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of the species are printed on a large chart adjacent to 
the stations at which they were collected. Prof. Hick
son directs attention to the rich harvest of seapens 
gathered around Amboyna, the Banda and Kei Islands, 
and off the south coast of Timor and Flores, and 
concludes that the Malayan region is the headquarters 
of the genera Pteroeides and Virgularia. He remarks 
that, although there is not sufficient information in 
regard to other genera to justify a similar conclusion, 
the facts as they stand are in accordance with the 
view that the Malay Archipelago is, or has been, a 
distributing centre of the Pennatulacea of the world. 
Of special interest from the point of view of geo
graphical distribution is the occurrence of the fol
lowing, all deepsea forms : Chunella gracillima, 
previously known from the east coast of Africa; the 
genus Gyrophyllum, hitherto recorded only from the 
North Atlantic; and five species of Umbellula. 

Anatomical and histological investigations have been 
made on a number of interesting points, e.g. (i) the 
ciliated radial canals, found throughout the rachis of 
Virgularia, which Prof. Hickson sugi:?;ests are con
cerned with the flow of water into and disterrsion of 
the colony; (ii) the large mesozooids of Pennatula 
murrayi. the structure of which indicates that they 
bring about rapid expulsion of water from the prin
cipal canals; (iii) the brown ciliated tubes of this 
species; and (iv) the gonadsall the species examined 
proved to be direcious and oviparous. 

Useful keys are given to the families, genera, and 
species, and the memoir is illustrated by ten plates 
and forty.five textfigures 

Prof. Hickson is to be warmly congratulated on the 
completion of this important memoir, which is charac
terised throughout by great care and sound judgment. 

EXPERIMENTAL HYDRAULICS.1 
THE small amount of evidence, which many 

engineers are willing to accept as satisfactory 
proof of some principle or empiricism used in con
nection with their designing, is sometimes surprising 
to those who combine, with engineering experience, 
knowledge of the more refined and rigid methods of 
scientific inquiry. Perhaps there is no more striking 
evidence of this than in connection with the formulre 
used by engineers, in perfect faith, to determine the 
flow of water over weirs and through orifices and 
nozzles. 

Very frequently in experimental work there is a 
want of precision in the results, owing to lack of 
appreciation of what might be called the persistence 
of hydraulic disturbance. In our technical colleges 
apparatus which is supposed to compare the loss of 
head in certain lengths of pipes of different form, and 
certainly measures something, but not that which the 
designer intended, is not infrequently used by students. 

It is to be regretted that so little attention has been 
paid in this country to precise experimental hydraulics; 
but because of that we are so much the more indebted to 
those workers who, in France and the United States, 
have added to our experimental knowledge of this 
important subject. 

The modern universities of the United States are 
issuing from their experimental stations many interest
ing Bulletins describing the results of special re
searches, and Bulletin 96 of the University of Illi
nois, though not by any means ambitious, is yet of 
sufficient importance to receive a passing notice in the 
columns of NATURE. It describes experiments on the 
effect of fixing mouthpieces of different shapes on a dis

1 "The Eff.,,t of l\fouthnieres on the Flow of Water through a Sub
merged Short Pipe." By F. B. Seely. Rnlletin No. 96. (University of 
!llinois.) 
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charge through a short drowned pipe. The apparatus 
is described, and the coefficients of discharge for a six
inch short pipe without mouthpieces at either end, and 
with the inlet projecting and not projecting inwards 
respectively, as well as for different combinations of 
mouthpieces at inlet and outlet, are given. A biblio
graphy of the subject is attached to the paper. 

ASTRONONIICAL CONSEQUENCES OF THE 
ELECTRICAL THEORY OF MATTER. 1 

CERTAIN complications have recently been intro
duced into theoretical physics or physical philo

sophy which, though not of immediate application to 
engineering, should have an interest for all educated 
people. 

The doctrine of relativitv is based essentiallv on two. 
negative experiments. O1;e of these was conducted by 
me at Liverpool, and is fully recorded in the Philo
sophical Transactions of the Royal Society for 1893 and 
1894. The outcome of the experiment is to show that 
the velocity of light is not affected in the neighbour
hood of rapidly moving matter; thus, in language 
appropriate to rether, implying that the rether is sta
tionary in space and cannot be carried along by moving 
matter; that there is no viscous or frictional drag 
between matter and rether. The other and more 
famous experiment is that of Michelson and Morley, 
which proves that the time of a lightjourney to and 
fro between points fixed to the earth is not affected by 
azimuth; which therefore appears to imply that the 
earth is not moving freely through the rether, as the 
first experiment requires, but that the adjacent rether is 
stagnant with respect to the earth's surface, as if a 
layer of some thickness were fully carried along with 
the earth in its motion through space. 

