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‘dAn account of Experiments- made in the Mysore
CouNTRY, in the year 1804, fp investigate the
effects of Terrestrial Refraction. :

BY LIEUTENANT JOHN WARREN,
- Of H. M. 33d Regiment of Foot.
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- " INTRODUCTION.

N orwirusranpine the various theories which
have been advanced, at different times, to account
for the effects of refraction®; and the numerous ex-
. periments which have been made by the most eminent
- philosophers of our times, with a view -to discover
some law by which its effects might be reduced to
certain narrow limits, ,applicable to practice, nothing
sufficiently satisfactory has yet eccurred to set the
“question finally to rest.

The late GENARAL Roy was the first among us,
who availed himself of the favorable opportunity
~which his survey presented, to pay some minute at-

ke

~'® Particularly by DE CARTES, LEIBNITZ, the two BERNOUIL-

L1s, and lastly by Sir Isasc NEWTON, whose hypothesis, ground-
- ed on the laws of attraction, now generally obtains among physical
“writers.” " : - :

. Vor. IX. B



) _ EXPERIMENTS ON

tention ito'flte ¥ffects of tertéstrial refraction. After
him ‘Coroes Wiv£ix¥is ngd M Darsyresumed
thie iveéseiisation 1a¥ faleal theaerdiceion which they
werééfifloyed cotivenibntly - ellowed «1tbut as this
-was Yt Hecotldbiry oliject: with - therd;. littlé addi-
tional information is" to be gathered from their la-
bours. MaJsor MupckE has, indeed, made a number
of “esiperiigits shwce that!8ihe ) bidtothé Trusult has
faller $dfatshork df g xpectations,thiathépromises,
in bis ‘Intestpublication) to resunie atid! pay 'patticular
dttetition tothe' subject ¥ dnd ‘we haveno doubt every
-Hight o/ iekpect somuthing very! valliable from- that
<ttt But firay not the - laws ofrefraction be so
‘Ma'tefiz‘mg’ dffedted by gravity, and éther amknown
lémses, 45 @ Vi ifi different pdttshofithe globe, and
shdtothny which obtains in higl noitheen latitudes
fail in trépical 'redivns A ndeed) etheidirregularities
which of late have been detected in the declinations.
-3f1deradn Seass *,°which, tiough wiohsesvel-in Eng-
flb}i&’,‘%‘:{e??b\%mmyj’mmn_ thesesclithates)> sufficient-
-1y Stiow Mow mucht we IHave reasorentoz suspect an

oo d gy i csoeqn sl Doow a1
. R b8

3

~e .w w

11 9% &/ -y ey 14T 43U, YL 2 val
« made observations by the same three starsat Pavties Eahbﬂ‘, where
* those by Regulus and «Orionis were often interrupted on account of
29 ighe Bud- widdther; 'anid: Coidéquasthplefv éelibtfal sbutithe dificrences
u'!ubtgih:au‘ai;’rg werehsanly thgleome, ooy ,g;m:;gh,_ yg?holtm'e':-.
~¥ vations have been set. 3 ey, . c} prove that the
« declinations, as Tl oﬁ’ﬁ: Jwﬁ:ﬂ fmgh’ﬁ?r Reré, and this
“¢ may-probably-arise-fronr-the-uneertainty -we-labour under with re-
* spect to the laws of refraction; and in consequence g"{ a:-jug in
* that, the differquce of the corrected z¢nith dist"i:?cu ¥o stars
* 3¢ phserved in’ qrope..wilf'nqt fle the shl_ﬂ&%?ﬂfé

11?7&&' which
- the sqme ‘s}.gags _will!éiﬁe in 'i‘lﬁé{lq"tilnde. “ {am) howevet 'hazarding

"¢ ‘an opipion, but_as 1 1itend, being, more ‘sijﬁyﬁéd,' 4§ to the fact, I

*« hope't gﬁiﬁ beable to say more on the subject biereafter.”



TERRESTRIAL REFRACTION. 3

effect of the sort, and must evince the expediency of
obtaining corresponding experiments in different lati- .
tudes; for, it is obvious, that even te ascertain any
deviation in a system, perhaps too generalised,
might be attended with .incalculable advantages to
science. . ., ..o - S e

It must be owned, .that.to."render experiments on
terrestrial refraction pointedly useful,. itwould be ne-
cessary to shew how discoveries in this province
might apply and h¢ extended to refraction in general,
Hitherto, on this recondite, subject, ,pothing which
would immediately apply- has reached my knowledge.;
but as so much is still to be done whenever refrac-
tion is concerned, . we may argue, that, in thé present
stage of our information, observations confined tq
terrestrial objeats may;ba deemed sufficient. .

