
lord-almoner's reacler in Arabic for the Tjniversity 
of Cambridge. His pablishetl writings are princi- 
pally on philological topics ; ancl the article on 
'Shorthancl,' in  the ' Encj clopaedia Britannica,' is 
from his pen. 

- The twenty-seconrl volume of the ' Encyclo-
paedia Hritannica,' completin: the letter ' S,' is 
now ready. The pri:lcil?al literary and scientific 
articles are, 'The sonnet,' by Mr. Theodore?'atts : 
'Sophocles,' \3y Professor Canll~bell ; ' Spanish lit,er- 
ature,' by BI. Morel Fatio, the first Spallisli scholar 
in Europe ; .Swedish literature,' by 311.. Gosse ; 
' Syriac literature,' bg Profeslor Wright, ; ' Dean 
Stanley,' hy the present; dean of Westminster; 
' Socrates,' by H. Jzckscn ; ' Stoics.' by D. I-licks ; 
'Slavs,' by Rlr. Rlorfill ; 'Sla\7ery,' by Dr. I t ~ g r a ~ n  ; 
'Skeleton,' by Prof. St. George Xirart ; ' Sponges,' 
by Dr. Sollas ; 'Steani-engine,' by Professor 
Ewing : ' Sun,' by Rlr. Lockyer ; ' Surface,' by 
Professor C a y l e ~  ; ' Surgery,' by Prof'eseor Chiene 
and three other contributors ; ' Spiritualism,' by 
Mre. Henry Gldgwick ; and 'Sword,' by Prof. F. 
Polloclr. 

- The issue of the Hovze jozcr?zctl datecl J ~ u l e  15 
contains a most complete s:inlmer-resort guide. 
Where to start fronl, holi- to go, \\--hat it costs to 
stay, the natural attractions of the different re-
gions, and the accornnloclations offered by the 
various hotels a t  the sun~mer-resorts, are all very 
clearly and faithfully set do~vn. 

-Hon. David A. Wells .~r.ill contribute to the 

July P o p u l a ~  scie?zce azo7:thl?j the first of an im- 

portant series of papers on ' The econo~nic dis- 

turbances since 1873.' Mr. Wells proposes to re- 

view the history of these clistarbances, anrl to 

point out agencies to \-+~llich such wide-reaching 

conlmercial depression niay be properlj attrib-

uted. 


- The two latest monographs issued-by the 

American historical association ale * Iiistory of 

the doctrine of comets,' hy ex-President Andre!% 

D. White of Con:ell ; and ' Willianl Usselinx, 

founder of the Dutch ant1 Swedish West Inclia 

companies,' by Dr. J .  F. Jaineson of Johns Hop- 

kins university. 


-The progress made in educating the uegroes 
of the so~ith will be set forth in Tlle An~erican 
nzagazme for July. The Rev. S.  W. Culrer, 
president of Bishop college, Texas, describes the 
methods of instruction, aiid the measure of suc- 
cess attained. 

-Prof. M. >lax Aliiller's three lectures -' The 

simplicity of langnage,' 'The identity of language 

ancl thought,' and ' The simplicity of thought '-

given at  the Royalinstitution, London, last Narch, 
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have been securecl for the columns of The open 
co?crt, Chicago. The first of theee re~narkable 
lectures was contributed to the >lay number of 
the Forf~zightly reziezc;: the otlier t ~ v o  l ~ a x ~ enot 
been prthlished, and \\-ill he printed for the first 
time in Tile ope32 cozcrf, and f ~ o i n  the antllor's 
manuscript. The publication of tliese lectures 
coniinel~ced in Tlze open court of J m ~ e  9. 

-The H(i?,vcc?,rl zilzizrersit?l hztllefin annorlnces 
that the corporation have authorized the publica- 
tion, tlirough Charles Scrihner's Sons, of a me-
nlorial edition of tl:e late Prof. E. A. Sophocies' 
'Greek lexico~l of the Ronian and Byzantine 
periods.' under the oversight of Prof. Joseph 
Henry Thayer. 

-Charles L. Wehstpr & Co.. the puhlisl~ers, 
sent Nrs. (:rant a clieclc for $33,384.53 last \reel< 
as additional profits on General Grant's 'Jieilloiis.' 
blie has leceit ed thus far nearly $400,000, which 
is probably the largest amount of money exer 
earilecl b) the writing of a single hoolr. 

