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The solution to Euler's equation is
referred to :

(A) Maximals

(B) Minimals

(C)  Extremals

(D)  Admissible solution

A necessary condition for

I[y ] J xyy dxtobean

extremum is :

oF d (oF
A o 5 |70

ox dy\ox

oF d | oF
B) | 7 |70

oy dx\ Oy

oF_d(or
©) oy’ dx\ oy

OF O (OF ) _ 0
® 5 w5 )"
oy ox\ oy

Integral I[y(x)] = J‘: F(x,y,y')dx,

if F is independent of y’, then Euler-
Lagrange's equation is :

oF 0
-
oF

=0
®

(3)

oF
(C) = =constant

o _oF o
D) 5 T o

Functional 1] y(x)] = J. F(x.p.y")x,,

if F' is independent of y, then Euler-
Lagrange's equation is :

oF
(A) 5 =constant

. OF _,
(B) Py

8_F = constant
©

oF _oF

If F(x,,)') isindependent of x, then

Euler's equation for the functional

sz F(x,y)y')dxreduces to:

(A) Fy—%{F b=0

B) F-yF,=0
(C) F-yF, =c

(D) F+y'Fy,=c

[P.T.0.]



B031009T-A/132

The solution of Brachistochrone
problem is :

(A) aparabola

(B) a family of circles

(C) acatenary

(D) aninverted cycloid

A necessary condition that the integral
I[y(x)] = I:z F(x,y,y')dx will be
stationary is :

(A) 8l =constant

(B) 81 constant

©) 81=0

D) 8120

The shortest distance between two
points in a plane is :

(A) acurve

(B) catenary

(C)  straight line

(D)  equiangular spiral

Geodesics on a surface is a curve
along which the distance between any
two points of the surface?

(A)  Extreme value
(B) Maximum
(C)  Average value
(D) Minimum

(4)

10.

11.

12.

If the area of the surface of revolution
ofacurve y=y(x)is 2TEI:2 yyJl+ y"dx

and is minimum, then the curve is :
(A) family of straight line

(B) family of circles

(C) acatenary

(D) acycloid

Which one of the following is linear
functional?

& [()]=" (25" )ax

(B) I[y(x)] :j:(y'z +2y2)dx

X

(©) I[y(x)] =J.Tz(y'2 +2y)dx

@) 1[r(x)]=] (' +2y)ax

X

The extremal of the functional

v (0)]= [ () + 123 |dey=(0)=0,
y(1)=1 represents :

(A) family of circles
(B)  nodal cubic curve
(C) family of straight line

(D) catenary



’F
The condition that == ><0 for the

13. &' oy
functional 1] »(x)] = IZ F(x,y,y")dx
is:
(A)  Onlynecessary
(B)  Only sufficient
(C)  Necessary and sufficient both
(D) Neither necessary nor
sufficient
14.  If a particle slide from one point to
another point in the shortest time
under the action of gravity, then the
pathis:
(A) catenary
(B)  straight line
(C) cycloid
(D) family and circles
15. Which curves can give an extremum
of the functional
1[y(x)]=[,[ (") +1230 ] dx, p(0)=0,
y(1)=1?
A)  yx)=x°
B) yx)=x-x
(C)  yx)=x*+2x
D) yx)=x'+x
16. An extremal to the functional
v[y(x)] = Jj./1+(y')2dx is
(A) acatenary
(B) the straight line connecting
(a, y(a)) and (b, y(b))
B031009T-A/132

(3)

17.

18.

19.

20.

(C)  The family of circles
(D) aninverted cycloid

For v[y (x)] = LbF(x,y,y')dx , Vis
called :

(A) function

(B) arclength

(C) range

(D) functional

Euler's equation for the functional :

[ [P (x)y™ +2q(x) 3 +7(x) ¥ Jax

1

(A)  First order linear differential
equation
(B) Second order non-linear

differential equation

(C) Second
differential equation

(D)  None of the above

The curve joining two points in a plane

order linear

that yields a surface of revolution of
minimum area when revolved about
the x-axis is :

(A)  Straightline

(B) Catenary

(C) Cycloid

(D)  Family and paraboloid

The closed plane curve of given length
that encloses maximum area is :

(A) Catenary
(B) Circle
(C)  Parabola
(D) Ellipse
[PT.0.]



