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Question 1

1.1 A book of mass M is positioned against a vertical wall.
The coefficient of friction between the book and the wall is it You
wish to keep the book from falling by pushing on it with a force F

applied at an angle 8 with respect to the horizontal (—Z < § < Z) £
as shown in the following diagram. - I

1.1.1 Redraw the above diagram and show all forces acting on the book. (
1.1.2  if uis the coefficient of static friction, what is the frictional force acting on the book? (5
1.1.3 For this given u, what is the minimum F required to keep the book up? (
1.1.4 What s the limiting value for i for which there exists an F which will keep the book up? (

1.2 A massless pulley hangs from a fixed support. A string connecting
two masses, M, and M,, hangs over the pulley (see the following
figure). Show that the accelerations of the masses is
_ Ma-My .
a=g TR MM Mo
[25]
Question 2

2.1 Two unequal objects of masses m; and m, are connected by three different springs so that they are
free to slide on a frictionless table AB, as shown below. The walls at A and B to which the ends of the
springs are attached are fixed.

2.1.1 Set up the differential equations of
motion of these two masses. (6)

2.1.2 Find the normal frequencies of
vibration for the system. (8) G (m)—iA @ Gy
A B

2.2 Two pulleys of masses m and M are connected as shown in following diagram; (10)

2.2.1 What mass m is needed to balance o S
the mass M?

2.2.2 Find the acceleration of mass M if .
M

_4_
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[35]
Question 3
3.1 LetFE, bethe net extemai force acting on the v particle of a system.

. d . 0 d
3.1.1 Prove that— { » MpT o rv} Doy My Ty —= My =Y F, 22 (6)
a 3qq 3G,
o aT . 9Ty
3.1.2 If T is kinetic energy of the system, show that {a)— = Zv My , {3)
0qq 94y
ar ary,
(b) 5= = Ly My Ty 5~ (3)
8T T _ _ _ ory
3.1.3 Hence prove that (aqa) o @, a=1,..,n where®, =Y, F.,. 34, (5)
3.1.4 Suppose that the forces acting on a system of particles are derived from a potential (7)

function V, which is conservative. Prove thatif L = T — V is the Lagrangian function, then

CYCARIS
de\dq, aq,

3.2 Consider the following coplanar double pendulum placed in a uniform gravitational field (acceleration g)

x
Lr- 2 W F1
ma
<{2/ i
mz
Y
3.2.1 Findthe Lagrangian of this system. {8)
3.2.2 From the Lagrangian found above, find the equations of motion. {5)
gv2+v2

3.23 Ifly =1 = land my = m, = m, show that the frequency is W = "'"—I—'— {5)

[40]
THE END




