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VII. Re-determunation of the Mass of a Cubic Inch of Dustilled Water.
By H. J. CHANEY.

Communicated by Sir G. GABRIEL STOKES, Bart., F.R.S.

Received February 4,—Read June 19, 1890,—Revised January 16, 1892,

THE evaluation of the mass of a cubic inch of distilled water, as at present accepted,
was based on weighings made in 1798 by Sir G. SHEUCKBURGH (* Phil. Trans.,” 1798,
p- 133) ; and on measurements made in 1821 by Captain KATER ( Phil. Trans.,’ 1821,
pp- 316 and 326). Subsequent researches however, particularly those in relation to
the mass of a cubic decimetre, show that it is desirable to re-determine the mass of
the cubic inch of distilled water.

The result of SHUCKBURGH’S experiments was that the cubic inch of distilled water
at the temperature of 66° Fahr., the barometer being at 29:74 inches, weighed
252422 grains, and this value as corrected by Captain KATER, became 252'458 grains
at the temperature of 62° Fahr., the barometer being at 30 inches; or in wacuo
(t. = 62° Fahr.) the cubic inch of distilled water weighed 252:724 grains. This
corrected value, 252458 grains, has been adopted in various legislative enactments ;—
for instance the Weights and Measures Act, 5 Geo. IV., c. 74, section 5 (1824),
declared that “a cubic inch of distilled water, weighed in air by brass weights, at the
temperature of sixty-two degrees of FAHRENHEIT'S thermometer, the barometer being
at thirty inches, is equal to two hundred and fifty-two grains and four hundred
and fifty-eight thousandth parts of a grain, of which the imperial standard Troy
pound contains five thousand seven hundred and sixty.”

Owing to doubt as to the true mass of a cubic inch of distilled water, the above
section of the Act of 1824 was repsaled in 1878, and has not been re-enacted. No
re-determination of the mass of a cubic inch of distilled water in terms of the present
imperial pound has yet been made; the above value, 252'458 grains, being based
on the old Troy pound of 1758. Dr. WILD’s investigations™ appear indeed to
show that later results obtained in the evaluation of a definite volume of distilled
water, differ appreciably from those obtained in terms of the old Troy pound. If, for
instance, the mass of a cubic decimetre of distilled water at 4° C., as originally
determined by LerkvRE-GINEAU and TRALLES in 1799, is taken as 1000000 grros.

* ¢ Bericht iiber die Arbeiten zur Reform der Schweizerischen Urmaasse,” Ziirich, 1868.
2 U 2 4.7.92
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332 MR. H J. CHANEY'S RE-DETERMINATION OF

Then the equivalent value of the cubic decimetre, as deduced
from the SHUCKBURGH and KATER value of the cubic inch,
wouldbe . . . . . . . . . . . . . . . . . . 1000480 grms.

Other investigations have given :—

(1825) BERZELIUS

SVANBERG > . + . + +« « v « o W+ « « . . . 1000296 ,,
AKERMANN :
(1884) STAMPFER . . . . . . . . . . . . . . . . 999653
(1841) KopFFER . . . . . . . . . . . . . . . . 999989

The arithmetical mean of these five results is 1000084 grms., and there is a
difference of 0827 grm. between the highest and lowest result. The difference between
the results appears to arise mainly from inaccuracy in the measurement of tem-
perature, and uncertainty as to the condition of the water used.

Dr. Brocu™ revised a report by TrALLES on LErkvee-GINEAU'S original work, and
arrived at the conclusion that probably the true mass of a cubic decimetre of distilled
water at its maximum density, and in a vacuum, is from 90 to 120 mgrms. less than
1000 grms.

Methods and Instruments.

Tt has been the object of the present investigation to ascertain the weight of water
displaced by a body or gravimeter, whose masses, in air and n vacuo, and linear
dimensions, had been carefully ascertained, rather than to determine the theoretical
mass of a cubic inch of water. It has been considered that the mass of a definite
volume of distilled water cannot well be ascertained by weighing the water contained
in a vessel of a given capacity; or by the use of gravimeters, made only of one
material (as brass), and of one particular form (as a sphere). Three gravimeters (or
hydrometers) therefore, of the following forms were now adopted :—

Two gravimeters, C and Q, of eylindrical form, one hollow and the other solid, the
third gravimeter S being hollow, and of spherical form. The hollow gun-metal
circular cylinder C (fig. 1, page 840) was nearly nine inches in height and diameter, and
was adopted as being a body the weight and dimensions of which might give the least
probable error in the several operations of weighing in air and in water. The gravi-
meter C was protected form oxidation by platinising, it having been first made air-
tight. For the purpose of linear measurement, there were traced on the gravimeter
a series of lines, as indicated in fig. 1. These lines were cut rather deeper than was
desirable, but the space taken up by them on the surface of the cylinder has been
considered. |

* ¢ Procds-Verbaux—Commission Tnternationale du Métre. Réunions des Membres Frangais. 1873
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THE MASS OF A CUBIC INCH OF DISTILLED WATER. 333

The cylinder Q was adopted as a solid gravimeter because the density and expansion
of quartz are well known, as well as on account of the hardness of quartz, its
capability of receiving a high polish and absence of hygroscopic properties. Q is a
pure crystal, and was originally adjusted under the directions of Dr. Vorr, its coeffi-
cient of linear expansion for 1° C. being taken as 0°00000781 in a direction parallel to
the principal axis of the crystal.

