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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. Quest ions 48 and 51 (2 pairs) common data quest ions and quest ion 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 t o Q.25 car r y  one m ar k  each.

1. 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 ideal  op-
amp are used?
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3. 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

       
U(s) 1

S

Y(s)

(a) u(t) (b) t u(t)

(c)
2

( )
2
t

u t (d) 1 ( )e u t

4. 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
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5. 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|   = 1.

(d) Al l  the roots of the character ist ic equat ion must
be located on the left  side of the j axis.

6. 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)

7. A source vs(t) =V cos 100t has an internal  impedance
of  (4 + j3) 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

8. A single-phase load i s suppl i ed by a single-phase
vol tage source. I f the current  flowing from the load to
the source is  10–  150°A and i f the voltage at  the load
terminals is 100 60°V, then the

(a) load absorbs real power and delivers react ive power.

(b) load absorbs real  power and absorbs react ive power.

(c) load delivers real  power and del ivers reactive power.

(d) load del ivers real  power and absorbs react ive power.

9. A si ngl e-phase t r an sfor mer  has no-l oad l oss of
64 W, as obtained from an open-ci rcui t  test . When a
short-ci rcui t  test  is performed on i t  wi th 90% of the
rated currents flowing in i ts both LV and HV  windings,
the measur ed loss i s 81 W. The t ransfor mer  has
maximum efficiency when operated at

(a) 50.0% of the rated current .

(b) 64.0% of the rated current .

(c) 80.0% of the rated current .

(d) 88.8% of the rated current .

10. The f l ux densi t y at  a poi nt  i n space i s gi ven  by
B=4xax +2kyay + 8az Wb/m2. The value of Qconstant k
must be equal  to

(a) – 2 (b) – 0.5

(c) +0.5 (d) +2

11. A cont inuous random var iable X has a probabi l i t y
den si t y fu nct i on  f  (x) = e– x, 0 < x < . T hen
P{X >1} is

(a) 0.368 (b) 0.5

(c) 0.632 (d) 1.0
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12. The cur l  of the gradient  of the scalar field defined by V
= 2x2y + 3y2z + 4z2x is

(a) 4xyax + 6yzay + 8zxaz

(b) 4ax + 6ay + 8az

(c) (4xy + 4z2)ax + (2x2 + 6yz)ay + (3y2 + 8zx)az

(d) 0

13. I n the feedback network shown below, i f the feedback
factor k is increased, then the

A0

K
+
_

+
_

+
_

+
_

+
_

Vin

Vf  = kVout

VoutVI

(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.

14. The input impedance of the permanent magnet moving
coi l  (PMMC) vol tmeter is infini te. Assuming that  the
diode shown in the figure below is ideal , the reading of
the vol tmeter in Vol ts is

14.14 sin (314 t)V
100 k Voltmeter

+

–

I k

(a) 4.46
(b) 3.15
(c) 2.23
(d) 0

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

G
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n
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B
)
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0

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

16. 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 switches i r respect ive of the state of
the other  swi tch. The logi c of swi tching of the bulb
resembles
(a) an AND gate (b) an OR gate
(c) an XOR gate (d) a NAND gate

17. For a per iodic signal  v(t) = 30 sin 100 t + 10 cos 300 t +
6 sin (500 t + /4) , the fundamental  frequency in rad/s
i s
(a) 100 (b) 300
(c) 500 (d) 1500

18. A band-l imi ted signal  wi th a maximum frequency of
5 kHz i s to be sampled. According to the sampl ing
theorem, the sampl ing frequency in kHz which is not
val id is
(a) 5 (b) 12
(c) 15 (d) 20

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

Ra

Rb Rc

RA

RBRC

(a) k2 (b) k

(c) 1/k (d) k

20. The angle  in the swing equat ion of a synchronous
generator is the

(a) angle between stator vol tage and current .
(b) anagular displacement of the rotor wi th respect to

the stator.
(c) angul ar  di splacement  of t he stator  mmf wi th

respect to a synchronously rotat ing axis.
(d) angular displacement of an axis fixed to the rotor

wi th respect to a synchronously rotat ing axis.

