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SIR: L have the honor herewith to transmit to you u copy of the report
made to this department by Professor Hassler, superintendent of the coast
.survey, and of the fabrication of standard weights and measures, showing
the progress made during the past year in those important works.
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Your obedient servant,

LláVI WOOUBURY,
Secretary of the Treasury.

Hon. RICHARD M. JOHNSON,
President of the Senate.

Sixth report of F. JÏ. Hassler, an superintendent of the surety of the coast
of the United /States, and the construction of standards of weights
and measures, rendering account of the works of 1837.

1. As soon as the arrangements müde last spring for the compensation of
all the persons employed in the two works under my charge wore com-
pleted, I immediately made the organizations of the works for the summer,
and proposed such additional appointments as the state of the works re-
quired. A number of plane-table parties were organized, and sent out,
sufficient to fill up the intermediate parts stated in my last report as neces-
sary to be completed, and to extend them farther easterly and southerly, as
much as the timo and weather would allow. Thus, nino parties were
Blair & Rives, primera.
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gradually put in activity, from the la l ler part of Apr i l onwards, sonic of
which acted at first jointly, unti l they were all equally provided w i t h i n s t r u -
ments ; at the completion of which tho mechnniciaus were engaged in the
workshop established for that purpose in the cilice at Washington.

2. The two parlies for secondary triangulations were occupied l i k u hist
year : the one in New Jersey, towards the Delaware ; the other over Long-
Island sound; in continuation of the plan which I had originally formed l o
accelerate the work by this distribution of the parties to both sides; both in
extension of their preceding work.

3. The two sounding parties were equally continued, upon lhe plan
stated in my last report : the one in the neighbor!lood of New York, the
other in Long Island sound.

4. For a long time, the season was so eminently contrary to the field
operations, that lho exertions of all these parties were nol rewarded w i t h
the deserved success ; and they uniformly stated that it would be entirely
impossible to attempt any thing for the primary triangulation.

5. During this period I employed, therefore, my t ime to the f inishing
and adjusting of the system of ounce weights for the mints, which 1 had
the honor to present to the Treasury Department in the middle, of June.
Upon these works 1 present, herewith, a special paper, rendering account
of the new method which I have employed in their adjustment. Leaving
Washington shortly after. I delivered two sets of these weights to tin;
United States Mint in Philadelphia. Jn l\'cw York, I attended to a number
of objects relating to the procuring of future necessary means for the con-
struction of standards, and for the forming, and new equipping, of the party
for my own field-works, as I had allowed the plane table parties to avail
themselves of my former field equipment, in whatever might fit them, in
order to establish themselves so much the quicker.

6. During the mechanical operations which this required on the part
of the persons in whose duty they Це, 1 took tho first leave of absence
on private business, which 1 have taken since 1829, when my connexion«
with, the Government begun again, directing the camp of rny next station
to be formed during my absence ; which was all properly done. But, though
I was shortly after at the station, put the instrument in proper order lor
the work, and attempted to observe, it was not unt i l the 1st of September,
exactly, that the weather allowed actual observations ; and from thence
onwards it lias proved very favorable, u n t i l now, when, for the plane-
table works, winter overtakes us. The temperature of the season is rather
below what can be endured in that kind of work, and these parties have
broken up, one after the other, in proportion as their work admits of inter-
ruption.

7. The results of all these operations have been the following:
8. For the main triangulation those stations have been occupied by me,

which bind up the station points of the works of 1833, and 1834, and unite
the secondary triangulation of the eastern side of Long Island and Rhode
Island on the cast, and of the Jerseys, below the bay of New York, on the
southwest, with proper extensions.

The new theodolite of thirty inches diameter, which was used for the
measurement of these angles, has proved of great advantage for the ac-
curacy, by its stability; in which, I presume, it exceeds any instrument
ever constructed for field-work, and its-grent optical power'of telescope-
and microscopes.
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0. Heliotropes, üf which í had begun the uso hst fall, huvo ihis year
been used for most of tho stalion-points, and for tho base-points exclu-
sively. 1 caused one to be constructed in our shop last winter, after the
two received the previous summer from Gelungen, by the kind assistance
of Professor Gauss, the, inventor of this instrument ; and during my work
this summer 1 received four more: all (seven) are now in activity. The.
aim of the instrument is to reflect the sun's image from tho station-point,
at which' they are placed, to the observer on his station, thereby per-
petuating, for any time required, or allowed by the sunshine, the reflection
of the sun's rays, which is otherwise given by my tin signals, at that
certain time, for which the angle of the cone is constructed, us 1 have
heretofore explained. , ,

10. These new instruments require a man of some intelligence to at-
tend to them, and to replace them about every four minutes, according to the
motion of the sun ; the accélération of the work, which they procure, com-
pensates this additional expense manifold. They will show a precise lu-
minous point, even through tho haze so frequent on our eastern sea shore,
when the outline of the lull itself, upon which they stand, cannot be traced.
It is probable to me that, without them, almost 'no distant triangulation
would be possible on the farther eastern shores, without a very great loss
of time.