21.  The geodesic is on right circular
cylinder is :
(A)  Great circle ’s.
(B)  Circular helix
(C) Cone
(D)  Straightline
22.  The geodesic on a sphere of a radius
'a' are its :
(A)  Straightline
(B) Cone
(C) Catenary 26.
(D)  Great circle
23.  The other form of Euler-Lagrange's
o _d for]
equation oy dx | 18 :
Al OF | oF
@A |y =0
dx | oy ox
d| . ,0F]| oF
B) | F-y o |-5-=0
dx | oy | Ox 27.
d| OF | oF
—|F—y'—|-—=0
© dx | 4 o' | ox
(D)  None ofthe above
24.  Extremal of the functional
Y oy — 1o* .
v[y(x)]—'fl (xe ve )a’x with
y(1)=1, y(e)=e :
(A)  y(x)=x—log x
(B) y(x)=logx —x
B031009T-A/132 (6)

(©)  y(x)=logx+x
(D) No extremal exist

Extremal of the functional

v[y(x)] = J.()l(y2 +y'x2)dx
»(0)=0,(1)=1:

with

(A)  y=x
B) »=y
© y=2x

(D) No extremal exist

Extremal for the variational problem

v[y (x)] = Iologz(e_xy'z —exyz)dx

satisty the differential equation :

A Y'+)y +ey=0

B) Y-y -e*y=0

C) Y=y +e”y=0

D) y'—y' +ey=0

Extremal of the

functionalv[y(x)] = J-:—“I—Fy(y')zdx

IS :
(A) (x+a)y=4y
(B) (x-A) +)*=B?

X—C

=ccosh
© ¥ :

(D) y=Ax+B



28.  Extremal for the variational problem
v[y(x)}zj‘:o'y'(l+x2y')dx is
solution of differential equation :

A 0"+2y'=0

B) 1+2x*y'=0

©) 1+2x°y' =c

D) x"+)y'=0

29.  Area of the surface of revolution
obtained by revolving a curve y = f{x)
with end points of (x,, y,), (x,, ,) is :
(A) j:z 2m/1+(y')2dx
(B) Lyz 2mx4/1+ (y’)zdx

X2 "2

(©) L 2ny,/1+(y) dx

(D)  None of the above

30.  Extremal y = y(x) for the variational

1

problem v[y(x)]= jo 1+(y") dx

satisfies the O.D.E. is :

(A) Homogeneous linear
differential equation of fourth
order

(B) Homogeneous non-linear
differential equation of fourth
order

B031009T-A/132

(7)

31.

32.

(C) Homogeneous linear

differential equation of order
more than fourth order

(D)  None of the above

The extremals of the functional

@)= [0 =7 e Jar

20)=0,y(0)=1, y(gj - y[g] - %

is :

(A) y=cosx
(B) y=sinx
(C) y=tanx
D) y=x

The functional J‘Og[(y’)2 —y2 4 2xy}dx

‘ T
with y(0) = 0, y(gj =0 can be
extremized on the curve :
(A) y=x+tcosx
(B) y=x-xsinx
T .
(C) y=x+ 5 sin x
T .
(D) y= X_E sin x
[PT.0.]



33.  How many extremals are possible for
the extremals v[y(x)] = j;(y" + y)dx,
»(0) = 1, y(1) = 1, y'(0)=1,
y'(1)=1?
(A)  Onlyone
(B) Exactly two
(C)  Infinite many
(D)  None ofthe above

34. Extremal of the functional

x3

1[y(x)]=] =zdx, y(1) = 0 and
y(2)=31s:
A y=x"+1
(B) y=x -1
© y=x-1
D)  y=x-1

35. Extremal of the functional
I[y ] J [ ) +4y } ,
y(0)=e*and y(1)=1 lies on the curve:
(A) y — er
B) y=¢
(C) y — e2—2x
(D) y — 62+2x

B031009T-A/132

(8)

36.