21. Leakage flux in an induct ion motor is

(a) flux that  leaks through the machine
(b) flux that  l inks both stator and rotor windings
(c) flux that  l inks none of the windings
(d) fl ux that  l inks the stator winding or  the rotor

winding but not  both
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22.  Three moving i ron type vol tmeters are connected as
shown below. Vol tmeter readings are V, V1 and V2, as
indicated. The correct  relat ion among the vol tmeter
readings is

V
V1 V2

– 1j  – 2j 

(a) V = 1 2V V

2 2
(b) V =V1 + V2

(c) V = V1V2 (d) V = V2 – V1

 23. Square roots of – i , where i  = 1 , are

(a) i , – i

(b)
                   

3
cos sin ,cos

4 4 4
i  

    
3

sin
4

i

(c)
3 3

cos sin ,cos
4 4 4

i          
     

  
 sin

4
i    

 



(d) 
                   

3 3 3
cos sin ,cos

4 4 4
i

    
3

sin
4

i

24. Given a vector field F = y2xax –  yzay –  x2az, the l ine

integral . F. Id evaluated along a segment  on the

x-axis from x = 1 to x = 2 is

(a) – 2.33
(b) 0
(c) 2.33
(d) 7

25. The equat ion 
1

2

2 2
1 1

x
x

   
     

 = 
0

0
 
 
 

 has

(a) no solut ion

(b) only one solut ion 
 
 
 

1

2

x
x  = 

 
 
 

0
0

(c) non-zero unique solut ion
(d) mul t i ple solut ions

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

26. A strain gauge forms one arm of the br idge shown in
the figure below and has a nominal  resistance wi thout
any load as RS = 300 . Other br idge resistances are
R1 = R2 = R3 = 300 . The maximum permissible current
through the strain gauge i s 20 mA. Dur ing certain
measurement when the br idge is exci ted by maximum
permissible vol tage and the strain gauge resistance is
increased by 1 % over the nominal  value, the output
vol tage V0 in mV is

-                +

V0

+

_

R1

R2

RS

R3

Vi

(a) 56.02 (b) 40.83
(c) 29.85 (d) 10.02

27. I n 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 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

28. 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

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) K a

Va(s) (s)10
1 10s

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

29. I n  the ci r cu i t  shown below, i f t he source vol tage
Vs =10053.13° V then the Thevenin’s equivalent
vol tage in Vol ts as seen by the load resistance RL is

+            -
VL1

+
_

+
_

j6 5

R=10L 

I2

10VL1j40I2

j43

I 10

(a) 100 90° (b) 800 0°
(c) 800 90° (d) 100 60°
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30. 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, the maximum safe vol tage in Vol ts that  can be
appl ied across the combinat ion and the corresponding
total  charge in C stored in the effect ive capaci tance
across the terminals are respect ively     

(a) 2.8 and 36

(b) 7 and 119      

C1

C2
C3

(c) 2.8 and 32

(d) 7 and 80

31. A vol tage 1000 sin t  Vol t s i s appl i ed across YZ.
Assuming ideal  diodes, the vol tage measured across
WX in Vol ts is

           

1k
W XY

Z

1k+ _

(a) sin t
(b) (sin t + | sin t| ) / 2
(c) (sin t –  | sin t| ) / 2
(d) 0 for  al l  t

32. The separately exci ted dc motor in the figure below
has a rated armature cur rent  of 20 A and a rated
armature vol tage of 150 V. An ideal  chopper swi tching
at 5 kHz is used to control  the armature vol tage. I f L a

= 0.1 mH, Ra = 1 , neglect ing armature react ion, the
duty rat io of the chopper to obtain 50% of the rated
torque at  the rated speed and the rated field current  is

+
_ 200 V La, Ra

(a) 0.4 (b) 0.5
(c) 0.6 (d) 0.7

33. For a power system network wi th n nodes, Z33 of its bus
impedance matr ix is j0.5 per uni t . The vol tage at  node
3 is 1.3 – 10° per uni t . I f a capaci tor  having reactance
of – j3.5 per uni t  is now added to the network between
node 3 and the reference node, the current  drawn by
the capaci tor  per uni t  is

(a) 0.325 – 100°
(b) 0.325 80°
(c) 0.371 – 100°
(d) 0.433 80°

34. A dielectr ic slab wi th 500 mm × 500 mm cross-sect ion
is 0.4 m long. The slab is subjected to a uni form electr ic
field of E = 6ax + 8ay kV/mm. The relat ive permit t ivi ty
of the dielectr ic mater ial  is equal  to 2. The value of
constant 0 is 8.85 × 10– 12 F/m. The energy stored in the
dielectr ic in Joules is
(a) 8.85 × 10– 11 (b) 8.85 × 10– 5

