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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 t o Q.25 car r y  one m ar k  each.
1. The part ial  di fferent ial  equat ion
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 is a

(a) l inear equat ion of order 2
(b) non-l inear equat ion of order 1
(c) l inear equat ion of order 1
(d) non-l inear equat ion of order 2

2. The eigenvalues of a symmetr ic matr ix are al l

(a) complex wi th non-zero posi t ive imaginary part

(b) complex wi th non-zero negat ive imaginary part

(c) real

(d) pure imaginary

3. Match the CORRECT pairs

Numer i cal  I n tegr at i on Or der  of F i t t i ng
Schem e Polynomi al

P Simpson’s 3/8 Rule 1 First
Q Trapezoidal  Rule 2 Second
R Simpson’s 1/3 Rule 3 Third

(a) P-2, Q-1, R-3

(b) P-3, Q-2, R-1

(c) P-1, Q-2, R-3
(d) P-3, Q-1, R-2

4. A rod of length L  having uni form cross-sect ional  area
A i s subjected to a tensi le force P as shown in the
figure below I f the Young’s modulus of the mater ial
var ies l inear ly from E1 to E2 along the length of the rod
the normal stress developed at  the sect ion-SS is
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5. Two threaded bol ts A and B of same mater ial  and
length are subjected to ident ical  tensi le load. I f the
elast ic strain energy stored in bol t  A is 4 t imes that  of
bol t  B and the mean diameter of bol t  A is 12 mm, the
mean diameter of bol t  B in mm is

(a) 16 (b) 24

(c) 36 (d) 48

6. A link OB is rotating wi th a constant angular velocity of
2 rad/s in counter clockwise direct ion and a block is
sliding radial ly outward on it  wi th an uniform velocity
of 0.75 m/s wi th respect to the rod, as shown in the
figure below. I f OA = 1 m the magnitude of the absolute
accelerat ion of the block at  location A in m/s2 is

O

A

B

(a) 3 (b) 4
(c) 5 (d) 6

7. For steady, ful ly developed flow inside a straight  pipe
of diameter D neglect ing gravi ty effects the pressure
drop p over a length L  and the wal l  shear stress w
are related by

(a) w = 
D

4L
p

(b) w = 
2

2

D

4L

p

(c) w = 
D

2L
p

(d) w = 
4 L

D
p

8. The pressure, dry bulb t emperatur e and rel at i ve
humidi t y of ai r  i n a room are 1 bar, 30°C and 70%,
respect ively. I f the saturated steam pressure at  30°C
is 4.25 kPa, the speci fic humidi ty of the room air  in
kg water vapour/kg dry ai r  is
(a) 0.0083 (b) 0.0101
(c) 0.0191 (d) 0.0232

9. Consider one-dimensional steady state heat conduction,
wi thout heat generat ion, in a plane wal l with boundary
con di t i on s as shown  i n  t h e f i gu r e bel ow. Th e
conductivi ty of the wall  is given by k = k0 + bT, where k0
and b are posi t ive constants, and T is temperature

xT1

T2

 where T2 > T1

As x increases, the temperature gradient  (dT/dx) wi l l
(a) remain constant
(b) be zero
(c) increase
(d) decrease

10. I n a rol l ing process, the state of stress of the mater ial
undergoing deformat ion is
(a) pure compression
(b) pure shear
(c) compression and shear
(d) tension and shear
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11.  Match the CORRECT pairs

                      Pr ocesses                         Char act er i st i cs/
                                                            App l i cat i ons

P Frict ion Welding 1. Non-consumable
elect rode

Q Gas Metal Arc Welding 2. Joining of thick plates

R Tungsten Inert 3. Consumable electrode
Gas Welding wire

S Electroslag Welding 4. Joining of cyl indr ical
dissimi lar  mater ial s

(a) P-4, Q-3, R-1, S-2 (b) P-4, Q-2, R-3, S-1
(c) P-2, Q-3, R-4, S-1 (d) P-2, Q-4, R- 1, S-3

12. A metr ic thread of pi tch 2 mm and thread angle 60° is
inspected for i ts pi tch diameter using 3-wire method.
The diameter of the best  size wire in mm is

(a) 0.866 (b) 1.000

(c) 1.154 (d) 2.000

13. Customers arrive at a ticket counter at a rate of 50 per hr
and tickets are issued in the order of their arrival. The
average time taken for issuing a ticket is 1 min. Assuming
that customer arrivals form a Poisson process and service
times are exponentially distributed, the average waiting
time in queue in min is
(a) 3 (b) 4
(c) 5 (d) 6

14. I n simple exponent ial  smoothing forecast ing, to give
higher weightage to recent demand informat ion, the
smoothing constant must be close to
(a) – 1 (b) zero
(c) 0.5 (d) 1.0

