
© 1899 Nature Publishing Group

522 NATURE [MARCH 30, 1899 

Variation of Viscosity with Temperature. 
In order to apply the method to the measurement of extreme 

temperatures, it is not sufficient to be able to measure resistance. 
It is also necessary to determine the law of the variation of 
viscosity with temperature. Here, again, recourse must be had 

the method of extrapolation. Fortunately, in the present 
mstance, the temperature can be measured through a very wide 

and. the of :xtrapolation, being limited by the 
meltmg pomt platmum, 1s not very great in comparison. It 

be poss1ble .therefore, by sufficiently varying the con
of the expenments, and by comparing the behaviour of 

d1fferent gases throughout the whole range of temperature, to 
arnve. at a very fair degree of certainty with regarcl to the 
essential nature of the phenomenon. Owing to want of leisure 
for the the author's experiments have not as yet extended 
over a sufficient range of temperature, except in the case of air, 
to warrant the publication of any general conclusions with 
regard to the law of variation of viscosity, or of any results at 
h1gh temperatures obtained by the method of extrapolation. It 
!Day be stated, however, that the formula above quoted, accord
mg to which the viscosity varies as some power n of the 
temperature, though fairly exact over a moderate range of 
temperature, fails entirely when tested at higher points. · The 
results of Obermayer appear to be the most accurate for the 
different gases between 0° and 100° C., but if the same formula 
is retained, the value of the index 1t diminishes as the temper
ature is raised. Taking the average value between 0° and 100° 
for air as being o·76, the value falls to o·7o between 100° and 
450o. A of nature was found by Wiedemann, but the 
rate d1mmut.wn wh1ch he gives appears to be far too great. 
He g1ves, for mstance, the value n == o·67 for air between 0° 
and 184°, which implies a rate of diminution of the index many 
times greater than that which actually occurs. It would be very 
difficult by the method which he employed to make sure of any 
d.eviation whatever from the formula over so small a range, and 
smce the error of his determination is much greater than that 
of the formula, he can hardly be said to have disproved the 
index law. 
. The problem is seriously complicated by the failure of the 

Simple formula; but since the measurements are capable of 
great exactitude, and since it is possible to obtain many in
dependent checks by comparing the results of the two methods 
of effusion and transpiration, and also by examining the behaviour 
of different gases, the author is confident of ultimate success. 
The metho?. of exper!ment described has already led to 
many promiSing mtere>tmg results, and it is probable that 
the solutwn of the problem when attained, besides 
leadmg to more accurate determinations of extreme tern per
atures, may also throw light on dissociation and on many 
other points which are at present obscure in the theory of 
gases. 

CENTRAL AMERICAN ARCH.£0LOGY.1 

Q WING. to difficulties raised by the Honduras Government, 
of the Peabody Museum have unfortunately 

been obliged, smce the year 1895, to suspend work at the ruins 
of Copan, and Mr. Gordon, the leader of their expeditions in 
Honduras, was directed to turn his attention to other points of 
antiquanian interest in the neighbourhood. His reports to the 
Museum are now published. 

' In April 1896, and June 1ll97, an examination was made of 
some caverns which had been discovered in the limestone cliffs 
Jising abruptl)' from the rocky bed of a mountain stream distant 
about four miles from the ruins of Copan. The of the 
ground made the entrance of the caves very difficult and some
what daHgerous of approach. 

In of the c.ham.bers, nearly circular in shape and 
measunng rso feet Ill dtameter, "an excavation 20 feet long 
and 3 feet wide \Vas made. After the surface layer of dust 
came thin crust, which have been caused by the presence 
of. moisture at some penod. It was only a few inches in 
thtckness, and beneath it the material was very dry, soft, 
a0 loose, so that . the men were able to remove it easily 
Without the use of p1cks. In the surface crust and beneath it 

