Hygrometrical tables : adapted to the use of the dry- and wet-bulb
thermometer / by James Glaisher.

Contributors
Glaisher, James, 1809-1903.

Publication/Creation

London : Taylor & Francis, 1869.
Persistent URL

https://wellcomecollection.org/works/gc89vov8

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/




22101942083






















PREF A CE.

InstrumenTs used for the purpose of measuring the quantity of aqueous
vapour in the atmosphere are called Hygrometers (measurers of moisture),
and have generally been made of substances which possess great capability
for absorption, and undergo variation from that cause. Amongst hygrome-
trical substances may be reckoned cordage, catgut, wood (especially deal), the
beard of the wild oat, &c. These in turn have all furnished material for the
construction of Hygrometers, or rather Hygroscopes; but in use they are
found to become less and less sensitive, and finally to lose all their hygrome-
trical properties.

Other substances have been sought for, which would regularly lengthen and
shorten by the loss or absorption of moisture. Saussure, of Geneva, thought
that this property might be found in a human hair, freed from all unctuosity
by being boiled m a caustic ley. Thus prepared, he stretched and fastened 1t
at one end to an easily moveable grooved wheel, with an index attached :
whenever the hair was shortened or lengthened, the wheel and index were
moved round, and thus indicated every increase or diminution of moisture.

M. De Luc constructed a hygrometer of a very thin piece of whalebone
cut in a direction transverse to the fibre; this he affixed at one end by
gold wire to a delicate wheel carrying an index, &c. The idea was suggested
by the fact, that whalebone lengthens as it absorbs moisture, and shortens or
contracts as it becomes dry. These two instruments are still in use on the
continent ; but confidence cannot be placed in their indications, nor in any
which are dependent upon the hygrometric properties of any substance that
has as yet been employed.

The Hygrometer invented by Mr. Daniell was a great advance upon the
previous methods of construction. Tt denotes the degree of moisture in the
air with considerable accuracy, exhibiting the amount in temperature of the
dew-point, expressed in degrees of the ordinary thermometer, and thus
referred to a well-known standard of comparison. :

The Hygrometer invented by M. Regnault is said to possess- advantages
over Daniell’s Hygrometer; but in practice I have not found this to be the
case. It consists of two delicate thermometers, kept in position by passing’
through corks fitting into long eylindrical cups of polished gold or silver,
one of which is partly filled with ether, so that a portion of the bulb of its
thermometer is immersed in it ; a small tube passes through the corks, open
at both ends, to which a flexible tube is fixed of any length, allowing the
observer to be as distant from the instrument as he pleases; by this means
air is drawn from or driven into the cups. The ether evaporates with a
rapidity depending on the current, which is obtained at pleasure ; dew is de-
posited on the enp containing the ether, the slightest dulling of which is seen
by contrast with the other cup, which continues bright.

To use these instruments effectively, experience is required, united with a keen
eye, and promptness of observation. Their employment is expensive, owing
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to the required ether, which must be the best in quality and not sparingly
supplied. It is difficult to procure good ether at all times ; it suffers much
loss from evaporation if kept or taken to hot climates, and deteriorates rapidly.
When the air is very dry it is a long time before any deposition takes place,
and sometimes no deposit at all will ensue with bad or indifferent ether;
neither are these instruments well adapted for observations at short intervals,
as, from the principle of their construction, some little time must elapse
before an observation can be repeated.

For these reasons, which forbid their general employment, I directed my
attention some years ago to the most effective and simple method of deter-
mining the true hygrometric conditions of the air. This proved to
be best performed by the employment of the Dry- and Wet-bulb thermo-
meters, which combined may be considered to constitute but one instrument,
and which were found to give results identical with Daniell’s Hygrometer,
over which they possess the great advantage of requiring water only, and
giving continuouns observations.

The thermometers should have very small bulbs so as to be delicate and sen-
sitive in the extreme; their graduations should be on their own stems, and
their readings should be compared with those of a standard thermometer
before use, to determine their index errors.

In my balloon experiments the temperature of the dew-point was determined
at different heights by simultaneous readings of the Dry- and Wet-bulb
thermometers, Daniell’s Hygrometer, and Regnault’s Hygrometer.

In the experiments of every year there was not found any certain difference
in the determination of the dew-point by Daniell’s and Regnault’s Hygrometers,
and this temperature determined by the use of the Dry- and Wet-bulb ther-
mometers, was found to be very closely approximate to the results obtained by
either of the above mstruments.

The results of all the simultaneons determinations of the temperature of
the dew-point by Daniell’s Hygrometer and the Dry- and Wet-bulb thermo-
meters are as follows :(—

The temperature of the dew-point as found by the use of the Dry- and
Wet-bulb thermometers.

Up to 1,000 feet high was 015 lower than by Daniell's Hygrometer, from 28 exps.