The third gravimeter S, is a hollow brass sphere, having on its surface two engraved
lines for the purpose of linear measurement, and its approximate diameter is six
inches.

Water.

Eaxpansion of Water.—As the weighings of the gravimeters in water could not be
actually made at the normal temperature of 62° Fahr., corrections were necessary for
the density of water at various temperatures. There has not yet been made any
determination of the rate of expansion of water which might alone be accepted,
and we have therefore to adopt the mean result of several selected determinations.
Rossertr has stated the result of his experiments (* Atti del Istituto Veneto,
1867-8), as well as those of Korp (1847), PierrE (1845, 1852), DESPRETZ (1839),
Hacex (1855), and MATTHIESSEN (1866), in a table which gives 1001121 as the
ratio of the density of water at 62° Fahr. (16°6 C.) to its maximum density at 4° C.
It does not appear whether Rosserrr corrected the earlier results by more recent deter-
minations of the rates of expansion of mercury and of glass; which corrections at
some temperatures would affect the last place of decimals in the above expression
(1-001121). The differences between the above determinations would also affect the
present investigation to 4- 0:0009 grain in the mass of the cubic inch of water.

In 1870 Dr. ForRSTER,* after a critical examination of the results above referred
to, as well as of those of JoLLy (1864) and W. H. MirLER (1856),! adopted the mean
results of MiLLER and Rosserrr (after ScHIAPARELLI, 1868); which give 1°001118
as the ratio at 62° Fahr.; or if the maximum density of water is taken at the
temperature of 4° C., then at 62° Fahr. the density of water may be expressed by
0-998881; and these mean results have, therefore, been followed in the present
investigation.

# ¢ Metronomische Beitriige,” No. 1, Berlin, 1870.
+ ¢Phil. Trans.,” 1857 (Part III. for 1856).
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TaBLe I.—Density of Water.

Logarithms of Ratios of the Maximum Density of Water to its Density at ¢.

£ Log. Wy Diff. L. Log. W.. Diff.
|
</§1 J‘ 4° C. 0:0000000 17°C. 0-:0005098
__] D 5 36 36 18 5867 769
< 6 136 100 19 6682 815
> 7 299 163 20 7544 862
= —~ 8 524 225 21 8451 907
2 1% 9 808 284 22 9401 950
— 10 1152 344 23 10393 999
S5l @) 11 1553 401 24, 11426 1033
T ® 12 2011 458 25 12498 1072
— 13 2523 512 26 13609 1111
14 3090 567 27 14757 1148
15 - 3708 618 28 15941 1184
16 4378 670 29 17158 1217
17 0:0005098 720 30 00018409 1251

Condition of the Water.—The water was twice distilled in pure tin and glass stills,
and was found to be free from any impurities likely to affect the weighings. It was
deprived of air by boiling, and no correction for the absorption of air was therefore
made. It was, however, found that at the temperature of 62° Fahr. (B. = 30 inches)
a cubic foot of distilled water, freed from air, weighed about 321 grains more than
when nearly “ saturated ” with air. |

PHILOSOPHICAL
TRANSACTIONS
OF

Standards of Length and Comparators.

Standards of Length and Comparators.—For the purpose of measuring the external
dimensions of the gavimeters in inches of the present imperial yard, four 9-inch end
standards of length were used ; as well as a steel 6-inch and a steel 3-inch standard
(1884). At 62° Fahr,, the true mean length of the four 9-inch standards was
8:99975 inches 4 0°00001 inch; the 6-inch and 3-inch standards having a true
length of 6:00020 and 2-99975 inches respectively. For intervals between 0'1 and
0°01 inch there was also used a subdivided inch “D,” the accuracy of the subdivisions
of which had been measured by the Standards Commission in 1868 to 4 0:000005
inch.

For the comparison of the dimensions of the gravimeters with the standards
of length, there were used two comparators of well-known forms; one a Whitworth
contact comparator, the other a micrometer-microscope comparator designed by Mr.
J. Stmms. By means of the former comparator measurements by touch might be
made to 0°0001 inch ; and optically to 0:000025 inch, by means of the microscopes.
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When two standards or measures of extension are to be compared by means of the
Whitworth comparator, first one standard and then the other is placed in a horizontal
position between two contact points ; one of which is a fixed point, the other being a
movable point or the termination of a micrometer-screw. Any difference, in parts of
an inch, between the two standards can then be measured by means of the screw, the
value in parts of an inch of one revolution or whole turn of the screw being known. In
this comparator, the appreciation of the moment of contact is ascertained by means of a
“ gravity-piece.” When the gravimeter was placed in position, one of its sides was in
contact with the fixed point, its other side being in contact with the gravity-pieces
which was interposed between the gravimeter and the screw, and the moment of
contact between the gravimeter and the screw was then ascertained by gradually
turning or releasing the screw until the gravity-piece fell by its own weight.

In the general form of the ordinary micrometer-microscope comparator, or optical
beam-compass, there are two fixed microscopes, the distance between which is deter-
mined by comparison with a standard of length. The micrometer heads of the
microscopes are divided into 100 divisions, the mean value of one division being equal
to nearly 0°00003 inch; and the linear standards or measures of extension are
compared by being alternately placed under the microscopes, a microscope being fixed
over either end of the standard under observation.

As the comparators were only required for the purpose of measuring small differ-
ences between the standards and the gravimeters, it was unnecessary to verify the
whole 1un of the micrometer screws ; but the particular parts of the screws used were
verified by comparison with the subdivided inch D.