15. A steel  bar 200 mm in diameter is turned at  a feed of
0.25 mm/rev wi th a depth of cut  of 4 mm. The rotat ional
speed of the workpiece i s 160 rpm. The mater ial
removal  rate in mm3/s is
(a) 160 (b) 167.6
(c) 1600 (d) 1675.5

16. A cube shaped cast i ng sol i di f i es i n  5 mm. The
sol i di fi cat i on t ime in min for  a cube of the same
mater ial , which is 8 t imes heavier than the or iginal
cast ing, wi l l  be
(a) 10 (b) 20
(c) 24 (d) 40

17. For a duct i le mater ial , toughness is a measure of
(a) resistance to scratching
(b) abi l i ty to absorb energy up to fracture
(c) abi l i ty to absorb energy t i l l  elast ic l imi t
(d) resistance to indentat ion

18. In order to have maximum power from a Pelton turbine,
the bucket speed must be
(a) equal  to the jet  speed
(b) equal  to hal f of the jet  speed
(c) equal  to twice the jet  speed
(d) independent of the jet  speed

19. Con si der  on e-di mensi onal  st eady  st at e h eat
conduct ion along x-axis (0  x  L ), through a plane
wal l  wi th the boundary surfaces (x = 0 and x = L)
maintained at  temperatures of 0C and 100C. Heat
is generated uni formly throughout the wal l . Choose
the CORRECT statement
(a) The direct ion of heat t ransfer  wi l l  be from the

surface at  100°C to the surface at  0°C
(b) The maximum temperature inside the wal l  must

be greater than 100°C
(c) The temperature distr ibut ion is l inear wi thin the

wal l

(d) The temperature distr ibut ion is symmetr ic about
the mid-plane of the wal l

20. A cyl inder contains 5 m3 of an ideal  gas at  a pressure
of 1 bar. Thi s gas i s compressed in  a reversible
isothermal process t i l l  i ts pressure increases to 5 bar
The work in kJ  required for this process is

(a) 804.7

(b) 953.2

(c) 981.7

(d) 1012.2

21. A long thin wal led cyl indr ical  shel l , closed at  both the
ends, is subjected to an internal  pressure. The rat io of
the hoop stress (ci rcumferent ial  st ress) to longi tudinal
stress developed in the shel l  is

(a) 0.5 (b) 1.0

(c) 2.0 (d) 4.0

22. I f two nodes are observed at  a frequency of 1800 rpm
during whir l ing of a simply supported long slender
rotat i ng shaft , t he fi r st  cr i t ical  speed of the shaft
in rpm is

(a) 200 (b) 450

(c) 600 (d) 900

23. A planar closed kinematic chain is formed with rigid links
PQ = 2.0 m, QR = 3.0 m, RS = 2.5 m and SP = 2.7 m with all
revolute joints. The link to be fixed to obtain a double rocker
(rocker-rocker) mechanism is

(a) PQ

(b) QR

(c) RS

(d) SP

24. Let x be a normal random var iable wi th mean 1 and
var iance 4. The probabi l i ty P{X < 0} is

(a) 0.5

(b) greater than zero and less than 0.5

(c) greater than 0.5 and less than 1.0
(d) 1.0

25. Choose the CORRECT set  of funct ions, which are
l inear ly dependent
(a) sin x, sin2x and cos2x
(b) cos x, sin x and tan x
(c) cos 2x, sin2x and cos2x
(d) cos2x, sin x and cosx
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Q.26 t o Q.55 car r y  t w o m ar k s each.
26. The fol l owing sur face i ntegral  i s to be evaluated

over a sphere for  the given steady veloci ty vector field
F = xi  + yj  + zk defined wi th respect to a Cartesian
coordinate system having, i, j and k as uni t base vectors

 1
F.

4s

n dA
where S i s the sphere, x2 + y2 + z2 =1 and n i s the
outward uni t  normal vector to the sphere. The value of
the surface integral  is
(a)  (b) 2
(c) 3 l  4 (d) 4

27. The funct ion f(t) sat isfies the di fferent ial  equat ion
2

2

d f
f

dt
  = 0 and the auxi l iary condi t ions, f(0) = 0,

 0
df
dt

 = 4. The Laplace t ransform of f(t) is given by

(a)
2

1s
(b)

4
1s

(c) 2

4

1s 
(d) 4

2

1s 

28. Speci fic enthalpy and veloci ty of steam at inlet  and
exi t  of a steam turbine, running under steady state,
are as given below

Speci fic enthalpy Veloci ty
(k J/k g)  (m/s)

