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and also the cafe that was taken by him to deterroine its error. The latitude 01 
the ship by which his observations were computed was 69'" 20' 41" N., determined . 
trigonometrically from the latitude of the observatory. agreeing within two 
seconds with that det.ennined by himself. by near one hundred observationli. 
with an eight-inch s('xtant, by Troughton, and false horizon. Acomp3.rison of the 

• zenith distances of different objects, with this instrument and the repeating 
circle. at the same time and place, -assign an error to this instrument a little 
different. anQ which if applied to his observations would make them agree 
nearly with my own; but in order ~at his observations should be as in_ 
dependent of my own as possible, his own errar has been applied. 

The great~t part of the observations made with the sextants and the altitude 
instrument, were·confined to altitude! not exceeding four or five degrees. And in 
aU thf' observations made out of the meridian. wheilicr made with sextant or 
repeating circle. the altitudes were also within the same limits; those at 
higher altitudes were entirely codfined to observation in the meridian with 
the repeating circle, with not less thf''1 six or eight repetitions each. There are • 
some circumstances which rendered th(' usual sources of inaccuracy attached 
to this method of determining the refraction by observations out of the meridian 
within very narrow limits. which were, first, from the high latitude of, the place 
of observation. and from the b "eater part of the observations being taken near 
the meridian, the motion in alhtudc was therefore so slow, that an error of three 
or four seoonds in time would .cause but a "ery small error in the computed 
altitude; anti secondly, tht:: probable error in the horary angle was much within 
these limits, for there was not an ubsprvation registetW in which the traniit 
• of either the same obiect or one of the fundamelltaJ fixed stars was not observed 
within about an hou; either before or after the observation, 60 that the going 
of the chronometer was only depended upon during thal short mtcrval. A few 
of Lieutenant Palmer's obs~rvation8 with the sun were taken at a gr'?ater 
distance from noon, but whenever tliis happened, great care was taken by him 
to measure the horary angle by fOllj .of Arnold's chronometers, the errors of 
wh.icll were ddnrmined by a comparison at noon with one of my own chro· 
nometers. by which the sun's transit was observed the same day at the 
oboervatory . 

With respect to the observations U~ll Sirius. made the same way with the 
repeating circle, still greater accuracy appeared to be attained, in consequence 
oft¥iDg always the trausit of one of the principal .tars, both before and after 
ID~, 80 but very liUle error ooold arise from this source, except that 
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ari!>ing from the instrument not being e:u.ctly in the meridian; but the frequent' 
observations made for the verification of its position, assigned to a very 
considerable degree of accuracy. the deviation of thA r.entre hole of the meridian 
mark (to which the transit was constantly referrt.'<i before and after an obser~ 
vatian) from the true meridian.' , 

The observations upon Sittu's with the repeating circle are given in Table IX. 
Those made on the meridian are of course the most unexceptionable. they arc 
ten in number, contained in Table VIIL, and pres~nt the following results. At 
the apparent altitude of 4° 22' 55" the observeO refraction is 13' l ",E, bar. 29.84. 
and the thennometer _210 Fahrenheit. by a mean of five of the omet'Vations 
at the highest temperature; the refraction by the French Table~ is 12' 4,.,".6. 
which is 13" .0 in defect. By the Table gH'en by Dr. Young' in the Nautical 
A1manac, the refraction is 12' 51".24, which is in defect 10".36; being t.wo or 
three seconds nearer the truth. 

By a mean of five meridian observations Of Sirius at the lowest temperatures, 
'at an apparent altitude 4° 21' 20", the observed refraction is 13' f)2".b2, the 
bar. 29,76, and thermometer - 40°.6 Fahrenheit; thl: refraction by the French 
Tables is 13' 29".4. which is 23" in defect. and the refraction also by Dr. Younb's 
Table is 13 31".O:l, which is in defect 21".5. 

It appears therefore that at 20 degree5 below zero the tables are not morp 
than 10 or II seconds in defect, at an altitude 'of 4° .22'; but when the tem
perature is as low as 41 degrees below zero, thc error!; of the Tables rapidly 
increase; the correction by the Tables due to 1 degree of temperaturt!Fahrenheit 
is 1".57 or Thth part'of the whcle refraction at this altitude. but by obser-

t 
vation the correction for each deg,ree hctween these temperatures is 2".37, 'or 
.hth part of the refraction. . 

The observations of ine officers with the sextants make the observed re
fractions a little greater. which should be the case. as they were made at about 
fourtP.en teet above the level of the frozen sea, whereas my own were made 
forty feet ubove the sea. 

It appears that in the winter whenever the star Sirius was observed in the 
direction of S.E. from the observatory. its observed refraction was always less 
than that of the Tables, but when observed to the S.W. it was eonliltantly 
greater, which appears to arise from the quantity of open water in the former 
direction; for by the action of the tides .. together with the prevailing winds. 
which in the Artie Regions during the winter, in this part of the world, are 
from the N. W., there WM always some portion of the surface of the Bea free 
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'from ice in the direction of S.E. even in the depth of winter, and as the 
temperature of the surf~ of the sea was generally about + 28° at Ulat time. 
the lower stratum of air immediately in contact with it, must have been more 
attenuated, and have had a greater capacity for moisture than when the sea 
\vas covered with ice, which is sufficient, I concejvj. to accouut for this circum
stance. A space of open sea at a di~tance among ice is always indicated by a 
dense haze or cloud immediately over it, and known by the name of " sca 
blink." In t)le direction or S.W. from the observatory were sea and land. 
both constantly covered during the wJntcr with icc and snow, so that the 
refraction was less or greater than the Table, aCcording as the visual ray passed 
through a sPa.fe more or less in contact with the open sea; to render this more 
apparcnt the ob~ervations upon Sitius, both to th~ east and westward are 
arranged according to the altitudes in Table IX., from which it appears that 
at a temperature between 20 and 30 dc-grees below zero, and at an apparent 
altitude of 3° 8', the observed retraction was either less or greater than that 
oomputed from Dr. Young's Tl:Lbles b:" about 30", according as the star was to 
the eastward or westward. and a mean i-etween the refraction observed on both 
sides of the meridian at this altitude nearly agrees with that computed from 
these Tables. In the early part of the winter, bcfore the sea was C\JmplctcJy 
frozen over, the tabular rcfraetlon (for the fixed stars) was generaUy in excess, 
hut this'was not the cast. nfterwar 
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ON THE DIFFERENCE BETWEEN THE REFRA,CTION OF THE suN 

AND THAT OF A FIXED STAR APPARENT AT VERY 

LOW TEMPERATURES. 

APTER an absence of the sun during the winter of 1822-3 of about six weeks. 
ev~ opportunity was taken when it again made (its appearance, to the soutb· 
ward, of obtaining very low meridil;Ul altitudes with the rept'.ating circle 
whenever the weather would permit. This was done by taking two or three 
repetitions with one limb upon the east side of the meridian, aop in the same 
way with the other limb, after the sun's "transit had been observed; by this 
means an observation of each limb was obtained. and the apparent altitudes 
thus deduced from observation were compared with the true altitudes of the 
same limbs computed from the declination laken from tho Nautical Almanac. 
and the latitude of the observatory , A progressive series of altitude!" of both 
limbs was thus obtained in this way, until the meridian altitude of sun had so 
far increased that the observed refraction nearly coincided with that of the 
Tables; tke number of repetitions was then increased to !iix or eight, and wn
fined to one limb each day a.t nooo. 

