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TERRESTRUL REFRACTION!!. 

R8IU.1I.1U •••• 

' ueutcnant Palmer ~er sea horlZOo, compared Wlth m, own, with artiSclaI bonzon, three observallOliI. 

My own observations Ofcr sea horizon, eomfAred with Lieut. Pa1mer· ~. 'Iflth artlfiulJ. hanlOn, do .. 

A while vapour over th(> borllOll which "'lUI tole;"bly definro, no water In sight , the lun bright, 
and weather clcar and fine 

Altitudes by Leut. Palmer over the sea horizon, compared .. lIh my OWII, With the arhfi<':laI horlJOIl 

Ditto 
A conlllderabip quantity of Opell water llcen, bul lIone lx>tween the hOrJl~on (Whllh was II. weU

defined hne of Ice,) and place of observatjQt· \\'eathe!l moderate I1.nu c1uUlly • h~ht brrezes 
from S \\, 

By a comparison of t~f' observations of Ltt"ll Palmer, With thOle made With the a"1..fielal hOflzon, 

by myself 

Ditto, \Vllh artificial hOriZOIl , and my own over tbe loea 

Tb(' hOrizon Jngged With Ice, 0 bright and clear. no hftZ.(' on the horlwn nor l\alcr III .lIght 
Thermometer In 0 + SO 

By a mean of five,al\llude~ of the 0'~ lower 1 ~ 11J over the lee hOfiZOIl, nnd computed with the COnl
puted. FmC' cnlm mOrlnng, hon..:on dl~bnct and well.defined. very httle waler In Bight 

• 
\Vblte ftymg cloud, Yilth fresh bl'l::(%8 from Wand fine weather. much open water between tl l{' 

horizon and place of obsl'rVation Th'!rmometer in 0 + 84° 

In the Arne way as the above, horizon ratber hazy but well-defined , 110 open water , the land 
appeared much refracted. although these obse"atioll8 .gree "lib the tablc! nearly 

111 tbe lame way as the alxll"e, much haze upon the h0l1Z0D, but toleralJlJ ,hSlinlt, n .... ",ater III 

sight Thermometer in 0 + 340". 

]0 the same way; much water in sight, ptrtlcularl.)iounder 0. 

Ditto. Cloudy weather, and some haze upon the horizon, and a little Opell walcr, bllt 

nODe uoder 0. 

A coo!tlderable quobty of'water io the direction of thl" 0 Hazy, thick, d oudy wpatber 

Fine cleu weather, and a little opeD water In light 

Cloudy with lmallligbt anow at times, iOlIle open water~ ht nODe under 0 

W&1'1II Sne day, thermometer + .loin 0 j cloudy at tI;leI. 'olstUlt land appeared much dllitortM 
• 0, ror.cti.oo, altbouP tE1IbIetml dip agrea nearl, witb the tables. A Ihde .. ater under 0 
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nUI8TBII\.1. BE'¥A(il'IONi. ~I 

/----------------------------- -------------
Cloudy WMtbet-; a little open water under 0 . 

A litlle open walet. hori:tr'Kl dilltinct and weU-defined . • 
Dilm, but 1I00le unGer 0 

• 
No open water. clear weather and horizon weli-defliletl Tlermometer exposed to 0 + 6(10 

Huy Vteather; a light f..os: tv-nk upon the horizon. 

Fine dear wealhtlr , _ whi~ fog upon tae horilOn 

No "pen walet' . 
• 

Cloudy weather; honlOn well-dtlfi.ned, _little :.pen water Ob-;ervatloliR made on till.' "l W part 
of tbe horium 

Ditto. Obs"rvahon made un :.h~ .N .13. pari of hOrIZon. 
The above two obsenations were taken with tbc repeating Circle 

'Fine eMr ",'eether. Ligbt breezes from W • 
• 

Diuo. Ditto, 

Much open water. Light hreezes from S.W . and haz) 

lJItto. Moderate unoezes !rom N lUld cloody. 

Ditto. Ditto. 

A little open water. Finl.l clear ",('ather; light Vti nUb (!'Om N.W .• and clOIl~ 
• 

Ditto. Ligbt breeu'! from N,.and dear "eether. 

Diuo. Diul). 

Mucb open water. Moderate breezes from N.W. and cloudJ 

Diuo. 

Ditto. 

DiUo. 

Ditlo, 

DiUo, 

ViUo. Diuo. 

Fine cleu weather; fretb brefJll!~ from N 
• 

Ihcb open ",ala'; but an ice bonmn under 0 . }'reah hreell!8 from N and fine . 

Ditto. 

Do .. ' 

Ditto. 

Ditto. 

Mod/tate breele. from N and cloud) . __ u 

Diuo . 
• 

• G , 
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TERRESTRIAl REFRACTfON~. 

RBFllACfIONS-c.:mtinwd. 

RIM.UlI'S, ••. 

-----
• 

t\ littk OpP.D water; bul an ice bori1"n "nil .. r f.'I Moderatp breE'zes from N. and cloudy. 

Ditto. Ditto. Moderate breezes from N.W . and dear weatber. 

Much water, 'lery little ice upon the horiz'm. Moderatc and cloudy. 

Very liUle water; cloudy weatber. 

Mucb open w.ter; som" lOOfe ice upon tbe horizon .• Modcrate breews Jrom N. \V. ",r.d cloudy. 

Ditto. Ditto 

Very little water; an ice horizon. CloDdy wea.ther. 

No open water. Ditto. . 
Much open water, but an ice hOrlJDn. Ligbt bret"ZCs Irom \V ulld <"loud), 

Ditto. Loose ice upon the boriwu. Hazy weather. 

Mucb ~pen water, but an ICC borlzoll. Fresh breezes and cloudy 

Ditto. 

Ditlu. 

Ditlo. 

Ditto. 

Ditt.o. 

Ditto. 

Hazy weatbt'r. 

Fine cleMr weatber, 0.1111 lionum w~·II-dclim·tI 
• 

Much oven water; loose ice upon Ilorlzon. Hne clear v,'l!utlier, atld moderat~ brcete frllm N. W 

Ditto. Ditto 

DiuG. Ditto. Ditlt:l 

Much open water; bonJOll ill-defined from. loose pieces of ice. Ha7J weather, lip;ht bl'N'zc frolli S. W 
• 

No open water in lIight, an ice horizon. Hazy wea.tht'r, and fresh b~ze from E.N .E. 
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TERRE!lTRIAL nEPRACTION3. 

XIV. 

TERRESTRIAL REFRACTION with the REPEATING CIRCLE 

--,----.---------- ---
II.I'.\lAKIi ' 

- ---_ . . - ----

Fine "eather, very light breeze from S.W., and rather tlonlly 

Moderate "nd cloudy eveninA:, light bret"ze from S.W 

Moderate and cloudy, light bn.'f:ze from 'V. Halo round Illl' KUII. 

Cloudy ami overcast: very h;:ht brl'6t! from S.B. 

Moderate breeZE' from N.'''., l1U1l dllUtly ¥'I'llther . . 
Fresh breeze (rom N b.W. , and cloudy weatllt'r. 

ugbt breeze from Vi'. , and clear weather. 

Light breeze fmm S. W., and clear weather 

Ditto. 

Ditto. 

!'l.W., 
N .• 

Ihtto 

Calm, And fine weather, distant land af~arefl much (hglorlro by refrnctloll, therm III ~ 1I11 + Jut 
• 

Very Hlibt breeze from N.Vr., and clear weRther , Ihermomet"r "xprulO!d 10 \un + :JSo 

Moderate breeze from N., thick foggy weather With 5mall Mnow VC'caslolllllly 

Ditto. Rather clearer than in tht' mornmg 

Fresh breeze from N.b.\V. and clear weather, tber'l\Ometer + 200 (·xl.IO~ed tu the ~ 1I11 

Ditto. Brilhant halo and mock ~I1U\ 

• • •• Fresh breele from N.W., wdh mow , thick clolldy weather 

Freab breese from N.W., awl clear weather. 

(leu weather; light breeze from N. 

niUo. Ditto. 



ABSTRA,CT 

0' 

EXPERIM~NTS TO DETEI\MINE THE VELOCITY OF SOUND, 

AT LOW TEMPERATURE. 

THESE Experiments werr made by observing the number of beats made by 

three pocket chronometers by Arnold, during the interval betwce~ the reparl 

and the flash of a six.pound .. r For this purpose, base lmes were determined by 

severaloactual measure 'rents u~on the Frozen Sea, at both the Winter Stations. 

The gun had an elevation of ab6ut 10°, and was directed towards the observers. 

whIch we're Captain Parry, Lieutenant Nias, and mysflf; and the observations 

-denoted by the letters P , N, and F. 

Tbe Es}l@rimenlt marked (aj were made with a chronometelllilwng 8 ~6.t, in S second,. 

" ,,(b) " " " S" 2 " .. .. • (,) . .. .. .. 8 .. 
The .following Tables present the whole of the Results. 

s .. 

, II 
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The foUowing are the results of the foregoing observations. arranged according 
to their temperatures, bDd also upon the supposition that the accuracy of each· 
day'. observations. is in the joint ratio of the Dumber of guQ,s fired, and the 
number of observers. 

ll-mr. Y.~r . 11 .... V~""'I.J "'", Ile<o ..... 

• feet. - 41.3 985.9 
• 
- 33.S lotl.2 " 

• - 21.2 IOOlL2 " 
- 21.0 1031 .0 " • 
- 0.0 1089.8 " 
+ ,~:J. 3 I061L9 

" 

• 
By comparing th~ OL.8~ 1 vations made at the temperatu"c of - 41°.3, with 

those at + 33°.3, It appears that , between these limits, the velocity of 
sound per second diminishes, as tlie temperature of the atmosphere di. 
minishes, at the rate of 1.126 foot, for each degree of tempero~ure. From 
experiments made by Mr. G,lldingham at Madras, during thE' summer monthR, 
it appears that at t ~7° Fahrenheit, the velocity per second 115R.1 feet, by 
comparing this result with tbe observations at - 41.3, the velocity is dimi· 
nished at the rate of 1.36 foot, for each degree of temperature, supposing the 
change of velocity proportional to till' change in tile temperature. 

The Experiments on the 9th February, 1822. were attended with a singular 
circumstance, which was-the officers' word of command "fire," was geveral 
times distinctly heard both by Captain Parry and myself, about one beat of tbe 
chronometer after the report of the {,'1lD; from which it would appt:.n.r. that 
the velocity of sound d"pcnded in'Rome measure Ilpcm its intensity. 1'be word 
.. fire" was never ,heard during aliI of the other expenments; upon this oc· 
casion tbe ni~ht was calm and clear, the thermometer 250 below zero, ule 
JJarometer 28.84 inches, which was lower tban it had ever been observed 
before at Winter Island. Upon eo,"parin~ the intervals between the flash 
and report of a musket with the gun, ~pon other occaliions. there appears to 
be no assignable difference. 

