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INTRODUCTION. 

' ~ o n v r r H s T n N ~ r N c '  the various ' theories which . 

have been advanced, at different times, to account 
for the effects of refraction*; and the numeroils ex- 

. periments which have been made by the most eminent 
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 accurred - to set the 

' .question finally to rest. 

The late GENARAL ROY was the firs't among us, 
who availed himself of the favorable opportunity 

I . which his .survey presented, to pay some minute at- 

* Particularly by DE CARTES, LEIBNITZ, the two BERNOUIL- 
1.18, and laetly by SIR ISAAC NEWTON, whose hypothesis, ground- 

* ed on the laws 6f attraction, mow generaHy obtains among physical 
. writers. ' 
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i t ~ ~ e k r n r e ~ ~ s  ON 

tention';t&lclk~ffe80@@ tbi&<hk refraction. After 
him  tikc kc%&%^ w!~'E'~~x.M# htM-.MV; ! D~~m~:msurned 
the &~a€4pti6h,~~a3~faW& t~f~:&icol& .which theJr 
tva%';'Wiplo$id d ~ k f i $ n  try J ellotvd :.I [ b ~ ~ \ a s  this 
ura6j&iifW~~cdddbr+ d l ~ t t d i ,  with + t W k  Iittldf addi- 
tional information is' to be gathered from their la- 
boiirs. ;?,IAJOB MUDGE has, indeed, made a number 
.6f ' ~ B ~ ~ I f i ~ t l B s  I.-&&! thhtJQhajl:IFJiitc>thk tssul t hap 
Ltlttti bd~~f~ljork:d~.higd~~~~t~h;.t~r&~h&~~~bmises~ 
-fn.ln'd ~ i a t @ ~ ~ ~ ~ ~ d ~ l j c ~ t i ~ ; ~ 6  resuttle andlpa fpatticular 
ilttt%tlon;ttl~Ne'~si~b&t!t !)dnd ~e hbda;no&wbt!every 
-t3gho ~ i d w c t i  shegthki$~ve~y[ viidlUah f r h  that 
t~tth<~*lr8dtj~inay .q6t .the law dfi~&frmtid ,be so 
-&akekidtF '@&~te$ gi-d'tii ty; 7 tmd 6thm (unknown 
Wksi, $ M. &v$ i i i " d i ~ ~ e n 6  pdttsl&rhe-glob6 and 
~Ohdt3fl4kW i f tksk dbFitims $ti high' Aoi-tkttcn llati tudes 
fail in tr&%&~'~k&ris$- kUit&f) abei! krkgularitier 
which of late have been detected in the tleclinations. 
-8#?&ff& &h!ib~,~'i~trl~kh;:t&sugh !tidolwnsatl~i~ Eng- 
'@@d!e' uefifliy~~f?$@in &eb~dbia&q3w@cient+ r" -Ey, 38fdli. W rl5tii%r.i+e t d ~ e ~ t e ~ - s i , f i ~ e i  suspect au 
,9, .,!;io-:, ci , I ; ] , ,  .. . . - +  " I r . 1 o v i  , 
r' , ', 

I 

.. I _. . . , 
I , ,  ' -- . , , I !  . ,  

' , ~ ~ J o R , L A V ~ + O  N, ilr a prlstwriyt tn one ot'hir late report3 to 
inver~~nccrrt, llac t l i l  obsrrv;rliclu. " \Vo find I~cre ,  t f ~ t  ~tilfcrctlf star? 

,. *. pivr  rrrj rlill'r rrrit laritrirlrs aftm lwiu:: cr~r tect~; I  firr aim-mt inn, 
* I ,  kc, /It T~.iv~rr~rlPpnrtnsr, !11u lirtildr! of t l ~ a t  slittion IJJ  

' a 4' Afdfltnrna ~ s t m  1 iL .$.I.' .5'? ' 59. 'I'lie Iiltituds, by l i e ~ t d u a  was 
: " 1 LC 4%' 47" 34, nritl t l ~ e  kltitnde by aOriouis, r 1:4$ 40' 91. I burl 

* made observations b? the same tbree starsat prrn~idhtibd', when 
B o s e  hy R P ~ ~ Z U E  and aOrionis wereoften interrupt* on accoootpf 

2 wlhe~~~dthet;:srld?~~~~e~~&Lbfa13bdrtl1 diSknces 
>*rsubtaithslau+ng we~t?,bfiv& t A g l w e t t ~  cT&ghlk 'b pyj obser-. 
;:' ntiMs h a v i b e t ~ . j e t ~ i $ ~  rv ypfIy#~~fy&rp~; that tha 

declimlidn5 p. !il.l dov" !/! gurop~, ale r g and tbu 
At . -ty-webwuu&rwitb re- 
al m e w s  of rehaction ; and in consequence u eving in 

. ." ll~a!,~ 1h . .$&r~pq of the mrvcted zyoith distvdd'& ibo ata 
!;' .'pbserved ''in",k+o~:.+ilj'$~~fflk ' thk '&ia&'bfB# p' 

'6' " e Sf s will giw is 'ibisfl$itude. ' riak#n"9io\t!k y i;;"trhzardiog 
"' i?o?~.b%~lt, a<f8@&id;tieeg, rii&i4d#@i4 lo tbeJ.rt, I 
' u  kopc'f &id bk%~%file.tcisi moie on the aubjject hexafter." 



TER$ESTBIAL REFRACTION. 3. 1 

-effect of the sort, and must evince the expediency of 
obtaining corresponrling experiments in different lati- 
tildes; for, it is obvious, that even to ascertain any 

' 

deviation iil a system, perhaps too generalised, 
might be attended , wj tb ,incalcul&le .advantages to 
science. , , , ,,, , . . ,  , : ,  I , I .  . , . 

