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Why not call on

BRUCE & CHAPIN

before you buy nuything in the

JEWELRY LINE?

We should like to repair your watches when they need it,

at very reasonable rates.
BRUCE & OCHAPIN,
330 MAIN  STREET.

Special Discount to W, P. I. Students.

S. 1. HOWARD,

CARPENTER AND BuiLDER,

Estimates furnished on all kinds of work. Store Fronts
in Heavy Brick, Stone, or Fron Buildings a
Specialty.

RESIDENCE 63 MAIN ST,
WORCESTER, MASS.

J. P.COGIILAX. rl:(humm

cuwmm Euscrmc to.

I.P. COGHLAN, 93, Manager.

THE “COLUMBIA DYNAMO.
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Dynamos and [lotors.
Dealers in General Electrie Supplies.
Speclal Prices to Tech students. Come in and see us.
Offices, 339 Main Street,
Factory, 180 Union Street,

WORCESTER, MASS.

TECH STUDENTS SHOULD KNOW

THAT OUR STOCK OF

DRAFTING INSTRUMENTS

AND MATERIALS

IS THE LARGEST IN NEW ENGLAND,

THAT THE QUALITY OF OUR GOODS IS THE BEST
THEY ADMIT

WHEN THEY SEE THEM.

ILLUSTRATED CATALOGUE MAILED FREE.

WADSWORTH, HOWLAND & (0.,

82 & 84 WASHINGTON ST., BOSTON.
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">\, DICYCLES, ATHLETIC AND SPORTING GOODS.
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Speirs and Majestic Bicycles, Club Ontfitters, Emblems, Etc.

279 MAIN STREET, BAY STATE HOUSE BLOCK.

A . o ey Telephone, 236G-3. LINCOLN HOLLAND, Manager.
LOYELL ARMS AND CYCLE CO.
Offer SPECIAL DISCOUNTS to members of  the W, oti everything in the line «

BASEBALL, FOOTBALL & GEi\hI{AL ATHLETIC (‘()(J)Db,
Running Shoes, Sweaters, &cC.
HEADQUARTERS FOR LOVELL DIAMOND BICYCLES,

Corner Main and Foster Streets.
GEORGE S. DAVIS, Manager.

W MESSENGER & JONES,

HICH CLASE TAILLORGS,
388 WASHINGTON STREET, BOSTON.

STUDENT WORK A SPECIALTY.

Mr. Carroll, formerly of Worcester, has connected himself with us and will now attend to your
interests,

Y LUD C. HAVENER,

o %, BICYCLES,
A ATHLETIC GOODS,
= { | CLOTHING, SHOES FOR SPRINTING, ETC., ETC.
W A On'fitters to W. P. 1. CLUBS.
507 MAIN STREET.

< ECHOES OF TECH VERSE, »
- BOUND IN CLOTH, =

I’rice, 8$1.00.
stamee. READY ON DECEMBER FIRST. e
ORDERS SHOULD BE SENT TO
J. W. CHALFANT, JR,
W. 1. 1.

CHAS. HAMIL/TON,

BOOK, JOB, CARID, )
e PIRINTER.

AND NEANWSITALIIDIR

NoO. 3311 Main Street, Worcester, Mass,
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DONT L E’'T

The Dress Suit Question worry you. Come to us, we'll fix

you all right.
Dress Suits to Measure, s Prices

*“ Ready-Made,
" To Let.
Our Custom Work second to none.

86 main sweet. . DAVIS & CO.
THE DEANE OF HOLYOKE.
PUMPS, < PUMPS.

The DEANE STEAM PUMP CO., . HOLYOKE, MASS.

Reasonable.

New York, Boston, Philadelphia, Chicago, Catalogues upon application,
15 , THE & 25
BEST [T === PER CENT.
bii-Main- ST 41

oipners, W W s SN , DS

$3.00. ~- MARSs. 70 TECHS.

WE DO LARGE WORK UP TO 18 X 22.
LARGE GROUPS A SPECIALTY.

REMEMBER :
No. I8 Pearl Street, opp. P. 0. ISGGO YLancaStermetAgemy

For all kinds of BEailroad and Steamship Tickeis, Drafis, Foreign Money, Letters of Credil, Passports, Elc.
Also, Accident, Life and Fire Insurance.

e e o ropeealy soleies.” "™ Remember, 18 Pearl St., opp. P. O.
ARTHUR W. RICE. HARRY B. HOPSON.
ARTHUR W. RICE & COMPANY,
Opticians,

39 PLEASANT STREET, WORCESTER, MASS.

Artificial Eyes. Opera, Field and Marine Glasses. Thermometers. Optical Repairing.
OCULISTS' FORMULZ FILLED IN OUR OWN WORKSHOP.
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To one who attended the meeting of the
Athletic Association Febrnary 14th, or
rather to one who attended the gathering of
a few students on that day, it would seem
that athlctic interest had secen its best days
at the Institate, but such we do not believe
to be the case. True it is that appearances
are against this conclusion, but we hope that
this is a case where the clothes do not make
the man.

In another ecolumn will be found a com-
munication from the University of Pennsyl-
vania to Capt. T. F. O’Connor, of the ath-
letic team. This letter furnishes & means
for the students to show what interest they
have in athletics in genecral, and in track
athletics in partienlar. The invitation to
Tech to take part in the U. of P. meet in

April next is one that should have the care-
ful attention, not only of the Athletic Diree-
tors, but also of every student. The case as
it stands is somewhat like this, as far as we
can ascertain: A certain amount of money
has been subseribed by the students for all
departments of athletics, with the under-
standing that no more money wonld be asked
for this year; such money heing deemed
sufficient to meet all obligations of the ath-
letic association. Of this money none
be taken to send our athletic team to Phila-
delphia withont incurring a debt for the
association. The natural conclusion wonld
be that Tech should not enter its team in the
Pennsylvania races, but it does seem too bad
that such shounld be the case. Students, will
you permit it

can
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It is hardly necessary to go into the
details of the advantage that would ac-
true to the Tech by its participation in
this meet, even if it should lose. The
colleges in whose class we are placed are
snitable opponents in every way for the
Worcester Polytechnie Institute, and we
would seem to have a fair chance of winning
our race. The meet coming on Satarday,
April 25th, makes it highly improbable that
the Facnlty will offer any objection, if the
association, or rather if the students, decide
to enter a team. The only obstacle we can
gee is the lack of funds, but there is hope
that this obstacle may be removed. The ex-
penses of sending a team to Philadelphia
wonld not be so great as at first glance would
be supposed. $100 it seems to us would more
than cover all expenses. There are at present
over 200 students in Tech. If each
would contribute fifty cents, we could enter
a team.

Under ordinary circumstances we would
not advise Tech to enter a team in such a
meet provided additional subseriptions from
the stadents would be necessary, but this
case seems to be a special one, in which
the end justifies the means. You, students,
especially you who were too busy to answer
the call of the athletic association to a meet-
ing on February 14th, now have a golden
opportunity to deny the allegation east upon
you; you, we say, have an excellent chance
to show that on that day you were not dead,
but only sleeping. Wake up, Look around
you! See what good you can do, and then
come forward and make it possible for
Worcester Tech to aceept the above men-
tioned invitation.

man

The prospects of a good season in baseball
this spring seem fairly good now. Bat then
prospects always seem good here at the begin-
ning of a season, though before many weeks
have passed, through the inactivity and laissez
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Juaire attitude of the students, the aspect
for the manager becomes decidedly gloomy.
Be that as it may, the coming season cer-
tainly promises to be a snccessful one from
the present point of view. With such men as
Capt. Zaeder and five others of last year’s
team still in college, and several candidates
for the varions positions on the team, a nine
well fitted to represent the Institnte shonld
be in the field this year. The weakest point
scems to be that of pitcher, but as there are
several good men in the Freshman class, the
indoor training it is hoped will develop them.

And now a word to the members of the
Freshman elass,  Let every 99 man remem-
ber that it is just as much his daty to try for
the team as it is the duty of an upper class-
man ; that the material in the other classes is
fairly well known, while several dark horses
may be in his ¢lass, and he may be oneof them ;
that all members of the Institute will stand
on the same level or, in other words, that the
best man will be chosen for the best place;
that faithfalness in practice will be much in
one’s favor; that when it is hard to decide
among scveral candidates that faithfulness in
all things may carry the day ; and last, but not
least, that he should put Tech before class in
baseball as in all things.

