
1X.-On the U k  d p  Cimnbn 2kmometer8 to deteyi; he&. 
By Limb.-Col. W. H. SYKES,,P.R.S,', 

, . 
HAVINQ bten remntly to by two pn t lbmen  about to 
travel-the one in Afries and the otber in Asia Minor-far a de- 
rcriph of the thermomctrrs and nppnrntuq ~lsrrl hy myself fi)r 
some years in India firr tlrtrrn~ininq h r i ~ l l t s  I)? the hoilinr tern- 
paratme of *, I bnrr vrnturrcl to I~cl t r r r  tllnt n I~ricf account 
of a process which 1 tountl to produce rrsults snflicirntl nrnr tc; 
the t m t b  far matt p c t i c a l  purpnscs. m v  nnt h r  nnnccrptal~lc to 
some memben of the  Society, partirulxrly as I c-arrietl on my br- 
romctriul o b m t i o n s  contrml)~~mneously, nnd thrrrhy ohtninrd 
data for f kbg  the n l u r  of rcrtnin points on tlir t h m o m e t r i c  
40. To d e t e r d n r  llriahts nccurntrly, qoocl hnrolnctrrs arc 
neoesrary, which have hccr~ cnrcfrllly climpnretl with :I stnntlarrl 
barnmeter; the observntions must IIP takrn simultnncnusly nt tile 
uppef and lower stations, nncl thc trmprrnturr of the mcrrury ant1 
tbe a r ,  and the hygrometric stntr of thc lnttcr, must I J ~  noted. 
Mejgbts so determimd. when testccl s p i n  in thc samr or suc- 
a d m g  giesls, I hsve r a r ~ l v  fount1 to vary more t lnn  lo or 90 
feet in 4000 OW 5000. \\'hen ljnromrtrrs a r r  uscd nllicll Ilavr 
not bear pbevio~~ly rompnrrcl r i th  n stmtlnrtl, when tllr oh- 
smdom are no; aimultnnrous. nntl when the prcsurc  ancl 
temperetnre at tbe lcvcl of tlic scn arc nsttrm~d, the rrsults may 
by.accidmt be neu to tlie truth, hut thcy nil1 usunll? I)r frorn 
100 to 300 feet wmn~,-at lcast such is the rcsnlt of my espc- 
rianae within the t m l k ~ .  Dut p c l  hammetrrs nrr w r y  cost]!; 
they are t r o u ~ s o m e  to carry, nrr pnrtirulnrly rsposctl to n r -  
cident on a journey, nnrl p t  out of rirclrr by the rscnpc. of t l ~ e  
mercury, which being fr~rluently unohsrnerl, tbr  haromrter con- 
tinties * be ared as if it wmt. mrrrct. The lntr Archtlencon 
Wollarton, aware of thcsc fncts, invrntrrl the tl~ermnnirtrir Inm- 
rn*. to sapply the .place cif thr ordinary I~aromrter. Th i s  In- 
strument is very i w m ~ b l ~ ,  I)ut it is vrry frngilc from tlie p r a t  
weight of the bdb colnpnrril ~vith thr slrndrrncss of the stem ; 
IllMeOrm, there are somr rnmplm nccompnnimrnts, and t11c in- 
strument is also exptnsivc : in sllnrt. I founil it n t ~ t  Ct for TOIIIJ?~ 

wwk ont-of-doom, havinq hnd thrcc tlrstrnytl nt tllc outset nf ~ r ~ y  
labonrr; and thessmr opinion is r ~ r r s s e d  lly 3Tr. J n ~ n c s  Prinsrp, 
of Calmtta, whoim wcll Iinown for tlic practical applicntinn of 111s 
scien(ific knowledge. I hat1 ttlcn remnrsr to common tlrermo- 
metew, and, with certain prccnutinns in thrir use, fount1 them 
a-er &my p r p w  rufficirntly wrll. A tin shavinc-pot IVW, my 
boiler; dry ddrr a d  pure water were usually to bc had, and hy 



T ~ ~ U R ,  upper mhtion, sO=driw 8 .lm 
Ditto lmn; 

h n d n g  WeOO inches as the average height of the *eta+ 
at the level of the rer (which is however too much), tbe ddtprb 
oftheopperrtstionisat onceobt.iacdbybpedm dTable 1b 
correctine for temporatwe of the w u m  of air tmvamd by 
Table 2. 

