
between Aneroid Barometer and Newman% &add,  
raluced to 32' Fahr. and to Portable Barometer. 
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TABLE n. 
Cornprison between Standard Barometm (Newman's) and Portable 

Barometer (Barrow's), both reduced to 32' Fahr. and corrected for 
Capillary Action. 

VI. - On tha Ad&pfation of the Aneroid far the prposm of 
Surwying in  India. By GEORGE BUIST, LL.D., F.R.S., 
Corresponding Member of the Ro a1 Geo a p h i d  Society of 
London. Commonicatad by Col. ~ Y K E S ,  ~ R . s . ,  F.R.G.S. 

[Read February 24,1851.1 

ONE of the great desiderata with travellers is to be able to obtain 
an instrument for measuring elevations of moderate mze, consider- 
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able portability, and immunity from injuries from the accidents 
a t to be encountered in journeying through new countries, drat degrees of nicety or exactitude are rarely attainable on 
a first visit, and are willingly dispensed with, in comparison 
to tolerable approximation, when only attainable by great risk, 
trouble, and delay. T i e  mountain barometer can be made 
tolerably portable so far as size and weight are concerned; but 
in its strongest and most efficient form it is so extremely liable to 
accidents, so expensive and so difficult in India to have it re- 
paired or replaced, that few travellers care to be encumbered with 
it at all. The mountain thermometer has done excellent barometric 
service in India, but it has seldom happened that instruments cut 
finer than fifths of a degree have been made use of; at moderate 
elevations one degree corres onds to 500 feet ; so that even when 
degrees are cut to tenths, tr~ e smallest division mill not indicate 
less than 50 feet. A good barometer, reading to hundredths, will 
indicate 10 feet. The mountain sympiesometer scarce1 seems to 
have been made use of at all amongst us-wherefore, I i n  ow not : 
the instrument is quite as portable as the aneroid, and much less 
susceptible of injury than the mountain thermometer; it reads 
with almost the delicacy of a barometer, but is apt, on being long 
used in the country, to chan e its rate. Both the aneroid and 
sympiesometer in their beat f orma require to be frequently re- 
ferred to a standard barometer. The mountain thermometer has 
this additional advantage over both-that, once rated, it runs little . 
risk of going sensibly wrong : I say sensibly ; for, by a late paper 
of Mr. Adie's, it appears that even thermometers alter very ma- 
terially in their indications.* The mountain thermometer, pqrt- 
able as it is, is far from exempt from accidents, and, besides bexng 
liable to be broken, is easily insured by means of careless handling, 
and broken whiie being boiled; the air is apt to get entangled 
wi th  tbe mercury,-an accident often occurring to such an extent 
as to occasion the risk or destruction of the instrument.t Under all 

Mr. John Adie, of Edinburgh, has published a very int-ting article in the 
' Philosophical Journal' fur Jnly, 1860, on the change which takes place in the 
standard poiuls of thermometers (pp. 122-125). Thk  appearssometimea to amount 
to no less than nine-tenths of a degree in a few mo~~ths  : this Q equal to 450 feet in 
measurement, supposing we have wales out to tenths, and no means of detecting or 
indicating the error. I do not think any aneroid or sympiesometer likely to go 
wmng to the extent of half an inch-nearly the equivalent of this, if they have 
been tderably taken eere of, and eompared within a twelvemonth or so with a 
standard barometer; or, which is the aame thing, rated from a point of known 
eleration-so that the general statement in the text must be taken with allowances 
atter all that has been mid in favour of monneain thermometers. 

t The following description is given by Mr. Adie of the thennometers supplied 
by h i  to the Bombay Geographical Society ; they are the molt beautiful mstm- 
ments I have ever seen :- 

"The thewomelem for the determination of altitudes by the boiling point d 
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these circumstances, were the improvements of which the aneroid 
is obviously susceptible applied to it, it is likely that, all in all, it is 

rater are comtructed as follows: A piece of tube is selected of perfectly equal 
calibre throughoat itn length ; the section of the bore is round and h e ,  for tbe pur- 
pose of giving long d e m  without having a verv lar bnlb, which rendenr the 
carriage of such thenuornetera Tery dangerow for-bregge. The bnlb is made of 
glass cylinder-tube, which can be made more equal and stronger than a round blown 
bulb; and the proper size having heu  determined for each tube, the scales are 
determined by the following procem : each tube with ita finished bulb is weighed 
by a h e  balance to 1-100th of a grain ; they are then fitted with puredry mercury. 
and regulated so that 6r shall have the same position as 212" ie to have when the 
thermometer is finished. 

Tem ray scales, divided into inch and decimal parts, are then fixed to each 
tube, an&e point 3%' obtained from melting ice, and 6%' from a fine standard 
thermometer, and carefully read off on there temporary scales. This gives the 
length of 300 at these temperaturea. But it is evident that this length would be 
6 t e r  than 300. if we drive out a portion of the mercury to make - 2 1 ~  stand at 
the point where 6 9 O  stood when the scalee were meamred. This is corrected by 
carefnll~ weighin the tubes before and after regulating them for !212O, and the 
proporhon is s t a d .  If the larger quantity of mercury give the length noted, the 
diminished quantity of mercury from regulation to 212O will give a diminished 
scale, which scale is the trne or corrected one, to be divided on the thermometer ; 
each degree is subdivided into fifth or tenth parts, and cut on the glass stem of the 
thermometer, or may be laid down on an attached scale. 

