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other cases,” continues Skoda,  the pause between the first and second
sound is almost as long, or exactly as long as the panse between the
second and the ensuing first sound.” The words printed in italics would
lead us to believe, that he is here speaking of « and therefore also of A, if
all the rest had not evidently reference to the pauses alone. With
Friedreich® I found the same confusion, even including the brief state
ment of Volkmann's results, which nevertheless referred only to e and A.

From all this it appears, that little trouble has been taken with respect
to the rhythm of the sounds of the heart. And yet this rhythm is un-
mistakeably of great physiological importance. In a subsequent article I
* shall show more precisely, that « represents the active period of the heart,
consequently the duration of the process, the ground of which is to be
sought in the heart itself, while the period P is determined rather by the
regulating nervous system external to the heart. In modification of the
heart’s action, under this or that influence, the altered frequency of the
strokes is thus only one side of the question; and if our prineipal object
be also to determine the modification of the active process, this can be
known from the rhythm of the cardiac sounds. For this the simple state-
ment of the existence of this or that rhythm is not sufficient; @ must be
meastred,

1I. Method.—In order to measure the rhythm, the cardiac sounds
must be registered : that is, the times must be reduced to long measure.
If with the slight foree of the cardiac sounds it was scarcely to be con-
ceived that they could be recorded by means of a body brought into
a state of corresponding vibration, this might be effected in an indirect
method.  Now the latter was found in the registration of movements of
the band, practised in unison with the rhythm observed by the ear:
during anscultation we follow the rhythm of the eardiae sounds by striking
on the arm of a marker, and this registers the times on a revolving
eylinder, In order in each experiment to ascertain also the frequency
of the pulsations, the seconds of a clock are, by means of electro-
magnetism, registered on the same cylinder. We thus obtain figures, as
the following :

Fia. 1.

R is the tracing of the rhythm, S that of the seconds, the distance from
0 to 2 being equal to two seconds. In the tracing B the distance
I IT=a, and I I=A, so that I I’ as well as [T I'=P. At a the marker

* Handb. der hijzondere pathologie en therapie, onder redactie van Virchow, . V.
Afd. 2. bl. 188,

Q2

——

e - -

e




228 DoNDERS on the Rhythm of the Sounds of the Heart.

18 pushed down on hearing 7, at b the finger is again taken up and the
marker rises; at ¢ it is again depressed on hearing I7, it rises again at d,
to begin at 4, on hearing /', the second period. Such periods were
registered to the number of about twenty consecutively, at which the
eylinder stopped: the number of corresponding seconds showed the
frequency of the pulsations, and from the « and P measured for each
period the averages were caleulated for the whole eircuit.

Subsequently I found, that, with regular pulsations, the rhythm is
capable of being imitated with more certainty and accuracy, by omitting
one after each registered period. We then write, it is true, opposite a fol-
lowing period the rhythm of the preceding one; but where the rhythm
18 regular, this comes to the same thing and has no influence on the
average. We thus obtain such figures as the subjoined :

Fig. 2.

In the tracing £ only A4, in the tracing £ only g, is alternately regis-
tered, eonsecutively to each other from the same heart. In R, therefore,
between I and II'; 11" and I"" have been omitted, and I I, or ' I' is
equal to 2P, In the tracing E, between IJ and I, I' and I have been
omitted, and in this case [ I, just like JI 71", is again equal to 2P.
In the tracings & and & we again see the seconds which show the dura-
tion of the periods, and if we now measure the registered or o A, we have
only to divide the ascertained value by the half of the like measured 2P,
to find g or 4 in percentages of .

1II. Testing of the Method—In order to ascertain what degree of
accuracy is attainable by the method just described, we must inguire,
with what precision we can reproduce, by movement of the hand, a rhythm
perceived by the ear, even when the alternating distances do not stand in
simple relation to one another. DBesides, I was anxious, for reasons which
shall be stated hereafter, to investizate how far the strokes of the hand
are isochronous with those ascertained by the ear.

To fulfil both these requirements, sounds must be produced artificially
in a rhythm, about corresponding to that of the cardiac sounds, and this
rhythm must register itself, and at the same time be imitated in the
manner above described. If the experiment be so arranged, that the
markers of the primary rhythm and of that obtained by imitation stand
directly under one another, the difference between the two tracings strike
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the eye immediately and may now be still more accurately measured.
The primary rhythm I obtained with the aid of Maelzel's metronome.
By shifting the weight on the pendulum we can regulate the number of
strokes at will, and by inclining the instrument, we can make the strokes
alternately unequal. These strokes themselves are not, however, to be
used, for the moments of origin are not to be registered; but I attached
to the pendulum a wire in a horizontal direction, bent the two extremities
left and right downwards, and in the vibrations of the pendulum ecaunsed
these bent extremities to dip into mercurial troughs, whereby a galvanie
current was at the same time closed. To insure the recular action of the
instrument, it now appeared to be even better not to incline it, but to
produce the alternate difference merely by altering the length of the wire,
and by placing the one mercurial trough higher than the other., Now on
each closing of the current, the arm of a marker was attracted by an
electro-magnet, in a distant room, where the strokes of the metronome
could not be heard, and the moments of attraction, with alternately greater
and shorter panses, were here registered on the revolving eylinder of the
kymographion. As we heard in the strokes of the markers upon the
magnet the registered rhythm, we had only to imitate this with the hand,
in the mode above described—by striking, in fact, upon a marker, which
registered its movements directly above those produced by the magnet,
In this manner we obtain fizures like the subjoined :

-
Fig. 3.

The tracing M is the primary rhythm, derived from the metronome
J 1s the imitated rhythm. In both tracings three whole periods are to be
seen: J IT represents o, IJ I" is A, &c.; at a the markers descend, at b
they are set iree and ascend by their elasticity, at ¢ they descend anew
to rise again at d, and at @’ a second period Iu-;_rin.-:. i 1

[t here appears distinctly, that in the imitated rhythm 7 oceurs some-
what too late and [/ often rather too early, so ﬂml:.-.; is reproduced too
small and A too great.

The same occurs when, as in fig. 4,

















































