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A paper that attracted attention at the
recent annual meeting of the Society of
Naval ‘Architects and Marine Engineers was
read by Naval Constructor D. W. Taylor on
«The United States Experimental Model
Basin” at the Washington Navy Yard. This
experimental basin is simply a tank where
models for warships may be ‘tested chiefly
to obtain speed capdbilities. It has bee;_x

| operation for about'a year and it is prol

ﬁnypthe most complete of the kind in the
werld. A 1ot of agitation was required to
get Congress to authorize it. Before c;t
was completed the nayy used some patch-
work substitutes for such experiments. All
discussion as to the models of vessels au-
thorized was practically speculative, and
not until the finished shlp_s have made their
trial runs could any satisfactory data be
secured about them. Of course, it was
then too late to remedy any faults that
nuight exist in the ships.

m"rghe great value of such an experimental

tank has been shown recently in mﬂkmg

tests for the best models for the five grea
bartleships of the Georgia class which have
been authorized. These are the most powe;‘—
. ful battleships ever constructed in .fh:

ceuntry, and, Mr. Taylor says, are "mO
gurpassed in size by any vessels afloat r‘;’
under construction.” It was Very import-
ant, therefore, in battleship economy, to se-
leet the model which would give not onllly
the greggest speed—that being one of t e_
primary Tequirements of that grade of vhfst
gel—but also one that would bring t at
result about with the least engine effort.
The displacement being smaller, less armoxi
would be necessary and a more DOWETfI‘:
arrangement of fighting qualities could be
m'?.‘%::.) models, Georgla No. 1 and Georgia
No. 4 were experimented with. Model No. 4
was longer than Model No. 1, and repre-
gented a vessel of 510 tons more displace-
ment. The figures of the vessels represent-.
ed were: Model No. 1—length, 420 feet;
beam, 75 feet; draught, 23.5 feet; displace-
ment, 14,180 tons. Model No. 4—length,
435 feet: beam, 75 feet; draught, 23.5 feet;
displacement, 14,690 ¢ons. It was found
that the larger ship, being fifteen feet
longer and 510 tons heavier, wo 1d reach a
speed of nineteen knots with 2,000 less
herse power than the gmaller vessel. In
other words, it would require 21,000 horse
power to drive a Georgia built on Model N‘o.
1 at a speed of nineteen knots, while on'y
19,000 horse power would be required to
drive a vessel built on Model No. 4 at nine-
teen knots. Needless to say, Model No. 4
was selected at once for the vessels of the
Georgia class.

The decision wil' mean a tremendous sav-
ing of coal during the entire lives of the
vessels of that class. Although the Georgia
and her sisters will present fifteen more
feet of tarzet to an enemy, and although a
greater weight of armor for the percentage
of protected area may be required, the

- great increase in cruising ability, through

the conservation of horse power, will be an
enormons gain. The saving invalved in the
experiments for the Georgia class of bat-
tleships alone is worth all the money and
trouble that it cost to get the experimental
tank. <

The experiment with“the Georgia models
also emphasized the conclusion which had

een reached with nine models of the York-
town class of gunboats, namely, that length
and displacement of a vessel are the chief

‘actors involved in resistance. In other

words, the speed of a vessel depends most
apon| the length and displacement, and

Jhanges In shape, beam or draught make

very little difference In this respect,’ It is

he length and tonnage that count in driv-
ing a ship through the water. Nine models
each representing a vessel 250 feet long,
with a tonnage of 1,680, which are
the length and tonnage of the Yorktown,
were tried. | These represented vessels that
wvaried in beam from 24 feet in Model No.

1 to 48 feet, in Model No. 8, increasing

three feet in each model tried. They varied

&n draught from 21 feet in the vessel rep-

Tesented by the first model to a draught of

10.5 feet in a gradually descending scale.

No such/vafiqtion in the ratio of beam to

draught “'would occur in practice. The curves

plotted on the cards showed practically the
same resistance for all the models.

In the shallow models, however, there was
practically no interference between the bow
and stern wave systems, proving that it is
the long narrow boat with a deep draught
that produces the greatest wave disturbance
in mdtion.

These experiments with the Yorktown and
Georgia models are strongly confirmatory
of the' theory, well known in shipbuilding,

U ‘that speed, may be galned by increased
length, but there is'no known way of deter-
mining- how much length shall be given to

a vessel to secure a certain addition of

spedd with the same engine power and dis-

placement, unless model experiments are
made. All this has a most important bear-
ing upon the design for our battleships. Be-
<ause of the shallow conditions of some of
our harbors it is necessary to give our bat-
1leships fuller forms and shallower draughts
than foreign battleships of the same dfs-
placement have. It is somewhat harder to
drive a shallow ship than a deeper one of
the same displacement, and hence comes
the important factor of deciding just how
much to lengthen a battleship in order to
meake up the speed lost by having a shal-
lower design. The cost of the five battle-
ships of the Georgia class is something like
$30,000,000 and, the ratio of length to horse

power be‘ng ohtained by experiment, a

great gain is made in determining other ne-

cegsary requirements of those most expen-
sive vessels. ’

Of course, -the best way to bring an ex-
_perimental tank to its fullest state of efff-
“ciedicy would be to experiment with models
of ships actually:in. use in every possible
way .80 as to produee data that would be
known_ as constants—that is. so as to pro-
duce . fixed rules as to the ' resist:
ance of certain ~shapes and sizes of
‘vessels at given rates of speed. ' Quite a

#igood deal of this work has been earried on

. at the Washington Basin, but the necessity

of experimenting with the models for new

ships has interrupted this work. Data ob-

tained from EXPEﬂmﬁl;!g basins of. foreign

rations “were used w ﬁ ch were lacking

W “experimentss with

¢ were therefore carried on o a
- sat conclusion. ‘ !