Is When the thermometer is to be ased the bulb must be carefully inspected, to 
see that there are no small detached globules of air attached to the interior of the 
bulb. Should such be found, they are to be removed by shaking in a larger globule 
from the contracted part of the bulb, and making itgasfi over the smaller globules, 
which it will take with it; it is then to be returne to the contracted part ; and 
should any small portion of the mercury lodge in the tube it is to be joined to the 
column by heating the bulb till it rise to the small tube at the top of the therma- 
meter, where the detached portions will unite. 
" The best method of using these thermometers is to have the bulb and column of 

mercury up to the reading point brought to the boiling temperature : this is best 
done by a boiler provided with telescope slidetubes, which can be regulated to any 
required length; or where such an apparatus is not at hand, the same l e n w  of 
column, as nearly as possible, should be kept out of the water. Prof-r J. D. 
Forbes (' Philosophical Transactiong Edinburgh,' vol. xv. p 4'09) has, with great 
care, determined the difference of altitude due to a change of lo in the boiling point 
of water, and found it to be 545.9 ft. for each degree of Fahrenheit. Thermometers 
used for this purpose should be frequently compared one with another, and their 
differences noted; or, where one only is wed, the instrument should be noted as 
frequently as possible, both for the purpose of obtainiug more perfect results from 
a mean of the observations, and for correcting small changes in the indication which 
go on in course of time. 

" For secnriq in carriage the thermometer is enclosed in a brass caw, and sup' 
ported at all ints by woollen stuffing, and is removed from ita ease by screwing 
off the top antpbottom, and pushing out the bnlb, when the thermometer may be , 
drawn out."-(For Tables and Directions see Appendix.) 

Mr. Adie 'gives no directions for putting his mountain thermometer to rights 
when out of order. Having had some experience in this, I may mention the fol- 
lowing as the result:-The air left pnrposely in the instrument is always apt to get 
i n t e r sped  betwixt portions of the mercury. When the detached portion is not 
very far np the tube-higher, say, than 200-then it may be brought back into the 
bnlb by evaporatiou--tr saline solution, ether, or ice. Shonld a considerable 
quantity of the quicksilver have got into the upper bulb, the first thing is to strike 
it by tapping to one side, to allow the air from below to pass it without obstruction ; 
then boil the thermometer in a basin of strong brine ; when at its highest, tap the 
upper bulb, and the mercury r i l l  fall back into the tube, and probably be driven 
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one of the most convenient instruments the traveller can make use 
of within the limits to which it is trustworthy, whatever these may 
be. Mr. Adie considers them trustworthy to 28 inches on1 
about 2000 feet in altitude, and did it suit within this it wou ? d be Or 

much ; but it still remains to be seen whether it may not prove 
suitable to two or three times this elevation. 

I t  appears to me that a t  home the value of the instrument bas 
been greatly underrated, and it has been looked on, notwithstand- 
ing all the noise that has been made about it, as little better than 
a fair-weather glass, fit enough to take the place of the wheel- 
barometer, but fit for nothing more. Nothing, certainly, can be 
more ridiculous :than the legends " set fair," " fair," " change," 
" rain," " much rain," and s ," with which instruments are 
encumbered, if they be meant " or survey purposes. In the 
Deccm, or wherever throughout the fine weather the aneroid 
indicates a state of perpetual tempest-and the same is the case 
with all other localities of an elevation of 2000 feet-the legends 
are worse than perplexing and useless ; the occupy space which 
might be valuably employed otherwise. 4 he brass index, or 
register, may be expedient a t  home, where the instrument is used 
as a weather-glass only, and peo le are too slovenly or carelesa to 
write down their observations. !El ere it is an encumbrance, con- 
tinually in the way, and liable to bring about the breaking of the 
glass. It ought to be at once discarded. The aneroid, as used 
at home, is cut from 27.5 to 31 inches, though it indicates 2500 
feet : it ou ht to be cut all round the scale, or down to 23 inches 
at leaat. #his will suit for Simla, or the summit of the Nil- 
ghenies. 

The  following description of the anemid, taken from Dr. 
P p d i e  l'homson, will make what is about to be stated more 
clear than i t  otherwise might be to the general reader :- 

" 17re Aneroid Barometa.Since writing the preceding para- 
graph, the author has inspected * this new and beautiful instrument, 
invented by M. Vidi. It was described by P~~ofessor Lloyd to the 
British Association,t and reported to have stood the test of being 
placed under the receiver of an air-pump, when the iridications cor- 
responded with those of the mercurial gauge to l o  tlian 0'01 inch. 
Tbe principle upon which the instrument depends is the pressure of 
down by the air now above i t  Allow the instrumeut to cool leisurely, and then 
cool the lower bulb as much as possible by any of the means already mentioned, 
when probably all will come right aa befoi. Failing a bath of brine, nse oil ; bnt 
take great care in this case that the heat be not carried too far, ao as to burst the 
tube. It is very probable that by expansion all the air may be made topaaa above 
the mercury in the upper bulb, and the column become united without artificial 
cooling. On no adcount resort to afire, charcoal, or a lamp, as you are alrnwt sure 
to crack the bulb :-ezperto crcde. 