It is not our intention to tell our readers
more than we already have about the
Current Topies Club, but we ecannot re-
frain, after its last meeting, from calling the
attention of the students to this clab which
deserves their support. To the student who
is indifterent to this elub we would say, that
he does not know anything abont it. Learn
gsomething of its workings—in other words at-
tend one of its meetings,— and then, we war-
rant you, you will be anxious for its sucecess;
especially if yon could have attended the last
meeting would you have come away not only
pleased, but also firmly convinced that the
Current Topies Club fills a long felt want.
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The last meeting of the Engineering Soci-
ety was exceedingly interesting and profitable
to all who attended. The authors of the
three papers read at this meeting have very
kindly given them to us for publication, but
lack of space prohibits the insertion of all
three of them at once. In this issue will be
found Col. James Franeis's paper on “Power;”
our next number will contain the article of
Mr. C. L. Gritlin, on “The Electrieal Equip-
ment for an Overhead Travelling Crane;”
and in the issue of March twenty-first will be
found the paper of Mr. Clinton Alvord, on
“Eccentrie Bevel Gears.”

-

WASHBURN ENGINEERING SOCIETY.

Three able and interesting papers were pre-
sented at the meeting of the Washburn Engi-
neering Society, Monday evening, the 10th inst.

After the meeting had been ealled to order by
President Mayo, the minutes of the preceding
meeting were read by Seeretary Alden.  Mr.
George . Camp, 'S8, wus elected to member-
ship.  The President then introduced Col. James
Francis, Chief Engineer of the Canal and Loeks
Co.. on the Merrimack River, who read a paper
on = Power.”  The next paper. on ** Eecentrie
Bevel Gears.” was delivered by Clinton Alvord,
86, This paper was illustrated by a diagram
and a full size model, the working of which ex-
cited considerable interest.  The last paper was
not advertised in the notice of the meeting, Mr.
Charles L. Griftin, "85, telegraphing to Professor
Alden, in the morning. from Springlield. that he
would be able to deliver it. The sabjeet, = The
Electric Equipment for an Overhead Travelling
Crane.” dealt particularly with the cranes of the
Shaw Eleetric Company, which were designed by
Mr. Griflin.  Each of the speakers, at the ¢ dose
of his paper, was |1tlt°-tlum-tl by the members,

-

POWER.

Read by Col. James Francis of Lowell, Mass., before
the Washburn Enginecring Society,
Fehbruary Tenth.

Power, derived from water, or from steam, or
transmitted by electricity, is one of the great and
important problems of the day, and it is interesting
to follow and watch the gradual solution of the
problem and the steady advance and improvement of
methods in every department relating to the trans-
mission of power and the machinery required to
develop it. Our Technical schools are striving to
educate the yonth of to-day, not only in theoretical
work, but also in a practical way. Laboratories and
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workshops of recent origin, give opportunities
greatly in advance of former methods, and the
results are astonishing. To-day the graduates are
prepared for responsible positions at once, and as a
rule bring with them new ways and new ideas which
are not alw ays accepted with xood arace by old fogies
educated in the old way, but nev ertlu]w- the new
ways are the best and indicate real progress.

The last census of 1880 rives the approximate
amount of power utilizedd in New England alone as
743,000 horse powers, of which fifty-seven per cent.
is water power, and in my judgzment the next census
will more than double this amount, and the large
increase is due chiefly to the introduction and devel-
opment of electric power,

Many years ago the water power of the Merrimack
River at Lowell was permanently leased to the ten large
manufacturing companies, by the company that con-
trols the water power of the river. At that time the
mills were run by water power only. It was before
the time of the introduction of steam engines, The
total power of the Merrimack River was estimated to
be about 139 mill powers, equivalent to a fiow of
about 3,600 cubie feet per seeond, and this repre-
sented about the minimum tlow of the river. Im-
provements have been made by increasing the height
of the flashboards at the main dam, which has the
effect of materially enlarging the Mill Pond, which is
upwards of eighteen miles in length, At great
expense the right to raise and use the water in Lake
Winnipisscogee, the water area of which is upwards
of seventy-two square miles, was secured, which
served as a reservoir to draw from in low stages, and
until recently was used for that purpose. With these
improvements, it is a rare event when the river fails
to supply the power leased, which is equivalent to a
flow of 3,600 cubic feet per second for fifteen hours a
day. The rapid growth of the industries requires
a very large increase of power, and steam power is
used in connection with the water power, and the
combined power at the present time is upwards of
20,000 horse powers.

A ““mill power™ of the olden times, which is the
unit of measurement, may be deseribed as the power
then required to run a cotton mill. A cotton mill in
1834 was considered to be complete if’ it contained as
many as 3584 spindles spinning No. 14 yarn, with all
the apparatus and machinery to convert the cotton
into cloth. ‘This was taken as the standard for what
was called a mill power, and it was found by experi-
ment thatit required, as nearly as could be ascer-
tained, 25 cubic feet of water per second on a fall of
30 feet, when used on the old style of breast wheels,
to drive the standard mill of 3584 spindles, and to
convert the cotton used in that mill into cloth.

The standard mill power at Lowell is the right to
draw 25 cubic feet of water per second on a fall of
30 feet. The application of this standard to the va-
riations of the height of water in the canpals and
river becomes a little complicated in practice, be-
cause an inflexible rule was made that one foot shall
be deducted from the actual fall, and also from the
standard of 30 feet, before computing the proportion
between them. As an example, where the actoal fall
is 28 feet the quantity of water in a mill power in-

30-1
creases from 25 cubic feet per second to 25( )

28-1
or to 26.85 cubic feet per second, orin proportion of 29
to 27. The deduction of one foot from the fall was
considered to be an ample provision for the loss of
head which might occur in conduecting the water
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to the water wheels, and away from them after it had
performed its work. Many of the water power com-
panies throughout the country have adopted the mill
power as the unit, and in several cases it represents
the same amount of power as at Lowell.

A mill power at Lowell is equivalent to 82.16 gross
horse powers, and, it used upon turbines giving an
efficiency of 80 per cent., it is equivalent to 63.73
horse powers, and, upon turbines giving an efliciency
of 75 per cent., the mill power is equivalent to 61.62
horse powers. The largest corporation drawing
water from Merrimack river at Lowell is entitled to
245 mill powers by indentures gzranted in 1853, and
this represents about 174 per cent. of the total mini-
mum power of Merrimack river then granted to the
various companies at Lowell. A serious problem
came up soon afterwards as to how to properly dis-
tribute and measure out and control these several
grants of water power.

In 1850 but very little was Known about the meas-
urement of water on a large scale, and it was discov-
ered that the companies were graduoally enlarging the
capacity of the mills and required more and more
power, and consequently the draft upon the river was
greater than the limit of the grents. About this
time the old breast wheels began to be superseded by
turbines, a much better grade of water wheels, and
better adapted for the fluctnating stagzes of the river.
The very important problem came up as to how to
properly distribute, measure out, and control these
several grants of water power, all taking water from
one sonuree.

Authorities in hydraulics in foreign lands were
consulted. Investization of the subject was in or-
der, and the best enzineers of the day were engaged
to work out this problem. It was found that no ex-
periments of any magnitude existed that could be ap-
plied to the measurements of water on a large scale
in the canals, and it was decided to make a series of
experiments on the flow of water.

In 1851 and 1852 very extensive and satisfactory
experiments were made on the flow of water over
weirs and in rectangular flumes, and formulas were
established which are now in daily use at Lowell and
elsewhere, and the same formulas may be found in
some of the text-books on hydraulics of the present
day in this country and in Europe. The history,
data and results of these experiments are published
in book form uuder the title of Lowell Hydraulic Ex-
periments, and are particularly valuable to the stu-
dent, because great care was taken to place on record
the actual observations made in detail for the sole
purpose of encouraging and assisting him in the mat-
ter of investigation and study of problems relating to
the measurement of the flow of water as well as for
reference,

A short description of the method of measuring the
water used for power at the largest corporation in
Lowell may be of interest at this time. The meas-
uring flume is made of timber, with smooth sides
and bottom. Itis about 80 feet long between the
transit timbers placed across the canal, and about 50
feet wide. The depth of water in the flume fluctnates
to some extent, but is determined at short intervals
by means of a gauge placed in a box sitnated on the
bank at the westerly side of the flume, and about half
way between the upper and lower transit timbers.
This box has a pipe connecting with the flume, and
the level of the snrface of the water in the box is in-
tended to indicate the average depth of water in the
flame above the mean level of the bottom. Careful
measurements of the width of the flume and the
average level of the bottom are made from time to
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time doring the season, after which it remains to de-
termine the velocity of the water passing through the
flume in order to compute the flow.

Tin tubes two inches in diameter, loaded at one
end, and of a length to sink within two to three
inches of the bottom, are made to float down stream
with the current, and at the upper transit an ob-
server starts a stop-watch the moment the tube
reaches it, and follows down with the tube until it
reaches the lower transit timber, a distance of 80
feet, when he stops the watch and reads off the inter-
val of time required for the tube to pass a distance of
80 feet. The first tube is placed in the water about
20 fect up stream from the transit timber, and close
to the side of the flame, where the velocity is the
slowest. The next tube is placed a foot and a half
away from the side, and the next three feet away,
and so on, until the velocities have been taken every
foot and a half apart across the flume. Two tabes,
nsed alternately, serve very well to make these ob-
servations. In order to determine the exact track of
each tube the transit timbers are marked off into
feet across the canal, and, as the tube passes vnder
each transit, the distance from the side of the flume
is called off and recorded. The depth of water in the
flame is noted daring the passage of each tube. This
standard measurement, as measured in the canal,
represents the quantity of water used by the company
for power and for all other purposes. The leakages
are carefully noted, and allowance made for them
when it is proper to do so.

