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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 island 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* 
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istence ; aiid when one is tliscovel-ed its shape and es-
tent  can he li110~1-11 oilly by special investigation. I t  
is lrlio~vn, howel-er, tha t  the shape and extent  of 
pseudurnhral areas are very vzlriahle, and also that  
their location is ulicertaill as regards distance and directioii 
from tile fog sigilals whose sounds are inaudible ~vitllill 
them. 'I'hey are also very variable ill outline, and the 
distinctness of the boundary of eacll is usually, if not  
al~vays, variable in its different parts. 'I'hat is, if the 
area may be propery designated as urnbral, the terrn pen- 
~ imhra l  may not ii~appropriately he used to  indicate the 
indefiniteness of certain portions of the boundaries of those 
areas. 

Forthermo~-e,certain kno~vn facts indicate tha t  all the 
conditions which characterize a pseudumbral ai-ea a t  one 
time may be absent from nearly or quite the whole area 
a t  another time. These areas, therefore, ulllilie mon-
tuinbral areas, are all$-ays potentially, and apparently 
always actually, variable, not only in outline but in posi- 
tion and duratioli. Still, they frequently have sufficient 
pel-mane~ice for systematic study; and Major TV. K. Liver-
more, ISilgi~ieer in Charge of the First and Second United 
States Light ITouse I)istricts, has successfully mapped 
some oi  them. 

Experiinelital study of pseudumhral areas is necessarily 
made on hoard of vessels, and as the observer directs his 
course away from the fog signal, ~ r h i c h  is ~neallmllile kept 
regularly sou~ ld i~ ig ,  he becomes aware of having reached the 
proxirnal hou~ldary of a pseudumbral area by the gradual, 
or often sudden, failure of the fog signal's sou~lds  to  reach 
him. Continuiug in tha t  direction, if open water be there, 
he conles to  the distal bou~ldary of the area ~vhen  the  fog 
signal's sounds are again heard, usually witll little diminu- 
tion of their intensity. 'I'he biological terms, proximal 
and distal, are borro~red and applied t o  the nearer and 
opposite sides, respectively, of the area, ~vitb. reference t o  
the location of the fog signal. 

Although, as  has already been mentioned, a consider-
able part of the acoustic collditiolls which prevail in a 
pseuduinbral area are, in effect, identical with coiiditio~ls 
which characterize ino~ltumbral areas, two important 
differences between the conditions prevailing in the two 
areas respectively are known, besides the difference as to  
permanency just mentioned. First, in the case of a 
~seuduinbra l  area there is no such interception or cle-
structive arrest of anjr portion of the fog signal's sou~lds  by 
a visible physical object as talres place in the case of a 
inontuinbral area. T h e  inaudibility is caused by some 
invisible physical force or condition, but  horn that  force 
acts, or TI-hat that  c o ~ ~ d i t i o n  thereally is, has long been 
subject of xricle cliffereilces of opinion and of earnest con-
tro17ersy. Second, i~ldependent sounds coil be projected 
fro111 points ~ v i t h i ~ l  pseucluinbral area to  the  place ofa 
origin of t he  neighboring fog sig~lal 's sounds, further 
inention of which fact ~vill preselltly be made. 

'I'he cases discussed under the head of Acoustic Rever- 
sibility by Professor Tynclall,' and some of those related 
by Professor Henry' concerning his experinieuts while he 
~i -as  Chairman of the U~l i t ed  States 1,iglit House Board, 
agree with the foregoing statements, one of the latter 
cases being especially iinportant in this connection. 

?vIany of Professor Henry's experiments were made to  
ascertain the relation to  one another of sounds responsively 
~ r o d u c e d ,  such, for example, as those which he made ~v i th  
the xvhistles of steainers off Sandy I look in 1874. H e  
showed that  sou~lcls may be returllecl froin an area In which 
similar reciprocal sounds, projected froin other points, are 
inaudible, and he urged this fact against Professor 
'l'yndall's theorjr that  the cause of such inaudihilitjr is a 

"l'vndall John. Sound. 3rd edition, p. 403. 

