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PREFACE

THE need for a set of up-to-date English physical and chemical tables
of convenient size and moderate price has repeatedly impressed us during
our teaching and laboratory experience. We have accordingly attempted
in this volume to collect the more reliable and recent determinations of
some of the important physical and chemical constants.

To increase the utility of the book, we have inserted, in the case of
many of the sections, a brief résamé containing references to such books
and original papers as may profitably be consulted.

Every effort has been made to keep the material up to date ; in many
cases a full reference to the original paper is given, while, failing such
reference, the year of publication is almost always indicated.

The scope of the volume calls for little comment on our part. We
have dipped a little into Astronomy, Engineering, and Geology in so far
as they border on Physics and Chemistry. It will be noticed that con-
siderable space has been allotted to Radioactivity and Gaseous Ionization :
it is hoped that the collection of data, which we believe to be the first
of the kind, will be of assistance to the numerous workers in a field whose
phenomenal and somewhat transitional growth is a little dismaying from our
present point of view.

Attention has been paid to the setting and accuracy of the mathe-
matical tables ; these are included merely to facilitate calculations arising
out of the use of the book, and limitations of space have cut out all but
a few of the more essential functions. The convenience of the student
of the newer physics has been studied by the inclusion of a table of values
of ¢ reduced from Newman’s original results.

It is remarkable in how few cases the physical properties of pure,
commonly occurring chemical compounds are known with accuracy: the
task of augmenting (not always with discrimination) already overburdened
- families of organic compounds receives much greater attention.

For many of the constants which date from before 1905 we are glad
to acknowledge our indebtedness to the very complete and accurate
Physikalisch-Chemische Tabellen of Landolt Bornstein and Meyerhoffer
(indicated throughout by L..B.M.).



vi PREFACE

We began this book while at the Cavendish Laboratory, Cambridge,
and Dr. G. A. Carse shared in its inception. To Mr. G. F. C. Searle,
F.R.S., we feel we owe much for his encouragement and suggestions when
the scope of the book was under consideration. We record gratefully the
help of a number of friends who have seen the proof-sheets of sections
dealing with subjects with which their names are associated. Dr. J. A.
Harker, F.R.S., and Mr. R. S. Whipple read the sections on Thermometry ;
Mzr, F. E. Smith revised the account of Electrical Standards, and Mr. C. C,
Paterson that of Photometry ; Mr. A. Campbell criticized the section on
Magnetism ; and Professor Callendar, Principal Griffiths, and Dr. Chree
have elucidated various points in Heat and Terrestrial Magnetism.

We owe thanks to Dr. Glazebrook for his permission to utilize the
values of a number of constants recently determined at the National
Physical Laboratory. Finally, we are greatly indebted to Mr. E. F. F.
Kaye, M.Sc, who has given us valuable assistance in preparing the
manuscript and revising the proof-sheets.

It was decided to keep the volume within reasonable limits, partly for
the reader's convenience, and partly with the hope that the task of
subjecting it to frequent revision in the future might not be impossible.
We have consequently had to pick and choose our data, and it is scarcely
likely that our selection will meet every individual requirement. That
some sections are inadequately treated we fully realize, and we shall be
very glad to receive suggestions and to be informed of any mistakes
which, despite every care, have eluded us.

B S B
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Seplember, 1911,









ATOMIC WEIGHTS

Element. Symbaol. %.:ﬂigﬂ; Elsmant. Sjm'nnl.i %Ti:tﬁ.
Aluminium Al 271 Neodymium - Nd | 144°3
Antimony - Shb 1202 Neon - Ne 20°2
Argon | A 3088 | Nickel Ni 5868
Arsenic - . As 7496 | Niobium T . Nb 93°5
Barium - Ba 137°37 Nitrogen N 14°01
Beryllium* Be 91 Osmium Os | 1909
Bismuth | Bi 2080 Oxygen - ‘0 | 1600
Boron B o Palladium - Pd | 106°7
Bromine ~ Br 7992 | Phosphorus - P | 3ro4
Cadmium - | Cd 112°40 Platinum - Pt | 19572
Caesium ‘ Cs 132°81 Potassium K | 390

" Calcium | Ca 40080 | Praseodymium Pr 14076
Carbon - C 12°00 Radium - Ra 226°4

. Cerium . Ce 140'25 Rhodium Rh 10279
Chlorine I 1 3545 | Rubidium - Rb 85745
Chromium | Cp 52°0 Ruthenium Ru 101°7
Cobalt Co 5897 Samarium Sa 150°4
Copper - Cu 6357 | Secandium . Sc 44°L
Dysprosium . Dy 162°5 Selenium - Se 79°2
Erbium - Er 16741 | Silicon Si 28°3
Europium - Eu 152°0 Silver Ag 10788
Fluorine . F 19°0 Sodium - Na | 2300
Gadolinium Gd 157 3 Strontium Se | 8763
Gallium - Ga 69°g Sulphur. s | 32°07
Germanium - Ge 72°5 Tantalum - Ta 15088
Gold Au 197°2 Tellurium . Te 127°5
Helium - He 399 Terbium . . Th 15972
Hydrogen - H 1008 | Thallium . - « | TI 204°0
Indium In 114°8 Thorium - Th 232N
lodine | 126°g2 Thulium Tm | 16585
Iridium - Ir 1931 Tin - Sn 1190
Iron Fe 555w Titanium - Ti 48°1
Krypton- Kr 820+ | Tungsten - w 1840 |
Lanthanum - La 139'0 Uranium u 238'5 |
Lead . | Pb 207'10 Vanadium - v 5108
Lithium - [ Li 6'94 Xenon Xe 130°2
Lutecium . Lu 174°0 Ytterbium. Yb 172'0
Magnesium - Mg 2432 | Yttrium - Y 890
Manganese . “Mn 5493 | Zinc Zn 6537
Mercury Hg  200%% | Zirconium. . . | Zr | 906
Molybdenum Mo gbo Hitow(Ra Emanation) e Ty

_Meolmium . Mo vies-F |

INTERNATIONAL ATOMIC WEIGHTS FOR 1818.

(See F. W. Clarke, “ A Recalenlation. of the Atomic Weights,” 1910)

0= 16

* Beryllium or Glucioum {Gl).

t Niobinm or Columbivm (Ch).




ATOMIC WEIGHTS

THE ELEMENTS IN THE ORDER OF ATOMIC WEIGHTS

Symbol.

'l’ll::lzt'ﬁl.'lllgl_'_:I'::I:'r

1'008
399
694
a1
11°0
12700
14°01
1600
19'0
20032

2300

27°1
28'3
o4

35°46
39’10
39'88
40°00
441
481
5100
520
5493
55°85
5868
5897
63'57
65'37
699
725
74'96
792
79'92
B2
85745
8763
890
0076
93’5

Atomie
Weight.

First isolated by

Cavendish
Ramsay & Cleve *
Arfvedson
Wiihler and Bussy
(Gay-Lussac & Thénard

Rutherford

| Priestley and Scheele

Muoissan

| Ramsay and Travers

2432 |

3207 |

Davy
Liebig and Bussy
Wihler
Berzelius
Brand
Scheele
I_}Fh.'}'
Rayleigh & Ramsay
Davy
Milson and Cleve
Gregor
Berzelius
Vauquelin
Gahn
Cronstedt
Brand
Ment. by B. Valentine
L. de Boisbaudran
Winkler
Albertus Magnus
Berzelius
Balard
Ramsay and Travers
Bunsen and Kirchhoff
Davy
Wihler
Berzelius
Hatchett

3 :
Date. | B Wome | First isolated by | Date.
o [
1766 | Mo | o960 | Hjeln 1790
1895 | Ru | 1017 Claus 1845
1817 | Rh | 10279 | Wollaston 1803
1828 | Pd | 10677 | Wollaston 1803
1308 | Ag | 1077388 — P.
P. |Cd | 11240 Stromeyer | 1817
1772 In 114'8 | Reich and Richter | 1863
1774 | Sn | 1190 | — el |
18386 | Sb | 1202 | DBasil Valentine | 15centy.
1898 | | 12692 Courtois | 1811
1507 | Te | 1275 v. Reichenstein 1782
1830 | Xe | 1302 |[Ramsay and Travers| 1898
1827 | €s | 132'81 BunsenandKirchhoff, 1861
1823 | Ba | 13737 | Davy 1808
1674 | La | 1390 Mosander | 1839
P. |Ce | 14025  Mosander | 183g
1774 | Pr | 1406 | Auervon Welsbach | 1883
1507 | Nd | 1343 |Auervon Welsbach | 1885
1894 | Sa | 1504 | L. de Boisbaudran | 1879
1808 | Eu | 152%0 Demargay 1901
1879 | Gd | 1573 | Marignac 1886
1789 | Th | 1502 | Mosander 1843
1831 | Dy | 1625 | U.&D. 1907
1797 | Er | 1674 Mosander 1843
1774 | Tm| 1685 | Cleve 1879
P ¥b | 1720 | Marignac 1878
1751 | Lu | 1740 Urbain 1908
1735 | Ta | 1810 l Eckeberz 1802
P. W | 1840 : Bros. d'Elhujar 1783
15 centy] Os | 190’9 | Smithson Tennant | 1804
1875 | Ie 1931 | Smithson Tennant | 1804
1886 | Pt | 1952 | s 16 centy.
13centy Au | 1972 —_ et B
1817 | Hg | 2000  Md.byTheophrastus 300 B.C.
1826 | Ti 2040 Crookes | 1861
ISQS Pb 20710 Mentd. h}" ]‘Jliﬂ}' [ P,
1861 | Bi | 208'¢ Mtd. by B. Valentine 15 centy,
1808 | Ra | 226-4 | Curies and Bemont| 1902
1328 | Th 232'0 Berzelius 1828
182 | U 238 Peligot ‘ 1841
1801

P., Prehistoric; * Lockyer (in sun), 1368 ; U, & D., Urbain & Demenitroux.




C.G.S. UNITS

C.G.S. UNITS AND DIMENSIONS

References : Mach, “ Science m" Mechanics ;" Everett, * C.G.5. System of
Units ; * Maxwell * Theory of Heat.”

The metric standards of length and mass are kept at the International Bureau of
| Weights and Measures in the Pavillon de Breteuil, Stvres, near Paris. The Bureau
| is jointly maintained by the principal civilized governments as members of the Metric
Convention. The use of metric weights and measures was legalized in the United

Kingdom in 18g7.
LENGTH

Unit—the centimetre, 1/100 of the international metre, which is the distance,
at the melting-point of ice, between the centres of two lines engraved upon the |
pnll?-hed * neutral web” surface of a platinum-iridium bar of a nearly X-shaped
section, called the International Prototype Metre.

The allay of go Pt, 10 Ir used (also for the International Kilogramme) has not a large expan-
sion coefficient (see p. 53), is hard and durable, and was artificially -u;,n-:l Pt-Ir copies of this
metre, called National Prototype Metres, were made at the same time, and distributed by
lot about 1889 to the different governments. The international metre is a copy of the
original Borda platinum standard—the métre des archives. This was intended to be one ten-
| millionth of the quadrant from the equator to the pole through Paris, and was legalized in
1705 by the French K :‘:puhhr‘ But as the value of a :iu'ulrnm came to be more 1-.r'ur1tvl}
determined, and moreover is changing, the actual bar constructed was made the standard.*

The mtermtmml prototype metre has been measared (1804 and 1907)in terms of the wave-
lengths of the cadmmm rays (sce p. 75), and eguals 1,553,164°1 wave-lengths of the red ray
in dry air at 15° C. (. Scale) and 760 mm. pressure. (See Michelson’s  Light Waves,”
[god.)

References : Guillaume, ** La Convention du Métre,” and Chree, PUY MWag., 1901,

MASS

Unit—the gramme, 1/1000 of the International Prototype Kilogramme,
which is the mass of a eylinder of platinum-iridium.

The international kilogramme is a copy of the original Borda platinum kilogramme—the kilo-
gramme des archives—which was intended to have the zame mass as that of a cubic decimetre of
| pure water at the temperature of its maximum density. More cxnct measurements revealed the |
| meorreetness of the relation (see p. 10), and so the kilogramme was subseqguently defined as above,

: As with the metre, Pi-Ir copies of the international standard—¥National Prototype Kilo-
| grammes—have been distributed to the different governments,

TIME

Unit—the second, which may be defined simply as 1/86,164°09 of a sidereal
day. For all practical purposes the sidereal day may be regarded as the period
of a complete axial rotation (360%) of the earth with respect to the fixed :?.l:u*s.%3

The second is usually defined as 1/(24 x 6o x 60) of 12 mean solar day, 7.
1/86,400 of the average value of the somewhat variable interval (the apparent
solar day) between two successive returns of the sun to the meridian (see p. 15).

Strictly, the sidereal day is the interval between two successive transits of the first point
of Aries] across any selected meridian.§ The true period of rotation of the earth is actually
about 1100 second longer than the sidereal day ; the difference arises from the slow and con-
tinual change of direction (' precession ™) of the earth’s axis in space.

A tropical or solar year is the average interval between two successive returns of the sun
to the first point of Aries; it is found to equal 365'2422 mean solar days. Our modern
(Julian) calendar assumes that in 4 successive civil years, 3 consist of 365 days, and 1 of 360 ;
the average thus being 36528 days. The Gregorian correction (that century years are not to |
count as leap years unless divisible by 400) reduces this value to 365°2425 mean solar days,
and thus the average ¢ivil year 15 a close :1|1E1n}ximn1.iun to a tropical yvear.

* According to the latest estimates, the mrean meridian quadrant = 10,002,100 metres
see . 13).

{ + Tit%:.‘tl friction 1s retarding the rotation of the earth, so that the above (sidereal) definition
of the second, while practically justified, is theoretically not quite perfect.

I The first point of Aries is that one of the two nodes of intersection of the ecliptic and the
celestial equator where the sun [mm'mg in the ecliptic) crosses the equator from south to north
{at about March 21). The ecliptic is the apparent yeatly track of the sun in a great cirele on |
the celestial sphere. i
i & MNeglecting small irregularities, this is true also for any star,




BRITISH UNITS

A sidereal year is the time intervalin which the sun appears to perform a complete revolu-
tion with reference to the fixed stars ; 7 e, it is the time in which the earih describes one sidereal |
revolution round the sun. Owing to precession, a sidereal year is longer than a tropical year. |

h. m. s
Mean sclarday =24 o © = 36,400 secs.
Sidereal day = 23 56 40000 = 80,164 0006 secs.
Tropical year = 365°2422 mean solar days.

Sidereal year = 365°2564 ., i (epoch 1goo).

F¥
= 366r2564 sidereal days.

Reference ;: Newgomb, ** Astronomy.”

BRITISH IMPERIAL STANDARDS.

{ From iformation supplied by Major MacMahon, F.R.5., Board of Trade,
Standards Office.)

According to the Weights and Measures Act, 1578, the yard is the distance, |
at 62° F., between the central transverse lines in two gold plugs in the bronze |
bar, called the Imperial SBtandard Yard, when supported on bronze rollers
in such manner as best to avoid flexure of the bar.

The defining lines are situated at the bottom of each of two holes, so as o be in the medinm [
plane of the bar, which is of 1 inch square section and 38 inches long. lis composition is 32 Cu,
350, 2 #n. Copper allovs are now known not 1o be suitable for standards of length, and in 1oz a |
Pt-Ir x-shaped copy of the yard was made,

The pound is the weight in vacuo of a platinum cylinder called the imperial
standard pound.

The imperial standard yard and pound are preserved at the Standards Office
of the Board of Trade, Old Palace Yard. A number of official copies have been
prepared, and are in the custody of the Royal Society, the Mint, Greenwich Ob-
servatory, and the Houses of Parliament.

The gallon contains 10 lbs. weight of distilled water weighed in air against
brass weights at a pressure of 3o inches, and with the water and the air at 62° F.

[ NoTE.—No mention is made in the Act of the density of the brass weights, or |
of the humidity of the air.] -

BRITISH AND METRIC EQUIVALENTS

The present legal equivalents are those legalized by the Order in Council of
May 19, 1808, and derived at the International Bureau of Weights and Measures, by
Benoit in 1895 in the case of the yard and the metre, and by Broch in 1883 for |
the pound and the kilogramme. (See Trav. of Mém. du Bur. fuidl., tomes iv., 1885, |
and xii., 1902.) '

Imperial Standard. International Prototype. (Reciprocal.)
- 1 yard - ‘914399 metre 1'og3614
| 1 pound = "45359243 kilogramme 2'2046223

| [NOTE.—The yard is defined at 62° F., the metre at o° C.]

DERIVED C.G.S. UNITS AND STANDARDS
GENERAL AND MECHANICAL UNITS

Area :—Unif—the square centimetre.

Volume :—{ nit—the cubic centimetre (c.c.). The metric unit is the litre,
| now defined as the volume of a kilogramme of pure, air-free water at the tem-
| perature of maximum density (see p. 22) and 760 mm. pressure (Procés Verbaur,

1901, p. 175). ‘The litre was originally intended to be 1 cubic decimetre or 1000
c.cs. ; the present accepted experimental relation is that 1 kilogramme of water at
| 4° C. and 760 mm. pressure measures 1000027 ¢.cs. (see p. 10).
' Density .- Unif—grammes per c.c. Bpecific gravity expresses the density
of a substance relative to that of water, and is objectionable in requiring two tem-
| peratures to be stated.




DERIVED C.G.S8. UNITS

Velocity : —-{;mr—[ cm. per second. Angular Velocity :—{/'#its—1 radian

(577:206) per sec. ; 1 revolution per sec.
calmt:.on —Time rate of alteration of velocity. er’—(r CIm. per sec.) per

sec. Angular Acceleration :—Uni/s—1 radian per sec® ; 1 revolution per sec.’

Momentnm : —Mass multiplied by velocity. Unii—1 gm. cm. sec. L

Moment of Momentum :—Momentum multiplied by distance i'rnm axis of
reference. Unit—1 cm.® gm, sec.”!

Moment of Inertia:—Zmd? where m is the mass of any particle of a body,
and  its distance from the axis of reference. Uwif—1 cm.? gm. (see p. 16)

Angular Momentum :—Moment of inertia multiplied by angular velocity
round axis of reference. nif—1 cm.* gm. sec.”.

Force :—Measured by the acceleration it produces in unit mass. Unif—the

e = cm. gm./sec.? Gravitational wnif—the weight of 1 gram = g dynes.

Couple, Torgue, Turning Moment : —Force multiplied by distance from
point of reference.  {nid—1 dyne cm.

Work :—Force mulllphecl by distance through which pmm of a d}pl:mlinn of

force moves in direction of force. Unif—the erg = 1 dynecm,; = 10’ ergs.
[ calorie = 418 joules). Gravitational wnil—weight of 1 gm. k-c 1 ¢cm. = g dyne
CIng. = L!;l' ergs

Energy :—Measured by the work a body can do by reason of either (1) its

motion—XKinetic Energy (= m%/2) or (2) its position—FPotential Energy.
Unit—the exg. (See “Work.”) 1 Board of Trade Unit = 1 kilowatt hour =
36 x 10" watt-secs.

Power :—Work per unit time. Umif—1 erg per sec. 1 watt = 107 ergs
per sec. = 1 joule per sec. = 1 volt-ampere. 1 kilowatt = 1°34 horse-power.

Pressure, Stress:—Force perunit area. [nit—1 d'_me per cm.? 1 megabar
= 1o dynes per em.? = 750 * n.m. mercury at o® C,, lat. 45 “, and sea-level (¢ = g806).
I n.tmosphara = =60 mm. mercury at o® C., Iat 45 :mﬂ sea-level = 7359°4 mm.
mercury at of C.in London = 1r'o132 x 10f d;.-m.s per cm.® = 14°7 Ibs. per inch®

- . ]
==HT U P Fﬂ'm : * Correct to 1 part in 5000.
Elasticity :—Ratio of stress to resulting strain.  Uni/—1 dyne per cm.%, since
the dimensions of a strain are unity.
HEAT UNITS
Temperature :—The melting-point of pure ice under 1 atmosphere is defined as

| ©° C, and the boiling-point of water under 1 atmosphere as 100° C. This funda-
| mental interval is divided into 100 parts by use of the constant-volume hydrogen
| thermometer (see p. 44); each part is a degree Centigrade. Dimensions of tem-

perature are not required, as it is defined independently of mass, length, and time.
Heat :— Dynamical unit—the erg. Thermal wnit—the calorie = heat required
to raise the temperature of 1 gramme of water from ¢° C. to (/ + 1)° C. The

| 20° calorie (/ = 20°) = 4180 x 107 ergs. The 15° calorie (¥ = 15°) = 4184 x

10° ergs. The mean calorie (= |;1m heat required to raise 1 gramme of water

| from o7 to 100° C.) = 4'184 % 107 ergs. (see pp. §5. 56). 1 walt-minute = 14'3
[ calories. The large calorie = 1000 c.llurtes

Gas Constant R. in pv = Ré/m, where # is the pressure, v the volume,

# the absolute temperature of a gram—mnleaule (f.2. m grams) of a gas of

molecular weight ». For 1 gt"m‘l-ltm]ﬂr_‘ulu of an ideal gas of density p,

o ﬁvm__ﬂ m _ 10132 X 10% x 22412 _
[ P "",Fj 1

see p. 1o6). Thls value is a constant for all ideal gases. To derive R for 1 gram

= 8315 X 10" ergs per grm. (Berthelot,

| of a gas, this figure should be divided by the nmh:{'l.lhr weight (oxygen = 16)
| of the gas. R has the dimensions of a specific heat in dynamical units.

ELECTRICAL AND MAGNETIC UNITS

Rafamm:—--{]. J. Thomson, “Mathematical Theory of Electricity and Mag-
netism.” The fundamental basis of the electrostatic/system of units is the repulsive
force between two quantities of like eiectri::it}r In the electromagnetic system the
repulsion between two like magnetic po'es is taken as the basis.

The electromagnetic system (or one based on 1t} 15 universally employed in
electrical engineering ; the electrostatic is used only in certain special cases.

ELECTROSTATIC UNITS
Quantity or Charge:— (/i that {}u1lit1l} wlmh placed 1 cm. distance

from an equal like quantity repels it with a force of 1 dyne.




ELECTRICAL UNITS

Current .— U'nit—Unit quantity flowing past a point in unit time.

Potential Difference and Electromotive Force :—Unit—that I.ID. which
exists between two points when the work done in taking unit quantity from one point
to the other is 1 erg.

Capacity :- ~Unit—the charge onla conductor which is at unit potential ; o
in the case of a condenser, when its plates are at unit P.D.

Dielectric Constant, Inductivity, or Specific Inductive Capacity of
a medium 1s the ratio of the capacity of a condenser having the medium as
dielectric, to the capacity of the same condenser with a vacuum as dielectric (p. 84).

ELECTROMAGNETIC UNITS

Magnetic Pole Strength or Quantity :  /n// that quantity which, placed
1 cm. distance from an equal like quantity, repels it with a force of 1 dyne.

Magnetic Force or Field Strength :—{/»/f—the force which acts on unit
magnetic pole.

Magnetic Moment of magnet = pole strength x length of magnet.

Intensity of Magnetization = magnetic moment per unit volume.

Permeability of a medium is the ratio of the magnetic induction in the
medium to that in the magnetizing field (p. 8g).

Susceptibility : — {wif—intensity of magnetization per unit field (p. 8g).

Electric Current :— {/v/f—that current which produces unit magnetic force
at the centre of a circle of radius 2x cms.

tity = current x time.
tential and E.M.F. .—'wir—that P.D. which exists between two points

when the work done in taking unit quantity from one point to the other is 1 erg.

Electrostatic Capacity = quantity/potential difference.

Resistance = potential difference/resulting current. (Ohm’s law is assumed. )

Conductance :— Reciprocal of resistance.

gpaciﬂc Resistance :—Resistance per unit area per unit length (p. 81).

onductivity :—Reciprocal of specific resistance.

Coefficient of Self-induction of a circuit is the E M.F. produced in it by
unit time-rate of variation of the current through it.

Coefficient of Mutual Induction of two circuits is the E.M.F. produced

in one by unit time-rate of variation of the current.in the other.

PRACTICAL ELECTRICAL UNITS

At an International Conference on Electrical Units and Standards held in
London, October, 1908, it was resolved that—

The magnitudes of the fundamental electrical units shall, as heretofore, Le
determined on the electromagnetic system of measurement with reference to the
centimetre, gramme, and second (c.g.s.). These fundamental units are (1) the Ohm,
the unit of electrical resistance, which has the value 10 c.g.s.; {2) the Ampere,
the unit of electric current, which has the value 107! c. g:5.; (3) the Volt, the
unit of electromotive force, which has the value 10" c.g.s. ; (4) the Watt, the unit
of pnm:-r which has the value 107 c.g.s. [For absolute “electrical units, see p. 8.

As a system of units representing the above, and sufficiently near to them
to be adopted for the purpose of electrical measurements, and as a basis for
legislation, the Conference recommends the adoption of the International Ohm,
the International Ampere, and the International Volt.

The Ohm is the first primary unit. The International Ohm is defined
| as the resistance offered to an unvarying eleciric current by a column of mercury

at 0® C, 144521 grammes in mass, of a constant cross-section, and of a length |

of 106300 cms.

4. The Ampere is the second primary unit. The International Ampere :

| is defined as the unvarying electric current which, when passed through a solution

of nitrate of silver in water, in accordance with authorized specification, deposits |

silver at the rate of ‘co111800 gramme per second. . )
The International Volt is defined as the electiical pressure which, when

steadily applied 10 a conductor whose resistance is one International Ohm, will |

produce a current of one International Ampere.

6. The International Watt is defined as the energy expended per second by
an unvarying electric current of one International Ampere under an electnic pressure
of one International Volt.




DIMENSIONS OF UNITS

1

1

| Quantity. L M T Quantity. L. M T Quantity. | L M. T.|
| Length 1 o o]Momentum .| 1 1 —1]Strain 0O 0 O
| Mass . o 1 o] Momentof mo- Elasticity -1 [ =z
| Time . . o o 1] mentum . 2 1 —1| Compressibilityl 1 —1 2
| Angle . . o o o] Momentof in- Viscosity -1 1-=1
| Surface . . -G SO | (N T FESE S - Diffusion 2 0—1I
| Volume . 3 o© o]Angular mo- Capillarity . o 1 -2
| Density . . =3 I ©of mentum . 2 1 —1]Temperature .| © o o
| Velocity . 1 o-—1]Force . 1 1 =2 Heat®* . . 2 -2
| Angular vel. o o —1|Couple, Tﬂrquﬂ 2 1 —2| Thermal Con- ,

| Acceleration 1 o—2|Work, Energy | 2 1 —2] ductivity® I 1 —3
i Angular accele- Power . . .| 2z 1 —3| Entropy®* . .| 2 1 -2
| ration. o o —2]| Pressure, Stress| —1 1 —2

DIMENSIONS OF UNITS

The dimensions in terms of length, mass, and time are denoted by the indices
given under L., M, and T. Thusthe dimensions of power are L*MT .

MECHANICAL AND HEAT UNITS

ELECTRICAL AND MAGMNETIC UNITS

7, the ratio of the electromagnetic to the electrostatic unit of quantity, is usually
taken as 3 x 10", and is a pure number (p. 69). (See Riucker, PAi/. Mag., 22, 188¢.)

Dimensions. Relations,
Unit. | ES. Unit. | EM. Unit. ggy
- e s — Fractical Unit
LM T 4 LM T BNV
e e ES— feti oy K 0
Electrical j ' ' i
Charge or quan- ! I
tity . A e | 23—1 &4 4% o-4 1/v |coulomb|=10"" =3x 10"
Resistance . .| R |-t o0 1-=1 10-=1 1 ¢ |ohm ‘-—-—-— 10 = & 101l
Current . . .| ¥ $1l-2 L 43=1-=} ifv |ampere |=107! =310 |
Potential or |
E.M.F. S E 11—1-} 84=-2 H§ » |wolt (=10 |=1/300
Electric feld .| F 113 $%—2 % » [voltfem)] — —-
Conductivity . .} E | eo—1 1j=20 1I=1] 1/¢# 'rf;:;ipm-iz 1077 =g x 1ol
. ical ohm”
Capacity . . .| C 1o o I1j=1o0 2-1 1/7° |:m-:n}- =10% =9gx10°
| I | 1I:I;:lnu:l. \ 1 :
Self and mutual - enr =19" =}x10
induction . ]L’ Wi=ro 2= [5 poy, ]| 5 l{ uny 1= 1 =lxio™®
Dielectric  con- f i
stantf . . .| ® oo O |:-3 o z2-1 1f? — =
Magnetic I |
Pole strength .| 11 o-=-3 2&—1 3 w — =
Flux (total lines) | N | 3% o-3 #4-1 ¥ 1/w m.'u:w::ll = 3% 101
Force; teld ' -
strength . .| H | 442 #—i I—1-3 1/ gauss |= 1 =3x10" |
Induction . . .| B |[-33 o=-l-%3i-1 } v \gauss |=1 |=lxi1o
Intensity of mag- ! |
netization ., .} I |-3% o-4-%3%—-1 § # | =— i =t
Permeability. .} » |=-20 2-=1) 00 o 3 & | - = -
| | | |

* In dynamical units.

t Specific inductive capacity.
Example :—To find the number (#) of ergs per sec. in a horse-power (33,000 fi.-lbs. per min. ).

Dimensions of power = LFMT* = LT [Force]

o= 33,000 -

cm. '\, sec. dyne
= 740 % 10" ergs per sec. = 746 walts,

ft. (w_iq.)" Ib. weight 33,000 % 3048

o

1

X 45376 % 981

ro~% farad.




ELECTRICAL UNITS

8

ABSOLUTE DETERMINATIONS OF ELECTRICAL UNITS

See Baillebhache, * Unités lE‘.lectriqucs,” Paris, 1909, and the “ Report of the London
Conference " (p. 6). The appendix to this report (is sued separately, od.) gives full
particulars as to the realization of the ampere and ohm, together with the specifica-
tion of the Weston normal (cadmium) cell.

THE OHM

The mean valne 106°29 cms. of Hg of 1 sq. mm. cross-section at o” C. may be
taken as a measure of the preseant experimental value of the true ohm, which is equal
to 10" E.M. (c.g.5.) units. Compare the international ochm (p. 6). A new determi-
nation of the ohin is in progress at the National Physical Laboratory.

em. /0%, : Method. | Observer. om. 07, ! Method. Observer.
‘ |
10628 | Spinning disc | Rayleigh, 1882 | 1ofir29 | Induced dis- | Glazebrook, '88
10622 o = | Rayleigh and | charge
Mrs. Sedg-| 1o6r32 | Spinning disc | V. Jones, 1894
‘ wick, 1883 10627 | 5 » | Ayrton and V.
106732 | Mean result Rowland, 1887 [ (McGill ap- Jones, 1897
; | paratus)
1

i The 1884 " legal’ ohm = ‘9972 intl. ohm; the B.A. ohm = 9866 intl. ohm.
THE AMFERE

The electrochemical equivalent of silver is given in milligrams per coulomb
| (1 ampere for 1 sec.) = 10 ! E.M. unit of quantity. Mean =*00111826gm./cou-
| lomb. Compare the international ampere (p. 6}

mg. Ag. Method. ‘ Observer. mg. Ag. I Method. Observer.
1 |
| 1'11828 | Dynamometer | Kohlrausch, "84 1'11821 | Dypamometer | Janet, Laporte,
; | Corrected 1908 de la Gorcee,
1-51827 | Current | Smith, Mather, 1900
weigher | and Lowry, ] 111829 5 Do, 1910
A
I

E.M.F. OF WESTON CELL

The electromotive force (E) of the Weston (cadmium) cell in volts (10°. E M.
units) as realized from one of the accepted specifications. The now (1911) accepted
international value of E is 10183 international volts (see p. 6) at 20° C.

Temperature coefficient.—Over the range 0® to 40°, Wolfl (1908) obtained
for the E.M.F. at £°—

E,; = E, — 0000406(f — 20) - ¢'5 X 10 (# — 20)%

| 101822 |}

| 1'o1869 | Intl. ohm and

E at 20° Meathod. Ohserver.

E at 20°. Method.

Observer.

10185 ||Intl. ohm and | Guthe, 1906
dynamo- Guillet, 1go8
meter | Pellat, 1908
Janet, Laporte,
Jouaust, 1908

‘01841 |j

current weigher

F

101820 | Intl. ohm and
current wt;ghcr

Intl. ohm and
intl, an:pere

I'ol83d

Ayrton, Mather,
and Smith, 1908

Jaeger and

V.
Steinwehr, 1909

The E.M.F. of the Clark cell = 1°433 volts at 15° C.

1'2 parts in 1ooo for 1° C. rise of temp.

It diminishes by about




CONVERSION FACTORS

BRITISH INTO METRIC

Conversion factors based on the relations given on p. 4. g is taken as ¢81
Reciprocals are given for converting metric into British measure.

CiL. -5e¢. %

CONVERSION FACTORS

British. Metric. | Reciprocal.) British. Matrie. E[Racipmt.al.}
Length— Force—
I inch =| ‘2'c400 cm.* 3037t |1 poundal =| 13,825 dynes |7233 % 10~%
1 yard =| 'gi44 metre®| 1’0936 I pound wgt. =| 4°45 X 10° (2247 % 107"
1 mile =| 1'6o93 km. ‘0214 I dynes
Area— Pressure —
I sq. inch =| 645168q cm.| ‘1550t ]I lb./sq. inch =| 68,971 I"45 X 10~6
Volume dynes/em.?
1 cubic inch=|16"387 c.c. ‘obi1o b SRR = o 01422
1 cubic foot=|28'317 liire 03531 gm.fcm.2
I pint =| -5682 litre 1'7598 I ton/sq.inch =| 1°545x 10" 6y7x 107"
1 gallon =| 45460 litre} | 2200} dynes/cm.? -
Mass— w w =| I'S7S | 6349
I grain =| ‘0b48 gram 15432 k.gm./mm.2 |
1 oz.(avoir.)= 28350 grams | ‘03527 Work— |
rlb. , =| ‘4536 k.gm.| 22046 Ift.-pound =| 1356 joules§ 7373
1 ton =| 1o016k.gm.fj| -0,9842 N '
Density — | ' 2 i i
1 Ib./cub. ft. R e . 6243 I horse-power = ;4ﬁk.watt.i1 34
! gm.fem.? Heat - !
Velocity— | 1 B. '[‘h.uni:}_ Ll amieetty ||l ST
1 mile/hour = 44770 cm. ,Fs.r:-: ‘02237 (rdb, 12 F) T[22 calories| 00397
MISCELLANEOQOUS DATA
CONVENIENT APPROXIMATE RELATIONS | British. U.States.
- —{{ 1 mm. =10 * metre
1 yard = I metre, less 10, I }:I 1 yard |{ 1 micron, u=10"% ,,
2 lbs. = I k. gram, ,, at = al =10
2 galls. = 10 litres, i 62°F . 50°6F. ,-;: = -
[ fon = | tonue }l!?:i-.‘i gt 1lb. =1 lb. I| n.l;ﬂ; :2 2 'tn:h
(1000 k. gm.) 1 1 gal. = 1'20gal.
SOME BRITISH WEIGHTS AND MEASURES MATHEMATICAL
Useful in photography, etc. | Number, Log.of Number.
The avoirdupois, troy, and apothecaries —
are the same in weight.
grain g 3 | 3141592654 49715
1 lb. (avoir.) = 7oo0grains =454 grams = | g Bbghoqqor ‘90430
Lo w =437% w =283 "1 » 1/x | 318300886 1"50285
1 . (lfﬂrj: JT . I-?F:‘;SEHSI +.'-I-R_'I-:'r
1oz.(apothe-)= 480  ,, =311 1 radian [57°29578 175812
caries) e 1° ‘o17453 radian| 224188
[ 1 i drachm 3 =060 minims = 3'55 c.cs. ¢ 2713281828 43429
(1 fl.oz. & =8 fl. drachms=2841 ,, log, 10 2'302585 36222
| 1 pint =20fl.ozs. =568 .
A 107, solution is Sk Multipdy
| Igrain  in 10 minims of solution {0 convers !.lyj'
i e (avoir.) ,, 10 fl. ozs. » Common into hyperbolic logs, 2'3026
202 » n» 1pik ” Hyperbolic ,, common 5 4343

* Correct to 1 part in a million.

‘ $ Owing to the definition of the gallon (see p. 4), this number is dependent
| on EIESI.II'E‘IE:d buoyancy and temperature corrections.

' § 1 joule = 107 ergs.

t Correct to 3 parts in a million.

| 1tonne = 1000 k. gm.
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MISCELLANEOUS DATA

MISCELLANEOUS DATA—coniinuad,

BRITIEH COINAGE

Diameter.

Coin. | Weight.
sovereign | 8 grams less “15%, | 2°18 cm.
penny Y oz. (avoir.) 1°2 inch
halfpenny | & » =» 1o 4,
farthing Py g e o

10” Centigrade = 50° Fahrenheit,
whence the following is convenient for
lratnal'n}rn\ing room temperatures (—

5(#° F. — 50) = g(#° C. — 10)

NAUTICAL

| 1 nautical or geographical mile

= mean length of 1" lat.
= Gofo feet = 1°151 mile

1 knot = 1 nautical mile/hour
I fathom = 6 feet
I point =11}

British. Continental.
Million. . .| 10 16f
Billion - . .| 1ot 2 % 10
Trillion : 10M 3 X 10"

VOLUME OF A KILOGRAMME OF PURE WATER

At 47 C. and 760 mm. Values recalculated

1910.) (Seep. 4.)

Olserver. Ca%e
Lefévre-Geneau and Fabbroni, 1709 . | 10007030
Schuckburgh and Kater, 1798 and 1821 | ggggag
Svanberg and Berzélius, 18zg G0 T 10
Stampfer, 1831 1000250
Kupffer, 1842 1000004

by Benoit. | Traw o MW, Bur. Inti, 14,
Observer. C.CE.
Chaney, 1893 . 4 LO00™T 50
Gwllaume, 1904. . « . 1000 020
Chappuis, 1967 . . « . . : » | IODD'DIT
de Lépinay, Benolt, and Buizson,
BRET o me e At i area Ol TS

DENSITIES OF GASES

Supplementary to p. 26, Densities i

n grams per hitre at " C,, 760 mm.,

sca-level, and lat. 45°.

Gas. gms./litre.| Observer.

He . ‘1782 | Watson, ¥7.C.5, 1910
Ne . TOOOZ " L] 51
Kr . 3708 | Moore 2 1904
K{J e Slﬂil 38 85 uy

|
Gas. gms.ll'litrn.l Observer.
Ra,Em.| o727 . Gray & Ramsay, P.R.S.
| 1910
CH, 7168 | Baume & Perrot, C.A.,
| 19a9

C.R., Compt, Remd. ; FC8, Ponrn. Chem. Sec. ; P.R.S., Proc. Rev, Soe,

PRESSURE COEFFICIENTS OF PV

Pressure coefficient, a, of pv for gases at 1 atmosphere and constant tempe-

rature ; # 1s the pressure in atmospheres, and # 1s the volume.

m is a measure of the deviation of the gas
Air, m = —-co191, Regnault.
N, m = —'000559]
H, m= +000772)

§(gw) 1,
pv i

m =

from Boyle's law.

Chappus, Rayleigh, Leduc, and Sacerdote.
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GRAVITY

VALUES OF GRAVITY {“s"} LONGITUDE AND LATITUDE

Helmert's formula connecting “gravity” with latitude and height is
= g80617 — 2503 cos 2A — '0003086H, where A is the latitude, H is the height
in metres above sea-level, and g80617 cms./sec.” is the value of g attributed
to lat. 45 ? and sea-level. The values of g calculated by this formula are for most
places in fair agreement with the observed values. Some discrepancy is found
in the vicinity of large mountain ranges, such as the Himala iyas
No absolute standard determination of g has been made in England for many
years, but comparisons have been made with Potsdam and Sevres. For relative
measurements, the relation 4y = 0226 @N is useful, where N is the number of
vibrations which a pendulum makes in a mean solar day of 86,400 mean time
seconds. The length () of the “seconds”™ pendulum (7e 2 secs. period) = gf=*
= -1o1321g. { varies from ggog4 cms. at the equator to 99620 cms. at the pole.

See Helmert's “ Hiohere Geodisie,” “ Die Grisse der Erde,” 1906, and “ Die
Schwerkraft im Hochgebirge,” Clarke’s * Geodesy,” 1880, Sir Geo. Darwin’s “ Tides
and Kindred Phenomena,” Fisher's * Physics of the Earth’s Crust,” and for recent
aspects of the subject, the reports to the triennial International Geodetic Conferences
(...1906, 190g...}, and the reports of the U.S. Geodetic Survey. (Sce also p. 13.)

|
Longitude Height (H) | 5
Place. E.or W.of | Latitude (A). il
Pl o R ] B i{culculatad}.
- s W TN metres. | cms/sec.s
1 AR A S e Pt - 90 O O = I 983z10%
Equator . " S — 0 0 0O - 978024 *
British Isles -
Aberdeen (Univ.)I . 2 638 W ey S8 N 21 98168
Aberystwith . . . 4 4 W|s52 25 N -— gi1-zs #®
Bangor: i .. - 4 8 Wils313 N — g81-35 *
Belfast . . . . 55 W/ 5437 N - 98147 %
Birmingham . 154 W|s52 28 N — gf128 *
Bristol . . M2 ogase . WS 2l N — g8rzo®
Cambridge ( Ui {Jbﬁ ] o §41E |[g21282 N 28 g81°254
Cardiff . . vl FETOR T AN 2 N - | g8rz20%*
Dublin (Trin. Lul]} conaal BIs.  Whea soige N 7t | 98136
(RCS5) . . -] 640 32W| 532313 N 15 | 98136
Dundee (Univ. Ln]lj"' 2 58 45 W | 56 27 26 N 27t | 98rb2
Durham . . : I 34 56 W | 54 46 6 N — | gér48® |
Edinburgh . . 2 311 3W| 555528 N 134 | 98154 i
Eskduiemuic (Obs) . . 312 18W |55 18 48 N 244 08145 |
Glasgow (Univ.)t . . . .| 417 12 W| 35 52 31 N 46 981756
Greenwich(Obs.) . . . .} 0 0 0 51 28 38 N 47 I gS1-184
Kew {DE)SL} G e e e 018 46 W |51 28 6 N 5 | é}S!'zm
Leeds(Univ)t. . . . .} 133 15W| 5348 30 N 81 95138
Liverpool (Univ ‘ji : 25737 W| 5324 19N 51 | 98135
London (Natl. Phys. L.lh:ll§' ozo0 11 W|s125 20N 10 | 981195
w (Univ, 5. Kens.) .] o0 1023 W| 351 29 54 N 14 981719
»  (Univ. Coll.)} o 257 W |50 31 27 N 28 981719
Manchester (Univ.)$ . z-bg- -2 W 53 27 53 N 39 Q8137 .
Newcastle (Armstmnh Lnll) 1 36 53 W | 5458 50N 55 8148 !
Nottingham (Univ. Coll.}3.] 1 8 45 W |52 57 1o N 58 || 93131 |
Oxford (Radcliffe Obs.) . 115 39 W) 51 45 34 N 653 g81°20
Plymyontl o iy o .0 s s 4 9 W | 50 22 N — gliro* |
Purtbmmlth i Bl 1 61z W| 5048 3 N 5 98114 '
St Andrews {Unm & 2 48 W 56 20 N st ogl162 *
Sheffield (Univ. Obs.). o 550E (5323 2N -— 98136 *
Stonyhurst (Obs.) . . 22810W | 5350 40N 114 98137 :
ca— :
Bloemiontein. . . . . .J 2640 E|29 0o S -- | grgra4® |
* No correction has been applied for height above sea-level. + Ground floor,

1 Physics L’-'“““l'-"}' & Teddington. I Second floor.
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GRAVITY
' ; | [
Longitude | . Height (H) B
‘ Place. E.n:flw. of | Latitude (A). | n;:ﬁa Bea- ;
| Gresnwich. level. (caleulated).
:.l.fr:l.ﬂﬂ.. {.r:i.l'.r!f.l"}-- e Ll g metres | cms. fsec.?
Cairo {menamr}} 31 17 14 E [ 30 4 38 N 33 079°32
| Cape Town . . — 18 2 E | 33 56 5 12 | 07964
Durban . . 3040 E |29 40 5 | — | o7g20* |
Johannesburg (L niv. Lﬂll} 28 7 E | 26 11 5 | 1753 | 97849
Mauritius (Roy. Alf. Obs.) .| 57 33 9 E | 20 539 5 | 55 97803 |
America— 5 |
Baltimore (Meteorol. Stn.) .| 76 37 W[ 3018 N | 2 o800 |
Boston (Meteorol. Stn.) . o G O, T N | 38 08037 |
Chicago (Meteorol. Stn.) . 87 38 W 41 52 N 251 | g8ar26 i
Harvard, Camb. (Obs.)) . .| 7I 7 46 W | 42 22 48 N 2 g80°37 ;
Jamaica (Montego Bay Obs.)| 77 52 22 W | 18 24 51 N | 650 g7852 !
Montreal (McGill Obs.) . 73 34 30 W 45 20 17 N | 57 gBorGy
New York (Ruthfd. Obs.) 73 59 oW/| 40 43 49 N | ob 98020
Fhiladelphia (Obs.) 78 937 W 3057 8N | 36 980°15
Princeton (N.J.) . . 74 30 22 W | 40 20 58 N | 63 08020
Cuebec (Obs.) ok 71 13 B W | 46 48 21 N 70 gbor76
St. Louis (Obs.). . . go 12 17 W| 38 38 4 N 171 979'99
Toronto {Obs.) . . 70 23 40 W | 43 39 36 N 107 [ 98046
{ ‘u\a;lnngmn{tﬁmmt’btmdﬁ} 77 350 W 38 586 32 N 102 | g8orog7
| Yale, New Haven {Obs.) 255 8W)| 411922 N | 2 | 98028
I
' Asia— | , .
| Bombay (Obs.) . . 2 48 56 E | 18 53 45 N 10 | 97857
Calcutta (Surv. Dfﬁce} g8 21 30E | 22 32 54 N 6 | 97876
Hong Kong (Obs.) . 114 10 28 E i 22 18 13 N 33 | 97876
Madras (Obs.) 8o 1454E |13 4 8 N | 7 | 97829
Australasia— | ! |
Adelaide (Obs.) . 138 35 8E | 3455395 430 G768
Brisbane (Obs.) . 153 I 36 E | 27 28 S 2 979712
Melbourne {Dl}s} 144 58 32 E | 37 49 53 S 28 97997
Perth . .. . SRR B i R T S 14 O70°47
Sydney (Obs) . . . . .|151 1223E |33 51 41§ | 44 97963
Wellington (Obs.), N.Z. 174 46 37 E | 41 18 1 8§ 43 gior27
Europe— !
Berlin (Reichsanstalt) t . 1315 E | 5% 31 N | 3o g81-287
| Christiania (Obs.) . 10 43 23 E | 59 54 44 N 25 g8 1'go
Copenhagen (Obs.). . 12 34 40 E | 55 41 13 N 14 g31°56 ;
Geneva(Obs.) . . . . .] 6 o011 E |46 11 5g N 374 8001 |
Leyden(Obs.) . . . . .| 420 3E |52 g 20 N 6 | 981-26 ;
Paris (Obs.) . . : 220 14 E | 48 50 11 N , 59 980795 i
» (Bureau Inil}I 213 1I0E.| 48 49 53 N | 7o g8org51
Potsdam { Astron. Inst.) . 13 250FE | 52 22 56 N | 04 . 981249
Rome (Coll. Obs.) . 12 28 53 E | 41 53 54 N 59 | 9803z
5¢: I@tersl:uru{ﬁmc! Uhs) 30 18 22 E | 59 56 30 N 3 ‘ i 1GI .
Vienna (Impl. Obs.) 16 20 21 E | 48 12 47 N - gborgr * |
Zurich (Poly. Obs.). 833 4E | 47 22 o N | 468 | 98069 |
* No correclion alpg:rliu{] for ]tcighl above sea-level, o L:h:lrlﬂtlenhurg. i Sewres, !

DISTANGCES ON THE EARTH'S SURFACE
(See Ball's * Spherical Astronomy,” 1909.)

At Lat.

Miles per degres of

Miles per degraa Miles par degree of
At Lat. At Lat. T
Langltud& ,Lat;tuda Lunptuﬂ.n ILntatuda.
0 60'15 68-6g 40 53°05 | 6900
10 6811 6870 45 4899 6903
20 65°01 6877 50 44°54 6910
30 5904 | 6888 55 3975 69°16

60
70
80

Lungituﬂa.i Latitude.
34°66 | 6921
2373 | 6932
12'05 | 638

[ ] i

69°39 |
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THE EARTH

SIZE AND SHAPE OF THE EARTH

The spheroid of revelution which most nearly approximates to the earth, has the

following dimensions :— [1 kilom. = 6214 mile.]

Observer, Equatorial radius, . Polar radius, & Ellipticity, (a—&)/a.
Bessel, 1841 . . .| 6,377,397 metres 6,356,070 metres 1/299'2
Clarke, 12866 . . . 8,200 ,, 584 o, 1/295'0
» 1880, . . 8,249 515 » 1/293'5
Helmert, 1gob % | 8,200 ,, 818 1/298°3
U.S. Survey, 1906+ 5,388 - OO0 1/297'0

* @ Diie Grozse der Erde.”
t *The Figure of the Earth,” 1gog, and Supplement, 1g910; U.S. Coast and Geodetic |
Survey.

MEAN DENSITY OF THE EARTH SUN |

|
L IR oty The mean equatorial | '
(See l‘"':':""I"'l‘m*'_:_s Eﬂﬁm Density of the solar parallax (Hinks, ; =8"8o7
Earth,” 1893.)
1909)
- I i e g I III.I_IE}LI. :{ IDII

Whence mean distance] | metres

Observer. Density. from earth to sun 9282 x

miles

Mean time taken by
light to travel from }=4982 secs.
5403 sun to earth

Common Balance Method.,
Poynting, 1878 .
Richarz and hnw'ar 'LIanel,

I
I
I
s
IRORAE s s |5'505
-1
|
& |
|
i

Torsion Balance Hﬂﬁhnd. oL
Cavendish, 1798 . . : 545 Mean distance fmm}_ bo'27 % earth’s
Boys, f’,{u! frans., IEQ_-, ; 5527 earth to moon _l radius ‘
Braun, 1896 . . i 5527 | Mass of the muun} {I::II.'HI 53) X
Edtvos, 1896 . . . 57534 (Hinks, 1909) earth's mass |
e o | Inclination of moon’s} 5 o
Mean density of surface . . 2'65 orbit to ecliptic }— 5° 8 43"

Constant of Gravitation (G in law |

Mean polar quad-
of attraction) = 6658 x 107% c.g.s. !

== 2 w
rant } 10,002,100 Metres

an?mc of earth =r1'082 % 10® metres™® ﬂbhq_mty nf tha Echptm R
Mass of earth =598 X Icl-:l‘ grams t equator = 23° 27’ 404 in 1909, subject
=587 X 10™ tons to a small fluctuation by nutation, and a
Area of land =145 x 10" cm.® slow continuous decline of 46" 54 per
Area of ocean =367 x 10" cm.® century.
Mean deptl [ i .
acean (L}F;u:-ml; } 3'85 X 10° cm. . Constant of aberration of a star
Volume of ocean =1'41 % 10* ¢m,? 'f‘ihlﬂ‘fwﬂ“ﬁ}l}'_E‘Iui}:, t}‘-: {I_lr'nll't!fjﬂ ﬂi].:rlilal
Mt = 1°45 X 10" grms. velocity)/(velocity of light) = 20":43 + 03

(Renan and Ebert, 1905).

Constant of precession, /.». annual
precessional increase of the longitude of
* Mean of Helmert and U.S. Survey. astar = 502564 + "'00022254, where /is

t Using Boys' and Braun's result for | the interval in years from 1goo (New-
density. comb).
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SOLAR SYSTEM

ELEMENTS OF THE SOLAR SYSTEM ;

8"-806 is taken as the equatorial horizontal solar parallax from the observations of *I
the asteroid Eros in 1g9oo-1 ; 5'527 is adopted as the Earth’s mean density (Boys,
1895 ; Braun, 1896). The constants for Mercury are those adopted by Stroobant
and Backland (190g). The value of the mass of Jupiter is that obtained by Cookson
(19o8). The time of rotation of Venus is that suggested by Hansky and Stefinik
| (1go7). (See Newcomb's* Spherical Astronomy "and Ball's * Spherical Astronomy.”)

Equatorial Bemi-diameter. Mass Mean Density. | Gravity Wo. of

Name. & at Burl. i
Anguler.®| Miles. [Barth=1"*""="Earth=r Water =1 Barth=1 *"* "+

& |
e 1"18| 432,800 | 1092 | 32 9,390' 28 | 139 | 27°61
Mercury 308| 1387 ‘350 88 | 486 28 o
Venus . B4o0| 3783 gL | = 3 18] oy li>sae | eor | o
Earth . 880 39633 I'0c0| 1I'cO0| 10O §°527 1'00 1 (D)
Mars. . 4°68| 2108 532 ‘1ob| o7r | 390 a1 2D
Jupiter .| 1 37°36| 43850 icuﬁ 31450 25 | 1'36 257 |B(7D;1R)
Saturm .| 1 24'75| 38170 963 | o407 ‘2| 63 1ror |1oigD;IR)
Uranus . 3428 | 15440 | 590 | 1490 24 | I'34 95 | 4 (R)
Neptune 36 56 16470 | 405 | 1672z | 23 | 1728 Q7 1 (R)
Inclingd- i of Semi-major Axis of Orbit. Siderenl Pmnd
Name, |tionof gy ' ; e ;
Equator g iopion Earth = 1 Millions l[al.:n Ju.lmn _
to Orbit. ¢ ; of Miles. Splar Days. Years.
e e rmd h om |
Smm . )7 15t 9 7 — ‘ — | — - -
h m- s | Bode's Law !
Mercury.| ¢ F 3870986 4=(o+4) | 360 87'9693 24
Venus . 23 40(7) | 7233315 7=(3+4) | O7=2 2247008 62
Earth .3 27 823 56 409 1'0000000 lo=(6+4) | 9279 365°2564 100
| Mars . .24 5'* 24 37 22°74| 1'523688 | 16=(1244) | 1416 686°9797 188
| Asteroids - 255 to 2'B5| 28=(2444) (237 to 263 = =
| Jopiter .13 5 |9 5'5 L 5:202803 | 52=(48+4) | 4833 | 4332588 1186
| Saturn 6 49 |10 15% 9538844 [100= (964 4] 8862 |1o759'20 @ 209046
| Uranus . ? |3? 19°19098 |196={192+4) 17828 |30586'29 = 8374
Neptune o7 ? P 30'07067 | — 27935 6018765 16478
| Mean Dail ‘Longitude of Inclination |
Name. Eﬂ;};tltlt}' of “Motion in | Longitade of hﬁanhng of Orbit to | Eccentricity
mat§ ‘ Orhit. Perihelion, | i | Node. 1 EEliPtlﬂ i of Orbit *=*
a ] M @ r i @ ] A - ] " |
Mercury. ? 4 5324 | 755359| 47 845| 7 o010 | ‘208614
Venus . P 136 77| 130 950| 7546 47| 3 23 37 | ‘oobdzl
Earth .| 1f208'3 | 59 822|101 1315| o o ¢| o o o | ‘ci67si
Mars. .| 1/270? 3126 | 334 13 7| 4847 o 181 I ‘003300
Jupiter . 117 4 591 12 36 20| 99 26 42| 1 18 42 | -o48254
Saturn . 1/9 2 0% 9o 48 32| 112 47 12| 229 39 | 056061
Uranus . 1fgs ? | 42'2 | 169 2 56| 7329 25| © 46 22 | “-oqro44
Neptune ? | 215 | 43 45 20| 130 40 44| 1 46 43 ‘008533

* This is the angle subtended by the semi-diameter at a distance equal to the Earth's
mean distance from the Sun,

t+ The inclination of the plane of the Sun's equartor to the plane of the ecliplic.

1 Iy means direct ; R, retrograde,

& The ellipticity = (a—&)/a, where a is the major axis and & the minor axis of the spheroid
of revolution, The value given for the Earth is Helmert's (p. 13).

i Perihelion is the point in the orbit nearest the Sun. Longitude is the angular distance
from the first point of Aries (see p. 3), measured along the ecliptic.

% A node is one of the two points at which a planet’s orbit intersects the plane of the
ecliptic. At the ascending node the planet passes from south to north of the echiptic.

** The eccentricity = 4/ (a®—#%)/a, where @ and & are the major and minor axes of the orbit.
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THE STARS

EQUATION OF TIME .

{+) means that the equation of time has to be added as a correction to the
apparent solar time (¢ sundial time) to give the mean solar or clock time (see p. 3).
| (M) = maximum or minimum. The values below vary by a few seconds from year
to year.

uation of Equation of Equation of Equation of
Date. | E4 aLm Date. iation of| Date. e Date. g

m. 5. mi. %= M- 8 M. 8.
Jan. 1|4 311 April 1|44 1 July 1|4+ 332 Oct, 16 —14 20
» 10|+ 933 w I6] 0 0 w 260+ 618 (M) Nov. 3| =16 21 (M)
Feb. 1|413 37 May 1|—2357 Aug.ib| + 4 11 w 16| =15 10
o 12/ +1425(M)] , 14|—349(M) bcpt I 0 O Dec, 1| =10 56
Mar. 1| 412 34 June 1|-—227 16— 5 6 s 12|= 61§
w 16|+ 851 SR 1 Oct, 1|—10 16 gtk o 0

I

PARALLAXES OF STARS

The proper motion of a star is its real change of place arising from the actual |
| motion of the star itself.

The annual parallax is the angle between the direction in which a star
appears as seen from the earth and the direction in which it would appear if it
| could be observed from the centre of the sun.

A light-year is the distance that light travels in one year (see p. 6o).

Star and Magnitude. Proper motion Annual { Distance. B,
pryear. |  parallax, Sun's dist.= 1 ! nghl'. years.

! « Centawri (*2) . . . . 37 75 X oI 28 % 10" 44

| 21185 Lalande ( 3 ) 7°3 48 T ‘02 o [ SRS 68
61 Cygni (48) . . : 52 37 T oz ‘56 ,, 88
Sirius (—174) . . : 1'3 37 + ‘o1 Bl 33
Procyon ('5). . . . 3 | 31 60 4 1
Altirifrg) . & . 7 28t o2 | . 12
Aldebaran (1 I} i 2 2y Eror | I Gl 22
Capella S"-} g 12 + ‘02 oy R 2
Vega (°1 - | 2T oz | G 27
1830 ﬂrmmhndgc (& 4] 7'0 ‘10 + o2 ‘ - 33
Polaris (2'1). . . oo o7 + oz oo 47
Arcturus ("2) . 23 02 | L r 140

ETANDARD TIMES
SEYSTEMATIC MOTIONS OF THE STARS Eeferred to Greenwich time.
The apparent proper motions of the stars

show drifts in two directions. The assigned
positions of the apices of these directions

Gt. Britain,France, 1-]{:I Greenwich
land He'lgmm Spﬂm time
In,l:md i ks | 25 m. 25s. fst.

Pl Austria, Denmark, Ger-}|
b S AN e st o - apha 1. many, Italy, Norway, } 1 hour fast
| Switzerland . . . .
| 8tream I. | Btream II. | British South .-"’Lfrit:l,} 1} or 2 hours
| Ganiitar. |- — Egypt, Turkey. | fast
|E..ﬂ. | Dec. |BA | Des. |J2PAR . . . . . _|9hours i_':lsl .
! N . Australia . . . . { % 9, or Io
| _ hours fast
Kapteyn, 1904 . | 85° | —11° | 260 | —48° | New Zealand. . . . |11} |

n

292°| —58° | Canada and United}.;_,j,ﬁ,?,org
; 240° | =74% | States. . . . . i hours slow |

| Eddington . .| go® | —1g°
| Diyson . . 94
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SCREWS

SCREWS

It 15 customary for British lTIl."‘E’l.]- screws, of 1-inch diameter and above, to have a
Whitworth thread, for smaller sizes a I-inuah f‘.ssnu.itmn thread. In the Whitworth
thread the angle between the slopes is 55° in the B.A. thread 47°5°.

The piteh is the distance between 1djmmng crests (say) of the same thread measured
parallel to the axis of the screw. It is the reciprocal of the number of turns per inch or
mm. as the case may be. The full diameter is the maximum over-all diameter.

Micrometer screws are made with some multiple or sub-multiple of 100 threads
to the inch or mm.

‘““Woodscrews ' of iron or brass are numbered as follows : No. 4 has a diameter
of ! inch, each succeeding number adding # inch to the diameter of the screw: this
applies to all lengths. The length of countersunk screws is measured over all ; that of

round-headed screws, from under the head. [1 inch = 254 mm.]
STANDARD WHITWORTH. BRITISH ASSOCIATION.
Full di- |Threads| Full di- Thread | Full di- Full di-| o | Full di-
n.matar.tnmnh aiigber. th faohs N ‘|amatnr,- Pitch. | No. . ey Fiteh, No. | o) Pitch.
inch. inch. | mm. mm. b mm: | mm [ mm. mm;
13 5 i 10 0| %o 1'o 9| 19 ‘39 | 18| 62 “1E
1§ 5 Hd it g A s 9 10 'y 35 |19 54 | ‘54
1} 0 1 2| 47 1 11| 15 31 |20 48 "1z
13 6 S £ 3 4°1 42 ) 13 25 |21 42 11
1} 7 i 12 4 | 36 66 18| 12 | ‘25 |22 ‘37 10
I} i iz 14 b 3z 50 |14 | 10 23 1281 313 og
I 8 - 16 6 2°8 '53 |15 ‘9 21 |24 29 ‘0
i 9 f:-. 8 17| 25 48 |16 | -7 99 | 25| 25 | ‘o7
i | o 1 20 3| 22 43 117 10 ‘17 '
MOMENTS OF INERTIA
M = mass of body. (See A. M. Worthington, “ Dynamics of Rotation.” London.)
Body. Axis of rotation, | Moment of inertia.
: . |,
(1) Thmugh centre, perpendicular to | M-
- - ; length ;
rm thin rod (length / ; &
Valiorm th (letgths) (2) Through end, perpendicular to | M
length By
. (1) Through centre of gravity, er- M=
Rectangular lamina(sides pemhruhr to plane A
a and &) (2) Through centre of gravity, Jnl =
parallel to side & :.5
(1) Thmu-rh centre, perpendicular to | M
Circular lamina (radius ») [ plane e
(2) ﬁn}. diameter M,
2
(1) Axis of cylinder M'I;
Solid cylinder (radius r; ! 2
length /) l(z) Through centre of gravity, per- M(i'i -4 )
pendicular to axis of cylinder | R +1‘3
Hollow cylinder (external ! SRt ey ke !“ o
and internal radin R and r; ' 2 24 42
]zgg.;]l: f}nn X { ) Through centre of gravity, per- ‘\]( £ B )
pendicular to axis Jl_1 4
Solid sphere (radius ») Through centre ! M- '_'f
| e i
Hollow sphere (external and Through centre ' ]ﬂ(-?f ; Rﬂ ’._g)
internal radii K and ») ;5 K =8
Anchor ring (mean radius | ( (1) Through centre, perpendicular \E(Rﬂ +3 )
of ring R ; radius of cross- to plane of ring R ‘Ez
section 7) (2) Any diameter 'I.]( S+ 5;] )




17
VOLUME CALIBRATION

VOLUME CALIBRATIONM OF VESSELS BY WATER OR MERCURY

Volume content of vessel at ¢° C. = V, = Wz, = w,/(f), where—

2w, = observed weight in grams (against brass weights in air) of contained water
(or mercury) at {° C.

W, = weight of such liquid 7z zacue (i.e. corrected for buoyancy in air).

7, = volume of 1 gram of liquid at £7 C.

(f) is a factor which introduces the buoyancy and specific volume corrections.
The following table of values of the factor (f) is based on tables on pp. 19 and 22,

1

Temp.(f) of weighing| 10°¢C. = 1f° | 12° | 18 | 14 15°

16° ‘ 17°

Valne of {Eﬁ 1'"00133 [1'00143 [1'00I54 il‘ﬂmﬁé I'ool7Q 100193 !I'm:r::rq 1'00226
factor (f)\Hg .| 073683 0730607 973710 *673724{ “073757 '0?3?50| ‘073764 073777

Temp. (/) of weighing| 18° 19° 20° 21° 22° 28 | 24° 25°

Value of {H.O .|iooz44 (100263 [100283 |1'00305 l[‘ij?‘ 1'00350 !1'9-03;5 ;l'm.gm
factor (/)| Hg .| 073790 073804 'ﬂ?zﬁt?i 073831 073844) 073857 073871 073884

The above gives the volume content V, of the vessel at the temperature of weighing,
> C. At any other temperature, £', the volume V, = V, {1 + 7(# = #)} =2V,(F), where
v 15 the coefficient of cubical expansion of the material of the vessel. Values of the
factor (IF) for glass vessels (y = 'coco23) are tabulated below.

(¢ = 1) e | 4 6° go: | Jomg |l e I igs | o

Valueof factor(FF)j1'oooos 1oooio 1'coo1s 1ocozo | ‘99995 99990 | 99983  -ggaSo

Example.—Weight of water contained in a vessel at 10° C. = 10 grams : thence
volume of vessel at 10° C. = 10 X rooir33 ccs. The same vessel, if of glass, would
contain at 16° C, 10 X 1'00133 X ['00015 = [0'0148 c.cs,

CAPILLARITY CORRECTIONS OF MERCURY COLUMNS

The height of the meniscus and the value of the capillary depression depend on
the bore of the tubing, on the cleanliness of the mercury, and on the state of the walls
of the tube. The correction is negligible for tubes with diameters greater than about
25 mms. The table below gives the amount of the correction (which has to be added
to the height) for various diameters of glass tubing and meniscus heights. (Mendeléeff
and Gutkowsky, 1877. See also Scheel and Heuse, Anun, & Phys., 33, 1910.)

Height of meniscus in mms. Height of meniscus in mms.

Bore Bore
. of - - 3
tube. .4 | 5 -8 (10|12 14 16 |18 |"™% 8|10 12|14 16 18

mm. i, . (0] 1108 pEITLLES M. . THRImL, M. I, . K. IMiMne. NIk, o .

-
=
=

4 | *83 (r22|1°54 (198|237 — | — | — | B | 2r | 28 | 33 | 4o | 46 | 52
B | 47| 65 86 119|145 18| — | — 1 10 | 15| "20 | 25 | 29 | "33 | “37
8l |2 41| 56| 78| o8 |12t 43| — | M | 10 | c1g0) wE | can | m2q | 27
T ‘18 | 28| *q0| 53| 67| 82| 'o7|1-33] 12 | ‘07 | 1o | c13 | t1§ | cab | t1g
8 | — | 20| 29| 38| 46| °56) ‘65| ‘77113 | 'oq4 | o7 | "1O | "12 | "13 | 14
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BAROMETRY

REDUCTION OF BAROMETER READINGS TO 0°C.

4 : (B — a)) :
Corrected height A, = A {1 - lE'? 2 :}5}, where /7 and / are the observed height

and temperature of the barometer, 8 = ‘0oo1818 (Regnault), the coefficient of cubical
expansion of mercury; a = ‘cocoo8s, the coefficient of linear expansion of glass,
or "ooco184 for brass. Hydrogen temperature scale. (After Broch, Inter. Bur.
Weights and Measures.)

(In standard English barometry the mercury is reduced to 32° F,, and the
scale to 62° F. In the table below, both are reduced to the 1ce point.)

Correction in mms. to be subtracted.
GLASS SCALE. BRASS SCALE.

ey TUneorrected height in mms. Uancorrected height in mms.
700 ! 720 740 | 760 780 700 | 720 | 740 760 @ T80

: i | .

mm. | _:II-;IIL | [ |

25}'.-:. .24 | 135 -H‘J -25 | az:r .23 .?4 24 .25 -25
4 48 | 49 | CBX ) s53f me @ g6 o] 4B wseyl, SR
6 73 “Ih 77 79 | 81 "69 T NE. 74 76
8 o7 99 | 1'0z | I'0§ | 1'08 ‘ol | ‘04 07 09 | 1°02
10 1°2I 125 2d | 130 I35 I"1g | 17 | 21 | T34 1'z27
12 1'q5 | 199 | £°53 | 188 | 162 § 137 | rg1 | 45 | I'49 | I°53
14, 1'69 174 1’79 | 1'84 189 160 64 1°69 153 178
16 1'Q4 10 2'05 | 2'lo | 216 182 88 1'93 g3 2'03
18 2°18 224 2°30 | 2736 | 243 2'05 2'11 2° 17 2'23 2°29
20 2°42 2740 286 | 262 | 269 z2:28 234 24l | 247 2°54
09 266 | 273 | 280 | 2289 | 296 | 2°5¢ | 2B | 265 | 272 | 270
24 200 2°g% 306 | 3715 323 2°73 281 2'8g | 297 305
26 314 | 3'23 | 3'32 | 340 | 350 | 296 | 304 | 343 | 321 | 330
28 338 | 347 | 3'57 | 307 | 377 | 3’09 | 328 | 337 | 346 | 358
30 36z | 372 | 383 | 393 | 403 | 34r [ 351 | 361 | 371 | 3%0
32 386 | 397 | 408 | 419 | 430 | 364 | 374 | 385 | 395 | 405
34 410 | 421 | 433 | 445 | 457 | 357 | 395 | 409 | 420 | 4731

REDUCTION OF BAROMETER READINGS TO LAT. 45 AND SEA-LEVEL

It is a convention to take “o”at lat. 45° and sea-level as the standard value
for “gravity.” The corrections below result from the variation of “g" with
latitude and height above sea-level (see p. 11). The barometer correction for

: H
latitnde = ?ﬁ;{ﬂ}, has to be subtracted from the temperature—corrected barometer
reading ff, for latitudes between 0° and 45% ; and added for latitudes from 45° to go®

, 1 | 10° 15° 20° 25° | 30° | 35° | 40° | 45

Lagiiuds a0® | 856° ‘ 80° 75° 70° | 86° | 60° | bb° | HO° | 4&°
B, | | _' N & 3 = _-_ o

¢ 1’97 1'94 | 183 1'70 I'51 L*27 ‘g8 67 | "34%| o0

The * gravity correction ® of the barometer for height above sea-level amounts
to about *13 mm. of mercury per 1000 metres above sea-level. The correction has
to be subtracted from the observed reading.

