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) PREFACE.

In the following chapters, I have commenced a serious study of the
volumme thermodynamies of liquids and solids. The work is, as yet, con-
fined t6 volume, pressure, and temperature. Questions involving en-
tropy and energy are also in active progress, but can not be included
in the present bulletin.

Accordingly the first and third chapters describe the method of gen-
erating and measuring high pressure (i. e., pressures up to 2,000 or
3,000 atmospheres) in full. The second chapter treats of the isometrics
of liquids, and it is found that they can be very nearly represented by
straight lines (Levy, Ramsay, and Young). The fourth chapter finally
traces the isothermals, as yet of but one substance; but the results are
none the less noteworthy since they indicate the occurrence of a criti-
cal temperature solid-liquid, and show a probable method ot coordinat-
ing the normal type of fusion with the ice type, in a continuous diagram.
The far-reaching importance of hysteresis, as accompanying all changes
of molecule, whether chemical or physical, whether induced by stress,
magnetization, temperature, or the intervention of affinity, and whether
observed electrically, mechanically, or chemically, ete., is emphasized.

The work as a whole is tributary to the geologic views of Mr. Clar-
ence King, by whom the importance of a deeper insight into the vol-
ume changes of liquids and solids was pointed out. C. B.
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ERRATUM.

In § 74 there is a wrong entry of volume. The effect is such a shifting of the co-
ordinate axes that 0-5016 cm3 must be added to all the subsequent volumes to cor-
rect the results. More rigorously an additional 0:000,011 cmn3 per degree centigrade
is to be added, and 0-000,001,32 cm? per atmosphere deducted. The relations are
therefore practically unchanged, and hence the inferences are sustained throughout.



THE VOLUME THERMODYNAMICS OF LIQUIDS.

By CARL BARruvs.

CHAPTER I.

METHOD OF OBTAINING AND OF MEASURING VERY HIGH PRES-
SURES.

INTRODUCTION.

1. Andrews’s screw compressor has this advantage that the strains
are all brought to bear within the compass of the barrel. In other
arrangements, such for instance in which a eylindrical plunger is forced
into the barrel, stress must be exerted on the bed plate or applied in
a way tending to flexure of the plunger. It seemed to me, thevefore,
that the serew compressor might well be taken as a model for an ap-
paratus of greater strength and efficiency than was necessary in An-
drews’s work. Indeed, Andrews himself seems to have bheen of this
opinion,! and toward the close of his life devised an apparatus in which
screw plungers are an essential part. Hannay and Hogarth,? however,
were the first to carry a practical improvement of the screw into exe-
cution. They reached pressures but slightly short of 900 atmospheres,
stating that their reasons for stopping work at this datum ave quite
apart from the efficiency of their apparatus. 'With the screw compressor?
described below I obtain 2,000 atmospheres with facility (§ 17, 23). It
is so constructed that a considerable volume of liguid can be operated
upon, admitting of compressions of bulk of 5 cubic inches, Tinally,
special provision is made for the insulation of parts, thus enabling the
operator to apply the essential electric methods in studying his test
samples.*

Particular notice should here be given of the remarkable modifica-
tion of Desgofte’s differential manometer, by which Amagat® succeeded
in reaching and measuring more than 3,000 atmospheres of hydrostatic

! See Prof. Everett's account in Nature, vol. 39, 1889, p. 556.

2Hannay and Hogarth: Chem. News, vol. 41, 1880, p. 103.

31t was constructed for me by the American Lool Company, No. 84 Kingston street, Boston, Masgsa
chusetts, Benjamin J. Radford, supcrintendent.

41 here have special reterence to Prof. Tait’s ingenious device in Lrans. Roy. Soc. 1Bd., vol. 13, 1385-85,
p. 2, Ct. Biebliitter, vol. 10, p. 149.

5 Amagat: C. R., vol. 103, 1884, p. 429. Cf. chap. urn.

Bull, 96——2
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18 THE VOLUME THERMODYNAMICS OF LIQUIDS. [DULL. 96,

pressure, but whereas on the one hand Amagat has as yet given only
a meager account of his machine, Prof, Tait on the other has so recently
described an apparatus on the principle of the “manometre & pistons
libres,” that it seems expedient to refer the reader to Prof. Ta,lt’s
memoir.! :

THE SCREW COMPRESSOR.

2. General method.—The apparatus consists essentially of a strong
wrought-iron barrel ABC, Pl 1, the head of which A4 is suitably
threaded, so that a steel screw SST7T can be forced into it. The pie-
zometer tubes are attached at the end CC of the barrel. Barrel and
tubes are quite filled with oil.

3. Special devices.—It will facilitate comprehension if I state here at
the outset the two chief devices used in the construction of the machine.
The first of these is the tinned screw. This is an ordinary, well-cut ma-
chine serew of iron or steel, covered with a uniform thin adhesive layer
of solder by dipping itin a vessel of the fused metal, soldering salts being
used in the ordinary way. Screws of this kind, when forced into their
sockets, secure complete freedom from leakage. Gauges and other ap-
purtenances may thus be attached to the barrel or removed from it
with convenience. The other device is the gasket of marine glue? or
other very viscous liquid, A stuffing box is easily made, by which this
substance is kept pressed against the threads of the screw, or against
the smooth walls of a cylindrical plunger, The viscosity of marine glue
is such that, whereas it easily admits of being shaped by pressure to
fill up any cavity, the substance is yet far too viscous to flow through
capillary interstices like those between the metallic parts of a well-
fitting screw, except after the lapse of an enormous time (months).
Thus I found the absolute viscosity of the glue to be 200x 106, 1t
would therefore require 1,000 atmospheres to force the cement through
a capillary aperture .01°" in diameter and 1°" long, at the small rate
of only .05°® per hour, supposing (an unfavorable supposition) that its
viscosity does not increase under pressure. For larger pressures the
rate is proportionately increased. Now, it is the property of the above
screw to close the apertures under pressure, since the metallic parts
uuder these cirenmstances are bound more closely together. This prob-
ably further accounts for the insignificant leakage actually observed.
1 may note in passing that the viscosity of a pitchy substance like marine
glue is therefore 20 billion times that of water.

4. Steel screw.—To rotate the screw ST conveniently, it is provided
with a lever and ratchet LDRRE. The ratchet wheel is shown at RE
in PL 1, 1 and 3, and is cut so as to correspond with the right and left
click D. A pin E, sliding in a socket of the lever L, and actuated

'1"ut Challenger Reports, 1873-'76, Physics and Chemistry, vol. 2. See Nature, vol. 41, p. 361, 1890.
2 Supplied by M. Ducretet, of Paris, or by the Société Genevoise. It is a specially prepared mlxture
of rubber and shellac. 1t may be thlckened by adding shellac. o

TN
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[BARUS. SCREW COMPRESSOR. 19

by a spring, enables the operator to adjust the ratchet either for for-
ward or retrograde motion of the screw 87, or wholly to withdraw the
click from the ratchet, as shown in P1. 1, 3. The figure gives a full ac-
count of the manner in which the parts of the lever and ratchet are put
together. The ratchet wheel is securely forged to the screw. Essential
parts are made of steel.

The screw ST is 1 inch in diameter. On the front half ofit a thread
of 12 turns to the inch is cut from the end to about 1 inch of the ratchet
wheel. Therear half is a cylindrical shaft held in position by a journal
HHH, The latter is bolted down to the bedplate £, and addition-
ally secured between slides, as shown in P1. 1, 2.

5. Barrel. Head—Theplaned front end of the cast-iron bedplate F@,
the part FF of which is hollowed out so as to catch drippings, carries
the barrel BBB already referred to. It is seen in cross-section in
PL1, 8, and its flat side is firmly secured to the plane of the bedplate by
two bolts. The head A4 of the barrel carries the stuftfing box &k,
of special construction. The efficiency ot the screw depends entirely
on this arrangement, and it must therefore be described in detail. kk
is a hollow steel nut of the form shown, and provided with a large flange
for screwing it in place. Both the inner and the outer cylindrical sur-
faces of the nut kk are threaded, with 12 turns to the inch. Moreover,
the inner thread bbb of Lk is a continuation of the thread aaaa
in the walls of the barrel. And since the thread cecee also has 12 tnrns
to the inch, it is clear that the nut k% can be forced in or out of the
head AA, no matter what the position of the screw 87" may be. In
practice ccce is cut first and the nut screwed in place. After this the
whole thread bbaaaabd is cut at one time. To prevent leakage of the
oil in the barrel through the threads of the screw, the gasket of marine
englue mm is inserted and kept firmly pressed against the threads by
the gland kk. At high pressure the friction is sufficient to hold the
nuts in place, thus obviating the need of lock nut.

It is seen that after the screw enters the bharrel the chief strain of
compression is borne by the thread eaae. The threads cccc and bbbd
hold the material of the stuffing box forcibly in place.

6. Barrel. Head, improved.—There is an objection to this form of
stufting box, inasmuch as at very high pressures the threads aaaa and
bbb tend to act as lock nuts on each other. * To obviate this annoyance
I devised the method shown in PL I, 4 and 5. Here the thread aa is
movable, being on the inside of a ring rr of steel, which fits snugly in
a socket of the barrel. The ring rr, though capable of moving back
and forth, can not rotate, being prevented by a projection correspond-
ing to a slot in the barrel. In this way the material in the stuffing
box is not forced into the barrel on actuating kk. Note that the
thread within k% is carried quite to the end, and that the inuner face
of kk is beveled very obliquély, thus allowing the gasket to encircle
a greater number of threads of the screw 88. The strain is now borne
by the thread 0b. Experiment has shown this to be no disadvantage.
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7. Barrel. Body.—This is perforated by four or more holes (Pl 1, 1)
about three-eighths of an inch in diameter, and threaded to admit the
tinned machine screws. Two of these MM are vertical, the other two
N, O (PL1, 8), horizontal. They are of use in filling the barrel with oil,
f01 attaching gauges and other appurtenances.

8. Barrel. End with piezometer tube’—The steel tube wuw is in-
serted in such a way as to insulate it electrically from the barrel end
CC. A screw is cut on the end of wuw, fitting into a cast-iron flange
WW between two cylindrical jackets XX and YY of hard rubber or
ivory. These parts Y, W, X are screwed to the end of the tube U, and-
the cylinders Y and X are turned large enough to fit the hole of the
barrel and the internal aperture of the steel gland ZZ snugly. Al
space within the head CC1is filled with marine glue dd. This s easily ac-
complished by melting the cement into-the crevices between ¥ and W,
W and X, before putting the piezometer in place. A thick gasket dd is
also inserted. After this the remaining aunular space around W,
through which leakage might occur, is filled by forcing in the nut ZZ
gradually, and at a temperature not too low? To obviate possible
electric contact between W and Z, the rubber jacket Y is flanged.

9. Piezometer tube. Vapor bath.—The further end of the piezometer
uw is closed with a tinned screw V. The substance to be examined is
inserted in ways which must be specially described for each experiment.
As a rule the same tubes are adjusted within the compass of a copper
vapor bath ffff, Pl. 1,6, Thisis a hollow cylinder, closed at both ends,
through which a suitable thin copper tube hl passes somewhat above
the middle and from end to end. The liguid yy to be boiled is intro- -
duced into ffff and heated with a large burner. The vapors escaping
at ¢ are condensed and run back, thus making the ebullition continuous.
A number of baths of this kind are at hand, each containing a substance
of suitable boiling point. In order to pass from one temperature to
another it is merely necessary to slip off one vapor bath ff and slide

~on another. The copper vessels are to be surrounded with thick as-
bestos jackets in the usual way, and proper provision made to close up
the ends of the tube ik so that convection currents may be obviated.

10. Method of filling.—When the screw is in good adjustment leakages
are small and fresh supplies of oil are not frequently necessary. A
convenient method of filling the screw with oil is indicated in PL 1, 8.
The steel rod oo, threaded at one end and provided with a strong eross

1Weldless cold-drawn steel tubing of any dimension may be obtained from John S. Leng, New York,
or of Philip S. Justice, Philadelphia, Pennsylvania. Both gentlemen are agents of English houses
whose address is not known to me.

