
5 5 2  SCIENCE.  [VOI,. 11.,NO. 38. 

astrax as tlie English have been. \\'e shnll, 
moreover, be free from the press~ire of a royal 
court which dislilces biological science, ant1 
from the influence of the personal l~rejudices 
of the borereign, still pon-erfhl enough in Eng- 
lailcl to have ~nlicli weight in legisl a t '1011 011 

questions o~itsiilc of Whig :~nd Tory politics. 
Still, -\mericaii l)llj.siology is hy no means 
secure, unless its lenders take tvarniilg by the 
English tlssastcr. Tlicy hare, in coiiseq~iciice 
of British legislation, nil opport~initj- to lnnlie 
the Pnitcd States the chief seat of physiologi- 
cal research amot~g the English-speaking pco- 
ples ; and it nil1 be a lasting disgrace to the111 
if thcy let i t  slip. I f ,  while freely admitting 
that they believe it their duty to experiment on 
l i ~ i n g  animals, thcy will be on the alert to coi- 
rect at once the f:xlsehoods nncl exaggerations 
of the fanatics ; to take pains to teach the pub- 
lic liom illuch the scientific treatmelit of clisease 
dcpencls 011 phgsiological, therapeutical, and 
pathological research ; and to inake it miclely 
linown how very sniall a l~ercentage of rivi- 
sectio~is invo1.i.c more paill than that felt by a 
n ~ a non recei~iilg n llypodernlic of morphia, -
tile11 there is little doubt they will be allon-ecl 
to carry on without hindrance their benefi-
cent work. The only clailger lies in the 
igiloraiice of the great majority of ordinarily 
well-informecl people regarding such subjects. 
Secrecy, not publicity, is what A~ilericail phys- 
iology has to fear. 

A IIEABING OF BIRDS' EARS.1-11. 

LETus next coilfille attention to the ossicles 
of the ear. Those faiiiiliar with these little 
bones, only as they occur in niali or ally other 
mammal, need to be cautioned that their nna- 
tolnical arrangement, alld to a great extent 
their physiological cliarncters, are very clifferesit 
ill birds and other reptile-like vertebrates. Pre-
suming, of course, upon the reacler 's tlioro~lgh 
Iinowlege of the hlin~an case, me will clemoii- 
strate these bones in their proper relations and 
oflices i11 birds, as elements of tile lomer jam 
and hyoid bones (ma~ltlihalar nncl hyoiclea~i 
arches). 

The malleus is the proximal element of the 
meckeliail cartilage (figs. 1, 2 ,  mk) , a gristly 

1 Continued ftom No. 31. 

roc1 about nliich tllc lower jam-bone is clcvel- 

oped in ~ ~ ~ e m l ) m ~ i c .  
13ecoining segincnted oti' 

fro111 the rest of' tlie ineclcelinii roil, it is in 

nlani~nals ~ i t l~dran- i i  ,
into tlie t j  inl~nnic c~ i r i t j  

tliscol~~iected
from the jan-bone. and conn~cted 
~ i t hthc inc~ls, its processus gracilis lying in 
the glaserian fissnrc. Tllc ja\\r-l)onc tliei~ ar- 
ticulates directly nit11 tlic glcnoid Ca\-ilj- of 
the squaii~osal, forming the t~~i~l)oro-masil lary 
nrticulation. 111 an) bird the iiialleus renlains 
outsicle the ear, aiid ncquires colnpnrntively 
enoraloils dimensions, nit11 the pec~~lial. slinpc 

~ 1 1 0 ~ ~ 1 1  This
ill fig. 1, Q (bee illso fig. 2 ,  q ) .  