11. The secondary triangulation, east of this, has been continued, join-
ing the parts reported upon heretofore, and extending farther to Block
island, and over the shores of Rhode Island, and onwards, grounding
upon tho eastern side of the main triangulation made for its guide. In a
similar manner tho.secondary triangles south, in New Jersey, have been
properly multiplied, between tho sc» shore und the Delaware, und extending
southerly to tho neighborhood of Philadelphia, grounding upon the lines of
the main triangulation, laid out for that purpose, between Navesink and the
neighborhood of Springfield mountain, which h;id ulroa'dy beou a station
point of my triangulation in 1817.

12. By the plane tuble works, all the topography which remained to be
filled up between the parts of Jersey, on Navesink, Stateii island, &c.,
and the shore of the sound, on the nmin land of New York, Long island,
and Connecticut, upon which I reported last year, has been entirely filled
up. The proper points were furnished all alonsr to guide the operations
of the sounding parties. The part about New York has been extended
up tho North river, to about three miles above King's Bridge. Whether it
•will be proper to extend it up, till it includes Tappun bay, as I. thought ut
first, I shall nearer investigate this winter. Likewise, the interior of Long
island, between the two shore parts, has been filled up. Both purls of the
shore of Long Island sound have been further surveyed, as far as Milford,
in Connecticut, and to Drowned Meadows, on Long island ; the topographi-
cal parties furnishing the data to ground the sounding operation upon,
as they went along, in the same manner as they had received their guide
from the primary and secondary triangulations. They extended moro or
less in the interior of Connecticut, towards the points of tho main tri-
angulation, lying in the rear, as circumstances admitted.

13. In the course of the coming winter,,! shall cause all these works,
w,Hh,somo of thq principal soundings, tp be brought together, on a reduced
scale, tp a.sketch map} like I have Hone in former уедгз, which will show
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again tlie stafo of the whole work, at thh; lirae ; and, by its comparison will i
the similar sketches of the former years, the progress which the work has
made in each year. As this can never be dono unt i l all the works have
been collected in "Washington, und reduced for that purpose, these
sketches cuti never be presented with Ihc yearly reports, similnr to 'the
present, as they fall in a time when all is yet in full activity otherwise.
They can, besi-les that, in any case, be no more than a register of the work,
as it progresse«. •

14. Already the above shows : that the naval part hns kept pace with the
topographical parts, as they always work together, in aborted parties.
The two hydrographie parties have worked up all the soundings between
lhe shores quoted above, as surveyed by the topographical parties, from
which they receive always the points, upon which their determinations must
be grounded, in proportion as they progress ; for the wator itsolf udurits no
fixed points, affording any security for the hydrographie works.

15. When I first directed Lieutenant Gedney to take up tho soundings
of the south side of Long island, and the entrance of Now York harbor,
L directed his attention to two subjects of importance, then not yet ascer-
tained, but which ï had sufficient reason to suppose would be verified ;
namely: 1st. The .»xistcnce of a westerly current along the south side of
Long island, and another coming, at certain times must likely only, from
the Jersey shore of Long branch, and that neighborhood, towards that
part of Long island, where I measured the base line, both dangerous to
navigation, at very important points, kid. The existence of a channel into
the harbor of New York, north of the one habitually use«! ; though 1 could
form no accurate idea of its depth nnd stability.

16. The first of these suppositions has not yet been fully investigated,
on account of the nature, and extent, of the works hi ther to performed, as it
will require different operations; but tho second bus succeeded, even be-
yond my expectations, as has already become public since my last re-
port, on account of its importance and great value, lor the so highly impor-
tant harbor of New York. Lieutenant Gedney found a channel that admits,
oven at low water, every size of merchant vessels. This channel has already
been buoyed out for service in future; and the passing of the Ohio, 74 gun
ship, through it, is a fact of public notoriety.

17. That such a valuable discovery, which appeared to lie so near, was
not made earlier, is to be attributed simply to the manner in which nauti-
cal surveys have generally been made. Without sufficient accurate fixed
points on the shore, which the other works of the coast survey furnished,
such a discovery was impossible ; the most experienced and attentive sea-
men might have sailed about this channel ever so often, without being able
to ascertain the fact ; because the place of his vessel, at any time, presents
him only an insulated point, disconnected with other parts, and even to a
tmtribor of such points he is unable to assign"a direction sufficiently accu-
rate to aver any such facts; such discoveries can only be the result of a
systematic work, grounded upon full mathematical principles, as are applied
in our works.

18. Lieutenant Blake, commanding the hydrographical party in Long
Island sound, hns also made discoveries, which, for the same reason just
stated, had remained unknown ; he discovered ledges of rocks, hitherto
unknown, very dangerous to tho navigation, particularly in times of low
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lide ; and the Long bland sound has presented, iu various places, a widely
different form imdur wat;r from what it was supposed, though, in other
instances, his works have confirmed the former statements of the latest
maps. It is very probable that the survey of the eastern part, which has
far more accidental variations, will present more novelty ; but whether iu
finding something new, or confirming old statements, these surveys have
the essential, and abovo till other valuable, property of accuracy, and cer-
tainty of statements, which it is well known is not credited as the property
of the maps now in use.

11). Wilh référence to the appropriation which it is necessary to have
disposable for the ensuing year, I have the honor to state : that the nature
of the work, in its present situation, requires the continuance of the same
number of parties, of each kind, as have been employed the present year, vi/, :
nine topographical parties, two secondary triangulation, two sounding par-
ties, and the establishment for the main triangulation.