At the same time that the measurement is made in
the canal another set of observations is made at the
various turbines in the mill yard. Every turbine has
been rated, and a diagram for each prepared to show
at a glanee the discharge of the turbine when the
height or opening of the speed gate and the head
acting upon the turbine is known. These observa-
tions and the resnlts are entered on a sheet made for
the purpose. A comparison of these two measure-
ments made at the same time serves the important
purpose of establishing a co-efflcient that can be ap-
plied to observations which are made at the turbines
twice daily throughout the year.

A comparison of a few measurements made in 1895,
which are selected on account of different conditions
of flow, will give a fair idea of the results obtained in
general practice. They are as follows:

CEOE - B PR
; £z £23 z bt
g2 g iz g £3
&x = =" a =
Cub. fi. Cuh. ft. Cub. ft.
per see. per see., per sec
June 17, A. M., 891 918 27 0.97
S * 778 804 25 0.97
July 11, P. M., 1154 1164 10 0.99
Nov.26,A. M., 1241 1271 30 0.98

The original grant to this company amounts, as I
have stated, to 245 mill powers, equivalent to a flow
of 617 cubic feet per second, and a glance at the ta-
ble indicates that there are times when the company
uses nearly double the amount of the original grant.
The value of the surplus power of the river to these
companies is fully equivalent to the value of steam
power, but, to encourage the use of it, the ordinary
charge is made a little less than the cost of steam
power. As aruale, the companies prefer the water
power when it can be had,
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A charge of 24 per day per mill power on turbines
giving 80 per cent. efficiency, allowing 282 working
days per year, is equivalent to a charge of about $17
per annom per horse power; but it is found in prac-
tice that the turbines cannot be depended upon to
give an efflciency of 80 per cent. under all conditions,
and it is well to consider its cost under ordinary con-
ditions rather than on high duty turbines. Twenty
dollars per horse power per year represents a fair
price for water power used during the ordinary mill
hours, which are eleven hours a day for five days a
week, and five hours on Saturdays, making flve and
one-half working days in a week, or 286 working
days in a year, less four holidays, making the net
number 282 working days, as before stated.

Al the present time the charges for surplus water
power at Lowell are variable, and they are governed
by the amount of flow in the river. In times of
freshets and high water the charges are reduced one-
hialf, or at the rate of about $10 per horse power per
aunum, and this period also covers about one-third of
the year. Another period, when the flow of the river
is between 40 and 60 per cent. in excess of the grants,
the charges are at the rate of about 815 per horse
power per annum, and this period also covers about
one-third of the year. These charges do not repre-
sent the total expense ol water power, but only the
cost of water delivered at the wheels.

The cost of a water power plant and the expenses
incidental to running it varies very much in different
localities, depending upon the head that can be
utilized, and upon the length of the canal, and upon
the natural fluctuations of the stream from which the
power is taken, and other changeable elements.
Under favorable circumstances a plant may cost $35
per horse power to develop; another giving same
power may cost $100 per horse power. If $50 repre-
sents the tirst cost per horse power of a water power
plant the total yvearly expense will be abount as fol-
lows :

Water at $20, Water at $15, Water at 810,
per H. P per annum. per He Pu per aonom per H, P, per annum,
s26. 21. 16.

The cost of steam power is variable also, and an-
thorities differ very much in their conclusions.

Of the many important elements to be considered in
determining the cost of a steam plant and the yearly
expense o' running it, may be mentioned the size of
the plant, the cost of fuel, the type of engine, the
manner of treating the exhaust, ete. Some authori-
ties go so far as to tabulate the yearly expense of
each type of cngine, nnder various prices of coal, and
these tables are very valuable for reference.

One cent per horse power per liour has been consid-
ered a fair estimate of the total expense of running a
compound steam engine of modern type, such as may
be found in the large and prosperous factories in this
vicinity, where coal costs §4 per long tom, and two
pounds of coal are required per horse power per hour
to make steam. This cost of one cent per horse
power per hour is estimated to include the cost of re-
pairs, attendance, interest, insurance, provision for
renewal of plant, coal and other supplies, ete.

The annual cost of steam power on this basis de-
pends upon the number of hours the engine runs. At
Lowell it would amount to about $31.00 per horse
power per year, or about 85 more per horse power
per year than the highest price paid for water power.

These results serve to show in a general way the
comparative cost of steam and water power in this
vicinity at the present time, but they are not pre-
sented as indisputable nor as perfect authority in
the matter.
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In the near future we may expect rapid develop-
ment in the way of transmitting power by electricity.
It is a power admirably well adapted for manufuctor-
ing purposes. It dispenses with the necessity of
placing the plant within the limits of the mill yard,
and avoids the danger incident to having steam hoil-
ers in close proximity to the mills. It dispenses with
heavy main shafting, belt pullies and large belts. In
the event of a breakdown of machinery in any part
of the mill the section can be shut off without dis-
turbance to the rest of the mill. The power can be
conveniently and accurately measured at slight ex-
pense.  The movement has already begun, and more
than one large mill has recently been built in the
South thoroughly equipped to run by power trans-
mitted from turbines sitnated quite a distance away.
At Niagara three magnificent 5000 horse power tur-
bines are in place, the largest and most powerful tur-
bines in existence, and the power is to be transmitted
at various points wherever it may be needed. 'These
turbines are acting under about 136 feet head, and the
computed discharge of each is somewhere in the vi-
cinity of 435 cubic feet of water per second, which is
but a small fraction of the ordinary flow passing the
falls, & conservative estimate of which is upwards of
300,000 cubic feet per second, and the total power
upwards of 3,500,000 horse powers.

At the large institutions for scientific education,
including, as a matter of course, the Worcester
Polytechnic Institute, it has become part of the
regular work to investjzate, by experiment, some
of the important sections of mechanics and hy-
draulics which cannot be solved by theory alone.
Among them may be mentioned experiments
upon the economy of steam; experiments upon
the flow of water through oritices and hose
pipes; experiments upon the strength of wooden and
iron columns; and experiments upon many other im-
portant matters, the results of which prove to be of
great value to the professional engineer.

In connection with your Institute are found excel-
lent facilities for this kind of work. The hydraulic
experimental plant at Chatfln's affords unexcelled op-
portunities for obtaining certain data and informa-
tion relating to the flow of water. It is hardly
enough for the Institute to go through the same
methods of experimenting over and over again on the
eillciency of the one turbine now in place, or of the
other apparatus arranged for experiments. The lo-
cation and liberal provision for the use of water is
admirable, and it may be a pardonable offence if a
suggestion is offered in regard to making a careful
and comprehensive series of experiments on the flow
of water through different forms of draft tubes at
Chattin’s.

The draft tube has become a prominent factor in
the construction and arrangement of modern centre
vent turbines, and especially of the type made to run
on horizontal shafts. A turbine arranged as the one
at the experimental station at Chafln’s is a very good
example of the modern structure, where the wheel is
placed on a horizontal shaft far above the water line
in the wheel-pit, and at a height convenient for the
best arrangement of the main shaft, to which the tur-
bine is connected, and having a draft tube, so called,
which not only takes the water after it has passed
through the turbine and discharges the same ata
level below the water line in the wheel-pit, bot it is
designed with a view to utilize that part of the fall
and to originate or create as much power as would
be done if the turbine was placed at the bottom of it.
If there was no draft tube, and the water discharged
from the turbine freely into the air, it is evident that
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only a portion of the fall at Chatlln’s would be
utilized, equivalent to the power due to the height of
water in the penstock above the axis of the turbine.
The draft tube, with its lower end immersed, has the
effect of utilizing the balance of the fall, or that por-
tion of the fall which is between the axis of the tur-
bine and the level of the water in the wheel-pit, or in
other words, the fall within the limit of the draft
tube.

The water, as it passes through the draft tube, per-
forms its work by suction. The power due to the
draft tobe, as measared theoretically, is the product
of the flow in pounds per unit of time into the height
of the column of water in the draft tube. The flow
of the water throngh the draft tube, when the lower
end is immersed, accelerates the velocity of the water
passing through the buckets of the turbine by suc-
tion to a speed that is equivalent to the velocity due
to the total head, or the whole height from the
surface ol the water in the wheel-pit to the surface
of the waler in the penstock above the turbine.