* “An indication of the accurancy of the
““mndel experiments may be obtained in 1he
.. comparison of the speeds obtained in the

tapk and those gbtained in actual perform-
ence of certain battleshlps. The speed of
the Oregon class, et-long, on trial, was
16.8 knots.  The corresponding speed of a !
20-foot:model: in- the tank was 4.03 knots.

‘hesspeed of the Towa class, 360 feet long,
on trial, was 17.1 knots. ‘The speed of the
Icwa model in the tank was 4.03 knots. !

"“The speed of the'Kentucky class, 368 feet
long, in actual trial, was 17.1 knots. The
model's speed was 3.99/knots. The estimat- |
ed speed of the Maine class, 388 feet long, :
* s 18 krnots. The speed of the model for

; this class showed g speéll of 4.09 knots. The

- estimated speed of’the Geéorgia class, 435 -

Experimental Tank :

with the model
knots.

The eperimental tank in Washington Is In

a bullding 500 feet long and 49 feet 8 inches

wide. The basin itself is 470 feet long ard

42 feet 8 inches wide. The main section cof

the tank 1s 14 feet 8 Inches deep. It l-olds

about 1,000,000 gallons of water. The water

is taken from the city supply of Washing-

ton in the Potomae river, several miles

above the city. In order to secure thorowgh-
ly accurate data the water must be in a
like condition for all the experiments. This

means that it must be purified before it is

placed in the tank. The water therefore

is treated with a minute quantity of alum

to coagulate with any mud or sediment

in the water. It is then run through sand
filters of the pressure type. By working
the filters to their full capacity the tank
may be filled in about a week, unlesa the
city water is unusually muddy. A small
slream is kept running constantly into the
basgin to keep the water fresh and to supply
any leakage. Although it takes a week
to fill the tank it requires only four hours to
pump it dry. A twelve-inch centrifugal
pump is used. 5

On each side of.the basin just at the sur-
face there are troughs, through which the
water may be ‘“‘scummed.” These troughs
are of steel and about a foot square in sec-
tions. The troughs act as wave breakers
when a model is being rushed through the
tank at a speed that represents a high
rate in actual performance. In addition
4o these troughs to break the waves, there
is a large number of square strips of wood
set up vertically at varying distances at one
end of the basin. This wave breaker and
the troughs cause the wave disturbances
to subside almost at once when a run is
finished. If it were not for these appli-
ances there would be very long waits be-
tween the runs, and the capacity of the
tank for work would be much restricted.

The tank is spanned from side to side by
an electric carriage. It weight about thirty-
five tons, and runs on rails. The electr'e
arrangements, of course, are complex, and
it is not easy for one not acquainted with
the techmnical side of electricity to under-
stand them. For most of the experiments
one generator is used and the motors em-
ployed in moving the carriage are so set
as {o give speeds vary'ng from one-half knot
to 614 knots. These represent high speeds
in a ship’s actual performance. For ex-
ample, the Yorktown, with a displacement
of 1,680 tons, made 16.7 knots on her trial.
A corresponding speed for a twenty-foot
model of the Yorktown in the basin wou'd
be 4.93 knots. The maximum speed of
which the carriage is capable s about 20
knots in a run of about 200 feet.

It will be seen that a machine weighing
about thirty-five tons and going at the
rate of 20 knots an hour within a short
space of less than 500 feet needs powerful
brakes to stop it. There are three ways of
stopping tthe carriage as it passes over the
tank. One is by the back current of the
driving motors, which enables the carriage
to be stopped more quickly than it is start-
ed. Another method of stoppinz”if inde
pendent of electric current was obvionsly
vecessary. This is done by friction brakes
applied by hydraulic pressure. These, fric
tion brakes are at the end of the tank and
it has been found that a pressure of 660
rounds . to the square inch will hring the
carriage to a full stop from its maximum
speed within a‘distance of less than twenty
feet. These brakes have a pressura poster
of €00 pounds to the square inch. J
the frictlion brakes .ghould fail, g
still a hydraulic emergency brake which is
ready for action whenever the basin is full,
This brake would go into play . gt onee,
should the carriage plunge through the fiic-
tion brake without being arrested. fA'he
hydraulic cylinder of this brake T& below
the water level and there are no. moving
parts or adjustments to be madeé to throw
it into action. Parts of this brake are balted
into place by fastenings that
broken if the brake should come into ac-
tion; what would happen in this case has
never been shown because the brake has
never been tried.

The tank and carriage and its apparatus
being erected, the making of the models of
the vessels was the next work of import-
ance, In other countries the models tested
in the tanks are usually made of paraffine.
The suiomer temperature of Washington
would not permit the use of paraffine for
vessel models, and hence a substitute was
necessary. White pine was chosen. Wood
of this kind retains its shape better than
pardffine during weather changes, and is
many times stronger. While wood is more
difficult and expensive to fashion and is
harder to keep tight than paraffine, these
difficulties have been overcome by the use
of special machinery. Although it is harder
to give wooden models a uniform surface,
the use of a special kind of varnish has ob-
viated that difficulty. It is customary in
other countiries to make the models about
twelve feet Jong. With the larger tank at
Washington, however, it was decided to
make models twenty feet long and thus
make the gap to be bridged between model
and ship less. The mathematical ®alcula-
tions involved would be somewhat simi‘ar
with a twenty-foot model.

