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The umping-off Place

of the United States in Northwestern Washipgton 15 a region of
sl erander,

A wild, cfappy range of mountains, the OLYMPICS, looks out
upon the waters of the Pacific Ocean and the strait of Juan de
Fuca. The high peaks of the range are cre sted with eternal snow
and ice. Deep in their holldws are lukes of great depth wknd crvs-
tal purity. The flanks of the mountains are Coversd with the
finest timber in the Unlted Swiates, Gilant [11.1-: ., cedars angd firs
rise 100, 200, and even 300 feet in the air, The streams race
throngh wild ravines and are full of mountain-trou
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W have large and new varieties of trout in them that fight viciousty
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for life,  1tis a lund Hitle Known and explored—perhaps less $o

B thon any region of equal area in the United States.
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= SR~ SOUTHERN RAILWAY

GREATEST SOUTHERN SYSTEM.,

Fenetrates with its mnin line or branches elght States
South of the OGhio and Mississippl Rivers, and in cone-
Junetion with its friondly nllied connections resoles ull
the cilimercinl centers of thie it mwpiel Hul!ttl wWoest . . .

DOUBLE DAILY VESTIBULED LIMITED TRAINS

v o« BETWEEN . . .
Washington nnd Nashville vin Hallsbury, Asheville, Knoxville and
Chattanooga.
Washington and Tampa vin Columbin, Savannah and Jicksonville.
Washington and Memphis vin Atlanta, Birmingham and K. C, M. £ 3.
Wishington and New Orleans vin Atlanta, Montgomery nnd Mobile.
Norfolk and Chattanoogn vin Salisbury, Asheville and Knoxville,

Puollman Sleeping Uars—Dining Cars—Day Conclies.
Additional Trains for loeal travelers . . =

The direct line to the | FLORIDA, GULF COAST and TEXAS,
Winter Resorts of | + « «» « MEXICO and CALIFORNIA,

— &Nl THE BEST
Ti'l-"i.'l-'::;l.l'l Lar Line to and from Aakewills and Wot Springs—- The Land of the Sky,
Writee for Map Falders.

i, W, FOLLOCK, Qeneral Agent, =1 Broadway, New York Clly

Lo HUBRTON, Fameoger Agent, tod B, Germian Street, Waltlmose S
. B, WMOWN, General AT Camsenger Dopariment. Washiggton, W O
I- . WINGFIELD, Pamenjies Agrnl, .'-:'-rl'u.rh._ Vi
fi. . HARDWICE. Assistuntl Cepersl Passenger Agerol, $ilaota (s
C. A MENSCOTER, fselulmnl Gensra Fasseireer Aprnt, Chattussdgs. ‘Feni
W H. TAVLAGH, Acclutmnl (loiiera] - Pyass nger Agest, Lodlsville, Ky
do ML CULP, Tralic Wawpgs W, A. TURK, General Passenjier Agru

The Mutual Life Insurance Co.

OF NEW YORK,
RICHARD A, McCURDY, President,

Is the Largest Insurance Company in the World.

The Records of the Insurance Department of the State of New
York SHOW THAT The Mutual Life

Has a Larger Premium Income - - .  ($39,000,000)
More Insurance in Foree - - - . .  (3918.000.000)
A Greater Amount of Asgets - - . . ($235.000.000)
A Larger Annual Interest Income - . - ($9,000,000)
Writes More New Business - - - - ($136,000.000)
And Pays More to Policy-holders - - ($25,000,000 in 1896)

THAN ANY OTHER COMPANY.

It has paid to Policy-holders sinoe |
its F:;ﬂrgunimtiﬂn. in 1843, | . - $437,005,195.29

ROBERT A. GRANNISS Yioe-President

WALTER B, GILLETTE, Geassyl Munager FREDERIC CROMWELL, Trasasurer
ISAAC ¥, LLOYD, Sscond Vies-Prenidsui, EMORY MuCLINTOCK, Actuary.
WILLIANM 1. EASTON, Secratary.
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The Fastest and Finest Train in the West . . .

PRGIFL The Overland Limited
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FROM 16 TO 20 HOURS
SAVED B8Y USING

“THE OVERLAND ROUTE.
Double Drawing=-Room Pullman Slespers.
Free Reclining Chair Cars.

Pullman Dining Cars,
Buffet Smoking and Library Cars,

Send for Descriotive Pamphlet =49.98; E. L. LOMAX,
Fpiderz ond ather Advertising Mattar Gunerat Passenger and Trcket Agent,
Mentlon this prbification DMAaHA NEB.
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THE CHICAGO, MILWAUKEE AND §T. PAUL RAILWAY

- ELLUTINS - .

Electric Lighted and Steam Heated Vestibuled Trains between Chicago, Mil-
waukse, St Paul and Minneapoliz ailv

Through Parlor Cars on ilay trains belwesi Chicago, 5t. Paul and Minneapolis.

Electric Lighted and 5team Heated Vestibuled Trains between Chicago and
Omaha and Sloux City daily

h Sleepin 'l._t'IT'ri. Free Reclining Chair Care anil Coaches betwesn Chicago

and Kansas City,

Only two bours from Chicago to Milwpukee Seven fust trains each way, datly,
with 'nrlor Car Service

Solld trains Letween Chicagd aml prineclpal polnis in Northern Wisconsin atd
the Peninsula of Michigan.

Thruongh Trains with Palace Sleeping Card, Free Reclining Chudr Cars amil Coaches
bwtween Chicago and points in lowa, Minnesota, Southern and Central Dakota,

The finest Dining Cars in the World.
The best Sleeping Cars. Electric Reading Lamps in Berths.

The best nmd letest type of private Compartment Cars, Free Reclining Chair
Cars, and buffet Library Smoking Cars,

Everything First-class. Fistclass People patromize Firgt-class Lites
Ticket Arents cverywhere sell tickets over the Chicogo, Milwankee and St Paul Ry,

(IED. H. HEAFFORID,
Fangra! Possenger Agent, Chicago, W,
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Where the LATEST PARLS NOYELTIES are always on Exhilstion.
The atletition of those who anticipate purchasing ,

\BRIDAL TROUSSEAUX

Is invited especially to extreme PaRis NOVELTTES in siatoluisd sels
of Prench Hand-miade Lingerne, inclufing  (owns, Skirts, Chemises,
Drawers, Corset Covers, &c. Thess can be furnished io an v nimber
of pleces desired.

HAND=-MADE BRIDAL TROUSSHAUX, persanully $
selected in Paris and exclubive in style and 10 tn :2‘50
destgr ¢ Thice or isors plesss

CORRESPONDENCE SOLICITED.  MAL ﬂI'IIiEI-'IE RECEIVE PROMPT AND CRREFUL ATTENTION.

TENTH, ELEYENTH, AND F STREETS N. W. . . . . WASHINGTON, D. C.
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TERRESTRIAL MAGNETISM

An International Quarterly Journal

Edited by [. A. BAUER
With the Co-uperation of Eminent Magneticians .
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MODIFICATION OF THE GREAT LAKES BY EARTH
MOVEMENT *

By G. K. Ginaear,
I 8 Geidesgival Serepyy

The histury of the Great Takes practically bedng with the melt-
ing of the Pleistocene ite-shdot.  They may have existed befors
the invasion of the fos, but if so thoir ilmminnge systom is unknown,
The iee epme from the north and northenst, and spreading over
the whole Laurention basin invaded the drminige districts of (o
Missinsippi, Ohio, Susquehnuna, nnd Huadson. During fta win-
ing there was a long perlod when the waters ware pondad Bt wess
the ive frontand the uplands south of the Laurentian basin, form-
iy o series of glacinl kndces wlhiose autlots were sonthward th rovtigh
varions low prases, A grest siesam from e Krie basin crost the
divide at Fort Wayne to the Wabush rdver. A piverof the mag-
nitude of the Ningura afterward lowed from the Michigan basin
acros the divide at Chienguto the 1lineis river: und still lntor
the ehief ontlel was from the Ontario basin across the divide at
Rome to the Mobawk valiey.

The positions of the glavial lukes are also murkt by shore-lines,
congisting of termaces, oliffs, and ridges, the strands and apits
formed by their waves. Sovem! of these shore-tines huve boon
traced for hondreds of miles, anid wherever thav are theronghly
stadied it is found that they vo longer e level but bave gentlo
slopes towird the sonth and southwest,  Formed nt the edges of

*Pulitinht by permnianion of the Diravicr of the Unlied Siates Gonlogiosl Siiryes

A more éxisiaded paper, of slmilar wirope, entitdisl * Leeent esetl moremant in ihe
Grest Lakes reglon,™ will sppeas it the Elghteanil Anmual Hepors uf the Surey.

i
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e MOBIFTCATION OF THE GREAT LAKES

wiiter surfnces, they must orfginudly have beon Tovel, and their
present lack of horizontality is due to unegual uplift of the Innd.
Thie region has been tilted toward the south-sautivwest. Fhe daf-
ferent shore-lines are not strietly poraliel, and their gradients
yary from plice to placs, rnging from a few inchos to three or
four fieat to the mile.

Thy epoch of glacinl Inkes; or lakes parily bounded by hioee,
enilod with the disappearance of the foefield, nnd thers remuined
anly lakes of the modérn type, wholly surrounded by land,
These were formed ons at 2 time, and the first to nppear wis in
the Erie busin. It wis much smaller than the modern lake,
bacatisn the basin was then eomparatively low at the northeast
[te autline s approximately shiwn by the inner dotied line
of the acedmpanying map. Tostead of reaching from the site

FTT: (== ANUIENT ARD MUNKRE OrTLiNTR of LAEE ERIE
The broken tines show i grsiitbons of (e shores ot twu oppochn OF the bloe's iiory

of Buffalo to the site of Toledo, it extended only tod point appo-
site the present eity of Frie, and it was hat one-sixth o large
as the modern lnke. Binte that time the lond has gradually
risan it the north, eanting the busin toward the south, and the
lnke hina gradually enoroacht upen the lowlands of its valley.
At i date to be presently mentioned as the Nipissing, the west-
ortt and of the Inko was opposite the site of Clevelanid, as indi-
oated by another dotted line.

The next griat Inke to be releast from the domination of the
jon was probably Ontariv, though the order of precedonos 8 bore
not equally elear,  Before the Ontario valley held a land-hoand
Take it wis occupied by o gulf of the coean. Owing to the dif-
forent attitude of the land, the water surfee of bhis gulf was not
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parallol to the present lnke surfios but inclined st an ungle. In
the extrema northeast, it the vicinity ol the Thowsand Islands,
the maring shores are nearly X0 fest above the presgnt waler
lovel, bt they descend southward and westwird, possing be-
neath the lake loval near Oawego, nnd toward the westorn e
of the Inke must be submerged several hundred feet.  This von-
dition wans of short duration, and the nsing Innd soon divided
the waters, estublishing Luke Ontario as an independent water
body.  The same peouliarity of land sttiude which mnde the
original ‘Erie a small lnke sorved to Hmit the extent of Ontario,
but the reatriotion was loss in amount becsnse of tle sliseper
slopes of the Ontario basin.  Hare again the southward tilting
of the land hod the effoct of lifling the point of outlet and en-
lisrging the oxpanse of the lake.