I nlet  steam condi t ion 3250 180
Exi t  steam condi t ion 2360 5
The rate of heat loss from the turbine per kg of steam
flow rate is 5 kW Neglect ing changes potent ial  energy
of steam, the power developed in kW by the steam
turbine per kg of steam flow rate, is
(a) 901.2 (b) 911.2
(c) 17072.5 (d) 17082.5

29. Water is coming out from a tap and fal ls vert i cal ly
downwards. At  the tap opening, the stream diameter
is 20 mm with uni form veloci ty of 2 m/s. Accelerat ion
due to gravi ty is 9.81 m/s2. Assuming steady, inviscid
flow, constant atmospher ic pressure everywhere and
neglect ing curvature and surface tension effects, the
diameter in mm of the stream 0.5 m. below the tap is
approximatel y.
(a) 10 (b) 15
(c) 20 (d) 25

30. A steel  bal l  of diameter 60 mm is ini t ial ly in thermal
equi l i br ium at  1030°C in a furnace. I t  is suddenly
removed from the furnace and cooled in ambient ai r  at
30°C, wi th  convect i ve heat  t ransfer  coeffi ci en t  =
20 W/m2K. The thermo-physical  propert i es of steel
are densi ty  = 7800 kg/m3, conduct ivi ty k = 40 W/mK
and speci fic heat c = 600 J/kg/K. The t ime required in
seconds to cool  the steel  bal l  in ai r  from 1030°C to
430°C is
(a) 519 (b) 931
(c) 1195 (d) 2144

31. A flywheel  connected to a punching machine has to
supply energy of 400 Nm whi le running at  a mean
angular speed of 20 rad/s. I f the total  fluctuat ion of
speed is not to exceed ±2%, the mass moment of inert ia
of the flywheel  in kg/m2 is
(a) 25 (b) 50
(c) 100 (d) 125

32. A compound gear  t rain  w i t h gear s P, Q, R and S
has number  of teeth 20, 40, 15 and 20, respect i vel y.
Gear s Q and R ar e mounted on  t he same shaft  as
shown i n the fi gur e below. The di amet er  of the
gear  Q i s tw ice that  of  t he gear  R. I f  t he modul e of
t he gear  R i s 2 mm, t he cent er  di stance in  mm
between gear s P and S i s

P
Q

S

R

(a) 40 (b) 80
(c) 120 (d) 160

33. A pin Jointed uni form rigid rod of weight  W and length
L  is supported hor izontal ly by an external  force F as
shown in the figure below. The force F is suddenly
r emoved. A t  t he i n st an t  of  for ce r em oval , t he
magni tude of ver t i cal  r eact i on  devel oped at  the
support  is

F

L

(a) zero (b) W/4
(c) W/2 (d) W

34. Two cutt ing tools are being compared for a machining
operat ion. The tool  l i fe equat ions are
Carbide tool  VT1.6 = 3000
HSS tool  VT0.6 = 200
where V is the cut t ing speed in m/min and T is the tool
l i fe in min. The carbide tool  wi l l  provide higher tool
l i fe i f the cut t ing speed in m/min exceeds
(a) 15.0 (b) 39.4
(c) 49.3 (d) 60.0

35. I n a CAD package, mirror image of a 2D point  P(5.10)
is to be obtained about a l ine which passes through
the or igin and makes an angle of 45° counterclockwise
with the X-axis. The coordinates of the t ransformed
point  wi l l  be
(a) (7.5, 5)
(b) (10, 5)
(c) (7.5, – 5)
(d) (10, – 5)
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36. A l inear programming problem is shown below
Maximize 3x + 7y
Subject  to

3x + 7y  10
4x + 6y  8

x, y  0
I t  has
(a) an unbounded object ive funct ion
(b) exact ly one opt imal  solut ion
(c) exact ly two opt imal  solut ions
(d) infini tely many opt imal  solut ions

37. Cyl indr i cal  pi n s of  
0.020
0.01025

  mm diameter  are

electroplated in a shop. Thickness of the plating is 30± 20

micron. Neglecting gage tolerances, the size of the GO gage
in mm to inspect the plated components is
(a) 25.042 (b) 25.052
(c) 25.074 (d) 25.084

38. During the electrochemical  machining (ECM) of i ron
(atomic weight = 56, valency = 2) at  current  of 1000 A
with 90% current  efficiency, the mater ial  removal  rate
was observed to be 0.26 gm/s. I f Ti tanium (atomic
weight = 48, valency = 3) is machined by the ECM
process at  the current  of 2000 A wi th 90% current
efficiency, the expected mater ial  removal  rate in gm/s
wi l l  be
(a) 0.11 (b) 0.23
(c) 0.30 (d) 0.52

