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XXIV. An Account of the Meafurement of a Bafe on Hourflow-
Heath., By Major-General William Roy, F.R.S. and A.S.

Read from April 21 to June 16, 1785.

I NTR ODUTCTTION.

CCURATE furveys of a country are univerfally ad-
mitted to be works of great public utility, as affording
the fureft foundation for almoft every kind of internal improve-
ment in time of peace, and the beft means of forming J11d1~
cious plans of defence againft the invafions of an enemy in
time of war, in which laft circumftances their importance
ufually becomes the moft apparent. Hence it happens, that if
a country has not actually been furveyed, or is but little known,
a ftate of warfare generally produces the firft improvements in
its geography : for in the various movements of armies in the
field, efpecially if the theatre of war be extenfive, each indi-
vidual officer has repeated opportunities of contributing,
according to his fituation, more or lefs towards its per-
feCtion ; and thefe obfervations being ultimately colleted, a
map is fent forth into the world, confiderably improved indeed,
but which, being fill defetive, points out the neceflity of
fomething more accurate being undertaken, when times and
circumftances may favour the defign.

The rife and progrefs of the rebellion which broke out in |

the Highlands of Scotland in 1745, and which was finally fup-
Eecc2 prefled,
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386 Mujor-General Roy’s Account of the

prefled, by his Royal Highnefs the late Duke of Curaberland, at
the battle of Culloden in the following year, convinced Go-
vernment ‘of what infinite importance it would be to the State,
that a country, fo very inacceffible by nature, fhould be tho-
roughly explored and laid open, by eftablifhing military pofts
in its inmoft receffes, and carrying roads of communication to
its remoteft parts. With a view to the commencement of
arrangements of this fort, a body of infantry was encamped at
Fort Auguftus in' 1747, under the command of the late Lord
BLakeNEY, at that time a Major-General ;- at which camp my
much refpe@ted friend, the late Lieutenant-General WaTson,
then Deputy Quarter-Mafter-General in North Britain, was
officially employed. = 'This officer, being himfelf an engi-
neer, a&tive and indefatigable, a zealous promoter of - every
ufeful undertaking, and the warm and fteady friend of the in-
duftrious, firft conceived the idea of making a map of the High~
lands. As afliftant Quarter-Mafter, it fell to my lot to begin, and
afterwards to have a confiderable thare in, the execution of that
map ; which being undertaken under the aufpices of the Duke
of CumBERLAND, and meant at firft to be confined to the
Highlands only, was neverthelefs at laft extended to the Low-
lands ; and thus made general in what related to the mainland
of Scotland, the iflands (excepting fome lefler ones near the
coaft) not having been furveyed.

Although this work, which is ftill in manufcript, and in an
unfinithed ftate, poflefles confiderable merit, and perfe&ly an-
{wered the purpofe for which it was originally intended ; yet,
having been carried on with inftruments of the common, or
even inferior kind, and the fum annually allowed for it being
inadequate to the execution of fo great a deﬁgn in the beft

manner, it is rather to be confidered as a magnificent military
4 {ketch,
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fketch, than a very accurate map of a country. It would,
however, have been completed, and many of its imperfe&ions
no doubt remedied ; but the breaking out of the war of 1755
prevented both, by furnithing fervice of other kinds for thofe
who had been employed upon it.

On the conclufion of the peace of 1763, it came for the
firlt time under the confideration of Government, to make a
general furvey of the whole ifland at the public coft. To-
wards the execution of this work, whereof the diretion was
to have been committed to my charge, the map of Scotland
was to have been made fubfervient, by extending the great tri-
angles quite to the northern extremity of the ifland, and filling
them in from the original map. Thus that imperfe&t work
- would have been effetnally completed, and the nation would

have reaped the benefit of what had been already done, at a
very moderate extra-expence.

It will not be expetted, that I fhould:here attempt to affign
caufes for the long delay that has taken place in carrying a
work of fo Jaudable a nature into execution : f{uffice it to fay,
that a period of twelve years having elapfed, fince the {cheme
had been firft propoefed, as a work that could be beft executed
in time of profound peace, without any thing being done in it,
previous to the nation’s being unfortunately involved in the
- American war ; it was fufficiently obvious, that peace muft be

once more reftored, before any new effort: could be made for
that purpofe. . In the mean while, as I ftill entertained hopes
that a work which feemed to merit the attention of the public,
would, at fome future period, be begun, and, by gradual per-
feverance, ultimately brought to perfe&tion; therefore, in
the courfe of my ordinary military employments, wherein
the very beft opportunitics have offered of acquiring a

thorou gh
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thorough knowledge of the country, 1 have not failed to ob-
ferve, at leaft in a general way, fuch fituations as feemed to
be the beft adapted for the meafurement of the bafes that
would be neceflary for the formation of the great triangles,
and conne&ing the different feriefes-of them together.

The prace of 1783 being concluded, and official bufinefs
having detained me in or near town during the whole of that
fummer, 1 embraced the opportunity, for my own private
amufement, to meafure a bafe of 7744.5 feet, acrofs the fields
between the Jews~Harp, near Marybone, and Black-Lane,
near Pancras; as a foundation for a {eries of triangles, carried
-on at the fame time, for determining the relative fituations of
the moft remarkable fteeples, and other places, in and about
the Capital, with regard to each other, and the Royal Obfer-
watory at Greenwich. ‘The principal object I had here in view
{(befides that it might poflibly ferve as a hint to the public, for
the revival of the now almoft forgotten fcheme of 1763)
was, to facilitate the comparifon of the obfervations, made by
the lovers of aftronomy, within the limits of the projected
{urvey; namely, Richmond and Harrow, on the weft; and
Shooter’s-Hill and Wanfted, on theeaft: and thinking, that a
Paper, containing the refult of thefe trigonometrical operations,
might not prove unacceptable to the Royal Society, I was en=
gaged in making the computations for that purpofe, when,
very unexpeétedly, I found, that an operation of the fame
nature, but much more important in its obje&, was really in
agitation. 'ThisI faw would fuperfede, at leaft for the prefent,
my own private obfervations, and perhaps render them wholly
ufelefs, unlefs it were as a matter of mere curiofity hereafter,
to fee how far fuch as depended on a fhort bafe, and a {mall

inflrument (a quadrant of a foot radius) would agree with
1 thofe
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thofe founded on a much longer bafe, and angles determined
by a large circular inftrument, being that propofed, as the
beft that could be made ufe of in. the operation- now to be
mentioned..

In the beginning of O&ober, 1783, Comte D’ADPHEMAE,
the French- Ambaffador, tran{mitted to Mr. Fox, then one of
his Majefty’s principal Secretaries of State, a Memoir of M.
Cassint pE THURY, in which lie fets forth the great advan-
tage that would'accrue to aftronomy, by carrying a feries of
triangles from the neighbourhood of London to Dover, there
to.be connected. with thofe already executed' in France, by
which. combined operations the relative fituations of the two
moft famous obfervatories in Europe, Greenwich and Paris,
would be more accurately afcertained than they areat prefent *,

This Memoir the Secretary of State, by his Majefty’s com-
mand, tranfmitted to. Sir Joseru BANKs, the very refPeé’tabIe
and worthy. Prefident of the Royal Society ; who, about the
middlé of November, was pleafed to communicate it to me,
propofing at the fame time, that I'thould, on the part of the
Society, charge myfelf' with the execution of the operation.
To this. propofition I readily affented, on being foon afterwards
affured, through the proper official channels, that my: under--
taking it met with his Majefty’s moft.gracious.approbation.

A generous and beneficent Monarch, whofe knowledge. and
love of, the {ciences are fu{ﬁ'ciéntly evinced by the protection
which HE, conftantly affords th’em, and undér whofe aufpices
they are feen daily to flourith, foon fupplied the funds that
were judged neceffary. What his Majefty has been pleafed to

* M. Casstur’s Memoir, with the . Aftronomer Roya.l?sv remarks on what is
therein alledged, concerning the uncertainty of the relative fituations of the two

QObflervatories, will be given in the fequel,.
give
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give o liberally, it is our duty to manage with proper and be-
coming frugality, confiftent with the beft pofiible execution of
the bufinefs to be done, fo as to make it redound to the credit
of the Nation in general, and of this Society in particular.
The operation, whercof we are now to give fome account,
being the firft of the kind, on any extenfive fcale, ever under-
taken in this country, naturally enough fub-divides itfelf into
two parts.  Firft, the choice and meafurement of the bafe, with
every poflible care and attention, as the foundation of the
work ; fecondly, the difpofition of the triangles, whereby the
bafe is to be conneted with fuch parts of the coaft of this
ifland as are nearefl to the coall of France, and the determina-
tion of their angles, by means of the beft inftrument that can be
obtained for the purpofe, from which the refult or conclufion
will be drawn. Tt is the firft part only, as a fubje& of itfelf
fufficiently diftin&, that we are now to lay before the Society ;
it baving been judged more advifable, to thew that no time
has been loft in making reafonable progrefs, than to defer the
account till the whole operation fhould be ultimately com-
‘ple-;ted.

‘Choice of the Bafe. Tab. XVI,

Hounflow-Heath having always appeared to be one of the
moft eligible fituations, for any general purpofe of the fort
now under confideration, becaufe of its vicinity to the Capital
and Royal Obfervatory at Greenwich, its great extent, and the
extraordinary levelnefs of its furface, without any local ob-
ftru@ions whatever to render the meafurement difficult ; be-
ing likewife commodioufly fituated for any future operations of
a fimilar -nature, which his Majefty may pleafe to order to be

/ extended
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extended from thence, in different direftions, to the more re-
mote parts of the ifland, it was propofed to Sir Josepu Banks,
that the local circumftances fhould be actually examined; fo
far, -at leaft, as to enable us to form fome judgement, of the
beft pofition of the line to be meafured.

The 16th day of April, 1784, being accordingly fixed on
for the purpofe, and Mr. CaveEnpisu and Dr. Bracpex
accompanying the Prefident on this occafion, we began our
ebfervations at a place called King’s Arbour, at the north-weft
extremity of the Heath, between Cranford-Bridge and Long-
ford; and having proceeded from thence through the narrow
gorge, formed by Hanworth-Park and Hanworth-Farm, we
finithed at Hampton Poor-houfe, near the fide of Buthy-Park,
at the fouth-eaft extremiity ; the total diftance, from the furvey
of Middlefex, being upwards of five miles.

On this infpetion it was immediately perceived, that the
firft part of the operation, in order to facilitate the meafure-
ment, would be, the clearing from furze-buthes and ant-hills,
a narrow trac along the heath, as foon as the ground fhould
be fufficiently dry to.permit the bafe to be accurately traced out
thereon. ‘

Firft tracing of the Bafe, and clearing of the Ground, Tab. XVI,

Chiefly with a view to the more effectual execution of the
work, it was judged to be a right meafure to obtain and em-
ploy foldiers, inftead of country labourers, in tracing the bafe,
clearing the ground, and affifting in the fubfequent operations..
For, at the fame time that this was obvioufly the moft frugul
method, it was evident, that foldiers would be more attentive
to orders than country labourers; and by encamping on the

Ve, XXV, Fff {pot
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{pot would furnifh the necefary centinels, particularly during
the night, for guarding fuch parts of the apparatus, as it was
forefeen muft remain carefully untouched, in'the frequent in~
terims of difcontinuing and refuming the work. ~ Accordingly,
a party of the 12th regiment of foot, confifting of a ferjeant,
corporal, and 1o men, were ordered to march from Windfor
to Hounflow-Heath, where they encamped on the 26th of
May, clofe by. Hanworth Summer-houfe, to which {pot the
neceflary tents, camp equipage, and entrenching tools, &c.
had been previoufly fent.

Whatever might have been the particular dire&ion given to
the bafe confidered by its extremities, from confulting the plan
it will eafily appear, that it. muft always neceflarily lead
through the narrow gorge of the Heath formed by Hanworth=
Park and Hanworth-Farm. The firft point therefore to be,
attended to, in tracing it out, was, that it might lead through
this pafs, without interferitig with certain ponds, or gravel-pits:
full of water, which are in it. Thefe were eafily avoided by
carrying the line pretty near to Hanworth Summer-houfe ; and
in dire&ting the telefcope from thence towards the fouth-zaft,,
it was accidentally found, that by leaving Hampton Poor-
houfe a very little to the weftward, orright, the line would
coincide with a remarkable high fpire, feen at the diftance of
eleven or twelve miles, and known afterwards to be Banfted~
Church. As there could not be a better fituated, or more
confpicuous objet than this, therefore the firft or fouth-eaft
feGtion of the bafe, comprehended between the Summer-houfe
and the angle of the {mall field adjoining to Hampton Poor-
houfe, was immediately direGted upon it; and the foldiers were.
the fame day fet to work to clear the trac, which, at a me-
dium, was made from two to three yards in breadth. This

' operation
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operation continued eight or ten days, owing to the lower part
of the heath, between Wolfey-River and the Poor-houfe,
being encumbered with bruth-wood.

When the clearing of the firft fe€tion was completed, the
fecond, com prehendedvbetwéen the Summer-houfe and the great
road leading from Staines to London, was traced out in the
following manner. One of the pyramidal bell-tents (whereof
two had been provided, one of twenty-five, and the other of
fifteen feet in height) being placed at the ftation near the
Summer-houfe, camp colours were then arranged from diftance
to diftance, {o as to be in a line with the bell-tent and Banfted
fpire. In like manner, the third fection, comprehended be-
tween the Staines Road and King’s Arbour, was traced out.

This firft tracing of the bafe was done by means of a com-
mon telefcope held in the hand only, that no time might be
loft in employing the foldiers to {mooth the traét which was to
be meafured; becaufe the tranfit inftrument (my own pro-
perty, for which a portable ftand had been for fome time pre-
paring) was not yet ready to be applied, as it afterwards was;
i}yn tracing out the bafe more accurately.

The camp flill remained, where it was originally pitched,
at the angle of Hanworth-Park, this being a very convenient
pofition, with regard to the firft and fecond feétions; but being -
too remote from the third, that time might not be loft, and
the men unneceflarily fatigued in marching backwards and for-
wards ; therefore, one half of the party, under the command
of the corporal, was detached to the northward, and quartered
in the néighbouring villages, to clear the third feGion, while
the ferjeant, with. the remainder, were occupied in {moothing
the fecond. Owing to the extraordinary wetnefs of the fea-
fon, this operation required more time than had been at firft

Fffa2 imagined,
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imagined, not having been entirely finithed before the firfk
week of July. We fhall therefore leave it going on, andin
the mean time proceed to defcribe the inftruments that were:
fubfequently made ufe of in the firft and fecond meafure-
ments.

Steel Chain, 'Tab. XVII,

One of the firft inftruments, which that able artift M.
RamspEN had orders to prepare, was a fteel chain, one hun=
dred feet in length, the beft that he could make. Not that it
was intended, nor could it be fuppofed, that we thould abfo-
Iutely abide by the refult that this chain: thould furnith us-
with, for the length of the bafe; but it was hoped, that an.
inftrument of this. fort might be made; which would  meafure.
diftances much more accurately than: any thing of that kind.
had ever dome before: and: it. was confidered as an objet of”
fome con*{é‘quence, to endeavour to {fimplify,. and render as eafy
as poffible, the meafurement of bafes in future : an. operation
which, hitherto, has always been found to be-tedious and
troublefome, to which we- may now further add, uncertain:
likewife, when done with rods of . deal,, as will appear from the
account hereafter. to be given:. |

The conftrution of* the chain, wlhiich 15 on the principles of"
that of a watch, will be underftood from the reprefentation of-
fome of its. chief. parts, to the full fize,. in tab. XVII. where
the firt, or zero-end'link, is thewn beth in plan:and elevation,
in the ftate in which it:-was originally. applied to meafurement
on the furface  of the ground. Each link confifts of three
principal partss namely,. a' long plate; two fhort ones, half
the thicknefs of the former, with circular holes near the

5 extremities.
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extremities of each; and two caft-fteel pins, or axes, fuited to
the diameters of the holes, which ferve to conne& the adjoin-
ing links together. The holes in the fhort plates are made
rough or jagged with a file; fo that when they have embraced
the ends of two adjoining long ones, and.the pins. have pafled
through all the holes, in rivetting. their extremities, they are
made perfe&ly' faft, and as it were united to the fhort plates;
while the embraced ends of the long ones. turn. freely round
on the middle part of the pins..

At every tenth link the joint, juft now defcribed, has a
pofition at right-angles to the former; that is to fay, the fhort
plates lie' here horizontally,. and the pins paffing through
them ftand vertically.. - Thus,. there being in the. whole. chain
two. hundred caft-fteel pins, one hundred: and eighty lie hori-
zoxitally-; and twenty, including the two by which the han-
dles are attached, ftand vertically.. Thefe crofs-joints,. which
were chiefly intended that the chain -might fold upin a {maller
compafs, by returning upen. itfelf at every tenth link,. are
likewife ufeful in' prefenting a horizontal. furface,, to which
{inall circular pieces of brafs are {crewed;. with figures.1,.2, 3,
&c. to-g,. engraved on them, denoting the decimal parts of the
length.. Thus the middle crofs-joint, or that which feparates
the soth from the gift link, 1s thewn in the Plate with the
figure 5 upon it.

The chain, in its firft conftru@ion (for' we are now to point:
out fome alterations that were afterwards made in it), was one
hundred feet in length, including the two brafs handles; in
the extremity of each of which there was a {femi-circular hole,
of the fame diameter with the fieel arrows fucceflively fixed
in the ground, and ferving to keep the account of the number
of chains, when applied to common meafurement. In this its

firlt
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firft mode of application it was foon difcovered, as we fhalt
have occafion to mention hereafter, how admirably the chain
performed; and that, with fome farther precautions, a ftill
gfeﬁter degree of exactnefs might be attained, by fupporting it
on ftands, or even on planks, laid on, or but little removed
from, the common furface of the earth. For this purpofe,
the two end-links were altered, each being now made equal to
one foot, exclufive of the handles. By referring to tab.
XVIL. the nature of this alteration will be eafily conceived. It
confifted in fcrewing to the under fide of the handles, very
near the joints, two feather-edged pieces of brafs *; the one
denoting zero, and the other 100 feet. Over the dart at the
firft, a plummet with a fine filver wire being fufpended, that
wire, by a very fimple apparatus, hereafter to be defcribed,
may be brought accurately to coincide with any point whatever
of commencement: and at the fecond, a fine line with a
knife, or other fharp inftrument, being drawn on’ a piece of
card placed there for the purpofe, and changed as often as
needful; or, as was likewife pra@ifed, and found to anfwer
better, a line on a moveable flide of brafs, attached to the top
of the ftand or plank, being brought to coincide with the fea-
ther-edge, and then faftened underneath ; the extremity of the
100 feet is readily afcertained : and thus the meafurement
may be continuedon with great accuracy to any diftance at
pleafure.

‘That the chain, in this its altered ftate, may ftill be advan-
tageoufly applied to ordinary meafurement on the furface of
the carth, the pieces above defcribed, having fteady pins, and
being faltened with fcrews, can be eafily removed, and others,

* They were originally of brafs; but are now of fte¢l, that the edges by being
harder might run lefs rifk of being damaged.-

7 : exa&ly
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exally of the fame leéngth, fubflituted in their ftead, with
femi-circular holes (as reprefented in the Plate by dotted lines
near the joint of the handle) to receive the fteel arrows, then
to be made ufe of in the manner already mentioned.

This moft excellent chain feems not to have fuffered any
perceptible extenfion from the ufe that has hitherto been made
of it. It is fo accurately conftruéted, that when firetched out
on the ground, as in common ufe, all the long plates lying
vertically or edge-wife, if a perfon, laying hold of either end
with both hands, gives it a flip or jerk, the motion is, in a
few {econds, communicated to. the other end, in a beautiful
vertical ferpentine line'; when the perfon, holding that handle,
receives a fudden fhock, by the weight of the chain pulling
him forcibly. The chain weighs about eighteen pounds, and
when folded up is eafily contained in a deal box, about four~
teen inches long,. eight inches. broad,. and the {fame in. depth.:

Deal Rods.. Tab. XVIIT.

"The bafes which have hitherto been. meafured in different
countries, with the greateft appearance of care and exaltnefs,
have all, or for the moft part, been done with deal rods of one
kind or other, whofe lengths being originally afcertained by
means of fome metal ftandard, were, i the fubfequent appli~
cations of them, corrected by the fame ftandard. Having thus
had fo many precedents,. ferving as examples-to guide us in our
choice, it was natural enough that we fhould purfue the fame
method in the meafurement to be executed on Hounflow-
Heath ; taking, however, all imaginable care, that our rods

thould be made of the very beft materials that could be pro-
‘ cured g
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cured; with this farther precaution, that by trufling them,
they fhould be rendered perfeitly inflexible, a circumftance not
before attended to. |

As fome dlfﬁculty had been found in procuring well-feafoned
Pme wood of fufficient length, and perfectly free from knots,
for the intended purpofe; therefore Sir JosePm Banks had
early applied to the Admiralty for affiftance in this refpeét;
and forthwith obtained an order to be furnifthed with what we
might have occafion for, from his Majefty’s yard at Deptford,
where an old New-England maft, and alfo one of Riga wood,
were {peedily cut up for our ufe.

