q factor is q1 then i t  can be wri t ten
using inductance and resistance of equivalent  ci rcui t .

q = L
Re
 


eq
q

 = 1 2

1 2

(L L )
R R

 


Now we subst i tute the value of L 1 and L 2  in terms of q1

and q2

 q = 1 1 2 2R R     

q q
 =    1 1 2 2 1 2R R R R q q

33. I s = I z + I L
IS

100
Iz

IL

V = 5V2
10V

I s –  I z = I L

Two extreme condi t ion:

  I f I z
 (min),then I L (max)

  I f I z
 (max)then I L (min) = 0

I z
 (max) = I s = 

10 5
10


 = 50 mA

I z
 (min) = I s –  I L  (max)

I L (max) = I s –  I z (min) = I s
 –  I z = (50 –  10) = 40mA

RL (min) =
L

V 5
K 125

I (max) 40
  

Pz = Vz  I z (max) = 5  50 mA = 250 mw

34. As h(t) =(t –  1) + (t –  3)

r (t) = h(t )  u(t)
2

1r(t)

1 2

= [(t –  1) +  (t –  3)]  u(t)

= u (t –  1) + u (t –  3)

  35. Data rate from ADC is 16  15 bi ts/second

= 240 bi ts/second

The bandwith required for t ransmit t ing 240 bi ts/
second

= 120 Hz(hal f of bi ts rates)

Now when each pulse represent ing ‘1’ and ‘0’ sets FSK
modulator wi th 960Hz and 1200 Base band signal
before modulat ion.

– 20 120

The spectrum of signal  after  modulat ion

– 1320 + 1200 – 1080 –1080 – 960 – 840 840 960 1080 1080 1200 1320

 al l  frequency from 840 to 1320 in requ i red for
al l ocat i on.

36. Given values:
Capaci tance Value Vol tage  Breakdown

C1 10µF 10V

C2 5µF 5V

C3 2µF 2V.

Gi ven ci r cui t :

C1

C2 C3

A B

To f i nd :
Max. safe vol tage in vol ts that  can be appl ied across the
combinat ion and Corresponding total  charge is µC.

Dev isi ng a plan :
(a) We wi l l  fi rst  calculate equivalent  capaci tance of

given figure.

(b) By cal culat ing capaci tance, we can check  which
answer can be the solut ion, i t  reduce your effor t  in
solving problem.

(c) Then apply the remaining answer for  remaining
opt ions.

Solv ing:
Equivalent  capaci tance, as C2 &  C3 are in ser ies and we
know that  when capaci tance are in ser ies equivalent

capaci tance = 
2 3

2 3

C C
C C

&  when two capaci tor are in paral lel then their  addi tion

= 2 3
1

2 3

C C
C

C C




* C = 2 3
1

2 3

C C
C

C C



= 5µF 2µF10µF+ .

5µF 2µF



= 11.4285µF

Now check the opt ion by using formula

CV = 
(a) 2.8  11.4285 = 32 C  36 C (opt ion (a) is wrong)

hence ‘c’ opt ion can be r ight

Now when 7V

(b) 7V  11.4285 µF = 80µc  119µC { B is

hence ‘d’ option is right .

only ‘c’ &  ‘d’ are left .

 Now apply 7V fi rst  in given ci rcui t ,

when vol tage across AB is 7V then C1 can handle i t
broz max breakdown vol tage across is 10Y.
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and across 
A B

7V

C2 C3

(V )2 (V )3

 as they are in

ser ies so charge across  them wi l l  be same.

Q2 = Q3

C2V2 = C3 V3

C2V2 = C3 V3 [V2 + V3 = 7V]

C2V2 = C3 (7 –  V2)

C2V2 = 7C3  –  C3V2

V2 =
3

2 3

7C
C C

V2 =  2

7 2
2V V 2V

2 5


 


and V3 = 7 –  V2 = 7 –  2

3V 5V

As when we take ‘7V’ then for that  V2 = 2V &  V3 = 5V,
but max vol tage across V3 can be 2V [because above
which i t  breakdown].

as 3V 2V

But, when we take 7V then V3 have to be 5V which is
not possible hence ‘d’ is also wrong.

   Only opt ion left  is ‘c’

But, I  wi l l  show that  i t  is also r ight .

When VAB = 2. V
C2 C3

C1

A B

vol tage across C1 = 2.8 V     [possible as breakdown

                  vol tage is 10 V].

V2 =
3

2 3

C 2.8
C C




2V 8V   [possible as breakdown vol tage across

                    C2 is 5V)]

V3 =
2

2 3

C
2.8

C C
 

  

= 2 V [possible as breakdown vol tage
across C3 is 2V]

hence opt ion ‘D’ is correct

*Ver i f i cat i on : As I  al ready showed that  only ‘s’ is t rue
no one else.