20. Lu my report of 2ad November, 1835, I have given some details of
estimates of each such party, so that it may be unnecessary here to repeat
details. What at that t ime was slated for the naval parts and instruments,
шау now be considered as about balancing the increased number of plane-
table parties: though the présent slate of prices, the necessary bettering of
the wages and compensations, and other similar circumstances, have iu-
croiisdd I hoi r expenses.

It is much to IK- doubted whether the remaining balance of this year's
appropriation will fu l ly sullice for .the equipment of the whole establish-
ment next spring, and the expenses that must be incurred before the next
appropriation will likely be disposable.

2L. The total estimate for 1830, above quoted, amounted to $87,300:
circumstances had occasioned : that a considerable balance of it remained
for the use of this year, which, added to the last appropriation, made it
possible this year to prosecute the work vigorously, as has been done.
At least an equal sum will, therefore, be necessary for the next year, under
tlw supposkion that the session of Congress, aller the next, will bo short,
and, therefore, the appropriation be made in March.

Í2U. I take the liberty, upon these grounds, to suggest ; that yoli would
plense to propose an appropriation of $1)0,001), to be nmde by Congress, with
a. vi«w to prosenU« tho work upon the same scale, upon which I have made
this year the experience : that it is most advantageous to prosecute it; I
may even assort, the most economical, proportionally to the result, that
can be reached by it.

23. The wovU appears to gain so much interest nnd credit, that it must be
expected the anxiety of the public to enjoy its results will increase, while,
however, it is neither proper, nor possible, to attempt to satisfy it, before such
a mass of work wi l l be done as (he aim of the greatest public advantage
in it requires. With these views, I shall already this winter cause a con-
siderable part of the work to be brought together, to enable me to combine,
ач early as admissible, planS for the future creditable publication, under the
proper authori ty of the Government.

й<1. Upon th« establishment for the construction of standard weights nnd
measures in general, I have the satisfaction to state : that all the weights for
the custom-houses, States, nnd Territories, to the number stated by you, and
implied by the resolution of Congress, are now ful ly executed as to the work-
shop paris. My assistant in that work in Washington is now engaged in up-
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proximating their adjustment ; for which purpose he has constructed, in
the establishment itself, a lever balance, especially appropriated for the
larger weights, which has fully succeeded ; there was none of that kind on
hand, nor could there have been bought one sufficiently accurate ior our
purpose. I have also caused glass bulbs and jars to be blown in Brooklyn»
where those hud been made which served for my first comparison, (ren-
dered account of in 1832,) of such sizes as will serve for the largest mint
weights, the gallons, &c. Another lever balance, also for larger weights,
is construcling now in the mathematical instrument maker's shop of the
office.

25. When I return to Washington, it will be my first assiduous task,
during day, to attend to this final. adjustment of weights. Last spring,
already I began it, and completed a number of the smaller weights, Irom
which I shal l continue and proceed on. This will refer those calculations
for the coast survey, which fal l to tny lot, for my work by candle l ight, when
the work of adjusting weights, or any other standards, cannot be dono. l
hope to be able to do justice to both works.

26. The greatest part of the standards of yards arc brought to the same
approximate state of adjustment. It is desirable that each of them be pro-
vided with a divided scale, upon the matrix pttrt of the standard, by which
common measures may be adjusted ; my assistant has therefore made up-
on all those yards Unit arc in that state of forwardness, such a scale, divided
•lecirnally, as is legally introduced in the custom-houses. It w i l l bu neces-
sary to give special charge in every place where such a yard wi l l be depos-
ited, that lhe actual standard part of it, which is the yard butted between
the two projecting parts of a matrix, shnll be used only for the most impor-
tant comparisons; whi le the yards of the measurers in the custom-houses,
the yard-sticks for stores, and all such like measures for common use, are
to bo adjusted, or compared, upon this divided scale; for this purpose, it is
properly inscribed and numbered.

27. Ttie capacity measures for liquids arc now under hand in the
workshops. They require, of course, more mechanical labor, as well <is
ski l l and care, to give them the necessary accuracy. They advance as
rapidly as can be expected, and Upon their execution, in a mechanical or
artistical point of view, evidence is. given by the samples delivered to the
Treasury Department; l ike upon the weights and yards by the other
standards of each kind that have been delivered.

28. The separate report, upon the methods employed for the establish-
ment and adjustment of ounce weights for the mints, is hereto subjoined.

F. K. HASSLKR.
НА К КОЛУ HlLb, NJ ïAl l HUMPSTRAD HARBOR, L. I.,

November 18, 1837.
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Report upon (kc establishment o f the system of ounce weights for tfie
mints of (ne United States.

1. The coinage, and other operations, of the mint of the United States
arc grounded upon the ounce weights, in decimal progression, both for
higher and lower weights. They form, therefore, anomalous weights with
the pound troy, having only this pound as single reference of their mutual
relation. It appears from the sample of the standards in. the State Depart-
ment, received from England, that these ounce weights are generally not
mude with suf f ic ien t ' accuracy to.admit reliance upon them: so much' ,so,
that t'he British mint itself'had to announce a depreciation of its old coins,
grounded upon the difference between its earlier weights and,the newer
ones, after the last revision of the British standards, .Testimony of this
has been communicated to the United States Min,t, whose old coins will
undoubtedly be equally affected, for the times before the adoption of the
new pound, declared standard by Congress in 1828, which excluded^ of
course, also, the use of the old ounce weights, which bear no simple und
commensurate relation towards that pound.

