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ON THE TELEGRAPHIC DETERMINATIONS OOF LON-
GITUDE BY THE BUREAU OF NAVIGATION,

By Laeirr, J. A, Nosuts, U, 5. K.

Tae followmg definitions wre gaven by Chauvenet io his Spher-
ieal and Practical Astronomy.

“The longitude of a point on the carth's surface is the sngle at
the Pole included between the moridion of that point sod some
sesummn] st merndian,  The differenci of Iulaf_ﬁludﬂ hst wesn nny
two pomnts 16 the angle mcluded between their meridmans”  To
deseribe the practical methods of obtaining this difference or
H.[Igh"r |'i|"'!||' EETH LS “‘-.r 1'I:I.II." l'll..:'l_'tl':-ll! lu!ugrﬂph 1|‘I:.It.I.|. |.h-'h'l"|:"1|.|.|'|-|'| nl'l.ti E'Ilh-
marine, and especially those employed by the expeditions sent out
by the Navy department, 12 the object of this paper.,

Before the mventiom of the telegraph varions methods more or
less avontate 1o their resalts were emploved, and are gtill in use
where the telegraph is not avalable. The one most used and
giving the best results was that in which a number of chronom-
etors were transported back and ferth between two ploces the
difference of whose longitudes was required.  * For,” aa the
author quoted above says, *“the determination of an absolute
lengitude from the first mendian or of a difference of longitude
in generdl, resolves itsell into the determinution of the difference
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of the time reckons] w1 the two meridians au the same nbsolute
imstant,”™ I a chronometer be rogulited to the time at any place
A, and then trmwported o o second place £, and the local time
at B, be determined at any instant, amd at that instant the time
at A, as shown by the ehronometer bs notesd, the difference of the
times 1= at onee known, amd that is the difference of longitude
required,  The prineipal objection to this plan is that the best
chronometers vary, [ the vanations were constant and regular,
anid the ehronometer always gained or lest a xed amount for the
same interval of time, this objection would disappear.  Bot the
variation i not constant, the mle of gain or less, even in the
best instruments, changes from time o time from yarious causes,
Somo of these canses may be discovered and allowed for in a
measure, others are accbdental and unknown,  OF the former
class ave varkations doe to chianges of tomperiare. At the Naval
Obsarvatory, chronometers are ratid st different temperatures,
atil the cthanges due thereto are noted, and serve to a great extent
an n pwide in their use,  But the teansportation of & chronometer,
even whon done with great care b= liable to canze sadien changes
in itz indications, amd of course in carrying 1 long ditances,
namerous shoeks of greater or less violenee are unavoidable.
sull, chironomeine measurements, when well carmed out with a
number of chronometers and  skillod observers have bewn Yoy
supoessful,  Among notable expeditions of this sort was that
undertaken in 18435, by Struve botween Poalkova and Altona,
which ¢ighty-one eliremometers were craploved and nioe vovages
made from Pulkova to Altoun and eight the other way. The
results from thirteen of the chironometers were rejected as being
discordant, and the dedinesd longitude wos made to dopend on
the remaining 68, The resalt thus obtained diffecs from the latest
determination by 0,2,

The U. 8. Coast Survey instituted chronometric  expeditions
between Cambridge, Mass,, and Liverpool, England, in the years
15840, 50, °51 and *55. The prolable error of the restilts of sax
vovages, three in each direction, in 1853 was 010, fifty chro.
nometers being carried,

Among other methods of dietermining differonces of time may
be montioned the olservation of ecortom celestial phenomena,
which are wisible at the same alwoluto instant by observers in
viirtous parts of the globe, such ss the instant of the beginning
or énd of an eolipse of the moon, the eclipses of Jupiter's satel-
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hites by the shadow of the planet, the barsting of a4 meteor, and
the appesrance or disappesranes of & shooting star,  The difi-
culty of identifving thess lnst mentioned objects snd the impos-
sibility of foretelling ther decurrence prevents the oxtunded use of
this mothod.

Terrestrin]l signals may be osed and  among these can be
moluded  thase sent by the elewetre tolegraph, Botr when two
stations are nesr together a signul may be made ot vithor or at an
wtermediate station, which ean be observed at both, the time
may be noted ar each of the stations and the difference found
directly, These wignals moy be made by flashes of gunpowder,
or the appearanee and disappearanee of 4 strong light, or & pre-
coneerted movement of Aoy obiject easily seen,  The heliotrope
reflectimg the imame of the sun from one station to the other with
an nrrangement for suddenly colipsing it, 15 8 aseful and efficient
Apparatus,

Various traly astronomical methods hoave been employed with
gur'-ri resulis, of  phese SERTRY e mentioned [II-I.II.]II-'-I.'I.IJ.I.IEl.i]I.I.I.ﬁ.-!;Inl;F..
aximuths of the moon, Innar distanoes, ote,

Coming now to the e of the electrie wlegraph for this pur-
pose the following is o rough o oothine of the methods employed.
Supspone two stations A amd B oeonnected by wire, and provided
with vlocks, cvhronographs and trogsit mstroments. A List o oof
suitable fixod =tars 1% compiled and each vhserver farmished with
a copy.  The observer st A the esstern station, selocts a star
from his list and sets bis transt anstmment upon it He s fur-
nishoed with a kev by which he can send telegraphic sigonls over
the line and also mark the time on his own chronegraph,. The
instant he observes the star grossing the spader line which repre-
sents the meridinn, be taps his key, thus registering the time on
his own ehronograph and on that at station B oand thig operstion
b reprents with as many stars s necessary, B has his insbrument
sit for the fimst star, and when 1t erosses his merndian, he taps his
kev mnrking the time on his own ehronograph and also on A's,
Then, disregardimez mstrumenta] and personal errors and the rate
of the elock, A has a record of the times ot which the star passed
both meridians,  “The difference of theswe tunes = the difference
of lomgitude songht, except for an ervor due to the time ocenpied
in the trapsmiszion of the symal over the wire between the sta-
tions, B dlso hias a tecord of the same diferenee of time with
thie same ervor allveting i the opposite way, A mean of these
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two differeness, will Be the true diferenes with the ereor of trans-
miziion eliminated.  Thi= methid has the advantage of not
depending wpon the computed position of the star,  The inetru-
mental erfors may be dllowed for, ns well as the mte of the
clocks, amd the personal error may be climinated by the oxchiange
of stptinns,

There nre disslvantages inseparmble from this method, how-
ever, especially when the meridinn distance s great. A star
ahservesl 4t the liest station, may be obscurod by clouds ar the
time of e meridian passage ot the socond, And the westher
generally, at the two stations may be clondy, so that while stars
ean be observed at intervals, yer it may be impossible to note the
meridian passage of the same star at both places on the same
night.  Then the telegraph lines are usually the property of some
eomierein] compiny and while their use for a short fime migrht
be frecly granted, vt o proteacted occupation of them ns neoes-
sary when the meridians are distant from each other, would prove
i serions hindmoee to their regolar business,

The method at this time most genernlly vmploved, is to observe
at each station s tumber of stars entirely independently of the
ather.  From these stars are dediosd the elock errors and mtes
wpon the respeotive loeal thnes,  Then at some prearrgnged
preried communieation is opensd botween the stations, anid o com-
phrisin of the elocks made whivh shows their expet differones ot
w ogiven instint. By applying the error to the time as shown by
the clock ar this instant, the exaot Tosal time at eaeh station is the
result, and applying the differcnoe botwesn the clocks us shown
by the comparison, the requited differvnee of Jongitude is readily
abtained,

These methods artrnnted, as did the electrie l:ﬂhrl:rrnljh_ in the
United States, and soon after Morse’s invention came into prac-
tieal ube, they wers extensively emploved by the Coast Survey, in
securntely determining points in every part of the countgy that
conld be reached, no pains being spared to mnke the determing-
tions as avcurite n= possible, Upon the completion of the firs
aucorssful Atlantic cable in 1888, an oxpedition was organived
anl placed in charge of Dr. B. Ao Gould, for the purposs of
measuring the meridian distanee between Groenwich and the
Naval Observatory at Washington, This was suecessfully ear-
ried out in spite of numerons diffienlties, and the result proved
that the determinations aleeady made upon which the most
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reliance was placed were decidedly in error. The result from the
chronometrio expedition in 1855 previously meferred to differing
over n seconil of time,

In comstructing charts for use ot ses, the aconmte determination
af latitadie and longitnde is of the wtmost importanee. Thae
navigator starting on o vovoge must know the exact position of
bis ddestination s well as the loestion of dangers to be aviodded.
He most know the errae amd rte of his ehronometer when he
sets ont, but as the mto I8 not oonstant he shoonld have some
means of re-pating it ot any plaee where e may stop,  If the
longitude of this place = well determined, the operation of
abtainimg the error and mte is an ensy one, and may save his
vesse] from ods,

an'rym of  consts or countties mnst have well established
sturting podues, and while the latitnde of o place s comparatively
vasy to determine, the longtade, exeept whon the telegraphio
method s wsied, s attonded with more or less dncertainty.

In i673, Commodors R, H, Wyman, 17, 5. N, Hedrographer to
the Burean of Noavigation, orgoeized by pormission of the Noavy
Depurtment, pn expediion for the telegmphic determimation of
longitude in the West Indies and Central Amernca.  The sob.
wearine eililes of the West Indin and Panames Telegraph Coo lisud
Just been comphaed, extending from Key West through Havana
and Santingro de Cuba, sonth o dumaien and Aspinwall, and cae
throngely the Virgmn and Windward Islands o the northeast eoast
of Sonth America, thas affordime admirsble facilitios for the beou-
ralé determiintion of mouy points. It had Tong been koown that
the longitudes of varmous pomks oo the West Didies and m Central
and | South Ameriea, dil oor harmonize, there haviong beesn no
syatopatic atteopt to determise Chem witle relation to evach other
ar to g common base,  Longitodes in the western part of the
Coaribibean Ses depends] apon the position of  the Morro Hight-
hovse ot Hovaoa, whielh bad  been detemained. by ocealtptions,
Furthor to the vastwurd, positions duepended agpon that of - Fort
Clliristhan ut S, Thomas,  “This m it tor |]1-i'n.rua_ll_|-i L jurnd i
aobseryatory of Major Lang v the Island of Samta Oroe abont
forty miles distant. This position depadind agron mmeiooes
ohserviations of moon ealminations amd sorultations,  Martinigoo
and Gxnandelonpe o the Windwasd Tslasds hind boon surveved by
Froneh officers who bhased their positions wpon longitades derived
from moon culmimations: The absolute determioation of  these
starting potiits wouhl of conrse fix all points derived fom chem,
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The T S Steamer Fortune wias designoted by the Nave
Dvpurtment for the convevanoe of the expedition, and Lieot.
Commander (now Communder), F. M. Green, U7, 8. N, was placed
in charge.  This officer had given great attention to the subject,
witk a practicéd observer, and exceptionully well qualified for the
position, . The services of Mr, Milos Bock, o skillful astronomer
and eompiter who i now chiel of the boundary survey of
Guatemila, were obtained o principal astronomical asslstant.
The bresking out in the sutumn of 1873, of the trouble with
spain and Cubm, over the Virginios affair, delaved the oxpeditton
until the next your, but in November 1874, o start wis made friom
Washimgeton, aml after p short stay in Kingston, Jamacia,
Aspinwall was reached early iu Deewmbor, Mr. Rock with one sot
of mstruments procovded immediately to Panama, while Livon
Commander fxmen remamed i Aspinwall with the other, “The
outfit for ench purty conpisted of =—Afiret, a portable observatory.
This was made of wood in seetions, frnmework of ash, coverad
with tongued and grooved pine bonede,  The sections wen oon-
nected when set up by iron koees aml boltss. When packed it
was not diffioult to teansport, and it conld be put up, or tiken
down s an bour. When set up it was about eight feot square,
with doors i ull sides, and o shed roof, The roof was made m
three eections, the middle one being hingwd g0 that it could be
raised] for rdl:m'l‘"r-'l:tl.g- Thise ohservatories proved too be vory
strong il serviceable.  They mmamined in use for a number of
v with ovensional shght repairs, were transportand muny thou-
anticl miles aned set up in o great number of places in Eompe, Asia,
North and Scuth America. They were disggmied by Mr, 1 A,
Rogers, and constracted ot the Washington Navy Yaed  Upon
wirivig at o point where observidions were o be wmade, aftor
abtaining the necessary pormits from the looal authorities, o sui-
uhle loeation for the observatory was the first considerntion.  The
essentinl requirements were, o olear view of the beavens in the
meridian, frm grood, a spot seeluded enough oot to attrpet
attention {rom inguisitive idlers, amd proximity 1o thy telegraph
oftiee, or chdd of the telegraph o Soeh oo spot being found and
|.H:rrui-.-bii-l1 beepmgr obtmimes] fromn the owner for its nse, an u|}|'_|r-n-ﬁi-=
it meridinn lne wis Tard out by compass, and the boose sot up
with referenee to it. Expericnee soon showed the dvisalality of
making certain sdditions to the observatory pot contemplatid by
the designer, but which added muceh w conventenes and comfort.
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A foundation was made, of timbers abont six inches sqnare, mor-
tisod] togother ut the ends which could be plased i position - and
leveled before the ohsarvatory wis set up, remdening this operdation
mueth enster amnd giving greater stability, A floor was lsid opon
joists supported by this fonndation. Shelves were put ap at
virrious points, affording resting plaees for tools and small instru-
ments, while o table i one comer, supportod  the chronometer,
and offerod w convenient place for an aesistant to reeord  observa-
LICHIE, €10,

The principal instrument weed was the trunsit. Those fornished
for the use of the expedition were designed by Mr. J. A Rogors,
amd constricted under s supervision i the epar shop of the
Hydrogmphie ofiee.  The abjeot glsses, made by the Clarks at
f.‘:m:lrriilgir, weris o '_'& ik elyar MHEALire with & foeal h-ugﬂq
of thirty inches,  The instewments wore of the prismotic or
“hroken' form in whieh the eve pueoe = ot one end of the axis,
and the lght ® reflected from the abiject glass to the eve by o
prism ploved ot the junction of the teleseope tuoe with the faxis,
The obseryer does not have to change the position of kis oyve, no
matter what the sooith distaney of the star nuy b, "This remiliors
observation much loss fatiogning amd conrdiiees to aceurney,  The
eve-pieoe wis farmished sith the usual spider Tne setiele and aleo
with & Hlar microgeter for the mogsurement of zenith distaneos
for latitade, A vertioal finding eirele wis on the eyviepices el
of the axis, and the instrwment was provided plso with a horfegutal
eipele, fonrtecn idehes o diameter, orudoated o ten  seconds,
Other necessary parts were  the steinding amld zenith telesoope
levels, wmid the Huminating loops.  The owds of the axis were
supportind by Yeoar the vods of a transverse geme which in s
centre was serowid 1o the top of g vertienl nxas supported in a
speket surmounting the tripod,  This yertical axis was slightly
condel in shape aned secnmtely fitted ante it socket, A serew
wasy =0 placed mmlerneath, thar the axis, and with it the loseru-
mimt, eold he raied slightly, when it was easily revaolved hori-
r,mt‘tu.“i'lr' Into (LIRS cissirieil ]rl.1H1l_-ilrIJ., n reverse smovemoent of the
aerew then lowsrod the s inte s sent, wlien the instvoament
wis held firmly by the frction,  For sapporting the instrament
thore was used ot first, o portable pier mode 1o the shape of the
Frostrom of a0 cone, of strong oak staves; firmly bound with bron
hoops, pud when set ap, filled with sond or earth, Sabseguently
n bmck. prer was foand to be more stable and the wosden ones
wiete disenrded.
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Of cqual importance with the transit was the Chronometer,
The expedition was sapplied with four of these made by Negus
of New York. They were regulated to siderenl time, and
provided with a break circuit arrangement.  This consists of 4
tootbed wheel acting on n jewel pallet attached to a light steol
spring.  In this spring is a platinum point, which tonahes snother
platinum  point, excopt when the spring is seted upon by the
toothed wheel.  These poluts sre connected respootively  with
terminais on the cutside of the chronometier, and sre insolated
from each other vxeept at their poing of contact. The elestric
citeniit s complete through the chronometer except when the
teeth of the wheel acting on the jewel pallet separate the points
The eireuit is opened Tor abonit one-forticth of & second and closed
durmg the rest of the time,  Ooe tooth o the wheel 1= omitted
and the eirouit remnins unbroken st that point, which is the
beginning of cach minute.  Each ehronometer s provided with
& condenser to take up the extra ourrent, and wvold barming the
contnet pomnts.  These chronometers were most exoellent instra-
ments, the rate was generally small snd very megular, and did not
seem to be influenced in any way by the passage of the eurrent.
They are still o wso, and are ps effioient as ever,

