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PREFACE TO NINTH EDITION.,

THE geographical remoteness of the two authors, accentuated by the attendant
difficulties of the war, has led to a scheme whereby each has accepted responsibility
for the revision of certain sections in the present edition. Professor Laby has
rewritten the following tables :—

Units and dimensions General and atomic constants
Electrical units o-Tays

Conversion factors Radioactivity

Mechanical equivalent of heat - Isotopes

Velocity of light Arrangement of electrons in atoms

As regards *‘ units,” an attempt has been made to give an account of the
principles underlying physical measurement and the choice of units. The elec-
‘trical units include those which it was originally proposed by the International
Electrotechnical’ Commission should come into force as * absolute ” units on
January 1, 1940, but the adoption of which has been deferred for the present.
Much consideration has been given to selecting values of the general and atomic
constants of physics (e, # and e/m) which appear to have the least error. Ex-
planatory introductions have been added to the new tables of radioactive elements
and isotopes,

In the revision of the above tables Professor Laby has received valuable
assistance from Mr. V. D. Hopper, M.Sc., who has recently completed with him
a determination of the electronic charge, Mr. R. D. Hill, M.Sc., who has kindly
read the proofs, and from Miss Jean E. Laby, B.Sc. The initials of those
responsible for a table are appended to it.

With reference to the remaining tables which have been subjected to revision
or correction, these have been dealt with by Dr. Kaye, who has again had the
valuable assistance of Mr. J. H. Awbery, B.A., B.Sc., to whom, and to others at
the National Physical Laboratory who have made suggestions, grateful thanks
are tendered,

PUBLISHERS' NOTE

THE lamented death of Dr. Kaye, which took place while the work was going
through the press, accentuated still further the difficulties of production. In
this misfortune the Physics Department of the National Physical Laboratory
very kindly came to our assistance and gave a final inspection to the text of the
volume and prepared the index, thus avoiding another considerable delay in
publication. For this timely help we are most grateful.



EXTRACT FROM PREFACE TO FIRST EDITION.

THE need for a set of up-to-date English physical and chemical tables of con-
venient 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 résumé containing references to such books and original
papers as may profitably be consulted.

Attention has been paid to the setting and accuracy of the mathematical
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.

We began this book while at the Cavendish Laboratory, Cambridge, and
Dr. G. A. Carse shared in its inception. To Mr. G. I, C. Searle, F.R.5., we
feel we owe much for his encouragement and suggestions when the scope of the

book was under consideration . . .
G.W.C K.

€T. H. L.
Seplember, 1911,
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ATOMIC NUMBERS

THE ELEMENTS IN THE ORDER OF ATOMIC NUMEBERS
INTERNATIONAL AToMIC WEIGHTS 1938
Mean atomic weights of elements relative to atomic weight of oxygen (0 = 16),
chemical composition being that found in nature.
3 [ae|dtemie] 3 |ag|Avemle |
il !ll::. Weight First isolated by Date. E\ o, Weight First isolated by Date.
& (1938), (1938).
H 1|170081 Cavendish 1766 | Pd q.ﬁlf 100°7 Wollaston 1803 il
He | z| 4003| Ramsay & Cleve® 1895 | Ag |47 ho7 880 —_ P.
Li 3| 6940 Arfvedson 1817 | Cd |48|112°41 Stromeyer 1817
Be$| 4| 9oz | Wohler and Bussy 1828 |In |49 |114-76| Reich and Richter 1863
B | 5|1082 |Gay-Lussac&Thénard| 1808 |Sn |50|11850 — B
C 6lizol0 - P. Sb |51121:76 Basil Valentine 15 centy.
N 7| 14'008 Rutherford 1772 | Te |52 |127:61 v. Richenstein 1782
O | 8| 16000 | Priestley and Scheele| 1774 |1 53| 12092 Courtois 1811
F 9| 19'00 Moissan 1886 | Xe |54|131°3 |Ramsay and Travers| 1808
Ne |10|20'183| Ramsay and Travers| 1808 |Cs |55|13291 |Bunsen and Kirchhoff| 1861
Na |11 |22997 Davy 1807 | Ba |56|137-30 Davy 1808
Mg |12|2432 | Liebig and Bussy 1830 |La |57 |13892 Mosander 1839
Al |13|26'97 Wihler 1827 |Ce |58 140713 Mosander 1839
Si |14]2806 Berzelius 1823 | Pr |59|140'92 | Auer von Welsbach | 1835
P |15]|3102 Brand 1674 | Nd | 60| 14427 | Auer von Welsbach | 1885
S |16]32'06 — P. |Sm|62(15043| L.de Boisbaudran | 1879
Cl | 17]35'457 Scheele 1774 | Eu |63|152'0 Demargay 1901
A |18|39944| Rayleigh & Ramsay | 1894 |Gd |64|156'9 Marignac 1886
K |19]39°096 Davy 1807 | Th |65 |150°2 Maosander 1843
Ca | 20| 4008 Davy 1308 | Dy |66 162746 U. & D. 1907
Sc |21|45'10 | Nilson and Cleve 1879 |Ho |67|163°5 | L. de Boisbaudran | 1886
Ti |22]|4790 Gregor 178¢ | Er |68 1672 Mosander 1843
V |23|5008% Berzelius 1831 | Tm|6g 1604 Cleve 1879 Il
Cr |24|52701 Vauguelin 1797 | Yb |70|173'04 Marignac 1878
Mn | 255493 Gahn 1774 | Lu |71[1750 Urbain 1908
Fe |26|5584 — P. Hf |72 (1780 |Coster & von Hevesy| 1923
Co 2755804 Brand 1735 | Ta |73 18088 Eckeberg 1802 ||
Ni |28|5869 Cronstedt 1751 | W [74(183'92]  Bros. d’Elhujar 1783
Cu |29|6357 — P. |Re |75|186°31| Noddack & Taske | 1925
Zn |30/65'38 |Ment. by B. Valentine|1§ centy| Os [ 76|190'2 | Smithson Tennant 1804
Ga |31|6g72 | L. de Boisbaudran 187¢ |le |77|193°1 | Smithson Tennant 1804
Ge |32|7260 Winkler 1886 | Pt |78 19523 — 16 centy,
As |33|7491 Albertus Magnus |13 centy) Au |79 |197'2 — P.
Se |34|7896 Berzelius 1817 | Hg |80 |200°61 | Md. by Theophrastus | 300 B.C.
Br |35|79016 Balard 1826 IT1 |81 20439 Crookes 1861
Kr |36|83'7 |Ramsay and Travers| 1898 |Pb |82|207'21| Mentd, by Pliny P.
Rb |37 |85°48 |Bunsen and Kirchhoff| 1861 | Bi |83 |209'c0| Mtd. by B. Valentine | 15 centy.
Se [38(87-63 Davy 1808 | Po |84|z210 M. & Mme, Curie 188
Y |39(8892 Wihler 1328 |Rn |86 222 M. & Mme. Curie 1900
Zr |40|91-22 Berzelius 1825 |Ra |88 |226'05| Curies and Bémont | 1898
Nb} 41 (4291 Hatchett 1801 |Ac |8g|226-7 Debierne 1898
Mo | 42 |95°095 Hjelm 1790 | Th |9e|232'12 Berzelius 1828
Ru |44 1017 Claus 1845 |Pa |91 231 Piccard & Stahel 1921
Rh [45] 10201 Waollaston 1803 |U |9z |238'07 Peligot 1841

P., Pr_ﬁhiﬂmiﬂ: * Lockyer (in sun), 1868 ; U. & D., Urbain & Demenitroux ; § Be or Gl; I NborCh
Atomic Wumbers 43, 61, 85 and 87 are still unrepresented. See Isotopes, pp. 160-71




ATOMIC WEIGHTS

INTERNATIONAL ATOMIC WEIGHTS FOR 1838 (0O = 16)

(See * Eighth Report of the Committee on Atomic Weights " of the Inter-
national Union of Chemistry; also F. W. Clarke, *“ A Recalculation of the
Atomic Weights.” Mean atomic weights of the clements relative to the atomic
weight of oxygen, O = 16, the isotopic composition of the elements being that
found in nature. For isotopes, see p. 169-71.)

Element. Symbol, ;:f;‘ﬁ:‘ Element. Symbol. | ;{_';;‘ﬂ:
Aluminium - - | Al 26'97 | Needymium- . | Nd | 144°27
Antimony o« | Sb 121°76 MNeon oo el Ne 200183
Argon - - - - | A 39944 | Nickel - . . . | Ni | 5869
Arsenlec - - - As ‘ 7401 Niobium t | Nb g2'91
Barium - - - Ba | 13730 Nitrogen - - . | N 14008
Beryllium® - - Be | ooz Osmium - - .- Os 190°2
Bismuth - - - Bi | 20900 Oxygen - - - (] 16-000
Boron - - -+ - B l 1082 Palladium . . Pd 106°7
Bromine .. Be | 79916] Phosphorus - - P 3102
Cadmium- - - Cd | 11z'41 Platinum - - - Pt 195°23
Casium - . - Cs | 132701 Potassium . . K 39096
Calcium - . - Ca 40'08 Praseodymium Pr 140092
Carbon - - - c 12’10 | Protoactinium - Pa 231
Cerium - - - Ce 14013 Radium - - . Ra | 226r03
Chlorine - - - Ci 35457 | Radon - - - . Rn 222
Chromium - - Cr 5201 Rhenium - - - | Re 186°31
Cobalt - . . . Co 58'04 Rhodium - - . | Rh | 10201
Copper: - - - Cu 63 57 Rubidium - - - | Rb 85'48
Dysprosium - - Dy | 16246 | Ruthenium - . | Ru | 101°7
Erbium - - - Er 167°2 Samarium - - | Sm I' 150°43
Europium - - Eu | 1520 Scandium - - | Se¢ | 4510
Flucrine - - - F 19°00 Selenium - - - Se | 7806
Gadolinium - - Gd | 1509 Silicon - - - Si | 2800
Gallium - - - Ga | 6972 Silver - - . . Ag | 107880
Germanium - - Ge | 7260 | Sodium - - - Na | 22907
Gold: - - . - Au 1972 Strontium . . Se | 8763
Hafnium - - - Hf 1786 Sulphur - - - S | 3206
Helium - - -  He | 4003| Tantalum - - | Ta | 18088
Holmium - - - Ho 163°5 Tellurium - - - Te | 12701
Hydrogen - - H | 1oo81] Terbium - - . | Th | 1592
Indium - - - - In 11476 | Thallium - - . | TI | 20430
lodine - - - . 1 1260G2 Thorium - - - Th | 2321z
Iridium- - - - e | 10371 Thulium - . . Tm | 1604
lron - - - - . Fe | 558 Tim - < « - & Sn 11870
Krypton - - - Kr 837 Titanium - - . Ti 47'00
Lanthanum - - La | 13%92 | Tungsten - - W | 18302
Lead - - - - Pb | 20721 Uranium - . - U 23807
Lithium - - - Li | ¢9o| Vanadium - - Vv 5095
Lutecium - - . Lu | 1750 Xenon - - - . | Xe | 13173
Magnesium - - Mg ! 2432 Ytterbium - - Yb | 17304
Manganese - - Mn | 5493 | Yttrium - - - | Y | 8892
Mercury - - - Hg | 20061 Zing: - « +» + | Zn 6538
Molybdenum - Mo | 9595 Zirconium - - | Zr | 9122

* Beryllium or Glucinum (Gl). t Niobium or Columbium (Ch).




C.G.S. UNITS

C.G.S. UNITS AND DIMENSIONS

The metric standards of length and mass are kept at the International Bureau of
Weights and Measures in the Pavillon de Breteuil, Sévres, 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
polished ** neutral web " surface of a platinum-iridium bar of a nearly X-shaped
section, called the International Prototype Metre.

The alloy of go Pt, 10 Ir used (also for the International Kilogramme) has not a large ex-
pansion coefficient (see p. 63), is hard and durable, and was artificially aged. Pt-Ir copies of
this metre, called National Prototype Metres, were made at the same time, and distri-
buted 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
IEﬂrﬂliEiﬂnt‘h of the quadrant from the equator to the pole through Paris, and was legalized in
1795 by the French Republic. But as the value of a quadrant came to be more accurately
determined, and morcover is changing, the actual bar constructed was made the standard.*

The international prototype metre has been measured several times in terms of the wave-
lengths of the red cadmium ray (see p. 86).

See Michelson’s  Light Waves,” 1903. Guillaume, * La Convention du Métre."

I metre = 1,553.164'13 wave-lengths in dry CO, free air at 157 C. and 76 em. of Hg.
= [,552,734 81 wave-lengths in vacuum (Sears and Barrell, Phel. Trans., 1934).

MASS

Unit—the gramme, 1/1000 of the International Prototype Kilogramme,
which is the mass of a cylinder of platinum-inidium,

The international kilogramme is a eopy of the original Borda platinum kilogramme—the
kilogramme des archives—which was intended to bave the same mass as that of a cubic deci-
metre of pure water at the temperature of its maximum density. More exact measurements
revealed the incorrectness of the relation (see p. 17); and so the kilogramme was subsequently
defined as above.

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

TIME

{nit—the second is defined to be 1/86,164'100 of a sidereal day. The
sidereal day is the period of rotation of the earth with respect to an equatorial star
without proper motion.

The second 1s often defined as 1/(24x60x60) of a mean solar day, 7.e.
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. 24).

In actual practice the sidereal day is the interval between two successive transits of the
first point of Aries I across any selected meridian. The sidereal day so measured is shorter
than the period of rotation of the earth relative to a fixed star by o'o0g second ; the difference
arises from the precession of the earth’s axis, which causes an annual retrograde motion of
50 seconds of are of the first point of Aries along the ecliptic.

In the accurate determination of time by astronomical observations of the earth’s rotation
relative to fixed stars, the observations need to be corrected for nutatlen in right ascension.
The earth's axis is subject to precession, and to a periodic motion called nutation due to the
sun and moon’s gravitational action on the rotating earth., See " Nautical Almanae, 1940."

A tropleal 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. Cur modern

* The mean meridian (L]jumlrsmt pole to the equator = 1-000228.10% cm. (see p. 22).

+ Tidal friction is 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
eelestial equator where the sun (moving in the ecliptic) crosses the equator from south to north
{at about March 21). The ecliptic is the apparent yearly track of the sun in a great circle on
the celestial sphere., T. 1. L.




BRITISH UNITS

(Julian) calendar assumes that in 4 successive civil vears, 31:0:1513‘[ of 365 days, and 1 of 366;
the average thus being 36525 days. The E‘re orian correction (that century years are not to
count as leap years unless divisible by 4o00) reduces this value to 365-2425 mean solar days,
and thus the average civil year is a close approximation to a tropical gcar
A gidereal year isthe time interval in WEI(‘h the sun appears to perform a complete revo-
Iution with reference to the fixed stars ; f.e. it is the time 1n which the earth deseribes one
sidereal revolution round the sun. Owing to precession, a sidereal year is longer than a
tropical year.
Epoch 1900,
Tropical year = 365'2422 mean solar days,
Sidereal year = 3652564 ., e by = 30625064 sidereal days.

Reference : Newcomb, ““ Astronomy,”” or Russell, Dugan, and Stewart, ** Astronomy.”’

BRITISH IMFERIAL STANDARDS

(From information supplied by Major MacMahon, F.R.S., Board of Trade,
Standards Office.)

According to the Weights and Measures Act, 1878, the yard is the distance,
at 62° F., between the central transverse lines in two gold plugs in the bronze
bar, called the Imperial Standard 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 to be in the median
plane of the bar, which is of 1 inch square section and 38 inches long. Itz compozition is 32 Lll.
£ 5n, 2 Zn. Cnpper allows are now known not to be suitable for standards of length, and in
10z 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 Eﬂ-ﬂﬂ‘h 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.

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

BRITIBH AND METRIC EQUIVALENTS

The present legal equivalents are those legalized by the Order in Council of
May 19, 1898, 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 Frav. of Mém. du Bur. Intl., tomes iv., 1885,
and xii., 1902.)

Imperial Standard. International Prototype. (Reciprocal.)
I yard = 014300 metre 1093614
1 pound = *45350243 kilogramme 2-2046223

Compare Sears and Barrell, Phil. Trans., 1934.

UNITED STATES AND METRIC EQUIVALENTS

The metric system was legalized in the United States in 1866. By Executive
order, Apnl 1893, the U.5, yard is defined as—

1 U.S. vard = 3600/3937 metre=0'914402 m,

1 U.5.inch = 2z-540006 cm.
1 U.S. pound = 1/2-20462 kgm. (legal definition).
1 U.S. gallon = 3785332 litre.
See Circular 47 of the U.S. National Bureau of Standards, 1915.

Note.—1 U.5. inch = 1-000003 imperial inch.
1 U.5. g'll!un = o-8327 imperial gallon. 1-201 = 1/0-8327.
T. H. L




UNITS AND STANDARDS

E——

GENERAL PRINCIPLES OF MEASUREMENT. UNITS AND
STANDARDS

The magnitude of a given physical quantity is its ratio to the magnitude of nnit
quantity, a quantity of the same kind. This ratio (magnitude of a given quantity/
magnitude of un!t = #, is a number which in general is not integral. It is called
the nmmeric in the expression for the magnitude of a physical quantity. For the
an!_!icat.inn of this principle it is necessary to have a unit of each of the quantities
i 1VS1C5.

I}Tge introduction of the metric and the C.G.8. systems reduced the number of
redundant units and rationalized physical units and standards. Any system of units
is based on a physical theory (e.g. the C.G.5. system on Newtonian mechanics).
The standards of a system are chosen to be permanent and reproducible with
precision (.. the metre and sidereal day as standards of length and time have these
characteristics). Finally, convenience of magnitude in a unit is sought, but i1s un-
attainable for those quantities which as known to science have a large range of
magnitude. Length is such a magnitude, and lengths from 1072 to 10+ 2® cm. are
recorded in these pages.

In Newtonian mechanics a fundamental relation is the second law of motion,
and it i1s one between four quantities : mass, length, time, and force. In the C.G.5.
system of units three of these, the centimetre, gram, and second, are chosen as
fundamental units, and the units of the other quantities of general physics
{including force) are derived from them.

In the engineering system of certain English-speaking countries length, time,
and force are taken as fundamental quantities. The foot, second, and the weight
of one pound (lbwt.) are the units of these quantities. The units of a number of
other quantities are derived from them (see table below). Since the weight of one
pound produces an acceleration of g ft.sec.=2* in 1 Emmd mass, it produces unit
acceleration in a mass of g pound, and therefore the latter has unit mass. At
latitude 45°, at sea-level, g = 32-1725 in this system.

In the metrie (gravitational) engineering system the metre, second, and
weight of one kgm. (kgmwt.) are the fundamental units. (Units derived from
them are given below.)

The unit of mass is g kgm., g being ¢-80016 for lat. 45° at sea-level.

DERIVED C.G.S. UNITS AND STANDARDS
GEMERAL AND MECHANICAL UNMITS

Angle :— Unifs—radian, right angle, degree, minute, second.
1 radian = 180/7 deg. = 57°:29578.
Solid Angle :— U'nit—the stereradian is the solid angle which unit area of the

surface of sphere of unit radius subtends at the centre of the sphere. Complete solid
angle at centre of a sphere = 4 stereradian.

Area :— {'nif—the square centimetre.

Volume :— {'nif—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. 31) and 760 mm. pressure (Procés Verbaux,
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 1000028 c.cs. (see p. 17).

Density :— Uni/—1 gm. 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.

Velocity: . per second. Angular Velocity :— Units—1 radian
per sec. ; 1 revolution per sec.

Acceleration :—Time rate of alteration of velocity. Ulmif—(1 cm. per sec.) per

scc, Angular Acceleration: — Uwits—1 radian persec.? ; 1 revolution per sec.?,
T. H. L.




DERIVED C.G.S. UNITS

Momentum :— {mzfé—1 gm. cm. sec.™?,

Moment of a Force:—The moment of a force about a given axis is pro-
portional to the force, and to the distance of its line of action from the axis. Uit
—T cm.? gm. sec.™S,

Moment of Inertia of a body about a given axis is Znr®, where sz gm. is the
mass of one of the elementary particles into which the body can be divided, and
r cm. is its perpendicular distance from the axis of rotation. &nif—1 cm.® gm. (see
p. 25).

Angular Momentum about a given axis :— Unif—a rigid body of unit moment
of inertia (1 cm.* gm.) about an axis which rotates with unit angular velocity (1 rad.
sec.~!) about that axis has 1 cm.® gm. sec.”! angular momentum.

Force:— {/nit—the dyne is that force which produces an acceleration of 1 cm.
sec.”* in a particle of 1 gm. mass.

Counple, Torgue, Turning Moment:— Unif—two equal opposite parallel
forces each of 1 dyne, 1 cm. apart, produce unit couple 1 dyne cm.

Work :— {/nif—unit work, 1 dyne cm., is done by a force of 1 dyne when its
point of application is displaced 1 cm. in the direction in which it acts. 1 dyne cm.
=1erg. 1 joule=10"erg.

Energy :—Kinetic, Potential, Chemical, Thermal, Electric, Magnetic and other
forms of energy are distinguished. A wnif for the measurement of all forms of

energy is the unit of work, the erg. The calorie is a unit of thermal energy (see
below). The watt. sec. is a unit of electrical energy (see electrical units).

Power :— {/nit—erg per sec. A system which does work at the rate of 1 erg
per second has unit power.
I joule sec.”® = 107 erg. sec.”! = 1 watt.
1 international watt = 1:00020 , 107 erg sec,”L,

Pressure (hydrostatic) ;:—The force produced by a fluid normal to a surface
per unit of area. {/wif pressure is 1 dyne per cm.2,
I bar = 1 dyne cm.™? (As used to express small pressures.)
1 bar = 10% dyne cm.~* (As used in meteorology.)
For gravitational units of pressure, see below.

Stress, Modulus of Elasticity, Young's Moduluns, Rigidity, Bulk
Modulus or Incompressibility :—Stress is the force per unit area normal [or
tangential) to a specified surface. Unit stress is 1 dyne per em.2,

The constant of proportionality in Hooke's law (Stress/strain) = constant, is a
modulus of elasticity, and it has the dimensions of stress, since strain 15 of zero
dimensions. Thus unit stress, 1 dyne per cm.? is the unit of the above elastic
constants,

Surface Tension :— Unif—dyne cm.
Gravitation Universal Constant :— Unit—gm.~! cm. =2 sec.™?,
Viscosity :— U'nit—gm. cm.~1 sec.” L,

HEAT UNITS

The Dimensions of Temperature:—There are no generally accepted dimen-
sions for the quantity temperature. One procedure is to ignore the inter-relation of
temperature and heat, but to assign to heat the dimensions of energy (ML*T=?),
The dimensions of temperature are then written simply as #. With these conventions
those of ather thermal quantities can be derived, ¢.¢. those of entropy are ML*T=%0-1,

In the table of dimensions of heat units which follows, dimensions are given on
this system.

An alternative procedure is to calculate the dimensions of temperature from the
principle that the kinetic energy per gm.-mol. of the molecules of an 1deal gas is
proportional to its absolute temperature. They are then L*T—2, and entropy has
the dimensions of mass, M. T.H.L

—




DERIVED C.G.S8. UNITS

Temperatnre :—The melting-point of pure ice under 1 atmosphere is defined
as 0 C,, and the boiling-point of water under 1 atmosphere as 100° C. This
fundamental interval is divided into 100 parts by use of an agreed thermometric
procedure (see p. 53); each part is a degree Centigrade.

Heat :—Dynamical unit—the erg.
Lhermal wunit—The calorie, the heat required to raise the temperature of 1 gm.
of water by 1° C. at a stated temperature.
I 15° C. calorie == 4-1842, 107 erg.
1 20° C. calorie = 4-1813 . 107 erg.
1 British thermal unit = 1 1b. water 1°* F, = 252 cal. at 17° C.
In the data of thermo-chemistry, “ Calorie ” may mean “ large calorie,” Z.e.
kilocalorie. 860 international kilocalories = 1 kilowatt hour.

Gas Constant R in gz = RT, the equation for an ideal gas. R in erg deg.™?
mol.~! has the value :
101320 ¥ 10% X 224152
27316
R in other units has the values :
82059 cm.® atmos. deg.~* mol.”? = 008206 litre atmos. deg.~? mol.~*=1-g865
cal.yge deg.”! mol.~
(See Birge, ** General Physical Constants,” 1929.)
Boltzmann'’s constant k:
= 1-3709 . 10718 erg deg.” L.

Entropy:—When in a reversible change a substance takes in a quantity of heat
4Q at a temperature T, its increase of entropy is 4Q/T. Unifs—mean calorie
gm.~1 deg.”?, joule gm.= deg.”?, international joule gm. = deg.~L.

Enthalpy :—Total heat content per gram of a liquid and its vapour. In
steam tables the enthalpy of 1 gm. of water at o” C. at its saturated vapour pressure
is taken as zero. {/mids—mean cal. gm.~%, joule gm.=?, international joule gm.=1,

= 8:3142 x 107 (g = 9Bo-616).

=2
R=F5=

£ = R/number of molecules per gm.-mol.

ENGINEERING GRAVITATIONAL UNITE

In the following “lbwt.”” means the weight of a standard pound, and “ kgmwt.”
is that of the international kilogram; both weights vary from place to place. g is
the measure of the acceleration effective in a measurement, or it 15 a conventional
value. g in latitude 45° at sea-level 1s such a value, and it is given below.

