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XXI. . Ar Account of the Meteorological Infiruments sfed
at the Royal Society’s Houfe. By the Hon. Henry Ca-
Vendiﬂ'l,F. -,Rt Su

R. March 14, r776.

Of the thermometers, with refleétions concerning fome pre~
cautions necelfary to be ufed in making experinients with
thofe infiruments, and tn adjufling their fixed points.

HE thermometers are both adjufted to FAHREN-

~ HEIT’s feales that without doors is placed out of a
two-pair-of-ftairs window, looking to the North, and
ftands about two or three mches from the wall, that it
may bethe moreexpofedtotheair, and thelefs affeted by
the heat and cold of the houfe. Fhe fituation is tolerably
airy, as neither the buildings oppofite to it, nor thofe on
€ach fide, are elevated above it in an angle of more thare
12°; but as the oppofite building is only twenty-five feet
diftarit, perhaps the heat may be a little increafed at the:
time of the afternoon obfervation by the refle&tion from
thence. In the middle of fummer the Sun thines on the
wall of the houfe, agaihft which the thermometer is fixed,

for an hour or two before the morning obfervation, but

never
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376 Mr. CAVENDISH'S Account of

never fhines on the thermometer itfelf, or that partof the
wall clofe to it, except in the afternoon, long after the
time of obferving. On the whole, the fituation is not
altogether fuch as conld be wifhed, but is the beft the
houfe afforded.

The thermometer within doors is intended chiefly for
correcting the heights of the barometer, and is therefore
placed clofe toit. The room in which itis kept looks to
the North, and has fometimes a fire in it, but not often.

It has been too common a cuftom, both in making ex-
periments with thermometersand in adjufting their fixed
peints, to pay no regard to the heat of that part of the
quickfilver which is contamed inthetube, though thisis a
circumftance which ought by no meansto be difregarded ;
for athermometer, dipped into ahquor of the heatof boil-
ing water, will ftand at leaft 2° higher,if it isimmerfed to
fiach a tepth: that the quickfilver-in the tube is heated to
the fame degree as that in the ball, than if it is immerfed
nolower than the freezing point, and the:reft.of the tube
is ‘npt much: warmer than the air, The only accurate

“method is; to take: caré ‘that:all ‘parts of the quickfilver
fhiould: be heated equally. - For this reafon, in trying the

heat of liquors much hotter:or-colder-than. the air, the.

thermometer: ought, if poffible, -to: be immerfed almoft

ag far as to the top 'of the column of quickfilver in.the

tube: As’ tlus, however,: would. frequently be: attended
with ‘great: inconvenience, the: obferver will: often  be

obliged to content himfelf with immerfing it to.a much

lefs depth; but then, as the quickfilver in a great part of

the
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the tube will be of a different heat from that inthe ball, it
will be neceflary to apply a correétion on that account to
the heat fhewn by the thermometer; to facilitate which
the following table is given, in which the upper hori-
zontal line is the length of the column of quickfilver
contained in that part of the tube which is not immerfed
in the liquor exprefled in degrees; the firft perpendicular
column is the fuppofed difference of heat of the quick-
filver in that part of the tube and in the ball; and the
correfponding numbers in the table thew how much
higher or lower the thermometer ftands than it ought to
do. The foundation on which the table is computed is,
that quickfilver expands one 11g500th part of its bulk
by each degree of heat."

WD’i'g.‘ : Degrees not immerfed in the liquors,
o .
Heatll 50 100} 150 200] 250| 300| 350] 400| 450| §00|" §50] 600) 650] 700 7350}

50l 52| 24| s7| 9] mr| L3l ns| bl 20 | 2,2] 2,4] 2,6 z,‘S'v3,x 33 -
100 40| 59| 1,3] 18] 2,2 2,6 3,01 35| 3:9] b4 | 48| 52| 57| 6,1 6,6
150) 751 13| 2,07 2,6 3,3( 3,8] 4,6 52| 59| 6:8] 72| 7,9] 8,4 9,2 9,8/
c2000 9, 1,8 6] 3,5( 444 51| 6,1] 7,0] 7,8] 8,7] 9,6] 10 | 11| 12 | 13|
250fl 1] 2,2] 3,3 | 44| 5.5] 6,4 7,6 8,71 9;8] 1x. ] 12 1 13| 14| 15| 16
300l 1,3] 6] 3,8 5.1| 6,4 7.7] 91 10.] 12 13| 14016 | 17| 18 | 20}
350) 155 30| 464 651 7,6] 91| 1x' | 12| 14| 15| 17 [ 18] 20| 21 23
g0l 1,7] 35| 5,2 7,0{ 87| ro.{ 12 | 14|16 | 17 | 19 | 21 | 23| 24.{ 26
450]l 2 | 3,90 59] 78] 98] 12| 14| 16| 18 202224 25]27]29
500 22 4,4 6,5. 87 1] 13| 15| 17| 20| 22.{ 24 | 26 | 28 | 31| 33
5.;th, -3,4.,.4’.,3.‘\(7‘,, 9,6 12:) 14,117 | 19 | 22| 24 26 | 29 [ 31 | 34.| 36

