
Doc. No. 994. -J 



National Qceanic and Atmospheric Administration 

ERRATA NOTICE 

One or more conditions of the original document may affect the quality of the image, such 
as: 

Discolored pages 
Faded or light ink 
Binding intrudes into the text 

This has been a co-operative,groject between the N O M  Central Library and the Climate 
Database A4odeniization Program, National Climate Data Center (NCDC). To view the 
original document, please contact the NOAA Central Library in Silver Spring, MD at 
(301) 713-2607 x124 or www.reference@nodc.noaa.gov. 

LASON 
Imaging Contractor 
12200 Kiln Court 
Beltsville, MD 20704- 13 87 
March 21,2005 



Blank page r e t a i n e d  for p a g i n a t i o n  



C O N T E N T S .  

‘ 
fi 

+ A Contents o f  bushel9 from late I’resident, Mr. Adam9 - 
R. Weights and mcaiiircY iwcrved from thc custom-houses - 
C .  Standaids in the State Ikpartmmt 
D. Do. from other sources included in the compnrison - 
E. Sir George Shuckburgh’s copparison of yards - 
F. Results of comparison of the English standards of length 
G. Length measures of the custom-houses 
I. Comparisons of French toises and other measures - 
€3. Comparisons of different metres 
K. Do. brass standard weights of the State Department - 

L. Besults of comparisone of weights from the custom-houees 
M. DO. of foreign weights 

Vouchers upon the origin and authenticity of thcsc standards - 
- - 

- 
Details of Tower troy nest . - avoirdupois pile 

h. Determilistions of capacity measures - 

1 
2 
3 
4 
7 
9 

12 
16 
17 
28 
20 
21  
95 
27 
27 
28 
28 
.29 
30 
91 
.3 1 
32 
‘33 
34 
37 
37 
38 
39 
40 
42 
47 
49 
50 
$2 
58 
55 
56 
57 
58 
59 
60 
61 
62 
63 
6.5 
67 
68 
71 
72 

75 
79 
mJ 
80 



Manner of wei hing with thii. apparatus 
Peculiarities ofthe large mcrcury balance 
Description of Troughton’s lever balance 
Results of weighings, discussed - 
English Mint and Exchequer troy pound, discussed 
French kilograms, discussed 
Upon the construction of weights 
Specimcns of neighing statements, and their results 
Table of the hydrostatic balances 
Upon the capacity measures, geetieidly - - 
Comparative table of resillts for bushcls and gdlons, according to differcnt data for 

lleductions of the wcighings of the capacity measures 

Construction of standards of capacity measures 
Retults of determinations 6f capacity measures, with the rechiclions 
Experiments upon the cxpansion of Water and of mercriry 
Data from the experiments upon the cxpansion of mercury 

- 
- 

- 
- - 

cxpansion of the water - - 
Specimcns of the ’ do. do. do. .I - - 

of water - 
PLATES. 

Plate No. 1. Stanchrd scale and comparing apparatus, &e. 
2. Hydrostatic balances. 
3. Troiighton’s lever balance. 
4. Curve of the loss of wcight af thc largest water balance by expansioir. 

pw. 
85 
88 
91 
94 
95 
96 
98 
99 

152 
103 

106 
109 
110 
112’ 
113 
115 
117 
$18 



92d CONGRESS, 
1st Sem‘on. 

* 

[ Doc. No. a 

WEIGHTS AND MEASURES. 

REPORT 

THE SECRETARY OLi’ THE TREASURY, 
F l l O l  

t* OQXPLIASCI 

W i t h  a rerolvtioti of the &Yenate, showing the residt  of an exurnination 
n f fhe WeiKhls m d  hleasures used in the several Custom-houses in the 
Uiaited J’lules, Qc. 

JULY 2, 1832. 
Printed by order of the House of Reprenentativen. 

TREASURY DEPARTMENT, 
June 20,  1838. 

SIR: I have the honor to transmit Mr. llassler’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 29th of May, 1130. 

This examination has been made with great care and ability; and the re- 
port preserrls fully both the results, and the means -employed in obtaining 
them. I t  will be seen that great discrepancies exist between the weights 
and rne3sures used in the different custom-houses-.wme bein4 too small, 
and other8 too large; bnt, that the mean corresponds nearly with the stan- 
dards as fixed by the English lawa,.previously fo, and at the epoch 01 the 
declaration of American independence. 

The  existence of these dincrepancies is not surprising considering the 
manner in which the weights and measures have bcen obtained in the cus- 
tom houses. It is, nevertheless, a serious evil, inasmu~li  3s i t  produces in- 
equalities i n  the duties levied at the different ports; and thus contravenes 
the spirit of thc collstitution, which declares that all duties, imposts, end 
excises, shall be uniform throughout the United States. It is believed, 
however, tha t  this department has full authority to correct the evil, by C ~ U S -  
ing uniform and accurate‘ weightrr 2nd measures, and authentic standards, to 
be supplied to all the custom-houses. With this view. proceedings Were 
instituted by my  predecessor, wi:h the President’s approbation, and are now 
in progress, for effecqqg khat obJect, by fabricating at the United SIafer’ *Ir- 
send in this city, under the immediate personal superintendence Of Mr. 
Hastiler, the necessary s t d a r d s ,  as well as wei&hte and meamrsS, which 
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will be adjusted by him, with all the exactness that the present advanced 
rtate 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 thcputhentic units tvhich were 
to be adopted in the preparation of these weights a n d  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 avoirtlu- 
poi8 pound. The liquid measure will be the wine gallon of 231 cubic inch- 
es, and the dry measure, the Winchester bushel of 2150.42 cubic inches, 
according to the staadarcl of 36 inches adopted as the English yard, and 
referred €0 in that report. 

1 am, respectfully, 
Your obedient servant, 

LWIY McLANE, 
Secretary of the Treusnry. 

The honorable the PKE~IDENT ofthe Setanle. 

Rcportfvom the Secreta of th,c !Qeaszcy, relative to a em 
meaaurc~ w cued at 7 1 e rcocral cu&m&owes of the zed Stater, d i c h  11W8. 
required by a reaolutioit of the Senate of .May 29th, 1630. 

ridon of zrei his and 

TREASURY DEPARTMEHT, 
& h c h  3, 1831. 

SIR: I have the honor to report to the Senate, that, in obedience to the 
directions of their resolutiqn of the 29th May, 1830, a cornparison of the 
weights and measures used at the principal custom-howes in the United 
States, .was commenced under the immediate superintendence of Mr. Hass- 
ler, whose reputation, as wel! for his researches i n  general science, as for hie 
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 accuracy of the 
operathn, 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. I n  the mean time, the apparatus had been provided 
in New York, and was shipped from thence to this city early i n  December. 
T h e  vessel was Unfortunately stranded in the Chesapeake, and part of the 
apparatwk lost. The delay occasioned by this accident, has prevented !he 
completion of the comparison i n  time for a report to the Senate during \he 
present session. The work, however, is far advanced; and it has exhibited 
such a remarkable disparity in  the weights and measures used at different 
cuotonr-houses, as to demonstrate the urgent necessity of providing stand- 
ards for their regulation. 

Among the instruments which had been procured, soiiie years ago, under 
the direction of the President, for the survey of the coast, was a standard 
measure of len@;th, exactly correspouding with the BritiRh Parliamentary 
standard, as established in 1758, with which that 'bf 1760 is identical, aa 
tested by Sir George Shuckburgh in 1798,and by Captain Kater in 1821, on 
tho occasion of the last determination of the weights and mo~~lures i n  Eng- 



land, when it was adopted as the legal unit. This standard measure hap, by 
means which will be explained in  a future report, been compared with the 
pendulum vibrating seconds in London, and ab6  with the French n&re, 
which is based upon measurements of arcs of a meridian o€ the earth. With 
ruch 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 lenkth. 

The troy pound used in the Mint, IS known to beidentical 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 
hiin 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, i t  was adopted as the unit 
for the comparison Os wcig 

The examinatioit of me3 
pleted as to authorize a satisfactory conclusion as to what units for these 
measures ought to I): 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 l a w  in  the Treasury Department will permit, an entire 
uniformity in  the weights and measures used at the respective custorn- 
housea. 

f capacity ,has yet been 80 far 

I have the honor towbe, 
Very res ectfully, 

f o u r  obedient servant, 
S. D. INGHAM, 

Secretary fl the Freasur~. 
The honorable the PRESIDENT 

sf the Seaate of the Ufiiled States. 

WASHIN~TON CITY, 271h January, 1833. 

MOST HONORED SIR:, With this I. have the honor to present to you rnfy 
report upon the comparisons of weights and mcasures, of lens& mh w a- 

re30lytion of the Senate of the  United Slates of the 89th May, 1830. 
rhis compnriron c Id bs celkcted of standards pre. 

served in public de weights and measures as were re- 
ceived upon cafl from !he various cuStOm-houseS; and I thought it an advan- 
tage that I could join, moreover, varipus Other valuable standards and inte- 
resting weights from friend 1 y corninu nlcat Ions. 

I flitter myself that it will be foUp(1 tf present a considerable mass of in- 
formation upon the subject of my IngulrJ’, adequate to any aim which the 
Government may form in relation to It. 

I considered myself bound t@devote to this investigation all my exertioP@ 
and care, making use of the best e m e t h ~ d ~  I could devise i n  principle. and 
creating the means for the o p a t l o a s  which had necessarily to he adapted 
to tile circumstances under wbtch I worked, and threfore  were t” many 
respects novel; their suacss~ has therefore been 80 much more *dactorY 
to nOR 

city, which f am entrusted with by your ,department, in wnllcquence o B ;I, 
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To assist the clear view of the subject, and simplify the perusal of tha 
repclrt, this is made as concise as possible, containing only the principles, 
generd restdts, and conclusions, having reference to the use of the Govern- 
mebt. The  detail results in  support of the& 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 d9tail 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 1 have made use of in  this work, as  i t  may be interest- 
Ing for the general public, and be inatriletive lipon the nature and the mode 
of proceecling in such operations. T h e  much more numerous details of this 
part of my account must necessarily a l p 0  delay it, longer. I hope, however, 
to be able to  present it yet, during the present session of Congress. 

I have the honor to be, with perfect respect and esteem, most honored sir, 
your most obedient eervant, 

F. R. HASSLER. 
The lion. Loam MCLANE, 

Secretary ofthe n e a s u y  of the U. Stntee, 
Washington City. - 

Report q)on the comparison df weigh length and ca acity, made 
at 'the City of Washington, in 18 of the $rebl8u*y De- 
partment, in comnpliawce with a resolu te of the United States of 
the g96h May, 1530, by Fednand 1 

1. Among the means of distributing justice in a country, which irt the aim 
of the e3tablishment of Oovernrneotu, 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 t h  which we are in the habit of call- 
ing the ancients. Rut  the researches n these have interest only for tile 
philosol)hic inquirer, and are entirely foreign to the practical purposes of a n  
establishment of standards in  the present times. 'l'o quote here the fact, 
is ohly to show that lishments of this kind are, by their nature, sub- 
ject to lose the suffici ceurscg, regularity, and even the rec~llection of 
their principles; that, therefore, they need, 3t *certcrin ~ P O C ~ S ,  a complete 
revision, or even new establishment, by the more improved scientific uioane 
of the time, to adeat to the  more refined social intercourse. 

ars, all the n5tions of Europe have successively 
revised or established tl-eir systems of tveighta and measures. During 
the same period, the suf-,jcct has often occupied Congress, and ,many of the - 
State Legislatures of our counhy. The  difficulties accompanying it incr.e 
naturally with the greater complicatiorl ox the social intercourse. 

3. I t  would, undoubtedly, have been a great advantage to ihe country, 
had a regular system, founded upon a scientific base, and single 
established, top311tr with the first regulations for the organist 
country, beforc the greet iocrc:tse of popolation, and consequent great ac- 
tive iutercourue had ceated.  and increased the difficulty of attacking old 
habits, and produced an irregularity, which amounts to an lictual distribn- 
tion of injustice- 

2. Within the last. 4 
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"US observatisn was very properly made by the late Mr. Jeffe 
his report tipon weights and measures, 1793. 

resent, and until the advantages of a scientific system may be mare 
ly felt, the task is reduced to ascertaining the actual @tote of thiugst 
ing the ~t(tndctrd8 of each kind, to that what their general tenor in. 

dicates to be intended by then*. The  necessity of the realization of at least 
this, is proved by the present as well as by earlier investigations. 

4. 4t IS evident that, i n  this respect, regularity must be fully established 
wherever the (iorernment is in  dealing with the citizen6 on a large scale, 
as i.9, for instance, principally thc case in the custom-house*; the law dboct- 
ing that the duties shall he collected equally in all, renders uniformity in 
weights and measures indispensable. 

'1 hc influence of this example, a means thereby presented to ob; 
tain accurate measures aiid weights, every cilizen, more or less, de- 
sires, will  gradi~blly inwodttee dni n the eounyx itmJf, wi t~~ou t  the 
need of a specla\ law to thqt effect. 

5. Without a scientific form i n  ihesc ipquiries, by which the results are 
worked out from thcir principlw, it is impossible to give to that  establish- 
ment the credit necessary to secure confidenre, arid make i t  acceptable. 

The accuracy aimed at must be far greater than might at a first glance ap- 
pear necessary, if that which is indispensable is to be secured with certainty, 
and proved so fully as to command confidence; thence time, care, and as- 
siduity, cannot be spared in  the operation. . T h e  last revision of the English standards, ordered by Parliament in 

4, and finally reported upon in 1824, resulted in  the acceptation of cer- 
aln old standardr, considered 

%e u l d s  of the dry and li 
&e gallon. The introduetioi 
toin houses and excisc in -a siiiiilnr manner as proposed above, without 
any change of the units, which are decided by existing laws of Coo#resa 
The  new standards were execated in England in 1825, and called the impe- 
rial standards. 

certain ratios to its units. 
S. The great irregularity existing in the weights and measures of this 

Country. has been fully proved by the yPort.made i n  1321, IJY the honorable 
late Presitlent, John Q. Aclams. The lnqulricg established for it in the cus- 
t9m-houses showed, that,  for the yard% the weights, and the gallons, hardly 
In  a n y  place another autliorit exisled than standards of city Yealers, of 
h w n  origin. T h e  wine gaBl!on was eeneraliy merely s i d e d  by its legal 
Pacity of 231 cubic inches. Tim csmpwisons of the dry measures, made 
admms\irenient, and by the weight Of the water they contained, *haw a 
crossing and gross disparity, certainly due to the acciimlrlation of the errm 
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of both. Thk statement lettered A, extracted from hlr. Adanis’ report, all 
being reduced to the bushel, exhibits the details. The  maximuin of the 
differences is considerable, viz. in the measurement I 433 cubic inches, or 
about + of the whole; in  the weight 
the whole. Besides, it is well known that a kind of henefit or loss i n  the 
dealings between d i f k e n t  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 S e h t e  of 
the 29th May, 1831, i n  obedience of which the investigation was directed by 
the Treasury Department, of which the account is here rendered. 

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 rble to compare them upon one a i d  the same system, a n d  with the 
same regular and constant unit. This call showed again that hardly any 
custom.houses had actual standards; a11 equally refer, for the weights and 
measures of any kind, to the c i ~ y  sealers of the place, or those appointed by the 
respective States. ?‘he statenientJettered B, shows as well the measures re- 
ceived from the custom.housee, as the accounts rendered by the co1lector.s of 
the stale of things i u  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 i n  their proper places. 

11. The  Depattment 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 country 
with the English, and wwuld have been uaed as the principal means for this 
compariaon, had their arrangement been calculated for that purpose, ahd the$ 
subdivisions more consistent within themselves. A cataloguc of the whole, 
with the quotations of their vouchers, is contained i n  the statement letter C. 

12. T o  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 originuZ mtlre, an origirial kilogram, and a well execut- 
ed loise, lent to me for the purpose by the  Philosophical Society of Phila- 
delphia. These I had myself brought to this country, on m y  first arrival 
in  1805, and the society acquired them from me. The nearer particulars of 
these means, and their vouchers, appear in  the statement letter I). 
13. A comparhn  of standards of different values requires, indispensably, 

(for each kind) the reference to one, unique, accurate,and within itself con&- 
tent, standard; ant? 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 nieanu, by the collection ofJhe instruments for the sur- 
vey of the coast, where accurate lineal standards were, at all eventar, india- 
pensable. From thiscojleclion, all the $arts subservient to the present corn- 
pr i son  were employed, as their arrangement was expressly adapted to the 
aim. 

14. T h e  details of the operation will beEt 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 
aeeae and principles made urn of far the purpore. 

13 Ib. 6 oz. avoirdupois, or about 

The particulars 3re here referred to in proper places. 
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Comparison of the Zengfli measures. 
15. The  standard scale of 82 English inches, arranged for a compmteur, 

forming part of the collection of instruments for the coast survey, construct- 
k d  by Troughton, in London, was purposely made of a length sufficient to 
take in the double metre length; therefore, also, the double yard and the 
toise. I t  is exactly of the same form and arrangement, with microscopes and 
micr eters, as that of Sir George Shuckburgh Evelin, of 60 inches in 
~ e n g t r  with which the first accurate comparisons of English length measures 
were made in  1797, and which was again used by Captain Kater in the last 
operations for the new establishment of the British imperial standards. Of 
the coniparkon of Sir George Shuckburgh, it appeared to me not improper 
to insert the ultimate results, by the small table letter E. 

16. The  consistency of Troughton's large scalr within itself, was tested 
by measuring every length, or the nearest decimal subdivision, that was 
compare2 to each kind of standard, upon as many parts of the scale 8s it 
admitted, by steps of one 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 m y  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 meaneof dividing, in which Mr. Troughton is well 
known to rank first in accuracy. 

17. T h e  results of t& comparisons of the different English standards of 
the yard and thc ell, arc collected i n  tlic table letter F. This table furnishes 

' the Followill remarks and conclusions, viz. - 
(a) ' the e ? 1 is altogether inadmissible as a standard, and has, therefore, 

also been disregarded in t h e  late English comparisons. Its results deviate for 
about four-hundredths of a n  inch from their leqd ratio to thc yards, which 
are with them of the same origin. This may be the result of improper use 
of the sJandards i n  the exchequer, eveu 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 n piece cut to length that has become ahorter 
by use, a n d  that of the ell,.a distance between two butting pieces, or what 
is called CI bed, which, by use, has become larger. 'l'llis diRerence will be seen 
by comparative refcrencc to talile E nnd F. 

(b) The  copy of the yard and ell together, in form of a bed, itself 
unworthy to enter into the line of comparison among the other standards, 
both by its apparent rough workmanshi i t s  result in the comparison. 

(c)  The measurement of the'51,e i loid off by Troughton upon 
the scale, now of the Treasury Department, shows a coincidence wi,h the 82 
inch sale, withir) the limits of accuracy admissible in the present state of 
the arts, and is corroborating the accuracy of the connection of the present 
!omparison with tha t  made in England for the estabiishmcnt of the new 
Imperial standards. 

(d  The mean yarcl of the scale, which I divided from that of 82 inches 

(e) The new English stantlard estal)llshment, adopted the yard of the 
Pgrliamentary standard. wliich will be found in Sir 0. Shuckburgh's result8 

This result differs from the mean of the scale of the 
Trl?a.iury Department only 0,00001~5 of un inch, a n  entirely iuapprecishle 
Vantity. This striking coincidence brings the scale of the TreasuW De- 
partment to be entirely equal to the British Parliamentary standad*which 

of 4 rouLhion, gives for the yard 36,0002465 inches. 

3G,00023 inches. 
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was adopted in England. A n  arrangement has been made for it sintilar to 
that of the scale of ‘l’roughton, for its use in future comparisions, and the 
construction of standards for the custom-houses. 

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 indiscriminate adoption of stmc1:irds may yet>,Iead. 
But the old standard of the State Uepartment is too rough to be odmilted 
in  the rank of atandnrds. The  scale of Thomas ,Toiles appears to be made 
only for very common use; the scale of the Virginia University is evident- 
ly too short in its unit. All the results of the ell are altogether inatlmissi- 
hle, and I should allow the full rank of standard, besides. to ‘I’rougl~ton’s 
-le of 6& itlches only, to the yards marked in front of the statement letter 
F, by an (a,) which gives the cxtremc difference = 0,0010242. Or, if the 
scale of t h e  Treasury Dcpartment is included on account of its coincitlence 
with the Parliamentarg scale, this might be stated a t  tl 0,0012707. With 
proper care i t  is possible to reduce all error in the construction of standards 
within smaller limits. 

18. The scant libt of length tneasures reccived from the custom-houses, 
contained under letter G ,  with their‘results, reduced to t h e  yor:, shows no 
more coincitlence than might be expected frem mere wooden sticks, adjust- 
ed opon standards of uncertain origin, and ~ ~ O V C S  the propriety of fiirnish- 
ing t h e  custom-Iiouses with proper standards, YO arra2ged that they ~rlay pre- 

’ serve themselves, and the nieasurcs to be coinl>mxf may be easily applied 
to them, for which a proper model has been given. 

1% The  above exhausted the compnrison of English length measurcs. 
Of the ratios to foreign measures, tbose of the French mhtr‘c 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- 
siclerable number of mostly well authenticated copics of the mhtre, and a 
fully original iron m h e  of those standarded by thc Committee of Weights 
and Measures in Paris, anti distributed indiscriminately among the deputies 
of foreign nations, being present for that purpow, as statccl $H, they were 
compared with the scale of 82  E:nglish inches by a peculiar method, ex- 
plained already in my papers up011 the coast survey. 

20 The results of th i s  comparison of the metres are contained in the state- 
ment letter 11, which furnishes the following remarks and conclusions: 
(a) ?‘he stant~ard metal of the French mEtre is iron, of whicI~ ineta1 all 

the  mbtres distributcd to the dcputics of foi-eigi~ tlntions, present at the com- 
mittee which establi_shed them, were mode; only one of them was made of 
platinum, wliich is preserved a t  t h e  observatory of Paris. The expansion 
of the iron, though gre8tcr than that of platiiiuii~, is much better known, 
and ttie’rcfiiiing of tht: platinum is yet made SO unequally, that an iron 
inhe, or  standard of any kind,  is preferable t o  one of platiiiuni. 

(b) The  standard telnpcrature of the French iron d t r e  is that  of melt- 
ing ice, or 32’ Fahr. ‘ h e  Rritish standards are of hrass, and the standard 
temperature is 62’ Fahr. ‘Phis requires a reduclion, to present the olie in 
the dimension and temperature of the other. The habit prevails i n  EriglanJ 
to give t h e  length of the m&re in iron at 32’, in inches and decimals of the 
brass Eqglish scale, at 6 2 O .  This result is evidently too much dependant 
of the ratio of the reduction adopted for the difrerent expansion of the two 
metals by the tcmperaturej thence the result is too much a&ctcd by acces- 

(f) The  extreme difference hetwcen all the yards obtained by this corn* 



Iculationa, and, besides, impossible to present in nature; which I 
a requisite of a FesuIt of a comparison. I have always preferred to 
he comparisons a t  the same temperature, and elected for it the 

melting ice point, (32OFahr.) which is in 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 ternperaturk as circumstan- 
ces would admit; thence arises that the numbers of the table H, will not 
agree with the English results of metre comparisons, but they can be reduced. 

(c) It will be observed that the copies of the metres are shorter than the 
original metre of the committee. This J have found to be uniformly the case 
in copies of standard3 cut to a length. 

(8) The extreme difference between the French mbtre copies isless than 
sh standards. Their extreme difference between them- 
and their mean deviates from the original committee 
ha t*@htt m b h U 6 4 i ~ $ i o n g  upon the gcale of the Vir- 
upon tKat of the Treasu"rfSi" hpartment, 'not being of 
come in coinparison here, and are merely registered. 
ently the unit of its own scale, which is too small. 

(e) The  nearest coincidence is that of the iron metre 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 coniparison 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 the pendulum under the equator, for 
the Amsterdam foot, and the two Algerine picks, which were the only other 
foreign Ien th  measures on hand, of any au re presented under 

+letter J, an i require no peculiar rsmarka. 

Compurison of the Weighfs. 
23. 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 nut Consist- 
ent enough within itself in its smaller parts to serve aa base of a compari- 
mn, a ciruumstance well known ia England of t h e  origiuals themselves, and 
evident from the second part of .rffrrtsnrsnt letter I(. This extent of this 
balance included all the single units of weight% which are usually consider- 
ed as standards, the kilograms, the single pound, and the two pound weights. 
g3. The subdivided kilograms woq]d have served equally well, as for their 

accuracy within themselves, but their unit, the gramme, would have been 
leas familiar in the language of this cauntry in relation to weights; thence 
they were not adopted as such, though. they Were compared as a very essen- 
tial part of this  work. I had here again the advanta e of having an original 
kilogram of brass, stantlarded by the Committee o f k e i g h t s  and Measures 
in Paris, exactly equal with all those ?f the deputies from foreign nations 
present at the committee; where, again, only one was made of platinum) 
which is preserved i n  the French archives. 
B4. The weight of the kilogam is taken in France in vacuum; 



[ Doc. No. 299. J 
of the English weights beingrcfqrred to that atate, it was, of course, in this 
comparison, proper to omit this, except with respect to the platin 

1 
the other standard weights, both English and French. 

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

The  determination of this i n  grains of the above collection of Troughton 
was, therefore, an essential operation. This has beer: done once a t  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 e 5762,41 rains of Troughton, 

parison will be given in both-the grains of Troughton, by which they wer 
measured, and in their proportional value of the Mint weight, ns futur 
standard. 

26. The  higher weights are generally made by tho multiples of smal 
Btandard weights; and, as the usual balances diminieh in sensibility with 
increase of the weight, their accuracy can hardly, by the common ways of 
adjusting them, be proportionally the same as in the smaller. I t  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 obtainingscale beams uniting great 
accuracy for large weights with the neceasary 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. 
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. 
T o  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 lcvying 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, thou h promised immediately, have not 
yet been obtained; and I have been o%liged to supply the deficiency by 
making some myself.) 

28. For these reasons, I proposed, and caused to be executed, by artists 
in this country, at a proportionally small expense, and within a reasonable 
limit of time, balanees never yet applied to any ractical use, but described 
by my friend and teacher, the late Professor Zal les ,  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 
free of friction. A sufficient number of them was constructed to suit thc 
different capacities of weights. The  liquid, in which, by tlieir principle, 
they float, is for a weight up to 16 Ib. the distilled water, and above that, 
the nzercury. Their nearer description will appear in  the detailed account 

gram, to render it comparable with that of brass, which is the me 

asused in this comparison. Therefore, all the results o f weights in this com- 

They,. 
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of my aperations. Their results have been very satisfactory, and they will 
serve i n  fulure for the construction of the larger standard weights. 

29.  I t  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 theEn- 
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) Of the 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 other8 are rather nearer to their legal nominal, if this is taken in 
Troughton’s grain weig y o f  the lar er weights of the tmy 
nest, and avoirdupois 

(a) The single pound, yet upwards of half a in below the 
nominal value of the avoirdupois pound, deduced from the R n t  pound by  
the legal ratio. 

(6) 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 nest of troy weights made for the public 

( d )  The  denomination of tower troy, suggests the idea that these standards 
might be those corresponding to the weights of the E n  lish mint, which is 

of weights, the mint weights were not included, and Capt. Kater stated, i n  
a letter to a friend, upon my request, that comparison did not form a 
part of the subject of his inquiry, but that was inf-med, by ~fficert~ of 
the mint, that their troy pound was exactly 1 to that of 1758. However, 
the difference between 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, onepound; 
and two twopound weights, to be, in Troughton’s grains, = 5763,78, which 

(e) The  troy pound of the Treasury Department, originating from Trough- 
ton, though of a different epoch than the grain weights, agreed ex 
them. 
(f) T h e  weights of the Virgin 

poun$ because they have been 
lishment, by Gilbert, the flame 
(g) I t  was only late in the progress of this comparison that the old En-  

fGsh original standard weights, bearing the stamp ,of G .  I., were obtained 
rom the custon?-house of Portsmouth. It ~ 1 1 1  De observed that they agree 

nearly and most regularly with the new United States Mint standard, ofany 
of the other weights, the new Onel of Gilbert excepted: they thus proved a 
valuable datum for this comparison. 

30. The weights received from the eustom-houses, though more nume- 
rous than the length standards, were, generally speaking, not much more 
“tisfactory in accuracy, The  results of their comparison are in the table L, 
which needs no special remarks. 

3 L  The  comparison of foreign weights was the most interesting of thp 
‘?“Parisons o f  foreigll stendartls, both bX its number, and by the autheotl- 
cltY, and’gcneral good execution of those on hand, as is evident frorn the 
account given of them in the respective dtatements. The resuite Of the 

fi@”mfcW* fdween the two. 

well known to be an appendage of the tower. I n  the !k ’nglish comparison 

’ exceeds yet the differenoe determined here by the Mint weight, by 1’37. 
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comparison expreseed in Troughton's grains, Mint weights, and-' FJench 
gramrnes, to make them generally comparable, are presented in the table 
letter M, upon which the following remarks may be made, viz. 

((I) The kilogram of the late President, Mr. Adams, has. the surplus 
weight, for the wearin i n  commercial weights, allowed legally in France 

( b )  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 wm sent to Paris for comparison, on 
account of the last comparison of standards, which the French Minister of 
the Interior Rtates to be = 373,233 grammes; therefore differin from my de- 
termination only 0,0107 part of a gramme, or 0,16513 of ail &$ish grain. 

(c For both the recedin remarks, see letter of the French Minister of 
the f nterior to the English 8onsul General, Paris, 2Sth 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 coneidered proper to omit, because none of the other wei hts 

I n  the comparison of the platinum and brass kilogram, however, this in- 
troduces, of course, a difference in'their weieht 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 E n  lish 

water, the platinum kilogram will, in value, present, in that o brass, as 

If the French determination of T+a is adopted, it 

under the name of (' to ei erance." 

is thus reduced. 8, 

standard determination, the specific gravity of the air is accepted 

coinciding value - - - = 1000,002 13 grammer, 

will be c - = 999,999163 

o !! the 

---- 
T h e  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 Cupacity Mensures. 
32. If the comparison of linear dimefisions has already 'prescnteedis. 

crepamiee, the capacity measures, in which these increase according tii 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 ga!lon, in the old English system of standards. T h e  Win- 
chester bushel being determined to 2150,413 cubic inches, and the wine g& 
Ion to 031 cubic inches. 
33. T o  execute, with accuracy, capacity measures, particularly 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 dimensiolls or 
contenta in cubic inches, as directed by the old laws. 

34. The  new English standard establishment, s~ibstituted for the bushel 
a measure containing 80 lbs. avoirdgpois, of distilled water, at 62O Fahr. 
temperature, and 30 inches barometer, and gave to the gallon 10 Ib. or the 
onewighth of it. These etandard mmeures wero made of brass, bo that, 
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properlyA 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 af the results of the standards in this 
comparison will furnish similar instances, 
35. Tho temperature of 62 degrees Fahrenheit, is, however, rather un-  

favorably chosen, in general principles, because the water at that tempera- 
ture, which it is aIways difficult to keep the same, is under considerably va- 
riable influence, expanding differently for each degree of temperature above 
or below it, and varying ib 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 Epglish system of capacity mea- 

sures, before the last alterations, have been compared here, as described in 
slatement letter C; the first blonginlpto t ate Department, of the d a b  
of King George IV.; the other belonging t? €%ate of New Hampshire, 
with the stamp of George I. Unfortunately this latter has, only io l a b  
ybars, suffered some alteration, by being sent to Boston for adjustment, 
where four ofthe measures have been diminished, by lead poured i n  the bot- 
toms, but, however, with the exception of only the stnallest 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 ituelf, most likely of different dates, the me- 
mory of which is oblitetated. To  show the actual relation of the different 
parts of the standards, the statement letter N has, in  its two last columns, 
the roportional weights, i n  Y i n s  of dietilled water, o f  the gallon and of 
the f: ushel, resulting from BJC measure. 

38. In the set of the State Department, it is cvident that the so called 
Winchester pint and quart belong to the samc original standard as the coal 
bushel; while the Winchester gallon and Winchester bushel form ud the r  
agreement, iipon a smaller bushel than ihc former. 

This has indeed 
no relation to the bushel; and the inquiries made on the occasion of the last 
Aettlemerit of standards i n  England, has proved this to be the result of gra- 
dual deterioration upon tho original gallon, formerly corresponding to the 
bushel, until it was arrested, at the content of 231 cubic inches, by an act  
of Parliamept. 
39. The set of the State puhire, which i s  more numerous 

in its subdivisions, leads to u60ns: the one-eighth and one- 
fourth pint of it show the Same origin a8 the wi.ne gallon. T h e  half-pint 
and tile pint, which have not been altered! evidently haPe reference to the 
coal bushel; they even exceed it, a8 the Pint and the quart of the set of the 
State Department do also. 

The  quart and the half gallon Yere probably constructed for reference to 
the same coal bushel, and have been altered, so as to refer now to the Win- 
chester bush$; by the pouring of lead Into them, as stated above. 

The gallon, peck, and half bushel, refer directly to the more usual Win- 
chePter bushel; while the whole bushel has again been put down, from near 
the content of the coal bushel, to that of the Winchester bushel, by about 
19,14 cubic inches of lead poured into it. 

40. All these references agree, of course, only within tho limitr ofaccl~-  

I 

The win5 gallon gives of cour8e a much inferior bushcl. 