The expedition was at first provided with a substitute for the
chrosograpl i the shagie of the old fashioned Morse telegraph
register.  Inothis o steel poimt o stylet wis presscd by the action
of in electro-mognel avninst a bimg fillee of papet, unwonmd by
clock-work ot o rute more or Jess regular,  Phis magnet wis i
eireutl with the chronometer amd with o breask eireuit key in the
obsorvers hand. As longe as the eloctrio cirdult was elosed e
seylit mode o continwons indented steidght Toe onthe paper ; but
a% woon ms i1 wes broken, either by the chiranometer or the
obsarver’s key, the sevlet fow back and loft the paper mimarkidd
until the cireuit wius ganin elosed,  The effeet of the action of the
clirsmnneter was to graduate the filot of paper into n series of
straiphit mdintations, from onie to two inches in length, separated
by unmarked spaces frome dp to 4 ioel in length, When the key
was prossacd an andependent clear space was liflt on the pigeer,
ardd by the selution in distance Dbetweon the bognning of this
spiice dnid the berinoing of the sooomd spumies e intely preeed-
ing and following, the time bf pressing the key was determined.
The omission of the break at the sistioth seeond, made the mark
of donble length, und henee the beginning of the minute Wwis
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easily recognized.  These instruments served their purpose very
well, but had several disadvantages. The mte of movement of
the paper was not regular; when the clock-work was first wound
up the motion was rapid and the second spaces long, and as the
spring ran down the marks became shorter and shorter,  Another
drawback was the great length of the fillet ; with spaces only an
ineh in length, it required five feet of paper to record n minute
in by, and after o nipht's obpervation, there would be several
hundred feet to examine, meastre and record, vecupying the
greater part of the following day, By stopping the instrument
between the observations something was gained in this respect,
bint this tendded somewhat to confusion and error in keeping the
reonrd,  They were only used for ane season’s work, snd m their
steful were procured two eylinder chronographs, made by Bond
of Boston,  These woere fine instroments, bot somewhat too
defiente to stand the nevessary tramsportation.  In these mstra-
metts as in most other chronographs, n ovhinder abont six inehos
m dismeter is made to revolve by elock-work onee in o minute,
An electroanggint mounted on a carriage actuated by the same
eloek-work moves alongside the evlmder, in s direetion parallel
with its sxis, st the rate of abont s elrhth of an ineh o o minute,
The armatore of the magnet egreies attnched to it s pon, the point
of which rests upon a sheet of the paper weappisd arcund  the
eviinder. While the cireuit through the coils of the msgnoet is
complote, the pen makes o continmous spiral fine wpon the paper,
hut when the sivemt is broken by the chronometer, or key, it fliss
to one side making an offset, sod moediately rotorns 1o its
position, as soon as the areait is again closed.  "Phe result is to
erwdl nate the whole surface of the paper mto sseonil spilges, from
wlideh the obdervitions can be reid off with thie rredtest ense,

For supplying the electrie carrent, there was used at first, &
modifieation of the Smee battery, bat thi= proving very unceriain
I stremgth, o gravity battery wos sabstituted, and aftsrwards a
nitmber of LeClinchéd cells were produrodl,

Upon the first expodition, no telegiapl instruments were ¢éar-
riond, bt the wse of such ax were nesded was casily obtainsd from
the telegraph  companies.  The line betwoen  Aspinwall and
Pannma was in good eondition and no trouhle was experieoced in
exchanging the time signals by which was effested the comparni-
soti of the chronometors,  Wires were stretched from the observa-
tories im0 eneh place 1o the vespective telegraph offices, and for
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the exchange of signals were conneeted divectly to the ends of
tho T

Evervthing being ready, the vrontine of the work was ns ful-
lows :—The transit being carefully Jeveled was placed in the
miridian by obgervation of genith and eiroompolar stars. From
six. to ten time stars, and two or three sivcumpolars were thon
observed, the imstrunment was reversed in the Ys and nearly the
sume number of sturs observed in the new position, At some
i agreed upon, geoerally when the regular work of the tele-
graph ling wus over For the day, the wires were connectisd up and
onie of the operators came to the oheervatory to assist in holding
eommunieation. By o simple arrangement of eelays, in the Tine
nnd chronoaraph civoutts the ohrmnomeivr ot one station was
made o register s seooiul beats on the chronograph at the othe:,
which was all the time hoing grndoated mto second spooes by s
own chronometer,  This was done for aboot five manates and Che
'I:i'l'l'l'i"!'i- IT' I‘H"_ﬂi!’lnillul' I:Iill'i I'lll‘i“]‘_’_’ Ji!.ltl"ltn. ‘iqhi'll ll'“" {'f,'rll:ll."l,!‘tfr.l""l
were reversed  dmd both chronomoters allowed to bent for five
muithiibes og e r!hf"ill:lﬂ;_'__'rﬂ.l:-llt al the first stition.

Thixs methon] of exchangiig <ignals was only prneticable on
lntid Fines or very short eables, The onfinary eolay wsed on
land line requires o stroong carront b work it sl wouold pot he
affeeted in the least by the delieste impudse sent over n long oabile,
cotsoguently when the expedition came to compare clironotetors
over the 600 miles of cable betworn Aspinwall and Kiogston, i
was neoessary toouse another method. At that tine the metra-
mont aw generel use on submanne cabile lines was whnt s known
as Thompeon™s mirror galvanometer, It consists of a ool of vers
fine insulated wire wound with great eare on s spool or bolibin of
viuleanite, ahont three inches o dinmetes and 08 inehes think.
In m hole in the contee of the spesl s mude to slide g small tube,
s Lhat the end of the tube will b in the sentre of the eoil.  In
Ehar el of Bl fuibe 1 mvmntodd o amal] voeror, ssmne in a0 vertioal
position on w single apright fibre of ik, Hornzontally soross the
back of this mivror is socored o sond] permoanent magiet, i Jengeth
abomt the dismeter of the mirror or ghour one-eiehieh o one-
gquartier of an meh,  “Phe mirror and mognot togother weigh only
one ot two grains, W hen an electrie emrrent s sent throngh this
el it deflders the magner and with ar the narvor to the right or
lefr. The appuratus i= exeesdmpely vensitive soo that it s infin-
eneed hy very feehle onmments, Communieation has been main-
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taived wiath po stroment of this kiad over the Atlantie cables,
by the ourrent procecding from a battery composed of a single
copper percnssion cap with a emall serap of zine and a drop of
acidolated water, The use of the mirror s to make vigihle the
movements of the magnet,  The eoil @ monnted upon a standard
w0 i to b abont eight inches above the table, At the distunee of
eighteen inches or two feer is placed 4 lamgp,  Thes w sorronnded
by a sereen which cote off all the Hght, vxcopt that which passes
through a tube dircerod townmls the mirror.  Lenses in the tabe
foens thi lpht on the mirroe and thenes it s reflocted to aovertienl
white surface, a sheet of poper for instance, at s suitable distanes
moed appears as o small and brilliane spor, A movoment of the
magnet eauses o horzontal deflection of this spot to the right or
left rlr.-!u‘:iuli.ﬂ# LHF CREY the direetion of the emrrent pming thmﬂg_h
the voil.  As thede movements can be produced at will by means
of the key at the sending station, it is only necessary to apply to
them the dots and dashes of the Morse alphabot, to have o very
reddidy and  perfect means of commuanicativn,  To the oninitiated
speotator the fucility with which the practiced operatur translates
these apparently meaningless movements is remarkable. 10 the
cable is long and not in good condition the signals are somotimis
plmost  mmpeveeptible, while any slicht jar of the table or appa.
ratos will produce p lurge and Jrregular effect. Eorth currents
also will eanse vibrations hand to distinguish from the signals, and
if, a8 sometimes happens, the battery i conpected in the wrong
way, the signals will e reversed  In spite of these deawhacks
the skillful operator reads off the messge wd wrely makes an
error.  This instrument is still in use on some of the cable Tines,
but om most of them it has been replaced by o recording instro-
muont, aiso the imvestion of Sie Wi, Thomipson, which is almost
as sensitive, and of which T will speak lster on,  The key used n
conneetion with these mstruments, hoth the mirror and recorder,
i prrnnged owith two fevers, so ponnected that pressing one of
thimn onnses a ourrent 1o be sent over the line m one direction,
while the other sends it in the epposite,

The method pdopted for comparing chronometers by menns of
these instruments wak as follows :—Everything heing ready for
the exchange of signals, the observer at one station gseated him-
self, where he could see the face of the chronometer, with his
hand on the eable Key. At ten sevonds bofore the beginniog of
a minute as shown by the sooond band, he pressd bis key soveral
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times In oquick succession, thos sending a series of impulses
through the line, which appeared at the other end as o rapid
movement of the light to and fro. This was a warning signal,
and the observer at the speomd statlon with his eve on the light,
tapped his ehironograph key in the same way making o series of
marks, which indivsted the beginning of the comparison, The
first observer exnotly at the sixtieth second by his chronometer
pricged Bis key guickly and firmly and eepéated this operation at
every fifth seoond for one minute.  The svcond observer tapped
his key promptly ns soom as he saw the leght move, thas registor-
ing the time on his chronograph.  The minute at whiek the first
rigrnnl was sent, was then telegraphed, and repeated back, to
IETe s :l.g:ﬁliﬂ-l wITLr, anid the npp.t‘nﬁ-.‘-n LU mpmi;eﬂ nntil ﬁi.tt.'IFr
five mignals bl been sent from one stution and reesived ut the
ather. "Fhen the second observer sent the same number of sig-
nals to the firet in precisely the =ame manner, thus giving sisty-
five comparisans of the chironometers in each divection, The
results derived from this method aee affected by errors from two
citises,  Coe 38 the personal ereor of the observers in sending
and receiving signals and the other the thme eonsmmed by the
eleetriv imypulse in traveling over the fineg and through the instra-
morts,  IF the same strength of battery s nsed at each station,
aned the resistanee of the iuHT.nnm'-_ut-L i tlier s, the vrrors aris-
ing Trom this latter souree will be eliminated by the denble
exchunge.  he almerver sending the signals RKept his eye on the
vhironometer and connted the secomd beats by both eve anid ear,
moving the hand whieh he had on the key shightly in anison with
the beats, wond ecombd thgs be sre of pressing the kev ot the proper
it within o very smnll foaetion of a second, At the other end
of the Tue; convideeable tine is lost aftor the actnal movement of
the hgls before the observer can poress his chrooogeph ey, and
the principal eror affcoting the result 5 the diffvvenee of this
thme in e two olssorvers: which was fouml 1o e very small.

As 1 have said, the cable was first nsed in the measurement
botween. RKingston and Aspinwall, aent. Commander Green
peeipying the former stition, awd Me Boek the latter,  After
the suewes=sfnl completion of this link, oeasurenents wore e
from Santiago de Cabp to Kiggston, and to Haveon, Tt was the
intention to measure from this lnst point 1o Key West, but about
this thime vellow fevor brdke out there nnd the expedition was
ordervd by the Seeretary of the Noavy o seturn,. The Fortane
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arrived at Washington o Apnml, 1875, and the time unptil
November was spent in working np the winter's observations,
Speaking in o genoral way this work is as fullows :—From obser-
vations extending over muny years, the exset positions o the
heavens of a large number of fised stars have been found, so that
their tumes of passing any meridian oan be compnted with grest
ACCTITHOY, The teansit nstroment s fornished with po I.'J"E'-r‘l.l-i.l.'l."l:"
containing o number of parallol lines wsnally made of spider silk.
These are placed in the foeus of the instroment, anid it 8 st o
position, so that the middle lme of the group is in the plane of
the meridian, The observer provides himself with a list of
desirnble stars, und sotting his instroment on those he may choose,
recorls the time at which they pass sach of the spider lines, hy
tapping his chronegraph key. If therte were no istrutentol
ervory to be discovered and allowed for, if the star's plwe were
known absolotely, and the dbserver had oo perspoal equation,
then it wonld be only neovsaacy by order to find the error of the
oclock, to observé one star upon the midille e of the reticle,
The difforence of the clock time of trnsit and the real time as
alrendy known, would be the clock orrer and oo further trouble
wonld be requivid,  Bur g2 gone of these conditions are fulfilled,
it 15 neeessary to multiply observatiops in order to ehiminae neci-
dental errors, and to obtaim mstromental corrections whaeh LY
he applied so a8 to get the most probable result.  Acoidental
erriors of eyesight and perception are nearly elimmated by taking
the star's transit over severnl fines instead of one amd using the
mean,  Some af the instrumental errors are from the following
cnused, I the pivots which support the teliscope are unegqual in
stz the axis of the tube will be theewn to one side orF the other
of the merdian, sl the ster will be observed either before or
after it crosses.  The weight of all transit instriments canses a
Aexure of the horzontal axis and this effeet 18 ot its maximum o
those of the prismatic pattern.  The spider lines must be adinsted
a0 that the muddle one 18 exactly in the axis of the tube, or as this
can seldom be done the resulting error, culled the collimuation, must
e found, The horizontal axis of the instrument must he as
nearly level as possible, and the error in this respect must ho
found by frequent applications of a delicate spirit level.  Finally
the mstrument must be directed as nearty as possible to the north
and south points of the horigon, dand b correotion must be made for
any ¢rror in this rekpoct.  The result of each of these errors is to
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ecause the tur's transtt to be recorded too carly or too late, and to
et the true reshlt they must all be foand and apphied with their
prroper signs, The aeguality of pivots and the flesure sormeetion
are Tound by delicate messurement and observations, when the
st rumient i first waed, and are recorded s sonstants 1o be applieed
th all sibsequent work, The level tobes are gradunted and the
vitlue of thelr divisions abiained in angnlar measure,  The sollima-
tiom wrror s found by observing stars uear the zenith in one
pesition of the mstrument and then revorsing and  observing
others, or by taking the transit of o slow moving star over a
portion of the spider Tines: then reversing aml olserving the same-
intervals in the oppoesite order.  The orror of azimuth, or devia-
trom from the north and south line, s found by comparing the
abiervations of stars whoss sennth distances differ cisiderihly,
These corrections all being found and applied to the ohservarion
of each star, the result is the correct time of transit a= =hown by the
chiranomuetier, atid the differoiee betweon that time and the troe
tirne, is the ervor of the chronometer. A maan of the observations
of severn] stars on the sume vight, gives & very aceurate valoe for
this elock orror, ad h}' COTRPATING the results of several uighrs®
work, the mte w found. By applying the rate to the elock error
it 15 reduced to any reguired epocl, as for instance, the mean
time of the exchange of time sigials, and the differenpe of longi-
tude is casily found.  As may be imagined the computation sund
apphicntive of all these errors, exercising the greatest care (o
insure pecnriey i oa long and  tedious provess.  The operations
deseribed mive a véry close resalt, but in order to arrive at the
grredtost aceuraey obtainable the computstions are mude sgnin by
thee mreetbiond of loast ST,

In the Awtamn of 18735, the expedition again ook the field,
this time in the side wheel steamer Gotty=boeg, which was much
better adapted to the work thun the Fortune, The first link
measirpd was between Key West and Havano, Key West had
alredy bben telegraphivally dotermined by the Coast Survey, and
now afforded o bage for the syetom of measurements completed
and fur those to follow. The next messurement, was between
King=ton and St, Thomas, Then from the latter place to Anti-
rua amil to Port Spam, Trmidad. From Port Spain, measure-
ments were made to Barbadoes and Martinigue,  The position at
St Thomas was then se-ocoupied, and measuremeénts made thenee
v Ban Jusn, Porto Bieo, aod to Samts Crue; This ended the
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work im the West  Inddivs, differenees of longitude havinge been
measured between nearly all the important peints conneeted by
telegraph, The Latitude of all the stationk, wpus alen deternsined
|'.|:..' thir wimith L-l.'II."EL"l:'Jl.I*L' et henl, and the ’iH:nli'I'iun uf the stations
was referrad vither to the observation spot previonsly usied, when
that could be identitied, or to some promiment landmark.
Between Bt Thonins and Santa Crue, the medsurement wis made
twice, the obssrvers exclsnging stations at the eompletion of the
firnt soeries of observations.  This wos to eliminate the efeor of
their personal errors, amd to obtain a valoe of these, which might
e applied to the other measurements, Tt lias long been known
that different people percelve the same phenomenon ot difforent
thues, varving with different individnals, but reasonahly constam
with the same individual,  In the particular ease of obstrving the
transit of a star, most poople will freeord it on o chropoeraph from
one to three tonths of o seeomd after it happens. In the method
af observing by ove and ear thie ereor is enerally much gronter,
The whole question of personal equation, however, i< 8 mixed one
and T will not attempt o disenss i1, bnt will only give some of
the reanlts obtained wn this p:l.r‘l“inuhl,_r work. TIn losgitude meas-
uremoents the orror from this canse is half the diforenee of the
personul  wquation of the two observers.  IF this difference
rematin] consting, then @ would be ensy to find it onee for all,
ared apply it to all measevments made by the stime olservers
[n the West Indin work, it was assumed that it did remain con-
sthnt. aud half the difference betwoen the two  mepsaréments
made from St Thomas to Santa Crue, was applicd to all the other
links, The esrroction was juite small, boimg only 0n025. In
submequent work by the sume and other observers it was deoimed
wiser not to apply any corrections ot all, rather than one the
wins probably not exacst, and might be much in error.  To show
the fluctuations to which tlis elusive quanticy is sahjoct, | will vite
the resulta of some observations made to ditermine i, by observens
Fug'n-gt--'i i this =ame work nt a subeaapuent period,  In April wod
May, 16853, at Galveston, Texss, two observers D and N having
Just comploted o telegraphie measarement botwesn that place and
Vorn Crizz, Mexico, made same observiitions for the detérmination
of their relntive porsonal equation, by observing transits of alter-
nate stars nnider the same conditions as near as possible.  Toth
need the same instroments; transit, chronometer and - echrooo-
graph. Omn April 30; two sots of obeervations wore male, show-
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ing the difference of the sguations to be 08,28, On May |, one
set gave 0032, and another 020, On May 2, inly one set was
mads riving 00546, a vanation of 0507 intwodsys In June 1884,
one v bater, snother series of observations of the same charneter
was mnide at the Naval Observatory in Washington, and on the
same  nights the personal equation  machioe invented by Prof.
Eastman, was usod as o comparson. This s an instroment in
which an artificinl star is made 1o record 5 own transit over the
wires of a refiche, while the observer records the same with a chro-
nograph key., The difference is manifestly the persenal error of
the observer, This gives the shsolute squation of the observers,
anil their difference is the relative equation, pnd should secord with
that found by the methiod of alterunte stars. Some of the results
were as fotlows i—Cn Juno 4, the difference by machine of their
personal ervors was 05106 and by star observations 0% 24, on the 15th
of June the mactine gave 0010 and the stars 0%.24, on the Lath,
machime 014, stars, 0%, 13, a very close ggroement, oo the 17th, ma-
chitg gave 0L07 and stars %18,  The abserver X, combined with
another, ., who had oot had as wuch experienes in ohserving,
gavie still more diseordant resalts,  On June 20, the mpchine gayve
i their relative equation, 0% (0=, while stur olwervations gave 087,
of June 99, machine 0% 18, stars 0651, amd on June 28, muchime,
0 o0 siars 0035, In the cise of the firsst two obsaryers o mean
of the determimations smounting to about 0420 might have beon
apiplied to the messaremoents mede by them, but as these were
made ander all conditions of elimate, m latitodes varyme from
A5 N. to 367 3, and in different states of health and bodily com-
fort, it was concluded not to mtroduee any correetion at all rather
than ane that might be considerably in error. 1o all of the work
it s beeen the eustom as far as possibile to place the observers
alternately vastoand woest of each other, so that the resnlt of
personn] error in one measorement is neatradized to o greater or
lems extent in the wext, Of conrse the method of exchanging
stations and making two messurements of cieh meridion distanes
would afford the best solution of this problem, but except in
certain favorable conditions, this is precluded by considerstions
of tme and expense. In the messurement between  Galveston
und YVern CUrox mentioned  shove, it had been the intention to
exchange stations, hut by the time the first measurement was
finished the seuson was rather far advanced, there was danger of
yellow fever in Vern Uruz and an observer going there at that
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titne, if he eseapiid discase would have had the certainty of being
quarantingd from ontering the Uwited States for three wiseks or
tmonth after leiiving Mexied,