(c) 88.5 (d) 885

35. A matr ix has eigenvalues – 1 and – 2. The corresponding

eigenvectors are 
1

1
 
  

 and 
1

2
 
  

 respect i vel y. The

matr ix is

(a)
1 1
1 2

 
   

(b)
1 2
2 4

 
   

(c)
1 0

0 2
 
  

(d)
0 1
2 3

 
   

36.
2

2

4

4

z

z


 dz evaluated ant iclockwise around the ci rcle

| z –  i |  = 2, where i  = 1 , is

(a) – 4 (b) 0
(c) 2 +  (d) 2 + 2i

37. The clock frequency appl ied to the digi tal ci rcui t  shown
in the figure below is 1 kHz. I f the ini t ial  state of the
output Q of the fl ip-flop is ‘0', then the frequency of the
output wave orm Q in kHz is

X

Clk

T Q

Q
Q

Q

Q

Q

Q

Q

Q + Q

(a) 0.25 (b) 0.5
(c) 1 (d) 2

38. I n the ci rcui t  shown below, Q1 has negl igible col lector-
to-emi t 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



6 SOLVED PAPER-2013 (ELECTRICAL ENGINEERING - EE)

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

        

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

40. 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 S–1 S–1

1

Y(s)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 

41. 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

42. Two magnet i cal ly uncoupled induct ive coi ls have Q
factors q1 and q2 at  t he chosen operat i ng frequency.
Thei r  respect i ve resi stances are R1 and R2. When
connected in ser ies, their  effect ive Q factor at  the same
operat ing frequency is

(a) q1R1 + q2R2

(b) q1/R1 + q2/R2

(c) (q1R1 + q2R2) / (R1 + R2)

(d) q1R2 + q2R1

43. The fol l owi ng ar r angement  consi st s 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 appl ied 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 rcui t  vol tage 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

44. Thyr istor T in the figure below is ini t ial ly off and is
tr iggered wi th a single pulse of width 10 µs. I t  is given

that  L  = 
100

Hµ 
  

 and C = 
100

Fµ 
  

. Assuming

latching and holding currents of the thyr istor are both
zero and the ini t ial  charge on C is zero, T conducts for

+

15 V

T
L

C

(a) 10 µs (b) 50 µs

(c) 100 µs (d) 200 µs

45. A 4-pole i nduct i on  mot or, suppl i ed by a sl i gh t l y
unbalanced three-phase 50 Hz source, is rotat ing at
1440 rpm. The electr ical  frequency in Hz of the induced
negat ive sequence current  in the rotor is

(a) 100 (b) 98

(c) 52 (d) 48

46. A funct ion y = 5x2 + 10 x is defined over an open interval

x = (1, 2). At  least  at  one point  in this interval , 
dy
dx

 is

exact ly.

(a) 20 (b) 25

(c) 30 (d) 35

47. When the Newton-Raphson method  is appl ied to solve
the equat ion f (x) = x3 +2x –  1 = 0, the solut ion at  the
end of the fi rst  i terat ion wi th the ini t ial  guess value as
x0 = 1.2 is

(a) – 0.82 (b) 0.49

(c) 0.705 (d) 1.69



SOLVED PAPER-2013 (ELECTRICAL ENGINEERING - EE) 7

COM M ON DATA QUESTI ONS

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

I n the figure shown below, the chopper feeds a resist ive load
from a battery source. MOSFET Q is swi tched at  250 kHz,
wi th a duty rat i o of 0.4. Al l  elements of the ci r cui t  are
assumed to be ideal .

+
_

12 V
Q 470 F 20 

100 F

48. The average source current  in Amps in steady-state is
(a) 3/2 (b) 5/3
(c) 5/2 (d) 15/4

49. The PEAK-TO-PEAK source current  r ipple in Amps is
(a) 0.96 (b) 0.144
(c) 0.192 (d) 0.288

Common Data for  Quest ions 50 and 51:

The state var iable formulat ion of a system is given as

1

2

x

x
 
 
 


  = 

1

2

2 0 1
,

0 1 1

x
u

x
     

        
x1(0)  = 0

x2(0) = 0

and  y =   1

2
1 0

x

x
 
 
 

50. The system is

(a) control lable but  not  observable

(b) not  control lable but  observable

(c) both control lable and observable

(d) both not  control lable and not obser- vable

51. The response y(t) to a uni t  step input is

(a)
21 1

2 2
te (b)

21 1
1

2 2
t te e  

(c) 2t te e  (d) 1 –  e– t

L I NK ED ANSWER QUESTI ONS
St at em ent  for  L i nk ed Answ er  Quest i ons 52 and 53:

I n the following network, the voltage magni tudes at  al l  buses
are equal  to 1 p.u., the vol tage phase angles are very smal l ,
and the l ine resistances are negligible. Al l the l ine reactances
are equal  to j1 .