The observations upon the star Rigel which I' had .previously made: at an 
apparent altitude of 12" 18', had led me to exp8'.!t. from the very ncar agreement 
of the observ£:d refraction of that star with that of the Table'S, that the same 
would take place with the Bun when It had acquired the same altitude, this howeYer 
was not the case, From a habit of (tIaily computing the refraction from ~ 
observations soon after they were made, a difference soon became pcrteptibJe, 
which I at first ascribed to some error in the observations: and as it first 
appeared in observations upon the lower limb, it ~med probable that it arose 
from n habit of making too close a contact with the wire; subsequent 
observations. however. with both limbs, lll'(lved this way of accounting for it to 

be quite inadmissable; every precaution, therefore, in the peifec;t adjustment of 
the circle was taken. as well a8 care to obviate any habitual source- of error in 
the use of it that might possibly vitiate ~e observation, and the perpendicular 
position of the vertical circle continuall1 verified, by observing the interval of 
the passages of the sun's limbs. one hr retlection. and the other by .direc 
vision. and comparing it with that given in the Nautical Almanac, 

The observations, howe.er, both cl the lUll and ~e1 were made lUIder cir-
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~um8tanceS 80 nearly similar, as to render it quite impossible to account for it 
by any error of this kind. independent of the care taken to obviate them. On 
the 27th February, the sWls lower limb had the same meridian altitude within 
a few minutes as the star, the thermometer at noon being 30 degrees below 
:aero; at which time, by an excellent observation at an apparent altitude of 
12 degrees, the sun's refraction was grooler th:n that computed from the 
Tables, by 18.5 seconds;. whereas. the samerevening. the temperature being 43 
degrees below, ~ero Fahrenhe1t, the observed refraction of Rigel was len than 
that of the tables by 2.3 ::Ieoonds, although the temperature was 13 degreeij 

• 
lower than at noon; the refraction of the sun, therefore. exceeded that of the 
star by about ~l seconds. And it appears upon the whole. thar from the four 

• observations upon'Rigel. (which agJC~ within onp or two seconds of each other) 
.that at an apparent altitude of l'f 18' 2S", the baromctc~ 29.652, and thermometer 
-31.7 Fahrenheit, the refraction of a fixed star is 5' 0".7, taking the apparent 
North Polar distances of that star fIbm the Nautical Almanac, and the latituue 
of the observatory as deternimcd by. the other stars on bOlh sides the Pule. 
which refraction is }".4 less than that computed from Dr. Young's Table in thl! 
Nautical Almanac ; whereas the refraction of the sun at the same altitude and 
' temperatures is greater thanJhat of the Tables by 16"; the soJar ~fractjon, 
therefore, exeeeded that of a £:xoo star by 27 or ~ seconds at that altitude, 
when reduced to the sam'.! tenJperatufc. It happenoo fortunately that at the 
time of making these observationi of the sun at thcSf'a Ititudes. the weather was 
so fine as to-enable me to obtain no less than thirty-one meridian observations 
oftbe sun with the repeating circle in thirty-nine days. in,.,ll of which (with the 
e:loeption of one on the 15th March. when,. t~ere WIlA probably some error in the 
observation) an cxt:t!M~ uf the observed above the tabular refraction is appa
rent. gradually diminishing as the altitudes increased. • 

If the solar declinations in the French Almanac be taken for granted, this 
difference indeed is not quite so much, fOf if reduced to the same meridian. the 
declinatlons are a little less tban th08~ .given in the Nautical Almanac; but by 
a r;oean of excellem. observations of thc sun at the time of the summer solstice. 
18!3 .. N., three of the upper limb. and three of the lower, I make the latitude 
of the observatory to be 6go 20' 56".5 N .. using the declinations given in the 
Coana.i.seance des Tems, but by many m~ridian observation8 of th~ stars on both 
sid .. the Pole. I make the latitude f\~' 21' 0". 62, which differ about four 
eecoods. If the declill8nOD.S be taken trom the Nautical Almanac. the latitude 
by ,\he BWl is 69° 2(t 59".~ which differs one second only from the obscrvationR 
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of the stars. I have therefore taken in preference the declinations from th€ll 
Nautical Almanac for determining the solar refraction. 

In Table XII. are given the results of Li~utenant P'almer's observation .. with 
the altitude Instrument, by Carey. and th~y arp deduced by taking means of 
all the observations, which do not differ from each other DJOfe than three or fcoc 

minutes in altitude. 
As the observations with the repeating 'circle are so numerous as, I conceive. 

dearly to establish this difference between the refItt.ction of the Sl!D and that of 
a fixed star, yet it may not be .superfluous. considering the importance of the 
.... ubJect. as connected with the determination of the obliquity of the ecliptic. to 
procure as mueh additional confirmation as possible to this fact" It has been 
obc;ervcd, since the great improvcmen't 0,," instruments of lat~ years: by many 
a::;tronomers who have been in the habit of making a&tronomical observa\,ions at 
the time of tlle summer and winter solstices, in orUer to determine the obliquity 
or the ecliptic, that they have obtained different results from the summer and 
winter observations, the obliquity appearigg about nine or ten seconds greater 
HI ~urnmer than in the winter observations; this has been ascribed to some 
temporary expansion which periooicaUy affected the instrument in similar 
i'ituations.of the sun. It has also been suggested .by M. Piazzi, and very lately 
by Dr. Brinkley, that it possibly may arise frotq some peculiar modificatior. of 
the refraction of the sun's rays, whIch may difft"r fro~ those of a fbred star 
The truth of this latter suggestion of these c~lebrated astronomers, the obser
vations made during the late voyage to the Arctic Regions, will, iJ trust, fully 
demonstrate. and also' that the sol;u rays are the mosl refrangible of the two. 

With respect to the observatioru; Ip,ade by the officers of both ships, durilrg 
the last winter, I shall compare the observations upou the sun, made by 
Lieutenant Palmer with'the altitude instrument, with those upon the fixed stars . 
by the other officers with their sextants; since they were all made nearly at the 
samE' height above the level of tbe sea. 'With respect also to observation~ 

made with sextants at very low temperatures, I have before mentioned tha\. they 
are subject to very considerable errors, therefore we can o~y expect any thing 
like an accurate result but from a multitude of observations, and, what is of 
far more consequence, tbat they should be made by many observers with different 
instruments. At very low altitudes, indOOd. this difference is very evident without 
including many observations together .• For instance, the lowest altitudes at 
which. fu:ed star was observed during the voyage were taken on the 10th March. 
1823. by Mr. Ros •• at a temperature of 28 degr ... ~ below foro; ffOOl which 
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~t appears, that by a mean of seven observations at the apparent altitude of 
29' :t5", the observed ref~action of Sirius was 3' 54".2. greater than that com· 
puted from the Tables. Now, there is not at this temperature an observatio .. 
upon .the sun at exactly the same altitude, but on the 23d Janunry (the 
temperature being the same) there is one of thr .,lower limb at an apparent 
altitude of 28' 22", which is a little lcl\S. and also one of the upper limb at an 
apparerit altitude of 30' 0". which is a little greater. by which the observed 

• rpfraction, by the tower limb is 17' 22", and that by the upper limb 15' 4()" 
greater than that computed from the Tables, and by a mean of the observations 
of both limbs, the solar rpfraction, therefore, exceeded that of the star at the 
same altitude and ~mperature by 12 or 13 minuteR, a quantity much too great 
to be an PrTor of observation. 
• In many observations with different instrument.'> by persons of diffC'rent 
degrees of experience in observati0'l' it is difficult to assign such a result from 
the observations, which, when every circumstance connected with them be taken 
into consideration, will in all probabililY be the most accurdtc. If we consider 
the authority due to each result to be proportional to the number of observation:.:, 
without considering either the number of instruments emploYL'<.l., or the number 
of persons who made the observations, then the results of aU tht! sextant 
observations are contained in 1dble IlL, and which are obtained bya. :':O'JgIOg 
them acrording to the aJtitude, anti tnking' a mean of tho results of the obsC'r· 
\'ations differing not more than a tbw minutes from each other in altitude. Thi<; 
methcxl would no doubt be OlJrrert, had the number of observations of each • 
o~erver boen nearly equal; but the great differences between the results of 
the observations by different observers, clearly shew that thpy arise from some 
constant error produced by the cold upon the instrumegls. Thi$ is, I think, 
evident, not only from some of the observers constantly making the l'abl'!s more 
In defect than others, but because this deft.'Cl does not appear in thl; 
observations to diminish, as the altitudes increase, which is contrary to the 
nature of the ~ubject; and which 0CCUl" in the observations of some of the most 
pxperienced observers. 