FIG.2. -7'118 post-oral arches of tlie house-martin, a t  middle of 
period of incubation, 1ati.raI riew, X 20 dinmetere. Jik,stump
of ~ueckelian or  irlandibuinr roil, its articular part ,  n,., already 
s l~apen;q, quadrate bone, or  euspensorinm of l o ~ v e r  JIL\Y, 1vit11 
a free anterior orbital procees and long posterior otic process 
articulating wit11 tire ear-capsule, of wlricli t eo ,  tympanic v i n q  
of occipital, is n par t ;  ?last, ent,  8.92, ist. .st& parts of tlre sub- 
pensoriom of tlie tliird post-oral arcll, not completed to <: f ly ;  
n l r t ,  medio-stapcdial, to roluc away from Leo, bringing a piece 
with it, the trne stapee, or  coizlnzelln n ? ~ ? i s ,the oral  base of 
the stapes fitting into tire future ,Ice7iert?~o oaal i s ,  or oral  n i n -  
dow, looking into the cochlea,, o~ inner ea r ;  s s t ,  eupra-stape-
dial; e s l ,  extln-etapcdial; i s t ,  ~nira-stapedial, whicil will iilrite 
with s t l i ,  tire stylo-lryal; c?<uand b i ~ y ,ccrato-hral and baei- 
hyal, distal parts of the eame al.cll; bh?,, b r l ,  bi.2, h;rei.h1.:111-
chial, epi-bral~chial, and cerato-branclrial pieces of the tliird 
asoh, composing the rest of the hyoid bone. (After I'arlter.) 

quadrate I~osic, as it is called i11 birds, loolis 
sometliii~g like an anvil, aiicl has often bee11 
niistalien for tlie incus : on tlie other hancl, 
from its function in s~~ppor t ing the i-nenzbmna 
tympani in part, it  has been malicleatilied JT-it11 
the tyiiipanic bone (external mtclitory process). 
I t  is very freely artic~~latetl at both encis, roclc- 
iiig back and fort11 with tile inovclneiits of tlic 
jaws. I t  normallj- has articnlation wit11 fi\ c 
separate bones : 1. By its lon-er end, 17-liicli 
is bitnbercular , with the articular piece of tlic 
lnaiidible (lon-er ja~v),  fol.niiiig tile trne tcni- 
poro-n~asillarg- articulation ; 2. By the outer 
estremity of its lomer end n-it11 the quaclmto- 
jogal bo~le (fig. I ,  a'),~vhich is the posterior 
element of the zygomntic arch, continueil for- 
ward b~ the jugal or malar bone (fig. 1,j )  to 
the superior maxillary (fig. I. mz)  ; 3 .  By the 
inner estremit- of its lowcr eild n ith the pterj-- 
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goid bone (fig. 1, 219), ancl so with the palatcl- 
boiie (fig. I ,  pu) and superior maxillary (1122 ) ,  

4, 5. The head of the boiie normally articulates 
both with the squainosal (fig. I ,  sq) ancl ~vitli 
the pro-otic (lig. 4,  po, liere seen inside the 
cranial cavity). A long spur of tlie cyuacl-
rate, its orbital process, projects freely into 
the orbital cavity, as shown i11 fig. I ,  where 
the still cartilaginons tip of the orbital process 
reaclies to the rom~cl white hole inarlicd 2 
(optzc ,fi)ru??zen). NOTI-, the osseons articnla-
tions ancl muscular tractions are such, that, 
when tile mouth is opened, the malleus roclis 
for\varcl npon its sqi1ninos:l-petrosal articula-
tion (1,5, of ah07 e enumei ation), aiicl pushes 
npon the qgoniatic aild 1)terj go-palatal bars, 
causing the upper mancli-
hle to iise as the lo~~ver jan 
is clepresserI ; tile opper jaw 
hinging nl?on elasticity of, 
or  a joint at ,  the bones of 
the forehead. Thus the 
rnallen~- qiiaclrate is here "'" 
seen in its proper relation 
to the j a ~ - p a r t s  as nothing 
a t  all of an ossiculum audi- ./ 

t ~ r s ,except in so far as i t  
hinges npon paits of the 
tenlporal bone, and helps F,, J fit,peq- \ I ~ L ~ L ~ ~ ~  

with the piece 
I t  has iio direct connection I ~ Yfoot, t i t t i t ~ g f ~ ? ~ ~ ~  This st h is the stylo- 
to support the car-drum. 7jlf$;1i,;,";;t) 2, completecl in fig. 3 ,  ist, coi~i~ects 

inarlied st k in fig. 2. 
whatcver Tith the rest of 1"' o""l~~;"Mt'  lllalll 

ihai t ,  01 mecllo-stapc hyal=human ' styloicl process of the temporal,' 
the ossicles. ha1 r l e m o n t ,  sst, which connects in man bx the ' stylo-hyoicl l i p -  "'1)rct.Yt""e"'"" ' S t ,[t will be best to take th(, cxtra - htapcclial, i r t ,  melit,' with the ' lesser cornu of the 11yoicl bone,' 
stapes next. Fig. 3 sho~vs " Rt"1'Ccl'"ls n-hicll is the cerato-hyal, c hy.  I n  birds, the "If' 

end l e ~ ~ ~ b ~ n t ~ t ~ g
the mature stapes of the 1uil1men~ai7 h t ~ i o - distal parts of the llyoicl arch (composecl of the 

