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From a graphical representation of these velocities, the velocities
of sound at 5, 15, 25 KM. etc. were read, and in order to simplify
the calculation 'we assumed thal for the less curved part of the
orbit a sufficient approximation was obtained by considering these
velocities as constant every time over 10 KM.

Starting from some inilial zenith-distance of the ray «, we find
ap from sin a,:sinap= V,: V1; the horizontal projection of the
sound rays is then given by = 10 ig a.

For the more curved part of the orbit and especially when it
becomes horizontal, this' method, however, would cause {00 great
errors. It appeared, that up to the last 5 KM. height a sufficient
accuracy was obtained by making the calculation by steps of 1
instead of 10 KM.; hence reading the velocity at each full KM. and
using the mean value, which praciically means calculating 11 steps,
the first and last of which only count for one half.

Also this method would cause errors for the last kilometers as
the tg. approaches oo for ¢ — 90°

To get a simple approximalion here, we used the simplified
differential-equation of the orbit for the case where the velocity
of sound at this height varies in a linear way, hence may be
represented by v = v,—ch.

If we call # and Avthe co-ordinates of a point of the orhit, starting
from the summit of the orbit as origin, then :

dh ) v ¢ ,

cotg — — sineg = ——~1——-"hh=1- ¢k
dz Un Un
cos ¢ = V'2h—¢°h?

(A —ch)dh -
de =dhtg 0 = —=—r
V'2ch—dh

1 EW 71° ’ 20
v ==— [V 2h—c |, =1 — 1.
¢ Un Uk

On further inquiry it appea’rs that in this case the orbit is a

. . . Un
circle with a radins —=—.
¢ ¢

"The approximation obtained in this way happens to be closest in
the vicinity of the ray which reaches the earth at the minimum
distance from the source of sound, because this ray is inverted in
the region where the velocity of sound varies most rapidly, and
therefore the curve of sound-velocities shows an inflexion.

This method of calculation was also applied to the results com-
municated graphically by von pem Borse for the velocity of sound

61%*
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with his suppositions. Though the order of magnitude for - the
distances at which the ray returns to the earth remains the same,
all distances, and with them the radius of the silent region, become
* sensibly smaller. -
We give here only the resnlts near this point:
. Height H, where the Return to the

a. ray becomes horizontal. earth at distance D.
a. 30°56' 75 KM. 114 KM.
24°27’ 80 103
20°53’ 85 109
19°12/ 90 131 -
Hence at all events we find a value for the limit of the silent
region, far from those encountered in reality. - ¢

‘ In the first place, we had to consider further the suppositions

on the composition of the atmosphere made by other writers.

h. WretNER’s ') hypothesis about the occurrence of geocoroninm
in the atmosphere.

WeeENErR takes at the surface the lower percentage of hydrogen
0.0033 °/, according to RayrmieH, but does not allow for the mixing
by convection currents. As voN DEM BorNe practically did not do
that either, or at least only very partially, WrGENER’S percentage
of hydrogen remains much lower.

. 0 20 40 60 80 100 KM.
Hydrogen 0.0033 0.0 1 12 55 67
Geocoronium  — — — 5 19 29

Partially the low percentage of hydrogen is balanced by the
hypothetical geocoronium, as this would be 5 times lighter than
bydrogen. On the whole, therefore, the course of the rays is only
slightly changed, as the course depends on the rapid decrease of
the molecular weight between 60 and 80 KM.

The limit of the silent region is indicated by the following sets

of values: . \
« H. D.
16°43/ 105 148
20°26' 95 118
31°44’ 82.7 121
42°32’ 77.2 151 |

If these data are combined in a graphic (fig. 8), we find as limit
of the silent region 114 KM. for an initial angle of 25° of the
sound ray.

1) A. WrGENER, Beitrige zav Geophysik, 11, p. 104, 1912.
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Hence also this figure is far below 160 KM. We may remark.
here by the way, that the addition of geocoronium ‘accelerates the
decrease of density between the heights of 80 and 90 KM., where
the inversion of the ray takes place, and hence adds to the shortening
of the distance. Therefore, if indeed the silent region in the case
of no disturbance ends at 160 KM., this is not in favour of
WixeeNER’s hypothesis, and we should be forced at all events to the ~
conclusion, that the quantity of geocoroninin ought to be much
smaller than was assumed by WEGENER.

c. Huwpnrevs’ ') calculation, whereby the mixing in the lowest
11 KM. is taken into account, but the percentage of hydrogen at
the surface is again put equal to 0.01°/,. The temperature was
taken equal to 284 abs. at the surface, thence decreasing by 6° per
KM. up to 11 KM., and thence equal to 218° abs.