It has been stated on experiments*, that the refrac-
tive power of the.ajr,is proportional to its density;
and this is as its weight directly, and heat in-
versely. It would then appear, were our barometers
and thermometers, sufficiently accurate, that by com-
paring tbglpla_g‘a'{n iven time, the ratio of its density
IRt B,y 1, bas een found, on trial, that
inishapresank,animpraved state of these instruments,
¢han %mot:mnynminutew in..the density of the at-

n'}qs’ﬁ;&) ﬁqdyé{gkiﬁ"ﬁbgicg whien a’reference is madg
mwh@ ! “ékb!'hqu({ﬂhH:i:‘)‘-l‘l‘)"~)." e Y ‘
Traseonon o Dadgomaiai ago o o S

.- Nw»simde Iwe haveevery reason to supppse, that
“whe %ﬁér'ﬂ(kgavi;ﬁ,nbgat, cold, or “Ueléc_“tricity, ‘may ha.v’e
b lsYIP i Yactve poerd of the air, their

) H&W#?”" N T R I IS .
:ﬁa rafier a pomber of éperiniénty on the immediate effects
of hc‘al.ang, cpld, on the refrictive powers of media, concludes, * that,
“'in alk translucent substancés,” the focal distances diniinish with the
* Jicat, which diminution; he ez‘)i‘nce'ivu,' i#' owing'to & change in the
' BY




) *  EXPERIMENTSON  _ °
effect is extremely inconsidérable, when compared
with thit ¢aused by he bulk ‘of ‘water contained in
dissolution ‘T " tht -a¥mosphere ;' ‘we may, therefore,
in the present inquiry, consider them merely as
‘agénts, coirposing and-décémpostg perpetually the,
air ; and neglect the consideration of that inimediate
effect which' Smyra -and Evrer: have ascribed to
‘them; "Should werhien saecéed, it aseertaining, with
“any degrée "of #cduticy, 'the relative degree of mois-
‘ture and ‘driméss, at the 'different times of observa-
‘tion, we shall (without neglecting dthét considera-
tions) lay more stress on thege results, than on what
-might be deduced sepdrately from obsérvations of the
“Baroiheter ah"d thermontetér: © ° - o ’
‘- Beéfore enteving into the subject of-experiments, it
will be propér to preface 4°féw words-oh the inotives
which :mduced me to attend a’rti’(:uiaﬂy. to the ef-
"Pécts of terrestrial reffaction, at the tivhe that I did;
‘as if‘will!ﬁﬁbfd'au'op?ofﬂinity of ‘givihl'4n account
-of the data on which I chiefly proceeded. '

Soydanrn e peyd g e

Having’ received ® directiofis - from’ ' MAT6x LA mB-
"ToX ¥ to mehsure 4line rieat! Bingaltre, to serve as
a base of ¥erification 'to thetrigonoietrical operations
.which ‘wert'therl carried oh underlhis ‘saperintend-
“ance, it odetirred o me, when thiy service 'wds'com-
‘pleted; thdt so’ favokfable 'an- oppottunity was not
* likely to #écdr, for enteving® minutély into the sub-
ject; for ‘every podsible means had been taken, to in-
“sure s dticlifate a1 nieasuremdnt usicould be-effected :
“aid this line, ftqéifer'hd!’with ‘the elevation::6f one of

-— crt 1»5‘,,.sv..\4" arf gt Y

- : ot et 1001 Cabt .. T
* refraclive power of the substange _itself; which prohably._increases
- gy l,le%a ﬁ{l:d fll"lpi?‘l;hg 1b cplr@)‘,; fi € e wk ey ad g

ut this g%p[iegﬁ fefiy r'_'iéﬂlmu. such as ‘glass lenses, &c. &c.
ik miy be deéneéd (for (e present) too  inconsiderable to require
“particular notice, where air is the redium, o )
" # Whose dsdistdnt T theb was.
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its extremities -aboye the cher, (aggertained -in the
course of the mea.surement) aﬁ'erdgd.every necesSary
datum to pmcced on m this. m\{ﬁst;gat\sm.. ;

As the detaﬂed a.ccount, of the abqwzmepnoned
operation will appear gt full length in Magos, LAMJ}-
raN's reports, and.capnqt with propriety he given in
this paper, -J .Lope. that .its. heitg. kngwa'to form a
part of the trigonometridal aperations,. «cagricd. on in
the peninsula qt? }ndta, will appear a-swificiens pledge
Of ltsa'cc“ra'w EUN TR B ETON S R TR

fir v 2.

| ACCQUNT OF INSTRUME’N?‘E‘ o

The elevations and depressions were, taken with
the great theodolite, used by Masor Laysron, for
carrying on his series of primary triangles acsoss the
peninsula., Thia, instrument, havigg been. fotmerly
described by, himself, need pot: be -any fasther. parti-
cularised., ‘The angles were inyariably . gaken . with
the ;mcmmeter, ,:1 the, fagus.of. the.telrsknpi, . .. . -

SPFTI DI IFTENILTIV OIS VRS I
A barometer and thermometer were also procmed*

but from, the’regsons -abeve .gjveny the waps; of an
hygsometer Was. Jikely. %o .sleprive. -me of what: I
co 64, t0rhe. 4. esehtinl Means 10 Jnvestigy-
tion,, (thowghl -capnot., find, .that such., an instey-
ment Was, §ves: applied.ite a;siamilar- puspose) when
LisygenansKarsr, of Hi M, 19th pegimert,. gom-
munmtesl %0 /g, his. obsermations on-the, bgardad
sceds fp. mild. grass, called; incshg Walahar tongye
Pgnimaolsa (phverAndnopagon. cominrim of , LLny 268)
which; grmssumabmdamzenm .part-of  the penip-
sula, and which he thought wa kely to answer for
an instrament of thissort f,

ln'l.drlemu AT TR IR H eadyte -

‘Thebaometequsaco 6"&2 o rtyo"Dr i1 NE,
tdl:ﬁe compan?s datu*phst’ ‘ﬁl ’ m‘Iﬁwm r,:}::ne pf ahr:nfzg;s
ivision.