2Hinry, josepht Researches in  Sound, pp. 495, $or,  jo3, 510 and 547. 


flocculeilt condition of ilie :tt~lzosl)i:ere. T h e  espei-imelit 
which I wish particularly t o  reles to,  lio\vcver, ~ v a s  nlatle 
~vit11 reference to  the soiint l~ of a stationary fog sigl~al ,  
and it is therefoi-c~ of special interest t o  the subject of this 
article. 'I'ile result of this espcr i~nent  iT/;i:ithe 
froin \vitllili a p:;euduml)r:tl arex of thc soul~ds  of the 
11-llistle of the ste:lmer ul)on ~vjii~:l1 iilai;ii-ig his ob- lie was 
se i -~a t io r~s  th r  i i i : i r l i t~  of the neighboring t o  inli~~ecliate 
fog signal. \\'bile the st-ranxer w;is n io~ i i ig  an-a?; from the 
fog signal, ~vliicl, n-as liieail\vI;ilc kept r e g ~ ~ l a r l y  soundinl,r, 
the steanlcr clltered an area 11-here the sounds of the fog  
signal bera~ile inauiiible. 'J'he steamei-'s xhistle bring the11 
blonn,  its sou~ids  wer-e tlistinctly hearcl by o i ~ s e r ~ e r s  
standing besitie the fog signal, 

Professor Henry dieti soon after the ixst of the es-
pel-iments referred t:, were made, ;x!ld they have, not ,  i c )  
my knowledge, been coutinued. Holvever-, co~i~icleri i ig 
the facts ~vhich he tllrn tiemol~i;trated, together nit11 other 
facts coilcernillg the acoustic conditioni; 1rhic11 are kno~vu 
t o  preyail in  botll i~seuduml-ral and nlontui:?hr:~l areas, I 
cannot doubt that  soulltls of any kinti, if s u f  cie~it ly in- 
tense for such distances, may be ~)rojectetl into or across 
lxeudumbr-a1 a r e x  as readily, ant! ill tlic s;tme tnanner, 
as into or across i-rioiitumbi-nl areas. That  js, t thilili the 
facts ilo~v k n o ~ \ ~ ~ i  the opinion tha t  pseudurnhral~ v a r r ; u ~ t  a 
area is one of inaudibility oilly of souncis cvmii~g towartl 
that  side of it n-hich f:~ces the nrighlwring fog signal. 

'The cjuestion may be raised whetl~er tile :icnustic con-
ditions which usually prevail in co~i~iectiol l  nit11 pseudulri- 
bral areas inay not so1ni:times be conlplicated by the si- 
multaneous presence of such ail additional force or con- 
dition as would inake the111 areas of illaudibility of certain 
other soullds besides those of their neighboring fog 
signals. I am not aTv:lre of any fact which favors the  
sup1)osition that  such con~plications ever exist, nor do 
now think they are to  be expected. 'This st;~ternent, 
however, has no reference t o  tlie ass~irned inaudibility 
within the pseuduinbral area of soul~i?s which may be pro- 
jected from points within a shoi-t distance upon either 
side of the fog signal, because it is evident that ,  to  a 
greater or less extent, such sounds are co~~trolleclby the  
same cause which co~i t ro ls  the fog signal's sou~lcls. 'l'lle 
question inay also be raised whether the coliclitio~l ~vllich 
produces inaudibility of the fog signal's sounds, ~ r i t h o u t  
reference t o  other sounds, may not also 11e con~plex.  I 
am not, holyever, a t  111-esent prepareti to  discuss the  
cl~~estion s o u ~ ~ d s  pseudu~n-of causes of il-iautlibility of in 
bral areas. Still, I tlli11k that  exhaustive investigations 
concerning the relation of the sounds of fog signals t o  
other sounds, in connection with pseuclu~nbral areas, are 
likely to  throw 1171~1ch light upon it. 