[Tpon the completion of the West bodian work, and the publi-
eation in PR57, of the results, it was determined by the Burean of
Navigmtion te send an Expedinon for the same purpose to the
vast coast of South Amerien.  Cables wore in use extending frong
Para i northern Braeil v Boenos Avres i the Argentine Re-
pubilic, A eable had at one tHme connectied this system with the
Wt Tnadies, through Breitish Guiang and Trinidod, bot one of
the links wns broken amed there was noo prospeet of jts repair,
atherwisé the Station establishod al Trivadail in 1874 maght have
been taken ns the sturtinge point. There was doect communios-
tion however botwoeen Engrland and Bruxl, by the way of Portn-
jzal, and the Madeira and Cape de Verde Islands,  Lishon seemed
to afford the most convenient place to start from, bt its longi-
tude hadd mever oon detormpeed h_'l.' tele |_.j:'l‘nph and 11 wasdecided to
request the French Burean of Longitudes to cobpernte by making
thi= mensurement From Pars. Tlos rdguest was rl.'H.-’Hi_".-' g basd,
but for some reason the sorecment was not Kipt,  For the use of
the Expedition the old fashioned sailing ship Gudard was Turn-
wshid ol Ldewt Com, Green wis given comonamd.  Mr Hawk
baring otherwise eniploved his place was taken by Ligat. Com.
(how Commander) C. L Dhavis, T, 50N, The anstroments hay-
i boon placed i good order, ool new sapplios furmished where
neovssary, the expedition satled from New York for Lishon in the
larter part of October, 1877, The Guard was a slow sadler,
the wenther was rough and the wind generslly ahead, oonse-
quently a momth was consimmed it making the passage, [t was
the mitention (oo omike the Bt mensarement between Lisbon and
Funchal, Madeira,  Lisnt, Com.  Pavis with  party and instro-
ments gecitpied the latter station, procecding by madl steamer at
the first opportunity.  The cable from Eugland does not land
direotly st Lisbon, but nt a small town enlled Careavellos on the
const about twelve miles from the eitv.  As it was got practicahle
to conneet the Jand bme from Lisbon dopeot to the esble, it wes
necessary in making the exchange of signals to adopt another
method, or rather combination of methods. An oficer of the
ghip wus sent to Carcavellos, furnished with a chironometer and
chronograph,  When the time came for exchungmg signals, he
first compared his chronometer with that at Lisban, by the auto-

¥ol. I 2
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mutic mathod, in use on land lines, then with the Funehal eheo-
nometer over the eable usinge thy mirror galvanomoter, Finallv n
gopind antoamativ comparison was innde with Lishon,  From the
data farmished by these comparisons it wis an ogsy matter t oom:
pute thi difference between  the ohronomoeters at Lishon  saod
Fupchal,  The Lishon party bad beon received with grent
ooliTtesy h:r,.* the direetor of the H.ru:|.'|:;| Ubservatory, Capt. Uom of
the Portnguesd Noavy, and bad been given the use of 2 small
detaghed  observatory vear the mouadn bwlding.  The party at
Funchul seleeted o sty on the rumparts of an olld fort, which
afforded o clear view and wos near the londing place of the cable,
Hore ooeurred o sectdent to the teansit Insteamont, which fortu.
nately wous easily remedied. Newr the boginning of the observa-
tions on the first night the wind, whivch wae blowing almist u
gale, fifted a part of the roof off the observatory, and dropped
one seetion of it inside. The transit was knockod off the pier,
and was at first thought to ba moch mjueed, Fortunately the
proeantion haid heen taken to bring along o conplé of spare instme-
menbs, |hr-l1‘h'r"_l-'i.‘1_| fevm the Tramdit of ¥Venus Commission for use
in vase of soch an geecident,  The Fonedisal party wus proyided
with one of these, which was set op for use by the pext nigle,
and the injored one was sent to Lishon for repairs.  The injury
proved to be leds than supposed and the repiiring was an easy
motter.  Upon the completion of this measuréement the Lishon
party  proevcded 1o St Vincest one of  the Cape de Vordo
Isinnde,  This & a harren and disolate spot of voleame forms-
tiom, but bemg oo the ronte of steamers from Europe to Afres
and South Amerten 15 of muoch Tmportanee as g conling station,
Measnrements wore made from this point to Funchal and to Per-
nambipes in Bragl, and the Guard then sailed for Rio Janeim,
Tpon ardiving at that poant after o long passape, it wis found
that this eable between Rio and Pernamboeo was hroken, and
there heing no immediate prospect of its being repained, the Poer-
nambuos party was ordersd by mml stesmer o Rio, and thenee
to. Mintevideo, A messnrement wnd mbde bitwesn Rio and
Montevideo amd then betweesn the latter I,ll:l.-l}l'_' and Buenos Ayres,
Liemt, Com. Gireen occupying the Montevideo station for that pues
pose,  The pogition of the observatory at Buenos Ayres was
reforred to that cooupied by Dr. B A Gould, DMrestor of the
Argenting Nationsl Observatory, in a similar messurement a short
time before between that place and Cordova,
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Both parties now returmed 1o Bio, anily to find that the cable
was #till broken. In order to be ready Tor work as soon as i
should be repaired, Lieat. Com, Green proceeded to Bahin with
the ship and established a station there, Tient, Com, Davie with
his party remaining m Hie,  After waiting s month, and there
il H.'l‘.lllil-'lg to be oo pirospueet ol the ﬂrlmir of the ecalde, the
expedition finally sailed for home, arviving at Norfolk, Va., after
i plrﬂ.ﬂ'lllt il uneventiul LURL 1T of ful‘l_‘r-ﬁ";"-l'- 1111_'-'.'.-- Rﬂpﬂtrﬂ L
the eable were not compltod antil several months afterwird.  Tn
May of the next year, the party was pgain sent out, 10 complete
the measurement on the Breaedion Coast, and plso to measure from
Greenwich to Lishon, the French Burean of Lopgitudes having
failed to cnrry oul its promise to measure from Paris.  There
bwring na - slap avatlahle for the prafpiose the traveling was done by
mail steamer. Trpon arrival in Eoglioed, s aoteryiew was had
with the Astronomer Royal, who readily agreed to as<ist in the
work, Lieot. Com. Green aceordingly established his obsorvatory
wt the landing place of the cable at Portheormow in Cormwall,
and Livut. Com. Davis progecded to Lislon and oopied the
station usoid there the vear before,  Owing to the fogoy and
rainy weather prevident o Eogland at that season, 1t wae found
impiseible o muke any astronomival observations at the Porth-
cnmow observatory,  The work was therefore dooe in this way;
Observations were made at Greenwich and at Lisbon, and Porth-
curnow and Carcavellos were used as transmitting stations.. The
chronometer at Porthewrnow  was compared awtomatienlly  with
the wlock at Greenwich, and by eable with the ehronometer at
Circavellow.  The latter was compared automuativally with that a
Lishon, hefore and after the eable oxehange. At this time there
wire made st Careaviellos, some experiments with a view to mak-
ing the receipt of the time signals over the eabile automatio, thas
doing away with the personnl equation of the receiver,  The
mnstrument in ase for the regular busimess of the cable was what
is known 88 the siphon recorder, also the myvention of Sir Wm,
Thompeon, In this o small eoil of fine wire is suspended by a
fibre of silk, hetween the poled of a powerfnl permanent magnet,
The eurrentg from the cable pasa through this eeil and the wetion
is to defleer it 1o the right or left, just as the mirrer s deflected
in the instrument already described,  Avtached to this eoil is a
siphon made of a capillary glass tobe, One end of the siphon
dips into n reservoir of aniline ink, and the other hangs immedi-
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ately over the centre of a fillet of paper, which b= anwonnd by
elock-work.  If the siphon touched the paper, the fechle cuormmts
sopit throdpl the cable would e pooworless to maove 1, on account
af the friction, and in ovder to produce 8 mark some meus st
e foemid of forcing the ink through tho eapillory vaber.  This i
sccomplished by olecerifving the ink  positively and the paper
uegatively, by means of a small induerive mackhine driven by an
electric motor.  The effort of the two eleotrcitios ta unite, foroes
the ink threugh the tube and it appears on the pajper as 8 saeces-
sjon of small dots, When the puper i= in mothon aml the eoll at
rest, o straight line i formed along the mildle of the fillet by
thoso dots, hitit as s 3 & enrrent is sont theoogh the cotl the
giphon moves 1o the rght ot left making an offset to this line,
Thest offscis an Ge sido or the other are used as the dots anid
dashes of the Morse alphabet. A tinee signal sent over the cable
while this inatrament wits in cirenit, appearcd as o smgle offset on
the paper, and it was only neeossary 10 graduste the paper into
seoonds spaoes by the Toeal chropometer, in order 1o have the
antomatic vecord required.  The ordinary chronometer eireuit
conld not be put theough the coil direvtly, aw it woulil then
charge the eable and interfere with the sianals, and besules, the cur-
rent, anless by the introduction of 4 high re<istance it wus reduoed
it sdrwngth, wonld infallibly _n'.'h':' such o violent moton 14 the
¢0il as to hreak the siphon, if it did no other damage.  The result
was ohtained in thi= way ; an ondinary telegraph relay was put in
the chronometer cirenit and the srmature of course moved with
the boats, ‘Tio this armsture was fastened one end of p fine
thtomd.  The other vnil was attnobiod 1o o slender piece of clastic
hrass which was Byed ot one vnd to the framework supporting
the paper, in snch a way that the other e tovelimd the metallic
vesse] holding the ik, exeept when the thread was drawn tight
enough to pull it away. This the armature of the wlay did
while the circait through the chronometer was complete, bot as
wonn as 1t wis broken at the beglnning of a second, the tension of
the thresd was relaxed and the brass sprung back against the
ink well, allowing the positive and negative eleotFicities to unite
iulependently of the siphon.  The iuk thes ceased 1o flow, until
the spring was drawn awany, thus leaving a smnll blank space in
the ling of dots and forming a very good chronographio record.
This was liable 1o 8 small error due to the length of time that
clapsed between the release of the spring by the armature and its
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mopmet on the ink well,  Hwd thers been time for more extensive
experiment this ditbeulty might bhave been overcome.  Oraf the
e method had been adopted at both stanions, the resait wonld
bnve been affecetod by only the differvnes between the times of
movement of the brss spring which swoulil have beon minute.
Lack of time for expuriment, and the Toaes that the ahseryers were
averse 1o antrodocing antested methisda into a ohaty of - measure-
ments most of the links of which were alrendy completed,
prevented any use being made of this sebievement.  The nicas-
urement  bitween  Greonwich  and  Lisbon being  satistoctonly
comploted.  Lieot. Com, Groon by omder of the Navy Depart-
ment returned o the Uoited States, and the ks botween Kio
and Pernnmbueo and between the latter ploee amd Parn, were
messured by Lient. Com, [Davis and the writer, completing the
work of the -.'rr.pn'-uli!:i.nn, aftor whieth the prrty ruturmemd  to
Woanhiington,

The computation of thiz work, showisd the somewhat surprising
fact that the herotofore sccopted position in Tongitwle of Lishon,
clifferod from the troe ope by about two miles.  The luneitude of
Rio Jateiro had alwitys Do more or less o doabt, vartons detor-
minations b differed by s ek as oine miless Tt the giosstion
fimally decided upon by the bost nuthorities agreed very closely
with that obtaimed by pelegrppls.

The next l"!l.!l-l-“l“'lii“li wis sent oul h."" the Burean of '."h-'ll.ﬁg'.lbtilm
to China, Japan and the Bast Indies, Laent, Com, Green boing
still in eharge.  Phe offioees composing the purty sailed from San
Frameisea. by ponl stehmer an, Apeal, bs20, Tor Yokoluma, where
thow Joined the 17, S Sweamer Palos,  From Hong Kang north to
Vindivostok in EHastern Siborin the enbles were owned by a
Danish company.  From Hong Rong o the south and west they
wore the property of English companbm.  Heginning ot Viadi-
vostok observations were moule b b1 starions on the Asiatic
oonst exoirpt Ponong, as far ns Mailees, Todin, Tt was intended o
try and make some ase of the antomatio method  of  receiving
time siprnabs, ap this work, bat oo arriviog o Japan it was found
that the revording mstrument wsed by the Danish company was
entirely different from that used by the English hoes, I eons
sistid of u serles of electroumenets aoting ou 3 singrle artiatine,
which earried n hiil]‘.lﬂh- maidde of sifver.  “The sienids eonsisted of
g anel short movements, to ope side 6f the middle Tine, instend
af equal defections on both sides as o the Thompson recorder.
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An attempt was mnde to convert this mstruiment mto a relay, by
cansing the siphon to make and break n cirenit, but it was not
sucoessfnl.  The movements of the siphon were not regular
enough, and the eontact was not firm,  Comseguently the mirror
method of exchanging signals was still adhered to,

The longitude of the position cccupied i Viadivostok, had
been determdned telegraphically from Polkova, by the Hussians,
using the land lines seross Siberin,.  The English had also deter-
mined the position at Madras, using the enbles through the Medi-
terranean anid Red Seas, The work of the Umited States
Expedition joined these two positions, completing a chain of
mihsnrements extonding over many  thoukand miles; made by
observers of different nationalities movarions chimatess Tt owas to
b expected that conmiderable disorepaney wonld be found n the
final result, bot wking the longitade of Viadivostok as broaght
from Madres, and companng it with that determined by the
Russiang, the difference was only 0038, Tuking everything into
vonsideration, this resalt was gratifyingly close.  Upon the cons
olugion of this serios of determmptions, the eonneetion of Liont
Commander Green with the work was seversd, he reeeiving his
promotion to the ok of Commander,