~ $ c $ ~ ~ l c ~ ~domestic fowl, enlargecl :Ttl numerous pieces lettered in fig. 2 ,  but which 
about four times, and incli- ( S $ 2 ,~ an ~9 2 t i h S  fie 1% need not longer detain us) become entirely sep- 

process half as long as thc lilain stein, from 
which il stands oat at  right angles ; while there 
appears to have been another siinilar clan-, 
which lias broken off from such a cross-like 
object as st in fig. I .  

Elnbr-ological stncly is reqnirecl to clemoii- 
strate the stapes :IS tlie proximal elenlent of 
the hpiclean appara t~~s ,  quite as the ~nalleus is 
of the inni~clibnlar alvch. ILefercilce to fig. 2 
s l~oul~l  Here the malleus, q ,ninlie this clear. 
extends from teo, thc tympanic wing of the 
exoccil~ital,to ccr, the articular element of mlc, 
tlle rneckelian rod ~~vhence q has been scg-
mented off, leaving the ' temporo-maxillary 
articulation' between q ancl nr. Tliis chain of 
bones, iiiclocliiig otllers to be developed about 
ancl beyoncl tlie stamp of ?nk, is the lower jaw, 
or n~anclibular arch. Kow, quite a siinilar ar- 
rangemei~t is sllown in the chain of bones in 
the tongne or hyoiclenil arch. Froin teo stands 
off a rod of bone, m st, tile medio-stapedial 
element, or main shaft of the stapes, to be seg- 
mented away from teo, the place of this segmen- 
tation to becollie the fenestra ovalis. The 
n~eclio-stapedial rod expancls at  its end ; the 
ul?per part of the expansion, never separating 
from the rest, is the supra-stapeclial element= 
lnammalian incus, s st in figs. 2, 3. An infra- 
stapedial element, just forming in fig. 2, ist, 

allillti e111h17onlcfor-
cates its several elements nlatlon, fig. 2 ) 

which have received spe-
cial names. I t  is practicall~ the same bone 
so nained in man, but inclutles inc~tclial as well 
as some other elements. I11 form it is not at  
all stirrnp-lilie, being trumpet-shaped, with a 
slender cylincliical sliaft, expai~clecl oval foot, 
and a crossbar and other pieces at the distal 
end. I t  is tllererore oftener called the ~012~- 
melln auris, or sounding-post of the ear. I n  
slitills preparecl n-it11 sltfficierit care, the stapes 
nlny be seen in .sitti, as iri fig. 1,  st, -a11 ex- 
tremely delicate rod, steppecl illto the fe~~est rn  
ovalis by its foot, the othel encl protruding into 
the tympanum, ancl bealing the aclclitiorial ham- 
mer-lilie or clam-lilie elements. iZ stapes I 
have just picked out of an eagle's ear is a 
fourth of an inch long, with a stem as line as 
a threacl of sewing-silk, but a stout fool, and, 
a t  tlle tympanic estremitj ,a still finer hair-like 

arated from the proximal, the tongue-bones 
being quite otherwise affixed to the sliull ; while 
the prosimal parts of the same arch are shut 
1111 in the tympanic cavity, where they extencl 
from the membrur~a tympani to the felzestra 
ovalis, constitute all there is of ossiculn c~udi- 
tzcs, ancl consist of the stapes itself (ii~clncling 
the several elements specified). 

Yo, therefore, avian malleus or quaclrate-
bone = h ~ ~ i n a nmalleus as proximal element of 
inanclibu1:ir arch, retaining articulztr coi~nection 
wit11 its on-11 arch, bnt not acquiring character 
or connections of a huznan ossicr~tum c~zcditz~s. 

So, therefore, avian stapes or columella = 
hltinan stapes + incus, as proxiinal eleineilts of 
hyoiclcan arch, riot retaining coni~ection with its 
onrri arch, but acquiriiig characters ancl con-
nections of ossiczila auditus. 