Bus 1(slack)

j1 

j1  Bus 2

j1 

Bus 3

P=0.1 pu2

P=0.2 pu3

52. The vol tage phase angles in rad at  buses 2 and 3 are

(a) 2 = – 0.1, 3 = – 0.2 (b) 2 = 0, 3 = – 0.1

(c) 2 = 0.1, 3 = 0.1 (d) 2 = 0.1, 3 = 0.2

53. I f the base impedance and the l ine-to-l ine base vol tage
are 100 and 100 kV, respect ively, then the real  power
in MW del ivered by the generator connected at  the
slack bus is

(a) – 10 (b) 0

(c) 10 (d) 20

Statement  for  L ink ed Answ er  Quest ions 54 and 55:

The Vol tage Source Inverter (VSI ) shown in the figure below
is swi tched to provide a 50 H z, square-wave ac output
vol tage (v0) across an R-L  load. Reference polar i ty of v0 and
reference direct ion of the output current  i 0 are indicated in
the figure. I t  is given that  R = 3 , L = 9.55 mH.

+
_Vdc

Q1

Q2

Q3

Q4

D1

D2

D3

D4

+
_

L

R
io

vo

54. I n the interval  when v0 < 0 and i 0 > 0 the pair  of devices
which conducts the load current  is

(a) Q1, Q2 (b) Q3, Q4

(c) D1, D2 (d) D3, D4

55. Appropr iate t ransi t i on i .e., Zero Vol tage Swi tching
(ZVS)/Zero Cur rent  Swi tching (ZCS) of the I GBTs
dur ing turn-on/turn-off is

(a) ZVS dur ing turn-off

(b) ZVS dur ing turn-on

(c) ZCS dur ing turn-off

(d) ZCS dur ing turn-on

GENERAL  APTI TUDE (GA) QUESTI ONS

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

56. 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

57. 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
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58. Complete the sentence:

Dare __________ mistakes.

(a) commi t (b) to commit

(c) commi t ted (d) commit t i ng

59. 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.

60. St at em 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.

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

61. What is the chance that  a leap year, selected at  random,
wi l l  contain 53 Saturdays?

(a) 2/7 (b) 3/7

(c) 1/7 (d) 5/7

62. St at em ent : There were di fferent  streams of freedom
movement s i n  col on i al  I ndia car r i ed ou t  by t he
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 i sm in I ndia emerged in the context  of
colonial ism.

(c) Nat ional ism in India is homogeneous.

(d) Nat ional ism in India is heterogeneous.

63. 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, )

64. 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

65. Find the sum to n  t erms 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)
  2

9 9 1

8

n

n




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

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

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

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

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

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

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



SOLVED PAPER-2013 (ELECTRICAL ENGINEERING - EE) 9

1.

5 V ms

1 k

+
–

–
+ V0

5 mA

5 mA

–
+ V0

I  = I , e 
RE

T

V

V
0I  = I e

I  = 
V0–
VT

0I e

–  V0 = VT 
0

I
In

I

 
 
 

= 
3

T

I
V In

I s

ms 
 
 

V0 = –  0.7

2. 100 µf

10 k

100 µf

V (S)2V (S)1

V (S)2
V (S)1

R

1
CS

1
CS

By vol tage division rule

v2(s) = 1

1R
V ( )

1 1R

cs s

cs cs



 

2

1

( )
( )

v s
v s

 =

3
6

3
6

110 10
100 10

210 10
100 10

s

s





 


 


= 

4
4

4

1010

10 11
s





2

1

( )
( )

v s
v s

 =
( 1)
( 2)
s
s



3.
V(S) Y(S)1/S

( )
( )

y s
v s

 =
1
s

y(s) =
1
s

  u(s)

For uni t  step 3/P

v(s) =
1
s

y(s) = 2

1
s

y(t) = t u(t)

4. h(t) = t u(t)

h(s) =
1

zs

Hence
( )
( )

y s
v s  =

1
zs

y(s) =
1

( )z v s
s

 5. Cont inue t ime casual  and stable LTI  system.

A system is casual  i f only and i f y(to) output of a system
at t ime constant (to) depends only on x(y) for  y  t o

x(y)  input to the system

for stabi l i ty al l  poles of the system l ie on the left  side of
jw axis or splan axis. Poles are nothing but roots of the
characterst ic equat ion.