There were no defining lines marked on the gravimeter Q by which its dimensions
could be measured, although certain lines, as previously mentioned, were engraved on
C and S, for the purpose of indicating generally the particular parts of the surface of
the gravimeter brought under measurement. Therefore, in the microscopic compa-
risons of Q, it became necessary to develop defining lines, visible through the
microscope, and this was done after the method of F1zEau and Corxv.

When the gravimeter was placed in position under the fixed microscopes, two
pencil points, made of polished silver, were brought nearly into contact with the
gravimeter, within 0-001 inch of the gravimeter at each end. The “points” did not
therefore actually touch the sides of the gravimeter, but were so reflected as to form
an apparent line of contact, visible through the microscope, on either side of the
gravimeter. The actual distance between the two apparent lines formed by the
“points” and their reflections, as measured by the fixed microscopes, was then com-
pared with a standard of length which was placed under the microscopes after the
removal of the gravimeter.,

Rates of Expansion of the Gravimeters by Heat.—The rates of expansion by heat of
the three gravimeters were not ascertained by actual experiment, as the probable error
which would arise in ascertaining the rate of expansion of a body having the particular
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336 MR. H. J. CHANEY’S RE-DETERMINATION OF

form of either one of the gravimeters would be greater than the probable error of
experiments on the dilatation of a body of the simple form of a rod or bar.

The gravimeter C, for instance, is made of a gun-metal alloy, the coefticient of linear
expansion of which alloy was found by SHEEPSHANKS in 1848 to be 000000917 for
1° Fahr. Tt was subsequently found by CrLArkE (1860) to be 000000986 ; Frzeauv,
also, has shown that SHEEPSHANKS' coefficient was too low, owing possibly to the form
of the mercurial thermometer adopted in 1848. For the gravimeter C, CLARKE'S
coefficient of linear expansion has been therefore taken. For the gravimeter S the
coefficient of linear expansion for 1° Fahr., 010000104, has been taken ; and for Q the
cubic expansion 0°00001924 for 1° Fahr.

Thermometers.

Six standard mercurial thermometers were used—

Centigrade . . . . . . 4,517
" S 4,518
) .. ... 4575
Fahrenheit . . . . . . 430
w . ... 12765
) .. ... 20,065

The errors of these thermometers were originally determined in relation to the
hydrogen thermometer at the Bureau International des Poids et Mesures, Paris, and
were re-determined after the experiments. Thermometers 4517 and 4518 were made
of a hard glass (including 71°5 silica, 14°5 lime, 112 soda, 1'3 alumina, 0'7 sulphuric
acid, and 03 potash), and were highly sensitive.

Thermometer No. 4517.—Divided into 0%1 C, from 4°:8 to 4+ 108°4. Distance from
middle of reservoir to 0° C. is 53 mm, Total length of thermometer is
702 mm. Length of a degree is 5290 mm.

CorrectioN for Calibration.

Divisions. Corrections. Divisions. Corrections.
0 00000 50 + 01668
+ 2 0:0048 60 + 0:1599
8 0:0393 62 4+ 01520
16 + 00651 70 + 01163
18 + 00639 80 — 00082
20 + 00635 90 — (0257
30 + 01039 100 - 00000
40 + 0°1246

Divisions equidistant. Probable error of correction + 0°:0010 C.
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Coefficient of pressure (or pressure on reservoir) for one millimetre of mercury, as
applied when thermometer was used in a vertical position is 0°0001025.

Boiling-point in a horizontal position is 100°:0242 4 0000011. The value of a
division in “ normal” degrees being 0°999758 <4 0°*000011.

Error of zero-point, when the thermometer was placed in a horizontal position,
was 0°:074 C.

Thermometer No. 4518, is a Centigrade thermometer of similar form to 4517.
Boiling-point in a horizontal position is 100°:0665. The value of a division being
02999335 4 0°000017.
Zero-point ; horizontal position, — 0°087.

Thermometer No. 4575.—Divided into 0°'1 C. from — 4°1 to 55°1. Distance from
middle of reservoir to 0° C. is 64 mm. Total length of thermometer,
482 mm. Divisions not equidistant, but by comparison with a standard
thermometer the following corrections were obtained :—

Scale. Corrections.
51 + 0014
107 + 0007
152 + 0011
202 — 0006
249 — 0024
30'1 — 0045
350 — 0051

Coefficient of pressure is 0°0002264.
Zero-point ; horizontal position, 4 0°314.

Thermometer ; Kew, 430.—Divided into 1° Fahr, from — 10° to 4 217° Fahr. Nos.
12,765 and 20,065. Divided into tenths of a degree from 20° to 84° Fahr.

430. 12,765. 20,065.

mmn. mm. mm.
Distance in millimetres from middle of the reservoir to 32° Fahr. .| 2283 134 803
Length of adegree . . . . . . . . . . . . . . . 1-908 2:75 4027
Total length of the thermometer. . . . . . . . . . . .| 620 161 333

It was found that the construction of the above thermometers, Kew, 12,765, and
20,065, did not permit of exact calibration, and the following corrections were
MDCCCXCIL, —A., 2 X
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determined in a vertical position, by comparison therefore with a standard ther-

mometer.
Kew No. 430. No. 12,765, No. 20,065.
Beale readings. | Corrections. | Scale readings. | Corrections. | Scale readings. | Corrections,

°T. °F. °F. °F. °F. °F.
415 + 0013 41-6 + 0121 417 - 0001
50-2 + 0047 504 + 0°045 504 + 0071
590 + 0:060 59-3 — 0003 592 + 0124
681 + 0101 685 - 0037 684 + 0017
76'8 + 0013 770 + 0:027 769 + 0104
86'1 4 0+080 864 + 0065

947 + 0130 950 + 0082

Estimated probable error of correction is 0901 Fahr.