+ The beards of the wild oats have been nsed in Englaid for a
similar purpose (see HUTTON's Dictionary, art. Hygromeler).
B3




6 EXPERIMENTS ON

‘Although I understand it to be this gentleman's
intention to give an account of his experiments on
these fibres to the public; yet, as his official calls
prevented him' from going minutely into the subject,
at the period when I had ogcasion for an hrygrome-
ter, I was under the necessity of anticipating his’
intended investigation ;, dnd the experiments detailed
in the appendix will shetw, that after an ample trial,
the beards of the Panimooloo grass were found per-
fectly competent to the construction of an hygro-
meter. Three of these instruments were therefore
constructed, and the mean of their readings noticed
in the annexed tables, _ o ‘

AL}

7N ST AR AT LIRE EE R AR

R ' - Yo, .
EXPLANATIQN, OF THE TABLES. ...

The detail of experiments dn the éffects 'of  terres-
trial refraction, together with 'the immediate results
deduced’ fiom’ them, "a'ﬁ)é * in “thése’ tables, “under
the appropriaté ‘coltnimis ;*and''d" téferénce to them
will best explain their arrangements. *

Frvon T g O a0

It is however necessary to explain the meaning of
certain marks, which #ppéar at varidifs ‘plales under
the figures, and which have been adopted both for
the sake oft perspicuity'and-brevity.i. v« . i

I soon ‘Plteived,” Hfter catdbifig 4" clittafn "num-
ber of observations, the, prevailing  agreement .be-
tween the'motions.of the -hygrometes,and the varia-
tions, which' oecurred=in 'the ‘observéd'ang]cs of ele-
vation and depregbipi,'’ 0 > - T T T

TR0SLL T 9t ann. i .
et ond eendde e ofld mx}w ,.wm-.' [ B R

This being,a.norsl,amd: intenesting fact -(of which
I had stillvimoré-qedsod! Wwobe convineed, after I
had succeeded’ fif! regildtikig" the” Hypfaetérs) I
was desiroys to. draw. the attention on this coinci-
dence, and with this view the marks alluded to were
affixed. ’
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RN
With a view io draw tgm'ttemlqm spl{ qfoser to
the. effects of moisture on refractlon, two  columns
of dlﬂerences, which were ke £t at the time of obser-

vation, have Heen” preservéll’ ' The 1d8idmn which
relatﬂSafr? s%? ﬁna!fw rjjaa mm@d mor, ipg- as
these.haye fm msmur ¢5§n jfwo

neares:s 0 sp;\
C y ac-
e e . ;{:&ﬁ

moxster to a drier state, ancf wice versa.
arggart o3 mislqza o) yiceadnoa wrswod ai 31
Ay Shisigolnsdente vae beevery scaieh fitound

* It is to be noticyd] mévh;nhpvumqamdiaaﬁgm
. vations are compare separatelgr, neglecting those taken in ‘the
m d e then
défﬂbﬂi% «%‘{mﬁf’% 3%1&31{&‘”"‘%.‘3 "?;"éf i The
only ¥éNoiPwh el M@ﬂﬁm@ dre HOORH 39@&60%")& '
that- mwbz&rrlmmﬁmmhtg dhv-isk] ds 8140 sbosHd: k) o, my
‘contfibuse heyartbelesy 1o pat: dilelmmﬁoﬁdhdyﬁl»n of wois-
ture to refraétion ; for it is to be observm!{l & W eather is
perfectly clear of rainy clouds) the refraction ”is ever so mconsnder—
able as in the heat of noon, when the sun shines brightest, and when
thc furemier)of thé gkt d nbasc&aawamgmm +he : reason
sebn Mvhb:{ b@taw thostssespbersahofférer distirbed,
€ 1&

tle refmacti
at th Wt’ the Bdlfva ns o ’Ill‘fhﬁ?t'a‘!l;”;nﬁ b ugnx‘teiym‘lir:?lg
it out miu&w% g @it lar o5 1Ot Tro thE fmosslbe:

lity of ndhidys:the nhtwna:hamyw: lvery kil sefraction
then prevailing. S
B4

(
/



8. . EXPERIMENTS ON :
the shortest way was to mark with. an asterisk (¥)
those cases where it had failed; and by inspecting:

the tables, it will aprear that the number of these
is comparatively small. : : :

The quantity of refraction, as entered in the ap-
propriate columns, has been computed, according to
those respective cases of depression or glevation,
founded on reasonings too generally known to re-
quire any mipute explanation. C e

It will only be necessary to state, that, with regard
to the measured line, the formula y=14-D+a*
has ‘been used in preference to that of r=2=(2+2J
for the obvious reason, that a greater reliance was to
be placed on the perpendicular depression, obtained
during the process of measurement, than on corres.
ponding angular depressions, taken at the S. end of
the base lipe, even though an equal number of obs
servations had been taken at each end.

The refraction, affecting the elevation. of the
Muntapym t, was necessarily computed by means of
the elevations and depressions, taken at both places.re-
spectively, 7=2=(?=2) being the appropriate formula,
where E expresses the ¢levation, and is less than D,

An ex_amplé‘ of each will suffice to render the sub-
ject perfectly clear.