HumeEREYS’ calculation has not been executed with the same
accuracy in all details, so that his figures show a somewhat irregular,
course. Starting from his fundamental hypothesis, we find the
following percentages of hydrogen:

0 20 40 60 80 100 KM.
0.01 0.04 0.7 10.7 67.7 97.3

This again does not produce much alleration and we find in the
same way as before:

a H. D
34°27' 85 135
27°18/ 90 118 |
22°47’ 95 120
| 20°25’ 100 131.

The limit of the silent region then comes at 117 K.M. for an
angle of 25°.

As the suppositions of WEGkNer and HumpHREYS, apart from geoco-
ronium, differ principally in two respects : the percentage of hydrogen
at the surface and the influence of mixing in the lower 10 or 11
KM., two further calculations were made in order to elucidate the
influence of each of these factors:

d. According to WEGENER's hypotheses, but with 0.01°/, hydrogen
as assumed by Hann and HumpHrrys (which means that the quantity
of geocoronium, which at 200 KM. is put equal to that of hydrogen,
becomes much larger). .

- ) W. J. HumpHREYS. Bulletin Mount Weather 2, p. 66, 1909.
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e. Without geocoronium, but with a hydrogen percentage as assumed
by -WreENerR. and moreover mixing up to 10 KM. il
At greater heights the percentage of hydrogen then becomes: -

0 20 40 60 80 100 120 KM.
d. 0.01 0.14 2.6 304 68.7 705 670
e. 0.0033 0.014¢ 0.25 52 423 91.0 982

These assumptions are the most diverging: as to the quantity of
hydrogen, a thing which becomes especially important at 60 KM.
The course of the rays is then characterised by the following figures :

o H. D. -

d 3105/ 75 194

93°29’ 8.7 106

90°38/ 85 102

18227/ 90 119
. 38°48' 90 160

30°32' 95 133

95° 4 100 196

91°49 105 131

Minimum distance for d = 102 e = 126.

We see how the decrease of the quantity of hydrogen leads to
shifting the limit of the silent region farther off. Therefore the
question arises : Is there a reason to assume a still smaller quantity
of hydrogen ? -

This really appears to be the case. The determination by Craupe '),
in which very large quantities of air were liquefied, led to the result,
that the 'volume percentage of hydrogen in the atmosphere at the
surface would be only 0.0001, against 0.0005 Helium. For the three
rare gases Neon, Helum and Hydrogen together 0.0021 was found.

The most recent determination of these constituents was made by
ErpmaNN ®) in samples of air, collected at various heights in the
atmosphere at the time of the nearest approach to ihe earth of the
tail of Hairmy’s comet on 18/19 May 1910. The quantity of air in
these deilerminations was never more than 650 em®. Per liter of air
26 to 37 mm® of the gases mentioned was found; only for the
height of 4500 to 8000 M. it was possible to ascertain the presence
of hydrogen by means of the spectroscope, most clearly in the latter
case. Hence at the surface the percentage of hydrogen is far below 0.0026.

From the increasing proportion of rare gases with greater height

1) G. CLaUDE, C.R. 148 p. 1454, 1909.
% ErDMAWNN, Ergebn. d. Arb. d. K P. Aeron. Obs. Lindenberg, 6. p. 227, 1911.
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we may conclude, that the mixing by convection currents is imper-
fect; this increase however is rather irregular aud smaller than
ought to be expected without mixing. On account of the nncertainty
of the determinations and the unknown percentage of hydrogen it
is not possible to calculate the degree of mixing.

Still another consideration leads us to reckon for the higher strata
with the possibility of a much smaller percentage of hydrogen. For
a long time it has been doubted; on acconnt of the kinetic theory
of gases, that it would be possible for hydrogen to remain iy the
earth’s atmosphere ; since its presence in the lower strata has been
put beyond doubt, the possibility has been nrged that hydrogen is
being produced continually at the surface, e.g. ftom mineral waters,
etc. If this be right, it might be that in higher strata in consequence
of the powerful ultra-violet radiation a combination with oxygen took
place, and hence the percentage of hydrogen happened to be much
lower than we should have to assume according to the gas-laws.

