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9 pl.), is in the main devotecl to developing a 
new system of classification for the group, and 
to the criticism of Professor EIaeckel's mono-
graph, 'Die kalkschwiiinme.' 30 species were 
brought in by the Challenger, 23 of which were 
new. All these are elaborately described, 
and illustratecl by most exquisite plates, chiefly 
drawn by the author. Mr. Poljaeff expresses 
the hope, that the systematic arrangement of ' L  

the group Calcarea, here proposed, will serve 
as a sufficiently sure basis for further investi- 
gations," -a hope which will be shared by 
all, but which in the present unsettled state of 

opinion among specialists in this department, 
and in view of the scarcity of material for 
investigation, is perhaps a trifle premature. 

Other papers upon the Protozoa are prom- 
isecl, but are mostly far down in the list. The 
Ilexactinellid sponges are assigned to Prof. 
F. E. Schulze ; the Tetractinellidae, to Pro-
fessor Solles ; the Rlonactinellidae, to Mr. S. 
0. Ridley.' Nr .  H. B. Brady's paper on the 
Foraminifera, ancl Professor I-IaecBe17s on the 
Radiolaria, will probably first be printed. 

G. BROWNGOODE. 
Smithsoniari institution. 

BRITIXH A X S O  CIATION P O R  THE AD VANCEMENT O F  XCIEiVCE. 

RECENT PROGBESS I N  PHYS1CS.l 
AFTERreferring to what at  first appeared a rather 

startling experiment, the holding of a meeting of 
the association outside of Great Britain, and to the 
undoubted pleasure and benefit the members would 
receive from their visit to Canada, Lord Rayleigh 
spoke of the loss the association had met in the death 
of Sir W. Siemens, and gave a brief account of Sie- 
mens's scientific work. EIe called attention to the 
fact that i t  is now some yeais since the presideritial 
chair had been occupied by a physicist, and, while 
regretting that he should be called on to preside when 
the association met in a country of so great interest to 
the  naturalists, he proposed to do the best he could 
by giving a sketch of the progress in late years of 
physical science. 

I t  is one of the difficulties of the task, that subjects 
as distinct as mechanics, electricity, heat, optics, and 
acoustics, to say nothing of astronomy and meteor- 
ology, are included under physics. Any one of these 
may well occupy the lifelong attention of a man of 
science; and to be thoroughly conversant with all 
of them is more than can be expected of any one 
individual, and is probably incompatible with the 
devotion of much time and energy to the actual ad- 
vancement of Imowledge. Another difficulty incident 
to the task, which must be faced but cannot be over- 
come, is that of estimating rightly the value, and 
even the correctness, of recent work. I t  is not 
always that which seems at  first the most important 
that proves in the end to be so. The history of 
science teems with examples of discoveries which 
attracted little notice at  the time, but afterwards 
have taken root downwards, and borne much fruit 
upwards. 

One of the most striking advances of recent years 
is in the production and application of electricity 
upon a large scale. The dynamo-machine is, indeed, 

1 Address to the Rr~tish association for the advancement of 
sclence at Montreal, Aug. 27, 1881, by the R ~ g h t  Hon. Lord Ray- 
leigh, ILIA., D C.L., B.R.S., F.R.A.S., B R.G.6 , p~ofessor of 
experimental physlcs in the University of Cambridge, pres~rient 
of the association. 

founded upon discoveries of Faraday, now more than 
half a century old; but it has required the protracted 
labors of many inventors to bring it to its present 
high degree of efficiency. Loolring back at  the mat- 
ter, it seems strange that progress should have been 
so slow, not merely in details of design, the elabora- 
tion of which must always require the experience of 
actual worlr, but with regard to the main features of 
the problem. I t  would almost seem as if the diffi- 
culty lay in  want of faith. Long ago i t  was recog- 
nized that electricity derived from chemical action is 
(on a large scale) too expensive a source of mechani- 
cal power, notwithstanding the fact that (as proved 
by Joule in 1846) the conversion of electrical into 
mechanical worlr can be effected with great economy. 
From this it is an  evident consequence that electri- 
city may advantageously be obtained from mechani- 
cal power; and one cannot help thinking, that, if the 
fact had been borne steadily in mind, the develop- 
ment of the dynamo might have been much more 
rapid. But discoveries and inventions are apt to 
appear obvious, when regarded from the stand-point 
of acconiplished fact; and he drew attention to the 
matter only to point the inoral that we do well to 
push the attaclr persistently when we can be sure 
beforehand that the obstacles to be overcome are only 
difficulties of contrivance, and that we are not vainly 
fighting unawares against a law of nature. 