Practically but little is known of the efliciency of
the various forms of draft tubes in use at the present
time, and it remains for the careful and intellizent
experimenter to work out the models that will give
the hest results. Designers of turbines are often
governed by circomstances which are unfavorable
for a good form and arrangement of the draft tube.
Undoubtedly the makers have given much thought
and study to the subject, but with the facilities for
exhaustive experiments, such as are found at Chaf-
fin's, they can obtain information which will enable
them to undersiand the subject with intelligence.

Tests of the efliciency of turbines are made at
Holyoke in a lame constructed for that purpose, and
turbines of all sorts and kinds have been tested
there. Turbine makers, as a rule, have used this
flume for the purpose of obtaining data to enable
them to prepare printed tables or catalogues of the
power and discharge of turbines. The tests are,
however, made with the wheel running on a vertical
shaft, and as they have po facilities for testing turbines
arranged as the one at Chaffin’s with horizontal shaft
and draft tube, it becomes a matter of judgment with
the makers as to the comparative merits of the two
methods. Tt is a singunlar fact that many, if not all,
of the turbine makers who have prepared printed cata-
logues, are inclined to rate the wheels at the same
power, regardless of the conditions as to whether or
not the turbine can perform with the same efficiency
on a horizontal shaft and draft tube as it can on a
vertical shaft and without a draft tube, under the
same head.

Under the best of conditions, with a draft tube
constructed on scientitic principles, and with a view
of utilizing every atom of power, it is an even gues-
tion whether as much power can be obtained from a
turbine arranged that way, as from the old form on
a vertical shaft, and this important matter can only
be determined by experiments, which up to this time
are very limited in number.

A single illustration of the practice among makers
of turbines who are in close competition with each
other, will serve to show how aserious error in the
arrangement of turbines can easily be made. A
large corporatlon in Lowell recently placed three
pairs of 42-inch turbines on one horizontal shaft.
Each pair was arranged in a separate case. The
wheels faced each other, one turning to the right and
the other to the left, and they were placed with the
outlets about five feet apart and both wheels dis-
charged into one straight draft tube which was seven
feet in diameter and about five feet long. They were
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put in by contract with the makers, who gave a writ-
ten guarantee that they wounld give the power rated
in the prionted catalogue and to run satisfactorily.
The catalozne rated each of the six wheels, under a
head of thirteen feet, as follows :

Discharge of each wheel, 5,570 cubic t. per minute.

Power of each wheel, 112.81 horse powers.

Efticiency of each wheel, 82 1-2 per cent. of the
power of the water.

The corporation decided to have these wheels
tested, the work of which was carefully done at the
mills after the wheels were in readiness for use, and
the results obtained were reduced to a uniform head
of 13 feet, as follows:
Discharge of each wheel,
Power of each wheel. 91.8 horse powers.
Efliciency of each wheel 68 1-2 per cent.

One of the six wheels was tested at Holyoke on a
vertical shaft with the following resnlts, after being
reduced to a head of of 13 [eet.

Discharge of one wheel, 5705 eub. ft. per minute.
Power of one wheel, 111.0 horse powers.
Efficiency of one wheel, 78 per cent.

The combined power of the six turbines was found
to be, under 13 feet head, 126 horse powers less than
the power guaranieed by the makers, or about 81 1-2
per cent. of the power guaranteed by the printed
catalogue. The absolute loss of 126 horse powers,
which was in a great measure dne to the faulty
arrangement of the wheels and draft tubes, was a
serious matter to the corporation. After considera-
ble vexations delay, a compromise was effected. All
of the wheels were taken out and wheels of another
pattern were substituted; bat some of the objection-
able features of the arrangement and form of the
draft tubes remain as they were.

Such failures are very instructive to the profes-
sional engineer. They tend to encourage more care-
ful investigation, and it is clearly evident that much
must be done towards eliminating from the markets
some of the common and erude forms of draft tubes,
the use of which is rather encouraged from the fact
that but little attention has been given towards
ascertaining the efficiency of them, and it is prob-
able that the poorer forms of models are sometimes
selected on acount of oceupying but little space, and
for the convenience and economy of placing them in
position.

Many of the large mill owners and turbine builders
who make a study of the true economy of utilizing
water power without waste, are interested alike in
these matters; and it is very reasonable to expect
that they would cheerfully contribute liberally to-
wards defraying the expenses incident to a thorongh
investigation of the subject, and especially under
circumstances favorable to valuable results, as would
be the case if the experiments were conducted by
the Worcester Polytechnic Institute, or at least
under its supervision.

The stody of draft tubes is but one of a great
many problems in hydraulics that must be better
understood. The measurement of the flow of water,
in canals and streams, in pipes and for irrigation
purposes, is to say the least complicated and often
the results obtained will bear severe criticism. The
expense of such work as is done in Lowell every
day, is very great in proportion to the income
derived.

The same methods exist to-day, with but slight
improvements, which were in existence at the time
of the very beginning of measuring water used for
power, upwards of 40 years ago. The details of this
work are carried to an extent which prohibits the

5457 cub. ft. per minute.
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use of the system at ordinary water power plants.
and it is dope only at Lowell and Lawrence, and
perhaps one or two other places, where the owners
are determined upon baving reliable results, even at
a cost that is out of proportion to the amouant of
income derived.  The tendency to simplicity of
methods of measuring water power and the encour-
agement of thorough investigation of the subject hy
the various scientiflc institutions of learning, will
ultimately have the effect of prodocing methods of
measuring power which can be applied to small
power plants, as well as to the larger plants, and at
a reasonable cost.

CURRENT TOPICS CLUB.

The second meeting of the Current Topics
Club,  which was postponed one week on ac-
count of the storm, was held in voom 19 of
Boynton Hall, Thursday evening, Feb. 15th.
There was but a very small attendance, owing
to the weather, which was a second time unfa-
vorable for the meeting.  Viece-President Mer-
chant presided, and after a short husiness ses-
sion Dr. Mendenhall was introduced.

Before proceeding with the topic of the eve-
ning, **The Venezuelan Question.” the Doctor
urged upon the students the necessity of taking
active part in a club of this Kind, for breadth of
culture can be obtained in no better way. 1In
tuking up the Venezuela question he gave a brief
account of the history of Venezuela and the
events that led up to the controversy. The origin
of the Monroe doetrine was also traced, and it
wis upon this doetrine that it was  supposed the
Lnited States had a right to interfere. Dr.
Mendenhall spoke of the two clauses in the
famous message of 18234, one of which referred
to the attempt of any foreign country to extend
her possessions in this hemisphere ;. the other re-
lated to any attempt to control or oppress any
American republie.  He said that through no
interpretation could it be shown that our govern-
ment could  rightfully interfere under the first
clause,  If they had any right it came under the
second part of  the doetrine. 1t did not seem to
the speaker that England was attempting to
cither control or oppress Venezoela, and  that
the United States government was not author-
ized to take the position it had in the matter.
The ultimate settlement of the question was one
of great moment.  Public opinion would have
much to do with its settlement, for it always had
great weight with legislators,

If the two countries wish to settle the question
of boundary line, thereby deciding to which
country belong the rich gold mines included in
the disputed territory, the United States had no
right to interfere until it was carried to a certain
stage far from that of the present time. For us
to interfere until the Monroe doctrine had been
violated seemed very wrong.  Our stand in the
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matter did not seem to be econsistent.  In the
first place we say that we cannot allow England
to take the territory, for it will be in direct vio-
lation of the Monroe doctrine: and in the next
breath we say that whatever is satisfactory to
Venezueln will be satisfactory to  the United
States.  We have controversies now  pending
with England which are far more important
than the Venezuelan matter.

Dr. Mendenhall said that the attitude assumed
by England, on sober second thought. was ex-
actly what he had expeeted, although the ap-
pointment of a commission hy this government
was an offense against England that only the
keenest sort of diplomacy on her part prevented
from causing an open rupture.  She saw Alus-
kan gold fields rising hefore her eyes, and she
submitted to the insult. While England and
her  statesmen assumed a0 show  of  apparent
friendliness and desire that we should adjust the
ditficulty. and allowed us to advance our elaims
for arbiteation, she pursued this poliey for her
own ultimate advantage.

Within a year or so the question of the Alaskan
boundary line will be disputed by England. and.
with a smile upon her diplomatic face. she will
ask us to arbitrate a thing that we have no right
to arbitrate, saying you wanted us to arbitrate,
and now you must do the sume.  The United
States now holds a strip of land of ten marine
leagues wide (about 35 miles). running from the
34th parallel to Mount St. Elias.  England
wants to split up this land and take a part of it
herself, and when we oppose her she will want to
arbitrate, and get therehy something that she
does not deserve.  This is his (speaker’s) great
opposition to the policy of the government.