In the experiments thus far at Waghing-
ton the plan has been adopted of securing
five resistance curves for each model as it
13 propelled. through the water at varying
speeds. The first curve is.at the normal
displacement of the ship and at its designed
trim. The second curve is with the trim
of the model changed four inches at the
bow. The third curve is with the trim
changed four inches at the stern. The
fourth is with the model made ten per cent.
lighter, and the fifth is with the model
. made ten per cent. heavier than the normal
displacement. This system was first ap-
pliéd with the Yorktown models. Mr, Tay-
for sums up thus the interesting data secur-
ed from this experiment:

At law speeds, two or three knots; both
bow and’ stern settle. At these speeds for
some models the bow settles somewhat
more rapidly than the stern, for others the
stern begins to settle faster. Ag the speed
Increases the bow gradually ceases to set-
tle, then begins to rise rather rapidly. The
rather rapid rise continues until the'bow
returns to its-original level, and if the speed
is pushed high enough, rises above it. With
the development of a rising tendency for
the bow, the stern develops a tendency to
sink more rapidly. The net result is that
‘.hg centre of the model invariably gettles
ywhen under way. As the speed Increases,
the rate of settlement may diminish and a
tendeney to rise again may be developed.
but in no case has this tendency been strong
enough at maximum speed to nearly restore
the centre of the model to its original leve',
The fact that a model at speed settles
bodily with reference t¢ its still-water posi-
tion does not necessarily imply greater im.
:ﬂerei;nt{ln thedwater. since the water level
oun e model is disturb 2
age of the model.” T O e
The making of the models is a, delicate
operation. Through an Instrument known
as aneldograph paper, sections. of the body
man of a given ship are obtained: These

showed a speed of 4.07

&5

o
! s 3 “identify hi
feet long, is 19 knots, and the experiments are nsed for patterns for wooden cross sec- 1'08'1-}*y

tions. These cross sections are set up
fixed intervals, and strips of wood nalled
to them. The wood is smoothed off and a
miniature forimer-model of the ship is made.
A wooden block corresponding in shape and
size to the former model is then made. Tt
is of white pine, about two inches thick.
The former-model and this bloek are then
put in the model cutting machine. A roller
rolls over the former-model, and by balanc-
ed work, a saw, propelled by electricity and
driven at abont 2,200 revolutions a ‘minute,
goes over the block of wood, making an
exact duplicate of the former-model, and,
of course, a. model of the ship. The model
is measured before being taken to the ex-
periment basin) and a body plan drawn.
This is checked with the original plan and
thus the accuracy of the model is proved
beyond doubt.” _ : &

The models reseémble the original ships
only In the outline of the hulls. They are
not finished like ships, except as the outer
skin. The trials thus far have been on the
weight principle. A model by this system
is supposed to represent a certain tonnage
rather than-a certaln draught. Ballast is
placed inside the models according as the
weight is to be fixed. The model to be tried
is lifted into place by electric cams. It is
towed under the carriage as it glides over
the water. -‘Pointers attached to the carri-
age drop down into the model at each end
in such a way as to give it the same direc-
tion as the carriage and an even rate of
motion. It also gives the model sufficient
play to rise and fall or to change trim as
it goes along and feels the effect of the
waves or of the accelerated gpeed. Of course
there are the usual. indicators to mark the
speed and to record the elements of time
and distance. The distance pencil records
contact with little pins placed 304 feet
along the track. This distance represents
exactly 1-200 of a knot, and simplifies the
mathematical calculations. The carriage is
equipped with a lot of delicate
instruments which need not be des-
cribed. Sufficient has been said to give
some indication of the delicacy of the work
of testing and of making the models and
also of the important part this tank is to
play henceforth in the creation of the navy
of the United States.
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TRACTION IN WAR.

Valuable Use in South Africa of the En-
gines for Transport Purposes.

From London Times,

Col. R. E. B. Crompton, electrical engin-
eer volunteers, who has been employed on
the staff ‘in South Africa, and who has
been sent home by Lord Roberts to advise
the war office on the use and orzanization
of traction engines for war pusposes. gave
some interesting details of his espsrience
of automobiliSm as he has seen it in the
field at the dinner of the Autvmobile Club
last week,

Col. Crompton said that when he went
to South Africa he had a Surong mandate
to keep his eyes and ears open on all mat-
ters connected with automobillsm. When
he arrived at Capetown he foand that
there was a most excellent service of trae-
flon engines, under the command of Col.
Templar, taking all classes of goods from
the ships to the various railways ‘and camps
near Capetown. The engines w:re working
magnificently, but in those car'y days of
the war there was a sort of fear *nat the
use of mechanical means of trausport was
still an experiment. In dealing with the
newer form of locomotion it was nccessary
to’ gdt some engines up to tne froac. ‘This
wags done by considering them as engines
for traction, but as being required for elee-
tric lighting purposes. Once at the front
they were used for tramsporz, and from
{that time the cause of automobiigm had
not suffered in South Africa. When Lorl
Roberts wanted to- put heavier guns into
a position which was difficult, he always
sent for traction engines. The engines did
1twice whatever ‘the Boers did .and twice

whatever the English sailors did, a'thongh
the latter had by great pluck and musecle
#0¢ guns weighing five or six tons tato
difficult positions. The lesson of the war
| a8 regarded automobilism was'a very strik-
{ing one. It was this—the whole of the
{ Transvaal was one mass of dead animas,
it was impossible to feed them, ani they
died of starvation. The great outbrzak of