The present development of electricity on a large 
scale depends, however, almost as much upon the 
incandescent lamp as upon the dynamo. The suc-
cess of these lamps demands a very perfect vacuum, 
-not more than about one-millionth of the normal 
quantity of air should remain, -and it is interesting 
to recall, that, twenty years ago, such vacua were 
rare even in the laboratory of the physicist. I t  is 
pretty safe to say that these wonderful results mould 
never have been accomplished had practical appli- 
cations alone been in view. The way was prepared 
by an army of scientific Inen, ~/ l iose  main object 
was the advancement of knowledge, and who could 
scarcely have imagined that the processes which they 
elaborated would soon be in use on a commercial 
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scale, and intruited to the hands of ordinary nrorlr- 
men. 

The requirements of practice react in the most 
healthy manner upon scientific electricity. Jus t  as 
in former days the science received a stimulus from 
the apylication to telegrayhj, under which every 
thing relating to measurement on a small scale ac- 
quired an  importance and development for which we 
might otherwise have had long to wait, so now the re- 
quirements of electric lighting are giving rise to a new 
development of the art of measuremellt upon a large 
scale, which cannot fail to prove of scientific as well 
as practical importance. Meie change of scale may 
not a t  first appear a very important matter, but i t  is 
surprising how much modification it entails in the 
instruments, and in the processes of ineasnrement. 
For instance: the resistance-coils on which the elec- 
trician relies, in dealing with currents whose maxi- 
mum is a fraction of an ampere, fail altogether when 
it becomes a question of hundreds, not to say thou- 
sands, of amphres. 

The po~verfal currents which are now at  com-
mand constitute almost a new weapon in the hands 
of the physicist. Effects which in old days were 
rare. and difficult of observation, may now be pro- 
duced a t  mill on the niost conspicuous scale. Con-
sider, for a moment, Faraday's great discovery of the 
' inagneti~ation of light,' which Tyndall likens to 
the 7Veisshorn among mountains, as high, beautiful, 
and alone. I t  is even possible that  it might have 
eluded altogether the penetration of Faraday, had 
he  not been provided with a special quality of very 
heavy glass. A t  the present day these effects may 
be produced upon a scale that  would have delighted 
their discoverer, a rotati011 of the plane of polariza- 
tion through 1800 being perfectly feasible. With the 
aid of modern appliances, Kundt and Rontgen in 
Germany, and H. Becquerel in France, have detected 
the rotation in gases and vapors, where, on account 
of its extreme smallness, i t  had previously escaped 
notice. 

Reference was made to the importance the question 
of the magnetic saturation of iron was assuming in 
the  discussion of the problems arising in connection 
with the dynamo-machines, and to the work of Row- 
land and Stoletow on the theory of the behavior of 
soft iron under varying magnetic conditions. 

The introduction of powerful alternate-current 
machines by Siemens, Gordon, Ferranti, and others, 
is likely also to hnve a salutary effect in educating 
those so-caller1 practical electricians whose ideas do 
not easily rise above ohms and volts. I t  has long 
been known, that, when the changes are sufficiently 
rapid, the phenomena are governed much more by 
inductior~,or electric inertia, than by rnere resist-
ance. On this principle, much niay be explained that 
would otherwist seem paradoxical. To take a com- 
paratively simpit. case, conceive all electro-magnet 
wound with two contiguous wires, upon which acts 
a give11 rapidly perTodic electromotive force. If one 
wire only be used, a certain amount of heat is de- 
veloped in the circuit. Suppose, now, that the second 
wire is brought into operation in parallel, -a pro- 

ceeding equivalent to doubling the section of the 
original wire. An electrician accustomed only to 
constant currents would be sure to think that the 
heating-effect would be doublecl by the change, as 
lnuch heat being developed in each n i r e  separately 
as was a t  first in the single wire; but such a con-
clusion would be entirely erroneous. The total cur- 
rent, being governed practically by the self-induction 
of tlie circuit, would not be augmented by the acces- 
sion of tlie second wire; and the total heating-effect, 
so far from being doubled, would, in virtue of the 
superior conductivity, be halved. 

During the last few years, mnch interest has been 
felt in the reduction to an  absolute standard of meas- 
urement of electromotive force, current, resistance, 
etc.; and to this end niany laborious investigations 
have been undertaken, some of the results being 
embodied in the resolves of the Conference of elec- 
tricians assembled at  Paris. 