The treaty says that we shall have a strip of
land extending from 54 degrees 40 seconds to
Mt. Elias, and running along the coast. The
houndary line shall he marked by the summits of
the range of mountains parallel to the coast, hut
where these summits are more than 10 marine
leagues from the const a line 10 marine  leagues
from the coast shall constitute the boundary,
We contend that there is no such range of
mountains, and that we should have a strip 10
marine leagues in width the entire distance, the
leagues being measured from the main coast.
England, on the other hand, is going to con-
tend. if she is convineed that there is no range
of mountains, that this line shall start from the
islands near the shore, amd eall that the shore
line. The trouble is that the line was fixed hy
politicians rather than hy geographers,

After the remarks of  Dr. Mendenhall the dis-
cussion was thrown open to the students,  The
Alaskan boundary affair, however, which had
been brought into the discussion only inciden-
tally, was discussed as much as that of Venez-
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uela.  Dr. Mendenhall seemed to have settled
the Monroe doetrine earlier in the evening, as no
one ventured an npiniun to the contrary.

- -

GENERAL LECTURES.

The first general lecture in the second conrse
was given in the chapel, Wednesday morning,
Feb. 5th. Professor Edward S. Morse of
Salem, who made such a decided hit last year
with his lecture on ** The Theory of Evolution,”
duplicated his success with an equally interesting
lecture on ** The Art of Ilustrating.”

Prof. Morse deseribed in an  interesting
manner, the processes for obtaining wood cuts,
steel engravings, half tones, and lithographs.
Perhaps the most inferesting process explained
was that of printing in colors by the aid of pho-
tography. The process, in brief, is as follows :
three negatives of the desired objeet are taken
with as many different Kinds of plates; first
with a plate which is sensitive to all rays except
yellow, then with a plate sensitive to all except
red, and finally with a plate sensitive to all
except blue.  These plates are then used to pro-
duce the plates by which the printing is done,
one plate printing only vellow, one red and the
other blue. The combined colors, after the
three plates have printed upon the same sheet,
reproduce any color or shade exactly as it was
in the original.

The second lecture was given Wednesday,
Feb. 12th, by Mr. William Kent. editor of
The Engineering News, of New York, who pre-
sented a very interesting view of **The Labor
Question and its Relation to Engineering.”
Mr. Kent is the author of one of the best and
most recent works of its elass, Kenl's Engineers’
Hand-boolk, with which many cf the alumni and
students are already familiar.  During the hour,
the lecturer made free use of statisties, which
were presented in an admirable and interesting
manner. He was of the opinion, that the in-
crease in the product of industry is being well
distributed. By means of figures he showed
that during the last ten years products have
increased nearly seventy per cent. and in far
greater proportion than the increase of popula-
tion, while the price of articles, per pound and
per yard. has decreased.  Wages have increased
forty-cight per cent. while necessities have de-
ereased.  He disagreed with Francis Walker,
whose Political Eeononey is used at the Institute,
on many questions, and took exception to the
stereotyped phrase that ¢ The rich are growing
richer, and the poor, poorer,” believing that
**The richer a man may become, the more hene-
fit he does to the laboring man.” Ile stated
that he looked forward to the time when labor
would hire capital instead of capital hiring labor,
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and also to the time when. *¢ Political economists
may meet together and discuss the improved
social order., burn their old books. and erect a
monument to the man. who, above all others,
contributed the means for obtaining the wealth
of nations. James Watt. the engineer.”

-

DR. KINNICUTT ONCE MORE AT
HOME.

Mad o Profitable and Pleasing Trip to Enrope.

Leonard P. Kinnicutt, Ph. D., Professor of
Chemistry, arrived in Worcester Friday evening,
February 14th.  The Doetor is much benefited
by his six months’ visit abroad, and he returns
to his work at the Institute much better fitted in
every way to assume his duaties.  While abroad
he devoted much time and care to the study of
certain branches of chemistry, but wisely com-
bined business with |I|l' Isure.

Leaving Worcester last July, Dr. Kinnicutt
went first to Ireland and England, in which
countries he made exhaustive investigation of
the water supply and sewage disposal of the
large cities.

Birmingham has secured the best results in the
disposal of sewage among the European cities.
The system employed is chemical precipitation,

the same used at the Quinsigamond plant,
with broad irrigation. For irrigation a large
farm covering over 1,400 acres is used.

The sludge is spread upon the soil and then dug
in.  London’s system is the most interesting be-
cause of its enormous magnitude, and to Worces-
ter people, because it is exaetly the system of
this city. Worcester disposes of twelve million
gallons of sewage each day, London of 1835
millions, over fifteen times as much, by chemi-
cal precipitation, without further treatnent.
The sludge is earried and dumped nine miles out
to sea by a fleet of nine fast steamers.

The Doctor found that the Continental coun-
tries are far behind Great Britain and Ameriea
in their treatment of sewage. He has brought
back with him the reports on sewage of every
city of over 75,000 inhabitants in England and
Germany, but he says, that no city in England,
with the possible exception of London, has done
as careful and systematic work, as that earried
on by Mr. Eddy, 90, with the sewage of
Worcester.

As a rule, said Dr. Kinnicutt, the German and
English eities are better provided with good
water than those of this country, for much
gareater care is taken in purifying by filtration,
A neeessary precaution, as the waters of rivers
are generally the sources of supply. In Ham-
burg, since the cholera epidemie, a perfect plant
and system have been established. The water
is given a bacteriological examination daily and

.
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is filtered until the presence of bacteria is reduced
to a standard of safety.  Manchester has mueh
the same system as that proposed by the Metro-
politan District.  Water is conducted by an
aqueduct from one of the English lakes, over
fifty miles away. . Another point of similarity is
that a township was wiped out as will be West
Boylston.

About the middle of September the Doctor
visited the Stockholm School of Mines, his oh-
ject being to study the methods and processes
used there for iron: this school is undoubtedly
one of the hest in the world for the metallurgy
of iron. From Stockholm the Doctor went to
the University of Upsula in Sweden, then to the
Danish University and Polytechnie at Copen-
hagen.  ‘Three months were then spent at Dres-
den in studying the analysis of fuels, the products
of combustion, and the analysis of various gases,

Jarticular attentionwas given by the Doetor to
the methods of teaching technical chemistry at
Dresden.  He then proceeded to Zurich.

At the Polytechicum of Zurich, Dr. Kinnicutt
devoted especial pains to master their peculiar and
excellent manner of Ti‘!u'hllll.! chemistry, It may
be well to mention in passing that the laboratories
at Zurich, in addition to heing very extensively
equipped (costing 2,500,000 fr:nu-s). Possess
feature found in few institutions of learning.
This feature is the so-called Intermediate Labora-
tory. in which the stadent in performing experi-
ments  inste: ul of using, for instance,-a few
orammes of a sabstance, will use the same
number of kilugr:munou. This laboratory is an
exceedingly useful one and plays an important
part in the education of a student at Zurich. It
is the wish and expectation of Dr. Kinnicutt to
have such a laboratory at the Tech. The two
large rooms on the lower floors of the Salisbury
Laboratories made vacant by the removal of the
Mechanical Department to the Engineering Lah-
oratory, will be fitted with apparatus for this
lllll'll{iﬁl‘.

Just hefore returning to Ameriea the Doctor
took a pleasure trip into Italy and the Mediterra-
nean countries. e sailed from Naples and
found the voyage on the Mediterranean mild and
pleasing, but when the Atlantic Ocean was
reached, the condition of things was just re-
versed.  While not at all seasick, he was, as he
expressed it, very glad to reach dry land again.

Yale will employ no professional baseball
conch this year.

Harvard makes the study of English the only
required work in the curriculum.

The editors of a periodical at the University
of California were recently suspended for carica-
turing one of the faculty.
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A NEW PICTURE IN{THE LIBRARY.

A crayon of Dr. Smith has recently heen
placed in the libeary. On the bottom of the
neat irame of guartered onk is a small silver
plate with the following inseription :

Edward Payson Smith, Ph.D. Professor of
Modern Languages and Political Science.

1872—1892,

On the back of the picture a card has heen put
on which has heen written :

This portrait was placed at Boynton Hall, hy
means of a sum of money left in the treasury
of the Institute Historical Club at the time of
its dissolution in May, 1803,

INTERCOLLEGIATE TEAM RACES.

The following letter received by Capt. O'Con-
nor, last week, is --vlf-vxpl‘m.ltur\' Whether
Tech will be represented has not yet been deter-
mined.

Here is the letter:

Capt. T. F. O'Connor:

My Dear Sir:

The Athletic Association of the University of
Pennsylvania has decided to give an intercolle-
giate relay race meeting on Saturd: ay. April 25,
open to all colleges and universities of the
United States and Canada.  One race will be
a contest to determine the college ehampion of
America, and it will be open to any college that
desires to contest for that ehampionship.  Har-
vard and the University of Pennsylvania have
signified an intention to enter such a race.