Soaia be_Ponteric fever was no doubt causel by the

mass of dead and dying anima's, but (rere
was not a dead or stinking traction in the
whole of South Africa. To give an idea
of the importance of automobilism he might
tell them that about seven weeks back he
was managing a line of steam tractions
from Pretoria to Rustenburg, and taey took
about 130 tons of food per week for twa
columns 20 or 30 miles west of Pr:atoria.
Thirty tons of that amount was food for
men and 100 tons was for*horses and mnies.
If they could have supplied’ self-propelied
vehicles to the columns they ecould cut
down the weight to about seven or eight
tons of fuel in place of the 100 tons of for-
age, Pretoria two months ago was starv-
ing, and if they could have got 20 tous of
food per week for human beings they wou.d
have been in clover, but that 20 tons had
to go in fodder for the horses. It would be
found, if it had not been already proved,
that all the heavier things, such as gunv,
wagons, engineers park, etc., had been and
could be ‘transported most successfully by
self-propelled machines, either steam or oil.
There was a much more difficult question.
It was his ambition to do something to
relieve the English cavalry man and mount-
ed ‘nfantry man of the huge weight the
horses had to carry. He wanted to intro-
duce into the service some light vea:cle
that could accompany the cavalry and
mounted infantry nd carry part of the
welght which killed the horses and destroy-
ed the mobility of the British army. He
saw, no difficulty in ,g:‘oduclng a 25 cwt.
engine to carry its t¥o tons of load ro
foilow the mounted troops in all places
where wheeled carriages could go. AsS an
instance of what traction engines had done
in South Africa, Col. Crompton stated that
he had seen engines gallop a 10-ton gun up
a gradient of one in five.
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AT NANAIMOI./V

Annual Meeting of Football Association
To-day—A Misealculated Hold-up.

Nanaimo, Dec. 27.—(Special) T'l_‘he
British Columbia Football Association
will hold the annual general meeting
here to-morrow night. Delegates will
be present from Victoria, Vancouver and
Extension. It is said that a proposal
will be made to send a team through the
Kootenays next spring. g

Two serious accidents happened in-the
mines to-day. . William Newberry. got
his knee crushed and S. Challinor had
his jaw fractured by the kick of a mule.

A number of city lots were sold for
three years’ arrears of taxes to-day.
The sale will be continued on Kebruary
27

The Native Sons won the piano put up
in-competition by a namber of merchants
last night, by 2,410 over the Eagles.
Over 115,000 votes, were cast. :
Gabriola island was freed from quar-
antine to-day, and the last suspect re-
leased. The end of the present week
will see the whole district with a clean
bill of health.
On Extension road to-day a masked
man tried to hold up William Callaher,
who had recently returned from South
Africa, where he served as a trooper.
Callahier stunned the man with a heavy
umbrella handle, took his:revolver away
pulled.s his magk off, but could not
%. He left the man on the

Prof. C. A. Young, in
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The sun is the most glorious of all ob-
jeets. Of all the energy that keeps things
moving on earth, 99 per cent. comes from
the solar heat. The meteors help and the
moon gives us tides; but 99 per cent: of
ali the force that moves our mills, actuates
cur own hands and voices, comes from the
solar rays.- If the winds blow, 1l is -
cause of some disturbance in the air. What
is the cause? At some point or other the
air is unequally heated; masses of air rise;
cther portions rush i to take their place,
and you have winds established. If Nia-
ara does mot rin out; if Lake Superior does
not find its way permanently to the ocean;
if the Delaware does not stop running; it
is because somewhere or other there are
pumps running that lift the water back
to the source, and those pumps are in the
sun’s rays. The constructor of the frsS
steam engine says it is ‘“‘nothing but. hot-
tled sunshine.” '

What ‘built the carbon.ia the stick of
wood from what we derive heat? - Simply
the solar rays putting the elements™af wood
together.fn a certain way, and when you
burn the stick youware allowing “be hydro-
gen to resume “its old combinarion, with
the oxygen from which it has Yeca separat-
ed before. The power that actuates results
is ‘solar power, because derived from the
food built up by solar rays. If you use a
galvanic battery, a zinc and caroon battery
with acids in it, how was Lhe _aclrl gut out
of its combinations and put in such shape
you could use it? If you trace back fhe
chemical processes by which we get these
things used in a battery, they were put
in shape by the solar rays. 1£ you leave
out the heat coming from the stars (as much
in a year as the sun gives in 2 second), acd
the heat from the meteors (about as much
as that), and all the tidal power, ali the
l.eISt oo icl)wer. ithin a quuricr of a per

am speaking within 7 £ §

cent. wlil:n I say the sun is about 93,000,000
miles away—12,000 times the diameter 9[
the earth; and so that the gnick»st .ail-
road train, on a &chedule of 60 miles an
hour, would take 175 years on the jowrney.
At two cents a mile it wou.d be ( little
over one and three-quarter millions of dol-
Jars.

The unit employed in measuring star dis-
tances is 68,000 times the distance from
us to the sun. Stellar distances are vast-
ly greater, and our sun is no greater than
any other sun. Our sun has a diameter of
860,000 miles, or 1-110 part of its distance
from us. The quantity of matter in it is
220,000 times that of the earth; the force
of gravity upon it is twenty-seven times
what it is here, so that a small man '..lke
myself would weigh about a ton, suppcs'ng
there were life there.

The average destiny of the sun is only a
quarter part that of the earth. It averages
4 little more than the density of watgy.
In all probability we don’t see tF& sun ii-
self at all; what we see is a great shel
of cloud that overlies and covers it ani
sends out light and heat. The explanatio:
of this low density is the intense hear of
the sun. The temperature we don’t know.
The investigations of the past ten years
show it to be between 10,000 and 20,000
degrees. Fahrenheit, and probably not very
far from, 14,000 degrees.

What is the temperature of the earth?
Do you mean the temperature of the North
Pole, at the equator, at thé top of moun-
tains? There isn’'t “a’ temperature of the
sun. On the whole it acts as if it were
a body covered with lampblack heated to a
certain temperature, and we ccll that the
“offective, temperature.”” At ajvery small
depth within the "solar surface the tem-
perature rises, rises, risés—justlas it does
as you descend in the earth. Then oow
is it that Its temperature is maintained?
The probability is that the temperature is
maintained by the continuance of a process
going on age after age—the process by
which the worlds were made—the system
that surrounds the sun.