From 1,000 to 2,000 * 010 o o i 40
E,B{I} to 3,':"]] o 003 m 1 " 59
3,000 to 4,000 feet high was the same as by Daniell's Hygrometer .. ......... 66
4,@ t{-‘ E.M} aF ﬂﬂ'r] ]DWH 1 ] i a 4{'
5,000 to 6,000 " 07 " " " >
ﬁ,m:l tl'.' lem i ulg ¥ L] LE] 3‘1
7,000 to 8,000 feet high was the same as by Daniell's Hygrometer ........... . 8
8000 to 9,000 2 1:5 higher |, 3 > 2
9,000 to 10,000 - 12 higher , - % 2

10,000 to 11,000 = 03 higher b " 1
12,000 to 13,000 i 0-3 higher ,, = " 9
13,000 to 14,000 o 08 lower ,, i " 7
14,000 to 15,000 3 10 lower , 5 - 2

The number of experiments made up to the height of 7000 feet varying
from 28 to 66 in each step of 1000 feet, are sufficient to enable us to speak
with confidence; the results are that the temperatures of the dew-point, as
found by the use of the Dry- and Wet-bulb thermometers and these Tables,
are worthy of full confidence up to this point. At heights exceeding 7000
fect my experiments do not yield a sufficient number of simultaneous readings
to give satisfactory results, and before we can speak with certainty at these
high elevations more experiments must be made.









DESCRIPTION OF THE

DRY- AND WEI-BULB THERMOMETER.

TrE instrument, as represented in the engraving, consists of two thermo-
meters, as nearly as possible identical, the one marked Dry, the other Wet.

The bulb of the Wet thermometer is covered with thin muslin, round the
neck of which and over the muslin is twisted loosely, or tied in a loose
knot, a conducting thread of lamp-wick, common darning-cotton, or floss
silk ; this passes to an adjacent vessel of water placed at such a distance as to
allow a length of conducting thread of about three inches. The reservoir of
water should be placed on one side and a little beneath, so that evaporation
from the water may not affect the reading of the dry bulb by its too nehr
vicinity.

Th::}r use of those instruments in which a long cistern of glass is used as a
reservoir for the supply of water occupying the central space between the two
thermometers is objectionable; the water in the cistern becomes heated or
cooled in excess of the surrounding temperature, and never fails, however
imperceptibly, to vitiate the readings of the thermometer on either side.

Position of the Dry- and Wet-bulb Thermometer, and Precautions in using if.

The instrument should be mounted in an open space with the bulbs raised
about four feet above the soil, in the shade, and as far from walls, trees, &c.
as possible. ,

The water-vessel or reservoir should always be supplied with rain or dis-
tilled water.

If the temperature of the air descend below 32° the wet-bulb thermometer
will for a time read higher than the dry-bulb; such observations must not
be recorded : when the water surrounding the wet-bulb is frozen, the proper
readings will take place. In frosty weather the water in the reservoir will be
frozen, but this is no reason for the suspension of the observations; if the
water upon the muslin be frozen at the same time, the readings are perfectly
available. If the muslin be dry, it is necessary that it be wetted by the ob-
server by means of a sponge or brush, who should leave it a sufficient time to
allow the water to become frozen, and who (having satisfied himself of the
fact) will take the reading in the usual way : unless this caution be attended
to, the wet-bulb will read higher than the dry. When the weather is frosty,
the muslin should be wetted a sufficient time before the appointed hour of
observation ; and, as a rule, in frosty weather it is desirable to immerse the
bulb in water after every observation. If the temperature of the air ascend
above 32°, immerse the wet-bulb thermometer and conducting-thread for a
short time in warm water, to melt any ice that may remain; unless this be
attended to, the wet-bulb will read 32° so long as any ice is in contact with it.
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Before use, the cotton lamp-wick should be washed in a solution of earbo-
nate of soda, and pressed whilst under water throughout its length. In use
it should be of such extent that the water conveyed be sufficient in quantity
to keep the muslin on the bulb as moist as when the air is saturated with va-
pour. The amount of water supplied ean be increased or diminished by in-
creasing or decreasing the extent of the conducting-thread.

In observing, the eye should be placed on a level with the top of the mer-
eury in the tube ; and the observer should be careful to refrain from breathing

whilst taking the observation. -

Temperatures of the Air and of Evaporation
are given by the readings of the two thermometers.

Temperature of the Dew-Point.

If a mass of air be gradually cooled, it will descend to a degree of tempe-
rature at which it will be saturated by the quantity of vapour then mixed with
it. This temperature is called the dew-point. It can be found directly by
the use of either Daniell’s or Regnault’s Hygrometer, or by the use of the
dry- and wet-bulb thermometers with these Tables.

Determination of the Dew-Point from observations of the Dry- and Wet-lulb
Thermometers.

Tasre I.—Factors by which it is necessary to multiply the excess of the
reading of the dry thermometer over that of the wet, to give the excess
of the temperature of the air above that of the Dew-Point, for every de-
gree of air-temperature, from 10° to 100°,

Reading | JI Reading | Readi | Reading

of Dry-Bulb | paotor, | of Dey-Bulb | poaiee, | of Dry-bulb | peoger, | of Drey-balb | Foctor.