There will be a number of other races hetween
colleges. An effort has been made to arrange col-
leges in groups that are about equal in strength and
of the same locality.  Making such a classifica-
tion has been very diflicult.  If you do not feel
that your college has been placed in its proper
group we shall be glad to put you in any other
that you may hll““’t“ht Of course, by racing in
one of the gvlwr:ll contests, you are not pre-
vented from entering the race for the intercolle-
giate championship. If you desire. you can
race with the colleges in which you have been
grouped, and also in the championship, provided
that you are the winner of your race: we will
also probably hold a consolation race open to all
the college teams that fail to get either first or

second prizes.

As you will see from the classification of col-
leges which follows, we desire, as far as possi-
ble. to have at least four college teams run in
each race.  Last year at our annual relay races

we had but two: where they were not t\tll'\
matehed, the interest in the contest, to a certain

extent, was lost. We feel with four colleges
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that even if the first should lead by a big mar-
gin, there would probably be an exeiting contest
among the others.

We will award the following prizes: A silk
hanner will he given to the winning team as a
colleae trophy. and each member of the winning
team will be given o gold wateh,  To the mem-
bers of the team finishing second we will give a
silver cup.  If only three colleges are able to
enter the race we will give a silk banner and a
vold wateh to the members of the winning team ;
no secoml prizes, however, will be given. If
but two of the four teams that have been invited
contest, a =ilk banner will be given and silver
cups to the individuals of the winning team.
In case you should enter and the other colleges
with which we have elassed vou should not enter.
we will make arrangements to put you in a race
with some team of about your own strength.

The race will be governed by the same rules
of qualification and eligibility that now prevail
in the Intercollegiate Association : namely, com-
petitors must he members of their respective
15th of the previous October,
and shall have taken at least five hours of reci-
tation during that period.  The Worcester Poly-
technie Institute, as it has been elassified, will
run in the series with the Massachusetts Institute
of Technology., Tufts College, Wesleyan and
Trinity.  We trast you will consent to compete.

Fraxk B. Evvis, Manager, U, of P.

N. E. L. A. A. CONVENTION,

meecting of the New
Intercollegiate  Athletic Association, was  held
at the Hotel Brunswick, DBoston, Saturday.
Feb, S8th. Delegates from every college in the
Association were present.  Only a few matters
of business were brought hefore the convention,
but the meeting was o lively one.

Upon o written  application  Tuafts  College
was admitted to the Association by a ananimous
vote of the delegates. A vole was earried to
revise the constitution, and to have copies of it
printed and sent to each eollege. This work
was left to a committee of three.  Bids were
then listened to for the holding of the annual
meet in May.  The clubs which had representa-
tives present, and who made offers to the Asso-
ciation were: Providence A. C.. Springfield
Bieyele Club, and the Woreester AL €. After
consideration, the convention by a unanimous
vote, aceepted the bid of the Worcester Athletic
Club, and it was voted to hold the meet on
Suturday, May 23d.

colleges sinee the

The annual England

v
Harvard has started an open air gymnasinm.
250 students are taking the course in modern

novels at Yale.
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COMMUNICATION.

Editor of WP I

I reply to the editorial of last issue. I would
like to make it known to the students, ad to
those interested, that the building at the Fair
Grounds has been secured for in-door training.
We hope to hegin the last week of this month
and continue until the weather is suitable for
out-door work.

It is very desirable that those, who wish to
hecome eandidates for positions on the team.
should, if they have not already done so, hand
their names to the Captain or \lmuw‘; ool onee,
There are three or four positions to be filled and
competition for them should be hot. 1 wish to
call attention to the pitcher’s position especially.
We should at least have one good one,—we
want more.  Let him, who has ever pitehed at
all, begin to train at once.

A. W. Megcnasr, Mgr.

- -

FUEL GAS.

The recent introdnetion of a bill in the State
legislature asking for privileges in the manufac-
ture of fuel gas is significant, as indieating the
trend of the times in the matter of fuel. The
scheme roughly is to take conl from Nova
Scotia, convert it into fuel gas somewhere on
the coast hetween Boston and Salem, and  then
distribute it in mains to the various sections of
the State, and possibly to other parts of New
England.  That the scheme is perfectly feasible
cannot be doubted for a moment, as witness the
distribution of natural gas out west for hundreds
of miles.

The advantages of the plan  are  varied
and numerous, and quite as interesting  from
their social aspeet as from a commercial point
of view. The ultimate vesult of the plan, if
perfected, will he to do away entirely with
smoke and ashes in cities, and hence tend to
make them eleaner and more comfortable.  If
the gas ean be furnished at from 50 to 60 ecents
per 1000 cubie feet, as it is said it can be, it
will enable some industries to be earried on in
this part of the country with profit, notably blast
furnaces.  The ordinary method of utilizing the
gas would be to burn it the same as coal in hoil-
ers, and make steamn to run engines, hut the
arent i:nprnwnmnla which are being made in the
oas engine, which as it stands to-day is much
more t‘(‘nlltlllll("ll than the steam engine, would
admit of the gas being exploded direetly in the
eyvlinders of the engines with better results than
going through the intermediate process of
making steam. A series of experiments are to
he made shortly under the direction of Professor
Reeve which contemplate the use of gas in the




THE W 1.

ordinary steam engine. The results of these ex-
periments, which are something entirely new,
will be looked forward to with considerable in-
terest, for, if successful, they will have a direct
bearing on this new industry.

The future of gas for heating and fuel pur-
poses is exceedingly bright. and, from the recent
invention of .ll‘l‘t\lt ne and the general introdue-
tion of the Welsbach burner, it is very doubtful
whether, as an illuminant, gas will sueeumb to
electricity, particnlarly when it is remembered
that the methods of making gas have improved
in the last twenty years quite as much as the
production of electricity.

“THE NUMBER CONCEPT.”

A New Hook by Dr. Conant.

A glance at the pages of this work will show its
unique and interesting character.  But very little
work on this subject has ever hefore been done,
and the little that has been published is found
principally in seattered papers.  Infact, no other
work has ever investigated the subject of the
origin and development of number.  This hook
will enlighten many men on this subject, and
doubtless will prove very beneficial and attrae-
tive, even to those who have little or no interest
in mathematics.

In his opening chapter Prof. Conant says:
= Among the speculative questions which arise
in connection with the study of arithmetie from
a historieal standpoint, the origin of number is
one that has provoked muech lively discussion,
and has led to a great amount of learned
research among the primitive and savage lan-
guages of the human race, * * * % Among
the barbarous tribes whose langnages have been
studied, even in a cursory manuner, none have
ever heen discovered which did not show some
familiarity with the pumber concept.  The
knowledge thus indieated has proved to be most
limited ; not extending beyond  the numbers
1and 2, orl; 2; and 3. * % * At first
thought it seems quite inconceivable that any
human being should he destitute of the power
of counting heyond 2.7

The book is the result of eareful research
and is the result of the labor of nearly three
yvears.  Great pains has been taken by the
author to use only original sources of informa-
tion, whenever it was possible to do so, but
when they were not attainable only the very
recent authorities have been consulted. Some
idea of the scope of the work ean be had from
consulting the index of chapters, which reads
as follows: Counting, Number System Limits,
Origin of Number Words, Miscellaneous Num-
ber Bases, The Quinary System, The Vigesimal
Nystem.

The hook is published by Maemillan & Co.,
and is attractively bound in brown buckram
cloth.

SHOP NOTES.

Elevator orders have been received from the
City Market, Springfield, Mass.. and €. K.
Samson,  Westford, Mass.  Three  troeing
machines are heing built for the Norton Emery
Wheel Co., of Woreester, Mass., and a full set
of Engine Lathe Castings has been sent to a
Washington Manual Training School.

The Mechanical Laboratory has been  sup-
plied with more drawing stands and stools, and
the twist-drill grinder business continually is
improving.

- —— C— —

THESES SUBJECTS.

The following is a list of the thesis subjects
of the members of the graduating class of ninety-
six.  The list is not quite complete, owing to
the fact that a few of the electrical engineers
have not as yet decided on their subjects.  The
exact wording of some of the titles may be
somewhat changed before the theses are sub-
mitted :

MECHANICAL  ENGINEERING.

Barber, Phelps.—Test of  the
Wheelock Engines.

Gifford.—Emery Testing Machine.

Howe,—Design and Test of an Absorbtion
Dynamometer.

Fuller, Walter.—Test of Putnam Engine.

Jencks, Riley.—Test of a Compound Engine
(Allis and Wheelock).

Harris, Leonard, Parks.—Test of a 100 Horse
Power Gas Engine.

Ross, Southwick.—Test of a Compact Com-
pound Engine,

ELECTRICAL ENGINEERING.

Alford, Alderman.—Design of a Laboratory
Alternator.

Brown. Goodrieh.—Design and Test of 500
Volt Shunt Motor.

Carpenter, Crawshaw.—Design of a Cradle
Dynamometer for a Commuted Field Series
Motor.