Quantity. ! Wnit. Unit. Quantity. | Unit. Unit.
|
Fundamental Momentum . | glb, ft. [ g kgm. m. sec.”?
Length . . it. metre Moment of
l"ﬂrfc s Thwt. Egmwt. Inertia g Ib. it.2 £ kgm. m*
Mazz . . . £ lb, £ kgm, Coupla . . Tbwt, ft. kgmwt, m.
Derived Energy, Wark 1bwi. fi. kgmwt, m.
Area . . . ft.2 . ? Power . . | lbwt ft.gec~1| kpni. m. sec.—!
Volume . . ft.? m.? Pressure, I £~ K A
Density . . | (b, ft.-%) | (kgm. m.~%) Stress owt. it LT
Velocity . . | ft.sec ™2 m. sec,”!
Acceleration . | ft. see—2 m. sec.=2 ge=32:1725 g=y-8062

NORMAL GRAVITY AMD UNITS

In the above units those of force, work, power, pressure, etc., and of mass,
moment of inertia, etc., are indefinite until the value 0'}1 for which they are true is
known. One convention is to take as the normal acceleration of gravity its value
at latitude 45° and sea-level. Helmert's formula gives this value as

980616 cm. sec.”? = g-80616 m. sec.~? = 32-1725 ft. sec.~2
5
T.H. L.




DIMENSIONS OF UNITS

—

Normal atmosphere :—Two slightly different units of pressure called * one
atmosphere " are used. In both the pressure is that of 76 cm. of mercury at o® C.,
but two values of g are used. The International Committee of Weights and Measures
recommended in 1901 g be taken as gBo-665 for barometric reductions, Assuming
the density of mercury at o” C. is 13-50500 gm. cm. ™3,

I normal atmosphere = A, dyne cm.”* = 1-013249 . 10® dyne . cm.™2.

In 1929 the same Commission (in effect eliminating the mercury column) defined
the standard atmosphere as equal to 1-013250 . 10® dyne , cm."2,

Nevertheless, when g = g80-616 has been used in precision measurement of physical
constants, then

I atmosphere = A ; dyne cm.~2 = 1013199 . 10® dyne . cm.—2.

The use of the dyne cm.~2 as the unit of pressure would avoid the uncertainties
which have been associated with the use of the atmosphere as a unit of pressure.

DIMENSIONS OF UNITS

The dimensions in terms of length, mass, and time are denoted by the indices given
under L, M, and T. Thus the dimensions of power are LE*MT-3.

MECHANICAL AND HEAT UNITS

|
Quoantity. | L. M. T. Quantity. LM T Quantity. L. M. T. ¢
Length 1 o o] Momentum . I I —I] Strain . . o o 0
Mnss . o 1 o] Moment of mo- Elasticity =1 1 =2
Time o o 1 mentum : 2 I —I| Compressibilityl] 1 —1 2
Angle o o o] Moment of in- Viscosity . . |=1 1 =1
Surface z o o] ertia. .| 2 1 o] Difusion. . 2 0 -1
Vaolume . 3 o ofAnpgular mo- Capillarity . [T
Density -3 1 0O mentum .| 2 I —I | Temperature o 0 0 1
Velocity . 1 o —1] Force | 1 1 =2§ Heat . | 2 1=2 o
Jgfg,|-_|,g|,1|;|_r viel. o I o B | {:nuple, 1'urquu | 2 1 =2] Thermal Con- |
Acceleration 1 o—2] Work, Energy | 2 1 —2 ductivity . | 1 1 -3 —1
Angular ac- Power . +| 2 1 =3] Entropy . | 2 1 =21
celeration . 0 o —2| Pressure, Stress |—1 I —2 |

ELECTRICAL AND MAGNETIC UNITS

References:—]. J. Thomson, ** Mathematical Theory of Eleetricity and
Magnetism ”; Page and Adams, “ Principles of Electricity,” 1936.

Practical Absolute System of Electrical Units (see Phys. Soc. Froc. 48, 445, 19306).
Report on Electrical and Magnetic Units to the International Conference on Physics.
Appendix by H. Abraham on Magnetic Quantities, 1035.

To derive a system of electrical units four fundamental units are required.

Electromagnetic System is derived from the cm., gm., sec,, and the perme-
ability of a vacuum taken as unit permeability. It is called the e.m.c.g.s. system and
e.m.u. is the abbreviation for electromagnetic unit. The inverse square law for
magnetic poles is used to define unit pole, and other magnetic and electrical quantities
are derived from unit pole.

Abszolute B8ystem of Unita is the name now given to the following multiples
of the e.m. units of resistance, etc. :

1 ohm = 10 e.m.u., I amp, = 107! em.u., 1 volt = 10 e.m.u,
I henry = 10® e.m.u., 1 coulomb = 1071 e.m.u,, 1 farad = 1077 e.m.u.

L H. L.




ELECTRICAL UNITS

and by international agreement these will replace the international ohm, ampere,
and volt, ete. In anticipation of this change the ratio of the international ohm to
the absolute ohm and the same ratio for the ampere and volt have been accurately
measured in national physical laboratories.

Practical S8ystem of Units:—These units were intended to be the above
multiples of the e.m. units of resistance, current and e.m.f,, but were actually defined
in terms of a mercury ohm, and the silver coulombmeter. Derived units of this
system are derived from 10® em., 107! gm,, 1 sec., the permeability of a vacuum as
fundamental units. This system, never completely used, will now become obsolete.

Electrostatic System for which the cm., gm., sec. and the dielectric constant
of a vacuum are the fundamental units is another system of electrical units.

There are many possible systems of electrical units, and any procedure followed
in deriving one has arbitrary elements in it which are determined by considerations
of convenience and individual preference. Writers on electrical theory following
Gauss use a combination of e.s. units and e.m. units, but recently the use of two
systems of units has been criticized as irrational.

Heaviside-Lorentz Units:—In writings on Maxwell's electromagnetic theory
Heaviside-I orentz units are often used, which are a modification of the combined e.m.

and e.s. units obtained by simply changing the unit of force from 1 dyne to 1/4= dyne.

ELECTROSTATIC UNITS AND QUARNTITIES

Defining relation Quantity. ijl;:::-. ]J'Bﬂuiz:gn' :a]:atiuu

—

Bym-
Quantity. bol. | in e.5.1.

Electrostatie Coulomb’s Law : | Displacement D | D= eE 4 4oP
Charge . QL F = Q04 e Polarization . P | electric moment/em.?
Fiadd- - . | E E = ()fe,r Dielectrice

Potentianl . .| V ¥ =—E cos ad! const, F € e =D/E

E.M.F. . & |&#=¢Ecosaa! |Capacity. .| C |[C=QIV

€y i3 the dielectric constant for a vacuum; in es5.u., €=1I.

Charge :— Unii—to define unit charge in the above expression for Coulomb's
law the force is made 1 dyne, the distance 1 em., the charges made equal and placed
in a vacuum, f.e. F=1, r=1, Q; =0, ¢ =1. In words: unif charge is
that charge which repels in a vacuum an equal and like charge with a force of

1 dyne.

Electric Field:— [/nii—Unit field is that field which acts on unit electrostatic
charge with a force of 1 dyne. The field in a vacuum at » cm. from a point charge
Qs Qfr2,

Potential :—In the above expression for potential, ZV erg, is the work done
by unit electrostatic charge against the electric field (E) when it is deplaced &/ cm.
in a direction making an angle « with the field. The work done, V erg, in bringing
unit charge from infinity to a point P is the potential of P.

Uniz P.D. exists between two points in an electric field when 1 erg of work is
done in taking unit charge from one point to the other.

E.M.F.:—Unit e.m f. exists in a circuit when 1 erg of work is done in taking
unit e.s. charge round the circuit.

Electric Displacement, D, is defined as the vector sum of the electric field,
e E, and 4 times the polarization P, ie. D . = ¢,E 4+ 4#P.  As stated above the
dielectric constant (electric permeability) of a vacuum is taken as 1, that is, ¢, = 1.
If this equation is written as it often is, D = E 4 4=P, it is dimensionally inhomo-
geneous, In other words, 1) 18 the sum of two electrical quantities of different kinds,
which is meaningless. (The definition of magnetic induction, which is defined in a
similar manner to D, has been the subject of much recent discussion by Abraham
and others.) T H.L
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Polarization, P:—When a dielectric is in an clectric ficld, the electrons and
protons are displaced relative to one another by the action of the field. EFlectric
dipoles are formed throughout the diclectric, which is said to be polarized. The
polarization is defined to be the electric moment of the dipoles per unit volume, It
15 the charge in e.s.u. per em.? in a plane normal to the direction of polarization, ®

Dielectric Constant, ¢, is defined by e = DJE. It can be deduced from this
definition that the law of force between charges in a medium of dielectric constant
¢ (e.g. in air) is F = Q,0,/er%, and that the dielectric constant ¢ of a medium is
the ratio of the capacity of a condenser having the medium for a dielectric to the
capacity of the same condenser with a vacuum as dielectric.

Capacity:—The ratio of the charge, ) es.u., to the potential difference,
V es.u., for a condenser is constant, and is its capacity, C e.s.u.

Unit capacity is that of an isolated conducting sphere of 1 cm. radius in a
vacuum. In an infinite medium of dielectric constant ¢ its capacity 1s € e.5.u.

ELECTROMAGHNETIC UNITS AND QUANTITIES

; 8ym- | Defining relation : S8ym- | Defining relation
Quantity. bol. in e.m.n. Quantity. hol. in e.m.u.
Magznetio Electriceal

Pole . . .| m |F=mymypy? Charge . .| Q =[ld¢
Moment M M=md Current 1 H cos ad/=4mnl
Field . H |H=m/p» Potential . .| V | JdV=—E cosad/
Potential . .| 0 |40=—H cos adl | E.M.F. & | &=¢E cosadl
Magneto- )

motive force | 5 | ¥ =dH cos adl Resistance R |R=¥#[1
Induction . B | B=pH+4nl Inductance . | L | &=—LJI[a¥
Intensity of

magnetization| I |I=M/dp M | M=p[[ cos adldl'[r
Permeability . m p=EB/H
Susceptibility . | x |x=1/H
Flux ¢ | ——-—_[Hu'S

'
Magnetic Pole:—lnif—as for the definition of unit e.s. charge we put

F=1,7=1,m =m, p, =1, in Coulomb’s law of force for magnetic poles, and '
obtain the definition :

Unit magnetic pole is that pole which repels in a vacuum an equal and like pole
with a force of 1 dyne.

Magnetic Moment :— {/»i/—the moment of that dipole, which consists of unit
positive and negative poles 1 cm, apart,

Bagunetic Force or Field: L'wif fic/d acts on unit magnetic pole with a
force of 1 dyne.

Magnetic Potential :— Unsit pofential exists at any point P in the magnetic
field when 1 erg of work is done against the field in bringing unit positive pole from
infinity to P,

Magnetomotive Force:— {7t M.M.F. acts in a magnetic circuit when the
work done in taking unit pole round the circuit is 1 erg.

The ampere-turn is a unit of m.m.f. and of magnetic potential. 1 ampere-
turn = o'4m e.m.u. = 1-256064 e.m.u. of magnetic potential.

Magnetic Induction, B is defined by the vector sum, B = pH L 4=1, where
g = 11N e.m.u, : e ; e

Maxwell's definition of B is : the magnetic induction of a material is equal to the
force which acts on unit magnetic pole placed in a narrow cavity in the material,

T.H.L.
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the cavity having plane sides normal to the direction of the magnetization. This
defimition and the preceding one have been the subject of much discussion. (See
*“ References ' above, particularly Abraham’s paper.)

Intensity of Magnetization, I, of a magnetic material is its magnetic
moment per unit volume. It is evidently the magnetic pole per cm.? over a plane
surface normal to the direction of polarization.

Magnetic Permeability, x. Although the magnetic induction B induced by
a magnetizing force H is not proportional to H, for materials which show magnetic
hysteresis, magnetic permeability, p, is defined by the relation p = B/H.

Ia.gnet_;ic. E‘Ils,_uepﬁ'hi_]ity,_x. I/H is constant for diamagnetic and some
paramagnetic materials. « is defined by the relation x = [/H. Since

I = (B — puH)/4m, and py = 1 In e.m.u., therefore x = (x — 1)/47.
Magnetic Flux:—The magnetic flux for an element of arca &5 cm. is B.4S.
The flux ¢ for a surface S cm.®is [13::35. the quantities being vector ones.
Sk

Electrical Units:—Units of all the magnetic quantities have been derived
from Coulomb’s law of force and four fundamental units. To pass from magnetic
to electrical units Ampére’s law for the magnetic field of an electric current is used
to define unit current in terms of unit magnetic pole.

Electromagnetic Unit Current flows in a conductor when the work done in
taking unit magnetic pole in a closed path round the conductor is 47 erg.

Electric Charge:—{nif quantity of electricity crosses in I sec. any section
of a conductor when 1 e.m.u. of current flows in the conductor.

Electromagnetic Units of the following quantities are derived from the
e.m.u. of charge by means of the expressions given in the above table under electrical
quantities : Potential, E.M.F., Capacity, Resistance, Inductance. The
defining relations for Displacement, Polarization, and Dielectric Constant
given in the Table of Electrostatic Units are used to derive units of these guantities
from the e.m.u. of charge.

Conversion Factors :—The ratio of the electromagnetic units to the electro-
static units, and to the practical absolute units is given on p. 12.

Inductance is defined by Faraday's law, & = — dN/df = — LdI/dy, for the
e.m.f. induced in a circuit when the current in it varies.

The Mutual Inductance, M, of a pair of coils is given in terms of their
linear dimensions by Neumann's formula M = pff cos ad? . &'fr, which is derived
from Ampére’s law. Both laws give the same e.m. unit of inductance sometimes
called the * centimetre.”” L and M have the dimensions =[g . length]).

PRACTICAL ELECTRICAL UNITS

The International Ohm is the resistance offered to an unvarying electric
current by a column of mercury at o° C,, 14-4521 grammes in mass, of a constant
cross-section, and of a length of 106300 cms.

The Intermational Ampere is 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.

DIMENSICNS OF ELECTRICAL QUANTITIES

Dimensions of E.8. Units:—The dimensions of electric charge in terms of
M, L, T and ¢ are derived from Coulomb's law thus :

[F] = [MLT-3] = [Q,Q,/L],

giving [Q] = [MELET-1ed] T.H.L.|
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The dimensions of electric field, E, potential, V, e.m.f., &, displacement, D, polariza-
tion, P, dielectric constant, €, capacity, C, are derived from those of Q using the
relations in the table on electrostatic quantities.

To calculate the dimensions of magnetic quantities, Ampére’s law for the
magnetic field of an electric current is used. The work done on a magnetic pole, m,
when taken round a path which encloses a current, 1, is proportional to 1 and to m,
but is independent of the path. Ampére's law may be expressed : W = gnlm/A,
where 4=/A is the constant of proportionality. All the systems of units In use put
A = 1 and give to Im the dimensions of work ; to do this is a convention, but so
far it is a generally accepted one. (See * Giorgi units,” p. 13.)

The dimensions of I are [QT—!)], and we get for those of m

[m] = [MiL¥e 1)

The dimensions of the other magnetic quantities are derived from those of
magnetic pole, using the defining relations in the table containing those quantities.

~ Dimensions of E.M. Units are derived in a similar manner, starting with the
inverse square law for magnetic poles.

Ratio of E.M. and E.8. Units:—The ratio of the e.m.u. of charge to the
e.s.u. is ¢, where ¢ is the measure of the velocity of light in cm. sec.”* Now the
dimensions of charge must be the same on all systems of units. If we equate
the dimensions of the e.s. to those of the e.m. unit it is found that

[p~e ] = [LT],

that is 1/v e has the dimensions of a velocity. This is necessary if the dimensions
which have been derived are to be consistent with Maxwell's electromagnetic theory

in which ¢ = 1/V pge, is the expression for the velocity of light in a vacoum. If
the A mentioned above is not of zero dimensions then A%/ u e, = ¢
The dimensions of the e.m. and e.s. units are tabulated below.

ELECTRICAL AND MAGNETIC UNITS

¢, the ratio of the electromagnetic to the electrostatic unit of quantity, is usually
taken as 3 X 10'%, and is a pure number (p. 84). (See Rucker, Pisl. Mag., 22,
1880.)

Reference: ‘‘ International Conference on Physics, London, 1034 " : Reports
on Units.

Dimensions. Relations.
Unit. Sym- | E§. Unit. | E.M. Unit. |E5.0.
& s EMU Units,
L. M T E.[I-. M T . |
i | e | Emu | EsO.
Electrical |
Charge . . . 0 2i-1 & 3} o-} ife |coulomb =101 |[=3x10°
Rtsil;!:ﬂnfﬂ' " IR |-10 1-1] to-1 1| ¢ |ohm =10" !-—-%‘x po 1
Current . I | B E—z Y }i-1-}§ t_;'l ampere |=10"! |=3X10°
Potential. i | t3-1-4 F4=-2 § = g =il
EMF. . . .| # 3 ..[_i ge—e : e || TR o N il
Electricfield .| E -4 §-1-4 & ¢ -2 ¢ ;uuil,mu_! -- -
Conductivity .| « cgo-1 il—-20 1-1 1fe* | chm™t |=10"" [=gXi0ll
Capacity. . . f © 1o a Ij-10 =u1| 1/e? | farad =10"* |=9x 1ol
LM g | henry |=10* =} X 1011
Inductance . . iMi-1r0-2-1 10 0 @ ¢ i pem. =§x%10-%
Displacement .| D |-3d-1 -3 o —if 1e - 1 =3 X 1017,
Polarization. .| P |—f¢-1 §{-§ & o-4 1/c — ) Y [=3x101®
hl:}:;‘:"“ m"'} € 00 o tj-20 2 —ll ter] — | — —
| |

T.H.L.
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Dimensions. Relations.
Unit. To- | E.8. Unit. | EM. Unic. | 5.0,
: — Units.
L M. T. .| L. M. T. p
M otic Prac, EM.U. ES.10.
Pole strength . | m 14 o-4 334-1 & ¢ - I ema. |=1x1071"
Fhre v etk 14 o-4 #§4-1 4 1fe |r0o~® prac|=1 max-|=33 10"
| well
Foree H }i-2 3 -%3-1-} 1jc |10prac. =1 oer-|=3x101®
Potential. (9] sted
Magnetomotive §3-2 3 ¥3-1-=4 1fc |10prac. [=1 gil- |[=3x 10"
force . x| j bert
Moment M il o= Ed-1r § -~ = — | ==
Induction B |-3} o-4 -1 -1 §| ¢ |[107® prac.|=1gauss=} X 1071°
Intensity of mag- | | |
netization . I |-23% o=4-%33=-1 3 ¢ |10°® prac|=1gauss|=}x10"1°
Permeability . g |-20 2-1] co o 1| ¢ |[1077 prac.|=1"“per- e
meahil -
ity "
HEAVISIDE-LCRENTZ UNITS
Charge: L mi/—Coulomb’s inverse square law of force between electric
charges is used to define unit charge. It is that charge which repels an equal and

like charge at a distance of 1 ecm. in vacuo with a force of 1/4= dyne. Unit pole is
defined in the same manner. The remaining units of electricity and magnetism
are derived using the defining relations given in the foregoing tables relating to
e.s. and e.m. units. The relations which exist between h.l., e.m., and e.s. units are
given below.

RELATIONS.—H.L.U. TO E.M.L. AND E.5U.

| | | |

Unit. | Bymbel. h.l.ua. @.0m.1. J £.5.1.
Charge e e (8] | 2¢4/7 h.lLu. =[fe emu. | =1 £.5.00.
Cartent.. . . & % a I L avr ,, | =lfc o = s
Electricfield . . . . R a1 =2t =2v/r .
Polarization . . . . P | 2e/'m oy i e = B
Magnetic force 1 A | o =24/ =247 ,,
Magnetic potential 9] 1 i =237 =207 ,,
Magnetomotive force . | K I " =27 =20e4/7 4
Intensity of magnetization I 2w, =] i =1fc .,
Magnetic induction B [ 1 ¥ =7 —2/Tle,,
Resistance L e w | =4m? =47
Capacity C | gcd | =1 2 =2 A
Inductance . . . | LM I I o | =dmc? -, =4 2

GIORGI UNITS

Giovanni Giorgi in 1904 proposed the metre, kgm., sec., and the ohm (practi-
cally defined) as the fundamental units of a system of electrical units. The Inter-
national Electrotechnical Commission in 1933 invited its national committees to
consider the Giorgi system, and whether the fourth unit should be a resistance of

T.H. L,
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4

| of the permeability of space on that system. The following table is based on one

10° e.m.u. “ or the corresponding value of the space permeability of a vacuum.”
The Standards, Units and Nomenclature Commussion of the Union of Physics in
1935 recommended the fourth unit should be ““ 10~7 henry per metre,” the value

given in the report of the latter body, but 10* under ochm 1s here altered to 10%

FUNDAMENTAL UNITS OF M.K.8. AND C.G.8. ELECTROMAGNETIC SYSTEMS

Systems.

Length. | Mass. | Time.

-

S| A | polk ' Coul. | Amp. | Voit. fﬂhm,
I
i

I €m. I gm. 1 secC. I I 1

I metre | 1 kgm. | 1 sec. 10~7 I 107 1 1 1

1071 107!l | 10% E 10 |
|

e = magnetic permeability of vacuum. Definition of A by Ampére’s law :
F = a4 sin $adS[Ar

RELATION OF INTERNATIONAL PRACTICAL TO ABSOLUTE UNITS

rWg‘ht: international ohm and ampere were defined at a conference at London in
1 :
. The Intermational Ohm is the resistance offered to an unvarying electric
current by a column of mercury at 0o C. 144521 gm. in mass, of a constant cross
section and of length of 106300 cm.

The Intermational Ampere is the unvarving electric current which, when
passed through a solution of nitrate of silver in water deposits silver at the rate of
000111800 gm. per sec, |

Other international practical units are derived from the ochm and the amp.
The int. chm was intended to be 10* e.m.u. resistance and the int. amp. 107! e.m.u.
National physical laboratories have determined the actual ratios, which are expressed |
as :

1 int. ohm = p . 10" e.m.u. of resistance, |

1 int. ampere = ¢ . 10~ e.m.u. of current

According to the ** Procés Verbaux des Séances du Comité international des Poids
et Mesures” (p. 113, 1937) :

# = 1:00048 g = 099986 '
these values of » and g are based on the following observations :
National National :

Laboratory. P 9 Laboratory. P 9
Great Britain 1'000504 | 0999848 | Germany 1000483 , —
United States 1'000454 | 0999895% | Japan 1:000465 0'gg9938

| |

®¥ Nat. Bur. Standards later (1939) obtain p = 1000479 and ¢ = 0-0o0868.

The error in g (the ratio for the ampere) is possibly + 0'00004 and is mainly due
to the difficulties which arise in the use of the silver coulombmeter in precision
measurements., The error in # (the ratio for the ohm) is smaller, and is possibly

:I: Q00001 6, T H I.
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ELECTRICAL UNITS

(See Birge, “ General Physical Constants,” Swp. Phys. Ree, 1, 14, 1929
Hartshorn, ** Absolute Electrical Measurements,” Phys. Soc. KReports, B, 1039.)

The ratio, international : absolute unit, for the practical units is : 1

Unit. | Obm i Amp. [ Coulomb. !: Volt. Farad. | Henry. | Watt.
. b |
Value ine.m.u. | # 10 : g m—‘| gi1o~l | sz 10® | 471107 P 10* | pg? 107
inter. /absolute | 1-00048 | 099986 | 0-99986 | 1:00034 | 0°99952 | 1'00048 | 1-00020

E.M.F. OF WESTON CADMIUM CELL

The electromotive force (E) of the Weston cell in absolute volts (10® . E M.
units) as realized from one of the accepted specifications. The present accepted
international value of E is 1-01864 absolute volts at 20° C.

This cell consists of anode Cd amalgam, electrolyte saturated cadmium sulphate,
cathode Hg covered with mercurous sulphate. For precision the temperature of the
cell must be uniform and constant.

Temperature coefficient.
| for the E.M.F. at #"—

Ey = E 4 — 0000406( — 20) — 9'5 X 10~7(f — 20)%

Over the range 0° to 40°, Wolff (1908) obtained

E at 20°. Method. Observer. E at 207, Method. Observer.
1-01868 | Intl. ohm. and | Ayrton, Mather, | 1-01865 | Intl. ohm and | P.T.R.,
' current weigher] and Smith, 1908 Intl. ampere 1935
1-o1870 | Intl. ohm and | Dorsey, 1911 1-:01864 | Intl. ohm and | N.P.L,,
current weigher current weigher | 1935
1-01864 | Intl. ohm and | Intl. Ctee., 1910 | 1-01857 | Intl. ohm and | N.B.S.,
Intl. ampere Intl, ampere | 1935

The E.M.F. of the Clark cell = 1-433 volts at 15° C. It diminishes by about
1-2 parts in 1000 for 1° C. rise of temp.

T. H. L.

RATIO OF E.m. TO E.8. UNITS

This ratio was first measured in 1857. To measure it for the e.m. and e.s. units
of capacity a condenser is used whose capacity, C, e.s.u., can be calculated from its
linear dimensions. Its capacity, C, e.m.u., is then found h‘%’ means of Maxwell's
bridge in terms of a resistance R e.m.u. and a frequency, # sec.”!, where Cy, = 1fR . 2.
For capacity, Cp/C; = ¢*.