* London, *45.
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WEIGHINGS : GAS VOLUMES

————— — =—zmaa RS —— — — - e E——

REDUCTION OF WEIGHINGS TO VACUO

The buoyancy correction = Ma(1/a — 1/p) = M4, where M is the apparent mass
in grams of the body in air, ¢ is the density of air (= ‘oo12) in grams per c.c,, 4 is
the density of the body, p is the density of the weights. The correction is true to 4%
for the following limits: 740 mm. press., 1° te 227 ; 760 mm., §° to 29%; 780 mm.,
15° to 35° If the correction is required more accurately, multiply the value of £
given below by ¢'/'0o12, where «' is the true density of the air for the temp. and

press. at the time of the weighing (for o, see p. 25). The corrections for quartz
weights are the same as for AL 4+ means cor”. to be added to weight. (See L.B.M.)

Density | Correction Factor (£) in Milligms. | Density | Correction Factor (£) in Milligms.
of Boay |——————————————| of Body |
weighed |Brasswgts.| Pt wgts. Al wgts. | welghed |Brass wgts, Pt ts. | Al wgts.
A p= 84 p= 216.  p=2865 A. p= B4 | p== 215, p = 2:65.
‘5 42726 | 234 + 1'9% 16 + ‘61 + 69 + ‘30
55 +2'04 | 4213 | 4173 17 + '56 +- *65 + 25
‘6 4186 | 4194 | 4155 1°8 L + 62 + 21
‘65 +170 | +179 | 4+1'39 19 + ‘49 + 58 + 18
i +1°57 | 4166 | 41206 2 + '46 + 54 + 15
75 4146 | 4155 | +15 25 + 34 +43 | +'03
'8 +1:36 | 4144 | 410§ 3 + 26 e e
85 + 1°27 +1°36 | + ‘96 35 4 *20 + 29 =11
8 4 119 + 128 | 4 -88 4 + 16 + 24 - 1§
05 + 102 | 4121 + B 5 + 10 + *Ig — 21
1 + 106 +1°14 + g 6 + 06 + 14 — 25
11 + 0§ | +104 | + ‘64 8 + o1 + 09 ~ 30
1-2 + 86 | + 04 | + 55 | 10 S e S
13 o - (W R [ ~ "0b + 03 A
14 4 71 + 3o + ‘40 20 - ‘08 + ‘oog —-*39
15 + 66|+ '713 | + 35 )22 - 09 — 001 | =

REDUCTION OF GASEOUS VOLUMES TO 0° AND 760 MMS. PRESSURE

Corrected volmne #, = {z/(1 + 00367¢}} . #/760, where 7, Z and p are the
observed volume, temp., and pressure (in mms. of mercury) of the gas respectively.
£ = 98062 cms, per sec®. The coefficient "00367 observed by Regnault.

Values of (1 4 '00367t).
Temp.(0.] o 1 g frg ! o ¥ B g e Tged] gty

| .
0°C. | 1’0000 | 1°0037 1'0073 |1'01T0 10147 | 10183 | 1°0220 10257 10204 '|'(}33ﬂ

10 0367 0404 | O440 | 0477 | O5I4 0350 o587 | ob2g4 ob61 | obgy
20 0734 o7yl | ofoy ‘ 0844 | o8BI og17 0954 | o991 1028 | 1004
30 LIo] 1138 | 1174 | 1211 1245 1284 1321 | 1358 | 1305 | 1431
40 1468 1505 | 1541 | 1578 | 161§ 1651 t6B3 | 1725 | 1762 | 1798
B0 1535 1872 | 1008 | 1g4s g8z 2018 2055 | 2092 | 2129 | 2165
60 2202 2239 | 2275 | 2312 | 2349 2385 2422 | 2459 | 2496 | 2532
70 2569 | 2600 | 2642 | 2079 | 2716 2752 2780 | 2826 2863 | 2899
80 2036 2073 | 3009 | 3040 | 3083 3G 3150 | 3103 | 3230 | 3200
20 3303 | 3340 | 3376 | 3413 | 3450 | 3486 | 3523 | 3560 | 3597 | 3633
100 3670 | 3707 | 3743 | 3780 | 3817 | 3853 | 3¥90 | 3027 3064 | 4000
110 4037 | 4074 4110 | 4147 | 4184 | 4220 | 4257 | 4294 | 4331 4367
Values of p/780
Press.(p).| O 1 2 2 | 4 5 6 7 8 | 9
T00 mm.| 9211 | -9224 ‘9227 | "9250 | ‘0263 | 9276 | 9289 | ‘9303 | '9316 | «g32
710 ‘9342 | 0355 | "9368 | 9382 | 9305 | ‘9408 | ‘0421 0434 9447 | -g461
720 ‘0474 | 0487 ‘9500 | "0513 | "9526 | 0539 | °9553 | ‘9506 | ‘0570 | :goga
730 ‘9605 | ‘9618 | 'gb3z | "obg3 | 0638 | -9b71 | 9684 | 9697 ‘9711 | 5724
740 '9737 | "975¢ | 9763 | 9770 | "9789 | -gBo3z | 9816 | 98ar | "g842 | .4gcs
150 ‘9868 | 9882 | 9895 | 0908 | ‘9921 | 9934 | 9047 | "996I | "9974 | -Wzsigr
T60 10000 | 1'0013 170020 (1°0039 10053 | 1oobb | 170079 I'0002 10105 |1-g1i§ |
770 1'o13z | 10145 [1'01§8 (170171 |1'o184 | 1'org7 | 170211 1'0224 10237 1’0250 |
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DENSITIES OF THE ELEMENTS
Average densities of liquid and solid elements in grams per c.c. at ordinary temperatures

unless otherwise stated,

For gaseous densities see p. 26. The density of a specimen may

depend considerably on its state and previous treatment, e.g. the density of a cast metal is

increased by drawing, rolling, or hammering.

See Koppel in L.B.M.

Element. Density.
Alumininm . 265
Antimony . 66z
Argon (lq.). 1°4/-185°
Arvsenic . . o 573
Barium . 175
Berylhum 1'93
Bismuth . 980
Boron. 2'5 (%)
Bromine . 3'102/25°
Cadmium 16y
Cassium . 187
Calcium . 1'55,/29°
Carbon—

Diamond . 352

Graphite . 2°3
Cerium . : 668
Chlorine (lig.) . 249/a
Chromium . . . 6350
Cobalt 86
Copper 893

Erbium . . . .| 477(0)
Fluorine (lig.) .
Gadaolinium.
Gallium .
Germanium. 547

Gold "I L SiTga2
Helium (hg.} ‘15/B.P.
Hydrogen (lig.) o7(B.P.

3 086/ M.P.

Lk}

Element. Density.
Indium 712
lodine. ... 495
[ ridium 22040
[ron (pure) . =86
Krypton (lig.) . 2'16
Lanthanum. . 612
Lead . 11737
Lithium . ‘B34
Magnesium. 1'74

Manganese .

| 739
Mercury (see p. 22) 13'56/15°
86

Molybdenum .

Neodymium Hrgh
Neon (lig.) . (?)
Nickel gg
Niobium . 12'75
Nitrogen (lig.) 70/-196"
Osmivm . . , .|22'F
Oxygen (hg.) . 1'27/-235%
Palladium . 014
Phosphorus, red .| 220

E yellow 183
Platinum 2150
Potassium . Bz
Praseodymium 648
Radium . . (#
Rhodium S
Rubidium 1'532
Euthenium . 123

Element. Demsity.
Samarium 78
Scandium ()
Selenium, amorph 4'8

% cryst. 43

L 427
Silicon £ 23
Silver . 10°%
Sodium . g7l
Strontium . . 2'54
Sulphur, rhombic 207

»  monoclinic 196

= amorphous 1'g2

% liquid 113 181
Tantalum L e |7 v
Tellurium . . . (i1
Terbium . (r)
Thallium 119
Thorium . 1173
A T e 729
Titanium . . . 3'54
Tungsten . . 17-188
Uranium TR
Vanadiom . . . 5%
Xenon (lig.) 3’5
Ytterbium ("
Yitrium . 38 ()
Ainc i |
Zirconium 4°15

The dénsities of the alkali metals Li, Na, K, Eb, Cs are due to Richards and Brink, 1907 ; of He at
— 268746, Onnes, 1008 ; of W, Gin, 1908 ; of Ta, Nb, and Th, von Belton, 1605, 1907, 1908 ; of Ca,
Goodwin, 1gog ; of Kh and Ir, Holborn, Henning, and Austin, 1904 ; of Br, Andrews and Carlion, 1907.

DENSITIES OF COMMON SUBSTANCES
Average densities in grams per c.c. at ordinary temperatures. For densities of acids,

alkalies, and other solutions, see pp. 23 ¢/ se¢. ; of “ chemical compounds,” p. 109 ;
p. 26 ; of other minerals, p. 126.

of gases,

Bubstance.

Metals & Alloys.

Density.

Iren, cast . . .| FI=F'7
»» Wrought . 7879
. Wire FoF

Steel 7 7=79

Brass (ordy.) *. 8:4-87

Brass weights . . P |

Bronze (Cu, Sn) .| 87-89

Coins (English)
bronze t .

» goldi

17°72

Substance,

Coins (English)
» Silver§
Constantan (Eu- }
reka)| .
German silver
Gunmetal . .
Magnalium **,
Manganin tf !
Phosphor bronze {3
Platinoid 8¢, . .

Pt (go), Ir (10}.

Density.

10731
4-88
8'g

80-8'4

e

85
87-8¢
&9

21762

Bubstance, Density.

Woods (seasoned).

Ash ; mahogany . *6--8
Bamboo . . . . &4
Beach ; oak ; teak 70
(£ e ; "g=1°1
Cedar . -

Ebony

Lignum vitae
Pitchpine ; walnut
Red pine (deal) . g
White pine . . .

* . 66 Cun, 34 Zn.
W 6o Cu, 15 Ni, 25 Zn,

t g5 Cu, 4 Sn, 1 Zn,
** . 70 Al, 30 Mg.

£ Described as German silver with a little tungsten,

I o1 Au, 8} Cu. §
t+ 84 Cu, 12 Mn, 4 Ni.

92} Ag, 7} Cu. 60 Cu, 40 Ni.
11 g2l Cn, 7 5n, 3 P,
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DENSITIES
DENSITIES OF COMMON SUBSTANCES (conid.)
Substance. Density. Bubstanoce, Density. Bubstance. Density.
. Minerals, ete. Liguids. ' Gelatine . 1°27
Agate ; slate 2'5—2'7 | Glycerine . . 126 Glass, Hmt_ . 29-4 5
Asbestos . . . . 30 Methylated spirit . 83 TR L } | 24-26
_ board 1'2 Milk ¢ 1703 window
Carbon (see above)| Naphtha . "85 Jena . ‘| = (see Pr.?‘l'j
Charcoal . ; 36 il caitons. ‘g7 Ice (ﬁnth 1{)031 o ‘E}]rhh
Coal . . . . I*2-1'% » linseed . - [ot-o3 | » I'{ 'l']"i:'f‘_l S bl B 'i':c"
» anthracite 1418 » lubricating .| -go—g2 I“} iampler: ‘:}E 97
f_:ukﬂ ; 1'o-I17 » Olive ; palm 91-"03 [“?r:i ' ]-3*_I -
Gas carbon . 1'g ., paraffin 8 If.tt 1er 851
Emery 40 Petrol . ‘6872 aper . i
Granite 2'5-3 Sea-water 1'ol-1'05 ]I:"‘:h z i
Marble . . .| 25-2'8 | Turpentine . ‘87 orcelain -
Masonry . . O |- Vinegar . . . 1of Resin . . Sl
Pumice (namﬁ[} ‘§—0 Eﬂl ﬁ'ﬂ’:‘ﬁ \ {] f:'
. - now (loose) . . ST
S:;;;’;“ R 266 | Miscellaneous. | e St e
= ,tmns AEAE — Amber ' Il Wax, soft pﬂf:lﬂ-ll'l 8788
translucent 207 |Bome . . . . .| ré-2o » hard "88-93
Sand (silver) . . 26y | Celluloid. . . . I 1§ » white ; bees- | '95-'90
Sandstone ; kaoli giagra |Cork . . . . .| '22—20 w sealing £ 1'8
e * | Ebonite . . . . -8 y Soft red . £ 10

In the determination of the density of a body by weighing in water, the true density
(corrected for air buoyancy and water density) 1s given by &(D — ¢)+ o, where 4 is the
uncorrected density of the body, D is the density of the water, and o is the density of the
The table below gives lhe correction to be applied to A.
C., see p. 22) and ¢ as ‘0012 (see p
(See Stewart and Gee, “ P r’mncal Physics,”

air.

to 1 part in 2000 between 10" and 18° C
that the correction has to be subtracted from A.

DENSITY DETERMINATION CORRECTIONS

D is taken as 9992 (correct
p: 25). — means

vol. i.)
A Corr. A | Cor A Corr. A Corr. A Corr A Corr
|

05 40002 |40 | —o0068 |75 —0138 |84 =—--0156]| 86| —0178 |160| —'0308
10 -—o0o08 | 46| —0078 | T8 | —'0144 | 86 —'0I158 1070 | —0188 1170 | —-0323
15 —0018 )80 | — 0088 | T9 | —0146 |88 —-0160 110 —-0208 |180 | —-0348
20 -—0028 |66} — w0098 | 80| —0148 | 8T —-0162 |12:0| —-0228 |190| — 0363
25 | —0038 | 60 | —0108 | 81 | —0o150 | 88 | —-0164 |180| —0248 |2000| —-0388
30 | —oo48 | 85 | —or18 | 88| —-o0152 | 89 —0166 |140 —-0268 |21'0| —0408
35 -0058 |70 | —0128 |88 | —0154 | 90| —0168 | 160 —-0288 |230| —-0428

The density of damp air may be derived from the expression o = oA H — o°378p)/H,
where oy 15 the density of dry air at a pressure H mms. (see p. 25), H is the barometric

DENSITY OF DAMP AIR

height, and g is the pressure of water-vapour in the air.

HYDROMETERS

Common : Density = degrees/1000.

Baumsé :
Twaddell :

Density at 15
Density

= 144'3/(144*3 — Baumé degrees).
= 1 + (Twaddell degrees,2c0).
Sikes : One degree = a density interval of ‘002 on the average.
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DENSITIES

DENSITY OF WATER

In grams per millilitre,* Pure air-free water under 1 atmos. Temps. on const.-vol. |
H.scale. Water has a maximum density at 3798 (Chappuis, 1897 ; Thiesen, Scheel |
and Diesselhorst ; De Coppet, 1903). The temp. (#=) of maximumn density at different
pressures (#), measured in atmos., is given by /m = 3'98 — o225(4 — 1).

The specific volume is the reciprocal of the density. Forreciprocals, see p.136.
(See Chappuis, Trav. et Mém. Bur. Intl, 18, 1907 ; and Scheel, L.B.M.)

For density of ice see p. 21 ; of steam, p. '26. [*“ I htrl: = 1000027 C.c5.]

Density of water at —10° = -gg815 ; at —5° = "ggg30.
- Temp. 0 2 | 4 6 8 10 12 14 16 18
0°C.| "99987] 99997/ 1700000 99907 '99953 ‘09973 99953 ‘99927 99897 99862
20 99523 90780 99732 "9gbS1| °99G20y °090567| "99505 ‘99440 ‘99371 "9930
40 ‘9922 | 'gor1s | goo7 | 'gBo8 | 'g8go | o881 | '9872° ‘o862 | ‘9853 0843
60 '9832 | 'g822 | "g811 | -g8or | ‘9789 | ‘9778 | ‘9767 | ‘9755 9743 | 9731 |
80 0715 | 9700 | '9593 '9‘530 '9‘5‘3? 9053 '9'540 '9'-"2'5 9012 | 9598 |
100 ‘9584 | — 051 =
Density at 150° 'l_;lnl'j" ; 5 at Eﬂﬂ" = Eﬁ?, ; at 250° = ’_nj i . at 300° = ?'0
DENSITY OF MERCURY
In grams per c.c. Hydrogen scale of temp. For reciprocals, see p. 136. (See
Chappuis, Trav. ef Mém. Bur. fntl, 18, 1907 ; and Scheel, 1905, L.B.M.)

Temp. 0 2 4 6 8 10 12 | 14 16 18
o 13 I3 I3 I3 I3 13 I3 13 L3 13
=20°C.] -6450] ‘6400 ﬁg;r J-ﬁgm: ‘6251 6202 ’13:5:, ‘G103 | 6053 :'!3054

0 '5955] 5905 5856 5806 5757 '5708) '3659 ‘s6og| ‘s5bo| CSSIT
20 5402 ‘5413 °5364 °5315| °5206] -5217) °-s168| ‘Sirg| ‘Sojo| ‘5022
40 '4973] ‘4924 4575 4826 4778) 4729] 4680 4632 4583 4534
60 "4480) 4437 4389 4340 ‘4202] "4243] 4195 ‘4146 ‘4095 ‘4050
80 '1'33' '3953  '3904  °3956| -3808) ‘3759] °‘37rr| 3663 °3615| ‘3566

20 40 60 80 100 | 120 | 140 160 | 180
100 glﬁ 13'304 '13'257 (13'209 (13°162 Jiz-115 Ji3'068 |13°0z1 12'974 |12:927
300 13 8 12334 12°787 \12'740 - — - - — —

In grams liu‘
Hydrogen scale of temp.

DENSITY OF ETHYL ALCOHOL, C.H,OH. Aq

C.C.

% indicates grams of C;H,0OH in 100 grams of aqueous

solution. (Calculated by E. W. Morley from Mende-
| 1éeff’s Observations, Fowr., Am. Chem. Soc., Oct. 1924.)
' At 17° C.
A 0 1 2 3 4 5 T RIERL 8 9
0 0088 | '9060 | 905t | ‘9933 = 9016 | 9800 | 9884 | ‘9860 | ‘9854 9840
10 ‘9826 | '9813 | ‘980 | o787 | ‘9775 | 9762 | ‘9750 | "9737 | 9725 | ‘97I3
20 ‘gyo0 | 0687 | +gbz4 | '9b61 | 9647 | 9633 | 9619 | ‘9604 | "9580 | ‘0573
30 ‘9537 | ‘0540 | '0524 @ 0506 9489 | ‘9470 | ‘0452 | 043 ‘9414 | 9304
40 9375 | 9334 | 9334 | 9313 | 9292 | 'Q27I | 9250 | "2z 'gz07  "gIS;
50 'gtﬁg ‘gr4o | o118  ‘gogb | "9o73 | 'gost | goz28 | goos | ‘8982 ‘Bggg
60 303 ‘Bg13 | ‘8890 -BB67 | 8843 | “B820 | ‘8Byay | B773 | ‘8749 8726
| TO ‘8702 | ‘8678 -B6ss | ‘Bb631 | -B6o7 | ‘BsBz | 8558 | ‘8534 | ‘8510 '54155
[ 80 Bq61 | 8436 | 8411 | 'Ba%6 | 'B361 | 'Ba26 | 'Biro | 'Ba¥s | 'B2gg | 8232
[ 80 Bzo6 | -B1 ;g B152 | Biz4 '305:»6 %068 '5034; Boto | -7980 | ‘7950
'lﬂﬂ' 7019 - — = L e iz
For other temperatnres, |r|.t-er|1u|1t1. from the above and I:|I1. .FUHL‘.IW:J'Lg‘ —
At 22° C.
» 9978 ; 107, 9513, 20 7, 96.«8 307, "9526 ; 40 7, "0338 ; 507, "9122; 6o 7, "8803 ;
2o 4, "Bb6o ; 54:? : 9o, *B162 ; :-:m”f 2876,

m—
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DENSITIES : ACIDS

DENSITY OF HYDROCHLORIC ACID, HCI. Aq
Grams per c.c. at 15° C. (Lunge and Marchlewski, 1891.)

Grams EEI Grams HCI in Grams HCl in
—| Dens. Dens, Dens.
Dens. IDng N lz.trﬁ Change | Dens. lﬂﬂgm 1litre Change | Dens. 100gm. 1 litre Change
- { for £ 1°, | fiop b 1°, - for4=1"

of Solution. of Selution. of Solution.

104 | 2'14 22 | -coo16 | 108 1615 | 174 | "coo3s | 19156 | 206 | 340  -00052
1'% 4'13 | 42 | rooorg | 1009  18-1 197 | ooo3s | 1°16 | 305 | 266 | rooogg
1] 6'15 | 64 | 'ooozi | 1°10 200 220 | ‘coogo | 1°17 | 33'5 | 302 | "00056
104 | 836 | 85 | -coozq |1°11 2179 | 243 | 'ooog3 | 1°18 | 354 | 418 | ‘oo0s8
1°05 | 10°17 | 107 | '00027 | 1°12 238 267 | oonqgs | 1719 | 372 | 443 | "oo05n
1°06 | 1219 | 1290 | 'ooozo | 1°18  25°7 | 201 | 00048 | 1°20 | 30'1 | 469 | oo0bO

1°07 | 1417 | 152 | rovo3z | 114 277 | ziy | "ooo50 [

DENSITY OF MITRIC ACID, HNO,. Aq
Grams perc.c.at 15°C. % N.O,="857 x % HNO,—by weight. (Lunge and Rey, 1891.)

Grams ‘Hlﬁ]: in Grams HNO, in l}re.n:u; HNOD, in
Dens. oo 2| Thenes; Deus,
Dens. mﬂgm 1 litre ﬂlmuga Dens. 100gm. 1 litre Change | Dens. ml}gm 1 litre Change
——- for =17, for 4=1°
of Solution. of Solution. of Solution.
102 370, 38 | 'coo22| 1°22 | 35'3 430 | ‘ooolo |1'42 | 698 0ol | ‘00137
1°04 726 g:, | -ooo28 | 1'24 35; 475 | 'oool6 | 144 | 747 | 1075 | ‘00143
106 | 10'7 | 113 | ‘00034 | 1°26 | 41°3 | 521 | ooool 146 | Boo | 1168 | “col49
108 | 1379 | 151 | "cooqo | 1°28 | 44'4 568 | ooogy |1°48 | 8670 | 1274 00154
1°10 | 171 | 188 | ooo45 | 1°80 | 455 @ 617 | 00103 |1°50 | o4'1 | 1411 | "oo160
1°12 | 20'2 | 227 | ooos1 | 1'32 | 507 669 | 00109 11-504 96'0 | 1444 ‘cO16I
1°14 | 23'3 | 266 | "ooos7 | 1"34 | s54°1 725 | 'ooll4 § 1"BOB | o97'5 | 1470 ‘00162
1"16 | 264 | 306 | 'coohz | 1°B8 | 576 | 733 | o0120 1{°512 | 0oF'3 | 1400 00163 |
118 | 294 347 | ‘00068 | 1°38 | 61°3 = 846 | ‘00126 | 1'516 09z | 1504 ‘006 |
1°20 | 324 388 | rocopq | 140 | 65'3 | 914 | ‘00132 | 1-520| og'7 | 1515 ‘0OI6O |

DENSITY OF SULPHURIC ACID, H,80,. Aq i
Grams per c.c.at 15°C., % 50,="816x% H,50,—by weight. (Lunge and Isler, 1893.)

' | Grams H.80, in Grams H,50, in | Grams H,80, in |
| Density. | 100 gm. 1 litre | Density. | 100 gm. 1 llh"ﬂ Density. 100 gm. | llnw
of Bolution. of Bolution. of Solation. |
102 3703 g 1"44 54°1 779 1'822 [+ %oy | 1647
104 56 2 1"46 5b0 817 1824 | oo'8 1656
1:06 877 148 | 578 856 1826 | o1z | 1686
- 108 | 1160 135 1°50 59'7 8g6 1"828 gL'y 1676 |
110 14'35 158 1'62 616 930 1°830 g2l thiy |
1°12 1701 191 1°54 634 977 1832 g2's | 1605 |
1"14 19°61 223 156 651 1015 1"834 10 1700 |
116 22°19 257 1°58 66°7 1054 1836 93’8 1722
1"18 24'76° | 202 1"60 68-5 1096 | 1'888 | o946 1739
1°20 27" 328 162 70°3 1139 | 1-840 95'0 1759 |
122 | z2g° 364 1°64 720 1151
124 32 400 1°66 736 | 1222 1°84056 @ o059 1765 |
1°26 34° 435 168 | 754 1267 | 1'8410 | o070 1786
1-28 369 472 70 | 772 1312 | 18415 97’7 | 1799
1-30 392 | slo T2 e 7879 1157 1°8410 g4z 1508
132 41°5 548 1-74 Sorg L4304 1-8405 g8 1816
1°34 437 586 1°76 82 4 1451 1°8400 gg'z | 1825
1"36 45'0 624 178 | 845 1504 | 18395 99°4 1830
138 480 662 1-80 860g 1564 | 1°8390 99°7 1834
140 | s01 nos 1'81 883 | 1508 18386 094G 1838
142 | 521 740 1'82 | go0 | 1639 .
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DENSITIES : ALKALIES

DENSITY OF AMMONIA, NHHO . Aq '
Grams per c.c. at 15°

Grams NH, in {Grams NH, in Grams NH; in
Dens. ; | Dens. Dens. |
Dens. 100gm. 1 litre Change | Dens. 100gm. 1 litre Change | Dens. 100 gm. 1 litre Change
for +1° ek for £ 1°, for £1°,
of Solution. of Bolution. ] of Solution.
006 ot | 91 | 'ooo1g | *9566 | 11703 10574 ‘ooo3l | *9168 | 2303 | 2100 ‘00049
992 | 1'84 | 182 | ‘oo020 | “952 | 12°17 1159 ‘00013 | 912 | 24'33 | 2219 | "0005I
988 | 280 | 27'7 | ocozt | D48 | 13'31 12002 ‘00035 | "008 | 2565 2329 .'00053 |
| 984 | 380 3774 | cooo2z | ‘D44 14946 | 136'5 o037 | 904 | 206098 24379 | ‘00035
‘080 | 4'S0 | 470 | "oooz3 | *B40 1503  146°0 ‘oco3g | "BO0 | 2833 zgg'ﬂ ‘00057 |
976 | 580 | 506°6 | roooz4 | "986 | 16°82 | 157°0 oooqr | *BOE6 | 2069 206670 | "00059
‘972 | 680 | 661 | 'ooozs | *982 | 1803 1681  ‘coogz | *892 | 31705 2770 00060
‘088 782 | 75'7 | 'oco26 | "928 | 1925 | 178'6 | ‘00043 | 888 | 32'50  288'6 | -ooob2
‘0684 884 | 852 | 'coo27 | D24 | 2049 180°3 | 'ooogs | *884 | 34710 3o1'4 00064
960 901 | 051 | rooo2g | *820 | 2175 200°1 ooo47 | *BBO | 35770 | 3142 ‘CO066
DENSITY OF SODIUM HYDROXIDE, NaHO . Aq

Grams per ¢.c. at 18° C.  The percentages indicate grams of NaOH in 1oo grams
of solution. (Bousheld and Lowry, 1g0s.)

Change of density per 1° C. (0° to 30°), 0 to 7 %

o002 ; IT 1o 20 3

A Density. o Density. Density. 4 Density. y 4 Density.
| O 9086 10 1'1038 20 1'2202 30 1'3290 40 1'4314
| 1'0100 11 1°1208 21 1"2312 31 1°3396 41 1°4411
2 1'9213 12 I'1319 22 1'2422 32 1'3502 42 1°4508
a 1'032 13 1°1420 23 1'2532 33 1° 3605 43 14604
4 1'0435 14 11540 24 12641 34 1*3708 44 14609
5 1'0545 15 1"1650 25 1'2751 35 13811 45 1'4794
6 10050 16 I'1761 26 12860 36 1°3913 48 14500
T 10700 17 I"1871 27 1°2968 37 1°4014 47 1°4055
8 1087y 18 1" 1g82 28 1"3076 38 1°4115 48 1's
| 9 1°0g87 19 1°2002 29 1°3184 39 1°4215 49 1°5174
DENSITY OF SODIUM CARBOMATE, Na,CO,. Aqg
Grams per c.c. at 15° G+ (Lunge.)
| Grams Na,C0, in Grams Na,C0, in Grams Na,C0, in
Density. | 100 gm. 1 litre | Demsity. 100 gm. | 1 litre | Density. 100 gm. | 1 litre
| of Bolution. of Solution. g of Solution.
1007 | 67 68 1°060 571 605 | 14116 10°95 | 1222
1014 £33 13°5 1067 637 68-a 1125 1131 1320
1-022 200 21'4 1:075 7712 76°5 1134 12 61 143°0
1029 2'76 284 1-083 7*38 Bg*3 1-142 13°16 150°3
1°036 3'43 35'5 1091 862 a3o | 1152 14°24 | 164°1
1045 4°29 445 1-100 943 103°7
1:062 4°04 52°0 1108 1019 112°9

—

0204,

DENSITY OF CALCIUM CHLORIDE, CaCl, . Aqg
Grams per c.c. at 17'9° C. The percentages indicate grams of anhydrous CaCl,

in 100 grams of solution.

(Pickering, 1894.)

i Density. i Density. o Density. % Density. 7 Density.

1 1007 i1 1004 21 1°18¢ 31 1'204 41 1°406

3 1'024 18 | 1z 23 1°209 33 1'316 43 1'429

5 1041 15 1131 25 1°220 35 1'338

7 1058 17 1'150 27 1°250 37 1°301

9 1'076 19 1'139 29 | 1272 39 1°384 ;
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DENSITIES : SOLUTIONS, AIR

. DENSITIES OF SOME AQUEOUS SOLUTIONS

Grams per c.c, at 18%C. The indicated 7 is the number of grams of anhydrous
substance in 100 grams of solution. (Kohlrausch, * Prakt. Phys.”)

Bubstance.| 5% | 10% | 16% | 207 257 |Bubstance. | 5% | 10% | 16% @ 20%
NaCl . |r1o34| 1071 | 1100 1'148 | 1'190 | MgS0O,. | 1'050 | I"104 | 1°160 | 17220 |
NaNO, | 1033 | 1'068 | 1'105 1'144 | 1°185] BaCl, . | 17044 | 1003 | 1°'147 | 17204
NaA . |1'02s 1051 | troy8 | rr1og | 17132) NH,Cl. | 17014 | 1029 | 1'043 | 17057
H,PO, . | 1’027 | 1’054 | 17083 | 1"114 | 1°145 | CuS0, . | 1'o51 | 1107 | 17167 | 1'230
ZnS0O, . | 1051 | 1107 | 10167 | 1232 (17305 f KCLl. . J 17031 | 17064 | 17098 | 17133
FeCl, . |1130 | 1175 | 17226 | 1278 [ 1331 | KNO; . | 1°030 | 1'063 | 1'0G7 | 1°133
SrCl, . |ro44 | 1093 | 17146 | 1202 | 1°256 | K,50, . 1'039' 1ol | — —_

MgCl, . | 1’042 | 1'086 | 1°130 | 1°176 17225 | KyCryQ; 17035 | 1072 | 1'109 | —

substance.| 5 | 10% | 16% | 207 | 25% | 80% | 36% | 40% | 457 | 50%

9| — |

KBr. .|1o35 | 17073 | 1*154 | 17157 | 1°204 | 17254 | 1°307 | 1°365 | 1°42

Kl . .|1036 | 1076 | 1*120 | 1'168 | 1'218 | 1°273 (1°332 | 17397 | 1°468 | 1°545 |
K,CO, .| 1044 | 17001 | 1140 | 1°191 | I'244 | 1°290 [1°356 | 1°415 | 1°477 | 1°541 |
LiCl. .|1o27 | 1'056 | 1ofs | 1°1L5 | T°147 | 1:181 | 17217 | 17253 — | = |
CdS0, . | rro4o | 1'103 | 1161 17224 | 1205 {1372 {1457 | — | — - |
AgNO,. | 104z | 17089 | 1'140 | 1°196 | 1255 | 1°321 | 1°304 | 1'477 | 1'570 | 1'674 |
PbA, .|1roz6 | 1075 118 | 17163 | 1'z12 | 1°265 | 1°322 [1°386 | — ;
Sugar®. | 1’018 | 1'039 | 1060 1081 | I'log | 1128 | 17152 | 17177 | 1'203 i

* 607, 1°287 ; [757, 1380 (supersaturated)].

DENSITY OF DRY AIR AT DIFFERENT TEMPERATURES AND
PRESSURES

Grams per c.c. ; pressures in mm. of mercury at o® C. lat. 457 ; & = 98062 cms.

oE Ly e : 0012073 H
-ju - - -E I d ) " —_———— L
per sec lhr'jse densities are calculated by t].]l: expression {1 + 003678 " 760"
where "oo1293 is due to Leduc, 1898, and Rayleigh, 1893 (p. 26); and -0o367 to
Regnault. For density of damp air, see p. 21.

Pressure in Millimetres (H).
T'ﬂll]p. {:":I. pa— ._ — e e— i I S ——
- Mo | 720 730 740 | 750 760 770 780
| I SR— = ! — |
0°C. | 'oor208 | -oo1225 | "001242 | '00I250 | "001276 | ‘001293 | ‘00I}I0 | ‘c0l327
2 ‘cottgg | ‘001216 | 'co1233 | ‘001250 | ‘001267 | ‘oo1284 | ‘00300 | ‘001317
4, "00ITg0 | '0C1207 | "0OI224 | "001241 | "00I258 | 'oOI274 | 001201 | '0O1308 |
(i) oo1182 | '001199 | "001215 | "001232 | ‘001248 | 'cO1265 | "001282 | 001298 |
8 ‘001173 | '00L1G0 | ‘001207 | ‘001223 | ‘001240 | "oOI256 | oOI273 | 'o0I28g |
10 ‘001165 | ‘oo1182 | ‘corrg® | ‘oo1214 I ‘001231 | ‘001247 | 'oo1264 | *oo1280 |
! | | 1
12 ‘001157 | '00I173 | "00I100 | "001206 | ‘001222 | ‘001238 | "0OI255 | "0OI27I
14 ‘001149 | ‘001165 | "001181 | "0O1197 | ‘001214 | 'OOI230 | ‘001246 | "ODIZOZ |
16 001141 | "cOI157 | "001173 | ‘001139 | ‘001205 | ‘oOI221 | "0OI237 | "001253 |
18 001133 | "001149 ‘001165 | "001181 | '00IIQ7 | ‘OOI213 | "O0IZ29 | ‘OOIZ45 |
20 ‘COIIZ5 | "00RI41 : ‘001157 | 001173 | 'oo118g | ‘oolz205 | "00I220 | 001236
22 'ool1i8 | "ooli33 | "coti4gg | ootibs | "corili | ‘oorigh ! ‘01212 | "ooizzd
24 "DOIII0 | 001120 | *0OLI4T | "OOIIST | ‘0OII73 | "oo1IB8 | "ool204 | 001220
26 ‘001103 | ‘001118 | ‘001134 | 001149 | "'0O1165 ‘001180 | "ool1gh | "oOlZIT |
28 ‘001095 | "ooriir | 'mllzﬁl ‘001142 | "OOLI57 | "o0II73 | "co1188 | "ooI1203
30 ‘001088 | ‘oot103 | '0OILIQ | "00I134 | "0OLl49 -cor1bs | -corilo | collgs
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GASEOUS DENSITIES

DENSITIES OF GASES
Only those gases for which accurate density determinations have been made are
included in this table (see also p. 10). Other gases will be found in the table below.
For density of air under different n:ranmlurLs and prLssurcs, see P 25
Densities are in grams per litre (1000'027 c.cs.: see p. 10) at o° C. under
760 mm. of mercury at o® C. and lat. 45° (g = 9805"), ie. under a pressure of
| 1'o1323 x 10" dynes per sq. cm, (After P. A. Guye, Chem. News, 1908,) |

Gas. Density and Observer, ?&ﬁ;ﬂ ! rﬁm;t
=) Cirams,litre. Faias ]
Air . . .« .« ¢« Jr2e7L.: 1"2028 R. 112928 | o'gogho
B L bl
| Hydrogen, H, . . . oo8982 L. ; 008998 R.; oo8g873 M. | oolg8y  orob289
| Nitrogen, N; . . . . | rz2go3 L. ; 1’2507 R.; 12507 Gr: 12507 087523
Argon, A . . | 7809 R.; 17808 Ra. 17809 | 1°2463
Mitrous oxide, N (‘.I' . | r978¢c L.; 19777 R.; 19774 G.P. 19777 | 1"3840
Nitric oxide, No= | & 13429 L. ; 1’340z Gr.; 13402 G.D. | 13402 | 0793786 |
|  Ammonia, Nl]5 . « .« |o7719L.,; 077085 P.D.; 07708 G.P. | 07708 | ©5394
| Carbon monoxide, CO. | 12501 L.; 1*2504 R. 1"2504 = O'd7502
Carbon dioxide, CO, . | 19763 L.; 119760 R.; 19768 G.P. | 19768 | 13833
Hydrochloric acid, HCl | 16407 L. ; 16397 Gr.; 16398 G.G. | 16398 | I'1475 |
Sulphur dioxide, ":U . | 29266.L.: 29266 ].P.; 29266 B. 29266 | 0450 |

B., Berthelot ; G.D., Guye & Davila; G.G., Guye & Gazarian ; G.P., Guye &
Pmtn' Gr., (:r'l*, : _]P Jacquerod & Pintza: L., Leduc; M., Morley; P.D,
Perman & IJm-ies; K., Ra}-lcigh ; Ra., Ramsay.

The densities below are all experimental values, and are relative to that of :
oxygen (O, = 16) at 0 and 760 mms. at lat. 45° (see above).

Gas. ,_E:IL Gas. | f.:ls Gas. .ﬁ;ls
| Acetylene, C;H, . | 1332 I-ll:'lium, He: . . .| 1708 Nitrngen oxychloride, I
;ﬂ'!’hInE AsH oo, _.390" Hydrobromic acid, | BEQICL: L L e g
| Boron ﬂumrde BF, .|3348f HBEBr. . . . 39°24| Nitrogen peroxide—

Ilrnmmr:,Blrr:Eﬂﬂ*“C 7990 Hydrofluoric acid, HF 10°32 (N,O,) Eﬁ ?C 3837
Butane, C,H,, J lzg 1o] Hydriodic acid, HI . 6336 5 i .33 (%]
'L'lrh-;-n ﬂx}ﬂh]ﬁrldﬂ . Hydrogen SE]EHiII!’.‘ - i+ i ED"H Jor1z
COCl, (5075 H. bc 4o 4.; - » BO™G 2606
» 0xysulphide,COS 3047 o bulphldE H,S 172 s »n J00%1 24533
Chlorine, Cl, . . .|3607 , telluride, H,Te {':-:m w 12175 2346
., monoxide, LLD [43'54] Krypton, Kr . . .l41°% ,,{\0.1154 0 2288
» dioxide, LID .133-74| Methane, CH, klrg:hg"' $o3] ', 1838|2273
Cyanogen, C,N, . . 2616 Methylamine, Phosphine, PH; . ./17'58

Ethane, C!H.; g e Lufpericay ONEHeN L I g E_.,'{':;; Phosphorus Ch]um-|
Ethylamine, | ‘tieihyi chlor ule [ fluoride, PCLF; ;?h 1g)
CeHNE v o aleaarl GEHGEL s . 25'06] ,, oxyfluoride, P ﬂf‘; 5329
Llhyt chloride, ".T.clh:,l ether, C ii,.'D 2341| . pentafluoride, PF, 56501
ERE] ok fAuoride, CH,F | 17:67] ,, trifluoride, PF, 4376
Ethyl Huunde s H I |24 63 "l.[mhylcnc ﬂuoride, Propylene, C;H; . ./21°69
Ethylene, C, H iig27f CH.F,. . . . .l2621 Silicon fluonde, :'hf', 52'13|
| Fluorine, Iﬂ‘g, . . .|1897] Neon, "Ne (t1g10) . . 10°82|Xenon, Xe . . . .1065'35|
|

DENSITY OF SATURATED WATER VAPOUR

Densities in grams per litre under different pressures. (Zeuner, 1890.) |
Atmos. | 0 | 05 2y 1'5 A AN a0 |
o - r:r3|5 0606 o887 | 1116 1°43 170 | 197 | 223 | 249 |
- 5 275 | 3oi 3":" y52 | 377 | 402 | 427 ‘ 452 | 477 | §oz |
| 10 5727 | 552 76 | Gor 625 | 650 | 674 | G699 | 723 = |




Bubstance. Young's Modulus, E.| Rigidity, ». i Volume Elast. 7.  Poisson's Ratio, ur.f
COpper . « . « . = |iz4-12'gx10M 5. 204 X 1oM5.| r1431x10"M. | 26 5.
Iron (wrought) . . 19-20 7783 146 (N .

b easkliT e 10-13 G.| 3'5-53 g0 . *23-"31 |
T R T S 19° 5200 7°0-89 181 M. | "25—"33
Zinc (r X PB) . .ono- ) B8 G.| 38 —— | a1
Birass (.66 Cu, 34 Zn) . | g9'7-102 &35 10765 M. | "34-"40 '
German silver ™ . . . JI1'D S.1 43-4"7 - 37 |
Platinoid + . . . 136 5. %65 S.| — 37 i
Phosphor bronze? . .| 120 S. 436 5., — 38 S. |
Quartz fibre 518 3o H.| 1% : — ;
Indiarubber . . « |'o48-032 ‘00016 | — 40-°49 Sc. |
Jena Glasses, Crowns . | 6'5-7'8 2'6-3'2 | 40-5'9 20-"27 '
| 5 » Flints .| 50-60 2'0-2"3 | 376-38 22-"26

|

27

ELASTICITIES

= —_—
2(1 + o)

_I:+rd

r=
20

ELASTICITIES
Young's Modulus, or Longitudinal Elasticity, E in dynes per sq. cm.
Rigidity, Torsion Modulus, or Shear Modulus, # in dynes per sq. cm.
Volume Elasticity, Cubic Elasticity, or Bulk Modulus, £ in dynes per sq. cm.
Compressibility (cubic), C = 1/4. ‘
Poisson’s Ratio, ¢ = lateral contraction per unit breadth/longitudinal extension per
unit length. For a homogeneous isotropic substance—

. . (a);

For an isotropic solid Poisson’s Ratio must lie between +1 and —1, but for some
materials it may, when deduced from E and », exceed +1.
1 megabar = 10® dynes per sq. cm. = "987 atmos. = 1/1'013 atmos. = the pressure measured
by 750°15 mms. of mercury at o® C. sea-level, and latitude 45° =749°66 mms, at 0” in London.
The elasticities of a substance depend considerably upon its history. The extent of the
agreement between the calculated and observed values of # and of « below gives an indication |
of the degree of isotropy of the metals used. (Griineisen, Reichsanstalt, Aun. a. Phy., 1908.) |

OF

E

r{':w__'zﬂl} & om

(See Searle’s ** Elasti

ELASTICITIES OF METALS

(c)

city.”)

Young’s | Rigidity, ». Poisson's Ratio, o, _ VO- 2
Seialat 1950 |DodunEl o i | Tk & -“"ﬁl’;‘}
(zee alao below By static N : Caled. b Ob- Caled. Caled. b megabar |
ok method or | ZV.° g i by for- -7 lealeulated).
ey ﬁml method.  formula (a).| served. mlf]a @) formula (7). J;
Aluminium (W) * . | 7705x 10" 267 % 10" 263x 16" 339 | 310 | 7:46x10" 133 % 107"
Bismuth (C), pure. | 319 | — 1'20 "33 — 34 132
| Cadmium (C), pure | 499 . | 1792 '30 — | 412 24
 Copper (W), pure . [12°3 455 | 455 | 337 "356 | 131 | 74 |
Gold (W), pure .| 8o - | 2°77 | 280 422 | ‘495 | 166 6o |
Iron (W), '1%C. . |213 ks | 831 280 | — |16 '63 =
| Steel (W), 1%C. 20°g | 812 g1z ‘287 287 | 164 “fiz 5
| Lead (C), pure . 162 | — “562 446 - ! 5°00 2'0
| Nickel (W)t . . |202 b 770 qo0 || — |17 57
Palladium (C), purej11°3 | 511 40} 303 101 I 176 57 '
Platinum (C), pure |16:8 | 610 Grog 387 | *368 | 247 41
Silver (W), pure 7°90 |z*3; 286 379 | 369 |109 92 :
Tin (C), pure . .| 543 — 2'04 "33 — | 520 rg |
Bronze (C). . .| 808 : 343 2'g7 | *358 ‘177 | 9'52 1'os ;
Constantan (W) §. 163 | 611 6r 11 [ "325 ‘329 | 15'S ‘63
Manganin (W) | . Ji2'4 465 465 | 329 | “320 |12 83
(C) means cast; (W) worked. * % Fe, 4% Cu t o7 % Ni, 1'4% Co, 17 Mn. |
$857%Cu,72% Zn, 6:4% Sn.  §60% Cu, 407 Ni. | 84% Cu, 127 Mn, 47, Ni.

The (experimental) results below are mostly for erdinarylaboratory materials, chiefly wires. ,

{(+.) Griineizen, 1907.

(Sc.) Schiller, 1906,
$0925C

(H.) Horton, 1905.
* 6o Cu, 15 N1, 25 Zn.
a, 7 Sn, 5 P.

(M.} Mallock, 1gos.

§ Pure Zn, 12°5 ¥ 10" dynes/cm?®.

.t-f:‘;.:]..S('ﬂI]E, 1900,
t German silver with a little tungsten.
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TENSILE STRENGTHS

ELASTICITIES (condd.)

Compressibility C. per ‘

. Young's Temperature ﬁ::wﬂhmut ain megabar (i.e. 10° dynes/cm.?) |
suvnes, | Mol | Hoabm Ea - B N,
[ | djhnl,’um.’? At 15° Q. I o for BE.* a for # 1. - 11“0 200-300 mngu.bﬂu |
| | : {ﬁ;e also pp. 27, 29) I
| Iridium || | 52 10(G.) | Aluminium | 213 x 1074 13°5 x 10~#| Aluminium | 177 x 1070 |
I{hmimmul 33 (G.) | Copper. .| 364 | 40 Copper .| '88 I
1. antalum (186 I:Hﬂ.:' Gold . . _.1_'3 | 33 Crold .| 8o |
Invar (14T Prom - . Va2 73 Lead . 28 (A.)
goPyiolrizro Steel | b 2H Magnesium 32 I
Silk fibre | 65% Platinum .| 98 10 Platinum . °3
| Spider Silver . .| 775 45 Flint glass | 3’0 .
| thread.| -3 (B.)§ Tin . o= 59 Germ.glass
! Culhul 32 Brass [ [ 46 tubing .| 2°57 )
| Ice (=2)| 28 German sillver . [6g Steel |5 {Br.) |
| Quartz Phosphor-bronze . .la3 :
1 (erystal) 68 Huart.rhbrc —_ =12
| B[:Lrblﬂ 26 - — —
ak . 153 (A.) Amagat. (B.) Benton, 1907 and 1908. (o.) v. Belten, 190s.
Deal . g (Br.) Brul%man, 1909. (G.)Griineisen, 1g07. * Wassmuth, 1906, and
5 '\'I'lhohangr 33 Schaefer, 1002, 1 Horton, 1904 and 1905 1 Diminishes rapidly
Teak . 166 with increasing load,  § Shows marked elastic fatigue. | Pure,

stress. (See Poynting and Thomson’s * P

of the Engmccrmg “ Pocket-books.” For

tensile strengths of liquids, see p. 39.

sq. inch, divide by 7 x 104

TENSILE STRENGTHS

Tenacities or breaking stresses in dynes
exceeded before the breaking stress is reac
seems to strengthen the material, and the finer the wire the greater is the breaking

For crushing and shearing strengths, see Ewing’s “ Strength of Materials ”

To reduce to kilogrammes per sq. mm.,

OF MATERIALS

er sq. cm. The elastic limit is always
ed. The process of drawing into wire

h

roperties of Matter.”)
or OIe

bursting strengths of tubing, see p. 39; for

it is sufficient to divide by 10%; to lbs, per
* Along the grain.

Bubstance, Tenacity.
| dynes/cm.?
Aluminium, cast . 6-"g X 10'
5 rolled . g-1'5
| Copper, cast 1°2-1'9
g o) s 2'0-2"5
| Tron, (£) cast . . .| *8-2
l (#) wrought . 2'0-4'%
l () steel castings . . 2'3=-70
i Mild steel (2% C) .[4'3-49
| High carhnn} annld. . T0-7"7
I I;:fur springs) ftemprd. | 9°3=10"3
Tungsten or chrome iI—lz
; Nismc],;?{,,[z‘}{,. 62; 14
| Lead il T
B O e .| '16-'38
| Zing, rolled . . | 1"1-1'%
i Brass (ordinary), {66 Cu) }C‘I.SF. e 5-1'Q
J¥is i 4 Zn frolled| 2°'3-3°7
| Phosphor-bronze . | 2528
| Gun-metal (go Cu, 10 bu, : | 1'g-26
| Soft solder . . ; i
| Glass . . '3-'9
| Ash,beech,o: 11-. tmL nmhﬂq,any 0-1'1
Flr, pitch-pine * . ol 4=8
RE"d or white deal ® a |-

Substance. Tenacity. I’
ﬂ}'ntﬁ_.'"'l.':l'll.'
'l White er yellow pine* 2-'5 x 107
Leather belt - whesE's
Hemp rope : . | 610
Catgut—. - . 42
Spider thread. . i 1-8
Silk fibre . . s 26
Quartz fibre itieE £ 10 |
WIRES. ;
Aluminium. . 1'7=2%0 l
Copper, hard drawn 4046 !
»  annealed . 2:B-3"1
Gold . . 26
lron kch.m:ual}, hard dr:mn | §4=6"2
annealed .|z 46
Steel ;{1 ]urdmdr:. i (2) ll:mpd & T3 185
»  pianoforte . oo 186-23"3
Nickel - 53
Platinum . . : 3'3
S.ilw:r : 20
Tantalum 4z |
Brass. . . 3'1-3'9 :
leﬁp'lmr-hrmue, h:ml {lr*w.n t'.'n g-10'8 '
German silver . 46
|
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COMPRESSIBILITIES

i COMPRESSIBILITIES OF ELEMENTS I

1 Y e :
= *—  where 5V is the change in volume of a
].." Eﬁ o |

volume V under a change of pressure §# (temp. constant).

The values of C below are per megabar (£.¢. 10% dynes per sq. cm.). To express as
compressibility per atmosphere, increase C by J; of its value. Room temp. Pressure
| range, 100-500 megabars. Based on compressibility of mercury = '0,371 per megabar.

The results show a periodic relation with atomic weight. See also pp. 27, 28.
(Richards, Zeit. Phys. Chem., 61, 1907, and Fonrn. Chem. Soc., 1911.)

Coefficient of compressibility C =

Element. C Element. c Element, l.'! Element. C
Al o 1231078 CLCRG:)- | osx 107 Hg . .|371x10°98i. . .| 'Thxro-®
e M e O T A e gt e [ | e e
L0 et M 1o e il 16 T ot L 1 e R D [ R | L D g
Bi. 28 b ] Au Fipin 47w Bl . .38 b ] 3. o 125 L]
Br. R R [ e e a o REred s cligie SESETEL L
Cd 3 o L Jo ,, white. [2a'3 4, I5n . .| I'T7 B
| iCq 61 g 2Ll Dl Tl S U S 15 e 21 ., |Zn 1’5 e
[EEageson foce HHE Hiptorw, | g 0f «Beoiher lyrs o,
|Cdmmond| 5 - Mg . .| 27 4, [Rb . .l40 = -
graphite, 3 PR o 1 T (R | o IS [ - i . -

COMPRESSIBILITIES OF LIQUIDS

C = compressibility per megabar (f.e. 10" dynes per cm.*). To express as com-
pressibility per atmosphere, increase C by ¢ of its value,

As the pressure increases C becomes less. In general a rise in temperature
increases the compressibility of a liquid ; but water, however, shows a minimum value
of C at about 50° C. (Amagat). 'Ell\e compressibility of a solution diminishes as the
concentration increases (see Poynting and Thomson’s * Properties of Matter” and
Averbach in L.B.M.). |

Where the limits of pressure are not given, they are—for Amagat, 8-37 atmos. ; for |
| Riontgen, § atmos. ; for Richards, 100-200 atmos.

Liquid. .Ta-mp.l T%Eﬁ?r Liquid. Temp. “;]“:;;f L

Water, 1-25 atmos.(A.)[15° C.| 489 x 107%} Carbon tetrachloride

goo-1c00 ,, (A} 16 | 363 ,, (Ri.)|20°C.| 89'6 x 107%]
goo-tooo  ,, (A.)|198 554w Carbon bisulphide (A.)] 156'6| 859 , |
2500-3000 ,, (A.)| 142| 258 Ether, i-soatmos. (A)] 0 |1452 ,, |
| Sea-water(Grassi,, 1851} — | 431 goo-tooo  ,, (A)] 0O 642
| Mercury A 201 g8z £ (AN 108 14272
I o e W) B T Methyl acetate . (A.)| 14'8| 958 ,,
| Methyl aleohol, CH,OH Ethyl acetate. . (AJ)| 1881027 , |
(A)] 1477 | 1027 , bromide . (A.)| 99'8|/291'3 , |
Ethyl alcohol— , chloride . (A)| 152|150 ,, |
1-500 atm. (A)] O el Acetic acid, 1-16 atm.
150—200 atm. (Ba.)[310 4147 = (C.&S)] o 40'2
Propyl alcohol, | Glycerine, C;H,{OH),
C,H.O0H . . (R)Y 11'T| 958 Q. 206| 248
Propyl alcoholiso- (R.)| 17°8| 1017, Oliveoil . . . (Q)| 205 625 ,
| Faraffin oil (de Metz,

Butylaleohel, C,H,O-H
(R)| 174| 839 ,, 1890) . . « . o | q4eg| 619, |

Butyl alcohol iso- (R.3| 17°9| o638 ,, | Petroleum (Martini) .| 165 687 ., |
Amyl alcohol, I Pentane, C;H,; . (G.)] 20 |[314 il o
el L R ) T R S Benzene, C,H, . (R.)] 179 908 , |
Chlnmfnr? . . (Ri.)] 20 Lo 9™ Turpentine,C; H,, (Q.)] 19°7| 7814 |
|

|

(A.) Amagat, Comptes Kendus, 1884-03 ; (B.) Bartoli, 1806 ; (Ba.) Barus, 1301 ; (C. & 5.),
Colladon and Sturm, 1827 ; (G.) Grimaldi, 1886 ; (Q.) Quincke, Wiad. Ann., 19, 1883; (R.)
Rontgen, Wiad, Ann., 44, 1801 ; (Ri.) Richards, 1907.
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VISCOSITIES

VISCOSITIES OF LIQUIDS

If two parallel planes are at unit distance apart in a fluid, and one of them is

moving in its own plane with unit velocity relatively to the other plane, then the

tangential force exerted per unit area on each of the planes is equal to the viscosity.
The dimensions of a viscosity are ML7T™.

For the capillary-tube method of determining viscosities, Poiseuille’s formula is,

T
Viscosity 7 = r;v , where # is the pressure difference between the two ends of the

tube, » the radius of the tube, / its length, V the volume of liguid delivered in a time 2

VISCOSITY OF WATER
Determined by an efflux method and corrected for kinetic energy of outflow.
(Hosking, Pkil. Mag., 1909, 1, 502 ; 2, 260.)

|
Temp. Viscosity. Temp. | Viscosity. Temp. Viscosity. Temp. Viscosity. |
=
0°C. | ‘o17g3 20°C. | ‘oloob 50°C. ‘ooss0 90° C. | ‘00316
5 ‘01522 25 | 00893 60 00460 100 ‘00284
10 01311 30 | coBoo 70 ‘ooqot | 124.* ‘0022
15 ‘01142 40 | -oobs7 B0 00350 163 * "0ol81
* de Flaas, 1504. [
VISCOSITY OF MERCURY {Koch, 1881.)
Temp. -20° C. 0 20° 50° ‘ 100° 200° ! 300°

Viscosity (c.g.s.y 0186 ‘0169 0156 | oi41 | ‘o122 *um-x | 'o0g3
[ | |

i VISCOSITIES OF VARIOUS LIQUIDS (see Stockl in L.B.M.).
| | [

Substance. 0°C. ‘ 10° 20° . a0° | 40° ' 50° 60° |. 70°

Coo B

Methyl alcohol, CH,O |"o0813 | "00686 | ‘00591 | "00515 | 00450 | ‘00396 | ‘00349 | —
Ethyl » CyHOL'0177 |0145 |'0119 | ‘00989 | 00827 | ‘00697 | ‘00591 | 00504
Propyl ,, C,H,O|0388 |-0292 |"0225 |0178 ‘o140 |'0113 |'00glg| ‘00757
Isopropyl ,, .« «|0456 |'0324 |0237 |"©175 |'0133 |'ol03 |-008c4 “ooby
Ether (C,H,),0 . .|oo0z286| 0025800234 | 00212| —
Chloroform, CHCl; .| 'oo7o0 | 00626 | 00564 | ‘00511 | '00465 | ‘00426 | ‘00300 | —
Carbon tetrachloride . J"o135 |"o113 |['0090g 00841 | ‘00738 | ‘00653 | "00583 | ‘00524

— | — )

i bisulphide . .}'00429 | -00396 ‘00367 | ‘00342 ‘00319 — _— ] —

»  dioxide (lig.) .] — |'coc85 | ‘0007100053 — — — | =
Benzene, C,H; . . .|'0ogoz 00750 ‘00649 | 00562 | ‘00492 | "00437 | '00390 | ‘00351
Aniling, CCH,NH,. .| — |'0655 |‘o440 |'031g [‘o241I |-0189 |-0156 —
Glycerine, C;H,(OH); | 460 | 21'0 | &35 3°5 e — | = i
Bromine . . . . .l0126 [‘o111 ‘0099300898 |'0oB17 |00746| — —
Turpentine, dens. =87 | ‘0225 |-0178 | '0l49 |‘ol27 |‘Oloy |'00926|-coB21 ‘00728
Pentane (n), C;H,, .|0o283 | 00255 | 00232 | 00212 — — | = | =

Hexane (n), C.H,, .]'00396 | 00355 | 00320 | "00290 | '00264 *m241:'m:31.
Formic acid, HCO,H — |'0224 ('oL78 |-'0146 |‘o122 |‘ol03 | ‘0089 | 0077
Acetic acid, CH,CO,H] — — |'oI22 |‘olo4 |'cogo |'0079 |‘ooyo | ‘ooz
Propionic acid,C;H, O, 0152|0129 0110 | ‘0096 | ‘o084 |‘co75 |'0067 |'cobo |
Butyric » C,Hgz0,]| 0228 |'0185 |0154 |['0130 |'o112 |'0097 |-0o8:5 |-0O76
Isobutyric ,, LS o188 |[*ol57 | ‘0131 |‘o113 |‘oog8 |-0086 "m?gr ‘0068
Methyl formate . . .]°00429|°00384 |'00347 ‘00317 | — | =— —
Ethyl > .« .|'00505 | ‘00448 ‘00402 00362 ‘00328 | "00299
Methyl acetate . . .]'00478 | ‘00425 | "00381 | ‘00344 'mjlzi'mz&| — —
| | | |

Machine oil, «. 1/10% ; olive vil, "99/15% ; paraffin oil, ¢ 02/19% ; rape oil, 1'6/20°, |

—- - e
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VISCOSITIES

[P — = e —————— e S ———— —— P —

RELATIVE VISCOSITIES OF SOME AQUEOUS SOLUTIONS

| Strength of solutions 1 normal. Viscosities relative to that of water at same temp.
For a complete list, see Stiockl in L.B.M., and Moore, Phys. Kev., 1896,

Substance. Temp. %ﬁﬂﬂ:} Substance, Temp. ,ﬁ:ﬁ:‘i‘:;
Ammonia . . . .| 26°C. 1’02 Potassium chloride .| 17*°6C. g8
| Ammonium chloride 176 g8 Potassium iodide . .| 178 "l
| Caleium chloride .| 20 131 Sodium hydrate . .| 25 12
| Hydrochloric acid .| 26 107 Sulphuricacid. . .| 25 109

VISCOSITIES OF SOLIDS
Venice turpentine * at17>'3, 1300, c.g.5s. Shoemaker's wax tat 8", 47 x 10, c.g.5.
Piteh t at 0° 51 x 10"; at 167, 1"3 x 10". Soda glasst at 5757, 11 x 10"%;
Glacier ice, 1 12 x 10" 710°, 4 x 109
* R. Ladenburg, 1906. t Trouton and Andrews, 1904. i Deecley, 1908.

VISCOSITIES OF GASES AND VAPOURS

Clerk Maxwell showed in 1860 that, on the basis of the kinetic theory, the
coefficient of viscosity of a gas would be independent of the pressure, and would
vary as the square root of the absolute temperature. The first relation is true
except at very low pressures ; the second deduction is not supported by experiment.

Of the formule connecting gaseous viscosity (y) and temperature (), there are
the convenient but only approximate relation of O. E. Meyer, n, =, (I + af), |
where « 1s a const. ; and the less manageable but accurate formula of Sutherland
(Phil. Mag., 81, 1893), who, by taking account of the effects of molecular forces in
bringing about collisions which otherwise would have been aveided, derived the |

: e 1 sk (L
expression 2, =% ~5 = | 302 .
Sutherland’s constant. The formula only holds for temps. above the critical, and
for pressures such that Boyle's law is approximately obeyed. Sutherland’s relation |

g3
1s thus of the form (which lends itself to graphical treatment), 8 = h:] - C,where
K 1s a constant. (See Fisher, Phys. Kev.,, 1907, 1909 ¢f seg. ; O, E. Meyer's * Kinetic
Theory of Gases;” and Stéckl in L.B.M. For a bibliography of gaseous viscosity,
see Pedersen, Phys. New., 85, 1g07.) The values below are for dry gases.

, where # is the absolute temperature, and C is |

Gas or Vapour.]| Temp. . Observer. asor Vapour] Temp. . Observer. |
w10 H :_:,(;_10 ]
..:'L'JII' il . 5 I s I'::.I_F [ Breitenbach Nitmg{:n L E.: 166 ‘Ll:ll)crrnu}rer
0 173 » (1gO1) (contd )| 11 171 . (1876)
0 171 | Hogg, 1903 54 | 190 . =
0 [ 170 |G.&G*1908] Helium . 0 189 | Schultze, ‘o1
0 171 | Fisher, 1909 15 197 o
15 | 181 | Markowski 185 | 270 :
996 221 w (1904)I Neon . .| 15 | 312 | Rankine, 10
302 299 | Breitenbach | Argon . . 0 210 | Schultze, ‘o1
Hydrogen |-21 | 82 |, (1901) 16 | 221
' 0 86 # " 184 22 5
6 | B " » Krypton .| 15 246 | Rankine, '10|
299 | 106 " » [|Xenon. .1 15 222 @
302 TN SN i Chlorine . (4] 129 | Graham, '46
Oxygen . Q 187 |v.Obermayer 20 147 o
15 195 »  (1870) | Water(vap.) 0 go | Puluj, 1878
54 216 ‘ noom 15 97  K.&W. 11875

Nitrogen . |-21 157 - “ 100 132 M.&S.§1881

* Grindley and Gibson, I Kundt and Warbure, § Meyer and Schumann,
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VISCOSITIES

VISCOSITIES OF GASES AND VAPOURS (confd.)

Gas or Vapour.]| Temp. 1. ‘ Observer, IGM of Vapouar.] Temp. ! 1. ‘ Observer,
E 106 | . e Ll x10-¢
Mercury 0° C.| 162 "i 5. Koch, *83 | Carbon 99° C.| 186 | Breitenbach
(vap.) | 300 532 | & dioxide | 302 268 | , (1900)
380 656 I e Methane, 0 104 Ifnaham 46
Nitrous |-231 125 |v.Obermayer CH,] 20 120 | .
oxide 0 135 , (1876) | Ethylene, }—-21 89 | Breitenbach ;
- luu ISS L1 1] C:J'I-Il a ﬂ:’r | L} ] EIW[J
Nitric 0 165 | Graham, 46 15 fog (N ¥
oxide | 20 186 ,, 99-3 | 128 |
| Sulphur o 123 . Alcohol 0 83 | r uht}, I:SJ'S
! dioxide 20 138 o {vap.) ;g 89 2% a1
| Sulphuret? 0 115 i - L 042 ol 10 "
hydrogen | 20 130 b Lither (vap.) 13 &;} " N
Cyanogen . 0 95 I 73 ” "
i 20 I':..-I'r = 36 :'rg { b k]
” Chloroform 0 99 | Breitenbach
|Carlmu 0 163 v Obermayer (vap)| 174 | 103 | (1901}
| z > \ . 1 4
monoxide | 20 | 184 | ,, (1876) 61 189 i =
Carbon -21 | 129 | Breitenbach | Benzene 0 &y | Schumann
dioxide 0 | 139 »  (1901) (vap)| 19 79 » (1884) |
15 146 | 1] 1 lm 1 IE | I n [
* Extrapolated.
TEMPERATURE COEFFICIENTS OF VISCOSITY
Based largely on W. ]. Fisher's computations (ref. above).
Butherland’s Butherland's
! Consts. s |
Gas or Vapour. i _ :&i:r : Gasor Vapour. | o ;ﬁi’: .
H K C K ’
e e s |z4| 150107 'oo273 § Xenon . . . .|252 a46x107| —
Hydrogen . . .| 72| 66 — Water (vap.) . .] 72 - —-
Oxygen. . . .]127|175 , | co283fCarbon monoxide | 102|135 ,, |'002
Mitrogen . . .]1io|143 , |["o02069 i dioxide .Jz240|158 ., |'00350
Helium . « . .| do|1486 -— Nitrous oxide. .|313|/172 ,, |00345 |
by | T A e 5ﬁ| 2300 |4, — Ethylene . . 226 106 ,, |0o3%0
Argon . . . .|170|207 (.hlumfmm{mp} 4541189 e

Krypton. . . .]133/240 —

SIZE, VELOCITY, AND FREE PATH OF MOLECULES

p = density of gas in gms./c.c. at ©° C. N = number of molecules of gas per c.c.
and 76 cms. at 0 C. and 76 cms.

£ = 1 atmos. = 1'o132 x 10% dynes/cm.? ¢ = molecular diameter in cms.

= absolute temperature. mt =mass of a single molecule (in
R = gas constant. grams).
6 = b of Van der Waal’s equation (p. 34). G = square root of mean square mole-|
£ = thermal conductivity of gas (p. 52). cular vel. (cm./sec. at o® C.).
¢e = specific heat at const. volume {p 58]. £ = mean molecular velocity (cm./sec.).
y = viscosity of gas (p. 31). L = length of mean free path in cms.

Assuming a Maxwell-Boltzmann distribution of velocities—
G = +/3/(Nm) = #/3p/p = +/3R0 |
0 = 4G/4/6x = 921G

o L = y/{"31p81) 2'&211'.'"«,}."?
Collision frequency = /L = 5 x 10° per sec. for O,
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MOLECULES

SIZE, VELOCITY, AND FREE PATH OF MOLECULES (rond.)

