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ation of the mesethmoid, rises above tlic plane 
of the top of the skull, and extends forward 
beyond the jaw. A bilateral expansion of its 
base in front forms n firm supporting pad, 
resting upon the pre-maxillary bones. The 
two remaining cartilages are paired. 

Since returning from the seal-fishery, I have 
examined the accessible works that would be 
likely to mention this curious appendage, but 
have failed to discover any thing approach-
ing an accurate or complete description of it. 
That given by Fabricius more than a century 
ago is one of the best All writers whose 
accol~ntsI have seen, including the most recent, 
agree in failing to express the chief character-
istic of the animal, which is, that the so-called 
' hood ' of the male is an inflatable proboscis, 
protruding considerably beyond the month, 
which it overhangs. 

C. ~ I A I V ~&II.:RI~IAM,M.D. 

MEASURING EARTHQUARES.'  

INVIEW of the recent earthqualie in England, and 
the still more recent shakings which parts of this 
country have experienced, a notice of the above 
work will be of especial interest. Professor Ewing's 
long residence in Japan as professor of mechani-
cal engineering in the University of Toliio, and his 
active labors in connection with the Seismological 
society there, of which he was vice-presi-
dent, entitle him to speak with anthority 
on this subject. Indeed, in this matter of 
the exact measurement of the motion of 
the ground during an earthquake, seis-

\ 
~riologiststhe world over must look for enlightenment 
to young Japan, whose Seismological society, under 
the guidance of the foreigu professors in her univer-
sity and her college of engineering, has in this partic-
ular branch far outstripped European seismologists. 

I n  chapter i. Professor Eming gives a rdsume' of 
the tlleory of waves in an elastic solid, as applied by 
IIopkins, in the British association report for 1847, to 
the case of terrestrial disturbances; "since it both 
teaches the earthquake-observer what to look for, 
and guides him in the interpretation of his results." 
This shows how, from a single sudden disturbance, 
two series of waves will set out in all directions,- the 
first or normal waves consisting of compression and 
expansion of the material in the direction of transit; 
the second or transverse waves travelling more slow-
ly, and consisting of motion of distortion at right 
arigles to the line of transit, -also how these waves 
may be reflected or refracted at  the bounding-sur-
faces between different strata, and thus by successive 
reflections be reduplicated ;so that, a t  a distant point, 
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the vibrations will probably be far different from 
(in number, order, phase, and period), and generally 
much more complicated than, those at  the origin. 
Add to this the effect of imperfect elasticity, and the 
condition that the original disturbance may be a 
series of slips along a whole line or fault,' and noth-
ing further could be desired to give confusion to the 
vibrations. 

Chapters ii. and iii. deal with instruments for 
measuring the horizontal motion of the ground. At 
the outset Professor Ewing notes the difficulties in 
the way of getting a steady point, or something ' to  
tie to,' while every thing around is being shaken ;and 
the characteristic feature of every seismometer is its 
method of supporting a heavy mass so that i t  will 
remain steady, receiving no impulse (save what is 
unavoidable through friction) while the system that 
supports it is being shaken. As the 'horizontal pen-
dulum ' seismograph in one of its forms is considered 
the best, and has given the greater part of the records 
obtained, its essential feature is here shown in fig. 1. 
Popularly it  might be termed a heavy weight, swing-
ing on a gate. I t  is a heavy mass, pivoted upon a 
vertical axis through d, upon a frame free to move 
about tlie vertical axis be. The long light reed mul-
tiplies the motion, and records it  upon a rotating 
smoked-glass plate by the steel pointer on its end. 
This reed is pivoted at (1, with most of its weight 
taken up by the coil-spring, whose tension is adjusta-
ble at e. The parts of this supporting lever arid long 
reed are so proportioned that in the vertical axis 
through d lies the centreof percussion relative to the 
axis bc :hence, if this is shaken through bc at  right 

angles to the plane of tlie lever, the vertical through 
d will be of itself the axis of instantaneous rotation, 
independent of tlie heavy mass pivoted there; hence 
the latter will receive no impnls~at right ang1f.s to  
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the plane of the  lever, save that due to the very 
slight friction a t  h and c and a t  the marking-point ; 
and the purpose of the heavy mass is chiefly to fur- 
nish, by its inertia, the necessary fulcrum upon which 
to overcome this slight friction. These principles, as 
regards centre of percussion, and axis of instantane- 
ous rotation relative to the axis of support, are espe- 
cially insisted on by Professor Ewing as essential 
features of a reliable seismometer. Two of these 
horizontal pendulums a t  right angles record the two 

rectangular components of the liorizontal ]notion 
upon a rotating smolred-glass plate. 