14 [ Doc. No. 299. ] 

racy that may be expected from the old ways of adjusting atandardsjn 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 30 Ib. avoirdupois of distilled water; which is the weight now adopted in 
England for the bushel and its subdivisions, and which agrees again neareat 
with the coal bushel, while the gallon, peck, and half bushel, approach again 
nearest toihe 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. I n  England, the bushel of SO Ib. avoirdupois was formed by the mul- 

tiple of the quart, for which no special reason is assigned, except that 801b. 
might in round numbers agree nearest with the mean of the standards. Ng 
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 opera'tors in the determinations had proposed. I t  is 
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 thc numerous obsotete laws rela- 
tin to them,. I take the liberty to referxta the appendix of the first report 
of t8e Commissioners on Weights and Measures, of July, 1819, in  the Parli- 
mentary papers upon that sub ect. 

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 both by meaeurement, and by the weight of distilled water they 
contain, as seen in art. 3, statement let. N. I t  appears froin these two arti- 
cles, that the actual custom-house measures agree nearcr 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 
sent 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 lb. 54 02. of water, 
which would bring it nearly to the new English bushel. 

And the collector of Richmond states, that their bushe1 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 i n  by Iiim for 91 
cubic inches. This statement mikht therefore be a mere error, 2nd 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, ant1 

little adapted to the accurate mode of determination, which it was evidently 
proper to adopt for the present compariaon. Their result appear equally io 
the statement let. N. 

44. All the determinations of the weights of the water that the metallic 

42. The  bushel sent in by t r! e custom-houses were most generally wooden 
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aapachy 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. 
2S0, particularly by those adapted to mercury, which, for the heavy metal 
bushels, i t  was necessary to increase to the weight of near 226 lb. The detail 
of this will appear i n  the account to be given of my mode of 9perating. 
45. For-the aim of the prevent comparison, and the statement of stand- 

ards, where no alterations can be in contemplation, it is proper to give to 
the old hushel, legally determined by its cubic capcity,  that determination 
by weight which will render i t  the most stable, and the possible alteration6 
by a change of temperature the amallest; thence the easiest determiaed, and 
the least dependant upon data, takeh by calb\llatb= f r ~ m  physical elements. 
For  this, the distilled water furnished the very favorable property of having 
a point ( a s  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 tit that temperature it 
changes its volume the Icast, 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 
Weights, and to select 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 rdowd for the standard 
units of weights, and of capacity measure; by taking the weight of the deci- 
ni&re cube of distilled water at the rnaxin8um density for the kilogram, 
and its cqpucity for thc lilre; taking this absolutely, and reduced to the va- 
cuum, by which all refer to one single unit: the length of the metre. 

It appeared also preferable to determine a certain stand of the barometer, 
rather than to reduce to the vacuum, as this is i n  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; th ture, in reepect to other 
gualities, may present considerable v d  ansion and Its buoyancy 
*n the weighing, in proportion to water, are Sufficiently constant and well 
as~rtaiqable .  111 respect to the ratio between tho-dimensions of the dry 
measures, it is proper that their diameters shall be double their depth. T h e  
nearer discussion of this part belongs of course to detailed accoulit of the 
work of comparison, and the future construction O f  the standards. 

48. Thns were determined, in weight ?fthe Mint in Philadelphia, to con- 
tain distilled water, at the maximunl density, and at 30 inches barometer, 
the bushel 543391,89 grains E 77,627413 1h. avoirdupois the gallon 5 

8s372,1754 grains = 8,33688890. 
To which, therefore, these measures will be regulated, and thereby pre- 

sent exactly the meaning of the law, and thc nearest mean between the mea- 
“res in use, by means of determinations the most accarate, and thu best 

to the aim, and to the ease OE applicntion. 
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General Concbsions. 

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

general point of view. 
(a) It,is evident that the French standards here compared, have a much 

greater accu2acy than the English. This is 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 executed; and, second, 
that the French standards are the works of aetual, a5d 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 
exehequer length measures by Thomas Jones; their well earned fame for 
accuracy would even dispense from stating this eiception, 

( b )  From the preceding arises the conclusion, that the fi'rst standards 
to be made for distributioa in this country niust be executed upon scientific 
principles, and with artists' means, if the ambiguity wliicli the common seal- 
ers' habits are evidently capable of introduci rig, shall be avoided. 

Therefore, arrangements have been made to have the future standards for 
the custom-houses made by the meam of the same establishment as the 
present comparisons have beeen macle in; besides that, this uniformity will 
secure also uniformity in,tlie ultimate results. It would even be desirable 
that the State Governments should be furnished by the same means, in or- 
der that the sealers might have accurate and uniform points of r e h e n c e  in 
future. 

(c) The adoption of brass as the metal for all standards uniformly, is ra- 
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 bo 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 haw. 

The  introduction of platinum, instead of brass, might be thought of, on ac- 
count of its less destructible nature; but, the expansion 0C i t  is i ~ y  no means 
so well lrnown bs that of brass; thence the reduction dependant on that ele- 
ment would be ev? more uncertain, and still increased by the uncertainty 
of the state of purity ofdhe platinum; it being in nature mixed with vari- 
ous other metals that mumt be separated fro4 it, the greater or tees perfection 
of the process of Workin it, must introduce differeny i n  this respect, at 

ea its properties at least as much as the brass does. 
(d) The adoption of the tern erature of the maximum dendty of the 

as has served for the length measures and the weights, at the -same tempera- 
ture, introducea 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 temperature the variation of the expaneion of the water, in the neigh- 

-. 

least equal to those of the % Pass, and perhaps greater, as in its alloys it chang- 

water for the determination of t E e capacity measures, and the same metal- 



krhood of the detgrminingpi& af tempwatme, are variable within t h m -  
@ h S ,  anQ thence introduce ence u p n  the accuracy of the 
resuFt, that it is absolulely n 

(E.) Besides the addition tables now joined to this re- 
port, i t  is intended to have i t  followed by a detailed descriptive accoiint of 
the operations and the means that have heen employed in it, to enable to 
judge of the dcagree of confidence t h g  m y  be placed in the results, and to 
ahow the principles that must guide an operation of this nature. 

WASHINGTON CITY, Jantiury 27fh, 1532. 
F. R. HASSLER. 

A. 
CONTENT of the di’ereitt dry measures by udmeuaurement, and Z y  

the weight of wtiler they c~ntuin,  us obluined at t h e  di’erenl custom- 
hou pes, 41/ the ir,vestigciIion direcled b+y late Presiden.t, John Q. d h h W  
reduced to  the bustiel resulling wfronh euch. 

Contents of the bushel, 

XAXRB OP TBX CLl8TbY-BOV8lS. 

In cub. inch. Avoirdup’s W ’ b  

Ib. 01. dwt. 
-- 
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The indiscriminate mean between all the above bushels, - 
The old legal determination of the Winchester bushel by 

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

rature of maximum density, and at 30 inches barometer, 
543392,O grains, . ‘  - 

Difference from the above indiscriminate mean. 
Difference from the new Engbh imperial bushel, 

- 

CONTENT-Continued . 
Contents of the bushel, 

-- 
2153 ,O 

2150,42 
2,18 

- 
- 

RAMPS OP TUB BU8TOH-XOUBIS. 

In cub. inch. I 
- t-- 

Alexandria, - 
Cher Stone, Virginia, 

Petersburg, 
Richmond, - 
Camden, North Carolina, 
Edenton, - 
Newbern, - 
Ocracoke, - 
Plymouth, - 
W oahington, 
Charleston, South Carolina, 
Savannah, Georgia, 
St. Mary’s, 
New Orleans, Louisiana, 

Norfork, - 
2118,80 
2225,48 
2127,24 
2147J8 
2112,60 
2152,20 
2160,78 
2115,60 
2153,lO 
2358,58 
2128,02 
2172,03 
2013,32 
2019,34 
2162,02 

Avoirdup’e w’ts. 

Ib. 02. dwt. 

83 4 
78 
78 

79 8 
77 6 

77 11 

77 8 

87 8 
76 
77 
72 12 
77 12 12 
76 
78 I 1 
77 11 7 , l  

77 15 1,04 

77 10 5 ,9  
4 11,14 

2 0 14,96 
--- 

€3. 

Statement of the Weights and .Measures received frmn the C u s t d o u s e s ,  end tke 
accompanyhzg letters. v 

PORTLAND sent nothing; says that there are no standards in the custom- 
house: they use measures of the Stale, sealed by the scalers of the town of 
Portland. Dearborn’s balance is used for weighing, which is sent to €309- 

ton to repair? when needed. T h e  Winchester bushel is said to be used, but 
no account given of it. 

PORTSMOUTH sends weights, a 32 Ib., 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 half.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 iniportations re- 
quiring it. 
BOSTON sent one copper half bushel measure, 

one do. gallon, 
one 56 lb. brass weight, 
one wooden yard stick, divided into hundredth parts, for tllo 

a m  of reduction to square yards. 
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PEKWIDENCE sent two brass ]en th measures, each 4 of a yard 10% 
two single potinds % rass weights, 
one copper wine gallon measure, 
one copper quarter of bushel measure. 

MIDDLETOWN sent nothing; and said there are not, and never were, any 
standards in  the custom-house. The weights and measures are proved 3rd 
corrected ,by standards established by State authorities, and in the possession 
of officers appointed by the State. 

NEW YORK sent two large wooden tubs, used for measuring salt and coal, 
and a set of common iron weights, from 1 Ib. to 56 lb. 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. 
PHILADELPHIA sent a copper half bushel, and a set of 6 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 Ib. 6 oz. 

BALTIMORE sent one yard tape, and one yard stick, divided into hun- I 

dredlhs; a set of conimon iron weights, from 1 Ib. to 56 Ib.; one wooden 6 
bushel salt barrel; and one tin wine gallon. 

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

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

NORFOLK sent two 50 lb. iron weights spoiled by rust, kept since Lefore 
the introduction of Dearborn’s b a h c e ,  which is now used altogether; one 
iron bound tub of two bushels, standarded by the etandard of the State of 
Virginia, which is stated to be the Winchester bushel. 

GHARLESTON, South Carolina, sent one half bushel, sealed by the sealer of 
the city, which arrived so worm eaten 8.9 to be useless; state# that the mea- 
8ures used were those of the State, and there had never been any difficulty 
with importers. For weighing, Dearborn’b balance is used, and for liquid 
measure, the gauging rod of Kutz, in New York. 

SAVANNAH sent nothing; uses Dearborn’s balsncc, 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 ORLEANS sent seven brass Wei$hts from 56 Ib. to # Ib. ; one half 

bushel bucket: gives no special information. 



C. 

#(ales. 
.Q list of stcandards preserved in the Depar f meat 

LEKGTH MEASURES. 

of Stale of the United 

One bras8 standard of the exchequer yard and ell, of the form called 

One copy of the exchequer yard; made by T h .  Jones, in London. 2) 
One copy of the exchequer ell; made by the same. (2) Both these are 

One brass scale or rule, upon which the yard and the ell are marked, by 

One French mbtre of platinum, (a traits;) the mBtre marked by crossing 

One brass metre ( A  bout) cut to length of the same maker. (4) 
Two brass length measures of Algiers; the larger the Turkish pick, the 

a bed. (1) 

cut to length. 

lines upon strips of silver; made by the same. (3) 

lines; made by Fortin, in  Paris. (4) 

smaller the Arabic pick. ( 5 )  
CAPACITY MEASURES. 

One brass coal bushel, 7 
One brass Winchester bushel, 
One do do gallon, 
One do 
One , d o  
One brass wine gallon, J 
One brass litre mod&, with groiind glass cover; made by Fortin. (4) 

One set of seven pieces brass avoirdupois weights, of bell form, 

One old brass weight, marked A, C. 

1 
One brass nest troy weight of ounces, from 256 oz. down to ti oz. J 
One French kilogram of platinum, cylinder form; of Fortin, 

One set of brass Coelnish mark weightsfrom 50 marks down, bcing 50m., 
32m., 16m., ~m., 4m., 2m., lm., and all the 1 0 t h  by successive halving, 
with grains. 

WEIGHTS. 

being 1 Ib., 2 Ib.", 4 Ib., 7 lb., 14 Ib., 28 lb., 56 Ib. 

One pile of 12 pieces brass avoirdupois weights, round flat from 8 

One French kilo ram of brass, cylindric, with a nob; of Fortin, 

p i i n d s  down by halves to 1 cwt., 

One French sub 8? ivided kilogram of brass, cubical form; of do., 

Two small brare 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 set of English standards of weights and  measures noted, 

(1) is accompanied by a parchment indenture, stating them to be received 
ffom the exchequer by Edward A braham De Grave, NO. 59, St. Martin 
Legrand, sealer, weight and meamre maker, dated 8th December, 1520; and 
a certificate of Thomas Jones, mathematical instrument maker, &c., 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 a n  inden: 
h re  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 G O -  
vernment of the United Gtates, in May, 1822, at 60OFahr. temperature. 

3. The scale of Thomas Jones, noted (3) being apparently only 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 metre is certified by Mr. Arsgo to be ths of a 
~ M m & t r e  longer than the platinum m&re of the board of Iongitudc; the 
same is also engraved on the inverse side of the mbtre itself. 

The brass metre of Fortin is not quoted in the certificate. 
The platinum kilogram (4) is also certified by Mr. Arago to hare 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 as the original one5 distributed by 
the Committee of Weights and Measures in  Paris: the subdivided square 
kilograin and the litre modble, have not been mentioned in the certificate of 
Mr. Arago, dated Paris, 5th September, 1881. 

5. The Algerine length measures, (noted 5 )  and the two different ounce 
%Wights, 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. 

from the mint of Copenhagen, by Mr. Forbes, United States’ Consul there, 
i n  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 oxydaion. 

6. The collection of Coelnish mark weights, noted (6,) has been procured , 

__10__ 

D. 
ufl list of atandurds included in this comparison, avid obtained from other 

sources than the Slute IJepurtment. 
1. From the collection of instruments made for the survey of the coast of 

the United States, deposited in the War Department. 
LENGTR MEASURES. 

One large brass scale of 82 inches, divided upon silvsr in10 tenth of inches, 
With a parallel scale bearing microseopee, with a micrometer; m ~ d e  by Mr. 
Edward Troughton, in London, with a tracing appamtus to make other 
scales from it. 

An iron yard, cut to proper length by Troughton, of a bar similar to the 
French iron mPltres ‘4 bout.” 

One brass metre of Lenoir, in Paris. 
One iron toise of the eame. 

CAPACITY MEASURES. 

Two litres modhles, made by Fortin, in Paris. 

One steel balance, wi 
hundredth part of the g 

Two tubdivided squa 
gramme; made by Fortin, in Paris. 

2o prom the Philosophical Society of Philadelpbia. 

set of weights, from ten thousand grains 

ecimale of grammes to the 

to the 

I mil& 



22 

LENGTH MEASURES. 
One iron mbtre,originaZ standard, hade  by the Committee of Weights and 

One iron toise, made by Canivet, at Paris, in 1766. 

One kilogram, in brass, original standard,made by the Committee of Weights 

Measures in Pdris. 

WEIQRTS. 

and Measures in Paris. 

S. From the‘Treasury Department. 

A brass scale of 52 inches, divided into tenth of inches, by F. R. Hass. 
ler, from the 82 inches scale of Troughton; and having upon it also a metre 
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 metre, standarded in  the course of this comparison. 
A brass m&trc (9 bout,” of Fortin, in Paris. 

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

4. The United States’ Mint at Philadelphia possesses a new troy pound; 
made by Captain Kater, i n  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. 

LENGTH MEASURES. 

WEIGHTS. 

One mark of Castile, of the Madrid mint. 
One mark of the Mexican mint. 

5. From the Collector’s ofice of Portsmouth. 
A series of metal standards of weights and capacity measures, belonging 

to the State of New Hampshire, viz. 
WEIGHTS. 

Four bell form brass weights of 4 lb., 14 lb., 28 lb., and 66 lb. 

Ten metal capacity measures, viz. 
One bushel. 
One half bushel. I 

One peck. 
One gallon, and its subdivisions by halving. 
6. In  the Engineer Department were also found two brass metres of I” 

7. From the office of the Secretary of State of the State of New Yort 
One brass yard, cut to length. 

S. The honorable late President, John Q. Adarns, communicated to mer 

One brass avoirdupois pound, of Boston. 
One brass kilogram nest. 

CAPACITY MEASURES. 

noir, that were compared. 

for the use of this comparison, the following weights: 
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One brass nest of weights of one Russian pound. 
One iron standard pound of Russia. 
One brags nest Amsterrlam pound. 
One brass nest Swedish victualling pound. 
Seven Chinese brass weights, from 20 tales to 8 mace. 

9. From the Vir inia University, i n  Charlottesville. 
One brass scale o s 40 inches, English, ma& by Gilbert, i n  London. 
One set of brass troy weights, with decimal subdivision of the pound, from 

5 lb. 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. 

_.c__ 

D. 
Vouchers upon the origin and autheiiticify of the standards includedin 

this comparison, other than those from the Slate Department. 
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 nn indispensable requisite, that 1 took, of course, all tiece8- 
sbry measures to obtain it, when I was i n  Europe, to procure instruments 
for that work. The  French metre is the absolute unit of length which has 
been the most accurately determined. I t  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 32O Fahrenheit, is the staadard temperature 
for the same. 

The Englisli standard of length consisted, until the late changes made in 
England, in a brass scale of undefined length, divided into inches and tenths 
of inches, the mean of which, for any length, measured,upon as many party 
of the S C d O  as faund proper, was considered a standard of that length, at the 
standard temperature of 6 2 O  Fahrenheit. AS it was naturally desirable that 
the distances of the survey would be given in both lengths, I caused Mr. 
Troughton, i n  London, to construct the scale of 82 inches English? quoted in 
the preceding list, which he made by doubling his own scale, alter having 
made a new table of errors, to correct this transfer by it, from the same he 
had already divided thc scale of Sir C3.eoge Shuckburg Evelin, which has 
served for his comparison in 1705, and shoe for.thps@.latelY made by Cap- 
tain Eater, This scale, the accuracy of which within ltself 1s exhibited by 
the statement to be seen in the detailed account of tile operation of the pre- 
sent comparison, forms, therefore, a direct link to unite the present cornpari- 

with the late English determinations ofthe yard and pendulum, as well 
as the eneral means of comparison. 
Mr. kenoir, the mechanician, of Paris, who constructed the metres for the 

sures, hav% at  the same time with those 
metre forhimself,,at the temperature of 32O 

or the same, which was compared at the Ob- 
e there preserved. The certificate signed by 
tes i t  t? be too short for 1-100 part of a milli- 
nglish Inch, and is dated 16th hlarch, 1813. 
by Lenoir, and compared at the ObservatorY 

d Arago, under the above date. 
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fftrvinp; by the above so much of the standards, I found it proper, and 
hoped in future useful, to make the small additional expense of procuihgalso 
accurate weights. The balance of Troughton, with grain weigbts,L Which 
were again exactly verified by him. Of Fortin, the mechanician ih  Paris 
who had constructed the weights, and litres modQles for the Cqmmittee of 
Weights and Measures, I procured two subdivided cubical kilograms, with 
the decimals to the milligrammt;, and two liires mod8les; by procuring two 
individuals of each kind, I obtained the indication of tlie degree of accuracy 
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 waa favored with a loan of them 
for the present comparison. 

The iron mBtre 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 matres 
more than what was rcquiretl 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. 

Its origin and his- 
tory is i n  every thing exactly the same, except that it was Mr. Van Swin- 
dcn, 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, i n  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 toke of Canivet, of 1768, 1 purchased in Paris, in 1796, from the 
heirs of the late Mr. Dimis hsejour .  It is i n  perfect preservation, being 
guarded by a matrix, so 3s never to expose its delerinitiing ends; it has mark- 
ed on the reverse the double length of the pendulum iindcr thc equator, which 
indicates its having been designed for the comparisou; when, a t  the epoch 
of its construction, this length was proposed as an unit standard from nature. 

The society possessea, a h ,  two copies of the wcll known toises of Lalande, 
made by myself, on the occasion of my triangulation of Switzerland in 1791, 
They were included i n  my COlnpa~iScm for the Coast survey, but 1 did not 
find proper to make them eritcr itito the prcsciit. 

3. The Treasury Department acquired of me lately the ataqdards which 
I had yet in my posse&on for my private use. l'he a&le of 52 inches has 
also marked upon it the distance 51,2 from Sir George Shuckburg's scale. 
On account of that, I immediately purchased it from Mr. Troughton, when I 
mw it in his workshop, aa it furnished a direct comparison with that scale; 
which has become of great importance by its use in the English comparisotls, 

Before I delivered the instruments for the coast survey, when that ~ o ~ i ~  
was interrupted, I laid off.upon it, Ist, from the of the large scale of 
Troughton the divisiorls 111 tenths of inches; 2 
rnBtre of Lenoir, in the coast survey collection; e half toix from the 
half of the toke of Canivet. 

T h e  yard between platinum dots, I procured from MI.. ?'roughton, upon 
yet imperfect informatioil upon the new yard cstablishcd by the last Eng- 

The  same is the c m  with the kilogram of the society. 
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h h  determinations, which proved what since became public; and the result 
of the present comparison shows: that it IS actually only the old excheqaer 
yard that was adopted: it is less than the exchequer copy of the State fie- 
partment, of Jones, only by 0,00005275 of a n  inch. 

The  Amsterdam foot was marked upon it, on account of its frequent occur- 
rence in the measurement of land and fots in New York upon old titles; and 
for t h i s  also its comparison result, Gven in this report, may be useful. 

The  brass metre of Fortin I had acquired in this country from an E u r o p e  
an scientific gentlemen, finding it in full good preservation. Fortin certi- 
fies it to be fully correct, under date 24th December, 1824. 

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 equai in bieadth and thickness to the ori- 
ginal iron metres of the committee. This I intended to convert into a mi?- 
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 m&re wa9 
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 niBtres by combination. 

The  troy pound I had brought with me to this country in 1805. It was 
made in Switzerland by 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, aiid found their. exactly equal; but the Mint pound having since been 
in frequent use, while I preserved mine always carefully, on a cornparirroo 
made, in the fall of 1630, the former was fpund considerably lighter. 

4. T h e  troy pound of the Unileak Stales’ Mint at Philadelphia, was 
made by Captain Kater, purposely for the Mint, upon the request of Mr. 
Gallatin, who considered this an authority far superior to the cornpariron of 
the Exchequer. The  weight is in form similar to those made by Kater for 
the Exchequer, and enclosed within its box, i n  a brass form, upon which is 
engraved, Pound Troy, 1884, Bate, LUMIOII. A detailed certificate of 
Captain Kater, dated London, 30th June, 1527, certifies to the comparison, 
and quotes the ultimate experiments with the same. 8 certificate of Mr. 
Gjlllatin, of the 24th July, 1827, testifies to its origin, and President Adams, 
under date of 13th October, 1827, to the safe and undisturbed Feception 
thereof, so as to warrant full trust in its accuracy. 

T h e  murk weights of Madrid and of MeTico were also received by 
authority; the former, called m~rc~-castilliano. 18 011e.of two made at Mad- 
rid upon orders of Mr. Everett, ambassador of the United States, and found 
exactly equal to that at the Madrid Mint, as certified by him under date of 
30th January, 1827. and well preserved at the 
&lint of Philadelphia, as testified by the OfiCcrs of the Mint, 9th August, 
1888. 

The &fem*cafi naapk was procured from the Mint in Mexico, with the 
standard of which it was found exactly equal, by Mr. Poinsett, Unit?d States’ 
ambassador there, as testified by hlm uncler date of 30th February? 1829. I t  
was received in perfect order at the Mint, as testified by the officers thereof, 

It arrived d i r e l y  

9th August, 1828. 
I 5. When the present comparison was already in a considerable sfatQ of 
forwardness, information was Teceived, that there was still extant, in 
c u w ~ h t ~ ~ ~ e  of New Hwnpshlre, a set of standards of weights and WoitY 



measures, from the old rovincial Government of that State. Upon the re -  
dest of the Treasury b e  artment, they were forwarded here by the col- 

They beat generally the stamp of G. I., besides that of the Exchequer; 
are, generally speaking, in r o d  preservation; but unfortctnately, since the 
report inserted of them in t e He ort upon Weights and hleasilres of the 
honorable late President, John 4. Adams, they were sent to Boston for 
Verification, where several capacity measures were reduced, by mean3 of 
lead fixed in their bottoms. This was evidently intended to bring them down 
to the newer standards, which appear enerally to have suffered a reduction 
by negligence. T h e  weights appearefnot to have bCen altered, except the 
14 and 56 Ib., which had a little lead added to the bottom. 

6. The  two brass metres of the Engineer Department. hsve no special 
authority 6r certificate. except thc name of the maker, 14enoir, engraved 
upon them. 

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

The yard of this collection remained i n  Albany at the office of the Se- 
cretary of State of New York. The  weights are still i n  keeping of the 
street commissioners in  New York, and only copies arc a t  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 cdimt the Secretary of State lent to me one ot them, which 

script ion. 
8. T h e  interest which the late President John Q. Adams hasalways taken 

in the proper regulation of the weights and measures of the country, has 
prompted him, on my commur~ication of the operation i n  which I was VII- 
gbged, to favor me with the loan of the.different weights quoted as coming 
fro in him. 

9. ‘rhe University oi Virginia has a scale of 40 inches, upon which,alno 
the French mBtre is laid off, and a set of \-&gllts, but no certificates are with 
them, upan their cornparison with other standards than the present. Ur, Pat- 
terson, professor of mtural philosophy of that UnivcrPity, was so good as 
to cornniunicate thein to mc for the use in this comlxtrison. 

10. Lewis Brantz, esq., in Baltimore, lent t9 me the ivory beam, which 
is of the kind used in  commerce to weigh the silver in  China, from whenco 
he brought it. 

t 1. Extract froin a letter of John Upham, collector of Portsmouth, N. H., 
to the Hon. J8hn Q. Adams, Secretary of State, dated Portsmouth, Dec. 
17, 1819. 

(6 A set of avoirdupois weights, a set of measures for dry, and a set for 
wine measure, belonging to the Stated New Hampshire, and whichare the 
legal standard for those measures in this State, ape, at my request, deposited 
and kept in the custom-house, and by which are regulated all the weighb 
and measures used i n  the collection of duties. 

6‘ For dry measure, they coilvier of a bushel and its parts, down to one- 
eighth Part of a >int. They are made of hardened copper, and were im- 

PIabpshirb . .  

Feetor, and proved a valua E le acquisition to the object of this comparison. 

had been intended P’ or the county of Chatanque, of which it bears the in- 

ortetl from E n g  I and before the revolution by the then colony of the New 
T b Y  me maled and stamped with the King’s arms.” 



Mean of 36jnches on the standard af Henry VU., of 1490, - 
The same on that of Elizabeth, 1588, - - 
The Sam% from the ell of  the same, - - 
Mean of the yard bed of Guildhall, 1660, . * 
From t h e d l  of the &me b&, - - 
Yard of Rowley’s tower s t a z r d ,  1720, 
Mean of Grdiam’s scale, by Sisson, E. 1742, - - 
&rean of General Roy’s scale, 

Do. Royal Society’s d?. 
Bird’s Parliamentary statidard, 1758, - 
&an of Troughton’s scale of Si r  George Shuckburgh, 

Yard of the Clockmaker co any, 1671, - - 
no. do. do. in the Exchequer, - 

Do. Mr. Aubert’s do. a11 made by Bird, 1745 and 1760, 

- 

Inches of 

scale. 
Troughton’s Difference- 

, -  

35,924, ’- 0,076 
36,015 + 0,015 
36,016 -+ 0,0116 
36 032 + 0,032 
36,014 -# 0,Olk 
36,004 0,004 
36,0013 $ 0,0013 
35,9933 - 0 , w  
36,00036 f 0.00036 

35,972 - 0.0@ 

$35,99880 - 0,0012 
(35,99955 - 0,00345 
36,00023 + 0,000~ 
36,00000 

Eimt. From the State Department. 
The copy of the Exchequer yard, of Ths. Jones, . (a) - 
The copy of the Exchequer ell, of the same, 
This last, reduced to the yard by its le@ ratio, giver - - -  - - - 4;,0389644 

Yard in 
inchcs .in& 

tenth. - 
3sI999o2as 

3$,,031171 

The yard, of‘ the bed of 
The ell, of the same, - 1 
This latter, reduced to th 

& m d ,  From the Ttensllry Departmenf- 
The yard of Troll hton’s scale, between platinum (a) 
The yard, mean o f  tlic scale divided by mysrlt, 
The 51,2 inches of the same scalz, taken from 8ir George 

* 

Shuckhurgh’s scale, measured - - 
(a) The yard resulting from this length, pmPortionallYs is 

Third. fiom other @OuTEesq 

The .eale of the University of Vi+ni& by Gi1b&,.h the mean, 
The iron y d o f  the Eng‘r Dep’t, cut to lengthby Troughton, 
The brass yard, f i m  the Secretary’of State’s office in Albany, 

, 

. -  - 35,937497 
4,26101 - .  - 36,020881 

- 35,9989758 - 36,00024663 

51.1992977 - - 35,999506 

- . 35,9952318 - 35,998776 - 36,01545 
.I 

c 
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A folding yard rule, from Philadelphia, - 
A sixty inch ta e, from 
A yard stick, t!om Boston, 

A tape, from do. 
One octagon 48 inch stick, from Richmond, 
Brass rula of one-third yard, from Pmvidence i 

do. - 
A yard stick, from Baltimore, - I -  . 

- 
No. 1, 
No. 2, 

c 

_c_ 

I. 

Actual 
length. 
Inches. 

c -  

59,6 - -  
I -  

;a, 12- 

12,026 
12,055 

Resulting 
yard. 

Inches. 

36,002&5 
35,76 
36,02581 
36,0156 
36 ,OS 
36,09 

36,078 
36,165 . 

RESULTS of the compurisons of the Toise and other Foreign Length 
Measures, reduced to 32O Fahrenheit. 

1st. The h n  toire of Canivet, of 1768: 
By the present comparison, 
By the cornparism for the coast survey, - 

The ironkoise of Lenoir, of the coast survey collection: 
By the present com arison, 
By the comparison &r the coast ~Gvey, 
Double length of the equatorial pendulum, BS 

mwked u on the rear of the toise of canivet, 
FompnreB only this ~rne,) - 

ad. The oot of Amsterdam, between platinum ;*upon 
the yard scale of Troughton, in the Tressury 
Department., - 

The two Algerine length measures, called pick, in 
the state Department co1lect;on: . The long or Turlrish pick, 

The short or Arabic do. - 
L - 

Individual result 
in English inches. 

Mean final in 
Eng. inches. 

- I 11'30346 
25,075 
9185 

I 
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H. 

o the empar i aom of the N e k e  Standards with the ‘84 inch scale of 
Troug i ton, reduced to the temperature of 3a0 Fahrenh&t,for both the scale and 
the d t r e .  ” 

let. Original iron mktre $1 a bout“ of the committee of 
wei hts and measures, by the combination results 
of t t e  present com 

By the comparison g%?kst k v e y ,  1&7, 1 
2d. Iron matre **A bout” of the Treasury Department, 

standcarded by myself in the present comparison, - 
3d. Iron mktre ‘‘A bout” of Lenoir, in the coast survey 

collection, by the present comparisons, 
By the comparison for tlie coast survey, 
By a comparison made in London, 1814, by Mr. 

Troughton with his own scale, 
4th. Platinum m&e of the state Department, corrected 

according to certificate of Mr. Arrgo: 

- - 
- 

By all my comparisons, - 
By comparisons made by Mr. Nicollet, - 

sth- Brass mGtre of Lenoir of the coast survey, comected 
accorcling to thc ceeificatc of Messrs. Bouvard and 
Arago: 

By the present corn arisons, 
By the cornpariaon /& the coast SUIT&, lSli, 1 
By comparison of Mr. Troughton, London, 1814, - 

6th. Brass metre of Lcnoir, found in the Engineer Depart- 

By the present comparison, - 
By a comparison made in 1829, 

7th. Bray m&e of Lenoir, of the Engineer D e p h e n t ,  
marked MS, only compared in this comparison, 

Braas m b e ,  of Fortin, of the State Department: 
By the present comparisons, and by comparmons 

made in 1829, - . 
Brass m&tre, of Fortin, of the Treasury Department: 
By the present comparison, - 

10th. The mhtre laid off upon the scale of the Treasury 
Department, by myself, from the Braea mcltre 01 
Lenoir of the coast survey callect’n, aeimxwd f. C 

11th. The mktre upon the scale of Gilbert of the v e  

meplt, and marked hlr: 

- 

‘ndividual resulte 
n English inches. 

39,3808643 
mI3a1o227o8 3 
39 -3799120 
39,37972015 1 
39,3802506 

39,3803278 
39,380511 3 

39,3801714 
39,3807095 1 

- . 
. - 
. . 

University, 
&arinK.-The means of the last column are “0‘. the 

memwof the preceding nuniben, but the means all indb 
9 1  eomparjsone. 

Definitjve 
mean UI 

Eng. inches. 

39,38091714 

39,3807827 

39,3799487 

39,3804194 

39,3803688 

39,3804404 

39,38052739 

39,3796084 

39,379@83 

39,3802718 

39,365408 



K. 
RESV..TSof the cmpa+iwm of the Engliah Brass Standard Weighfs 

sf the Stale Department, and from other sourcea. 