A result, hqwever, far less exceptionable may be obtained by taking a mean 
between the results of each observer. lD!~tead of a general mean of aU the 
observations toget.her; for although this method. of proceeding may appear to 
give a more than proper share of credit to the observations of those observer~ 
who have made but few, yet it' is evident that there are other conditions to be 

taken into consideration .besides the number of observations; such as the 
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number of observers. and instruments eruployP.d. and also the number of 
evenings in which the observations wore made ~ for those made at different 
periods are to be preferred to a greater number when confined to a feWp.f 

number of times of observations, as the results clearly shew. . 
In Table II. are givf"n thf- ,results of the obBf"'rvations of eaoh observer. made 

between the altitudes of 4 and 5 degrees, which are selected as they principally 
consist of observations upon Sirius when on or near the meridian. and tflerefore, 
were made under somewhat morc favourable circumstances than the rest; and also 
for the sake of comparison with my Qwn mcridi<Ul obsen'ations upon Sirius, 
with the repeating circle at the same altitude. It appears upon the whole. 
by seven hundred and ninety-seven observations, made by dght different , . 
observers with sextants, {it the he ight of abaut fourteen feet above the frozen sea, 
that at the apparent altitude of 4° 22' 54", thefmometer _33°.Q, bar. 20,87, the' 
refraction is 13' 39".4, whereas by my own observations the refraction is 7".7 

• less; which is as near an agreement as could ~e ("xpected. considering the 
great differences between the results of the sextant observations. 

The rapid increase in the refraction as the altitudes diminish is very remark
able; and, in consequence, the great distortions of the sun's disc when near. 
the horiztJn are very great, the lower limb appearing perfectly flat, and the 
upper part of an elliptical shape. but of a J~gged and broken appeara.nce , 
having over it oftf'n a kind ofhlft otC'town, detached frorn that which wouTdappear 
under usual circumstances to be the upper limb; but from ito:; resemblance ill 
other respects to part of the disc, so much uncertainty was introduced in 
making the contact with the honwntal wire of the instruments. that the obsW", 
vations made when this was the caseQ1C not registered. The law of variation 
in the refraction far altitudes near the horiwn is about 12" for one minute change 

in altitude. in the Tables deduced from observations made in temperate climates ; 
whereas. in the Artie Regions. at tempera~ures 3J) and 40 degrees below zero, 
the variation is no less than forty times as great. or about 8" for one minute in 
the apparent altitude. 

The testimony of De Veer, wha wrote the particulars and who accxxnpanied 
Barenlz to Nova Zembia in his third voyage, where he wintered in latitude 
76° N., in tbe year 1596·7, has been!\O often called in question, with respect 
to his account of tho re-appearance of the sun, that it is but justice to state 

that he appears to be perfectly oorrect, and hi. observations oonsililent with 
th""" made during this voyage. He reports that 'be, in company with two others, 
saw the edge of the 81lh from the sea aide, 00 the south side of Nova Zambia. 
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on the 24th of In.nuary (or 3d of February. new style) at which time the sun's 
deelination when it pass~ the meridian in that longitude was about 16° 48' S .• 
and therefore the true meridian depression of the upper limb at noon wns 2° 32' 
nearly. which ought to have been the amount of the refraction that the limb 
might have been visible. Now. if the observati('tl\at the least apparent altitude 
obeerved on the 23d January. 1823. ~t Igloolik. which was H' 40". be reduced te 
the horizon. hy observing the rapid law of increase in the refraction visible in 

• the series of observations made on that day. the horizontal refraction cannot 
be estima.ted at less than 2" 30', and which, jf increased by the apparent dip. 
(which sometimes amounts to more than 20' in the winter time. as I hav(' 
mentioned when,spenking of the terre~trial refraction,) will be quite sufficient 
to reOOn th~ upper limb visible: a~d there is ~till Jess diffieuhy in believing 
that t)ey .. saw the sunne in his full roundnesse above the horizon" three days 
afterwards, since thP, daily motion in declination at that time of the year is 

• nearly 18 minutes to the northward. 
M. Le 'Monier. from the observ~ti .... ns made on the!'oe two uays, a9Sllrp~ U!i

that there must have been more than 4} degrees of refraction, and that he 
" coulu neither explain t~ese observations, reject them flS doubtful, nor suppose 
any error, as was done by most other astronometcrs." How this t:onclusion 
has been deduced from the facl '; related in the Journal does not appear. neither 
is there the least occasivn to reject as doubtful the simple and honest account 
of tbe Dutchmen. 

The results of the obeen-ations made with scxtantl'i which are contained in 
1ab1e I.. were computeu by the officers who made them, e~L:cpting: those made by 
Mr. Fyfe, which werE' computed by mysdf. The temperatures annexed to them 
are those shown by thermometers fixed upon poles, a t'iw feet ;"lbove the level of 
the frozen sea, about twenty or thirty yards from the ships. By a eornparison 
of these thermometers with !cn others, it appears that although they agrt:ed 
together tolembly wen at moderate temperatures , yet the temperatur~s re
gistered with the observations arc thrftC'degrees higher than those indicated by 
t46 mean of all of them. when the temperatures were below _000 Fahrenheit. 
Frequent observations upon the point of congelation of pure mercury will pro
bably assign a more accurate determination of the errors of the registering 
thermometers, by which it appears, that taking the freezing point at _390 

FoI"enheit, the temperatures attached :0 the observations should be two degrees 
Jower than those given in the Table!'!; I have not. however, altered them, but 
t.Je given tbem as they were taken by the officers themselves at the time of ,. 
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observation. The temperatures' attached to my own observations with the 
repeating circle are those detennined with a thermometer freely suspended ill 
the shade outside the Qbsefvatory: the teDlporature • in the interior was thE: 
same. 

The heights of the baro~f7r annexed to the observations are th:>sc observecl 
with a barometer on board the Fury, which agreed, very nearly, with several , 
mountain barometers in several comparisons: that kept on board the Hecla 
differed continually, and frequently very materilfdy from the others; I have 
therefore substituted the observations ,with the barometer kept on board the 
Fury instead. This wilJ cause errors of a few seconds in the computed re
fractions at very low altitudes, in those observations where thischarometer has 
been used. but which wiV be sufficien'tly'accurate to give ani idea of the diffe
rences between the observe<.! and computed refractions. The Table of Refrac-. 
tions alluded to in these obflcrvations. is that of Dr. Young's, given in the 
Nautical Almanac. 
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ON THE TERRESTRIAL REFRACTION. 