* Where r=— Refraction.
4 A= Oune half the contained arc.
D= The greater depression.
I’ =The less depression.
And a= The angle subtended by the perpendicular depres-
sion of S. end of measured line.

" 1 A small stone building, on a very oonspiwoué rising .ground,
about four milés N. of Bangelore. = - o :

-



TERRESTRIAL REFRACTION. 9

EXAMPLE I,

The length of the measured line (Banswéry and
Beygoor) bemg converted into am arc of a great circle,
gives 6 34," 67=4*. .

Again, the depression of the south extremity of
the line (near Beygoor) below the level of the northe
ern_ome, is 39. 7 feet, and using the proportion of
radius to tangent, we have for the angle which it
subtends 3’ 25.” 75 =a.

Lastly, on the 7th of August, at 6™ 39’ A.M. the
depression of the foot of the flag-staff near Beygoor,
was observed at Banswary, 6 42" 66.

But the henght of the observer’s eye above.the
ground was 5. 67 feet (that of the mstrument) which
to reduce to the ground, will require 29”39 to sub-
tract : consequently, the corrected depression will be
618", 27=D (the quantlty entered in the tables).

Whence .
1 4=3 17
+.4=3 25 75

- 6 43 09
'--D='.6v 13 927

r= 29 82

The refraction entered in the tables.

-

L ——

* The honzontal length of the measured line is ‘89799, 31 feet;
and when reduced to the lével of the : sea, =30793, 7. This lengﬂl
tas beep used, in this particular case, to obtaiu the contained .are;
because the tabla by means of which the operatiou was
were calculated to that dlstapce from the centre of the p\rtb
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Y]

EXAMPLE 1I.

At the same hour, the top of the flag-staff was
observed 4’ 37." 32 ; which, corrected for the height
of the instrument, as above, gives the depression
4’ 07" 93=D. Agam, the length of the flag-staff
being 24 feet, this subtracted from 39. 7, leaves the
perpendlcular de;i]ressmn below the line -of the level

15. 7 feet; and the angle which it subtends=1"21".
=a. ‘

Hence we have, o
3 4=8 17" 34
+ a=1 21 36

- 4 38 70
~D=4 7 93

r=0 30 77

——

The rcfractlon entergd,in the tables. .«

(. e b w ' oer et Vs a9t SR
R EXAMPLE III.: P

1st. The distance ff AheN. qxtremlty of the line
( Banswary ) to t Zi/l‘ufz? 7 1s 263 7 whlch, con-
Verted into an arc of a great c1rc1e, 13121 is" 7—

2(4 Agam, ‘the elgyation of the, um, was
taken at Banswary (0}1'1 Esamc}}(ﬂia{]y “ﬁqg A M)
o 21" 84, and this corrected for the hewht of the

instrument by adding 44" 43) mak he, elev tion
1 0/ 6/1 27_- b ?é f .

~8d. Lastl ge in the begmmng'at‘&;ﬁst\ dm'in the
1

afternoon, being 4t the-Muntapurk, d’ebreggibh of
WN.end of line'was observed, on a mean of four obger«
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vations, to be 15" 19”5, and the instrument (in the
Muntapum) bheing 8, 5 feet above the ground, we
have to subtract 1’ 6” 59, which reduces the depres-
sion to 14°12" 91=D, a constant quantity in com-
puting the third column of refraction.

Hence we have,
' D=1¥ 12" 91
—~E=10 06 97

e

4 06 64
A= 4 18 7

)0 12 06

r= 06 03

The refraction entered in the tables.

" The absolute degree of moisture was deduced as
follows:

As 1 knew of no standard, by which I might set
the hygrometer, when I was about observing, the
least degree of moisture noticed during the day was
assumed as zero. This arrangement had this advan-
tage, that the refraction and moisture had a similar
direction, and their coincidence met ‘the eye ‘more
easily.

The column which shews the absolute density of
the atmosphere was computed by this formula: '

9600 43

, ard e . - P ,,...,.;,.‘1
D=(B—B')x28222 X" = _* founded on' rea-

* Whayé, D.gxphesses . the. ingresse of dengity, B thq height of
harometer. at .t‘m,(himp of observatign, B’ the state of the sani¢ when
Jlowest of: all, » the difference of temperature in the ajr, and d the
difference of temperature in the mercury. - ‘
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sonings sufficiently known. An example, however,
may not be deemed superfluous.

EXAMPLE/

The lowest degree to which the barometer de-
scended during the course of these éxperiments, was
26. 85 inches=B’, when the temperature also least
of all was 69°. "These two quantities are used as
constant in the computatmns

Now, on the 7th of August, at 6™ 39’ A. M. the
barometer was oberved to be at ~ 27=B
from which deduct . 26 85=R
there remains, . , 0 15=B—F

Again, the thermometer at the same time
was 75°
from which deduct 69

and we have 6=n; and as no difference

" of temperature was noticed in the atmosphere and

mercury, the same quantity (6) will also ‘be ex-
pressed by d.

Hence it is that having found,
B—B=0. 15; 2800=2-0, 99, &c.; and $28="=0.
98, &c. we have 0. 15 x 0. 99 x 0. 98 = 0. 145530;
which to reduce in terms of B (the least density) we

have £6 85 __ —_1_ the increase of density.
0-148530 184

Lastly, to obtain an expression in absolute pum-
bers, we have, as 26. 85:26. 85+1::1000: 1000
,202 the quant;;y entered in the tables.