2The figure is somewhat diagrammatic here to exhibit the parts. In practice I use hard-rubber
cylinders XX and Y'Y, and two hard-runbber annular disks between YX and W1 and W and XX, re-
spectively. 'When ready for insertion, the cylinders are screwed against WW, so that there are mere
films of marine glue left between contignous planes. Finally, the nubt ZZ is brought in contact with
the flange Y (disk) by pressure. It isin view of the fact tlnt Y'Y is pressed radially inward toward
theaxis of UU, as well as outward by pressure, that the auan"ement holds 50 well. Repacking is only
rarely necessary.
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handle at the other, is surrounded by a cylindrical tube of Lrass P
surmounted by a funnel-shaped inlet @. Both @ and P are kept full
of oil, and to prevent leakage there is an ordinary stuffing box at pp.
A spring clamp (not shown in the figure) keeps the end of the tube P
of the filler P appressed against the barrel BB, a leather washer
being suitably interposed. To manipulate the filling arrangement, the
pressure is taken off and oo serewed out without removing it from I’
The oil in PQ will then follow the retreating screw ST, P1. 1,1. To fill
the barrel completely, one of the screws M may be removed until oil
exudes. It is clearly advisable to remove all the air out of the barrel
and piezometer tubes, otherwise 87 must be forced in to a considerable
part of its length before the air spaces are sufficiently compressed to
sustain high pressure. Ordinary sperm oil or magchine oil of a thickish
quality, yet sufficiently thin t6 flow, is available for filling the barrel.
It has a great advantage.over water in not rusting the barrel, and in
keeping the moving parts oiled. Mercury is objectionable, since it would
dissolve the tin coating on the bolts, and thus soon produce leakage.

11. Case for protection.—Working as far as 2,000 atmospheres, explo-
sions are not infrequent. They occur with slight detonation, scattering
thin mists of oil. But there has been nothing of a serious nature. It
is necessary, however, to surround the barrel with a case of 2-inch
plank, and to put a barricade beyond the end of the piezometer tube.
A tin pan, suitably fastened below the bed plate of the screw,is ad-
vantageous in catching oil. After filtering this may at once be used
over again.

12. Vertical piezometer.—An adjustment similar to CC uw, but smaller
in dimensions, and ending. below in a finely perforated screw, may be
attached at M. The piezometer is thus fixed in vertical position, and
is easily adjusted or withdrawn, while the end of the barrel is available
for other purposes. (§23.) A full view of the vertical piezometer is give’n
in PL.1, 7, and P 111, below, shows the same, with appurtenances.

In PL 1, 7 aa is a hollow pear-shaped piece of steel, which can
be attached to the barrel by means of the perforated tinned screw f.
The piezometer tube of steel is shown at ww, and is provided with a
steel flange piece cc. The hard rubber flanges for insulation are
serewed on atd and e, and the system held in place in a medium of ma-
rine glue, by the steel gland bb. The advantage of the vertical adjust-

~ment lies in the fact that a surface of separation or meniscus of mer-
cury is very much less apt to be broken in the vertical position of the
column than is any other. It is also frequently desirable to produce
gravitational separation of mixed liquids under pressure. Finally, since
the apparatus PL 1, 7 is complete in itself, the electrical and other ad-
justments nay be made, and all ‘glass apparatus within wuw fastened
before the piezometer is screwed into the barrel. Note that the tube
ww and the barrel are insulated from each other,
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PRESSURE MEASUREMENT.

13. Tait gauge. Adjustment.—The gauge connects at N, Pl 1, 8, and
is shown at qq, t, ss. The essential part is the steel tube qq, closed at
one end by the tinned bolt , and conunecting at the other with the re-
ducing piece N. I added N because it is not advisable to cut a deep
thread in the tube ¢g. Connection may be made with N by a shallow
fine thread and solder, and the connecting thread cut in the thick-
walled tube of N. The tube qq is filled with oil. To measure the ex-
pansion of gq under pressure it is surrounded by a close-fitting glass
tube tttt, one end of which is joined to the steel tube at ua by a layer
of marine glue. The other end of #¢ communicates with the vertical
capillary tube ss, by which the expansions are measured.

It is elear that the shell-like space between the steel tube ¢¢ and the
glass envelope ¢t must be filled with a liquid of small coefficient of ex-
pansion. I first tried mercury, but found it almost impossible to fill ¢
in such a way as to entirely exclude air. Mareover, in view of the fric-
tion of the mercury thread in ss, any trace of air in ¢¢ will produce ir-
regular motion, and vitiate the experiment. Colored alcohol shows too
much thermat expansion. I therefore used water colored with an
aleoholic solution of fuchsine. Under these circumstances a sufficient
constancy of temperature may be obtained by surrounding t¢ with a
jacket uw of circulating cold water coming directly from the hydrant.
Thus the temperature error may be reduced so as not to exceed 10
atmospheres, reasonably slow motion of the screw presupposed. (See
below.) To keep the liquid in ss at a given fiducial mark, a special ad-
justment for moving the meniscus suggests itself; but this is an ex-
ceedingly difficult device to apply, seeing that there must be the mini-
mun of water in #, and that obsolately tight joints are essential.

> Hence I raise or lower the meniscus and color it, when faded, by in-
serting filimentary glass tubes into the canal of ss. Such tubes are
easily made by drawing out a wide glass tube and then covering the
open wide end with a rubber cap. Using such tubes there is little
difficulty either in adding move liquid to the thread in ss or in with-
drawing liquid from it.

It is advisable to protect the steel tube gq from rusting, either by
nickel-plating it or in other ways. I observed, however, that water
free from air and containing a little aleohol-does not easily rust iron.
After an exposure of several months, bright surfaces were still untar-
nished. A dilute solution of rubber may possibly be used for coating
the tube. Thick coats are to. be avoided, because they interfere with
the expansion. . . .

In later experiments I made the joint at the closed end of the glass
envelope hermetic and rigid, as follows: In Pl 1, 8 « is a layer of ma-
rine glue between steel and glass, and u a plug of fusible metal, the
whole being surrounded by an external close fitting copper envelope
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(wired to the glass) 8. The latter being a prolongation of the glass
tube, the layers « and u are melted in, while the gauge is held in aver-
tical position. The effective part of the steel tube ¢q is about 100¢™ .
long, 1°m thick externally, and -5 in internal bore. A capillary tube
of the rather wide bore -07°™ is then sufficient for measurement, show-
ing a displacement of meniscus of nearly 2¢™ per 100 atmospheres pres-
sure. Data are given more accurately below. My reasons for using a
long tube are these: That the effective length can be more accurately
stated. In short tubes the error at the joint pa is much more serious.
Again,since the expansion corresponding to a given pressure increases
in absolute magnitude with the length of ¢q, it is eclear that a wider
capillary tube at ss will suffice when ¢q is long. A wide capillary ss is
obviously convenient, since it can be more easily adjusted for zero in
the way just stated, and since the tube qq itself can be more easily
filled by aid of the air pump. When the gauge is properly charged
and adjusted, it must show no displacement of the fiducial zero during
the interval of experiment.

In later experiments I bent the vertical tube ss, PL 1, 8, horizontally,
so that its measuring parts lay close to wu and immediately above a
millimeter scale. A somewhat finer capillary corresponding to about
2,000 atmospheres per meter was used with advantage. So constructed
the Tait gauge! is very much more compact and less fragile,

14. Tait gauge. Gradugtion.—To graduate the gauge I compared it
with a large Bourdon gauge, reading from 0 to 1000 atmosphere. The
tube of the latter in this case communicates with the barrel through
one of the serews M. This comparison with the Bourdon gauge is a
check on both instruments, and the statistics are therefore given be-
low. It affords no means of checking the correct value of the standard
atmosphere employed. But since both gauges are based on Hoonke’s
law, and provided with scales of equal parts, the relations are well in-
dicated. In the table 2a, 2a;, and L, denote the internal, the ex-
ternal diameters, and the length of the steel tube ¢g, Pl 1, 8, 2 p, is the
bore of the capillary ss.

'The form of steel high pressure gauge based on Hooke's law recommended It not constructed by
Prof. Tait (loc. cit.), is somowhat different.from the above. I thinkmy form has the practieal advan.
tage of greater simplicity, being essentially a single-walled tube. The method of computation is due
to Prof. Tait, It was my purpose to make the tube # of brass, so that the heat of compression would
be more quickly dissipated. But I failed to obtain tubing of the proper bore and strength until quite
recently.
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TaBLE 1.—Comparison of Tail gauge No. 0, and Bowrdon guuge.

[ag = *27om; @ = 1.00em; I = 100c™; p = .034cm,]

Time = 15m 30m 45m 75m 90w
Bourdon. | Tait. Tait. Tait. Tait. Tait.
| ——
Atm. Chr., Cm. Cm.

0 1-90 2-10 200

100 358 T 370 3-60

200 520 550 535

300 705 725 720

400 8:70 900 8-90

500 1050 10-72 10 -70

600 *12 50 1250 1245

700 1410 1410 14°10 [~
800 1565 15-70 1570
900 1722 1720 1730
1000 1880 19-00 19-00
900 16-62 -16-70 16-80
800 14465 1470 1463
700 1280 1280 1275
600 10-95 11-00 1100

500 930 9-28 923
400 755 755 750
340 5-95 6-00 6-10
200 450 4-95 460
100 3-04 312 3°15
0 174 1-90 190
Rate, in|)
centime-
ters, per| p =. 0169 0171 <0172 0172 |oeneeen..
atmos-
phere...

* Break in the measurements.

15.—TABLE 2.—The same gauge comparisons (No. 0 and Bourdon) after long use.

Bc?ﬁ{ql};lh‘:?n. Tait. Tait. | Factor. | Mean.
100 68|  cor| oims| 01722

200 803 796 1725
300 979 970 1720 |.
400 1148 1141 1728 .

500 1326 1816 |..o.en....

) Small Large . - ;
N Bourdon . |Bourdon Tait. Tait. | Factor. Mean. .
30 31 404 505 01722 . 01725
120 121 6-42 653 1767 [.eennnn...
' 210 210 804 805 1667 [..oeennnn. ‘
< 300 300 960 967 1744 |..oooene.

: P= 0

R 2120
0

2160

0

16.—Table 1 contains five series of observations made at the times
stated. In the first fourseries Iwent up to the maximumand down again
gradually, but not slowly. The last I operated as fast as the experi-
ment would permit. To determine the degree of accuracy it is well to
consult the rates at the bottom of the table. These show that a mean
displacement of ‘0171 of the meniscus takes place in the pressure in-

.
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creasing series for each atmosphere pressure. Consulting data on the
same horizontal row it appears that the differences of reading of the
new gauge corresponding to a given reading ot the Bourdon gaunge are
greatest in the region of low pressures. At zero the maximum difier-

40t T /l/(// /)NQI N°O.
A R

/ A

N

V7

el

J /
Pz /) -

\
zocni

10cm % , A i /;; /
(V4
& /,/
~d
) J Avr'/l,ospherles(Bolumaou)| l

0 100 200 300 400 500 600 700 800 9S00 1000

F16. 1.—Chart showing the bow-shaped cycles obtained in the gauge comparisons.

ence observed is -40°™, equivalent to an error of 24 atmospheres. Again,
comparing the two zero readings of the last column, the difference of
reading is *56°™, corresponding to 33 atmospheres. 'This, therefore, is a
maximum index of the inaccuracy of the Tait gauge due to thermal
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effects of compression and unreasonably hasty work. To diminish thig
error further, it is necessary to decrease the bore of the glass tube ¢t
in PL 1, 8, thus making the thermometer property of the gauge of smaller
importance. In the above apparatus this tube was 1-15 in internal
diameter, corresponding therefore to a liquid interstratuin -07¢® thick.
Clearly this admits of further reduction. A: brass tube would in many
respects be preferable to a glass tube, since in this case the heat of
compression 1s more easily dissipated; but I did not find one of the
necessary dimensions,

17.—A second point of view is obtained by comparing the data of the
pressure ‘“on” and of the pressure “off” phases of the above experi-
ments. For convenieuce I insert the Chart, I'ig. 1, in which the data of
Table 1 are inserted. It is seen at once that the degree of accordance
in the “on” series is satisfactory. The errors are nowhere larger than
10 atmospheres. The loci, apart for slight circumflexure, are straight
lines. In the “off” series, however, this good uniformity is lost. The
data lie on consecutive broken lines. The feature of particular im-
portanceis, however, this: The observation that the ¢off” data donot at
all return on the lines of the “on” data. Indeed the two lines, “on”
and “off,” inclose a band the maximum width of which is even 1.5,
corresponding to 90 atmospheres. Since this band widens at once at
900 atmospheres, and falls off at zero atmosphere, it is clearly due to a
virtual shifting of the fiducial zero of the mechanism of the Bourdon
gauge.

In the present comparisons, therefore, the “on” series of data need
alone be considered. It appears for these, slow work presupposed, that
the error of the gauge in the above form need not exceed 10 atmos-
pheres, and that it can certainly be reduced decidedly below this limit
by diminishing the bore of the glass envelope tt, Pl 1, 8.

