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From the above it will appear that the estensive sledge-trips, and 
the collections which will, i t  is hoped, be the results of these sledge- 
trips, mixst necessarily pre-suppose a ship as the headqiiarters of the 
expedition. To mantcixrre the boat we must, I think, have a captain, a 
mate, and three sailors. 

Besides, the captain of the ship, together with the mate, nlust 
do the necessary cartographical work, which, especially in north-
western Baffin's Tland, will be very considera1)le; likewise, they nnmt he 
able to make the meteorological ol>scrvations. 

Seeing that the route followed by the ship-expedition, also in other 
respects, will offer very interesting, hitherto unsolved scientific problems, 
the staff will further include a geologist and a physician who, together 
with the geologist, will he a l~le  to ilnilertake the botanical and zoological 
stuclies if necessary, also to do the work of an anthropologist and 
archa?ologist. Chiefly as regards the study of glacial geology the 
districts ro1111d the projected winter harbours are of the greatest interest, 
and offer the l,ossil,ility of making important comparison with tlie 
natural conilitions found in Greenland. In  northern BafEn's Land the 
glacial formations, the extension and nature of which are hitherto 
unknown, as well as the (Jnartiary formations in connection with the 
glacier, will offer an instructive transitionary stage hetmccn the totally 
ice-covcrccl district of Greenland and the Barren Gromlcl, now free fro111 
ice, but in former days covered with glaciers. I n  Bnffin's Land and the 
Melville 1)eninwla there is also the prospect of carrying on inl1)ortanl 
palceontologic studies, while the Barren C+ronnds to the west of Tlntl~on 
bay, which, goologically, arc hitherto known through a few hasty visits 
from Canadian geologists, arc furthermore of the special interest that 
the great American glacial period probably originated in these districts, 
for which rcason researches carried on here offer tho possibility for 
solving a series of problems as to the motion of thc ice. 

From a geographical 11oint of view, the regions in ql~estion are, 
generally speaking, so ixnknown that every increase of our knowledge 
\\,ill be of the greatest value, anil the expedition thcrcforc ought to 
profit by the opportunity of making studies and collections in v:~rions 
directions, provided that this work does not throw obstaclos in tlre way 
of the vhief purpose of tlle expedition-the ethnographical researches. 

NOTES ON DETERMINATION OF POSITION NEAR THE POLES.* 
By ARTHUR R.  HINKS,  Royal Geographical Society Lecturer i n  Surveying 

and  Cartography, Cambridge University. 

TIIE writer is fully conscioiis of the fact that in the severe conditions of polar 
travel it is not a question of what observations might mith advantage be made, 
hut of what can actually bc done. The only p~nposc of these notes can be to 

* H(>senrc.h ncpartment, Sovembcr 18, 1010. 
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provide a few pegs upon which those who have experience of polar obscrvation are 
invited to hang tlle resalts of their experience. 

Published accounts of the details of polar observation are scanty. By far the 
most complete is Prof. Geelmuyden's discussion of the astronomical results of 
Nansen's expedition ('Scientific Results,' vol. 2). But these refer, in great part, 
to a special case-the winter drift of the Fraqn. Star navigation of winter quarters 
is altogether exceptional. TVe will confine ourselves for the present to the case of 
sledging equipment and sights to the Sun only. 

The points for discussion may be grouped under three heads- 
(1) The instrumental equipment and metliods. 
(2) The chronometers or matches. 
(3) The reduction of the observations. 
(I) The principal question is, Theodolite or Sextant ? Recent experience secms 

all in favour of the small "mountain" theodolite, as used by Captain Scott and 
Sir Ernest Shackleton. I t s  obvious advantage is that by observing on both faces 
the errors of adjustment are self-eliminated. A recent traveller observed only on 
one face. But if, owing to severity of cold or want of time, the double observation 
is awkward, observntions on alternate days should be made on alternate faces. Tlie 
stand for the theodolite is of importance. Nansen used a brass plate bedded on 
snow, and lay down. But this must be uncomfortable, and i t  will be interesting to 
hear the experience of Antarctic observers. No account of tlle Discovery's theodolite 
has been published. What was i t  made of? Nansen found aluminium very 
unsatisfactory. 