Con cl usi on : voltage across method capacitance  i s

not  same as voltage across method resistance.  For
determine vol tage across resistance we just  do as we
want to determine across R1 &  R2

A BR1 R2

VAB

 1

1
ABR

1 2

R
V V

R R




But in capaci tor

A B
VAB

C1 C2

 1

1
ABC

1 2

C
V V

C C




So, don’t apply resistance voltage method in to capaci tor
one, i f you do that  then you wil l  obtain ‘D’ as answer, but
which is wrong.

  37. y (t) + y (t) = 0

Taking laplace on both the sides

we get

(s2 + 1) y(s) = 2s + 1 = y(s) = 2 2

2 1
1 1


 
s

s s

 y(t) = 2 cos t + sin t

 maximum value of y(t) = 2 22 1

= 5

   38. n(t) = t for  0 < t < 1

= 2 –  t for  1 < t < 2

L  [n(t)] =
   

1 2

0 1

(2 )st ste tdt e t dt

= 2
2

1
1 2     

s se e
s

  39. Given: Vs
 = 10053.13V

~VS I1 j40 I2

3 j4
+ –VL1

j6 5

10VL1

I2

R = 10L +
–

+
–

To find: Thevenin’s vol tage across Load resistonce

Solut i on

* For Vth
  open i t .

~VS I1 j40 I2

3 j4
+ –VL1

j6 5

10VL1

I2

R = 10L +
–

+
–

open this
terminal 
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*  Opening, then I 2 = 0

*  When I2 = 0, then j40I 2 = 0 {voltage source will short
circuit)

Circui t  became

~VS

3 j4

j6 5

10VL1
+
–I1

I = 02 VTH

 VL1
+ –

  1
VI

3 4



s

j      L1
VV 4

3 4
 


sj

j

*  VTH = 10VL1 because no-current flowing through ci rcui t.

VTH = 10 4 V
3 4
 


sj
j

 = 
40 V
3 4

sj
j

From rectangular domain to polar domain.

=
40 90º 100 53 13º
5 53 13

 


                           THV 800 90º

41.
1

S
–1

S
–1

–4

– 2

V(S) V(S)

Forward path =

P1 = S– 1, S– 1 = S– 2    1 = 1

P2 = S– 1 2 = 1

Loop =

L 1 = – 4S– 1

L 2 = – 2S– 1 S– 1 = –  2S– 2

L 3 = – 2S– 1

L 4 = – 4

T(S) =
2 1

1 2 –1

S S
1 4 2S 2S 4S

 

 


   

=
1 2

1 2

S S
S 6S 2S

 

 


 

 = 2
1

5S 6S 2


 
S

42.  ‘D’ 0 for  al l  +

1cm
X

Y
W

Z

1K

  

~
X

W

Z

1KY

10
00

 s
in

 
t

Not e:
 Al l  diode conducts only done negat ive hal f.

 XW is at  symmetr ical  point  so vol tage across XW
is zero for  al l  t ime.

43. 1K 1k
– 2V

1 + 15

– 15V
1

–

+

1k

+1V
1 k 1 k

–

+

2

+ 15V

– 15V

Vout

V out = 
1 1 1

1 1 2 1
1 1 1

v v
                     

  
Gain of Gain Gain of

non inverty of non inverty
amp (1) inverty amp (2)

amp (1)

= [1  2 + 2]  2 v = 8v

44. VCC

X
Z

X

Y

.z x y

54. V0 =
2

1

RV
1

CMRR R
 

 
 

 CMRR = 41V
(10) 10

1


mv

  60. L et  t h e t emper at ur e of  M on day be T M  su m  of
temperat ure of  Tuesday and Wednesday = 1 and
temperature of Thursday = TTh

Tm + T = 41  3 = 123

and T t h + T = 43  3 = 129

 T t h –  Tm = 6, TTh = 1, 155 cm

 0.15Tm = 6  Tm = 40

 Temp of thursday = 40 + 6 = 46ºC

 61. 10 + 84 + 734 + .... + n term

= (9 + 1) + (92 + 3) + (93 + 5) + (94 + 7) + ... n term.

= 





29(9 1)
9 1

n

n

 
   

2( )
( ) at Sum of first n odd number in 

1

n

n

a r
S r i n

r
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62. 
P(P 1)

3


 < 0  P(P –  1) < 0  ( P –  0) (P –  1)

< 0  0 < < P < 1

 the required set  of valuesion is (0, 1)

63.  Average speed =
Total distance 8 6 6

1 1 1total time
4 4 4

 


 

= 40 km/hv.

 64.  There are 52 complete week in a calender

Year = 52  7 = 364 days

 No. of days in a leap year = 366

 Probabi l i ty of 53 Saturdays = 2/7