MOLECULAR SIZE

The molecular diameter « has been calculated by the following formule ;—
I. The viscosity » of a gas is a function of the size of its molecules.

n = 44p0/(V 2N=a?) . . . Teang Xv= :'cgssz;'{NnJ:i‘
. The thermal conductivity, £ = 1'6nce = "158p00 Na®
oo = 11g6pGen/(NE)E
Van der Waal’s, / = 2«No¥/3 oo = 138/(2aN)d
4. Limiting density, r.c. density D of densest known form. o = {6p/(xDN)}

L]

e

The values of p and » used in calculating G and L below are given on pp. 26, 31.
. The values of « tabulated are mostly taken from Jeans’ “ Dynamical Theory of
| Gases,” or Rudorf (Phil. Mag., 1909, p. 795). Jeans takes N = 4 x 10", while in the |
| table following, the more recent value 275 x 10" has been used. |

Molecular diameter « deduced from

Mean free
Gas. G at 0° C. e e
path, L, " | b |Ete[=D)
_?I'I-III_FI_‘:_ €. . M. I T ] Y
Hydrogen, H,. 18'30x 10t [18'3 X 107% 2747 x 1078 2°40x 10~% 2'32 x 107F 2'gz2 X 107"
Helium, He .Ji3rr ,, 385 [ 218 -— | e gy
Nitrogen, Mo .} 493, | 944,350 5 | 330 5 | 353 o | 207
Oxygen, Oy .0 461 4 |9095 5, |339 w312 , | — |279 ,
Neon, Ne . . 5'6[ » (19°3 " e 7 I o L e
Argon, A . .l413 , (|00, |336 , =7 | | 286 , |443 u
Krypton, Kr .} 2086 , | 949 ,, — — il g ety
Xenon, Xe . .} 328 , |&561 — - 342 . | 488 .
Chlorine, Cl .l 307 , |4357 , |496 =08 B s | —
Methane, CH, | 648 , | 779 ,, — - — —
Ethylene, C;H, | 488 ,, 547 ,, | 455 , |468 , | — 526
| Carbon mon- | |
| oxide,CO .1493 , |927 , [350 , |331 » [ — =

{ Carbon di- !

oxide, CO, .| 392 62g L a8, | 432 | 3°40 \4'42 -
.f'n.mn'm:mt\iﬂn,t"lH_@J 628 : 695 . b o Re 5 S ane [RTRES
Nitrous oxide, '

.NgD CER A B 0 610 1 427 5 | 420 , | S '4'55 1)
Nitric  oxide, | ;

NO . . .l470 , 906 1 340 3 o, | ay ¥l

Sulph. th]ru.
ey HyS. .| 448 -, | 590 | -
Sulph. dioxide, i o l
ol i U e 457 — |
I-I}rdri:l: hloric ” < ! |
acid, HCl .| 430 , | 686 - | = — —
Water, B0 (708", | 733 |, |3o9 { == = 345 o |
| |
i

: The formule above assume the molecules to be spherical.  Sutherland (P
| Mag., 1910), adopting his formula (see p. 31) for the variation of » with temp., obtains |
the following values of . Unit, 10-% cm. i

B || a o, | W, |H,u‘1m | 6o | oo, | 0B, | o,

- ——— | —

2'17 | 1'92 | 2°66 | z2°71 z*;g! 3'33 | z*5gi 274 | 290 | 3'31| 376

I
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! CRITICAL DATA AND VAN DER WAAL'S CONSTANTS |
| Critical temperature, o, is the highest temperature at which a gas can ]J-ul
liquefied by subjecting it to pressure.
Critical pressure, #., is the pressure (of gasand liquid) at the critical temperature.
Critical volume, 7., is here defined as the ratio of the volume that a gas has at |
' the critical temp. and press. to that which it would have at 0o® C. and 760 mms,, i.e. it |
'is the volume of gas at 8. and g, which at N.T.P. would have unit volume. Some
writers take the critical volume to be the specific volume (c.cs. per gram) at €, and #.. |
. Most of the characteristic equations of state which have been proposed for gases |
take the form (@ 4+ a/:*){v — &) = Re, where p is the pressure,  the volume, @ the
absolute temperature of the gas, and R 15 the “ gas constant.” a expresses the mutual
attraction of the molecules. The “ covolume "’_-:‘Jr is proportional to the space occupied
by the molecules : Q. E. Meyer takes & = 44/2 (volume of molecules). Van der Waal
!asaumca a is constant : if this were true the constant volume and thermodynamic |
| scales of temperatures would agree—they do not, however (see p. 44). Joule and |
I'I‘hn}msc-n, Clausius, Amagat, and Berthelot, among others, regard a as a function |
|of @ (e.e. a= 1/8), and & as constant. |
| Assuming with Van der Waal that 4 and 4 are constants, the equation can be |
| regarded as a cubic in 7, which has its three roots equal at the critical point, whence
|:z = 27R*82/(642,.), and & = Ra./(84,). -
. The values of & and & below are largely from Rothe (L.B.M.). Taking pressures
in atmos., and the volume of the gas at o® C. and 1 atmos. as 1, R = pufo = 1/273.
| In these units, & is in terms of the volume of the gas at o® C, and 1 atmos.
Example.—For CO, #. = 73 atmos. and 8 = 273 + 31'1 = 3041, whence
&= 304'1/(8 % 273 % 73) = "vo1g1 of the volume of the gas at o® C. and 1 atmos.
See Preston’s “ Heat,” Nernst's “ Theoretical Chemistry,” Young's * Stoichio-
| metry,” Berthelot { Trav. ef Mém. Bur. Intl., 1907). * Indicates calculated values.
|

|
Critieal Van der Waal's |
Bubstance. : — Observer. |
Temp. 6. ';.Pmln.p.-| Vol. ©. gt b |
| atmos.
Hydrogen. . . . .}J-234%5C. 20 -I'ﬂuzﬁ4" rooo4z 00088 |Olszewskl, ‘95 I
Oxygen. . . - . -§—118 50 |oog26*fooz73  [ooi4z |v.Wroblewski, 85 |
Nitrogen . . . . .|-146 33 [|oosi7%fooz259 [o00163 X W
] R S SR ) 30 [oo468*oo257 [00156 |Olszewski, 84
Helium. . . . . .]—268 23 |'oozgg*poooobi s "oooggs | Onnes, 1908

Neon . . . .« . JJ=s-—210 |

Argon . . « » o+ s|l=1174 52'9 [oo4o4*feoo259  oo13s || Ramsay and |

Krypton . . . . .] =625 543 [00532*o04b2  [oD178 Travers, 1900 |

XeOoN . . . i s 14°7 572 [0obg* ooB18 [oo230 | i
93°5

Chlorine . . . . .] 146 | oob15*fo1o63  |'oo205 | Knietch, 'go
Bromine . . « .« ] 3c2 131 % ['oobo5 fo1434 [ocoz0z |Nadejdine, '83
Water . . . . . A 36z | 1946 00386 o118 |oo150 |Battelli, ‘go :
Hydrochloric acid . . 523 86 |oo52* foobg7 |oco173 |Dewar, 1884 |
Carbon monoxide . .J—141°1 35'9 0050500275 |'0o168 |v.Wroblewski, '83 |
Carbon dioxide . . . 311 73 [|oobb fooyi7 [oolgl |Andrews, 1869
Carbon bisulphide . .| 273 | 7220 | ‘02310 |'oo343 | Battelli, 1890
| Ammonia, NH,. . .| 130 1150 [oogl1*Poo7of  |oo161 | Dewar, 1884
Nitrous oxide, N,O0 . 388 77'5 |00436 Jooyio |oo184 |Villard, 1894
Nitric oxide, NO . .| —g35 71°2 'oo347*o0257 [oo116 | Olszewski, 85
Nitrogen tetroxide, NOJ 1712  |147* |oo413 Joo7sh  |oo138 |Nadejdine, '83
Sulphuretted hydrogen] 100 887 loos78*ooBiE  |loo1g3 |Olszewski, 'go
Sulphur dioxide. . .| 1554 7849 |oo745%01316  |o0249 |Sajotschewsky,’78
| Methane, CH, . . .| —955 50 |'0o488%foo357 o162 |Dewar, 1884
Acetylene, C;H, . .| 36 616 |'oobg* foo88o |oozjo |Mackintosh, 'o7
Ethylene, C,H, . . . 10 517 |'oo752*foolyy |oozs1 |Olszewski, 'g5 !
| Ethane, C,H, . . .] 34 so'2 |ooB39*torobo  |oo28 = w |80
| Ethylalcohol,C,H,OH] 243 62'7 |ooy1 foz407 |o0o377 |Ramsay & Young,
Ether (C;H).0 . . .| 107 358 o158 fo3406 [ooboz |Battelli, ‘g2
Chloroform, CHCl; .| =2 540 (0133 fozo3  [oo445 |Sajotschewsky,’78
Aniline, CCH,NH;. .| 4256 523 [0183* fos282 [oob1l |Guye& Mallet,’oz
Benzene, CgHy . . .} 2885 | 479 |o161® fo3726 |oo337 |Young, 1goo
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DIFFUSION

DIFFUSION OF GASES

The Coefficient of diffusion, 1), is the mass of the * diffusing ¥ gas which crosses
unit area in unit time under unit concentration gradient ; the dimensions of the coefficient
are cm.” sec.”!, D is inversely proportional to the total pressure of the two gases, and
roughly proportional to the square of their absolute temperature. Total pressure
1 atmosphere. H,—0, implies that H. is diffusing into O..

(See Meyer's “ Kinetic Theory of Gases,” and v. Steinwehr in L.B.M.)

. B Gas = | D into

Gases. t* €. D Gases. 1> €. D {‘I.‘r'inkr:]m:ml:l:l. :! u'l = ey
: Air.| CO, H,
H.,—0, 0° 677, 0.JCO—H,; . 0° 642, L Formic acid .| O0°131 088513
H.—0, 0 681, 0.]JCO—C,H, 0 |'101, O. Acetic . . .| O ['106 071 404
H,—CH, | 0 +625, O. Propionicacid| 0O o82 0383206
H~CO . 0 -649, 0.}CO,—CO O |"131, O. Butyric acid . | © o33 ‘037 201
H,—CO,. 0 538 O0.|CO,—CO 0 ‘141, L. [sobutyric acid O o7 |'047 271
H,—C,H, © -483 O.JCO,—Air | O |-142, L. Me. alcohol .| © 132 '088 500
H,(—N.O | 0 535, CO,—CH, O ‘146,0.;"16,LJEt - .| O 102068378
CO,—0, 0 418, L. Pr::rpa;ln];:ﬁlml' 0 ‘080 038315
0,—N, 0 171, O.]CO,—N, 0 O '1, L.; "15, O. | Buty w +| O [068 048|272
O,—H. 0 -722, L.|JCO—H, | 055, " o 99 ‘lztii'nﬂﬂ *504
H,0—CO,/ 18 ‘155, G.JAir—0; .| 0 |"178, O. Benzene . .| O |o75 053|204
H,0—Air, 8 ‘239, G.JAir—H,; . 17 |66, Sc. Me. acetate 0 084 056328
H,O—Air 15 -246, G. Et. formate 0 085 'o57"336
H,O—Air |18 248 G.JCS5,—Air O |1, 5. : Et. acetate .| O |o71 049273
H,O—Air 0 -z203, H. Et, butyrate . | 0 057 'o41 |22
Et.ign-hm}-mml 0 |'055 [o40 |'2:4

G., Guglielmo, 1884 ; H., Houdaille, 18¢6 ;: L., Loschimdt, 1870 ; O., v. Obermay.r, 1887 ;
5., Stefan, 1879 ; Sc., Schulze, 1897,

DETERMINATION OF ALTITUDES BY THE BAROMETER
CLt, = Hy)

H, + H, ’
barometer reading at lower station, H, at upper station. If altitudes are in metres, and
barometric heights in mms.,

Babinet's formula (Compt. Rend., 1850) is, Altitude = where H, =

C=323500+4+4)
where £, and £, are the corresponding station temperatures (° C. ).

In the table below the mean temperature, (#, + £,)/2, is taken as 10° C,, and the baro-
| metric height at sea-level as 760 mm., so that alitudes are in metres above sea-level,
The values are of course only approximate. Babinet’s formula is not applicable to very
great altitudes.

.i.ltituﬂal 0 100 200 300 400 500 600 700 ' 800 I 8900

melres. LT i, M. Ima LIRERLTS M. . LIANEIH i .

760 75T | 742 733 | ™ 716 707 | 609 690 b82
1000 674 666 | 658 650 | 642 635 627 620 612 603

THICKNESS OF THIN METAL FOIL

, Approximate thickness of the thinnest beaten metal leaf at present commercially
| obtainable. Unit 107% cm.

Metal. Al e D v A Ag

1
1
— —— e —
| ' |

zﬂ;34'3|25:z:

Dutch metal. | (Cigarette paper.)

——— o

1o 2500

: Thickness
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SURFACE TENSIONS

g SURFACE TENSIONS
I In dynes per em. (A) indicates liquid in contact with air, (V) indicates liquid in
| contact with its vapour. The surface tension of a liquid varies somewhat with the
age (and contamination) of the surface.
Temperature variation. It follows from E6tvos' rule, that the surface
| tension T at temp.  is approximately proportional to (7. — #), where . is the critical |
| temp., the constant of proportionality being much the same for chemically similar |
| substances. The surface tension at # is zero. (For critical temps. see p. 34.) |
' See Poynting and Thomson’s * Properties of Matter,” and Meyer in L .B.M. ,
WATER (f. = 365° C.)
ratisoe|  Methed. Observer. Temp. (4. T,T, |Temp. (9. T,/I,
dynes per cm. |
72'8 (A) Vibrating jet | Bohr., Phil. Trans.,'og 0° C.| 1ro3o 60° C. 'goI
74'3 (A) | Vibrating jet | Pedersen,P.Trans.’o7] 10 ['olo 70 ‘B76
| 74'2 (A) | Capillary waves | Kalihne, Aan.d. Phy,|] 156 1'000| 80 851
738 (A) | Hanging drop | Sentis, 1897 ‘oz 20 OGO 90 ‘827 |
| 73'3 (A) | Tension of film | Hall, 1893 : 30 g7o | 100 o |
i 743 (A) | Capillary waves | | Rayleigh, PAdl. Mag., 40 | 997 |120 75
| 733 (A) | Capillary tube | Volkmann, 1895 50 ‘gz5 | 140 e
| 71°4 (V) | Capillary tube | Ramsay & Shields, 93 [ ————— :
| 77°6 (A) | Pull on ring Weinberg, 18g2 Ramsay & Shields, '93 ; \ olk-
; mann & Brunner -
j ' Surf.
Substance. Temp. (2). Method Observer, [
Tana [
=8 b E | lI}'“E'\ T =
INORGANIC. Ferne
Cadmium . . . . .JCO,| Molten | 693 Weight of drop Quincke -
e e AL S [ lﬂ'?ﬂc'{.‘.g 612 Curvature of drop |Heydweiller, '98
Lead . .. . JCO,] 385 | 473 Capillary waves |[Grunmach
Mercury ( I,= ]n ,‘.-'gf:l A | 175 | 547 Capillary tube Quincke
Potassium . . - JE0,] 58 | 364 Weight of drop -
Sodium . . CO, 20 520 - ¥ R :
Sulphur (M.P. Il } A 160 50( Press.reqd.tobub-)|Zickendraht, o6 ;
i R J A 250 | 118! Dble airfrom r.::!.p.l and Quincke,
i .. [11. P A 445 44!! tube thro’ liguid ‘o8 i
Liguid oxygen . J A | -183 3'1  Capillary waves Grunmach, 19ob |
;s  hitrogen . . .J A |-196 | 85 i 5 o 1906
» Ditrous oxide. .] A - 894 263 . = W Ic
| Nickelcarbonyl,Ni(CO),| V 19'8 142 Capillary tube Ramsay and
i . Shields, 1893 |
Ammonia soln. (@ = 'g6)] A 15 647  Vibrating jet |Pedersen, 190y |
| Sulph® acidsol. (@ =1"14)] A 7 T T ” 1907
| Other solns. (see below) | ' |
| CARBON COMPOUNDS. ‘ ' | ‘
| Acetone, (CH4),CO . .J V 168 123'3 L.lp!“d?’}- tube =[Rams:r,}- and |
: V "?E S lise | a 5 Shields, 1893
| .tf'.l:ﬁ.'l;lic ECiEI* CHSC'DHII Jd V 235 | T 33 11 1
V SDD 1'16 1 1 L L
Alcohol—methyl, CH,O| V 20 23 i A » "
| \'4 200 | §°2 33 3 L2} L
—ethyl,C;H,OH| V 20 |220 % i 2%
(T, =T, - 'o-:;azf} " Vi 150 o5 | = = " "
—propyl (), V 164 238 | R | " 1
C H1 v 78:3 1% il | 1 | 1 1
Aniline, C,H,.INH, . A 15 430 |V:hr.=.ung y_t Federsen, 1907
Bﬂnzene C H, En"j A 17'5 292 |Capillary tube Volkmann
|: i l.- = |‘|
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SURFACE TENSIONS

- | gurf. | '
Bubstance. Temp. (¢).  Tans. Meathod. Observer.
| | I |
'CARBON Ei:'mi F;nuﬁﬁs_'.. dynes l'_ -
caw i, CiM.
Butyric acid, C,H,CO,H| V | 15° C. 267 |Capillary tube {Ramsn}' and
vV | 132 16 4 % % Shields, 1893
Carbon bisulphide . V| 194 (336 ” " " "
! v | *5.1 Izl.}l"; LE " th ] LR
Carbon tetrachloride. .| V | 20 [25°F o ,. = =
v i 250 | 93 1 18 " L1
Chloroform, CHCl, . .] A | 15 272 ” 1 Kaye, 1903
Ether (ethyl), (C,H.),O.] V | 20 16°5 ,, s Jaeger, 1892
':T Tn- “3” e oV 150 29 | 13 1 L1
Eth}"l acetate, Vo 20 '23"5 ¥ 1 2]
LH;CD C,Hs| V| 100 (14 " 1 "
'["armm acid, HCOOH .} V | 17 |37°5 % 4 {Rzung:ty and
V| 80 1308 = & Shields, 1893
Olive o1l (df20° = "g1) .| A 20 132 |Curvature of drop |Magie, 1883
Paraffin oil (£ ="847) .| A 25 |26°4 | Capillary tube Frankenheim, '47
Propionic acid, C,H,0,] V | 166 260 - G {Ramsw and
V | 132 15°5 = o Shields, 18g3
F’yridinc o0 172 - NSRS i 175 [3167 | i 3 {Dutoit and Fri-
Vv 91 265 | L \ derich, 1900
Tuluene C;Hy-EH, A 15 |28 E Vv rhrltmg]nt l’edcrﬁcm 1907
Turpn::nn'ru::.r L,.;,Hm A 15 IE? 3 |Capillary tube Eaye, 1903
| SURF. TENSIONS OF SOLUTIONS | g\,pracE TENSIONS AT INTER-LIQUID BOUNDARIES
The surface tension of aqueous T R
| salt solutions is generally greater T '
| than that of pure water. Daorsey Liquids at 20° C. i-ﬁﬂﬁnﬂn Obrerver.
(Phil. Mag., 1897) has shown | e P [ ) S e S—
T.=T+A.xn Water-benzene . . .| 336 | Pockels, 1899
T, is the surf. tens. of a sol. of » Chloroformt . 2’5 | Quincke
n gram — equivalents per litre, » ether . . . . 12'2 i+
T that of water at same temp. w Oliveoil . . 206 e
- » paraffin oil . . 483 Pockels, 1899
Balt. A. Mercury-water ’ . .| 427% | Gouy, 1908
S = = alcohold . .| 3 Quincke
i E&?l i :;? »  chloroformt . 339; ‘s
iEEH&{E]an) b f?; * Diminishes with time. t Density = 1°49.
) S B R T § Deusity = 75

ANGLES OF CONTACT BETWEEN GLAS3 AND LIQUIDS
Angles of contact vary largely with the freshness of the surfaces in contact.

| Liquid. Angle. | Cbserver, Liquid. Angle. | Observer.

|

| Mercury . . .| 352°40" %] QIHIILLE Acetic acid . .| 20° | Magie, '88
Water . . . .| 8%-g° | Benzene . ., . o® I o

| Water . . : o’ t ‘k'l.-:ll:-crl'un:ﬂ Paraffin oil . . 26° | H

| Methyl alcohol . ; o Magie, 38 Turpentine . . e | i

| Ethyl alcohol. .| o | "

! Ether .. : + | 16° [ 5 * For freshly formed drop, 41° 5'.

| Chloroform . . o | e t Glass quite clean.

The angle of contact of water against different metals varies between 3° and 11°.

SIZE OF DROPS AND THICKNESS OF LIQUID FILMS
Reference may be made to the writings of ]J. J. Thomson (* Conduction of
Electricity through Gases ™), C. T. R. Wilson, Laby (Pkil. Trans. A, 1908), Reinold
& Riicker (Phil. Trans., 1886), Lord Rayleigh, and Johonnot (P4l Mag., 1606).
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HYGROMETRY

RELATIVE HUMIDITY AND DEW-POINT
[#)e

Relative humidity = e 1co, where [#] 15 the actual pressure of water-vapour

at temperature /7, and is equal to [#[, , the saturated vapour-pressure at the dew-

point (f) ; [ #] is the pressure of saturated vapour at #°. For a table of saturated

| water-vapour pressures, see p. 40. (See “ Smithsonian Meteorological Tables.”) |

Percentage relative humidities for different dew-points and (lf:u—puml depressions I
| are tabulated below.

Dew-puint ]Japrmmn of dew- pl:rint = { __h?ﬁ}___ gt 1o
- loc|1 |2 304 5°| 6 70| 8 9°]|10]127 14" 16° 18

| —18°C. | 100 | 92 ﬂ’|?€l 73167 | 62 55"553 49 | 46 39'34 2g | 26

g 1co | 93 | 87 | 81 | 75 | 70 | 65 | 61 | 57 | 53| 50|44 | 38 | 34 | 30

+ 10 10094 |88 |82 | 77 1 72|68 | 64|60 |56]53])47 |41 | 37| 33
20 100 |94 89| 83 787470 66|62 58550404439 35
30 100 | 94 89 | 84 [ Bo 7571 68 ' 64 |61 |57 |52 |46 | 42| 38 |

WET AND DRY BULB HYGROMETER

Apjohn (1835), August (1825), and others, by making various assumptions |
(some of doubtful legitimacy), have derived formula of the type-—
(2], — (£} = AH(Z = 7.) [1 + B¢ - 4]
where 7 is the temperature of the dry bulb, 7. that of the wet, [ #]; is the actual
| pressure of water-vapour in the air (at temperature /), [#]. is the saturated vapour
pressure of water at the temperature (7.; of the wet bulb, H is the barometric
height, and A and B are constants. (See Preston’s * Heat.”)
The indications of this hygrometer are so dependent on its environment that for
most purposes B may be taken as zero, and H as constant, say 760 mms.
If H is measured in millimetres, and temperatures in Centigrade degrees, the
following values of A are suitable for the contlitions mentioned :—
A = ro007 if wet bulb is caused to swing for a short time.
A = 00075 in a Stevenson screen as used by Meteorological Office.
A = 'ooo8 in open air with slight wind. .
A = '0009 In open air with no wind. .
A = ool in a small closed room.
Rizzo (1897) takes A = "ooo75 and B = —-008, and the table below is derived
by employing these values. [#]) can be got from the table of saturated vapour
pressures on p. 40, and thus the desired vapour pressure [ #] can be determined.

VALUES OF [ ] — [#] (Rizzo)
o Difference of temperature of dry and wet bulb thermometers (£ — 2.).
ket TR o 000 [N P e O B ) i
. L LN | mm. i, I'Ii:|1._ | LIEELIN EELIELE ™ -I:l;”-.r_l bR LR LA LI ! ||||1|--_
770 57 ! 113 169 | 223 | 278 | 330 | 381 | 432 | 497 | 5731
760 56 | 112 | 167 | z'20. | 274 | 325 | 376 | 427 | 475 | 5'24
75’0 55 151 |[:.|5 E']'I.'l' 271 | 3'1[ 3?]’ 421 46[} 5!?
730 54 108 | 160 | 2712 | 263 | sz | 361 | 410 | 456 | S03
700 | 52 | 1ro3 | 154 | 203 | 252 | 300 | 346 | 393 437 | 482
870 | so | 99 | 147 | ros | 242 | 287 | 332 | 376 | 419 | 462 |
1iec] aa° | 18 | dee | 152 | 2w | 37 | 18° | 29° [[90P
770 | 578 | 626 | 672 | 717 | 762 | 806 | 847 | 880 | g30 | 969 |
760 | 57t | 618 | {16* 708 | 752 | 708 | 836 | 877 | 918 | 56 |
750 563 | 609 | {134 608 | 742 | 784 | 325 | 566 ' gob | 944 |
730 548 | 5703 | 637 | 670 | 722 | 763 |'Bo3 | 843 | BBz | puib
700 526 | 560 | 611 | 652 | 693 | 7232 | 770 | 808 | 8§46 | 8§82 |
670 | 503 | 54t | 584 | 62y ' 663 | yor | 737 | 773 | 808 | 843 |
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WET AND DRY BULE HYGROMETER {mmdj ;
GLAISHER'S FACTORS i

Mr. Glaisher, in 1841-3, took many thousands of observations with the wet and dry |
bulb hygrometer in Greenwich, India, and Toronto, and from simultaneous readings
of a Daniell’'s hygrometer (now recognized as being an untrustworthy instrument)
drew up a table of * factors.”

The factor (/) at any dry-bulb reading is defined by

depression of dew-point = ¢/ = £, = f({ = 1)
the notation being as above. Glaisher's factors are employed by the Meteorological
Office and the Meteorological stations in this country. The hygrometer readings
are taken in a Stevenson screen, which is essentially a box with double louvred sides.

The factors for a ran?c of dry-bulb temperatures are tabulated below. The
formula above yields the dew-point; and the saturated vapour pressure at the dew-
point gives the actual vapour pressure at /°,
pres:ures, see p. 4o.

For a table of saturated vapour
(See * The Observers’ Handbook,” Meteorological Office.)

' |

| T”aﬁpnﬂ:‘ ghfa g miral 5| el vl | e

| - 11!.'!!j C.| 876 | 873 | 855 | 826 | 782 | 728 | 662 | 577 | 492 | 4704

, 332 | 281 | 254 | 239 | 231 | 2020 | 221 | 2717 | 213 | M0

I -I—ID 206 | 2002 | 1'gy | 195 | 192 1'8q | 187 | 1’85 | 1'83 | 181
179 | 177 | 175 | 1774 | 17z | 170 | 169 | 168 | 167 | 166
165 | 1 | 163 | 162 | 161 | 160 | 1'59 | 1'58 | I'57 | ¥'56

CHEMICAL HYGROMETER

The values below are grams of water vapour contained in a cubic metre (10° c.cs.)
: of saturated air at ; 60 mms. total pressure. Calculated from Regnault’s observations.

| Temp. | O 1 2 3 4 5 6 % Bala® |
O°C.] 485 18| 554 | 592 | 6330 676 ] 722 | 770 | g2 S'?ﬁ_ |
10 933 | 003 | 1057 | 1125 | 1196 | 12771 | 1350 | 14°34 | 15722 | 16°14
20 17712 | 181y | 19022 | 20035 | 21°54 | 22°80 | 24711 | 2549 | 26rg3 | 2845
an 3004 | 3170 | 3345 | 3527 | 3718 | 3918 | 413 | 43’5 | 458 | 482 |
TENSILE STRENGTHS OF LIQUIDS

1892

acid 12 atmospheres.
and 1-7 % for ether have been obtained.
the same for extension as for compression.
: Dixon, Prec. Roy. Dub. Soc., 1909 ; Herlheint, Ann, Chim, Phys., 30, 1850 ;
Poynting and Thomson’s * Properties of Matter.”)

Liquids perfectly free from air can sustain considerable tension without rupture,
¢.¢. water can withstand a tension of 5 atmospheres, a.[cuhcil 12, and strong sulphuric
Extensions of volume of o8, for water, 1°1 %, for alcohol,
The volume el.ﬁt:uty (p. 2-:)} of alcohaol i ls
(See Worthington, Phil. Frans. A.,

EURSTING STREMGTHS OF GLASS TUBING

Bursting pressures in atmospheres for German soda glass tubing. Most glass-
tubing 15 in a state of considerable strain, and a factor of safety of not less than two

should usually be employed.
con. A&, Wel.,, Amsterdam,
between 12 and 24 atmospheres.

(Roebuck, FPhys, Kev.,

1909 ; and Onnes and Braak,
19o8.) Ordinary boiler water-gauge glasses stand

Thickness F fBur__-a_ : Binig T .1
| of Wall. e 9 q 4 5 6 7
I s, . | ]
1 mum. . 310 280 230 220 150 | 150
2 570 —_ 340 —_— 330 240 220 |
3 560 420 460 400 - — | ‘z30
A, o 450 — FTie) 110 j2o | 280 |
! |
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VAPOUR PRESSURES

Inter- and Extrapolation of Vapour Pressures.—The Kirchhofi:Rankine-
Dupré formula, log # = A 4+ B8 4+ C log 8, where # is the vapour pressure, @ the
absolute temperature, and A, B, C are conitants, i1s accurate and convenient (e.g.
see p. 41). For values of A, B, C, see Juliusburger, Ann. d. Phys., p. 618, 1g00.

amsay and Young's Method.—If two liquids, one at absolute temperature #
and the other at &, have the same vapour pressure, the ratio 8/¢', when plotted
against @, gives a straight line. This method may be used to find roughly the
vap. press, of a substance at any temperature when only its boiling-point is known.
Interpolation by Logarithms.—The curve of vapour pressure (#) against
temp. (/) is approximately hyperbolic, and thus log # plotted against # gives a
graph of slight curvature, which over 10° intervals of # may, for approximate work,
be regarded as a straight line : thus the following method of interpolation :—
Example.—Required vap. press. of water at 15°, given

4 b4 log #
10° T : ‘gby4 + 1°2 '
20° [?.5 IO?E‘; 964 2 i 1'104 = log 12°7; fe. P at 15° = 1277,

actually it is 12°8.

VAPOUR PRESSURE OF ICE

In mms. of mercury at o® C.; g = 980°62 cms. per sec.? ; hydrogen (const. vol.)
scale of temps. (Scheel, and Heuse, Reichsanstalt Ann. 4. Phys., 1909.)

Temp. . .|-50°C. -40° @ -80° | —-20° | —10° | -5° | -2 | ¢°
Vap. press, | ‘030 mm, 00 288 | 184 1'963 jo2z | Sbh.‘i :1'5-?9

(SATURATED) VAPOUR PRESSURE OF WATER

In mms. of mercury at o® C.; g = gB80'67 cms. per sec.? Thermodynamic
scale of temp. (see p. 44). From —20° to o° the observations are due to Scheel
and Heuse (z. ice); from 0® to 50°% to Thiesen and Scheel ; from 50° to 200° to
Holborn and Henning, Reichsanstalt (dnn. . Phys., 26, 833, 1908). For vapour

| pressures at temps. near 100° see also the table of boiling-points on next page.

Vap. press. at —20°C., 'gbomm.; —10°, 2'160; —5°,3'171; —2° 3958; —1°, 4'258.

B R R SR SR T

0°C.| a579] 4924| 5200 5681 | 6007] 6541 | 7011 | 7511 | 8042 8606
10 9°205 g'gw 10°513 | 11°226 | 11980 | 12770 | 13°624 | 14°517 | 15°460 | 16°456
20 17°51 | 1862 | 1970 |21702 | 2232 23'69 |=2513 |26'035 iﬂ§-=5 2004
30 U7t | 33'57 (3553 | 37759 [39°75 |43702 J44'40 | 46'90 |49°51 | 52726

0 9 A | 8§ | 10| 12|14 |16 18

40 5513 6130 63'{}5: 75'43| 83'50]| 92'30]101°g | 1123 | 1236 |135'Q
60 1492 | 163'6 | 179'1 | 105°0 | 214'0 [233°§ |254°5 |277°1 | 301'3 | 327°2
80 355°1 | 384'0 4167 | 4508 | 4871 5258 | 5671 | 6110 | 6577 | 7O7°3
100 760'0 | 8150 | 8751 | 0370 1004|1745 :mgi 1227 | 1310 | 1397

120 1480 1586 : 1687 1705 1907 2026 2150 | 2280 2416 | 2560

140 2700 zﬁlﬁﬁ | 3030 | 3202 | 3381 | 3560 | 3764 | 3068 | 4181 4402
. 160 4633 | 4874 | 5124 | 5384 | 5655 ) 5937 | 6229 | 6533 | 6848 | 7i75
| 180 7514 | 7866 | S230 | 8608

Bgg0 | o404 | o823 | 10256 | 10705 | 11168
200 11647 12|42j:2653 — i ks — | = g -

(Battelli, 1892.)

Temp. . .| 220°C. | 240° | 260° | 280° | 300° | 320° | 340° 360°

Vap. Press. | 17,380 mm. | 25,170 35,760 @ 50,600 | 67,620 38,34u|1|3,330 141,870

Interpolate logs of vapour pressures as explained above.
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BOILING-POINT OF WATER UNDER VARIOUS BAROMETRIC
PRESSURES
Hydrogen scale of temps. Pressures in mms. of mercury at o® C.; g = 98062

cms. per sec.’ (Regnault's measurements ; reduced by Broch, 1881 ; recalculated
| by Wiebe, 1893.)

B | onbataloss sl sl s e fua s | o
h{:r | [ 1 |
680 mm. | ob'gr| of9s| 9700 9703 o7o7| 97°11| 9715 97°20) 9724 o728
690 97:33] 36| 4o 4| 4L c5al o 'S0 Sl 63| 0f
700 9771l ‘75| ‘79| -83| By| et} 95| ‘99| 9803} 9807
710 oS 1t o814 o818 of22| o826] 9830] 0834 o838 42 ‘a8
720 98 40 ‘53 57 61 6 "6 Lo [ T *Bo 84
730 95881 o1 95| 90 g9go3| 99o7| 99'10| 09'14] 0918 gg22
740 90'25| 09'29| 90°33| 9937 -an| ‘a4] 48| -5z} 56 50
750 g963] 67| ~-yo| ‘74| 78] Br] 85| -39l ‘93| g6
760 100°00 | 100°03 | 100°07 | 100°11 | 100715 [ 100' 18| 10022 100°26 100°29 | 100°33
770 10037 40 44 47108 =ex ‘25 58 62| ‘66| +69
T80 10073 2 20 "84 ] g1 94| o8 101'0I|101'0%

VAPOUR PRESSURE OF MERCURY

In mms. of mercury ato” C. Reduced from the observations of Hertz, Ramsay and
Young, Callendar and Griffiths, Pfaundler, Morley, Gebhardt, Cailletet, Colardeau,
Riviére. For interpolation from 157 to 270°

log f = 1524431 — 3623932(8 — 2:367233loge . . . . . . (A)
From 270° to 450°

log # = 1004087 — 3271°245/0 — *7020537 log @

:f at the boiling-point = 13°6 mm. per degree (Laby, Phs/. Mag., Nov., 1908).
T Vap. T Vap. Vap. | Vap. Vap.
CMP. | Press. | 1®MP-  Press, | TOMP.  Pregs, | TOMP. | Pross, | TMP- | Press.
o M. II11|=';- i e _.mm. 2| | R I!ll:ll- 1 :.Hﬂ'm-u
0°C. roco16*| 25° | roo168 60° ‘0246 | 260° 75831 500° 5
5 'c0026* | 30 0oz57 | 80 | -o885) 300 2486 | 600 22°3
10 00043 35 00387 | 100 | 276 | 8667 @ 760 700 50
15 '0006G 40 oo574 | 160 | 288 400 1566 800 102
20 '0o10g 50 0122 200 | 17°81 450 3229 880 162

* Extrapolated by formula A. !

VAPOUR PRESSURE OF ETHYL ALCOHOL

Vap. press. in mms. of mercury at o® C. Calculated by Bunsen from Regnault's

n_esults (1862), which are in good agreement with the mean of those of Ramsay and
Young (1886), and Schmidt (18g1).

Regnault, Vapour press. at —20° 3'34 mm.; at —10°, 647 mm.

Temp.| 0 e TRVl I o I 5 6 q° s e
0°C.] 5273 | 1365 | 146 | 15'50 | 1662 | 177 | 1884 | 2004 | 21°31 | 22766
10 2408 | 2559 ' 27'19 | 289 | 307 326 | 386 | 368 | 390 | 414
% 440 46'7 © 49’5 | 525 | 5577 | s9'0 | 62’5 | 6672 | 70°1 | 74'1
4 - E —= - = 0 e =3

{Ramsay and Young, 1886.)
Temp.| 30°C. 40° 50° | 60° 70° | 80° | 100° | 120° | 140° | 160°

Press. | 781 mm. |3_;'_4 2198 3.51;1'2 5q;t | S12 | 1692 | 3220 | §670 .93?1:.

Interpolate logs of vapour pressures as explained on p. j4o.
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Lem -
dubious.

I mm. Hy = 13332
(M) £=temp. In °C,;

VAPOUR PRESSURES OF ELEMENTS

dynes per sq. cm.).

() solid;

f = vapour pressure in mms. of mercury at o® C. lat. 45° and sea-level (g = gBo62) (fe
If followed by af, # 15 in atmospheres; @ = absolute |
(&) liquid.

The thermometry is in many cases somewhat

Interpolate logs of vapour pressures as explained on p. 4o.

Interpolate logs of vapour pressures as explained on p. 4o.

Argon . ; t -121* C.-1286 -120'6 -1344 -1351 -136:2 -1383 -1391 =
(Oszew «I..L, l*uh] son6 at. 380 358 2008 200 2773 25'3 23°7 —
Argon . 27870 A, 860 979 1073 1556 = crit. temp. —
Erypton QO 10%5 A, 1213 1352 1478 — 2105 = crit. temp. -~
Xenon . 0148°9 A, 1639 1829 1996 — —  2BT7-8 =ecrit. lemp.
llul'ﬂﬂ} & .lr"l.\:l"\-] 300 mm. 760 2000 4000 40,200 41,240 43,500 — o~
Bromine . | . ot -16°6C. -120 -50 82 169 234 405 519 587
(Ramsay & "rmm-br, ISE!'JJ [P 20 mm. 3o 50 100 150 200 400 oo 760
Chlorine . . -80°C. -60° -40 -336 -20 0 10 20 30
( Knietsch, ISt}U} P G2°5 mm. 210 560 60 TG4 at. 360 4'05 662 575 |
Iodine (Baxter, Hickey, ¢ 0°C. 15 30 55 85 17 137 1609 1853
& Holmes, 1907) P ‘o3 mm. 131 " 460 308 20 100 200 400 760 .
Hydrogen (Travers & Jt-258%2C. -256'7 -2556'T -255'0 -264-83 -258-7 -2563-2 -2562'0 H. Scale |
Jaguered, 1go0z) . ! !j_) 00 mm. 200 300 400 500 6o 700 760 =
Helinm . ., i - —— -— - I Neon (Travers (815765 ;\.{;]294[;‘}} He
(L F]I:I:u_.':{, ]:-:__p:;lti] e ‘-rf;r; LT, —— — —_ & Jﬂl]“'-‘m'dt 'oz) 24 mm. 128 Scale
Mereury . . . . . .| Seep. 4L | RBa. Emanation | |  See p. 103,
Nitrogen (Baly, 1900 . .0 62°5A. 678 724 773 80 83 86 89 o
Fischer & AlL, It,ru"] - P 86 mm. 200 400 760 tony 1386 1880 2463 2916
Oxygen (Jaque md Imu:., 0 79°1A. 821 844 863 879 893 0901 906 Il Scle
& =enter, 1902) . .[p 200 mm. 30O 400 SO0 Goo 700 ALY Soo =
Phosphorus it} 1657 C. 170 180 200 209 218 226 230 2878
(Schritter, 1848) 120 mm, I73 204 266 339 339 393 514 760
Sulphur (Ruff & Graff, '0$; Jt| 50° C. 100 147 21 400 4445 St/fp = o™ ocofmm. near
b, 1899 ; C., 1859) ‘Co0} mm. 0089 Clg2 314 ¢ 372 760 | B.E. (zec p. 50
VAPOUR PRESSURES OF COMPOUNDS

For a complete list, see Schenck in L.B.M. |
Hydrochlorie acid t|-73"-8C. -45'5 -238 -39 40 92 138 220 384 |
(., 1845; Ansdell, 1'\.%; p| 1-8at 63 128 231 29°5 iFe - Iy 457 588
Sulphuretted hrd.mgen ¢ =26° C. 15 ] 0 10 30 50 60 70
(K., 186z) . . .ip 493 at. 684 g% 10°8 43 237 366 44°4 ETI
Bulphur dioxide . Q! -80° C =20 -10 a 10 20 30 40 50
[ Regnault, 1562) P 739 at. 63 100 1’53 226 334 452 615 519
Ammonia, NH, . . ., .[t| -80°C. -776 -704 -644 -608 -544 -462 -398 -330
[ Brill, 1906) -ip| 35°2mm.  44°I 749 1160 1576 230°5 403’5 5682 761
Nitrous oxide, N.O. . .[t| -80°C. -60 40 -20 -10 0 10 20 40
{Cailletet, *78; R, '62) . [p| 1'gat. fos | ir0. 231 289 36T 448 553 834
Nitrie oxide, NO t -176-5°C. -167 -138 -129 119 -110 -105 -1009 -97'5
(Olszewski, 1885) . o R 182 54 106 200 316 410 499 578
Nickel earbonyl, NiCO), . Jt -9° C. -7 -2 0 10 16 20 30 —
(D, & Jones, 1903). . ol o3 mm. o4y 1z 14475 Zigo 2835 3205 462 —
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VAPOUR PRESSURES OF COMPOUNDS (contd.)
Interpolate logs of vapour pressures as explained on p. 4o.

Bodenstein 3 C., Callendar :
Ea. and Y, R‘lltwlj' and ¥
I |rIpJL point,

» Dewar; F., Faraday; K., Kahlbaum; M.,
, Richardson ; 5., Schmidt ; Y. and 1 Hi ‘mun" and Ihmu.1-

uunq Ri.
Critical temp

Carbon dioxide : t|—1SU?C.[_:]I -100(s) -80 (s} -65(s) -b6-4f-656(/) 440() -20(5) -10{)
(Zeleny & Smith, Igﬂ-ﬁ} | 25mm. 119 657 2100 3910 2508 7510 14,830 10630
Carbon bisulphide : ti =200 C. -0 ] 10 20 40 G0 80 100
(Regnault, 1862) . . . 47T 3mm. 704 123 198 203 618 1164 2033 3325
Chloroform, CHCl,. ., .Jf| 20°C. 80 40 50 60 70 80 90 100
(Regnault, 1562). 16075 mm. 248 369 535 755 Iog2 1408 1863 2420
Carbon tetrachloride, CCL k| =20° C -10 0 10 20 40 60 80 100
[R., 1862). . ; 68 mm. 1847 329 5 01 215 447 843 1467
Acetylene, C,H,. -O0°C.{s)-85() -84 -70 -B0 -238 0 202 365
| (Villard, 18g5) 04 alk. 1'00 125 g3 53 13"2 26'05 428 6I'6 (M. }-
i Benzene, C,H, . . 10° C. 0 10 20 40 60 80 100 120
| Y oung, IESQ}. 48 mm. 2603 454 746 18171 384 754 1344 22358
[ Aniline, C ,H,NH, . 1019 C. 1194 1387 1515 1611 1687 1750 1808 1839
' lhﬂhllﬂl_rir?,__@gﬁj 50 mm, 100 200 300 400 500 0 200 =260
| Bromnaphthalene . . .|t 2156°C. 220 280 240 250 260 270 275 2804
! L,,II Br (Ra. & Y., IS"'-W:I D |_:|.S "9 mm. 15858 ,61:: 3034 3864 4'-.'-,- 4 6058 67790 n6o
1 Me. :"1““]“!: CH,OH . . 0°C. 0 17 20 30 50 80 120 150
(R.,’62;Ra. & Y.; Ri.,"36) Ip| 148 mm. 28z 783 887 150 3817 1238 4342 9361
n. propyl f.lcohol,f,tzlllfﬂll l:! D, 10 i7 30 40 60 80 100 120
{Ra. & Y. 5.5 Ri., "86) . |pl 379 mm. +8 rzg =282 siW. 157 389 843 1668
Iﬂ'-"*hﬂt?l aleohol + . i tE 10° C. 17 20 40 60 80 100 108 120
JHLWOH (Ri, '86; 8 II_';II:I P 4’1 mm. 68 b | 3073 a4’z 245 g6y 760 L1g35
Iso-amyl aleohol + . . o B b o 30 40 50 60 80 100 120 130
Cally, OH (Ri,, '86; 5., 91311: 78 mm. 468 o33 174 320 033 214 522 741
Formic acid, f CH,O. . .| 0" C. 10 17 20 30 40 70 80 101
(S, 1891 K., 1898) . .lplrozmm. 184 2603 316 513 o4 266 373 760
Acetic “;EHLT C ,HJ )« Ml 17° C. 30 50 70 90 110 130 150 200
(Ra. & ¥.; Ri,, '86; 5., '01)ipl 98 mm. 2006 562 133 2588 582 1018 1847 5005
Propionic acidt C,H,0, . Jt| 15°C. 17 20 30 40 60 70 80 140
| (Ri, '86; 5., '91; K., '98) [p 17 mm. 20 arge ' 40 i AR TR [ (R 760
Butyric M!:ld nC L0, L Jd 17° C. 20 30 a0 70 a0 110 120 150
| (Ra.& Y., "86;S."91; K. '94)fp| *52 mm.* G6*  1°4 §'z2 162 440 TH 245 407
| Iso- bl.;lt-j'nﬂ m:ui 1 1; JH, [J.. lodg=e.. R0 50 T0 a0 110 130 150 1635
{R.,'86; 5., %91; K., 94} B8 mm.* 1'g B2, 251 676 102 347 684 n60
Methyl formate SR | e S L1 0 10 20 40 60 80 100
CHOCH (Y. & T, '03) . Jp 677 mm. 1176 195 360 476 1029 1000 3497 5782
Methyl butyratet . . .|t 407 C. 0 10 20 40 60 80 100
| CHO0pCH (Y. & T.,'93) Ip 3555 mm. 703 38 245 692z 167’5 361 701 —
| Methyl isobutyratet . .}t/ -10° C, 0 10 20 40 60 8O 100 120
| C,H;0,.CH, (Y. ST, ‘03) p 622 mm. 12715 224 389 1047 244 505 056 1660
Ethyl acetate f . t -20°C. 10 T 20 40" e ¢ Bo. . 100
CoH30..C,H, (Y. & T, 93}' osmm. . 1279 243 427 728 186 413 833 1515
. Ethyl propionate . - Ml 0°C. O 10 20 40 60 80 100 120
| CeH0,.CH, (Y.& T, 93) |p 4705 mm. 83 155 297 779 1850 4036 785 1358
Propylacetatet. . . I 40°C. 0 10 200 40 60 80 100 120
CoHy0.CoH, (V. & T.,"93) fp 3°6 mm. 40 120 c25'E | o8 ays 373 T24 1288
Ethyl ether, (C, 1,0 40°C, 0 10 20 40 80 80 100 1938
(Young, Eilf:l] : p1iz-3 1849 2008 4398 o021 1734 2074 4855 27,000
Interpolate logs of vapour pressure as explained on p. 4o0.
* Extrapolated.
t The Vapour pressures IH I‘E' given have heen graphically interpolated from the observe I"r "-‘1]'.11 B.,

Mackintosh ; R., Kegnault;
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GAS THERMOMETRY

The standard thermometric scale of the International Committee of Weights |
' Me -vol |
and Measures (1887) is that of the constant-volume hydrogen thermometer, the
| hydrogen hE]ng taken at an initial pressure at o® C. of 1000 mms. of mercury |
| measured at o C. sea-level and lat. 45° (= 1°3158 standard atmosphere). {

THERMODYNAMIC TEMPERATURE OF THE ICE-POINT

Method. H, N. Air. co, ! Computer.

| =T o g |“ :

From Joule-Thomson_effect 27314 | 27309 = 2?3 05 Callendar, 1903
| Extrapolation to zero pressure | 273'07 | 273'09 — Berthelot and
| (see p. 54) ! o Chappuis, 1907
| From Joule-Thomson effect 273'05 ((27317) | 27319 | 273710 | Berthelot, 1907
| x 3 27300 | 27325 | 27327 | 273'12 | Buckingham, 1908

i i g 273°13 | 273°14 e e Rose-Innes, 1go8

General mean = 273™13.

THERMODYMNAMIC CORRECTIONS TO GAS ECALES OF TEMPERATURE

The corrections to both the constant-pressure (C.P.) and the constant-volume
(C.V.) scales are enther (1) derived from characteristic equations of state (Callendar,
| 1903 Berthelot, 1907}, or (2) in the case of the C.P, thermometer, computed from
| the juulc Thomson effect ; whence from these C.P. corrections and a knowledge of
| the compressibility of the gas under different conditions the C.V. corrections can
be calculated. Chappuis (1go7)* has experimentally compared the C.I’. and C.V,
H. and N. thermometers each with mercury thermometers. The values below
are based on computations by Callendar (Phil. Mag., 1903), Berthelot® (from
Chappuis’ data 1907), Onnes and Braak (1907 and lgﬂS}, Rose-Innes ( Phil, May.,
1908), and Buckingham (1908).t There is some divergence among the different
computations for hydrogen ; the agreement is much better in the case of nitrogen.

nitrogen also at extreme temps. the correction is less than the error of working in

modern gas thermometry. The values for air are a little smaller than for nitrogen ;

for ]nlmm they are slightly larger than for hydrogen except at the lowest tempera-

tures, when the helium corrections are the smaller. New experiments on the jl;ule-
| Thomson effect are needed. § (+) means that the correction has to be added to the

| gas scale temperature to give the thermodynamic temperature. The correction is
| | proportional to the initial pressure of the gas i the thermometer.

* Trvav. o Mén. Burean fntl, 1007, t Bull. Burean of Standards, 1908,
t See Dalton, Proc. Konink. Akad, Weten, Amsterdam, April, 1909,

The thermodynamic correction to the C.V.H. thermometer is negligible, and with |

Const. Pressure Const. Volume Const. Pressure | Const. Volume
© 0 P=1000 mm. Pat0°=1000mmJ .. | P= 1000 mm. | Fat0'=1000 mm.
H. i N, H, N, H. . o B R L
— 2407 + 2{?} o S L 70°] =003 | 'mg —%po1 | =004
|—200 -|- 26 -— <4 "0f -— 80 | — 002z | = "0I4 | = '000 = 003
(=150 | + "10 '+1’:"3 + o33 |+ 2060 90| — oor | — 007 | — ‘oo0 — 002
—100 |+ o4 |+ 40  + ‘oo + ‘10(?)] 100 0 0 0 0
- 50|+ 0z |+ ‘12z |+ oo5 + 03 200 | + o14 | + 12 | 4 ooy + 04
0 0O | D (1] 0 300 + ‘o34 | + 28 | + ‘oIt + ‘1o
10| = oot — 009 — 'o00o — 00z | 400 | + o7 (?) + 46 | + 018(?) + ‘17
90| — coz|— ‘o17|—oo0|— 004 | 460 | + ‘o9 (?) + '56 |+ oz (?) | + 'I9
30| = oo3 — -o21 = 001 — oco5 | 600 = + 87 o + 3
40 | - ooy = ‘o223 — roor| = o006 | 800 — TR A 4 5
50 | — 003 — -o24 — roo1 = ooy |1000 — | 418 —_ =+
60|~ ‘oo — ‘o2z - voor | — ‘oob |1200 i i 423 — +10
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MEHGUH‘I’ THERMGMETH"!"
CORRECTIONS TO REDUCE MERCURY-IN-GLASS BG#-LE TEMPS, TO GAS ECALE TEMPS.
The values for the English Kew glass (which is a lead potash silicate) arve due
to Harker (1906); the verre dur corrections are given by the International Bureau ;
those for the Jena glasses by Gritzmacher. The method at Kew is to determine |
the ice-point correction before an observation is made. The other glasses have |
their ice-point or zero depressions determined immediately after each temperature |
reading. See Guillaume's “ Thermométrie de Précision.” Paris, 1889, and Chree's
“Notes on Thermometry,” Phil. Mag., 1898. The French glass, verre dur, is
used by Tonnelot of Paris. The normal glass, Jena 16™', may be known by the
presence of a thin violet line near the surface. Jena 59" is a borosilicate (p. 74).

Kow Glass, Verre Dur, Jena 16", : Jena 58 Verre !Ihu'.i Jena 16™.  Jema 5O,
Temp. | e T 51 " :
Pl T fy=—tyn, | "}t_”rlﬁ“" "'H-rsu"" bp=lyn. | fe=tiem "H"!ﬁg"'
ST ) : . |
-20° - +°"17 | +™19 | +10 110° ] +™o4 +%03 | —*o0 |
0 o 1] 0 . 0 120 4+ "ob -+ "05 — 0z
10 —'00 — 0f — b | — o2 130 4 o7 -+ oy - 04
20| —-w00 | — ‘o8 — 09 | —o4 140 | + o7 | + 00 | — ‘o8
30 4005 - 10 - ‘11 - D4 150 + o6 | -+ ‘10 — *13
40 +-o1 -1 | = CI2 - 04 160 + 03 | + 10 [ - ‘19
80 + o1 = e ] - 03 170 o + ‘08 | — 28
B0 atar - M| — 1o — '0f 180 g o (TR ST ‘39
0] 4015 | — 07 | — 08 | — -or 190 | - o9 | + 0z | — ‘52
80| +o2 —05 | =06 | —o0 | 200 =13 | - 04 | - By |
a0 + 025 - ‘03 - 03 | =-- '00 250 —_ | — 63 -1'7 |
100 0 o 0 0 300 — ! — 10l —4°1 |
|

DEPRESSION OF ZERO OF MERCURY THERMOMETERS

The values indicate the zero depressions after the thermometer has been heated

to the temp. stated. They have been determined by Guillaume, Thiesen, Schloesser,

| and Bottcher because of the impossibility in practice of mterruptm;, a series of
temperature measurements to take a number of zero readings (see above).

Temp. |Verre Dur. Jema 16™". Jena 59, Temp. Yerre Dur. Jena 16", | Jena 59,
1“7" C. G.ms E‘.ms U.ms Eﬂ"\ {:‘ G.m o] qu ".034
20 oL ‘oLl "0 T0 071 048 ‘027
30 ‘027 o1y | ‘oi4 80 ‘084 ‘057 ‘030
40 ‘037 024 017 90 ‘097 "obh 033
50 ‘048 'o3r | ‘021 100 ‘111 077 035

S8TEM-EXPOSURE OR EMERGENT-COLUMN CORHEGTI'DH [
The table below gives the (additive) ** stem-cxposure” correction for (1) the
| ordinary solid-stem thermﬂmctcr, and (2) the German pattern sleeve-thermometer,
which has a fine capillary in an outer glass tube, Both thermometers are of Jena
glass, with degree intervals about 1 mm. long.
¢ is the indicated temperature, and Zeuz the temperature of an auxiliary thermo-
| meter whose bulb is 10 cms. from and on a level with the mid-point of the exposed
stem. The auxiliary thermometer must be shielded from the source of heat. (See
Watson's * Practical Physics,” and Rimbach, Zedit. f. Tnst., 10, 18¢0.)

No. of Bolid Btem; Bcale on Btem. ! Bleave Thermom eter; Enclosed Beale | Wo, of
degree | — s ‘| degree
divas, of t = taus divs. of
exposed ' . | exposed |
| thread. 70°C. | 80° |100° | 120° | 140° | 180° | 70°C. | 80° | 100° 120° | 140° ‘ 180° | thread.
| 1 S
1'} ﬁ'ﬂz ﬂ-nj {'ﬁ.-ﬂ? {?-.II- G".l? :' [+1Y 2? r.GI n.Dl o ﬂ? n.[ﬂ 4.1'.]? 1':.
20 ‘13 | ‘15| 22| 29| 38| 5& ol | -1z ‘lg 25| 28| -q0] 20
30 ‘34 | 28| 30| 48 ag 25 | 28| 30 | 42| 48| 66] 80
40 35 | ‘41| 56| -68 I 30 | *35| ra8| 60| 67| 92| 40
60 57 | 66| ‘89 |1'09|1'25|1°58) ‘52 | *6o| *Fo| ‘99 |1'11|1'96] 60
80 ‘Bo | tof (121 |t's2 170|215} 7 B | 1015 | 1038 | 1753 | 198] B8O
. 100 102 | | 118 1'56 | 1797 | 218 [ 270 o8 |r32 | 1747 | 182|203 | 2755] 100

120 — | — 198|243 (269 |326Q — | — |188|2:28)249|313] 120
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PLATINUM THERMOMETRY
TO REDUCE PT-SCALE TEMPS. (f3) TO CONST. VOL. N-SCALE TEMPS. (1)

Callendar's “difference formula” for the difference between the nitrogen-scale |
temp. (#) and the Pt-scale temp. (g) 15 £ = 2pe = 8« f{{ = 100)10~}, where §15 close to 1'5.
Pt-scale temps. result from assuming a linear relation Rz = R1 4 afs) between
temp. and the electrical resistance (R)of Pt ; « is the mean coefficient for the range
o” to 1o0”. The “difference formula” gives the correction vielded by the truer
parabolic relation B: = R,(1 4 af + B#*). Pt thermometers should not be used
above 1200° C. (See Callendar, Phil. Mag., 1899, 1, p. 191 ; 2, p. 519, Camb. Sci.
Inst. Co.’s list * Technical Thermometry ;® and (for bibliography), Waidner and
Burgess, Bull. Bur. of Standards, 1909.)

. 5 = 1'60. (Harker, Phél. Trans., 1904.) |
P ; '

Tt o] 20 | 40 | 60 | o | 100 | 120 | 140 160 180
t S ) VR t ¢ t ¢ ¢ t

_Em‘ SR "Tﬂc"‘,]' :_[540.] '_135-‘!'.?_ —116%2 | g?"-'rIj _T.Fﬁ.gj _,ELCIFGJ 2 QH'IE _19".55
0 | 0° | 1976 | 3964 | 5964 | 79'76 | 100 1204 1400 [161°5 182°3
+200 Jz031] 2242 | 2454 | 2667 | 288-1 | 3008 l331°3. [353'4 [375°5 (3078
400 |4z0'z] 4428 | 4655 | 4885 | 5116 ] 5349 |s58°4 (58271 o 8301
600 |6544) 6790 | 7037 | 7287 | 7540 | 7704 |Bos-z [B3i'z |[857-4 B840
B00D |o1o8}{ 037’0 | 965'3 0930 1021 1050 | 1078 | 1107 | 1137 | 1167
1000 | 1197§ 1228 1259 1290 | 1323 1355 — e - | =

. TO CALCULATE THE CHANGE At IN THE M-SCALE TEMP. (¢} FOR A CHANGE OF +'01 IN &

| =180 | o350 | —40

¢ At L [ ¢ At | ¢ at t | at ¢ At

|

=200° | "obo | =60°] “o10| 80° —-"wooz| 250° o038 | 6007 “-30 | 9507 °3
‘o0b | 100 0 |300 c-ofo |650 | -36 | 1000

—160 | o4z | —20 woz | 120 ooz § 860 088 | 700 42 | 1050
—140 | -o34 0 0 |140 006]400 -r20 | 750 @49 | 1100
-120 | o020 20 —ooz| 160 | -orof 460 | -158 | 800 @ ‘56 | 1150
=100 | rozo0 40 —-ooz| 180 014|500 | -z0 | 850 64 | 1200
=80 | 014 60 —-ooz| 200 ‘oz0 | 560 | -25 900 | -7z | 1250

e e e e e
o PR -

HIGH TEMPERATURES

(5ee Le Chatelier’s * High Temperature Measurements ;¥ Waidner and Burgess,
Bull, Bureau of Standards, 1905 and 1907 ; Harker, Science Progress, 1011.)

For the measurement of high temperatures {say above 1200° C.; which is about
the present upper experimental limit of the gas scale) the instruments in general
use are thermo-junctions and optical or radiation pyrometers. Both involve extra-
polation. Thermo-couples have been used up to the temperature of the melting-
point of platinum (. 1750%). At high temperatures thermo-junctions yield rather
lower results than do optical pyrometers, e.g. see the M.P.’s of Pd and Pt on p. 49.

THERMO-ELECTRIC THERMOMETRY

Temperature rveadings with thermo-couples are reduced by one of the
formul®: (a) E=a+éf+ef? (§) E=mt or E=» log 4 m', E being the
em.f. generated, and / the temperature of the hot junction, the cold junction
being at 0®. Up to about 1200° these formule with suitable constants agree to
within 2° for the usual 109 (Pt, Pt = Rh) and (Pt, Pt — Ir) couples, but above
1200° formula (&) yields the higher results, #.¢. see the melting-points of Pd and Pt
on p. 49. The therme-e.am.f’s of these Pt couples gradually diminish with pro-

| longed heating. The values of the constants below are only average values.

E IN MICRO VOLTS (10-% vOLT)

| Conple. a & 1| ¢ ntiy Y 1T o

Cold | Ptand (go Pt, 10 Rh) .| —307* | 8a* | ‘oco17* 1'19 | 52

junc- | Ptand (9o Pt, 101Ir)" .| —550* | 14'8% | -co16* I'o” | -39

tion | Cu and Constantan $ - — - 'ty | 134

atot Cl Caand Fe .° .- .0 L o 1034 | —'0183 — —
" :

These constants are not suitable for temperatures below 300°.  + Eurcka, 6o Cu, 40 Ni.
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THERMO-ELECTRIC THERMOMETRY (conid,)
The following are the readings in micro-volts (10-6 volt) determined at the
National Physical Laboratory for a Pt-Rh and a I't-Ir couple, cach having the cold
junction at o C. (Camb. Sci. Inst. Co.)

Couple. Temp.| 0 50 | 100 | 150 | 200 | 250 l 300 | 350 400 | 450

Tt | 0°C, o '.=3l 51 83| 1191 158] 199! 242! 286| 33
and [ BOD | 377] 423| 470 518 | 567 Gi17] 6G68| 720| 772| 82
(9o P't, 10 Rh) 1000 | 83c| 935 991 :mH 1106 | 1165 | 1225 | 1286 | 1398 | —

Pt 0 o 38i 195 | -63 3431 420| 498 | 577 | G657
and 500 | 737| 818 Sw| 981 | 1064 | 1147 | 1231 1315 | 1400 | 1485
(go Pt, 10 Ir) 1000 | 1571 | 1657 | 1744 | 1831 | 1919 | 2007 "096 2185 | 2275 | —

THERMO-E.M.F.'S AGAINST PLATINUM IN MICRO VOLTS (10 ¢ VOLT)

One junction at o® C. The current flows across the other junction from the
metal with the (algebraically) smaller value to the other metal. (See Watson's

* Physics " and Henning in L.B.M.)

Metal. | —190° +100° | Motal. |—190° + 100°[  Metal.  —190" 4 100°
Aluminium + 390 + 380 ] Lead. .|+ 210 + 41o] Tantalum . — + 330
Antimony . - +4700 | Magne- Tin . . .+200 + 4i0
Bismuth . 412300 =6300] sium .+ 330 + 410 Zinc . . .|=120| + 750
Cadmium. — 6o + goo "'rierl:un - Brass. . .| — |a+ 400
Cobalt . . — —1520 | Nickel . 42220 -1640 Constantan® — — 3440
Copper. . — 200 + 740 Palla- German sil-

Gold . .f- 1zo! 4+ 730] dium .|+ ?gr:.— gbo] wvert. . — o= looo
Iron. . . |— 2000 c.+1000 | Silver . |- 140;—1— 7io ‘Liang.mmi - + B0
* Eureka, 60 Cu, 40 Ni. t 6o Cu, 15 Ni, 25 Zn. I 84 Cu, 4 Ni, 12 Mn.

RADIATION AND OPTICAL THERMOMETRY

Most radiation thermometers use as a basis either (1} the Stefan-Boltzmann
law, E = K(¢' — 8,%), where E is the total energy (of all wave-lengths) radiated by
a black Imd'l.r at absolute temp. 8 to surroundings at absolute temp. 6, and K is a
const. (K = 5°3 x 1071 watts per cm.? per 1°—see p. 63) ; or (2) Wien’s equation con-
necting the temperature with the intensity of some particular wave-length of light

L]
emitted (p. 65). The Wien equation is, Intensity I = £A =% AT, where A is the
wave-length, T is the “ black body” temp. on the absolute scale, ¢, and ¢ are
constants, and ¢ is the base of the Napierian logarithms. Both equations give
results which agree very accurately with the gas scale over the calibrated range
o to 1203° C. Up to about 1500° radiation thermometers are, in practice, almost
always graduated empirically, usually against a thermo-couple.

The *black body ” temperature of a radiating substance is the temperature at
which an ideal black body would emit radiation of the same intensity as that from
the substance, the radiation considered being of some particular wave-length. A
perfectly black body absorbs all the radiation which falls upon it ; it is destitute of
reflecting power. Coal, carbon, metals which when heated tarnish with a black
oxide, enclosed furnaces and muffles at a uniform temperature, all conform very
nearly to this definition, When a pyrometer is sighted upon a body which is not
“black,” the temperature recorded—the * black body * temperature—will be lower
than the true temperature to an extent which increases with the reflecting power
of the body, eg. il platinum and carbon have equal “black body” temperatures,
their actual temperatures may differ by 180° or so at 1500

TEMPERATURE OF FIRE

visible,

| Appearance . Reg-—just . Dull Red, charrj Red. ‘ Orange. = White, = Diezling
|

Temperature. | ¢. 500°C. | . 700 | £

|
[

¢ 1100° | ¢ 13007 | ¢ 1500°
i

For Smnﬂﬂl‘ﬂ t&mpﬁl"at.ul‘ﬁs for the :11.|un'1;.l1.1' r_ﬂ.llhr’LI.luLl, [Tae p 50,
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MELTING AND BOILING POINTS OF THE ELEMENTS

For an account of temperature measurements, see
chemical compounds, see p. 109 ; of

F. 46, For melting and boiling points of |
ats and waxes, see p. 50.

* In reducing atmosphere ; 1062 in air.

Element, l:.ilﬂj:g Observer.
| Aluminiom 637°C. | Holborn and Day, 1900
Antimony . 630 : n
Argon — 158 Ramsay and Travers, 1901
| Arsenic . . volatilizes s
Barium , 8z0 Guntz, 1903
H;&r:,-llium ; c. 1430 Just and Mayer, 1909
| Bismuth 2 Callendar, 1899
Boron . . .|2o00t0 2500 Weintraub, 1909
Bromine . -73 van der Plaats, 1886
Cadmium ., 321 | Holborn and Day, 1900
Caesium . 204 | Eckardt and Graefe, 1900
Calcium. . 780 Ruff and Plato, 1903
Carbon . 4000 (7} | (Calculated) McCrae, 1906
Cerium . : 623 Muthmann & Weiss, 1904
Chlorine . — 102 ! Olszewski
| Chisaai 1480 |
romium . . f sharp }i Burgess, 1907
- [ 1464 }
| Cobalt ; { 1490 F Day & Su;:man, 1910
3 M { 1084 * Holborn and Day, Igm}
Pl i o 1083 Day and Sosman, 1910
Erbium . f —_ | e
Fluorine . —1223 | Moissan and Dewar, 1903
Gallium . + 302 | L. de Boisbaudran, 1876
Germanium . oo (7) Winkler, 1386
% 1063 | Holborn and Day, 1901
Ltk : { 1062 1 I Day and Sosman, 1910 }
| Helium ., . .|below —270 | Onnes, 108
| Hydrogen . —259 Travers, 1goz
| Indium . 155 Thiel, 1904
| lodine 103 | Lean & Whatmough, 1898
| Iridium . . 2290 Mendenhall & Ingersoll, ‘o7
150
Iron . . { S dsef'asnite} Burgess, 1907
Krypton. . - 169 Ramsay, 1903
Lanthanum . 810 | Muthmann & Weiss, 1904
| Lead. 327 | Holborn and Day, 1900
Lithium . : 186 | Kahlbaum, 1900
| Magnesium . 633 |Heycock and Neville, 1895
| Manganese . { nﬂ: i?l?nrp } Burgess, 1907
| Mercury 5 — 3880 Chappuis, 1900
. Molybdenum . | >white heat —
Neodymium . 840 Muthmann & Weiss, 1904
. Neon. . = =
| W 1435 Burgess, 1907 }
| Nickel ; { 1452 1 Day and Sosman, 1910
Niobium . 1950 von Bolton, 1907
Nitrogen - 2105 Fischer and Alt, 1go3

Point at | Observer.
760 mms, |
1800"° C.! Greenwood, 1909
1440 Greenwood, 1909
-186 | =
{mhlimcs}i =t

450 J|

1420 | (:nrcnw;:d, 1509
{Sublimcs} 93
3500(%)

63 van der Plaats, 1886
228 D). Berthelot, 1go2
670 Ruff & Johannsen, 1go6 |
| ¥

-133°6 | Regnault, 1863
2200 Greenwood, 1909
2310 Greenwood, 1909

|

- 187 Moissan & Dewar, 1903 |
2530 (%) =
= 2680 Onnes, 1908
—252°7 Travers, 1902
1000 () —

134'4_ Drugmann & Ramsay, ‘oo
2550 (7} =7

2450 | Greenwood, 1909
- 1517 Ramsay, 1go3
1525 |  Greenwood, 1909

> 1400 Ruff & |ohannsen, 1906

1120 Greenwood, 1909
1900 Greenwood, 1909
356°7 Callendar, 1899
3200(7) T
—239 | Dewar, 1901
2330 {?}i =

— 1957 | Fischer & Alt, 1903

t

Const. vol. N. thermometer.
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e ——— e

MELTING AND BOILING POINTS OF THE ELEMENTS (comd.)

