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WEIGHTS AND MEASURES.

et

REPORT

FROM

THE SECRETARY OF THE TREASURY,

I¥ - COMPLIANCE

With a resolution of the Senate, showing the result of an examination
of the Weights and Measures used in the several Custom-houses in the
United Stutes, §ec.

NP —
JoLy 2, 1832,
Printed by order of the House of Represcntatives.
S —

TreAsury DEPARTMENT,
June 20, 1832.

Sir: I have the honor to transmit Mr. Hassler’s report of the examina-
tion made by him, under the superintendence of this department, of the
weights and measures used at the principal custom-houses, as directed by a
resolution of the Senate of the 291th of May, 1830.

This examination has been made with great care and ahility; and the re-
port presents fully both the results, and the means ‘employed in obtaining
them. It will be seen that great discrepancies exist between the weights
and measures used in the different custom-houses—some being too small,
and others too large; but, that the mean corresponds nearly with the stan-
dards as fixed by the English laws,. previously Yo, and at the epoch of the
declaration of American independence. "~~~ =

The existence of these discrepancies is not surprising considering the
manner in which the weights and measures have been obtained in the cus-
tom houses. It is, nevertheless, a serious evil, inasmuch as it produces in-
equalities in the duties levied at the different ports; and thus contravenes
the spirit of the coustitution, which declares that all duties, imposts, and
excises, shall be uniform throughout the United States. It is believed,
however, that this department has full authority to correct the evil, by caus-
ing uniform and accurate weights and measures, and authentic standards, to
be supphed to all the custom-houses. With this view. proceedings were
instituted by my predecessor, with the President’s approbation, and are,.n:“’
. £, . 4 . . . . < -
in progress, for effect{ng that object, by fabricating at the United btate; M
senal in this city, under the immediate personal superintendence © lt r.
Hassler, the necessary standards, as well as weights and measures Which
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will be adjusted by him, with all the exactness that the present advanced
state of science and the arts will afford.

The report made by this department to the Senate, on the 3d of March,
1831, a copy of which is annexed, described thgauthentic units which were
to be adopted in the preparation of these weights and measures. The avoir-
dupois pound, which is the pound of commerce, and with which the cus-
tom-houses will be supplied, will be derived from the troy pound of the
Mint therein referred to, by the legal proportions of 5760 grains, which
constitute the troy pound, to 7000 grains_troy, which constitute the avoirdu-
pois pound. The liquid measure will be the wine gallon of231 cubic inch-
es, and the dry measure, the Winchester bushel of 2150.42 cubic inches,
according to the standard of 86 inches adopted as the Fnglish yard, and
referred fo in that report.

1 am, respectfully,
Your obedient gervant,
LOUIS McLANE,
~ Secretary of the Treusury.
The honorable the PRESIDENT of the Senale.

B e

Report from the Secretarz of the Treasury, relative to a comparison of weights and
measures as used at the several custom-houses of the United States, which was-
required by a resolution of the Senate of May 29th, 1830.

TrEAsURY DEPARTMENT,
March 3, 1831.

Sin: I have the honor to report to the Senate, that, in obedience to the
directions of their resolutian of the 29th May, 1830, a comparison of the
weights and measures used at the principal custom-houses in the United
States, was commenced under the immediate superintendence of Mr. Hass-
ler, whose reputation, as well for his researches in general science, as for his
experience in this particular branch, recommended him as peculiarly qualified
for this undertaking. I regret, however, that the work could not be com-
pleted as early as was desired. It was deemed essential to the aceuracy of the
operation, to have the advantage of temperatures below as well as above the
freezing point; and the undertaking was, therefore, necessarily postponed
until the winter season. In the mean time, the apparatus had been provided
in New York, and was shipped from thence to this city early in December.
The vessel was unfortunately stranded in the Chesapeake, and part of the
apparatus lost. The delay occasioned by this accident, has prevented the
completion of the comparison in time for a report to the Senate during the
present session. The work, however, is far advanced; and it has exhibited
such a remarkable disparity in the weights and measures used at different
custom-houses, as to demonstrate the urgent necessity of providing stand-
ards for their regulation,

Among the instruments which had been procured, some years ago, under
the direction of the President, for the survey of the coast, was a standard
measure of length, exactly corresponding with the DBritish Parliamentary
standard, as established in 1758, with which that 6f 1760 is identical, as
tested by Sir George Shuckburgh in 1798, and by Captain Kater in 1821, on
the occasion of the last determination of the weights and measures in Eng-
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land, when it was adopted as the legal unit. This standard measure hag, by
means which will be explained in a future report, been compared with the
pendulum vibrating seconds in London, and also with the French maire,
which is based upon measurements of arcs of a meridian of the earth. With
such evidence of its claracter, and such an opportunity of correcting any
alteration by reason of decay, it was, without hesitation, adopted as the unit
for the comparison of measures of length.

“The troy pound used in the Mint, is known to be identical with the latest
established standard troy pound of Great Britain, as regulated by the British
laws, and standarded by Captain Kater in 1824, having been constructed by
him at the special request of Mr. Gallatin, upon the same principles, and in
the same manner, that he had employed in the construction of the British
standard. Being found by various tests, which will also be presented here-
after, to be worthy of its character for accuracy, it was adopted as the unit
for the comparison of weights;

The examination of measures of capacity has not yet been so far com-
pleted as to authorize a satisfactory conclusion as to what units for these
measures ought to bz adopted. But as soon as this shall have been accom.
plished, the necessary preparations will be made to secure, as far as the
power vested by law in the Treasury Department will permit, an entire
uniformity in the weights and measures used at the respective custom-
houses, i

I have the honor to.be,
Very respectfully,
\your obedient servant,
S. D. INGHAM,
Secretary of the Treasury.
The honorable the PaEsioxnr
of the Senate of the United Stales.

*

WasninaroN Crry, 27(4 January, 1832,

Mosr monorep Sir: With this I. have the honor to present to you my
report upon the comparisons of weights and mcasures, ot length and capa-
city, which I am entrusted with by your .department, in consequence of a
resolution of the Senate of the United Siates of the 89th -May, 1830,

‘This comparison comprehends all‘that could be coilected of standards pre-
served in public departments; all such weights'and measures as were re-
ceived upon call from the various custom-houses; and I thought it an advan-
tage that I could join, moreover, various other valuable standards and inte-
resting weights from friendly communications, L

I flatter myself that it will be foupd to present a considerabl_e mass of in-
formation upon the subject of my inquiry, adequate to any aim which the

Government may form in relation to it. ) ]

I considered myself bound todevote to this investigation all my exertions
and care, making use of the best methods I could devise in principle. and
creating the means for the operations which had necessarily to be adapted
to the circumstances under which I worked, and tharefore were ip many
respects novel; their suocess has therefore been so much more satisfactory

1o me,
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To assist the clear view of the subject, and simplify the perusal of the
report, tis is made as concise as possible, containing only the principles,
general results, and conclusions, having reference to the use of the Govern-
ment. The detail results in supportof them are collected in a series of addi-
tional statements, in a tabular form, letter A, to N, that they may be perused
with more ease in any detail investigation. :

_These two papers, therefore, contain all the elements upon which any
disposition of the Government may be grounded.

I shall now continue the detailed description of the principles and modes
of operating, which I have made use of in this work, as it may be interest-
ing for the general public, and be instructive upon the nature and the mode
of proceeding in such operations. The much more numerous details of this
part of my account must necessarily also delay it longer. I hope, however,
to be able to present it yet, during the preseat session of Congress.

I have the honor to be, with perfect respect and esteem, most honored sif,
your most obedient servant, ‘ .
- F. R. HASSLER.

The }on. Lovis McLang,
Secretary of the Treasury of the U. States,
Washington City.

sorrrtmscicatios,

Report upon the comparison of weights and medstres, of length and capacity, made

at ‘thé City of Washington, in 1831, under the direction of the Treasury De-

artment, in compliance with a resolution of the Senate of the United States of
the 29th May, 1830, by Ferdinand Rodolph Hassler. /-7 2.7 ~

1. Among the means of distributing justice in a country, which is the aim

of the establishment of Governmeots, .rank unavoidably the fixation and

- distribution of accurate weights and measures for all the daily dealings of
active life. .

Faint traces of such regulations have been preserved for us hy history

from early nations, anterior even to those which we are in the habit of cali-

ing the ancients. But the researches upon these have interest enly for the -
philosophic inquirer, and are entirely foreign to the practical purposes of an -

establishment of standards in the present times. T'o quote here the fact,

is only to show that establishments of this kind are, by their nature, sub-

ject to lose the sufficient” accuracy, regularity, and even the recollection of
their prineiples; that, therefore, they need, at certain epochs, a complete
revision, or éven new establishment, by the more improved scientific means
of the time, to adept themn to the more refined social intercourse.

2. Within the last 40 years, all the nitions of Europe have successively

revised or established anew tteir systems of weights and measures, During
the same period, the subject has often occupied Coogress, and many of the

-

State Legislatures of our country. The difficulties accompanying it increase

naturally with the greater complieation of the social intercourse.

3. It would, uadoubtedly, have heen a great advantage to the country, .

had a regular system, founded upon a scientific base, and single unit, been
established, together with the first regulations for the organization’of the

country, before the great -increase of population, and consequent great ac-

tive intercourse had @reated. and increased the difficulty of attacking old
habits, and produced an irregularity, which amounts to an dctuel distribn-
tion of injustice.” ‘
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This observation was very properly made by the late Mr, Jefferson,iin
his report upon weights and measures, 1793, . o
At present, and until the advantages of a scientific system may be more

.§nerally felt, the task is reduced to ascertaining the actual state of thingsy
and fizing the standards of each kind, to that what their genéral tenor ine
dicates to be intended by them. The necessity of the realization of at least
this, is proved by the presént as well as by earlier investigations. :

4. Mt is evident that, in this respect, regularity must be fully established
wherever the (Government is in dealing with the citizens on a large scale,
as is, for instance, principally the case in the custom-houses; the law djrect«
ing that the duties shall be collected equally in all, renders uniformity in
weights and measures indispensable. ‘

‘The influence of this example, and the means thereby presented to ob<
tain accurate measures and weights, which every citizen, more or less, de- .
sires, will gradually introduee uniformity in the ecountry itself, without the
need of a special law to that effect. B

5. Without a scientific form in these gpquiries, by which the results are
worked out from their principles, it is impossible to give to that establish-
ment the credit necessary to secure confidence, and make it acceptable.

The accuracy aimed at must be far greater than might at a first glance ap-
pear necessary, if that which ig indispensableis to be secured with certainty,
and proved so fully as to command confidence; thence time, care, and as-
siduity, cannot be spared in thé operation. ‘

. 6. The last revision of the Inglish standards, ordered by Parliament in -
1814, and finally reported upon in 1824, resulted in the acceptation of cer-
tdin old standards, considered as most trust worthy, and a small change in
the units of the dry and liquid: measures. of “eapacity, the  bushel, and
the gallon. -The introdu€tion of these has as yet been limited to the cus-
tom houses and exeise in-a similar manner as proposed above, without
any change of the units, which are decided by existing laws of Congress.
The new standards were executed in England in 1825, and called the impe-
rial standards. : ’

7. Extensive works were undertaken in France in order to establish a
complete system, grounded upon one single unit, taken from nature, name-
ly, the length of the ten-millionth part of the quadrant of the earth, called.;
meétre. They produced results of considerable utility in many other réspects,
improvements in mathematical and natural sciences, and’ in mechanical
arts, besides the establishment of the and miost consistent, system of
weights and measures hitherto devissdé< Ti¥dourats determinations, the sa-
tisfactory and ample scieatifie account that has béen published of all the
works, and the accuracy with which copies of the standards are executed,
have caused it to be most generally adopted in Eump(; for scientific deter-
mihations; and many Governments there have determined their system by
certain ratios to its units. .

8. The gréat irregularity exisling in-the weights and measures of this
country, has been fully proved hy the report made in 1821, by the honorable
late President, John Q. Adams. ‘'The 1nquiricy established {of it in the cus-
tom-houses showed, that, for the yards, the weights, and the gallons, hardly
In any place another authorit existed than standards of city sea[ers, of unz

nown origin. The wine gallon was generaily merely stated by its legal ca=.

Pacity of 231 cubic inches. The comparisons of the dry measures, made by
adme_asmem'ent, and by the weight of the water they contained, show -
crossing and gross disparity, certainly due to the accumulation of the errors
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of both. The statement lettered A, extracted from Mr. Adams’ report, all
being reduced to the bushel, exhibits the details. The maximum of the
differences is considerable, viz. in the measurement == 433 cubic inches, or
about } of the whole; in the weight = 13 lb. 6 oz, avoirdupois, or about }‘ef
the whole. Besides, it.is well known that a kind of benefit or loss in the
dealings between different States is grounded upon this want of order both
in private and custom-house business. . :

9.- This state of things naturally called for the resolution of the Senate of
the 29th May, 1831, in obedience of which the investigation was directed by
the Treasury Department, of which the account is here rendercd. L

10. For the present comparison, it was considered more proper to call into -
the Treasury Department copies of standards of the principal custom-houses,
to be uble to compare them upon one and the same system, and with the
same regular and constant unit. This call showed again that hardly any
custom-houses had actual standards; all equally refer, for the weights and
measures of any kind, to the city sealers of the place, or those appointed by the
respective States. The statementJettered B, shows as well the measures re-
ceived from the custom-houses, as the accounts rendered by the collectors of
the state of things iu this respect. Whatever measures or weights were ob-
tained, were, of course, compared, and with rather more care than they ge-
nerally appeared to call for. The details appear in their proper places.

11. The Department of State has a collection of authentic copies of Eng-
lish standards, copies of the French standards carefully compared, and certi-
fied, besides several other standards. The first of these were, in fact, intend-
ed to make the connecting link of the weights and measures of this countr
with the English, and would have been used as the prinecipal means for this
comparison, had their arrangement been calculated for that purpose, ahd their
subdivisions more consistent within themselves. A cataloguc of the whole,
with the quotations of their vouchers, is contained in the statement letter C.

12. To make the comparison of the standards of a country complete, it is
necessary to include in it as much of foreign, well authenticated, weights and
measures, as can be procured. The nature and extent of the commerce of
this country, renders this part, for us, peculiarly useful; and it was so much
more interesting as, besides the assistance afforded by the collection of the
State Department, I had several other communications, -and, most valuable
of all, a French originul metre, an original kilogram, and a well execut-
ed foise, lent to me for the purpose by the Philosophical Society of Phila-
delphia. These I had myself brought 1o this country, on my first arrival
in 1805, and the society acquired them from me. The nearer particulars of
thesc means, and their vouchers, appear in the statement letter D.

18. A comparison of standards of different values requires, indispensably,
(for each kind) the reference to one, unique, accurate, and within itself consis-
tent, standard; and the verification of this, within itself, is as much an object
of investigation as any other part of the comparison. For this, I
had provided many means, by the collection of the instruments for the sur-
vey of the coast, where aceurate lineal standards were, at all events, indis-
pensable.  From this collection, all the parts subservient to the present com-
parison were employed, as their arrangement was expressly adapted to the
aim, The particulars are here referred to in proper places.

14. The details of the operation will best form the subject of a separate
account to follow the present report hereafter; which will also show more
clearly the works required to obtain the data here to be reluted, and the
means and principles made use of for the purpose. ‘
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Comparison of the length measures.

15. The standard scale of 82 English inches, arranged for a comparateur,
forming part of the collection of instruments for the coast survey, construct-
‘ed by Troughton, in London, was purposely made of a length sufficient to
take in the double métre length; therefore, also, the double yard and the
toise, It is exactly of the same form and arrangement, with microscopes and
micrgmeters, as that of Sir George Shuckburgh Evelin, of 60 inches in
length, with which the first accurate comparisons of English length measures
were made in 1797, and which was again used by Caplain Kater in the last
operations for the new establishment of the British imperial standards. Of
the comparison of Sir George Shuckburgh, it appeared to me not improper
to insert the ultimate resuits, by the small table letter E. ‘

16. The consistency of Troughton’s large scale within itself, was tested

by measuring every length, or the nearest deecimal subdivision, that was
compared to each kind of standard, upon as many parts of the scale as it
admitted, by steps of onc inch from one another. The account of this, be-
longing more particularly to the mode of proceeding in my work, is referred
to the separate future detailed account of my operations.

This scale having the same origin with that of Sir George Shuckburgh,
may be considered as identical with it, within the limits of obtainable accu-
racy, by the present means of dividing, in which Mr. Troughton is well
known to rank first in accuracy. '

17. The results of the comparisons of the different English standards of
the yard and the ell, arc collected in the tablc letter F.  This table furnishes
the following remarks and conclusions, viz. -

() The ell is altogether inadmissible as a standard, and has, therefore,
also been disregarded in the late English comparisons. 1ts results deviate for
about four-hundredths of an inch from their legal ratio to the yards, which
are with them of the same origin. This may be the result of improper use
of the standards in the exchequer, even since the time of Sir George Shuck-
burgh, who obtained yet more coinciding results; it might suggest the idea
that the standard of the yard is a piece cut to length that has become shorter
by use, and that of the ell, -a distance between two butting pieces, or what
is called @ bed, which, by use, has become larger. ‘I'his difference will be seen
by ecomparative reference to table E and F. Lk

(5) The copy of the yard and ell together, in form of a bed, shows itself
unworthy to eater into the line of comparison among the other standards,
both by its apparent rough workmanship, and its result in the comparison.
~ (¢) The measurement of the 51,2 inches, laid off by Troughton upon
the scale, now of the Treasury Department, shows a coincidence wiih the 82
inch scale, within the limits of accuracy admissible in the present state of
the arts, and is corroborating the accuracy of the connection of the present
comparison with that made in England for the establishment of the new -
Imperial standards. . ..

(g) The mean yard of the scale, which I dl.Vlded from that of 82 inches
of Troughton, gives for the yard 36,0002465 inches. -

() The new English standard establishment, adopted the yard of the -

frliamentary standard. which will be found in Sir G. Shuckburgh’s results
== 3G,00023 inches. This result differs from the mean of the scale of the

réasury Department only 0,0000165 of an inch, an entirely inappreciable
Quantity. This striking coincidence brings the scale of the Treasury De-
Partment to be entirely equal to the British Parliamentary atandardn“'h“’h
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was adopted in England.  An arrangement has been made for it similar to
that of the seale of Troughton, for its use in future comparisions, and the
conslruction of standards for the custom-houses. -

(/) The extreme difference betwcen all the yards obtained by this com«
parison amounts-yet to 0,035939, which is too great to be admissible in the
present state of the arts, and the nicer wants of society in this respect, and
shows to what error an indiseriminate adoption of standards may yet lead.
But the old standard of the State Department is too rough to be admitted
in the rank of standards. The scale of Thomas Jones appears to be made
only for very common use; the scale of the Virginia University is evident-

- 1y too short in its unit. Al the results of the ell are altogether inadmissi-
hle, and [ should allow the full rank of standard, besides, to Trougliton’s
scale of 82 inches only, to the yards marked in front of the statement letter
F, by an (a,) which gives the extreme difference = 0,0010242. Or, if the
scale of the Treasury Department is included on aecount of its coincidence
with the Parliamentary scale, this might be stated at = 0,0012707. With
proper care it is possible to reduce all error in {he construction of standards
within smaller limits,

18. The scant list of length measures received from the custom-houses,
contained under letter G, with theirresults, reduced to the yard, shows no
more coincidence than might be expected frem mere wooden sticks, adjust-
ed upon standards of uncertain origin, and proves the propriety of furnish-
ing the custom-houses with proper standards, so arranged that they may pre-

- serve themselves, and the measuves to be compared’may be easily applied
to them, for which a praper model has been given. ’

19. The above exhausted the comparison of English length measures.
Of the ratios to foreign measurcs, those of the French métre and the toise
were the most important to be ascertained. A platinum copy of the first
was the only foreign measure included in the English comparison. A con-
siderable number of mostly well authenticated copies of the métre, and a
fully original iron meétre of those standarded by the Committee of Weights
and Measures in Paris, and distributed indiseriminately among the deputies
of foreign nations, being present for that purpose, as stated §12, they were
eompared with the scale of 82 EKnglish inehes by a peeuliar method, ex-

-plained already in my papers upon the coast survey.

20 The results of this comparison of the métres are contained in the staté- .
ment letter I1, which furnishes the following remarks and eonclusions:

() The standard metal of the French métre is iron, of which metal all
the métres distributed to the deputics of foreign wations, present at the com-
mittee which established them, were made; only one of them was made of
platinum, which is preserved at the ohservatory of Paris. The expansion
of the iron, though greater than that of platinum, is much better known,
and the refining of the platinum is yet made so unequally, that an iron
matre, or standard of any kind, is preferable to one of platinum.,

() The standard temperature of the French iron métre is that of melt-
ing ice, or 32° Fahr. The British standards are of brass, and the standard
temperature is 62° Fahr. This requires a reduction, to present the one in
the dimension and temperature of the other. The habit prevails in England
to give the length of the métre in iron at 32°%in inches and decimals of the
brass English scale, at 62°.  This result is evidently too much dependant
of the ratio of the reduction adopted for the different expansion of the two
metals by the temperature; thence the result is too much affected by acces-
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sory .calculations, and, besides, impossible to present in nature; which I
d@&er a requisite of a result of a comparison. I have always preferred to
preSént the comparisons at the same temperature, and selected for it the
melting ice point, (32° Fahr.) which isin itself a fixed point of the thermome-
ter; thereby the result becomes even more independent of the thermometer
itself, and I made the comparisons as near to that temperaturé as circumstan-
ces would admit; thence arises that the numbers of the table H, will not
agree with the English results of mtre comparisons, but they can be reduced.

(¢) It will be observed that the copies of the métres are shorter than the
original métre of the committee. This I have found to be uniformly the case
1n copies of standards cut to a length.

(d) The extrems difference between the French métre copies isless than
that between the English standards. Their extreme difference between them-
selves i8==0,0009291, and their mean deviates from the original committee
métre==0,00070869. The twolast métre dimensions upon the scale of the Vir-

inia University, and upon that of the Treasu“ﬁ“}'"*’“bepartment,‘not being of
greneh oriFin, cannot come in comparison here, and are merely registered.
§The latter follows evidently the unit of its own scale, which is too small.
* (e) The nearest coincidence is that of the iron métre standard adjusted by
myself, which is=0,00013448 of an inch.

21. The old French standard, the toise, having already been determined
with great accuracy, and extensively used, its comparison was of importance,
and the copies employed are of considerable authority, as appears from the
account given of them in statement letter D. -~ The results obtained for
them, as also for the double length of tre pendulum under the equator, for
the Amsterdam foot, and the two Algerine picks, which were the only other
foreign length measures on hand, of any authenticity, are presented under
etter J, and require no peculiar remarks, ~ = ‘ :

Comparison of the Weights.

22. The scale for the comparison of the weights was furnished by the
grain weights of Troughton; and up to the weight of the French kilogram the
very excellent and sensible balance belonging to them was used. (See state-
ment letter D.) These weights, being found consistent within themselves,
formed the base of all comparisons by weights for the whole operation; the
collection of the State Department has no grain weights, and is not consist-
ent enough within itself in its smaller parts to serve as base of a compari-

gon, a circumstance well known in England of the- originals themselves, and
evident from the second partof statement letter K. This extent of this

balance included all the single units of weights, which are usually consider-
ed as standards, the kilograms, the single pound, and the two pound weights.

28. The subdivided kilograms would have served equally well, as for their
accuracy within themselves, but their unit, ﬂ)e gramme, would have been
less familiar in the language of this country in relation to weights; thence
they were not adopted as such, though they were compared a8 a very essen-
tial part of this work, I had here again the advantage of having an original
kilogram of brass, standarded by the Committee of Weights and Measures
in Paris, exactly equal with all those of the deputies from foreign nations
present at the committee; where, again, only one was made of platinum
which is preserved in the French archives. 4

94. The weight of the kilogram is taken in Fraace in vacuum; but none
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of the English weights being referred to that state, it was, of course, in this
tomparison, proper to omit this, except with respect to the platinun%gp-
gram, to render it comparable with that of brass, which is the metal af;all
the other standard weights, both Knglish and French.

25. The Troy pound of the United States’ Mint at Philadelphia having
been adopted by law as the standard for the coinage of the country,
and being well huthenticated, was naturally to become the standard unit, by
which the exact coincidence of the weights of this country with the Eng-
lish exchequer weights was secured.

The determination of this in grains of the above collection of Troughton
was, therefore, an essential operation. This has been done once at the
Mint, in presence of the Director, Dr. Moore, and again in Washington,
where he brought it himself, and was again present at the comparison. In
both comparisons it was determined to be = 5762,41 Frains of Troughton,
asused in this comparison. Therefore, all the results of weights in this com-
parison will be given in both-—the grains of Troughton, by which they were
measur(;d, and in their proportional value of the Mint weight, as futur%
standard. - : 8

26. The higher weights are generally made by the multiples of sma]lég?
standard weights; and, as the usual balances diminish in sensibility with the
increase of the weight, their aceuracy can hardly, by the commion ways of
adjusting them, be proportionally the same as in the smaller. Tt will there-
fore generally be found, in the weights that I have compared, that their re-
sults, reduced to the Mint weight, are variable.

27. There are considerable difficulties in obtaining scale beams uniting great
accuracy for large weights with the necessary strength to support them. They
can hardly be said to be in use, unless especially made for a certain aim, as
has been done for the British standard establishment and similars. They,
besides, cannot keep their accuracy long, because this depends on the sharp-
ness of the knife edges; and these must soon lose their edge under a heavy
pressure; thence, besides their very expensive construction, they require the
constant presence of an artist to repair them after a few weighing operations.
To attempt to employ these means in this comparison would have made it
dependant upon an artist of Europe, which would have delayed it for seve-
ral years, without levying the difficulties inherent in the instrument itself.
(Some sets of small weights, needed for the comparison, and ordered press-
ingly from London in July, 1830, though promised immediately, have not
yet been obtained; and I have been obliged to supply the deficiency by
making some myself.) .

28. For these reasons, I proposed, and caused to be executed, by artisis
in this country, at a proportionally small expense, and within a reasonable
limit of time, balances never yet applied to any practical use, but described
by my friend and teacher, the late Professor Tralles, of the Academy of
Berlin, who invented them for other physical experiments, at the time I
was with him.  They are grounded upon the same hydrostatic principle as
the hydrometers, are capable of the greatest accuracy with considerable
weights, without needing any very minute, or delicate, and difficult work-
manship; they are, also, not subject to any loss of accuracy by the use, being
fr.ee of friction. A sufficient number of them was constructed to suit the
dxﬂ'erenrcnpacitiea of weights, The liquid, in which, by their principle,
they float, is for a weight up to 16 lb. the distilled water, and above that,
the mercury. Their nearer description will appear in the detailed account
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of my operations. Their results have been very satisfactory, and they will
serve in future for the construction of the larger standard weights.

29. It would have appeared proper to adopt as guide the collection of the
English standard weights of the State Department, had this not been super-
~ ceded entirely by the much superior authenticity and accuracy of the troy
pound of the United States’ Mint. The result of the comparison of the En-
glish standard weight, of this collection, together with those of the other
English standards, quoted in the respective statements, are contained in
the tables under letter K, and furnish the following observations.

) (a) Ofthe whole of the standards of the State Department, only five indi-
vidual weights come up to, or exceed, the pound of the Mint in Philadelphia;
all the others are rather nearer to their legal nominal, if this is taken in
Troughton’s grain weights. _The averages of the larger weights of the troy

nest, and avoirdupois - pile; Bolﬂé*‘a“ﬁ‘i’iﬁgfﬁ%"mmmb between the two.

(b) The single pound, bell-formed, is yet upwards ofhalf a grain below the
nominal value of the avoirdupois pound, deduced from the %nint pound by
the legal ratio.

(¢) The results of the tower troy nest generally favor the weights of
Troughton’s grains; the 16 ounce weight agrees with it to 0,07 of a grain,
and this is usually the weight of the nestof troy weights made for the public.

(d) The denomination of tower troy, suggests the 1dea that these standards
might be those corresponding to the weights of the En%}ish mint, which is
well known to be an appendage of the tower. In the English comparison
of weights, the mint weights were not included, and Capt. Kater stated, in
a letter to a friend, upon my request, that this comparison did not form'a
part of the subject of his inquiry, ~but that he was informed, by officers of
the mint, that their troy pound was exactly equal to that of1758. However,
the difference betwesn Troughton’s weights and the exchequer -standard,
‘was already observed by Sir George Shuckburgh, (Philos. Trans. of Lon-
don, 1798;) he found the troy pound of 1758 by a mean of two, one pound;
and two fwo pound weights, to be, in Troughton’s grains, == 5763,78, which
" exceeds yet the difference determined here by the Mint weight, by 1,37.

(¢) The troy pound of the Treasury Department, originating from Trough-
:ﬁ“y though of a different epoch than the grain weights, agreed exactly with

em. :

(/) The weights of the Virginia University agree, of course, with the Mint
pound; because they have been made upon the new British standard estab-
lishment, by Gilbert, the same artist'who matl& the imperial standards,

(g) It was only latein the progress of this comparison that the old En-
Flish original standard weights, bearing the stamp of G. L., were obtained

rom the custom-house of Portsmouth. It will be observed that they agree
Bearly and most regularly with the new United States Mint standard, ofany
of the other weights, the new ones of Gilbert excepted: they thus proved a
Valuable datum for this comparison. : .

30. The weights received from the custom-houses, though more nume-
Tous than the length standards, were, generally speaking, not much more
Satisfactory in accuracy. The results of their comparison are in the table L,
Which needs no special remarks. . :

L. The comparison of foreign weights was the most interesting of the
¢Omparisons of foreign standards, both by its number, and by the authenti-
City, and’ general good execution of those on hand, as is evident from the
account given of them in the respective statements. The results of the
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comparison expressed in Troughton’s grains, Mint weights, and“French
grammes, to make them generally comparable, are presented in the table
letter M, upon which the following remarks may be made, viz.

(¢) The kilogram of the late President, Mr, Adams, has: the surplus
weight, for the wearing in commercial weights, allowed legally in France
under the name of ¢ tolerance.”

(5) The weights of the troy pound of the Mint, in French grammes, re-
sulting from this comparison, is = 373,2223 grammes.

An English standard troy pound was sent to Paris for comparison, on
account of the last comparison of standards, which the French Minister of
the Interior statesto be = 373,233 grammes; therefore differing from my de-
termination only 0,0107 part of a gramme, or 0,16513 of an éng]ish grain.

((? For both the preceding remarks, see letter of the French Minister of
the Interior to the Eng]ish éonsul General, Paris, 28th February, 1821, in
the English Parliamentary papers upon weights and measures.

(d) The French kilogram is determined legally as in the vacuum; but
this reduction I considered proper to omit, because none of the other weights
is thus reduced. ' -

In the comparison of the platinum and brass kilogram, however, this in-
troduces, of course, a difference in‘their weight in the air, by their different
buoyancy, dependant on the specific gravity of the air; and this is some-~
what different, according to the ratio adopted; thus, if, like in the English
standard determination, the specific gravity of the air is accepted 345 of the
. water, the platinum kilogram will, in value, present, in that o? brass, as

coinciding value- - e e < =1000,00213 grammes,
If the French determination of 43, is adopted, it
will be - - - - = 999,999163
. The difference between the two results - - = 0,0029,67

is yet an ascertainable quantity, and shows how far the difference of the
data employed in reductions, may yet influence the results; thence proves
the propriety of my wish to reduce them every where to the smallest in-
fluence possible.

Comparison of Capacily Measures.

32, If the comparison of linear dimensions has already presented:dis-
crepancies, the capacity measures, in which these increase according to.the
cube, must naturally present still greater’ deviations, when made to depend
on their dimensions, as was the case with the legal determinations of the
bushel and the galion, in the old English system of standards. The Win-
chester bushel being determined to 2150,42 cubic inches, and the wine gal-
lon to 231 cubic inches.

33. To execute, with accuracy, capacity measures, particular]y of a large
size, is a more difficult task than might be thought at first; thence arose in
England, already among the constructors of measurers, the habit of deter-
mining them by weight, either of water, or some regular small seed or
grain, according to the maker’s choice, rather than by their dimensions or
contents in cubic inches, asdirected by the old laws.

34. The new English standard establishment, substituted for the bushel
a measure containing 80 lbs. avoirdupois, of distilled water, at 62° Fahr,
temperature, and 30 inches barometer, and gave to the gallon 10 1b. or the
onesweighth of it. These standard measures were made of hrass, so that,
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properly, the state of expansion of the brass, proportionably to the water, is
included;” though not named by the law. This appears to have nearly
agreed with one of the inferior standards, from which, therefore, it was de-
rived by multiplication, as the table of the results of the standards in this
comparison will furnish similar instances. -

85. The temperature of 62 degrees Fahrenheit, is, however, rather un-
favorably chosen, in general principles, because the water at that tempera-
ture, which it is always difficult to keep the same, is under considerably va-
riable influence, expanding differently for each degree of temperature above
or below it, and varying its density according to the depth of the vessel, and
the difference between the temperature of the water and that of the sur-
rounding air. ’

36. Two sets of metal standards of the English system of capacity mea-
sures, before the last alterations, have been compared here, as described in

statement letter C; the first belongingto the State Department, of the date -
of King George 1V.; the other belonging to the State of New Hampshire,

with the stamp of George I.  Unfortunately this latter has, only in late
years, suffered some alteration, by being sent to Boston for adjustment,
where four of the measures have been diminished, by lead poured in the bot-
_toms, but, however, with the exception of only the smallest one, without
obliterating the stamp, or altering the tops; so that they could be restored
to their original value, by only melting the lead out of them.

37. Both these sets of standards concur in testifying to a double set of
original standards in England itself, most likely of different dates, the me-

- mory of which is obliterated. To show the actual relation of the different
parts of the standards, the statement letter N has, in its two last columns,
the groportional weights, in‘graios of distilled water, of the gallon and of
the bushel, resulting from each measure.. T

38. In the set of the State Department, it is evident that the so called
Winchester pint and quart belong to the same original standard as the coal
bushel; while the Winchester gallon and Winchester bushel form anéther
agreement, upon a smaller bushel than the former.

The wine gallon gives of course a much inferior bushel. This has indeed
no relation to the bushel; and the inquiries made on the occasion of the last
settlement of standards in England, has proved this to be the result of gra-
dual deterioration upon the original gallon, formerly corresponding to the

- bushe), until it was arrested, at the content of 231 cubic inches, by an act
of Parliamept. . o e e

39. The set of the State of New Hampshire, which 18 more numerous
in its subdivisions, leads to'the same conclusions: the one-cighth and one-
fourth pint of it show the same origin a8 the wine gallon. The half-pint
and the pint, which have not been altered, evidently have reference to the
coal bushel; they even exceed it, as the pint and the quart of the set of the
State Department do also. :

The quart and the half gallon were probably construeted for reference te
the same coal bushel, and have been altered, so as to refer now to the Win-
chester bushel; by the pouring of lead into them, as stated above. )

The gallon, peck, and half bushel, refer directly to the more usual Win-

_chester bushel; while the whole bushel has again been put down, from near
the content of the coal bushel, 1o that of the Winchester bushel, by about
19,14 cubic inches of lead poured into it ’

10, All these references agree, of course, only within the limits of accu-
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racy that may be expected from the old ways of adjusting standards jn Eng-
land, and are not fully exact, but clearly enough indicated, to warrant the
conclusion drawn from them above. All the above quoted standards, from
the half pint to the half gallon inclusive, would furnish a bushel of upwards
of 80 1b, “avoirdupois of distilled water; which is the weight now adopted in
England for the bushel and its subdivisions, and which agrees again nearest
with the coal bushel, while the gallon, peck, and half bushel, approach again
nearest tothe Winchester bushel of the State Department. It will, however,
be observed, that this latter is too small for its legal capacity, both by mea-
surement and by weight, and that the same is the case with the bushel of
New Hampshire in its present reduced state. :

A comparison of the numbers of the first and second part of statement
N, will show all these relations in a detail, with which it would be improper
to fill this report here.

41. In England, the bushel of 80 lb. avoirdupois was formed by the mul-
tiple of the quart, for which no special reason is assigned, except that 80 Ib.
might in round numbers agree nearest with the mean of the standards. Ngq
regard was paid to the form of the measure, or to the materials of which it
is made; two points which are not without notable influence when it is the
question of accurate standards.

The ultimate act of Parliament upon the subject, was worded differently
from what the scientific operdtors in the determinations had proposed. Itis
evident from the above, that, if an alteration was desirable, the same autho-
rization might be derived from the standards which I have compared. For
the varieties of the English standards, and the numerous obsolete laws rela-
ting to them, I take the liberty to refer-to the appendix of the first report
of the Commissioners on Weights and Measures, of July, 1819, in the Parli-
mentary papers upon that subject.

42. 'The bushel sent in by the custom-houses were most generally woodcen
tubs, which admitted determinations only by measurement; these are under
art. 5, of the statement let. N. The few metallic measures sent in have been
determined hoth by measurement, and by the weight of distilled water they
contain, as seen in art. 3, statement let. N. It appears from these two arti-
cles, that the actual custom-house measures agree nearer with the Winches-
ter bushel than with the coal bushel, and generally are even below the for-
mer. Still additional statements given by the collectors of Philadelphia and
of Richmond, contradict, in part, the very measure which they themselves
gent in, namely:

The collector of Philadelphia states, that, by a trial of weighing the half
bushel with water, in 1820, it was found to contain 39 1b. 54 oz. of water,
which would bring it nearly to the new English bushel.

Aud the collector of Richmond states, that their bushel was considered to
be the English Winchester bushel, of 2256 cubic inches; this exceeds
even the size of the coal bushel, and the half bushel sent in by him for 91
cubic inches. This statement might therefore be a mere error, and be meant
for 2156, which nearer agrees with the measure sent in by the collector,

43. The wine gallons sent In by the custom-houses were but few, and
little adtaptzd to fthe accurate mode of determination, whi'?h it was evidently

roper to adopt for the present comparison, Their result a nally i
?he gtatement‘iet. N. P P ‘ ppear equally in
44. All-the determinations of the weights of the water that the metallic
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capacity measure contained, were made with distilled water, the temperature
of which'was carefully ascertained, and the height of the barometer was ob-.
served. By these two data the results were reduced to the maximum density
of the water, the state of the expansion of the metal measure at that tempe
rature, and to 30" height of barometer.

The weighing was made by the same kind of balances as quoted in art.
28°, particularly by those adapted to mercury, which, for the heavy metal
bushels, it was necessary to increase to the weight of near 226 1b. The detail
of this will appear in the account to be given of my mode of gperating.

45. For~the aim of the present comparison, and the statement of stand-
ards, where no alterations can be in contemplation, it is proper to give to
the old bushel, legally determined by its cubic capacity, that determination
by weight which will render it the most stable, and the possible alterations
by a change of temperature the smallest; thence the easiest determined, and
the least dependant upon data, taken’by calculation from physical elements.
For this, the distilled water furnished the very favorable property of having
a point (as'it may be called) of maximum density, which is at the temperature
of 39°83 of Fahr. thermometer; from which it diminishes in density
for all temperatures, both above and below; therefore at that temperature it
changes its volume the least, proportionably to the change of temperature.
This temperature, or rather the indication of the maximum density, is there-
fore very properly chosen to determine the bushel and gallon, by the weight
of distilled water which their legal capacity will contain.

46. Considerable calculations were of course required to determine these
Wweights, and to seleet for them the best data furnished by experimental phi-
losophy. In the operations for the French system of weights and measures,
this temperature of the maximum density has been adopted for the standard
units of weights, and of capacity measure; by taking the weight of the deci-
mdtre cube of distilled water at the mazximum density for the kilogram,
and its capacity for the litre; taking this absolutely, and reduced to the va-
cuum, by which all refer to one single unit: the length of the métre.

It appeared also preferable to determine a certain stand of the barometer,
rather than to reduce to the vacuum, as thisis in common practice more in-
dependent of physical elements of the calculation; the mean stand of the
barometer in this country, of 30 inches, is therefore chosen, by which
‘Means also the reductions dependant on this determination, which is rather
a delicate one, will always be smaller; and brass being chosen for the metal
of the weights, and length measure; though its nature, in respect to other
qualities, may present considerable variety, its-éxpansion and its buoyancy
in the weighing, in proportion to water, are sufficiently constant and well
asoertainable. In respect to the ratio between the dimensions of the dry
Measures, it is proper that their diameters shall be double: their depth. The
hearer discussion of this part belongs of course to the detailed accouat of the
work of eomparison, and the future construction of the standards.