(I must here say that this is a conclusion which, 
if admitted, would involve many difficulties, and would 
complicate the relation between rether and matter 
amazingly.) 

The two experiments are thus contradictory, sug
gesting that the wording of the conclusion in terms 
of rether may be wrong; and inasmuch as all experi
ments on the rether have so far given negative n,sults 
except when there was some movement of matter rela
tive to matter, a doctrine of relativity has arisen which 
begins by postulating that such experiments always 
will give negative results, that the properties of an 
rether can never be ascertained, that things go on as 
if space were empty, that movement of matter has no 
meaning except with reference to other matter, and 
hence that in all probability the rether does not exist. 
I ought perhaps to make it clear that I myself do not 
hold this doctrine ; but on that subject I have expressed 
my own position in my British Association address, 
published by Messrs. Dent and Sons under the title 
"Continuity." 

How the velocity of light, which is an undeniable 
and metrical fact, can thus be understood or sys
tematised, without a medium possessed of definite 
physical properties, seems to conservative physicists a 
substantial difficulty at the outset. Nevertheless, they 
are willing to admit that questions directly addressed 
to the rether have always received negative replies : 
always except oncethe measurement of the finite and 
definite velocity of lifht, both in free space and in 
transparent matter. Beyond this, the three salient 
optical phenomenaviz. the Bradley aberration, the 
Fizeau convection, and the Do:ppler change of fre
quencyall involve motion of matter relative to matter. 

1 Abridgment of a lecture delivered to the student-members of the Institu
tion of Electrical Engineers on November 23, I917, by Sir Oliver Lodge, 
F.R.S. 
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To get either aberration or Doppler effect the receiver 
must move relatively to the source; to get the Fizeau 
drift there must be a material medium transmitting the 
light, and that medium must be in motion with respect 
to both source and receiver. 

We must admit, however, that if the aother is to be 
sustained as a reality, some way out of the contradic›
tion of the two experiments first cited must be found. 
Such a way out was suggested by G. F. FitzGerald, and 
shortly afterwards independently by Prof. H. A. Lorentz. 
It consists in supposing that the shape of bodies is 
slightly dependent on their motion, so that a sphere 
moving through the aother in the direction of its polar 
axis becomes an oblate spheroid with a contracted axis, 
or a slightly swollen equator, or both. Such a change 
of shape, if applicable to all matter without exception, 
would be, ordinarily speaking, undiscoverable, but 
would account for the negative result of the 11ichelson 
experiment without any appeal to the principle of 
relativity or any abandonment of the aother of space; 
for the t0andfro journey along the line of motion 
could then be considered shortened by the requisite 
amount, so that the time taken by light to travel in 
what for brevity we may call the axial direction 
(nothing to do with the axis of the earth) need be no 
longer than that taken to travel equatorially, in spite 
of its having to go in one case against and with the 
stream, and in the other case across it. 

Thus with this special hypothesis the Michelson›
Morley observation would be justified, even though the 
aother were streaming at full speed past the earth, no 
part of it being carried along with that body, entirely 
in accordance with the first experiment above cited. 
This would have the incidental advantage of rendering 
the theory of Bradleyan aberration quite simple and 
straightforward, and it would help us to begin to 
understand the relationship between aother and matter. 

The amount of longitudinal contraction necessary is 
verv small• the twohundredmillionth part of the 
relevant dirr:ension would suffice, a fraction correspond›
ing with onlv 2‰ inches in the diameter of the earth; and 
Lorentz shci’wed that on the electrical theory of matter 
such a contraction was quantitativelv to be expected, 2 

viz. an amount /( I  71:). . 
\. C' 

The Electrical Theory of Matter. 
The electrical theory of matter took its rise about 

1881 in some brilliant work of Sir J. J. Thomson, who 
showed that an electrical charge conferred on the body 
possessing it a slight extra inertia in excess of its 
ordinary mass. 

The electric inertia thus gained by a sphere of radius 
a charged with quantity e was 

2µe2; 
3a 

though this, when interpreted in micrograms, seemed 
hopelessly too small for any possibility of observation. 