• H , 



ON THE ANALYSIS OF THE ATMOSPH~C AIR FROM 
THE POLAR REGIONS. 

TH E air. the subject of these experiments, was. collected in two gIlls bottles 
closed by caps, cemented id 'tbe usual way, with brass stop-cocks i it was 
analyzed by Mr. Faraday of the Royal Institution, and the following arc hig 

rel:lUlt.s : . 
100 of air from one bottJt gave, by Doheril!;,ner'I Eudiomttrit'al 

proce~s . . . . . . . . . . . . , . . . . . 20.36. of ox}gen 
Another cXIJt'r imcll t wi th Ihf' ~/Ulle air, gll'c .... •. 2042 uer cent ,,{ oxygen 

At the ,am~ timl', 100 of Ilir from tile I1tmQ~phrc of the 1.400· 
ratory, by the lamt' proceu, gave . . . . H.O.U of oxygell 

Agaiu 100 of air from the other bott le , glln: . 2().72 
By another u l.eriment . . . . . . . . . ~O.85 

At the ,ame time 100 of air from the Labor.tori gal"e . 2 J.6~ 

The following is a. copy of the letter accompanying the foregoing·analysis. 
Rn!jQl lnstituli07l . 131/1 Fi!bnlury. l/lt4. 

DEI.Il SIIl,-1 st'nd ynu nn account of tht' air whi t'h you gave ml': for examination. TheTe 

if It dedJed a"Jd oonstant dllft:!nmctI bt!tween it lind the ai r of thi'IJlace, whit'l! diffel't'n('f! cannot 
Je~nd on error. i.n the expcrinlClIts. Perharno you will bu able to ret'olled thl' cirt'um'tlnCell 

under which you lullected II. If the IlIcHie "r wilith it wu obtflined apd prc!lf' rved ulltil it reached 

thi~ place be uflCxreIJtionnblt' . then the difference hetween the Polar Air nod that or th i~ clamate 
• \Viii be utablillhed. at Il'&~t to my sat is(II.r tion.-l am, Dear Sir. Your'! very truly. . 

To Rt'V. Gf.'OT[JC Fult~. (Signed) • M. P UIoOU. 

1 have merely to state , 'ill reference to this letter, that the circumstances at
tending the collecting ufthe air were simply as follows : the bottles in which it 
was pre!;erved bad been open the whole of the winter on shore, at the observa
tory at Igloolik, at the last winter's station, and were closed in the spring; they 
were then packed up in oakum by myself •. in a c\rest, which was opened by 
Mr. Jones and myself in his shop at Charing-CroBB, and. by him sent immedi
ately to Mr. faraday for examination. 'lh\!re had not beet.. a tire in the place 
in which the bottles were kept for a considerable time before they were 
closed; 80 that I conceive the air was collected in as unexceptionable a way 
as could be. ... ' 

It appears from a mean of the expeJ\.mentl, that the air in the DOttle. con
tained 20.58ij5 per cent. of oxygen. and t~~ atmosphere in Laboratory or Royal 
IDltitUtiOll at the 88me time, 21.9625 per cent., which exceeds therefore the 
qUlDtity of oxygen contat.led in the air of the Polar RegiOQS, by 1.374 per cent. 
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ON THE EF~ECT OF COLD UPON THE GASES AND 
DIFFERENT SUBSTANCES. 

·TUE gases experimented upon, were confined in long cylindrical "cssels of . , . 
thin glass, hermetically sealed. Other specimens of the gases were also sent 
out in large glass sphere!';. and condensed by pressure. to render the circum
stances of the experiments~ when combined )vith vcry low temperatures, mort' 
favourable; some of these spheres ~vere provided with stop-cocks a.f brass, 
aDd the others of glass. which circumstances are mentioned in the experiments; 
and to prevant mihtakcs, all the \'cs~e\~ had the names of the gases they con-

• • 
tained, engraved upon them with a diamond. The results here given, are 
J.hos~ occasioned by simple exposure to the atmosphere (unless stated.) The 
vessels before exposure. were' wiped. perfectly clean and dry upon the outside , 
and the spots and blp,lnishes in t1l.r glass. or any particular appearance within, 
(if any.) were carefully wl1Ut'n do,\" n; 80 that no effect upon the gas~s IIhould 
be registered, but what was due tl. the change of temperature, It may be 
observed here, that a minute crystallization appeJlrC'd in everyone of the vessels 
upon the exposure to low temperatures; which may. in sOffir,-have been 
occasioned by some prrvi6u~ humidity in the vessels, although every precau
tion w'dS taken in fill iliJj tlrem in :England to prevent It. However this may 
be. I have gi\,f'n the nppearant:e~ and tircumstances connected with them 8S 

well as I'was able, IoiO as to enable others to form their own judgment. , 

SUL1>Hll ilO~'i ACID GAS, 

UPO!ll exposure to - 26° Fahrenheit. is cOlldensl!u into a pC!dectly white 
fluid ; when exposed to - 40°. the conden~atioll IS increased, and the liquid 
runs in streams dOWI;l tIle sldd of the vessel. Two ur three drops of a 
brilliant orange-coloured Huid was also formed , together with a miuute s('at
tered crystaHizatioll upon the upper· part of the vessel. 

NITROUS ACID G ..... , 
• 

~ 

Cos DENIED by pressure in a glass sp~ere. after exposure to _26° Fahrenheit 
becomes colourless. and is formed i(to a brilliant yellow-coloured fluid at tb~ 
bo~tom of the vessel, of the appearal1ce and consistence of thick oil; at - 40", 

part of thia fluid wu froun, and formed mto brillitlllt yellow crystals; much 
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crystallization also fonna upon the upper part of the vessel. without colour, 
which diaeolvea at _ 20°. When the tubes containing this gaa (in a gaaeoUI 
atate). are kept from the light at the temperature of - 46°, although the fluid 
is formed, yet it is not frozen uoti] it is brought to tbe light. 

SILtCATED FLUORIC GAS 

WAS not affected by tbe greatest degree of artiqcial cold I could produce, 
by lucan. of a mixture of alcohol. and snow, combined with a natural tempe~ 
rature of 45° be10w zero. A few white' depositions on the sides ()f the glass 
tubes took place during the voyage. 

CARBONIC ACID GAS 

WAS not rendered fluid when tried as above, but severa) detached spots of 
tree·shaped crystallization, upon different parts of the tubes, forms at very 
'low temperatures, which tS not the case at temperatufes'above zero" 

AMMONIA. 

AFTER tJlr~ days exposure to - 20Q Fahrenheit, the gas contained in the glass 
sphere. JQ which it had been condensed by pressure, was found to be in a 
fluid state on the upper part of the sphere, in small globules; but tb«re was 
no liquid formatton in the glaRs cylinder containing this gas, nor any appear
ance of crystallization In either, Upon exposing both of them to·- 4(t, the 
liquid formation in the !t11here was much increased, and ran down the sides of 
the vessel UpOIl mo\,jng It. There w~re also formed seven or ~igbt spots of' 
beautJful clear bhllsh-grccn drops of flUid, together with ao irregular streak of 
('rystallization upon the upper part of the vessel. In the cylinder was a slight 
appearance of moisture, like that caused by breathing, but no crystallization: 
tlus, therefore, appears to be the temperatul"~ nearly Qat .which tbis gal! aNumes 
the liquid form, when not assisted by pr.e~sure. 

SlTL. HYDR.OGEN, 

UPON exposing this gas in the sphere ,to -45'\ there was exhibited, at the • bottom of It, a dark·colQured gaseous fluid, whicb dilappeared immediately 
the finger was applied to the vessel. ~ere was mucb crystallization upoa: 
the upper part of the vessel, which also disappeared upon bringing it into & 

temperature of about ZMO, without asevming a liquid shape. By, ez:pottiD( 
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tII.ia gu to the cold during the winter, a great many black depositions took 
pI~ upon every part of the vessels. 

OUFlANT GA8. 

,No difference of appearance in this gas, with the greatest degree of cold pro
duced. excepting a very minute crystalhzatton.upon tbe upper part of the 
tubes. 

NITROllS OXIDE. 

AFTEIl three days' exposure to a t~mpcrature of 40 and 450 below zero, a 
long drop of huid was formed upon tbc top of the 8phcr(~, colourless, of a 
thick viscid eppearance. A minute crystalli7.ation also takes place of tbe ap
pearance of flIes' legs, and by rubbing the vessel with a silk handkerchief (of 
!he S'lme temperature), they move about with great rapidity from the elcctncai 
excitation produced by tbe fnctlon: they disappeared at a lcmperature of 
about zero 

NITldC OXIDe. 

AFTER a considerable exposure to - 45·, no cbange took place, excepting a 
mwute crystallizatIOn upon the top of the sphere There were some round 
bluish-green spots also upon, the bottom of the vessel. but as th~ stop-cock 
was of .brass, it probably ml ~ht have allsen from some action upon the metal, 
as the same appearallce was n<!t exh,bited in the cylmdrical vessel containinj.\" 
this gas. 

FLUORIC GAS. 

AFTER exposing ttus gas three days in a temperature of - 26", ID a glass 
sphere. several white patches or depositions were f.r'lled in different parts of 
the vessel, and al80 one at the bottom of the sphere, of a dull greasy appear. 
ance, hke a drDp of melted 'tallow, which after three days' exposure to betwcen 
40 and 46" below zero, became clear and transparent. and a condensation in a 
liquid shape took place upon the top bf tbe vessel hke that caused by breath
ing, but not in' quantity sufficient to run down the sides of tbe sphere. There 
wa. DO appearance of any liqUid formation, III the glass cylinder contammg 
oi. g .. , Dor was there the least appf'lra:-JCe of crystallization in either. 

i." ..... YOEN. . . 
No. alten.tioa. appeared in the Vt:Nel. containing this gas, though exposed 
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to - 47" Fabrenhllit, excepting a oman patcb of crystallization upon tbeuppel' 
part of each of them. 

CHLORINE. 