48. Thus were determined, in weight of the Mint in Philadelphia, to con-
tain distilled water, at the maximum density, and at 30 inches barometer,
the bushel = 543391,89 grains = 77,627413 1bs. avoirdupois the gallon =
58872,1754 grains = 8,33885220. ,

o which, therefore, these measures will be regulated, and thereby pre-
Sent exgetly the meaning of the law, and the nearest mean between the mea-
SUres in use, by means of determinations the most accurate, and the best
adapted to the aim, and to the ease of application.
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General Conclusions.

49. Having thus stated the ultimate results of the whole of my operations,
of which the nearer details, and the scientific means employed in it, must
necessarily make the subject of another, and later account, interesting ra-
ther the inquirer, than the legislator requesting these results for public use,
I take the liberty to add a few accessory remarks, relating to the subject in a
general point of view. ‘ h

(@) It isevident that the French standards here compared, have a much
greater accuracy than the English. Thisis due to two causes; namely, first,
the scientific principles upon which the first are grounded, which furnish
means of verification far superior to the mere imitation, which is the only .
principle upon which the English standards can be exectited; and, second,
that the French standards are the works of actual, and first rate, artists in the
mathematical instrument making line, while the English are generally the
works of mere sealers of weights and measures. From this remark, are
however, duly excepted the works of Mr. Troughton, and the copies of the
exchequer length measures by Thomas Jones; their well earned fame for
accuracy would even dispense from stating this exception. )

(6) From the preceding ariscs the conclusion, that the first standards
to be made for distribution in this country must be executed upon scientific
principles, and with artists’ means, if the ambiguity which the common seal-
ers’ habits are evidently capable of introducing, shall be avoided.

Therefore, arrangements have been made to have the future standards for
the custom-houses made by the means of the same establishment as the
present comparisons have been made in; besides that, this uniformity will
secure also uniformity in the ultimate results. It would even be desirable
that the State Governments should be furnished by the same means, in or-
}ler that the sealers might have accurate and uniform points of reference in

uture.

(¢) The adoption of brass as the metal for all standards uniformly, isra-
ther a consequence of old habits, which gave it the preference, as the cheap-
est metal, not subject to prompt very evident oxydation. Its compound na-
ture might introduce differences in the ratio of its expansion by temperature,
which, absolutely and scientifically speaking, would be a defect; but this
variation is proved by experiments to be too minute to have any effect upon
the practical application to standards within the limits of magnitude they
generally have.

The int.roduction of platinum, instead of brass, might be thought of, on ac-
count of its less destructible nature; but, the expansion of it is by no means
so well known as that of brass; thence the reduction dependanton that ele-
ment would be even more uncertain, and still increased by the uncertainty
of the state of purity of gthe platinum; it being in nature mixed with vari-
ous other metals that must be separated from it, the greater or less perfection
of the process of workm% it, must introduce differences in this respect, at
least equal to those of the brass, and perhaps greater, asin its alloys it chang-
es its properties at least as much as the brass does.

(@) The adoption of the temperature of the maximum density of the
water for the determination of the capacity measures, and the same metal -
as has served for the length measures and the weights, at the same tempera-
ture, introduces an uniformity Which is very desirable; indeed it is the only
point of reference, at which the desirable accuracy can be obtained; as at any
other temperafure the variation of the expansion of the water, in the neigh-



borhood of the determining,poi:it of temperature, are variable within thenr-
selves, and thence introduce an increased influence upon the accuracy of the
result, that it is absolutely nefessary to avoid.

(E.) Besides the additional statements and tables now joined to this re-
port, it is intended to have it followed by a detailed descriptive account of
the operations and the means that have heen employed in it, to enable to
Judge of the degree of confidence that may be placed in the results,and to
show the principles that must guide an operation of this nature.

F. R. HASSLER.

Wasaineron Crry, Jenuary 27th, 1832.
R maad
A,

CONTENT of the different dry measures by admeasurement, and by
the weight of waler they contuin, us vbluined ut the different custom-
houses, by the investigalion directed by lute President, John Q. Adams,
reduced to the bushel resulting from each.

Contents of the bushel,
NAMES OF THY CUSTOM-ROUSES.
In cub. inch. | Avoirdup’s w’ts.
- : , 5. oz. duwt,
Bath, in the State of Maine, - . - - 925,00 74 2
Belfast, - - . - - - - 2063,76 76
Frenchman’s Bay, - - - - - -1 2216,70 84 7 8
Kennebunk, - - - . - - 2203 ,32 78
Machias, - - - . - - - - 75 4
Lubec, » - 3 ; . . © 6 215@,33{ s
Portland, - - - - - “- e - #®) 75 6
Falmouth, - - - - - - . - 76 13 .
®aco, - - - - - - -] 2215,80 80
Wiscasset, - .. - . - - - - 78
Portsmouth, in New Hampshire, - “ - - 53,74 77 12
Boston, Massachusetts, - - - - -¢ 2211,6 78 4
Newburyport, -, - - - - . 2150,52 )
Gloucester, - - . . e - .1 2150 40 I 8
Dighton, - - - - - B - 2062,78 75 6
New Bedford, - - - - - - 2155,12 7 13 8
Barnstabic, - - - - - - 21‘{’3 82 77
Edgartown, - - - - - LR AR N 6 8
Nantucket, - - - - - - - "5
Providenee, Rhode Island, - - - - - 2184,50 78 8
Bristol, - - . . - - - 2155,13 73
Newport, - . - . - - -boR1e018 | 77 14
New Lendon, Connceticut, - . " - £222,06 78 10
Fairficiy, - - . - - - - 9,86 79
New Virlky (byamean)y . - - - SwR,m6 ) 78 13 4
Roghcutcr, State of New York, - - - -} 202,58
PhiladIphia, . - - - - -1 218620 | 78 12
I ilmingtoi, Delaware, - . - - . 2192,20 77T 4 12
31\ltlmm'e, Muryland, “ - - - - 250,42 77 8
Wbord, LT ] . - - | 2m004 | os0
Whington, District of Columbia, - - . - Tenro | 7e 7 10
Tgetown, - - . - - .| ots2,60 | 37 14 2,02

3



18 [ Doc. No. 299. ]
CONTENT-—Continued.

S

Contents of the bushel,

NAMES OF THB OUSTOM-HOUSES,
In cub. inch. | Avoirdup’s w’ts.

e . oz. duwt.

Charleston, South Carolina,

Savannah, Georgia, -
8t. Mary’s, - -
New Orleans, Louisiana, -

172,03 | 77 12 12
201332 | 76

201934 | 78 ¢ 4
9162,02 | 77 11 7,1

Alexandria, - “ . - - - - 2118,80 77 11
Cherry Stone, Virgipia, - - - - - 2225,48 83 4
Norfolk, - . . . - . - 2127,24 | 78
Petersburg, - - - - - - 2147 .08 78
Richmond, - . - - - - - 2112,60 77 8
Camden, North Carolina, - - - - - 2152,20 79 8
Edenton, - - . - - . . 2160,78 7 6
Newbern, - - - . . - - 2115,60 87 8
Ocracoke, - - - . . - - 2153,10 76
Plymouth, - . - . . - P 2358,58 77
‘Washington, - - - - - 2128,02 72 12

The indiscriminate mean between all the above bushels, - 2153,0 77 15 1,04
The old legal determination of the Winchester bushel by

measurement, is - - - - - 2150,42
Difference from the above mean, - . - - - 2,18
The legal bushel will hold of distilled water, at the tempe-

rature of maximum density, and at 30 inches barometer,

543392,0 grains, .t - - - - - 7 10 5,9
Difference from the above indiscriminate mean, . - - 4 11,14
Difference from the new English imperial bushel, - - 2 0 14,96

e ———
B.
Staiement of the Weights and Measures received from the Custom#houses, and the
accompanymg letters.

Porrranp sent nothing; says that there are no standards in the custom-
house: they use measures of the State, scaled by the sealers of the town of
Portland. ~ Dearborn’s balance is used for weighing, which is sent to Bos-
ton to repair, when needed. The Winchester bushel is said to be used, but
no account given of it,

PorTsmouTH 6ends weights, a 32 1b., 16 Ib., and 8 Ib., with large hooks,
adapted to Dearborn’s balance, said to be duplicates of those in the office,
and a wooden ha]f-bushel. States that the standards used are those of the
State of New Hampshire, no United States’ standards having ever been
established: that they have no use for length measures, no importations re-
quiring it.

Bosron sent one copper half bushel measure,

one do. gallon,

one 56 lb. brass weight,

one wooden yard stick, divided into hundredth parts, for tho
ease of reduction to square yards.
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ProvipENCE sent two brass length measures, each % of a yard long,
two single pounds brass weights,
one copper wine gallon measure,
one copper quarter of bushel measure.

MippLETOWN sent nothing; and said there are not, and never were, any
standards in the custom-house. The weights and measures are proved and
corrected by standards established by State authorities, and in the possession
of officers appointed by the State.

NEew Yorx sent two large wooden tubs, used for measuring sait and coaly
and a set of common iron weights, from 11b. to 561b. A letter of the Sur-
veyor of the port, of 21st September, 1831, states that no standards of any

kind are in the custom-house; that the weights and measures are twice a year
verified by the city sealers.

PrILADELPHIA sent a copper half bushel, and a set of 5 brass weights of
28, 14, 7, 4, and 2 pounds, the best worked that have.been received. One
common folding yard rule, and one measuring tape. The office has stan-
dards of weights and bushels, of which an account is given, namely, English
tower standard troy weights. The half bushel is very old, and is said to
contain 1093,1024412 cubic inches, and hold water at the temperature of
52° Fahrenheit, 39 1b. 6 oz.

BarTiMore sent one yard tape, and one yard stick, divided into hun-.
dredths; a set of common iron weights, from 1 lb. to 56 Ib.; one wooden 6
bushel salt barrel; and one tin wine gallon.

WiLminegToN, in Delaware, sent one set of iron weights, from 1 1b, to
56 1b. ; one wooden, iron bound, tub.

RiceMoND sent one measuring stick of 48 inches; one bushel measure of
wood, iron bound; one tin gallon, sealed, as used for the custom-house by
the city sealer. States that the bushel is considered to be the Winchester
?ushel of 2,256 cubic inches, which is even larger than the coal bushel was

ound.

NorroLk sent two 50 lb. iron weights spoiled by rust, kept since before
the introduction of Dearborn’s balince, which is now used altogether; one
iron hound tub of two bushels, standarded by the standard of the State of
Virginia, which is stated to be the Winchester bushel.

GuarLEsTON, South Carolina, sent one half bushel, sealed by the sealer of
the city, which arrived so worm eaten as to be useless; states that the mea-
sures used were those of the State, and there had never been any difficulty
with importers. For weighing, Dearbora’s balance is used, and for liquid
measure, the gauging rod of Kutz, in New York.

SAvANNAE sent nothing; uses Dearborn’s balance, brought from New
York. The salt measures are stated to be the same as in Philadelphia; the
casks are gauged by Gunter’s rule.

New Orreaxs sent seven brass yvelghts from 56 1b. to & 1b.; one half
bushel bucket: gives no special information,
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c

A list of standards preserved in the Department of Stale of the United
States.

LENGTH MEASURES.

One brass standard of the exchequer yard and ell, of the form called
a bed. (1)

One copy of the exchequer yard; made by Th. Jones, in London. 2)

One copy of the exchequer el/; made by the same. (2) Both these are
cut to length.

One brass scale or rule, upon which the yard and the e/l are marked, by
lines upon strips of silver; made by the same. (3)

One French métre of platinum, (3 traits;) the meétre marked by crossing
lines; wade by Fortin, in Paris. (4)

One brass metre (2 bout) cut to length of the same maker. (4

Two brass length measures of Algiers; the larger the Turkish pick, the
smaller the Arabic pick. (5)

CAPACITY MEASURES.
One brass coal bushel,

One brass Winchester bushel,
One do do  gallen, L 1
One do do  quart, )

One . do do pint,
One brass wine gallon,
One brass litre modgle, with ground glass cover; made by Fortin. (4)

WEIGHTS.

One set of seven pieces brass avoirdupois weights, of bell form,
being 1 1b., 2 1b%, 4 1b., 7 1b., 14 1b., 281b., 56 1b.

One old brass weight, marked A, C.

One pile of 12 pieces brass avoirdupois weights, round flat from 8 (1)
pounds down by halves to 1 ewt., |

One brass nest troy weight of ounces, from 256 oz. down to 4 oz. )

One French kilogram of platinum, cylinder form; of Fortin,

One French kilogram of brass, cylindrie, with a nob; of Fortin, g (4)

One French subdivided kilogram of brass; cubical form; of do.,

One set of brass Coelnish mark weights from 50 marks down, being 50m.,
32m., 16m., 8m., 4m., 2m., 1m., and all the loths by successive halving,
with grains.

Two small brass weights from Algiers. (5)

The vouchers for the authenticity of the standards in the State Depart-
ment, are as follows, viz,

1. The whole old setof English standards of weights and measures noted,
(1) is accompanied by a parchment indenture, stating them to be received
from the exchequer by Edward Abraham De Grave, No. 59, St. Martin
Legrand, sealer, weight and measure maker, dated 8th December, 1820; and
a certificate of Thomas Jones, mathematical instrument maker, &e., that
they were made under his direction, dated the same day.

2. The rods of the yard and the ell of Thomas Jones (2) have 2n inden-
ture similar to the foregoing, to certify their authenticity, dated 27th May,
1822, They bear, besides the exchequer stamp, and those of Queen Eliza-
beth and King George IV., an engraved inscription certifying them as
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exact copies of the exchequer standard of 1601, made expressly for the Go-
vernment of the United States, in May, 1822, at 60° Fahr. temperature.

3. The scale of Thomas Jones, noted (3) being apparently ouly made for
the purpose of common use, has no certificate.

4. The French standards noted (4) were procured by Mr. Gallatin, when
at Paris. The platinum métre is certified by Mr. Arago to be ;11 thsof a
millimétre longer than the platinum métre of the board of longitude; the
same is also engraved on the inverse side of the métre itself.

The brass métre of Fortin is not quoted in the certificate.

The platinum kilogram (4) is also certified by Mr. Arago to have been
compared with the platinum kilogramme in the archives of France, and not
to differ from it in weight for one milligramme. A silver plate on the box
contains an inscription to the same effect.

The brass kilogram of the same form a8 the original ones distributed by
the Committee of Weights and Measures in Paris: the subdivided square
kilogram and the litre modele, have not been mentioned in the certificate of
Mr. Arago, dated Paris, 5th September, 1821,

5. The Algerine length measures, (noted 5) and the two different ounce
weights, are accompanied by a detailed account upon the coins, weights,
and measures, and the special use of each, from the American Consul in
Algiers, Mr. Wm. Shaler., dated 26th March, 1821.

6. The collection of Coelnish mark weights, noted (6,) has been procured
from the mint of Copenhagen, by Mr. Forbes, United States’ Consul there,
in 1818, They are well executed, but, being adjusted by lead put'in the
Interior of the brass, they have lost the accuracy of their adjustment by the
galvanic oxydation.

e

D.

oA list of standards included in this comparison, and obtained from other
‘ sources than the State Department.

1. From the collection of instruments made for the survey of the coast of
the United States, deposited in the War Department.

LENGTH MEASURES.

One large brass scale of 82 inches, divided upon silver into tenth of inches,
Wwith a parallel scale bearing microscopes, with a micrometer; made by Mr.
Edward Troughton, in London, with a tracing apparatus to make other
scales from it.

An iron yard, cut to proper length by Troughton, of a bar similar to the

rench iron métres ¢a bout.”

One brass métre of Lenoir, in Paris.

One iron toise of the same.

CAPACITY MEASURES.
Two litres modeles, made by Fortin, in Paris.
WEI(;:KTS.
b One steel halance, wi‘ set of weights, from ten thousand grains to the
Undredth part of the grain; of Troughton. -
wo subdivided square kilograms, with decimals of grammes to the milli-
grAmme; made by Fortin, in Paris.
+ From the Philosophical Society of Philadelphia.
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LENGTH MEASURES.
Oneiron metre,oréginal standard, made by the Committee of Weights and
Measures in Paris.
One iron toise, made by Canivet, at Paris, in 1768,

WEIGHTS. )
One kilogram, in brass, original standard, made by the Committee of Weights
and Measures in Paris. '

8. From the Treasury Department.

LENGTH MEASURES.

A brass scale of 52 inches, divided into tenth of inches, by F. R. Hass-
Jer, from the 82 inches scale of Troughton; and having upon it also a métre
copy; and the distance of 51.2 inches, from Sir George Shuckburgh’s scale,
marked upon by Mr. Troughton. ' . ,

A brass scale made by Troughton, having between points, in platinum '
dots, the length of the English yard, and that of the Amsterdam foot.

One iron métre, standarded in the course of this comparison.

A brass métre <A bout,” of Fortin, in Paris.

WEIGHTS.

One troy pound of Troughton, exactly agreeing with the grain weights.
of his scale above. {

4. The United States’ Mint at Philadelphia possesses a new troy pound;
made by Captain Kater, in London, which being the legal standard of the
Mint, was adopted for the unit weight of comparison here, the weight of it
being determined in grain weights of Troughton’s balance above.

One mark of Castile, of the Madrid mint. ‘

One mark of the Mexican mint.

5. From the Collector’s office of Portsmouth. ;
A series of metal standards of weights and capacity measures, belonging
to the State of New Hampshire, viz. ‘
l WEIGHTS.
Four bell form brass weights of 4 1b., 14 lb., 28 lb., and 56 1b,

CAPACITY MEASURES.,

Ten metal capacity measures, viz.
One bushel.

One half bushel. ;
One pCCk.

One gallon, and its subdivisions by halving.

6. In the Engineer Department were also found two brass métres of Le-!
noir, that were compared.

7. From the office of the Secretary of State of the State of New York.

One brass yard, cut to length. ' , ,

8. The honorable late President, John Q. Adams, communicated to me,
for the use of this comparison, the following weights:

Dne brass avoirdupois pound, of Boston.

One brass kilogram nest.
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One hrass nest of weights of one Russian pound.

One iron standard pound of Russia.

One brass nest Amsterdam pound.

One brass nest Swedish victualling pound.

Seven Chinese brass weights, from 20 tales to 8 mace.

9. From the Virginia University, in Charlottesville. \

One brass scale of 40 inches, English, made by Gilbert, in London.

One set of brass troy weights, with decimal subdivision of the pound, from
5 1b. to the minutest parts of decimals of the pound, belonging to a scale in
the possession of the University.

10. From Lewis Brantz, esq., of Baltimore.
One ivory beam, regulated upon the Chinese weights for silver.
PR,

D.

Vouchers upon the origin and authenticity of the standards includedin
this comparison, other than those from the State Depariment.

1. Standards from the collection of instruments for the coast survey.

The accuracy of the unit of length measure to be employed in the coast
survey, was such an indispensable requisite, that I took, of course, all neces-
Sary measures to obtain it, when I was in Kurope, to procure instruments
for that work. The French métre is the absolute unit of length which has
been the most accurately determined. It is presented multiplied in the ori-
ginal by 15 bars of iron and one bar of platinum, cut to that length; and the
temperature of melting ice, or 32° Fahrenheit, is the standard temperature
for the same. '

The English standard of length consisted, until the late changes made in
England, in a brass scale of undefined length, divided intoinckes and tenths
of inches, the mean of which, for any length, measured upon as many parts
of the scale as feund proper, was considered a standard of that length, at the
standard temperature of 62° Fahrenheit. As it was naturally desirable that
the distances of the survey would be given in both lengths, I caused Mr.

roughton, in London, to construct the scale of 82 inches English, quoted in
the preceding list, which he made by doubling his own scale, after having
made a new table of errors, to correct this transfer by it, from the same he
had already divided the scale of Sir Geoge Shuckburg Evelin, which has
served for his comparison in 1795, and_ since for those lately made by Cap-
tain Kater, This scale, the accuracy of which within itself is exhibited by
the statement to be seen in the detailed account of the operation of the pre-
sent comparison, forms, therefore, a direct link to unite the present compari-
son with the late English determinations of the yard and pendulum, as well
88 the general means of comparison.

Mr. Lenoir, the mechanician, of Paris, w_ho constructed the métres for the

mmittee of Weights and Measures, having, at the same time with those
8hove quoted, standarded a brass métre for himself, at the temperature of 32°

ahrenheit, I procured y of the same, which was compared at the Ob-
Servatory of Paris with t ¢tre there preserved.  The certificate signed by

ssrs. Bouvard and Arago states it to be too short for 1~100 part of a milli-

metre, or 0,000393810 of an English inch, and is dated 16th March, 1818
e.iron toise was also made by Lenoir, and compared at the Observatory
st Paris by Mesars. Bouvard and Arago, under the above date.
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Having by the above so much of the standards, I found it proper, and
hoped in future useful, to make the small additional expense of procuring also
accurate weights. The balance of Troughton, with grain weights, which
were again exactly verified by him. Of Fortin, the mechanician ih Paris
who had constructed the weights, and litres modéles for the Committee of
Weights and Measures, I procured two subdivided cubical kilograms, with
the decimals to the milligramme, and two litres modeles; by procuring two
individuals of each kind, I obtained the indication of the degree of accuraey -
with which they are made, and their coincidence has been very satisfactory.

2, The Philosophical Society in Philadelphia is in possession of several,
and, in their kind, the most valuable standards; which I brought with me
to this country on my arrival in 1805, I was favored with a loan of them
for the present comparison. '

The iron métre is one of the original standards made by the Committee of
Weights and Measures, as quoted above.

That part of the work being under the special direction of Professor Tral-
les, my friend and teacher in mathematics, member of the committee, as de-
puty from the Helvetic Republic, he made three of the above iron métres
more than what was required for the deputies present; one of these he made
a present of to me, which is the one here compared. It is, therefore, fully
accurate, and of original authenticity.

The same is the case with the kilogram of the society. Its origin and his-
tory is in every thing exactly the same, except that it was Mr. Van Swin-
den, deputy from the Bataviah Republic, who had the special care of their
construction. The one present is No. 2, as a label in the box indicates. A
private paper of Mr. Tralles, in my possession, not yet printed, detailing
the ultimate comparisons of the metres, the kilogram, and also those of the
toises, designated this kilogram No. 2 as entirely exact.

The toise of Canivet, of 1768, 1 purchased in Paris, in 1796, from the
heirs of the late Mr. Dionis Dusejour. It is in perfect preservation, being
guarded by a matrix, so as never to expose its defermining ends; it has mark-
ed on the reverse the double length of the pendulum under the equator, which
indicates its having been designed for the comparison; when, at the epoch.
of its construction, this length was proposed as an unit standard from nature,

The society possesses, also, two copies of the well known toises of Lalande,
made by myself, on the occasion of my triangulation of Switzerland in 1791.
They were included in my comparison for the coast survey, but I did not
find proper to make them enter into the present.

3. The Treasury Department acquired of me lately the standards which
1 had yet in my possession for my private use. The séale of 52 inches has
also marked upon it the distance 51,2 from Sir George Shuckburg’s scale.
On account of that, Iimmediately purchased it from Mr. Troughton, when I
saw it in his workshop, as it furnished a direct comparison with that scale;
which has become of great importance by its use in the English comparisons,

Before 1 delivered the instruments for the coast survey, when that work
was interrupted, I laid off upon it, Ist, from the middle of the large scale of
Troughton the divisions 10 tenths of inches; 2d metre from the brass
métre of Lenoir, in the coast survey collection; 3 e half toise from the
half of the toise of Canivet. '

The yard between platinum dots, I procured from Mr. Troughton, upon
yet imperfect information upon the new yard established by the last Eng-
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lish determinations, which proved what since became public; and the result
of the present comparison shows: that it is actually only the old excheqxer
yard that was adopted: 1t is less than the exchequer copy of the State De-
partment, of Jones, only by 0,00005275 of an inch.

The Amsterdam foot was marked upon it, on account of its frequent occur-
rence in the measurement of land and lots in New York upon old titles; and
for thisalso its comparison result, given in this report, may be useful.

Th'e brass metre of Fortin I had acquired in this country from an Europe-
an scientific gentlemen, finding it in full good preservation. Fortin certi-
fies it to be fully correct, under date 24th December, 1524,

Knowing the occasions I would have to compare standards, I had an iron
bar constructed for myself, at the same time as those intended for the base
measuring apparatus, which are all equal in bieadth and thickness to the ori-
ginal iron metres of the committee. This I intended to convert into a ma-
tre for myself; when near, still above the proper length, it was taken up in
the comparisons made for the coast survey, where an additional metre was
needed. Only on the occasion of the present comparison, I had the opportu-
nity to adjust it fully, it being besides necessary for the comparison of the
iron métres by combination.

The troy pound I had brought with me to this country in 1805. It was
made in Switzerland hy a careful artist of Arau, Mr. Esser, after one that
1 had received from Mr. Troughton. Mr. Patterson, Director of the Mint
in Philadelphia, compared it in 1805, with the troy pound of the Mint then
in use, and found them exactly equal; but the Mint pound having since been
in frequent use, while I preserved mine always carefully, on a comparison
made, in the fall of 1830, the former was found considerably lighter.

4. The troy pound of the United States’ Mint at Philadelphia, was
made by Captain Kater, purposely for the Mint, upon the request of Mr.
Gallatin, who considered this an anthority far superior to the comparison of
the Exchequer. The weight is in form similar to those made by Kater for
the Exchequer, and enclosed within its box, in a brass form, upon which is
engraved, Pound Troy, 1824, Bate, London. A detailed certificate of
Captain Kater, dated London, 30th June, 1827, certifies to the comparison,
and quotes the ultimate experiments with the same. A certificate of Mr.
Gallatin, of the 24th July, 1827, testifies to its origin, and President Adams,
under date of 13th October, 1827, to the safe and undisturbed reception
thereof, so as to warrant full trust in its accuracy. )

The mark weights of Madrid and of Mexico were also received by
authority; the former, called marcq-castilliano, is one of two made at Mad-
rid upon orders of Mr. Everett, a_mbas?admj of the United States, and found
exactly equal to that at the Madrid Mint, as certified by him under date of
30th January, 1827. It arrived entirely safe and wel| preserved at the
Mint of Philadelphia, as testified by the officers of the Mint, 9th August,
1828. .

The Mezican mark was proeured from the Mint in Mexico, with the
standard of which it was found exactly equal, by Mr. Poinsett, United States’
ambassador there, as testified by him under date of 30th February, 1828. It
was received in perfect order at the Mint, as testified by the officers thereof,
9th August, 1828. . o .

‘5. When the present comparison was already in a considerable state of
forwardness, information was received, that there was still extant, 12 the
custom-house of New Hampshire, a set of standards of weights and capacity
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measures, from the old provincial Governmentof that State. Upon there-
iuest of the Treasury Department, they were forwarded here by the col-
ector, and proved a valunE!e acquisition to the object of this comparison.’

They bear generally the stamp of G. I., besides that of the Exchequer;
are, generally speaking,in good preservation; but unfortanately, since the
report inserted of them in the Report upon Weights and Measures of the
honorable late President, John Q. Adams, they were sent to Boston for
verification, where several capacity measures were reduced, by means of
Tead fixed in their bottoms. This wasevidently intended to bring them down
to the newer standards, which appear generilly to have suffered a reduction
by negligence. The weights appearef not to have bgen altered, except the
14 and 56 1b., which had a little lead added to the bottom. ‘

6. The two brass matres of the Engineer Department have no special
authority or certificate, except the name of the maker, lienoir, engraved
upon them.

7. The city of New York having procured a set of copies of the Exche-
quer standards, they were lent to the State Government to make standards
for the State from them. . .

The yard of this collection remained in” Albany at the office of the Se-
cretary of State of New York. The weights are still in keeping of the
street commissioners in New York, and only copies are at the State office
in Albany. ,

Of capacity measures, none exist in either place that bear any Exchequer

“stamp, or other mark of authenticity; the State Government having yards
made for each county, the Secretary of State lent to me one of them, which
had been intended for the county of Chatauque, of which it bears the in-
acription. .

8. Theinterest which the late President John Q. Adams has always taken
in the proper regulation of the weights and measures of the country, has
prompted him, on my communication of the operation in which I was en-
gaged, to favor me with the loan of the.different weights quoted as coming
from him. “ : ‘

9. The University oi Virginia has a scale of 40 inches, upon which, also
the French metre is laid off, and a set of vreights, but no certificates are with
them, upon their comparison with other standards than the present. Dr. Pat-

terson, professor of natural philosophy of that University, was so good as
to communicate them to mec for the use in this comparison.

10. Lewis Brantz, esq., in Baltimore, lent to me the ivory beam, which
is of the kind used in commerce to weigh the silver in China, from whence
he brought it. : o

11. kxtract from a letter of John Upham, collector of Portsmouth, N.H.,
to the I;on. J8hn Q. Adams, Secretary of Sfate, dated Portsmouth, Dec.
17, 1819. v ‘

« A set of avoirduppi; weights, a set of measures for dry, and a set for
wine measure, belongingto the State.of New Hampshire, and which«are the
legal standard for those measures in this State, are, at my request, deposited
and kept in the custom-house, and by which are regulated all the weights
“and measures used in the collection of duties. , ‘

¢t For dry measure, they consist of 3 bushel and its parts, down to one-
cighth part of a pint. They are made of hardened copper, and were im-
f;rt_ed fl:()m England before the revolution by the then colony of the New

aimpshire. They are sealed and stamped with the King’s arms.”?
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7.

EXTRACT from the results of Sir G. Shuckburgh’s comparison of
standards of English Length Measures, reduced lo the yard, and mea-
sured by his scale with microscopes made by Troughon.

Mean of 36 inches on the standard of Henry
The same on that of Elizabeth, 1588,
The same, from the ell of the same,
Mean of the yard bed of Guildhall, 1660,
From the ell of the sime bed; - - . -
Yard of the Clockmaker company, 1671,
Yard of :Rowley’s tower star'\rg;rd, 1720,
Mean of Graham’s scale, by Sisson, E. 1742,
Do. do. do. in the Exchequer,

"Mean of General Roy’s scale,

Do. ' Mr. Aubert’s do. }all made by Bird, 1745 and 1760,

Do. Royal Society’s do.
Bird’s Parliamentary standard, 1758, - .
Mean of Troughton’s scalc of Sir George Shuckburgh,

VIL., of 1490,

e 0
L A )

LN I S I I I

Inches of

Troughton’s | Difference.

scale.

35,924 — 0,076
36,015 + 0,015
36,016 + 0,046
36 032 + 0,032
36,014 4 0,014
35,972 — 0,028
36,004 0,004
36,0013 i 0,0013
35,9933 . |- 0,0067
36,00036 |4 0.00036
35,99880 |— 0,0012

(35,99955 |— 0,00045
36,00023 4~ 0,00023
36,00000

F

'RESULTS of corﬁparz‘aons of the English Length Measures in inches
of the snean of Troughton’s 83" scale.

-

_ First. From the State Department.

The copy of the Exchequer yard, of Ths. Jones,
The copy of the Exchequer ell, of the same,
This last, reduced to the yard by its legal ratio, gives
The yard between lines traced upon silver, of Th. Jonea’s scale,
The ell, upon the same - )
This last, reducgd to the yard lay

olde

. {a)

- -

»

the legal ratio, gives -
rp@n&dﬂ. e

_ The yard, of the bed of the .
The ell, of the same, : <l e
This latter, reduced to the yard by its legal ratio, gives

Second, From the Treasury Depariment.

The yard of Troughton’s scale, between platinum dots, (2)

The yard, mean ofs the scale divided by myse, L .

The 51,2 inches of the same scale, taken from 8it George

Shuckburgh’s scale, measured e T

The yard resulting from this length, proportionally, is .
Third. From other s0urees,

The scale of the University of Virginia, by Gilbert, in the mean,
The iron yard of the Eng’r Dep’t, cut to lengthby Troughton,
“The brass yard, from the Secretary’of State’s office in Albany,

LA ST Y R

(@)

| 45,0389644

45,0934%

-

51.1992977

Yard in
inches and
tenths,

35 ,9990285

031171
19938350

36,26744
35,987497

136,020881

35,9989758
136, 0002465

35,999506

35,9952318
35998776
36,01545

el SR

L



28 [ Doe. No. 290. ]

G.

Results of the comparisons of the Lengih Measures sent in by the Custom-houses.

Actual Resulting
length. yard.
Inches. Inches.
A folding yard rule, from Philadelphia, - . . - -« | s36,0002d65
A sixty inch tape, from do. - - - -1 59,6 35,76
A yard stick, from Boston, - . . . -1 - - 36,02581
A yard stick, from Baltimore, - - L - 36,0156
A tape, from do. - - e - - - - 36,05
One octagon 48 inch stick, from Richmond, - - -| 48,12 36,09
Brass rules of one-third yard, from Providence: - -
No. 1, - - - - - . - 12,026 36,078
No. 2, . . . . . . -1 12,055 | 36,165
. ——
I

RESULTS of the comparisons of the Toise and other Foreign Length
Measures, reduced to 32° Fahrenheit.

Individual result
in English inches.

Mean final in
Eng. inches.

1at. Theiron toise of Canivet, of 1768:

By the present comparison, - - -
By the comparison for the coast survey, - -
Theirontoise of Lenoir, of the coast survey collection:
By the present comparison, - - -
By the comparison for the coast survey, « -

Double length of the equatorial pendulum, as
marked ugon the rear of the toise of Canivet,
gcompare only this time,) - - .

2d, The footof Amsterdam, betweén platinum dots upon
the yard scale of Troughton, in the Treasury -
Department, - - - - -
The two Algerine length measures, called pick, in
the State Department collection:
The long or Turkish pick, - - .
The short or Arabic do. - - - -1

-

76,74290511
76,74334472

76,74047599
76,74192710

v

76,74312493

76,74120154

77 ,99815740
11,30346

25,075
9185



H.

Results of the comparisons of the Meire Standards with the 82 inch scale of

tTh'roug ton, reduced to the temperature of 32° Fahrenheit, for both the acale and
6 méire,

————

Individual results | Definitive
in English inches. | mean in

Eng. inches.
lst, Original iron métre * 3 bout” of the committee of
weights and measures, by the combination results ‘
of the present comparisons, - - -1 39,3808643 3938001714
By the comparison for the coast survey, 1817, - | 39,381022708 !
2d. Iron métre “a bout” of the Treasury Department, !
standarded by myself in the present comparison, - - - 39,3807827
3d. Iron métre “4bout” of Lenoir, in the coast survey .
collection, by the present comparisons, - -1 39,3799120
By the comparison for the coast survey, - - | 39,37972015 39 3799487
By a comparison made in London, 1814, by Mr. !
"~ _Troughton with his own scale, - - -1 39,3802506
4th. Platinum métre of the State Department, corrected
B ac%ording to certificate of Mr. Arago: 39 3803278
y all my comparisons, - - - - y
By comparisons made by Mr. Nicolle - -1 39,380511 39,3804194
Sth. Brass métre of Lenoir of the coast survey, corrected
according to the certificate of Messrs. Bouvard and
Arago: -
By the present comparisons, - - - | 89,3804470
By the comparison for the coastsurvey, 1817, - 1..39 ,380247972} 39,3803688
By comparison of Mr, Troughton, London, 1814, - | 39,3803333
6th. Brassmétre of Lenoir, found in the Engineer Depart-
ment, and marked Mr: 30 3801714
By the present comparison, - - - - ) 4 }
By a comparison made in 1829, - 39,3807095 39,3804404

7th. Brags métre of Lenoir, of the Engineer Department,
marked Md, only compared in this comparison, - - - 39,38052739
8th. Brass métre, of Fortin, of the State Department:
By the present comparisons, and by comparisons

made in 1829, - - - - - - - 39,3796084

Sth. Brass métre, of Fortin, of the Treasury Department: | . =~
By the present comparison, - - . - - - 39,3795983

10th. The metre laid off upon the scale of the Treasury - ‘

Department, by myself, from the Brass métre of )

Lenoir of the coast survey collect’n, corrected f. C. - - 39,3802718
11th. The métre upon the scale of Gilbert of the Virginia-| - -- ’

University, - - - - - - 39,365408

Remank.—The means of the last column are not th'e
Means of the preceding numbers, but the means all indi-
Yidual eomparjsons.
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K.

RESULTS of the comparison of the English Brass Standard Weights
of the State Department, and from other sources.

Weight in grains of [Poundsresultingfrom .
other wei’ts, in grs. of
DENOMINATION AND ORIGIN. S :
Troughton. [Mint pound|Troughfon.| Mint pd.
1 1b. troy, of the Mint of Philadelphia, - | 5762,41 | 5760,0
11b. do. Treasury Department, - | 5760,00 | 5757,52
11b. do. average of the tower troy nest
of the State Department:
from 1 oz. and upwards, . - 5760,286 |5757,98
from 4 oz. and upwards, - - 5761,611 {5759,2
11b. do. of Virginia University, - | 5762,526 | 5760,116
11b. do. average of the four Virginia
University weights, -l - e 5762,504 (5760,093
16 oz. Towertroy nest of State Department 7680,07 7676,86 5760,052 {5757 ,643
16 oz. Average mean of combination of same, | 7680,217 | 7677,004 | 5760,160 |5757,753
11b. Avoirdupois in Trou g‘hton grains, tak-
ing the Mint pound for unity, at the
legal ratio of 5760 to 7000, - - - 7002 ,9288 7000 ,00
11b. Avoirdupois of the pile of State Dept. | 7001,277 | 6998,347
1 lb do. _ average of the pile: 14
, - of 11b. and upwards, - - - 7001,813 {6998,899
of 4 oz. and upwards, - - - 7001,088 5993' 17
11b.  do. bell-form of State Dep’t, | 7002,376 | 6999 ,447
1 1ba do. from late Pres’t Adams,
marked Boston, - | 7002,45 | 6999,52
Old we: tm the State Departm’t collechon, 1
ed A. C. - 6952,535 | 6949,63
2 lb Avoxrdupons of the pﬂe in the State
Department, - - | 14001,77 | 13995,91 | 7000,885 16997 ,955
2 1b. do. bell-form of the same, - | 14002 ,43 | 13996,57 | 7001,215 (6998 ,285
4 1b. do. pile of the same, - | 28012,74 | 28001,00 | 7003,185 [7000,25
4 1b. do. bell-form of the same, - | 28016,12 | 28004 .4 | 7004,03 |7001,1
71b.  do. do._ do. - | 49014,38 | 4899388 | 7003,05 |6999,126
8. do. ile © do, - | 56015,23 | 5599236 | 7001,904 16999045
141, do ellform .- - - .| 98015.8 | 97974,8 | 7001,13 |6998 20
281b.  do. do. <2 1196024, 578195942 .58 | 7000877 (6997 95
561b. do. do. . -'|392093,0 1391929,0 | 7001.66 6998'73
1lb.  do. average of ail bell-form ’ !
weights, - - - - 0
4 1b. New l"hmpsl’ure stfnd from G. 1. - | 28015,83 | 28004,11 ;08.’15 ;325 ‘?’8(9)51' 8384 '
14 Ib. . do. - | 98050.555| 98009 ,655] 7003,61 |7000 66
28 Ib. doc. do. - |196098,193]196013 ,148| 7003 505 |7000 469
56 1b. do. - (39220575 |392041,7 | 7003.673 (7000 741
11b. average of the N, Hamplhu'e stand’s, . . 7003 ,687 [7000.732
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Details of the Weights of the Tower Troy nest of State Departmene.

e —————

"DRNOMINATION OF WEIGHTS.

s
8

In Troughf
grains.

Resulting pound in,

InU.S. Mint
weight.

Trought. | Mint
grains, | weight.

4 oz. smallest piece,

% 0z. next smai)lest pxece,
4 oz, followmg piece,

1 oz. - .