Many other ingenious and novel forms of appara-
tus for registering the horizontal motion of the earth 
are described in chapters ii. and iii., and v;irious de- 
vices arc described in chapter iv. for measuring the 
vertical component of the motion. 

We reproduce the trace of the earthquake of 1881, 
Rlarch 8. Fortnnately, Professor Ewing ~va3present 
during its occurrence, and, as it drew to a close, lifted 
tlie marlring-levers from the plate, so that their sub- 
sequent t ~ x c e  sho~ild not obliterate a t  all the record 

already obtained. Fig. 2 shows this record, made by a 
pair of horizontal pendulun~s multiplying the motion 
six times. As here reproduced, it is about twice the 
actual motion of the ground. The inner circle gives 
the N-S, and the outer tlie E-IV components. At  
d and d' are two cross marks, showing where tllr 
pointers rested -when the plate was stopped ; anil 
their angular distance is that to be used in connect- 
ing the two circles to obtain the simultaneous motiolh 
of the two points. The niotion began on the outer, 

E-TV, circle at  a (corresponding to u' on the inner), 
and thence can be easily traced neariy twice round 
the circle to c, where the poiriter was lifted (corre-
sponding to c' on tlie inner circle). There was no 
appreciable motion in a N-S direction till about ten 
seconds after it began at  a, E-W ; but it began quite 
suildenly just before b', arid can be traced twice rourid 
to where the plate stol~ped at  d'. The rotation time 
was about eighty seconds, and the earthquake had 
lasted about two minutes and a half when tlie plate 
was stopped. Feeble movements were observed sonre 
time longer. 



I11 fig. 3, Professor Ewing tias carefully con~bined 
the niotioil of the two co~~ipoi le~l ts  so as to give the 
act,u:rl gnth of a point of the earth's surface for a 
short irlterval. 13-01np to q,  follo~ring tlie arrow-
heads, it sliows tlrat inotioli (nixgriifictl six ti~ires] 
tlrlring an interval of 1,liree seconds. 

'rliis same characteristic wriggling motion is s11ow11 
in fig. 4, whicll is the entire record, 
~nagr~ifiedthree and a half times, 
ripon a stationary plate, of an  earth- 
qua.lie ~vliich occurrccl on April 23, 
1883,arrrl lasted four nzinutcs and 
a half. I t  is cinite likely that  tlle 

13 11.. 4 
eartliqualies which recentl?. shoolc 

up oul  rnitl<lle and western statcs mo~lld have given 
s sonle~vliatsinlilar record. 

Tlle principal cl~aracteristics of tlie average earth- 
quafie ill tlie plain of T01ii0 are: lo. The niotion of 
the ground begins very gradually. 2 O .  An  earth- 
quake consists of rrlany sr~cccssive movements, and . 

there is alr~lost al~vags IIO single large one ~vliich 
stands out prorniiieiltly from the rest. :P. The dis- 
I.arbancc ends even Inore grad~ially than it begins. 
AO. Tlie range, the period, and the direction of move- 
nient, are exceedingly ant1 irregularly variable during 
ally one earthquake. so. Tlie duration of disturb- 
ance of tlie grountl is rarely less than one minute, and 
often several rni~intes. 6 O .  E ~ e n  ill sonie~vllat de- 
structive eartl~qualies, the greatest tlisplaceme~it of a 
point oil tlie s ~ ~ r f a c e  the soil is o111y a fern milli- of 
nretrcs. 7 O .  Tile vertical motion is gcl~erally mucli 
less than the horizontal. So. A\ nxass shalreli b ~ c l i  
anil forth in the most severe earthqnalics of Toliio, 
n-oulil, if it did not slide, be urged by a. horizontal 
force, vh i c l~ ,  at  its maximun~,  nroiild equal about 
one thirty-third of its ~reiglit. This, regularly re-
qeat.ed, is sufficient to crack bricli walls, and sonle- 
tlrnes throw dolvn cliimrleys. 

To the many readers wlio have hact 110 experience 

of eartliqualies, but are accustomed to tl~inl; of them 

as a sudden violent thrust, accoinplisl~ing a t  :I blon., 

as i t  were, all their disastrous ~vorli, tile preceding 

descriptions ~vil l  be a sornewhat new revelation. 