3. The establishment for the construction of standards, of weights and
measures for the States and custom-houses, presenting, the best means for
the mint to procure accurate weights, the director of the mint applied to the
Treasury-Department to direct : that there should be made in that establish-
ment several sets of ounce weights, from one thousand ounces down to lho
tenths of an ounce, in a decimal scale. The honorable lhe Secretary of the
Treasury directed me, therefore, to construct them, under date of the 13th
of May, 1830.

3. It is of course desirable for the public as well ns for Government,
that a public account be rendered of the moans and methods, by which thç
weights, which were constructed in conformity to this direction, have been
adjusted to their proper standards. This consideration induces me to pre-.
soul, herewith, such a report upon the operations, by which. I ofyiuned ,llie
aim, as may sorvo to judge upon the accuracy aimed at and attained, in
that operation ; as well as upon tho confidence, that can be placed upon
them, and upon tho operai ions that may be performed with, then},

4. The description of tho actual mechanical construction of these weights
cannot bo the object here ; it belong to the general account upon all the
•operations performed for tho general aim of procuring uniform standards of
weights and measures for the States and customhouses, which will, of
course, be rendered in proper time. Only the mathematical principles ap:
plied to obtain accuracy in this individual case, and the manner in which
they were used, are here to be presented.

5. It is evident that the task implied tho establishment of a full new sys-
tom of weights, for which no other guide was given but the troy pound, to
correspond to twelve ounces ofthat system; from which, therefore, all the
parts of the new dicimal system were to be deduced. It is well known, by
all the accounts of similar operations in Lîurope, that they present scope ior
labor of great attention and assiduity, and requiring vanous combinations
of means.

u. It is easy to multiply a weight, the unit of which is given ; but it i» not
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so with the division of it into any parts without the assistance of accessory
weights, upon which it is not allowed to rely in such un operation ; thence
the operation must be carried on in such a manner, as to render the ultimate
results independent of any such medium, as it may have been necessary
to make a temporary use of at the first outset. The ult imate result, in the
case under view, must always be ; that such a number of ounces, or parts
of ounces, must again represent that pound, when their nominal amount
is the twelve ounces, which it represents ; and also the coinciding multiples
of the pound, and of the new system, must again be equal in their commen-
surate numbers.

7. These considerations led me to the application of a system of com-
bined weighing, and more particularly by binary and ternary combinations
of equal weights, to a certain given or averred weight, equal to their sum.
It must, of course, be extended to such a number of individuals as may be
found most advantageous, according to the disposable means, to produce a
certain number of results, to take a mean of them for euch individual ; to
this the number of weighings is proportional, and natural ly determined.
These combined weighings, keeping account of the sum of the errors of the
two or three individual weights employed in each weighing, give, there-
fore, the means to determine such smal l differences even, as the balance
would otherwise not be able to show, their sum being determinable in their
varied combinations ; and the value of each indiv idual weight becomes evi-
dently determined by the solving of the obtained results of lhe weighings
into those of the individual values ; it gives, at the same time, by the differ-
ences which these results may show, the measure of the accuracy of each
weighing operation.

8. It appears proper to show here, in one continued system, the different
schemes of combination, and the manner of applying them, which I have
put intp practice. I had already made use of a combinatory method in de-
termining the length of a number of French metres, of which I have ren-
dered account, first in my papers upon the coast survey, und afterwards in
my report upon the comparisons of standard weights and measures, rendered
in J 832. I have always found it equally valuable and successful.

9. In the binary combination it is evident : that three quantities com-
bined, 2 by 2, will give in result a value for each, by means of the three
sums which they present ; suppose them a, b, c, the binary weighings,
whicli they give for our use are

1st, a + b
2d, a + c
3d, b + с

and when any two of these are added, and the third subtracted from the
sum, each such operation wi l l give in remainder the double value of that
one of them, which is placed twice in the sum ; thus, evidently

(a+b+a+c) — (b + r.)~2 a, or==lst-(-2d — .'3d weighing.
(a+b-fb-fc)— (a+c) = 2 b, or=lst + 3d — ad "
(b + c-fa + c) — (b + a) = 2c, or=2d +3(1— 1st "

so that each individual is determined by dividing by '2 the remainder ob-
tained. Four quantities thus combined, give, by means of ü weighings,
two results of each one of them, &c.

10. The advantage gained by increasing the number of objects (her«
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weights) increases very rapidly ; but I found it most advantageous, for
reasons which will appear, habitually to limit that number to б weights ;
their binary combination gave me 10 weighings, and these furnished (ï
results for each of the individual weight. If the weight is representei! by
W, und the several individuals are distinguished by successive accentua-
tion, they will present the following scheme of weighings :

No.
bined.