37.

38.

39.

The functional 1] y(x)]= jf[(y’)2 7 Jdx;

»(0)=0, y(g] =1 has :

(A)  Unique extremal
(B)  Two extremal
(C)  No extremal

(D) Infinite extremal
The

I[y(x)] = Iol[xy—i- y? - 2y2y’]dx,
¥(0)=1, y(1)=2 has :
(A)  One extremal

(B)  No extremal

functional

(C)  Infinite extremal
(D)  Two extremal
For the
I[y(x)] = J.Hb(yz + 2xyy')dx; y(a)=ya
and y(b) =y,, The number of extremal

functional

equals to :
(A) O
B) 1
< 2

(D) infinite

The Euler's equation for a functional

of the form j X, y dx IS :
(A) Fy’ = cl

d
B) F —E{Fy,} = ¢,
© F =

(D) None of the above



40.

41.

42.

B031009T-A/132

The Euler equation for the functionals

[=(x)]=]], {( ) ( ﬂdxdy

satisfy :

(A)  Waveequation

(B)  Poisson's equation
(C) Laplace equation
(D) Heatequation

The necessary conditions for existence

of extremals for functional

”DF(x, yuuu, )dxdy

I[u(x,y)] =

is :

oOF 0|0 0| oF
TSNt el e el
u Ox\ ou oy | ou,

X

OF 0f0oF | 0]0aF|_,
®) 2w axlou, ) aylou, |

y
or _dfor) dfor|_g
© ou dx|\ Ou, dy ou,
(D) None of the above

The necessary condition for the

=] F () dx

to be an extremum is :

functional I[ y(x

A F —i{F,}zo

B) F-y'F=c

(9)

43.

44,

45.

© E-tEl- )0

Y dx dx*
d d’
©) - AR R} =0

The extremals of the functional

I[y(x),z(x)] = J.Og(y'2 +z7% 4+ 2yz)dx
are the solution of simultaneous
differential equation :

A Y'+z=0,2"+y=0

B) yY'-z=0,z"+y=0

©C) Y'-z=0,z"-y=0

D) Y'+z=0,z"-y=0

Euler's equation for the functional
Ilz(y'z +2° + 2" )dx are given by :
A Y'+y=0,z"+z=0

B) »'=0,z"-z=0

<
(D) None of the above

-y=0,z"=0

The extremal of the functional
1[(0)] =[]0 = |ax, »(0) =1,
y(m)=a has :

(A)  Aunique extremal ifa =1
(B) Infinite many extremal if a =1
(C)  Anunique extremal if oo =-1

(D) Infinite many extremal if o.=-1

[P.T.0.]



46. The extremal of the functional
=bis

parabola passing through origin, then
aandbare:
(A) a=0,b=1
B) a=1,b=2
C) a=-1,b=2
(D) a=0,b=2

47. If F(x,y,)") isa function of y'alone
then the extremal of the functional
j:zF(x,y,y')dx is :
(A) Circle
(B)  Straightline
(C) Nodal cubic curve
(D)  Catenary

48. For the functional
I[y(x)]:jj(x—y)z dx the
extremal is a :
(A)  Straightline
(B) Circle
(C) Catenary
(D) Parabola

B031009T-A/132

49.

50.

51.

(10)

Euler's equation for the functional

e (5 (5 oo

18 :

82 62
=0

(A) o éy
oz 0z _

(B) ox> oy’
Oz, s b _
© o’ 8y ox

(D)  None of the above
functional
I[y(x)] = j:l (2xy +y" )dx lies on

the:

Extremal of the

(A) Four parameter family of
curves

(B) Five parameter family of
curves

(C)  Six parameter family of curves

(D) Seven parameter family of
curves

The simplification of the Euler-
Lagrange equation is known as :

(A) Belframi identity
(B)  Hamilton's identity
(C)  Liouville's identity

(D)  Legendre's condition



52. F (x, y, y') is not functional because :
(A) Itsrange is infinite
(B) Itsrangeis IR
(C) Itsrangeisnot IR
(D)  None ofthe above

53.  Solid figure of revolution which, for a
given surface area, has maximum
volume is :
(A) acircle
(B) asphere
(C) anellipse
(D)  aparabola

54.  In the equation H = f +\g, where
jlz Hdx tobe en extremum, A is called
as:
(A) Isoperimetric constant
(B) Kernels
(C)  Lagrange multiplier
(D)  Green's function

55.  The curve made by a cable of fixed
length suspended from two points for
minimum gravitational potential
energy is :
(A) Circular
(B)  Parabolic
(C)  Hyperbolic
(D) Catenary

B031009T-A/132

56.