For the measurement of current strength, advan- 
tage may be taken of Faraday's law, that the quan- 
tity of metal decomposed in an electrolytic cell is 
proportional to the whole quantity of electricity that  
passes. The best metal for the purpose is silver, 
deposited from a solution of the nitrate or of the 
chlorate. The results recently obtained by Professor 
Eohlrausch and by Lord Rayleigh are in very good 
agreement ; and the conclusion that  one amp&, 
flowing for one hour, decomposes 4.025 grains of sil- 
ver, can hardly be in error by more than a thousandth 
part. This i lu~nber being known, the silver voltame- 
ter gives a ready and very accurate method of meas- 
uring currents of intensity, varying from a tenth of 
an amphre to four or five amphres. 

The beautiful and mysterious phenomena attend- 
ing the discharge of electricity in nearly vacuous 
spaces have been investigated and in some degree 
explained by De la Rue, Crookes, Schuster, Moulton, 
and the lamented Spottiswoode, as well as by various 
able foreign experimenters ; and a remarkable obser- 
vation by Hall of Baltimore, from which it appeared 
that  the flow of electricity in a conducting-sheet was 
disturbed by magnetic force, has been the subject of 
much discussion. 

Without doubt, the most important achievement of 
the older generation of scientific men has been the 
establishment and application of the great laws of 
thermo-dynamics, or, as it is often called, the me- 
chanical theory of heat. The first law, which asserts 
that heat and mechanical work can be transformed 
one illto the other a t  a certain fixed rate, is now 
well understood by every student of physics; and 
the number expressing the  nlecha~iical equivalent of 
heat resulting from the experiments of Joule has 
been confirmed by the researches of others, and espe- 
cially of Rowland. But the second law, which practi- 
cally is even more important than the first, is only 
now beginning to receive the full appreciation due 
to it. One reason of this may be found in a not 
unnatural confusion of ideas, Words do not always 
lend themselves readily to the demands that  are made 
upon them by a growing science; and the almost un- 
avoidable use of the word 'equivalent' in the state- 
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ment of the first law is partly responsible for the 
little attention that is given to tlle second, for 
the  second lan so far contradicts the usual statement 
of the first as to assert that  equivalents of heat and 
work are not of equal value. TFThile worli can always 
be converted into heat, heat can only be converted 
into work under certain limitations. For every prac- 
tical purpose, tlie no rk  is worth the most; and, when 
we speali of equivalents, we use the word in the same 
sort of special sense as that in mhich chemists speak 
of ecluivalents of gold and iron. The second l a v  
teaches us that the real value of heat, as a source of 
mecllanical power, depends upon the temperature 
of the body in which i t  resides: the hotter tlie body, 
in relation to its surroundings, the more available 
the heat. 

I n  order to see the relations ~vliich obtain between 
the first and tlie second law of thermo-clyna~riics, i t  
is only necessary for us to glance at  tlie theory of the 
steam-engine. Not many years ago, calculations were 
plentiful, demonstrating the illefficiency of the steam- 
engine, on the basis of a con~parisotl of the work 
actually got out of the engine with the mechanical 
equivalent of the heat supplied to the boilel. Such 
calculations took into account only the first law of 
thermo-dynamics, which deals with the equivalents 
of heat ancl morli, and had very little bearing upon 
the practical question of efficiency, which requires 
us  to have regard, also, to tlie second law. Accord-
ing to that  lam, the fraction of the total energy mhich 
can be converted into work, depends upon the rela- 
tive tempeiatnres of the boiler and condenser; and 
i t  is therefore manifest, that, as the temperature of 
the boiler caauot bc raised indefinitely, it is impos- 
sible to utilize all the energy which, according to the 
first lam of tliermo-dynamics, is resiclent in the coal. 

On a sounder view of the matter, the efficiency of 
the steam-engine is found to be so high tha t  there is 
no great margin remaining for improvement. Tlle 
higher initial temperature possible in the gas-engine 
opens out much wider possibilities; and many good 
judges look forward to a time when tlie steam-engine 
I?-ill have to give way to its younger rival. 