It must he owned; .P&t: .tobhrender'experiments on 
terrestrial refraction pointedly useful,, itwould be ne- 
cessary to shew how discoveries in this province 
inight,iqply and ,be emteqded to ,refractiop in general. 
Hitherta ~n ,this ' r e ~ ~ n d j t e ,  subject, , p ~ t h i n g  which 
woulcl ,immediately his  reached my knowledge ; 
but as so much 3s still .to be done whenever refrac- 
tion is concelrwd,. wq rppy argue, that, in thC present 
stage of our information, observations confined tq 
terrestrial objeats nsyi be deemed sufficient. 

I t  has been stated on experiments", that the ref'rac- 
tive power of the. air, ia prapqtional to its density; 
and this is as its weight directly, and heat in& 
versely. I t  would then appear, were our barometers 

f - ' l t l ( )  ?b!!O ~ V ~ ~ I ~ I I I ~ ' ~ I ~ I I  1 3 1 1 ' ~  & , . 
~ 1 ~ 4 l t ~ r . t h d e  iwe . h v e ~ y  reason to supppse, that 

q4hpvbr10hk~, I t l I !  hm t,mld, or electricity, may havi 
Rey~E?~+~;#rt~$lft.yltae~i~e - 1  , po<verS I , of , the I. a.I ,  air t, their 

, ''L *'p:'!' - , 1; '  '"11. :,I,, ' '" !' . , ."' 
:r,-t, f 1 . , \ I 4 4 7 ,  111 + 1 

aft,+f a ,number d$kbr,lments 6n tgi immediate. e Q c ~  it. kT id, ~ I I  the re&$ se power# ;P media, rmludes. Bat. 
~ ~ ~ ~ ~ ~ ~ ~ n ~ b u b a t a n ' Y @ ~ k h i  foci11 d i h a n ~ s  didinbh with the 
It ~ h t ,  'wh~Ji dimihutiod,;'he cpi~cetvkb, ie' wing.tb change in the 



'effect is &xtr&dj. inconsidC~%blk, when comPared 
with thiit tattsed ,by'tHe bulk 'of, ,waer con rained in 
diisolutian !%it thb'*iit!mosphere :' .tve . may therefore, 
.fn the present inquiry, consider them merely as 
'agents; .col[fiposirl 'add-dec~npsmg pe+pethally the, B air ; and neglect t e ccksid'emtiom of that immediate 
efkctwbi'ch, SMITH .add EUXER: have ascribed to 
fthem; .dhbbld. ~ e - a b r l  $aw@ed; itira&eitain$rrg, with ~ 

*any degt-&."of-~tf&ut~.~.~, ' the rdativedegr& of mois- 
'fure. ,and d3yhiss, at ,  Ph 'diffefeht I tihe3 bf dbserva- ' -tion, we.shall (without neglecting &%dtl conaitlera- ' 

tions) lay more stress on thede results, than on what 
miight be dedi~ced *sefi$tately fro'm obsdrvations of the 
-fiatoiniter'ad t!hernidnnetkr; : . "  + , *  ' 

., I . , .  . . ' ,  . , ' . .  , < I ,  , \ 

' .' hfm tnf&ing into 'the; subjet%-dPexperiments, it  
will be p t b v  to pef$ce a&v wdr&.oh the motives 
which !induced me to 'attend pm?cdaif~. to the ef- 

. fOcts of krre~trial' ~~ttt't.actfic,n, at the tn'16e that- I did ; 
:as it witl!tdffbi.dian 'op oftiinky 61F 'gi~itrifiy an account 

. . P 'of the data ob which chiefly proceeded. 
, , , , ' r ,  !, :, . - . , l c , . r .  , a ,  :",:I!  ' ' 7  . r 5 I ,  , 

Having :!&iveiired ; directiufis *fionij M ~ 5 d l t ' 4 L ~ ~ ~ -  
I ' .~oi i '  7 .@ nikhmeu;l.ine .riearlfBhg~Ith.e;. ttol.seive as 

a bask of aerificatirsn !ti ~hetligbndet(rica! 6ptations 
~trliich ~verk:theli carfieti oh tinderihis 2svhpetintend- 
atice, ' i t  ~dcijrlsetl ~d?, adherrtbig. s @ ~ k e  Wds.'eorn- 
.pleted; . . t h ~ t .  $d' %vohiabk :.an* dppattuiiitg was hot  
likely to $&cctr, fat atwing! mihutdl hanti~ 'the sub- 
ject; for 'evei-y pdesibld )&&hs.&a&-:b 6 eriltake~i, to in- 
.',sure 4s . a e d t i ~ a ~  &:.nSaaiu~err)&'1:'"1:%s'i~c&'t8 bd1.6ficted : 
'ii~kct thih li&; -to e&wiwith ;'thea '@leti;rtW:x~f one of 
.. . , .. . ! . "; ,:,;, ~l;*.,,<!l l. L , , ]  ,. ,,.I I.? ! , J  .,,. 
r 

- .  4 b I t , ,  < . I ! !  7 0  1 ;,.:,,Il, <-.. ' . 



TERRESTBIAL HEFUACTION, 6 
its ektrernities v~boye the ,ather, (qfiertained i n  the 
wuise of the n~equrement) a,ff~r&d leery  .gegesdary I _  

datum to prpqeed on in this. iaygst j tpt i~~ ,  . .. ! 

I . ,  ' . ,  . , I '  . ; , **'.! , *  . 

As ;l$ deta,i$ accoust, cfi &. , p b w ~ a e p t i o ~ d  
operatian will appear qt f%ll,lpq@$ ja & ~ a %  LAM?- 
TON'S reports, i~qd .capaqt 9,i tll propriety k~ giyen' is 
this paper, J :hop?. thqt .i&. k g i n g  F g ( l w t ~ : ? w  fwn 
part of the..!% oqe?r$$l .qpgratiw$,.   car^@. ~q .in 
the pminruIR d!%v#&aJ y ill gppe9f 7.4#&?j4$ piedg~ 
of j&s wcwagy. :.:* . , . %  I , , , I . I , , .  