Element. !1:"};;1'15 . Observer. Point at | Observer,
nt. | 760 mms, i
Osmium. . . 2200° C. — — ‘ — '
Oxygen . . .| =235 | e —182%g C,| Travers, 1902 :
Palladium *— 1540 Day and Sosman, 1910 2540 - [
thermo-jn. (a) 1535 Holborn & Henning, 1905 -— — '
optical therm, 1549 " " — — '
B - 1545 Nernst & Wartenberg, 1906 S —
. : 1582 Holborn & Valentiner, 1oy —_— —_
thermo-jn. (a) 1530 Waidner & Burgess, 19o7 — -
e 1 l‘ﬂ 1543 1 kL 55 ] &
optical therm. 1546 " » = ’
Phosphorus . 44 Legn Hulett, 1899 287 Schritter, 1848
Platinum *— !
thermo-jn. (a) 1710 Harker, 1905 2450 (%) | —
o (a) 1710 'Holborn & Henning, 1903 — -
optical therm. 1729 _— -
= : 1750 Nernst &Wartenbcrg, 1gof -— -
3 - 1789 ! Holborn & Valentiner, 1907 — — i
thermo-jn. (a) 1706 | Waidner & Burgess, 1907 — — '
LY {f!"} 731 [ " 1" =1 T
opticaltherm, 1770 @ n 1009 5 L BRI

| Potassium . . 62°5 Holt and Sims, 1894 { 758 ¥ Pci‘lr?aai]::s]cgjg’g] 905
Praseodymium 940 Muthmann and Weiss, 1904] - _—

Rhodium . . 1907 Mendenhall & Ingersoll,'o7f 2500(7) —
Rubidium . " 385  |Erdmannand Kothner,1896 606 | Ruff & Johannsen, 1905
Ruthenium. . 1900 (2) — 2520 (¥) | —

| Samarium . . 1350 - ek | S,

| Selenium . . 217 Saunders, 19goo 6G0o Berthelot, 1902

| Silicen . . . l-;zﬂlif?} T _d'D 3500 (F) —

| s 2 | Holborn and Day, 1900 5 .

:‘ Silver : { g6o Dy atid Soaman, lr:'}m} 1955 A Greenwood, 1909
Sodium . . . 9;?‘-0 Kurnakuw & Puschin, Igc::{ ?ig uﬁﬁ;{{;ﬁ:ﬂ"fgﬁgwﬂ:
Strontium . . -

444°55 } Emnnrt‘apuu!ns, 1908
1 113 ‘ r {c-p- air) (corrected, 1909)

s rnombic | 4447
Sulphur . ”? | gl fave N }Chap]:ﬂ.:ls & Harker, 1902

monoclinic : 44453
| 33 } Callendar, 1899
Pantalum . . 2010 Burgess, 1907 — r 3 -
Tellurium . . 450 Matthey, 1901 1300 | Deville and Troost, 1880 |
Thallium . . 301 Kurnakow & Puschin, 1go1} 1280(7) | ‘Wartenberg, 1907

{ Thorium . . 1600 Wartenberg, I —— —

130 1 | gkl 232 Heycock & Neville, 1895 | 2270 Greenwood, 1909
Titanium . .| ¢. 2500 - — bl i

| 3080 Burgess, 1907 | "

| Tungsten . . { 2825 Wartenberg, 1907 } 37001(r)

Vanadium . . 1620 - — -
Xenon . . . - 140 Ramsay, 1903 - 109 | Ramsay, 1903
TIRC: « o als 4181 Day and Sosman, 1910 g1l ' Berthelot, 1g02
Zircomum . .| £ 1300 — —_ —

* See section on thermo-electric thermometers, p. 46, for meaning of (a) and (8).

t In reducing atmosphere ; 955° in air. 1 Const. vol. N. thermometer,
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STANDARD TEMPERATURES

Melting and boiling points of elements will be found on p. 48 ; of chemical
compounds, on p. 109,

B.P. = boiling point at 760 mm.; M.P. = meltling point ; T.P. = transition point.

Bubstance. l Temp. Bubstance. . Temp.
| |
uL | e,
Hydrogen . . . .| BP. =253 Pimc S iy ot ML 4104
Oxygen . vl BP. | =33 Sulphur* . . . . .| B.R 444°7
Carbon rlmudt* voow | Bl |=dEra Aluminiom . . . .| M.P G657
Mercury . . . . .| MP. | — 388 NaCl (Elnrkrr] « o] MEE. So1
Water . . Apses |l Ml (o] Lo L b . AN 1070
NaS0,- 1ol 2O 5, EP. 32383 Palladium {p. 4:}) . Redl i 1550
‘k‘l. ater = L Gl el [ R 1m Platinum {(p. 49) . .| M.P. 1750
Jphl]miene woa | ABeE 2180 | Tin (Greenwood) . .| B.P. 2270
Tin* . B e I | ] 2319 Arct (W. & BT . . e 37co abs.
I?-:,nruph!:nnnc ol [ B o060 Arct (Harker, '08)§ . - 3620 abs.
| Cadanum* . . o .| MP. 3210 Sont(p.66) . . . — 5802 abs. |

* Consl, vol. N. scale, Weidner & Burgess, 1911 ; W. & B., Waidner & Burgess, 1904.
t Black body temperatire. t Positive craler.

! EFFECT OF PRESSURE ON BOILING POINTS

&4/8¢ is given as mm. Hg per degree C. for pressures not very far removed from
760 mm.
The boiling point in absolute degrees C. of a substance under 760 mm. mercury
| = 760 — #)(£ + 273), where ¢ is a constant for the substance, and ¢ is the B.P. in
| degrees C. at the pressure p mm, The constant ¢ is the same for chemically similar
substances. |

(See Young, “ Fractional Distillation.”)

| Bubstance. if/8t | ¢ Bnbstance, BA/82 | ¢ Substance, Bele | ¢

e L » 109 [ 3¢ 1o—*
Hydrogen . . 200 — JCCl, . . 23 123 | Benzene . .| 23% | 120 |
| Ozygen . . .| 77 — I Pentane, n. .| 2589 | 12 :, Toluene . .| 2147 | 120
Carbon dioxide | 55 — | Alcohol,methyl | 296 | 100 | Aniline . . .| 196 | 112
Water . . .|272| o9 s ethyl 303 | 94 | Naphthalene .| 171 | 119
Mercury . .| 136 | 118 » amyl .| 25 93 | Benzophenone @ 158 | —
Sulphur* . .| 11'o | 114 | Ether, ethyl 26rg | 121 | Acetone. 264 | 115

* fy = ligy 1 "0g04(p — 760) — 0,52 (# — 760)%, Harker & Sexton, 1908,

MELTING, FREEZING, AND BOILING POINTS OF FATS AND WAXES

At 760 mm. pressure. (See Lewkowitsch’s treatise.)

Snbstance, |lIP. F.P. Substance. MP | FP Substansce, M.P. BP

gl 05 gl i g, L e
Butter . . .|28-33|20-23]| Beeswax . G1-64 f:-n f::, Paraffin wax,
1 ard . . | 36-40 | 27-30| Sperm: wr:u | 42-49 | 42-47 Soft. . . 33-52 350-390
Tallow, besf . 40-45 | 27-35| Stearin . .| 716 70 Hard . .|52-56 300-430

oo muttull'_u—..].i 36-41 | Naphthalene | 8c'o — JOliveoil . .| — [ 300
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THERMAL CONDUCTIVITIES

The thermal conductivity, £, is given below as the number of (gram) calories
conducted per sq. cm. per sec. across a slab of the substance 1 em. thick, baving a

| temp.~gradient of 1°C. per cm., £¢ calorie em. ! sec.”! temp.”!. (See Callendar,
“ Conduction of Heat,” Encye. Brif., and Winkelmann's * Handbuch der Physik.,”

I11., 1906.)
METALS AND ALLOYS

# for most pure metals decreases with rise of temperature ; the reverse appears
to be true for alloys. If » be the electrical conductivity and @ the absolute temp.,
then £/(«#} is very approximately a constant for pure metals. (See J. J. Thomson,
“*Corpuscular Theory of Matter,” and Lees, Phél. I'rans., 19o8.) The electrical |
ﬁ{ann’lugtivity of the same specimen of many of the substances below will be found |

| on p. 81.

|  Substance. Temp. !Euud.k. Observer. Substance. Temp. \Cond.k.| Observer.
' °C. o,
‘Metals - | Mercury . . 0| ‘o148 }H . F.
Aluminium®* . |-160 | 514 }}FESJ ot = i gg ‘o18g \:-’eh;'g,’yg;
i : 18| so i B A o177 | A., 1864 |
= : 8 | igg J.& D., o ..l 17| 0197 R'W., %02
s | 100 492 } 1900 Nickel . . .]—=180| ‘129 | Lees, 'o8 |
Antimony . . 0 | 044 }Lm’enz, i {{}?':.} 18| 142 \]J. & D,
. . | 100 | 040 1881 - Ni 100 | 133 1600
Bismuth . .|-186 | 025 | M., 1907 | Palladium. . 18 | 168 }_I & D,
i o 1B | ‘oI -ofe 1 e . | 100 | 182 IGO0
% . .| 100 ‘mg-!- }J 1900 Platinum . . 18 | 166 }_I{\L D.,
| Cadmium,puref— 180 | ‘239 | Lees, 08 = « o 100 | 173 1900
| P A 18| =222 [{J. & D., [ Silver, pure .|-160 | 998 }I_.cu:s.
' " .|l 100 | -216 1900 " 2 18 | ‘974 1908
| Copper, pure . |—1680 |1'079 | Lees, 'o8 - J 18 1oob ljﬁ I,
: i . 18 | 18 e e s «] 100 | 992 L GO0
' " .| 100 | 'tjp.'ﬂ IJ 100 Tin, pure . .|—160 | -192 | Lees, ‘o8
Gold e e iB : "“TO0 !] & D., e e 18| "155 N\]. & D,,
| » - . ] 100 703 |J 1900 s . .| 100|135 |} 1900
| Iron, pure. . 18 | "161 !]]. & D., | Zing, pure. . -lgg '2{:;3 }.u;si ‘08
# L I 100 I51 I [0 ¥ R 205 1], & ]1
w wrought | =160 | “152 | Lees, ‘08 o . .| 100 262 IL 1900
" w T 18 | ‘144 :].E’.: D.,
g - *1‘ 100 | ‘143 1900
” o 30 | ‘149 | Hall Brass||. . .]-160|( 181 }Lct.‘:s,_
" gtcel{l‘ﬁ;',} —-160 | ‘113 [|Lees, o B B 1608
Sl | [ 18| ‘115 1908 Constantan } 18| 054 }Ib«. D.,
i ST 18 | -108 {__]’ & D., (Eureka)y 100 | obyq 1900
by oo =0 100 | ‘107 1900 German silver 0| -oj0 }Lm‘enz,
| Lead, pure .]—160 | ‘o9z | Lees, '08 o i 100 | 08y 1881
F fod » : 18| ‘083 [1J. & D., | Manganin **,1-160 | "035 | Lees, ‘o8
[ ;- A 100 | -od:z } 1900 o ; 18| ‘053 }]. & D.,
| Magnesium .| O to } r{ Lorenz, e .1 100 | 063 1G00
i .1 100 [j37° 1881 Platinoid . . 18 1 ‘obo | Lees, 'of
|

* 997 Al + 1% C,, 2% Si, 1% Mn. T 2% C., 3% Si; 1% Mn.
§ 35% C, 1"4% Si, 5% Mn. | 70 Cu, 30 Zn. Y 60 Cu, 40 Ni.
w8 B Cu, 4 N1y, 12 Mn.
. A, Angstrém ; [. & D., Jaeger & Diesselhorst ; M., Macchia ; R. W., R. Weber ;
| P.T.,, Phil. Trans.

— e — —— = —_—
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The values below are mostly at ordinary temperatures. They must be regarded as rough |
average values in the case of indifferent conductors.

MISCELLANEQUS SUBSTAMCES

mately the same conductivity, which in most cases appears to increase with temperature.

Nearly all liquids have very approxi- |

Eubstance,

Glass—

Crown ; window
Flint
Jena

Soda

*

| Woods (dry)—

Mahogany
Oak, teak .

| Pine, walnut .

Miscellaneous
Asbestos paper .

Cardboard
Cement
Cotton

k Substanee. b Bubstance. | & Bubstance. 3
:s;: 1;. i ¥ 1o=? 7 w 10=13 _}c o4
Cotton wool . | 04 | Quartz, | axis | 16, L. | Liquids— |
25, L. | Cork i L.| Rubber, Para | 45, L] Alcohal, 25:. 43 L.
2, L. | Earth'scrusttj4 Sand . . .| 13 Aniline, 12 24
1=2, L.| Ebonite . .| ‘42, L{Sawdust o [ . h'lycerme_, 287 | 68, L.,
1"3-1'8| Felt . 04 Silicate cotton | "19 Paraffinoil, 177 3°5
};Iannel P Al [ T Y E&ill-:. . . | *22, Ly Turpentine,13° 3
1 Gas carbon .| 10 |Slate . |47, L. | Vaseline, 25° | 44, L.
-ﬁ' E_r;ph'm ‘ I'; Substance. Temp. Cond. £. Obs.
"4 L-1 Marble, white |71, L.| Water . 17° ‘00131 R.W. 03
: ;ﬁr::u*. i & ek E i ﬂg 'Oﬂl.ig M]_.]&}'EJ,
. aper . | e 5 S 0013 =T,
5 Paraffin wax.| °6, L. 0 236 ‘00152 }"i"lr"ch{:r
7, L. | Porcelain. 2R K T 11 00147 }Lees.
‘55, L. | Quartz, I]axiS'] 10, L. - ; 25 0136 1898

1

* Perp. to cleavage plane.
L., Lees, 1892 & 1808 ; M.

Ass. Reports.

GASES

In the case of a gas the thermal conductivity & = 1'603n¢,, where 7 is the viscosity, and
¢, the specific heat at constant volume. Stefan, and Kundt and Warburg have found, in agree-
ment with this formula, that % for air, hydrogen, etc., is constant between the pressures 76 cm.
and ‘1 em. # increases with the temperature. (See Meyer's * Kinetic Theory of Gases.”)

t Average for igneous and sedimentary rocks ; see Brit.
C., Milner & Chattock, 1898 ; R. W., R. Weber.

Gas. | Temp. | Cond. % | Gas.  Temp.| Cond. k.
C. I ¥ 10~% C. t x 10~
H, | —180°|11'7, E. | Air 0° |g22%
LT O [31'8, E.| O, 7 |563 W.
1] ﬂ I:“‘g'r G' "'J"" D .:1"89: S'
" | 100 |369.G.|CH, | 8 |647W
He 0 1339, 5. | CH, | © 395, W.
N, 7 | 524,W]CO 0 |499, W.

Gas. Temp. | Cond. £.
e % 1078

co 7°(5 10, W,
CO, 0 |307, W.
» 0 |327, Sc

i 100 | 506, Sc.

NH, | O |38 W.
- 100 | 709, W.

Gas. Temp. | Cond. k.

il R B
N,O 0°| 350, W.
" 100 |3":"ﬁ,, W.
NO 8 |y60, W
Hg 203 |1-85,5c

# Mean of five observers.
1903 ; Sc., Schleiermacher, 1889 ; W., Winkelmann, 187s.

E., Eckerlein, 1900; G., Graetz, 1885 ; 5., Schwarze,

COEFFICIENTS OF LINEAR EXPANSION OF SOLIDS

To represent accurately over any considerable range the variation of length (/) with
temperature (/) requires for almost all solid substances a parabolic or cubic equation in £
But if the temperature interval is not large, a linear equation /& = /(1 + af) may be
employed ; and this gives a definition of the mean coefficient of linear expansion (a) over

that temperature range.

The coefficient of cubical expansion = 3a.
There is little point in tabulating coefficients of higher-powered terms of # since for a

| given specimen it is as a rule impossible without measurement to assume with any accuracy
anything more definite than the average value of even the first power coefficient (a).

Except

in a few cases the linear coefficient as defined above increases with the temperature. The |
values of a subjoined are per degree C, and except when some temperature 1s specified, for

a range round and about 207 C,

e —

Some substances expand irregularly, and extrapolation of a |
| may therefore be dangerous. Interpolation of « from the constituent metals must be employed
| with caution in the case of alloys. (See Winkelmann's * Handbuch der Physik,” iii. 1906.)
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| COEFFICIENTS OF LINEAR EXPANSION OF SOLIDS (conid.)

Element, a. Dhbs. Element. | a. Obs. Element. e | Obs.
x107% | %107° *x107|
Aluminium @ 255 | V. 93 | Copper . - 167 | V.'n3 | Palladium . 117 | S.’%03
Antimony . 12 | F.%g|Geld . . .| 139 | V.'%3 |Platinum . &g | B. 88 |
Bismuth . 15'7 | V. %93 | Iridium .| &5 | B.’88 | Potassium . 83 | H.'82
C.(diamond}| 12  F.%9| Iron (cast) .| 10z | D. 0oz | Selenium, 40° 368 | F. 69

» (gas car- » (wrought) 119 | H.D.’oo] Silver . . . 188 | V. g3
bon) ‘4 | F. 69 ] Steel, 105 to| 116 | N.P.L. [ Sulphur . .! & 70|

F.%g|Lead . . .| 276 | M. %6 | Thallium,40® 302 | F. %9

M.’66]| Magnesium. 254 | V.%3 |Tin . . .| 214 | M. %66

T.'gg9] Nickel . .| 128 | T.%90 |Zinc, 258 to| 263 | N.P.L.

.| 54
» (graphite) 779
Cadmium .| 288
Cobalt . £ 123

Substanece. @ I Obs. Substance. | a | Oba.
Alloys— X109 Miscellaneous (con/d)  |*10°
Aluminium bronze . . . 170 N.P.L.] Glass, flint, 45 S10,, :
Brass (ordy.) e.66 Cu, 34Zn | 18¢ | N.P.L. 8 K0, 46 Pb0D | 78! Se.
Bronze, 32 Cu, 2Zn, 5 5n§ 177 | B.'88  Jena, 16" (see p.74)| 78 }T.S.ﬁ
| Constantan (Eureka), 60 | e w 59" (seep.74)| 57 96
f L R o B VRN & & o 1 R » Verredur(seep.74)| 72 C.lo7 |
| German silver, 6o Cu, 15 Grahite' .| . .. L4 .| @3 =0 |
| Wi, 25 Znowee® UV 18y | PE e Gutta-percha . . . . .[198 |Ru.’82
| Gunmetal (Admiralty). .| 181 | N.P.L. Ice, ~10°t00® . . . .| 507|Vn.'loz2
| Magnalium, 86 Al, 13 Mg |24 | St.’o1] Iceland spar, || axis . .| 251 B.’88
| Nickel steel,* 10% Ni . |130| N.P.L. S Mty —~56, B.'88
I " " 20% 4 « | 195 | N.P.L.] Marble, white Carrara, '
| " 1 30 11 . | 1270 | N.P.L. ISQ, I'4 to 35 N.F.L.
l " " 36 1" | : " black . . . .| &4 I o
| (Invart) | o | N.P.L. MEZOOFY & s cwregid toe | ¥ — ]
| % - 0% » | 6o N.P.L-] Paraffin wax, 0%40° . .|cTI0 — '
s w 39% » -1 97|MN.PL] Porcelain, Berlin . . .| 28 | §.%3% |
ey 21 s B s , o°-100° | 31 |H.G. o1
| Phosphor bronze, 976 Cu, | i Bayeux . . .| 34 |Bd 'oo|
| i e el I S B [ [ LB "a B S o : 25 | T. ‘oz |
| Platinum-iridium, go Pt, Portland stone . . . .| &3 | '
I odel o | By B.88 Quartz {crystal), || axis .| 75 | B.'38 |
| Platinum - silver, 33 Pt, i s 1 axis . [137 | B."83 |
' B Ag. . .. . |13 Silica (fused), —80° too® . 22| S.'o7 |
| Solder, 2 Pb, 1 Sn, 50° . |25 Sm. = - 0°to30% | 42| C.lo3 |
| Speculum metal, 68 Cu, S g o°to100® | ‘50 S.'o7 |
| _325n. ... .. .[19%] Sm 2 Py o%to1000° 54 R.’1o0 |
| Typemetal,e.135°. . .|19 | DL | Sandstone . . . . 7to |12 — |
Miscellaneons— wiane o VAR 5 LBt . | {n] I —
; Brick (Egyptian) . . . g5 | N.P.L.| Woods (1) along grain— '
| Cement andconcrete, 1oto | 14 e Beech ; mahogany . . .| &3 | VL.%63 |
| Ebomite . (50 . L4to [y — Dak; pine . . . .. .| &5 | VLGS |
Fluor spar, CaF; . . .|19 | F.'68 Fz} across grain— i
Glass, soft, 68 Si0,, Beech I b R
14 Na,0,7Ca0O| B3 Sc. Mahogany . . . . . .|40 |VL.%63 |
34 | V.68 |
20 K, 0, 11 Ca0 | 97| Se |

* See Guillaume’s * Les Applications des Aciers au Nickel,” 1904. + Invar is obtain- |
able in three qualities, with a range of coefficients of (—°3to 4 2°5) X 10™% at ordinary |
temperatures. 3 Used for international prototype metre (sce p. 3). § Used for Imperial
Standard Yard (see p. 4). B. Benoit; Bd. Bedford ; C. Chappuis; D. Dittenberger ; DI.
Daniell ; F. Fizeau; H. Hagen; H.D. Holbom and Day; H.G. Holborn and Griineisen ;

| M. Matthiessen ; N.F.L. National Physieal Laboratory ; Pf. Pfaff; R. Randall ; Ru. Russner;
| 8. Scheel ; Se. Schott ; Sm. Smeaton ; St. Stadthagen ; T. Tutton ; T.5.5. Thiesen, Scheel,
| and Sell ; V., Voigt; VL. Villari ; Vo, Vincent.

[
»  hard, 64 SiO,, PINGE chais s o oo
i
|
|
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COEFFICIENTS OF CUBICAL EXPANSION OF GASES

The volume coefficient, a, at constant pressure is defined by o, = (1 4 /) ; |
the pressure coefficient, B, at constant volume is defined by g, = fl1 + Bf), where |
7, and #, are the volume and pressure r::s.]m,m-:h' corresponding to 77 the initial
' volume and pressure (#, #i) being measured at 0 C. The values of both a and 8
depend on the initial pressure of the gas. If a gas obeys Boyle's law exactly,
= f.

Comparison of rarefied gas, H. and absolute temperature scales.—
By graphically or otherwise extrapolating « and 8 to zero pressure, they become
equal (as we should expect, for rarefied gases should behave as ideal gases and
obey Boyle's law), and we may wrilea = ==, For example, Berthelot finds from
Chappuis’ data—

1/273°07 (see p. 44)
1/273°09 (see p. 44)

For H, mean ¢ = "00366207
N, 5 v ="o00366182

|

Kelvin's absolute temperature scale agrees with the ideal gas scale, and there-
fore with the rarefied gas scale. Now, as will be seen below, g for H, = 5 very
nearly, and thus the constant-volume hydrogen scale of temperature may justifiably
be taken as closely approximating to the thermodynamic scale (see also p. 44).

(See Birnstein and Scheel in L.B.M. ; Young’s “ Stoichiometry ”; and Derthelot

and Chappuis, Trav. of Mém. du Bur. [nil., 1907.)

| Gas. | Temp. P o Obs. § Gas. | Temp. p.» B Obs.
AT CONSTANT PRESSURE. AT CONSTANT VOLUME.
C. H C. cm. H" |
Air |o®-100% 10071 " loo36728 |C., 1003 JAir] — | 58 loo3z666 M., 182
» [O-too | 76 3671 R,1d47Q o el i A2 37172 o
H, .] o-100 100 36600 C., 190308 . - 10°0 36630 i
o «JO-l00| 76 3661 |R., 18470 . — 17-24 36513 | R., 1347
| 3 ] 0100 | =6 36609  R. M. . i 76 36650 i
N, .| 0-100" 100 367313 C., 1903 ,, [0°-100 1o0'1| 36744 | C., 1003
n ] O-I00 | 139 367750 C,, 19034 » T 200 3690 | R., 1847
no- o 200 atm. 434 A": IH‘}G' " s 2000 SHH? T
P - 218 A, 18g0} ,, |o-1067 23 36643 |J. P.
10y 0 — 100 ,, 486 A, 18goQ H, . |o-100 | 52 30620 T.]., ‘o2
co .| — =6 3660 R., 18470 4 o100 | 70 360255 :
C0, | 020 z1-8 | 37128 C,1903),, .Jo-100 | 100 366256 | C., :9::-3
w -l 0-40 i 37100 = w -|0-100 | 109 36627 O, 1908
w jO-100 | 37073 : g+ |O-100 53 36683 C, 1903
u =1 O=20 99°8 37602 o o - |O-100 79 36718 =
[ o -] ©-40 i 3?53{} 13 TR Lot 100 3‘5?449 I
1% +] o100 = 37410 - 0, .|o-100 66 36738 |M.N,’o3
| 3 ] 020 | 1374 37972 " o «fo-1067) 15-23 36052 JT I,
R 4 37900 " He |o-100 32 36627 | T.]J, %02
] O-100 : 37703 4 w  |o=l0o 70 366255 i
w -] O-100 ?’ﬁ 3728z |R. M. w Jo-100 | 100 36616 O, 1908
I NO| — =6 3719 (R, 18470A .| — 5I°7 3668 | K. R., g6
|Jn|;n o<50 | o5/ 3854 | P.D,06]CO fo-100 | 76 3667 | R., 1847
|80, b 3903 |R., 134? o |o-1067 23 36648 | . P.
- . CO,|o-100 518 36081 C., 1903
*’L ‘mmgﬂ FieE Lh-tp]:uus. J l‘ o-20 | o998 373135 ;
qnerml & Perrot ; K. R., Kuenen & hmuilall o8 Wt 99'8 37262 i
M., Melander 3 M, M., ]'ilnkuwer & MNoble; & St ok 24 31'.'1-?‘5 ‘]- P“
‘ 0., Onnes ; P. Id,, Perman & Davies; R., ﬂ,"ﬁ &5 2 ) 6 % H: l."l
Regnanle ; R. M., Richanls & Marks; T. J_, Hﬂ | i{, L‘J'.H?“ ]{.’ ;q-l?.
Travers & _I1r'qucnul ] B i 3045 o 1047
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COEFFICIENTS OF CUBICAL EXPANSION OF LIQUIDS

As with solids (sce p. 52), if the temperature interval is not large, a linear
equation 7 = (1 4 af) may be employed to show the relation between the volume
() of a liquid and its temperature (¢).

The mean coefficient (&) thus dtﬁnmt

increases in general with the temperature. The values of « subjoined are per © C,,
and for a range round 18° C. unless otherwise specified.
Liquid. Temp. range. Mean Coefficient from 07 C. to t° O, Observer.
H seale, . et} 28 heen 2
Water 17 to 40 -os13019/(4 ) — 0465769 + "0;86797¢ —0;73365 Chappuis, "g7
(see p: 22 0 (£'=3082)* £4 273 350—=F|.... s
and below) 17 to 100 Density = 1 = T = & .3{15 - I'hiesen, ‘o3
Mercury 24 to 299 ‘00018179 4+ "‘0u175¢ + ou35id* Regnault, 47 |
(see p. 22) ( Broch)
0 to 100 -ocoo1B816g — "0:195 17 + 041 1542 Chappuis, ‘07 |
; . 2 Callendar &
-éu‘;“ﬂao%u -MngE'i’ "5'_ 'Dilz-l*fr*" i "::'"'3 544° j Moss, FPhil.
t OO + "0:24, 10 1 1n 2000 J TRk 1911
Liqmd | Liguid. a Liguid. a Liguid. @
— I I e 1o = ! ~ - | )
|x 107 % 1ot 0 [« [% 0™
Acetic acid .| 1o7 |Ether, ethyl .| 163 |Pentane . 159 |Water,60-80| 587
Alcohol, me. .| 122 | Ethyl bromide 137 | Toluene . 104G

w  ethyll 110 | Glycerine . 50 |Turpentine .| g4 |Solutions—

. amyl| g3 |Mercury (see above)] Xylol (m) .| 101 |CaCl,, 5-8% .| 250
Aniline 85 | Methyl iodide | 121 |Water,5°-10°| 53 Jorgin | 458
Benzene 124 | Oil, olive . 70 » lo—20| 15'¢lNaCl, 26% .| 436
e R ] ptnﬂ'm go s 20-40| 302 H;S50,, 100} | 57
Chloroform .| 126 | ,, ,,20°-109°| 110 » 40-60| 458

Joule's equivalent, J, is here given as the number of ergs equivalent to a calorie,
Z.e. the heat required to raise I gram of water through 1° C

MECHANICAL EQUIVALENT OF HEAT

. at some specified

temperature. The 15° calorie 1s about 1 part in 1coo greater than the 20°
calorie. (See p. 5(:
See Griffith’s “ Thermal Measurement of Energy,” 1901.
Observer. Calorie. Ergs. Observer, Calorie. Ergs.
N.scale | X 107 N.scale | X 107
Joule, 1843 . iwou o o | 20° C.| 4169 | Bousfield, Phil. Trans,
Rowland, 1878. M | e e 0. ~ - 20° C.| 4175
Griffiths, 1893 . b | 47184 | Crémieu & Hlbpnl IL}I:}S o° 4185
| Schuster and Gannon, Reynolds & Moorby,
1804 e 4181 1897 . Mean | 4184
Callendar and Barnes, | Barnes, lgugl[rlcdnre:l} Mean | 4185
1849 : 207 4180
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SPECIFIC HEAT OF WATER

Callendar and Barnes (P&l Trans., 1902) used an electrical method of determining the
temperature variation of the specific heat of water. The specific heats below are reduced by |
Callendar (** Ency. Brit.,” Art. * Calorimetry ") from their results ; they are relative to the specific
heat at 20° C. on the C.P. nitrogen scale. The 20° ealorie (see pp. 5 and 55) is adopted as 4180
Joules = 4180 x 107 ergs, being the mean of the results of Rowland (1879) and of Reynolds and
Moorby (reduced), each of whom used a mechanical method of determining *].” Thus the
values of | below do not rest on the values attributed to the eleztrical standards employed.
The specific heat of water is a minimum at 37°5° C.

The 15° calorie (according to Barnes, Proc. Ray. Soc, 1909) = 4184 joules, assuming the
e.n.f. of the Clark cell at 15°C. = 1°'4330 international volts.

The mean ealorie (= }; of heat required to raise 1 gram of water from o® to 100° C.)
= 4185 joules (Barnes, 1909) ; = 4°184 joules (Reynolds and Moorby, 1897, corrected by Smith).

Temp. Hﬁ‘gﬁ Joules. Temp. E?ﬁi‘gc Joules, Temp. E]]‘::gigc | Joules.
- 5°C 1'o158 4246 45°C, | 83 4°173 05° . 10063 4 200
0 o4 47219 50 ‘oglT 47175 100 1°6074 4211
] 1'0054 4202 55 9992 4177 120 1"0121 4231
10 1'0027 4191 G0 I “OO00 4'180 140 10176 4°2
15 L0011 47184 G5 | 10008 4'183 160 1'0238 4°2
20 1°0000 4180 70 10016 4187 180 1'0308 47300
25 9902 4'177 75 1'0024 4'190 200 1'0384 4341
30 "09¥7 4175 80 | 10033 4194 | 220 10467 4376
35 ‘9983 4173 85 10043 4'198
40 9982 4'173 80 10053 4'202

SPECIFIC HEAT OF MERCURY

In terms of the gram calorie at 155 on the const. vol. H. scale. (Barnes and Cooke, Phys.

Rew, 15, 1902.) Mercury has a minimum specific heat at 140° C. (Barnes, Brif. Ass. Rep., 1909.)
|

Temp. 3 il 20° 40" 60° 80° | 100° 200°

8pecific heat . ‘0335 ‘0333 ‘0331 ‘0329 ‘0328 {"0327) ("o32)

SPECIFIC HEATS OF THE ELEMENTS ;
For gascs, see p. 58. (Sce Waterman, Phys. Rew., 1Rg6, and Bérnstein and Scheel in L.B.M.)

Eubetance. Tamparatura._hgﬂi_ Observer, Bubstance, Tamparntm.fhﬂ:ﬁr Observer.
| |

| |

Aluminium . |=182"to 16° -168 | Tilden, 1903 [Bromine, ligd. | 13° to 456 |'107 | Andrews, 48
1510 185 "219 B Cadmium * . |=186t0 —79 050 | Behn, 1900 |

600 282 | Richards, 93 o pure 181099 'o55 | Voigt, 1893 |
Antimony . . |—18610-T79 0462 Behn, 1900 (Ciesium . . Oto26 o8 E. & G, 1900 |
. 17 10 92 ‘o508 C(aede, 1goz |Calcium . . |-18b1w0 20 [|157 |[N. & B., 1906
| Arsenic, cryst. 211068 o83 |B. & W., 1868 0 10 100 149 i Be., 1906

w amorphd 21106856 |'076 & Carbon— |

| Barium . .[-1851t0 20 [068 N. & B, 1906 | Gas carbon. 24 10 68 204 B. & W., 1863
| Beryllium . . 010100 |'425 | N. & P., 1880] Charceoal . 0to 24 163 iH.l-‘."l."l.'cbcr,’;'s

| Bismuth . . —186 o284 Giebe, 1903 3 0 to 224 238 iy
! 22 10 100 0304 W., 1896 Graphite . —50 ‘114 b
| Boron, amor. 010100 ‘307 | M. & G., 1893 S . 11 ‘160 -

Bromine, solid | =78 to =20 084 | Regnault, '49 3 - 202 207 i

* Contained Fe and Zn.
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SPECIFIC HEATS OF THE ELEMENTS (contd.)

Sabstance. | Temperature. hgﬁt
| Carbon (confid)
CGraphite 77" C. |'467
1Miamond =50 ‘oby
" 11 [1I3
LE] * Em ‘373
& 985 459
Cerium . : 0o 100 045
Chlorine, ligd. 01024 220
Chromium. .| =200 |o67
(143 Fe & Si) 0 |04
- 100 ‘r12
400 ‘133
Cﬂ‘hﬂit # & — 132 | (] 15‘ .082
15 to 100 103
15 to 630 |'123 |
Copper . . |—192t0 20 ['0708)
20 to 100 0936
apo 118
Didymium. 0 to 100 ['o46
Gallium, solid 12to 28 [o79
»  liquid] 1210119 o8
Germanium . 01100 |'o74
Gold . . [—185 10 20 [o33
18 10 99 |'0303
Indium. . . 0 to 100 |057
lodine . . . 9w 98 054
Iridium . —186 1018 .|0z282
18 to 100 0323
lron . . . . [|-192tc20 _'039
20 10100 119
225 137
0 to 1100[153
Lanthanum . 0 to 100 [o45
Lead. . . ,|—-192tc 20 [o0293
20 to 100 |['o305
300 0338
Lithium . Owid |837
0 to 100 (1°093
Magnesium . |—186t0 —79189
18 10 99 [246 |
225 281
Manganese 14 t0 97 [122
Mercury . | See precedjing p
Molybdenum . |=185 10 20 063
' 15109 |07z
Mickel . —18610 18 |0db
18 10 100 |'109
Dsmium 19 10 98 o031

Observer.

H.F.Weber,75
Lh ]

E 1]

H., 1876
Knietsch
Adler, 1903
L}

Tilden,

1903

S-::h:nrnirz1 1603

Le \-’er::rier. g2
H., 1876
B, 1578

M. & P., 1887
N. & B., 1906
Voigt, 1893
Bunsen, 1870

Behn, 1898
¥
Schmitz, 1903

Stiicker, 1903
Harker, 1505
H., 1876
Schmitz, 1903
k]
Naccari, 1888
Be., 1906

' Behn, 1900
Voigt, 1893
Stiicker, 1905

Regnault, 1862

age.

N. & B, 1906

D. & G., 1901
Behn, 1898

R cgna-.:;lt, 1862

Regnault, 18400 .,

Substance.

Palladium .

Phosphorus—
»  yellow

liquid

%3
" rEd >
Platinum .

Potassium . .
Rhodium .
Ruthenium

Silicon, cryst.

?ilver

Sodiom. . .

Sulphur—
rhombic
liquid .

n

Tantalum .

Tellurium, crys.
Thallium .

Thorium .
Tin .

., molten .
Titanium . .
[Tungsten .
Uranium .
Vanadium .

EIBC w4 e

Zirconium .

Selenium, cryst.
w amorph.

. |-18510 20 |033
58
. |-18815 79

. [—18510 20

Temperature.| hﬂg.‘t.

. |—186°1018° 053
18 10 100 059
-TBto10 |17
13 to 36 |'zoz
49 10 98 "205
15 to 98 "7
. |-18610 18 o293
18 1o 100 o324
1230 o461
—~T81w 28 166

10 to 97 055 |Regnault, 1862

0 to 100 |obI
221062 o8y
18 10 38 |05
—18510 20 123
57 ‘183

232 ["203

¥¥
« |—186 o =T9 04906 DBehn, 1900

15 te 100 036
427 ‘059
=185 to 20 |:134

10 g7
128 333
17 to 45 ['163

119 1o 147 235

"o3h
15 10 100 | 048

. |-19210 20 [o300 Schmitz, 1903
20 to 100 i'ozzﬁ

0 to 100 028

19 to 99
240
—1851t0 20

0 1o 100
0 to 440

.0{]4
‘082
113
162
036
20 10 100 |34
i1 to 98 062

n fu] QS !.UJE
0to 100 115

1-19210 20 |08

20010 100 093
300 [101
0 to 100 [0b6

|

0486
0552

Observer.

! Behn, 1895

| 1

Regnault, 1849
Kopp, 1804

| Person, 1847

Regnault, 1853
Behn, 1898

¥
. 'l'i'ld:m,, 1903
| Schiiz, 1892

Bunsen, 1870
B. & W, 1868
N. & B, 1906
|H.F.Weber,'75

| B. & 5., 1895
| Tilden, 1903
| N, & B., 1906
| Bernini, 1g9ob
|

| ¥

Kopp, 1865
Person, 1847
N. & B,, 1906
v. Bolton, 1905

' Fabre, 1887

| Nilson, 1883
Behn, 1900
Voigt, 1893
Spring, 1886

M. & B, 1906
N. & P., 1887

1%

N. & B, 1906
Gin, 1908
Regnault, 1840
Blimcke, 1835
Mache, 1897 |
Schmitz, 1903 |

Naccari, 1888
M.& D., 1873

B., Berthelot ; Be., Bernini ;

N. & P., Nilson & Pettersson ; W., Waterman.

B. & 5., Bartoli & Stracciati; B. & W., Bettendorff &
Wiillner ; D. & G, Defacqe & Guichard ; E. & G., Eckardt & Graefe ; H., Hillebrand ; M.
& D., Mixter & Dana; M. & G, Moissan & Gautier ; N. & B., Nordmeyer & Bernouilli ;
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SPECIFIC HEATS OF GAEEE AND VAPOURS

{The values at const. pressure are, unless otherwise stated, all at atmospheric pressure. The specific
| heats given are calories per gram of gas per degree C. at the temp. stated.

| Gas. l Temp. Sp ht..| Observer. Gas, Temp. !Sp. ht. Observer.
AT CONSTANT PRESSURE (.;) Ammonia, NH,. . 2:_;_; 1{][? 520 }\\'ia-denmnn,
Nitrous oxide, N.O | 26-108 | 213 1876

”'”"{‘-1"'} .« -] 20°C. | 2417 Swann, 1909 § Nitric oxide, NO .| 13-172 | -232  Regnault, '062

| e 2] 4100 24350 5 M. me\:ldL, NO, 27-67 11625 B. & O, 1883

s oy i w o kDAl =o 268 H. &A., 19050 H,5 . - |20-206 | *245 | Regnault, '62
| R R R e BT “3 | Witkowski, s B . .|B6-180 | ‘160 0 ks
L S P [ BT » 18960 Methane, LH . .1 — |:391 | Lussana, ‘o4
! w s Toatmos. | =50 312 " » [ Ethylene C,H, . . — ‘404 i, 5
|Argon . . .. .120-90 123 D, 1897 R Renzene, C,H, . .| 84115 | 299 || Wiedemann,
| Hydrogen . . . — 3402 Lussana, 1894Q Chloroform CHCI.. | 27-118 | -144 1877

Lo 30 atmos. — 3rad Me. alcohol CH,0. | 101-223| -458 | Regnault, ‘62

Mitrogen-. . . . 0 2350 * H. & H. 1"-7': Et. alcohol C,H,O. |108- 220 453 | Regnault, '62

om (ligq) . .]—200 43 ﬂ"!' 1G04 . ether (C.H;LO. | 25111 | -428 W., 1876
Oxygen . . . .|20-440 -2419 H. & A, H}Oi Turpentine, C,,H,, [179-249| ‘506 | Regnault, '62
| L) CIN e B | Eﬂ_sm "24497 1 F ] .

i (ig.) . | =190 | 347 Adt, |cp4 .
| Chlorine . . . .]|16-348 -115 Strecker, 81 AT ERNRTDNE FEpUNE (k)
| Bromine . . . .[|19-388 ‘o33 ! ‘82 § A : T W .
; ! Air,t 1 atmos . - 0 1715 Joly, 1891
lodine . . . . .[208-877 o34 |, - » Bpdrogent . . | < B0 (2402 Joly, 458
| Carbon monoxide . | 23 gﬂ 242 e W., 1876 Eaihin clic;xirle§ | «.55 | 1630 ., 1804
- dioxide . . .mm H & H‘! o7 .‘1'|.1'1.:Em e B e ) O-24HN) 0740 Fier, GG
- Lopel st 20 2020 Swann, 1900 Nitrogen| . . . 0 175 <
" w o+ +] 100 el n Water vapour . .| 100 ‘340 =

| ¥ 5 30 fitmos, 2670 Luss.ma '-j.l-
| Water vapour . r 100 | 4652*H. & H., ‘o7

B. & O, Berthelot & Ogzier; ., Dittenberger; I1. & A., Holborn & Austin (Reichsanstalt) ; W., Wiedemann.

¥ e , ) i -
H. & I1., Holborn (Nitrogen (0-1400%), ¢4 = "2350 + "0000TQ/ 2k et

and Henning co, [O=1400"), ¥ 20100 + 00007428 — 0,187 i °C
(Reichsanstalt). Water vapour (100-1400°), ¢4 = 4669 — ‘0020168 +- ‘0448 -
1 Alr, or = ‘1715 + '92?33,0 “hen_pn the rlan*-'.]h fmn i ) & CO, cp = 155 - rz125p < '34“:&, p'l:-r_"u'lgd':nﬁit}r'.
I H, ¢» diminishes with increasing density and I'nlliul_; Lemp. | N, eo = "175 + "0001&4, # being the temp,

RATIO OF THE SPECIFIC HEATS FOR GASES AND VAPOURS

7 = the ratio of the specific heat at constant pressure to that at constant volume. vy is usually
determined directly by some method involving an adiabatic E:mp.m%mn such as the determination
of the velocity of sound in the gas. From a knowledge of either (1) the pressure or (2} the
temperature immediately following an adiabatic expansion (Clément and Desormes, Lummer and |
Pringsheim’s methods respectively), ¥ can be deduced from g7 = const, or #2¥ ~ * = const.

(See Capstick, * Science Progress,” 18g5.)

fias. Temp. ) Observer, (Gas. Temp. ¥ Observer,
Monatomic gases B (AEy) - < il 0° 1402 Koch, 1907
Helinom™ . . . . 0°C. 163 | B. & G., 1907 A TR T 0 1'qoz F., 1908
[ & e s s 0 1667 | Niemeyer,’o2)l » » - - + . 500 1309 "
Wenn . . oo o F el SRt bl CHERE T |‘ut|-qll'ﬂ]l'! ‘o3
HIH][’DII . p— £ 1766 = 13 1 eI T ~793 1'4o5 hu{'ll., 1907
Xenon . . . : woom 200 } 0 1828 .~: "
| Mercury 1..:|mu.r ] 310 | 1666 K.&W., 186§ » » atmos =193 | 2333
| Hydrogen . . . — 1419 li.mm'mn ‘05
Diatomic gases— , - .+ .| 416 | 1408 L.& P., 1898
Air(dry) . . . .] 514 |14o2|L. & P., 1898 Nitrogen . . . .| — |14t | Cazin, 1862
ys Sy SRR , 0 |1'go1 Stevens, 1905 § Oxygen . . .1 14 1300/ L. & P., 1898 |
gy = o RO — 1°4o1 | Makower, ‘o3 j Carbon m:mm:nlf ; - ‘401 Leduc, 1898 |
iy 1 Wy VTR D0, | — | 1°414 |Hartmann, ‘ozf Nitric oxide, NO . —_ 1'304 Masson

Ii. & (5., Behn & Geiger ; F. Fiirstenan ; K. & W. Kundt & Warburg ; L. & P., Lummer & Piingsheim.
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RATIO OF THE SPECIFIC HEATS

FOR GASES AND VAPOURS (conid.)

Gas. Temp. l
Triatomic gases
Oronet. . = « s -
Water vapour 100 (7)
Carbon dioxide . 4-11

A e BT
Ammonia, NH, .| —
Nitrous oxide, N,O .
‘iitrugen}\a gy 20°
peroxide [N O, 150
| MR L gE T
':bi & & W - " & e
Sulphur dioxide. { igﬁ%ﬁ

Polyatomic gases

Methane, CH, . .| —
Ethane, L:.H . o] —
Propane, C JIH. -

Observer,
1'29* Jacobs, 1905
1305 Makower, ‘o3
1300 L. & P., 1808
1'300 Hartmann, ‘o3
126 F., 1908
1’336 Leduc, 1898
1"324 " L
‘172 Natanson,’'85
"1 1 %
1"340 Capstick, ‘g5
IIEEQ ¥ L)
1-26 | Miiller, 1883
"2 F., 1908
1'313 Capstick, ‘g3
1"22 Daniel &
1"I30 {l’iﬁrmn,"gg

Fas.

i

Acetylene, C,H,
Ethylene, C;H, .
Benzene, C.H, .

Chloroform,
CHCI,

CCl,

Me, alcohol
bromide
chloride
.  lodide .
It alcohol

1%

ry

» 1
bromide
chlorde .
ether . .

£} ]
bk}
)

k3 =
_‘ILU:IH_ acid

Temp. 7 Observer. |
e 1'26 | M.& F., 1897 |
— |1264 Capstick, '95 |
I 20° | 130 @ Pagliani, g6 |
.1 997 1"'105 | Stevens, '02 |
24-42 | 110 Miiller, 1883
} 998 | 1150 Stephens, ‘o2 |
: — 1'130  Capstick, ‘g5
997 | 1256 Stevens, ‘02
== 12 Cupstick, 'g3
1980 | 12701y
= 1°286 " '
53 | 1133 Jaeger, 1889
988 |1'134  Stevens, ‘o2
i) -— 1-188 | Capstuick, 93
227 | 11187 i il
12-20 | 10248 Low, 1894 |
9897 | 1'112| Stevens, ‘oz |
1266 | 1147 5 n |

* Extrapolated ;

F., Fiirstenau;

L &P,

SPECIFIC HEATS OF VARIOUS BODIES

Lummer & Pringsheim ; M. & F., Maneuvrier and Fournier.

In most cases, the specific heats given must only be regarded as rough average values,

|
Bubstance Temp. Sp. ht. Bubstance. Temp. | 8p. ht.
Alloys — gl b8 Ether, cthyl .| 18° l 56
Brass, red 0 0Go f;lw_enne . .| 18-B0 | 58
B’ L}'E"E'W . 0 | -o88 | Oil, olive : 7 47
fureka . . .| 18 ‘008 ' 31 to
(Cotgtantin) - » Pparaffin . | 20-60 {l :‘,54
German silver . | 0-100 | 095 | Sea-water T7 " | o4
ok ' Toluene . ul *1g 40
Liguids— ' Turpentine . .| 18 "§2
Aleohol, amyl . | 18 '35 |
o ethyl .| © 547 | Miscel- |
% : 40 h48 laneous — |
o _nmlh;cl 12 -6o1 | Asbestos 20-100 | ‘"20
nilige*. . .| 16 |cEid _ 20 to
Bﬂ'lxﬂ'l'lﬂ - S 10 J-I-u iiﬁ.s:ﬂt a ﬂﬂ ].uﬂ! 24
n S 40 ‘423 | Ebonite . . | 20-100| -33
Brine, ] —20 09 Fluorspar, CaF,| 30 21
density = 12 0 71 Glass, crown . | 10-80 -6
(Harker) { 16 | 72 oy fint . .| 10-BO | -12
|

Bnhstance.

Glass, Jena 16™"'1

s Jena

Granite .

ees s

Indiarubber . |

Marble, white .

Paraffin w;

Porcelam ] .
Quartz, 510,

I{ut::i.: -‘:'-El]'l:h:l‘:i

Sand .
Silica (luse

1% LE

Temp. : Ep. ht. |
18° | ‘19
507 i 18 , .'I{:l
: ._ﬂu—moi!_'jfn‘”
-21 to | e
Z1 |} e
15-100 { ?jg“’
18 :'::ﬂ:‘m
x .| 0-20 | -69
15-1000 2355
(4] 174
800 279
18 21
20-100 ¥}
d)§. |15 -200 | -z2c0
15-800 "z248

* Griffiths, P4, Mag., 1893.

1 See p. 74.

I Harker,

1905.

& Greenwood, 19171,
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LATENT HEAT OF FUSION
The number of gram calories required to convert 1 gram of substance from solid

into liquid without change of temperature.

ICE
i
Temp. | Lt. ht. \ Observer, ete.
> cals. '
—&'5°C. | 76'03 | Pettersson, 1881.
0 7950 | Regnault, 1843, corrected.
0 800z | Bunsen, 1870, with ice calorimeter. :
0 it i ird | Smith, Phys. Rew., 1903 (in terms of 15° calorie = 4'184 joules,
! taking Clark cell = 1°433 volts at 15° C.).
VARIOUS SUBSTANCES
1 | 1
Bubstance. Temp. Lt. ht] Bubstance. Temp. Lt ht] Substance. Temp. Lt. ht.
Elements — L cals. bl b cals. bl £ cals.
Aluminium .| 657 | 77 | Platinum . .|i1750| 27 | NaNO, . . 311 63
Bismuth . .| 269| 13 | Potassium . 62| 16 | KNO, . . .|339 | 47
Cadmium . .| 321 14 | Silver . . .| g0 22 | HSO,. . .| 103 24
Copper . . — | 43 | Sulphur . .| 115| 9 | Aceticacid .| 4 | 44
Lead . . .| 327 5§ I Tin . . . .| 232| 14 | Benzene . .| 54| 30
Mercury . .| — 3 |Zinc. . . .| 418| 28 | Glycerine. .| 13 42
Palladium . 1550 36 [Componnds— Naphthalene. 8o | 33
| Phosphorus .| 44 i s |[NH, . . .|—75|108 | Xylene. . .| 16 | 39

LATENT HEAT OF VAPORISATION
Latent heats are given as the number of gram calories required to convert

. 1 gram of substance from liquid into vapour without change of temperature. The

latent heat of vaporisation vanishes at the critical temperature.

Trouton’s Rule.—The latent heat of vaporisation of 1 gramme molecule of a
liquid divided by the corresponding boiling point (on the absolute scale) 15 a
constant (C). C = 21 for substances of which both liquid and vapour are unassociated.
If the liquid is associated, C >> 21 (e water, C = 26); if the vapour is associated,
C < 21 (#g. acetic acid, C = 135). [See Nernst’s “ Theoretical Chemistry.”]

STEAM

Regnault’s equation connecting latent heat and temperature takes no account
of the temperature variation of the specific heat of water (see p. 56). The equation
gives values which are too large at low temperatures. The equations of Griffiths,
Henning, and Smith have been reduced and are here expressed in terms of the

15° calorie = 4184 joules. Griffiths’ and Smith's results rest further on an
attributed value of 1°433 volts for the e.m.f. of the Clark cell at 15° C.

See also next page. [The critical temp. of water is about 365° C.]
Observer. s Latent heat L, at £°C.

e - - —— - —

Regnault, 1847 . | 63%-104° C. | L; = 6065 — 6957

Griffiths, 1895 . | 30° and 40° | L. = 5980 — "6os/

Henning, Ana. 0%~ 100" {L: = 5004 — ‘6o, 1o °3 % A
. Phys., 19ob, 3 or L, = 943 (365 — £)%% to-1

009 . . 100°-180° L, = 53897 — "6428(¢ — 100) — "0,834(¢f — 100)°
Smith,  Phys.

Rev., 1907 } e ke=Jdgra s aces
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LATENT HEAT OF STEAM (contd.) |
Interms of | Regnault, = Grifiths, = Joly,  Callendar, | Dieterici, Henning, | Bmith, |ja°bards *|
15°calorie.| 1847. 1895. 1895. » 1905. 1908. 1907. *imf“- |
e 2 Sl
| . | 6ot | so8t | — | sst | ssbor | st | sert | —
. —_— —_— —— —— | _.: - —
| ; |
[l -1 537 | sarst | sdol 540 — | sig4 | st | 5380
* From sp. ht. of steam experiments and total heat formula. 1 Extrapolated,
I Reduced to mean calories (4°185 joules) ; Clark cell = 17433 volts
§ By comparing L,,, (by steam calorimeter) with the mean specific heat of water between 12% and 100°,
Callendar and Barnes' specific heat has been used (p. 56).
LATENT HEATS OF VAPORISATION OF VARIOUS SUBSTANCES
The values below are for pure substances, and are due to Young, Proc. Rey. Dublin Sec.,
1910. The precise calorie employed is not stated.
lath,rl Ethyl |1"rnl}yl l!’athyl Ethyl | Propyl | !
Pent- Ethyl | Acetic Ben-
Temp. | 8nCl,. 0©0O1,. ane (n). ——= other. | acid. zene
4 Aleohol. - Acetate,
|
. cals, cals. cals. " cals. cals. cals cals. | cals. cals. J:;I;Im cals. cals
ﬂa [ 2 i 23'9'3 230 e 92.52 Lo e et — R
20 - - — | 284’5 | 22306| — | 54| — = - 8405 —
40 ea — 84:31 | 2778 | 2187 — 8283 | — - - 8702 —
60 | — | — | 8oy | 2694 | 2134 — | 7844 | 9859 | — == gl =
80 | — | 4600 7533 | 259'0  206'4| I73'0| 7350 | 9407 8578 | 7980 | or'59 9545
100 | 3176 44'15 6904 | 246'0 | 197°1| 164'0| 6842 | 8839 | Bz1g | 7633 | 9232 o4l
120 30°54 42 64'48 | 232'0 | 184'2| 1530, 6234 | 8287 7753 | 71'84 | 04'38) 8658
140 | 29'12 39'g92| 56°58 | 21671 | 1711 142°4| 5593 | 768 7224 | 67°606 | 9183 8232
160 | 2769 3795 47'42 | 1983 156'9 129'0 4607 | 6996 6391 | 6280 | Bg'63 7894
180 26°200 3540 3501 | ©yy: | 139'2| 116°3| 3187 | 6100 | SoeBy | 572 87 71| 7462
200 24’57 32'61] 24°68% 1508 | 1166 102'2 Jg'jbi §o'56  52'71 | g0'78 | Bggs) 688
220 22'82 29451 — | 112’5 ' 882 853 — 87 | 4263 | 32°40| B202 6224
240 20086 2556 — By'5t 403 634 2 — | 20005 2717 | 3oc7o| 7813 s4nn
260 1850 2007 — - - 335 — — 1203| 11°739 92:26| 4382
280 | 1560 1043 — - - — — ‘ -- | 6348 2743
tg;‘&; ngsﬂ-:f 283°1 (197%2 | 240° | 243°1 26377 193°'8 izsa ‘7 [pSsn | aneRa [3e1° 1eARTs
* At 1g0°. t At 230% I At 100% & At z30° | At 249°, 5 Atz2rs°C.
| |
Bubstance. | Temp  Lt. ht. Substance | Temp. | Lt. ht. Bubstance. Temp. | Lt. ht.
C. | m:nl;- o __ o T 5 cals., . __cnls..
| Mercury . 358° | 68 | Liquid N,O | —20° 67 | Chloroform 61° 58
Sulphur . 316 | 262 w NH, — 341 | Et. bromide . 38 6o
Phosphorus .| 287 130 B o 0 57 » propionate | 100 79
Ligmd H;. .| — 12 o = 22 32 ,, todide 71 47
i S G M 3 S 80 | —la g6 | ,, formate 50 98
» N — 50 e dal A5 85 | Am. alcohal 131 120
o air. .| — ¢. 50 | Me. formate . 32’ 110°5 | Aniline . - 104
PR —22 by oy dodide . .| z 46 | Toluene 111 84
Bromine . . 53 46 | Chloroform .| o 67 | Turpentine. .| 159 70
| lodine . 174 | 2
|
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THERMOCHEMISTRY

. In thermochenistry the conservation of energy is assumed in accordance with
experiment, and consequently (1) if a eycle of chemical change takes place so that
the final state of the reacting substances is identical with the initial, then as much
heat is absorbed as is given out, i the total heat of the reaction is zero ; (2) the
heat of reaction only depends on the initial and final states of the reacting sub-
| stances, and not on the intermediate stages. The results below are affected by, but
| have not been corrected for, any changes in the accepted values of the atomic

weights since the experiments were carried out.

MOLECULAR HEAT OF FORMATION

INORGANIC COMPOUNDS

I'he molecular heat of formation (H.F.) is the heat liberated when the
| molecular weight in grams of a compound is formed from its elements. When
| the state of aggregation of an element or compound is not given, it is the state
in which it occurs at room temperature and pressure.
H.F. means that heat is absorbed in the building up of the compound.

Unit—the gram calorie (at 157 to 20° C.) per gm. molecule of compound. Agq
= solution in a large amount of water. The reactions are at constant pressure.

Example.— H.F. of CuSO, = 183,000; of Cu50,.Aq = 198,800. .. the heat
of solution of CuS0, = 198,800 — 183,000 = 15,800 cals. per gram mol.

(T.. Thomsen, * Thermochemistry,” trans, by Miss k. A. Burke ; B., Berthelot,
Ann d. Chim. et d. Phys., 1878 ; T.B., mean of both these observers’ values. Sce
also Bottger in L.B.M.) For organic compounds, see p. 64.

A minus sign

before an

diamond

' .HF. in
Compound. | Hzilﬁiu.
| Non-Metals =10
HCl gas 22'0, Ts
HCl.Aq . 393, T-
| HBr gas . B, 1o
| HBr.Aq . 286, T.
HI gas. - 61, T.B.
HI.Aq . .|+132, T.B.
HE 3.0 530S
H.O hqg. .| 684, T.
s ik 6go, B.
b PaBe-a) .« |- S0, B
HO,.Aq. .| 47©C
| H.5 from o
rhombic S. ‘} 27, T-
T i [z
AsH, - 307
SbH, . . (=87, B
SiH, ; 25
| 50; from )
' rh-}mbhi'. S. JL e
S0, hig. from
rh'(:um%ic =t } 1o3
N,_,':_:' 2w o (=410
NO . —z216, T.
IMri":':l. =2, B.
N,/ 22° =g P
SR L - 7%, B.
N0, hg. 36, T.
PO, solid . | 309
P.0..Aq . 4035
CO: ¢ from . Vi sgeio
amorph. C. J| &
CO from s6°r, Bl

Mol HF. in
Compound. ealories,
x 10°
CO, from wa BT
amorph. C } i TR
CO, from n
diamond } 943, B
B.,O,; amp. B, 273, b.
510,Aq; crys. 180, B.
As,0; . .ESi psk o
:‘\.53“5 . . " 21'9.-
CCl, from :
::'Iiaimurif]: } 76, B:
SbClysolid . | g14, T,
SbCl; lig. . | 105, T.
CS, from ||
diamond & —19, B.
rhombic 5..
C':N'.-" gﬂs —
{rom :l'mm..} Pt Bs
H£50+ li‘-I‘ )| 193, T.
H,50,.Aq || :
t'mmrhumb:c1 210, T.
e
HNO, lig. 416, B.
HNO,.Aq .| 49
HCH pas §| il
from diam. ll 385
HCN lig. . — 248
H,PO, hq. .| 302
Metals -
ALD; 380, B.
MCL o e o
AL(S0,); . Aq 880
NH,CI . | 763, T.B.

Compound, '!::flfﬁﬁi.m
| x10°
NH,Cl.Aq 72°4
(MH,),50, . |283 T.B.
{NH,),50,.Aq 2806
NH,OH.Aq . oo, B
Balh st T e ah T
BaiOH), = ] s
BaCl, . varty B
BaCl.Aq . | vogr T.§ |
Bi,O, | 26
BiCl, L o1, T.
CA(OH): . .
Cd+0+H,0 } 66, T.
2 | o] P Sl (B -
Cd-SSC'. P (222, T,
CdS0,.8/3H; e
on sol. in Aq +2:66, T-
CdSO, . Aq 2327, T.
CS?0+ " " " ]Dﬂ-
CaO. . } g
b+  Moissan .| 145
Ca(OH);,, - | 229
[ | R - .
Eatlly © & L70; el
CacCly. Aq. 187-4, T. |
CasO0, . - | 318, T
CaCly ..+ = | Zro,Ts
Ca(NO,)y « + | 202, B.
Eolly i sl B
e RO T E
CoSO,.7H,0 | 234, °T.
[Co(NO,)..6H,0 119, T.
2 T e . -
Eacly - 51°6
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HEATS OF FORMATION

| INORGANIC COMPOUNDS {confd)
[

[ : : |
Compound. | Mol. E._I'. in Compound, Mol. E.'.:F. in Compound. Mol. H.F. in

| ocalories, calories, | calories.
Metals(conid) %1 % 107 % 108
EuSDiiqes 1o lilegi T MgCly o UG, T ApCl. . o o | 2002, T.B.
CuSOy-Aq . 1988, T. |MgS0O,. . . 302 T. Na;O) . . .| g1 to oo |
Cu50,.5H,0 } s Mg50,. :'i.r.[ <1322 NaHO . . . o3, T.B.
on sol. in Aq. 73 Moy e, 91 NaHO.Aq . |r12:2, T.B.
AuBry o6 o 88T, JMnCly . .. fpI2 MaCl . . .| o078 T.B.
aAncl . .o | 23, iE. Bk v il [ 249: T« | NaNO,. . .0, T.B. |
Fely . ... ] 646 HER 0y s Ue] 21T Na.50,. .. . [32813, T.B.
Fe,0,/400%. .}196 Hg50, . . hys Na,CO, . ../|272 T.B.
Le Chatelier [ HpCh cavseacl 318 SrQ v ei o o l130; T.B.
FeS0, . 7H,0. (240 HgCl; . 53'2 Sr(OH), . . 217, B.
FeS50,.Aq ; . 236 B —— 50'7 SrCly .« . |185 T.B

BeGl, 3@ .| 96, T. NiCl, . . .| 745 T. |SCl.Aq, . |igh, T.
L7 S (8- - e i i NiSO,.Aq . |229, T. ThHO. .7 2| 422, T

|IPbO:. . . .| 6274 o S e . TSR | g6, T
|1"'b':. L e e T BV, + .o 97 TS0, . . 2ar, T.
PBSO, . . . 2th, T, KHO .. . |tog, BT, [Sn0. . . .| 70
Ph{NQ,), . 10575 BEEO &g § e BT (EShCE < 20 8T
PL{NO,),. ;\q 976 KCl . . . .|1o6 BT. |5nCl, . . . |i28

Pl . 2 140 G g . |2 Tors; T. " L8 AR [ T
|LOH . . . (2 KNOy . . i119, BT. }2nCl, . . .| gy3, T.B.
Sissl . L e ilnd, T K0, « . . 344, T.B. }Zn0(NO,).Aq (132
LIIL'].A{[ wife s (HD224 e o ks 5'q. T. ZnS0, « . . |2303, 1
RS0 et 0 1904 T ML P a. B. ZnS0O,.Aq . 2487

|LiNO, . . . |11, T. [|AgNO,. . .|287, T.B. EnSD,.?H,U} .
MgQ. . . . |143, B AsNO,.Aq . | 233, T. on sol. in Aq P

I

MOLECULAR HEAT OF NEUTRALISATION

Unit—the gram calorie {at 15° to 20%) per gram molecule of base. Thus
KOH.Aq + HCl. Aqg = KCl. Aq + H.O + 13,750 calories. Thomsen (= T.) ob-
served at 187 to 20° C., and the final dilution was 3600 gms. (7200 for Na salts) per |
gm. mol. of base. Berthelot {= B.) used at least 2000 gms. of H,0 per 17 gms. of |

hydroxylion, = HO.

Base. HCl HF | HNO, HCN | jHS0, }H.CO, | 1H,PO, illﬂxalic.
| % 107 x10" | %107 | x10f X108 | X108 | x10° :I % 10° |
| iMEOH Ji1374,T.;) 163, T, 13°7,T.; 235 1564, T. | 1071, T.; | 14°8, T. | 13°3,T.

1577 B {1375, B. 102, B. |
zNaOH — —_ | - — | 31’3841, T.| 2028, T.| 27°1%, T .| 28'3,T.
tLiOH. 1385, T. 164t | — [293 |1504, T — S =t
| tKOH * .fi13:7, T.;| 16er | 138, T 28, T.| 157, T-B:| 10°1, B. e 13°5,B.
. 136, B. | f '
INH OH . J123, T.;| 152 | r23, T.j13, B 123, T.B.| 84, T.;| 135, B.| 127
12°4, B. ' ’ | 53, B. | :
$}CaOH 140, B. | 1841t | 139, B.|32 156, T. [o3.1TT. - — |
| o8, T I'i
$5rOH. .} 138, T. | 17°8¢% | 12379, B{315 | 154, T. |10 iT.B. — — |
§{BaOH .| 139, B. | 161 | 141,T.;|315 | 184 B.T. 1o, {T.B| — - |
| 139, B.
IMg(OH).| 138, B. | 152 pa B Ty | DEs; 'H.l. 85,1 Ii. — — |
iLu[{JIh 75, T | 10T 76 ~y| 58 | - =0
| | | | .

* 3Na0H gives 340 % 108, T. + Base in solid state. 1 H 50, § [H.CO,.
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HEATS OF COMBUSTION

HEATS OF COMBUSTION AND FORMATION OF CARBON cﬂMPﬂunDa, COAL, ETC.

Molecular heats of formation (H.F.) of organic compounds are deduced from
their heats of combustion (H.C.), by subtracting the latter from the heat generated
on burning the carbon and hydrogen contained in the compound. Experimental
errors in the H.C. thus become magnified in the H.F. Heats of combustion
determined by Thomsen are for the vapour of the compound at 18° C.;
liguid the H.C. and H.F. would be greater by the latent heat of evaporation.

Thomsen assumes H.F. of CO, from amor
68,360 cal, per gm. molecule.

hous C as = 96,960 cal. ;

for the

of water as
For HF. 0 inorganic compounds, see. p. 62.

The H.C. and H.F. of carbon compounds is an additive pruperty (see
Thomsen’s * Thermochemistry ™). Berthelot's bomb calorimeter has been of con-
siderable importance in the mndern experimental side of the subject.

Unit—the gram calorie (at 15° to 20°) per gram molecule.

Enmplm—-lﬁ gms. of methane, CH,, give out 212,000 gram calories of heat
when burnt at constant pressure, to water and CO, at 18% C.