7001,813 

1 lb. troy, of the Mint of Philadelphia, - 
11b. do. Treasury Department, - 
1 Ib. do. average of the tower troy nest 

of the State Department: 
from 1 oz. and upwards, 
from 4 02. and upwards, 

1 lb. do. of Virginia University, 
1 lb. do. avernge of the four Virginia 

16 02.  Towertroy nest of State Department, 
16 02. Average mean of combination of same, 
1 lb. Avoirdupois in Trou hton grains, tab 

ing the Mint pounffor unity, at the 
legal ratio of 5760 to 7000, 

1 lb. Avoirdupois of the pile of State Dept. 
1 lb. do. average of the pile: 

of 1 Ib. andupwardq, - 
of 4 02. andupwards, - 

1 Ib. do. bell-form of State Dep’t, 
1 lb, do. from late Pres’t Adams, 

Old we; ht in the State Departm’t collection, 

2 lb. Avoirdupois of the pile in the State 
Departinent, - 

2 lb. do. bell-form of the same, - 
4 Ib. do. pile of the same, 
4 lb. do. bell-form of the same, - 
8 Ib. do. ile 
14 Ib. do. Bell-form 
28 lb. do. do. 
56Ib. do. do. 

University weights, 

, 

marked Boston, 

ma&edA. c. - 

do. - 
do. - 7 lb. do. d a .  

11b. do. average of all bell-form 

6998,899 

weights, - 
4 lb. New w p s h i r e  stand. from G. I. : 
14 Ib. *r do. 
28 Ib. do. ‘ do. 

7000,885 
7001,215 
7003,185 
7004,03 
7002.05 
7001,904 
7001,lS 
7000.877 
7001 $6 

7001,905 
7003,96 
m3,61 
7003,505 
7003, W 3  
7003,687 

56 Ib. do. do. 
1 lb. average of the N. Rampshire stand’s, 

6997,955 
6998,285 
7OOO,25 
7001,l 
6999,126 
6999,045 
6998,20 
6997,95 
~998~73 

6997,384 
7001,03 
7000,dQ 
7000,469 
7000 ,741 
7000,732 

Weight in g r a b  of 

rroughton 

5762,41 
5760,Oo 

* 

5763,526 

- 
7680,07 
7680,217 

- 
7001,277 - 
7002,376 

7002,45 

6952,535 

14001,77 
14002 ,43 
28012,74 
28016,12 
49014,38 
56015,23 
98015.8 
96024,57E 
92093 ,O 

- 
28015,83 
98050,553 
96098,199 
92205,75 

lint pounc 

5760,O 
5757 $2 

- - 
5760,116 

7676:86 
7677,004 

- 
6998,347 - 
6999,447 

6999,52 

6949 , 63 
13995,91 
13996,57 
28001 ,oo 
28004.4 
48993 , 88 
55992 $6 
97974 , 8 
95942,58 
91929 ,O 

- 
28004,ll 

96013,141 
92041,7 

g e m  ,65. 

- 

oundsresulting from 
ther wei’t-q, in grs. of 

‘rough&n Mint pd. 1 
I- 



c &@eNO. at&@. -J a 
fktaib of the Weig%ts of the Tower Troy nest cd State Depurtment. 

Trought. 
grana. 

DXR'OXISATION OF W X I O K T B .  

Mint 
weight. 

OZ. SmaUcst iece, - 
4 02. next m&est piece, 
4 08. following piece, - 
102. - 
2 02. 
4 02. .L 

64 OZ. - 
128 OZ. - 
256 6z. - I 

118,800 
121,000 
239,490 
479.480 

The whole nest, - 
Average troy pound from all above 3 oz. - 

DO, do- do. 2 0% - 
Avera e troy ounce, from the weight of the 

w d e  nest, - 
c 

Der ai28 4f the Weigh48 4f the: &voir 

479.279. 

-~ - 
1 dwt. rmallevt piece of pile, 

9 dwt. 

- 
2dwt. - - 

i753 ,76 
i757 $4 
1761,88 
;761,08 
Vm, 1% 
i761,OZ 
762,98 
1762,73 
17Gl,51 

1761,907 
1760,286 
8761,611 

-- 

4 02. 

5751,35 
5755,13 
5759,47 
5758,67 
5757,736 
5758,60 
5760,Sl 
5760,32 
5759,l 

5759,499 
5757,93 
5759,20 

--- 

The whole pile! - 
hv. Avoirdupois pound from all above 2 02. 
The same, from 1 lb. and upwards, 

15364;020 
30735,620 
61469,125 
22912,87 

s l a  

15357;59 
30722,77 
61443,42 

122861,48 

480,1592 479,959 

45841,407 245738,636 - I  * 

m G c .c ba Resulting pound. .- & 
2.9 

p a  

c( 
a 
e3 

I I 

6999 
6999 
7001 
7000 
7003 
7001 

,277 6998 ;347 
,885 6997,955 
,185 7000,250 
,904 6999,045 

c------- 

12004,597 111957,753 7001,9935 6999,065 

- 7001,813 6998,899 
- - 7001,088 6998,17 



84t 
L. 

RElsUL TS 01 the cornparism of Weights sent in by variotw &stom-. 
houses, which are all JPvoirdupois Weight#. 

XbXlrB OF PLACEB; 

Brasa weights. 
2 Ib. Philadelphia, 
4 lb. do. 
7 1B. do. 

14  lb. do. 
28 b. do' 
f lb. New Orleans, 
I Ib. do. 
2 lb. do. 
4 lb. do. 
7 lh. do. 

14 lb. da. 
56 lb. do. 
1 lb. Providence-No. 1, 

No. 2, 
56 lb. Bostm. c 

8 Ib. Portsmouth, for Dearborn's balance, - 
16 do. do. 
32 do. do. 
Mean pound fipm Portsmouth weights, - r - 
1 lb. New York, iron weight, - 
2 Ib. do. do. - 
4 Ib. do. do. - 
7 lb. do. 40. - 

14Ib. do. do. - 
28 lb. do. do. - 
56 Ib. do. do. * 
1 Ib. Baltimore, do. - 
2 lb. do. do. - 
4 Ib. do, do. - 

do. - 
do. - 
do. - 

56 lb. do. do. 
50 1b. weights, nceived from Norfolk, were 

a not to k worth compring. 

Trought. 
grains. 

14011,221 
28023,14 
49023 93 

196150,816 
3491,5 
7013,47 

13997,55 
28028,74 
49069,8 
98089,4 
391895,3 

6998,5 
7004, I 

392317 ,O 
56034,807 

112070,q 
224102,481 

7016,22 
13996,76 
28017,14 

97984,47 ~ 

196161,227 
392.?54,8 

6973,07 
13664,55 
2 8000,14 

98077381 

- 

49025 ,4a 

7078,47 
13969,27 
27902,24 
48894,l 
97768,6 

3927848 
r m w a r  

Value re- 
Ferred .to the 
Mint pour:d. 

'f14005,41 
28011,4 
48980 , 86 
98036,9 , 

196068,57 
3490,016 
7010,534 

13991 ,I 
' ,28017 ,O 

49043,3 
98048,4 

391731 ,5  
6995,603 
7001,17 

392153 ,O 
56011 ,37 

112023 ,?4 
224008,84 

13990,9 
28005,4 

I 49004,9 
97943,s 

196079,227 
392191.0 

7001,060 
7013,285 

4901 1 ;O 
98079,s 

lS6296,445 
391691,s 

7075,52 
139&,4 
2789031 
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RBSUL TS of the comparison qf Foreign Weigirts. 

15433,18202 
U43&24392 
1-h83,21302 
15436,21424 
5757,52 
5760,O 
6997,07 

DEXOMINATIOX OF TEE WEIQHTS. 

1000,0015 
1000,0055 
1000,0035 
1000,Z98 
373,0661 
373,2223 
453,379 

Original French braas kilogram, of the Committee 
Of Weights and Measures, - 

French brass kilogram copy, of the State Depart. 
Do. latinum kilogram, of the same, 
DO. grass cubic subdivided kilogram of th; 

State Department, - * 
Do. of the corst~ltrpap oolled€km*lV& 4, - 

Brass kilogram nest of late President Adams, - 
English troy pound, according to Trought. gr. - 

DO. do. by thc Philadelphia Mint wt. 
English avoirdupois pound, in Troughton grains, 

DO. do. by the Mint wt. of Philad’s, 
One pin of Troughton, - 
One do. of Mint weight, - 
One brass mark of Madrid Mint, - 
The same, determined by Dr. Moore at theWint, 
One brass mark of the Mexican Mint, 
The same, determined by Dr. Moore 3t the Mint, 
One brass nest, Russian Mint pound, 
One iron pound, Russian standard, 

pwndr 
tu#g lb. 

The set of brass Coelnish weights of the State 
Depzrtmcnt, gave thc Coelnish mark in a mean, 

The Algerine weight in the State Department, 
braas angular ounce weight-the lighter, - 

the heavier, - 
Braas weights of late Yres’t Adams, give by a mean 

the Chinere $de, 
The i v q  berm bf Lewis Brantz, esq. gave, by 

a mean, for the Chinese tale, 
Ruyiaii coins, entirely new-silver rouble piece, 

plxtinum, 3 roubles, 
gold, 5 roubies, 

No.2, - 

- 

. 

3554,3733 
3554,4 
3550,4439 

15439,619 

15439,619 
15441,02342 

15439,642 
1sQ39,7039 
15439,673 
15442,6755 
5760,OO 
5762,41 
7000,OO 
7002,9288 

110 
1,00041 1 
3555,86 

3551,83 

6309,97 
6314,05 
7633,95 , 
854.2,07 

3610,88 

479,82 
529,13 

579,8766 

586,4766 
320,964 
159,884 
121,384 

- 
- 

230,3068 

230,0466 

39 

3550,4 
6307,316 
6311,41 

In Mint pd. In French 
Pail=. lgrrmme. 

408,687 
4&8,9512 
494,939 
#3,Y195 

I-- 
15433,15902 1000,000 i 

3609,27 1 233,865 

379,634 I 37,55G7 



Remarka 

t 

S X O I Z I m O X  OF X X A S V R m  AXD OBIOlX. 

a 

Weight of distilled 
water at m i m u m  den- 
sity, and 30 inches ba- 

8 
8 
.B c; Reduced to the 
n rometer, of tliemea- '2 2 
z swesthemselves. d 

E 

0 

5 
3 

.- 

noughton U. S. Mint 
e n s  weight n 

e 
b 

d 

Thebthpint, - 
4 do. - 
4 do. - 
Pint, 
Quart, - 
Half gallon, 
Gallon, - 
Peck, 
Ealf bushel, 
B d 4  - 

The wine gallon, - 
Thegalloo, do. - 
The bushel, do. - 
The coal bushel, 

The pint, Winchester, - - 
Thequart, do. - - - - 

Copper half bushel, iiom Boston, - 
Do. do. Philadelphia, 
Do. quarter bushel, fmm Providence, 

Do. do. Boston, - - 
Do. do. Richmond, - 
Do. gallon, do. - 

Sheet tin gallon, from Baltimore, 

? 
67,2 71,654 17691,61 17684,21 70736,84 565894,72 ia 

231,O 235,04 584&L,63 58460,2 584fi0,2 467681,6 

268,8 274,325 68599.7 68571,O 68571,O 548568,O The stamps uponthcedgesmdis- 

33,6 35,063 8814,89 8811,21 70489,68 563917,44 

2150,4 2124,l 540208,45 539981,3 67497,66 539981,3 advantageous to the greatest accuracy ? 

95735 

- 221i,26 

134i97 34229:%? 
269,59 68777,97 
537.35 I 136756.03 

560249J 560050,O 70007,l 360050,O 3 inthe filling, 

1074;2 271648;O 
IE099,2 543994;O I 

70812;56 

68429,8 
68749 ,2 
68349,4 
67883,6 
67970,8 

6a730,8 

I 9>7,15 
1913,95 
4439.2 

566500;5 

5474;38,4 
549993 ,6 
546795 ,O 
543068,8 
5437663 

546646,4 
8631k7 I 

Res'g bush. 
Half bushel, from Portsmouth, - - 1078,35 2156,7 
TWO bushel tub, of New York, - 4115,56 2057,78 
Three do. do. - - 6168,78 2056,29 
Half bushel, from Wilmington, Dela. - - 1074,16 2148,32 
8u bushel tub, from Baltimore, - 13040,38 2100,94 
Half bushel, from Charleston, S. C. - - 1047,OS 2094.1 
Bushel tub, from Richmond, - - 2165,2 2165,2 
Half bushel, from New Orleans, ~ - 1016.97 2153,94 

- > -  

34214,9 17082;7 I 

This proves that even for coll and salt 
a d d h e d  Winchester bushel is 
used instead of the coal bushel. 

I 68749,2 
136698,76 
271534,4 
543766,Z 

61257,60 490060,8 
61246,4 489971,2 
71026.9 I 5G8215 .O 

4. ~ r e n d i  met& c i i n ~ - ~ d ~ k a .  

542765,2 

546150,4 
550568,4 

The top ground off; stamps disappear'd 

In p o d  order. 

poured in the bottom. 

In good order, and unaltered. 

Considerably diminished, by lead 
l 
About 19 cubic inch- of l e d  cast in 

the bottom. 

i 
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REPORT 

THE SECRETARY OF THE TREASURY, 
FROM 

On the suyect sf Weights and Measures, in further compliance with a 
vesolution @ the Senaie. 

JOLT 3, 1532. R ~ . - J u L Y  7, 1832.-Ordered to be printed, and that 3,000 additional copia 
be furnished for the uae of the Senate. 

T~EASURP DEPARTMENT, June 30th, 1832. 

SIR: Referring to a report from this department, under date of the 20th 
instant, relative to the exnmination made in pursuance of a resolution of 
the Senate of the 29th of Ma 1S30, of the weighfs and measures used at 
the principal custom-housea, phave now the honor t6 transmit the second I 

Part of Mr. Hassler’s report, showing the means which were employed in 
making thc comparison. 

I have the honor to be, 
Very respectfully, 

Your obedient servant, 
LOUIS McLANE, 

Sec’ry of the fieas. 
The Hon. the PRESIDENT OF TIXE SENATE. 

WASHINGTON C r h ,  %Qth June, 1832. 

MOST HONORED SIR: Herewith 1 have the honor to present to you m y  
account of the means 2nd methods employed in the ComParlsons of the weights 
and measures entrusted to me, forming the second Part of my report upon 
h t  subject, presented the 27th January la& whlch.had been devoted, prin- 
cipally, to the statement of the results of the OPeratlronS of which the nearer 
account is herewith rendered. 

This part, forming the voucher of the results, will, I hope, satisfy up- 
on the propriety knd fitness of the meays employed, and give the necessary 
insight into the principles that must g d e  in such an investigation, and in 
the establishment and construction of standards to secure confidence and the 
necessary uniformity and accuraay. 

Of the very numerous experiments which I have made upon the expansion 
Of water by temperature, which is the necessary element oE the determlna- 
ton 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 m y  
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 MCLANE, 

Secretary of the 'l"reasu?y U. A'. 
Washington .City. 

Jln accoiint 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 Trcwury Qepartnrent, in 1831, by Ferdinand 
Bod. Hnssler. 
1. Tha t  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, an$ 
that u ublic eccount be rendered of these, and of the means employed in 
them, E y which every man possessed,of the pr.oper 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- 
oal ~ 8 8  and application of the same-the detailed account of the ecientific 
part, would encumber it improperly. The  two first park are contained in 
my  report and the additional statemente accompanying it; for the third, the 
present paper is intended. ., 3. The units required to regulate all dealings, being-length measures, 
weights, and capacity-measures, the work divides naturally in three d i b  
tinct branches; each of which needs the application of different means of 
applied mathematics and natural philorophy. The unit of length measures 
ought, indeed, in a well regulated sy@tem, to be the base of the whole, by 
ae'simple ratio8 as possible. The exertions made with this view, aud 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'iim could only be to determine a certain fundamental 
qnit in each kind, the type of which is in general given by the habits of the 
country, and to determine the differences, or ratio, of all weights and mea- 
8ure8, that came under consideration, with these, or their multiples or sub 
divisions. 
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Wn the length measures. 

4. I n  my papers upon the coast survey, I have detailed my method, there 
pursued, for the comparison of the French metres with the English scale of 
62 inches, macle 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, neverthelem, proper that in 
this place an account be given of them, I hope to he excused if I am obiiged 
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. I n  England, until the  late establishment of the yard as the standarr 
unit of length measure, any desired length was determilied by t h e  means of 
any selected number of distances representing that lengfh, 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, 

Among these, however, 
h r d  obtained the ascendancy about the middle of the last century; since 
when., gradually, more perfection was introduced i n  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 i n  London; one in the Philosophical So- 

Vciety, one in the keeping of the Parliamentary archives, &c. From one of 
them originated that ecale of Mr. Troughton, from whiqh)? made thpt 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 1834. The present scale of 82 
inches, as already stated, originates from the same, with all corrections indi- 
cated by a new trial of it. 

7. Since this new British establishment, the yard is more decidedly adopt- 
ed as the single legal unit of length measure, a t  the temperature of 6 2 O  
Fahrenheit, and in brass; in the same manner as in France the metre, in 
imn, 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 EngI.ish 
length meaiures will be referred in future. For the ease of expressing 
smaller parts, the inch, and it4 decimal subdivisions, are, and remain, ha- 
bitual. These were therefore used in the present comparison, uniform]j-, s 
unit of comparison. . 

8. The  temperature of 32O 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 determmed by different pro- 
portions. T h e  necessity to 
account for tho expansion of the metal of the scale, and to reduce the results 
to certain temperature, makes i t  desi:able to Select for this a point a i  well 
fixed as possible, and which in  prachce may be easily maintained, 
larly when the standards to be compared are of different metals. #ii?l% 
aonsideration, 1 SuPPoBe, has, i n  England, occasioned the adoption of 62' 
Fahrenheit as standard temperature;, but I found it i n  this country very 
unsteady, and not maintainable, while the temperature of 92O Fahrenheit 
a n  be much better maiutained, and even the influence of the proximity Qf 
the observer is less. Therefore, in the most important aomparisons, 1 select- 

rincipally, between the scales of different artists. 

It is adopted for the French lengthmeasures. 



40 E: Do& No. 999. 1 
ed the temperature the nearest possible to that point and, if possible, on both 
sides of it, reducing all results equally to that tehperature; as they must 
present a fact that can be presented in nature, and not a result of calcuia- 
tions, as is the case when the metre in iron at  380 is given i n  inches of, the 
English brass scale at 62' Fahrenheit. When the scales compare4 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 of 
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. 

Descrijotion of Troughton's standard scule, and comparing amunge- 
ment. 

9. The scale forms a large brass rule, of about S4 inches in length, 94 
inches broad, and 4 inch thick; (a, a, Fig. I . )  A silver strip is laid in rhrough 
the middle of its whole length, in the same manner as is done i n  the circu- 
lar inetruments. A division into tonths of an inch is traced through th'e 
whole length, which therefore forms the proper standard scale. 

10. Another brass rule of the same breadth and thickness' (b ,  h , )  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 4th 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  two%upports and microscopcs differ eornewhat.in their arrange- 
ment, appropriately to thcir different functions. The one at  the left side 
consists in a sliding case (c, c , )  of about six inches long, embracing the rule 
as just stated, and shown in fi . 2; the lower parts have springing strips of 

80 8s to maintain constantly the contact at the side that turns towards the 
etandard scale. This support call 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 2a inches high, a n d  8 inch dia- 
meter; these support a horizontal brass plate, of such a form as to reach about 
18 inch over the slides, towards the spdndard scale, ahd bring thc microscope 
over the middle of the division of the standard scale. 

The microscope is about five inches long, moving by friction, in a vertical 
tube that is screwed into the above plate. I n  the inner focui 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 oC about 20°: for a division of a scale by 
points, the single wire is used; and for one by lines, the crossing wircs; 
with their intersection, the image of the division is brought in contact, so 
that it  divides this angle equally, at their crossing point, i n  the centre of 
the microscope. This microscope, once placed, furnishes the fixed point in 
any compariYor1, from which the distances are measured in their minute par@ 
by the micrometer of the 0 t h  microscope. 

brass, to hold the slide gently 5 own to the rule, and the inner side the same, 
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la. The other microscope support, which is placed to the right hand aide, 

is, in its main,parts, similar to the one described, as evident by the figure, 
hut 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, (h,) which. 
is running in a nut upon the top of it, and working in another one rising up 
from the microscop? bearer, by means 0.f 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 micrbscopcs. The  two side screws, (d, d,) serve 
also here to fix the microscope support in ib place, and when this is done the 
clamp screw, (k,) is released, in order to make the support independent of the 
longitudinal screw (h.)  3 

?his 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 100 parts, 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 eyc piece is fixed a rake 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,OI 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 indicnted by a deeper 
cut, and, at one of them, a small hole is bored behind, to indicate the (0 )  
point of the microm'eter by the transparency; this is ad_justed to coincidence 
with the (0 )  point of the micrometer head, by tiirning this latter around its 
axis, to which it holds only by hard friction. The  paths of the micrometer 
acrews 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 screw from the oppositc side. By this, all 
empty motion is avoided; these particulars are &sily secn 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. 
1 he magnifying power is about 14 times. 

13. l ' he  microscopes must, of cUurse, be so adjusted that the scale, being 
exactly in the focus of the objective, proper for the distance 01: the wires, it 
measures exactly the tenth of the inch, by the n?mi?el subdlvtsion of ita 
micrometer rake and screw head, when distinct vislqn 1s obtained. This re- 
quires the corr'espooding motion of the whole mlcroscope, and the tube 
holdin4 this object glass; therefore, the tube that holds it has a screw by 
Which I t  may be brought nearer or farther to, or from, the wires. It is 
somewhat n chance to niake this exactly, at the same time that the screws 
hold all their adjustments fast; tho only approximate coincidence of this 
equal measure is, however, sufficient, provided the exact proportion of it is 
known. 1 preferred, therefore, always to bring the adjusting screws to a 
g?od rest, at an approximato adjustment, and determined the value of the 
mlmometer corresponding to the tenth of an inch, by meaeuring every de+ 

I .  
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Inal that falls under the microscope, at  the same h e  when the scrutiny of 
the whole length to be measured upoil the different parts of the scale, was 
made, as will be seen in the results of those made for the present compari- 
son. I n  the use, it is, of course, necessary that the system of’ wires be exactly 
perpendicurar 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 augle of the wires will stand so as to be cxactly 
bisected by the division. 

Jrlefhod of using !his up,t,uralus 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 iiecessary 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 indis ensable requisite of the comparison. Along side of this, the p a d -  

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 macle so as to get it about equidistant from both ends, which will fur!ish 
for thc distance the most accurate part of the scale; if the scale has been pre- 
viously compared with itself upon tha t  distance, a selection will oEer 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 h e  microscope to .the left, having the fixcd system of wires, is now plac- 
ed Over the point to the left, selected for the beginning of the distance, and 
~ 1 ~ ~ 1 1  in perfect coincidence, the sliding support is fastened by the two 
screws, (d, d,) then the microscope t o  the right is slided over the end point a t  
the right of the intended distance, by the niicrometer screw, the moveable 
wire system of i t  is placcd in  coincidcncc with the dotted (0,)  of Lhe rake, and 
the (0 , )  point of the micrometer head is made to coincide with its reading in- 
dcx,.(g;) then the microscope ie brought to exact coincidence, by meansofthe 
longitudinal screw, (11,) for which the detached part of the support is clamped 
to the scale by the screw,( IC;) when exactly coinciding with the proper divi- 
sion of the scale, the srrpport is fastened by the two  scrcws (d, d,)  and the 
clamping screw (IC,) is relieved, so as  to Gee the support from all influence of 
the additional piece and the long screw, (11.) 

In the clamping by the screws (d, d, )  it must be observed that, notwith- 
standing the very amall play of the slide of !he supports of !he microscope, 
they must necessarily affect the coincidence of the microscope with the scale, 
by their diEerent pressure, as they work, as to say, upon the two angular 
poillts of the base of a triangle, of iihich the microscope forms thc vortex; 
tlierefore this coincidencc is to be maintained by their inore or less propor. 
tional prysure. 

scale, or the line of contact of measures c u t  to 
length, wi th  the butting pieces used in their comparison, presentrof course, 
a small furrow i n  which,any side light will produce II lightened and ashaded 
part, t h a i  it is essential to avoid; the ap aratus must, thereforc, be placed 9 O  

le1 rule 6 caring the microscopes upon slides, is laid so as to bring the middle 

16. ‘1 he division lines of 

ae to rece~ve thc light a6 much as possi \ le direct i n  the length of the diW 
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sion lines, that is, peipcndicular to the scalc. This light, if taken direct, 
~vould still be glaring, and tlierefore very unfavorable to reading; t h e  light 
reflected from an octavo sheet of white paper placed in a slant position ,be- 
hind the microscope, leaning between the two foreniost columns and tlie mi- 
croscope, will be found the most advantageous for reading, as i t  presents a 
full illumination of the scale, without any glare, which is the greatest impe- 
diment to exact vision. 

17. Another necessary precaution is, against local influences of tempera- 
ture. Not only the 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 adinissible 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 toolr, besides. thq precaution to nail to the side of 
the bench directed towards the windows, papers that reached several inches 
above i t ,  to prevent any draft over the scale, and other large whole sheets 
on t h e  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 .wale, or the effect of his breathing, in the places where the observer has 
to make tlie 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 tho 
standard in full contact, with thermometers upon them. 

18. Thus prepared, it is proper to Iet.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 t h y  as uniformly as possihle. In the actual 
operation afterwards, it is proper to work with gloves on, to prevent the 
rapid communication of the heat of the hands to the parts of \lie apparatus, 
which, besides, is to be touched a? little as possible. 

By no arrangement whatsoever 1s it possible to take a distaiioe between mi. 
croscopes, and transfer i t  SO to another place with the necessary accuracy. 
19. When now the actual comparison is to be made, the standing of the 

niicroscopcs is to be verified, and, if any deviation has talten place, this milst 
he corrected; the most common variation is a change of place of the scale, 
by which both points arc removed from the coincidence, which appears to 
be occasioned by the changes of temperaturc that have taken place since ita 
placing. The  left hand division of the scale is, therefore, to be brought 
ngain to exact coin’citlence with the lefl side, or fixed microscope, and if the 
micronieter 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 diKeerence, and to keep account of it in the compari- 
son, that is, taking thc 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 different moderation of the 
screws, (d ,  d,)  as the  ariat ti on will hardly exceed lhe 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 b0 
properly cffccted by any scrcw motloll, or similar nrreugement; it is, best 
done by striking the scale on the end from which i t  is to recede, with the 
head end of a lightpieceof wood; the lightest stroke will makecRect, though 
the scale he very heavy; when heavier strokes have bcen necessary for the 
adjplstment, the scale undergoes h 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 middle 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 
bee11 repeatedly pressed in a lateral direction, to adjust its division exactly 
under the middle of the microscope; this is relieved, aiid the scale laid 
straight by a light lateral touch with t h e  end of the fingers, or the piece 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 m y  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 corrcspontling to the right hanil microscope, as 
many times as the length of the scale adinItted 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. T h e  details of these comparisions will be present- 
ed in the corresponding tables of results; i t  will Le observed by them that 
the comparing distance was always selected in the middle of the scale. It re- 
quired a11 the work of that part of the day during which the illumination 
was propitious, to make the comparison from this part to onepf  the ends of 
the scale; both sides are then presented unitod in the regular order of the 
division of the scale, and 1 added to the results a column of differences be- 
tween antecedents anhi 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. .. 

22. T h e  process of the comparison itself is the following: T h e  scale be- 
ing laid under the microscopes in the-nianner above stated, and thermome- 
ters distributed upon the scale, and the comparing parallel rulc, the coinci- 
dence of the left hand miscroscope is made by the method just detailed; the 
division corresponding to the coincidenccof the micrometer microscope is read 
off by the micrometer, and the indication of thescrew head written down, and 
also the standing of the thermometers, takin a mean of those upon the stand- 

 crew 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 lhus 
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 i n  the lon- 
gitudinal direction by hand to the next inch, as near as could be done conve- 
oiently, adjusted it fully, by striking the one or the other end as before, and 
the operation w a ~  performed upon this division as had beeti done upon the 
former. Thus the operation is continued through the whole length of the 
scale, as much as desired, by the successivc repetition of the same operations. 
23. T h e  mean of all these measurements gives the value of the distance 

between the microscope8 in the mean value of the standard; and the mean 
value of the decimal resulting from the micrometric measurement, is to be used 
for ths reduction of the nominal indications of the micrometer to their real 

md, and a mean of those upon the parallel r u  9 e; then I moved the micrometcr 
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value, in  the use that is made of it in the coniparisons of other standards; a8 
long, namely, as no alteration is made i n  thedistance, position, or adjustment 
of the microscopes towards the scale; for, it is evident that this ie an indivi- 
duality of these po3itions, and that it is an absolute requisite that the scale or 
standard, that it is intended to conipare, be brought exactly to the same fo- 
cus, as used in this comparison aiid determination, because, at a greater or 
less distance from the focus, the division would measure differently in  the 
micromete'r. , 

To compare any scale or standard of anotlicr thickness than the scale, it  is 
therefore necessary to have a wooden rule guaged to the thickness necessary, 
that, when the scale is laid under, its points, that are to be observed, be brought 
exactly i n  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. Z%e operatiou for (I compurison of uny other scale or standard 
with this, is the  following: 

The  tlistance of the division of the standard, nearest to the length to be 
compared, is taken between the microscopes, ns stated above, and the micros 
meter 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 temperaturc, the distance being well verified by thc standing of the 
microscopes, the standard is removed, and the other scale or measure, .with 
the rule p a g e d  so as to bring it exactly to the focus of the rnicroscopc, ie 
brought under the microscopes, which must-of course not be moved, nor 
even touched, otherwise than the turning of the micrometer head of the screw. 

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

The indication of the niicroineter head is now read 08, and written down, 
as well as the standing of the thermometers. The first evidently indicates, 
by its tlifferences from the stand upon the nearest division of the standard 
scale, the relative length of the measure 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 T employed in my c u e ,  which will serve as ex. 
plnnation to the details of thc operations, that it is proper to present united, 
in a tabular form, to which rcfercnce may be had for any case. 

25. The simple scales with lines or points, were comparcd single, and 
admitted no variation, except the turning of them cnd for end, which vari- 
ed the effect of the light in opposite directions upon each of the ends; unless 
thc scalc was a divided scale similar to the staiidard scale itself, i n  which 
cage the distance was taken upon it repeatedly, in a regular order, as often as 
admissible or dcsirable. Of thc former kind were the scales of yard and 
ell of Thornas Jones, and the yard, with platilium dots, bf Troughton, the. 
distaiice of 51,2 inches taken from Sir George Shuckburgh's scale, and the 
platiiium metre. Of the latter kind, were the scale of the University of 
Virginia, and that of thc Treasury Department, 

26. Standards of measures cut to letigth require n different operation; the 
division line niust be roduced by making butting pieces or the same met& 

presetit 3 perfect junction in all posi!lons in which they niay be presentcd 
to one another upon n plane surface. rhese are placed upon tr.e same wooden 
rule with the measure compared, and butted ngainst the ends, where, tlW 

. 

as the measure, and o P the same thickness, well ground together, so as to 
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will present a Iine, like a division line of a scale, as neat  as tlie workfPian- 
ship of the measure, and its state of preservation, will admit; and more could 
in  n o  case be obtained by any otlicr method. In  this manner were compar- 
ed all the metres tho yard and ell cut to a length. 
27. As I had a number of metres cut to length, (metres A bout) of which 

therefore the sum of two will always comc together under the microscope, 
as this distance (of about 78,s) was within the limits Qf the standard scale, 
I made use again of the method which I employed when comparing thein 
for the survey of the coast. 

Two metres were always placed together under experiment, butting ends 
together in the midtllc, a third was laid at the side in the middle, reaching 
therefore half the length of each froin the middle, by which their straight 
direction in one line was secured; to thc two ends of their sum were then 
applied the butting pieces just described. 
3% This double mctre length admitted, of course, several variations in its  

combination, of which I employed always four, which I distinguished by 
the manner of writing the marks I)y which I designated each of the metres. 
Ry this method, the errors that are possible in every observation, applying 
to the double lengths, will only have half the influence upon cach. Three 
metres thus compared, by the alternation of the sum of coch two, will give 
a result for cach by a simple formula, namely, thc sum of cvcry two com- 
bined distances, diminished by the third, will give the double of the one or 
the other metre, alternately, according to the conibination employed. This 
method is in fact applicable wherever a number of things arc to be coin- 
pared to diminish the effect of the errors of observation. I t  admits to mul- 
tiply the results so much niorc as the nunibcr of things combined are great- 
er. In tlie prescnt cornparison, I had five metres of brass, and three ol' iron. 
I could therefore obtain full  rcsults, without iising, in tlie same comparisons, 
metres of different metal. The  five brass metres furnished thirty combined 
lengths, from which six reeults are deduced for cadi metre. The  three 
iron metres gave three combinations, and one rcsult for each metre. 

It is necessary after every comparison, or scrics of comparisong, 
when a number of them arc made consccutively upon the same distance, that 
the standard scale be a ain laid under the niicroscopes to verify their stand- 

the micrometer, it proves some accidental tlerang7ment which would make 
the comparison void, a i d  it would be proper to reject i t  in the result. For 
this verification, it is, of course, necessary to let again tlie two scales some 
time together, to take the same temperaturc. 