'rhe sextant and artificial holizon together weigh little less than the theodolite. 
The sextant was found by Nansen to be unreliable in extreme cold ; very probably 
i t  developed error of eccentricity, which is very difficult to determine. And 
observatiou of a low sun with an artificial horizon is always diflicnlt. Mercury 
horizons are liable to freeze ; glass horizons do not seem to give satisfactory results. 
Occasionally i t  is possible to use a pool of water on the ice ; but this must be rare. 
Some observers have used the natural ice horizon ; bnt this must be very rough and 
uncertain owing to the piling of the ice ; and further, there is a diltieulty about the 
"dip" and the mising of the apparent horizon by abnormal refraction. Geelmuyden 
gives sorue interesting results which show that in extreme cold tlie visible horizon 
is sometimes elevated by twice the amount that i t  should be depressed. 

Considering all these difficulties, we may conclude that the theodolite is much 
better than the sextant for taking altitudes. And it iq immensely superior in the 
observation of azimuth. The verdict must therefore be for the theodolite. 

It must be important to cover the metal of the instruments as much as possible to 
protect the hands and face from contact. I t  would Ice interesting to learn the 
details of methoJs which have been found successful. 

(2) On board tlle Fram the chronometer Hohwii 639 maintained an excellent 
rate, and the uncertainty of G.M.T. probably never exceeded + 20', though G.M.T. 
in sunlmer could be checked only by solar eclipses, of which two mere observed 
during the drift. I t  would be interesting to have full information about the rates 
of the chronometers on the Discovery during her stay in the ice. Chrommeters 
landed for use in observation huts undergo much severer conditions, and Drygalski 
found it i~npossible to keep his cllronometer going in the pendulam hut. 

The travelling rates of watches differ, of course, considerably from their 
stationary rates; on the Pram sledge expedition, the mern rate of two watches 
differed 12" per day from the rate on board. The slight information given by 
Lieut. Mulocli (National Antarctic Expedition, 1901-1904, Charts) suggests that 
the watches on the Discovery sledge journeys ran better, but details are wanting. 
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(3) The correction for refraction is important and difficult. Geelmuyden used 
Albrecht's tables, founded on Bessel's and extended to -50' C. by his formula. 
He gives observations of very low altitudes made expressly to determine refraction, 
but does not di8Cll~b them. MulocB used Bessel's tables, but gives no details of his 
extension of the tables for low temperatures. 

Very little information is available as to the accurzcy of the sights obtainable 
under Arctic conditions. The writer would urge that it is important that full details 
uf all the observations made on recent expeditions should be published, in order to 
provide material for the discussion of their accuracy. Astrorlomers have an in- 
variable rule, to publish their observations in such detail that it may be possible to 
assign limits of probable error to the results. The same rule might very well be 
observed in the publication of the results of polar expeditions. This remark need 
not be taken to imply an expectation of inlpossible refinement in observations made 
under rough contlitions. n u t  at  present it is difficult to say whcther the probable 
error of a "fix " with the mountain theodolite on a sledge expedition is one mile or 
two or five. And this might be remedied at once by full publication of the 
observations. 

Near the poles the ordinary methods of determining position fail to some extent. 
Local time and longitude tend to become indeterminate, and this gives the im- 
pression that there are great uncertainties in the "fix." To a considerable extent 
this difficulty is artificial, and by a suitable modification of the metliods of reduction 
employed may be avoided. Thc writer suggests that a modified Sumner method 
will give a rapid and easy graphical method of discussing polar observations. [A 
brief account of the niethod is appended. It is being developed, and a fuller 
account will be published later.] The method is suggested, in the first instance, as 
a convenient way of examining a long series of records. But it is possible that it 
rnay be of use on an actual expedition. 