Rosa and Dorsey (Hul. Bur. 5¢., 1907) obtained for the ratio (29071 4-0-0003)
¥ 10", but they assumed 1 int. ohm = 10 e.m.u.  This value now accepted is
I int. ohm. = 1-00048 . 10" e.m.u.; this gives: ¢ = 29971 x 10? X 1-00024
= 2-0078 x 100

The mean of the value of ¢ found by seven observers prior to 1907 was 3-0001
¥ 10 (see Abraham, 1go0).

The accepted value of ¢ = 2'99774. V.D.H
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CONVERSION FACTORS

BRITISH INTO METRIC CONVERSION FACTORS
Conversion factors based on the relations given on p. 4. g is taken as 98062 cm.-sec. ™
Reciprocals are given for converting metric into British measure.
British. | Metric. (Reciprocal.) British. Metrio. {Reciprocal. )
Length Force—
I inch =| 25400 cm.* 39371 | 1 poundal == 13,825 dyne |7-233% 107"
1 foot =| 30048 cm.* 03281 I pound wgt. =| 4-448 < 10% [2-248 X 1079
I yard =| 144 metre®*  1-0930 dyne
1 mule =| 106043 km. 62137 hﬂ“m_
Area— | I 1b./sq. iInch =| 68,943 I-45 % 1078
Isqg.inch =| 6-4516s5q.cm.| 15507 dynefcm.?
I sq. foot =|920-03 sq. cm. «001a7h ' w  =| 70-306 "or4z2
Volume— (tbi 6 _gﬂ’g-:’“ﬂﬁ I
1 cubic inch=| 16-387 c.c. o610z |1 P59 Tt 47 {f}_mkm s | b
1 cubic foot = 28-_?1';-' litre 03531 I ton/sq. inch =| 1-544% 10% 16477 < 16~°
1 pint - 282 litre 1-7508 / il -
1 gallon =| 45460 litre -2200 bt bl
" 1" = 1-§75 | 'ﬁﬁ-‘t‘}
Mass— kegm./mm.?
[gl’ﬁl.:ln : :I—. 3-0&481:- gm, | 15-432 Work—
I oz.(avolr.)=| 28:350 gm. ‘03527 ft. ib. — | doulet | o7
1lb. ,, =| -45350kgm.| 220406 il 1-356 joulef | 7373
I ton =| 10160 kgm.§ 039842 | pPower—
Density— 1 horse-power = 740 kwatt (1-34
I lb.fcub.ft.=| o160z 62:43
gm.fcm.? Heat— ¥
Velocity — 1 B. Th.unity _| oy IS
I milefhour =| 44-70 cm.fsec. | 02237 | (1 Ib., 1° F.)f =[?5200 calorie | 003968
J- L
MISCELLANEOUS DATA
I mm. = [0~% metre
CONVEMNIENT APPROXIMATE RELATIONS I =10t
I mp =T107"
I yard = 1 metre, less 109 1A U. = [o~10
2lb. =1 kgm., , I mil = 1o-?inch
2 galls. = 10 litre, ib
I ton = 1000 Iigi'l‘l., less 2":{:, MATHEMATICAL |
i Number, I.-l.'rg of Number.
SOME BRITISH WEIGHTS AND MEASURES m . 3141502054 4OFIS
y E ; wt 9869004401 994 30
The avoirdupos, troy, and apothecaries 17 318300880 T-50285
grain are the same. iy 1772453851 "24857
ot 3¢ 4 T I radian | §7%-29578 1-75812
1 1b. (avoir.) = 7000 grain = qu. gm 19 017453 radian 224188
: Ei {tr«:::y]= o i ST £ | 2:718281828 43429
1 oz. (apothe- }___4&] T log, 10 .1 2:302585 36222
| caries) k -
| 1 fl. drachm 3 =00 minim = 3535 c.c. To convert Muitiply
1 . oz. § =8 fl. drachm=28-41 ,, b
I pint =20 fl. 0z, =568 ,, Common into hyperbolic logs, 2-30258
Hyperbolic ,, common i 43429

* Correct to 1 part in a million.
I 1 joule=107 ergs.

§ 1 tonne=1000 kgm.

T Correct to 3 parts in a million.
4 1 therm=100,000 B.Th. units.

:

V.D.H
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MISCELLANEOUS DATA

MISCELLANEOQOUS DATA —coniinzed.

BRITISH COINAGE R FTICiAL
Gin. | Weight. Dismeter. | 1 nautical mile =6082+66 feet
| . | 1 admiralty mile = 6080 feet
saveretgn | 8 grams less <15, 218em. | pnst = 1 nautical mile/hour
penny % oz. (avoir.) 1-2 inch fatl = ' .
halfpenny | ¢ ., o IO o I fathom = 6 feet |
British Continental i
and German. |and American.
Million D e L 108 10%
Billion mo gL T S e 1012 10*
miben . aE e i 1018 ) [ L

VOLUME OF A KILOGRAMME OF PURE WATER

At 4° C. and 760 mm. Values recalculated by Benoit. (Zraz. of Mém. Bur. Intl.,
14, 1910.) * (See p. 5.)

Observer. I .08, Observer. C.05.

Lefévre-Gineau and Fab- Chappuis, 1907 . . . . 1000027
broni, 1990 . . . . 1000030 de Lépinay, Benoit and

Guillaume, 1904 . . . 1000020 Buisson, 1goy. . . . 1000028

DENSITIES OF GASES

Supplementary to p. 35. Densities in grams per litre at 0o° C., 760 mm., sea-level,
and lat. 45°.

Gas, igi.'ns,.,"lit'.rnzl. Observer. (ras. |gms.,"1itru.I Ohserver,
He . 1785 | Mean, 1913-1926 Ra Em.| 9727 | Gray& Ramsay, Pf;:s,
Ne . -go02 | Watson, f.C.5., 1910 1910
Kr . 3708 | Moore o 1G08 CH, -. 7108 | Baume & Perrot, C.R.,
Xe . 5'85[ | 3] 1] 'h 1G04

C.R., Compt. Rend. ; J.C.5., Journ. Chem. Soc.; P.R.5., Proc. Roy. Soc.

UNIVERSAL CONSTANT OF GRAVITATION G

; m.”*, em.? . sec.™® in the expression for Newton's law of gravitation, F =
| GM,M,/d* has been measured by Boys, Braun, EGtvis and Heyl, using developments
of the Cavendish torsion balance method, and by Poynting and Richarz and Krigar-
Menzel using the common balance method. Their results are tabulated below. Value
adopted for G = (6-659 +- -005) x 10-%

References :—Poynting, “ The Mean Density of the Earth ™ ; Boys, Congrés de
FPhysigue, 1900 ; Heyl, Bur. Stand. J. Kes., 1930.

———— e

Method. | G. Method. : G.
Torsion Balance— Common Balance— !
Boys, 1895 . : . |6:658x 1072 | Poynting, 1878 . . . . |6:6g8x10~®
Braun, 1806 . . . 6:658 < 107° | Richarz and Krigar-Menzel, |
Eotvés, 18¢6. . . . . |O0soxi107° TBGE | Sl E e e |G R e
Heyl, 1930 . Fr Iﬁ-bjoxm—ﬁ
Mean e e ‘6-6593{ o8 Mean.*.. .. . ocwlos [G0BOT X 10D
| :
V.D. H.

c
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GRAVITY

GRAVITY, LONGITUDE AND LATITUDE

ABSOLUTE VALUE OF THE ACCELERATION OF GRAVITY

The first determinations of the absolute value of the acceleration of gravity were made
with * simple * pendulums. Kater introduced the reversible pendulum. When the periods
of this pendulum about both knife-edges, which are unsymmetrically placed in a 5trﬂ.i§ht
line passing through the centre of mass of the pendulum, are equal then g=4=% /[#
cm.[sec.?, where #sec. is the period about either knife-edge, and / cm. is the distance
between the knife-edges. Bessel showed theoretically that the buoyant action of the air
on the pendulum, and the inertia of the air carried by it could be eliminated by using a
reversible pendulum symmetrical in external form about its middle point. The observed
period of the pendulum is reduced to that for infinitely small arc, and to a standard
temperature and air density. Other corrections are made for yield of support, for elastic
lengthening and bending of pendulum, for the * radius " and slipping of the knife-edges.
A weighted mean of the results which follow (exeluding those of 1936 and 1939) is

& — 981-274 cm.[sec.? at the Potsdam Geodetic Institute.} .

This value is used by Borrass in a reduction of the relative determinations of g for 2736
stations in different parts of the world,. References: Ueﬁurgas, Observations du
Fendule, Imprimerie Nationale, Paris 1804 ; Helmert, Theorie des Reversions Pen-
dels, Potsdam 1808 ; Kiihnen and Furtwiingler, Bestimmung der absoluten Grosze
der Schwerkraft, Berlin 1906 ; Bullard and Jolly, Geaphys. Sup. KRoy. Ast. Soc., 1936
P. Heyl and Cook, /.R.N. Bur. 51, 1936 ; ]. 5. Clark, Phil. Trans., 1939.

' i |
Observer. ‘ Station. l Method. sl ]
Bessel 1826 . . | Kdnigsberg | Simple pendulum using two lengths 981-440 | 981-246 |
Pisati and Pucei . | Rome, 1894 | D, do. G80-343 274
| Lorenzoni 18858 | | Paduna Two Bessel reversible pendulums oBorhy3" 263
| Barraguer 1880 . | Madrid Four Bessel reversible pendulums 979 977" | 250 |
Defforges 1804 . | Paris Obs. Four Bessel }Iwmlulums: 1 m. *5 m. 930900 | *331 |
| Rivesaltes *§ m. *25 m. length glogg2® 2h3 |
v. Oppolzer 1904 | Vienna Obs. ‘wo Bessel pend. of different mass 980-853* 273 |
Eiithnen and Furt- | Potsdam Five Bessel pendulums gfo-25o 270
wingler 1906 | |
P_LI-I{E'I and G. : Washingtont | Three reversible silica pendulums ofo-olo | 254
ook 1930, {
J. 8. Clark 1939 . | N.P.L. Reversible pendulum. Length by |931-131,) 261
| Teddingtent | interferometer !

*® Corrected by K. and F. for bending of pendulum, ete.
T For latitude, ete., sée pp. 20, 21.
$ Error calculated from consistency of observations 4-+0016.

RELATIVE VALUES OF GRAVITY. FIGURE OF THE EARTH

Potsdam Bystem.—The publications of the International Geodetic Association use
£=981'274 cm./sec.? at Potsdam (sece above) as the base for relative determinations of
gravity, Gravity surveys initiated in 1818 by Kater and Sabine have been carried out in
most of the European States, America, India, and Japan by observing the time of swing
of invariable pendulums at the several stations in the area under survey, and at a base
station where the value of g is well determined. In 1880 v. Sterneck introduced the
invariable half-second pendulum. Corrections to the period of the pendulum to infinitely
small arc, for temperature, for buoyancy, and for the yield of the support are made. The
square of the corrected period varies inversely as g A large part of such observations
was reduced by Helmert in 1896, and by Borrass for 2736 stations in 1909. (Relativen

T.H. L.

——— ———
—r—r o
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GRAVITY

RELATIVE VALUES OF GRAVITY. FIGURE OF THE EARTH (conrd.)

Messungen der Schwerkraft . . . Inter. Geod. Ass. 1911). The base stations of this
reduction are printed below in black type. The agreement of relative determinations
of gravity is shown by three values for the difference between g at Potsdam and
Paris Obs., viz.

+330 cm.fsec.? von Sterneck | -334 cm.fsec.? Haid | -333 em./sec.® Putnam

British Isles.—Bullard & Jolly (see reference above) have reviewed gravity
measurements in Great Britain, values obtained by them using wireless time signals are
given on p. 20.

Gravity at Bea.—Meinesz in expeditions by submarine during the period 1923-
1932 has measured ¢ over wide ocean areas. The methods used are described in
| Meinesz “ Theory and Practice of Pendelum Observations at Sea,” Netherlands Geod.
| Com. 1929.

The Figure of the Earth has been deduced from gravity observations. Each
observed value of g is corrected to that value, £.”, which it would have at the ideal surface
of the geoid, that is, it is corrected for terrain and altitude. We have

g0 =g+ 8g + 8¢ -+ 8,2, where |
8¢ = topographic correction (always positive) which corrects the observed value to
what it would be if the terrain surrounding the station were horizontal,
8y = Stokes' correction for altitude, < 2 Agy/r, follows from Newton’s Law of
attraction at a point at an altitude £, and is -0003086 ¢m./sec.® per metre.
8y = Bouger’s correction for elevated masses. This takes into account the attraction
of the matter of density & forming the elevation, and is— 34.8,2/4D, where D is
the mean density of the earth = 5:53 gm./em.®. Faye, assuming with Airy
(1855) that elevated masses rest like the tops of icebergs on matter of low
density, decreases Bouguer's correction.
£o dth:: corrected value of g, is compared with that calculated for assumed shapes of the
geoid.

of the earth varies so that layers of equal density are concentric coaxial spheroids of
equilibrium, showed that the acceleration of gravity in latitude A at sea-level would be

gy =gA1 + (5 mf2 — e) sin® A}

where g, is gravity at the equator, # is the ratio of the centrifugal to the gravitational
acceleration at the equator, that is ‘0034672, and ¢ = ellipticity = (a-#)/a. Stokes showed
that this relation is more general than Clairaut claimed. Adding small terms to the
above relation and correcting for altitude H, Helmers (1901) obtains for gravity,

yu = 978'030 (I + "005302 sin® A — ‘000007 sin® 2a) — ‘co03086H
= 980616 — 2'5928 cos 2A + *006g cos? 2A — "0003086H (H in metres)

 The value of the ellipticity ® used in these expressions is 1/298'3. The values of gravity
given by Helmert's expression agree with the observed values. In the following, table
the latitude A, the longitude, altitude H in metres, the observed value of gravity g relative
to Potsdam, namely, g81°274 cm.[sec?, g, which is g corrected as stated above, ¥, the
value at sea-level calculated by Helmert's formula, and g, = 7, the difference between
the corrected observed value and the calculated value for an ellipsoid of revolution are
given, When there is no observed value for a station g is calculated and entered under
observed but is marked®. The stations with values printed in heavier type are base stations.
nces : collected observed values of g: Helmert (1896), Borrass (1911) and others in
the C. R. Association Géodésique International ; U.S. Geodetic Survey ; Trigonometrical
Survey of India. Figure of the Earth: Clarke’s “ Geodesy,” 1880 ; Helmert * Héhere
Geodasie,” * Die Grosse der Erde,” 1906 ; Bourgeois and Perrier in* Recueil de Constantes
Physiques,” 1913; Poynting and Thomson, * Properties of Matter.”
* The International Geophysical Unlon (Madrid, rg2q) adopted the Hayford Spherold with ellipticity t/zo70

i |

Spheroid of Equilibrium.—Clairaut, in 1743, assuming that the internal density |

1!
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GRAVITY
Alti- i ) LR [P~
28l: 8 =1 =
Placs. Longitude, | Letitude. |tade | (B2 | 3.8 1028|188 observer
o r w o + # [metre. Sg g a8
Pﬂll! - . s B B W t — p o o [+ ] 'gﬂalﬂl.b*
Equator. . « » + _— o 0 0 o |g78o30*
VictoriaLand. . . .J166 44 48 |77 50488 9 |gB2gR6 |gBa'g8R gBa'gBy| 4 4 | Bernacchi
British Isles—
Aberdeen (Univ.}). . .| 2 638 W(gy 8 g8N| =21 ¢8168*
Aberystwith . . . .| 4 4 Wisaas N| — [gBrapn”
Bangor . . . . . 4 8 Wisziz3 N 981°350*
Belfast . e 556 Wisg3ar N gBrgy1®
Birmingham . . . 154 Wigza28 N gl afc®
Brostol . & W @ . 2 ah = 'Ur':j.l o7 N 75 | gB1t187 | Bullard & Jolly
Cambridge o 5 3E |sz12 gl 2t | g1t I Pendulum
| House, B. & J.
{Lja-.-t'mli:ih:l . o 7 3E |sz12 2N 11 | g1 266 B. & J.
Cardiff . 3 10 Wilgt 28 oN ga11g7*
Dublin (Trin. lLf.-lI] 615 W gz 20 35N 7 | g1 3H0"
o (RCSE). o ] 640 32 W ilgs a3 1z N 15 | p81-g60*
Edinburgh (Roy. Obs.) .| 311 2 W |55 55 4N | 130 |981°580 l B. & ].
e Leith Fort .} 3 10 W | 55 58 3E:-N| 21 gﬂl'gxﬂ ‘Gry ‘gB6l < 31 | Biot, Kater
Eskdalemuir (Obs.) . 312 18W g5 18 BN | 244 | 0817424%
Glasgow (Univ.) . 417 12 W |55 52 31N | 46 ofi1g63*| Gravity 5t
trreenivich (Obs.) 000 3E 5128 oN 47 |931°188, | cig8 ‘1g8 o [ B. & ., National
HKew (Ohs.) o183 oW|srs oN | 5 | 981200, | 203 Adg7| 4+ 6| B.& J., Burrard
Leeds (Univ.) 1 33 15 W )eg 48 30 M| 18 |gBr370"
Liverpool (Univ.) 2 57 37 W3 24 10N 51 |e81'350%|
London (N.P.L.) . o20 3Wisra2s 2N g |o81'195t B. & J.
o timpl. Coll.) o 10 23 W |51 29 54 N 14 |¢Br 1gs*
o (Univ. Coll.) o 7 ETW |51 31 27 N 2B |gBitigz*®
Manchester (LIniv.}) . ‘214 2W |53 27 53N 30 |gBr-350™
Newcastle (Armst. Coll.) | 1 36 53 W is4 588 30N | 53 | g8 gH3*
Nottingham [Unu G } I B45W g2 57 10N | 58 |gBrrgop*
Oxford . 115 W |51 45 6N| 38 | g81 207 B.&]J.
Plymouth . 4cB oW legr 2z 1 N| 11 |gBrr30 i
Shefficld {Unw Uh_l»]- I =7 W '1'-,'; 23 alN go1 o™ |
Stonyhurst (Obs.) . 2 28 1o W |53 50 4o N| 114 QEI‘;ZQ.
Africa—
Blosmfontein . . 26 4o E|m o =3 079 244*
Cairo &Dbﬁt‘l’\'atﬂ ] : ar 17 14 £ |30 4 38 N| 33 |o79°3ir”*
Cape Town (Obs, iz E|336 5 11 |979'050 |g79'661 |979'640| + 21 | Loesch, Preston
Durban . . .l E|sgae § 979" 206%
Juh*mnesburg {Unwg) .1 28 7 E |s6 1 5 | 1753 |g7B qb2*
Mauritius (Roy. Al O.) | 57 33 9E |20 5395 | 55 |g978623*
Bal m_‘U fv.} w Prest
umore (Univ.) . .} 76 37 39 17 48 N| 30 |gBo'ogy |gBo'103 jgBo’104| — 1 on
Bigtod o a0 v 0w 7t 3 4BW |42 21 36 N 22 |glor3gf 401 *377 | + 24 | Fuinam
Chicago . . B7 3b 41 47 24 N| 182 |glo'adz *319| ‘326| — 7 |Defforges, P.
Haru'nrd Cambndge 7t 7 48 W42 22 48 N| 14 |g80°398 ‘401| *37g| 4 =22 | Putham
Cincinnati . . . . B4 25 18 W39 8 18 N| 245 (gBo'ooy ‘ogh| *oBg| — 33 o
Ithica, Cornell . 76 20 oW 43 27 6 N| 247 |g80°300 -353| °386| — 34 |P. 1804
Madison . . . By zqg W43 4 36 N| =70 |gBo'3fis — ‘qqz| — |Smith, ‘o6
Mt Hamilion . . 121 38 36 W |37 20 24 N| 1282 |g79°6to 'gag :ggz 4+ 3 | Mendenhall
Montreal (MeGill Obs. } 73 34 Wi4g 30 24 N| 40 |g80°65a -— -— )
MNew York (Columb. U, } 7357 30 Wl4e 48 30 N| 38 [gBot26y “g75| *=238| + 37 | Smith, ‘g5
ONawa o . v o 75 42 Wlac 2¢ 24 N| 73 |BB0*80T 65y Kiotz, ‘oa
Philadelphia . . . .] 75 11 42 W 57 &N Ig glo‘1gh ‘Ig9| "m6a| 4 37 | Putnam
PII_EE: Pegla o os A 105 2 W gg eo 18 M| 4293 | 978954 1855 oha| —207 i
Princeton . « « « .J'74 39 30 W |40 20 g4 M 64 |gRor 18 T gy | — 6 i
Quebee (Obs.). . . g1 13 BW|46 g8 21 N| 70 gﬂo'ﬁﬁ‘ nE
Quito (Obs.) . . . 780 Wl o ong8 :lhs g77 281 'I33 77030 | —1g7 | Bourgenis
Machala . P ow s ] Ba Wleo 2168 2 |g77 by ‘047 | — 57 T
St.Llonis . . ., . ) go12 12 W |38 38 6N| 154 |gBorom gﬂq- ‘045| = 13 | Putnam
San Francisco . . . . liz22 25 42 W37 47 30 N| 114 |g7g*gbe gg g7o'g7i | ++ 18 [ Smith, Preston,
Seattle (Univ.} Jrzz 20 6 W47 36 36 M| 74 |glo7ad [gBo74r wﬁz —III [Mendenhall
Toronto . . . 70 23 40 W 43 30 36 N | 107 |gBo-461*
Washington (B, of St. 77 350 W |28 6 32 M| 102 |g80'0g7"
Washingion |C. (7, 8. 77 ©30W |38 53 1a N| 14 |98011121| *xx5| oby| 4 48 | Putnam, 15o0
Yale, New Haven {D.J ol 7255 8W (41 19 2a M| 33 |gBo'274™

For footnotes see p. 21,

T. H. L.
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GRAVITY
Al ge | | wlany
: nde ] o 2 a@
Place. Longitude. | Latitude. | g | % gi_ ,;3; 228|185 observer,
metre] S8 | 8 w8
a f mn e Fon
Asia— 8N
Bombay (Colaba) . .| 72 48 48 E |18 53 48 10 |g78'633 |g78+635 973 571| 4 €4 [Conyngham
Dehra ODum. . . . .| 78 312 E |30 10 30 M| 6By 870085 |gyg 210 [;;9346 —135 =
Calcutta . . « of 8B 21 24 E (22 32 48 N 6 lg78-816 |g7B817 lg78°780| 4 2B | Elblein
Hong Kong {Ub:} « JJ114 10 30 E (22 18 taN| 33 |o7B771 7| '773| + 4 | Hecker, "o4
alpaiquri . « .| BB 44 12 E |26 31 1B N| Bz |g78'ga4 sgqz| 'obo| =117 |Conyngham
adras s «| Borgs4E (13 4 6N 6 |gyB-z81 *28z| 294 — I2 4
Sandakphu . . « «| BB 01BE |27 & 6 N| 3586 |g78'102 "g4fi 101 — 155 o
Tokyo | Phy. fn:} v «|T3m 46  E |35 42 36 N| 28 979801 lg79'Bos 979791 4 14 | Hlecker
Australasia—
Adelaide (Ubs.) + +|13B 35 BE |34 558 305 43 |oyorgri®
Auckland . . . . .|174 46 12 E |36 50 54 8 3 |979'gb2 'gb3| B88| 4 75 | Elblein
Brisbape. . . s |53 1 B E |27 28 S 40 |G79 148 ‘156 "rag| < 27 | Budik
Melbourne {Gl.u.} - 144 58 34 E |37 40 535 | 26 |g7oteBy ‘goz|  "974| + 18 |Mean 5 obser-
w (Univ) . .44 587 E |37 48 0S| 43 |o79°979 [vers
Ferth-y 5 & W & & L)Ti%Ea E |3t 57 ] 14 |o7o473™
Sydney (Obs.) . . . .|151 12 24 E |33 51 425 43 |o7o083 ‘ogo|  *634| + 57 |Mean s obs.
Wellington, N.Z. (Obs.) J174 40 4 41 17 45| 127 |9%02g3 Wright
Europe—
Basle , . «] 72448E 147 33 36 N| 277 |oBo768 |980°B4q 980’847 | = 3| Nicthammer
Berlin {Rtu.hsanst:ﬂtj «f 3319 E |sz3r N| 3o |g8128s"
Christiania (Obs.) . .] 1043 32E |50 54 42 N| 28 |981'927 |9Br-ga3 oBi'goy| 4 26 |Schumann
Copenhapen (Ods.) . .| 12 34 42 E |55 41 12 N 14 |B81'6568 shz| 5624+ o o ]
Geneva [Obs.) .+ « . g1z E |46 12 M| 4o5 |gBo'sog |gBo'6Bz oBo‘7aq| — 42 | Messerschmitt
Leyden (Obs.). . . 4 29 gl..- g2 g2oN 6 |gBi-zBo |gBi‘aBi o8I :l_t,.? + 24 |Haid, 1900
Moscow | s o« s o 373048 E |55 45 36 M| 147 |gBrisba 502 = 24 | Iweronow
Faris UM‘} : 220 12E |48 g0 11 N 55 | 980043 93‘39559&:9&: — 6 | See above
« |Int. Bur. Eél-rres.} 213 10E |[485p sa N 70 |gBogqr
Potsdam (Geod. a"m.r‘j .| 13 4 6E |53 22 54 N| 87 981274 |oBr-294 931"2?? - 17 | Ser above
Pulkowo . . « | 3010 42k 5o 46 18 N| 71 [BB1°892 ‘G4 =+ 18 | Bormass
Rome [Enp.u ‘-::'h o o 12 29 30 E |41 54 N 50 (gfo'347 |g80°350|g8o'336| - 23 | Baglione
5t. Petersburg (Phy. 1.) | 30 18 6 E |55 56 30 N 6 |gBigzg a8rgog Achmatow
Vienna (Mid. Gm IM.J 16 21 30 E |48 12 42 N| 183 |080-880 ‘897 9o guﬁ — g |v. Sterneck
Zurick . . . | 833 12E |47 22 g3 N| 463 |980673 ';,r;ul *831| — 61 | Messerschmitt

: ® allc nll*ithi by Helmert's formula for the latitude and altitude stated ; where the altitude iz not given, g is caloulated
OF BEd-|ewre
t Absolute determination, Clark 1939, 98 18, 1 Absolute determination, gBo'oBo, see p. 18,

ACCELERATION OF GRAVITY CALCULATED BY HELMERT'S FORMULA
¥ = gB0'A16 — 2'5928 cos 2A + '0069 cos® 2A. LAT. 9o° v = g83°216.