(T., Thomsen, “Thermc-chemlslry ,“ B., Bertlletnt}

B .

e Do

Wi | me. | mE Oomponnd, | me | mE
x10° | xiot X1 | x100
212, T. ; Me. acetate, C,H O, . | 399, T.| o7
Methane, CH, | 213 B. 3 27 | con bisulphide, CS, . :ﬁé,jr 226
370, T.)| _q.. | Methylamine, CH,N . |25 9’3
Ethane, C,H, . . '{: 3?:: E;} 286 Dimethylamine, CiH,-N 420, 1 127
Propane, C;H, . | 529, T. | 351 Aniline, C;H.N . 838, T. | =174
| 5 el | v L: 5 i | R Pyridine, C;H N. - | 675 T. |—194
"I-f'{‘:l.j' ene, C_I'l;g { 314 } 478 Sugnr, L‘IQHEEDH‘ : [354 =
Ethylene; C.H, . . .1333 T-| =2 INluminating gas per} 546 to 3t
Benzene, C, H .| 799, T.|—12"5 cub. metre . . . } 65
N'lphth’tlf:ne C,..H . | 1239 — Coal (anthracite) . . | 7°6 to |per gm.
Toluene, C.H, . . .|gs6 - 33 8y
Me. :ﬂmlm], EH,U : 182, T.| gr4 | Coal(brown} . . . .| 47 of
Me. chloride, CH,Cl 177, T.| 226 | Coke. Wy s s] NG R
Chloroform, CHCl, . . |107, T 241 | Paratin oil. . . «| o8 B
Et. alcohol, C,H,O . 340, T.| 58z : 39 to
EI_ f_"‘ll]e]_'! C. I_'i.w(ﬁj : ﬂ: - :?.D:I 1‘- Uf}d- - B = . {4-4 th] n
Et. chloride, C;H,Cl . (334, T.| 307 Albumens—
Aceticaldehyde, CCH,O | 282, T.| 487 | Casein . . . . . .| 586 |, &
Formic acid, CH 0, 604, T.| osg | Flesh. . . & 0 '57| sio6 iy
Acetic acid, C,H,0, 225, T. | 105'3 | Whiteofegg . - . .| §67 |4 »
Propionic acid, C,H,0, | 387, T. | 109'4 | Yoke of egy . &1z | 5
Me. formate, C,H O, 241, T.| 894 | Hemoglobin . . 50 2 »

MOLECULAR HEAT OF DILUTION
The heat set free or absorbed on diluting a gram molecule of liquid with water is the

molecular heat of dilution :
365 grams of HCl are set free;

thus on diluting HCl to (HCI, 300 H,0), 17,300 calories per
diluting 2NaCl, #H,0(n = 20) to (.,‘\‘.'alf.,l 100H,0)

absorbs 1060 cal. per 2 x 5865 gm, of NaCl 'I]'m.i:--thf: gram caloric (at 15° to 20°) per
gram molecule. (See Thomsen, * Thermochemistry.”)
' ' ' |
HCl | HNO, | H.§0, | NaHO NH* | 2NaCl | oNaNO, | Na.50, | ZnCl, Zn(NO,).
n=0 [n=0| =0 |n=3 n = 20 ‘n:lﬂ | m=250 n=5|n=1n
II_'D Yo' |H n. | HyO 'H20 :1;1":}! 1 ol ; |u 0 | ¥1o' [HyO[X10' [ HgO
| 1" ol 5 1™} 10" 1" Hald| wro 1’ wWro 1" 10 W 10"
i e | o [P o B B fr o6 80226100, —-665| 10585 18| ot
211-36| 5[6%6 5:31 T29 |3 '*352(]{!—14: 100 — 320200 =11 zl}jjs 20(1°15
51496 10/7-32 49167 | 931 |58| -21° 400 — 141 200 —386400 —1-38 | 50/532| 50120
50 17-1 | 20(7-46) 199171 | 25/3:26 9'5| 02 | — | — |400| ~419800 — 143 100681 100 1-11
1300173 |32£I 7 4ﬁllﬁﬂﬂ 17°9 |2ﬂﬂ 'W;ul oo | = — . - wnis-m Eﬂﬂlrn;-
| { | | |

* Heal dcn'l.n]md o l:]]lulmg NH,.»

H,O 10 NH;.200H,0 (Berthelot).
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SOLAR CONSTANT

ENERGY AND WAVE-LENGTH OF FULL RADIATION i

The radiation from a full or black body radiator depends both in quality and quantity
upon the temperature. The total energy radiated (of all wave-lengths), from unit area in |
unit time, is given by Stefan’s law, E = K#', where K is Stefan’s constant and @ is the absolute
temperature (see Optical Pyrometry, p. 47, ‘and below).

The dependence of the quality on the temperature is expressed by Wiew's displacement
law, A8 = const., where A, 15 the length of the particular waves which carry most of the
energy. - Further, the energy L.p, carried by the waves of length A,,, varies as the sth power
of the temperature (absolute) : E,8-% = const. |

The energy (from unit area) radiated by some particular wave-length A is expressed

aeurately; By Chbieaid— 1) . . . . Plancks foreenis
where C = 353 erg.-cm.? sec.-!, & = 1'445 cm.-deg., and ¢ is the base of Napierian logs.

At low temperatures or for short wave-lengths (A¢ < 3 cm.-deg.) Planck’s formula becomes
(to -8 7 at least)— Ex = Ca—Se—a/Ad

o o Wien's formula (see p. 47)
For long waves and high temperatures (A8 >> 730 cm. deg. ), we have (to 1 % at least)—
Ex=Ch—*0e-%a. . - . . . Rayleich’s formula
(See Preston’s “ Heat,” 2nd edit. ; Kayser's * Spectroscopie,” 11, ; Lorentz’s * Theory of
Electrons,” 1910,

WIEN'S DISPLACEMENT LAW STEFAN'S LAW

Al = const. = A. (Sec above). A 1s Total radiation from a full radiator

measured in cms. = K#' (see above). K is in erg cm.~ sec.™!
deg—.
A | Observer. K Obsarver.

2940  Lunmer and Pringsheim, 1899 532 % 107° huﬂh.j.um A, d P., 1898
-2888 | Paschen and Wanner, 5. 5., 1899 18 { Lummer and Prmﬂrsheim, A.d P,
2902 | Wanner, 1900 - 2 1901
2940 | Paschen, 4. 4. P., 1901 LEE = Bauer and Moulin, C. &., 1910 ,
2800 | Rubens and Kurlbaum, 4. 4. 7, 1901 | 535 Valentiner, A. & £, 1910

A d P, Ann, der Phys, ; B. B., Berlin Ber.; C. R., Compt. Rend,

SOLAR CONSTANT AND TEMPERATURE OF SUN
The solar constant S is the energy received from the sun by the earth (at its mean |
distance) per s3. cm. in unit time, corrected for the loss by absorption in the earth’s
atmosphere.
The determination of the absorption loss is difficult; it is best derived from simul- |
taneous observations at high and low stations. i
Langley and Abbot (* Smithsonian Reports,” 1903 &f seg.) give the following relation |
between atmospheric absorption and wave-length :— !

Wave-length {R.LT, =jo%cm) + . « .| 4000 | Gooo | 8ooo 10,000 | ]:‘Qm

Fraction trangmitted . . . . . . .| ‘49 24 e 4 g T gy

If R is the energy radiated in unit time from a sq. cm. of the sun’s surface, then

earth’s solar distance)® 928 x 10 },
R={ sun’s radius } S:L;ﬁx 10" X S = 46,0008 '

Assuming the sun to be a full or black body radiator, its *“ effective” absolute tempera-
ture @ may be deduced either from (1) Stefan’s law, R = K{(# - T*), where K is Stefan’s
constant (see above) and T is the earth’s absolute temperature, or (2) Wien’s displacement
law, 8, = const. (see above).

Langley and Abbot (ref. above) find the distribution of the energy of solar radiation
among the different wave-lengths (A) to be as follows :—

Wave- lan.gth ( AU ) ot mo..;sm 5m0|55m;fm!?mmlﬂam:m,mmll :,m:lu,;m::,mq

Relaﬁﬂenarﬂh e o o l15t2118y| 19 |6't4 i S‘Ei 54 | 32| 27| %

|
A for e = 4900 ® 1077 cm. Iakmg Wien's diﬂplaccmcnt law to be 8A,.. = 29, and
'lssummg the sun to be a full radiator, its temperature = 5920° absolute.
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SOLAR CONSTANT

SOLAR CONSTANT AND TEMPERATURE OF THE SUN (confd.)

The values of S below are expressed in both (1) calories per min. per cm.?, and
(2) watts per cm.® (1 calorie per sec. = 418 watts). The sun’s mean temp. @ is in
degrees C. absolute. Abbot and Fowle Imd the solar constant varies by about 8 %,
(See Poynting and Thomson's “ Heat ;” Chree, Nature, 82, 2090; Report (1910)
of the International Union for Solar Research ; and “Smithsonian Reports.”)

Bolar Const. .
u_all__l watts ;::1; Account. i Observer.
R 11 '
om,=* '
Ahs. | : :
— | — | 5770° | Comparison with const. temp. Atmos. | Wilson, 1902
absorp. taken as 29 7 '
— 5920 | Using Wien’s displacement law (above) | Langley & Abbot, 'o3
2'26 154 | 7obo | Gorner Grat, Switzerland Scheiner, 1908
i — | 5610 | Natl. Phys. Lab.,, England. Aumos.| Harker & Blackie, ‘o8
|~ absorp. taken as 29 %
2:38 166 | 5631::] Mt. Blanc. Comparison with const. temp. {‘Fér}' & Millochau
— — 5360 Atmos. absorp., 9 % with zenith sun Féry, 1909
| — — | 5630 | Mt. Blanc. Atmos. absorp., 3'4 7% Millochau, 1909
2'1 | "146 | 59701 ‘u\'as}:i%;,‘ton (sea-level) and Mt. Wilson | Abbot & Fowle, 'og
| Hooo t.
2°1 '1413' sg7ot | Review of previous work Bellia, 1910
1'g25* | *134 | 58401 | Mt. Wilson (6ooco ft.) and Mt. Whitney | Abbot, 1910
{I4l:|m ft. }

* Mean value for period 1904-g (Nafure, 1911).
t Calculated from S, taking Stefan’s const. as §'3 % 1o~" walls em.~* see.”? deg.—.

THE CRYOSCOPIC CONSTANT

The cryoscopic constant, K, would be the depression of the freezing-point of a solvent
when the molecular weight in grams of any substance (which does not dissociate or asso-
ciate) is dissolved in 100 grams of the solvent, supposing the laws for dilute solutions held
for such a concentration (Raoult, 1882). Van't Hoff (1887) showed that K = Ré/(100L),
where R = the gas constant (see p. 5), # the absolute freezing-point of the solvent, L its
latent heat of fusion in ergs. Exa.m;ple —For 1 gram-molecule of solute in 100 gms. of
wialer—

K = 8315 x 10" x (273137067 % 4°184 » 10”) = 1860

(See Whetham's * Theory of Solution,” p. 149.) (After Bruni., L.B.M.)
Z K K
M. Lat. ht. M. Lat. ht.
Solvent. - Bolvent. —
ol R C SEE ot | (08180 lonloa| Obad.
e = 4 . ; =
r s | o 1858, G. I Benzene . |5°C. 291, P.W. 533 | 49, R.
Water . . |o°C.| 796 |18 f:{ Iﬂ'gz“" . : 55_5 33 Ll ;1-{1 512, P,
H,50,.H,O0] 84 317,B. 50 48, L. Formic acid] 8 |57 4 Pe 27'5 | 28, K. X
ShClL. . adryzlaasd, Too (Trgeointil T FPhenol . .40 |24%9,P 'W 786 | 72:7, E.
Acetic acid |17 | 437, Pe. | 385 | 39, R. po Xylol. .6 |303,C  |42'5 | 43, PM.
Aniline. .|-6 — — 587, AR

o

|

* Mean of six observers; A.R., Ampola and Rimatori, 1897 ; B., Berthelot; C., Colson; E.,
Eykman, 188¢g; F,, P:wlur, G., Griffiths (who used 00005 10 0’02 nurmai sugar solulmns:l i
Lespicau, 1894 ; P., Paternd, ]339 Pe., Pettersson ; P.M., Paternd and Montemartini, 1894 ; P.W,,
Pettersson amd ‘u‘u'i:lman iRy Rnuu]l; ']"., Tolloczko, 18gg.
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SOUND

VELOCITY OF SOUND
The velocity of sound (longitudinal waves) in a body, V = +'E/p, E being the
elasticity, and p the density. In gases and liquids E is the adiabatic volume
elasticity ; in isotropic solid rods or pipes E i1s Young's Modulus. For gases
V = +/3P/p, P being the pressure, and ¥ the ratio of the specific heat of the gas at
constant pressure to that at constant volume. For values of v, see p. 58,
For moderate temperature variations, the velocity of sound in gases is given by
V.= V(1 + dat) = V, + 61/ in cms. per sec. for dry.air (a = '00367).
The velocity of sound decreases with decreasing intensity down to the normal
value. In gasesin tubes the velocity increases with the diameter up to a limiting
value for free space. The values below are for free space. Barton’s * Sound” and

| Poynting and Thomson's “ Sound " may be consulted. [1 foot = 30748 cms.]

Bubstance, Temp. Veloeity. | Obszerver.
Gases— cms. sec.
A fdry) = o s 0°C (3-3145) x 10* | Caled. (y = 1402)

* Gl e 0 3re Violle, 1goo

5 F 0 P32 5 Stevens, 19oo

" oy e 0 33129 Hebb, 1905

= A ToEE] By P 0 33192 % Thiesen, 1908

7 S e - 456 3o56 Greely, 18g0

) LT - 1824 1'815 Cook, 1gob

i G 100 3865 = Stevens, 1000

" « Tial inT s 500 583 3t "

v it VO R 1000 70 2 =

., (Krakatoa wave) — 321 * 1883

woound-wavesfromfsparks 0 350-4'45 ., T Topler, 1908
Hydrogen . . . . 0 12°86 oy Zoch, 1866
QEYgen :, i ‘v, s 0 " T3z Dlong, 1829

e ety b — 1847 |+ smspgme ML | Cook, 1900
Nitrous oxide, N,O 0 | 290 e | Wullner, 1878
Ammonia, NH;. . 0 | 416 el "
Carbon monoxide . 0 3371 o=} i
Carbon dioxide . . 10-24 SR (g Low, 18g4
Coal-gas . . . . 0 4'9-5°18 ,, .
Sulphur dioxide . . 0 200 o Masson, 1857
Water-vapour . . 0 40 E 1

= E:S&Ld.} 10 413 3 | T!'l:il:.-:, 1003
Liquids—
T - e 81 1435 % 104 Colladon & Sturm, 1827

- - 4 1399 4 | Martini, 1858

e R g 25 457 s ! -

, (sea) Explosion fwaves 18 17°3-20't ,, 1 | Threlfall & Adair, 1889
Aleohol{abs.), C.H,O 84 126 i | Martini, 1888
Ether, (C,H;),0 . 0 I1°4 . _ -4
Turpentine, C,;H;. 35 137 5 [ i

* Free from CO,;, T The range of speeds is given by varying intensities. I Reichsanstalt.

The values for metals are due to Wertheim, 1849 ; Masson, 1857 ; and Gerossa, 1888,

8alid. | Velocity Solid. Velocity Solid. Velowity
| ems. 'see, oms. /ge0. cms. [sec.

Aluminium. .|groxlot] Lead. . . .|1z3x1o'| Brass . . .z 36'5x 10
Cadmium . .|231 ,, Mickel . . .|49'7 . Deal (along 49-50 ,,

Cobalt ., . . |47z Platinum . .| 268 ,, grain)

Copper . . .|397 . Silver oL L2060 ) Fir w | 42=83 .
) s ) 1 o i bl L2 TR S ERall B i Mahogany ,, | 41-46 ,,
Iron (wrought) 49-51,, e L VRS B o S Oak » |d40-44
. ACHEEY: L Eiay Glass (soda) .| 50-53,, Pine 5 leas L
Steel. 0 2] gg=c2is i GHImEYE L e A Indiarubber .| '5-7

— B
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SOUND
VELOCITY (IN AIR) A
Iheggam Ao | squamventes or
Koch (1907). Rayleigh (1907). ; End Correction.

For a pipe with a flange at the
| p Relative Velocity Conden- | open end, the antinode is sitnated |
| r_::“' of Sound. Fre- | sation | "82 (radius of pipe) beyond end.

i = quency. | for same | With no flange, the end-correction
i - 0°0 |-Tel 0 lanﬂlhllltj". is "57 (radius). (See Lamb's* Sound.”
| i 1'oa By2 Biz2 | 1 Wave-length. [[9 10.)
95 1 14008 ‘831 256 16 L = length of pipe.
50 1'022 830 128 32 al. 4T
100 1004 B85 86 | 64 Closed pipe . . 4l, = = #ic.
150 | 1132 | 1047 | :3L ;L
200 1’220 | 17239 ' Open pipz. . . 2L, 3 elc.
TRANSVERSE VIBRATIONS OF RODS THE EAR
. L, length ; K, radius of gyration of cross- T 0 b
| section ; E, Young’s Modulus ; p, density. E"hﬂn{'ﬂ time per-
- A i ceivable by ear (Hill,
o e : ST,
No.of  Distance of Nodes m&m“ JLI?IleltudE of faintest ok
Nodes. from one end. * Ta /\]L audible sound (Ray-
= U} leigh, 1877) . . .|1ogx10~fcm.
= Ditto ( Shaw, 19004) .| 1"4x 1075 con.
Both g ¥ I-I L; T ?fa?rl:}[ ; 6 Pressure variaﬂ?}n to
ends 3 “L’ “ak 6]:" 7 whichnormal earcan [c.4 ¥ 107" mm.
free 4 -6, oML 53 } 540 respond (Abraham,!| mercury.
| '644L ; *gobL | 1907) .
TIOT S e -ﬂ = : 1 Lower limitofaudition
| One e in vibns./sec. . . .| About jo0.
end 1 '226L 6:27 | Upperlimit of audition 34,@%?:
fixed 2 '132L; 5L 17°5 in vibns./sec. . . } 41,000
3 rog4l.;'356L ;6441 344 Extreme range of ear | ¢. 11 octaves.
Musically available .| ¢ 7 -
| Temp. correction of Frequency (n) of a Toning-fork,
& - . ) o
\M"Leod H'mi Clarke, _' ea, a:]d Konig) Highest pitch in p:.mﬂ: 3520
iy =M, = oeaiTh) Highest pitch in or-|
I chestra (piccolo d*). 4752
i The pressure exerted by Bound waves Lowest pitch in
has been measured directly up to "24 dyne/em? | largest organs {[&4-
(Altberg, 1903) foot pipe) . - - 8

FREQUENCY RATIOS OF MUSICAL SCALE

[ D E F G A B .
i Doh Ray Me Fah  Soh Lah Te Doh
| p 10 16 u L0 9 18
1 1 & = [ 5
P, Wt 8 Akl ks ) A bl | sine
VPRI T T - R T
I'o00 I'125 1250 1°333 1500 1667 1875 27000

MNatural scale. . .

Equally tempered scale ' 1'ooo 1°122 1260 1°335 1'498 1682 1'888 2000

Standard forks (Konig)j c' d’ e r g a' b’ e
|:I'|'I."Lt']'!“'d < = s1z and so on)| 35{3 288 3230 34173 334 4267 48a LI2

The French Standard, * Diapason Normal” of 1859 (which adopts a fork having
¢’ =752z at 20° C.)is Lul'l'nrlg into general adoption for organs and pianos in England, |
the Continent, and America, as the rcwlt of a makers’ cmﬂerence n |t‘igg Other
scales in vogue are Concert Pitch (¢" = 546), SL‘H:ILI:F of Arts (8" = 528), Tomc
Sol-fa (¢" = go7), Philharmonic (¢" = 5_1_1:}, {The “ middle” ¢ of thc pmno 15 £'.)

e rr—— — e —— e - e ———— —— -
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VELOCITY OF LIGHT

VELOCITY OF LIGHT IN VACUO

Mean value v vacuo = 3'9988 x 10" cm./gec. = 156,326 miles/sec. For
values of 7, the ratio between the E.M. and E.5, units, see below.
!em__r-"sﬂn,' Method. Obsarver. I:!m [see. Method. Observer,
% 101" - T L e
| 307 || Eclipse of one of | Rimer, 1676 2999 | Rotating mirror Michelson, 1879
2'Q00 !}jupiter's moons cotrected] 37014 | Toothed wheel [Young& Forbes, 51
3153 | Toothed wheel | Fizeau, 1849 |29985  Rotating mirror Michelson, 1832
2986 | Rotating mirror | Foucault, 1862 § 29986 | - . |Newcomb, 1882
3004 | Toothed wheel | Cornu, 1878 29036 | Toothed wheel Perrotin, 1900
|
VELOCITY OF LIGHT IN LIQUIDS
- Vel. in vacuo Refractive index
Liguid. Vel in liquid for Ha D lina. Method. Ohbserver,
"Irf-'fll-.}r A 1330 1'3]_1,."‘.'0? Rotating mirror | Michelson, 1883
CS5, 1°758 1627 /20° 1 " 1 ::
VELOCITY OF HERTZIAN WAVES
(See Blondlot and Gutton, Rep. Cong. Phys., Paris, 1900.)
cm. /sec. Observer. om. /sec. Observer. om. /see Observer. |
X 101 % 10! x 10! | |
2°g8g Blondlot 37003 Trowbridge 2298 | Saunders
2°gg1 McClean and Duane 2991 Mean ;

RATIO OF ELECTROMAGNETIC TO ELECTROSTATIC UNIT OF CHARGE

This ratio “#” is a pure number, and is numerically equal to ,/u#, 7<e on
Maxwell's theory, to the velocity of electric disturbances, such as light and Hertzian
waves, through a medium whose magnetic permeability is # and specific inductive
capacity £ (See pp. 7 and 84.) For the velocity of light, see above.

Most observers have used a *‘ capacity method ” of determining . (See Gray, |
‘“ Absolute Measurements ; and Rosa, Bufl. Burcan of Standards, 1907.)

o Observer. @ Observer, @ Observer.
X 101 X rol® x rat*
2963 | J. J. Thomson, 2997 | Thomson andj 3'ocor Hurmuzescu, "6
1883 Searle, 1890 2997 | Perot and Fabry
2'g82 Rowland, 1889 3009 | Pellat, 1891 2997 | Rosa & Dorsey,
3000 Raosa, 1889 2993 | Abraham, 18g2 1907
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PHOTOMETRY

PHOTOMETRIC STANDARDS
The Geneva Congress of 1896 proposed a set of units for measuring (1) luminous

intensity, (2) flux (the “lumen "), (3} illumination (the *lux ), (4) brightness, and

| () quantity of light (see Electrician, July 14, 1911). The British unit of intensity |
[ is the '

(19

candle” The mean spherical candlepower of a lght 15 the mean
of the intensities measured in all directions from the light. The mean horizontal
candlepower is the mean of all the intensities in a horizontal plane through the
lamp.

’Il‘he British ‘“ candle ” is a spermaceti candle, § inch in diameter (6 to the 1b.) |
which burns at the rate of 1zo0 grains per hour. This is, however, found to be an
unsatisfactory standard, and in modern photometry the British unit is taken as being
one-tenth part of the light given out by the Harcourt 10 candlepower Pentane
Jamp, burning at a pressure of 760 mms. mercury in an atmosphere containing 8

| parts in 1000 by volume of water-vapour as measured by a ventilated hygrometer.
The candlepower of this lamp

= 10 + ‘066(8 — w) — col(7lo - H) ,
where 2 is the number of parts in 1000 (by vol.) of water-vapour in air at a baro-
metric pressure of H mms. of mercury.

The United States * candle’ prior to Apnil 1, 1909, was 1’6", greater than
the British.

The French unnit is the Bougie decimale, which is the 20th part of the light
given out by a sq. em. of platinum at its solidifying point.  This is a difficult unit to |
reproduce, and the Carcel lamp burning colza oil is used in practice. The Carcel
unit is taken (with some uncertainty) as 4 7, less than the Bougie decimale. !

The German unit is the light given out by the Hefner lamp (which burns
amyl acctate), burning at a pressureof 760 mms. mercury mn an atmosphére contam-
ing 88 parts in 1000 (by vol.) of water-vapour as measured by a ventilated hygro-
meter.

The National Physical Laboratory, the Bureau of Standards of America, and the
Laboratoire Central d’Electricité of Paris have come to an agreement which in-
volves the rcduction of the old value of the American candle by 167, They agree
in future to employ as a common unit the proposed Intermational candle =
1 British Pentane candle = 1 American candle = 1 French Bougie decimale =
10/g German Hefner unit = 104 Carcel unit (see Paterson, Phil. Mag., 1900).

S

EFFICIENCIES OF VARIOUS LIGHTS

It has become customary to express efficiencies {(or rather incfficiencies) in watts
per candle. The value of a luminous efficiency cannot be properly appreciated with-
out a knowledge of the distribution of the intensity. Estimates of the proportion
of light energy to the total energy vary widely. 5. P. Thompson (* Manufacture of
Light ) quotes from 1 part in yooo for a gas flame to 1 7, for the most efficient lights.

The usual accepted * efficiencies ” are given below in watts per mean spherical
candlepower. They must only be regarded as approximate (see Solomon, * Electric
Lamps,” 19o8). '

Light. Efficiency. Light. Efficiency.
Bat's-wing gas flame . . . ¢. 100 |Tantalum lamps . . . . . | 177=241
Paraffinlamps . . . . . .| & 50 |Tungsten (osram, eic.) lamps e T
Welshach mamtle,etc. . . . .| & 15 jOpenarclamps . . . . . .| I'I-1°4 |
High-pressure gas i £ 8 NEnclosed arc lamps. - .0 . 273
Carbon filament lamps. . . .| 3'5-4'5 | Yellow flame arc lamps : -]
Metallized carbon filament lamps | 2-8 | Mercury vapour lamps. . . . | et Rl
Mernst lamps . . . . . . .| 271-2§ :

In high-grade standard photometry the Lummer Brodhun photometer head is |
usually employed. A unit of light may be maintained and reproduced with an |

accuracy of the order of {5 %, by means of sets of properly seasoned glow lamps.
The candlepower of a carbon glow lamp varies as the 6th power (approx.) of the

| voltage ; of a metallic filament lamp, as the 3°6th power.

A candle is visible at about a mile on a clear dark night. The energy in the
luminous radiation from a standard candle is about 5 x 10" ergs/sec. (Rayleigh,
“ Collected Papers”), whence the energy falling on 1 sq. cm. at a distance of 1 metre
would be 4 ergs per sec. Angstrom (1go2) gets values about double these. .
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GASEOUS REFRACTIVE INDICES AND DISPERSIONS

GASEOUS REFRACTIVE INDICES

Dispersion.—Cauchy’s equation is u — 1 = A1 + B/A%), where p is the refractive ‘
index for the wave-length A; A and B are constants. B is the coefficient of dispersion.

The refractivity (u—1)=A, when A =00,
wave-lengths measured in cms.

The values of A and B are for
The refractive indices are mostly for the sodium

D line (A = 5803 x 107% em.). The values of p are reduced to a standard density at

o” and 760 mms. by assuming that (x — 1)/p is a constant for each gas, p being the
density. Cauchy’s formula 1s in general inadequate over large dispersions.
Cuthbertson, Secfence Progress, 1908 ; and Proc. & Trans, Reoy. Soc. for 1905 ¢f seg.)

(See

Refiactive Cauchy's Constants.
‘?:;n::, Index ufor | " _ Observer.
Na D line. : A, | B.
Air 1'0002G18 !237[ ® 1079 5'67 X 10711 Scheel (Keichsanstalt), 1go7
Hydrogen . J1'cooi384 (1358 ,, | 752 "
' Helium . 1oooo350 | 348 ,, | 23 ,, |Burton; Cuthbertson & Metcalfe,1907 |
| Neon 1"oocob7l | 666, 24 s C. & M. Cuthbertson, 19og ,
Argon 1'o002837 |27792 ., By et Burton, 1907 |
Krypton 1'oooy273 |41'8g ,, | 697 C. & M. Cuthbertson, 1908
Xenon . 'oooFoz 0823 o, (1004 iy T
Fluorine 1'000195 — — Cuthbertson & Prideaux, 19o6
Chlorine 1 000768 - — Mascart, 1878
Bromine 1ol 125 o - .
lodine . 1rootgz t = — Hurion, 1877
Oxygen . 1'000272 | 2663 ,, B0 e Rentschler, 1go8
Sulphur. 1"00I i (1040 ,, [21°2 o Cuthbertson & Metcalfe, 1908
Selenium 100l 563 — - L A
Tellurium 1002495 - -- 3 7
Nitrogen . |1000297 2906 ,, | 77 i Scheel (Reichsanstalt}, 1go7
Phosphorus J1-oo1z1z  |1iéz ,, (153 ., Cuthbertson & Metcalfe, 1908
{ Arsenic . [oo1552 | s 3 ,- "
Zinc . . | 1roozo50 = — = &
Cadmium . | 1'002673 --- == o i
Mercury 1000033 - RS - e i
Refractive Refractive
Gas or Vapour. |Index ufor| Observer. Gas or Vapour. |Indexufor Observer.
Na D line. Na D line.
Water-vapour . 1'oo0257 (Mascart, '78 | Tellurium  tetra- ]
L i 1'oooz30 | Lorenz,’'74 chloride . . . |iooz6oo P. & M.
Ammonia . 1'000377 |Mascart, '78 | Phosph. hydrogen |i'000786% Dulong, '26 |
£ S Y 1000373 | Lorenz,’74 | Phosphorus  tri- |
Nitrous oxide . ['ooo515 [Mascart, '78 chloride . . rroo173o  Mascart, '78
Mitric oxide . I'ooo297 | » | Methane, CH, 1'000441 s o
Hydrochloric acid J1'oco444 | s | Pentane, C;H,. . [I'coljol ps e
Hydrobromic acid |1'coos70 = » | Acetylene, C,H, . |i"oocbo6 e i
Hydriodic acid ‘000906 | Hurion, '77 | Ethylene, C,H, . 1000719 ¥ =
Carbon monoxide |i'ooo334 |Mascart,’78 s « « . |troontyy Prytz, 80
» dioxide . |rroooq498 | Perreau, '96] Benzene, C;H, . |i'oo1812 Mascart, ’;‘S|
»w bDisulphide |1'oo1476 |Mascart,’'78 S G ool 765 Prytz, 'g1
Sulph. hydrogen |1'0o0641*| Dulong, '26 | Methyl fluoride . |i'coo4q49 Cuthbertson
» P tqooobig |Mascart, '78 » chloride . J1'oo0865 Mascart, '78
Sulphur dioxide . |rocotbo | Walker, ‘o3 » alcohol 1000552 | Prytz, '8o
w lrioxide . froocy3y |C.& M., o8 by 3 . Jy'ooobi1g Mascart, 78
| » hexafluoride}iooo783 - Chloroform, CHCly{1001455 o g
i._‘!-i_-elcni}lm e 1'000805 i Carbon letra-
i Tellurium  ,, 1000091 i chloride . 1001768 : i

* White light.

C. & M, Cuthbertson & Metealfe; P & M., Prideaux & Metealfe,

t Violet light. g= 100205 for red light, Todine shows anomalous dispersion, |
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REFRACTIVE INDICES

glasses are selected as typical.

REFRACTIVE

INDICES

| Refractive indices, u, (against air) at 15° C. for various wave-lengths.
The temperature coefficient given below is the change of refiactive index
per 1° C. rise of temperature for the case of the sodium D line. _

i The refractive indices are due chiefly to Gifford (Prec. Key. Sec, 1902, 1904,
| 1910); Rubens and Paschen (for the infra-red) and Martens (19o2). The two Jena |
Other glasses are dealt with on p. 74.

|
|
| Wave.length in
A.T. (10 em.).

Infra red.
223,000
94 290
42,000
21,720
12,560

Visible.

| Li, () 6708
H, (C) 6563
| Cd, (r) 6438
| Na,(D)5893
| HE: :A’:’ 5461
Cd, (g) 508B6
I, (FF) 4861
Cd, () 4800
Hg, (v) 4047
Ultra-wviolet.
Sn 3034
Cd 2144
Al 1852

Temp. co- }
efficient (1))

Calespar, 18°. | Jena glass. Flu-
ord. | ext. | § { T
ray. | ray. :ﬂm'u‘ flint.}| "yg¢,
! I-'-_ 1* | 1" 1" | |
— — | 3161
£l — : : 4078
6210 | 4740 | 4946 | 6153 | 4230
6388 | 4782 | go4z | 6268 | 4275
6537 | 4843 | 5140 | 6434 | 4323 |
0544 | 4846 | 5145 | 6444 | 4325
6550 | 4847 | 5149 | 6453 | 4327 |
6584 | 4864 | 5170 | 6499 | 4339 |
6616 | 4879 | 5191 | 6546 | 4350
6653 | 4895 | 5213 | 6308 | 4362 |
6678 | 4907 | 5230 | 6637 4371 |
6686 | 4911 | 5235 | 6648 | 4369 |
6813 | 4969 | 5318 | 6852 | 4415 |
7196 | 5136 | 5552 | — | 4534 |
8459 5600 | — — | 4846 |
T = = = | 5089

Quartz, 18%.

ord. | ext.
ray.

4569
s180
5316

541

550

3572

5770
6305
6759

5 | 5505
5419
5423
5443
5462
5482
5497

Rock

Fused salt,

silica.

ray. |
|

. 1* I* 1

5201
5402

4561
4564
4568
4585
4?o:
4619
4632
4636
4697 | 5065

5500
5514
5534
5553
5575
5500
I 5504
5667

5872
6427 |
6gol

4869 |
5339
5743

———

Byl-

Ti.'ﬂ, Water
KCI a1 20|

187,

I
3712¢
4587
4720
4750
4778

43606
4872
4877
4904
4931
4961
4983
4990
5097

5440

2 BOHIE

3270

+ 055 4 ‘0,14 =1 |+ '0;3| = 01 = '035 = 0,6/ — ‘0,3 — 0,4 — 0,4 — 0,8

* Light barium crown.

t Dense silicate flint,

REFRACTIVE .INDICES

1 » = 13602 for A = 225,000.

Refractive indices pp (against air) at 15° C. for sodium D line (A = 5893 x 10°*

. cm.).
Substance. Bo Substance. e Bubstance. By
ﬂﬂh'1_5~ Alcohol, ethyl 1-362 | Monobrom benzene = 1°563
Alum (potish) . 1456 A amyl 11 cE ,» naphtha- .
Cyanin . ; oy Aniline . 1'590 lene. 1660 |
Diamond . © | 2i17 | Benzene 1"504 | Nitrobenzene 1'553 |
; (Glass (see above Bromoform 1-591 | Oil, cedar . 1'516 |
and p. 74) 131 | Canada balsam . 153 s cloves 1'532
Ice . - - = = | &y | Carb. bisulphide 1’632 | ,, cinnamon 1601
Mica 1°50 to 176 w tetrachloride | 1464 | ,, olive . 1°46
Ruby l'rEﬁ Chloroform 1'449 | ,, paraffin . 1°44 |
WUERL 163 | Ether, ethyl . 1354 | Sulphuric acid . . | 1°43
Fopaz . . . . ; Ethylene dibromide | 1°540 | Turpentine o I
Liguids. Glycerine . . . .| 147 | Water (see above). | 1-333 |
Alcohol, methyl 1'33 | Methylene iodide . | 1744
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SILVERING SOLUTION

' DISPERSIVE POWERS '

| The dispersive power («) given below = (i — w)/(pe — 1), where pc, py, py are

| the refractive indices corresponding to the red (C) H line (6563, the yellow Na (D)
line (5893), and the green-blue (F) hydrogen line (4862).

i Substance. w Bubstance. e | Bubstanee. w
TPy b=
Solids. Quartz, ord. . . | 0143 | Liguids.
Calcite, ord. . . | ‘o204 » ext.. . .| 0146 | Carb. bisulphide . | ‘0345
o ext. . . |-oizg | Fusedsihca. . .| 0147 | Alcohol . . . .| o171
Fluorite . . . . |-otos | Rocksalt . . .| -0233 | Turpentine . . .| o206
Glass (see p. 74) Sylvin. « - | ‘022 ‘ Water.. . . . .| oiBo
-

SILVERING SOLUTION

Due to the late Dr. Common. Other recipes will be found in Baly's ** Spectroscopy ™ (Long-
mans) and Weollatt"s ° Laboratory Arts™ (Longmans).

Make up 10 7, solutions of (1) pure nitrate of silver, AgN{,; (2) pure caustic |
potash, KOH; (3) loaf sugar ; and (4) ammonia (go ), water, 10}, ammonia of sp. gr.
‘880). To the sugar soln. add § % of pure nitric acid and 109, of alcohol. The sugar
soln, is very much improved by keeping. Make up also a 17, soln. of AgNO,.
Distilled water must be used for all the solns.

For silvering say a 12-in. mirror, take 400 c.c. of the AgN O, soln. and add strong
ammonia until the brown precipitate first formed is nearly dissolved, then use the
1o, ammonia until the soln. is just clear. Add 200 c.c. of the KOH soln. A brown
precipitate is again formed, which must be dissolved in ammonia exactly as before,
the ammonia being added until the liquid is just clear. Now add the 1 7] soln. of
AgNO, until the liquid becomes a light brown colour about equal in density of
colour to sherry. This colour is important, and can only be properly obtained by
the use of the weak soln. Dilute the liquids to 1500 ¢.c. with distilled water.

The mirror should be thoroughly cleaned with acid and placed in a dish of
distilled water.

All being ready, add 200 c.c. of the sugar soln. to 500 c.c. of water ; add the mixture
to the silver-potash soln., mix thoroughly, and pour them into a clean empty dish.
Then lift the mirror out of its dish of distilled water and place it face downwards
n this soln., taking care to exclude all air-bubbles.

The liquid will turn light brown, dark brown, and finally black. In four or five
minutes, often sooner, a thin film of silver will commence to form on the mirror,
and this will thicken until in about 20 minutes the whole liquid has acquired a
vellowish-brown colour, with a thin film of metallic silver floating on the surface.
Half an hour is the usual time taken in silvering, but this is shortened by using
warmer liquids. About 187 C. is the best temperature, '

Lift the mirror out, thoroughly wash with distilled water, and stand on its edge
for say 12 hours in an inclined position until itisdry. The slight yellowish “ bloom ”
can then be polished off by rubbing softly with a pad of chamois leather and cotton-
- wool. The subsequent polishing is done with a little dry well-washed rouge on the

leather pad. The film should Eu opaque and brilliant, and with careful handling
| will be very little changed with long use.

Porcelain, glass, or earthenware dishes should be used. ;

If a very thick film is required, two silvering baths can be used, the article being |
left in the first bath for 15 minutes, then lifted out, rinsed with distilled water and at |
once immersed in the second bath, which should be ready in another dish. The |
| film should not be allowed to dry during the operation of changing baths. '

Norg.—The silver-potash solution will not keep beyond a couple of hours. Any excess
of this solution unused should have the silver precipitated at once with HCL  If the silver-
potash is I:L-rl, say for 10 or 12 hours, a black powder collects on the surface. This powder,
which is probably some form of fulminate of silver, is explosive, and may shatter the vessel.
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GLASS

GLASS

| The raw materials for the manufacture of glass are (1) silica—usually as sand

or felspar ; (2) salts of the alkali metals-—Na,50,, Na,CO,, or K,C0O, ; (3) salts of
bases other than alkalies—red lead, limestone or chalk, BaCO, or BaS0O,, MgCO,,
Zn0, MnO,, ALO,, As,O,, etc. In geneml glasses rich in 51llca and lime are hard,
while glasses in which alkali, lead, or barium preponderate are soft. Hardness is,
of course, also largely dependent on annealing., Ordinary “ soft” (z.e. easily fusible)
| German "lass is a soda-lime glass rather rich in alkali ; *hard ” (refractory) glass
| is a pg:t{lshalimc glass rather rich in lime. Jena combustion tubing is a borosilicate

COntal l"I'IH SOIE IMaAgnesi.
| Thermometry Glasses.—Glasses which contain both soda and potash to any
extent give a large tempﬁ-mr}r xcm :Itprcsmon (see AUpn 45). Data concerning Verre
dur (717, E::'D:. 127 Na,0, 1% , 14% CaO, 2% ALO,and MgO), _‘}”fm: 16"
(67% Si0, LL,. Ma, 0, 7% Ca0, 13 y i #’n{) x\liilg and Biﬂa}, Fena 9™ {:.?2 Si10.,
| 12% B E}H, 1[,“ Na,0, 3% ALQ,), Kew g!u.r.r (44% 510, 34% PbO, 129 K0,
2% Ha, U, 2%, Ca0, MgO, etc.), will be found on p. 45.

Optical Glasses.—In building up achromatic lens systems a knowledge of the
dhpmsue power (w) of each glass employed is essential. This is defined as the
ratio of the difference of the deviations (f.e. the dispersion) for any two colours to
' the deviation of some mean intermediate colour. w thus depends on the colours
- selected ; for visual work they are usually the red (C) line of hydrogen (wave-length

Ay = 5;63 X 107% cm.), the !:H:Jw sodium (D) line (A, = 5893), and the green-blue
, {I"J hydrogen line (A, = 4862). If e 8y, uy are the corresponding refractive indices,
‘ w = (e = s )/ (g, — 1) for Lhe hrlghteﬁt art of the visible spectrum,

Flint glass—a term which survives from times when ground flints were
| extensively employed in making the best glass—now always implies a dense glass
which contains lead and has a high refractive index and dispersive power.

Crown glass, originally designating only lime-silicate glasses, is now applied
generally to glasses having a low dispersive power.

Jena Optical Glasses.—For ordinary flints and crowns » and g are roughly
proportional, and this was true for all commercially available glasses prior to the
advances initiated in 1881 by Abbé and Schott at Jena. They succeeded (eg. by
the addition of barium) in producing glasses which do not obey any such propor-
tionality ; ez, the very valuable barium crown glasses (below) combine the high
refractive index of a flint glass with the low dispersive power of a crown. Such |
olasses have brought about the excellent achromatism and flatness of field which |
now obtain in photographic lenses and large telescopic objectives. The intro-
duction of boron into a glass lengthens the blue end of the spectrum relatively to
the red ; the addition of phosphorus, fluorine, potassium, or sodium has the opposite
effect : such control over the dispersion has made the modern microscope possible.

Some typical examples of Jena glasses are subjoined. For a complete list, see
| the catalogue of Schott and Genossen, Jena. The simple phosphate and borate
| glasses have been withdrawn on account of their lack of durability. The borosilicate
| crowns are among the most durable and chemically resistant of all glasses, The
| U.V. glasses are markedly transparent 1o ultra-violet light as far as about A = 2880.
- See p. 72, and Zschimmer's “ History of the Jena Glass Works,” Hovestadts
| “Jena Glass,” and Rosenhain's * Glass Manufacture,” 1908 (with bthlmgraph}-}
| (ﬁ.fter Zschimmer, Zeit, fust., 1908.)

| Glass. oy 0, 1 F) .n"!l.'l.!- Giass, = __il-"cE.n.J-'r Dens.
| g | grms. \ ; | grms. |
Crowns — . P rhnt“LfﬂJIftf.]— | | o |
| 174782 | 'o152 223 U.V. flint 34-:}2 . .jr1e329| 0131 i
| (Silicate) crown . 15127 | ‘o175 — | Telescope (Sb) flint | 1°5286 | | 0194 | 2 ‘50
1'5215 | "'0168 2°50 I 5,::3 ‘0203 | 281 |
U.V. crown 3199 .| 15035 | ‘01§55 — Borosilicate flint.. { I 5‘?§3 | 'ﬂiéﬂ 2°90
oy i i 1'4944 | ‘OI51  2°33 1'5459 | 0187 | — |
Borosilicate crown { 1,5[45 0156 | 247 3 " I...E,,g I 0.,‘;5 21 |
| r BT I"§720 | 0174 | 3721 arium Hint . 1*58:4 oIeg | —
| Barium crown { “f120 | o180 | — 1‘6335 0256 | 367
l Heavybariumcrown| 16130 | 0178 3 l'ﬁi?ﬂ‘ ‘0276 | 395
Flints— j r}*n%.;l :}343 449
1'57G4 | '0244 3725 : I"7702 | '03795 | 499
(Silicate) flint . 1 16138 | "oz271 | 3758 Heavy flint . I gn44 ‘0461 | 592
i 1'64%9 ‘o206 | 387 1 q{w-‘ * ‘o508 | —
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SPECTROSCOPY

t

|

SPECTROSCOPY |

It is now agreed that the use of the difiraction-grating in fundamental work must |
be limited to interpolation between standard wave-lengths obtained by other means.
The accepted standard lines are three in the spectrum of cadmium. Their wave-
lengths (A) obtained by interference methods, and measured (by direct comparison
with the standard metre at Pans) in dry air at 15° C. (H-scale) and 760 mms.
mercury pressure, are given below in tenth-metres (= 10-%cm. = 1 Angstrém unit).
(See Michelson’s “ Light Waves and their Uses.”) [z = 10~% cm. ; pp = 10=7 cm.]

Observer. A Cd red. ACd green. | A Cd blue. |

64384700 50858218 | 4799:908;
04384702 - ! L

Michelson and Benoit, 1894 .

Benoit, Fabry, and Perot, 1907 . '

The following values (all in tenth-metres) are of course only approximate :—

Hartsmn Waves, | Infra-red. Red. Orange. |Tnlluw  Green. Blue.  Violet. Uttr&violat.i

103 = 4 ¥ m-’ 'L % 10° 7700 G470 5550 5500 4920 4550 3600 1000

| 2714410 3300°337 | 4076641 | 46477437 §127°364 | 5658835 | 63357343

STANDARD LINES—IRON ARC SPECTRUM
Obtained by an interference method, and based on Benoit, Fabry, and Perot’s |
value for the wave-length of the red line of cadmium. The wave-lengths below are |
given in tenth-metres (10-" cm. ), measured in dry air at 15° (H- u.:ul:.:l and 760 mms.
mercury. (Buisson and Fabry, Comgd, Kend., 1907 and 1909.)

2373737 | 2087293 | 3724379 | 43527741 4878226 | 5405780 5952730
2413°310 | 3030°152 | 3?531*!3 4375'935 4903324 | 5434'530 | 6003039
2435150 | 3075725 | 3805'3¢6 | 4427°314 | 4919006 | 5455616 6027 059
2500904 * | 3125661 | 3843200 | 44006°554 4966°104 | 5497'521 6065°493 |
2528516 % | 3175447 | 3865520 | 4494572 soor'880 | 55006'783 | 6137°700
2562541 3225790 | 3006'481 | 4530155 | sofzof2 | 5535418 | G1oI'569
2585016 3271003 | 3935818 | 45477854 5049°827 | 5360'632 | 62307732
2628206 3323'730 | 3977745 | 4592°658 50837343 sgﬁﬁ'nc 62 S147
2679065 3370780 | gqo21'872 | 4602'944 5110415 | 5015658 6318-029

2739°550 | 3445°155 | 4118552 | 4078 ﬂg:. | 5167492 | 5709°396 | 6393612
2778225 3485°344 | 4134685 47072 S192'362 | 5760°843%1 | 6430'859
2813°290 3513820 | 4147677 | 4735'785 | 5232958 | 5763013 640947004
2551 800 355687 | 4:g| 441 47540461 | 5206°568 gRog 211§ | o

2874°176 3006°681 ga 615 | 4789657 | 5302316 | 5857'7601 51

2012°157 3640°301 2407 | ‘48235211 | 5324'196 | 58028821 | ?ﬁﬂ_rln
20417347 36776028 315 odg | 4859°756 5371498 | 5934683 | | Ni

CHIEF ABSORPTION {FH.&UHHDFER} LINES IN SOLAR SPECTRUM
Rowland's wave-lengths corrected approximately by the use of Fabry and Perot’s
results, measured in tenth-metres (10—% em.) in air at 20° and 760 mms. Owing to
atmospheric absorption, the sun's spectrum extends only to about wave-length 3000

Line.  Subst. RO |  Line. | sSubst. !:n]:':lu's | Tine. | subst. :In]f:;ﬂ
30475 | Fe 20 J:!-}zcr.; | Fe-C | 25 KHy43404 H | 2o
3057'3 |Ti-Fe| 20 38258 | Fe 20 F 486127 | H(y! 30 |
3050'0 Fe 20 38382 |Mg-C| 25 b, 51727 Mg 20 |

0l 344076 Fe | 20 38508 |Fe-C| 20 | 4517822 | Mg | 30
134410 Fe 15 K39336 | Ca | 1ooo | E 526950 | Fe 4
3524°5 Ni | 20 3961°5 Al | 20 |(Dy5875°62)1| He —

N 35812 Fe | 30 H 39684 | Ca | yoo | D, 588997 Na 30
36088 Fe | 2o 4045°8 | Fe 30 I}, 5895° {n | Na | 2o
36187 Fe | 20 40636 Fe 20 C65628 | Ha)| 40

M 37199 Fe | 40 [Hs 41018 ‘ I8 40 B6&icrs | 1 | .6 |
37348 Fe | 40 42267 Ca | 20 A66r* | i .
373771 Fe | 30 G 43079 | Fe 6 Z 8228 | = |

* Langley, Igoo. t Emission line in chromosphere alone,

f Oxygen in carth's atmos, & Wood, 1911.
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EMISSION SPECTRA

EMISSION SPECTRA OF SOLIDS [
For a fuller treatment of wave-lengths sce Watts' “ Index of Spectra™ and
appendices, Kayser's “ Handbuch der Spectroscopie,” Hagenbach and Konen's
*Atlas of Emission Spectra,” 1905. For recent work consult the Astrophysical
Fournal. The wave-lengths below are measured in tenth-metres (107" cm.) in air
at 157 C. and 760 mms. The visible spectrum colours are indicated—z, o, », £, 8, 7.
The brightest lines are mnplm&uul and the approximate boundary of the ultra-
violet region is indicated thus . :

ALUMINILM CaADMIUM | CALCIUM MAGNESIUM RADIUM S50DIUM

(are). (condd.) (eonfu) (conid.) (contd.) (NaCl in flame).
1083 4413 & G122 ¢ 3832 4683 v L
T 1678 5| 61620 3838 48265 | p Airos

; J | 4799908 4 6440 0 L F 5210 & REI.}""&;I"]'I ;{; |
3962 o 5338 £ b500 » 5184 ¢ | 5055  (D:)5889°9650
4663 b 5379 ) 5529 v 5685y (D,)5895°932¢
‘o:7 o | 6438'470r | COPPER —{ 8210 0"
K057 £ : 1 STRONTIUM |
5606 ¥ (are in vacues). MERCURY 6216 8rCl. in Aame). |
3 Mercurylamp), 6228 0% |OrUn |
5723 ¥ CAESIUM | Fabry and |t ury lamp 5 mand sl
» 3. | Stiles, Asire. 6247 ¢* |bandspectrm )
(€<Cl in flame) | D'erot, 1902. 2 6250 ¢® | with lines at |
BARIUM Fouri., 1909. ¢ il
(Bagl, in 361108 | 8248 i 6260 o° 46075 4 |
flame). 33' 7 - 3274 %';' l g%g ﬂ: 6387 o |
= 3 X ? o s e e . a |
and 5(:111:; . | 4063 L 4&453 L -z.r [ 6349 o (Tl or TCL, in
resolvable. 4'555 & | 5105543 ¢ 4078 6530 »* flame).
4593 4 | 5153231 y "E'a:'.rs, i to 5350°7 o
3501 5664 v | 5218-202 ¢ 43:;5‘343 o 6700 »° A |
e W TR e ™o
3910 Goile | B782:090y | 49397 £ (spark). |

3894 ¥ 62130 | 5782159 y gﬁg;g 3 Bands. a2
4131 @ < i L —— _
4554 4 E};"J' A INDIuM | 5790°650 y2 | BUSIBIUM | 3034 !
4934 2 74 | (In(oH), in 6152 2 (BbCI in flame). 3:?5 |
R | carcum fame). | 62320 o | 3399 | 32|
5778 ¥ >  Fabry and 3351 ' I
5854 ¥ {CaCl, in 402 v P ; ; sy 3387 | 333L
0142 o flame). 4511 @ Elrﬂ’ Itlt}{?"]f. :.!E{jz ' 3506
6497 » Bands pre- e i ,;&FIE (g ol 3745
BORON dn{?}:: th "1 (see p- 75)- - jﬁﬁ = 4525 v

Borie acid in —————— POTASSIUM o0 S UEERS
( 648 s
flame). 4227 LITHIUM  (KCl in flame). 5?1 {' 5589 ¥
I i?ﬁlgﬁ (Flame are). (LiCl in flame) 34406 _ 325; 3 g’?ﬂ? ¥
I'Llaxll'llf;l at 3; el 4;33 ;. _3-4-]-? ﬁzga T § '-I}J [
4500 & 3044 4602 " ADAA oy ' ZINC
4700 b R o 4044 SILVER y |
19000 (K)3984v | 6707846 r! TV | pueng) U T
52006 (H) 39687 |1 Fabry ; Ly 393
54“03” )% Fabry and 7668 » 3281 | 3072
800 ti056 | Perotigoz | 7702 | 3383 | 3345
booo ¢ jf'j; | MAGNESIUM |  mADIUM | 4035 o l 46!5&@35%
CADMIUM | 445; 5 | (ure) : tl;;‘.llr:}in :{3&: :’; 4@22'"54 g:
aro). 3 - . me). | 4669 4810535 &°
Sgn 45562 | 39 | Rungeana |B20908t gt | doi2" s
%I.U_l 270 & -‘,'Iﬂqj:l;.' l’ru(‘hl., 10p3 3. 546'5‘439 .-L'i 4'935 1.!"'1{‘ |
34606 s350¢ | 330 | 365 SIS
3611 B68Oy | 3332 3915 | 5623 & | 63062345 ¢”
...... 5595 ¥ | 3337 .+ + v+« | *Fabry and | * Fabry and |

082 @ 5858 3830 4341 | P'erot, 1g02. i Perot, 1902.
1
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EMISSION AND ABSORPTION SPECTRA
EMISSION SPECTRA OF GASES
The gases are all in vacuum tubes (2-4 mms. press.) ; only the brightest lines
are given. The visible spectrum colours are indicated—r, o, y, g, &, :
See the general remarks on last page.
ARGON, CARBON HYDROGEN NEON (conid. } 'f_lTﬂﬂgEH |'
Red spectrum |~ MONOXIOE or  Elementary spec- 5853 v (conid.)
{small current | - trum. 882 o 5804 3
- | {of commeon oc- 5 3 ¢ 854
density ). | : | 3750 5045 o 540
| currence in | : 3 5006 o
4159 ¢ many vacuum- 3??3 5976 o 5450 ¢
4192 = tube spectra). A Goso ¢ Bo13 0
4198 = Numerous | 33§ Goys o 60bg o
4201 = | bands shaded i Gogh @ With large cur-
4259 & towards violet .3.~;.f-'-. i o g:ig 3 rent densities,
43 o e :
1392 g cdgés:at 4102 (5) v 6164 & N gncts a line
4::'::‘1 & | 3590 (CN) 4340 (v) & 6182 o el
4703 & 3884 (CN) | (F)4861(8) 6| 62170 AMVOEN
: , i (C) 6563 (a) 7 | 6267 o Elementary line
5452 & 4123 ? | For very short | 6305 o trum
sty ¥ 4216 (CN) v | ”' spectrum.
12 2 2 wave-lengths 6383 o 3919
g%ﬂi 2 4393 b {m}::-—lﬁ?,} see 6402 o 3073
4511 | Lyman, Astro. 6507 7
6o59 o i | (i
4735 (C) _}’r:mn, 19ob. 4070 @
| 4835 :5 | Becondary spec- NITROGEN u*‘g b
| 5165 (C) & | trum Band spectrum 40?{,
. 5198 & | (see Watson, from positive il E
. 5610 Y | Proc. Roy. Sec., column. '!ilé i
6079 o | 190g) Many bands 52080
Blue spectrum | s all made up of Diffuse maxima
(large current | ——| KRYPTON AND | fne Jines. at
density). | iz | From 3000 to 53354
3-83 HFLIUH Frit, Ass. ;l-’-l'ﬁ., 45?4 the Edg&s 5‘44‘}51-
y ro = Rayleigh, 1908. |  1905. | occur at inter- g“ﬂ""
35 3188 | 'NEON vals of about 6o AL
1?34 g .| Baly, Phil. A.U. Téﬁfﬂ ape three
4228 2980 o | Trans., 1903. | Other bands ACLEE Y RCH
4331 & 4026 o | Veryrich in | have edges at tﬁiﬁﬁ‘*fﬂ -b'if“':l'
4348 & 4471°482 5 red rays. 4648 0 ilecis
4426 b 4713°144 & 3448 46066 & spectra
4430 :’; 4921'930 g6 3473 4723 i Al
4431 015650 & 352t . 4013 RADIUM EMANA.
4610 & [Dull 5875625 v 3594 ' 5340 & TION
4806 & GOTRIEO > | i I 5614 ¥ Royds, Phil.
gobzcar | 5pE5 - | | ERSEY Mag., 1909.
| - |
ABSORPTION SPECTRA
For wave-lengths of the Fraunhofer lines in the sun’s spectrum, see p. 75.
ﬂmﬂng the enormous literature on .lhmrpliml spectra, reference may be made to
Kayser's * Handbuch der Spectroscopie,” Baly’s * Spectroscopy,” Vogel's * Prak-
tische Spectralanalyse,” the “ntmga of Prof. Hartley, Jones and Anderson's
“ Absorption Spectra of Solutions,” 1909, Smiles’ * Chemical Constitution and |
Physical Properties,” and the British Association Reports of 1901 &f seg. |
Convenient substances which show good absorption spectra are—ncodymium |
and praseodymium salts and didymium glass (which yield some extremely narrow |
absorption lines), iodine vapour, nitrogen peroxide, chlorine, chlorophyll, blood, and
potassium permanganate solution. i
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OPTICAL ROTATIONS

i
| OPTICAL ROTATIONS OF PURE LIQUIDS AND SOLUTIONS !
|

the rotation in degrees (for light of some given wave-length) of the plane of
polarization by a liquid when at the temperature /2 C. '

/, = the length of the column of liquid in decimetres (7.s. 10 cms.).
# = the number of grams of active substance in 100 grams of solution.
¢ = (100 — #) = the percentage (by weight) of inactive solvent in the solution.
! p, = the density in grams per ¢.c. of the liquid or solution at ¢°. |
i

#ip, = the concentration expressed as grams of active substance per I1co
- c.cs. of solution at /°.

[a).

: F ! rotation per decimetre of sol.
h ific rotation (at /%) = .
LS SRR : © grams of active substance per c.c of sol.

S A,
For a pure liquid [=], = }rﬁ v |
ive subst in solution [a], = &'l(—ﬁ ) 2 Yoo, since
For an active substance al= i G qp, - 5o = ==

-}- ,rlﬂ- =100, ; s
The rotation depends on the wave-length of the light used ; it increases as the

e 1 : .
wave-length (A) diminishes (a = A approx.). a also varies with the nature of the

inactive solvent and with the concentration of the solution.

The rotation is called positive or right-handed (dextro, ) if the plane of
| polarization appears to be rotated in an anti-clockwise direction when looking through

the liquid away from the source of light. The contrary rotation is called Levo (/).

The molecular rotation is the specific rotation multiplied by the molecular
weight.

[;1‘; indicates that the specific rotation is measured at 20° C. using sodium (1))
light.

(See Landolt’s “ Optical Rotations of Organic Substances and their Practical
Application,” and Schinrock in L.B.M.)

Optically Active Substance. Solvent. Conditions. Bpecific Rotation [a)],
Ea.ne Sugar or Candy (4), water ' c=4 to 28 [q]:; = + 66167 — "0095¢
i !\ v —— =-— . —————— z
(Landolt, 1888 ; Pellat, ¢ =14°t030° C. [a]! = [a]} {1 ~ “o0037(#
[go I) E Jicnds _ 2'3‘:' i
Invert Sugax(/),* C,11,,0, waler | £=91to3;5 [“]:. = — 197 — ‘036¢
= 1 mol. of dextrose + 1 __ = = - +
mol. of levulose =310 30° C.|lak = [a], + *304{¢ — 20
(Gubbe, 1885) : + '00165(£ — 20
Dextrose (« — glucose], water | sy [d]: = +105°2 _,m,_,r_ 55
CyH 20, ' mins. (& modifica-
|  (Parcus and Tollens, tion)
18go ; Tollens, 1884) i = +52%5 after 6 hrs.|
' (8 modification)
. | — — " E
| water | p=1to18 [al, = 45275+ 0258 |
|/ — Glncose, C,H,. 0, water | =4 [=], = —94:4 after 7 mins.
(Fischer, 1890} | G SRR after 7 hrs, |
iaat;c;a () (fruit sugar),| water | £=10 [a]. = —104° after 6 mins. |
aH .0, = —g2° after 33 mins, |
Parcus and Tollens, | — - o —— T A R .
: 1890; Ost, 1891) water | p=2to 3l .[“m= —g1%g — 11

| * The molecular weight of eane-sugar is 342 ; which, after conversion to invert sugar, becomes

u . u ] A ) e 1

360. Hence the new concentration of the invert sugar solution 1s 359, where ¢ is the number
of grams of cane-sugar in 100 c.cs of the original solution.

————— e ———————————
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OPTICAL ROTATIONS

Optically Active SBubstance _Eolv-nn_t. '| Conditions. [ Bpecific Rotation [a
| Galactose («), C,;H .0, water |p=4t036  |[a]’ = +83%9 + o78p
' { Meissl, 1850) 7= 10"to 30" C. —eaqf
[Ordy. Tartaric acid m"‘l water | Enl:. = 4 1506 — '131¢
H,C,H,0, |
I"n'l:.a.snm tartrate (#),| water | ¢=28tos0 -[a]; = 4 27°14 + '0992¢
KT, H fJ‘ i — 000042
| (Thomsen, 1886)
'Rochelle salt (), water _ [el, = 4+29'73 — "o078¢
s ) R | e | e ____i
L = Tu.rpan'b:me 'C,.,H.E pure liquid —_ [=],, = —37° |
(Gernez, 1864 ; Landolt,|—— ' = ettt et
1877) vapour | at 7617 mms. |[a]. = —35%3 for mean
| vellow
alcohol | g=o0togo |[e]] = —37° — ‘o0482¢ |
{pzo = "796) . — 0001 3¢* .
! benzene g = 0 1o 9l [n]:__ = —137° — '0205¢
_p;.nﬁm oil | Within wide limits [a] increases with the |
percentage of paraffin.
Q:mmnac lullpha.ta (), water |z about 1°6 ¥, of  Salt [u.] = =214°
. Hy N,0,.H,50 alkaloid . |
['Ullﬂﬂilt;ﬂlgr IEETG} : (calculated) | Sl et
'Hmuhne{.:’}c H, N L o pilE LizEs g
(Landolt, i IBI;:']? ,“ Hﬂ::m, ok _!_m _t"_' 3o L'.i [=]., 162
i) benzene | p=8to 100 |[a], = —164°
water | F=1t016 :[u]; = =77"
Ethyl malate [.Ej, gl
(CgH, 1 C,H, 0, ] pure liquid — le], = —10™3 to —12%4
{Purdie & Wnllnmson, gt.‘aJI
Camphor (d), C;,H,,0 alcohol g=45t001 |[[=]] = +54%4 = "135¢
(Landolt, 1877; Rim-}—— 3 = "
bach, 18g92) benzene g = 47 to go _[a];_ = + J{:':' — "106g

OPTICAL ROTATION AND WAVE-LENGTH

Specific Rotation at 20° C. m"‘ QUARTZ AT 20° C.
w?“i];_ﬂgth (r) Cane- | Tartarie | |Rolati¢n
, - o sugar or Turpentine acid in | Nicotine | Wave-length (A) [forl mm.
| Candy in | (purelig.). E,u | (pure lig.). in 10~% em. thick-
H.0. {p }|i ness,
H (C)o6563(r) | 52°9 | —29° 5 ';a“-;rg | —126° L ~ G708 {rjl 164
: . H (C) 6563 (r)| 1773
Na (D) 5893 (o) 66 | —137 886 | —162 Na(D) 5893 (¢) | z172%
! | TL 5351 (g)| 2653
{1 5351 {g)] 818 | —45 g65 | —z2075 JH (F) 4861 (g)| 327
y , H (3) 4102(8) | 3748
| H  (F) 4861 (g)| 1003 | =545 937 | —2535

| * For quartz at temperature £°, rotation = 21°'72 {1 - 0'000147(¢ — 20); for D line.




80
FARADAY EFFECT

MAGNETIC ROTATION OF POLARIZED LIGHT

This effect was discovered by Faraday in 1845. The rotation per cm. per unit |
magnetic field—Verdet's constant, » = a/(H{), where « is the rotation in minutes |
for the substance in a magnetic field of H gauss, and [/ is the length of light-path
| parallel to the lines of force. # varies with the I-:-m!peral.un: and is roughly inversely |
proportional to the square of the wave-length the light used. Films of Fe,
| Ni, and Co are exceptions to this rule. _
, If the light is travelling with the lines of force (fe from N. to S.), then the |
| direction of rotation is positive, if the plane of polarization is rotated clockwise, to
an observer looking in the direction in which the light is moving. If the light 1s
reflected back on its path, the rotation 1s increased. -

The Molecular rotation ». = #M/d&, where M is the molecular weight of the |
substance, and  is its density. . is an additive property in organic compounds

{Perkin, Fowrn. Chem. Soc., 1884).
The rotations below are for the sodium D line (a = 5803 % 16~% cm.).
(For Voigt's theory of magneto-rotation, see Schusters, © Optics,” 19og. See also
Becquerel's papers in Compt. Kend., etc.)
| Eotation
Substance. Temp. Botation »in Substance. Temp. relative
| mins. of are. to Water.
Water . . + . . .0°%|+0131,RW] Ethyl alcohol . . . 168 -8637, P.
.20 |4-o1312,R. W] n. propyl alcohol . .|156 -g13g, P.
Carbon |Jl$l.11ph1(|ﬁ .« 0 |+04347,R.W] Amyl(iso) alcohol . . 189 | 388, P.
.18 |+-04200, Ra. | Ethyl bromide . . . 197 1395, P.
Quartz AL axis . . .20 +01368,* Bol ,, chloride . . .| 50| ro3; P.
AR 2 . . .20 |4-01664, Bo. w iodide . . . .|181|22c1, F.
20 +413587,1 Bo. | Formicacid . . . . 208| ‘7900, P.
]ern phosphate crown/l8 |4+-0161, D.B. JAcetic , . . . .|810| 7976, P.
rlass{henvwat flint . .18 |+4-0o888, D.B. | Propionicacid . . . 203 -8360g, P.
PLLIJ dens. = 1'6g3 .15 |—-20206, B. Benzeme . . . . .|185 |[2062, B
7] T o223 18 | 4-o122, B.

* A=6430. t A=2194 B., Becquerel ; Bo., Borel, 1903 ; D.B., Du Bois, 18094 ; P
Perkin ; Ra., Rayleigh, 1884; R. “’ lxudgcr and Watson, 18g6.

-

METALLIC REFLECTION OF LIGHT

(The percentage of normally incident light reflected from different surfaces.)

The co'tumn of ﬁgun_s (below) i Jn th& case ﬂf speculum metal (7 Cu, 3 Sn)
reads 307, (forA = 2510) ; 51%, 56%, 647, 677, 71%, 800, 04% (for A = '-Iﬂ-rﬂm"-
{'.-:EL Hagen and Rubens in L.B.M.)

I | | Glass mirror,
Wave-length A bl | u lﬂ-ﬂﬂl-
in a"“'_ (1'} [} Em,). ﬂ'ﬂ.. i -ﬁ-u- | le i Pt. | AE. t-aﬁ]. u

Ag back. Hgback.

| Ultra- { 2,510 zf-*,i;! 3% | 38% | 34% | 34% | R 67N | — =

violet 35704 27 | 28 | 49 43 74 | 45 81 = —
42008 33 | 20 | 57 |62 |87 |52 | 83 | 8B6T| 73%T|

Visible { 535000 48 | 74 | 63 | 61 |93 | 55 | 83 | 88 71

7000l 83 | 92 | 69 | 69 | 9f 58 | 83 90 73

(10000) 9o 95 |72 |73 |97 |63 | 84

|Infra-red{ 400000 97 | 97 | 91 | 91 | 98 | 88 89 | * 69 Al, 31 Mg.

{110,000 g8 | o8 | 97 96 | 99 | 96 | 92 |tA= 4500

DIOPTER

In applied optics the “ power ” of a lens or mirror is expressed in diopters. The
number of dmpler% equah the reciprocal of the focal Ienglh e:-:prr:'sscd n metres.
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RESISTIVITIES

ELECTRICAL RESISTIVITIES |
! Electrical specific resistances or resistivities in ohm-cms. Conductivities
| (in reciprocal ohms) are the reciprocals of resistivities. For a table of reciprocals,
see p. 136.

| METALS AND ALLOYS
. The resistivity depends to some extent on the state of the metal.
| cold drawing increases, while annealing diminishes the resistance.
| of a wire into a coil increases its resistance.

For pure metals, the resistance is roughly proportional to the absolute tempera- |
| ture, and would apparently vanish not far from the absolute zero. This rule does
not hold even approximately for alloys. -

In general,
The winding

For wire resistances, see p- 83 for temperature coefiici lents, next page. The
thermal conductivities of the same samples of many of the substances below will
be found on p. 51.