If only such a difference should appear 1)etwcen this reading and the first, 
as may be considered within the l imih of acmracp of the reading, i t  will be 
allowed IO take a mean between the two, and it is even proper to do so. 
30. From these olservations, the results o f .  the comparisons are now (le, 

dnced, with t%e application of those reductions, which thc preceding account 
of the operations indicate. First, the constant tlishncc 9f the microscope, 
that has been used in  tlie comparison, must be determined in the value of 
its mean distance upon the scale, arising both from the ascertained distance 
between the microscope in reference to the distance used, and the value of 
this distance i s  mean value of the scale. Then, the micrometer rcading 
that werc made n t  any comparison, must be reduced from their nomiiial to 
their real value, in the decimaJ of the  inch, by applying !he correction Of 
reduction resulting from the scrutiny upon the scale which has been d6'> 
scribed before. As every measurement of a scale, meter or yard, &c., her 

29. 

ing; if too great a di I? ercnce should be found from the prcvious reading of 



been made several times i n  varied positions, it is sufficient to apply this re- 
duction to the iiieaii of the results obtained for each measurement. 

Each reading having its own temperature, as well of the scale as of the 
compai*ing rule, these must be reduced to the same temperature, which may 
ag4in 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 
m t  direr so much as to necd separate reduation. When the measure com- 
paretl is of the same metal as the comparing rule, (which is brass,) it is suffi- 
cielltt 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 platinuin 
nletres compared with the statidard scale, i t  is best to reduce each separately, 
by its own well ascertained expansion, to the standard tem erature adopted, 
which is best chosen at the melting point of ice, or 32’ fahr . ;  thus they 

31. The results reduccd to that state are those which it is,proper to re- 
cord. They presenl an actual fact, or phenomenon, which it  is possible to 
produce, as i t  is an absolute requisite that a cvncpnrisoia sliall be; to present, 
or rather slate, the length of one measure at a certain temperature, in length 
of another mca3urc of another metal at a dilfkrent temperature, is riot pre- 
sentable in nature, therefore cctnuol be a compur i so i~  

I t  is very desirable that the various reclrtctions shall be made as stnail ae 
possible, by adjusting all as near as possible, and principally that for the 
temperature; hesides, therefore, the prccautions above stated to lteep the 
Wrhole npp:iratus in thc s m c  tcmperature, it is also proper to niake the coni- 
parison the nearest possible to the s t and id  tcmperature adopted. I have 

’ constantly used my o w n  determination of the expansion of iron and brass, 
made f w  the use in-the coast survey, and it will no t  be improper for nny 
one ablc obscrvcr to  dctermine all his own elcmciits as much as possible 
himself, because there are yet some individual varieties po.Qsible, which olten 
render tho use of datas talcen from others less advantageous. 

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

33. The resulki recorded i n  the statements additional to the report shew 
the deviation of the English ell from its legal value, i n  the origirial standards 
themselves, which has very properly occasioned its neglect in 1: ‘ n  g land 
itself. I think it, therefore, also not worth giving thc details of i t  here, 
where my aim is rather to instruct upon the mode of proceeding, appro- 
priate to works of this nature, than  to iri~tltiply statements that have lost all 
interest. Still less would it be profitable to say any thing upon the old 
brass bed of the yard and the ell, formerly Pent as standard to the Depart- 
lnent of State, notwithstanding its accompanying parchment indenture, or 
upon t]je wooden yard sticks sent in by tho custoln-]~0Uses. 

Dividing a p p u r a h .  
34. What may be more interesting here to describe, is the method of 

trailsferring measures from thc standard scale upon any o lhw scale, for 
wljich Lhe’microscope with the micrometer is UScd, by Screwing it in Qn 
arrangement called I-Iintlley’s tracing tool, that is‘ fastetled opon a IjeaW‘ 
piece of braus, about 18 inches long, (g, g,) fig. 5 ,  IlavingtIlc Fides msde Per- 
fectly,atrait, 00 = to slide exactly ia the mine line along side of the scale, (a,) 

will become comparable in this respect. / 

.32. 
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with constantly equal and full bearing through its whole length. f n  the 
middle of the length this piece has three setts of two screw holes each, 

arallel to the sides; the onc in the middcof  the bredth,  fitting exactly to 
Bring the microsco e to stand over the division of tlie Scale, (a.) B y  means 
of the two screws &I, p,) the support of the tracing arrangement, in  fornl of a 
knee in its uprights, (nr,) is fastened in either of the  sets of holes, as may be 
required, to bring the microscope over the dividon of the above or of 311- 
other scale: to the upper part of this support, the ~nicroscope is sc rewd  
upon a horizontal plate, (11.) 

35. Below the microscope movc3s an arrangement forming two moveable 
knees, that present great stability against lateral 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 hava 
screws that press upon them from the side, to secure their steadiness when 
they are placed so as to leave just free motion, without hard pressllre or 
shaking. These two pieces form a kind of broken triaoglc, the base Of 
which is towards tho microscope, and the vertex opposite holds between the 
two aide arms a square piece of brass, through which passes the tracer, (T;) 
this piece has an axis upon which i t  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, i n  order that, when 
the stroke is made, by drawiiig this point towards the microscope, the point 
makes a cut by dragging; in another direction i t  would cause it to make a 
rcralch with an uneven burr at the sides, and to take a wavering motion 
by digerent resistance of the metal. 

The tracer is fixed in the brass square by a sliding piece behind it, 
which is screwed fast when propcrly placed. Tho section of the cutting 
part presents not a circular point, but tho 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 u p  with the full weight. This sectidn 
being, of course, placed so as to present the sharp part in the direction of 
the cut. 

37. T o  make the’movement of the tracer perpendicular to the scale, the 
whole arrangement is movcd, and by means of 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 somcwhat 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 tlie apparatus is placcd alongside, the 
traces made in the two positions must coincide, or be parallel, when the 
support is properly adjusted. 

T h e  use of this apparatus, in trncing 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,)on thesideoppositefrom theobserver; 
the short solid rule that bears the whole arrangement, is slided along the 
aide of-tt!e scale to the coincidence of the microscope’s cross wires, with the 
diplsioll Intended to be transferred, by the same methods as. have becii ex- 
p?alned 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, 
tho micrometer is moved so a6 lb give tb the cmss wires the poeition corree- 

* 
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ponding to.'the measure intended to lay 06 in which date  i t  is then brought 
to coincidence with the corresponding division of the m l e ,  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 hare been determined by proper methods of comparison, can he 
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 talleaux of the comparison. 

39. I t  would lead into much len th to go into detailed explanation of 
the particulars of the comparisons, an3 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 he 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 bc 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 complcted, I had the satisfaction 
of the visit of Mr. J. N. Nicollet, astronomer of the Royal Observatory of 
Paris, member of thc Board of Longitude of France, &e., acquainted with 
these subjects in dctdl, from the circumstance that the Ohservatory of Paris 
is the place of deposite of the original French standards, to which the copies, 
intended for authcntic, arc compared. H e  took so much interest i n  my wckk, 
and the methods which I employed in it, that ha repeated the comparisoiis 
of the principal inctres and yards with the large standard scale of Trough- 
ton, in the same manlier as I had done. These results I considered proper, 
with his leave to that effeht, to introduce, i n  their respective places, together 
with mine. T h e  coincidence between the results of two observers, which 
is thus presented, is evidently within the limits of the unaccountable inci- 
dental influences of the variations of tomperaturo, 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- 
arlc, N. J., i n  April, 1817, in which the iron bare were of the same iron as 
those of the two iron metre copies present; for the platinum I adopted a 
mean between the cletermination of Borda and that of Troughton. 

'rllcsc ratios, and their amount for the yard and the metre, are for one 
degree Fahrcnheit, as follows: 

Proportional. In 1 yard or $6". In 1 metro or 3I1",4. Differon.ces. 
Platinum=0,000005 I 344 0",0001946394 C''',OO020219327 1 ~,000!2116533 
Brass =0,00001050903 0 ,0003732506 0 ,0004138456 
Iron -0,0000(16963536 0 ,00025068720 0 ,0002737100 I ,0001396p16 

7 
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42. RESULTS of the compa.risons of Troughfon’s scule of fhe Cvmpa- 
raf,eur within itsev; and defermination of the value of the naicrometer 
screw on eachplme, taking the length of the yard or 36” for  the &xed 
disfance of comparison. 

Kale. ing.8. 

1------1--1-1 
5P,O 

530, a 
41 - 5 

45 - 9 +ole 
46 -10 +l ,O  

Slo,7 47 -11 -1,3 
48 -12 0,o 
49 -13 +0,3 
50 -14 0,O 
51 -15 +0,2 
52 -16 +0,8 
53 -17 +0,7 

5lo,S 54 -18 +1,2 
55 -19 +l ,O 
56 -20 +0,5 
57 -21 +1,3 
58 -22 +0,3 

50°,6 59 -23 4 , 6  
38’--38,7 60 -24 + O , l  

61 -25 -2,7 
62 -26 4 , 6  
63 -27 -133 

39O,2 64 -28 -1,7 
65 -29 -1.3 
66 -30 -2,O 
67 -31 -2,7 
G 6 . 3 2  -296 

70 -34 4 , 2  

72 -36 -3,9 

69 -33 -0,s 
71 -35 -1,2 

4Oo4l0 ,5  73 - 3 7  -5,8 
74 3 8  -2,9 
75 -39 -5,3 

4Qo4l0,5 76 - 4 0  -5,9 
77 -41 -7,O 
78 - 4 2  -5,7 
79 4 .-6,1 
80 -44 -3,7 
81 4 5  -4,3 

-0,7 
+0,7 
+1,1 
+1,7 
-1,7 
-0,5 

-2,o 
f0.9 
-0,l 
f2,O 
+os2 
-2.3 

60”,0-59,9 
35 ,0-34,9 
36 ,0-35,9 
37 ,O-36,9 
38 ,0-37,9 

I 
39 ,0-38,9 
40 ,0-39,9 
41 , 0 4 0 , 9  
42 ,0-41,9 
43 , 0 4 2 , 9  
44 , 0 4 3 , 9  
45 .0-44,9 
46 ,0-45,9 
47 ,0-46,9 
48 , 0 4 7 , 9  
49 ,048.9 
50 , 0 4 9 , 9  
51 ,0-50,9 
52 ,0-51,9 
53 ,0-52,9 
54 ,0-53,9 
55 ,0-54,9 
56 ,0-55,9 
57 ,O--5Cy9 
58 ,O-57,9 

60 ,0-59,9 

63 ,0-61,9 
63 ,0-62,9 

65 ,O-64.9 
66 ,0-65,9 

59 ,o-sn,g 

61 ,0-60,9 

64 ,0-63,9 

67 ,O-66,9 
68 ,0-67,9 
69 ,0--68,9 
70 ,O-G9,9 
71 ,0-70,9 
72 ,0-71,9 
73 ,0-72,9 
74 ,0-73,9 
75 ,0-74,9 
76 ,0-75,9 
77 90-7699 
78 ,0-77,9 
79 ,0-78,9 
80 ,0-79,9 
81 ,o-80,9 

hlicromet 
readings. 

+I195 
16,3 
16.0 
15;3 
14,O 
15,4 
16,2 
14,O 
17,7 
16,6 
15,6 
15,O 
12,8 
14,O 
14,l 
13,O 
14,2 
12,2 
1197. 
11,l 
11,7 
1 4 2  
12,o 
934 
934 

11.3 
13,4 
13,6 
11,6 
13,3 
13,4 
13,9 
13, l .  
13,4 
13,2 
12.3 
11,4 
12,o 
13,9 
16,O 
16,7 
lG,7 
18 ,O  
19,l 
19,o 

18,O 
18,O 

18,O 

LIicromet. Differen 
value of C-A. 
iecimals. 

ClL5 

16,O 
15,G 

16,4 
16,8 
16,5 
16,8 
14,O 
15,7 
15,5 
14,4 
15,8 
13,8 
12,7 
14,l 
13,3 
14,2 
12,4 
12,5 
11,8 
12,9 
11,2 
12,5 
10,6 
997 

10.7 
13,5 
10,9 
11,o 
12,o 
11.7 
12.6 
11,l 
10,7 
10,6 
11,5 
11,2 
10,8 
10,o 
10,2 
13,8 
11,4 
12,l 
12,l 
13,3 
11,9 
14,3 
13,7 

+4,1 

+0,4 
+0,4 

.,+0,4 

-0,3 
+0,3 
-2,8 
+1,7 
- % 2  
-1.1 

-2,o 
-1,l 

-0,8 
f0.9 
-1,8 
+o. 1 
-0,7 
+],I 
-1,7 
+L3 
-1,9 
4 . 9  

+1,4 

+1,4 

$2:; 
-2,6 
4-0.1 
+ L O  
-0,3 
+0,9 
-1,5 
-0,4 
-0,l 
+0,9 
-0,3 
--0,4 
-0,8 
+OB2 
+3,6 
-24  
+0,7 

0.0 
+1,2 
-1,4 
+2,4 
-0,6 
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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- 
iweeii fu l l  inches, by 1,268 of the micrometer, or 0",0001268; and the fol- 
lowing dietancea may be considered a8 agreeing with that mean, viz. 

44-8 giving -1,a 
47-11 . -1,s 
(53-27 . -1,s 
65-29 . -1,3 
71-35 . . -1,8 

Therefore, 60-24=36",0001268 of mean 36" of the male; and by the above, 

ofmean,and 37"-1"=60-24 + 11n,1=36,0001268 +0,00011=36,0002368. 
The mean micrometer values give for 0,1 of thz scale = 0.101266 

of micrometer; all values read by it must therefore be reduced by 
l + c  : 1 = reading : result, or multiplied by =0,96749. 

Remark.-The C-A indicates the subtraction of any antecedent number 
of the preceding column from the immediate conaequent, with attention to 
the sign of the result. 

 SO, 7~"-43"=60"-24"-Gm,1 =36,0001268-0,00061~3~~999516S 
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TeFpemture. - 

43. BESULTS of the comparison of Troughton's large scule o f  the 
conrpnraieur within iisey, upon the disiunce of 39",4 used for the 
comparisons of ihe meires; and measurements of the micronieier 
values by the last decimals. 

- 
Com- 
para- 
teui'. 

36O, 5 
36 ,4 

36 ,4 

- 

36 ,O 

35 ,7 

35 ,5 

35 ,2 

35 ,2 
s 4  ,5 
34 ,5 
36 ,2 

36 ,4 

37 ,o 
37 ,o 

3; ,4 

37 ,5 

= 

Points of 
the scale. 

63",4-24 
38 r 4 f  1 
39 ,'I- 0 
4 0 , 6 1  
41,4-  2 
4 2 , P  3 
4 3 , 6  4 
4.4 ,4- 5 

46 $4- 7 
47 ,4- 8 

49 24-10 
50 ,4-11 

45 ,& 6 

48 ,P 9 

$1 ,4-12 
52 ,4-13 
53 , 6 1 4  

55 , 6 1 6  
56 , 6 1 7  
57 ,&I8 
58 ,&I9 
59 94-20 
60 , 6 2 1  
61 ,4-22 
62 ,4-23 
63 4-24 
64 , 6 2 5  
G5 ,4426 
66 , 6 2 7  
67 ,4-28 
68 ,4-29 
69 ,+SO 
70 ,4-31 
71 ,4-32 
72 , 4 4 3  
73 ,4.-34 
74 ,4-35 
75 ,4-36 
76 34-37 

78 ,4-39 
79 r-0 
80 ,4-41 
81 ,4-42 

54 24-15 

77 , 4 4 8  

Means - 

- 
Microm 
rending. 

- 
090 

-0,s 
+Os6 
-0,s 
-0,8 
-2,o 
-5,2 
-3,3 
-1,9 
+L7 
+os2 
-1.1 
-1,o 
+O,S 
-1,3 
4 - 0 9  6 

010 
+1,2 
+0,8 
+1,9 
+I90 
+ b o  
+0,4 
+OB3 

090 
+3,25 
--1,95 
-1,65 
-0,55 
-2,45 
-1,55 
-3,75 

-1,55 
-3,95 
4 4 2 5  
-2,85 
-5,65 
-4,65 
-3,25 
-5,65 
-5,15 
-3,65 

+z 

-2,S5 

2_ 

-1,28C 

7 

Iicrom. 
:ading.  

Scale. - 
37O,O 
36 ,6 

36 ,6 

36 ,1 

35 ,5 

35 ,4 

35 ,2 

35 ,1 
34 ,5 
34 ,8 
36 ,3 

36 ,7 

37 ,o 
37 ,2 

37 ,6 

37 ,9 

- 

65",8-63",3 
58 ,4-38 ,3 
39 , 4 4 9  .3 
40 ,4-40 ;3 
41 , 4 - 4 1  ,3 
42 , 4 - 4 2  ,3  
43 ,4-43 ,3 
4.4 ,4-44 ,3 
45 ,s-45 ,3 
46 ,4--4B ,3 
47 ,a-47 ,3 
48 ,4--r18 ,3 
49 ,4-49 ,3 
50 ,4-50 ,3 
51 ,&51 ,3 
52.,4-52 ,3 

54 .4-54 .3 
53 , 4 7 5 3  ,3 

55 I 56 
; ' I 4 5  ;3 
, 6 5 6  ,3 
,4-57 ,3 
1 6 - 5 8  ,3 
, e 5 9  ,3 
94-60 ,3 
,4--61 ,3  

94-63 ,3 
,4-64 ,3 
,4-65 ,3 
,4--66,3 
, 4 - 6 7 , 3  
94-68 ,S 
s G 6 9  ,3 
94-70 ,3 

,4-62 ,3 

, 6 7 1  ,3 
4-72 ,3 
94-73 ,3 
,4-74 ,3 
,4-75 ,3 
94-76 $3 
,4-77 ,3 
, 6 7 8  ,3 
,4-79 ,3 
, 6 8 0  , 3  
, 6 8 1  ,3 

+ l o 8  
i-178 

15,3 
16,8 
14,O 
15,7 
15,O 
17,4 
18,3 
I7,3 
17,O 
13,8 
13,2 
14,l 
1 4 3  
13,4 
13,2 
12,o 
10,8 
10,o 
11,3 
898 
9,6 

10,o 
997 
9,9 
9,45 

10,95 
8,65 

12,45 
10,65 
12,25 
12,35 
13,05 
12,35 
12,35 
14,25 
11,65 
12,25 
16,55 
17,65 
17,55 
17,65 
15,25 
16,,U5 

- 

3 

3licrom. diff. 

'due of 
ccimals. -- -I- 

-I."; 12,253 
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62,3 

62,5 

G2,4 
62,$ 

The distance 53",4-14" may he considercd as representing this mean 
exactly, being -1,3, the units being micronieter values, or ten-thousandth 
of inches. 

T h e  comparison bf this scrutiny of the scale with that upon the yard, gives 
the following means and differences- 

By the yard - ~-1,268-0,0869 - Micr. 12,662 +0,0459 
By the metro - -1,280-0,151 12,253 +0,0204 

c-a c-a 

--- 
Means - =- 1,274-0,1169 - 12,4575 +0,03 135 

Difkrencc e-a=-0,O 12-0,064 1- - - 0,409 -0,0219 

*62,1 63,"4-24 090 

6276 63 ,4-24 090 

G2,4 40 94- 1 +0,6 
G2,6 $9 , 8 4 0 , 4  -2,5 

44. CO&fP.8R~SONof the distance used for the metres in / f ie  preced- 
ing comparisons, with t lq  disfunce used in the compurisoii of the 
dottble mefre, nunip&, from 1",0 to 79",8, dividing it into twoparts, 
1",0 to 40",4, and 40",4 l o  79",8; the microscopes were a.qain fully ad- 

justed to the dkfance  used liereto fore, vir. 63",4-24", tipon which 
they hud beeia left since the lust comparisons. 
The rcsulting comparisons were follows: 

1 
I I .  

Tlicrmom. on 

Compar. I ~ c a ~ c .  

45. The atandard scule of GilberP, sent by Dr. Patterson, of Virginia 
Univcrsi ty, was compared with this same distance, that is, 63",4-24",0 of 
Troughton's scale. 

39 ,5-0,l 
39 .6-0,2 
39 ;7-0;3 
39 ,8-0,4 

40 .O-0.6 
39 ,Y-O,5 

40 ;1--d,7 I I  
Menns - 
Micrometer correction - 

-4OI11,25 
41 ,5 
40 ,7 
42 ,S 
39 ,95 
44 ,7 
45 ,I 
47 ,2 

39",439".3 
39 ,5-39 ,4 
39 ,&39 ,5 
39 ,7--39 ,G 
39 , 8 3 9  ,7 
39 ,9-39 ,8 
40 , 0 3 9  ,9 
40 91-4.0 ,O 

--I I 
4 2  ,211 I 

dicrom. 
4 2 . 1  

51,o 
547 
51,9 

54,5 

57,3 

51,9 

55,O 

-1 -0.26 
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Place of 
decimals. 

G0"-59,9 
36"-35,9 
37 3 6 , 9  
38 3 7 , 9  
39 -3899 
40 -3939 
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hlicrom. Value o f  
decimnl. decimal. 

9 

10,O 10 
48,9 8,2 
55,3 598 
55,3 4,3 
59,3 7, 
59,s 691 

- 

The  scale being turned over to measure the metre, the'distance of it gava 

reading by the micrometer = - +3,68com. o r  the 39",4, being by Trough- 

ton's scale = 39" ,442m,21 of Troughton, this difference subtracteh froni 
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",4-1?4!'=39",4-3481n,4 or 
39",4-0",03484=3~~",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 x 0,98M6,) is 39",4--- 
0",0344763 - =39,3655237 
Reduction to mean distance - 0,000128 

5::;2 3 

- 

~ 

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

Dishnce used. 

- 
60-24 Fr. RCC. 

3 6"--(Y' 
. 37 -1 

39 -3 
40 -4 
36 -4 

38 -2 

45. COMPJlRISOlVof the yurd upon the scale of Dr. Patterson, from 
Virginia Universify, mude by Gilbert. 

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

57,9 
Virginin 

58,O 

58,l 
Retuncdto 

Temperat. of 

z&qxc 
57,8 

58,l 
scale. 

58,2 
- 

Returned the largc Troughton's 8ca 
58,2 1 58,7 1 60 -24 

Means resulting of Virginia scale - 
Cofiection for micrometer value - 

Real mean 

Microm. 
reading. 

4 9 , 2 6  

Thence the yard of the Virginia scale by the mean is in Troughton% 
large scale c 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 reeult = 35",9952318. 
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46. COMPARISON of Troughton's scale within itself; upon the ap- 
proximate distance of the %reitch toise, taking I/te middle part oJ' the 
scale from 1" to 77",6 for  conslant reference. 

Distance on 
thc ocalc. 

Tempcraturc. - 
Scale. 

- 
Compar. - 

58,5 
58,9 
59,l 
S9,l 
5990 . 
59,3 
59,4 
59,4 
59,3 

' 59,5 
59,5 
59,6 
s9,7 
s9,a 
640 
60,l 

h 

58,2 
58,5 
59,O 
59,O 
59,l 
59,l 
59,l 

59,2 
59,3 

59,3 
59,3 
59,s 
59,6 
59,7 
59,9 
G0,O 

77,s-1 
76,8--0 
75,8+1 
74,8+ 2 
77,8-1 
78,8-2 
79,8-3 
80,8-4 
8 1 , 0 4 , 2  
79,O-2,2 
80,O-3.2 
78,(1-1,2 
77,O-0,2 
76,0+0,8 
75,04- 1,8 
77,U-1 

Means - 

Microm. 
rending. C-A. 

-1,l 
+5,4 
-3,l 
-1,4 
-2.3 
+4,4 
-2,s 
+0. 1 
-0,3 
-0.5 
-0,s 
--0,4 
-0,4 
+Os8 
+os4 

$0,126 

Plnce of 
dccim. 

measured. 

77,8-77,7 
ni,a-76,7 

74,23-74,7 
77,s-77,7 
78,8-78,7 
79,8-79,7 
80,8-80,7 

75,8-75,7 

81,0--80,9 
79,0-7",9 
80.0-79.9 
78,0-77,9 
77,0-76,9 
76,0-75,9 
75,0-74,9 
77, a-77,7 

Microm. 
rending. 

+11& 
+11,0 

9,7 
11,8 
1 4 7  
12,9 
12,3 
1:,9 
12.0 
10,9 
1238. 
1 5 4  
10,8 
10,o 
890 
9,G 

rnluc of 
nicrom. 

l l ,4  
9.9 

l l , o  
10,o 
11,l 
11.0 
14,8 
12,9 
12,l 
11,s 
13,7 
12.8 
10,8 
996 
994 

11,4 

11,45 

T h e  toise of Canivet was now put under comparison, in the two admissi- 
ble positions, and observed as follows: 
CUmnarateur. T o b .  

60,s 60,2 Tc- 657'0 ( = 656,85'= 76,7343 IS 
60,5 60,s Tc - 656,7 

8,184 for micrometer. 
0,31 - place of scale. Reduction 

76,7351 644 
Reduction te 30' Fahr. - - + 0,00774071 

Value of tohe at 32' - - 76,7429 0511 

The iron toise of Lcnoir of the coast survey laid under gnve: 
60,6 60,7 T' - 682,O 
60,G 80,s 60,7 60,7 IT 'I7 - - 660,O G8.'3}-G81,!57 + 7,504 { --0,0673766 76,60 3 = 76,7326234 

 or var. of temp. 
= 26O,75 ] = 0,007621586 G0,7 61'0 ,T - 678,O 

-- 
76,740444 966 . Microscope stand correction - - + 31 -- 

Value of toise at 32' - - 76,740475986 

The.ocale again laid under for verification: 
l'hermomctcn. 
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47. COMPdRISON of the large scale of Troughton within itself, 
upon the distance of 51",2 used with [he distance from the poitit on 
the scale mule hg myseCS, now belo!onging Cu the Treasury Depurlment, 
io lhe line at the olher end of the scule, us explnioed. 

Thermometer. - 
Compa 

66,9 

- 

65,9 

64,2 
66,9 
68,s 

68,4 

Refenei 
0 - 

- 
Scale. 
- 
i6,9 

j5,9 

3 i3,O 
i6,9 
iR,5 

i8,3 

0 the - 

Point of 
Sedle. 

50,2+ I 
5l,2- 0 
52,2- 1 
.5.3,2- 2 
54,%- 3 
SS,2- 4 
56,#-- 5 
57,2-- G 
58,'L- 7 
59,2- 8 
60,2- 9 
6 1,2-10 
62,2-11 
6&2--I 2 
64,2-13 
65,2-14 

1 66,2--15 

67,2--16 
68,2- 17 
G9,2--18 
70, '2-1 9 
71,2-20 

73.2-22 
72,2-21 

74,2-23 
75,2--24, 

77,2--2d 
78,7--?7 

80,2--29 

76,2-25 

7 9 , 2 4 8  

hfeans - 
liddle 
6",2-.1SffE. 

Place of 
decimals. 

50,2-50, 1 
5 1,2-5 1,l 
52,2-52,l 
53,2-53,1 
54, 2 -.54,1 

56,2-56,1 
57,2-57,l 
58,2-58,1 
59,2-59,l 
60,2-60,l 
6 I ,2-61,l 
62,2--62,1 
63,2-6.;,1 
64,2-64,1 
65,2-65,l 

6G,2-66,1 

67,2-67,l 
68,2-68,l 
69,2-69,I 
70.2-70. I 

55,2-55,l 

71;2-71;1 
72,2-72, I 
73.2-73.1 
74;2-74; 1 
75,2-75,l 
76,2-76,1 
77,2-77,1 
78,2-78,l 
79,2-79,I 
80,2-80,l 

hlicrome tcr 

S & I U C .  

-4, G 
-6,6 
-4,1 
-5,0 
-4,5 
-G,7 
-7,1 
-7,G 
-8,4 
-5,4 
--6,9 
-7,0 
-G,O 
-8,: 
-7,6 
-6,8 

-8,5 -893 3 
-8,Z 
-7,8 
-7,1 
-9,4 
-9.2 
--6,7 
-7,8 
-8,2 
-7,6 
-6,5 
-7.4 
-8,4 - 7,l 
-6,8 

-7,07 

O f f , l =  

- - 

C-A . 

- 
+2,0 
-2,5 
+0r9 

+2,2 
+0,4 
-0,5 
+0,8 
-2,0 
+i2 
+O,l  
-1,0 
+2,3 

-0,8 
+1,6 

-0,z 
-0,4 
-0,7 
3-23 
-0,z 
-2,5 
+1,1 
+0,4 

-1,1 
+0,9 
+l,O 

-0,5 

-0,7 

-0,6 

-1,3 
-0,3 - 

hlicr. 
)92,92 
- - 
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48. DIPFEREA'CES TesuZtitlg from the compurison of 39",4 rpon 
the (urge scale, wilh 36" upon ihe sanre. 

From 38",4.+1" onw~rds. 

thc scdc. 

of 39",4 I- 
+os7 
+0,4 
-1,G 
-2,2 
-1,G 
--1,4, 
-2,o 
-1,2 
-2,2 
-0,7 
+0,9 
-0, n 
+0,2 
-1,o 
+OB2 
--1,3 
+or4 
-0,8 
+%5 
-0,4 
-0,9 
to95 
-0,2 
+u, 1 
+(J,9 
- 0 9 1  + ,395 
. 1,;s 

-0 ,z  
+1,15 
--1,15 
+o,45 

+O,SS 
-],OS 

-0,75 
-3.75 

- 
From 81",4-4,2", hickwards. 

'laces of 
he SCC\lC. 

18,4 +I 

19,4 
I0,B 
LI,4 
12,4 
1.3.4. 
14,4, 
l5,4 
IG.4 
17,4 
k8,Q 
%9,4 
544 
i1,4 
52,4 
53,4 
54.,4 
55,'t 
56,4, 
57.4 
3 3 , B  
5 9 4  
60,4 
Gl,4 
63,4 
G3,4 

G5,4 
66,4 
G7,4 
GX,4 

70,'t 
i l , 4  
73,4 ' 

7 . 4  
74,4 
t 5,4 
76,4 
7 7 , d k  
78,4 

80,4 
81,4& 

;n,o i -9 

6.44 

G9,~b 

79,4 

3licromctric 1 
cliffcroiccs , 

- 
9 " , P  

1,4+. 

-2,8 
-0,7 
-1,l 
4-096 
t l , 5  
t0.3 
--0,8 
-4,O 
-4,; 
-0,6 
t 197 
-0,l 
-1 , l  
-1,2 
-0,J 
-- 2,0 
-0,G 
-1,O 
+Os7 
-0,4 
-l-l,G 
f1,G 
+0,9 +~<, I 
+0,9 
+L3 
+I995 
--0,65 
+0,% 
+2,15 
+O,l5 
-0,75 
-3,55 
-1,15 
+435 
+ I , M  
+u,65 
f"45 
+O,% 
+2,x 
+2,45 
+0,4l  
-],'I5 

+0,61 

; 6"= 

- 

I_ 
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49. DIFFERFNCES resulfinp: from the comparison8 $51",% upast 

lhe lurge scule, with lhose oJ 39",4 upon the same. 

placeP of 

From 50",2+1, onwards. 

D;ff. of microm. 

10 
11 

13 
14 
15 
16 
17 

12 

18 
19 

21 
22 
23 

ao 

24 
25 
26 
27 

-29 
28 

the scale. 
of 5 1",2. I 

+a,; 
+1,9 

+w 
+0,2 

+oJe 

+Us8 
+ lJU 
+4J 
+d,3 
+o,s 
+O,J 

O,o 
- % 3  -o,a 
- lJ7 
-197 
-198 

-1,9 
-U,9 

I- 

Places of 
the scale. 

51,2 

53,2 
54,2 
53,2 
56.2 
57,2 
58.0- 
59,2 
60,2 
61,2 
62,2 
6.;,2 
64,2 
65,3 
66,2 
67,2 
68,2 
69,2 
70,2 
71,2 
72.2 
73,2 
74.2 
75,2 
76,2 
77,2 
74,2 
79,2 
8V,2 ' 

52,3 

ilicrom. cliff. of 
- 
39",4. 

-1,l 
-1 ,o 
-1 ,:; 
+0,6 

080 
+IJ 
+0,8 
+1,9 
+ I #  
+I10 
+'I4 

+43 
"90 

+0,2! 
--U,9! 

-2,4! 

-47! 
-2,it 

-3,9: 
-2+: 
-2,s: 
-5,6! 
--4,6; 
-3,2 I - 5,6: 

+'JS 

-1,6: 
. 0,s: 

-1,s: 

-1.5: 

-5,lt 

51",2- Diff. 
39,4= C-A. 
11,8+. 

-I- 
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SO. DIFFERENCES resulting ./ram &tic compa&sons of 51",2- upon 

the large scale, wz'1I~ those of 36", upotr the same. 
-.- - 

From Solt, ?+I", onwards From 80",2-29'tJ backtar&. 

+%3 
Means 
referred to 

66",2 - 15" + O . l O  

Diff. - 
51!',2-- C-A. d(j"= Plrecs of 

tl1e sczle. ISN,2+_ . 
1-1 

- 
36",0. - 

OJO 

+0,2 
4-016 

+ 112 
+ I #  
+0;5 
+I12 

+0,3 
--0,6 
+ O , l  
-47 
4 6  
-1,s 
-1,7 
-1,3 
-2,o 
-2,7 
-46 
-&,e 
-Q,2 
-42 
4 , 9  
-5,8 - 2,9 
-5,3 
-399 
-7,O 
--5,7 
-6,l 
- V  

+'J7 

- - 
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51~. DJFF&BZNCES resulling from the compafisons of 77",8 . q . ~ p p z  

the Curge s c d e ,  with 39",4, the first being the diulunce cornpired io 
the loise, ihe  second lhut compared wilh the metre, laking 77",S-l 
as standing comnpurison. 

0 
-1 
-2 
-3 
-4 
-4,2 
- 3 3  
-2,3 
-1,2 
+0,8 

6% The same as above, comparing the length of the toise with the yurd 
by their nearest decimuls of the large scfde. 