But as the generality of obfervers will be apt to
neglect this correction, it would be proper to fofm
two
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two fets of divifions on fuch thermometers as are in-
tended for trying the heat of liquors; one of which
fhould be ufed when the tube is immerfed almoft to the
top of the column of quickfilver; and the other, when
not much more than the ball is immerfed; in which laft
cafe the obferver fhould be careful, that the tube thould
be as little heated by the fteam of the liquor as poffible.
It muft be obferved, however, that the heat of the liquor
may be eftimated with much more accuracy by the firft
{fet of divifions, with the help of the correction, than it
can by the fecond fet, as the latter method is juft only in
one particular heat of the atmofphere, namely, that to
which the divifions are adapted; but, if they are adapted
to the mean heat of the climate for which the thermo-~
meter is intended, the error can never be very great,
and, when the liquor is much hotter or colder than the
air of that climate ever is, will be much lefs than if the
firft fet of divifions were ufed without any correétion ; but,
when the liquor is within the limits of the heat of the
atmofphere, greater accuracy will fometimes be obtained
by ufing the firft fet of divifions than the fecond, for
which reafon the latter {et fhould not be continued within
thofe limits. I would willingly have given rules for the
conftruétion of this fecond fet of divifions, but amobliged
to omit it, as it cannot be done properly without firft de-
termining, by experiment, how much the quickfilver in
the tube is heated by immerfing the ball in hot liquors.
In a {pirit thermometer, the error proceeding from the
fluid in the tube being not of the fame heat as that in

the
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the ball, is much greater; as {pirits of wine expand much
more by heat than quickfilver: for which reafon {pirit
thermometers are not fo proper for trying the heat of
liquors as thofe of quickfilver. '

Another circumftance which ought to be attended to
in adjufting the boiling point of a thermometer is, that
the ball thould not be immerfed deep in the water; for,
if it is, the fluid which furrounds it will be compreffed
by confiderably more than the weight of the atmofphere,
and will therefore acquire a {fenfibly greater heat than it
would otherwife do. The moft convenient veflel I
know for adjufting the boiling point is reprefented in
fig. 1. ABCDIs the veflel; aB the cover, made to take on
and off readily; £ a chimney to carry off the fteam; Fc
the thermometer, pafled through a hole M7~ in the cover,
and refting in a little bag faftened to the wire Hk, in-
tended to prevent the ball from being broken by acci-
dentally falling to the bottom. This wire is made fo as
to be raifed higher or lower at pleafure, and muft be
placed at fuch a height that the boiling point fhall rife
very little above the cover. The hole M is ftopped
with bits of cork or tow. By'this means, as the tube is
inclofed in a veffel intirely filled with the fteam of boil-
ing water, the quickfilver in it is heated to the fame de-
gree as that in the ball; and befides, that part of the tube,
on which the boiling point is to be placed, is defended
from the vapour, {o that it is ealy making a mark on the
glafs with ink. If fuch a veflel as this is ufed, the
thermometer will be found to ftand not fenfibly higher

Vor. LXVL Ees when
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when the water boils vehemently than when it boils
gently; and if the mouth of the chimney is covered by
any light body, in fuch manner as to leave no more paf-
fage for the fteam than what is neceffary to prevent the
body from being blown off by the preflure of the in-
cluded vapour, the thermometer will ftand only half or
three quarters of a degree higher, if the ball is immerfed
a little way in the water, than if it is expofed only to the
fteam. But if the covering of the chimney is removed,
the thermometer will immediately fink feveral degrees,
when the ball is expofed only to the fteam, at leaft if the
cover does not fit clofe; whereas when the ball is im-
merfed in the water, the removal of thecovering has{carce
any effe& upon it. Whence it appears, that the fteam of
water boiling in a veflel, from which the air is perfectly
excluded, is a little but not much cooler than the water
itfelf, but is confiderably fo if the air has the leaft admif-
fion to the veflel. . Perhaps a ftill more convenient
method of adjufting the boiling point would be not to
immerfe the ball in the water at all, but to expofe it only
to the fteam, as thereby the trouble of keeping the wa-
ter in the veflel to the right depth would be avoided;
and befides, feveral thermometers might be adjufted at
the fame time, which cannot be done with proper accu-
racy when they are immerfed in the water, unlefs the
diftance of the boiling point from the ball is nearly the
fame in all of them. = At prefent there is {o little uni~
formity obferved in the manner of adjufting thermome--
ters, that the boiling point, in inftruments made by our

3 beft:



tbe Royal Society’s Infiruments. 381

beft artifts, differ from one another’by not lefs than 2.1°;
owing partly to a difference in the height of the baromﬁ-
ter at which they were adjufted, and partly to the guick-
filver in the tube being more heated in the' method nfed
by fome perfons than in that ufed by others: It is Very
much to be wifhed, therefore, that fome means were
ufed to eftablifh an uniform method of proceeding ;' and
there are none which feem more proper;or more likely
to be effeGual, than that the Royal Society fhould take it
into confideration, and recommend-that - method of pro-
ceeding which fhall appear to them to'be ‘moft expe-
dient.