The extra, or electrical, inertia was due to the mag›
netic field excited by the motion of the charge, and was 
of the nature of selfinduction; it reacted against 
acceleration or any change of velocity quite in accord›
ance with Lenz’s law. The magnitude of this inertia 
depends on the concentration of the lines of force, or, 
as we may express it, on the potential of the charge, 

2 In my British Association a<ldress "Continui·y" I indicate a preference 
for a slightly modified chang-e of this kind (see pp. 58 and u,), whereby the 
volume of a moving spherical unit remains unchanged, the polar axis shortening 

( 1  ~:) \ while the· two equatorial axes, i.e. those perpendicular to the 

motion, lengthen ( 1 -?) +l_ This does all that is necessary, and evades 

some difficulti~s. It is, on the whole, sustained by some experiments of 
liucherer. • 
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and is proportional to its potential energy. The poten›
tial is e /Ka; the energy is half the charge x the potential; 
so the expression for the inertia may be written as 
the static energy of the charge multiplied by 4/3c 2

, 

where c is the velocity of light. Hence the obvious 
smallness of the result. 3 

Some time later, viz. in 1887, Mr. Oliver Heavi›
side calculated that this electric inertia was not pre›
cisely constant, but must be a function of speed, and 
gave an expression for it at any velocity, incidentally 
showing that it tended asymptotically to an infinite 
value at the velocity of light. 

Then Sir Joseph Larmor showed that the FitzGerald›
Lorentz contraction corresponds with this extra inertia, 
by an increased concentration of the electric lines of 
force to the equator of a moving sphere, when by 
reason of motion it becomes deformed into an oblate 
spheroid. 

All this, however interesting, seemed rather academic 
and without probable realisation in practice, until in 
1899 Sir}. J. Thomson isolated the unit electric charge 
and discovered that it could exist apart from matter, 
and was of excessively minute bulk even when com›
pared with a single atom. 

The apparently insignificant expression, 2µe 2 /3a, now 
came into prominence, for the small size of an elec›
tron would mean excessive concentration of the Jines 
close to the centre of force, and therefore a perceptible 
amount of inertia, even though the charge itself were 
small. The inertia of electrons was actuallv measured 
by ingenious vacuum experiments. , 

The inertia of lightemitting particles was also 
measurable, by aid of the Zeeman effect, and was found 
to be the same; and many other measurements of 
electric mass were made and found consistent. 

Later, as we know, the speed of extra quickmoving 
electrons was measured, and their predicted extra 
inertia at high speed was verified and found to be 
correctlv accounted for bv electrical theorv, on the 
assumption that their whole mass was electrical.’ 

Hence the speculation became reasonable that pos›
sibly there was no inertia in existence other than 
electric inertia, and that the electromagnetic pheno›
m~non with which we had been familiar ever since 
Faradav and Maxwell, _and had known for a long timt> 
as self-induction, was truly the basis of all inerti_a, and 
might be held to account for, and partly to explam, t’he 
most fundamental property of matter. 

Thereupon arose various semiastronomical specula. 
tions as to the nature or structure of an atom, the most 
probable of which at the present day c;ssumes a c:ntral 
positively charg~d nucleus, of possibly complicated 
structure, surrounded by an equal opposite group of 
negative electrons revolving with intense rapiditv in 
regular orbits and subject to various known kinds of 
perturbation, the. number o~ electrons per ato1;1 in an_v 
given instance bemg determmed by the numerical posi›
tion of the substance in the chemical series of elements. 

Assuming, then, that the familiar mechanical inertia 
of all matter is wholly electrical, we may summarise 
results bv saying that when stationary in the rether 
its mass •is the sum of terms like 

m,=2µe 2 /3a, 

but that when moving with velocity v, bearing a cer

3· For example, a sphere 40 centimetres in diameter, charged to a potential 
of, say, 300,ooo volts, would have an electrostatic ener~y of ten ~illion ergs, 

and an electLical inertia, or extra mass due to its charge, of r· 33 x ~
0
0

' = 1 
X 10--18 

9x10 7 
gram, or the seventv-tholl'=and-milliont~ part of a milligr~m. . 

4. See Sir J. J. Thomson's interpr~tat10n of Kaufm-:inn s results, as ~1ven, 
for instance, in "Conduction of Electricity through Gases," p. 535: or rn my 
book on "Electrons," p. 134. 
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tain ratio to the velocity of light c, each of these terms 
becomes 

m= m0( I-::)-~ =m0 sec /3, 

where sin (3 represents 5 the ratio v Jc. 
Astronomical Applications. 

