XIIL—REPORT ON THE THERMOMETERS OF THE U. S. COMMIS-
SION OF FISH AND FISHERIES.

By J. H. KipbpER, M. D.

CORRECTION.

In the earlier operations of the Commission its thermometers were
Used ag they came from the malkers, without previous comparison with
Stitl.ldards. As the number of temperature observations increased, and

heir importance became more evident, instrumental errors were re-

DOr.teq from time to time, which tended to discredit some of the obser-
Vations, and to weaken the foree of the inferences deduced from them.
In the comparison of temperatures observed at considerable depths in

© 8ca, where the differences recorded are small, instrumental errors

€come particularly important, and it was decided by the Commissioner

- that a1} the thermometers used by the Commission should be compared

a"'d t.heir crrors noted before their issue. '

Thig duty was assigned to me early in the autumn of 1883, and the
Teport which follows covers the period from December 12, 1883, when

¢ first corrections were made, to May 1, 1885.
ot é:t the outset comparisons were made with two standard thermgm-
to tls’ In\anufactu_rcd by L. Casella, of Londo.n, onoe gradunated acc9rdmg
meu: Fahrenheit and the other to the centigrade scale. The:%e 111st}-u-

ts had been procured through the London agent of the Smithsonian
\\fgt;tutio-n? and had been verified at the Xew Observatory. The tubes
certified to by the waker as having been thoroughly ¢ scasoned”
eforg pointing, and the centigrade which survives (tho Iahrenheit was
t]f?;{:"“.pecember 20, 1883), shows no change in the zero poiunt up to

5 Writing,
ucz‘:rl()ls_e‘luelltly (February ?8, 1884), two fine :standa.rds, botp graduated
don wi’{g to the Fahrenhelb.scale, were received from J. Hicks, of Lon-
inqt,r ; rich had also been verified at the Kew Obezrvatory. On(? of th.ese

Struments has been used in all comparisons since the day ot receipt.
of 23;1“1‘0 pointed to fifths of a degree, allowing a good reading to tenths
.t @ degree, and cover the range from 10° to 1200 I, .

Coil;)i (‘Eorrections were got at first by immersing the im.'trum.(mts to be

OYlin(l] l.ed, together with the standard, in watex: contained in a large

. [;‘;cal glass vessel, provided with o ring stireer and (:0\'0;::1 by &
[
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block of wood perforated so as to allow the instruments to pass through
and to hold them in place. By agitating this stirrer, which was covered
with muslin to guard against breakage of the thermometers, up and
down, the water contained in the vessel was thoroughly mixed, and an
uniform temperature obtained throughout.

16 1.—Small comparving jar.

This simple contrivance answers very well for ordinary thermometers,
the bulbs of which are exposed directly to the water, but admits only
two or three instruments at a time, owing to the comparatively small
volume of water which it contains. A square aquarium tank, with plate-
glass sides and slate bottom, was therefore procured from E. W. Taxis,
of Philadelphia (received February 26, 1884). This tank is 18 inches
square by 16 incheshigh, and containsabout 22 gallonsof water. Within
the tank is a circular brass frame, to which a large number of thermom-
eters may be attached at once, and which may be revolved about a cen-
tral spindle by means of a winch-handle at the top. The water is stirred
to an uniform temperature by turning the winch-handle, and is in suoffi-
ciently large volume to maintain a sensibly constant temperature for
five minutes. The temperatures of the thermometers to be compared
and of the standard can be read in this apparatus through the plate-
glass sides, and a full series of readings, from 32° to 100°, can be taken
without removing the thermometers from the frame.

TFor the “zero point,” or 320 F., the thermometers to be tested are
immersed in finely broken ice, contained in large glass percolators, 12
inches wide by 12 inches deep, with a small opening at the bottom for
the escape of water as fast as the ice melts. These percolators are sup-
ported upon suitable iron tripods, and will hold eight thermometers each,
without so crowding the instruments that one shall affect another.
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For deep-sea thermometers, which are protected against water press-
ure by a double glass bulb, and which are therefore slow, and require
GX_I)OSUI‘G to a constant temperature for at least ten minutes, a con-
trivance ig used, for the plan of which I am indebted to Mr. T. Russell,
Of_' the U. 8. Signal Service, and which is illustrated by the sectional
dlagl‘ﬂln, Fig. 2. A is a galvanized-iron can (in this case a 34 gallon
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Fia. 2.—Comparing jar for deep-sea thermometers.

lar(.’t can), 134 inches high by 11 inches wide; B is an earthenware jar,
cllolltiille.s high by 8 inches wide ; O is a tinned copper pot, fitting preﬁ;ty
i Se ): into B, and suspended by a ﬂange. at the top.' Inside of Cis a
et(I:PDel fra,me, movable about a central spindle, to which the thermom-
OIS ave attached. A ring stirrer moves in the space between A and
» and another in the space between O and the ‘thermometer {frame.
Sl);l),l(;eil the temperatures to be obsgrved are bolovx.r that of the ni.r, the
Outeb’sjbetweeu‘ A :¥nd B and within C are filled w1t1'1 water, that in the
therr Space being 1_1'om 50 to 109 colder than that in cont;act with t,l'Je
i ti“ln‘().nletel"s. It is advisable that these latter should be m'nnersed for
the ).L m wu_tm' near the temperature sought, before tmns&?rm ng t}lmn to
stir:()lnpnnug.]m‘- By agitating both bodies of water bx:xskly .\\'lth the
ers, and observing the standard thermometer (in the inner jar) from
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time to time, & sensibly eonstant temperature will at length be reached,
at which the gain in temperature of the water in the inner jar by contact
with the warmer air at its surface is very satistactorily compensated
by its loss through the air space between B and O and the badly con-
ducting walls of B. For temperatures higher than that of the air, the
water in the outer jar must be warmer than that in the inner. No pos-
itive rule for differences in the temperatures of the water in the inner
and outer jar can be established. It may be said, however, in general
terms, that the greater the difference between the temperature of the
air and that desired for the comparison, the greater should be the differ-
ence between the temperatures of water in the outer and inner jars.

On the 13th March, 1884, seven Negretti-Zambra thermometers were
compared at every 100 from 32° to 820, and T find it noted that “the appa-
ratus worked well, showing no change in forty-five minutes exceeding
0.1° at any temperature below 8007 On September 10, itis noted that
¢ there was much difficulty, temperature of room being 86°; in keeping
the water near a constant low temperature. The change was very reg-
ularly 0.2 every five minutes.” On September 11, air being 829, ice and
water in outer jar, temperatures of water in the inner jar varied as fol-
lows: At 12 hours 40 minutes water in inuer jar is 38¢; at 12 hours 45
minutes water in inner jar is 38.20; at 12 hours 50 minutes water in
inner jar is 38.69; at 12 hours 65 minutes water in inner jar is 38.6°5
at 1 hour 0O minutes water in inner jar is 39°; at 1 hour 10 minutes
water in inner jar is 399, at which last figure the comparisons were ciade.

The above will serve as an example of numerous series of observa-
tions, with widely differing results. Sometimes more than an hour’s
patient watching is required ; at others the constant temperature is
reached in a few minutes, and may be maintained long enough for prac-
tical purposes by cautiously adding cold or warm water, as the case
may be, to that in the outer jar. ’

To avoid parallax error in reading, the jars are levelled, and readings
taken by aid of a hand-lens, with the eye and top of the mercury col-
umn at the level of the top of the outer jar, across the two sides of
which the reading is *sighted,” the thermowmeter being held in contact
with one of the walls of the jar, and parallel with the central spindle of
the frame, to insure its perpendicularity. Comparisons of readings
taken in this simple way with readings taken Ly cathetometer, the
thermometer being secured in a perpendicular position, show no per-
ceptible error.

Since none of the thermometers in general use by the Commission are
pointed to divisions less than 19 I'.; or need to be corrected for its pur-
poses at temperatures above 1000, the contrivances above described
have been found to afford as great accuracy as is practically required.”

* *Yor a good description, with illustrations, of the more exact methods followed 8t
the Kow Observatory, see Mr. Francis Galton’s paper in the Proceedings of the Roysl
Society of London for March 15, 1877 (vol. xxvi, p. 84), entitled “A description of
tho process for verifying thermometers at the Kew Observatory.”
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Corrections are furnished to the nearest (estimated) 0.1°, with a prob-
ubl_e error in estimation not exceeding 0.2°,

I have tested a number of different observers, and find that the prob-
able parallax error in reading, by those who use the thermometers in
Practiee, is not far from 0.30. It seems to be a difficult thing to hold a
?lle:rmometer perpendicularly opposite the eye, some observers tipping
1t forward » little, and some backward, with a consequent change in
the apparent relative positions of the top of the mercury column and
of the scale behind it. This cause of error applies to all observations
Wade previous to last June, when a reading lens was contrived which.
“0'“7 insures uniformity. (See p.[28].)