-1,l 
+0,73 
-1,9 
+2,5 

030 
+O, l  
+0,9 
+0,4 

OJ9 
-0,4 

-- 
10",8+ . - 
+2,0 
-1,l 

4,' +w 

-0,2 

- 1,l 
+u,s 

+O,GG 

-0,57 

-0,6 - 0,5 

-2,4 

- - 
36",0. - 
-5,9 
- 7,O 
-5,7 
-6,l - 3,7 
-4,s 
--43 
-3,7 
-6,l 
-5,7 
-7,o 
-5,9 



69. The following are the rcsultu of different comparisons of the principal 
yards, made at different times, and reduced for thestand of the microscopes; 
for the ratio of the individual distances taken upon 'l'roughton's standard 
scale 6 the mean yard upon the same scale, rcsulting from the comparison 
within itself upon the dlstance of 36 inches, as resulting from 5 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. 

29th 6 4  ' 1  
28th Dcc'r, 1830 

3d Jan'y, 18- 
12& 6 6 8 '  

18" AprS 1832 
b hlr. Nicollet 3 

Date of observa- 
tion. 

- ,-go568 M y  measurementat 410 
35/',9995068 

- ,-E7318 -450 Fal1r. - ,--86987 -- 
35 ,9988850 

28th Dec'r, 1830 
29th 1 6  1 4 .  

3d Jm'y, 1831 
12th ( 6  1 '  

dLr imina tc  meail of all mcnsurcmeiits 

18th April, 1832 
by Mr. Nicollut { 

Indiscriminate mer 

35",9989758 hlr. Nicollet's ineaul'c- 
ment at about 6U0 Fnhr. 

Individunl rc- 
bulb ofobserv 

55N,9995168 - ,-93168 - ,-89968 - ,--87468 -- - ,-88380 - ,-87561 
lofall - 

llemnrks. 
iet of metuures. 

JIy incnswements were 

45' Fnlir. 
~iiade at tcmp. 41' to 

~ i - .  Nicoiiet*Y, at temp. 
c about GOO. . 

I 
{ 35 ,99879715 

3. The scale which I divided from the large scale of Troughton, and which 
is now furnished with a parallel rule and nlicroscopes, to form D cornpara- 
teur for the Treasury Department, was compared upon three dietancos, viz. 
from 0" to 36", from 8" to 44", from 16" to  59". 
T h e  me-ans of which gave by different compnrisons 

28th '%]}36tt,00024G.5 Dcc'r, 1830 35",9999435 1 7- 
If the mensuremcnt of the 29th December were omitted, as they clevinto 

rather LOO much from the others, and therefore might be considered under 
the influence of accidental variations of telnpcrature, which i t  is 80 very 
dil6cdt to avoid entirely, this inean fvoultl beconie = SG,0000647, dcviati~lg 
from the large scale only for a quantlty that  may bc ronsidcred LIB beiow 
what call be warranted in  any trader, or companuou, of a distance upon 0. 
scale. Sea also the report: 

3d Jnn'y,' 1831 36 ,0000755 

___ : 
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The  nearer details of the above are omitted as mid  of interest: iheir na- 

ture will become evident from the detailed diecussioiis 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 Gcorge Shul-kburgh's scale, and stated to agret- with 
it within TTlr5 of a n  inch. T h i s  niimber admitting birJection tiil to the 
single decimal, appears to have been taken by 'I'roughton for the &indard 
la,  ge unit 91 his scales, the auhdiviuioiis'of whtch were made by bisection. 
T h e  conipariaon of this distance within itself, upon 'I'roughton'a large f i c a l ~ ,  
shows also the smallest deviation of all 8uc.h comparisons The d'elails of its 
measitremetit by the large scde may therefore be related here. 

There are two lines all across the scale, tiear to that distance, which 1 first 
mistook for it, until I found, on the one Ride, a poitit, very distinct, though 
a little large, which showed iuelf to be the proper distance froin the line on 
t h e  other aide. In the first operation, the divtarice between the lines wag 
accurately ascertained; and, i n  the second, which was made upon the point, 
also the cliRtance between th-isand the l ine before used was accuratdy ascer- 
tarttcct for th:, re6uctson. 

15th January, 18Y1. The distnnre from 63",2 to 12" = 51",2, which is 
= 51,80007 of thc inem value of  51",2 upon 'L'roughton's scale, at the tem- 
per:ittire 28',6, being taken botween the inicroscopey, the micrometer read- 
ing gave - - . - )t-;yrn${ +112m,2 

Reduction for the micrometer values - - - - 1 ,426 

Vnlue in decitnals of the scale - - + I 1 0  ,774 
--- 

Atlcleci to 51",2000, gIvcs tlistarice between .!he lines = 
17th April, r ne imrd  distance between 

51,1?1114 74 

point and line, near one anoilier ) 118 ,J 1'8'",8 \ = - 117,78 
1 161r1,7 

Reduction for rnicrotnckr - - - 1 ,02 

Distance between the point and the distant line 

noecopetl, and cornpauitg tt w i t h  distonces up011 the  scale, viz. 

srometer, 

- =.52,19936 94 
The same tliwtatwc w- measurer1 directly, by taking i t  between the mi- 

The  distance betwacn the mcroscopes was exceeding it by = 4,1 of mi- 

Mjcrometer 
Rending. Value. 

(i5",2--14"=51,20007 
,2-1.5 =51,20000 Comparing to the large-scale 

Which gives the rcduced dietance between Lhe point an 
- j ( i G  

51,1988011 - .. - - - -, 1 9883 1 1 line - 
_. 

Mean 51,1988161 
Correction for microscope stand - - -  - + 0,00041 

e-- 

Value in mean or' scale - - - =&1,1992261 
value found by reduction - - =A, 1993694 

Ultimate mean adopted - - - =51,1992977 

From this results proportionably the yard . - =35,9996068 

-- .- 
Which is shorter thall the nominal value stated - - = 0,0007029 



Comp. 

-- 
46,22 
46,4 
46,s 
46,6 
'46,6 
46 52 

51,s 
52 .O 
52 1 
52,4) 
52 1 
52,4 
52.3 
52,4 
52.6 
52,42 
53 ,O 
53 ,O 
I3 ,1 
53,3 
53.4 
53,2 

b.M.nex 

-- 

46,47 
46,6 MI+* 

46,6 r + d N  

46,65 

-- 
4616 & + d  

46,8 *+,j>f 

-7qT Scnle 

M' + I 

t + 

53 ,O Scale 

3.90*5 
-394,2 1 -396,6 

--395 ,OJ 

-1-1,o , 

dcrometei 
readings. 

594,l 
+ 4,9 
--389,20 

401.8 
A04.61 

-405 2 

.-431,2 
40277 

. 4u4 4307,l 'J 
--412 --403,8 

J -407,6 
4 W , 8  

+419-116 
+.<]O 

nre to be eubtmcteJ =76,:,dE291. 

L7U0 
- j  - 3.0~~57938 con. f. Oo,7 

78,75969062 i-- 
4 Y 0 , O - l  

-408 .O + 5.08 
4U2,92 

78,760398 - u ,00074492 corr. f. Oq,9 
78,75965306 

78,759989 . - 0 bO053800 c o ~ ,  f. OU,65 -- 
78 !75945100 

corr. temp. =+3,35 I 
Comparison of fhe  brass metres of Lenoir, by combinution. 

I I I *  1 - .  

Menn leqgth to subtract the micrq; 
meter vuluee from =78,800016. 

78,760661 . 
78,76045408 

- 0,00020692 corr. f. 0°,'+5 

78.761096 

78,76098840 
- 0.00010760 COP. f. Oo,l$ -- 
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S’econd compaTison, 13y combination, of brass metres, as foilows; the 

scale being readjusled to 79”,8-1”=0m,0. 

~ e n b t n .  

-- 
MS+ * 
Mn + t  

s + t M  

I + l h l  

h I , + d  

hI: 
hi’ + 

# +  %r 

7 

~icromctei 
readiiigs. 

I -410,2 
-410.2 
4 0 6 8 0  
-405,-9 

7 -394,G 
-400, G 
-4.04,8j 
-492,o 

Comp. 

48,6 
48,9 
49,l 
49,5 

-- 

-- 
49.02 
50,O 

51,7 
52,4 
52,s  
51.75 

53,l 
53,l 
53.1 
53,07 
53,2 

-- 

-- 
53 .O .. 

___ 
-- 
53,3 
53,6 
33,4 
53,37 
-- -- 

Mean. 

Scale. 

49,5 
S0,O 
49,9 
50,o 
49,85 
50,5 

52,3 
53,O 
53,l 
52,22 

53,9 
53,6 
53.7 
53,67 
53,8 

63,6 

--___ 

53,9 
53,9 
54,O 
53,9  

-408,07. + 5.08 
4 0 3  ,O 

400,5 + 4.98 
395,52 

4 5 , 2 5  + 5,04 
-400,21 

404,75 + 5,03 
399,70 

-404,2 + 5,03 
-399,17 

Iean length to subtract the micro- 
meter measure from =78,800226. 

78.759926 

78,75923902 
- O,OO068658 corr. f. 0”,8S --- 

78,760674 - 0,00038914 cow. f. 0°,47 - 
18,76028486 * ’ 

73,760205 

78,75970839 
- 0,00049661 corr. f. 0,6 

78,760256 - 0.W~43868 cow. f. OO.52 --- 
78,75981732 

78.760309 - 0,00057938 corr. f. 0°,7 
78,75972m , 

The  notations used above to designate the different metres are as’follows: 
M‘ = brass metre, of the Treasury Department of Fortin. 
M p  = brase metre, of the State Department of Fortin. 
M” = brass metre, of Ledoir, of the coarmt survey collection. 
M’ = brass metre, of the Engineer Department. 
Md = brass metre, of thc same, another one. 

Their combination is abridged by adding only the distinguishing letter 
above: thus, M t  + designates the sum of Mt and MI’, and 80 on all other, 
varying the place with the position. 

The braJanetre of Lenoir, of the coast survey collection, designated M b ,  
has a cerfificafe of  its comparison at  the OhservaLory of Paris, stating it ’too 
short for Tia of * millimeter, = 0,00039381 of an English inch, whiah is 
therefore proper to ap ly ultimalely to deduce from it the actual length, of 
the French metre in  d nglish inches. 
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Comparison of the iron metres, b,y combination. 

65 

P 

Temperature. 

Cornp. 

4490 
45,4 
45,4 
45,6 
45,6 
45,5 
4 5 , 8 +  
46,O 
46,O 
46 ,O 
45,95 
4 6 , l  
46,O 
d G , O  
46 ,O 
46 .OL 
46 ,O 

- - 

- 

7 

- 
-. 

1 

Scale. 

44 $9 
46 , l  
4G,2 
46 ,2  
46,4 
46,22 
4 6 , l  
46,4 

- 

4614 
46 14 . 
4G ,3? 
46,4 
46,5 
46,4 

46 ,4  
46,4 

4,6,3 

-- 

Dcnornilia- 
tion. 

Scalc 

MJ + 
fib + I . 

-t- 'A1 
J +  

Scalc 
___- 

self. 

4 3 1  ]77 

4 1 , 1 5 1  Distance to subtmctfm.=78,800066 
f- 5,36 70,757407 

0,0033892 red. to 82'3. 
76,7G08762 

425,79 f 

4 2 5 , 5 7  I I 
-j-, 0,003707 red. to 32O. 

I I 

4 3 , 8 5  78,757220 + 5,39 f 0,0037211 rcd. to 32O, 
4 2 8 , 4 6  78,760941 

-- 
-I I 

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 lvitliin itself, upon the distance of 
39",4 nearest approaching the metre. By this cornparison, the distance of 
63",4--94",0, which was the constant distance of cornpal-ison, was found 
i n  excess over the inean by 1,2S of the micrometer values, or in iva of 
an inch; thence follows 63",4-24,0=39,400138 in mean value. '{he dis- 
tance 'j9",8-1,0 was measured, in applying this distance from 1" to 40",4, 
and from 40",4 to 79",8 in succession. By this, the 79",8-l",O were 
found defective for J,9 of the micrometer values. 
This gave the 78",8 made use of i n  the comparison 
The excess of the 63",4--24",0, being doubled, gives - 0,000956 

Which are to be added to reduce to the mean of the scale, 
whereby the distance' cmplo ed becomes, i n  mean value =78,S00066 
T o  this distance must, then, ge applied the cbrrecti0ns:ue to the momen- 

taneous standing of the niicroscopes, 3s given by comparlsoiis of' the scale at 
each begintiing and cnd of the operations. Thus were determined thc dis- 
tailces written above, froin which the inicrometer values were .subtracted 
after'the reduction to their rcal value. 

58. Having five brass and three iron metres, the combination of all the 
eight, two by two, would have given twentY.eight single results, but the 
necessary mixture of brass and iron in the sayle comparison complicated tho 
reduction for temperature; I preferred to omit it, and to make two separate 
series, 1he one of the brass, the oliier of the iroir metres. The furm~ilrl 
answering the denominations adopted upon the priaoiples stated i n  $ 28, 
Will  stand thus in form: 

, - =78,79981. 

-- 

1 

Mt t. b + M t  + d-Mh d 

2 
lW= - 

Q 
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t + 8 = 78,75923902 
t + b s  -,75971011 

Sum 157,51894913 
S+b= '78,75970839 

Difference, 78,75924074 
Efolf d 8 .  Mtlp 89,37962087 

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 
six results for each individual metre. Using only the upper letters, these 
combinations are 

t + s =s 78,75929902 t + b= 78,759710 1 1 
s+b=-,75970839 ~+b=:-,75970839 

Sum ,51884741 51 941850 
t +b= ,75971011 t +s= ,75923902 

c- 

-- 
Diff. 78,75923730 78,76017948 
Mh39j37961865 Mb=39,98008974 

al_ 

For T. 

Add I Subtract 

~~ 

For s. ~ 1 For B. 

\Add I Subtinct I Add 1 Buhlract 

For E. For D. 

Add 
-- 
Eubtract I Add 

The following are the numerical results for the brass metres, to be used 
in the calculation, (taking for t + b  a mean between the two observations,) 
when reduced to the temperature of the comparateur in each comparisoli, as 
Seen by the calculations at the side, which is all that is needed to render the 
circumstances equal fw those comparisons. 

t +S = 78,75923908 
t +b -,75971011 
t +r = --,75945100 
t +d = -,75965308 
s + b  = -,75970839 
64-r -,75981732 
s f d  z= -,76028486 

b+d = -,76045408 
b + r  = -,76010885 

r f d  6 -,76098840 



I MI 

-,37943635 -- 9 

-,-52619 
-945455 
-945784 

Ma Mb M' M* 
--- --------- 

39,3796203739,3796166539,3600897439,~600146539,36034946 
-,-60265 -,-1824S -,37992467 -,-I9856 

30362-,-95540--,-25550-~36039316-,-59594 
-,-70543 -,-00046 -,3801088Q -,-51517 
-,-55689 -,37993660 -,33032(358 -,-72797 
-,-76953 -,-78726 -,38026043 --,-77791 

60. The greater the number of equal measures are, thus included in one 
system of combined comparisons, the more tho advantage of the method in.. 

n (n-1) creases. For any number of such equal me,qures - n will furnish, -___ 
2 

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

therefore give (n-l) (''5) results. By the four positions in which the 

observations are made, and the three alternfting sets of observations used in 
the calculation of the results, each result r S  Properly depending of twelve 
observations. B y  the method of calculqtlon employed, each observation 
obtains equal weight in the result; and It is proper not to vary them un- 
equally. Thus, therefore, in the present case, for five metres were obtained 
?! ten combinations, and these gave for each metre - = six result4 

each combined from three Beta and twelve observatione. If I had combhed 

2 

4.3 
8 a 

Meane E= 
- 

39,3793998 1139,37973 193 39,38004237 3Y, 38017143 39,36053739 
Corrected for certificate. + 0,00039381 
Corrected M b  - = 39,38043618 . 

-.- 
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6.7 
2 the iron metres in the same series, I would have obtained - = twenty- 

eight combinations; each metre would hnve been compared seven times, 

therefore the number of results would have been - = 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 llnprejudiced 
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, 6 t h  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. -Thk.metre, ‘ ‘ A  traits;” of platihum admtts no variations in the compari- 
sons, except the inversion end Ior 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 i t  would present at 32’; 

The comparisons gave the following results, each by two positions: 
One made in the course of the present comparison 

7.6 
2 

=39,38043036 
-,-082057 

Comparisons of 1829, re-calculated now, and 
the medium of the standard scale, give the 

--,-lo0073 
-,-OG 144 

sults, each the mean of two readings: 

The mean of all is - - - - 39,38076096 
The certificate of comparison, engraved upon the metre, 

stating it €or +& millimetre too large, which gives to 
deduct - - - - - 0,0004331 9 

This, deduced, gives the value of the metre, at 32’ F. for 

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 lines. 

62. When I had just finished my compal;isons, 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, 8m &c. His ac- 
quaintanse,with these subjects from the Observatory of Paris, where the 
ori4inal 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, a 
number of comparisons of the principal metres, and the two principal yards. 
dtith his leave, I introduce them here with mine. 

- .both English and French standards , -  9 99,36038777 



[ DOC. NO. 299. ] 

39,38105884 
-,-OB8598 
- , 4 9 6 7 2 3  
-,-I29403 

-,--071984 

The comparisons of the platinum metre gave the follow- 

-,--075894 
ing results, each being a mean of twelve readings: 

Mean. - . - - - - 39,38094414 
Correction for certificate , - - - 0,000433 19 

Value of the metro a t  32Otemperature - - - 39,38051095 
The above result - - - - , - 3 2 7 7 7  

39,38041936 

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 SRo temperature, 

-- 
Mean between the result of Mr. Nicollet and minc - - - - Difference - 3 -  0,00018318 

mise of present comparison - - - - =39,58042036 
-,--082057 
-9 - 1085 1 

, --,-100075 
1-,-06144 

-9-105884 

. - of 1829 rr 

- - - -,-I29403 

- ,471984 
-,-075894 

1025073 

Mr. Nicollet, by six, according to his way of 
for micrometer 

Mean - - - - - - 39,38085422 
Correction for certificate - - . - = 0,00043319 

Ultimate value of this metre - . a - ~ 9 9 , 3 8 0 4 2 1 0 3  
The  first of the above results, deviating rather more than the others gene- 

rally do, might be omitted, but the ultimate result would be affected only 
by 0,00003945 of an inch, which is an inappreciable quantity; the mean 
would be = 39,38046048. 

64. Mr. Nicollet aIeo compved, three times, the three principal brass 
metres by combination, name] Mt, Ma, Mb, and the three iron metres. 
His observations furnish the ry) ollowing rcsults: their details of calculation, 
presenting the repetition of what has been seen, 5 56, are not introduced i n  
detail; they are each means of twelve comparisons, each pair of metres being 
m-ured in four positions. 
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- 

TBe 1 l th  April . - 
18th 66 - - 
19th (6 - - 

Means - - 
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__.m 

Ms Mt M” 

-9379781 1 -,3797807 -33802953 
-,3795671 --,3798420 -93803746 

------ 
39,3803447 39,3797678 3993S07024 

---- 
39,3798976 39,3797968 39,3804576 

M” MJ 
p-7- 

The 12th April - - 39,3808935 39,3809699 
16th 6‘ - - --,3810781 -,3806473 
19th ‘6 - - -,3808879 -,3805584 

_I_--- 

Means - ’- 39,3809532 39,3807852 

M’ 

39,3804519 
--,3793431 
-,379375a 

39,3797236 

65. It will be proper 10 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 
as in 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 tbe means, taken in different ways, a s  
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 
peraon wishing to make u8e of them. 

1. Comparison of Mr. Nzcollet’s and my results in the present com- 
parison. 

OF TEE IRON XETRES. 

Mr. Nicollet - - 
My prettent .comparison - 

Means - 
Differences - - 

MC 

-, -7755 

+ 0,0001777 

39,3808632 
L_ 

99,3808643 

OB THE BRASS METRES. 
4 4 

M” corrected. 

- - 
- 

Mr. Nicdlet - 
My present comparison - 
Differences 

Means 



66. The collection of all the results obtaine&*at 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 ald the repeaied comparison.9. 

nv 
- - 

OBSEEVBE AXD TIXLB. - 
Mine in the present comparison 
Mr. Nicollet, in do. 
Mine for the coast survey - 
Mr. Troughton, in 1813 - 
General mean of all - 

M' 3fJ M b  corrected. 

39",3807755 
- ,-09532 - ,-I0227 

39 ,3809171 

39,3801005 39,3808405 39,3504362 

-,3802506~ - { qii63: 
39,3799487 39,3807627 39,3803688 

-,3797236 -23807252 -34576 
-93797201 - 

-- 

I I -- 
n 

P 
1: 
? 

ED 
~ 

67. T h e  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: i t  gives the metre = 39,37059, that is, less than Mc by 0,0101271, and even 
yet csnsiderably 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. T h e  great coincidence of 
my metrm, compared repeatedly at  different times, a d  by di5erent observers, I allow myself the liberty to consider 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. If tile expansion of brass for 30' Fahr. 
be added, according to my determination, we obtain 39",37960157, which differs from t h e  means of Fortin's two brass metres 
above, only 0,00000219; 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 
diaerence 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 i n  a smaller unit of the yard. 
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68. Among all these, the Me, 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 i n  English inches, a t  the temperature of 32’ Falir., 
and the metre in  iron the English scale i n  brass. I t  proves itself to be 
somewhat the largest, and such it is proper that it should be, by all .the 
principles 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 i n  English inches, 
absolutely speaking, we would obtain Ma = 39,3809171 - 3 39,3803941 MP = -,4194 Corrected Mb - , 3688 

Mean - - - - = 39,3805684 
Greatest difference - - - 0,0005483 
Difference between the mean of compared 

copies, corrected, and the original - = 0,0005230 

69. If the results of all these inquiries are turned upon the question of the 
nccuracy’with which metre copies are obtained, it will be observed, that the 
metre copies, “A 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, “A bout,” in brass are evidently too small, and the two here 
present, made at different times, are very well coinciding; bu t  they have no 
detailed certificates of their Somparieon, and are only stated to be exact; this 
difference ie thus: 
By the committee metre, MC = 39,3809171 

1 

MO+Mt 
2 - = ,3796033 

~~ ~ 

Difference - - = 0,0013138 

By the mean of committee metre, and the metres verified at the Observatory 
of Paris, with their corrections. 

The  braes metres of Fortin, without certificate, give: 

Me+Mp+Mb = 39,3805684 
3 

Mn+ Mt - - 0,3796033 
2 

Difference = 0,0009651 

They may, therefore, b y - a  mean, be considered as about $q of an 
English inch too short, while his platinum metre, uncorrecte8, 1s 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: 

MI = 39,3799487 
Mb = -3-760 
Mr = , 3 8 0 1 7 1 4  
Md=--  , 5274 

MI + Mh + MI+ Md - - = 39,3801556 
4 

- 0,0007615 
MI+ Mb+ MI+ Md Me- 

4 
Mc+ MP +Mb - MI+ Mb+ Mr +Md = o, ooo4188 

3 4 
Thence, therefore, also, these metres are in a mean too small, but only for 

about T a ~ a  in a mean, and Md is even to he considered as identical with 
the mean of the original, antl the verifications at the Paris Observatory. 

70. This investigation strongly supports the assertion which I have made, 
that all metre copies, “ h  bout,” are apt to be rather too short, it followe 
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 Commitiee of Weights and Measures i n  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, a~ 
original standards, iron having always been the standard metal in France for 
the toise. But Mr. Lenoir, in foresi ht of the case, that brags metres would 
also be desired, made one for himself which passed through all the opera- 
tions of the originals, in iron and platinum, that were made by the committee. 
Upon this, therefore, also authentic original, Mr. Lenoir constructed his 
brass metres; and its being the only otic, it follows necessarily that all other6 
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 copiesl = 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 phbable. 

M y  experience in the construction of such measures is’fully in SUPPOI% of 
that, antl shows itself by the MJ which I standarded in this comparison, and 
brought the nearest of any to the original Mc, holding about a mean between 
this and the mean of this and the verification results, viz. 

Ma = 39,3609171 
?@+:p+MbMean with verifications -,-5684 -- .J 

Mean - - 39,3807427 
I MJ * - - ~- , -827 

Difference - 19 0,0000400 
10 
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71. The resulta 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 mas obtained by the combination of five 
metres, giving six results 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 resdts each, grounded upon three measurements in  
four 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 inAuencing 
each other, would be different in respect to the number of comparisons of 
each, as Mr. Nicollet did not observe the Mr and M4 These considerations 
decided me to the manner of establishing the means, which I have followed 
in the above exposition, and consider as the best, unlew it should be desired 
to apply to thia mean the method of,the leut squares, uRed 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 tho comparisons of French and English 
standards, that would be of interest in a scientific point of view, as upon their 
ratio s inany important geodetic results must be compared; and there is yet 
eome difference in different Englieh 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 thnt no care, 
or attention and precaution, so necessary to accuracy, has been neglected. 
1 may, therefore, safely affirm that the ratio given is the most accurate; how 
i t  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 ofl 
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 
m y  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. 
73. When Mr. Tralles returned to Switzerland, from his mission to the Corn-mittee of Weights and Measures i n  Paris, he gave me, besides theoriginal 

metbe and killogram, some details relating to the comparisons of the toisee 
and the platinum rules used in the measurements of the bases, for thc survey 
pf 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 from the French.) 

It will be observed that the necessity to didnguish 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 
tD the right hand, the marks will be found about three inches from the same 
end a t  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 kilo ram here 

nqticc at the end of these papers indicates it as entirely exnct, as no ascer- 
tainable difference was found jn the last comparison. They are now with 
other standards in the possession of the Philosophical Society of Philndel- 
phia, and were lent to me only for this comparison, as stated in its proper 
place. 

1. Comparison of the Toiscs made by the Committee rzf Weights 0nd 
Measures. 

The  toke [called) of Perou placed edgeways, so that the inferior part of 
the notch is brought 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, 

- - Lenoir, placed flat - - - Mairan, thesame - 
Toise of Perou and that of Lenoir together 
Base measuring rod No. 1 - 

During these experiments, the centrigade mercurial thermometer, placed 
upon the toises, and the rod No. 1 has been a t  lZO,O to lZO,S. 

SECOND EXPERIMENT. --Repetition of the preceding; thermometer at loo,e 
at the beginning, and 11' at the end. 

Toise of Perou, placed edgeways - - - 5= 1,004143 - - the north, the same - - - - = 1,004144 - - Lenoir, in the middle of its breadth - - = 1,004143 
Rase.rod No. I, (metallic therm. = 100,5 or 11°,0 ceatigr.) = 2,004099 
Toke of Perdu and of Lenoir. end to end - - = 2,004080 

compared has the number 2 upon the paper still preserved. \ he short 

TRANSLATION OF THE PAPER OB MR. TRALLES. 

Toise of Perou, placed edgeways - - 
Toise of the north, placed the same - - - - - 

- 
- 

- - 

\ 

Toke of Mairan, in h e  middie of its length, and also at three = 1,004099 
lines from each side - - - .  3 - 
THIRD EXPERIMENT.-with another butting piece (on the comparateur). 

Toise of Perou. 

. =*1,049063 - - 
At one line from the angles u & b 
At two lines from the same 
At four lines from the same 
At six lines from the same 

- = 1,049062 

S 1,049069 
A t  4 from a, c, and b, d, or at three lines) E 1,048058J ~ 5 - from the exterior angie - 0 
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Toise of the North, 

= 1,049065 5 
= 1,049062 3 

= 1,049047 

$ - - - = 2,0040833 a 
= 2,0040825 8 

p. I At one line from the interior angle 
At  three lines from the exterior angle 
A t  two lines from the exterior angle 

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

- No. 2 (metall. therm. = 402) (= 8,O) - No. 3 (metall. therm. = 399,O) (=10,1) = 2,004079 -$ - No. 4 (metall. therm. = 400,8) (= 8',9) = 2,004088 - No. 1 (melell. therm. = 402,O) (= 9,0) = 11°,15 = 2,004077 

(3 8q6) = llo,8 - - 

Toise of Mairan = toise of Perou - - - 0,03413 lineo 
at 12O centigr. thermometer 4 rode = 8 toises. 

Upon the expansion of Iron. 

The committee has ad6pted for ' the expansion of the iron, for one degree 
centigrade, . -  O,OQpO'166 of its length. 
According to Smeaton, it is = 0,00001249 (or 0,00001256); 

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 Metres. 

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 resultin from the 
calculations of the arc (of the meridian) between Dunkerke and b o n t  Joui, 
and the comparison between the toiee of Perou and the platinum rods used 
for measuring the base lines. 

Metres in iron 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 ~IJ 

by those that we undertook ourselves, this expansion is = 0,00001 15 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 
E 0,5130740740 of the toise, must be greater by 0,0000955657 of the toise, 
or = 0,51316994 of the toise. 

But as the toke to which the metre bears this ratio, both being at 16425 
temp., ie 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 metma over two toisees, that is to Bay, = 0,05267976 of 
the toiee. These pieces, all joined end to end upon the,compal\nteur, were 
found to be together greater than the toke of Perou by = 0,000851 of the 
toise; or, aalling these pieces, successively, p', PI', pill, &c., the length of all 
.the pieces gave: pi+ kc., . , . . pXix = 1,000851 of the toise; sup- 
posing them all equaf, the mean length of one would be the nineteenth part 
,of this sum, which, being called n, gives -i-i = 0,0626764, the true excees 
'being - - - . P = 0,0526796. 
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T o  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 cylinder and the rules for the determination of the yeighta. By this 
apparatus, the small distances were augmented more than twenty-five times. 
The following are the results obtained by this means, the numbers being ten- 
millionth parts of the toise: 

pi = pvii - 5 pvi' = pvli + 0 pdli pvll + 0 

pill vi' = pvli - 40 pxv = pvli - 70 p ~ i l l  - vii - 50 pxlv = pvll - 50 

p' = pvli-  20 pxvi = pvll - 60 
- P  pi1 = pvii + 10 

p'v = pvii - 20 
p' = ],Vi1 - 70 pxvll = pvil - 20 
pvi pvil - 50 pxll = p l l  - 70 pxviil = pvll - 20 

pxlx = pvli - 10 

P + o  
p" = pvli + 5 

From which is obtained p'+pil.. . . . +pxlX = 1 9V'' - 0,000054 uf the toise; 
thence, 19  pvii - 0,00005.4 = 1,000851 toise, or 19 pvil = 1,000905 toise, 
and pvil= 0,0526792; thence, the piece pd has the required length to one 
ten-millionth of the toise. 

Then the two toises and the piece pvil 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. 

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

At last was obtained: 

However, the piece pvii has been uscd. 

. + : + + : = 2 toises + pvll- 0,000004 =,2,0526752 

+ 0,000001 = 2,0526802 .'. +.: + :. + . : = 

- 0,000002 = 2,0526772 

' *  + * : *  + * ;  +: * =  - 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 toke at the most: thence, supposing them 
equal, there is  no more than one-millionth part of the toise error upon the 
metre. 

But the comnarison of these metres between themselves gave yet the fol- 
lowing, in ten-millionth 

. .- : .= 3 

.. . . -  . = 8  

. . - - . . = 6  

. .  . . - .  = 2  

..'--.. = 8 

irts of' the toise: . .  ..-. = 7  

. .-... = 11 

. . - . *  =-I 

. . - . e + 4  

. . - .:.=-3 



78 [ Doc. No. 999. 3 
Tbie proves again the differences less than one-millionth part of the bise. 

- + : + + : = 2,0526752 

4 

. - .  = 11 

6 

4 x :  = 2,0526775 
= 0,5131693 

Metre - - = 0,5131704 

- 
e - .  - 

- . - -  - 

, Upon the Weights. 
The construction of the weights presented no di5culty. 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 milligramme at farthest. 

1 =  $. 0,s 
3 =  + 1,o 
4 =  + 195 

pi 
.Rem&is.-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 i3 butted. A 
moveable piece, having at one aide a similar roller, or butting piece, slides 
in a straight direction upon the rule, bearing, at one end, a roller, or butting 
piece, like the above, when this is placed in contact with the other end of 
the measure to be compared, and 80 as to bring it to a certain division ofa  
scale, that is marked at the side of the rule, the butting piece, acting upon 
the shorter nrm.of an angular lever, the longer arm moves along an itidex 
upon a divided sector at the other end of the sliding piece, upor1 which it 
indicates the smaller subdivjsjons, 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 Metriqm, 
vol. 3. 

The rules used for tbe base measurin apparatus, quoted in this pa er, 
wereof platinum resting upon brass. #heir nearer description is in Jase  
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 LLdu Nord,” is that which Maupertuis had with him i n  the mea. 
mrement of the degree at the polar circle. The other two explain them* 
selves. 

that which i s  always taken in France as the ori- 
gin& and proper standard, to which all others are compared or referred in 
aeir ratio. 

‘rhe toisc “du Perou” 
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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 

atandard measures intended €or public use, as the construction of such shall 
be the result of the present investigation. 

Divided scales, as more generally in use in England, me very convenient 
for scientific purposes, but r e q i r e  more artistical Ekill 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. 

I t  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 aamu time will shelter itself 
from deterioration, or detect it if occurred. 

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

The standard consists i n  a rneaclur~ cut to length, and its matrix, with 
su5cient strength of back to each of them, thus: 

The standard length unit being a b, the lower part will furnish this length 
cut 0% or what is called in  French ‘‘A 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 lyinf; over it, and olose, 
so as to contain exactly the same length between the projections; it is proper 
not to let this come up entirely i n  the corner of the standard’s cut, that some 
space may be left at the two ends, between the two pieceg to separate them 
gently, and gradually, by the insertion of some wedging tool, without laying 
any strain or force to the Rtandard itself, or its matrix. 