In order to determine further the influence of the decrease in
the percentage of hydrogen, we first calculated how the course of
the rays would be if there were no hydrogen at all. The gaseous con-
stituent, which then comes under consideration first, on account of
its low molecular weight, is Helium. Starting from the figure 0.00015°/,
Helium at the surface, as assumed Hann, we arrive at the following
composition of the atmosphere :

0 20 40 60 80 100 120 140 KM.
N 78.03 81.8 875 915 929 785 238 2.2
0 20.99 17.7 1238 84 55 30 06 —
Ar  0.94 05 02 — — — — —
He 0.00015 — — 01" 16 185 756 978

As the change from the “nitrogen-atmosphere” to the “helium-
atmosphere” occurs at much greater height than that to the *“hydrogen-
atmosphere”, and moreover the velocity of sound varies more gradually,
the sound rays now become higher and less curved. The results are:

J- «a H. D.
42°18' 120 218

B 35° 8/ 125 193
31°30’ 130 196

The limit lies at about 190 KM. for rays with an initial angle of 34°.
Hence, in order to arrive at a limit of 160 KM. we have to
assume a small percentage of hydrogen in the higher strata. That
this percentage ought to be very small appears from the calculation
which, by way of test, was made with a percentage, 6 times
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smaller than the smallest percentage assumed thus far in our calcu-
lations i.e. 0.00055 ?/,. - i
This gives as composition:

0 20 40 60 80 100 120 140 KM.
N 78.03 81.8 87.5 908 826 289 25 0.2
0 2099 177 123 83 49 11 01 —

Ar  0.94 05 02 — — — — —
H 000055 -- — 0.7 109 63.1 896 931 -
He 0.00015 — — 01 14 68 79 6.7
and for the sound rays: R
g- u H. D. _
42°33’ 100 184 -
27°417 110 - 139
21° &/ 120 142
19°207 130 223

The limit is found here at 136 KM. for an initial angle of 25°
It is this calculation which served as a basis for fig. 8.

By a rough interpolation we find that the limit of 160 KM. would
be obtained at a percentage of hydrogen, amounting to 0.0001 at
the surface. It would be useless to malke this estimale more accurate,
as in all preceding calculations certain influences, e.g. the curvature
of the earth’s surface, have been left out of consideration, and the
results therefore have no.absolute value. Moreover it appears thaf
at present a larger percentage of Helium is assumed than we
derived from Hawn and others. When Prof. E. Comex was so kind
as to draw my attention to the research of Craube, time failed to
make another calculation with a percentage of Helium about three
times larger. The order of magnitude of our result, however, will
not be altered by this circumstance, and the percentage of hydrogen
calculated will remain very near that determined by Craupe.

§ 8. We have treated the calculaiions about the sound orbits in
air at rest somewhat at length, in order to make clear that the
data about the constitution of the atmosphere are by no means so
accurately lknown, that one would be in a position to reject voN pem
Bornk's explanation only because the limit of the silent region does
not occur at 114 KM., as vox peM Bonrnr’s calculation would have
it. It appears to us, that given the uncertainty existing in this respect,
more weight ought to be attached to the skape of the silent region
and the distribution of sound intensity at its limit than lo the absolute

‘ dimensions, and we have pointed out already that in this respect
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the results for October 8™ are very much in favour of that explanation.
When DE QUERVAIN?) maintains, that even in this case the proof
has not been given that the silent region shows a circular form,
this can only refer to the absence of reports from the southern
battlefields. But he forgets to remark that already the semi-circalar
form following from the reports obtained, nay, even a circular form
over 90° comes into conflict with what ought to be expected in
the case of a wind influence, sufficient to make the sounds return
to the earth at 160 KM. distance from the source.

As may appear from what precedes, we are of opinion, that the
two explanations of the silent region, which we shall call for the
sake of brevity the physical and the meteorological explanation, are
both true and ought to be 'applied in combination. The question then
arises: how is the path of the rays changed speaking generally, e.g.
in case g, when the air is not at rest or large irregularities of the
temperature gradient occur?