THIS gas, contained in the cylinder, became quite colourless when exposed 
to - 4$ Fahrenheit, but no a,ppearance of any liquid formation nor any cry.· 
tallization. But in the sphere into which it was condensed by pressure, it 
was formed into a bright yellow liquid when expo(led to - 26°, with a COD8i· 

derahle quantity of crystaUizatiDD upon the upper part of the vessel; on 
bringing it into au atmosphere at the temperature of - 20°, the yellow liquid 
a88umed the gaseous state, and the cry~tallization remained ; but upon applying 
the finger to the sphere, this rapidly diminished, and the crystals', during the 
time of tbeir diElsolution, were surrounded by rings of a clear colourless fluid. 
which also quickly disappeared . Upon exposin"g. however, the l4pherej\fter' 
wards to _ 20", it appears thot the cryllal~zatioll will not form at that' tem
.perature, but the gas becomes almost colourless. 

Ml'RIATIC GAS. 

AFTER exposure to - 26°, a long drop of yellow" as formed upon the top of 
the sphere"into which this gas condensed by .pressure. At - 40\ several 
large drops were formed upon the top of the tub.c. In the cylinder c,oDtain-
109 this gas, no liquid formation appeared at '7' 4S, nor allY crystallization iu 
either of the vessels. 
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EXPERIMENTS TO DETERMINE THE EXPANSION OF AIR. 

AT LOW TEMPERATURES. 

FOR this purpose was used a glass cylinder of 1.7 inch in diameter, 
and 2.6 inches in length; into this was. fitted a long tube or stem of 
ten inches in length, and nearly h~lf an inch in diameter. graduated into 140 
equal parts. The cylinder was al~1) fitted with a ground.gJass stopper, for 
the purpose of filling it readily. The rclativn capacity of the whole, and the 
several parts of the stem, 1)i=., ev·cry ten divisions. were dett'fmincd by many 
trials, by weighing the contained quantities of water au<J mercury. By 
inserting the c"-tcemity of the stem into mercury, (the stopper being securely 
fitted,) and carried frOUl a warln atmosphere into a cold one, the mercury 
rises in <lite stem, till {hot force c f elaslicity of the contJ.ined portion of air, 
together with the weight of the incum1.Jent column of mercury within the stem, 
is equal to the pressure exerted by the atmosphere without. The vessel was 
fitted to a stand, so that the end of the stem cuuld be immersed-into a basin 
of mercury at pleasure ''Yltel\ the whole, therefore, had acquired a steady 
tempemture in a warlll ahnosphcre, a ddicute mercurial thcrmom¥tcr was 
introduced into the centre of the cylinder by means of the glas~ stopper, and 
the temp::rature of the air within determined; the stopper was then ~Iowly 
fitted in, so as to cause no depres8iun flf the mC'rcu"y in the stem below the 

, surface of that without. In this state. the height of the surface of the mercury 
was carefully read off upon the stem, and then gently taken into the ('old; nnd 
after it had been exposed long enough to acquire the tcmpCI"u.!llre of the 
atmosphere. tbe height t.p which the mercury in the stem had risen was aJ",o 
read off. By knowing ~he capacities to the corrcspondilllj parts of the vesHel, 
the ratio of the depsi'ties of the co~tQ.ined portion of air, before and after ex
posure. is kn~wn. As the nir within th(' cylinder is under a prcssure equiva
lent to the height of the mercury in the barometer, millltt the height in the stem, 
above the surface of the mercury w.ithout; to reduce thercfore the density 
thus <ietennined, to what it would bF. under the atmospheric pressure at the 
same temperature, we must increasr :t in the ratio of the compressing forces . 

. Or if A and a. be the spaces occupied by the air, before and after exposure, f; 
the height of the mercury in the stem above the le¥el of that without, B the 

• 
• I 
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beightoftbe barometer at the time, and d the density oftbe air required under 
the presRure, B, then tbe bulk before exposure, being equal to unity; 

AD 

As all the experiments made with this apparatu:i are nearly at the ~ame tero-
" peratures. it will be sufficient to take tbe mean between the observed heights 

of the mercury within the stem, and also the corresponding temperatures, 
and compute it a8 one result. Bj: a mean of fifteen different trials upon diffe
rent days during the last winter, it appcars tbat at a mean temrerature of 
+ 55-,5 Fahrenheit, Barometer 29.946. that the space occupied by the air 
before exposure was equivalent to 2059,8f.i4 grains of distilled ,water; and • 
the same portion of air at the temperature of - 34°.,5 was equivllent to a 
.pace of J924,261; the height of the mercury in the stem, above the leve1 
of the mercury without, being 3,702 inches; 'both the glass cylinder, and 
the observed height of the mercury in stem, reqUIre each a ~man correction, 
to reduce the experiments to the same temperature, According to General 
Roy, a glass vessel of the capacity of )0,000,000 will become 10,000,129, by 
an increase of ) 0 Fahrenheit in the tempera.ture. And by my own expe
riments it appears, that the rate of (>xpanRion of pure mercury from near its 
freezing point, to the freezing point of water, 'i s about -c{ lIth part of its bulk ill 
glass vCijsels, By applying these two small corrections, the space occuJ>ied by 
the air after exposure was more accurately l'eprcRented by ) 922,03, and 
under a pressnre of 26,210 inches; but which reduced to the mean'height of 
the mercury in the barometer, viz, 29.946, becomes 1682,24, 

It appears therefore, from the whotP-, that a volume of air at the tempe
rature (If + 55°,5 Fahrenhfit, equivalent in bulk to 2059,854, will at the tem
perature of - 34°.5, occupy a spaee equivalent to 1682,24, under the same 
pressurej which is about 6·h;th part for 1° Pahrenhp.it, The same conclnsion 
is obtained, by taking a mean of the resultB deduced frnm t.hp. ~Ynp.1'il'lW';nt.!i1. 

computed separate1y, 



247 

EXPERIMENTS UPON THE EXPANSION OF METALS, 

AT LOW TEMPERATURES. 

THESE experiments were made with bars of different metals, of ten feet in 
length. viz .• cast iron. wrought iron, steel, hammered copper, cast brass, and 
plate brass; they wC.re placed parallel to each other, about two inches apart, 
in a strong case made of two-inch deal, eleven feet in length. Each of the • 
bars was attached, by means of a screw, tu a transverse iron bar fixed to one 
extremity of t!lC case, the other ends being left that they might expand or" 
contract aCfording to circumstances. 1'0 each of these mo,"pahlp pods of tbE' 
bars wus attached a finely-divided vt'rnier. each movlllg in a corresponding 
dove-tailed groove in a lar~e brass phtc firmly screwed to the same end of the 
case, and upon which wal) gradualed a scale of mchcs divided into tenths; 
these divisions were aldo suudivh.lcd by the verniers into hundredths; by thil 
means aQY relati\'e char.g"" ill the JI''lgths of tht' bars might h(' obscrved with 
great distinctness, tv lelSlS liiaD 1000th part of an inch. For the more perlect 
observing the coincideuce of the veTilicrs with the djvi~.olls UpOIl the fixed 
place, a microscope was attached to the instrument, which sliamg upon a 
transverse bar, and having uomotion parallel to the Lars themselve~J could be 
brought exactly over either \if the "erniers. 

The bars were about threc·quarters of an inch in breadth and dcpth (cxeeptiog 
the C3st·'1'00 one, which WIIS somewhat larger), aud were supported in I;cveral 
places by pieces of wood fixed within the case, cu\ so as to rcceive them, 

allowing sufficient room for a slight lateral motion. so that their motion length· 
ways should not be in the least obstructed. They wl're nearly adjusted 

• (with the (:xception of the cast-iron one) to the same length, vi, •. ten feet. at 
+660 Farenheit, at which.temperature the zeros upon the verniers nearly coin~ 
cided with the zeros ujl Jn the phite. It was intended to adjust them accu
rately to the temp'¥ature of +G2°,.~t the warmth of the weather, the number 
of persons In.the room, and the haste neces~ary in framing the instrument, 
previous to the sailing of the expedition. prevented it. Subsequent exam ina· 
tiona ofthe bars at very steady tcmplilC.'tures, rendered any depelldence upon 
tbi! apjustment unnecessary, although the range of temperature was not 

quite "" great. 
AI the accuracy of the results obtaiued with tbis instrument must neces

aarily depeod upon the ends of the bars, which were ,crewed to tbe trannerse 
• J • 
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bar, remaining in exactly the same position with respect to each other, I had 
~ contrivance very neatly constructed by the ship" armourer; which was •. a 
strong bar of copper fixed in a transverse direction exactly over the heads of 
the screws (by which the bars were confined), but .. t the same time perfectly 
detached from them. In this transverse bar, and vvcr the others, were made 
.quare hoIcs, two sides of whibH were chamfered or sloped oft' to a fine edge 
and polished, as were the corresponding parts of the other bars over which it 
was fixed. Upon these edges were made fine mafis at right angles to the 
bars, by means of a sharp stecl poml; cprresponding oncs also were made 
'upon the bars tbemselves, and by means &f a sliding microscope attached to 
another tramlVerqf' hat·, tbe coillcidcnct!-of these Jines were observed beforE 
and after the readings of tht: vprni~rli at the other end of the case were taken. 
They at all limes, however, perfectly agreed, anri ~oin('irlf'fl f'x:\~tly. after, the. 
arrival of the instrument in .England . Tht: uec~fI~i ty of this precaution was 
Dlst suggested to me by a curious circumstarlce which ta~es place in the con
traction of the metals at very low temperatures, wluclr is this: if after a set of 
readings be obtained with dllS lO~trumclJt. either of the bars be gently tapped, 
as with a key, ~·c" an immediate change in its length takes place, as indicated 
by the verni~r. This at first nllturaJly appeared to arise from the screws not 
confining the ends of the hars firmly in their pl~ces. and from the 'friction 
arising from the supports and verniers i the obl3ervatlOns were, th~efore, 

rejected, and the abon: precaution imme(hately re!i>orted to . As the free 
motion of the verniers, and also of the bars upon their supports, were always 
particularly examined, <t,ld which could easily be ascertained by the lateral 
motion occasioned hy pressing gently uRon them, this way of accounting for 
the circnmstance appears inadmissible; nor could it have arisen from any 
gradual change in length 'produced by an alteration of temperature. as the 
same was cOllstalltly observed after the bars ,had bee,ll exposed to steady tem
peratures for two or three days. To this rigidity ur sluggisbness iu the 
powers of contraction °in the metals, m~y. be added another property they 
acquire at luw temperatures, wbicb is-that of extreme hrit!leness. This 
was continually exempitfied in the frequent fractures of the adjusting screws 
of the chtft.'rent instruments when very slightly handled, al80 of knives, the 
clin('hlllg of nails, toge ther wlth the' loud complaints of tbe carpenters, that 
thelr tools were either fractured and re\:dered totally unserviceable, or that 
their edges were immediately destroyed by using thep1 in those temperature •. 

