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can be rewritten as

         (1)

where they put u = v.

These statements deserve some remarks.

1. It is not true that we deduce in Ref. 1 the condition 
a  = g by using a novel rocket equation approach. The 
condition a = g is assumed a priori as can be seen at the 
end of the statement presented in subsection 3.1 (Ex-
ample 1: a falling chain), where it is indicated explicitly 
that we assume the free fall of the chain.  We know that 
nowadays a different assumption is more reliable as dis-
cussed in our comparative study in Ref. 2 (Sec. 4).

2. The equation we use in our theoretical analysis [Eq. (1)] 
is a standard force equation for a variable mass sys-
tem.3-5 We remember that this equation holds whether 
or not the system is conservative. It is suitable to study 
variable mass systems like those of Refs. 1, 2, and 6. In 
general, our conclusions are compatible with results of 
other authors.7-9
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Reply to “Remarks on Newtonian Analysis 
of a Folded Chain Drop”

Three key ideas are relevant to this discussion of the fall of 
a U-shaped chain when one end is released:

1. A “rocket” equation can be deduced from linear mo-
mentum conservation of two interacting systems I and 
II.
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In a recent paper by C. Mungan [Phys. Teach. 56, 298 
(2018)], where a falling chain is analyzed, we can see the fol-
lowing statements in the online appendix with reference to 
two papers,1,2 where I am the first author:

A novel rocket equation approach was used by de 
Sousa and Rodrigues1 to incorrectly deduce that the 
released end of the chain is in free fall such that its 
acceleration is a = g. Surprisingly, the specific flaw in 
the analysis is not pinpointed in a subsequent related 
paper2 by one of the authors. Equation (14) of Ref. 1 
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2. Application of that equation, where systems I and II are 
respectively the falling and the stationary parts of the 
chain, leads to the conclusion1 that the free tip is falling 
with an acceleration equal to g.

3. Experiments2-4 that predate Ref. 1 have consistently 
demonstrated that for a tightly folded chain the free tip 
falls with an acceleration a that is significantly greater 
than g.

Given that statements 1 and 3 are unassailably correct, 
there must be some misapplication in analysis step 2 of the 
theoretical equation to the physical setup. While de Sousa 
asserts5 that it was merely assumed that a equals g, Ref. 1 
actually claims to deduce a result consistent with that assump-
tion. Hence there must exist some flaw in the analysis, but it 
turns out to be sufficiently subtle that it requires some care 
to uncover.6 That was the purpose of the online appendix.7 
It must be emphasized that an independent analysis8 shows 
that the contradiction disappears if one uses u = υ/2 in the 
rocket equation. Such a value of u is consistent with inclusion 
of an intermediate system (namely the loop at the bottom of 
the chain) that has an average downward speed of υ/2. That 
inclusion can correctly connect steps 1 and 3 above.7

Another way to understand this issue is that the chain is 
not aligned along a single straight line,  in contrast to the two 
systems I and II in Fig. 1 of Ref. 1. The chain bends around 
a semicircular corner at its bottom end, and so the motion 
is irreducibly two-dimensional (regardless of how small the 
radius of curvature of the bend is). The analysis can only 
account for that by explicitly separating out the bottom loop 
as a separate system,6 in addition to the falling and station-
ary parts of the chain. Interestingly, it is enough to break the 
chain into these three systems to patch up step 2. One might 
have expected that it would be necessary to divide the curved 
portion into a larger (or even infinite) number of systems in 
order to apply the one-dimensional rocket equation to it.

The point is that the rocket equation approach agrees 
with mechanical energy conservation, provided the chain is 
divided into three rather than two pieces. I take this opportu-
nity to commend de Sousa for this exchange of letters, which 
has served to emphasize that both energy and momentum 
conservation can thus be used to obtain the same (correct) 
solution.
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