The next work woas wmider the 'charge of Lieot, Come Pavis: and
comstated i the determinition i 1883-84, of positions in Mexico,
Contral Amerion and the west cosst of South Ameriea.  Cables
bad just been comploted, extending from Galveston, Texas; o
Ve Crug, themee across Mextoo to the Paetfie and down that
cogst to Lima, Pera, where connection was made with another
svatem extending to Vilpariso,  Galveston was a0 point detar-
tined] by the Coist Sorvey, aod fhe meastimsment thenee 1o Vera
Crice wies the first ome maddes Ir wits completed in May "Sid, and
i the Automn of the <ume veur the party procesded to the Sonth
Anmeriean const, and statiops were established and  observations
made at varions points from Valparaiso o Patamn, and atone
point, Lo Libertud, wm Central Ameriei, 10 wok ot first the mten-
ton to exten] the series norosz the Isthmns of Telmantepee wul
eonnedl with Veora Craz, but lack of time prevented s, and g
the =tation st Ponsrea dotermened peardy ton vears before, afforded
a converjent starting point, the wlea was abandonel. From Yal-
prraisn, oomessarement wie made with the eodpertion of Dy
Goubd o his vlservatory at Cordava, nsing the line aoross the
Anides, and vachanging signals antomativally, These measure
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ments conktituted the final lnks in a'long chain, extending from
the primge meridian Groenwich across the Atlantic to the United
Stutes, thenee vin the West Indies to Panama, Jdown the west
eonst of Bouth Amerten to Valparaisa, neross the Andes 1o Cordova
and Boenos Ayres, ap the east oosst o Pernambuoeo; seross the
Atlantic tio Lishon, and thenee to Greenwich, altogether a distance
of vighteen to twenty thonsand miles. The two longitudes of
Cordova, as brought, from Greenwich by the two routes, diffensd
from each other by anly 004048, o result which spesks well for the
scvurney of the methods coployed.  When preparations were
betng made for this expedition, it was determined to socomplish
1f possible something in the ‘way of getting fd of the personal
equntion 1 exchanging signals. An idea which had been sug-
gestord by work dome by Major Campbell, B E. in thy measars-
ment betwoeon Hl;l;[rl'lm_'r and - Aden, swmed o ||r-|.|.m'1.-|.|l wall. It
was To be ased with the siphon or other form of recorder,  The
ordinary double surrent cable key with two Jevers, wis armangel
with an sdditional Jever in sueh & munner that while in ordinary
use in the telegraph ofiee, it sould dlso b gt in eireuit with the
chiromimueter anil  cheenogmph in the shservatory, anid o signal
sl thedueh the eable would have its time of sending  registened
an the clironoeraph.  Onlinarily in speaking over o cabile T,
conneation s wmide 1o such ooway that the carmut sent doos: pot
prilss t.hruugh the mooonler gt the smling station, a8 a8 violent
movemoent of the siphon wonld resalt. By means of ashunp, iow-
ever, 10 1 possible to control this movement somewhat,.  Suppose
now, that the ootnections at ench station are mude m sudh o way,
by tveuns of this key and the shont, thar o signul sent From ane,
i regriaterei] on both recorders amd on the sender’s elironograph,
The obseryers leaving theiy assistants to ke enre of the chrono-
graphs, wo to the respoctive teluerph offices; and oIl beinge reuly,
the obsuorvor A tnge his kew,  This sends an fmpnlse threongh the
ealie, which sppeurs on A's recorder, asa violent jump or kick of
the siphoi,  On TS eeeonder it 1 registored as o defleetion Tike
the ordinary dor or dash, e the same Jestant b= poeomded on A%
chronograph the time of semding,  As soon as 13 sees the syronl
an his recorder, he taps his key also registering the sigmals on
both recorders aml on his ehronograph. & secing s signal agraim
taps his kev, wnl s om, ae longe as desieeal,  “Ple result s that
ench obwerver Las a record on s siphiom fillor of nll sdornuls sent
anid I"r"k‘i-‘i"l-"-*'j, while the timu=s of those be sent are foconded on
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his chronieraph.  Hy the ose of the dingonal seale and the Hule
of Threo, he can without dithouley find the times of the sienals
received.  The siphon recorders are well made, and the paper
moves with great regulanty,  This system wias used o the meas-
urement betwesn Galveston and Vera Creaz with great suecess,
It was intended to employ the same method thronghont the
measprement on the west coast of Amerion, but on arrivieg at
Lima, it was found that the eomipany owning the Hunes sonth of
that point still nsed the mirver galvanometer, and 1t was of eourse
necesspry to retarn to the old method.  The smpreoved Koy wan
usod however, whioh eliminated the ervor in sending signals,
After this wourk was compléted and the resnlts puldishied iy
1&RG, nothitgr was done in this Tine by the Buread of Navigation
for some vesrs,  Upon the retarn of the writer o tho spring of
1a8s, from aormise in the South Pacifie, be found thar the sabjoet
of sendme an expedivion o eomplete the menznrements in Mexico
and Uentenl Ameries was ander consuleration in the Horean of
Nopvigation and the Hydmographie offier. It was finally deoided
that the work shonld be done, wel the writee was placid in elurgre,
The instruments were hronght ont of their retivement, and by
the aid of the Hyvdrographio (Miice o very complete ontfit was
formished, and i Novemnber of last vear o start was made {rom
New  York, the expedition procecding by makl stonmer to Voo
Crue  Hoere the spot ovonpied by Livut, Com. avis m "88 was
found, fis trousit prer, which was =1l standing was repaired, and
matruments momnted,  Lient Olaries Laaed, 17, 8. M., who had
been identificd with the longitude work sinee the Chine exgunda-
tion in 1851, was left in charge of the observatory at Vern Orue,
and the weiter procecded with his party to the small town of
Cloatzacodaleos, ot ths wonth of the river of the sanee name, This
peiing 2 abomt ome bundred and twenty miles southonst of Verg
Crug, anild is the lapding place of the eable, A land line extends
frome this poiot 1o Salinae Crue on the Paoific const, o distance of
abemt two hondeed miless o exchanging tiime sagnals betwieon
Vern Crae and Coateacoileoi, the sotomatie mothod was emgploved,
thi calile being short. The old wonden obssrvatories were used
at theso points, but as thoy were 1o heavy for teamsportation
soross the lethmus, tents made especially for astronomiesl pur-
poses wore spbstitntmd for thom i thie oliservations muade on the
Pacific coast.  The journey auross the Isthmns was slow, about
twir wenks belng vmployed in travelng two hundesd miles, thongh
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s the mnte was devions, the actual distance wis nearer theee
humired, Some of the instruments wore heavy, and after being
taken in canoes a hundrod miles up the Coastracoaleos river, agains
s rapid ourrent, they werd Joaded on a train of paek moles, wmd
currind the rest of the way by laml.  While the first party woas
erossing the Isthmuas, the other was on ite way from Vera CUrue,
and being ready atabont the same time, a suceessiol measurement
was mmde between Contwacoaloos and Salinn Crue, exchanging
signals automatically,  The Conteaconloos party then cropsed to
Salina Crug, while the other proeeeded to La Libertad in Salvador,
where the station established in the Sprng of "84, was again
aceupind,  The nwasrement  between these places being oum-
pleted, the Libertad party went on 1o San Juan del Sur, in Nied-
ragun, near the terminus of the propossd interoceanio ennal, o
the measuremont between this point and Saling Crue as well as
in the one proceding, the exchange was effectd by mirmor signals
This egmpleted the season’s work, and the two parties made the
biest of their way bhome vie. Panama, arciving i Washington in
Apnil and May respeotivoly,  The eomputation of the observations
i= not yet complete though well advoanced ; it woas the intention to
publish preliminary resnlts thi= Fall, bat owing to lack of time
that eun not be done,

Another pieee of work s laid out Tor the same party for the
coming winter, which is the measurement {rom Santiago de Cuba,
through Hoayti amd San Domingo to La Guaven in Vencznela,
over the cables of a Fronch company, which have just been com-
pleted,  This work will consnme about six months, and the oxpe
iition which s to start almost inmedistely, will probably return
- Apnl or May wext.  Thet determination of the longitude of La
Guaven will give a point from which many other measurements
may be mads nfrmg the north coast of South Amerea, funﬁihiug
material for extensive cormections of the charts of that region,

Having presented an ontlipe of the work done so far, as wall
as that propossd for the near futare, [ wall now mention some of
the trinl< and tribulntions, ss well as the pleasures experienosd i
carryving ot the object desired inoan expedition of this kimd,
The greatest politeness amd Kindoess have always besn expo-
rieneed from the offivials and vmployees of the varions telegraph
companies over whose lines work has been carried on. The
government officuls of the forewgrn countries visitod, have also
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invariably shown the atmost politeness, but sometimes this polite-
ness has been visibly tinged with suspicion, The measurements
in Peru and Chili were made amid the closing sevnes of the war
botweon the countries, Upon the arrival of the expedition in
Lima, an interview wias had with the Chilian Commander-in-
Chief who had possession of the city, and pormission was
requested and readily granted to oceupy a stution in Arics.
Upon arriving at the latter place some days after, the Chilian
governor in eharge was found to bave instructions to facilitate
the work, and readily granted permission to establish the observa
tory in a convenient locality, but flatly refused o allow a wire to
be extemded to the telegraph office, and also refused to forward
o his immediste superior, 8 request that it might be allowed.
He evidently supposed the party were emissaries of the United
States, sent to treat secrotly with conguered Feru, but how he
expected this was to be done remains o secrel. By & vigorons
use of the telegraph in communizating with the U, 5 Minosters
to both Chili and Peru, his objections were silenoed, and the wire
was put up.  The observatory at Arica was endoted on the side of
a hill to the windward of the town, becsuse it afforded ooelear
view, and was less dirty than othen eligible sites. It alko wos a
pufe position in ease of a possible carthguake or tidal wave, by
which Ariea had already ben bwice visited with disastroos effect.
In digging for x foundation fur the transit pler, several muminies
of the pncient Peruvians wore unearthed at a depil of a foor
Thoy had evidently belonged to the poorer class of people, as
thoir wrappings wore composed of conese mavs, instead of the
fine cloal with which the wealthior people were wanlly mterred.
e was the body of o female with long bair, which had been
turnedd o a0 redidish _q.'r"u'lii eolor h:- the alkalt in the sl The
whole cosst of Perin = barren anid desolate, except an the river
wallevs, it being scldom visited by rain, while it is nearly always
overbung with heavy elonds and fog banks, which render astro.
nomical work execedingly ditfieult.  Even whon partially elear in
the day time, it generally boeomes cloudy at nights. Many times
the bserver wonlil e nf bis pliee before sunset ready 1o s the
firnt suitable stur revoaled by the dickness, ooly we be baffled by
thivk banks of clowd which wonld cover the entire sky m from
five 1o len miminutos.

I northern Veoru, with a latitude of about Hve ﬂt‘_l.*l‘l"l." Hilﬂll.
is the tawn of Paita, It = an asscembilagee of mud-colored b (s,



Telogriphic Determinations of Longitude, 97

at the foot of high, mud colored bluffe. Omn top of these bluffs
i« a perfectly barron table land extending inland and ap and
down the coust for many miles. Before visiting it the olservers
were informed that its one good point was the perfect astronom-
ieal weather which always prevailed.  Clouds were unknown, and
sueh a thing ns rain had never heen henrd of. The extreme dry-
ness of the stmosphere was so favorable to bealth that no one
ever died, and when a consumptive invalid was imported by the
inhabitants in the hope of starting a cemetery, he blasted their
expectations by recovering, Judge then of their feeling, when
upon arriving at this delightful place, they were met with the
information that while it was true that the sky was, in goneral,
perfectly elear both by night and day, yet aboot onee in saven
yvoars, rain could be expected, and that the yenr then present wis
the rainy one.  And snre enough it did rain, The wsually dusty
streets became rivers and quagmires, the rocky valleys in the
vicinity were transformed into roaring torrents, and the table
lind nsnally an arid desert became s gwamp with a rank growth
of vegetation.  However by using every opportunity and snatceh-
ing stard betwoen elonds and  showers the work was fnally
aompleted,

Upon arfiving in Panama shortly after this experience, the
party was meot with the pleasant intelligence that yellow fever
was prevalent, and that the foreigners were dying like sheop,
Nearly every day of the party’s stay, some ane died of sufficient
importanee to have the church bells tolled for his funeral, while
aof the ordinary prople little notivs was taken,  Every morming,
the writer remembers passing a carpentec’s shop where nothing
was e but coffine, and the supply wis evidently oot equal to
the demaml, for finally the proprictor began to import them,
apparenily by the ship load. The weather however was delight-
ful, amd the nights were the most perfect, astronomically speak-
g, thar conld be desired,

The observirs who went from Japan to Viedivostok sere
alligind o wart seversl woeks at Nagasaki, before an opportunity
elfirsd for procceding to their destination, anld when they finally
arrived, the petting away amin was o problem,  Communieation
with the outside world by water was only open daring the sum-
mer months, and even then 1t was more aecidental than otherwise,
The party established the observatory however, amd settled down
o work, letting the futurd take care of tself. In the early par
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of the work, rather an amuosing inecident oconrred,  As the eom-
munity wns full of all serts and conditions of men, Koreans,
Chinamen anid Rossian okiles, the last not politieal but ertmingl
offonders 1 1t wan thought wise to have s sontry stitioned st the
observatory to guned aeninst any possible harm to the instea-
ments. 5o the Governor of the town was asked to furnish =
enldier for that purpose, which pesuest was readily seentod, anid
one mght the sentry was posted with orders to et no one tonel!
the alservatory,  These orders he eomstmed  hternlly, and when
thee olmervers appearsd to vommenoe their night’s work, he kop
thest off at the point of the bayonet,  His only lpusge being
Russinn with which the shsetrvers were not familiar, it was impuie-
sible to exploin the e state of affairs, and it was enly after
hunting up an interpreter and communioating with his sonmuand-
e officer that an entry wais finally efeeted. A goid deal of b
wenther was expericnmad at this plaos, Dot at the end of six
woeks enongh abservatiowns bl been mude for the reguired foiir-
pose, and the party was fortanate enongh o spoure passage o
:"Ill;:!:n_-'ﬁ-kh in a =mall steamer that had h:l'ﬂ-l-i_r_;l:l: u bowd of conl out
Fromy, Crermany.

i the exprsdition 1o the Asiatie coast one of 1he most interesting
expirivnoes was the trip to Manila in the Philippioe Tslands,  This
is guite o large town when intact, but o great portion of it is nsn-
allv in ther condition of being shoken down by an enrthgunke or
blown over by i typlidor. The inhabitants are full of energy,
howover, and ol time betwedn downfulls to build apagnin, The
cable froom Hong Kong lapds at s poist about one hondred and
twenty miles from Manils, and the weiter was dirseted (o proweid
thither, with a chrvaomoter and ehronezph for the purposo of
transaitting time stgnals,.  The first part of the joorney was
mide i osmall ovdsting stedtier uheotimonly dirty, and ocen-
pied abaut thirte=ix oo, b the end of that time the villnge
of Sual in the Gull of Lingaven was reached,  This was distant
from the eable stution about thirty miles, and the roneinder of
the jourmey wis miele in g native boat, with mint sails; and bam-
oo outrigeers, part of the ime theaoneh ohannels between nume-
rous stall dslands and for some distanee in the open sea. The
proirress wins slow, but it was g ples=ant way of travoeling, exovpt
for thy sleeping seeommodations which wore primitive ; consist-
mg of a palm leaf wot thrown over s platform made of split
bamboo, in which all the knots had been earefully preserved,
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About three davs, ineluding stoppages, were consumed o this
thirty mile vovage, amd the traveler finally roschied bis desting-
tion ti be peeeivisd with the greatent hospitabity by the staff at
the telecraph stution, and jost i time to aflny the fears of the
observers at Hong Rong omid Maonila who lhiad began to think
him lost.  Abdmt thiee wooks wore spont hore, anil os the work
only oeupied s short tome at night, the days were pleasantly
passoil m explorimg the surronmiding conuntry, makmyg friends with
the natives, shooting and photographing the seenery,  The retum
to Mpnida was by the wome route and oconpied nearly the same
length of tame.

The messurement fromm Singapore 10 Mudiis wiae over one of
the Jompgest Hoes of enbile ever used for this purpose, the distance
beine about 1000 wantical miles,  The Atlantie caliler ased h}r
P, Gonld in 1Asd were o little more than 1 Es0 mules in longth,
There was an intermediate station st Penang about 400 miles
from Bmgapore, where all the work of the linde wiis ripinted.  For
the lonmitode measarsment bowevor the eables were conneoted
through 1o form an unbroken line, The mirror wos the only
imstrament that roulid e used god oven with this the sienals wore
feeble and much affected by earth onrrents,

The ohserving parties have never ‘been tranblod by wild hoasts,
but while at Suigon i Coching China, o rifle was always kopt
banidy for use fo case of the appesrance of o tiger. The observi-
tory bere was looatesd oenr the el of a0 jungli, and alongs<ide
the tileg=nph station, on the verandn of which a large tigur bl
bewtt shor by one of the operators only a short time bafogs

I thi uX prandl it s of  last winter 10 México amd Central
Amerien, the prmeipal aatovanee wis cagsed by insects which
wore: numerons and  malignant, Al Coatancoaloos they were
found i the greatest abundanes, thoogh the whole stiomuos
of Tehupntepee & olive with thens  Fleas amd mosguitoes were
expected of course, bt added to this were nnmerous others mneh
worse, (M the famidy of “tioks ™ fotlr varteties Wore seen anid
fult, ranging o sige from almest pocroseopie 1o 8 length of a
third of an el The most numerous were about ds loree a8 s
rain of mustand seed, and one who walked or rode thirongh the
tigshies or high oTisE woild find hbmwsell literally voversd, O
of the worst insects encoantorsid wias the “wivun ™ which s in
appearance something ke o small flea. Tt burrows into the toes
and soles of the feet, lnyea number of eops, which hateh and
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produce paumful sores, A gruesome story is current in that regrion,
shout an enthusiastic English naturalist, whe found spésimens of
these eneamped i lae feet, and copcluded to take them home in that
way, in order to observe the vlfect, but died of thein before reach-
inge England. All the party were afficted with these pests, but wers
nlways fortimate enough o discover them and dig them out with
the poimnt of o knife before any bad resalts were experioneed. The
village of Coateaconleos is prettily situnted, the climate, espeaially
i winter, is very agreeable nnd the river offers & commuodious
harbor, but as long as the insects are so unpleasant, fow people
will care to live there if they can avoad it

There have been direetly determined by these various expedi-
tivns, shout forty secondary meridisns, Many more positions
depend upon thise, so they may be said to have made o largs
addition to our ascurate kuuwludgu of the varth’s surface.  Tele-
graphie fucilities are belng constently oxtended, sod us the Bureau
of Navigation has vow a very complete outfit for this work,
which only needs oceasional repuirs; it is hoped that it may be
kept up for some time in the fntore,
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REPORT—GEM:EAFHY OF THE LAND.

By HEmpept (5 OapEx.

In my anunal report a4 vear ngo, 1 presented to voo briefiv our
knowledge of the great googpraphie divisions of the world, It
mgrht b instroetive to continue the sabjeet this evening by relat-
ing the additional information we have acquired dormg the yoar ;
but s the items are not of great value and the most important
are more 10 the form of romors than of facts, 1 have restricted
myself more to the intorests of the western hemisphere, and
particulariy to those affecting the Uoited Statos.

In Europe we have still the visions of war that have aeitated
her pooples for vears past @ the decapitation of the Tark, and
division of his European empire to appease the ambition of
“friendly powers” It is not until we pass by this cavilized sec-
tion amd rench the far cast, that we récogne the dawn of prog-
refs n the yeur 3 the birth of ovents that sy i time Increase
the happiness and welfare of many poople

The influence of the United Stes in extending the principle
so early enunciated, * that all men are borm free and equal ™ has
biett most murked.  The western hemisphere is virtually under
the rule of men chosen by the peaple, and though we cannot claim
that in all instances the result has beon satisfaetory, there has,
noverthitless, heon o steady advance ; politicsl disturbancee have
becowe less freguent and with prolonged tranguillity the arts of
penee, commeroinl enterprise aod internal improvements, haye re-
celved an impetus that will wed more steongly the advoostes of
personal [berty to their ideal God,

Educated man in both hemispheres prediot ultimate suecess or
failure for onr form of government and sdvance cogent wrgu-
ments I support of the views they express. The complirations
of the great economic questions that confront us afford texts for
arguments that sause many to doubt the wisdom of entrusting
the welfare of a great nation 1o the votes of the massces ; never-
theless, the people are firm in the belief that they ean conduet
their own nffairs; and thuse whom they intrust with temporary
power are selidom so short-sighted as not Lo realize that a vielation
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of the teust will meet with cortain retribution, Those appointed
to govern must also be teachers, and if in the enthusiasm of a
new croed it shall he shown they have tanght the people error in-
stead of truth, a national uprising sweeps them from control, and
for & time conscryativt bosomes the guide,  To the prople of the
ald world, the apparent prospireity that hns followed bur system
doubitless reveives the iost sarmnest Ii'l:l'-'-l:llf.:']lt-:. nndd the cortrast Lo
their own comidition excites their desires to experiment themselves
in more Hberal forms, and reap the rewands they believe have fol-
lowed such mersures i Aneriea

While American methods may extend their influence in this
mantior to Buropeian nations, and even to the nations of Asia, we
should not rest self-confident of the superiority of ourinstitutiong,
and that they alome are the permeating influence that inspire so
many with the thonghts of liberal governmant that brings dis-
quivt 1o erowned beade.  The application of mecent discoveries
aml inventions, to the affains of evervaday life, have mised the
power of the individual aml caused such a geniéral inorease of in-
tel lectual vigor, that independouce of rulers by divine right s no
longer & oanee Tor wonder, it bs considersd by the wntelligent as
the natural state for the modarn mun,

Since the expedition of Com, Perry our influenee in Japan has
been marked, and this most progressive of the Eastern nations has
sotght eounsel and advice from wew America and the men who
constitute the nation.  DBut the progressive prople of these isles
have been 1oo earnest in their efforts to advance, te roly solely apon
one st of wen, or the example of one nation, and we find they
have beot gathvring i that which is good from all sections of
the civibized worll,  The recon] of their progress, however, bears
the stamp of Ameriea, argl we may justly elaim that it was the
inflnenee of freedom that it led thee intercsting peaple into
the paths they have followed swith such gratifying resnits, and
which many believe will eulminate in the establishment of a pow-
erfal dnd enliohtencd nation.  Rocom advices announce the for-
mation of 4 legislative body, organized on the pringiple of the
Congrous of the I mited Statos=—n step that indicates Japan may
yer find a place in the estegory of states that are destined to
exert n marked influence in the control of human affaire.