In view of the variability of those areas it is evidently 
desirable that  various experiinents showing such re1 a t '  on 
shoulcl be simultaneously rnacle svhen one of them is 
discoveretl. For esample, it is desirable that  several 
vessels, each provided with the means of producing 
various penetrating sou~lds ,  should surro~uncl and traverse 
the pse~~duinbra l  area and at tempt the projectioil of those 
sounds into, from, and across it in a11 directions; the 
neighboring fog signal being meanwhile kept regularly 
sounding. i l s  a inatter of course all such esperi~nellts. 
should be  acco~npanied by obse r~a t ionsof all atinospheric 
conditions, especially those TI-11ic.h affect, 01- ~~711ic11are 
s u ~ l ~ o x c lto affect, the propagation of sounds. 


Such experi~nents ~vould tend to  S ~ O T T T ,ainolig other 

things, ~r-llat becomes of the so~~nc l s  a
of fog signal upon 
reaching the proxi~nal  boundary of a pseucluinl~ral area. 
For example, if it  should be ascertained that  sucll sounds 
as  I have indicated may be projecte(ji in various d i~ect ions  
thl-ough the r e ry  space in which a $?g  signal's sou~~cik:are 
at the saine tiine inaudible, it  ~~rr~itbd deinonstrate ~vhar, I 
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have suggested, that  such iliaudihiiity is mainly, if not 
wholly, dependent upon causes acting in only one direc-
tion. If the11 it should be ascertained that  independent 
sounds may be projected fro111 a point just within the 
proximal ho~unclary of a l~seutlurnbral area t o  a point 
beyonti its tlistal boundary, it ~i~oulcl of itself he a demons- 
tration that  the fog signal's souiids become either refractccl 
or allnulled a t  the proxinl.al boundary of the area. 

'l'lle frecluent, if not the usual, recovery of the fog 
signal's so~licls in strong intensity beyond the distal 
bounclary of a pseuclu~iibral area seeins to  s l l o~r  that  there 
has been no permanent annuline~lt of those so~i~icls  either 
a t  the proxi~nal boundxry or elsewhere. I t  also seenis to  
indicate that  their restor,ation is a t  ~rlost  o~ i ly  in part d11e 
to  such diflusion anci coalescence of sound waves of the 

NCE. 
character of montu~nbrai  areas as they have already been 
described. 

fog signal as quickly restricts the extent of a ~lioi l tu~nbral  
area, and n'akes those souiids audible beyond its distal 
boundary. I t  therefore l~ecomes desirahie to investigate 
the air above pseuduinbral areas with a T-ie~vto  learning 
whether the fog signal's sounds pass there uiiinterrupteclry 
to  the distal side of the area. The  investigations by 
balloon TI-hich have been proposed by both Mr. Johnson 
and Major 1, irexnore will evidently be the ineans of 

.,I, 1.epresents an elevated islmld. L: n s~llnli island with lighthouse and  fog signal testing this cluestion, a:ld tllejr mill cloubtless aid in other and (', a moii tu~~rbrnlarea, the &at 'of a n  acoustic s h a d o ~ r  causecl by the elevated 
Trays t o  increase our kno~r ledge  of the acoustic (:ontiitions irlmld. D,represents a schoo~lerwith all sails set  and close l~artletl. E represents 