Therm. Therm. | Therm. |: Therm.
10 878 33 301 || 53 1'g4 | 79 1"6yg |
11 Byl 34 297 o Nodg 19z | 8o 168
1z 378 35 260 58 1'90 | 81 168
13 877 36 2’50 | 59 18y | 82 167
1. 826 17 242 | bery 1:88- || 23 167
15 875 13 2°36 61 iy |l 84 1°66
16 370 | 39 2z ol 62 | 186 | 83 163
17 36z | 40 z1g - | 63 135 | i6 165
18 850 41 226 || 64 83 || 87 1°64
19 824 42 223 || Gs 1‘32 83 164
20 314 43 220 66 181 g 163
21 788 44 218 67 1’8o || 9o 163
22 760 || 45 a1b | 68 1'79 g1 162
23 7'28 46 2’14 | fig 178 | g2 16z
24 | Giga 47 2iz | 70 77| 93 161
%5 bs3 43 210 1 1'76 || 94 160
26 608 49 2'08 || 71 75 95 1bo
29 5761 50 206 | 174 | g6 1'59
28 (3 £ (13 z'ad || 74 173 | 9 1"y
29 463 52 T 72l C 9 1
jo 415 | 53 200 76 ey | 99 158
31 370 54 g8 | 77 170 | 100 57
32 332 55 g6 || 78 6y ‘ |

The numbers in this Table have been found from the combination of many
thousand simultaneous observations of the dry- and wet-bulb thermo-
meters with Daniell’s Hygrometer, taken at the Royal Observatory, Green-
wich from the year 1841 to 1854, with observations taken at high temperatures
in India, and others at low and medium temperatures at Toronto. The results
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Tasre 111. (continued),

Temp. Force of 3 T Foree of Tem
Fahr, Vapour, TF?EHI‘. ?’iﬁn:‘ xﬁﬁ Vapour. Fl.]lg: ﬁ:pm:u?f Tl?:hq: F':;Tu:.r
= in. & in. o in. o in. 3 in.
30 o170 370 | o220 4375 o283 5000 | o361 56'5 | 0457
; ‘171 ‘1 221 : 284 "1 *362 b 459
T ‘172 2 ‘223 i 28 = 364 7 461
3 ‘172 o 2214 *3 28 i | 365 ¥ 462
9 173 4 214 9 287 4 *366 9 464
jre | 174 5| 225 440 | 288 o 370 | 463
5 | 174 *6 22§ ‘1 289 6 *369 I 467
2 175 g 226 2 290 ' "370 'z | t4bg
'3 ‘176 -8 232 5 *202 3 371 *q *470
4 “176 ‘9 22 % ‘293 9 "373 4 ‘472
5 4 iy 380 229 g 294 s1o "374 ‘5 473
B ‘178 I 230 y ‘29 I 37§ B 475
; ‘179 = 231 7 29 N 377 i 477
* *179 -3 231 8 "297 1 "378 8 479
9 *180 & 292 9 28 4 379 g *480
320 181 5 233 4570 299 5 381 580 482
‘1 ‘182 *6 ‘214 ‘1 *jo1 6 382 ‘I 483
2 | sz 7 | 23 2 | aoa | s 2 | 485
"y ||| a8y S 3 | 393 : *385 3| 4%y
4 | 1dg 9 | 237 4 | 304 g | 386 + | 489
5 184 190 ‘238 5 "305 52'0 "388 5 ‘491
-6 ‘185 "1 238 b ‘306 o | 3189 B 492
7 186 2 239 o *307 ‘2 391 7 ‘404
3 186 '3 ‘240 ‘8 "308 3 "393 8 496
9 187 4 241 9 "399 ¢ "394 9 '498
33 “183 "5 ‘242 460 ELE ‘5 *396 59'0 "500
3 | *13%8 +f 241 3 312 5 1397 i "so1
] s il ed Lol [ 2l s 2|l o8
"3 ‘190 ‘8 245 3 i e 8 ‘400 "3 505
‘4 gl 9 246 ‘4 31 9 401 3 ‘507
=5 192 420 247 ‘5 317 530 403 L 500
26 ‘197 I 248 6 ‘318 ‘I 40 6 ‘EI1
7 193 2 249 ‘7 319 2 40 7 512
R g ] past R ‘3 | 4e7 8| sie
"9 ‘195 4 25t '9 322 O 9 ‘516
340 196 g 242 470 421 g 410 boro *e18
1 ':Igﬁ B ‘251 T ‘124 B 12 I 520
2 | ‘197 7| 254 'z | 32y 7| 43 2 | 522
3 ‘198 5 255 3 "327 8 415 3 ‘524
4 | ‘199 9 | 256 ‘4 | 328 9 | 416 4 | ‘520
5 "199 410 257 5 "329 540 418 5 "528
b 200 LT 258 B 130 "I ‘419 6 520
7 | 2ot 2 | 259 i ol B - 7 | et
8 202 '3 ‘260 -8 *333 '3 422 ‘3 *t33
‘g | ‘203 '$ | 261 "9 | 334 4| 44 9 | K38
35 "204 3 262 480 "33 s ‘425 bro 537
1 204 ] 267 I 13 6 427 1 539
‘2 "20§ ¥, 264 2 "338 7 428 2 541
3 ‘206 -8 265 - "339 "3 430 3 543
4 "207 9 "266 4 "340 9 437 4 545
s | 208 420 | 267 s Pone 550 | ‘433 A |k L
B ‘208 ‘1 =268 . 343 ‘I 334 6 *eqd
id 2 | 269 g ‘2 | 436 7 | A
3 210 "3 270 ‘8 ‘34 3 437 "8 ‘552
9 211 ‘g 271 9 ‘14 ] ‘439 9 554
3ba 213 A "173 490 148 : g ‘441 G20 556
1 213 6 273 oy "349 ] 443 o "558
2 -'2-I+ oT ..1?# 'z -351 e .q‘H vy .55‘:
"3 214 '8 275 3 "352 '8 "446 3 "562
& 215 9 276 ‘4 153 ‘g 447 4 "564
5 216 430 277 5 ‘355 5600 449 o "566
B 217 ‘1 278 6 356 ‘I 451 i 568
7 ‘218 ‘2 279 7 "357 ‘2 ‘453 o) ‘570
i '3 | cado 3 | 358 '3 | 454 3 | 5
369 | o219 434 | o2bs 49'9 | o360 564 | o456 629 | o574