How different is the neighboring empire of China.  Within a
stone’s throw, almost, of the advancing civilization of Japan, in-
habited by & people of marked ability but restricied by raoe tra-
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ditions to a condition of npetive conservatism, that seéms almost
to preclnde the possibility of materinl advance in centuries to
come, The population of this empire is 50 great that the density
his been averaged at two and three hondred porsons per sijuare
mile, and in some distriets that it is @8 great as soven hondred.,
W ean readily conceive the poverty that must exist in snch nn
avergge population for such an extended arvea. And we may
realize the ories of distress that oome from great eplemities: by
the expericnces in our own history, even modified as they have
been by our supenior facilities for affording. relief, and the ecom-
parative insignificance of the numbers who bave required assist.
ance.  Heeall for & moment one of the groat lomds of the Yellow
river, where thoussnds have perished amd tens of thousands have
becn rondered destitnte within a few hours, and eaneeive the
sufferings, hardships, and greater number that must vet sneeumb
before those who survived the first groat rosh of the waters can
be furnished relief ; remembering that the means of intercommu-
nication are the most primitive, and that the pnmediato neighbors
of the sufferers are i no condition o render more assistanee than
will relieve the most urgent necessities of o comparatively insig-
nificant nomber, Hﬂ.}' wie not, then, 1f ﬂ!:l.]:.-‘ from a bhumnnita-
rian point of view, greet with plensare the reception of the
imperial decree authorizing the introduction in the empire of
ugeful inventions of civilized man, and dirdeting the construe-
tion of a great milroad through the heart of the empire, with
Pekin u= one of the termini. This road will eross the Yellow
river, affording relief to this populons distriet in time of dipss-
tar ; nnd it i understood will eventually be extendod o traverse
the empire, forming o means of rapid communication between
distant provinces. We may helieve, also, that in time it will be
the medivm of opening {o us 8 new reglon for geographio
research, not in the celestinl empire slone, but also n the rich
fields of cemtrnl Asia that are now being ocenpied by Chinese
emigration.

Doubtless the grestest geographio discovaries of the age have
been made in central Afrien. It was bot o fow years ago that
we were in doubt as to the true sources of the Nile, and the loca-
tion of the mouths of great rivers that had been followed in the
interior, was a5 much o mystery as though the rivers had flowed
into & bested esuldron aod the waters had been diszipated in mist,
by the winds, to the four corners of the earth, It was then that

VL. IL i
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grave lears were uroused for the mafety of Livingstone, who had
dope su mooch, and whose efforts it was boped would yver solve
the great geographic problems his teavels had evolved, A man,
pathent in puffering, sand with a tenacity of purposé that over-
evmes the preatest obsticles, be hed endeared himself to those
who songht knowlédge from his labors, and it was, therefore,
with unfeigmed regret that men spoke of the possibiiity that
ealwmity hud overtaken him, ond that the work of the last years
of his: lifo would poreibly be jost. The editor of an influential
New York jonrnal, sympathizing with the deep interest that was
felt, sl donbtless m‘_rtun_tﬁ] to-#ommer rxienl h}" Ll II-l.rT.lI'I"IIi."l!r' wLi0-
cess would hring to his jonrnal, determived upon organizing an
expedition 0 ascertion Lavingstone’s fate, and thus brought
bafore the wiarld the hithert abseare l"-l'.lt"t"-l-."r'l'!:li}ﬂﬂ.l"llli Hl!!;'l.r_'.' M.
Stanley, The rare gond judgment that selected Mr, Stanley {or
the eommaned of =uch s haardous expedition was more than
demomsteatod by subsequent events.  The first roports that Liv-
ingstone hal been suecored were received with meredulity, but
as the faects became koown Inoredulity gave way to anstinted
pratse, and Mr. Stanley was pevorded a place among those w ho
hind justly carned a reward from the whole oivilized worlid,

A few vears after his roturn from his sueeessful missiom for
the relief of Livingstone, he was ecommissionsd in the joim
interests of the Vee Fork Hepald and London Daily Telegraph,
to commund an expedition for the exploration of eentral Afriea,
Traversing the continent from east to west, he added largely to
onr knowledge of the lake region and was the first to bring ns
facts of the conrse of the Congo. This expedition placed him
hefore the world as one of the wreatest of explorers, and it seéms,
therefore, to have been but natoral thar, when o great humanita-
rian expedition was to be organized nearly ten yoars [ater to pen-
etrate into the still unkoown vegions of the egnatorial belt for
the roliof of Emin Pasha, that he shoold have bheen seleoted to
eommand it.  How faithfully he performed this tnsk we are only
just learning, and our admirvation inereases with every new chap-
ter that i= placed before us.  That he was sucecesful in the main
ohjeet of the expedition s self-evident, having bronght Emin
Pasha and the remnant of his followers to the const with bim,
The expedition hus also been Traitful m geographie details, and
thongh we have not as yet the data to shange the maps to aecord
with all the newly discovered fucts, we may feel assured of their
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valne,  Perhaps the hest summary of the more important diseoy-
eries enn be given in the explorer’s own words, which 1 have
tiken from one of his recint lettors :

“ Over and above the happy ending of our appointed duties we have
not been unfortunnte in georrmphics] discoveries. The Arowimi is wow
known from ite source: fo it= bowrne,  The grenst Congo ferest, oovering
e large an ared as Prance and the Therian peniosuls, we can now cor-
tify to be no absolote fact  The Moantwins of the Moon, this time
beyond the least doubt, have been lovated, and Bowenzord, * The Cloud
King," robwad in eternal snow, has boen seen amd s Qanks explred aod
someE of ite:shoulders sscended, Moutits Gordon Benoott and MooKin-
nan Cones bedng but great sentries wanding off Lthe approach to the
mmner aren of * The Clowd King.”

0o the agutlwast of the mnge the connection between Albert
Eatwordd Nymmsn sond  the Albert Nyanzs hns been discovered, and the
extent of the formor lake = now known for the fisst thwe.  Range nfter
range of mountainy hes bean Treversed, sepamted by such tracts of pas-
ture lnnals e would make your cowboys out west mad with envy.
And right under the burning equntor we have fod on blackberriss and
Wlbierrios and guitiihed onr thirst with eeyvstal wator frenh from smow
bode. We have also been abile to ndd nearly six thousgnd squurs miles
of water to Vietorin Nyanen.

“Onr noturalist will expetiate upon the new spocies of wsimals, birds
ol plisnts e hos divcoversd.  Our sucgeon Will tell whst he knows of
the climate nod its amenities. 1t will take us oll we know how to sy
what new store of kngwledge has boon gnthered from this ones peoted
fleld of discoveries. T always suspected that in the central regioons.
Detwien the equitorial lakes, something worth seeing would be found,
bzt 1 was not prepared for soch o harvest of new faots™

The exploraton of Afrios, however, bas not been confined to
the central haelt. E:;Pu'-dj['lunri hatvie heen |h-1.'|-i|c.-£|ing the southiern
section of the eontinent ; the French have been active m the
watershed of the Niger, and i the east there seems to have
beon a4 goneral sdvance of English, Germans, Portugoese and
Italians, The latter, it is stated, have sequired several million
square milés of territory in Moasnmbigue, an sequisition that
would indicate our maps have heretofere given this particular
division of territory an ares much too insignificant

We also learn that Capr. Trevier, a French traveler, has
erossidd the continent by ascending the Congo to Stanley Falls,
T.hem'.lal.nntll'.hﬂﬂ.ltﬂrly '[.I:I.!"'I}II_E'II the lnke r'-l.:giun to the voast at moma
point in Mossmbigoe; m s journey of eighteen months: a
journey that must bring vus a harvest of new faots,
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O the western hemisphere there has been considerable activity
in a variety of interest, tewlding to develop the political, commer-
gial and natoral resonrees,

Four new states have been admitted to the Amerienn Union,
and messurey huve been introdueed in the Congress looking to
the admission of two more, These acts mark an een in the prog-
ress of the great northwest significant of a nitional prosperity that
a generation age would have been deemed visionary, We have
also to recond & tentative union formed by the Central American
states, that at the expiration of the term of ten years preseribed
by the compact, we may hope will be solidiied by a bond to
make the nnion perpetual,  In South Ameries a bloodless revolu-
tion presented 1o the family of nations o new republio in the
United Stutes of Brazil, Al thonghtful men must at least feel a
thirob of sympathy for Dom Podro, who in a night lost the alle-
giance of his people and the rmle of an empire.  Sympathy, per-
haps, that he does not erave, for history affords us no pamailel of
a monarch who taught his peaple liberalism, and knowing it conld
but Jead to the downfall of his emypare. 1t seoms to b troe, also,
that ulthongh depriving him of power, the poople whom he loved
and ruled with such liberality, have not forgotten his many vir-
tues, and that the Emperor Dom Pedro will be rovered in ropubli-
can Braxil a8 heartily a8 though his descendants bad beem per-
mitted to inherit the empiee.  We cannot tell if the new order of
affairs will prove permanent, but the edueation of the Brazilians
in the beliel that a republic was inevitable, gives strong grounds
o hope the experiment of selfgovernment will not be o failure,
The influence the saecessfol sstpblishment of thid republic is to
exert in other parts of the world s s problem that has already
bronght new worries to the rulers of Europe, and not withant a
reason, for a repnblizan Amerien is an object lesson that the intel-
ligenee of the age will not ber slow to learn.

The swsembly of the * Three Amerieas Congress™ in Washing-
ton, in alko an event that may wiell ao infleence in the foture,
Porhaps it may not be seen for vears to come, bur it lays the
foundation for commercil and geographie developments: that
wotld redound to the eredit of the western hemisphere,

We have seen during the year the virtual failure of the Panama
Canal company ; forit is unreasonable to believe that & corporstion
o heavily involved with sueh & small proportion of its allotted
labor accomplished, can wecure the large sum that would be
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requisite to continne operations to completion, The failure of
this company has imparted a fresh impetus to the Nicaragua
soheme and ground was broken on this rotte in October last.  As
the Nicamgua roite presents many natural advantages and is frie
from such stupendons cogineoring works as wire contemplated at
Fanamas, we may hope for its completion.  The surveys were con-
duacted with deliberation and bave evidenced great skill on the
part of thase who supervised them, <o that we may reasonably
expect the constriction will proceed with the same eare, and re-
solve the question of sticocss into the simple problem of cost.

A partial sccount has been furnished by Dr Nawsen of his
journey sorogs Greenland a year ago,  The result will be disap-
pointing to those who anticipated the discovery of open country
with green fields and the genernl reversal of the Aretic conditions
He deseribes the rogion as being covered with a great shield of
ioe, dome-like in shape, amd which he estimates to have a maxi-
mum thickness of six or seven thowsand feet. For a great part
of his journey he traveled at an elevation of about eiglit thousand
feor, and the cold at titnes was so intense that he bolisves the toms-
porature must have beon ot least ‘307 bilow gers ou the Faliren:
hoit wenle. No Innd was visible in the interior and be estimatios
the highest mountains must be covered with ar Jeasy several bun-
deed feer of snow woe,  The expedition was one of great danger,
and we may =y was accomplished only through the good judg-
ment of the explorer. The seientific results have not yot been
conwidered, but the cxplorer suggests it is anovxeellent region to
atwdy an oxisting jee fiold, and estimiatis that persistent observa-
tions might prove productive of vidoe an the selence of neteor-
ology,

The Canadisns havee been active during the year in the explora.
tion of the vast I-t-rr'ihll'}' 1o the northwadd of their :I-uppl.lliu-ll bials-
itable regiona.  Tn the report of D) Dawson relating the result of
his lnbors In the vorthwest, up to the date of s compiiation, we
find el that is new and a great dosl thay e of interest. We
aunnut enter into the details of his inerary, but we may note as
one fact that surely will vxoite surprise, the comelusion he reaohos
that there i5 a territory of about G000 squpre miles, the most part
to the morthward of the sixtieth parallel, o which agrriculturgl
pursuits may be succvasfully followed in conjunetion with the
natural developmont of the other resourees of the territory,  This
docs not pmply that it may become an'agrienltornl region, and
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should hardly be construed as more than o predietion that the
plonesrs who sttempt to develop the region need oot die of star-
vation,

We have also to record a8 a matter of interest in the Aretio re-
gion, the successful establishmaent of the two parties sent ont by
the Tnitad States to determing the loention of the 1475 meridian,
the boundary line bhotween Alaskn and the British Provinees
north of Mt St. Eline. The parties are loested on the Ynkon
and Porcupine rivers above their confluence at Fr. Yukon,  They
are well pquipped, and it is expected they will explore a consider-
able territory and hring back with them valuable information be-
voud the special object of the expedition,  Dndeed, it may be ~md,
this is Lot the beginning of & thorough examinntion of Alaskan
territory, that will eventually form a basis for the demarkation
of the internationnl boundary. This country 18 full of surprises
in its details, and whatever oxaminations sre made must be thor-
ough to be effective.  Only rocently, o small indentation, s it has
beén earried an the maps sinee Vaneouver's time, snd known as
Holkham Bav, e bheen found to be o considerable body of water,
extenditg back from Stephen™s pussage i twoo arms, ¢ach vearly
thirty miles in lmgth and nearly reaching the assumed loeation of
the Alaska boundary, 5o perfoctly is the bifuroation and sxten-
ston of the arms hidden by islands, that it was anly doring the
st sirmvmer whon in the regular cowrse of work the shores of the
bay were to be troversed, that the extent of the bay became
knew .

The determination of the boundaries of the lind areas on the
surfnes of the varth has over been a matter of the preatest
interest o the students of peoprapby. It was the ineentivie that
lod the daring pavigators of old o undertake the perilons voy-
nges that in thess days read like romances ; and io the hight of
the more perfect knowledee wo now have of the hidden dangers
to which they were exposed, wo may pass by their shorteonings
in the admiration we must feel for thetr beroism and endorance,
To these men we owe our first conception of the probable dis-
tribution of the areas of land and water, but the Tines they gave
us wers only approvimate ; and had not seientifie effort followed
in their trocks we may reasonsbly believe the progeess of civilies-
thon ‘would have been retarded by penerations.  True it s alse,
that ¢ven to-lay we have not that precise knowledge that is
requisite for the safety of quick pavigstion, nor to calealnte the
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possibility of the futare Improvement of undoveloped regions
The commerce of the world in coming vears will demand the
aconraey i the loention of distant regions as great as we pow
have in civilized centres, for time will be oo precious to lose a
day of it in the precantions that the nuvigstor musi now tollow
in approaching nudeveloped coasts.  That these troths have
guidid those who seek to do their share for the futire in the
Iabor of the present, we have ample evidenee in the sctivity of
all eiviliged governments during the last century, It s a sonree
of shame and infinite regret that our own governmoent has done
s little in this vast feld : that the intolligenee of onr people
hus not been awakened to put forth their energy in so good &
ennse, that would eventunlly inerease their own prosperity.  But
we have nol been pltogethor insetive and complaint must be
i the quantity, not the quality of our labors  The establish-
ment of * definite locations,™ for the eontrol of sections wnd
regions, is the first step in eliminating errors that have heen com-
mitted and i providing grester scenriey in the futurs, At a
recent meeting of the Soolety we hiad a papor presented on 1his
sithjwat, From which we van judes of the gsomd work that hias been
done 'hf Olr nay v in those ljﬂ[lﬁnuitm[]rmh wnid !;l;uin i ingig'hl of
the similar labar that has been proseonted by other nations.  The
bands of electric cables thiat girdle the coareth, aford the most
approved means of sscortaining the longitades of these posi-
tioms ; and f we bur study a eable charr, it will be found the
work yet to be socomplished before the faeilities the eables now
afford are exhausted, is not inconsidernble,. We hopee, therefore,
this good work may be comtinned, and that snrveving and chart-
ing the regions thuy approgehed, witl shortly follow.  There 1s
much labor of this oharseter still required on onr own continent,
and we will he delinguent in our duty as a progressive penple if
we do vot follow the pool beginning already made to its legiti-
minte couelusion,

The daties of government are manifold, and for the benvlit of
those governed must include legislation thar will make mianifest
the natnral resourcis of the Stare.  The geographic developmunt
and  polition] advanspment of opr own eauntry in the century of
our national existenow, is 4 marked instance of the wisdom of pre
paring for the future by such acts as logitimately fall within the
provinee of legisluntion.
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The new nstion began her existencs ander extraordinary eir-
cumstances,  YWith only an experimental form of government,
she was to develop o vast region of unknown resources ; but
happily imbued with the belief that “ knowledge is power,” it
wis not long before systematio efforts were put forth to learn
the wealth we had and how iy might be utilized,  The congress
of the confederation provided the first =et in 15856, for the
organization of the land surveys and land pareelling system, that
title to the unocoupied territories in the west might be securely
vested in the individual, We have record of the stimulus this
aot gave to the settlement of a large territory, and enised the
demand for survevs in the still further west, developing the
geography of a vast region that has sinee becpme the home of
millions of people,  The origingl act was amended as oarly ns
1708, and simes then hes frequently been added to in the eifort to
mvet the now conditions evelved in the rapid development of
the country.  Other great regions were axplored by the army,
sometimes ander specinl acts, until finally we had learned with
gome degres of rolinbility, the general adaptability of our whole
territory,  The diseovery ol the great minernd wealth of the
west, and the improved means of communication sfforded by
the construction of contimental railwavs, however, imposed new
conditions and it was fouwmd more detailed information wonld be
necessary to meet the demands of the inereasing population.
Weo thus reached another stpge where expeditions squippad for
scientific investlgation were organized, sod through their lnbors
bronght us kinowledge of stil greater valoe ; and to-day we see
thesy merged Into one body in the geological survey, whose
special duty 15 the selentific explorstion pnd study of our great
LATTILOrY.