. . I :  ,, ... . a  : * J  1 1 .  1 . , a  f !  . .  , ' . I  

A C C Q ~ N T  OF I , N s T B ; ~ ~ E , N ~ ~ ~ , ; ,  , , , . ; ,  , . . 

The elevations and dPpressha wtre,.tshan,.%ith 
the great theodolite, used by MAJCIR LAMBTON, for 
carryisg on his aeries bf primary t~id~gks aotoss the 
penipsula., Tb$, .instryme;q&, ..)lgv.iqg been. +'r~llcrly 
d ~ c - b e d  hy. hjgoself, weel) got. be .any.a-'urtJiier. pprti- - 
wlapsed.~ :Tk gqgles y e w  i pyariabj-3i : 4pkan< ~ i , t [ ~  
the plkwCsfar, k21' tbq fppy ,.QK. . ~ ~ w , ; t e k a ~ g $ ~  . ,  ,I .. . ,I 

, 1;  .I.? l o l '  - . J I L ~ ' )  i . & J - ~ a l ' v f / . l ~ : l  1:J ,iJ :I ? : . 
A barometer and thermometer were also procuredx; 

hut $w, &kfi re+o?ls .aakslve,. f2i vm, +kt +!+p t i of  an 
;&prlve! . ~pwl of w l ~ t  ;,I 

qwWiw1 ,mqagw; !of j e v y  tigp- 
firqel, .&ah .rg~eh:,au I J U S & F ~ -  

s;!s&ilan.+iuqp~e) when 
L I W ~ ~ + N Z T & ~ ~ R , ~  pf &.,M!. ~ g g k  r~gjmpnt,.: qoin- 
musik\td r t ~ e ,  hb  + S ~ F M ~ ~ Q Q J  ~ o ~ - ~ s b e .  b p ~ ; Q d  
seedo , ~ ~ ~ ; j u . . ? j & ~ . ~ g ( ~ a ~ s ~  mllad,:i~~tihfi .Makd,?r, tctlgye 
p4-& - ( h ~ A ? I d r ~ m . , ~ ~ d ~ w  V $  , 
which: g~~%irfii&yltodstwe~irn, s,p?..o$, tba ipixwp- 
sula, and ~ -- which he thouyght was 9 ikely . ~ to answer for 
an instrumenXThis%rt +I-- , . . . 

I t The beards' of the wild oats,have been aied ill Englorid for r 

1 
imilar purpose (see HUTTON'S Dictionary, art. Hygrom&r). . 

B 3 



6 EXPERrMFNTCJ O X  

'Although I understand i t  to be this gentleman? 
intention to give an account of his experiments ori 
these fibres to the public; pet, as his official calls 
prevented him' from going minutely into the subject, 
at the period when I had o~casion for an hygrome- 
ter, I was' under the necessity of anticipating his 
intended inyestigaticjn ; , ind  the esperfments',detailed 
in the ap ~endix  will she$ that  after an ample trial, 
the bear d s of the P&nliiaooloo were found per- 
fectly competent to the 'construction of an hygro- 
meter. Three of these instruments were therefore 
constructed, and. the mean , o f  . their . readings noticed 
in the aqncxed tables, . .  % I  , .  . , , , ,  . . 

The detail of expeiimentsdn the &ebts 'of: tkres- 
trial re'ffactibn? , togeth$'$ith 't3e"immediare results 
deduced' b' them, 'a*d ' in ihkse'tabl$s,".onder 
the app'roljiiath' 'e6ltin;fls (%id"& igferenf e ' to them 
 ill best explain their arrangements. .' ' 

>:a- . #,~!q 1 ; . IK  ..,.i,, ; , : . t i ,  i ,  L$,  1 . . 

It is however necessay to explain the meaning of 
certain marl& whikh. iq>pdar a't iai-tilifs' 'ljlabes under 
the figures, and which have been ahp ted  both fbr 
the sake ofi p e ~ s ~ i t y ! a n d ~ b ~ a v i t y ~ i . ~  , I '  .I! I . ,  . . i  - 

. ' . ' . 1 ' , 1 , . : , , ,  . " " ' .  . '  , I  I .., , 

I sicin )$!N!clbPB , , ,ti  3,. "~f te~~~dl l i l~ f l i lg ,  ... , . .:.. itu ++'ti& 'lniirn- 
ber of oh$rvatlans, fie ,,prevailing. egreemeht .he- 
tween the:motiwe.o6 the :lygrmeteqi:and the varia- 
tions, which\ o@ci)md*-ih Ithe bbservtd'angled of '  .ele- 
vation an$ &predKiii I , j : . : t b i .  ; , .  ,~.,, . :  . , . 

t 1r08 , ~ i ~ * * i  :,[it ,..:.:.. . .. 

. , I I I I I 1 I i . I .  . 
This k i e i n g ~ a ; ~ ~  J,,& atmttsting fact (OF which 

I had stiHl4n~~&1;~a,dj  be convihml; after I 
had s~ccLeB~dt,  .pa, ,re@i%'tib~!' thk" l?'~fdiiielii>' I 
was desirous to. dtqv:,ihk i~ept iqp  on t l i s  coinci- 
dence, and with thie view the marks alluded to were 
iffixed. 