Teor e s

64 oz.
128 0z.
256 oz,

D N S
[s
¥

-

-

N
-

16 0z, o -

L A T

The whole nest, - ‘ ’ -
Average troy pound from all above & oz,
Do. do- do. 20z -

Average troy ounce, from the weight of the
whole nest, - - - .

v,

1 74:3840,72

118,800
121,000
239,490
479,480
959,590,
1920,617]

7680° 07
15364020
30735,620
61469125
122912,87

479,2795
859,189
1919,813
“3839 1114
‘“7(676 88
1535759
30722.77
61443 ,42
122861 ,48

5753,76 |s751,35

5757,54 |5755.13

5761,88 |5759 .47

5761,08 |5758.67

5760,146 |5757 736
15761,01 {5758 60

5762,98 |5760.51

5762,73  [5760.32

5761,51 157591

245841 ,407

245738,636

5761,907 [5759,499
5760,286 |5757,93

- 15761,611 {5759,20

480,1592| 479,959

Details of the Weights of the v2voirdupois »pilfg of. the State Department.

—

—

In Troughton’s {.
grains

Resulting pound.

In mint weight.

Trought. | Mint
grains. weight,

1.dwt, umallest piece of pile,
2 dwt. ~ .

4.dwt. - -
8 dwt. ol
10z, . .
20z, -
4 oz, -

L A I
.

I N N O I
R

et 0o ¥

L

R

O S R T B |

The whole pile, -
Av. Avoirdupois pound from all above 2 oz.

28,650
54,80

174990

1749, 161

S

. [113004,597

111957 753

6999,60 gggs 67

3499 84 | 3498,376| 6999 ,68 6,75
7001,277| ©6998,347| 7001,277 16998347
14001,77 | 13995,91 | 7000 885 l6997 955
-28012,74 | 28001,00 | 7003185 |7000.250
56015,23 | 55992,36 7001,904 6999 ,045
7001 ,9935/6999 ,065

7001,088 6998,17
7001,813 |6998,899

he same, from 11b. and upwards,

——
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L.

RESULTS of thecomparison of Weights sent in by various Guslom«

|

houses, which are all Avoirdupois Weights.
Trought. Value re-
NAMES OF PLACES;. grains. ferred to the
: Mint pound.
Brass weights. : )
2 1b. Philadelphia, - . - L . -] 14011,27° ]  14005,41
41b. do. - - - - - -] 28023,14 28011 .4
71k, do. . - - - - -}.49023,93 48980,86
14 1b. do. - - - .. = | 98077,81 { 98036,9
28 . do. - - - - = - 196150 816 196068 57
4 Ib. New Orleans, - - - . . . 3491 5 3490,04 -
i, do. . . . . . .| 013,47 7010 531
2. do. - ) - . . -] 13997.55 | 139917
41b. do. - . . . - -| 28028.74 |7 28017.0
7. do. - - - - - -1 49069,8 " | -49049,3
14 1b. de. - - - s e -1 98089,4 .| 98048.4
56 1b. do. . - - : L s} 391895.8 901731,5
11b. Providence—~No, 1, - - - - - 6998,53 6995 ,603
No. 2, - . . - -1 70041 7001,17
56 1b. Boston, . - - | 8923170 392153,0
8 Ib. Portsmouth, for ”Deatbom 3 bulance, - - -1 56034,807 56011,37
16 do. do. - . - | 112070, 65 17112023 74
32 do. do. - e b V224102 481 2324008 ,84
Mean pound from Portsmouth: wexghcs, g e e - 7001 ,060
1 1b. New York, iron weight, - - - - 7016 122 7013,285
2 Ib. do. do. -~ - - - - | 13996,76 13990,9
4 1b. do. do. - - . - -} 28017,14 28005 .4
7. do. do. - - . - - | 49025,48 | 49004,9
241b. - do. . .. do. . - . . . .| or9salar |- 97943 ,5
28 1b, do. do. - - < - .| 196161,227 | 196079, ‘297
561, do. do. - - . - “. | 392354,8 392191,0
1. Baltlmore, do. - - - - - | eors,0r 46970,15
21.  do. do. - - . - - | 13664,55 13661,9
4 1b. do. do. . . . . -1 28000,14 27988,4
7.  do. do. - - . . -] 49031,5 49011,0
141, do, do. - . - . . - | 98120,41 | 980795
98 b, dp . d(,. . . . . - | 196378,827° I" '196296,445
561b.  do. . . . - 1.391855,4 3916915
1 1b. Wilmington, Delaware, iron wexght, e w - 7078,47 7075,52
3. do. do. . . - | 13969,27 | 13983,4
-4 Ib. do. do. , . - 27902,24 27890,51
7 Ib.. ~ do. do. . - - | 48894,1 48872,5
14 1b, e do. do. . . - | 977686 | -797727,6
28 1b.® do. do. . . - ;,196169,727 - 196987681
56 1b. do. do. , 5139278 392616,6
50 1b. weights, received from Norfolk, werc inso bwd '] mte *
24 not to be worth comparing-
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M.
RESULTS of the comparison of Foreign Weights.
In Trought. | In Mint pd. { In French
DEXOMINATION OF THE WEIGHTS, grains. . grains. grammes.

Original French brass kilogram, of the Committee }15439,619 . | 15433,15902 |1000,000
of Weights and Measures, - - -

French brass kilogram copy, of the State Depart. | 15439,619 | 15433,15902 |1000,000
Do. glatinum kilogram, of the same, - {15441,02342 | 15434,56344 {1000,0910
Do. brass cubic subdivided kilogram of the

State Department, ~ «... . . [15439,642 | 15433,18202 {1000,0015
Do. of the coastsurvey collectionsaNe. 1, -« 15439,7039 15433,24392 1000,0055
o No.2, - ]15439,673 | 13433,%1302 [1000,0035

Brass kilogram nest of late President Adams, - |15442,6755 | 15436,21424 [1000,198

English troy pound, according to Trought. gr. - | 5760,00 5757,52 373,0661
Do. do. by the Philadelphia Mint wt. | 5762,41 5760,0 373,2223

English avoirdupois pound, in Troughton grains, { 7000,00 6997,07 453,379
Do. do. by the Mint wt. of Philad’a, | 7002,9288 | 7000,00 453,5685

One grain of Troughton, - . . . 1,0 0,9995816 | 0,06477

One do. of Mint weight, . - - | 1,000411 1,00 0,647955

One brass mark of Madrid Mint, - - - | 3555,86 3554,3723 | 230,3068

The same, determined by Dr. Moore at the ‘Mint, - 3554,4 )

One brass mark of the Mexican Mint, - - -} 3551,83 3550,4439 | 230,0466

The same, determined by Dr. Moore at the Mint, - 3550,4 :

One brass nest, Russian Mint pound,y Of late 6309,97 6307,316 408,687

One iron pound, Russian standard, | President 6314,05 - 6311,41 408,9512

One brass nest, Amsterdam pound, - (.John Q. Y| 7633,95 | 7430,76 . | 494,439

One brass nest, Swedish victual’gIb. ) Adams. ] 6542,07 - | 63539,33 423,7195

The set of brass Coelnish weights of the State
Department, gave the Coelnish mark in a mean, | 3610,88 3609,27 233,865

The Algerine weight in the State Department,
brass angular ounce weight—the lighter, - 479,82 479,619 .| 31,0067

the heavier, . 529,13 528,9086 34,2709

Brass weights of late Pres’t Adams, give by a mean *
the Chinese tale, . - - -} 579,8766 579,634 37,5567

The ivory beum 6f Lewis Brantz, esq. gave, by
a mean, for the Chinese tale, - - . 586,4766 586,2313 | 37,882

Russisn coins, cntirely new—silver rouble piece, 320,964 320,830 20;7884

platinum, 3 roubles, 159,884 159,817 | '10,35545
gold, 5 roubles, 121,384 121,335 7,86186

Nore.—The Holland’s troy pound which Mr. 'V&&Swlmh.n brought to Paris when Member
of the Committee of Weights and Ménsures, was found to weigh, in French grains, 9266,1168

This gives in ¥rench grammes - -

The Amsterdam pound of late President Adams weighed, grammes .

Thence it is heavier than the Vun Swinden troy pound in

‘Which denotes 2 different weight.

@.m.mes - -

499,16802
494,439
2277
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RESULT of the determinations of the Capucity Measures.

3 Weight of distilled
g . water at maximum den-
o & sity, and 30 inches ba- Reduced to the
g g g ] rometer, of the mea-
: S o9 sures themselves.
EXOMINATION OF MRASURES AND ORIGIN. é’ £ g Remarks,
g =]
5 28 ITroughton| U. 5. Mint | Gallon, | Bushel,
Eo 2 grains. weight. |U. S. Mint|U. S. Mint
b B weight. weight.
| =)
1. Melal standards of State Department, with the stamp of G. IV.
The wine gallon, - . -] 231,0] 235,04 | 58484,63 | 58460,2 | 58460,2 |467681,6
The pint, Winchester, - - - 33,6 35,063 8814,89 8811,21 | 70489,68 | 563917,44
The quart, do. - - - 67,2 71,654 | 17691 ,61 17684,21 | 70736,84 | 565894,72
‘The gallon, do. - - -] 268,8) 274,325 ] 68599,7 68571,0 | 68571,0 | 548568,0 The stamps upon the edges are dis-
The bushel, do. - - -] 2150,4 | 2124,1 540208,45 | 539981,3 | 67497,66 | 539981,3 advantageous to the greatestaccuracy
The coal bushe], - - - - 2211 26 560249,3 | 560050,0 | 70007,1 | 360050,0 in the filling,
2. Metal standords of the State of New Hampshire, bearing the stamp of G. L
The ith pmt, - - - - - 3,56 957,55 957,15 | 61257 ,60 | 490060,8 | The top ground off; stamps disappear’d
3 - - - . - 7,125 1914,75 1913,95 | 61246,4 | 489971,2
i. do - - - - - " 16,90 4441,04 4-439 2 | 71026,9 | 568215,0 In good order.
Pint, - - - - - 33,86 8855 27 8851,57 | 70812,56 | 566500,5
Quart, - - - - - 66,87 17089 95 17082,7 | 68330,8 | 546646,4 Considerably diminished, by lead
Half gallon, - - . - 134,97 | 34229:22 | 34214,9 | 68429.8 | 547438,4 |$ poured in the bottom.
Gallon, - - - - - 269,59 | 68777,97 | 68749,2 | 68749.2 | 549993.6
Peck, - - . - 537,35 {136756,03 | 136698,76 | 68349,4 | 546795,0 |CIn good order, and unaltered.
Half bushel, - - - - 1074,2 1271648,0 |271534,4 | 67883,6 | 543068,8 i
Bushel, - - - - - 2099,2 1543994,0 |543766,2 | 67970,8 | 543766,2 | About 19 cubic inches of lead cast in
- ’ the bottom.
3. Meta! Gapacity Measures from the Custom-houses.
bushel, from Boston, - - 1076,3 |271496,15 | 371382,6 67845,4 | 542765,2
C°pp e balf bughs Philsdolphis, | - | 1076,35 [275398.15 | 275284,2 | 68821,05 | 55056874
Do quarter bushel, from Providence, - 539,7 |136591,6 | 136537,6 68268,8 | 546150,4
Do. gallon, do. - - 219,5 57809,4 57785,2
Do. Boston, - |notmeasujrable form.| 58568,5 58544,0
Sheet tin ga.llon, from Baltimore, - - 224,1 58690,9 58666,5
Do. do. Richmond, . - 226,5 | 59392, 59367,73

4, French Metal Litres— Modéles.

Of the State Department, - -1 - 61,075 | 15407,8¢ ) 15401,33 G| The tops being well ground, they ad-
OF the coust survey collectlon—rlgg: ;: - - - igiii:&é g 15405,08 * h mit very nice weighing with water.
5. FVooden Capacity Measures from the Custom-houses, which do not admit determinations by weight of water.

Res’g bush.
Half bushel, from Portsmouth, - - - 1078,35 | 2156,7
‘Two bushel tub, of New York, - - 4115,56 | 2057,78 This proves that even for coal and salt
Three  do. do. - - 6168,78 | 2056,29 - - - a diminlshed Winchester bushel is
Half busbe] from lemmgton, Dela. - - 1074,15 2148,32 used instead of the coal bushel.
8ix bushel tub from Baltimore, - - 13040,38 | 2100,94
Half bushel, from Charleston, S. C. - - 1047,05 | 2094,1
Bushel tub, from Richmond, - - - 2165,2 2165,2
Half bushel, from New Orleans, _ - - 1076,97 | 2153,94

'WasmixsTox Cirr, Jan:

, 1832,

F. R. HASSLER.

%6

[ 665 ‘oN *oo(T ]

[ ‘665 *oN *do(T ]
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1s¢ Session.
=2 Dession.

REPORT

FROM

THE SECRETARY OF THE TREASURY,

On the subject of Weights and Measures, in further compliance with a
' resolution of the Senate.

Eamme

Jury 3, 1832. Read.—JuLy 7, 1832.—Ordered to be printed, and that 3,000 additional copies
be furnished for the use of the Senate.

rem—

TreAsuRY DEPARTMENT, June 3024, 1832.

. Sir: Referring to a report from this department, under date of the 20th
Instant, relative to the examination made in pursuance of a resolution of
the Senate of the 29th of May, 1830, of the weights and measures used at
the principal custom-houses, I have now thé honor 16 transmit the second
Part of Mr. Hassler’s report, showing the means which were employed in
Making the comparison.
I have the honor to be,
Very respectfully,
Your obedient servant,
LOUIS McLANE,
Sec’ry of the Treas.

The Hon. the PRESIDENT 0F THE SENATE.

WasaINGTON Criy, 294 June, 1832,

Most monoreD Str: Herewith I have the honor to present to you my
account of the means and methods employed in the comparisons of the weights
and measures entrusted to me, forming the second part of my report upon
that subject, presented the 27th January last, which had been devoted, prin-
Cipally, to the statement of the results of the operations of which the nearer
account is herewith rendered. .

This part, forming the voucher of the results, will, I hope, satisfy up-
on the propriety and fitness of the means C{nployed, and give the necessary
Insight into the principles that must guide in such an investigation, and in

e establishment and construction of standards to secure confidence and the
Decessary uniformity and accuraay- i .
e very numerous experiments Which T have made upon the expansion

o.f Water by temperature, which is the necessary element of the determina-
tion of capacity measures, I cannot add more than the immediate observa-
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tions of one series, as the time will not allow more, and it would be impro-
per to separate the account of my operations, by too long a time, from my
report upon their results.
I have the honor to be,
With perfect respect and esteem,
Most honored sir,
Your most obedient servant,
F. R. HASSLER.
Honorable Louis McLang,
Secretary of the Treasury U. 8.
Washington City.

An account of the means and methods employed in the comparison of
weights and measures, ordered by the Senate of the United States,
under direction of the Treusury Department, in 1831, by Ferdinand
Rod. Hassler.

1. That an establishment of standards of weights and measures may ob-
tain the confidence which is necessary for its credit and proper reception by
the public, it is necessary that it be grounded upon scientific operations, and
that a public account be rendered of these, and of the means employed in
them, by which every man possessed of the proper knowledge may satisfy

- himself upon the degree of accuracy obtained by the operations. Such an
account forms a part of the work, distinct from the report to the Govern-
ment, and the statement of the ultimate results, which form the part upon
which the Government acts; it may also lead to establish upiformity in future
operations for the comparison of individual standards, and the construction
and verification of new ones, in the country, ‘

2. The report to the Government can only present the ultimate results
of the operations, the principles and determining reasons for the steps taken
to activate and execute the work, and what relates generally to the practi-
eal use and application of the same—the detailed account of the scientific
part, would encumber it improperly. The two first paris are contained in
my report and the additional statementg accompanying it; for the third, the
present paper is intended. _ . :

.y 3. The units required to regulate all dealings, being—length measures,
weights, and capacity—measures, the work divides naturally in three dis-
tinct_ branches; each of which needs the application of different means of
applied mathematics and natural philosophy. The unit of length measures
ought, indeed, in a well regulated system, to be the base of the whole, by
as simple ratios ag possible, The exertions made with this view, and the
success and advantages obtained by it, in the French system of weights and
measures, are Well known, but cannot enter here in the discussion. ~ In the
present operation, the'sim could only be to determine a certain fundamental
unit in each kind, the type of which isin general given by the habits of the
country, and to determine the differences, or ratio, of all weights and mea-
Slgrgs? that came under consideration, with these, or their multiples or sub-
ivisions.
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Upon the length measures.

4. In my papersupon the coast survey, I have detailed my method, there
pursued, for the comparison of the French metres with the English scale of
82 inches, made by Troughton, in London, for the use in that work. The
approbation ‘with which that was received by the men of science, besides
my own satisfaction with the results, have decided me not to deviate essen-
tially from it, in the present operation; it being, nevertheless, proper that in
this place an account be given of them, I hope to be excused if [ am obliged
to repeat. myself in some parts. Besides that, I shall give a description of the
arrangements of the comparateur and scale that has been used both times,
notwithstanding that a similar one has been described by Sir George Shuck-
burgh, in giving an account of his operations in 1797.

5. In England, until.the late establishment.of the yard as the standard
unit of length measure, any desired length was determined by the nreans of
any selected number of distances representing that length, upon a brass
scale, from which the measure was laid off; thence arose a variation between
the ratios of the length of different measures or scales, rather too great, and,
%x:incipally, between the scales of different artists. Among these, however,

ird obtained the ascendancy about the middle of the last century; since
when, gradually, more perfection was introduced in the methods. Bird was
principally occasioned to make more accurate scales, by the use which he
made of them for dividing his mural quadrants.

- 6. Of Bird’s scales several exist in London; one in the Philosophical So-
sgiety, one in the keeping of the Parliamentary archives, &c.- From one of
them originated that scale of. Mr. Troughton, from which he. made that of
60 inches, which Sir George Shuckburgh used in his comparisons in 1797,
and which has been used also by Captain Kater, in the last establishment of
British standards, made between 1814 and 1824. The present scale of 82
inches, as already stated, originates from the same, with all orrections indi-
cated by a new trial of it.

7. Since this new British establishment, tke yard is more decidedly adopt-
ed as the single legal unit of length measure, at the temperature of 62°
Fahrenheit, and in érass; in the same manner as in France the metre, in
iron, at the temperature of 32° Fahrenheit; and, previous to this, the toise.
It is therefore to this unit, or yard, that all the comparisons of English
length measures will be referred in future. For the ease of expressing
smaller parts, the inch, and its decimal subdivisions, are, and remain, ha-
bitual. These were therefore used in the present comparison, uniformly, as
unit of comparison. - ) .

8. The temperature of 32° Fahrenheit, or the melting ice, is a fixed point
of the thermometric scale, generally ascertained by actual experiment; thence
more to be relied upon than others, which are determined by different pro-
portions. It is adopted for the French length measures. The necessity to
account for the expansion of the metal of the scale, and to reduce the results
to certain temperature, makes it desirable to select for this a point as well
fixed as possible, and which in practice may be easily maintained, particu-
larly when the standards to be compared are of different metals. This last
Sonsideration, I suppoge, has, in England, occasioned the adoption of 62°

ahrenhejt as standard temperature; but I found it in this country ver
Unsteady, and not maintainable, while the temperature of 92° Fahrenheit
can be much better maiutained, and even the influence of the proximity of
the observer is less. Therefore, in the mostimportant comparisons, 1 select-
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ed the temperature the nearest possible to that point, and, if possible, on both
sides of it, reducing all results equally to that teklperature; as they must
present a fact that can be presented in nature, and not a result of calcula-
tions, as is the case when the metre in iron at 32° is given in inches of the
English brass scale at 62° Fahrenheit. When the scales compareq -are of
the same metal, and about the same thickness, the reduction becomes insen-
sible; but when the scales are of different thickness, the lighter taking the
changes of temperature quicker, it becomes necessary to keep account ot
their difference, when the temperature is not constant; and when the scales
are of different metals, a reduction for the difference of their expansion is
in all cases necessary. ‘Therefore, in all comparisons, several thermometers
are always laid upon each scale,

Description of Troughiorn’s standard scale, and comparing arrange-
: ment.

9. The scale forms a large brass rule, of about 84 inches in length, 23
inches broad, and 4 inch thick; (a, @, Fig. 1.) A silver strip is laid in through
the middle of its whole length, in the same manner as is done in the circu-
lar instruments. A division into tenths of an inch is traced through the
whole length, which therefore forms the proper standard scale.

10. Another brass rule of the same breadth and thickness (d, 4,) but:
about six inches longer than the former, is laid parallel to the same; this
has also a division in tenths of inches through its whole length, but traced
only upon the brass, its destination being only to lead in placing approxi-
mately the supports of. the microscopes (cc, cc,) that slide upon this rule,*
by the indication of their verniers. The lower part of this rule is about
3 inch narrower than the upper, in order to afford, by the projection of the
upper of about ith inch on each side, a hold to the.microscope supports,
against their rising, as seen by the section of it in figure 2.

11. The twoupports and microscopes differ somewhat.in their arrange-
ment, appropriately to their different functions. The one at the left side
consists in a sliding case (¢, ¢,) of about six inches long, embracing the rule
as just stated, and shown in fig. 2; the lower parts have springing strips of
brass, to hold the slide gently down to the rule, and the inner side the same,
80 as to maintain constantly the contact at the side that turns towards the
standard scale. This support cau be fastened in any position, by means of
two screws (d, d,) at the side towards the observer. Upon this sliding case
are three perpendicular brass columns, of 2% inches high, and $ inch dia-
meter; these support a horizontal brass plate, of such a form as to reach about
12 inch over the slides, towards the standard scale, and bring the microscope
over the middle of the division of the standard scale.

The microscope is about five inches long, moving by friction, in & vertical
tube that is screwed into the above plate. In the inner focus of it is a set of
wires, as seen in fig, 3, furnishing one wire straight across, and two others
crossing one another at an angle ol about 20°: for a division of a scale by
points, the gingle wire is used; and for one by lines, the crossing wires;
with thelr intersection, the irmage of the division is brought in contact, so
that it divides this angle equally, at their crossing point, in the centre of
the microscope. This microscope, once placed, furnishes the fixed point in -
any comparisott, from which the distances are measured in their minute parts
by the micrometer of the other microscope. '
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12. The other microscope support, which is placed to the right hand side,
i8, in its main parts, similar to the one described, as evident by the figure,
but it has, in addition to it, on the right side, a detached part of about two
inches broad, of the same section as the slides, which has a strong perpen-
dicular clamping screw, (k,) to fix it at_any place of the rule; its use is evi-
dently to form a support for the longitudinal fine and strong screw, (4,) which-
is running in a nut upon the top of it, and working in another one rising up
from the microscope bearer, by means of which this is carried -along the
scale, in the minuter movements, for the adjustment of the micrometer mi-
croscope to the division, and determining the end point of the measure to be
taken between the two microscopes. The two side screws, (d, d,) serve
also here to fix the microscope support in its place, and when this is done the
clamp screw, (%,) is released, in order to make the support independent of the
longitudinal screw (4.) o "x :

This microscope has'in its focus a system of wires exactly equal to that
in the left hand one, but it is fixed in a frame moving by a micrometer screw.
The micrometer head of this screw is divided into 100parts, which denote
each the 0,0001 of the inch, and are read off by the coincidence with a line
presented to the edge of the.division by an upright piece fixed to the frame
of the micrometer. In the focus of the eye piece is fixed arake made by the
thread of the micrometer screw, upon the sharp edge of a thin piece of brass,
by which the revolutions of the screw are indicated and read off, each divi-
sion of which, therefore, represents 0,01 of the inch. :

The system of wire slides along this rake, and the coincidence of the mid-
dle of the crossing wire with the corresponding part of the rake, is indicated
by a very minute wire fixed to the micrometer frame, which presents itself
sliding along this rake; each fifth tooth of the rake is indicated by a deeper
cut, and, at one of them, a small hole is bored behind, to indicate the (o)
point of the micrometer by the transparency; this is adjusted to coincidence
with the (o) point of the micrometer head, by turning this latter around its
axis, to which it holds only by hard friction. The paths of the micrometer
screws are held to contact by the force of a watch spring, to the box of
which a piece of watch chain is fastened, and to one side of the wire frame,
which is counteracted by the serew from the opposite side. By this, all
empty motion is avoided; these particulars are easily seen in figure 4, shew-
ing a horizontal section of the micrometer -part of the microscope. The
object glass of the microscope is double, or achromatic, and the two-eye
glasses act together, to form a very near focus, in which the wires are placed.
The magnifying power is about 14 times. i .

13. The microscopes must, of ¢Burse, be so adjusted that the scale, being
exactly in the focus of the objective, proper for the distance of the wires, it
measures exactly- the tenth of the inch, by the nominal subdivision of its
micrometer rake and screw head, when distinct vision i8 obtained. This re-
quires the corresponding motion of the whole microscope, and the tube
holding this object glass; therefore, the tube thatholds it has a screw by
which 1t may be brought nearer or farther to, or from, the wires. It is
tomewhat a chance to make this exactly, at the same time that the screws
hold all their adjustments fast; the only approximate coincidence of this
&qual measure is, however, sufficient, provided the exact proportion of it is
known. I preferred, therefore, always to bring the adjusting screws to a
good rest, at an approximate adjusiment, and determined the value of the
micrometer corresponding to the tenth of an inch, by measuring every deci-
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mal that falls under the microscope, at the same time when the scrutiny of
the whole length to be measured upon the different parts of the scale, was
made, as will be seen in the results of those made for the present compari-
son. In theuse, it is, of course, necessary that the system of wires be exactly
perpendicular to the longitudinal direction of the scale: this can be effected
by placing them so as to make the single wire coincide with a division line
of the scale, when also the angle of the wires will stand so as to be exactly
bisected by the division.

Method of using this apparalus for comparisons.

14. The use of this whole apparatus for comparison, is as follows:

The standard scale is laid upon a solid stand, made of two 3 inch planks,
edge barred upon one another, of double the length of the scale, and sup-
ported hy six stout legs, the surface of which is exactly adjusted, so that no
twisted, uneven position can take place; it must be as smooth as possible,
that the scales may slide well in their necessary movements in a comparison,
for it is not allowed to ease this motion by the interposition of any thing, be-
cause it would take away the steadiness .of the¢ lying of the scales, which is
an indispensable requisite of the comparison. Along side of this, the paral-
lel rule Eearing the microscopes upon slides, is laid so as to bring the middle
of the microscopes exactly over the middle of the divisions of the scale.

15. The choice of the points of the standard for comparison, must always
be made so as to get it about equidistant from both ends, which will furnish
for the distance the most accurate part of the scale; if the scale has been pre-
viously compared with itself upon that distance, a sclection will offer itself
in this, by chosing that distance which, in the scrutiny, has proved itself to
correspond to the mean of the distances compared, as will be seen by the
account of the scrutiny established in this comparison.

'T'he microscope to.the left, having the fixed system of wires, is now plac-
ed aver the point to the left, selected for the beginning of the distance, and
when in perfect coincidence, the sliding support is fastened by the two
screws, (d, d,) then the microscope to the right is slided over the end point at
the right of the intended distance, by the micrometer screw, the moveable
wire system of it is placed in eoincidence with the dotted (0,) of the rake, and
the (0,) point of the micrometer head is made to coincide with its reading in-
dex, (g5) then the microscope is brought to exact coincidence, by meansof the
longitudinal screw, (4,) for which the detached part of the support is clamped

- to the scale by the screw,( ;) when exactly coinciding with the proper divi-
sion of the scale, the support is fastened by the two screws (d, &,) and the
clamping screw (%,) is relieved, so as to ffee the support from all influence of
the addijtional piece and the long screw, (4.)

In the clamping by the screws (d, d,) it must be observed that, notwith-
standing the very small play of the slide of the supports of the microscope,
they must necessarily affect the coincidence of the microscope with the scale,
by their different pressure, as they work, as to say, upon the two angular
points of the base of a triangle, of which the microscope forms the vortex;
therefore this coincidence is to be maintained by their more or less propor-

© tional prgssure.

16. The division lines of a scale, or the line of contact of measures cut to
length, with the butting pieces used in their comparison, present, of course,
a small furrow in which any side light will produce a lightened and a shaded
part, thiati it is essential to avoid; the apparatus must, therefore, be placed
as to receive the Jight a8 much as possible direct in the length of the div?”
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Sion lines, that is, perpendicular to the scale. This light, if taken direct,
would still be glaring, and therefore very unfavorable to reading; the light
reflected from an octavo sheet of white paper placed in a slant position be-
hind the microscope, leaning between the two foremost columns and the mi-
croscope, will be found the most advantageous for reading, as it presents a
full illumination of the scale, without any glare, which is the greatest impe-
diment to exact vision.

17. Anothér necessary precaution is, against local influences of tempera-
ture. Not onlythe sun must not be admitted to shine upon the scales, or any
part of the stand or other arrangement appertaining to the apparatus, and no
fire is admissible in the room, which is always subjecting to a variable tem-
perature, and that all during the whole time of the preparation and execu-
tion of a comparison. I took, besides, thg precaution (o nail to the side of
the bench directed towards the windows, papers that reached several inches
above it, to prevent any draft over the scale, and other large whole sheets
on the side towards the observer, near the microscopes, so as to intersect the
communication of the. heat of the body of the observer to the microscopes
and scale, or the effect of his breathing, in the places where the observer has
to make the longest stay. A number of thermometers are then.distributed
over the whole scale and the parallel rule, and if any other scales or mea-
sures are to be compared, these scales or measures are laid to the side of the
standard in full contact, with thermometers upon them.

18. Thus prepared, it is proper to let.all rest until the next day, that the
different parts may, what is called, come to rest together, and the tempera-
ture distribute itself among them as uniformly as possible. In the actual
operation afterwards, it is proper to work with gloves on, to preveat the
rapid communication of the heat of the hands to the parts of the apparatus,
which, besides, is to be touched as little as possible. )

By no arrangement whatsoever is it possible to take a distance between mi.
croscopes, and transfer it so to another place with the necessary accuracy.

19. When now the actual comparison is to be made, the standing of the
microscopes is to be verified, and, if any deviation has taken place, this must
be corrected; the most common variation is a change of place of the scale,
by which both points are removed from the coincidence, which appears to
be occasioned by the changes of temperature that have taken place since its
placing. The left hand division of the scale is, therefore, to be brought
again to exact coincidence with the left side, or fixed microscope, and if the
micrometer microscope coincides again with the right hand side division,
when the micrometer is upon (0,) the distance between the microscopes is
proved correct; if there is any variation, two means present themselves:
either to mcasure this difference, and to keep account of it in the compari-
son, that is, taking the distance between the microscopes- for that which is
indicated by the micrometer; which is the best method when the micros-
copes are found to be well fixed in their place, or to readjust the micros-
copes: this can most generally be done by the (llIfe.rer)t moderation of the
screws, (d, d,) as the variation will hardly exceed the limits which they admit.

20. Whenever the scale is to be moved longitudinally, this cannot be
" done by hand after the preliminary great movement, and would even not be
properly effected by any screw motion, or similar arrangement; it is best
done by striking the scale on the end from which it is tv recede, with the
head end of a light piece of wood; the lightest stroke will make effect, though
the scale be very heavy; when heavier strokes have been necessary for the
adjustment, the scale undergoes a kind of temporary compression of its parts,
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in the direction of the length, from which it must be relieved to make it lie
free; this will be effected by giving some light strokes to the scale vertically
about its middie parts. It is, of course, also necessary to attend that the scale
lie actually in a straight line, which may not always be the case, when it has
been repeatedly pressed in a lateral direction, to adjust its division exactly
under the middle of the microscope; this is relieved, and the scale laid
straight by a light lateral touch with the end of the fingers, or the picce of
wood. By these means combined, the scale is laid in its proper position to
ascertain or present its actual length, '

21. The first operation necessary, for the use of any comparison, is the
comparison of the scale within itself, upon any distance that is to be compar-
ed, for, as already stated, the mean of all such distances, measured upon this
scale, is the proper measure to*be taken; according to the principle of all
English divided scales. Thus, for my purpose, I compared the length of the
yard, the division nearest to the metre, and the double metre, and others,
all over the scale from every inch division, placed under the left hand mi-
croscope, and the divisions corresponding to the right hanl microscope, as

- many times as the length of the scale admitted them, and, at the same time,
always measured the decimal falling under the microscope, with the micro-
meter, to determine the value of its revolutions, which will serve for that
individual comparison. The details of these comparisions will be present-
ed in the corresponding tables of results; it will be observed by them that
the comparing distance was always selected in the middle of the scale. Tt re-
quired all the work of that part of the day during which the illumination
was propitious, to make the comparison from this part to one of the ends of
the scale; both sides are then presented united in the regular order of the
division of the scale, and I added to the results a column of differences be-
tween antecedents and consequents resulting from them. The nearer details
of each will be explained by the heading of the columns, and the remarks add-
ed to each table... .. - : S S

22. The process of the comparison itself is the following: The scale be.
ing laid under the microscopes in the manner above stated, and thermome-
ters distributed upon the scale, and the comparing parallel rule, the coinci-
dence of the left hand miscroscope is made by the method just detailed; the
division corresponding ta the coincidenccof the micrometer microscope is read
off by the micrometer, and the indication of the screw head written down, and
also the standing of the thermometers, taking a mean of those upon the stand-
ard, and a mean of those upon the parallel rule; then I moved the micrometer
screw to make the coincidence with the next lower division of the scale,
reading again the head of the micrometer{ this reading compared with that
upon the division near the (0) point, will give the value of the decimal thus
measured in parts of the micrometer; by the mean of such measures, the mi-
crometer parts that have been in use in any comparison, are then reduced
from their nominal value to the real one; then I moved the scale in the lon-
gitudinal direction by hand to the next inch, as near as could be done conve-
piently, adjusted it fully, by striking the one or the other end as before, and
the operation was performed upon this division as had been done upon the
former. Thus the operation is continued through the whole length of the

-seale, as much 2s.desired, by the successive repetition of the same operations.

23. 'The mean of all these measurements gives the value of the distance
between the microscopes.in the mean value of the standard; and the mean

‘value of the decimal resulting from the micrometric measurement, is to be used
for the reduction of the nominal indications of the micrometer to their real
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value, in the use that is made of it in the comparisons of other standards; as
long, namely, asno alteration is made in the distance, position, or adjustment
of the microscopes towards the scale; for, it is evident that this is an indivi-
duality of these positions, and that it is an absolute requisite that the scale or
standard, that it is intended to compare, be brought exactly to the same fo-
cus, as used in this comparison and determination, because, at a greater or
less distance from the focus, the division would measure differently in the
micrometer. : . -

To compare any scale or standard of another thickness than the scale, it is
therefore necessary to have a wooden rule guaged to the thickness necessary,
that, when the scale islaid under, its points, that are to be observed, be brought
exactly in the focus of the microscope. This rule must be aboutone inch broad-
er, and six inches longer than the scale, that this may lie easy in the middle.

24. The operation for ¢ comparison of any other scale or standard
with this, is the following: - o :

The distance of the division of the standard, nearest to the length to be
compared, is taken between the microscopes, as stated above, and the mieros
metér values are determined; when the scale has thus rested a while, with
the scale or measure to be compared laid under the microscopes, and ther~
mometers distributed upon them, that all may be considered as having taken
the same temperature, the distance being well verified by the standing of the
microscopes, the standard is removed, and the other scale or measure, with
the rule guaged so as to bring it exactly to the focus of ‘the microscope, is
brought under the microscopes, which must of course not be moved, nor
even touched, otherwise than the turningof the micrometer head of the screw,

The microscope to the left is now brought to coincidence with the left end
of the scale or measure, paying well attention to take the middle of -the di-
vision, or the breadth of the scale or measure.

The indication of the micrometer head is now read off, and written down,
as well as the standing of the thermometers. The first evidently indicates,
by its differences from the stand upon the nearest division of the standard
scale, the relative length of the measurc compared; and the operation may
be repeated as often as desirable for the aim in view, and varied in the dif-
ferent ways the scale or measure compared will admit. I must here state,
with some detail, the ways I employed in my case, which will serve as ex.
planation to the details of the operations, that it is proper to present united,
1n a tabular form, to which rcference may be had for any case.

25. The simple scales with lines or points, were compared single, and
admitted no variation, except the turning of them end for end, which vari.
ed the effect of the light in opposite directions upon each of the ends; unless
the scale was a divided scale similar to the standard scale itself, in which
case the distance was taken upon it repeatedly, ina regular order, as often as
admissible or desirable. . Of the former kind were' the scales of yard and
ell of Thomas Jones, and the yard, with platinum dots, of Troughton, the’
distance of 51,2 inches taken from Sir George Shuckburgh’s scale, and the
platinum metre. Of the latter kind, were the scale of the University of
Virginia, and that of the Treasury Department,

26. Standards of measures cut to length require a different operation; the
division line must be produced by making butting pieces of the same met#l
as the measure, and of the same thickness, well ground together, so as to
present a perfect junction in all positions in which they may be presented
to one another upon a plane surface. 'These are placed upon tr.e same wooden
rule with the measure compared, and buttéd against the ends, where they
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will present a line, like a division line of a scale, as neat as the workinin-
ship of the measure, and its state of preservation, will admit; and more could
in no case be obtained by any other method. 1n this manner were compar-
ed all the metres the yard and ell cut to a length,

27. As I had a number of metres cut to length, (metresa bout) of which.
thercfore the sum of two will always come together under the microscope,
as this distance (of about 78,8) was within the limits of the standard scale,
I made usc again of the method which I employed when comparing them
for the survey of the coast.

Two metres were always placed together under experiment, butting ends
together in the middle, a third was laid at the side in the middle, reaching
therefore half the length of each from the middle, by which their straight
direction in one line was secured; to the two ends of their sum were then
applied the butting picces just described.

28. This double metre length admitted, of course, several variationsin its
combination, of which I employed always four, which I distinguished by
the manner of writing the marks by which I designated each of the metres.
By this method, the errors that are possible in every observation, applying
to the donble lengths, will only have half the influence upon cach. Three
metres thus compared, by the alternation of the sum of each two, will give
a result for cach by a simple formula, namely, the sum of every iwo com-
bined distances, diminished by the third, will give the double of the one or
the other metre, -alternately, aceording to the combination employed. This
method is in fact applicable wherever a number of things are to be com-
pared to diminish the effect of the errors of observation. It admits to mul-
tiply the results so much more as the number of things combined are great-
er. In the prescnt comparison, I had five metres of brass, and three of iron.
I could therefore obtain {ull results, without using, in the same comparisons,
metres of different metal. The five brass metres furnished thirty combined
lengths, from which six results are deduced for each metre. The three
iron metres gave three combinations, and one result for each metre.

'29. :It is necessary after every comparison, or scrics of comparisons,
when a number of them are made consecutively upon the same distance, that
the standard scale be ?{gain laid under the microscopes to verify their stand-
ing; if too great a difierence should be found from the previous reading of
the micrometer, it proves some accidental derangement which would make
the comparison void, and it would be proper to reject it in the result. For
this verification, it is, of course, necessary to let again the two scales some
time together, to take the same temperature. :

If only such a difference should appear between this reading and the first,
as may he considered within the limits of accuracy of the reading, it will be
allowed to take a mean between the two, and it is even proper to do so.

30. Irom these ohservations, the results of .the comparisons are now de-
duced, with e application of those reductions, which the preceding account
of the operations indicate. First, the constant distance of the microscope
that has been used in the comparison, must be determined in the value ol
its mean distance upon the scale, arising both from the ascertained distanc?
between the.microscope in reference to the distance used, and the value ¢
this distance in_mean value of the scale. Then, the micrometer reading’
that were made at any comparison, must be reduced from their nominal t¢
their real value, in'the decimal of the inch, by applying the correction of
reduction resulting from the scrutiny upon the scale which has been d¢’
" scribed before.  As every measurement of a scale, meter or yard, &c., h¢'’
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heen made several times 1n varied positions, it is sufficient to apply this re-
duction to the mean of the results obtained for each measurement.

