
COMMENT Revista Mexicana de Fı́sica E65 (2019) 101–102 JULY–DECEMBER 2019

Comment on “How to get mechanical work from a capacitor and a couple of
batteries” by E.N. Miranda [ Rev. Mex. F́ıs. E52 (2006) 215]
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Facultad de Ingenierı́a, Universidad Aut́onoma de Yucatán,

Apartado Postal 150 Cordemex 97310 Mérida, Yucat́an, México.
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We show that the diagram describing the process to produce mechanical work from the capacitor-batteries system proposed in the reference
Rev. Mex. F́ıs. E52 (2006) 215, is inconsistent with the analytical results obtained in that paper. Thus, the correct diagram and the process
to produce mechanical work are presented.
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Demostramos que el diagrama que describe el ciclo para generar trabajo mecánico a partir del sistema capacitor-baterias propuesto en la
referenciaRev. Mex. F́ıs. E52 (2006) 215, es inconsitente con los resultados analı́ticos reportados en dicho trabajo. Ası́, el ciclo para generar
trabajo y el diagrama correcto son presentados.
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In Ref. 1, Miranda has analyzed the mechanical work done
by a parallel plate capacitor with variable separation. The net
work is calculated assuming that the device follows a closed
cycle in the charge-voltage space. Thus, an expression for
the net work is obtained by the author (Eq. (10) in Ref. 1),
concluding that if we want to gain mechanical work the con-
ditionsV2/x3 > V1/x1 andV2 > V1 needs to be fullfilled.
These conditions are deduced from the fact that we want a
negative work, which represents work done by the system.

Using the same notation than in Ref. 1, the closed cycle
considered by the author is the following (see Fig. 1 in [1]):

i) Step I (A→B): The capacitor is expanded at constant
charge, fromV1 until it reachesV2. The gap increases
from x1 to x2.

ii ) Step II (B→C): The capacitor is expanded at constant
voltage, fromq1 until it reachesq3. The gap increases
from x2 to x3.

iii ) Step III (C→D): The capacitor is compressed at con-
stant charge, fromV2 until it reachesV1. The gap de-
creases fromx3 to x4.

iv) Step IV (D→A): The capacitor is compressed at con-
stant voltage, fromq3 until it reachesq1. The gap de-
creases fromx4 to x1.

Thus, the obtained results for the work in each step are
the following:
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It is important to mention that in the process to reproduce
the results reported in Ref. 1 we found that some of the equa-
tions where incorrect. Next, we are going to list those errors:

1. In the equation for the energy as a function ofq at para-
graph four second line, it should be:E = q2/2C.

2. In Eq. (8) the subscript forV is incorrect, the correct
one is the Eq. (2) presented above.

3. In Eq. (11) the subscript forq in q1 = C3V2 is incor-
rect, the correct equation should be:q3 = C3V2.

In the next, we are going to analyze the relation between
the gaps in the different steps, in order to show that the pro-
posedV − x diagram is incorrect:
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a) From the condition to get mechanical work from the
system, we get thatx3 < x1(V2/V1), but according to
Eq. (3) in Ref. 1x2 = x1(V2/V1), so we obtain that
x3 < x2.

b) Fromx2 = x1(V2/V1) and knowing the implicit con-
dition V2 > V1, we obtain thatx2 > x1.

c) From the condition to get mechanical work from the
system, we get thatx1 > x3(V1/V2), but according to
Eq. (3) in Ref. 1x4 = x3(V1/V2), so we obtain that
x1 > x4.

d) Fromx4 = x3(V1/V2) and knowing the implicit con-
dition V2 > V1, we obtain thatx4 < x3.

As we can see, from this analysis we conclude thatx4 is
the smaller andx2 the biggest gap in the whole cycle. The
ordering of the gaps is easy to understand analyzing the phys-
ical meaning of the process described by the cycle depicted
in the(q, V ) plane as shown in Fig. 2 of Ref. 1. TheV − q
diagram in Fig. 2 of [1] shows the following process: start-
ing from point A, an increment of voltage at constant charge
move the system at point B, then an increment of charge
at constant voltage move the system to the point C, subse-
quently a decrease of the voltage at constant charge move the
system at point D, and finally a decrease of charge at constant
voltage return the system to the point A. From the formulas
for the chargeq = CV with C = ε0A/x, we obtain that
q = ε0AV/x. Thus, from that result we can see that for the
increment of charge from the point B to point C, a reduction
of the gap(x) is needed. However, in the Fig. 1 of Ref. 1
an increment of the gap(x) is shown, in clear contradiction
with the analytical results.

From the stated conditions to get mechanical work from
the system and the Eq. (3) in [1], we obtain thatq3 > q1.
This result is implicit in Fig. 2 of Ref. 1. Also it is important
to mention that the slope of the Steps I and III in theV − x
diagram are proportional toq1 and q3, respectively. Thus,
after the analysis presented above, we can construct the cor-
rectV − x diagram in order to get mechanical work from the
system, as shown in Fig. 1 of this comment.

In conclusion, the correct process to produce work from
the capacitor-batteries system is as follow:

FIGURE 1. Voltage-gap(V − x) diagram for the closed cycle (see
text).

i) Step I (A→B): The capacitor is expanded at constant
charge, fromV1 until it reachesV2. The gap increases
from x1 to x2.

ii ) Step II (B→C): The capacitor is compressed at con-
stant voltage, fromq1 until it reachesq3. The gap de-
creases fromx2 to x3.

iii ) Step III (C→D): The capacitor is compressed at con-
stant charge, fromV2 until it reachesV1. The gap de-
creases fromx3 to x4.

iv) Step IV (D→A): The capacitor is expanded at constant
voltage, fromq3 until it reachesq1. The gap increases
from x4 to x1.
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