It is evident, from the ~onstructioll of the instrument, that the djjf~rOQCetJ 
• 
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between the readings of the verniers, at different temperatures, will give the 
relative variations in le~gth of the different bars due to the change of temp&
rature (since these differences are not affected by nny variation in length of 
the deal case, as this is common to each) ; and if the absolute ralc of expan
sion of e ither of them, or of the deal case jtsel~ be known. then the absolute 
rate of expansion of the others becomeR known. The deal was a well-seasoned 
piece of wood, and had been in the possession of Mr. Bate, the maker of the 
instrument, for twelve yt!ars. The tempE'/atme of the bars was ascertained 
by three thermometers, one placed., at each end of the ca~e, and the other in 
the middle. The iustrument was fixed upon the heads of three casks, fixed 
firmly UPOll the ground, so that theit' upper edges should oe in nn horizontal . . 
lillc . and by this means was Rupported in six nearly equi.d lstant places. To 
protect it from the drift snow, it had, bcsidc~ il~ own cow~r afwood, a strong 
canvass one made fo r it. In thi s state it was lefl. together with the thermo-. 
meters, exposed jor~8. ('unsiderable part of the winter, a few yards in frolit 
of the dLservatory , and was alwaJ"s ready for ohscrvatio.>n when steady tem
peratures occurred. The following observations are the means of a great 
many readings, 'taken at varioUl'J times; tho~e made at temperatures not dif
fering from each other more than five or six degrees, arc clas8red together, 
and their mean given as OliC' result :-

I Jtoo' ~ I' >r:' lIu<1l"t, J M • • ,llbl' 
I 

MJ£TM.'< I 
Kn,h .. " . •• + 6>1". . t + ,,0 . • \ _ I r> \/ . ., - I,,. . 

I ------ --- --1 -- - .- ._- ----
I 

• 
Plate Brass . 119. (15550 II!I . . '17(j3/j 11 !.l . Mi50 Il tI . HS I40 

• I 
Cast Brau 119.96:1.>0 1 HI. 1, .. 32& 

I 
Il u .I'iliIWi liD. ~4-l!,i!7 

• 
Hammered (;oppr f 11 9.96';:.0 II!). S87':'0 11 9 . 1'17775 II~ ~5427 

Stet I • 11 9.971~ Jl9. {W9jO "' 90150 '19 119458 
• 

Wrought Iron , 119.97650 119 . 9Il!lN 119 .90!l,'jN 11 9.89981 

• • 
I Can Jroll . 12O.o01!Oo 119.9"G~S 119 . 93875 119.92910 

• 

The simplicity of the instrument-rendcrs any explanation of the numbcrK 
contained in this table almost unnecessary j it will be sufficient onl y to say, 
that if the numbers ill the column fhlder +52~ represent the relative lengths 
of the bars at that temperature, then will the numbers in the other columns 
reprel!leot the relative lengths at the respective iemperaturcs UDder which 
they are placed. 
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By comparing the observati0l18 with this instrument. after ita arrival in 
England. with its first adjustment by the maker to the temperature of +&6°. 
I found the cut-iron bar somewhat in exees,. Although 1 bad [lot oomps· 
Ti.ons at 80 high a temperature. yet by obterviog the law of the difterence. 
between it and the otber bars, the circumstance was plain; the others agreed . , 
",ery well. This adjustment, therefore, is altogether rejected, and those ob-
servations only retained which have beell made at very steady natural tempe
n.tures. The discrepancy arOAe, 110 doubt, either from the weighl of the bar 
acting upon the screw which held it, from, tbe pitching of the ship in crossing 
the Atlantic; or, what is more probabJe. from this bar being the largest, it 
had not acquired the same temperature "as the others, in the unavorlable hurry 
necessary in the completion of the instruDl~nt. 

For the purpose of again comllaring the bars, after the voyage, at ste-ady. 
temperatures, the instrument w:ts kept in a larg~ room without a fire at the 
Admiralty, and the comparisons made by Mr~ Jones, the .optician, and myself, 
at a mean temperature of +52", whieh is higher tba"n'anyother I ha-J before 
an opportunity of observing it nt. The ends of the bars held by the screws 
had not in the least stnrted, since the l}feCaution was taken of constantly 
observing th~m, as the lines upon them and tho correl:lponding ooes upon the 
detached transverse bar exactly coincided. In" the following table· 1 ha\'e 
given the comparisons of the plate brass \Vith the 'other metals, as its' abso· 
luto rate of expansion is the best known, and at the same time more eonve~ 
nient, on account of its rate of e~pan8ion being greater than the 'rest. If 
the differences be~wecll the plate brass and the other 'metals be supposed to 
increase uniformly as the temperature f\iminishes. that 18 from +520 Fahr. 
to -40·, and if x represent,the absolute rate of contraction of the plate brass 
in parts of the length between those limits; then will the contraction of the 
other metals be represented hy the qunntiti~ in thi.s table. 

fibl" o( 111<1 c"h'p"rull.~ cO"ltnlcIU)Q. ol I'lale Unuo II.J<i 

tl'" ol t"" n",\III •. (or 10 Flllu ,'tn'part. nrthfll .. njl:lh. 

M8T.\L!I, ... r;p,:-+'5;::~~' -! .,..01· .... 1'<" ..... + .. 
1---------0 

",1 Z - .OOOOOOi60 -

~ -.000001166 

Csst Brass. . 

Hnnlmer6d ('.opper . 

Steel. . . . 

Wrought Iron. 
• rout Iron , , . 

~ _ .000004319 

r - .000004194 

r -. 0000046S1 • 
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By a mean of ten of the most unexceptionable authori6es, it appears that 
the rate of expansion, or contraction, of plate brass in parts of its length, i, 
.00001027 for 1· Fahr. ; if this quantity be lubstantiated for ,x, the following 
will be the absolute rates of expansion or contraction of the other metnl". 
and which are also compared with those deduced from other authorities;-

• 
('0,",.«10'" t·~n' .. <" .. n. I IIET~LS I .... lOb, ~ AlITHUklT.,.8. 

, ... 1° 
A M'~"' ''''', • 

Cut Bra~s .000010010 • OOOOJ04<4.3 Com", I'D W,·,,.lI' , ,, M"UIIt~., III'JI ; &: Smt'aton . 

Hamml'red CoI,\>e r . OO(){)()9 104 .000009444 "'n"Aron; T'hll()~" I ,I,irlll T,nn .... '·''''n., 1131 . 

Stl't' l • . 0000051151 .OOOOt'~§~w ' 9 Aulho'IIIt,._l.H"Ilj:" rt' \'H,!::wnh I.'IVU\" 'N nnd 1 .. -

• "11,, ,.: Jlu", 'r,,,,,,· ,k I'll)', 

''''-r"ught Iron .OOOIlOM7G . 000007089 ·1 Aulhofllll'l>. 1,,,, nj;'er ,nl: with lI1·j,hN. 

Cart Iron. .OOOOOMS3 ,OOOOO{;8111 .. .. .. 

The great differenrc betwecn 'he~c results and those ubtainf'd by absolu~e 
measurel'llents is very arlhuent. a: d BE'emll in l'I gr(>~ f IIlt'asurc to arise from a 
variation in the rate of contractiou of plate brass and the other metals at 
different temper!ltures. If the relative variatiuns in length of the bars, be· 

tween the temperatures of +r.i2° and +6°.4, be compared with tl.asc betwct;o 
+6°.4 and -40", it appears that the diffe rences bctwecn the plate brass bar 
and the others nre the greatest at the lowest temperaturefi, which must be 
owing to the plate brass, and also the cast brass. retaining their powers of 
contraction, at those ttmperat'Jtrs, in a greater degree tllaD the less ex· 
pansible metals. • 

By dividing thf' difference of thc.readingb of the vernier attached to the 
plate brass bar, at the temperatures of +o2~ and. +GI), 1, by the difference of 
temperature, ~i.t'., 45.6 degrecR, it appears that the contracti0n of the brass 
exceeded that of the deal. by the quantity .OOl7:JG 1 inch fo r each degree: and 
di\'iding this by 120 in'chcs (the ~vhole length nearly), this exccss in parts ot 
tbe length for 1° fatr. is .00001446: but since this quantity is far greater 
than that whi.ch can be assigned for the expansion of the brass itself, it is 
evident tbat the deaJ must have expanded upon thc whole, and that at the mtc 
of .000004 nearly in parts of its Jength for each degree. It is mOBt probable. 
however, that thi. expansion ill confined ouly to a few degrees of tempe· 
rature. arising (rom the freezing of tile moisture within the pores of the wood. 
Bya limilar comparison between tbe temperatures of +SO.4 and _40°, the 
excels of the deal , bove the plate brass bar for 1\ in parts of its length, is 
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. 00000808; between these limits. therefore. the deal had contracted at the 
~ate of ,000002 nearly for I'" in parts of its length. The same circumstan~ce 
appears by comparing it with the other metalq; and upon the whole. that a 
}Iieee of deal, of 120 inches in lenp:th, will. by l\ change of temperature. 
amounting to 100° Fahr. i. C., from +60 to -40°, ajJand .-h-th of an inch, or 
~th parl only of its length; whatever its law of variation in length may 
be at the intermediate temperatures. 

This curious property of wood, d.:., of its altclnate contraction and ex· , 
pansian at low temperatures. seems singularly adapted for its preservation 
when growing in its natural state in high latitudes, particularly in its low and 
Rtunted stnte of growth in these places: for by reason of the di!;sl\!ving of the 
snows in the height of summer, it becomes so incrusted with icc, and cemented 
to the rocks and soil for thc greater part of the year. and at tile same ~ime. 

exposed to natural temperatures. from the frcczillg point to 800 beluw it, that 
if .. the same ratf' of contraction were to (~ontlllue at these temperatures as it 
ha~ at moderate ones. it mil .. ' hf' fr~C'lllred ill almos\. every place. 