Each reading having its own temperature, as well of the scale as of the
corr}pal‘ipg rule, these must be reduced to the same temperature, which may
agsin be done by the means of the several readings of each measurement:
as they have been made near to one another in regular succession, they will
not differ so much as to necd separate reduetion. When the measure com-
pared is of the same metal as the comparing rule, (which is brass,) it is suffi-
cient, to render them comparable, to reduce the one upon the other, by the
well “ascertained expansion of this metal, (brass.) But when the measure
compared is of a different metal, as I had the case with the iron or platinum
metres compared with the standard scale, it is best to reduce each separately,
by its own well ascertained expansion, to the standard temperature adopted,
which is best chosen at the melting point of ice, or 82° Fahr.; thus they
will become comparable in this respect. -

31. The results reduccd to that state are those which it is.proper to re-
cord. They present an actual fact, or phenomenon, which it is possible to
produce, as it is an absolute requisite that a comparison shall be; to present,
or rather state, the length of one measure at a certain temperature, in length
of another measure of another metal at a different temperature, is not pre-
sentable in nature, therefore caunnot be a comparison.

It is very desirable that the various reductions shall be made as small as
possible, by adjusting all as near as possible, and principally that for the
temperature; hesides, therefore, the precautions above stated to keep the
whole apparatus in the same temperature, it is also proper to make the com-
parison the nearest possible to the standurd temperature adopted. I have
constantly used my own determination of the expansion of iron and brass,
made for the use in-the coast survey, and it will not be improper for any
one able obscrver to determine all his own elements as much as possible
himself, because there are yet some individual varieties possible, which olten
render the use of datas taken from others less advantageous.

'32." With these explanations upon the methods and principles, made use
of in my work, it will be easy to understand the details of the operation,
and the results which 1 present hereafter, in a kind of tabular form, of all
the principal measures that I have compared.

33. The results recorded in the statements additional to the report shew
the deviation of the English eli from its legal value, in the original standards
themselves, which has very properly occasioned its neglect in England
itself, I think it, therefore, also not worth giving the details of it here,
where my aim is rather to instruct upon the mode of proceeding, appro-
priate to works of this nature, than to miltiply statements that have lost all
interest. Stil) less would it be profitable to say any thing upon the old
brass bed of the yard and the cll, formerly sent as standard to the Depart-
ment of State, notwithstanding its accompanying parchment indenture, or
upon the wooden yard sticks sent in by the custom-houses.

"Dividing apparatus.

34, What may be more interesting here to describe, is the method of
transferring measures from the standard scale upon any other scale, for
which the' microscope with the micrometer is used, by screwing it in an
arrangement called Hindley’s tracing tool, that is" fastened upon a heawy
piece of brass, about 18 inches long, (g, &) fig. 5, havingthe sides made per-
foctly, strait, 8o as to slide exactly in the same line along side of the scale, (2,)
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with constantly equal and full bearing through its whole length. In the
middle of the length this piece has three setts of two screw holes each,
arallel to the sides; the onc in the middle of the breadth, fitting exactly to
ring the microscope to stand over the division of the scale, (a.) By means
of the two screws (p, p,) the support of the tracing arrangement, in form of a
knee in its uprights, (m,) is fastencd in either of the sets of holes, as may be
required, to bring the microscope over the division of the abovg or of an-
other scale: to the upper part of this support, the microscope is screwed
upon a horizontal plate, (n.) .

35. Below the microscope moves an arrangement forming two moveable
knees, that present great stability against Jateral motion, while they move
directly forward and backward, with the greatest easc, upon two pair of
pointed steel axis, that are always screwed in the outer piece, and present to
the inner piece the points upon which this has its motion; these axes have
‘serews that press upon them from the side, to secure their steadiness when
they are placed so as to leave just free motion, without hard pressure or
shaking. These two pieces form a kind of broken triangle, the base of
which is towards the microscope, and the vertex opposite holds between the
two side arms a square picce of brass, through which passes the tracer, (»;)
this piece has an axis upon which it revolves by hard friction in the outer
parts of the triangle; -by-this the proper inclination is given to the tracer,
which must lean somewhat backwards at the upper part, in order that, when
the stroke is made, by drawing this point towards the microscope, the point
makes a cu? by dragging; in another direction it would cause it to make a
scrafch with an uneven burr at the sides, and to take a wavering motion
by different resistance of the metal.

36. The tracer is fixed in the brass square by a sliding piece behind it,
which is screwed fast when properly placed. The section of the cutling
part presents not a circular point, but the edge of two sections of elipsoids,
intersecting one another at.the point; this form and position, when properly
executed, is so greedy in cutting, that, instead of pressing to make the mark,
it is necessary to prevent its lying up with the full weight. This secticn
being, of course, placed so as to present the sharp part in the direction of
the cut.

37. To make the ' movement of the tracer perpendicular to the scale, the
whole arrangement is moved, and by meansof thc two screws,(p, p,) it is
fixed in the proper position; for this purpose, the holes in the flat piece of
the frame are somewhat larger than the screws, to allow a little play to this -
position.. This position may be tried by making a line upon a small plate,
having two sides well parallel, which applied in two opposite positions to
the other side of the scale, (a@,) when the apparatus is placed alongside, the
traces made in the two positions must coincide, or he parallel, when the
support i8 properly adjusted.

.38, The use of this apparatus, in tracing scales from the standard scale,
is evident from the above description; the new intended scale, (S,) is fastened
in a position parallel to the standard, (a,) onthesideoppositefrom the observer;
the short solid rule that bears the whole arrangement, is slided along the
side of-the scale to the coingidence of the microscope’s cross wires, with the
diyision intended 10 be transferred, by the same methods as. have been ex-
plained for the comparisons; in this position the trace is made upon the new
scale, lying fastened on the outside; the apparatus is thus moved from division
to division, and'if any subdivision is desired, that is not upon the standard,
the micrometer is moved g0 as (o give to the cross wires the position corres-
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ponding to"the measure intended to lay off, in which state it is then brought
to coincidence with the corresponding division of the scale, and the tracer
will mark the line in the proper place. Thus, therefore, any scale, the cor-
responding divisions of which are determined in parts of the standard, can
be laid off from it, by successively bringing the apparatus in the proper po-
sition of the standard, designating its parts, and the errors of a standard,
that may have been determined by proper methods of comparison, can be
corrected, and an accurate scale can be laid off from one less accurate, as Mr.
Troughton did in making the scale of 82 inches, used in the present com-
parison, from his own, by doubling the middle part of forty and odd inches
of his own.

Upon the tableauz of the comparison.

39. It would lead into much lenﬁth to go into detailed explanation of
the particulars of the comparisons, and the deducing of the results from them;
the general description of the operations, which has been given above, will
suffice for the understanding of the details, for any man who may wish to
take the trouble of a nearer investigation, as the main results of the tables
that will follow will present them in their regular succession, and the data
of any reduction will be always quoted; such remarks as will be dictated by
circumstances will appear in their proper place. These tableaux will, there-
fore, exhibit a fully detailed account of the numerical part of the compa-
risons, and the detailed individual observations will be stated wherever they
may be of interest, that is, in the comparisons of the standards of most im-
portance. ‘

40. When my report, and the statements accompanying the same, were
already delivered, and this account almost completed, I had the satisfaction
of the visit of Mr. J. N. Nicollet, astronomer of the Royul Observatory of
Paris, member of the Board of Longitude of France, &c., acquainted with
these subjects in decta#l, from the circumstance that the Observatory of Paris
is the place of deposite of the original French standards, to which the copies,
intended for authentic, arec compared. He took so much interest in my work,
and the methods which I employed in it, that he repeated the comparisons
of the principal metres and yards with the large standard scale of Trough-
ton, in the same manner as I had done. These results I considered proper,
with his leave to that effeet, to introduce, in their respective places, together
with mine. The coincidence between the results of two observers, which
is thus presented, is evidently within the limits of the unaccountable inei-
dental influences of the variations of temperature, and therefore fully satis-
factory.

41.” The ratios of expansion which I used in the reductions were, for
brass and for iron, those resulting from my own experiments made in New-
ark, N. J., in April, 1817, in which the iron bars were of the same iron as
those of the two iron metre copies present; for the platinum I adopted a
mean between the determination of Borda and that of Troughton.

These ratios, and their amount for the yard and the metre, are for one .
degree Fahrenheit, as follows:

Proportional. . In 1 yard or 36”.  In 1 metre or 39”4. Differonces.
Platinum==0,0000051344 07,0001848384 0,00020219327 { 077,0002116523
Brass  =0,00001050903 0 ,0003732508 0 ,0004138456 0 0001396216
Iron ==0,000096963535 0 ,00025068726 0 ,0002737190 ; »

7
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42. RESULTS of the comparisons of Troughton’s scule gf the Compa-
rateur within itself; and determination of the value of the micrometer
screw on each place, laking the length of the yard or 36" for the fixed
distance of comparison.

Temperat. | Points |Microme-| Differ. |Places of the| Micromet.| Micromet.| Differen.
Fabrenh. | of the [terread-[ c¢—i. | decimals, {readings.| value of | c—a.
scale, ings. decimals.
55°,0 60"—24 | 0,0 607,0—59,9 | 411,5 |4-11,5
35 4 1 |—0,7 § o7 { 35 ,0—34,9 | 16,3 +15:5 a1 ]
56 —of 00 "[+%7 “hejo359| 160 | 160 "*'0'4
37 — 1 |[+1,1 1‘1’7 a7 ,0-369 | 153 | 164 [1O4
oo - [B—2l28 [*LT Ksloaro| 140 | 168 [+O
53°,8 39 — 3 [4-1,1 Vi B9o—389l 154 | 165 0.3
40 — 4 40,6 [T0F 10,0599 [ 162 | 168 +2’8
il — 5| 00 o0 [tio—s09| 140 | 140 28
42 — 6 |-2,0 =20 lojo—ano| 177 | 157 [FDT
43 ~ 7 |—1,1 +o'1 43 ,0—42,9| 16,6 | 15.5 —0’1
44— 8 (—1,2 [T 44,0439 | 156 | 14,4 ‘ﬁ’ i ,.,
s — 9 (+0,8 (T30 lesjo—as9 | 150 | 158 [H1A R
46 —10 [+1,0 Y% L6 0459 [ 128 | 138 [0 J$ g
52,7 47 —11 [—1,3 it 47 ,0—46,9 14,0 12,7 |7V
48 —12 | 0.0 io’s 48 ,0—47.9 | 14,1 | 141 +1,g E
49 —13 40,8 T b0 149 0489 | 13,0 | 13,3 ‘0’9 2
50 —14 00 |08 |50 ,0—49,9 [ 14,2 | 142 +°’8
51 —15 40,2 [Toe 51,050, 12,2 | 12,4 —<l)’1
52 —16 o8 Voo lsajo—sie) 117 | 135 o
— 3y e, VY
ws  [STHIRD RH RS HE G R
H $] _0 2 IVETIO, 2 | _1 7
55 19 (+1,0 (02 550549 f 102 | 1L i
56 —20 |[£0,5 {703 156 ,0-559 | 12,0 | 125 +h3
57 —21 {41,2 _0’9 57 ,0—56,9 9,4 10,6 _0’9
\ 58 —22 [4+0,3  |=99 (58 jo—s7,9 9,4 9,7 "
50°,6 59 —23 }—-0,6 » 59 ,0—58,9 11,3 10,7 12'8 J
38°-.38,7 |60 —24 |4+-0,1 0% [60,0—599 1 134 | 135 ) 3
61 —25 |-2,7 [T28 610609 136 | 109 |26
62 —26 |—0.6 +o’7 62 ,0—61,9 11,6 | 1,0 |+O1
63 —27 |—1,3 [T 65,0629 133 | 120 [+1O
39°,2 64 —28 [—1,7 o4 [64-0—639| 13,4 | 117 793
65 —29 |—1,3  [+5% 65,0649 139 | 126 [TOO
66 —30 |-2,0 |7 l66,0—659| 131.| 1,1 |TbS
67 31 |27 |7l o7 ,0—669 | 134 | 107 -~0,4
6832 |26 [Ty l8l0—6r9 | 132 | 106 —=0,1
60 —33 |08 (THf 69,0680 | 123 | 113 +0,9
70 ~34 |—0,2 [TD0 170 j0—69,9 | 11,4 | 11,2 =03 g
71 —35 |—1,2. g7 |71 ,0-70,9 12,0 | 10,8 [~04 5
L o 2-8e|-s9 TP 720719 139 | 100 4‘_8’3 &
40°—41°,573 37 |—5,8 | T30 73,0729 | 160 | 102 s (g
74 —g8 |29 [+20 |74 j0-739| 167 | 138 (T3S 8
oo sld TR0 I=83 T 75,0749 | 167 | 14 T2 @
40°—41%,5/76 —40 |50 | =08 176 o759 180 | 121 :
77 —4l 17,0 TPy 77,0769 1 19,1 | 121 0,0
78 42 |57 [F03 0779 190 | 133 (T2
79 —431=61 |ToY  |79,0—789 | 180 | 11,9 ‘;’j
80 —a4 |37 24 g0 0799 | 180 | 143 [+2
Bl —45 [—4.3 0 I181,0—80,9 | 180 | 137 [~O6
T |—0,0869 0,0423
Means |—1,268 412,662 +
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The distance upon the scale 60''—24" is therefore larger than the mean
of all the 36" inches that can be measured upon the scale of Troughton, be-
iween full inches, by 1,268 of the micrometer, or 0",0001268; and the fol-
lowing distances may be considered as agreeing with that mean, viz.

44—8 giving —1,2
47—11 . . —1,3
63—27 . . ~—1,3
65—29 . . —1,3
71—35 . . —1,2 .

Therefore, 60—24=136",0001268 of mean 36" of the scale; and by the above,
also, 79''—43''=60"—24""—6m,1=36,0001268 —0,00061 = 35,9995168
ofmean,and 37" —1"'=60—24 4 1,1=36,0001268 4-0,0001 1==36,0002368.

The mean micrometer values give for 0,1 of the scale = 0,101266
of micrometer; all values read by it must thereéfore be reduced by
14c¢: 1 = reading : result, or multiplied by =0,98749.

Remark.—The c—a indicates the sultraction of any antecedent number

of the preceding column from the immediate consequent, with attention to
the sign of the result. A
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43. RESULTS of the comparison of Troughton’s large scale of the
comparaleur within itself, upon the distunce of 39';4 used for the
comparisons of lhe melres; and measurements of the micromeler
values by the last decimals.

Teylperature. Points of | Microm.| Diff. Place of the | Microm. Microm. diff.
Com- | thescale. | reading.{ c—a. decimals, | readings, value of
Scale. | para- . C—aA.
decimals.
teur.
37°,0 36,5 | 637,4—24] 0,0 65”,4—63",3 | 410,8 |4+10,8
36,6 [36.4 (38 144 1| 00 +g'2 38 ,4-38 3 | f17s | 178 [+T.0
39 ,4— 0| 40,4 209 39 ,4-59 ,3 15,3 15,7 ;0’6
90,4~ 1/~05 |7PT 14044031 168 | 163 [TOF
36,6 (36,441 4~ 2/ 40,6 [FD1 f41la 413| 140 | 145 To6
: 24— 31=08 | Tpg 42,4423 157 | 152 [FOS
, ~08 | % 43 4—43 .3 | 150 | 142 |TL
44,4~ 5190 |72 lgla 3| 174 | 154 T
36,1 |36,0]45 ,4— 6] 3,2 01 45 ,4—45 3 18,3 151 170y
46 ,4— 7| ~3,3 +1’4 46 ,4—46 ,3 17,3 14,0 :}tl’l
,ig ’i: g Ii’g —}-3’6 Z‘g s4—47 3 17,3 15,1 +0,4
; 7 | 448 .3 | 15 155 )
P P b R e g S O o
, , 1L =B D0y [30,4-50 3| 1ai | 133 (701
51412 I(l),g Fus |4t oaas | oags B2
, 5 | +b 52,452 .3 | 134 | 139 »
53 4—14] 1.3 P8 158453 3| 132 | 19 |T20
35,4 135,5|54 415406 (OG5 9 | g |07
55 t}? +<1>,g Tro | 55.4-55.3] 108 | 103 _I};g
, . |56 ,4—56 .3 | 100 | 112 '
57 4181408 |70V 15 a3 13 | 121 409
35,2 35,238 419t 410 | FDL | g lassl3 | Tgs | 107 |—U4
89,420 | 41,0 00 |59,4—59.3( 96 | 106 Ig’g
35,1 |35 ,2|61 J4—22 iéig =8 & :2:2(1) 3 ‘8’? 10y ~0,9
34,5 134,5]162,4-931403 | =0l |65 e0l3| 99 | 102 1ol
348 (340563 .4—21] 0.0 095 | 63,4-63.3| o94s5| 108 [+%
3603 3878|600 | 480 |F0m TS| s )| d0s 102
65 ,4—26 | —1,95 | 7oL | 65)4—65.3| s65| 1006 |70
36,7 |36 4|66 427 | —1ies | TPT 1664663 | 1245 | 105 ‘*'g’g
6; »4—28 | —0,55 Z1l9 67 ,4—67 ,3 10,65 | 11,2 :1’6
& 120 TP |40 o i ’§ 159 | 108 |FL2
H D -4 . > N 12,35 10,8 4
70,4311 575 [T5% 190 703 | 1505 | o3 |~1S
71,432 | o35 [TLe |7 T g 19ns o 1407
37,0 87,0172 433 —155 | 708 |79 7 7o 5| 19551 108 [+0.8
73,4341 3,95 [T7 1734733 1495 | 103 |03
37 ,2 37 ,0 ;‘1’ ::-—-gg ——g’gg —0’6 74 ,4—74 .3 11,65 9,4 *g)g
5,436 | —2, , 75 ,4—75.3 | 1225 | 94 s
—2.8 , ,
v 4| 2843568 (16 | 76,4763 | 1655 | 109 [+DS
37,6 |37 ,4\ 77,438 —a,65 |10 177 477 3| 176 | 180 [T
8489185 | Ty 78,4783 17555 | 133 [TO3
79 14—10 ~5,65 | o 179,479 )3 | 17065 | 120 |—b3
80 ,4—41| —515 | T 80,4803 1525 101 |TL9
37,9 |37 ,5|81 ,4—42{ 365 , 81 ,4—81 ,3 | 1695 | 132 [F3!
e ———
~0,151 10,0204
Means | —1,280 12,253 i
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The distance 53",4-——14" may be considered as representing this mean
exactly, being —1,3, the units being micrometer values, or ten-thousandth
of inches. :

The comparison of this scrutiny of the scale with that upon the yard, gives
the following means and differences—

c—a c—a

By the yard - ~1,268—0,0869 - Micr. 12,662 40,0423
By the metre -  —1,280—0,151 - 12,253 4-0,0204
Means - =-—1,274—0,1189 - 12,4575 40,03135
Difference ¢—a=—~0,012—0,0641— - - 0,409 —0,0219

44. COMPARISON of the distance used for the melres in the preced-
ing comparisons, with thg distance used in the comparison of the
double metre, namely, from 1",0 to 79",8, dividing it into two parls,
1',0 {0 40" 4, and 40" 4 Lo 79",8; the microscopes were again fully ad-

Justed to the distance used herelofore, viz. 63',4—24", upon whick
they hud been left since the lust comparisons,

The resulting comparisons were as follows:

Thermom. on Stand of Microm.
micrometer. reading.

Compar. Scale.
62,3 ‘62,1 63,""4—24 0,0
62,4 62,4 40 ,4— 1 +0,6
62,7 62,5 79 ,8—40,4 | —2,5
62,5 62,6 | 63 ,4—24 0,0

Hence results the distance of 79",8—1", in parts of 63"',4—24", as used
this time = 78",84-0",6—2™,5—=78"",8—1m,9="78",79981; 63",4—24",
exceeding the mean by =0,000128, gives, by reference to the general mean,
=78",800066 (by subtracting twice this excess) for the mean value between
the microscopes when they are placed to 79",8—1" on the scale.

45. The standard scale of Gilbert, sent by Dr. Patterson, of Virginia
University, was compared with this same distance, that is, 63",4—24",0 of
Troughton’s scale.

Cc—A, . | Microm. jvalue M.l c-.a.
62,8 [62,9] 397,4—0,0 |—40m25| | 4 o | 397,4—807,8 |—s2,1 | 11,9
59 ,5-01 | 41,5 |Fpa® | 3953941 10 | 95 | TBY
39 ,6—0,2 40 ,7 ’ 39 ,6—=39 ,5 52,7 12,0 ’
9

1,8 —2.6
39 7—03 | 42.5 | 39 ,7—39 ,6 | 51,9 4 )
307804 | 39,95 975 | 39.8—39.7 | 519 1,95 | 255
39 90,5 | 44,7 +0' 4 39 ,9—39 .81 54,5 9,8 +0-1
100-0,6 | 45,1 (T3} | 40,0990} 550 | 99 | To
40.1—07 | 47 2| T2 40 ,1—10 .0 | 57,3 | 10,1 )
+1,007 —0,26

Means - . - |—42 ,74 10,56
Micrometer correction - |4- 0 ,53 :

-—42 ,21
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The scale being turned over to measure the metre, the distance of it gave
: 348,4
readiog by the micrometer = -—-§+3,68 con‘-%or- the 39,4, being by Trough-
344,72 . - '
ton’s scale = 39'",4—42m,21 of Troughton, this difference subtracted from
the reading for the metre, that is, 344,72—42,21=302,51 of micrometer,
is to be subtracted from 39",4 to give the metre of the scale in parts of
this scale, viz. 39",4-0,030251=39,369749—=metre on the scale itself.
Compared to Troughton’s scale, it would therefore be, according to the
above placement and comparison, upon 63",4—=24''=39",4-—348",4 or
39",4—0",03484==39",36516; and correcting this distance for the value of
it in the mean distance of the metre upon the whole scale, viz. —0",000128,
the result is =39",365032, which being still corrected for the reduction of
the nominal micrometer values, (that is, 348,4 x0,98956,) is 39",4—
0',0344763 - - =839,3655237
Reduction to mean distance — 0,000128

39,3653957 == value of its metre in mean
distance of Troughton’s scale.

45. COMPARISON of the yard upon the scale of Dr. Patterson, from
Virginia Universily, made by Gilbert.

Taking, upon Troughton’s scale, the distarfce of 36", by 60"'—24", be-
tween the microscopes, and comparing it upon the scale, the following
results were obtained:

Temperat. of . Microm. Place of | Microm. | Value of
Distance used. reading. | ®™** | decimals. | decimal. | decimal.
Compa. | Scale.
57,9 57,8 60—~24 Fr. sec. 0,0 60"—59,9 10,0 10
Virginia [scale. 36"— 0 -—40,7 8.8 36"—35,9 48,9 8,2
580 | 581 | . 37 —1 —s9,5 | T30 |37 369 553 5,8
38 —2 —51,0 | To2 |38 37,9| 553 43
39 —3 —51,8 11’6 39 —38,9| 59,3 7,5
58,1 58,2 40 —4 —53,4 ? 40 --39,9 59,5 6,1
Returnedjto - 36 —0 -—40,8
Returned/the large|Troughton’s scalfe.
58,2 | 587 60 —24 | 4 0,2
Means resulting of Virginia scale =| —49,26 + 6,4
Correction for micrometer value - | -4~ 0,31 '
Real mean - -« | —48,95

Thence the yard of the Virginia scale by the mean is in Troughton’s
large scale — 36''—48m,95=36"—0",004895=35",995105, keeping ac-
count of the excess of the distance 60"—24'' on Troughton’s scale over the
mean obtained from the whole scale of 0,0001268, and adding this to the
above result, the ultimate corrected result = 35',9952318.
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6. COMPARISON of Troughton’s scale within itself, upon the ap-
proximute distance of the French loise, laking the middle purt of the
scale from 1" to 17",8 for constunt reference.

T . ) . ‘
emperature.  pyictance on | Microm. G I:ll:;;()f Microm. | Value of
Compar.| Scale. the scale. | reading. : mcasuré 4, |reading. | microm. c—4
S—
58,5 | 582 77,8—1 0,0 L1 | 7087 l41g | 114
589 | 88,5 768-0 | —1L1 | | 768767 |+11,0 99 |3
TR e e e A B I R
, | T o g
, ’ . 2] 3 _1 4 9 £ 3 £l +1 1
wa | wn 0 Teens | TS (oEs | TRERT) G9R | Lo |79l
59,4 | 59,1, 79,83 | 425 [T2% | 79,8797 | 123 | 148 +1’9
s ) 2] =1,
5 | 30 sross| +ob [+ol | SnTeon| 130 | 137 08
59,5 | 59,3 79,022 | 40,4 | Ty | 79,0-789| 109 | 113 ;g’4
59,5 59,3 80,0--3,2 | +0,9 Y 80,0—79,9 12,8 13,7 4
su6 | 59,5 | 78012 | 404 |03 | 780779 [ 1z | 128 =
-0, —2
S1 |2 e e ol | maores) s | s o
’ ’ l ’ ’ ’ +0’8 £ £ ] td ’ ___0‘2
60,0 | 59,9 | 75,0418 | 41,4 | Ty | 750—749 | 80 9 |00
60,1 | 60,0 | 77,86—1 | +1,8 ) 77,8—77,7 | 96 | 11,4 d
40,126 +4-0,06
Means - | 40,31 11,45

The toise of Canivet was now put under comparison, in the two admissi-
ble positions, and obscrved as follows:

Q“mpuraleur. Tolse.
60,3 60,2 Tc — 657,0

60,5 60,8 T° — 656,75 — 656,85 = 76,7343 15
| Reduction g 1‘ g::l;?4 E‘lﬂizgogestce;i;.
76,7351 644
Reduction te 30° Fahr. - - 4 0,0077 4071
Value of toise at 32° - - W

The iron toise of Lenoir of the coast survey laid under gave:
60,6 60,7 T' — 682,0

60,6 60,7 Tt — 686.3 | —681,57 76,80 .
60,8 60.,7'T — 680,0 [ + 7,304 § — 0,0673766§ — /0:7520%34
— g . of .
60,7 61,0 T 678,0 I‘o;a;sg”;gnip } = 0,007521586
76,740444956
Microscope stand correction - - - = 4 31
Value of toise at 32° - - - - - 76,740475986

The.scale again laid under for verification:
Thermometers.
A

0,7 | 60,8 | The—1 | —07
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47. COMPARISON of the large scale of Troughlton within itself,
upon the distance of 51",2 used with the distance from the point on
the scale mude by myself, now belonging to the Treasury Department,
10 the line at the olher end of the scule, as explained.

Thermometer, Micrometer
Point of |Microm. Place of
scale. reading. | &M decimals. G-
Compar. | Scale. Reading.! Value,
66,9 669 | 5024 1 | 421 13 | 592=50,1 | 467 | 46 90
s1,2— 0 | 4o |73 | suesi1| 474 | 66 | F29
52,9— 1 | 420 +0'2 52,2521 | +6, | —41 | T3
s55,2—2 | 41,8 {702 | s32-551 1 468 | ~5,0 o2
54,9 3 | 427 +2’7 s,2-50,1 | 47,2 | —4,5 | o0
55,2 4 0,0 | =20 | 53551 | 467 | —67 | Fou
56,2 5 0,0 | 29 | 362561 | +7,1 | 7,1 o
57,2-- 6 —2,6 12’2 57,2—57,1 +50 | —~7,6 10’8
D S -— ) ) - — t
659 |659 | 500 8 +8'é4 t10 | 33275 -tg'g R QAR
'y y 9 e 1,6 »4 ) A s +1’5
60,2— 9 | 422 |+ 00 60,2—60,1 | 49,1 | —6,9 | i
61,2—10 | 40,5 |03 | 6n2—611 | 473 | —70 | £
62,2—11 | 419 1€ 62,2—~621 | +7,9 | —60 | 713
65,2--12 | 40,8 | Th0 | 63,2631 | 49,1 | —8,5 e
64,2—13 | 40,8 |20 | 64,2—64,1 | 484 | —7;6 | —Of
P 65214 | +0,5 |T03 | 65,2-65,1 | 475 | —68 | o
5 s ’ a
669 |669C]| 66,2—15)| 40,2 66,2—66, 1 {+8’° —8,33] +h
68,5 |68,5 404 +87 | —8,5 g
67,2--16 | 4-0.8 '*‘8’;" 67,2—67,1 | +9,0 | —8,2 “8’ :
68,2—17 | 41,0 il’g 68,2—63,1 | 488 | —7,8 | ~07
69,2--18 | +2,0 \THO | 6026001 | 497 | —71 | 797
70,219 | 40,3 | =0T | 70270 | o7 | 94 | +27
71,2--20 | 4-0.3 oo 71,2741 | 49,5 | —92 | Tog
72,2-21 | +0,3 |00 | rela—zoy | 70 | —67 2
75,222 00 | —o8 73,2-731 | 478 | —7.8 10'4
74,2—93 | 0.3 S| 742741 | 479 | =82 5%
75,224 | 0,8 | =05 | 752751 | fo8 | ~7,6 | Z98
76,2925 | —L7 | T8 | 762761 | 448 | —6,5 | Tt
77,2—26 | —L7 | 00\ rre—g7a | {57 | —7a +1,0
Ay [T o e ||
/2 —o0, , 79,2791 | 462 | ~71 | —L
68,4 |683 | 80,2--20 | —1,9 |~L0 | 80,2801 | 440 | —6,8 | —93
—0,139
Means - | 40,30 —7,07
Referred | to the | middle Micr,
or 66",2--15"==| +4-0,10 0”,1==[992,92
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48. DIFFERENCES resulting [from the comparison of 89" 4 upon

the large scale, with 36" upon the same.
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49. DIFFERFNCES resulting from the comparisons of 51",2 upoy

the lurge scale, with those of 39",4 upon the same.
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157,24+,

31/,2— jc—a.
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From 50”,4-1”, onwards.

50. DIFFERENCES resulting [rom the compa

the scale.

Places of

25| —1,7
26j —1,7
28| —0,9
29 —~1,9
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+0,296

44,3

referred to
66,2 -15"| 4-0.10

Means
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51. DIFFERENCUES resulling from the compatisons of 117"\8 upgn
the large scale, with 39,4, the first being the distunce compured to
the loise, the second thut compared wilh the metre, tuking 17",5—1
as standing compurison. '

From 1”7 in the excess, onwards. From 817,4, backwards.
Places of | Microm, differ. of | 7677, 8 | ™41 constant | Micr. diffs of 76",8— o
scale con- 39 ,4= place of the 39,4=
stant. 76",8. |39 4. 37,44 scale. 768, | 39,4 37,4.
§§;2§ 1 +1,3 0,0 +1,3 |_og P22 2413 | 285 +4,15 |1,
0,4 3y 'y .
0 |—1,1 40,4 —1,5 :176,8~-0 —1,1 | —5,65] +4,55 n
009 4 +27% e~ 17| —aes| 4538 [T 303
-1 ?,g o3| =05 | +1,25 785—  |—1,9 | —3,25| 4135 "o
S L T Lt e i
3 425 - |—05| +30 [T 1810 |3, s [Thd
2 {00 Zoal| Tos |22 600 +3’é e e S T
) ~+oi$. —0,8| £0,9 [+21 lroo Tos | 2365 Teos 10,3
3 » - L
1 1R o e R G A e T
= A ]
-V, s =5 ] —0.8 —————
40,8 |—0.4 0,0] —0,4 ' 43,986
40,44

52. The same as above, comparing the length of the toise with the yard
by their nearest decimals of the large scule.

76”,8. |367,0.! 40" 8+ .| c—a. 76",8.136",0,|40",8+ .| c—a.
11 75,84-1
184n | 413 |-o7| 420 | g, FEEHL 2 I4as | 59 l4re |,
0| ~—1,1 0,0} —1,1 76,8 - —1,1 |=7,0 (459 ’
—1{ 4073 |+11| —057 [+%73l77'8 4073 —5.7 | 4643 (+0,53
—2 | —19 [42,8| —a7 4;‘61;33 788 T19 | 261 | a2 s-22
=3 | 425 [411] 14 (T50 798 +2,5 | =37 | 462 i?’g
— 00 |406| —06 | ] 808 0,0 | —4,3 | +4,3 9
—4,2] 401 +0,6| —~05 o 1810 40,1 | —4,3 | 44,4 [+
=32 +o9 |411| —02 [TI3 leoo Fuo | =37 445 |[+0.2
—2,2 404 | 428] —24 | 73790 40,4 | —6,1 [ 46,5 —},Z
=12 00 {411 —11 Ty 780 40,4 | =57 451 |=1
40,8 —0,4 | —0,7| 403 * 77,0 0,0 —7,0 (470 [+19
' 76,0 —0,4 | —5,9 | 455 [|~L5.
0
0,66 +5,641
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53. The following are the results of different comparisons of the principal
yards, made at different times, and reduced for the-stand of the microscopes,
for the ratio of the individual distances tuken upon Troughton’s standard
scale t6 the mean yard upon the same scale, resulting from the comparison
within itself upon the distance of 36 inches, as resulung from § 42, and
where needed, also for the difference of temperature between the two scales,
which were always only very small.

1. The brass copy of the Exchequer yard, cut to length.

Date of observa. {Individual re-{ Means of cach { General means. Remarks.
tion, sultsof observ.|set of meusures.
28th Dec’r, 1830 35”,993;;23 .
29&1 (X3 14 - —_— ¥ 7
3d Jan'y, 1831 | — 89968 | (S5999143 | .
19th ¢F ¢ — 87468 My measurements were
— 35",99897072| < made at temp. 41° to
- s i
18th April, 1832 ¢ | — ,—88380 45° Fahr.
by Mr. Nicollet 2 — 87561 §35 /9877 Mr. Nicollet’s, at 1
Indiscriminate mean of all - |~ . - |-35,99902835] § N eSOt ot temp.

2. The brass yard between poiuts in platinum, upon the rule of Trough-
ton belonging to the Treasury Department.

28th Dec’r, 1830 | 357,9995068 [, .

20th ¢ ¢ o — ,—90568 17 My :measurementat 419
3d Jan’y, 1834 | — ,—87318 357,9990034 —45° Fahr.

12th ¢ ¢ — ,—86987

18th April, 1832
by Mr. Nicollet 35 ,9988850

Indiscriminate mean of all measurcments

357,9989758 | Mr. Nicollet’s measure-

ment at about 60° Fahr.

/

3. The scale which I divided from the large scale of Troughton, and which
is now furnished with a parallel rule and microscopes, to form a compara~
teur for the Treasury Department, was compared upon three distances, viz,
from Q' to 36", from 8'' to 44", from 16" to §2'. - ~
The méans of which gave by ditferent comparisons

28th Dec’r, 1830 | 357,9999435

20th ¢ - v+ |36 00079187 | o<
3d Jan’y, 1831 |36 10000755 | (-36":0002465
12th” < oo |36 ‘0001751

P

“ If the measurement of the 29th December were omitted, as they deviate
rather 100 much from the others, and therclore might be considered under
the influence of accidental variations of temperature, which it is so very
difficult to avoid entirely, this mean wo_uld become = 36,0000647, deviating
from the large scale only for a quantity that may be considered ag beiow
Wwhat can be warranted in any transfer, or comparison, of a distance upon-a
scale.  See also the report,
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The nearer details of the above are omitted as void of interest: their na-
ture will become evident from the detailed .discussions that will appear in
the comparisons of the metre.

The other yard measures not being intended as standards, their nearer
discussion would have no interest here.

54, The 51",2 upon the scale of the Treasury Department were laid upon
by. Troughton, from Sir George Shuckburgh’s seale, and stated to agre« with
it within p %5 of an inch. This number admitting bisection tiil to the
gingle decimal, appears to have been taken by Troughton for the standard
la/ge unit of his scales, the subdivisions“of which were made by bisection.
The comparison of this distance within itself, upon Troughton’s large scale,
shows also the smallest deviation of all such comparisons. The deiails of its
measurement by the large scale may therefore be related here.

There are two lines all across the scale, near to that distance, which I first
‘mistook for it, until I found, on the one side, a point, very distinct, though
a litue large, which showed itgelf to be the proper distance from the line on
the other side. In the first operation, the distauce between the lines was
accurateiy ascertained; and, in the second, which was made upon the point,
also the distance betweén this-and the line-before used was accurately ascer-
tained for the reduetion.

15th Janvary, 1831. The distance from 63",2 to 12" = 51',2, which is
== 51,20007 of the mean value of 51",2 upon T'roughton’s scale, at the tem-
perature 25°%6, being taken between (he microscopes, the micrometer read-

. m
ing gave - - - - - i{i? :g% +112m,2
Reduction for the micrometer values - - - — 1 ,426
P S —
Value in decimals of the scale . - . - 4110 ,774
Added to 51",2000, g.ves distance between the lines = 51,¢1114 74
17th April, measured distance between ¢ 118™,7
: ! , 118m,8

point aund line, near one another s 6§ "7 L= . 117,78
Reduction for micrometer - - — 1,02
Distance between the point and the distant line - ==52,19936 94

The same distance was measurei directly, hy taking it between the mi-
eroscopes, and comparing 1t with distances upou. the scale, viz,

The distance between the nucroscopes was exceeding it by == 4,1 of mi-
srometer, : »

_ Micrometer
Reading. Value.

. - 65",2—14"=51,20007 | +12,8 | 412,789
Companx'ng to the large scale 566 ‘e—15 =51,2000OJ F11,7 | 411,689
‘Which gives the reduced distance between Lthe point and) ¢ 51,1988011

line - - - - - - = § —,1988311
) . Mean 51,1988161

Correction for microscope stand - - . - 4 0,00041

Value in mean of scale . - - - ==51,1992261

Value found by reduction - - - =—,1993694

I_Jltimate mean adopted - - - - =51, l9929“77
Which is shorter thau the nominal value stated - - = 0,0007023
From this results proportionably the yard - - ==85,9995062
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55. COMPARISON of brass metres by combinalion;..the distance be-
tween the microscupes teing udjusted belween the divisions 79",8—1",0. .

<
Teioperature. | penomin, [Micrometer] Mean. |Reduced length to mean of the scale
readings. from which the micrometer values
Cbmp. Scale. are to be subtracted ==78,5.0281,
51,8 | 520 | M'*P | —4u1.8 ,
52,0 53,2 M +p | —404.6
—405,15
521 | 52,6 | CTM | —409.0(] 4 504 | 78 7602700
52.4 53.3 C+oM | 405 2J 60T = V.00u57938 corr. £, 09,7
321 | 528 78,75969062
53.4 | 53.4 | Mi+d | —401,2 ‘
“ BN Gl . 4,02‘7 G e
52.3 |~83,5.| M . 403,85 _
82,4 53,1 L+ oM 404 4 4+ 592 78,760398
52.6 53.3 t ¥ dpg 407, 1) e s = 0,00074492 corr. £, 09,9
52,42 | 53,32 | - ' 78,75965308
53,0 | 535 | M*F [ 4128
53,0 | 54,5 | M 4, | —403,8
R T —408,0
83,1 | 54,0 +MM | —407,6 (| 3 5l08 | 78,759989
53,3 5421 ¢+ M | —407.8) 55907 | = 0 L0U53800 corr, f. 09,65
" 53.4 | 54,05 | ’ 78,75945100
53,2 53,0 Scale {4-4,9—~1,65] corr. temp.|=-4-3,35
A.M.nextiday - - 43,0 ,
Comparison of the brass metres of Lenoir, by combination.
Temperature. | Denom. |Micrometer] Mean. ({ Mean length to subtract the micrq-
readings. meter values from =78,800016.
Comp. | Scale. '
46,0 | 46,0 | M**T 14014
46,0 | 46,1 Mp+r | —398,0L| 00 cs -
46,1 | 46,3 | bt | —407,5 (| 4 5,02 |, - 78.760338
: Loas - 0,00012415
46,1 b 46,5 b+ M | —404,5) 7739783 _75—75013:'_35' core, f, 09,15
46,05 | 46,2 e
46,2 | 46,4 | Mp+a | ~-397.7
46,2 | 46,4 | MUYd | 898211 o0 . .
46,2 | 46,4 | ,+aM | —392,4 4,97 73 ,760661 . \
46,3 | 46,7 | ®+iM | —405,8) |—593,55 T-O_"_‘(’)_“’l‘f_% corr, £, 0°,35
46,23 | 46,47 8,7604540
46,4 | 46,6 | MY | —396,6 ‘
N 46,5 46,6 M +4 —390 .5 '394'1
46,6 | 46,6 { "TIM | —394,2{| 4 4.9 78.761096
46,6 | 46,8 | M | —395,0) |7—389,30"| = 0.00010760 com. f. 09,13
36,52 | 46,65 7876098840
40,6 | 46,5 Scale |—1,0 ’
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" Second comparison, by combination, of brass melres, as follows; the
scale being re-adjusted 0 79" ,8—1"'=0m,0. ‘

Y

- Temperature, Denom. |Micrometer| Mean. [Mean length to subtract the micro-
readings. - | meter measure from ==78,800226.