Of the barometer, rain-gage, windy and bygromeser.

T HE barometer is of the ciftern kind; and the hexght
of the quickfilver is eftimated by the top of its convex
furface, and not by the edge where it touches the glafs,
the index being properly adapted for that purpofe. This
manner of obferving appears to.me more accurate than
the other; becaufe if the quickfilver fheuld adhere Tefs
to the tube, or be lefs convex at.o y another,
the edge will, in all probabllity, be more aﬁe&ed by this
inequality than the furface. I prefer the ciftern to the
{yphon barometer, becaufe both the trouble of obfervmg
and error of obfervation are leﬁ as in the lafter we are
liable to an error in obfervmg both- legs Moreover, the
quickfilver can hardly fail of fettling truer in the former

Eeen than
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than in the latter; for the error in the fettling of the
quickfilver can proceed only from the adhefion of its
edge to the fides of the tube; now the latter is affected
by the adhefion in two legs, and the former by that in
only one: and, befides, as the air has neceflarily accefs to
the lower leg of the fyphon barometer, the adhefion of
the quickfilver in it to the tube will moft likely bé dif-
ferent, according to the degree of drynefs or cleannefs of
the glafs. It is true, as Mr. DE LUC obferves, that the
ciftern barometer does not give the true preflure of the
atmofphere; the quickfilver in it being a little deprefled
on the fame principle as in capillary tubes. But this does
not appear to me a fufficient reafon for rejeting the ufe
of them. It is better, I think, where fo much nicety is
required, to determine, by experiment, how much the
quickfilver is deprefled in tubes of a given bore, and to
allow accordingly. }

By fome experiments which have been made on this.
fubject by my father Lord cHARLES CAVENDISH, the de-
preflion appears to be as in the following table:

Infidedia-|Grains of |Deprefl.  {|Infide |Grains \Deprefl. || Infide [Grains refl.
meter of |quickfil- [of furfacelldiame- lof quick-| of fur- § diame- [of quick-] of fur-
tube.  |ver in onefof quick- [lter. filver. | face. ter.  |filver. | face.

inch of [filver.
tube.

0 972 | ,005 |l ,35 | 331 ,025 || ,20 | 108 | ,067°
25 675 ;007 »30 243 | ,036 || 515 61 092
»4 432 1 015 |l ;25 | 169-] j050 I ;10 | 27 | 1,40

The
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The firft column is the infide diameter of the tube,
exprefled in decimals of an inch; the fecond is the weight
of a quantity of quickfilver fufficient to fill one inch in
length of it; and the third is the correfponding depref-
fion of the convex furface of the quickfilver in a ciftern
ba;otneter, whofe tube is of that fize. The reafon of
giving the fecond column is, becaufe the eafieft way of
afcertaining the infide diameter of the tube is, by finding.
the quantity of quickfilver fufficient to fill a given length:
of it. It is needlefs faying, that the part of the tube,
whofe diameter is to be meafured, is that anfwering to
the upper part of the column of quickfilver; and that
the table can be of no ufe but to thofe only who obferve
by the convex furface.

In this barometer, the infide diameter of the tube is.
about ,2 5 of an inch, and confequently the depreffion is
,05 ; the area of the ciftern is near 120 times as great as:
that of the bore of the tube; fo that as the quantity of
quickfilver was adjufted when the barometer ftood at
293, the error arifing from the alteration of the height'
of the quickfilver in the ciftern can fcarce ever amount.
to fo much as i;th of an inch. Asthe tube appeared to
be well filled, it was thought unneceflary to have the:
quickfilver boiled in it; but that. is. certainly the fureft
way of filling a barometer well.

The principal reafon of fetting down the mean heat
of the thermometer within doors, during each month,
in the journal of the weather, is this: fuppofe that any
ene defires to find the mean height of the barometer in

any
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any-month; corredted on account of the heat of the
quickfilverin the tube; ‘that is, to find what would have
been the mean height;if the quickfilver in the tube had
been conftantly of a certain’ given héat. To do this it is
fufficientito takie the mean height of the barometer, and
correét that adcording 'to’ the mean' heat'of ‘the' thermo-
meter; the refult will be exa&ly ‘the famie as if’ each ‘ob-
fervation had ‘been correéted’ feparately, and 4 mean of
the ‘corredted obfervations taken. ' For'éxample; fuppo{'e
it is ‘defired: tofind/what would ‘have been thé mean
height of the barometer in'the month of Auguft 1775,
if the quickfilver during that’ time 'had been ‘aliways at
50 dégrees’ of heat the mean' of the obferved Heights
is 29,86 inches, and the mean heat of the'thefmometer
is ‘65 0r £64 1. “The alteration of the 'height of the

barometer by: 1's°of heat, accordmg to M. DE'LUCS rule;
is ,047, mches' conifequeritly, the corrected miean height

dlameter.} Th "ﬁdES of the funnel and mher P of the
brafs ringaré inclined to'the Horizon, in an angle of
above: 65° ; and the outer lip in an angle of above 56°(+;
which aré fiich-degrees’ of ﬁeepnefs, that there feems no
probability either that any’ rain ‘which falls'within ‘the
fannel; or on the inner lip of the ring, fhould dath out,