:ii:uther vessel, within the montumbral area where of course the direct s iunds  of the 
~rh ic l i  pi-evail in pseudumhral ai-ens." foi: qirnal are  inaudible. Those sounds, ho:ve\,er, reach the sails of lire vessel a t  I),

aiid are  reflected lo the vessel a t  E as  a n  echo. T o  persons 011 board the vessel a t  E,'l'lie precetling pal-agraphs xi-e lai-gely suggestive of the sounds of the fog s iy~ ia i  seen1 tb come frorn the directioti of I). 
scientific results yet to be attained. 'I'he facts non7 t o  be 
nientioiled are suggestive of dangei-s to  navigatio~l to  he Sail-echoes of a fog signal which are recovered beyond 
avoided 01- guarded against. Last autumn, while a meill- tlie tlistal boundary of a montumbral area aiay, 1x1-haps, 
1x1- of the party of investig:ition ~ r h o s e  opei-at' 1011s TYCI-e also be reflected hack into it, but lateral reflections, siich 
described by 311-. -1.13. Jollnso~l in .Yczivicc for Jai1~1ai.y 5th 
of the present ycar, I made sonle obsei-rations of echoes 
of tile so~lilds of fog signals 1vliii.11 ai-e of spt-cia1 ii~tel-est 
in this coniiection. The  ~riost inllx)i-tant of these ob-
servations !\;ere iiiacle upon eat Gall Island, a t  the 
easterii end of I,ong I s l r ~ i ~ d  Sound, and tlie ec:h(lcs -\rere 
those of the fog signul, :: sii-en, wt~ich is connected with 
the liglitbo~ise oil Little (;ull Islaild, about lirilf a inile 
from niy poi~i! of obscrv:it~on. 'iX;ler:- n.as no fog a t  the 
time these ol~sei-viitioils \.:ere inade, but the siren's sounds 
were given reyulal-ly that  thcii- variations of a~idibility 
ruight he studicd in the surroi~nding I-egion. 

The  erhoes ve re  I-eceivetl frc~m the sails of several 
sc11oone1-s ~vliicli were siandiilg in the offing ~vi'ih all sails 
set and close hauletl by tile XI-ind. Tile vessels varied in 
distance from ine and fro111 the siren froni lialf a mile to  
neal-ly ~ T T - o  'ilie ~r-ind nrcis light, ther- m:Ls perfect miles. 
silence a;-ocnd me, and the echoes reached nie ~ r i t h  almost 
startling distinctness. they nrei-e 111ti~nhi-e, or  c~~iali ty,  
exact I-epl-oductions c,f the sil-cn'~, scunrls: ant1 in  tli!r;~tiol~ 
and tiaie-intel-val tliey also agreed with them. I estimated 
the intensity of the echoes a t  from T to  3 i i i  a scale of T O ,  

tlie latter ni~ii~ljer  representing the fall iiltensity of the 
siren's sounds. 'I'he angles of i11citle11t:e anti I-eflec:tion by 
~rliicli they reacheci nle were fi-om 20,  t o  somevhat moi-e 
than 40 degi-ees. 

Co11sideri1i.g the intensity and tiistinctness of those 
echoes, their identity of tiinbi-e, time-length ant1 tinle 
intei-val with those of tile clii-ect sountis of the siren, the 
distances fi-om ~rhicl l  they were 1-eflecietl. :~nd the broatl 
angles ol  incicience aiid reflection whicll tiley reached 
me, I was inll3ressed with the belief that  such eclioes, 

:is are represented by the ciiagi-am, are probably more 
likely to  occur. 

I t  cannot be denied tliat the perm;~nent conditioils 
~~ecessai-yfor the casting of an acoustic shado~v of a fog 
signal's sou11ds across a navigable channel, or a usual 
ti-acli of vessels, are not comaion, hut  such conditions cio 
exist in connection n-it11 certain of the fog sig~lals which 
have been established along our  coasts. Yeithei- can it 
be denied tliat tlie occurrence of such a conibination of 
pe~-manent and ad-\-eiltitious conditions for I-eflecting the 
sounds of a fog signal from the sails of vessels into a 
~nontuinbral  area as is I-epreseni:ed by the fol-egoing 
diagl-an1 is liliely t o  be I-are. Still, there is an undeniable 
probability tliat such cases nlap occur a t  any time, and it 
is also ulldeiiiahle thrit tliey may he attended n-ith danger 
~~1icneve1-they clo c~ccur. 