N There is a probable small inaccuracy in the comparisons of ¢“Miller-
Caselly? thermometers, due to the difficulty of reproducing in laboratory
cOml)urisons the great pressures met with at considerable depths in the
8¢a, which will be discussed more fuily hereafter.

Up to May 1, 1885, 185 thermometers have been compared in one or
Other of the ways described. Of this number, 60 were Nogretti-Zam-

ra deep-sea thermometers ; 15 were Miller-Casella deep-sea thermom-
eters; 31 were Wilder protected water thermometers; 16 Wilder deck
thm““oxntzters; 14 were salinometer thermometers; 7 were Green deck
tl'ermomet;ers; 12 were hygrometer thermometers; 6 were standard
L €rmometers; and 24 were various patterns no longer in use.

thn issued each thermometer is accompanied by a printed blank,
corl‘esl)ouding to a stub slip in the rating book, and filled out for
Q"’,o’h point at which a comparison is made. Iollo wing is a copy of one
ot these comparison blanks, with corresponding stub slips, the correc-
biong being stated, for eonvenience, on the blank issued, at intervals of

°, near the readings actually taken.

U s, COMMISSION, FISH U. S. COMMISSION, FISH AND FISHERIES.

AND FISHERIES.

T FAURENOEIT. * THERMOMETER RATING. CENTIOBADE,
HERMOMETER RATING.
Rated with attachmonta.
BY e V mmeccommmeane

Corrections 1o bo applied to_tho scalo roadings, determined by
coimy;nﬂson with tho standard instruments of tho Iish Com-
mission,

F. |
€. Xo. { F.C.No. Makew's No.
.

': Nore I.~Whentho s‘iign of tho corroction is -, the quantity

' is to bo added to the observed reading, and when
—, 1o bo sublracted from it.

II.—This instrament should be returned within two
years Lo be tested agoin.

Wasminaroy, D. C.,
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THE INSTRUMENT.

The following are the kinds of thermometers principally used by the
Commission: : ‘

(1) Deck thermometers (Fig. 3).—These are in form like the “hrew-
er’s thermometers?” of the trade; plain tubes with round bulbs, gradu-
ated upon a white metal scale to divisions of 2° It., and
ranging from — 300 to 4 1200 . They are inclosed in
plain copper cases, open in front, with a cup at the bot-
tom, perforated by a central hole. This cup can be closed
by a cork and will then hold water, Made by Charles
Wilder, of Peterborough, N. ., in two sizes, 10 inches

(NN

Six deck thermometers, of similar form to those above
i described, made by J. & H. J. Green, of New York, arc
1 graduated upon the stems to intervals of 1°, and rate with
1
I
|

e ¥
T

remarkable uniformity, with a maximum error of 0.3%
minimum of 0°, and mean of 0,1°. i
(2) “Protected” thermometers, with round bulbs, grad-
uated upon a white-metal scale to 1° intervals, and rang-
ing from —30° to 1202 . These thermometers are in-
N closed in eylindrical copper cases (devised by Proiessor
} Baird in 1873), with a hinged door in front. There is no
T T perforation in the bottom of the cup, which is 3 incheS
3 e long by 1% inches wide (Fig. 4); total Iength 12 inches;
mometer, a stout ring at each end; made by Charles Wilder, of
Peterborough, N. H.; used mostly for reading water temperatures ab
light-houses, and at shore stations of the Commission. For depths dows
to five fathoms these thermometers will indicate closely the temperature
of the water below the surface, some of the water being caught and held
by the cup at the bottom. The cylindrical copper cases protect the
tubes from damage by striking against rocks, &c.

These thermometers also show a considerable improvement in accuracy
since the maker has been furnishing seasoned tubes. The first four com-
pared gave 2 maximum error of 1.3%, minimum of 0°, and mean of 0.58%

- The next fifteen showed a maximum error of 19, minimum 0°, mean 0.34%

wall[] [l and 14 inches long, used mostly for air temperatures :;ud
il \ for temperatures of surface water. '

Hig [ These instruments, although cheap and not pointed t0
'“'E 3 |ll less than 20, are now very trustworthy, the maker fur-
=l nishing the Commission with “seasoned” tubes. The first
wH H seven received showed a maximum error of 1.19, mini-
+HE [l mum 0°, and mean of 0.32°, between 32° and 92°. The
m; _g 'l last nine arc much better, showing a maximum error of

HiE il 0.59, minimum of 0°, and mean of 0.1°. The spaces in
5“‘?_ £ 1 graduation are wide, and might profitably be divided 50
s1I1 (Il as to indicate single degrees.

.
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The last eleven showed a maximum error of 0.3°, minimum 02, mean 0.07°,
A single instrument gave the very large error of maximum 1.8°, mini-
um 10, mean 1.5, due to the sliding of the tube

on the scale, the tip of the tube holding it at the /’-\

top having been broken off. These instruments

Would be greatly improved by being pointed

also upon their stems.

; (3). Thermometers attached to the Coast Survey
Salinometer” cans.—Simple tubes, with round
ulbs, protected by aperforated brass cage, grad- {

ated to 10 intervals upon a white-metal scale.

Since March, 1885, graduated also upon the stems;

ange from 300 to 100°. Fitted to slide into the

frontof the Coast Survey salinometer cups; made ‘

Y Giuseppe Tagliabue and John Tné;liabue, of

€W York. Used only in connection with salin- |
Ometers,

: Th.ree of these thermometers (old) made by G.
i‘ghabue, show a maximum error of 1.2°, mini-

:1"‘“"1. of 09, and mean of 0.5°. Five made by J.
i‘:‘:‘hnbue show a maximum of 1.1°, minimum

3‘ fl)‘o’ il.nd mean of 0.67°. Six last received from
* Lagliabue, pointed on stems, and of improved

Quality, show maximum error of 0.6°, minimum o

of 09, and mean of 0.26°.

(4) “Miller-Casella” deepsea thermometers.—
i eSe Instruments are a wodification of Sixe’s
h'e]t'l"?'f,"isteriug thermometer, consisting essen- —E
tially in the protection of the larger bulb, which 305
Containg the expansible fluid acted upon by
changes of temperature, by an inclosed sealed
8lass eylinder nearly filled with aleohol. By this
ﬁ)‘i‘:ltcle the effect of pressure af gfx:eat depths be- i

16 surface of the sea is neutralized, the press-

“1‘9 being “taken up by the fluid and vapor con-

tzu'ued in the outer cylinder.

_l‘be following description, condensed from
gleute.nant-(}ommander Sigsbee’s Deep-Sea
13{;’1“1;};? ar}d Dredging (Washington, 1880, page \
o l’le ;m(taié)llliuntthe Sconst.ruc'tzlon and operation Bl wme g g o

S 3 oY . G 1y

A thermome::;r .tul()eul})eI;‘:tg mo :c)ho form of U, is e e
fast ; RpEY, Y g i

ened to g vulcanite frame and backed by a white glass slab, marked

Y graduated scales. The limbs terminate in bulbs, one much larger

an the other, and the U is occupied by a column of mercury which

Serves as an index. The large bulb and part of limb not occupied by

y=

i

o
=3

i

MR
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mercury are wholly filled with a mixture of creosote and water.* The
smaller bulb and limb are partly filled with the same mixture and partly
with compressed air. . On each side, in
the tubeabove the mercury, isasmall steel
index, havinga human hair tied around its
upper end to keep it in place. The fluid
acted upon by temperature i§ that in the
larger bulb. As the temperature rises
the mercurial column is forced over into
the other limb, driving the index before
it. As the temperature falls the com-
pressed air in the smaller bulb acts as ¢

STTE] o[ [1111.°

:’: = spring to send the mercury back again,
o {2 driving the other index before it, and
@il [ leaving the first index at the highest point
;% *‘;: it had reached. It is thus a self-register-

ing maximum and minimum thermometer,
and the scales are therefore graduated in
opposite directions. The steel indices are
set by means of a small magnet, grooved
across its poles to permit close coaptation
to the tubes. The larger bulb is made
double, according to the recommendation
of Dr. W. A. Miller, vice-president of the
F16. 5,—Tho Miller-Casella deep-sea ther- ROyal Society (in April, 1869), being sur-
mometer, in and out of case. 4

rounded by another bulb, and the inter-
vening space nearly, but not quite, filled by alecohol. Made by Mr. L.
Casella, of London.

In the original form of this instrument, invented by Negretti and
Zambra (see page [13]), this space between the larger bulb and its pro-
tecting shield was partly filled with mercury, a better conductor of heat
than aleohol. The instruments are advertised as having been sub-
jected to hydraulic pressures equal to five tons to the square inch, be-
fore leaving the makers’ hands.