New-England white Pine is lighter, lefs liable to warp, and
lefs affeted by moifture, than Riga red weod. But the New-
England maft, when it came to be very minutely examined, was
found to be too much wounded by fhot-holes in fome parts,
or too much decayed or knotty in others, to afford us a fuffi-
ciency. This being the cafe we had recourfe to the Riga
wood, which was indeed extremely {mooth and beautiful ; and
fo perfeltly ftraight-grained, that a fibre of it, when lifted up,
might be drawn, like a thread, almoft from one end to the
other. |

It had been in contemplation, to make the rods of twenty-
five or thirty feet in length ; and one of the former dimenfions

was atually conftru@ed : but this being found to be rather too
nnwxeldy, it was judged bcﬁ; to content omfel\ es with thofe of
about twenty feet. ' :

Different opinions have been entertained with regard to the beft
‘mode of applying rods in meafurement ; fome contc nding that
contadts, or that of butting the end of one rod againft the end of
the other, is the beft ;- while others (with more probability of

| being



Meafurement of a Bafe on Hounflow-Heath. 199

being right) are of opinion, that the adjuftment by the coin-
cidences of lines fhould have the preference. The firft is un~
doubtedly the moft expeditious method; but {feems at the fame
time to be liable to this very obje&tionable circumftance, that
the probable errors fall all one way = whereas, in the fecond me-
thod, although by far the moft tedious, the errors of coinci-
dence falling fometimes on one fide, and fometimes on the
other, they compenfate for, or deftroy, each other; and there-
fore no error is committed. v

With the view of fatisfying both parties, and in order to put
the matter, if poffible, out of doubt, it was judged proper to
conftru@ the rods in fuch a manter as to admit of both me-
thods being tried, that we might adhere to that which thould
be found by experience to be the beft. o

Three meafuring rods were accordingly ordered to be
made, and alfo a ftandard rod, with which the former
were from time to time to be compared. Their general
conftruétion will be better conceived from the plan and
elevation, and other reprefentations of their principal parts,
in tab. XVIII. than by any defcription, however parti-
cular, conveyed in words. It will be fufficient to fay, that
the ftems of the three meafuring rods are each twenty feet
three inches in length, reckoning from the extremities of the
bell-metal tippings 3 very near two inches deep ; and about 13
inch broad. Being trufled laterally and vertically, they are thereby
rendered perfettly, or at leaft as to {enfe, inflexible. The ftan-
dard rod could only be trufled laterally ; and it is juftly repre-
fented by the plan of the other rods, excepting that its ftem
1s fomething ftronger, and that 1t has two or three inches at
each end of extra-length, the reafons for which differences
will appear hereafter,

Vor. LXXV. Ggg By



400 Major-General Roy’s decount of the

By referring to the Plate it will be obferved, that two nars.
row pieces of ivory, each faftened with two fmall {crews, are
inlaid into the upper {urface of the rods, within one inch and:
a half of the extremities of the tippings. Thefe ivory pieces
received the fine black lines cut into them when the lengths of
the rods were laid off, in the manner hereafter to be mentioned,
and accurately determined the intermediate diftance of 20 feet,
or 240 inches, the meafure to be ufed in the application by
coincidences: whereas, in that by contals, the fpace com--
prehended between the extremities of the prOJe&xng lips of"
the tippings, is 243 inches. .

Immediately behind each ivory piece, a cavity is formed un-
derneath, in the middle of the ftem. 'This receives a brafs-
wheel, about eight-tenths of an inch in diameter, whofe axis-
turns in the fork of a brafs fpring, five inches long, faftened"
by a fcrew to the under furface juft before ithe crofs .feet..
Thefe {prings are only of fuch ftrength as to permit the wheels
to be forced up into the . cavities by ‘the weight of the rod,
which, in its adjufted fate, always refts entirely on the fur-
faces of the two ftands that fupport its extremities. But:
when the rod is to be raifed from the ftands, then the milled-
headed fcrews, projefting above the upper furface; and ftanding :
over the middle of the {prings, being brought to a&, the:
wheels are thereby prefled: downwards, and. receive ‘the “full
weight of the rod, which is then eafily moved backwards or"
forwards to its true pofition, either of: contalt or coincidence.

The crofs-feet, placed about 5% inches from: the ends of the-
rods, and 12 inch from the infertion of the truflings, are each.
about nine inches long, 13 broad, and nearly an inchin depth, .
having their lower {urfaces level with that of the ftem. By

2 . © . means
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means of thefe,. the rods are not only kept more fteady on the
ftands, againft the common ation of the wind upon the truf-
fings; but they likewife ferve as holds for the vertical and hori-
zontal brafs clamps, whereby the rods are made faft to the
ftands on one fide or other, and in both modes of application,
conta@s ‘and coincidences; as will be ‘more fully explained
hereafter, in defcribing the tops of the ftands. |

Brafs Standard Scale, and method of laying off the lengths of the
Deal Rods.

At the fale of the inftruments of the late ingenious optician
Mr. James SHorT, I purchafed a finely divided brafs fcale, of
the‘length of 42 inches, with a VERNIER’s divifion of 100 at
one end, and one of 50 at the other, whereby the 1000th part
of an inch is very perceptible. It was originally the property
of the late Mr. GraHAM, the celebrated Watch-maker; has
the name of JoNATHAN SissoN engraved upon it; but is
known to have been divided by the late Mr. Birp, who then
worked with SissoN.

It is {fufficiently well known to this Society, that their brafs
ftandard fcale, about 42 inches long, which  contains on it
the length of the ftandard yard from the Tower, that from
the Exchequer, and alfo the French half-toife, together with
the duplicate of the faid fcale, fent to Paris for the ufe of the
Royal Academy of Sciences, were both made by Mr. Jona-
THAN SissoN, under Mr. GramaM’s immediate direion.
Now, although there feemed to be every reafon to {fuppofe,
that the fcale at prefent in my poflefiion, originally Mr. Gra-

Ggga HAM'S
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#AM’s property, would correfpond with thofe above-mentioned,
which he had been diretted by the Royal Sociey, with fo much
care and pams, to provide; yet, that nothing of this fort
might remain doubtful, it was judged right, in fettling the
abfolute length of the bafe, which F meafured near London
in 1783, as has been mentioned in the introdu&ion te this
Paper, that the two fcales thould be a&ually compared. Hav-
ing accordingly obtained an order from the Prefident, for ad-
miffion into the- Society’s Apartments, I went there in the
afternoon: of the 13th of Auguft, and laid both feales taken
out of their cafes on the table of the meeting-room, with
thermometers along-fide of them, that they might acquire
the fame temperature. On the forenoon of the 135th of Au-
guft the comparifon was made, with the afliftance of Mr:
RamspeN, who for that purpofe carried along with him his
curious beam-compafles, whofe micrometer-fcrew thews very
perceptibly a motion of .. th part of an inch. Thus the
extent of three feet, being carefully taken from the Society’s
{tandard, and applied to my fcale, it was found to reach exadtly
to 36 inches, the temperature being 65° In like manner, the
beam-compafles being applied to the length of the Exchequer
yard, the extent was now found by the micrometer to over-
reach that yard by 2S2%th, or nearly .. .th parts of an
inch.

Having thus fhewn that my fcale is accurately of the fame
length with the Society’s ftandard, it remains to pont out the
ufe that was made of it, for afcertaining the lengths of the
deal rods, intended for the operation on Hounflow-Heath. 1In
the firft place, Mr. RaMspEN prepared a beam-compafs, {uf-

ficient to take in twenty feet, trufled in all refpe@s like the
meds
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meafuring rods, but fomething deeper, and fitted as ufual with
proper points and micrometer. The ftandard rod being now
‘conftruéted was laid on the fhop-board, ftrongly framed for
the purpofe, and nearly level. To one fide of it, at the diftance
of about twenty feet two inches from center to center, two
ftrong bell-metal cocks were fismly fcrewed. Thefe cocks
were about 23 inches in length, three-eighths in thicknefs,
and rofe above the ftem nearly two inches, foas to be on the
fame plane with the furface of the meafuring rods, when
placed upon it.

A large plank, cut from the New-England maft, upwards of
thirty feet long, nine or ten inches broad, and about three
inches thick, being fet edge-wife inv the fame reom, on part of
the ftands now ready for the operation, was, in that pofition,
planed perfeétly fmooth and ftraight. A filver wire being then
ftretched very tight, along the middle of the plank, from one
end to the other, fix {paces of forty inches each were marked
off by the fide of the wire, at which points feven brafs pins,
about one-tenth of an inch in diameter, were driven into the
woed, and their tops polithed with the ftone. During the whole
of this operation, and that which followed, the thermometer,
lying by thefide of the brafs{cale, continued fteadily at or very
near 63°,

A fine dot being now made on one of the extreme pins, and
the filver wire being ftretched over the dot, and as near as pof-
fible over the middle of the other pins, in which pofition it
was made faft; the extent of forty inches, taken with the
utmoft care from the brafs fcale, was then marked off, by
placing one point of the beam-compafles in the dot, and with

the othér defcribing a thort faint arc on the furface of the fe-
condi
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cond pin. Tlie ‘beam being then removed, and one poirtt
placed in the interfedtion of ‘the arc and ‘wire, with the other
point & dot was made on the third pin, under the middle of
‘the wire. 'Upon this dot, as a center, a faint arc was next
‘deferibed on the fame pin where the firft had been traced. In
‘this manner the fix times forty inches were marked off, alter
nately with dots and arcs 3 a method found by Mr. RaMsDpEN,
in his pradice, to be more accurate, than when dots only are
madeé ufe of.

The exa& length of twenty feet, thus obtained, was next
‘taken between the points of the long beam-compafles, and
transferred:to-the tops of the bell-metal cocks, placed, as has
been already mentioned, on the fide of the ftandard rod, in
fuch manner as to leave more than one inch.and a half of the
{aid cocks beyond or without the lines deneting the extent of
the twenty feet. This being done, the meafuring rods were
fucceflively placed on the ftandard, and their fides applying.
¢élofe to the cocks, the diftance of ‘twenty feet was readily
transferred from them to the inlaid ivory pieces, on which fine
lines were afterwards-cut, by marks accurately made for that
purpofe.

With regard to the adjuftment of ‘the lips .of the bell-metal
tippings, which.extend exaltly one inch and a half beyond the
ivory lines, fo as to make the total length of the rod 243
inches, it is to be obferved, that they terminate in flat curves
of 3} inches radius, paffing through the inch and half points,
to which they were cautioufly ground down, that at firft they
might rather exceed than be defe&tive in length. Any two
of the rods, lying in the fame plane, and alfo in the fame
ftraight line, being brought into contalt with each other; if

of
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of 'the true length, the fpace in. that pofition, comprehended
between the two. lines on the inlaid -ivory pieces, ‘muft be
exa@ly three inches. For the purpofe of this adjuftment, . the
extent of three inches was therefore taken from the brafs fcale
and cut' upon -the fide of -a detached _piece- of ivory ; which
being seadily applied to - the afore;,faicj‘,’,i{njt;ermediate,fpage, ‘the
fame was gradually reduced, by grinding the lips: equally; till
it exaltly correfponded with that taken from the fcale.

The three rods are numbered by a cypher on the furface of
the metal at eachend, 1.25.3.4;5 5.6; and that being the order
in which they were to be applied in aétual meafurement; fo it
was likewife the order in which they were adjufted ; that is to
fay, the rod 1.2 was adjufted with 2.4, and with  5.65 and
the rod 3.4 was, in like manner, adjufted with 1.2 and 5.6.

One of thefe deal rods, . when finifhed, was-found to weigh
twenty-four pounds.  They were intended to be contained in
two chefts, onelarge and the other: faller. - The large cheft,
which is about 23 feet deep, may be called a double one, becaufe
it has two lids that lift quite off, which, in turning upfide
down, become alternately top. and bottom, having. between
them, ‘but'much’ ‘nearer ‘to'the one than the other, a bottom
that is common to both. The. fhallow fide holds the ftandard
rod; and ‘the other, two of the meafuring rods’; which laft is
rendered ‘pratticable by having one of ‘the fide braces of each
fixed only with fcrews, fo as to be rerhoved and- replaced at
pleafure. Thus one of the rods being laid in its place, the
other is put over it in an inverted poﬁtion.; and both having the
proper faftenings to-keep them. in their pofitions, the lid is
then put on, and fixed by fcrews.  The cheft being now turned
upfide’ down, and. the other lid removed, the ftandard is

thereby
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T hereby difcovered refling on the common bottom, which has
bands laid acrofs it for the purpofe, a few inches below what
has now become the furface of the cheft. It was necef=
fary that the ftandard fhould reft thus high, both that the
light might come freely upon it, and that, being fupported by
the deep fides of the cheft, it might be prevented from twift-
ing, for it will be remembered that it is only trufled laterally.
By means of a {fmall brafs {pring fixed to each end of the
ftandard, a fine filk thread, as being lefs liable to accident than
filver wire, is ftretched 'alohg its ftem, which by {mall wedges
prepared for the purpofe, and flipped in between it and the
bands on which it refts, is always brought into the fame pofi-
tion. 'This being done, the filk thread is turned off, fo as to
permit the meafuring rods to be laid on the ftandard for com-
parifon.  With regard to the fmaller cheft, fuch a one was
aGually made, and fent down to the heath, - towards the clofe
of the operation with the deal rods ; but from {fome miftake in
its dimenfions, it would not admit the third rod.

Stands for the Meafuring Rods. - "Tab, XVIIL and XIX.

From the extraordinary levelnefs of Hounflow-Heath, the
afcent from the fouth-caft towards the north-weft being little
more than one foot in a thoufand in the diftance of five miles,
it was eafily feen, that the computed bafe-line, or that a&ually_
forming a curve parallel to the {urface of the fea, atthat height
above it, would fall {o little thort of the hypothenufal diftance,
meafured on, or parallel to, the furface of the Heath, as
fcarcely to deferve notice, had it not been thought neceflary to

3 fhew
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fhew, how much one end of the bafe was really higher than
theother; and to convince the world, that in an operation of
this fort, where fo much accuracy was expetted, no pains
were {pared, nor the moft trivial circumftances neglected.

From the trouble and uncertainty attending the frequent ufe
of plummets, efpecially in windy weather, inftead of mea-
furing level or bafe lines, as has hitherto been cuftomary (in
which cafe it would have been neceflary to make ufe of the
plummet, or fome fuch contrivance, at every ftep of afcent or
defcent) it was judged to be a better method to meafure hy-
pothenufes, and, having obtained the relative heights of the
ftations by the accurate application of the telefcopic {pirite
level, to compute the bafe lines. Thus it was propofed, that
the length of the bafe on Hounflow-Heath thould be obtained
by meafuring a line through the air, drawn parallel to
the common {urface from ftation to {tation, in equal diftances
of 200 yards or 600 feet each, as reprefented in the figure at
the top of tab. XVIII.

For this purpofe, two kinds of ftands were ufed ; one whofe
height was fixed, to be placed at the beginning and end of
each 200 yards; and the others, whofe heights were movea-
ble, that their {urfaces might be brought more eafily to coin-
cide with the line pafling through the air from one fixed
ftand to the other. The fixed ftands in their firft flate, repre-
fented by that towards the left-hand in the plate for the deal
rods, were only two feet {feven inches in height ; but when the
glafs rods were afterwards ufed, they had an additional piece
of ten inches faftened to the top (as in the left-hand ftand of
tab. XIX.) which made their total height above the Heath,
including the platform on which they ftood, three feet and a
half. They are tripods of white deal, whofe legs extend about

Vor, LXXYV. Hhh three
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three feet from each other; and being braced diagoﬁa]ly, are
mortoifed at top into circles of the fame fort of wood. Over
this circle, a fquare table of about 11} inches is fixed, com-
pofed of oak, and mahogany at top; but both taken together
do not exceed 1% inch in thicknefs.

“The nature of the moveable ftands, whereof there were at
laft no fewer than feveuteen provided, will be comprehended
from the reprefentations of them towards the right-hand in
tab. XVIII. and XIX. Their general conftru&ion, in what
regards the part of them which 1is fixed, differs not from that
of the others, excepting that they were of different heights,
from two feet to about two feet eight inches, {o as better to
{uit the irregularities of the ground where it might be necef-
fary to place them. In the middle of each of thefe, an hexa-
gonal wooden pipe defcends, from the top to within two or
“three inches of the bottom, where it is joined by a brace
reaching from each leg. This pipe rtceives the common
cheefe prefs wooden fcrew (having three fides fcrewed and
three plane), to the top of which the {quare table is attached.
It is embraced by the circular nut, or winch with four handles,
whereby the table is elevated or deprefled at pleafure ; and being
brought to its proper helght, is there made perfettly faft by
means of the flat-headed iron fcrew, which paffing through
one of the legs, prefles an iron plate, fixed in the infide of the
pipe, againft one of the plane fides of the fcrew..
 In defcribing the deal rods, there has already been occafion to
make mention of the vertical and horizontal clamps, whereby the
crofs-fect are faftened to the table on the top of the ftand. The na-
ture of thefe tables will be beft underftood by confulting the two
plans of them towards the right hand in tab. XVIII.; whereof
one reprefents the two grooves fitted for the alternate reception

2 of
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of the horizontal clamp, according to the fide on which the
rod lies that is to be moved on into coincidence ; and the other
thews it atually in its place, with the clamp itfelf detached in
elevation along-fide of it. ‘Thus from the plan it may be
perceived, that the firft, or adjufted rod, lies towards the far-
ther fide of the table, and 1s there fecured by the vertical
clamp. The fecond, or moveable rod, lies on the hither fide,
and therefore the horizontal clamp is placed in the farther
groove, where it is firmly pinched by the nut underneath. The
rod has been brought to coincidence by working with the two
milled-headed fcrews again{t the oppofite fides of the crofs foot.
This apparatus, although perfetly good in theory, was found
to be much too confined in its nature to anfwer well in prac-
tice, requiring the ftands to be placed with a degree of preci-
fion, which could not be effeted in the field without great lofs
of time; and this was the real caufe, as will be feen hereafter,
that the meafurement by coincidences with the deal rods was
given up, and that by contaéts adhered to.

Towards the left-hand of tab. XVIIL the plan of one of
the fquare tables is reprefented with the ends of the fecond and
third rods upon it in conta®. In this operation it will be
perceived, that only one crofs-foot of each rod could now reft
on and be clamped to the ftand, the tables having been inad-
vertently cut too {mall to admit of both; and although this
has the appearance of imperfeftion, yet no inconveniency
whatever was found to refult from it in practice, experience
having thewn, that the clamping of either end {ufficed to keep
the rod fteady. Along-fide of the table, the vertical clamp,
being that now folely made ufe of, is likewife reprefented in

elevation.
Hhha On
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On the face or exterior fide of each leg of all the ftands,
fixed as well as moveable, a plate of brafs is {fcrewed near the
bottom, with two holesin each, over a groove purpofely made
in the wood underneath. By means of thefc plates, parallelopid
leaden weights, about fourteen pounds each, having brafs pins
with heads fuited to enter the holes, and fall down in the
grooves, into a narrow-pointed part of them, are readily
flipped on or oft each leg. Thus every ftand; exclufive of its
own weight, which is about thirty-one pounds, being loaded
with forty-two pounds of lead, is thereby rendered perfectly
firm and fteady. ,

A number of wedges were alfo prepared,. and always. ready
to be placed under the legs; by means of which, and a {pirit
level laid on the table, its plane is brought to. the proper
pofition.

Notwithftanding all thefe precautions, it having been: found,
in the meafurement with the deal rods, that time was loft in
levelling the ftands, particularly in fituations where the furface
happened to be more than ufually uneven, or where it was of
a loofe or {pungy nature; therefore Mr. SMEATON advifed
(and no man’s advice is more deferving of attention),. that deal
platforms, ftanding on pickets driven into the ground, and
properly levelled, fhould be ufed to receive the legs of the
ftands. Accordingly, for the operation with the glafs rods
(table XIX.) twenty fuch triangular platforms made of inch
deal, whofe fides were each three feet two inches in length,
and void in the middle, were provided; as alfo a number of
beech-pickets, about an inch and a half {quare, and of dif-
ferent lengths, from feven to twelve or fourteen inches. Three
of thefe pickets, fhort or long as the fituation required, being
driven into the ground, till their heads (by the carpenter’s

I level)
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level } were brought to the proper height, the platform was
Iaid upon them; and on that the ftand itfelf being placed, its.
pofitionr was ultimately correfted by the fpirit level laid om
the top of the table. Each of the beech pickets had a hole:
bored through its top, fit to receive a piece of ftrong tent-
line, by which, and the help of one of the camp mallets, the
pickets were eafily pulled up again, when the platform was to:
be removed to.a new fituation.

Boning Telefcope and Rods.. Tab. XVIIL

In order to trace the line of 200 yards or 600 feet through:
the air, from one fixed ftand to the other, it was ufual, in the:
firft place, to firetch a cord extremely tight along the ground,.
and to divide the {pace into rod lengths, by fmall wooden pins.
placed clofe by the cord, which remained there, and accordingly:
marked, very nearly, the points over which the centers of the
intermediate ftands. were to come. A piece of wood, about:
fourteen inches in length, and one and a half in breadth,.
painted white, with a narrow black line along the middle of
it, being prepared for the purpofe, was laid on the furface of
the farther ftand. ~ The boning telefcope,. fourteen inches long
and one and a half in diameter,. with- a fmall magnifying,
power, and moveable objett-glafs, fo-as to fit it for very fhort
diftances, was then laid on the f{urface of the neareft ftand ;
which, by means of wedges placed under the legs, had that
fide towards the farther ftand fo elevated or deprefied, as to
bring the crofs wires to coincide with' the black line on the
painted board. Twenty-four boning rods had been originally
provided ; but it rarely happened, that more than eight or ten

of:
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of that number were ufed in any one ftation. They are of
clean deal, upwards of five feet.in length, one inch fquare,
and pointed with plate iron at the bottom, fo as to be eafily fixed
into the greund. = Each rod carries.a crofs vane, fix or feven
inches in length, and three-quarters of an inch in- breadth.
This crofs vane, being .moved .upwards or downwards along
the rod, till.its upper furface coincided with the crofs wires of
the telefcope and black line on the painted board, its.under fur-
face then marked the height to which the furface of the ftand
.was to be brought at that particular place. 'In this manner, a
-certain number.of points, -in *the-line pafling through the air
-from one fixed ftand to the other, being accurately obtained,
it:-was very eafly, at-all the intermediate places, by the appli-
cation of the eye alone ‘to the furface of any one ftand or rod,
‘to bring the furfaces of the other ftands near it into -the fame
_plane.

Cup and Tripod for preferving the point upon the ground, where
-the meafurement was difcontinued at night, and refumed next
‘morning. 'Tab.,"XVIIL

Tt has been-already -mentioned, and, in giving the account
of the rough meafurement with the chain, there will be far-
theroccalion to remark, that the bafe was divided into hypo-
thenufes of 200 yards or 6oo feet each, where {quare pickets
were driven into the ground, and regularly numbered, fo as to
be eafily referred to on any occafion. In the meafurement
with the rods, it was cuftomary to finith the day’s work at or
near -one of thefe ftations. When the rods of twenty feet
were ufed, the termination of a rod was, -of -courfe, always

‘ found
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found to be within a. few inches of the picket correfponding
with the hypothenufe, as determined by the chain. But with
the rods of twenty feet three inches, the day’s work was al-
ways ended. with ‘a fraltional rod, by fufpending a plummet
from.fome convenient part of the ftem, marked for the pur-
pofe,..and . which confequently became the point of commence~
ment next morning.