ix

Tasre I1L. (continued).

Tem Foree of || Temp. | Forcaof | Tem Force of || Temp, r Faree of l T Foros of

Mp' vapour. Fahr., Vupour. FIJJ-E+ Vapour, I"nhg. "r'TpTur. Fabr, ‘F:]:nn

Ly iB. g if. [ in. o in, o in.

953 réyz || 965 | 1724 || 97§ 1779 98§ | 1'833 99's | 1890
. 677 6 730 5 84 6 239 6 Bgh
7 *682 s 735 o i 845 7 ‘9ol
8 687 ‘3 4T 8 795 8 B0 g} "go7 |
‘9 692 9 746 ‘9 ‘801 9 ‘Ezﬁ = ‘912 |

g6'o 697 970 ey g8 “Bob 990 “Bhz 1000 18
"1 =04 1 257 '1 ‘811 T ‘868 o | . 'g23 |
2 208 2 T b3 2 217 | 2 ‘B73 b gz |
|.! «?:4 +3 -?63 -.3 '321 | +3 13.?9 |3 .935 |

gb4 | 1719 | 97'4 1773 984 1823 994 | 1884 || 1oy | I'g4o

From the numbers in this Table the Elastic Force of Vapour in the Gene-
ral Tables have been found.

The numbers in this Table show the length of a column of mereury, cor-
responding to the pressure of aqueous vapour at different temperatures. As
in an atmosphere of pure steam its force at the earth’s surface is its weight,
50 in a mixture of atmospheres, the elastic force of each at the surface of the
earth is the weight of each. Therefore the elastic force of aqueous vapour
representing the weight of the entire mass diffused throughont the atmo-
sphere expresses the pressure on the surface in the cistern of the barometer,
produced by the vapour present at the time of observation. To find the
elastic force of vapour at any time, i1t is simply necessary to determine the
temperature of the dew-point, and to seek for that temperature in this Table.

For instance, suppose the temperature of the dew-point be 51°, opposite to
this reading in the Table is 0-374 inch of mercury, a quantity which is about
;T,th part of an atmosphere whose whole pressure is 30 inches.

As the pressure of the whole atmosphere is about 15 lbs. on the square
inch when the reading of the barometer is about 30 inches, and as the weight
of vapour in the atmosphere when the temperature of the dew-point is 517 1s

ahout ;T,th part of the whole pressure, it follows that the actual weight of the

vapour is about £ Ib., or 1300 grains nearly. The weight of a cubic inch of
water is 253 grains ; therefore the quantity of water present in a column of
the atmosphere reaching to its limit is 3z, or about 5 inches.

An examination of the numbers in this Table at different temperatures
shows that the increased ecapacity of heat for aqueous vapour at higher tem-
peratures does not follow the same ratio as the temperature, its capacity at
any temperature being less than the mean of equidistant temperatures; for
example, at 50° the elastic force of vapour is 0-361 inch, and at 70° is 0-733
inch ; if, therefore, two masses of air, the one at 50° and the other at 70°
(both being saturated with moisture), be mixed together, the compound will
take a mean temperature of 60°; but the elastic force of vapour at 60° is
0-518 inch, while the mean of the forces at 50° and 70° is 0:547. The ten-
sion of vapour is therefore greater than the air can sustain, and the excess
must fall.

The Degree of Humidity of the Air.

The degree of humidity is the ratio of the quantity of vapour present in
any volume of the air to the guantity which would have been present in the
same volume had the air been completely saturated, or, which is the same
thing, the ratio of the elastic force of vapour at the temperature of the dew-
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point to the elastic force of vapour at the temperature of the air as found
in Table ITI. Thus, if the air be saturated with vapour, the degree of humidity
is unity, for the temperature of the dew-point and air are then the same. 1If
the air be not saturated, the elastic force of vapour at the temperature of
the dew-point is less than that of the air, and therefore the degree of humidity,
which is measured by their ratio, is always less than unity, as of course it
evidently must be,

To avoid deeimals, it is convenient to mu‘.itigly this ratio by 100, so that
in the General Tables saturation is represented by 100.

Weight of a Cubic Foot of Air.

From M. Regnault’s experiments, 1000 cubic inches of dry air under the
pressure of 80 inches of mercury, and at the temperature of 60°, weigh
310-3529 grains, and 1000 cubie inches of water under the same pressure,
and at the same temperature, weigh 252525 grains ; therefore water is 813-67
times heavier than air.

From Table II., the volume of a mass of dry air at 60°, whose volume at
32 is represented by unity, is 1:05701.