[Newman, Optician, IQQ, Regent Street, hes been in the habit 
of making these instruments ; he recommends the w e  of copper 
brad, instead of tin, ar more durable; and a free ercape for 
the rteam, or the results will be incorrkt fiom the boiling taking 
place under pressure; o model may be aeen the apartments 
of the Royal Geographical Society.-ED.] 



oompakd fnmr the fonnub of the wriwr . demt 
r m r d ;  but, in thrw 13La d e b  1 hn h-a, tb. 
heights computed by them, yhm awrpared with heightr deter- 
mined by correrpondiug kmrnetrica o ~ r m ,  with previously 
comp"al bama~eden, (dm only satidktq m y  to arcertpin heights 
not tsken hipmetrically,) approxhste d c i e d y  near fur all 
practid purpam where grest eccuncy b not d e e d .  Them 
abler, homer ,  d8er @lightly f m  awh &her. 

The table which &at cslne into my hands appeared ammy- 
m d y  in the Madnu Oarcffe for 18%. In 18e6 .n able 
friend, Lieut. R o b i n ,  of the Ind ia  Navy, who entered 
warmly into my views to determine heighb by common thes- 
mcmettm, thought he d d  improve upon the table I KM 
using, and mrdingi J made a new armpatation ; the third 
table crme under my notice much more recently than the two 
farmer. I t  ir computed by Mr. Jraer Rixmep, of Calcutta, 
lJecretary of the Asiatic Society of Bengal, a gentleman d i e  
tiagabhed for hb eoientiflc research. H e  publbhed it in the 
donrnel of the Wety. To admit of a just eshate being formed 
of the value of there table#,-4 the d u e  of corresponding baro- 
metrical observations, made with due pmautiona, although with 
different coadjutum end diffeteut inrtruments,-of l e  d u e  of 
barometrical o h m t i o m ,  with an assumed pressare und tempe- 
rature, at the level of the sea,--of the d u e  of thermometrical 
compared with barometrical obaervationr,-ont of many hundred 
heighb determined in d o u a  warn I ham taken many at random, 
(the number it appesn is eighty-eight,) aml I have put them into 
juxtaposition in a tabular form. In thermometric heighta the 
elements at the l d  of the rea were a boiling temperature of 
91%' Fahr. and a mean temperature of the air of 8 9 .  The 
a d  pressure in heiighb determined barometrically, without 
corres nding observations, waa SO inches; mean temperature 
8P. % lmking over the tabulated resn.1~ I was a good deal 
a m p r i d  to find that in no instnnee, by whatever method deter- 
mined, do the bammtric Werenm in height exceed 107 feet, 
and thb only by annpatiq the high& indimtiom with an M- 
mmed pressme with the loweat ind icah  of corresponding obserl 
vations. I t  widl be men that the viuiom tablea for determining 
heightl, thermomdrically, with certain exceptions, do not differ 
very maferiaUy in their results from each other, nor from amre- 
spending barometric obsemdona; the formula? on which they 
are founded may therefore be considered, on the whole, sdkiemtly 
accurate for the present atate of our knowledge. 

Lieat. Robinson's and Mr. Prhstp'~ tables give c l w  a 
mationa to each other in their results, but they are u much$d;"6; 
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tbe abrreqondhg h a t r i c  obsematbtu, which 1 mnsider the 
true heights, cis the results by the Madrar table are above the , 
ttue heightiu. Some of them curiously coincide within s foot or 
t p o o f t h e ~ d ~  barometrical ob- 
semcions, but this minddmoe m s d t  of rserr .e- 
ddent. Taking the mean of all the thennometric observations a 