+ W' =

< 4 = W

Complt mi:n(a-
ry weigh!1.
— 0,010
—0,010
—0,014
— 0,018
—0,005
— 0,000
— 0,005
— 0,010
—0,018
—0,000

The weight, representing such a sum of two weighty, being equilibrated,
each of these weighings will present о certain small difference, expressed
in decimals of the grain, as 1 have here represented by the example of one
operation. The additions and subtractions of the result, (lhe absolut«
weight that is aimed at in the weighings evidently disappearing in lhe
calculation,) in the manner above stated, furni sh th« different results for
each. The weighings being expressed by their successive numbers, the
following series of them contains their combination, and the sequel of
results which they present for each individual weight, thus :

" in=^

No. of t l ic Wi-iglit» cnpigrd.

(1+2)— 5=
(1 + 3)— 6 =
(1+4)— 7=

i-2. W

In exactly similar manner as hero represented for lho first weight — W
results for all the others. W1, W3, »fee., are obtained, by the combination
of the following weighings, which I will quote only by their numbers,
thus :

(lst+ 51h)—
(1
(1
(5
(5
(6

(Я
(з
(3
(«
(ß
(8

+
+
+
+
+

+
+
+
+
+
+

(i
7
6
7
7

6
8

10
8

К)
10

\

)-
\
\

)-'

\

)-
)-\
\
\

2d"
3
4
8
9
0

1 '
í)

4
5
7
9

= 2.W

Sth)— ist-}
(8 + 8 )— 3 I
(2 + 9 )— 4
(5 +8 )_ (5
(5 +9 )- 7
( 8 + 9 )—10

(4
(4
(4
(7
(7
(9

+
-т-

+
+

7
í)

10
9

10
10

)- 1
\ 2

)- 3
-ri j»
— 6 I.
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If, by way of example, the weighings quoted above are taken into cnlcu-
lation, according to this scheme, the following will bo the six individual
results for each weight, and their ultimate resulting means :

f
'—0,0075-]
—0,0120 I mean.

jI —0,0050
L—0,0160 J

f—0,0025Л
j —0,0030 j

\ l

—0,0090
L—0,0140 j

f—0,0005-)
I —0,0130 j

^H^Sf"0'0081

—0,0025
t—0,0040 j

I found it most advantageous to use the signs so
at should be represented by the weight compared,

W

f—0,0025-J
| +0,0020 |

, J +0,0015 !
"j +0,0025
j +0,0040
L—0,0025

mean.

:+0,000 í)

:J
•—0,0020~)
—0,0070
+ 0,0020
—0,0025
+ 0,0025

. + 0,0040^

|>= — 0,0005

Excels of the 5 weight» over the Irue sum.
W —0,0008"]
W1+0,0009 j gmin.
W2 — 0,00(57 }• =—0,0212
W3—0,0005 j
W*—0,006'lJ

that the weight aimed
when the difference is

applied with the sign given to it ; thus, the sign — indicates the individual
weight to be too large, and the sign + would designate it too small, for the
amount following such sign.

11. The above example is taken from the 6 ox. weights, which required,
therefore,' always one pound troy in each basin of the balance. Their sum
represents, therefore, 30 ои. and shows —0,0212 gr. total overweight.
When weighed together, comparatively with another authentically made
out 30 oz. weight, or 2.J pounds, the result found was =—0,0222, therefore
only 0,0010 gr. different, (less than one fourteen-millionth part of the
weight,) the sum itself deviating less than one -seven-millionth part of its
weight from the standard, and the mean of them would present for each
yet an excess of ——0,0035 grain, or about ̂ J-^ of the weight. That
such proportions are only calculable, and not physically discernible, w'H
be clear to every man in the least acquainted with such subjects ; in fact,
the simple wiping with an oiled leather, as is often done for a.pTelcnded
cleaning, would take otf a much greater weight. (Still W, which showed
the largest, was still somewhat reduced, though it is in general rather too
precarious to be advisable to do so when weights are so near.)

12. The ternary combination by five pieces, or weights, which 1 have
made use of, presents the following scheme, when presented like the binary,
except denominating, for more ease, the five pieces successively by a, b, c,
d, e. They present the folio wing scheme of
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WEIGHINGS.
N'>. »Г (lie weighing. Weißlit combintil.

1. = u-fb+c
2. = a-fb+d
3. — a-j-b-f-e
4. = a-j-c-f-d
5. = a-j-c-j-o
6. = a-j-d-fc
7. = b-j-c-fd
8. = b-fc-fo
9. . = b+d-fe

10. = c+d-j-e
To solve this combinat ion, for the obtaining of the four results, which

it furnishes for each individual , it needs the addition of three of these
weighings, and the subtraction of the double of a fourth, whi-.h are so
selected as to -give in their remainder the triple of that individual, which it
is intended to determine ; tin's will stand thus, undor the same form as the
preceding :

N», ni' ill« weighing. Vuliie »I the c ' ln ibinnt i iWi
)— 2.7 =(3.п + а.Ь+2.с + 2.<1)— 2.(b + c+d)
)— 2.8 = (3.;. +2.1) + 2.d 4-2.0)— 2.(b + d + e)_= „

'
( 4 + 5+G)— а . 1 0 = ( 3 . . . . .

The other results are obtained in the Fame manner, by the solution of
the fol lowing combined weighings:

(1+2+7)—2.4 =

>3.b(2 + 3+9)—2.0 =
(7 + 8+!))—2.10=.