FHLZ-ANCIENT ASE MOLUSN AUTLINES OF LAKE ONTARIND
The linken llar ahows the orlginnl extent 6l (b lake

There ia somo resson to think thut the upper lnkes, Huron,
Michigan, and Supefior, were at first opern L the sm, 0 s to
eonstitute a gulf, but the evidence §s not w0 full as ¢ould bie de-
sired. When the normal laeustine sondition was el i by
they wore at first a single lake instend of three, nnd the outlet,
instond of being sonthward from Lake | [uron, wis north enstwisrd
from Gevrgian bay, the onilet river following the villess of the
Muttawn and Ottuwa to the St Lawrenon. The triplo lnke Iz
known to us chiefly through the labors of F. B, nyior, who hins
miule extensive studies of ite shoro-line, This line. ealled the
Nipissing shore-line, i not wholly stbmerzed, like the old
shores of lakes Erie and Onotario, but Fey chivlly above the
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present water surfaces, It hins beon sedognized at many poitits
alit Lake Superior nud the northern parts of lakes Huron aod
Michignn, nnd mwenstretnents of its beight show that ite plane
haz o remarkably aniform dip, at 7 inches por-mile, in o south-
soothwest dircotion, or, more exactly, 8. 277 W, Az will De seen
by the socompnnying map, roproduced from Taylor, it crasses the
modarn shoreline of Lake Superior near its western ond, thereby
passing beneath the water surfaca; ani it similarly passes helow
the surface of lake Michigan near Green bay, and below the

— == |

Flil, 3=THE strissiNo GHEAT LAk (AT TAVLON]
Iis Boundaries are showa Iy the broken 1ins=

surfnos of Lake Huron just north of Saginaw bay.  The south-
ward tilting of the lnnd, invelving the uplift of the peint of
outlet, increast the capacity of the basin and the volume of the
lake, pradually earrving the const-line southwand in Lake Huron
and Liake Michigan until finally it redchit the low pasy et Port
Huron and the water overflowed vin the St Clair and  Dotroit
channels to Take Erie. The outlet by way of the Ottawns was
then abandoned, and a4 continoance of the uplift cansed the
watidr to slowly recede from I8 northern shores.  This change
after o time saparatod Lake Superior from the other Inkes, bring-
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ing the St Marys river inlo vxistence, and eventually the present
condition was reacht.

Theso various chuatiges are so intimately related to the hist Y
of the Nisgura river that the Ningars time estimatos, based on
the erosion of the gorge by the eataract, can be appliod to them.
Lake Hrie hns existed approximately ns long ss the Ningarn
river, and its age should probably be reckoned in tens of thous
sands or hunidrods of thousands of yenrs. Lake Ontario is
much younger, All that can be said of the beglnning of Giroat
Lake Xipissing is that it came long after the beginning of Lake
Ero, but the date of its ending, through the transfer of otrtlet
from the Mattawn to the St Clalr, f more definitely known,
Thut ovent Is estimated by Taylor to have oeotrted betwoen
oKD andd (VR Yours ﬂ-]_..!ll.-

The ke history thus briefly skitoht bs charnetorized by o pro-
grossive change in the attitode of the land, the northern nnd
northesstern portions of the region booomiig higher, 5o as to
tarn the waters more pod more toward the southwest, Tha
lntest change, from Great Lake Nipissing to Gronb Linkes S
rior, Michigan, and Huaron, involviog an uplilt at the north of
more than 1000 fiel, las taken plage within so short a pyriod
that we are naturally led to inguine whether it hos vol ceast, s
it ot probuble thiut the land fa stifl rising at the north and the
lakes are still encronching on their southern shores? J, W,
Bpancer, who has bsin an aetive explorer of the shore-lines of
the glacial likes and has gleon much study w related problems,
i3 of opinion that the movemmits are not coniplete, and prediots
that they will result in the restorstion of the Chicago ontlet of
Lake Michigan and the deying of Nissurt

The importance of testing this question by setunl measnre:
Ints was jimprest pon me several yoars ngo, und | endeavored
b seaure the institution of an slaborate set of observations to
that ewd.  Falling in thiy, | vadeértook a lss oxpetsive investi-
gition, which began with the exawination of existing records
of lake height as resonda] by gige rendings, and was continued
by the establishment of 4 numbey of paee stations in 1390, To
understand fully the natiee of this investigation it s necessary
to consider the difficulties that arise from the multifarious mo-
tions to which the lake water is subisct.

s lea Lo fidbems Goagraphy, X A sbocs hivtory of tha Grow Labes. Terrs
Hante, 107 '

b, At Ase Ky, Sal, wol LIEL 1A, p. Sdil
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If the volume of n Iake were invarinhle, and if its water wore
m petfect souilibeivm voder gravity, its sorfioe would' T coe
stant and level, and any varimtion due to changes in the height
af the land vould be dirmtly determined by observitions on the
position of the water surface with referenco to the land ;. but
these conditions are never redlized in the ease of the Grent Loles,
where the volume continually ehanges noul the watir 8 always
it motion. The investizator thetefore hos o armnge his tnoas-
uretioents 8o a8 fo oliminste the effect of such ehangos.

Comsider first the influence of wind.  The friction of thé wind
on the water produoss waves.,  These nm temporary amd practi-
ailly cense in periods of onlm; the perpetoal ground-swel] of
the ocean = not knownon the lnkes, The friction of the wind
on the water alse drives the water forward, producing currents,
The water thus driven sgainst the lee shorms retume= in under-
earrents, bt the internal {retion of thy water resists snd delays
the réturn, and there 34 consequently o heaping of the waler
ngainst lee shores and n corfesponding lowering of it lavel an
dther shores.  During great storins these diffronces amonnt to
severdl fesl, reaching o toaximum in Lake Erd; in Oetober,
1880, n westerly gale is reported to have raised the water 5 feot
ot Bufalo mndd deprest it 8 feet ot Toledo.® For light winds the
changes of leval are much amaller, but they are nevertholess
appreciable, nnd they hivve even beon detected 1o the case of the
wentle “land and sen ™ breezes which in calm weather are created
by the dinrual cyele of temperature chatge on the lind.

The watar i= also gensitive o atmospherio pressure. I the
air prest equally on sl parts of the laks surfies the equilibriam
of the water would not be distarbed ; but its pressure i8 dever
uniformi. As shown by the isobars on the datly weathor mnp,
therenre notalile diffarences of pressave from pointto point and
within the length of one of the Great Lakes these oRen amonint
to soverul tenths of a bprometrie inch,. A eolumn of mereury
0.1 ineh high weighs as much as o eolumn of water 1.3 inches
high : and whenover the atmosphorie pressure at ope point on a
lnke vxeeesls the pressture at another point by the tenth of & bamo-
metric inch, the water level at the fimt poinl is, 0 conssquence,
13 inehes lower than the water level nt the steond point. . Whaen
a cumulits cloud forms over the watar there ix g fenetion un the

® Hplewan, val VILE ppodd, 360, ‘Phe oot of o ptirm o Oodeber, INEL i abdly dinsmad

iy Wan. T. Rloonty ta dnn. Rept. Chisf of Enginesrs, U, & A, lor |, psrt & PR
R0, '
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wator, disturbing jte squilibrium, and the passage of & thunder-
Atorm ollen produces osoillativns attencting the attantion of even
tho oasunl observer.  Such suddoen and temporary variations of
pressure give rise to waves anglogous to those eansed by a full-
ing poabblo, except that they are broad and low, and thess woves
notonly travel to all parts of a laks but nre continusd by reflioe-
tion, o that a local stomm at one point is felt in the water surfuce
nt all points and for a ponsiderable period.  The passage of the
groter atinospharic waves assochnted with ordinary ovelonie
storms sl the impulses given by winds are also abile to set (he
whaole body of the loke in motion, so that it swavs from side to
side or und to end like the swayving water i & tub or basin, and
these swnyving motions are of indofinite continuunee. In the
deeper lakes, and probably in wll the lnkes, they are so ondaring
ns to bridge over the intervals from impuolkse to impulse.  Suek
nsgillutions, which appear st any point on the coast as alternate
tisings and fllings of the water, with periods ranging from o faw
minutes t severnl hours, are called seiches.  Their amplitude is
usually o few inches, but at the euids of lukes is sometimes o foot
OF 1o,

The Inkes, like the geenn, are swaved by the atteactions of the
sun 'and moon.  Thelr tides nre nrnch stmaller than those of the
oeean, amd are even smaoll as compared to the seiches, but they
nre stil] sisasurable. At Milwaikoo the lonwr tide rises and fills
more thoo an ineh and the solur tide & half inch. At Chicugo®
and Duluth sach tide amounts to an ineh and a half, and their
combination nt pnew and fall moon to theee inches.

Water & continually added to ench Iake by rivers and orecks,
but the rate i3 not uniform.  Usually a few freshiets, ocourring
within two or three wieks, vontribute more wiater than comes
during all the remainder of the yosr.  Water is also added in an
irregulne way by main and snow Gllsg directly on the lake. [t
wstbtrcted by evaporation, the rate af which viries greathy, snd
by overflow, which varied within modemte limits, The volume
of water contained in the Inke, being subjeet to theso variablo
gaing and losses, = itself incoostant, and the goteeal hedglit of
the water surface therefore osoillates.  Tu aversge vearsthe rungs
of varistion for Lake Superior is 12 inches; for lakes Michizan
and Huron, 12 inches; for Lake Erie, 14 inehes; aud for Loke
Ountario, 17 inches.  Low water ocours pormally in Jpnuary or
Febirvary for all the lakes except Superior, where it occnms in
Muarch, High water is reacht sooner in the lower lukes, June
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bing the usunl month for Ontarie, June or July for Erie, July
for Michigan and Huron, and August or Soptembar for Supwrior.

RS = N NAE m‘"..li.-l.'-i'ﬂll:lﬂl- GF THE sifadiEs 0F THE LATRENTIAN LAKEN
Comppriled wm moatbly meane gl jsht by the Chief of Engineer, U, 8 A, Hach verticsl space tepresanls wix inehoe The observulian

fof Lily Sipeviar cuvee the gl is6e-inga | far MUhigau-tiaron, (Woaalge | Tor Kebe, tigsaBun o fisy Dhitaria, Deee- i

Fig. 4 shows the: charncter of the anmual
oscillntions, as given by averages of long
rerie= of years,

Lo & wet veur more wister eniters tho lake
than leaves it, and there s a net rise of the
surface; in o dry year thore is o ned fll,
A svries of wel vears pivilpos exception-
ally high water, and o series of dry yonrs
exceptionally Tow, =0 that the entive funge
of waker height s oonsidorably gromter than
tho wnnaal range.  The recorded mngo for
lakes Spperior, Michigan, and Huron s
batwoen & and 6 feet ; for Koo and Ontario,
hetween 4 and 5 feet,

The seommpanying dingram { Fig, ) of
the vectllations of Lake Michigan ilins-
frates the annnal evele and also the pro-
ressive chinnges from venr to vear, Heidng
pomplled from monthly means of gnge
resdings, it does not show tides and selohes
nor the osoillations of short period.