To return to the theoretical question, we may say, 
with Sir W. Thornson, that, though energy cannot 
be destroyed, it ever tends to be dissipated, or to pass 
from more available to less available forms. No one 
who has grasped this principle can f ~ i l  to recognize 
its immense importance in the systetn of the uni- 
verse. Every change -chemical, thermal, or nie-
chanical -which talres place, or can take place, in 
nature, does so at  the cost of a certain amount of 
available energy. The foundations laid by Thornson 
now bear an  edifice of no mean proportions, thaillis 
to  the  labors of several physicists, among wl~om must 
be especially mentioned Willarcl Gibbs, and Helm- 
holtz. The former has elaborated a theory of the 
equilibrium of heterogeneous substances, wide in its 
principles, and, n7e cannot doubt, far-reaching in its 
consequences. I n  a series of masterly papers, Helm- 
holtz has developed the conception of Jree energy, 
mith very important applications to the theory of tlie 
galvattic cell. He points out, that the mere tendency 

to solution beals, in some cases, no small proportion 
to the affinities n ~ o r e  usnally recl<oned chemical, and 
contributes largely to the total electromotive force. 
Also, in England, Dr. Alder Wright has published 
some valuable experiments relating to the subject. 

Fro111 the further study of electrolysis, we may ex- 
pect to gain improved views as to the nature of the  
chemlcal reactions, and of the  forces concerned in 
bringing them about. Lord Iiayleigh did not consider 
himself clualified to speak on receut progress in gen- 
eral chemistry; but if he might, without presump- 
tion, venture a word of recommendation, it mould 
be in favor of a more minute study of the sinlpler 
chemical phenomena. 

Under the head of scientific mechanics, it is prin- 
cipally in relation to fluid motion that advances may 
be looked for. The important and highly practical 
work of the late Mr. Froude in relation to the pro- 
pnlsion of ships is, cloul)tless, Irnown to most. Rec-
ognizing tlle fallacy of views widely held, as to the 
nature of the resistance to be overcome, he showed, 
that, in the case of fair-shaped bodies, me have to 
deal almost entirely with resistance dependent upon 
skin-friction; and, at high speeds, upon the genera- 
tion of surface-waves, by which energy is carried off. 
Although Frofessor Stoltes, and other mathemati- 
cians, hacl previously published calculations pointing 
to the same conclusion, there can be no doubt that 
the viem generally entertained was very different. 
Mr. Froucle's experiments have set the question at  
rest in a manner satisfactory to those who had little 
conficlence in theoretical prevision. i\lthouglr the  
magnitude of skin-friction varies with the smooth- 
ness of the surface, we have no reason to t h in l~  that 
it mould disappear at  any degree of smoothness con- 
sistent with an ultimate molecular structure. That  
it is connected mith fluid viscosity is evident enough, 
but the nodu us opernndi is still obscure. 

Some important work bearing upon tlle subject has 
recently been published by Prof. 0. Reynoldr, who 
has investigated the flow of water in tnbes as depend- 
ent upon the  velocity of motion, and upon the size of 
the bore. The laws of motion in capillary tubes, dis- 
covered experimentally by Poiseuille, are in com-
plete harmony with theory. The resistance varies as 
the velocity, and depends in a direct nlanner upon 
the constant of viscosity. But, when we come to the 
larger pipes and higher velocities mith nhich  en-
gineers usually have to deal, the theory mhich presup- 
poses a regularly stratified inotion evidently ceases 
to  be applicable, and the problem becomes essen-
tially identical with that  of skin-friction in relation 
to ship-propulsion. Professor Reynolds has traced 
with much success the passage from the one state of 
things to tlle other, and has proved the applicability, 
under these complicated conditions, of the general 
laws of dynamical similarity, as adapted to viscous 
fluids by Professor Stoltes. 

As also closely connected with the mechanics of 
viscous fluids, an  important series of experiments 
upon the friction of oiled surfaces, recently executed 
by Mr. Tower for the Institution of n~echanical en- 
gineers, must riot be overlooked. Vl len  the lubrica- 
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tion is adequate, the friction is found to be nearly 
independent of the load, and inucli smaller than is  
usually supposed, giving a coefficient as low as a 
thousandth. When the layer of oil is well formed, 
the pressure between the solid surfaces is really 
borne by the fluid; and the work lost is spent in 
shearing, that  is, in causiug one stratunl of the oil to 
glide over another. 