The brafs cup, made ufe of on thefe occafions, is of the
figure of an inverted truncated cone, whofe mean: diameter is
four inches, and its depth about five, with a very fmall incli+
nation in the fides... It was placed in a hole dug for it in the
earth, immediately under the poirit of fufpenfion of the plums
met, ferving ounly to hold the water in which it vibrated,

The nature of the tripod will be beft conceived from the
plan- and -elevation of it in .tab.  XVIIL It confifts .of two
ftrong pieces of beech wood, mortoifed .into each other, {o as
to 1efemble a half crofs, or the letter T inverted, having three
frrong iron prongs, about twelve inches in length, which pafs
through the ends of the wood, and are faftened to it by {quare
nuts at top. . On the furface of the tripod lies a fimilar half
crofs of mahogany, moveable, by means of grooves in the di-
re&ion of the longeft fide, and fixable by its proper {crews,
when brought to the defired pofition. This' mahogany halfs
crofs carries on its {urface a brafs ruler, moveable-at right-angles
to the former diretion, fixable alfo by means of its own
ferews, and on whofe end is cut.a very .fine interfeQion.
Thus any day’s operation having been finithed, the tripod was
placed near the cup, with it longeft fide parallel to the line of
meafurement, and its prongs driven into the ground, {o as to
be rendered perfectly immoveable without great violence. The
plummet being then fufpended by a fine gilt wire, at any part

of
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of the ftem of the deal rods indifferently, but always at the fixed #
or hindermoft end of the glafs rods, the brafs ruler was advanced
{o near as almoft to touch the wire, and there made fait. This
being done, the mahogany half-crofs was laftly moved back-
wards or forwards, in the direGtion of the line of meafurement,
until the interfe@ion, as feen by a perfon lying down on the
ground for the purpofe, accurately coincided with the gilt wire,
where it was likewife faftened by its proper ferews. A tent
was then pitched very near the apparatus, for the foldiers who
furnithed the .centinel for its fecurity, till the meafurement
was refumed; and particularly to guard it from being
difturbed by cattle during the night.

Wheels for terminating, in a permanent manner, the extremities of
the Bafe. Tab. XVIIL

Before any agcurate meafurement could ultimately be made
of the bafe by means of rods, in order that we might with
certainty refer to the fame point, on any occafion that might
arife of corre(tion or repetition of the work, it had all along
been forefeen, that it would be abfolutely neceffary to fink deep
into the ground wooden pipes, or fuch like things, at the ex-
tremities of the bafe, which could not be removed, or even
difturbed, by idle or ignorant people, without very confiderable
labour, Mr. MyLN~E, F.R.S. was accordingly requefted to

* That this might be conveniently done, a moveable ftand was placed, under
the glafs rod, about four feet from the fixed end, and its table .elevated till, by
bearihg againft the lower part of the cafe, it received its weight, This permitted
the ftand under the fixed end to be lowered and removed, to make room for the
‘apparatse

order
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«erder two fuch pipes to be provided, about fix feet in length
each, and one foot in- diameter, with.a bore of four inches in
‘the uppermoft end, for the depthof two feet, and crofs-arms
“near the lowermoft end, in ‘the fisle of ‘the ‘common warping
pofts. As an improvement on this idea, Mr. MyLNE very
judicioufly propofed that, inftead of the crofs-arms, the lower
‘ends of the pipes ‘thould pafs ‘through the nave of an old
‘coach-wheel, ‘and then be fecured by a bolt underneath. This
-alteration was approved of 5 and the :machines, thus executed,
‘were{ent foon after by water to Hampton.

The plan and feGion of one of thefe wheels, with the
difhed fide downwards, are reprefented towards the left-hand
in tab, XVIIL where it will be perceived, that by means of
four knee-piecces, made of crocked oak, the pipe is firmly
bolted to the wheel, and thereby kept at right-angles to its
plane. The top of the pipe is alfo fecured exteriorly by an
iron hoop, and has a caft-iron box driven intoe it, whofe inner
diameter is four inches, an{wering to that of the bore. Four
oak piles for each wheel were prepared to be driven into'the
‘bottoms of the pits dug for their reception, which were fix feat
in diamreter, and the fame in depth. The foil near Hampton
Poor-hotfe being of a loofe fandy nature, there the piles were
eafily driven into the bottom, until their tops were on the fame
level. The flat of the fellies of the wheel being then laid on
the piles, the earth was filled in and well rammed around the
pipe, quite up ‘to ‘the furface, with which its mouth is-even,
But the foil at King’s Arbour, being a hard-bound gravel, the
piles could not be driven into the bottom of that pit; where-
fore, the flat of the wheelrefts there on the gravel only.

The brafs cup, formerly defcribed, was from the firfl in-
tended to be placed in the pipes, for which purpofe it has two

Vor. LXXV, Ii1 lidss



416 - Mujor-General Rox’s Account of the

lids; one a femi-circle, with the central point marked Aby a
line cut on its diameter, brought intothe direGion of the bafe;
with which line the gilt wire, fufpended at the extremity of
the firft rod, was made to coincide on the commencement of
the meafurement. The other lid has a very fmall hole made
in its center, through which the plummet wire is to pafs,
when fufpended from the center of the inftrument, hereafter to
be made ufe of for the determination of the angles at the bafe,
or in any other ftation whatever, where it may be neceflary to
bring it very accurately over a point on the furface of the
ground underneath,

Rough meafurement of the Bafe with the Chain, and determina-
tion of the relative beights of the Stations by means of the
Telefecopic Spirit Level,  Tab. XVI. and XVII.

Having in the preceding defcription of the various inffru-
ments, originally provided for the meafurement of the bafe,
fully explained their conftrutions, ufes, and modes of appli-
cation; and having thereby anticipated, in a great degree,
what muft otherwife have been faid to make them underftood
in any account, blended with that of the execution; little
more now remains to be given than the journal of our pro-
ceedings from day to day, and the ultimate refult of the ope~
ration.

After a very tedious delay, Mr. Ramspen having at laft
produced his hundred-feet chain, with the portable tranfit inftru~
ment ; and having lent us an excellent telefcopic fpirit level,
for determining the relative heights; two fetions of the bafe

being likewife cleared by the foldiers, and {ome progrefs made in
5 the
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the third, we found ourfelves, on the 16th of June, in readi-
nefs to begin the rough meafurement.

Lieut. Colonel CaLperwoop, of his Majefty’s Horfe-
Guards, F.R.S. had, from the beginning, been fo good as
to promife his affiftance in the operation.  Lieut. Colonel Prin-
GLE too, of the Corps of Engineers, obligingly became a
volunteer on the occafion; as did alfo Mr. Lrovyp, F.R.S. a
few days afterwards; while Enfign Reyn~oLps, of the 34th
regiment, who had for fome time paft been employed in fur-
veying the environs of the Heath, continued that work with
fuch fpare hands as could be afforded him for that purpofe;
and it is to the plan (tab. XVL) done by that officer, that it will:
be neceflary to refer in any thing regarding locality, in what
has hitherto been faid, as well as in the fubfequent relation.

The lower end of the bafe had for fome time paft been dif~-
tinguifhed by a St. George’s flag fixed to the top of a fir fpar,
thirty-five feet in height; and one of the fignal bell-tents ftill
remained at the ftation near the fummer-houfe. A rope of
200 yards being made very faft by a ftrong iron picket, driven
into the ground at the bottom of the flag-ftaff, the other end.
was carried on along the bafe, 'and placed at the bottom of a
camp-colour, in a line with the bell-tent. The rope being
wound around a ftrong iron reel, prepared for the purpofe, was
thereby ftretched extremely tight, a perfon occafionally lifting it
up in the middle, or at other places, and letting it drop again, fo
as to bring the whole into the fame ftraight line. Five perfons
were neceflary for the proper management of the chain; two
at each end for its adjuftment there, and one towards the mid-
dle, to lay it clofe to the rope, or to bear it upin any particu-
lar place, where the circumftances of the ground rendered
fuch precautions ufeful. The zero or rear end of the chain

T112 being
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Heing ftrained back fo as to coincide with the point of come
mencement, a fteel arrow: was placed as erect as poffible in the
femi-circular cavity of. the brafs handle at the other end. The
chain. being thep.drawn on, till.the cavity in the rear handle
could be applied to the fisft arrow, a fecond- was then placed in
that of the front handle, and {o on until ﬁxchainlengths were
thus meafured off ;. which terminating the firft hypothenufe, a
beech picket, fomething more than an inch fquare, and about
feven in length, with N° 1. cut upon it, was driven into the
ground,_ till its head . was.nearly. level with the furface. It is.
however: to be- remarked, that the fixth arrow of each hypo-
thenufe was conftantly. left in the ground till the firft of the.
fucceeding one. was. placed,  to avoid the error that.would have.
etherwife arifen in applying the. rear.end of the chain to the
picket inftead of . the arrow:

" In this manner we proceeded on. the. 16th-of- June, and in.
the {pace of about three hours and a half, completed the firft
meafurement of the fouth-eaft fe¢tion of .the-bafe, comprehends
ing the thirteen hypothenufes between. the flag-ftaft’ and ftation
near Hanworth Summer-houfe, the diftance being 78 chains or
7800 feet, making 2600 yards; and the mean temperature of
the air being 63°.

'On the. fubfequent . day this. feéhon was. re-meafured with
equal care, when .the, total extent fell fhort of the thirteenth
picket only five inches.. And here it is to.be obferved, that a
confiderable, part of this difference prcbably arofe- from the
ftretching of the chain acrofs Wolfey River, atthe fame time
that the irregularities of the ground are greater in- this than.
in either of the other two fections. The mean heat of this
day .was 65°

The:
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The operation with the chain was fufpended during the 18th
and 19th of June, thofe days having been employed in fettling
certain matters with Mr. RAMsDEN relative to the deal rods,
as well as to give time for the making of a holdfaft for the
rear end of the chain, invented by Lieut. Colonel PrINGLE.
"This machine, whereof the plan at large is reprefented by
dotted lines at the handle of the chain, as it is in fmall
by the two elevations adJoumIg in tab. XVIL confifts of a
femi-circular iron plate, from the bottom of which- projelts
two double and one fingle prong. In the middle, between'the
two double prongs, a.femi-~circular: cavity is formed, fitted to
receive the fteel arrow on one {idé, while that' in- the brafs re-
ceives it on the other: Ih a focket in the middle, aftrong
wooden handle, refémbling that of a fpade, is placed. Thus
the rear handle of the chain being applied to the arrow, the
Koldfaft embraces with its double prongs the ftraight part of
the brafs, and in' that pofition, being forced into'the'ground by
the a&ion of a man at the handle, the rear end of: the chain is
thereby kept {o firm as to be immoveable by the efforts of the
two men at'the otherend, in ftretching it to its true pofition,
for the front arrow.

On Monday, the 21ﬁ of ]une, the operations were refumed,
by meafuring twice with the chain (forwards and again back-
wards) the thirteen hypothenufes comprehended in the fecond
fe@ion of the bafe, between Hanworth Summer-houfe and
the north-weft bank of ‘the great road“(an old Roman way)
leading from Staines to London. This being the {mootheft
part of the Heath, and the holdfaft being now applied, the
two meafurements differed only one inch and a half in the

diftance of 4800 feet. 'This inftance of accuracy is alone fuf-
ficient
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ficient to prove the great excellence of the chain, although
another will be given hereafter ftill more furprifing.

On the {ame day that the fecond fe&ion of the bafe was
meafured, the levels of that and the firlt were taken. The
operation of levelling is {o univerfally known, as to render any
detail of it unneceflary. It will be fufficient to fay, that the
fpirit,ley,_el,made ufe of on this occafion was a very good one,
about eighteen inches in length, and could at all times be very
readily and accurately adjufted by inverfioninits Y’s. ‘The tops
of the pickets, marking the hypothenufal diftances, were the
points on which the levelling rods were placed on each fide of
the level; which being inverted at the intermediate picket,
points equi-diftant from the center of the earth were thereby
obtained, at the crofs vanes of the levelling rods, and no cor-
reftion for curvature or refrattion neceffary. It will be readily
underftood, that the relative heights of the pickets were found
by meafuring their diftances from the centers of the crofs
vanes and axis of the telefcope refpetively.

The fix firft columns towards the left-hand of the
firt or general table (ubjoined to this Paper; thew dif-
tintly every thing relating to the levels of the whole
bafe, thofe of the third feion having been determined
on the 22d of June. By examining the table it will be
feen, that the afcent on the firft feGtion is 10.555 feet,

on the fecond 8.580
and on the third . 12.130

——— ar———

Total . . 31.265 feet, be<
tween the lower extremity at Hampton Poor-houfe, and the
higher near ng s-Arbour,

The
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The computed numbers in the feventh column are the
reductions * depending on the aforefaid heights, or the dif-
ferences between the hypothenufal diftances of 600 feet each
and the reduced bafe diftances. With regard to the remaining
‘columns of the table, or thofe towards the right-hand, they
will be feverally fpoken to hereafter, in taking into confidera-
tion the expanfion of metals, as determined with great accu-
racy by the experiments with the pyrometer.

Hitherto no ufe had been made of the tranfit inftrument :
for, in order that it might be applied to advantage, there was
“a neceflity for laying the wheel into the ground at the lower
end of the bafe, and fo to modify the St. George’s flag- ftaff
‘that, being placed ia the pipe, it might be fteadily fupported
by braces in a true vertical pofition ; which we found, from
‘experience, could not be effected by ropes only.

The wheel being accordingly laid in its place, and the other
precautions taken for fecuring the flag-ftaff, which was like-
wife painted white, that it might be more diftin&ly feen from

s The reduftion in the feventh column, I have computed by the difference
between the fquare of the hypothenufe, adtually meafured, and the fquare of
‘the height found by the level ; and Lieut. Colonel CALDERWoOD has done the fame
thing by a much fhorter method. Thus, in the annexed

figure, CE being the hypothenufe of 600 feet, DE the ¢ o}
‘perpendicular height obtained by levelling, DB the re-
du&tion required, or the difference between the hypothe-
nufe and true bafe; then, fubflituting the chord BE in-A C DB
‘ftead of DE, the following analogy is obtained; AB: BE:: '

2

BE : DB; confequently, %: DB: that is, the fquare of the perpendicular

height being divided by double the diftance, or 1200 feet, the quotient is equal to
DB the redudtion, without fenfible error. For if DE were four feet, the greateft
_perpendlculal heightin the bafe, BE the chord would only exceed it vo3505, Which
‘would not be more than ;s part of an inch. The difference between the refults,
by the two modes of computation, is fo trifling as not to deferve notice,

the
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the farther extremity ; on the 22d of June, the tranfit inftru-
ment was adjufted over the thirteenth picket at Hanworth
Summer-houfe, while direfted upon the flag-ftaff. But it being
now found, that the vertical plane pafling through the flag-ftaff
fell to the eaftward of the center of Banfted Spire, therefore
the tranfit was gradually moved to the eaftward, until by
repeated trials the three points were perceived to be in the fame
vertical plane, when the picket was moved, and re-placed
exaltly under the axis of the telefcope, a few inches from its
ficlt pofition. The fame operation was repeated at the twenty-
{ixth ftation, on the farther bank of the Staines Road; and,
laftly, at the forty-fixth, forming the north-weft extremity of
the bafe; where a pit was immediately dug for the wheel,
which was placed therein, without however fillingin the earth
for the prefent, that being deferred till near the completion
of the meafurement with the deal rods. Thus the two extre-
mities, and two intermediate points of the bafe, being accu-
rately placed, by the help of the tranfit inftrument, in the
fame vertical plane with Banfted Spire, it was eafily feen, that
by arranging camp colours in the intervals at any time, all the
other points might be brought fo nearly to coincide with thefe
firft, as not to occafion, by deviation, any fenfible error in the
meafurement afterwards to be made. This application of the
tranfit thewed us, however, that fome labour had been loft by
not ufing it fooner:: ‘for at the Staines Road, the tract cleared
by the foldiers deviated about two feet and a half too much to
the weftward for the true line; and at King’s Arbour it was
twice as much; {o that we were now obliged to widen the

cleared tra&, by adding to theeaftern fide of it.
- On the {fame day that the chief points in the bafe were ‘fixed
by means of the tranfit, and the levels of the third feGion
‘taken
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taken as Dbefore-mentioned, the rough meafurement of that
feGtion with the chain was completed, and found to contain
nineteen hypothenufal diftances of 6oo feet each, and one of
404.55, making in the whole 11804.55 feet, between the
twenty-fixth ftation at the Staines Road and the center of the
pipe near King’s Arbour, the mean temperature being 62°%.
Here it is to be obferved, that this laft fe&ion was only mea-~
fured once with the chain, the tra& not being yet fufficiently
cleared to admit of its being done to the beft advantage; and,
when completed, it was judged to be better to proceed dire&ly
in the operation with the rods, than to lofe time in the ufual
repetition, fince the merits of the chain, in this way of ap-
plying it, were already {ufficiently well eftablithed; and any
future tefts to which it was to be put were propofed to be of
a more rigid nature.

When the length of the chain, in its original ftate, was
afcertained by the dots on the brafs pins in the New-England
plank, it was found, in the then temperature of 74°, to ex=
«ceed the roo feet by near one quarter of an inch, or o.245 inch.
Therefore, in the temperature of 63°, being that in which
the lengths of the deal rods were laid off, and differing very
little from what was likewife the mean heat of the air, when
applied upon the Heath, the chain, according to the experi-
ments on the expanfion of the very fame fteel, would exceed
the 100 feet by o.161 inch, or o.o134 foot. Hence the
fum of the three feétions of the bafe, 274 chains, being mul-
tiplied by o.o0134 foot, we fhall have 3.6% feet for the equation
of the chain + 4.55 feet, to be added to1its length, which will
then become 27408.22 feet from the center of one pipe to the
center of the other: and this would have been the true length

of the bafe, as given by the rough meafurement with the
Vor. LXXYV. Kkk chain,
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chain, if the furface had been ome uniform inclined plane
throughout its whole extent. But, although the afcent of
Hounflow-Heath is fo fmall, and fo gradual, as to eccafion:
little more than half an inch of reduion, from the 46 hypo-~
thenufal to the 46 bafe diftances, into which it is divided, as:
may be feen by referring to the table; yet each of thefe hy-
pothenufes containing again many other {mall irregularities, all
of which affe@ the meafurement by the chain, in proportion to
their number and height, i every fpace of 6oo feet, their
united- effefts, including the lateral: deviations from the true
line in meaturing, do fomewhat more than compenfate for the:
extra-length -of the chain, as will be feen. hereafter in com-
paxing the length of the bafe juflt now obtained. with that:
given by the rods.

The weather, which dunng the greater part of June had
been wet, became- ftill worfe towards the end. ofi the month
and fir(t week of July; fo much fo, that even if the deal rods:
had been-ready they could not have been ufed with advantage.
The foldiers, neverthelefs, were not idle,. being, when the
weather would: permit, partly-employed in clearing the Heath,
and partly in affifting Mr. REyaNoLDs in- the furvey, towards
the perfecting of which many chief points were fixed by
means of myaftronomical quadrant, placed for: that-purpofe at:
feveral different flations: of the bafe.. At this time too (July:
8th) I levelled from the lower'end of the bafe to the furface ot
the Thames at Hampton, and. found the defcent to.be 36.1:
feet.

Meafurement:
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Meafurement of the Bafe with the Deal Rods.
| Tab. XVI. and XVIIL

Such extraordinary care and pains had been beftowed in the
conftruction of the deal rods, in order to render them the befk
which had ever been made, that, although begun early in

- June, they were not completely finithed before the 15th of
July. They were brought that afternoon by Mr. RAMsDEN,
together with the various parts of the apparatus neceflary for
their application in the field, to the camp now moved from
Hanworth Summer-houfe to the interfeftion of the bafe with
Wolfey River; whence they were tranfported, early next
morning, to the pipe near Hampton Poor-houfe, where we
were met by Sir Josepa Banks, accompanied by Mefl. Brac-
pEN, CAVENDISH, Lroyp, and SmEATON, all ready to lend
their affiftance in the fubfequent menfuration.

Before I proceed farther, I think it here incumbent upon
me very gratefully to remark, that the refpeftable and very
worthy Prefident of the Royal Society, ever zealous in the
“caufe of f¢ience, and who had repeatedly vifited the heath, to
offer aid, if fuch had been neceflary, while the firft and
rougher part of the operations were going on ; now, that others
of a more delicate nature were to commence, and where it was
of importance, that thofe entrufted with the execution fhould
meet with as few, and as‘fhort, interruptions as poffible, not
only gave his attendance from morning to night in the field,
during the whole progrefs of the work; but alfo, with that
Iiberality of mind which diftinguithes all his acions, ordered his
ternits to be continually pitched near at hand, where his immediate

Kkka2 guefls,



476, Major-General Rox*s Aecount of the

guefls, and the numerous vifitors whom curiofity drew to the-
{pot, met with the moft hofpitable fupply of every neceflary:
and even-elegant refrethment.. It will eafily be imagined, how
greatly this tended to expedite the work, and how much more
comfortable and pleafant it rendered the labour to all who-
obligingly took part in it ;. but more efpecially to him, who,
being a volunteer in it at firft, confidered himfelf as bound to:
perfevere in his beft endeavours.to bring it to a fuccefsful con--
clufion.

From the defeription that has Been given of the deal rods, it
will be remembered, that they are fitted to be applied in mea=
furing,. either by the coincidences of lines, inlaid one inch and
a half from each extremity, orby the contalts of the {pherical
lips of the bell-metal with which they are tipped.. The firft,
feeming to be the moft accurate, although the moft. tedious
method, was.that by which we propofed to-fet out..

The flag-ftaff having been - previoufly  removed from- the
pipe, and the brafs cup filled with water put in its ftead, all
the neceflary precautions being likewife taken for preferving
the line of direttion, horizontally, by the rope ftretched along
the firft Hypothenufe, and vertically, by means of the boning
rods; the firft vory line on the firft rod was brought by-thé
plummet to coincide with the center of the cup, in which
pofition, being clamped, it accurately marked the commences
ment of the bafe. The fecond rod being now- applied to the
firft, and- moved up by the apparatus. formerly defcribed (tab.
XVIIL) ull 1its line coincided with that on.the firlt; and, in
like manner, the third rod being applied on. the alternate fide
of the fecond, moved up.and clamped .as the reft; thus the
exalt diftance of: fixty feet was. afcertained, care being always
taken, that the firft adjuftments were not. difturbed, while the

fubfequent
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fubfequent ones were forming.. The clamps faftening the firft
rod to its ftands being then detached, it was carried by two:
men and laid on the alternate fide of the third; and fo on in:
fucceffion, until fifteen rod lengths were meafured off, being,
the half of the firft hypothenufe..