The Miller-Casella thermometers now in stock and recently in use
by the Fish Commission agree with the foregoing description and with
Fig. b, excepting in that the “aneurisms,”t as Professor Tait has called
them, or little swellings of the tube near the bends of the U have been
omitted, perhaps because of Professor Tait’scriticisms.  The form figured
is that which was first used in the eruises of the Porcupine in 1869 and
1870, of the Pomerania in 1872, by the Norwegian expeditionin 187678,

B

!

* In the Challenger Narrative, vol. i, p. 86, it is stated that the bulb contains creo-

‘sote and alcohol. %

tFrom avedpvoua, a swelling (ava and evp?s), not d—revpos, as more com-
monly derived. (Scientific Resulls Voyage of Challenger, Narrative,vol. 2, Appendiz 4,
p.1.) -
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IR the cruises of the Valorous in 1875, of the Challenger in 1873-'76, of
the Nares Arctic Expedition in 1876, and by the U. S. Coast Survey
and Fish Commission up to a recent date.

Although Jjustly regarded as a most important improvement upon the
Unprotected Sixe’s thermometers used prior to the year 1869 (with ex-
eptions to be hereafter noted), these instrumnents are not free from de-
fects ang individual peculiarities, which have doubtless often led to
€IToneous readin gs.

In the first place, the indices are likely to slip, especially since the
U8e of steam winches and of wire for sounding, imparting a peculiar
Jarring motion to the whole line. “Even a slight jerk causes the index

0 move up or down,” says Sir Wyville Thomson, * who found one or
two thermometers to be wrong from this cause “in almost every serial

Wperature sounding.”

Then, again, since these thermometers register only the maximum
ang mininimum temperatures which they encounter, in the possible case
of g Warmer stratum of water underlying a colder one of less specific
8ravity, or in the case that the air is colder than the water, the final
re_giStration may not be a correct indication of the temperatures met
With, the instruments registering on their minimum sides either the
II}Demture of the colder overlying stratum of water, or of the air,
Which may be inadvertently or ignorantly read as that of the greatest
®Pth measured. 'When the air is colder than the water the thermome.
™ may be artificially warmed before sending them down, but a
Colder overlying stratum of water offers much greater difficulties, which
:’el'e fully recognized by the Challenger observers. Sir Wyvill.e Thom-
o0 8ays, to this point:t “Very frequently, especially at considerable
°Pths, where the differences were very slight, thermometers sent to
8reatep depths gave indications higher than those above them. * * *
Ve no hesitation therefore in saying that a single indication with a
“'mometer on Sixe’s principle is not trustworthy, and that a fact in
I;e“fperature distribution can only be established by a series of corrobo-
Ative determinations.” .

Another peculiarity, which fortunately tends to compensate that last
GScribed, is that these instruments are extremely slow. According to
:}ny labol'a,tory observations quite twenty minutes are required for .the
N ange from the temperature of the air (60°-70°) to the freezing-point,
“1® thermometers being immersed in melting ice.f It is possible that,
Masmuch as g self-registering thermometer in actual use is recording

»
Voyage of the Challenger. Tho Atlantic, vel. 2. p. 239. See also Sigsbee’s Deep-
@ Sounding and Dredging, p. 110.

tht;,(t)p' ¢it,, vol. 2. p. 260; also Sigsbes, p. 112, “From what has been said it is scen
8 maximum and minimum thermoteter is not well adapted to ascertaining the

Mperature of intermediate warm or cold strata.”
See also Commander Beardslee’s observations, Rep. Com. Fish and Fisheries, 1877,
Pp. C., anq Coast Survey comparisons, quoted by Sigsbee, op. cit., pp- 114-119.

S. Mis. 70 13
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during its descent through the water, the time figures deduced from
laboratory observations may be too large; but it seems hardly safe t0
rely upon seven minutes’ exposure, as directed by Sigsbee, in the opera
tions of the Blake (op. cit., p. 23), and still less upon five minutes’ ex-
posure, as was directed and followed in the Challenger work.*

Unless the thermometers are always kept bulb uppermost (for which
reason the makers ship them in cases of a pyramidal form) the mercury
is very likely to get above the indices. In such an event the index may
be drawn by themagnetinto the small enlargement just below the bulb
when the mercury will free itself and drop back into the tubes; but ib
will not always be easy to get the index back into the tube again, as i
is likely to tip under the influence of the magnet, and to catch against
the sides of the small enlargement. In the course of the tapping upot
a table and swinging the thermometer about the head, which are to be
tried in case of such an accident, it is very likely that the tube will be
started a little from its right place upon the scale, since the fastening
which is intended to secure the tube at the bend of the U is a soft cop-
per band, fastened by onc end only, probably to allow for expansion OF
contraction of the glass, under wide variations of temperature OF
pressure. ,

As to breaks in the mercurial column, an accident common to all
mercurial therinometers, and other small mischances which may be
remedied by the observer himself, I cannot do better than refer to Sigs-
bee’s monograph, already often quoted (p. 110), for clear and practical
directions as to all that may be safely done without sending the instru-
ments back to the maker for repair.

Pressure errors.—In the Challenger observations a subtractive correc-
tion of about §° F., applied to the maximum side, was assigned by Dr-
Wyville Thomson for every mile of depth below the surface of the sea-
This correction was the resunlt of a series of careful observations made,
with the aid of a powerful hydraulic press, by Capt. J. E, Davis, R. N ot
assisted by Prof. W. Allen Miller and others. Since the return of the
Challenger, and during the three years preceding July, 1881, the press-
ure-error of these thermometers has been made the subject of especial
examination by Prof. P. G. Tait, whose conclusions are published a8
Appendix A of the second volume of the narrative part of the “General
Report on the scientific results of the voyage of H. M. S. Challenger,”
already cited. In the experiments of both Captain Davis and Professor
Tait, the thermometers were subjected to heavy pressures in a hydraulic
press, and the phenomena presented were similar in both series. Pro-
fessor Tait concludes, however, that Captain Davis’s corrections (and
consequently those of the Challenger report) are too large, for the follow-
ing reasous: In the first place the water i the press is heated by com-

* Challenger Narrative, vol. 1, p. 120.
tSee his paper ou “Deep-sea thermometers” in Proceedings of Meteorological
Society, April, 1871.



[11] REPORT ON THERMOMETERS. 195

DPression, but the amount of heat developed is dependent in & very curious
Manner upon its original temperature. If compressedat the temperature
of its maximum density, the water is neither heated nor cooled, but is
heateg when compressed at a temperature above, and cooled when com-
Presseq at a temperature below its maximum density; and the wider
the divergence of its original temperature from that of its maximum
density, the greater is the effect produced. Oaptain Davis combined
One set of observations taken near, but below, the temperature of maxi-
Mum density, with a number taken near 55° F., striking out (unfortu-
Dately), as probably erroneous, all observations which differed much
Tom the majority of the others. By an interesting graphic diagram
Tait shows that the true figures for temperature correction, according
0 Davig’s experiments, lie in a line coinciding much more nearly with
that indicated by his rejected observations than by those which he
adopted, )

Professor Tait found by experiment, that a Phillips self-registering
mereyrig| thermometer,® wholly inclosed in a sealed glass tube, nearly

lled witp alcohol, as suggested by Sir William Thomson,t was ¢ abso-
utely perfect, so far as regards immunity from pressure” (p. 7). So that
1€ Pressure error of the Miller-Casella thermometer, the bulb of which is
Protecteq in precisely the same way, is due almost, if not quite, entirely
.t(’ Pressure upon the stem. For tubes of uniform caliber throughout,
't was founq by experiment that the effect of pressure upon a tube
Similar to those of these thermometers would be an elongation of about
Tﬁl‘w of the length of the column of mercury for each ton weight ap-
Dlied to the outside of the tube (or about 800 fathoms of depth). As

@ elongation will occur in both legs of the U, and as increase in press-
ure ig i practice (at sea), associated with decrease in temperature, this
Correction for pressure should have been applied also to the minimam
Scale, instead of, as was the fact, to the maximum only.

As the instruments used by the Challenger were actually constructed,
%ach leg of the U contained an ¢ ancurism,” or small enlargement,} near
the bend, intended to facilitate recovery of the steel index when it had

€en lost in the mercury. These swellings appear to be larger than they
Teally are iu the ratio of 1.6 (the refractive index of glass) to unity, but
Were actually found by Tait, in several instances, to contain tive times
3 much wercury as a similar length of thermometer tube, and, conse-
uently, to produce five times as great an error.