If nly assumption is correct that  a pseudu~ilbi-a1 area is 
one of as are projectedi:laudihility of only such s o ~ ~ n d s  
towai-ds that  side of it wliicl~ faces the neighboi-ing fog 
sigilal it may legitimatel~. be assul-lied that  sail-echoes oi  
the fog signal's sounds may he projectet! into such an 
;are:L just as they may be 131-ojected into a mont~~rnhrnl  
area. 'I'hat is, if a pseuciumhral area should he a short 
one, sail-echoes of tlie neighbol-ing fog signal nlay he pro- 
jected into it latei-ally in the sanie manner tliat tliey a]-e 
representeti by the foregoing tiiagr-am as being 111-ojected 
illto a nlontumbral area. liecovereti sounds of tlie fog 
signal, upon the distril side of the pseudumbral area, limy 
also he echoed bacli illto that  area from tlie sails of 
T-essels. Such echoes may enter a pseudumbral area fl-om 
any j ~ ) i i l tof the compass ~vitliin a range of, perhaps, one 
half the horizon. '1'0 persons on hoard a vessel travel-sing 
one of these 31-eas clurillg n fog those echoes ~nigli twhen heard ~vi t i l i~ i  either pseudumb~-a101- ~ l i o n t ~ ~ l ; ~ l ~ r n l  

areas, may he a source of danger to  11assini; vessels. l 'he 
follo~ving tliagram wi!l s1io11- h o ~ v  sail-echoes of n Cog 
signal may he a soul-ce of clangcr t o  a T-essel travel-sing ?-a 
monturnhi-a1 area in a fog, ::nc! it also illustrates the 

"'iince the f o x r o i  .: *,,:!',r:.;.~:. '-in.irr ~ i l - i t t rn\!ai<>r 1 i~.it.,nore h.is i n i i ,~ . l i ~cdme 
that  in cxpcrisnent~ I , .  : .., I.; ,!..,I,., ulider hi- ili~.i.t.:ii,n tl:r sounil\  oi .I lic'l and of 3 

st?amer'i \\hist!e \rerr projeitctl  I~otli i,:to a n d  <oi;t 111'  ~~rci:rli~1nl)1.;i1 thusnlt,:i,, 
drmonstl.ating i ~ i  largr part u.11at I haye ,u--i.itrii. 

I-eadily be rnistaken for tile dil-ect sountls of tlie fog 
sigilal, and tlie true 1oc:ation of the latter ~ r o u l d  in every 
case he falsely indicated. 

r 31he coilditions under rvhicli eclloes occu~- ai-e numbel-- 
less, ailcl their ol~servation has f~-om time inlnlenlorial 
been p~-orriine~lt anlong tile practical duties of mariners. 
'They bal~itually use echoes of per~nanent o l~jec ts  a!; aids, 



and a s  warnings i r o ~ r l  danger ,  wfien guiding theis vessels 
in a fog  or  in dal-lrness; and  sail-echoes of sounds from 
their  o ~ v n  vessels a re  always t o  them TV~I-n ings  possibleof 
danger  of collision. 'The c i ses  which I h a r e  mentioned,  
liowever, a re  all of a special anti accidental character .  
'I'liat is, they a re  special because they a re  conllccted only 
with fog  signals, dnd accide~lta!  because they  depencl 
upon t h e  for tui tous movements  of sail \:essels. 

Cases of t h e  projection of saii-echoes of t h e  sountls o f  

Val. XXXII. No. 51'4 

larval slcin r e ~ n a i ~ l e d  fresh and  untc~ucileti inside. 'The 
opening was in t h e  middle of the  exposed surface and no t  
a t  orlc end,  a s  i t  is when t h e  moth  emerges.  12esides, tlie 
cocoon had ljeeul opened and cracked 1jy a ljlon- f rom some 
llnrti object  such as  a bird's beak,  anti t h e  sharp  irregular 
margins wel-e qui te  tiiiierent fro111 those of t h e  ~ l a t u r a l  
opening made  by t h e  moth ,  tioubtless 1jy me:ins of a cor-
ros i re  fluid, as  in t h e  allieci species, C?/.ifr.<k VZ'I/NZII, ~ v h i c h  
Air. I .  EI. La t te r  has  recently s h o ~ ~ n  t o  secrete  caustic 