The length (/) of the "*seconds” pendulum (é.e, 2 secs. period) = gf«” = "101321 g, [ varies from
95 004 cms. at the equator to gg 620 cms. at the pole,

Latitude, LI Ll B o o (R I L (R o IR PR L o R b L R ] s e

0 978030 | o3z | 016 | "o44 | "o55 | ‘obg | "0B6 | 107 | "130 | "156 | “186 'zlﬂ_ ‘253 | "201 | "332
15 978376 | *q2a | ‘471 | 523 | "577 | 634 | "693 | '754 | 'B18 '334’ "952 | "022%| ‘ogq | "168 | 244
a0, 979'321 | 400 | "481 | 563 | '64b | *730 | *Bi5 | "goa | "qBo | "op7®| 106 | "255 | "345 | "4335 | "525
45° gloa16 | “yob 'j'gr?’ *887 | "g77 | 006*| "155 | "244 | “331 | 418 é,:z "cBE 'ﬁ;m *7a4 | "Bas
A 981'g14 | "gga | "o68% ‘4z | 215 | "aBs | "354 | "420 | '485 | *sa7 | ; . .

5 glz 867 | "gr1 | ‘552 | "goo | *025®| ‘osB | *oBB | *1x5 | *138 | 150 | "176 | *190 | “201 | "200 | 214

'T. H. L.

s o e e —— e
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THE EARTH

following dimensions :—

SIZE AND SHAPE OF THE EARTH

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

1 kilom. = *6214 mile.]

Obsarver. Equatorial radius, a.

Bessel, 1841 . . 6,3;!?,335 metres

Clarke, 1866 . +2 "
E1] lﬁfk) - * Ehﬂ-ig "

Helmert, 1go6* 8200

U.S. Survey, 1gob t 8388 ,1

Polar radius, & Elliptieity, (a— &)fa.
6,356,070 metres 1/299'2
584 1/295%
515 4 1/293'
818 ., 1/298'3
999 wli 1/297°0

* ¢ Die Grosse der Erde.”
t+ “The Figure of the Earth,” 1900, and
Survey.

I 3963°339 miles. | 3949°092 milea.

Supplement, 1910; U.S. Coast and Geodetic |

MEAN DENSITY OF THE EARTH BUN
See Poynting’s * Mean Density of the | TD€ mean equatorial)
{ Earth,” 1893) ﬁ;ﬂla;}mrﬂllw (Hinks, ; =8"807
1'494 x 10U
; Whence mean distance] | metres
Observer, Density. | from earth to sun }_ 9282 x 107
o i miles
ean time taken b
Common Balance Method. light to travel l‘fn:m:;T = 408'2 secs.
Poynting, 1878 ., . 5493 sun to earth
Richarz and Krigar- Menzcl
EROR s s = e BTEOS
Torsion Balance Hathnd. MOON
Cavendish, 17¢8 . . . . 545 Mean distance from 60'27 x eartl’
Boys, P&:J ?mus. JEQJ : 5°527 earth to moon }:{ ra?crlius 3
Braun, 1896 5527 |Mass of the moon) _ {(1/81°53) %
Edtvos, 1896 . . . . 5'534 . (kaﬁs 1909) }_{ earth’s mass
Mean density of surface , . 2'65 ngrwiit:gnﬁgﬂgiﬂn 5] 5° 8" 43"

Mean polar quad-
Tant

Volume of earth

Mass of earth

Area of land
Area of ocean
Mean depth of
ocean (Murray)
Volume of ocean
Mass of ocean

l- = 10,002,250 metres |
=1'083 ¥ 10" metres® *
5'08 x 107 grams }

5 "87 % 10* tons
=145 x 10" cm.}
=367 X 10" cm.}

}=3'85 % 10% cm.

=141 X 10 cm.?
=1'4§ X 10™ grms.

—
—-—

~ * Mean of Helmert and U8, Survey.

t Using Boys’ and Braun’s result for
L!I."'\.|1

i3 ?‘ﬂimln'ul Almanac, 1040,

ﬂ'l:hqmt?' of the Ecliptic to the
equator = 23° 27" 4”04 in 1909, subject
to a small fluc tuatiﬂn by nutation, and a
slow continuous decline of 4684 per
century.

Constant of aberration of a star|
is theoretically equal to (Earth's orbital
velocity)/(velocity of light)=20"-434-"-03
(Renan and Ebert, 1905).

Constant of precession, i.c. annual
precession: tl increase @f the longitude of
a star = 50"-2564 + “oo002225¢, where #
is the mtenal in years from Igoo (New-
comb).
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SOLAR SYSTEM

ELEMENTS OF THE SOLAR SYSTEM
8806 is taken as the equatorial horizontal solar parallax from the chservations of
the asteroid Eros in 1goo-1; §'527 is adopted as the Earth’s mean density (Boys,
1895 ; Braun, 1896). See Spencer Jones' °° General Astronomy,” or Russell,
Dugan, and Stewart’s ** Astronomy.” [Pluto: mass <{o0-7, semi-major axis 3952,
sidereal period go737d, eccentricity of orbit 0-2486.]
Equatorial Semi-diameter. | p... | Mean Density. |Gravity | ng of
HMl — = ‘t Eﬁl't 3
Angular.*| Miles. [Earth=1|"""""="'Eqrth— 1 Water=1|Earth=1 s e
Il w
Sun . |16 1°18|432,800|109'2 |329,300| ‘2% 1'39 2761 —
Mercury 3'08| 1337 ‘350 o4 | 070 | 38 28 o
Venus 8'40| 3783 955 81 04 520 91 o
Earth 8'80| 39633 1I'000| 1700O| 10O 5'527 1'00 1 (D)
Mars . 468| 2108 532 ‘106 o7I 3'go 38 2 (D)
Jupiter .| 1 37°36| 43850 | 1I'06 | 314'50 25 136 2'57 |9(7 D; 2R)
Saturn I :4'?5 38170 963 | o407 1 03 ror (to{gD;1R)
Uranus . 3428 15440 | 390 | 1440 | 24 1'34 95 4 (R)
Neptune 36'56| 16470 | 415 | 1672 *23 128 ‘97 1 (R)
Inclina-| Time of Bemi-major Axis of Orbit, Bidereal Period.
Name. | oator| pAxit Milli Mean | Julian
nator s ons n |
to Orbie,| Botation. i g of Miles. |Bolar Days.| Years.
S a F 1_" d b m
un TI5T 28 9 T — T = = =
- h = a Bode’s Law
Mercury.| 9 88 days *3870086| 4=(o+4) 360 879693 24
Venus .| 6 23 40 () '7233315| 7=(3+4) 67'2 | 2247008 62
Earth . |23 27 823 56 400| 1'0000000 10=(6+4) 02'9 36525 1'00
Mars. .24 52 |24 37 2274 1-523688 | 16=(124+4) 1416 6869797 1'88
Asteroids | — — 2'55 to 2°85| 28=(2444) [237 to 265 - -
Jupiter .13 5 g6t 5+202803 | 52=(48+4) 483'3 | 4332'588 | 1186
Saturn . |26 49 |10 15 T 9538844 |100=(96+4) | 8862 |10759'20 | 20°46
Uranus .| 98  |1o-75 hours|19°I 196=(192+4)| 17828 |3068579 | 84'01
Neptune |51 15-67 hours|3o'oyob7 — 2793’5 |Gor87°65 16478
|
Mean Daily Longitude of| Inelination
 [Eliptiecity of ; Longitude of : : Eccentricity
Name: | Panerg | MR | Perihelion || “foqn q° | “Eeliptie. | of Orbit.>s
(-] [} - a ¥ o £-] ¥, -~ E-] r L] R
Mercury. ¢ 4 5324| 755359 47 8 45| 7 o To | -205614
Venus ? 13 777|130 950| 75 46 47| 323 37 | ‘-oob821
Earth /2083 59 842 | 101 13 IS o o ol o o o 016751
Mars . 1/192 31 26'5 | 334 13 7| 48 47 9| 1 g1 1 093300
Jupiter . 1/17 4501 | 123620| 992642 118 42 ‘048254
Saturn 1/ 2 05| 9o 48 32| 112 47 12| 2 29 39 056001
Uranus . 1/14 422 | 169 2 56| 73 20 25| o 46 22 ‘047044
Neptune ? 21'5 | 43 45 20| 130 40 44| I 46 45 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 equator to the plane of the ecliptic.
1 D means direct ; R, retrograde,
§ The ellipticity = (a—¥8)/a, where a is the major axis and 4 the miner axis of the spheroid
of revolution. The walue given for the Earth is Helmert's (p. 22).
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,
9 A node is one of the two ﬂaims 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 ecliptic.
** The eccentricity = 4/ (a®— &) /a, where a and b are the major and minor axes of the orbit.
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or minimum.

EQUATION

OF TIME

(+) means that the equation of time has to be added to the apparent solar time
(7.. sundial time) to give the mean solar or clock time (see p. 3). (M) = maximum
The wvalues below vary by a few seconds from year to Yyear.
C =0+ £, where C = clock time, I} = dial time, and £ = equation of time.

Equation of Equation of Equation of Equation of
Date. g Dates, Pty Date, prisds Date. ey
. 8 m. & m. % m. 8.
Jan. 1|4+ 311 April 1({44 1 July 1|+ 332 Oct, 16| —14 20
» 16|+ 0133 » 16| 0 o0 o 204+ 618 (M)|Nov. 3|—16 21 (M)
Feb. 1|413 37 May 1|-—257 Aug.a6|+ 4 11 w 10| =15 10
w I2|4+1425(M)] ,, 14|—349(M)|Sept. 1 0o o Dec, 1|=1056
Mar. 1|412 34 June 1|-—227 w 16— 5 6 p 12|= 615
» 16|+ B w Itl o o Oct. 1|{=10 16 2R o ©

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 ohserved from the centre of the sun.
A light-year is the distance that light travels in one year (see p. 84).

Btar “d lagn“_m' Pn:rpﬂ motion Annuoal it
per year. parallax. | gypig dist.= 1 | Light-years.
a Centauri ("2) . . : 37 75 + o1 28 % 108 | 44
21185 Lalande (7 5} ;. 7°3 39 & -0z 1530 8-4
61 Cygni (48) . . . . 52 *3o 09, 1000
Sirius (—1"4) : 1'3 37 L -01 ch 85
Procyon (*5) - 13 31 60 , | 11
Mtai}rmil:*g} ; b 20 = 02 o5 ] 100
Aldebaran (1° I) : *2 ‘06 - ‘02 35 55
Capella (2) . . 4 07 4 02 30 4, 47
Vega é ; 7 12 - 02 17 2% 27
1830 mnmhndge (& 4} 70 1 = 02 20 " 3z
Polaris (2°1). S et o0 07 == 02 30 L2 A7
Arcturus ("2) . 2'3 080 20 o 410
STANDARD TIMES ]
Referred to Greenwich time. |
BYSTEMATIC MOTIONS OF THE ETARS3 {As In August, 19303 |
The apparent proper motions of the stars ”l'_""
show drifts in two directions. The assigned | Gt. Britain, France, Por-{ | Greenwich |
positions of the apices of these directions I“'ﬁﬂd Bfiﬁl“m- t"I"’l"1L time
- e .
are: Holland . . | 20 mins, fast
T — _| Austria, Denmark {_:H:!I"
many, Ill:é!}', Norway, ¢ | t hour fast
Switzerlan .
Migaam I, Seresm L. British  South ﬁulm.:h | g e
Computar. T Egypt, Turkey . k
RA.| Dec. | RA. | Dee |Japan, Korea. + | o hours fast
A.“ﬁtl'ﬂl'i.a s & # { Eh'l}?;r‘? ﬂ:ir 0
Kapteyn, 1904 . | 85° | —11° |260°| —48° Mew Zealand . . 7l |
gl Canada and Ullllﬂd 4. 5, 6, 7, or
Eddington 90° | —19° |202°| — 53: States {' 8 hours slow
Dyson . . +|94°| = 7° |240°| —74° | India and Ceylon . 5% hours fast |
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SCREWS
SCREWS

It is customary for British metal screws, of 1-inch diameter and above, to have a
Whitworth thread, for smaller sizes a British Association 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 adjoining 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 rco threads
to the inch or mm.

“ Woodscrews " of iron or brass are numbered as follows: No. o has a diameter
of *o5 inch, each succeeding number adding ‘014 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 = 25°4 mm.]

STANDARD WHITWORTH. j BRITISH ASSOCIATION.
Full di- | Threads| Full di- Throadsf o [Punl ai| Full di 5, | Put di] p,
amm.itn ineh.| ameter.| to inch. Sl ameter. Pitch. | No. ameter. Piteh. | No. nmatar,i Eitoh.
inch. inch. [ om. me., " mm. . mm. ;.JuT_
i} 5 S o 0| 60 | 1o 9| 19 ‘39 |18 ‘62 15
1§ 3 H o o ‘9 |10 | 17 35 |19| 54 | -14
14 ¥ 11 2 4'7 81 |11 | 1'% =21 | 20] ‘48 ‘12
ii 6 % 1z 3| 41 gg 121 3 28 | 21| 42 ‘11
1} 7 k 12 4 36 : 13 | 12 g | 22| 37 ‘1o
1} 7 Ta 14 | 6| 32 ‘59 |14 | 10 23 | 28| 33 | o9
1 3 ] 16 6 28 'e3 |15 ‘g 21 |24 ‘29 ‘08
i 9 e 18 | 7| 25 48 |16 70 ‘19 | 26| ‘25 07
| i 20 | 8| 22 43 |17 | o | 17
MOMENTS OF INERTIA
M = mass of body. (See A. M. Worthington, * Dynamics of Rotation.” London.)
Body. Axis of rotation. Moment of inertia.
i
(1) Through centre, perpendicular to | M~
Uniform thin rod (length length : I3
o (length /) \ (2) Through end, perpendicular to | M—-
length 3 4
X . (1) Through centre of gravity, per- | M———
Rectangular lamina(sides pendicular to plane ﬂzl .
a and 0) (z) Through centre of gravity, |[M —
parallel to side & :f
(1) Through centre, perpendicular to | M—
Circular lamina (radius ») plane ;
(2) Any diameter N T
2
(1) Axis of cylinder M-
Solid eylinder (radius r; = 2 o2
length ) (2) Through centre of gravity, per- | M{ — + —
pendicular to axis of cylinder ;;1 +‘1-;_=
Hollow cylinder (external (1) Axis of cylinder W —
and internal radii R and 7 ; =
length /) (z) Thrﬂugb centre of gravity, per- m(_ﬂ _l__R. :l'_'_)
pendicular to axis lii 4
Solid sphere (radius r) Through centre ] i
5
Hollow sphere (externaland Through centre M g R =y
internal radii R and ) 5§ RS —»
Anchor ring (mean radius | [ (1) Through centre, perpendicular 2 _3"!)
of ring R ; radius of cross- { to plane of r'mfg iy Syt 4
section ) (2) Any diameter M(E; + 5;‘
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VOLUME CALIBRATION

VOLUME CALIERATION OF VESSELS BY WATER OR MERCURY

Volume content of vessel at #° C, = V, = W, = o,(f), where—
w, = observed weight in grams (against brass weights in air) of contained water
(or mercury) at #° C.
W, = weight of such liquid #z vacwe (i.c. corrected for buoyancy in air).
7, = volume of 1 gram of liquid at #° C.
(/) 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. 28 and 31.

Temp. (¢) of weighing | 10° C. i1° 12° 18° 14° 15° 16° 17°

Value uf{ﬂgﬂ. 1'00133 |1'00143 |1'00154 [1°00166 (100179 '1'00193 |1'00209 |1'00226
factor (/)\Hg . *n:r3633| "073697| 073710 "073724 073737 073750 "073764| 073777

Temp. () of weighing| 18° 19° 20° 21° 22 23° 24° 25°

Value of {H,0 .|1'0o244 |1'00263 |1'00283 [1'00305 [1'00327 [1'00350 |1'00375 |1'00400
ifantnr (IHEg .| 073799 o73804( 073817 "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 4 ¥(# — #)} =V{F), where
| 7 is the coefficient of cubical expansion of the material of the vessel. Values of the
I factor (F) for glass vessels (v = "0000235) are tabulated below.

[l g 0. | & | & | & |-z6| -4 | -6 | -&°
1

1'00015 |1'00020 | '00G05

;valueoffa-:tor{F}rmms 1'00010 "99990 | "99985 l "99980

Example.—Weight of water contained in a vessel at 10° C, = 10 grams ; thence
volume of vessel at 10° C. = 10 % 100133 c.cs. The same vessel, if of glass, would
contain at 16° C,, 10 X 1'00133 X 1'00015 = 10°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, A#»ax. &, Phys, 33, 1910.)

Rore Height of meniscus in mms, Yire Height of meniscus in mms,
of : 7 of T

tube.| 4 | 6| 8 |10 12 1416 |18 tube g | 10| 12|14 | 16|18
: M. mimn. _ﬂE . mim. M. THLETR. M. . Enmi. M. :II- 3118 . mim. mim
& | B3 Jrr22j1°54 (1768|237 | — | — | — D [ 21| 28 | 33 | 40 | "46 | 52
5 |47 | 65| 86 |1'19|1°45 | 180 — | — | 10 | ‘15| '20 'zg 20 | "33 1 *17
6 |27 | 41| ‘56| *78| o8 |p2r (143 | — | 11 | ‘10| "14 | ‘1B | ‘21 | ‘24 | ‘27
T | 18| *28| g0 53| 07| 82| wo7|ri3] 12 | o7 | ‘10| 13 | “15 | 18 | "19
8 | — | '20| 29| 38| ‘46| ‘56| ‘65| 77 183 | o4 | o7 | 10 | "12 | *13 | 14
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REDUCTION OF BAROMETER READINGS TO 0°C,

Corrected height Ay = H {: - H}, where /7 and 7 are the observed height
and temperature of the barometer, 8 = ‘0001818 (Regnault), the coefficient of cubical
expansion of mercury; a = "oooco8s, the coefficient of linear expansion of glass,
or ‘0000184 for brass. Hydrogen temperature scale. (After Broch, Inter. Bur.
Weights and Measures.)

(In accurate barometry, the height of the mercury column is corrected to 0° C.
{3211-:3}. Inch scales are corrected to 62° F., and mm. scales, as in the table below,
o0 L.

BAROMETRY

Correction in mms. to be subtracted,

GLASS SBCALE. ERAES SBCALE.
Temp. (7). Uncorrected height in mms, Uncorrected beight in mms,
700 720 | 740 | 780 | 780 700 T20 740 T60 | T80
M. biilsi®
bl B 24 28 26 2 27 53 *24 24 25 ‘25
4 48 ‘49 51 '53 '34 ‘46 47 48 ‘50 *51
6 g *75 77 79 51 69 71 72 ‘74 i
8 97 ‘99 | 1'02 | 1'05 | 1'08 o1 ‘94 97 ‘99 | 1'02
i0 121 125 128 I'31 135 1'14 117 121 1'24 £°27
45 | 149 | 1’53 | 158 | 62 | 13y | rar | 148 | r4o | 1783

12

14 169 | 1'74 | I'79 | 134 | 1’80 | 160 | 164 | 160 | 173 | 1'78
16 1'94 1'99 2705 z'10 | 216 1°82 1'58 1'93 108 2'0%
18 213 224 | 230 | 2°36 | 243 205 2'1t 2'17 223 2'29
20 2742 2°49 2'56 | 262 | 269 228 2°14 241 2'47 2'54
o9 266 | 2% 281 | 28g | 296 | 2's51 3'33 268 | 272 | 279
24 2'g0 | 2'9 306 | 3158 3'23 :";g 251 28 | 297 3'05
26 3’14 | 323 | 332 | 3'41 | 350 | 2 304 | 313 | 321 | 330
28 338 | 347 | 357 | 367 | 377 | 319 | 328 | 337 | 346 | 355
30 362 | 372 | 383 | 393 | 403 | 341 | 351 | 361 | 371 | 380
32 38 | 397 | 408 | 4190 | 430 | 364 | 374 | 385 | 395 | 4705
34 410 | 421 | 433 | 445 | 457 | 387 | 398 | 409 | 420 | 431

REDUCTION OF EAROMETER READINGS TO LAT, 45° AND SEA.LEVEL

It is a convention to take “#" 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. 18). The barometer correction for |
= H
latitude = ﬁﬂ«:{m’ has to be subtracted from the temperature—corrected barometer |

reading A, for latitudes between o® and 45° ; and added for latitudes from 45° to go®.

Latituds e 5° 10° 16° 20° 25° | 30° | 3b6° | 40° | 45°

tita 90° | 85° | 80° | 75° | 70° | 65° | 60° | 55° | 50° | 45°
mim. 1 T . I 2

L 1'g7 194 | 185 | 170 | ©°51 127 | ‘98 | a7y | *34*| ‘oo

The correction of the barometer due to diminution of gravity with increasing
height above sea-level amounts to about *24 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

REDUCTION OF WEIGHINGS TO VACUO

The buoyancy correction = Me(1/a — 1/p) = Mk, where M is the apparent mass
in grams of the body in air, & is the density of air (= "co12) in grams per c.c., & is
the density of the body, p is the density of the weights., The correction 1s true to 47
for the following limits: 740 mm, press., 1° to 22°; 760 mm., 8° to 29°; 780 mm.
15° to 35° If the correction is required more accurately, multiply the value of )
given below by ¢'['0012, where ¢' is the true density of the air for the temp. and
press. at the time of the weighing (for ¢, see p. 34). The corrections for quartz
weights are the same as for Al. -+ means cor’. to be added to observed weight.

Density Correction Factor (#) in Milligms. Density Correction Factor (£) in Milligms,
of Body of Body
weighed |Brass wgts. Pt wgts. | Al wgts. | weighed |Brasswgts.| Pt wgts. | Al wgts,
A, p=08a | p=215 | p=2485 A, p=84 p=21-6. | p =268
5 +226 | 4234 | 4105 16 + 61 +%69 | 430
"55 +2'04 | 4213 [ +1I'73 154 4 56 + 65 + 25
‘6 -+ 186 + 194 + 155 18 + ‘g2 + 62 + "2t
‘65 + 1770 + 1'79 + 1'39 19 + 49 + 58 + 13
“'? +IL5? +l'ﬁﬁ +['2{} 2 + "4 ++5l‘ +.:5
“75 4146 | 4155 | 41715 2'5 + 34 + 43 + ‘03
8 4 136 4 1'44 4+ 1'05 3 + 26 + 34 - 05§
‘85 +127 | 4136 | + 36 35 + '20 + ‘29 =11
.9 +I+[g‘ +:'QE + . s 4 +4[ﬁ +i-24 __-15
05 + 1°12 4 1°21 + -81 5 + 10 + 19 —
1 +106 | 4114 | + °75 6 + 06 + 14 — 2§
11 + ‘g5 + 1'04 + b4 8 + a1 + g - ‘30
12 + 86 + g4 4 5§ 10 — 02 4 *0b -*33
18 o+ =3 + 87 + ‘a7 15 — ob 4+ o3 =37
14 + 71 + ‘8o + ‘40 20 — o8 + 004 -39
15 ol Wy L e o = R T

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

Corrected volume z, = {2//(1 4 '00367£)} . f/760, where o, f, and p are the
ahserved volume, temp,,g and pressure (in mms. of mercury) of the gas respectively.

| £ = gBor62 cms, per sec®, The coefficient ‘00367 observed by Regnault.

