Q- A light cylindrical axle of radius r is free to rotate about its vertical axis. The upper end of
the axle is attached to a light horizontal cross bar with two small masses, each M, at a
distance R from the axle. A light string is wrapped on the axle and its free end is passing
over a smooth light pulley and mass m is hanging through it. Find the ratio of tensions in
the string and the cross bar as a function of time after the mass is released.

The string is wrapped on the axle and hence creating the torque to
rotate the axle and the weights on the cross bar.

Let the tension in the string be T. writing the equation of motion for

the hanging mass m we have its acceleration as
mg-T = ma or a=g-(T/m)  ----- (1) m

The product of tension T and the perpendicular distance from the axis of rotation, which is
equal to the radius of the axle say r, give the torque acting on the axle hence

T =T%*r=TI*%u <T
L

Here a is the angular acceleration of the axle. Hence
la 1*(a/r) I*a

r r r?
{a = a*ris the acceleration of the string}
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Now considering the axle and the cross bar having negligible
mass the moment of inertia of the weights (mass M each) is given by

I = 2*MR? (where R is the distance of the each weight from the center of axle.)

Hence substituting the value of I in the equation above we have
2MR? *q *r _ 2MR? * ¢,

T= > ---(2)
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Now the angular velocity of the weights depends on the time t and is given by
o=a*t

And the centripetal force required is given by the tension T’ in the cross bar and hence we
have T = Mo’R =M o?t*R

Substituting the value of a from equation 2 in this equation we have
T*r \* T2ri?
2MR2j ~ 4MR?®

T'= MRt2[
This is the relation between the tension in the cross bar T’ and that in the string with the
hanging mass T.
Tension in the string is the constant and that in the cross bar will increase with the time.
Initially the tension in the cross bar is zero (not considering the vertical force exerted to

hold the weight only longitudinal tension) and increases with the time. At some time it will
be equal to T and afterwards will be greater than T.