fog  signals into pseut1umh1-a1 areas, l ike those s ~ ~ g g e s t c d  potash for this pul-pose. Fur thermore ,  the  ~ n o t h  emerges 
fol- rnontun~h~-a1  proljaljly b e  numerous,al-eas, will no t  
ljut 110th lrinds of cases a re  worthy of careful ill\-estiga- 
t ion ,  not  only because of the  inherent  importance o l  t h c  
subject  t o  which they relate, h u t  ljecause they a r e  inci-
dental  sources of danger  15-hich have been introduceti by 
t h e  establishment of fog signals. 

T H E  E N E M I E S  OE' I ,EPIJ3OPTETIOUS PC'P";, 1,N-
CLOSEL) I N  RIC-FORhIEI)1%-1 COCOOXS. 

T'HF. l ~ e a l ~ t i f u land  perfect  conce:~lment  of t h e  cocoons 
cor~structet l  out  of bark  by lllally species of IJepidoptera 
has vften a t t rac ted  a t t e n t i o ~ r  and  ac1mir;ltion. I n  some 
species, ~ 1 1 ~ 1 1:LS the  British ~li-/-oril,i.lir 1'//u,t h e  l a r n  
tunnels  deeply into tlie bark,  construct ing a chamber a t  
s o m e  dis tance l ) rnca; l~ t h e  surface, anti carefully I-enio\.ing 
t h e  hark-dust iorlutcti by i t s  1)~lilding opel-ations. 'l'lze 
~ n o u t h  of 111e t i ~ u ~ i e l  is closed by ir:~;;ine~lts of b:lrlt spun 
toge ther  st, as t o  f o r m  co\-e~-ing e ~ a c i l y  flush with t h e  
s i~r rount l in :~  \;l?il i t  also I-esi:~?ihles in t e ~ t u ci;~~i-fti.:c., 11 
and  C O ~ , J ~ .  I n  other  spec-is 3 natural cr;iclc or. i u r r o ~ v  in 
t h e  bark  is selcctetl liy t ? ~ r  Irii.~:i :ind is similarly (:overed 
in 1 i t h e  I > : !  r 1 1  111 tile genus C;~:.iii-it 
(/,II'(.I,~;I/~~:*~)jlhv I:LIT:Y e:,~,;i\.:ite ; I T \  ov~rl  x - e : ~  ~ v l i i c l ~is 
c:oyeretl iiz by :i rno~ .c  or !cis ilomcil roof, simil:~r.ly 
built of pirces ( i f  I)ar-!; :;o \~.r l i  litter1 and  TUX-ell. ti~igetl1i.r 

far la ter  in t h e  yeas, : ~ n d ,  had  it  emerged a t  an except ioi~al  
t ime ,  t h e  ernpty pupa1 sirill ~voultl  have heen left Ijehind 
in the  cocoon. JVe ma)- tlierefol-e safely ass~u~iie  t h a t  t h e  
opening was t h e  ~vorlc of an enemy, and ,  a:; t h e  cocoon 
was five feet  fro111 t h e  grounti, i t  mas probably due t o  some 
tree-creeping, hark-exploring species of bird. 