Values of (1 4 ‘00367t).

| Temp. (-] 0 1 .21 81 4 5 8 7 8 | 9
=y L 1 |
0°C. | 1'ooo0 | 1'co37 (170073 (1'0L10 (1°0147 | 170133 | 1°0220 |1-0257 |1"0264 (1°0330
10 0367 | 0404 | 0440 | 0477 | 0514 | 03550 | 0587 | ob24 | 0661 | 0697
a0 0734 o771 | ofoy | o844 | oBdi o917 o954 | ogor | roaS | 1ob4
30 1100 138 | 174 | rzir | 1243 1284 13;: 1358 | 1305 | 1431
40 1468 1505 | 1541 | 1578 | 1615 1651 1688 | t725 | 1762 | 1798
50 1835 1872 | 1908 | 1945 | 1982 2013 2055 | 2002 | 2129 | 2163
G0 2202 213 2275 | 23012 | 2349 2385 7422 | 2459 | 2490 | 2532
70 2569 2602 2642 79 | 2716 | 2752 | 2789 | 2826 | 2863 | 2599
80 2036 | 2073 | 3009 | 3046 | 30831 3119| 3156 | 3193 | 3230 | 3206
290 3303 | 3340 | 3376 | 3413 | 3450 | 3486 3&;{3; 3560 | 3597 | 3633
100 3670 | 3707 | 3743 | 3780 | 3817 | 33853] 3 3927 | 3964 | 4000
110 4037 4074 | 4710 | 4147 | 4184 4220 4257 | 4204 | 4331 | 4367
| Values of p/760
Press.(p).| O 1 2 3 4 b 6 | 7 | 8 2
700 mm.] ‘oz211 | ‘9224 | 9227 | ‘9250 | ‘0263 | ‘9276 | 9289 | "o3o3 | '9316 ‘0329
710 '9342 | '0355 | "0368 | 9382 | "9395 | ‘9408 | 9421 | '9434 | "9447 | ‘geb1
720 9474 | 9487 | "9500 ‘9%13 *sgzﬁ 9539 | 9553 | 95 9579 | "gsgz
730 ‘9605 | o018 | '9632 | "gb45 | ‘9658 | 9671 | *9bB4 | "0097 | "GTIL | -goay
740 9737 | 9730 | "9763 | "9770 | 9789 | ‘9803 | 9816 | '9¥20 | ‘9842 | gxes
760 | 9868 | ‘9852 | -oBos | 0008 | ‘0921 | ‘9934 | ‘0947 | 0061 | 0074 | -god;
T60 1"0000 | 1'0013 (1'0026 [1'0039 (1'0053 | 10066 | 10079 (1°0092 (1'C105 (1-g118
T70 1'or3z | 1°o145 10158 |1ro1y1 |1°0184 | 1°0197 | 170211 |1'0224 [170237 ‘020

- — e
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unless otherwise stated.

DENSITIES OF THE ELEMENTS

Average densities of liquid and solid elements in grams per c.c. at ordinary temperatures
For gaseous densities see pp. 17, 35. .
may depend considerably on its state and previous treatment, ¢.£. the density of a cast metal
is increased by drawing, rolling, or hammering.

The density of a specimen

Elemesnt. Density. Element. Density. Element. Density.
Aluminium . . .| 270 Indum . . . .| 7'3 Samarium . . 78
Antimony . . .| 668 Iodine . . . .| 495 Scandium . . ()
Argon (lig.). . 1°4/-185° | Iridium . . . . |22°41 Selenium, amorph. 48
Arsenic . . . .| 573 Iron (pure) . . .| 787 w  CIyst 4'5
Barium . . . 375 Krypton (lig.) . .| 2'16 N TR
Beryllium . . .| 1’83 Lanthanum. . .| 612 Silicon . . . .| &23
Bismuth. . . .| 98o Lead . . . . .|t1*37 Silver. . . . .| 10%
Boron. . . . 2'5 () Lithium . . . .| "534 Sodium . . 5 971
Bromine . . . 3'102/25° | Magnesium. . 1'74 Strontium e 2'54
Cadmium . . 564 Manganese. . .| 7°19 Sulphur, rhombic 207
Casivm . . . .| 137 Mercury (sce p. 24)(13'56/15° »  monoclinic 196
Calcium . . . .| 1-55/29° | Molybdenum . .|10%0 »  amorphous 1'g2
Carbon— Neodymium 696 »w liquid 113° 1'81

Diamond. . 1'52 Neon (lig.) . . (# Tantaluom . . .| 166

Graphite . . .| 23 Nickel . . .| Bg Tellurium . . 62
Cerium . . . .| 692 Niobium. . . .| 85 Terbium. . {i‘;
Chlorine (liq.) . .| 2'49/0° Nitrogen (liq.} .| °79/-196°] Thallium . . .| 119
Chromium . . .| 7' Osmium . . . .|[22'5 Thorium. . . .| I1'3
Cobalt . , . .| %6 Oxygen (lig.) . 127f-235N Tim . = = . . 7'29
Copper . . . .| 893 Palladium . . .|ir4 Titapium . . . 4’5
Erbium . . « .| 477(0) Phosphorus, red .| 220 Tungsten . . .| 19'3
Fluorine (liq.) . .| 1711/-187° - yellow | 183 Uranium . o+ 187
Cadolinium. . .| 501 Platioum . . .|2I'50 Vanadium . . .| 6o
Gallium . . . .| §0§ Potassium . . 862 Xenon (lig.) . . 35
Germanium. . 547 Praseodymium .| 648 Ytterbium . s 55
Gold', . . . lig3z Radium . . (B Mibmy - s - s 38()
Helium (liq.) . .| *12/B.P. | Rhodium . . .|r244 Zine . . i i |
Hydmgen?liq.} .| o7/B.P. | Rubidium . . 1'532 Zirconium . . . 65

- o o86/M.P} Ruthenium . . .|iz2'3 :

DENSITIER OF COMMON BUBSBTANCES

Average densities in grams per c.c. at urdinar;
1

temperatures.

The densities of the alkali metals Li, Na, K, Rb, Cs are due to Richards and Brink, 1907 of He at [
—268°6, Onnes, 1908 ; of Ta, Nb, and Th, von Bolton, 1905, 1907, 1908; of Ca, Goodwin, 1904 ; of
Rh and Ir, Holborn, Henning, and Austin, 1904 ; of Br, Andrews and Carlton, 1907.

For densities of acids,

alkalies, and other solutions, see pp. 32 ef seg.; of

] chemical compounds,” p. 130; of gases,
P- 35 ; of other minerals, p. 147

Bubstance. Density. Bubstancs. Density. Bubstance, Density.
Metals & Alloys. Coins (English Woods (seasoned).
silve gi
Iron,cast . . .| 7177 4 ¥y . .| 103l 1Ash; mahogany .| ‘'6-'8
» wrought . .| 7:8-79 Constantanf . . SISB Bamboo . T e 4
T S R i Duralumin . 279 Beach ; oak ; teak =g
Benl 7:7-79 | German silver§ 8580 YBox -« o o 0o 91l
Brass (ordy.) *. 84-87 %{unme}g&l LT 8084 |Cedar. . . . .| ‘56
Brass weights . .| ¢ 84 H“H“a L =3 Ebatiy . ', 1'1-1'3
Bronze (Cu, Sn) .| 87-89 P:ﬂﬁiﬂ'"g ool 85 | Lignum vite 1-2-1°3
' Coins (English) Pl SR 5"‘}: ronze {1} 87-89 Pitchpine ; walnut | 6—7
., bronzet. .| 846 atnoid§§. . .| &9 | Red pine (deal) .| 5-7
| ; Pt (go), Ir (10). 2162 : : Al
w B . 1772 n White pine . : t 4="5
* e 66Cu, 34Zn 7 05 Cu, 4 Sn.1Zn. t 913 Au, 84 Cu. § Prior to 1921, 92} Ag, 73 Cu.;
gince 1927, 50 ;\E, 40 Cu, § Ni, 5 Zn (density g-58). || 60 Cu, 40 Mi. % 60 Cu, 15 Ni, 25 Zn.
" eomo Al zoMp.s tF 34 Cu, 12 Mn, 4 Ni. 3% 028 Cu,75n,3 T &5 Described as German
silver with a little tungsten.
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DEMESITIEE OF COMMON BUBSTANCES (condd.)

Substance. mﬂllt!- Substance. Density. Substance, | mnmr
Minerals, etc. Ligunids. Gelatine 1-27
Agate ; slate 2:5-27 | Glycerine . . 126 Glass, ﬂmt‘ . 2:0-4'§
Asbestos . . 30 Methylated spirit . ‘83 »» CTOWD; Window 3‘4—23"5
e {hﬂlirlgi 12 Milk o w aiel R Tes T ;];t:;:l : ‘KSEZF;“ 5.)

arbon (see above) Nﬂph[hn i 85 " . m 25
Charcoal . . ..| *3 =) Dll, castor .+ o« . 07 Ice {Rﬂth, 19?3}, ﬂ; :glﬁﬂ
Coal & a| Irz=I'§ y linseed . . .| -g1-93 " _{vmf:nt: 02),0 9160

,» anthracite 1-4-1-8 ., lubricating .| -go—g2 %ﬂﬂmfubbtr (pure) 9;: 93
Coke (pieces) . 1-0-17 . oliwey palin = “ot=gg JAVRIF s Ca cavha o TEEEY

v (in bulk). =B , parafin . . e 8 [;&a.t er e .35-—‘]
Gas carbon g Petral. . . . "68-+72 };’Li};" : L T
Emery . 40 Sea-water 1'01-1'0§ Pitc I*' ¢ & IJ
Grﬂﬂ]tﬂ ¥ “ 2‘5--3 Turptnli“c e -E? Rﬂ‘]’?ﬂ' aln R 2 2—7 4
Marble . 2:5-2'8 | Vinegar . . . . oz R:E“EI; . S
Masonry . . ¢ 2 < re. . 1°45
FPumice {natura_lj 40 H:E:ﬁ]lﬂ.neous. :Emnw (loose} . . & 12

uartz . . 240y Amber . . . 1'1 i 1'02

gilir.a, fused Bone . . . . .| ré-z¢ | Wax, soft pardfﬁn B7—83
,» transparent 221 Butter, lard. 'g2-"94 , hard |, 8803
»»  translucent 2:07 Celluloid. . 14 » Wwhite ; bees- g5-"9b
Sand (silver) 263 Cork . . . . ‘22="20 » sealing c 1'8
Sandstone; kaolin| 2-2-2'3 Ebonite . . . . 18 y Softred . . ¢ 1o

DENSITY DETERMINATION CORRECTIONS

uncorrected density of the body, D
air. The table below gives the correction to be applied to a.
to I part in 2000 between 10° and 18° C,, see p. 31) and ¢ as "oco12 (see p. 3
that the correction has to be subtracted from 4. (See Stewart and Gee, “ Practmal Physics,”

D is taken as "999

In the determination of the density of a body by weighing in water, the true dmsnty
(corrected for air buoyancy and water density) is given by a(D — o)+ o, where &
is the density of the water, and & is the density of the

i5 the

2 (correct
— means

vol. i.)

A Corr. A Corr, A Corr. A Corr. & Corr A Qorr,
05 | 4000z | 40 | —00b8 | T6 | —o138 | 84 | —0156 | 5| —0178 |16:0| —0308
10 | —0008 | 46 | —o00y8 | T8 | —o144 | 856 | —"0158 J100| —-0188 |1T0| —-0328
16 | = 0018 | 50 | —0oB8 | 79 | —0146 | 88 | —-0160 |11'0| —-0208 |180| —-0348
20 | —0o28 | 665 | —0008 | 80| —0148 | 8T | —0162 |12'0| —0228 |190| —-0368
26 | —'0038 | 80 | —0108 | 81 | —0150 | 88 | —'0164 |13'0| —-0248 |20°0| —'03838
80| —0048 | 85 | —0118 | B2 | —0152 | B8P | —0166 |140| —-0268 [210| —-0408
&5 | —0058 | TO| —0128 | 83| —0154 | 80 | —'0168 |156'0| —-0288 |220| —-0428

Baume :

DENSITY OF DAMP AIR

HYDROMETERS

Common : Density = degrees/1000.
Density at 15”7 =

———

144:3/(144°3 — Baumé degrees).
Twaddell : Density = 1 + (Twaddell degrees/200).
8Sikes: One degree = a density interval of -002 on the average.

The density of damp air may be derived from the ex prn:ﬁ!-mn oc=o{H— n*!"ﬂ,ﬁ‘l 'H, where o
is the density of dry air at a pressure H mms. (see p. 34), H is the barometric height, and # is

the pressure of water-vapour in the air (p. 49).
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e

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 3°°98 (Chappuis, 1897 ; Thiesen, Scheel
and Diesselhorst; De Coppet, 1903). The temp. (fm) of maximum density at different
pressures (#), measured in atmos., is given by #m = 3'98 — ‘o225(p — 1).

The specific volume is the reciprocal of the density. [* 1 litre = 1000-028 c.cs.]

(See Chappuis, Trav. et Mém. Bur. Intl., 18, 1907.)
Heavy water has a max, density of 1-1059 at 11-6° C,

Density of water at —40° = -gg815; at —B° = -ggg30.
Temp. | 0 | 2 | 4 | 6 8§ | 0] 12 | 1a] 1w | 18

0°C.| '99987| '99997| 1'00000( °'99997| "99988 90973 '99953| 99927 ‘99897 ‘9g86z
20 ‘99823 90780 ‘99732 33 1} ‘ggbz ‘gagﬁ? 99505 93443 ‘99371 ‘9930
40 | -gg22 son L] 819 ‘9831 | *g872 | 9862 | 9853 | 9843
60 ‘9832 | ‘9822 | 9811 | o801 | ‘9789 | 9778 | ‘9767 | '9755 | "9743 | 9731
80 ‘9718 | 'g706 | 'gb93 | "9680 | 'go67 | 9653 | ‘9640 | 9626 | 'gb1z | 9508
100 "g584 . e B 951 e = —

Density at 150° = *g17 ; at 200° = 863 ; at 260° = 79 ; at 300° = "J0.

DENSITY OF MERCURY

In grams per m.l. Hydrogen scale of temp, For reciprocals, see p, 158, (See
Chappuis, Trav. ef Mém. Bur. Intl, 16, 1917.)

Temp. 0 2 4 6 8 10 12 14 16 18
1 I I I3 I 1 13 1 1 I

~20°C. 3'5450 3-ﬁqm 3'& 51| ‘6301 3'6:5: 3'525: ‘6152 3'6:4}3 3*5::53 3'6::}4
0 ‘5955| ‘sgo5| °5856| °s806) -°5757] ‘5708 'Sﬁgg "560g| ‘'5560| ‘5511
20 ‘s462) -5413| "5304 ig;g ‘e2bfi] g21y| 51 ‘5I1g| '5070| ‘Fo22
40 4973 ‘4924| °4875| ° ‘4778 °4729| ‘4680 -4632 '4583 4534
60 ‘44561 '4437| °4389| °4340| ‘4292]| °"4243] °'4195| °4146| ‘'4098| ‘4050
80 ‘q001| "3953| °3904| °'3856| °3BoB| °3759) °3711| °3663| ‘3615 3506
0 20 | 40 60 80 100 120 | 140 | 160 | 180

100 J13:3518]13-304 [13-256 [13-208 [r3-160 f13-113 |13-065 'tg-mﬁ 12970 [12-022
300 |i2-875 f1z-827 12779 |12:737 R s 2 \ = =

(B.P. = 357-1° C.)

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

In grams per c.c. % indicates grams of C,H,OH in 100 grams of aqueous
solution. Hydrogen scale of temp, (Calculated by E. W. Morley from Mende-

léeff’s Observations, Four. Am. Chem. Soc., Oct. 1904.)
At 17° C.

4 0 1 2 3 4 5 6 i) 8 9

9338 '9969 | 'gost | ‘9933 | "9916 | 'g8og | 9884 | gB6g | 'oBgq | ‘9840
‘826 | "9B13 | ‘9800 | ‘9787 | 9775 | ‘0762 | ‘9750 | "9737 | 9725 | 9713
20 g700 | ‘9687 | 9674 | '9661 | "gb47 | 9633 | "9619 | "gbo4 | 9589 | 0573
3 '9557 | "9540 | ‘9524 | '9506 | "9489 | ‘9aj0 | ‘9452 | '9433 | ‘9414 | 93
40 '9375 | "9354 | "9334 | '9313 | '9292 | '9271 | '9250 | ‘922 ‘g;g? ‘g185
Eu " B
60

0

0
10

'g163 | "gr40 | 'g118 3| gosr | ‘goz8 | ‘goos 2 | ‘8959
‘8936 | Bg13 | ‘B850 :gﬂs "8820 'g?;? 'gc;.:s ‘8749 | 8726

g |
T Broz | CEO7 8655 *Eﬁg; 8607 | 8582 | ‘8558 | ‘8 igq. ‘8510 | -B4Bs
80 Babr | Ba36 | “Bgrx | B3 ‘B161 *gggﬁ ‘8310 | °Balg | 'Bagg | ‘Baia
1% 8206 | “Bi7g | *Bi15z | ‘Biz4 | *8og96 | ‘8068 | ‘Bo3zg | “Boro *1939 MGED
o i i MmN B st i o s

For other temperatures, interpolate from the above and the following :—

At 22° C,
0%, '9978; 10%, 9813 ; 207, "9678; 307, "9526 ; 407, ‘9338 ; 507, ‘9122; Go 7, “BBos ;
' :m%. -36635'; 80 7, 8417 ; puxf'ﬂl 2 ; 100 7, "7876.
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DENSITY OF HYDROCHLORIC ACID, HCI. Aqg
Grams per c.c. at 15° C.

(Lunge and Marchlewski, 1891.)

Grams HCL in Grams HCl in Grams HCI in |
—_— 1 Dean. e ) - Tine, e (i
Dens. 100gm. 1 litre| Change | Dens. 100gm.|1 litre Change | Dens. 100gm. 1 litre Change
- for & 1° ————for % 1°. |——————— | for & 1°,
of Solution. of Solution. of Solution. |
101 | 214 | 22 | -ooo16 | 108 | 16-15 | 174 | 00035 | 1"16 | 206 | 340 | "cOO352
102 | 4'13| 43 | 'cootg | 1°09 | 181 197 | "oo03s | 1'16 | 31°5 | 366 | “oocosy
1083 | 615 | 64 | "ooo21 | 1°10 | 2000 | 220 | "coogo | 1°17 | 33°5 | 302 | "ocooso
104 | 816 | 85 | 'ooozq | 1°11 | 21'9 243 | oooq3 | 1'18 | 35'¢ | 418 | ‘00058
1'06 | 10°17 | 107 | 'oo0z7 | 1°12 | 23'8 267 mg 1"19 | 372 | 443 | 'o00%g
106 | 12°19 | 129 | "oo030 | 1°18 | 25°7 | 291 | "coog3 | 120 | 39'1 | 469 umga
107 | 1417 | 152 | "ooo32 | 1"14 | 27°7 315 | ‘ocoO50 L

DENSITY OF NITRIC ACID, HNO,. Aq
Grams perc.c.at 15°C, % N,0,="8g7 x ) HNO,—by weight. (Lunge and Rey, 1891.)

Grams HNO, in @rams HNO, in /@rams HNO, in
o i EEGM. [ e e c]]'un:, b ! —] Dens.
ns, J1 1 i e | 411
ens. 100gm. 1 litre| ma;glg Dens. .E‘.‘E_.SE'H litre fugl::glg_ ns mug-f 1 hm'?u?ﬁt
of Bolution, of Bolution of Bolution, |
1-02 3‘;ru| 38 | ooozz { 1°22 | 35'3 | 430 | 'coofo |1°42 | 698 | 991 | -ooN37
1-04 7°26| 75 | oooz¥ | 1724 | 353 | 475 | 'coc86 144 | 747 | 1075 | ‘oON43
106 | o'y | 113 | 00034 | 1°26 | 41°3 | 521 | "ooog1 146 | So0 | 11635 | "o0149
1°08 | 139 | 151 | "coogo | 1"28 | 44°4 | 568 | 'ooogy |1°48 | 860 | 1274 | "oOI54
110 | 71 | 138 00045 | 1°30 | 475 | 617 | 'oonog | 1°BO 04°L | 1411 | 00100
1"12 | zo'2z | 227 | "ooosi | 1°32 | 507 | 6690 | "coro9 [1°504| g6'o | 1444 | "co161
1°14 | 23'3 | 266 | "ooos7 | 1'34 | 541 | 725 | "ooti4 |1-508| o7°5 | 1470 | "coN62
116 | 26°4 | 306 | "ooobz | 1"36 27 ‘6 | 783 | "cot20 [ 1-512| ¢85 | 1490 | ‘00163
1°18 | 204 | 347 | "ooobB | 1'38 '3 | 846 | 00126 | {-516| 99'2 | 1504 | ‘coO1b6y
120 | 32'4 | 388 | ‘coo74 | 140 | 653 | o914 | oo132 [1°520| 097 | 1515 | w066

DENSITY OF SULPHURIC ACID, H,S0O,. Aq
Grams per c.c.at 15°C. % S0,="816x% H,50,—by weight. (Lunge and Isler, 1893.)

Grams H.80, in Qrams H. 80, in
Density. | 100 gm. | 1 litre | Density. | 100 gm. | 1 litre
of Bolution. of Bolution.

102 303 31 144 541 779
104 é'gﬁ 62 146 ({5 817
1'06 sy 93 148 578 836
1°08 11°060 12 1°50 g7 8g6
110 14°35 15 1°52 1'6 936
112 1701 191 1"64 634 977
114 19°61 223 1°58 65°1 1015
1-16 22°1g 257 1"58 6o 1054
118 24'76 | 292 1'60 68°5 1ogo
1-20 27" 328 162 703 1139
122 2q° 364 164 720 1151
124 31'& 400 1"66 736 1222
1°26 34° 435 1'68 754 | 1267
1-28 369 472 170 77°2 1312
1"30 19°2 510 172 78'9 1337
1-32 41°5 548 1"74 8o'7 1404
1-34 43'7 586 176 824 1451
1'36 45 ‘9 624 178 845 1504
1°38 480 662 180 869 1564
1-40 50°1 702 181 883 1508
142 531 740 1"82 00'0 1639

Grams H.80, in
Donsity. | 100 gm. | 1 litre
of Solution.
1-822 Q04 1647
1-824 go'8 1656
1"826 g2 1606
1'B28 g1°7 1676
1"830 g2°1 1655
1832 92°5 1605
1"834 930 1700
1836 93 1722
1"838 946 1739
1°540 956 1759
1-8405 959 176
1-8410 q7'0 1732
184156 | o7y 1769
1"8410 o2 1508
1-84056 o8-y 1816
1"8400 992 1825
1"8395 o4 1830
1°8390 097 1834 '1
1"8385 999 1838
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DENSITY OF AMMONIA, NHHO . Aqg |
Grams per c.c. at 15° C,

Grams NH, in Grams NH, in | Grams NH, in
. | Dens. S ] i T i ol 1 71T
Dens, 100 gm.!1 litre | Change | Dens. (100gm.|1 litre Change | Dens. |100 gm. |1 litre  Change
e for £ 1°. i el L for & 1°, — ———for & 1°,
of Bolution. of Bolution. of Bolution.
998 | ‘91 | 91 | *ooo1g | *B566 | 11703 | 105°4 | "o0031 | ‘018 | 23'03 ;nm'g 0O049
882 | 184 | 182 | ‘00020 | "9562 | 1217 | 11579 | "00033 | ‘912 | 24°33 | 2219 | "00051

‘088 | 280 | 27'7 | "ocozr | *048 | 1331 | 126°2 | co03s | “O08 | 25'65 | 23279 | "©OO53
084 | 380 | 37°4 | "ooozz | 944 | 14746 | 136°5 | "coo37 | '904 | 26'98 | 24379 | "000355
*BB0 | 480 | 470 | "oonz3 | *940 | 1563 | 146°g | "conzo | *B00 | 2833 zgg-u "00057 |
076 ‘8o | 56°6 | "oooz4 | "O86 | 16°82 | 1579 | o004l | *BO6 | 29'69 | 26600 | "00059 |

‘972 80 | 661 | "oooz5 | 932 | 1803 | 163'1 | "oo042 | "BOZ2 | 31705 | 2770 "0006O |
‘968 g'ﬁz 757 | -ooozb | 928 | 19°25 | 1786 | ‘cooq3 | *B88 | 32'50 | 2886 | ‘ooohz
“BEd ‘B4 | 852 | ‘ooozy | "924 | 20749 | 18g9'3 | "ooogs | "BB4 | 34'10 | 30174 | "ooohy
‘960 | 9'91 | 95'1 | "ocoz9 | *920 | 21°75 | 200'1 | "oco47 | *880 | 3570 | 31472 | "cO06E
DENSITY OF SODIUM HYDROXIDE, NaHO . Aq
Grams per c.c. at 18° C. The percentages indicate grams of NaOH in 100 grams
of solution. (Bousheld and Lowry, 19035.)
» Density. % | Density. G Density. i f Density. % | Density.
0 ‘086 10 1'1098 20 12202 30 13260 40 1°4314
1 1’0100 i1 1°1208 21 1°2312 31 1°3196 41 14411
2 | 10213 12 1'1319 22 1"2422 32 1"3502 42 14508
3 1°0324 13 I'1429 23 1°2532 a3 1°3605 43 1-4604
i I'0435 14 I"1540 24 172641 3% 1'3?ﬂ§ 44 14609
5 1'0545 156 11650 25 | 12751 356 | 13811 43 | 1'4794
(3] 10656 16 11761 28 1°2560 a8 1°3913 4 1°48g0
7 10768 17 '1By1 27 12968 37 1°4004 47 1°49%5
8 1’0877 18 1'1982 28 1'3076 B8 1°4115 48 1-5080
9 | rogéy 19 12002 29 1°3184 49 14215 19 15174
DENSITY OF SODIUM CARBONATE, Na,CO,. Aq
Grams per c.c. at 15° C, (Lunge.)
| Grams Na,C0, in Grams Na,CO, in | Grams Na, 00, in
Density. | 100 gm. | 1litre | Denmsity. | 100 gm. | 1 litre | Density. | 100 gm. | 1 litre |
of Solution. | of Bolution. | of Bolution. |
1007 " 68 1°060 571 fo's 1916 | 1o9s | 1222
1014 1'33 13°% 10687 637 680 11256 1181 132'9
1"022 204 21°3 1-075 72 765 1134 1261 1430
1029 276 284 1'083 788 853 | 1142 13'16 150°3
1'036 3°43 35'& 1091 862 94°'0 1"162 14°24 164°1
1'045 4°29 44’ 1*100 9'43 103°7
1°0562 494 52°0 1108 1014 112'g

Change of density per 1° C. (¢° to 30°), o = 7 j‘;?= "0002 ; 11 1o 20 % = '0004.