The  thickness of the bars must never be less than half a n  Inch, and the 
breadth Qf the two together should be rather more than three inches, 

I t  is evident that the line of contact of the two measures is well observ- 
able by a microscope, in the same manner os a divided scale, and that ,  there- 
fore, for the unit length, the arrangement serves equally like a gcnle; to 
trace or adjust measures from it, without the aid of microscopic arrorye- 
ments, it is evident that either a mgnsure cut to length can be fitted into the 
matrix, or o. 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 to a very great aceuracy; when the metals arc 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 attamable as by any other 
method; it is necessary in  all this that the parte Joining must be worked to a 
very nice perpendicular, and to full contact Over their whole length and 
breadth. 
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UPON TEE COMPARISON OF WEIGHTS. 

75. In all applications of mathematics to sulijects of natural philosophy, 
i t  is always necessary to determine the operation to be made, or the phe- 
nomenon to bhobserved, by a distinct definition, equally as well as in theo. 
retical mathematics. 

Having a number of operations of weighing to make, and to Re!ect the 
best mean8 within my reach, I defined weighing “ t o  produce the same 
mechunicul monrenlum 63 meum of diferent masses.” 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 qquilibrium 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 niasses to be weighed, and the delicacy of tho 
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; thc very nice weighing is i n  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; thence, two solids, displacing the Same 
weight of liquid, will have the saine weight, all physical influences upon the 
experiment being the same. ‘l’hese influences are, therefore, here, like in  
any other philosophical experiment, to be ascertained, and their laws of 
action to be determined. 

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 t o  produce equilibriuni, that is, weigh- 
ing, the thermometer and the barometer must be observed, simultoneouslj’ 
with the experiments; and to render different weighingo comparable, they 
must be redlrded to what thky would present under exactly equal circum. 
ehnces 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 db- 
tilled water, that they may hold, which for some is considerable, both ex* 
ceeding, in most instances, the reach of the accurate balances habitually 
maile and employed, the balances upon the principle of the hydrometer are 
evidentty more appropriated to the case, for the reasons already stated in my 
report. The different diniensions in which they were constructed, and theif 
capacity of weighin degree of sensibility, their weight, and the dimension9 

proper to give here a full description of them, with their variety, to adapt 
them to their different purposes. 

DRPcTiption of fire BaZance. 
79. An ellipsoidic glass, O r  metal, bulb, a, b, a, 6,  fig. 6,  7, and 15, formg 

the principal part of the apparatus; at the one end of the larger axis is fixed 

of their parts, are a1 f ’ brought in a table, ( 5  127,) for easier inspection. It is 
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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 
amall cylinder; they have square parts below, to afford a hold for screwing 
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, screwitig the frame 
and the bulb together. ! 

80. Glass is the best material for the bulbs, on account of its smoothness, 
and the consequent entire freedom of friction, when regularly blown; by its 

, rigidity, it  yields less, or not at all, to the pressure of the fluid; it  applies 
equally to mercury, water, and other liquid8; but the fastening of the mount- 
ing requires a good cemcnt. The size of these bulbs must of course be 
appropriated to the capacity of weighing, because the reductions of the 
weights from one temperature to, the other, when there is any,difference 
between two weighings, as ismorc generally tlie.cese, appljes in full to the 
weight determined, and iS proportional to the whole mass; the lgss, there- 
fore, this weight.is below the whok mbs8, t h e  lesa.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 circumstauces. I tiad 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 indis- 
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 weigl~t~near 
226 Ibs., 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 Yorlr, furnished a l l  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 a?d moisture, but I had no ronvenient arrangement for this, and the 
exhaustion even leaves easily dampness behind, particularly in a climate 
within the influence of the sea atmosphere; this dampness will show itself 
hy a light prccipitation i n  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 ivithin occasions their distillation, which, being cooled. by 
the atmosphere, precipitates to the part reaching above. 
'h avoid this as much as possible, the bulbs were heated over a coal Gre, 

when their caps were cemented upon,.which served at the'same time as a 
partial exhausting and dryiug, and the means of making the cement hold 
well to the glass; when it wan not considered drysenough, asmall hole was 
made in the top mounting, and the bulbs heated, the hole bcing stopped by 
a brass screw when found proper. The c0pper)ulb 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 escap  was 
soldered up again while in this heated stpte. 

Ultimately these circumstances may be considered as without influeuce in 
%e wei hing, there being no absolute quantities, but only relative, or differ- 
arices o f weights to be determined; and w8 may suppose the weight of air 
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enclosed as the same, whether the dampness it contains is i n  a state of invisi- 
ble dissolution, or in the form of visible vapors, yovided the e&ct 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 mahner for the glass bulbs A cap, a, a, fig. 8 
and 9, of steel for the larger, and of brass for the snialler, bulbs, is adapted 
to the outer form of the bulb, having the upper plate even and thick enough 
to give good hold to the screws of the perpendicular steins,; 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 tha 
square stem, that reaches through it, from the middlc part of the mounting 
within the bulb, b, 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 pieces,, 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 form 
fitting in  tho oentral 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 from 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 soft 
soldered together, turned ofT, end worked to their proper shape; the acrew 
part above is left about one ioch too long, topored off in form of a sugar loaf, 
upon which already the screw threads begin; the pieces are then again uw 
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 it8 
being worlred, the warm cement is put i n  the mouth part of the bulb, tlm 
t&ree brass pieces pSllled 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 mother, 
which is also already passed over the threads; it is now screwed fast, to ?uch 
tightness as will leave the cement to fill all the inequalities that may be be- 
tween the parts that must join, without exercisiog 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 i t  to 
spring in the 1.180. 

85. As, by the Principle of the apfimtus, the centre of the figure of the 
bulb, and the centre of gravity of the whole mass, must be in the same per- 
pendicular, the parts Yuiting the atems and the bulb must present sufficient 
resistance to the occasional lateral pressures; wheo.the bulb has but one stem, 
the base Up09 which this action takes place is only the diameter of the stem; 
this dares, therefore, be trusted only to smaller weights, 8)  h nad it, for in* 
stance, in bulb No. 4. Three rtems present the base of the triangle, w&h 
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they f rm as what might be called play room for this resistance, and affords 
a kin cp 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 stein 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, Secause 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 stroke8 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 n varnish of 
black sealing wax, dissolved i n  alcohol; 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 
m y  arrangements, he immedi:rtely 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 sterns that join thcm togFthcr, consists of a piece with three radii, fig. 
6,  7, and 15, c, c, c, 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 froin 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; 
i t  is shown i n  fig. 10 and 11. The whole frame being composed of three 
horizontal radii, having the edges perpendicular, and fastened upon a hori. 
zoiital 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, a8 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 eech 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 w a s  screwed in a triangular central piece, fitted within the crossing of 
the radii. The outer end of the radii presents perpendicular holes or tube#, 
through which pass the three vertical steel rods, e,% e? intended to unite thb 
Upper frame with the lower, that shall receive the w l g b u .  

For a mercury balance, intended to weigh to fifty and some pounds, t h e e  
h m e s  are made of cast iron, the others we? of brass, each appropriated to 
it@ apecia1 purpose, and applying in several Inslan'ces to several bulbs. The 
length of the radii of these franies is 80 calculated, that they outreach the 
&I393 jb, or the bucketp, (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:cu!ar rods would touch the glass outside, bcfore the bulb touched 
inside; by this, the adhesion of the bulb with the jar was avoided. 

87. T h e  three round steel rods, e, e, 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 arhed frame, similar to the upper one, to a proper depth under the 
vessel, holding the liquid, and the stand supporting it, to receive easily the 
weights, or other objects intended to be weighed, give proper room to the 
observer, and bring, the centre of gravity betwcen the bulb and the weight 
to a proper depth for stability. Mothers from below hold again up the 
lower corresponding frame, (I, d, upon which a plate of sheet t in,  or sheet 
iron, is laid, that receives.the weights, so distributed as to produce exact 
perpendicularity, with the best shbility; 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 perpcndicular 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 further hying UP of the weights can go from'the centre with more ease. 

Thc perpendicular rods must bc of round steel, becausc it is dcsirable that 
they should, have the least weight'possible, and still they must he able b 
guide the pcrpcndicularity 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 11ad used for the small w t e r  bulb with 
one stem, No. 4, only thin brass wire; this proved not to afford the essential 
quality just stated. I made, therefore, three vcry light channelled pieces of 
straight pine wood, i n  which the wires were embedded, fastened to it by 
very light twists of coppcr wire; the whole was then strongly varnished, to 
fill up 'the interstices, and prevent moisture; thus i t  served extremely well, 
and was lighter, with the same rigidity and elasticity, than even steel wire 
would have been. 

86. 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 ,  6, adapted to its diameter; 
this projects, with a support under it, from the upright port of n stand, which 
gets its bearing from the  corresponding lower part, projectirig paralIel to it 
under the jar, as 13 easily secn by the figures. For  Inore security, I always 
tied the top of the upright part of this stand to the wall behind, by means of 
some proper arrangement. .The same arrangement on a smaller eoale, b d  
with proper strength, was made for the small nlercury balance, fig. 15. 

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

For the large mercury balance, some peculiarities of arrangement wefl 
necessary, which will be described in their place. 
89. Each of these balances has evidently its limit of weighing, as ab& 

stated; it is proper,'for greater accuracy, to use such a one as will give tho 
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 influe@ 
of temperature. This temperature, and also the stand of the barometer, 7' 
to benbserved every time immediately, when the equilibrium is establislledi 
the water balances have two thermometers in a nearly horizontal position' 
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h, h, the one at the level of the upper part of the bulb, the other about that 
of the lower part; these can he observed through the glass. In the mercury, 
this pnrt was not so convenient, but I had also, as much as I could, two 
thermometers a t  an unequal depth. 

Manner of weighing wifh this Jpparafus. 

90. The priticiple of the apparatus itself indicates, that the operation to 
be performed is to procure the immersion of the bulb to,a certain dcter- 
mined and constant point, indicated by the fixed marks upon the vertical 
stems, between the cap of the bulb 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 framc, 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.secn directly, and also by reflection 
from under the rturface of the water; viewing them under an angle of about 
1 2 O  to IS0, 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 RS to procure this perpendicularity, 
when viewed from two sidcs a t  right an ICs with one another. 

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 tha surface of the water. I t  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, because it is the same in 
mery  weighing, and acts therefore as a dead weight, like any other part of 
the apparatus; this will generally be thc case, as the stems will always be 
wet, which is the condition of this equality of effect for equal stems, for the 
case, as i n  higher temperatures sometimes, that the part of the stem, long out 
of the water, should be dry, I had always a camel hair brush 31 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 i n  New York, (in the fall 
1830,) havipg shipwrecked on the eastern shore of Virginia, the large jar 
itttended 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 
Bro6klyn, which from here was not accessib!e i n  the winter. Wishing to  
malC?use of the mahogany bucket, that  had been made to use the same glass 
bulb in  Iyercury, and had been saved, I supplied the visibility of the reflec- 
tion, which could not be seen through the bucket, by the follo\ving arrang0- 

The same reflection takes, of course, a 7 so, place for thc m a t h  made upon 

1 rnent: 
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The visual rays from the stem, and its mark, being supposed to meet the 
eye at 11, fig. 12, from b, and by the reflection from c, I placed a mirror in 
the bucket, in an inclined position, the section of which beingf, g, the visual 
rays are directed up, to the point p, SO that the observation could be made, 
and the coincidence at u be observed, with the grcatest esse 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 suffcr distortion from the ine- 
qualities of the glass vessel, necessitating often a shifting of the eye. 

93. The great influence of the change of temperature upon these observa- 
tions renders it desirable to procced 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 smallestpossible. This 
dictated to me the following method: 

I first produced equilibrium, at the coincidence of the marks of the stems, 
entirely by known weights. T o  this, the indications of the upper and lower 
thermometers were immediately red! for, when the temperature undergoes a 
change, which is generally progressive, this coincidence of equilibrium and 
temperature is immcdiatcly changed,, and the influence of one-tenth of a de- 
gree Fahr. is already inorc than it is possible to fail in the weight producing 
tho equilibrium. ' The barometer is then also read off; and, after this, the 
weights were talccn down, and eat! individual weight that had been used 
noted in the journal, leaving the calculation of their amount for the future, so 
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 I 
had dctermined'for them i n  Troughton's grain weights, these being the only 
E n  Iish weights that I had agreeing within themselves. 

#hme known weights were then removed as much as needed to admit the 
mass of unknown weight, which was now placed upon the 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 thermomcter, barome- 
ter, and weights, were read off, and noted down, as has been just statcd for 
the first equilibrium. 

Then the mass of unknown weight was rcmovcd, 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 
d c t e r m j ~ ~ e  the weight of the unknown mass; that, thereforc, if a choice should 
be between the different accuracy of determination of thc weights, the best 
determined must be those removed, as the others that are tlie same in 1h.e 
second as in the first and third equilibrium, act like mere dead weights. 

I used all only brass weights, in order that, if any reduction for buoyancy 
to'the vacuum, or otllerwise, should be desired, this would refer always to 
the 5ame metal. 

95. In respect to the reductions for effcct of tempcratore, it will be ob- 
served, tliat the temperature changing somewhat regularly, tha t  of the second 
equilibrium will, by a rcgular steady process in the operation, fall very near 
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 ne#' 
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tfte second equilibrium; thereby the uncertainty of the principles of reduction 
Will have little or no influence. For the small differences between thesemeans, 
it was allowed to take the variation proportional to that given by the first 
xnd last equilibrium. I speak so decidedly, however, only for such a smali 
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 
many 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 Circumstances evidently indicate the point of temperature at 
vvhich the bulb takes the greafest quantity of weight for the equilibrium, as 
the most favorablo to accurato weighing, exactly in a similar manner as the 
dservation 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 
a r v e  of the variations is most parallel with the result to be determined. 

In the higher degrees of temperature, and in thoae approaching 32O Fahr., 
this influence is great, and varying very rapidly; therefore, also these tem- 
peratures are far less advantageous to accuracy in any determination depend- 
lng upon water. 

97. T h e  accurate ascertaining of the law of expansion of water by the 
temperature is in general a subject of interest i n  a scientific point of view. 
It is, for instance, singular, that hitherto it has always been omitted to pre- 
dse  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 attended to i n  making experi- 
ments; dill it is evidently of great influence. 

These balances are eminently qualified to ascertain this interesting fact, it 
ms necessary for me to have these experiments originally, from determina- 
tions of my own, purposely madc, and not merely an effect calculated, by 
C5rcuitous route from determinations of others, because not only the reduc- 
tion of the weighings a t  different temperatures to the same required it, but 
d s o  the capacity measures, to be determined by the weight of distilled water, 
;rt a certain tempcrature, absolutely required 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, b keeping all my 
water balances constantly loaded, during many months, an fobserving daily, 
and many times a day, according as circumstances favored it,  the weight they 
bore to kquilibrium, under the existing temperature, and stan9 of the baro- 
mkter, the thermometers being placed as  stated for the weighing, and each 
6bservation being a full weighing, with all determined .known weights in 
the manner as above described; I used consfantly dlstllled 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 tho con- 
struction of standards. 
' I may here only quote the general results; they show evidently that the 
material of the vessel of which the standard of any capacity measure is made, 
is a necessary determination i n  the statement and settlement of it. For this, 
t@se experiments were entirely direct to the point in their result, for it is 
evidently the same whether thc water i y  contained i n  the vessel, or is ex- 
duded by it; the results apply, thcrefore, directly. The tempewture at 
wll!ch vessels of different materials will hbld the greatest meight of water, !e, 
dieerent for each or other material, expansible by heat; for glass, it 16 
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41°,6;,for copper, 4496, &c., while, absolutely taken, the maximum density 
of water is at 39',S; though I have seen different determinations, which f 
suspect to be affected by the effects 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 temperaturc, for 
the reduction of the weights, to have this eKect determined directly for each 
of my balancea individually; every doubt $on thc elcment 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 thc case. 9 

Peculiarily of the Mercury Balance. 

98. The btlances 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 watcr; the stems occasion a cavity around them, presenting about the 
inversion, of the curve of capillarity; ,no direct observation can be mado 
there; the observation of the coincidence of the lines drawn round the stems, 
with certain marks dependaot on tlic surface of thc mercury, must be ob- 
bine& 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 to always lie upon the mercury, 
by its own weight, presenting, as seen in fig. 13, a rounded section to thc 
mercury below, and an edge to the upper part, parallel to the mercyry; 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 thuspresented, or rather the line presented 
by the meeting of the ring and this disk, the marlts of the stems were brought 
in coincidence to designate the point of equilibrium. 

On account of thc great pressure wliich the stems of thc large mercury 
balance bad to bear, they were made short; they did, tlicrefore, not easily 
admit such an ivory ring. I supplied the mark of coincidence, by placing 
in the middle of the frame, and through n hole made for it, a glass tube, 
(see a, fig. 14,) around which a thread of black silk was fastened; withip 
this, moved, perfectly free, a thin ivory stem, at the lower end of which is 
nn 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 very, 
nicely observabke, and furnishes the point for the observation of the equili- 
brium. 
99. The smaller mercury balance is iloatcd 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, (see fig. 15.) IIowever, the laying on, and 
taking off of weights, to the amount of upwards of fifty pounds, with a glass 
bulb floating i n  glass again, under the pressure of the heavy weight of mer- 
w r y y  Tendered 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 piecc of 
plank, I, I, was tied fast, stemming exactly between the upper and the lower 

orizontal parts of the stand, with*a square holetat m, so placed, that, by a P ever, m, m, placed in it, that had a rope noose taking in this hook, the bulb 
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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 weighb 
g, fixed to it, to press the thermometer down in the mercury. 

The rest of the arrangement was exactly similar to the water balances. 
It soinetimes 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 invertcd 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 coiidition thatthis 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. 
100. The largest mercury balance was principally intended for the weiSh- 

ing of the larger capacity measures, and also for the 56 Ihs. weights, to which 
the sinaller 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 theil' intended weight, including the weight of t b  
apparatus. 

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

A solid block of well seasoned mahogany, (as this is obtained the driest 
and lotigost seasoned i n  this country,) x, x, ,y, y, fig. 7, w3s turned to the 
proper size oufside, and so tapering as to admit good hold to the iron hoop  
ing; when i n  that state, and well dried before thc fire, iron hoops were heated 
011 upon it. Then it was put in the turning lathe again, to bc hollowed out 
in the shape and size adapted to the bu lb  intended to be floated in  i t ,  EO a8 
ta 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 thc same t i h e  
that it increased the strength, and the impediment to the filtering of the mer- 
cury through the wood, i n  the direction of its fibres. When thus t u m d  
out, it was \vel1 dried, and Bonked, i n  and out, with boiled linseed oil, bCfor8 
the fire. Lastly, glaziers' putty, thinned with the same oil, wa8 rubbed in, 
insitlc and outside, as far up as the pores of the wood presented themselves 
perpendicularly, and pounded withan iron pestlo inside and oulsldqj to fill well 
the pores, and crush the wood in over the putty. was well dried 
before a fire. 

101. This bucket was placed upon a stout, four-legged stand, of sufficient 
devotion to admit under i t  all the arran ements and weights necessary for 

level, so that the arms of the upper frame of the balance mounting would 
&ays set up equally when loaded down. 

The three inch plank forming the top of the stand has nearly the breadth 
of bucket; !he one of the perpendicular steel rods passes on the one side 
of 1 4  the two othcrs on the other side; and there are noiches cut in the stand, 

102.. rhe' heavy mass put in a floating equilibrium, under the con#Gnt, 
p r e m r e  Of SO considerable a-maas .of mercury, acquires a m r y  @wt momen' 

Lastly> 

the largest bushel measure, and the top o fR the bucket was levelled by a spirit 

at the p$ccs where they come, to give them more freedom. . \ ?  

12 
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turn, 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 in 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 tillsunder the plank, the 
books 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 wei hts were gradually taken off- 

fhe upper frame set u equally, so that, when, gradually, weight enoagh was 

m d  tho nicer final adjustments, to the coincidence of the mark, on the swim- 
mer, and on the glass tube, were then mnde. 

103. The  general arrangement of the mounting of this balance was the 
same as that of the largest water balance; it was the same as had been used 
to the first bulb, which 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 Lushels re- 

uired a widcning of the lower parts, a t  the same time that, for t\ie proper 
i l l ing of it under the glass cover, it was necessary to place it exactly level. 
The lollowing 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, T, T,  of about three and a half 
inches long, the end of which presented at k a cylindrical widening, with a 
hole in the perpendicular direction, just to admit the steel rod of the upper 
part 10 pass through; at the lower ends, other pieces projected about t\vo 
inches, with stronger cylindrical parts, through which passed an iron screw, 
Baving 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 
mesting place, for the rim of the largest metal bushels, and below a deepening, 
b. 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 s p a  
fir the overreaching of the ground glass cover, with which the bushels were 
h u t  up in the filling, with space enough above for the necessary manipula- 
tion. A t  the lower parts ,of these, lengthening pieces were also hung, by 
brass wire hooks, certain of the heaviest of the dead weights occurring in 8 
weighing. 

Smaller capacity me3QUres, as half bushels, &e., were, of course, ?isilJ’ 
adapted to a central position upon the lowest frame, and the low situation Of 
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 fasteged to them outside, as i n  q, q. 

a d  shifted, according to what was found nee % ed, to make all three radii of 

taken off to float the e ulb, it  hung free in an exact perpendicular yosition, 



104. These arrangements were not the first that I had made; several were 
cried, that failed from accidental weakness of parts, leaking of the mercury 
bucket, &c. In one of these, a circumstance occurred, 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 
lo 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 was euspected the bnlb had' 
broken; but no diminution appearing in the mercury, no further attenlion 
was paid to this. When,  on my return, we were trying to put the apparatus 
in  activity, the bulb suddenly fell upon onc side, so that we had to fasten it 
down again with great trouble, and dipmount 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 fhc  lwoparfs of the break of fhesfenz. This showed, therefore, that 
the report heard during my absence had 2roceeded from this breaking of the 
Btem under the mercury, which having no contact with the air, the steel w a  
always actcd upon by the mercury at the fresh break. This being the first 
instance, to my knowledge, of sled being amuigamated, it is proper hem 
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 inust yet state the nccessary 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 mindin the proper 
distribution of it, to maintain the due verticality, at last the hoo 1 s being put 
on to fill up entirely. For use, the overweights are then taken off gradually, 
and procceded as described i n  the weighing. Whcn 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 tnken off, gradually to relieve the apparatus until it can 
be lifted out free. Without these precautiong the operation is more likely 
to break the bulb than to succeed. 

Description of Troughton's Lever BaZance. 
105. It has been already stated, that when I was in Eur+ for the pup 

pose of procuring instruments for the survey of the coast, I considered it 
proper to incur the small additional expense to procure also accurate English 
and French weights, and litrcs modbles. Thus I procured a!so a balance, 
constructed by Troughton with great care and accuracy, and in.genera1 prin- 
dple  similar to that employed by Sir George Shuckburgh in his compari- 
sons; the weights nccompanying it are English troy grain weights, from 
10,000 grains to 0,01 of the grain; they proved the only consistent small 
weiglits upon which I could ground m y  c o n  arkon, the collection of the 

enough within itself, thence i t  proved the only means that enabled me to 
proceed immediately in this  part of my work. The procuring of weight8 
from 1,ondon would have been very long and precarious. 

The pcculiarities of this balance, though simple, are not much known; 

Slate Depirtment being neither detailed enoug % in this part, nor consistent 
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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. 'I'hc general appearance of this balance is represented by fig. 17. 
The beam is solid steel, blued, of one foot in length, onc-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 edgcs 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 a, a, fig. 18 and 19, of the axis, which rests upon 
the palettes b, b, is not a simple knife edge; a part, of about one-tenth of an 
inch, is formed by the edge left between the sidcs of two cones, intersecting 
one another, forming a concave knife edge, much better supporlcd 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 n section of a larger cylinder, 
upon the curved surface of a sinaller one, thence with very little contact, 
and of greatest sensibility, and the strength of thcse 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, therefore, 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 palettes, 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, screwing in a ring, that is fa+ 
tkned upon the box, containin6 tho weights, but which I screwed, for my 
use, upon a square block sufiiciently large to adinit 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, thc beam is simply talcen off, to prcvent 
useless wear. 

107. Upon the circular part of the axis, within the above described knife 
edges, is, 011 the front side, a brass ring, C. holding by friction only; this 
bears on the top a perpcndicular tubular part, in which revolves a small 
cylinder, t ;  to the top lcnob of this is fixed a very light lirass wire, reaching 
out horizontally about one and a half inch, that may be placed i n  any dirco- 
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 arc in 
full size, show thie, as well as the other parts of the arrangements about the 
axis, in  full. I 

A Cisk of ivory, of about 0,05 of an inch in diameter near the one end of 
the beam, presents a horizontal blaclc line, to which the divisions of an ivory 
arc is presented, by an arm fitting by friction i n  an  upright piece, g, fast 
upon the top plate of the column, to which, also, the palettes are fixed. 
T h e  coiscidence of the micldJe division of the arc with the line upon the 
ivory plate gives the observatlon of the equilibrium. I n  this Coincidence, 
the balance, when laden with a kilogram in each basin, will be well sensible 
to about 0,Ol 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 ed e above described. T h e  

hook, in form of the figure 8, open on one side, while to the’ other aro tied 
three strings of Ind ian  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 free by an arrangement 
similar to that of Sir George Shuclcburgh’s balance; the elevation of the beam 
by the supports of the central axis, by means of a rakwork, is a very bad 
arrangement. 

A t  rest each basin is supported by 3 small Stand, e, e, the upper plate of 
which has a perpeiidicular tube under it, that slides in a corresponding tube 
fast to thc stronger lower plate. A spiral steel wire spring, within these 
two tubes, presses the uppcr plate against the basin. Two arms of brass 
wire on opposite sides, passing through slits iii the lowcr 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 q r ing;  this can be done 
much more gcntly than a raltworlr acts, and thc weight needed for the equi- 
librium is in some measure fel! by thc rapidity of leaving, and following, of 
of this motion by the basins; thus the balance is thcn left to its free motion, 
and in the operation of weighing. 

110. The cxperimcnt 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; evidsntly all draughts 
of air, and unequal temperature of thc parts, are to be carefully avoided. I 
had, therefore, a glass case made for the al~ove balance, cntirely close an the 
sides and top, the front part, towards the observer, being an entire glass in 
a frame, that could be hoolred to its place. I 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 tb its 
place from bclo w. 

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 th’rough 
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 thia mode furhishes the best light. 

111. However good the ba!ance may be, it is not allowed to  weigh, by 
placing the object to be weighed in one basin, and the wclghts it represenla 
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 pesCe,”doubte 
weighing, namely, the object to be weighed must be placed in  one basin, 
and in the other weights or masses, such as to ])reduce perfect equilibrium, 
for which I always used the subdivided French kilograms; then the object 
to be weighed, in my case 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 tho weight compared. It is not proper to loa3 tb 

hole through the lower part of the small steel p F ate receives a thin brass 

The present consists in the following: 
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balance with more weight than absolutely necessary; the sensibility of i t  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 i t  steadiness; and the 
observer will ultimately take an approximate esteemed equilibrium,. perhaps 
not in its proper resting point, by accidental inequalities i n  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 
a9 counterpoise; this must remain entirely unaltered in the two corresponding 
wei hings. I n  a series of comparisons, of weights nearly equal, I always 

the equilibrium was made by the addition of the necessary determined 
weights, including th‘is variation always within comparatively small l imits 
to use the least compensating weights. 

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

112. This balance being ready at hand, i n  good order, while my 
balances, upon the hydrometer principle, were not yet mended again rom 
the shipwreck, and the proportional reductions for the temperature not yet 
determined by direct experiments, it  has been used exclusively for the 
ilmaller 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, 
‘(A bout;” so, for instance, for the Chinese weights of Mr. Adam,  &c., 
.where my principal aim was to determine the value of their unit, the tale 
This evitiently 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 tire Weighings. 

113. The preceding descriptions of the balances, and of the methods made 
use of i n  their application to my work, give evidently a full account of the 
operations, to whichjt would be entirely without interest tp add the details 
of the individual welghiog of po many weights, that in fact were never in- 
tended to stand the teat of such a minute scrutidy. The most essential 
weights, in fact, the Oyly Ones intended for such minute accuracy, were the 
troy pound of the United ,States’ Mint, and the ditierent kilograms; and it 
will be seen by the results give? in my report, that these latter are very per- 
fect. The small difference exhibited by the platinum kilogram, after reduc- 
&on, may just as well be ascribed to the elements of the reduction for th.e 

esta % lished a counterpoise to the heaviest of them, and, for the lighter ones, 

Blass 
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different buoyancy of the brass and platinum, as to any actual difference in 
the weights, 3s the note made upon that subject in the report clearly shows. 

l’he accuracy of the subdivided kilograms, considering that they consist of 
twelve different pieces, is indeed very satisfactory, and the brass kilogram 
copy, of tlie same form as the original, may be conside,red as fully exact 
What relates to the troy bound of the mint, is detailed in its proper place, in 
the report itself.. 

The  weights next in interest after these wore 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 minute 
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 hat$, 
but those kindly lent to me by Baron Sackcn, chargk d’affaires of Russia. 

114. The preceding descriptions of the diflerent balances that I have made 
use of, and the methods employcd in the i r  use, ive evidently a full  account 
af my operations in this part of m y  work. A kv examples, exhibiting the 
details ofa  weighing with each of them, will be all that can be of any interest 
b add hereafter. 

115. The great disparity between the grain weights of Mr. Troughton, thrs 
troy pound derived from him, which I had brought with me to this country 
already i n  1605, 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 niost striking feature; this 
difference, repeatedly determined in presence of Dr. Moore, Director of-the 
Mint, to be 2,4L 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, iu o. 
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 tlm 
time of George I., alone supporting fully the new Exchequer wcight, 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 wcights, sent 
in by the custom-houses, which besides, on account of their reat mass, cw~ld 
not be adjusted but upon common balances; and it will not%o espected that 
a minute account shall here be given of whnt w09 never intended for QO 
minute investigation. 

116. But already Sir George Shucltburgh found in 1797, b y  weighin 
the standard troy pound of 1758, inade by Mr. IIarris, then chief assayer 0 
the Mint, which is kept at  the House of Commons, a~ follows: 

Grains of Trough& 

f 
8 Qne troy pound of 1758 - - - = 5763,745 

One duplicate in a box marked B - - = 5763,685 . 
Mean - 6763,715 

T h e  two pound weight corresponding to the first , - = 11527,84 
Tlic two pound weight correspondiiig to the second - = 11527,55, - MA - .? ii5a7,m.. 
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The first - = ‘5763,92 
These two pound weights would give single pounds as follows: 

Thesecond - = 5763,775. 

Mean 576 3,647 
-- 

T h e  mean adopted by Sir G. Shuckburgh - = 5763,75 
shows a difference still greater than I found, by - P  = 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, 1631, has made known to us a similar result of an investi- 
gation made in Iiolland 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: 

The  one at the Mint of Utrecht - - - 5758,57 
The other, in the possession of Dr. Moll - = 5758,40 

Grains. 

, -- 
Mean - = 5758,485 -- 

An imperial troy pound weight of Bates gave - - 6769,935 
This giving an cxccss of the new British standard weights, 
which i t  is evident the grains of Itohinson inem 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 nccuracy, 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. 

11 7. 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 mdre astonishing, as the maker of 
the wei ht  of 1758, that has served to establish the new British standard, 
waa.at t e t ime the chief assayer of the Mint. They stand as follows: - = 3,76 

fl 
By Sir George Shuckburgh, in 1797 - 
- Troughton, grain weights used by me - = 2,41 

Of the Tower troy nest here compared, only the 64 02. and the 128 02. 
came up 10 the new British standard; the others all differ from one to two 
grains, and the smaller weights cannot be considered with thisview. None 
of all the English weights of the State Department have more than common 
dealers’ accuracy, where the whole grain supplies the place of its hundredth 
part in scientific investigations. 

118. It is proper to conclude from this, that the ratio of the British troy 
. ound to the kilogram must vary accordin to the origin from which the 
h i a h  weigllts that  has been compared, is ferived. The various kilograms 
which I havc compared, of different origin and different dates, gave such i 
coincidence, as screens, them from a11 uccwations of giving any cause to 

- Dr. Moll’s mint weight - - - == 1,515 
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kllrqpin In 
Eii:ti.d~ pmlne. 

M y  comparison! give in  mint weight .= 1543!3,15902 
= 1.5439,619 - -- -- i n  ‘l”ro~lgt~t,. grains 

Tlic Frcncli Minister of the Ititerior 
Dr. Moll, Van Swinden’s kilogram with Ro- 

Dr. R.lol~’s ~jound from the British mint - 154!37,035 

L 15432,719 

I)inson’ti grains - - - = 15482,265 

Weber, in  Ikrlin, by platintirn - - = 15432,0*222 

97 

Eng. troy pniinrl 
I r i  crammwa. 
373,2229 
373,0(i61 
97;3,239 

373,244 
973,1286 
373,24tj4. 

IndlcatlMl Of 
alylnnac. 

T h e  English imperial troy pound in grammes 373,0956 - - - avoirdupois pound gr. 453,4148 
T h e  kilogram in  English grains troy, according 

to the CJ. S. Mint pound - - i5498,36 

My rorulu. 
373,2229 
453,5665 

15433,1590~ 
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120. The notices upon the comparisons of Dr. Molt also give a mean of 
confronting the result I obtained for the nest of the Amsterdam pound, l en t  
to nie by late I+esident Adams, which 1 have stated, rcduced to the United 
States' Mint weight = 7630,76. 