While this had héen passing in the interior, bringing life to
unoocupisd regions, the districts on the coast that had long been
settled, were also stritgeling with new problems,  The material
progress of the vivilized world, and the pressure from the regions
buhind them that had been recently peoplid, demanded greater
ecommercinl facilities,  Early in the centary, almost coimeident
with the estnblishment of the laud surveys, provision had been
maile for the sarvey of the conste, and although through various
entses it was not vigoronsly prosecuted uotil o third of the cen-
tury had passed, when the tine  came for its economie use in
mesting the new conditions imposed by the general progress of
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the nation, the knowledge had been gained that was essential to
advance and develop the great interests affected. The improve-
ments required, however, could only be secured throngh active
exertion, the aetua]l work of man; but 8o pressing has been the
want and so persistent has been the labor, that should we chart
the results it would be a surprise to those who believe the  Joeal
geography " hus not been changed,

The demands wpon the older commuonities arising from the
increase in commercial and indastrial enterprise; have caunsed
them too, to feol the want of more detailed information of their
surroundings, and they have, in covseguence, undertaken more
previse surveyy of their territories, generally availing themselves
of the assistance offered by the goneral government., This work
will doubtless extend in time o all the States, and be followed,
when ite valae has been made manifest, by the detmled survevs of
prevision that have been found necessary ns econcmic mMensures
in the civilized States of the old world,

It 15 rarely we can foresee the full results of grest national
enterprises ; the special object that ealls forth the exertion may
be readily eomwprebendod, but the new conditions evalved from
succeds, and sometimes from only the partial aveomplishment of
the original design, may be factors in governing the future be-
yond our power to surmise.

The work of improving the pavigation of the Mississippd
River, is an instance of this charicter so marked, and apparently
destined to extend its influence through so many generations,
that n brief record of the change it has effected in geographic
eavironment will not be withont mterest, and, perchanece, not
without valne.

The wren drained by the Mississippi river and tributaries, is
forty-ome per cent. of the area of the United States, exalnsive of
Alnska ; and by the consas of 1880 the population of thie great
district wus forty-three per cent. of the whole Union, It seems
prrobable that'a large proportion of this population is direetly in-
terested in the river system, and of we add ot the number of those
who are indirectly benefited, we should doubtless find o majority
of our paople more o less dependont upon its maintenance, It is
cnly to the allavial valley, however, the groat strip from Cairo to
the Gulf, that I wish [:urtiuu]urt;r Lo call your attention vhis even-
g, This is really the great highway for traffio ; the canse of the
great work that has been prosecuated ; and the seens of the geo-
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graphic development that will mark an epoch in the history of the
river.

Ton years agoe the importance of the improvement of this
water-wiy wits so forcibly impressed upon Congress, that an st
wis passed organizing a @ Misdssippi River Commission,” 1o
make nn exbasstive study of the whole subject and submit plans
for the improvement of the river and to prevent the destroctive
floods that are of almoest annnal ceonrrence,  Or in the language
of the net: 1t shall be the doty of said Commission to take
into consideration and mature such plan or plans, and estimates,
as will correot, poermanently liveate, and deepen the ahpnuel and
protect the banks of the Mississippi niver; improve and give
safery and ease to the navigation thereof ; prevent destruotive
floods 3 promote and facilitae dcommeres, trade, smd the postal
gorvioe."

Large sums of money hnd sleeddy been expended by the gvn-
eral povernment im local mmprovements, but no consistent plan
hed been developed that would bw on ni."l."l:pmlrlﬂ Eu'lr!l.' I Cone-
dueting operations along the whole river, when this act went into
effeet. It is not noeessary to refer here to the varions systems
that were presented to the Commission for consideration ; nor te
enter upon the denils of the plan finally adopted ; our record
being more the eflects and primary canses, than the intermediary
processes throngl which the résults have been produced.  The
general plan followed by the Commission has been the construe-
tlon of works in the bed of the river, to form pew hanks where
a contraotion of the river bed has besn deemied necessary 3 and
the ercction of levees, with grmding, revetment, and other pro-
teation of the banks, in Jocalities where the natural banks seem
particularly hable 1o give way under the pressore of a groat
flondd.  The ohject of such works being to contral the river by
confining the low water channels in fixed Tines, causing the recur-
renes of the souur in low water stages in the same channel in sue-
cesmve low waters ; and preventing the diversion of the stream
mto tiew channels during high water stages by overflow of  the
banks, A diversion of the stroam would leave the works in the
bed of the river below of no greater value than as monuments Lo
the energy and skill displaved in the details of their construotion,
and preclude the ultimate henefit that may be derived from these
works in permanently lowering the bed of the river.  The proba-
bility ‘of sueh diversion of the water, however, secmas 1o have
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been reducwd to a minimum, through the conservitive action of
the Commizsion in cobperating with the States having jurisdiction
over the alluvial bottoms, in reorganiming thoir levee systems and
thus seouring the greatest control over the volume of water
brought down in the flomd seasons, that i possible by the con-
struction of well planned and sobstantially built levess. It
having been demonstrated that the levees subsirve n double pur-
pome, that they are essential in the general plan to improve the
navigation of the river adopted by the Commission, and are like-
wise peeded o render the bottom lands habitable, it 1= not sur-
priviug that we find the State authorities and the Commission
jointly engagrod in their construetion.

It has thus been brought about that the effort to improve the
navigation of the river for the general welfare, has resultsd in
sach groat changes in the geography of the lovality, that a large
district has been reclaimed for agricultural purposes. The allu-
vial valley of the Mississippt river has an arca of thirty thousand
sqaare miles, and is nnturally divided ioto four griat basins that
b bevn designated the 3t Francis, Yazoo, Tensas and Ateha.
fulayvae. Two of thepe basius are now {airly protooted from the
overflows of the Missjssippi, by the levees that have been cons
strincted, or repaired, indidental to the work of the Commission,
viz: the Yazoo basin extending from below Memplis to the
mouth of the Yazoo raver: and the Tensas basin from the high
land south of the Arkaosss river to the mouth of the IRad river ;
and the Atchafalaya basin, from the Hed river to the gulf, has
been protected on the Mississippn fromts, These three basins
hiuve an aggregate aros of nearly twenty thopsand sqiare miles
that is now reasonubly seture from inundation.  Messures have
also been inditutes] by the State zathoritios looking to the
reclamation of the 3L Fraoeis basin ; aml the work is half ac-
complished on the White river section,

Nearly the whole of this valley was under proteotion thirty
vears ago, but the disasters of the late elvil war, and subséguent
inibHity of the people to repair the damaged lovees; resalted in
the pirnetical abandonment of many seotions, and it was pot until
about ten or twelve years ago that the protective works nguain
presented an appearnnee of eontinmity.  The suppossil seeunty,
however, was of short duration, as the great floods of 15882 over-
toppod the works in more than ane hundred and forty places,
enusing such widespread destruction that eultivation of thy seil
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was rendered impossible over large distrniots.  The floods of sue-
eeeding vears but added to the misfortunes of the valley, and
land valoes beeame so depreciated that sales were impracticable,
taxes oould not be collected, and there was a goneral fecling that
aquare miléa of fortile land must be given over to the destruetive
agencies of the great river that had made it

It wos while suffering under this distressing situation that the
work of the Mississippi River Commussion was bronght forwned
ax a possible means of salvation. With a recoperative powar
that seems almost marvelous, the people have contributed of their
lnbor and their means, until now thix great area of nearly twenty
thovsand sqnare miles has bien onee more reclabmed, and séema
t have entered upon an ers of prosperity that will eclipse the
prophecies of even the most sanguine. It is believed that the
levies that have now boen construoted will prove reasonably we-
cure, They have been bnilt for a double purpose ; and the pro-
portion of the pxpense incureed by the general government, about
ane-third, under the direction of the Commission, has insured n
supervision and inspection by competent enginecrs such 25 was
not exeroised in the earlier history of smoh works on the river.

W cannot foretall the developments that will follow the im-
provemant of this wiater way and the reclsmation of the alluvial
bottoms on an endaring basis,  That the works ceected by the
Commission will maintain an inereased depth of water at the
low stages of the river, seems 10 be demonstrated, as daring the
low water of November last a depth of mine feet was found on
the Lake Providence and Plam Point bars, an inerease of thirvy-
theeo and forty-four per cent, respectively.  When the depthes on
the ather hars have beon inereased in hike proportion the free nov.
igation of the river will be assnred, and we may point to the re-
#ult n= ope of the greatest imgineering achievements of modern
fimes,

The ineressed value of the lod adiacent to the river redeemed
from waste, more than doubled on the average, and in many
instances quadeapled; the replenishing of the state and county
trepsiries by the voflection of taxes on land that was before un-
remunerative ; and the bullding of railroads thml.l.gll getlons
where it had been impracticable to maintain them before in con.
sequence of their liability to destruction by the periodie Aoods ;
are miarked evidences of the material prosperity that has already
followed the great work. During the last four vears, forty thon-
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sani] settlers have taken up lands in the Yazos basin alone, and it
wae estimated that in the fall of 1880 twenty thoosand more
would seek homes in the same distriot, These settlers have hesn
moetly negroes from the worn ont high lands to the sastward, If
the ehange m their environment proves boneficial to the individ-
ual we may expect an inoreased migration, that may in turn be an
ard in solving the political problem involved in the citizonship of
the negro,

The settloment of these bottom lande will also influence the
prosperity of many commercinl ceuters, as trade statistios indi-
eate the general abandonment of the plantations that followid
the great floods of 1882, eaused a8 marked diminution in the <hip-
ments by the lower river, as well as in the reoeipts from that seo-
tion ; and that the partinl reclamation of the lands and restors-
ton of agrienltural pursuits has already influenced the receipt and
distribmtion of commercinl products

The project ty reclaim by irrigation large distriots of the arid
regien of the weat, if snocessfully accomplished, moay also exert an
influenge i the political and commercial relations of the Fitare
that eannot now be foretold,  Two-fifths of the territory of the
United States” hus been cloased as arid ; not in the sense that
there is oo water, for the greatest rivers on the contifent have
their sources almost in the midst of the region : but rather that
the water is not available for enriching the ground.  The rainfall
18 generally not in the season when the crops would require it, or
is tho small and uneertain for the hushandman to depend upon it
The whole region is not of this character ; many districts are sns-
ceptible of the highest puitivation as nature has loft them, and
others have been redeemed by the application of the water supply
through the simpler devices costomary in irrigated countries :
antil now nearly all the districts have been occupied that are suseep-
tible of agricultural pursnits, eithér in the natural state or by icri-
gation, unless water is' secured by means generally bevond the
reach of the individual or combination of individuals who may
use it.  And yet, it is believed there are millions of neres of reb
laud that may be redeemed and converted to the support of a
large population, by the applieation of eapital in the construction
of works of irrigution. ‘T'he progress of the surveys of the region,
therefore, that have been instituted by the general government,
are watohed with absorbing interest, The districts susceptible of
sich extensive improvement are only approximately known, and
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as it is only thronzh these surveys their availability will be made
manifest, thy importance of the work can bardly be overestimated,
The prosperity of several states will be largely influenced by the
mocess of aperntions of this kind within thuir borders, and in turn
their grenter development uod inerpasad wealth, must react upon
the oliler communities pnd benefit them, on the principle that the
healthinl growth of n single member is steength to all,

The sejenpe of g-,-ugm:lph}_ s !J:ng]jl in the [rresont dn::,h! HLOTS
comprehensive than the briel deseriptions and delinentions of the
arcas of land and water that satisfied the eacly explorers.  The
grvat strides that bave bisn made in seientifio resenroll durimg tha
past comtury. have opened new fields; and men are no Jonger con-
torit. to picture that only which they can see.  The varied fea
turvs of the earth's surface, transformations now 1o progress and
those which may be dedveed from the facts we can obwerve, have
léd to many theories of the sonstruction of the earth, ancient
forms upon the surface aml possibilities, if not probabifities, in
the fature. 1o aseertain the form of the varth has alone been the
canse of hersie labor, and yet we have hardly passed the point
that wo can give it in probable terms with the goneral dimon.
sions.  (Observations warrint the assumption that, discarding the
acoldents of nature—even the highest mountsine—itbe sphere is
far from being perfoet.  “Thot ir s fattened at the poles is now
acceprind as the true condition, but we have reason to helivve, too,
that this is not the only departare from the perfect sphere.  The
mure thorough the resoarch anid 'pl‘i"-c"*lﬂ the observations, the
more cortain does it appesr that the erust s o form as thongh
there hml been groat waves of matter that had been solidified,
Tor locate the depressions of these great wiaves amwd messure their
depths, to point to the ereits and measues their cxtent, is 2
problem for the futnre to solve, Their stwly is claimed to be
within the legitimate sphere of geography @ and vot until they
have been satisfactorily answered oan wo assert the geographor
s oven appronching the end of the faets his seience has yeot to
utifine.

In pre-historie geogmphy we have had two papers presented
to the Society during the past vear, relating to the orographio
features of the earth’s surface in times past comparcd with the
localitien as we may see thom to-day, In the first instance the
comparison is evolved from an effort to trace the origin and
growth of the rivers of Pennsylvania; and the second, in a
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deseription of the famed district aroond Asheville, North Caro-
linp,  Thewe bave p pubstantinl interest o us, treating as they do
of localities so well kaown : and thevillustrate, too, the resources
of rmduotion m bringng ta our view the probable wonders of
ancient geographio forms,

The constitution of the interior of the earth is o subject of
great interest in the soience of geopraphy, ak mony of the visible
forms npon the erust have boen wrounght by the power of the
arencies within it The disonssion has been warm in the past,
and doabtless will be resnmed with unabated interest as we find
new phenomena for the argument.  The apparent Iull that has
followed the promulgation of the theory, three venrs ago, that
under the erupt wie should find a floid, or semi-floid, surrounding
n solid nuelens, may not be of long duration.  This hypathesis
probably comes nearer to satisfying the conditions fmposed by the
physioist and goologrist, than those which have preceded it, and
may e acceptod for the present ; unless the processes of nature
by which it is vonceived this state of the interier of the carth
has bieen produond, shisll b demosstrated to bave continued for
suffivient time to have cansed neondition of equilibrinm andd possa-
ble solidification of the whole sphere; when wo might expect it
to be reépndiated by those who oppose the theory of isostacy, but
connnetiled by the physivists as supporting their elaim that the
enrth must be substantinlly a solid even now, 11 we pecopt Mlr,
Froderick Wright's suggestion, isostacy may have an important
bearing on the cause of the jee sheers that coversd such greap
wrens § 8 suggestion that opens to the vision of the fmagination
an orography beside which the grandeat Inndscape we may soe
to-day wonld pale mto msigaificence, This s belleved o bed
new application of the isostatio theory, and may be o i possible
solution of o mueh vexed question when an inital eanse for such
great npheavals can be advaneed thet will not be ineonsistent
with othir acceptod conditions,

Theories are moditied by new faets, and in any attempt o
demonstrate the constitution of the interior of the earth, the
increade of temperstiure with the depth is an important factor.
The recent messures, therefore, in Germany, that indieate the
fignres generally accepted are not relinble, moy be receéived with
interest. The shaft was sunk especially for the purpose of oh-
serving temperatured at different depths, and every preeantion
that former experience: had suggested seems to have beon taken
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to geeure accuracy, The greatest depth reached was about one
mile, An elsborate disensgion of the results fixes the inoresse of
tempernture at 17 F, for each 65 ft, inerease of depth. This is
about 16 fr. greater than the figures that have heretofore been
given § a difference so lirge that we may question if they will be
generally tecepted antil verified by further observations made
with oqualiy great cnre,

In conelusion permit me to note the fact that the United States
was for the first time represented in the International Geodetic
Associntion, at the meeting recently beld in Pans ; and also to
record the suceessful conclnsion of the foorth International
Geographieal Congress that assembled in Paris in Auvgust laet,
The reporte from the Congress indieate a wide range of subjects
diseuered, and lead us to helieve the interest in our science is
progressive, and must receive the hearty apprecintion of all who
are inspired by the nobler instinets to develope the great sphere
on which we live ; that the riches, the beauties, snd above all the
grandeur of Nature, may be made manifest to ourselves and for
our posterity.
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REPORT—GEOGRAPHY OF THE AIR.

By GEx, A W, GneEpny.

It is with a fecling of increased responsibility, shared doubtless
by the Presidents of othor sections; that the Viee-Fresident of
the Geography of the Air brings hofore you his modest annual
eoniribution in one branch of geographicosl science,

We live in an ago so imbued with earnest thought, and so
characterized by patient investigation, that an eager gleaner in
scientific fields finds at the very outset his mind filled with the
garnered grain of golden fscts, The more eautions searcher
often follows with uncertain mind, and doubtléss in his back.
ward glanovs seexs many fairer and heavier sheaves than those he
bears with full arms, Trom the fruitfal harvest. I, then, von do
not find here dwelt on such geographical phoases s= yon judge
most important, attriboate the fset I pray you, not to negioct, bat
to lick of observation, of to the exercise of an undisoriminating
jodgment.