At Mr. Abraham's, Lord Street, Liverpool. The price is 31. I t  is 4 t  inches 
in diameter, and !f inches thick, The scale ia divided to 0-025 inch. 

f At .hiusea, m 1818. 
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the atmosphere upon a metallic chamber partially exhausted, and so 
conatructed, that by a system of levers a motion is given to an index- 
hand which moves upon a dial. 

" The principle of tlie vacuum-case was formerly applied by M. 
Conte in Egypt, but from the faulty mode of constructing his in- 
strument, it was rejected and neglected. 
" Upon comparison of indications made with the aneroid baron~eter 

-not corrected for the particular temyerature-and a very perfect 
mercurial barometer, given by Mr. Dent, we find that from forty-nine 
observations made between the 6th January and 23rd February, 1848, 
the mean difference was 0.037 inch, the aneroid being irl excess ; and  
from sixty similar observations made with a standard barometer, during 
December, 1848, and between the 3rd and 31st January, 1849, the  
mean diference amounted to 0.026 inch, the mercusial being, in this 
case, in excess over the aneroid barometer. Combining thefe observa- 
tions (109 in number) a mean difference amounting to 0.0025 inch is 
found to exist, the indications of the aneroid being in exce6s.t F o r  

I 
general use the instrument is tllus shown to be well suited ; for the  
measurement of heights it is peculiarly adapted, from its portability and 
comparative strength ; and for nautical purposes we know of no better 
instrument. 

'L Fig. 1 represents the external appearance of the aneroid baro- 
meter; Figo 2, its internal arrangement, where the dial is   up posed to 
be removed and the index hand retained ; aud Fig. .3, a perspective 
view of the same.$ 

! 

* Bulletin des Sciences. Floreal, An 6, p. 106. 
t The sum of all these observations gave 2139.722 inches for the aneroid, ?nd 

S239.44 inches for themercnrial barometer, thedifference being 0.272 inch, which, 
divided hy 109, = 0.00249. 

$ We beg to acknowledge tbe kindness of Mr. &nt in permitting casts to be 
taken of Figs. 3, 4, and 5, Aneroid Barometer. 
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'' I n  Fig. 2, a is the metallic chamber or vacuum-vaq which receives 
the atmospheric impreasions ; i t  is corrugated in concentric circles, 
which increases ib elmticity, and renders i t  more susceptible of rtmos- 
pberio impressions ; I is the tube, hermetically sealed, through which 
the  air in o is exhausted. At the centre of a there is a solid cylin- 
drioal projection x, to the top of which the chief lever cd e is attached 
-thie lever,.which ia of the second order, mta upon fixed pins, cr 
fulcra, placed vertically, and upon a spiral llpring under d, but i t  is 
perfatly ~ob i l e .  The extremity e of this lever ie attached by a 
vaticrl d d bar-shped spring f, with another lever to which a 
watch-chain g is fiistened, and extended to I), w h  i t  works upon a 
drum fixed to the axis of the index-hand, connected with a deliate 
spring at A,-the vertical motion is thus changed to a horizontal one, 
and the hand, which is attached to the metallic plate i, is thereby 
moved upon the dial. The movement originating in the vacuum- 
chamber is multiplied by these levers, so that a change in the corru- 
gated surfaces, amounting to 1-220th of an inch, carriea the point of 
the index-hand through a space of 3 inches on the dial. 
" In  Fig. 3 the vacuum-chamber is represented by D ;  the large 

lever by C, resting upon the fulcra B B and spiral spring S, and s u p  
porting the box D by the pin K. A t  the extremity of C is seen the 
vertical rod (1) connecting it with the levers (2 and 3) by the bow- 

shaped spring (4). The square-headed screws be, by serewing or un- 
screwing, admit an alteration in the distance of leverage, and thereby 
enable the index-hand to move over a apace corresponding with the 
scale of a mercurial harometer. T o  the lever (3) is attached a light 
rod, terminating with the watch-chain, which is attached to the drum 
fastened to the axis. The handle is kept firmly fixed when not in 
motion, by a delicate flat spiral spring attached to the axis, acting 

. 

against the force of the levem, and always in a state of tension. F is 
the exhausting tube : and A, at the back of the instrument, is a screw, 
which, upon being tnrned, alters the position of the index-hand, and 
thus enables the observer to adjust the aneroid to any n~ecurial bar* 
meter. The atmospheric pressure i n m s i ~ l g  on D will cause a  light 
depreeeion of the ,corrugated surfhe to which K is attached, and a 
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companding inclination of the lever C;  but ae this lever is resting 
upon unmoveable fulcra at B B, the motion will take place chiefly over 
the qi ra l  spring S, the increased distance of the lever being aa six to 
one. The metallic cl~amber being 2.6 inchen in diameter, the pressure 
of the a tmqhere  should be about 78 Iba. upon the corrugated 
diaphragms, but owing to varioua cauees it is not more than 44 lbe. 