. Eubstance. Temp. Sp. Re. Observer. Bubstance. I'Itmp. 8p. Re. Observer.
‘Hatals— o e T o Metals rHHH’-'!"} °C. |x 106
Aluminium * . —lﬁg ‘.‘.IHI} I.cca, Platinum . . -Et;g 24 D.&F., 96

& : 1 294 P. T, '08 5 L. 110 D |

0 18| 321) J. & D, s 100/ 140 }Jugm’

> 100 413 igoo | Potassium 0| 664 B.,'%04
Antimony 15 o3 | Berget, 'gofl Rhodium . 18 6o —
Bismuth . 1%3 |£‘0 } J. & I3, | Silver, 99'g ¥ —lfg c'5ﬁ} I.-::u&%,

160" 1500 o Sl 166 £
.l(llIHliﬂ'l,,ilt’-_l'l-"- “‘i lgg 2 ;* Lee;: [03 ke 1;3 |'63% ]. S:)Ul}.,

Lh! ? 4 . & J ¥ jll !-‘

# 100 g‘ﬁ:} . 1gco  f Sodium 0 .r_:ri B., ﬁ_;
Copper, drawn . |—160 o349 Lees, '08 fStrontium 20| 25 M., 1857
i A 18 178} J. & D., f Tantalum 18 146 —

i .1 100 3'36} 1goo  J Tellurium 20 21 M., 1858

w  annealed 18| 159 Mean JThallium, pure. 0| 176 | D.&F., 96 |
Caleivm .. .. . 20| 105  M.&C., o5 Thorium . 15| 401 | Bo., '0g |
| Cobalt . 20| o771 R, 1gor §Tin, drawn . —~160| 35 Lees, 'o8
| Gold .|-183| o68 D.&F.%6} ., . . 18| 113 | J. & D.,

= sty e 18 2'4:} J.&D, R » v 100 1573 } 10900
W : 100 311 1500 Tungsten . 25| 50 | Fink, 1o
Iridium 18| 53 - Zinc, pure =160| 2z | Lees, 'o8
Irom . . 13 g-15 | Mean 7 18| 61 J. & D,
E {E} 100 Igg }j & D., " G i 100, 79 } 1903
. Sy s I 1900

. wrought .]—160 54 Lees, 'o8 | Alloys

L. ol o 18 139 }J & D., jBrass . -|=160 41 Lees,
i am =l 100 188 1500 . 17| &6 }' 19::3
& stm:li | i } 1B| 19°0 } I o Tk, B | . . 18 69 Mean

= 100 256 100 C{:n&t.mlan } 18 490 | | & D,

L-:.ul drawn .|-160 743 Lees, o8 (Eureka)$§ 100 .1.9: }

2 : 18| 208 } J. & D., § German silver || 18| ]'l.'I..;a,.m

i 100 | 277 TGO 1 i 0 ﬂﬁ ﬁ Lorenz, |
Lithium 0 34| B.,'oq e o gy o)L 27 } 1881 |
;}agnfﬁmm : g 435 ]L:;E: F. fManganin¥ . —lfg. 43 |3} Lees, |

ercury . [ o) See = e | 44750 i s

i ¥ O3 20 g;'?ﬁi}pp. 6, 82. ¥ 18 12‘3:5 J. ﬁ)
Molybdenum . 25 41 | Fink, '10 & - | 100 42'1 I}

Nickel . . .|-160| 59 | Lees, 'o8 Phosphor-bronze 18 5-io "r[can

3 i"'-]?::;} 18 118 } J. & D, § Platinoid || =160 325 } Lees,

w  LNI 100 157 1900 " £y 18 344 1908
Osmium . . 20| 9’5 | Blair, ‘o3 Joo Pt, 10 Rh Q| 21t | D.&F,, 96
Palladium 18 107 } J. & D., §67 Pt, 33 Ag 0| 242 —
| " 100 1338 1900

. * g9 % Al ¥k G ce S, 1 g M, 1 70 Cu, 30 Zn,

& 6o Cu, 40 Ni.

B.,

| 62 Cu, 15 I*n, 22 7.
Bernini ; Bo., Bolton; D, & F., Dewar & Fleming ; J. & D., Jacger and Diesselhorst :
"nl'ttthua.:m ; M. & C., Moissan & 1‘. h:u:mm_ ; l{

9 84 Cu, 4 Ni, 12 Mn,

I'{tll.]nnfl,, f" i f’.i-;.-" _.-"r.r.-.r;._-.-

LE]
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| ELECTRICAL RESISTIVITIES (contd.) |
NON-METALS AND INSULATORS

The resistivities are in ohm-cms. at room temperatures unless otherwise
stated. The values for insulators naturally vary widely, and the figures below are |
merely typical and are probably, in many cases, nothing more than the resistances |
of the surfaces. For a discussion of some electrical insulators, see Kaye, Proc. Phy. |

Sac. Lond., 1911. |
|

Bubstance, Bp. Ra. Bubstance, Bp. Be. Substance. 8p. Re. |

| e - 2 S ?

| = ‘004 to | Sulphur, 70° 4. ID“_ Guttapercha 2. 10" |

(Gas carbon ' { ‘007 | Ebonite . 2. 10" | Mica A 9. 10|

Graphite ‘003 [Glass, soda-lime* 5.10" | Parafiin wax . 3. 108}

C. lamp filament 004 o ]{:na,_cum-] Sz, 10M Porcelain, 51::":‘ 2. 50

Selenium I {I{p;.r] 2. 1ot bustion * Ouartz . . Iz, oM

Silicon§. . . ! »  conductingt  10° Fused silica ® . >3.10M]
* National Physical Laboratory. t Phillips. § In dark. § Wick, 1908.

TEMPERATURE COEFFICIENTS OF RESISTANCE

To represent accurately over any considerable range the variation of electrical
resistance (R) with temperature (#) requires for almost all substances a parabolic
| or cubic cqualmn in 4 DBut if the temperature interval is not Jarge, a linear
| equation R, = R,(1 + ef) may be employed; and this gives a definition of the
mean temperature coefficient (a) over that temperature range. The table of resis-
tivities above will readily yield the associated values of . The coeflicients given

below are average ones.

(N. P. L.), 1904.
| from 30° C. to 40° C

I N.P L.

Bubstance. Temp. a Substance, | Temp. a |
| Metals— % 10-}] Metals (mum' J— % 1o
| Aluminium 18-100 38 Silver . .1 0-1 40
| Bismuth 18 42 Tantalum . 0-100 13
| Cadmium . 18-100| 40 |Tin . . : 0-100 ;5
| Copper * 18 428 Iungblun[ 9!:}} -390 5
Cobalt . 0-160 33 Zinc . : . 118- 100 37
Gold . 0-100 | 40
Iron, pure . 18 | 6z Alloys— - |
| Steel . i8 16-42 | Brass g A 18 | 10
| 'l"r‘f‘_::;i;lr}.f | | D—;E 43,':' Constantan (Eureka) . 18 { +'}11?
| Nickel, electrolytic .| 0-100 62 German silver 18 | 2'3-6
| commercial . 0-1000 o Manganin § 20 |‘o2—51%)
Palladium . .118-100 37 Platinoid . i8 25
| Platinum . . =100-0| 35 go Pt, 10 Ir 16 15
' - 2 a1 0-100 3 oo Pt 10 Rh . 15 17
‘ Molybdenum (1910} . | 0-170 50 Platinum-silver {:Cﬂ!l*a:l 16 2'4-3'3
| I
* High conductivity annealed commereial. t B:= R(1+"0 B8 4 0,15 —Smith I

§ Most samples of manganin have a zero temp. coefi. at
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STANDARD WIRE GAUGE i

I'he sizes of wires are ordinarily expressed by an arbitrary series of numbers. |
There are, unfortunately, four or five independent systems of numbering, so that the
wire gauge used must be specifiecd. The following are English Legal Standard

wire gauge values.

(See Foster's ¥ Electrical Engineers’ Pocket Book,”) .

Size. | Diamster. | Size. Diameter. Size. Diameter. |
BW.G Mm | Inch. \BWG Mm. | Inch. |5W@| Mm | Inch. |
6 | 488 192 20 014 ‘036 34 | 234 | 0002
8 4'0b ‘160 232 TLI ‘028 36 193 0076
10 | 325 *128 24 | -559 022 38 | ‘152 "oohio
18 | 264 ‘104 26 457 018 40 | 122 | ‘0048
14 2'03 ‘odo 28 3706 o148 42 | 102 0040
18 | 163 ‘oby 30 *315 olz4g | 44 ‘081 ‘032
18 1'22 ‘048 32 274 | oro8 | 46 ‘obl | -ooz4

WIRE RESISTAMNCES

Average values in ochms per metre at 15 C. The safe currents for copper |
(high conductivity annealed commercial) are calculated at the rate of about 270
amps fem.? for No. 12 wire, 430 amps./em.* for No. 22 wire, and 300 amps /em.?
for smaller diameters (see the standards fixed by the Institution of Electrical
| Engineers). To estimate the safe currents for manganin and platinoid coils allow
10 watts per coil. Eureka is practically identical with constantan.

The average temperature coefficient of resistance of copper is ‘00428 ; of
nickel, 0027 ; of manganin, -0ooo1 ; of German silver, ‘00044 ; of Eureka, —oooo2 ; |
of platinoid, ‘coo25 per degree Centigrade. The values for the alloys may vary |
considerably. The composition of manganin is 84Cu, 4Ni, 12Mn; of German
silver, 60Cu, 15N1, 25Zn ; of Eureka, ¢. 60Cu, 40Ni. Platinoid is said to be German
silver with a little tungsien. For specific resistances, see p. 81.

MANGA. GERMAN MANGA. GERM |
CORPER: NIN. | SILVER. (COEPER. NIN. EIL:'u"EﬁI;‘
8W.G. Ohmsper Safe Ohms gy per b ﬂ;:':’ Bafe | l.'.lll:ma Ohms per |
i metre. Current. ‘metre. metre. D | enrrent. metre. |- metre.
amps. AT
12 ‘0032 | 15O ‘077 ‘041 30 222 | 4 545 200
14 0054 g8 131 070 32 203 | "3 718 | 3'83
16 | 0083 | 68 | ‘204 109 % | 404 | 2 g0 527
18 | ‘0148 2. (301 193 36 | 590 | 15 | 145 7'74
20 o260 26 645 *345 38 950 | 1 23'2 124
22 | ‘o435 17 | 1o7 57 40 | 148 o6 | 363 | 194
24 070 11 73 g2 a2 | 210 "0y 534 278
26 105 s 258 38 44 | 330 0y | 817 43'5 |
28 155 5 | 3982 202 46 | 590 | o2 | 145 774
EUREKA or CONSTANTAN. PLATINOID (Martino's).
Ohms 20° €. temp.- | Ohms 20° C. temp.- Ohms Ohms
B.W.G.| per rise canszed (B W.G.| per rise crused [BW.G per |SW.G. per
| metre, by metre. by matre. matre.
! 2 RTINS, AP
| 12 | ‘o086 122 20 722 1’5 20 6221 28 | 369
| 14 | '146 82 22 1'20 g d 22 103 | 30 5°26
16 228 49 24 1'93 3 24 | 167 32 tr8i1
18 | ‘405 2'7 26 | 289 "1 26 | 250 | 34 955
,* FUSES
The fusing currents are for wires mounted horizontally,
|| Fusing current. lamp.| 3 5 | 10 20 30 40 50
L o TSR BW.G. | 37 28 24 3 L 1 16 14 I3
Copper . S.W.G. 47 41 38 33 28 25 23 22
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DIELECTRIC CONSTANTS

| The inductivity, dielectric constant, or specific inductive capacity # of a material may |

be defined as—

(1) The ratio of the capacity of a condenser with the material as dielectric to its
capacity when the dielectric is a vacuum.

(2) The square of the ratio of the velocity of electromagnetic waves in a vacuum to
their velocity in the material. This ratio is dependent on the wave-length, A, of the
waves ; in most cases £ increases with A. Unless otherwise stated, the inductivities
below are for very long waves (A = o) and at room temperatures.

If u is the refractive index, then on Maxwell's theory of light, £ = &* provided the
frequency of the electrical oscillations is the same as that of the light vibrations. In
practice we cannot find £ for vibrations as rapid as those of the visible rays; the

alternative is to obtain (by extrapolation) the refractive index for waves of very great |

wave-length, ¢, by the use of Cauchy'’s formula, p. 71. When such data are available

and liquids, though there are many substances which provide marked exceptions.

In general, a rise of temperature diminishes the inductivity. The temperature
coefficient a between /° and T° is defined by Ay = £{1 — a[T = #)}. In the case
of water Palmer (1go3) finds that « increases slightly with the fll.*till{_.]‘li}" of oscillation.

* Beaulard, IQDB

Maxwell's relation is found to hold fairly exactly in the case of a number of gases |

The Claunsins-Mossotti relation L v L~ const. (p being the density) has been |

pl& + 2)
shown by Tangl (d#n. & Phys., 1908) to hold from 1 to 100 atmos. in the case of H, N,
| and air. (See Biadeker in L.B.M.)
' |
Substance. k. Substanee. k, Substance. ! k.
!
Solids —
Calcite 7'5=77 | Bromine . 31 0Oil, paraffin 46-48
Ebonite . 2*7-2'g | Carb. b:aulplndc 2'62 Petroleum . . .| 20-2°2
Fluorite . : 68 s tetrachloride 3'25;’|H" Toluene, & = "0ol 2°3
Glass, crown . . 5=7 Chloroform, 18° . 52 Turpentine . 2'2-2'3
., heavy crown 7-9 Ethyl acetate . . 6 Vaseline oil 19
A 7-10 » chloride . .| 109 Water, A =00 . .| 81
,, mirror b-7 yy  ether, a=‘00g 4'37 n A=3000Cms. 3 '5:
| Gypsum . . . . 63 Glycerine, x = 200 39'1/15° e A=12000,, 279
fce (—2%) . . . 939 Nitrobenzene . .| 34/17° " Eye = OO4E .
Indiarubber . .| z271-2'3 | Oil,castor . . .| 46-48 | Xylene, m, a="0,5| 2°4
Marble - - .o . 53 s LT P B L
Mica . & R 5'7=7
Paper,dry . . . 2-2'%
Paraffin wax 2-2"3 Bubstance. Temp. k. . Observer.
Pitch . 2 i-8 BT A i i
Porcelain . . . 4468 joem. Hg. ; A== [T T i
Quartz o 45 Gases - !
Resin. . . . .| 19=26 [Aijr [0 1'0005 86 Klemencic, 1885 |
Rock salt . . . 56 R g 20 1 000576 Tangl, 1908
' Selenium (16°) . 61 Hydrogen o 1000264 | Boltzmann, 1875
i Shellac . . g3 7 & 20 1 000273 Tangl, 1908
Silica, fused . 3'5-30 | Helium . 0 1'00007 4 Hockheim, 1908
‘ Spermaceti . I 2 Nitrogen At 2 1'"000581 Tangl, 1908
Sulpbur . . . 36-4'3 | Nitrousoxide,N,0 o 1'000G9 Klemencic, 1885 |
| Sylvin . . . . 49 Carbon monoxide o 1'ooobo; | ki 5
| Vaseline. 22 , dioxide .| o 1'00008 5 g i
IR »w  bisulphide | 15 1°'0029 . g,
Liquids— Ethylene . . .| 15 1'00146 f .
Alcohol, methyl . 35 -1.,"13 ‘4 | Sulphur dioxide .| 147 1°00005 o 5
»  ethyl. .|268/14°7] Ammonia . . .| 20 1'00718 Bideker, 1901
0 amyl. .| 16'0/20° | Alcohol, methyl . 110 1"00600 i =
Aniline, & = "go4 . 7°30 o ethyl . 110 1'00647 . 23 :
Benzene, a = "0,7.| 2'29/18° | Benzene. . . .|110 1'00292 | a
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IONIC DISSOCIATION THEORY I

On the Dissociation Theory (Arrhenius, 1887), the solute is dissociated into |
electrically Eusitiﬂ: cathions and negative anions. For example, KCl in water
exists as KCl, K¥, CI7; sulphuric acid as H.50,, H*, H™, 50,7*, H50,*. Pro-
bably, in many cases, these ions are attached to molecules of solvent. The degree
of dissociation = = (number of dissociated solute molecules)/(total number of
solute molecules). a is deduced from the osmotic pressure of the solution, and from
its electric conductivity at different dilutions, The osmotic pressure is determined
(1) directly, (2) from the raising of the boiling-point, and (3) from the depression of
the freezing-point of the solvent by the presence of the solute. The equivalent
conductivity (A) for different concentrations of any dilute solution is assumed to be
proportional to the number of ions present. A approaches asymptotically a limiting
conductivity (A, ) for extreme dilutions, a state of things when, on this theory, the
solute is completely dissociated. Au/A., = a for the equivalent concentration .
The cathion and anion with their charges +¢and —e (for monovalent ions) move
in unit electric field in opposite directions with speeds or mobilities «, and »_.
The electrolytic current also obeys Ohm's Law, so that Xx = (ay + 2 )ae
(Kohlrausch, 187g9), where X is the potential gradient in volts per cm., z the
number of +ive or —ive ions per cc., x the conductivity of the solution in
ohm=* em,~*, This becomes #, + »_ = 1'037 x 1075 A cm./sec., since x/u = A/N,
and Ne¢ = gh,740 coulombs per gm. equivalent of ions.

The mobility of electrolytic 1ons has been directly observed by Lodge (1836),
Whetham, Orme Masson, and D. B. Steele. The ratio »_/(#, + #_)==# is for the
negative ion, the migration ratio or transport number of Hittorf (1853-9). # can
be determined, when complex ions are absent, from the change of concentration at
the anode and cathode during electrolysis, The mobility of certain organic ions
is approximately inversely proportional to their linear dimension & (Laby and
Carsej. The existence of this relation of Ohm’s Law and of a relation between
the viscosity (1) of the solvent and the ionic mobilities ( Kohlrausch, Hosking, and
Lyle) indicates that the motion of the ion through the solution may follow Stokes’
Law (# = F/67na, where F is the driving force), with the numerical constant, 6=,
possibly changed.

The dissociation theory postulates the conditions existing in very dilute solutions,
The rile of the medium is rather neglected (Lowry, Science Progress, 1908). The
dissociation should be large for a solvent with a high dielectric constant, for then
the atrraction between the cathion and anion is small (Thomson and Nernst).
This is generally true (Walden).

(Kohlrausch and Holborn, ® Leitvermiigen der Elektrolyten;” Whetham's
“ Theory of Solution.™)

MIGRATION RATIOS

Hittorl’s migration ratio or transport number of the anion, # = w_[(iry + u_); m
= equivalent concentration per litre ; /° = temp. of observation.

|

Bolute. !:"G.%ﬂann. #n.| Batio ». | Bolute. /"C./Cone. pe. Ratio ». Bolute. |¢"C.Cone. | Ratio w. |
@ S0 s BEESETL 5 55T T B

' |
KCl .|—| 003 [s505, S.DJAgNO,1T° ‘gtocozf526, H. |-~ o e 12 Y| AP

s 03 te}l.. : NH,fCIHﬂﬂ o3 [507, Be. RS 18°0 -0z ) 625, M.

KBr . 1877 " |'594 B. |p)c :

L T'ICl .82 | ‘o1 516, Be. 10 ;[:}J m}'r'g NS,
KI. .|| o5 |[505, Be. [CaCl,.|— | ‘005 [562,5.D) ol b | el
KNO,.| 8| 1 497, H. 5rCl; .81 | o1 [56, Be. |[HNO,. .18 | -25 [I7 .

. \[o3 tol], BaCl..[18 | ot |55 HL.S0; 1 e | iy, Be:
NaCl .18 { 00g J| % B- IMgcl, o1 | o5 |15, Be. [KOH'. |— |1 |74
NaNO,19 | ‘o5 [629, Be. ZnSO, |— | o5 |64, H. |NaOH. .|26 | ‘o4 'E} BE.

. ‘03 to - ‘12 to)). NH, . .81 | o5 [50, De,
cl 'ilB { 008 }:ﬁ? |CdBr,. 18 { m‘,r} 57 ApC.H, 0,25 i o1 [376, L.N.|

B, Bogdan; Be, Bein; H., Hittorf ; L.N., Lib and Nemst; M., Metelka: N.5,
Noyes and Sammet ; 5.1, Steele and Denison.
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ELECTRICAL CONDUCTIVITY OF SOLUTIONS

| Kk, = specific electric conductivity (in ohms—' cm.~") of the solution at 18" C.
| # = mass of anhydrous solute per 100 gms. of solution. :
| # =the number of gm. equivalents in 1 c.c of solution. Gm. equiv. per |
; litre = 1ocom. To find » note that x/A = ». _ .
' 7 = volume in litres containing one gm. equivalent of solute = 1/1000%.
| A = equivalent conductivity = x/n, = the conductivity in reciprocal ohms of
. 1 gm. equiv. in solution between electrodes 1 cm. apart. The chemical
: equiv. of, for example, “ 1/2CaCl,” is 111/2. 5
Temp. coefficient = (du/d?)/ks. (See Kohlrausch and Holborn, “ Das Leitver-
miigen der Elektrolyten” (Teubner), and Holborn, L.B.M.) K = Kohlrausch; G =
Grotrian.
CONCENTRATED SOLUTIONS
| W] By K| Bugg | K| B | K B
, —— gl 2 A=-ge| 2| A= b | &==1g
G | mo p=a B8 4| e 2588 4 e 258 4 | [0 I8
| 1 K¢l (E.G.). & CACL, (G.) (conid.). 1 Hel (E} 4 H.80, (KE.) (contd.).
. ) JG | I :.ﬂ —_— .U
: ' 0282 65 |252 L (R : &
s 'obgo 99g|201[3° |97 gl ik : e e 94 |256
1o 1350 932 188[50 10137| 149[353] 5 39482810 158] 5o 1o | 39 340
Is ‘3020 91'5 l}.g 1 l Hﬂ (E :' [ K#] EI{_}EI'E 2|g.l [::{:' ':;F:' '|':|";" 3"32 :-!,:U
20 -2677!889 168 0 A = ig E}éig'ﬂ:}j Egj 100 [oig7 | *—  |o31
21 '2810|87°5/ 166 i el i :
! i 2 q's ‘ngg 83’4 21840 5152 391 | — 1 EOH (K.).
10 |'0476| 74'3 217 )
1Ma0l(Ea) |, | - o |
, —J%3 0683| 679 215 1 HNO, (K.G.). 421464 (188 187
0 Lo ['1565| 4570 205 i e g
2 b E 2 3 34272 |169 186
5 10672176 |217)c, ['2101| 31'1 |200 = 260376 150 188
10 1211 662|214 — : 62312 307 (147 I(.S-:;'LG 2
15 1642 57°8/212] 1 (NH)80,(K.). J12:4] 542 257 142 ! : ,‘!5 ]-3’: :?3
20 '1957 49'9|216 o |186/6g0 211|137 39_4_5“!-‘ ;é[
25 2135 42'0|227| 5 -o552| 710 |215|24'8/708 169 (137 Rl 39 i
15'4'215'5.39'5 23310 “1ole) 631 203 31‘ Effz 133 -|§9 1 NaOH (E.).
20 |"1779 527 193 gl}ﬁ: ;g Gé 1) ——
| ® 2 " 2 L 2 I.-,__
ﬁﬂnnl,{_ﬁ:.ﬂ.}. 30 |2292| 43'1 |191 |_-I 304 157 z-;f'lcuj 170 194
| 0 - e | =
[ Cn50, (K.). 5 |'197 149 |01
5 10643686 213 173,00 = § H.80, (K.). 10 412, 110z, |217
|10 -|14||55'3 206 _. it s [ —— o |15 (346 |79 |249
15 ['1505|40°2|20z] 25| 2109 34'0 (213} tah ol ail 20 327 | 53 |209
20 1728106200l § @189 287 |206] 5 g L e [l 3
= :‘“é |40212000,5 '0320! 231 |218]10 [391 [1Bo 128) 30 202 20 450
25 |'T7o1132'1]204 1750458 1774 '236]15 ['543 (161 136] 4© 116 1 | 05
30 16582379 216]"7 2| 43 “"lao |653 ll-.l.O 145 '
35 I:}[?E' 16 23'5 . $ CdBD, (&.). I35 |:”? ![Ig :|E;4 _I-EE[: {K) .
v 30 [730 | gg (162 0
}Edt:_l,lfﬂ.]." 1 0042 4279 (210035 [724 | 80 |17o0] ‘100025 4725 246
i | ‘0o | § o146 290 |200Q40 680 | 64 (178] 1°6/00087 03 238
I oo35(50°1|222f25 0430 138 223]50 [540 | 38 193] & [ool04 23 (262
10 ‘0241|202 21 36 ‘0421 3':5_:5; 6o |'373 | 20°3 213] 30°5/'0001G ‘O12 —
STANDARD SOLUTIONS FOR CALIERATING CONDUCTIVITY VESSELS
ks for the purest water in a vacuum = ‘o4 x rq—“ ohms~! cm,™ ( Kohlrausch
and Heydweiller) ; », for conductivity water in air is about 107 chms™! cm.™! ;
KCl 1 # = normal KCI = 74'59 gm./litre at 18° C.; NaCl sat. = saturated NaCl at |
temp. 74 of experiment. Unit—ohm™ cm.”'. (See Kohlrausch, Holborn, and |
| Diesselhorst.)
| Bolution. 0° ¢. 8° I 12° 167 20° 24°
! NalCl, sat. . 1345 ‘1688 | -1872 2063 | 2260 242 '
BECl 12 .| ‘06541 ‘07954 ‘08680 ‘00441 ‘10207 ‘10084 |
ECL 1/1o2 | coji; "oodl88 00G79 ‘oLoT2 ‘al 167 a1264
ECl, 1/50n | oot52 | ‘ocolgo | ‘ooz00 | ‘oo22 '00250 | 00271
| KCL,1/100n| 00078 | -ooog7 | ‘oolo7 001173 | ‘oo1278 ‘001386
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EQUIVALENT ELECTRIC CONDUCTIVITY A OF DILUTE AQUEOUS SOLUTIONS |
Extrapolated numbers are indicated by ( ). A for infinite dilution is given |
under “0."  Observers: inorganic solutes, Kohlrausch ; organic, Bredig, Zedf. |

Phys. Chem., 1804.

e

| Gm. equiv. per litre = 1000y. Gm. equiv. per litre — 1000y. ,
| Bolute | Hignry s Solute at : |
| &t 18°C. ; | 182 ¢,
! o | o001 | 01 5 0001 0002 ‘01 | b
| KCI 1301 129°1 | 122 102 4 CaCl, .J 11§72 1i4's | rog 740
| KBr 1323 13070 | 124 105 } SrNO,. | 1107 | 1rrr 09 bz-7
| Kl 131'0 | 1208 | 123 106 § BaCl; . [117/:0005] 107 | 77°3
| KF )iy | 1ios | rea |83 } MgCl, .] 1094 | 1089 ga°'1 | Ogy
| KSCN | 1213 | 1202 | 114 957 § & ZnS0, .| 1005 10775 728 ;
KMNO,.| 1265 | 1255 | 118 892 § )} CANO,. [ 100/"005] g 639
NaCl . | 199'0 | 1081 | 102 $og § 4 CuSO, .| 1099 | 1079 | 717 | —
| NaF .1 gois| 893 | 835| Goo i PbN.O,| 1207 | 119°¢ | 103 | 8§32
| NaNO, 1053 | 1045 | 982 | 740 ;
LiCl .| o9 | of1| g92| 707 = '
AgNOG|l 1158 | 1150 | 108 77°5 -001 002 01 5
CsCl .1 1336 132°3 | 125 -ee
E-«‘:IJCI - = | B LT Acids. ey : | =Tl
r!\:-H_,L‘t : | 1272 | 122 101 HCl . (377) 376 270 | 327
rcl 1315 | 1303 | 120 — QHNO, .f (375) | 374 | 368 |324
f | ' } H.SO, .} 361 350 | 308 |z20%
- | I H,PO, .| (106) 102 85 b =
i Alkalies.
| KOH (234) | (233) | 228 |197
| | NaOH = 2045 | 2054 | 174
| | | NH, . .[l53/0002/38/c005 o6 | I"35
Bolute at 25° C. A ety Ay Bolute at 25° €. Mgy, | Aeg
Na formate 981 100°4 Hydrochloride of— i
Na acetate . 857 87'5 -Propylamine . 107's | 110°3
Na propionate 810 835 [ (CH,),PCl. 1074 | 1098
Na butyrate i 700G (s HLPEL: o3 | 1008
Na isobutyrate FET: dl DOE (CH,),AsCl . 1055 | 1082
Hydrochlorides of— b
-Methylamine . 1251 razg | Hydrochlondes of— | Ap, |
-Ethylamine 11473 1170 -Aniline . : 10003 | 1061
-Dimethylamine . | 1175 120°3 -Methylaniline. 004 | 1052
' -Allylamine. . . 10G°2 [11°7 -a-Toluidine 074 1037
|

EQUIVALENT ELECTRIC CONDUCTIVITY OF NON-AQUEOUS SOLUTIONS

© = 1/m = volume in litres in which 1 gm. equivalent is dissolved. (See Tower, |
“* Conductivity of Liquids,” 1908.)

l ,“;.1;. Bolute. (#C.] » A | v A [Bolvent. Bolute. (°CJ 2 A | v | &
NH,  KBr |-88%7403176l12410 32978 POCI, IN{CJI.-.}.IEE' 750 38501500 44°3

T AgNO, |=15] 94188 192110 fFormic KCl (86 ] 256/ 58 | 51261
HCN| KI 0| 392208 | 1024 308 acid { HCI (25 | 586 32:8] 46'9 332
w  [S(CH, I 0 51232 1024 332 JAcetone Kl 18 Jrr57 155 [2315 163
50, | Kkl 0 hrozg 112'5] 2048/ 13450 LiCl 18] 10 498 138995
»_ IN(CHZ I OF s12157°1) toz4 16770 AgNO, 18] 285 157 576176
AsCly N(C.H, )1l 85 ) 150 632] 750 597 - '
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IONIC MOEILITIES

MOBILITIES OF IONS IN LIQUIDS
The mobility of the anion = #_ = 1037 x 107 An. (2 = Hittorf's number.)
Example.—For KCl, Ayx = 1301, #="'505, .. %_= [I'0}7 X 107" ¥ 'gof X
130'1 = 68 x 1079 cm.fsec. for Cl ions at 18°.  Observers, Kohlrausch and Bredig ;
the latter’s values have been multiplied by 11 % 107 to bring them to cm./sec.
Unit —107% cm./sec. * 1 Ca, ete. : the actual ionic velocity of the divalent ions is
half the value stated here ; these values, however, fit the various eguations given.

#

p— e —— I

| H

Iom. 'sr18°) Tom. #18°] Iom. ~ 18°] Tom. | 187 Ion. 259 Ton. e 25°,
. 330 |NH, |663]7Zn* .| 484 F .|483]HCO, . 56'3] C.HH N | 51°%

i | 346Tl .|684]Cu*.| 49 JC] . |678]CH,CO, 4z 1 [ (C:HLP . | 337
| Na . 452JCa®. [537|Ag .| 56 | Br . |70 |C.H,CO. . 377]| CaH;H Ny, .
'K . 67 |Sr*.|536|cd*. | jo2l1. . |688]n.C,H.CO, 338| aniline }395
Rb . 7os|Ba*. 575 Pb*. 635 ND 64 Iso- 340|C.,H,HN . | 485
Cs 7osl Mg® 4771 0H. 18 |S0.*(71 JCH H, N . 53°4| (CH)As. 41'5

DIRECTLY OBSERVED MOBILITIES

Deduced from the observed movement of an ionic boundary. m = equivalent

| resistances quoted are only typical ;

ELECTROMOTIVE FORCES AND RESISTANCES OF CELLS

concentration. Unit—10™" e¢m./sec. at 18°C. (See Denison and Steel, Phil.
Trans., 19ob.)
[Ton. m | u llnn. wE| W Ianl w % |Ton n flom.| m III:m M on
I b - = |
| .
K Ma 1 [318|Ba|5 33]Mg|2 167]|Cl 520| SO, 2 309

.

The E.M.F.s given are for cells on open circuit, and are only approximate ; in |

the case of primary batteries they refer to freshly made up cells.
they vary very widely in practice.
primary cells the E.M.F. drops and the internal resistance increases as the cell
ages. Nearly all modern dry cells are modified Leclanché batteries.

(See Slinzo and Brooker's “ Electrical Engineering.”)

Cell. Description. || E.M.F. Resistance
i l'|.'|.!||¢. f}l'llnh.
Bichromate . Zn and C in 1 vol. strong H,50, and | e very low
20 vols. sat. K,Cr,0, sol.
Bunsen . £n in 1 vol. H.50, and 12 wols. HO ; 1-8-1'9 e
C in strong HNO,
Clark (see p. E) Zn amalgam and Hg in sat. Zn50, sol. 1"433 e 500
Daniell . Zn in ZnS0, sol. or H,50, (1 to 12); 107=-1"08 &4
Cu in sat. CuS0, sol.
Grove . . Like Bunsen with Pt instead of C 1"8-1'9 —_
Leclanché . Znand Cin WH,Cl C, and MnO, o o254
Secondary . Pb and PbOQ, (etc.) in H,80, of density | 2°2-1'9 negligible
I%2
Tucker “ Hygroscopic cell” Zn and C with 14 I
sat. CaCl, sol. i
Weston (see p. 8). | Cd amalgam and Hg in sat. CdS0, sol. 1o18 i £. 500

The internal |
With many |
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MAGNETISM
MAGNETIC INDUCTION
# = magnetic force o :
I = intensity of magnetization B, W), and E are in lines per cm.?, and are |
= magnetic moment per cm.” vector quantities. |
= pole strength per cm.2 Unit: 4 lines start from unit magnetic |
B = ;}:ag‘na{tio induction, or flux density pole.
= ¥ + 4wk

= permeability = /K. See p. 6.
M= mmphbﬂ;ty = E/B = (u — 1)/(4=). See p. 6.

Coercivity, M=, is the demagnetizing force required to make B = o after saturation.

Coercive force is the demagnetizing force required to make B = o after some par-
ticular field strength.

Remanence, B, =, is the induction remaining when the magnetic force is removed
after saturation.

The work done, 7.e. hysteresis loss, ()., in taking a cm.? of magnetic material through
a magnetic cvcle between limits + H, = [Bd¥ = }=/WaB. Steinmetz’s empirical formula

or steresis loss is 788" where 7 is a constant, and generally # = 1'6. The
for the hyst | B . g ¥

magnetic properties of a material depend not only on its chemical composition, but on its
previous mechanical and heat treatment ; thus only general characteristics are indicated below.,

Heusler alloys (discovered by Heusler in 1903) are composed of Cu, Mn, and Al
They do not show the Kerr effect.

Good permanent magnet steel contains about '5 %, W and 6%, C, is free from Mn, Cu,
Ni, and Ti, and is hardened at 850" C. (Hannack, 190g9). Cast iron, chilled from 1000” C,,
may also be used (Peirce and Campbell).

Keferences—Pure iron, Peirce, Amer. Fowr. Sci., 27 and 28, 1909 ; Terry, Phy. Rev., 1909 ;
iron and manganese, Burgess and Aston, Phsl. Mag., 1909 ; Heusler alloys, Stephenson,
Phy. Rew., 1910. (Ewing, " Magnetic Induction in Iron,” and Kohlrausch, * Prakt. Phys.”)

Permeability u.

Matastall _ ] l‘.'.nar Rema.- ]Ijra-l. loss,
M:'b_l!‘:llli=ﬁ 1&=mﬂ=ﬁﬂﬂ=1wr¢““1 ol i | Qe
= === | § T T, e | R cTgs/em.”

Swedish wrought iron | 2500|3710 | 2000 | 736 | 274 120 o8 | 3,000] 200 ! 6,700
Annealed cast steel , |1450|3500| 2100 747 | 280 123 097 | 7,100 151 | 11700
Unannealed cast steel | 490 -;u?o 1700 632 | a7o 122 2’08 | go00] 166 | 20,400

Castiron. . . . .|] — a1 | 182 117 65 Ji1g | 42301565 | 34,300

?Irlagnet{ Hardened .| — | — |GH,!’15 78 193 oo 526 11,700 234 211,000

steel | Tungsten .] — | — |80/20 | 119 204 105 275 | 9,880] 505 116,000

Induction, B, for For a]",, )
Material. Winax. B, = e e i
Wiax, B =100, Coer, Reman, Eyst luss-
EIL‘\:"L 11

v el Bt TR S B - T :E,r:p 17,700 | 8350 | o6 10,300 4,900
Steel, 22 8% Cr, 8% C. . . — — — |56 6,400} -

w 58X W,6%C. . .|Hardenedat770° — - z ?.tm-il 280,000

& e W gL E & o oo = — 85 4,700 ]

" + 4 '\’[U: 1"2 -'"l- C LR " 1] 800" - = HS 6. ?ﬂﬂ -y
Iront . s i 50 17,100 - I760. ) 22" o gk /o Bumax. - -
Silicon Lrun s Tt 50 10,000 — 1900 | 1 6% ¢ 4:, 5 — |

i 4,,” ‘-u‘l' : 50 15,100 — 2500 | 1'2® 39K -
l-.l-::rimhummn|1.my1:-ur¢;§ 210 21,250 — |18 10,000 i
Heated mr-m "C.| 16,000 —- 2'5 12,500
Hadfield's mangnnean 'steel || = —_ —_ 1"3-1"5| — v. small -
Nickel, annealed . . . 100 5,137 — 296 | 8 3,570 —
EbalE LR et ) - e 10,000 £}, 500 174 |12 3,400 —
R T T B e (R 8,237 7,800 177 e - 19,000
Heusler Tk (ATl R g2 | 2,735 e 1 | — -— —
* H=1o. t Otto, Dent. Phys. Ges. Berdin, 1910, Ihr magnet. i
¢ Burgess and Taylor, 1006. il 1: L M, 1% C.

Y 24 Mn, 16 Al, 60 Cuo. McClennan, 1gof. i f-umill..h 1!11| bd.lnmdt {I-.'.q_,u h‘n 111‘-1‘1]111 1G0T,
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MAGNETISM

MAGMETIC SUSCEPTIBILITIES OF THE ELEMENTS, ETC.

The susceptibility H = £/ = (ke — 1)/(4=). H = o for a vacuum. The susceptibility
depends very much on the purity of the material, especiaily upon the absence of iron. For
pure Elell‘u:nh H appears to be independent ul’?}.!' except possibly in the case of Mg, 5b, and

comparatively strongly diamagnetic,
| The values below are per “em.® at 18° C., except where some temperature is specified.
The gases are at 1 atmosphere. [Honda (Aun. & Plys, 1910) used purest available
maténals and corrected H for any traces of iron ; see also P. Curie, (Euvres, Paris, 1908.]
+ means paramagnetic ; —, diamagnetic.

Elem. H Obs. Elem, H Obs, Elem. H Ohbs.
Solids | x 106 Solids ; Solids | i
Al . +%65 | L,W.,, H |(contd)| x 10 (contd) | % 10|
Sb .| —-g3 H. Priich=tpt |HDBIC O N T, byl H.
| “Asao. = H. I’t. + 1°32 — fn . =15 K.l Hi

}a.i =19 [BCDEWL K4y H. Zr e H.
JET IR ), H. Eh <+ I'I Hi;. K. soia
Cd o =0 H. R\.li + '56 H. Il:;qulﬂﬂ AT |:-_ ["_i
Cr |+ 37 H. S5e =i 32 H., iz I-J]J" s | o 14 l-“
Cu .|-—‘of; H. Siooo|="12 H. B el e

— ey 4 : Nliq. .|+ 28 K., Ill
At I5 K., H. Ag .| =12 H. or e FD
| e [ s L o Na .|+ 51 H. H LIl':l'_;u B | M ey
[ H. I & o e R e
Brey it See | p. 89. Ta .|+ 93 H. i Pl R
Pb: | -=-=12-| Hq K Ls Te | =32 l_,,{, H. |Gases |
Mg .|+ 55 H. Tl. .|e=13 Air, 167 | + ‘032 Du B
Mn + 1o6? H. Th | 4+ 18 H A | = 010 I
Mo .| -+ o4 H. Sn .| 4 ro2s K., H. He | — ooz I
Nb .|+ 1'37| H. Tl | coolris H. H . .| —-008 -
Os + 04 H. w + 33 H. | R (E ‘024 | Du B.
Pd | + ch L., K. By 10, &+ 9 M., H. O . .|l+123| DuB. Q.

B., | ]hcquunri, 1855 ; C., Curie, 1895 ; D)., Dewar, 1892 ; Du B., Du Bois; E., Ettingshausen ;
P lnh,, F. D., Fleming and Dewar ; H., Honda ; K. }».nmgaljum_r, 1got : L., Lombardi,
1 ; M., 51, \I{‘}Lr, ). Qmm,h S 4"‘"1'1”1 1gos : T, |||::|?]-:,r, o7 » W., Wills, 18g8.

TEMPERATURE AND MAGNETIZATION

The magnetic moment (M) of a magnet diminishes as the temperature (/) rises.
In My = Md(1 — af), a varies widely, but is of the order 0003 to 'co1. The permeability p

| very small ; in the case of iron it is one r:rl' the recalescence temperatures, and is the same

as for carbon steels containing up to *45 % of C.
The eritical temperature of a metal is not perfectly definite, but depends to some extent

on whether the metal is being heated or cooled.

also depends on the temperature. There is a critical temperature above which x is |

Substance. | Crit. Temp. Observer. Substance. Crit. Temp. | Obzerver.
| )
Iron . . .| 6go®870° C. Hopkinson Nickel, g5 % . 310° | Hopkinson
e L ¢. 895 Roberts-Austen = ey 300 | Du Bois
s 855867 Osmond i 377 Weiss, 1907
+ 757 Weiss, 1907 ‘khanuute ; 582 ! i i
Heusler 1[“.0}& | ¢ 300 | Gray, 1903
|

Nickel steel (25 *; Ni) ; O° to 50* B= 140 o B0° 1o BB0D” u = 60 10 074

Ru. H is a periodic property of the atomic wubht for example, P, As, 5b, and Bi are |
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TERRESTRIAL

MAGNETISM

STEINMETZ'S COEFFICIENT

y : - 6 : [
Values of 3 in Steinmetz's formula HB:““ for the hysteresis loss in ergs per c.c.

| per cycle. Bmax, 15 the maximum value of the induction.

| | |

| Bubstance. | % Bubstance. 3

a B . i . | ) i .i ¥ a 2 . . 1 ‘-:,

Silicon iron | 0007 Cirey cast iron ol
Good transformer iron wul 00T 1 Fhchkel =% 4 o0 200 L) BTG oS
Dynamo cast steel . i | 0020 Cobalt . ‘a1z
High carbon steel, h1rtlened "0zK

TERRESTRIAL MAGNETIC CONSTANTS
Magnetic observatories no longer remain in large cities owing to electric tram
disturbances, and thus many of the places for which reliable data exist are not
The general locality of the station is indicated in many cases below.
Magnetic constants obtained in most physical laboratories are uvsually abnormal

generally known.

owing to the proximity of iron in some form.

Much of the data below is derived from the Reports of Kew Observatory, and the

publications of the United States Coast and Geodetic Survey.

A W declination means that the N-seeking end of the magnetic needle points
west of true north ; a N inclination means that the same end of the needle points

downwards.

H and V are the horizontal and vertical components of the eartl’s magnetic field.

(5ee Chree, * Terrestrial Magnetism,” Encyc. Brit., 11th edit., 1g11.)
: I !
Place. Latitude. I't:fl%l Year. ]J:ﬂzl:m In&};:“’ i R
| o o o, F [- I | e s :
North magnetic pole 70 s N|gbhygsW| — | — go oN| o = b
South magnetic pole®. 72255 |is4 E | 1908 — go oS o | —
| |
| British Isles—
| Aberdeen (University) . |57 oN| 2 7W/| 1900 ll.‘: 34W (70 30 N 163 464
Eskdalemuir (Dumfries) |55 19 N | 312W/ 1905 18 30W 6939 N -1684 |'4519
| Falmouth (Cornwall). 5o gN| 5 W) 1909 (17 48W |66 31 N | 1880 | 4327 |
| Greenwich . . . s128N( o0 o 1909 15 48 W |66 54 N | 1853 |'4343 |
| Kew . . gt 28 N| o1gW 1909 16 11'W |67 o N 18351 |'4359
‘ Leeds (Umversl!}r} 5348 N | 133W/| 1900 18 2WH 6835 N <176 |-140
| St. Helier (Jersey). 4912 N| 2 sW)| 1907 1627 W |6535 N | — —
Stonyhurst (Lancs.) . 5351 N | 228W| 1900 (17 20 W | 08 43 N ["1742 |"4472
Valencia (5. W. Irel.md) st 56 N| 1015 W | 1009 20 50 W | 68 15 N |-1783 | ‘4481
Africa— ! :
Cape Town . 33565 | 1829E | 1885 [3015W |56 05 [*199 |°'20%
Helvan (Cairo). 252 N |31 21E | 1908 | 256 W | 40 30 N | "3003 | *2579
Mauritius. 20 63 | 5733E | 1908 | 9 14 W |53 45 5 | 2342 | 3103
- America—
Agincourt (Toronto) . 4347 N | 7016 W 1906 | 5 45 W |74 36 N | 1640 | 5950
| Cheltenham (Washing- . |
: ton) . . . 3844 N | 7650 W | 1909 | 534 W | 7031 N |"1988 | 5620
| Fairhaven (Mass } . 41 37 N | 7054 W | 1908 liz27 W |73 8 N |"1736 | 572
Goat Island ((.ahﬁ:-mm} 3740 N [122 22 W | 1909 |17 53 E |62 11 N [-2525 |'4786
Greenwich (New York) . |41 o N | 7337 W 1908 /10 14 W |72 13 N ["1822 | 5680
Rio de Janeiro . 22555 | 43101 W)| 1906 | Bss W | 3357 S 2477 | 0016
Santiago (Chili) 33278 | 7042W /| 1906 14 1gE |30128 | — —_
Sitka (Alaska) . . . 57 3N 135 20W | 1909 |30 12E |74 37 N ["1557 | 5680
| Waukegan (Chicago). 22t N|8751W ) 1908 | 2 30W | 72 46 N ‘1830 | 5808
|
| * Mawson and David (with Shackleton), 1908, t 1907.
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TERRESTRIAL MAGNETISM

TERRESTRIAL MAGNETIC CONSTANTS (iontd.)

Flace. Latitnde.
Asia—
Alibag (Bombay) . J18 39 N
Barrackpore (Calcutta) . | 22 46 N
Hong Kong . s oa w2z a8 N
Anusiralasia
Christchurch (N.Z.) . 43325
Honolulu (Hawaii) 21 19 N
I'fl elbourne . 37 508
Sydney =+ = «1335625
. Europe—

Arctic [L”."{ orway) . 6g 56 N
Regions | (Spitzbergen). | 77 41 N
Odessa. TP =g [T

Pawlowsk (5t. Deters-
burg) . Jso 41 N
Potsdam . . . . . .]sz23 N
Rude Skov(Copenhagen) | 55 51 N
Uccle (Brussels) . +J5048 N
Val Joyeux (Paris) 48 49 N

Longi- v Declina- Inclina-
tude, | LOA0 | gion. tion.
262K | 1908 | 1 2E |2322 N
88 22E | 1907 | 1 10E |3030 N
1i4 10E | 1909 |0 2E |31 IN |
|
17237 E | 1903 16 18E |67 42 8
158 4W| 1909 g26E gos4 N
144 58E | 1go1 | 827E (67255 |
150 12E | 1885 | g30E (62305 |
2258 E | 1903 o043W 7621 N
1450E | 1903 1055W 80 8 N
3048 E | 1901 | 427 W 6218 N
3020E | 1906 | 1 4E (7037 N
13 4E | 1900 911 W [6620N
1227 E | 1908 | g43'W |68 45 N
421 E | go8 1337 W |66 2 N
2 1E| 1909 1433 W (6444 N

H. i Y.
_-1:!.;.5... I T 5
3686 |*1502
‘3729 | "2197
3700 |'3329
[ "2266 | 5526
2017 |*2527
2331 | 5602
‘1258 | 5178
‘0942 (5417 |
2188 | 'iuf:ﬂ -
"1653 | 4696
1883 | 4297
1741 | 4476
LY ‘4287
‘1973

| ‘4179

years a wave of depression has travelled across from the east,
at St. Petersburg since about 1900, at Potsdam since about 1gos, at Greenwich and |
Kew since 1g9o7, while in 1909 H was still rising at Falmouth and Valencia.

SECULAR MAGNETIC CHANGES

At the present time (1911) we are going through a remarkable secular alteration.
For generations H had been steadily rising in Western Europe, but during the last ten
H has steadily fallen

The

easterly motion of the declination needle has also increased notably since 19goo. Thus

| secular change data based on, say, the last five years will not serve to prospect the future.

1908-1909, 1904 -1909.
Mean change per i i
annnm at [
Decln. H. Decln. | Imeln. | H V.

: 3 L s _| E ] Cs. i Coffeke
Greenwich - 5 = X IO — §§ - 07 |0 X Q7" —20xX10 *
KE“I s o 6‘! = tj 1 ! = 5I4 et ] | + 2 L} | -35 ¥
Stonyhurst -70 |=10 - 59 —I't |40 4, |-25 .9
Falmouth . -063 (+ 4 - 47 -1'4 |49 , —30 5
Valencia -54 |+ 7 5 - £'0 -1z |47 —-25 4

SECULAR CHANGES AT LONDON [(GREENWICH)
Year. Decln. Ineln, Year. | Decln. Incln. H.
Lt r 73 _LF_ ]_ el o i [} i L} Ca L5
1580 i1 17 E 72 o N 1851 2228 W | 68 47 N 1720
1660 o o | 73 15 N 1873 19 2t W | 67 42 N ‘1795 |
1720 17 oW | 74 40 N® 1907 16 oW | 66 56 N “1853* |
1815 24 27 W*| 70 30 N 1909 15 48 W 66 54 N 1853

* Maximunm.
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SPARKING POTENTIALS

SPARKING POTENTIALS

The sparking voltages given below are those which will break down non-ionized |
air at atmospheric pressure and room temperature. The electrodes are equal
smooth polished metal balls of various diameters. Russell (P, Wag., 1906) gives
the dielectric strength of air at atmospheric pressures as between 38,000 and 39,000
volts for either direct or alternating potentials.

(See ]. J. Thomson, * Conduction of Electricity through Gases.”)

|
Diameter of balls in cms. Diameter of balls in cms,
Spark Bpark |
gap. . Bap. | [ ¥
| o5 10 20 50 05 | 10 20 50
| |
1. : vilts, volts, volis. | wvolis. . volts. vl vl volis.
: [ x50 | =100 | =10® | .x 107 XxIof | x10f | x 0P | x 108 |
| Lo 48 4'8 47 | — 09 196 256 286 30°1
| 02 84 84 81 — 1-0 20°2 2607 | 308 327
| 003 | 1173 11°4 4 | — 15 22 316 | 30 46
04 | 138 144 G (e 20 | 23 36 | 47 | 58
8 | 5y | 173 | g5 [-a8% | 39 | 2 42 57 i
06 | 172 | 199 204 | 216 40 =2 45 | 64 g2
o7 | 183 220 23'2 246 | 50 206 47 69 105
08 | 190 24 1 260 274 -
| ' |

HOMOGENEOUS X-RAYS

Mass absorption coefficients, A/p, measured in Al foil. A is the absorption co-
efficient (see p. 107) of the predominant homogeneous component of the character-
istic X radiation from a metal ; p is the density of aluminium foil. (See Barkla &
Sadler, Phil. Mag., 1909; Kave, Piil. Trans., 1908, Science Progress, 1908 ; Whid.
dington, Proec. Key. Sec., 1911.)

Radiator. Al Cr Fe Mi Co Cu Zn | As Se Ag

i |
o e

Alp 580 | 136 | 885 | s9'1 | 716 | 477 |

| less so by the gases of the helium group. Unfortunately for the use of the dark

CATHODE DARK SPACE

_The thickness (&) of the Crookes dark space is given by & = (A/#) + B/+/7, where
£ is the pressure, 7 the current density, and A and B are constants for each gas.
This equation is satisfied very exactly by the ordinary elementary gases, and a Iittle

space as a pressure indicator, the current density term in the formula is almost as
large as the pressure term for pressures about 1/10 mm.

The values of A and B below are for large plane aluminium electrodes. « is
measured in cms., # in mms. of mercury. The unit of 7 is 1/10 milliampere per
sq. cm. of cathode, which is about the sort of current density that obtains with an
average coil discharge and a moderate-sized cathode.

(See Aston, Proc. Koy, Soc., 1007, 1911.)

Gas. Hydrogen Nitrogen | Air Oxygen
|
A 26 ' ‘oh8 063 . ‘037
B 43 i ‘40 42 ! 50
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RECOMBINATION AND DIFFUSION

COEFFICIENTS OF RECOMBIMATION a
I a is given below in terms of 1000¢, where ¢ is the numerical value of the ionic |

charge ;: 47 % 107" in electrostatic units. Forair, 2 = 3320¢ = 1'56 %X 107” cm.?sec™l, |
| Room temp. and pressure.

Gas. Air, 0, CO, H,

| @ |342,T.;338 Mc;32,L; 33, H; 332%E 338, T. | 35, T. | 302,T; 2794, Mc,

, ., Erikson, FAM., 1ong: H., Hendren, P.A., 1905; L., Langevin, 4.C.P, 1002
Me., McClung, P.M., 1902; T., Townsend, 2. 7%, 13g0. ® 17° C., 760 mm. Hg.

a IN AlR AND PRESSURE

Press. in atmos., . . . g’ i i 1 = 3 5

H., Hendren.

a (relative values), L. 12 29 30 26 18

L
i
L

|
|
|
|
L., Langevin, ‘

Pregs. inems. . . . .| 76 45 25 16 | 10 5 35 2 1

a (absolute values), H. . | 33 | 265 | 207 | 1'75 | 1'55 | I'31 | 1"25 | 1°15 | 100 |

a IN AIR AND TEMPERATURE |
Air at constant density. (E., Erikson ; P., Phillips, £fectrictarn, 1909.)

|Temp. °C. . . . —179°—-68 12 | 64 100|155 | Temp.®C. . . . 15°100 155176 |

a(in terms 1000e¢),E. | 7°5 5-64i3-+;— 231 173 1°38 | a(relative values), F. 1 ‘50 4o |°36 |

IONIC COEFFICIENTS OF DIFFUSION D .

Rate of interdiffusion (in cm.? sec™') of gaseous ions in dry air: D+ for positive,
D_ for negative ions. (Townsend, Phil. Trans., 1899, 1900.)

viole
Ionmizgation . . . . . . |Rontgen Rays.|8 and ¥ Rays. U]'[rjz]:;'_"“u Point discharge.
DER e . 028 | o032 | = | "oz247, 0216
D_at7Bem. . . . . . 043 ! 043 ‘043 | 037, 032

GASES IONIZED BY RONTGEN RAYS
| Air, COy, and hydrogen at 15° C. and 760 mm.

Dry Gas. Ds: D_ Dry @Gas. D4 | D- § Moist Gas. D4+ D- | Moist Gas. D4 D-

Airfdried }oogiopsteo, [ dried Jlozsloa6] Air E“E ‘032 '035 (.'D.3{ zf-"g‘ | 024 ‘028
0, .BY toscop fa, ] BY thi23kig | O, 1YY (o2gl036] H, | (| 128 -142
% caC o254 [He |CaCl, )[2379 | ©: |1,0]/029)°30 Hs |1, 0)| 128142

AIR IONIZED BY g AND ¥ RAYS

Press. p. in ems. {772 556 40 30 20 | Press. p. in ems. |TT'2 55 40| 30|20

‘0429 '0542| '078 *103|1°55

D+ at 16° C. 0317 ‘04210578 ‘o078 "1158) D- at 15° C. _
33 | 298| 3712 30931

P+ o 2 45 231 231 | 234 27364 PD-

ACP., dAnn. de Chim. o de Phys. ; P, Phil. MWag. ; PR, Physical Keview ;
BT, Phil. Trans,
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IONIC MOBILITIES

MOBILITIES OF IONS IN GASES
Velocities of ions are in cm. per sec. for unit field, or in cm.? sec.™ volt ! at
temp. and press. of room. Kj; = mobility of positive ion, K- of negative.
For moist air (/e saturated with H,O), K4 = 1°37, K_=1 51.
For dry air (dried by CaCl), K; =136, K- = 1°87. (Zeleny (air blast
| method), Phil. Trans, 1900.) * Mean = (K4 + K_)f2
| For mobilities of natural ions in air, see p. 105,

Iry Gas. I+_ ! K= Ionization and

76 cm. Hg Observer.

| Es E—l
Il' & e
ry 8as.— mHg

f:—‘iir .32 S0 Point disch., Chattock,

Ionization and Observer.

E0y - .0‘5 o8 X- rays fﬂlem l{}m

| P.M., 1899, 1901. B T e Ef:u o'go ,, Langevin, ‘o3.
| w - 1'54(1'78) X-rays, ‘n-'lr"ﬁ"iliﬂcl'n PR i e e vl BBel "l,\’cl;lisu;;h, '0g.
| | Trans., 190g.JHCl1 . . . 1'2;“| w  Rutherford.

| w o+ o|I'40|1I'70 " L'uw-:tm S0y . lodg ATl Wellisch, ‘og.
! ! A.C.P., | PR | ,  Rutherford.
| »+ 139|178 o Ph!"lpﬁ,:”.ﬁ’.."‘." AMD L L loda logol ., Wellisch, ‘o0,
. : 1900, "ﬂllq 10’74 [o8o| o

| » - -1"36|1:87| ., Zeleny, Phil.]Me. acetate . 0°33 c-_-,f} 7 ;

| ' Trans., 1900.§ Me. bromide |29 o028 &

Me. iodide .joe21 o2z
Et. alcohol . lo"34 '0‘3? i
Et. acetate .|o'31 028 o
Et. aldehyde (o031 Io 30 .
Et. chloride . |0r33 o'3r 5
Et. ether. .lo29 o351 :
Et. formate .jo'30 o031 ”
Et. 1odide .j017 016, &
o o PSRRI - W g | Lo
Pentane . .lo'36 o35 i
Acetone - .|0'31 ozg |, a

| o« . (140178 Mean value.
{Hy. . 5°4 (7'43| Point disch., Chattock.
| .»- - 67 779 | X-rays, Zeleny, 1900,
He . 509631 Franck  and
; }uh] F:D.P.G., 'o7.
Ny . L16%— "'\-l'l',}s, R L1Lh erfor d,
- .8, 1‘?»9?
Q, .|1'30/1'80 Vi Zeleny, 1900,
» « I'3 |1'85 Pointdisch,, Chattock.
{CO .1 14| X-rays, W C].l!Sfl’l,
RER, . ﬂhjﬂ'az.PumHImh Chattock.

IONIC MOBILITY AND PRESSURE
Air ionized by Réntgen rays. (Langevin, A.C.P., 1903 ) |
Press. om. | 75 20 415 | 76 1435 | Press.om. [ 7:5 | 20 415 | 76 [ 142
F ! S £ et

K, 148 | 5'.45 "ﬁl | 1'40 | 075 E_ 2I'f}:?‘3j_3‘jl 1'7 | 09

IONIC MOBILITY AND TEMPERATURE
Air at 76 cm. press. ionized by Rintgen rays. (Phillips, P.A.S8., 1906.)

Temp. ~ C. 158~ 123"' 10° | 100° | 76° | 60° 12° | -64° | —179°

réo | 139 | 0945 | 07235

K, 200 | 1'95 | 1°85

E_ 249 | 240 | 2°30

1'23 0235

200 | 1'785

IONIC MOBILITIES IN LIQUIDS AND SOLID3
Ionized by radium rays. (Bohm-Wendt and v, Schweidler, Phys. Zedt.,, 1909 ;
| Bialobjeski, Compt. Rend., 1909.)

i Bubstance. (E+ + K-) Bubstance, | (B4 +E2)
LLY e Bk p PR T BN P S Bt i S [ ]
Petroleum ether . . . . 38 x 107 | Ozokerite at 100” | 5 X ‘101
Vasehne . 90 Lo . 53 x 107% - - | 350 x 1074

I A.C.Py Ann. ce Chim_ et de Phys. ; P, Phil. Mag. ; P.R.S., Proc. Roy. Soc. ; V.D.P.G.,
|\ Verk, Dentsch. Phys. Gesell.
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CONDENSATION

| agree the best with existing theory, which

IONIC MOBILITIES AT HIGH TEMPS |

K in cm. sec.=! per volt cm.=' for coal-gas flames in most instances. The ionic
mobility is independent of the acid of the salt. Gold's and Wilson’s values for K- |
makes K- = XeAfmmw = 17,000 at
is the mean free path, and # the

1800° C. (Gold). X is the electric field per cm., A

| velocity of the corpuscle.

| formed)/(density of saturated vapour at the same temp.).

Balt. Temp. K E- Observer.
Cs, Rb, K, Na, Li . Flame, ¢. 2000° C. G2 c. 1ooo | H. A Wilson, . 7", 18q9 |
I "'D normal KCl Flame 260 | 1400 1] "'..I.a.rx, Ann. der Phys., |
NaCl : . 340 | 1800 }

I,. 256 normal K s; alt Flame, ¢. 2000° | — 1320

1/16 normal Na salt . o & | — | 1280 | Moreau,7ourn.de Phys.,

Concentrated sols. of | ’ 1903

alkalies . . . i . S0

Cs, Rb, K, Na, Li. Air at 10c0” 7°2 H. A. Wilson, P I‘,lﬂw

Ba, Sr, 'Lll o - reza ') } and P.4f.,

K, Na . Flame, ¢. 1800° el Gold, P.R.5, n}n}'.mlm
' | of potential grad. to

current
K. Flame, ¢. 1800° -- 13,002 || Poten. grad, and gas
: I | velocity
K.CO;. Bunsen burner | - | gboo | H. A. Wilson, P.R.5.,
1909
Na Flame, ¢. 2c00° | 1170 | Moreau, C.A., 1909
CONDENSATION OF VAPOURS
E:pa.nmun /7y, where ¥, is the volume of the gas before, and ¥, the

volume after expansion. Supersaturation of the vapour (at end of cooling by
expansion) necessary for condensation = S = (density of vapour when drops are
, (See J. ]. Thomson,
“ Conduction of Electricity through Gases.”)
CONDEMSATION ON MATURAL I1ONS AND MOLECULES
Dust-free gas saturated with water-vapour. (C. T. R. Wilson, P. ., 'g7, '99, '00.)

Rain-like Cloud-like Rain-like Cloud-like
Condensation, Condensation, Condensation. Condensation.
Gas. 3 Gas. it - A g ;
rfv, | 8. LA § rafv, I, B ra/ry 8,
Air . 1'252 | 42 i-38 79 JCO.. . 1305 4°2 1°535 7'3
i 1257 | 43 1°38 779, BCh  airenihs 13 34 | 145 59
M s 120z | 44 1'38 w31 PR — - 1°38 79

CONDENSATION IN AIR IONIZED BY RONTGEN AND RADIUM RAYS

Proe. Key. Soe. ; P.T., Phi

if. Frans.

(L., Laby, P4, Frans., 1908 ; P., Przibram, HFien Ser., 1906.)

Vapour and Observer. Ion. | | | v.fn, | B ‘i’a.pnnr and Observer. Ion. | v.fr, | B
Water (C. T. R. Wilson)| — | 125 | 4 15 n- Hl.lt}’l‘it: acid, L. . ? | 1’38150
Water (C. T. K. Wilson) | + | 131 | 58 Jiso-Butyric :u:ld L I I A
Et. acetate, L. . . | + | 138| 89 Jiso-Valeric ar:icL B ¢ | 122] oo
Me. butyrate, L. + | 1133 53 [ Methyl alcohol, P. + | 1725 31
Me. iso-butyrate, L. . ? | 1135/ 52 Q§ Ethyl alcohol, P. . + | riz| 23
Propyl acetate, L + | 1731 | 5'0 j Propyl alcohol, P.. . | 1’18 30
Et. propionate, L. ? | 141 78 Qiso-Butyl alcohol, P.. 2 |36
Formic acid, L. ? | 178 251 fiso-Amyl alcohol, F. . + | 1'22| §5
Acetic acid, L. . . + | 144 03 i = L - |'|H| 41
Fropionic acid, L. . ¢ | 1'34| 94 § Chloroform, P.. + | 154 | 30|

| A.C.P, Ann. de Chim. ot de Phys. ; C.R.,, Compt. Rend. ; P.M., Plil. Mag.; P.R.S.,
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IONIC CHARGE €

NE FOR ELECTROLYTIC IONS

NEis given both in electrostatic units (E.5.U.) and electromagnetic units (E.M.U.).
N is the number of molecules in a c.c. of gas at 76 cm. Hg (g = g8o’6) and
£° C.,, and E is the charge on the monovalent ion in electrolysis.
Antecedent data.—1 coulomb deposits 1°11827 mgm. Ag. At wt. of Ag,
10788 ; of H, 1008, Density of H; = 8987 x 10-% gm. per c.c. at 0° C.

Gas. EST. EMU.| Gas. EEU EM.U. Gas. | EATU. EMTU.

= 1o 'x |-::='“ ' »% ol |
H, at 0° C. | 129015 | 04300 O, at 0° | 12924 | 0:4308 | Idealf at 0° | 1°2913 ©°43044 |
H,at 15° C, 12230 | 04077 |O, at 135° [LF :z.;Sl o4o83 | gas | at 15° 1"2241 (040803 |

Ne FOR GABEOUS IONE

N is the number of molecules per c.c. of air at room temp. and 76 cm. Hg ; ¢ is
the ionic charge in E.S5.U., ¢_ for negative and ¢, for positive ions.

Ionization. He_ i Ne. _ Observer.
Xrays . . . .| 123 x 101|241 x 10% | Townsend, P.R.5., 1908, 1909.
Rarays . . . .| 124 % 10" | 126 to 137 % 101 | Haselfoot, P.R.S5. Igﬂg

Ne CALGULATED
In E.S.U, Ne= 304 x 16°xK/D = 304 x 16° x 140/0028 = 1'52 X 10" for
positive air ions at 76 cm. and room temp. For ) and K, see pp. 94, 95.

Gas. Nes Ne_ Gas. | Nes I Ne— | HNes ] Ne-
Air .|1°52.10" 1'26. 10" H, .| 1750.10"| 1"23. 10" Mf'm{ 1'42. 101 | 1-22. 101°
Oy | 162.10" 1'38. 10| CO, . | 107 . 10" | 102 . 10" 1'32. 1019 !

THE IONIC CHARGE e j
e=47x10"EB8T. =157 x 10 ® E.M.U., as a mean of the latest deter- |

minations.
Ionization. - Method, ein ES.U. I‘.'Ibsnrvﬁr
Rintgen rays; nega- B}f measuring total charge on 1‘33 lu‘“'] I Thomson,
tive ions. a cloud and obtaining num- | P.AM., 188,
Ultra - violet light on|| ber of ions from size of drops 65 | Thvmsnn,
metal ; negative ions )| by Stokes' law. | P.AM, 18gq. _
Rﬂntgtn rays ; nega- | Force (by Stokes’ law) exerted g1 ,, |H.- A. Wilson,
tive ions. by an electric field on a singly P, 1903,
charged drop. !
| Radium rays ; negative | The observer’s original method. 374 ,, |J. J. Thomson,
ions. Proc. Camd.
Phil. Soc., 1903,
Charged spray of elec- | Total charge on a cloud. No. |30 , [Townsend,
trolytic O,. of ions from weight of cloud Proc. Camb
and size of drops, using | Phil.Soc, 1897.
Stokes’ law. :
aparticles(Ra,)assuming | By counting e particles and 465 ,, |Rutherford & Gei-
charge = -ze. measuring their total charge. | ger,P.R.S5.,1908.
Electrolytic ions. By counting colloid particles. 41 ,, |Perrin, (.4, 1908,
Charged sgra,y of elec- | By H. A. Wilson’s method, 47 ,, |Lattey, £.AM,
trolytic above, 1G04,
a particles (Polonium) ; | By counting « particles, and 479 ,, |Regener, Ferl
charge = +ze measuring their total charge. Her., 1909.
Electrolytic ions. From Brownian movements. |4'5 Bruglle, Le R,
Radium rays ; negative | By H. A. Wilson's method, ({467 ,, Bcgeumn [1g0g.
1ons. above {|4 65 ,,  |Millikan, .47, 10.
.8, Comples ﬂ"mﬂ’n: ,{.;_-ﬁ' .E.;-If.;:n’mm, P, Phil ﬂfqg' i f’ﬁ',& ."m:.' Rqr. ..E-u.:.

H
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HUMBER OF MOLECULES IN A GAS

N = the number of molecules in a gram molecule of gas (Perrin, Comps. Rend.,
1908 ; Perrin and Dabrowski, C.A., 1909—by observations on colloidal particles). |
The theoretical value is N = NE/e = 22894 x 10¥/(47 x 1071) = 6716 x 105,

Method. | Gum mastie. | Gamboge. Method. Gum mastic. | Gamboge. |

|
e/m FOR NEGATIVE ELECTRONS '

. ¢/fm in EM.U. gm.=% Velocities # in em. sec.—. For some other values of |
i efm see ]. ]. Thomson'’s * Conduction of Electricity through Gases,” and Wols, |
| Ad.P., 80, 274, 1909. The mean of Simon’s, Becker’s, Classen's, Kaufmann's,

Wolz's, Bucherer's, and Bestelmeyer’s values ise/m, = 1772 x 10' EEM.U.gm.-},
where m, is the mass of the electron associated with very small velocities. For |
| the vanation of ¢/m with velocity see p. g9. (See also Schuster, A.R.5,, 18g0.) !