-Copples & Hnrd hzve inpreparation a life of 
Collltllodore Matthew C. Perry, ~7110 was so in- 
stru:i~e:~tal in  opening the ports of Japan to the 
\vorlcl. It will g i \ e  a complete history of this 
&typical naval ofEcrr' fiolll the time when, as a 
miilsbiprn:m, he served in the war of 1812, to the 
treaty with Japan. 

-JIeesrs. Alacmillan & Co. have pablishec~ 
b Drl~aillics for beginners,' by Rev. J. G. Loclr. 
This work has been writtell in the hope of supply- 
ing a vant ,  \vhich inanp teachers hare felt, of a 
hook ~1-1iich explains the elementary principles of 
dynamics, and at  the came time illustrates them 
by nurllerous easy numerical examples suital~le for 
use in schools with boys of ordinary mathernat- 
lcal attatnulents. I t  must be regretted, hon ever, 
that the author has seen fit to suggest names for  
the units of I elocitp and acceleration, as the  
science of phj sics threatens to be oveiburclened 
7 ~ 1 t han unnecessary nomenclature. 

LETTERS TO W E  EDITOR. 

*,i2'ho at fe~t t io?b i s  called to  the  arlauiitages o f  scic?%tifie ? I I ~ I Z  

of the  corresl,ondeiice colui;c??s of SCIEXCE
forp lac i . i fg~ i? .or~y i t l~  
o n  ~ocorcl  brief ?%atices of thei? il~uerti,7ntio?ts.j ~ l ' e l i i n i ? ~ a r ~  
Tt(:e,tt?j co j~ i e s  of the  ?t?cii~ber co~ktni?t i I~g k i s  co?~l?ibzc?~ieatio?~ 
wi l l  ba fic?.~lishctlf?cc to  nxy corres]?o?~clento?z regfiest.  

T h o  o r l i t o~  rcill be glatl to pzcblish a?by qzcei'ios eo?tsonuiLt luitls ,
the  chni'ncter o f  t l&ejo?/mal .  

Co~respo?ade?~tsci?e s~qtces ted t o  be a s  b?ief ces f~os s ib l e .  The 

zuritei"a na.r,se i s  i t %al l  cnscs repzai~ed as proof of good f a i t h .  


T h e  Charleston earthquake. 

THEadlllirable paper on the ' Charleston earth-

quake ' in Science of May 20, by JIessrs. Dutton and 

Hayden, is an illustration of vhat may be accoin- 




plished by the patient and laborious investigation 
of a mass of evidence, much of which is unsatisfac- 
tory, and not a little of it untrust~vorthy. That the 
paper contains so much that is valuable and interest- 
ing is greatly to the credit of it,s authors;  and its 
real importance as the most, indeed the only, elab- 
orate discussion of that interesting seismic event 
which has thus far appeared, renders a careful ex- 
amination of its methods and conclusions extreillely 
desirable. I wish to remarlr upon a fen, points, con- 
cerning which I a111 compelled to dissent from the 
views exprefised in the paper. 

Great labor has evidently been expended on the 
construction of the isoseisinal chart ; ancl doubtless 
all has been clone that can be, with the uncertain 
data available. Two serious but well-recognized 
difficulties are met with in atterupting the construc- 
tion of ' intensity ' curves : one is the variability 
and inconsistency of the p h ~ s ~ c a l  evidences of dis- 
turbance, and the other is the unreliability of human 
testimony as to its extent. I n  earthrlualres of inuch 
violence a considerable area near the origin lriag pre- 
sent evidence which outlasts the distnrbance itself, 
such as overthrown or damaged builclings, chiiuueys 
overtnrned, monuments displaced, etc., and which, 
therefore, may be fituilied at  leisure. A little experi- 
ence in the exaininntion of this sort of evidence 
proves conclusively that a given result is an ex- 
tremely complex function of a large number of ' in-
dependent variables,' 1uost of which, unfortunately, 
are and riiust be unlmoan. I t  thus becomes difficult 
to deteriuine the ratio between the varying magni- 
tudes of any one of these variables, so largely is the 
visible result infiuenced by the others. 