The coefficients of interior pressure at 100° C. for one millimetre of mercury
is 0:0004334, for No. 430 ; and for the other thermometers the coefficients of pressure
were stated as :—

12,765 . . . . . 00002950 4 00000014.
20,065 . . . . . 00002039 4 0:0000008.
Zero-points :—
Kew, 430. . . . . . . . 3827212 Fahr.
12,765. . . . . . . . . 32442
20,065. . . . . . . . . 32418
Weighings.

Weighings.—TFor the weighings three balances were used, by means of which
differences of 135th, gokoth, and j5&goth of a grain might be ascertained respectively ;
for weighings in water it was possible, however, to weigh only to t§gth of a grain.
The weighings were made by Borpa’s method of counterpoise, the position of equi-
librium of the beam, and the weight of water displaced by the cylinder being
calculated after the methods given by Mirrer and Brocw.

The gravimeter was suspended in a glass vessel by a platinum wire hook, and
was surrounded by at least two inches of water, the depth of the water being
vegulated so that it always rose to the same height in the vessel, whether the
gravimeter was suspended therein or the wire hook only. The wire hook was
kept polished, any water found to adhere to its upper surface being either wiped
off or dried off by a blowpipe before the weighings were taken.
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In such weighings in water minute bubbles of air are found to be carried down
by the gravimeter or by the wire by which it is suspended, but by repeated immer-
sions, and examination with a small telescope and a glow-lamp, it is possible
to avoid appreciable error in this direction. When not in use the gravimeters were
kept in air of similar temperature to that at which the weighings were made.

It is, of course, difficult, during such weighings, to find the precise temperature
of a comparatively large volume of water, and as any uncertainty of 0°2 Fahr. in
the reading of the thermometer during the weighing of the cylinder C in water
would amount to nearly three grains, it was desirable not only to use sensititive
thermometers, but to place their bulbs at proper depths, and to read them quickly
by means of cathetometers during the periods of weighing.

All weighings in air were reduced to “normal air,” or air which at the tempe-
rature of 62° Fahr., the barometer being at 30 inches at 32° Fahr., reduced to
latitude 45° and at sea level, contains four volumes of carbonic anhydride in every
10,000 volumes of air, and also contains two-thirds of the amount of aqueous vapour
contained in saturated air. This is the average condition of the air at Westminster
(latitude 51° 29" 53", at 16 feet above sea level), where the weighings were made.
A litre of such air, if dry, but containing the above proportion of carbonic anhydride,
would weigh 1:293934 grammes ; and, if dry, but containing no carbonic anhydride,
would weigh 1-293519 grammes.

2x 2
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Details of Measurements and Weighings.

The following are details of the measurements and weighings of the three gravi-
meters C, S, and Q; together with statements of the results obtained.

Fig. 1.
CYLINDER

e

el a4

UPPER FACE LOWER FACE
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342 MR. H. J. CHANEY’S RE-DETERMINATION OF
Height (b — I/, fig. 1). Centre.
Mean reading of
Date. t. Whitworth
17-34. micrometer for
1888. Fahr, standard
9-inch bars.
R div. div.
November1l . . . . 625 509 5% 486 0
" 5 . . .. 632 506-7 4845
LT 615 5121 4849
. 8 . . .. 621 5069 483-8
" 13 . . . . 630 5065 484+5
Mean = 62-46 50834 484074

At 62° Fahr. the mean height of the cylinder C was therefore taken at 900202
inches.

* Ten consecutive micrometer readings on November 1 (¢ = 62'5°), gave a result by one observer as
follows :—

5098 div.

5094

5095 Mean.



http://rsta.royalsocietypublishing.org/

343

Downloaded from rsta.royalsocietypublishing.org

THE MASS OF A CUBIC INCH OF DISTILLED WATER.

"08B0 0RO UI JUaIoIp A[AYSI[S 0 P[noM [[e] P[NOM aUI] 813 YoIyMm Ueamjaq squiod ot 40£ ‘Iegourerp
10 our] JySrers owres oyy Lpjueredde ore _ [-¢, pue , ¢-T,, ‘@10je10U} ‘YSnOYI[y posiosdl snyj JuO( MOIdS-I930W
-0JOTUL YJIOMIIY AN OTF TIIM JOBIUOO OJUT JYSN0I( JopuUr4o ayy uo syutod o1 jo suorysod oAyl oY) ‘Ueye) Usy) o10mM (F—8)
0 (1-¢) woiy syuommeInseswt o) uonisod I999e[ Yorym ur ‘eoej zoddn s31 UO POISOI T JBY) OS “PISIOADI ST} SeM IOPUI[LD o) JO
wonyisod oy, -eo®} 10M0[ §71 U0 Sunsal () IOPUIAd O} YILM USYE] 010m ‘@oure)sul 10§ (8—F) 03 (¢-T) WOIJ S}uSWLANSLOW OY],