Since inertia is a function of speed, it becomes a 
question whether some astronomical perturbations may 
not thus be produced and accounted for. This problem 
I attacked in the Philosophical Magazine for August, 
1917. It is true that the motion of planets is slmv 
compared with the speed of light, but it is immensely 
quicker than that of cannonballs or of any artificial 
movement that we can cause on earth. Moreover, the 
effects, if any, may perhaps turn out to be cumulative, 
and it is well known that the position of planets has 
now been observed for some centuries with prodigious 
accuracy. 

The quickest moving planet is Mercury, and since it 
makes four journeys round the sun every year, there 
is some reasonable chance of perceptible accumulation 
of small effects in a moderate time. Now there is 
known to be an interesting historical outstanding dis›
crepancy in the motion of Mercury which the theory of 
gravitation fails to explain. 

The orbit of any planet or satellite subject to a per›
turbing cause, such as the attraction of a third body, 
was shown bv Newton to rotate in its own plane, the 
position of its perihelion changing slightly at each revo›
lution. In most cases gravitation can account for the 
whole of this progress of perihelion; but the orbit of Mer›
cury had been by careful measurement proved to revolve 
some forty or, more carefully estimated, fortythree 

1 seconds of arc per century more than could be accounted ’ 
for by any known gravitative perturbation. It is not 
much, but it is reckoned unmistakableno one ques›
tions the factand many attempts have been made to 
explain it. 

Leverrier invented an intramercurial planet, Vulcan, 
to account for this progress of the perihelion of Mer›
curv’s orbit; but no such imaginary planet has ever 
beei1 seen. Other astronomers have surmised that the 
law of gravitation mij::!ht be slightly inaccurate; or, 
again, that the force of gravity travelled at a finite 
speed. Recently Einstein has applied the theory of 
relativitv to the problem, and by extremely complex 
reasoning has arrived at the required result. 

It remains to see whether without anv of those 
efforts the straightforward and simple ,electrical theory 
of matter cannot account for the observed progression. 

Hitherto the attempt has been made to tamper with 
the force acting on the planet; we now leave the force 
alone and tamper with the planet’s inertia. as in›
creased by its motion through the ~ther, and varied 
bv any variations in that motion. 
. The whok solar system is known to be travelling 

amono the stars; and sometimes the motion of a planet 
as it ~evolves round the sun will agree in direction 

fi When velocitv is constant. as it is during pnrely tran:,;vers"’ or centrip:"tal ac›
celeration. the effective or transverse inertia is simply mo !ec f3, being greater 

than the slow speed or rest inertia in the inverse ratio ,,,..,f ( r -;:), as stated 

above: but when velocity is increasing or decreasing by reason of a longi›
tudinal force, we can write the conditions thus: 

v=c ~in f3 
1n=mo .<:ec{3 

m-;}=moc tan /3 
and F=~01~'!=moc sec2 p.<!/! 

dt dt 

= mo seci {3.1.~~ 
dt 

so that highspeed longitudinal inertia j, 1110 se6: /3, arid is greater than the 
slow speed or rest inertia in the ratio sec=: f3;, or, what is the same thing, 

(x;~)
and is also, curiomdy, greater than the trans,•erse inertia at the same speed, 
in the ratio sec2 {J. 
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with a component of the solar drift, while at othe1
timesi.e. in the other half of its orbitthe planet’s 
orbital motion and a component of the solar drift ,vill 
be in opposite directions. Thus the absolute or re›
sultant speed of the planet through the ~ther will 
varv and hence, on the electrical theorv of matter, 
its ~ffective inertia will varv too. • , 

It remains only to calcul;te what the effect of this 
varying inertia will be, given any reasonable value for 
the sun’s true motion through the ~ther of space. 

The resultant speed of the planet is to be reckoned as 
,./(v 2 + V 2 + 2vV cos ,p ), 

where ,p is the angle made by its motion v, at an~›
instant with V, the solar drift. This last has a com›
ponent’ 0 in the plane of the orbit, such that cos ,p = 
cos;\ cos 0, 0 being the longitude and ;\ the latitude 
of the sun’s true way referred to the direction of the 
orbital motion v. So, expressing mass as a function 
of velocity in lhe ordinary equation of particle dy›
namics for any central force, 

d 2zt F 1m 

0
-, + u = ,~,,, 

tt .. rt tr 

where u is written for 1/r in ordinary polar coordin›
ates, the mass will depend on phase, and will be found 
to contain a factor 1 +cos 0. 