First let s turn to the higher class of investigations; wherein
that handmaid of scienee, 8 true and noble imagination, oomes to
supplement exact knowledwe, to ronnd out aml give foll form
and perfect outline, vither shaping a oumber of disjointed and
apperently heterogencous {aots into n harmonious series, or evolv-
ing from n muss of conflusng amd seemingly invxplicable phe.
nomens a theory or law consistent therowith,

It this domain Professor Ferrel’'s book on Winds is probably
the most important theoretios] metearologieal discussion of the
past year. It owes itk value to the fact that it puts nto compar-
atively simple and popular form the processes and results of his
intricate mathomation] investigations of the motions of thoe wir,
publishod by him years sinee, and later elaborated during his
service with the Signal Offics,

In connection with the subject of winds, Professor William M.
Davis lias formulated an excellent classification, depending first,
on the ultimate source of the energy enusing the motion ; second,
on temperature contrasts which produce and maintain winds;

VOl I 4
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and third, on their periodicity aml the time of the first appear-
ance 0f the motion,

Professor. Ruossell, appropriately it seems to me, remarks
rogarding the landslide winds, that avalanche would be a botter
term thae landslide ss applied to winds associnted with fallen
masses of enrth or snow.

With the énormons pmounts of acommuolated tabulated matter,
and nomerous studies bearing on isolated meteoralogical phe-
pomens, it 1€ a specinlly important  consideration that some
students pay constant httention to the investigntions of the lows
of storms. From such researches definite advances in theo-
retical metvorology may he made #ind fixed laws determimed,
which may be of practical utility with reference o the botter
foreeasting of the weather.  In the United Stotes Signal Office,
Professor Albe has brought together the results of his studies
and investigations for the past thirty years, under the title,
“ Preparatory  studies for Dednetive Methods i Storny and
Weather Predictions™  This report will appear as on appendix
to the annual report, of the Chief Signal Officer of the army,
Professor Abbe finds that the souree sl maintaining power of
storms depend on’ the phsorption by clouds of solar heat, and in
the liberntion of Leat in the elowd during the subsequent precipis
tition, which, as he endeavors to show, poneipally influences the
movement of the storm-contre,

In this method one tuikea a chart showing enrrent metooro-
logieal conditions, and the permanent orographic features of the
continient ; lines of equal density are also dmwn for planes at
severn]l elevations above sea-level, Om these latter, and on the
lines of the arographic resistunce, are based intermediate lines of
flow, which show where conditions nre favorable to cooling and
pondensation. U'he amount of eondensstion and its charnctor,
whether rain or snow, sre estimnated by the help of the graphic
disgram. Numbers are thus famished that can be entered on
the chart and show at ones the charboter of the pew centre of
buaoyaney, or the directions and velovity of progress of the eon-
tro of the indraft and the consequent jow harometer.

It is hoped that this work of Professor Ahbe's may be, as he
anticipates, of great practical as well as theoretical value, Steps
ara being taken to test the theoretical scheme by practical and
exhaustive applieations to current work.
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Tiessereno de Bort has continmed his work, of improving
weathor forevnsts for Franee, by stadving the distribution of the
great and important sentres of high pressures, which prevail gen-
erally over the middle Atlantio oeean, and, st certain periods of
the yvear, over Asis, Furope, and North America, His studies
have procesdied on the theory that the displacements: of centres
of high pressure, whether in Asin, over the Azores, noar Ber-
mnda, in' North Ameries, or in the Polar regions, set up o series
af secondary displacements, which necessarily eause storm cen-
tres 1o follow oertain vontes, M. de Bort conclides that a daily
knowledge of the relation of these centres nnd their areas of dis-
placement will eventunlly ensble skilled metecrologists 1o deduce
the position of unknown and secondary eentres.  He has endeav-
ared to reduce these various displacements to o serics of types
and hos made very considerable progress in this classification.
Daily eharts covering many years of observations have been pre-
pured, aod these separated, whenever the characteristies are
ﬂl‘lﬂ"lﬂiﬂ'ﬁt[j" '|'.I"I'I'.'I'I:I-I".I'I.I:I"II."I'|d., Lt -I"TH'TI.'HI.'H'!:Htl_!Iﬂg LVpies. This lpim of
forecusting nevessitates: extended meteorologieal information
daily, which Franee obtains not only from Russia, Algeria, Traly
anid Great DBritnin, but, through the cotperation of  United
States, from Novth Amevien.  The daily mformation sent by the
Signal Offive shows, in addition o the general wenther over the
United States and Caoada, the conditions on the western half of
the North Atlantic ocean, ag determined by ohservations made
ot the pruat stenmships, and furnished voluntarily by their
offierrs to the Signal Office through the Hydrographic Oftice and
the New York Hernld weather bureau,

The study of thunder storms has recoived very elaborste and
extomdive constderntion. M. Ciro Ferari in Dtaly fnds that
almost invaribly the stormes vome from direetions betwesn north
and northwest, the tendency in northern Italy being directly
from the west, and in the more southern sections from the north-
west, The velovities of storm movements are much greater
from the west than from the east, considerably more so0 in the
centre and south of Italy than in the north ; and in the months,
largest m Julv.

The velocity of propagation incresses with greater velooities
of the winds accompanying the storms, with also greater attend-
ant eleetrical mtensity. The front line of propagstion while
more often curved, is sometimes straoight and sometimes zigzag,
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and appears to undergo o series of suceezsive transformations,
maore or leks affected by the topograplieal nature of the conmry
passed over.

Forari thinks their principal oause is to be found in high tem-
poratures coinoident with high vapor pressures,  Thunder storms,
he oonsidiers, are esentially local phanomons, superposed on the
goneral atmospherie plenomena. A principal geoeral dause of
thunderstorms in [taly is the exiastéence of o deep depression
northwest Europe, with 4 secondary depression in [taly depend-
entl o the first, This mnlnlnr_r Coelile area remalns for several
days over upper lealy, and nearly always is followed by thunder
storma.  Minimum relative humidity precedes, and  maximum
follows n storm, while the vapor pressare eonditions are exactly
roversed.  Forar notes, as one matter of interest, the passago of
fully developed thumder storms from France into Italy over
mountains 4,000 metres (13,000 feet) in elevation,

Dr. Mever, at (zottingen, has imvestigated the annual periodie-
ity of thunder storms, while Carl "rohaska has moude a statistical
study of similar storms in the German and Austrian Alps.  The
lattar writer thinks they are most likely to oceur when the
barometer 15 beginning to rise after a fall, thus resombling beavy
down-pours of ruin.

In connection with Behmucher’s theory on the origin of than.
der storm electricity, Dr, Less has been able 1o satisfactorily
answer in the affirmative an important point in the theory, as to
whether the vertical decrement of temperntore s especially
rapid. Less finds evidences of very rapid decrement of tempera-
ture during thunder storms, us shown by the exmmination of
records of 120 stations for ten yenrs

Molin and Hildebrandsson have alsp published s work on the
thunder storms of the Seandinavian peninsula.  The rise in the
barometer at the beginning of rain, they agrie with Mascsrt in
attributing largely to the formation of vapor and the evaporation
of moisture from rain falling through relatively dry air,

A. Croffins has disoussed thunder storms at Hamberg from
observations for ten yoears, He believes that all such storms are
dus to the mechanieal interaetion of at least two barcoetric
depressions

As & matter of interest bearing on the mueh discussed phe-
nomens of globular lightning, an incident is recounted by F.
Roth, where a man feeding a horse was struck by lightning and
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lost conseionsness. The momn states that he folt oo shoek, bt
was snddenly enveloped in light and thet a ball of fire the
aige of his fist, truveled along the horse's neck. This points to
the faet that “hall ™ lightning is probably a physiological phe-
nOMmEHON.

In view of the recont extended interest in the question as to
whether the olimate of the UTnited Suntes is permanently changing,
it shonld be remarked that this question has lntely been under oon-
sidoration with regard to Europd. Messew. Ferrel, Racliter, Lung,
Bruchon and others eonelude, from an exnmination of all svail-
able data, that there is no permanent elimatio change in Earope.
In connestion with this discussion in Barope, long series of
vintage records, going back to the vear 1400, have boen usad,
Apart from the osean borders, extensive simultaneons climatie
changes ooeur over extended wreas, which changes—as might be
exprtted—are morg accentuated i the dnterior of the continents.
Thess ehanges involve barometrie pressore, riinfall and tempera-
ture, which sl vecur to that indetinite and eomplex phonomenon —
the variation in the nmoune of heat received by the earth, The dden
is ndvaneod that these oscillations linve somewhnt the semblunes
of eveles, the puriod of which is thirty-six vears. It may easily
bie guestioned, however, in view of the frogmentary and hetero-
geneous churpeter of the datn on which this pesamption 15 based,
whether the error in the observations s not grester than the
range of variation Blanford, in one of his discussions, has
pointed out that the tempersture or eainfall data i Indin can he
s arranged as oo give a vyele with o perfiod of almast any num-
ber of years, but, unfortunately, the possible error of observation
1 prreater i valoe than the variations

As to the United Stntes, it 35 pertinent to remark that the
Signol Office l= in possession of tempernlore observations o
Philadelplia, covering a continuous period of one hundred and
thirty-two veurs, The mean annual temperature for the past ten
years is exactly the ssme as for the entire period,

There have been oriticisms in years past that the olimatologional
conditions of the United States have not received that care and
attention whidh their amportabce demanded,  Mush las beon
done to remedy defects in this respeot, although, a8 15 well known
here in Washington, the geoeral law which forbids the printing
of any works without the direet authority of Congress, has been
art ubwrouns bar to grost sctivity on the part of the Signal Office,
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Within the vear the rainfall conditions of twelve Western Stutes
and Territories have been published with elaborate tables of data
and fifteen large charts, whicl set forth in considerable detail the
minfall conditions for that section of the conntry. 1o addition
the climatic churneteristies of Oregon and Washington have baen
graphically represeoted ; and rainfall maps,—unfortanately on
a small scale,—have boon preparsd, showing for each month, the
averige precipitation of the entire United States, sz detormined
from observations covering petiods varying from fifteen to eigh-
tEOn VOArs.

In Missouri, Professor Nipher has prepared normal mainfall
charts for that State, unfortunately on rather a small scale. In
New York, Professsr Fuertes, amd in Michignn, Sergeant
Conger, of the Signal Service, have commenced maps showing,
by months, the sormal tenperatyres of their respective States on
maps of fairly open seale.  Work of a similar character has been
earried o in Pennsylvania under the supervision of Professor
Blodgot, well known from his climatological work. In other
dirvations and in other ways, work of a similar charsoter i in
ProoTess,

Without doubt too much is anticipated from pending or pro-
jroted irrigation epterprises in the very and regons of the West,
These anwarrantod cxpectations must in part fesalt from a failure
on the part of the nvestors to consider the general question of
these enterprises, i its varied aspoots, with that seientifie vxaet-
nees s essential in dealing theoretically with extended subjects
of such great importance,

Evervone admits the corfectoess of the statement that the
amount of wator whioh flows through deainage clinnnels to the
sea, cannot exeend the amonnt which has evaporated from adjaeent
oocans anid fallen as precipitation on the land,  Further it ix oot
to biw donied that the quantity of water available in any way for
irmgntion must be only a very moderate percentage of the total
rainfall which oeoirs at clevations abore, and perhips it may b
statid comnarderatdy alove, that of the lnnd 1o be benefited.

Elsewhere it might be appropriate 1o dwell in detail upon the
importance of caltivated land in serving as o reservoir which
prrts slowly with the water fallen upon or diverted tooat, and io
avobding the guivk and wastelul drainage which obtains in sections
devoid of extensive 'I'I'gl:lihl:iﬂl‘l or cultivation : and alsa that
water thus taken up by cultivated lands must later ovaporate and



Feography of the Air. i

may again fall ss rain on other land, But the pertinence of
meteorological investigations in connectinn with irrigation and
this annual address, relites much more directly to important
questions of the manuer by, and extent o which, precipitation
over the eatochment basing of the great central valleys fails to
return in direet and visible form, through the water courses, to
the Galf of Mexico,

The inter-relation of rainfall and river outflows is one of peou-
Har interest, in connection with the bmportant matter of irriga-
tion now under consideration in this country.

Probably more attention bas been paid to this subject in the
valley of the Seine, by Belgrand and Chateaublane, than in any
other portion of the globe,  One of the curions outesnes of Chat-
eanblanc's observations, is ono bearing on the maximum value of
the Aoods in the Seine for the cold season, from Oetober to May,
by which he says that the reading of the river gange at Port
Roval is equal to 127 minus the sumber of decimotreés of rain-
fall which has fallen on an sverage throughout the eatehment
basin during the preceding year.  This curiously shows that the
intensity of the winter floods of the Seine is inversely propor-
tional to the quantity of rain of the préceding year,

Sometimi mince, John Murray, Esq., in the Scottish Geographio
Magazine, treated generally the question of rainfall and river
ontflows, The annual minfall of the glohe was ostimated to bo
40, 450 cubie miles, of which #2453, falling on inland drainage
arens, such as the Sabara desert, o, evaporate. The total
auninl discharge of rivers was estimated at 7,270 oobie miles.
In the ease of European drainage areas botween s third and a
fourth of the minfall reaches the sen through the riverss. The
Nile delivers only one thirty-seventh of the rainfall of its catch-
ment basin, while tropical rivers in goneral deliver onefiftli.

The Saule river of Germany, from late data based an 45 rain-
fall stations tn its eatohment basn, doring the yvears 1883 to
1556, diseharged 30 por eont. of its rainfall.

During the past year Professor Russell, of the Signal Office,
has détermined earefully the minfall and nver owtlow over the
most important part of the United States, the entire eatelmont
hasin of the Mississippl river and its tributarics.  This work was
done s preliminary to formnlating rules for forecasting the
stage of the water several ddays in advanee on the more import-
ant of the western rivers in the Upited States. The river oute



56 National Geographic Magazing.

flows at varivus places on the Mississippi and Missouri and Ohio
rivers, were tabulated from dats given in the roports of the
Mississippi and Missouri River Commissions. The tables were
largely derived from the results of the messurement of eurrent
velocition,. Az gange readings wore taken at the time of dis-
charge or outflow measurements, the discharges or outflows can
be told approximately at other times when only the river gange
readings are known, The results for the outflow of rivers
derived from measurements made under the supervision of these
commissions, are of a high order of accuraoy, and it is not prob-
sble that the results deduced from the gange readings are much
in error, OF 1831 and 15882, doring which years measarenents
were made, 1881 was a vear of great flood in the Missouri river,
while the Mississippl river was not flooded,  The year 1852, on
the other hand, was marked by a grent dood o the lower Missis-
sippi river, with a stage in the Missoun much above the averaje.
The rainfall in the six great valleys of the Migsissipp, during the
entire yvonrs 1851 and 1882, wus charted from all ebeeryvations
availsble, and its amount in cubie miles of witer caloulated with
the sid of a planimeter.

In connection with this im‘nlignﬁun. anidd as & matter of value
in showing the forces which are in operation to affect the river
outflow, the fietitions or popsible evaporation of the six great
valleys referred to were ealoulatid, in eubie miles of water, from
Tuly, 1857, to July, 15588, and also the average amounts of water
in the air as vapor, and the amount roguired to saturate the e
in the same valleys during the saume period.

During the vear 1882, the year of greal flood in the lower
Mississippi vallew, the outflow ar Bed Hiver Landing, La., was
202,57 cubie miles, of which the upper Mississippi river above St
Louts furmished 14 per eont, the Ohio 43, and the whale Missour
atiove Omaha, 4 per cent.  The upper Missouri valley (that is,
from the month of the Yellowstone up to the soarves), aml the
middle Missouri walley (from the mouth of the Platte 1o the
Yellowstone), each furnished only about 2 per cent. of the entire
smount of the water which passed Red River Landing, The
lower Mississippi valley, including the Arkonsas, ete,, furnished
3% per cenl

During Mareh, April and May, 1882, the time of highest stage
of the water of the lower Misisippi, the outlow at Red River
Landing and through the Atchafalya mensured §2.7 oubic miles,



(Fecgpraphy of the Addr, 57

During this time there flowed through the upper Mississippi
river above St. Louis, 14 per cent. of the amount ; through the
Ohin, 38 per cent., and through the Missouri 6 per cent.; while
the rivers of the lower Mississippi valley contributed 41 per
pemt. The water that passed Omaha wis 1.92 cubie miles, or 2
per cent. of the fow of the whole Mississippi during the same
time, The water which flowed from the npper and middlo Mis-
soari vallovs during March, April and May, 1882, was for each
valloy, probably anly | per cent, of the water that flowed through
the lower Mississippi river. The flood of the lower Mississippi
was andonbtedly due to the great discliarge of the Ohio, supple-
mented by heavy river inflow below the month of the Olito, and
the unusually beavy rainfall in the lower Mississippi valley.

The ratios of river outflow to rainfall over the eatchment
hasins, ne derived by Professor Russell from the two years' ob-
servations, 1861 and 1682, were as follows :

Upper and Middle Missouri valloys, about 335,000 square
mileg, 13 por cont.

Lower Migsouri valley, about 210,000 square miles, 12 per cent.

Entire Missouri vallew, about 545,000 square miles, noarly 13
per cent.

The upper Mississippi valley, about 172,000 square miles, 33
per cent.

Ohio valley, about 212,000 square miles, 40 per cent,

Lower Mississippi valley, abont 343,000 square miles, about 27
per cent.

The above percentages, while showing the avorages for two
antire yvears, and so of deaided value, are not to he depended
apon for special years or months. For instanee : in the Ohio
valley wn 1581, the outflow was 33 per cent., while in 1882 it was
50 per cont,, and ax the rainfall in 1822 was 150 cubic miles
agninst 151 cubie miles in 1881, it appears evident that a muel
grenter proportional guantity of water reaches the rivers during
seazons of heavy rainfalls than when the precipitation s moder.
ate ar scanty.