We leave on one side at this moment the rays, starting with a small
elevation, which will contribute most to the audibility in the first
region, and shall concentrate our attention on the rays in the neigh-
bourhnod of 25° zenithdistance, which reach the surface again at
the border of the silent region. Secondly we have in mind, that
disturbances by wind and temperature will be confined almost wholly
to the first 10 KM., at least in the temperale zone; in the strato-
sphere no great variations of wind or temperature occur. Then we
may also perceive, without going into details, that even very heavy
disturbances in the lower strata can exert only little influence on
the position of the silent region. E.g. if we take an increase of wind
of 0.5 M. per 100 M., as pE QuERvAIN assumes in his case, then the
velocity of sound at 10 KM. height is increased by 50 M. for
horizontal propagation in the direction of the wind, but only by
50 sin 25° or 21 M. for a ray of about 25° zenithsdistance. The
velocities of sound in case ¢ at the height of 10 KM. are thus
changed in the proportion 1:1.07, which changes the elevation there
only from 22°37’ into 24°13’. Nevertheless this inight have a rather
great influence on the limit of the silent region, were it not that
for the further propagation the réle of the ray with initial angle
of 25° is taken up by the ray, which starts with 23° 30’ and enters
the stratosphere at an angle of 22° 37’. The entire change in the
total horizontal path of the rays with minimum distance will hence

1) Die Umschau, 19, No. 27, 1915. Here a case of a very widespread audibility
of roar of cannons in the Sundgau on December 25th 1914 is described, in which
the propagation is rather unsymmetrical and the silent region of little importance,

th
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be confined to at most the difference 2 X 10 (fg. 23° 49'—tg. 23°3),
that is about 0.32 KM. ‘ ’

Variations in the fall of temperature, even considerable inversions,
have neither a great influence on these steep rays, the more so,
because the mean fall of temperature over 10 KM. scldom undergoes
great variations. E.g. a sudden rise of temperature of 10°, which
was not balanced afterwards, would at 5 KM. increase the velocity
of sound in the proportion/1: /38§, which would alter the elevation
by 0°30’. In other words: for these steep sound rays-even the most
heavily disturbed air bebhaves as a bad window-pane for a perpen-
dicularly incident ray: it goes through almost undisturbed. Hence the
sound, refracted by the high strata of the atmosphere, always returns to
the earth at practically the same distance; regular modifications of the
sound-limit, which are connected with the regular and pretty great
velocities, which may occur in the higher atmosphere, will always
show the same features, since we may assume at these considerable
heights a practically constant state of motion.

§ 9. From this we may immediately infer, that the singularly
shaped silent regions, observed in many of the cases quoted in the
introduction, cannot be ascribed to a co-operation of the refraction
in the high atmosphere and the disturbances of the lower atmosphere,
but ought to be explained by the latter alone. That in these and
other cases the regular second region of audibility does not appear,
will often. be explained sufficiently by the fact, that this sound is
rather wealk, absolutely speaking, and may easily be covered by sounds
transferred in another way. Moreover we have already indicated
the possibility, that originaily little sound is' emitled in ecertain
definite directions. In the case of volcanic eruptions the emitted hot
gases and vapours, mixed with ashes, may cause tremendous disturb-
ances in the distribution of windvelocity and temperaturé. Yet it
seems to us, that among these cases some indications are found of.
an increased audibility at distances of the order of 140—160 KM.

a. In the case of the dynamite-expiosion at the Eigerwand (2'
near the Bodensee, distance exactly 160 KM.

b. December 7t 1909 Asama 170 K.M. (Fig. 3)
April 4 1911 ,, 140 ,, (Fig. )
» gd 1911, 150

December 25t 1910 ,, 145 ,, (Fig. 4)
2nd 1912, 140 ,,

3
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c. At the gunpowder explosion at Wiener-Neustadt, where the
second area, mnot counting spurious observations, begins only at
160 KM. Whether the greatest intensity of sound, which was found
here at 210 KM., might be ascribed to a special distribution of the
energy of sound at the source, cannot be decided by the present writer.