The nature of gaseous viscosity, as due to t,he dif- 
fusion of momer~tun~,  has been made clear by the 
tlleoretical and cxperimen€al researches of Naxwell. 
A flat disk, moving in its own plane between two 
parallel solicl surfaces, without co~ltact, is impeded by 
the necessity of slieari~lg the interve~li~lg layers of 
gas; and the hinderance is proportional to the velocity 
of the inorion and to the viscosity of the gas, so that, 
under similar circumstances, this effect may be taken 
as a measure, or rather definition, of the viscosily. 
From the dynamical tlieory of gases, to the develop- 
ment of which he contributed so much, Maxwell 
drew the startling conclusion that  the viscosity of 
a gas should be independent of its density; that  
within wide limits the resistance to the moving disk 
should be scarcely diminished by pumping out the 
gas, so as to form a partial vacuum. Experiment 
fully confirmed this theoretical anticipation, -one 
of the most remarlrable to be found in the whole his- 
tory of science, --and proved that the swinging disk 
was retarded by the gas as much when the barorne- 
ter stood a t  half an incll as when it stood at  thirty 
inches. I t  was obvious, of course, that the law must 
have a limit; that at a certain point of exhaustion 
the gas must begin to lose its power; and Lord Ray- 
leigh remembers discussing with JIaxwell, soon after 
the publication of his experiments, the whereabouts 
of the point at  wllich the gas vvould cease to produce 
its ordinary effect. His apparatus, however, was 
qnite unsuited for high degrees of exhaustioll; and 
the failure of the law was first observed by Kundt 
and Warbnrg, at pressures below one rnillimetre of 
mercury. Subsequeiitly the matter has been tlior- 
oughly examined by Crookes, who extended his ob- 
servations to the highest degrees of exhaustion, as 
measured by MacLeod's gauge. Perhaps the most 
remarkable results relate to  hydrogen. Froril the 
atmospheric pressure of seven hundred and sixty 
millimetres, down to abont half a millimetre of mer-
cury, the viscosity is sensibly constant. From this 
point to the highest vacuum, in which less thau a mil- 
lionth of the original gas remains, the coefficient of 
viscosity drops down gradually to a small fraction 
of its original valne. 

Such an achievement as the prediction of Maxwell's 
law of ~iscos i ty  has, of course, drawn increased at- 
tention to the dynamical theory of gases. At  the 
same time, the  theory presents serious difiicalties; 
and we can but feel, that, while the electrical and 
optical properties of gases remain out of relation to 
the  theory, no final jrlclgment is possible. 

I n  optics, attention has naturally centred upon the 
spectrum. By the nse of special photographic meth- 
ods, Abney has mapped out the peculiarities of the 
invisible rays lying beyond the recl with such success 

that our knovledge of tlleiii begins to be coniparable 
with that of those visible to the eye. Equally ini- 
portant work lias bee11 done by Langley, usi~ig a 
refined invention of his onn,  based upon the princi- 
ple of Siemens's pyroineter. Interesting results have 
also been obtained by 13ecqnere1, whose method is 
founded upon a curious actio~l of the ultm-red rays 
in erifeeblil~g the liglit emitted by pliosphorescent 
substances. One of the most startling of Langley's 
conclusions relates to the influence of the atmos-
phere in modifying the quality of solar light. By the 
comparison of observations made through varying 
thicltnesses of air, he s1ion.s that the atmospheric 
absorptioll tells most upo11 the light of high refran- 
gibility; so that, to a11 eye situated outside the atmos- 
phere, the sun ~vould present a decidedly bluish tint. 

Cornu has made use of tlie fact that the refrangi- 
bility of a ray of light is altered by a motion of the 
lumi~lonsbody to or from tho observer to determine 
whether a line is of solar or atlliospheric origin. For 
this purpose a small image of the sun is throw11 upon 
the slit of the spectroscope, and caused to vibrate two 
or three times a second, in such a manner that the 
light entering the instrnment comes alternately from 
the advancing and retreating limbs. As the sun is 
itself in rotation, and thus the position of a solar 
spectral line is slightly different according as the light 
comes from tlie advancing or from the retreating 
limb, a line due to absorption mithin the sun ap-
pears to tremble, as the result of slight alternately 
opposite displaceme~lts. But, if the seat of the ab- 
sorption be in the atmosphere, i t  is a matter of 
indifference from what part of the sun the light 
originally proceeds; and the line nlairltairls its posi- 
tion in spite of the oscillation of the  image upon the 
slit of the spectroscope. 

The instrumental weapon of investigation, the 
spectroscope itself, has made important advances. 
The niagnificent gratings of Rowland are a nevpower 
in the hands of the spectroscopists, and, as triumphs 
of mechanical art, seem to be little short of perfec- 
tion. 