Evaporation is also a very potent canse in diminishing river
outflow, and as this depends Inrgely on the tempernture of the
air and the velocity of the wind, any marked deviation of these
meteorological clements from the normal, must exercise an m-
portant influence on the ratio of cutflow o rainfall,
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In conneotion with Professor Hossell's work it i destrahle to
note that Professor F. E. Nipher has lately made a réport on the
Missouri rainfall boged on observations for the ten years ending
December, 1887, in which he points out a8 an int.erming soinod-
dence that the average annual discharee of the Missonri river
elosaly correspowds in amount to the rainfall whicl falls over
the State of Missouri. From Professor Niphor's fignres it
appesrs that the discharge of the Missouri river in the ten years
ending 1887, was greatest in 1881 and pext greatest in 1882, so
that the averages dedueed from Professor Bussell's report of the
outflow of the Missoari are too large, and should be somewhat
reduced to conform to the average conditions,  In different years
the average of the discharge in the oatflow of the Missouri
varies largely, as i evidenced by the fact reported by Professor
Nipher, that the discharge in 1878 was only 58 per cent, of the
ontflow in 1581,

In New South Wales, under the sapervision of H, O, Russell,
Esq., government astronomer, the guestion of rainfall and river
discharge hus alse reccived cardful attention, especially in con-
nection with ovaporation. The olservations st Lake lienryre are
important, awing to the shallowness of the lake (particalarly a,
the marging; its considerable sarface area (sighty square miles),
its modorate elevation (2,200 feot), and the fact that it is guite
surrounded by high lands.  (Mserviations of the fluctantions of
this lake have been mnde from 1885 to 1688, inclusive. In the
Intter year the evaporation wis enormons, being 47,7 inches
apainst oorainfall of 23,0 and an in-dramage of 5.3 mohes, so that
the total loss in depth wos 1858 inohes for the vear, It pppears
that the evaporation in different years on this lake varies as
much as 50 por contum of the minigoon amonnt. Acsording to
Rassell the amount of evaporation depends largely on the state
of the soil, going on muek faster from a wet surface of the
pround than from water ; with dry ground the conditions are
reveraod, 1o 188%, the ootflow from the basin of Lake Lreorgre,
the drainnge from whieh i= pot sabject to loss by long river
chatinels, was only 3,12 per centum of the rinfall.

In the Darling river, aliove Hourke, =H V=S Russell, the ranfull
i mensured by 210 gauges.  The averape river discharge,
deduced from ohservations covering seven yvears, 18 only 1,45 per
centum of the rainfall, and o the wettest vear known the dis-
charge amounted only to L33 per centum of the minfall, and has
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boen as low &s 0,00 per centum in a very dry vear, In the Mur-
ruy basin the average discharge relative to the rainfall is esti-
mated to be about 27 per contum from a record of seven years,
amd bus risen as high as 36 per centum in o flood year.

In eonnection with the regimen of rivers, it appears o proper
occasion o again refate the popular opinion that the spring and
snmmer floods of the Missour and Mississippi valleys result from
the melting of the winter snowe.  This i an erroneous impres-
sion which I have combatted sinee 1873, when my duties
required nostudy of the floods of the entire Mississippi catohmont
basin, It is only within the last two vears, however, that the
metoorological data has been in such condition that the opinion
put forth by me could be verttied, namely : that the floods of the
Inte spring and ently summer owe their origin almost entirely to
the henvy rains mmmediately beforo and during the flood period,
Cocasionully n very heavy fall of spow precedes extended gon-
eral mains ; bot in this case the smow is lately fallen and is not
the winter precipitation,

Referring to the Missouri valley, the section of the cowrtry
where the winter snowfall has been thought to exereiss 4 domin-
ating influence in floods, it his elsewhere besn shown by me that
ahout one-third of the anoual preeipitation falls over that valley
during the months of Mayv and June, In either of the months
named the svernge precipitbtion over the Missonn valloy is
greater thom the entire average precipitation for the winter
months of December, January and Februnry,

Waorekofl thinks that the snomalies of tomperstures shown in
forest regions, particnlarly in Bragil—with ite abnormally low
temperatures, are due to heavy forests promuoting evaporation,
and by cansing the prevalence of accompanying fops thus pre-
vent more intense insolation.  He considers this an argument for
the muintenanece of forests o sustain homidity and distribute
rain over adjacent cultivated land, as well a3 to maintain the fer-
tihty of the soil, whioch diminishes rapidly by washing awuy of
the soil after deforestation.

W. Koppen has devised a formuls for deriving the rrue daily
temperaiure from 8 A, w2 pos,oand 8 oM. observations in con-
nection with the mimimum temporsture, in which the minimum
has a wvariable weight dependent on place and month. The
resuits of Koppen's formula tested on six stations in widely dif-
ferent Intitudes, indieate that it is of value,
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Paulsen's discnssion of the warm winter winds of Groenland is
interesting. These unusnal storm conditions last three or four
days, or even longer, the tempersture being at times from 357
to 40° Fahr, above the normal, and they appear principally with
winds from northeast to southeast, which Hoffewever believes to
he fochn winds, Panlien contends that the extensive region
over which these winds occur make the foefin theory untenable,
and that a more reasonable explanation of these winds s to be
found in the course of low areax passing aloog the const or over
Greenlamd.  This appears evident from the fact that not the
easterly winds only but the southerly winds share this high tem-
perature, and that ax low arvas approach from the west, at first
the regions of the Greenland coast within its influenee have
south to southwest winds

The question of wind pressures and wind velocities s n most
impurtant ane in these davs of great engineering problems, par-
ticularly in conncotion with the stability of bridges and other
large stroctures

Experimental detérmination of the constants of anemometric
formulee have recently been made both in England and this
country. From results obtained in the English experiments it
was concluded that the very widely nsed Robinson ancmomoter
s not as satisfactory and relisbly an instrument as a differcot
form of anemometer devised by Mr. Dines.  These conclusions,
however, are not sustained by the American experunents, which
weTe maile |;|:..' Professor (U, F. Marvin, Elghll Otfioe, 11-3-‘ menns of o
whirling apparatus, and aoder the most favorable circumstances,
whauh fin'l':'lm] highly satisfactory results.  Professor Marvin has
lately made vory eareful open air comparisons of Anetmometers pre-
vionsly tostod on the whirling maching, which have shown that,
owing in part to the irregular and gusty character of the wind
movement in the open air, taken in connection with the effects
arising from the moment of inertin of the cups, and the length
of the arms of the anemometer, the constants determined by
whirling machine methods need slight corrections and alterations
to conform to the altered conditions of exposure of the instru-
metits in the open abe,  This Intter peoblem is now boing experi-
mentally studind at the Signal Offiee, and final resclts will soon
be worked out.

Professor Langloy has also made very elaborate observations
of pressuros O |:||.d.l:|-:- and other surfaces inclined to the I'l-l'.lrmil-l,
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which it is believed will prove important contributions to this
question, but the resalts have not yot been published. It s im-
portant in this conoeotion to nute experiments made by Coopor
on the Frith of Forth Bridge, where a surface of 24 square
motres, during & agh wind, experienced a maximum pressure of
134 kilogrammes per square metre, while a surface of 14 square
decimeters showed, under similar conditions, 200 kilogrammes per
sguare moetre, by one instrument, and 170 by another.  The opin-
lon vapressed by Cooper that in general the more surface ex-
posed to the wind, the less the pressure por unit of strface, seems
reasonable, and If verified by more elaborate experiments must
have nn Tmportant bearing.

There are questions in eonnection with which even nogative
rosults nre of an important oharacter, particularly when such ro-
sults are guite definite, amld tend 1o remove one of many unknown
clements from physioal problems of an intricate character. In
this elass may be placed atmosplivrie electricity, with particular
referencs to its value in conneetion with the forceast of coming
wosther. The Signal Office, through Professor T. O, Menden-
hall, a distinguished solentist pecalinrly fitted for work of this
charaoter, haa bean able to énrry ot & series of observations,
which have reccived fromi him careful attention, both as to the
conditions under which the observations were muide and in the
claboration of methods to be followed.

Professor Mendenhall also supervised the reduction of these ob-
sorvations, and after careful stndy presonted a foll report of the
wiork to the National Academiy of Sciences, in whose proceedings
this dotailed report will appear.  Professor Mendenhall says,
“Tuking all the facts into consideration, it seems 1o be provd
that the electrieal phenomens of the atmesphere are generally
local in their character, They do not promise, therefore, to be
useful in westher forecasts, although a close distribution of a
Iarge number of ohsarvers over a comparatively small area would
be wsefnl in removing any doubt which muay still exist as to this
question.” It may be added that Professor Mendonliall’s conelu-
siopa bear out the opinions expressed o the speaker, in n diseos-
mon of this guestion, by Professor Mascart, the distinguished
physicist,

It has been gencrally admitted that the aqueous vapor in the
atmosphere plavs a most important part in bringing about the
formation of storms and maintaining their energy. It has besn
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frequently commuonted on by the forecast officials of the Signal
Serviee, that storms passing over the United States were in rene-
ral preceded by an inorease in moisture;, but unfortunately hittle
effort had heen made on the part of previous investigntors to de-
termine any quantitative relation between the actnal humidity
and the amount of precipitation or its relution to the storm move-
ment, It has long been regretted thar the direet relations of this
to other matearological phenomena were nol more fully defined.
Duoring the past year Captain Jumes Allen, of the Signal Offies,
has endeavored to apply the results of his investigations and
theories to the practical forecasts of storm conditions,  Captain
Allen hos carefully studied the relations of the potentisl energy
of the surface atr, as represented by the total gqoantity of heat it
contained, to the movewnent of storm centres and the exrent of
accompanying rain areas.  In his first investigations the potentiol
enerey per cubic foot wns estimated as follows: Supposing the
mir to have been originally 32" and the moisture in it a8 wator at
d2", the total quantity of heat applied to reduce to the state of
obeervation will be ﬁ:ifﬁﬂ} 44} in which A is total heat per
unit volutoe ; ¢ s the twemperature of the air, Q) the total heat of
vapor, and the specifio hout of air st constant volume being
taken as one-saxth ((168). From Regnault’s formuln we have
Q = 1091.7 + .J05(f—02).

For the mechanical equivalint we have J=773A. If we
divide JJ by the pressure estimated in pounds per square foot, it
will give the height through which the pressure enn be lifted if
all the heat i= spent in work by expaniding the air.

An approximate expression for the upward velocity V may be
obtained from Torrecelli’s theorem from which we have Vi=2g4,
fim thas ease being being the beaght through which the pressure
wonld be lifted if all the heat is spent in work. The theory has
been that the storm centre will move over that seetion of the
eountry where V is the greatest, and that the titne of occurrence
and amount of rain have a relation of conformity to the changes
m € and i1ts actual amonnt.

Auxiliary charts were also made showing for eaeh station the
following following values of Q:

1st. Highest Q not followed by rain in 24 houre.

2d. Greatest plus change in Q not followed by rain in 24 hoors.

3d. Lowest value for Q followed by rain in 12 hours,
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A tentative apphication of the theory dunng Derember, 1850,
has wiven very encouraging resalts, The problem can bw oap-
pronched in many different ways, bot the basis of the solution is
the determination of the actoal energy of the air, both potential
and kinetie, as well as differences of potentinl,

Probably the most tmportant event of the past year to oene-
ril mutesrologionl students has been the publication of Part I
Temperature, snd Part 11, Moisture, of the Bibliography of
Muteorology, under the sopervision of the Signal Office, amd
edited by Mr. 0. L. Fassig. The two parts cover 8,500 trtles out
of a total of nbont 60000, This publication renders it now possi-
ble for any investigator to review the complete litersture of
these pubjects, not only with o minimum loss of time; but with
the advantage of supplementing bis own work, withont duplica.
tion, by the investigpations of his predecossors, The publication
is a lithographic reproduction of a type-written copy, the only
available methad, wihioh leaves much o be destred on the grounda
ﬂf .HPIPEHTIIH.'.II-. HIIH.I'.E" .I“'.I:I.I. l'.lli'HI'ﬂlH-.‘H-...

The experiments of Crova and Hondaille on Mount Venteax,
alevation 1007 metres, and at Bedom, 306 motres, are of more
than transient interest sinee they fix the solar constant at & heigrht
of 1,007 metres, at about thrée enlories ; agrecing with the value
abtuined by Langley on Mt Whitney, Cal |

With this brief allusion to the important phenomenn of sun-
heat, whereon depend not only the subordinate mamifestations
perteinitg to this seotion, but those relating to all other depart-
ments, this report may appropriftely closs;
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REPORT OF AUDITING COMMITTEE.

December 5, 16580,
T the Nistional ﬂﬂr;rh}f.n.ﬁ:.'ﬂ .Er.-r'e':'fﬁr.'

The undersigned, having bheen appointed an anditing commit-
tee to sxamine the account of the Tréasurer for 1BH0, make the
following ruport :

We hyve examingd the Treasurer's books and find that the re-
ceipts As therein sfnted are eorrectly reported.  We have com-
pared the dishursements with the vonchers far the same and fing
thoem to have boen properiy approved aml correctly recordod
We have examined the bank account and éomparad the vheoks
aconmpanying the same.  We find the balance (beside the sum
of 8756.25 nvestad in real estate note) as reported by the Treas.
urer (£64.82) conmstont with the baiance as shown by the bank-
book (#582.82), the difference being cxplained by the faot that
there are two outstanding checks for the sum of $18.00 not yet
presented for pavment.

Bamey Witnis,

R. Bmsig, Jr.,

Wittaro 1. Joussos,
Aueliting Usinonittee,

Vil. Ii. 6



REPORT

OF THE

RECORDING SECRETARY.

The first report of the SBecretaries way presented to the Society,
Degember 88, 1558, At that time the Society had a total mem-
hﬂl"ﬂhip of 200, Sinee that date this mam’l:-nrﬁh.ip has been in.
ereased by the clection of 20 new members ; it has been decreasid
by the death of 3 and by the resignation of 14, The net increase
i membership is thus 10 and the presont mombership is 224, in-
cludiog 8 life membiérs.  “The desvased members are, Z. L. White,
2. W. Dver and Charles A, Ashbamer.

The number of mestings held during the year was 17, of which
15 were for the presentation and disoussion of pupers ; one was a
field meeting held at Harper's Ferry, W. Va., on Saturday, May
i1, 1889, anud one, the annual mesting,  The average attendanece
was about 035,

The publication of & magaxine bogun Inst year, has been con-
tinned, and three additional numbers have been published, being
Nos 2,8 and 4 of Vol L. Copies of the numbers have beon
gent to all members and also to sbout 73 American and foreign
soientific socleties and other institotions interested in Geography.,
Aw o result the Society is now stendily 1in receipt of geographical
publioations feom varions parts of the workd,

Resprectfully: submitted,

Hesuy Gassurr, Recording Seeretary.
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ABSTRACT OF MINUTES.

Now, £, 1888, Tienty-seventh Mecting.

A paper was read contitled, " Telegraphie Determinations of
Longitudes by the Burean of Navigation,” by Lieuténant J. A.
Norris, U, 8 N, Published i the National Geograplic Maga-
zane, Vol 2, o, L

Nov. 15, 1888, Twenty-etghth Meating.

A paper wius read by Ensipn Everett Haoyden, U, 8 N, en-
titled, “ Law of Storms considered with Special Heforence to
the Narth Atlantie,” illustrated by hotern shdes, It was dis-
pussed by Messrs, Greely and Havden,

Now, 28, 1888,  Twenty-nenth Meeting.

A puper was rend by Mr. H. M. Wilson entitled, * The Irriga-
tion Problem in Montans,” IhHseussion was participated in by
Messrs. Dutton, Greely and Wilson,

Diww, 28, 1888, Thivticth Mecting.

The papr of the evening was by Mr. L C. Ruossell upon “A
Trip up the Yukon Hiver, Alaska,” and was illustrated by lan-
tiern slides,

Dhge, 27, 1888, Thirty-sirst Mecting—2d Annual Meoting.

Vice-President Thompson in the chair. The minutes of the
first annual meeting were read and approved.  Annual reports of
the seervtaries and treasurer and the report of the anditing com-
mittee were prsented and approved.  The following ofhicers were
then elected for the suceveding vear :
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President—Garmaxer G, AUeBaRD,

Fice- Presidenis—Herpmier G. Ounkx, |lapd); EveEskrt Haybew,
[#en] 3 A. W. GueEmLy, [air]+ O Hanr Mermias, [life] ; A, H. TooMe-
HON, [art. |

Trosurer—CHARLES J. BELL

Recording Seerefory—HeExRY GANNETT,

Correaponeding Seerelarg—0, H. Tirraans,

Mandagers—CLEVELAND AFER, MaRovs Baxien, RooEes B, Je.,
G. Brows Goone, W, I, Jorssox, €. A, Kexastos, W, B PowiErL
and James O WELLING.

S A0, 250, Thirty-seoond Meoting.

The aunual veppirts of Viee-Presidents ﬂgrh'n anid 'Hrl‘.'ulll.' Wiy
'I_II.'E!-E'H[EIL Prblivhed n the National Gﬁwrﬂpﬁfﬂ .."-'!fr':g.rﬂf.ur-,.
ol 2 No. L

Jian, 24, 1880,  Thavty-thind Mesting.

A paper was read entitled, * The Rivers of Northern New
Jersey,” with notes on the * Genernl Classification of Rivers,”
by Professor William M, Dayis. The subject was disonssed
by Messrs, Davis, Gilbert anid Mol

Fob, 7, 1800, Thirty-fourth Mooting.

The mnnual report of Viee-Presidemt Merrinm was presionted,
A paper on * Bering's First Expedition,” was read by D, W. H,
Dl

Feb, 2pst, IR0, Thirty-fifth Mecting.

Held in the Looture Huall of Columbian University.  The annual
sddrias of the President, Mr. Gardiner G, Hubbard, was daliv-
ered, the subjeot being * Asia; Tts Past and Future™  Pubilisghed
in “Setence,” Vol. XV, No. 871

Feb, 25th, 15890, Special Meeting.

Held in the Lecture Hall of Columbian University. A paper
was read by Lieat, Com'dr Chas, H. Stockton, U, 8. N, entitled
“The Arotie Cruise of the Thetis During the Summer and
Autamn of 1880, which was illnstrated by lantern slides.

March 7th, 1850,  Thirty-sicth Meeting.

A paper was read by Mr. Romyn Hitcheook, entitled * A
Glimpse of Chiness Life in Canton.”
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