TilE refractio,: of ohJccts n~rly horizontal, in high latitudes, when the land is 
covered with snow, and the sea with floating icc. is subject tu a very great 

• degree of uncertainty; for it seldom h~ppcns that different parts of the horizon. 
appear at th{! same elevation or depression, and the same objc(:t is often 
very differently r~fracted within a vety Short space of time. In Table XIII. afe 
given the fp.sults of the observations upon this su~cct, made by Lieutenant 
Palmer and myself~ together with the circumstances connoctcd with them, to 

afford the data for making those cOitclusions which the observations themselves 
may uppea; to warrant.. During the Period the ships were navigating amongst 
the ice. the method used for delermillinp; the apparent dip was principally by 
comparing the observations of the appw-cnt altitude of the sun's lower limb. 
taken by reflection with the artificial horizon upon the sea icc, with tltc altitude 
of the lSame limb above the h( "izon taken in the usual way with sextants. the 
difference between these altitwes is the c1evation or depression of the visible 
horizon uue to the altitudc abov# the level of the f;('a icc, fWIn which it was 
observed on ship-board. The dip sector was occasionally usc<.l, but from the 
navigation during the greatest part uf the voyage beingcclosc in shore, as well 
:s the circumstance I have Just mention~ of UIC different parts of the horizon 
being differently refracted, it was of little usc. At the time the ships were 
frozen up in their winter stations, the methods cmpl~.l cd were, hyobserving 
the zenith distance of the horizon with the repeating circle. unu by conlpl1.ring 
the mean of five or six. simultaneous observations, by Lieutenant Palmer and 
myself. one observing the altitude over the icc honzon when It was sufficiently • • well defined Sol tue purpose. and the other with the artificial. horizon, each 
abernateiy; and. by comparing the observed altitude of the sun's lower limb 
with that computed from the hour angle, declination, an<1latitude of the place; 
and alao by comparing the observed meridian altitude over the sea or ice 
bolizoo, with that deduced from the latitude of the plare. 

The refraction of a distant tenestrial object in terms of the contained angle 
at sbe earth's centre, was determined in ~ way similar to that employed In ,. , 
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trigonometrical survey. that is, from the observed elevation or depression of 
two distant objects observed from each of them. To effect this an object was 
set up upon a Ilistant hill, which was a pole. h~ving uPon the top of it a Inrge 
hollow sphere formed of' hoops of casks. and covered over with canvasr; the 
distance of this object from the obsenatory, from which it was observed. was' 
determined trigonometrically 6y two different bases measured upon the frozen , 
sea. 

As I was furnished with only one instrument wifll which these .observatioDS 
could be made with any great degree of accuracy. which was the repeating 
circle. simultaneous observations thcrefo~e at each place (as the rigid deter. 
mination of tbe refraction requires) could not be obtained: but lUaa done by 
first observing the zenith distance of thel.object from the oDservatory, near 
which was fixed a cask, the uppcr part being the same height as the ceQtre of 
the circle; oiler this, the iustrument was removed with the greatest possible 
expedltion to the hill where the object was fi'Acct, and from thence the depression 

, of the upper part of the cask was observed; the circle was again removed to 
its former station at tho observatory, and the zenith distance of the object agam 
ascertained, and a mean between the two altitudes thus abtainl.>d, was taken 
for that w)1ich would lUl,of, beell obscrf)~d at the same time the depression was 
taken, 

As the height of the centre of the circle Whf¥.l upon the hill was 1~8 than 
tbe object at the same place, the observed u,epresslon was increased by the 
angle subtended by the height of the object above the centre of the circle, in 
order to reduce it to w"lat it wou~u have been, had 'the circle been the same 
height as the object, and as the elevation of the objcct from the ob8erva~ 
tory was less than the depression observed from the hill, their diffurenoe 
subtracted trom the angie at the earth's centre will be twice the refraction. 
As the repeating circle could not frequently be con,veyed to 60 great. a diil1anCe 
over a rugged country covered with snow without very considerable exertion, 
as well as da.n.t;er to the instrument, these observations, therefore. in&ead ci 
being repeated. the true altitude of th~ 'distant objoot abtlve the horizontal 
plane, at the place of observation was also deduced from the koown altitudeo 
of each :itatian above the level of the sea, determined by the method of eontiDlMKi 
levelling from the water's edge. and CJITected"for the earth's curvature,; die, 
tNe altitude, determined in this way. agreea very nearly with that determiDeci 
with the repeating circle. It was aIao further <XOIfirDYi by oboern1iou 1IUId.o 
wilh tIuee moUlllain baromoterl, two of wIIidI &i •• the ...... drovnri 7 ....... 
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By a mean. however. of the two first methods. the true altitude of the distant 
object above the horizontal plane at the observatory was found to be ;J j ' 2,j".2; 

• 
from which and the apparent zenith distances of the object. whieh were observed 
for days both in the morning and afternoon, the refraction in terms of the 
tontain terrestrial arc is computed. The distance between the objects wng 
20.612 t. subtending at the earth's centre an angle of 3' :lS".O. As the whole 
detail of hese operations would far ~xceed the present limits I have given in 
Table XI .. t,he re.ults of thl,m only. 

By a m n of ten observations mad~ with the repealing eire\(>, (each con
sisting of either two or three repF!titions), it appears that, in April. 1 ~23, 

the refraction..,t about 9h. A.M .• was a little m0re than ~-th, ar.d at 5h. P.M., 
at little less than iT of the oontained ttre. and a mean of the whole is exactly {th. 
the ternperatllre being about 00 Ii'ahrenheit, the w~ole spnc:e ~etwcen each 
station (consistmg of land nnd the frozen sea) being covered with snow. In 
the following July. by two oxcell€!nt observations of the zenith'!! distances 
observed .lrom each station; it was ,\th of the contaim . .'d are, the SIlOW at 
that time being entirely gone from the land between the places of obt3ervations. 
and the temperature + 4~ Fahrenheit. 

The column attached to the observations exhibiting the hygromct,ical state 
of the atmosphere at the time ( ,. observation. contains the space estimated upon 
the scale attached to Professor Leslie's hygrometer, through which the coloured 
liquid falls by reason of the cold. produced from the evaporation of pure ah:ohol 
applied to tbe bulb with il camel's-hair brush: these results require 11 l)maU 
::orrection to make an exact oomparison between them, a~ the evaporation takes 
~ at the reduced temperature of tM wettoo bulb; tile temperatures, how
~er. are so nearly equal, as to render tillS unncces68ry for the present 

• purpooe. 
1 have before mentioned that the refraction of a low star obscnrcd durihg the 

wiater appeared diminished when seen through the vapours which arise from 
those pa.rt.a of the sea whit'h are not 9>l'ered with ice, and known by the name 
ci u .. ·blink ... 1uis appears to be the principal rause of those extraordinary 
o1Mervationl anddepre&8ions of not only the distant hori:wn, but of objects of no 
ClllD&i.derable distanoe. By a ClCJMtant comparison of altitudes of the !\un taken 
wiaIa aestanta ia :tbe usual waJ, with clorresponding ones taken by reflection 
w4tb $he iuti&iaJ. boriEoo during the thMe summers' navigation in these scas, 
ileeon became appaftIIIt. that 1.8 there was more or less ice in the way, (that 
ia, bot_ the pIaoo at' obten'alion anei that part of tho borizon to which the 
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sun was referred), the observed dip was less or IllDre accordingly; but hardly 
ever exreedcd the tabular dip, excepting dunog the wint.er-time; and it may 
he useful to observe. for those who are in the habit of navigating the seas 
during the sununer time. that the gener"l state of the horizontal refraction is 
such. that in determining the altitude of the sun in the usual way, by mean£. 
of the visible horizon.-that at the height of about fourteen or twenty feet 
above the level of the sea, if there is but little ice between the observer and 
the horizon, then the tabular dip is nearly correct ~ if the sea ,is about ooe 
half covered with ice, then -l th of the tabular dip should be allowed. and if 
the ship is clo.'~e he~eJ. with it.'C as far as it can be seen towards the sun, then 
no dip whatever should be allowed; although this rule will n01. always hold 
good, yet it appears to be the general result of ncar one hunared observations. 
The effect upon the elevation or depression of the horizon. when seen through 
" sca-blink" was often observed by bringing the horizontal wire of a fixed 
lllstrumont in contact with the horiwn. Upon moving the instrument in 
a2lIDUth it was iound that the edge of the horizon was below or abovt' the wire, 
according as there is more or less water between the observer and that part 
of the horizon to which the instrument is dIrected; or as the visual ray paSieS 

through P. pOltion of the atmosphere more or le::)l) ill contact with the lopen 
~ea. 