The remaining columns are suﬁ‘iclently explicit tp
;'eqmre no explanation.
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§ .
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TERRESTRIAL REFRACTION. i8

. REMARKS ON THE RESULTS.

1st. The most remarkable fact, which calls for

our attention, in the results of the present experi-
ments, is the almost invariable coincidence of the in-
crease of refraction with that of moisture ; which will
-appéar still mote forcibly, if we consider the results
of the following eight observations, all taken between
10 and 12 o’clock, P.M. on different nights, when I
was ‘engaged in observing the eastern elongation of
the?olar star; the depression of the 8. extremity of
the line being taken by means of a referring lamp.

Days. Depressions, Refraction.
Augt, . ‘
7 ¥ 177 33 | 1V 25 %6
10 5 86 24 1 6 85 1
11 5 40 18 1T 2 9
J 12 5 49 64 0 53 45
J 15 5 51 21 0 51 88 |
14 5 54 36 0 48 T2
1 15 5 28 63 | 1 19 46
4. 16 5 30 97 1 2 12

. Mean refraction 1' 1” 38,

On comparing the hygrometers, as they stood at -
the time of these observations, with their position
when last noticed in the day time, it was found that

had revolved, on a mean, 240° in thedirection of
moistgre, Now, the miean refraction of - 55 observa-
tions, noticed in the tables, is 29" 74; and we have
seen that of the 8 observations taken at night (which,
from the stillness of the air, may be deeimed to balance
a superior number) to be I’ 1° 38. Hence, it will
' - that the latter is something more than double

e-former. ‘

2d. We'shall next advert to the comparative quan-
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tity of refraction, which seems to have affected the
observations of the different objects referred to in the
tables;and here, it is perhaps worthy of notice, that out
of 49 contemporaneous observations, of the top and foot
of the flag-staff, at the S. extremity of the line, the
‘refraction attending those of the foot are 36 repeated
times less than those of the top ; and that, in the 13 re-
maining ones, where the contrary occours, the excess is
seldom above ¢ of refraction, and frequently below
unity *.  As this circumstance is. in opposition to
the general theory, * that the lower the object, the
greater the refraction,” should the same circumstance
occur again, in future experiments, it will be worth

while. to inquire, whether the rays, when. passing .

through the atmosphere below the line of the level,
may not be refracted differently from what they
are when passing above it. This, may perhaps be
thought better than a mere conjecture, if it be
recollected, that Mr. BoveuEer, (whilst employed
in measuring a degree of the meridian in South Ame-
rica, and observing on the summit of the Cordeliersy
noticed a sudden increase of refraction, when he
could view the stars below the line 6f the level.

8d. With regard to any attempt towards estimating
the effects . of terrestrial refraction, by an assumed
ratio to the contained arc, as has been hitherto the
practice ; without entering into any discussien of the
-subject, I shall only observe, that if, in the foregoing
experiments,- we.go by the observations taken in the

day time, we shall have (comsidering the:foot of

1

flagestaff, and preserving the same n@tatio:;-) r=r—_=1—;

* The mean difference of refraction, between the top of the flag-
staff and the Muntopum, (on 38 contemperaneous - ebservations)
is 16”. -44; and that beiween the top,of flag and Muntapum is
22", 51, where the order is inverted by 6. 07 : and if the top and
foot of flag-staff be compared, in an equal and contemporaneous num-
ber of vbeervations, the wean of their difference is 6”. 08 likewise im
the inverse order.
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and if we take those by night, it will be r=—2— of
the contained arc, from which we can collect no-
thing. T
“igthi" Phave now only to add a few words on the
ciinpa¥ative dedrsity of the air, at the different times of
- obbervatidh, 'stich as entéred in' the tables; and the

édﬁiﬁfﬁv he bf'contiectitn, Yetween its ¢hanges and
thio¥é ihléHe teFaction ; from which wemay infer, that,
gy i érthein “¢Timates (where ‘the mercury
will-Fise ahd fal severaliinches in ‘one day) ¢bserva-
titfis 6f"'tHe ' barometer 'and thermometer may be at-
tended "to 'with advantage, on the contrary, in tropi-
cal countries, where (as appears in the preserit expe.
riments) the variations'of the mércury are hardly dis-
cerniblé™, those instruments will prove perfectly in-
efficient. 1 .- - T o
il r————
Ve LG T u g o
oY uh . APPENDIX: /-
O YD T Vool Y
An accotint of® Experiments on the fibres or beards of
the Panimooloo grass ; containing also an account of
the construction of the hygrometers, used in the pre-
cedi”g E@Pe,bimt&‘; Wl e '
Corodtidend el ot 0w
ii'Before Lipraceed fo give @n aceownt. of the experi-
mengs,-dyimaand afiwhich)Jisatised myself of the
sapetetiey afothe,beards.of the. Panimoslpo grass, to
theobjestid hadiinziew, #.will be necesary to give
a short-deseription of theplang-itself, . o5 (since a bo-
tanical account of it is mot here intended) of that