That fir docs not upon the whole contract. hctwl:'cll the freezing point and 
zero, [hnd, befure these expenments were made, evcry reasoll to expect. from 
the going of. a fir pendulum belongiug to thc clock. And as 1 had no other 
menns of dett'fmining the absolute rat(" of contrattion in either of the melals, 
J cndea.vourcd to do it by observing the Ilumber of· vibrations made in a given 
time by an invariable brass pendulum, vibrating upon knife edges in hollow 
cylinders of agate, by the method of ('oincidences; but the clock with which 
it was compared, by rca~rlJl of the cold, would not go well enough for the 
purpose, although it was taken to piece~ and oiled throughout with the un
frozen part of the oil of sas~afras (which is the only substance of an Ullctuous , 
quality that remains fluid at this temperature) ; it would not go sufficiently 
regular to he depcnded upon. I had. beforf leaving England, su~gested this 
way of determining the contraction of the'metals to· Capt. Kater. but the 
time allowed before the sailing of the Exp~dition was to''o fhort for a proper 
arrangement to be made for this purpose. Se\'cral trials, bo\Vever, of this 
method were made by Lieut. Palmer and myself, by counting the vibrations, 
and mcasu,;,ing the intervals with a chronometer; but the want of agreement 
in the results, when reduced either-from tbe irregular going of the chronome
ter at that temperature, or by mistakes i\l counting the vibrations, toget~er 
with the long exposure necessary for the purpose, rendered it both uselesa 
and impossible to repeat tJlem with confidence. 
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ON THE CONTRACTION OF MERCUUY. 

THESE experiments were made with the same glass vessel with which those 
upon the expansion of air l'ere made. which being nearly filled with mercury. 
became a thermometer upon a large scale!but open at the end of the stem. 
The relative capJ.cities of the whole" vessel, and the severa! parts ,..,[ the stem, 
were ' dete rmined by many trials, b) weighing the contained portions of 
mercury wtth a delicate hydrosXltie balance (made by Nt~wmao. of Lisle
street), in very small scales. or cups, of platinum. The mercury ex peri
Ineo.ed upon, had been distilled for the purpo~c of chemical ex perimelll~ ; 

and by a mean of fil'e different ".rials with the same llI~trumcnt. its s»('cific 
gravity in dilltilled wuter of the temperature of + 58° Fahrenheit, was 13.64. 
The experiments were cOl;tined to temperatures not lower than - 3(r Fahren. 
heit, as there is ,ome uncertainty arisir.g from a suddenness in the contrac· 
tion of the mercury near its freezing point. If, upou exposing, the vessel 
filled with mercury to thel'f' temperatures, and after a con~idt:rable time. 
when it appears to have reached it l'! lowf'st poiut In the graduated stem, the 
vessel be then touched, the mercury immediately descends, and this not from 
any change in the curvature ot its upper surface only. since it is seen to 
descend in every part c.f the l>tcm. The same circlllUstancc was constantJy 

_observed in the common mercurial therrnomcters; the Marne thermometer 
seldom indicating the saiDe tempen'tture when its contalucd mercury was 
frozen, wbich was generally from - 3Go to - 3bo "',,<.. u frozell in an horizontal 
pOSItIOn. If it is frozen at lower temperatures, as at 45° Fahrenheit, it still 
indicates about the saIpe· tempt:rature, uiz., 3GQ to 38; but if in this state it 
be hdd in a vertical .(losition, and a slight shake be given it, the mercury 
immediately desccrfds, so as to inctitate nearly the same temperature of the 
atmosphere (0 sbewn by those spirit thermometers with it previously 
agreed, at temperatures between 20° and 30° below zero). This circumstance • 
does Dot appear to arise from any apparcu~ separation of the mercury, either 
in the Item or in the bulb, at least as far as could be seen with a common 
magnifying glas8; neither can it afl~e from any sudden contractiun of the 
gIan, 8S it would have caused a contrary effect, aod, moreover, would hllve 
been apparent in thewpirit thermometers, wbich was ;ot the case. It appears, 

, K 
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therefore. tbat thougb the power of mutual adhesion between the particles of 
mercury is considerably diminished by low temperatures. yet it 8tiH retail18 
its power of contraction. 

As one end of the stem was ground, and fitted mto the bulb of the vessel, 
80 as to be taken out at pleaslTre, the temperature of the contained mercury 
could be readily ascertained by putting a mercurial thermometer into it. 
'fhif> thermometer, together with a spirit one (fo~. very low temperatures). 
had been compared with many ott.er mercurial ones, and a correction applied 
to each to reduce them to the mean of all; and they were kept as standard 
oncs by which the temperatures were registered. As the experiments were 
made at nearly the same temperature. the r.leans of the observations before 
and after exposure arc taken and computed as one reRult. By which it 
appears. that a portion of mercury equivalent 1n bulk tu 2060.65 at + 29-
Fahrenheit. will have in th(' glass vessel pn apparent bulk equivalent to 
2048.36 at - 29° Fahrenheit. which is a contraction at t:)(> rate of .0001027 • . .. 
or ~mth part of the whole for l ~ Fahrenheit, 

If the contraction of the glass vessel be allowed for, t~en, according to 
Genet'al Rots experiments upon the cubical expanslOll of glass vessels, the 
bulk of the mercury after exposure will be mote accurately represented by 
2046,83 instead of 2048.36 at - 29°, which is a contraction at the rate of 
.0001156. or 111rn,th part of the whole for 1° Fahrenheit. between these limits, 
Of at a mean temperature of ahout zero, 

From the (>xperiments/)f Sir George Schuck burgh '"lith a similar apparatus. 
it appears tbat from the freezing to the boiling point of water, the expansion . 
of mcrrury in glass is .0000872, or "Trln th part of the bulk, and correcting 
for the expansion of the ~Iass .OOOlOll, or -nfntb part of the wbole for l
Fabrenheit. 
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ON THE CONTRACTION OF ALCOHOL. 

THESE experiments were also made with the same apparatus. The specific • 
gravity of the alcohol was determined by weighing it in two thin glass fla~k8, 
fitted with ground glass stopper~ in the usual way, ~md weighed in the 
hydrostatic balance before-mentioned . One bottle contained H25 grains of 

• distilled water, and the other IO~O !frains, at + 6(l° Fahrenheit. The tempe-
ra.ture of the alcohol was ascertained by introducing a Jclicalc mercurial 
thermomctE'r into the necks of the flasks, befofe and afler it waR weighed. 
and a mean taken. By scveral.trials at each end of tho hearn, with different 
sets of platina wei~htfi, the specific gravity with thl; 925 grain bottle wAs 
.8162 at + 61°, and with'the other, .815 at + (i:t ; tht, nJcan between which 
is, ,8166 for its fpecific gravity, at + 61 ~. Fahrenheit. 

The experiments were made in the same way as with the ffi('rcury, by ex-
• posing the alcohol to moderate, and then low temperatures; and a mean of 

the readings. before and after exposure, taken. to obviate any error that 
might possibly have arisen 'from evaporation during the experiments; which. 
bowever,. was not perceptible. By a mean of several experiments made at 
nearly tbe same tempenture. it appears, that a quavtity of the alcohol. equi
valent in bulk to 2060.65, at + 4D r Fhbrpuheit. will, at the temperature of 
_ 36tO Fabrenheit, DCC'lPY a spacL equivalent to 1974.85. which i~ a COD
traction in bulk at the rate of .000484, or T,,'n(' part of the whole for .. 
Fahrenheit. or at the rate of ..r-. for lI:~O° . 

Allowing for the cOl!traction of the glass as before, the bulk after eXp0811rC 
is more accurately S'!xpressed by 1972.66, instead oj J974.85. With thi~ 

correction, the (;odtraction of alcbllul in iJulk is at the rate of .000496, or 
i~th part of tbe whole for 10 Fahrenheit. or IJ\ for 11':10°. According tv 
Dalton, the expansioD -! for 1800 at higher temperatures. 

The apparent contraction of alcf'rlOl in barometer tubes. appears to differ 
CODSiderably from the above determination. The result. however, by thi!t 
method i, very exceptionable, com(-ared with the above. since the capacity of 
the stem of the apparatus IS very small compared to the bulb ; and as the 

~ K ~ 
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tubes were of greater diameter than the stem. bot 80 much accuracy could 'be 
attained in observing the exact height of the contained alcohol, the rise and 
fall of which. by the change of temperature, wa~ determined by paper scales 
pasted upon the tubes. the divisions of whIch, as well as the whole length of 
the tubes, were determined bv a two-foot brass scale, divided to an hundredth ' .. 
of an inch. 

By two trials with a barometer tube, at the temperatures of + 46+0 Fahren
heit, :md - 40°, the space fallen tkrough by the uPI;er concave of the alcohul 
was exactly equal tu ~loth of the whole length of the original lenJ?;th of the 
('olumn, or --h" for ) 0 Fahrenheit. or at the rate of ~16 for 180°. By two . , 

trials with another tube, at a different. time. the space fallen through by 
exposure to the teml ,c ralulcs of + 42° and - 26°, was -I ~"I> th (if the length, of 
dHth part for 1° Fahrenheit. or at the rate of,~, for 180°. The mcal1be
tween these results in the tubcs, is -.6'0:; for l O, or /~ for I RO° . 

• By experiments with the hyurostatlc balance, tbe bl')Ule which held 925 
grams of distilled water at + GO°, contamed 755' grains of the alcohol at 
+ 61°, and the contaiucd alcohol at + 5° weighed 7~7.1 grains. Also the 
other bottle, which contained 1050 grains of distilled watcr at 260°, contained 
1'l55.6 grains'of the alc",hol at + 62°, and 873.1 grains at + 8to. By a mean 
of both, aOli making a small correction also for the contraction of the glass, 
amounting to about 0.6 grain in each bottle for the difference of tempe~ature. 
It appears that it~ specific gravity WaR .8150 at + 61 r. and ,8418.at + ff>.7 
Fahrenheit, which is a contraction ill bulk at the rate of .000567. or i hu-th 

" pnrt for 1° .Fahrenheit, or at the rate of -.!.. for 180° betwe('n these tern· '" , 
pcratureR. 

In the same way. spirit ('f wine of the specific gravity of .9270 at + 46" 
Fahrenheit. was found to acquire a specific gravity of ,9445 at + 4~ Fahren
ht'it. which is a contraction at the rate of .000331, O"r ~Uifth part of the hulk 
for 1° l-'ahrenheit. 

Tbe follOwing are the comparative ;ndications of several thermometers 
filled with different fluids. The thermometers were of the same length and 
construction; they were freely 8ulpended, and the comparilODI made at 
liteady natural temperatures. 
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C .... UIHlUET OF Sl' LI ' Ul l R. 

THE effect of ihtense cold upon this s'ingular fluid, depends ent.irely upon its 
being in immediate contact with the atmosphere, instead of beirtk expoEled to 
low temperatures in pel f\..Ct thcrmometers. or iu stopped bottles. For 
install~e, two thermometets containing this fluid, one of which was perfect 
and the olhcr broken, were exposed for sevcral days to - 26° Fahrenheit. 
The fluid in the perfect thermometer was clear , and did not appear to be in 
the least affected by the exposure; but in the imperfect one, several pieces 
of a white substance were fhating in the bulb, like white wax or camphor. 