DENSITY OF CALCIUM CHLORIDE, CaCl, . Ag

Grams per c.c, at 17'g° C. The percentages indicate grams of anhydrous CaCl,
in 100 grams of solution. (Pickering, 18g4.)

Density. i | Density. 2z | Density. o | Density. % Density.
00T 11 . 1°0G4 21 1189 31 1'204 41 [4_:2;5_
1'024 13 1'112 23 1°200 33 1'316 43 1'429

L'o4l 15 1131 25 1229 36 1°318
1'os8 17 1'150 27 1°250 37 1361
1"o76 19 1169 29 1'272 39 | 1354

D= e | &8

Il
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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.”)

Substamce.| 5% | 107 | 16% | 207 | 257 | Substanee.| 57 | 10% | 157% | 20%

NaCl .|ro34|1o7r| 1109|1148 | 17190 | MgSO,. | 1’050 | 1"104 | 1°160 | 1*220
NaNO, | 1033 | 1068 | 1°105 | 1'144 | 1°185 | BaCl, . | 1'044 | 1'003 | I'147 | I"204
NaA .|r1oz25|ros1|1078| 17105 (1'132| NH,Cl. | 1'014 | 1'029 | 1'043 | 1"0%7
H,PO, . | 1027 | 1rog4 | 17083 | 1114 | 17145 | CuS50, . | 17051 | 1"to7 | 1°167 | 1230
ZnSO, . | rosr | rrey | 17167 | 17232 14305 | KCl. . | 1031 | 17064 | 17098 | 1°133
FeCl, .| 1130t 175 |1°220| 1273 | 1'331 ] KNOQ, . | 1’030 | 1"063 | 1°0Q7 | 1°133
SrCl, .| 1044 |[1°093 | 17146 | 1°202 | 17256 | K50, . | 17039 | 17081 | — —_

MgCl, . | 1042 | 1086 | 1130 | 17176 | 17225 | K,Cr,O, | 1'035 | 1'072 | 1'109 | —

Bubstance.] 57 | 10% | 16% | 20% | 20% | 80% | 853 | 40% | 45% | 60%
KBr. .|1035 |1°073 | 17114 |1°187 | 1’204 | 1-254 | I-307 | 1-365 I 1°429 | —
Kl . .]103 | 1076 | 1120 | 17068 | 1°218 | 1°273 | 1°332 | 1°397 | 1-468 | 1°54%
KiCOy . 1044 | 17001 | 1140 | 1°01Q1 | 1°244 | 17299 | 17356 | 1°415 | 1°477 | 1°541
LiCl. .|roz7 | 17056 | 1’085 | 1°115 | 1°147 | 1081 (17217 |1°285 | — —
CdSO, . | 1049 | 1103 | 1161 | 1°224 | 1°2095 | 1°372 | 1457 | — — -
AgNO,. 11’042 | 1°089 | 1°140 | 1"196 | 1°255 | 1321 | 1°304 | 1°477 | 1°570 | 1°674
PbA, .|1036 |1'075 | 1118 | 1°163 | 1°212 | 1°265 | 1°322 | 1°386 | — -—
| Sugar®. | 1'018 | 1'039 | 1'0bo | ['O81 | 1°104 | 17128 | 1°152 | 1°177 | 1°203 | 1"230

* 607, 1287 ; [T6 %, 1380 (supersaturated)).

DEMSITY OF DRY AIR AT DIFFERENT TEMPERATURES AND
PRESSURES

Grams per c¢.c. ; pressures in mm. of mercury at 0o° C, lat. 45° ; g = 98062 cms.

‘001293 _!_—]_
(1 + '003678) * 760"
where *001203 is due to Leduc, 1898, and Rayleigh, 1893 (p. 35); and ‘00367 to
Regnault. For density of damp air, see p. 0.

per sec.), These densities are calculated by the expression

Prassure in Millimatres (H),

Temp. (£).

Ti0 720 730 740 750 760 T70 780
0°C. | -oo1208 | ‘oo1225 | "cor242 | "oo1259 | ‘oo1276 | "ooN1293 | ‘OOI3IO | ‘CO1327
2 'wollgy | ool216 | "col233 | "eol250 | 001267 | ‘colali | "corjoo | "ocoi31y
4 'collgo | "o0l207 | ‘001224 | "001241 | *oolz25% | ‘oolzy4 | ‘oo1291 | ‘col3od
6 ‘coll8z | "collgy | *colzis | "ool23z | ~ooiz4B | -ooiz65 | "oorziz | "ooizol
8 ‘001173 | "ooLIQo | “00IZ0T | "ool223 | "o0I240 | ‘COI250 | "0OL273 | "DoI28g

10 ‘001165 | "oo1182 | "oo1198 | ‘oo1214 | 'oOr231 | "OO1247 | "o01264 | "oorzfo
12 ‘001157 | ‘001173 | "o0l1g0 | *oo1206 | *00I222 | ‘001238 | ‘oOI25% | ‘ooIZTI
14 'coI149 | 'co1165 | 'ooridr | ‘oo1197 | *oorzi4 | 'oo1z3o | 'oorz4b | ‘cor262
16 ‘0OIT4I | "oOLISY | "0OII73 | ‘oCliIBg | "o0l205 | "0OIZZI | "OOI237 | "0OI253
18 '001133 | "00l149 | "001165 | o018l | *col197 | "cO1213 | 'OO1229 | ‘001245
20 ‘oolI25 | "ooll4l | 'collsy | 'ooli73 | "oorifg | corzos | "colz2zo | 'oOI236
22 roo1118 | *o01133 | "o0r149 | *oO1165 | "oor1B1 | ‘oorlgh | ‘co1212 | "oor228
24 “ooIII0 | "oo1Iz0 | "0O1I4N | "OOII57 | "o0rIy3 | "ooIISS | "col204 | "OO1220
28 001103 | "o0l118 | "oOll34 | "0OLI49 | "0ol1165 | "coll8o | "oollgh | "OOL211
28 '001095 | *oollll | *oo1120 | *ool142 | *corI57 | *co1i73 | ‘cor1d8 | ‘coizo3 I
30 ‘001088 | ‘oot103 | "oCIIIQ | ‘001134 | 'cONI49 | ‘DOIIGS | "corl30 | ‘0OINgS !l
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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. 17). Other gases will be found in the table below.
For density of air under different temperatures and pressures, see p. 34.

Densities are in grams per litre (10007028 c.cs.; see p. 17) at o® C. under
760 mm. of mercury at o® C. and lat. 45° (g = g80'62), 4.e. under a pressure of

1’01323 X 10® dynes per sq. cm. (After P. A. Guye, Chem. News, 1903.)
Gas. Density and Observer, ‘!&ii?i;;? r;’fn::g

2 e

Alr . . & o » s« | 152027 L; 12028 R. 12928 | o'goybg

. 14288 L. ; 142905 R.; 142900 M.;\| ..
Oxygen!O; . » 3 { [_42396-{]“; Firh } 1'42900 | 1°00000

Hydrogen, H; . . . | oo8982'L.; co89g8 R.; 0089873 M. | 008987 | 006289

Mitrogen, N, . . . . | 12503 L.; 1:2507 R.; 1'2507 Gr. 12507 | 087523
Argon, A . . . . . | 1’7809 R.; 17808 Ra. 17800 | 12463
Nitrous oxide, N.O . | 19780 L.; rg777 R.; 19774 G.P. 1’9777 | 13840
Nitric oxide, NO . . | 1-3429 L. ; 1'3402 Gr.; 1340z G.D. | 1’3402 | 093786
Ammonia, NHy . . . | o7719L.; 077085 P.D.; 07708 G.P. | 07708 | 05304
Carbon monoxide, CO. | 12501 L.; 1'2504 R. 12504 | 087502

Carbon dioxide, CO, . | 19763 L.; 19769 R.; 19768 G.P. 19768 | 13833
Hydrochloric acid, HCl | 16407 L. ; 16397 Gr.; 16308 G.G. | 16398 | 1"1475%
Sulphur dioxide, SO, . | 2'9266 L.; 29266 J.P.; 29266 B. 29266 | zoglo

B., Berthelot ; G.D., Guye & Davila; G.G., Guye & Gazarian ; G.P., Guye &
Pintza ; Gr., Gray; ].P., Jacquerod & Pintza; L., Leduc; M., Morley; P.D,,
Perman & Davies; R, Rayleigh ; Ra., Ramsay.

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

Rel. Rel, Rel.

Gas, dens. Gas. dens. Gas. dens,
Acetylene, C,H, . .|13'32{Helium, He. . . .| 18| Nitrogen oxychloride,

Arsine, AsH, . . .|3g02] Hydrobromic acid, BEOEL . o Sl3ae
Boron fluoride, BF, .|3348 1Br. . . . . .|3924| Nitrogen peroxide—

Bromine, Br,c.228°C.| 79'gy| Hydrofluoric acid, HF | 1032 (N;0,) 26°7 C.|3837

Butane, C,H,, . . .|29'10| Hydriodic acid, HI .[6336] , , 398 |3562

Carbon oxychloride, Hydrogen selenide, s o 80°3 3:::'1:!!

COCl, |5a*75 H,Selqo47] o »n BO®6 |26006)

w 0xysulphide,COS |30°47 » Sulphide, H,5 | 17722 - » 10071 2433

Chlorine, Cl, 3607 y telluride, H,Te |6500 121°%5 |2346

2y 5 b n i ]

» monoxide, CLO 143'54] Krypton, Kr . . .|41'% »(NO,)154%0 |22'88

» dioxide, CIO, .|33'74| Methane, CH, (1909)| 803 , , 1832 |2273
Cyanogen, C,N, . .|26:16] Methylamine, Phosphine, PH, . .|17'58
Ethane, C;H, . . .[1557] CH,NH,. . . .|1564]| Phosphorus chloro-
Ethylamine, Methyl chloride, fluoride, PCLF, |7819

CsHNH,. . . .|2277] CHCl. . . . .|2506) ,, oxyfluoride, P'C;F, 5320
Ethyl chlonde, Methyl ether, C,H,O 2341| ,, pentafluoride, PF;|65-01

GHCL . oo o L3003 »w fuoride, CH,F (1767} ,, trifluoride, 'F,|4376
Ethyl fluoride, C,;H,F [2462| Methylene fluonide, Fropylene, C,;H, . .|21'69
Ethylene, C,H, . .|1427f CH,F,. . . . .|2621]Silicon fluoride, SiF, |52'13
Fluorine, Fy. . . .|1897|Neon, Ne (1910) . .rm*ﬂz Xenon, Xe . . . .|6535

DENSITY OF BATURATED WATER VAPOUR
Densities in grams per litre under different pressures. (Zeuner, 1890.)
Atmos, 0 05 1 15 | 2 25 3 35 4 45
| | — - -
0 — | o315 | 0606 | 0887 | 1116 | 143 | 170 | 197 | 223 | 249
5 275 | 3or | 326 | 352 | 377 | 402 | 427 | 452 | 477 | 502
10 527 | 552 | 576 |Gor | 625 | 650 | 674 | G99 | 723 | —

e z=m: _ - —
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ELASTICITIES
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ELASTICITIES
Young's Modulus, or Longitudinal Elasticity, E in dynes per sq. cm.
Rigidity, Torsion Modulus, or Shear Modulus, # in dyu:s per sq. cm.
Volume Elastieity, Cubic Eiashmt;.r, or Bulk Modulus, £ in dynes per sg. em.
Compressibility (cubic), C = 1/k.
Poisson’s Ratlo, ¢ = lateral contraction per unit breadth/longitudinal extension per
unit length. For a homogeneous 15:1!11::%1: substance—
e ey ) TR P gy
={1+r} g d 2n : (1—20) """
For an isotropic solid Poisson’s Ratio must lie between +4 and =1, but for some
materials it may, when deduced from E and #n, exceed +1. (See Searle’s Elasticity.”)
1 bar = 1c* d:.rn:,5 per 5q. cm. = ‘987 atmos. = 11013 atmos. = the pressure measured
by 750°15 mms. of mercury at o° C, sea-level, and latitude 45° = 74966 mms. at o° 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, A#»n. d. Phy., 1908.)

ELASTICITIES OF METALS

Young's PRETT faay ; Yol.
8. ks I’udul‘fy, E Rigidity, ». Poisson's Batio, o. st & | 0 5y
i G, per
(see also below By static Caled. bar
Lo g =i By osoilln. | Caled. by | Ob- eyt Caled. by calbilatod).
gl vitan method. |formula (z).| sarved. mlfla{&]. formula (). { )
Aluminium (W) *. | 705x10" 267 x 10"| 263x 10"| *339 | *310 | 7'46x 10" 1'33x 107"
Bismuth (C), pure. | 319 —- 1"20 33 — 3'14 L
Eadm{u?h(;:}, pure | 499 _— 192 ‘30 _6 412 2°4
opper (W), pure . |12°3 4'55 4'55 "337 | 350 1371 74
Gutff (W), pure .| 8o 2'77 2'30 ‘422 ‘495 | 166 ‘6o
Iron (W), 1%C. . |21'3 — 831 280 — |161 63
Steel (W), 1%C. . |209 812 812 287 | 287 |16°4 62
Lead (C), pure. .| 1762 — 562 *446 — 5'00 20
Nickel (W)t . . |20z — 770 *309 — 176 '57
Palladium (C), pure|11°3 511 4'04 393 | 108 |17°6 ‘57
Platinum (C), pure |16°8 610 604 387 268 |24'7 41
Silver (W), pure .| 700 2'87 286 379 360 | 1079 ‘92
Tin (C), pure . .| 543 — 2'04 33 — | 529 i'g
Bronze (C)1 . . 8'08 343 2'97 358 | 177 | 9'32 10§
Constantan {WH 16°3 611 611 328 329 |15 65
Manganin (W)] . |24 465 4°65 329 | =329 |13l 83

(C) means cast ; {‘h’\:"j worked. ® e Fe, 4% Cu, t g‘; Ni, 1°45% Co, 1% Mn.
t 857%Cu,72% 20, 64% Sn.  § 60% Cu, 4o% Ni. | 84% Cu, 12% Mn, 4% Ni.

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

Bubstance, Young's Modulus, E.| Rigidity, ». !?ﬂlmn Elast. £, | Poisson's Batio, .
Copper . . . . . . |12°4-129x 10" S.| 3'9-4 x1c¥5.| 143x 10 M, 26 S.
Iron (wrought) . . . 19-20 7'7-83 146 G "27

L C ) R e G.| 35-53 -6 23="31
Steel . . + + .+ | 1g°5—206 7'9-89 :g- M. 25-'33
Zinc {: y 4 Ph]l § 87§ G.| 38 - 21
Brass (o 66 Cu, 34 En} 9'7-10'2 &35 10'65 M. "34~-'40
German silver * . . 116 5. 4347 — b
Platincid¥ . . . .J136 S.| 360 5. — *37
Phosphor br::-nze* « «j1270 S.| 436 S.| — 38 S.
Quartz fibre . . ., 518 3o H. 1'4 —_
Rubber, soft vulcanized | ‘1o-70 ‘00016 I WA -46—49 Se.
Jena Glasses, Crowns . | 6:5-7-8 2'6-3"2 4'0-5'9 '20-"27

e »» Flints 5:0-0r0 2'0-2°5 36-3'8 *22-26
(G.) Griineisen, 1907, (I1.) IHorton, 1905. M.) Mallock, 1 5.) Searle, 1
{Sc.) Schiller, 1906. * 6o Cu, It H:l;:ngj Zn. : t Gmn:ang:li‘ver w:ll:E a:lhttle tung:?z:.

I o2'g Cu, 7 5n, 'g F. § Pure Zn, 12°5 % 10" dynesfem?.

- ———
—
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TENSILE STRENGTHS

ELASTICITIES (comsd.)

: ; Compressibility €. per
Young's Tamp:rl.tnrn nlmﬂlulant 4:1111 bar {E o. 10° EIE““EL:}
Substance, |  Mdulus, Elast, = Elast, {1 —a(¢=~15)} | pychanan, Proc. . 50c.,1004).
ﬂ.]".l.‘lﬂllfﬂm.' At 15° 0. a for E.* a for #1. 7-11% C.; 200-300 bars
(see also pp. 36, 38).
Iridium|| | 5°2 x 10"(G.) | Aluminium | 21°3 % 1074 | 13°5 x 1074 | Aluminium | 17 x 107%
Rhodium|} 32 (G.) | Copper. 364 40 Copper 88
Tantalum |18'6 (Bo.)| Gold . 48 Ay Gold . .| "Bo
Invar . |14°1 Irom . .| 23 7'3 Lead 2'8 (A.)
goPt1o0lr|210 Steel . .| 274 26 Magnesium| 3'2
Duralumin| 7°4 Platinum .| ‘98 I'o Flatinum .| '56
Silk fibre | -65% Silver . 75 4 Flint glass |30
Spider Tin . - 5°9 Germ.glass
thread *3 (B.)§] Brass s 46 tubing .|257
Catgut 32 German siliver . . 65 Steel . .| °51 (Br.)
Ice(—27%) | 28 Phosphor-bjronze .3
%}Jaru 68 Quartzfibre|-1-3 -1"2
arble .| 26 -
Oak . 1'3 {A.) Amagat. (B.) Benton, 1907 and 1908, (Bo.) v. Bolton, 19os.
Deal . ‘g {Br.) Bridgman, 1909, (G.) Grineisen, 1907, * Wassmuth, 1906, and
Mahogany, ‘88 Schaefer, 1902. 1 Horton, r9o4and 1905.  § Diminishes rapidly
Teak . 166 with increasing load. § Shows marked elastic fatigue, | Pure.

5Lress.

of the Engincering ** Pocket-books.”

TEMSILE STRENGTHS OF MATERIALS

Tenacities or breaking stresses in dynes per sq. cm. The elastic limit is always
exceeded before the breaking stress is reached.
seems to strengthen the material, and the finer the wire the greater is the breaking
(See Poynting and Thomson'’s * Properties of Matter.”)
For crushing and shearing strengths, see Ewing’s ** Strength of Materials ® or one
For bursting strengths of tubing, see p. 48.

To reduce to kilogrammes per sq. mm.,, it is sufficient to divide by 10%; to lbs. per
sq. inch, divide by 7 < 10%; to tons per sq. inch, divide by 1-5 x 108,

* Along the grain.

The process of drawing into wire

Bubstanco,

Aluminium, cast .

i rolled. . 1
Copper, cast
TR e

Ira:':, (a) cast

{5y wrought. . . .
(¢) steel castings . .
Mild steel (2% C)
High carbon) annld. .
(for springs) Jtemprd.
Tungsten or chrome
Mi steel, % ; 127 .

B
[
8
-

Lead .
RS - e s i
Fine,eolled . . . . . . .
Brass (ordinary), {(16 Cu}{:ast

L1 31 3“' z-ﬂ
Phosphor-bronze . . .

- - & - - El Cl

Gun-metal (go Cu, 10 Sn)
pofeenlder . .. i e
Glass .

ﬁﬁh,btcuh,nak,téﬂk,mah:.:-guny‘.'
Fir, pitch-pine® . . . ‘

rolled|

| Tenacity.

d}'lld.‘.'ﬁjcm.:"-
"6—"gx 107
-lg-l- rs
1"2=1'g
2'0-25
.3_3_3
2'9-4'5
2'3-7o
4349
7'0=7'7
9'3-10'8
I[=1I2
62; 14

. &6

1638
o B
I's-1'g
23-37
2'5-2'8
1'g-2°6

&g

'3—'0

=11

.4_,3

Red or white deal™® . . 5

S

Eubstance. | Tenncity.
dynes/fcm."*
White or yellow pine®. . .| -z-§xI
Leather belt . . o + &« |53
Hemp rope . . « » |'G=10
Catgnt . . . . & il il
Spider thread. . o ] cXEE
STHE R 5 R R -
Quartz fibre . . . . . ¢ 10
WIRES.
Aluminium., . . . . . I'7-20
Copper, hard drawn . 4'0-4'6
w annealed . . 2'8-31
ol s i s eyl i
Iron (charcoal), hard drawn | 5'4-6-2
- 5 annealed .|z 46
Steel ; (1)ordinary; (2) tempd. |c. 115155
p Pplanciorte, . . . .|186-233
Mickel . . . « v o « .| 51
Platinum . s v o ool AR
Silver R
Tantalum - « -« « &+ . 42
BYaRE e i s e N 3'1=3'9
Phosphor-bronze, hard drawn| 6-9-10°8
German silver . . . . .| 46

Duralumin. .

® ® & &

4-5§
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COMPRESSIBILITIES

COMPRESSIBILITIES OF ELEMENTS

v
volume V under a change of pressure 8¢ (temp. constant). See also pp. 36, 37.

The values of C below are per bar (fe 10® dynes per sq. cm.). To express as
compressibility per atmosphere, increase C by g, of its value. Room temp. Pressure
range, 100-500 bars. Based on compressibility of mercury = 074371 per bar. The
results show a periodic relation with atomic weight. See Richards, foura. Chem. Soc.,
1911 ; and Bridgman, Froc. Nat, Acad. Sci., 1915 ef seg.

Coefficient of compressibility C = L g, where 8V is the change in volume of a

Elsment, | ¢ Element. (1] Element. ] Eloment. C
Al., . .| r3x1w0 ¢ Cl(liq.).| gsx10-%Hg . .|37ix10°qSi. . .| *E6x107®
1 A i T T | R BT 1 ] (T R e [T
Ase o Ll 43 & |Cu - .| ke o 1B 5 L] B O, MR IFL g
Bl o o] 28 G PAWS . L] otaE s B s 38 S R 5
Br. » |51% 5 11 .+ .|E3 o AP, red .joo 4 1Tl ..l26 .,
v PRt (% - R B TS (T white. {202 ,, ISn . |17 4
1 SR [ R RSN |- NSRS ) RS [ e [T
Ca. | e ] (B T s 1. P
C,dia mond Bow (Mg . Gy L ABh . | i

gnphllc 3 a MR & el EY SR n S

COMPRESSIBILITIES OF LIQUIDS

C = compressibility per bar (fe. 10° dynes per cm.?). To express as compressi-
bility per atmosphere, increase C by ¢4 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). The compressibility of a solution diminishes
as the concentration increases (see Poynting and Thomson's * Properties of
Matter,” and Bridgman's* The Physics of High Pressure ).

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

Liquid Temp. ﬂomﬁj.“tl-! L Liquid. Temp. ﬂm&rﬂ i
Water, 1-25 atmos.(A.)|15° C.| 489 x 107} Carbon tetrachloride

goo-1000 , (A.)]| 15 3673 (Ri.)|20°C.| 896 x 107®

goo-1000 , (A.}|198 o Carbon bisulphide {A} 15'6| 859 ,,

2500-3000 ,, (A)]| 142 258 Ether, 1-50 atmos. g VIR (1
Sea-water(Grassi, 1851} — U T e goo=1000 (1] L7 b SR
Mercury . . . (A.)]| 20 Jikay m‘J 198 1422

. . (Ri.)] 16 i "I-Tﬂh)l'u:clate. . (A)] 148l 958

Mtth}rl almhnl CH OH Ethyl acetate. (A.}| 1188|1027

(A)]| 147 | 10227 ,, » bromide . (A.)| 9932913 ,,

Ethyl alcohol— » chloride . (A)]| 15-2/ 1501
1-500 atm. (A)]| O 76 b Acetic acid, 1-16 atm.

150~200 atm. (Ba.)|310 4147 " (C.&5.)] o0 47°2
Propyl alcohol, Glycerine, C,IIH{E}H},

CH,0H . . (R)| 17°7| o358 , H? )| 206| 248
Propyl alcoboliso- (R.}| 17°8| 1017 , Olive oil . . QO3 205 625
Butylalcohe, C,H,OH ! Paraffin oil (dt Me!z

\ (R)| 174 889 ,, 1890) . . 148 619
Butyl alcohol iso- (R.)] 179 968 ,, Petroleum (M uunl} 16°5| 037
Amyl alcohol, Pentane, C,H,, - {G) 20 |314 »

GO0 v {R_,; 177! 894 ,, |Benzene, C,H, . (R)| 179 go8 |

Chloroform . . (Ri.)] 20 - Turpentine,C, ,H,; (Q.)] 19°T| 7814 ,,

{A.) Amagat, Compier Kenwdus, 188403 ; (B.) Bartoli, 1896 ; (Ba.) Barus, 1801 ; (C. & 5.},
Colladon and Swurm, 1827 ; (G.) (rrlmaldr, 1886 ; (().) Qumcke, HWird. Ann., 19, 1883; (R.)
Rontgen, Wiad, Ann., 44, 1801 ; (Ri.) Richards, [g{:r;r
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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 ML™'T-L, o . zhs

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

g
Viscosity 5 = !‘3!:—._;, where # is the pressure difference between the two ends of the
tube, » the radius of the tube, / its length, V the velume of liquid delivered in a time 2.