PArLAGLAS PIARG Y RiFD asused in the construction

4 Ao

MOHELIIFHO—LHOIHHT OGO BE—ROI—pirrgiriorv i

e ﬁng&r&g&&mﬂtww dhiseried 0.75 inches:
#HA SPiEe nban Suuudl clrabge V.53, At Banswary, during the
tim@ of 4ttending ‘to the - present experiments (that is about twelye
days) the greatest change was 0.2 : the latter place being 2970. §
fect above the level of thegen. e
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" .of the hygrometers, consulted in the:precedmg expe-
-riments oa mfracnem :

The Pannmlvo gmsd;i which- grows chiefly on
~mountaims; and. i3 well kriown to she-natives, fromr
its beards. emily -catching .and adbering to their
clothes,, produces a kind of ear, somewhat resembling

. that of wheat. Its seed vessels shoot out long fibres,
of a hardy texture,.. which .eafwist one with the
-other from left to right, so as to resemble, when n
;thatmw,achnmunmmumpe v oo
: CoLeni te gan L ten tebn et
. These ﬁbros, -or beards,: ares kbe part rof ithe plant
<used in the:ognstructiem-of - the hygronssters; amd
comequcntiy dcserve pattmlnonntl?eb (ot e :

whe I YRR Y { ¥k

an‘h ﬁbrc shoots out; inca stoaighy lme; mearly to
. tho length of an-inch, fromi,the:seebivessst.to which
.it adheres; then tapers off, in curls, to a very fine-
end, so that the former part of it can alone be used
wfon the pnesent pufposhw IR ST ST q 1o r
e . . R N -:r /“r it 73 .

v ;Wheh mwd thmugba magmﬂymg,ghumt pp;nars
*; to-be made ‘up, like. ;2.z0ps, i tbroad: Atvamds; wwisted
from. leftte: right ;- whichy iwhen,dyatdrde:applied
1(contrary.to, its effect on.a rope) ameigmdually unfold-
ed, and cause the motion of whiah Lavailed: myself

The twists, in the /sﬂ'a;%ht part of the stem, are
froth 5 to 7 in number; an “these, as T have found
by experfments, nca;rlx.mark ,the/numbﬁn -of révolu-
tions, of , which, the, fibre i supcaptibla; by the apph-
_cation ofmmsgm; Ad oy Dloow 3i by ‘\:‘:-5
g3t 3 ey

. When dissected, the stem was found to be made up
- of twe ﬁbm@ﬂomww\by a gl maynhmne, ‘dasily
“divided, - and". twisted wug,d each ather, until they

. WETE umted in a.commoamstalk,, 2 thie seed vcaael at
‘¢ne end, d, and above fﬁe first cugl at the.other. .. .
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This construction readily explains why it should
be easily affected by either moisture or dryness, but
does not evince that heat, or other changes in_the
ambient air, ‘might. not likewise operate upon it in
the same direction. The following.experiments satis-.
fied me, however, that moisture alone unfolded the
stem,

EXPERIMENT 1. |

Having fixed a stem,:about an inch long, .with
six twists in it, on a piece of wax, a slit straw. was
fastened at its upper .end, by way of index: the
whole ‘was then placed clear of any motion of the
air, in such :\e(résiti,on as the nature of the experi- .
ments .required; and a graduated: circle of paste-
board was so placed about it, as to indicate the num-
ber of revolutions and.degrees which the index went
over. . : :

Then, on placing my hand within an inch of the
stem, the index generally moved from 5° to 10° of the
circle, from left to right; and as motion in this direc-
tion was. invariably the consequence of moisture, it
was probable (but still it remained to be proved) that
the effluvia arising from perspiration principally af-
fected it in this case. . : :

- EXPERIMENT II.

By breathing violently on the stem, I generally
brought the index round from 70° to 90° in the same
direction ; and it would. go back to its origihal place
as soon as let free. ~ :

.This was a sufficient proof of its great sensibility ;
but to make sure whether moisture or heat-caused it

to move in the two precedirig ‘cases, I had recourse .

to the following:
Vor. IX. ¢
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BRI ﬁxr‘znmrm I\I[ e
LAY e .

I hrst applied a ret-hot bar of i iron, ‘as close to the -
stem as could be contrived withtat Hurhmg it, whlch.
moved it umformly fmnrnght to left.

Agam, havxng prepm‘ed anuther stent, I- apphed‘
the steam of hot water, isaumg fram the spout of . a -
tea-kettle ;. which caused it to move, with great vio-
lence, several ‘revolutions from right to left : which
was a sufficient.proof; that heat actdd on- this grass:
enly in 3s much,as 11: deprlved it of 1{& mqnsture

I then pfbéeednd o ascertain, -Whethcr the stem
was_anyway regulasly affectéd by the changes‘in the
atmosphere ; 3,point on which every ghing depended.
With this view I made up three hygromet«:rs, on the ,
following constructlbn :

Three stalks; were. taken, df {
number of  tyists, and,. beirlg f

a piece of wax, with an index
the whole was'fixed 'at the bott(
tin boxes, about 21 mcheq
which was p]aced a: moveabl
circle, graduated ever 5° anc

mon way of 360°%. e thr
then placed: tugﬂthex;, &mf 0 se‘ vuse 1y - RO
sive days, at every hour of ddy, 'h'em 7 &cfock

in theé morning to § in the" e eping’; ‘ngticing, at'the
same tini¢ both~ the' baror gr ang*( ermd,)metien as
the annexed talﬂés ;mff 5IT« o } o3t |