Taking it for granted (as pr;hipr the present es- 
periments will he deemed to allotr-1 tha t  where the 
moisture of the at~llospl~ere i s  greatest, the refraction 
at that  moment is also greatest (and, vice ver.9) 
wherever, in the nnncsecl tahles, ,the obscrtration 
rigorously agrees with this theory, tlae tnarli (4) is 
placed ~ndeineat l i*;~ where the coinciricuce of i~iois- 
ture and refiaction i s  not absolutely exact, the ap- 
prosirnation is pointed out l ~ y  a cross -1- :, shciving, 
11y the numbel. of its bars, liow near it comes to 
perfcc t consistcrrcy. 

, . 
. ~ . . t r : , ~ . ~ ~  ::dl+ 1 "  r , j I ,,. . - 

with a we* o iaw the atte,~ftqn ?i~ser to 
the. effects of moisture on refractlotLJtivd ko~umns 



' 8 EXI'EBIDIENTS ON 

the shortest way was to inark with. ,an asterisk (+) 
those cases where it had failed; and by inspecting 
the tables, i t  will ap ear that the ilulnber of these 
is comparatively small: 

The quantity of refraction, as entered in the ap- 
propriate colum~s,  has been computed, accordine to 
those respective cases of tlepression or elevation, 
founcled 011 reasonings too generally known to rc- 
quire any n~ipute exfianatiou. 

It will only be necessary to state, that, with regard 
to the measured line, the formula ?-= + A - D .t a * 
has h e n  ilsed in preference to that of r="-fD+?' 

2 ' 
for tl:e ol~vious reason, that a greater reliance was t o  
be placed on the perpendicular depre~sion, obtained 
during the process of measurement, than on corres- 
ponding angular depressions, taken at the S. end of 
the base liue, even though an equal ilumber of ob+ 
servations had been taken at each end. 

The refraction, affecting the elevatitm. of the 
Muntnpunz t, was necessarily computed by means of 
the elevations and depressions, taken at both places re- 
spectively, r=P-'D-EJ being the appropriate formula, 
where E expresse: the elevation, and is less than D. 

An example'of each will suffice to  render the sub- 
ject perfectly clear. 

Where r= Refraction. 
& A= One half the contained arc. 
D= The greater depression. 
D'= The less depression. 

And a= The angle subtended by the pergendicular clepres 
sion of S. end of measured line. 

t A small &ate bddiog, on a very conapicuuus rising ground, 
&out four d s  N. of Bamgdwr. 



The length of the measured line ( B ~ ~ w t ' y  and 
Beygoor) belng wnverked into a s  grc of it great c i r o l ~  
gives 6' 34," 67=A *. . . 

~ k a i n ,  the depression of the south extremity of 
the line (near Beygm)  below the level of the north* 
ern one, 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 7 th o f  August, at 6" 39' A. M. the 
depression of the foot of the flag-staT Dear Beygoor, 
was observed at  Bansruary, 6' 42" 66. 

But the height of the observer's eye above. the 
ground was 5.67 feet (that of the instrument) which 
to reduce to the ground, will require 29" 39 to sub- 
tract : consequently, the corrected depression will be 
6 I 3". 27~1) (the quantity entered in the tables). 
Whence . - 

. g A=3' 17" 
+ a=3 25 75 

- 6 43 Oy 
-D=6 IS 97 

T h e  refraction entered in the tables: 
- .  

The horizontal length of the measured line is ,39799, 31 feet ; 



At the same hour, the top of the flag-staff wab 
observed 4' 37." SB ; which, corrected for the height 
of the instrument, as above, gives the depression 
4' 07" 93=D. Again, the length of the flag-staff 
being 44 feet, this subtracted from 39.7, leaves the 
~erpendicular depression below the line of the level 
15. 7 feet; and the angle which i t  subtends=ll 91" 
86 =a. 

Hence we have, 

1 s t  f i q  dist pc~~fi6'iia(i:,@e~.3.e~ tremitY ?fithe line 
(Banmar?/) to tie i~fun%$~@ iiJ9p237 3, ~vh!ck,cu;n- 
~ e r t e d  into an arc of greit'kircle, is%'i8' $54. 

/' 

, . , 

ed. ~ ~ a i ' n ,  ,the e1eyat.p~ of ,  t b , , ~ u : t p u ~ ,  was b taken a t  B a ~ a r j  (bn t,e'&me1day:,!j b" A. M.) 
9' 91" 84, and this corrected for the heiificof the 
instrutnent by adding &'I,?&, ~ a \ ~ @ e ~ l ~ ~ o n  

-:., ' l 0 ' -~ .37=~ . :' r~ r, .. .' 

Sd. Last1 , in the ~tgin~tingaPA* s t \  dwling the 
aftemo~ij,~ leing theeWihtaju& t@'det)re&ibii 
]LT..end of liw ws observed, on a meas of four ohjer*. 



TERRESTRIAL REFRACTION. 1 k 
vations, to be 15' 19"5, and the instrument (in tlie 
Muntnpum) being 8, 5 feet above the ground, we 
have to subtract 1' 6" 59, which reduces the ctepres- 
sion to  14' 1 2" 9 1 =1), a cons'tant quantity in coni- 
puting the third coiumn of refraction. 

Hence we have, 
DrlX 12"' 91. 

--E=10 06 ' 27 

-- 
Tl~e  refraction entered in the tables. 

The absoIute degree of moisture was deduced a, 
follows : 

As I 'knew of no standard, by which I might set 
the hygronleter, when I was about ~bserving, the 
least degree of moisture notioed 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 c~ lumn  wbich shews the ab6olute knsi ty  of 
the atmodphere was computed by this formula; 

. . I ,  , , I 1  . . -, ' . ,  I . . .  