(a).. To_make wh;u; is_here faid the more intelligible, there is, in fig. 2.
gwen avertical fe@ion of the ?urmel Arc and abe being the brafs ring, Ba and
ba'the ‘inneyr lip, “and B¢ and b¢ the outer,

or
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or that any which falls on the outer lip thould dath into
the funnel. This veflel is placed on fome flat leads on
the top of the Society’s Houfe. It can hardly be fcreened
from any rain by the chimnies, as none of them are ele-
vated above it in an angle of more than 25°; and as it is
raifed 3} feet above the roof, there feems no danger of
any rain dathing into it by rebounding from the lead.

The ftrength of the wind is divided in the journal into
three degrees; namely, gentle, brifk, and violent or
ftormy, which are diftinguithed by the figures 1, 2, and 3.
When there is no fenfible wind it is diftinguithed by a
cypher.

In:the. future journals'of the weather will be given
obfervations: of the hygt'ometet: The 'inftrument in-
tended to beufed is of Mr. SMEATON’S' con{’cruéhon, and
is defcribed in Phil./"Tranf. vol. LXIL. p-'198. Itis kept
in a wooden cafe, made fo as'to exclude the ram, but to
leave a free paffage for the wind, and placed in the open
air; where the Suni fcarce ‘ever fhmes on'it. The mi’cru—
ment and cafe are botha prefent to the Society from' Mr.
sMEATON.: The hygrometer was laft adjufted in ' Dec.
177 §,and as the ftring has now been in ufe upwards of
five years, it is not likely to want re-adjufting foon.

Of 'the Variation Compals.

IN this inffrument, the box which holds the needle is
not fixed, but turns horizontally on a center, and has an
index faftened to it, pointing to a divided arch on the

brafs
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brafs frame on which it turns; and the method of ob-
ferving is to move the box, till a line drawn on it points
exalltly to the end of the needle; which being done, the
angle that the needle makes with the-fide of the frame
is thewn by the index. Fig. 3. is the plan of the inftru-~
ment; ABS# is the brafs frame, the fides AB and g4 being
parallel; Ee is a circular plate faftened thereto, on which
cpdc, the box which holds the needle, turns as on a cen-
ter; Nz is the needle, the pin on which it vibrates, being
fixed in the center of the plate Ee; B4 is the divifion on
the brafs frame; and ¢ the index faftened to the box
cpde, furnifhed with a vernier divifion; the divifion and
vernier being conftru¢ted {o as to fhew the argle which
the line ¥f makes with aB or ¢4. The inftrument is
placed in the meridian by the telefcope Mz, the line of
collimation of which is parallel to AB, and is pointed toa.
mark fixed due North of it.

Fig. 4.1s a vertical {ection of the inftrument paffing
along the line Ff; AB is the brafs frame; cpdc the box
which holds the needle; Ee¢ the circular plate on which
itturns: Nz isthe needle; p and p are fmall plates of brafs
fixed to the ends of it, on each of which is drawn a line
ferving by way of index. Thefe pieces of brafs are raifed
to {fuch a height that their tops are on a level with the
point of the pin on which the needle turns. The ufe of
them is, that it is much eafier obferving this way than
when the lines, ferving by way of index, are drawn on
the needle itfelf, as by this means the inconvenience pro-
ceeding from one kind of vibration in the needle is

avoided.
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avoided. s and s are two brafs plates, on each of which
is drawn a line to which the index at the end of the
needle is to point; there is alfo a line parallel to thefe
drawn on the bottom of the box; thefe three lines form
the line rfin fig. 3. R is a double microfcope intended
to affift us in judging when the index p points exaétly to
the line F, that is, to the line drawn on the plates. It is
placed fo, that a wire ww in its focus appears to coincide
with this line; and in obferving, the box is moved till the
wire appears alfo to coincide with the index p.

The cap in the center of the needle is made to take on
and off readily, and to fit on upon either face; fo that
we may on occafion obferve with the under face of the
needle uppermoft, as is reprefented in fig. 5. But the
regular obfervations are always made with the needle in
its upright pofition, and by the help of the index » only;
the intention of the other index and of inverting the
needle is, to thew whether the line joining the indices
p and p, or the line pp as I fhall call it, is parallel to the
direction of magneti{m in the needle, and thereby to find
whether, in the ufual method of obferving, the index @
thews the true angle which the direétion of magnetifm
makes with the fide AB. The way of doing this is as
follows; having fuffered the needle to fettle, the obferver
maoves the box by means of the adjufting fcrew T, till
the index P coincides with the line ¥, and reads off the
angle thewn by the vernier. He then moves the box till
the other index p coincides with the line £, which, as the
pin on which the needle is fufpended is fixed to the brafs