It would be possible in these cases to decide immediately whether
the sound had made its way through the very high strata of the
atmosphere, or had been held barck in the lower 10 or 20 KM., if
the time of propagation were known accurately. Some data about this’
point are indeed available, but often the accuracy leaves much to
be desired. In the case of the explosion at the Eigerwand (2) the
two statements for the immediate neighbourhood abouat the time of*
explosion differ by 2 minutes, and the times of propagation for distances
of 160 to 170 KM. vary from 3 to 13 minutes. Along the orbit
assumed by DE QuErvaIx for this distance, 8 to 9 minutes would be
required, for an orbit in case ¢, ascending to a height of 115 KM.,
12.5 minute. Hence the mean time of observation is in favour of
an orbit more like that of DE QUERVAIN, but the observation cannot
be called decisive.

In the case of the volcanic eruptions, investigated by Fuswmara,
thanks to the observations of a number of meteorological stations,
the uncertainty of the time determinations is not so great, though
an uncertainty of 2 minutes forms no exception. Among these
there are at least two, that of December 7 1909 and May 25th
1910, where at distances above 140 km. beside normal, also abnormal
large times of propagation occur, whereas in the former case times
of 15 and 16 minuntes are stated, which would agree very well
with a propagalion through the layers above 100 km.

Also in the Wiener-Neustadt case at great distances times of pro-
pagation above the normal value are mentioned.

Hence, though the times of propagation support to a certain degree
the applicability of the physical' explanation, it cannot be denied,
that the first impression generally pleads for a meteorological ex-
planation; a decision however is not yet arrived at.'

So we are forced to the conclusion that in the case of Aniwerp,
where the silent region appeared so extremely regular, extraordinary
weather-conditions have co-operated to procure an image so little
disturbed. *

Fuaiiwnara, as well as pE QUErvAIN and Dorg, has tried to ascribe
the abnormal propagation of the sounds to the meteorological in-
fluences mentioned. Unhappily these writers did not as a rule dispLose
of anything like sufficient data about the conditions in the higher
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strata, so that they had usually to resort to suppositions or theoretical
speculations. E.g. pE QUERvAIN in his case assumes, that from 4000
to 11000 m. height a SW.-wind occurred, increasing to a velocity
of 35 m. per second, whereas the observation of Cirrus-clouds in
our country on the 15t gave Ci. in NW. (probably rising from
NW.), and on the 16t and 17" really a rather fast motion from
WNW. (17 m. at 10000 m.) was stated. Inspection of the weather-
chart, in connection with the motion of the isallobars, would lead
one in the first place to suppose a motion from SE. in the inter-
mediate Jayers. If the sound rays have really taken their way ex-
clusively through the lower atmosphere, we should be more inclined
to admit the influence of a strong inversion in the A-Cu-levelin the
same manner as was observed on that day at a much lowerlevel at
Lindenberg. Be this as it may, observations of the air-motion in the
levels above 4000 m. over Switzerland fail on this occasion.

Fortunately, for some of the cases of roar of cannons in the Nether-
lands treated above, a greater certainty exists. We have collected in
a table the observations obtained from c¢louds, and by -means of
pilot-balloons, kites and cable-balloons for the days mentioned, and shall
consider how far the particularities of the sound phenomena may
be explained by these observations. )

The table gives in the first column the dates, in the second a
short review of the weatherconditions, principally the distribution
of pressure. Under the heading ‘“Wind- and cloudmotion” then follow
thie observations of wind and clouds at the stations Helder (He),
Flushing (V1) and Winterswijk (Wi), where the observations of clouds
have been made since 1897 and have been made daily since 1905, whereas
at De Bilt (De B) they are made on special occasions. The direction
and relative velocity are determined accurately by BrssoN’s nepho-
scope, the height of the clouds has to be estimated according to the
type of cloud and has been put for simplicity equal to 1000 m.
for the lower clouds, 2000 m. for the Strato-Cumulus (St. Cu), 3000 m.
for the Alto-Cumulus (A-Cu) and 10000 m. for the Cirrus (Ci). By
these assuwptions we are enabled to calculate the velocity in meters
per second. In consequence of variations in height for the lower
clouds, the real velocities may differ from the calculated ones by the
factor 0.4 to 1.5; for the higher clouds the deviations will probably
remain below 20 °/.