These are the reasons why a bircl's lower jaw 
cloes not articulate directlx n~itli the squamosal, 
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wiry the hyoid bones do not articulate at all 
with the skull, why the malleus is outside the 
ear, and why there is apparently but one os
sicle in the tympanum, of the particular shape 
shown in fig. 3. 

(To be continued.) 

THE PSYCHOLOGICAL MECHANISM OP 
DIRECTION. 

W E R E it admissible that one person should 
add to the work of a living author, I might 
call this paper a supplement to Mr. Francis 
Galton's Human faculty. My object is to 
explain the subjective mechanism by which I 
preserve the consciousness of direction. How 
far others adopt the same mechanism, I am 
not fully aware, but am inclined to think that 
what is fundamentally the same system is 
employed by nearly every one ; but I doubt 
whether the details are always the same, and 
the matter appears of sufficient interest to be 
discussed. 

To be conscious which wajr he is going, one 
must keep in mind some system of directions. 
I t is true, that, so far as finding one's way about 
in a place with which he is fully acquainted is 
concerned, no attention to direction is neces
sary. One knows that he must turn here to 
the right, and there to the left, and must follow 
certain familiar paths, all of which he can do 
without attending to direction. I t is probable 
that most animals, and possible that some men, 
have no sj^stem except this. Regarding such 
a limitation as exceptional, we must suppose 
that in general, men, in going about, have 
constantly in mind an idea that thejr are going 
in a certain definable direction. A direction 
can, however, be defined only by reference to 
the direction of some line taken as a standard 
of reference ; and it is this standard of refer
ence, as I have always emploj^ed it, which I 
shall now describe. 

I . I continually carry around with me a con
ception of four horizontal lines, which I shall 
call co-ordinates, going out in four cardinal 
directions. I shall call these directions east, 
west, north, and south ; but it must be under
stood that they have no necessary relation to 
the actual points of the compass, being purely 
subjective. This system of co-ordinates is 
employed, I think, by most or all men. 

I I . These four cardinal directions are con
ceived of as absolute directions, and not as 
defined relatively to any particular line on the 
earth's surface. They have remained unchanged 
since the earliest memories of childhood. To 
be more explicit, the ideal or subjective west 

is the direction in which I was facing, when, as 
a child, my father explained to me which was 
the right hand, and which the left; the ideal 
north is the direction towards which ni3r right 
side was then turned ; the ideal south, that 
towards which the left side was turned ; while 
east was behind my back. 

I have always since imagined myself as con
scious of these four absolute directions, and 
therefore at any moment can face as I imagine 
myself to have been facing on the occasion 
referred to. I do not know whether the co
ordinates have the same absolute character with 
other men, but think it highly probable that 
they do, since absolute directions must be more 
easily thought of than relative ones. 

I I I . With some limitations, to be soon re
ferred to, the system of directions is quite inde
pendent of the will. Once fixed in a place, a 
street, or a house, they are an inseparable com
ponent of the situation, and forever unalterable 
so long as the identity of the place is recognized. 
Once in a room of'which I conceive a certain 
side to be the absolute west, by no act of the 
will, and by no consciousness that some other 
side is the west, can I change the subjective 
impression. Of course, however, one is liable 
on going into a strange place, or on walking 
about without sufficient attention, to be mis
taken as to his direction ; and thus I am subject 
to a kind of trouble or confusion which I never 
heard any one else describe, and which, there
fore, I can hardly suppose to be universal. 
Some instances will illustrate the matter better 
than general statements. 

I recently went to a hotel in Paris, where I 
had stopped eight years before. While driv
ing into the court, and just as the carriage was 
stopping, my attention was momentarily occu
pied in speaking to one of the attendants. 
Getting out of the carriage, I remarked, as I 
supposed, that the offices of the hotel had all 
been moved from the north to the west side of 
the court. I may anticipate by sajdng that 
this was an illusion arising from the very mi
nute circumstance that the carriage, during 
the moment that I was speaking to the attend
ant, had turned at a right angle from facing 
north to facing east; but being unconscious of 
this change, and not looking around the court, 
I supposed that the carriage was still directed 
towards the ideal north. I entered the eleva
tor, was carried to an upper story, shown 
through several long passages, and into a 
room, preserving the changed system of co
ordinates of which I was entirely unconscious. 
Had it been my first visit to the hotel, no con
fusion would have resulted, since every thing 