 6. Tow systems wi th impulse responses (h1)(t) and h2(t)
are connected in cascade

h t1( ) h t2( )

Then the overal l  impulse response of the Cascaded
system in given by convolut ion h1(t) and h2(t)
Overal l Impulse Respone = Convolut ion of (h i(+ 1)), h2(+)

= Product of H 1(s), H 2(s)
Where H 1(s), H 2(s) are t ransfer funct ion is S domain.

 7.  For max power

RL = 2 2R Xs s = 2 24 3 5 

 8 .

V

T

EXPLANATI ONS
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V = 100 60º

I  = –  10 – 150º (source to load current)

V = 100    60º

I = 10    30º

30º

–150º

I
P complex power

= V I*  = 10060° 10– 30° = 1000 30°

= 1000 cos 30° + J 1000 sin 30°

Hence load absorbs both act ive and react ive power.

9. P0 = 64 watt
Pcu = 81 watt  at  90% of rated load
81 = (0.9 sf l

2)R

sf l
2 R = 2

81
100

(0.9)


Pcu fl  = 100 w
For maximum efficiency

I  = sf l 
0P 64 if

P 100


cufl

I  = 0.81 I fl

 10.   B = 4x 3ˆ ˆ ˆ2 8x y ya k a a 

Divergence of magnet ic flux densi ty is zero

That is  B = 0

(4 ) (2 ) 8 0x ky
x y f
  

   
  

            4 + 2x + 0 = 0    k = –  2

 Opt ion A.

11 . f(n) = e– n

0n  

P(n > 1) (n) = e– n = 1 –  P(x  1)

P(x  1) =
1

( )

 f x dn  =

1



 ne dn

=

1

1

xe






 = e– 1 –  0 = 0.367

Thus = 1 –  P(x  1)

= 1 –  0.367 = 0.6321

 Al ter nat i ve

P(x > 1) =
1

xe dx


  = 
1

xe
   

= 1e e      = 
1

0
e

   

=
1

0.368
e
 = 1 –  (0.368)= 0.632

12. v = 2x2 y + 3y2z + 4z2x

Curl  of gradient  of scalar field ‘v’ is

  ×(4xy + 4z2) ˆ xa  + (2x2 + 6yz) ˆ ya  + (3y2 + 8zx) ˆ za

             = 

2 2 2

ˆ ˆ ˆ

(4 ) (2 6 ) (3 8 )

  
  
  

x y za a a

x y z
xy yz x yz y zx

           = ˆ ˆ ˆ(6 6 ) (8 8 ) (4 4 )    x y za y y a z z a x x

 13.  As the feed back some shunt –  As the feed back  is
increased by feats x

1Z Z (1 B)in i k 

out outZ Z (1 B)k 

so input impedance increases and output impedance
increases.

14. V = 2x2y + 3y2z + 4z2x

Curl  (grad v) =  ×  v

v  = 2 2 2(2 3 4 )i x y y z z x
m


 
2 2 2ˆ (2 3 4 )j x y y z z x

y


  


2 2 2(2 3 4 )k x y y z z x
z


  


v = 2 2ˆ4 4 2 6i xy z j x yz        
23 8k y zx   

 × v =

2 2 2

ˆˆ ˆ

4 4 2 6 3 8

  
 

  

i j k

m y z
xy z x yz y zu

            = ˆ(6 6 ) (8 8 )i y y j z z    + k̂  (4x –  4x) = 0

 15.
32

–40db

10

– 8

1

 20 log k = 32

k = 101.6 = 39.8



SOLVED PAPER-2013 (ELECTRICAL ENGINEERING - EE) 11

 As slope is –  40db/decode so two pols  at  ons’m

so t(s) =
39.8
32

 16.       
0 1 1

1 0 1

0 0 0

1 1 0

so –  sui tch is EXOR GATE

 17. v(t) =30 sin 100 t  + 10 cos 3 cot  + 6 sin (500 t + /4)

Hence  fundamental  freq in real ,  = 100

18. (A) As fmax = 5 kHz

f sampl ing  2 fmax = 2 fmax = 10 kHz

N ot  12, 15, 20 kH z a val i d sampl y f r equency so
sampl ing frequency fs, such i s not  val i d sampl ing
frequency,

19. zy =
Z
3


Zy
 =

Z
3
k

Zy
  = kZy

Hence scal l  factor is K

20. I n swing equat ion  is the angular displacement of an
axis fixed to the rotor wi th respect to a synchronously
rotat ing axis.