Incidentally the method shows very clearly that the accuracy of the "fix" 
depends entirely upon the accuracy of the sight" and the accuracy of the G.M.T. 
carricd by the watches. So long as pairs of observations can be secured on con-
siderably different true bearings of the sun, i t  is comparatively unimportant at  what 
time of day the observations are made ; there is no real necessity to interrupt the 
journey at local noon; and the apparent difficulties connected with local time and 
longitude disappear. 

Take a polar chart, with parallels numbered in degrees uf polar distance, and 
meridians numbered in hours from Greenwich. 

Sappose two sights- 

A at G.M.T. 1-L"29"' alt. of sun 18O 20' decl. 13' 4G' 

B ,, 20h4in' ,, 14' 12' ,, 13' 50' 


lieduce to C.A.T. and lay off nlcridians in the corresponding azimuths. 
At first observation Sun is on meridian A. The circle of equal altitude 18' 30' 

cuts this meridian at polar distance = altitude - declination = 4' 34'. The line 
aa' at right angles is an approximation to the circle of equal altitude, and tlie 
observer must be near it. 

Sirnilally construct 'the perpendicular bb' to meridian B, cutting it at polar 
distance (14' 12'  - 13O 60') = O0 22'. The observer nlrlst also be near this line. 
Hence his position must be near the intcrscction 0. The ~ilethod is evidently a 
modification of Sumner's. 
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The circles of cijual altitude arc necessarily very large, as the Surl is always 
low. They lie on the Sun side of the approximate Sun~ner  lines drawn. In  the 
~xescntcase the circles would eoiriently intersect outside 0, close to the line an' 
a11d ;L little renloved from bb' torvards a'. IVithin 5' of t , l~e Pole the correction 
for curvatnrc of the Rnm~ier lines cloes not exceed about 3'. Hcncc the ~nethud 
gircs a rapid tray of chcclciug a whole series of observations made on any bearings. 
l'crhaps it is well knori-11. Tho writer has not come across it. 

lucidentally it shows thxl two sights on well se~~aratcd bearings give as gaud 
a fix close to the Pole as a ~ ~ y \ ~ l ~ c r e  Ttie npparcut trouble about the indefinite- clse. 

Q U I C K  METHOD OF D E T E R M I N I N G  APPROXIMATE P O S I T I O N S .  

:~cl;sof local t i~ l lc  nrld longitude is artificial, duo to usc of unsuitnble cu-ordinates. 
A littio cstra trouble will n~alie the rnethod sufficiently accurate for all purposes. 
[ise :L is ~~racticallypoliir stcrcopra1~11ic projection, which the sanie us the 11olar 
ccl~~idista~lt  Thcn the circle of equal altit~ide beco~ries a circleclose to the Pole. 
on the ~)rojoctiou. I t  is easy to calculate its radius on the projoctivn, and hence 
ils divergence froin the tangent a t  any distance from the point of contact. It would 
tlien be easy to make the fix graphically within 1'. 

Small tables to give the curratare correction are undcr construction. 
Thc rnetlloti has all the advantagee of Sumner's or Johnson's. Sights may be 

rwde aL uouvenient opportunities, not l~ecessarily at  local noon. The only table 
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recl~~ircd \Vithin 5' beis tlmt o l  tllc Sun's declination. of the Polc the sights 111%~ 

worked up graphically in a couple of lliinutes with all rekluired precision. The 
l~ietllocl is sug;rsted, in the first inst:~r~ce, a long,zs a convcnier~t way uf esa~rlini~lg 
series of records. Ilut it is llossiblc that it nl:~y bc of use oil an actual expedition. 

1)r. ~ ' ~ ' K A E A N(before the l~:ll~er) : Thc paper for this afternoon is on thc &lethods 
crf taking Obscr\,ations in the Polar ltegions, by Mr. Arthur IIinlis. I t  is unneces- 
s:wy for me, in view of rcccnt cveuts, to enlarge ullon t l ~ c  importauce of an observer 
being ablc to ascertain his position m11e1i he is approaching the Polc. The 
difiicultics of doing it are suficiently obvious to any one who has glanced at  the 
smnlilary of Mr. Hinlrs' paper. 

