-

View metadata, citation and similar papers at core.ac.uk brought to you byﬁ CORE

provided by ZENODO

Home Search Collections Journals About Contactus My IOPscience

Experiments on the Faure Accumulator

This content has been downloaded from IOPscience. Please scroll down to see the full text.
1882 Proc. Phys. Soc. London 5 104
(http://iopscience.iop.org/1478-7814/5/1/313)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 146.201.208.22
This content was downloaded on 04/10/2015 at 03:53

Please note that terms and conditions apply.



https://core.ac.uk/display/212081813?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
iopscience.iop.org/page/terms
http://iopscience.iop.org/1478-7814/5/1
http://iopscience.iop.org/1478-7814
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

104 PROFESSORS AYRTON AND PERRY’S EXPERIMENTS

greater density than the hot solid at a temperature just below
melting-point.

This, so far as it goes, is confirmatory of the results obtainad
by us. If diagram No 2. be examined, it will be seen that the
line of volume rises gradually to the line of equilibrium, indi-
dicating expansion; and just before the ball melts rises above
the line, indicating a floating effect, when the temperature
approximates to the melting-point.

Tin therefore appears to be similar to iron ; viz. it is at
its maximum density when cold, and at its minimum density
when at a temperature just below melting, and that the fluid-
density is between the two.

The results obtained by MM. Nies and Winkelmann on bis-
muth will serve to illustrate the degree of approximation of
these limiting values.

A piece of bismuth, when allied with a platinum block
weighing 21'76 grammes, sank ; and another piece, weighing
354 grammes, floated; which is equivalent to stating that the
specific gravity of the melting bismuth is between 10:28 and
10-12.

They arrive at the general result that not one of the eight
metals they examined will justify the assertion that ¢ bodies
contract on becoming solid;”’ but the experiments rather
favour the view that metals when solid, at a temperature close
upon their melting-points, are less dense than when molten.

Without accepting MM. Nies and Winkelmann’s results
as final, we do not consider them to be opposed to our own,
as theirs relate solely to the ratio of the densities of the solid
and liquid metals at as nearly as possible the same tempera-
ture, while our experiments were undertaken with a view to
determine the actual density of a metal at the lowest tempera~
ture at which it is perfectly liquid.

XII. Ezperiments on the Faure Accumulator.
By Professors W. E. AYRTON and JoHN PERRY*.

HaviNg made, at the request of the Faure Accumulator Com-

pany, a series of experiments on some of their cells, we have

thought that a short account of some of the results obtained
* Read February 25, 1882.
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may not be uninteresting to the members of the Physical
Society.

The object of the experiments was to ascertain, jfirst, the
efficiency of a cell—that is, the ratio of the energy given out
by it to the energy put into it; secondly, the storing-power of
a cell; and, lastly, whether or not there was a deterioration in
its working-powers. To measure the encrgy put into any
electric circuit, we have merely, of course, to take time-
readings of the current flowing through the circuit, as well as
the difference of potentials between its two extremities. The
current in ampéres multiplied by the electromotive force in
volts and by 4425, gives the number of foot-pounds per
minute that is being put into that part of the circuit as elec-
tric energy. For measuring the current we have used through-
out our ammeters (short for ampére-meters), and for measuring
electromotive force our voltmeters, the latter being employed
of course in a shunt circuit.

Of the total electric energy put into the circuit, and which
is measured, in foot-pounds per minute, by 4425 AV, a por-
tion will be employed simply in heating the circuit, and the
remainder may be utilized in producing useful work. For
example, if a time-curve be drawn for 44:25 AV when charging
a Faure accumulator, the area of the curve will measure the
total energy put into the accumulator in foot-pounds ; but
of this some portion has been wasted in heating the cell, due
to the charging having been more rapid than was absolutely
necessary. It was, of course, of considerable importance in
our experiments to ascertain what portion of the energy put
into the cell was really thus wasted; and to measure this the
following experiments were made,.

Occasionally the main current was stopped, the shunt cur-
rent through the voltmeter being left completed. The reading
now on the voltheter gives the difference of potentials pro-
duced by the cell itself, whereas the previous reading was the
combined difference of potentials produced by the cell and the
dynamo-machine charging it. If now a new time-curve be
drawn in which the ordinates represent the product of
44-25 AV’, where V' is the electromotive force of the cell
measured on the circuit being broken, and A is the mean
value of the current flowing just before breaking and just after

K2
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closing the circuit, the area of the new curve will represent
that portion of the energy put into the cell which is usefully
employed in chemical decomposition.  The differencelbetween
the arecas of these two curves represents, then, the amount of
energy wasted in heating the cell in foot-pounds,

Again, on discharging the cell, experiments of a similar
nature have to be made. The product 44:25 AV ropresents
the number of foot-pounds of work per minute the cell is pro-
ducing in the external circuit, V being the difference of poten-
tials between the two poles of the cell while it is discharging;
but, in addition, there is a certain amount of energy which is
being expended in heating the cell itself during discharge.

This, as before, may be ascertained by breaking the main
circuit, leaving the shunt-voltmeter circuit completed. The
reading on the voltmeter V/ now indicates the real electro-
motive force of the accumulator during discharge; whereas the
previous reading, obtained just before breaking the circuit,
represents merely the fraction of the total electromotive force
employed in sending the current through the external resist-
ance. If a time-curve be drawn with its ordinates propor-
tional to 44:25 AV’, whero A is the mean value of the current
just before breaking and just after closing the circuit, its area
will represent the total number of foot-pounds of energy per
minute being given out by the cell; and the difference between
the areas of the last two curves will represent the number of
foot-pounds of energy emploved in heating tho cell itself, It
is to be noticed that during charging V’ is less than V, whereas
on discharging V’ is greater than V.,

|"’1.J”,\'r t- A \!

