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urcitanical engisteer-so tirat tire engine, tltough o!
great lengti,can travei safely ovar curv'es. lieangines
on tite L. & N..W. cOl sulire over 3,000 toits of coal par
day. In it»' rte't letter 1 sitall speak furtiter of titis
conipasiy's great slops; ait Creve
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In northern countries tire is no subject %vhich
presents so many practical difficultias to the hydraulic,
engineer as tire formation of frazil and ancitor ice,
and tireir subsequent aggionîeration into niasses. Tira
relations o! these phanonrena to the temperature of the
river water htava been repaatedly undar investigation,
but whiie tici valuable work bas been il. ne airaady, tire
observations htave been of strcit a contradictory nature,
aspecially as regards tire tamnperatura of tire water, tirat
very fev practical suggestions hrava resulted. The
purpose of the present paper is to, andeavor to present
to the readers of Tiip ('A\ADIAN ENGINELR a simple
and intelligible explamiation of tire appearance of frazil,
based on a long set ias of experiîtxents; undertakien on tire
St. Lawvrence River. to Shrow tire dependence o! its
formtation on the tenmparattire of tire wvjter.

Artxong those, in laier years, wlro htave taieit tire
keenest inttcrest in investig-atingil: ". qutstiozt o! frazil
is Joirn IKennedy,, wvlo is tire cit!f engine:.r o! tire
Harbor Comimissioners' \Vorks, at Montreai, and
it wvas îirrough him that tire wvriter's attention wvas
first d;rected to the importance o! tire vork. M r.
Kennedy bad long faIt that sonie connection existed
betwveen tire agglirrt ration of frazil ice and the tem-.
peratirre of the river wvater, but couid not with tihe
apparattis at his conmmand satisfactoriiy demonstrate
tirat sucir a relationship existed. Under his direction,
as a rnrber of tire Montreal Flood Commission, tenm-
perattrres of tire river wvater during the wirter wvere
taken by W. J. Sprorrle, the assistant cngineer, boUa
under the surface ice and at Lachine in open wvater.
Altirougîr great care wars taluen witir tIre mieasurements,
no definite variation !17or11 32e rF. could be detected aven
in tire mnost sev'ere weatirer. Tire itreasuremnents; were
takan %vith ait instrument designed by Mr. Sproula, and
coniisted of a mercurial tlrernrometer reading ta tentis
o! a degree, enclosed in a tin case so that a quantity of
the water to be measured wvas brought up and served
as a protectiomn against the colder air. ]3 y this means
it wvas clearly showvn that if any deviations fromn the
freezing point took place. they must ba less than can bie
mneasured on a tirerinometer reading only to tenths of a
degree.

Mr. Kennedy, wvith the object of tasting the matter
more accurateiy by means of more delicate thermonre-
ters, consulted Prof. Callendar, of McGill University,
in regard ta carrying on tire work by means o! an alec-
trical resistance thermometer. Prof. Caliendar accord.
ingly desig:red, and lrad constructed in the McDonaid
Physics Building, a tirermometer capable of reading
difféences in temperature to the tlrousandth part of a
degree centigrade. As the t -. Iloyment of tis ther-
mometer entailed considerable practice in the use of
electricai measuring instruments, and Prof. Cailendar
wvas wvloliy occupied wvith the work of the session and
had no spare time to devota to the observations, tae

wvriter trndertook te mieasuraments; at Prof: Callendar's
requcst.

An ciectricai resistance tharmiometer is really the
oniy formn of instrument suitable for mneasuireinen:s of
titis lciird, flot only because it measuras with a far
grcater degre of rafinarnent than can be Ioolced for in
a mnercurial therrrrumeter, but becauise it niay bc read
front a siraitered place without withdrawirrg tira stemi
froin tire water. Very littie reliance can hc placed on
observations mrade on any teniperature nieasuring in-
strumient whicirlias to be taken out of the water and
read in an atmosphere cooled down far beiow freezing.

The thermiometer used wvas of the differential. type
and consisté-d o! tvio stemrs, each made of a sirnilar coil
of platinumn wire. The couls wvere balanced against
each other by the weli-known Wheatstone's bridge
method. The couls of wvire ivere pr-,tected by sîtrail
lead composition tubing, about eight inches long. whvlti
wvas soidered to longer and thicker conipo-tubing con.
taining the connecting ieads. One end 'vas mrade 100
feet long, to pass into tire river, wvhile tire other end wvas
muade io feet long, for ratention at a unifornr temupera.
ture in a, sheltered place.*

The temiperature of the 'vater wvas deterinir.ed, not
directiy, but more accurately, as a small difference front
a carefuliy prepared mixture of snowv and water. Every
possible error, due to changing taniperatuie conditions,
in the connecting Ieads and on the rest of the apparatus,
wvas compensated for, lThe thermonieter wvas so made
as to have a stiale of 8 inches to the degree and a
vernier wvitit lens rea.ding to Qýu. of an inch. Under
suitabie laboratory conditions it was possible to nteasure
to Tuk part of a degree centigrade. In tIre present
case, in spite of obvious dificulties in miaking reftned
electrical nixeasuremients in a light shanty unprotected
from the wind, readings wvere accurate to I-ý of a
degree.

The nxetltod of making an observation consisied in
imrtxcrsing tite two ends of thc' therniorneter in a miix-
ture o! snow and ;vater in the shanty,.and obi-ninirrg a
zero reading xvherr both tite enrds wvere at o0 C. The
shorter end xvas left in the mnixture and the longer end
passed out of tire shanty into lthe river. Aîry différence
in the teniperature of tite river fron tira mixture of
snow and water in tire slianty was immediately obtained.
Duriag the winter of 1895-96 the wvriter carried on the
experiînents for a considerabie timie on tIre riper
wvater, under the surface ice, c)omite Montreai, and,
during tire wvinter of 1896-97, made a siitrilar series of
observations in open wvater at the Lachine Rapids. A
shanty wvas provid,.d at bothi places by tire Harbor Com-
missioners, through tite kindness of Mr. Kennedy, and
served for tihe reception of the instruments and for mak-
ing the measurements. A wvatchman xvas aiso procured
to protect the instruments.

Theresuits of tite first series of experinients have been
recently published in the 1«Tranractions; of the Royal
Society of Canada," vol, ii., sec. iii., page 37, and those
of the second series wiIl, it is hoped, be pubiislred in the
course of thet year. In the first paper wvill bc found,
besides the results of the observations, a description o!
the instruments used in the inivestigati on, afn a brie!
discussion o! s:>te o! tire principal points brought out
b> previous observers.

Thre general resuits of the wvriter's experiments have
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