 21. I n two invtual ly coupled coi l  leakage flux is the flux
that  l inks wi th one coi l  only.

22.
V2

V1

I

v2 > v1 and phase di fference i s 180 and hence M s
vol tmeter wi l l  read

v = v2 –  v1

23.  Let  a + ib = i

Sequencing both the sides, we get

a2 –  b2 + 2ab i  = –  i

Equat ing real  and imaginary parts

a2 –  b2 = 0   a = ± b

2ab = – 1

when   a =b  2b2 = –  1               b2 = 
1
2



b = ± 
2
i

when b =
2
i

 a = 
2
i

a + ib =
2
i

 + 
1 1

22 2
i 

   
 

when b =
2 2
i i

a
 



then a + ib =
2 2
i i

i
  

  
 

= 
1

2 2
i


= 2

1
2

i  = cos  4 4ln  i

                               or  cos    4 4ln   i

24. B.F =y2x ax –  yz ay –  x2 az

l  = xi  + yj  + z k̂

dl  = dx i  + dyj  + dz k̂

F = 2 2 ˆy x i yzj x k 

F.dl  = 2 2y x dx yz dy x dz 
along x-axis, y = 0, z = 0 The integral  reduces to zero.

25. 1

2

2 2
1 1

x
x

   
     

 = 
0
0
 
 
 

2 2 1

1
P P P

2
 

1

2

2 2
0 0

x
x

   
  

   
 =

0
0
 
 
 

 rank = 1

no of l inear ly independent

2x1 –  2x2 = 0

Therefore infini te sol .

 26.  Maximum permissible vol tage

= (300 + 300)  20  10– 3 = 12V
R1 R2

b

–
V0 R3Rs

d

Q+

when Rs is increased by 1% new value of

Re
  = 303 

v0 = v0 –  v1 = vmm –  v

= 6 –  
300

12
603

 = (6 –  5.97)v

= 0.03 v = 30mv
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 27.

Vt = 5V

100 

R2

Knee current = 18 mA

10V

R1

RL min = 
Lmax

5
I

I 100 = 
10 – 5
100 = 

5
100  = 50 mA

I Lmax = I 100 –  I knee = 40 mA

 RL min = 
5

40  1000 = 125 

minimum power rat ing of zener should

= 50mA  5V = 250 mw

29. +
–VVS = 100   53– 13

3 94

940SeJ1

+
–

96 5

R = 10L

S2

VL1
10

VL1

+
–~

3 14 

VL1

VL1
10 Vrn

T

VS

96 5

Vn = 10 VL1 = 10  
4 90º 100 53

30 4 90º
      

=
4 90

10 100 53.13
5 53.13


  



= 800 90

 30. = 5µf
C2 C3 = 2 µf

C1= 10 µf
Let appl ied vol tage be v

Vc1
 = v

Vc2
 = 3

3 2

2
7

c
v v

c c




Vc3
  =

5
7

v

I f  v = 7 as per opt ions

Vc3
  = 5 v  > Breakdown vol tage of C3

and hence v = 2.8v

q = Ceq. V = 32 Columb

 31.  Dur ing +ve hal f cycle al l  the diodes are off and hence
Vwx = 0

During – ve hal f cycle al l  the diodes are ON and hence
Vwx = 0

 32. I a rated = 20A

Vrated = 150V.

Ra = 1i

–

Ra

Ia

+

V

V = I aRa + Eb

150 = 20 + 6

Eb = 130V

Rated torque T = K a  I a., T I a

‘’ is constant, as i t  is seperately exci ted D.C. motor &
armature react ion is also neglated.