Cullen, Knowles,—Design and
volt Shunt Motor.

Chalfant.—Design and
Shunt Dynamo,

Cunningham,
B. H. Curve.

Bascom, Bunker.—Design and Test of a 125
volt Shunt Dynamo.

Heath, Tilton.—Computations hased on West-
inghouse Alternator.

Allis  and

Test of a 500

Test of a 125 volt

Gibbs.—Determination of the
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Gay, McClure.—Determination of Non-In-
duective Resistances,

Higgins, Stoekdale.—Design of a
Lighting Plant.

Warren, Zaeder.—Design and Test of a 50)
volt Shunt Motor.

Factory

TECHNICALITIES.

Prof. Kimball deliverad an extremely interest-
ing lecture hefore "98 recently on the ** Rintgen
Cathode Ray Photography.”

In Physics, the Sophomore class is having
lectures by three different professors.—Dr. Men-
denhall on ** Sound :” Dr. Kimball on ** Heat,”
and Mr. Phelon on * Eleetricity.”

Prof.: * You will find instances of this in
the New Testament, for instance in the first
chapter of Genesis,

In answer to the question, ** Who may not
naturalize in the U, 8.7 a student gives the
following: **No yellow-skinned alien may
naturalize in the U. 8.

Prof. Haynes objects to burning books on
Political Economy, and bowing down to worship
the steam-engine.

C. M. Allen, 94, received a bad cut while
assisting in setting up machinery at the power-
house recently.

Only ten of the Seniors who clamored so
loudly for metallurgy. which was omitted from
the course, are availing themselves of the oppor-
tunity which is now presented.

A photograph of a man’s hand, taken in Ger-
many with the aid of the new x rays, was
exhibited to the students by Dr. Kimball last
week.

Dr. Mendenhall delivered a very interesting
address on ** Physics Teaching ™ at the English
High School of this city, Feb. 15. He strongly
advocated a general study of Physics before the
introduetion of laboratory work, which should
consist of experiments especially ecaleulated to
induce self-reliance and accuracy in the student.

The Juniors took indicator eards from the
shop engine a few days since and upon develop-
ing them their results showed from nine to two
thousand H. P. It is probable that when the
latter card was taken the Daniels planer was
running, else the Freshies were applying the
brakes to the lathes in the wood-room. Judging
from the majority, however, the indicated IH. P.
is about twenty-four.

There will be a ** second ™ or ** College Nine "
this year at Harvard.

A new class in book-keeping has bhegun at
Yale.

W

A

COLLEGE NOTES.

A fencing elass has been started at Yale.

The receipts of the college paper in Stanford’s
are yearly fifty per cent. more than cost.

There are about 80,000 members of ecollege
Greek letter fraternities.

At Syracuse only fifteen hours of work are
required a week.

Extensive improvements have been made at
the Dartmouth Gym.

A book of **Poly” verse will probably
soon be published at the Brooklyn P. 1.

The Cornell have
regular training.

University of Michigan has a Masonic Cluab,
and expeets soon to have a club-house.

University of Michigan will soon have a new
$50,000 gymnasium for women.

M. I. T. has 1,187 students this year.
instructors number 119,

Pennsylvania is to have a dining-hall eapable
of seating about 1,000 students.

University of Chicago’s income last year was
£520,000.

$54,000 was spent at Yale last year for
athletics.  Of this amount $10,000 was suhb-
seribed by undergraduates, and the remainder
was raised chiefly by baseball and football
games }_)I'O(‘L'(,‘.(lﬂ.

The Chicago Alumni of Princeton have
voted to send a copy of ** Princeton stories”
with a book of Princeton views to every prep.
school in IHinois.

The Board of Visitors at West Point recom-
mends an advance in the standard of admission.
The requirements are now very low compared
with those of most colleges.

The musical clubs of the University of Penn-
sylvania will take a short trip in the latter part
of February. Wilmington, Baltimore and
Washington will be visited,

crew  candidates hegun

The

- _ mere— ——

ALUMNI NOTES.

*80. Chas. E. Wells is Assistant Engineer,
Metropolitan Water Board, Clinton, Mass.

Ernest P. Sparrow is with the Boston Rubber
Shoe Co.

'SI. Wm. V. Lowe is draughtsman with
C. H. Brown & Co.. Fitchburg, Mass.

Alpheus B. Slater, Jr., is Superintendent and
Engineer, Providence Gas Co.

Edgar A. Williams is with Bardons & Oliver,
Cleveland, Ohio.
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*82. Herbert W. Cowan is resident engineer,
. P., Denver and Gulf Railway.

Chas. €. Hall is Manager Steel Dept., Union
Steel Co., Alexandria, Ind.

Herbert C. Hastings is Foreman, Machine
Shop, R. F. Hawkins' Iron Works.

Clarence H. Hubbard is Manager Berkshire
Cyele Co., North Adams, Mass.

Fred. W. Moore is Chief Engineer, Milwau-
kee Bridge Works.

R. C. Von Bibersteim is Head Draughtsman,
Charlotte Machine Co., N. C.

Wm. S. Washburn is with Churchill & Wash-
burn, Sanitary Engineers, Brockton.

'83. Allan A. Foster, Brown Hoisting and
Conveying Machine Co., Cleveland, Ohio.

John E. Gallagher is Foreman of Government
Construction, P. 0. Building, Worcester, Mass.

(reo. P. Nichols is Senior Partner, George P.
Nichols & Co., Engineers and Contractors,
Chicago, 11.

Alfred Thomas, Jr., is Foreman Electrieal
Dept., Pullman Palace Car Co., Pullman, IIL

‘84, Roscoe H. Aldrich is Supt. and Eng'r,
Buffalo Steam Pump Works.

Edw. E. Johnson is Manager, Engineering
Dept.. Henion & Hubbell, Chieago, I1l.

Wallace €. Johnson is a Civil Engineer,
Niagara Falls, N. Y.

Chas. S. Phelps is Chief Engineer, S. C. &
Ga. R. R.

John C. Setchel is Draughtsman with C. B.
Rogers Manufacturing Co., Norwich, Conn.

*'85. Wm. O. Emery, Ph.D., is Professor of
Chemistry, Wabash College, Crawfordsville, Ind.

Henry O. Evans is with Henry MeShane Mfg.
Co., Baltimore, Md.

Moses B. Kaven is Assistant Manager Port-
land Co., Portland, Me.

Marcus J. Patterson is Consulting Engineer,
Good Block, Denver, Col.

Frank B. Rice resides at 67 Columbus Ave.,
Somerville, Mass.

*86. Chas. A. Bennett is Professor in Manual
Training Teachers’ College, New York City.

Henry W. Carter is partner, Parkinson & Car-
ter, Patent Lawyers, Chicago.

Hamilton J. Chapman is Vice-President of
the Petersburg Granite Quarrying Co., Peters-
burg, Va.
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Clarence E. Cleveland is Superintendent with
Eben 8. Stevens, Woolen Manufacturer, Quin-
ebaung, Conn.

Arthur B. Fairbanks is Sapervisor Manual
Training, Public Schools, Oak Park, 1.

Frank A. Higgins, M.D., is Physician, 22 Marl-
borough St., Boston, Mass,

Norman Marshall is Viece-President
Electrie Co., Boston, Mass.

Anchor

Walter G. Wesson is Principal Manual Train-
ing School, Worcester, Mass.

'87. Joln W. Burke is Civil Engineer, 45
Broadway, New York City.

Geo. C. Davis is Chemist, Embreville Estate,
Washington Co., Tennessee.

Ira L. Fish is a Counsellor at Law and Solici-
tor of Patents, Providence, R, 1.

John €. Knight is Assistant Master Mechanic,
Edison Electrie Hluminating Co., Boston, Mass,

Junz  Landsing is Mechanical Engineer, 99
Nassau St., New York City.

Erwin 8. Lloyd is with J. W. Burke, 45
Broadway, New York.

Chas. B. Murray is Chief Chemist, Carnegie
Steel Co., Pittsburg, Pa.

Chas. J. Sawyer, Manufacturer Wooden and
Paper Boxes, Hudson, Mass.

P—— - -

Y* NOBLE TECHMAN !

We clambered up the chapel stairs,—
But less than fifty men,—

The motion to adjourn was put,

So we walked down again.

I am not a usual dreamer,

But one night I dreamed a dream,
Thought I sat up in the chapel,
With a bright and cheerful mein,
For at last there sat a quorum (!)
With a dozen men to spare,

And the business was a rushing (?)
With a hustler in the chair.

Ev’ry man was quick and active,
And the way they made things hum
Was a caution, I assure you,—
Not a single man was dumb.

Now they raised a hundred dollars,
Then accepted some bright scheme,
Officers were soon elected,

Then they struck another theme;
All the men showed great school spirit,
And an interest suopreme,—

Here I awoke—I was confounded,
For it truly was a dream !
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C. L. GORHAM & CO.,
FINE
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PIANOS.