The remarkable distortion, as well as the ihvertod appearance of distant 
objects nearly horizontal, such as ships. dl ~tant lands. Cj·c., have not escaped 
the noUce of those persons who frequent Lhc!'<c seas in the summer·season. A 
common appearance is'tlm.t of the distant confines cf the visible horizon appear
inr, like a distant high waH surroundmg the ship,. composed of pillars of i~ 
closely arranged together. the intervening space appearing a valley of gradual 
descent from the ship, rising again towards the distant horizon. It was durmg 
a singular appearance of this kind. that the observations on the 17th Julv. 1823. 
welC made by Mr. Ross and myself (given in Table XIII.) the 'hip at the 
tunc was elm-ely beset with icc. It appt:ars from four observations made at 
the mast-head with a dip sector. at the height of 103 feet aoove upper edge of 
the icc. that the distant horizon in different directions appeared at mean 
elevatiCin of nearly /) minutes instead of a depression of 14 or 15 minu&as .... 
given in the Table, At the height of 86 feet :OOve the ice, the apparent alti
tude of the horizon was nearly 2', thee tabular dip fur that height heiag 9'. 
and at the height of 3 and .5 feet il8 aItitu<Ie w .. 5' 00", whioh ia the _ 
as it bad at the height of 103 feet &om the ice, 
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In the winter time very great depressions of the horizon take place, amount. 
ing*to l~ or 20 minutes. ,he height of thf' eye nbc,ve the level of the frozen 
sea being 14 feet, whereas thE" tabular dip for height is 3' }1' only. 

As the refraction was diminished whenever the object was observerl through 
a portion of the atmosphere in COlltact with the Opf'(1 sea: humitlity may at first 
appear to be the principal cause of ~his; and, in order to determine this, the' 
zenith distanCE's given in Table XIV. Werc taken in thc morning nnd al\cmoon, 
together with. the state of the hygrometer at the time. These observations, 
however, afford rather a different result. for the zenith distances of tht' distant 
object in the morning was less than in the afternoon, when the humidity as 
shewn by the h~grometer was least; ~t appears, therefore, to arise from the 
great diffprenee of temperature between the lowc~ ~tratum 0; air and the 

• atmosfhere above it. 
In the summer time, the greatest terrestrial refractions oc:cur when the sca 

• is entirely covered with icc lJl warm fine weather, and the temperature of the 
lower stratum of air much lower than t:.at immediately abo\·c It In thn winter 
time the refraction is Jeast when there il:> very little icc upon the sea, the tern

. perature of the lower stratum in this case being much higher than the atmo
sphere above. It appears by an experiment that, when the sea iJ covered 
with ice in the winter, there is 110 sensible difff'rcnce between the temperatures 
of the aimosphere at the surface of the- ICC, and at the height of 400 feet above 
it; this was tried by means of ~ paper kite with an excellent register ther
mometer attached to it, th~ a1titurJe of which was determined by two dlffercnt 
q)Jservers at the time. at a given distance from each other, and in the same 
vertical plane as the kite, amI from W~Y;;l the perpendicular height of the kite 
above the level of the ice was computed. This expcrime9t was tried under favour· 
able circumstances, at the temperature of _24 0 Fahrenheit. The k:ite was 

sent up and caught in coming down. without the thermometer being in the le ... ~t 
disturbed, the indices of which did not shew the slightest alteration, although 
carefuUy compared before and after lb. experiments and the kite remaint'd at 
the same height·in the air for a considerable time. 

There is another circumstance which materially affects the refraction of :l 

distant terrestrial object at lOll temperatures, this is the pm:;ition of th(' sun 
with respect to the object observed, which appears most depressed when It is 
in the &ame direction as the sun. I l!8llllot better exemplify this than by 
relating the first observation as it occured, by whicb this circumstance first 
became apparent. 
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On Ie 23d of March 18~2, at tbe olnervatory in Winter Island, the thermometer' 
being _130 Fahrenheit, the front telescope of the ~ating cirole was dire<ted 
towards the horizon (on the frozen sea) which appeared a well defined line of i~e. 
and the contact made with the horizontal wire, the princIpal level being adjusted 
and clamptod to the vertical circle; the sun at the time was in the direction ch , , 
the telescope. and the reading of the principal vernier was 3550 l' (Y'. Upon 
moving the instrument in azimuth, and' at the same time keeping the level 
adjtlstOO. the horizon appeared considerably elevated, both to the,eastward and 
westward of the sun; and the reading 9f the same vernier when the telescope 
was directed about 30 degrees from the sun, was 3550 4' 15N

; the horizon being 
clemtcd more in this part of the horizon by the quantity 3' 15"than the part 
under the sun, and at the ~istance of 15 d~rees from the SUI; by t.he quantity 
2' 0". 

In order to ascertain if objects were successively depressed in this way as 
the sun came in azimuth over thom. the horizontal Wifl~ was brought in contact 
as before with a piece of ice situated upon the 'horizon. the sun 'at the time 
being about 30" in azimuth to the left of the object. The instrument was kept 
in this position until the sun had ("orne exactly over the object. which was 
found ill &he same way as hefore to be depressed below its former position 3' 58"; 
at the same time, a faint but distinct and more distant horizon appeared above, 
and parallel to the former, and nearly a" much above lhe horizontal wife of the 
instrument. as the object observed was depre~ed below it. As the sun moved 
to the right of the object, it gradually acquired its former elevation', and came 
again in contact with the horizontal wire, and the d{stant horizon disappeared. 
The samE> thing was constantly obsel'Ped during the winter. both by LieuW
nant Palmer and myscl~. and drawings frequently made representing the dif. 
ferent states of the horizon under these circumstances. 



OBSERVED REPRACTIONS OF STARS. 189 
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'rAUL.IV.-CONTAINING THB SOLAR REFRACTIONS. Itc.-continlled. 
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TABLE IV,_CONTAIN ING THE SOLAR RE}'RACTIONS, !lr.c.-c(lI!li lll~d, 
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Tun IV.-CONTAlNING THE SOLAR REFRACTIONS, &c . ..-(',()I'\tinued. 
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• 
TABL E IV._CONTAINING THE SOLAR RE}'RAC'TIONS, &('.-f"onlj"u~d. 

-- -- • - -~ 

DATI' "",",,. a App" ....... ()~ .. d 0'. ____ _ I 
T" ... ! luom. n .. m. 

"'lllll1<1~ Il.dr.«k>n u_ , J.:.,~.. I l ... J:.... !_ MlI::lUlIU 
1112:t. of n Ay I _. ------ - -

S~+I" /lte • " 
, , , -

-I' , .\~ 'n .r. I> I ' • I :'J . ~ 1/ R~r".-Ra'I ... ,d"u,h F .... I '1.11 ..... " 
" 

.. -' 27 , 
" " " I , . .... " W , .. .. 

" 
" .. I ... - I ' , ,,11'1.\ I> ~!I I . ..... , 

I' I :I O .... ·,y .. .. 