~ = ( ~ ~ * j ~ p o . o h  x 1 - ~  
o 6 0 0 

4.35 * founded' ,on' 'iei- - 
* .Wqh D z  ~ m ,  the ,inq~$se bf density, f'# @q height of 

Lrometcr.,at tfie sf obsmatiqn, B: tbe statec the gad9 wpeu a 
$$'ace pf .temperature in the mercury. 

f l o ~ e ~ t  of. all, n t e differeuce of temperature in 1 e k ,  and d the 



sonings sufficimtly k n o h .  An example, however, 
may not be deemed supertluous. 

EXAMPLE.' 

The lowest degree to which the barometer de- 
- scended during the course of these experiments, was 

26. 85 inches=B', when the krpperature also least 
of all was 6 9 0 .  These two quantities are used as  
constant in the computations.. 

Now, on the 7th of August, at 6h' 39' A. M. the 
barometer was oberved to be at  27=B 
from which deduct 26 85=B' . 

there remains, o 15=B-B' 

Again, the thermometer at the same time 
was 75 O 

from which deduct 69 

and we have 6=n ; and as no difference 
' of temperature was poti~ed in the atqssphere and 

mercury, the same qumtity(6) will also bc ex- 
pressed by d. 

Hence it is that having found, 
+B=o. 15; L L ~  

9 6 0 0  =O. 99, &c. ; and ==0. 
98, &c. we have 0. 15 x 0.99 2 0.9%=0. 145550; 
which to reduce in terms of B (the least density) we 
b v e  P / -1 the increase of density. 

0 - 1 4 8 5 S O -  1 8 4  

Lastly, to obtaiu an expression in absolute pnm- 
hers, we have, as 26. 85 : 96. 85 +&: : 1000 : 1000. 

' $09, . . thp quan&y entered in the tables. 

I .The remaining columqs are sufficiently expIicit tp 
require no explanation. 

r 4  . 



'Lpnqa :%qu!qs ass 

'"n!<l 

.Xpnon 

'Xptl01~ : llllg 

8 ,,,!: :, 
-rpnoP t @ ~  : arawirowr)r ala u! aoy)om 

-Bn!u!qs UIID : ~ u ! y  Llawaqxa 8% 

.alaqdwu~a s~ u! w!wu :.anpya rms : Kp11u0 

'os!p 'ou!a 

.Pq!ris mp :Xpa013 

*011!<I 

'Kpnoc) 

'84qqn ms 
. l I ~ j  . !. . . -Lprrawua Laa  a r a y w a r l l ~  
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T E R R E ~ T ~ I A L  R ~ ~ ~ C A C T ~ O N .  ... . . i S 

I. REMARKS ON THE RESULTS. 

1st.  he most remarkable fact, .which calls for 
em attention, in the resuite of the present elcperi- 
ments, is the almost invariable coincidence of the irt-. 
crease of refraction with that of moisture; which wili 
,appdar still mok forcibly, if we consider the results 
of the following eight observations, all taken between 
10 and 19 o'clock, P.M. an different nights, when I 
was ,engaged in observing the eastern elongation of 
trhe. lar star ; the depression of the 8. ' extremity of 
.the P" ine being taken by means of a referring lamp. 

- 

- Mean refraction 1' 1" 38. 

On comparing the hypimetirs, as they stood a t  , 

tbc time of these observations, with 'their position 
when last noticed in the day time, i t  was found that 

n the direction of they bad revolved, on a 'mean, 840 i 
morstqre, Now, the mean refraction of - 55 qbserva~ 
tions, noticed in the bbles, is 29" 74 ; and we have 
.WJJ that of the 8 observations taken at night (which, 
.from the stillness of the.iir, may be deemed to balance 
a .wperior number) to be 1' 1" 38. Hence, it will 

r, .&at the latter is 'something more than double 'r e-former. 

ed. We'skall next advert to the comparative qua= 
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tity of refraction, which seems to have affected the 
observations of the different objects referred to in t h e  
tab1es;and here, it is perhaps worthy of notice, that o u t  . 

of49 contemporaneous observations, of the top and foot  
of the flag-staff, at  the S. extremity of the line, the 
refraction attending those of tbe foot are 36 repeated 
times less than those of the top ; and that, in the 13 re- 
maining ones, where tbe contrary ocqlrs, the exc.ess is 
seldom above 2" of refaction, 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. BOUGUEB, (whilst employed 
in measuring a degree of the meridian in South Ame- 
rica, and observing on the summit of the Cordeliers) 
noticed a sudden increase of refraction, when he 
could view the stam below the line af the level. 

I ,  < / 

ad. With regard to any attempt to\aards estinwting 
the effects of terrestrial refraction, ,by ,an ,assumed 
ratio to the contained arc, as has been hitherto 'the 
practice ; without entering into any discussion of the 

- subject, I shall only observe, that if, in the foregoing 
experiments, we go by the observations takep in the 
day time, we shall have (eonsiderieg 4h0 foot of 
flag-staff, and preserving the same n~at icm) v=+ ; 

+ The mean JiRerence of refraction, between the top of tbe flag- 
rtaff and the Muntapm, (en 38 contemperaneous ehrvations) 
i s  .16". 44; and Wa bet wee^ the top,ofi ,flag, q d  Mqptnp is. 
92". 51, where the order .k inverted by 6 .  07: and .if q e ,  top and 
foot of flag-stag be compared, in an equal and contemporaneous num- 
ber ofobeervations, the m o a ~  of their difference ia 6". 08 liewise im 
the inverse order. 
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and if we take those by night, i t  will be r=& of 
the contained arc, from which we can collect no- 
thing. . , 

. . I  , . . . , .  I , ' , ., . , . 
."';4th!': r%ave no* on1 to add a 'few'wdtds on the 
ctih$ii~&v?dthity bf' t n e aii,'at the different times of 

~sUch 'ah entdred i,hl tRe ' tables ; and the 
' 3  ht! bfJcarrHeetiUn; Betwkn it9 lthanges and ' daksMq 

&%~If&.kfi&etldri ; &if, i h l i h  we mayhfer, that, 
kRti8d&tbein 'elitnata (where ?he mercury 
tid falY seder+li inkhes' in one day) dbserva- 

d8fif;bP 'at lbarom~ter ' !~~d qherntometer may be at- 
tended 'to 4vi thn ad vantege, oh the contrary, in tropi- 
cal countries, where"(as .ttppears in the preserit expe.. 
riments ' tBe var5ationa'df the rnkfcury are hardly dis- 
cernibll4' tho& instruments will prove perfectly b 
&cimt;' l .I. , I .  . 

l I . . J  ; 

? , , ! I ,  i .  I .  .. 
. I ! .  ' , , , .'I% . , 1 - 

. APPEHDIX; 1 8 .  