Thi& effect was subsequently obsen'ed upon" much larger scnle. Upon 
taking a glass bottle capable of containing about lhree piuts, and in which 
was about a pint of the.carbure.t of sulphur into a temperature of -:- ao· Fah
renheit, no effect was produced upon it, so long as the glass stopper waJol 

• kept iu, except thl trickling dow. tlpon the sides of the bottle of some of the 
more \'olatll& part of the fluid which had accumulated there. But upon 
taking the stopper out, a curious effect was instantly produced, for not only 
was the surface of the fluid coverea with pieces of this white substance, but 
the eides of the hattie were also covered with a coating of thi. substance. It 
wo.ld appear. therefore, that it ·\\·u the more volatile part of the fluid tbat 
was affected and congealed. The remaining portion of the carburet of 
.,....ur. which req,ins ita fluidity after the expo8uJe. distinctly divides itse)" 



Ofrf ,THE OONTIUD'l'IOM OF AU;OHOL. 

into two portions: the upper part of it had the appearance and consistence of 
.oil; the lower parl was a fluid of a dull white appearance, like soapy water. 
The oily part was very brilliant, and of great refractive power. The white 
substance which is formed is not very volatile, as I kept a small piece for 
several days between Zero and _ 20 Fahrenheit, without any apparant di~ . .. 
minution of its bulk. It dissolves instantly in a small drop of concentrated 
sulphuric acid, but with Flame difficulty in alcohol. 

CHLORIDE 01' CAIUWN .. 
Was Dot in the least affected by an exposure of two or three days to-45-
Fahrenheit, nor with this degree of 'cold .. assisted by the eVl!o.'poration of 
alcohol and nitric ether in the receiver of an air-pump, by wrapping the bulb 
of the thermometer containing it in fine wool, previously soaked in these ii, 
quids, which was kept moistened, by the wool b'eing in contact with a portion 
o::tntained in a small evaporating dish. placed under the. thermometer upon a 
smaH glass stooL The thermometer waf> cemented' in the perforated brass 
cap of a small receiver in tbe usual wf!Y 

SVLPlJlIRJ C ETltER 

Is partly frozen at_12° Fahrenheit. and more or' Ies8 according to the tempe
rature, but not perfectly after two or three days exposure to-46°. 

NITRIC EntER. 

A bottle of this expose6 as above to - 40, was not frozen, with the exw 
ception of a very millute portion, like a ,,(nail feather, floating about in it; but 
it acquir~s the consistence .ftf oil. It was firml.v frozen by a mixture of IDOW 

and alcohol; but I had not tbe meaDS of determining accurately the te[p~ 
l)erature at which this took place. A thermometer Ailed with alcohol placed. 
lIear it. stood at between -60 and -63". 

OIL OF SYSSAFRAS 

Is completely frozen when exposed to the atmosphere at - 23°, but that in a 
perfect thl'rmometer was not completely'frozeo at _40°. Iftbe frozen oil be 
exposed to a tcmperaturt! of - Hr, a portion of it becomes fluid. of a brilliant 
yeUow colour. If the oil be DOW separated iDto two part., by pouriug 01' tIu. 
dissolved pMt of it, the remaining part cOfltlists of large white crystals ill • 
I~rm of rectangular paraU.1.>gram .. whicb would DGt diuqlve. thougb .• '" 
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+5(f for !!Ieveral days. The yellow part is froren into long fine spiculre, like 
needles, and the actinn of light upon it very singular. for it freezes when· 
exposed in a shallow evaporating dish to the light at _16u

, but if h,)t in the 
dark it will not freeze at _45°. I had frequent opportunities of observing 
'this, as I kept a -quantity of each for a conside!~ble time during the winter in 
a box at the Observatory, where a fin' was oeeasionly kept, by which the 
temperature was generally such as. to dissolve them both when frozen. Upon 

• afterwards opening the box at 30° and 40° ltelow Zero. (at which it bad been 
exposed often fo .. several days) that_portion of it which forms into largC' white 
crystals. was always found frozen; bpt the part which forms into fine yellow 
spiculre waft fluid, but not longcr J,han· two or thr('(' seconds after the box was 
opened, as it freeze~ almost immedwtely. scarcely giving timc to ob"lcTVe itR 
yrev:ouR fluidity. Upon exposing the yellow part, III a fluid state, to low tem
peratures at uight, during the ti~e of a ~plcndid Aurora Borealis, it acquires 
the consistence of houey, vet no regular ('rystallizatlOn takes place, but whicft 
was the case at twilight \';hell then ... was lc!'s light. 

N nUl(; ALI u. 

A thermometer filled with this concentrated acid, dId not fre~7.e at_4.<r' 
Fahrenheit, excepting a very' 8mall portion (not bigger than a pin's head), and 
which was observed at - ::llf'. At -47° the portion of it in the stem ofthe ther_ 
mometer was opaque and appeared frozen, but that contained in the bulb was 
still clear' and not frozen. It was firmly frozen a few degree~ lower by means 
of alcohol and snow, but the freezing pomt could-not be accurately ascer
tained; but from the appearance of '1 before-llicntiollcd, it appears that it is 
about -48° Fahrenheit. Nitric acid of the specific.gravity of 1.260 was firmly 
frozen at -20°, and fluid at -IS, The rate of contraction of thi:o. acid appeD.n 
to be very uniform; th~ therm9meter filled wi~h it, agreed nearer to the 
standard mercuria1 one than any of the others, (though more sluggish) and it 

• never differed frorr/it. more than albeut 2° from natural temperatures of + 600 

to - ~OO Fahrenheit. 

SULPHt!RlC ACID. 

A small quantity of concentrated sulp, acid exposed in a shallow eva
pwating dish, was firmly frozeD at - 40°, and wall fluid at - 35°. The same 
acid diluted with 60 per cent of water, by measure, was partly frozen round 
die tides of the dilQ at - 26, and firmly frozen at ..... 30° Fahrenbeit. 
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CHLORID:E Of TJN AND CHLORJUI'. OF CARBO N, 

Were neither m tbe least affected by a cou!idera.ble exposure to a natural 
temperature of - 45° Fahrenheit; nor by the greatest degree of artificial cold 
I could produce, combined with this low temperature. • • 

(;HLOR'Dh OP PHOSPHOR US 

Is nof. 10 the least affected at - 3~' !<'ahrenbelt, at ~ 40 It appears hke thick 
oil, and at - 47 It IS frozen. and acqUl~s the appearance of boney of firm 
consistence, but wIthout any apparent crystallizatIon. 
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ON THE FREEZING POINT OF DISTILLED MERCURY, 

THE AMALGAMS, <J-c. 

To determine the freezing noillt of pure mercury; a portion of it was put 
into a shallow glass evaporating dish. and plach! "liOn a support consistlll),{ 

of a slender rim of copper. with three glass legs. The bulbs of two flpinl 
thermometers were placed·upun each side o~ the dish, and the bulb of another 
in the centre of the meteu,'y, the.thermometer being attached to the stand, 
and in a vertical position. These thermometers had each been compared 
frequently ",ith the standard mcrcul'lal ooc, when the temperature waJ:; not 

• lower than -300 Fahrenheit. and their respective errOTS applied at lower 
temperatures. The great diHi.'rence between spirit thermcmeters at very 
low temperatures, renders tluy dependance upon them. when accuracy is 
required, very prec~riouH. withaut a comparison with the mercurial one, 
a few de~rees above theofreezing F'1lnt of mercury. AMong eighteen spirit 
thermometers, frequently compared nearly at the same time, there was a 

• difference often .amounting to twenty dcgrecl't at temperatures between 40'-' 
and 50° below Zero; aud to show how much this \Vat;; the case ~en in those 
made by the same maker °alld of the same length and construction, the 
followihg is a comparison of ten of them. They were placed in parallel and 
vertical positions. upon a board fixed to two upright ·supports about three 
feet abov~ the frozen sea, and each of them wa::J freely suspended at the end 
of a nail. The temperature at the tim~ of compari!lbn had been very steady 
for a considerable time. 

2 -5(1 ,,' 
No. I . ...... - 56· Fab"l 

S - 49 '" Mean 0_ 5~.4 Fabr. - Tllermo. alcobul (uncoloured). 
4 -49." 
6 _gt" 

: =::::} Mean - ,,:.stFahr. -
t -46" 

10 _46 II 

.. .. 

It .p~r8 from this comparison, that there was nearly ten degreefi 
difference between the means of the thermometers filled with the uncoloured 
alcohol and those wbich were coloured, and the gr-.test difference is sixteen 

.'l L 
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degrees. By a mean of several comparisons of the thermometers No.5 and 
No. 10, between the temperatares of - 26° and - 3U", No.5 was lower. by 
2".2; and No. 10 was higher by 4° than' a mean of seven mercurial ones; by 
!lpplying these corrections, the true temperature by No. :) is -49".8, and 
by No. 10 it is -50" Fahrenheit; or a mean tempt=rature of -41'p.9 Fabren
Deit. The temperatures, as cllldicated by the thermometers with the unco-
100Jred spirit, appear to be more correct than the coloured ones, in which the 
power of contraction of the Sl)irit appears rapidlY to diminish, and when 
suddenly taken from moderate to very .low temperatures, most of the co
louring matter was left in the upper part of the stem; they do not therefore 
seem so fit for use at very low temperatures as the otbers . 

• 
By a great many observations made' each winter, pure mercury begins to 

freeze at -38~.5 Fahrenheit. A watch.glass full of it will be firmly f~ozeT,l 
in about three or four hours when taken from a temperature of + 32° to _39°, 

rut it remains fluid at R. steady temperature of - 38" Fahrenheit. It begins 
to freeze first at the bottom and in the centre of gl;ts~) and generally auumes 
a kind of a tree-shapE'd crystallization. or somewhat like the ribs and vertebrm , 
of filCb when arranged in parallel positions cloRe to eaehl other; but the 
crystals composing the mass are so ill-defined, as tu present no regular 
determination of figure, nor the least similarity b'etween them. 

An amalgam of 200 grains of distilled mercury, and twenty grains lIf lead, 
was firmly frozen at:"" 3.')°.5, and fluid at - 31 °.5 Fahrenheit. 

An amalgam of 100 grains of mercury and three grains of tin,' is firmly 
fcozen at - 3<5°.5, and is'fluid at - 34Q .• S Fahrenheit. ' 

An amal/:,'1lm of 200 grains of mercl'ry and as much silver as it would 
dissol"e, was partly frozen tafter a considerable exposure to - 35.5 Fahrenheit. 