39. A single degree of freedom system having mass 1 kg
and st i ffness 10 kN/m ini t ial ly at  rest  is subjected to
an impulse force of magni tude 5 kN for 10– 4 seconds.
The ampl i tude in mm of the resul t ing free vibrat ion is
(a) 0.5 (b) 1.0
(c) 5.0 (d) 10.0

40. A bar is subjected to fluctuat ing tensile load from 20 kN
to 100 kN. The mater ial has yield strength of 240 MPa
and endurance limit in reversed bending is 160 MPa.
According to the Soderberg principle, the area of cross-
section in mm2 of the bar for a factor of safety of 2 is
(a) 400 (b) 600
(c) 750 (d) 1000

41. A simply supported beam of length L  is subjected to a
varying distr ibuted load sin (3 x/L ) Nm – 1, where the
distance x is measured from the l eft  suppor t . The
magni tude of the vertical  react ion force in N at  the left
support  is
(a) zero (b) L /3
(c) L/ (d) 2L /

42. Two large diffuse gray parallel plates, separated by a small
distance, have surface temperatures of 400 K and 300 K. I f
the emissivities of the surfaces are 0.8 and the Stefan-
Bol t zmann constant is 5.67 × 10– 8 W/m2K 4, t he net
radiation heat exchange rate in kW/m2 between the two
plates is
(a) 0.66 (b) 0.79
(c) 0.99 (d) 3.96

43. A hinged gate of length 5 m, incl ined at  30° wi th the
hor izontal  and wi th water mass on i ts left , is shown in
the figure below. Densi ty of water is 1000 kg/m3. The
min imum mass of the gate i n kg per  uni t  wi dth
(perpendicular to the plane of paper) required to keep
i t  closed is

5 m

(a) 5000 (b) 6600
(c) 7546 (d) 9623

44. The pressure, temperature and veloci ty of ai r  flowing
in a pipe are 5 bar, 500 K and 50 m/s, respect ively. The
speci fi c heats of ai r  at  constant  pressure and at
constant volume are 1.005 kJ/kgK and 0.718 kJ /kgK,
respect ively. Neglect  potent ial  energy. I f the pressure
and temperature of the surroundings are 1 bar and
300 K respect ively the avai lable energy in kJ /kg of the
air  stream is
(a) 170 (b) 187
(c) 191 (d) 213

45. The probabi l i t y that  a student  knows the cor rect

answer to a mul t iple choice quest i on i s 
2
3

. I f the

student does not know the answer, then the student
guesses the answer. The probabi l i ty of the guessed

answer being correct  is 
1
4

. Given that  the student has

answered the quest i on cor rect l y, t he condi t i onal
probabi l i ty that  the student knows the correct  answer
i s

(a)
2
3

(b)
3
4

(c)
5
6

(d)
8
9

46. The solution to the differential equation 
2

2

d u d u
k

d xd x
  = 0

where k is a constant subjected to the boundary conditions
u(0) = 0 and u(L) = U is

(a) u = U
L
x

(b) u = 
L

1
U

1

kx

k

e

e

 
  

(c) u = 
–

– L

1
U

1

kx

k

e

e

 
   

(d) u = 
L

1
U

1

kx

k

e

e
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47. The value of the defini te integral  
1

e
x  ln (x) dx is

(a)
34 2

9 9
e 

(b)
32 4

9 9
e 

(c)
32 4

9 9
e 

(d)
34 2

9 9
e 

COM M ON DATA QUESTI ONS
Com m on Dat a for  Quest i ons 48 and 49:
A single r iveted lap joint  of two simi lar  plates as shown in
the figure below has the fol lowing geometr ical  and material
detai l s

w wP P

t
t

width of the plate w  = 200 mm, thi ckness of the plate
t = 5 mm, number of r ivets n = 3, diameter of the r ivet
d r = 10 mm, diameter of the r ivet hole dh = 11 mm, al lowable
tensi le stress of the plate p = 200 MPa, al lowable shear
stress of the r ivet  s = 100 MPa and al lowable bear ing
stress of the r ivet  c = 150 MPa.

48. I f the r ivets are to be designed to avoid crushing fai lure,
the maximum permissible load P in kN is
(a) 7.50 (b) 15.00
(c) 22.50 (d) 30.00

49. I f the plates are to be designed to avoid tear ing fai lure,
the maximum permissible load P in kN is
(a) 83 (b) 125
(c) 167 (d) 501

Com m on Dat a for  Quest i ons 50 and 51:
Water (speci fic heat, cp = 4.18 kJ/kgK) enters a .pipe at  a
rate of 0.01 kg/s and a temperature of 20°C. The pipe, of
diameter 50 mm and length 3 m, is subjected to a wal l
heat flux qw in W/m2.