The time confumed in meafuring this fhort diftance of 300
feet was not lefs than five hours ;. owing, as has been formerly
mentioned, to the confined nature of the apparatus for moving;
therods on intocoincidence, which required fuch nicety in placing;
the ftands, as could not be effeted until after {everal repeated
unfuccefsful trials. All the executive people were therefore of
opinion, that it would be proper to difcontinue this mode of
meafurement; at leaft until a more convenient apparatus could:
be thought of for the purpofe; and that, in the mean time,.
we fhould proceed by the method of contaéls, as the only al-
ternative we could: for the prefent adopt ™.

The rods being accordingly placed in contaét with each:
other, we foon made greater progrefs,. finifhing the operations-
of the day at the middle of the fourth hypothenufe, where:
the tripod, with its guard, was placed, to preferve the point of:
commencement: for the enfuing morning..

% AlthoughT*acquiefeed in the change thus become neceffary,” yet it was with:
much relu@ance, becaufe it left undecided the contcfted point,. with regard‘ to-
coincidences and ‘contaéts, If we could have proceeded with the coincident rods-
till eighty-one.lengths were meafured off; and then meafured back the fame {pace.
by placing eighty rods in conta&, the point would have been'clearly fettled. For
if the termination-of the eightieth rod agreed exaltly with the. point of departure, .
contads being the moft expeditious would have been judged the beft method. On
the contrary,.if the eightieth rod fell fhort of reaching the puint of: departure, .
there could have been no doubt, thar the difference muft have amien,from.
butting one rod againft the other, whereby a certain finall proportion of each:
rod.came t@ be.loft in the.account, by being meafured twice-over.

The:
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The meafuring rods, when put into the cheft in London,
had been compared and found to agree with the ftandard. The
comparifon was not repeated on the t6th ; but this being done
on the 14th, at ¥ h. A.M. under the oil-cloth canopy at the
camp, they were found at a medium to exceed the ftandard by
one-fiftieth of aninch, the temperature then being 62°. After
the comparifon they were carried to the place of the tripod,
when the operation was refumed by bringing, with the helpof'the
plummet, the fame point of the rod with which we had left off
work, to coincide with the interfetion on the brafs ruler. The
meafurement of this day was clofed at the end of the tenth hypo-
thenufe, when the rods being carried back to camp, were com-
pared, and found accurately to agree with the ftandard.

. A confiderable fall in the barometer, between the evening of
the 17th and the morning of the 1gth, portended rain. Ne-
verthelefs, all parties repaired to the place of rendezvous,
which was appointed at the lower end of the bafe, in order to
re-meafure the two firft hypothenufes, by placing all the rods
in conta&, which on the 16th had been done partly one way
and partly the other. The operation being according repeated
with great care, the point of the fixtieth rod, which formerly
correfponded to the eenter of the fecond picket, was now found
to be puthed forward exaélly forty-five inches, anfwerable to
the deficieney on the fifteen coincident rods, with which whe
menfuration was begun. It now began to fain, therefore the
rods were carried back to camp, and being feverally compared,
they were found to exceed the flandard each by one-thirtieth of
an inch, occafiened by the extraordinary humidity of the air.
Aheavy rain enfued ; and what made this much more regretted
by all was, that in the forenoon their Majefties gracioufly con-
defcended to honour the camp with their prefence, and con-

tinued
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tinued there fome time; but the weather becoming rather
worfe, it 'was utterly impoffible to fhew their Majefties the
nature of the operation, by any progrefs that could at that
time be made in the work. \

After a continuance of unfavourable weather for feveral days,
the operations were refumed at g h. A.M. of the 23d, when the
rods being compared were found ftill to exceed the ftandard by
one-thirtieth of an inch, and the temperature now was 61°.
Here it is to be obferved, that in'our progrefs forward, an accu-
rate regifter had been all along. kept of that point of each rod.
correfponding to the center of the: hypothenufal pickets, by
noting its diftance from either end, whereby the error of the
chain at each flation. was readily difcovered, at the fame time
that the revolutions of the three rods ferved to keep the account.
of the total meafurement. In order, therefore,. that this me-
thod might be diftin&ly adhered to, it was judged: proper to
puth on the rod that lay over the tripod at N° 10. exaltly forty~
five inches, to make good the deficiency of the firft fifteen.
coincident rods, and that the account might be kept. from the.
lower end, of the bafe in entire rods of 243, and complete.
revolutions of 729 inches each. This being done, the reft.
were placed in the ordinary fucceflion ;. and we finithed the
bufinefs of the day at the eighteenth ftation,. where the rods.
being compared at 6 h. P.M. their mean length was found to.
exceed that of the ftandard % th part of an mch, the tempera-
ture then being 54°.

On Saturday the 24th of July, the rods were thiree times
compared;: at 7 h. 30 A.M., 11 h. 15" A.M., and 5h. 45" P.M.
Their mean excefs above the ftandard was found to be one-
thirtieth of an inch, and the mean heat 64°% In the courfe of:
the day, the meafurement was continued trom the eighteenth to»

“the:
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the twenty-feventh ftation, or firlt of the third fe&ion of the
bafe, where the tripod was placed as ufual; and there it re-
mained untouched, on account of bad weather, till Monday
the 2d of Auguft.

Confidering how much time and labour had been beftowed in
obtaining what we certainly had every reafon to conclude were.
the beft deal rods that ever were made, it was no fmall difap-
pointment now to find, that they were fo liable to lengthen
and fhorten by the humid and dry ftates of the atmofphere, as
to leave us no hopes of being able, by their means, to deter-
mine the length of the bafe to that degree of precifion we had
all along aimed at. But fince more than one-half of it was
already meafured, it was judged proper to proceed with them in
their prefent ftate, and then to have them carefully painted or
varnithed, before they thould be farther ufed.

The unfavourablenefs of the feafon, and delays in obtaining
the inftruments, had already been the caufes of protracting the
operations on Hounflow-Heath greatly beyond what was at
firft expected ; and the failure of the deal rods gave no imme-
diate profpe& of their being f{peedily brought to a conclufion.
On revolving in my own mind the different alternatives we
might ultimately be obliged to have recourfe to, metal rods of
fome kind or other, whofe expanfion could always be deter-
mined by experiment, feemed to promife a refult that might
be fafely relied on. Caft iron was what I had thoughts of
propofing, knowing from an experiment which I had made
myfelf, that it expanded lefs than fteel. The cumberfomenefs
of its weight appeared indeed objeionable; but that incons
venience was either to be fubmitted to, or one of another kind,
namely, the redution of the length, which was always, if
poflible, to be avoided.

5 At
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At this time Lieut. Colonel CALDERWOoOD could not conves
niently lend us his affiftance in the field; but he vifited us
occafionally, and on one of thefe vifits propofed to'me, that
gl?a:fs: rods thould be made ufe of inftead of deal; putting me in.
mind of another experiment * that 1 had made, which feemed to
thew that folid glafs rods expanded lefs than tubes. ‘This pro-
pofition the Lisutenant-Colonel, before he came to the heath,,
had made to Mr. R amspEN, who appeared averfe from making
the trial, becaufe of ‘the great length of the rods; and the
brittlenefs of the material. Neverthelefs, it being {ufficiently
obvious, that glafs rods or tubes of the full length, or fome-
thing appreaching towards ‘it, would be much {ooner pfovidedi
than any metal rods whatever, and the faving of time being,
a point of eonfequence ;- Lieut. Colonel CALDERWOOD was ac-
cordingly requefted to make the trial at the-glafs-houfe, as foon
as poflible after his return to town. Next day he fucceeded in-
gettmga fine tube drawn, elghteen feet long, and about one
inch in diameter; and there feemed to be no longer any
doubt, that thofe of the proper length might be obtained. It
was found, that folid glafs rods of fuch extraordinary dimenfions.
could not be had, it being impoffible to take at once a {ufficient

*® The experiment here alluded’ to was made. with' Mr. Cummine’s pyrometer,
which from. its conftru&tion did not admit of a very accurate eftimation of the
Keat communicated. to the ftandard bar, the rod, and tube refpeétively. Either,,
therefore, the natures of thie glafs rod and’tube; made ufe of at that time, muft:
tave been very different, to caufe the difference of expanfion; or fome circum-
france in the inftrument unattended to had occafioned the fallacious appearance ::
for it will be. found, from the experimeuts hereafter to be given in detail, thata
folid glafs pendulum rod expands fully as much as, pay in this partictlar inftance’
even more than-a tube; but different glafs,. having different fpecific gravities,,
will no doubt be fufceptible-of different degrees of expanfibility.

Vor. LXXV.. L11L quantity
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quantity of the melted metal on the irons, made ufe of for
drawing them at the glafs-houfe.

The week of rainy weather, which ended the month of
July, occafioning, as has been faid, a total {ufpenfion of the
operations on the heath, was employed in procuring a {uffi-
cient number of glafs tubes (one whereof was not lefs than
twenty-fix feet long) and regulating with Mr. RAMsDEN
every thing concerning their conftru&ion into meafuring rods.
The defcription of them we thall however defer until the time
of their application in the field, after having finithed the opera-
fion with thofe of deal.

On Monday the 2d of Auguft, the operations on the heath
were refumed at 8 h. 30” AM. by comparing the rods with
the ftandard, which they were found to exceed by one-fortieth
of an inch, the temperature then being 66°. The forward
end of the rod now placed over the tripod at N° 27, com-
pleting the 8ooth length, reckoned from the lower end of
the bafe by rods of 243 inches each ; and thefe being equal
to 810 rods of 240 inches; it was judged proper to mark a
point upon the ground correfponding to this forward end, that
it might be referred to in returning back with the meafurement
by the glafs rods. "This was done by finking two fmall pickets
into the ground, about a foot afunder, one on each fide of the
bafe, and at right angles to it. A filk thread being then
ftretched over the tops of the pickets, and gently moved on
¢11l it touched the filver wire {ufpended from the end of the
tod, fine notches were then made with a pen-knife in the tops
of the pickets, whereby the thread could be replaced in the
fame fitvation ; which being done, the pickets were covered over
with earth. In the courfe of this day nine hypothenufes were

meafured ; and at 7 h. P.M, the tripod was placed at the thirty-
fixth
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fixth ftation. The rods, being now compared, were found to:
agree with the ftandard ; and the temperature was 67°%..

On Tuefday the 3d of Auguft, the rods were compared
at 7h. A.M. and found only to exceed the ftandard by one-
fixtieth of an inch, Bewng arrived at the middle of the forty-
firft hypothenufe, a point correfponding to the forward end of
the 1215th rod was transferred to the ground by the double
pickets and filk-thread, as had been done at the twenty-feventh
fration. 'The meafurement was then continued to the north-
well extremity of the bafe, which was found in the whole to
contain 1353 complete long reds of 243 inches each +z2r
inches, where the tripod was placed, in the point which of
courfe correfponded to the 1370th fhort rod of 240 inches:
each, equal to 328800 inches, or 27400 feet. To which
diftance we have yet to add 4.31 feet, being the fpace inter-
cepted between. the interfe€tion on the tripod and the center of
the pipe marking the north-weft extremity of the bafe ; whofe:
total length, as given by the deal rods, without regard to ex-
panfion, or redution of the hypothenufal line, becomes:
27404.31 feet. And here it is to be obferved, that the inter-
fe@ion on the tripod terminating the 27400 feet only over-thot
the picket anfwering to the 274th chain by two inches and:
nine-tenths. But this nice agreement between the refult by
the deal rods, and that furnithed by the rough meafurement
with the chain, arifes from the extra-length of this laft, which.
fo nearly compenfated for all the irregularities of the furface.

The meafurement with the: deal rods being finifhed, they
were compared at § h. PM. and found to agree with the
ftandard,, the temperature then being 75°.

Llla Expanfion:
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Espanfion of the Deal Rods.

It has been an opinion.geuerally enough, although, as we
have feen, erroncoufly received, that very ftraight-fibred deal
was not at all, or but little, affected longitudinally by the hu-
midity of the air. That we might not be led aftray by truft-
ing to fallacies of this fort, the ftandard rod had been provided;
which being always clofely thut up in its cheft, except during
the fhort interim of comparifon, could feel but a {fmall propor-
tion of the effelts which the meafuring rods fuffered, thefe
being conftantly expofed to the open air throughout the day, as
well as to the moifture of the night, when lying under the
“oil-cloth canopy. The ftandard rod, it is true, could not be
accurately compared with the brafs fcale: for although when
conftru&ed, brafs pins, forty inches afunder, had been driven
into its ftem, for the purpofe of fuch comparifon, yet thefe
had afterwards been difplaced, or at leaft the points upon them
defaced, by the planing over of the upper furface. This cire
eumftance, which was unattended to when the operations
commenced, is now of no confequence; becaufe, from an ex-
periment hereafter to be mentioned, the lengthening of the ftan-
dard may be pretty nearly afcertained. But fince there are fome
contradictory- circumftances, foon to be mentioned, in the ope-
ration with the deal rods, which would have made a repetition:
of it abfolutely neceffary, if we had not now obtained thofe of
a different kind, fo very unexceptionable in their nature and
mode of application, as, in the prefent cafe, to admit of no
competition between the two refults, and to render it improper
on our part ever to have farther. recourfe to the firft; {o there
can
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can be little doubt, that deal rods will be univerfally rejeted by\
other countries, in any meafurements they may have occafion
to make in future. |

About the roth of July, two rods, one of New-England
and the other of Riga deal, being meafured by the fixed points
in the great plank in Mr, RamspEN’s thop, and having each
two brafs pins driven into them at the diftance of twenty feet,
were laid on the top of the houfe, where they remained until
the 26th, the weather, for the greater part of thetime, having
been very wet. ‘They were then taken down, and being, by
means of the long beam compafles, compared with the mea-
fures on the plank, the New-England rod was found to have
lengthened o.031 inch, and the Riga rod 0.041 inch. By which
experiment the faét feems to be eftablifhed, that Riga red
wood, notwithftanding the quantity of turpentine which it
contains, is more fufceptible of the effets of moifture than
New-England white wood. Mr. RamspEN - likewife finds,
that the great plank fo often mentioned, fuffers, in ordinary
fummer weather, an alternate expanfion and contration,
amounting at a medium to 0.0041 of an inch every day: that
is to fay, if the diftance between the twenty-feet brafs points
be meafured from the fcale, by means of the beam compafies,
in the evening, it is found to have lengthened next morning
o.0041 of an inch, by the humidity of the intervening night.
In the courfe of the following day it contrals again to its for-
mer length, and fo on. Mr. RamMspEN has often obferved
this alternate change in the deal plank ; but it was particularly
on the 11th and 12th of Auguft, that the quantity was attually
meafured. It will readily be underftood, that any difference of
temperature which might have happened in the brafs {cale, at

the
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‘the times of comparifon, was always carefully taken into the:
account.. | -

Now, from this laft experiment; it feems probable,. that we:
thall not be very wide of the truth in fuppofing, that the:
ftandard deal rod, which lay clofed up in its cheft, under the
canopy. en Hounﬂow-Heath,/ would fuﬂ%n the {ame fort of
alternate expanfion and contration with the above-mentioned:
plank; that is to fay, being of Riga wood, its mean: expan~
fion about the middle of the day would be .23 of an inch..
By this quantity then we muft augment the adual obferved:
expanfion of the meafuring rods, in order to. obtain within:
certain probable limits (fince we cannot determine it accurately);
the equation for the expanﬁon or that {pace by which the
apparent meafurement, given by the 1370 deal rods,. fhould be-
augmented in order to obtain the true length of the bafe; or:
that which would have been given by unalterable rods, of: the:
fame original length with thofe of deal,, as-expre‘ﬂ“cd‘ in. the
following table..

Table
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Table of the Expanfion of the Deal Rods.
[ N°of | Hour of [ Temp. |[Obferv-} Deci- | Equation | Equation | Total '
Days.| rods |comparifon.|of the |ed ex-| mal | for the | for the |expan-|
meaf, | air. |panfion.| mean. |meaf.rods | ftandard, | fion,
h. , a In. In, In. o,
, 0A.M.| 43 tl '
July 16 105{ g OP.M. 2'2 } Tg‘} 0.010{ 1.050 | 0.2625 |1.3125)
: 0A.M.| 62 “sth .
17 195{ Z, OP.M.| — }Tg } 0.010| 1.950 | 0.4875 |2.4375}
0A.M.| 61 %
23 240{ (9) OP.M.| 54 }Z,: } 0.021| §.040 | 0.6000 |5.6400
] 7 30A.M. 01  |% : o
T 241 2 { 1T 15AMY 66 B } 0.033] 8.910 | 0.6650 |g.5750}
' s 45:%- 22 75 | ' ,
0A.M. : X
Aug. 2| 270 { 7 30P.M. 671 ‘o } o.or25) 3.375 | 0.6650 4.0400f
0A.M.| 56 1 |& IO »
3l 290 { 'g OP.M. ?5 2 } oo17] 0.493 | o7250 [1.2180F
Total 1370 = = =~ = = = = = =120818 | 3405 [24.223
N. B. Although the rods were not compared with the ftandard on the 16th ."
" of July, yet the expanfion probably was, and therefore has been eftimated, at
{ the fame rate as it was found on the following day.

By examining the preceding table, it will appear, that the
total expanfion on the 1370 deal rods, including the {mall
equation for the lengthening of the ftandard, amounts to
24.223 inches, or 2.02 feet; which being added to the appa-
rent length of the bafe 27404.31 feet formerly obtained, we
thall have, for the hypothenufal length, 27406.33 feet: and
from this dedu&ting o.07 foot, the excefs of the hypothenufal
above the bafe line, or the redu&ion contained in the feventh
column of the general table of the bafe, there will remain

27406.26 for the diftance given, by the deal rods, between the
I centers
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centers of the pipes terminating the bafe, reduced to the level
of the loweft, or that at Hampton Poor-houfe, in the tempe-
raturc of 63°, being that of the brafs fcale when the lengths:
of the deal rods were laid off. All this, however, fuppofes
three things to be abfolutely certain: firft, that the expanfion
of the rods has been accurately eftimated; fecondliy, that no
error has arifen from the butting of the rods againft each:
other, in order to bring them into contact; and,. thirdly, that
no miftake of any kind has been committed in the execution..
When we come to give the true length of the bafe, as ulti~
mately afcertained by means of the glafs rods, it will appear,,
that one or more of thefe three have altually taken places;
although it is moft probable, that only the two firft fources of
error have contributed their fhare of the total difference be-
tween the two refults. But the difcuffion of this point muft
be deferred for the prefent; and I thall now finith the fubjeét:
of the expanfion of the deal rods, by mentioning two other
comparifons of them, which ferve to fhew ftill more obvioufly,,
how improper they are for very accurate meafurement!

It has already been remarked, that the laft week of July
was {o wet as to occafion a total {ufpenfion of the operations.on
Hounflow-Heath. On the 26th of that month, at 8 h. A M.
the temperature being then 63°, the rods were compared with,
the ftandard, and found to exceed it, at a medium, one-fifteenth
part of an inch. Now, if we fuppofe the whole bafe to have
been meafured. with the rods in that ftate, the difference would
have amounted to more than 7% feet, exclufive of what the
tandard itfelf might have altered from its original length.

'The other comparifon was made at Spring-Grove, in the
beginning of September, after our operations on the heath had
been finithed, and the deal rods with their apparatus depofited

7 undex:
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ander the roof of Sir Joseru Banks’s Barn. The obje& here
in view was the meafurement of fuch a fpace as the garden
would conveniently admit of, when the rods were in ’their\dry
or contratted ftate and to re-meafure the fame fpace next
morning, when ‘the rods, being left out for the purpofe, had
imbibed all the humidity they -could from the moifture of the
intervening night. Accordingly, the fourth being a-fine dry
day, the fun thining bright, and the thermometer about 682,
feventeen ftands were arranged in the long walk, with fo much
nicety in the fame inclined plane as to appear but like one.
‘The firft or lowermoft fland had a brafs cock fcrewed to its
top. ‘The two uppermoft, that is to fay, the fixteenth and
{eventeenth, ‘were of the fixed kind, -each -with a brafs flide,
and placed only forty-five inches afunder. The firft deal rod
was made to butt againft the brafs cock, and the reft fuccef-
fively againft each other, until fifteen rod lengths were ‘mea-
fured off, and a fine line drawn on theflide marking the extre-
mity of the fifteenth. That rod being removed, forty-five
inches, taken from the brafs fcale, were then laid off back-
wards from the line on the {lide of the feventeenth to the flide
of the fixteenth ftand, where another fine line was drawn.
“Thus the {pace comprehended between this laft line and the cock
oon the firft ftand, was juft 300 feet, or fifteen coincident rods.
During the night of the 4th, which was very fine, the ‘rods
lay on-the fmooth grafs. About fun-rifing of -the «wth there
«came on a thick fog, which entirely difpelled about 8 o’clock.
At 7h, A.M. the rods being lifted from-the grafs, it was per-
-ceived, that the under fides were perfetly dry, while all the
xeft was quite wet with the dew ‘that had fallen. The four-
teen ‘ftands, :comprehended between the ‘firft and fixteenth,
having their diftances gradually reduced from:twenty feet three
~ Ver. LXXV. Mmm inches
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inches to twenty feet, the operation of re-meafurement was
then begun, by . placing the rods in coincidence with each
other (which was now found to be eafily:and accurately effefted
by a few repeated ftrokes with a wooden wedge only) until the
fifteen rod lengths were meafured -off, and a fine line, cor-.
refponding. with the ivory on the fifteenth, was drawn on the
brafs {lide,. ‘This line was found-to be 0.,%2%,, or.near-half an
inch beyond that which terminated the joo feet.the preceding
evening.  Hence it is. evident, that the dew imbibed only in.
one night, or a fpace of time not-exceeding :fourteen hours,
~ogcafioned fuch an expanfion.in the deal .rods,. as.in the whole
bafe would have amounted to 45.484 inches. .

It is.fufficiently. obvieus,. that this Jaft:mentioned-experi~
ment was. more accurate, in the proportion of -about fifteen. to
ane, than any comparifon we could at that time have made with
the ftandard, But fince immediately - after it.was.finifhed,: the
fun fhone outwery bright, it is by.no means-certain, how foon
the rods would again have contracted to their former length, or
near it, had they been.expofed ‘to his rays. Riepeated compa-
rifons for afcertaining fals of this fart, at.very thort-interims,
are abfolutely. incompatible with the.nature of: fuch tedious and
troublefome operations as the meafurement of long bafes: and.
here, indeed, lies the great.objetion to the ufe of deal rods,
that at no.time. can we be certain how foon, after a comparifon.
has been made, they mayralter their length in a.proportion, and
fometimes too even in a.fenfe, different. from what was, ex=

pested.