Theso various cscillations of the water,
though differing widely in amplitade, rate,
anrl chuse, veb oooxist, and they mnke the
wotoal movement of the water surince
highly complex, The conplixity of nove-
ment serously interfers with the use of
the water plane ns o datiin Jevel for the
mensurement of darth moveineants, gl w
svatein Of obsapvations for that puarpose
téesls to e planned with mueh enfe.  The
i firineiplis of such o svstem are] how-
avier, simple, wtid vy rondily b stated.
The most mportant 1= that the dires
myeastrement of the heights of individun]
points shoukd nof b attempted, ot com-
parison should alwavs be miade hetwoen
two points, their elative heizht wing
mosstirsd by monns of the witer surfuee
nged a3 8 Jeveling instriment.
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In the dingeaur, Fig. 6, A O B is the profile of o lnke basin,
Annd B are fixt objecls on oppasite shorps, amd wo will sop-
pose the water surfuce to have the position X X Assuming
the water in equilibrium, all parts of this surface have the same
hmght, 1f the hoght of A abave thie water at X be accurataly
mvasursd by the sueveyorse level, and the height of B abhoye the
water ut X' be similarly measared, then the difference between
these Lwo measurpmoents gives the dilferonce in height betwedn
Aprl B After an interyal of some . yveurs or decpdes the work

TG G=TRERd s JLITETEATIES THE BEFTHOND OF TRING A TARE FERFACE FOp THE
DEEOGYERT AR MEASTEEMINT OF RAETIHE NOVERIISHTS
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is rupeater.  The water surface then has some different position,
TN, and the heighits mensurad ame of A above Y and of B above
Y The differonco betwean the two heights gives agnin the rels-
tive haight of A and B; and if enrth movement hns tilted the
basin towatd A or I, the change in their relative helght may be
shown by the differencs in the two resulls of measarement

As thw wator 18 in faet not still, bpl in cdntinanl motion, the
more rianing of Hnes of lovel from A aml B to the water ises
not auffies, and it i= vecesary to determine from observaliois
on the oactllating water: surfaco what would by ite position if
still. Such observations are made by means of goges:  These
areof yarious formes, boteach consists essentially of a fixt point,
or zero, clove by the water, and o gradunted seale by means of
which the vertital distnnee of the water stirface from the zero is
meantiped.,

Changes in the volume of the lake influonee all paris of its
surface equally and at the same thine.  To eliminate thelr ¢fsis
fronr the messurements it s only necsssary that the pago olwer-
viilions al the twao stations be simultaneous, The effocts of wind
wives cin be provented by brenkwators.  Disturbanees due o
currents propelled hy strong winds can be avoided by choosing
tites when there is little wind,  The effects of light windsean be
approximately elimiunted by tnking the average of many obser-
vatiotis, and so can the effects of saiches and tides.  The effects
of differences of atiiosphieric pressure ean be computed from
brrometric minsuramnents of air presdure, and the proper cotrroe-
tons upplied, 185 also passible, by the discnegion of long serics
of ulsaryntions ol eanh stathon, to dotermine the loenl tidal effects
ond niteewnrd apply corrections; and the land and sea breese

offoct niay ba trontod in the anme way.

In theinvestigntion T was abile to malke, conslidormtion wasgiven
b these varions soarees of eeror, batit wagnot prooticable to tnke
atl desirable memanres for avoidance or carrection, beeauso the
roadling of gnges was only partly under my sontrol.  Gago sta-
tions have been establisht on the Groat Takes st various times
andl at various places, and the meeonls of readings have bean pro-
served.  Tosomie ouses the serod of gilges were connectisd by loval-
ing with beneh marks of 8 permanent chameter, and in 2 fow in-
stances the gages themselves are stabile and enduring stroctures,
The wast logportunt body of information of this charmeter is con-
taioid in the archives of the United States Loke Burvey, which
word plaeed st my service by the Chiel of Engineers, U.5. A, By
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searchimg the resonds | wus able to seleat certain pairs of stations
nt whioh the relative heights of permanent poiots on the shore
(equivalent to A and B of the disgeam) hod been proctioally de-
terminod twonty or mom years agn. At some of these statjons
gages reatill rewd @ sl others 1 estabifisht gages and mn the level-
ing Hoes necesanry to conneet them with the old bonehes At
all af them observationg wore maintained from July to Octobaer,
158960, anid these obsereations, i combination with the levelings,
afforded measurvments that could be compared with thosé muode
carller s as-to digeover clinnges doo to oarth movemieil,

bewill not bis nocessney to give hote the dethils of obssrvation
and computation, as they ace fally set forth n o paper soon to

— a1 B

WiQ, T—MaAar OF THE URNEAT LaER Eorrmmec PATES OF GADLAD STATHIESE AND
LSS RE ) rrLuETs

Thd |stifinde are finfkt by fKill [ines.  Fokett Hues show the jaim of stitiodoan

be printed by the Geologiem] Survoy, but the genveal seope of the
work muy be brisfly outlined.  As the filting shown by thé geo-
logrio dati was toward the south-=outhwest, stations wore, so e o8
pas=ible, selocted to test the guestion of nootion in that direetion.
The most eastorly pair were Sackotts Harbor and Charlotte, New
York, conneated by the water surfave of Lake Outarie (see map,
Fig. 7}, From observations by the U, 8. Lake Suorvey in 1874,
it appraarid that a bench mark on the old light-house in Char-
lothe was then L8351 feet nhove & certain poiut wi the Masonio
Toetnple in Sackelts Huelior,  In 1596 the mensurement wis re-
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peated, and the difference found to be 18470 foet, the point at
Sucketts Harbor having gone up, ns compared to the point at
Churlptte, 0001 foot, or about three fourths of un inch.  Similarly
it wor found that betwesn 1558 wnd 1895 o paint in Port Colhorne,
‘at the hod of the Welland eannl, s compared to a palnt in
Cleveland. Olilo, voss (2289 foot, or noarly three inches, Between
1576 amd 1396 0 point at Port Austin, Michigan, on the sliore of
Lake Huron, as compared ton point in Milwinkes. on the shore
of Lake Miochizan, rose 0,187 foot, or one and one-half inches
and in the same period o point in Eseanabn, at the north end of
Lake Michigan, as compared to the sume point in Milwaukes,
rose OU16L food, or alout two inches.

Thers =80 oneof these determinations tht is fren from doubt ;
balldings and ather stroctures on which the banches were markt
mny hove seitled, mistakes may have boen mode in the earlier
leveling, when there was no thought of sibjecting the results to
g0 dolicute a tost, niid there are various other pessible sources of
error to willeh no choecks ean be applied ; but the Mmet that all
the measuremeonts indicats tilting in the direction predicteid by
theory inspires confidence in their vordiet, This confidence is

materially strengthened when the numerical results are roduced
b a cotnmon unit and compared.,
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The stations of the several paies are at differontdistanoes npat,
the directions of the lines conneating them make various angles
with the thearetic direction of tilting, and the fime fnteryals
sepamating the measurements aro differont.  To reduce the results
o cistmmon terms 1 have compoted from esch the rate of tilting it
frpiied in the theorotic diretion, 8, 27° W, Inthe sixth colimn
of the precsding table the rate bs exprost as the ehange in relative
hiesight of the ends of a Hne 100 miles long during 0 century,

Comypnred in this way, the results are romarkahly harmonious,
the eomputsl rates of tilting mnging anly from (0L87 foot to (.40
foust puer OO mailes per contury : wndin view of this harmony it Is
nol ewey to avold the convistion that the buildings are firm and
stable, that tho enginoers ran their level Hoes with sccturaey, thnt
all the various possible sccidents were ssonped, and that wo have
here a veritabile record of the slow tilting of the brond Iakebear-
ing plain.

The computed mean mte of Glting, 042 foot per 100 miles por
contury, bs not entitled to the spme confidence a4 the fuet of tl-
ing. It probable srror, the mathematical mensure of precision
derived from the discordinee of the observational data, is suther
large, being one-nintl of thi whole quantity measured.  Perliupa
it would be safi to say that the genéral e of tilting, which may
or may not be uniform for the whole region, Mmlls botwear (L30
und .55 foot,

While the eredit of formulating the working hypothesis or goo-
logie prodiction which has thus been verified by measurement
bilongs to Speniar, it is proper to noto that the fundamantal idea
of modern differentiol enrth movement in the Great Lakes reglon
was announesd much earlier by G. K. Stantz, a Wikconsin sur-
vevor. Ina paper communieated to the Amorican Association
for the Advancement of Seiopnce in 15309, e cites olwgrvations
tending to show that In 185263 the water of Lake Superinr
stood abnormally high st the west end while It wais gnusuglly
low at the eas, and he infers that the land 8 not etablo. -

The geographic effects of the tilting sre of scientifie and seo-
nomie importaneo.  Evident]ly the height of lake water ot o lake's
outlet is regulated by the dischange and is not affocted by slow
changes in the attitude of the basin: Lut at other polnts of the
shore the witer advances or retreats as the basin i tipt. Con-
sider, for example, Lake Buperior. On the map (Fig. 7) a line
has been drown throngh the outlet at the hesd of St Murye
river in ddirection ot right angles to the direction of tilting, Al
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points on this line, called the b of tho outlel, are raised or
liwirod squally by the tilting and are unchanged with roference
to oue wnother. All points southwest of it are lowered, the
gmount varving with their distances from the Hue,and all points
tr the northenst are mised, The water, always holding its sur-
fuew level and alwavs rigulated in volume by the discharge at
the outlet, retreats from the riving northeast coasts and encroaches
on the sinking southwest consta, Asmuming the rate of tilting
tir bie D42 foot prer 100 miles per contury, the mean lnke level is
rising at Thaluth O Inches per contury and falling at Heron bay
O tnches. Where the isobase intersects the northwestern shora,
which happens to beat the international boundary, there is no
change.

Lake Ontario lies altozether southwest of the isobase of its
outlet, and the wator s encroaching on all its shores.  The same
tilting (hat enlarged it from the area markt by the dotted Tine of
figure 4 &= still increasing its extool, The estiimuated vertienl rise
at Hammilton i= 6 jnches per century.  The whole const of Lake
Erie also is being submarged, the estimatod rate ot Toledo and
Sandusky being 8 or 9 inchies per contury,

The izobast of the double Lake Huron-Michigan posses sonth-
west of Lale Huoron and crosses Lako Michignm,  All eonsts of
Lake Huron are thorefore rising as compared to the outlet, anid
the corsoquent apparent lowering of the mwean water surface 1s
ostiranted a1 6 inches per contury for Mackinac and at 10 inehies
for the month of the French river on Georgian bay.  1n Eake
Michigan the line of no ehauge passes near Manistee, Michigan,
At Eseanaba the estimated fall of the water 2 4 inches per con-
tury ; at Milwaukeo the estimnted riso is 5 or 6 inches, and at
Chiengd between O pnd 10 inches.

These slow chonges Of mean water level are coneenlsd from
ordinary observation by the morempid and impregsive changoes
diw to varintions of volume; but they are worthy of eonsiders-
tion in the planning of engineering works of a permanent char-
aoter. and there is ot lenst one place where their influence is of
moment to s large community.  The eity of Chicago i budlt on
nsrnoth plain little above the high-water lavel of Lake Michigan,
Every decude the menn lovel of the water s an inch higher, and
the mangin of safely i3 #0 narcow that inches are valuable.  Al-
reily the older part of the ¢ity has lifted itsell severnl fedt Lo
seatire better dminage, and the time will surely come when other
meastires of protection are imperatively demnnded.
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Looking to the more distaont future;, we may estitnate the date
at which the geogrnphic revolotion prophesiod by Spencer will
oceitr.  Near Chicago, as already montioned, is an old channel
miade by the outlet of a glacin! lake. The bed of the channel at
thie stimit of the pass i= about 8 feet abiove the mean level of
Lake Michizan and 5 feet nbove the highest level,  LTn 300 ar 800
Venrs (netming the estimated rate of tilting) high stages of the
lake will reach the pass, and the artificial discharge by cansl witl
besupplemonted by an intermittont natural discharge,  In 1,000
years the discharge will ocour st ardinnry lake stnges, and after
1000 years it will bo continuous,  ITn about 2000 venrs the diz-
chargn from Lake Michigno-Hoaron-Erie, which will then have
substuntinlly thesame level, will e equally divided between the
western outlet at Chicago and the eastern at Buffalo,  In 2500
years the Niagam river will have become an intermittent stream,
and in 3000 veurs all its water will have been diverted to the
Chicago outlet, the Tiiinols river, the Mississippi river, and the
Gl uf Mexieo,

THE TORONTO MEETING OF THE BRITISH ASSOCI-
ATION FOR THE ADVARCEMENT OF SCIENCE

If the British Association for the Advanesment of Scienes has
nover el done itsell the honor of electing o gedgmplier a8 its
Prestdent, it ot Ieist is not open to the repronch of neglocting
=0 tmportant a departmont of knowledge ns that which is von-
eittmd with the distrbution of the humoon rmee aod the manifold
conditions of its environment,  Througlond itz entire history of
U7 years the Association has given geogmphy s prominent plnce
inita procecdings, and them have been few distinguishod ex-
plirers who have not restrved some of their wost interesting and
important utterances for the Googeaphical Section of this great
getontific body. Juost 40 vears ago, in the ciby of Dablin, it was
o see ol benr Livingstone that people erowded into the hall
nssigned to Section K. Fifteen vears lnter, at Brighton, Lelore
an oqunlly large and brilliant assomblage, Mr Sianles narrated
the thrilling story of his search for the great missionary-truveler
in the wilds of equatorial Afrien, and almost every Aretic ox-
plorer anid every seeker for the myaterions sonrees of the Nile
and every daring adventurer who has penetrated the recesses of
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the great Asintic plateau has modestly nurested the story of his
truvels and his dizcoveries bofore the Britiah Association,

I the repent Toronto meeting will not be remembered forany
drnmatio incidents or nther highly sensational features, it wis in
many respects a notable gathering snd Ly no means lncking in im-
portant eontributions to geographic seinnee.  The address of the
President of the Geopraphical Section, Mr.J. Seatt Keltle, LLE, ID.,
Joint Seeretary of the Roval Geographical Bocioty atd Editor of
the Geographioal Journal snd ofthe Statesman’s Year- Book, denlt
with the geogtaphic problems of the future and set forth it ad-
irnblo and inost instrootive areny the varons regions of the
globi that ure still whiolly or in large part unexplored. This
pildress s published, with hut very slight abridgment, in the
following pages; as a matter not merely of general interest, but
of especinl value to teachers and geographic students who find
it difficult to keep abreast of gedgraphic resesrvh in the more
remote parts ol the warkl.