" Comp. | Scale.

48,6 | 49,5 | M*+t | —410,2
48,9 | 50,0 | M —410.2

LI —408,075 _
©1 | 499 | o o0 | —406,0f) T 5l08] 78759936 core
49,5 | 50,0 | «, M | —4059) | =403,0 :%i;%g%g.gz_g corr. £, 0,85
1902 | 4985 78,

30,0 | 50,5 | M4 —394,61

51,7 | 52,3 3 —
) 2, M3 400,6 400 5
52,4 | 53,0 | M*d | —404,87| 3 4’08 | 78,760674
— 0,00038914 corr. f. 00,47

52,8 | 53,1 s+dy | —402,0) | 395,52
51.75 | 52,22 - ’
TE0| s s | M T ) - sosay |

T ¥8,76028486 .

53,1 | 53,9 | M —406,6
2h —405,25 .
53,1 | 53,6 | "*FhM | —408,3(| { s5.04| 73,760205
530 | 887 | em | —397,7) 00,31 | =, 2:00049601 corr. £.0,6

78,75970839

753,07 | 53,67
53,2 | 53,8 M'+T | 402,83

53,3 | 53,9 | M —407,84} . s
53,6 | 53,9 | #+"M | —407,5(| 4 503 | 78,760256
53,4 54,0 M| —401.3 399,70 | — 0.0(3’:48368 corr. f. 0°,53
33,37 | 53,9 ~ 78,75981732
- 53,7 54,0 | MY | _401,6
53,8 | 54,2 ‘MJ_-: b | —404,0 4042
CoM 405,71 4 sl03 | 78.760309
© 88,4 54,5 v+uM | 405,57 —399,17 | — 0,00057938 corr. f. 0°,7
33,47 | 54,17 , 78,75979961
54,0 | 54,3 Scale [+3,2

The notations used above to designate the different metres ave as follows:

M = brass metre, of the Treasury Department of Fortin.
Me = brass metre, of the State Department of Fortin.
M" = brass metre, of Ledoir, of the coast survey collection,
M = brass metre, of the Engineer Department.

M4 == brags metre, of the same, another one.

Their combination is abridged by adding only the distinguishing letter
above: thus, M+ designates the sum of M*and M", and so on all other,
varying the place with the position. A .

The brasssmetre of Lenoir, of the coast survey collection, designated MD®,
has a certificate of jts comparison at the Observatory of Paris, stating it ‘too
short for 115 of a millimeter, = 0,00039331 of an”English inch, whish is
therefore proper to apply ultimately 1o deduce from it the actual length of
the French metre in Eﬁlglishinches. ' ‘



[ Doc. No. 299. ] 65

Comparison of the iron metres, bj/ combination.

_—

M! = iron metre of Lenoir, C. 8.

‘Temperature. Denomina- |Micrometer}  Mean, |MJ = iron metre standarded by my-
tign. reading. | self, -

Comp. | Scale. Me = iron metre of the committee.

44,0 44,9 " Scale{0,0 ’

45,4 | 46,1 | M'+° | 4317

45,4 | 46 M .
' 2 Lo —436,5 —431,15 |Distance to subteact fm, =78,800066

45,6 | 46,2 P+oM | —427,4 (| 1 5’36 | 78,757487
45,6 | 46,4 | 1+cM | —429,0) | 535 79 | +_0,0033892 red. to §2°.
45,5 | 46,22 78,7608762

45,8 | 46,1 | MI+c | —495,
46,0° 1 46,4 | Mywo | 42600} o0 or | g wsrogg
46,0 | 46,4 | 3rM | —4em8 () o 5" | 16003707 red, to 32°,
46,0 | 46,4 M | —424,2) T21,57 | T78,761616
4595 | 46,32
46,1 | 46,4 | M'+1! | —430,8
4\6,0 46,5 My, | —429,7 33 85 78 757220
Ja ~433, :
46,0 | 46,4 TIM ) —439,3 (1 4 s e9 | 4 0,0037211 red. to 329,
46,0 | 46,3 | y+ oM | —435,6) | 5526 | “78 760041
45,02 | 46,4 ' '
46,0 | 46,4 Scalel0,0

To deduce the value of the metres from these comparisons, the first dis-
cussion is, that of the value of the individual distance upon the scale, to be
deduced from the comparison of the scale within itself, upon the distance of
89'',4 nearest approaching the metre.- By this' comparison, the distance of
63",4—24",0, which was the constant distance of comparison, was found
in excess over the mean by 1,28 of the micrometer values, or in 1 tg5 of
an inch; thence follows 63'',4—24,0—=49,400128 in mean value. Fhe dis-
tance 79",8—1,0 was measured, in applying this distance from 1" to 40",4,
and from 40",4 to 79",8 in succession. DBy this, the 79'",8--1",0 were
found defective for 1,9 of the micrometer values.

This gave the 78",8 made use of in the comparison T - =78,7998L

. The excess of the 63'",4—24",0, being doubled, gives - 0,000256
Which are to be added to reduce to the mean of the scals,

whereby the distance cmployed becomes in mean value =178,300066

To this distance must, then, be applied the corrections due to the momen-
taneous standing of the microscopes, as given by comparisons of the scale at
each beginning and end of the operations. Thus were determined the dis-
tances written above, from which the micrometer Vaiues were ‘subtracted
after the reduction to their real value. A

58. Having five brass and three iron metres, the combination of all the
eight, two by two, would have given twenty-eight single resulls, but the
necessary mixture of brass and iron in the saMe comparison complicated the
reduction for temperature; I preferred to omit jt, and to make two separate
series, the one of the brass, the oiher of the iron metres. The formnla
answering the denominations adopted Upon the principles stated in § 28,
will stand thus in form: : :

Mt o M+ oMoy +d

v
M'= 3
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six results for each individual metre.
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with all the mutations of letters adapted to each individual case. The whole
of the results will therefore present a scheme of thirty combinations, giving

combinations are

Using only the upper letters, these

For . For s. For =. For =. For ».
Add Subtract \ Add SBubtract Add Subtract Add Subtract Add Bubtract
vrag (b srab| era pTod b (T b TR e
:1‘},’ botr :_'**:g t+b Ei:! t+d ;i: 8t gif) bt
i O PO ] O O
i e e
vra g | O+e [oir bl 4 pir§| ar LEaf ) pra [0 b
eed 1R Ml 1T s T et IR v

The following are the numerical results for the brass metres, to be wsed
in the calculation, (taking for t4-b a mean between the two observations,)
when reduced to the temperature of the comparateur in each comparison, as
seen by the calculations at the side, which is all that is needed to render the
circumstances equal for those comparisons,

t 4-8 = 78,75923902
t +b = —,75971011
t 41 = —,75945100
t 4d = —,75965308
8+4+b = —,75970839
841 = —,75981732
s4d = —,76028486
b4r = —,76010885
b4+d = —, 76045408
r+4d = —,76098840

The form of the calculation, resulting from any three combined distances,
iving three results of the above scheme, but of course in a different order,
18 the following:

Difference,

t+8= 178,75923902| t4-8==78,75923902
t+4b= —75971011| s+b=-—,75970839
Sum 157,51894913| Sum 51804741
8+b= 78,75970839| t +-b= ,75971011
78,75924074| Diff. 78,75928730

M= 39,37961865

Hal{ diff. == M= $9,37962087

t+b=78,75971011
§+4b=-—,75970839
»51941850

t4s= ,75923902
78,76017948
Mt=39,38008974
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The caleulation of the full scheme gives the following results:

Mt M Mb . Mr Md o
39,37962037|39,37961865|39,358008974|39,38001465|39,35034946
—,37943635|—,—80267|—,—~18248|—, 37992487 | <, —-19858
~—,——30362|—,—95540|—,—25550}—, 3803931 6|—,——59524
—,——52613|—,—70848{—,—00046|—,38010889|—, —-51527
—,—45455|—,——55689|—, 37993880|—, 380326 58}—,—172797
—y—05784|—,—76953|—,—78726|—, 38026043|—, —77731

Means = |39,37939981|39,37973193|39,38004237|39,38017143|39,38052739
Corrected for certificate 4-( 0,00039381
Corrected M* .. = 39,38043618

—

59. The iron metres being only three, their comparison furnishes but one
result for each, by their mutation, and the scheme is only one single one.
The reduction for the temperature requires, that as well the iron metres
as the comparateur be reduced, each by its individual temperature and ex-
pansion, to its length at the temperature of 32° their difference is applied,
with its proper algebraic sign, to the distance observed; only thus reduced
they become comparable, as under equal circumstances.
The results thus presented, by the comparison of 12th April, at 32° F.
: 1 4¢ = 78",760876
J4e == — ,761616
_ _ J41 = — ,760941
And their caleulation gives the following results for each metre, at 32° F.
Me == 39",3807755
M’ = — ,3808405
M! = — ,3801005

60. The greater the number of equal measures are, thus included in one
gystem of combined comparisons, the more the advantage of the method in.
n{n—1)

creases. For any number of such equal measures = n will furnish,

binary combinations: in these each measure will appear, n—1 times; and in
the calculation of the results, these will again be combined in a binary form,

(n—1) (n—2) | cults. By the four positions in which the

2
observations are made, and the three alternfltiﬂg sets of observations used in
the calculation of the results, each result 18 properly depending of twelve
observations. By the method of calculation employed, each observation
obtains equal weight in the result; and 1t is proper not to vary them un-
equally. Thus, therefore, in the present case, for five metres were obtained

therefore give

. 3 . 4! .
-;— = ten combinations, and these gave for each metre -y six results,

each combined from three sets and twelve observations. If I had combined
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. . . 8.7
the iron metres in the same series, I would have obtained ~— = twenty-
eight combinations; each metre would have been compared seven times,
7.6

therefore the number of results would have been ~5~ = twenty-one for each
"metre, each dependant again, alternately, on three sets, of four observations
each. :

_Another advantage of this method of comparison is yet: the unprejudiced
manner in which the observations are made, hecause, from the variety in
the combination of their differences, it is impossible to form an idea of what
would be a proper reading in any individual observation.

Though I observed, also, the metres, “3 bout,” singly, I consider the value
of results obtained by that method not comparable in accuracy with those ob-
tained by combination. As it is not proper, therefore, to take them up in
the ultimate results with equal weight, and their observations present nothing
of peculiar interest, different from the observation of a combined length, I

“think proper to pass them over with silence.

61. Thé metre, ¢ traits;”” of platitium admits no variations in the compari-
sons, except the inversion end for end. The reductions are as already
shown; and, in case of a difference of temperature between the metre and
the comparateur, each is reduced to the length it would present at 32°,

The comparisons gave the following resuits, each by two positions:

One made in the course of the present comparison =39,38042036
—, —082057
Comparisons of 1829, re-calculated now, and reduced to ——10851
the medium of the standard scale, give the following re-q  —,~06247
sults, each the mean of two readings: - . . —,—100073
—,—06144
The mean of all is - - - - 39,38076096

The certificate of comparison, engraved upon the metre,
stating it for 4315 millimetre too large, which gives to.

deduct - - . - - - 0,00043319
This, deduced, gives the value of the metre, at 32° F. for
‘both English and French standards - - - 389,38032777

The metre being polished, the glare of light resulting is very unfavorable
to the reading: the strokes are very fine, therefore, also, do not fill up black,
which occasions again a reflection from the sides of the Jines.

62. When I had just finished my comparisons, and while engaged in the
reduction of this account of them, I had the pleasure of the company of Mr.
Nicollet, astronomer of the Royal Observatory of Paris, &e. &c. His ac-
quaintance,with these subjects from the Observatory of Paris, where the
original standards of France are deposited, invited him to take interest in
my work; ‘and he staid a number of weeks with me, during which time he
-made, by means of my apparatus, and by my methods, by himself alone, 2
‘number of comparisons of the principal metres, and the two principal yards.
"With his Yeave, I introduce them here with mine.
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39,38105884

—,—088598

The comparisons of the platinum metre gave the follow-) , | —,—096723

ing results, each being a mean of twelve readings: T ——129408

—,—075854

—,—071984

Mean' - . .- . - - 39,38094414
Correction for certificate - - - 0,00043319

Value of the metre at 32° temperature, - - - 39,38051095
The ahove result - - - - —y 32777

Mean between the result of Mr. Nicollet and mine - 39,38041936
Difference - . - - - . 0,00018318

63. Though this coincidence of the results may be considered satisfactory,
it appears to me most proper to unite all the individual comparisons, above
related, into one mass; and the mean of them I consider the best.

Thus, our results united will present the following:

Platinum metre of the State Department, at 32° temperature,

mine of present comparison - - - - ==39,38042036
‘ ( —,—082057

,, —10851
— of 1829 - 3 S=1= —06247 .
' } —,—1000738
~y—06144
—105884
' ~,—088598
Mr. Nicollet, by six, aecording to his way of correcting J— —096728
for micrometer - - - - - § —129408

N —
- W W e

w v

.

j

a
"
w
©
-

| ~—,—071984

1025072
Mean - - - - - - 39’ 38085422
Correction for certificate - - - - = 0,00043319

Ultimate value of this metre - - a - =89,38042103

The first of the above results, deviating rather more than the others gene-
rally do, might be omitted, but the ultimate result would be aflected only
by 0,00003945 of an inch, which is an inappreciable quantity; the mean
would be = 39,38046048.

64. Mr. Nicollet also compared, three times, the three principal brass
metres by combination, namely, Mt, M%, Mb?, and the three iron metres.
His observations furnish the f{llowing results: their details of calculation,
presenting the repetition of what has been seen, § 58, are not introduced in
detail; they are each means of twelve comparisans, each pair of metres being
Measured in four positions. !



70

[ Doc. No. 299. ]}

The 11th April . - | 39,3803447 | 39,3797678 | 39,3507024
18th <« - -| —,3797811 | —,3797807 | —,3802958
19th  « - - | —3795671 | —,3798420 | —,3803746

Means - - | 39,3798976 | 39,3797968 | 39,3804576
Me MY M

The 12th April - - | 39,3808935 | 39,3809699 | 39,3804519
16th ¢ - -{ —,3810781 | —,3806473 | —,3793431
19th ¢ - -| —,3808879 | —,3805584 | —,3793758

Means - ‘- | '89,3800532 |° 89,3807252 39,3797236

65. It will be proper to take up these results in comparison with mine,

and in general to present the comparative view of all the different compari-
sons that have been made of several of the principal metres, as well in this
asin preceding comparisons. They will present differences which are chiefly
due to the incidental influence of temperature, which affect either the ther-
mometers, or the measures compared, during the operations, and thereby
the reductions to one and the same temperature; they will prove, however,
to fall within the limits of what is obtainable in the construction of any length
measure. The differences between the means, taken in different ways, as
the following tables will present, are so small, that the one or the other may
be taken as the ultimate result, according to the views and judgment of any
person wishing to make use of them.

1. Comparison of Mr. Nicollel’s and my resulls in the present com-
parison.

OF THE IRON METRES.

Me M3 M
Mr. Nicollet - - 39,3809632 | 89,3807252| 89,3797236
My present comparison - —,—=17755 | —,——8405] — 3801005
Means - 39,3808643 | 39,3807828| 39,3799120
Differences - - | 4 0,0001777 |— 0,0001153|— 0,0003769

OF THE BRASS METRES.

Ms M: M?P corrected.
Mr. Nicollet - - 39,3798976 39,3797968| 39,3804576
My present comparison - —y—73198 | —,—3998{ —,—4362
Means -{ 89,37981476 | 39,3795982| 39,3804469
Differences - - | + 0,00016567 |4 0,0003970} 4 0,0000216




66. The collection of all the results obtainedJat different times, and by different observers, of such of the metres of the

present collection, as have been observed repeatedly, presents the following table:

Collection of all the repeated comparisons.

0BSERVER AND TIME. Mce M A M? corrected. Ms Mpr corrected.

M:

Minein the presentcomparison

Mr. Nicolletyin do.
Mine for the coast survey
Mr. Troughton, in 1813

General mean of all

39",3807755
— ,—09532
— ,—10227

39,3801005
—,8797236
—,3797201
—,3802506

39,3808405
—,3807252

39,3504362
—,——4576
2480
—,~——3333

t4

39,3793193
—;—8976

39,3793998

—y—7968

39,3803278
—,~——5110

39 ,3809171

39,37994S7

39,3807827

39,3803688

39,3796084

39,3795983

39,3804194

67. The Almanac du Bureau des Longitudes being the authority commonly resorted to for this proportion, I will place
here its indication, for the sake of comparison: it gives the metre = 39,37079, that is, less than M° by 0,0101271, and even
yet considerably less than the smallest of Fortin’s metres. I cannot help considering this indication as wrong stated in this
naked form, where it must naturally be supposed to apply to equal temperature for both measures. The great coincidence of
my metres, compared repeatedly at different times, and by different observers, I allow myself the liberty to counsider as
decisive; and these being all reduced to the same temperature, I must consider the indication of the almanac as affected by
an unnamed difference of temperature between the two standard units they compare. 1f the expansion of brass for 30° Fahr.
be added, according to my determination, we obtain 39",37960157, which differs from the means of Fortin’s two brass metres
above, only 0,00000213; but these have no certificate of comparison, and evidently deviate from all others that have authen-
ticity, while his own platinum metre, uncorrected, is well agreeing with the fully authentic committee metre. Nor does the
difference between the Exchequer yard of the State Department and the eighty-two inch scale of Troughton account for it,
as the metre would measure more in a smaller unit of the yard.

L 663 "oN ooQq ]

¥L
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68. Among all these, the M¢, or metre of the committee, being an authen-
tic original, I take it of course as the one that must be taken to state the real
value of the French metre in English inches, at the temperature of 32° Fahr.,
and the metre in iron the English scale in brass. It proves itself to be
somewhat the largest, and such it is proper that it should be, by all the
princi;iles and manners of working in making copies of length measures in
general.

The platinum metre of the State Department, and the brass metre of the
coast survey collection, having authentic certificates of their camparison at
the Observatory of Paris, give a specimen of the accuracy to which these
comparisons come with the original. If these metres, thus corrected, were
taken up in the determination of the value of the metre in English inches,
absolutely speaking, we would obtain Me = 39,3809171

Mp= —,—4194

Corrected {Mb= —,—3688§ 39,3803941
Mean - - - - = 39,3805684
Greatest difference - - » - == 0,0005483

Diflerence between the mean of compared
copies, corrected, and the original -

l

0,0005230
1

69. If the results of all these inquiries are turned upon the question of the
accuracy with which metre copies are obtained, it will be observed, that the
metre copies, “3 traits,”” are likely to become too'large: for thus the individual
of platinum of the present investigation is, though it is made by Fortin,
whose metres, ¢“d bout,”” in brass are evidently too small, and the two here
present, made at different times, are very well coinciding; but they have no
detailed certificates of their comparison, and are only stated to be exact; this
difference is thus: ' c

By the committee metre, Mc = 39,3809171

8 t
M ';M — —,3796033

Diflerence - - == 0,0013138

By the mean of committee metre, and the metres verified at the Observatory
of Paris, with their corrections.
The brass metres of Fortin, without certificate, give:

Me4Mr4-MP

- = 39,3805684
t

1‘_‘1_2'*‘_1‘_4_ — —,3796033

Difference = = 0,0009651

They may, therefore, by a mean, be considered as about ;%% of an
English inch too short, while his platinum metre, uncorrected, is only
0,00006288 shorter than the committee metre, that is, may be considered as °
coinciding with it.
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The metres of Lenoir present the following results, when the correction
of the brass coast survey metre is omitted, to reduce it to its actual state, as
coming from the artist:

M! = 39,3799487
Mb = — 750
Mr = —,3801714
Mé = —, 5274

Mi4-M, 4+ Mr4-M, - = 39,3801556

4 .
M+ M+ MM

i

Me
4

Me4yMp4+MP M 4-Mb4-Mr4-M2

3 . 4 o

Thence, therefore, also, these metres are in a mean too small, but only for
about ;4. in a mean, and M? is even to- be considered as identical with
the mean of the original, and the verifications at the Paris Observatory.

70. This investigation strongly supports the assertion which I have made,
that all metre copies, ¢ & bout,”” are apt to be rather too short, it follows
exactly the necessary historical origin of the metres in brass, as I have it
from the statement of Mr. Lenoir himself, namely: Mr, Lenoir was the
artist employed by the Committee of Weights and Measures in Paris, under
the direction. of my late friend Mr. Tralles, for all the mechanical part of
the construction and comparison of the metres.

There were no brass metres intended.to be made by the committee, as
original standards, iron having always been the standard metal in France for
the toise. But Mr. Lenoir, in foresight of the case, that. brass metres would
also be desired, made one for himsell, which passed through all the opera-
tions of the originals, in iron and platinum, that were made by the committee.
Upon this, therefore, also authentie original, Mr. Lenoir constructed his
brass metres; and its being the only one, it follows necessarily that all others
must be copies of this, if not made by reduction from the iron or platinum
ones; therefore, also, Mr. Fortin’s brass metre, upon which he makes his
copies, must be a copy from this individual, if not otherwise deduced. .. And
thus, if the reasoning were allowed to be followed up, we would find the
brass copies from the original one 0,0005 too small, and the copies from
these copies = 0,0010 too small, in a mean, giving a pretty regular grada-
tion; which, however, must not be asserted as exactly to be relied upon, but
highly pfobable. : 3 )

My experience in the construction of such measures is fully in support of
that, and shows itself by the M3 which I standarded in this comparison, and
brought the nearest of any to the original M¢, holding about a mean between
this and the mean of this and the verification results, viz,

¢ b ¢ == 39,3809171
WMean with verifications —,——5684

0,0007615

= 0,0004128"

Mean - - 89,3807427
M - - = ———827
Difference - == 0,0000400

10
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71. The results of the metres by combination might also be obtained by
taking the means of all the results obtained individually, without distinction
of the observer and time, as has been done in the platinum metre and the
principal yards, which would thereby give equal weight to each individual
result; but as my present result was obtained by the combination of five
metres, giving six resuits for each metre, obtained by the concurrence of
eleven measurements, in four positions or forty-four measurings, they are
about equal in weight to the three of Mr. Nicollet, each upon three metres,

iving, therefore, three results each, grounded upon three measurements in

our positions,

Another manner of taking the mean would be by throwing all the mea-
surements of each pair of metres in one, taking the means, and from these
means calculate one single unique result; but then the results, all influencing
each other, would be different in respect to the number of comparisons of
each, as Mr. Nicollet did not observe the Mrand MY, These considerations
decided me to the manner of establishing the means, which I have followed
in the above exposition, and consider as the best, unless it should be desired
to apply to this mean the method of ,the least squares, used in many cases,
which I, however, thought superfluous.

72. I might here now enter into a discussion of considerable length upon
the consequences of these results of the comparisons of French and English
standards, that would be of interest in a scientific point of view, as upon their
ratios many important geodetic results must be compared; and there is yet
gome difference in different English statements.

The standards of both kinds that I have compared are, in point of authen-
ticity in their origin, and perfection in their construction, certainly the best
that ever were compared. I believe the results will also show that no care,
or attention and precaution, so necessary to accuracy, has been neglected.
I may, therefore, safely affirm that the ratio given is the most accurate; how
it was or could be possible to state or get such other ones as I have seen
quoted, I cannot account for, and must only regret, as they may mislead.

But the discussions, which this would lead me in, lie rather too far off
from the immediate aim of this paper, which is rather an account of my
means and methods employed, for the instruction of such persons as may
have works of a similar nature. I must, therefore, leave all comparisons of
my work with others, and the various consequences and discussions that
may follow, to those gentlemen who may have any particular view or inte-
rest in this discussion.

' 78. When Mr. Tralles returned to Switzerland, from his mission to the
Committee of Weightsand Measures in Paris, he gave me, besides the original
metle and killogram, some details relating to the comparisons of the toises
and the platinum rules used in the measurements of the bases, for the survey
of the twelve degrees of the meridian, upon which the French metric system
is grounded, and upon the construction and last comparison of the metres,
with which he had been especially charged. These have never been printed,
and have some interest. It may be a valuable document for the men of
science to whom original metres may come under hands. I, therefore,
insert it here, after this special account of my length measure comparisons,
(translated {rom the French.) .

It will be observed that the necessity to distinguish the metres in the con-
struction by secret special marks, gives at the same time a criterion of the
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authenticity of any metre that might, by some means, have obtained the
stamp of the committee, without having been in the comparison of the com-
mittee itself: when the metre is held before one, with the stamp above, and
to the right hand, the marks will be found about three inches from the same
end at the off side of the metre.

The individual metre given to me by Mr. Tralles has the mark (:-'), the
last comparison shows the relation that it ultimately had to any of the others.

The kilograms bear no special marks; they had numbers upon paper, in
the chagring boxes to which each belonged. The original kilogram here
compared has the number 2 upon the paper still preserved. The short
uotice at the end of these papers indicates it as entirely exact, as no ascer-
tainable difference was found in the last comparison. They are now with
other standards in the possession of the Philosophical Society of Philadel~
p}xia, and were lent to me only for this comparison, as stated in its proper
place. ' -

TRANSLATION OF THE PAPER OF MR. TRALLES.
Y. Comparison of the Toises made by the Commitlee of Weights and
Measures.
The toise (called) of Perou placed edgeways, so that the inferior part of
the notch is hrought in contact with the cylinder of the comparateur. The

contact was complete for the whole height of the cylinder, which is about
four lines (French). Thence,

Toise of Perou, placed edgeways - - = 1,004125 7 »
Toise of the north, placed the same - - = 1,0041275 | &,
— Lenoir, placed flat - - . = 1,004125 | B 4
——— — Mairan, the same - - - = 1,004090 [ o3&
Toise of Perou and that of Lenoir together - = 2,004070 |5
Base measuring rod No. 1 - - - = 2,0040665 j &

During these experiments, the centrigade mercurial thermometer, placed
upon the toises, and the red No. 1 has been at 12°,0 to 12°8.

SEcoND EXPERIMENT. —Repetition of the preceding; thermometer at 10°2
at the beginning, and.11° at the end.

Toise of Perou, placed edgeways - - - = 1,004143
~— — the north, the same - - - - = 1,004144
~—— ~ Lenoir, in the middle of its breadth - - = 1,004143
Base'rod No. 1, (metallic therm, = 100,5 or 11°,0 centigr.) = 2,004093
Toise of Perou and of Lenoir, end to end - - == 2,004080

i

Toise of Mairan, in the middle of its length, and also at three}

lines from each side - 1,004099

Tuirp Exeerimexrt.—With another butting piece (on the comparateur).
Toise of Perou. -

“Jaec At one line from the anglesa & b - - == 1,049062 g v
At two lines from the same - =_1,049063 | &,

At four lines from the same - = 1,049069 { &

" At six lines from the same - £ 1,049069 (S 8.
At:f,’I from a, ¢, and b, d, or at three lines} = 1’049058J s
rom the exterior angle - - o




Toise of the North, .
At one line from the interior angle = 1,049047 1
At three lines from the exterior angle = 1,049065
At two lines from the exterior angle = 1,049062

Base measuring rods; No. 1 (metallic therm. = 401,2)

(=8%)=11°8 - - - 2,0040833

Of the comparateur.

—— No. 2 (metall, therm. = 402) (= 8,0) - = 2,0040825
No. 8 (metall. therm. = 399,0) (=10,1) = 2,004079

~— No. 4 (metall. therm. = 400,8) (= 8%,9) = 2,004088
No. 1 (metall. therm. = 402,0) (= 9,0) = 11°15 = 2,004077

Toise of Mairan = toise of Perou - 0,03413 lines

at 12° centigr. thermometer 4 rods == 8 toises.

Upon the expansion of Iron.

The committee has adopted for the expansion of the iron, for one degree

centigrade, S 0,00001156 of its length.
According to Smeaton, it is = 0,00001249 (or 0,00001258);
: Berthoud, = 0,00001395;

Roy, the expansion of steel is already = 0,00001143:
And all observers state the expansion of steel less than that of iron.

Construction of the Melres.

The metre is = 443,296 lines (French) of the toise of Perou, at the tem-
perature of 16°25, or = 0,5130740740 of the toise, as resulting from the
calculations of the arc (of the meridian) between Dunkerke and Mont Joui,
and-the comparison between the toise of Perou and the platinum rods used
for measuring the base lines.

Metres in 1ron and in platinum were to be constructed of this length, not
at this same temperature, but at the temperature of melting ice.

By the best observations upon the expansion of hammered iron, as well as
by those that we undertook ourselves, this expansion is = 0,0000115 of the
total length for one degree centigrade mercurial thermometer. From this
results, that the metre in iron having at 0° (centigr.) temperat. the length
= 0,5130740740 of the toise, must be greater by 0,0000958657 of the toise,
or = 0,51316994 of the toise. ’

But as the toise to which the metre bears this ratio, both being at 16°,25"
temp., is in iron, it suffices to give to the metre in iron these 0,5131740740
of the iron toise, at whatever a temperature it may be; this length will
always have the determined length at the temperature of the melting ice.

The length of four'metres must, therefore, be = 2,05267976 toises.

Mr. Lenoir constructed nineteen pieces of iron, each very nearly equal to -
the excess of four metres oyer two toises, that is to say, = 0,05267976 of
the toise. These pieces, all joined end to end upon the.comparateur, were
found to be together greater than the toise of Perou by = 0,000851 of the
toise; or, calling these pieces, successively, p's p"y pll, &e., the length of all
the pieces gave: p‘+‘)“+p“‘+, &e.,. ... p¥*=1,000851 of the toise; sup-
posing them all equal, the mean length of one would be the nineteenth part
of this sum, which, being called T, gives T] = 0,0526764, the true excess
being . - - - P =0,0526796.
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To find the difference of length of these nineteen pieces, Mr. Lenoir con-
structed an apparatus similar to that made for measuring the dimensions of
the eylinder and the rules for the determination of the weights. By this
apparatus, the small distances were augmented more than twenty-five times.
The following are the resuits obtained by this means, the numbers being ten-
millionth parts of the toise:

p pr— —_—5 pv)i — pvli + 0 pxl!i — pvll + 0
il = Pvn + 10 pvm = pvil — 50 pxiv = p'i — 50
plll= vii +0 plx = pvil — 40 va = p¥il . 70
piv = PV“ — 20" : px = pvit __ 20 - val. = p¥il 60
pv — pvu — 70 x? — Pvu + 5 vah — pvu — 20
pvi = Pvll — 50 pxll —_ Pvu — 170 vam = pV“ — 20

pxlx p— pvli — 10

From which is obtained p'4p'..... 4-p*¥=19p" —0,000054 uf the toise;
thence, 19 p¥! — 0,000054 = 1, 000851 toise, or 19 p¥!! =='1,000905 toise,
and p Vi = 0 0526792, thence, the piece p¥_ has the required length to one
ten- mllhonlh of the toise. However, the piece p*! has been used.

Then the two toises and the piece p¥! together were compared with four
metres together; and the difference between any two such lengths from the
true distance was ascertained by the difference in these measurements, and
the length obtained by the above apparatus.

‘These operations were frequently repeated, Mr. Lenoir always reducing
the metres according to the results obtamed by the commissioners.

At last was obtained:

4+ . + = 92 tois(?s + pv“-—-0,000004‘:=‘2,05_26752

T A R + 0,000001 = 2,0526802
TRl = . — 0,000002 = 2,0526772
R4 = — 0,000000 = 2,0526792

This shows the sum of four metres to differ no more from the true value
than four-millionth part of the toise at the most: thence, supposing them
equal, there is no more than one-millionth part of the toise error upou the
metre,

But the comparison of these metres between themselves gave yet the fol-
lowing, in ten-millionth parts of the toise:

..—:.=3 ..-—.:'_::_.—7 . "—...::‘.3

1 - I

o o= 8§ C smmre
'-_—-00=6 ..-—-v::._—l '--—_o-..=6

.__-.=A2 . e — -;+4 0--..'=0

o 0 oy 0—2 : 'oo——.:-‘:—-s
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This proves again the differences less than one-millionth part of the toise.

5+ 5+ D= 2,0526752

.

: — — 4
s J— 6
4 X : = 2,0526775
: = 0,5131693
Metre - - == 0,5131704

. Upon the Weights.

The construction of the weights presented no difficulty. A mass of brass
was made, weighing, in weights of the experiments, as much as the result of
the determination of the unit of weight had given.

The kilogram weighing 0,9992072 units, a mass was made, which, toge-
ther with the weight 0,0007928, was equal to the weight No. 1.

The four weights of Mr. Tralles had ultimately given

Kilogram No. 2 = kilogram 4 3 milligramme at farthest.
= + 0,5
= + 1,0

Remarks.—The comparateur spoken of in the preceding paper: is a stron
brass rule, more than four metres in length: at one end a perpendicular stee
roller is fastened, or a narrow perpendicular piece, with a cylindrical edge,
against which the one end of the measure to be compared is butted. "A
moveable piece, having at one side a similar roller, or butting piece, slides
in a straight direction upon the rule, bearing, at one end, 2 roller, or butting
piece, like the above, when this is placed in contact with the other end of
the measure to be compared, and so as to bring it 10 a certain division of a
scale, that is marked at the side of the rule, the butting piece, acting upon
the shorter arm'of an angular lever, the longer arm moves along an index
upon 2 divided sector at the other end of the sliding piece, upon which it
indicates the smaller subdivisions, and thereby their difference indicates the
difference between two nearly equal measures thus compared.

The nearer description will be found in the Base du Systeme Metrique,
vol. 3. :

The rules used for the base measurin’g apparatus, quoted in this paper,
were of ‘platinum resting upon brass. heir nearer deseription is in Base
Metrique, vol, 2. .

The toise ““du Perou’’ is that which the French academicians had with
them in the measurement of the three degrees of the meridian in that country.
That called <“du Nord,”’ is that which Maupertuis had with him in the mea-
surement of the degree at the polar circle. The other two explain them-

elves.
¢ The toise ¢ du Perou” is that which is always taken in France as the ori-
gins® and proper standard, to which all others are compared or referred in

their ratio.
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Upon the form of standards for practical use.

- 74. It may not be improper here to discuss the most convenient form for
standard measures intended for public use, as the construction of such shall
be the result of the present investigation.

Divided scales, as more generally in use in England, are very convenient
for scientific purposes, but require more artistical gkill in their construction;
and the work of comparison, or adjustment, of any measure upon them, is
of a more scientific character, than may usually be claimed from many per-
sons, whose duty such adjustments may be, in common public use.

It is, therefore, proper to make choice for the practical use of such an
arrangement as will give the required accuracy, equally as well as the scale,
by more mechanical means, and which at the same time will shelter ‘itself
from deterioration, or detect it if occurred.

To this purpose, the French manner, in which the standards of toises were
frequently made, is, in all respects, best adapted. :

The standard consists in a measure cut to length, and its matrix, with
sufficient strength of back to each of them, thus:

o~

8 . By

The standard length unit being a 4, the lower part will furnish this length
cut off, or what is called in French ¢ bout,” projecting from its back about
two-thirds of an inch, or more. The upper part presents a long notch,
exactly fitting over it, and thence sheltering it, by lying over it, and close,
8o as to contain exactly the same length between the projections; it is proper
not to let this come up entirely in the cornei of the standard’s cut, that some
space may be left at the two ends, between the two pieces, to separate them
gently, and gradually, by the insertion of some wedging tool, without laying
any strain or force to the standard itself, or its matrix.

The thickness of the bars must never be less-than half an inch, and the
breadth of the two together should be rather more than three inches.

It is evident that the line of contact of the two measures is well observ-
able by a microscope, in the same manner as a divided scale, and that, there-
fore, for the unit length, the arrangement serves equally like a scale; to
trace or adjust measures from it, without the aid of microscopic arrange-
ments, it is evident that either 2 measure cut to length can be fitted into the
matrix, or a matrix, to be used for other standarding, be fitted over the
length measure, with equal ease. It is possible to make this fitting by the
touch 1o a very great aceuracy; when the metals are of the same kind, and of
equal temperature; and with precautions, as all such works require, I have,
by my own experience, found the same accuracy altainable as by any other
method; it is necessary in all this that the parts Joining must be worked to a
;erydnice perpendicular, and to full contact Over their whole Jength and

readth. '
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UPON THE COMPARISON OF WEIGHTS.

75. In ail applications of mathematics to subjects of natural philosophy,
it is always necessary to determine the operation to be made, or the phe-
nomenon to becobserved, by a distinct definition, equally as well as in theo-
retical mathematics. ' _ :

Having a number of operations of weighing to make, and to select the
best means within my reach, I defined weighing ¢ fo produce the same
mechanical momentum by means of Gifferent musses.”” 'This definition
is general, and extends the field of the means to select wider than only the
solid lever, habitually applied to that aim, admitting evidently all the prin-
ciples and means of the equilibrium of liquids, and even of elastic fluids, for
cases when they might be appropriated to the peculiar nature of the experi-
ments. : ’

76. The solid lever, in its habitual form, requires very accurate and deli-
cate workmanship, if it shall be very sensible; it has friction, causing a

‘resistance .proportional to the weight, that tends, of course, to its own de-
etruction, in proportion to the masses to be weighed, and the delicacy of the
work required for the accuracy aimed at. The strength must be, at the
same time, sufficient for the double of the weight to be weighed, on account
of the necessary counterpoise; the very nice weighing is in general an opera-
tion of more delicacy, and minuteness, than might be thought at first sight.

77. A solid body, immersed in a liquid, will displace a quantity of the
liquid equal in weight to its own weight, whether it be entirely or only par-
tially immersed in the liquid, and. the liquid forms the counterpoise to the
weight and the apparatus together; the"nce, two solids, displacing the same
weight of liquid, will have the same weight, all physical influences upon the
experiment being the same. These influences are, therefore, here, like in
any other philosophical experiment, to be ascertained, and their laws of
action to be determined. b

The state of equilibrium of fluids is affected by the temperature, the baro-
metric, and even the hygrometric, state of the atmosphere. Thence, in
making use of hydrostatic principles to produce equilibrium, that is, weigh-
ing, the thermometer and the barometer must be observed, simultancously
with the experiments; and to render different weighings comparable, they
must be reduced to what thky would present under exactly equal circum-
stances and influences,” -~ -~ :

78. The aim of the present comparison—to determine weights of different
magnitude, and also the contents of capacity measures, by the weight of dis-
tilled.water, that they may hold, which for some is considerable, both ex~
ceeding, in most instances, the reach of the accurate balances habijtually
made and employed, the balances upon the principle of the hydrometer aré
evidently more appropriated to the_ case,‘for the reasons already stated in my
report. Thé diflerent dimensions in vyblch the.y were constructed; and theif
capacity of weighing, degree of sensibility, their weight, and the dimensions

_of their parts, are all brought in a table, (§ 127,) for easier inspection. It i3
proper to give here a full ‘description of them, with their variety, to adapt
thém to their different purposes.

Description of the Balance.

79.. An éilipsoidic glass, or metal, bulb, a, b, a, b, fig. 6, 7, and 15, form#
the principal part of the apparatus; at the one end of the larger axis is fixe



[ Doec. No.299.. ] 31

a metal mounting, in.form of a cap, which shuts it-up hermetically. This
mounting bears one, or three, perpendicular stems; their middle part is a
small cylinder; they. have square parts below, to afford a hold for serewing
them in the cap mounting of the bulb, and the same above, to give rest to
-the upper frame of the mounting, through which their prolongation passes;
they hold fast to this frame by means of square mothers, screwiug the frame
and the bulb together, - -~ , . ‘ ¢

80. Glass is the best material for the bulbs, on account of its smonthness,
and the consequent entire freedom of friction, when regularly blown; by its
 rigidity, it yields less, or .not-at all, to the pressurg of the fluid; it applies
equally to mercury, water, and other liquide; but the fastening of the mount-
ing requires a good cement. The size of these bulbs must of course be
appropriated to the capacity of weighing, because .the reductions of the
weights from one temperagure to the other, when there is any. difference
between two weighings, as is more generally the. case, appljes in full to the
weight detérmined, and i$ proportional to the whole mass; the.less, there-
fore, this weight-is below the whole mass;: the-less.the result suffers by:this
over correction, in case any error or uncertainty should rest upon the prin-
ciple of it, or upon the temperature, which-latter is affected by so many
accidental eircumstauces. I had also a copper bulb made, and one of sheet
tin, with which experiments upon the expansion of water were made, but
their use rather was to determine the relative expansion of these metals and
glass, with a view to determine the influence. of the expansion of the capacity
measures made of these different materials,’ that are commonly used indjs-
criminately; the pliability of the thin sheet of metal made three stems here
_necessary, they could of course not be immersed in the mercury.