1 " 1femoirs of the Peabody Museum of American Archreology and 
Ethnology, Harvard University," Vol. i., Nos. s-6. Researches in the Uloa 
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to a depth of three feet were. found ashes, charcoal, and pot
shen;ls. The latter are not numerous, and are of a coarse 
quah.ty. At a depth of three feet the potsherds and ashes and 
all ·s1gns of occupation disappeared ; the material excavated 
grew in colour, softer and looser. In appearance and 
behavwur It resembled quicklime, of which it largely consisted. 
Throughout the whole excavation the material removed rose in 
the air in thick clouds of suffocating dust. The excavation was 
carried to a depth of fifteen feet, where the bottom of the cavern 
was reached in part of the excavation. On the rock floor were 
absolutely no traces of occupation." 

In a long passage, measuring about So by 20 feet, where the 
floor seemed to be more uneven than in the other chambers, and 
gave way !O the pressure of the feet with a crushing sound, Mr. 
Gordon dts.cover.ed that . he was walking over the crumbling 
human bodtes mmgled w1th ashes and lime. A mass of charred 
and calcined bodies occupied the entire floor to the depth of 
about feet, and the thick clouds of unsavoury dust, added to 
the shtlmg heat, made the work of examination most difficult 
and disagreeable. The chamber appears to have been used as a 
place for depositing the remains after they had been partly 
cremated elsewhere. None of the caves show any signs of 
recent occupation, but the condition of bones and of a wooden 
object, which was discovered, do not seem to Mr. Gordon to 

any great antiquity. The excavations yielded no 
specunens of personal ornamP.nts, or of carved stonework and 
the pottery, of .which. several. pieces were preserved 
proved to be ent1rely d1fferent m character from that found in 
the ruins of Copan. Mr. Gordon does not, how
ever, thmk that the facts disclosed from the examination of the 
caves suffice to prove the existence of another race. " May it 
not be," he says "(to hazard a guess), that these cave relics 

after all, to the same period as Copan itseli, and are 
remams of the Copan people, or the devotees of some old cult 
among them whose temples were the caves, and whose vessels 
used in the ritual were of a design and character exclusively 
their own?" 

In May and June 1896, and from March to June 1897, Mr. 
G?rdon occupied in examining the valley of the Uloa 
R1ver, wh1ch flows northward through a forest-covered plain to 
the Gulf of Above ground only a few vestiges of a 
former populatiOn are to be found, and the principal group of 
mounds, which was examined, yielded only one example of 
sculpture-namely, a very rough stone idol similar to the rude 
stone sculptures found in Nicaragua. However, during the rainy 
season the river cuts into its banks, and frequently leaves exposed 
to view c.ross secti?ns strata of sand and clay 

th1rty feet m hetght, wh1ch m some cases " present the 
contmuous spectacle of broken pottery and fragments of bone 
from the surface of the water to within a few feet of the top. 
In places these objects are very numerous for stretches of 
several hundred feet, then diminishing gradually and almost 

for miles.'' 
The principal excavations were made near the village of 

Santana, about twenty-five miles in a straight line from the 
mouth of the river. The objects found, consisting chiefly of 
fragments of pottery, were met with in distinct layers a few feet 
in thickness, separated by other layers, which also contained a 
few objects, but in much smaller numbers. In excavation 
No. 3, for instance, there were three principal layers at depths 
of twelve, twenty, twenty-five feet; the last, in this case, 

far the most extenstve of the three. The pottery shows no 
s1gns of water-wearing, and it seems probable that the various 
:'-rticles h.ave bee_n put underground in the customary way 
m connectiOn w1th bunals, but not to the depth at which they 
are found at present. These burials must have been made 
during st:ccessive periods of occupation, separated by a series of 
inundations, each of which raised the general level of the 
ground several feet by the deposition of detritus from the 
mountains.,, 

From an examination of the large collections which were 
made, Mr. Gordon is of opinion that the natives of this valley 
had attained a proficiency in the art of pottery not exceeded in 
a':ly other part of Central America,-and although the specimens 
d1splay great variety in character, it is evident that the dominant 
influence was Maya. The absence of architectural remains, the 
mo?t familiar an.d remarkable feature of Maya culture in other 
regwns, he attnbutes to the absence of any available supply of 
building-stone in the valley of the Uloa. 