Defeription.
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iDefeription of the Glafs Rods, aliimately madz ufe of to deter-
mine the length of the Baje. "Tab. XIX,

It has been already-meritioned, “thit the week of raify wea-

ther in the end of July was employed-in.providing the glafs
tubes, and in ¢oncerting matters with Mr, RaMsDEN, rélative to
their conftru€ion as meafuting rods. Notwithftanding their
great length, they were found to be fo ftraight that, when laid
on a table, the éye, placed atone end looking thronugh them,
could fee any fmall-object in’the axisof the bore-at the other
end.
- The nature "and conftru@ion of the glafs rods, whereof
three were finithed for the operation, will be beft conceived by
confidering, with care'and attention, the plans -and elevations
of -them, “in whole or m part, to different*{cales in tab. XIX.;
awhere likewife may be feen, plans'and feions of ‘the ends of
the tubes, ‘in'their real dimenfions, for the bettér underftandinig
the feveral paits-of ‘the apparatus placed:therein.

The cafe containing’ the'tube, -and which “fervesito keep'it
from bending' in-its original ftraight pofition, is every where of
the depth of eight inches, of the fame width - in <the middle,
and tapers from “thence, "in ‘a“curvilinear manner, towards
each end, ‘whereit is only two inches and a quarter broad. ‘It is
made 6f clean-white deal, “the ‘two fides being -half an inch,
and the top and bottom three-eighths in "thicknefs. ‘Thefe
laft are placed in grooves'fitted to receive them, about half an
inch’from‘the upper and lower edges of the fides, which bend-
ing eafily, and applying clofely, are'then ‘firmly -fafténed by
two rows of wood:{crews on each fide, to the top-and bottom

Mmmaz refpec-
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refpetively. Thus, the depth of the fides in one fenfe, and:
the {pring which. they have by bending in the other, at as:
truffes, prevent the cafe from warping, and- render it fuffi-
ciently ftrong, although atthe fame time,. confidering its great
length, very light.

The plan of the middle rod reprefents the cafe with the top
off, that the tube may be feen placed therein.: the right and
left-hand ' rods have the tops on, whereby may be {feen the
oval opening in the middle of each, fhut by a mahogany lid;
and alfo the pofitions of the two thermometers, with tubes
bent at right-angles, {o as to place the ball about two inches
downwards within the cafe, for the better afcertaining the
temperature of the glafs, as will eafily be conceived, by confi-
dering the reprefentation of the tube and.ball'in the fe&ion
acrofs the middle of the rod.

It is to be obferved, that the middle of the tube is madé faft
to the middle of the cafe in the following manner. Firft,
around the middle of the tube, aquantity of pack-thread, im-
metfed in.liquid glue,. was wound by {everal returns on. itfelf,
for the {pace of about two inches in léngth'; ‘and upen this
mafs of pack-thread, while the glue was warm, a ftrong ma-
hogany collar was forced; whereby the. three fubftances became
fo perfely united to-each other,  that they. might be confidered
as one only. Acrofs the bottom of ‘the cafe in the-infide,
three mahogany braces or girders, one in the middle, and one
half-way between -it and each end, are faftened, by means of
{crews, to the-bottom. and. fides.. Thefe rife about 1% inch
above the bottom, {0-as to place the axis of the-tube, when in
ufe,. about 2% inches above the {furface.of the ftands on which"
it refts. ‘The end-picces of ‘the cafe are likewife of ‘mahogany,
about 1% inch thick. Each'confifts of two parts, alowerand-an

upper.
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upper. In the lower parts, aswell as in the crofs braces, there
are femi-circular cavities lined with broad-cloth, fitted to re-
ceive the diameter of the tube, which refts ‘in them, and is
confequently fupported at five different points. The wupper
end-pieces, having likewife femi-circular cavities fitted to em-
brace the uppef part of the tube, flip down upon it, when it
has been, by repeated trials, brought to its true pofition ; that
is to fay, the axis of the bore into the fame ftraight line, the
cafe being all the while fupported by its extremities on two
ftands only, in the manner in which the rods are applied in
aCual meafurement. The braces within the cafe have alfo
their upper pieces, which, in like manner, apply clofely to
the tube, and are fixed to the lower ones by means of {crews.
The whole together ferve only as ftays to keep the tube in its-
true place from fhaking ; but without binding it however too
clofely. Laftly, the mahogany collar glued to the pack-thread
on the middle of. the tube, being ftrongly fixed by four fcrews
to the middle brace, as may be feen in the fection, is that by
which the tube is kept perfectly immoveable with refpe& to
the middle of the cafe; while it is unconfined longitudinally in
the cavities lined with broad-cloth every where elfe.

Both ends of the tube are ground perfe@&ly {mooth, and
truly at right-angles to the axis of thebore. That end, which
in meafuring ufually lies towards the left-hand (fince moft
people will work the fcrew with the right) projects about
feven-tenths of an inch without the cafe,.and is called the
fixed end, becaufe the apparatus belonging to it is fixed. The
other. end towards the right-hand proje¢ts about nine-tenths
of an inch, and, having a moveable apparatus, .is called the
moveable end.

The



£44 Major-General Roy’s decousit of -the

The fixed apparatus confifts of a cork about three inches ‘in
length, made of the very beft material, and fo nicely fitted to
‘the bore as juft to admit of being forced into without burfting
it. In the middle of the cork a cylindrical brafs.tube is placed,
wwhofe fides are thm the-inward end thick, and “the outward
end open. It receives a fteel pin, whofe ‘ward end being
formed into a {crew, is-thereby fixed -into the thick metal of
«the tube. The fleel pin carries outwardly a button and neck
of bell-metal. The neck fits fo very clofelythe open end of
the brafs tube as to prevent any fhake there ; at:the fame time
that -the infide of the button applics very juftly to the grounﬁ
‘end of the glafs tube, to which the outward furface (bemg
artrue plane) is exactly parallel.

The moveable apparatus -confifts, like'the other, of a cork
and brafs tube -of the fame length. Before'the infertion of this
cork, an oblong piece‘feven:tenths of an inch:long, and two-
tenths broad, was cut from it, in‘that part of its cylinder an-
{wering to the upper part of the cutward end- of  the glafs tube,
on thednward furface of which, -about half an inch from the
end, a fine line had been previoufly cut by a diamond poirit.
The brafs tube in -this:cork -contains within it a loofe fteel
worm, or helical fpring, ‘{fomething lefs.than the “interior dia-
meter of ‘the tube. Along -the cavity formed by :the {piral,
there paffes a fteel pin, like ‘that-in 'the fixed end; but it is
longer, and has no fcrew at the inward end, ‘that being -nicely
ground, fo as‘to fit-a circular hole in the:inward end of the
brafs tube, while a triangular bell-metal neck fits-one of .that
figure in/the outward end. Thus the pin moves freely back-
wards or forwards without any thake, and jprefles ‘upon the
fteel {pring, by means of a circular brafs collar, placed for the
purpofe, at the inward-end of -the neck; while ‘the outward

5 end
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end is attached to a bell-metal button. The outward furface of
this moveable button is.fpherical, deferibed on a radius of
about two inches ; while the inward {urface, like that. at the
fixed end, would apply clofely to -the ground end of:the glafs
tube, but thould not be pufhed fo-far forward as to touch it,
‘A circle and narrow flide, cut:from a felid cylinderiof ivory;
fitted originally to enter eafily the glafs tube, is attached to the
infide of: the button by. {fmall fcrews,. and permits the neck to
pafs through a-hole made on purpefe in the circle. The flide
is about eight-tenths of :an inch.long, and has a fine interfec-
tion cut upon it near the inwardsend, .made black to render it
more confpicuous... ‘Thus, two rods being brought into conta&,
and the fixed button of one being prefled again{t the moveable
button . of :the.. other;.the. interfe®ion is thereby. puthed for-
wards until it coincides with the diamond ‘line on the.interior
furface of ‘the tube ; whofa Iength is-fo adjufted, .asthat; when
the coincidence is perfe&, the diftance between the plane fur-
face of -one .button, .and. the. fpherical .furface of the other, is
exaltly twenty-feet. The left-hand..fide of the plate repre-
fents the relative pofitions of the -extremities of the firft. and
fecond rods, when the ivory:is in coincidence with the dia-
mond line. . And the right-hand. fide thews the relative fitua~
tions of the extremities of. the {econd and third- rods, before
the ivory-is brouglit to coincidence with. the diamond line, the
{lide being then puthed out by the altion of the fpiral fpring
within the.corki

" Every rod has four wheels, two at each end.. They are two
iniches in- diameter, and: connefted. by a common fteel. axis,
which. rifes.and falls in a vacuity prepared.for its admiffion.in
the mahogany- end-pieces, the undex part-of which vacuity is
afterwards filled up...

Aibrals
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A brafs ftrap or bridle, about eight-tenths of an inch broad,
pafles over the top of the cafe, and defcending down each fide,
bends outwards, fo as to form a projetion for the reception of
the wheels, whofe pivots turn in, but near to the lower end
of the bridle, which is kept in its place by means of the two
fide ferews working in grooves, and the milled-headed fcrew at
top. ‘This laft ferves likewife to raifc or deprefs the wheels at
pleafure.

Each rod has two crofs feet, placed immediately behind
their refpeive pair of wheels, extending outwards about 4%
inches from the center on each fide. Under their outward ex-
tremities, fmall pieces of hardened fteel, formed into the teeth
of a file, are fixed by means of fcrews, When the firft rod
has been laid in its true place, by unfcrewing the milled heads,
the wheels are f{uffered “to rife ; whereby the whole weight is
removed from them, and thrown upon the teeth of the files,
which then indent themfelves into the {furface of the ftand,
and become as it were united to it. But when the fixed button
of the fecond rod is brought to prefs againft the moveable but-
ton of the firft, the weight being then thrown upon the
wheels by fcrewing the milled heads at top, tbe rod ‘is eafily
moved on by thé following apparatus.

‘The three rods are numbered, as were thofe of deal, 1,25 3.43
£.6. On the firft orodd end of each rod 1. 3. and 5. there ftands
a brafs fork, about two inches high, fixed by four ferewsand an
oblong plate to the top of the cafe. On the fecond, or even
end of each, 2. 4. and 6. there ftands a brafs pillar of the fame
height with the fork, likewife fixed to the top of the cafe by
four fcrews and a circular plate. - Two fteels rods or hooks
were indifferently ufed for bringing up the moveable rod (the
weight then lying on the wheels) into its trug place. They

are
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are both reprefented in the plate, and -enly differ from
each other in 'the fhape of ‘the brafs milled:headed nuts
that work ‘uyp.on the {erew, of about 2% inches in length,
into which the right-hand end of each hook is formed.
Thus, while the nut enters wery freely into, -and ‘refts upon,
‘the fork, the left-hand end of the hoek has a-circular hole in
it, whereby it flips eafily off and on of the brafs pillar, By
':referring*t(‘) the plate, it will appear {ufficiently obvious, from
‘the nature of the nut on-the left-hand-hook, that-it could only
-move the rod on tocoincidence, and could not - bring it back.
again, if the bufinefs -happened at any time to be overdone;
in which.cafe:it was neceflary to move the-rod a ‘little backe
wards by the hand, and then to work anew with “the nut,
antil the -coincidence was accurate: whereas .the nut on the
right-hand hook, having two fhoulders, could either puth or
pull the rod forwards or backwards : and although this ap-
peared to be an advantage, yet it-was found' from experience,
that .it rather bound the hook teo much, and occafioned a kind
.of {pring in the parts, which fometimes difturbed the coin-
cidence on the removal of the hook ; wherefore it was often ap-
plied, like the other, by placing the fcrew itfelf in the - fork,
aud working with both fhoulders of -the nut behind it.

The pofitions of the thermometers, and mahogany oval lid
on the top -of the-cafe, have already been mentioned. This
laft, being unlocked and removed, permits the cafe to be looked
into, or the hand to be admitted, in order to be certain that
the faftenings remain fafe and entire in theinfide. Brafs caps,
‘with the refpe&tive number-of ‘the rods engraved on ‘them, are
likewife fcrewed on the male-fcrews in the ends of ‘the cafe,
through which the extremities of the tubes projet, to .pre-
{erve them from accidents when not in ufe. -And, daftly, to

Vor. LXXV, Nnn firengthen
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frengthen - the cafes, but more particularly to prevent them
from being rent when long expofed to the fun’s rays in the
field, the fides are covered with -brown. livn(:u-)laid-;_on.Averyfi
{moothly, and carefully glued with thin glue,. ufed as a fironger
kind of. pafte, to which it may. yet be neceflary to add a coat
of. oil paint.

Each of the glals rods,.completed in .the:manner.-above-,
mentioned, weighs. about fixty-one pounds.. Their lengths,
were afcertained by. means of new.brafs points placed in the,
great plank, the.fpaces.of forty inches being laid off, with, the,
utmoft care, from-the brafs fcale, when the temperature of ‘all,
had .remained for the greater part of two days.(Auguft 1sth-
and . 16th) at,or very near.68% For.this purpofe two brafs.
reGtangular cocks, whofe alternate {urfaces had'been,p:e\ziouﬂyf
ground together, were plaged upon the plank, foras to bifec.
the extreme dots ;. in- which fituation , they. prefented to each.
other furfaces that were truly parallel. The rods being then feves.
rally placed between the cocks * (ox;, as was found to be a better,

o - method,_

#-The firft of thefe cocks, or that to which the fixed button was applied, hads

a hole in it exadly of the height of the center of the button, and large enoughs
to permit the point of the micrometer forew. to pafs through it, -the faid ferew,
beipg fixed on the farther fide, or beyond the cock. . Thus, whilethe tempera«-
ture continued accurately at 687, the.fixed button, or any other plane furface,
being brought up.to the hole in the cock, and-the micrometer point fcrewed {67
far as juft to fouch'it, the coincidence.continuing in the intex‘im-perfe&; the exat
diftance of twenty feet was obtained- between. the .point of. the .feyew: and the
{econd cock ;- at which time the divifion anfwering to the index on.the head of the
micrometer was carefully noted,, ‘This being done, the cock with the hole was
removed from the plank, and the rods.were feverally adjufged by being placed
between the point of the fcrew and the fecond cock. ““This fubftitution of the
micrometer point, inftead of the firfrcock, ‘was found neceffary 5 becaufe, during
the operation of adjuftment, the temperature would. fometimes change a degree,
generally
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method, between the point of a micrometer fcrew, {upplying
the place of the firft cock, and the fecond) the ivory interfe&tion
was at firft neceffarily carried beyond the diamond line, foas to
‘make the intermediate fpace lefs than it thould be, until by the
gradual grinding down of the moveable bell-metal button, it
was enlarged to twenty feet, as then fhewn by the accurate
coincidence of the interfeion with the diamond line.

It was by thefe diftances in the great plank, prolonged te
twenty-five feet, that the new length of the fteel chain was
now {ettled, {fo as to obtain the full one hundred feet at four
meafurements. At this time too, brafs points were introduced
into the chain at every twenty-five feet, whereby its extent may
be compared on any future occafion; but the temperature had
now fallen to 66°%.

Difpofition of the Stands for the double meafurement with the
Chain and Glafs Rods; defeription of the apparatus then applied
to the ends of the Chains and ultimate continuation of the
meafurement with the Glafs Rods alone. 'Tab, XVIL and
XIX, '

IFrom the various circumftances -already mentioned, in the
courfe of this -tedious, yet neceflary recital, it had been for a
confiderable .{pace of time forefeen, that the refult given by
the meafurement with the deal rods muft be entirely rejeed,.

generally in excefs, from handling the inftruments. One degree of alteration,
producing -a -difference - of about tgsoth part of an inch in the twenty feet, was
very eafily and accurately allowed for by fuch a micrometer as this, which dhewed
the coincidence-of the ivory interfetion with . the diamond line to be more or lefs
perfedt, when the head of the ferew was moved two divifions, that is to fay,
xofvoths of Toksth part of an inch. '

) Naon 2 and



450~ Mijor-General Roy’s Account of thé

and that by the glafs rods adhered to, as every way deferving
of the pneference, Dbecaufe of the obvious impropriety there
would be, 1n. taking a mean between one 1nd1fput1bly good
and another lefs perfect; however fmall or trifling in reality
the" difference of the two might- ultimately:be found, on.a
sminute and ferupulous comparifon.

In order, therefore, to avoid any- repetition of-the operation
with the glafs rods, and at the fame time to..give fomething
like a fair trial to the chain,.it"'was propofed, that-a double
meafurement {hould be carried-on .with both at onces that is
to fay, that the number of ftands, and feveral ‘other parts of
the apparatus, fhould ‘be. {o far. augmented, as to admit the
chain to be placed twice in advance,. and then the.rods.to fol-
low in fucceffion on the fame ftands. Accordingly, the various
articles having been fent.to the north-weft-end of: the bafe on
the evening of the 17th of Auguft, the operation of. the dous:
ble meafurement commenced ‘hext morning the 18th.

By referring to tab.. XVIL it will. be. feen, that feventeen
ftands were neceflary for fupporting the chain, the apparatus
attached to each.end of . it, and ten-coffers,. whereof: every five-
made about ninety-eight feet, in order .that-one length of the
chain being meafured off in the firft ﬁve, it .might be. drawn
forward into the- laft five, and fo on. Thele feventeen ftands
were difpofed of in-three groups of -three each,.and four. inters
mediate, between. the. central.and extreme groups.. The mid-
dle or flide ftand of each group.(fo diftinguithed becaufe fome
of them had brafs flides on their tops) fupported the handle of
the chain, and of courfe received the traces madeat:the feather-:
edged pieces of brafs, terminating the beginning-and ending of
the hundred feet. Thus, there were in all fix ftands, inter-

mediate to thofe in:the center .of each group that fupported
5 the.
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¢ie ninety-cight feet of coffering, which was kept fo much
fhort of the hundred feet, thatits extreme parts might not reft
upon, or even touch, the central ftands.  To thaton the left of
the center was attached theapparatus for the firftor zeroend of the
chain ; and to that on the right of the center was attached the
apparatus for the laft end of the chain. When the fecond
chain length had been meafured off, the firft and fixth of the
coffer ftands of the firft chain were moved forward to prepare
for the third chain ; and the four remaining coffer ftands were
raifed, until their furfaces came into the fame plane with the
flide ftands, for the reception of* the glafs rods. - The fpace by
which thefe ftands were raifed was about three inches ; for {o
much higher was the furface of the interfole or flooring of the
coffers than the ftands.which fupported them.

The apparatus attached to the firft end of the chain, or that
which ferved to pull it ‘back to the: point of commencement,
while a weight continued fufpended ‘at the farther end, con-
fifts of two parts, as may be feen by referring to the left-hand
fide of tab. XVIL- Firf}, a fmall wooden frame, fitted to flip
on to the top of any one of the ordinary ftands, placed imme-
diately to-the left of that which fupports the handle. . Secondly,
a flat fteel rod, about two. feet in length, wherein a number of
holes are pierced, about:an inch afunder, for the reception of
afteel pin placed in one of the holes, as beft fuits the diftance
of the ftand from .the handle. That end of the fteel rod
neareft to the end of the chain is formed into-a fcrew -about
four inches in length, and it reccives upon it'a forked hook
fitted to lay hold of the firaight part of the handle of the chain,
Within the  forked hook there works a firong milled-headed
brafs nut, which a&ing upon the bottom of the fork, the chain
is.thereby pulled back, until the wire fufpending the plummet

from
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from the dart on the feather-edge coincides with the point of
commencement on the ground underneath ;5 for which purpofe
there is a hole in the top of the ftand through which the wire
pafles. ‘The apparatus ftand, thus ferving to pull back the
chain, was commonly loaded with double weights, placed on
the two hindermoft legs.

The apparatus for the laft end of the chain confifts, like the
tormer, of a {mall wooden frame that can be readily flipped
upon any of the common ftands, as may be feen by referring
to the right-hand fide of tab. XVII. This frame carries a
pulley, over which a rope pafles having fourteen pounds weight
fufpended at one end of it, while a forked iron hook at the
other end lays hold of the firaight part of thebrafshandle. By
means of thefe two apparatufes the chain is always kept to the
fame degree of tenflon in its coffers, in each of which a ther
mometer was placed to indicate the temperature; the whole
bcmg covered up from the direct rays of the fun-by a narrow
piece of lipen cloth, firetched alon}b it from one end to the other.

Fach coffer confifted of three boards about half an inch
thick, The fides were about five inches deep, nailed at the
middle to an interfole bottom of four inches, in {fuch manner
as to be reprefented in fection by the letter H.  They were ill
made, being by their parallelogram fhape apt to warp, which
might have been prevented by giving them the figure of the
cafes of the glafs rods, that is to fay, making them widein the
middle and narrow at each end.

We are now to proceed to give fome account of the ‘dou‘bl_e
meafurement with the chain and glafs rods ; wherein it muft be
remembered, as alfo in continuing the operation with the glafs
rods alone, that in referring to the map for the daily progrefs
in the work, we are going from the forty-fixth towards the firft

‘ ftation ;
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fation ; and in having recourfe to the general table of the bafe,
for.altitude, temperature, or correction for expanfion, we are
afcending from the bottom towards the top, contrarily to the
order in which the operation with the deal rods was condued.

On the.morning, of the 18th of Auguft, the ftands with the
various parts of the apparatus being placed in the manner juft
now defcribed, the operation was begun by bringing the firft
end of the chain to coincide with the interfection on the tripod,
anfwering -to the end of the r3yoth deal rod, and 4.31 feet
diftant from the center of the pipe terminating the north-wefk
extremity of the bafe.. The chain being ftretched along its
five. coffers by the fourteen pounds.weight fufpended over the
pulley at the farther end, and the temperatures of the five ther-
mometers. being regiftered in a book kept for that purpofe, a
fine trace was made on a piece of card faftened under thefea~
ther-edge at the farther handle, denoting the end of ‘the fir{t’
hundred feet. The chain being then moved on into the next
five coffers, thofe that had been thus vacated were carried for-
ward to prepare for the third chain length, and thercby permit
the firft fet of ftands to'be elevated for the reception of the
glafs rods ; and fo in fucceffion with the others.