1)r. STRAIIAX(after the l)nper) : Wct have :~mo11g us several distiuguisheil carto- 
gral~i~crsf ron~ diflerent parts of t l ~ c  world. \Vc shoultl be vcry plc:~scd to hear 
:my remarks on tllc sulrjcct from tllcrn. 

The follo\\~iug letter \\.as read Srolu Admiral Sir ALBER~I'LI. M A L ~ ~ ~ I I A M :  
Sl~calring fronn my own cxpcriencc whilc sledging northwar,ls over n~llat xvc 
called the Palarocrystic sca, I nm illcliricd to say that when a 11igl1 latitude 11as 
been reached by :L traveller, \vl~ost: object is tile attain~ileut of a still higher Iatitutle, 
no rrlattcr in whicii liclnisl)lrere, there arc only two observations to be taken tllat 
are uf any rcal inil~ortnnce in order to e ~ ~ a b l e  Thesehim to dctcrrrline lrik 1)usition. 
: ~ r cfor I:~t,itudc, nrld t l~osc fur nsccrlainin:: t,hc variation of the compass. Tllc lattcr 
is of great inlpurt;~ucc, f.)r it en:lblc.s the tlavoller to stoer a str;rigl~t :111~1 ilircct 
cuwse tow:trtls t l ~ c  I'olc. Observations for lorlgituclc arc thcrcfore unilnl~ol.t:~nt sup-
posing, of coursc, that your de11art1u.c has bcen rr~adc from a basc, whose latitndu aild 
longitucle have but11 been asccrtainccl beforc leaviug. When I was slcdging north, 
I never bothercd lily hcad about taking any observations for determining niy 
longitude, but I was vcry carcl'ul to check my course by constant obscrv:ttions for 
the variation of the compass, thus enabling nle tu shape niy course along thc same 
~neridian of longitude. 

'l'he only other observations that I took were thosc for latitude, :~nd these were 
obtairierl by observing claily thc meridian altitndc of the suu, cither at  noou or mid- 
night, wllicl~evcr was the most convenient, and, of course, when weather conditions 
l,wniittecl me to do so. The taking of these apparently simple obscrvatio~~s was not 

quite so easy : ~ s n ~ i g h t  Even at  the latitnde that I reachcd, which was 
be imagined. 
just beyond thc 83rclparallel, I fount1 it an extremely difficult matter, with a mercurial 
artificial horizon (constructccl specially for use in high latitudes), to obtain reliable 
observations when the altitudc oi' the sun was vcry low-as i t  was a t  rnidnight- 
for i t  was not an easy matter to bring the two sunr;, the true sun and the reflected 
one, into the i~rtificial horizon, so as to obtain a llruper co~~ tnc t  with the lower ancl 
upper limbs. Tlien il lnust nut be forgotten t l~n t  tllc difficulties which were 
cxpericnced by rue in the neigltbourliood of t l ~ c  H3rd l~arallel, and tlriring tllc 
~nonthsof hfay :~nd Jnnc, wvulti bc very 11i:~tcrially augrlle~~ted ill a l~igher latitudc, 

and would he doubly intensified a t  an earlier pcricd ol  the ycnr, s:ry in Al~ril!  


I am of opinio~~ it would bcallnost iu~possible, 
that during that 11al.ticuI:~r rr~onth, 
ill :L high latitude, to obtain tile ~lrcridian altitude of the sun with tlnc ordiuary 
~uercurial artifici:ll horizon, even if the mercury was iu au uufrozen statc, and I 
know of no othcr l)racticable hu r i zo~~  that could be usccl so as to obtain an accuratc 
observation. 

I have no fait,lr in a glass horizon ; the clifficulty of ac?justing it, so as 
to nlakc i t  1)crrcctly horizontal by mcalis or' spirit-lcvels and tlulnbscre~\-s in a 
tenlpcrature 30' or 40" 1)elow zero, would be cnormons, espcciaily m l ~ c ~ i  onplaced 