.. .. ... .. , '" I I' ~~ I. .. .. " I . .. .. .. 
" , A.M. :10.39 - , , ·10 , .~;. ~,'J • • , ., t 'h'p' "" ._ 1';1111 .. ",·11 tI.-ti,,.."' . .. ... .. 

.. ., .. 
"' . .. I , 

" " " I I , .... , " .. .. 
• .. .. .. .. I ~!I '" " " I . .. ... , 

" I .. .. , 
.. .. .. , " " ." :r,1 I. ..... " " I I .. .. 
.. " 

.. .. , " ., 
., 

:I:i " . .. .. 11'11 , .. 
• I .. " .. .. . .. , I> " . ' ~,'1 I. .. ... •• 'l~ .. .. .. • 

.. .. .. , , I" " .·1 " .. .. " 'I~, . .. 
" .. 1'00 '" >0 ~(j :U - , , C, " " '"~ .. . ... " ~ . .. .. .. . 01, .. ·,,"'. 

" " 
.. ... .. I ;!~ 'I:. " 35 I. . .. . " " .. .. .. .. 

.. .. .. .. . + • I , lI'. 5 I> C. , " .. ... " .1. 7 IW ·lll,·II .. . !....(·~J," ~n", ),,,.,1.,. 

.. " 
.. , ... .. ·1 ... 10. 9 " .n.1I I . " " ... I .. .. 

.. C .1O.0fl I - :1:' 
.m " " :'1:1.' " ... . 1< ... .. .. ' ·I""d., 

" I 
• I F;",· " ,,, I ,1 •• , •• - 1.",,1>. " ,11 

" 
~.12 - " C , , ,~.S \j .. ... If ~(I " .. ,/,· 11"", _ •.• 1t" "·l i"",, • ., • 

" 
.. .. .. c. , :I!I .!l I , lIlI.3 I. " ~. , .. .. .. ,. 

.. \0 " .\1. 1'J. lit -~ .I " Ifl 99 . (, 0 :11. 1; I. ,. " ... .. .. ·O· I ... ,n. ,,, O'11 

.. .. .. .. :. ~.~ '1< .11 I" I~ .. ~ .. I " , " I ... .. " 

,. .. ... . . , 
" •• , " ~:i . I .. .. " I> •• .. TI."rn •. III 0 'Ir:'. 

I 
" " 

.. ... .. , " .'11. I " . .,11 .. . .. . I " 'I~ 
, .. .• 1·1, .. , n" ,n 0 1:1'. 

" I AM . 29 .10 -" G .~ I 41l , 1 I . 0 " • , ~ " "" .- I' .. loel . . .. . , .. , w . .. r 
" 

.. .. .. 0~TI'"nn . In 0 :tI~. 

-~8 " I iI I " .. n",n( I'a rl .... i" f-:. nnol W 

" " 
1"10011 9!l. 4~ '" s!t." , 'l'J.3 .. .... .' I ! ... 0.-~ 1\..,".\1,."". 

• • • 
• \8 .".M ~9 . iOJ -" " " " .. " .. . ... ,., 

" I Vin'" 1 .... , ",·;ulu· •. 
, 

I .. • .. 019 " " " .. .. ... " '" I .. .. 
" " 

0" " " " ..... I / :- I .. 
" " .. .. . .. .. 

I " " '10 4~ l· , 2 .n 
" • .. ... .. • ... .. .. .. 

" " .. ... .. , " " " " .. ..... I " .. .. 
• 

I " " .. ... .. :r: 'II '12 " ' .. ..... , , .. 
.. . ~ t . I 



216 OBSERVED REFaA.CTIONI or 8T ABa 

TAULE IV.-CONTAlNING THE SOLAR RF.FRACl'JONS, k .--oDlitinllld. 
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218 ODSI?RVATIONS or THE MERIDIAN ALTl'I'UDES or STAI''> 

TABLE V. 

CONTA.INING tbe OBSERVATIONS of the MERfDIAN ALTITUDES of STARS, by 

Lcutenllnt PA.LMER, with the Altl{ude Instrum.ent by CA.R1i:Y. made to detemune the Sum of 

tbe Inde,. Rnd Colltmntion Etron. III this Instrument (by whlt h tht" R efraction of the Sun at 

Lo" Altitudes was dl'teMnJllcd by him. as gi,'eg m Table II .) b~ the CompLrlSOD of tbe Observed 

MeridIan Altitudl', correckod for Refraction with the trut' AltItude of the Star, comp 1100 from the 
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TABLE VI. 

CONTAINING the OnSER VATJONS made with the REPEATING CIRCLE to determine the 
• 

Latitude of the Obaervatory III Igloolik by Meridian Observatiollll of Stars above and below 

tbe Pole, hy which the Uefractioll of tbe Sun I1ntl Stars were dcterlnilll.'(1 at loW' Altitude~ , by a 

comparison ')f the Ob~{'rvcd witt the Cuml'uteti l\lcridiRIi Z~nith Distltllces. 
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ABST RACT O F T HE LATlTUD'h.· 

TABLE VII. 

CONTAINING an ABSTRACT of the LATlTUDES of the OBSEIWATORV at IGLOOLIK. 
by different Stars oluened with the Repe.ativg Circle. 
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TABLE IX. . 
CoDtaining the OBSERVATIONS upon the 8tRr SIRIUS, made to the ElUtward and n edward 

of the Meridian, with tbe REPEATiNG CIRCLB i alftnged aoeordull 10 the Apparent 
AltitudeJ. . 

Obot< • .,t Th_ 
.......... ltItad • • B •• "":I ••. T.,.. ... 11. ........ 

~ .... d\on -" 
• . . , • • • . .. 

J 85 81.3 18 01.8 30.26 -is E1ceu 0 51.., Star B. of the Meridian. 

.1 HI 35.1 15 '3 .1 30.26 - .... " 0 27.7 ,. " 

• .. ;6.8 16 .12.3 29.73 -39 .. 0 19.5 
" ,. 

3 il OS.S 16 -41).9 29.82 -23 " 
0 14.6 " " • 

8 .. 10 ]5 27 i9 73 _39 Detect 0 10 . .2 
" " 

8 49 43.8 15 01. S 29.3.11 -" " o OS.5 " " 
000 19.5 Ho 56.5 29.39 -" " 0432 ,. 

" 
4 07 20. I 1358.1 19.73 -SO " 00".2 " ,. 

4 09 08 .• iI Ho 33.2 29 3!! -45 " 0 .'J4, 6 ,. " 
4J0563 13 24.3 30 26 -IS " o 10 3 " " 
42266.1 13 01.60 ., ,. -21 " o 10 86 Star 011 tbe Meridian (5 ob.) 

I> 21 fO.5 13 52 " 29 7' --'0.6 ., 021 '0 " " (sobser.) 

.1 20 46 17 16 80.65 -.. " 0" 6 Star W. of th~ Meridian. 

• 
8 07 88.7 17 .25 7 30.66 -2' " o 17.4 " " 
I Sol 56.8 18 .20.3 30065 -24 • " o 24.2 " " 

. .. 
fioTB.-Tbe mqrl~ ob.el'YaboDs of this star (Table VIII.) all give tbe tablet in defect i hut "beu 

the tame star w .. oh.ened at dill'ereDt azimuths. lbe reCracbon of the table. Wail in eaceu or defect • 

......ung .. the star was to the eastward or wetlhl'ard of the mettdian. as is &hewn b, tbe aboYe table. , 
i1ae Jtar ... beD obeened in tbe direction of )J.k'rl' ~I. WIS generall, .een throutb a light , 

buD 01' fog. wing from tM es.halationa fMm tbt .ea. whath 1II'U more or lets open dan" dte whole or 

... wiDter ia that directioa. Towards the S. owd S.W. il 11'" geaeralIy clMr, u there ..... J&ad 

"CDIIIIIII dillDOW' ill tboet ~ • 
• OF 



. 