. I : . ; . L. % , I  

dn accofiht df E q r i m h i t 3  an the jbru OT beards of 
the .Panimooloo graN ; containing also nn account fl 
Jhe c&rtu9h of the l y g ~ t e r s ,  wed in the pre- 
adkg &p&im$.; . . . : :..; I . .  : . . 
' :IT l r ) f 1 ? i ~ i  I ( : , , I (~ ,; , !  <.i. c , , l ~  *, ,, !. *: , 

A i ~ B e f m l l p m ~ d & ~ g $ v f s  13h aseowt: d the ex eri- P mw,-hyj:iplp~w a~iy~:ieb~iX.\s~fisl$edt~r;sglf o ,the 
; o b m p ~ a ~ y  d~htAwttdsl af Tarnimpide4 grass, to 

a!$eetlJ h 4 1 . j ~  wiaw) &,~y:ill ,tx,necwary to give 
a ohor&d@wri''k1p .pfi,$?~eipI~.itwlf, oc . (since a bo- 
miir$l accou_nt_of it_-isnothere intended) of that 
~hfl#fi&$j~~~Itr9$~!fh5$$~;u,9~,s' .'be ~?nstruction 

days) tlle greatest cbange wiis 0.9 : the lrlter place W i g  2970. $ 
f+ above tbe brrl'of UI-. 



.of .the hygr- .mqiulted iml the;p~ceding expe- 
.rim& am IEfsaotbdr . .: . 

' . ,  8 / ' ,  - 
The ~aniambO :gms&: which grows chiefly on 

rmmala'hrq dl is jkn~a a to b . n a t i ~ e s ,  horn 
.its beardsl, esesili ~ ~ h i n g  .-awl adbering .ta their 
clothes,,. produces a kind of ear, somewhat resembling 

. tlpt of what ,  Its seed vessels shoot out long fibres, 
of a hardy t e~ tqre , .~  w ~ i &  xa$wist one with the 
other froan left ti) right, so as to resemble, wheh in 

. , .htm@, d .d jmhtkb i i :v . : ,  113; :i I . .  a . .  . . 
, .  " . . . ' . /  a: ,'. :, :, ? /  ) . I . ,  , f # , t  , I !  I , !  .* * ! 

. Theec $fibres, :or bc8rdb.l am1 part af Ithe plsat 
, ' , ~ d  .ia. : b b : ~ a k r u c t i m i - ~ d  * *  hy$romtersj &id 

, mqubeatiy deaer,ve t ~ t k k n m h a i q e ~  i : . I  1 c 

;.,i, ,:. -,. , ., , f , !L ,; i > ! ~ l ,  : l,)7li:;,a \ .  . , . 
!.~d fibk G s h ~ t s o u f  ima'stbslgbt tined r d y  ta 

. :tb h g t h  raE an hch, . € ~ , t h a s d r o a M .  to which 
i t  adheres; then tapers o*, in curls, to a very fine 
end, so that tlie former part of i t  can alone be used 

=.,fphthe p r e ~ t : p ~ t p o ~ i x r , ( . : i  ;?;.I . 2 ! r ' . a  2.iq r t o  .I: - .  , 

I . .  ' .  (,; , . .  ! .  i . I  . , I  - , . , , , .. 
, ., rieued;~rqr* t-tiqpi%'&g,gw.i t splrnvs 

: i  ta&um$e lap, lihi~+c-, .irlrbr&.~da;vtwisted 
* . ~ O I I D .  ,laft,rt&; rjg?14!;~wbieb~ i*en~~%pt&,~brqqdied 
!(contrary,&, i ts  @@W on p rapt$ ~ ~ u e J 1 f G & l d -  

ed; and cause the motion of which E&&$myself. 

The twists, in thy pw h\ pa r t  of the stem, are 5 from S to 7 in nuinber ; an >these, as I have found 
.&y ekperimeptq, wiylyi, park ,tbe,nynthr,.af re'tolu- 
tions, s'f wbicb, ithe -fIhr~ % issywfiiblai by.i & appti- 
qt ion  of ~~is&wfl.,l ,,.,j ,,% ! b l i l : ,  i !  1.1, , .. c 7  - 

, / 3 i t  ; a !  c . .  rr , 

Wheh dissected, the stem. was found to be made up 
ofetwo & b ~ ~ p n e p $ j q & y 7 a ;  &g&Imdnam~ ~dasily 
divided, + apd tyiqted ~#ug,d; ~ a ~ h  , ~ $ j i e r ~  until ihty 

,were usik@ i n , w q ~ r ; q @ I k ,  at tbC? wed v4wl 
me end, anh above f i e  first cud at +bsther. 
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This construction readily explains why i t  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 i t  in 
the same direction. The following. experirnen ts satis-. 
fied me, howeyer, that moisture alone unfolded the 
stem. 

EXPERIMENT 1. 

Having f i x 4  a sten,, : 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 a 'sition as the nature of the experi- 
ments .requirer  and a gyaduated, circle of paste- 
board was so placed about it, as to indicate the fium- 
ber of revolutions and.degrees which the index went 
over. 