50. I f qw = 2500x, where x is in m and in the di rect ion of
flow (x = 0 at  the inlet), the bulk mean temperature of
the water leaving the pipe in °C is
(a) 42 (b) 62
(c) 74 (d) 104

51. I f qw = 5000 and the convection heat transfer coefficient
at  the pipe out let  is 1000 W/m2K, the temperature in
°C at the inner surface of the pipe at  the out let  is
(a) 71 (b) 76
(c) 79 (d) 81

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 orthogonal  turning of a bar of 100 mm diameter wi th a
feed of 0.25 mm/rev, depth of cut of 4 mm and cutt ing velocity
of 90 m/min, i t  i s observed that  the main (tangent ial )
cut t ing force is perpendicular to the fr ict ion force act ing at
the chip-tool  interface. The main (tangent ial ) cut t ing force
is 1500 N.

52. The orthogonal  rake angle of the cut t ing tool  in degree
i s
(a) zero (b) 3.58
(c) 5 (d) 7.16

53. The normal force act ing at  the chip-tool  interface in
N is
(a) 1000 (b) 1500
(c) 2000 (d) 2500

St at em ent  for  L i nk ed Answ er  Quest i ons 54 and 55 :
I n a simple Brayton cycle, the pressure rat i o i s 8 and
temperatures at  the entrance of compressor and turbine
are 300 K and 1400 K respect ively. Both compressor and
gas turbine have isentropic efficiencies equal  to 0.8. For
the gas, assume a constant value of cp (speci fic heat at
constant pressure) equal  to 1 kJ/kgK and rat io of speci fic
heats as 1.4. Neglect  changes in kinet i c and potent ial
energies.

54. The power required by the compressor in kW/kg of gas
flow rate is
(a) 194.7 (b) 243.4
(c) 304.3 (d) 378.5

55. The thermal efficiency of the cycle in percentage (%) is
(a) 24.8 (b) 38.6
(c) 44.8 (d) 53.1

GENERAL  APTI TUDE (GA) QUESTI ONS
Q.56 t o Q.60 car r y  one m ar k  each.
56. Complete the sentence

Universal ism is to part icular ism as di ffuseness is to
__________
(a) speci fi ci ty (b) neutral i ty
(c) general i ty (d) adaptat i on

57. Were you a bi rd, you _______ in the sky
(a) would fly (b) shal l  fly
(c) should fly (d) shal l  have flown

58. Which one of the fol lowing opt ions is the closest  in
meaning to the word given below?
Nadi r
(a) H ighest (b) Lowest
(c) Medium (d) Integrat ion

59. Choose the grammatical ly INCORRECT sentence
(a) He is of Asian or igin
(b) They belonged to Afr ica
(c) She is an European
(d) They migrated from India to Australia
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60. What wi l l  be the maximum sum of 44, 42, 40, ?
(a) 502 (b) 504
(c) 506 (d) 500

Q.61 t o Q.65 car r y  t w o m ar k s each.
61. Out of al l  the 2-digi t  integers between 1 and 100, a

2-digi t  number has to be selected at  random. What is
t he pr obabi l i t y that  the sel ect ed number  i s not
divisible by 7?
(a) 13/90 (b) 12/90
(c) 78/90 (d) 77/90

62. A tour ist  covers half of his journey by t rain at  60 km/h,
hal f of the remainder by bus at  30 km/h and the rest
by cycle at  10 km/h. The average speed of the tour ist in
km/h dur ing his ent i re journey is
(a) 36 (b) 30
(c) 24 (d) 18

63. Find the sum of the expression

1 1 1

1 2 2 3 3 4
  

  
 

1

80 81



(a) 7 (b) 8
(c) 9 (d) 10

64. The current  erect ion cost  of a structure is ` 13,200. I f
the labour wages per day increase by 1/5 of the current
wages and the working hours decrease by 1/24 of the
current  per iod, then the new cost  of erect ion in ` is
(a) 16,500 (b) 15,180
(c) 11,000 (d) 10,120

65. After several  defeats in wars, Robert  Bruce went in
exi l e and wanted to commi t  sui cide. Just  before
commit ting suicide he came across a spider at tempt ing
t irelessly to have its net. Time and again, the spider
fai led but that did not deter i t to refrain from making
attempts. Such at tempts by the spider made Bruce
cur ious. Thus Bruce st ar t ed obser ving the near -
impossible goal of the spider to have the net. Ult imately,
the spider succeeded in having i ts net  despite several
fai lures. Such act of the spider encouraged Bruce not to
commit  suicide. And then Bruce went back again and
won many a bat tle, and the rest is history.
Which of the fol lowing assert ions is best  supported by
the above informat ion?
(a) Fai lure is the pi l lar  of success
(b) Honesty is the best  pol icy
(c) L i fe begins and ends wi th adventures
(d) No adversi ty just i fies giving up hope