"It is among the pottery vessels that the Maya affinities are 
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most prominent. Of the number represented, either by entire 
specimens or by fragments, not only do the greater part exhibit 
technical qualities identical with the pottery from Copan, but 
especially in the conventional use of certain decorative motives, 
and in the employment of a graphic system common to that of 
the Codices and to the sculptured monuments of Maya, these 
affinities are very manifest. The same relationship makes itself 
felt, although in a less striking manner, in the other classes of 
objects. It is not claimed that this relationship, however 
intimate, covers the whole ground, or that there is any homo
geneity throughout the whole body of ceramic products, as if it 
were the work of a homogeneous people and represented a 
culture developed from within. On the contrary, there is in 
the tendency towards diversity of type strong evidence of an 
admixture of races, or of extensive importations derived from a 
variety of sources." 

The relation which the art of the Ulna Valley and the other 
confines of the Maya area bears to that of the great central 
Maya ruins is a matter of the deepest interest to arch[eologists. 
Although it is much to be regretted that Mr. Gordon is 
prevented from continuing his interesting researches amongst 
the ruins of Copan, it is no small satisfaction to know that he 
has found other work to do, in which his knowledge of Maya art 
will be fully utilised. 

A most interesting series of photographic and other plates 
accompanies the "Memoirs.'' 

A NEW VERTICAL COMPONENT MICRO
SEISMOGRAPH. 

THE microseismograph, devised a few years ago by Prof. 
Vicentini, of Padua, is now well known as one of the 

most valuable of the vertical pendulums used in Italy for re
cording earthquake movements. With the aid of Dr. G. Pacher, 
several improvements have been made in it, the latest being 
the construction of a microseismograph for recording the vertical 
component of the motion (Atti de! R. Ist. Veneto di scieme, 
&c., vol. !vii., I899, pp. 65-89). In many of the details, it 
closely resembles the older instruments adapted for the hori
zontal components only. The chief points in which it differs 
from the latter are the following. The pendulum consists of 
a bar of iron I ·so m. long, 75 mm. wide, and diminishing in 
thickness from ro mm. at one end to 7 mm. at the other. 
Near the thin end the bar carries three discs of lead, weighing 
altogether about 45 kg. The other end is fixed in a bracket 
built into the wall, and so inclined that the bar, under the 
action of the heavy mass, is horizontal at the free end. The 
magnifying and recording apparatus consists of two levers made 
of aluminium tube. One of these, bent at right angles (the 
longer arm being vertical), is connected with the pendulum, and 
transforms its vertical movements into horizontal ones. The 
second lever is horizontal, and its longer arm ends in a fine 
thread of glass, the point of which records the movements-of the 
pendulum, magnified about IJO times, on a strip of smoked 
paper which passes below it at the rate of 24 mm. per minute. 
The first experiments showed that for rapid vibrations the 
heavy mass remained in a practically stationary condition. Every 

carr_iage produced a group of rapid vibrations, with 
penods varymg from one to two-tenths of a second. During 
the short time in which the instrument has been at work, several 
earthquakes have been registered, and Drs. Vicentini and 
Pacher have increased the interest of the vertical component 
records by appending also those of two other microseismographs, 
givi?g the horizontal components only. These show that the 
vertical movement predominates during the whole of the time 
when the ground vibrates rapidly in a horizontal direction; and 
that the same sudden changes of intensity characterise the seis
mograms of both apparatus. The new instrument also records 
the slow pulsations which follow the rapid vibrations, but much 
less distinctly than the vertical pendulums, and it consequently 
sooner attains a state of rest. 