lifter t h e  hint  supplied 11y this obsel-vation I fountl t h a t  
s11ch i l ls ta~lces  are  quite common anti t h a t  a considerable 
l x c q ~ o r t i o ~ i  cocoons thus  opened a n d  their  of these a re  
contents  aljstracted. I t  is probable t h a t  t h e  a t t e ~ l t i o n  of 
t h e  cnemy is directed t o  any cocoon-like o l ~ j e c t  by  t h e  
sense of sight and  t h a t  t h e  object  is then t:ipped, and ,  if 
f o u ~ l dt o  be hollow, openeti and  the  pupa devoureti. If I 
am r ight  in  supl'osing t h a t  t h e  pupa  has t o  run  the  gaunt-  
le t  of such diullgers as these,  it  fol lo~vs t h a t  aIiy caseless- 
ness i11 cons t ruc t io~l  01- in t h e  selection of a s i te  ~vo1:lti 
tellti t o  be e l in~ ina ted ,  anci we a re  able t o  picture t o  our-
,sel\.es, ~ v i i h  a considesable degl-ee of probal~i l i ty ,  t h e  kind 
of contiitions ulltier ~ r h i c h  this  ~vonder fc~ lform of pro-
tective co~ice~iln- ient  nlai11-has heen tie\-elol>ctl and  is n o ~ r  
ta i~let l .  

'L'hese conclusion!; a re  perhaps capable of being brought 
t o  a cruci:ll tcs t ,  anti, as  thi:; i~lvolves much t ime ant1 
~ n u c l i  c!l)servrition, it  is t o  be hoped t h a t  several n:ituralists 
Iiiay a t t ach  tlie clt~estion. 1luri11g tlie winter arid spr ing  
a large 11i11iiber of s11cl-1 esr i~nples  s h o ~ i l d  b e  collectetl ~11i t1  

r!oie<l, ~vitli  special reference t o  t h e  degree of concealment  
esibitetl  by t h e  opened cocoons as cornpal-ed ~vitlz those 
cv11ic-11 are  iound t o  liave escaped a t tack .  l ' l ie  subjective 
eleinent ~voultl  r e c l ~ ~ i r e  t o  be checltetl by  calling in t h e  a id  of 

t h a t  tile ::1lpe:il-ai1re i:, cx2ci!y tii-1 11f so~lit: ~ o ~ i i l d c c l ,  others  \ ~ h o  a re  ignorant  of t h e  point untler consit1er:ttion but  
flattenet1 01. irregiilai. p~.ojcctivil  OII  tile tr1111k of the  t ree .  possess t h e  requisite accuracy of eye. I \ t t cn t io~- ishould 
I ;~lr thermore,~ I Itlie c,hoice of ~ . i t i j ; . ~ i i : ~ ~  f o ~ ~ i ~ dit is i ~ s i ~ n l l y  only Ije paiil t o  Sres'ri cocoons \vliicli have been o p e ~ l e d  in 
t1i;it iricj.easetl a id t o  i:; :ip-ct i~:ccaln~i: i i~ uBortied ; tlie 
parent  ljrujection ljeiiix iii~rir~eil on :;II ai:l~i.opsi:~telj7.i-I cjf 
t h e  triinl;, anti with dlli. ~ . e g . ~ r i i  t l)  tlie i.sisit.urc., ari-ange- 
nrent anti tiil-ection of !he of its ?,~lrSac:e,i:~-cg!;~iI~,r-iijt>s 
such as  f i ~ r r o ~ v s ,  e tc .  'i'lzo!:c n-lio I>i:lic\-e i l i  t hc. ei'ficiency 
of Natural Selection in e\-olutioa ~ i l ?  jji.ol)~rljly I-egartl t h i i  
interest ing ~lietliotl  o l  coriccal~neiit a? tl1.c O!itcollli. of 
countless gencrr:tions (luring ~vliicli tlit: :~!la~.l;h; of eiii-mirs 
ha\-e been,  on t h e  n-holc, 111oi-e s~ic:cc-;sii~l :ig<ii~~i;t pro-t l ~ e  
ducts  of less perfected i~ i s i inc t s ,  a11t1 lcss s o  painit it iliose 
of t h e  more ~ ~ e r f e c t e t l .  liurthc'rll~ori:, ~ v eIn!i:;r i;upl,osc 
t h a t  the  increasing pcrfcctioli in ji~i;tilict.; ha!: ;:i,tcti s($-
lect i rely oli eileinies, s!?arpri~ing t1;t.i~ f;~i.l.~liii:>, c : i ~ i l ,  i ~ y  
act ion and re:ti:tio~l, t h e  prcAseni !~igll 1evi.l of i.o:liti i~ct i l -e  
skill has  l ~ e e ~ l  is ~ l la i~ l ta ine t i .  reached, 2 u ~ l t 1  