Professor Eming plainly sllonls that  as seisniom- 
eters, tlie i l~struments in use by Palmieri and others 
are mortlilcss; for not one of them can be depended 
upon to give a reliable measure of the direction, 
period, or amplitude of the vibrations of the ground, 
most of t l ie~n being designecl to record :L single violent 
tlirust in one direction, and nothing subseqnent, and 
the greater part of t l~crn being some form of stable 
pendularn ~vhicli is alrnost certain to be set swinging 
in an  e:~rthqualie through amplitudes far greater 
t l ~ a n  the e a l t l ~  itself, and thus to m a ~ l i  elltirely tile 
nlotio~l of tile latter. 

Oue novel ' ti~ne-tnlcer,' tlre irrvc'~itiori of Professo~, 
l\lilne, wllose ~vorli ill .Ta])au is so well l.;norvix, is 
worthy of note. A clocl; Iins its hotir, n i i n ~ ~ t e ,  ant1 
seconds liands all oil the centre of the face, ant1 of 
different leligths, wilb their ends lurr~ecl 1113 into the 
sarne plarle? a , ~ ~ d  tipped with (to1'1i smcarcd with print- 
er's ink. 111frolit is a trnclt upon which, wliea a 
aeisnioscope closes a circuit, a carriage travels up and 
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presents a disk to the face, and then baclrs off again, 
carrying an inipression of tlie instantaneous position 
of tlie three hands, and learing tlie cloclr to go or1 
.cuiclisturbed. 

The closiiig cllapter treats of the constr1lctire de- 
tails and recluirenlents of a seis~nological observatory; 
and a series of tsxperi~nents by Professors Jlilne and 
Gray are xioliced, in ~v l~ ic l l  to deter- it, \\,as sougl~t  
mine, by a series of artificial eartliqualies (dropping 
heavy weigl~ts in a foundcry, aiid exploding buried 
cartridges of dy~iatrlite) in con~~ect ion  with tilrie-
recording seismometers, the velocity of t r a ~ ~ s ~ n i w i o n  
through the g1;ountl. These gave 4::s feet per second 
for norlnal, and 357 feet per second for transverse, 
waves. This was tllrougll hardened ~nucl. IIallet's 
earlier experinients gave for sand 822 feet, for jointed 
granite1,nOC feet, and for solid granite 3 , G G s  feet, per 
second. The last, Professor E~ving remarlrs, is prob- 
ably very much too low. 

l'liis elernent of eartliqt1i~ke rioti ion, the velocity 
of tmns~~iission througli the earth's crust, is very in- 
exactly hrlowxr ; and tlie author notes the desirability 
of extentling t11e observation of earthqunkes over a 
co~~siclcrableregion of such a country as Japan by 
rnearls of nialiy stations cor~xlected by t.clegrapl1, to  
wliicll sin~nltaneons time-signals call he sent, and 
a t  which the sarne earthqualie may be recorded on 
rotating plates, togetlier wit11 a record of the absolute 
time. These, if sufficiently vidcly dislribi~tetl and 
numerous enough, would give us valn:~ble data re- 
garding the latitude, Iongitndc, tlel?tli, and time of 
tile origin of the ilisi;urbance, and the yelocity of its 
trm~smission to the snrface in all directions, suppos- 
ing it rectilil~et~r ancl uiiiforln. Itegarding tlie 11ossi- 
bility of this, I'rofessor IE~ving, ill tlrt: article referred 
to above ( N n t u ~ e ,June 19, 16S1), spealrs as follo\rs : 
"But all this depeilds upon our being able to recog- 

nize at  the various stations, some one ware out of 

the c o ~ n ~ l e x  
records deposited a t  each; and, especia.1- 

117 in view of tlie cnrvilinear natnre of the motion, 

it \rould be hazardous to say, withont trial, whet,l~er 

tliis can be done." 


In  conclusion it niay be saicl ,that the wliole work iu 
exceedingly interesting and valoable; and I'rofessor 
Emirlg is to be l~ighlg coiun~ended for thus briuging 
together tlie best results of ~nodcrn  methods in exact 
seis~nonletry, and for slloming tlie sources of error 
and the fallacies ill older methods and tlieories. The 
worli should receive as wide a distribntion as pos~ihle 
by the University of Tokio. H. Ar .  ~ A T ~ I . .  
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T ~ Eneed lias long bee11 felt, among thosc stucler~ts 
of tile Johns I-Ioplrins uliivers~ty w l ~ oar? especially 
interested in tile stndy of r~atural  historv, of a relia- 
ble map of the ad~oiriirlg country, on :L suitable scale, 
and so mo~unled as to be adapteil for convenient pocl~et 
use. I t  is believed tliat a few words regard~np the 
method by which the waut of it 11as been r~re i i t ly  
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