57.

58.

(11)

The problem where a curve of given
perimeter and its encloses the

maximum area is known as :

(A)  Geodesics
(B)  Brachistochrone
(C) Isoperimetric

(D)  Weierstrass

The transversality condition which

together with the relation
y(xl)zd)(xl) is :
i . NOF ]
(A) _F+((|) +y )8_);'_x_x =0
(e nOF ]
(B) _F+(¢ - )a—y,_H =0
i . NOF|
©) _F+(¢ - )5% =0
(D)  None of the above

The function £ (x, »y, p) =F (x, Y, y') -

F(xy,p)-(y'-p)F(x,y,p) is
known as :

(A)  Weierstrass function
(B)  Lagrange's function
(C)  Jacobi condition

(D) Legende condition

[P.T.0.]



59.  TheJacobi equation is given by : 62.
d d N
(A) [Fyy _EFWJ”_E(FMV u )_O
d d ,
(B) Fyy—EFWju-f‘E(Fy,y, u):O
d d ,
© Evy_aFy’y']u_a(Fyy' u ):O
(D)  None of the above
60.  The Euler-Ostrogradsky equation for  63.
ouY (ouY
u u
I[U (x,J’)] - .”D Haj " {aj ]dxdy
where the value of u are prescribed on
the boundary ¢ of the domain D :
(A)  Viu=f(xy)
B)  Vu=0
© V=0
(D)  None of the above
61. Extremal of the isometric problem
b b
L (') dx subject to L yax=cis: %
(A y=Mx"+ax+b
B)  y=Ax"+ax+b
©) y=kx+b
(D) y=:"+ax’ +bx+c
B031009T-A/132 (12)

[z(xy)]=][

The extremal of the functional

(%j +[%) +22f(x,y)}dxaﬁz
where f(x,y) is known function :
(A Vz=0

(B) Viz= 2f(x,y)

©) Vz=f(xy)

(D) sz=f(x,y)z

The length of a curve expressed in the
parametric from x =x(z), y = y(¢) as 't
increases from 7, to z, is given by :

b (deY (dyY
w IS (%]

t, d : d :
o %) (%]

s I(dx\ (dyY
o \/(?’Z‘j (2

(D)  None of the above

For what curve, the time taken along
which the least when velocity at any
point of it is v = x.

(A) afamily of circle

(B)  afamily of straight line
(C) catenary

(D) cycloid



65. The shortest distance between the
parabola y = x? and the straight line
x—y=5is:

4
N
B) 2y2-1

192
C -
©

19

D) h

66.  Shortest distance between parabola
y*=4x and the straight line x +y=-5
1S :

A) 242
(B) 22-1
© 32
D) 243

67.  The shortest distance between point

A(1,0) and ellipse 4x° +9y° =36 is:
2

& 5
3

B 5
1

© 7
4

@) 75

B031009T-A/132

68.

69.

70.

(13)

The minimum distance between circle
x> +y*> =1 and straight line x + y = 4

1S

(A) 242

B) 2y2-1
C€)  242+2
D) 3y2-1

The function of the form

I[y(x)] = '[:2 g(x,y)41 +(y')2dx

where g(x, y) does not vanish at the
movable boundary point x, then
transversality condition reduce to :

(A) Legendre's condition

(B)  Orthogonality condition

(C)  Jacobi condition

(D)  Weierstrass condition

The extremum of the functional
[y(x)]=[ (" +3)dx, y(0)=0,
y)=1:

2 _ X

A ¥ =5
X

(B) y_E
€ y=2x
D) y=x

[P.T.0.]