l-lo~v fa r  is it  possi1)le t o  gain cv i i l~ l lce  of such :t 1.c.1~-
tionship l)etr.vre~l er?en~iesant1 p!-(.>- ? _ \ t  lir::t s ight ,  cine 
of t h e  cocoons I have t1e:;cril)eti al~l>i'ix~'s t g  l ~ i 'si: pe~.i'ecti)- 
collce:llecl 3s t o  defy t h e  s l iar]) l~rss  o i  :ill\- euitlv\-, lion-c-i,e~- 
acute .  1311t observation, esl,eci:rlly direct t,:l ti) illis e l i ~ i ,  
will show t h a t  such a n  irlfercnce is i11c:orreci;. 

On  April 1 2  of t h e  present  year I was c~tar11i1liii.g i h r  
bark of a hlacli pol)lsr (.Po?iiiiis i!l::-:.-j.tr) near J'ozfi)rci, i i i  

Siiffollc, aild foulld a cocoon o l  the  " l'ciplar I<iiten " 
(Ce/-lcl-nbzIjiiJn) ~~-1iicllhad evidently 1~1ei.n recently c:pe~:t.d 
by  some enemy, almost  certain1~- 3 birti, and t h e  c11rys:~lis 
extractecl. T h e  edges of t h e  opclning were still Ix-o\vn 
and fresh, a s  was t h e  interior of t h e  cocoon ; anti [lie 

t h e  season of tlie obser\-ation ; for  t h e  olti batter-etl cocoons 
of past scasons will be  ~Oillnlollly i o ~ ~ l l d  Iton t h e  trunlci.  
nlay be t h a t  t h e  problelll tle~l.i;inds too  large a nun~l je r  of 
cxs:t~iiplest o  bc capable of solution in lhis  way ; but  on  
t h e  otllcr bnntl it is j~ossible  t h a t  p o s i t i ~ e  e\-idence niay 
be foitl~t:omiilg. 

1.1. has  somet i~ l ies  l x e n  asserted t h a t  t h e  mos t  natural 
positioli for  tlie verb is no t  a t  tlie end  of t h e  senlence,  
and t h a t  cliiltiren \vould not  of thernsell-es separate  t l i r  
p;~rt ic ipleor  iniiniti\-e f r o n ~  t h e  auxiliary or illail1 verb,  as  is 
tloilc in (;erm;~n syntax. I \vish t o  record a personal 01)-
sci.7-ation t o  t h e  co~itrail-y. 

'I'lie child, \T.S., tv;enty-nine moilths oltl, has  iloi 
It ;t:.~leci any  language ljut English,  and  has n o t  h e ~ t r d  311)-

:;zntences constructeci otherwise than  accoj-ding t o  correct 
gralnmatic:ll rules. 11:. S. ii-as told t o  ask for  soiile money 
t o  buy shoe.;, but  in doillg so  said, " I w:int some 111o1ley 
for illy shoes t o  buy." Upon t h e  cluestio~l ' '  \\-hat ? " t h e  
sc.lltcllce ~v:::; r e ~ ~ e a t c d  ~ v i t h o u t  change.  On other. occa-
sioils iV .  S. uses t h e  11-ortls in t h e  customary order ,  iJ. g . ,  
" L'm T h e  obse i -v~~t ion  gc~iiig buy new shoes." seems t o  
pst)ve t h a t  t h e  termin:il position of t h e  i n f i n i t i ~ ~ e  is at. 
1e;i.:;t ll(1t il?l~l:itl~!i 31 
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