" Figs. 4 and 6 represent the vacuumaae, eeparated from the levers. 
The former shows the case before exhaustion ; the latter after the air 
has been withdrawn. aaaa indicate the lapping over of the thin 

corrugated metallic diaphragms, where they are. eoldered to the rim ; 
D is the vacuumchamber, with F the exhausting. tube; and L the 
acrew part fixing D to the metallic plate N below. In  Fig. d the 
vacuum-cage is in a state of compres~ion after being exhausted, uld M 
represents the socket, which, being pulled by the pin K, placea D in a 
state of tension. The dotted line marks the position of the diaphragms 
after the introduction of the gas, which effecta cornpeneation for 
changes in the capacity of the caee by alteration8 of temperature. 
Without thin gaa the capacity of the case would be diminished by heat 
and increased by cold, .but the changes in'the elasticity of the ~ e o u  
fluid by varying temperatures effect compensation. In uaing the 
aneroid barometer for ecientific purposes, a certain thermometrical cor- 
rection ie required. This is made by carefully noticing the indication 
of the instrument in the external atmosphere, then placing it before a 
fire till the thermometer indicatea 100° F., and watching the change 
which has taken place. The variation of the hand, divided by the 
degreea of the th&mometer, gives the quantity for &h degree. - The 
amount will be sometinlee in excess. occasionally in defect."-Dr. D. P. 
Thornson's Introduction to ~ e l e ~ o b g ~ ,  pp, 47-452. 

'The followin are the results of varioue comparisons betwixt 
the aneroid and % arometer, made at different elevations, u to 2000 g feet above the level of the eea; further than this. I ave not 
gone. 

The survey-station at Neat's Tongue, between Trombay and 
Mehal, exactly 1000.6 feet above the mean level of the sea, as. 
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ascertained b theodolite, afforded a very suitable place for ex- 
periment, a n l  the collection of instruments in possession of the 
Geographical Society offered a most convenient o portunity for 
determining the . The beautiful standard arometers by 
Adie, 2, 3, and pt g 

were, with three aneroids, now selected for 
comparison. Barometer No. 4 was left a t  Balcairn, about 70 
feet above the level of the sea, and No. 1 in the Geographical 
Society's rooms, 35 feet lower, for reference. The first observa- 
tion was made at 5 b . ~ . ,  about half-way up the hill, where ba- 
rometer No. 4 stood a t  29.600, temperature 84" ; at Balcairn it 
had stood at 29.874 at 3 P.M., temperature 86O: it had thus 
fallen 0.274. The three aneroids stood as follows :- 

No. 3187. No. 1942. No. 1737. 
Aneroid, 70 feet above sea ,. . . . 29.945 . . 29.860 * 29.850 
Neat's Tongue . . . . . . . 29.626 . . 29'552 . . 29.560 - - - 

Difference . . . -819 . . -308 . . .290 - - - 
Mean -306. There was no time to try more than one baro- 
meter here. On the to of the hill three barometers were made 
use of, exactly as at t \ e survey-atation; the cisterns were six 
inches above ground. The following is the result :- - - 

No. 2. No. 3. No. 5. 
Barometeqat Bnlcairn,at 3p.m. . . 29.882 . . 29*849 . . 29.874 
Barometers, at Survey Station, at 6 P.M. 28.966 . . 28'986 . . 28'984 

7 - - 
Difference . . . -916 . . -863 0 ,890 - - - 

Mean ,889. The temperature at Balcairn was 5O-higher than 
that above. No correction for this was at this stage made. 
Aneroide, ae above . . . . . . 29.945 . . 29.860 . . 29.860 

28'900 . . 28'888 . . 28'950 - - -- 
Difference . . . 1-048 . . -972 . . 9900 

7 - - 
Mean .972. Difference from barometric mean -083. 

The following experiments were made a t  the level of the sea 
at half-tide, and at Balcairn on the summit of the rock close 
by :- 

No. 2. No. 3. No. I. 
Barometer, lower . . . 29'936 . . 29.914 . . 29'926 
Barometer, upper . . . 0860 . . ,830 . . '856 - - - 

Difference . . '076 '078 '070 - - - 
Aneroid,lower . . . 29.910 . . 29.830 . . 89-923 
Aneroid,upper . . . -840 . . ,770 . . '850 - - - 

Dierence . . ,070 . . *OGO . . -078 - - - 
VOL. XXI. E 
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The mean de ression of the aneroids was thus -067, that of the 
barometer was - 74; difference -007-seven thousandth parts of 
an inch. 

g 
I took three instruments to Poona with me in the end of July. 