Q-T8¥ OF-L6V | 96-66F | $S.86F | OF-86V | STS6F | 6867 V-L6F | ¢0-66% | 9¢-667 04-39 = uway
5-€8¥ G.26¥ G-E6% 9-66% 9667 9-G667 &-66V 8-16¥ 8-16¥ | G-E6¥ %69 el “
T-78% q.-10¢ 6609 8-109 ¥-10% 0-30% 6109 T.10¢ . 4-00% €104 €29 T 6 :h
¥ ¥8¥ S-10% 8-10% 4109 7109 €-60% G109 0-10G 8-00% §-10% ¢ 19 9 M"
Qv8Y 9-86¥% 4-10¢ T-96% 4-G6¥% 4-96% 6-10¢ 9-G6¥ 6-109 ¢-10¢ 8-69 .
§-98% 1-66¥ 6-L6% G009 &-109 3.86% €-86% G.L6V 9-00¢ 2-6%% q-¥9 0T 71 dequAoN
“ATPp AP “ATP ATp AT AP ATp “Alp “Alp ATP °
‘Sdeq gour-g U -8 €4 G9 T4 8-F 48 ‘9% 1 F
prepuels f | ITRd 8881
T0J I999TOIOTUL “ |
i WMMMMWM%W@E ‘POINSLOUL IOJOTUBIP JO IOQULN N—D J[IIL)) ' ’ orda

") OPUI[A)) JO WHIAWVI(]

w/w w\m ALITOOS mZO_._.WﬂmZeJ_._. N/ ALIIOOS mZO_.ﬁw@mZé._.

«4 TVAOY dH.L 1vDIHAOSOTIHd /4\ TVAOY dH.L 1vDIHIOSOT1IHd


http://rsta.royalsocietypublishing.org/

Downloaded from rsta.royalsocietypublishing.org

MR. H. J. CHANEY’S RE-DETERMINATION OF

344

: ﬁ _
CFRF GT-E6Y | OP-e6F | PBF6F | FR-E6Y | 8LE6V | 99-T6F | BE-86Y | LB6F | TE6F | 9069 | = UK
N _
Z-€8% 2H6% | L6V | 9%6F | G6F | oW6Y | <88F | HF6F | S.€6F | OF6F 059 4 S
187 g6t | B-e6% | 9.86% | 0-T6F | €86F | T1-86% | 0.€6% | AT6% | S-B6F 529 "6 “
T8 cz6F | we6v | Se6F | T.I6V | @6 | 186% | &e6% | AI6F | BB6V 6-19 9 N
CF8F I%6% | 9%6F | 996% | BF6Y | 6F6F | T-e6F | A86F | 0@6F | AF6T %-€9 T g «
€.09F 636F | 086V | 9€6V | T-I6V | 8F6V | TP | €B6F | €¥6F | 8867 059 T 10quesoN
“AIp "ATp AP caIp "ATp "ATp “ATp "ATp "ATp AP o
'SIeq YOul-G wesl | '0G73 61-48 | 'S1-8% | 21-1% | %602 @ ‘€261 | '83-ST | '15-LI ,_
paepue)s W : L ageg ‘8881
JOF I018TAOIOT |
JIOMIT ' ‘9%
wo Mﬁwﬁﬂ@&h WDMP@M%' ..@mkﬁwﬁ@%ﬂ M@u@g@wﬁ—“ wﬂw .wO h@&ﬁadZ‘l.o m.HO.HmQ W ﬁH
CHRY 93867 | 99-76% | 31-66% | €B6F | 92-€6% | G6-B6F | $9-86% | 92367 | S0-96% | 889 | = weoJy
%-€8% 3-66¥ ¢-36¥ L-T6% S-6¥ 9-36% 8-16% 1-367 0-36¥ %567 %59 a1 .
198 167 | Se6F | 9167 | €I6% | 016 | &I6% | <06%F | 2067 | G@6% 0-29 6 ,
FH8F F16% | €86y | <16 | €16V | 806F | O16% | S06F | S06% | L-@6F 219 9 :
CH8¥ 6-C6% | <10¢ | 0-€6% | L6V | 0-86% | 996% | 9¥6% | TFEY | £-96% 09 T g
€.08% 6-G6% | SF6F | 886% | 2.€6% | 96% | OF6F | 9.Q6F | 696 | G-10¢ 159 ©o ot T JequesoN
"ATp “ATp "ATP "ATP "ATp "ATp "A1p "ATp "ATp "ATp °
'STRq YOUI-G weoyy | BT-9T | TT-¢T | "OI-%1 | '6-€T | '9T-@T | "¢T-TT | #1-01 | ‘€16
paepue}s e ‘8881
.nom .HO&QEO.HOMS
jo mﬂ%wﬁ%o n “POINSBOUL TOJOTHRIP 8Y3 JO IOGUINN—'q O[OIL]) ! rd
> 40 T 40
/A%N ALIIOOS SNOILDVSNVYL {\ ALIIOOS SNOILDVSNVYL
TVAOY dH.L 1vDIHAOSOTIHd Yy TVAOY AH.L 1vDIHdOSOTIHd


http://rsta.royalsocietypublishing.org/

Downloaded from rsta.royalsocietypublishing.org

345

THE MASS OF A CUBIC INCH OF DISTILLED WATER.