An amalgam of 200 grains of mercury and twenty grains of zjnc, is partly 
frozen after a long exposure to - 35°.5 Fahrenheit. , 

These mixtures were exposed in small tilin glass l:ylinders at ilcady and 
natural temperatures, and the above ara the nearest'lh.'l.its of the freezing 
points of each th!.,t could be obtained by this means. Nearl;'r limits might 
probably have been obtained by varyjtfg the degree of cold by artificial means, 
but some uncertainty would have been hltroduced, arising from the ditlieulty 
of mamta!ning an uniform temperature by this means. The metals were 
obtained perfectly pure for the purpose of experiJnent before leaving , 
EngllUld; and it app •• r. tbat tb. amal""" of m~rcury IUjd I~d i. DJRirt 
easily frozen. 



AN ABSTRACT 

OF '1"111' 

VARIATION, DH\ .te. OHt:iERVED 01\ SHORE AT THE WINTER STATION • UPON WiNTER ISLAND, NORTH COAST OF AMERICA, DURING TUE • 
YEARS 1/:>21-ll', IN LATITVDh OllD,1 J'.!J6' N., AND LO:\i(;JTVDE ~lt' . .s8' w. 

1'HE first column contains tile date; the second , the times of the day when 
the observations were made. wl,l.ich were generally about nine o'clock, A.M. 

and three o'clock, "I'. M. The third column contains the variation. Thl\ 
was tbserved with an ·i~strumcllt made by Dolland, for tbe purpm.c of 
observing the diurnal motion UB well as the variation of the needle. It 

consisted simply of a long slender needle with a sliding weight to adjust it 
• horizontally, and turned up.on a fine steel point in all agate cup attached to 

the centre of the needle. To this instrument wa!. also attached a telescope 
with c~oss hairs. which h;d a small vcrtical motion. and the whole ha"'ing 
azimuth pIotion. th,. telescope ('ould be refc>rrcd to a distant well·defined 
object, by which the .tablliLy of the instrumcnt .could he en~ured. The 
needle was covered with a brass frame whi('h had a glass top. <'arrying 
with it a vernier, readine; off to milfutes UpOIl the graduatcd arc, upon the 
fixed part of the instrument. The magnctlc azintl th of lh,., object to which 
the telescope was referred. was determined by making two fine liot's drawn 
upon the moveable pa"t tJf the illstrument coincide with the north and south 
ends of the needle. and for the better observing the coincidence, a mi. 
croscope with a siS'gle wire was a't.rached to it for the purpose. AA a line 
drawn through the Zero (UpOIl the fixed part of the instrument) and the 
ceDtr't,Qf the nee,dIe was parallel t<? the line of collimation of the telescope, 
the reidings of the vernier compared with the true azimuth of the object 
gives the variation. , 

The true azimuth of the distai).t object, from the place where the in-
strument was fixed, was determined by placing the centre of a small transit 
inltrumellt (havillg I!omplete motion in azimuth) ex.ft:tly over the place where 

• L • 
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the centre of the needle was placed, anti observing the sun's transit over tbe 
.vertical ... ire~ when it had the same azilUuth as tbe object, which "Y'a8 
therefore comp1eted from the known error of the chronometer with which 
the observation was taken from apparent time, SUll'S declination and latitude 
of the place. When the needle was first fixed at Winter Island, and before 
the true azimuth of the distaAt' object was determined, the stand upon which 
the needle was placed was thrown down and removed from its first situation 
by ttle wolves, 80 that the variati(>Ds between Nov~ 26th arld Dec. 13th, were 
not accurately determined, and they aTf~ registered therefore, only to shew 
the difference between the variation in the morning and afternoon. It wa."I 
afterwards fixed more securely, by ftilin~ ul' the space betww.m the legs 
of the stand. and banking it round with snow. The precaution was also taken 
of determining the true azimuth of the object, before the sf:ries of opser; 
vatians at each station was commenced, and by 'repeating the operation when 
~b.e ob!'tcrvations were completcd. ' 

The fourth column contains the magnetic dip, 'which was observe4 with 
a new and excellent instrument made by Dolland. The observations here , 
registered, were made with a needle which consisted of two long slender 
cones, put ~ogether at their bases, forming togl."ther a lIeedle of about eight 
inches in length. The centre of this needle wd perforated in two places, M 

right angles to each other, into which was fitted a moveable axis, wlrich by 
this means could be placed in four diffcrent positions with rcspect to the 
needle. and afford a greater number of ob~ervations than oue of the common 
construction. There wds another needle also fitted to this instrument, known 
by the name of Meyer's needle, consistin;;- of a lung rectangular parallelogram, . 
with the corners of the extremities rounded off; to the centre of it was at-

o 

tached a smaH stem, fixed at right anglc~ to the needle, and haviog a move-
able weight attached to it; by moving the weight .near to, or farther from, 
the axi" of motion, the needle may be brought to detJeU more or less from its 
true dipping position of the needle at p1r.yure. If the'dijl be observed with 
this needle ill one position, and again when it is inverted (estirr,tating. in eacb 
case, thl' dip from tne same point of the horizon), it is easily shown that the eo. 
tangenl of tbe true dip is 3n arithmeticM mean, between the cotangeo_ the 
observed dips in these positions of the needle, provided the centre o{i"gravity 
is perpendicular to the axis of motion. This condition is not necessary in 
this (nor in the common needles) if the poles be inverted. anrue dip in 
each position of the nee~l~ be ob.erved; but the calculation ie not near 10 
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simple.. If the weigbt be 80 adjusted tbat the needle may he perpendicular, 
then upon turning ~he instrument 90° (either way) in azimutb, the needle wiH. 
shew the true dip without any calculation. If the instrument be moved 1800 
in azimuth, the needle will shew the magnetic latitude of the plac(· in auy 

,.,art of the world, whIch is. confirmed by experiment. By unscre",wg and 
taking away this perpendicular stem. and tile- attached weight, the needle 
becomes, I\nd may be used as one of the common construction. The lIccdleg 
turned, or \'ibrated upon lftlrizontal edges oj ;:tgate, and the iu!;trument was 
adjusted by means of cross levcl8 (OJ the purpo.!Oe, in the usual way, by means 
of foot screws; two distant marks were fixed, one towards the magnellc 
north, and tile other towards the soutlr, to whieh the instrument was alway!!! 

• referred at the time of each ob~ervation. The axis of mot ion of the needle 
w8s.centri{'ally adjusted by means of a contrivance to elevatt~ or oeprcJ;s it at 
pleasure, so thal it might be r1aecd gently upon lile agate edge!' at each ol>ser
vation. by mean!. of.finger'8cre~.!O conveniently placed for the purpose j th$ 
ends of lite needle m()\"e~ ~lolIg a ,.:-rauuatcd eirde in the instrument, divided 
to 20 minutes, ayd the divisions were large enough to he subdivided to 2 or 3 
minutes, by means of two lenses, fixed at the extremities of a moveable arm, 
concentric with the needle. 

The fifth column contaiub ·lhc time taken by the needle. to complete lQO 
vibratibns. The whole arl. .. ucscribed in the firl'lt vibration was 80°, and the 
last arc not less than 5". The number of vibralioll!ol bctw('cn the limits were 
generally (rom about ihO to 2iO, and the time ui" completing LOO vibra.tions 
determined by proportion. There W<lS a cOlltrivaftce attached to the gra~ 
duated rim of the instrument , by ~hich elliJcr end of the needle could be 
confined. and let fall through any extent of arc, at any C-ivcn time, with con~ 

• 
• Ir the ~ntre of gravity ii lIot perpendicular to Ih(' a).l~ uf the IIL'Ctllc, Imt INllI.c "'itb tbe 

ftrtied an angle f1. and S. and D be lIie !tum and dilfcrf>llcl;! of the cu~tang,·nt!. of the ob!lerved 

• S 
dip'. tben (lIlllrue di~ 2 ± Tan-:j;f.lJ. ,I, when tbe pole!' are inn-tted, the ~o~t.n~nlli should 

~ round to di6erfrom tbe rorlllerones (ll and d'j. by the quantilies Z IIntl y. then the ell~langelll ()f 
y cot. J + c cot. d' 

\be ~ wiD be represented by an equati()'l of the fonn of y + .... -. a r~MIIt ","!Iid. 

clepew, ~weYe!', upotl the suppositioll tha\ tbe line passing: through the centres uf grllvityantl 
~ tD8ket tbe same angle with the JDa:;lIetic axis of the needle belore and afler the pole", 
are "'yertelblt 1 hue not seeD the inveru~ation or M. Meyer, but as the formula given In hi~ 

.-pet "deaw ~t.iori &eM iuclil1&tori<.t- MagneticIC." i. immediately deduced by dcmi,.ating ~ 

1pfI fbi' supposition. it ,ppeal'S 10 depend upoo tfw same bypotbJsis. 



286 ON THE VAB.IATIO". DIP, 4".:., AT 'WINTER ISLAND, 1821-2. 

siderable predsion. by bolding a chronumeter in one hand. and the string 
.attached to the trigger in the other. One needle was kt;pt fo r tbis purpose 
throughout the voyage ; the poles were, of c()urse, Dot reversed , and the 
needle was made to vibrate always upon the same side of the axu~ of motion. 

DATE. 

The other columns contain the state of the barometer and thermometer; 
and also Kater's hygrometer 'when it was affected j fo r, at very low tempe
ratures, it became so coated with ice by exposure, as to remain stationary for 
many days together. 

"""":"! "I,t.. hOI"" 
. c,lbl"E lI .. o,~. il,um. 

V.rI.do~ 

~" w. _ ,0 1' 1 lin': 

f-------~-------"-------f--·'-""-"-··~·----_c----+__--I_--------------------·-------
IS'll . 0 , , 0 , 

OCl. UA.M. " " " • 
,. " .. 

-
" " I'.M. 

.. \1 A.M. " 40 " 
" .. P.M. III ~';) oW 

.. 18 A.M . 87 60S 51 

.. '10 P.M. I'l l ~'l , 

" " " " '40 

N",·. 24: ,. 51) .56 Ii 

" nA.M. 55 '" 10 

.. .. N""II .54 18 4t1 

,. is P .M. " I ... I~ 

Dow-. I A.M. III ~ a " 
.. " P.M. Ol " " -

o 

'1:1.17 + 1:1 

illLS ~O. 14 + 9 

i98.1 ."<J.1~ +13 

S'13.1i ~:l . ~1 +W 

i(l8.4 '19.16 +8 

SO~. I '19.40 ,,, 
JO.O~ + , 
1I0 . U + , 

• 
ill.S'1 - , 

H .!!i -" 
~9.94 -" 

19.16 -" 
'l1l .SO -.. 
• 

Mt><!enlt<' h, .. e~e hom N. and doud~· W. 