Wé are quite sure that it is not produc-
ed by any action of combustion in the first
place. If so, I cannot stop to explain how
the calculation can be made, but long ago
the sun would have burned out. It could
not last but about six thousand years in
all. Neither can it be simply a warm body
cooling and bringing the heat from inside
to the outside and throwing.it off by sim-
ply cooling as a ball of iron; it would not
last long that way. Some have suggested
that it was produced by the rotation of the
sun, and that the sun’s feat is maintained
by a sort of an electric arrangement like a
Holtz machine; but it 4s very easy to cal-
culate that no heat is produced in that way,
that there is a hang back to the sun, just
as power is required to drive a dynamo ma-
chine; and the sun’s rotation would have
been stopped, on that basis, in five hundred
years,

Then there is the older idea that the
heat is produced by meteors falling on the
surface. When Tyndall wrote his book upon
the ‘“Mode of Motion,” “the theory was
maintained in that way. The idea was
that the meteoric matter falling upon the
sun might account for the radiation of heat.
A mass as large as the earth falling upon
the sun with the velocity that the earth
would acquire in dropping that distance
would supply the sun for a hundred years.
But Venus and Mercury say no! If there
were any such quantity of meteoric matter
near the sun, their orbital motions would
be diffefent. The earth would get as much
heéat from the meteors as it did from the
sun.

Helmholtz suggested about 1853 that -the
sun’s heat is maintained by Its slow shrink-
age. Supposing I hold a book in my hand
and drop it on the ffeor, what happens?
Gravity acts upon it, with a little noise;
but the main thing is, the book is warmi
ed and the floor is warmed. Motlon has
been produced and has been stopped, and
a certain amount of heat unquestionably
produced. If we put a hole through a
weight and put it on a post, and let it slide
down, it would produce heat also. Suppose
every portion of the sun's surface drops
150 feet toward the sun’s centre, diminish-
ing its-diameter about 300 feet; in that
case, on any reasonable hypothesis of the
constitution of the sun, that would account
fer all the heat that the sun sends forth.
If the sun continued shrinking faster than
that, it Is growing warmer; if it is shrink-
1ng more slowly, it ought to be cooling off
a little,

The sun is giving out 30 calories of heat
for every square metre of its surface, which
would heat 30 kilograms of water one de-
gree every minute—equivalent to about 2%
horse power energy. If by some-means or
other, we could case the sun in with ice,
60 feet thick and then let the hegat start,
it would be just one minute melting off.
‘A yearly shrinkage of 300 feet in diameter
of the sun would -have to go on for 7,000
years before detection by the best teles-
copes that we or our posterity are likely to
possess; and it could go on from seven to
fifteen million years without disturbing any-
‘thing; but the end will eome; though just
here we meet with a diffieulty with refer-
ence to the past history of the system.
The geologists want more time for the mak-
ing of the solar system by the processes
that seem ‘to be Indicated by the nebular
hypothesis, i i
If the sun is throwing off heat alike in
all directions, I do not think it can hardly

be more than 150,000,000 years old. Can it
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be that energy is expended only In radiating
from the sun to another material body?
The whole solar system does not receive
more than two-thousandth-millionth of the
heat the sun radiates. It goes off into space.
One hundred millions of possible life for
the solar system might easily become a
million millions if it only loses heat when
it gives it to something else.

By means of the actinometer the heat
of the sun’s rays is measured, though we
do not know how much to allow for ab-
sorption by the atmosphere. The Wilsun
& Gray (1¥94-5) radiomicrometer 1s ‘the
most delicate apparatus yet devised for sun
heat measurements. = At the Columbia
World’s Fair of 1893 was shown a great
reflector made of boller ifron lined with
mirror glass projecting light and heat that
ran. a two-horse-power engine as long as
the sun would shine. The invention was
Eriesson’s, who had a great idea of the
value of the sun’s rays in Egypt and other
such -countries where the sun’s rays could
be depended upon constantly. Our best
steam engines do not give one-sixth of the
power qllglnnlly shot off from the sun, stor-
ed in the coal, and finally brought under
the guidance and control of man as issuing
from the steam engine. The genera: sur-
face of the sun is at least 5,000 times as
bright as the lime light, and not more than
four or five times as bright as the electric
light you are using to-night The lime light
is an intense jet black when held up against
the solar surface,

Sun spots are a very Interesting phe
nomenon. One of the largest-spots observ-
ed was over 100000 miles in diameter. Some-
times spots do not last more than a day
or two, and the -Methuselah of the race
lived eighteen months only. They very
rarely last over a year. They do not lit
below the sun’s surface, on which they are
a sort of a boll. Meteorologists have been
discussing a theory of cold waves—spots
formed by comgealing taking place at cer-
tain portions of the solar surface; from
certain portions of the material they rive
and are congealed in rising. Usually the
sun spots are cooler than the surrounding
sun. The centre of the sun spots gives
usually not -more than a quarter as muc
heat as the surface surrounding it; bu.
when you get near the edge of the sun,
they actually are hotter than the surround-
ing photosphere. The spot of 1893 appear-
ed in connection with the great electric
storm when the telegraph lines worked with
out batteries for a whole day; and thie
great spot, just about the size of the earth,
broke out just about the time of the oc-
currence of this electrical storm, one of
the coincidences between a great solar dis-

We do not know the cause of the spots.

turbance and a great magnetic disturbance
on the earth’s surface.
Now: they are rare and again abundant.
The average interval is about eleven years.
They were exceedingly numerous in 1872,
almost disappeared in 1880, but in 1884
there was another maximum. There is no
regularity about it. Nobody knows what
makes the sight approach to periodicity of
their occurrence. Do these variations in
the sun spots affect the earth? Some con
sider them causes of storms, some of dis-
ease (cholera, for instance), some, commer-
cial crises; all sorts of happenings are
laid to the account of sun spots; but, as far
as I can make out the evidences, the line
of magnetic storms corresponds with the
sun spots.