Two of these belon ed to Messrs. Treacher, one to the Society, 9 this last being sad y out of order; the cause of error was not 
observed at  the time, it arose from the slackening of some of the 
screws, since tightened. 

The results were the following :-the standard barometers 
employed were Nos. 1 and 2, two of the finest sent out by Mr. 1 
Adie ; the way they kept to ether was admirable. The moun- 
tain sj-mpiesometer referred l[o was a very elegant instrument 
procured for Colonel Cam bell, whose indications were also very 
accurate, and in most pe d ect harmony with those of the other 
instruments. On cowparing the instruments at  Senree, about 
70 feet above the level of the sea, they stood on the 22nd of 
July at 10 A.M. as under, the thermometer being 84O, the cor- 
rection for temperature of the barometer here applied -149. The 
standard at the observatory at this date was 29.66'7, the instru- I 
ment being 32 feet above the level of the sea. 

Barnmeten. Mountain Anetoids. - Pympieaometer. / > 
1. 2. 5821. 8829. 2244. 

29'676 29'662 29'750 29'765 29'790 29'780 

The following were the readings of the instruments respectively 
at  Poona at  10 A.M. on the 27th ; the observatory standard had , 
betwixt these two dates sunk from 29.667 to 29.187, or by 1 

00.080 :- 

Temperature at Poona 76O, barometer corrected, 
P7.713 27'118 27'830 27'800 27'802 27'650 

Difference betwixt Bombay and Poona- 
1.963 1.949 1.920 1.965 1'988 2'130 

The coincidences here betwixt the barometer and mountain 
sympiesometers, and Mr. Treacher's aneroids, are as close as 
ma be. 

These ex eriments were performed at Colonel Grant's, at the ! extreme en of the artillery lines ; his house is pretty nearly on 
a level with the church, the top of the spire of which is set down 
in the trigonometrical survey at 2038 feet above the level of the 
sea; assuming the spire at 138, this will be 1900. Mr. 
Treacher's instruments were only cut to 27.5 inches, and that 
belonging to the Society, cut to 23, was unserviceable, so that the 
doubt expressed by Mr. Adie, as to whether or not aneroids are 



for the Purposes of Surveying in India. 6 1 

trustworthy below 28 inches for survey purposes, remains un- 
solved.+ 

I took our own aneroid to the top of 
with me ; the following were the results 
the  instrument was unserviceable, so 
indications can in this case be drawn. T h e  perfection of the 
mountain sympiesometer is very remarkable : 

Bapdieu Ghaut, August 23. 
Buometer 1. Symplrsmeter. Thennometer. 

Poona, 7 A.M. . . . . 27.952 . . 28.06 . . 76 
Bapdieu Ghanf 9 A.X. . 26.747 . . 26-86 . . 74 - - - 

1.206 I'JO - - 
T h e  barometer is corrected for temperature to iWO. 

Since these experiments were made, others have been con- 
cluded by Profesaor Patton, an extract from an account of which, 
lately read before the Geographical Society, is subjoined :- 
" Remarks on the Aneroid.-Considerable diicuseion has of late 

arisen on the subject of the aneroid barometer, and great uncertainty 
still exists in reference to its utility. A letter h r n  the emiuent 
instrument-maker, Mr. Adie, read before a late meeting of thie So- 
ciety, has tended very much to increase previously existing doubts of 
its usefulnets in ascertaining high altitudes, for which its portability 
and cheapness would have made it particularly suitable. This Society 
also having order& a supply from England, it is of great importance 
not oqly to have those doubts set at rest, but a h  to have some means 
of testing their correctness, in order to inform purchasers of the limits 
within which they can be trusted. In  order to do so, I obtained two 
aneroids, one belonging to Mr. Treacher, graduated to 27.5 inches, 
and one belonging to the Society, graduated to 23 inches, and wb- 
jected them to the following experiment. I n  the neck of a flask con- 
taining a s m d  quantity of mercury, I inserted a sn~all bent tube, and 
when the flask was inverted, the mercury of course stood at the eame 
level in the flask and in the tube. 

" The flask was proper1 supported on a small retort stand, and the 
aneroids were then place c!' under the receiver of an air-pump, and a 
few strokes given to the pump. When the air became a little ra$fied 
in the receiver, the elastic force of the air in the flask preased down 
the mercury, and the degree of exhaustion was measured by the alti- 
tude to which the mercury rose in the tube. Therefore, neglecting 
for the present the diminution of the elastic force of the air in the 
fiask, arising from the increase of volume, and neglecting also the 
change in the temperature under the receiver, the rise of mercury in 
the tube should be exactly equal to the fall indicated by the aneroid, 

* On thie point see Professor Patton's Observations at Mahabuleshwur, and also 
tho8e of Colonel Yorke on the Pug de Dome, &c., in this No. of the Journal.-ED. 

E 2 
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and &a txrri2. And this was the case in each of the exprimente, as 
will be seen from the readings given below. The air waa first puinped 
out, and the receiver not being perfectly ,air-tight, it reentered 

d u a l l y ,  and readings were taken at the same instant by myself and 
&r. ~mimeer h m j e e .  