Vor. LXVL Fff frame,



388 Myr. CAVENDISH’s Account of

frame, may be done without any danger of altering the
pofition of the needle or making it vibrate, and reads off
the angle as before.. The mean. of thefe two is the true
angle which the line pp makes with the fide as, fup-
pofing the divifion and vernier to be rightly conftructed,
even though neither the lines pp nor f fthould pafs
through the center of the pin. Having done this, he
takes off the cap and inverts the needle, and obferves by
both indices as before. It is plain, that if the line pp is
parallel to the direction of magneti{m in the needle, thig
mean will agree with the former, fuppofing that the
magnetic variation has not altered between the obferva~
tions.  On the other hand, if it is not parallel to the di-
rection of magnetifm, but makes the variation appear
greater than it ought to do when the needle is upright,
it will make it appear as much léfs when the needle is
inverted; {fo that the mean of the two abovementioned
means is the true angle which the direction of magne-
tifm in the needle makes with the fide aB; that is, the
true variation of the needle at that time and place, fup-
pofing AB to be: placed accurately in the meridian. Hav-
ing thus found the true angle which the direction of
magnetifm makes with aB, he fubtraéts that thewn by
the index P in the upright pofition of the needle; the
difference is the error of the inftrument in the ufual
manner of obferving.

It was by this method that the error of the inftru-
ment, at the time of the obfervations in 1774, was
fcund to be 10/. For example, by a mean of the obfer-

vations



the Royal Society’s Inffruments. 389

vations made on Sept. 5. the variation with the needle,
in its upright pofition, was 21.36 by the South end, and
21.27 by the North; with the needle inverted it was
21.19 by the South end, and 21.29 by the North. The
mean of all four is 21.28, which is the true variation at
that time and place ), and is 8’ lefs than that thewn in
the upright pofition of the needle by the South end,
which is the end always ufed in obferving; {o that by
this day’s experiment the error of the inftrument ap-
peared to be 8’; but by a mean of the obfervations of
this and two other days it came out 10’.. Since that time
the needle has been altered; and, at the time of the ob-
fervations in 177 5, the error was fo fmall as to be {carcely
{enfible.

Great care was taken that the metal, of which this
variation compafs is compoied, thould be perfectly free
from magnetifm. There is a contrivance in it for lifting
the needle from off the point, and letting it down gently,
to prevent injury in carrying from one room to another.
The inftrument is conftructed nearly on the fame plan
as fome made by the late Dr. KNIGHT. The _pr1nc1pal
difference is, that in his the pin which carried the needle
was not fixed to the lower frame as in this, but to the
box ; the confequence of which was,that when the needle
had fettled, and the box was moved to make the index
on the needle point to the proper mark, it was again put

(5) The quantity found by taking a mean of all the four numbers is evi-
dently the fame as that got by taking a ‘mean of the two firft.and.of the two
laft, and taking a mean of thofe two means.

Fffa into
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into vibration, which caufed great trouble to the obferver.
This inconvenience is intirely removed by the prefent
conftruction. There is no other material difference, ex-
cept that of the needle being made to invert, and the ad-
dition of the telefcope. The contrivance of fixing the
pin which carries the needle to the lower frame, is taken
from an inftrument of Lord cHARLES CAVENDISH; that
of making the needle invert I have feen in fome com-
paffes made by s1sson.

There is a very common fault in the agate-caps ufually
made for needles, which is, that they are not hollowed to
aregular concave, but have a little projecting part in the
centerof the hollow ; the confequence of whichis, thatthe
pointof the pin will notalways bear againft the fame part
of the agate, and confequently the needle will not always
ftand horizontal; but fometimes one end will ftand higheft,
and fometimes the other, which caufes a difficulty in ob-
ferving. There is alfo another inconvenience attends it
when the indices of the needle are on a level with the
point of the pin, which is of more confequence ; namely,
that it caufes the two indices not to agree, and confe-:
quently makes a fenfible error, when only one index is
made ufe of, at leaft ix nice obfervations: but when the
lines, ferving by way of index, are drawn on the needle
itfelf, and therefore are nearly on a level with its center
of gravity, it can caufe very little erfor. The agate cap,
which was firft made for this inftrument, was of this
kind; and was fo faulty, that, if no better could have been

procured, it would have been neceflary either to have
5 drawn
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drawn the lines ferving by way of index on the needle
itfelf, or to have obferved by both ends, either of which
would have been attended with a confiderable increafe
of trouble to the obferver; but Mr. NAIRNE, the artift
who made the inftrument, has fince ground fome him-
felf, which are perfectly free from this fault, the concave
furface being of an extremely regular fhape and well
polifhed, and alfo of a very {fmall radius of curvature;
which is a matter of confiderable confequence, as other-
wife the point of the pin will not eafily {lip {ufficiently
near to the bottom of the hollow.