00‘1. A mercuria) thermometer, self-registering by an index produced by & bren.k in tl-_he
Mon. Invented Ly Prof, John Phillips, of Oxford. First used at Kew in 1851.
;““l)rinciplo is now universal in clinical thermometers. .
F The effect of pressure iu lowering the freezing point of water.” Proc. R.S. E.
¢bruary, 1850,
The “aneurisms” were first added to Sise’s thermometers by Aimé, in 1844, to pre-

:&:nt the mercury from passing by the indices. dun. de Chimie et de Physique, Ser.3, t.
VaP. 5 (1845),
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I have gone somewhat fully into this matter of pressure error becausés
if Professor Tait’s results are to be accepted as correct (a conclusio?
strongly favored by internal evidence), the pressure corrections applie
to observations made with the Miller-Casella thermometer hithertd
may safely be disregarded, and the laboratory corrections under ordi-
nary atmospheric pressures, which I was at first disposed to regard a8 0
little value, because of the difficulty in reproducing the conditions pre
vailing at great depths under the sea, may be accepted as practically
exact. For the outcome of Professor Tait’s inquiry (the details of which
would be too voluminous for this report) is that Captain Davis’s corre¢
tions, although correspouding closely with those obtained in similsf
experiments by Tait, are misleading, because of certain facts: brought
out for the tirst time by the later inquiry. Not only is there some error
in the allowance by Davis for the heating of water by compression in
the press, but there are errors due to the heating of the vulcanité
mounting and of the glass protecting bulb, by pressure,* discovere
for the first time by Tait, which could not have been known by the
former experimenter. Professor Tait concludes that for thermomeé
ters without aneurisms the correction will not ezceed 0.050 for every
ton of pressure (nearly a mile in depth of water) applied to the minl
mum scale, and that in no case need the correction to the winima®
scale exceed 0.14° per mile in depth; a correction.which, considering
the probable parallax error in reading on the unsteady deck of a ghiDs
may be safely disregarded as less than the probable error of observ#
tion for the depths usually explored.

At present, and since the year 1877, the Miller-Casella form of deep”
sea thermometer has been very seldom used by the Iish CommissioB
its place being filled by the Negretti-Zambra thermometer, construct®
on a quite different principle. Only fifteen in all have passed through
my hands, and of these the first six were called for immediately, 28 8
reserve supply for the winter cruise of the Albatross in 188384, They
were compared only at 320 F., at which point none of them ghowe
any error. The other nine, still on hand, are a lot of old instrument®
which had been more or less damaged by careless handling, and have
been repaired by the makers. Some of these show rather unusually
large errors, apparently because of displacements of the stems apon the
scale-plates. One is unserviceable from the jamming of its index inthe
small enlargement at the top of the minimum tube. One marks 31010
melting ice on the maximum side (31.5° on the minimum side). Of the
eight still serviceable the maximum error is 19, minimum 0°, and meal

0.18°.
When used with a due regard to the causes of error already poteds

* All of these heating eflects are of course peculiar to the laboratory experiment
. and do not affect observations at sea, where the heat is at once conducted away

the surrounding water.
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these instraments answer well the purpose of their construction, and

ave, in fact, been the means by which most of the best modern temn-
Perature observations beneath the sea have been made. Now that the
Small aneurisms near the bends of the U have been given up by the
akers, it appears that the pressure error may be safely disregarded
ln- Dractice (excepting at.very great depths, when Professor Tait’s tables
Vill be found useful), and that the laboratory corrections, under ordi-
lary atmospheric pressures, will answer every practical purpose.

) This form of deep-sea thermometer, under its present name, is a cu-
Tlous example of re-invention within a shorter time than usual after the

Original publication of its conception. As now advertised and used, it

S commonly supposed to be the invention of the late Dr. W. A. Miller,
Yice-president, of the Royal Society in 1869, and to bave been first used
the cruise of the Porcupine in that year. The invention consisted,
33 has been already said, in the protection of the larger bulbof a Sixe’s
®rmometer by another cylindrical glass tube, hermetically sealed
Out it and partly filled with alcohol. There is noreason to d(.)ubt that
r ™ Miller promulgated his invention in good faith, but there is a:tlso 1o
%a80n to doubt that an exactly similar, and perhaps more effective, in-
Ument of the same sort had been made so early as 1857.
O that year the late Admiral Fitzroy, acting under a suggestion by
N GlaiSher, requested Messrs. Negretti and Zambra to. endeavor to
Sfote% the bulb of Sixe’s thermometer against sea pressures, Which'was
ll°‘"‘3SSfully accomplished by inclosing the bulbinan air-tight glassshield,
1%a1ly filleq with mercury to promote conduction of heat.* Some fifty
f these instruments were made for and purchased by the Iiydrographie
€8 of the admiralty. It appears to be certain that these instruments
€re uged by Captain Pullen, in the voyage of the Cyclops, which be-
A0 in 1857, Forty-one important observations were taken in the North
South Atlantic, the Indian Ocean, and the Red Sea, at depths from
™% to 16,000 feet, with ¢ Negretti and Zambra’s protected S.ixe’s Fhex.‘-
e Oeters” Pullen noted that the mazimum index often shifted, indi-
a.t‘Pg that he used tho instrument provided with both maximuin and
Dimum geales.
‘fom an account published by the makers in 1864, I infer that the

OTigs :
"iginal form was precisely like Sixe’s thermometer§ with a double curve,

b T
Meteﬁmlogical Papers, No. 1, July 5, 1857. ‘
(187 * tTestwich, on Submarine Temperatures, &c. Phil. Trans. Roy. Soc. Vol. clxv
5), p. 608.

1864 Treatise on Meteorological Instruments, Negretti and Zambra. London,

or?glisvlented by James Six (or Sixe) of Cnnterbnry_ (or Col'chester), in 178‘5‘2. Ir;ht:rti
’I‘Ome: acconnt (Traps. R. S., vol. Jxxii, p. 72, 1782) Mr. 'S)x states that 1 ou(rj ber
digh, » er Tesembles in some respects those of M. Bernou}h nnfl Lord Char &:15 fa 133;
‘V&s,a, the invention claimed consisting in the mode of registration. A thread of g

st used, instead of a liair, to hold the index iu place.
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excepting in that the larger bulb was protected as described above:
(Fig. 6.) A smaller and more compact instrument, with the tube bent
but once, in J-shape, was constructed for the reg’
istration of minimum temperatures only, The cop-
per case inclosing this last-named instrument wa$
made, by a poppet valve at the top and bottonh
opening up ward, to serve also as a water-bottle:
(Fig. 7.) &\

After the appearance of the form mh‘!},m}"[m
now in common use,under the name : |
of the ¢“Miller-Casella” or ¢ Casella- i
Miller” deep-sea thermometer, the
questionof its authorship was made
the subject of a somewhat acrimo-
nious correspondence in Nature (Oc- )
toberand November, 1873), between ([[TD)
Mr. Casella and the Messrs. Ne- |
gretti and Zambra, which resulted |
in satisfying the editor of that peri-
odical that “the whole credit of the
double bulb belongs to Negretti and
Zambra.” This statement, although
conclusive as regards the contro-

— Uil versy between the two firms, is
Fic. 6.—Sixe’s self-register- b

ing maximum and mini- Somewhat too positive to be ac-

et g cepted as establishing absolute pri-
ority of invention, since the use of a double cylinder
to meet pressure error was made sufficiently familiar by
Sir William Thomson’s paper on the ¢ Effect of pressure
in lowering the freezing point of water,” published in
1850,* in which his ‘thermometer was entirely inclosed
and hermetically sealed in a glass tube,” and had been
known to marine investigators at least as early as 1822,
when Sir Edward Sabine used a strong iron eylinder for
this purpose;t if not, as has been supposed by Sir
Wyville Thomson and the authors of the Challenger
Narrative, to Sir John Ross, in 1818,

The Negretti-Zambra deep-sea thermometer, as at
present used, is represented by Fig.8. Mercury is the
thermometric fluid, and the bulb is about 2 inches long .
by one-half inch in diameter. Just beyond the bulb Fi. 7.—Negrett:

: : : A s Zambra self-res
the tube is curved like the Greek 5 laid upon its side, tering minimt7

. A : < deep-sea therm?
the convexity of the curve being widened into a small eter -
reservoir, beyond which the tube is constricted in a particular mar
ner. At the upper end of the tube is a small pyriform enlargment.

* Broc. R. Soc. Ed., January 2, 1849, and January 1, 1850.

t Phil. Trans. R. Soc., vol. exiii (April 17, 1823), 1823.
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insty . ) T
tlillmerlt is graduated upon its stem towards the bulb in intervals of
A 5 . . sy .
»and a white enamel backing facilitates readings. The whole

¥ig J

,Z“mb ho Negreg.

ot Sdeop el rogister.
o8 mig e ““f'(fllrlr]mm

.tube, with parallel legs and a con-

tube, including the bulb, is surrounded by a glass
protecting eylinder, sealed at both ends, to take up
the pressure of the sea water, and is 9% inches in
length. That portion of the protecting cylinder which
covers the bulb is nearly filled with mercury, confined
by a partition cemented about the neck of the bulb,
to promote conduction of heat between the bulb and
the surrounding water. Made by Messrs. Negretti
and Zambra, of London.