The available source of infornintion consists gen- 
erally of the effects of the disturbance upon stroc- 
tnres of various lrinds. Nothing can be inore con- 
flicting than the results of such observations, even on 
areas so small that i t  seems impossible to admit that 
diff'erences in act8ual earth-movement have existed. 
Within a hundred feet of each other mill be found 
buildingsnearly clestroyed, and buildings, apparently 
similar in construction, almost uninjured. Here a 
monument or shaft is overthrown; and there, a few 
feet amay, another on a I U U C ~less stable foundation 
is undisturbed. I n  a room in which heavy boolrcases 
have been dashed upon the floor, and the furniture 
generally wreclied, delicate ornaments still rest upon 
the mantelpiece, ancl, without maclr or scratch, 
seem to deny all possibility of violent motion. I n  
short, one is forced to the conclusion that the char- 
acter and amount of destruction caused by an earth- 
quake del~end largely on circumstances other than 
the motion of the earth-particle. An earthqualre 
must be studied in the light of ~ r h a t  it has failed to 
do, as well as of what it has done; and much con-
sideration should be given to what might have hap- 
pened but did not. 

If such widely different effects can be produced 
by earth-inovements which must be practically the 
same, i t  is clear that they cannot be very accurate 
measures of the intensity of seisriiic distl~rbances. 
In  a general way, and if extended over an area vhich 
includes decided changes in the extent of surface 
destruction, such observations are extreniely useful 
as indicating zones of unequal disturbance ; and 
especially so, as, in the absence of instrumental 
records, they furnish about all the available facts. 

The nature of the data furnished by the careful 
and conscientious survey of Mr. Sloan is not stated ; 

but it is perfectly safe to sag, that, whatever i t  may 
be, Messrs. Dutton and Hayden have made the most 
of it. 

Without intending any special criticisnl upon the 
ulethod of treatment adopted, I desire to call atten- 
tion to the uncertainty, which seems to be great, i n  
the construction of equal intensity-curves mith any 
attempt at precision in form or po~i t ion ,  when they 
are based upon observations of such physical dis- 
turbances as are referred to above. 

If such records of the disturbance as are left by the 
earthqualre itself are of doubtful and uncertain value, 
still inore so must be the data resting entirely upon 
the testimony of observers of transient phenomena. 
I t  is by no means uncommon for t ~ v o  persons sitting 
in the same rooai, and disturbed by the same moder- 
ate earthqualre, to diEer decidedly in their estimate 
of its intensity. 

In two differently constructeil or clifferently situ- 
ated buildings near to each o t l~er  the diEerence is 
very great. Nor mill it do to clepend upon the dis- 
turl-mace of movable objects, such as swinging-
lamps, etc. Very much depenils nilon the character 
of the nlovement. -as to xhether the motion is prin- 
c i p a l l ~  horizontal or vertical, the period long or 
short, and the synchronism of that period mith that 
of the moving object. Inmumerable illustrations of 
this fact might be given. Disturbances of unusual- 

Rlilne ;.e&rdeci a disturbance in Tokyo on NOT. 
23, 1884, of which he says, " Jl'hilst standing up, i t  
~vas  with difficulty perceptible. In  the same room, 
however, those who mere seated felt it distinctly. I t  
made a lamp six feet long swing through an arc 
about six inches." 

In  1851 an earthqualre occurred at Sapporo 
(Japan), concerning which the observer made this 
note: "Wire of hanging-lamp four feet loilg de-
scribed an arc of twelve inches ; not personally ob- 
served ; was ~vallcing on the street, and nothing was 
noticed." 

Besides the physical environ~llent of the observer, 
his physiological and psychological peculiarities 
largely control his estimate of the extent of the dis- 
turbance. 

I n  the collection of information by nleaus of dis- 
tributed circulars, it is impossible to avoid these 
difficulties, and to obtain any thing lilre a fair esti- 
mate of the character of the phenomenon, especially 
as most observers are inexperienced. A circular 
sent to a village is generally likely to find its way 
into the hands of the particular inhabitant who can 
give the ~uost  fitartling account of what he saw ancl 
felt, and who xras naturally most thoroughly frigh- 
tened. 