ON odlRnD REFRACTION. 

TABLES X. A~D XI. 

CoetainJDg tbe DIFFERENCE betw~n Ih~ OBSERVED R£FIU.CTION of tbe Slat RIGEJ. 
from the TAULES. and .JIIO that 1)( the Sun at allout tho! .ante Attltudc, io order to she",· tbe 
di8"erence between tbe Rerraetio,,~ fir t'acb. 

T ... LI! X.--ERROR$ of tim T .... tiUL .... n REFR .... t.1·!ON h. tltr STAR RIGEL. 

. --,,,. I -
.... .. App"."1 

lJ.n: T, bl.,. '" .ltEli ARIl~ ,", .. , " "II.< AII~u,l. 

- .- -- ----
18i:! . I • 

January ., -I< 29 . 29 '" 19 E~('~ .. "0.7 3 Rt'pet ltlUll"; ·FmE' "'. MtILt·; 

. 'ebruary 21 -23 ... '0 D( fl.'Ct 0.2 4 " 
. 

" I 
" " -37 29 >2 Exct'~s , , I .. " 

" " -4' SO .00 I " ~.,'j " " " 

TUII.6 "' -EIWOIIS "e tt, .. 1' .... U(II . .... 11 IH;raA t."Z ION h} d,c St iN. 

1It:~'A}U\S 

I 
I SII:!. 

Pt!bruary 'B 
• 

29 . '1'J Defcct 12.7 L.i. Ii Rep. Huc clear wcalher. 

" - '1 29.88 11 16 

" •• -ID 29.46 • 11 :!!i 

29.94 1200 

29.98 12 23 

29.73 " . 
" • -85 29.70 18 OS 

" 3 -as I t 08 

.. " .. _'1 SO . 1..1 IS 54 

" •• _01 29.81 16 12 

" 
.. -so i9.96 17 8t 

I S.S 

" 
,., 

" IS.5 
, 

" 10.2 

,,' • ~O.6 

" 10.0 

J5.t 

12.5 

, 
" a.' 

" 13 .9 

L.L. " 

l ... L 7 

LL. 7 

Lz., 8 

" 

" 

" 
U. L II." 

L.I- .., 

U.L. 7 

LL. 8 

LL 6 

U.L.7 
< 

" 
" 

" 

" 
.. 

" 

" 
" 

" 

" 
" 
" 

" 
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TABLE XII. 
Containing the MEANS of the RESULTS flf the OBSERVATIONS of LIEVTF.N AlloT P ALM,ER, 

to determine the SOL>\R REFRAC'l'ION, wi th the AltI tude Instrument by CARU • 

. ..-.,,+.:"'-,1'''-'''' , 0-:::': " , ~.~TP'. r-. 
R&M.UlllI. 

. ---- - ---- ----- -- -
• , " • · , 

'J'abll's In df'fict 
, " ! 2 U.L 0 •• II - .. .. " , , , . is 1 .. Obacr . i L.L , 

• IS 31 - 24 .5 " '" • " " " 
16 3D , { 2 tI. l. ,. j L.1.. 

• 
• 16 " ., , .. OT 0 " • • 15 , , { • v .... - " " • H . • { " V .L. • '1 " - •. , , .. & • 0 5 5 M " " " 1 , 4 LL. 

o 22 4.4. .,' 6 .. " 0 5 1 24 I '8 49 • { 3 V.1.. - " " • • I 
, H . 

02'1 33 '1 1 .. . 0 0 4'1 l!.7 " " { 
, u .... - " • " • u . 

.86 .. - 21' " .. o 4f' 2 1 " 
, 60 '0 " { • U.L. 

• LL 

0" " - l!0 . 4 'i!1t PO 0 3S 
,., 

" 6 7 '0 " { 
, v ... , LL. 

054 4 2 - 251 30 00 0 " " " • 8 " " { 
, V. t .. 
7 LL. 

• '" - IS 5 30 00 o 32 '" " 
3 .. , { , U L 

" 4 LL. 

• '4 49 - ., 1 30 O~ 030 53 " 
... • " . { 4 v. l.. 

1 1. L. 

• .S 87 ... ,, 0< 0 ., " " 
... , { ~ V .1.. 

" 8 LL . { " V.L , 85 4T - 24 ' 30 UI 0 2T " I " • 8 • " 5 LL. 

• 

I 
{ 2 V. L. 

• .1 , T "0 .J 30 3 6 o 25 SG " 
, 4T • " , L.L 

• 5 1 21 - 25 0 Sll Of 0 .. • " 9 • " V.L. " " • 
• '1 l!9 lOa 023 21 .82 { 

, IJ. L 

• - h. S " 8 " i L .L 

• 15 
, - 16 1 30 04- .21 •• " 

., " 7 
" { 8 VoL 

• I .. L. 

t 38 ~2 3 29 &4 0 20 22 , , • r , L .L 

- n " " \ ,) !. L. · • • 51 ' 0 - 12 0 so O~ 0 ' 1 " " 0 41 • " 
i L.L 

8 • •• .. 'S 0 .. " • ' 1 • •• 0 .. • " 
i 1..1.. 

" 
S 2'; 18 - 16 -1 " &1 015 " " 

027 • " " J..L. 

• { 1 V. L. 
a 4115 - .. , •• ,. 0 16 1 " 

, • • " , LL , 
a 69 25 - 10.0 SOlO 0 " " 

1 

, .. 0 60 , .. 1 'tJ .L. 

, 61 11 '.0 i · 12 1 • a. • •• V.L. - .... .. " 1 L.1.. 

~Ta..-O""'atJO" .uh slnt IMtro~C .~ DOl u l..nded co Alt itude.! fJactr llioIlI .t,""ul fl. .. ~I , lbe 
• 0 . Ii ... tust-~ ... . __ hedIOMe,~obw:,.t t-WrtbtheRepNnIlfC!n;1e 

" . 

• 
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TElU\BSTRIAL . 
,." .... H ri.rI~1 11-"001 EI_I"" 

DATI. Tl,"~ of II . ......... . t.u •• -- Tabool .. T . ........ Dip I. a lT11ATJOM. .. , ••• -" ... Vip • 
Im&~.4. ~ .. "' ,hcU ... I_. 

181l 1. " • ,- . , 

JII1117 10 A. . ... 29 .9 8 H I) > ilev, 5 17. 5 1 SO E .. c-. 7 0(1.6 I" ief', lIudlOll'. (jut. 

Jo 
, 

• , 
5 • 5 SO.8 

• 08 
'7 88.8 .. .. .. .. .. .. .. " 

.. .. 11 .. H I 86.6 .. 1 .u .1 , 5. .. 104.1. 7 .. .. 

.. " 11 1 .. 10> .. 40 ' 0 .7 9 •• .. It 28 , 7 .. .. 

· . 
• 

• 

.. • . 
.. .. Noon. 29 ,90 H 5 1. .. ... > >. .. • .S .. .. • 

• , . 
Aug. • N", .. H .70 H o 14 1lepr. 0 ~ > •• .. • 7 

" • · • 
" • Noon. .. ... ..... .. .. I .. • •• .. I 8 

" 
. 

" , . , . I. I 
I 

... 6 N .... , 
...... {l::UfJ!J M . 14 HI " " '" " a .. Dofo. Oil 

. . 'o~ , 1/ T • . .. 
· - . . - ... --



x:rn. 
aEFRAUl'IONS. 

IltMARI!, "' •. 

• 

By Coat ohsen-atioD' with cil'CQlar transit; tbe alt. of the N .E. part of the borialn beillg 5' 25", 
aDd towards S.E., 5' 30.