Therefore the weight of a cubic foot of dry air at 32° is equal to the weight
at 60°, viz. 5363 grains, multiplied by 1:05701, or to 566-86 grains.

The following Table has been calculated by dividing 566-:86 by the number
expressing the volume of dry air after expansion from heat, as contained in
Table II.

TasLe IV.—Showing the weight in grains of a Cubie Foot of Dry Air, under
the pressure of 30 inches of Mercury, for every degree from 0° to 100°,

Weight of Weight of a Weight of n Weight of a

Tomp. : Temp. . Temp. 3 Temp. i

Fuhr. f’“ﬂ;‘fﬁfﬂf Fahr. ““}*;;frﬂ‘jﬂf Fahr. [© “gﬂfrﬂf;f“ Fahr. [© “}’;;mﬂf
o GH"* ] FTH. o gra. o BT
o obg 26 5739 51 545°7 76 5203
I fiost 27 5727 52 5447 77 51973
2 6o3°7 28 571°5 53 5436 78 5183
3 6o2°4 29 5703 54 54276 79 517°%
4 Gor'1 30 5692 55 £41°% 8o 51674
5 599°8 31 5680 56 5403 81 5153
6 598°5 32 566 57 5394 82 5145
7 597°3 33 565°7 58 5384 83 513°5
8 596°0 4 564°6 59 537°3 84 512°6
9 594°7 35 5634 bo 5363 Eg s11°7
1o 5934 .|| 136 sb2:3 || 61 535'3 8 51077
II cgz'2 37 561°2 bz 534°2 32 5008
12 590°g 18 gho'o 61 5332 B8 5088
13 539'7 39 558'9 64 532°2 89 5079
14 5884 4o 5578 65 5312 || - go so7%0
15 587'2 41 556°7 66 530'2 91 seb1
16 5860 42 555'6 67 529"2 92 5052
17 5847 43 554'4 63 5281 93 5042
13 533'5 44 55373 g 5271 94 5053
19 5823 45 55272 70 5262 95 §o2°4
20 [t & 46 581"z 2 5352 ob o1
21 579'8 47 550°1 72 5242 7 506
22 5786 48 5490 73 §23'2 9 499°7
23 5774 49 54779 74 522'2 99 49%°8
24 576°2 50 546°8 -z Fara 100 497'9
25 §75'1 L

Enlargement of Volume of Air by Vapour.
If a volume of dry air of known elasticity be mixed with an equal volume
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of vapour, also of known elasticity, and if the mixture be so compressed as to
oceupy a space only equal to one of these volumes, the elasticity of the mix-
ture will be the sum of the two elasticities of the air and vapour; or if the
mixture be allowed to expand till its elasticity is equal to that of the unmixed
air, it will oceupy a larger volume in the proportion of the sum of the two
elasticities to the elasticity of the air alone.
Let p=the atmospheric pressure as measured by inches of mereury in the
barometer tube,
E,=the elastic force of vapour, at temperature ¢, measured in inches of
me in the barometer tube.
n=the bulk of a certain quantity of air, when dry, at the temperature ¢,
and under the pressure p.
n'=the bulk of the same quantity of air when saturated with vapour, at
the temperature £, and under the pressure p.
The elasticity varies inversely as the volume, the temperature remaining
the same ; therefore that portion of the elastic force p, which depends on the

air only which occupies the space ﬂ‘=%¥, and the whole atmospheric pressure

_pn S L e B et :
ﬁ—n,+Eg,ﬂ e —1~—P oL, = B And from this formula the
P

following Table has been constructed :—

TasrLe V.—Showing the enlargement which a volume of Dry Air receives
when saturated with Vapour under the pressure of 30 inches of Mercury,
for every degree of temperature, from 0° to 100°, :

Inoreased volume Increased volume Incrensed volume Inoreased volume
owing to the pre- owing to the pre- owing to the pre- owing to the pre-
Tomp. | sence of vaponr, | Temp. | senge of vapour, || Temp. | sence of vapour, | Temp, | sence of vapour,
Fabr. | the orginalbulk | Fahr. | the original-bulk || Fabr. | the original bulk || Fahr. | the original bulk
being considered being consi ing considered being considered
88 unity. a8 unity. n8 unity. as unity.
<] 2] =] L]
o 1'001§ 26 1'0047 51 1’0127 26 1'ojul
1 1'ools 27 1'0044 52 1°0131 77 1'cig
2 1'0o16 23 I'o0s T 53 1'o136 73 170330
3 oy 9 1'0053 54 I"algl 79 1"0341
4 1'oo1d 30 1'0056 55 1'or4b fo I'052
é 'eord 31 r'eoasd 56 I'o152 g1 1'o3bs
1'co1g 32 1'oobo 57 I'01§7 82 10378
7 1'c020 11 I'c061 58 1°o164 23 1'0391
8 1°C0Z0 34 1'oofs 50 1'e170 g4 10405
9 oozl 35 1'oubd 6o t*o:gﬁ 35 1’0419
10 I'coag 36 I'o071 (i} b £6 1'04732
I 1'coz4 17 1'oa74 6z 1-o18s 87 10446
12 1°0025 18 1'0077 63 1'o1gb 88 1’0461
13 1'0026 39 rcolo 64 1'020% By 10477
14 1'o027 40 1'cof3 65 1’0210 fo 1°0493
Iy Icozg 41 1'oof6 66 1'ozid or 1'0gIo
16 1'0030 42 1'008g 67 1'0225 gz r'ogzh
17 I'ooil I 41 1'0003 63 10233 93 1’0544
18 1'0033 44 16096 69 10242 94 o562
1g 1'0034 45 10100 7o 1’0250 95 r'ogdl
zo 1'0036 46 1'010j 71 1'o2bo g6 1'eboo
ar 1 o038 47 1"0109 72 1'oz26g 97 1'ghzo
23 12039 48 1'011% T3 1°027 o3 1'ab41
23 I'0041 49 1’0117 74 1'oz8 99 1'0661
24 1'c043 5o 1"0121 7% 1"ozg8 10 1'ebiy
25 1°0045
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From the numbers in this Table, it appears that the capacity of air for
moisture @oubles for a rise from 0° to 16°; from 16° to 33°; from 33° to 52°;
from 52° to 73°; and from 73° to 96°.