81. For the mercury balances, of which the larger went in weight.near
226 lbs., the glass bulbs must have considerable strength; they require very
good glass, which no window glass factory can afford, = The glass house of
‘Brooklyn, on Long Island, opposite New York, furnished all the glasses,
bulbs, and large jars, used in the present work, of a very satisfactory quality
and workmanship.. . ~

82. It would be very desirable, if possible, to have the bulb entirely frce
of air and moisture, but I had no ronvenient arrangement for this, and the
exhaustion even leaves casily dampness behind, particularly in 2 climate
within the influénce of the sea atmosphere; this dampness will show itself
by a light precipitation in the upper part of the bulb,"when this.is left to
float somewhat out of the water, so that the increase of the:temperature of
the water vapors within occasions their distillation, which, being cooled by
the atmosphere, precipitates to the part reaching above.

"o avoid. this as much as possible, the bulbs were heated over a coal fire,
when their caps were cemented upan,:which served at the'same time.as a
partial exhausting and drying, and the means of making the cement hold
well to the glass; when it was not considered dry:enough, a small hole was
made in the top mounting, and the bulbs heateds the hole being stopped by
a brass screw when found proper. - The copper bulb was buried into sand,
heated as much as could be, without melting:the soldering; and in this state,
when no more air showed itself, the hole made.to let the air escape was
~soldered up again while in this heated state.

Ultimately these.circumstances may be considered as without influence in
ﬁ{e weighing, there being no absolute quantities, but only relative, or differ-
énces og weights to be determined; and we may suppose the weight of -air
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enclosed as the same, whether the dampness it contains is in a state of invisi-
ble dissolution, or in the form of visible vapors, provided the effect of all
external influences, other than the temperature, (which cannot be excluded,)
be avoided. :

83, The caps of the bulbs must of course have a solid hold of them; they
were made in the following manner for the glass bulbs: A cap, @, a, fig. 8
and 9, of steel for the larger, and of brass for the smaller, bulbs, is adapted
to the outer form of the bulb, having the upper plate even and thick enough
to give good hold to the serews of the perpendicular stems,; it rests upon
the rim of the opening of the bulb, which is ground flat, for the purpose of
close adjustment. In the middle of this plate is a square hole, fitting to the
square stem, that reaches through it, from the middle part of the mounting
within the bulb, &, b, fig. 8; this is of brass, adapted to the inner shape of
the glass bulb, and is hollowed out from below, to make it as light as proper
strength will permit, so that it presents in that part the form of an inverted
basin. This part is made of three picces, divided in the direction of three
radii, as seen in the central part in fig. 9, and presented by the vertical par-
‘tition line, in fig. 8, at d; the three pieces united present the square {orm
fitting in the central square hole of the steel piece above: the upper part
“above this has a screw, by which, with the square mother above -the steel
plate, the two pieces are screwed together.

The fitting of the two pieces is such, that while the steel cap fits to the
glass from outside, and the brass piece irom within, they admit yet about
0,02 of an inch for the cement to come between them.

84. It may not be amiss, though perhaps rather much entering into de-
tails, to state particulars of the means of placing these caps. For the inner
brass pieces, there are, first, three brass pieces prepared, fitting together by
three radii, so as the pieces shall be afterwards; these pieces are then solt
soldered together, turned off, and worked to their proper shape; the acrew
part above is left about one jach too long, tapered off in form of a sugar loaf,
upon which already the screw threads begin; the pieces are then again un-
soldered. To cement these pieces to the bulbs, the bulb is hung, with the
‘opening downwards, over a coal fire, with the three parts of the inner pieces
within; and held from without by threads, to enable to guide them; the steel
cap is made warm also; when all is as hot as can be, without hindering its
being worked, the warm cement is put in the mouth part of the bulb, the
three brass pieces pililled to, and placed properly, the threads passing through
the square hole of the steel cap; this is put up to its place, and fitted over
the square formed by the union of the three inner pieces and the motbher,
which is also already passed over the threads; it is now serewed fast, to such
tightness as will leave the cement to fill all the inequalities that may be be-
tween the parts that must join, withaut exercising any unequal or too strong’
pressure upon the glass; thus suffered to cool down again, the cap will be
well secured; without any strain upon the glass, which might occasion it to
spring in the use., '

85. As, by the principle of the apparatus, the centre of the figure of the
bulb, and the centre of gravity of the whole mass, must be in the same per-
pet}dicular, the parts Uniting the stems .and the bulb must present sufficient

resistance to the occasional lateral pressures; when the bulb has but one stem,
the bage upon which this action takes place is only the diameter of the stem;
thig dares, therefore, be trusted only to smaller weights, a8 & had it, for in-
stance, in bulb No. 4. Three stems present the base of the triangle, whjch
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they form as what might be called play room for this resistance, and affords
a kind of angular lever action to each stem, for the direction of the perpen-
dicular line; it is, therefore, best adapted to any balance for heavier weights,
and the three stems may be of so small a diameter, as to displace less water
than a single thick stem would. As it is this that gives the measure of the
sensibility. of the balance, without regard to its weight, the smallness of
these stems is desirable. -

These steel stems must be well hardened, and placed well perpendicular,
and parallel; for the water it is proper to blue the steel, because then a light
cut, made by the chisel, upon the turning lathe, or by the sharp edge of a
file, will show, as well as possible, a bright stroke; these strokes are made
about in the middle of the stems, and determine the points of immersion, in

-all the weighings, for once and all. ,

But for the immersion in mercury, the galvanic effect of it upon the steel
occasions a constant oxydation, which must be prevented by insulation, that
is easily obtained by covering the whole steel mounting with a varnish of
black sealing wax, dissolved in aleohol; the strokes for the coincidence of
immersion are then made upon them by white paint, or by red sealing wax
varnish.

Upon this oxidation first showing itself, with the naked steel stems, and
my stating it to Dr. Ellet in New York, who came to see the preparation of
my arrangements, he immediately suggested the idea that there was likely
a pretty strong galvanic action in the case, which of course indicated to me
immediately the above mean of preventing it, that has been fully successful,

86. The top frame, to which the bulb is adjusted by means of the one or
three stems that join them together, cousists of a picce with three radii, fig,
6, 7, and 15, ¢, ¢, ¢, uniting in one central piece, which part I made first

- circular, presenting near its circumference the places for the stems, against
which they rest by a plate from below, and the upper flat part of the radii
above, as seen in fig. 8. .

A still lighter form of this central part, and of rather more strength, I ap-
plied to some water bulbs, mounted here in the arsenal of the United States;
it is shown in fig. 10 and 11. The whole frame being composed of three
hotizontal radii, having the edges perpendicular, and fastened upon a hori-
zontal flat piece, upon which they stand edge-bared, as usually termed, as
upon a plate of brass covering the lower triangle; these radii were made
passing each other alternately, as tangents to a small central circle, forming
a small triangle around the centre; the three holds thus presented uniting
each time two bars, hold very strong against each other, and allow to make
the whole of thin hammered brass, favoring both lightness and solidity,
which in this apparatus it is necessary to unite. In the corners of the meet-
ing of ‘the three radii, were placed three tubes, that receive the upper parts
of the three vertical stems of the bulb; and, if only one stem was applied,
this was screwed in a triangular central piece, fitted within the crossing of
the radii. The outer end of the radii presents perpend.lcu}ar holes or tubes,
through which pass the three vertical steel rods, e, ¢, ¢, intended to unite this
upper frame with the lower, that shall receive the weights.

For a mercury balance, intended to weigh to fifty and some pounds, these
framesg are made of cast iron, the others were of brass, each appropriated to
U8 apecial purpose, and applying in several instantces to several bulbs, The
length of the radii of these frames is so calculated, that they outreach the
glass jar, or the buckets, (as was the case for the largest mercury balance,) *
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sufficiently to allow full free play, but still so, that, in case of a side potion,
the perpend‘cular rods would touch the glass outside, before the bulb touched
inside; by this, the adhesion of the bulb with the jar was avoided.

87. The three round steel rods, e, ¢, ¢, fig. 6, 7, and 15, descend perpen-
dicularly down from the end of the radii of the frame, and are held to it by
screw mothers from above; they are of sufficient length to bring another
three armed frame, similar to the upper one, to a proper depth under the
vessel, holding the liquid, and the stand supporting it, fo receive easily the
weights, or other objects intended to be weighed, give proper room to the
obscrver, and hring: the centre of gravity between the bulb and the weight

“to a proper depth for stability. Mothers from below hold again up the
lower corresponding frame, d, d, upon which a plate of sheet tin, or sheet
iron, is laid, that receives«the weights, so distributed as to produce exact
perpendicularity, with the best stability; this is favored, as shown in the
figures, by placing three equal and principal weights towards the ends of the
radii of the frame, near the perpendicular rods, where they resist, of course,
the most to any upsetting, by overweights on the other side; for the same
reason, it is necessary to place them simultaneously, and hold the upper
frame in hand, well supported, during the time they are placed; after which,
the furthér laying up of the ‘weights can go from'the centre with more ease.

The perpendicular rods must be of round steel, becausc it is desirable that
they should have the least weight“possible, and still they must be able to
guide the perpendicularity of the bulb, and whole apparatus, by means of the
weight below, which requires them to have considerable rigidity and elas-
ticity. With a view to lightness, I had used for the small water bulb with
one stem, No. 4, only thin brass wire; this proved not to afford the essential
quality just stated. I made, therefore, three very light channelled pieces of
‘straight pine wood, in which the wires were embedded, fastened .to it by
very light twists of copper wire; the whole was then strongly varaished, to
fill up the interstices, and prevent moisture; thus it served extremely well,
and was lighter, with. the same rigidity and. elasticity, than even steel wire
would have been.

88. The glass jar, holding the water, is placed upon a piece of hoard of
circular form, of the proper size, fig. 6 and 15, g, g, adapted to its diameter;
this projects, with a support under 1t, from the upright part of a stand, which
gets 1ts bearing from the corresponding lower ‘part, projecting parallel to it
under the jar, as is easily secn by the figures. For more security, I alway?
‘tied the top of the upright part of this stand to the wall behind, by meansof
some proper. arrangement.  The same arrangement on a smaller scale, but
with proper strength, was made for the small mercury balance, fig. 15.

The size of the vessels in each case is appropriated to that of the bulb,
as to give it sufficient play in it, and not to put it under direct influence
the outside temperature, communicated to the jar,

For the large mercury balance, some peculiarities of arrangement wer®
necessary, Which will be described n their place.

89, Each of these balances has evidently its limit of weighing, as abo?®
stated; it is proper; for greater accuracy, to use such a one as will give th®
least dead weight, that is, weight which remains the same with and without
‘the body to be weighed, to have least superfluous correction for the influent®
of temperature.  This temperature, and also the stand of the barometer, P
to beobserved every time immediately, when the equilibrium is establisl}ed‘
the water' balances have two thermometers in a nearly horizontal positio®
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h, &, the one at the level of the upper part of the bulb, the other about that
of the lower part; these can be observed through the glass. In the mercury,
this part was not so convenient, but I had also, as much as I could, two
thermometers at an unequal depth.

- Manner of weighing with this Apparatus.

90. The principle of the apparatus itself indicates, that the operation to
be performed is to procure the immersion of the bulb to,a certain deter-
mined and constant point, indicated by the fixed marks upon the vertical
stems; between the cap of the bulli and the upper frame, by means of the.
weights or masses, known or unknown, that are:placed upon the lower
frame. These stems must be perpendicular in the water, when there are
three stems, the marks being made at exactly equal distance from the upper
frame; the bulb being well adjusted to this frame, they will appear and dis-
appear simultaneously.

Looking at the'stems through the water, from the outside of the glass jar,
the part immersed in the water will be seen directly, and also by reflection
from under the surface of the water; viewing them under an angle of about
12° to 15% with the surface, the direct and the reflected image will appear
in the same straight line, when the stem is in a perpendicular position, there-
fore at right angle upon the surface of the water; when that is not the case,
it is necessary to shift the weights, so as to procure this perpendicularity,
when viewed from two sides at right angles with one another.

The same reflection takes, of course, also, place for the marks made upon
these stems; they will appear double when under the surface of the water,
and disappear entirely when above it. The point where this mark will ap-
pear in one, exactly presenting its actual size, is evidently that where its:
middle exactly coincides with the surface of the water. It is, therefore, by
the observation of these direct and reflected images that the perpendicularity,
and the coincidence must be observed; above the water, this can be done
but imperfectly, because of the capillary effect of the stems, which occasions
them to be surrounded by the water, according to a curve appropriated to
this effect. _ ‘

91. This adhesion is of no influence otherwise, bacause it is the same jin
every weighing, and acts therefore as a dead weight, like any other part of
the apparatus; this will generally be the case, as the stems will always be
wet, which is the condition of this equality of effect for equal stems, for the
case, as in higher temperatures sometimes, that the part of the stem, long out
of the water, should be dry, I had always a camel hair brush al hand, with
which I wetted the stems, and often also the whole of the cap mounting of
the bulb, which is apt in the same case to take air bubbles around it, that
must be taken off. .

92. The vessel, conveying the apparatus, made in N.ew.York, (in the fall
1830,) having shipwrecked on the eastern shore of Virginia, the large jar
intended for the largest water bulb was broken, in saving the objects {from
the: wreck ; another one could not be procured, but from the same factory of
Brosklyn, which from here was not accessible in the winter. Wishing to
make ‘use of the mahogany bucket, that had been made to use the same glass
bulb in mercury, and had been saved, I supplied the visibility of the reflec-
tion, which could not be seen through the bucket, by the following arrangg-

| ment: .
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The visual rays from the stem, and its mark, being supposed to meet the
eye at &, fig. 12, from b, and by the reflection from ¢, I placed a mirror in
the bucket, in an inclined position, the scetion of which being /, g, the visual
‘'rays are directed up,to the point p, so that the observation could be made,
and the coincidence at ¢ be observed, with the greatest ease and accuracy; in-
deed, it appeared to present a full picture, rather more advantageous than the
direct vision through the glass, which is apt to suffer distortion from the ine-
qualities of the glass vessel, necessitating oflen a shifting of the eye.

93. The great influence of the change of temperature upon these observa-
tions renders it desirable to proceed in such a manner, as to avoid the errors.
that might result from any uncertainty in the law of its action, by reducing
all reductions, arising from that circumstance, to the smallest possible. This
dictated to me the following method: ‘

I first produced equilibrium, at the coincidence of the marks of the stems,
entirely by known weights. To this, the indications of the upper and lower
thermometers were immediately red; for, when the temperature undergoesa.
change, which is generally progressive, this coincidence of equilibrium and
temperature is immediately changed,, and the influence of one-tenth of a de-
gree Fahr. is already morc than it is possible to fail in the weight producing
the equilibrinm. ' The barometer is then also read off; and, after this, the
weights were taken down, and each individual weight that had been used
noted in the journal, leaving the calculation of their amount for the future, sp
much more, as all the weights which I had were differing more or less from
their nominal value; and I had to use for any weight that amount which 1
had determined for them in Troughton’s grain weights, these being the only
English weights that 1 had agreeing within themselves,

hese known weights were then removed as much as needed to admit the
mass of unknown weight, which was now placed uponthe sheet serving as
basin, and the whole operation, to obtain equilibrium, was now repeated,
placing the well known or ascertained weights upon, for all that was needed
to produce a second equilibrium; when obtained, the thermometer, barome-
ter, and weights, were read off, and noted down, ashas been just stated for
the first equilibrium.

Then the mass of unknown weight was removed, the identical weights
used in the first equilibrium replaced, and a third equilibrium produced,
which would at most only vary in the grain weights, according to the
effect of the change of temperature. Equilibrium being obtained, the details
of it 'were again written down, as in the two preceding observations,

94. It will at once strike that it is the weights that were taken off; that
determine the weight of the unknown mass; that, therefore, if a choice should
be between the different accuracy of determination of the weights, the best
determined must be those removed, as the others that are the same in the
second as in the first and third equilibrium, act like mere dead weights.

1 used all only brass weights, in order that, if any reduction for buoyancy
to the vacuum, or otherwise, should be desired, this would refer always to
the same metal, .

95, In respect to the reductions for effect of temperature, it will be ob-
served, that the temperature changing somewhat regularly, that of the second
equilibrium will, by a regular steady process in the operation, fall very neaf
in the middle between that of the first and third equilibrium. Taking,
therefore, a mean of the weights of the two, it will also represent that weight
which would make equilibrium to the unknown mass, at a temperature negt



[ Doc. No. 299. ] 87

the second equilibrium; thereby the uncertainty of the principles of reduction
will have little or no influence. For the small differences between these means,
it was allowed to take the variation proportional to that given by the first
and last equilibrium. I speak so decidedly, however, only for such a small
change of temperature, as will generally be the case, within which the varia-
tion of the expansion of the water may be considered uniform, which, in
any cases, cannot be extended to a whole degree; in all other cases, the
reduction must be made according to the indication of the law ascertained
for each point of temperature. .

96. These eircumstances evidently indicate the point of temperature at
which the bulb takes the greatest quantity of weight for the equilibrium, as
the most favorable to accurate weighing, exactly in & similar manner as the
observation of the meridional altitude of a celestial body is the most favor- .
able for the determination of the geographical latitude, for in both cases the
curve of the variations is most parallel with the result to be determined.

In the higher degrees of temperature, and in those approaching 32° Fahr.,
this influence is great, and varying very rapidly; therefore, also these tem-

ratures are far less advantageous to accuracy in any determination depend-
1ng upon water.

97. The accurate ascertaining of the law of expansion of water by the
temperature is in general a subject of interest in a scientific point of view.
It is, for instance, singular, that hitherto it has always been omitted to pre-
cise this in stating the specific gravity of different materials, taking the water
as unit, by stating the temperature at which this is supposed taken. I do
not know that the circumstance has been even altended to in making experi-

- ments; sill it is evidently of great influence. ,

These balances are eminently qualified to ascertain this interesting fact, it
was necessary for me to have these experiments originally, from determina-
tions of my own, purposely made, and not merely an effect caleulated, by
¢ireuitous route from determinations of others, because not only the reduc-
tion of the weighings at different temperatures to the same required it, but
also the capacity measures, to be determined by the weight of distilled water,
at a certain temperature, absolutely requiréd it, as it forms there the princi-
pal element of determination and accuracy. I instituted, therefore, regular
and extensive series of experiments upon this subject, by keeping all my
water balances constantly loaded, during many months, and observing daily,
and many times a day, according as circumstances favored it, the weight they
bore to equilibrium, under the existing temperature, and stand of the baro-
meter, the thermometers being placed as stated for the weighing, and each
observation being a full weighing, with all determined known weights in
the manner as above described; I used consfantly distilled water, which
was frequently renewed. They form a particular part of my work, of which
a special account will be rendered; it is a preparatory element for the con-
struction of standards.

" I may heye only quote the general results; they show evidently that the

material of the vessel of which the standard of any capacity measure is mad'e,
. is a necessary determination in the statement and scttlement.of it. For t.hxg,
these experiments were entirely direct to the point in their result, for it is
evidently the same whether the water is contained in the vessel, or 1s ex-
cluded by it; the results apply, therefore, directly. The temperature at
which vessels of different materials will huld the greatest weight of water, i
different for each metal, or other material, expansible by heat; for glags, it is
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41°,6; for copper, 44°%6, &c., while, absolutely taken, the maximum density
of water is at 39%8; though I have seen different determinations, which 1
suspect to be affected by the eflects of the temperature upon the vessels that
may have been used in the experiment.

It was .besides, also, for the ease and the accuracy of my weighing the
most advantageous mode of determining the influence of temperature, for
the reduction of the weights, to have this effect determined directly for each
of my balances individually; every doubt upon the element of the reductions
was thereby more removed, than by calculations from other sources, as these
results gave at once the sum of all the influences in the case. s

Peculiarily of the Mercury Balance.

98. The balances immersed in mercury do, of course, not allow the same
mode of observing the coincidence of the mark on the stems with the surface,
as the water; the stems occasion a cavity around them, presenting about the
inversion, of the .curve. of -capillarity; no. direct observation can be made
there; the observation of the coincidence of the lines drawn round the stems,
with certain marks dependant on the surface of the mercury, must be ob-
tained by means of some light body swimming upon its surface. The fol-
lowing were my arrangements to that purpose:

For the smaller mercury. balance, I turned an ivory ring, surrounding the
three stems very close, but yet so loose as Lo always lie upon the mercury,
by its own weight, presenting, as seen in fig. 13, a rounded section to the
mercury below, and an edge to the upper part, parallel to the mercury; upon
this, a very thin ivory disk was laid, cut in, to admit the free passage of the
stems of the bulb, with the surface thus presented, or rather the line presented
by the meeting of the ring and this disk, the marks of the stems were brought
in coincidence to designate the point of equilibrium.

On account of the great pressure which the stems of the large mercury
balance had to bear, they were made short; they did, therefore, not easily
admit such an ivory ring. I supplied the mark of coincidence, by placing
in the middle of the frame, and through a hole made for it, a glass tube,
(see n, fig. 14,) around which a thread of black silk was fastencd; within
this, moved, perfectly free, a thin ivory stem, at the lower end of which is
an ivory disk, flat at the bottom, which stands upon the mercury; at the
proper place of the upper part of it, a black strokc is made around it; the
coincidence of it with the black silk thread around the glass tube is ver
l1)1icely obse;vabie, and furnishes the point for the observation of the equili-

rium.

99. The smaller mercury balance is floated in a strong glass jar, supported
by a stand of proportional size, exactly similar to that for the large water
balance. On account of its smallness, it presents a compact and very solid
arrangement, easily manageable, (sec fig. 15.) However, the laying on. and
taking off of weights, to the amount of upwards of fifty pounds, with a glags
bulb floating in glass again, under the pressure of the heavy weight of mer-
cury, rendered some precautions against accidents very necessary. To
secure the bulb during the changing of weights, there was an iron hook put
to the centre of the lower frame; to the upright back of the stand, a piece of
plank, /, /, was tied fast, stemming exactly between the upper and the lower
#orizontal parts of the stand, with+a square hole!at i, so placed, that, by a -
lever, m, m, placed in it, that had a rope noose taking in this hook, the bylb
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was kept immersed, and under the guide of the lever, during the changing
of the weights. The thermometer was immersed in the mercury, by attach="
ing it to a piece of wood that hung over the side of the jar, having a weight,
' & fixed to it, to press the thermometer down in the mercury.

The rest of the arrangement was exactly similar to the water balances.

It sometimes occurred, that some object to be weighed could not be placed
upon the basin below, between the vertical steel rods, as, for instance, gallon
and peck measure, and some of the glass bulbs of the balances, that had to
be weighed; these were placed upon the top, the bulbs in an inverted posi-
tion, their upper frames being tied to the upper frame of this balance, as
indicated by the dotted figure upon the top. 'This, however, required evi-
dently peculiar care, and the condition that this:weight be not so large as to
destroy the stability of the whole, that is, that the centre of gravity was not
brought'too high by it. o

100. The largest mercury balance was principally intended for the weigh-
ing of the larger capacity measures, and also for the 56 lhs. weights, to which
the smaller one did not fully reach, as in general glass bulbs cannot be ob-
tained exactly of a given size, and the excess of a size over the weight'
intended to weigh by these balances is not advantageous, these accidentally
fell a few pounds short of their intended weight, including the weight of the
apparatus,

A glass jar, capable to hold with safety the great weight of mercury re-
quired for it, could not be expected obtainable; therefore, a wooden bucket
was made for the purpose, thus:

A solid block of well seasoned mahogany, (as this is obtained the driest
and longest seasoned in this country,) 2, 2, ¥, ¥, fig. 7, was turned to the
proper size outside, and so tapering as to admit good hold to the iron hoop-
Ing; when in that state, and well dried before the fire, iron hoops were heated
on upon it. ‘Then it was put in the turning lathe again, to be hollowed out
in the shape and size adapted to the bulb intended to be floated in it, so as
to leave all around about one and a half or two inches vacant, that the bulb
should not touch the side; the lower part is, of course, equally rounded to
the same form, which spared so much weight of mercury, at the same time
that it increased the strength, and the impediment to the filtering of the mer-
cury through the wood, in the direction of its fibres. When thus turned
out, it was well dried, and soaked, in and out, with boiled linsecd oil, before
the fire. Lastly, glazicrs® putty, thinned with the same oil, was rubbed in,
inside and outside, as far up as the pores of the wood presented themselves
perpendicularly, and pounded withan iron pestle inside and outside to fill well
the pores, and crush the wood in over the putty. Lastly, 1t was well dried
before. a fire.

101. This bucket was placed upon a stout, four-legged stand, of sufficient
elevation to admit under it all the arrangements and weights necessary for
the largest bushel measure, and the top o? the bucket was levelled by a spirit
leyel, so that the arms of the upper frame of the balance mounting would
always set up equally when loaded down,

The three inch plank forming the top of the stand has nearly the breadth
of the bucket; the one of the perpendicular steel rods passes on the one side
of it, the two others on the other side; and there are notches cut in the stand ;
at the places where they come, to give them more freedom. e

102., The heavy mass put in a floating equilibrium, under the constant,
pressure of so cloznsidera‘ble a:mass -of mercury; acqpires a-very great momens
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tum, by the slightest force applied to it; it is, therefore, necessary to be able
to arrest it entirely, at any notable change of weight, besides proceeding
with the utmost caution 1n the proper distribution of the weights, and
making no great changes at once. -

Three iron hooks, m, m, fig, 16, were made, exactly of the proper length
to reach from above the arms of the upper frame till-under the plank, the
hooks above and below being so directed, that each fitted its peculiar place,
by the angle they made with each other, these projecting arms being always
perpendicular to the bar itself; their use gave perfect security. When the
balance was intended to set in operation, the hooks were removed, and the
upper frame held under the direction of my assistant, the balance being at
first before always fully laden down; the weights were gradually taken off,
and shifted, according to what was found needed, to make all three radii of
the upper frame set up equally, so that, when, gradually, weight enough was
taken off to float the Eulb, it hung free in an exact perpendicular position,
and the nicer final adjustments, to the coincidence of the mark, on the swim-
qmer, and on the glass tube, were then made. o

103. The general arrangement of the mounting of this balance was the
sdme as that of the largest water balance; it was the same as had been used
to the first bulb, whicli broke in the attempt of using it in mercury, except
that a new lower three-armed iron frame was made, to obtain more strength
without increasing the weight, as it had to receive heavier weights. Upon
this a triangular sheet iron plate was placed, to receive the complementary
smaller weights; the triangular shape of this did not come in the way in any
work about the bushel below. But the size of the large metal bushels re-
auired a widening of the lower parts, at the same time that, for the proper

lling of it under the glass cover, it was necessary to place it exactly level.
The following arrangement answered these purposes.

Three iron pieces, g, g, of sixteen inches long, were made, having at the
upper end, at right angle, projecting arms, 7, 7, of about three and a half
inches long, the end of which presented at £ a cylindrical widening, with a
hole in the perpendicular direction, just to admit the steel rod of the upper
part to pass through; at the lower ends, other pieces projected about two
inches, with stronger cylindrical parts, through which passed an iron screw,
having its milled head downwards. Upon these three screws rested again
an iron frame of three radii, that had its ends formed in an elliptic larger
resting place, for the rim of the largest metal bushels, and below a deepening,
o receive the screw just mentioned, so that it could not slip out. In the
middle of this frame was again an iron hook, to which heavy weights were
‘hung.

This arrangement just admitted the largest bushel, with sufficient spave
for the overreaching of the ground glass cover, with which the bushels were
shut up in the filling, with space enough above for the necessary manipula-
tion. At the lower parts of these, lengthening pieces were also hung, by
brass wire hooks, certain of the heaviest of the dead weights occurring in a
weighing,

Smaller capacity measures, as half bushels, &e., were, of course, easily
adapted t0 a central position upon the lowest frame, and the low situation 0
the heavy weights gave the whole apparatus considerable steadiness in its
suspension.

Two thermometers were again put in the bucket, by means of pieces of
‘wood, with weights fastened to them outside, as in ¢, ¢.
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104. These arrangements were not the first that I had made; several were
tricd, that failed from accidental weakness of parts, leaking of the mercury
bucket, &c. In one of these, a circumstance oceurred, worth mentioning,
with the details that accompanied it, on account cf its novelty.

I had prepared, in the largest mercury apparatus, one of the glass bulbs,
with all arrangements, ready to weigh the large capacity measures, filled
with water, when other works, and an absence of some time, occasioned me
to leave it for upwards of a month immersed in the mercury, fastened down
by a wooden frame. During my absence, a loud report was heard, that ap-
peared to proceed from this apparatus, so that it wag euspected the bulb had
broken; but no diminution appearing in the mercury, no further aitention
was paid te this. When, on my return, we.were trying to put the apparatus
in activity, the bulb suddenly fell upon one side, so that we had to fasten it
down again with great trouble, and dismount all, when it showed itself, that
dne of the vertical stems had just broken in a place where there was a flaw:
in the steel, and another showed an old break, with the steel amalgamated
upon the two parts of the break of thestem. Thisshowed, therefore, that
the report heard during my absenee had proceeded from this breaking of the
stem under the mercury, which having no contact with the air, the steel was
always acted upon by the mercury at the fresh break. This being the first
instance, to my knowledge, of steel being amulgamaled, it is proper here
to record the fact, the other stem, that broke only then, though also under
‘mercury, came soon after to the air, and suffered no amalgamation.

I must yet state the necessary precaution in placing the bulb in the bucket.
This operation must be done so: The bulb must be hung in the bucket when
the mercury in it is no more than to its bottom; the weight must be added
always corresponding to the mercury poured in, so as to keep it always
equally pressed in it, and somewhat overladen, always minding the proper
distribution of it, to maintain the due verticality, at last the hoo[is being put
on to fill up entirely. For use, the overweights are then taken off gradually,
and proceeded as described in the weighing. When the bulb is to be taken
out, the mercury must be drawn off by a hole in the side of the bucket, and
the weight gradually taken off, gradually to velieve the apparatus until it can
be lifted out free. Without these precautions, the operation is more likely
to break the bulb than to succeed.

"Description of Troughton’s Lever Balance.

105. It has been already stated, that when I was in Europe for the pur-
pose of procuring instruments for the survey of the coast, | considered it
proper to incur the small additional expense to procure also accurate English
and French weights, and litres modeles. Thus I procured a'so a balance,
constructed by Troughton with great care and accuracy, and in.general prin-
diple similar to that employed by Sir George Shuckburgh in his compari-
sons; the weights accompanying it are English troy grain weights, from
10,000 grains to 0,01 of the grain; they proved the only consistent small
weights upon which I could ground my comparison, the collection of the
State Department being neither detailed enough in this part, nor consistent-
enough within itself, thence it proved the only means that enabled me to
proceed immediately in this part of my work. The procuring of weights
from London would have been very long and precarious.

The peculiarities of this balance, though simple, are not much known;
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and, as they are very well appropriated, I think it will be proper here to
give a full description of it. ‘
~ 106. 'T'he general appearance of this balance is represented by fig. 17.
The beam is solid steel, blued, of one foot in length, one-quarter of an inch
thick; its middle breadth, forming its height of beam, is a little over one
inch, tapering out to half an inch at the ends; all edges and ends are rounded,
The axis between its supporting knife edge part is 1,4 inch; this is, there-
fore, also the distance of the steel palettes, upon which it oscillates.

The form of the parts @, @, fig. 18 and 19, of the axis, which rests upon
the palettes &, b, is not a simple knife edge; a part, of about one-tenth of an
inch, is formed by the edge left between the sid=s of two cones, intcrsecting
one another, forming a concave knife edge, much better supported than a
straight one, therefore better and more lasting. The palettes are rounded
off on the top edge, so as to present the form of a half cylinder, of a diame-
ter somewhat smaller than the excavation presented by the knife edge. By
this ‘means. the oscillations take place, from a section of a larger cylinder,
upon the curved surface of a smaller-one, thence with very little contact,
and of greatest sensibility, and the strength of these parts is increased.

The axis and the palettes are both of well hardened steel, highly polished;
the axis rests fully free, without any lateral friction, or stop, thercfore, in -
the use, the beam must be properly placed, so that the knife edge is perpen-
dicular to the axes of the cylinders of the palcttes, and all lateral motions, in
the changing of the weights, must be avoided. '

The- palettes are screwed fast to parallel perpendicular plates, cut out at
the top in form of Y, wide enough to occasion no touching of the axis; these
are fast upon a brass column of proper height, serewing in a ring, that is fas-
téned upon the box, containing the weights, hut which I screwed, for my
use, upon a square block sufficiently large to admit the placing of a spirit
level upon it, outside of the ring, by which the balance is properly placed.

When the balance is not in use, the beam is simply taken off, to prevent
useless wear. -

107. Upon the cireular part of the axis, within the above deseribed knife
edges, is, on the front side, a brass ring, ¢, holding by friction only; this
bears on the top a perpendicular tubular part, in which revolves a small
cylinder, ¢ ; to the top knob of this is fixed a very light brass wire, reaching
out horizontally about one and a half inch, that may be placed in any diree-
tion. By the horizontal revolution of this wire upon its axis, its very light
weight is thrown on either side, or, when placed in the middle, neutralized,
by which means the empty beam is adjusted to the nicest equilibrium, at
the beginning of any weighing operation. Fig. 18 and 20, which are in
full size, show this, ag well as the other parts of the arrangements about the
axis, in full. » .

A disk of ivory, of about 0,05 of an inch in diameter near the one end of
the beam, presents a horizontal black line, to which the divisions of an ivory
arc is presented, by an arm fitting by friction in an upright piece, g, fast
upon the top plate of the column, to which, also, the palettes are fixed.
The coincidence of the midd)e division of the are with the line upon the
ivory plate gives the observation of the equilibrium. In this coincidence,
the balance, when laden with a kilogram in each basin, will be well sensible
to about 0,01 of a grain,

108. The knife edge for the suspension of the basins at both ends are
pieces of steel, fastened in the arm, and going fully through the thickness of
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the beam, A small steel plate, with a hole through, that is rounded out,
hangs over the knife edge part within the beam; this inner knife edge is
formed in a similar manner as the central knife edge above described. The
hole through the lower part of the small steel plate receives a thin brass
hook, in form of the figure 8, open on one side, while to the other are tied
three strings of Indian grass, the lower ends of which pass through three
holes, in the thin brass basins, that receive the weights. These grass threads,
which are commonly used for fishing lines, I have found the strongest, and
far preferable to silk threads.

109. When the basins are laden, the balance is set frec by an arrangement
similar to that of Sir George Shuckburgh’s balance; the elevation of the beam
by the supports of the central axis, by means of a rakwork, is a very bad
arrangement. The present consists in the following:

At rest each basin is supported by a small stand, e, e, the upper plate of
which has a perpendicular tube under it, that slides in a corresponding tube
fast to the stronger lower plate. A spiral steel wire spring, within these
two tubes, presses the upper plate against the basin. Two arms of brass
wire on opposite sides, passing through slits in ‘the lower tube, and fast to
the upper, present a hold for two fingers, by which the upper plate is lowered
from the basin, by the compression of the spiral spring; this can be done
much more gently than a rakwork acts, and the weight needed for the equi-
librium is in some measure felt by the rapidity of leaving, and following, of
of this motion by the basins; thus the halance is then left to its free motion,
and in the operation of weighing, ‘

110. The experiment of weighing with the lever balance, apparently sim-
ple, is by no means so when the greatest attainable accuracy is desired, on
account of the many precautions needed in that case; evidently all draughts
of air, and unequal temperature of the parls, are to be carefully avoided. I
had, therefore, a glass case made for the ahove balance, entirely close on the
sides and top, the front part, towards the observer, being an entire glass in
a frame, that could be hooked to its place. T rejected doors; they are in the
way when the case is open, and, in shutting, they occasion a motion of the
air within the case, which I avoided by sliding the frame gently up to its
place from below.

When I had made the most careful equilibrium, I tried it by shutting the
balance up entirely, letting it come to rest; and ultimately observing through
the glass. In making the equilibrium, the balance being, by preference,
placed with the back towards the light, I held a quarto sheet of white paper
between the balance and my face below the eyes, for the double purpose of.
sheltering the balance from the influence of my breath, and to reflect the
light upon the reading of the divisions, as this mode furnishes the best light.

111. However good the balance may be, it is not allowed to weigh, by
placing the object to be weighed in one basin, and the weights it represents
in the other; the full error of the balance, if any, would be included. It is
absolutely necessary to make what is called in French ¢¢ double pesée,”” double

- weighing, namely, the object to be weighed must be placed in one basin,
and in the other weights or masses, such as to produce perfect equilibrium,
for which I always used the subdivided French kilograms; then the object
to be weighed, in my casc always a weight, that was to be compared, is
zemoved, and equilibrium is again produced, by substituting for it all well
known and determined weights; the amount of these is the weight of the
body, or, in my case, of the weight compared. It is not proper to load the
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balance with more weight than absolutely necessary; the sensibility of it is
of course diminished, in proportion to the weight which presses the knife
edge to its support, still also this has its limite, according to the power of
the balance. A balance, well fitted for heavier weights, will become too
lightly oscillatory, when not sufficiently laden to give it steadiness; and the
observer will ultimately take an approximate esteemed equilibrium, perhaps
not in its proper resting point, by accidental inequalities in the oscillations,

This double weighing is cvidently intended to neutralize the balance; for
if even unequal armed, the weights producing equal effectsupon the same
basin, and under exactly equal circumstances, will be equal, according to the
very definition given of weighing at the first outset of this part of this paper;
the only requisite remaining is the equal and delicate sensibility. For the
same reason, it is not proper to lay complementary weight in the basin serving
as counterpoise; this must remain entirely unaltered in the two corresponding
weighings. In a series of comparisons, of weights ncarly equal, I always
established a counterpoise to the heaviest of them, and, for the lighter ones,
the equilibrium was made by the addition of the necessary determined
weights, including this variation always within comparatively small limits,
to use the least compensating weights. _ :

In these weighings, like in those with the water or mercury balances, 1
always wrote down the full details of all the weights engaged in an equili-
brium, all reductions being made afterwards, in calculating out the results.

112. This balance being ready at hand, in good order, while my glass
balances, upon the hydrometer principle, were not yet mended again from
the shipwreck, and the proportional reductions for the temperature not yet
determined by direct experiments, it has been used exclusively for the
smaller weights, up to the kilogram, and two pound A. de P. weights.

In some instances, I have even applied to the weighing the principle of
the binary combination, that I have used in the determination of the metres,
43 bout;” so, for instance, for the Chinese weights of Mr. Adams, &e.,
awhere my principal aim was to determine the value of their unit, the tale.
This evidently applies with full advantage to the weighing with the water
balance, by its lessening proportionably the influence of the reduction for
temperature. : '

Before any series of weighings, I always verified, or adjusted, the empty
beam, by means of the small arm upon the top, described above, and then
hung on the basins, placed weights and contre poisgs, thus considering the
basins as dead weights in the equilibrium, and 1 generally verified this equi-
librium again at the end.

Results of the Weighings.

113. The preceding deseriptions of the balances, and of the methods made
use of in their application to my work, give evidently a full account of the
operations, to Which it would be entirely without interest tp add the details
of the individual Weighing of so many weights, that in fact were never in-
tended to stand the test of such a minute scrutify, The most essential
weights; in fact, the only ones-intended for such minute accuracy, were the
troy pound of the United States’ Mint, and the different kilograms; and it
will be seen by the results given in my report, that these latter are very per-
fect. 'The small difference cxblbited by the platinum kilogram, after reduc-
tion, may Just as well be ascribed to the elements of the reduction for the
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different buoyancy of the brass and platinum, as to any actual difference in
the weights, as the note made upon that subject in the report clearly shows.

