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a) Find the angular acceleration of the bar as a function of q 
b) Find the period of the oscillations for small values of q

M, L

A homogeneous, thin bar is hanging from the ceiling and can freely rotate 
about the point O.
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What’s the CM acceleration and the force of friction?



Constant acceleration

We impose a=aC/R (no slipping):

So that:

And:



What about the coefficient of friction?

Therefore, if µ< µmin=(I ac /R2)/N = tanq/(1 + MR2/I),  the cylinder will roll and slip! And we 
can’t set a=aC/R. Both a and aC are `disconnected’ if the object slips. We’ll deal with all 
these situations when solving the problem of two billiard balls hitting each other later on.

f≤ µ#= $%& cos *



The same result as before!

Gravitational potential energy:

Kinetic energy:

Conservation of energy:
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From kinematics with constant acceleration
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Therefore, the friction does not do any work and energy is 
conserved in our simplified model of rolling without slipping.

In fact, there are deformations of the body and contact forces 
do create a rolling friction and there’s some energy loss. 



A pulley, with the shape of a disk, has mass M, 
moment of inertia I and radius R. Two blocks 
hang from each of its sides. The friction on the 
surface of the pulley allows the string to turn 
about the pulley without slipping. The string is 
massless. Initially, the system is at rest.

1) Find the speed of the blocks when the 3m
body reaches the ground. 

2) Find the maximum height the mass m rises 
after the 3m body reaches the ground (assume 
that somehow the string remains taut and in 
contact with the rotating pulley as it keeps 
moving upwards). 
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PS: recall the assumption that the string remains in contact with the pulley as it rotates 
after the block of mass 3m has reached the ground. In this situation, the rotational kinetic 
energy is also transferred to the block of mass m that keeps moving upwards.







PS: If the string slips, the force of friction (kinematic friction) will do some work and 
some mechanical energy will be lost.









For some length (D), the tip of the bar could end up moving with a linear speed (v=w D) greater 
than c, the speed of light. We know from observations that no object can travel faster than the 
speed of light. In order to be consistent with this fact, as the bar spins faster and some of its 
elements move with a speed close to c, the bar itself will bend (!). In other words, the moment of 
inertia I will no longer be 1/3 MD2 , which is clearly independent of the speed, but it would be 
different at different times, so that no element of the bar moves faster than c.  In summary, rigid 
bodies do not really exist. They are an approximation, which is valid as far as speeds are much 
lower than c. 

An alternative way of viewing it is by considering the molecular forces that inside the bar. The 
interaction force between the elements of the bar can’t be transmitted faster than the speed of 
light and, thus, a rigid body cannot exist: once the tip starts to move, the extreme of the bar in 
contact with the pivot will not know react to that motion until a time, at least, D/c. Similar with any 
other intermediate element. The bar will bend.