18 —TABLE 4¢.—Comparison of larg Je Bour don gau ge with Tait gauge No. 1. p=.0220°m,

—fcm, =, gycm,
Large : Large ;
poorge | Mol | Diff. | p A8 | No.1. | Diff.
Atm. Cm. Om. Atm. Cm., Om.
0 1718 foeeenn.n.. 900 5127 ...,
100 21-30 349 800 47°12 4:15
200 2503 373 700. 43-10 4-02
300 2885 382 600 3911 4-00
400 3263 378 500 3512 3-99
500 3650 3-87 400 31'32 3-80
600 40-35 3-85 300 2775 3-57
700 44:05 370 200 24-31 344
800 47-55 350 100 21 00 331
900 51°25 3-70 0 17-96 304
@
Second comparison. Another thread length.
0 596 [.......... 1000 4340 |.oeenen....
100 942 346 900 39-00 440
200 13'17 375 800 34-75 425
300 17-00 383 700 30-76 4:00
400 2074 374 600 26-75 4-01
500 24°60 3-86 500 22:84 391
600 P 2845 385 400 19-13 371
700 3215 3-70 300 1574 3-39
800 3578 363 200 1236 3-38
900 39-57 379 100 914 3-22
1000 4336 379 0 621 293
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Third comparison. Large Bourbon gauge with Tait yauges Nos. I and 3.

[No. 1, p= 0220w, No.3, p=.0336.]

Largo - T o Large T
Bourdon. No. 1. No. 3. Bourffon No. 1. No. 3.
Atm. Cm. " Om. Atm. Cm. Cm.
0 4+72 26-59 1000 43+20 4328
100 829 28'17 900 3893 41-36
200 1203 29-81 800 34:58 3955
300 15'85 31'50 700 3075 37-87
400 19-48 3311 600 26-65 36°13
500 2340 34-82 500 2268 3449
60O 2732 36:59 400 19-03 3300
700 3104 3823 300 15:62 3163
800 34:G8 3981 1200 12-24 30°24-
900 3853 41563 100 895 28-R6
1000 4319 43-28 0 608 2760

Cyclic comparisons.

0 6:10 27-92 0 598 28-92
100 9°55 2045 100 9:43 3050
200 1327 3115 )} . 200 13-20 32:19
300 1712 32:64 300 17-05 3387
400 2094 34:51 400 2094 3551
300 17°13 3290 500 2475 3717
200 13-30 31-29 600 29:00 38:89
100 952 2977 700 32'63 40°39

0 608 28-64 800 36-44 42+00

0 6'08 28-64 000 40-18 4357

» 100 9-60 30-10 1000 45410 4527
200 1339 31-61 1000 4513 4528
300 1719 3327 900 4072 43-43
400 20-96 34-86 800 36:50 41:63
500 2483 36-54 700 3249 3997
600 2840 38:12 600 2849 3835
700 3230 3974 500 2457 36:74
600 2839 3807 400 2086 35'.4
500 24:35 36:39 300 17°41 33:83
400 2038 3477 200 14-00 3246

.......... Accident. 100 10-80 3116
(1] 6:02 ' 28:69 I 0 778 29-97

19. —TABLE 5.—Comparison of Tait gauges Nos. 1 and 4,

No.1. No. 4.
No. 1. No. 4. No. 1. No. 4. atm. At
— .35 1038 New adjustment of No. 4.
642 1343 _
1810 1643 .
2020 | 1969 1394 1078
50 ) 7-68 1354
30-08 24-09 :
: - 1445 1660
38:00 27°95 §
3149 2470 2054 19-33
. 2840 22:85
23-62 21-23 - -8
s 34:30 2553
1696 18:02 . .
. . X 4007 2807
896 1461 ) :
; . 4635 3105
135 11-22 35 .
= . 5275 34:49
rist 14l 5002 | 3818
15°67 17°66 L 5
20-a1 20-37 6375 41-62 1761 1783
28-54 256 6353 41°% 1755 1760
Lk 3028 63-11 a1 1745 1750
10-00 2867 5644 38:26 1564 1579
396 bl 47-36 33-96 1317 1320
Segn Soan 40-98 31-32 1145. 1161
. 3461 28:10 947 967
1984 1909 26:05 | 2511 766 7
13-38 16-69 : / 87
625 13'55 19 2:‘ 2163 557 577
e 1o 13:05 18:80 389 407
554 15:28 185 195
125 12:05 00 00
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TaecLe 6.—Calibrations of Tait gauges Nos. 1 and 4.

Small No.1 No. 4
No.1 No. 4. Bourdon.| factor. factor.
— 130 12:02 0 365 1:63
2-28 13-63 100 369 1-67
6-00 1529 200 360 1-67
966 16-97 300 373 1-61
965 16-96 300
590 1526 200 369 1-66
220 13-62 100
— 1-30 12.04 0

No. 1. No. 4. P P
Cm. Cm. Atm. Atm.
— 40 12-40 0 : 0

838 16-45 244 252
18-23 2085 517 525
28-43 25°40 801 807
3836 29-80 1077 1081
5004 34:91 1401 1399
59-93 39:41 1675 1678

. 6375 41'25 1781 1791
5503 3733 1540 1549
42.89 32:06 1202 1221
31-90 27°19 897 919
20-09 21-86 569 588
9:02 16-78 262 272

— b5 1280 — 4 6

TanLi 8.—Calibrations of Tait gauges Nos. 1 and 4.

Factor

Small 7 o Factor
Bourdon. No. L. No. 4. No. 1. No. 4.
Atm., COm. COm.
0 — 56 12:36 357 1-60
100 290 13-93 373 1-66
200 659 15756 358 1-61
300 10°35 17-26 351 1-57
300 10-34 17-26 -
200 668 1560 3-60 161
100 3-18 14-05
0| — 33 12:46

[BULL. 96.
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20. Tait gange. Volume increase measured and computed.—With the
aid of the above results it will now be easy to compute the volume in-
crease of the steel tube gq, P11, 8, per atmosphere of internal pressure,
and then compare the datum thus obtained with the result computed

s,

M

e [ @

F168. 2, 20.—Direct reading helical Bonrdon gauge.
by aid of Tait’s formula.! From the dimeusions ay, a, L, p given in
table 1, it follows that the increase of the external volume of the
cylindrical steel tube is 47/10° per unit of volume of gq, per centimeter of
displacement of the thread in the capillary ss. This corresponds to a
volume increase of -
‘ v) V' =.00000080 . . . (1)

per unit of volume of the steel tube, per atmosphere.

Tait shows that in case of internal pressure the changes per unit of
length tangentially to a cross section of radius » and longitudinally for
any part of the tube, are respectively

1a? H a2
4 “ 1 + o L wnd as_ ° !
o= o o Y 7 n and g o= = o ey —
r al—a? “ at— al Sk

1Tait: Challenger Reports, Vol. 2, 1882, Appendix A, . 26,
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. v’ © e .
Hence the increase, . Der unit of volume of the external surface of
)

- the tube is

v , as M
L N I

al—al

111,
7(7_*.7_&....(2)

/

Here & is the displacement of the point whose position is # centi-
meters from one end, and p the change of a point in a right section,
originally distant » centimeters from the axis, // the internal pressure
in atmospheres, and % and n the compressibility and the rigidity re-
spectively, of the steel employed. Itakekand nfrom Everett’s tables,!
as follows: :

E=184x10? 5=8.2x10!"

Inserting these quantities into the equation, there results

/
%7==.00000073 NG

It appears at once that this result is of the same order as (1). The
difference is probably due to the constants & aud n, which Prof. Everett
doubtless found from a high-grade tool steel, whereas the above tubes,
being made of low carbon steel, are nearer wrought iron in their prop-
erties. Beyond this the absoluté gauge atmosphere is not vouched
for; nor (being the mean value between 0 and 1000 atmospheres) are
the coefficients at the end of table 1 quite free from thermal discrepancy.

‘When the observations are made for the purpese of measurement,
there appears no doubt that equation (2) may actually be utilized to
obtain serviceable values of (1/k+1/n). Tor instance, @, may be ob-
tained accurately by filling in vacuo with mereury and weighing, and
then from the known specific gravity of the steel tube and its weight
when empty, @ may be computed. p is similarly capable of accurate
measurement. Therefore by combining (1) and (2), (1/k+1/n) is meas-
urable with the same accuracy with which /7 is known.

21. Direct reading, Bourdon gauge.—It is well to insert my endeav-
ors to adapt the Bourdon gauge for high pressures and direct reading.
In order to achieve this result it is necessary to multiply the number
of coils as well as to work with flat tubes. In Figs. 2 abd 2a, the

* latter being the plan, the former the elevation, 1 have drawn a form

of apparatus, with which I obtained some results. - It consists essen-
tially of a helix, A B ¢ D E F, the spires of which do not touch each
other. The end is provided with a needle ¥ S, moving over a millimeter
scale 8 8, supported by an arm 7' B 8. This gauge is screwed directly
into the barrel. Being entirely of iron and metal it is very firm. The
spires are hammered flat by heating them to redness, the tube being

' Everett: Units and Physical Constants. Loudon, Macmillan, 1879, p. 53.
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originally 1*m in_ external diameter and 5™ in bore. After winding
hot, the internal diameter of the helix was found to be somewhat larger
than 4¢m,  There were five spires in all, and the upper one B F, with
its needle, extended about a decimeter beyond the helix.

The following little table gives the results of a comparison with the
Bourdon gauge:

TasLE 9.—Comparison of Bowrdon gange and the spiral gauge.

Bourdon.| Spiral. { Bourdon.| Spiral.

Atm, Cm. Atm. Cm.
0 0-00 600 1-28
100 17 700 1:55
200 -85 800 1-87
300 54 900 2:30
400 76 1000 | Explodes.
500 100 0 116

Constructing these results graphically in Fig. 3, it will be seen that
between 0 and 300 atmospheres, the permanent set is not appreciable.

orv
o
J 22
/ ‘ ——zm
com all 4%
./’—'>
o /I/l | Aioipaphere
0° i

0o 100 200 300 400 500 600 700 800 800
Fia. 3.—Chart showing the uction of the hulical Bourdon gauge.
‘When pressure was taken off, the fiducial zero reappeared. Above 300
atmospheres, however, permanent set becomes very marked. The helix
was ruptured at 1,000 atmospheres, and the new zero after explosion in-
dicates the large amount of permanent set during the course of the
measurement. Conuecting the final zero with the point for 900 atmos-
pheres, a line is obtained nearly parallel to the line between 0 and 300
atmospheres. The mean motion of the index was therefore -0017¢n
per atmosphere. Since high - pressure measurement was only contem-
plated, the gauge would have been serviceable except for the occur-
rence of permanent set. The chief cause of this insuperable difficulty
.is the fact that to flatten the gauge it must be heated to redness. By
so doing the drawn hardness and resilience is destroyed, and the soft
metal of the gauge then becomes useless for measurement. Owing to
the rupture of the tube I did not experiment further, since the coiling
and flattening is a tedious operation. Clearly the gange might be
used without flattening by suitably attaching a minor index. But this
complicates the apparatus.
22. Concluding remarks.—L will conclude this description by a few
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general remarks on the apparatus used. It is clear that instead of a
single barrel, two barrels, the axis of one of which is the prolongation
of the other, suggest themselves. The barrels would be used alter-
nately, one being filled while the other is emptied. Again, instead of
having the serew enter the barrel, good results must also be obtainable
by forcing a cylindrical shaft into the barrel; for the device shown at
the end of the barrel ¢ O, Pl 1, proves that the gasket of marine
glue is quite as serviceable for cylindrical shafts as for screws. In
case of a cylinder, however, the strain encountered in forcing in the
shaft would be brought to bear on the bed plate, i. e.,outside of the
barrel. Specially strong devices would therefore have to be resorted
to in bolting down the barrel, etc. These would make the apparatus,
supposing the horizontal form retained, much more cumbersome, In-
deed I conceived it to be an advantage of Andrews’s screw, inasmuch
as the chief stresses exist within the compass of the barrel. The nec-
essary provision against twisting is much more easily applied. Finally
I may state that it was my original object to obviate stuffing boxes
altogether, by using a tinned screw § 7. The maximum of pressure
thus obtainable far exceeds the limits of the above screw-compressor .
with stuffing boxes. The tinned screw would have this disadvantage:
it would have to be freshly coated whenever it became necessary to re-
fill the barrel with oil, thus occasioning some loss of time. It is a de-
vice however, to be keptin mind, since it obviates the necessity of
troublesome metallic gaskets, like those used in Mousson’s well-known
steel nut, for instance.