Dr Keltin's address woas deliversd on August 18, and in the
afternoon af the same day Sir George Seolt Robertson, the Hero
af Chiteal, deseribed Kufiristan and the Kafirs; Mr E G. Ravon-
stein, of London, presented the sixth report of the Committes
an the Climatology of Afried, o subject of groat Interest in view
of the recont extension of European territory on that continent ;
Mre B Delmar Morgan, of London, read a paper on Nova Zem-
bin snd ite Physical Geogrphy, summarizing the results of re-
cent Russian investigations and presenting: the conclusion that
the country 18 now undergaing a now proces of glroiation thut
will comvert it into an icy wilderness; Mr B. Lelgh Bmith, also
af London, spoke on Recent Temperature Observations off Spite-
bergen, and a voluminous report was presonted on The Position
af Geogrphy in the Hducationnl Bystem of Great Britain.

On the following day the procesdings of the Geographic See-
tion incladed n paper by Profl Richard K. Dodge, of the Teachers
College, Now York, on Seientific Geography for Sehoals. which
was u plen for the more scientifie teaching of geography in the
public schools and for systematic cotiperation in the bringing
abeunt of a much-peeded improvement ; o paper by Col. F. Hailey,
of Edinburgh, on Forestry in India, showing the serfous results
of forest denudation in that country and the measures that hsve
been adopteid to remedy the ovil; o Scheme of Guographical
(Massification, by Dr Hugh Robart Mill, of London ; a paper by
Mr Viughn Cornish, o The Distribution of Detritus by the Sea;

+
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n puper by Mr B, G. Ravenstein, on' The Koligo and the Chpo
of Giood Hope, 1482 th 1488, & narmtive of ang of the mopt in-
terusting periods in the history of geagtupliie explormtion, and
& communication by Prof Jolin Miloe, of the Tsle of Wight, on
" Uertsin Bubmuarine Creologioal Chatges, which was muinly an
epitonte of the article on Suboceaie Chnnigros, published i the
Fuly and August numbers of 1he Goographienl Journal,

Oy August 23 Mr Marcus Bitleer, of the U. 8. Geologienl Burve ¥,
red o paper, the joint production of himsalf and M Giardiner
G. Hubbard, President of the National treographio Soclety, on
the Goography of the Unitid States and the Agencios emploved
in its Exploftation: General A. W, Gireoly presented a paper hy
Prof. F. H. Newall, Chiof H ydvographer of the U, & Geological
survey, on the Hydeography of the United Stats Dl G Men-
danhall, President of the Worcester Pol Yiechnic Institute and
it rerly Superintondent of the T, £, Clonst and Geodatio Survey,
and MrOtto H. Tittmann, Assistant in charge of the Office of the
Survey, diseussed the geographic work of that Twpartant guv-
ernment bareu; MrJ, B, Tyrroll, of Oftawn, rend a fipiue on
the Barren Lands of Cannda, by which title he designated the
plains and peairies which strotoh from Hudson bay to the Mdie-
keugie river anid from the eomstling of the Arctic ocenn south-
ward to the reglon of givilisation: Mr W.J. White el o paper
on the Topogrphic Work of the Grologieal Burvey of Canmla
Prof. Charles T). Waloott, Dirsetor of the Genlogicnl Survey of
the United States, presentod o valuable commuunication on the
geographioal work of the institation over which be so ahly pro-
sides, and Frof. Willis L. Moore, Chisl of the U. 8. Wenther
Burean, discussed entertainingly and instractively the (lma-
twlogy of the Unitod States.

The procecdings of Avgust 24 opened with an address by
Mr F. . Belous on the Eeonomie Geogrnphy of Rhodesing, o re-
gion in which he has spent bwenty-five years in elephunt and
lion hunting, buat i whish the ultimate destiny of a lnrge part
of the Afriein continent s now bsing wrotight out.  This was
followed by a Joarnev in T ripoli, by Mr 1. T, Mvers; Potamal-
agy asa Hranch of Geography, by Prof. Albrecht Panck, of the
University of Vienna: the Googruphical Development of the
Lower Mississippl, by Dr E. L. Cortholl. 'of New York : South-
edstern Alasin, by Mr Otto J, Klote of Ottaws - The Fipst Ascont
of ML Lefroy and Mt, Alerdoen, hy Prof. H. B. Dixon, uf Man-

chester; Moxico Fellx and M exioo Deserta, by Mr 0. H. Hownrth,
i¥
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of London, and The Direction of Lines of Struetnre in Knrasia,
by Prince Kropotkin, an important paper written in a Hussinn
prisoi and saved from destruction by the Russian Geographical
Rocioty witer the esenpe of its nuthor.

Ou Augnst 25, the closing day of the mevting, Prof. W. Al
Davis. of Harvard, spolke on the importance of geography ss a
university subjoct; Goveral A. W. Greely read a paper by Mr
Henry Gannett, Chiel Geographer of the U. 8. Geologieal Sar-
vy, om the Growth and Materinl Conditions of the United States,
and Dr Ml and Prof. Penck exhibitod a Targe nmumber of views
iustmtive of geographioc soones and conditions:

While the furegoing fepresents the work of the (eographical
Spotion, 1t by no means exhausts tho st of subjects of interest
1o thie studont of geogmphy that wers discussed at the Toranto
meeting.  [n'the Section of Mathematics and Phvsies, on August
19, Prof. John Milne presented a reépart from the Committes on
Seismuologieal (heereations, anid exhilital, fop the purpose of
iltnsteating the nature of certain reesnt di=povuries, the winder-
fully delicate instruments thut are usail in locating birelengos 1n
submaritie cibles,  On the e day. in the Section of Geology,
Prof, J. . Branner, of Stanford University, disenssed ''he Former
Kxtension of the Appalachisns across Mississippi, Louisiana,
anid Texns, and Dr F. 13 Adams demonstrated the pll;.ﬁt.ir'l?l'._'li.' of
pocks.  Agnin, in the Bection of Mathematics anid Physics, on
Aunpust 20, Mr Alexnnder John=on, of MeGiill University, k-
cusseil the project of an lmperial Hyd regrraphie Survey. and at
the Hortioultural Pavilion Prof. H. O. Forbes, of Liverponl,
locturald on British New Guinea, its Paople, and the Problems
which the Region affers to Grologists and Naturlists.

{1 the Section of Meteorology, on August 28, ‘Me F. Napior
Denieon, of the Toronto Observatory, dise uesal the Groat Lakes
ui o Sensitive Thermomaeler; Mr John Hopkinson read n pagar
on The Monthly and Antual Rainfall in the British Empire
during the last Twonty Years, e Van Rijckovorsel, of Rotter-
dam, diseussed the Temperatare of Enrope, laving stress on the
sfluencks ofiginnting in western Asia an the enst and in or be-
yond the Atluntie acean on the west; Mr R F, Stupart, of the
Toronto Meteorological Departmunt, tead a paper on The Clims-
tology of Cannds, and Mr I . Haliburton, o learnsd member
of the Canadian Bar, disonszed November Metoors and Novesn-
her Flood Traditions.  In the evoning Prof John Milne lesbared
hafore the Association in generil session on Earthquakes and
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Volcanoes, an exceptionally largo and distinguished audience
being attrmeted Ly the fame of the man who sanounced. in Eng-
land on the day of its oceurrence the terrible earthguake which
visited Jupan in June, 1896,

The Anthropological Seetion also presented mnny attractions
to the geographer, especinlly on Augnst 28, when the proceed-
ings invluded o paper by Mr B, Sulte on the Origin and Chare-
taristios of the French-Canadians, an decount of the Sey Indinns,
by Frof. W J Metiee, Acting President of the Amerioun Assooia-
tion, and nlong disonssion on the Evidences of American-Asintio
Contact. opened by Profi F. W, Putonm; of Harvand.

It will readily be seen from the forewoing that the Toronts
meeting of the British Association was the ovession of msny
notabile conteibutions to geogriphio seienco, and no apology will
b offered for the presentation in forthcoming numbers of Tux
Narioxarn Groararaie Macazie of abisidgments of sich of them
s ary of greatest value and nee available for the purpose,

J. H.

THE GREAT UNMAPPED AREAS ON THE EARTH'S
SURFACE AWAITING THE EXPLORER AND
GEQUGRAPHER®

By J. Scorr Kevvig, LL. D,

Seerefary to the Royal (Geograplacol Soaioty, Eduor of the Geographioal Jowrnal
il of the Sheilonisien' s Fewr- Bowk, el oo,

We meel this year in exceptional cireumstances. Thirteen
yimrs ago the Britlsh Azsociation met for the firdt thme in a por-
tion of the empire bevond the Hmits of the British islands. Dur-
g theso thirteen years moch has happened of the greatest inter-
et to geographens, and if attemptid to review the progress which
hus been made during these yoars—prosress in the exploration
of the globe, progress in geographical resenrch, progress in goo-
graplifeal education—1 eonld not hope to do it to any purpossin
the short time during which it would be right for a prosident to
monapolize the attention of the Seotion,

But we have, al the same time, reached another stage in our
history which naturmlly leads us to take stock of our progress in

* Frosiciontial ddrnes dellvarend befors the Deasgrapbiosd Ssetion of Ui sk Asso
eluthon for \lis Aslvatiosment of Enlanude, st Torogto, Lughsd [N, (0T,
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the past.  We have all of us been celobrting the sixtieth yedr
of the glorious reign of the Soveroign of whose vast dominions
Cannds and the United Kingdom form integend paris.  The pro-
gress munde during that period m our own departinent of acienoe
his boen immenss; it would take volumes to tell what has booti
done for the explosation of the globe

The graat continent of Afriea has practionlly bean disedvered,
for sixty vears ago almost all bat its riee was o blank.  In 1857
anormouns aress in North Amdrlon were tnexplored and much of
the intorior of South Ameriea wis unknown.  Tnall partsof Asia
vast additions have bien made 1o ony konowladge; the maps of
the Interior of that continent wers sixty vears ago of the most
dingrammntic charmeter,  The Austrlisn interior wad nearly us
grest o hlank asthatof Africa; Now Zenland had not even bien
annexed. Neod 1 remind vou of the great progress which has
been made during the period both in the North and South Polar
arens, citlminating in the magni ficent achievement of Dr NansonT
[t was just sixty years ago that the greéat Antarctic expedition
ander Sir James Ross woe being orennized ;| since that, alas ! little
ar nothing has been done Lo follow up his work. SIXly VOurs ngo
the sctanse of secanogruphy, aven the term, did not exist. Itis
the ersation of the Vietorian erm, and may be said almost to have
hodd its origin in the voyage of the Challenger, which added a
new domain to our soience and opened up inexbuustible felds of
resoareh.