Care was takeh to place the variation compafs in a
part of the houfe where it is as little likely to be affected
by the attraction of the iron work as in any that could
be found. As it feemed, however, to be not intirely out
of the reach of the influence of that metal, I took the
following method to examine how much it was influ-
enced thereby. 'The inftrument was removed into a
large garden belonging to a houfe in Marlborough Street,
diftant from the Society’s Houfe about one mile and a
quarter towards the Weft, where there feemed no danger
of its being affeéted by any iron-work. Here it was
placed exactly in the meridian, and compared for a few
days with a very exact compafs, placed in an adjoining
room, and kept fixed conftantly in the fame fituation.
It was then removed back to the Society’s Houfe, and
compared again with the fame compafs. The obferva-
tions were as follow :

Obfervations
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Obfervations made with the Society’s inftrument in the
garden.
’ Time. Variation by Diff, Time; Variation by Diff.
A o p——
Society’s | Compafs | Society’s | Compafs
Inftrum- |in room. luﬂtrum. in room.
h O/ o 7 o ’ R/ o 7 o 7 7
111111)721 4 48V a1 31 Jar 33 |= 2],11117)?‘;1 ‘1r 4M21 28 |21 32— 4
5 o 32| 35|=3] |12 28| 30 |—2
526 0| 284 2 1138 | 30| 30| o
543 | 31| 32 f=1 sy | o29] 32[—3
548 30 30| o o013V 29| 33/—4
22) 10 45M| 33 33 o 0 .32 30 31— 1
11 2 29 30 = 1 2 24 32 35— 3
11 18 31 29 |+ 2 2 54 32 31|+ 1
1 37 31| 3t ofAug, 1f 10 34M] 26 28 |— 2
11 55 31 33— 2 313V 32 33— 1
436V 31| 32|—1 433 | 29| 29| o
453 | 27| 30/—3] 446 | 29| 31|—2
522 24| 26 |— 2 512 27| 29 |—2
5 54 26| 26| o 5 35 27| 28 |—1
557 28| 30|—2

The
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‘The inftrument being removed back to the Society’s
houfe.

Time. ry_a_r_ie_x:i:m b{_\ Diff. Time, 'ﬁ\:ar_iai?:y Diff.
Society’s | Compafs Society’s | Compafy
Inftrum, | in room, Inftrum. | in room,
1775 R’ o l— o ¢ ’ 1775 ho 7 o ¢ Jo ’
ug. 2| 1 8V|2r 45 for 32 [+13llAug. 4| 10 soMfar 4% |21 33 |4 14
1 10 44 30 [+14 11 o 47 34 [+13
1 20 46 29 |+17 11 10 | 4% 35 |+12
130 47 29 |+18 I1 20 4 35 |+12
1 40 47 32 |+15 11 30 46 35 [+11
150 | 47| 31|+16 140 | 471 34 |+13
2 © 471 31l+16

By amean of the obfervauons, the variation ihewn by
the compafs in the room is 1,3 greater than by the So-
ciety’s inftrument in the. garden, and 14/,1 lefs than by
the fame inftrument placed in its proper ﬁtuatlon {fo
that the variation appears to be 1.5/,4 greater in that part
of the Society’s Houfe where the ‘compafs is placed than
in the abovementloned garden, and therefore, as there
is no likelihood of its being affected by any iron in the
latter place, the needle feems to be drawn afide 15':
towards the N.W. by the iron work of the houfe and
adjacent buildings.

On comparing the obfervations of the two laft years
together, the variation appears, after allowing for the
error of the inftrument, to have'been 27’ greaterin 177 5
than in 1774; shough I have been informed by Dr.

HEBERDEN,
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HEBERDEN, who has made obfervations of this kind for
feveral years paft, that the annual alteration of the varia«
tion has, in general, been not more than 1o’; and in par-
ticular, that the alteration in the laft year appears to be
only 11Y; fo that the great difference obferved at the
Society’s Houfe {eems to be owing, not folely to the real
alteration.in the variation, but partly to fome other caufe;
though what that fthould be I cannot conceive, unlefs
fome change was made in the iron work either of this
or the adjoining houfes between the two periods; but I
do not find that any {fuch change has been made, During
the laft year, indeed, there have been two large magnets
in the houfe, each confifting of feveral great bars joined
together, being what the late Dr.kN1GHT ufed formaking
artificial magnets, and at the time of the obfervations in
1774 there was only one; but their diftance from the
compafs is above fifty feet: and I am well affured, that
in the fituation in which they are a&ually placed, they
cannot draw the needle afide more than 3’, and not more
than 15/, when the line joining their poles is placed in
fuch a direction as to act with moft forcer. The fingle

{¢) The principle by which this was determined is, that if .a magnet is
placed near a variation compafs, with its poles equi~diftant from it, and fituated
fo that cach fhall a¢t equally oblique to the length of the needle, it can have no
tendency to alter the variation; and that the fituation in which it alters it moft,
except when placed nearly North or South of the compafs, is when the line
joining its poles points almoft dire@ly towards the needle. This experiment I
tried purpofely on the occafion, and found it anfwer; but, I believe, any one
fuilled in magnetifin would bave granted the truth of the pofition without that

presantion.
magnet
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magnet in the year 1774 was placed nearly in the fame
fituation and direétion that the two were in 1775, {o that
the difference of their effe¢t in thefe two years can hardly
have been fo much as 3’; and therefore, the great appa-
rent alteration of the variation between the two periods
cannot have been owing to them. Neither can it have
been owing to the fault of the agate cap ufed in the year
1774, as the error proceeding from thence could hardly
be more than 2 or 3'. Itisintended that, for the future,
the abovementioned magnets fhall be kept always in the
fame fituation and direction that they are in at prefent,
and in which they werein 1775.