R I 6l -— P

f Okt | A
)

] I; e

' b oLoindl 7‘” U I 1:’ ¢OC et L
 This graduahon knll 1 trus ear pﬁﬁ'f‘é su‘ielen when
it is considered, that thel ni@re effluvia’ agjsing fFom; pe\‘ tTn
{
{
i
l

e et e e s m ——-

moved the lpde,x 88. qf 10?,&@ ovR mpn?ned( "
A I(‘( "( N ) ‘()0( ‘ AUREE
, - N

1

,r;-hg‘; ‘SAQ{Q ; S(;J l i' (',,')i‘ j
JUL S YU R VIR R SRR
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Table, shewing the t})i(npara{wg rate, of going of three

rometers.
> b/ MR S| RO P et b adftoieeld
4.l 1t u-w.manommmw (..' ot M N
SHHE 8§ ¢ g ] REMARKS,
}3 r’%néi Ner ». é;mﬁ'& ENNo PG 2ol o
5 “F fuoad wuft ya) e e 2 1) tod o ..
: DY V1K R P TS, R TH | SRVITE JW| DYTTS /R RN
ticloinls, sunshiney. .

P ""ﬂ"sﬁ Cod 15y IDidydied. -
m,,-_gul'r,;)ua;} R ) Ditto, light breezs, '

J'ha ’7{ :'\).\ "‘qb‘l EF ' l.‘ ,rll.%q'i‘ ;

170

ulrrl . | 183 215 210
1 . l’.?:f h‘() . .'.21651 } 5165 ""IW FEE .
9 o0 fiHe Ny 1480)53'36-' 375} (50| Bright seushisty, Hghhsdy.
| 2uw) T stoql Foses S| e, 0t 1
. o - Smeay . sl Lot
' -”53?')&-."636 N stoq i '
75 “18s]  Sles| f'u; el
660 § sl ™ 695 Ditto.
. |20 .
oyl 'r.ﬁ st ‘ﬂﬂs? ) mm,ih Jo x o 13
q s 55 N 5 .
? ”'n&(’l; D rds fred'yp - Squa{{s al] qunt 4
I svodL.9) . ¥ i ‘ V3
kot o] ws|ir W9 Hogl 149 *h"srdmo,l As oyl
[prah) b a1 550 §/ - asadg
o 5# g o 165

l([ﬁﬁy." e i

' i394

¢ I}»’g’\"i A e
'in¥ 15 '5‘?‘,’?”. }v?n#f'hn»
n{ Rittoz dittpar ] 110201
*alwq 137.{4,13“,( .n Gt

e
. L. oisd |sd WO e, o
170 170— 9 Jr ﬂ?”Hf k t\% ﬁa& i i
r—340 U ——3505 Sun shiring occasiomally,
505 § 510 520 3| IDitto, ditto.
L 15 i glindV00y M a( &}7 uu 1§ "e i .rf.‘ i
1 oo 73l o L1 e g <495 8] o, it
520 §p "~4dé’~f"v'?'* 5159 |Light élonds. " ;
70 105 80| X
590 565 § 595 Cloudy.
70 100 75
660 665 670 Ditto. ~
5 } 10 10
665 675 6803 * |Ditto, -
} 85 30 45
630 645 635 Ditto.

N, B. In this table Zero is to be takex between the signs 4 and —,
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t may, how: ycr, €, pyaper to mentlon, that not-

withstanding ¢ ¢ great ’quulanty which appears to

prevail between tﬁ% rates of going of these hygro-

- meters; iwhefidddr the atmosphere was uncommonl
moist, - the dxqmsite&enslbﬂi ty ‘of) the Stet requ‘nré I

to be checkéd ; for as it wald,,s,papqmqes, during,a

heavy §hoxye{e gg ¢):;1 whals, TEY® lution,, it was ot
to be expec at -the three~instruments would
keep pace, whiiat mwmg sd‘bﬁsk@ ““h stk thitad
was - therefore: fisténedvat dtich- end! of « the ‘mdex,

loaded with a thin plate of lead, hanging loose’ on
the bottom of the box, so as to be dragged by the
straw as it went round:+ ‘By thesé means the instru-

ments wete eas,lly»;egglatgd' o s,

A'_,.;' BILY M93e o 'kPERtMFW‘ MR} )[it a5 Mode I

NG L THA TAR IS R L" Vi i aih 0t e

vAppMaﬂ;ohn@f heat, 60 ’dé’cerhﬁhe’ e iLohrpass '6f
thc Qﬁtg;pg}% D'r'f b4 :) barjoiar 3 oada ot

1 82 1f!'5(l ou; ( il 1() noneTp ‘nnmrn ol

: ;' o E}ﬁ BEEI Qf Sk, £Wists, |18 shph, awaah-
I ity ha a1 oligatesd dsomons
close io the s em as cou one, without_ setti
fire to the apparatus; on Wthh the index re%ﬁw’e
2 revolutions and 105 from' right to left, wh
becamesquiespent:(| Thats 137 ghef e&t“b‘f" tHebron
affected:iboiio - 18nger ~in that" ditection)”atid 'wis
bmlyrsﬂmntito’ldeép‘khéitfﬂﬂm%ﬁiﬂ‘l "Hack.