¢¥8Y ¢Ee-S0¢ | ¥7-90¢ | G0-L0¢ 8-70¢ T-90¢ ¢90¢ | 6%-90%¢ | 88-10% 9-€0¢ 90-%9 = U8
M I
-e8F L:S0¢ | 2-90¢ | 480¢ = €G0S | €90¢ | ¥90¢ | %908 | €80 | F-80¢ G.29 3
T78¥ €20¢ | 9€0¢ | 060 = T@0¢ | G@0¢ | L@0S | LGOS | 986 | 9-00¢ €89 | T 6 “
787 €g0¢ | 9€0¢ | 090¢ | ¥@0g | 920¢ | 480 | L@0S | L86% | 9.00% 0¥9 | 9 “
CFSF F.90¢ | £90% | FF0¢ | 990§ | 0-60¢ | €L0¢ | 001 | 0B0S | 9-50€ 0%9 | g “
987 660 | 911¢ | 08I¢ | 180¢ | T.II¢ | &IT¢ | €O0TI¢ | 820§ | 8-20¢ ¢g9 | 1 IquesoN
A1p "ATp "ATp "ATp “ATp "ATp "AID "Alp "ATp “ATp ° |
'SIBQ YoUI-G AR 079 '68-9E€ | '8E-FE | LE-€E | 0F9¢ | '68-9¢ | '8&-VE | "LE-EE
pIepUe)s e ‘8881
.HOM J930THOIOTTL
ga0mq1 i 7 "oge
Jo Mgm@ﬁmﬁﬂdwvwﬁ M .@@hﬁmﬁwg‘ J9goTBI(T oﬂu. mo .ﬁ@&dﬂﬁZl.% QHO.H..HO a
b
[\
igci ¢ 16V | 9716V | @6-16% | 9G-06% | 90-16% | ¥6-66% | 9€-16¥% . 76-067 | 95-06% 429 = uB
v |
G-E8% 4-16% ¢ 167 6-16¥% £-¢6¥% L-06% £.G67 G167 ' 9-16% 9-16% 0-%9 T el MM
T-%8% £4-88F ¥-L8% 9-88% ¢-88% 1-68% 7-16% 1.68% | %88V 9-48% €-¢9 6 .
V- 78% 3-88% €487 9-88% £-88% T-68% 7-16¥ %687 = 9-88% L-L8¥ 129 ) ©9 w
Gv87 8-68% 9-36¥% 9-16¥% €-88% 6-88% q.16¥% 0-68% 8-88% L-L8¥ €69 ' "€
€-98% 946 G867 6-86% G- V6% G.L6¥ 1-86% 0-86% | &.L6V ¢-86% 8-39 T I8qUBAON
ATP "ATp ATp ATp TAIp ‘AP ATP e ‘Alp °
m <
'SIq TOUL-¢ WeOI | '8%—3E | 'LB-1€ | '9%30€ | G368 | '3€-8% | 184G | 0E€-9% | 6153 _
paepuess M TR 8381 =
d0F JI930TOLIOTTL (&}
09T A\ . . g “oe(l s
.«O .wgm._.uﬁm.ﬂ .ﬂ.dm%ﬁ @O.H.E.wdmg h@u@Sﬁmc OQG w.b .HQQ.SSZI Y4 @HD.H..HO m
2
=
J|A b4 40 Y 40
\ V4 ALIIOOS SNOILDVSNVYIL Aﬁ\ ALIIOOS SNOILDVSNVYIL

@

TVAOY dH.L 1vDIHAOSOTIHd

TVAOY dH.L 1vDIHIOSOT1IHd


http://rsta.royalsocietypublishing.org/

VA\

fa \
=
L Q\;

e

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

L\

3

\

/,//' \

y i
///

A

a

5

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

346 MR. H. J. CHANEY’S RE-DETERMINATION OF

The lines traced on C have the effect of diminishing its cubic capacity ; these
lines are V-shaped, and have a depth of nearly 0°018-inch, with an average breadth
at the top of 0°01-inch. There are 24 vertical lines, each nearly 9 inches long ;
three circular lines, each nearly 28 inches long; besides two circular lines nearly
14 inches long. The edges also of the cylinder were not quite sharp.

If, therefore, the diameter of C is taken at 900115 inches, then the cubic
contents of C may be taken at 572:80365 cubic inches.

WeicaING of Cylinder C in Air.

Description of Weights Mean ¢. Barometer l
Date, 1888. used (w). ° Result. Fahr, Inches. |
Before immersion. |
R in. ]
. (] C = w4 0086 grain . . ‘
Nov.16 .. 147 & 110, Rex 2 Lons | 0.6 Ysaress + 0086 b 575 | 2008
2 » Uy 20, 0 grains grains . i
Cw+ 0 009 grain .
o .
w10 T A LI RS2 Loni) | o7 sgzeal 4 000s b 57 20-08
2 20U Ly 08 graing i
After immersion. |
. ; C 2w+ 0998 grain . .
o 2 1D 8 dr 100, 30, ) Or 'z 18367555 4 0- 998} 601 3022
) O BT ' ot grains., .
C"‘-u + 1052 glaln .
» 20 . 1411(;0' g o8 dns 100,80 0167 ggerses + 1052 p 582 29-34
grains . . . . graing

The following are the weights of air displaced by C and w respectively.

The density of the weights used (w) was 80298, but their values were always
corrected to the density of 8:1430, or to the density (A) of the brass representative
of the Imperial Standard Pound adopted in this country.

. C displaces w displaces
1888, Nov. 16 . . 177°03 grains . . 2820 grains.
' , 19 . . 17763 ’s . . 2810,

’» , 22 . . 17866 " . . 2827 5
’s 529 . . 17350 ) . . 27-45 "

In normal air, C displaces 176°08, and w 27°47 grains, whence the weight, in grains,
of the cylinder was taken as follows :—

In vacuo. In normal air,

C = 183797198 grains . . . 183676066 grains.