Height of Mercury 
in Tube. 

Ineha. . .  n e . a . 2 ' 5 5  . . . . . . .  2-25 . . . . . . *  1'55 . . . . . . .  1.05 . . . . . . .  0.55 . . . . . .  . O ' O o  

" In the first experiment the aneroid rose 2.55 inches, and the mer- 
cury fell the same; in the second, the rise is 3.25 inches, and the fall 
3.3  ; and in the third, the rise is 5.2 inches, and the fall 5.25 inches. 

" This close coincidence is remarkable, and requires to be accounted 
for, and explained, because it would redly indicate a considerable 
error in the aneroid, rather than prove its exactness. I n  the last 
experiment, the mercury in the tube fell 5.2 inches: the volume of 
the air in the flask therefore lessened, and consequently its elastic 
force increased. This increase I ascertained by measuring the volume 
of the air in the flask, and the volume of 5.2 in. of the tube to be 
equal to a pressure of -27 of an inch of mercury. The aneroid, ' 

therefore, instead of coinciding, should have differed by this amount 
from the reading of the tube ; that is, the mercury should have fallen 
less than the aneroid by -27 of an inch. But a little consideration of 
the circumstances of the case will account for the discrepancy, and 
prove that in this large range of 5 - 2  inches the aneroid differed by a 

Flnt Experiment. Beeond Experiment 

A d .  

Inchar. 
26'0 
36.5 
27.0 
27.5 
28'0 
28.5 
29.0 
29'25 

Inches. 
24-5 
25.0 
25'5 
26'0 
26.5 
27'0 
27'5 
28'0 
28-25 
28' 5 
28-15 
29'0 
29.7 

Height of 
Mercury in Tub. --- 

Incher 
3 ' 9  
5-35 
2 - 8  
2-35 
1-85 
1-55 
0.85 
0' 6 

Height of 
Mercury in Tub. - 

Inches. 
4.75 
4'25 
3.7 
3.3 
2.7 
2.2 
1 -7  
1'2 
1.975 
0.7 
0-425 
0.2 
0.5 
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less quantity than '27 of an inch from the truth. The total fall of 
mercury in the tube should be diminished by the rise of the mercury 
in the flask, and this must have amou~ited to about 1-10th of an inch. 
The mercury used in the experiment was not pure, and should be 
corrected for temperature; and therefore the fall, which seems to 
represent a change of pressure of 5.25 inches, must be much less, and 
when the increased pressure in the flask is then added, the discrepancy 
will be inconsiderable. I have not been able to ascertain the amount 
of error due to these causes, nor to the change of temperature of the 
air in the receiver, but in future observations with more perfect appa- 
ratus I shall be able to do so. From these experiments I felt satisfied 
that the aneroid No. 2 would not differ from a mercurial barometer 
by more tllan 1-10th of an inch, if carried to a height of 6000 feet. 
Since these experiments were made, I have had an opportunity of 
taking it with me to Mahabuleshwur, and of comparing it with the 
syn~piesometer, and the results given below show how accurately my 
anticipations have been fulfilled-at least, as far as 4500 feet. Dr. 
Buist's observatiom at Poona had already proved its correctness to the 
height of 2000 feet. 

Aneroid. Xymplesometer. Thermometer. 
&L 19. 29.8 . . 29.56 . . 90.0 12 o'clock at noon-level of sea. 
,, 19. 27.726 . . 29.5 . . 8.5 3 ditto ditto. 
,, 20. 29-85 . . 29-65 . . 83.6 94 A.m., Mhar River. 
r 20. 39'155 . . 28'93 . 85.5 51 P.m. 
,, 20. 25'79 . . 25'54 . . 68.5 9) P.M., Monastery, Mahabuleshwur. 

"The coincidence between the t\\.o instruments is seen to be very 
exact, the total fall of the aneroid being4.01, and of the sympieso- 
meter 4.02. 

The following are the readings of the aneroid and thermometer at  
different places between Mahabuleshwur and Poona :- 

Aneroid. Thermometer. 
Oct 21. 25.756 . . 65.0 94 A.M., Monastery, Mahabuleahwur. 
,,_ 21. 25.9 . . 68.0 4 P.M., top of Tai Ghaut. 
,, 21. 27*176 . . 72.0 5 P.M., bottom of ditto. 
, 22. 27.75 . . 73-6 TopofGhaut. 
, 22. 27.88 . 75.5 Bottom of ditto. 
,, 22. 26'725 . . 81'0 Top of Ghaut near Poona. 6 p.m. 
,, 22. 27-87 . . 80.0 Poonr lines. 10 P.M: 

,, 23. 27.77 . . 81.5 Ditto 4tp.m. 
,, 23. 27'87 . . 78.5 Ditto 10 A.m. 