In this manner we proceeded, and in the courfe of the day
were only able to meafure the length of ten chains, or 1000
feet, being the forty-fixth and forty-fifth hypothenufes of the
bafe, the firft of 400 and the laft of 6oo feet. Being arrived
at this point 1t was found, that .the fine line on the brafs {lide,
marking the extremity of the tenth chain, fell thort of ano-
ther fine line on the fame flide, denoting the end of the fiftieth:
glafs rod, juft two-tenths of an inch. Now it will ‘appear
hereafter, when we come to thew, by the experiments with
the pyrometer, what the real contractions .of the chain and

glafs
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glafs rods were, for the degrees of difference of temperature *
below that in which their refpe&tive lengths were laid off, that
this fmall apparent difference of two-tenths of an inch, be-
tween the two modes of meafuring the thoufand feet, thould
have been 0.17938 in. to have made the two refults exaltly
agree, which is a real difference of only 0.02062 of an inch.
Suppofing then every thoufand feet of the bafe to have been
meafured by the chain with the fame attention, and confe-
quently with the fame, or nearly the fame fuccefs (and there
{urely cannot be any reafon to doubt of the practicability) we
thall have 27.404 % 0.02062 in.=0.565in, or a defet of fome-
thing more than half an inch on the whole length of the
bafe.

% When the length of the chain was laid off, the heat was 66°%, and that of the
glafs rods 68° - They will, therefore, only agree with each other accurately in
thefe refpective temperatures, The mean of twenty thermometers for the four
chain lengths of the forty-fixth hypothenufe gave a heat of 61°.6; and for the
fix chain lengths of the forty-fifth, the mean of thirty thermometers gave 59°.75.
The temperature of the 400 feet of glafs by the mean of forty thermometers
was 65°.3; and of the 6oo feet, by the mean of fixty thermometers, it was
60°.8. Now, from thefe data, and the expanfions of fteel and glafs, as deter-
mined by the pyrometer, the computation will ftand as follows :

o o o In, In. In.
Steel {40'0 66.5-61.6 =4.9 x0.03052 :0'14955}:0145856{ contradt,
600 66:5—59.75=6.75%x0.04578 =0 30901 , ;?efeItOOO
Glafs{‘mo 68.0—~65.3 =2.7 xo.ozo68:o.05584} 20.27918{c0ntra&.

6oo 68.0—60.8 =7.2 X 0.03102=0.22334 ?fioou
: cCle

The 1000 feet of fteel thould have contra&ed more ‘than} 20.17938

the 1000 feet of glafs, - - -
But the difference was found to be . - =20.20000
Therefore the error of the chain in defe&t was - 0.02002%27.404 ==

0,565 in. or little more than half an.inch on the whole bafe,

Se
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So nice an agreement hetween two refults, with inflruments
fo very different, could not fail to be confidered as aftonithing;
and as it rarely happens, that the graduation of thermometers
will fo neatly correfpond with each other, as not to occafion a
much greater error, all were very defirous that it could have
been farther confirmed by continuing the operation in the fame
way through a more confiderable proportion of the whole
length. But befides the tedious nature of the double mea-
furement, owing to the multiplicity of ftands, platforms,
coffers, and other articles, that were now fucceflively to be
moved forward, and for which purpofe it had been found ne-
ceflary to re-inforce the party of foldiers with fix additional
men ; the operation had already trained out to a much more
confiderable length than had been expefted ; the fummer was
now far advanced, and the continuance of good weather un-
certain; the coffers likewife for the chain, having been con-
ftru&ed in a hurry, were found to be defetive: in fhort, all’
thefe reafons contributed to induce us to give up, for the pre~
fent, any farther experiment with the chain, and to proceed
with the glafs rods alone in the completion of the meafurement.
Accordingly, on Thurfday the 19th of Auguft, the opera-
tion with the glafs rods was continued for the five hypothe-
nufes, from the forty-fourth to the fortieth inclufive. It will
be remembered, that in proceeding with the deal rods, double
pickets had been placed in the ground, at the middle of the
forty-firft hypothenufe, or that point which terminated- the
1215th rod, reckoning from the fouth-caft, or the 155th from
the north-weft end of the bafe. Now, in returning to this point
with the glafs rods, the extremity of the 155th fell fhort of
the filk thread ftretched from picket, to picket, juft one-tenth
of an inch. The expanfion of the brafs ftandard fcale, and
Vor. XXV, Qoo that



456 Major-General Roxs Aecount of the

that of glafs bemg taken inte the dccount; it appears, that the
{mall expanfion * of the deal rods from the humidity of the
air, muft, at this point, have exceeded what it was eﬁlmateci
at in the general table by 0.931 of an inch, fuppofing no error
of any kind whatéver to have arifen in the execution, from
bringing the rods into contad, or otherwife.

On Saturday the 21ft of Auguft, the meafursment was
refumed at the thirty-ninth ftation, and continued for ﬁve hypo-
thenufes to the thirty-fifth inclufive.

‘This day, about noon, His MAJesTY deigned to honour the
operation by HIs prefence, for “the fpace of two hours, enter=
ing very minutely into the mode of condutting it, which met
with HIs gracious approbation. :

On Monday the 23d, the menfuration was. farther contmuecl
for five hypothenufes, that is, to the thirtieth inclufive. . -

On Tuefday the 24th, we proceeded with the meafurement
for the fpace of feven hypothenufes, ﬁmfhmg the buﬁnefs of
the day at the twenty-fecond ftation.

Iu.
 r +0.383 for 1° excefs of temperature of the brafs fcale from
- % yoo deal rods 62° to 63°
= 3100 feet } +0.651 proportionable part of the efhmated expanﬁon from
humidity. :

-

+ 1.034 equation of the deal rods on 3100 feet.
+2.301 for 6° excefs of the heat of the brafs fcale from
62° to 68°.
~0.436 obferved contraction of the glafs from the x1th and.
12th columns of the table.
+40.100 by whmh tbe 155th rod fell thort of the thread.

ot e

+ 1.965 equation of the glafs rods on 3100 feet.

Ao "

- 158 glafsrods
-—3100 feet

o621 {Difference of.the two e(iuations; under-rated in the
‘.'93 . _expanfion of the deal rods,
- It
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It will be remembered, that in carrying' on the operation
with the deal rods, double pickets were left in the -ground at
the twenty-feventh ftation, anfwering to the extremity of the
810th rod from the firft, or the s6oth from the Jaft end of
the bafe. Now, on arrival at this point, the s6oth glafs rod
overfhot the filk thread, ftretched from one picket to the other,
2.525 inches. Here again we find, that the lengthening * of
the deal rods from the moifture of the atmoiphere differs but
little from what it has been eftimated at by comparifon with
the ftandard, being over-rated only two-tenths of an inch on
the 560 rods. Inthis day’s operation, in pafling the bridge laid
over the old river, the meafurement, inftead of being made in
the hypothenufal, was carried on in the level line, for the
{pace of twenty rods, namely, fifteen rods of the twenty-
feventh, and five of the twenty-fixth hypothenufe; which
occafions the alteration in the reduétion of thefe two {paces,
marked with afterifks in the general table.
As fome trouble had been found to attend the crofling of
the great road, in the firft meafurement, owing to the num-
ber of carriages that were continually pafling, the depth of

In,
¥ 560 deal +1.390 for 1° excefs of heat of the brafs fcale from 62°
rods = { to 63°. K
11200 ft. { 4 5.258 eftimated expanfion from moifture,
+ 6.648 equation of the 560 deal rods,

6o claf 4—8.343 for 6° excefs of heat of the brafs fcale from 62° to 68°.
§d° B | 4 1.821 obferved expanfion of glafs } from columns 11th
rogs _f — 1.191 obferved contraétion of ditto and 1gth,
11200 It | —2.525 over-fhot the filk-thread.

Gomanm—res bt

+6.448 equation of the 560 glafs rods,

Difference over-rated in the expanfion of the (o
deal rods.

Qoo2 the

0.200 {
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the ditches, and height of the banks of the old Rotnan way ;:
therefore treflels, fuited for the purpofe, had been now pre=
pared : and left any accident might have happened in conduct-
ing this part of the operation, {o as to-oblige us to a repetition,
double pickets were placed in the ufual manner in the ground
two rod lengths from the twenty-fixth ftation, to which we
could have referred, without going back as faras the tripod
left at the twenty-ninth ftation, the point from which we had
departed in the morning.

Bad weather prevented any progre{s being made on thie 25th;
and, on the 26th, all that could be done was to meafure the:
twenty-fecond and twenty-firft hypothenufes..

On Friday the 27th, the work went on more expeditiouly,
having in the courfe of that day meafured fix -hypothenufes,
and placed the tripod at the fourteenth ftation,

On Saturday the 28th, eight hypothenufes were meafured,
and the tripod was placed at the fixth ftation. In this day’s
operation, being arrived near the bridge laid over Wolfey River,
double pickets were placed in the ground in the point anfwer«
ing to the extremity of the ri1y2d rod, reckoning from the
north-weft, or the 198th rod from the fouth-eaft end of the
bafe, that we might recur to them in cafe of accident; and
the eighteen rod lengths, between this point and the fixth
ftation, were meafured on the level, inftead of the hypothe-
nufal line, which required the alteration of the reduion as
diftinguithed by the afterifk in the general table,

On Monday the zoth of Auguft, the meafurement with the
glafs rods was completed * ; when the extremity of the 1 37cth

rod

* The gentlemen who were prefent at, and affifting in, the laft day’s operation
were Captain Bisser, Mr. Greviirg, Sir Wirtiam HamiLton, Mr. Liovp,
and
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rod over-fhot the center of the pipe terminating the bafe
towards the fouth-eaft by 17.875 inches, or 1.49 foot. Hence,
when the feveral equations for expanfions-are refpe&tively taken
into the account, we find, that the alteration of the deal rods
from the humidity of the air, which, by comparifon with the’
ftandard, was apparently moft confiderable in the firlt and
fecond fe&tions of the bafe, has now wholly. vanithed; that is
to fay, the total amount of it has been over-rated by 20.964
inches ¥ ; and this is the: contradi&tory. circumftance that has
been formerly alluded to.

I have already fuggefted what appear to me-to have been
the only three poffible cavfes-of this difference, found between
the eftimated and .real expanfion of the deal rods; and as we
are to.abandon that meafurement entirely, it is.of little or no-
importance now to. endeavour te difcover, were it poflible,
whence it may ‘have arifen. If any error was a&ually come

and Dr, Usner, Profeflor of Aftronomy. in: the. College. of Dublin. This laft
gentleman was fo obliging as to obferve, with the moft fcrupulous attenticn,
throughout the whole operation with the glafs rods, -that the coincidence of the
fecond with the firft remained ‘undifturbed, while that of. the third with' the fecond :
was.completim'g.

T,
+ 3.389 for1° of thebrafs feale from 62° to 63% .
+24.223 eflimated expanfion from humidity. .

#* 1370 deal
rods =—=- }
27400 ft.

D ———

+27.612 equation of the 1370 deal rods..

+20.336 for 6° of the brafs fcale.from 62° to 68°.
1370 glafs § + 5.989 obferved expanfion of - glafs }'from columns 11th
rods = — 1.802 obferved contraiion. of ditto and 12th,
27400 ft. \—17.875 fpace by which the 1370th rod over-fhot the pipe..

O s e —

+ 6,648 equation of the 1370 glafs rods. .

D

20,664 over-rated in the total expanfion of the deal rods.

mitred,
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- mitted, which is the leaft of all probable, it could only have
happened at the place of the tripod, by bringing a wrong
point of the ftem over it when the operation was refumed.
But it is well known, how much care and pains were taken to
prevent any thing of that fort. Indeed the hypothenufal dif-
tances, as given by the chain, agreed {o nearly among them-
felves, that even a foot or ten inches would have made {o re-
markable a difference in the fituation of the next picket as
could not have pafled unobferved. Befides, in returning with
the glafs rods, after pafling the Staines Road, the meafure-
ment was gradually found (without any leap whatever) to
over-thoot the pickets, and at laft over-reached the fouth-eaft
pipe by 17.875 inches. 1 am therefore inclined to believe,
that the difference arifes partly from what may have been loft
by conftantly butting one rod againft the other, whereby the
end of the 1370th did not reach {o near to the north-weft pipe
as it ought to, and would have done, if the rods had been
applied to each other by coincident lines. It muft, however,
be confefled, that the near agreement between the glafs and
deal rods in the upper part of the heath feems not perfeély
reconcileable to this fuppofition. Neverthelefs, the defcent
being quickeft, and the irregularities of the furface much
more confiderable in the lower than the upper part, might
produce fome effe®t in one which did not take place in the
other. But the chief part of the difference I take to have pro-
ceeded from over-rated expanfion; that is to fay, the rods,
when brought into ufe, contra&ted fooner than we imagined,
and thereby gave a fhorter meafure than what was aflignable
¢o them from the mean of any two or more comparifons.

The
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The laft day of Auguft was employed in difcharging the

party, and removing the various parts of the apparatus to

Spring-Grove Houfe.

Defcription of the Microfcopic Pyrometer, made ufe of for deter-
mining by experiment the expanfion of thé-metals concerned in
the meafurement of the Bafe. Tab, XX.

Having, in the preceding part of this Paper, given a very mi-
nute account of the aftual operations in the field, that the
Public, being thus informed of every circumftance, might be
the better enabled to judge of the accuracy of the refult, it
remains yet to point out, in what manner the equations for
the expanfions of the ftandard fcale, fteel chain, and glafs rods,
applied to the apparent meafurement of the bafe, in feveral of
the preceding notes, have been obtained by means of experi-
ments with the pyrometer.

It is fufficiently well known, that many years ago, a very
ingenious and valuable Member of this Society did publith in
the Philofophical Tranfactions (vol. XLVIIIL. 1754, N° 79.)
an account of experiments made with a pyrometer of his in-
vention. No doubt was entertained of the accuracy of the
experiments here alluded to; on the contrary, they will be
confirmed by the account new to be given of thefe recently
made, with which they very nearly agree. But as different
pieces of metal of the fame kind are certainly fufceptible of
different degrees of expanfion, it was judged beft, on the pre-
fent occafion, to put rods to. the teft of thofe very metals that
had been made ufe of in the actual meafurement of the bafe..

7 For,
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For, {fuppofing both fets of experiments to have been made with
inftruments equally perfeft, and to have been in other refpe&ts

equally well conduted, this muft always be confidered as the
moft unexceptionable method. Befides, the expanfion of rods

of the length of five feet being afcertained, the unavoidable
error of obfervations of this delicate nature, becomes leflened
in proportion to ‘the excefs of their length above fhorter rods.
In thefe new experiments too, another fort of pyrometer, in-
vented by Mr. RAMsDEN, has been applied, of fuch accurate
conftruétion that it feems not eafy to improve it.

The microfcopic pyrometer, fo named becaufe, by means
of two microfcopes attached to it, the expanfion is meafured,
confifts of a ftrong deal frame five feet in length, nearly
twenty-eight inches broad, and about forty-two inches in
height. The elevation of the eye-piece fide, or that which
prefents itfelf to the obferver, and alfo of the micrometer end,
or that which is towards his right-hand, as well as the general
plan of the top, are reprefented by a {cale of one inch to a
foot, or one-twelfth part of the real dimenfions, in tab. XX.
where likewife may be feen the angular view of the fixed end,
together with plans, feftions, and elevations, of feveral of the
principal parts, done to larger {cales. From thefe, it is hoped,
the conftru&tion of the machine will be eafily underftood,
without entering into a minute defcription of the almoft num-
berlefs fmaller parts whereof it is compofed.

On the top of the frame, two deal troughs, upwards of five
feet in length, are firmly fcrewed, That towards the obferver
overhangs the frame fomething more than an inch: that on
the farther fide is evem with the back part. Each of thefe
troughs, which are about three inches {quare in the infide,
contains a caft-iron ftandard prifm, whofe fides are 13 inch.

The
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“T'ke manner in which the prifms are faftened to the bottoms of
their refpedtive troughs, and the nature of the apparatufes they
carry on their extremities, will be readily conceived, by refer=
ring to the particular plans and elevations of them, compre-
hended in the group of eight fmall figures towards the right-
hand of the general plan. Four of thefe appertain to the left-
hand or fixed microfcope ; and the other four to the right-hand
or micrometer microfcope, fo diftinguithed becaufe it has a
micrometer attached to it. - By means of the brafs collars
which embrace the prifms, their left-hand or fixed ends are
fcrewed down extremely faft to- the brafs pieces whereon they
reft, fo as to be perfetly immoveable there with regard to
their troughs; whereas their right-hand ends are kept eafy,
yet without fhake, in their collars, that they may contra& or
lengthen freely as the temperature may require, without occa-
fioning any ftrain upon the parts. ‘The prifm in the neareft
trough may be called the eye-piece prifm, becaufe it carries the
eye-pieces of the microfcopes ; and that in the farther trough,
the mark prifm, becaufe it carries the marks or crofs wires at
which the micrefcopes refpetively point. The troughs are
covered with pitch in the infide, to make them hold water ;
and each has a cock in the left-hand end for difcharging it.
Between the two deal troughs, one of copper, as a boiler,
is placed, fomewhat fhorter than the former, but fill upwards
of five feet in length. It is about 22 inches broad, and 3% in
depth. The center of the boiler, or rather the center of the
obje&t lens which ftandsin it, as we fhall have occafion foon to
point out, is diftant from the crofs wires of ‘the mark 5.81
inches ; and from the wires of the micrometer attached to the
correfponding eye-piece 20.33 inches. The boiler refts on five
{mall rollers, one being fixed to each end of the frame, and

Vor. LXXV, Ppp the
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the other three to the braces-which run-acrofs it.. ‘This cope-
per- trough has likewife a- cock in-the left-handend; and in
the general plan a caft'iron prifm is reprefented in it3-but this
laft carries no apparatus, as thofe in the wooden troughs do,
being exaltly of the length of five feet; and only placed there
as one of the rods whofe expanfion was: tried, and to fhew that
the machine was. capable of reeeiving a: rod”of that. Welght:
and magnitude. '

By referring to-the general plan-it will' be feen, that twelve
Tamps are made-ufe of: to-bring the water in the copper:to-boil.
They ftand on four fhelves, three itn.f.each(:compartment formed:
by the crofs braces of the frame. They can readily be: puthed:
forwards or drawn backwards, and when atually in ufe, their:
handles are only feen; projeGting from under the copper. It
was. found, by burning oil in the lamps,. the heat-of the water:
could not be raifed above 209° or 210°3: but. with . {pirits of’
wine it was brought into violent ebullition. The plan of the.
frame likewife fhews,. that the tubes of the microfcopes are-
fub-divided into feveral diftin& parts\;'; and that: one- of thefe:
parts is attached by a collar to a mahogany prifm; which-reaches.
from one end to. the other. But the ufe of: thefe contrivances:
it will be beft to defer fpeaking of, till after having defcribed
the apparatufes that are placed within the copper boiler.

At the bottom of the plate the boiler is reprefented,.both in.
plan and lengitudinal {fe€ion, to a fcale of one-fourth part of -
its real dimenfions. It contains within it two brafs flides, the
one long and the other fhort; which, from the braces that
bind the cheeks together, very much refemble the form of a
ladder. The long flide, whofe cheeks are 13 inch deep,
reaches almoft the whole length of the copper, although every

where unconneéted with it except at the points Aand B. At
3 : the
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ithe firft offthefe, two ftrong pieces of brafs, fixed'to the cheeks,
-and notched underneath, embrace ‘the ends of a brafs cylin~
‘drical ‘bar faftened to the bottom. At the laft, ‘the checks of
the flide reft on a roller. Whence it follows, thatthe copper and
flide remain imrioveable with regard to each other at A but
from thence, towards either end, they have full liberty to
change place ; ‘that is to fziy, to expand by heat, or- contra& by
«cold, in any proportion their dlff’erent natures may require.
The left-hand end of ‘the flide i is thut up by a firong perpen-
dicular piece of brafs, conne&ed with the two fide rings which
fupport ‘the obje lens of the fixed microfcope, whofe center
«correfponds accurately with-its inward face. -‘This piece being
firmly fcrewed to the cheeks of the flide, and counter-arched
‘outwardly, forms a ftrong butt for the fixed end of the ex-
panding rod (fuppofed here to be the fteel bar) to a&t againft.
Within the right-hand end-of the long flide, tefts a thort one
of about 14% inches in length whofe cheeks are 1Zinch deep.
Its outward end, at C, refts on the cylindrical furface of the laft
brace of the long ’ﬂide, fitted purpofely toreceive it; while a
narrow longitudinal bar fixed in its inwatd end, at DE in the
fe@ion, moves freely in the notch of a bridge F, framed for it
in the long flide. ‘The outward endof this fhort flide is fhut
up in a fimilar manner w1th the oppofite end of the long one.

This end-piece is ato conne@ed with the two fide rings
which fupport the tube containing the obje&t lens of the mi-
crometer microfcope, whofe center is perpendicularly over its
inward face, and being fortified outwardly by an edge bar, it
forms a butt for the expanding end of the rod that is in experi-
ment to puth againft. By attending to the plate it will be
perceived, that to this end' of the boiler a brafs tube (R) is
fixed, which contains within-it ‘a brafs red, furrounded by a

Pppa helical
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helical fteel {pring ; which aéting upon a broad thoulder of tlie
rod. prepared: for the purpofe, thereby prefles.its inward end,
which enters- the beiler, againft the perpendicular. furface of
the end-piece of the- thort flide.. Thnus,. the farther-end of:the
rod in experiment, fuppofed now to be. in its contraded ftate,
is conftantly made to bear againft the furface that is under the
fixed microfcope. But on the application of: heat,. the . irre-
fiftible force of expanfien in the.rod-obliges-the. fpring to give:
way ;. the thort flide changes its place, and with it the object:
lens of the micrometer- microfeope moves. o a. {pace propor-
tionable to the degree of heat that. is.applied; and.it.is this
diftance, meafured by means. of the micrometer,. as hereafter
will be thewn, that determines the quantity.of-expanfion,_or.
the {pace by which the rod has lengthened. From the plate
it will: be further obferved, that the rod-in experiment refts on
the furfaces of three rollers, about:an inch in diameter; and
by means of three pair of milled-headed. nuts 1§ inch in dias
meter, which move on axes that are formed inte {crews, until
they almoft touch the fides of the rod, this is kept in its true
centrical pofition, whatever may be its. form or lateral.
dimenfions.. '

The microfcope:towards the left-hand has been dénominated
fixed, becaufe it correfponds Wlth the firlt or fixed end of the
rod in experiment, and.never changes its place while thefe are-
of the length of five feet. But it appearing to be of confe-
quence, that the expanfion of the ftandard brafs fcale, which
is not quite forty-three inches leng; fhould be determined, tha
pyrometer has therefore been adapted for the reception of any
rods lefs than five feet,whereby it 1s made more univerfally ufeful.
For this purpofe it becomes neceffary to move the marks and
eye-pieces of the fixed microfcope, along their refpetive prifms,

ta
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to the proper pofition for the rod that is to be tried. Neverthelefs
the objeét lens remains in its original place; and in its fread
another lens, of the fame focal diftance,. 1s fixed on. a fimilar
end-piece, that can be firmly clamped to any correfponding
place whatever of the checks of the long {lide. Hence will
appear the reafon for breaking the fcreening tubes of the mi-~
crofcopes into feveral parts, and the ufe of the mahogany prifm,
along which the thick part of the tube moves from one end to
the other.