23. Cwmteris paribus, the labor necessary in producing the above pres-
sures decreases nearly as the fourth power of the diameter of the screw;
for friction and leverage both increase as the radius, and the resisting
pressure as the square of the radius. Similar advantage is gained by
increasing the number of threads to the inch. Hence, by supposing
the initial pressures to be produced by a thick screw (diameter 1 inch,
say) at one end of the barrel, and the final pressures (above 2,000 at-
mospheres, when the inclosed liquids have become much more incom-
pressible) produced by a thinner screw (diameter half an inch, say)
at the other end of the barrel, the practical efticiency of the screw com-
pressor would be increased. In such a case the piezometer tube must
be vertical. (§ 12.) However, in limiting my present work to 2,000
atmospheres, I have by no means exhausted the power of the above
machine. My purpose in doing so was to avoid straining the gauges.
I add, in concluding, that among the facilities of the above screw com-
pressor is the almost micrometric accuracy with which pressure can be
raised to and maintained at a given value for any reasonable length of
time. '

24 The facility with which the Tait gauge may be replaced by Ama-
gat’s manometer, the absolute calibration of the Tait gauge, its availa-
bility for the measurement of pressures indefinitely high, and allied
subjects will be cousidered in chapter 1Ir.
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CHAPTER II.
THE ISOMETRICS OF LIQUIDS.

25. Utilizing the advantages of the screw compressor described in
the foregoing chapter, I made the following investigation on the isomet-
rics of liquid matter: The nature of the problem is clearly defined by
the results of an earlier paper,! where it appears, conformably with the
inferences of Dupré, Levy, Ramsay and Young, and Fitzgerald, that
liquid isometrics are lines of small curvature.? It is thus the purpose
of the present work to investigate the amount of deviation from a
straight line as accurately as possible.

The word ¢ isometric” is used by J. Willard Gibbs? in his researches
on graphic methods in the thermodynamics of fluids. It has the advan-
tage of priority if not of expressiveness, and I do not feel the neced ot
withdrawing “isometric” for ““isochore,” as do Ramsay and Young.*

APPARATUS.

26. Constant volume tube.—The criterion for constant volume is to be
given by a reliable electric contact. The liquid whose isometrics are
to be determined is inclosed in a tube of constant volume, of the form

a e—2, )
AN ANNANRRAR SN NN Ny }ﬁ
= EEECITONNY TR

v SRS . LI 6. o wonen oo STV ees oot T

F16. 4.—Constant volume tube; longitudinal section.

shown in Figs. 4 and 5. This tube consists of three parts, a reservoir ¢f
and two capillary stems ed and da separated by an enlarged portion d.
A platinum wire ¢, passing through the walls of the tube, enters the
cavity d, for the purpose of securing electric contact, as shown in Fig. 5.
The dimensions of the tube are given in Fig. 4, and the choice made is
such as to admit of its easy introduction into the steel piezometer
tube wu, chap. 1, P, 1, Fig. 6. 1

Fig. 5 (diagram) shows the tube ready for use. The end of the tube
¢ 18 sealed, holding the platinum wire mm, which passes quite through
the reservoir ¢f into the capillary stem. The substance having been

pu—y

1Bull. U. 8. Geol. Survey, No. 92, 1892, chap. 1, p. 54.
2 Am. Jour., 3d ser., vol. 39, 1890, pp. 497 et seq.
3Gibbs: Trans. Connecticut Acad., vol. 11 (2), p. 311, 1873; cf. ibid., p. 382.
4Ramsay and Young Phil. Mag (3), vol. 23, p. 435, 1887.
33
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introduced into ¢f, completely fills this space and about one-half of the
adjoining stem. The remainder of the tube is filled with mercury &k,

~

f
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F16. 5.—Constant vol-

ume tube; diagram.

care being taken to guard against inclusions of air.

The tube thus adjusted is inserted into the piezo-
meter, and the terminal ¢ put in metallic connection
with the walls of the steel tube, near V, PL 1. The
terminal mlis insulated by a glass tube,! and after pass-
ing through the piezometer into the barrel, is there
put in metallic connection with one of the vertical
serews M. Itwillbe remembered the barrel and pie-
zometer are not in electric contact. A serviceableway
of connecting the terminal with the barrel is shown in
Fig. 6, where BB is part of the wall of the barrel. §
is a perforated screw, slotted on its upper face, so
that it can be inserted or removed easily. The end
of the terminal lo is passed through the hole in §, and
then coiled helically, as shown in the figure. The
tinned screw M is now inserted so as to bind the helix
between its lower face and 8. This insures electric
contact. A similar device is utilized at V, Pl 1, Fig. 6,
and the glass tube is thus held in horizontal position
within the steel piezometer tube, by aid of its two
tense terminals.

Before introducing the constant volume tube, both
piezometer and barrel must be quite filled with oil, and
the secrews M and V, PL 1, are to be so fastened that
air may be as far as possible excluded.

7. Manipulation.—Supposing the constant volume
tube in place, surrounded with oil, the screw S8
(PL 1) is forced in. The pressure thus brought to
bear uniformly on all parts of the tube, moves the
thread of mercury inward by an amount correspond-
ing to the compression of ¢f. Eventually, therefore,
the meniscus near & and the sharp end of the plati-
num terminal near m come into electric contact. Now,
as barrel and piezometer are in a simple cireuit, includ-
ing a suitable galvanoscope and a battery, a deflection
in the galvanoscope occurs at the moment of contact.?
This method of registration is very sharp and thor-
oughly reliable. Pressure is applied by means of a
screw, and can be diminished or intensified with great
nicety. Hence the position of the meniscus k can be
controlled with almost micrometric precision, even
when the pressures are as high as 2,000 atmospheres.

1Rubber and other similar insulations are fused or dissolved at high pres-
sure, and are therefore unsuitable.

2Devices of this kind have been much used by Weinhold, Crafts, Mcnden-
hall, and Gthers,
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‘When the machine is in satisfactory adjustment contact can be made
and broken at km without apparent variation of pressure, the differ-
ence being in fractions of an atmosphere. The delicacy, however, de-
pends on the relative caliber of capillary tube and reservoir tube.

To avoid breakage of the thread & on being forced through m, the
free end must be made as fine as practicable (*01¢® in diamecter, say).
Hence it is advisable to weld a fine wire to the relatively thick terminal
m (diameter 0-5¢m),

28. In passing fromn one constant temperature to another, care must
be taken to avoid the mercury thread from being forced either out of
the tube or into the reservoir. This may be done by keeping the me-
niscus k always very nearly in contact with m. Hence, when a vapor
bath is attached and the burner started, pressure is increased in such
a way as to keep the contact just made. Onthe other hand, when tem-
perature decreases, pressure is 1eheved in such a way as just to keep
the contact broken.

29. When the series of isometrics are to be
mapped out, the volume of liquid between
the meniscus & and the sharp end of m is
suitably changed. This volume may be con-
ceived as either positive or negative. In the
latter case the wire m penetrates the thread
L. The advantage of such an arrangement
is shown below. B

30. Method of filling.— W hen the substance
to be compressed (¢f, Fig. 5) isliquid atordi- .§
nary temperatures, like ether or water, the ,
tube may easily be filled without an air pump g o
by ma,kh)]] g use of filamentary glass tubes witli e 6'—Me?:,:2,i2i1:‘_mmng the
enlarged funnel-shaped heads. The filamen-
tary end is introduced at ¢ and pushed down to the bottom g, suppos-
ing the tube ag to be vertical and « uppermost. Theliquid is allowed to
run throughthe funnel, the top of which is kept filled until the reservoir
¢f and adjoining capillaries eda are quite filled. The operation is not
stopped however until three or four times as inuch liquid has run through
¢f as is necessary to fill it.

The tube is now tipped nearly horizontal and mercury passed into
the bulb d by aid of similar funnel capillaries. The thread is then
pushed forward from 4 into de by aid of an empty glass filament, by
successively draining off small parts of the liquid in de, until the
meuniscus % has the desired proximity to m.

31. The greatest care must be taken to have all parts of the tube per-
fectly clean, to use pure, fresh mercury, and to avoid rubdber connections
or other material impregnated with sulphur. I find it desirable to
draw off the mercury in abd by aid of a fine tube and a jet suction pump,
and thus to thoroughly dry out this part of the stem, Fresh mercury




36 THE VOLUME THERMODYNAMICS OF LIQUIDS. [BULL. 96.

is then poured in through the glass filament until the tube is again
fall.

When the mercury appears dead or fails to move as an unbroken .
column the tube is worthless. The cause of this by no means infrequent
annoyance is usually found in the presence of sulphurousdirt in the tubes
or of sulphide in the sample liquid. It is advisable therefore to use
fresh tubes only. '

32. When the substance is solid like thymol or diphenylamine, it
must be introduced by aid of an air pump. TFor this purpose a wide
glass tube about 20°™ long is fused to the end a, Fig. 5. Iunto this the
- solid substance is put, after which the open end of the wide tube is
drawn out to a filament and connected with the air pump. After the
exhaustion of the system the solid is fused with a burner and allowed to
run down into ¢f. The operation must be repeated many times and use
made of vacuum ebullition to expel the last traces of air. The thread
‘of mercury is introduced in the way already stated (§ 30), except in so
far as it is essential to keep the tube in a warm bath to prevent solidi-
fication. When in adjustment it is inserted into a hot piezometer tube.
These operations call for much skill on the part of the operator. If
solidification occurs the mercury thread is drawn down into the bulb in
consequence of the large volume contraction, and the chargeis therefore
lost.

33. Vapor baths.—In order that the isometrics may be sharply traced,
temperature must be regulated to a nicety. This is not vasy, seeing
that the metallic piezometer tube is a good conductor. Hence the forms
of vapor baths used in my earlier similar works! are not applicable
here. It is essential that vapor be directly in contact with the surface
of the piezometer tube and that the reservoir of the constant volume
tube be at a distance of 3 or more centimeters from the end walls of
the bath.

Substances useful for vapor baths are methyl alcohol, 60°; water,
100°; amyl alcohol, 130°; turpentine, 160°; naphthalene, 215°; benzoic.
acid, 250°; diphenylamine, 310°; phenanthren, 3509, and others
These form a convenient series. They admit of being boiled in a brazed
copper vessel and decompose very slowly. The fiducial or initial temper-.
ature is obtained by allowing a current of water from the hydrant to
circulate around the piezometer tube.

At temperatures above 200°, the form ffff shown in Pl 1, 6, is serv-
iceable. The tubulures &i through which the piezometer passes may
be closed with perforated cork stoppers.? At higher temperatures hh are
screw stuffing boxes, securing asbestos jackets. The vapors issuing
from yy, the ebullition liquid (usually solid at ordinary temperature), are
condensed in a lateral tube (not shown) and run back into the drum ffff.
The thermocouple is inserted through g.

1Bull. U. 8. Geol. Surv. No. 92, p. 22; Am. Journal Sci. (3), vol. 39, p. 482, 1890,
3 Rubber stoppers melt and are otherwise very objectionable abovoe 2000,
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34. At temperature below 200, this form of vapor bath is not con-
venient, since the substance yy is usually liquid and too easily spilt.
Moreover the degree of constant’ temperature obtainable in the drum
JIff is probably insufficient. I therefore employed the circulating sys-
tem shown in Tig. 7. Vapor is introduced into the drum fff from the
boiler A and the influx pipe B. It iscondensed in the tube ¢ C carry-
ing the cold water jacket D D. The condensed liquid falls into the
fannel B, which is cylindrical and thus subserves the purpose of a water
gauge. The piezometer tube is shown at U » » U with the constant
volume tube adeg in place. G and @ are cold-water jackets sarrounding
UU to prevent the spread of high temperatures along the tube. A

single current of water (issuing from the gauge jacket, Pl 1, 8, above)
passes through &, D, and @. This current is shunted, so that ¢ D ¢
can be cut out at pleasure and the vapor bath removed or replaced by
a circulating water bath. It is to be noted that the parts of the vapor
bath arve rigidly connected, so that it can be rapidly withdrawn as a
whole. H is a suitable electric clamp, corresponding to the other termi-
nal L. All parts of the vapor bath ave heavily jacketed with asbestos.

It is necessary that the vapor baths slide off and on easily. Any
violent jarring of the piezometer tube will break the thread in the glass
tube within.

35. Method of cooling piezometer.—To cool the tube UU after the vapor
bath has been removed, it is conveunient to oil the piezometer with vase-

R
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line. The jacket G may then be slid to and fro very rapidly at first,
care being taken to relieve the pressure in proportion as the tube cools.
. 36. Method of temperature measurément.—For the measurement of
temperature I used a platinum platinum-iridinm thermocouple, the
electromotive force of which was expressed in terms of the torsion of
the platinum fiber which suspended the given astatic system. The tor-
sion galvanometer serviceable for thermo-electric work I have already
described elsewhere.! To calibrate this apparatus the boiling points of
water and of mercury were first used. Finally I made elaborate com-
parisons with the reentrant glass air thermometer. §§ 48-50.

37. Method of pressure measurement.—Pressure was measured in terms
of the expansion of agiven cold-drawn steel tube, as detailed in chapter1.