—_—

Counting by s |
ultra micro-y| N = 7. 10%| N = 705 . 10% Brmxnmn_}: N=73.108 | N=7.10%
SCopc movements) :

e/m . v Observer. &/m v Observer.
CATHODE RAYS ' LENARD RAYS
i2 by 107i2'..1.t03'2.loﬂ:j. J. Thomson,|o68. 107 ;3'41019'?.11:9' Lenard, .47°,
| | _P.M., 1897 | 1898
1'77to1'8 ,, — |Kaufmann, 4.4.P., Y 3 T S ;
i | 1897, 1898 |
: 136 i R }Simﬂ-n, Ad P, INCAMDESCENT OXIDES, etc. il
188 B = ¢/mi 1899 R L . Thomson
1-87 " 571075 10%Seitz, A.d.P., 1902] 257 - 19 |j" J},. g
'8 381 Starke, V.D.P.G P
I'cd w (30013 ,, ?;ﬂ";. I b Oj‘-‘ﬂl'l, P.M., 1904
1'75 w1 »)|Becker, A.dP|U5 » 0'““'“‘1‘:'ﬂiwf]1“1t’ fofiy
| 183 w| = e&fmy }i 1905 . | Adod

1°774 o R o L 5
17767 n | 38 .10° HClassen, P2 1q08}—— = i tpd bl

| 1771 ¥ = ¢/m, SECONDARY CORPUSCULAR RAYS,

| from X-rays incident on platinum |
1773.10° |=¢/m, (onBestelmeyer,
. | e | [BRC BRGOERs = | Lorentz's| A.d.P., 1907.
| B RAYS theory)
le1 168 | —  |Becquerel, Rap. |
: C.P., 1900 I
e R |= e/m, Kaufmann, Gé#t. - —_ :
‘ Nackr., 1901 ULTRA VIOLET LIGHT ON METAL l
166 {= ¢fmy, (on Kaufmann,d.d.P. — - 3T o
' | Lorentz’s| 1906 076. 167 — J. J. Thomson,
theory) | 3 | P.M, 1309
182 s |= e/m, (on Kaufmann,d.2.P.) 1°1 . 10° — iLenard, AdLP,
| Abraham’s | 1906 1900 |
[ theory) |
17763 |= e/m, f}H»l.l;r:.l‘:l:rll:r,.r-°i'.f.!',4:""’+,r : il o) plavning
i ,?_.. 5:?:’;?'54991 1509 ZEEMAN EFFECT
no (=l hwols 4.4.P.1g09]- e
noo» [15t021 . 10% ) S 1775 . 107 —  |Mean of 4 obser-|
' ver'svalues(see |
E below).
: |
' Ad. P, Ann. der Fhys.; P.M., Phil. Mag. ; P.R.S., Proc. Koy. Soc.§ PZ., Phys. Zal. ;

\Rap. C.P., Rapports Congris & Faris ;- V.D.P.G., Verh. Dentschs. Phys. Gesell.
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ELECTRONIC e/m FROM ZEEMAN EFFECT . !
For a spectrum line of wave-length A, which becomes a normal triplet with
a separation of 8x in a magnetic field H (in-gauss, vz E.M.U.), l.jm*]ﬂ]lr, has shown
that e/m = 2=VE/(A2H), where V is the velocity of light ; &/m is in E.M.U. gm.- L
The values 179, 1°77, 1767, 1771, mean 1*775 . 10/ B M.U. gm.-', agree well
with ¢/m;, above.

Line. e/m Observer. Line. &/m Observer. [
X I8 Blythswood & |Zn 4810 . } 1 }{x[‘l'ﬂf::h'- {Cutmu & Weiss,
f{g 5?4‘”‘_5??0 "‘13 o Marchant, 2.0 ) 4722, 4680, = rei .., 1907 a
5401, 4358 . 280 1900 frgoof Hedo . v, 1*77 | Lohmann, #.Z,,
i o s (R 16 | Reese, Ar Fl, 1908
T L 1’59 | Kent, As. 74, |Hg SQF e P93 | Baeyer &Gehrcke,
| 9ol w S770 . . 20b Ad.P., 1909
Cd 4678 . . .. | Férber, Ad.P, | 49160 . . 131 T !
in 4680 . } g i 102 » 5700, 5}",?0} T {Gmelin, A.4.F., |
Cd 4678 . } = Stettenheimer, | ,, 4916, 4358 : 1005
Zn468o . J| V79 | A4.4P., 1907 '

ELECTRONIC ¢/m AND VELOCITY
m, is the electromagnetic mass of the negative electron for infinitely small
velocities, m the transverse mass for a velocity #; #/V = 8, where V is the velocity
of light. (Sce Lorentz, L'Eclairage Flectrigue, July, 1905, and “ The Theory of
Electrons,” 190g.) On the theory of Eh_:';aé!l:ua.m (Gatt. Nachr., 1902),
1 g

14
transverse mass m = .3~ g Jdog : _.g - I)J_;E?

8 |Inﬂnit&lr small. 01 05 | 09 | 099 0999 ; ﬂ‘ﬂE'QQ_ 0- 999988

i, . i 1'00 | roi5 | 11z | | 328 | 496 | 668 R

On the theory of Lorentz ([Vers!. Kon. Aec Wet. Am., 1904) and the
relativity theory of Einstein (A.4F., 10035), m = my(1 — B*y 1= This theory
has been confirmed by the experiments of Bucherer (A4.4.F., 1gog) and Wolz (#8id.),
using B rays from Ra with velocities from (g to 21) x 10* cm. per sec. Thus the
mass of the negative electron is wholly electromagnetic.

g mim| B mim]| B mim]) B i-"-"’-'l-"’"’ul B | mjml B |, B o my
00 1ros5|084 10631048 1°140§0°62 1274|076 | 1'535]0°90 2:204]0°97 | 4113
005 1001|086 1°072]0°50 1-155]0'64 1°301 {078 | 1'598]091 2412|098 | 5025
010 1005|038 1081|052 1171 |0°66 1-331|0°80 1667|092 2552099 | 7089 |
020 1o20] 040 rrogr|0-64 1-188J0°68 1°364|082 1747]0°93 2:721|0'999 | 2236 |
025 1033|042 1'102]0-56 | 1207070 1'900] 084 1'843]0°94 2931
030 | 1°048| 0°44 1°114|0°58 1°228)0°72 1°441| 086 1'960]0'95 3203
0-32 1056|046 1120|060 1'250)0 T4 1487|088 2105]0°96 3571

RH AND v: MAGNETIC DEFLECTION

When negative rays of velocity # are deflected by a uniform magnetic field H
{at right angles to their directi:mﬁ into a circular path of radius R, then RH =
vatfe = vg(B) f(efm,), where ¢(8) = (1 — g%} on Lorentz’s theory (see above), and
&fm, = 1'772 % 10" EEZM.U. gm.”%

v is in 10 cm. sec.™!; RH i1n gauss cm. Example.—If RH = 1210 gauss
cm.®, then v = 174 % 10% cm./sec.

RH
v ul 6 | 12 |18 | 24| 80| 36| 42 | 48

0 o 339| 678 102 136| 170 204| 230| 274| 310! 34":'! 382 419/ 456 494
90 | 532 572 612 | 6531 605| 730| 784| 830 877| 926| 977|10%0 1090|1150 1210
180 13?‘3'3340 1410 | I490 1570|1660 1760 1860 1980 2110|2200 2420 26202850 3130
270 |3490|3970 |4660 | 5800 8330 , | eS|

Ad L., Aun, der Phys.; As. ., Astrophy. Fourn. ; C.K., Compt. Rend.; £M., Phil.
Mag. ;- P2 Phys. Zai. g Hor o Pt

54 |60 66 72 |78 84
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a RAYS

RANGE AND VELOCITY OF a RAYS

: Range in cms. in air at 76 cm. and ¢° C. (see Bragg and Kleeman, Phil Mag.,
| 1903). Initial veloeity (#) in cms./sec. (Rutherford, Phil. Mag., 1906, 1907).
Some of the velocities are calculated from the ranges of the « particles ; RaC, ThC, |

and Polonium were observed. Energy of RaC e ray = m1?/2 = 127, 2¢. m/e,
= 206% . 10"%/(s07 . 10") = 837 . 10 = 1°3. 10~ % ergs = 371 . 1071? calories. Loss
of energy in air is proportional to path traversed : thus initial welocity of a
| particle = (velocity of RaC a) x *3474/r + 1'25 cm./sec.,, where r is the range of
particle. Also ¢ = 107712, 10" cm.fsec.  (Geiger, P.R.5, 1910)
a Ray. Range. | Initial Vel. Obs o Ray. | Bange, i]niti.ul Vel Obs.
| CHls. | ecm.jsec. CinE. (= TAETTEN !
e ey 1'56 . 16" Mc.& R. | Rad.Ac . 48  |1v6.10°| H.
UX . 'roy? —- Hess. | AcX . 655 zao , | H.
0 e =4 a8 —_ B. AcEm 58 7 S [N - f
Ba. . .| 350/20°C.} 1'56 ,, | B. & K.] AcB . 58 [8G  |.. H.
| RaEm .| 423 e (o GRRUER (68 W (R b T 35 | - | -
|81 S, B I | 176 ,, | B.& K.|] Rad.Th . 39 63 .., |  H.
[B) 37 SRRt AN (- - - o o £ 57 0 ) [ i e, 57 'ree., | H
| RaF or . (395 ., | — K. ThEm 55 186 ,, | H.
' I‘c:rlﬂnium'{gyg A [t K. & M.| ThB e i i e I
i 386 (65 Te g W B T Rl (L L

B., Boltwood, A.J.5., May, 1908 ; B. & K., Brapg & Kleeman, F.AM, 1905 ; H., Haln, |
PO, 1906 ; Hess, Wiem. Fer., 1907 ; K., Kleeman, £ A, 1906; K. & M., Kucéra & |
Mastk, FP.Z,, 1906 ; L., Levin, 4./.8., 1906; Mec. & K., McCoy & Ross, J.4.C.8., 1907. |

NUMBER OF o PARTICLES FROM Ra
_ Number of a particles from Ra without its radicactive products = 34 . 10'° per
gm, per sec. Number of e particles from Ra with its radioactive products
= 136 . 10" per gm. per sec. (Rutherford and Geiger, Proc. Koy. Sec., 1908).

e/m FOR @ RAYS

[ efmein EEM.U. per gm. 2 ¢/mfor helium = 2NE/p = 478.10° EM.U./fgm. Mean
| for Ra, Pol, RaC = 482.10° E.M.U. gm™'. Since the « particle is a helium atom
| with a charge of 2¢, these values should be equal. * Final velocity of rays used.

| -
Bubst. Velocity.* efm | Observer. [ Bubst. Veloeity.* el | Ohserver.
_ cm./sec. E.M.U, | cm. fsec. E.M.U. |
[Ra .|1-18to174.10% 46. 10% Mackenzie, JRaA .| 1'22.10" |56.16% | Rutherford,
| P, '05AcB.] 10 R0 } PN, 'ob
| Pol .J14r. 10" 48 ,, | Huff (cor) g ThC .} 168 ,, 56 ,, |Rutherford |
f | FP.R.S  ob | & Hahn, |
RaC.li157 ., ' 5707 , | Rutherford, . P.M., ob |
| P.M 06 | | |

i STOPPING POWERS OF MATERIALS

| If a layer of air of density p and thickness 7 decreases the range of an a particle

by the same amount as aluminium foil of density p, and thickness 7,, then the |
atomic stopping power, S, of Al relative to air is given by 5 & 278/14°4/p.)
= (number of atoms per cm.* in air layer)/(number of atoms per cm? in Al foil}

| (Bragg and Kleemar, Pkil. Mag., 1905 ; Bragg, Phil. Mag , 1906). !

| Motal. | B. | Metal. 5. | Metal | &. Gas. | B. Gas. | 8.

(Airatzo® | 100 JAg . .| 317 [Ni . .|246 |O; . .| 1o55]C.Hy .| 1711
C., 76 cm.) Sn . .| 337 JAu . .| 445 |N,O .| 146 | Ethylene 1'35
Al . . |14 Pt . .| 416 |Pb . .| 427 |CO4. .| 1’47 | Benzene| 3737
Cu. . .|243 [Fe . .| 226 |H, . .|243 |CS;. .| 218 | Methane| 086

A.F5., Amer. Fourn. Sci.; 3.4.C.8., Fourn. Amer. Chem. Soc.; P.AM,, Phil. Mag.; P.R.5,
Proe. Roy. Soc. ; £22., Phys. Zeil. [
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RELATIVE IONIZATIONS

B — ==

NUMEBER OF IONS MADE BY AN o PARTICLE

Total number of ions produced by the complete absorption of an e particle with
various initial velocities, Ohserver assumed ¢ = 465 x 10— E.5.U, (Geiger, Proc.

Kay. Soc., 1909).

Ra RaEm, RaA RaC | BaF

Range in air at 20°C., "6 em. . | 3'5cm. | 4°33 4'83 { 706 386

Number ofions . . . . . . |-53x|o=‘_ix-;.4-x mi'rﬂ;.'xm‘.z-;;xm* 1’62 X 10°

IONS PRODUGCED AT DIFFERENT VELOCITIES EY AN o PARTICLE

Number of ions made per mm. of path in air by an a particle from RaC at
various distances from its source. Total number = 2°37 x 10* (Geiger, see above).

T e W EiE'E!T

Distance from RaC in em.

Ions per mm. of path in air at 12°C. and 76 m.lzzpf 2300 | 2400 2800 535-:0. 5500 | 7600 | 4000

TOTAL RELATIVE IONIZATION IN GASES BY o RAYS

I. = total ionization (relative to air) produced by the complete absorption of |
a particles in various gases. (B. Bragg, .M., 1607, used RaC arays; B. and C,, |
Bragg and Cook, 2.0, 1907 ; L., Laby, P.R.S., 1907, used U a rays ; R., Rutherford, ‘
PN, 1899, used U arays.) ,

Gas, I Fas. I, Gas. 1
Air . . 1100 Methane g, Boand C. - 1-31, B:;
0, o . . Jr1'og,B.; 106, R Acetylene 1-26, B. ; 127, L. Et. ether . . {I‘gg, Toe
My - = oEhl. Ethylene . . 128, B. Et. iodide .| 1-28, B.
N,O . . .l1'os, B.;og, Ly FPentane .1°35, B.; 1345, Ly Acetaldehyde| 1-05, L.
MH, - . .ie1,R.;ogo L]l Me alcohol 1032, B. Chloroform .| 129, B,
Cdy . . Ji'o8, B.; 1’03, L Me. iodide .1°33, B. Carb. tetra-

Carbon  bi-| Et. alcobol .1°23, L. chloride .| 1°31, B.
sulphide .|1°37, B. Et. chloride .1°30, B.; 118, L

RELATIVE VOLUME IONIZATIONS FOR f3, v+, AND X RAYS

Relative ionization = Ir = /P[I#, where ¢ is the amount of ionization per unit
volume for the gas at a press. #, and I that for air at press. P, the other experi-
mental conditions being the same. In the experiments with ¢ rays (column headed ),
B rays would also be present. Observers: for 8 and ¥y rays, Kleeman, P.R.5,
1907 ; X rays, C., Crowther, P.C.P.5., 1900 ; P.R.5. 1909 ; Mc., McClung, P.44., 1904.
Iy for secondary ¥ rays is much the same as for X rays (see Kleeman, P.A.S., 10909).

Gas. B | v Hard X.| Boft X. Gas. B | v |Hard X.| Boft X. |
Air. . . .|{00100100 | 1-00 Me. aleohol . [1"6G 175) —_—
H, . . . .|o16016018, C. | ooi, C. | Me.bromide . [373 3:81| - o o
0, . . . Juizir6rriz,Mc.| 13, Mc.§ Me. iodide .[5'I1/537(125, C. |145, C.
NMH, . . .lo8go90 -— Chloroform .94 493 — —
N,O . . .Jis5i1°55 — EEl, L heilezs 633 76,C. | 67,C.
CO;. . . -Jrooisdiryg, C. | 1'57,C. | Et. aldehyde R'IZiz717| — -
[ PP | 1) § o 1) e I Et. bromide . [4'41 463/118 7 ]
S50, . . . -|Jzr25i2727|4'79,Mc./t1'0, Mc. } Et. chlonde . }3°24 319, 17°3,C. | 18, C.
i e 3152:3'6&: =" = Et. ethar . . H30420 —
Pentane . .J4'55i453 — | - Et. iodide .J5'90 647 — -
Berzene . .|395|3'94| — —_ Ni. carbonyl - | — |598| g7, C. | 8¢, C.
Me. acetate .| — | — 390, C. | 495, C. | Hg dimethyl- —_] — 425, L.

FCEPY, Pree. Camé. Phil, Sec. ; P.M., Padl, Mag. ; P.R.S.; Proc. Ray. Sec.
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HEAT OF RADIUM

RELATIVE IOMIZATION PER UNIT VOLUME EY z RAYS
Relative ionization = (total ionization) x (stopping power), Metcalfe, P.AL., 1909.

Air .| 100 |He .| 211 |CO.| 1r0c0o|HCl .| 1’4 |Propane 305 |Pentane| 483
H, .| 233|Br, .| 39 |NO.|r28|Ethane | 208 | Butane . | 4*02 i

For calculated total ionization when Rentgen rays are completely absorbed |
in various gases, sce Crowther, Proc. Roy. Soc., 1909.

HEATING EFFECT OF RADIUM

In calories per sec. per gm. of metallic radium with its radioactive products,
E. von Schweidler and Hess, llbll‘l% 795 gm. Ra enclosed in 1 mm. glass + 5 mm.
Cu, obtained ‘0328 calorie gm. ! sec. ' = 118 cals. gm. 'hr.”! The heating
effect of a radioactive substance is proportional to the lonization it produces (Duane,
Le Radiwm, 1909). The heat emission continues at temp. of liquid hydrogen
{(Curie and Dewar, 1903), and is mainly due to the kinetic energy of the a rays
( Rutherford, “ Radioactivity ™)

Temp. and press. have no effect on heat emission (Schuster, Eve, and Adams,
Nature, 1907 ; Rutherford and Petavel, B.4. Rep., 1907 : Schmidt, .2, 1008).

Heat. Ohserver. Heat. | Observer.

‘0278 Curie and Laborde, K., 25 ;4 Produced by Ra R.&B.
1903 41 s »  Em+RaB}P.I.,

‘0292 Runge and Precht., FBerl 31 % w | RaC 1904
Ber., 1603 ‘0325 AnLSIlun'r P.Z. 1905

0306 | Rutherford and Barnes] -0372 Precht, A.4.7., igluﬁ
Nature, 1903 ; P, 1904 0328 Schweidler and Hess, Wien.

| Ber., 1908

HEAT EMISEION FROM RaEm, AND THORIUM
The 6 x 107 cc. of RaBEm (with its products) in equilibrium with 1 gm.
Ra emit '75 of the 0328 calories emitted per sec. by the radium. Thus the
total quantity of heat given out by 1 cwc. of RaEm during its whole life =
75 % '0328/(A X 6 % 107%) = 1"g % 107 calories.
For old {mineral) thorinm metal, the heat emitted is 5 x 10" calories per sec.
per gm. (Pegram and Webb, Phy. Rer., 1908).

RADIUM EMAMATION
I is the period of decay (in {Lns‘l to half ummi activity. Taking T = 366

days, then the decay coefficient A = 2719 x 10-* sec.-! (see p. 107).
I in days. Obszerver, eto. I'in days. | Obzerver, ete.
37 | Rutherford and Soddy, 7.0, 5 | Riimelin, .M., 1907.
_ [ 1 8 | For first 5 days.
| 3-88 | Bumstead and Wheeler, H During period § to 20 days.
5

20 to 4o days’ old emanation.
One sample Rutherford and
I Sackur, Ber. C.G., 1905. \ Tuomikoski, /*.07., 1909.

EQUILIBRIUM VOLUME OF RADIUM EMANATION
Final volume of radinm emanation at o° C. and 76 cm. Hg in equilibrium
with 1 gm. of metallic radium. Theoretical volume = (number of radium
atoms breaking up per sec.)/AN = 34 X 10"%/(2'75 X 10" % 2'19 % 10-%) = 564
% 10=1% c.c. (Rutherford, * Radicactivity ™). The volume of the emanation changes
anomalously after it is first formed.

! A.F.S., 1904
38 to 4°t | Debierne, C.R., 1909,
386

i Lad Lok el Lad
S L ]

| Observed vol. Observer. Observed vol, Observer.
. 58 cub. mm.| Rutherford, .M., 1908. 58 cub. mm. | Debierne, C.R., 1909.
I HoL -, Gray & Ramsay, 7.C.5.,1909.

! A, f:'q A, der f':i'j'_ir_v_ o ;L?_.‘r'.‘ A ey, '}1 WEFR . ..‘;ﬁ L P .||r'|.-|:"l||'1‘ .IJI.F I.l!I lrJ"f Jl\.g‘:.l" C ..IFH
Compl. Rend. ; P.C8, Fouwrn, Chem, Sei, ¢ PO, me" Mag.; F. f FJ"I_I* Zeit.
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EMANATIONS

i
VAPOUR PRESBSURE OF RADIUM EMANATION '
Vapour pressure of liquid RaEm. in cm. Hg ; melting-point,— 71° C. (R., Ruther-
ford, Nature, February, 1909 ; G. & R., Gray and Ramsay, 7.C.5,, June, 1909.)

Temp.°0. . . . . ... -] | -127° | -f01° | 278 | -65°=B.P.
Yap.press.em. Hg . . . . . . ‘9 5 g ] 26

Temp. “ C. |- |-T70"4 —62°= B.P.|—60°6—55°8 — 38°:5 - 17°7| —10°2 +104°5 crit. t.

& |
Vap. press. I ;s
?m-pH;l H'I 50 | 76 [ fo 100 200 | 400 | 500 4745 cnt. press,

DIFFUSION OF EMANATIONS !

D = coefficient of diffusion (in cm.? sec.=') of the emanation into the gas stated
at the pressure / em. Hg and temp. £ C. indicated. According to J. J. Thomson
(Nature, November 25, 1909) : D would only vary slowly with atomic weight,”
and not as the square root of the molecular weight of the emanation, as is assumed |
in the table below.

, Russ finds pD = const. for AcEm. and for ThEm. Bruhat gives FAM :
= const. for AcEm. between o and 20°. (Molec. wgt. ThEm.)/(molec. wgt.
AcEm.) = 142 (Russ). Mol. wgt. of RaEm. = 218 (Gray & Ramsay, Igio).

I 1
p. and Molec. p.and | Molee, |
Gas. 190, D. |! Wt Obs. Gas. to0. | D. wet. | I}hu,;
RADIUM EM. ~ ACTINIUM S :
Air . . .| 767 |'o7 to'og ¢ 100 R.&BJAir . . ] — | '11z| 70 | D.
S B mn“- ‘0 | — L‘%”‘ R e T e R. |
i B 30 *I0l |75 to 100 . R 25| — | 4
COy . . JJ — | =— 180 B.&W _.: Yo -.:?,' — | B.
Diff. of Em. | =6 '
into air com- | P tgie®| 1o 1% | . i
pared with])— | — 86 to gg | M. ‘0 .
0,,C0,50,, i i
into air . THORIUM EM,
Em. into fj_. »J ‘034 Em. ey : 1
H,compared I—:-.ﬂ { 037 Hg b P Em. into -.ur], {
| with Hg vap. ! ¢{ 0376Em.(|[ *2° *ojreoemparcc
linto Hy . . J*73 \oj07 Hg| e LR e e L R G
: : ; 2 T WL 80, €Oy - |
ACTINIUM EM. into air . ; !

- : Arr . . .] — | o9 | — |Ruth.
Eg, ai e aiETH TESER | — }: e ol ﬂ;ﬁ .(;2% — | R |
o ‘33 —- . B 66| — |

50, . . [I76, 10°0b2 -- o L . SR to !
Argon . |lto18° 106 — : 26ty e — |
B T ['073 — - SO e B 03] — | ),
Bl o) SEREREE ] . B 13";'-::-?? - B. Argon . .| 76 084 Joo

B., Brubat, fz Aadiwem, 1909; B. & W., Bumstead & Wheeler, 4.%.5.; 1903; C,,
| Chaumont, Le Radiume, 1909 ; C, & D, Curiec & Danne, C. 8., 1903; D., Debierne, Le
| Radiuwe, 1907 ; M., Makower, P, 1g05; P., Perkins, 4.%.5. ; R., Russ, P4, 1909,
| Le Radiwm, 19003 Ruth., Rutherford, ** Radieactivity ¥ ; B. & B,, Rutherford & Miss Brooks, |

.., 190z,

AFS, Amer. Journ, Sci.; C.N., Chewe. News ; C. K., Compl. Rend.; F.C.S., Journ,
Cheme. Soe. ; P.M., Phil. Mag.
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Ra IN ROCKS

EQUILIBRIUM ACTIVITIES IN MINERALS

I : ; : :

I Eelative activity of radiocactive products in minerals. Boltwood (4.7.5., April,

! 1908) found U 222 times as active as the Ra alone in minerals (see McCoy and |
Ross, A.7.5.).

| Prodact: + < « = 0 rulm‘nmm.

RaA| RaB |RaC RaF | Ac | Total. |

ST . = P : | [ B
Relative activity. .| 1 |34 | 45| 62 |54 | 047 |-g1 46 |28 | 464

3°4 % 1077 gm. Ra is in equilibrium with 1 gm. U (Rutherford and Boltwood, |

A.F.8., 1906). 7°3 % 10" gms. U equal in activity 1 gm. of Ra + its products to RacC. |

iz, Ra just over 3o days old (corrected by Boltwood, 4.7.5., 1908).

RADIUM AND THORIUM IN ROCKS

Rutherford and Soddy (P.M., May, 1903) and W. E. Wilson (Nafure, July, 1903)
| suggested that the heat Iiber;um} b}'_ 1*adioacti~r_-c changes ist one of the sources of |
| the Earth’s heat. Thus the distribution of radium and thorium in the Earth’s crust
is of geophysical importance. lLoss of heat from the Earth's surface = tempera-
ture gradient x thermal conductivity of crust x area of Earth's surface = (1/3200)
% 004 ¥ 571 % 101 = 6 x 10" calories per sec. Now, elementary radium in radio-
active equilibrium (Ze. whole U family) gives out 6 % 107* cal./sec. gm. (Ruther-
ford §), and therefore 1°1 X 101 grms. of radium, or 10"/10" = 10" gm. per c.c,
throughout the Earth’s volume would maintain it at a steady temperature. Thorium
contributes 5 % 107" cal. /sec. gm. The total heating effect in calories per gram
| of rack per hour is for the lava indicated below by * 30 x 107"; and for the rock
| indicated by f, 279 X 107" ; for average igneous rock, 11 x 107",
(See Strutt, Proc. Roy. Sec., 19067 ; Joly, * Radioactivity and Geology,” 1909.)

| |
i Ba ; Th '
Rock, etc. Obs, , ! s
gm. per gm. of rock.
. w o2 | w Joa
| Igneousyvocks. . . & ol ¢ o« 5 % St., 1906 17 —
| Sedimentary rocks . . . . . . = i -
ST RIGTIEL ¢ i s i el G aad s E. M., 1907 16 j —_
Claws s ah b e S P o ‘79 | —
Devopnian: . : & & = = & & i B = 1004 ; —
I OVIEIRN e ool cabl e ol RS i i) G : _—
| Lavas ejected since 1631% . . . J., 1900 12'3 2°3
Lava, Mount Erebus . . . . . F. ¥, 1909 24 —
126 igneousrocks - . - . . . . I+ 1900 7ol —
Bz i 5 ik R pal i S, other obs. 13 13
| Italian igneous rocks . . . . . B, 1909 mean 5
| Campbell and Auckland Islnndﬁ,] o { b Igneous
o M SO ol I« Bt S S 2 R ‘5 sedimentary
| St. Gothard Tunnel—
| pranite. . . . . W eqm o ], 1909 77 19
. scl:;it:sam} ‘tltv:.rcf‘l 5j.,lfll.n'lt:ﬂlf’l.r}’} “ 3410 49 5 to 12
| Simplon Tunnel | . - - i 7'6 —
Transandine Tunnelt . . . . . Fl,, 1910 -8 56
Calcareous and dolomitic European J., 1910 mean of 7 10
FOCES y iers Ve, R T { % 27 samples <03
| Deep-sea deposits—
| Globigerina coze! . . . . . . i 72 —
Radiolarian ooze? . . . . . . & 367 -=
D T ety Mt s T i 27 -

Extent :—! 50, * 2°5, * 51 million square miles. t 1000 feet below the surface. § Assum-
| in7 that the heat due Lo each member of the !'mni]}' 15 pmpmtmlml to the lonization it prodices.
[ Preliminary result. B., Blanc,, P.Af ; E.M., Eve and MclIntosh, 2.4, ; F.F., Farr and |
Florance, P AL ; Fl, Fletcher; ., Joly, P 5., Stralt (above). A.F.N., dmer. Fourn.
Sei. ; POM, PR Mag.
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ELECTRIC ARC

RADIUM IN SEA-WATER
In grams per gram of sea-water. Deduced from the observed amount of Ra

| Em.

| Amount. | Place, Observer, Amount. | Place. | Observer.
!:'3:-: 10—13 —-_ Strutt, F!:’.H., "oy 4x n:-"l'i Nile | Joly, .M. 1908

-6 ,, [Mid.N. %.[l.mtl=:| Eve, P.A., 1907 14 s | Mediterranean| ,, s 1009
|9 , [|Atlantic 1909] 5§ »» | Indian Ocean = ST
16 1" ” EJD]YJ "'”r': 1908

RADIUM EMANATION IN ATMOSPHERE

RaEm. per cubic metre of air, expressed in terms of the number of grams of
radium with which it would be in equilibrium. The observers below absorbed the |
emanation by charcoal. '

Observer.

HaEm,

| 24— ZFKTO_”|"-Tuntrea] Eve, P.M., 1907
6o |

Bb-200

| Place.

1]

RaEm. |
35-330% 10 ”'}
go8 |Mean 105 , |

Place. |

Cam-

bridge

{

—

Observer.

Satterly, P.Jf, |

1god and 1910

Clnmgﬂ Mhman, 1.7.5./of] . i

MOBILITIES OF NATURAL IONS IN AIR

Mobility or speed K is in cm.? sec.—! volt—! at room temperature and 76 cm. (see

p- 95)-

The ions are named from their velocities : the small ions are assumed to

have the velocity of X-ray ions.

(See Pollock, Science, 1909 ; Eve, Phil. Mag., 19, |

[ | 1910 ; Lusby, Proec. Camb. Phil. Soc., 1910.)
Ton. Maan K Observer. Ion. Mean E. nbcarﬂr _
B —— R - ————— —— |
- I{+ =1 4 SR Large ‘0003 Lnngenn C'!n‘ ,'05
Intermediate, ¢ o1 | Mean Large ‘o008 1 e 5 ,

t s 'grm. H,0 per cubic metre of air_l

* Humidity, 19 grms. H,O per cubic metre.
Pollock, Awstl. Ass. Adv. Sei., 1908

ELECTRIC ARCS

formula for carbon arcs, E = a + 8/ g X

-Ea!'
Mrs. Ayrton's —, has been shown by

Guye and Zébrikoff (Compt. Rend., 1907) to hold for short stable arcs between metals.
E is the voltage across the arc, 7 1s the current in amperes, and / the length in mms.

of the arc in air at atmospheric pressure.
very long arcs, nor for cored carbons.

For stability, an arc requires an external

Mrs. Ayrton’s formula does not hold for

. ‘ {E. — (= + BI)}
resistance R which must be less than — 4[1.(_* 5) ) ﬂhn:s,ntiv.rl:mru E, is the
total available voltage ; or E, must exceed a + 8/ + 24/R(y + &). If R is too

small the arc hisses, in which case the current is independent of the voltage across
the terminals. The constants for carbon refer only to the particular sizes and quality
used by Mrs. Ayrton.

(See J. J. Thomson, * Conduction of Electricity through Gases.”)

Metal. | @ Brel . | B Metal. a B o
0. . | 3888 -rn;r.1| 1166 | 1054 | P4 . 2164 | 370 | © | 21:78 |
Fo . . .| 1573|252 | 944 [ 1502 | Ag . 1419 | 364 | 11°36 | 19001 |
Ni. .. 1714 389 o |1748 | Pt . 2429 | 480 | o 20°23 |
B v | 20'71 | 205 207 (1012 | Amn . . .| 2082 | 462 i 1217 | 2097
| Ca . 21°38 | 303 1009 | 1524 i | 5 .

e

Aweer, _?Jn'm Se. ; C.R, {'uwﬂ Rend, ; P.M., Phil. Mag. ;

F.R.5., Proc. Rﬂy Soe. |
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ATOMIC CONSTANTS

ATOMIC AND RADIOACTIVITY CONSTANTS

References : ]. . Thomson’s “ Conduction of Electricity through Gases,” Ruther-

| Total nnmber of ions pmdu-:{:{l in air b-_..r an a ray | 2°37 . Io®
(KalC)

=4 .34 . 107%a=2s 156 mm?* (yr. g
H"u.mber nfﬂ pa.rl:mlan emitted per sec. by the RaC | 5. 10" gm."! sec.
in equilibrium with 1 gm. Ra (Makower, #k/l. Mag.,

T ORIy

Volume of helinm at o” and 76 cm. produced by | 517. 10 %c.c. [ (sec. gm.), or
1 gm. radium 163 mm.2/(yr. gm).
Calculated mlunu = 4 x number of « rays emitted/N | 404 . 10® c.c./(sec. gm.); |

ford’s “ Radioactivity,” H. A. Lorentz, Eclairage Electrigue, 4%, 1905, “ Theory
of Electrons,” 19og, and Jeans' “ Dynamical Theory of Gases.”
| Eymbnl. Definition. I Value.

T A Inm* charge, hali ::Imrge on an @ |mrt|r:1e 47. 107 E 5. U 1'57. 10720
i rHE . .| Total charge carried in electrolysis by the E. M. U:; 1'57.1078
atoms m } c.c. of g‘m- coulombs

For ideal gas at o° and 76 cm. 1’2913 . 10® ESU. cm™ ;|
‘4304 E.M.U. cm.™?
* » OXygen % - 1292 . 100 ES.U. em?;
‘4308 E.M.U. cm.®
w hydrogen ,, = A |zgo . ot E.S.AT. ch;
4300 E.M.U. cm.”?
N, E .|Total charge carried by } (gm. molecule) of 2894 . 16! E.S.U. em.™;
hydrogen ions 9647 . 10° EM.U. cm. 3
¥ . .|Number of molecules per c.c. of a gas at 2'75. 10" em. ™
{ o C. and ?5 cm; = NEfzs = 1'29. o4
| IN., . .| Numberof molecules in 1 gm. molecule of gas 616, 10 gm.™!
e/m, .[|Ratio of charge to electromagnetic mass for 531.10"% E.5.U. gm.”!;
; the negative electron at small velocities 177 . 1¢f EM.U. gm.™
E/my .| The same ratio for the hydrogen ion in elec- 9,647 E.M.U.gm.”! ; g6,470
' trolysis { = the Faraday) = 107-88/-00111827 coulombs gm.™
¢/ma .| The same ratio for the a particle 48.10° EM.U. gm.!
28/my,, . L"hlmhwd ﬁ::)rhelmm =zNE/p=2x"43.107% 478.10* EM.U. gm.~!
2 x 8qB7
(m, . [‘If:r:tmm'tgneuc mass of negative elec- &38.107 gm.
tron for small velocities = el‘(f,u’.u:,}
my . .| Mass of hydrogen atom = p/2N 164 . 107 gm.
m. . .|Mass of « particle, /s of helmm atom 656 . 107 gm.
\my/m, .| Number of electrons equal in mass to hydrogen 1835 |
atom = (mue)/(m,E)
aff | . Em:rg:.' of a gas molecule at ° C. = « =3p/2N | 2'02. 1071 ergs/degree
i i"l‘.lr gm. of oxygen, R = pv/d = ro132 {3'51;-63, 10" cm.?/sec.?
f{z 300 .1°429 . 107%), l"n,ss in dynes/  12:5063. 10° ergs/gm.
Lm‘i - vulume in c.c. (see p.
For 1 gm. molecule of an |d-:=:ful gas, R = -o8z07 litre atm./gm. {
22°412(27309. Press. in atmos. = 76 cm. |
Hg(g = 980°6) ; vol. in litres (D. liﬁnhﬁlut,, '
Trav. ef Mém. Bur. Intl)
s i The radins of a negative electron = ’-,.-'3 -85 . 1071% cm.
. ef,
Ihe diameter of a hydrogen mnlaau]a 17. 107% cm. (see p. 33
{Sutherland (after Jeans), Phdl. Mag., 1910)
Heat given out by 1 gm. of metallic radium with its | ‘0328 cal./sec. ; 118 cal./hr.
roducts
H?I.mbar of « particles emitted by 1t gm. radium | 3°4. 10! gm.™! sec.” .
without products
Initial velocity of « particle from RaC 206 . 10" cm.fsec.
Initial energy of « particle t'mm RaC = mot/2 = o2 | 1'3. 10 %ergs ; 3'1 . 10~ cal.
| [ (2efmg) = 206, 10% x 157 . 1072( 2% 507.10%) |

m). ;
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The table below is based on one compiled by Blanc, Bloch., Danne, Godlewski,
Hahn, Kolowrat, Le Vin, 5. Meyer, Moulin, H. W. Schmidt, Schweidler, and

RADIOACTIVITY

CONSTANTS OF RADIOACTIVE SUBSTANCES

Szilard (Le KRadiwm, Jan., 1909, Jan,, 1910, and Jan., 1911).
Atomic weights: O = 16, U = 2385, Ra = 226'4, Th = 2324,

Rate of decay: Il I is the radioactivity of a substance at a time / then

[ 1= Iy=M where I, is the initial activity when # = o.

| then A = 69315/ sec.—L

days (d.), or years (y.).

Coefficients of absorption A are given in cm.—! for 8 rays in Al foil and for

¥ rays in lead foil. If J, 15 the intensity of the rays incident on foil of thickness

- debas : . A is given below in sec.—1.
If I is the period in which the activity decreases to half its il'llt!IElll'L“alLIE (Fe. 1/I, = 1),
r is given below in secs. (s.), mins. (m.), hrs. (h.),

| & em., and | is the intensity of the emergent rays, then | = Jqe — @4,

{See Rutherford's “ Radicactivity,” 2nd ed., Camb. Univ. Press, 190s.)

Snbstance,

iv

L.

Io .

Ba. .

RaEm.

RaA .

RaB .

RaC, .

RaC. .

BaD .

RBaE, .
BB, o o
EaF (Polonium)

| Eﬁl.&n -
| AcX .

[ AeEm.

| AcA .
AcE

Ac

Tihieines.
MesoTh 1
MesoTh 2
BRad.Th .
ThX .
ThEm,
Tha .
ThB .
Thi .
ThD

A in seec.—!,

43. 10-1

37 . 10="

2.10-"*
I'1.10=-1
208, 10-%
3'85.10-%
433 . 10—
&0 . 10!

2. 10"
'3 10=F
i A [
3. 10~"F

1 . 10=T
¢.10-"
i o
0. 1o-1
a2
26 . 10-%

7.Io=m0
. o=1
15 . lo=*
i'og. io="
2'17.10-"*
Tizy . pa=7
1’81 .10—%
21o. 10—*

37 . 107

Half-period,
ll

6. 10"y,
sevl. y.
21'g d.

c. lo'y.
L2000 y.
385 d.
3 m.
2077 m.
19’5 m.
1-2'5 m.
IZ Y.
Gz d.
45 d.
140 d.

1g°5 d.
1o-I1 d.
390 &
3671 m.
2°15 m.
5'10 m.

3ra' y.
55 %
62 h.
737 d.
3714

BT =
106 h.
55 m.

SOTNE SECS,

31 m.

Rays
emitted,

rayl

£ty

283

A

¥

Absorptn. Coef. in em.—",

£ Rays,
Ay

—

14’4 and gI0

S 111

20°2 lo 38°§

-
LA
=l

2'0 lo 3'6

| sl
I B LT |

46 10 '57
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RADIOACTIVITY

PROPERTIES OF RADIOACTIVE SUBSTANCES
Compiled by authors mentioned above (Le Radiwm, 1911).

Bubstance, Properties. Substance. Properties.

U- Sol. in excess of am. carb. Carried down by PbCO,,
Nitrate soluble in ether and and by SnCl, with Hg and
acetone. Te. RaD, E,, E,;, and F |

Rad. U Carried down by BaSO, can be separated by electro- |
and ferric hydrate. Soluble lysis. |
in HCL. .

U.X . .| Lessvolatile than U. Volatile § Ac Produces helium.  Precipi-
in electric arc. Insoluble in tated by oxalic acid in acid |

[ excess of am. carb. Soluble solutions. Oxalate insoluble |
f in water and ether. Carried in HF; accompanies
i down by barium sulphate, thorium and rare earths.
by moist ferric hydrate, and §| gaq ae . | Slightly volatile at high temps.
by animal charcoal. Insoluble in NH,OH. |
| Separated from Ac by elec-

Io. Soluble in excess of am. trolysis, by fractional pre-
oxalate. Carried down by cipitation, by ammonia, and
H,0, in presence of U salts. by animal charcoal.

Ra Characteristic spectrum. | AsX . Deposited by elf“ﬂﬂ}'ﬂs in
Spontaneously Tuminmts. alkaline  solution. Not
Analogous to Ba. RaClyand precipitated by NH,OH.
RaBr, are less soluble than | AcEm. Behaves as inert gas. Coef,
BacCl, and BaBr,. of diffusion In air o'l

RaEm. One of group of inert gases. Condenses at — 120 L:j
Characteristic spectrum. § AecA . Volatile _IJ‘v‘Iﬂ";"' 400° C.
Coef. of diffusion in air = Soluble in NH,OH and
o'l (see p. 103). Mol. wt. strong acids.
=g

RaA . Behaves as a solid. Deposited | AeB . Volatile below 7o00° C. Soluble
on cathode in an electric in NH,OH and strong
field. Volatileat8co-goo®C. acids. 1}¢|}:}5IEL13 by electro-
Soluble in strong acids. lysis of active deposit on

RaB . Like RaA. Volatle at Goo- the cathode in HCL
joo® C.  Precipitated by
Bas504. Volatile in electric  arc.

AT Physically like Raﬁ"‘ Vala- i Colourless salts not spon-
tile at 800-1300° C. Chemi- taneously phosphorescent.
cally, like RaB. Deposited Salts pptd. by NH,OH and
on Cu and Ni. Carried oxalic acid.
down with  precipitated § RaaTh . | Carried down by hydrates,
copper. Perhaps a mixture precipitated by NH,OH.
of 2 or 3 products. I mx . .| soluble in NH,OH. Carried

RaD . Volatile ITH':IU“I I::ﬂ:-"'. e down h}r 'iIlJn.. ]}{-pug"ed
Soluble in strong acids. by electrolysis in alkaline
iile:uf;tm;iﬁ-}! analogous 1o soln.
those of I'b. 5. ‘ondenses just

RaE, Volatile at red heat. Soluble . Inﬁ;;,j::bw I:’.“D‘G & Eﬁcniﬁ‘._
in cold acetic acid. Reac- cient of diffusion in air
tions analogous to those of = 10,

Pb. : 7 630°C. Soluble

RaE,. Not volatile at red heat. Re- Ta X {::?;It!fﬂl::;d;: ,djf
actions analogous to those § The | Volatile below 730° C  Like
of bismuth. ThA. Deposited on Ni.

RaF(Pol.)| Volatile towards 1ooo” C. Separated from ThA by
Deposited from its solutions clectrolysis.
an By, Lo, 5h, Ag, Pt ThC . Like ThB.
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PHYSICAL CONSTANTS

| p- 48; solubility in water, p. 124.

PHYSICAL CONSTANTS OF CHEMICAL COMPOUNDS
For properties of the elements, see : density, p. 20; melting and bn'liling points,

*Organic Compounds,” p. 118.

Metallo-organic compounds are given under |

Formule.—Hydrated forms (which are often crystalline) are indicated thus :
Calfand 4+ 6H,0) ; the properties given are for the anhydrous substance.
Formula (Molecular) Weights are calculated with atomic weights for 1g911.

Densities.—When no temp. is given, grams per c.c. at 15° may be assumed.
When preceded by “ A ” the density is relative to that of air ("co1293 gram per c.c. at

o and

760 mms.). To convert this into a density relative to O, = 16, multiply by 14:47.

Melting and Boiling Points are for anhydrous substances at 760 mms. mercury

unless some other conditions are specified.

o mEltin% " point of hydrated substance. For fats and waxes, see p. 50.

Solu

| stated. “#" indicates grams per 100 grams of solution.

T = temp. of transition or pseudo-

ties are given as grams of substance in 100 grams of water at the temp.

For those gaseous densities known with accuracy, see p. 26. Other densities on pp. 20-26. |
“V* means volumes of ‘
|

| Isubstance at o” and 760 mms. per 100 volumes of water at the temp. stated. * Soluble ”
infers solubility in either hot or cold water ; “insoluble ” indicates solubility in neither.

(See also pp. 124, 125.)

For more complete tables, see Van Nostrand’s “ Chemical Annual” and Bieder-
I'nar?n"s “ Chemiker-Kalender ¥ for current year ; Dammer's “ Handbuch der Anor-
ganischen Chemie ;" Beilstein’s “ Handbuch der Organischen Chemie;” Watts’
* Dictionary of Chemistry ;" and F. W. Clarke’s © Specific Gravities.”

; 1 INORGANIC COMPOUNDS
Formula, formula (molecular) weight, density, melting and boiling points, and |

solubility in water,

| bromide,Al,Br,(and + 12H,0
)

Bubstance and Formula,

Alumininm —

chloride, ALCl; (and 4 12H,0
todide, ALI, (and+12H,0) .

nitrate, AI(NO,);.gH,0 . .
ke, AlGOY, o .o s .
phosphate, AIPO, . . . .
sulphate, A1L(50,),. 18H,0 .

Potassium alum,

Al (50,),K,80,.24H,0
Ammoninm —
ammomia, NH, . . . . .

acetate, NH,C,H,0, . . .
arsenate, (NH,),AsO, . 3H,0.

bromide, NH,Br.
carbonate, (NH,),CO,
chloride, NH,Cl . .
chloroplatinate, (NH,),PtCl, .
chromate, (NH,),CrO, .
1odide, NH, I =

molybdate, (N I.-Ii);M-::O,
nitrate, WH NG, . . .

. H,0

-

Formula |

_ Density,
weight |
0 = 1p),| BN
pTy 4.8
at flemp.
o 2'04 3
5337 {!—L 13'63}
2670 | A. 9°34/400°
= 263 3
8157 ; { A 27
37573 | e
1022 37 —4
1221 2750
6667 | 162
949°1 ! 1'757/20°

(lig.) *623/a”
xyo3 (U 5800
??'Wi s
247°1 —

233/15°

9?% { .A.. I‘E"nq-ftl--iﬂn
114°1 -

| i o
sv0| {547}
4440 | 300
152°2 1'88/11°
1450 | 275

196°1 | . 24— 29
Bu’u;i 1'72/15°

}

b

Melting Boiling
Point, Point,
°g. I °Q.

| at/mms. ! ity mms.
93° | 263°%747

190°/1910 | 182%/752
185° 36

F =757 || decz 1385
| wh. heat | —
infusible | —
decomp. | --
I
= 23H,0
845 { at rgo®°
[t §=:75 —33'5
89 —
sublimes —_
dec. 35 —
dec. 350° —
decomp. —
decomp. —
sublimes —
decomp. —
152° dec. 210°

Bolubility |
in Water. |
|

| @t feemp, |

[ soluble

41/15%(2)
soluble

v soluble

insoluble
insoluble |

3620 I
9'6/15° |
357/100°

seep. 124.:

148/4°
soluble
{66,-‘1 o”
128/ 100°
100/15°
{353’ a5 ;
See puI2s.
67/20° |
decomp. |
v. soluble
decomp. |
i 200/ 187

dec. or decomp. = decomposes ; v. = very ; wh. = white.
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i e P oot — s

INORGANIC COMPOUNDS (conid.)
For general heading, see p. 109.
I foii e |
Formula | pgpgity, Melting  Boiling | ggjypjyit
Substance and Formula. k {rzlglﬁ .E gms./e.c. l'glg:*-, : Pg:.g_t, i Wateg
| .
m-ﬂnim {[-t?.!.l' f{fq:l' — at. fiemp. at. Smms. Al mms. at. / temy,
nitrite, MNH,NOQ,. . . . .] 6405 17 decomp. — soluble
oxalate, (NH,),C,0,. HO .] 1421 '3 — — af15°
persulphate, (NH,),5,0, . .| 2282 —_ decomp. — 58/0”
phosphomolybdate,
(NH,),PO,.12M00, . 3H,0 | 1931 s —_ — ‘03/15° |
sulphate, (NH,),50, . . .| 1322 1'77/20° 140° dec, 280° | 76/20°
sulphocyanate, NH,CNS. .| 7612| 131/13° 159 dec. 170° | 162/20°
Antimony - !
bromide, 5bBr, . . . . .] 3600 4 ;é;"lj: 93 280° clecnmlg. :
chloride, tri- bCl,. . . .| 2266 | {37 } 732 223 (8 ',f{,fr; |
» penta-, SbCl; . .| 2075 2'35;’20“"‘ —6 102°/68 | decomp. |
hydride, SbHy, . . . . .] 1232 A, 4'3;"&&' - gI1°5 — 18 20V. |
iodide, tri-, SbT,. + « « | soro [ {¥4%76 |l rg)| 4or |decomp|
oxide, tri-, Sb,0, . . . .| 2884 | 5257 red heat 1550 | "002/15° |
o DEtrs BhOVe 5 . oLl gaatd 407 0 /800" — insoluble |
s pent-, Sba0y . o o ] 32044 38 0/300” 0,/800% |insoluble |
potassium tartrate, e L £ Iy 5/°
K(SbO)C,H,0,.3H,0| 3323 | 2 $H.0/100° | decomp. {37, o
sulphide, tri-, Sb,S; . . .| 3366 465 fusible volatilizes | insoluble
+ penta-, Sh,S;. . .| gooy 412/0° fusible — insoluble
Arsenic— i
bromide, AsBry . . . . .| 3147 [3‘5{]]50,91} 31° i 1 decomp.
chloride, AsCl, . . . . .| 1813 |22/0°; A. 03 - 18 1302 | decomp. |
fluoride, tri-, AsF, . . . .| 1320 | 2'7; A. 457 — &3 63 decomp.
s  penta-, AsF, . . .| 1700 A. 415 - 8o =53 soluble
hydride, AsH, -. . . . .] 7798 A 27 - 113 — 548 | slgtlysol.
iodide, di-, Asl, . . . . .| 3283 = =
wo trim Asly. ..o o] 4557 | 4413° 146 {3?.-?];.5{1‘3.1 | 39/100°
w = pent-, Asl; . . o ] 70070 393 70 — :IecmnE,
oxide, tri-, As;0,. . . . .| 1970 30-4'1 subl. 218° | V.D. 138 | 17/16
w  pent-, As0y . . .. .| 22009 o942 red heat | decomp. | 245/12°
Bariuom—
bromide, BaBr,.2H,0 . .] 3332 385/24° anhy. 880° | 2H,0/100% | 103/15°
carbonate, BaCO, . . . .| 1974 43 705° dec. 1450° |'0022/18°
chloride, BaCl,.2H,O. . .| 244'3 31,/24° anhy. g6c® | 2H,0/113° see p.125.
hydride, BaH, . . . . .| 13974 §2/0° volatile 1400° decomp.
iodide. Bal, . . . . o .Y 301z 492 74a0° — 170/0%
nitrate, Ba(NO,), . . . .| 2614 | 324/23° | 575 - 5/o0°
omide; Ba®. 5 . 0 O L L) I 47 — 55 | BaOy/450° -— 150
w Pper, BaO, . ... ] 1604 496 | BaO/450° —_ insoluble
sulpliate, BaSO, . . . . .] 2334 |& 45 infusible — ‘0;23/18°
Beryllinm —
bromide, BeBr, . . . . .| 1689 — 6o1° — soluble |
chloride, BeCl, . . . . .| 8oo2 — & GO0 - v. soluble |
sulphate, BeS0,.4H.,0 . .| 1772 1-7/10° | dec. r. ht. [2H,;0/100%| 44/30° |
|

anhy. = anhydrous ; dec. or decomp. = decomposes ; r. ht. = red heat ; subl, = sublimes ;
V. = very ; V.D, = vapour dgnsiljl' L — soluble in all |:|mp:}1'liuns.

o= pTwE————— —————————
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INORGANIC COMPOUNDS (conid.)
For general heading, see p. 100.
!Farmulai Density, Melting Boiling

| E [ I Bolubility
Bubstance and Formula. {3251153_: gms, fc.o, l’gléfl. chi;t. in Water.
‘Bismnth— at. flemp. al. /mms. at. Smms. at. remp.
bromide, BiBry; . . . . .| 44776 56 200°-215° 453° decomp.
chloride, tri-, BiCl; . . .| 31438 { :{ﬁl II IJ} } 227 429 decomyp. |
nitrate, Bi (NO,),. J,H 0O .| 48411 28 74 sH.0 /80"  decomp.
oxide, Bl,U, L .| 4640 88 - g 820-86o - inscluble
sulphuic Brigisia:: « ot s s BiIZ 2T 7 =78 decomp. — | insoluble
Boron—
chloride, BCL, . . . . .| 11738 |r 35/0% A.a/17°| — 18%=2 decomp.
fluoride, BF;, . . . . . .| 680 A. 23 —127° | =101 decomp.
oxide, B,0, . 700 1-83/4° 577 — 16/102°
Eﬂrax !wef f:mduun b::-mie '
Boric acid, H,BU,. . . .| 620 1°43/15° 184-186 | H.O/100” | 4/18°
Cadminm—
bromide, CdBr, . . . . .| 27224 47-49/14° 571 8o6-812 [489/18°2.
chiunde, CAdEY . . w] 18332 36/15° 500 £. 9oo | 140f20°
nitrate, Cd(‘*JU;Ifq.H!D . «f 30848 24 [ i50eg 132 127/18°
oxide, £a0 . . . . .| 1284 6rg-8-1 | infusible - imsoluble
sulpl::ue anhy. Ld“:ﬂ . .| 20847 47f15° | 1000 - 59;‘*"‘
.  hydr. 3CdSO,.8H,0 | 76954 | 305 - —  [see p.i
Cesinm—
carbonate, Cs,CO, . . . .| 32562 — <red heat| dec. 610° |v.soluble
chlornde, CsCI . . . . .| 16827 | 3'97/20° 631° sublimes | 174/10°
h}-dn:lr:, - T e | [ < -l B decomp. — | decomp.
hydroxide, CsOH . . . .| 1498z | 4oz red heat —_ | soluble
natrate, CsNO, . . . . .| iggBz| 36g/28° 414° decomp. | 15/10°
Calcium— ,
bromide, CaBr, . . . . .| 19993 | 33/20° I 760 ¢ 800° 125/0°
carbonate, CaCO, . . . .| Ioo'og 27-2'9 | dec, 825° = ‘oo1 8 cold
chloride, anh}r 57 3) R 1 4 1 i 2'3/20° [ 780° 4H,0/30° | 63/10°
hydr. (.aCIz.ﬁH 0. | ZIgT 1'05 ! 29 '!Qﬁlig{J,-'zm"" g6/0”
h}rdnde, S | gl 1F : — decomp.
hydroxide, Ca(OH), . o FEII| 208 —_— — see p.125.
iodide, Calfand +6H,0) .| 2031 | 479/20° 740 & 710 192f0°
nitrate, Ca(NO,)4H,0 . .| 23617 | 182 561 dec. 132" | 54°38/13°
oxide, CaO - . .| Sbog| 308 infusible —— [ “r3fo®
phosphate, Caa{l 4}2 R | I8 | _ — — | ‘003008
sulphate, CaS0,. . . . .| 13616 296 - - | -18/0°
Carbon— i | i '
chloride, tetra-, CCl, . . .| 15384 1'582/21° | =238 76°7  |insoluble
oxide, sub- {upﬁj, ,0 .| 6800 - ' — 7°f761 | s
Siimen=r ) o . . .| 2800 A. “ob7 - 207 — 190 |see p. 134.
EA - ".'02 onw ow| 400 | g, 772/207 § - 03 —782 |see p.134.
sulphide, mono- CS . . .| 4407 1°6-1'83 — - [ —
% bis, C8y - . . o 7614 | 1'292/0° | =110 4672 *2/0°
Cerinm— | ,
chloride (cerous), CeCly . .| 29663 | 388/15%5 | v. fusible — | soluble
oxide (cerous), Ce,0, . . .| 3283 | 697 | - - | insoluble
(ceric), CeQp . . .| 37225 | 674 ' — — [ insoluble
sulphate (cerous), ' |
Ce(50,),8H,0 | 71284 | 322 8H,0/630°] — 16°5/0°
Chlorine— -

{ | |

oxide, mon-, CLO . . . 3 86rgz {Ilqajfgg?} explosive -19 | 200V /0"

* Forms malonic acid. t Behn, dnn. d. Phys., 1900. anhy. = anhydrous ;
dee. or demmp = decumpuat,s h:rdr = h}u;'lra.u:d 5 hq == hqu:d j v = very,
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INOR GANIC COMPONDS ([contd.)
For general heading, see p. 109.
| |
I'ormuln.| A Melting Boiling i
Density, : Bolubility
Bubstance and Formula. {Eglb;-:] gma. 0., . Pgi;t, rﬂnEt, in Waten,
' i
| o ___i | s
Chlorine (fﬁﬂfi'r.)— | at. feemp. | ;. fmmns. at. ‘mms. | i.l!..-"!f.l'l'm.
oxide, di-, C10, . . . . .| 6746 1'8;: A 23] = 76° 9'9°f731 | 20V/4°
Chrominm—
chloride (chromous), CrCl, .| 122°g2 2'::'5;;4‘“ — — v. soluble
a (chromic), CrCl, .] 15838 {ziﬁi::}mmq}. — | e 300° | slgtlysol.
oxide, Cra0s .+ + + « <] 1520 5*04: white heat | — inseluble
5 trl- Gl - .| 10070 2'74 1g0 | decomp, 62'1/0°(p)
sulphate, Cry(S0,),15H,0 .| 66265 | 1867/17° l15H,0/100° - 120/20"
Cobalt—
cobaltous chloride,
CoClyfand +6H,0)| 1299 2'94 subl. . 87° — 295/0° |
ot hydrate, Co(OH), | 9302 36/15° — - insoluble |
% oxide, CoO . . .| 7498 57 dee. 100° - | insoluble |
i sulphate, e |
: CoS0,.7H,0| 2812 1g18/15° o6™8 — 26/3° |
| cobaltic chloride, CoCl, . .| 16535 2'G4 sublimes —_ _soluble
| o oxide, Co,0; . . .| 16505 51 dec. r. hit. —  insoluble
J & sulplnte, Co,(S0O,), | 40615 — - — soluble
| Columbinm. .Ses Niobium. .
 Copper— |
cu hloride, Cu,C 8c6 [{37 ¢. 1600° | insoluble
prous chloride, Cu,Cl, . .| 198¢6 {4 66/1690° 410
. oxide, Cu,0 . . .| 14314 | 5861 red heat — insoluble
cupric chloride, CuCl,. . .| 13449 | 39035 408 degomp, _ 75/17° i
» nitrate, Cu(NOL)3H,0] 24164 | 2117 ugs  {Gec. . be.|J0/25°)
s oxide, CuQ . . . .| 7987 30 — — ;insaiuhie
» Ssulphate, CuSO,5H,0 | 24965 2:28/15° {JIILIIEE:;'::E“ dec. r. ht. |see p. 125,
Cyanogen, C.N, . . . . .] 5202 {Hq:ﬁ:_gfggg 4 - 35° - 207° |45 V/20°
Erbinm— i
oxide, Er,0, . . .1 3828 a6 infusible - mscriul:f;ir
ﬂulphate Er,{‘:{) },,SH i 767714 318 dec. g50° — | 23/20
 Gadolininm— i
| sulphate, Gd(S50,), . . .| 60281 | 414/15° — [ — [ 2'3/34
Gallinm— i - :
chloride, tri-, GaCl, . . .| 17628 | A. 12'2/240° 75%¢ 2230 decomp.
Germaninm— ! |
chloride, tetra-, GeCl,. . .| 214'34 | 189/18° e 86 | dEJ:uan.
oxide, di-, GeO,. . . . .J1045 | 470/18° = — | 4207 |
Glucinum. .See Beryllium, | |
Gold— :
chloride, AuCl; . . . .] 303% -— 288°* | dec. 180° | 68
Hydrazine, NH,.NH, . . .] 32708 1'o1/15° 14 113° | v.soluble
i hydruxlde, I
M,H,. HO] sooy | 1030/21° |<=y4o 119 |v. m}ugzic
A =8 ; 2210
Hydrobromic acid, HBr . .| 8cwg3 {1‘}{‘ f'-'?'l]} - 86 - 687 5{130:""00‘!'-
Hydrochloric acid, HCl . .| 3647 g2g/0° =112'§ — 8371755 seep.124.
Hydrocyanic acid, HCN . | 27702 | “6g7/18° | =128 26°1 | w6
. | |
* Under chlorine at 1520 mms, 1 Rupert, 1609. dec. or decomp. = {IE'ED!TI-PDB-ES.
lig. = liguid ; r. ht = re-xl heat ; subl. = sublimes; v. = '-c'r-_r ; == = soluble in nll propartions.
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INORGANIC COMPOUNDS (conid.)
For general heading, see p. 100.

Formula - Melting Boiling ; ,
. Density, . : Solubility
Substance and Formula. weight Point, Point,
.:'D =g15;|- g'msj'l¢.¢. uﬂ1 pu_ i'll wat-'ar- :
_.'Ll.,.-ftl'llp- at .-"”'5_!“5 at. /mms. at.temp.
Hydrofluoric acid, HF . 2001 {ﬂfhf(:;:} | —g2%3 1g%4 | 111/35°
5 ' {42,500
Hydriodic acid, HI . 12793 | A 438 o - 3671752 [{itoe
Hydrogen —
eroxide, H,0, 34'02 458/0° | =2 Bo®2/47 |V. soluble
selenide, H,Se Braz| A 2805 ‘ — 64 - 42 3313}“ 13°
: % 1] ¢ 205V /IE
sulphide, H,5 3408 { ﬁi IJ'I?B} i =616 {'icé p.I:}J,.
telluride, H,Te . | 12952 A 439 : —48_ o soluble
Hydroxylamine, NH,0H . .| 3303 | 1rz2z7/14° | 33 70°/60 | seluble
Iodine—
trichloride, ICl, 2333 3 '_;m“,flf}al.n;. dec. 25° solu!i]e
lodic acid, H10, 175°G3 463/o [ 4H,0/170 — | 75/16° p.
Tron - ol |
carbonyl, Fe(CO); . . . 19583 %' iijéf;' } | =197 10277764 —
ferrous chloride, FeCl, 126:8 299/18° | — volatilizes | 350/19°
,  oxide, FeO . 7185 | — : — — insoluble
.  sulphate,
FeSO,.7H,0| 27803 | 188 | 64 |6H.0/t00°| 208/10°
+  amm.sulphate, Fe50,) | 3/0°
1 - Tl i - - —_— 1 0
; {thl}ﬂhniﬁHED 392715 rdr .{ ?8;?5‘5‘
oxide (magnetic), Fe,O, . 231°55 5-5 - == insoluble
ferric chloride, FeCly . . .| 162723 |{, ﬂ,?{};,ﬂ sor | 280%-285° | 537/100°
.« nitrate, Fe(NO -J-;';'}H O] 40402 1-683/20° 472 decomp. v. soluble |
. 0oxide, Feiﬂ 150°7 5'2=53 - - — insoluble
i Sulnh_nta
Fe (SO, )s(and +9H,0) 399091 31/18° = | — v.slgt.sol.
Lead— -
acetate, Pb(C,H,0,),. _1,H 0| 3792 25 3H,0/75° 280 46/15°
carbonate, PIJE.Uq e 2671 (i - s | decomp.
chloride, IIJCI 277'8 58 447° &900 | ';',"r::”ﬁ
iodide, l’hl,, : : 460°q4 1z 373 861954 ‘04,0
oxide, mon- ﬂltharrrc} PO, 223'1 | & O3 red heat | — | “oozf20°
,s red lead, P bH[}; 6853 gog/15°  |dc.so0%530° —  |insoluble
o  PpET- {htﬁ::n.lmj-1 PLO, 235°1 8g1-g'3 decomp. —  *|msoluble
sulphate, PhS0O,. 3032 623 | o937° - | ‘oo4/18°
Lithinm - !
carbonate, Li,CO; . 7388 211 | 618-710 | — !sm p.125
chloride, LiCl . 42740 2-207 491-6oo | dec. w. ht. | 72/0°
nitrate, LiNO, 6895 2°3-2"4 ¢ 258 — 35/a®
oxide, LuD : 2qr88 2'10/15" — = 5/0°
phosphate, Li;P U‘ IIJ_} 1338 2°4/15° 857 — ‘04
sulphate, Li,50, . . : 1100 2-21/15° 818-853 — 26/0°
n:arbn::'::,“?‘:IECDu B, 8432 3o dec. 350° : o1
chloride, MgCl, . 6H,0 20334 1'56/17°  |2H,0/100°%| decomp. 54/20°
nitrate, Mg(NO,),6H,0 . 25644 146 go” 143 | 42/18° 2.
oxide, MgQ . . 40032 3'2-3"7 2000 —_ | ool
phosphatc Iga(PU,), ql-l of 3352 ||54,-‘1'°‘ : - - 02
sulphate, Mg&l‘.},, 7H. O . .| z465 1°678/16° |5HHU-'150'*| - 1 27/0°
atm. = atmospheres ; dc., dec., or decomp. = decomposes ; liq. = liquid ; slgt. = slightly ;

'Il' = very; w. |:|I'_ = U.hjl:, |!ILH.|
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rNDHGANlc COMPOUNDS (contd.)

For general heading, see p. 109,
| 1
Formula ; Melting Boiling <
; Density, . : Bolubility |
Substance and Formula. r(nmll%- gms.jec. | Pglél‘t. Pglull..t' in Watag
|
Hﬂ-ﬂgﬂﬂ'ﬂﬂe al. /temp. | al/mms, al. /mms. :ll.,."'r.crltp.
carbonate, MnCO, . . 11493 31-37 decomp. — v. slgt. sol.|
chloride, MnLI 4Il 5 197 | I'gl 87746 107107 |
nitrate, Mn({NO, }J 6H,0 28705 | 182 875 dec. |'=':; "4 54°5/11%.
oxide, -ous, Mn() ; 7093 51 white heat insoluble
o =ic, Mng0, 157°86 4348 —_ - insoluble
» tetr-, Mn,O, . 22879 4740 — — insoluble
R, L 1 o 8693 | 47-50 dec. 390 —_ insoluble
sulphate,* Mn50,4H,0 . 223006 ] 21 18% and 30"t — 111/54°
Mercury J
B % - 648 and 72 1| x : b
mercurous chloride, HgCl 23540 { i {| 4o00-500 sublimes ‘cooz/18
5 nitrate, I
HgNO, . 2H, 0| 20804 478 decomp. — v. soluble
& sulphate, Hg, 50, | 496707 750 melts, dec. decomp. | "2 cold
mercuric bromide, HgBr, 350784 57 244 subl. . 3227 1/9°
2 chloride, HgCl, 27092 {5_3'5'5 } a8y 303-307 {5'4"’300@ )
- A g8 ) see p.125.
e iodide, red, Hgl, .| 45384 | f’i{?;{ﬁ} 241-257 349 003/17°
2 w Yyellow, Hgl,| 45384 | {'—"H_{; 515} 241 349 insoluble
5 oxide, HgO . . .| 2160 1°14 dec. r. ht. —_ ‘005/25°
= sulphate, HgS0, .| 29607 647 | dec. r. ht. - decomp.
Molybdenum —
chloride, MaCl, . 2733 A. g5/350° 194° 268° decomp.
oxide, di-, MoQ, . 1280 6r4/10° , — 2 insoluble
y tri-, MoOy 1440 dedf212 —of1 1759 sublimes | 2 cold
Nickel — |
carbonyl, Ni(CO), . 17007 | 1°318/17° —25 43° insoluble
chloride, NiCl, . 1206 256 sublimes — 35/0” ff-f'}i;
nitrate, Ni(N Lh} ﬁH f_} 2008 2'00/14° 567 1367 485/ !361’1
'il,lli]h:llE', NiS0,.7H.,0 28086 1'g8 gd—-100 - 31°5/9
Niobinm-—
| chloride, penta-, NbCl, 2708 {""{‘49 %‘I_,Srﬂﬁ} 194 240°5 decomp.
Nitrogen— '
nitric acid, HNO, . 6302 1'53/15° —41°3 dec. 86 ‘:¢ .
: T 5 |J17226/-80%4 & T T {?4 'f15
nitrous oxide, N,O . 4402 { ey o 89°4/741 secpi4.
T I : 001 o J5IV/I5
nlltrlt: " .h 0. . jorol { i I_gjg } — 167 —153 {sﬂ:p.m4+;
nitrogen trioxide, N0, Fliger: 1'447/-2° =111 decomp. soluble |
" pcruﬂdr., \'Df_. or
N,O,] 4601 | 149/0°§ — 10'1 26° soluble
e pentoxide, N, O, 10502 164/18° 30 dec. 45-50 soluble
i oxychloride, NOCI. 65747 1°416/—12° | —bo —§76/751 | decomp.
Osminm |
oxide, tetr-, Os0}, 2540 | A. 889 20 100 | soluble
Qzone, (.'1'3 S ) S 4800 | {Dﬁz;%;q} dec. 270° —119  v.slgt.sol.
Palladinm
chloride, PdCl,.2H,0 21365 — dec. r. ht. — . soluble
* The ordinary salt ; also six other hydrates. t Stable between temps. given.
1 Also anhy, and EII,U & Density, p. 26. dec. or decomp. = decomposes ;

| T ht, = rml heat ; wlg,t = l-h--hﬂ;.- ; subl, = Sul.llll‘l‘l.ﬂﬁ

V. = ¥ery ; o0 = Hu\uh]c in all proporlions,
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PHYSICAL CONSTANTS

INORGANIC COMPOUNDS (contd.)