The. pyrometer, fince it was firft made and tried, has under=
- gone feveral fmall alterations, by way of. improvements, which-
it is now unneceffary. to. deferibe particularly, One of thefo-
was the application of crofs levels to the parts of . the tube (S5
in the general plan) conne&ted with the obje glaffes. The
manner in which they. are fixed on will appear from the re-.
prefentations of them in. the lowermoft left-hand. angle of* the
plate.. And the feftion at the right-hand angle fhews the ap-
pearance of the double brafs hook,. univerfal joint, and milled-
headed nut, applied.acrofs the” middle of the boiler (at. TU)’
whereby the levels are.brought to be confiftent, when the. water
15 boiling; with the poﬁtlon they had been "adjufted to when
the temperature was at freezing ; that is to fay, they are kept
parallel to themfelvesin both ftates. This was.thought necef=
fary, becaufe the application of the boiling water funk the
middle of the flide a{mall matter; and thereby made the levels
run outwards. .
_ The micrometer {0 often mentioned, being a very effential
part of the. machine, is reprefented both in elevation and hori»
zontal feCtion to the full fize. Its chief parts confitt of a.mi-
crometer fteel {crew, which works in the fquare nut of .a brafs
flide, while the plane part of it enters.into a long brafs focket;

nicely
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qicely ground to receive .i't,,and“the_rebyfpreventing all ‘Thake.
To the {quare nut, one end of a watch .¢hain is attached ; the
-other end having pafled around -s-fixed’to a barrel, which con=
‘tains a watch {pring coiled up 'in ‘the ufual manner. By this
-contrivance, any lofs of ‘time in the motion of the moveable
wire, fixed'to the {quare flide, is effeCtually prevented, whe-
sther the fcrew be turned backwards or forwards. The fixed
wire, ‘1o called becaufe it is only made ufe of occafionally, ap-
pears in:the elevation to the left-hand of the former, and is
farther removed from the obferver, being attached to'the oval
{lide which bounds the field of the micrometer. This wire
is moved by the infertion of a milled-headed key (althoughnot
veprefented in the plate) fitted to flip upon the fquare end of
its proper fcrew, which may befeen, in the elevation, proje@ing
above the micrometer head. It has but little motion, being
only intended for the meafurement of fmall differences of ‘ex~
panfiqn, or’ any {mall {pace, by leaving it there, while the
other wire is repeatedly brought to -cointide with, and again
depart from it. For particular purpofes this ‘wire may be ufe-
ful; neverthelefs, the inftrument would have performed very
well without it. .
The -conftruétion of the microfcopes will be readily un-
derftood, by referring to the figures under that head on
the right-hand fide of the wplate; where the relative fitua-
tions of the different eye<glafles, with regard to the wires
or place of the magnified image, as well as to the =eye," are
truly reprefented in their real dimenfions; but the diftances
from thefe to the obje lenfes and marks refpecively, are con-
tradted.or ‘broken off, from want of fufficient room to delineate
themotherwife. To increafe the angle of vifion in microfcopes,
it is always neceffary that they thould have at leaft two eye-
glafles, and the fixed microfcope in the plate thews them in
their
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their ufual pofition, the image from the obje&t lens there being?
formed between the two; that the difperfion of rays in-the firft
may be corrected by that of the fecond. But'although this con~
ftru&tion ferves perfe&tly well every purpofe of the fixed micros-
fcope, yet'it could not anfwerin: the moveable one, to which the:
micrometer is-attached, where equal parts-of-animage, or their
motion, are to be meafured by the equable motion- of the ob«

je& lens; as fhewn: by. the micrometer: for in-that cafe, the

interpofition: of an: eye-gl\afsw before the image was. formed,
would not only have diminithed its'fize, and thereby rendered
the meafure lefs- accurate ;. but likewife, by refrating. the
oblique pencils:'more than thofe nearer the center, it'would
have deftroyed the equality of the feale, and made equal- parts
of the objedt itfelf. to-have been:reprefented unequally. in the
magnified: image,. and confequently. erroneoufly meafured by
unequal parts: of the micrometers It-was to remedy a defect
of this fort: that Mr. RamspeN: propofed his new f{yftem of
eye-glaffes; defcribed' in. the Philefophical Tranfa&ions, vol.
LXXIIL 1783, N° 5.. And:he has here applied.'that. {yftem
in the confirucion: of the micrometer: microf¢ope ;. where it
will be perceived,. that both: glaffes ftand between the:.eye and
the image, whereby the greater magnitude of this laftis ob~
vioufly preferved;. as-well as-the juft fimilarity of all its parts
to thofe of the object itfelf.

With . regard to the {cale of the pyrometer,.it is, in the firft
place,. to be obferved; that.the head of the micrometer ferew,
which is nine-tenths of an inch in diameter,.1s divided into
fifty. equal: parts, each. of which: being reckoned twoy it is
therefore numbered to: 100. Fifty-five revolutions  of the.
head,. being equal to.o0wy7175: of an inch, as meafured with

great. accuracy by Mr. RAMspEN'S. ftraight-line engine,. it
followsy
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follows, thatthere are 71.27 threads ‘of the {crew in an inchsy
that feven revolutions and nearly .3 th parts move the wire of
the micrometer one-tenth of an inch; and that i th part of
a revolution, or half a divifion, anfwers te a motion of fome-=
thing more than o.0oo14 of an mch.

“Having thus dbtained the number of revolutions and parts of
the micrometer (7.13) corréfponding te ene-tenth of an inch at
the wires, it is fufficiently obvious, that the number an{wering
to one-tenth LM at ‘the mark being likewife obtained, and
added to the former, their fum will give the meafure of one-
tenth at the objec lens, or the fpace by which the expanding
rod has lengthened, as fhewn by the motion of the lens from
o to p. 'This meafure of one-tenth ‘of an inch at the mark
was afcertained in two different ways, and the refults exaltly
agtreed with each other. In the firft place, a very thin ivory
flide, whereon feveral twentieths of an inch were nicely divided -
by exceeding fine lines, was prepared, and made to move in the
mark where the brafs flide now exifts. A candle being then
placed behind it ‘at night, while the pyrometer ftood within
doors, and the micrometer wire being repeatedly moved by the
{crew, itscoincidence with the lines was diftin&ly feen through
the ivory; whereby two of the {paces were found to be mea-
{ured by '24.93 revolutions of the head. 'The fecond method
was, by means of two exceeding fine wires placed parallel to
each other on the brafs flide, where they now remain, at the
diftance of one-twentieth of an inch on each fide of the inter-
{e&ion wires, ‘as may be feen by obferving the real mark, or
rather its magnified image, as thewn in the oval field of the
micrometer, in the ‘central figure of conftruétion. ‘The revo-
lutions of the micrometer anfwering to the diftance between
thefe parallel wires was, as before, found to be 24.93; which

being
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being added to %7.13, we have 32.06 for the number of revolu-
tions meafuring a motion of one-tenth at the objet lens, or
the expanfion of one-tenth. In this manner Mr. RAMsDEN ob-~
tains the fcale of his pyrometer in the eafieft and moft fimple
way imaginable, without any neceflity for knowing the abfe-
lute diftances of the objet lens from the wires of the mark on
one hand, and thofe of the micrometer on the other s diftances
not eafily afcertained by acual meafurement, on account of
the pofition of that glafs in its cell, which cannot conveniently
be come at. Thus, in tab. XX. as well as in the annexed
figure, LM being the objett at.the diftance of
the mark, equal to one-tenth of an inch; L
‘then m/ will be its magnified image, in pro-
portion to the former as mo is to oM. And,
if through the point p, the place to which
the object lens o has been carried by the mo-
tion of the expanding rod, a line Mg be drawn
parallel to L/, we fhall have m/=24.934/g=
7.13=mq=32.06, the number of revolutions
of the micrometer meafuring op the expanfion.
Having thus obtained the total number of .
revolutions correfponding to mg; and having
likewife meafured the total diftance mM=
26.144 inches, a {pace eafily alcertained be- .
tween the wires of the micrometer and thofe v 7
of the mark, the partial diftances mo and oM may then
be readily found by computation: for mq : m/:: mM : mo=
20.33 inches; and mq : mM :: 0p 1 oM = 5.814 inches.

In order to finith the defeription of the pyrometer, it is
only neceffary to obferve farther, that the circular {cale,
feen in the elevation of the micrometer, whofe zero ~ap-

VoL, LXXV, Qqq pears
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pears to coincide with the dart on the plane part of the brafs,
is that which ferves by its motion to regifter the turns of the
head. A forked key, fitted toenter the holes near the circum-
ference of the circle, is made ufe of for the adjuftment of* this
zero. The circle fhould never be turned backwards or towards
the left, left the watch chain thould thereby be thrown off the
barrel, but always forwards or towards the right, even if it
thould be neceflary to move it almoft an entire revolution. The
zero of the head is that which fhould be firft brought to cor-
refpond with. its: proper dart. They may be feen to coincide
in the horizontal {ection of the micrometer; and the departure
of zero from this. dart, indicates, by the number of divifions
that are intercepted, the value of any fraltional part. of a
revolution.. |

Aicount of the experiments with the Pyrometer.

Although the inftrument which I'have Here endeavoured to
defcribe was begun early in the-winter of 1784, yet it was not
finithed till the beginning of laft April 3 at which time it was
brought to Argyll-Street, and being placed'truly level on the
ftone pavement of the yard, was covered with an oil-cloth
canopy, that the experiments might not be interrupted by
rainy weather.

To fill the three troughs completely it required’ from twenty-
five to thirty pounds of pounded ice, which wasalways putin with
great care, fo as to apply as compaltly as poffible to the ftan-
dard prifms and'rod refpetively, with but little common water*

* When common. water was ufed, although not in any very confiderable pro-

portion, the thermometer kept always half, and fometimes three quarters of ‘a

degree.above 32°%
at
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at firft added 5 it having been found in thefe experiments, that
ice water only, fuch as drains from the ice itfelf, is that which
thould properly be made ufe of to mix with the pounded ice,
in order to bring the whole mafs to the true freezing tempera-
ture. Being at the commencement uncertain what time might
be neceffary for the rods, efpecially when of {o large a fize as
the ftandard prifms, to acquire the juft temperature of freezing,
at firft the ice was put into the troughs over night, to prepare.
for the continuation of the experiment next morning. But
after many repeated trials, this precaution was found to be
needlefs ; a quarter of an hour being more than fufficient to
give to all the freezing temperature, as well as to render the
lens on the expanding rod ftationary, after the water {upplying
the place of the ice had been brought fairly to boil. '

The inftrument, in its firft ftate, having in fome cafes made
the expanfion appear to be progreflive, and not equable ; there-
fore its rate was attempted to be afcertained by noting the pro-
greflion anfwering to 60°, 120°, and 180° above freezing. But
when the inftrument was rendered perfect, and that no fenfible.
difference was found between the expanfion at the lower and
that at the upper part of the fcale, a fair mean being taken be-
tween its alcending and defcending rates, and ﬂ.llowmg for the
difficulty of keeping the water, for any length of time, pre-
cifely to the fame intermediate heat; then this tedious mode of
conduéting the experiments was given up, and the expanfion
for 180° was at once determined by bringing the water to boil
around that rod, which but a little before had been lying in
melting ice, and which the ftandard prifms ftill continued to
do throughout each experiment, care being taken to have a
fupply of pounded ice élways ready to keep thefe two troughs
quite full.

Qqqz - Two



474 Major-General Rox's Aicount of the

Two obfervers are neceffary for the effe€tual application of the
pyrometer. He whoobferves with the fixed microfcope, . takes
care that its objet lens is-kept in its true place, that. is-to{ay,
that the wire in the eye-piece accurately bifeés the interfeGion
wires of the mark. This heis enabled to do by means of the
apparatus attached to the fixed'end of the boeiler,. as will:be beft
conceived by obferving the plan (at WX) along with the ele-
vation of that end placed near it. The apparatus confifls of
two milled-headed fcrews, working in brafs plates faftened to
the end of the frame, and a&ing againfti a- {fmall cock which
projets from the lower part of the boiler, whereby this- laft
receives fuch longitudinal motion to and fro-on its rollers, as
is fufficient for the adjuftment of the lens. He who obferves
with the micrometer microfcope,. having brought the zero of
the micrometer head to its dart, as thewn in the horizontal
fe&ion, and alfo the revolution zero-to.its dart,. as reprefented
i the elevation, takes care, when the rod has acquired. the
freezing temperature, that the micrometer wire bifeéts the in-
terfe&ion wires of its proper mark.. This he effeéts by work-
ing with the milled-headed fcrew, reprefented in. the plan and
elevation of that mark, whereby the mark itfelf is moved
until the bife@ion is accurate; and during the whole of this
time, the firft obferver muft be extremely attentive to keep his
lens adjufted.

One affiftant at leaft is neceffary, who takes his. ftation on
the oppofite fide of the pyrometer, to obferve the levels, and
keep them adjufted, by means of the double hook applied near
the middle of the boiler, and reprefented in the fe¢tion on the
line TU, at the lowermoft right-hand angle of the plate.

The pyrometer having been adjufted in the manner here de-
{cribed, by giving {ufficient time for the ftandard prifms and

3 rod
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rod to contrat to the true freezing temperature, as was eafily
Known by the wires becoming perfectly fixed and ftationary
with regard to the marks; the ice was then removed from the
eopper trough ; and the fame being filled with water nearly on.
the boily the ebullition was completed, and kept up, by means.
of the lamps now lighted for the purpofe,. and. flipped in.
underneath.

The expanfion, an{wering to-the 180° between freezing: and:
beiling, was now meafured by working with the micrometer.
fcrew until the bifetion * of its wire with thofe of the mark:
was again complete ;. the obferver at the fixed microfcope taking:
alfo efpecial care all the while to keep his-bifetion perfetly:
accurate. 'The number of revolutions, regiftered by the num-
ber of entire divifions that the zero. of the circular fcale had
departed from its dart or index, and alfo the value of any frac-
tional revolution; regiftered by the divifions on:the head in-
tercepted between zero-and its proper dart, were then noted, as
exprefled in the firft column of the fubjoined table of experi-
ments ; which requires no other explanation than. what is
therein inferted,. and which has- been-. extended" purpofely: to
fhew at one view, from infpetion only, how much the length
of our bafe would have been -affefted, if meafured by thefe
metals refpe@ively, in temperatures between 32°and 6.2,

All the experiments were repeated at: leaft twice, and fome
of them three times, except the ftandard fcale and glafs pen=

* 'This bifeGtion of the wires may always be made to a great degree of 'precié
fion, by one with a tolerably good eye, and accuftomed: to obfervations of thisfort.
I'have myfelf repeatedly adjufted the wires eight or ten times running, .allowing
another perfon to read off and.unadjuft edch time, without the mean difference.
exceeding one~fourth.of a divifion of the head,.which is only gzosoth part of an
inck;. '

dulum
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dulum rod, whofe expanfions were only tried once. ‘The dif-
ference of a few divifions between the mean and extremes on
the'heat of 180° being, in things of this fort, of no importance,
it was judged wholly unneceflary to aim at a greater degree of
precifion in repeating them oftener. By referring to the table,
particularly that column containing the expanfions on-one foot
by 180°% 1t will be perceived, that they are uniformly a {mall
matter lefs than what ‘has been affigned to the fame metals
refpettively, in the experiments formerly -alluded.to.

Ullimate determination of the length of the Bafe on Hounflow-
Heath.

In the former part of this paper, we have had occafion
to {peak of the feven firft columns of the general table
of the bafe; and the titles at the tops of the others re-
fpetively ferve fufficiently to explain thofe towards the right-
hand ; the expanfion of glafs above, and its contradtion below
62°, contained in the eleventh and twelfth columns, being

deduced from the recent experiments with the pyrometer.
Feet.

“The hypothenufal length of the bafe, as mea-

fured by 1369.925521 glafs rods of twenty feet

cach + 4.31 feet, being the diftance between the

laft rod and the center of the north-weft pipe, has

been thewn to be - - - 27402.8204
‘The redution contained in the feventh column

of the general table to be deducted is M » 0.0714

e———

Hence the apparent length of the 'bafe, reduced
to the level of the fouth-caft extremity, becomes 27402.7490

The
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Feet,
The apparent length is to be augmented by the

excefs of the expanfion above the contrattion of
the glafs rods, contained in the thirteenth column
of the general table =4.1867 inches, reduced to.
the heat of 62°, as has been ufually donein former.
operations of this nature . e . 0.3489
The apparent length is farther to be augmented |
by the equation. for 6° difference of temperature of
the flandard brafs. feale between 62° and 68°, this
laft being the heat in which the lengths of the
glafs rods were laid off = zo. 3352 inches, as de-
duced from the experiments with the pyrometer 1.6946

D e e

Hence we have the corre&t length of the bafe in

the temperature of 62° reduced to the level of the -

lowermott extremity near Hampton Poor-houfe; 27404.7925
This laft length requires yet a {mall reduion

for the height of this lowermoft end above the-

mean level of the fea, fuppofed to. be fifty-four

feet, or nine fathoms, . ‘. . 0.0706

Hence the true or. ultimate length of the bafe,
reduced to the level of the fea, and making a por=-
tion of the mean circumference of the earth,,

becomes . o . . 27404.7219;

As fome {mall degree of uncertainty remains with regardto
this laft redultion,.it may not be improper to-fay yet a few
words on the principles that have been adhered to in making
the computation. It will be remembered, that the meafure-
ment was made 33 feet above the furface of the heath, that
being the height of the ftands whereon the rods were placed 3

and.



478 Major-General RoY’s }lccazmt of the

and that the teleﬁ.opm {ptrit level gwe a defcent of 36.1 feet
from the lowermoft pipe to the furface of fummer water in the
"T'hames at Hampton, The accurate {ection of the river lately
‘publithed, gives a fall of 13.33 feet from Hampton to the level
of low water {pring tides at Ifleworth.. Now thefe three being
added together, we have nearly fifty-=three feet for the height
of ‘the bafe above Ifleworth. Having had no immediate ‘means
of determining what real difference there may be between Ifle-
worth and low water {pring tides at the mouth of ‘the Thames
(for inftance at the Hope .or the Nore), 1 have fuppofed that
fall to be about feven feet, fo as to make the total defcent fixty
teet. Now, {uppofing the {pring tides at the Nore to rife eigh-
teen feet, if, ‘according te M. pE LA LANDE’s method, we de-
«duét one 'third of eighteen, wviz. fix feet from fixty, we thall have
fifty-four feet, ornine fathoms, that the mean furface of the fea is
bélow the meafuredbafe. Whether this conclufion be perfe&tly
accurate or mnot is of no moment, fince a whole fathom of
difference {and I apprchend we are not farther from the truth)
does not vary the reduttion quite ene-tenth of an inch. The
reduced bafe has therefore been found by the following ana-
logy: as the mean femi-diameter of the earth (fuppofed here
to be 3492913 fathoms) augmented by nine fathoms, is to the
mean femi-diameter, {o is the meafured bafe 27404.7925 to the
reduced bafe 27404.7219 at the level of the fea. It will
:doubtlefs be allowed, that infinite pains have been taken in the
field and otherwife, throughout the whole of this operation, to
.obtain a juft conclufion ; but asthe moft accurate meafurement
imaginable is {till more liable to err in excefs than in defe&t, we
will throw away fome ufelefs decimals, and eftablith the ulti-
mate length of the bafe at 27404 feet and feven-tenths.

Genesal
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General Table of the Bafe; fhewing the relative heights of the Stations above the fouth-ea
Poor-houfe, the Redudtion of the Hypothenufes, and the Correftion for the Temper:
whence the true length is obtained in the heat of 62°.