Of the Dipping-needle.

IN this inftrument the ends of the axis of the needle
roll on horizontal agate planes, a contrivance being ap-
plied, by which the needle is at pleafure lifted off from
the planes, and let down on them again, in fuch manner
as to be fupported always by the {fame points of the axis
refting on the fame parts of the agate planes; and the

"motion with which it is let down is very gradual and
without fthake. The general form of the inftrument,
the fize and fhape of the needle, and the crofs ufed for
balancing it, are the fame as in the dipping-needle de-
fcribed in Phil. Tranf. vol. LXIL p. 476. It is alfo made
by the {fame artift Mr. NAIRNE.

It may be feen in the Meteorological Journal, that the
dip was obferved firft with the front of the inftrument

Vor. LXVL Ggg to
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to the Weft, and then to'the Eaft; after which the poles
of the needle were reverfed, ‘and the dip obferved both
ways as before. ‘The reafon of this is, that the mean of
the obferved dips, in thefe four: fituations, differs very
little from the truth, though'the needle is not well ba-
lanced, and even though ‘a ‘great many other errors are
committed in the conftru&ion of the inftrument; pro~
vided the needle is made equally magnetical after the
poles are reverfed as before; and that the difference of
the obferved dip, in thefe four fituations, is not very
great, as will appear from the following confiderations.

Firft, let fig. 7. be a front view of the needle; aB a
line parallel to the diretion of magneti{m therein; and
cp a perpendicular thereto, meeting it in the line joining
the centers of the cylindrical ends of theaxis, or in the axis
of motion as'we may call it. If the needle was truly ba-
lanced, its center of gravity would be in 4, the interfeétion
of a8 and cp. Suppofe now, that the needle is not truly
balanced, but that its center of gravﬁy is in g3 draw gz
perpendicular to A3, cutting it in #; and let the parts
mn and mg be equal. ‘When the inftrument is turned
half-way round, {o that the contrary face of the needle
is prefented towards us, the edge aps, which is now
Toweft, will become uppermoft, and the center of gravity
will be in that fituation in which the point 7 now is;
therefore, the mean betweeén the forces with which the

(4) It is-eafy to fee whether tlic- needle is made equally magnetjcal after
the poles are reverﬁ:d as before, by counting the number. of vibrations. which it
makes in a minute..

1 needle
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needle is drawn out of its true pofition in thefe two fitua-
tions, in confequence of its not being truly balanced, is
accurately the fame; and the mean between the two ob-
ferved dips is very nearly the fame, as if the center of
gravity was at z#. But if the center of gravity is at mt,
the dip will be very nearly as much too great in the pre-
fent ftate of the needle, as it will be too little when the
poles are reverfed. Therefore, the mean of the obferved
dips in thefe four fituations will be very nearly the fame
as if the needle was truly balanced. '

Secondly, if the planes on which the: axis rolls are not
horizontal, the dip will be very nearly as much greater
than it would otherwife be, when one face is turned to
the Wett, as it is lefs when the other is; for if thefe planes
dip towards the South in one cafe, they will dip as much
towards the North in the other, fuppoﬁng the levels by
which the inftrument is fet to remain unaltered. Con-
fequently, the mean of the two obfervations will be very
neaﬂy the fame as'if they were placed truly horizontal.

‘Thirdly, by the fame method of reafoning it appears,
that the mean of the two abovementionied obfervations
will be not at all altered, though the line, j Jommg the
mark on that end of the needle by which we obferve,
with the axis of motion, is not parallel to the direction of
magnetlfm in the needle; that is, though the mark does
not coincide with the peint a or B, or though the line
joining the two divifions of ¢ 90 is not perpendicular to
the horizon, or though the axis of motion does not pafs
through the center of the divided circle, provided it is in
- Ggga the
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the fame horizontal plane with it. If, indeed, the axis of
motion is not in the fame horizontal plane with the center
of the divided circle, the error proceeding from thence
will not be compenfated by this method of obferving,
unlefs both ends of the needle are made ufe of. This,
however, is of no confequence as, it is eafy to examine
Whether,they are in the fame horizontal plane or not.
But the error which is moft difficult to be avoided is,
that which proceeds from the ends of the axis being not
truly cylindrical. I before faid, that the parts of them
which reft on the agate planes are always exactly the
fame. The inftrument is {o contrived, however, that we
may on occafion, by giving the axis a little liberty in the
notches by which it is lifted up and down, make thofg
planes bear againft a part of the axis diftant about 55
or sth of an inch from their ufual point of bearing.
Now, I find, that when the axis is confined {o as to have
none of this liberty,and when care is taken, by previoufly
making the needle ftand at nearly the right dip, that it
fhall vibrate in very fmall arches when let down on the
plancs;,'that then, if the needle is lifted up and down
any number of times, it will commonly fettle exactly at
the fame point each time, at leaft the difference is {fo fmall
as to be fca-fcely fenfible; but if it is not fo confined,
there will often be a difference of 20 in the dip, ac-
cording as different parts of the axis reft on the
planes, and that though care is taken to. free the axis and
planes from duft as perfeétly as poffible, which can be
owing only to fome irregularity in the axis, Moreover,
if
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if the needle vibrates in arches of five or more degrees,
when let down on the planes, there will frequently be as
great an error inthe dip. It is true, that the part of the
agate planes, which the axis refts on when the vibrations
are ftopped, will be a little different according to the
point which the needle ftood at before it was let downs
which will make a {fmall difference in the dip as thewn
by the divided circles, when only one end of the needle
is obferved, though the real dip or inclination of the
needle to the horizon is not altered: but this difference is
by much too {mall to be perceived; {o that the above-
mentioned error cannot be owing to this caufe. Neither
does it feem owing te any irregularity in the furface of
the agate planes, for they were ground and polithed with
great accuracy; but it moit likely proceeds from the axis
{lipping in the large vibrations, fo as to make the agate
planes bear againft a different part of it from what they