When in use, the thermometer is attached to a sound-
ing line, and lowered into the water bulb downward.
At the desired depth, after a sufficient delay to insure
its having taken on the temperature of the surrounding
water, it is overset; the portion of mercury contained
in the tube above the constriction
breaks off at that point and stands
opposite the scalereading corre-
sponding to the temperature. It
may be read at any time, provided
that it be kept in a reversed posi-
tion, the enlargement at the end of
the tube farthest from the bulb
being too small to be seriously af-
fected Dby ordinary temperature
changes.

The first form of this valuable
invention, as presented to the
Royal Society of London, by Henry
Negretti and Joseph Warren Zam-
bra, March 12, 1874,* was a siphon

siderable enlargement at the bend.
(Fig. 9.) Instead of the double
curve, small reservoir, and con-
striction in the tube of the later
forms, there was a single funnel-
shaped curve above the bulb, con-
taining a small glass plug, similar
to that used in Negretti and Zam-
bra’s patent maximum thermom-
eter. The office of this plug was to
close thetube onreversal and cause

the column of mereury to brealk off Tig, &—Negretti and

v ing deep-sea thermom-
at that point. The instrument was 58 T o,

* Proc. Royal Societv 1874. Vol 22.
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pivoted near its center, upon a frame, and a small rudder or fan was

geared to the pivot. This rudder pointed upward during the descen®
of the instrument, and downward during its ascent, making a half revo
lution at the moment of reversing the d-
rection of motion, which produced a comw”
plete vrevolution of the thermometer. '1‘1_10
broken part of the mercurial column i
the tube dropped first into the enlarg®
ment at the bend, and then passed over
into the other leg, where its height, 8%
the temperature at the time of reversd
could be read on the scale. The bulb W49
protected as in the Miller-Casella inst™
ment.
* Subsequently a frame was constructed
carrying a screw-propeller (Fig.10), whi¢
revolved freely during the descent of £ho
instrument but engaged a train of ratehel”
work as soon as thedirection was chang®
to ascent, and caused the thermometer to
revolve once upon an axis near its cente?
first to bulb uppermost, catching the s€r,
arated column of mercury in the bend ¢
the siphon, and then to bulb downwa’
again, allowing the mercury to flow int0
the other limb of the tube, where tP
temperature was read. A specimen )
this form was purchased by the C02%%
Survey and tried by the Blake in 18797
«“but it was socumbersome, expensive (U
advertised price was 10 guineas), and 1
so much open to doubt in its indication®
that it was reported on adversely t0 the
Superintendent.”* Several were #°
sent out to the Challenger and tried dW’
ing the cruise. At first, Staff Command®
Tizard reports thatt it was found ?
practice that the propeller being arrest®
over the thermometer, after it had ov¢”
turned, brought such a strain on the (e
wheel as to twist it off its spindle 4”
cause itsloss.” This difficulty was reme:
i, J0-—Tusly form of Segnisizanee died by the chief engineer of the O1
lenger, Mr. Ferguson, but the reCOTd,
the instruments was not found to be satisfactory. Four that were trie

* Sigsbee, op. cit., p. 114. t Narrative, vol. 1, p. 89.
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0 the Sulu Sea (p. 91), disagreed materially with the Miller-Casella in-
Struments sent down at the same time.

In the stock of old thermometers belonging to the Commission I find
01.1@, of the form represented by Fig. 11, which appears to be interme-
fha‘be between that just described and the form now
1 use, although, as the bulb is not protected, it seems W

0 have been intended for use in shallow water only.
@ tube is bent twice upon itself, making an S- shaped
“Urve just above its bulb, and leaving the bulb in-
Clined to the stem at an angle of 10 degree. Here I i
I8t find a small reservoir in the curve of the bend, Eﬂg
0d constriction above, instead of a glass plug, for H

‘eaking the column on reversal. The single speéi- Hrol

D on hand is inclosed in a wooden case, which will L

® deseribed further on. gl -
he Negretti-Zambra deep-sea thermometers were i

"Stused in this country by the U. S. Fish Commission i

Ay gy 1877, and were then of the form described ‘5409
Page [15], Fig. 8. The construction is necessarily H—

w?lndwork, and requires very expert glass-blowing, in HHoL

i lclhl adecided improvement has been noticed. Thus, i
M, I reported that the instruments then under ob- ;
a‘.ﬁOH “have sometimes a trick of breaking the col-
timn ' the wrong place, and so giving a false indica-
"‘gm; 1I_Il one instance I noticed tha‘t the breal‘; was di-
h vea 2 lnstead of being directly horizontal, as it should
that }, een. Prpféssor Hind, of Halifax, informs me
it 1 te has noticed the same defect, and has brought
: ¢ attention of the makers, who have assured

Sery.

im 41, . _
f;n that it has been corrected in their mwore recent
I of insbrument.” * <
n the ul rolve Na- Fic.11.—Neg: b
Erott; 18th of April, 1884, I note that of twelve Ne Fic. 11.- e\lr;‘_;;gzti; ezﬁu"},

Six “Zambra thermometers compared to date at 32°, thermometer, - inter-
OW no error, four show +0.1°, one shows +0.2°, ¢
One g, ) : i v g
o, °WS4-0.63°, Maximum error (for the twelve), +0.60°; minimum,
";n(l*m +0.2° (nearly).
1o eo;'e co:npared on the 16th of September, 1884, at 320, show a mean
S ; 0.579, of which two show +1°, three show +0.7°, thFee show
molhe*ée wo g?how +0.39, one shows 4-0.1°. The mean errors of all .ther-
I8 of this pattern examined are given in full in the appendix.
Mgl © errors recorded are, as I think, larger than they should be, and

@ i 2 :
hay, nlt very dangerous to rely upon unseasoned instruments which
0 rigg (?t been recently compared. Some of the error is doubtless due

n th

€ zero point, the natural result of “seasoning”; another part

* 011 .
Nat, Mltxlsm Temperature of Fishes. J.H. Kidder, M. D.,surgeon, U. 8. Navy, il
“m, March 25, 1880, p. 310.
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(perhaps) to the difference in pull between a long and a short column of
mercury, upon the main body at the breaking point. The possible 0p
eration of this cause, tending to break the column a little nearer or 2
little farther away from the narrowest constriction, is not made very
obvious by the comparisons, although it may explain some individus!
peculiarities which have been noted. )

As to such individual peculiarities the following notes may be of 12
terest as illustrating the frequency with which these instruments haveé
been found to break column in the wrong place :

Fish Com-
iy Maker's
mission Notes,
number,. | Bumber
5148 50302 Error 0.2° to 1°, colume breaks nnequally.
5151 50306 Error (° to 0.4°, column breaks unequally at 420,
5276 ' 54812 Column broke in wrong place once at 48, 8°; broke cor-
. rectly in five repetitions of observation.
5280 54821 Very slow in breaking.
285 54822 Very slow in breaking.
5325 52728 Column broke wrong once at 60° and once failed to break
at 929; correot on repetitions.
5284 | 54823 Very slow in breaking.
i

Three of the instruments were noted as very slow in breaking; t¥°
broke column frequently in the wrong place; one did not break at ally Oxf
one trial, at 920, but broke correctly on repetitions of the experimeﬂt’
two broke colum once in the wrong place (one at 49.8°, one at 60°), but
not again during frequent repetitions of the experiment. One was foun
(at 329)to hold back the separated part of the column after being ™
verted, read, and returned to the balb-downward position. ¢

Several series of experiments were made to determine the slowness ¢
the instraments. Thus, Fish Commission No. 5206 (maker’s No. 51462)

immersed in melting ice, fell: o

In 1 minnte from 64° £0 43.1C ... _.. ..\ ioiit it e e e e e 923
In 2 minutes from 640 t0 429 . ... .. il e e e s -;..7
In 3 minutes from 67.50 £0 33,80 .. . .. oeooenmmenes e e aaeear e aenan B
In 4 minntes from 68° £0 33,80 ... ...t ittt e e e eeen e 34. 2
In 5 minutes from 68.20 t0 B350 . . ... n ot i e e e e e s 33'2
In 5 minutes from 660 0 85,80 .. . oot aeoe et e e e e en 30. 2
In 6 minutes from 66° 10 33.8° .. ... .. o.oio ... e teceeenmmeanans 3.2'6
In 7 minutes from 67° t0 32,40 . .. . il ittt ceteet e e e e aaas 34'1
In 8 minutes from 65.5° 10 82.4% .. . oo et e .33-2
In 9 minutes from 66.6° t0 32.40 ... L s 34