The great optical constant, the velocity of light, 
has been the subject of three distinct investigat,ions 
by Cornn, Rlichelson, and Forbes. As may be sup- 
posed, the matter is of no ordinary difficulty, and i t  
is therefore not surprising that  the agreemelit allould 
be less decided than could be wished. From their 
observations, which were made by a modification of 
Fizeau's method of the toothed wheel, Young and 
Forbes drew the conclusio~l that  the  velocity of light 
i i z  vncuo varies from color to color, to such an extent 
that the velocity of blue light is nearly two per cent 
greater than that  of red light. Such a variation is 
quite opposed to existing theoretical notions, and 
could only be accepted on the strongest evidence. 
31r. Michelson, vhose method (that of Foucault) is  
well suited to bring into prominence a variation of 
velocity with wave-length, has recently repeated his 
experiments with special reference to the point in 
question, and has arrived at  the corlclusio~l that no 
variation exists, comparable with that  asserted by 
Young and Forbes. The actual velocity differs little 
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from that found from his first series of experiments, 
and may be t,akeri to be 299,800 kilometres per 
second. 

I t  is remarkable how many of the playthings of our 
childhood give rise to questions of the deepest scien- 
tific interest. I n  spite of the admirable investigations 
of Plateao, i t  still remains a mystery why soapy 
water stands almost alone among fluids as a material 
for bubbles. The beautiful development of color was 
long ago ascribed to the interference of light, called 
into play by the gradual thinning of the film. Some 
of the phenomena are, however, so curious as to 
have led excellent observers like Erewster to reject 
the theory of thin plates, and to assume the secre- 
tion of various kincls of coloring-matter. 

7.TThen the tllickness of a film falls below a small 
fraction of the length of a wave of light, the color 
disappears, and is replaced by an intense blackness. 
Professors Reinold and Rucker have recently made 
the remarkable observation, that the whole of the 
black region, soon after its formation, is of uniform 
thickness, the passage from the blacli to the colored 
portions being exceedii~gly abrupt. By two inde-
pendent methods, they have determined the thickness 
of the lslaclr film to lie between seven and four-
teen nlillionths of a millimetre; so that the thin- 
nest films correspond to about one-seventieth of 
a wave-length of light. The importance of these 
results in regard to molecular theory is too obvious to 
be insisted upon. 

I n  theoretical acoustics, progress has been steadily 
maintained, and many phenomena which were ob- 
scure twenty or thirty years ago, have since received 
adequate explanation. If some important practical 
questions remain ~uisolved, orie reason is that they 
have not yet been definitely stated. Almost every 
thing in cor~nection with the vrclinary use of our 
senses prese~its pec~lliar difficulties to scientific in- 
vestigation. Sonle Binds of information with regard 
to their surroa~ldings are of such paramount inipor- 
tance to successive generations of living beings, that  
they have learned to interpret indications, which, 
from a physical point of view, are of the slenderest 
character. Every day we are in the habit of recogniz- 
ing, without much difficulty, the quarter from which 
a sound proceeds; but by what steps we attain that  
end has not yet been satisfactorily explained. I t  has 
been proved, that, when proper precautions are talien, 
we are unable to distir~guisll whether a pure tone (as 
from a vibrating tuning-fork held over a suitable 
resonator) comes to us fro111 in front, or froni behind. 
This is what might have been expected from a n  a 
prioli point of view; but what would not have been 
expected is, that  with almost any other sort of sound, 
from a clap of the hands to the clearest vowel-sound, 
the discrimination is not only possible, but easy and 
instinctive. I n  these cases i t  does not appear how 
the possessioil of two ears helps us, though there is 
some evidence that  it rloes; and, even when sounds 
come to us from the right or left, the explanation of 
the ready discrimination which is then possible with 
pure tones is not so easy as might at first appear, 
We shoald be inclined to think that the sound was 

heard much more loudly with the ear that  is turned 
towards than with the ear that  is turned from it, and 
that in this may the direction was recognized. But, 
if we try the experiment, we find, that, a t  any rate 
with notes near the middle of the musical scale, the 
difference of loudness is by no means so very great. 
The wale-lengths of such notes ale long enough, in 
relation to the dilnensio~is of the head, to forbid the 
formation of any thing like a sound-shadow, in which 
the averted ear might be sheltered. 