would otherwife do. I have great reafon to think, that
this irregularity is not owing either to want of care or
ikill in the execution, but to the unavoidable imperfec~
tion of this kind of work. Iimagine too, that this inftru~
ment is at leaft as exact, if not more fo, than any which
has been yet made.

The following table contains the refult of fome ob-
{fervations which I made, partly with a view to determine
the true dip at this time in a place out of reach of the
influence of any iron work, and partly to fee how nearly
different needles would agree. The inftruments were all
tried in the fame garden in which the variation compafs

was abferved, and all on the roth, 11th, 13th, and 14th
days
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days of October, 177 5, except that marked *, which was
tried on the 1 5th of the preceding April.

: - o ﬁ?pl,esrcﬁbredto
i Poles reverfed.'| their firlt fitu:
auon.

; Te—— . | True |
* Eaft' | Weft: | Eaft' | Weft'| Eaft | Weft | Dip. .

TheSoenety’sneedle, 73 32| 72 8| 72 "o| 72 49 72 59| 71 50| 72 23
Anotlier of the fame o i : B
conftruétion, be-
longing to Mr.

NAIRNE, -

IOne . of mine _ony | . S , ,
nearly the fame} ‘72 33 72 22| 71 41| 73 23| 72 34| 72 18] 72 30|
conftru&ion, - - J. .

Anot.her neadle m}

“‘the fame’ frame,

A needle- of - mige,

made by sxssun,l

72 56| 72 29| 71:45| 73 21} 72.51 72 27} 72 37}

| 72 22 72 7|71 40| 73 53] 72 16| 72 30] 72 33

partly on the fame:
conftrudion
M. LoRIMER’S( e),

j*rs-*l BT L) RA T N N O
Another  of Mt}

' NAIRNRs on the
fame conftrution,

73 872 o731 71 87 B RERT

- Each of the numbers fet down in the above table is
the mean of two obfervations, the inftruments being ob«
ferved firft with the front'to the Eaft, then to the Weft;
then a fecond time to the Eaft, and then again to the
Weft; and in all the obfervations, except thofe with the
two laft' inftruments, which are of a different conftrue-
tion, care was taken that the needle thould vibrate in very:
fmall arches when let down on the agate planes. By
a ‘mean of all, the true dip at London, at this time,
comes out 72°'30’, the different needles all agreeing
(¢) See Phil, Tranf vol. LXV. p. 7g.
within
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within 14/, which is a difference confiderably lefs than I
fhould have expected. It appears alfo, that the dipping-
needle, in the fituation in which it is placed at the So-
ciety’s Houfe, is not much affeted by any iron work, as
the dip fhewn by it in the garden differs only 7’ from
that fet down in the journal of the weather.

According to NORMAN, the inventor of the dipping-
needle, thedipatLondon in theyear1 576 was71° 50/(4;
in 1676 it was 73° 4%/, according to Mr. BOND(/; Mr.
WHISTON in 1720 made it 75° 10/(2/; Mr. GRAHAM in
1723 made it between 7 31 or 7 5°¢5), his different trials
varying fo much; and at prefent it appears to be 72° 30’.
I do not know how much Mr. BOND’s determination is to
be depended on, as he does not fay by what means he
arrived at it; but, I believe, Mr. WHISTON’s is pretty ac-<
curate, for he obferved the dip in many parts of the
kingdom, and the obfervations agree well together; fo
that it is reafonable to {fuppofe, that his inftrument was a
good one, and that he obferved in places where the needle
was not much influenced by iron work. The dip, there-
fore, feems to have been confiderably greater about the
year 1720, than it was in NORMAN’s time, or is at pre-
fent: it appears, however, to alter very flowly in com~
parifon of the variation,

{e} New Attra&ive, ¢. 4. (f) Longitude found, p. 65
(g) Longitude and Latitude found by Dipping-needle, p. 7, 49, and 944
() Phil, Tranf. N° 389, p. 332+

XXII. 4n
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