Then, on .placing my hand within an inch of the 
stem,,the inde~~generally moved from 5 to 1 o0 of the 
circle, from Zgt to right; and as motion in this direc- 
tion. was, invariably, the consequence ,of moisture, i t  
was probable (but still,it remained to be proved) that 
the e$luvia arising' from fierspiration principal1 y' af- 

I fected, it in :this case. , . . . . 
. . . , 

. E X P E R I ~ E N T  11. 
n ,  

By breathin 'violently od the stern, I 
! brought the .in f ex.round from 700 to 900 in the same . 

direction ; and it wouldgo back to its origihal plaee 
as soon as let free. 

. This &as spfficien t proof of its great 'sensibility ; 
but to make, sure whether moisture or heat.caused i t  

' to move in the two precedidg %cases, I had fecourse , 

to the following: 
VOL. IX. C. 



. . . -, 
. 3 , )  t, -. ?. d$Phnf ;[i&gi: ,i ; '> % . ,>: ,': \ " " b  1, 

. ( . , , ' , L , \ ,  ,..>-,!f 
I tirst, applied a t . h - B a r  nf iron; -as- dose. to the 

stem as could be contrivd:\*itCiclCt?hrhing it, which 
moved it uniforxqly fmm7ight to left: - : . . 

, . 
,!.:, 1 1  : ; , - 4 .  

$ 2 .  

Again, having. grepafe&,anuthec ked; 1I~applied : 
the steam of hot $gter, isiding f i b  the spout of. a .  
tea-kettle ;. which-caused it to move, with great'vio- 
knce, mf&2 ,~volutions: from rkh8 to which 
was a su&ieg;tn~prod,- thirt heat actdd. on. this grass 
anly --. in qs 'mu~4,aS , . i,t.$eptived it of i s.mqisture,.. . 

, . . 8 1  i ; 

I then p~kecdgd 'to awghain, &hbth'ei the st& 
w ~ , a q ~ i ~ r ~ ~ r r g u l a ~ 1 y ~ a & c t e d  by1 thq eha4ges *in the 
atmosphefe ; . i ) , , p i n ~  oa whi+ every ,*ng !depqnded. 
With this vkw I made up three hygrpmetcrs, osl the 
following constrdaibn : 3 ' 1  , 

. I  ' t 
I 

Three atalksiw&e!,tsken, dF .the same. length and ; 
number yf ,,twist$, apd,.. held fised at one enrl illto : 
a piece bf Gak, with an in$x (as above rlcscrilretl) ; 
the whole &!#'fiked bii'the bottom of sm Inany st]-011 



Table, shewing the m pakativ? ~pte ,  of going of thne 
&kTO&t, 



20 : 1 )If Eq3fflp&T? ,ai9;, I 
I t  may, hoY per, b e , ~ % ! ~  to mention, that not-, e, withstanding , great regularity which appears to 

prevail Ltwoed t h e  rates of going of these hygm- 
meter$+: ib1kfi&& the atmosphere was uncon~moxll T moist, ~thtrdq~iske4ms~b4~4 t a ~ ~ t h b  Stehr require t 
to be che~!(& ; for, as , & . ~ l & ~ ~ ~ ~ ! j r q ~ ~ ? ~  dyipg,a  
heavy @ ~ y  ,: .~,v, \ye,? yk itl waos .nQt 
to'be expec "k t 1 a t  .the t~ree-1nstrum"ents 9 would 
keep pace, whdstr:me4inp) . 8 a r ~ ~ t @ ! j 6  ~i;ik $ 1 ~  hikid , 

was rhereforei, f r l s ~ n e d ~ h ~ k k ~ ~ k i . l d ~  c # t c  the jmdix, 
loaded with a thin plate, of lead, hanging .lod3et iih 
the bottom of the box, so as to be dragged by the 
straw as i t  went rouniJ:-.;:w the& means the instsu- 
merits. wei-e , easElplu;gvla@4tt,., - . D -  . :\, :\\::,,J1 

A !  7 i1:q f ~ i ' ~ j e  .,ysP.g;i'ik~i,t~. " I t  2" n t ~ ~  ; h 
,:!, i, ,,z.i j , ~ , , { l ~ l . g : , ,  . , , ~ l ' ~ ! I  f , .>j , :Lz-7 . i  x~<;ll) 3,3jL'{. .!  i~.<, 

~ ~ ~ p l & & & ~ e f ,  heat;:ih Mtterf&b & $&*#&~&f 

The heated bar b ~ s $ t ) p j ~ + ~ ~ ,  the index began 
to recede, and becape, qqiekcent again (that is i n  i t s  
natural position), after having i-eturned 990". 

k 6.3 i t '3 
But the three hygrometers, whose rate of going is 

e p% -t&la-kg4wav& ~~wj$*hile ; !$gd"td!si , ~ R C  j 
owar s ~ t ,  ncl t lerefore this quantity is to be 

att&d,m tbe.!ibet;k,i,.;,l a f - , i t : l :  h.>r~,i?~;lrn , ~ ~ ' ~ . ; ~ ~ t : : : ~  
c, . ;  ;;, ,;;JL,, i;:;;, j ~ & j j  !,;;3~,~x~~l, ~ . ; ! ' ~ ~ " f ' ~ , .  7 3  YI!.?:A., 

7 t -  
---. ~ - - -- . . 

