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'The parametric equations for the trajectory of a particle of mass m moving in a force field are
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given by z(t) = wsin(%g), y(t) = wcos(F), and z(t) = Z=. If the direction of the force field
acting on the particle is reversed at ¢ = 6, find

(i} the velocity of the particle, ; /10 marks]
{ii) the speed of the particle. - /10 marks]
(iii} the acceleration of the particle, and ¥ 3 {10 marks]
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(iv) force acting on the particle. [10 marks/

for for 0 <t < 6. Also calculate t
(i) the work done on the particle when it moves froin t=0tot=23, and {10 marks/
{ii) velocity of the particle at time at ¢t = 9. ! {10 marks/

(b} A particle of unit mass is projected vertically upward with an initial speed uo from a point of

height h above the ground level. THe particle moves under the gravity and resistant force kv?,
where v is the speed, and k is a constant. Find ’

(i) the maximum height H reached by the particle from the ground level, and

/20 marks]

{ii) the speed vy of the particle when it reaches the ground .
[20 marks]

N

) In cylindrical polar coordinates, (r, 8, z}, show that the velocity and acceleration of a moving
particle are given by
(i) v=7rt+700+ 22 [20 marks]
ey . '2A,1d,2“" o
(iiy a=(F —rf*) + —Ei_t(‘r 0)§ + 22. [20 marks]
7 a

A particle is projected horizontally at the point r = a with speed v along the smooth inner
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surface given in cylindrical polar coordinates by z = —;—(—L whose axis is vertically upward. If
the particle is at the point (r, 8, z) at time ¢,
(i) show that the kinetic energy, T of the particle is given by

T= % (T292 + 7%+ 22). [10 marks/
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(i) obtain the energy equation, 72 + 1262 + 32 + 29z = C; and 728 = C,, where C; and ()4

constants, {15 mat
(iii) find Cy and Cs, {10 mar§
(iv) show that (% + 1) 2+ (;; = 1) v +g(2z2—a)=0, {10 man
{v) derive an exp;ession for Z at t =0, and {10 mark

(vi) show that initially the particle goes up or down according to
v? 2 ga. [05 mark

a) Consider the two mass systems shown in the following figure.
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e System (A): A uniform cuboid of mass M and a side 2a. The center of the cuboid is 0
and ox, oy, oz are parallel to the sides of the cuboid.

o System (B): A light cuboid shape frame of a side 2a such that 12 point masses, M /24,
are attached at the midpoints of each edges, and point mass M/2 is at the center, O, where
OX, OY, OZ coordinate axes are parallel to the sides of the frame.

(i) Find the moment of inertia, xx, of the mass system (B).

(ii) Find the product of inertia, Ixy, of the mass system (B).
(iii} Show that above two systems, {A) and (B), are equumomental. [40 marks]
[You may assume that the moment of inertia of a cuboid of mass M and side 2a

about an axis passing through the center and parallel to a side of the cuboid is
given by 2Ma?/3.]

b} A rigid body is free to rotate about its center of gravity, G, without external forces. The
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principal moments of inertia about G are 67, 3/ and I units respectively. Initially the body is
given an angular velocity w, = (k, 0, 3k). Here I and k are constants. Show that after time t,
the angular velocity w = {wy, ws, w3) satisfies the equations

5wi + w3 = 5k?
w? + bw? = 45k?

wq = —/5k ta.nh(\/gis't).

Also, find w; and ws. [60 marks]
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