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Answer Four Questions Only.

1. (a) Obtam the velocity and acceleration components in 111t111151c coorchnates far a particle o
movmg alongacurveina plane

(b) A smopth wire in the form of 5 = 4asin i [—% <y< %J is fixed in a vertical plane,

the vertex O being the lowest point of the wire. A bead of mass m, which can slide
freely on the wire is released from rest at the poirit where = n/3. Find the period of
oscilltion of the bead, and show that the reaction of the wire at a point whete the

tangprit makes an angle y with the horizontal is mgseay 8 oos? w-1)/4.
W

2. () Show that, in oylindrical polar coordinates the velocnty and acceleration vectory dre given
by F=#F+rf8 +zk and ¥ = ( —16’2)1‘ +(n9+27 9)8+zk respectively.

(b) A partlcle of mass m moves on the smooth inner surface of the parabolmd of revolution
ri=2az, WhOSe axis i vertlcal and vertex downwards. Find the angylar mqimentum of
the pai'tlcle dbout OZ if the particle describes a horizontdl cirtle of ta ius @ with cohstant
spead While the particle is lescribing the above circle, it receives unpulse m\/t'za—

along the surface of the parabdlmd in a vertical plane fhrough the axis. Show that in the
subsequent motion the path of the partlcle lies between hvo honzontal planes.

3. (a)Inthe usual notation, derive Lagrange's equations 4)r —E =0,, j=L2,.
di\ &4, | oq,

_explain the meaning of the symbols T and Q.

(b) Write down the form taken by the above equations, for a system with conservative
forces.

(¢) 4B is a straight smooth wire fixed at a ppint 4 on a vertical axis 04 such that 4B
rotates about OA with constarit angular velocity @ . A bead of mass m mbves on the
wire. Given that O4=h4.

(i) Set up the Lagrangian for the system.

- (ii) Obtain the Lagrange’s equations of motion.




0005

§
(3) (@) Let fi(x), £,(x), £3(x),... be a set of real-valued functions ,» Which are é
orthogonal with respect to the weight function p(x)on the interval a<x<h. ,;;'
RN If h,(x)= m S (x); (m=1,2,3,..), then show that h(x), %
9 hy(x), hy(x) ...are orthogonal on the interval a<x<5p. ;
S __,{.ﬁ;’/ (b) () Let fi(x)=a, f,(x)=1-bx and Ss(x)=1-cx+dx® where a, b, c and d
; Nl ' are non-zero constants. Suppose that f,(x), f,(x), f;(x) are orthogonal in

\ the interval 0 < x.<w with respect to the weight function p(x) =e™. If
|4 (x)]| =1, find the values of a, 5, ¢ and d.

(ii) Show that {f{(x), f,(x), £,(x)} forms an orthonormal set in the interval
* o 0 < x <0 with respect to the weight function p(x)=¢™

(4) Consider the boundary value problem

dl
dxf + ,uy 0
H2)=y(2)
Y(=2)=(2)
(i) - Show that this is a Sturm-Liouville problem
(i) Find the eigenvalues and eigenfunctions of the problem.
(111) Obtain a set of functions which are orthonormal in the interval 2<x<2.

(5) Let J_(x) be the Bessel function of order » given by the expansion

(l] Z J ()"

n=—=x

Verify each of the fo]lowing identities for n=1; 2, 3,....
@ TG ——J (%)=, (%)

@ J,x= —[-f 4 (0)- +l(x)]

(i) J @)+ J(x) J, i(x)

(iv) —[Jz( )]"——[Jz_.(x) +l(x)]
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(6) Solve the following boundary value problem with mixed boundary conditions.

u &
55%’?@%:0’ O<x<a, O<y<b.

20.9=0 0<y<s

ou
—a,3)=0, O0<y<b
ax(a ») ¥

u(x; 0) =0, O<x<a
u(x, by =1, O<x<a.