I t  appears, Iherefore, that as far as the value of 
the collected data is concerned, the great area dis-
turbed by this earthqanlre might be divided into 
three zones. The first is small, surrounding and in- 
cluding the epicentruai, and the visible evidences 
of the intensity of the shock xiere carefully studied 
by a sagacious observer within a fern weeks of i ts  
occurrence. The second consists of the remainder 
of the area within two or three hundred miles of the 
epicentral tract, throughout which, though to a con- 
stantly diminishing extent, overthrown chimneys, 
displaced shafts, cracked walls, etc., remained as ex- 
ponents of the character and magnitude of the dis- 
turbance. From this region, however, evidence 
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came through circular letters, newspaper reports, 
etc., with which untrained and not very trustworthy 
observers have much to do. The third zone con-
sists of all that is left of the disturbed area : over it 
the effects were transient, and all evidence rests on 
human testimony, unsupported by that of material 
objects. 

Thus i t  would seem, that, in the construction of 
the map, isoseismal lines x-oald be drawn q ~ i t h  three 
different degrees of confidence, and that they must 
be drawn more freely, and with less attention to  de- 
tail, as they are farther removed from the epicentral 
tract. Local variations in intensity-estimates should 
ha~reless weight, and the lines nrould approximate 
more nearly to  smooth curves. On the map as 
drawn by EIessrs. Dutton and Hayden, this order of 
things appears to be reversed : the smoothest, most 
regular carves are those immediately surrounding 
the epicentram, while they become more irregnlar 
as the distance from that point increases. 

In  worlc of this kind, irregular and sinuous lines 
imply numerous and reliable observations, while 
those more regularly and uniformly curved x-ill gen- 
erally be drawn for areas over which observations 
are f ev ,  and not of sufficient weight to show more 
than the general trend of the line. For these reasons 
i t  appears to me that the map is faulty, in that 
too much ~veight has been giren to individual ob- 
servations at  great distances from the epicentrum ; 
that the sinuosities and irregularities in the lines. 
particularly those of the Jlississippi valley, do not 
represent any thing real; that they should be 
smoothed ou t ;  and that i t  is doubtful if sufficient 
evidence exists for the construction of the two iso- 
lated areas, surrounded by closed curves, which 
appear in northern Illinois and in southern Indiana 
and Illinois. I venture to suggest, in regard to the 
latter 'area of silence,' that its existence may to some 
extent be due to the fact that information concerning 
that area mas collected several months after the 
occurrence of the earthquake. 

One of the most interesting features of this paper 
is the method employed in determining the depth of 
the seismic centre. Under certain restrictions, no 
criticism can be made upon the analysis of the prob- 
lem ; but in its pra~t~ica l  application it is, in my 
judgment, open to serious objection. I t  is not easy 
to  decide what is the best measure of the ' intensity' 
of an earthq~~alre.A simple expression for i t ,  and 
that accepted by RIessrs. Dutton and Hayden, is 
' the energy per unit area of wave-front.' 

This definition once adopted, their analytical and 
graphic treatment of the probleni is elegant and 
sntisfactory; but i n  the application of the method to 
the Charleston earthquake, or to any other, i t  is im- 
portant to ask nrhether any means exists for deter- 
mining the ' intensity ' as defined above. While it is 
true that the disappearance of the consonant a from 
the abscissa of the points of inflection renders it inde- 
pendent of the rrhsolzcle intensity, i t  must not be for- 
gotten that in determining ?*elntil;e intensities the 
thing to be liept in mind is ' t he  energy per unit 
area of wave-front.' As far as can be seen from the 
contents of the paper, the result depends on the un- 
justifiable assumption that su?fctce dest~*z~,ctiwnis pro-
portional to this. I t  is a \yell-established fact that 
the destructive effects of a motion are not pro-
portional to the energr involved, and in  earthquakes 
nlany things colubine to produce what is ordinarily 
called the ' intensity' of the shock, or, perhaps bet- 

ter, its ' destructiveness.' An exact expression for 
this is extreme11 desirable, and it seems to me that 
Professor Rlilne has approximated to i t  pretty close- 
ly in adopting, as he has, the ' maximum acceleration 
of the earth-particle in a horizontal plane.' There 
can be little doubt that horizontal movement is more 
effective in overturning and destroying buildings, 
chimneys, etc., than vertical; yet the fact, if i t  be a 
fact, finds no exlsression in the method of Messrs. 
Dutton and Hayden. Their fornlula and curve de- 
mand the t~iaximunl intensity at the epicentram; 
and this is correct, according to their definition 
of intensity. 