ANSWERS

1. (d) 2. (c) 3. (d) 4. (a) 5. (b) 6. (c) 7. (a) 8. (c) 9. (c) 10. (a)
11. (a) 12. (c) 13. (c) 14. (c) 15. (d) 16. (b) 17. (b) 18. (b) 19. (b) 20. (a)
21. (c) 22. (c) 23. (c) 24. (b) 25. (c) 26. (a) 27. (c) 28. (a) 29. (b) 30. (d)
31. (a) 32. (b) 33. (b) 34. (b) 35. (b) 36. (b) 37. (d) 38. (c) 39. (c) 40. (d)
41. (b) 42. (a) 43. (d) 44. (b) 45. (d) 46. (b) 47. (c) 48. (c) 49. (c) 50. (b)
51. (d) 52. (a) 53. (b) 54. (c) 55. (a) 56. (a) 57. (a) 58. (b) 59. (c) 60. (c)
61. (d) 62. (c) 63. (b) 64. (b) 65. (a)

EXPL ANATI ONS

1. Order is index of a der ivat ive present in a PDE (i .e.)
maximum there.

Hence, 
2

2

u
n



 highest index 2   order = 2

if y, y2 solution of a PDE, then PDE is linearly independent.

1 1 1y y y
t tx

 


   =
2
1
2

y
x



...(1)

2 2 2y y y
t x

 


   =
2

2
2

y
x




...(2)

I f y = ay1 + a1y2 is a sum of the PDE

     1 1 1 1 2 2 1 2
2

 
   


ay a y ay a y ay ay

t d  2

2

1 2
2

ay ay
d


 

Hence PDE is non l inear of order 2
2. Suppose the eigen value of matr ix A is n

(=  + i  BB) say.

and the eigen vector is n whereas the conjugate pair  of
eign value and eign vector is  and n

So, An = n ...(1)

And An  = x ...(2)

Taking t ranspose of equat ion

T TAx  = Tx  ...(3)

 T TAx x  = Tx n 

 TAx n = Tx n 
 = 
  + i=  –  i
 2i= 0
 = 0
Hence eigen value of a symmetr ic matr ix is real .
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3. Trapezoidal  rule fi t s l i near  pol ynomial  (I st  order )
simpl ex 1/3 r ule fi t s a parabol i c cur ve (2nd order
polynomial  sl ip on 3/5 rule fi t  a able curve (3rd order
polynomial
  Correct  Answer  D

4. At sect ion –  55
The left  side of rod

R1P

L/2 A (Area of cross section)

Normal stress 6n =
F 0R P

R P 0A A
n  

    


The r ight  side of rod

P2

A

L2

P

fx = 0
 R2 –  P = 0
 R2 = P

6n = 2P P
A A



  Hence normal = 
P
A

5. dB = 2dA 
1

U
A

   


6. 2vw = 2  0.75  2 = 3 m/s2

7. Assumpt ion:

(i ) Flow is steady y(i .e.) 





( ) 0
t

(i i ) Ful ly developed the   – 0
t

; propert ies are not

changing in the di rect ion of the flow.

D
xP1

L

 Pressure is constant along the vert ical  axis.
 Pressure along hor izontal  axis does change.

P. P2. P1 < 0
Apply N2M (2nd) over the length l

 P1r 2 –  (P1 –  | P| ) r 2 –  2r  l ic

P
L


= 
1

2
6L


Neither P nor l  depend as on r .

So, 



 is independ at  then (t = r  where (is on stat)

At  center r  = 0,  = c  0 = 0

 = 
2

D
wr

P 2
L D

w r
r

  
       TW  = 

PD
4L


8. 0.622
RH 0.7  and

4.25 100
pv pv

w
pv

  


9. k = k0 + bT, k = f(T)
From energy equat ion:

Td kd
dx dx

 
  

= 0

Td kd
an dx

 
   = 0  

T
.C

kd
dx 

 K T Td  C.dx
 0 T Tk b d = Cx + A

A is integration constant
2T

K T
2o

b 
   = Cx + A

Using B.C’s
x = 0, T = 0
x = 1, T = 100

                                 A 0

   4
0

10
100

2
b

k   = C

(100 k0 + 5000b) = C
from equat ion (1)

                              
0

0 T

100 5000T k bd
dx k b

 
   

...(2)

10.
Rollers

work piece

The mater ial  (metals) is subjected to high compressive
stress as a resort  of t r ict ion between the rol l  and the
metal  suface.