In \years of numerous sun spots, mag
netic/storms and the aurora borealis appear
frequently; but the ednnection we cannot
account for. We do not know if they be
causé and effect. They go together. It
is pbssible that the disturbances are al-
together from outside, and affect the sun
and the earth together. Each new acces-
sion of sun spot activity breaks out on one
side of the sun’s equator or the other. They
move in well defined zones.

When we look at the solar spectrum, we
get a great multitude of diagrams, Fraun-
hofer discovered this in 1816, the Fraun-
hofer's lines being dark streaks across the
spectrum. The burning of gases produce
beautifully brilliant spectra; but where you
have a solid or a liguid you have a spec-
trum that is continuous—no markings. The
explanation of these dark lines in the solar
spectrum is that these photosphere clouds
have an atmosphere of gases over them,
and when the light from that photosphere
passes through that atmosphere, then those
lines turn dark. In getting the iron spec-
trum, the iron is not simply warm, not sim-
ply melted—but it is actually boiling, and
the iron vapor is just like the steam from
the tea-kettle, and in that condition it gives
a bright light, and then you could com-
pare the spectrum of the sun with that
of the iron and see if there is any of the
iron in the sun. The spectrum of a sun
spot shows that the darkening is due to the
presence of cooler vapors in which vana-
dlum is abundant. A blow-pipe blister in
a spectrum of the sun was due to a sudden
blast of hydrogen gas moving 160 miles a
second.

—_0
A FALLACY.

Spendthrift Expenditure by Millionaires
Not Good for Soclety.

One fallacy in relation to their wealth
seems to obtain among the millionaires
as well as among the milifons, one that
was exposed by Adam Smith in the very
year in which we started upon our nation-
al life, namely, that spendthrift expenditure
is a good thing for socicty.
fact that every great economist since his
day has demonstrated the contrary, itis a
fallacy that has not yet been rooted out of
the minds of a large majority -of even the
educated. Indeed, it might be called the
pons asinorum of economics. There are so
few even of college bred men who* have
ever given themselves the trouble to under-
atand the sobject in the abstract, and of
those few some are constantly stating pro-
positions that are altogether inconsistent.

If Adam Smith, when he first exposed the
fallacy of this belief, a century and a quar-
ter ago, implied a responsibility on the part
of the capitalist to expend money in ways
ithat would be most beneflelal to soclety, or
at least in ways that were not harmful to
it, that responsibility must be much heav-
fer to-day, with capital so enormously in-
creased and concentrated. It Is surprising,
too, that the queStion of expenditure of the
rich should have suddenly become a more
of the countries of the old world. When
Adam Smith wrote we were a hard-working
community, engaged in the sfinple occupa-
tions of clearing forests and killing Indians;
serious question with us than it is with any
shores probably as magnificent as that of
while to-day palaces have arisen on our
Diocletan at Spalato, dnd a scale of unpro-
ductive expenditure hes been initiftted, with
racing stables, ocean going yachts, ete., that
could not possibly have been equalled by
the expenditure even of Maecenas. It is
this that justifies a reassertion of some of
the axioms of economics in regard to it.
‘When the millions, as well as the mil-
licnaire thoroughly understand that absurd
and vulgar expenditure impoverishes soci-
ety, and checks the production, when they

Despite the |

learn’ that

renditure, then public opinion will compel
the ‘“‘multis” to expend their fortunes in
ways that will be more in a ce with
simplicit yand good taste, ° wvulgarity of
wasting wealth will be all the clearer when
its effect upon the public wealth is under-
stood; and no sound pubiie opinion on the
subject can be formed until the public un-
derstands the purely economic side-of the
question—Truxtun Beale, in the December
Forum.
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NATIVE RAIDERS,

Tugeri Tribé From Dutch Guinea Again
on the Warpath. 3

That piracy is not dead in New Guinea
is shown by advices brought by R. M. S.
Miowera regarding a raid on the British
possession by the piratical Tugeri tribg
from Dutch New' Guinea. The police
were warned by a messenger that a des-
perate attack was to be made on the vil-
lages under their protection, and a squad
of police under (? G. Murray, resident
magistrate, met the pirates from Tugeri
at the mouth of the Morehead river. A
severe fight on the water ensued, the g})—
lice capturing or sinking five junks. No
prisoners were taken ,and it is estimated
in this encounter over thirty were shot or
drowned. There were mnc casualties
among the government forces.

After the fight the remainder were not
pursued, and the police retired to their
station. Afterwards the Tugeri made an-
other rid on the Morehead river villages,
killing at least fifteen persons, whose re-
mains were found. The police discovered
the heads of the victims in canoes, ang
besides the two white men found, the oth-
er victims were known to be natives of,
the British possession. Mr. Murray and
the resident Dutech magistrate soon ar-
rived on the scene of the raid. They as-
cended the Morehead river and found in
the Tugeri camp one canoe. They also
saw fiften headless bodies partly buried,
belonging to the Tugeri Bio village, about
70 miles up the river. The Tugeri had
apparepntly escaped from there overland,
taking two boy prisoners, one from Sa-
moa, and one from Tugeri Bio. The Tu-
geri tribe ,who for some time past, have
given a good deal of trouble, about six
months ago concluded terms of peace
with *the British, .a most elaborate cere-
mony being carried out on the occasion
of the vice-regal visit to the islands of the
straits. Lord Lemington and the Lieut-
Governor of New Gninea, have had a
discussion with the commander of the
Dutch man-of-war ‘Sendang on matters
connected with this bloodthirsty tribe of
head hunters.
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A GIGANTIC INCUBATOR.