It is needless to say that the factor of the gauge was frequently
checked during the course of the work. A small sensitive' 300-atmos-
phere Bourdon gauge with a tinned serew connection is very convenient
for this purpose. About twenty or thirty minutes were allowed to se-
cure isothermal conditions both for the gauge and the piezometer tube.
Leaks of the apparatus must be so far as possible avoided, inasmuch
as continued pumping changes the thermal state of the liquids operated
on and is therefore a fertile source of error.

PRELIMINARY RESULTS.

87. Data for ether.—The data of Tables 10 and 11 were obtained in
the earlier experiments. Although neither the gauge nor the thermo-
couple was remarkably sensitive, these results bear directly on the
matter below and must therefore be inserted. P and 6 are correspond-
ing values of pressure and temperature, such that the volume of ether
remains constant. Two or three observations were made for each datum,
allowing five minutes’ time per observation. This is essential where
isothermal conditions are to be guaranteed. So far as these observa-
tions go, the corrections for volume changes of glass are negligible.
During the first five series, extending over an interval between March
14 and 19 the constancy of the fiducial pressure (at about 10°) is to be
noted. In the remaining series it was not always possible to regain
the fiducial pressure, owing to accidents.

TABLE 10.—Isometrics of ether. Preliminary results.

P. 0. ! I. 0.
i
Atm. og. Atm. °(.
293 116 887 66
305 11'6 1237 100
888 66 1242 100
888 66 1247 100
1227 100 284 e
1231 100 288 112
300 11'6
301 11'6 287 10°0
885 66 287 100

1 Barus: Phil. Mag. (5), vol. 29, p. 146, 1890.
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TanLe 10.—Isomelrics of ether. Preliminary resulis—Continucd.

P 0. P [5)

‘ Atm og. Atm. o(.
276 94 101 9-8
289 99 647 66

645 67
i 98 72| 10
1502 127 966 108
1510 128 1080 119
1482 123 1063 121
1480 | 128 51 10-0
- 279 9-7 1443 155
1436 158
18 108 9 e
875 64 80 10°3
868 66 608 66
874 65 611 66
286 97
613 66
614 66
14 98 614 65
545 67 925 99
545 67 994 101
859 102 921 101
857 102 920 101
919 100
65 10-6 84 10-3
595 64 1112 119
602 ‘64 1112 120
597 63 1380 153
1421 156
71 10-8 1451 161
912 101 1446 162
914 100 *
76 108 94 112
627 665
156 108 630 66'4
1087 114 926 98-8
1094 115 924 985

TABLE 11.—Digest of thesc data.

Ap © A Ap ] A6
0 115 0 0 99 0
589 66 55 570 66 56
97| 100 89 803 | 103 90 |4 (3)
996 | 120 130
0 08 ol 1369 | . 156 146
1216 | 127 117
0 103 0
0 102 0 530 66 56
590 65 56 840 | 100 90
1000 | 120 110
0 98 0 1342 158 148 |+ (b o
531 7 50
844 | 102 90 0 112 0
534 6 55
0 107 0l o 831 99 8
530 64 55 | @
840 100 89
0 10°8 0
034 | 114 103

38. Discussion.—In the digest, Table 11, the coordinates have been
shifted, so.that the fiducial pressure and temperature are now zero.
The graphic representation, Fig. 8, shows a distribution of points lying
very closely along straight lines. So far as these data go, therefore,
the linear character of the isometrics is maintained. The rates per at-
mosphere are respectively 0959, <1079, 1069, 1070,
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39. Apparatus improved.—With the above data in hand I endeav-
ored to carry the discrimination one step further by increasing the
sensitiveness of both the pressure gauge and the thermocouple.

THE VOLUME THERMODYNAMICS OF LIQUIDS.

DEFINITE RESULTS.
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Using the same steel tube for the registration of préssures by Hooke's
law, as before, the gauge was made much more delicate by decreasing
the caliber of the capillary measuring tube (ss, PL 1, 6), and by

t
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making use of a more close-fitting glass jacket ¢t than before. The re-
sults have already been shown (§§ 15 to 19). Apart from errors due to
viscosity and thermal effects, the gauge was sufficiently sensitive to
register fractions of an atmosphere at 2,000 atmospheres.

Particular care was taken to redetermine the initial pressure corre-
sponding to the initial or fiducial temperature (about 15°), before and
after each high-temperature observation. This is a certain check on
the validity of the results obtained.

Again the temperature measurement was made more delicate by in-
serting a finer platinum fiber in the torsion galvanometer. Statistics
will be given below.

At least ten minutes were allowed for each datum of pressure and
temperature given. In proportion as the second of any two measure-
ments made at a given temperature coincides with the first, the infer-
ence is warranted that the thermal effects of compression are fully dis-
sipated. The observation at any temperature therefore lasted twenty
or thirty minutes.

40. Notation.—The notation is as follows:

N, deflection in degrees of arc observed at the torsion galvanometer;

t, temperature of the cold junction of thermocouple;
n,, correction by which ¥, is reduced to N, the deflection which

would be observed at the torsion galvanometer if ¢ = 200;
8, temperature of the vapor bath surrounding the piezometer tube,
6 is computed from N,. 6 is therefore the temperature of the reservoir

of the constant volume tube.
Np, reading in centimeters observed at the capillary tube of the pres-

sure gauge.

p, pressure corresponding to N in atmospheres. Hence p is the pres-
sure bearing on the substance in the constant volume tube;

dp, 48, pressure and temperature obtained by shifting the coordi-
nates, so that the initial pressure and temperature may be zero.

41. Data for ether—Table 12 contains fifteen series of observations
made with ether. Series in which the constant volume tube and con-
tents were changed are separated by heavy lines. It is necessary to
consider these data somewhat in detail. Each series contains at least
one observation at the boiling point of water. Since the barometer
was also noted, the data for the final reduction of the values are at
hand—cf. §§ 48 et seq.

The first eight series need but little comment. In the first the gauge
reading for p = 0 was — 1.00°™; in the second, third, fourth, fifth it was
— 2.00°m; in the sixth, — 3.50°; in the eighth, 1.70°™, Inasmuch as
the relation between p and v is nearly linear, the gauge reading for
p = 0isof secondary importance. Owing to accidents the fiducial read-
ing was lost at the end of the sixth and eighth series. ’

42. Comparing the first eight series with the remaining seven it is
seen that the fiducial pressure is very much more constant in the
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former than in the latter; for the reading at the initial temperature
in‘the one case does not vary more than 5 or 10 atmospheres; whereas
in the other the variation is as large as 100 atmospheres. The canse
of this discrepancy is a strain permanently imparted to the gauge at
the end of the eighth series, where it was necessary to work the machine
with great violence and much above the pressure given, to counteract
an accidental leak. Hence in constructing 4p for these series (9 to
15) I deduct the fiducial pressure preceding and following any pair of
high temperature data from the first and last of these data respectively.
In this way the viscous error of the gauge is eliminated. Of the two
values of 4p thus obtained at each temperature, the latter is the more
nearly correct, since it has been coordinated with the fiducial pressure
immediately following it. As the work proceeds, that is, in the thir- -
teenth, fourteenth, and fifteenth series, the fiducial pressure is again
more nearly constant, showing a gradual increase of the viscosity of
the gauge.

43. In the ninth and tenth series, p = 0 is at — .70°"; in the eleventh,
at — .30°"; in the thirteenth, fourteenth, and fifteenth, at .50, The
last three series (13-15) were obtained with the same tube, and the
work, done continuously, was throughout very satisfactory. Moreover
the change of fidueial pressure still marked in series thirteen becomes
of less prominence in the last two. series. These therefore were se-
lected for the digest below.

44. Method of purifying.—The ether employed was thoroughly dried
with sodium, and then distilled in a small flask at a temperature only
slightly above the boiling point. All parts of the condenser tube and
flask were fused together, and rubber connections were scrupulously
avoided. The distillation was frequently repeated, and the ether then
at once used for filling the constant volume tube. I can not guarantee,
however, that the ether after being introduced in the tube was quite
free from water; for during the necessary manipulations some absorp-
tion of water out of the air was unavoidable.

45. Observations for ether.—The data for ether are as follows:

TABLE 12.—Isometrics of ether. Observations.

N t. g Np‘ o, . ‘VO' Ap. Ad.

o °C. Cm. Om. oQ. Atm. °Q. Atm.
L A . — 54 151 40 |ooevinanans 0 0
4115 222 *192 +16-67 675 512 4-307 474 52-2
4132 22'3 +200 +-16-86 676 517 4332 479 52'3
R PR — 70 155 36 1.l 0 0
7-191 22°3 200 +27-20 99-5 800 7-301 762 810
7209 22-3 200 +27-29 99°6 803 7409 765 841
.............................. -- 50 155 [ U PN 0 0
) S PUUOUU ST — 23 154 48 L., 0 0
13-115 23°1 270 44589 157-9 1,312 13385 1,272 142-4
13-176 237 +321 +46:12 158-8 1,318 13497 1,278 1433
.............................. — 10 155 52 |iiieeen... 0 0
6946 | 24'8 418 +2801{ o 992 822 7-364 778 83-9
6-390 250 -438 +28:00 98-8 822 7-328 718 835
3-849 250 438 +17°59 672 537 4-287 493 51-9
3-849 250 438 +17-61 67-3 537 4287 - 493 520
.............................. — 69 150 36 [coeeeen.nn 0 0
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Tanve 12.—Isometrics of ether. Observations—Continued.

8. Np. p. A6, Ap.
159 1.55 44 -0 0
995 28-95 793 836 755
99+0 29-03 795 831 757
159 1-20 A -0 0

16-2 118 32 0
1787 53-56 1,467 1625 1,439
179°2 5365 1,470 163-0 1,442
162 90 2 -0 0
159 | — -40 44 -0 0
1857 53-51 1,521 169-8 1,472
1864 53-38 1,517 1705 1,468
187-3 53-06 1,509 1714 1, 160
158 | — 04 54 - 0
998 2797 821 839 767
99°5 2797 821 836 768
59| — 08 53 0 0
T80 +00 96 -0 0
982 2859 879 822 783
982 2862 880 822 784
160 — 12 63 0 0
977 26-88 832 816 767
975 2701 835 81.4 770
671 1681 556 5140 491
674 1687 558 513 493
62| — o1 69 0 0
164 98 73 0 0
981 29-51 854 817 781
98-0 29°55 856 816 783
219'5 6531 1,836 |  203-01 1,763
2196 6520 1,833 203-2 1,760
165 | -+ 494 154 0
669 23-51, 663 503 500
67-0 2373 669 504 515
97:4 3401 976 808 822
975 3501 978 80°9 824
167 | 4 038 9194 0 feeeeenenns
7

0. ¥, a8, ». ap.
166 118 0 32 0
995 2833 830 776 740
99°8 2841 833 778 742
165 148 0 40 0
166 160 0 44 0
680 1891 514 518 465
680 18:96 514 520 467
992 2914 826 798 745
990 2920 824 800 47
166 2-28 0 62 0
166 282 0 it 0
679 2010 513 551 463
680 2015 514 552 464
985 3019 819 827 739
98-8 30-34 822 831 743
166 3-58 0 98 0
. 156'3 50-61 139-7 1387 1289
13077 232 279 [ 13-356 157-6 5064 140-9 1388 1208
........................................ 167 659 0 180 0
15722 233 287 | 16:009 182-0 5674 1653 1555 1370
15725 234 ‘296 | 16-021 182+0 5671 1653 1554 1369
........................................ 167 6-87 0 189 0
NIIL [ 176 161 0 44 0
4:033 232 67'5 17-86 499 489 439
4:033 23-3 676 17-88 500 490 440
6896 235 97°5 27°59 79-8 756 706
6898 236 975 27-61 798 757 707
.................... 177 2:05 0 56 0
12:834 24-2 1562 4552 1385 1247 1191
12:822 242 156-0 4552 138-2 1247 171
.................... 17-8 273 -0 76 0
19-540 24-8 216'5 62+60 198-7 1715 1639
19-540 24-9 216-6 62:59 1987 1715 1611
.......... 17-9 3-81 0 104 0

43



44 THE VOLUME THERMODYNAMICS OF LIQUIDS. (sULL. 96.
TABLE 12.—Isometrics of ether. Observations—Continued.
Ny t nge Ny 8, Np. D A, Ap.
b4 5 /N I FURRORY RO 178 3-80 104 0 0
7147 21-2 104 7:251 98-2 2979 816 804 712
7132 21-3 112 7244 980 29-86 819 800 701
........................................ 180 429 118 0 0
20-080 217 "146 | 20-226 2188 64:30 1761 2008 1643
20°071 21'8 *155 20-226 2188 64:30 1761 200-7 1619
........................................ 181 519 142 0 0
4-144 222 192 4:336 67'8 21'14 579 497 437
4147 22:3 200 4:347 68:0 21-14 579 499 437
........................................ U8 1) (520) (142) 0 0
13177 223 -200 | 13:377 1578 4904 1344 1397 1202
13194 223 -200 | 13-394 1579 4906 1344 1400 1196
........................................ 17-9 5:39 148 0 0
b 470 I U I 17-4 418 114 0
20371 20-0 0 20371 2202 64-17 1758 202'8 1644
20353 20°0 0f 20353 2200 6416 1758 202-6 1642
........................................ 174 4:93 116 0 0
7312 208 -068 7-380 991 30-83 845 817 729
7°265 20-8 068 7-333 98:8 30-84 845 814 723
.......... . 174 445 122 0 0
4397 21-0 087 4484 69°1 2137 586 517 464
4415 21:0 +087 4502 604 21-35 585 520 464
........................................ 174 4:43 121 0 0
13306 21-2 104 13-410 1580 48-93 1341 1406 1220
13-330 213 ‘112 | 13442 1583 4898 1342 140-9 1209
........................................ 174 486 133 0 0

46: Observations for alcohol.—Table 13 contains data for aleolol cor-

responding to those already given for

ether.