The true reading (32.4°) was in this case reached in 7 minutes. Fiseb
Commission No. 5184 (maker’s No. 47995), inclosed in a metallic ¢85

as in use at sea, and immersed in melting ice, fell: o
6.8
In 1 minnte from 719 £0 64.2° i i e et e aaen g1.0
In 2 rainutes from 620 £0 410 .t ir ot et e e e e vanmen 22,0
In 3 minntes from 622 10 400 .. oo tii o et e ece eee e eee temaan caaa e a1 0

In'd minutes 051 760 t0 392 L.ns v e cereseeece e cemeeeaenaen oennne e anee
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o

In 5 i
25 mites from 629 (0 55,69 ... ... .rors s s e
Wi0Utes from 58O £0 430 - oo “1'5'

D
f=23
i

ne ;’i.‘n‘““‘s £TOM 689 £0 B8O ven neeme ememrn s cameae cocane amenn amne enaae 29_2
IRULS from 580 40 370 vr o meece s ecan eee eemeamneann e 91.0
TUDULOS FIOM 500 £0 36O <o oe’ eeeane oeanaeenns cemmne e emeens T 14.0
TH1ULeS from 600 t0 379 ... +-rosoesosses osesersenoers ooneooenoeene 2.0
1y E;““te-‘-' FLOML 720 10 32.0° - oo oo e e eeeeoe e eme e e e e 39, 4
IRULES from 58,50 10 32.4% «.urnocueinntaan e saemae aaes e eeas 26,1

> Winutes from 60° to 32.4° ........ .... e 27.6

Th , '

pe € change is rather irregular, depending somewhat upon the tem-

r
mel?zu;i(;narked by the thermometer at the beginning of each experi-
1:% the Partly upon the more or less close coiiptation of the melting
lnstrumeu ;)l.lter case of the thermome'ter. .The rapidity with which the
re&king 18 overspt may also ‘son)etlmes influence the position of the
m"ker’s }p;omt{,) f\s_ in 'the followl.ng instance: Fish Commission No. 5157
movement 9; 52752), immersed in water at 45.3%, overturned by a quick
Urneq 1, rcag 45.6°, by slow movement 46.5°. In water at 469, over-
E"en wh éV quick mover‘nent it read 46.1°, by slow movement 46.3°.
e, it seen compared without the investing metallic case now used at
thy 0 “{8 that the reading cannot be safely depended upon with less
: Bincemtlll:utes exposure, in labomtmjy comparisons. In practice, at
Tin oy e therr'nometers. are ch.a.ngmg on their way down, and the
Alegy time,’tact with them is continually renewed, it is probable that
Ormige 5 ﬂ!;lay serve. The use of self-oversetting cases insares uni-
the otnmi quu‘lekness of the turn. The present rule in the work of
An annéss'lou 18 to le.ave the thermometers down for ten minutes.
18 the wid y mg- dgfect in construction, which might easily be remedied,
terg € variation in graduation on thescales. In twelve thermome-
Tange of 18 Da-tt.ern, compared September 12, 1884, for example, the
to | g o)graduamon varied between 63° (4320 to 495°), and 1120 (—25°
twice as .w'dThe degree spaces in the first-named instrument are nearly
ractions olf @ as those in the last, and, since there is no pointing to
Morg diﬁicula degree, estimations of fractional parts are made much
by it t by these inequalities in spacing, the eye gaining nothing
. The o Wl'?h one thermometer when another is substituted for it.
!lttle o greFtl-Zambra thermometer, as at present constructed, leaves
lmyy, Vemewls.hed for as a deep-sea temperature recorder, beyond some
8byg) 5 I(llt in the details of construction. The mode of protection
:Ee “lb~0asgzsa:wafy wi:ch pressure error, and _the use.of mercury in
In&t~ of the Mill rglsed its seu'sxtlvenfzss.to a point considerably above
foatlon of the coeir' asella. 'Wlth a }1tt]e greater certainty in the for-
N ity 5, th llmn-bx"eaklng contrivance, and a good deal more uni-
eoug iy icat'e graduation of the stem, there need be no fear of erro-
:tand. ithlolns from any depth that the glass protecting tube will
Ory Compy due care in noting untrustworthy instruments by labora-
Sons, there should never be any possibility of recording an .
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error exceeding one-half a degree. By increasing the length of the
stem and restricting the graduation to the range between 32° ar=l 9907
it would be possible to point the stem to fifths of a degree, for specwll
observations at great depths, where the variations of temperature aré
small.

With the exception of the single specimen tried and reported ad-
versely upon by the Coast Survey in 1875 (see p. |16]), the earlier forms ¢
reversing gear for these thermometers have never, to my knowledg®
been used in this country. As first used by the Fish Commission
1877, the thermometers were inclosed in wooden cases, about 13 inches
long, secured to the sounding line by a lanyard about 6 feet long @
tached to the bulb end. The case was hollowed out inside, and €O%
tained a quantity of small shot, movable from end to end, sufficient (Y
nearly, but not quite, overcome its buoyancy in sea water. On sen®
ing the case down the shot fell to its bulb end and tended to Lkeep if
upright in the water. Onreversing the motion and haulingin the 1iné
the case was overset, the shot ran to its other end, and tended to keep
its bulb uppermost. (Fig. 12.)

T'16. 12.—Negretti-Zambra thermometers in wooden cases, as first used by the Fish Commis"ion'

red
ing
g, Bt

For the moderate depths at first explored this contrivance ans“";
very well, due care being taken that the acts of lowering and hat
in were continuous. At 800 fathoms, however, Commander J.
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lett, T. 8. Navy, found the wooden cases shriveled and compressed *
(th‘_’ DPressure at 800 fathoms is about a ton to the square inch), so that
AL buoyancy was quite lost. Professor Hilgard, of the Coast Survey,
Suggested the use of a metal case, filled with paraffine, but T donot know
At the suggestion was ever carried out.
1eut.-Commander (then lieutenant) Z. L. Tanner, U. S. Navy, com-
?}&Hding the Fish Commission steamer Fish Hawk, noted in 1880 that,
_the hottom and intermediate temperatures were unreliable, owing to
© use of the Negretti-Zambra deep-sea thermometer in a sea-way, the
r00t10n of the vessel being liable to capsize it at any time. It.was the
)&ults of this day’s work [September 4,1880] that led us to devise some
ditin ¥ which this admirable thermometer could be used under all con-
(08 of wind and weather., * * * :
o hSeVeral devices were tried, and finally a simple gas-pipe, seven-
dgllths.()f an inch inside diameter, was adopted. Se‘veral holes were
Sea] ed in the enq inclosing the bulb, a slit cut in the side to expose the
in te, and a pair of slip-hooks held in position by a small spring placed
mOmeet Opposite end. The ther-
Tl T was then inserted, the
Shig] T guards used to protect the
ing Ilotm the wooden frame sery-
Dlace only to hold it securely in
dey, i ut to protect it from sud-
ling, 4 rls'l’ and a lanyard of eod-
the’ l?llleed into the end carrying
n % completed the arrange-

&«

siziﬁghtehmessenger used for cap-
rag e.ther.mometer is of cast
Youy ’e((‘iyhndncal in form, with
Ingheq ; ends. It is about 2
g y, 0 length, 1 in diameter,
throy S athree-eighths inch hole
atthei ItS center, well rounded
Spliceg nd‘; tto prevent catching on |
40‘1Dces S weight is from 3 to

13 F %
theng' 13 shows both forms of

arra,neggelgtti'zambm thermometer
modiﬁed f(for descent. In the

Dositi, T it is held firmly in
Whig, fclhby the slip-hooks through ‘
e i L4
“Ha‘v- Stray-line passes. T16. 18.—Sounding machine, with Negretti-Zambra

n i hep- v tors descending., Shows the
> attalned the PLoper (1]\'&(;2’(12?0;;?xggrglfe(ﬁl[‘innermemllio case.

for th 3 1d sufficient time elapsed

frmometer to indicate the temperature, the messenger, which has

* Sigsbee, op. cit., p. 116.
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been resting in its cradle under the guide-pulley, is sent down the Wir°
and capsizes the thermometer by striking the slip-hooks and foreing them

pen, when, having lost its support, the instrument promptly reverses
as shown in Fig. 14, where both forms are represented as on the asce’™

«All buoyaney being destroyed by
substituting a metal case, the the”
mometer is independent of the motion®
of the vessel, either from rolling, pit¢””
ing, or drifting. The line may |
stopped on the ascent or lowered a.ga}l‘
without affecting the instrument 17
any way. We have taken hundré 2
of temperatures with the appm‘ﬂ*t“s
described, under varying conditio?”’
of wind and weather, with the m0®
satisfactory results.”*

This device of Mr. Tanner’s is th,e
first instance of the use of a metall’
case as a protective and reversing apr
paratus that Ifind record of. Althous
invented on the spur of the mome””
and to meet an unforeseen emergen®’
it was found to answer its purpos® #
effectually, if with less elegance of der
sign, as any that has been since co
trived.