When the readings of the dry- and wet-bulb thermometers are alike, the
weight of a cubie foot of vapour 1s at once taken from the numbers in Table VI.
In all other cases as the quantity of vapour at the temperature of the dew-
point expands in the same ratio as air, the weight of a cubic foot of vapour is
calculated from the following formula :—

Volume at temperature of dew-point x weight of a cubie foot

a Erﬁiighfzgf ] . of vapour at temperature of dew-point
of :apfmr. o Volume at temperature of air.

Sum of the Weights of a Cubic Foot of Air and a Cubic Foot of Vapour,

TapLe VII.—Showing the Weight of a Cubic Foot of Dry Air added to the
Weight of a Cubic Foot of Vapour, at all temperatures between 0° and
100°, under a pressure of 30 inches of Mercury.

o podie, | lommdu ] | ommdss

Temp. | "Bibt ot Doy dne | Temp. | "Fobg of Dey Air || Tomp. | "Foot of Dry Air || Temp: | "Foot of D Al

Fahr. nﬁ of I?l: Fualr. :ud E[’EE binr Fahr, | n;?l l;ll"a E‘{lhi;r Fahe. u:.d :fat bi::

Foot of Vapour. Foot of ¥Yapour. Foot of Vapour, Foot of Vapour.
L | 1] BT, .’ o EF E“- 4] g'l"l-
o m‘s | =26 5756 51 550° 76 529'9
I 6o5'6 | =27 5744 52 549°1 77 5293
2 6o4°3 | 28 573°3 53 5482 78 5286
3 6o3°1 29 5722 54 5473 79 5280
4 6o1'8 || 30 571°1 55 5464 || 8o 527°4
E 6oo's il 3z 5Ea*1 56 54,5-g g: izg'ﬂ
599°3 il 32 sbgo 57 §44° 2 262
; sag'; 13 52;‘9 58 5438 ;i 5256
96" 34 566° 9 542'9 5250
9 295'5 | 1 555'g 6o 5421 85 5244
10 59473 (| 36 [ 61 £41°2 26 5239
I 5931 | 37 563°7 62 540°4 87 5233
1z 5g :'g f 138 :gr? gi 533'3 gs in‘?
13 590" il 39 17 538 9 223
13 894 || 40 5606 | 65 5380 g | 5@
15 5882 || 41 5596 66 537°2 9! 5214
16 53-;'-: 42 5546 67 536°4 g2 520
17 5859 43 5576 68 53577 93 5204
18 5847 | 44 556°7 b9 534'9 94 §20'0
19 583°g 4 5557 I 70 5342 95 519°6
20 5824 4 554'7 |71 5374 g6 - 51z
2t 81z | 47 5538 | 73 532'7 97 5188
22 53;_1 | ** 552'8 | 73 SaEc 98 5:3_4
23 5789 | 49 5519 | 74 531°3 | 99 J 518°1
24 5778 50 5509 | 75 5326 | 100 5178

i | wer | | |

The next Table is computed from the following formula :—

Weight of a Weight of a cubic foot of air and a cubic foot of vapour
cubie foot | _ (Table VII.)

of satura- [ _ Inereased volume of a cubic foot of dry air in consequence of
ted air. its saturation with moisture (Table V.).
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Weight of a Cubic Foot of Salurated Air,

TasLe VIIT.—Showing the Weight in Grains of a Cubic Foot of Air satu-
rated with moisture, at all temperatures between 0° and 100°, under the
pressure of 30 inches of Mercury.