VIBCOSITY OF WATER
Determined by an efflux method and corrected for kinetic energy of outflow.
| (Hosking, Phil. Mag., 1909.) Heavy water is about 30%, more viscous at 20° C.
{ than ordinary water,

Temp. | Viscosity.| Temp. | Viscosity.| Temp. | Visoosity.| Temp. | Viscosity.
G B i
0°C. | -or703 20°C. | ‘oroob 50°C, | ‘ooss0 90°C. | oo316
b ‘01522 25 00803 60 ‘00469 100 ‘00284
10 *oI311 30 -oo8oo 70 ‘ooqob | 124* ‘00223
15 ‘01142 40 ‘00657 80 ‘00356 | 168* ‘00181
* de Haas, 1394.
VISCOSITY OF MERCURY (Koch, 1881.)
Temp. -20° 0. o° 20° 50° 100° 200° 300°

Viscosity (c.g.s.)] 0186 ‘0164 ‘0136 ol4l ‘0122 | ‘olol 0063

VISCOSITIES OF VARIOUS LIQUIDS

Bubstance. o°e. | 10° | 20° | s0° | 40° | B0 | 60° | 70°

E
C-E.5 | |
Methyl alcohol, CH,O | 00813 | '0ofiB6 | ‘00391
Ethyl «HgQ | 0177 |'0145 |'o119
Propyl ,, CyH,O|0388 [-0202 |-0225

‘00515 | 00450 | 00306 | "00349 =
"00g59 | "00827 | *00697 | "0050T | ‘0004
{0178 |'o140 |"0113 |-oc0glg|‘co757

Isopropyl ,, . . .|'0456 |'0324 |'0237 [-0175 [-or ‘0103 |00 ‘00642
Ether (C;H,),0 . .]'00z286 -ngzgﬁ;mz_ga,f 'mz::z -mﬁ; —3 'mm -—+
Chloroform, CHCl, .]'00700| 00626 00564 | *co511I | ‘00465 | -00426| ‘0o300| —

Carbon tetrachloride . |'0135 | o113 !*00969 | ‘00841 | ‘00733 | ‘00623 | "00cR
n  bisulphide . .}'00429|-00306 00367 | 00342 'mg%g —5 i -E—3 *miu
" dicn::_-?e (lig) .| — !i'nmﬁg;'ﬂm;u-nmg; - — _— —
enzene, C.H, . . .|009o2| 00759 ‘00649 | ‘w0562 | 00492 |00 00300 | "00351
Aniline, CH,NH,. .| — |'0655 |‘0440 |‘o3ig *c-:.;? -mgf *0:75}20 i
Glycerine, C;H,(OH),| 460 | 210 | &5 3’5 — — —_
Bromine . . . . .lo126 ‘o111 |-00993| 00898 | 00817 |'coysb| — -
Turpentine, dens. =87 “ﬂ!?é 0178 |'0149 |'0127 |'olo7 |-00926|-0oB21 | ‘00728
Pentane (n), C,H,, ‘'00283 | '00235 | ‘00232 | "DO212| — - —

Hexane (n), C,H,, .]|'00396 ‘00355 | ‘00320 ‘00290 | ‘00264 | ‘00241 | ‘00221
Formic acid, HCU,H — |o224 |'0178 |'0146 |'o122 |'c103 |'00B9 |‘co7y
Acetic a.x:id.,CH,CCLH — — |'o122 |'ol04 |'oogo |'007Q |'oo7o | -oob2
Propionic acid,C,H,0,} 0152 |‘o129 |'o110 |-0096 |'0084 |0o75 |-0067 |‘cobo
0076
ocb

Butyric ,, C,H,0,]|0228 |'c185 |'o154 |‘o130 |'o112 |'o0g7 ‘0085
Isobutyric ,, 5 0188 |'o157 |0131 |‘o113 |'0098 |'0086 |‘ooyb

Methyl formate . . .]'00429|°00384 |'00347 | co317| — — -
Ethyl i -+ «]|"00505 | "00448 | "'00402 | ‘00362 | "00328 ‘00209 —
Methyl acetate . . .|-00478 |-co425 ‘00381 | '00344 | ‘00312 | o028y | —

Machine oil, ¢. 1/19° ; olive oil, *99/15° ; paraffin oil, ¢ ‘0z2[19° ; rape oil, 1'6/20%, -||
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RELATIVE VISCOSITIES OF SOME AQUEOUS BOLUTIONS

Strength of solutions 1 normal.,  Viscosities relative to that of water at same temp. For
a complete list, see ** International Critical Tables ',

Ralative Relativa

Substance. Temp. Viscosity. Bubstance. Temp. Viscosity.
Ammonia . . . .| 26°0. | 1oz | Potassium chloride .| 17%6 C. 98
Ammonium chloride . 17-8 08 Potassium fodide . . 17-8 a1
Caleium chloride . . a0 I3 Sodiom hydrate . . 25 124
Hydrochloric acid . 5 107 Sulphuric acid . . 25 105

VISCOSITIES OF SOLIDS

| Venles turpentine * at 17°-8, 1300, c.p5. Shoemaker's wax t at 8%, 47 » 0%, c.p8.
Pitch t at 0°, 51 < 10" ; at 15°, 1-3 % 1019, Soda glass t at 575%, 11 = 1012,
ilﬁlanlﬂriﬂii. 12 ¥ 10'3, Golden Syrup (Lyle), 1400/12°,

* R. Ladenburg, 1906, t Trouton and Andrews, 1904. $ Deeley, 1908,
I. VISCOSITY OF AIR

Precision determinations of the viscosity of air, , have been carried out using either the
| rotating cylinder or the capillary tube method. The results of careful determinations by these
meéthods are tabulated below., Weighted mean (using the weights shown), %4 = (18300
< z°5) x 107 C.g.3. units.

Temperature Variation.—The linear relation—
oy = W + 403 X 1077(23 — §)
has generallv been used to reduce observations of n to 23° C,, but this is not correct.  Suther-
land's expression my = Ma(273 + )@ + c) . (8/273°P is accurate over a wide range of
temperature, and using the mean of recent experimental determinations of ¢, namely, ¢ = 117,

the value of the temperature coefficient of the viscosity of air at 23° C. is 4:83 x 1077 c.g:s.
units and not 4:93 x 1077 c.gs. units as is generally assumed,

VISCOBITY OF AIR AT 23 C.

Rotaling Cylinder Method. Capillary Tube Method.
| e T i |
Observer. Date. | 5y 107 0.g8. | Wt Obgarver. Date.| msy% 107 0.88. | WL
_ S |
Bearden . . . . | zo3g9 | 18388406 I 4 Rigden . . . . | 1538 | 18300469 2
Houstonm . . . . | 1937 183ga -+ a5 l 3 Bond . . . . | 1937 | 18346458 I
Kellstromm . . . | 1037 | 18326430 | 2 JRapp . . . .| 1913 | 1f22:741-8 I
Hammington . . . | 1916 18226407 I Maxwell . . . | 1916 i8zy-3 I
Gilehrist R B 1825713 | I
L g e 183006 Mean . . . 1829-F

Final Weighted Mean 7,; = (1830-0 -+ 2:5) x 107 c.gs. units.

VISCOSITIES OF GASES AND VAPOURS

Clerlk Maxwell showed in 1860 that, on the basis of the kinetic theory, the coefficient of
vigeosity of a gag 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 formul® connecting gaseous viscosity (y) and temperature (f), there are the con-

venient but enly approximate relation of 0. E. Meyer, ny = 5, (1 -} af), where « is a const. ;

and the less manageable but accurate formula of Sutherland (Phil. Mag. 31, 1803), who, by

taking account of the effects of molecular forces in bringing about collisions which otherwise

would have been avoided, derived the expression e = 7, % (,2.;,}_‘);, where fi is the
. ]

absolute temperature, and C is Sutherland’s constant. The formula only holds for temps.
above the critical, and for pressures such that Boyle's law is approximately obeyed. Suther-

3%
land's relation is thus of the form (which lends itself to graphical treatment), f# = Ko _ X

s y . W e
where K is a constant. (See Fisher, Phys. Rev., 1907, 1009 e seg. ; O. E. Meyer's ** Kinetic
Theory of Gases," and Loeb's * Kinetic Theory of Gases.”) The values below are for dry gases.




41

VISCOSITIES
VISCOSITIES OF GASES AND VAPOURS (contd)
' Gas or Vapour. | Temp.” l:.| s Observer. Guas or Vapour. | Temp. “C. | s Dhggrru?-._
.- - Il;l”-u - e —— | g :“_ﬁ DIM:T [I?r}
: ; = | 82 Breitenbach Nitrous oxide —21 125 | v mAayer
Hydrogen 2& 81 ”n i 1 19 e
15 a‘j 1] (1] 1-m T‘H"I' 1]
an T 5 e Sulphur ] I17 '
02 139 = = e dioxide Ig I'»-’g Bt ine &
- FANGEER II HELL AT
Oxygen . - 1,['5 135 Hf—::u ¥ 51E;]3hi.d{' 100 251 : Smith.“:l
100 238 | M. 1904 Carbon —78 126 | T, & B, "29
; ' monoxide 1] 166 | Smith, ‘21
Nitrogen . . - T8 127 T. & B., "29 100 208 T. & B., "20
(1] 167 | Mean 100 213 Smith, *21
15 174 re Carbon — T8 103 Vogel, "14
100 213 4 dioxide 0 137 3.[1._;@,1 :
Helium . .] —258 27 16 144 | Smith, "2z
(1] 18g Schulize, "or 100 154 i "oz
15 197 T 302 268 Breltenbach
185 270 " Methane . 20 o8 | Mean
Meon . . . 15 412 Rankine, "1o Ethylene —21 89 | Breitenbach
Argon i i) 210 | Schultze, ‘o1 (1] a7 o [I00r)
15 23l s 15 102 V& i
184 '| 333 % 993 12 5 o
Krypton . . 16 | 246 Rankine, '10 Aleahol (vap.) 100 1) Bappenecker
Xemon . . 1 i 233 3 212°6 T42 v (EGEa)
Chlorine . . 13 120 A e Ether [vap.) 100 o7 ' "
| a8 168 be 2125 T34 o b
| Water (vap.) . 0 87 Sheyverer, "25 Chloroform 1] a5 Breitenbach
I 100 130 | B. &L, "30 {vap.) 174 103 o (1001)
100 127 | Smith, "24 61 18g ' "
| Mercury (vap.) (1] 1z Koch, "83 Benzene 0 70 Mean
| 200 532 ) {vap.) 16 4 S,
380 50 i 100 g4 | Masini, "z0
B. and L., Braune and Linke ; M., Markowski; T. and B., Trautz and Baumann.
TEMPERATURE COEFFICIENTS OF VISCOSITY
Based largely on W. J. Fisher's computations (ref. above).
Butherland's Sntherland’s
Consts, Meyer's Consts. Moyer's
@as or Vapour, Const. a Bas or Vapour, Toniat.
[ E Q0 K
Air . . . + .J124|150x10°"|'00273 Xenon . . . .]|252|286x10"7| —
Hydrogen . . .| 72| 66 - Water (vap.) . .]650 _ —
Oxygen . . . .|127|175 , |'00283 }Carbon monoxide | 102|135 , |'c0269
Nitrogen . . .Ji10(143 , |‘00209 n dioxide .]240(158 , |w00350
Helium . . . .| 830|148 — j Nitrous oxide. .|313(172 , |'C0345
Neon. . » . .] 56{220 — Ethylene . . .|226(106 , |'00O350
Argon . . . .|I170|207 _— Chloroform (vap.)| 454|159 =
Krypton. . . .|188|{240 —

SIZE, VELOCITY, AND FREE PATH OF MOLECULES

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

# = 1 atmos. = 1’0132 X 10® dynesfem.? ¢ = molecular diameter in cms.

# = absolute temperature. m = mass of a single molecule (in
R = gas constant. grams).

& = & of Van der Waals’ equation (p. 43). G = square root of mean square mole-
# = thermal conductivity of gas (p. 61). cular vel. (cm./sec. at o® C.).
v = specific heat at const. volume (p. 68). 0 = mean molecular velocity (cm./sec.).
n = viscosity of gas (p. 40). L = length of mean free path in cms.

Assuming a Maxwell-Boltzmann distribution of velocities—
G = ~/3p/(Nm) = #/3p/p = 4/3Re
a = 4G/ 6x = 921G

L = 5/(31p0) = 2'020/+/
Collision frequency = a/L = 5 x 10* per sec. for O,
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SIZE, VELOCITY, AND FREE PATH OF MOLECULES (consd)

MOLECULAR SIZE
The molecular diameter « has been ealculated by the following formulz :—
1. The viscosity » of a gas is a function of the size of its molecules.
n="44p0f(v2N=a®) . . . Jeans .. o= {ogrzpG/(Nn)i
2. The thermal condunctivity, & = 1'6nce = ‘158,00 No?
oo = [ 146G/ (N A
3. Van der Waals', & = 2aNo%/3 oo = [B38f(za NP
4 Limiting density, r.c. density D of densest known form. o = {Gp/(xDN)}}

The values of ¢ tabulated are mostly taken from Jeans’ “ Dynamical Theory of
Gases,” or Rudorf (Ph#l, Mag., 1909, p. 795). Jeans takes N = 4 x 10", while in the
| table following, the more recent value 2:75 X 10'® has been used. Molecular diameters
{ also follow from the properties of monomolecular films on liquids (see Langmuir).

J

I‘ The values of p and » used in calculating G and L below are given on pp. 33, 41.

- f Molecular diameter & deduced from
@as, @at0°0. | oy .
Lo ] k b It.p[= 1
IEIH..FMC. CH. Cil. o, CHli= Cilk.
| Hydrogen, H,. |18:39x 10¢ [18'3 X 107% 247 x 1078 240x10°% 212 % 10-8 2'g2 x 108
Helium, He . li311 " 28'5 tL) 218, e R LE 434w
Ni.ll‘ﬂgﬂﬂ; Ni = 4.';3- 1] 9.4‘4‘ b 3‘5{} i 3‘31 B 3L53 £l ] zr‘:}? "
Oxygen, Oy .| 461 ,, |995 , |339 , |311 , = 279
Nﬂﬂl’l, NE R 516[ " 1973 F1] = i —
Argon, A . .| 413 , |loO PO i T 280 4, [ 443

Krypton, Kr .} 286 ,, |940
Xenon, Xe . .| 228 :, 561 :.

ST 4 493 »
Chlorine, Cl .| 307 , |457 ,, |49 . -
8

342 4 | 4886
Methane, CH, | 648 ,, | 7779 =

n

o | 455 o | 46

Ethylene, C;H, | 488 ,, | 547
Carbon mon-
oxide, CO .| 493 ., | 927
Carbon di-
D}{I{i!:,_{:'ﬂg o 629 1 418 432 » 340 442
Ammonia,NH,| 628 , | 695 —_ —

Mitrous oxide,

_Ng':' « s o392 4, 010 . | 427 5 | 420 o 458
MNitric  oxide,
NO . . .]476 gob , | 340 3'40 — —
Sulph. hydro- f ’ " &

gen, HyS. 1444 ,, 590 == = E =
Sulph. dioxide,
SO

LF] 51‘5 "

3 350 3’31 " = e

. " 0 3+22 4. '? — _— — —
Hydr::-r:hluric 3 2 "
actd, HCl1 .J 430 , |68 —— — — e
Water, H,O .J708 ,, |722 , |490 4 — — qige =

The formule above assume the molecules to be spherical. Sutherland (PAJL
Mag., 1910), adopting his formula (see p. 40) for the vaniation of » with temp., obtains
the following values of . Unit, 107% cm.

11111.; A | o | X |x0| X | co | oo

e e

2°g0

cH, | a,

!*!?l 1'o2 z-t‘r&i 271 295

333| 59| 274 3'3![ 376
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CRITICAL DATA AND VAN DER WAALS' CONSTANTS

Critical temperature, 4., is the highest temperature at which a gas can be
liquefied by subjecting it to pressure.

Critical pressure, f., is the pressure (of gasand liquid) at the critical temperature.

Critical volume, v., 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 0® C.and 760 mms., f.e. it
is the volume of gas at 6, 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 8, and p..

Most of the characteristic equations of state which have been proposed for gases
take the form (2 + a/v®)(v = é; = R#, where p is the pressure, # the volume, @ the
absolute temperature of the gas, and R is the * gas constant.” a expresses the mutual
attraction of the molecules. The * covolume ” & is proportional to the space occupied
by the molecules : O. E. Mever takes é=44/2 (volume of molecule). Van der Waals
assumes @ is constant : if this were true the constant volume and thermodynamic
scales of temperatures would agree—they do not, however (see p. 54). Joule and
Thomson, Clausius, Amagat, and Berthelot, among others, regard a as a function
of 8 (¢e.¢. a =« 1/0), and & as constant.

Assuming with Van der Waals that # and & are constants, the equation can be
regarded as a cubic in , which has its three roots equal at the critical point, whence
a = 27R*2/(64p.), and & = Ra,[(8p,).

Taking pressures in atmos., and the volume of the gas at o® C. and 1 atmos.
as 1, R = pwfe = 1f273. In these units, # is in terms of the volume of the gas at
o” C. and 1 atmos.

Example.—For CO, #. = 73 atmos. and 6, = 273 + 3I'l = 304'I, whence
b = 304°1/(8 »x 273 % 73) = "co191 of the volume of the gas at 0® C. and 1 atmos.

See Preston’s * Heat,” Nernst’s “ Theoretical Chemistry,” Young’s * Stoichio-
metry,” Berthelot (Trav. ef Mémn. Bur. Intl, 1907). * Indicates calculated values.

Critical Van der Waals’
Bubstance. - Observer,
Temp. 6, an.pﬁi Vol. v, &8, b.
atmos. |
Hydrogen. . . . .|-239"9C.| 128 ['00264% 00042z |00088 |Mean value ?
Oxygen. . . . . .|-11B 50 [0o426%00273 ['oo142 |v.Wroblewski, 83
Nitrogen . . . . .|—-146 33 ,'Ws:‘;j'mzsg |'00163 T L
K e T =140 39 |'00468%00257 |[00150 |Olszewski, "84
Helium. . . . . .|—=268 2°26.'00299*{'000061 5,"000g995| Mean value
Mean . . . o . J]=228'7 2609 | — — —
Argon . . . . . JJ—122 48'0 |'00404%'00250 |['00135 }Me’a" e
Erypton . . . . .| =625 54'3 ["00532%00462 [o0178 }Ramsay and
ENOM G o a a e 14'7 57°2 |'oo6g* yooBI18 00230 Travers, 1900
Chlorime . . . . .| 146 76 l'oob15%01063 [‘0o205 | Mean value
Bromine . . . . .| 302 [131* |'00605 J'01434 [0oz202 |Nadejdine, "85
IWater =L o W Al 274 218'5 |'o0243 |'o110 |'m|35 Keyes & Smith, |
Hydrochloric acid . . 52'3 | 86 oo52* |'oobgy ‘o173 |Dewar, 1884 ['31
Carbon monoxide . .|—141"I 35'9 [oo505%|00275 [0oI68 |v.Wroblewski, 83
Carbon dioxide . . . 311 73 [oobé [oo7i7 [oo1g9l |Andrews, 1869
Carbon bisulphide . .| 273 72'9 [oogo 02316 |00343 |Battelli, 1890
Ammonia, NH,. . .| 130 115'0 |[oo481*foo798 |[o00161 |Dewar, 18384
Nitrous oxide, N,O . 38-3 775 |©0436 fooyio |oo184 |Villard, 1894
Nitric oxide, NO . .] —93'5 712 |'00347%fo0z257 |'oo116 | Olszewski, 85
Nitrogen tetroxide,NOy 171°2 147* |oo413 Joo756  foor3d | Nadejdine, "85
Sulphuretted hydrogen| 100 887 |'0o578*fo0888 [0o193 | Olszewski, 'go
Sulphur dioxide. . .| 1554 78'9 |oo745*fo1316 |'co249 |Sajotschewsky,'z8
Methane, CH, . . .| =82 46 fooy88*too357 [ooibz | Mean value
Acetylene, C,;H; . . 365 616 [o069* fooBBo [oo230 |Mackintosh, ‘o7
Ethylene, CCH, . . - 1o 51°7 [oo752*food77  |ooz51 |Olszewski, ‘95
Ethane, C,H, . . .] 34 sor2 ['0o839*olobo  [0o28 . w [86
Ethylalcohol,C,;H,OH| 243 627 |oo71 [o2407 |00377 |Ramsay & Young,
Ether (C;H.:0 . . .] 197 358 [0158 03496 [ooCoz |Battelli, ‘g2
Chloroform, CHCl, .| 260 54'9 o133 [0293 ‘00445 |Sajotschewsky,'78
Aniline, C.H,NH,. .| 4286 523 [o183* |os282 [|oobi1 |Guyed Mallet,'oz
Benzene, C,H, . . .| 2885 479 [0161* fo3726 [00537 |Young, 1900
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DIFFUSION OF GASES

The Coefficient of diffusion, D), 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,—0O, implies that H, is diffusing into O,.

(See Jeans' ** Kinetic Theory of Gases "’ and Kennard’s ** Kinetic Theory,” 1938.)

: ' a4 - | D into
Gases. |i° C, D Gases, i° C. D (Winkelmann), { ﬂ,:—
|m:| co,| m,
I I I
H.—0, .| 0°+677, 0.|]CO—H, .| 0°-642, L. Formic acid .| 0°"131 !'053 ‘513
H4~—0, .| 0681, 0.|]CO—C,H,| 0 |‘101, O. Acetic . . .| ©O ‘mﬁl'o:rl ‘404
H~CH, | O <625, O. Propionicacid| O o8z 058|326
H,—CO 0 649, 0.|CO,—~CO | O [-131, O. Butyric acid . | O 053 ['037 '201
H,—CO, 0 538, 0.]CO,—CO | O |41, L. Isobutyricacid| 0 o7 ‘047 271
H—CH,| O |-483 O.|]CO—Air | 0 |142 L. Me. alcohol .| O |'132 088 500
H,—N, 0 | 0535, 0.]CO,—CH,| © 146, O.; 16, L.] EL ,, .| 0 [102|068 378
CO—0,.| 0|18 L. Propyl alcohol| O 'ofo|058 315
O—N; .| O/171,0.]CO—N,0| O], L.; 15, O. |Butyl » | O [068[048 272
O—H, .| 0|22 L.|CO,—H, ﬂi'sg, L. »” w |99 1260388 504
H,0—C(0,{18 |*155, G.|Ait—0, .| O |-178 O. Benzene 0 [o75 |'053 ['294
H,0—Air| 8 '132, G.|Air—H; . |17 |66, Sc. Me. acetate .| 0 o84 |056[ 328
H;O0—Air |15 [-246, G. i Et. formate .| O [085|057[ 336
H,0—Air |18 |'248, G.]C5,—Air | 0 1,S. Et. acetate O ['o71 049|273
H O—Air | 0 |*203, H. Et. butyrate .| O [os7|041 [ 224
' Et.iso-butyrate] O [055 | 040|224

G., Gugliclmo, 1884 ; H., Houdaille, 18¢6 ; L., Loschmidt, 1870 ; O., v. Obermayer, 1887 ;
S., Stefan, 1879 ; Sc., Schulze, 1897.

DETERMINATION OF ALTITUDES BY THE BAROMETER
C(H,— H,)
Hl + Hg-
barometer reading at lower station, H, at upper station. If altitudes are in metres, and

barometric heights in mms.,

Babinet's formula (Compr. KRemd., 1850) is, Altitude = , where H, =

C=32(5004+ 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 aliitudes are in metres above sea-level.
The values are of course only approximate. Babinet’s formula is not applicable to very
great altitudes.

Mtitu.dal 0 100 | 200 300 400 500 600 700 F 800 | 900

melres. mghﬂ M. mm. mm. M M. mml.5 ., rggn; n&; nﬁtl&h
i 751 T42 733 724 riL 7o7 2
1000 674 666 658 :’:Eu 642 635 627 620 612 605

THICKNESS OF THIN METAL FOIL

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

Metal, . l Al Diutch metal. ]I{Gigalclle paper.)

Thickness I 20

| n o r——— _—

70 | 2500

——— .~ =

34
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SURFACE TENSIONS

In dynes per cm. (A) indicates liquid in contact with air, (V) indicates liguid 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 E&tvos' rule, that the surface
tension T at temp. £ is approximately proportional to (#, — #), where £, is the critical
temp., the constant of proportionality being much the same for chemically similar
substances. The surface tension at £, is generally believed to be zero.

See Poynting and Thomson's ** Properties of Matter,”

WATER (£, = 374° [.)