The two series, obtained

with the same tube on successive days,are satisfactory throughout.

The arrangement of data has been already explained.
The alcohol used was kindly furnished me by Dr. Stokes.

I redis-
tilled it over lime in small quantities immediately before filling the
constant volume tube. Nevertheless some absorption of moisture from
the air during the manipulations was not avoidable.

TABLE 13.—Isometrics of alcohol. Observations.
N7
Nrg. t ngy N, [ Np. p. A, Ap.

172 4:92 135 0 0
69°5 2546 697 523 562
697 2546 697 52'5 556
17-2 514 141 0 0
989 3767 1032 817 891 !
990 37-68 1032 818 888
172 527 144 0 0
1590 63-04 1727 141-8 1583
159-0 63-04 1727 141-8 1575
17-2 553 152 0 0
17:0 492 135 0 0
99-3 3772 1034 82-2 899
99-1 3770 1033 823 893
168 512 140 0 0
159-7 63-20 1732 142:9 1592
1597 6315 1730 142'8 1582
169 539 148 0 0
169 539 148 0 0

i 674 2514 689 505 541

| 670 2516 689 500 533

! 170 569 156 0 0
989 3836 1051 819 895
985 38:36 1051 815 884
170 611 167 0 0
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47. Observations for thymol, para-toluidine, and diphenylamine.—
T'ables 14, 15, 16 contain results for thymol, para-toluidine, and diphenyl-
amine, arranged on the same plan as Tables 12 and 13. Thymol is
particularly convenient since, after firing, it admits of undercooling
much below its melting point. Observations can thus be made even
at 179, In case of the other two substances this is possible to a less
extent, and it is necessary to insert the constant volume tube into a
hot piezometer. A large bath of heated water must be at haund to
prevent freczing during the manipulations. (§ 32.)

TaBLe 14.—Isometrics of thymol. Observations.

N/o_ 1 t. 7. Ne, 6. Np' . Af ap.
| N

4:227 20°7 +059 4:286 671 3265 895 499 704
4253 208 068 4:321 675 3269 806 503 705
7259 20.8 *068 7321 98-8 4911 1346 816 1155
7-285 209 -076 7-311 98-6 49-16 1347 814 1156
4-282 210 -087 4369 681 33:02 905 509 714
4:32 210 087 4:411 685 3307 906 513 715
.............................. 17-2 697 191 0 0
7°230 211 *095 7-325 98-9 49-62 1360 817 1169
7221 21°2 104 7325 989 49°69 1361 817 1160
........................................ 172 7:35 201 0l 0
9652 217 *146 9798 1235 62-40 1709 106-3 1508
: 9616 217 "146 9792 1234 6235 1708 1062 1495
........................................ 172 777 213 0 0
.......... 170 778 213 0 05
4:306 205 -042 4:348 68:0 34.08 934 | - 510 721
4:300 204 -034 4:334 67-8 34-11 935 509 729
........................................ 169 7-51 206 0 0
7-288 204 -034 7-322 989 50-07 1372 82:0 1166
7315 204 -034 7:349 99-0 5006 1372 82-2 1171

.......... 16-8 7'34 201 0
9-875 [ 20°4 -034 9-909 124°5 62:49 1713 1077 1512
9958 | 203 +025 9-983 1253 62:58 1715 108'5 1506
........................................ 16-8 763 209 0 0

!
TasLe 15.—Isometrics of para-toluidine. Observations.

Ny, t. g .N'a. 6. Np. . af. Ap.
4-206 216 ‘131 4:337 678 1534 420 0 0
4-182 216 ‘138 4:320 675 1532 420 0 0
7147 21-8 *155 7:302 98'5 3184 872 31:0 452
7132 21-8 158 7-290 984 3179 871 304 441
4162 223 +200 4-362 680 15 69 430 0 0
4'153 223 -200 40333 679 1566 429 0 0
9'578 225 -218 9-796 1235 4520 1238 556 809
9'572 226 +226 9:798 1235 4524 1239 560 799
4071 22-8 -245 4316 675 1606 440 0 0
4:100 228 *245 4345 1 " 679 1604 439 0 0

13:000 231 270 | 13-270 1567 57-51 1576 888 1137

13-006 20:2 279 | 13285 1570 5750 1575 89°1 1124
4:035 235 -306 4:341 679 1645 451 0 0
4:027 236 *313 4:340 679 16:46 451 0 0
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TarvLy 16.—TIsomelrics of diphenylamine. Observations.

N'B' t. g Ne. 9. Np. 2. A9. Ap.
4035 231 270 4-305 675 18-01 493 0 0
4,027 231 270 4-297 67'5 18-02 494 0 0
6-975 234 208 7273 98-2 3626 993 307 499
6-969 234 298 7-267 98-2 36-30 995 30-1 487
4051 23-8 330 4-381 681 1853 |- 508 0 0
4059 23-8 330 4-389 683 18544 . 508 0 [}
9525 24-0 350 9875 1241 51-95 1423 558 915
9587 24 350 9-937 1249 52-29 1433 57°1 900
3975 242 1367 4342 67'8 19-46 533 1] 0
3081 242 367 4.348 680 19-36 530 0 0

Another zero.
Q
13200 24-2 *367 138-567 159°6 6515 1785 92-0 1346
13-171 243 375 13-546 1595 6512 1784 91.9 1345
3-949 244 384 4333 676 1602 439 0 0
3955 J4-4 384 4339 678 1593 437 0 0
6-802 244 384 7186 97-3 33:29 918 29'5 481
6-834 244 384 7-218 978 | ~ 3348 917 297 479
3-985 244 384 4-369 681 15'98 438 0 0
4012 214 384 4-396 684 1598 438 0 0
9470 244 384 9-85¢ 1240 4934 1352 55'6 914
L9534 244 *38L 9918 1248 4939 1353 56-2 904
4035 244 384 4:419 685 16.39 449 0 0
4021 243 375 4396 685 16.41 450 0 0

TEMPERATURES CORRECTED.

48, Behavior of the torsion galvanometer.—An inspection of the tables
shows the temperatures to need correction, for the boiling points (water,
for instance) are usually low. The cause of this discrepancy is to be
sought in the temperature coefficient and perhaps also in the time co-
efficient of the magnets of the torsion galvanometer. This error is
easily allowed for as follows: It is clear that the magnetic change
which obtains affects all deflections (deflections for all temperatures)
uniformly. Consequently if N’, be the twist corresponding to 100° on
any day ot observation, and if ¥ be the corresponding twist on the day
of calibration, both observed at the same torsion galvanometer, then
No, /N4 is the factor for the reduction of all temperature observations
for the former day to the scale of the calibration day.

To test this inference I made two independent calibrations of the
same couple about a month apart. The constants « and b given in
Table 17, where No= a (T'—1t) + b (1?—t?), show considerable varia-
tion during this interval.! Computing the twists Ny and N, for dif-
ferent temperatures 7, when t= 209, it is found that Ny ~N',is con-
stant within less than 3 per cent for the whole interval 50° to 400°,
Clearly thisis anerror of observation, since the constants a and b never
quite faithfully reproduce the calibration interval. Slight reciprocal
changes of @ and b, for instance, would wipe out the discrepancy
4(No / N's), without appreciably slighting the observations.

175 t arethe temperatures at the junctions of the platinum platinum-iridinm thermo-couple,
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TABLE 17.—Constants of the torsion galvanomeler and couple. Comparisons of T, April
20 and May 27. -

" a=.0844, a/=.0829.
April 20§ =000, May 27§ 2= (0oL,

[Computed from observations at 100° and 357°.]

U T g v
T Ny Ng | Ny,
o]
50| 2683 | 2632 -9810
100 | 7440 7-298 9809
150 {12657 | 12311 9304
2001 18031 | 17670 -9800
250 | 23-805 | 23377 9796
300 | 30057 | 29430 0792
350 | 86611 | 35831 9787
400 | 43520 | 42578 9784

49. Adr thermometers comparison. Apparatus.—Thereis a more serious
question relative to the degree of truth of the interpolation equation
No=a (T—t)+b (T*—¢*). This can only be decided by direct air-ther-
mometer comparisons, such as are given in Table 18. There are three
complete time series and two comparisons in stearn.

The air-thermometer bulb used was my reentrant form, combined
with the Jolly-Pfaundler stand, by a platinum capillary. The method
of work is described elsewhere.! Here I need only remark that the
meétallic -fiducial mark at the bulb end of the manometer, being noth-
ing more than the sharpened end of the platinum capillary, the criterion
of constant volume was given by an electric contact.

To heat the bulb Imade-use of alarge paraffin bath, being a cylinder
about 7 inches longand 7 inches in diameter. Thiswas heavily jacketed
with a thickness of about 1 inch of asbestos. At the center of the bath
the bulb of the air thermometer was placed; and being of the reentrant
form the junction of the thermocouple in its turn was at the center of
the bulb.

The paraffin bath, Figs. 9, and 10, needs further description. It
consists of two half ¢ylindrical boxes of brazed copper, d e f and g ! %,
which fit into each other on their flat sides. These are of thin sheet
copper, provided with hemispherical cavities H and gutters £ ¢ adapted
to receive the air-thermometer bulb and thermocouple. The figure
shows the thermocouple « o # and the air thermometer bulb H H ¢ in
place, the stem of the latter and the insulator of the former issuing in
opposite directions. Though filled with paraffin in the present experi-
ments, the apparatus was constructed to be used as a vapor bath at 2100
(naphthalene) or 310° (diphenylamine). Insuch a case the chimneys N
are prolonged by iron gas pipe into which the vapors distill and condense,
falling back into the charge below (indicated by the dotted horizontal
line). In this way thoroughly constant temperature may be obtained,
and the apparatus is therefore available for standardizing? a porce-

' Bull. U. 8. Geol. Surv., No. 54, 1889, pp. 168 et seq., 188 et seq.
2Cf, Bayus: Bull. U, S, Geol. Surv., No. 54, 1889, pp. 22, 208 et scq,



48 THE VOLUME THERMODYNAMICS OF LIQUIDS. {BULL.S6.

lain (noninglazed) air thermometer, by aid of a glass air thermometer
bulb of known constants, through the intervention of (or consecutive
comparison with) the same platinum-iridium thermocouple.

In all cases the bath is to be heavily jacketed with asbestos, to a thick-
ness of say 1inch. Two burners are then sufficient.

¥16. 9.—Sectional vapor bath, for compariug air thermometer and thermocouple.

50. Observations.—Observations were made during the period of cool-
ing, after heating the bath to 300°; cooling must, therefore, take place
so slowly that the temperature of the air thermometer bulb and of the
thermocouple may be regarded as identical. Whether this is the case
can be decided only by trial. Therefore, in making the following com-
parisons, the first and third series were observed during ordinary cool-
mg; in the fifth series, however, a flat evaporating burner was placed
under the paraffin bath to insure slower cooling. The liquid was stirred
and paraffin gradually added to compensate for the contraction in cool-
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ing. In the table V is the volume of the air-thermometer bulb, v’ that
of the hot part of the stem, v’/ that of the cold stem and of the capillary
connections and dead spaces; finally h, is the observed pressure for the
bulb in melting ice. It is advisable to work with slightly rarefied air,
to avoid pressure on the bulb at the high temperatures.