Weight of a " Weight of & Weight of & + Weight of &
Term Cubi ; Foat of T Cubie F of
Yoyl Qublo Root ol | Temp. | Oulic Fop ol ' || 200} M emne I | e
with Vapour, with Vapour, with Vapour. with Vapour.
& . e Bre o ETE.
o ﬁgu?u -:.3 5?:'9 g1 543°1 76 5141
1 bog'7 27 571°6 52 542°0 77 s12°g
2 601’4 28 570°% 53 540°8 £ §I1'7
3 6oz'1 29 5692 54 539°7 79 5106
4 6oo'g 3o 5680 5 5385 Zo 509°4
z 509°4 31 566°8 5 537°3 g1 sofz
598°1 32 5656 57 536°2 82 5070
7 596°8 33 56474 58 535 83 5058
3 595'5 14 5632 59 5338 84 5046
Y 5942 35 5hzo fo 532°7 Bg £03°3
10 §9z'g 16 shod 61 £31'h g6 OZ°Z
1t 59176 37 559°6 62 530°% 87 5010
12 5904 38 5584 63 529°2 g8 4998
13 5891 39 5572 64 5281 &g 4955
14 5878 40 5560 6 526'9 9o 49773
15 5866 41 5549 6 525'7 91 4961
16 5853 42 553'7 67 524'6 gz 4949
17 584'0 43 5525 [| 8 5235 93 4936
13 582°8 44 551°4 big 522°3 94 492'3
lg 53 I'S .q.g 551:!"3 j"ﬂ 52["]’ 95 q.gl"l
20 58073 4 549'0 71 Slg'ﬂ g6 4398
21 5790 47 547'8 72 5187 97 4885
22 5778 48 5466 73 517'6 g3 4872
23 5766 49 545°5 74 5164 99 4860
24 5753 50 544°3 75 5153 100 4847
25 5741 ' |

When the readings of the two thermometers are alike, the weight of a eubie
foot of air, under a pressure of 30 inches of mercury, will be found opposite to
the temperature in the above Table.

When the readings of the two thermometers are not alike, the weight of a
cubie foot of air will be found by taking the excess of the weight of a enbie
foot of dry air (Table IV.) above that of a cubic foot of saturated air (Table
VIIL.), multiplying this excess by the degree of humidity, and taking the
product from the weight of a cubic foot of dry air: the result will be under a

ressure of 30 inches of mercury. The numbers in the General Tables have
Eeeu calculated for a pressure of 20 inches.

Note.—At temperatures exceeding 65°, the numbers in the General Tables
are too great, and need to be reduced as follows :—
If the readings of the two thermometers are alike,

gr. gr. gr. gr.
66 to 6g by o'3 85 to 86 by o'8 g2 by 1'2 g7 by 1
70 to 75 by 04 87 to 88 by o9 g3 by 1'3 g8 by 1°

76 to 79 by o's 8g by 10 94 by 1'4 g9 by 1'8
8o to B2 by o6 go by 11 g5 by 1's 100 by 19
83 to 84 by o7 91 by 1'1 gb by 16

If the readings of the two thermometers are not alike, the corrections would
be found by multiplying the above numbers by the degree of humidity cor-
responding to the readings of the two thermometers.
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ON THE MANNER OF USING THE TABLES.

To find the Temperature of the Dew-FPoint.

Case I.—If the readings of both the dry- and wet-bulb thermometers be
whole degrees, the dew-point will be found opposite to the reading of the wet-
bulb.

Case II.—If the reading of the dry-bulb be affected with parts of a degre
in the fourth column, opposite to the reading of the wet-bulb, will be fuund
the amount of the decrease in the temperature of the -::lew-pmut corresponding
to an increase of reading of 1° in the dry-bulb. A proportional part of this,
for the parts of a degree, is to be taken from the dew-point opposite to the
reading of the wet-bulb.

Case II1.—If the readings of the dry- and wet-bulb be both affected with
parts of a degrez, then the decrease due to the excess above the whole degree
mn the dry will be found as in Case II. ; and the increase due to the excess of
reading of the wet-bulb above the whole degree will be found by taking the
difference hetween two consecutive dew-points, which will give the difference
for an increase of one degree in the wet-bulb ; a proportional part of this being
taken and applied will give the reading reqmred

Ezample—Suppose the readings of the dry- and wet-bulb be 51°6 and
4674,

In Table, 51° dry, on page 10,—

The dew-point opposite to 46° wetis . . . . 408 408 -
The dew-point opposite to 47° wetis . . . . 42§
Difference, or the increase in dew-point for an

increase of 1° in wet . . ST L)
Proportional part of the increase for 0%4 . . . 18 + 08

Temperature of the dew-pumt corresponding to

51° dry and 464 wet 1s . . 416
In the fourth column the decrease of dew-pumt for an in-

crease of 1° in the dry is 09, the prﬂpnrhcmal part

for OrBis . . ik s i =000
The temperature of dew-point cnrrespnnd.mg to 5176 dry

and 464 wetis. . . e Tt 41-1

In like manner the elastic force af vapour, the wezy.ﬁf of vapour in a cubic
Joot of air, the additional weight reguired to saturate a cubic fool of air, and
the degree of humidity may be found.

To find the weight of a cubic fool of air the reading of the baromeler is
required in addition.

Example.—Required the weight of a cubic foot of air when the reading of
the dry-bulb is 516, wet 46'4, and barometer 29-72 inches.

ET8.
In column 13, opposite 46° wet is . . . 5259
In column 14, the decrease of weight for an iner rease of 1°in
dry is 1 gr.; the proportional part for0*6is. . . . —06

Carried over . . 5253
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Brought over . . 5%'3
In column 14, the increase of weight for an increase in the
reading of the barometer for one inch is 181 grs.
Opposite -7 (in the Table, under 181 in last column) is . . 127
Opposite “02 (in the little Table in right-hand corner of the
The:weight pequived ds2hn- 007 000,050 0 gt DR S55 S itasage > &

When the reading of the barometer exceeds 30 inches, the numbers in co-
Jumn 13 are to be increased by the quantity in column 14 for one inch, and
still further increased by the guantities in the little Tables in the last eolumn,
corresponding to the excess of reading above 30 inches.