But does the greatest destruction take place at  the 
epicentrum, or is i t  to be found in a zone whose raT 
dius depends on the depth of the seismic centre ? I 
n70uld not venture to  place my own judgment, based 
upon a hasty examination along a single line, against 
that of an observer who has gone more leisurely over 
the field; but, as I can no~vhere discover in the 
paper a distinct statement as to where the most de- 
st?-ttctive effects were observed, I may remark that it 
appeared to me that there nTas much less destruction 
in the neighborhood of the epicentrnm, where the 
vertical component of the niotion fieemed to have 
predominated, than in and about the city of Charles- 
ton. 

Of course, it is possible that from a study of the 
surface disturbance the relative amount of energy 
per unit area of wave-front at  different points may 
have been worlred oat, and the point of inflection 
found from these results; but i t  ~vould be an ex-
tremely complex problem, and, in addition to diffi- 
culties already suggested, it is complicated by the 
fact that the normal motion of the particle must be 
changed as the wave emerges from the earth: this, 
indeed, \ ~ o n l d  stand in the way of getting just what 
is desired from perfect instrumental records, as, 
at best, they can only reveal surface movements. 

I am unable to agree with the conclasion of 
Messrs. Dutton and Hayden expressed in the state- 
ment that the amplitude of vibration of the earth- 
particle n7as in some places not l e ~ s  than ten inches 
or a foot. So large an alllplitude appears to me to be 
extremely improbable. I t  is only vithin a few years 
that any thing like accurate measures of amplitude 
have been made ; and it is me11 known, that, ~vherever 
it has been uleasured, i t  has been found to be 
small. 

I n  the ' general run ' of Japanese earthquakes, the 
amplitude has been found to be not much greater 
than a millimetre, and often less. In  a f e ~ v  cases i t  
has been several millimetres ; and I believe in one or 
two, which were nearly ' destructive,' and by which 
chinlneys were overthromn and ~valls cracked, i t  has 
been as high as ten or twelve millimetres. I t  will 
be noticed, however, in examining these reports, 
that, i n  most of the cases in which large anlplitudes 
are reported, the disturbances were of unusual 
length. 

Although, in the construction of their numerous 
Gray 

steady-point ' seismographs, JXessrs. Ewing ( I  want 
JIilne 

to be careful not to put any one of these names 
first) have ~vell-nigh revolutionized the science of 
seismology. I am inclined to the opinion that in a 
prolonged disturbance the ' steady point ' is likely to 
be set in motion, and that a magnification of the 
aluplitude may sometimes result. A very large 



amplitude is to my mind incompatible with innumer- 
able observations of what did not happefi in Charles- 
ton. I admit the difficulty of the problem, but 
think it easier to account for large displacements by 
successive movements of small amplitudes. 

I must also dissent from the opinion expressed as 
to the value of stopped clocks as a means of deter- 
mining the time of the wave-transit. I s  it not likely 
that most of the inconsistencies which appear on a 
comparison of such data arose out of the fact that 
many of the clocks were not correctly regulated to 
75th meridian time, or that their errors were not 
known? The man whose clock or match is ' jus t  
right ' is met with at every turn, especially after an 
earthquake ; but to most people this means that the 
error is not greater than a minute o .two. 

If all of the stopped clocks in t h a  area disturbed 
had been in exact agreenlent before the shock, I do 
not think the errors would have been very great; 
except, perhaps, in the iinmediate vicinity of the 
source. The stopping of all clocks at any consider- 
able distance probably occurred at  the transit of the 
same great wave. Of course, a properly adjusted 
seismoscope with a clock attached is infinitely better, 
but  I do not have great confidence in the ' observer 
-ivit,h watch in hand.' M o ~ t  intelligent observers in 
this country must be classed as inexperienced : the 
watch is not generally in his hand until after he is 
convinced that the something which has happened 
is  an earthqnalre, and then it is very likely to have a 
large aud unknolvn error. Should the disturbance 
be so considerable as to threaten to be destructive, 
the skill of the observer in ' measuring a part of 
the shock and estimating the beginning ' is tolerably 
certain to be overshadon,ed by his disposition to fieelr 
a place of safety. The position and environnient of 
the observer at the time of the occurrence will 
greatly influence the character of the phenomenon. 
As an illustration, I may compare my own observa- 
tions with those of Professor Newco~nb, when the 
Charleston earthquake was felt in Washington-
City. 