- W L - Ll *® 3

[ have thought, then, thnt the most useful and most manage-
able thing to doon the preseit oceasion will be toindicate hriefly
whitt, in my estimation, ave some of the problems which googra-
phy has to atlack in the future, only taking such glances at the
past ns will ehable us to o this intelligibly.

ASETA

Turaing to the continent of Asia, we find that immense progress
has Been malde during the past sixty years,  In the presidential
aldres= wiven sixty years azo Mr Hamilton says of Asin: " Wa
have only o genernl knowledge of the woographical charnoter of thie
Burman, Chineso, and Tnpan empires | the inunmerable islands
of thie Intter are still, excepit occasionully, inaceessible to European
onvigators, Geographers hundly venture on the most locse de-
seription of Tibet, Mangotia,or Chinese Tartney, Siam, anil Cochin
China.”  Sines then tho sarvey of Indin, one of the greatest
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enterprised undertuken by nny State, has been completod, anid is
being rapldly extended over Burma,  But 1need not pemind Yol
in detail of the vast changes that have takan place in Asin dir-
ing those Yoors aod the immense additions that have been made
L our knowledge of its geogmphy.  Exploring netivity in Asia
ks not likely to cease, though it [s uot to be expected that its in-
hospitable center will ever be so carefully mapped as hnve hoen
the mountains of Switzerianid.

The most nportant desideratn, 5o far s plompaer oxplormtion
in Asia is coneprned, may by said to be confined to two reinns.
In wouthern and centmd Arabia there are tracts which are on-
tirely unexplored, 1t is probuble that this unexplored region is
in mpin o sandy desert.  Af the same time it is, in the south at
Lo, fringed by n border of mountaing whese slopes nro capabile
ofrich cultiviation nad whose summits the lite Me Theodors Bat
funnd, on lis last and fatal journey, to be coversd with snow.
In exploration, as in other directions, it is the pnexpected that
happens; and if any teaveler carsd o oo the difficulties—plive-
iead, palitieal, and religious—which might be met with In south-
orn and centeal Arabin, e might be able to tell the world a s
prising story,

The other region in Asin whero renl poneser work still remains
to be done iz Tibet and the mountainous districts bordoring 1t on
the north and east.  Lines of explomstion have in reeont years
beon run aeoross Tibet by Russian explorers fike Priovalsky, by
Rockhill, Prinos Hunry of Orlenns, and Bonvalot, by Bower, 1Lit-
tiedulo, Wellby and Maloolm. From the resultsobiained biv Lhicse
explorers we have formed n i idea of thia, the most extensive,
the highest, and the most inhospitable plateau in the world. A
few more lines run in wellseloctod direetions wisnld probably
supply geography with mearly all she wants to learn about stch
B pugion, though more minute exploration would probably fur-
nish intersating details as to ita geological history,

THE FORBIDDEX <ITY

The region lying-to the north of the Hilalnvan tungs and to
the south of the parallel of Lhasa is almost o blank on the g,
amd theew is ample room here for the enterprising pioseer. e
forbigdden eity of Lhssa is at present the goual of sevaral nidvent-
urers, though ns o matter of et we ennnot have mueh to lenrn
in uddition to what hay been revealed in the intoresting narm-
tivie oF the native Inding traveler, Chandm Das.  The wisgniifl-
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pent mountain region on the north and east of Tibet farnishes
splendid field for the enterprising explorer, Mr= Bishop rocently
appronched it from tho east, through Sze-chuen, and her descrip-
tion of the ramantic seenery and the interesting non-Mongolinn
inhabitants loaves us with o strong desire to learn more, O the
southenst of Tibet s the remarkable mountainoos region, con-
sisting of nseries of lofty purallel ohaing, through which run the
upper waters of the Yaugtss, the Mekong, the Salwin, ntd the
Trrawneddy. Fhis last-named river, et oxplomtion hasshown,
probubly does nod rench far fnto therange.  But it will by seen
by & glatee at o map that the npper waters of the other riyers
are carriod for into the heart of tho monntains.  But these npper-
riverconmses aro entirely conjecturml and have given rise to much
pontroversy. There 1s plonty of work here for the explover,
thoush the ditficulties, physical and political, are great.

But besides these great t:lnﬂ:i:jwlu'l"ih:l reZions thirs nre nnny
bliunks to be flled ap in other parts o Asia, and regions which,
though known in s gensml way, would well ropay carefil exam-
fnation. There i the mountain track between the Zoral=han
viver and the middle conrss of the Sarkhab, tribatary of the Uxas,
and the conntry Iving between that and the Oxus;  There is the
prent Takla-Makan desert in Chinese or Eastern Turkistan, part
of which has recently besn explored by Russian expeditions and
by that voung aod indefatignble Swadish traveler, DirSven Hedin.
1t is now one of the most forbidding deserts to ho found anywhers,
bt it deserves careful examination, as there are evitlences of it
onee having been inhabitetl, and that ut no very remote poeriod
[t is almost survounded by the Tarim, and on s eastern edge Hes
Lob-nor, the remarkable ehunges in which have beony the subject
of recunt Investipntion, As readers of Dr Nansen's Voyoage of
the From will remember, the Siberinn ¢oast is most T perfoctly
migpped.  OF cotirse 1t is 4 diffioult tazk, bot it is one to which
the Bussian governiment oughtto be equal.  Ching has on paper
thie nppearance of being fnirly well mapped ;- but ns o matter of
fuet our knowledge of its moountain rnges and of its great river
conrsesis to o lnrge extont extremely vamie, All this awaits cure-
ful survey. In northenstern Maochuria and in muny pirts of
Mongolia there are still Wlanks to be filled ap and mountain and
river ayetoms to be surveyed.  In the Malay peninsuln nmd in
th great pevay of islands in the east and sonthest of Asin—Su-
maten, Borneo, the Philippines—much work still renaina 1o be
dope,  Thus for the coming opntury there will Te abuanidanes of
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work for explorens fn Asia amd plenty. of materinl to ocoupy the
attention of *our geogrophical socioties,

DAREEET AFRICA

Corming to the map of Afriea, we find the most marvolous trans-
formation duripg the lest sixty years, and mainly during the lnst
forty yones duting from Livingstone's memornble jonrney aoross
the continent.  Though the north of Africa was the home of one
of the vldest vivilimtions; and theogh on ths shores of the Med-
iteremnesn Phonicinne, Carthpginians, Grocks, and Romiuns were
at work for oenturies, i hos only bien within the memory of muny
of o that the center of the continent, from the Saham to the con-
finez of Cnpe Colony, has deasod to beand unexplored blank. This
Blank lins been fllsd up with bow ildoring mpidity, Gront rivers
and Inkes pod moantiins hiave bheen laid down o thair main

s fopdnres, nod the whole continent, with o few unimportant ex-
captions, has feen pareeled out among the powers of Enropo
bt muach sl remaing 1o be done ere we can form an adequate
coneefition of what is in some respects the most interesting nnd
the most intractable of the continents.  Many ourious problems
still eemnain to besolvel.  The ploneer work of explorition has
o o lavpe extont been pocomplished ; lines have heen ran in all
direotions ; the mein fetures have been blockesd out; but be
twewrit thess lines the broad meshes remain to be 0lled 0, and
tor do this will reqoine many yenrs of ¢areful exploration. How-
wver, thery =il remaln ooe or two regions that afford seope for
the miventarons pionse.

To the south of Abyssinia and to the west and northwest of
Lake Ruosdalf, on to the Upper Nilo, is o region of considernble ex-
terit, which i3 still practiontly uoknown.  Again, in the western
Sabars Hrere b an extensive area, inhabited wmainly by the in-
tractilile Tunregs, into which no one hns been able to panetmate,
ahd of whigh our kunowledge is extramely seanty.  Even io the
contrul Saharn there nre preat arons which have not been tra-
veedod, while in the Libyan desert much remnins to be done,
These regions are of intitest altoost solely from the geogrphical
and geological stuodpoints; but they deserve eareful investign.
tion, not only that we may ascertuin their aotonl preseot condi-
tivn, but in order, also; that we may try o dispover some cloos
to the past history of this interesting continent.  Still, it must
be said that the great fentures of the continent have boen so fully
munpprid during the last hall century that what iz reguired now
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I muinly the flling-in of the details. This 18 a proocess that re-
uires many handa and specind quslifieations. . All over the con-
tinent thees nre rogions which will repay speaial Investigation.
{Juite racently an English travelor, Mr Cowper, foand not far from
tho Tripali ponst miles of magnificent roins and wach to correct
onourmaps. I only the obstructiveness of the Turkish officials
could be overcome, there 14 o rich harvest for any ane who will
go to work with petieace and intelligenes.  Even the interior of
Muoroeeo,and especinlly the Atlas mountansare bat Htthe known.
The French, in both Tunis and Algeria, are extending our knowl-
edge southwardl,

EFFOILTE OF THE [RIWERS

All the powers who have taken part in the seramble for Africa
are doing muech to aequire n knowledge of their territories,  Ger.
mnny espoeinlly deserves prise for the persistent zeal with which
sl hns enrried out the exploration of her inmemse termitories in
Hast and West Africa,  The men she sends out are unusually
well qualified for the work, capabile not simply of muking s run-
ning survey as they procesd and thking notes on country i
people, but of rendering o substantial nceount of the gealogy,
the fauna, the flors, and the eeonomio conditions,  Hoth in the
French and the British sphores good work is nlso being done,
and the map of Africo i being gradually filled up.  Bat wheat
we uz-".pu:'i.u.]_l:.' want pow are fen of the type of Drd, W, Gregory,
whose book on the Great Rift valley is one of the mosi valuahle
eomtributions to African geography over made.  If men of this
starnp would settle down in regions like that of Mount Ruwen-
aari or Lake Rudoelf or the region about inkes Bangweolo and
Tanganyika, or inthe Atlas or in many other regions that could
be named, the gains to seiantific geogmphy, as well ns to the ddo-
nomie interssts of Afriea, wonld be great.  An exnmple of work
of this kind is seen in the dizeoveries made by o young biologist
trained in geographienl obaervation, Mr Moore, on Linkée Tan-
ganyika. There he foand o fauns which sedms to afford o key
to the pest history of the center of the continent, 4 fauna which,
Mt Moore malntains, is essontinlly of a salt-water type. Me
Moore, 1 balisve, 18 inulingd to maintain that the ancignt con-
nection of this part of Africa with the ooean was not by the west,
as Jogeph Thomson surmised, but by the north, through the
Great Rift valley of D Gregory, and he strongly advocates the
eareful exnmination of Luke Rudolf as the erudial test of his
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theory. It is to be hoped that be or some one equally compo-
tent will have an opportunity. of carrying out an investigation
likely to provide results of tho highest importance.