/l-J-'l-J- 7^ ° °r== ")
(1+5+ 8)-й!з=1
(4+5+10)—3.«= [
(7+S+JO)— 2.0= J

(3+4+• 7)—3.1==

(4+6+10)—2.5=
(7+9+10)—2.!)=

(3+Л+ S)—2.1 =
(3+C+ !))—2.2=
(5+e+lO)—3.4=
(8+9+10)—2.7=

The room for g i v i n g an example may be spared here, as the whole ope-
ration is evident from lhe preceding1 one of lhe binary combination.

13. "With the augmentation of the number of the weights, the number
of combined weighings must of course increase, and so will the results ;
,4Í x weiglus produce íiíleen binary weighings, and render ten results for each
individual ; th« ternary combination of six weights requires twenty weigh-
ings, and produces equally ten results for each individual, &c. But to make
so many, or moro, weighings in succession, with the adjustments of the
balance, lho temperature, &c., all equal throughout, is too precarious, and
this equality of all ci re» instances is the requisite of afcciiracy in the results.
Upon proper experience, 1 have, therefore, generally limited myself to the
number of live weights for each combination, where I could perform the
ten weighings required in one uninterrupted series, unless some adverse
accidental circumstances, as a sudden change of temperature, or others,
occurred ; the nicety of all adjustments, the necessary equality of all cir-
cumstances, and the close and mi nute attention, which such accurate weigh-
ings exact from the operator, indicate evidently a limit which it is no more
advantageous io exceed.



[79] 12

I» the first preparatory beginnings of bringing a weight near to adjusl-
mnnt, I, of course, sometimes even l i m i t e d myself to a loss number of
combinations, though never in the final adjustment, even up to the th i r ty
ounce weights inclusive, which requires to load each hauin of the balance
with the weight of five pounds, which it admitted yet to unexpected satis-
faction, the results not varying sensibly more than those of the six ounce
quoted as example.

14. The order in which the weights below the pound were to be deter-
mined, was of course prescribed by their ratio to the pound, and to each
other, thus :

The G ounces by binary combination upon the I pound.
The 4 ounces by ternary combination upon lhe l pound.
The 3 ounces by binary combination upon G ounces.
The 2 ounces were compared by both the binary combination upon

four ounces, and the ternary upon six ounces. They were evidently
of great importance, as the len ounce weights, the most important of
the set, had to lie made by the deduction of two ounces from the pound,
to prepare thorn for the ternary combination, through which they were car-
ried by the total ниш of 2 1!>. + (3 oz. The five ounce weights
were combined binavily upon ten ounces. Por the one ounce, mid the
inferior weights, the mode of proceeding can easily be imagined from this
statement ; the sensibility of the balance increasing with lhe decrease of the
weights; ] aided it s t i l l , by having a series of basins rnado lighter, in pro-
portion to the weight they had to be used with.

To go here through the details of the results would be too long, without
adequate marking interest; it may suffice to say, t ln i t , by successive reduc-
tions, the weights were all brought to n degree of accuracy never less than
that quoted, until the thirty ounce inclusive, which required the balance to
be laden with sixly ounces. Above thirty ounces, the combined weighing
exceeded the l imit of the balance, so (hat the adjustments had to be made
single by the sum of inferior ones. The new weights used in each of the
subsequent comparisons were always tiiken into account for that corrected
amount, which had resulted from the combined weighing, when they were
themselves adjusted.

15. It would be of no special interest to quote of each weight its ultimate
value, at which it was left : it may suffice to say, that even the greatest were
not suffered to deviate as much as the hundredth part of n grain ; no such
différence was even found when six weights, of ten ounces each, were
compared at once, with a five pound troy weight of Gilbert, accompany-
ing the balance procured from him, originally for the Virginia University.
It was this balance which I used for the combined weighings, and deter-
minations of the ounce weights, up to thel if ty ounce, it being constructed
ibr the extreme weight of sixty ounces, or five pounds troy. Every scries
of results of a combined weighing, furnished naturally ihe direction by
which eflch individual weight was gradually reduced to its proper standard.
Weights falling below, or getting too large a quantity (or, as may be said,
requiring too much addition,) were of course discarded, us for their ultimate
rank in the sets, and not delivered, though they were still near enough to
serve in the combinatory weighing, for comparison, to adjust the others. I
was so lucky, by dint of attention, as to have hardly nny to discard.

16. "When once the value of the weights is brought so near that the va-
riations from their intended accurate weight is considerably below what
the balance is capable to show by single weighing, a result which is ипаь
tainable otherwise than by the combined weighing \vhich I have used, it
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is no moro prudent to touch llicin. Not only can their value, us determined
in that wise, be fully accepted, but it cannot be expected that in tho length
of time of their use they cun preserve that accuracy ; thence arises the
habit, oxcupt in the unique standard of a country, of allowing a certain
ftitfferauce, for which tho weight is left loo heavy at the first making, the
quantity of which is made proportional to the intended use of tho weight.

17. The following table shows a collection of results for each kind of
the weights, and their total amount for the live sets, (and some over) that
were made to answer lho purpose? of the work, from 1 ounce up to 3U
ounces, the limit of the combined weighing, which I may assert is also
the limit within which such nice determinations are possible or necessary.
The 40-onncü, fiO-ounce, and the lUO-ounco weights were made accurate
lo the l imi t which single weighing is able to show, viz : about three or five
thousandths of n grain, as would appear by a calculation that could be
established upon inn rlifi'c.ront weighings. They were the most extreme
limit , to which í submitted the balance, reluctantly, but still louud it not
uft'fiCled by it ; needing, however, extreme caution in all respects.