Hence for obtaining 50% of roted torque I a should be

dropped by 50% i .e. 
I
2
a  so I an = 

20
10A

2


speed should be constant so

VN = 130 + 10

= 140V

I t  is step down chopper

V0 = Vs 

 = duty rat io

140 = 2006

 = 0.7

 33.          1
3

h
Ref. bus

PS
N/W

Thevenin’s equivalent  impedance between bus (3) and
ref. bus is Z33

Z33 = 10.5 pu

Thevenin’s equivalent  vol tage between bus (3) and

ref. bus = 1.3  –  10

Z3 3 (3)
IC

–J 3.5 pu

ref. bus

1.3 –10~
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I C =



13 10
j0.5 j3.5

=



1.3 10
j3.0 = 0.43380°

34.    E = 1  E2  Av

        =
12 2 121

8.85 10 10 10 .5 .5 .4
2

        = 88.57

36. Poles are given by

z2 + 4 = 0

z = ± 2i

Both poles l ies inside a ci rcle

Resdiue at z = 2i  = 4 (z –  2i ) (z2 –  4)

Residue at z = –  21

21
Lt ( 2 )

z
z i


  =

2( 4)
( 2 ) ( 2 )

z
z i z i


  = 

8 2
4i i





Sum of Residue = 
2 2
1 1

 

2

2

4
4

z
dz

z

  = 2i (Sum or Residue) = 2i (0)

 37.

X

C K1

p

p R0

R0
T

From above fig.

X =    Q Q Q Q     
X = 1 because

Q Q  = 1 always

 Q Q  = 0 always

               Q Q Q Q  

=  1 0 0 1  

 ‘ T ’ input = 1 always

for ‘’ fl ip flop of input = 1 then O/P wi l l  be implemented
at the t ime of t r igger ing.

 f1 = 0.5(f) = 0.5(1) = 0.5KHt

38.
1 0

0 2
 
  

| A –  11|  = 0 Sat isfy al l  the cr i ter ia

40. By using Masongain formula:

TF = 2

2

1 1(1 0) (1 0)

2 2 41

s s

s s s

  

     

= 2

1
6 2

s
s s


 

41. Apply Laplace t ransform

h(s) = e– s + e– 3s

for  input step vol tage 

y(s) = h(5)  1/3

= 3 1 /s se e s   

y(t) = 4(t –  1) + 4(t –  3)

O t

u t( )

µ(t) = 1 for t  30 = 0 prt  < 0

 O/P in y(2) 4(z –  1) + 4(2 –  3) =(4 –  1)

= 4(z – 1) + 4 (2 –  3)

= 4(1) + (4 –  1) = 0 + 1 = 1

 42. q1 =
1

1

WL
R

    L 1 = 1 1R
W

q

q2 =
2

2

WL
R

when connected in ser ies

L eq = L 1 + L 2, Req = R1 + R2

qeq =
WL
R

eq

eq

 = 1 2

1 2

WL WL
R R




= 1 1 2 2

1 2

R R
R R

q q


43.                W

X

4

P

Z
where

Vw×1 = 100V

Vpz = 1.25 × 100 = 125V

1
Vyz = 0.8 × 125 = 100V

Hence 1

1

V

V
yz

w

 =
100
100

when
2

Vyz  = 100V

2
Vpz  = 125V

2Vw  = 100V
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 44. When thyr istor ON

+

15 V
L

C

i

I s =
0

1
L

C
 

tdi i dt
dt

Is
s

=   1 I( )
L I /

s
b s

c s


I (s) = 2

15C
L 1c s 

I (s) = 2 2
2

15 LL
15/ L L LL

1 |1|
L1




 rs

 45. S =
1500 1440

0.04
1500




frequency of +ve seq. current  in rotor

=
1500 1440

50
1500
  

 
= 0.04 × 50

rreq. of –  ve current  in rotor

=
1500 1440 50

1500
   

 

= 98 Hz.