Evidently it was desirable to supplement these estimates by more
exact measurements, which might consist in observations with pilot
balloons, cable balloons, or kites. Unhappily enough the first mentioned
observations have suffered much by the difficulty of obtaining pilot

J
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balloons during the war, a difficulty which was solved only
later. The observations with lkites and cable balloons at Soester-
berg (S) continue to suffer strongly under the absence of a private
ground, the negotiations for which only recently met with success.
By way of supplement, therefore, under the heading “Distribution of
wind and temperature”, we have resorted to observations at Hamburg,
- Lindenberg and Friedrichshafen, so far as these were at hand at the
time. The latter have already been published in their definitive
form?), the former are quoted only partiaily in the German daily
weather reports and therefore may afterwards be largely supplemented
or amended. Afternoon observations are indicated by adding the
index p to the name of the station.

On October 8th there was almost no increase of wind from the
St.-Cu level up to the height where the Ci floated, and certainly
no increasing SW.-wind such as would be required to bend back"
to the earth rays which left the source of sound with some elevation.
Up to 2000 M. no S.-components are met with, and no nearer than
Helder a W.-ly wind of sume importance. The direction of the (i,
observed at Flushing, is nearly perpendicular o the principal direc-
tion of propagation. Given the position of the anticyclone. 1n general,
nothing else was to be expected. Hence the abnormal audibility as
far as 220 KM. cannot be ascribed to an increase of wind in the
troposphere. One might suppose, that in the stratosphere an in-
creasing SW.-current or a decreasing NE.-current reigned, and that
these currents caused the rays, practically straight in the troposphere,
to curve in the stratosphere. The smallest distance, at which the
rays may return to the earth, is then determined by the height up
to which one makes the wind increase and by the amount of that
increase. But in that way we can never gef anything else but a
curvature of the rays, which propagate the sound in the direction of
the wind. For a ray perpendicular to the wind the effect is practically
equal to zero, and the limil of the silent region cannot be a circle,
but must show a smaller, perhaps even an inverted curvature so that
half a circle, as our figure 9 shows, cannot at all be explained in
this way (see the footnote on page 941).

- At this moment we indicate once more a remarkable deduction,
which must be made from the theory of the bending of sound rays
in consequence of the decrease of temperature with height. In the
normal case of fall of temperature with increasing height, the sound
rays are curved from the surface upwards. Rays starting with a

1) Ergebnisse der Arbeiten der [Drachenstation am Bodensee im Jahre 1914,

Stattgart 1915.
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very small "clevation, therefore, depart faster and fasler from the
sarface. It follows from this, that audibility al greater distances is
only possible, if the source of sound lies al some height above the

surface and rays occur which start with a negative elevation. The

necessity of placing speakers in open air meetings on a platform with
a soundboard above their heads, depends on the same phenomena
of course.

. If then the audibility at great distances on October 8th is not to
be attribnted to the wind, how is the wide-spread first area of
audibility to be explained ? ‘

The answer to this question is given by the ascensions of cable-
balloons at Soesterberg on October 7th and 8th. On the 7th a very
strong inversion was met with at 1600—2200 M. height, a rige
indeed from 0°4 to 9°.9 C; on the 8th the inversion lay a
little higher, 2500—3000 M. and had decreased to 3.8 — 10.8 or
a little lower.

The masses of air, which were above Soesterberg on the 7th,
moved southward with a small velocity, some 2 M. per second or
7 KM. per hour. From a comparison with the observations at
Friedrichshafen and Hamburg and with the distribution of temperature,
it appears certain enough, that the southerly motion extended to
Belgium and lasted for a considerable time. Thus in 24 hours a

distance of 168 KM. wonld have been traversed, so that those -

masses of air found themselves then above Belgium.

There is every reason to assume, that especially in the early
hours of the morning, when the surface temperature fell very low,
the temperature at 2000 M. was much higher than that at the
surface, and at noon only a little lower. Under these circumstances
in the morning sound rays with an elevation even of 9° might be
bent back to the earth at the limit of the inversion layer; if we
assume reflection for simplicity’s sake, they would reach the earth
again at 12 KDM. distance. Rays with a smaller elevation would
return at a greater distance, and this might be repeated several
times, so that the rays undulated between the earth and the inver-_
sionlayer until either the energy was exhaunsted or the inversion
layer ceased or decreased and the rays ascended into space. It is
reasonable to assume, that with the very large angles of incidence,
occurring at the layer of discontinuity a great proportion of the
energy of sound fell on the “reflected” rays, the more so because
the sky was everywhere heavily clouded or overcast on October
7th and 8th in our country.