" A  very slight examination of these observations will show how 
sensibly the aneroid is acted on by the smallest undulations of the 
ground, and it acts as freely at  25 inches as at  30. 
" They maks no pretence to great accuracy, because most of them 

were taken when the palkee in which I was carried was in actual mo- 
tion, but this only proves more strongly the value of the instrunlent 
for general purposes. 
" When the nierits of the aneroid become known. and corlfidence is 

placed in its indications, i t  will probably supersede kl1 other portable 
instruments for ascertaining the heights of mountains: I have there- 
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fore prepared the following table, which will enable any one who can 
multiply and divide to obtain altitudes with all the accuracy that in 
required for practical purposes. The formula used in the cakulation 
is given by Poisoon in the second volume of hio Trait4 de MB- 
canique :'- 

" Rule.-Multiply the number in the table opposite to the mean of 
the temperatures of the two places in degrees of Fahrenheit, by the 
difference of the barometric heights, and divide by their sum. The 
quotient is the height in feet. 
" Example.--On the 20th of October, 1850, the barometer s t ~ o d  at 

29-85 in the Mhar river near the sea, the thermometer ind~cating 
83.5; and at the Monastery Mahabuleshwur it fell to 25.79, and the 
thermometer to 68.5. Required the height. Here the mean tem- 
perature is 76O, opposite to which in the table is found 57541, which 
being multiplied by 4.06, the difference, and divided by 55-64, the 
sum of the barometric heights, gives 4198 feet, the height required. 

where t and tr are the temperatum of the air in d ee of the centi- T grade thermometer at the two places of observation, and A' the length 
of the barometric columns, and Z the highest in metres. 

TIBLE 10 hdibb3 CAUXXATION~ of H ~ E T ~  of MOUHTAINB. 

T m  of HEXQHTS found by the Ammm. 
Feet. 

Kenesoxe. above the level of the sea . . . 665 
Mahabuleshwur, ditto . . . . . . . . 4198 
Mount Charlotte, above Monastery . . . . 324 
Mount Charlotte, above the level of the sea . 4524 
Tai Ghaut . . . . . . . . . . , 1862 
Height of Ghaqt, above Poqna . . . . . 1216 
Poona, above the level of the sea . . . . 2025 

77' 57658 
78 57774 
79 57890 
80 58007 
81 58124 
83 58240 
83 58356 
84 58472 
85 58539 
86 58706 
87 58823 
88 58939 
89 59055 
90 59172 
91 592218 

300 52416 
33 52532 
34 b2649 
35 62765 
86 62883 
37 62993 
38 53115 

" 3 9  53231 
40 53548 
41 53464 
4 53581 
45 53697 
44 53814 
45 53930 
46 14046 

These heights, as far as I have been able to asoerbin, coincide very 
nearly with the heights ascertained by other meaae. Indeed no single 
observation of the barometer at one of the places could be expected to . 
give it mare accurately. 

47O 54168 
48 54280 
49 54396 
50 54512 
51 54629 
62 54745 
53 54862 
54 54979 
55 55095 
56 55211 
67 55328 
68 55444 
59 56561 
60 55677 
61 55794 

6%' 55901 
63 56027 
64 56143 
65 56860 
66 66376 
67 66493 
68 56609 
69 56720 
70 56842 
71 56958 
72 57055 
73 57192 
74 57308 
75 57424 
76 57541 
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" Leslie's rule is very convenient, and sufficiently accurate ; but the 
correction for the temperature of the air at the two places is often 
neglected in practice-and even in some scientific works the fact of a 
correction being required in not mentioned. But this oorrection 
cannot be omitted, because in the case of Mahabuleshwur it amounb 
to upwards of 400 feet. and in the case of Poona to about 180 feet. 
The reaulb, however, are always too small, becawe in hb investiga- 
tioq he ww only anxious to obtain an approximation, and neglected 
systematically all but round numbers ; and all tbe omissions tended to 
reduce the apparent height. Near the equator, the diminution of the 
force of gravity is another source of error, which still more diminishes 
the hei ht deduced from the usual formula. I have therefore used, 
in the f ormation of t,he table given above, the number 52416, deduced 
from Poisson's formula, in preference to 52000 used by Leslie. Be- 
sides, the thermometer in general use being graduated according to 
Fahrenheit's sale,  it ie inconvenient to be obliged 'to convert the 
degreea into those of the centigrade. As some persons may prefer the 
use of his rule, I add it, with the example given above worked 
out :- 

L C  1;@s1ie18 R&.-As the sum of the mercurial columns is to their 
difference, so is the constant number 52009 feet to the approximate 
height. Correct the approximate elevation by shifting the decimal 
point three places back to the left, and multiply by twice the sum of 
the degrees of the detached tl~ermometer : this product being now 
added, will give the true wei ht. 

c c  Taking the former exarnJe, we have, 56-64  : 4* 06 : : 62000 : 3793, 
the approximate height, and the correction is 3'798 ft. x 99.7 = 378, 
which gives for the true height 4171, di&ring from the former by 27 
k t .  

Of the more minute daily variations, and the correctione, if any, 
tbat are to be applied, I hope to be able to have some account for the 
next meeting of the Society. 
" 21st Nov., 1850." " JOSEPH PATTON. 