TAULIC.

l'ieccs.

10.
7.
9.
õ.
о.
õ.
0.
5.
().
5.
5.
5.
5.

SuiiisTb.

V.iliu'.

l.o/.
а.
1>.

'1.
о.
0.

К).
0,5

' 0,4
0,3
0,2

so.
30.

'Г 'н-ii- -.um in о - i i i c i - я .

lO.oz.
14.
27.
ao.
25.
SO.
00.
•2,0
2,4
1,5
1,0

100.
150.
443,4

V a r i a t i o n Croin ubuolulu weight.

+ 0,0063
0,00895

—0,0004
—0,0067
—0,0407
—0,0123
—0,0221
+0,0074
—0,01256
—0,0100
—0,0083
—0,0081
—0,0052
—0,05381

18. This shows that from the 0,2-ouncc ti l l 30-ounce inclusive, there
were 78 weights mudo, comprehending 443,4 ounces. The result of
their deviation showed the total excess or deviation of — 0,0538. Taking
the means of these results, as is otherwise habitual, in estimating the pro-
portional accuracy, the following would be the resulting means, under
different references ; it exhibits the following approximate means, in deci-
mal parts of the grain—
„ , . 0,05381Ъ or each piece = _J .

v 78

per ounce 0,05381
443,4

ï 0,0007 of the grain.

. 0,00012

- = 0,0000002

proportional to the whole sum, the -»-»-Лтпг part of the whole.
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This must, however, not be considered otherwise : Lut asa proof of (ho
fully satisfactory accuracy^obtaincd iu the operation, as it is evident thai
even in the smallest weights, where the .sensibility of the bulunccs is the
greatest, such a proportional weight and accuracy could not possibly be
physically represented ; still, however, a icw of the weights were s l ight ly
.retouched afterwards; and for the 3 sets sent to the mint and to the Trea-
sury Department, a pioper selection was made of the most accurate of
each kind.

19. All the weighings were; of course, made by substitution; but not-
withstanding that by this process the same state of equilibrium is intended
to be produced, by placing the two weights in the identical position to-
wards the counterpoise and the balance, this very identical state ol'tho bal-
ance is not very easily produced. It is necessary that the points of reference
of the balance be exactly horizontal, and the temperature of both anus to re-
main the same, though they may not be at the tame tempe-rature-, because
the variation oi the momentum of the weight is very great, and increases
very rapidly with the weight, and with a very small change of tempera-
ture. The simple change'of air that takes place by (l'or ins taure) opening
the glass case, to feed the balance, more frequently on -o r io side than ou
the other, will affect the temperature. It is ev iden t l y cliilicull to ascertain
this fact, because any thermometer can only exhibit t i i e temperature of the.
near ambient air, which may be, or may not be, that of the arm itself. It
is, therefore, sooner discovered in its effect upon the weighing, t h a n on the
thermometer itself. It is necessnry to lay up the weights l i g h t l y arid cau-
tiously, in the middle of the basin, and not to giv4; any jar to the balance.
The basin should not come in an oscillatory motion, when put in ac t ion .
The initial momentum, given by the suddenly setting the balance in ac t ion ,
produces an excess of oscillation, which is not good ; it is even not always
easy to prevent changes in the points of suspension. The estimation of
the coincidence should always be judged only wi th in the first d iv is ion , near-
est to the horizontal points ; the estimates between farther distances wi l l
seldom fully agree with those found afterwards, when nrar coincidence.
To ciitr.eiii any weight by the difference of the oscillation, is applicable: only
within thèse narrow l imits , and there only it wi l l be found good ; for
weights less than the balance can show in a direct manner.

20. In general,.as simple an operation as weighing appears to bo, in its
daily common life application, it becomes extremely delicate, and therefore
very difficult, when mathematical accuracy is aimed at. It is extremely dif-
ficult to keep the balance exactly in equal adjustment for a number of suc-
cessive weighings; and to produce the,same circumstances, in all respects,
by another, adjustment,.is depending too much on what may be called a
lucky chance, which it is not always easy to produce as completely us re-
quired. The delicacy, and strained attention required for that task, proved
to me extremely fatiguing.

21. The individual weight used to derive the system of ounce weights
from it, was principally a troy pound newly procured, by way of verifica-
tion of the déterminations made in my former comparisons. It was compa-
red at the United States Mint in Philadelphia, with the weight there pre-
served as standard, and presented a perfect equipoise. As an assistant in
the comhinatory weighings, I could also make use of the troy pound
weight, belonging to the balance procured from the University of Virginia,
which proved to,have suffered very little, though.the bpx contiur^ig them,
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all arrived in a very broken sinto. For the first preliminary adjustment of
the weight, I used the subdivisions of the French kilogrammes, which I
had procured in 1813, for the collection oi the coast survey, which wert-
superior in accuracy to the corresponding English small weights.