* R, Reference Avoirdupois Standards; having small errors in relation to the present Imperial
Pound, which errors were allowed for.
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As the weighings of the gravimeters were made against standard weights, which
were parts and multiples of the Imperial Standard Pound, it became necessary, in
order to find the true masses of the gravimeters, to reduce the weighings to a vacuum,
as the Imperial Standard Pound itself has its true mass stated on vacuo.

WeieHING of C in water.

|
Date, 1888. Weight of cgllmter- ' Mean ¢. water. | Mean . air. B.
poise (w™1). i
grains. o o in.
Nov.20 . . . . 39091-84 5887 56°0 3014
T 39109-85 5810 57°2 3015
w 22 . . .. 3910987 5638 565 30-22
»w 24 . . . 3914:1-86 61-42 595 30-30
» 27 . . . 39090-50 57-61 56'8 2938
w 29 . . L. 30125-00 5800 582 2934
39111-49 5840 57-37 29-92

The differences in the above weighings of C on the several days were considered to
be owing partly to thermometric variations, and partly to the presence of minute
bubbles of air carried down by this large cylindrical body. Results, however, could
not be rejected merely because they did not always closely agree.

At 32° Fahr., to which temperature densities are reduced :

AC, = 127029
1'27050
1:27061
127055
1-27036
127064

127049
or log ACg. = 0°1040169.
The logarithm of the volume of C in grains at 62° Fahr., may be expressed as
follows :—
Log vol. C = 51599338
8626
8272
8476
9102
51598148

or vC = 14449948 grains weight of water at 62° Fahr.
2y 2
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As the cubic contents of C == 572'80365 cubic inches, the mass of one cubic inch
of distilled water (A 0'998881) at 62° Fahr.,, B. = 30 inches, has been taken as
252267 grains.

Diamurer and Height of Q.

The diameter of Q was measured at 25 different points, each measurement being
the mean of three readings. The method of Fi1zEAU was followed, the true distance
between the *“points” (p — p’) being ascertained after the diameter of Q had been
measured.

Mean readings
1889. in inches in terms of 3
p—p
inches. o
(1) Jan. 8 . . . 3083513 618
@ .o 3:083546
3 ., 9. .. 3083684 618
4) Co 3083792
(5) ,, 10 . . . 3083846 620
6) S 3083921
7 o 3084083 61-9
(8) S 3084123
9 S 3-084086 617
(10) Co 3083924
(1 S 3083910
az) ., 11 . . . 3:083923 616
3y S 3083964
(14) Lo 3083982
1s) S 3084013
16y S 3-084214 615
an o, S 3084267
a1s) Lo 3084285
(19) Lo 3:084235 618
(20) ,, 15 . . . 3084108
2n S 3:0841924
22y S 3-084086 619
@3) S 3084093
(24) S 3-084004:
(25) Lo 3083902
! |

At t. 62° the true distance been p — p’ was found to be 8'08234 inches by the
3-inch steel measure (2999749 inch). Hence at 62° Fahr. the diameter of @Q was
taken at 308399 inches.
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Herear of Q as measured at 25 different points by Whitworth Micrometer.

No. 1889. Mean reading. t.
Divisions of micrometer. o

1 Jan. 7 + 4555 61-8
2 ” +4500
3 ” +3998
4 1 + 3842
5 5 + 3459

6 » 8 +4335 617
7 " + 4257
8 » + 3980
9 ’ +3938
10 . + 38935
11 » + 4203
12 ’ +4200
13 ” +4000
14 ' + 4000

15 , 10 + 4000 620
16 ' +4033
17 ’ +3925
18 ” + 3875
19 » +3928
20 I, +4054

21 , 12 + 3695 618
22 » +3700
23 5 15 +4000
24, ' + 4358
25 » +4450
Mean 44049

For the standard 3-inch measure, the mean reading was found to be = 47995
divisions, hence the height of @ was taken as 3-088485 inches.

By the above measurements of the height of Q it may be seen that the quartz
gravimeter is not of true cylindrical form, and that its height could only be approxi-
mately ascertained. After allowing for bevels on the upper and lower edges of
the cylinder, as measured by the microscopic comparator, its cubic contents were
taken as 28:04015 cubic inches.

WEIGHING of Q in Air.

Result. Mean ¢. | Barometer

Date, 1888. Description of weights used (w). Fahr inches

l

|

| . X
Jun 3,10 451 | Gilt b, 31, 33, + gilt grains 1000, 300, 100, l grains

20, 10, 1, 05 1542668 57'35 3081
After immersion.

» 5 p.u. . . .. . e .. . ‘ 15426-68 57:33 30-81
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The following are the weights of air displaced by Q (A 2°6505) and w (A 8:4924)
respectively :—

Q. w,
73496 gr. 2:2944 gr.
7°3495 2:2943

In normal air Q displaces 7:0865 gr. and w displaces 22123 gr., whence, v vacuo
and in normal air respectively, the weight in grains of the sphere would be :—

In vacuo. In normal air.

Q = 1542955515 1542695495 gr.

WereHING of Q in Water.

. . ) Mean ¢. Mean ¢. | Barometer
Date, 1888. Weight of counterpoise w'. wator. air. inches.
Ja;n- 3 . . . G'lit 0'1.‘1;’11122 "j 4.! 0%, + 500 300 50 10 a,nd 49?92 57_057 30'82
» 4 .. | Gilb ]b 32 4 4 oz. + 500 300 50 10 and 6275 57-69 30-75
0'3 grains . .
by O . . . Gilb lb 32 + 4 oz. + 500 300 50 10 1 5 53-03 57-60 3055
0-2, 0'1 grains

Then at 62° Fahr., B = 30 inches,
Log vol. Q in grains = 37643360, or
vq = 5812°14 grains.
The density of the quartz cylinder being :—
At 62°.