71.  Use the equation for the functional
[y(x)] =] F (x5 ) to be
an extremumis :

(A)  Euler-Lagrange's equation
(B)  Euler-Ostrogradasky equation
(C)  Euler-Poisson equation

(D)  Euler's equation

72.  The extremal of the functional
o= [ (e e i
possesses solution if we substitute :
(A) x=logv,y=u
(B) x=logu, y=v
(C)  x=logu, y=1v’

(D) x:logu,y:u2

73.  Function y(x) for  which
jol (x2 +y"” )dx is stationary giventhat ~ 76.
Jolyzdx=2; (0)=0is :

(A) y=sinmnx
(B) y=+£2sinmmnx
(C) y==£3sinmnx
(D) y=4sinmnx
B031009T-A/132

74.

75.

(14)

Extremal of the functional
1[y(x)]= I % y(1) = 0 and
y(2)=31s:

A)  y=x'-1

B)  y=x'-1

©  y=x-1

D) y=x'-x

For the functional

I[y(x)]zjab(x—y)2 dx, the

extremal is a :

(A)  Straight line

(B) Parabola

(C) Circle

(D) Catenary

Thefunctonal 1] y(x)]= [ (1+)(»/)" ds
y(0)=0, y(1)=1 possess :

(A)  Strong maxima

(B)  Strong minima

(C)  Weak minima but not a strong
maxima

(D)  Weak maxima but not a strong
minima



77.  Inaconservative field a system moves  80.
from #, to ¢, in such a way that
2]
J.t (T-v)d, isan extremum, when :
(A) Maximum
(A)
(B) Minimum
(C)  Neither maximumnor minima  (B)
(D)  None of the above
78.  The Hamilton's canonical equation of ©
motion is : D)
. OH . OH 81.
m)qfé;%ji
. OH . 0oH
® TGN,
. _—OH .  OH
© 9T PiT T,
82.
(D)  None of the above
79.  Inaconservative field the Hamilton's
principle is :
(a) [ Ldr=0
B) b :2 Ldt#0
(C) Both(A)and(B)
(D)  None ofthe above
B031009T-A/132 (15)

Letq,, q, -.... g, denote generalised
coordinate of material system and
L=T-V isthe Lagrange's function then
the Lagrange's equation of motion are:

a_L_i a_L :O,(r:1,2,....l’l)
oqr dt\ ogr

ogr  dt

A () o
oqr dt\ ogr

None of the above

oL d| oL
oqr

The mechanical system in which 'f' the
time, does not enter explicitly in

r,=r, (ql,q2 ......... qn,t) is called :
(A) Holonomic system

(B)  Rheanomic system

(C)  Scleronomic system

(D)  None of the above

If H is the Hamiltonian and 'f" is any
function depending upon positions,
momenta and time, if [H, F] is the
Poisson Bracket, then :

q4_9_

A T [#.1]
(B) %=%+[H,f]
(© %?%%Hﬂ
(D) %?%—[H,f]

[P.T.0.]



83.  Foraconservative field, the Lagrange's
function (L) of the system defined as:
(A) L=KE.-PE.
(B) L=K.E.+PE.
(C) L=(K.E.+PE.)?
(D)  None ofthe above

84. For a conservative holonomic
dynamical system, principle of least
actions 1s :
Ay 8f'(2L)d=0

i

(B) 8| (2E)dr=0
© 8'(2T)dt=0
D) 8['(2V)dt=0

85. In a simple dynamical conservative
system sum of kinetic energy and
potential energy is :
(A) Notconstant
(B)  Constant
(C) Zero
(D)  Varying

86.  Hamiltonian (H) is defined as :
(A) the total energy of the system
(B) the difference in energy of the

system
B031009T-A/132

87.

88.

89.

(16)

(C)  the product of energy of the
system

(D) None of the above

Hamiltonian function is :

(A) H= LZ P4
(B) H = —L+Z pk qk

(D) H= L+;pk élk

In the Poisson Bracket condition

which is true?