Summing up, we may say that the meteorological circumstances
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on QOctober 8th were extraordinarily favourable for a wide propa-
gation of sound in the area which surrounded the source of sound,
but that rays, starting with large elevation were not disturbed at
all in the lower strata, so that a return to the earth was made
possible only in connection with the change in composition of the
higher strata of the atmosphere.

October 17, This time, too, almost no curvature is to be expected
for steep rays in the lower 10 KM.; the increase of wind from
NE. =5 M. to S. 10 M. per second in the Ci does not neutralize
the curvature from the surface, caused by the normal decrease of
temperature. Also the inversions are of little importance, at least in
our country and at Lindenberg. The temperature does not at all
rise to the surface temperature.

In consequence, little is heard in this country of the war-noises
in Flanders, in Zealand-Flanders nothing at all. The naval battle on
the North Sea is likewise not heard at Helder and further in the
province of North-Holland ; the motion of the Ci. from the South, indeed,
was not apt to cause a downward curvature of rays from a Westerly
direction. For the undoubtedly heard sounds in Friesland and Gro-
ningen, therefore, no other:explanation remains than the refraction
by the higher strata of the aimosphere.

October 18%. Cirrus-observations have not come to our know-
ledge ; the weather conditions of the previous day and the fact, that
the high pressure was increasing, allow us however to assume,
that no very great velocities occurred in, higher strata. Hence there
was only an increase of the NE. wind up to the A.Cu level at
+ 3000 M., an increase decidedly unfavourable for the refraction of
the sound towards the earth in the troposphere, but of little influence
on the curvature of the sound rays in the higher atmosphere. The
ESE-wind, observed with probably very high A.Cu, has no influence
on the propagation of the sound in a NE.ly direction, as was
observed on this day. Inversions will have been of little impor-
tance in our neighbourhood.

That the NE-wind, increasing upwards, was unfavourable for the
propagation near the surface appears clearly enough from the scareity of
observations in Zealand, which contrast remarkably with the numerous
reports, even of heavy sounds, beyond 160 KM. :

For the first time here an indication appears of the limit of in-
creased audibility at about 200 KM. from the place, where the
English naval guns were in\action. If these guns were indeed the
most audible at this distance, we should have to assume, that the very
steep sound rays, wanied for the minimum distance with these guns,
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were endowed with less energy than the less steep rays, required
for a distance of 200 KM. We cannot tell, whether this assumption
be right. but a priori it does not look improbable, that the distri-
bution of sound over the various initial angles is not equal. For
the noises of the battles on shore, where also very steep guns are
used, the distribution certainly will be more regular.

October 2274, The SE. wind at the surface changes into a stronger
S.-ly current, which increases up to the A-Cu-level.

The consequences in .Zealand are evident; numerous reports of
heavy roar of cannons, according to some observers stronger than
during the siege of Antwerp. But this propagation does not extend
beyond = 100 KM.; then a distinct silent region is shown. It would
again be extremely arbitrary to ascribe the sounds beyond 160 KM.
to the influence of wind; up to the Ci.-level httle variation has
been observed in the wind-velocity, and we know that an important.
increase of the wind-velocity up to this level would be required in
order to allow the sound to be bent back. Inversions of some 1m-
portance failed further Eastward, and those in the low pressure area
will probably have been even of less importance. The explanation
by refraction in the higher strata, on the contrary, does not meet
with difficulties.

October 24t . Neither the distribution of temperature nor the
distribution of wind above our country were especially favourable
for a propagation of sound along the surface or in the lower strata.
The number of reports, but especially the intensity of the sound
in Zealand, are indeed smaller than on October 22vd, Probably the
ratber strong Southerly current, which moved above the Eastwind
in Zealand, caused the rather numerous reports in that quarter.
Considering the smaller number of reports from Zealand, it is evident
that the sounds, suddenly heard on that day on the Scuth-Holland-
Isles and along the New Waterway, must certainly have belonged
to a second area of audibility around Lille, for which the distance
again is in the neighbourhood of 160 km. -

October 28t . Probably inversions were of little importance in our
n\gighbourhood. Also the increase of wind near the A-Cu-level is
smaller than on Octoher 220, when the surface wind was SE. and
hence the whole SW. wind might be taken as increase of wind,
whereas m this case already at a pretty small height above the
surface a SW. wind blows, which then increases only a little to 2

and 3 km. Thus may be explained that in Zealand so little was ~

heard, while at the same time the naval guns were heard from
about 160 to 300 km. In this case the possibility that an increase
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of wind towards the Ci-level played a certain partcannot be denied,
but it is probable, that this influence made the rays return to the
surface at a distance greater than 160 km. Especially numerous
are the reports near the circle of 200 km., as was observed every
time in the case of the naval guns.