H . . 
By (Oil]' oLlJCfVauool with the dip lector, towards :&.E. and S.W. pariS (If horizon. 

Ditto Dluo billO Tai:l!n irom thc fore-Iol' of tbe Fury. 

Ditto Ditto Ditto FOI"I!-Iop grul8:1l-mlllt bead. 

The thermometer in 0 at noon this day, sfood tI.I high &S 81" Oil boa.rd, but wben flU spcnded 
from a pole perfectly detached, at + 60". The day calm and cloudless; objecl.8 upon the 
oorimn were much distorted by refraction, causing the ice to assume a gn:at "ariel), of shapes, 
but generally of innumerable perpendicular column., so that th~ ,hip'" appeared Imrl'OO~ded by 
• distaDt walI of ice, making the dislluJt horizon 10 appear at an ell'valion instead f)l' a de
pres.ion, .. the obsen.tions ,,111\1'. i'rom tbe mast-head Ibe appearance of the ice was very 
aingulu, I'ot besid~ tbe distant horizon Aiaving 80 great an 'eleYOtion, yet the ice at about a 
mile distance from the ship .. appeared considerably depressed, causing tbe surfa.ee or the ice 
to be concave, gradually sloping lown trom the ships, and becoming eJ,eyated as it approached 

tile horiaon. The sbipa 'Were clQsely beset with ice, Wld no water in sight. 

By • mean between the obsenationN of Captain Parry and Mr. BuBbnen. 0>'\ the iet' with fab'l 
horizon. tbe &llparent altitude of the 0'M L.L was 4So 4oa' 407" close ~.Y the ahip II !ide; at the 
IUMI time the IllUDe limb of the SUD was oh!lened by myself from the ship's ganlf"ay 10 be 
4So 408' 68" eOOye the yisible horizon", <which 'Was a close and welloodc6ncd line of ice.) The 
tbenDoJlleter Creely luspended in the 0 + 74° Fahrenheit. 

In the..., ."ay .. ilIe eboote . • • • 
• 

In the IUR .".y ... th. abaTe. A dark. .. lea blink" upon tbe horimn' undl"r the 0. and lOme open 
nter betwen horiJOll aod lhip, The horizon wu II")t distorted in the u.ual way. but "as a well-
debe4 liae or ice all roud. • . 

. ,. ~ "hit uti.." ........... the ice by my..,1r aDd Mr. Hooper from the .hip's deck." No 
~ of exltaaldiury~. fNme bttle opeu water in liabt. 
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IIU!1. 

Aug. G No<>" 

l hi!.e. II . 

Mar. 2-9 , P .M 

" " " " 

" " 

" .. 
" " Ot " 

" " '1 " 

" " 
, 

" 

" " '1 " .. " .. 

" .. 't " 

" '0 " 

" " " " 
.. .. .. 
" " " " 

TERRE&!'IIU,L RU'aACTIONI. 

T.f..BLE XJH.--TI::RRESTRIAl 

' ·-~~-· ·-----'-:--:""-:·-·;-:'-i-:-~-'·-·-I-"-:-·-~-::-;"'-: __ -_+-'_;r_ ... ~_'·_f. _ ,_,_ •• : D:J . ""mox. · f 
•• :: Depr. ; 4~ 3 I~ EXe"". ; 5~ lolfSouthaIllP.,.laod.' 

, 

- , 18 " 
• • • 

" 8 }"I 4 S 

. 
" .. S 2tLO :, "4 

:ttl 9\1 ,. 7 38.0 11 S+ . 
" s :m.:;, 

" is 5 )1 .8 

3(} 2\1 .. I G 40.0 

SI) 31 1540,0 

SO "4 - . FJev. 2 4 . 0 

, 
80 1i8 Depr. ~ • ... 
29 26 + b " " 'M 

'" i888 + 7 
, . " .. 

" 
, .. 

rx-r, 351.2 

" 
:$ .;., I 

,. " S5 

,,, 

" 
, '.5 

" t 17. 8 

" 13 G 

.. Ii 6 

E.r.e". 5 811 

Def'. I it 

ElLCoo. 0 ,41 

" '" 
" ••• 
.. • • • 

.' At Itwo Obaer .... lor' , 
W'lIwlolud. 

" .. 

" " 

" .. 
" " .. " 
" .. 
" " 
.. .. 

" " 

" .. 

" .. 
.. .. 
" • _ .. 



TERRESTRIAL REFRACTIONS. '2-27 

REPIC.tCfl0NS-conl.illued. 

REMARIt~, .... 

f-- •• -----------------------

By fI. (,()lnpArison of the Apparent al1itud(' of the 0'~ 11mb hy Cnptain Parry, on the iN' with artili~ 
cial I.orizon, with th .. obser,·ed altitude! of the ~ame 11mb abo\'(' Ibl' If't' J.rm:rm, ob!lCn·ed from Ibe 

ahip'a gangwaJ l.y. myself. Shill~ ~oscly lw~ct with icc, bllt no pnfllculnr uppearnllC'C of 

refraction. 

By comparing the mran of sil.. ultitudes ofthf' 0'5 lower limh over the ,i~lble ~eQ, Ito~izon, with the 

mean of six Rimultru...eCltlj observations by Lieulf'nnn1 PuiUll'r wilh artificial horlzull . Th(' horimn • • a well-de6ned line of ice, ann no open wilter in ,iKht ; till' 0 bright ami h nrl7011 fl"( C from haze , 
thef~l . exposed to 0 _ 14° Fnhf'{·nbeit. 

By the ~mc method Ill> \wfore Six nllttudes over Il,c ICC hori7on hy l..i('ul!'1lnJlt Palm"f, nOli si" 
• altitudell with the artificial horizp,n light bf'l.'Cll'~ from '''.N.'''' . and ('lear 

By a comparison of Ihe rompulcd, wilh the ol)Sf'f\cel ultituul" of thf' 0'H LL The horl7(,n II loll"

rably w!:' lI~de6ned line of iee, the 0 bright and weatber clcar ; thermotlictf'r III 0 + :J~(>: lil;11I 

broczcs N.W. 

By the same method ns aoove; II mean of 6 ..... .,b~ervatinns , lhcrmomclf'r in 0 - ,'Jr . 

Ditto. Dllt~. Therooometer in 0 - 7"; horiloa free from hue. 

Ditto. nittu. 111·0 water in !ugbt. 

Diuo. nitto. etchr weather ; no hllz{' up8n horiZ1In. 

Dit1o. Dluo. 

By the lUUDe method as above, A white fog~baJlk upon thc /,oriz{)!I, {':dI'N:lll"~ noou' )0" UI altitude . • 

001 the horizon well~defined, tb(· lo~ probably denoting tbe pr('5cnCe of "pe'n ~·1l.1er ... little 
beyond the extent of the visible horit\JI~, although none in .,igb!. Thermomtlt·r in 0 + :J0 

• 

• 
Cloudy weather, but horilOn tolerably defined. Thermometer in 0 + ~. 

• • • 
Lieutl"nant Palmer, with Artificial horizon, compared with my own ahitudeij of the 0'~ I •. L. over the 

ice horizon which wa • ..,ell drined; tbree observations each; clear wealnl"r and much open water 
between Ibe horizon and place of obsenation. The""ll ljl"ter ill 0 + 7°. 

Lieut. palmer ovo tbe ice borima, and mYlel£with ~ial horizon as above; much open water. 

"L~Diltq, &ti!'bn::e2IC, with much ,now drift. 

: .~na.nt p~~ with an.ilicial.a.ori2OD. and myself over ilea horizon, whIch was faint and di,tant. 