- =  1 ,OSO2347. Ilr. Moll gives for it i n  avoirdupois pound - 
This, reduced to graitis, gives - - === '7624,6429. 
T h e  difference is - - - 6,1171, 
in excess for the weight of late President Atlams, probably again an allow- 
ance for use and wear. 

121. I t  does not belong to this place to carry those invcstigations and 
coniparisons farther. I may only advert to somc simple conclusions, wliicli 
they lead to, namely: We niust not be astonished to f i n d  large differcnces 
i n  the English weiglits from sealers, and in the standards of the capacity 
measures, that tlepcntl on them, when we find differences as here appear in 
the original units. 

A system of weights antl measures, and its proper cstablisliment, must be 
a careful scitmtific operation, in  which the accztrucy aimed at must far ex- 
ceed that which niay be considered required for practical use, otherwise this 
less accuracy will even not be obtained, by the unavoidable fate of hunian 
Cxertion: to remain nlways yet at some distance behind the idea1 proposed. 
What is done in such a ivorlr is donc for the future, the improvement of 
scieiice always spreading more in common life, if such an establishment is 
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 mcans of science. 

Not long si~icc we were considering the works of Sir  George Shuckburgh, 
with the conviction of their superiority; and now, what  they really were 
then liw in many rebpects already far behirid the needful of our presont 
time, and SQ it  is to be hoped my own work will be in  proper timc. 

UPON THE CONSTRUCTION OF WEIGIITS. 

133. A few words may sufice upon thc principles nf constructing weights, 
IVheti the unit weight has been determined, in eilher way, as stated in i t s  
proppr place in my wport. '1'11~ utmost care, and atteiitioris of all kind, are 
iridiPpcnsable requisitcs; and the task is rathcr a tedious than 3 learned one. 
The. choice of the mctal must be the best against oxydation. A certain pro- 
porlioti of copper and tin, or zinc, appears to be the best in the absence of 
perfect +ss, that is, copper cxactly saturatcd, by cementation, with pure 
zinc. twither over nor untlcr saturated. For this, tu my  knowledge, we 
w i d d  have to resort to Calcutta or  China; the European, and especially the 
E:tglisli, art appears, in this point, to be hellin! the old cagtcrn art. One 
caution is IO be given a p i n s t  the old, bad hnblt of mnliing a JIIBSS finishod 
off antl polistie({, with R 1.roIe in it, in which small picccs of atiothcr metal 
are ellclosed, to satisfy the cquilibririin ; this occxjions, by thc galvanic 
action h w c c n  tlic metals; an oxytlation, that changcs the weights, by the 
process of time, more than thcir wear in u.se would do; therefore weights, to 
be arcuratc, must he n i n h  of one mass and metal, and ultimatcly rubbed 
down to the full  acljustmc~~t; if by that thcy hccomc too light, thcy mint 
simply be rejcctetl. 
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1st equil. 2 lb. bellf. St. Dept. 
2 Ih. Philad. 
2 [b. New Orl. 
1222 grains 

Brnss is only to bo chosen, on account of its cheapness, and the almost 
get)i:~:d ImIji i  ( J f  its use for that purpose, by which, therelore, other weights 
arc: J l l ~ t l C  q t i d  to the standards, without the iiifluence 01' their different 
buoi.:iwy in the atmoephere, as would be the case if the storidartls were 
mudc of platinum, which would evidentiy be the best metal now known fp 
t l 1 . 1 ~  purpose, if suficlcntly common. 

123. SPECIMENS OF WEIOHING STATEMENTO. 

JVeighing with ike  balaiice of Doughlon. 

1p31, February 15.-Equilibrated 16 02. piece of the Tower troy ne& 

Resulting v d u d  
by paritl 01 subdivided square kilogram NO. 1. 

Gmmmes. .Gr. Tr. 

1 Ib. Swedish victualling weight, brass nest 

+ Tr.gr . )  1;; 1 ; {= 1198,O 

-40 0,l 
+ Tr. gr. 1 

1st equil. 497,575 = 1 G  02. Tow. troy i = 7680,07 

2d equil, 9 6542,07 
1000 5 

:3d equil. Brass nest of Amsterdam - - ~- a Y 6 3 3 , 9 6  1 0,02) = 46212 

207 

=43441,35 30,344 35,s 35,Q 
\ 091 ' 1  1 

- 5th equil. Russian iron pound slandard - . 4 - ;J 6$14,96 

0,02 J 

1000 20 
+ Tr'gr'{ 'z: 1 
All only Troughton's grains laid up to verify 

{= 13GG,OQ 

6th equil. = 7680,07 
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Mean of 1st and %I equil. 
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T h e  results of the above are as follows: 

- = 43445z*,3 at temp. 35.875 

Differences - 28016 ,05 0,075 

Weight supplement to 4 Ib. of New Hampshire = 15499 ,25 - 35,95 - -- 
The difference between the first and third equil. b. rives 

Differelice of weight = 1-',9 
Difference of temperat. = 0 .G5 

Proportional change of weight from tlie differencc of temperature of the 
mean ot first and third equil. from that of the wcighing of the 4 lb. New 
Hampshire, which is ro be subtracted from the above = 0:1,22. 

Resulting 4 Ib. New Hampshire = 280 15,83. 

Graiiis. 
lcuii wcigliC 

oiriittiiig 
cqunl. 

3542,O I 
126443,87 I J 

3520,O 

dean - 

?3,27 

23,6 

23,92 

-- - 
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 
meaii weighis will also correspond, without redustion. 

The weights being therefore stated, with omission of those that are equd 
in 311, t!llH giv(.s: 

Mean of third and fourth equil. 
Mean of two first and tN7.o last - 353190 

=t= 126443,87 - -- 
which, being deducted, leaves 256 OZ. TOW, troy = 122912,W 



I 

1 111. avoirdu- 

2 oz. 

607,s 

39,s ' 100 
40 I :,2 1- 595J3 
20 0,l 

39,9 8 lb. :woirdupois 
pile 

610,?5 

39,8 

39,6 

3d cquil. Idem 

6th cq. 

7th eq. 

Idem 

ldem 

Idem 

4 11). Baltimore 
iron 

4 lb. Wilmington 
iron 

I I 4 11,. is. Orl. 

623,9 

Y21,8 

39,Y 

39,8 

39.9 

I 
400 I 092 604,75 

9th eq. 4 It,. 
2 111. rtvoirtlu- 7 Ib. Stntc 1)cp. 
8 ox. )p& pile 1 bcllforin I "i,,l ?k{= 1 
2 oz. 

40,O 



1.227. A TJClBLB of the Balances, in dimensiens, Size, weight, eapacity of weighing, &c.. 

Lwgest ma- Water ba- Water ba- 
ter balance 1mce No. 3. lance Xo.4. 

No. 1. 

Water ba- 
lance KO. 5 

Long &meter in inch. fiiameterofthe buIbsfgl,Ort do. 

-_A 

Diameter of top mounting - 
Height of t he  stems - 
Distance of the stcms from centre - 
Diametcr ofstems - 
Radius of Y frame, to the rod’s middle 
Length of steel rods - 
Weight of bulb and mounting h Troughton’s 

pains, without basin 

--___- - - _- _-_ .. 

Capacity of weighing at max. in Troughton’s 

We!ght of the liquid displaced, in Troughton’s 
p i n s ,  besides basins - 
g n ; n s  

No. 5, in 
mercury. 

15”,43 
10 ,9 
2”, 2 
1” .7 

Y J  

0 ,95 
0 ,08 
8’/, 0 

4Y, 0 

118559,O 
At therm. 
41°, 6. 

105214,5 

227847. 

Smaller 
mercury ba 
lance No. 2 

11”,3 
7 ,3 
1”S 
1”,1 
0 95 
0 ,07 
5 92 
31’, 

30900,s 

41%. 
44325,45 

76781,3 

1V’,9 
7 ,2 
1N,2 
1”,25 

0 91 
5 90 
31 , 
30112,l 

only m e  stern 

41°,55. 
43457,25 

75344.0 

0 ,5 
0 ,08 
4 ,8 

29 ,  

8”, 0 
5 9 0  

llf, 1 
1”,4 
0 ,5 
0 ,os 
4 95 
22 

21777,s 

41°,7. 
7687,6 

‘ 29464,8 I 

0 ,5 
0 ,09 
4 ,8 
29, 

Cubic content of bulb, deduced from weight I 9 0 1 ‘ ~ ~ ~ ~  32t3: 1 2%:; 1 116,58 
Length of stem for lgre Trough variation - 0,068 

- - 

-_ 
opper wa 
‘r balance. 

416150, 

121,22 
0”,1121 

13”,4 
9 9 6  

1’1,l 
1 ,45 
0 ,5 
0 ,08 
7 3 8  

39 ,4 

72043,9 

44’,6. 
69379,25 

81423,16 

717,95 
0‘/,2 - - 

I 

1”. 1 

Largest 
mercury 
balance. 

12 ,1 
8 ,55 
1“,4 
1”,15 
1 30 
0 ,16 
7 98 

38 , 
184117,i 

1393649,2 

1577767,O 

406,81 
(Yf,0041 6 
-c_ -- 

Y 
Q - 

ilieet tin 
bulb. 

- 
15 ,5 
12 ,o 
211, 

13 , 
0 395 
0 ,07 
8 ,  e 
42 0 

? 
z 599*3,77 

? 

50 
Fa 
CD 

l.d 

-I_. 

. 5  
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UPON THE CAPACITY NEASURGScs. 

128. As i t  is now Iiabitual to determine the capacity tnmsures by thp 
weight of distilled water they contain, at a certain tempcrature, the investi- 
gation, or comparison, is reduced to the operation of weighing, lilrc that of 
the  comparison of the weights; therefore nil  my arrangements, described 
undcr tliat hcac?, and the methods detailed thcrc, have also been applied to 
this part of my work. 

Though I also measured the dimensions of all the capacity nicasurcs, and 
calculated their cubical content in inches from those nicasuremcii~s, the accu- 

tI,e results do not  enter in the comp:wisoii, but as a kind of approxiinate 
estimate. 

III my hydrostatic ,balances occurs :ilready the reduction for the tempera- 
ture of the liquid iu which the weighirrg is made, but tlierc tlie t l icrmomete~ 
eltaiiges npplicd alone, becarise during the time of R weigliing the barometer 
varies never for a quantity, the influence of wvhicli would be sensible. 

I n  the weighing of capacity measures with water, the reductions must bc 
made also for tlie water weighed i n  the vcssel itself, that makes the clement 
of determination, and that must be made for the barometer as well as for the 
thermometer, because the results obtained at different times refer to different 
stands of the barometer, as well as to diEerent temperatures, and must a11 
be reduced to one and tlie same for both. 

129. Any mass that we weigh in the atmosphere suffering in it buoyanc 

racy llow :limed nt i n  titlch tlctcrm~n:~tions 110t being obtained by t ] l a t  ine3113, 

in the inversed ratio of its specific gravity, the variation of the barometr Y c 
state of the atmosphere becomes sensible i n  the \veighing of water. 

The clement of this variation has bcen accepted, in the English establish- 
mcnt of tlic capacity measures, as for the specific gravity of the air = & 
at the temperature of 62' Fahr., and the variation for other teniporaturcs lex 
out of consideration. 

'I'he ITrench dctcrmination, made on the occasion of the e~tablishment of 
the metric system, is &., at the, temperaturc of the maximum density of the 
waler. 

T h e  English deteriiiination rests LIpon the expcrimclits of Sir  George 
S]luckhargh, none having heen made expresuly on the occasion of the latter 
~ s ~ b l i s h m e n t  of the British imperial weights and nieasurcs, and also none 
apon ttie expansion of tile watcr by tile temperature. UI)o11 this latter, 
however, various other dcterminations have been made, but they are yet 
somewhat at variance with onc another; and it was Proper that 1 should estn- 
1)liyh this clement myself, by means of my !cater balances, which arc pecu- 
liarly adapted lor that purpox. 

130. T h c  moet. of the stnn(1ard capacity measures, that I had to compare, 
are, howcvcr, l i ~ t l o  aii,~ptetl to yield ; i n  a c c W ~ c p  adcquntc to  this rniautc 
scrutiny, for wIiich they n i w x  wvrc i n t e n h l .  

To procure exact Liliiiig of thc atantl;uds ol' c:ip:wity rncasiircs, i t  is neccs- 
wry  to cover ~ t e  vcssc~ wiLIi a grouiitl $UY cover, ami f i l l  it so as to be free 
of air bubl)lcs, :inJ [lot overflciwil~g; it 111rlst, of courRc, : i I w  be wipctl d ry  
outside. For Tllc French litres morl&i.ieS h a ~ c  ~~~mcli R gla~s always witli it. 
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the different English capacity mcnsurea, I n u d e  similar glass disks, of the 
proper diameters, adapted to their size; those for the bushels required 1;irge 
glasses. I made one of them with a hole in  the centre, by which air hnb- 
bles, that might have reniaioed,.wcre disengaced, b; means of a brass wire, 
bent at right angles, and turned round horizontally, so as to sweep the 
lass in its contact with the water, which led them to the hole, to escape. 

%his glass not reaching 1.0 the largest size, the husllel of New Hampshire, 
and an old hoking-glass, that could be procured easiest. for the purpose, iiot 
having the necessary breadth, a piece cut from the length was applied to the 
side, and ground against i t ,  so as to shut exactly; the'aepai-ation that. would 
thus be made proved to afford the hest means to cle:ir the bushel of air. 

The stanips which the measures had upon the sitle rim were, of cour8cj 
always taking up moFe or less water; and this tliffercncc i s  evitlcnt by the 
results which a:e related i n  the table. At last, i n  weighing the coal bu-he!, 
i t  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 memure during the filling, or before 
shutting it up, and observed, and a g : h  after thc weighing, before i t  w35 
emptied. 

'131. I n  the determination of the new British standards of capacity mea- 
sures, it has been omitted to mte the kind of i i m d ,  of which they wcre 
legally to be coilsidered. It is, ho;uever, evidclit that  the expansion hei!ig 
diHcrent for different metals, the bushel holtliiig so Ibs. of \rater at 620 Fah- 
reriheit, when made ol- aiio!hor metal, will hold, of any other suhsfiiircc, a 
diffbrcnt quantity a t  another temperature, than a bushel made of :he same 
metal as.tht: standard. h i  the liquid measures, a greater variety is habitual 
i n  this respect than in d ry  measures, wliich latter are commonly imide of 
wood, where, of coiirse, the accuracy can never reach to this minute dislinc- 
tio:i, and otily so far this may be coiisideretl nvgligenble; but, i n  the esta- 
blishment of standards, i t  is not allowed t.3 neglect this, 1)-cause, in making 
other stantlards from them afterwards, uniformity can never be obtained, 
without proper attention to this consideration. 

192. The choice of the s1atid:ird temperature for capacity measures n~ust  
be ihe tcinpcraturc of insximum dew4t.y of tho water, as has been stated 
above to be the most favorable also for the weighing, because there, at least, 
the one element OF the dctermina~ioii, tlic water, may tie considered in a 
settled state, and the kitid of rnetal being deierminetl, the actual determina- 
tion is arrested by it, for this will always be of the same temperature a~ the 
included water, as near as detcrmination can go; it.s varhtions thence in all 
directions are known by the laws of expansion of both the water and the 
metal. To give an idea of this elrect, it may he stated herc what would be 
the content of vcsscls of different materials at  the temperature of ~ J O  Falir., 
that wouid hold, ai the niaxioiuin densily of the water, ,1000 parts, according 
t4 the prcscnt I~ t~owledgc  of thcse expansious. 

Mr. Van der 'l'uorn, of the Hague, in Holland, givcs for thifi, in a table: 
Porte. 

The vessel of glass would hold = 999,lS' 
The v e h d  of copper would hold - - = 999,49 

The vessel of pewier wotlld hold - - = 909,72 
The ve~se l  of brass would hold = 099,56 

And these materials are indiscriminately used for liquid measures. 



I"ha sheet tin, which ie also of frequent use, has not get been inquired 
into, aiirl I am now engaged i n  experiments reldting to i t .  Tlir diKcrcnce 
in tire above amounts to titore than half a htrntlretlth part, tvltich, though in 
(2orniiton neglected. must not he so in the e.s~obfishr~ircn/ o/'s6otidodqv. 

The standard capacity rnc:isures which 1 had to coinpare were of ws1 bell 
metal; five from custom-houses were of hamn\ered coppc". The  she^ t in  
gallons, w i t  i n  by some cit~~om-hou~es,  must not be considered as staitdardu; 
they assist only the proof !hat there are not any standards. 

133. 'I'he French standards o l  capcity incawre arc reduced to the vacuum 
for their ultiinate determination. lu the Uritish stantlard, the barometer 
stand of thirty inches has becn adopted. Tlie first is scierrtificolly more 
proper; the latter was more co~ ive~~ ien t  for nic to rei:uce the reductions to 
smaller quantities; and being the mean stale of the barometer in this country, 
this mode may be also more coiwenient for prnctical use. 'rhe reduction is 
directed by the simple principle, tha t ,  the higher the barometer i ~ ,  the greater 
must the buop icy  be. 

T o  establish a comparison between the resultr, that cou\d be derived from 
the different data known to me at the beginning of my operations, I calcu- 
lated a table of the resulting weight of the bushel atid gallon, a t  the tempera- 
ture of the maximum density, from the different dau. Upon this, the 
determination of tlle content of the gallon and bushel, as standard capacity 
measures, has becn grounded as ultimate result. The perusal of this lahle 
will show in  one view the state of the data, and their diversified elfect, which 
it would be too long to detail; I believe it will prove the necessity of the 
above investigation, that I have begun, but which by this time could not yet 
be finished. Since then, I have seen newer determinations, which 1 shall 
mnsider where needed. 

It would, of course, have been agreeable for me already here to make use 
of the results of my own experiments, had they been Gnished; hut, in fact, 
the state of the measures to be compared made it entirely indifferent. FOC 
die. actual construction of capacity measures, these results will be u8Cd; a8 
it is proper that the establishment of a system of standards be grounded upon 
results of determinations niadc for that purpose expressly, and gLirely & 
duced from the very principles. 

The  following is &is fahlc. 
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Rasdo of liac?l ex ansion of brass - - 
Weight of the cubic inch water, at 6 2 O  Falir. 
Legal determinations of the bushel, at 6 2 O  Fab. - 
Resulting capacity in weight of mater at  62O Fallr. - 
Capacity of the brass bushel at  temperature of mas. dciisity of water 

Resulting ratio ofPcubical expansion - - 

Diminution of capacity of the brass brlshels - 

Y 
cp 
0) 

n 
U 
? 
Z 
F 

s! 

0 

w 
tD 

u 

- - - - - 
- 

For 1' F&r. For Iyo 

1,00001050903 1,oOOW~O 
l,ooOOS1514. ' 1,0007(10: 

252,458 

. -  

252,CSaS 560511,O 543S81,O I 2216,168 560119.0 54J001,O 

- 0,99900 252,7107 560560,S 543429,O 2215,972 560168,3 5A3049,O 

- 252,7098 560558,43 54427,05 2215,981 560166,18 543047,O 

his own experiment O,'B89G 252,7211 560583,4 54451,O 2215,583 560190,6 543071,o 
Xi's  formula - 0,998967 252,719 560579,O 543447,2 2215,90 560186,8 543067,O ---- 

------ -- 
density - - 0,9989254 252,7295 560602,4 5W69,6 2215,807 2148,09 560210,O 34309QB- 

- 560239,O 543118,O - - 560285,7 ' 543163,O - 560478,O 543349,2 

Uean results of French determinations 

Mean of 211 Van der Toom's indications together, in 

Uean between the ~prmlts of Rench and English detor- minations by thii d a d a t i o n  2215,811 2148,0925 560208,92 543088,S 
- - 0,995724 252,5658 

metal and glass given by density - 0,999147 252,6735 
By Van der Toon's indications for o,99949 252,5868 

I 

Capacity of the bushcl 
cohtiin'gequnl weigh: 

density. 

New busI1. Old bush. 

U%soYm'Txoas LpD OF In' OF of sater st &mum 
DUCTIOX. 

2235,757 2147,94 

- . -  2215,66 2147,947 

2215,61 214?,90 

Mean laoult of the abore - 2215,642 2147,929 

2515,661 2147,936 

Weight ofwater ofmax. 
dens. cont'd in the brass 

ofmax.density o f  water. 

N e w  bush. Old bush. 

Sushel,reduczd to temp. 

-- -- 

-----3--- 

560248,O !543115,5 

560247,S 5k5125,5 

5602547, 5.1;138,0 

560251,66 543130,O 

560245,O 543123,4 



-: ' -' - 
Engl.inc1ies. Cubic inehes. Trought. Actual Absolute. .,Reduced a9°,90flength to ' Cubic inch iij weight of 1 1 1 wins' 1 l i i l o p m .  I 1 in brasr. 1 bras. 

%e authentic metre of the committee, compared twice 

The cubic dccimetrc, whicli determines the litre by the - 
The authentic kilogram of thc committce, whicli I com- 

by myself, is - 
weight of water at  m&murn dcnsih, becomes 

t. 39,3842349 

- . 61,09959 

39,9810327 

61,074664 

Deduced WelRht of one cubio inch pared, weighs - - - I  - I -  15499,G 
T h i s  is to be reduced to the actual English weixhts, by the difference found from 

met ice  weight of Mognrn in actual English weight o f  the Mint 

of waor)r ill  b ZFn 

walglll. 

252,632 

the comparison of the troy pound of-the Mint,at tlie rate of2g.,4 per pound troy 1 6f311 

. 1 - 15433,16C9 
b u t t i n g  weight of the cubic inch distilled water at nusiniuni densit7 '. - 232,6994 252,737 

T h i s  a w e &  the result of tlie new French detcrm;nation only - . , - 
It is below the mean of French and English determination , - - 
It is below t h e  mean of Gilpin, according to  my calculation . . - 

o,ou51 0,0487 
0,0;585 0,00775 0,09725 
0,0553 0,0117 

Y 
3 
€a 

l-7 

U 
P 
0 

z 
? 
m 
W 
CD 

U' 

&srans.-The first determinations of the metre, kilogram, kc. were here alffered to remiin, th0115h somewhat different from the ultimate mean since 
detcnru'ned, because it w s  found better to glvc the mul@ upon which the detennimtions were grounded unaltered; the influence of the small diff'erenw 
berween the two is, besidcs that very little. 



196. The results of the comparison of all tho metal capacity measures may 
best be preaentetl in one mass in the table of the following 0 140; any com- 
parison with other results would appear to me idle here, because none of 
the Eng l i~h  standard copies, that I had, is S U C ~  as to answer nith satisfad- 
tion such a call upon i t  It is evident that this was found to be the case in 
the old Englinh standards themselves, on the last investigation for the erta- 
blishment of new ones; no account being given of their comparison, and 
ultimately the ciihty pounds for the hushcl, and the ten pounds for the gal? 
Ion, were accepted as convenient means in  round numbers. 

I t  will be ohscrved how near the mean of the coal bushel of the State 
Department agrees wjth this acreptation, and thereby favors the idaa, tha t  
this cod hiishcl was properly the original standard bushel. 
. 136. Tho manner in which the results were obtained from the weighinp 
ib, i n  fact, evident from the table, and will be explained in detail by the 
specinlens of it that  will follow here, $ 137 and 138. 

The  weighing of the ful l  measures was always iiicludcd between two 
weighing9 of the empty measure, in order to reduce, and even, as often 
ocwirred, entirely to avoid, the reduction for the change of temperature in 
the water, or the mercury, that ffosted the hulb, serving i n  the weighing, if 
not fiilly so the rerluclion was made for the difference, between the mean of 
die first and last empty weighing, and the wcighing of the full measure, 
which never encc.ccled a few tenths of a degree of Fahrenheit's scale. 

The reduction for tlie barometric i3flucnce was applied to the English 
measures by the English data, accepting the atmospheric air of t h e  
water, i n  specific gravity, and adopting for the hrass eight times that of the 
water, which gives for the effect of one inch variation of the barometer 
5 * &  = 0,0000350983. 

For the French litre I adopted the French deterinination of the specific 
gravity of the air, of &, the water being taken at the maximum density, 
whirli, treated for brass like the English. gives ' 4  * & = 0,000037879. 

For the reductions for temperature, I mqde use ot a tnble given by Mr. 
Van der Toorn. in B treatise upon the acetic acid, giving the weigh1 of a litre 
.of water at direrent teniperatiires, as well ahsqJute as for vessels of glass and 
sevcral metalr; i n  grammes and decimals, tbcreby affording an easy desimdl 
reduction for any other measirre. 
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137. Weighing of the metal quart measure of New Hunyshk?, upoe 

the Zurgest glass w a t a  balunce. 

4th cq. The snie M in fjie first cqnilibri- 
urn, until 

__I 

hrorne. 
ter, - 

30,340 

30,300 

- 

30,324 

--I 

Thermometer. 
I_ 

Upper. - 

34,19 

34,55 

34,, 80 

34,95 

- 
I_- 

- 
Lotver.' - 

55,15 

35,35 

35,55 

35,65 

I_ 
_I 

The above gives difference between first and fourth equilibrium, for pro- 
portional expansion of the water of the halanoe, for 0°,58 cxp = 49',9; thence 
For lo, Fahr. ai the mean of SSo = S,45 grains. 
Supplementary weights of the empty quart measure - a 28718,SO 

Do. do. full do. - a 11696,32 

The difference is the unreduced, or ohsei.ved, wcight of thc 

The reduction of this weight for 0°,225 propartionally to 
water - - 17080,G 

the above - - - - - - =+ l ,9  

The actual corrected weight - - - - 1 17082,4 
Betluction of the barometric effect to 30 inches - - +  0,2 

maxiilium dcnsity - - - - + 3,e 
Reduction of the therinometrk variation from 3G0,G to 

Weight at 30" barom. and maximum deneitp of the wakr = 17084)s 
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15s. Weighing of Lhe metal coal bzivhel of the Stale Dcparimend, with 
distilled touter, tyon the largwt mercury balame. 

1st eq. The c d  buqhcl empty, with the h g e  gly43 CDYW in two 
parts. 

32 Ib, Portrmoutli, with hoot. 

14 lb New Orleans. 

256 oz 2 oz. 
128 - 4 - 

Grains [ 'i 118 

2cl cq. Tile bushel filled with distilled water nt temp 58O,O, with 
barom. 

1 

plstc 

6 4 - - / i - -  4. - 

- 
the s m e  glass cover in two parts, 

All under 64 OZ. of Tower troy nest. 
450 

plnte 

means=537 - 

4th eq. The coal bushel agah cmpty, with the snme glw cover, 
well wiped dry. 

All the wiightn hy in 

Mcnne for tlie empty weighing g ~ .  53 at tcmp. 

Thermometer. 

Sppcr. 1,ooner. -- - 

58,25 

57,& 

57$5 

57,65 
57,(81 

-z_ 

omitting the weights tlrnt nerc constant in all tlic four cquil., and using tlic m p m  in& 
cated, there results: 
Yupplementnry weight to the cni ty bushel - - = 596624,2& 

Do. do. fd do. 36502,187 

Apparent weight, by balance - - -i 560122,m 
Reduction for the expaneion of mercury in the balance - -* + 30,58 

Actual weight of the water in the buahel obsei.ved - - 5600152,677 
- 

lieduction to SO" barometer - 4 =m- 9,OW 

of Mr. Van der Toorn for b r a s  - + 112,01y4 

Value at 30N barometer, and 58O temperaluro - - =u 560143,594 
Reduction to the temperature of the maximum de&ty, by thc tabla af 

Wei6ht of Jistillcd wntcr held by the c ~ a l  bushel at rnax$im deneify, 
and 30 inch CxenoF - = 560264@: 
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139. Wpon lite eonslruclion of standards of capacity measure&. 

The  standerding 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 grcatst 
accuracy in their filling, therefore the smallest top surface, that is well ad- 
inissible 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 praclical use; for iostanoe, in  the liquid measures 
cylinders. having the altitude and the diamete7,ol the base equal, and in  dry 
measuree, thal are often used heaped, !he diameter of the base double the 
height. t 

It will be best to choose the metal, of which these standards are to be 
tnade, the same as that of the weights, and of the leneth measures 'I'he 
determination of the expansion of this metal by temperature will be one o f '  
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 slandards in other 
aountries, is equally proper as that of taking the water at its maximum 
density for the detcrmination of the capacity measures; it equally serves to 
simplify tlic whole, and render all redlictionu and comparisons more accu- 
rate, by making all indications less dependant on calculatiotis. Upon the 
kind of metal Uo be chosen, &he proper remarks have already been made. . 



140. RESUL?PS of the determinations of the Capacity Measures, with their reduclions. 

1. State Department measures. 
- .  v 

c1 Date. 
cn 

I I I I 

Denomha- Capacity Weight of &s- Barom. Ther. 
tion. in cubic tilled water in Engl. mean 

inches. observed in inches. Fahr. 
l'roughton's . 

rhermom. 

-- 
58466,227 30",177 39',2 
58468,107 30 ,130 39 ,7 
58506,78 29 ,573 49 ,8 

8814,74 30 ,087 41 ,5 
8815,14 30 ,165" 39 ,8 

17699,89 30 ,lL9 4.3 ,O 
17689,79 30 ,20 53 ,4 
17686,GZ 29 ,83 4.3 ,8 

5 68569,423 30 ,129 A; ,O 
274,325 6839.3,27 6'3 ,2 2 68621,587 29 ,573 49.,6 

1 359063 t 

4 2  ,2 
5409G3,5 30 ,217 47, 9: 

- 0,686 + 21,264 - 5,078 
- 34,03 
- 49,7 

- 50,49 
- 4 0 3  
+112,0.3 

bushel 

I 

1 

68569,057 
68614,554 
68615,482 

540198,78 
540218,lS 1 
.560123,39 
560366,49 
560257,95 

Barom. 
reduc- 
tion to w,". 
70,369: 
+0,2661 
4 9 4  

+ow3 
+0,650 

+0,08@ 
+0,124 
4,101 

+0,310 

-1,027 

+4,33 

+3,92 
+2,24 
-9,08 

+O,OG9i 
+0,061 
4 ,087 .  
-0,ui 9' 
-0,087. 

0 - 0,7704 
- 1,109 

04 - 0,786 
I 1540G,.5906 

154U7,Y136 
15409,02?5 
15.11 1,2b9 
15411,845 3 

reduction O f  the measures comp:tred 
to mar. 

Each observ. ~- 

- 0,0441 8814,7 
0,O 1 8815,09 5 

" 
Mean. 

58484,63 

8814,89 

17691,61 

68599,7 

540208,45 

560249,s 

15%7,83! 

15411,52 

[I1 Murt wt.. 
Mean. 

584603 

8511,21 

17684,21 

68371,O 

1~3981,3 

;60(150,0 

15401153 1 
15405,018 J I 

I 

Reduced for comp. 

55460,y 

70489,68 

70736,84 

G8571 ,O 

67497,66 

70007,l 

15403,'2 

- 

Cn the bush. 
LUnt wrlplit. 

~~ 

467G81,6 

563917,44 

565894,75 

54S568,O 

539981J 

560050,O 

Reduction to 
vacuuin. 

+17,6645 

ri 

U 
e .o 

szs p 

U 

l i lrc  in value 
at mnriinuin 
density. 

15420,8645 
I- * 
CJ 



Continunlion of the Tesults of the deferminations of Cupacity Measures, with their reduction. 
. " 

Date. 

- 
Uec, 5 

Bec. 
13 
14 
12 

Jan. 10 
8 

12 

2. New Hampshire standards. 

Denomination 

f of a pint 
Quarter pint 
Half pint 
Pint 

6Quart 

Iidf gallon 
a l l o n  
The peck 
Half bushel 
The bushel 

Do. ] 

- 

Capacity 
in cubic' 
inches. 

S,56 
7,125 

16,905 
33.861 

Weight of dis 
tilled wate 
observed, 11 
Troughton' 
grains. 

957,35 
1914,19 
444V, 146 
8359.466 

'0 Ihe gallon, 
In l i u t  ut.  

61257,6 
61246,4 
71026,88 
7081236 
68330,8 
68429,8 
68749,2 
6&49,38 
678&3,6 
67297,m 

I3arom. 
n Engl. 
inches. 

33,087 
3'1,ldJ 
33,lW 
30,169 
30,330 
30,161 
30,455 
3 U ,  181) 
29,?45 
29,809 
3 0 , W  

To the busliel, 
111 nlint WL 

490060,8 
489'971,2 
568 ?15,04 
5G6500,48 
546646,4 
547G8,4 
549995.6 
546795.04 
54068.8 
54s76ii.a 

'rher. 
mean 
FAT. 

- 
35,4 
;5,5 
35,7 

42,0 
39,s 
41,o 

46,2 
4475 

35,6 
36,6 

45.25 

- 

661972 
134,97 
269,59 
537.35 

Llarom. 
reduc- 
tion to 

3W'. 

OIO 
090 
090 

+ 0,22! + h,ll + u,02; 
f 0,49: 
- 1,a4 
-19,651 
+82,67 

1 l7 '82;404 
17131,221 
342?8,6 
6 8 2  77,472 

136770.5 

\V eight at 30" barom., and the temp of i m x .  density of water. 
Thetmom. 