Й2. All the weights, from 1 to 10 ounces inclusive, were solid bruss
cylinders, of the same diameter, and in height proportional to their weight ;
those below 10 ounces having light lines around them, indicating the num-
ber of ounces. The decimals ofbunees have, of course, a diameter reduced
proportionally, but all again equal, and equally marked, for their weight, by
fine lines around them, lilce the whole ounce weights. All the weights aro
excavated at the bottom, so as to stand upon a rim of proper proportional
breadth, which at the same time that it greatly preserves the weights from
rubbing, furnished the means for (ho nicest adjustment, which was madt-
ultimately by rubbing them upon a fine hone, until they were reduced to
their desired weight. The weich t s above 10 ounces were mudo cylinders
with knobs, exactly similar to those made lor the general series of standard
weights, and proportioned, equal ly l ike those, in height and diameter.
They were of 30, SO, 40, 50, and 100 ounces.

ЙЗ. It is a bud habit, s t i l l loo much prevailing, to make the weights in
part hollow, to introduce into the cavity such pieces of wire, or cither
pieces of гпсЫ, (often lead, the worst of ail.) to produce the weigh t desired :
this is very objectionable on all considerations. The hollow part is not
enough under the command of the workman to be so well worked as not,
by I l io rolling of the pieces introduced i n t o it, to lose weight. When a dif-
ferent mötal is introduced, the galvanic effect occasions oxidation, which
immediately destroys the original nccuray. It may easily happen that, out oi'
mere curiosity, the weight is opened, and then ci-rtaiiily its accuracy will ,
have changed. It is besides evident, that the determination of the spe-
cific gravily of such a weight is not possible, without altering it. This it is,
however, sometimes desirable to ascertain. A weight mustbe a solid mass
of compact, uniform rnctal ; the selection of the metal depends on the cir-
cumstances of the case, of its application for use, &c. The reason for
my selection of. the brass, I have already stated in its proper place.

24. The diilercnt buoyancy of different metals in the air, according
to their specific gravity, is well known, a;; well as its unavoidable variation
with the state of the atmosphere ; but the accurate scale of its variation
is less so, and escapes stijl, in agréât measure, the efforts towards its accu-
rate determination, on account of its minuteness; it has, therefore, been
taken, into account only since the establishment of the French metric sys-
tem, which may be considered as the first establishment of standards,
made with the scientific means of modern times. The keeping account
of these considerations in the present case was evidently not necessary ; and
not answering any special aim, it was, therefore, omitted entirely. Having
brass standards to mako other brass standards from, and always placing
both exactly under the same physical influences, it would have been more
than idle to attempt to keep account of any possible differences ; the differ-
ences between the observations would likely have exceeded the difference
searched after.

25. That different proportions of the alloy of copper with other metals
must present different proportions in these influences, is evident, though
their quantity is riot yet within our reach to determino precisely; and in
the English standards, from which ours are derived, it docs not appear that
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ever пну particular reference to l'uit was taken into uccouut. In tlie copy
of the British standards iu the Stute Department, the troy weight set ap-
pears to have but a slight addition, apparently, of tin, to the copper, only
sufficient lo prevent it's talcing impressions too easily. The avoirdupois
weights are of the color of. cannon metal, (often, in England, improperly cal-
led bell metal.)

26. To state the manner and the mensures taken to procure brass of the
greatest perfection, which has been employed for the weights, belongs more
properly to the description of all the means employed for the whole estab-
lishment of all the standards, for the Slates and custom-houses. The mint
weights have, of course, partaken of these, in all respects. It may suffice here
to say, that to obtain the proper result in the quality oi the metal, it has
been necessary to establish for ourselves the reduction of the zinc from the
ore, on account of the zinc of commerce being too impure, and particularly
containing iron, which will always produce л porous and very unequal
brass.

•27. Asdesirabl« as,it may 1л;, for c;iso in using the weights, and to prove
their authenticity ; it is ;.howcver, not admissible, wi th the proper accuracy,
to have any marks engraved upon weights. They w i l l always collect dust,
and thereby alter the weight. -ЛИ that is admissible, for the purpose of au-
thenticity only, is a light stamp, which can easily be made so as to present
no edges, and no depth, in which dust can collect. The stamp used was pur-
posely made so as to have all the delineating different depths rounded off,
and it is put on very lightly, so that the impression can he felt only slightly.
The indication of the quantity of the weight must be left to the judgment,
upon their size, and the marks, as well as places in their packing boxes,
where they are lodged in exactly fitting cavities, l ined with velvet.

28. For the manipulation of the weights, the boxes arc furnished with
forks, pincers, and forceps, appropriated to each size of weights—for they
must never be touched with the naked hand, after adjustment. It is difficult,
even impossible, to prevent entirely that they tarnish, notwithstanding that,
in the manipulation necessary for their adjustment, after coming from the
workmen, pieces of silk were always used over them, and that they were
utmost constantly covered with silk stuff in the intermediate times. But the
tarnish is, of course, an effect of the atmosphere; and, if the brass in general,
principally when polished, is suffered to take this tarnish, at first from the
dry atmosphere alone, so as to present what is called in numismatics
" œrugo nobilis"it appears that it become» less liable to take afterwards the
tarnish by touching.

F. R. HASSLBR.
HARROW HILL, NEAR HEMPSTEAD нлнвон, L. I.

November 18, 1837.