Introducing this factor due to varying inertia into 
the above differential equati,on, I found it to take a 
form familiar to electricians, viz. : 

_'i-+Ki·+n2x=E cos pt, 
or rather a special case of this, with K=o and n=p. 
In’ other ~vords, it represents the case when !ree and 
forced vibrations are of exactly the same penod, and 
undamped; it is the equation of. perfect resonance. 
The solution accordingly shows a steadily increasing 
amplitude, without limit, as time goes on, 

x=~t, sin nt. 
271 

In the same way the astronomical problem exhibi~s 
accumulation or resonance as regards progress of peri›
helion, the perturbation being essentially synchr~nous 
with the phases of orbital revolution; a;id accordmgly 
after the lapse of, say, a century, the mmute perturba. 
tion due to fluctuating inertia, • even though so small 
as onetenth of a second per revolution, may have 
accumulated in the course of a century to the still small, 
but very perceptible, value of fortythree seconds of arc. 
Moreover, the kind of perturbation caused by fluctuat›
ing inertia, as expressed by the equa’t1on worked out in 
the August, 1917, Phil. Mat., turi:is out to be ~xactly the 
kind of perturbation required, viz. a revolut’.on of the 
orbit in its own plane; and it will be of the nght value 
provided the true or real solar drift has a component 
equal to t~vice the earth’s orbital velocity in a direction 
parallel to the minor axis. of the planet’s, orbit._ 

The progress of perihel10n of a_ planets o!"b1t,. after 
n revolutions, comes out, accordmg to this simple 
theory, 

dw = "!11-,1_v__ cos <I>, 
ec2 

where v is the average speed of the planet, and e 
the small eccentricity of its orbit; the unknow1; sola1
drift is V, in a direction making an angl~ cJ> w1t_h the 
minor axis of the orbit; and c is the velocity of light. 

Assuming a drift of the above value, s~ch as is re›
quired for Mercury, I proceeded to try its effect on 
Mars, and, as is shown in the August Phil. Mag., found 
that it caused Mars’s perihelion to revolve seven 
seconds oi arc per centurv; which, I learn,. is co_n›
sidered bv astronomers to be the outstanding d1s›
_crepancy for Mars. 
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Prof. Eddington, however, in succeeding issues of 
the Phil. Mag. (September and October, 1917), has now 
applied my theory to the Earth and Venus, and shown 
that according to it either their orbits must revolve, or 
their eccentricities must be affected, to an extent small 
indeed, but greater than is astronomically allowable. 
Also that there will be unpennissible variations of 
eccentridty for Mercury and Mars. Hence the whole 
matter is sub judice, and the last word has not been 
spoken. 

Conclusion. 

Finally, it is necessary t.o say that this astronomical 
application of the •electrical theory of matterat any 
rate as given hereassumes tha t the extra or spurious 
inertia due to motion is not subject to gravity. If it 
is a portion of the true mass, and as much subject to 
gravitational pull as all the rest of the inertia, then 
it would seem that there should be no perturbation at 
all, 6 for weight and mass will be st�ill accurately pro›
portional. 

But certain analogies suggest to me that in all prob›
ability the part of inertia dependent on motion is due 
to a:thereal reaction and is not like ly to add to the 
body’s weight. 

Until we have some theory as to the nature of 
gravity we cannot definitelv pronounce on such a point, 
though m eanwhile th.e success or otherwise of the 
above astronomical application m ay tend to bear some 
testimony on this very point. If the calculated perturba›
tion does not exist, it may mea n either that the inertia 
of matter does not vary \Vith speed as e lectrical theory 
predicts, or else that every kind of inertia, however 
caused, is fully subject to gravity, which in itself would 
be a momentous conclusion. In that case (I may say 
incidentally) the deflection of a ray of starlight grazing 
the sun or other large body is d~cidedly to be expected, 
the deflection being probably 2gR / c2

; where the g and 
R a re solar. 

vv•e must, however, anticipate that if the ultimate 
t:onclusion d0 s turn out negative , and if, taking all the 
•pla nets into consideration, no such set of :perturbations 
as is here foreshadowed can be really a llowed, it will be 
claimed as one more negative ans\ver returned by the 
;ether. And we must regretfully admit that every 
negat ive amwer tends (at leas t temporarily) to 
strengthen the apparently growing, faith in that com›
plex and perturbing view of the relat ion between space 
and time and matter which is known as the Principle 
of R e°lat ivity. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Two Theresa Seessel research fellowships, to pro›
mote original research in biological studies, are offered 
in competition by Yale University. The fellowships 
a re open to men or women, and each is of the value 
of 200/. Applications, accompanied by letters of recom›
m enda tion, reprints of scientific publications, and a 
statement of the particular problem which the candi›
date is prepared to investigate, should reach the Dean 
of the Graduate School, New H aven, Conn., U.S.A., 
before April r next. 