18 1d e

The heated bar bp,w{g\g,gx Q@ﬁq‘\w, the index began
to recede, and became quxe cent again (that is in its

natural p051tion) aftgr having returned 290°.

v) 19
But the three hygrometers, whose rate of going is

y gwe in: ¢l m‘egn ing sablexsbad, maved; nmnxhnle

warls 1t erefore this quantity is’to bc
atlded- t\'J the abbvb’ sabog adt synsiain Lronad

-

rs Ry L

GO T add e ghidd lmif BTG L g

) R Co vl nrsse o3 10 endit iy barosiss
o £

/
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vl oot (N&mé‘x. 290, i

N u‘ i (‘m' VAT CRET IS

b '+"04-
I( ‘){l et hy ety -—u_mf .
THIC LI wteenpte b 4%11’14-134‘

=Whﬁpce it WJuﬂPBeafa that. snce theindex had mov-

ed; By the apphedtion 6F Hieat, ' " '2¥fo5=8a5"
hnd ‘that, by Cooling; 'it gtﬂf‘,f rctoiferéd 1 +134 =494

rm JSYUIRRS m KEIIA

it folloyrs, fhat the stam, bx bsmg-de-‘ g
prived of; its, radlical moxr»turc, dost-a ..
POWEEO! maninrt. Bt 1 il ety ':;331'
11!0 h"-lil:""f XTI YOI B0 e

st ol etmont RXPEB(!MEN‘T Vot 1iape v

Application ¢f Mozsture. te

As soon as the index of the same stem gave signs
of proceeding regularly with the hygrometers, a hair
pencil, full of; water,.. was applied,” and .held -to" the

stem, when it revolved 6+295° from Iftto right, and
then remained quiescent. . On the er nc1l. belng with-
-Beawn, (e i tleséfbe ahto' recede’ ddd restimhed the

“woise RBSHHelother - Hy gvitieters,’ HfHlF: revol
%'113; Juod nu . “e‘r‘ ,ygf?, Brers, AT, Tev vmg

‘3&!?9931 yoboi adi e o eus .n;qr d ‘i,’ :
{or S\ 03 A\ 6 e bt A 2ibes
o1 ‘(5?;’1 &“}11383@% mterval f 1 this wpempent, these
11990 1 the samge -direekion: with that
L&fgﬁ"m:ﬂﬂm"hr'quﬁﬂutﬁfﬂhvmm to be

ytracte
A
arad zohm atld Nﬁ‘iﬁ@l&"@-}%‘ﬁ(j“ A bareagd ]
i a et 350037 URGE JOPILD JgHie g »h v
S002 Inuu-hx au /h.? xih nptiag U

6+165 —
- erion 1o 361 S0 1 1ot 0 {r o oty

\h(‘ﬂgﬁ}{ﬂ we havd’ éen‘i‘dtﬁ 2 fhé‘:ﬁii?’lléatmn of

sd et s tidngnp euly o 0‘3'51
extreme m01st{1re, the index had tevolved; 6-295°

Hence, it will appear, that this process, 6+165
affected the fibres of the stem by - . 130
c3 '
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The thermometer, at the beginningz of this opera-
tion, was 77 and at-the end 79°.

From the dbove experiments, it will appear, that,
since by the applieation -of extreme heat (procuring
extreme dryness) the index had revolved from right

AN . R,
toleft, . | N 24105°
and, by the appiicatiop of extréme moisture,

from left to right, .. B 6485
it follows, that the sum of these two quan- .
tities, .viz. : =9+ 40

is the compass of the stem, ;- ",

‘This result evinces, that the mean state of the at-
mosphere does not carrespond, mor can-it on any oe-
casion, with the mean of the power of this instru-
ment¥. - ‘ SEIEE

A second stem having been selected, and the same
process, as above related, repeated; it moved by ex-
R.

geme heat 2+290°, and, by extreme moisture,
'£+320°; so that the compass of this fibre was
3‘1+250° ; which exceeded that of the former by

2+210; but, on examining it closer; after the opera-
tion, it was found that, although taken of the same
length, it contained one twist more than the fotmer;
which accounts for its greater compass.

EXPERIMENT VI.
Application of Steam.

Three stems having been selected, and being fixed
_as usual, the steam of boiling water, issuing from

* The stem, which was used for this exp&iment, was afterwards
compared, when made up, with other hygrometers; and it did pot
appear to have lost of its activity, by this process,
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the, spout of a tea-kettle, was applied to one of them;
when it moved, from left..to.right;. with violent con-
vulsive motions, (so rapid as hardly to admit of
counting them) 61 revolutions ; the,.2d, 6.; and the
8d, 63 ; when they remained quiescenty. .

« ' . PR PRSI Y ., f

Now, we have seen above (exp. IV.).thata stem,
of thls length, and gpmkgr of twists, {(;‘y;glzq:d.in that
case 64 300°; and, in the present, mearly 64180 (on
a mean of three). The application of steam, there-
fore, if wé cvohsider Yhe smhall différerce ‘of the two
results, may be conceived to have affected tlfe stem,
only in as much as it moistened it. *
VTR LR CRURE RO £ R Y| e, s - '
" Seyeral other experiments were also tried, bt be-
ing of the same natyre as: the foregoipg, and the re-
sults nearly similar, they need not be particular- -
ized. ' ‘- "’
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