I Toa | 3 4 5 6 7 8 9 10 i1
é-g”é Relative heights.w | Redution Number Temperature. C?rre&ion
Se&ions. |7 2 5 . Total afcent. ~ }of the hypo- (:i_;sds’ Obferved ] Excefs |Expanfion Cx
°© g% Afcent. Defcent. o thenufes, feet ti mean of |or defe& jabove 62° |be!
z "8 Hypoth. | Sections. et €ach 166 therm.|from 62°, |+ appt. leng.|—
§ é 1| Feet. | Fect. | Feet. | Feet. | Feet. | Feet, o o [|Inches. |In
%E 1 [00] |~ =| 007 | o.000012 | _92;592': 71.4 + 9.4 |+0.2909
"i"% 2 | 1855 = | 1.g25 0002875 | © 30 | 807 | +18.7 |+o.5801
g 3 |- - 1.855| 0.0y ‘ 0.002875 30} 806 +18.6 {40.5770
S 4 | 27450 - —| 2815 | ©.006288 36 74.0 | +12.0 {40.3722
&2 5 | 292 |- =} 5735 0007114 30 | 626 + 0.6 |40.,0186]
eF& p 6 070 |- - 6495 10.000489 30 | §87 |~ 3.3 -
$gx 7 [ 1.57 | = =] 8.065 *0.000825 30 6o.5 —_ 1.8 | -
EES-3 8 | 291 | = = 10975 | 0.007063% 30 63.3 | + 1.3 [+c.0403
g g 9 |- =|068 | 10295 | 0.000393 30 | 641 | + 2.1 |40.065I
T4 10 | 065 | - =110.945 0.000360 30 | 66,6 | 4 4.6 |+o.1427]
o %g 11 | - — | 004 | 10905 0.00000q 30 70.4 | + 8.4 |4+0.2606
,c;:.:i"& ) 12 | - = 1.18 9725 | ' 0.001168 30 69.9 | + 7.9 |[+o0.2451
2 F g 13 [o083 |- - | 10:555 | 10.555 | 0.000581 30 62.7 |+ 0.7 [40.0217}
428 V| 14 |- -|og9s | 9615 - 0.000745 30 60.7 | — 1.3 -
85 15 | 042 | = = | 10,035 0.000191 30 63.2 + 1.2 [4o0.0372
guo 16 |~ - | 1.63 8.405 0,002222 30 69.0 + 7.0 |+0o.2171
S eS8 17 | 028 | - ~| 8.685 ] 0.000073 | 30 JLE | + 9.1 |+0.2823
S E 18 | 416 | - -1 12.845 10.014439 30 | 686 | 4 6.6 |+o.2047
2%3 19 | — ~|o0.44 | 12,405 0.000169 30 63.5 | + 1.5 |+0.0465
TEE  p| 20 [ 019 |-~} 12,508 } 0.000036 30 | 59.2 | — 2.8 -
253 21 | 187 |~ —| 14465 ! 0.002922 | 30 | 362 - 5.8 -
- = 22 | 093 | - -] 15.105 0.000452 2.1 g7.0 - 50 | -
8 & 23 | 039 |~ =1 15585 0.000135 30 | 641 | + 2.1 |400651
Ead.g 24 | 995 | = —| 16.535 | ©-000760 30 | 64.3 | + 2.3 |+0.0713
S 25 | 049 |~ ~ | 17.025 0+000208 30 | 62:.5 | + o5 |+o0.0155
AEGwm ) 20 | 2058 = —119a35 | 858 [F0.000063 30 | 751 | 4 g1 [40.2823
8 Yy 27 |- -[ogr | 18425 | [¥o.000214 ) 0. .
S & QZ; 0.24§ -—7- ‘ 1'8.675 0-00005‘;- go Z:g'.g i g’;s +gt?>6g7
a , 3 |+0.0403
5 29 | 121 | - =1 19.88 0.001228 30 §9.2 | — 2.8 —-
58 30 | = = |o1bs| 19.715 0.000028 30 66.2 | + 4.2 +0.1303
o< 31 |o14 |~ - | 19855 | ©.000024. 30 73.8 +11.8 |+0.3660
g ., 32 |- - |o12 | 19735 0.000019 30 776 +156 |+0.4839|
£ 33 |- —|014 | 19.595 | 0.000024. 30 73.9 +11.7 {+0.3629]
25 34 | 121 [.— —| 20805 0.001228 30 68.8 + 6.8 |+o.2109]
g 35 | 1.405| = = | 22.21 0.001653 307} 658 | 4+ 3.8 |toargg)
3 & 36 | 234 |- = 2455 0.004571 30 65.5 + 3.5 {+0.1086
G g } 37 |~ —| 1085} 23.465 1 0.000985 30 t 615 } - o3 -
g 38 | 047 | - ~|23.935 0.000192 30 59.4 — 2.6 —
'%M'g 39 |0.525| = ~ | 24.40 0.0002,38 30 5§56 | — 6.4 -
59 40 | 1.265] — ~ | 26925 0.001341 30 55.1 - 6.9 | .
=5y 41 | 1.18 | — — | 26,905 0.001168 30 56.1 - 59 | -
g% ) 42 | = =loxg | 260715 | 0.000036 30 584 | — 3.6 -
SoR 43 | 1.565] - = | 28.28 . 0.002049 | ' 30 58.2 - 3.8 -
:53_,: 44 | 1.485] = = 129.765 o.001845 | 30 573 | — 47 —
85 4¢ | 0.24 | - ='| 30.00% 0.000055 | ‘30 60.8 — 1.2 _-
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suth-eaft extremity near Hampton}
‘emperature of the Glafs Rods g}’

iI 12 13 14
rre&ion for temperature. , :
infion ; Contraét, Corre‘& length
e 62° |below 62° |Difference,| ©f the bale.
pt. leng. |— appt. leng.}
tes. |Inches. [inches. |Feet,
29091
§8o1
5770
722
‘5186 :
“=0,1024} -
~0,0465]
0403 ~
0651
1427 §
2606
2451
o217}
—0.0403
0372 ' ,
2171}
2823
2047
0465, ‘
—0.0869
—0.1799
—0.1551
06351 o
0713
o155
2823
2637 |
0403 :
—0.0869 |
1303
3660
4839 L
.3629] : '
12109
1179 |
1086
~0.015§
--0.0807
—0.1985
|—0.2140
—o0.1830
—0.111%
J—o0.1179
}—o0.1458
- .0270




gw g Gt 4= | very g s o g o~ s - 3w -
S v & 43 | 1.565) - - | 28. 28 0.002049 | ' 30 58.2 - 3.8 —
524 ‘ 44 | 1.485] = = 129765 | 0.001845 | 30 | 57.3 | — 47 -
g 90 l 42 o.zg~ - - 30.025 4_ 0.000055 30 608 | — 1.2 -
289 || 4 1.2 ~ — | 312065 | ¥2.130 | 0.001973 20 | 6gs. . WoX
E&E o0, | 0.001973 | 653 | + 3.3 |+o.0682

1044 | 9-175| 31.265 | 31:205 | 0071401 ‘932659;2', +5.0800 | —
Hypothenufal length of the bafe containing 1 369 925521 glafs rods of twent feeteach fi -
Reduétion contamed in the feventh column to be fubtra&ed - 4 +4’3I eet,

Total apparent length of the bafe reduced to the level of the fouth-eaﬁ extremity,

Add to the apparent length the difference between the expanﬁon of glafs above, and the contra&xon of
contained in the thirteenth column=4.1867 inches =

Add further to the apparent length the equation for 6° difference of temperature of the ftandard b f
687, the heat in which the glafs rods were laid off = 20.3352 inches, = __.p i fcale bet

| Corre® length of the bafe in the temperature of 62° reduced to the level of the lowermoft extremlty: -
Reduétion for the height of the lower end of the bafe above the mean level of the fea, fuppofed to be 54 feet «

True length of the bafe reduced to the mean level of the fea, - - - -

Voi. LYKV, Rrr



—0.111%
'—0.1179
—0.14§8
—0.0372 |
0682 ~

9890 - 1.8023 +4.1§67 '

-

Etion of" it belbv&: 62",}. +
(cale between 62° an
54 feetorg féthOms -

- @

I

d}+

27402.8204
0.0714

27402.7490
0.3489

1.6946

=|274%4-7925

0.0706

274047219

Table
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Table of the Expanfions of Metals, deduced from experiment

tRcvolutfions and
parts of the| Atual expanﬁon in parts of
Defeription of the Metal Rods put to experiment. I:I;Zm;;;fﬁfg; ;:)I:i:ggl:hvuligg l”yﬁ;: ;’grolunc
on five feet,
By 180°% By 1°. Ons&:t On 1 foot. |On 100
Rev.Pts.|Parts. f{n. - {In. In,
" Suppofed to be Hamburgh plate brafs ; length ] | :
42.187 inches, or 3.568 feet; breadth 01%5L
Standard brafs | inch ; thicknefs 0.25 inch; ‘and weight 1 s v
fcale. s 1otoz. Its cxpanﬁgn was meafured by 2§.47 35+69 19‘;”3" 10'1"1,323 0.0222646 | 2.2264
revolutions of the micrometer; wherefore that ' '
lon five feet would have been meafured by - )
Englith plate 1Length five l1;'eet br\adthho 9 n;lc):h thick- ;
nefs o.15 inch; and weight 2 lbs. §I oz. |} | % PO :
(l));'_ags;;g form { Difficult %rom its thinnefs to be kept frcg from} $6.4I , 20.7¢% | 0.113568| 0.0227130 22713
warping, - '
Englith plate Length five feet breadth 14 mch depth 1 N ‘ )
brafs, in form { inch ; weight 8 Ibs. 3 oz. Perfe&ly ﬁ:rong and} 36.45 [20.4%5 |0.113693| 0.0227386|2.2738
lofa trouﬂh. ﬁraxght, - g
- Length five feet; breadth o.§ inch ; thlcknefs £ .,
| Steel rod. {o 3inch; weight 2 Ibs. 74 oz. Made from the } 22.02 [12.7%% |0.068684f 0.0137368 | 1.3736
very fame bar with the chain, ‘ ! L
b Caft iron [ Length five feet; cach of its fi des 13 mch f
ifm {znd weight 11 Ibs. g 0z Cut from the fame} 21,34 |11.%% |0.066563] ©.0133126{1.3312
prit. rod with the ftandard prifms of the pyrometer, ' . o
1 ‘Length five feet; v%ths inch diameter; i
~ Glafs tube. {welght 1lb. 131 0z. Drawn from the fame} . &4.93 8.3%% |0:046560] 0.009313810.9313
pot of metal with the meafuring rods, f .
Length 40.44 inches, or 3.37 feet; mean dia-
| fmcter ﬁ)I(-tentle)s of an inch; and welght 1 Ib. ' , : : ,
: T ’ 2 0z. Ithad been applied for feveral years to a | ‘ : )
Solid glafs rod. clock. Its expanﬁogpwas meafured }l’)v 10.46 > 15-54 8"%" 0‘048472 0.0096944 0'9694
' revolutions of the micrometer ; wherefore that | ‘
on five feet would have been meafured by - )

i



Meafurement of a Bafe on Hounflow-Heath.

>riments made with the Microfcopic Pyrométer in April 1783,

f:\fffxféoﬁ By 1° of FAHRENHEIT the expanfion is Bafes of 27400 feet of thefe meiai
" : : : would expand.’ ‘

i

On1oo ft.] On 1 foot. | 10 feet. | 100 feet. | 400 feet. | 6oo feet. [rocoft.| By 1° | By 10° | By 20° | By 30°.|

In, In. In. In. In. In, In. In.  {In. - |In. In.

2.22646 | 0.0001237|0.001237]0.01237 |0.04948 | 0.07422 |0.1237|3.38938 | 33.8938 | 67.7876 [101.6814 |

vz.z'}x36 o.o§oméé 0.001262]0.01262 ,0‘05048' "0-075‘72 ‘0-1262 3-45788 . 34.5788 1 69.1576 {103.7364
‘ 2.27386( 0.0001263 bo.o‘01263 0.01263 |0.05052 0.07578 |0.1263 3.46662. 34.6062 6g 212'4 103.8168 |
1.37368 | 0.0000763 | 0.000763| 0.00763 0.03052 |0.045%8 |0.0763] 2.09062 «"20.9'0_62 41.81;4 ‘62,7;8(;;
F_1.33126 | 0.0000740 | 0.000740 9.§§74o 0.02960 |0.04440 |0.0740] 2.02760 20.2760 40.5520 6o.8280€

0.93138 | 0.0000517 f0.000517|0.0051% |0.02068 |0.03102 |0.0517 1.41658 | 14.1658 | 22.3316 424974 |

l0.g6944 | 0.0000539 6.000539 0.00539 0.02156 |0.03234 |0.0839] 1.47686 14.7686 | 29.5372 44.3058 |
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1

General Table of the E;m,, fhewing the relative heights of the Stations above the fouth-caft extremity near Hamptou
Poor-houfe, the Reduftion of the Hﬂ;uthﬂmfﬁ, and the Correftion for the Temperature of the Glafs Reds;
whence the true length is obtained in the heat of 62°,

1 ”’| 2 3 1 4 5 | & t 7 8 9 ! 1o 1 | 12 I 13 14

L= Relative heights. Temperatire, Correflion for temperature,
8.4% : Redultion I:Fﬁr = ETTRe——

Seftions. = 2 ¢ | Tomlafcent. |of the hypo-| T Y (Obferved | Excefs [Expanfion ) Contradt, n“‘f"h& h?“
3 2 lAicent thenufes. | ut:jl;. mean of | or defedt |above 62° |below 62° |Difference @ € Pale.
2,9 3 Hypoth. |Setions, ect Akl {65 therm.from 62°, [+ e leng —spre. deog| |

EZ Feer, | Feet. | Feeto | Feet, | Feet. Fest. - . Inches. |[[nches. |inches. |Feer,

FI "

im 1 ooy |- - ooy £.000012 .91;59: 1.4 | + 94 {+o.2g00
‘E 2 | nBgg| = = 1.925 o.co287g 30 fo +18.7 |40.5801

& 3 | = - | 1855 oo ﬂ.mzﬂas 3¢ | fo. +18.5 l4o.5770

EE"E o 4 | 2745 - =] a.Big o.cobaBl 36 42 | +12.0 |fo.3722

£5F 5 (292 -] gpas ccojits | 3o | 626 | 4+ 0.6 |fo.0i86

'=_'.:.-E Ll B Jogh | = - T 0000485 30 g53.7 - 2.3 -0 1024

8L ol ] i POLO0NES 3o | bog | — 1.5 —.0465
S5 E 2.1 | = =| 10975 0007005 3 | 633 |+ 1.3 |+o0403
BB g |- =|ob8 | o295 o.000393 30 | b4 | 4 2.1 |4o0bsI
T Ea 10 |obs [ - - [ 10645 €.000 30 | 666 | + 4.6 |+o.427
8 22 1 |- =|oog | 1ogos 0.00000 30 704 | 4+ 8.4 |4o.ab0b

EEE = 1z | — =| 118 of25 o.00116 30 6.4 + 7.9 |+o.2451

m=% J| 13 o83 |- =] 10555 | 10855 | 0.000581 30 | 627 |+ o7 |+o.0217

LEgE 14 |= =|o0s8 | obig 0.000745 30 | 6oy | = 1.3 —0.0403

“_E 1 5 e L) = = | I&D35 'ﬂ-r':"ﬂ.'ﬂgl e ﬁg.l = 1.3 _i_p,gs-?z

g ,:_:E i | = =| 163 | B.403 0.002222 30 6.0 + 7.0 |4o:2171

=t 17 (028 |- -] B.68g 0.00007 3 2 | 710 | + g1 |+aaBay

O B 18 |46 | - = 12.843 0014430 30 68.6 + b6 |4+oa047

uA ; 1g | = =] o044 | 12.408 0.0001 30 3.5 + 1.5 |+owgbs

= £ T wl oo fOIG | = =1 IZ.505 00000 % 30 50.2 - a.B —o.086g

255 2t | 187 | = =] 14405 0.002g22 30 | 562 | — 5.8 —0.1709

5 = & 2z | 073 | = = | 15.195 ] 000452 3o 7.0 - 50 =0.1551

G 23 |39 | = = 15585 “DOOL3S - $I |+ 2.0 |+0065

EPE- 24 | 995 | - = | 1h.535 C.000760 3 | 643 | + 2.3 |+ooq13

E By F 25 | ®49 | = = | 17.02% *ﬂ-mznﬂ 30 b2.5 + o5 |+o.0158

AE5x )| 26 | 208 = =3935 | 858 [“o.cocoby 39 | 714 | 4 g1 |+0.2823

[

28 Y 27 |- = | o7y | 1Bazg To.o00214 30 o. 2.5 |4+0.26

- -:::-r: oa4g| - = | 1867 a.soong 30 ig,i $ ;_5 iﬂ _._-,43“_?; .

®g 24 121 | = = | 1g.88 Q00122 30 S0 LR —o.ofby

':!H-E | 3@ |- = o.165] 19.71% ©0.000028 g0 6.2 + 42 |+0.1303

55 3t |oag | = - | 19855 000002 4 30 738 +11.8 |4o3bbo

£ 32 |- - |orz | 19.735 8.00001g 3oy 710 | 4156 (o038

= b0 33 |~ — | o™+ | 19595 .000044 3o Es-’.l' 4117 {+0.3029

-E:E 34 | t2t |- = | 20805 o.e01228 30 8.8 + 6.8 |+o.z109

for 35 | 1405 = = |22 a.co1bsy 30°| 658 | 4+ 38 |jeaisg

55 L a 234 | = =| 24-5% L.004571 3o 65.5 + 3.5 +c-.:a§

G 37 |= - [ 1-085] 23.405 a.c00g8 g 30 | 65 | - o 60155

- I 38 |o47 ! - - 23935 BoC0Ig2 3 | 594 | — 2 - 0.0807

%g-g 39 2ug2gl = = | 2440 ﬂ.:::m-lgﬂ 30 ss_ﬁ — b4 -"'3-1935

tas |l @ 1.absl = = | 259125 3,000 341 30 E51 — — L2140
&% Il 41 | 1ab | - - | ab.gos 2.001168 2@ | sba | - s —o.1830
58 || 42 |- - |oag |sbng cocoozh | 30 | S8y | -3 ~ G117
S w8 23 | 1.505) = =] 28.28 CU00204G 390 | s8a | - 3.8 —0.1179
8. % 44 | 1485 = =] 29.765 0.001845 3= ﬁ.g - 47 —o.1458

e 45 ﬂ.i.{. = == 3':":‘:"5 Q-ms_i Eﬂ' 1 e _hh‘uair:

Z8 = ah .20 Bt 3203 | 12130 | owo0ig73 20 65.3 + 3.3 |+o.0682

!_| Lo 4,&.:. fr

.44 | 0.175| 31265 | 31265 | oegrger | 1309F '
¥ e ! 925521 + 50800 (— 18023 | 4 4.1869
| Hypothenulal length of the bafe contining 13069.925521 sll-l'z- rods of m'mt]r ﬁ::tu-::h +.|,, t fest i £ =
Rfduﬂmncnntam;d int the feventh column te I:-c:? 3 ' : s = :74.0:.3:.:1,
Total apparent length of the bale reduced to the level of the fouth-caft extremiry, Z 3= 408
Add to the apparent length the difference between the ::tpanliun of gh:l': ﬂbﬁﬂ? and me Wﬂﬁiﬂmn of I;l: Bl Gt 27402.7400
contained in the thirteenth column =4.1857% inches = 5 } + ©.338p
Add further to the apparent length t!lr:m:lualmn for 6" difference n!' t-l:mp:r:rure of t]:u: ﬁmdu-,-_l brals i‘ﬂ.le h:twun ﬁi S
68", the heat in which the E:I:.ﬁ- rods were laid off =20.3352 inches, = = = } 1.0g46
Correft lenpth of the bale in the temperatore of 027, redoced to the level of the lowermoft extrem| ) -
Reduftion for the height of the lower end of the bale above the mean level of the fea, fuppafed I:nz 84 ﬂ“ org ﬁl.‘hmm. T 74 :5&;@5
=
True length of the bafe reduced to the mean level of the fea, - - - a . =|37404.7219
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Table of the Expanfions of Metals, deduced from experiments made with the Microfcopic Pyrometer in April 1785,
hwnlutiuuund i i i
parts of the Etmhrpqn n in parts o anl Br 1° of FAERERH i foni IBafes of f £ thel
o y T’ i ¥ RHELIT LE SXpanion 1% dltd oI 27300 reet oOF hels A2
Defeription of the Metal Rods put to experiment. T;'D.ﬂﬁ:: :m:h 3 w.l:-d -;Y"I_;;‘;;’:”l“ums ; would expand.
on five fect,
By 180" By [“.1{}[\5&1 On 1 foot. |On1ooft.] On ¢ foor. | 10 feet. | 100 feet, | 400 feet. ﬁﬂ-ﬂl’uhilmnﬁ By 1° | By 10 | By 2a”. [ Bv 30°
|Rev.Fus.|Parts. Pn; In. In, In. Ins e [fn. . |in. |n. . {In. ™
ppofed to be Hamburgh platcbrafs; lengeh f 1
.‘;1 1 ]! inches, of 3.5 ﬁrg feet; breadth o.55
Stimf_i::tﬂ‘hmrﬁ J]:J'J;lhwlhI-;:;nzi:»m'-‘.::lggnln::!;n:;f_umlgbl;ti; :t; 3550 |19 jorrr323 Owo222640 | 2.22640 | o.0001237 | 0.001237] 001237 004948 | 007422 |o.1237| 3.38938 | 33-8938 | 67.7876 [101.6814
revolutions of the micrometer; wherefors that
on five feet would have been meafured by -
‘ Length five feet; breadth oug inch; thick-
Enﬁi'"‘. plare nels DI inch 3 and weight 2 lbs. gf oz T
:F:s,r';ghfurm DJ.Ei:ul: i, 5 thinet mhhpt free from [| 30+4T [toudly [o113568] o.0227136 | 2.27136 | o.coo12bz | o026l 0.012b2 (005048 (007572 [O.1262) 3.45788 | 34-5788| Gguagr6 |1og.7364
Warping, !
Englifh  plaze LJ:ng;r.h five fn:t, nr-tadlh:.q,mth depth 1 3 .
brafs, in ﬁ:rm{m-:h weight § lbs. 3 oz. Pﬂlf-tﬂi}" ﬂrnng md} 36.45 J20.4% |0.113603] 0.0227386 | 2.27386 | o.coor263 | ovoorabs| o.012b3 |005052 [0.07578 |ouabg| 3.46062 | 34.0002 | 6921241038168
of a treugh, LYfiraight,
Length 'ﬁ\':ﬁ.-l:t breadth a. slru:h thrrjmtﬁz '
Steel rod. {u. rl}::h ;:-:gh:!zlﬁ: 1{ oz. Made mer.hn} 22.02 |12.% |0.068684] 0.0137368 [1.37368 | 0.0000963 | c.000763 00ophs (003052 (0.04578 |0.0963) 200062 20.6062 | 418124 | 62.7186
VErY 13fMe Dar witi the chain,
Calt iren ength five foet; cach of its ’ﬁdr.a 1} inch
prifm. {mi mhghl:-:‘f:ﬂ:r;;gwr ﬂ'n:_ f;:m the famc} 21,34 |1 1.0 [ocb6563] ©.0133126]a.35126 | owoo0)40 | 0uoCor4o 000740 [ 002060 | CWO4440 |00740) 202700 | 20.2760 | go.5520 | Go.BaBo
with t andarc prims of the pyrometer,
Length five feet, hths inch diameter;
Glafs tube. wengJ;.' i Ilix.l 1 Elc;; Dirawn fnl'.ﬂa the ﬁm::} 14.93| 8.4 |owybsbol 00093138 [0.03138 | 0000051 fo.ccogiy D.00517 o.220b8 [o.03102 [0.0519) 1.41658 | 141658 | 273516 42.5074
pot of metal with the meafurin £, =
Length 4o.44 inches, or 3. 31% eet; mean dia- ".
meter fix-tenthaof an inch; and weight 1 lb, ! !
; 2 0%, [t had bee lied for {i l ; '
id glafs rod. clock, Jis ex nE:EF:u ?,:f.,m {?T;:E:" 1554 | Btk [0048472] o.co9bois |ogbody | 00000539 | 0.000530 000539 |o.o2156 |0.03234 |0051g) 1.47686 | 14.768B6 ) 20.5372 ] 44-3058
revolutions -:-ﬁ!w. micrometer ; wherefore that | '
on five feet would have been meafured by = _j'
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