THE City Council of Rome has nominated a com›
mittee for the formation in Rome of an "Elementary 
School of Industrial Chemistry," with the view of 
"improving existing education on the subject and to 
:1rrange for new courses of instruction in this modern 
industry, which may have a great future in our city." 
The committee, axording to L'Economista d'Ttalia 

6 I t·ave since seen reason to modify this at fin-t sight obvious npinion,and 
have more to say on this subject; probably in the Plzilusupltical Magazine 
for February, 191 8. • 
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for J anuary r, has already commenced work, and hopes 
to be able to conclude its deliberations during January, 
so that at the end of the present school year 
the school can begin its courses and take part at once 
in the professional culture of the Rome working classes 
and ,preparations for the afterwar campaign in the 
city. 

THE a nnual meeting of the Mathematical Associa›
ciation was held on January 9 and 10. In his presi›
dential address on "Mathematics and Individuality," 
Prof. T. P. Nun_n maintained that the development of 
individuality is the only natural and reasonable ideal 
in education. He pleaded for much greater freedom 
for boys and girls in choosing both the distribution of 
their time and ,the lir.es along which their energies 
should be directed. The function of the teacher should 
be to "sta nd by," giving help in the form of guidance 
and advice , and, where necessa ry, teaching. This 
teaching should be partly collective as now, but to a 
large e.&tent it should be given to individuals, or at 
least to small groups of pupils. In this way boys and 
girls, free to follow their own bent a nd to give scope to 
their natural impulses towards knowl edge, would not 
only find much greater vividness a nd reality in their 
school work, but each of them would also 
be prepared to make later that unique contri›
bution which he alone can make to the varie›
gated whole of human life. Such freedom to 
each to m ak e the best of his life in his own way 
is the source of all higher goods; education can accept 
no lower, a nd can find no higher, aim. In a ne\Ylv 
constituted "’advanced section" Dr. ’vV. P . Milne read 
a paper on "The Graphical Treatm ent of Power 
Series." H e urged, in teaching higher algebra, both 
the use of graphical and intuitional m ethods and the 
application of the calculus. Principal Hatton raised the 
quest ion of the omission of mathemati cs from Section 
A of the new scheme for Class I. of the Civil Service 
Examination. After some discussion it was agreed 
to ask the Commissioners to add the words "and 
mathematics" to the title of subject 4 (" The general 
principles , methods, and application ;:; of science") and 
to double the number of marks assigned to that sub›
ject. 

A RECENT issue of the Educa.tional Supplement of 
the Tinies included a translation of an article pub›
lished in the Berlin Lokalanzeiger describing how 
the German working classes in pa rticular would be 
reduced to a wretched condition if Germany were to 
lose this war, or even if it were to be obliged to con›
clude a peace of renunciation. That, the a rticle urges, 
is not only applicable to the economic position of the 
German working classes, it may also be said to the 
same extent of the intellectual development of the 
masses of the people . That they will be the most 
severely a ffected if Germany is obliged to bear alone 
the burdens of war will clearly appear from a retro›
spect of what Germany has achieved until now in 
rega rd to popular education. The tota l financial needs 
of the German States amounted in 1910, apart from 
the expenses on behalf of the Imperial Army and the 
Navy, to a bout 150,000,oool.; 13•8 per cent. of thi~ was 
expended for science and instruction, 89 ,per cent. on 
schools alone, and 71 per cent. on the people’s schools. 
In IQII the G erman States and municipalities raised 
together nea rly 44,000,oool. for the schools, of which 
3,,500,000!. was for the benefit of the people’s schools 
alone. That means, the article states, that in G r.rmanv 
per h ead o f the unoulation n s. was expended. in 
England 8s., and in France 7s. •,. If in Germany until 
now more than ~0,000,000!. was spent vearlv exclu›
sivelv for educational purposes, the question arises, 
the German writer continues, if these achievements 
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