at a station cslcalated by the three tables, and the mean of all 
the corresponding barnmetric observations at the sarne p h ,  tbe ' 
litmost difference is 107 feet in less than 000; and the least dif- 
fkrence is 8 feet in about 300 ; but, as the thennometric heights 
io which the difference of 107 feet oc<wn were single ohrer9- 
4onsy made by a gentleman w b  had newly begun to use his, 
tbermomebrs, they mhy be looked n p  as probably less ~rocarate: 
than subsequent trials would have made them. This is scarcely an' 
unjust inference, as it will be seen that the next great& difference: 
m d e  by the same gentleman wal only 94 feet in 4490. I t  must be 
admitted however that this mount of error is just ss likely to occur- 
51 heights of 100 feet as in those of 10,000. My thermometers 
were not graduated to lam thsa Mfdegrees, and lag practice 
enabled me to determine the height ef the mercury in the stem 
to one-twentieth of a degree; but I would recommend thermo- 
meters being used in which the degrees are graduated to fifths 
or tenths of a degree. On the whole, I think the results of six 
years' experience justify me in sayi that common thermome- 
ters may be satisfactorily used to supp "7 y the place of barometers 
in measuring heights where great accuracy is not required, and it 
will be recollected that what is usually looked upon as a difficult 
and tmtlblemme meration with will be attainable bv 
ky person who cahies with hi a couple bf thermometers, th? 
requisite tin pot, and the tables, and whe is master of the eimplest 
rules of arithmetic. 

Of the three tables in my pssession I have chosen Mr. Prind 
sep's to submit to the Society, from their perspicuity and the 
facilities they offer for the conversion of boiling temperatures intd 
heights with very little trouble ; but a glance over the figures in 
my tables of altitudes will show that the tables are susceptible of 
considerable improvement, for, with two exce tions, all the heighu 
deduced from Mr. Prinsep's and Lieut. l!o binson's are much 
below those determined by simultaneous observations with good 
barometers ; and I join with Mr. Prinsep in expressing a h o p  
that every traveller boiling his thermometers will at the same 
time, if he possess a barometer, make a record of its indications, 
nnd thus render essential service to physics by fixing m many 
points on the acale of the elsetic tension of steam at different tern. 
peratures, 





Tb 8nd tb BMIlrCtrio Pramn and Blerrtion wmqondiag C my obwnal 
- d - W & t W B H O r r d  1W. 

Tln Fmth Cbhmm givu the Beightr m Feet. 

I 

d~.*. 

0 

el4 
418 
$19 
211 
elo 
m9 
W 
207 
24% 
205 
e04 
W)S 
m2 
eol 
BOQ 
199 
198 
197 
196 
195 
194 
193 
19'2 
191 
190 
189 
188 
187 
186 
185 
184 
1 83 
182 
18l 
160 

.i 

Barom* 

31-19 
30.59 
80.49 
29.48 
28.85 
28.29 
27.73 
27.18 
26.64 
26.11 
25.59 
25.08 
24.58 
e4.88 
29.69 
23.11 
98.64 
22.17 
21.71 
21.26 
20.82 
20. 39 
19.96 
19.64 
19.13 
18.72 
18.32 
17.93 
17.54 
17.16 
16.79 
16.42 
16.06 

. 15.70 
15.35 

M 0 d i 6 e d ~ ~ ~ ~ , " ~ o ' p , ~ ~  
F U . ~ .  

. 

00,g4,3 
84.5 
84.9, 
86.9 
86.b 
85.8 
86.2 
86.6 
87.1 
87.11 
87.8 
88.1 
88.6 
88.9 
89.8 
89.7 
90.1 
90.5 

91.4 
91.8 
92.2 
92'6 

: 
B3.6 
94.2 
94.8 
95'3 

09::; 
96.9 
$7.4 
97.9 

zw 
kO, 

"thofa 
Degm. 

Fat. . . . . . . 
5 1 . . . . . . 
68 . . . . . . . . 
5s . . . . . . 
64 . . . . . . 
55 . . . . . . 
56 . . . . 
57 . . 
58 . . . . . . . . 
59 

o r t h e ~ n e ~ '  
of the &r 

Pea 
-1013 

587 
O 

+&,g 
1m1 
1554 
2049 
2566 
3085 
3607 
4131 
4667 
5185 
5716 
6250 , 

6786 
73?4 
7864 
8407 
8953 
9502 

igi: 
11161 
11719 

ii:: 
14548 
15124 
15702 
16284 

i!g 

Vdwd 
y h  
uEf 

I d  
-505 
-697 
+509 
511 
513 ' 
b15 
617 
519 
5'22 
694 
536 
528 
531 
533 
536 
538 
541 
543 
646 
548 
55 1 
555 
556 
558 
560 
563 
565 
569 
572 
575 
578 
581 
184 
587 



Tabbot Meltipliar k e o t r a ( t l m A ~ E a + t k t h e ~ o l  
the Air. 