For general heading, see p. 109.

Formula Densit laltlng Bﬂiling sy
¥, : ‘ Solubilit;
Substance and Formula. In"ﬂg{%ﬁ gms. /c.c. Pglgts Pg";'tr in Wa,tg[?:
I — - —_— ! e — A ——— S— —_— - —
ab.flemp. Lt S mimise at./mms. at. ftemp.
Perchloric acid, HC10,. . .| 10047 | 176/22° - 35 19°/11 soluble |
Phosphorus — ’
bromide, tri-, PBr 2708 | { 920" } —41%3 175 decomp. |
“§ B} A " . L] o ‘.1‘ {} ?U{‘ b | o | p' |
chloride, tri-, PCL, . . . .Jusz3 | {"R1%5, .} - 76 .
ot penta, PCl;. . .| 2083 A. 30/296° 148 162 "
fluoride, tri-, PF, . . . .| 880y A. 302 —-160 | —gs e
oxide, tri-, P.0, - . . . .] 2202 1'94/25° 22°5 173 | soluble
o lcln PD ki il | e 254/23° =100 .. 130 | "
w  pent-, P D\ S et | T 2'39 subl. r. ht. — v. soluble
Phosphine, PH, . . d 3406 A 1185 - r33 -85 slgtly sol. |
i liquid, P, I-L . .| 6611 | rooy-1o16b | <—10° 57/735 linsoluble |
Phosphonium L]ﬂ{}n{le, PH,Cl} 7053 - 267 sublimes  decomp.
Platinum— | -
chloride, tetra-, PtCl, . . .| 3370 —- decomp. | I | v. soluble|
Potassinm— ' | ,
h:-u&idc, K%:IrCDI e L ng'ﬂz 2-76/20° ;;;?{c-; subl. w. ht. .5’3‘33 pﬁ. ng.;
carbonate, Ky PRI Rk P (O B 2°29 o dec. 810" 90
clilorate, KCIO, . . . . .| 12256 234/17° 370 dec. 4o0® | 3/0® |
chloride, KCl. . M (e 1'99/18" " | &770 subl. w. ht. seep. 125.
chromate, bi-, K."Cljl:l.. . ] 2042 | 2694 400 decomp. 5/0°
cyanide, KLHI gl S AEREY 1"52/16° | red heat | red heat |122/103°
ferricyanide, K,Fe(CN),. .| 32921 | 182/17° decomp. — 33/4°
ferrocyanide, :

K Fe(CH}hJHJE} 42236 | 1'85/17° 3H,0/60-80 — 28/12°
hydroxide, KOH . . 56t | 204 red heat | subl. w. ht, see p. 125.
iodate, KIO, . . . . . .f21402 3'97/18° 560 L | szn’}n
iodide, KI. . . . . . .Jwor |{ 3‘3‘.‘3’},,310 } 614-723 - f{ségﬁfzs
nitrate, KNO, . .- of torur | 2 I/4° & 345 decomp. xeep 125.'
permangamule I{\’Inﬂ‘ . .| 15803 2*70/10° dec. 240° — brgf13
sulphate, K,50,. . . . .| 17427 266/ 20" 1070 sublimes | 9'2/10°

i afid, KEI.'-;E)' . of 130058 | 2724 % ; 261 1 200 | decomp 36/0”
sulphocyanate, KCNS . .| 9718 191 161 — | 217/20°
Radinm — .
bromide, RaBr, . . . . .| 38624 - 728 e | soluble
Rubidinm . '
cmhqﬁateiul}gfﬂﬂ3 o ey — 837 deec. 740° vﬁs?lu'fgle
chloride, T e | ] 252 710 | &4/l0
Bsu]}p::;te, RS8O, . . . .| 26697 361 - — | 43/10°
eleninm— [
chloride, Se,Cly . . . . .| 229°32 z-g91/17° — dec. ¢. 145 | decomp.
oxide, Se0, . - AT 3'05/15" sub. ¢ 260 e [y, soluble
Selenious acld H,Sn:l:l'J . .| 12922 | 3o1/15%7 = decomp. | — a
"_w!z-m{_ acid, H, e, . . .| 145722 I 2°05/15° 53 : 260 "
Silicon— ; - -
chloride, tetra-, 5iCl, . . .| 17014 {l:’i?{;'*ﬂ} | =89 57°8 decomp. |
fluoride, SiF,. . . 0 Q1o (|| A aey =goz | =wer il
* Monoclinie, ¥ Rhombic.

amorph., = amorphous ; cryst, = erystalline ; dec. or decomp. = decomposes ; r. hi. = red
heat ; sub. or subl. = sublimes; v. = very; w. ht. = white heat.

==
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PHYSICAL CONSTANTS

INORGANIC COMPOUNDS (contd.)
For general heading, see p. 1o9.

| !
Formula | pepgity Melting = Boiling | g, 1,pj)ity |
Substance a:l.ﬂ Formula. D“‘E_}Elhﬂ;- Em”.l'c_u_ rglg-.ts Pgiﬂh.t. in Water. ;
Silicon (conii)— Gs |2 | e ]
oxide (silica), zﬂg:p%igﬂ*' ﬁ«::*;?; 266 % 1500-1600° -— insoluble
E s D ¢
Silico ch{:jroﬂ}rm:_ SSEHCI, .| 13569 {':5 4'6} -1'3 34° decomp.
| Bilver
| bromide, AgBr . . . . .| 1878 | 647/25° | 427 dec. 700° | -0,8/20°
- o : 5'50 . |oa e it of
! f:hlf:-rtde. AgCl . . . . .| 14334 '}A. 5'?;"'?35':’} 460 U:hf—"ii
| jodide, Agl . . . . . .|z2348 EM=ane €. 540 - ‘0,3/21°
| nitrate, AgNO, . . . . .| 16989 435/19° 218 dec. r. ht. [see p, 125,
| sulphate, Ag,50, . . . .| 31183 54 H54-676 decomp. | 77/17° |
Sodinm —
borate (borax),
Na,B,0,. 10H,0| 38216 169/17° | red heat | - soluble |
bromide, NaBr . . .| 102°g2 31 | 733-765 —- e e f o
carbonate, Na,CO,. . . .| 1060 2'4-2°5 849 decomp. see p. 125.|
i bi-, NaHCO,. .| 8401 | 22 CO,/f270° — 8/10° |
chloride, NaCl . . . . .] 5848 2°17/20° go1* w. heat see p. 125.
hydroxide, NaOH . . . .| 4ol 213 1100 w. heat | 63'5/15°
| iodide, Nal . . . . . .| 14902 365,/18° 603605 — 178/20%
| mitrate, NaNO, . . . . .] 8501 227/20° £ 313 - 73/0°
| peroxide, Na,Oy., . . . .| 7800| 28 | decomp. - sol. ; dec.
! phosphate, di-, ;
' Na,HPO, . 12H, 0] 3582 1°52/16° 38 3H.O/c.160" 3°9/10° |
sulphate, inttiiy., Na,S0, . .| 142707 267/20° 884 —_— see p. 125.|
¥ 3 Tr!l
(2] [P ]
Na,50,. 10H, 0| 322'23 1°492/20° 880 ] ?}[50.""5‘30‘[ 5/9

T.32°383 | I50°6/32:7° |

sulphite, Na,50, . 7H,0 . .] 252718 | 1'56 7H,O/150° decomp. 25/ 18"
thiosulphate (hypo'), | [
. Na,5,05.5H,0| 248-23 | 173/17° 32-48 dec. 220° | 6o/1c°
' E}frun_tliugtﬁ :
romide, StBry . . . . .| 2473 4°2/24° 498-630 — g3/10°
carbonate, SrCO; . . . .| 1476 36 dec. 1160° | dec. r. ht. 'ml,-"zgc"
chloride, SrCl, (and + 6H,0) 1585 1'03 796-854 {gg*gffgﬂ: 522-':;‘;'25:
nitrate, Sr(NO;); . . . .| 2116 3f17° dec. 645 i 55,#1;:‘*
oxide, Sr0 . £ il tops v 36 3000 — 35/a0°
” per-, 5r0; . . . .| 1196 546 decomp. —- decomp.
sulphate, 5r30,. . . . .] 1837 374 dec. w. ht. — o11/18°
Sulphur-— 4730 V. 7
dioxide, SO, . | 6s07 {l‘iuif;}; - 76° - 1071 H |§3"; I::ff
trioxide, 50, . . . . . .| 800y {'ET{ 3;?; 148 46 der;;ﬁ{p. !
Sulphuretted hydrogen. See |Hydrogen :;ulphide.
Sulphuric acid, H,50, . .| 9809 1'834/18° 10°5 dec. 40° o |
chloride, TeCl, . . . . .| 19842 — b ir7E 327 decomp. |
oxide, di-, TeO;. . . . .| 159 | 5'g/a° ! dull r. ht. <700  insoluble I
I e PR R ] so7/15° | decomp. = "
| .

* Practically same for ordinary table salt as for pure salt (Harker), |
anhy. = anhydrous ; dec. or decomp. = decomposes ; hydr. = hydrated ; r. ht. = red heat ;
w. ht. = white heat ; o0 = soluble in all proportions.

R ——

% gk, )
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PHYSICAL CONSTANTS

INORGANIC COMPOUNDS (contd.)
For general heading, see p. 100.

| ormula | Meltin Boilin 1
Substance and Formula. weight | mtg' ‘ J?uintE li"q:-:.nﬂ‘-l_r .?:1’#:;:{
(0 = 13). T
|
| ET R | 5
I Thnlli‘l:l.ln ~ at. mm]J | it j||_|1|“ at, /mms, :Il...'ll.tlllp.
| carbonate, TLCO, . . . .| 468 7'l ' 272° decomp. 4/15°
chloride, tri-, TICl, . . .| 31038 | = 25 o v. soluble
oxide {th::llmm. Il J0. . Nizq0 i 5 300 v. soluble
sulphate, TI,SO, . . . .| so407| 677 I 632 decomp. | 4°7/15°
| Thorinum— | i i
nitrate, Th({N UJL .12H,0 .| 6962 = - - | v. soluble|
oxide, Ih'l.".l Sl .| 2640 987/15° infusible | — Iinsnluhlcl
Tin— : | [
chloride (stannous), SnCl, .| 189792 | - 249° 620° | 270/15°
| 37 lag®
» \stannic), SnCl,. .| 26084 | {zi?gfg | =33 114t | soluble
oxide (stannous), SnO . .J 1350 | 63 dec. r. ht. = insoluble |
» (Stannic), SnQ,. . .J 1510 trb-6g 1130 J - - ¥ 5
Titaninm .
chloride, tetra-, TiCl 18g° { 76/0° } -z 136 decomp
: : g 10 904 A. 6836f | 25 3 i
oxide, di-, TiO, . . . . .} 8o1 37-4"2 | < 1500 — insoluble |
Tungsten— | l
chloride, hexa-, WCl, . . .| 30676 | A. 13°3/350° | 275 347 H
oxide, tri-, WO,. . . . .| 2320 "2 | red heat | — , »
Uraninm 5
oxide, di-, U0y . . . . .{ 2705 10°9 | oxidises — | .
» (green), U0, . . .J 8435 | 73 decomp. — —
| » (yellow), UO, . . .| 286 51 decomp. - —
" 'I:]}Iill:k‘_l, UiD:. SR 55?-1:' 3'4—4_}'2 s | — —
Uranyl chloride, UO,Cl, . .| 33142 - fusible | decomp. | 320/18°
¢ nltEr“e’(*uD ). 6H,0 | 5026 8 o] 8°
Oy NOy)y . 6HO | 502:62 281 so™g | 11 | 200
 Vanadinm— : ‘
chloride, tetra-, VCI, . . .| 19279 {I_E%ﬁ)} -13 | 154 soluble
oxide, pent-, V.0, . . . .| 1821 3'5/20° 658 ! - o8/20°
Zinc— |
carbonate, ZnCO, . . . .| 1237 | 44 dec, 300° — 0001 /15°
chloride, ZnCl; . . . . .| 13620 2'g1/25° 262°7 | 730 330/10°
sulphate, Z0S0,.7H,0 . .| 28755 [{*%, |} |6H,0/100° {7H) A1 42707
ok emmees A R 7’55 3'4 anhy. i red heat.) | 808 /100°
sulphide,ZnS. . . . . .] 0744 4'0 |  1050° | — linsoluble
Zirconinm— - |
oxide, ZrO, 1226 5°E-57 infusible i = »

anhy. = anhydrous; dec. or decomp. = decomposes ; r. ht. = red heat ; v. = very.

FREEZING MIXTURES

Parts by weight, Temp. Parts by weight. Temp.

Lof NH,NOy 1 of water . . = 15°C. | 2 of snow or crushed ice, 1 of| - 187
8 of Nay50,, 5 of water . . — 17 MaCl .. . .

3 of snow, 4 of erbr LAU : - 48

—_— —
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ORGANIC COMPOUNDS

Formula (Molecular) Weight, Density, Melting and Boiling Points.
For general heading, see p. 109.

_?cm.ln e f.f: f, ]':1I'I, 1000,

Formuls g -
. Density, Melting | Boilin
R A {wﬂ]_ guinfoc. | “ToRE O | Faint £,
at. /emip. at./mms. at. /mms.
Acetaldehyde, CH,. CHO 44'03 ~788/16° C - 120° 2078
Acetic aci Lll .COOH 6003 1'05,/20" 167 1183, Y.
Aceto-acetic cthcr, CH,CO ., CH {_U
T s | S & : 1301 1'028/20° < —Bo 151
.A.r:emne CH Ll‘}li Il 5808 ';g;flf —y5 865 |
Acetylene, C,H, : 2602 "l'g:' _'g?r } —81°5/8g5%| —85 |
Acrylic acid, CH, : CHCO,H . . 72'03 1'062,/16% 10 140
Alizarine, C,H (CO),C,H{OH), . 240°1 — 200 430
Allyl alcohel, CH, : CH . CH,OH 5805 858/15° liquid gh7
» chloride, CH, : CHCH,Cl . .] 7646 937/19° liquid 46
w thiocyanate, CH, : CHCH,CNS | 9908 1'017/10° liquid 151
Amyl acetate, CoH,, . CH,CO,. . .| 1301 879/20° liquid 148
3 nlculml(n CH,(CH,),CH,OH | 8810 | 812/20° liquid | 137
,., e Aok },CH C; I{ CIICII -
OoH . 8810 *B25/0° liquid 120
o »  (sec.),C, ]lTLH DH}LH,. 810 825/0° ligquid 118°5,/753
w  w (tert),  (CH)C(OH)-
% - PR S SR R T L Birg/15° —12° 102'5%
| Aniline, C,H, . NH, .. 0307 l'uzs,jlg,."" -8 1839
Anisol, CHOCH, . . . . . o8 1 | '0g,25 - 378 155
Anthracene, C.H, : CCH,C,H, . 178°1 1'15 216 351
Antimony trimethyl, Sb{CH.); . . .| 1653 1'52,-’{;“ liguid 86
Asparagine(l.)C,H,NH,CO, H LD\.H, 132°1 1'55/4 decomp. | decomp.
Benzaldehyde, C, H LHD i 1ob1 1'05/15" -13™5 | 179%
Benzene, C,H, . . 7805 879/2c° 54 8oz Y.
Benzoic acid, C,H, . LUOH 1220 1'20/21° 121°4 24072
HE“MphEnune,. (Cy H 1:C0O 18271 1'008/50° 48 306
Benzoyl chlonde, C.H,COCI 140°5 1'212/20° | 198/749
{ Benzyl alcohol, C;H,CH,OH 1081 1'043/20° liquid 20075
Beryllium ethyl, Be(C.H,). . o718 — 187
Bismuth triethyl, Bi(C.H;), - 2051 2-3/1 E"" .- 107
Borneol (i), C,,H;;OH . 154°1 1°01 210 sublimes
Bromo benzene, C,H;Br . . 1570 1°49,/20" =311 156, ¥.
Butyl alcohol (n. },L H,L’C H;LLH UH 7408 81/20° liguid 1175
o o (sec.),CH,CHOH. o, Hel 7408 81g/22° —— g8
» carbinol(tert.),(CH,),C.CH, OH| 8810 812f20° | §2 113
» Cchloride, CH (CH,),Cl 92'53 887/20° liquid 78
» ether, {LJ]uL sa 130°1 77/20° = 141
Butyric acid (n.), CH4(CH,), COOH .| 8806 gb/19° -8 1623
= {ls{}} (CH,L,2CHCOOH .| 8806 ‘g50,20" —-79 155
Eacud}f]ic acid, (CH,), AS{J OH . 1380 — 200 _—
Caffeine, C,H tL,N Bl 4l g 212'3 1-23/19° 234 sublimes
Camphor, C.,.H,ﬂ{} s 152 gg2/10” 17604 205°3
Camphoric acid (d.), C H,,{LUGHL 20071 119 178 deccmp.
Caproic acid, CH,(C H;,t‘LDDH . o DEG 929,20 8 205
Carbolic acid. Se¢ Phenaol,
Carbon bisulphide, C5, . 76014 1-292/0° — 110 462
» Oxysulphide, COS . . 6o'o7 2'104 - gas |
s tetrachloride, CCl, . . 1538 1'58z2/21° —30 767, Y. i
* Mackintosh, 1907 ; decomp. = decomposes; ., = levo-rotatory (see p. 78). Y., Ynung.!
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PHYSICAL CONSTANTS

ORGANIC COMPOUNDS (coned.)
For general heading, see p. 100.

—

| [ |
Formula | A ' 3 -
; Density, Meltin i
Substance and Formula. |: Elwf%hal?_ gmu.,.-’ui , Point, © % | Pﬁ: ?:'EI] I
; e B |
at. emp. al. s, | at. mms.
Cellulose, (C,H,,0;), 1621 1'525 —- | -
Chlor acetic au:ld CLIH "COOH . 94°48 1'39/75° 63° 1867
» benzene, L_,II LA 112 | 1118/10° - 40 122. Y.
Chloral hydrate, CCl,. IE.']IU.".I'II]\‘i ; 16504 | 19 =57 975
Chloroform, CHCl, . . . 19 | 1526/ | —70 612
Chrysene, Tl - « & 2281 | — 250 sublimes
Cineol, C,,H,;;0 . . T N g2 - I 176
f_lnnalmc acid, C,H, Ll[ L'HL'DUH. 1481 1247 133 300
3 aldelnde C,H,CH : CH-
CHD.... . - 132710 1'o5/24° [ 75
Citric acid, (CO,HCH, LCI"DH}CO H
' 4+ H.O ., . 192't | 154 153 decomp.
f.c:llh:lme nLH {. HJ*I C H B 1 g53/22° — 180
| Coniine (d), It .,]],,,\ (ql].I 127°2 B40/25° —2'3 170
Cresol (0.}, CH,C,HOH. . . . 1081 | 1'005 30 | 191
Cyanicacid, HCNO . . . . . 4302 1'14/0° liquid | dec. o
ia. *866/17%|
Cyanogen, C;N; . - . . T £2'02 {Ir;q lzgg’ 7 } =35 . -20"7 |
Cymene (p.), CH, . C;H, [, H- . 134712 ‘Bg2/25° liguid | 175 |
Dextrin, C,.Hy, D v sl 32472 I'o4 = | — :
Ilncmyl LH:,L{} LDCH . 8603 673 — T
Dichlor acetic acid, CHCL“ COOH . 1289 1'522/15° =4 190 |
Diethyl amine, (C, H. selNH . 7313 Fob/20" - eEa s |
. nmhne (CoHNC, H 14972 ‘g4 f18° liguid 2135
s  ketone, C.H . COC, [-1,, : 86ro8 83/0” | o 103
Dimethyl amine, {'_f_._H“} HN . 4507 686,/ — 6° liguid 8tog
- tartrate, (CH,),C,H,0, 1781 1"341/15° 48 280 |
Dinitrobenzene (m i e Hi{N U,‘!z 1681 1'37 gl 297 |
Diphenyl, C,H, . C,H, g s 116 [\ iras el 1
D]phen}'lamme {L H, szi‘u werw o« EORE - |1 KIRG 54 3io
Epichlorhydrine, EMEI . s s g2'49 | 1'203/0° - 116
Erythrite, (CH,OH . CHOH ), 122°c. | 14gf17° 1z 330 |
Ethane, CH, . CH, 3005 | {lltq. A =174 | =854/ 74¢ I
i { VA. 1036 | 1749
Ether, CH.OC,H, . , ; 7408 718/17° - 117 346, Y.
| Ethyl acetate, CH,CO, . C, H . .| 88ob | ‘go3/18%5 | =838 77T = |
. aceto-acetate, CH,COCH,CO, ; |
P ] | < wis o G 33000 0|l 1o2Bf20® | < —do 181 |
2 'ﬂwlml C,H, ()1[ e v R A0EnE | 037/15% | T2y | 783, ¥
, amine, -L I—I H N TR 4507 | 6gg,/8° I — 485 187
. benzoate, C, I! CO, HCYHE 150°1 1'05/16° =116 arpe
.» bromide, C, H, . e 10896 1°45/15° [£755 16 | 38y |
of 'hl.ll:}]‘!.te, CaH;. COOC,H, 11671 Bg8/18° | = | 120, |
a1 o™ |
s chloride, CH,CL . . . . .§ 6450 {E";?I ”} liquid 12'¢
» cyanide, C,H; .CN . . ., 55705 "794/7° =103 97
yw - formate, HCOOC,H,. . ., 7405 938/0° ' — 7 T |
v 1odide, L Bl 1560 1'o944/14” | liquid 723 .
i 1wbul}mlel;LH = P LHUIDL H, L | *Bgo,/o” . — Lrer |
» mercaptan, C, H_.,":.II T e i *839/20" —22 362 |
»w  Ditrate, C-Ji;,NU, 9108 | 1'116/is” —112 87 j
| |
|
dec. or decomp. = decomposes, Y., Young, Fourn. de FPhys., Jan., 1900, '




PHYSICAL

CONSTANTS

120

For general heading, see p. 109.

ORGANIC COMPOUNDS (comid.)

Formula |

Bourn. de Phys., Jan.,, 1909.

mE® | Density, Melting | Boili
Bubstanos and Formuls, {;":E:];}I gms.,fr:.:;. Point, °C. | Pnin::J‘lcg C.
‘ ot temp. | at./mms, at Jmms.
Ethyl propionate, C,H,CO,C,H, . .| 1021 B96/16° | - = 900
s salicylate, C,H,(HO)CO,. i ]I. 166 | roBgfae® | — ‘ 231°5
» sulphide, ,L_!I.,} St o AR S0A 08 SRRt 837/20° | liqud 26
o tartrate (d.}, C,H, 0 (C.H;) 20b°1 | 1-2006/20° ‘ — | 280
» valenate, C,H,CO,C.H;. 1301 | 876,20 — | 144'5
| 3 -
Ethylene, CH;: CH, . . . . . 2803 | {::I _2;34} | - 169 - 102
N bromide, di-, CH,Br.CH,Br] 1879 | 2u9/11 05 | 1316
2 chloride, di-, LH JCL.CH.Cl | 9893 1'28/0° =qani] B3
oxide, {{LH - 4403 8g7 /o® [ liguid 13°5/746

11.]|:.Iuienechiﬂrnle 'LH LHL] oBg3 | r186/12° | liguid | 50'Q
Eucalyptol, C,,H,,0 . . -] 15471 ‘917 /20° =1 176
Eugenol, C.H, .(OH). {‘.-LII Cﬁll_., 104°1 1'o779/0® | liquid 247°5

| Pluor benzene, C,H,F - . | oboi 1'024/20° ‘ 40 852, Y.

| Formic acid, H . COOH. Jhro2 1-2z2f20" a6 | 1008

] | Brgf=20"] |

Formaldehyde, H . COH 30°02 {_—‘1_ JI"fﬁ } ! -— | —21
Fructose (d.), CH DH[L H:JHLm | |

| CH.0m. S : .| 1801 1'55/0° ' g5 | —

! T'umm‘l:: acid, I{LDUH 'LH 1160 1025 286 | —-

| Furfural, C, H O COH . gb'o3 1'159/20" liquid | 161
Galactose .5.1} LHD[L HOH], CH,OH| 15071 -— i ¥ riflg weid
Glucose (d.), CHO{(HCOH),CH,OH . | 1981 154-157 | 146 —
Glutaric acid, COOH(CH,),COOH .| 1321 — ' 91 299
Glycerine, OHCH,.CHOH.CH,OH gz 0b 1-26/20° ' 17 R
Glycocoll, CH,NH,COOH . . 7503 1°161 234 | -—
Glycol, CH,OH . CH,OH . . 6H2°05 1'125/25° s L 1
f:l}fcollic acid, CH,OH . COOH 76003 | — 78 | decomp.
Glyoxal, LH(J Cl—]l'} A 8oz —— L | dec. 1
lem:.ll!r: acid, CHO. CCIDH-E-lli(} 9203 syrup ! — | with steam
Grape sugar. See Glucose. |
Heptane (n.), CHy(CH,),CH, . . 100" C88/15° - | 984, Y.
Hexane (n.), CH4(CH,)),CH, . . 8612 G658/21° liquid LK

w  di-isopropyl, {LHS} LH]E 86712 G668/ 17° liguid g8 1, Y.
Hydrocyanic IL-C'H:I HCN . .| 2705 | ‘Gogzfid® —-14 26°1

[ |
Indigo, C II,{,{”}C C‘wa:‘*': - ! '

o e i 100 2622 | 135 | subl. 156°
Indol, CL;IIlNH'L:H : GE k. 1771 —_ £2 | 245
lodoform, CHI, . L S B 3938 | 2-25/25° 119 lsubl. & dec.
Isatine, C,;E-l,{%? =COH . .. » t4rn | i 201 sublimes
[soamyl acetate, CH,. COOC,H,, .| 1301 | “-876/15° —_ 140

= alcohol, (CH, ), CH({CH,),OH | 8810 81/20° =134 1209'7
[sobutane, (CH,),CHCH, . 5808 - == 11673
Isobutyl alcnhu‘r {LII,‘JELI[ II;_Il OH 7408 “Boo/187 liquid 108°4

i ammc,x{_ il,,,.LHCH_tNH_. o 736/15° — 68
[sobutyric acid, (CH,),CH .COOH .| 8506 ‘940,20° <mgt AlBongss
|sopentane, {LH.}.LHLH " i 2 I ‘628/14° = I 279
Isopropyl acetate, LHjL{}UL]I[LHJ loz1 QL7 e ! go-G3

i alcohol, (CH,).HC({OH) Goroh 780,/20° liquid 828
., dextro-rotatory (see p. 78) ; dec. or decomp = decomposes ; subl. = sublimes ; Y., Young,
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PHYSICAL GGNSTANTS

ORGANIC COMPOUNDS [.r.puh:f.:l
For general heading, see p. 109.

Formula i Meltin ilin
il - e S o e
1 :I CHNH n}.,-'tt;lnpéﬂ Jljll.."ﬂ1l_tl‘i. 3;' ;:};;1
Isopropyl amine gl g« 1 59711 “Hgo/1 1
IJ'“ i ﬂ}"‘i.'llli!il.l.:, (C :l‘il.iLCHLN . | BgroF —_ liquid 107-108 '
| Isoquinoline, C,H,C,H N 1201 1'098/20° 246 | f;}ﬂ'
Isovaleric acid, {CHT}#L HCH LUDH 102'1 ‘931/20° -5 170°3
Lactic acid (i.), CH,CHOH ,COOH | goos 1'248/15° — 83/1 mm.
Lactose. .See Milk sugar.
Maleic acid, (COOH.CH ), . . 1160 1'59 100 decomp.
Malic acid l{_l ), COOH.CHOH. (.]l

JEOOH . . 1340 l'ﬁa,f:n“ 130-1 =
Malonic acid, COOH . CH,.COOH. | 1050 132 decomp.
Maltose, LI-A”H{}” A Lo 35‘03 I’ 34,' I,.l' o T,
:'lrlr:rcun.r nwthyl, (CH,). Hg § . | 2300 307 liquid 96
Mesitylene, 1 ; 3 : 5, C,H 3[LH1]., I (1 860/ 10° o 164°5
Methane, CH, . . S 16003 | lig. "416/-164" — 181 - hEr-lr

. Metlnlalcuhni CH m] ; . .| 3703 796/15% —949 647, Y.

4,y  acetate, (.HSC(JD LH, v ool 7405 04114 Syt i 571

- amineCERECN LU0 T 10k {Egﬁiﬂn } gas —67/756

» borate, (CH),BO, . . . .| 1o47 ‘g4/0° — 65

. _ g20/18% ) 1 P

o chlonide CHLCL o o o o | el {A 173 f 241

, ether, (CH.3,0. . .| 4603 A 162 gas —236

,»  ethyl ether, LH .0.CH,. .| 6o0b *725/0° — 103

» formate, HCOO . CHy - F L Goviiz 986/11° — 3G, X

» iodide, CH g i 1420 2:285/15° liquid 423

- |51:.'E:mt:,rsatt1:::ﬂ:Il“}“{‘:I-l«uflllll:lm-l:Il 1021 ‘g12/o” s 92'3

, mercaptan, CH,. SH . 4809 - — | 58752

,» nitrate, CH,. Nﬂa R eta| Sl 1-217/15° liquid |65 Explﬁdtﬁi

o nitees EHy NOg. .« « . 6103 "9'.]'5!"’5& e =12z |

»  phosphine, LH H a4 4804 - gas ol 1

»  Ppropionate, (.qH LD{} CH 8806 'g37/0” — 797

»  salicylate, CGH,{UH}C{}(}LH 152°1 'i8z/15° | =30 224

sulphide, (CH;),5. . . b2°12 845/21° | liquid c. 38
‘-Ielhyicne bromide, CH,Br, . . .| 1739 2:493 -- 985
Milk sugar, C,;H,0,, + H,O . . .| 3602 1°525/20° 203 dec. decomp.
Morphine, C,; H.,,‘\U TH S AT T 1"32 I — decomp.
Haphthﬂlene el 2 G HNa e ol 1388 1'152f15° | 8o 21871
Naphthol (a), C,HH Dll ; RS B T L 1 224 (47 05 | €. 279
Naphthyl amine ka}, CWH El Mot o 1431 50 i
Nicotine (].), C,,H L ol rhaea 101 *'--;- dec. 250° | 2467/745
Nitro benzene, C, H ‘JD e e S IS"J'hi 36 20074/ 745

» ethane, 'L,.‘,H,-,I"\T{}l2 Et e TR |'r::-5:’3 194—196 | 1143

= rneth‘me, EFLWOL .. . L] By rrga/15° liquid 101°7
Octane (n.), CH,i LH L {, H ; 11471 “219/0° liquid 1258, Y.
Oleic acid, CH,(CH,),CH : CH(CH,):-

.COOH . . .| 2823 “8g1/12° 14 286/100
Palmitic acn:l LH LHJ}“CU{JH . | 2363 "846/7'6° 626 | 278/100
Paraldehyde, {'L[[:I Hl’.ﬂ'}s R ET ‘904 /20° 10°5 124
Iesta methylene, (CH,) G B 70°0% 261 /20° - 506

dnmmu ;cadaw_nm_ .
HERGHGNIREL, . i |lioa ‘917/0° | — 178
|
' dec. or decomp. = decomposes ; 1., levo-rotatory (see p. 78); Y., Young, Fowrn. de Phys,
Jan., 1909,

=
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DFIGANID GDMPUUNDE {mmi )
For general heading, see p. 109.
Formula ;
Density, Melting Boiling
Bubstance and Formula. {;azlgl‘h% ! s, ju.i Point, °C. | Point, " C.
3 at. /temp. Ak mms. m..-'mm:-.r I
Pentane (n.), CH4(C I—[ij.&(,‘ H, . 72'10 “6i34,/15° liquid 36%2, Y.
Phenetol, C,;H,0C,H, it 122°08 gh3/25° - 34 I71
Phenol, L H UH i 04°05 1'06/33" 43=7 181°5
l’hcn:rl acetic acid, C,H,CH. LDDH 130°1 123 765 265

»w Cyanide, L..H !y (IS 103°1 1'008/17° —17 190

o hjdrmne C,H,HN. ‘H'H . | 1081 1'1/23° 23 233
Phloroglucin, 1 :3: 5,{_ H {{}H}JH O 16201 i 218 anhy. | sublimes
Phthalic acid, o. C,H I’(, O0H), . 16671 1'59 1 18o-z200 - '

»  anhydride, £ H‘c:ff_(hl}ﬂ 1480 1°53/4° 128 284
Ficoline (a), CH;. C, H+N e 9307 "933/22 liquid 129
Picric ;u:u;] | b B 4 6, CiH. {]H[NCI:I 2201 1813 122’5 | explodes
Propane, LH L‘H_P LH i 44707 o T —195 | —(38-39)
Propionic nr:n:l CH, LH .COOH . 7405 ‘995 /20 —-22 140
Propyl acetate (n.), LHQLUU CsH;. | 10270 8g1/18°% liquid 1016

»  alcohol (n.), CH,CH,CH,.OH| 6006 804/20° B 972

»»  €hloride (n.), CH,CH,CH,Cl. | 7851 Bg1/18° - 4605

» formate, H.COO. C,H, .| 88cb 'gog 177 = 809, Y.

. iodide, LH_,.LH 'E.HJ 170°0 1'745/20° — | 102
Propylene, CH, Ll—l CH: 4205 1'498 gas =502
Pseudo- cumene Ehat L H 3{'[.,ll;,,] 120°1 ‘879/20° - 10g°8
Pyridine, C,H, ’*~. x 7908 g85/15°% liquid 117
P}'mgallol (—ic m:ld or “p}rm }

Liz: 3, CoHy(OH),- .| 1261 1'46/40° 133 203
FPyrrol, {CH;,}"JH B 5 : G708 gb7,/21° liquid 131
Quinoline, C,H, < L,ii ,:('HH :‘-‘-' . 129°1 1'004,/207 195 e
QOuinide, CoHa M0y -~ . . .o . o« () 32088 — 1749 e

” sulphate, EL%HHN 8Us)y -
H,50, + vH . | 8727 — 205, dry —
Racemic acid, J.D‘{J]l LHI{DH‘-"
4+ H.O . ; . | b 160,/ 205 S—
Raochelie salt (d ), hNH.'Lﬂ-] D : — — =
| Rosaniline (p.), (C,H, NHI},LD H. jos'2 — = —_—
| Baccharin, C.H, < COS0, > NH 1831 — 220 dec. —
Salicylic "I.Cld OH. C,H,.COOH. 1380 1°48/4 158 | sublimes
Sodium ethyl, NaC, H i : 52°04 — —_ ' -
Stearic acid, LH {LHJ}ML {}{}H . 2843 *843/80° 693 291,100
Stearine, (C,,H,,0.,),C.H, ; 8gog ‘924/65° P e -
Suecinic acid, COOH| LEI;}JQ O0H . | 1180 1°55 185 235
Sugar, cane-, L..H,,gﬂ.. : 3422 1’58820 — 1ho
Sulphanilic and{p LN H H{L_II
. 2H,0. : 200" 2 - chars —
Hulphnnul, {CHJ,L{::U C.H, }, 2282 — 125 300 dec.
Tartaric acid (i. or meso), COOH- -
| [CHOHLCOOH.H,O. . . 1681 167 142 anhy. -
' .- s (), IZ,!'IHJH{LH!JHJ-2 —
CO0 1500 1-76/7° P. 170
” n (k) U‘*GH{LHUHL
COOH . 150°0 176 170 o=
Terephthalic acid fp"' C H,{LD{}I]L 1660 — — sublimes
Terpenol, C,,H,,0 . 1541 - 7O —- .
E
anhy. = anhydrous ; J. = dextro-rotatory (sce p. 78); P., Perkin; dec. = decomposes ;
L, levo-rotatory (see p. 78); Y., Young.
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PHYSICAL CONSTANTS

ORGANIC COMPOUNDS (confd.)

For general heading, see p. 100.

|
Formula . i
4 Density, Meltin Boili
Bubstance and Fermula. Bpac bl Point, °0, | Poiat, ° 0.
atfeeinp. At/ mms. at. s,
Tcrpmeal CyHy,HO . . 154°1 ‘936/20° 3E° 218
Tetrnbrumethylene CBr;.C Hr. 3435 i 53 =
Theobromine, C,H N,0,. 18002 -— 330 decomp.
Thiocyanic acid HLN‘; 50°09 — —125 | 200 dec.
Thiourea, NH,. €5 i pre 76712 1°42 180 !
| Thymol, 3 23 1,(CH,) ¢ CH If.I—I- ;
(CH,)OH 150°1 994 /0" 50 | 232
Tin tﬂmmeth].f!, hn{f._H J 179°1 1'304 - | 78
Toluene, C.H,. S g2-0b "B66,/20° =gy I T
| Toluidine (o.), CH C I-[ NHZ. 1071 ‘g /20° liquid | 197
- {p.), CH, C 'H I*«JH== Lo 107°1 1046/ — 45 198
|. Trichloracetic acid, CL‘I,;. COOH 1634 1°63/61° 523 | 105
| Triethyl amine, (C,H,),N 101°2 "735/15° liquid 89
»  arsine, (C;H,)As . 162°1 1°15/17° liquid {'ﬁ;:’ﬁ
=2 phosphine, (C,H,),P 1181 B12/15° liquid 127744
Trimethyl amine, (CH, LN . 59°08 673/0° . — 3’5
b arsine, (CH;),As. 120°0 — — <100
i bismuth, (CH,),Bi . . 2531 2-30/18° — 110
5 carbinol, (CH,»C.OH 7408 286/20° 25 829
o phosphine, {L 1-13}“ - 7607 >1 liguid 41
Trmutm benzene (s.), 1 R L.:.H
(MO N 21371 — 121°2 decomp.
Turpmltme {|::HL:r:u':mz:}r Cm A 136°1 -865,/15° -— 159
Urea, NH,.CO.NH, . . 6oL 1°32 132 decomp.
Valeric acid (n.), C Hy(CH,);. COOH| 10271 "943/20° —583 18674
Xylene (o.), C,H {ILTH_,}E 106°1 *756/14° =28 142
SR R A 106°1 -878/0° —54 1398
w Pk A 106°1 -862/20° | 15 138
&inc ethyl, Zn(C.H,), . 1235 1"182/18° | —28 115
» methyl, Zn(CH,), 9542 1-386/10° | =40 46

dec. or decomp. = decomposes.

ELECTROCHEMICAL EQUIVALENTS

Faraday’s laws of electrolysis are expressed by m = /z=f, where m is the mass in
grammes of an ion liberated in £ secs. by a current of 7 amperes ; = is the electro-
chemical equivalent of the ion, 7. the mass liberated by 1 ampere in 1 second.

The exactness of Fa,rnd,ays laws is obscured in many cases by secondary
chemical reactions, and the values of the different electrochemical equivalents are
practically always derived by calculation from that of silver, which has been
accurately determined (see p. 8). Electrochemical equivalents are proportional
to chemical equivalents.

atomic weight of element

Chemical equivalent = — - -
s valency of element for electrolyte used

Element. Chemical equivalent. Z.
Silver . . . 107°88/1 . o'ool 1183 gm. sec.”! amp.™!
COppet. . . . . 63°57/2 0003204 " u
Hydrogen . 1'008/1 o' 11968 i »n (sce p. 106)
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SOLUBILITIES

SOLUBILITIES OF GASES IN WATER

AR IN WATER

1000 c.cs. of water saturated with air at a pressure of 760 mms. contain the
following volumes of dissolved oxygen, etc., in c.cs. at 0® and 760 mms.

f]:-:yﬂen ;
Nitrogen, argon,
Sum of above.

% of oxygen in dissolved air .\b!.r vol.)

Temperature of Water,
0°C.| 5° | 10° | 16° | 20° | 25° | 80°
C.C%, i i
. . wig| 89| 79| 70| 64| 58| 53
etc. . . .90 | 168 | 150 | 135 | 12°3 | 11'3 | 1074
. 2002 | 25.7 | 22'8 | 20°5 | 187 |z |oagey
349% 347 | 345 | 342 | 340|338 336

GASES IN WATER

S indicates the number of c.cs. of gas measured at 0° and 760 mms. which dis-

solve in 1 c.c. of water at the temperature stated, and when the pressure of the gas
| plus that of the water-vapour is 760 mms.

A indicates the same, except that the gasitself is at the uniform pressure of ;6o

mms. when in equilibrium with the water.

(For other values, see p. 1009.)

Ne, ‘0147/20°

; Kr, "ob70 — "0788/20" ; Xe, "1109/20° — Antropoff, 1g10.

MUTUAL SOLUBILITIES OF LIQUIDS

Gas. |1t !| 10° 15° 20° i 30° | 40° | 50° | 60°
ces | | |

| Ammonia, A. 1300 | gio Ho2 Tio [505/28% — —_ e
[Argon, A . . . ] o588 | ‘o045 | ‘o40 | 037 | ‘030 | ‘027 | — _—

[ Carbon dioxide, §.9 4 10713 | 1194 | 1019 | E7RB | 66 ‘53 |44 | *36

| Carbon munm«.]-:lc A. .| 035 | 028 ‘o025 ‘023 | o020 | 018 | "016 | "o1%

'Chlnrine:_ =1 ’ . — | 300 263 220 177 4l [I'2o 1@

|Helium, A . . . . .| 'o150 ‘o144 ‘o139 ‘o138 -oI38 0139 mqﬂ -

' H}dmgﬂn, 7 A .| o215 ‘o198 “-olgo ‘qu! — | [
H}dmchlorlc acid, 5. o0 | 474 | 458 | 442 | 411 386 36- 339 |
Nitrogen, A & 4 0230 ‘ologh cColzg 'orbg] orill ‘olld) ‘oleb| "oloo
Mitrous oxide, A . . 1'o5/s° 88 4 63 | — — e

| Nitric oxide, A . ‘074 | '057 | Ooff | "o47 | "o40 | 035 | ‘031 | ‘oz2g |

D\:}rgen R e ‘049 ‘038 | ‘034 | ‘o371 | ‘026 | ‘023 021 | "OI9
| Sulphuretted h}fdrugtl'i A 468 |35z | 305 | 267 | — - - | — |

| Sulphur dioxide, 5 . .[g'8 566 473  |39°4 |27z 158 — —

The data for the uppermost layer of the two solutions in equilibrium are given

in the first line in each case., The

ressure in some cases exceeds one atmosphere.

Numbers are grams per 1oo grams OFE'Dll.ltiDn. (From data in Seidell’s Su:-]u'r;-ilities."}

{
{
i
{
{

Liquids. Jocc.| 10 | 20 [s0" 40 50 ﬁu 70° Bﬂ :u:ut_l
Water in cther ethereal ]a}'cr : I'o| 11 | 12|l 3| 16| 7| [8 20272 —
Ether in water ; aqueous layer Jiz |87 | 65 51 450471 3}‘ 32 33 -—
Aniline(C,Hz;NH,)in water ; aqueous layer] — | — | 32/—| 3'5— 138 — 4] &
Aniline in water; aniline layer = | = th‘Si— 95 [—95|— 193] 92
Phenol (C;H;OH) in water ; aqueous layer| — |75 | 83 3 8| 9612 17 3374 ﬂltc:,.”t'
Phenol in water ; phenol layer . A= 75 I:-'E (7o f*? 63 55 334 63*-13)'
| Triethylamine in water ; amine layer . .[31'g] at |72 1}? 95 96 *’:'5
Triethylamine[ N(C,H,),]in aqueous layer |51 tj}IE°6 1425 El 36/2°gizz
CS,; in methyl alcohol ; alcoholic layer — |4 !5I (58 805 at crlh temp.
CS; in CHyOH ; carbon bisulphide layer | — g |g? ; iﬂa-i} 405
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SOLUBILITIES

SDLU‘EILITIES OF SOLIDS IN WATER

__.._..
|

s = number of grams of anhydrous substance which when dissolved in 100 grams |
| of water make a saturated solution at the temperature stated. =
# = no. of grams of anhydrous substance per 100 grams of saturated solution.
The formula given is that of the solid phase which is in equilibrium with the
| solution. (See Seidell's “ Solubilities,” New York, 1907, where the most complete
and accurate data will be found for solubilities.) For other solutions, see p. 109.

Bubstance. | ocQ. | 10° | 150 20° 40° | 60° 80® | 100°
- i3 i |
.F

e —— —— i —— —

Am,chloride, NH,Cl] 5 | 204 | 333 | 352 | 372 | 458 |[552 |656 | 773
Barium chloride, .

BaCl,,2H,O0 . . ] s | 316 | 333 | 344 |357 |407 |464 | 5274 | 588

| Barium hydrate, |
| Ba(OH),.3HL O .| +| 167 | 2748 | 323 | 389 | %22 | 200 [rO1°4 —
| Bromine (ftguedd), Br.] & | 422 34 325 | 320 - — - -
Cadmium sulphate,

Potassium iodide, K1
| Potassium hydrate,

by

136 140 144 |160 176 192 208

CdS0,.8/3H,0 .| s | 765 700 | 763 706 | 785 | 837 | 697" | Go77®|
Ca.hydrate, Ca(OH)J s | -185 176, 170, 165/ 141 ‘116 ‘094 ‘OF7
Copper sulphate, ! |

Cu50,.5H,0. .| 5| 143 174 | 188 |207 | 285 | 400 | 550 | 750
Li.carbonate, Li,COJ s | 154 | 1'43 | 1'38 1'33! Iy | 1o ‘850, ‘720
I'-’!erc.chh::ride,HgCIj £| 350| 450 | 500 | 5§40 | g30| 140 | 231 | 380

| Potass. chloride, KCI} 5 | 276 | 31'0 | 324 | 34'0 | 40'0 | 45°5 s1°1 56°7

| Potass. bromide, KBr 535 | 5s9's | 62’5 | 652 i 75 | 855 | 950 104
278

| KOH.2H,O0 . .| s | 970 (103 107 1z :|3E§ — — 178§ |

| Potass.nitrate, KNOJ] s | 13’3 | 209 | 258 |32 | 64 110 166G 246

| Silv. nitrate, AgNOg | 5 122 170 196 222 376 525 66g 052

| Sodium carbonate,
V- Maco;. 1oH,0 .| 5| 70 125 164 | 21°5 46’11 | 460 | 458 | 455 |
| Sod. chloride, MaCl | s | 357 | 358 | 350 | 360 | 366 | 37 38 300 |
Sodium sulphate, |
Na,50,.10H, 0 .1 5| 50 | 9o | 134 | 194 |49t |45F |44t 42t
| Strontium chloride, =
SrCL.6H,0 . .| 5| 43 48 50 53 65 82 gt |torf |
Succinic acid, |
(CH,)(COOH),.| s | 280 | 450 | 57 69 | 162 | 358 |708 (125 |
Sugar (Cane), ; :
GO « = ¢ 179 190 197 204 238 lz&’? 362 487

* Solid IJI'I:I'HA'_‘ becomes 'f:.df-]ﬂ. F Ir,ﬂ at 54°. + Becomes MNa, 50, at 32'35,
I Becomes S5rCL . 2H,O at 7o°. § Becomes KO . §H,0 at 32%'5 and KOH . H.O at 507,
I Becomes Na,Ce, . HyO at 35°.

COMPOSITION OF DRY ATMOSPHERIC AIR _
(Ramsay, Proe. Koy. Soc., 1908 ; G. Claude, Compi. Rend., 1909.) .

|
i N. | 0, A oo, Kr : Xe | Ne He
I

e — - e

By weight . | 755 232 | 13 [O4bto-4 ‘o028 ‘005 | ‘0,86 0,56
By volume . | 7805 210" ‘95 (03 o3 — — | 0023 | ‘0,40
! . - i |

* 20091 according to Kreusler,
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MINERALS
MOHS' SCALE OF MINERAL HARDNESS ‘
The numbers are not quantitative, but merely indicate the sequence of hardness.
Hardness. |  Mineral. Hardness. Mineral. Hardness. |  Mineral.
1 Talc 5 Apatite 9 Corundum
o | Rock salt 5] Felspar s A Diamond
3 Calespar 7 Quartz . 35 I--ﬁ:ﬁer-nnil
| 4 Fluor spar 8 l'opaz . 6'5 Penknife
COMPOSITION, DENSITY, AND HARDNESS OF SOME MINERALS
See Dana's “System of Mineralogy” and Appendices, 1892, 1809, and 1900,
i Radioactive minerals are indicated thus * ; see Szilard, Le Radium, August, 1909. |
' by | Hard- ity, Hard.
Wame and Formula. Demsity. gty Name and Formula. IIIannt.]r._ ness. |
Albite, Na,AlSi, 'I}.,, : o 270 6-7 fMica (common, Musco-|27-31 2-2'5
|1"Lt'|‘;|h&l (fossil resin) 1'od | 2-2g vite),
Anhydrite, CaS0, . .| 278-29 | 3-3'5 | K;0.3A1,04.6510,.2H,0 .
Anorthite, Cni‘iijh:,{}m. £ 2T 67 [ Mica (Biotite, Magnesia|2'7-31| 253
| Apatite, 2'g-3°2 5 mica)
, Ca,(CLF,OHYPO,), : Monazite,* (CeLaDi)POJ 5 52
Aragonite, CaCO;. . 203 | 355-4 | (1-16% Th)
Augi.te, 3'2-3'5 | 56 | Nepheline, 25-2'6| 5'5-6
Mg, Fe,Ca, Al silicate ! Na, K ALSi,0,, .
Barytes, Heavy spar, 45 | 5-3'5 |Olivine, Mg, Fe,5i0;. .13'3-3'5| 6-7 '
BaS50, | Orthoclase, K AI!E}:EDM. 2'4-26| -6 |
| Beryl, Be,ALSi 0, . .| 2627 7-8 l’ilchl}i::nc]c,‘U,G,with iy
| Brisggerite,* a pitch-]|(56-687,| (2-87% | oxides of Pb, and Ca, || (mas- ]
blende which contains T 1 Th) Fe,Bi,Mn, Mg Cu Si,41 sive) 55
thorium Al, ete, (25-80 1 Ll 97 [
Calcite, Calcspar,Iceland] 2°6-2'7 | & 3 I- t‘i‘_' Thj) (eryst.)
spar, CaCQO, ' l‘}-‘l‘ites (iron), FeS, . .la'8-5'1 6-63
Carnallite, 1'6 1 »  (copper), CuFeS.|41-43| 3'5-4
KCLMgCl, 6H,0 | Pyrolusite, MnO, . 48-5 | 2-8%5
‘Cnrnﬂtitt,' {c. 55% | (yel- RQuartz, S5i0; . . 2'5-2'8 g |
K,0(U,0,),V,0,.3H,0] U) | low) fRock salt, NaCl . 2'1-2"2| 2-2'5 |
Celestine, Sr50, . . 39 | 3-35 JRutile, THO,. . . 4°2-4'3| b-0'5
Cerussite, PbCO, 64 | 3-35 |Selenite—cryst. gypsum | — =3 |
Chalcolite,* 3°4-3'6 | 2=2'5 [ Serpentine, H Mg, 51,0,] & 26 | 3-4
Cu(UQ,)(PO,),.8H,0;] (48% U))| Spinel, MgOAlO, 3'5-36 8
Cléveite *—pitchblende | (c. 607 | (o 4% | Sylvine, KC1 . . . .} 1'g-2 2 {
| which contains Th&'Y U) Th) [Tale, H.Mg,Si,0,, . .|25-28] 1 |
Corundum, ALO, . . 39-42| ¢ |Thorianite® Th, U ox-| 897 | 7 |
Dolomite, CaMgC,0, 2'8-29 | 35-4 | ides, etc.; (4-10% U; | (black
Felspar, ALK,S1,0,; . .| 24-26 | "6 | ¢ 60% Th)contains He | cubes)
‘F!int ; agate, SiQ; . 2'6 e. 6 | Thorite,* Th5i0, (1-g%] 46 |(tetra-
Fluorspar, Fluorite,CaF,] 3-33 4 U ; 4o-60% Th) gonal)
| Galena, PbS . . 7'4-76 | 2-3 [|Tourmaline, hydrated si-}2'9-3'3| 7-7'5 |
' LummltL *Pb,Ca,U, silic ate(s0—65% U)} licate and borate of Al,
L}psum Ca‘:ﬂ‘zH.,U 23 1'5-2 Na with Lior Fe or Mg
Hamatite, Fe,0, . . 4'5-5'3 | 5'5-6'5 | Trogerite,* (53% | (yel
T-lnrnblcndn, 29-34 | 5-6 (UO,)As5,0,12H,0] U) low)
| Ca,Mg,Fe, Na,Al,silicate Uraninite * — crystalline | (Black | octahe-|
| Kainite, MgSO,KCI3H,0] 21 — pitchblende (g.2.) dra) |
K:Ii.ulii'll, H,ALS:i,0, . 275 1 Uranite lime,* 3-3'2 | 2-2%%
| Kieserite, MgS0O,H,0 2'55 3 LgD{I 0,),(PO,),8H,0 |
| Lepidolite (Lithia mica),] 2:8-3 | 2:5-4 | (50% U)
(F, {}II)!{Li,H,Na}.‘:;’aI:- Willemite, Zn,5i0, . .| 4 5 |
51y Wolfram, (Fe, Mn)WO, .| 7°1-7'0| 5-5'5
I 1mewmne, CaCoO, 25=2"8 —  E'Wollastonite, Ca5i0,; .]2'7-2°09| 4'5-§ |
Magnesite, "'-ls,fLU_. €. 3 |35-45)Zeunerite,* Cu,U arse-| (e 50‘?45‘{(-:11'.%-!
| Magnetite, Fe,0, 4'9-5'2 | 5'5-6'51 nate U) | gonal)|
| Meerschaum, £. 26 | z2-2°5 §Zircon,* ZrSiO, ¥7 | s
| 2Mg0.35i0,.2H,0 ﬂmchlende Zn$ 9-4'20 354

e — = e Temme
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GRAVIMETRIC FACTORS

FACTUHS FOR GHAVIMETHID ANAL?SIS
Calculated with atomic weights for 1911 (p. 1).
Exnmpla.—-l gram Al,O, is chemically equivalent to ‘5303 gram Al, or
1 gram Al 15 equivalent to 1/°5303 AlLO,. A table of reciprocals is given on p. 136, |
(See Van Nostrand's * Chemical Annual,” London.)
. is equivalent : | is equivalent
1 part by weight of {,,,,“fuight} P 1 part by weight of | 5 3;131:1:; to
Alumininm. Caleinm (conéd.)— |
.'“3{]3 303 Al Cay PO, ), ‘422 Cal
= Bt ¥ 3 35:: AL(SO,), Mg.P,O; . | 13935 Cay(PO,),
Ammoninm. POy . . | 2°1844 Cay(PO,),
N 1'216 NH, Carbon. |
st 1'288 NH, o A LR | 474860 BaCO,
e S 3819 NH,Cl % e . | 22748 L1{'..{}
NH, 2'058 NH,OH Chlorine. 1
Antimony, AgCl .| 2472 €1
5h . 11997 Sh,0y Mall o ., | "6ob6 Cl
: 1°3328 5b,0; Chrominm. j
b, I'J'J . .| 11109 Sb,0; Cr 0, .| 6846 Cr ,
5h,0, .| ‘7897 Sb s .| 173154 CrO, :
‘9474 Sb,0, Cobalt. j 5
i T 1-0526 Sb,0; Dy «| 12713 CoD
Arsenic. Coy0, . | *7343 Co i
As,0; . 7575 As o s w o oal TOE30 Col |
: 1'1617 As, O, Co[NO,),.(KNO,)| 1306 Co !
1151{) 6521 As » » 1661 CoO |
MgNH,As0,3H,0| 3038 As (CoS0,);. (K,50,)s | -1416 Co |
= " 5199 As,0, Copper. :
2 » 6040 As, U Cin ' .| 12517 CuO
Mg, As,0, . 4827 As Fluorine. |
" . 6373 As,0; CaF, . <l 4866 F
_ _" . v «| 7403 AsyO, Glucinum.  .Ser i
e : Beryllium. |
BaCQ, . . . «| 6960 Ba G .
el old.
. « = & «| *7771 BaO f e A |
Ba50,. -5885 Ba Ul n 2e + | 175395 AU,
Sk - -b570 BaO Hydrogen. ,
4 bl o2 7255 BaO, H,0 .| s111g H
Beryllium. Iodine. | |
BeO . . *3626 Be Agl | 5405 [
Bismuth. , Iron.
Bi . | '1154 Bi0, Fe . 1°2865 FeO
Bi,0, . -Bob6 Bi T 14297 Fe, 0O,
BiOCI . | Bo17 Bi " 7'0218 Fes0,.
- .| 8942 Bi, 0, (NH,)50,.6H,0
Boron. i Fel 7773 Fe
B0, - = 3tz B o 1’1113 Fe, O,
. . | 27297 Na,B,0, . Fe, O, 1'4508 FeCO,
| 10H,0 & Gheb Fel 0,
Bromine. el 7 | S 1'6330 FeO
I Ao HE .o 4256 Br % 2°6330 FeCOy
Cadminm. Lead.
CdO *Br54 Cd i ‘o773 PO
Ceesium. : PbSO, ‘6831 Pb
B i . | 1'o6o Cs,0 e 7358 PbO
Cs, PtCl, .| ‘3945 Cs i 7887 Pb0,
.| ‘4184 Cs,0 et E 7536 Pb,O
Calcium. I Lithinm.
ot .| 1399 CaO Li,COy . 1879 Li
CalC0, .| ‘4005 Ca 9 -qo44 Li,O
Fr .| 5604 CaO Li,PO, ‘1797 Li
CO; . | 27275 CaCO, a 3868 Li,0
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FACTORS FOR GRAVIMETRIC ANALYSIS (conti)

1 part by weight of

Magnesinm.
Mg . .
Mg.P.0. .

Lk g i

Manganese.

is equivalent

‘6032 Mg
2184 Mg
3621 MgO

MnO 1’1113 MngO,
Mn,O, . ‘7203 Mn
R .| 9307 MnO
i o .| 10350 Mn,0,
- e 1°1399 MnO,
Mercury.
Hg .nl? 3 1"1603 HgS
| Hgs "8g63 Hg. O
¥ : *g308 HgO
Nickel.
8 = 12727 N1
Nitrogen.
B 0a . 38551 N, O,
Phosphorus.
|+ XU = e 43b2 P
Mg.P.0,; . 2787 P
1 # IE;E‘-I' PG#
: ; 6378 PO,
Platinum.
K PtCl, .| rqo15 Pt
a inia .| 6933 Il
Potassinm. -
AgCl 5202 KCI
AgBr 6338 KBr
Agl . 7071 KI
AgCN . .| 4863 KCN
KCl | 5244 K
K Br | 3285 K
KOH .| 172316 K,CO,

] !
K,SO, .

83095 K.,O
'gqo3 K0

is equivalent
{(by weight) to

1 part by weight of |

Potassinm {;:m;rf.-)

K.SO, . . | I'1604 KNO,
K,PtCl, . .| 1609 K
Rubidinm.

Rb,PtCl, 2953 Kb
Silicon. !

Si0), : 3693 Si
Silver.

AgCl 7526 Ag
AgBr 5744 Ag
Agl 4595 Ag
Sodinm.

AgCl . . *Jord NaCl
NaHCO, 3601 Na,O

Na, SO, . 3238 Na
' w364 NaO
MN.O; - = . . .|15740 HaNQ;

Strontinm. f

SrCO, 7019 SrO
Srs0, . 5641 SrO
Sulphur. |
Ba50, | 1460 H,5
35 b [ . i rlj:'r‘l b
1 LR 2744 5‘}'””
i 3429 Hf_ld
son S Wi 4115 SO,
Tin. |
Sn0, ‘7881 Sn
Uranium.
U0, . ‘8482 U
i : ‘ghzo U0,
6 PO S | (T
Zinc. |
AL A .| 1'2448 ZnO
Zn0 ‘8033 Zn

Boiling-points under 760 mms. of mercury.

SOME BOILING-POINT MIXTURES

A large number of minimum boiling-point mixtures are known. :
(Sidney Young, “ Fractional Distillation,” 1903.) |

Percentage compaositions by weight. |

Mixture. Boiling Points.
13 i _votal on
A B TR B. Mixt 10 MIXt. server.
|
Maximum || Water Nitric acid 1o L‘.: 86° |nz2g® 32% |Roscoe
baoiling- o Hydrochloricacid] 100  [c. =80 1o 8o g
point T Formic acid 100 1008 | 107 oqren § sl
mixtures, Me. ether | Hydrochloric acid|—236 o —8o - 61 | Friedel
, |
{ | |
Minimum || Water | Ethyl alcohol 100 783 =8 44 |Y.&F.
boiling- Pyridine | Water 117 100 | 925 s |G.&C.
point Benzene | Methyl alcohol do'2 647 | 583 60 |Y.&F.
mixtures. || Me.alcohol Acetone 64°7 56'5 | 55°0' 135 |Pettit
| ] | L |

G. & C,, Goldschmidt and Constan ; Y. & F., Young and Fortey.
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THE EXPONENTIAL e~*
To derive ¢r use reciprocals on p. 136, &
(Based on Newman, Trans. Camb. Phil. 'iw: 13, 1883.) |

- &_,lil-l —

& = 2'71828,

For values of x from -0000 to -0988, Subtract Differences.
002 003 004 |'005 |"006 ﬂﬂ? ‘008 009 oo 2 3 4]5] 6 7 8 !}|

| FEBN s ik : il . 1
'9980)'9970 9960|9950, 9940 99.:9'9*?2“ oI 1 2 3 41516 7 89
‘9881|9871 '9861|'0851) 984170831 08229812 1 2 3 4| 5] 6 7 8 o
'07820'9773°0763}' 975310743 '97 34 FibelCi ! e ] B 6 7 80
'wﬁsi'af}?i'qﬁﬁﬂ'gﬁgc‘frﬁ-ﬁl "0037/'96270618] 1 2 3 4| 5| 6 7 8 9
'9580("9579,"0570]'95601'95501'9541 9531 '9522] 1 2z 3 4| 5] 6 7 8 ¢
'9493|‘9434 ‘0474 94650'0455('0446 '94369427] 1 2z 3 4| 5] 6 7 8 o9
'9399'9389 '9380'03711'0361'0352°9343'9333) T 2 3 4| 5| 6 7 8 ¢
["9305/9296 92871'92771'9268|'9250 "9250 9240 1 2 3 4| 5] 6 7 8 &
;‘fj!laigm "0194]'01858'0176/'0167 0158 0148} 1 2z 3 4] 5] 6 7 7 8|
'9139]'9130{'9121 "9112"9103] 9094} '9085|'0076 'go66 9057l 1 2 3 4| 5| 6 6 7 8

For values of » from 100 to 2-909, Subtract Differences.
» | 0|01 02 03 040506 ‘07 ‘08 ‘09 fon 2 3 4|5]|6 7 8 9
=1 foo48 '39535'3%9 8781 "3694]'8607 3521 B4z 5..-.5 Hﬂ?ﬂ 9 I7 21.5;_34 43 52 6o 69 77|
*2 |8187]'8106{ 8025 "7045 "7866] 7788) 7711 7634 - ',.f;,gg "7483] 8 16 23 31]39]47 55 62 ;-'é\
‘8 |'74051"7334/"7261 "7189 7118} 7047] 6977 "6o07 6839 '6771] 7 14 2t 28]35]42 49 56 63 |
*4 |'6703]'6637 6570 6505 "0440)'6376] 6313 ‘6250 6158 6126] 6 13 19 26]32] 38 435 51 57
B |'0065] 6005 5345 ‘5535;'552? '5760)'5712 5055 °5500°5543] © 12 17 23]20]35 40 46 52
"6 |'5458]'5434 5a?t}‘s:¢zé-‘5m "§220{ 5169°5117 "5006/'5016] 5 10 16 21 |26)31 37 42 47
“T |4966] 491645868 4819 4771} 47244677 46304584 4538 5 o 14 19|24]28 33 38 43
'8 |'4493| 4449 4404 ‘4360 4317} 4274 4232 ‘419041484107 4 9 13 17|21 26 30 34 38|
9 | 4066 'm""i 3085 '3046| 3006]" 3867] 38203791 '3753,°3716] 4 8 12 15]10]|23 27 31 35
10 ‘35199*3542i 3606 3570 "3535] 3490 3465 "3430°3396°3362] 4 7 11 14Qu8)z2r 25 28 32
1:1 |'3320f 3296,°3263 '3230°31981"3166] 3135 "3104°3073°3042] 3 6 9 13|16)19 22 25 29
1-2 | 3012]-2082|"2052 '2023 “2804) 2865)'2837 2808 '2780°2753] 3 6 o 1rji4}17 20 23 26
18 | 2725 2698|2671 |"2645 "2618) 2502)'2567 2541 '2516/'2491] 3 5 8 10]13)16 18 21 23
1°4 3463 "2441(°2417 "2303|2360 2346) 2322|2200 °2276/'2254] 2 5 7 op12|14 16 19 21
1-512231 = mg!':tﬁ? '2163 2L44fzr22| 2100 2080 2000 °2030] 2 4 6 BQIiliz 15 17 19
16 |zo19| 1999 1979 '1959| To4of rgzo] 1901 1882 1864 "1845] 2 4 6 S8Q1oliz 13 15 17
1*7 |1827] 1800 17911773 l',-"5_-;‘r?jﬁ‘I‘;EG'I}'G;'FEE&'IG;‘G 2 3 &5 21 9}to 12 14 16
18 | 1653} 1637 1620 1604 1585) 1572} 1557 1541 ‘1526 1501] 2 3 5 6] 8] ¢ 11 13 14
19 | 1406{ 1 51 1455;‘t4af| 1437) 1423] 1409 1305 13811367} © 3 4 6] 7| 9 10 11 13
20113530 1340 1327 1313 " 1300) 1287F 1275 "1262/'1249"1237] I 3 4 5] 6] 8 9 10 12
21 |'1225) 1212 1200 1188 1177 1165k 1a53 nn4z1u3olanig)l 1 2 4 5] 6 7 8 9 11
29 'Im.'*i'm-g;"lcﬁﬁ'lﬂih ‘1065 1054) 1044 " 1033 " 1023'1013) 1 2 3 4] 51 6 7 8 ¢
2°8 | 1003]'0993 '0983 ‘0073 "0963'0034)'0044 ‘0935 ‘09260916 1 2 3 4) 5] 6 7 8 9
2+4 |'ogo7]| 0895|0839 0880 0872 0863|0854 ‘0846 0837 'ﬂHz{_:1 R R | R G
2-5 | o821}'0813/'0805 ‘07970780  0781] 0773 07650758 o750] 1 2 2 3| 4]l 5 5 6 7
2'6 | 0743|0735/ 0728 0721/ 07 14)'0707]'06Gg "0693 0686 0670l 1 1 2 3| 4] 4 5 6 6
27 |ob72|obbs| 065y ‘0652 "0646] 0639 0033 0627 ob20'0614] T 1 2 3§ 3| 4 4 5 6
2'8 |obollo6oz|'o500 ogyo| osBqfog78lo573/'0567 0561'0556] 1 1 z 2] 3}l 3 4 5 5§
29 |'os50] 0545|0530 "0534, 0529} 0523] 0518 ‘0513 ‘o508 0503) 1 1 2z 2§ 3] 3 4 4 5
For values of + from 30 to 89 Subtract Differences. '
«|lol4|2|3|4]5]6!l 7|89
3 [oq08)o4z0! 04080368 ‘0334) 0j02] 0273 ‘0247 "0224 ‘0202 g : ;
4 |o183]0166/'0150{0136/'0123] 0111} 0101 0001 0082 "ooy4| Mean ditr:fer[‘m:cs no longer

b |oob7)oob1|0o55| 0050 "0045] coq 10037 ‘0033|0030 0027 sufficiently accurate.

6 |oo25)0022|0020/0018 0017} 0015] 0014 "0012 "0O11 "DO1O]
T |oooo|oco8| cooy| 0007 "o006] coob| 0005 0005 "0004 ‘0004

8 |ooo3|oo03 ‘00030002 "0o0z 000z 0002 "0003|0002 0001 |
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FOUR-FIGURE LOGARITHMS
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|
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