CLIMATE OF THE QOUNTHY

Bt there are othor specinl probiems connected with this, the
moast backward und the most ropetlont of continents, which de-
miand seriotie investigation—probloms essentially geogryhioal.
Ung of the most important of these, from the point of view of the
development of Afriva, is the problem of soclimatization. The
matter is of such prime importanee that n sommittoo of the Asso-
clation has been at work for some vears eollecting data us to the
dlimate of tropical Africn.  In o genersl way we know thut that
climate s hot amd the rainfall seanty ; indeod, ovin the geogea-
plier= of the ancient world helioved that Central Afrien was anine
habitahle on recount of its heat ;) but sciones reguires mors than
genernlities, and therefore we look forwanl to the exiot results
which are being collected by the committes referred to with miuch
hope. We can only go to work experimontally until we know
priicisaly what we haveto deal with, It will help ns groatly to
aolve the problem of seclimatization when we have the oxnet fae-
teirs that go 1o constitute the climate of tropionl Afnem. At pres-
ent there nodonbt that the weight of eompetent opinion—tlst
ik, opinion of those who have had setual experience of Afriean
climate and of those who have made s specinl study of the effects
af that elimnte on the buman constitution—is that, thoogh white
mey, i they ke due procautions, may livoand do certain kinds
of work in tropieal Afriea, it will never be possihle to colonize
that part of the world with people from the temperate gone:  This
is the lesson tanght by gonerntions of experience of Europenns
in Luddin,

So far, also, snd experience has shown that white people can-
nirt B to gettle in Central Afries ns they have settled in Can-
sl and the United States and in Aastealin, and mske it o nure-
spry and o howme for new generations.  Even in such favoralile
sitimtions ns Blantyre, a lofty region un the sonth of Lake Nyasa,
children cannot be rearad bavond o cortaln nge they must he
st home to England, otherwiezs they will degenatite phy=ically
und morndly,  No eountry ean ever becomie the troe howe of a
peaple if tho ohildren have to be sent away 1o be reared.  Still,
it i8 true our experignce in Afrion is limited. Tt has been main-
titned that it might be possible to adapt Europeans to tropienl
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Africa by n gradianl prooess of migeation: Transplant southern
Eutopennsto north Africa ; aftera gohemtion or twotemove ther
progony further sonth, and so on, edging the sueceeding genem-
tion further and foether into the beart of the continent. The ax-
periment-—a long one it would be—might be tried ; but it i to
b Tmured] that the oltimate result would be a moe deprived of all
those charcteristics which have made Europe what it s,

HIDDEX ENEMIES

An able young Talinp physician, Dr Sambon, has recontly
faced this important problem, and Tas not hesitated to come to
cotielustons quite oppesed to those generally necepted.  His posi-
than is that it hus taken us centitries in Europe 1o dideover our
hididen enenies, the miveobes of the various disgeases to which
northorn hamanity is o prey, and to meet them and conguoer
themi. In Africa we hoave o totally different sit of ongmies (0
meet, from Hons and snaked down Lo the invisible argaaisms that
produce thoese forms of malarin, anpmia, and other Jieases
churfioteristio of tropical countries. He admits that these are
miare or less due to heat, to the natnre of the soil, and other trop-
ical conditions; but that if onee wo knew their precise tatire and
modes of working we should be in a position to meet them and
corquer them, 1t may be g0, but this is & resalt that conld only
b renchiod aftor generitions of experience and investigation, and
even Dr Ssmbon nilmits that the altimate product of Buropean
noclimatization fn Afrion wonld bezomething guite different from
the Furopean progenitors. What is wanted is'a series of care-
fully conducted exporithonts,

T have referred to the Blantyre highlands,  [n British Kast
Afrien thero wre plateaus of much greater altitude, and in other
parts of Central Afrien there are lurge nreas of 4000 feet and over
ahove sea level,  Thoe world may become so full that we may ba
foreed 1o try to utilize these ln'rl"t}"l'.rmr-ir:l.l regions as homes for
white people whon Cinsda and Anstialin anid the United States
bacome ovar populited.  Asoneol my predecessorsin this chalr
(Mr Ravensteln) tried to show at the Liseds maesting some vours
awrn, the population of the world will have more than doubloed in
& century, and about 180 yedrs hendo will have quadreaplod. At
any ride, here is s problom of prime importance for the geog-
rapher of the doming century to sttack. With 30 many ener.
getie and intelligent white men all over Afriea, ¥ should not be
diffiextlt to obtain the data which might hilp toward its solution.
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NOHTH AMEHICA

I have dwelt thas long on Afriea, becanse it will really be one
of the great peogmphical prablems of the coming century.,  Had
it lieen as suilable as Ameries or Austealin, we may be sors it
would not have remained o long noglected and despised by the
Eurapean peoples as it has done.  Unfortonntely for Afriea. just
asc it bl been arcumpoyigated, and just a8 Edropeans were be-
einuing tosettle upon it cenbral portion and teving to make their
way into the interior, Colambus and Cabot dissoversd s now
world=a world as wall adapted aa Earope for the energies of the
white races,  That discovery postponed the legitimate develop-
ment of Afrien for four conturies,  Nothing pould be more mnrked
than the progzress which Americn has made sinee its redisopvery
4000 e agro, and the staguation of Africa, which bias boen known
to Burope sinee long before the beginming of hstory.  Doring
these 400 vears North America gt least has beon very thotoaghly
explored, The two great nations which divide North Ameried
botween them have their Governiment surveys, which ar rapldly
mnpping the wholeeontinont and investigating its goology, phvs-
loal geography, nod natuml resonrees,

I need hardly tell an audience like this of the admirable wark
dono by the survey of Canada under Sir William Logan, Dr
Solwyn, and his sncoeasor, De Goorge Duwson; nor shoald it be
forgotten that under the lands department much excellent to-
pographival work has been carried out by Captain Devills and
his predecessors.  SL1, though muoch has beon done, muogh re-
msing to be done,  Theve are largs arcas which have nob as yet
beaiy roughly mappsd.  Within quits recent yenrs wa have had
new rogions opened up to us by the work of Dawaon aod Ogllvie
ot the Yukon, Dr Bell in tho reglon to the south of Hudson Tay,
by thoe brothers Tereeoll in the bavren landz on the west of the
same bay, by OSullivan bevond Fhe souroes of the Ottawn, wmd.
by Low in Labrador.

Hut it is not #0 long sinoe that De Dawson, in reviewing what
remains to ba done in the Dominion in the way of even pionasr
exploration, pointed oat that something like a million squure
miles still remained (o be mapped.  Apart from the uninhabit-
able regions in the north, there are, as Dre Dawaon pointed out,
considerahle wreas which might be tarmed fo proftable aerienlt-
ural hnd minine nosonnt of which we know little, soch nrens ns
these whioh Tinvva besn recently mapyid out an the sbath of MTud-
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gotk By by Dir Hall and  bovond the Oftawn by M O'Sodlivan.,
Althougl the eastern and western proviness have been vory fully
surveyved, there i a considerable nrea between the two Iving be-
tween LakeSoperior and Hodson bay which soems to have been
so (e nlmodt untonched. A very great deal has bean done for
the survey of the rivers and lnkes of Canadr. 1 need hardly gay
that in Cannda, as elsewhero i Amorioa; there ls ample seape for
the study of many problemes in physical geogrphy-—past and
presont glaciation sud the work of gluweiers, the ovigin ol rigime
of lnke basing, the erasion of river beds, the éscelllation of const
linex. Happily, both in Cinada and the United States thers are
sy men oo petent wod eager to work out problems of this olass,
amd in the reports of the various surveve. in the transactions of
American learned sopieties, in scientifio periodieads, nod in sepo-
rate publications, n woalth of data has already been acoumulited
of imtmenss value to the geopmpher.

UNITED STATEE

Every geologist and geographer knows the important work
which hag been nccomplished by the various survevs of the
United Siates, as well as by the various State surveys. The
United States Canst Survey has been at work for miore than half
a century, mapping not only the eoast but all the navigable
vivirs. The Lake Survey has boen dolng  similar servies for
the shores of the Great Lakes of North Americen,  But it is the
work of the Geologieal Sarvey which B best known to gedgri-
phers—n survey which & redlly topographicihl as well ns geolog-
jeal, ahd which, under such men as Havden, King, and Powell,
has produced o series of mognificent maps, dingroms and mem-
oirs of the highest seientific value and ioterest.  Heeently this
sorvey has been plaoed on o more sysfematic basis, so that now
a scheme for the topographical survey of the whole of the terd-
tory of the United Siates is belng oarried onl.  Extensive ardas
i varions parts of the Suites have beon alroady surveved on
different seales,  [U i o be hoped that in the fotare, ne-in the
past, the able man whe are smploved on this stirvey work will
have opportanities of working out the physiography of partiou-
Do ckisdricbs, thio ([LL1 RITE presoil “lm;._!mllh}' of which is of ail=
viunoing soientifio interest. O the comiplete exploration ani
wispping of the Novih- Amoenean continent wo neod have no ag-
prihenston ;i1 i only s gquestion of time, and i s 1o e hoged
thot neither of the governments responsihle will allow politica]
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exigencies o interfore with what & preally a work of national

importance.
CESTRAL AXD SOUTH ANMERICA

It s when we come to Centrnl anid South America that we find
ample room for the nooficiul exploree,  In Mexico and the Cen-
trial Amorican Slates there are considerble areas of which we
have little or only the vaguest knowledge. In South America
thers 4 really more room now for the pionesr explarer than
there 8 in Central Afriea.  Tn recent years the Argentine Repub-
lio lns shown laudable zenl in exploring and mapping its im-
s territories, while o certnin amonnt of good work Lins alas
been done by Bragil and Chile. Most of our knowlosdge of South
America is due to the enterpriso of Europeansand of North Amer
ican explorers..  Along the great river courses our knowledge is
I'u.Irlf ul.lﬂfmhry. biet the immense arens, aften densely clad with
forests, lving belween the rivers nre almost unknown. It Pata-
gonin, thiongh a good deal has recontly bean done by the Ampgen-
tine governmend, still in the conntry between Punta Arenns and
the Rio Nogro we hoave much to leden, while on the West Coast
range. with it= innumerable ford-like inlots, its slands and
peninsulag, there is 1 fne fielid for the geologist and phyxieal
geographer.  Indeed, thronghout the whole mnge of the Andes
systematic exploration iz wanted, explorntion of the churacter
of the excellent work accomplishied by Whymper in the region
around Chimborng,

There is un enormous aren Iving to the sast of the northern
Andes and Inoluding thelr eastern slopes, eabracing the sastorn
half of Emador and Colombis, southern Venegaeln, sand much
of the connlry lying between that snd northern Bolivia, includ-
ing minny of the apper tributaries of the Amazon and Orinovo,
of which oar koowledige is of the soantiest. Even the ooty
Iying botween the Rio Negroand the Atlantic is but little known,
There are other great nreas in Brazil and in the northers Chago
which have only been partinlly described, sueh a8 the region
whenee the streams forming the Tapajos and the Paraguay take
their rise, in Muto Grosso, A survey and detuiled geogmphical
atl topographieal deseription of the whole basin of Lake Titi-
eaen i8 o0 desideratum.

Inshort, in South Amerien there 8 a wider and richoer field for
exploration than in any other continent., But no mere rush
through these litle-known reglons will suffice. The explorer
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minst be able not only to use his sextant and his theodalite, his
eompnss, and his chronometer.  Any expeditions entering these
regions ought to be able to bring back satisfactpry information
of the geology of the ceuntry triversed, and of s faunn and
o, past wd present.  Alvondy the revolations which have boen
mnde of the past geography of South Ameérica and of the life that
flourished there in former epochs nre of the highest interest.
Muoreover, we have here the remaing of extinet eivilizntionsz 1o
deal with, and although much hps been done in this direction,
much remaing to be done, and in the extensive region already
refprred Lo the physique, the teaditions, and the custams of the
nautives will repay onreful investigation.