N’y is the twist observed at the torsion galvanometer at the time
given, and when the temperature measured by the air thermometer was
Tap-  Irom this I computed Ny, the twist which would have been ob-

N
c’ o
g g
h i
Il
H
4 AN NN
S VAN SNV
H
7 "
9
/ /
"
4
PR k

(22 a
F1a. 10.—Longitudinal elevation of one of the halves of vapor bath, showing the thermometers in place.

served on the day of calibration (May 27), by the method shown in § 48,
Hence I made use of the series It and vV (comparisons in steam) and of
the low temperature comparisons between thermocouple and air ther-
mometer, for here the cooling is so slow that no time lag need be appre-
hended. )

From both N’ and N, the thermoelectric temperature equivalents,
T, and T,, were then computed, by aid of the data of Table 17.

Bull. 96——4
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TABLE 18.—Comparison of thermocouple and air thermometer.

V=239-93cc; v/="030cc; v!'=094¢; he=48-28cw,
Time. | N Tat. Ny Tte. Diff. T. Difr.

I 21 28-464 292'1 28:749 2916 4- 5 2040 | =19

36 25531 2635 25786 267-8 —4-3 270°0 —6'5

44 24-001 2514 24-241 255°1 —37 257°3 ~59

52 22:648 2394 22-874 243°6 —4:2 2456 —62

61 20456 222.1 20-660 224-6 —25 226'5 —d4

7 19438 213-3 19632 2155 —22 217.4 —41

18 18:052 201'3 18-233 2031 -18 204-7 —34

34 16-066 1832 16-227 1852 =20 186.5 —33

45 14-893 171-2 15042 1742 -30 1756 1 —44

58 13571 160-6 13-707 1618 | —12 163-2 —26

17 12-165 1469 12-277 148'5 -16 149°7 —2'8

34 10840 1349 10-948 1354 -5 1367 | —1'8

50 9912 1255 10011 1264 — 9 127-4 -19

12 8639 1140 8725 118-6 + 4 114'5 — b

35 7-598 103-8 7'674 1081 | + 7 1038 + 0

9 6359 90-4 6-423 903 + -1 91-0 -6

40 5448 80-9 5502 805 + 4 81°1 -3

58 4-975 76-4 5025 754 +10 760 + 4

19 4:479 709 4'524 700 + 9 70'5 + "4

39 4075 667 4116 657 +1-0 661 + 6

II. ¢ 0 7245 100-22 7-317 99-4 + 8 100-2 + 0

"{20 7-264 10028 7337 996 4+ °7 10004 — -1

III. 34 28174 286.3 28:456 28941 —31 291-6 —53

45 26-136 2700 26397 272'8 —28 275°0 =50

- 56 24400 2550 24644 2585 —35 260'5 -55

7 22:050 2353 22:270 2385 —32 2405 —52

17 20731 224'3 20-938 2270 | —27 2200 | —47

26 19-338 214-5 19-531 214.6 -1 2166 -21

38 18036 2004 18216 203.0 —-26 204'8 ~44

50 16:799 189-2 16-967 1920 —28 193-6 —44d

6 15-184 176:2 15336 | 177-0 - '8 1785 -23

21 13-899 1642 14:038 1650 -8 166-4 —22

44 12237 1489 12359 1493 -4 1504 -~15

IV.{53 20-702 2996 30" 147 3016 —2:0 3050 | —5¢

5 29-223 2953 29661 2979 | 26 3012 —59

16 28744 2920 29°175 2040 [ —20 2973 | —53

25 28410 2801 28-836 2014 | —23 204:8 | —57

33 22025 2363 22355 23831 —2+0 2412 | —49

42 21492 2322 21-814 2336 —14 2365 | —45

55 20-866 226-9 21-179 2283 —14 2310 —4-1

9 20293 2220 20507 2232 -12 228 —38

3 14-334 1677 14549 1690 | —1-3 1712 | =35

13 13-590 160-9 13-794 162-0 ~11 1641 —32

24 12-720 153-4 12911 154'0 — 6 1556 —22

36 11-897 1454 12076 14591 — 5 1477 | —23

18 9-487 122-5 9-629 1220 | + 5 1234 -9

29 8943 117-2 9077 116-7 + °5 118-0 — 8

38 8567 1131 8-696 1130 + 1 1143 —12

52 7966 107-1 8-086 1067 | + 4 1080 | — 9

29 6618 94-0 6717 93-0 +1:0 940 + 0
39 6335 90-9 6-430 90-0 + 9 910 + 1

V. (16 7-205 100-03 7313 99-0 +1-0 100-1 —1

$428 7-221 100-09 7329 991 +10 100°3 -2

(37 7-199 100°09 7:307 99:0 +11 1001 + 0

*Steam, temperature 100-11°
tSteam temperature 99-93°.
‘TABLE 19.—Interpolated from the above.
Ty (air ther-
B etory, 500 | 1000 | 1500 | 2000 | 2500 | 3000

Nogeeeeennannn el 2063 | 7:30 1247 l 1805 2390 30-20 ]
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Tables 17 and 18, or a graphic representation, show at once that
throughout every stage of cooling, temperature as registered by the
thermocouple is always higher than the corresponding temperature of
the air thermometer. Inasmuch as the system cools from the outside
of the air thermometer bulb, this is precisely what must occur in case
of too rapid cooling. It is well, however, to note that in Table 18,
series IV, notwithstanding much retarded cooling, the discrepancy be-
tween air thermometer and thermocouple retains 1ts original magnitude.
Without passing judgment, therefore, I have deduced Z,’, and Ny, from
all the observations, for use below. See Table 19.

51. Isometrics corrected as to temperature.—Applying the corrccted
temperatures investigated in the foregoing paragraph, I obtained the
following data for the isometrics. Ny is the corrected twist and 6, and
8, its thermal equivalent, as expressed by the air thermometer or the
thermocouple (boiling points, H,O and Hg), respectively. The two data
given under 4 6 are to be similarly interpreted. 4p is the value already
met in tables 12 to 16.

It follows from the slight irregularities still observable in the boiling
points, that in order to use the torsion galvanometer satisfactorily, check
measurements of the boiling point of water must be made before and
after any series of temperature observations,

TABLE 20.—Isometrics of ether.

NO‘ 0y c. 8a, c. ) A6, Ap. NO' 8¢, c. B4, ¢. A0, ‘ Ap.
-
........ 1oas1] 151 0 ol 15 , ‘ 1644 .
vui| wa| ealf P 15506 | 1806 | 1 |§GOVE L 1
24 e A1 Sl SR 62| 162 0 | 0
.71 } § 52
e | ors| e f EOIE e ,
-------- 155 | 155 84'2 Of........] 159 159 01 0
T | ooo| 09 |f BNEIL 702l 1045 | 1809 | 1845 § Tog
7300 | 1001 | 001 (§ GO 705 )| 10015 | 1875 | 1854 § Jibs iy s
........ 1551 155 0 0 . 172G |
16405 | 1884 | 1862 |§ 7Y 1} 100
........ 14| 154| 0 0l o] 18] 158 el 0
oo | 15oa | 181 | 1011 aem2 | 7sos| ae01| d001 § Bis b o
waz | woes | w2l 190 s | ress| soo| eve)f B0 L
....... 155 | 155 0 0flcceeead| 1590 159 0} 0
a8 | 1002 | 1002 (§ HTL s _—
7-982 99-8 098 { gzg 798 || <ee-ee- 16:0 160 84'3 0
: 7300 | 1000 | 100 §
w0 | or7| esa|f 224 s o|f 80 b
. 7300 | 1000 | 100
ewo| er7| oss)f BT L um 100013 swoig T
S 150] 150 0 0
........ 60| 160 0 0
e 159 | 159 0 0 830
, . _ 842 7204 [ 990 | 999 : 767
Ta12| 1001|1001 § s b oo vt | 1000 | 1000 g 89 % o
7288 09| ovo b SO 7 80
cosm | a1 es5|{ 0 4o
. N 3 H2'0
o162 102 0 of 4208 os2) esoif GEUIE
15513 | 1801 | 1780 { e } 1430 ([ 1621 162 0‘. 0
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TABLE 20.—Isometrics of cther—Continued.
Ny Otc. 0a,c. A, ap. Ng. 01,c. Oa,t. a6, Ap.
........ 164 | 164 0 ol 4. ! i 51
rooel 099l aro { 833 } | 4BL| os| e { e } 439
| 835 4350 | 686| 695 { 51-0 } 440
N = 836 o 519
7285 | 1000 | 999 { g } 788 ae
s rar e | ser|§ EOHL m
20177 | 2220 | 2190 § b } 1763 80
. 2029 ro12| 997|907 { s } 707
20119 | 2221| ;o0|$ FEENE weo ) I e L o
13320 | 1596 | 1582 g L } 1101 |
-------- 1051 105] 0 O 13308 | 1596 | 11| JEEI um
g0 oms | es2if DOIL 00 18| 178 0 0
a28t| 619|685 { 514 } 515
oA 20138 | 218 | 285§ 2001 163
7984 | 998| 908 { e § 822 07
7:313 100°1 1001 { gg.i } 824 20-146 22290 2187 { 200-8 E 1611
........ 167 167 0 | ERERRE B A B 0 0
........ 166| 166 0 o ||--eeeeee| AT8Y 1T aig 0
7308 | 1001 | 1001 § e } 740 || T4 99T| 997 { 819 } 2
3. ' . y 817
7331 | 10031 1003 { s } 7ag || THT) 997T) 997 { 817 } 01
........ 65| 165 0 0ffrzeeee| 1800 180 O 0
20200 | 2231 | 2109 |§ 2L\ 63
________ 166|166 0 ol 20201 | 2931 2199 { i } 1619
#3406 o3| ooz Bald aos e 181 181 9 0
19 4350 | 686| 692 { 302 } 437
e334| 85| 6v1(f 2311 467 arl
7325 | 1002 | 1002 selt s o) ool os|f RO 4w
{ ggjg ........ (18'1) | (18°1) 0 0
T34 | 1001 | 10013 g3R } 747 || 13-420 | 1604 | 159-2 { uzs } 1202
........ 166 . . .
166 0 0N 13437 | 1605 | 150.4 { a1 } 1196
........ 19| 179 0 0
........ 166 166 0 0
-34 68" . .
4342 #5) 02 { ggf } Rl I 174 174 . 0 0
355 | 687 4 o) 464 . . . 050
4 8 69 { §§§ } 20216 | 2924 | 2192 g e } 1644
25| o) woolf BL\L 0| s0nes| 2ms| meo|§ DI see
7323 | 1002 | 1002 § e } 3 [|-oeeeeed] 174 174 g8 0
........ 166 | 166" 0 oll To24| 1002 1002 { se } 729
13230 | 1588 | 1574 |§ 1oa |} el 7om| ess| oo § o2 m
1356 | 1600 | 1587 |§ 1900 |E 1208 oo i i P v
________ 1671 167 Wl ol 4450 eos| 702 { sod } 464
16:000 | 1849 | 1827 { To2ld w10 gaes| evo| 704 g 2ot
16021 | 1850 | 1828 |§ TS 1t 1360 ||-oeneee e B PR 0
........ 167 167 ol 13308 | 1595 | 1581 { o } 1220
1421
13340 | 1507 | 1584 { } 1200
1410
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TABLE 21.—Isometrics of alcohol.
Ny Occ 6a,t Af ap Np Ot,c Ou,t A¢ Ap
........ we| 172 0 ol .. , ) { 834 } "
7823 | 10021 1002 8
491 : ) 529 | 834
w193 01| 06§ 2 } 5620 . 168| 168 K 0
. . . 530 ) } : 1446
4499 | 702| 709 { Sy } 556 || 13520 | 1614 | 1600 { by } 1502
-------- 12| 1 g3 Ol 13522 | 1614 | 1600 { vt } 1682
7317 | 1002 1002 { &2 } gon|| 169 169 5 0
830 (1 aoallinniiin 169 | 169 0
7323 | 1002 | 1002 : 888 |
........ me| 172 { &9 } o #%10) 682 @89 { o0 } 541
. . " 143-6 . X X 511 .
13464 | 1608 | 1596 { 1iz 1583 || 4300 | 61| 68 3 { b3 } 533
] 1436 |3 g e o | 17
13461 | 1608 | 1596 { ) 1575 !
1424 . ! i 834
........ we| 172 0 of|f 7945 1004 12004 { B4 895
. . ' 83
........ mwel 10 0 ol 7318| 1002 1002 { 4 884
7337 | 1004 | 1004 { e } 899 |-~ 170} 170 0 0
TABLE 22.—Isometrics of thymol.
Ny B¢,c Oat Al Ap Ny e Ot Al Ap
o . . 50'5 ! ) ) 1076
4213 | 677| 685 g i } 704 || 9763 | 1248 | 1245 { lo7s } 1495
e308| es2| ozolf DI 05 e ey 12 0 0
7305 | 1000| 1001 { 828 } 1155 1o+ wo| 170 0 0
s 4339 ] 685 | 69 { 518 } 721
7289 | oo0| 999§ Q37 |F 1156 2l
- £395| 684 690 { ase } 729
ar N o
436 68| 692 { 520 mi 169 | 169 0 0
4-308 69'; ig; $ i § 71(5; 7907 | 1001| 1001 |§ 24} 1166
........ 17 : , 835
7934 | 1003 | 1003 } 1n
) ) . 828 835
7303 | 1000 | 000§ ZXEIE 169 18| 168 { : °
7303 | 1000 | 1000 (§ B2DIE meo| osso| 11| 1258 |f 10D\ 112
........ e | 172 0 0 " 110-1
: 9063 | 1269 | 1265 i 1506
o709 | 1249 124§ TTIY wsos | 8| 168 { 108°2 5 0

About a month later, and after the gauge and appurtenances had been

53

much used during intervening experiments, I repeated the work for
thymol again, using the same tube asin Table 22. The results are
given in the next table (22 supplement) and will be seen to be in excel-
lent accord with the earlier data. This proves that there can have been
no error in the method of measurement between times, and hence
the exceptional behaviors noted in case of some of the following sub-
stances are actual peculiarities.- The constancy of the gauge factors
vouched for in this way is gratifying.