T h e  dial plate, as we shall call it, is about four inches in 
diameter ; the scale is engraven about half an inch in from the 
edge of the dial, it is by consequence nine inches in circumfer- 
ence, and when en raven all round is divided from 23 to 31, or 
over a space of eig f t inches, each space corresponding to a baro- 
metrical inch, being thus in reality 1.125 inches: this is divided 
into tenths, each tenth being subdivided into quarters, so that the 
instrument reads to 0.025 ; it may be extended to half this, or to 
0.0125. 

The space betwixt the present scale and the extreme edge of 
the dial, half an inch in breadth all round, is occupied on the one 
side by the words stormy, much rain, rain, change, fair, and set 
fair-calculated in India only to mislead ; these ought in all cases 
to be omitted, and the thermometer, which occupies the other side 
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of the dial, should be sunk underneath it, so as not to interfere 
with the scale, or sweep of the index. The scale should be cut 
a t  the extreme outer edge of the dial plate ; by this a fourth 
would be gained in space without altering the mechanism o r  form 
of the instrument. An inch will thus be represented by a space 

, instead of 1.125, and this may easily be sub- 
divided la in into leuah undredth parts, capable of being estimated to half 
this, or to 0-005. Troughton's marine barometers, when meant 
to read without a vernier, arc cut to hundredths of an inch, each 
division being a third less than what I have recommended for the 
aneroid. As already stated, the brass index is a mere encum- 
brance, endangering the glass, and continually in the way ; it 
ought at  once to be abandoned. The steel index ought to be 
made much finer, and more delicate than at present, as he, in 
fact, as the seconds hand of a watch : just now it occupies a space 
corresponding to about twehundredths of an inch. Reducing its 
dimensions has another advantage besides improving the delicacy 
of the reading-it diminishes its mass and momentum, and so 
rids us of tremor and vibration when the instrument is moved 
about. 

The im rovements suggested are all too obvious to require to 
be more A n  mentioned ; they can be carried out without in my 
wa increasing the expense, size, or complexity of the instrument, i an ought to be insisted on by all those ordering aneroids for sur- 
veying urposes, or for service of any sort in India. P Shou d Mr. Adie's surmise prove correct., and the aneroid at 
pressures under 28 inches cease, as at  present cut, to harmonize 
with the barometer, it would be well, with an instrument so com- 

act and convenient, to see whether a series of aneroids could not 
Ee so made as to serve in succession for any or dinar^ elevation ; 
or whether the portions of the scale lower than those on the 
common aneroid might not be so altered as to afford the correct 
pressure. One instrument might serve for the first 2000 feet, a 
secor~d when only marked up to 28 inches might carry us 2000 
feet higher, and so on. The matter might be very easily deter- 
mined under the receiver of an air-pump, without actual ascent, 
the barometric gauge, with a good scale, answering as well as the 
barometer itself. 

The neatly glued, leather-covered, velvet-lined box, in which 
the aneroid is enclosed, is totally unsuited to India : a hot D e m n  
wind will warp, twist, and split it in pieces ; a wet monsoon at- 
mos here dissolve all the glue, mould the stuffing, and rot both tg lea er and velvet. To meet' the risks of climate and rough 
usage, it ought to be provided' with a strong brass, copper, or zinc 
box, of its own form, but some inch greater in diameter and 
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iso as to present half an inch of clear space all around. 
of cork, or with 

up in some such 
vibration. Were 
er, like the cover 

glass  o r  powder-flask, and the instrument made to slin 
e shoulder, i t  would, I think, be so thoroughly protecte 
uce the risk incurred to a mere trifle. 

ti 
other instruments, i t  

is always a secondary 
angers likely to be encoun- 

home ; and it should never be 
warp with heat, such as a thin 

ny amount of damp combined with 
gum, or attract insects, such as paste, 

soned by corrosive sublimate, should be sent 
instrument-makers, or even good mechanics, 

almost unknown amongst us, that things apt to get out 
be made as simple and as easy to take to pieces 

raphy of the Provinces of K u m h  
a dlountains, and of the adjoining 

RACHEY, Esq., of the Bengal 
ir Roderick I. Murchiion. 

[Read May 12, 1851.1 
almost entirely dependent upon Chineae 

graphical knowledge of what has been 
e small accessions to our stock of infor- 

mation are gradually being made which render it necessary for us 
to modify from time to time our preconceived ideas of the physical 

' qature of this region, from which European travellers still con- 
Fllid h u e  to be most jealously excluded by the policy of the Chinese, 

who are everywhere paramount between Siberia and India. 
The comparatively small elevation of the greater portion of this f " terra incugnita9' was, I think, first pointed out by Humbnldt, 

and we were taught by him, most correctly, that the high lands 

/ (  
were confined to its more southern parts, which are commonly 

;-d known to us under the name of Tibet. 
'his elevated region, to which it is that I now propose to direct 

Your attention more particularly, extends through nearly 30' of 
\ 

See also the Pa r by Lieut. Kay, R.N., Director of the Royal Observatory, 
. T o m ,  in C Joqr~gl * the Royal Society of Van Dienpw98 L a d ,  p 8% 

1850.-ED. 
;i 
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