In concluding this imperfect survey of recent prog- 
ress in physics, Lord Iiayleiyh said einphatically 
that rnncb of ~ r e a t  importance had been passed over 
altogether. He shonlcl have liked to speak of those 
far-reaching speculations, especially associated with 
the r~anle of &faxwell, in which light is regarded as a 
disturbance in  an  electro-magnetic rnedinm. Indeed, 
a t  one time, he  had thought of taliing the scientific 
work of >las~vell as  the principal theme of his 
address. But, like most men of genius, Ilaxwell 
delighted in questions too obscnre and difficult for 
hasty treatment; and thus, m ~ l c h  of his work could 
hardly be considered upon such an  occasion as the 
present. IIaxwell's endeavor was always to keep 
the facts in the foreground; and to his influence, i n  
conjunction with that of Thomson and Helmholtz, is 
largely due that  elinii~iation of unnecessary hypothe- 
sis which is one of the distinguishing characteristics 
of the science of the present day. 

I n  spealring unfavorably of superfluous hypotliesis, 
Lord Rayleigh did not wish to be misunderstood. 
Scie~ice is nothing without generalizations. De-
taclled and ill-assorted facts are only raw material, 
and, i n  the absence of a theoretical solvent, have bat  
little nutritive value. At  the present time, and in  
sorne departments, the accumulation of material is 
so rapid that there is danger of indigestion. By a 
fiction as remarliable as any to be found in law, v h a t  
has once been published, even though it be in the 
Russian language, is usually spolren of as 'known; '  
and it is often forgotten that the rediscovery in the 
library may be a more difficult and uncertain process 
than the first discovery in the laboratory. I n  this 
matter, we are greatly dependent upon annual reports 
and abstracts, issued principally in Germany, with- 
out which the search for the discoveries of a little- 
known author would be well-nigh hopeless. Much 
useful work has been done in  this direction in con- 
nection with our association. Such critical reports 
as those upon hydro-dynamics, upon tides, and upon 
spectroscopy, guide the investigator to the points 
most requiring attention, and, in cliscussing past 
achievements, contribute in no small degree to future 
progress. But, though good work has been clone, 
much yet remains to do. 

111estimating the present position and prospects 
of experimental science, there is good ground for 
encouragement. The multiplication of laboratories 
gives to the younger generation opportunities such 
as have never existed before, and which excite the 
envy of those who have had to learn in middle life 
much that now forms part of an  undergraduate 
course. As to the management of such institutions, 



Lhere is room for a healthy difference of opinion. 
For many Binds of original work, especially in con-
nection wilh accurate measurement, there is 1leec1 of 
expensive apparatus; and i t  is often clifficnlt to per- 
suade a student to do his best mith iniperfect appli- 
ances. mhen he Itnons that by other means a better 
result could be attained with greater facility. Never-
theless, i t  seenis important to discourage too great 
reliance upon the iristrutnent-maltel'. Nuch of the 
best origiilal work has beell clone with the Eionleliest 
appliances; and the endeavor to turn to the best 
account the means that  may be at hand develops 
ingenuity and resource more tllan tlie most elaborate 

GOVERNMENT ORGANIZATIONS. 

U. St geological survey, 

(llTol.lr proposed for tlie ensning fiscal year.) 
THE pli~ns for vo rk  to be done dnring the year 

ending June  30, 18S5,have been niaturecl as follows, 
subject to the exigencies of the seivice:- 

A70rtil AtEa?ttic district. T o p  o g r a p h y. -Tlze 
work done during the past year, in this distlict, by 
the authority of the secretarp of tlie interior, will be 
corltiilued under the general direction of Mr. Henry 
Gannett. Recognizing tlie value of the work in prog- 
ress in Masaachnsetts, the governor recolnmended 
and the legislature appropriated a sum of forty thou- 
sand dollars, to be expended during three grars -ten 
thousand the first year, and fifteen thonsaiitl during 
two succeeding years -for topographic work, lo  be 
done under the general direction of a con~missioi~ ap-
pointed to co-operate with the geological survey. This 
commission consists of Iron. F. A. Walker, president 
of the lnstitute of technology, Prof. N. S. Shaler of 
Harvard college, and Assistant H. L. Whiting of the 
coast-survey. Pour parties will be put iri the field, in 
charge of IIessrs. 11.F. TValling, Anton Karl, J .  D. 
IIoffman, and S. H. I%odfish respectively, assisted by 
Mr. W. G. Newmaii and others. The topographic 
work by the state of Kew Jeriey having ceased, and 
the material having been transferred to tile geological 
survey tvithout expense to tlie United States, i t  is 
proposed that  the topographical work be taken up by 
Mr. C. C. Vermeule, aided by competent assistants, 
under the general superintenrlence of Prof. George 
11.Cook, state geologist, ~ v h o  gives his services gra- 
tuitonsly for that purpose. 