THE STUDY OF WAVES. 
A CLAIM for the recognition of the study of wave structures 

of the earth's surface as a distinct and not unimportant 
branch of geography was advanced by Mr. Vaughan Cornish at 
the Royal Geographical Society on Monday. For the study he 
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proposed the name kumatology, from Kvp.a, a wave. Mr. 
Cornish illustrated numerous forms of waves by means of lantern 
slides, and described in detail some curious waves, of which 
photographs were shown, which travelled up-stream, not as a 
"bore," but without change or form. These may be observed 
in streams which plough their way through sandy beaches to the 
sea. The water-wave was really controlled by a submerged 
sand-wave, the up-stream flank of which was exposed to a heavy 
shower of sand from the turbid water. The stream being shallow 
and its surface in waves, the crest of the water-wave was pushed 
up-stream as the up-stream flank of the sand-wave received ad
ditions of material. The scour of the water was thereby de
flected, and the lee slope of the sand-hill was scoured away just 
as fast as the weather slope grew. Thus the sand-hill moved 
up-stream, although every particle of sand and every particle of 
water travelled down-stream. Mr. Cornish showed photographs 
of ripple-marks mimicking organic forms, and of rippled clouds, 
and the rippLe-ridging of hill-sides, and went on to deal with the 
rippling of sand by wind, of which he has made a special study. 
Tables of measvrements were exhibited which proved that the 
shape of these ripples was approximately constant for wave
lengths from I to I45 inches. The shape was the same in 
desert sand as in the sand of the seashore, the mean ratio 

being I7'6 for the blown-sand ripples of the shore, and 
he1ght 
I8'4 for those of the desert, difference 3 '9 per cent. He had 
succeeded in reproducing these ripples by the action of a steady 
artificial blast upon ordinary heterogeneous sand, but artificially 
assorted sand containing no fine particles was not thrown into 
ripples. For this it was necessary that there should be particles 
fine enough to be tossed away by the eddy which forms in the 
lee of the larger grains. Similarly the formation of sand reefs 
or waves had been observed in the Mississippi when the mixed 
detritus begins to settle, the finer stuff' being churned up from 
the bottom, and swept away, leaving the coarser materials ar· 
ranged in ridge and furrow. Sand-dunes were built up by the 
wind on similar principles. Photographs of desert sand-dunes 
were shown, one of which exhibited the recent encroachments 
of sand which have buried the road between Karachi and Clifton. 
The sand-dunes here are admncing as a train of waves before 
the south-west monsoon. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

A GENTLEMAN who desires to remain anonymous has offered 
to give 25,oool. towards the proposed Birmingham University oR 
condition that a sum of 22 5,oool. is previously subscribed. The 
amount already promised is I35,oool. Under the terms of the 
gift the 225,oool. must be obtained within one year from now. 

THE Paris correspondent of the Chemist and Druggist states 
that M. Dabout, doyen of the Paris Faculty of Sciences, and 
Prof. Lippmann are to represent the Paris University at the 
juhilee celebrations of Sir George Stokes at Cambridge next 
June. The Faculty of Medicine and the School of Pharmacy 
will send delegates to the Congress to be held at Berlin from 
May 24 to 27, for the purpose of studying the means of combat
ing tuberculosis, especially amongst the lower classes. 

ON the recommendation of the Lord-Lieutenant the Queen 
has approved of the appointment of Prof. Alexander Anderson 
as president of the Queen's College, Galway, in succession to 
Mr. W. J. M. Starkie, who has become Commissioner of 
National Education in Ireland. Prof. Anderson was a student 
of Galway, and has held for many years the chair of Natural 
Philosophy in the College, which chair he will retain. He was 
a high wrangler at Cambridge, a Fellow of Sidney Sussex College, 
and also a Fellow of the Royal University of Ireland. He is 
well known for his many contributions to the literature of 
physics, and for the manner in which he has developed the 
science school in the Galway College. 

AN interesting investigation has just been commenced in the 
engineering department of the Massachusetts Institute of 
Technology. The object is to determine the modulus of 
elasticity or the deflection due to a load applied for a long 
interval (in this case, a year) in comparison with that due to a 
suddenly applied load. It appeared from tests made many 
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