TABLE 22 (supplement).—Isometrics of thymol. Check-work a month after the above.

Ng t né No 0 Ny r A Ap
.................................. 259 620 170 0 0
6513 276 +665 7188 1000 44-47 1218 74°1 1048
6:460 277 YL 2 PPN 100-0 4450 1219 74:0 10-38
.................................. 260 660 181 0 0
8-896 281 711 9607 1251 5725 1569 99-1 13-88
8-925 28'1 711 9630 1255 5725 1569 99'5 13-90
.................................. 260 655 179 0 .0
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TABLE 23.—Isometrics of para-toluidine.

Ny Ot Oa,¢ a0 Ap Ny ftc fa,¢ a8 YY)
4328 | 68| 691 |oerrriifereiin.. , . g ls 567
a3 | 2| 69| 0 0 2776 1250 | 1248 { 559 } 799
: . . . 307 | €83| 689 0 0
6| eoo) w0 SUTIE w2 EETORE 80 0 0
Tora | 97| 997 |§ 1 } 441 | 13231 | 1588 | 1574 | s |} e
fooz) sl s : of 126 | 1500 | 15788 ZE0 1% 1124
v | | g 31 wo| 23| &3] W 3
TABLE 24.—Isometrics of diphenylamine.
Ny Ot 0a,¢ Ab ap Ny Ot,c Oayt a0 Ap
4323 | 683 690 | fereeiis. , . o ls 94|74
@i | sl 8ol ol 18 73; 1604 | 1022 |8 2213 1845
. , , : 4392 | 60| 696 0 0
1303 | 2000 | 2000 § 38IE w00 | $32N 001 B 9 9
7207 | 100.0 | 1000 { S|} ser| 7oss| 99| o0 { |}
43 S| o S ol mme| woz| wo2|§ BTIL 4
, P GG P S0 S I 695) | (701) |oumnne e
9916 | 1265 | 1260 g s % 015 wi| o3| o1 B i
-~ X 4-4 . 0 0
9-978 127°0 1266 900
572 , _ ol 574
w0 | o8| oo 2 of vess| 11| 1268 |f FEIL o
4306 688 696 0 Ol 10053 | 1276 | 1273 |§ 3TE (Y 04
. 4419 | 700|708 0 0
1752 | 1087 | 1624 |§ 3T |) taae ) 4450|698 70 ° °

CORRECFION FOR THE THERMAL AND ELASTIC VOLUME CHANGES OF THFE GLASS
TUBES.

52. Thermal expansion of glass.—The direct measurement of the elastic
constants of glass throughout an interval of 300° and 2000 atmospheres
is at present out of the question. Hence I selected liquid substances
of large compressibility, in order that the discrepancies due to the com-
pressibility of glass might be of smaller magnitude, and could, there-
fore, be at least in a measure applied by interpolation from kucwn
data. Itis clear at the outset, moreover, that the correction in ques-
tion is of smaller moment, because it is differential in character. Rise
of temperature expands the glass tube, pressure again diminishes it.
If the isometrics of solid glass and theliquids were identical, the cor-
rection would be nil. Curiously enough this’is nearly the case.

The expansion of glass throughout large intervals of temperature
was measured by Dulong and Petit,' by Recknagel,> and by others.
The results of the latter are the larger. For this reason I accept the
former, seeing that in the case of compressibility of glass a datum

Dulong and Petit: Ann. de chim. et phys. (2), VII, 1817, p. 113.
2Recknagel: Sitz. Ber. k. Bayr. Acad. (2), 1866, p. 327.



BARUS.] ISOMETRICS OF SOLID GLASS. 55

too small must be accepted for want of data on the thermal variations.
Dulong and Petit find that from—

0° to 100°, coefficient of expansion, g = 258/107
0° to 2000, coefficient of expansion, g = 276/107
0° to 300, coefficient of expansion, f = 304/107.

A chart may then be platted from which g may be taken for auy inter-
val. It follows that the volumes, Vy of the constant volume tube, in
terms of the volume at 209, will be (pressure = 1 atmosphere).

T = 20° 500 1000 1500 2000 2500 3000

V2% =1:00000 1-00075 1-00208 1:00350 1-00504 1-00670 1-00856

Again, the corresponding volumes, V5, in terms of the volume at 700,
will be—

T = 1700 1000 1500 - 2000
Vo = 100000 1-00080 1-00222 1-00376

53. Compressibility of glass.—On the other hand the compressibility
of glass, 1/k, from corroborative results of Regnault and Amagat', is
1/4x 10" in terms of dynes and square centimeters. Bearing in mind,
therefore, that no compensation of % in respect to temperature can be
made, the volumes of the constant volume tube under any hydrostatic
pressure, P will be 1 — P x 105/k, where

P = 500 1000 1500 2000 2500 3000 atmospheres,

P/l =-00125 -00250 -00375 -00500 -00625 .00750

Thus, when the initial temperature is 200, the volumes will be as fol-
lows:

TABLE 25.—Isometrics of solid glass, in terms of unit of volume at20° and 1 atmosphere.

0= 200 500 1000 1500 2000 2500 3000

P==1atm. 1-0000 1-0007 1+0021 1:0035 1-0050 1-0067 1:0086

500 atm., 9987 9995 1-0008 1-0022 1-6030 1-0054 1-0073
1070 atm. 9975 9982 9996 1-0010 1-0025 1:0042 1-0061
150 atm. 9962 9970 9983 9997 10013 1:0029 1.0048
2000 atm. *9950 9957 9971 9985 1-0000 1-0017 1-0036
2500 atm. -9937 9945 0058 19972 9988 1.0004 1-0023
3000 atm. 9925 9932 9946 9960 9975 9992 1.0011

A similar table is easily constructed for unit of volume ‘at 700 and
1 atmosphere.

If these results are represented graphically, the volume cha,nges 6v,
if the constant volume tubes can be at once obtained for each of the
pairs of values of 40 and 4p given in tables 20 to 24. I have given a
full list of the values, dv, in table 27, where the arrangement adopted
is such as to correspond to the earlier tables (12 to 16).

54. Compressibility of the above liquids.—Having given these data,
it is therefore finally necessary to find the pressure equivalent of the

' Amagat: C. R., CVIII, 1889, p. 1199; CVII, 1888, p. 618, or J. D. Everett's Tables (Macmillan, 1879,
p. 53).
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values ¢v; in other words, to find the value dp which will annul dv.
To do this it is necessary to know the compressibility of each of the
liquids under the given conditions of pressure and temperature. The
results of my earlier papers! are available for this purpose, and from
them I take the following mean values. ’

TABLE 26.— Correction Sactors (d <%> /a P> op being compressibilities at 6° and p atm.

1
ETHER. A0=6-—-20°. THYMOL. A0==6-—20°.

10 W05 *
0
( )/ ap| ? 0 d( V) rap| ?
[+] o
70 00] 600 70 | 010
100 05| 830 100 ad | 1360
160 80| 1340 130 4| 1710
185 70! 1500
220 | 1700
DIPHENYLAMINE.
84 = 0 — 600,
ALCOHOL. A6_.0—20°.
106
o [} ik »
70 66| 700 ¢ (V>/ ap
100 63 1040
160 51| 1730
100 | 960
130 0| 13%
PARATOLUIDINE. A6= | 100 A
8700,
100 52| 870
136 50 | 1240
160 45| 1580

Knowing therefore the volume changes of the glass, and the com-
pressibility of the inclosed liguid under the given conditions of pressure
and temperature, the correcton dp follows by division. This is fully
givenin Table 27. Utilizing these values I constructed the final Table
28, in which 46 and 4p, such as would be observed if the glass tube
were absolutely rigid, are inserted. This table 28 exhibits the impor-
tance of the correction Jdp, relative to 4p. Tor 46 I give the thermo-
electric values only, believing them to be the more nearly correct. The
table alsocontains p, and 6,, which are the initial pressares and tempera-
tures used in constructing 4p and 44 (ef. Tables 12 to 16). Tn case of
paratoluidine and diphenylamine, p, had to be estimated.

1Barus: Am. Journ. (3), XXXIX, 1890, p. 501.



BARUS.}

CORRECTIONS FOR ENVELOPES.

b

TABLE 27.—Corrections (8p) for thermal and elastic volume changes of glass tubes.

ETHER.
106 X 108 X
A a0 | sv X100 KA dp || ap,p | a8 |dux10° (g (@ ) ép
P a(y) 1 dv. a(3)rap
475 52| 4+ 100 1| + 1 740 84| + 350 05| +4
765 81 + 300 9% 3
. 465 52| 4 200 110 2
- 1275 44| 4+ 700 80 9 750 84| + 300 95 3
780 85| + 300 95 3 465 53 | - 150 110 1
495 53| + 100 110 1 740 84| 4+ 300 95 3
1250 142 | 4 600 80 7
1870 167 | 4 1150 70 16
755 8t | 4 300 9% 3
€
. 1440 164 | 4 900 70 13 490 Y 10 )
M| 1| T oo o| 1
1470 170 1080 70 15 125 41| + 9
765 8| T %0 95 af 1m0 | 202 | + 1800 60 30
785 8| -+ 300 9 3 816 82| + 400 95 4
1760 203 | 4 1750 60 30
580 511 + 200 100 2
770 84| + 300 95 3 1344 142 | 4+ 800 80 10
490 52| + 100 110 1
1760 203 | + 1708 gg + 22
780 841 4+ 300 95 3 850 8 | + 35 +
590 53 | + 200 100 4+ 2
1760 204 | + 1400 60 By . | ¥ 80| T 1
510 5 + 0 110 0
820 8| + 100 95 1
ALCOHOL.
700 53 | — 100 6| — 2| 1780 144 | — 100 51| — 2
1030 8| — 50 63 — 1 690 52| — 00 6| —- 0
1730 W3 | — 100 51| — 2| 1050 83 50 63| — 1
1030 8| — 100 63| — 2
PARATOLUIDINE.
. 870 31| — 300 52| — 6 1580 89| — 300 45 — 7
1240 56 — 410 60| — 8
THYMOL.
900 51| — 500 46| —11) 1710 108 | — 950 42| — 23
1350 8] — 1750 44| — 17 930 | 52| — 500 46| —11
910 52| — 5% 46 — 11| 1370 8| — 750 44| —17
1360- 8 | — 750 44| —127] 1715 10 | — 830 421 —20
DIPHENYLAMINE,
1000 31| — 450 43| —10 920 30 | — 400 3| — 9
1430 58 | — 650 40| — 161 1350 57 | — 1700 40| —18
1780 93| — 800 88| —21
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TABLE 28.—Isomelrics—Digest of probable results corrected.

Substance. Al ‘311’0 ,’ Ap Substance. , Y] ?2?,’ Ap
Ether......... 505 437 439 || *Paratoluidine| 31'4 441 435
6,180 ... s18| 71| 705 565 sng 792

4 . —
Do=380atm...| 1425 1196 1206 || 6,==GS0....... 90-4 1124 1117
10 —7
2050 1619 1649
30 Thymnol....... 513 710 700
: —11
Kther......... 525 464 466 || 0, =17"....... 82:7 1155 1141
2 —1
826 723 727 || pp=280 atm ...| 1077 1495 1472
’ 4 —23
0, =17°....... 142.1 1209 1219
10 Thymol....... I 515 729 718
pe=30atm...| 2050 | 1642 | 1670 =11
28 0y=17....... 833 1171 1154
—17
Aleoliol....... 530 556 554 | pp==80atm...| 1097 1556 1486
—2 ' —20
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