 46 . y = 5x2 + 10x (1, 2)

dy
dx  = 10x + 10

when x = 1.5

dy
dx  = 10 × 1.5 + 10 = 25

 47. f(x) =x3 + 2x –  1 = 0

Newton = Raphson method

xn+1 = xn –  1

( )
( )

n

n

f x
f x

= xn –  
3

2

2 1
3 2

n n

n

x x
x
 



=
3 3

2

3 2 2 1
3 2

n n n n

n

x x x x
x

   


xn+1 =
3

2

2 1
3 2

n

n

x
x




n = 0

x1 =
3
0

02
0

2 1
12

3 2
x

x
x






=
3

2

2(1.2) 1 4.456
3(1.2) 2 6.32






= 0.705

49.  I L(Peak– peak) = 3
V DT
L

n

D  Duty Rat ion

DTS TS

ib vY
2

Given 250 H
T 1/(250 )


  

f k z
S

i .e. peak peak inductor current

 = 6 2

V 12 (0.4) 1
DT

L (100 10 ) 2 6
in s

x


 

 

= 0.192A

50.        Matr ix [CT/1TCT] = 
1 2
0 0

 
 
 

ATCT =
2 0 1 2

0 1 0 0
      

          

Rank of Matr ix [CT/ATCT] = 1 because 
1 2

0
0 0




 rank = 1  No. of states = 2

 the system is not  observable

51.  x1(0); x2(0) = 0

eAt = – 1 
2

1
1

0
( A)

0

t

t

e
s

e






 
     

 

e– A =
2 2 2

TL

10 0
, B

10 0

n t n n
xA

tn n

e e e
e

e e e

 




      
        

      

A
4

0

B ( ) 
t

xe x dx  =

2 1
2
– 1

1





 
 
 
 
  

t

t

e

e
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y(t) = [1 0] 
21

(1 )

1

t

t

e
x

e





  
 

  

 y(t) = 2 21
2

1
1

2 2
t te e     

53.            2

3

Q
Q
 
 
 

    
         

2

3

P0 0.1
and

P0.1 0.2

Now, so P1 + P2 + P3 = 0

P1 + 0.1 –  0.2 = 0  P1 = 0.1 P2.

Now, Base VA =
3 2(100 10 )

100


= 100 × 106

Base MVA = 100

Real  power = 100 × 0.1 = 10 mw

 54. I n vol tage source Inverter

 With RL load. Current is lagging

V0 I 0

0  01    2 Q   Q1       2 D   D3      4 Q   Q3       4

When V0 = +VC  Ei ther D1D2 or  Q1 Q2

Conduct

but when
0 C

0 C

V V
Z V

  


  
  D1 D2 Conduct.

simi lar l y 0 C

0 C

V V
I V

  


  
  Q1 Q2 Conduct.

so when V0 = – VC, Ei ther D3 D4 Q2 Q3 Q4

when 0 C

0 C

V V
I –V

  
 

  D3 D4 Conduct.

when 0 C

0 C

V V
I –V

  
 

  Q3 Q4 Conduct.

So when, V0 <0 &  i0 > 0

I (s) = 2
2

1
C LC15
L 1

LC
  
  

s

i (t) = 0t

C
15 sin

L
W

where W0 =
1
LC

Hence Current is a sinusoidal

2f0 =
1
LC

f0 =
410

5000
2



T0 = 41
2 10 sec

5000
 

Total  t ime per iod

i t( )

t

as holding cur rent  &  l atch ing cur rent  i s zero so.
Thyr istor is ON for only * *  posi t ive hal f cycle. So t ime
per iod for which Thyr istor is ON is 2  10– 4.

 55. b = 50 Hz

T =
1

20 sec
50

m

 2

/4 /2

V

20m sec.

10m sec

 = tan – 1 
WL
R

= tan – 1 
32 50 9.55 10

3

   
 
 

 = 45°
V

D  D1     2 Q  Q1     2 Q   Q3      4D  D3     4

4

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57. Mon Tues Wed.
41

3
 



Mon + Tues + Wed. = 123 ...(1)

Tues Wed Thurs.
43º

3
 



Tue + Wed + Thu. = 129° ...(2)

(2) –  (1)

Tues + Wed + Thu –  (Mon + Tues. + Wed.)

= 129 –  123 = 6°

Thu. –  Mon. = 6°  
115 6º
100

 
x x

Thus. = Mon  
115
100  = 

15
100

x
 = 6°

Mon = x     x = 40°

Thurs = 
115
100

x

              Thurs = 
115 40

46º
100




61. at a leap year

52 weeks, and 2 extra day they are (Mon, Tues) (Tues,
Wed) (Wed Thu.) (Thus. Fr i ) (Fr i . Sat) (Sat. Sun) (Sun
Mond.)

n(s) = 7

n(E) = 2 P(E) =
2
7

64. Average Speed =
Total distance

total time taken

Total  Distance =
8 6 1 6 3 0 6 0

1 5 1 5 1 5 4 5
  


 

= 40km/h.

n n