The accuracy of the subdivided kilograms, considering that they consist of
twelve different pieces, is indeed very satisfactory, and the brass kilogram
copy, of the same form as the original, may be considered as fully exact.
What relates to the troy pound of the mint, is detailed in'its proper place, in
the report itself.® ,

The weights next in interest after these were the foreign weights, lent to
me by the late President, John Q. Adams. ~ If any more of them were on
hand, duly authenticated, it would be of interest to enter into more minuts
discussions, as well as details, upon the individual results of their compari-
son, as would also be the case with the coins, if any other had been on hand,
but those kindly lent to me by Baron Sacken, chargé d’affaires of Russia.

114. The preceding descriptions of the different balances that I have made
use of, and the methods employed in their use, give evidently a full account
of my operations in this part of my work. A few examples, exhibiting ths
details of a weighing with each of them, will be all that can be of any interest
to add hereafter. '

115. The great disparity between the grain weights of Mr. Troughton, the
troy pound derived from him, which I had brought with me to this country
already in 1805, and found again in exact coincidence with them; when com-
pared with the United States’ Mint troy pound, made with peculiar care by
Mr. Kater himself, form in this comparison the most striking feature; this

.difference, repeatedly determined in presence of Dr. Moore, Director of the
Mint, to be 2,41 grains, constitute, therefore, the element of reduction of
all the weights from the grain weights of Troughton, that naturally were
my standard for comparison, upon this Mint troy pound, which has been
adopted as legal standard for the coinage by act of Congress of 19th May,
1828; this necessitated the double statement of all weights whatever, that
appears in the statements additional to my report, and which exhibits, in a
striking manner, the wavering of the English weights of the State Depart-
ment collection, between these two weights, the more modern rather favor-
ing the weights of Troughton, the old weights of New Hampshire, of the
time of George I., alone supporting fully the new Exchequer weight, now
legal standard of Great Britain.

After this, it is not to be wondered that a still greater, but, in general,
similar, result should be exhibited by the coarse iron, or other weights, sent
in by the custom-houses, which besides, on account of their great mass, could
not be adjusted but upon common balances; and it will not be expected that
a minute account shall here be given of what was never intended for so
minute investigation.

116.. But already Sir George Shuckburgh found in 1797, by weighin
the standard troy pound of 1758, made by Mr. Harris, then chief assayer o%
the Mint, which is kept at the House of Commons, as follows:

Grains of Troughtt
Qne troy pound of 1758 - - -t - = 5763,745
Ope duplicate in a box marked B - - - = 5763,685
Mean - 5768,715.
The two pound weight corresponding to the first . - = 11527,84
The two pound weight corresponding to the second - = 11527,55,

Mean -« = 11537,70.
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These two pound weights would give single pounds as follows:

The first - = '5763,92
The second - = 5763,775.
. Mean 5763,847
The mean adopted by Sir G. Shuckburgh - - = 5763,75
shows a difference still greater than I found, by -2 = 1,37.

Since the time that I handed into the Treasury Department my report,
and the accompanying statements, the Journal of the Royal Institution of
London, No. 4, 1831, has made known to us a similar result of an investi-
gation made in Holland by Dr. Moll, of Utrecht.

The British troy pounds obtained from the mint, and certified by it to be
5760 grains, weighed with grain weights of a Mr. Robinson, gave as follows:

. Grains,
The one at the Mint of Utrecht - - - = 5758,57
The other, in the possession of Dr, Moll - - = 5758,40
Mean - = 5758,485
An imperial troy pound. weight of Bates gai'e . 5769,935
This :giving an excess of the new British standard weights,
.which it i3 evident the grains of Robinson mean to represent, of "1,515,

while the weights of Bates, who made the new standard weight under the
direction of Captain Kater, gives only such a diflerence as may be attributed
to want of proper minute nceuracy, though this is better than the agreement
between the two weights of the mint.

Of the collection of English weights in the State Department, which are
all well certified, it will be observed, that the Tower troy nest agrees with
the grain weights of Troughton so much, that, allowing duly for the general
want of minute accuracy, which they all betray, they may be considered as
intended for the same. The Mint of London being an appendage of the
Tower, this Tower troy nest may be considered as referring to the Mint
weights.

. 117. Here are, therefore, four testimonies, all independent of one another,

and concurring in point of direction, or side of the error, that certify a dif-
ference in the English standards between the Exchequer, and, most likely,
the Mint weight, which appears so much more astonishing, as the maker of
the weight of 1758, that has served to establish the new British standard,
was at the time the chief assayer of the Mint, They stand as follows:

By Sir George Shuckburgh, in 1797 - - = 3,78
— Troughton, grain weights used by me - = 2,41
~ Dr. Moll’s mint weight - - - = 1,515

-Of the Tower troy nest here compared, only the 64 oz. and the 128 oz.
came up to the new British standard; the others all differ from one to two
rains, and the smaller weights cannot be considered with thisview. None
of all the English weights of the State Department have more than common
sealers” accuracy, Where the whole grain supplies the place of its hundredth
art in scientific investigations.
. 118 Tt'is proper to conclade from this, that the ratio of the British troy
‘gound to the kilogram must vary according to the origin from which the
ritish weights that has been compared, is derived. The various kilograms
which I have compared, of different origin and different dates, gave such a
coincidence, as screens. them Jrom all accusations of giving any cause to
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difference, provided they are made for standards, and not for common
comnnerce, having the legal ¢¢ tolerance,” as is the case with the nest of late
President Adams, and fully explained by the report of the Minister of the
interior of France, upon the demand of the British Commissioners of Weights
and Measures.

Though I stated in my report the degree of coincidence between my re-
sult and that of a comparison made in France of an English troy standard, the
results stated by Dr. Moll make it proper for me to place here all in one

view of comparisoun:

. Kilogram in Eng. troy pound
Eunclish gralns. in gramnwmes,

15433,15902 | 373,2228
15439,619 373,0661
15432,719 873,238

My comparisons give in mint weight

—— in Trought. grains

The Freneh Minister of the Iuterior

Dy. Moll, Van Swinden’s kilogram with Ro-
binson’s grains = - - - -

Dr. Moli’s pound from the British mint - 15437,035 873,1286

Weber, in Berlin, by platinum - - 15432,05222 | 373,¢454

118. Among the notices communicated to me hy Mr Tralles, on hig return
from the Committee of Weightsand Measures of Paris, [ find also the following:

«The troy pound brought to Paris by Mr. Van Swinden was found =
9266G,1168 grains (French).” - .

‘This, reduced to the new French grammes, by the statement of the Alma-
nac du Bureau des Longitudes of 1831, giving the kilogram = 18827,15 old
French grains, makes this weight = 492,16802 grammes; and this, reduced
to English grains by my determination of the kilogram, gives = 7595,706
graing of the mint weight.

Dr. Moll states, that the same weight of Mr. Van Swinden had been reli-
giously preserved, and, carefully compared by him, gave of Mr. Robinson’s
grains = 7594,875; the difference from the above result, = 0,731,.is most
Iikely again owing to the difference between overweights, as referred to the
new British troy pound, as he makes the kilogram in these same

—

e

15432,265 373,244

e

graing - - - - - - - = 15432,265,
My determination being - - - - « == 15433,159,
Giving a difference in the same direotion, of - - 0,894,

So we may be counsidercd agreeing about within the limits of the difference
of the English troy standards taken for guide, namely, he the weights of
Robinson, and I the troy pound of the United States” Mint.

119. The Almanac du Bureau des Longitudes being the authority most
generally resorted to for weight and measure values, it will be proper here
to give in 4 tabular form, for comparison, ils statements, together with miune,

without any comment, which the above deductions evidently forbid.
Jndication of
the alinanae, My roaults.

The English imperial troy pound in grammes 873,0956 | 873,2228
avoirdupois pound gr- 453,4148 | 453,5685
The kilogram in English grains troy, according :

to the U. S. Mint pound - - - 15488,36  |15483,15902

The statement of the almanac evidently disagrees with that given by the
Minister of the interior of France to the British Commissioners of Weights
and Measures, who states the result of the comparison of a British imperial
troy pound sent there, to have given as above 873,233. See, in the British
garliumentary paper on weights and mesgures, the letter dated Paris, 28th
tebroary, 1821.

13

—
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120. The notices upon the comparisons of Dr. Moll also give a mean of
confronting the result I obtained for the nest of the Amsterdam pound, lent
to me by late President Adams, which 1 have stated, reduced to the United
States’ Mint weight = 7630,76.

Dr. Moll gives for it in aveirdupois pound - - = 1,0892347.
This, reduced to graius, gives - - - == 7624,6429.
The difference is - - - - - = 6,1171,

in excess for the weight of latc President Adams, probably again an allow-
ance for usc and wear.

121, It does not belong to this place to carry those investigations and
comparisons farther. I may only advert to some simple conclusions, which
they lead to, namely: We must not be astonished to find large differcnces
in the English weights from sealers, and in the standards of the capacity
measures, that depend on them, when we find differences as here appear in
the original units.

A system of weights and measures, and its proper establishment, must be
a careful scientific operation, in which the accuracy aimed at must far ex-
ceed that which may be considered required for practical use, otherwise this
less accuracy will even not be obtained, by the unavoidable fate of human
cxertion: to remain always yet at some distance behind the ideal proposed.
What is done in such a work is done for the future, the improvement of
science always spreading more in common life, if such an establishment i
not ahead of its time, even, if possible, of the science of it, it very soon drops
back, behind even the wants of the nicer social intercourse, and such an
epoch approaches always more rapidly, with the greater mecans of science.

Not long since we were considering the works of Sir George Shuckburgh,
with the conviction of their superiority; and now, what they really were
then lies in many respects already far behind the needful of our present
time, and so it is to be hoped my own work will be in proper time.

g

YPON THE CONSTRUCTION OF WEIGHTS.

122. A few words may suffice upon the principles of constructing weights,
when the unit weight has been determined, in either way, as staled in its
proper place in my report. ‘F'he utmost care, and attentions of all kind, are
indispensable requisites; and the task is rather a tedious than a learned one.
The choice of the metal must be the best against oxydation. A certain pro-
portion of copper and tin, or zine, appears to be the best in the absence of
perfect brass, that is, copper exactly saturated, by cementation, with pure
zine, neither over nor under saturated. For this, to my knowledge, we
waould have to resort to Culeutta or China; the European, and especially the
E:glish, art appears, in this point, to be behind the old castern art.  One
caution is 1o be given against the old, bad habit of making a mass finished
off and polished, with a hole in it, in which small picces of another metal
arc enclosed; to satisfy the cquilibrium; this occasions, by the galvanic
action between the metals; ap oxydation, that changes the weights, by the
process of time, more than their wear in use would do; therefore weights, to
be accurate, must he made of one mass and metal, and ultimately rubbed
down to the full adjustment; if by that they hecome too light, they must
simply be rejected.
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Brass is only te be chosen, on account of its cheapness, and the almost
general habiy of its use for that purpose, by which, 1herelore, other weghts
are made equal to the standards, without the iufluence of their different
buovancy in the atmosphere, as would be the case if the standards were
made of platinum, which would evidently be the best metal now known for
this purpose, if sufficicntly common.

123. SPECIMENS OF WEIGHING STATEMENTS.
Weighing with the balance of Troughlon.

1831, February 15.—Equilibrated 16 oz. piece of the Tower troy nest
by parts ol subdivided square kilogram No. 1.

Resulting value.

Grammes. -Gr. Tr.
1st equil. 497,575 == 16 oz. Tow. troy . « = 7680,07
2d equil, 1 lb. Swedish victualling weight, brass nest = 654%,07

' 1000 5
4 Tr.gr.< 100} 2 = 1188,0.
30 1
3d equil. Brass nest of Amsterdam - - ~ = 76383,95
40| 0,1 ) _
+ Tr, gr. g 4 0,02} = 46,12
2
4th equil, Brass Russian Mint pound nest . : == 8309,07
- 1000 30.0
+ Tr. gr. < 300 O:l % = 1370,1
. 40
5th equil. Russian iron pound standard - . - - == 6$14,06
1000 | 20 l
+ Tr.gr.< 300 | 4 _
0| 2 = 1366,02
0,02 J

6th equil.  All only Troughton’s grains laid up to verify = 7680,07

124. Weighing of the four 1b. bellform, of New Hampshire standard,
upon the water balunce with one stem No. 4.

Tr. gr. Barom, ﬁ%cr_r:x_‘%

1stequil, 2 1b, bellf. St. Dept. | 207

2 |b. Philad. 3 | _

2 1b. New Orl. | =4%444,35 30,344 35,2 35,9

1222 grains 0,1
2d equil. 4 lb. bellf. of New Hampsh.

2 lb. New Orl. 207

1222 grains 2 >=15429,86 .~ 35,8 36,1

0,7 '

3d equil. 2 1b. bellf. of St. Dept. :

2 1b, Philad. 207

1222 graina
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The results of the above are as follows:
Mean of 1st and 3d equil. - - = 43445%,3 at temp. 35.875

Weight supplement to 4 Ib, of New Hampshire = 15429 ,25 35,95
Differences - 28016 ,05 0,075
The difference between the first and third equil. gives
Difference of weight = 1,9
Difference of temperat, = 0 .65

Proportional change of weight from the difference of temperature of the
mean of first and third equil. from that of the weighing of the 4 lb. New
Hampshire, which is ro be subtracted from the above = 0¢',22.

Resulting 4 Ib. New Hampshire = 28015,83.

’

125. Weighing of the largest weight of the Tower troy nest, being the
256 0z (roy, by the smaller mercury balunce.

Mcan weights, Thermometer
Grains, | omitting centigrade.
N cqual.
Mean.
40
1st equil. All the A de P pile {3 1b. New Orl. 20 67
All Tow. troy nest {4 oz. def. tr.nest | 5 23.9
2 a 99 s
P 3542,0 23,275 23,35
2deq. Idem Idem 10% 54
4
3deq-  All A de P pile 4 1b. Q bellform
All Tow. troy nestun-|2 . § State Dep. 300
der the 256 oz. 41b. 9 pia 20
21p, §° e 30 (372 23,5
.:1,' 1:; New Orl. 2
3 oz def. troy 126443,87 123,6
300
4theq.  Idem Idem ’ ;‘8}364 J 23,7
4
5th eq.  All the A de P pile |4 Ib. New Orl. 30 23.9
Al the Tow. troy nest(3 oz. def troy v ’
20 3520,0 |23,925
6th eq. Idem 1dem é 7 23,95
1
L 1.

The mean of the temperatures of first and second and fifth and sixth equil.
is here exactly the same as the mean between third and fourth; thence the
meau weights wi”‘ also correspond, without redustion.

The weights being therefore stated, with omission of those that are equal
in all, this gives:

Mean of third and fourth equil. = 126443,87
Mean of two first and two last = 3531,0.

e

Which, being deducted, leaves 256 oz, Tow. troy = 122912,87
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126. Comparison of 4 lh. and 8 lh. weights, by the waler balance float-
ing in the bucket, (the bulb of which broke

101

aflerwards.)

1st equil.

2d equil.

3d equil.

4th eq.

4th cq.

6th eq.

7th eq.

8th eq.

Sth eq.

10th eq.

8 1b.
11b.
8 oz.
20z,

Idem

avoirdu-
pois pile

Idem

Idem

ldem

1dem

Idem

4 1b.
11h.
8 oz.
2 oz.
4 1b.
2 1.
8 oz.
2 oz.

Idem

avoirdu-
pois pile

avoirdu-

pois pile

.o . Barom. Therm.
Weight to determ. Grains. 30.,‘,‘,215‘5_ r’d‘;;“
Sum gr.
400 | 2
4 b, belltform of
. 200 | 0,2 €= | 607,3 39,8
the St. Dep. 5 0:1 g ’ !
4 1b. avoirdupois | 400 | 2,
pile 200 | 0,4 .
5 10,2 b= 610,75 39,8
3 0,1 _
0,05
4 1b. Philadelphia] 400 0.3
: 200 | 5 §== 600,9 39,7
0,4
4 1h. New York | 400 | 0,4
iron 200 (0,5 L= 606,9 39,7
5102 ).
1
4 Ib. Baltimore | 400 | 3
iron o 105 =1 62,0 39,8
0,2
4 1b. Wilmington | 400 | 1
iron 00 Los b= ros 39,9
2 ° 0,1
41b. N. Orl. 400 {20
o [ 82 t=1] oo 39,8
30 101
o .| 400 | 0,4
8 1b. .walrdupms 200 0:3 2= 610,75 39,9
pile 10 {0,059
400 [ 0,2
7 1b. State Dep. | 200 1 0,1 €= 604,75 40,0
bellform 4 | 0,05
0,4
7 1b. Philagdelphia| 400 |30
100 {20
20 |'s = 595,2 40,1
0,2

Tlese weighings are made so near the maximum density of the water, that, for the kind
of weights to which they apply, the reduction upon the difference of temperature of the
water, whi h amounts to less than 0,2 of w degree Fahr,, may be omitted: it serves to wscer-
tain the difference between those weights marked in the same columin  Adopting the four lb.
be!tform as fixed, at which it was found on a tirst weighings though since somewhat altered
by a mean of more results; we obtain:

4 'h.
4 ib.
4 b.
4 b.
4 1.
41b
4 1b.
8 1b.
7 b,
7 1o, Philadclphia

Philade-phia
New York -
Baltimore -
Wilmington
New Orleans

bellform, accepted -
avoirdupois pile, by this weighing

-
-
-

PR S}

avoirdupos pile - -
bellform of State Department

LI TR S ]

st

I ]

peeonuunygy

28016,74
28013,29
28023,14
28017,13
28000,14
27902,24
28028,74
§6015,23
49014,38
49023498



127. 4 TABLRB of the Balances, in dimensions, size, weight, sapacity of weighing, &c.

Diameter of the bulbs é‘&‘lﬁ dm‘:lr:ﬁtcr in inch.
Diameter of top mounting - -
Height of the stems - - -
Distance of the stems from centre -
Diameter of stems -

Radius of Y frame, to the rod’s xmddle
Length of steel rods -

Weight of bulb and mounnng n Troug‘hton

grains, without basin -

R

Capacity of weighing at max. in '!‘roughton’s
ins, besides basins
‘We:ght of the liquid dmplaced, in Troughton s
grains -

Cubic content of bulb, deduced from weight
Length of stem for 1gre Trought. variation -

.

Largest wa-| Water ba- | Water ba- | Water ba- |Copper wa-| No. 5,in| Smaller Largest [Sheet tin
ter balanceflance No. 3.[lance No.4.{lance No. .|ter balunce.| mercury.{mercury ba-{ mercury | bulb.
No. 1. lance No.2.{ balance,
15,43 11,3 10,9 8",0 13,4 87,0 8,45 12,1 15,5
10 ,9 7,3 7,2 5,0 9,6 5,0 5 4 8,55 12,0
2//,2 1/1’3 1",2 1// 1 1//,1 1/171 1//’5 1/1,4 2//,
1.3 171 17,25 17,4 1,45 17,4 1,4 17,15 | 13,
0,95 0,5 lonly ooe stem] 0,5 0,5 0,5 0,5 1,0 0,95
0,08 0,07 0,1 0,08 0,08 0,08 0,09 0,16 0,07
87,0 5,2 5,0 4,5 7,8 4,8 4,8 7,8 8,
427,0 3y, 31, 22 39 ,4 29, s 38, 42
118559,0 } 30900,5 | 30112,1 | 21777,3 | 72043,9 |41108,21 50936,9 1| 184117,7 159943,77
At therm, :
41°,6, 41°6. 419,55. 41°,7, 44°,6. 40°.
105214,5 | 44325,45] 43457,25\ 7687,6 |109379,25 - 362942, ]1393649,2
227847, 76781,3 | 75344,0 | 29464,8 |181423,16 - 416150, [1577767,0
Cub.
901,52 303,85 298,11 116,58 717,95 - 121,22 406,88
0,15 0,12} 0,068 07,2 - 07,1121 | 07,00416

T

01

T

[ ‘665 "oN "20( ]



[ Doe. No. 299. § 103

YPON THE CAPACITY MEASURLS.

128. As it is now habitual to determine the capacity mcasures by the
weight of distilled water they contain, at a certain tempcrature, the investi-
gation, or comparison, is reduced to the operation of weighing, like that of
the comparison of the weights; therefore all my arrangements, deseribed
under that head, and the methods detailed there, have also been applied to
this part of my work.

Though I also measured the dimensions of all the capacity measures, and
calculated their cubjcal content in inches {rom those measurements, the accu-
. racy now aimed at in such determinations not being obtained by that means,
the results do not enter in the comparison, but as a kind of approximate
estimate.

In my hydrostatic -halances occurs already the reduction for the tempera-
ture of the liquid in which the weighiug is made, but there the thermometer
¢hanges applicd alone, because during the time of a weighing the barometer
varies never for a quantity, the influence of which would be sensible.

In the weighing of eapacity measures with water, the reductions must be
made also for the water weighed in the vessel itsclf, that makes the element
of determination, and that mnust be made for the barometer as well as for the
thermometer, because the results obtained at different times refer to diffcrent:
stands of the barometer, as well as to different temperatures, and must all
be reduced to one and the same for both.

129. Any mass that we weigh in the atmosphere suffering in it buoyane
in the inversed ratio of its specific gravity, the variation of the barometric
state of the atmosphere becomes sensible in the weighing of water.

The clement of this variation has been aceepted, in the English establish-
ment of the capacity measures, as for the specific gravity of the air = g3
at the temperature of 62° Fahr., and the variation for other temperatures lé?i
out of counsideration.

The French dctermination, made on the occasion of the establishment of
the metric system, i8 , 35, at the.temperature of the maximum density of the
waler. )

The English determination rests upon the experiments of Sir George
Shuckburgh, none having heen made expressly on the occasion of the Jatter
establishment of the British imperial weights and measurcs, and also none
upon the expansion of the water by the temperature. Upon this latter,
however, various other determinations have been made, but they are yet
gomewhat at variance with one another; and it was proper that I should esta-
blish this clement myself, by means of my water balances, which are pecu-
Harly adapted {or that purpose.

130. The most of the standard capacity measures, that I had to compare,
are, however, little adapted to yield an accUracy adcquate to this mmute
scrutiny, for which they never were intended.

To procure exact filling of the standards of capacity measures, it is neccs-
sary to cover the vessel witha gmund glass cover, and fill it so as to be {rce
of air bubbles, and not overflowings 1t must, of course, also be wiped dry
outside. The French litres modeles have snch a glass always with it. Por
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the different English capacity measures, I muade similar glass disks, of the
proper diameters, adapted to their size; those for the bushels required large
glasses. 1 made one of them with a hole in the centre, by which air hub-
bles, that might have remained,.were disengaged, by means of a brass wire,
bent at right angles, and turned round horizontally, so as to sweep the
ﬁlass in its contact with the water, which led them to the hole, to escape.

‘his glass not reaching to the largest size, the bushel of New Hampshire,
and an old looking-glass, that could be procured easiest for the purpose, not
having the necessary breadth, a piece cut from the length was applied to the
side, and ground against it, so as to shut exactly; the separation that would
thus be made proved to afford the hest means to clear the bushel of air.

The stamps which the measures had upon the side rim were, of course,
always taking up mokfe or less water; and this difference is evident by the
results which are related in the table. At last, in weighing the coal bushel,
it was found good to fill up those stamps with glaziers’ putty, even with the
rest of the edge; but still too much inequality remained in the rim from the
turning.

A thermometer was placed in the measure during the filling, or before
shutting it up, and observed, and again after the weighing, before it was
emptied. ’

"151. In the determination of the new British standards of capacity mea-
sures, it has been omitted to state the kind of metal, of which they were
legally to be cousidered. It is, however, evident that the expansion being
diflerent for different metals, the hushel hofding 50 1bs. of water at 62° Fah-
* renheit, when made of another metal, will hold, of any other subsfance, a
different quantity at another temperature, than a bushel made of he same
metal as.the standard. In the liquid measures, a greater variety is habitual
in this respect than in dry measures, which latter are commonly made of
wood, where, of course, the accuracy can never reach to this minute distine-
tion, and only so far this may be considered ncgligeable; but, in the esta-
blishment of standards, it is not allowed t2 neglect this, bzcause, in making
other standards from them afterwards, uniformity ean never be obtained,
without proper attention to this consideration.

132. The choice of the standard temperature for capacity measures must
be the temperature of maximum density of the water, as has been stated
above to be the most favorable also for the weighing, because there, at least,
the one -element of the determination, the water, may be considered in a
setiled state, and the kind of metal being deiermined, the actual determina-
tion is arrested by it, for this will always be of the same temperature as the
included water, as near as determination can go; its variations thence in all
directions are known by the laws of expunsion of both the water and the
metal. To give an idea of this effect, it may be stated here what would be
the content of vessels of different materials at the temperature of 62° Fahr.,
that wouid hold, a1 the maximum density of the water, 1000 parts, according
to the present knowledge of these expansions.

Mr. Van der Toorn, of the Hague, in Holland, gives for this, in a table:

Parta.
The vessel of glass would hold - - = 999,18
The vessel of copper would hold - - = 999,49
The vessel of brass would hold - - == 999,56
The vessel of pewter would hold - - = 999,72

And these materials are indiscriminately used for liquid measures.
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The sheet tin, which is also of frequent use, has not yet been inquired
into, and 1 am now engaged in experiments relating to it. The difiercnce
in the above amouats to more thaa half a hundredth part, which, though in
eommon neglected. must not be so in the establishment of standurds.

The standard capacity measures which I had to compare were of cast bell
metal; five from custom-houses were of hammered copper.  The sheet tin
gallons, sent in by some custom-houses, must not be considered as standards;
they assist only the proof that there are not any standards,

133. The French standards of capacity measure are reduced to the vacuum
for their ultimate determination. In the British standard, the barometer
stand of thirty inches has been adopted. The first is scientifically more
proper; the latter was more convenient for me 10 recuce the reductions to
smaller quantities; and being the mean state of the barometer in this country,
this mode may be also niore covvenient for practical use. The veduction is
directed by the simple principle, that, the bigher the barometer is, the greater
must the buoyancy be. '

To establish a comparison between the results that could be derived from
the different data known to me at the beginning of my operations, I caleu-
lated a table of the resulting weight of the bushel and gallon, at the tempera=
ture of the maximum density, from the different daia. Upon this, the
determination of the content of the gallon and bushel, as standard capacity
measures, has been grounded as ultimate result. The perusal of this table
will show in one view the state of the data, and their diversified effect, which
it would be too long to detail; I belicve it will prove the necessity of the
above investigation, that 1 have begun, but which by this time could not yet
be finished. Since then, I have seen newer determinations, which I shall
consider where nceded.

It would, of course, have been agreeable for me already here to make use
of the results of my own experiments, had they beea finished; but, in fact,
the state of the measures to be compared made it entirely indifferent. For
the actual construction of capacity measurcs, these results will be used; as
it is proper that the establishment of a system of standards be grounded upon
vesults of determinations made for that purpose expressly, and gmuirely dg*”
duced from the very principles.

The tollowing s this tahle.



134. €OMPARATIVE TABLE of data and results, for the redirtion

/ ) ; {a and rest d d4f thenew and old English capacity.measures =
Srom Lheir eapacity and weight of distilled waler at 62° Fahr. 10 the femperature of the maximum density of ‘the &
waler, and from their absolute value to that in brass, und ¥ts relationito the troy .and avoirdupois pound litre, e,
5 1. Reduction of the brass bushels according to the expansiongdeduce'g from my pyrometric experiments. -
: ~ | Grainsin 1| The new bushel. | The old bushel,
For 1° Fahr, {For 22° Fahr.| cubic inch ' .
. . water. | Cub. in.| Grains. | Cub. in.| Grains,’
Ratio of lincal expansion of brass - - - . . |1,00001050903] 1,00023330 - '
Resulting ratio of cubical expansion - - . - - - 11,000031514. | 1,000700% :
Weight of the cubic inch water, at 62° Fahr. - - - - - 252,458
Legal determinations of the bushel, at 62° Fahr. - - - - - - - .. 560000, | 2150,42 —
Resulting capacity in weight of water at 62° Fahr. - - - - -2 - 218,19 - - |s4o8860 &I
Cgpgclt)_' of the brass bushel at temperature of max. density of water - - - 2216,64 - 2148,9 ! =]
Diminution of capacity of the brass bushels - - - . - - . 1,55 . 1: 51 o
2. Reduction of the above capacities and weights to the capacities and weights of the water at the maximum densi ty, according g
. : to different data.’ : ' o
= - . : - )
?};eigh; of We;.gbt of the bashels [Capacity of ‘the bushcl {Weight of water of max. g
FOT— , jong| . £2¢ Cuble | - of water atmaximum | contain’g equal weight Jdens. cont’d in the brass .-
) OMINATIONS AND ‘;L?:i::r OF TRE DATA or'!b Pl;g:]%zns inch of wa-| density, by cquil ab- | of water at mnximun: bushel, reduced to temp? s
decimals. g&r attmax. solute space. - density. o of max. density of water. -
ensity re- r— : - .
. : sulting. |New bpsh. Old bush. { New bush. | Old bush. | New bush. Old bush.
BfGilpin, quoted in Young’s Nat. Ph. from specific | | L : ] — - -
gravty - - - - - - | 9,998858 | 252,748 | 560640,3 {543506,5- | 2215,757 | 2147,94 | 560248,0 | i54312
By Gilpin, quoted in Young’s Nat. Ph, cbserved ex- ’ N o o ’ > . 8 ‘5431 5,8
pansion - - - s - -~ ] 1,001142 | 252,7462 | 560635,0 {543506,0 | 2215,66 2147,947 | 560247,3 - 43125
By Gilpin, as quoted by Van der Toorn for the weight ’ . T o T . . ’ ’ LS| 8 %0123’5
pf one litre - - - - - - | 0,998837 | 252,752 $60652,0 {543518,0 2215,61 214?:,90 5602597 543138,0
Mean reeult of the above - - - - - 252,7487. | 560642,4 |543510,2 | 2215,642 | 2147,929 { 560251,66 5431
Mean result adopted by Van der Toorn for the compa- T D o‘; ’ ’ ? ’ 4.3 55,0
- rison with metal litres, by the weight of one litre - | 0,9988634].252,7453 | .560657,3 1543503,6 2215,661 | 2147,956 | 560245,0 | 543123,4
e From volumen . - - | 1,0000125 ! ‘ 0 1543881, , | 2216,168 | 2148,44 | 560119,0 | 543001,0
By theimew French tables § £ 001 {0 07 SR 0,9900383] § 250883 { 560511,0 |543381,8 .\ 3214,168 ; ’ ;
Ry Jan der Toorn’s tables for the litre for density from | 99900 | 252,7107 | 560560,5 (5434200 | 2215972 | 2148,250 | 560168,3 | 543049,0
R " his own experiment | 0,59896 | 252,7211 | 560383,4 |543451,0 '|°2215885 | 2148,164 | 560190,6 | 543071,0
Riot’s formula - | 0,998967 | 252,719 | 560579,0 {543447,2 | 2215,90 | 2148,171 | 560186,8 | 543067,0
Mean results of French determinations - - - 252,7098 | 560558,48/543427,05 | 2215,981 | 2148,256 | 560166,18 54304{!,0
: ’s indications together, in R
Mean of Fll Van der Toom's Incicalions 10870 ™ | 0,9980254| 2527295 | 560602,4 [s43469,6 | 221,807 | 2148,09° | 560210,0 [ "5430900
Mean between the results of French and English deter- _ oA A 54301
m?mtions by this calculation Co- - - - 2592,79925| 560600,44,543468,625] 2215,811 2148,0925| 560208,92 543088{5 -
T s S : 3 43118,0 3
. o Inb -1 0,995734 | 252,5658 - - 560239,0 5 y )
By Van der Toorn’s indications for l: m’;s;er - 0:99943 252: 5868 - - - 560285,7 54{1!63,2 =k
" “metal and glass, given by density ) ;o glass - | 0,099147 | 252,6735 - - - - 560478,0 | 543349, 8{
3. Differences between the means of the different determinations and results, as taken above.‘ . z
A : - — Weight of |Weight of the bushels |Capacity of the bushel Weight of the water of o
the cubic | of water at maximum | contain’gequal weight | max. density contained ¥
inch of wa-| density, by equal ab- | of water at maximum ] in the brass busliclre- 9
teratmax.] solute space. density. < duced to temp. of tax. €3
density re- ) deénsity of water. -
5“1"‘“8-_ New bush. { Old bush. | New bu’sp_.‘ 0Old bush. | New bush. | O1d bush. [}
; Hees 38 % : ; 3 85,48 83,0
Meam of Gilpin—mean of the Erench - - - =| 40,0389 +§3’g2 +§i’ (1)5 _____g’ﬁg _—_3’:32 igsio 133:4
Mean of Gilpin taken by V. d. T.—general meanof V. d. . tables = 40,0157 134, +34 0,004 0.0025 § — 1,08 — 1,5
@eneral mean of French and English— do. do. do. ==| —0,00025| — 1,96 | — 0,975 | +0, +0, - 6’0 g
— result of Jus own mean for Gilpin’s - = - - - - - __12’55 —~12,0
| — result-of my calculation for Gilpin’s - = - - - - - +7~g's~z ‘ +471,0
Van der Toorn’s | — resuit of my calculation of the French = - - - - - + 29.0 +4-28,0
sesults for brass.y — result of my calculation of ult. V. d. T. = - - - T - 4 ]
-~ result of my mean between English and 40,08 29,5
1 French - =it = - - - - - : 430, + d
- 5 the reducton for these beng taken into consideration only

~All these resuits are undér the supi;oaition

Of!@ua;lstaﬁdof»

baromcter and hygrometer, the
i the coustruction of standards, or in ti¢e compisens. Sir George Shuckburgh’s determinations we
-Tbwledge of & poirk of maximum deérisity of ‘water;and anly vaguely stting the

expansion, of about yyigg-in 2°.Fahr, or

re not.used, because they were made withoutw t'l;;
' by his table, {7 e

201



idently erroneous; the weight of a cabic inch of water he stated at 252,422, In the English determination of the gallan and bushel, the hygrometeic
influence was Jdisregarded; it is, indeed, the smallest influence, and the hygro:neter itself not yet brought to sufficient perfection; that of Sausure being

e only oac in which the application of a regular scale has succeeded. _
Accordi . to Van der Toorn, the temperature at which, by the expunsion of the water, and that of the litre, constructed of different materials, containg

again an equal weight of water, as at the maximum density, is as follows:

For a glass vessel .- - - - - - - at 45°,2 Fahr.
For a bruss do. - - - - - - at 52 ,8
For a copperdo. - - - - - - - at 51 ,8
Forapewterdo. - - - - - - at56,3 (composed of 5. tin, 1. lead. 3
4, Deduction of the data from some determinations made relating to the litre.
—— : - I
: s Actual British Reduced to | Max. density,
Engl.inches. [Cubic inehes. 'l‘roxflglsxt. weight of Absolute, 39° 8 oflength| Cubic inch in
grains. -'kilogram. in brass. brass.
‘Phe authentic metre of the committee, compared twice
by myself, is - - - - - | 39,3810327 - - - - 39,3842349
The cubic decimetre, which determines the litre by the
weight of water at maximum density, becomes - - 61,074664 - - - - 61,09959
The authentic kilogram of the committee, which I com-
pared, weighs - - - - - - - 15:439,6 )
This is to be reduced to the actual English weights, by the difference found from ““"““‘f,?(&;’f!?ﬁ;’,fg";:“‘° iuch
the comparison of the troy pound of the Mint, at the rate of 2g.,4 per pound troy 6,4331 By Urought. By tae  iinl
Thence weight of kilogram in actual English weight of the Mint - - - - 15433,1669 grais. weight.
Resulting weight of the cubic inch distilled water at maximum dénsity . . - - - | 252,6934 252,737 252,632
This e.iceed.s the result of the new French determination only - N 5 - - - - 0,0051 0,0487 0,0563
It is below the mean of French and English determination ’ - - - - - - 0,03585 0,00775 0,09725
1t is below the mean of Gilpin, according to my calculation - - - - - - - 0,0533 0,0117 0,1167
- N - - - - 0,0519 0,4083 0,1133

It is below the mean of Gilpin, by the mean of Van der Toorn

Revank.—The first determinations of the metre, kilogram, &c. were here suffered to remain, though somewhat different from the ultimate mean since

determined, because it wus found better to
between the twe is, hesides that, very little,

give the results upon which the determinations were grounded unaltered; the influence of the small difference

{114
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186, The results of the comparison of all the metal capacity measures may
best be presented in one mass in the table of the following § 140; any com-
parison with other results would appear to me idle here, because none of
the English standard copies, that I had, is such as to answer with satisfa¢-
tion such a eall upon it. It is evident that this was found to be the case in
the old English standards themselves, on the last investigation for the este-
blishment of new ones; no account being given of their comparison, and
ultimately the eighty pounds for the bushel, and the ten pounds for the gal-
Ion, were accepted as convenient means in round numbers.

It will be ohserved how near the mean of the coal bushel of the State
Department agrees with this acceptation, and thereby favors the idea, that
this coal hnshel was properly the original standard bushel.

136. The manner in which the results were obtained from the weighings
15, in fact, evident from the table, and will be explained in detail by the
specimens of it that will follow here, § 137 and 138.™ -

The weighing of the full measures was always included between two
weighings of the empty measure, in order to reduce, and even, as often
occurred, eatirely to avoid, the reduction for the change of temperature in
the water, or the mercury, that floated the hulb, serving in the weighing, if
not fully so the reduction was made for the differgnce, between the mean of
the first and last empty weighing, and the weighing of the full measure,
which never excceded a few tenths of a degree of Fahrenheit’s scale.

The reduction for the barometric influence was applied to the English
measures by the Inglish data, accepting the atmospheric air iy of the
waler, in specific gravity, and adopting for the brass eight times that of the
water, which gives for the effect of one inch variation of the barometer 5
3 - 5 = 0,0000350983.

For the French litre I adopted the French determination of the specific
‘gravity of the air, of 51, the water being taken at the maximum density,
which, treated for brass like the English, gives +45 * % * 44 = 0,000037879.

For the reductions for temperature, I made use of a table given by Mr.
Van der Toorn, in a treatise upon the acetie acid, giving the weight of a litre
-of water at different temperatures, as well absgjute as for vessels of glass and
several metals in grammes and decimals, thereby affording an easy decimdl
reduction for any other measure.
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187. Weighing of the metal quart mensure of New Humpshire, upor,
the largest glass water balance.

Weights, Object. Grains | Sum, omit- | Barome- Thermometer.

ting equal.|  ter

Upper. | Lotver.'

1st eq. 4 1b. bellform St

Dep.
41b. Philad, 150
41b. . Ocl. 1 15,2 | 30,340 | 3439 | 5515
i }Provxd 0,2 .

Def. troy 8 oz.,
4 0z.20z. o0z,

2d cq. 4 Ib. bellf. ‘The New Hamp-| 44
41b. Philad.  |shire metal quart 250 . . oe
11b. %P*ovid standard, with 9 28718,82 | 30,330 | 34,55 | 35,35
1b.§° * lground glass 0,7 :
4 0z. dcf. trey. {cover. ?

1 1b. bellform  [filled with distil-

3d eq. 4 1b. Philad.  iThe same guart 60
. 17
11b. .1 . (led water, temp.|. o
Provid. 369,6 Fahr, g,: 11638,32 | ——— | 34,80 | 35,55
0,1

11h.§
Defect.troy 8oz, - »
4oz. oz, Yoz

4th eq. The same asin the first equilibri-| 150

um, until 156,1 | 30,324 | 34,95 | 35,65

OO

W7
4

The above gives difierence between first and fourth equilibrium, for pro-
yortional expansion of the water of the balanoe, for 0°,58 exp. = 48',9 thence
For 1°, Fahr. at the mean of 35° == 8,45 grains.

Supplementary weights of the empty quart measure - = 28718,82

Do. do. full do. - = 11638,32
The difference is the unreduced, or observed, wcight of the
water = 17080,b
The reduction of thls welght for 0° 225 proportlonally to
the above - = 1,9
The actual correcied weight - - - - = 17082,4
Reduction of the barometric effect to 30 inches - - 4 0,2
Reduction of the thermometric variation from 36°6 to
maximum density - - - - - + 2,2

Whight at 30" baront, and maximum density ef the waker = 17084,8
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138. Wezghmg of the metal coal bushel of the State Depariment, with
distitled wam vpon the largest mercury balance.