Enter with the mean tem eatwe of the stratum of air travened, and multiply 
the approximate height by %e numb oppdb, for the true Altitude. 

Temperr- 
tare of 

the Air, 

0 

32 
33 
34 
35 
36 
37 
SB 
39 
40 
41 
42 

When the themmeter has been boiled at the foot and at the 
summit of a mountain, nothing more is necessary than to deduct 
the number in the colamn of feet opposite the boiling pint  
below from the rame of the b o i i  point above: thb gives an 
a p p d m a t e  height, to be multi lied by the number oppode the 
m a n  temperature of the air in !r able 9, for the correct altitude. 

Boiling point at rummit of H i  Folt of h- feet 
dhur, near Pdna . . . 204.2 r 4027 

Boiling point at Hay Cottage, P b  , . 208.7 r 1690 - 
A- height 2397 

1.108 
1.069 1,110 
1.071 1.112 

1.031 1.073 1,114 
1.033 68 1.015 1.116 

49 1.035 69 1.077 1.118 
50 1.037 70 1.079 90 1.121 
6 1 1.039 7 1  1.081 9 1 1.123 

MoUiplier. 

1.000 
1.002 
1.004 
1.906 
1.008 
1.010 
~ . o l a  
1.015 
1.017 
1.019 
1.021 

Temperature of the air above . . 75" 
Ditto ditto below . . 83 - 

Mean 79 = Multiplier 1.098 

Temperature 
d 

the at. 
0 

52 
53 ' 
b4 
55 
56 
57 
58 
59 
60 
61 
62 

Correct altitude 2,566 feet. 

Makiphe. 

1.042 
1.044 
1.046 
1.048 
1.050 
1.052 
1.054 
1.056 
1 .B58 
1 .MO 
1.062 

Tempwab 
.I 

the Air. 

0 

74 
' '  '1"9 

76 
76 
77 
78 
79 
80 
81 
82 

i 

wiiplhi 
1 

1.083 , 

1.087 
1.085 

1.089 
1.091 
1.094 
1.096 
1.098 
1.100 
1.102 
1.104 
1.106 



MQ Col. 89 I K B ~  om tlb M m  of Hciglrfr, &- 

When the boiling point at the upper rhtioo h e  is o b d ,  
and for the lower the level of the rea, or the register of a distinct 
barometer ia taken, then the barometric reading had better be 
converted into feet, by the usual method of rubtracting its lo- 
garithm from 1.47719 (log. of SO inches) and multiplying by 
*0006, u t h e  diff~teacerio the d u m a o f  g g b o t e m c k r "  nrymon 
rapidly than tbose in the cg fret " colamn. 

Far. 
E~amyk.-Boihg point at upper htion - - 185"= 14548 

Barometer at Calcutta (at 3!P) 29 in. 15' 
Logar. diff.=1*47712-1*47349=00363 x0006= 218 

Approximate height - 14330 
Temperature, upper rtation, gg=,,u,t i~ 

Ditto lower, - 
Conect altitude - - - 16763 

Assuming 30.00 inches as the average height of the barometer 
at tke level of the aea (which is however too much), the altitude 
of the upper station is at o m  obtained by inspection of Table 1, 
correcting for temperature of the rtrstum of air t r a v d  by 
Table 9. 

[Newman, Optician, lee, Regent Street, hes been in the habit 
of making these instruments ; he recommends the rue of copper 
b d ,  inrbead of tin, aa more durable; a d  a free mp for 
the steam, or the resulta will be incorrect from the boiling taking 
p h  d e r  pressure; o model may be seen i t  the apartmen@ 
of the Rqd Geogrsphical &ciety.-E~.] 