AUNTHATLLA

The southern continant of Austmlin is in the hands of men of
the same origin a8 thide who have developed to such a wonder-
fiul extent the redources of Canada and the United States, and
therefore we look for equally satislhetory results so far an the
charncteristics of that continent permit.  The five eolonies which
divide amony them the three million squars milés of the conti-
tient have each of them efficlent government survevs, which nre
rnpidly mupping their features and investignting their geology ;
but Australin hasa trying economie prolilem to solve.  Tn none
of the colonies is the water supply quite adequate; in aM nre
slretehes of desert country of greater or less extent.  The venter
and western half of the contitont are coversd by n desert more
waterless and more repotlent than even the Saharc: sofar as our
present knowlodge goss;, one-thind of the continent is aninbabit-
able, This desert area lias been erossed by explorers, at the ex-
potae of grint sulorings, in various direetions, ench with the game
drenry tale of nlmost fentureless sandy desert, coversd here aod
there with spinifex: and sorob, worse than wseless.  Thers are
hundreds of thonsands of square miles still nnkoown, but there
i no reason to believe that these arens pessess any features thit
differ essontinlly from those which have been found slong the
routes that have hesn ex plored,

There huve been one or two well-equipped selentific ﬁqmﬂa
tions in recent yvears that hoave eollected valunble dutn with re-
gard to the plivsieal ehatactoristics, the geology and bislogy of
the continent; and it i9 in this direction that geography ahould
look for the richest results In the future. Thete remainsd much
to be done befors wo cun srrive ol satisfuotory conclusions ns to
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the physical history of what is in some respects the most remark-
abile land aren on the globe.  Though the surfnee water supply
18 80 seanty, there i8 reason to believe that underneath the =ur-
face thers is an immense storo OF water. 1t one oF iwo places in
Ausiralin, esperinlly in western Quesnsland anid in New Bonth
Wales, this supply has been tapped with satisfactory results:
millions of gallons n doy have been obtained by sinking wells.
Whather irrigation can ever be introduced on an extensive seale
into Australin deponds npon the extent and pocessibility of the
underground water supply, and that is one of the geagraphical
probletns of the future in Aostdin, Neow Zealand hus been fairly
well surveyed, though a good deal remains to be done befiore its
mgnificent mountnin and glasier system is completely known,
In the great Island of New Guinea both the British and the Ger-
mnns are opening up the interiors of their territories to our knowl-
orlgrn, but the western and much Inegsr portion of the island pre-

sents p large fiold for any E:p!umr who gares to ventaro into its
interior,

FOLAR EXPLORAYTION

Tho marvelons sueceds which has attended Dr Nansen's daring
ndventure into the Arctic seas hos revived o widesproad interest
i palar explorstion.  Nansen may be said to have nlmost salved
the North Pole problam—so far, af least, ns the Old World side
of the Fole is concerned,  That same one will reach the Pole at
no distant dote 15 certuip ; Nansen has shown the way, atd the
legitituate curiosity of humanity will not rest satisfied il the
goal e reachied.  But Arctic exploration does not end with the
attainment of the Pole.  Kurope lins dose her share on lier own
side of the Pole; what about the siide which forms the hintor
lnnd of North Amerioa, and especially of Canada?  To the north
of Europe and Asin we have the scatterd groops of lelands, Spite-
borgen, Feane Josol Land, Nova Zembln, nnd the Now Siberinn
isflonde.  To the north of Amoerién we have an immenss archi-
pelago, the sotual extent of ‘which is unknown., Nansen and
other Arotie authorities maintain that the next thing to b done
&y oomplete exploration on the Amerienn side—to attempt to
do for that half of the North Polur region what Nansen has done
for the other half. It may be that the islands which fringe the
northern shores of the new world are continued far to the north ;
il g0, they would form convenient stages for the work of a Wﬁll-
l.-qu'ippt':d expedition. Tt may by that they dio not go muel far-
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ther than we find theo on our maps.  Whatever be the case, it
ie important, in the Dterests of science, that this sectivn of the
polnr aren be sxamined ; that as high n Intitnde ns pos=ible be
attndned ; that soandings be mnde to discover whether the deep
oo extonds all ronnd the Pole.

It s stated that the gallant Lisatenant Poary hins organized o
sthemne of exploring this aren which would take several yoars to
socomjplish,  Lat us hope that be will be able to carry out =
scheme, Meantime, shoald Cannda look on with indiffervnee ¥
Sha has ntiwined the standing of a great and prosperous nation.
She has shown the most commendable zesl in the exploration
of her awn iommense territory,  She hae hor edoeational, selen-
tifio, and liternry institutions whiol will compare favorably with
thoge of othor countries; hor pross i3 of o high order, and she
has munde the beginnings of o liternture and an art of hot own.
In these respbetz she is walking in the stopsof the inother eoun-
tre.  But has Canadi not reached o stago when she is In o posi-
tion to follow the maternal exsmple still further? What hns
more oontributed to render the nams of Great Britain illostrions
thon those enterprises which for conturies she has sent out from
her own shores, not a few of them solely in the interests of sci-
ence? Such enterprises elevate a nution and form ity glory and
ite pride.  Surely Canadu has ambitions beyond mere materinl
prosperity ; and whiat better haginning conld b made than the
equipment of an expedition for the explomtion of the seas thut
lie betwesn her and the Pole? I ventare to throw out these
auggestions for the vonshleration of thise who have at heort the
honor aud glory of the great Unnadinn Dominion.

THE ANTANCTIC WIGIONS

Not only hasan Interest in Arelie exploration beon revivod,
but In Europe at lenst an oven greater Intevest hing grown up in
the explortion of the region around the opposite Pole of the
enrth of which our knowledge is so seanty, Sinee Sir James (0,
Ross' expedition, which was sent ont in the vewr 1534, nlmost
nnr.'rung hias been done for Antarctic research,  We have herg to
denal with conditions different from those which surround the
North Pole.  Instead of ao almost landless geenn, it s belleved
by those who have given special attention (o the subject that
eontinent aboul the size of Austraiin covers the South Polar re-
gion, Butwedo not know lor certuin, and surely, in the interests
of our science, it is time we had a fuirly adegudte iden of what
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are the ren] conditions.  We want to know what Is the extent of
thut Innd, what are its glacial conditions, what i= the charnetes
al its geology, what evidenoe exists as to its physienl and bis-
logienl eonditions in past ages? We know there is ono lofiy,
active volesno.  Am them any others?  Moreover, the soiencs
of terrsstrinl magnetism is serivusly dmpoded in ite progress
beenuse the date in this department from the Antarotic are so
seanty. The seas aroind this continent vequin to he investi-
gated both ns to their depth, their temperatore, and their life.
Wa hiave hore, in short, the most extensive ghexplored aren on
the surfnee of the globe.

Forthe last three or four yewrs the Royal Geographical Sosiety,
backed by uther British socipties, hne been attempting to move
the home government to equip an adequate ex podition W com-
plete the work begun by Ross sixty yonrsugo, and to supplement
Hhe great work of the Challrmger ;. but thotgh svmpathy has beon
expresged for Antarctic exploration, and though vagae promises
howe been given of support, the government is afraid to enter
upon an enterprise which might involve the services of a fow
naval officers aod men.  We nsed not criticise this sttitode : but
the Royal Geograpliionl Soctety haz determined not 1o et the
matter resthere, [t is now seeking to obtain the suppart of pub-
lie-spirited men for an Antarctic expodition under its own ag-
spices, 1t 18 folt that Anfarctic exploration is peculiariy the
wittk of England, and that if an vxpedition is undertaken it will
rinseive substantinl support from the great Austrnlnsian oolonies,
whith have so mueh o gain from s knowledge of the physical
qondition of b region lying b thelr own doors and probably hay-
ing a serious influenee on thelr alimntologieal conditions.  Here,
thun, is one of the greatest geographiol probilems of the future,
the solutivn of which should be entersd upon without farthe
delay. It way be mentiohod that o small and well-squippad
Belgian axpedition has alriudy started, malnly to onrry out deep-
sen panrch around the South Pole aron, nnd that strenuous oftoris
are being made in Germuany to obtain the funds foran expeition
ot g much larger scale.

OUEANOGIRATHY

But our science has to denl not only with the lands of the
globe ; its sphore is the whole of the surfuce of the earth and all
that is thereon, so fur at least ax distribution is concorned.  The
departmont of cosnnograpliy 1s n compamtively new creation ¢ in-

I=
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désed, It may bo said to have come definitely into being with the
famots vovage of the Challenger. There had been expeditions
for ocean investigntion befors that, bat on a very lmited seale.
Tt hos only been through the results obtained by the Chalfemger,
gupplemented by thuse of expeditions that have examined more
limited wreas, that we have hesn able to obtain an approximate
coneoption of the conditions which prevall throughout the va-
riots ooean deptha—eonditions of movement, of tempernture, of
salimity, of lifi. ‘W have only & general iden of the contours of
the noenn beid, and of the composition of the smliment which
eovers that bed, Theextsnt of the khowledge thas geguired may
b gmuged from the fact that it oscupies a considernble space in
the fifty quisrto volumes—iho Challenger publications—which it
tiok Drdolun Murmy twenty years to hring out.

What islands ar to the oconn, lnkes are to the land,  Ttisonly
recently that thess interesting geogmphicnl fentyres hiuve receivied
the nttention they deserve, :

Rivers arn of not lesy geogrnphical interest than Inkes, and these
biave also recently been the subject of specinl fnvestigation by
physical geographiers. 1 have already referred to Professor Davis’
study of a specinl English river systein,  The work in the En-
glieh Inke district by Mr Mare, apokn of in counection with I
Mill's investigntions, was mainly on the hydroligy of the region.
Bath in Germaty and in Bussin special attention 8 being given
to this subjvet, while in Amorica there is an enormous lterature
on the Missiasippi alone, mninly, no doubt; from the practionl
standpoint, while the result of much valuable work on the St
Lawrenon is bured in Canadian afficial publicutions. .

THE COMPASS IN MODERN NAVIGATION

By G. W. Lorreesans,
& Hydrographie Cffice

Teangoceanic navipution, with all that it has been to the dom-
meree of the warld and the devalopmant of the clvilization of the
nitetoerith aentury, risis IENA the mnenetio nesdle of the anri-
ner's compasd.  None but those who may estimate the effect of
the sudden less of the sarths magnetism will ever fully know
the extent of the influenpe of the compass in human aflairs,
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Thronghout the history of otean navigation it has remained pre-
eminent among nautical instroments ; and today, by the sile of
the chronometer and sextant, it is scarcely loss i partint than
it was when it constituted the lmﬁgnt-urﬂmlr.l equipment. The
Iater instruments have contribnted to preclsion in the vse of Hhe
compaza sl to prediss navigition in general, but they have in
no genee supplanted it or gréatly affectod the degree of its funda-
el portan e,

T to the ora of ironships the management of the mariner’s
compnss weas gssimple as the surveyor'a, beiog influenced by the
varth’s magnetism alone; bhut with the growth of the application
ol steam propulsion to modern ships and the ¢ ployment of-iron
and steéel In thair construction {4 was fonnd that esery ship her-
enlf beoomes a great magnet Hike the earth is, although of lesser
intensity,

It haas long been known that the earth aots upon the maynetio
neadle somewhnt ae o hor magnot does, and that it has definite
poles of mmgrnetic strongth and o magnetio fAeld surrounding it
which may be reprosented in general by lines of magnetic in-
tengity issaing from one polenand provesding to the other by
eurved paths to which a freely suspemided magnetio noedle will
everywhers seb itsell tangont.  For more than o century it hos
heen customary among geomagneticinnes to represent the alements
of the direction and intensity of the carth’s magnetiem ne mani-
festond at its snrface by lines concelved to be deawn upin the
surfies of the globe,  The lines ppasing through all pliees where
the angle betwesn the plate of the astronormical meridion and
the vertionl platie passing through a freely snspondoed magnotic
neockle s the same are enllod Tines of eqool magnetic declination
of, amonz marners and survevors, lnes of equal variation of the
eomponss.  These Hues issue from one magnetic pole and pass by
eurved paths to the other and through the goographionl poles of
the enrth.  The Hnes which are eancolved to be drawn through
sl places where the angle between the direction of o reely sus-
pended nesdle and the plane of the borizon is the same are calliod
line< of winal magnetic inglination ordip,. They gind thé sarth
in cironmferences parallel 1o the magnetio equator, somewhat the
samo as the parallels of latitude with relereénce to the gen-
gmphical equator.  The magnetic equntor is the line passing
through every point at which the freely suspanded néeedle Ties In
o horigontal plane:  As we teavel from the mngnetie equntor to-
wird the porthern maguetiv pole the nesdle inclines more and
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more, the north end tending downwards unti] the pole s reached,
when the needle assumes s vertical direction. As we travel
toward the southern mugonetic pole the same takes place with
the 2unth end of the nesdle,

Similar tesulis may be abitained by eareying o small aeedie
therough the magnetic feld of o harnmgnet. A% the mentrl baod
it will b parablel to the bar, while, as gither and is approached,
the dip toward the ole beeomes more and more ; aml a8 with
the bar-mngznet, which has oo magnetic field that vanes in inten-
ity from paint to point, 2o with tho earth, whose nangnetic okl
is powerful near the Poles and steadily moderstes o strength os
the magnetic equatbr is approached.  Therd ja thus o thind set
of Hines passing throtgh all pelnts whiee the magnetic intensity
5 the same.  Thess are koown g3 jsodynamio Hnes or lines of
equal magnotie intensity, In generl contour they fllow the
lines of equal inclination or dip.