When the reading is less than 29 inches, the difference from 29 inches is
to be taken, and the gquantities from the small Tables, corresponding to the
difference, are to be taken and applied subtractively to the number in co-
lnmn 13.

_In all cases throughout the Tables the sign — denotes decrease, and the
sign + increase. -

0-4

General Remarks.

In addition to its value to the meteorologist, there are many cases in ordi-
nary life in which this instrument may be used to advantage; the simple
inspection of the two thermometers will often afford a better criterion of the
weather, and of the probability of ruin, than the barometer itself:
however, must be had to the time of the day and the time of the year when
the observation is made. :

In summer, when the dinrnal range of temperature is great, if in the morning
the difference between the air-temperature and the dew-point temperature be
small, and the rise of temperature during the day considerable, it is probable
that the difference will increase; and if the temperature of the dew-point at
the same time decrease, it 1s an indication of very fine weather. If, on the
contrary, the temperature of both should inerease with the day in nearly equal
proportion, rain will almost certainly follow as the temperature of the air falls
with the declining sun.

In winter, when the diurnal range of temperature is small, the indication of
the weather is shown by the increase or decrease in the temperature of the
dew-point, rather than by the difference between the temperatures of the air
and of the dew-point. In showery weather the indications vary rapidly, and
a person making observations at short intervals may predict the approach of
a storm, particularly if he take simultancous observations with the baro-
meter,

Use of the Instrument in the Sick Chamber.

The importance of this instrument in the requirements of a sick chamber
are scarcely to be overrated, and will be at once obvious to all who know that
the comfort of the patient is dependent not so much on the temperature, as
on the hygrometric condition of the air. In cold frosty weather the air
of apartments is frequently too dry, in which case the difference hetween
the readiugs of the two thermometers will be great, and this condition will
be manifest to the patient by the degree of inconvenience experienced
attributable to this cause. If the air be moist, the difference between the

T S .



-

xvil

readings will be less, in proportion to the degree of moisture ; and if the air be
saturated, the readings will be alike. It would be well for the medical profes-
sion to enforce, as far as lies in its power, the use of this simple and effectual
instrument, which in case of sickness gives indications so important to the
comfort of the patient. If the air in the apartment be too dry, that is to say,
if the difference between the readings of the thermometers is very considerable,
it will be necessary to expose water in some shallow vessel of some extent
of surface, so that the evaporation from it, mixing with the air, will cause a
greater degree of humidity. This process may be considerably accelerated by
heating the water, when the evaporation will proceed more rapidly.

If, on the contrary, the air be too moist, or should be required to be
remarkably dry, all water must either be removed or covered over; and the
required degree of dryness obtained either by raising the temperature, or
by placing in the room sulphuric acid, or any other medium which has
the property of rapidly absorbing watery vapour. By these simple means
an artificial locality may be produced, and invalids whose circumstances or
avocations prevent them from seeking a climate suited to their peculiar consti-
tution may to a great extent, by the assistance of this instrument, obviate the
necessity of so doing.

The instrument in use should be placed in a part of the room away from the
immediate influence of the fire, and not exposed to open doors or currents of
air ; in ordinarily constructed rooms, the best place is in a recess on the same
side of the room as the fire.

A difference of from 6 to 8 degrees between the readings of the two ther-
mometers will generally be found to give a pleasant degree of humidity.

Use of the Instrument in Hothouses, Greenhouses, and in Conservatories.

In regulating the hygrometrical state of the air in conservatories &e. it may
be made to render essential service, the temperature of the air being regulated
by the dry-bulb, and the degree of humidity by the lower reading of the
wet-bulb.

It is well known that in greenhouses, plants become shrivelled or otherwise
injured before there is any suspicion of an alteration in the humidity of the
air ; and when suspected, a quantity of water, without any guide as to the
amount required, is thrown upon the plants and walls; and occasionally at
other times, when our senses indicate a dry atmosphere, water is spread in the
same indefinite manner. Our sensations, with regard to heat and humidity,
are very fallacious guides : every one must have felt in summer the heat at
times to be almost insupportable, without any apparent reason as shown by the
reading of the thermometer; this happens when the air is nearly calm and moist;
and should the air become in motion, under the same hygrometric conditions we
feel cool, and experience a relief ; should these hygrometric conditions change,
with the same temperature, and the air become dryer, evaporation of moisture
from the skin takes place with activity, and we feel a marked sensation of cold ;
50 that with the same temperature, and enjoying an equal state of health, we
experience according to our own sensations various vicissitudes of tempera-
ture; in fact our senses cannot guide us with regard to heat and humidity.
A dry- and wet-bulb thermometer properly used, and its indications attended
to, may be made the means of preserving many valuable plants which might
otherwise perish in an ill-regulated atmosphere.

To make the instrument properly available for this purpose, a knowledge is
required of the climatic conditions of the countries in which the plants natu-
rally have their growth. The temperature of the hothouse may then he regil-
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