Remarkable Developments in the Dairy
Farming Industry in Australia.

The rapid expansion of the demand for
Australian poultry, combined with the
possible immense future of the Awustra-
lian poultry export irade, is leading to
some remarkable developments in the
dairy farming industry in Australia.
Hitherto China has enjoyed the reputa-
tion of utilizing the incubator system on
the largest scale, but that distinction is
now being secured by New South Wales,
which has not only tge largest duck farm
in the Commonwealth: but also probably
the largest incubater in the world. The
farm and incubator are sitdated at Bot-
any, near Sydney, the latter, according to
a Sydney paper, having a capacity of 11,-
440 duck eggs, or 14,080 hen eggs.

The incubator, which was designed and
constructed by its proprietor, with the
aid of an ingenjous local mechanie, is on
the hot-house primeiple; in faet, it is a
hot-house. It stands in the open and is
constructed of ‘ordinary pine weather
boards, with a corrugated iron roof.

The egg trays each hold 130 duck or
160 hen eggs, and there are four of
these end to end in eleven tiers, one
above the other, on either side of the
room, or a total of 88. . Moisture is sup-
plied in pans beneath the bottom tiers of
trays. The heat is supplied by means of
steam pipes from the boiler, which is
kept constantly going to furnish motive
power for the various works in connec-
tion with the establishment. Two steam
pipes tun along under the lowest set of
trays each side. 'The floor is composed
solely of sods of rich black loam.

In some respects the new system has
eclipsed the ordinary incubator. For in-
stance, the average of bad eggs, when
tested, has been three to four to the tray.
The first hatchings gave-43 per cent., and
the proprietor considered that those about
due would go about 50 per cent. So far
this season his incubators have given
from 10 to 80 per cent., and since he be-
gan hatching in June (the Australian mid-
winter) he has lost over 8,000 eggs in in-
cubation. At present he has about 5,000
ducklings 'which he is bringing on for
the Australian Christmas market.

Our recommendation of the new sys-
tem is its cheapness. As a matter of
fact, it costs virtually nothing, as the ex-
cess of steam from an engihe hoiler fur-
nishes all the heat required. The boiler
only consumes 9s. worth of fuel per
month: Should the hitherto successful
results be maintained, the ordinary in-
cubators now in use will be dispensed
with, and another mammoth incubator
constructed in their place. A few, of
these latter would speedily enable New
South Wales to export immense quanti-
ties of ducks and poultry to the world's
markets.
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MASONIC INSTALLATION.

Officers of Vancouver-Quadra Lodge In-
stalled on Thursday Evening.

The installation of officers of Vancou-
ver-Quadra lodge, No. 2, A.'F. & A. M.,
took place in Masonic Temple, Douglas
istreet, Thursday night, the evening of
St. John’s Day, a festival universally ob-
served by the .Masonic fraternity
throughout the world. Right Worship-
ful Bro. H. J. Salmon, P.M. District
Deputy Grand Master A. Carter, assisted
by Most Worthy Bro. McKeown, P.G. M.,
Right Worthy Bro. the Rev. C. Ensor
Sharp, grand junior warden, and Worthy
Bro. Geo. Glover, P.M., attended by
other members of the Grand lodge, con-
ducted the installation ceremony. The
following officers  were installed: Wor.
Bro, Edward B. Paul, W.M.; "Wor. Bro.
Fred. V. Robertson, I.LP.M.; Bro. Ar-
thur Walkley, 8.W.: Bro. W. F. Carey
Pope, J.W.; Bro. B. 8. Heisterman,
treasurer; " Wor. Bro. A. Maxwell Muir,
P.M., secretary; Bro. J. J. Randolph, S.
D.; Bro. A.'W. Currie, J D.: Bro. Leon-
ard Tait, §.8.; Bro. H. J. Scott, J. S.;
Bro Harry M Grahame, I.G.; Bro. Wm.
Haynes, organist; Fred, Stockham, tyler.

R. W. Bro. Salmon, on behalf of the
lodge, presented Wor. Bro. Robertson,
t}le retiring master, with an handsome
jewel, ift token of appreciation of his ser-
ches, whith was acknowledged in fitting
erms, 2

After the installation ceremeo: the
brethern retired to the wp"mroom.
where a splendid banquet was prepared
by Bro. 8. 8. Leason, proprietor of the
Hotel Victoria, which reflected great
credit on his skill ag a caterer. During
the evening the following ‘tdasts were
proposed and responded to with great en-
thusiasm by the brethern: ‘The Queen
and Craft”” by W. M.:" “The President
of the United States,” by W.M., and re-
sponded to in his usual happy manner by
Bro. the Hon. A. K. Smith, U. 8, consui;
“The Grand Lodge Officers,” by W.M.,

0000000000080000000 P ~ ° here {s no economical justifiea- |replied to by Right Wor. Bro. Salmon .
npuou«m % ‘ ¢ ,_ w | tion for the present vast, unproductive ex- jland M., Wor. Bro. McKeown and I;l\]locn-