11. P : Fr ict ion welding: (4) Joining of cyl indr ical
di ssimi lar  mater ial .

Q : Gas metal  are welding: (3) Consum abl e el ect -
rode wire

R : Tungsten Inert  gas welding: (1) Non-consumable
elect rode

S : Electro and lag welding : (2) Joining of thick ploter.

12. (c) tan
p

d 
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13.  = 50, µ = 60

t = .0833hr
µ(µ )




 
= 5 min.

14. We know that

ft = ft  –  1 + (D t –  ft  –  1 )

= ft  –  1 (l  –  2) + D t

For, ft = D t

1 –   = 0

  = 1

Conclusionª

I t  is showing the l imi t  of responsiveness

15. MRR = DNdf

16. t  (V/A)2
 and m2 = 8m1,

 a2
      or   V2 = 8V1       V2 = 8V1

a2 = 2a1   t2 = 4t1

17. For a duct ive mater ial  toughness is a measure of abi li ty
to absorb energy up to fracture





Proof
reticence 

fracture point

toughness

area under
the curve
till fracture)

elastic limit

Ver i f i cat i on :
(a) Resistance to scratel ing is resistance to abrasion.

(b) Toughness is the abi l i ty to absorb energy upto
fracture.

(c) Proof resi lence is the abi l i ty to absorb energy t i l l
elast ic l imi t .

(d) Hardness the resistance to indentat ion.

18. We know     [Power = Force  Veloci ty]
f = –  m[vf –  vi]
f = – fQ[(– vi + 2u) –  vi]
f = – fQ(– 2vi + 2u)

 2 Q –  if f v u ...(1)

So, P = 2PQ(vi –  u).µ
To find speed at  maximum power:

                0
dp
du

 ,
dp
du = 2fQ[(vi –  u) + u(– 1)]

= 2fQ[vi
 –  2u]

                                  0
dp
du

 ,

   2iv n     2
iu v

19.                       
2

2 
d t q
dx x  = 0

dT
dx = 1

q
x c

k




1 = 
2

1 22
q x

c x c
k


  (parabol ic)

at  x = 0, T1 = 0
x = l , T2 = 100

0 = 0 + c2       2 0c 

100 = 
2

12
qt

c l
k




 1
100 L c
L 2K

q
 

 T = 
2 100 –

2 2
    

 

q x ql x
k l k

For maximum temp:

T
0

d
dx

  
L 100 L

0
2 L 2

q x q
x x

 
 

20. P1 V1 ln 2 isothermal
1

p W
p

21. 6h =
PD
2t

where P = internal pressure

6l  =
PD
4t

D = inner dia of cyl inder.

t = thickness of cyl inder.


6
6
h
l  =

PD
2 2
PD
4

t

t



22.

n = 1

n = 3

The whir ing frequency of shaft  is given by

f = 2
4

EI
2
 gn

wL

f1 = 4

EI
2
 g

wL
n   node number

frequency of 1st  mode
2 nodes are present in 3rd mode.

f3 = 32 f1 = 1800 (rpm)

 f1 =
1800

200( )
9

rpm
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23. The l ink opposi te to shortest  l ink is fixed.

24. P (x < 0) =
 X X 0 X

P
       

1 x

 1,x  V  =  or 4 2   


1 1 1

P  or P
2 2 2

x
z

         
   

 1 1P P 22
z z      

 P (x > a) represents area under curve for x > a
25. Going by opt ions,

cos 2x = 2cos2 x –  1 = 2 cos2 x –  (sin2 x + cos2 x)
cos 2x = cos2x –  sin2 x

26. Use Gauss-Divergence theorem,

1 ˆI F.
4s

ndA 


 = .F
V

dV


.F
 

 = 1 + 1 + 1 = 3

 I  =
31 3 43V (1)

4 4 3
   

= 
27. Check by opt ions

1
2

4
L

1s
  
  

 = 4 sint  sat isfies 
2

2 0
d f

f
dt

 

28. Q W   =  
2 2
2 1

2 1

V V
2

m h h
  

     


and   = –  5 KW 1m kg s

29. Q = A1 V1 = A2 V2


2(20) 2

4


  =
2 2 9.8 0.5

4

   d

d  15mm

30.
T T
T Ti






  =

A
V  or 0.4


 
h t

ce e

A
V

h
c  =

3

2

( ) V 4 3
(D) A 4 3 6


  

 
h b r r D

c r

31. E = 2I m fw c

32. m = Q

D
and

T pm m

mR = ms
 for  gear meshing condi t ion

33.

R W
F

R + F = W
For  F = 0      R = W

34. V1 = V2 for  opt imum condi t ions

 1.6
1

3000
T

 = 1 20.6
2

200 T T T
T

 

 T = 15
 V (15)1.6 = 3000 for carbide

35.