Hmo " .. S. and ~n"" al IIm~. 

Sq((MLI~ ","<I S.E. {but v"nabld . . 
f,,):,ln hrC'<·U'.lrolJl S. W. and cloudy. Sno" allimn. 

Calm M,d clflud, . Sno", ocClu,nnai1~ . 

F'll" .cad...,r. Modera,e breen' from N.b. W . 

. J Mud" ra\<! breeu (mill S.F.. Smal! .no. allimu . 

3 . 8S 

3.BS 

3.811 

.. " 
1.88 

l
M ...... eral'" bt...,~ fronl N.W. with .leel. Aurora n ty btigh>. 
~h"'lly all", .... ard. f,om S.~~. 10 W .. 'lot hiKher man aboul 
I{J° abov'" th .. hmi1On. aLi"ollllf!: ou t hright ray. to ... rd. t hr 
wn'lh. On .. of KIII~r'. ~"''' IIlLI'''' .. a. (,OIl.\illllaU), e.amil'led 
1i1\ nlidnil!'ht;. but it ... not in l he .1;gh l<>l1 olegtee a«",,1ed 
Iof the aurora, \ 

Flton, auro,a two hO 'l tl ,,..r,,r<- lI,;. " h ... rva\;on ill every part 
(If the h, ... v"..... pa"~I.l ly (rom I b(' WI thto .... h !be 
~lIilh to II ... W(,II. 

Slill" b<Ce1l! from J1I. W ., and ('lea r .. eath"'r • 

F.,.....h b_~" rrolll N.W ., alld e1ur weat_ ,pjlh IWIl au rora 
In lIN: S.t:. , . 

Aurora ill uel'J pari (lr I .... heav~llI, but I*rt italarl ,. ill the 
_ilh. Kaler'. (,Olllp&l' e"lllltli"ec\ .. briDfe. _ . .. 110( 

i"IILlel)Ced by the aurora . M<><krat!. 10_ fro. the N.W. 

P~'h b_ (romN.W. Cle.arW'~. 
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, 
n.Tlm. 

• v ..... " .,. Jt.oll", 
D"TE. DO •• ... "~!nr J4o • ." .... "" •. REM ARKS. 
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•• 
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• 
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• 
" 
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.. .. P .M. 5,5 39 48 • 29.45 -" M"d"rate b ...... ~'· (rom N.h.I: .. llIw weali,c" 

.. !W A.M. .56 U '4 
• 

29.6' 
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• 
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• 
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.. 
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IUt. • . . • . . • liI_, III A.M . " '0 iT 81' II I J88.8 .". +" .... Llfhllrteeae Mill S." . Thu::II. , cleudy _II.,. 

" " 
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ON TilE VARIATION, DIP, ,s.c. ISLAND OF IGLOOLlK, 

N.E. COAST OF AMERICA, 1822-3. , . 
THE obselvations were made in the same manner as those at Winter Island; 
with the addition of a column con taming the space fallen through by the 

• coloured liquid in Leslie's hygrometer, from the evapuration of pure alcohol 
applied tb. one of the bulbs with a c:l1'1cl's.hair brush. Though Kater's by. 
grometc"r was extremely sensibte at moderate temperatuT(,s, yet when ex
posed to low ones, it often aC'quircu a coating of ice, which obstructed its 
motion for several days together ; whereas Leslie's has the advantage of in
dicating similar rcsult~ under tlte same ci rcumstances; yet the difficulty with 

• this instrument, is 'the. ~("H1Tatioll of the hygrometric influence arising from 
the absorbing power of the atmosphere, from that occalOioned by the difference , 
of temperature. of the bulbs of the instrument, one being at the temperature 
of the surrounding atmosphere, and the other at a lower tempe.rature arising 
from the cold produced from the evaporation: the effect produced by tbis latter 
cireurwstance is so considcrrhle. that the in~trument (although a very inge
nious one) appears to be more a thermometer than an hygrometer at tow' 
temperatures. I have endeavoured, however, to correct the indications 
for the difference of temperatul c, by a comparison with Kater's hygro~ 

meter when the temperature~ were above + 32" Fahrenheit. At different 
• temperatures, when Kater 's hygrometer indicates the ~ame degree of hu-

midity, the difference between the contempora:y indications of Leslie's will 
he the effect due to tht; difference of temperature; and by frequent compa
risons of this kind, the indications are corrected and reduced to what they 
would have been Ja\ the temperiYJre of + 320 :Fabrenheit. and are given in 
a separate "plump. As- these corrections may be considered somewhat 
Ilbjectionable. forasmuch as the other hygrometer is supposed not to be 
tWected by a change of temperatu:re, ( have also given the observations just 
18 they were ttkeD, that they may be .:orrected UpOD any other supposition. 
1'he alcohol used waa of the speci6c gravity of -S15 at +620 FabTenheit. 
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AN ABSTRACT OF THE MAGNETICAl OBSERVATIONS. 

- --- - - -_. ----- ---- ---- - _.- _._---------.- .. _- -
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ON '1'8. VAalATION, DIP, 6-e., .GLDOLI&-, 182-2-8. 

in Older.to compare the following obllervatioDs with' the lannult, exprellsing 

tht. relation between thE magnetic force and the dip, 'Ci:r.,j cc {4 _ ~ sin .' d}t. 
where! and d represent these quantities. The time of t:ompleting 100 vibra
tions by many observations (with the needle employed for this purpose,) in 
and near London, in April, 1821. was 330".1; ,uti on the return of the Expe
dition it was 336".5; the mean between these results is 333".3, for the time of 
making IOU' vibrations. By many observations also, with the same instru
ment, before and after the voyage, b)' mysell, with a great many others, (with 
another instrument of the same construction belonging to the Board of 
Longitude,) .made by Professor Rigauoi, Captain Home, R. N., and myself, at 
several places near London with sever. different m:cdles. two of which were of 
~eyer'5 (~onstruction, the dip was found to be 69° 50' 44", for January, 1823, 
(which is about the middle time of the observations) which nearly agrees with 
Captain Sabine's determination.' From this data, it appears that the com-

o 
puled timt: of making 100 'li"rations at Winter Island is 3(J9".5, the dip being 
87° 51' 9"; where~s by a mean of all the observations made during the winter 
and summer at t4at place, thl.' (lhfieT1lrd f;me was 2~7" .3; the time therefore of 
compJeting the 100 vibrations at 'Vinter Island was less than tb~ computed 
from the formula by 12"2. In the same way, at the second Winter's Station 
at the bland of Igloolik, th~ mean of all the observations gives the time of 
completing 100 vibrations 286".7, the dip being ~8° 9' 49"; whereas the time 
oomputed.from the formula is a09".4. In this case also, the time of complet
ing the 100 vibrations WdS lets than that computed flom the formula,. by the 

-quantity 22".7. At each place. therefore, the vibrations of the needle indi
cated a greater inten~ity of force thad that deduced from the above formula, 
which assigns a difference of 0".1 only betweeD th~ tiues ot completing the 
100 vibrations at each Winter StatioD; but by observation it was 10".5. 

The great difference 'lbserved in the times of making the vibrationM during 
the winter and summer times, was very considerable at each of the Winter 
Stations, and therefore hinders any ;igid comparison of this kind from being 
made. For instance, in tbe middle of Winter, at Winter Island, the time of 
completing the 100 vibrations was 304".9, but which gradually diminished as 
.e .ummer ad:,anced, and in the following June, it was 290".6, the difference 
~iDr 14".8. AIJO at the !!Ieeond Winter Station at Igloolik, in the winter. the 
time of making 100 vibrations was 300' .4, but in the followiug June it was 
2IilrAIlIe .~ce boiDg 17",4; at both ploc .. tbe iDte.,ily of the force 
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waa cooaiderably greater during the summer than in tbe depth of winter. as 
the abatract of the observations tbem~elve8. (page 276) will shew; and the 
time of making the 100 vibrations in the wiuler time nearly agrees with the 
computed time. 

The great irregularity in the results of the oblerv:sti?Ds for determining tbE" 
variation, renders It difficult to form any idea of the quantity of Its daily 
change, between the hOUfS of observation in the morning and afternoon. 
although each result is a mean of never less than 5, and often }O or 12 
r~ading8 of the needle. The fixed telescope of the instrument was always 
referred to the distant object, pUl up for the purpose of ensuring the stability 
of the instrument, before the rcadmgs were taken, and the sluggi'ih motion of 
the needle assisted by gently tapping upon lts cover, as weB as every other 
possible precaution taken to ensure an accurate result. At Winter Island 
during the months of November. December; and January. the westerly 
vanation in thc mornlDg was greater than in Lhe afternoon by 57', from a mean 
of more than 300 obscrvations j by a mean of all th~ observations at this place 
both winter and summer, the mornmg exceeded the afternoon variation by 
J3'.24". But at 19loohk, the second Wmtl:'! Station, the variation in the 
morning WitS ic.u than ID the afternoon by 38' .54", from a mean of !tear 600 
observations made durmg the spring and sumll'.;er months at that place. At 
Wlnter Island the dip was) 0' greater; and at Igloohk l' less m the morning 
than in the afternoon. The time of completing 100 vibrations was 1".3 greater 
in the morning than JD the afternoon at Winter Island; but at Igloolik. it was 
2". 3 k u in the mornmg than In the afternoon i 80 that with respect to the 
variation, dip. a.nd the time of completmg 100 vibratlons, contrary results 
were obtamed at the Winter Stationq In the morning Qnd afternoon observa. 
tions. The number of obiJervatlOns for determining the dip amount to 143 
made at different times, and each of these a mean of from 8 to 16 different 
readings of the needle, in itR different positions; the observation. upon the 
vibrations of the needle have been taken at as many dWS'~"rent times; most of 
the cesulbi are means between two sets of vibrations, and many of them (when 
they have dIffered) means of three or four sets. ~ 

The only agreement which appears. by comparing ~ether the obaervatiooB 
made at each Winter Station, is the increase in the magnetic force as tk 
8'11Dlmer advancei, which is very appa.rent; and ... the time of completiDlf t\e 
100 vibrations by the same needle was about six 8econds grtlfll.tlr af\.or * 
return of the Expedition. _than before it left England it does not aeeID. prabable 