2
= -~

Thermometer.

Barom.

Upper. | Lower.

1st eq. The coal bughel empty, with the large glass cover in two
arts,
P 32 Ib, Portymouth, with hook.
1st, Hanged on ) 14 1b. bellform af State Dept.
below 14 1b. Philadelphia.
. 14 1b New Orleans. .
2d. Upon the (7 1b. 4 1 Ib. bellform, St. Dept,
sheet tin < 7 lb. Philadelphia. -
plate 7 lb. New Orleans. .
of Tower troy nest. ‘1

- 256 oz. | 2 oz.
198 — |3 — |
64 — | § —
4 —

cni_nsglggls A A 2 X

24 ¢ ¢q. The bushel filled with distilled water at temp. 58%,0, with .
the same glass cover in two parts, ' bv.rom 29,538
15t 1 d 14 1b. beliform of State Depl.
st. langed on 3 14 11, philadelphia.
below 14 1b, New Orleans,
2d. Upon the (4 Ib. New Orleans,
sheet iron < 4 oz. avoirdupois pile.

plate All under 64 oz. of Tower troy nest.
450
Grains% 60% =516 - - - - 57,4 57,8
6
2 means = 5§37 - - 57,35, -
3d eq. All asin2d eq. (450 ?
until gr. 103 =55 - - - - 57,5 5765
4th eq. The coal bushel again empty, with the same glass cover,
well wiped dry.
All the weights as in ¢ 80 .
1st equil. until gr. } = 88 - - i 5,4 57,65
Means for the empty weighing gr. 53 at temp. - - 57,/81

Omitting the weights that werc constant in all the four equil., and using the means indi-
cated, there results:

Supplementnry weig‘ht to the c:llrty bushel - - - - = 596624,284
do. - - - - 36502,187
Apparent weight, by balance - . - - = 560122,097
Reduction for the expansion of mercury in the balnnce - - - 4 30,58
Actual weight of the water in the bushel observed - - - == 560152,677
Reduction to 30" barometer - - - - « 9,088
Value at 30” barometer, and 58° temperature - - =n 560143,594
Reduction to the temperature of the maximum denmty, by the tables of
of Mr. Van der Toorn for breass - - + 112,028

Weight of digtilled water held by the coal bushel at mmmum dcnm,,
and 30 ineh bsonoter - = 560254,5,@3)
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139. Bpon the eonstruction of stundards of capacity measures,.

The standarding of the capacity measures being determined by the weight
of distilled water which they contain, it is proper to give to the standards,
from which all others are to be made, that form which will give the greatest
aceuracy in their filling, therefore the smallest top surface, that is well ad-
missible with an' otherwise convenient shape. This does not hinder that
the measures for common use, that will be standarded from them, have the
form most convenient for practical use; for instance, in the liquid measures
cylinders. having the altitude and the diameter, of the base equal, and in dvy
‘measures, that are often used heaped, the diameter of the base double the
height. ; e

I% will be best to choose the metal, of which these standards are to be
made, the same as that of the weights, and of the length measures The
determination of the expansion of this metal by temperature will be one of"
the necessary experiments to be made with the length measures, and it will
therefore, then, apply equally to the whole system.  This uniformity, which
has not been fully regarded in all the establishments of srandards in other

eountries, is_equally as proper as that of taking the water at ils maximum
density for the determination of the capacity measures; it equally serves to

simplify the whole, and render all rednetions and comparisons more accu-
vate, hy making all indications less dependant on calculations. Upon the
kind of metal %o be chosen, the proper remarks have already been made. .
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140. RESULTS of the determinations of the Capacitly Measures, with their reductions.

e

1. State Department measures.
. a7 - -
Date. | Denomina-{ Capacity |Weight of dis-| Barom. | Ther. | Barom. | Thermom. Weight at 507 barom, and the temp. of maximum density of water.
tion. in cubic | tilled water|{in Engl { mean | reduc- { reduction Of the measures compared Reduced for comp.
inches. observed in| inches, | Fahr.| tion to | tomax. . - - :
Troughton’s 807, density. In Troughton’s grains. | In Mint wt.. kro the gail.| Fo the bush.
grains. Each observ. | Mean. Mean. Miucwt. | Mint weipht.
Mar. 11{Wine gall. . §8466,227| 30,177 139°,2 | 40,3695 0,0 58466,59 : . : . .
o Do. 235,04 58468,1071 30 ,130139 ,7 |4-0,2668 0,0 58468,374 § 58484,63 | 58460,2 58460,7 | 467681,6
Nov. 18] Do. { 58506,78 |29 ,573149 ,8 | —0,94 |— 4,21 58501,65
Feb. 24|Winchester! 1ar o 087l 081477
int 8814,74 130 ,087 [41 ,5 140,003 |.— 0,0441] 8814, - -
agl Toe |} 35.083|§ geis)1s |30 163[39 j8 |f0es0 | 00 | 881509 8814,89 | 8S11,21  |70489,68) 56391744
Feb. 24{Winchester} - o
quart 17699,89 130 ,129143 ,0 [4-0,0804| — 0,9204| 17699,8t _
25¢ Do. 71,654{ 17689,79 |30 ,20 {59 ,4 (40,124 0,0 17€89,914 17691,61 | 17684,21 70736,84] 565894,72
Mar. 9] Do. 17686,62 {29 ,83 [43 ,8 |—0,101 |— 1,415 | 17635,1
Mar, 11}Winchester
galion § 68569,433/30 ,120 143 ,0 140,310 {— 0,686 | 68569,057
May 5| Do. } 974,325 68593,27 60 ,2 4 21,264 | 68614,554 68599,7 | 68571,0  |68571,0 | 5485680
Nov. 18| Do. 42 68621,587] 29 ,573 149.,6 {—1,027 | — 5,078 | 63615,482 i
Jan. 4Winchester{ ’
bushel o 540232,81 42,2 | .- — 34,03 |540198,78 . . o
* 7 Do }21“"09 S{ 540263,5 130 ,2171a7,’95| 4433 | — 407 |540218,13 } 540208,45 |539981,3 | 67497,66) 539981,
Jan. 11{The coal ‘
bushel 560177,8 |29 ,80047 ,95!4-3,92 |— 5049 |560123,39 . . :
24| Do. %‘2211,26 5604046 |30 122043 .0 |+224 | — 40,35 |560366,49 5602493 [560050,0° |70007,1 | 560050,0
Apr. 26 Do. 5601855, 29 ,538158 ,0 | —9,08 |4112,03 |560257,95
Peb. 25|Litre of St. : itee in value
-Dopt. . 1< 15406,523| 30 ,11539 ,8 {4-0,0696 0 15406,5806 Reductionto | at maximum
6 Do. 61,07466 15408,623| 20 ,105 |41 ,0 {4-0,061 |— 0,7704] 15407,9136 15407,859] 15401,33 ) vacuumn. | density.
Mar. 9| Do. 15410,219{29 ,85 143 ,0 | —0,0875| — 1,109 | 15409,0225 : b|15403,2 | 17,6645 |15420,8645
Litrc of coast surv. No. 1 15411,519( 29 ,984 140 ,0 {—0,0(92 0,0 15411,209 15411.527 15405078 |
: Do. do. No.2 15412,716/29 ,85 112 ,0 | —0,0875} — 0,786 | 15411,845 % ’ ?
e
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Continuation of the results of the determinations of Capacity Measures, with their reduc%z‘nn.

2. New Hampshire standards, ®

.o . W el ar . . .
Date. ’Denominaﬁon.ﬁapucity Weight of dis-| Barom. | Ther. | Barom. | Thermom. Veight at 307 barom., and the temp of inax. density of water.
in'cubic' | tilled water{in Engl.{ mean | reduc- | reduction Of the measures compared Reduced for compar.
inches. observed, nf inches. } Fahr. | tion to | to max, . ] .
‘Troughton’s 307, density. In Troughton’s grains. lIn Mint Wt.|py the gallon, To the bushel,
grains. Observed. Mean. “Mean. in Miot wt. | in Mint wt,

Dec, 5[4 of a pint 3,56 957,35 390,087 | 35,4 0,0 4+ 0,20 957,55 957,15 | 61257,6 490060,8

Quarter pint 7,125 1914,19 3,100 | 35,5 0,0 “+ 0,555 1914,745 1913,95 1 61246,4 489971,2

Half pint 16,905 4440,146 | 30,100 | 35,7 0,0 + 0,888 4441,036 4439,18 | 71026,88 | 568215,04

pec. 6 Pint 33,861 |  8853,466 | 30,169 | 35,6 4 1,806 | 8855272 8851,57 | 70812,56 | 566500,48

ec. 6lQuart 17:82,404 | 30,330 [ 36,6 {4 0,225 4 2,647 | 17.85,276 - « S

13} Do. 66,972 13 17121,221 | 30,161 | 42,0 |4 w11 0,0 | 17094619 2 17089,947 | 17082,7 | 68330,8 | 546646,4
14|Half gallon 134,97 | 34228,6 - | 30,455 | 39,9 |4 0,623] 00 |34229,273 34214,9 | 68429,8 | 547438,4
12{Gallon 269,59 68777,472 | 30,180 | 41,0 4 0,495 0,0 68777,967 68749,2 | 68749,2 | 549995,6

Jan. 10{The peck 537,35 | 136770,5 29,745 | 45,25 | — 1,34 | ——13,13 [1.6756,03 136698,76 | 68349,38 | 546795,04
8|Half bushel 1074,2 271696,89 29,809 { 46,2 1—19,6591 —29,343 (27 1647,981 271534,4 | 67883,6 543068,8
12|The bushel | 2099,2 543911,3 30,400 | 4,75 | 4-82,67 0,0  [543994, 543766,2 | 67297,U77| 543766,2

3. Metal meusures from the custom-houses.

Jan. 8{Boston § bush,| 1076,275 | 271521,0 29,697 { 45,4 —3,125] —21,722 (271496,153 - 271382,6 - 678‘}5.4 54-17:65,2
16{Philad. 4 bush,|- 1076,55 275422,327 | 29,823 | 43,8 =1,845] -—28,33G6 [{275398,146 - 275084,2 63871,:5 | §50568,4
10{Provid. peck 539,704 | 136594,14 29,719 [ 45,66 | —1,45 | — 1,09 [136591;6 . - 136537,6 | 68268,3 546150,4

gallen] 219,5 57809,38 - - The reductions for baromneterand thermome- 57785,2
Boston on - 58564,53 9,8 44,0 ter are omitted as uscl.ss proportionably to< i 58544,0
Baltimore do. 224,08 58691,9 - . the constructioa of thesc measares. 58366,36 .
18&Richmonddo. 226,55 57826,89 30,096 54,2 |4 0,!14' 0,0 l 57827,1 l % - 57802,9 57802,9 462423,2

—
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BXPERIMENTS UFON THE EXPANSION OF WATER AND MERCURY.

141. Though the full account and discussion of the experiments, which I
have established, upon the expansion of mercury and water by the temperas
ture, cannot be presented here, it may be agreeable, for whoever may take
interest in the snbject in general, that I place here yet a series of expertments
made with the smaller mercury balance, and one made with the largsst water
balance of glass, from which the reductions were taken when necded; and,
as relates to the water, the law of it may be calculated.

142. The observations give, of course, the difference between the expan.
sion of glass and mercury, or water, by the effect upon the weight, which
was required to make the equilibrium at different temperatures. 1 shall yet
in time Make the determination of the expansion of the glass. I found the
specific gravity of a piece of the glass, taken from a bulb that had failed in
the blowing, to he = 3,1314 by a first approximate experiment; this is
lighter than the English flint glass: but I shall yet make more carcful deter-
minations. '

As both these series of observations are made upon quantities of somewhat
considerable weight, and with care, they may afford pretty satisfactory
accuracy. How these observations were made, has already been stated.
Their extent goes as far as the variation of the temperature in one year, in
a room separated for the purpose, afforded. I should suppose this mode of
ohserving, all being rested by the slow, natural effect, to be preferable to the
production of artificial témperatures, that would be more transient, and under
more accessory influences, from a surrounding medium of a different tem-
perature. ' : ‘

143, To scrutinize these observations, with the view of clearing the cal-
culations from error, 1 have projected the line which they represent, which
for the mercury forms a straight line, as both mercury and glass expand
uniformly. For the water, the expansion of the glass heing uniform, and
that of the water progressive, therc results a curve with two unequal
branches, as must be expected; because water expanding both above and
below the maximum density, the curve presents below that point the differ-
ence between the expansion of the water and lhe contraction of the glass,
and above that point the difference between the cxpunsion of both; these
lines are represented in a reduced scale, fig. 21, . ;

144. Taking the results of the observation upon the mereury balance from
the table of the following section, by combining the obscrvations, giving
about from 4° to 6° F. difference of temperature, in suceession from the tem-
perature of about 25° to that of 92°, which was the highest abserved, they
furnish a number of results, the mean of which gives 56.62 grains for the
variation of weight in every degree of the variaion of Fahr thermoneier,

and accepting the whole weight of mercury displaced at 32° == 416565
. D 36,62 )
graing, the fraction T 0,0000879094, presents the resultg propors
: 1)

tional difference af weight corr :sponding 10 the difference of cffeet of tom-
perature, upon mercury and glass, for £° Fahrenheit,

145. Of the experiments with the g bl N& 1 in water, * shall sim-
ply transcribe all the observations thewselves, with the bacometnic correc.
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tions, that these may be recaléulated by whoever may wish to take results
out of them upon another ratio of the barometric reduction.

The thermometers of Fisher were consiructed purposely to give decimals
of degrees; the degree is about one-fourih of an inch long, and they are
divided to every two decimal parts of the degree. S

These two cxamples of my observations upon this subject will: suffice to-
give an idea of the manner in which they were all conducted, without ens.
tering into the details of their reduction; they will be all calculated and
reduced to comparison and to onc general result, in proper time, for the use;
in the construction of standards, for which they are intended. . G

146. The water having no expansion at maximum density, while the -

lass, or metal, expands always uniformly the point of temperature at which
any bulb takes the greatest weight, must be above the temperature of this
maximum; this will be found by the table of § 127 to have occurred in all
glass bulbs at 41°,6, the extreme variation .between these different bulbs

eing only 0,15 of a degree Fahr., within which I suppose no thengrometer
may be said to be certain. _

For the copper this temperature was given 44°6, and bulbs of any other
metal will of course indicate another temperature, dgcqrding to their expan-~
sion; the temperature of the maximum’ density of thé water, determined
independently, I fouud to be, like indicated by Mr. Tralles, 39°,8 Fahr.
Hence the temperature at which a vessel of any material holds the most dis-
tilled water, or displaces the most, which is the same thing, is different, and
proner]y to be di'sti_nguished, from that of the maximam’ density of the water
itself. . ’

When the water in the jars had ice, the thermometers always stood at
33° and even higher, without any decided regularity.

It will be observed that the curve has, at' cach side of the maximum, a
place where it goes nearly parallel to the line of the degrees; this indicates
the temperature where the material of the hulb end the water have the same
expansion, hetween these and the maximum, the expansion of the water
gains. It will also be observed that the expansion of the water, on ap-
proaching towards the ice point, is very rapid, and that in general between
32° and the maximum the expansion is as great as between this and about
54°.  These, experiments have given oceasion 1o various peculiar observa-
tions and remarks, which will be noticed in their place when giving a full,
detailed account of the experiments made with all the different balances.
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147. Data for the change of weight of mercury by the change of tem-
perature, observed with the smaller mercury balance, in the order of
temperalure. :

Therm. |Wecight of the] Therm. | Weight of the]
¥abr. | mercury dis-| Fahr. | mercury dis-
placed. placed.

24°,89 '4168035,75 60°,61 415513,18

31 ,64 569,75 | 61 ,38 475,75

32 18| 551,75 | 61 88 458,76

33,87 503,36 | 62 )24 453,76

33 98|, .- 484,15 | 62 6 431,13
]34 ,50 460,25 | 63,00 417,86

33,42 41,15 | 63,23 ). 408,77 -
335,78 41515 | 63,13 380,75

36 77 [* 8345 | 63 49 357,76

37 ,61 355,52 | 65 .66 829,10

37 94 340,75 | 66 ,45 201,10

58 ,05 352,75 | 67 64 254,76

38 48 322,75, 68,49 - 24,28

38 ,61 314,25 | 69 48 179,44 |

38,90 303,75 | 69 ,80 172,44

59 ,20 29575 | 70 45 135,10

39 ,53 © 281,25 | 7t ,55 102,10

39 74 27595 | 72,51 | 415063,35

40,13 25945 | 73,00 5111

40 ,83 232,12 | 73 ,58 25,08

at 12 . 20975 | 74 82| 41498598

41 34 214,08 | 76 ,87 | . 907,41

41 ,90 195,15 | 77 ,00 896,42

42 44 17575 | 78 ,35 859,77

43 ,16 152,15 | 80,24 780,41

44 241 10575 | 8L ,78 715,25

44 ,75 | 416085,25 | 82 40 690,75

45 ;20 7075 | 85 ,33 587,27

45 54 63,75 | 86,72 . 542,60

46 |18 3995 | 88 .11 494,45

48 ,60 | 41595042 | 89 |96 424,68

49 46 919,75 | 92 19 | 414341,83

49 67 915,25

50 ,04 891,75

50 ,41 880,63

50 .54 880,75

50,79 . 87310

51,00 860,75

51,24 853,25

51 ,66 841,75 o

52 ,25 814,75

52 44 810,75

52 88 787,75

53 ,35 780,42

53 87 755,75

54 33 73542

55 ,08 709,25

55 94 | 415691,76
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148. Collection of resulls of the loss of weight of the largest water ba-
lance No. 1, with basin No. 1, by the change of lemperature, with the
correclions for Ilw I)zromeler

Sumofba-}  Barometer. Thermometers. Weight at
lance and 30" barbm.
Date. weight in inTrought.
Trought. e grains.
grains. Stand. | Reduc. | Upper. | Lower. D:{:_"“ g:;::
1831. )
Juy 2%9297301,03 | 307,372 | 4-3,390] 74,8 | 757 1,1 | 74,25 | 227395,32
81,73 »360 | 43,233 74,9 74,3 0,651 74,6 84,96
80,23 ,355| 43,188 75,0 | 74 0,9 | 73,55 83.42
3,1227403,63 »384| 43,4431 74,0 73,4 0,6 { 73,7 227407,07
371,23 335 42,986 753 | 74,7 0,6 | 750 374,22
363,63 | — ,— | +2,986} 755 | T4% | 08| 75,1 366.62
363,23 298| 49,672l 75,6 | 74,8 0,81 7515 365,90
4 374,23 ,3201 +2,869) 75,0 | 745 0,5 | 71,75 377,10
353,88 | ,300{4-2,600] 76,9 | 755 14| 76,2 336,57
264,22 i241 {L-2,238] 79,0 { 780 1,0| 78,5 _ 266,46
270,62 ,200 | 4-1,793) 78,95 | 78,1 0,85] 78,52 272,71
5 317 78 , 150 | -}-1,345 770 76,6 0,41 76,8 319,12
271,22 ,107 1 4-0,959 78,7 77,9. 081 783 272,18
350,58 ,047 | 4-0,421| 759 | 755 04| 757 351,00
347,58 —_ 76,0 | 754 06{ 757 348,00
333,08 — 76,5 75,9 0,6 | 76,2 333,500
9 350,46 | 29 ,939 | —0,628] 76,0 | 755 051 7575 349,83
348,96 — 76,1 75,7 0,41 759 348,33
335,46 76,4 75,8 0,6 | 76,1 334,88
326,46 | 29 ,863 | —1,227] 76,9 | 76,2 o7 | 76,55 325,23
10 465,97 130 ,169 | -}-1,5151 7L.7 | 7TL15 0,55 71,42 467,48
472,64 — 1,505 71,4 | 707 0,7 { 71,05 474,15
479 67 ,163 1 41,4611 71,0 70,4 061 70,7 481,13
11 527,27 ,385 | 4-3,452| 68,9 | 684 05| 6865 530,72
4 therm. 545,77 ,375 | 4+3,363| 68,3 68,1 0,21 68,2 549,13
19 236,301 . ,002 ] 4-0,002| 79,9 79,92 | —0,02] 7991 236,30
210,80 | 29 ,976 | —0,215] 80,8 | 80,3 0,5 | 80,53 210.59
155,44 (© ,959|—0,448| 82,65 | 8222 | 0,4 | 89,43 154,99
237,80 9611 —0,349! 80,0 | 79,55 | 0,45] 79,78 237,45
212,80 ,944 | —0,502| 80,85 | 80,23 0,6 | 80.54 212,30
182,94 ,891{—0,903( 81,7 | 81,37 | 03. 8155 182,04
133,44 ,868 1 —0,932| 83,4 82,9 0,5 | 83,15 132,51
AN 257,10 ,620 | —3,406| 79,5 79,25 0,250 79,37 253,69
214,30] ,932(—0,610( 8u,67 | 8042 | 0,25] 80,55 213,69
189,80 | ,890 | —0,985| 81,55 | 81,35 | 0,2 81.45 188,82
23 224,80 ,809|—0,977( 8u,4 | 80,05 | 0,35 80,22 213,82
155,44 784 | —1,887 | 82,55 | 82,52 | 0,03 82,53 153,55
97 271,60 | 50 ,141 | 4-1,344| 78,85 | 78,6 0,25 78,72 27:,94
165.64 ,u88 | 40,107 1 82,35 81,6 0,751 " 82,0 165.75
] 151,94 ,760|-4-6,814| 82,72 | 8242 | 03] 89,57 158.75
28 185,44 ,067 | 4-0,6u1{ 81,67 [ 81,27 | 047 B1.4° _186,00
111.65 036 40,3 8] 83,9 | 834 0,5 83,65 T111,97
& 030,65]  ,007 | 40,063 86,2 | 86,27 |-~0,07| 86,23 030,71
29 138,44 ,200 | 41,793 { 83,0 82,9 0,L | 82,95 140,23
227201,44 | 30 ,202 | 41,817 81,2 81,1 0,1 | 81,15 | 227203,25

=<~~~
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Largest Water Balunce No. 1.

119

Sam of ba- Barometer, Thermometers. Weight at
lance ann 30 barom.
Date. weight in Mean {inTrought.
Trought. Differ.| Fahr. grains,
grains. Stand. | Reduct. | Upper. | Lower. + 1
[CHE
July  3u | 227203 80| 50,161 | 4-1,525] 81,0 81,0 0 81 227205,32
‘ 192,50 —,152 | 41362 81,45 | 80,8 0,65 81,12 196,16
August 5 483,501 20 | 40,579 ) 70,62 } 70,25 | 47} 70,43 488,98
41 80| —,—— | 40,1791 70,6 70,0 0,6 | 70,3 491,98
511,44 ,129 | 40,269 [ 69,8 69,4 0,4 | 69,6 511,71
492,94 ,020 |'4-0,179) 7085 70,48 | 0,4 | 70,65 493,12
46.,54 ,Qus [ 40,045 71,95 71,4 | 0451 71,67 463,98
6 465,44 L7U | 40,717 ) 7165 | 71,651 0,0 | 71,65 466,16
470,44 J113 | -4-0,989| 71,4 71,4 ou | 7,4 474,43
480,44 —,004 | 4-0,842 70,9 70,7 1-62 ) 70,8 481,28
8 518,841 29,017 | —0,744 | 69.67 | 69,27 1 0,4.1 69,47 518,10
52174 —,900 | —0,896 69,32 | 69,2 | 0,12| 69,26 520,84
9 323,271 30,117 | 40,992 ] 69,25 | 69,05 0,5 | 69,15 554,26
506,77 L, 160 1 +1,434 1. 70,0 69,5 0,5 | 69,75 508,20
439,52 ,168 1 4-1,506{ 72,05 | 71,451 0,6 | 71,75 462,75
0 442,94 ,351. +%227 72,75 | TR | 0,5 | 72,50 44647
393,11 ,290 | +Fov0 | 74,77 | 74,02 | 0,75| 74,40 395,71
. 4 384,u1 L0701 | 40,717} 74,8 74,65 | 0,15] 74,72 384,73
- 897,05 ,065 | 40,583 74,25 | 7410} 0,15| 74,17 398,23
227404,65 | 30,011 | ~}0,099 ) 740 73,90 01 | 73,95 404,75
R — All Fishelr’s thermfom, larjge basin {No. 1.
October 1 [ 227714,22 30,302 | 4-2,710{ "58,85 | 5842 [ 43| 54,65 | 227716,93
7uL U2 | ,274 | 42,4591 59,8 | 594 | 04 . 59,6 703,48
678,38 ,207 | 4-1.858 1 6L,27 60,55 | 0,72 69,91 680,24
2 610,48 J103 1 40,924 1 61,55 | 61,30 | 0951 61,42 681,40
645,36 ,088 | 4-0,790 | 63,25 | 62,37 | 0,48] 62,81 646,15
3 502,36 047 | 40,421 65,5 64,1 I4 | 64,8 602,78
603.38. 29,974 | —0,233| 6518 | 64,95 | 0,23] 65.06 603,15
4 509,72 811 1 —0,977 | 69,5 69,3 .| 0,2 | 69,4 508,74
434,36 ,680 | —2,781 ] 72,7 71,9 08 1 72,3 431,58
5 611,36 711 | —2,594 | 64,45 | 64,17 | 028 64,31 611,77
6 728,39 ( 80,033 (40,296 | 57,87 | 57,8 0,071 57,83 .728,69
728,39 ,070 | 40,6281 57,75 | 57,8 |—0,05) 57,77 728,92
728,91} ~,097 {40,870 | 57.8 57,8 0, 57,8 729,26
71 1770390 507 | 4-4,560) 54,52 54,28 | 0,04] 54,3 774,93
733,51 177 | 41,588 57,17 | 56,58 | 0,59] 56,87 710,10 -
10 684,05 | 29,825 { —0,964 [ 60,25 | 60,02 | 0,23 60,13 683,07
786,03 ,748 | —2,262 | 52,2 52,19 | 0,01 53.2 783,77
11 809,53 794 | —1,849 | 50,85 SLU —0,15] §4;92 807,68
12 811,19} 30,129 | 41,157 | 50,08 | 50,1 |—0,02} 50,09 812,35
799,69 ,100 | 40,897 | 51.8 51,2 | 0,6 | 51,5 800,59
13 792,19 4235 2,108 52.32 52,211 Oll} 52,9 - 794,30
774,53 ,U90 0,808 54,7 54,511 019! 54,60 775,34

P
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Largest Water Balunce No. 1.

sumofba-1  Barometer. Thermometers. Weight re-

lance and duced to

‘Date. weight in Mean. | 30" barom.
Trought. i Diff. inTrought. -

grains. Stand. { Reduct. | Upper. | Lower. _{1_ grains.

1834 ,

Octob. 14 |227743,39] 30,138 | 4-1,2:8] 56,52 | 56.28 | 0,24| 56,4 | 227744,63
< 1 708,531 ,123 |+41,103| 58,55 | 58,21 | 0,32 58,37 709,63
697,03( 135 {+1,235) 60,5 | 59,6 15| 59,75 698,26

15 700,03 | ,382 | 43,427) 59,3 59,25 0,05] 59,28 712,46

16 687,781 ,335 | 43,006 | 60,35 | 60,21 | 0,14 60,28 690,79
681,031 ,293 | 4-2,630| 60,8 60,6 | 0,2 ] 60,7 683,66

17 651,761 ,259 | 42,270 62,6 62,« | vz} 62,3 654,03

18 619,88 | 29,972 [ —0,251{ 64,3 64,07 | 0,23} 64,18 619,63

i 575,36 ,940 { ~0,538| 66,8 659 | 0,9 | 6635 |, 574,82
20 724,36 30,235 | 492,109 | 58,0 58,0 0,0 | 580 726,47
723,36 ,217 | 41,791 582 57,9 | 0,3 | 58,05 725,15

714,36 | ,164 | 41,472 5872 | 58,5 | 0,22{ 5861 715,83

<21 726,03| ,195 | +1,750] 67,83 | 57.83) 0,0 | 57,85 727,78

. 694,03 ,150° | 41,166 | 60,52 | 692,48 | 0,04] 60,50 695,20

24 6U3,38{ 29,937 | ~0,565 ! 65,2 65,2 | OU { 652 . 599,82

4 618,00 30,053 | 40,296 | 64,51 | 64,62 |—0,11| 61,56 618,30

25 899,69 | ,218 {41,956 50,6 [° 50,5 0,1 | 50,55 811,65

30 808,19) 010 [ +0,090| 50,81 | 50,77 | 0,04] 50,79 808,28

31 786,53 | 29,729 | —2,504 | 51,22 51,01 | . 0,21 51,11 784,03
789,03 ,619 | 8,320 | 92,47 | 51,8 0,37 52,0 785,71

“‘Novem. 1 784,03 ,827 | —1,552| 55,2 55,191 0,011 53,2 782,48
: 21 . 809,03 30,049 | 4-0,440| 50,6 50,6 0,0 | 50,6 809,47
3 808,531 ,199 | 41,785 50,62 | 50,62 | 0,0 | 50,62 810,31
807,531 - ,151 | 41,435 50,7 50.65 | 0,05] 50,67 808,96

805,03 ,147 (41,519 51,1 51,03 { 0,07| 51,06 806,35

4 824,53]  ,110 | 4-0,9¢6 | 48,4 48,39 | 0,01| 48,4 825,52
816,531 055 | 40,476( 49,65 | 49,3 | 0,35 49,34 817,01

5 822,03| ,242 | +2,172| 48,81 | 48,8 | 0,01] 48,80 824,17
811,03| ,215 [ 41,929 49,15 | 49,0 | 0,15] 49,07 812,96

815,03 195 | 41,750 | 5002 { 49,79 | 0,23| 49.40 816,78

€ 829,231 ,309 | 42,774 477 47,8 |—=0,1 | 47,75 832,00
826,431 217 | 41,947 4815 | 481 0,05 48,12 828,38

4 828,53 -,152 | 41,365 | 47,7 47,65 | 0,05| 47.67 829,90
821,53 ,079 | 40,709 | 49,2 48,56 | 0,66 48,38 - 829,24

8 812,031 ,299 | +2,684 50,35 | 50,3 |—0,05( 50,32 814,71
802,53 ,251 |4+2,333| 51,5 51,2 |4+0,3 | 51,35 804,86

"14 812,531 29,831 | —1,516{ 50,2 50,3 {—0,1 | 50,25 811,01
15 821,53 ,916 | 0,754 48,82 | 48,98 |--0,16] 48,9 820,78
821,03| ,844 |—=1,391] 492 49,1. 4-0,1 | 49,15 819,64

16 828,03 ,980 |~—0.179( 48,15 | 48,25 |—0,1 | 4882 827.85
824,03] ,880 | —0,916| 4875 | 48,7' |4-0.05| 48,72 823,11

1 836,05 ,929 | —~0.718] 46,35 | 46,35 | .0,0.| 46,35 835,31
8s4,43] ,875 | —1,122) 46,7 46,6 | 01 | 46,65 833,31

18 824,73] ,670 | —2,962| 487 48,4 | 0,3 | 48,55 821,77
819,03 ,549 [ —4,049 | 49,4 48,95-1 0,45| 49,17 814,98

21} .82623) ,425]|—5,163] 484 48,25 | G,15| 48,32 821,07
844,531 371 | —5,648 | 42,17 | 423 |--013[ 42,95 838,48

844,031 448 | —4,957 | 41,8 41,8 0,0 | 41,8, 839,07

843,531 ,520 { —4,310 | 41,2 41,4 |-02 1 41,3 839,22

842,55} 675 | —2,918 | 40,4 40,66 |—0,26| 40,53 839,61
e T e E= e e
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Largest Water Balance No. 1.
1Sum of ba- Baroneter. ‘her: 5. '| weight at
Jance and arometer Thernometers M gamm
Date, weight in in Trought.
Trought. o grains.
grains. Stand. | Reduct. | Upper. | Lower. Dj_?_el' ﬂﬁﬁn !
1831, :
Nov. 23 227835,03] 297,971 —0,260 | 38,0 338 |—0,81.38,4 227834,77
835,73/.30 ,0321 4-0,287 | 38,51 | 38,93 |—0,42| 3872 836,02
832,731 29 ,976 [ 40,215 58,6 39,2 |—0,6 | 38,9 832,94
838,73 30 ,154 | 4-1,392] 39,2 39,95 | —0,75 39,57 840,12
24 .838,53130 ,2601 42,335} 39.4 | 399 |-—0,5] 39,65 : 840,86
7 842,83/ 30 ,037 [-0,332( 46,97 | 41,52 ! —0,35| 41,14 843.16
842.1629 ,597 | —3,619} 42,3 42,27 | 40,03 42,24 838,54
842,15 ,591| 3,673 42,6 424 | 021} 42,5 838,48
842,83  ,581|--3,689| 42,8 | 49,67 | —013] 42,73 839,14
843,83 »659 | —3,1421 43,351 43,03 | —0,32} 43,19 840,69
28 843,23| ,888|—0,980| 41.67 | 41,9 |—~0,23| 41.8 842,24
842,03| ,8761 —1,113| 40,35 | 40,12 {+0,23 40,23 840,92
841,53 ,857 1 —1,284 1 40,1 40,27 |1 —0,17] 40,20 840,25
839,53 ,818] —1,634}1 39,25 | 89,35 —0 1 39,30 837,90
838 93]. ,793|—1,859| 39,05 39,47 —042 39,26 837,07
- 29 [ccut 81703 . 3925{—0,673| 34,46 [ 36,25 -—1,79 35,33 816,36
33,6 { 812,73 i998| —0,018| 33,85 35 75 [——1,9 | 34,8 812,71
811, 133( 30 5021 4-0,269 3a,~8 . 35,4- -—1,6 : 34,6 811,60
809,73 ,104} 40,934} 33,65 | 35,57 |--1,92] 34,61 810,66
799,73 5253 +2 272 33,0 34,0 | ~1,0 : '-83,5 : 802,00
30 (lee 784,18 319{ 42,864 { 32,2 32,2 0,0 1 33,2 787,04
_ coat- { 786,43.. ;280 4-2,514] 52,2 | 32,6 |—U4 | 324 788,94
Dee. 1 jing . 788,43 »280 1 4-2,514" 32,24 | 329 [-—0,66] - 82,57 790,94
‘ 799,03]  ,280)4-2,514| 33,9 | 34,15 |—1,25] 33,52 801,54
806,53} 30 ,160) 4-1,437 ] 33,35 | 34,8 |—145] 34,07 807,97
817,43 ,151 O 931 54,92 | 35,87 {—0,95 35,4 818,38
825,03)  ,084|+0, o15| 36,25 | 369 |-—0,65 36,57 825,94
2 825,53)  ,1224-1,095] 36,07 | 37,1 |—1,03[ 36,58 826,62
827,13 29 ,97'8 —0,1957 36,27 | 37,21 }—0,94] 36,74 826,94
3 826,73 ,7191-—2,60317 86,35 | 37,2 |-—0,85 36,78 824,13
829,63 ,667( —2,9901 37,11 | 37,85 | —0,74| 37,48 826,64
4 833,03 »569 | 3,691 37,7 38,4 |07 33,05 829,34
836,73 ,5001 —4,490) 38,57 | 39,17 [—0,6 | 38,87 832,24
838,73)  ,553|--4,014| 38,82 | 39,5 |—0,68 39,16 834,72
838,73 ,570| 3,861} 38,97 | 39,6 |—0,65] 359,28 834,87
5 |[lce (797,33{ 30 ,097 | 4+0,871] 32,2 34,12 | —1,92¢ 53,16 798,20
lig‘ht{793.63 ,087 | 4-0,7811 52,32 | 33,9 |--1,58] 33,11 794,41
809,53 ,340 | 45,053 34,29 | 35,15 {—0,86] 34,72 812,58
6 824,03 ,354| 4-8,179| 36,05 | 36,85 | —0,8 | 36,45 827,21
815,13|  ,32¢| 492,909 35,45 | 3565 |—0,2| 35,55 818,04
821,03 ,319 | 4-2,864| 35,4 36‘2 —08 | 35,8 823,89
7 818,23 ,2621 42,353 34,8 35,75 |—095 35927 820,58
821,43 ,216 | 42,939 55,4 36,3 —0,91 3585 824,37
8 817,63 ,220 | 41,975 36,0 37,0 --10| 36,5 819,60
819,63 ,250| 4-2.245| 36,17 | 3m3 |—113| 36,73 821,87
830,43 2197} +1,769 36,8 380 |.—-12 37,4- 832,20
10 839,03 »429) 43,852 38,7 39,6 1091 39,15 842,88
842,03 417 | 4-3,744 | 389,07 [ 40,0 (0,931 39,53 845,77
841,23]  ,430| 43,861 40,27 | 40,25 |40,02| 40,26 845,09
227842,45|  ,427( 4-3,8341 40,35 | 40,33 |4-0,02| 40,34 { 227846,%
= e — TS

16



122 [ Doc. No. 299.
Largest Water Balance No! 1

Sum of ba- Barometer. Thermometer. Weight at
lance and 30" barom.
Date, weight in in Trought.

: Trought. Differ | grains.

grains. Stand. | Reduct. { Upper. | Lower. + ‘[ Mean.
1831. :

Decem. 11 | 227841,33 1 30,473 | 4-4,247| 40,4 40,4 0 40,4 227845,58
443,83 ,353 | 4-3,170| 41,7 41,52 {+40,18] 41,61 847,00
12 841,03 ,390 3,5021 40,0 40,2 "1 —=02 1 40,1 844,53
842,23 ,364 3,269 40,3 | 40,4 |—0,1 | 40,35 845,50
151 842,03 ,391 1 43,591 41,21 | 40,4 [4-0,81 40,80 . 845,62
16 823,73 ,007 140,871 350 | 87,17 |—2,17] 36,08 824,60
824,03 | 29,9211 —0,709) 353 | 37,25 |—1,95| 36,27 823,32
17 833,33 ,692 | —2,765| 36,02 | 39,0 -—2,98 37,51 830,47
832,73 ,750 | —2,2451 36,95 |-38,6 |—1,66| 37,77 830,49
820,53 30,163 1,464 34 7 36,52 |--1,82| 35,61 821,99
18 {Ice:802,03 | ~ ,450 4041 © 39, , 55 | 34,4 | —1,85| 33,47 806,07
812,03 ,358 +3,218 54,15 35, 6 - --1,45{ 34,87 815,25
818,03 ) ,3U0 +2,694 34,85- 36,1 —1,25[ 35,47 820,72
19 819,63 ,042 1 40,3771 35,05 | 36,2 |—1,15{ 35,62 820,01
825,53 ,188 | 41,6881 36,55 | 36,87 ! —0,32| 36,71 827,22
21 835,33 | 29,654 | —3,107 | 39,12 |- 39,35 -} —0,23|  39;23 832,22
839,53 ,896 | —0,934} 40,6 40,17 [4-0,43; 40,38 838,60
2 839,73 | 30,336 +o,017 39,8 | 40,17 | —0,37 39,98 842,75
817,73 ,350 | 43,143 34, 37 36,27 |—1,9 | 3532 820,87
24 823,93 | 29,793 { —1,859 36 55 | 36,92 |—0,37| 36,73 822,07
827,03 L0157 | —2,182 37,05 37,4 | —0,35| 37,22 824,85
25 844,53 30 112 | 41,006 41,3'5 41,0 +9 35| 41,17 845,54
843,03 | 29,928 | —0,646 ] 41,9 41,62 |4-0,28] 41,76 842,38
26 844,83 ,869 —1,239 40,9 410 {—0,1 1 40,95 843,59
27 844,93 ,855 1 —1,302] 40,17 40,25 |—0,08] 40,21 843,63
28 842,23 ,523 | —4,283 40 20 39 66 140,54/ 39,43 837,95
843,23 |« ,468 | —4,777 | 40, 50 40 32 40,18 40,41 838,45
29 [ 227844,73 | ™ ,667 | —2,99 40,85 40,61 4-0,24{ 40,73 | 227841,74

N

—_——

W asnineTON CrTy, 29¢A June, 1832.
F. R. HASSLER.
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