Micking; “Newly Installed Officers,” by
R. W. Bro. Salmon, D.D.G.M., and fi{-
tingly responded to by each of  the offi-
cers; ‘“‘Sister Lodges,” by Wor. Bro. F,
Robertson, I.P.M., brought on their feet
‘Wor. Bro. C. Dubois Mason, Wor. Bro,
R. E. Brett, Wor. Bro. A. L. Belyea,
Bro Riddell, J.W., No. 1, and several
brethern from other lodges; “Visiting
Brethern,” by Bro. A. Walkley—RBro-
Dr. Hand and J. B. McKilligan replci,
the latter of whom referred to the pleas-
ure he had in being present to witness
the installation of Wor. Bro. Paul, inas-
much as he had known him as a boy, and
was well acquainted with his father and
family, and he had no doubt that if he
maintained the traditions of his family,
he would certainly prove an efficient and
worthy master; ‘“The Ladies,” by Bro.
W. F. C. Pope, J.W., who rose to the
dignity of the occasion, and showed that
tt'ne subject was a very congenial one to
him; *“The Tyler’s Toast”—To all poor
and distressed brethern, wherever dis-
persed around the globe, speedy relief to
their sufferings, and a happy return to
their native land, if so desired—was pro-
posed by Bro. H. M. Grahame, 1.G.
'ng the evening the entertainment
wag enlivened by the rendering of songs
and recitations by several of the breth-
ren, ‘Special mention should be made
of Bro. Haynes, the organist, who, with
his wviolin, assisted largely in the enjoy-
ment. ‘A very pleasant evening was
brought to a close by singing of “God
Save the Queen.”

Short Meeﬁng
Of Trustees

Question of Admitting Outside
Pupils to City Schools
Deferred.

Applications for Three Vacant
Positions on Teaching
Staff.

Nothing of importance transpired at
yesterday evening’'s special meeting of
the board of school trustees. A commu-
nication was received from Lieut.-Col.
Grant; asking that the children of the
soldiers at Work Point-barracks be per-
mitted to attend the city schools, though
residing outside the limits. The matter
was not finally dealt with, though the
request will likely be granted at next
Wednesday evening’s meeting of the
board.

Trustee Hall presided, and there were
present also Trustees Mrs. Helen Graat,
Belyea, McCandless and Drury.

The principal of the Hﬂllsidg avenne
school asked for certain supplies. Re-
ferred to supply committee.

Miss Winter, primary teacher at tl}é-
Spring Ridge school, asked for six
months’ leave of absence on account of
ill-health. Granted.

Applications for positions on the teach-
ing staff were received from Miss Dalby,
Miss Bell, Mrs. Johnson and Miss
Wheeler. Received and placed on file.

Thomas Dougall wrote asking that his
son, who attends the Central school,
though residing outwide the city limits,
be permitted to continue to attend the
school. A communication was also read
from Lt.-Col. .- Grant, commander. at
‘Work Point barracks, who asked that
the children of the soldiers should be al-
lowed to econtinue to attend the wcity
schools. There were 15 children in all
The two communications will be dealt
with at a meeting of the board to be
held next Wednesday. :

The finance committee recomimended
the payment of the aceount of J. H.
Lawson of $10 for the Burnes estate,
and that the salary of the janitress at
the Kingston street school be $12.50 per
month, commencing January 1st next.
-Adopted.

The same committee also recommend-
ed the paymegf1 of gccounts amounting
to $723.89. opted.

T?'ustee Belyea ingquired of Mr. Eaton
how many additional teachers were re-
quired. - The lattter replied that there
were three vacancies—one to sucpged
Miss Winter, one to take the position
vacated by the resignation of Miss
‘Wheeler, and one to fill a temporary
position at South Park school.

Complaint having been made aganst
the manner in which the janitor at Hill-
side avenue school was performing his
duties, it was decided to dispense with
that official’'s services on February 1st:
and the secretary was instrncted to.ad-
vertise for applicants for the position,
and also for janitor at Rock Bay schopl.
The janitor at the High school was in-
structed to prepare for occupancy the
room to be utilized as quarters for the
fhanual training school. :

Trustee Belyea enguired if the High
school examination papers could be pro-
duced. Considerable complaint was
heard regarding the nature of the ques-
tions put to the pupils. Mr. Eaton re-
plied that it was customary to wy:thho{d
the papers until they were published in
the report. :

After some discussion on the question
of the admission to attendance at the
city schools of scholars resident oufside
the limits, it was considered expedient
to give publicity to the fact that no one
would be admitted except gn application
being made to the board for admission,
when the applications will be dealt with.

The board then adjourned, to meet on
Wednesday next.

et e e
WRESTLING.

New York, Dec. 26.—Ernest Roeherl.
champion wrestler of America, and haue
Pons, the French champion, who hav
been matehed to wrestle for the cham-
pionship of the world, will meet in tl(;eu'
contest on the night of Wednesdayy
February 6, at Madison Square earden.
This was agreed upon to-day. The _mten
will receive B0 per cent. of the recewhsv
the winner to take 60 per cent. and the
loser 40 per cent.

__—————-0-—_—4"
ELECTION PROTEST.

Vanecouver, Dec. 26.—Mr. Maxwell’s
election is to be protested by the Gon&
servatives of Vancouyer, on the ground
that bribery and corruption were use
to secure his return. &

The Citizens’ Association meet to
morrow night to nominate 10 aldermen.
Robert Grant and Dr. Lefevre have con-
sented to run in Ward 1, but few busi-
ness men can be induced to run.

A AR
KILLED ON CHRISTMAS.

Bryan, Ohio, Dec. 26—Wayne Corwell,
aged 45, and Charles Conan, aged 21,
left here last night for Bla_keslee,awhere
they were to attend a Christmas dance.
In crossing the Wabash railway track
near that place they were struck by a
passenger train, and both instantly
killed. The shock caused the death of
Mrs. Conan. ¢
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