The next improvement was the
vention of Passed Aasistant Engin®’
William L. Bailie, U, S Navy, &
tached to the Fish Hawk, and appe”
to have been about coutemporﬂlleoli
with the invention of the Magnds A
case, adopted and sold by Negté”
and Zambra in the year 1882. It "‘?“,
sists essentially of a propeller and 51,11;1

hook, inclosed, in a metal case, Wl

screws to the upper end of the Tan? 3
case, its slip-hook having bee ie
Fioiid—somdiog macking R Shiee moved) for: the DRERORE: By W8,
vice, which is illustrated by Fig:’
the thermometer is reversed by the action of the propeller, ¢ briug”,"
the screw in the upper part of the spindle into action, graduully 18 d
ing the propeller until the small part of the spindle at the lower epef
allows the hook to open, releasing the wire, when the thermom®

in

* Report on the construction and work in 1880 of the Fish Commission stel
Fish Hawk, by Lieut. Z. L. Tanner, U. 8. N., commanding. (In Report of th¢
missioner, 1881, pp. 32,26.)
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Capsizes anq

registers the temperature by breaking the column of
mercury.m

Q
Eiga Fig.2 :Y?
Fic. 15.—The Bailie-Tanner deep-sea thermometer case.

Dhat : :
Sav(l; ? time Consumed by the descent of a messenger in deep water is
I“llst( Y this device, and the distance through which the apparatus
Dlegg Pass before the propeller releases the wire can be regulated at

€, by g gt screw, between the limits of 3 and 10 fathoms.
Italia Tagnagni case, invented by Commandante Magnaghi, of the

?tlnen havy, and sold as ¢ Negretti and Zambra’s patent improved
fop u Standarq deep-sea thermometer,” was found to be not well adapted

of ¢ Con g Sounding wire, and was therefore not often used in the work

« Omission, It is described by the makers as follows: -
Srep, ] aPl?aratlls will be best understood, short of inspection, by rgf—
ing the t0 Fig. 16. A.is a metallic frame, in which the case B, contain-
It, . 'emometer, is pivoted upon an axis, H, but not balanced upon
'S 2 serew.fan attached to a spindle, one end of which works in

e
“udiy Lot oy the work of the U. 8. Fish Commission steamer Fish Hawk for tho.ye;u‘
78 T Ty €eember 31, 1882, and on the construction of the steamer Albatross, by Lieut.
.~ en U, g, N, commanding. (In Reportof the Commissioner, 1882, p. 11.)
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a socket, D, and on the other end is formed the thread of a screw,; By
about half an inch long, and just above it is a small pin or stop, F, o2
the spindle. G is a sliding stop-piece, against which the pin F imping®®
when the thermometer is adjusted for use. The screw E works int
the end of the case B the length of play to which it is adjusted. The
number of turns of the screw into the case is regulated by means of b

pin and stop-piece. The thermometer in its case is held in position by
the screw E, and descends into the sea in this position, the fan O no

G
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Fi1c. 16.—The Magnaghi deep-sea thermometer.

1

acting during the descent because it is checked by the stop F. léi’;‘
ascent commences the fan revolves, raises the screw B, and releases o
thermometer, which then turns over and registers the temper&wre 1o
that spot, owing to the axis H being below the center of gravity © 1o
case B, as adjusted for the descent. Hach revolution of the fam 1€ 0
sents about 10 feet of movement through the water upward, SO that 3o

whole play of the screw requires 70 or 80 feet ascent; therefor
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f;’l?::lfgmugh which the thermometer _should pass before turning over
Yeasoy (;(.Bgt‘llum\l at st-.n‘tmg. If Fbo mstm}nent ascends a few feet by
throy g, til stoppage of the line while attaching other thermometers, or
“es%;t llb Leave of the sea, or any cause whatevgr, -th.ta.subsequ'enc
and S\lcl“ l. 1 cause the fan to carry back the st‘:o;? to its mz'tml posmf}n,
¥ ot ¢ ’ Stopl);lges may occur any number of times provided the line
reluge )tll ¢ to ascend through the space necessary to cause the fan to
over of “u,\ thermometer. When the hfxulmgm has cause(} the t'urn
oy i Jlu thermomotgr, the luFQr:u spring K foyces the spring L into
g Chuulwt 10 case.l% and clamps 1.t until it is received on board, so that
The s o(‘i; Of position can occur in the rest of the ascent from auny cause.
ilsg 1)‘01‘0“ is cut open to expose the scale of the thermometer, and is
wny CTioTated to allow the free entry of the water.
110. coustruction of the thermometer will be understood by reference
“_“gure. The bulb is eylindrical, and mercury is the thermometri-
g 1?1.1((13. h'l‘ho ueek of the bulb is coutracted at A, and upon the shape
}“)'Ond ll';ss_of this c:outractnon the success of t;h.e _mstrument depends.
the uyg -f the tube is bent, and a small reservoir is formed -at B. At
iy (10\\'“\"“ l.hc‘ tube ;L‘su_'all r‘ecto:ptzwle, O, is provided. When the bulb
" l‘e‘~dl-d -l't con?ams suflicient mereury to fill t%w tub(?, .aud a part
7 e holvm%' G, if tho 'tempemtum is high, leaving sufficient space
¢Xpansion of the mereury. In this position no scale would be
€, as the apparent movewent of the mercury would be confined
Space . When the thermometer is held bulb upward, the
-\" breaks off at A, and Dy its own woight flows down the tube,
Mgy t((;, und a portion of the tube above. The scale accordinglgf is
it ; 0|'|| 'l‘f:ﬂd upward frowm C To set the thermometer for observation
. temb, )n‘ecessa.ry to place 1t'bu1b downward, then tho mercury tal.ms
tyy mul)‘:li'lture qust asan ordinary thermometer. V\" henever the exist-
,,chteiv‘f;«lturo is required, all tl}ﬂF hzl-s4 to be‘ (}one is t.o turn th.e ther-
gy, .ulb upward and l'ceep it in this position until read off. The
To il,:sllu‘-ly Lo taken any time after.” o .
sometimeue. th‘v‘. promp‘t rgversal of this mstrume.nt-, wlnph was foufnl
Of the 1 ._S to §tlck, an india-rubber band was applied during the cruise
Ingy Q“EOH, iu the summer of 1852.* .
Uig,, tim‘ oyage of the Talisw an frame was used.“ vonstrit dapres les
the Miger ':" ﬂtf 1?1. Alphonse Milne-Ldwards,”t which closely resembled
ﬂ“l)ilmandgl" hjumc, without the revolving propeller., . The detaching
I 18 consisted in a lever attached to the sounding weight by a
®oier 1t pen string, and holding the thermometer in place. When the
the o ll“‘as released the lever was pulled down by the string, setting
—__Tnometer free to the action of a gpring, which cansed it to over-

tal g

Dogy;

10
anl‘cur

. Uh
— :
R leng r Narrative, vol, 1, pars first, page 95.

L Explopn s
Ng, 6.513 “’;'-'muux Sony-Mnrines. Voyage du Talisman. H. Filhol, in La Nature,
 tAbuary, 1884, pagoe 135,
* Mis, 70~—14
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turn. The hempen étriug was so slight as to be easily broken wh@?‘
the lever had reached the limit of its excursion. (Fig. 17.)

:

T1G. 17.—The Lalisman thermometer
frame and sounding-lead. frame.’

inbﬂrgh’
piputio™
ig:

In the work at the Scottish marine station, at Granton, I2d
the Magnaghi case is modified in still another way by the subs

for the propeller, of a detaching lever at the top, as shown by
7}
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i o T.he thermometer T is supported on pivots, p p, in the frame I, and
th_ M 1ts upright position by the pin P, which dips into a groove in
10 10p of the instrument, and moves freely through two holes, % £, in

¢ frame, A lever, L, turning on a pivot in
3 melr?‘t"e, vorks in a slot in the pin P, and
Tiliscqloito(:}t?]‘ endj is depressed 'th? ‘1)1f'1 ‘1:3
S, keap 10 groove G, A spiral spring,