November 1st. There is a rapid increase of wind upwards, but
always in a SH.ly direction, hence perpendicular to the direction
from the battlefields towards our country, so that for this direction
no influence was to be expected on the bending back of the sound
towards the surface. For a propagation from the S. and still more
from the SE. certainly some influence was to be expected, and it
is possible that the rather confused picture, which the reports furnish
on this day, ought to be ascribed to war noises from, much more
southerly quarters, whieh were carried to our country this time by
the strong upper wind, e.g. from the Argonne. The inversions,
extraordinarily large at Lindenberg, must have been smaller over
our country on account of the higher surface-temperature.

January 24% . The inversion at Lindenberg is important enough ;
on account of the Sunday (October 18t and November 15t were Sun-
days likewise) no observation from our country is available. Considering
the position of the high pressure, the supposition that the inversion
was present likewise above the North Sea and perhaps more intense,
is not risky. De Bilt, Helder and Flushing had an overcast sky all day
and the temperature only rose to 2°, resp. 3°5 and 3°. Above the layer
of fog probably the same or a slightly higher temperature will have
reigned. Hence it is possible, that rays but slightly inclined reached
the inversion layer above the northern part of Groningen, and were
bent back there, aided by an increasing North-component of the wind.
We therefore leave undecided, whether the weak sounds, at the place
where otherwise the silent region would have been, must be ascribed
to altogether horizontal propagation or 1o rays of little elevation
bent back. The heavy sounds however at 170—200 KM., which
emerge there suddenly enough, can be explained hardly otherwise
than by propagation through the higher atmosphere.

Conclusions.
1. In the literature of these last few years a number of cases have

been described, in which according to careful investigations in the

propagation of heavy sounds through the atmosphere a “silent region”

occurs. With the roar of cannons during the siege of Antwerp

(October 7th—9th 1914) such a silent region is displayed in an extra-

ordinarily regular form, whereas on a number of other days of heavy
62
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fighting on shore or at sea, likewise more or less distinct silent

regions may be indicated.

' s

2. The two theories proposed for the explanation of silent regions:
explanation by influence of variations of wind and temperature with
height (e.g- Mony, Ravrwren, Fusiwhara), and explanation by the
change 1n composition of the atmosphere in very high strata (vow
pEM Bornp) give silent regions of a very different chavacter. The
meteorological theory leads one to expecti. a. asymmetry with respect
to the source of sound and difference between two mutually per-
pendicular directions, and permits all kinds of distances; the physical
explanation requires complete symmetry with respect to the source
of sound. It is shown that the latter particularity is also preserved
for the greater part, if considerable irregularities occur in the distri-
bution of wind or temperature and that the outer limit of the silent
region is thereby only slightly changed.

3. Though for want of observations in most cases the proof

cannot be given, we must assume that the majority of the well

. described cases of silent regions have been caused by meteorological
circumstances.

4. The meteorological observations in the upper air, made in or
near our country on the dates treated iu this investigation, fail to
give an explanation of the silent regions observed, though they are
sufficient to explain the great differences in the first, normal area of
audibihity.

5. For the physical explanation of these silent regions pleads the
fact, that the distance from its border to the probable source of sound
has been always near 160 KM., and that no appreciable deviations
from the circular form have been found. )

6. The figure, 160 KM., does not agree with the suppositions
on which voN pEM DBorNe has founded his calculations, nor yet
with other suppositions published hitherto by meteorologists, but
agrees fairly well with the much smaller percentage of hydrogen in
the atmosphere according to Craupg, if we assume that up to 10 KM.
height the composition of the atmosphere does not undergo a per-
ceptible change. -

7. A percentage of geocoronium as assumed by WEGENER is at
varance with the results of this investigation. Tf geocoronium is
present 1n the atmosphere, we think that the amount must be much
smaller than was assumed by WEGENER. .

—
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Dr. E. VAN EVERDINGEN: ‘*The propagation of sound in the atmosphere”.
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