G e n  e r a l g e o 1 o g y. -General geological work 
will be carried on in Ncw England under the dircc- 
tion of Prof. B. Pumpelly. 

South Atlantic district. T o  p o g r a p 11 y. -The 
work begun in  1882 will be continued under the gen- 
eral direction of Mr. Gilbert Thomps~n .  Six topo- 
graphieai parties will enter the field uncler Messrs. C. 
M. Yeates, Xorris Bien, F. 11.Pearson, W. A. Shum-
way, and one other; there will be also two triangula- 
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deterniinations with ready-made instrunlents. There 

is  danger, otherwise, that  the experimental educatioll 

of a plodcling student should be loo ~nechaliical and 

artificial, so that  lie is pozzled by sn~nll  clranges of 

apparatus, much as Inany school-boys are pi~zzled by 

a transposition of the letters in a diagralll of Euclid. 


I n  closing, Lord Ilayleigll touched on tlie 'Greek 

question.' or 'Greek and Latin question,' and tried 

to ease tlie fears of the goor1 souls who fear some day 

to awake and find their souls are no longer their own, 

but have been nlatle away with by sonic scientific 

investigator. 


ICAIY SC127iYT13!!XTA T101YS. 
tion p i t i e s .  one urider S.S. Gannett, with general 
assistants Xessrs. Wilson, Blair, Mcliinney, Oyster, 
ZIacliett. Hayes, Waliefield, XiblacB, Xichler, ~ l l d  
IJarrison. Thc area ~t is proposed to survey includes 
that  portion of the Appalachian region comprised in 
eastern Kentnclry, south-western Virginia, western 
Nortll Carolina, eastern Ten~lessee, north-western 
South Carolina and Georgia, and nortllern Alabama. 

G e n e r a l  g e o l o g y . - T h i s  part of the work in 

this district will be in charge of Mr. G. I<.Gilbert, 

assisted by Xessrs. I. C. Russell, I ra  Sayles, H. R. 

Qeigcr, J .  C. White, and W. D. Johnson. Tile work 

begon in the Dlstrict of Columbia mill be suspended 

during the absence of parties in the field, but the 

geologv will be extended by Mr. XcGee through parts 

of Virginia and Maryland. 


Soz~thernMississippi r a t ~ c lRocliy XO~L~Z~CL~IZdistrict. 

T o p o g r a p  h y. -Excepting in  Yellowstone Na-

tional Park, the general direction of xvork ill this dis- 

trict mill be taken by A. H. Thompson. In Arizona 

two parties, under H. M. Wils011 and a.P. Davis, 

will be assisted by BIessrs. Holman, Wallace, Maher, 

and Chapman. I n  Texas, Mr. E. M. Douglas will 

direct the work, as will Mr. R. U. Goode, with Illessrs. 

IIawlrins and 1:atcliff assisting, in parts of Eansas, 

Nissouri, and Arkansas. Some astrononlical work in  

this district will be esecuted by Mr. Robert S. Wood-

ward, ttssisted by Bush1ocl Washington. 111the Yel- 

lowstone National Park,  Mr. J. 13. 13enshawe r ~ i l l  

rcmain in charge of the work, assisted by Ensigns 

Chase and Garrett and Xr. S. A. .lpliri. 


G e  o 1 o g j-. -Arnold Hague, assisted by 1Iessrs. 

Iddings, Weed, Wright, and Daviq, will carry on the  

geological survey of tlie Yellowstone Park. 


Northern Nississippi utzd Rockv iifou~ztuin district. 

G e o I o gy. -The survey of the glacial fornlatiorls 

in this district will be continued under Prof. T. C .  

Chamberlirl, assisted by RIessrs. Salisbury and Todd. 

General geological work in Michigan, Wisconsin, and 

hlinnesota, will be continued, as heretofore, under the  

direction of Mr. R. D. Irving, assisted by Mcssrs. 

Chanveiiet, Daniells, C. W. EIall, Varlhise, and Mer- 

riarn. Dr. I?. V. Hayden will re-enter upon his inves- 

tigations of the geology of tlie Upper Jlissonri, assisted 