ORGANS, MUSICAL MERCHANDISE AND
SHEET MUSIC IN GREAT VARIETY.

and songs of the day just half
strings equally cheap.

All populur sheet musie

price. Banjo wnd Guitar

454 Main Sireet.

THE HORAGE PARTRIDGE GO,

335 Washington Street,
BOSTON.

Athletic Supplies of every Description.

Outfitters to W. P, 1. Football Team,
SEASON OF ‘9a.

All orders will have our most careful and prompt atten-
tion. Send for our illustruted catalogue.

A. 1. GARDNER, W. P.1.789.

Attorney-at-Law, PHTENTS

and
Solicitor of

LOAN & TRUST BUILDING,

WASHINGTOIN, D.

C.
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STOP AT THE COMMONWEALTH HOTEL,

Waorcester, Mass F. G. MAKDEN & Co., Proprietors,

Two Minutes fr om Union Depor.  Rates, $2.00 and $2.50 per day.
“illln 1 Room. Steam Ueat, Eleetrie Light, “H!Itlll Rooms. Baths,
C. W. CLAFLIN & CO
. - *3

DEALENS IN ALL KINDS OF

Antheacite and Bituminons Coal.

Also, all kinds of Wood and Kindlings.

Oflices, No. 375 Main Street and at Yards, Shrewsbury
street and Union Street, cor. Central.

TELEFHONE, Neo. 617-3.

BICYCLES.,
Call and see them and see for yourself if they are
not the best. Prices to suit all.
PAIRING AND LETTING.
WM. KRAFVE, Agent,
NEW RELIABLE HOUSE, - - 212 MAIN STREET.

IRECR

KYES & WOODBURY,

ARTISTS AND ENGRAVERS,

84 PARK AVENUE,

WORCESTER, MASS.

WESBY’S BINDERY

Does every description of rebinding
and repairing at reasonable prices.

Office, 387 Main Street,
WORCESTER, MASS.

WORCESTER ELECTROTYPE

— RN r—

Photo. Engraving Co.,

10 BARTON PLACE,
WORCIESTIER, MASS,

GO TO . . .

EASTON’S,

COR. MAIN AND PLEASANT STREETS,

for your

STATIONERY.

ALSQO NICKEL PLATERS.
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THE WARE-PRATT CO.]

CLOTHIERS, TAILORS,

Hatters and Furnishers,

408-410-412 MAIN ST.,
WORCESTER, MASS.

H. F. A. LANGE

<>Floral Decorator<
284 Masain St., Worcester, Mass,

Keeps constantly in Stock

FANCY ROSES AND FINEST ASSORTMENT
OF CUT FLOWERS,

Which he will arrange in Designs of any kind.

Decorating Parlors and Halls a Specialty.

THE SCIENTIFIG AMERICAN.

THE MOST IMPORTANT
Engineering Works, Mechanisms and Manofactures

are represented and described in the

SCIENTIFIC AMERICAN.

The Scientific American should have a place In
all professions.
Try it. Weekly, $3.00 a year.

BEMIS & CO.,

BOOTS, SHOES AND RUBBERS.

All the Latest Novelties in
FOOTWEAR.

421 and 423 MAIN STREET,

WORCESTER.

C. C. TOWEILL,

(Successor to 4. C. WHITE,)
HEADQUARTERS FOR

Mathematical ® Instruments
And ARTIST MATERIALS.

ALSO, FULL LINE OF

PAINTS, OILS, GLASS, and VARNISHES.
12 PEARL ST., opp. Post-Office.

BARTON PLACE,
WORCESTER.

'Iheﬁf{/b

FINE JOB PRINTING

an‘rsnshfr ILLusTmTED smn DESCRIPTION

L. W. PENNINGTON,

Designer, Manufacturing Jeweler, and
DIAMOND SETTER.

Badges and Emblems Made to Order.
Gilding, Acid Coloring and Oxidizing, Repairing, Etc.
Old Gold and Silver Purchased.

397 MAIN STREET, WORCESTER, MASS.
WM. 8. SMITH & CO.,

DEALERS IN

Hardware and
Building Materials,

Carpenters’ and Machinists’ Tools,
ALSO DRAWING INSTRUMENTS,

171 Main St., Worcester, Mass.

THIS SPACE TO LET.
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FRED. W. WELLINGTON & (O,

Wholesale and Retail Dealers in

(- O A L

GENERAL OFFICE,

416 MAIN 8T., WORCESTER, MASS.
Branch Office, 600 MAIN STREET.

CoAL POCKETS,
INORWICHEL, -
RETAIL YARD,

COINIV.

THE W

Southbridge, cor. Hammond St., Worcester, Mass.

2

1839. Established. 1839.

LARGEST STOCK AND LOWEST PRICES

S. R. LELAND & SON’S,
446 Main St., Worcester.

Awents for the Celebrated A. C. Fairbanks, L. B. Gat-
comb, Luscomb & Stewart Banjos, Washburn, Vega,
Bruno & Stratton Guitars, Washburn, Vega, btrutloll.
&c., &e., Mandolins.

Al goods are fully warranted and exchanged if not

satisfactory.

——HIRE

XOLIIR————

HACEKS .A.ND TEAMS
HARRING—TON & BROJS,

35 CENTRAL STREET.

A. F. BRAGG,

TEMPERANCE

DRINKS,

CIGARS AND TOBACCO,

S22 Main Street, -

- Worcester, Mass.

THIS SPACE

TO LET.

C. A. ADAMS,

Buowage  Bipress.

ORDER SLATE,

15 Pleasant Street.

THIS SPACE TO LET.




WW. NW'. LEWIS,
. Successor 10 Lewis & Emerson. =
Whollmle and Retail STATIONER, BLANK BOOK AND PAPER Dealer. - All kinds of PRINTING. BLANK
BOOKS made to order, also complete line of TEACIIERS and SCH{)OL SUPPLIES.

No. 505 MAIN STREET, WORCESTER, MASS.  Trieenoxe 278-4.
.  DRAWING PAPER IN SHEETS AND ROLLS.

GLOBE HALL BILLIARDS, & ™ "EReick, Provriter o s

Light, roomsy and senvehient.- EIGIIT Billiard and FPool Tables.

Richmond Stralght Cut No. 1 Cigarettes.

CIGARETTE SMOKERS, who ar¢ willlog to pay a’littlé more-than
.~ the price charged for the onlinary trade (_‘lﬂnrt-lt-(s, will find THIS BRAND
W spperior to all others,
These cigarettes are made from the brighest; moql. delicately flavored
and highest cost. Gold Leaf grown in Vrrginin This is the Old and
Originnl Brand of su-nl;llt Cut Cigarettes, and was brought out
by us in the year 1875.
BEWARE OF IMITATIONS, and observe that the firm
name as below is on-every package. :

ALLEN & GINTER,

THE AMERICAN TOBACCO COMPANY,
Successor, Manufacturer,  RECHMOND, VIRGINIA.

B AY ST ATE HOUSE.| PATENT ADMISTABLE s7AW.
i =5
Ranking with bc.-at of First-Class Holels ol‘ New Eng-} = =
land, mrgmlml nnd will be condueted on a g g §
Flrst-Class Basis: S B
In every particulur. Passenger Elevator, ‘Well-‘hm 'E . s -
e nistied Rooms and all beated by Steam. - é - E E
FRANK P. DOUGLA%S 1é 'f:‘ §
" L
Proprietor. s ; 8 g
JOEIIN A sNow BB
Is Preparedto do sll kindsof : = E
3 3=
»
= o g '
BOUT AND SHOR REPAIRING : E
15 E =
326 MAIN STREET, g S
Opposite Mcchanies I{;i,lc,’mn_g. one flight of Stairs., z g‘
LADIES' and GENTS' SEWED WORE'(‘!I Specialty. | ﬁ
R e s WASHBURN MACHINE SHOP,
“DISCOUNT TO TECHSH” WORCESTER, MASS. M., P. HIGGINS, Bapsrintendent,

Ladles and Gentlemen Looking for Fun and a Good Healthful Exercise,

CAN FIXD IT AT

T. P. WEHITE’S
Ten Pin, Billiard and Pool Room,
87 FPearl Street, Worcester, Mass. Hours for Ladies: 9 A, M.to 4 P. M
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EDWARD B. CLAPP

365 MA!N STREET

DAY STFITE DICTCLES

WEIGHT 19 TO 22 LBS.

PRICE $100.00.
THE RAMSDELL & RAWSON CO.,
24 PLEASANT STREET.
L. W. RAWSON, Mgr. (W, P.1.793).

Cut to Order
FOR THE MACHINE siop. || "

TOM WALTERS, Jr.

FiNE FURNISHINGS - - - - -
we ATHLETIC SUPPLIES &
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