I was seateci in my library on the second floor of 
a three-story brick building, about four squares from 
the  state, war, and navy building. As soon as the 
dirsturbance was felt, the time was noted. In  a mo- 
ment the motion became very strong. JIy small 
boy, who had been amakened out of a sound sleep. 
rushed into the room; and the family quickly de-
cided to do what it had often done before under such 
circumstances, and found its way to the street. Bythe time this was accomplished all was quiet ; and in 
two minutes from the beginning me were again seated 
in the same room, discussing the shoclr. I n  a few 
minutes, about five froin the beginning, another 
shoclr occurred, much less violent than the first. 

Professor Newconib " observed a duration of per- 
ceptible tremors, with two maxima lasting about five 
and  one-half minutes." 

There is, of course, no doubt but what these 
tremors were felt, but it ulag be a question whether 
they were prolonged vibrations of the building in 
n-hich Professor h'ewcomb was, or real earth-move- 
ments. I am pretty sensitive to earthquakes, and I 
can say with certainty that they were not felt by me 
o r  by my fanlily. 

Everybody, I am sure, will agree that it is highly 
important to establish a large number of observing- 
stations, equipped with the best instrumental ap-
pliances which can be obtained. Even so small a 

number as ten or twenty such stations, well distrib- 
uted over the area disturbed by the Charleston 
earthquake, would have put us a long way in ad- 
vance of our present knowledge of seismology. I t  
is greatly to be hoped that the able and interesting 
discussion of the subject, which Messrs. Dutton and 
Hayden have evolved from the mass of observations 
which they have gathered with so much industry, 
will serve to direct the attention of intelligent people 
to the importance of such a system of observing- 
stations, and that in tbe near future the director of 
the geological survey will be enabled to establish it. 

T. C. M. 
Terre Haute, June 1. 

Museums of ethnology and  their  classification. 
The remarks of Dr. Boas and Professor Mason 

on the classification of ethnological material raise 
questions which mnst occur to every one who has 
before him unclassified material. As both views in- 
clude a part of the truth, the decision on the course 
to be adopted must depend upon the amount of 
material to be handled, the space available for its 
exhibition, and the purpose most at  heart in the 
organization of the museum considered as an agency 
for effecting a purpose. 

The ideal way, if all circnmstances were favor- 
able, \vonld be to have a double series,- one repre- 
senting the culture of each people as an ethnic unit : 
and the other a comparlztive collection illustrating 
the relations to a cotninon standard of the items 
making up each tribal aggregation. In  ninety-nine 
museums out of a hundred, this would be impracti- 
cable, owing to the expense involved, the exhibition 
space required, and the difficulty of obtaining suf- 
ficient duplicate material for two series. The decis- 
ion must therefore depend on the object to be at- 
tained. I s  this to show the manner in which tools, 
weapons, dress, etc., have been elaborated, under 
the operation of the environment, by the human 
mind in varying stages of development, or is it 
rather to convey to the observer the resultant of all 
the forces acting in and on a comparable series of 
ethnic types or units, each complete in itself? I n  
either case the object is a worthy one, and to be 
attained in its particular manner. Neither is likely 
to be colnpletely attained under the existing condi- 
tions of museums in this or any other country; but, 
as attempted in different collections, nre may regard 
them as complementing each other. I n  the one 
case, as very truly observed by Dr. Boas, we are 
helped to a knowledge of what problems exist ; and 
it is no little matter to have a rational sailing-direc- 
tion over a traclrless ocean, though the accurate 
chart is still to  be made. I n  the other, we have the 
equivalent of the monographic study of the special- 
ist who surveys in detail, and for all time, a gulf or 
harbor forming a slllall part of the oceanic coast. 

To conclude, for the people at large and the 
ulajority of those who profit by public museums, 
I believe the greatest amount of satisfaction and 
instruction is  to be obtained rather from an ethnic 
arrauge~nent than from the organic method ; but 
this is merely an expression of my individual prefer- 
ence. li73r. H. DALL. 

Wasllington, I).C., June 4. 

Prof. Otis T .  Xlason's reply to my reinarks on his 
views of the methods of ethnology is mainly a justi- 