0

10 A

y

B5

C D

P
1

x

P(5, 10)

G

E
H

45°

SE = 5 = 0C,    PE = 5

 PF = PE sin 45º = 
5
2

EF = PF cos 45º = 
5
2

Now for mirror image: 1 5
PF FP

2
   and EF =

J
2

  FP1 = 2 12EF FP  = 
2 2

5 5
2 2

         

EP1 = 5
Now from symmetr ically we can calculate the y posi t ion
(i .e.) P’D = 5
 p1 wil l  be at  (10, 5) = (10, 5)

36.

3 + 7 = 10
x y4 + 6 =8

x y

2
37. Go gauge measures maximum mater ial  l imi t

 25.010 + 0.032 = 25.042
38. m  q

m = Zq
m = Zit

 MRR =
m
pt

 =
E E

Z
F F

Zi i      
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 MRR  Ei       E = 
A . .

valency
t wt


1

2

(MRR)
(MRR)  =

1 1

2 2

E
E

i
i


2

0.26
(MRR)  =

28 1000 0.9
16 2000 0.9

 
 

 (MRR)2 = 0.297  0.30 gm/s

39. 21
2

mv  = 21
2

kx  and  2 1F   dt m v v

 x = 
K
v

=
0.5

10000
  5  103  10– 4 = 1  v

 v = 0.5 m/s
40. Soderberg cr i ter ia is:

a m

e ys 

 


  =
1 100 20

 and 
2Aan


 


40 60

160 240
  =

31 100 20A 10
2 2A


   m

A = 1000 mm2

41.

Total  load =
2

0

3
sin

L
nx

dx 
   P = 

L

0

L 3 2Lcos
3 L 3

        

x

By symmetry, R1 =R2 = P/2

42. qT– 2 = 
 4 4

1 2

1 2

0 T T
1 1 1



  

                              
8 4 45.67 10 (400 300 )
2 1.8

 




= 20.66
kw
m

43.
For equi l ibr ium: Torque due to pressure of water =

Torque due to wf of gate.
M  max of gate.

Y

mg



wt force

L
2

0

sineg s d  =
1

cos
2

mg 

m =
22 L tan
3

e 

=
3 22

10 5 tan30º 9653 .
3

xy   

44. For flow stream,
A.E. = (h2 –  h1) + K.E. –  T0 (S2 –  S1)

= cp (T2 –  T1) + 2 2 2
0

1 1

1 TT C ln R /n
2 T

 
  

 
p

pv
p

= 187 KS/kg

45. Probabi l i ty = 
 

2 3 1
8 9

1 12 3 1
3 4




     

46. Since 
2

2 0
d x kdu
dx dx

   and check by opt ions.

47.
1

ln
e

x xdx  =  
1

        
 

e
dn x x d x n x x d x d x
d x

(Integrate by parts)

48. For r ivet ,


P

3Ar

 = 
P

3d t
 Ps = 100  d  t  3 = 15 KN
and Pc = 150  d  t  3 = 22.5 KN
 p = min (15, 22.5) = 15 KN

49. For plates,  =
A


 200 =  3 hW d t



50. m cp T = 119 D Lw   

0.01  4.18  T = 2500 (3)    0.05  3  10– 3

T = 84.55
 T– 20 = 84.55

Texit = 104.55

  Bulk mean temp.= 1T T
2

f 

=
104.55 20

2


 62ºC
51. 0.01  4.18  t = 5000    0.05  3  10– 3

 T = 56.36
or T f = 76ºC

52. Draw merchant wide
Fc  F

FC

F

N
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53. Fc
 = N

54.

2
2

3

4

4

1

Wc = (h2 –  h1)

m  = Cp (T2 –  T1) = Cp
  1

2 1T T

cm



 1
2 1& T T  =   V 1

V
rp



55.  =
   

 
3 4 2 1T

3 2

T T T TW W
Q T T

c

in

  




&  for turbine, = T 
1

3 4

3 4

T T
T T






&  
1

3

4

T
T  =

 ( 1)r

pr r


56. Universalism is to particularism  global consideration to
a perticular one is moving towards oposite


di fference is toopposite the idea of di ffernece which
pertains to reaching out to surrounding environment
opposi te idea to di fferences is speci fy.

60. Sn
 =  2 ( 1)

2
n

a n d 

44, 42, 40, ------ 2, 0
n = 22 terms

61. P(A) = 1 –  P  A

=
13 77

1
90 90

 

62. Vavg =
Total distance

Total time

63. M ul t i pl y each t erm and di vi de each ter m by i t s
conjugate.

64. Cost  (wages  hours)
c  wh