2:&1}:\ U}e lever. "l‘ho forkcd cm'l of the lever
"‘DIW;"L:S Qw sounding line, to which the whole
oo US S attached when in use.  *  * ¥
tli1~“e;loth9_ pin P s raised, the thermometer
letaiuo&l 1ts pivots Dy its own weight, and is
S oHtan the inverted position by the tooth
’O‘lztﬁfléfd to .the‘spriug s, and fitting into a
Gy ' projection f, :
! 1¢ lever iy depressed by thefall of aweight,
s.;]]cnlllle‘“ messenger, along the }iue. The mes-
: Q;C()rl? tl%e mvcntipu of Captain Rung, of tlfe
'““ﬂeil? gglcal Institute, Cf)penlm.gen.- It is
- L UWO parts, so that it can be fitted on
LCeV) o at any point without the trouble of
(.\ S
t‘y;“é“l the tempemtm:c is to be ascertained
SClgey iSllmoro depths simultaneously, a mes-
ng by acord to the top of each ther-
L, except the lowest, as shown in the
'l‘hus, when the first thermometer is in-
the lle}’;;h .messeuger is released, which inverts
Thic Mld' 50 on."*
“y mlbsgoxnt‘lex'zluce is called by its inventors
Qes“mé(‘ﬁt)lsh thermometcr'fm'mo,” n:xd was
g o i ]-Z 1\"11'- Hugh RR. l\llll.m the I rocee(-l'-
D929 5 o ) fll Society of E dinburgh, vol. xii,
» ouly, 1884,
usuqmb]i,e g‘mt‘t.crn ) 'l‘anu.cr.case,” which is 1:0\\’
oy, “{ls imr Fish C()11111}1§31011 and Coast b‘ur-
11L‘l‘il]1 oA cnt‘%‘l by Lieut.-Commauder Tan-
: 884, (Fig. 19.)
an‘nli :;bmllllg[diﬁed (:?xx1binzmti011 f’f, the Bailie-
S Magnaghi cases, retaining the pro-

D@HQ
e
of gear and ¢

\'el.tcd

o3 T o e
o lh(} S“"ttish
Prospeg s,

Edinburgh, 1885, P 35,

\

S the pin in position when not counter:- -

Z

R 2 e

i\ e
A\ Ve

B Vi
b oo el

T16. 10.—The Taunner ther
mometer cage,new form.

tha lutehes for the sounding wire of the former and one
ag the UDright side bars of tho latter. The thermometer is pivoted
.~ Ottom, and when reversed comes up hanging clear of ‘the

Marine Station for Scientific Research, Granton, Edinburgh; itsworlk
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frame altogether. There is a longitudinal slit in the case, ungover
ing the thermometer scale, and o corresponding slit on the opposito
side, so that the temperature can Le read by holding the jnstrument
up against the light, To guard agaiust the “jigeling” motion cowV
muunicated sfrom the reeling engine along the wire rope or sounding
wire now universally used Ly the Fish Commission, which was fount
during the Albatross eruise of 1883-"8 to have in some cases jarret
he mercury froms the bulb into the tube after reversal, spiral springs
Lave been introduced into the metal case above and below the ther
mometer, The whole instrument is heavily nickel-plated to preved
rust, and works well in practice. : .

To guard against parallax crrors in reading (see p. [5]) 1 have 1"_“1
constructed by Mr. Joseph Zentmayer, ot Philadelphia, o reading Jen8
of about 3 inches focal length, fitted ¥
right angles to the center of a brass 82
dle adapted to the convex surface of th0
thermometer case, and provided with
short draw-tube for focussing. Tho ¢¥¢
piece opening is made smaller than tho
pupil of the eye, and there is therefore
variation in the reading, whatever bo t !
inclination to the perpendicutar ab wlllull,
the seale is viewed. (Sce Tig. 20.) The
slight magnifying power of the Jens m
it much casier than formerly to read th
temperature to fractions of a degree.

Fic. ‘.'0.»~]lt;;.;:;!lilxll‘-;';"l‘(“'lxarf(:::'x ‘tl.ho Tauner The abandonment of the pmpul!(ﬂ' !

versing-gear by French and Scottls[lo.
servers seems 10 have been due partly to a fear that the prop cl)
faus might be turned by a strong lateral current, as for example ’
the Straits of Gibraltar (sce Challenger Narrative, vol. 1, p. 95);

aled

ant

3 N : o3l
purtly, as stated in M. Iilhol’s report ou the work of the ’l:ﬂlb""”"
by the obscrvation that the fans have sometimes failed to revo ‘0-

pl‘

at wll.  In tho BailicTanner case the protecting shield around the
peller would meet the former objection (so long as the instrament l»b
mained in a perpendicular position) it currents Strmig cnough to @ e('a
the fans should ever be met with in the open sea. No instance of )f
latter defect in construction has yot been noted in the instruments ”
the Fish Conumission,  Up to the present time the propellers of the 1.10‘
Tanner ease, although not so well protected as the carlier forms ﬂ:‘«""‘".l,b],
lateral currents, have not yet failed to auswer the purpose for ¥
they were designed. In deep-sea work the saving in time by dispen
with messengers becomes an important consideration,

Many of the features which are combined in the modern a-ppﬂ-mtl]ld
for observing deep-sca temperatures are revivals or re-inventions 0
devices which had been once used and forgotten. Thus the outer pr0

gin
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ra clhs
l;?lsl(lllieslt;(ilut(; .tlxe bulb ot t{xc .Miller-Casellu tlhermometer, its.ouly i'mpor-
it By (<13 Slon ‘f‘.rom Sixe's form‘ of a century ago, was certainly tr)le by
about 180 abl‘ue as carly as 1822 (seo p. [14]), and thought of by Péron*
case, Seale(i . J’\lmé suggqstcd and appears to have used an outer class
Vice fop 0 ‘tp the 1)]()W[)]1)f3, some time bgfore 1845, and the same de-
nade Dul)l(;b m'g and fl\'():("lll){.',"th‘(} p:’(‘zssurc error at great depths was
0 offect 0({2 1)10]‘)m‘ty by Sir \Vll'lmm. lhom.son’s w_cll-.kno'wn ])jlpCl' upon
50 ugeq pressure upon the 11'gemng-1')0mt of liquids in 18:)0: Ann{:
.egistérim:nessgnger.‘s for de.mclnng‘ \\:elghts. and {or 0\'ersctF111g' self-
era] di(fel‘b t clmometex:s prior to 1845 (op. c-zt.., b .u), and devised sev-
aturg b Yell)lt.pn.tterns of thermomecters for rcglstem‘n o deep-sefm temper-
Drotecte(i‘ ]em{?r oversot.at the depth to po investigated, which, when-
Thﬁpro )ell).y his clqsed glass or :netul .t.ubes, gave e.xcellpent results.
eir eaIrli er was uscd by Messrs. Negretti and Zam})m in1874to TeVerse
Plaineq )GI“ form of thgrmometer, and the same n.rm, as has‘bee.n ex-
%o étlilll“;ced'ed Dr, N!l“?l‘ by flbOl}f, t,w.o.lve years in tho application of
he ﬁmrb Slluc?(} to Sixe’s .sc]f.reglstermg thermometer.
™ in\'enn: practical sel f;reglstcrm g the?mo.met(it_"s appear t,o_ havo been
e‘““l‘eme?ltls (?f Lord. (Jhal.‘les.C:we'ndlsh in 1757, registering by the
16 iy, ul s of a pC:I‘l’:lOIl of fluid which ha been caused to over{low at
Mgy M gl or minimum temperature cncoun.tel'ed. by‘ tho instru-
""'Qntio,,g' Sixe, who cxl)re§sly' acknowledges his opl.lgatxons to these
Steg] "lld(;\’- m'\?rov‘cd thcn.l in form- and by' the addition of a movablo
8 ielq ﬁrs% The idea of protec:t:xm.l :1gmns}; pressure by an onter
l(;a“y Der,f‘xlﬂlzmrs about the beginning of 'thls_ century and was ])1‘:I‘C—
o dot :L] ?(1 abOElt 1845, as cn}'ly_ as which date messengers wero in
ermmn;{ .L ung)\vmg‘h't-s, for closing water bottles, and for oversetting
'L;“e" . )/"ur:%‘ l‘ncvnlvmg propelilcrs have been used, ahandoned, and
in the ml()ddepf‘un mn \'er:yrrecent; times, and the‘latest no\'elt.y appears
i for uw“,l Negretti-Zambra thcrm.omctgr, in the uso of the smpa
. > measurement and the registration of temperature, and in
e &&0' tio'lunm, }\'lmn overset, 1‘)y means f’f a 1)(‘:cu]im' x:nrrowi.ng
the l’l‘CSO;lé a particular ])]:1({0. I'rom tho t}m(} of _Lord ({:wendlsh
-lerm‘)lnete;:l the progress of improvements in the form of (lf:ep-scu'
3 has been by a very natural and regular process of evolu-

on o,
N of gryp: . . . . . .
JLof survival (or somelimes revival) of the variations best snited

]
Y ‘01;- Ddurpose,
~—__RAL 8raTION, WO0ODs TIOLL, MASS., July 31, 1885,

—

. ——
\'0 . S,
Yagg <
'Alm-%lu?} .Dé.c()uvm-tns aux Torres Anstrales. Vol. II, Paris, 1816, p. 330, nofe.
“imis et do Physique, Ser. 3, t. xv, p. 10, 1845,
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APPLENDIX.

, and ntean crrovs of fifty-onc Negretti-Zambra decp-sca thermomelers

, ndnimon

Mazimum

by comparigon with Fisk Commission standards.

.
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