2265425

Therefore, as the cubic contents of Q are equal to 23°04015 cubic inches, the mass
of one cubic inch at 62° Fahr. (B. 30 inches) may, by these experiments with Q, be
taken as 252:261 grains.
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After allowing for the difference between the rates of expansion of the steel
standard 6-inch and the brass sphere, and the error of the steel standard in relation
to the imperial yard, the diameter of the sphere is 5992444 inches. On the sphere,
however, two lines had been traced, for which a correction is to be made. These
lines ave triangular in section, being nearly 0°01 inch wide and 0005 inch deep,
therefore the actual contents of S would be at 62° Fahr. = 112:6694096 cubic inches.

WaigaiNg of Sphere S in Air,

Description of weights used.
Date, 1888. (w.) Result. {. Fahr. | B. inches.
Aw = 8'143.
Before immersion.
Dec. 10 . . . | 2Tb. + gilbIbs. Nos. 31+ 38251 | o« _ oasi . . ° in.
+ gilt?gmins 300, 100, 10 . S = 28410-113 grains . . 6165 3017
» 11 . . .| 21b. + giltlbs. Nos. 31 4 32; — . . .
’ + gilt grains 300, 100, 10 } S=28100813 ,, . .| 5770 | 3026
» 120 . .| 21b.+ gilt 1bs. Nos. 31 + 32;} e . . 20)-
+ gilt grains 300, 100,10 . S = 28409802 ,, . . 6028 3037
» 17 . . .| 21b. + gilt Ihs. Nos. 31 + 32; _ ) ra. ax
P e s, 00 30 } S = 928409917 ,, . .| 5832 | 3085
After immersion,
» 18 . . .| 21b. 4 gilt1bs. Nos. 31 + 32; _ . . .
b e, 36010 }j S = 928409918 , . .| 5810 30-18

The following are the weights of air displaced by S and w respectively :—

S displaces w displaces

Dec.10 . . . . . 384'8l0grains. . . . . . 4198 grains,
» 11 . . . . . 35249 ... 4245,
» 12 . . . . . 35200 Soe .. 4239,
» 17 . . . . . 35193 Lo ... 4238,
» 18 .. ... 350120 .. .. 4230,

In normal air S displaces 34'643 and w 4°171 grains respectively; whence un
vacuo, and in normal air, the weights in grains of the sphere are as follows :—
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In vacuo. : In normal air.

28,440°725 grains. . . . . . . 28,410°253 grains.

98,440°817 ,, . . . . . . 28410345

28,440°763 ,, . . . . . . 28410291

28,440°772 , . . . . . . 28410300

28,440°810 ,, . . . . . . 28,410'345

28,440°777 grains. 28,410°307 graivs.

Or the logarithms of the weights in grains are :—

In vacuo. In air.

44539414 . . . . . . . . 44534759

WeieHing of S in Water.

Date, 1888. Difference of equipoise w'. I\/‘E;a;;glf' Mean t. air. B.
. gr. © ° inches.
Dec. 12 . . . . Gilt grains weights added, 27-02 54058 6022 30-37
w 120 0 . » ’ . 27°01 54072 6050 30-37
5 13 0 0 » » » 2470 5663 5920 3030
w 17 . 0 . » " ” 2372 5760 5848 - 3035
w 18 . . . » ” » 2365 5748 58:00 3018

S just floats in water and was suspended and kept in position by a “sinker.” The
weights of water displaced by the sinker, with and without the gravimeter attached
to the sinker, were ascertained by separate equipoises, the small grain weights added
each day representing the differences of such equipoises.

The density of the weights «w’ used was 8°143 ; hence the density of S is—

As = 0999333
= 0999331
= 0999302
= 0999177
= 0999181

0:999265

or log Ag = 1'9996553.

As the weight of S in air is 28410307 grains, the volume of S in grains at 62° Fahr.
will be 2842661 grains. As the cubic contents of S have been taken as 1126694096
cubic inches, the mass of one cubic inch of water (¢. = 62°) would be 252'301 grains.

MDCCCXCIL.—A., 2 z
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354 ON THE MASS OF A CUBIC INCH OF DISTILLED WATER.

Final Result.

The measurements of the sphere S appear to afford more accurate results than
the measurements of the cylinders. The measurements of the larger cylinder C afford
a more accurate result than those of the cylinder @ ; although, on the other hand,
there appears to be less uncertainty as tothe volume of the solid quartz cylinder at
the various temperatures. »

If all the weighings and measurements of the three gravimeters had been of equal
value, then a mean (252:276) of the three results :—

C. 252°267 grains
S.252:301
Q. 252261,

might have been taken as the final result « of the present experiments; but, for
the considerations above stated, it was thought desirable to take as the final result
k= C-+ 38+ Q/5, or 252°286 grains 4 0°0002 grain, as the mass of the cubic inch of
distilled water freed from air, weighed in air at the temperature of 62° Fahr., the
barometer being reduced to 80 inches, against brass weights of the density of 8:143.

A cubic foot of such water under the above conditions would weigh 435950208
grains, or 62°278601 Ibs. avoirdupois.
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