(A)  [Q,P]= -1
B) [Q.P]=2

©) [QP]1=0

D) [QP]=1

Which transformation is canonical?
1 2
@A) Q= . P=qp

1
(B) Q=p—2,P=q2p

1
© Q =0 P=p’q’

(D) None of the above



90.  Which transformation is canonical?
_ L, 2 _ -1f P
(A) P——(p +q ) Q=tan | =
2 q
B)P = —l(p2 + qz), Q=tan"| L
2 p
1 _ -1 94
(C) P== (p +q ) Q=tan ;
P =—5(p" +47). Q= tan” [Ej
2 q
91.  The value of oand fto be equations
Q =¢g"cos Bp, P = g” sin Bprepresent
a canonical transformation:
A a=2,B=y,
B) a==p=2
B) a=-,
©) a=y,B=y,
D) oaoa=2p=1
92. The transformation
1 .
Q=log ;smp » p=gqcotp 1s
canonical then generating function is:
(A)  F=(p+cotp)g
(B) F=(p-cotp)q
B031009T-A/132

(17)

(@) F=(p2+cotp)q
(D)  None of the above

The transformation Q = aq + bp,
P =cq + dp is canonical if :

(A)  (ad—be) = 1
(B) (ad-bc)=1

(C) —-ad-bc=0

a b
o [§-¢)

The curve along which the integral

([(x)]=[(x

y(0)=1, y(gjﬂ) is :

(A)  y(x)=sinx

-y +y'2 dx with

(B)  y(x)=sinx + cosx

(C) yx)=cosx

(D)  y(x)=sinx —cosx

The extremals of the functional
[y(x)]=[ (v+0/)dx, ya) = y,
y(b) = Y, is :

(A) family of straight line

(B)  family of circles

(C) family of catenaries

(D)  no extremal exists

[P.T.0.]



96. The extremal of the functional
y@)]=["var, ye) =y,
W)=y, is
(A) y-axis
(B)  Straightline 99.
(C) No extremal exists I[y( ¥
(D)  None ofthe above

97. The extremum of the functional

a N3

Ly(x)]=] (), y () =o,

y(0)=b:

(A y=—x

B) y=tx

®B) r=,

©) y=—x

(D)  None ofthe above 100.

98. The extremum of the functional
— 2 x3 d

II:y(x):I_J.l (y’)z xe J’(l) = 19

y2)=41s:

(A) weak minimum exists along
y=x

(B) weak minimum exists along
y=xt

B031009T-A/132 (18)

(C)  Strong minimum exists along
y=xt

(D)  Strong maximum exists along
y=xt

The extremal of the functional

1022 2

is :

o*u  0u 82u_

+ - =0
A T o
0u B 0’u B 0u 0
B) 5 e &
2 2 2
ou Ou Ou 0

+ + =
© ox*> oy’ oz’
(D) None of the above
In calcul of variation gives method to
determine maxima or minima of some
mathematical terms known as :
(A) functions
(B)  admissible functions

(C) functionals

(D)  general relativity



Rough Work
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Example :

Question :

Q1 ® @ © ©
Q2 ® ® @ ©

Q3 ® @ © ©

5. Each question carries equal marks.
Marks will be awarded according to the
number of correct answers you have.

6. All answers are to be given on OMR
Answer Sheet only. Answers given
anywhere other than the place specified
in the answer sheet will not be
considered valid.

7. Before writing anything on the OMR
Answer Sheet, all the instructions given
in it should be read carefully.

8. After the completion of the examination,
candidates should leave the examination
hall only after providing their OMR
Answer Sheet to the invigilator.
Candidate can carry their Question

Booklet.
9. There will be no negative marking.
10. Rough work, if any, should be done on

the blank pages provided for the purpose
in the booklet.

11. To bring and use of log-book, calculator,
pager & cellular phone in examination
hall is prohibited.

12. In case of any difference found in English
and Hindi version of the question, the
English version of the question will be
held authentic.

Impt. On opening the question booklet,
first check that all the pages of the question
booklet are printed properly. If there is any
discrepancy in the question Booklet, then
after showing it to the invigilator, get another
question Booklet of the same series.
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H T4 OMR Answer Sheet 39
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