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1.r is now gellei-ally kno\vn tha t  within the range of 
possible audibility of most, if not all, the fog signals which 
the various civili7ed govei-nments have established along 
their coasts, each usually in connection TI-it11 a lighthouse, 
there are certain art-as within which the sound of these 
signals are inaudible. I t  is also kilo~vil that  ai-eas of more 
or less complete inaudibility of sounds, ~ v l ~ e n  projected 
from certain directions, sometimes occur upon the land ; 
but only th(>se ~vhich occur upon the water will 11e specially 
referred to  in this article, and they will be discussed only 
~ i t hreference to their relation to  stationary fog signals. 
Such acoustic collditions being a constant menace t o  navi- 
gation tluring a fog, the yai-ious governments concerned 
have instituteti i1lijuir)- into the character and limitations 
of those areas and,  incitlelit:illy, into their causes. Our 
olvn governlntnt has bet-11, and still is, actix-e in expel-i- 
meilt:~l st~itlics of this ltind, but the records do not sllo1~7 
that  any  of those st l~dies Izave i~een more than iilcitlentally 
tlirected to that  j!articular phase of the subject \I-bich is 
intlicated 114' the title of this articlc. 

The  arcns of inaudi1)ility I-efersed to  are of two liintls, 
each area of hot11 kinds I)t.aring a similar special relation 
t o  a neighboring fog signal. One of these kinds is made 
sac11 in evtry case 11y a true :icoustic: shado~\.of a sta-
ti0nai-y risi1)le object, usilally 3 small elevated islanti, or 
a ridge of lantl running out into tlie water, a t ,  or ncnr, 
one side of n-hich the fog sign:il is locatcti. 'I'bat is, such 
an  area is silnply one which an essentially pernla~lent 
aco~lstic shadow occupies. 

'I'be areas of inautlihility of the other kind occur in 
broad open waters. 'I'hel-e is ueyt.1- any visible illdicntion 
of their presence, ant1 ill conncctiou rritln, (11- near, none 
of them is there nny x-isil~le object a11ox-e the water surface, 
and tbcrefore nothing which cast a truec o ~ ~ l d  acoustic 
slladow there. \\'hateyer nlay he the cause or causes of 
iilautlibility o f  the sounds of the neighboring fog signal 
i n  ai-eas of this kind, it is evitleiit that  a t  least a consider- 
able part elf t h e  ac.oiistic conditions pi-(;\.ailing in them ai-e 
in effec,t itlenticnl ~v i th  coiiditious which characterize the 
other Binti. 'Shat is. c ~ r t ~ i i ~ l  of thi' effects produced with- 
in these areas are the same as those which are produced 
by a true acoustic shadow ill eacli of= the first nie~ltioned 
kinti  of RTCRS, 

I t  is i1npractical)le t o  tliscuss these areas and to  coinpare 
each liintl with the other \vitllout applying to  each kind a 
c!istj~ncti\-e ilanle. I have therefore selected for tlle first 
meiitioned ltinci t he  name montumbral, and for the second, 
the name pseutlumbt-al, ai-eas. T h e  first name is selected 
beca~isethe areas to \irhicll it  is applied ai-e in every case 
macle such by tlle acoi~stic shadow of a hill or ridge. 'I'he 
second iianie is selectecl because the acoustic conditions 
~ ~ l i i c l lprevail ill tllc kind of areas t o  which it is applied 
are, as has just beell nlentioned, largely iclentical with 
those r~hici l  are prodtlced in the other ltilld by true 
acoustic shation-s. 

'She ele\.ated island or ridge which lies l~etweeil a fog 
signal anti a moiitumbral area casts an acoustic shadow 
over tlie latter just as a t  night i t  casts an optic shadow 
over the samc area by intercepting the light fi-om the 
lightliouse ~vitll ~ r h i c h  tlie fog signal is connected. T h e  
bouncleries of a montumbral area are therefore determined 
bv the ~ ~ r o i i l e  outline of the elevated islaild or ridge which 
causes it, but they are 111otiiiicd and restrictetl, as c o ~ n -
pared with tliose of an optic shadow, by the great latei-a1 
diffusion of thr: soiinci waves, anci by their tenclency t o  
soon coalescc beyond ally o1)ject ~vhicli rnay separate or 
obsti-uct them. 'l'hat is, t l ~ e  lalei-a1 boui~t la~ies  of ail 
optic shadow di~.erge beyoncl the intercepting object, 
while those of an aco~ist ic sliatiom have a strong tentiency 
to converge there. 'I'he diagram which folloxvs further 
on approsimately illusti-ates the character of a montumbal 
area besides other conditions \rhich sometimes may be 
connected with it,  as \\-ill pl-esently be esplained. 

I t  will thus been seen that  what I designate as moll- 
tumbi-al ai-eas are in each case identical in outl i~le with 
an acoustic shadow which is necessarily permanent, 01-

only sligl-~tly vai-)ring as to  its boundaries with changes of 
atrriospheric contlitions. lieyontl this, montumbral areas, 
unlike pseudumbral areas, as will presently be s h o ~ r n ,  are 
not potentially variable. Acoustic shado~l-s occur under a 
great variety of conditions, but moiitumbral areas as I 
have tlefiiied them are not nttmerous. 

Excepting the absence oC the direct sounds of the f o g  
signal within a montu~nbral  area the acoustic conditions 
prevailing there are normally the  same as are those which 
prevail on all the water surCace adjacent to  it. That  is, 
in case no other acoustic s h a d o ~ ~ - s  ai-e cast there by other 
objects, intercel,ting other neighboring sountis, it is all 
area of inaudi1)ility only of the sounds of the neighboring 
fog signal and of such other sounds as may be projected 
from points \~-ithin a liiliited distance upon either side of 
the fog signal. This inaudibility is causeti by a co~riplete 
interception or destructive arrest, by the adjacent elex-ated 
is1;ind or 1-itlge, of a portion of the sounds w11ic:h the fog 
signal projects towards it. All c?thcr sounds of ~vhatso-
eve1 Itind, if s~fficiently intense for  such distances, may, 
~v i tb  the follo~ving exceptions, be projected from, into, or 
across the area in any direction. 

'l'he exceptions are that ,  becai~se the elex-ated island or 
I-itlge intervenes, sountls conllot be projected to  points 
adjacent t o  its other side fi-om points within the montum- 
11rrtl area, :rnd of course such sounds cannot reach the 
place of origin of the neigbboi-ing fog  signal's sounds. 
. \ I s o ,  the projection of other sounds than those of the 
neighboring fog signal into the morltumbral area from 
points a t  such tlistanccs a t  either side of tlle fog signal as 
accortl \\-it11 the length of the elex-ated island or ridge, will 
be more or less completely prevented by the presence of 
tile latter, just as it prevents the projection of the fog 
signal's sounds into that area. 

I'seudumbral areas are of more frequent occurrence than 
are i~lontumbral areas, and in various Trays they are moi-e 
important. Still, tileif discovery is always empirical 
hec:;~,rlsa !-hcre i s  ni:t7er a n y  vi5ibIe indication of theis ex* 


