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Which of  these systems conserve mechanical 
energy during their descent?

yo-yo

falling
chain unrolling

mat
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Newton’s second law for translations and rotations:
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Therefore we deduce from Newton’s second law and kinematics 
for constant acceleration that mechanical energy is conserved

during the fall of the yo-yo.

This deduction is consistent with what we expect intuitively.
The string is massless, air drag is neglected, and the point of

attachment of the string to the ceiling does not move.
Thus there is no mechanism for the yo-yo to lose mechanical energy.
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Point D falls with speed  and point B with zero speed.
Point F falls with their average speed /2.

Jump into an inertial reference frame instantaneously comoving with F.
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Substituting in the expression for TBD
leads to the surprising result that

the mechanical energy of the chain is 
overall constant. The ejected links 

produce a “rocket” thrust of the remaining 
falling segment such that no KE is lost.

Thus kinetic energy gets “concentrated”
in the falling segment.
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UNROLLING MAT



Theory due to Freeman in AJP 1946
assuming conservation of mechanical energy:

3/2PE lost by roll is 1 (1 / )U MgR x L    
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Connect adjacent outwardly 
radial “high points” of the 

bamboo rods by straight line 
segments, so that the rolled-up 

mat is a polygon.

The faces of a polygonal cylinder 
make inelastic collisions with the 

table, so we now get
2
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CONCLUSIONS
●An ideal yo-yo conserves mechanical energy like a rigid wheel rolling 
down a ramp. The string tension like static friction does no work.
●An unfolding chain surprisingly also conserves mechanical energy. 
The KE lost by links turning the bottom corner is added to that of the 
remaining falling segment as a “rocket” thrust.
● However an unrolling mat cannot simultaneously be both ideally 
flexible and round in cross section. Hence there is dissipation of 
mechanical energy as it makes inelastic collisions with the tabletop. The 
fitted COR agrees with known wood-on-wood values of 0.4−0.6.
●Future work will study an unrolling window shade when there is no 
surface contact to cause energy dissipation.