67845.4 
65821,.15 
68266,3 

57802,3 

+ U;20 I 957,55 1 I 957.15 + 0.555 1914.745 1913,95 

54Ji55,2 
550568,4 
546150,4 

462423,Z 

17094,619 
34229,2'3 
68777,967 

1 6756,OS 
27 1 647,981 
54Sy9q -. - 

17089,947 17082,7 
34214,9 
68749,2 

136698,76 
n1534,4 
.w766,2 

3. Metal mevsures from the custom-houses. - 
1 I I I I - I  I I 

. 10'76,275 271521.0 29,697 444 . 1076,55 275422,327 24,823 43,8 
539,704 136594,14 29,719 45,66 - gallon 219,5 57809,38 - 

Boston gallon - 5856<,52 i9,8 44,0 
Baltimore do. 224,08 58690,9 - 

226,55 57826,89 30,G96 k54,2 

Reduced for compar. 
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BXPERINESTS UPON 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 tempera; 
ture, cannot be presented here, i t  may be agreeable, for whoever may ta,ke 
interest in the siil),jei$ in general, that I place here get a series of experiments 
made with the smaller mercury balance, and onc matle with the largest water 
balance of glass, from which the reductions were taken when necded; and, 
as relates to the water, the law of it may be calcdated. 

144. The observationa give, of course, the difference between the expan- 
sion of glass and mercury, or water, by the effect uson the weight, which 
was required to make the eqnilibrium at different temperalures. I shall yet 
i n  time b a k e  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 be = 3,1314 by a first npproximatc experiment; this is 
lighter than tlie English fliiit glass: but I shdl  yet nioke more careful deter- 
minations. 

As both these series of observations are made upon quantities of somewhat 
considerable weight, and with care, they may afford prctty sntisKxtory 
accuracy. How these observations were made, has already been stntcd. 
Thei r  extent goes as far'as the variation of the temperature in one year, in 
n room separated for the piirpose, affordcd. I should q - ~ p o s c  this modc of 
observing, all being rested by the slow, naturfil erect, to be preferable to the 
production of artificial temperatures, that would be more transient, and  under 
more accessory influences, from a surrouridiog medium of a diflcrent tcm- 
perature. 

143. To scrutinize these observations, with the view of clcaring the cal- 
culations from error, 1 have projected the line which they rclwcsctit, which 
for the mercury forms a straight line, as both mercury atid glass c x p d  
uniformly. Fo r  the water, the expansion of the glass bcing uniform, and 
that of the water progressive, therc results a curve with two  utrequal 
branches, as must be expected; because water expanding both above ;Illd 
bclow the maximum density, the curve prcscnts bcloq that point the fi@er- 
once between the cxpansioit of the water and Ute confrciclioii of 1hc glass, 
and above that' point the diference belweeiz t h e  ezpunsior! of bofft;  these 
h c s  are represented in a retluced scale, fig. 21. 

144. Taking thc retrults of the observation upon tlic nicrcllry balance from 
the table of the following seclioii, by cunrhiiiitig the 011:;(.I'Vatiorts, giving 
about from 40 to GO F. riiKwence of tenipet~irtrtrc, i n  suc.crssioi1 from t h e  tcw- 
peraturc of about 2.5' IO  tlrut of D ~ O ,  \\*Ilir*h \viis III(: 1liKIlcst obwrvetl, they 
furnish a number of results, the mean ,,f which gives !;G.(iz gmiits I'or tlrc 
variatiorl of weight in cwry dcgrw of ~ J H :  wrialloti uf  1~:tItr ~ J ! I ! ~ I ~ I , ~ , J ; ~ ~ ~ [ , ~ ,  
and accepting the whole weighL uf 1nrixur.y dislr\accd a t  3.2' .=. . 1 1  iiS(i5 

grains, the fraction - = o . o ~ ) ~ o s ~ 9 W ~ ,  presetlts tlw r ~ ~ i i 1 1 . 1 1 1 ~  prolioy- 

tional diKerence 4' wciptit .tori' yond i t ig  (0 tlic ditG:rcncc: ol' cf1i.c.~ ol'  ti:- 
pernture, upon rncrcrtiy a i i t ~  < i a y s .  I'W io lca!iivtiIicit.. 

IlLiIi) S $  I i l l  \v:~t~st,,  ' .;:in11 s i m -  
ply transcribe all the observation$ I i w I I w I \ ~ C S ,  with thc baronicLrlc C W w ' .  

96,GZ 
4 I ti502 

145. Of iIic expc.ritiicnts willi the 1:: 
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tions, that these may be recalOulatetl by whoever m>y wish to take results 
O u t  of them upon another ratio nf the barometric rcdoction. 

T h e  thcrnmornbfcrs of Fisher were corixlructed purposcly to give decimals 
of degrees; the tlegrec is about onr fourth of an inch Ion,:, and they arc 
divided to every two decimal p v t s  of thc degree. 

These two examples of my ohscrvations upon this subject will ~effice to 
gi re  an idea of the manner in which they were all  conducted, without en. 
tering into the details of tlicir retluctioii; they, will be all calculated and 
reduced to comparison and to oile general result, in proper time, for the US& 

jn the construction of standards, for which they are intended. 
146. The water having no expansion at maximum density, while $lie 

glass, or metal, exliands always uniformly the point of temperature at which 
any bulb takee the greatest weight, must be above the temperature of this 
maximum; this will be found by the talile of 5 197 to have occurred in all 

lass bulbs a t  41’,G, the extreme variation between these different bulbs 
k i n e ;  only 0,15 ol’a degree Fahr., within which I suppose‘ no theqorne ter  
may be said to he certain. 

For the copper this temperature w a s  given 44’,6, and bulbs of any other 
metd will of couree indicate anothsr tcmpernture, aqc, :ding to thcir expan- 

jndepcndenily, I foouiitl to he, liLc indicated by Mr. ‘l‘ralles, 3YO.6 Fahr. 
Hence the temperuturc at which a vesqel of any materid holds the most dis- 
tilled water, or displaces the niost, which is tlie same thing, is different, and 
properly to be distinguished, from that  of the maxitn’un) density of the water 
itself. 

When the water in the jars had ice, thc tliermomctcrs always stood at  
33: and even highrr, witliout any dccitled regularity. 

I t  will be observed that thc curve has, at  each side of the maximum, a 
place where it goes nearly parallel to thc line of the degrees; this indicates 
rhe teinpcrnture wlicre the material 01’ the I)ulb e n d  the water have the same 
expansion, hetween these a n d  thc maximum, the expansion of the water 
goitis. I t  will also he observcd that  the expansion of the water, on ap- 
proaching towartl~ thc ice point, is vcry rapid, and that in  general between 
32’ and the moximiini the expgnsion is as grcnt as between this and about 
54’. ‘l’hcsc, ex erimctits h:wc given occasion to various pcculiar observa- 

detailed account of tllc csli~rimcn’ts :padc with a l l  the differcut balsnccs. 

cion; the tcmpcnitnre of Ihe niaximuin density of t s 16 water, clctermiiicJ 

tions a n u  rcniar r w, whiah will hc noticed in  thcir place when giving a full, 
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147. Bu!n for the cfiniige of weight of niercury by the change of leea- 
pe?*ufure, observed willr the smctllcr 7.ercziry balance, b the order of 
teqperu f ure. 

rciglit of the 
ncrcury dis- 

plnced. 

_e 

Therm. 
Fnlir. 

Therm. 
F&. 

24O,89 
31 $4 
32 ,I8 
33 $7 
3s ,98 
3R ,5u 
33 ,42 
3 ,78 
36 ,77 
37 ,61 
37 $4 
58 $5 
38 ,4R 
38 ,61 
3s $0 
SY ,20 
39 ,53 
39 ,74 

40 ,a 
41 ,12 
41 ,34 
1 1  ,90 
42 ,44 
43 ,16 
44 ,24 
44 ,75 
15 ,20 
45 ,54 

40, ,13 

46 ,18 
48 ,60 
49 ,46 
49 ,57 
50 $4 

50 ,54 
50 ,41 

50 .,79 
51 ,00 

51 ,66 
5'2 ,25 
52 ,44 

51 ,24, 

52 ,,ms 
53 ,s5 
53 ,R7 
54 ,33 

55 $4 
55 $8 

.-___ 

* 41 680j,7 5 
569,75 
551,75 
503,iti 

. 484,LS ~ 

460,25 
4 1,15 

, 415,15 
3x3,45 
S55,5% 
341~,75 
3S2,75 

3i4,25 
303,75 
295,75 

2i5,95 
259.45 

32475 , 

I 2ai,25 

6U0,61 
61 ,38 
61 ,88 
62 ,24 
62 ,g 
63 ,UO 
63 ,2.; 
b2 , l2  
63 , 4 ~  
65 $6 
66 ,45 
67 ,b4 
6s ,49 
69 ,46 
69 ,80 
70 ,45 

72 ,51 
73 .00 

71 ,55 

I- 

3P9,10 

2i4,76 
2(Jl,l(I 

2 5 4 , ~  j 
179,44 

70i75 
63,75 
39.25 

232;12 
292,75 
214,08 
195.15 

85 133 
86 ,72 
88 .I1 

i75;75 

41'6085.25 

.150,15 
I O.i,75 

915.25 

73 :58 
74 :tl2 
76 ,87 
77 ,00 
78 $5 
80 ,24, 
81 ,7Y 
82 -40 

891;75 
880,63 
880,75 

, 873,lO 
860,75 

841,75 
814,75 
810,75 
787,75 
78U,42 

735,42 
709,25 

415GY1,76 

853,25 

75475 

-- -- -- --- 

V'ciglit of thc 
inerctuy dis- 

placed. 

I 25;;'s 
4,14985,'28 , 

I 907,41 
896.42 
859177 
7H0,4 I 

.715,25 
690,75 
587,27 
542,60 
494.45 
4.2468 

414341,83 
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148. Colltvlion of r?sirlfs if the  loss of weight of the largest water ha- 
lance so. I ,  with husin Ab. 1, .~JI the cliaiige oj letnpwulzcre, with the 
corrections for [he l~ronieler .  

Sum of ba- Ijarometcr. 
lance and 
weight in 
Trouglit. 
grains. Stand. 

~~ 

-I_ 

Date; 

81,73 
80,23 

3, 227403,63 
371,23 

36.iJ23 
374,2; 
353,88 
264.22 
270,62 
31778 

Jdy 2 227391,93 

271,22 
350,58 
347,58 
333.08 
350,46 
348,96 
335,46 
326,46 
465,97 
47.3% 
47967 
527,27 

363,6.S I 1831. 

545,77 
236,SO 
210.80 

---=----- 
1 I---- -- 

,360 
,355 
,384 
,333 

,298 
,320 
,300 
,241 
,200 
,150 

3W.372 

,107 
,047 

29 ,939 

- ,--- 

- - 
- - 

29 ,863 
30 ,169 

,If53 
,385 

- 

,375 

29 -976 
,002 

1,1 
0,ri 
0,Y 
0,6 
0.6 

7 4 3  
74,6 
74,55 
73,7 
75.0 

1;4 
1,0 
0,85 
0,4 
0.8 

76;2 
78,5 
78,52 
763 
78.3 

Reduc. 

+3,390 
+3,233 
+3,188 
+3,44.3 
+?,986 
+2,986 
+2,672 
+2,86Y 

2,278 
ft,79S 
-b1,345 
+0,959 
+0,421 

p 6 9 O  

-0,628 

-1,227 
+1,515 
+1,515 
+1,461 

+3,363 

4 , 2 1 5  

-0, SOL 
-0,gos 
-0,932 
-3,406 
-0,610 
4 , 9 8 5  
-0,977 
-1,887 
+1,544 
fU,107 
+6,814 
+0,6b1 

+ 0,063 
f1.793 

+3,459 

+0,002 

-0,448 
-0,549 

+%3 3 

+1,81' 

. 

0,;' 

0,s 
0.4 

-0,OH 

- 
Tliermomcters. 

69,2 
79,91 
80,55 
82.43 

- 
Upper. 
- 
74.8 
74,9 
7 5 4  
74.0 
75.3 
75,s 
75,6 
75,O 
76,9 
79.0 
7835 
77,O 
78,7 
75,9 
76,O 
76,5 
76,O 
7GJ 1 
76,4 
76.9 
71.7 
71,4 
71,O 
68,9 

68,3 
79,9 
80,8 
84,65 
80,O 
80,85 
81,7 
n3,4 
79,s 
8(1,67 
81,55 
83,4 
82,55 
78,83 
8435 
8&72 
81,t17 
83,9 
86.2 
83,O 
81,3 

-_ 

133,44 
257,lO 
214,30 
189,80 
224,80 
155,% 
271,OO 
165.64 
151,94 
1!15,44 

1-1- 

,868 
,6?U 
,932 
,890 
,809 
,784 

30 ,141 
,us8 
,760 
.O67 

7;,7 
74,3 

73,4 
74,7 
7476 
74,n 
74,s 
75,s 
78.0 
78,l 
76,G 
779. 
75,s 
7 5 4  
75,9 
75,s 
75,7 
75,8 
76,2 
71,15 
70,7 
70,4 
68,4 

68,l 
79,92 
80,3 
8423 
79,55 
80,13 
81,37 
82,9 
79,25 
80,42 
81,35 
80,05 
82,52 
78,b 
81,6 
82,42 
n I ,27 
83,4 
86,27 
n2,9 
81,l 

741 

_-- -- -- 

111.65 
USU,65 
13H,43 

)227201,44 
- 

,U36 

,200 
30 ,202 

,007 

CI 

68 75;l I 

0:8 I 75,15 
0.5 7.4.75 

(4 75;7 
' 0,6 I 75,7 
I 0,6 ?6,2 
, 0,5 75,75 
~ 0;4 
~ 0,6 
' 0,7 
1 0.5 

75,9 
76,l 
76,55 
71.42 

0:45 79;7n 
0,6 I 80.54 

227395,32 
84,96 
8.3.4.2 

227407,07 
374,22 

b 366.62 365,90 
377, IO 
336,57 

, 266,46 
272,71 
319,12 
272.18 
351,OO 
348,OO 
333,Srh 
349,83 
348,3! 
334,& 
3 25,23 
467,48 
474,lS 
481,13 
530,72 

549,13 
236,30 
210.59 
154,99 
237,45 
212,30 
182.04 
132,51 
253,69 
21S,69 
188.82 
223,82 
153,55 
27 i,94 
165.75 
158.75 

.186,00 
111,97 
030,71 
140,23 

22710:;,25 
- - . . --. - - . . . - - . - 
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Date. 

ins. 
July 31) 

.hIglI!S 5 

6 

8 

9 

Lo 

a 4  

October 1 

2 

3 

6 

5 
6 

I 

10 

11 
1.2 

13 

?-===== 

2272~3 80 
194,W 
4dd,a0 
4Y180 
5ll,44 
49.494 
46.,,:)J 
465.44 
+75,44 
1d3.44 
518.84 
5JI.iQ 
>?..i,27 
506,77 
4 S , J 2  
442,94 
593.11 

f: 'Doc. No. (L9.9. 3 
Lavgest Wuter Bakutrcc: No. 1. 

33, 16 1 

, .23 

, W O  
,OU5 
,071 
,113 

--,0%4 
29,917 
-,900 
30,117 

,lfiu 
,Ib8 
,351 
.P90 

-,l.5.? 

-,- 
,id9 

of b*- Barometer. 
l:me and I 

?27714,22 
7U1,W 
678,S8 
66U,48 
645,36 
SoB,S6 
635 38. 
509.72 

weight i n  
Troiiglit. 

gruiiis. Stand. 

30,309 
. ,274 

,207 
,103 
,688 
.047 

29,974 
.H11 

728,X 
728,~9 
' 770,39 

738,51 
684,0.{ 
786.33 
809.53 
811,19 
799.69 
79J,19 
7 7 4 4  

,070 
-,U97 

,507 
,177 

29,tl'lS 
,748 
,794 

30,129 
,1w) 
4235 
,090 

Reduct. 

+I,S25 
+I >6! 
+u, I79 
+ o , m  
+o, 1.:5 

.+0,989 
+o,s42 

+0,179 

to, 179 

t \J ,7I7 

--11,744 
-0,896 

+I,J,4 
+ . I ,  9rl" 

ti;;; 
+. 600 
+0,7 17 
+0,5t(3 
+L',u99 

f2.710 
+2,459 
+ I  859 
+O,Y ?4 
+U,790 
+0,421 
-0,2.2 
-1 1,977 
-2,781 
-2,594 
+0,296 
+0,628 
+0,870 

+l,588 
-0,964 
-2,262 
-1,849 

+4,540 

+I ,  157 
+0,897 

$3,:;: - 

. 
Thermometers. 

Upper. - 
81,O 
81.45 
70,62 
70,6 
$%a 
70.85 
Y1,Y.i 
71 65 
71,4 
7 4 9  
69 67 
6Y,32 
69;25 
70,o 
72,05 
72,75 
74,77 
74,8 
74,25 
74 0 

.I1 Fish 

59,8 
61,27 
61,55 
63.25 
65,s 
G5,18 
h9,5 
79,7 
G4,45 
57.87 
57,75 
57.8 
54,32 
57,17 
P0,!25 
52,2 
5485 
50.08 
51.8 
52.32 
54,7 

5 8 , ~ s  

- 
I__ 

Lower. - 
81,O 
80,8 
70J3 
70,O 
69,4 
7 4  t5 
71,4 
71,65 
71,4 
7v,7 
69,27 
69,2 
69,05 
69,s 
71,45 
7435 
74, oa 
74,65 
74,lO 
73,9u 

' t i  tlicrn 
58 49 
5Y,B 
60,55 
61,30 
61,37 
64,1 
64.95 
69,3 
71,9 
6417 
57,8 
5i ,8  
57,8 
5 $,28 
56,58 
GO, 02 
52.19 
51.0 

51.2 
52,21 
54,51 

SU,l 

- 
c 

I_ 

Iitier. + 

-- - 

Irean 
khhr. 

- 
81 
81,12 
7(!,QJ 

G9,6 
71),65 

,71,G7 
71,65 
71,4 
70,8 
69,47 
G9,26 
69,15 
69,75 
71,75 
7230 
74,4O 
74,72 
7417 
7s, 95 

-c bnsir 
58,65 
S9;6 
63,91 
61,4'2 
62,81 
64,s 
65.06 
69,4 
72.3 
64,31 
57,83 
57,77 
57,8 
54,3 
56,87 
60,13 

TU,.? 

:$;2 
50,ug 
51,s 
5!2,26 
54,60 

7 

119 

Weight at  
LO" bnrom. 
n 'ky+. 

puny.  

2'27?05,32 
196.16 
48H,98 
491,98 
511,71 
49.5,12 
463,98 
466.16 
474.43 
481,28 
518,lO 
520,84 
52;4,26 
508,20 
464,75 
446311 
395,n 
384.73 
398,.?t; 
404,75 

io. 1. 
22i716,9$ 

703,48 
680,24 
681,40 
646,15 
602.78 
603,15 
508,74 
431,58 
611,77 

.728,69 
708,S.Z 
729,26 

6&3,07 
783.77 
807.68 
81 2. .35 
8OJ.59 
754,:o 
775,34 

7749s 
740,IO 

c__r__ 
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._c_ 

DatC. 

lH.1J. 
bctoh. 14 

15 
16 

17 
18 

r20 

' 21 

24 

2.5 
30 
31 

"ovem. 1 
2 
3 

4 

5 

4 

7 

8 

'I4 
.15 

16 

17 

18 

21 

- 

__ _- 
,,m of b:; 
lsncc a11d 
~cigl i t  in 
I'rought. 
grGns. 

?27743,39 
,708,53 
697,03 
708,03 
687,78 
G&1,03 
651,76 
619,88 
575,3G 
734,36 
723,36 
714,SG 
726.03 
694,03 
GU0,38 
b18,Ud 
81)9,69 
808,ig 
786,53 
789,03 
784,03 
809,03 
8U8,53 
807,53 
805,OJ 
824,53 
816,53 
n22,03 
811,03 
m , 0 3  

82~453 

829,23 
826,43 

831,53 
812, d3 
802,53 
812,53 

621,03 
828,03 
824,03 
856,OS 
8~4,4; 
824,73 
819,03 
826,23 
w , 5 3  
844,03 
8U,53 
842$ 

n2i,53 

- -- -- 

f DOC. NO. 299.' 3 
Largest Water Bakmce No. 1. 

- 
StAnd. 
- 
3 0 , m  

,123 
, I35 
,382 
,335 
,293 
,359 

29,978 
,940 

30,235 
,317 
,161 
,195 
,139 

'39,937 
30,023 

,218 
,010 

29,729 
,G ,9 
,827 

30,049 
,199 
,151 
,147 
,110 
,053 
,242 
\,215 
,195 
,309 
,217 

- ,152 
, 079 
,299 
,251 

29,831 
,916 
,844 
,980 
,880 
,929 
,875 
,670 
,549 
,425 
,371 
9 448 
,520 
,675 

__= 

llcduct. 

+1,2 ,s 
+1,103 
+1,235 
+3,427 
+3,006 

+2,270 

-0,538 

+1,791 
+1,473 

+1,166 

+d,296 
+1,9.56 

+2,630 

-9,251 

+2,109 

+1,750 

- 0 , S G i  

+ 0,090 
-2,504 

-1,532 
-?,.j?J 

+0,445 

+ I ,  ,IO 

+1,785 
+1,415 

+0,9c6 
+0.476 
+-2,172 
f1,929 
+1,750 

$1,947 
+1 ,35  
-+0,7UY 
+2,684 

+2,774 

+2,333 
-1,516 
-0,754 
-1,391 
-0.179 
4 , 9 1 6  
-0.718 
-1,122 
-2,968 
-4,049 

-5,648 
4 , 9 5 7  
-4,310 
-2,918 

-5.165 

-- 

Thcnnomctcrs. 

- 
Upper. 
- 
56,52 

6U,5 

60,35 

62,6 
64,,; 
66,8 
58,O 
58,2 
58,72 
67,83 
60,52 

64,5I 
50,6 
50,81 
51,22 
4 1 7  
5.+ 
50,6 
N,63 
50,7 
51,l 
48,4 
49,65 
48,81 
49,15 

55,53 

59,3 

60,8 

65,2 

50,02 
47,7 

47,7 
49,2 
50,35 

48,15 

51,5 
50,2 
48,82 
49,2 
48,15 
48,75 
46,35 
46,7 
48,7 
4Y,4 
48,4 
42,17 
41,8 
41,2 
40,4 

- 
Lower. 

- 
56.28 
58,21 
59,o 
53,25 
60,21 
60,6 

64,07 
65,9 
58,O 
57,9 
58,s 
s7.m 
d!),48 
6 j,2 
64,G2 
50,5 
50,n 
5 1 , U l  
51,8 
53,19 
50,6 
50,63 
50.65 
51,03 
48,39 
49,3 
48,O 
4 9 4  
49379 
47,s 
48.1 
47,65 
48,5C 
50.3 
51,2 
50.3 

49,l 
48.25 
48,7 
46,35 
46,6 
48,4 
48,95 
48,25 
42,s 
41,8 
41,4 
40,66 

62,C 

4a,m 

--___ -- 

-_- 

Mean. 

- 
56,4 
58,37 
59,75 
59,28 
60,28 
60,7 
62,3 
64,18 
66,35 
58,O 
58,05 
58 61 
57.85 
60,50 
65,2 
6.456 
50.55 
50,79 
51.11 
52,O 
53,2 
50,6 
50.62 
50,67 
51,06 
48,4 
49,34 

49,07 
49.40 
47,75 
48,12 
47.67 
48,38 
50,31 
51,35 
50,25 
48,9 
49,15 
4@2 
48,72 
46,35 
46,65 
4455 
49,17 
r1a,32 
42,2S 
4118, 
41,3 
40,5s 

48,Ho' 

-.. _.- - 

- 
Weight re- 
duced to 
$0'' barom. 
nTrought. 

g.lYlinS. 

227744,63 
703,63 
698,26 
712,46 
690,79 
689,66 
6S4,03 
619,63 
574,82 

' 726,47 
725,15 
715,83 
727,78 
695,20 
599,82 
G18,30 
811,65 
803,28 
784,03 
785,71 
782,48 
8(19,47 
810,31 
808,96 
806,35 
825,52 
817,Ol 
824,17 
812,96 

832,00 
828.38 
829,90 
8?2,24 
814,7* 
804,86 
811,Ol 
82U,78 

827.85 
823,ll 
835,31 
833,31 
821,77 
814,98 
821,07 
83488 
839,07 
839,22 
839,61 

816,n 

819,648 

- .._ . 



- 

Date. 

1831. 
Nov. 23 

24 
27 

28 

29 

30 

Dee. 1 

2 

3 

4. 

5 

6 

7 

8 

10 

-a=- 

Difl'er. + 
4 8  
-0,42 

-0,75 

-435 

4 6  

4 , s .  

fO,O:; 
0,'2 

4 , 1 3  
-0,32 
--0,72 
+0,23 
-0,17 
-0 , l  
-O,@ 
--1,79 
-1,9 . 
-196 . 
-&92 
-1,o 

0,o 
-0,rb 
-0,66 
-1,25 
-1,45 
-0,gs 
-0,65 
-1,03 
-0,94 
--0,85 
-0,74 
-0,7 
-0,G 
-0,68 
-0,6S 
-1,92 
--1,58 
--(1,86 
-0,s 
-0,2 
-0,8 
4 9 5  
-0,Y 

4 2  

-0,93 

+0,02 

--1,O 
-1,13 

-O,9 

t0,02 

[ Doc. No. 299. ] 

Largest [Yater Balunce No. 1. 

&nn 
Faln.. 

38,4 
j8.72 

39,57 

41,14 

-- 

38,s 

39.65 

42,% 
42,s 
42,73 
@,19 
41,8 
40,23 
40,20 
39,30 
39,26 
35,33 
34,8 
34,6 
34,Gl 
53.5 
52,2 
32,4 
5$57 
33352 
34,07 

3&57 
36,58 

35,4 

36,14 
36,78 
37,48 
3&05 
3 , 8 7  
39,16 
39,28 
33,16 
33311 
34972 
36,45 
35,55 
35,8 
35,27 
35,m 
3G,5 
36,73 
37,4 
39,15 
39,53 

40,34 
40,26 

- 

weight in 

glWU. l'rqught. l- Stand. 

227835,03 
835,73 
832,73 
838,73 
838,53 
842,83 
842.16 
84'2,lS 
842,83 
843,83 
843,23 
842,03 
841,53 
839,53 
838,93 

:eat 617,U3 
3,6 { 812,73 

811,33 
809,7S 
799,73 

29",971 
30 ,032 
29 ,976 
30 ,154 
30.,260 
30 ,037 
29 ,597 

,591 
,581 
,659 
,888 
,87G 
,857 
,818 
,793 
,925 
,998 

30 ,021 
,104 
,255 

Itcduct. 

80G,53 
817,43 
825,03 
825,53 
827,13 
826,73 
829,63 
833,03 
836,7S 
838,73 
838,73 

:e 797,33 
glit 793,63 

809,53 
824,03 
815,13 
821,03 
818,23 
821,43 
817,63 
819,63 
83443 
839,03 
842,03 
841,23 

227842,43 

-0,260 
+0,287 
fOJ5 
+1,392 
+2,335 
f0,33:! 
-3,619 
-3,673 
-3, G89 
-3,142 
-0,989 
-1,113 
-1,284 
-1,634 

-0,67S 
-0,018 

-1,859 

+0,269 
$0,934 
+2,27a 
t V 6 4  
t2 ,514 
+2,514 
+2,514 t$:; m;! 
-0,195 
-2, 603 
-2,990 
4 , 6 9  1 
-4,490 
4 , 0 1 4  
4 , 8 6 1  
+0,871 
+0,781 

+3,17Y 
$2,909 
+2,864 
+2,353 
+2,9.39 
+1,975 
+2,245 
+1,769 
+3,852 
t 3 1 7 4  
f3,861 
+3,834 

+3,053 

-I_ 

30 ,160 
,151 
,084 
,122 

29 ,97t 
,71S 
,667 
$6: 
,50C 
,55, 
,57C 

30 ,097 
,087 
,381 
,354 
,324 
,31! 
,26: 
,21( 
,22( 
,25( 
,197 
,42! 
,411 
,43( 
,42i 

- 

I'licrinometers. 

- 
Upper. 

38,O 
38,si 
38,6 
393, 
39.4 
40.97 
42,3 
42,6 
4 5 8  
43,35 
4167 
40,35 
40, 1 
39,25 
39,05 
S4,46 
33,85 
33,8 
S3,65 
33.0 
32,2 
32,2 
32,24 
39,9 
3335 
3 4,92 
36,25 
36,07 
36,27 

' 36,35 
37,11 
37,7 
38.57 
38,82 
38,97 
32,2 
32,32 
34,29 
36,OS 
35,45 
35,4 
34,8 
35,4 
36,O 
36,17 
36,8 
38.7 
39,07 
40,27 
40,35 
-- - 

- 
Lower. 
- 
38,8 
38,93 
39,2 
39,95 
39,9 
41,32 
42,37 
42,4 
42,67 
43,03 
41,9 
40,12 
40,27 
39,35 
39,47 
36,25 
35,75 
35,4 
35,57 
34,O 
32,2 
32,6 
32,9 
34,15 
34,8 
35,87 
36,9 
37,l 
37J1 
37,2 
37,85 
38,4 
39,17 
39,s 
39,6 
34,12 
33,9 
35,15 
S6,85 
35,65 
3G,2 
35,75 
36,3 
37,O 
37,3 
38,O 
39,6 
440 
40,25 
40,33 

__- - 

121 

- 
Weight rt 
30" barom. 
n Trough. 
gmns. 

.'27834,77 
836,OZ 
832,94 
840,12 
840,86 
843.16 

838,48 
839,14 
840,69 
842,24 
840,92 
840,25 
837,90 
837,07 
816,36 
812,71 
811,60 
810,66 
802,OO 
787,04 
788,94 

801,54 
807,97 
818,38 
825,94. 
826,62 
826,94 
824,IS 
826,64 
829,34 
832,24 
834,72 
834,87 
798,20 
794,41 
812,58 
827,21 
818,04 
823'89 
820.58 
824,37 
819,60 
821,87 
833520 
842,8B 
845,77 
845,09 

227846,X 

8 3 ~ 4  

790s94, 

16 



Date. 

1831. 
Decem. 11 

12 

15 
16 

17 

i a  

Sum of ba- 
lance and 
wcight in 
'rrollght. 
p i n u .  

227841,33 
w3,8:3 
841,03 
842,23 

' 842,03 
823,73 

' 824,OS 
833,33 
832,73 
820,53 

812,05 
I ~ C  .8oz,o3 

24 1 823:93 

0 

-0,2 
-0,l 

+0,18 

+0,81 
-2,17 
-1,95 
-2,98 
--1,66 
--1,82 
-1,M 
--1,45 
-1,25 
-1,15 
--0,32 
-0,23 
+0,43 
-0,37 
-1,9 
-0,37 
-0,35 
+9,35 
%0,28 
-0,l 

+0,54 
fO,18 
+0,24 

-0,08 

4.094 

4081 
40,35 

41,61 

40,80 
36,08 
36927 
37,51 
37,77 
35,61 
33,47 
34,87 
35,47 
35,62 
36971 

' 39,23 
40,38 
39,98 

36,73 
37922 

35,32 

41,17 
41,76 
4495 

39,43 
40,41 
40,73 

40,21 

DOC. NO. 999. .-J 

Largest Wakr Bakunce No! 1. 

19 

21 

22 

_.__- __ - 
Bnromctcr. 

818i03 
819.63 
825,53 
835,33 
839,53 
0 3 9 ~ 3  
817.73 

Stnnd. 

25 

26 
27 
28 

29 

30,473 
,353 
,390 
,364 
,391 
,097 

29,921, 
,692 
,750 

30,163 
,450 
,358 
,3UO 
,042 
,188 

29,654 
,896 

30,336 
,350 

29,793 
,757 

30,112 
29,928 

,86a 
,855 
,523 
,468 

'~ ,667 

844,53 
843,03 
844,83 
64493 
84553 
843,23 

227844,73 

Rcduct. 

$4,247 
+3,170 

$::E; 

$kE 

+3,591 
+0,871 
-0,709 
-2,765 
-2,245 

+3,918 
+2,694 
+0,377 
+1,688 

-0,934 
+3,017 
+3,143 
-1,859 
-2,182 

-3,107 

+l,006 
-0,646 
-1,239 
-1,302 
-4,283 
-4,777 
-2,99 

Upper. 

4094 
41,7 
40,O 
40,s' 
41,21 
35,O 
359 
36,OZ 
36,95 
34,7 
32955 
S4,lS 
34,85 
35,05 
36,55 
39,12 

39,8 

36,55 
37,05 
41,35 
41,9 
40,9 
40,17 
40,20 
40,50 
40,85 

4076 

34,37 

- 

Thermometer. Weight a t  
30" barom. 
in 'rrought. - 

Lower. 

40,4 
41,52 
a 2  
40,4 
40,4 
37,17 
37,25 
39,O 
38,6 
36,52 
34,4 
35,6 
36,l 
36,2 
36,87 
39,35 
40,17 
40,17 
36,27 
36,92 
37,4 
41,O 
41,62 
41,O 
40,25 
39,66 
40,32 
40,61 
- - 

-I-1 
227845,58 

847,OO 
844,53 
845,50 

, 845,62 
824,60 
823,32 
830,47 
830,49 
821.99 
806,07 
615,25 

820,Ol 
827,22 
832,22 
838,60 
&12,75 
820,87 
822,07 
824,85 
845.54 
842,38 
843,59 
W , 6 3  

838,45 
227841,74 

8 2 0 ~ 2  

837,95 

WASHINGTON CITP, 291h &ne, 1832. 

F. R. HASSLER 
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