Thuso differont svstoms of lines ropresonting the magnetic ple
muetits have not on the enrth that symmetry and eguinrity which
thiey would present around a steel bar p but, on the contrary, they
often pursue serpentine courpes. with many o bend and loop ;
and sinoe the values of the magnetic sloments aro not fixed either
as to time or loenlity, they shift their positions hourly, daily,
montiily, yearly, aond through eenturies.  These changes are all
belioved to be periodic aml, with the exoeption of the secular
change, are of such small amplitude that they do not affect the
nee af the compass on the seas where cotimeros i earried on,
So that for purpises of navigation, the terrestrial mogietic lines
may be drawn g0 o3 to hold good forsoveral yerrs fnoom a given
epiouh.

A frooly suspondod magnetic needle dipping, ns it does, every-
whore exvept an themagnetie equator, s of no value to guide o
ship. The compass needle must be hortsontal,  This condition
is attained in practice by putting x small sliding counterpoiss on
e needls to overcoms the downward pull of the earth’s mng-
petisn, or by Hoating the corm poss-eard in pmixtore of water ancd
aleohnl. It is, therefure, only the horizontal eomponent of the
earth's magnetism that gives stendiness to the neolly of the
eompass oo Infldences its direction.

If & wooden ghip, with no metal other thun the copper mn her
fragne, woers to sail arownd the world, her compass wonld axpori-
ente only those magnatic phases that result from the infinence
of the parth's ningnetism—more or less steadiness, acconding to
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the varving amount of the horizontal component of the intensity
of the terrestrinl magnetitt field, and a variation of the compass
of larger or smalleramount :merfltug to geographionl position—
the ship hersell would exert no influence whatever,  But, in
mckdern nuvigation, instesd of gulding a vesenl having no mag-
netin influence whatever sver the globs—a gront magnet whas
mnrtistic elemontz are kuowr—the marinet’s dom puss is en-
ployed in gpuiding o steol vessel. which [=a groat magiet, whase
mignetic élvments are ever varving and capricious, over the
globe, n gronter mnsnet

If o bar-magnet be brought into a horizontal position uader »
compisa-nesdle that has assumoed a dteady position under the
influence of the wrth's magnetism, the comnpass-tieod e will im-
medintely move sl nssume o position which is the resultnnt of
the joint action of the earth and the bar-magoet ; und with every
change in the neimuth or lnelination of the barauagnet the eom-
poas-fieedlle will nsume o pew resultant position, This i= anal-
ogona Lo the joint netion of the mugnetisin of the sarth and the
iron ship on the moriner's oompass, only the infuenos of the
ghip is vastly complipatod by the existence; along with her per-
manent magnetic elements; of the eversvarying magnotie effects
resulting from the inductive action apon the “soft ™ iron of the
ghip of the fields of the earth’s mugnetism, and the ship's per-
manent magnetism,

If n ¢xlindor of pure wroughtiron that has not been hammered
nod is entirely free from magnetism be held vedtically in our
Iatitude the npper ond instantly beoomes o south and the lower
o north pole. I It be revarsed, the magnetism nlsi peveries, so
that the upper and lower ends wee still as they were bofore—a
south and s porth pole; respootively. Wihen itis held horteontally
in the meridinn the eod toward the nerth becomes o north }min!
while that toward tho sonth becomes a souih prale : and when
it ig revolved slowly or mpidly in agimuth, the foci of magnetic
polarity move with the Adelity of a shadow, until when the ovl-
inder polnts wast and west, all the side ficing tho north is per-
vaded by north mogoetisng, and all facing the south by aouth
magnetism.  Again, lot us conceive the hull of a ghip to be liks
the #}'[EHrInT" of pure H!‘l’.lU._Lthl*iﬂln n.h-l;I s HLLH.:H;I.[]:hIr_ i mag-
netie induetion in being stovred over It evor-changiig courses
a8 the eylinder is when turned into different positions. Then,
as theship stoars north, in the nocthern mngietic hemisphers,
the bow will breome the oonter of north polarity and the stermn,
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that of south polarity. Az she grudually ehanges course to the
enstward, ao will the north focus shift to the port bow, the south
foous to the starbaand quarter, and the neatral line dividing them,
whicli while the ship hendod north was athwartship, will now
hecome n diagonal from starboasd bow to port quarter. When
the ahip hepds east all the sturboard ide is pervided with south
polarity, the port with north, and the nentral line tokes u gon-
gral foré-and-aft diroction. Countitding to change course to the
sonthward, the poles and neutml line continde their motion in
this opposite diroetion, until at the south the conditions at north
are repeatod, but this time it is the stern that is a porth pole,
while the bow is n south pole, At west the conditions at east
prevail, only that it i now the starboard side that has north
polarity and the port side south polarity. And this transient
induetion e both the exylinder and the ideal ship is solely due
to the effect of the earth™s mugnetic field in which they move

Leaving now the {deal or *soft 7 iron ship and pasging to the
conslderntion of the astuqal ship, which is built of muny bewms
and frumes that have been bont, hammeod, and twisted in fish-
joning them for the construction, we fAad that the strooture, al-
thiough still containing muny “soft™ iron pisces that become mag-
nets when Iving in the magnetic meridian and loae their magnetio
qualities when turned at right angles to that plane, has noquired
charmoteristios that make it as permanent and well defined &
magnet as the steel bar, with poles and neotrl line as in the
bar, but loeated nevording to the direetion, with reference to the
thagnetic meoridinn, in which the ship® keel lay during the
course of her oonstruction. |

An iron =hip, with her frames, plating, decks, boams, stanch-
ioine, shafts, sngines, smoke-pipes, vards, and masts, s nol o sim-
plo mognot Hlke nstool b, but s network of magmets having the
chnraotoristies of n simple magnet growing oul of many and| di-
verse and reactionary influences within the hull, However
complex the network of magneta muy bay, wet, for purposes of
analytical investizmition to reach results to enable the manner
to allow for the influsnce of the ship's mwagnetism upon the
compass, its ¢lfect may be congiderdad ne wking place In thres
ehardinnte axes, namely, fore-and-aft, athwartship, and vertically
downward, with the pivot of the eompass needle as the brigin:

Almost 11l the structueal iron of 4 ship is symmetrically ar-
rneed with referones to the vertinl plane through the jkeel, so
that for doy piece on the starboard side another is wenerally
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found similarly disposed on the port side: and fhe problem is
simplified to pairs of parilel forees, onch pair having its rednit-
ant parallel to one of the conrdinate axes, The sffect of EViry
magnetic particle, whether of pormnnsnt or indueed magnetism,
may be reduoed to this condition. 1 the som total of ull the
mngnetic forees parallel to each oiordinate nxis b trnnsfaresd
toit, and the whole be conosived to be concentrted upan the
north peint of the compaes-needle, the entire magnetic power
of the ship may ba eompnred tis that of three imaginary oom-
pound-magticts—one lnid horizontally in the axis of X; the
socond, alsy horizontally, in the axic of Y, and the third, vorti-
cilly,inthe axisof 2. By stenming around s eirele in the open
sen and observing the con puss beting of the sun with the ship's
hend on eqnidistant gompnss courses, and nlao, pt the sume
Eirnes, the astronomical hearings of the gan, the magnetic offect
ol the ship—that is, of the three Imaginery: eom pound-magnets
in the axes of XY, and f—which cnuses the needle to et
from the magnetic meridian by difforent angles at the diferent
hendings, ean be immedintaly found, if the varintion of the com-
pass due to the geographical locality 8 known. As the ship
makes u complete eirole in azimuth, the narth end of the il i
18 drawn sometimes 1o the right hand of the magnotio merilinn
and somoetiones to tho left bamid ; in the former cnse the defloe-
tion s ealled east devintion nnd in the latter west devintion. A
tahle of these doflections, serinlly arrutiged, is called = tubile of
devintions of the compnss. The harmenie nnnlysis of anch.g
tabile of devintions vonsists in representiog enol of the elemont-
ary magnets, whose efivcets contribute fo make up the imaginnry
compound-magnuls, ns a separnte disturbing cause whose offect
upon the compass needle may be represented by n consthnt
multiplied by n sitple harmonie fanetion of the vompnss-ngi-
muth of the ships head. Adding togethier the effects of the
difforent disturbing eauses, thus ropresented, wnd placing them
equal to the devintion abwerved on u certnin heading of the zhip,
A comditionnl equation may be fored for sach of the husdings
upon which the devintion was oliserviul,

From such a series of conditional equations nornnl sgoations
may be found by the method of least sguares, and from them
the harmonic constants which represent the elemontary disturl-
tng magnets,  Thus it is that from the effest an intelligent come-
prehiension of the enuge miuy be grined.

With these coellicients n nuvigitor may compute beforehand
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the value of the devistion to which his compiss will be subject
on any hewding of the ship; bot in waking long eroises nid
passing into different mugnetio lutitades they e irg UBOERS1RE
atteution, beenuse some of theny represint the effects of tho in-
Jietion of the earth’s mugnetio fisld npon the “*soft ™ iron of the
ship, and as tho ship sails the ocean she passes through ever-
enrying fAolils of terrestrinl magnaetism. Her own magnetism is
also undergoing continual, though small, changes dud to thi
wrenching and strpining of the ship by the action of the sen
Yot by examiting thoroughly into the harmonic cowBelents wnd
by considering the known vilues of the slemerts of the onrth’
magtistism, a careful navigntor may predict 4 table of deviations
fur Jiis ship and eompuss in any part of the world.

He will then anderstand and be prepared for such changes in
the ship's magnetism s iriso from the heeting of the ship, from
change in geographical position, and from alteration in the course
after the ship has remained for a long time on ane bawding, arid
he may navigale his vessol with the confidence and security that
he would have in o wooden ship, for he can at any time correct
the course steered by the compass so thit the magnetic course
actually mnde gomd may be Inid down upon the chartor tsid in
the-ealeulation of the ship's reckoning, he can corrort Dimrings
of thie land by the amount of deviation due to the direction of
the ship's head at the time thoy were taken, sl if he wishes to
shipie o course for o port, having found by ealenlation or from

ve elyrl thie correct masgnetic course to be made gomd, hie oan so
apply the devistion as to obiain the com pass course to bo steoredl.

In many modern ships the deviations are largely reduced by
introduoing magnets into positions near the compiss Lo compen-
sate for the effocts of the ship's magnetism,  The analysia of the
tnble of deviations shows that the polar firees acting in the ship
may be represented by imaginary magnots, aud it s, therefore,
cartnin from well known laws of magnetic action that the effect=
af thesy disturbing forees may be neotralized by introduaing real
mnnets whose forces hive the same magnitades but act in the

opposite directions.

The procesdings of the Hritish Association ut Toronto were
admirably reported by the loeal press, the dally repors of the
Globe, together with o finely illustmted supplemant, aggregiting
neitely 150 enlumns, or the equivalent of an vetavo volume of
530 pages of long primer.
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