/T: | AV _
/—\

E.M.F. x Current.

Time,

An examination of thirty-five sheets of time-curves, which
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we have drawn from the experiments we made, shows that, in
charging, the curve for AV rises at first; and as it rises
more rapidly than that for AV’, this means an increaso in the
resistance of the accumulator.

As the charging continues, the two curves for AV and AV’
approach one another, showing that the internal resistance of
the accumulator diminishes again.  On the other hand, at the
end of a long discharge the curve for AV falls more rapidly
than that for AV’, due to an increase in the internal resistance.
Now our experiments show a great constancy in the electro-
motive force of a Faure cell, and that the falling-off in dis-
charging which occurs during a very rapid discharge, or at
the end of a long discharge, is due more to an increase in the
internal resistance of the accumulator than to a diminution in
the electromotive force, which our methods of experimenting
above described enable us to separate and measure inde-
pendently.  But, whether discharging rapidly or whether
discharging slowly, there is a most curious resuscitating-
power in the cell, which, if disregarded, will cause totally erro-
neous underestimates to be made of the efficiency of the cell.

This resuscitating-power is more marked for rapid discharges
than for slower ones. In the case, for example, of an ex-
tremely rapid discharge, we found that when the flow had
become apparently so feeble that the cell appeared totally dis-
charged, leaving the poles of the cells insulated caused three
times as much electric energy to be given out all together in
the second discharge as had been given out in the first. And
even when several days-are taken to discharge the cell—and
we may mention that we have had continuous observations
made day and night for several days in certain cases—this
resuscitating-power is wonderfully marked. An insulation of
a few hours will cause the energy given off per minute on
redischarging to be eight to ten times as great as it was before
insulation. Indeed on one occasion, after a cell had apparently
neurly discharged itself, it was left shorteircuited with a thick
wire for half an hour, then insulated all night, when the num-
ber of foot-pounds of work per minute given off at the com-
mencement of the discharge the following morning was found
to be ten times as great as it was on the previous evening, and
a greater amount of energy was actually taken from it in the
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second discharge than in the first. This phenomenon gives
the Faure accumulators a great value for tramcar propul-
sion, since, as is well known, it is just on starting after stop-
ping that the strain on the horses is so great.

Eficiency.—To determine the efficiency of cells we com-
mence with them empty, or at least as empty as many hours’
shortcircuiting with a thick wire could make them. W
then measured the total amount of energy put in and the
total amount subsequently given out, and we found that, for
charges up to a million foot-pounds put into the cell and dis-
charged with an average current of 17 amperes, the loss in
charging and discharging combined may not exceed 18 per
cent. Indecd, for very slow discharges the loss in charging
and discharging combined in some of our experiments has becn
as low as 10 per cent.

Storing-power.—It is a little difficult to measure the maxi-
mum storing-capacity of the cell at the same time that mea-
surements are made of its efficicncy, because in the latter case
we-must take care that we do not put in more electric energy
than the cell can hold ; on the other hand, if precautions are
taken to avoid overcharging, it is a little difficult to ensure that
the full charge has been put in. We have therefore separated
our experiments for measuring the efficicncy from those em-
ployed to ascertain the storing-power.

Let us take a single example of the storing-capacity. A
certain cell containing 81 Ib. of lead and red lead was charged
and then discharged, the discharge lasting eighteen hours—
six hours on three successive days; and it was found that the
total discharge represented an amount of electric energy ex-
ceeding 1,440,000 foot-pounds of work. This is equivalent to
one horse-power for three quarters of an hour, or 18,000 foot-
pounds of work stored per pound weight of lead and red lead.
The curve shows graphically the results of the discharge.

Horizontal distances represent time in minutes, and vertical
distances foot-pounds per minute of energy given out by the
cell, and the area of the curve therefore the total work given
out. On the second day we made it give out energy more
rapidly than the first, and on the third more rapidly than on
the second, this being done of course by diminishing the total
resistance in circuit. During the last day we were discharging
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with a current of about 25 ampéres. And this cell, like the
others, showed, on being insulated after having been apparently

Foot-pounds per minute

0 3 6 ) 12 15 18
Time in hours.

totally discharged, that there was still a large charge stored up;
hence the numbers given above for the capacity are probably
under the total value.

Deterioration.—As to deterioration, two months constant
charging and discharging of the two accumulators under test
showed no signs of deterioration.

XIIL. A4 Simplified Dispersion-Photometer.
By Professors W. E. AYrTON and JoEN PERRY™.

It will be in the recollection of the Members that"in 1879
we described to the Society a dispersion-photometer which
enabled measurements to be made of the intensity of the
strongest electric light in a small room and for the rays
coming from the electric hght at any angle—two essentials
which appeared to us necessary in an electric-light photometer.
The principle of this photometer consisted in our use of a con-
cave lens to weaken the strength of the light, so as to make
the illumination of a screen comparable with the illumination
of a standard candle, instead of keeping the Jamp a distance of
50 or 100 feet away, which was the plan in use until that time.

* Read February 25, 1882,