, - .. . f,j i l i>jf  L j j i j  ' j r j  G2:d~i :;ii.j k , 3 ? . ~ 3 i ~ : .  
s: 2 

/ 



,YER~~~~+S~AX'~ZFZACTION.  4 1 
-, 1 t l .  . l 1 r 1 1 f  I .  , $(j& 

' I  I :  I 1 f 1 :  . hv :+9b4 .'I.. . ,  

. , , , .  t I ,  ;', ' ! ; .,, u. . s 

# l a > -  ,[! -:!d?rt; 'i 1 - . ' . 
t b  i , , : t : ( f , , ) : j r t ~ *  ; , - . ~ , I ~ ; V , I ; : : ? ~ ;  >i!! *%+l34*. 
2Wkpw it ,VLjlIilppwr, i tbak w e  tbepdss had mov- . b $ C ' .  ., k&'ti~~thalr~p~$?&t?iid~$ %if, . . L n  d las tg4;5- 
bbd that;' 'bfk?dolinb' 'it'prily keCo.Ve'rM 1 4 1 3$=494 
:hil,,. < T I ~ ~ ~ ~ L L I ~ ~ ~ ~  ~ r c ~ ' t - ) , ~ ! t  ~ u 1 . 1  J;:;!: I , - 
i t  foilpmq. p a t  tbg .+tarn, I blngide.! L 

pjy@ :Qft i ~ ;  r d i ~ a l  qwip,ture,. ;lost. . a  -.; . . : 

Aa soon as the index of, the same stem gave signs 
of proceeding regtikrly with the hygrometers, a hair 
pep&$@ .Q& water,#.was applied, ' and 6held.to- the 
stern, when it revolved &e9& from lt!fiii6 i.igAi, 
then remained quiescent. . On the ncilbeia~.aith- 
:d~#k*,[~~lt-^ ill@?rii.bt!&r ' t b  rkRd$\d~$&'&med the 
m w e  &otdef 'b i%~ 1 i~~g5$Metkr~;1  g&f; ?dvdlving 

f i ~ ~ ' 3 ? ,  jUOr[tl-fl , - I , , .  !, ' I  , : ! , ! . I  , ( { . ; I ?  r ~ ~ , r  *).: 2- 

-13hr1i ,;I[ ; (i > i l :  1: ;I.., , 8 1 ~ 1 '  ; I , , ; I ~ , L  ':i4.; I , f  ' 

-~i[bk@," dte-ik~s&$'*f~~$)21i'i!*~~."t;~1;: if 
?:I < . T  7.1 . , t i j f f f i ~ ~ l ,  ~ . : i ~ ! * > ~ ~ ~ ~  t 1 I T  2. k .  

extreme moisture, the ~ndex had ~9volvqd~~ 6+995* 
I Hence, it will appear, that $his process, 6+ 165 

I ';rffited the' fibre8 of the stem by. . 130 
c's 



The th'moohetc~, at  he beginning of this opera- 
tion, was 77"; ahd'at., theend 79". 

. , , .  . , . . , .  

From tht  Blbve' bxp~rimmts, i t  will appear, hat ,  
since by the appikatbn -.& extreme heat (procuring 
extreme dryness) the index hat1 revolved from right 

I : r 

to left, 9+ 105. 
and, by the ap$icatio" 6fixtri$e moisture, 

' 

from left t.0 right, , . ., . . , I . .  6 + 9 ~  

it ~OLLOIVS, that the sum QF~I,& .tiyo gpan- . 
ti ties, .\-iz- j : , . .  - ,  , ' 9 +  49 

is tlle compass of the stem. . . ; ,-,, , :. ,- , ' 

This result evinces, that tlie mean sfate of the at- 
m bsphere does not csrrespbnd, nor &- i t  on' b y '  &- 
capion with the mean of 'dl& pm+i.'af this instru- 
ment 4. : .,.  . .. I . .  . . 

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

K 

treme heat sr+agoO, and, by extreme moisture, 
R 
.8+320° ; so that the compass of this fibre was 
1 ( ~  -- 
1 1+250°; which exceeded that of the fcrmer by 
a 
a+sr 10 ; 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 former; 
which accounts for its greater compass. 

EXPERIMENT VI. 

Application of Steam. 
Three stems having been selected, and being fixed 

as usual, the steam of boiKng water, issuing from 

* s@m, which used- for this axperhe&, was aftemads 
compared, when made up, with other l~ygiometers; anti it d q  pot 
a p v  b have lost of its Mity, by thispreccas, 
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the, spout OF: B tea&ett,le; was ap lied ta Qna of them ; 
when i t  moved, from ldt.. t ~ ~ r i g  ! ti. with ;vjolent con- 
vulsive motions, (so rapid as hardly to admit of 
ao~ating~ them) 64 revolutions, > .6.; isnd the 
3d, 69 ; when they mpaiwd q u i ~ b g ~ :  ! 

4 , :  I , , , , . 9 . :  8 ,:' . , I  

Now, we have seen above (eip..1v.).that a stem, 
of this leneth and number qf twigts, revolved in that 

n. , , ,  P..,,:,. . , , <  11 2 . I .: :. ' r ! . , r r , * -  , 

c*ge G+ 500" ; and, in the present, heedy 6+ 180 (on 
a mean of three). The application, of steam, thete- 
fore, if we' dtihsider the 'shall' dieredde 'of the ttvo 
kful\$,' may be conceived to have effectW'the dttm, 
only in as much as it moistkned it. ' ! 

* : ' 

. ,  , : I r  !!, % . ,  -;: , , ,,, 1 * > , ,  , ; , .  . " 
Seyerql qi$Rr. experim.qnts were i d  tried, biit' be- 

hg qf the, ~ ( n e  natgre a s  the 'foregoi&g, and the re- 
sults nearly similar; they need not be particular- 
ized. , - 

. * ! ~ . i  : , , [ i :  i ~ r , r ,  .!I ); I , ) ,  ,,, I, ; ,[; ; . . ,  .: rS--- ,  7 ;., .:-, ,. i 

- I I o r  3 ! J ; : , ' I ! :  , < 
\ 

, 