8urf. Tens. Mothod,

T at 16° C. Observer. Temp. (). | T¢/Ty |Temp. (7). | To/Ty

dynespercm. . \
72°8 (A) | Vibrating jet Bohr., Phil. Trans.,'og 0° C.rroso | 60°C.| -gor

74'3 (A) | Vibrating jet Pedersen,P. Trans.)or| 10 1'olo 70 876
742 (A) | Capillary waves | Kalihne, Ann.d. Phy,| 15 1000| 80 851

73'8 (A) | Hanging drop | Sentis, 1897 oz] 20 ggo | 90 827
73'3 (A) | Tension of film | Hall, 1893 ‘93| 30 970 | 100 8o
74'3 (A) | Capillary waves | Rayleigh, PAil. Mag.,,| 40 ‘947 |120 75
73'3 (A) | Capillary tube | Volkmann, 1895 50 ‘925 |140 ‘70
71°4 (V) Calﬂ]llar}f tube | Ramsay & Shields, 'g3 -

776 (A) | Pull on ring Weinberg, 1892 Ramsay & Shields, %93 ; Volk-

mann & Brunner

fCﬂr.:kett and FEIHUSHI'I, 11]?39:1}. 0 an 5 &0

Bubstance. Temp. (£). l 1?:::: Method. Observer.
. INORGANIC. | ‘52;;:5?'
Cadmium . . N, | 320° C. 630 Weight of drop |Sauerwald, '31
Gold . . A |1130 1103 + . 3
Lead . < a o« . JCOg| 35O 453 | Curvature of drop | Bircumshaw, "33
Mcrc UF}' |:‘r|=.ru—ﬂ'¢|3f:| N 3 20 4.'6‘5 1] 1] 1]
Potassium . . . . .JCO, 58 364 |Weight of drop Quincke
Sodium . . . . . JJCO, 20 200 » i Poindexter, 26
Sulphur (M.P. 115°). A 160 59(| Press.re d,mbuh-( Zickendraht, o6 ;
i o [ 250 I IE, ble airfrom cap.}| and Quincke,
i . (B.P)] A 445 441| tube thro’ liquid ‘o8
Liquid oxygen . | A | =183 |13 |Capillary waves |Grunmach, 1906
1" ﬂilfﬂﬁfﬂ A | =196 85 " 1 " 1906
»  hitrous oxide. .| A —894 |2613 o & 7 1904
Nickel carbonyl,Ni(CO),| V 19'8 (142 |Capillary tube Ramsay and
Shields, 18g3
Ammonia soln. (4 = "g6)] A 15 |64'7 |Vibrating jet Pedersen, 1907
Sulph®acidsol. (d=1"14)] A 15 |744 - " " 107
CARBON COMPOUNDS.
Acetone, (CH,),CO . Vv 168 233 |Capillary tube Ramsa and
. v 78'3 |15 A - { Shields, 1893
Acetic acid, CH,CO,H .] V 30 |23 i " " 8
¥ 300 16 i " " n
Alcohol—methyl, CH,O 3 320 23 P 2 ° »
00 2 " #»
—stwie 08I | e el s el 2 i
(T, =T, — rogzt) . i 150 9°5 " " " "
==propyl (n), Vv 164 238 s » " p
C: I-Ifﬂ 1{ v ?8'3 I E.? i1 5§ 1§ W
Aniline, C,H,.NH, . A 15 |430 |Vibrating jet Pedersen, 1907
Benzene, C,H,. A 17'5 |29'2 |Capillary tube Volkmann
(T| = ’rp ‘_-]46{}

Fmm
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Substance, Temp. (). |poae|  Mothod Observer.
"CARBON ;:{:-Htp;uurma.— dynes
e fids £
Butyric acid, C,H,CO,H| V 15° C. |26'7 |Capillary tube {Ramsa}r and
: 4 V| 132 164 - = Shields, 1893
Carbon bisulphide . Vv 19'4 (336 :: i s -
p ¥ 461 294 " " n "
Carbon tetrachloride. v 20 257 = = 5, =
V | 250 1'93 ,, » » "
Chloroform, CHCl, . .| A 15 27'2 = & Kaye, 1905
Ether (ethyl), (C;H,;).0 .| V 20 165 3 = Jaeger, 1892
(Ty=Ty="115¢) . VvV | 150 29 o " "
Ethyl acetate, V 20 236 i = i
; CI’I,C?QEEI—IE v 1“0 14 11 ¥ Lk
Formic acid, HCOOH . E %‘5 3?'53 3 < {T{;g]ﬂgalfi ;nd
30 5 F 1elds, 10973
Olive oil (@f20° ='91) .| A | 20 |32 |Curvature of drop |Magie, 1888
Paraffin oil (¢ ='847) .] A 25 26'4 |Capillary tube Frankenheim,’47
Propionic acid, C;H,O, g 16'6 |266 = - {Ra‘imﬁalj:i gnd
132 155 ields, 1893
Pyridine, CGH,N . . .| V| 175|567 Tl (Dutoit Ian’d Fri-
205 ’ ’ erich, 1900
Toluene, C;H,.CH, .| A| 15  |288 |Vibrating jet Pedersen, 1907
Turpentine, C,H,, . A 15 27°3 |Capillary tube Kaye, 19035

SURF. TENSIONS OF SOLUTIONS
The surface tension of aqueous

SURFACE TENSIONS AT INTER-LIQUID BOUNDARIES

salt solutions is generally greater
than that of pure water. Dorsey Liguids at 20° C. Ti:ﬁiiﬂn Observer.
(Phil. Mag., 1897) has shown :
T.=T+A.» Water-benzene dynﬁ{tgn. Pockels, 1899
T, is the surf. tens. of a sol. of w Chloroform 1 29'5 | Quincke
n gram — equivalents per litre, o ether ., | . . 122 -
T that of water at same temp. » oliveoily . 20'6 4
» paraffin oil . 43';; Pockels, 1899
Balt. A Mercury—niatrir 1% il ey Supy,kigoﬁ
alcoho 399 uincke
Il"ngl & SN . ;g? :: chloroformt . | 399 -
Ega&%?}’) el et :";?? * Diminishes with time. t Density = 1°49.
& s & [l B . B — 4 — 8
(ZnS0.) . ki e 1 Density = "g1. § Density = *79.

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

Liguid. Angle. Observer, Ligumid. Angle. | Observer.
Mercury . . .| §2° 40’ * | Quincke Acetic acid 20° | Magie, '88
Water . . . .| 8°-g° & I3enzene o°® =
Water . .« . & o” { Wilberforce | Paraffin oil . . 267 £
Methyl alcohol . c° Magie, ‘88 | Turpentine 152 -
Ethyl alcohol . . o = —-- —s —
Ether .-. . 16° & * For freshly formed drop, 41° §'.
Chloroform . o® = t Glass gquite 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 (PA:il. Trans. A, 1908), Reinold
& Riicker (Phil. Trans., 1836), Lord Rayleigh, and Johonnot (Phil. Mag., 1906).

i
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RELATIVE HUMIDITY AND DEW-POINT |L

The relative humidity is the ratio (expressed as a percentage) of the water vapour |
actually present in unit volume, to that which the air would contain if saturated at
the air temperature £. For all practical purposes, this is equal to the ratio of the
| pressure (#) of the vapour actually present (z.e. the saturation pressure at the dew-
| point) to the saturation pressure at air temperature. For a table of saturation
| pressures, see p. 49.

CHEMICAL HYGROMETER

The values below are prams of water contained in a cubic metre (10® c.c.) of
saturated air at 760 mm. total pressure. Calculated from Regnault's observations,

| Temp. TR E AR
0°C. | 484 518| 554| 502 | 633] 676] 722| 7-70| 821 | 876
10 933 | 993 | 1057 | 11-25 [ 11°96 | 12:71 | 13°50 | 14-34 | 15°22 | 1014
20 17:12 | 18-14 | 19'22 | 2035 | 21°54 | 22-Bo | 24°11 | 25°49 | 2093 | 28-45
30 30-04 | 31-70 | 3345 | 3527 | 37-18 | 3918 | 413 | 435 [458 [ 482

WET- AND DRY-BEULE HYGROMETER
Apjohn (1835), August (1825), and others, by making various assumptions (some of
dnubt!'lul legitimacy) have derived formule of the type:
Pu—p = AH(t — t.)[1 4+ Bkt — t:)] '
Where #, is the wet-bulb temperature, p the actual pressure, and p. the saturation |
ressure at temperature £, & 15 the barometric pressure and 4, & and £ are constants. |
‘hus the relative humidity is 100 pls, where #, is the saturation pressure at the dry-bulb
temperature. (See Love and Sineat, Proc. Roy. Sor., Victoria, 10, 1, 1911 ; Whipple, Froc.
Phys. Soc.. 1933; Arold, Plys. Rew., 1932.) The values of 4 in this formula depend on
| the speed of the air passing the wet bulb, appropriate values being shown below for the case
| where & is measured in mm, and ¢, & in Centigrade degrees.
| A = orooob8 for moving air, as in Assmann ventilated ps_!_.rchrnmntnr. A = 000075 ina
| Stevenson screen as used by Meteorological Office. A = 00008 in open air with slight wind.
A = 000084 in open air with no wind. A = g-oot in a small closed room.
The values below are based on tables issued by the Prussian Meteorological Office and
by the National Physical Laboratory, both of which are for use with ventilated instruments.

! WET- AND DRY-BULE HUMIDITY VALUES

! Wet-bulb depression.
Dry-bulb A e
Temperature. !
0°-5C.|1°0|1°°5|2°0|2°-5|3°0|3°-5|4°0|5°0|6°0| 7°0

—8°C. t 859 | 71% ll
=R g O
— 7 4 | 52 | 40%) 29%
—& % Bg |78 |67 |57 |46 |36
-0 + .| 90 f0 |7 61 |52 |42 | 33%] 25%

0 . .| 9 82 |73 |65 |56 |48 |39 | 31

g gz |84 |76 [68 |Go |52 |45 |37 | 22%

- R z & |7 70 |63 |56 |49 |42 |29

6 . .]| 93 |8 (79 |73 [66 |60 |53 |47 |35 |23%

8 . .| 94 |8 |81 |75 |60 |63 |57 |51 [40 |29 |18%
10 . .| 94 |88 IEz 76 |71 [65 |60 |54 (44 |34 | 24

t Super-cooled water (not ice) on wet-bulb.
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WET- AND DRY-BULE HUMIDITY VALUES (contd.) _
- |
Dry-bulb . Wet-bulb d.ﬁpr-anmn.h__ ; i
Tem perature, 1| 2 |3 | 4" | B° | €] B8 |10°|12°| 14" :
15°C. %| 80%| 71%| 61%) 52%)| 44%| 27%| 12%|
20 91 |83 |74 |66 |59 |51 |37 |24 |12% |
25 92 84 |77 |70 |63 |57 |44 |33 |22 | 12% |
2° | 4° | 68° | &8 |10°|12° L 14° |16° 18° | 20°
30 86 173 |61 (50 |30 130 |21 |13 5
35 87 175 |64 |53 |44 |35 (27 |20 [13 | 7
40 87 |76 |66 |56 |47 |30 |32
45 88 |77 |67 |59 |51 |43 |36
S0 g |79 |70 |61 |53 |46 |40
55 go |Bo |72 |64 |56 |49 |42
2° | 4° | 6 | B8° |10°]15° } 20° | 25° | 30° | 35° i 40°
60 go |81 |73 165 |58 J42 |30 |19
70 g1 |83 [76 |60 |62 |47 |35 |25 |17
80 9z |85 |78 | 71 63 51 |40 [ 30 |21 15 10
20 2 |86 |79 |73 |67 |54 |43 |33 |25 j19 |14
100 g3 | 86 ] 0 |74 |69 |56 |46 |37 |29 |22 |17 |
|
WET-BULB ICE COVERED * ll
Dry-bulb W“'EED Epra!unn,
Tl}mpﬁl‘lt'ﬂ.rﬂ- _u-n.lc uﬁ.u un.s 1°-0 | 1°:5 | 2°:0 2: 5: 3:'"0 3“'5 *a-.u
—18°C. | 64% | 62%] 47%| 33% ’
—16 67 66 51 37 | (24)% |
— 14 71 6o 56 42 . | 17% :
=15 77 75 | 62 | 49 | 36 | 24
—10 83 82 68 55 2 30 | (17)%
—8 9o Bg | 75 | 62 | 48 | 36 | 35 | 169
—6 05 04 81 68 56 45 34 25 | 16%|
i 98 97 | 85 | 74 | 63 | 53 | 42 | 32 |24 |17%
—2 100 g8 B8 78 68 58 48 39 | 31 24
0 — Jjmwo | 90 | 80 | 7I 62 53 | 44 |37 |3
| * The relative humidity is here defined as the ratio of the actual moisture content |
| per unit volume to that which the air would hold when in equilibrium with water (not
| 1ce) at the dry-bulb temperature.
BURSTING STRENGTHS OF GLASS TUBING .
Bursting pressures in atmospheres for German soda glass tubing. Most glass- |
tubing is in a state of considerable strain, and a factor of safety of not less than two I
should usually be employved. (Roebuck, Phys. Kew., 1909 ; and Onnes and Braak, |
|| Kon. Ak Wei., Amsterdam, 1go8.) Ordinary boiler water-gauge glasses stand |
between 12 and 24 atmospheres. “
|
Thickness i
) Moo D L | I R e 7
. atmos, | i | .
1 mm, ] 31& I 280 ! 230 | 220 | IR0 190 |
2 5;0 340 — 330 | 240 220 '
3 560 420 460 400 — - 2130
£ Y - l 450 — 400 jio | 320 280

B i
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VAPOUR PRESSURES

Inter- and Extrapolation of Vapour Pressures.—The Kirchhoffi-Rankine-
Dupré formula, log p = A + Bf? + C log 8, where g is the vapour pressure, ¢ the
absolute temperature, and A, B, C are constants, is accurate and convenient (£.g.
SEEIE. 50). For values of A, B, C, see Juliusburger, Ann. 4. Phys., p. 618, 1900.

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 6, 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 1s known.
Interpolation by Logarithms.—The curve of vapour pressure () against
temp. () is approximately h;;[i:::rbolic, and thus log # plotted against 7 gives a
Emph of slight curvature, which over 10° intervals of # may, for approximate work,

e regarded as a straight line: thus the following method of interpolation :—
Example.—Required vap. press. of water at 15°, given

:;" '?z 1%%;.'5 + 124
20° 13‘5 l'ﬂdg '264—2—-—3 = 1'1o4 = log 12'7; fe P at 15° = 1277,

actually it is 12'8.

VAPOUR PRESSURE OF ICE

In mms. of mercury at 0® C.; g = 98062 cms. per sec.? ; hydrogen (const. vol.)
scale of temps. (Scheel, and Heuse, Reichsanstalt dnn. d. Phys., 1900.)

Temp. . .|-50°C.| =40° | -30° | -20° | -10° -5° -2° 0°
Vap. press, |'ojomm.| ‘ogb *288 ‘784 | 1963 | 3022 | 3885 | 4579

(SATURATED) VAPOUR PRESSURE OF WATER

In mms. of mercury at o C.; g = 98067 cms. per sec.! Thermodynamic
scale of temp. (see p. 53). From —20° to o® the observations are due to Scheel
and Heuse (2. ice); from o® to 50°% to Thiesen and Scheel ; from 50° to 200% to
Holborn and Henning, Reichsanstalt (A#sn. 4. Plhys., 28, 833, 1908). For vapour
pressures at temps. near 100° see also the table of boiling-points on next page.

Vap. press.at —20°C., ‘gbo mm.; —10°, 2'160; —5°,3'171; —2° 3'958; —1°, 4'258.

pn. | o N el S T8 4 (B (leal R [lve ]l g

0°C.] 4570 4324 5290 | 5681 | 6'007] 6'541| jo11| 7511 | B'o42| 5606
10 9'205 | 9840 | 10°513 | 11226 | 11°g80 | 12°779 | 13624 14°517 rg*.;au 16456
20 1751 | 1862 |19°79 |21702 |22'32 |23°69 |25-13 |26%5 |23-25 |29'94
50 30071 | 33°57 | 35°53 |37°59 | 3975 |4202 |44°40 |46°00 |49°51 | 52720

0 2 4 6 8 10 12 14 16 18

40 55'13 | 61°30| 68'05| 75'43| 8350| 92'30| 10179 |1 12'3 | 1236 | 13579
60 1492 11636 |179't | 195'¢ |214'0 |233° Z54'5 | 27771 | 301°3 | 3272
g0 355°1 | 384’0 |416°7 | 4508 | 4871 |s525°8 |s567°1 | 6110 | 657°7 | 7073
100 760’0 | 815'9 |B75°'r 9370 1004 |1o74°% 1149 | 1227 | 1310 | I397

120 1489 | 1586 | 1687 | 1795 | 1907 | 2026 | 2150 | 2280 | 2416 | 2560

140 2709 | 2866 | 3ogo | 3202 | 3381 | 3569 | 3764 | 3968 | 4181 | gq02

160 4633 | 4874 | 5124 gﬁ 655 | 5937 | 6229 | 6533 | 6348 | 717§

180 7514 | 7866 230 999 | o404 | 9823 | 10256 | 10705 | 11168

200 11647 | 12142 | 12653 | — — o sk - e s F
(Battelli, 1892.)

Temp. . .| 220°C. | 240° | 260° | 280° | 800° | 320° | 340° l 360°

Vap. Press. | 17,380 mm. | 25,170 | 35,760 | 50,600 | 67,620 | 88,340 n3.33¢| 141,870

Interpolate logs of vapour pressures as explained above, l
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BOILING-POINT OF WATER UNDER VARIOUS BAROMETRIC
PRESSURES

International scale of temp. Pressures in mm. Hg at 0° C.; g = gBo-665 cm,

| per sec.? (Moser, 1932.) Heavy water boils at 101-42° C.; v.p. at 100° C,

= 721-6 mm.

Barometric ' ' ; | .
Height. 0 g s f g i) B Bl T B b
= L:- | |

680 mm. gh-g10 | 950 | 990 | ogi* | oyr® | rxx* | rsa™ | vgr® | 231 | 271®
690 o731 351 301 | 431 | 471 510 | 550 | 500 | O30 | G09
T00 07700 [ 748 | 788 | K27 B66 | gob 045 of4 | o23* | ob2"
T10 o8-102 | 141 180 | 219 | 258 | 206 | 335 | 074 | 413 | 451
T20 08490 | 529 567 i 044 083 721 750 7o | 830
T30 o3:874 | o1z | 950 | oBp | o27* | obs* | 1o2® | 140% | 178" | 216"
740 09254 |202 | 320 | 367 |405 | 442 | 480 | 517 | 554 | 592
750 09629 | 666 | 7o4 | 74t | 778 | 815 | 852 | B85 | 926 | 963
Ta0 1oor000 | 037 | 074 110 | 147 154 220 | 257 | 204 | 330
T70 1000367 | 403 | 439 | 476 | 512 | 548 | 584 | 620 | G357 | 693
T80 100720 | 765 | 8or | 836 |87z | oo8 | o4s | 0S0 | o15* | os1*

* For entries marked with an asterisk, the integral number advances by 1 degree C.

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,
Riviere. For interpolation from 15° to 270°

log # = 15'24431 — 3623'032/0 — 2367233 log @ « « «» +» « « (A)
From 270° to 450°

log # = 10°04087 — 3271'245/8 — 7020537 log @

% at the boiling-point = 13'6 mm. per degree (Laby, Phil. Mag., Nov., 1908).
Vap. Vap. Vap. Vap. Vap.
Temp. | pross. | TemP- | Press, | Temp. | pross, | Temp. | proms, | Temp. | Press.
R mm. mim. M. mim. atmos.
0°C. | ‘ooo16®] 25° | "cor6d 60° oz4b | 250° 75-33] 5H00°
5 'voo26*| 30 cozz7 | 8O ‘o885 | 300 24536 | 600 223
10 ‘coos3*| 86 ‘00387 | 100 276 | 3567 | 760 700 50
| 15 0oohg 40 ‘oos74 | 150 288 400 1566 800 102

20 "GO 104G b0 ‘0122 200 1781 450 3229 BBO 162

* Extrapolated by formula A.

VAPOUR PRESSURE OF ETHYL ALCOHOL

Vap. press. in mms. of mercury at 0® C. Calculated by Bunsen from Regnault’s
| results (1862), which are in good agreement with the mean of those of Ramsay and
Young (1886), and Schmidt [1391%.0

Regnault, Vapour press. at =20° 3'34 mm.; at —10° 6-47 mm.

tmp] 0 | 1 | 2 3 4 5 8 il . 9
0°C.| 1273 | 1365 | 146 | 15'50 | 1662 | 177 | 1884 | 2004 | 21731 | 2266
10 2408 | 25'50 | 27'19 | 289 | 307 326 | 346 | 36°8 | 390 | 41'g
Eg d-é'ﬂl 467 | 495 | s52°5 557 sg'o | 625 | 663 | 7o't | 74°F
#e | — | = | = | =]=1-= — | - | =

(Ramsay and Young, 1886.)

Temp. | 30°C.| 40° | 50° | 60° | 70° | 80° | 100° | 120° 140° | 160°
Press. |78'Tmm.| 1334 | 219'8 | 3502 | 541 | B1z | 1692 | 3220 | §670 | 9370

Interpolate logs of vapour pressures as explained on p. 49.
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# = vapour pressure in mms. of mercury at o® C. lat. 45°
1 mm. Hg = 13332 dynes per sq.cm.).

VAPOUR PRESSURES OF ELEMENTS

and sea-level (g =

g8o0'62) (i.c.
If followed by af, p is in aimospheres; @ = absolute

temp. (A.) ; # = temp. in ° C,; (s)solid; (f) liquid. The thermometry is in many cases somewhat

dubious.

Interpolate logs of vapour pressures as explained on p. 49.

u:ffo ewski, 1893) .

|-12:l° C.-1286 -129-6

-184'4 -135'1 -136-2 -138'3 -1391

] ;p 506 at, 3830 358 298 290 273  25'3 237

Argom . . 0,789 A. 869 979 1073 1566 = crit. temp. - -
Erypton . e10*6 A, 1218 1362 1473 2 — 2105 = erit. temp. —
Xenon . . . 1#148*0 A. 1639 1829 1996 — — 2878 = crit. ttmp
[Rammy & Iumem} . P| 300 mm, 760 2000 4000 40,200 41,240 43,500 —
Bromina . . .[El-16°6C, -120 -5 82 169 234 405 519 b8-T
{Ramsay & Y:}ung, 1836} 20 mm. 30 50 100 150 200 400 B0 760
Chlorine . -80°C, -60° -0 -346 -20 0 10 20 30
{Knietsch, :Eg-::]n - - [p|62'5 mm. 210 560 760 1'84at. 366 403 GGz B7g
Iodine (Baxter, Hickey, Jt| 0°C 15 30 b5 B85 117 137 1609 1853
& Holmes, 1907) . «Ip| "o3 mm. °r3I 460 308 20 100 200 400 760

— | -258°C. 257 -256 -255 -254 -258 -252715 25281 —
Hydrogen—Para . - [p|103:5 mm. 166-7 2505 3650 5155 Yob2 — "ﬁc:: —_
£]En£52p;l_,__':.*9}—h'nrmni : ..m"a ymm. 1740 2617 3817 5345 7329 s60 =
Helinm e o« o« .« L |8090A. 1'B4 264 4-22] Neon (Travers |6,16°65 A. I:::IEU 4(s)y He |
(Keesom, 1920) . . . |poosmm. 50 100 760 |& Jaquerod,'oz)lpl 24 mm. 128 !Scale |
Meromy .. .. |5¢¢ p. 50. | Ra. Emanation] | See p. 117.
Nitrogen (Daly, 1goo . .8 625 A. 678 724 773 80 83 86 89 o
Fischer & All., 1go2) . . Ip: 86 mm. 200 400 760 1013 1386 1880 2465 2916
Oxygen(Jaquerod, Travers, 19 79°1 A. 821 844 86'3 879 893 901 906 H. Scale
__é‘_t Senter, 1g0z) . ., . . | 200 mm. 300 400 H00 Hoo 790 760 3‘3"}
Phosphorus . . . .It| 185°C. 170 180 200 209 219 296 230 2873
_[Schrbtltl_', 1843} K . Izomm. 173 204 266 339 350 393 514 Jho
Bulphuor (Ruff & Graff, 'o3; [t| 50” C. 100 147 21 400 4446 5tfsp = o™op/mm. near
B, 18g9; C., 1800) ‘o003 mm. ‘oolg  ‘lg2 314 e 372 760 B.P. (see p. 53}

VAPOUR PRESSURES OF COMPOUMNDS

Hydrochlorio acid . . t|-73"3C. -4b66 -233 -39 40 92 138 220 334
(F.; 1845; Ansdell, 1550‘] p| 18 at 6'3 128  zia 298 T 1 e v 45°7 588
Sulphuretted hydrogen .t/ -25°C. -5 -6 0 10 30 50 60 70
(Ry1862) . + . = . .[|p 4793at 684 93 10°8 1473 237 3606 44°4 531
Bulphur dioxide . , . .[t| -30°C. -20 -10 1] 10 20 30 40 50
(Regnault, 1862) . . .fp| "39at 63 roo 153 226 3 452 b 15 819
Ammonia, MII, . . . .[t -80°C. -116 -704 -644 -60'8 -544 -462 -398 -330
(Brll, 1gob) . . . - -iP|352mm. a4t 749 1160 1576 239's 403 5682 ?EI_
Nitrous oxide, N,O. . .[t| -80°C. -60 -40 -20 -10 07 =100 T 40
(Cailletet, 785 K., '62) .|p 1'9at 508 11'00 231 289 361 44'8 553 B34
Nitrie nx:i{h, NO . . .Jt{-4765°C. -167 -138 -120 119 -110 -105 -100D -975
(Olszewski, 1885) .[p| ‘o024 at. ‘182 gg4 1006 200 316 410 499 _ﬂg;r_'ﬁ
Nickel oarbonyl, NiCO, . [t| -9° C. =T -2 0 10 16 20 30 -
(D. & Jones, 1903). . . pi g4'3mm. [04'3 1291 1445 2150 2835 329'5 462 —

Interpolate logs of vapour pressures as explained on p. 49.
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VAPOUR PRESSURES OF COMPOUNDS (contd.)
Interpolate logs of vapour pressures as explained on p. 49.

-180°C.(s) -100 (#) -Eﬂ[:l -65 (s) -56'43 -656() -40() -20(9) -10()
(Zeleny & Smith, :90'5]1 2’Emm. 119 657 2100  3g1o  z508 7510 14,830 19,630

P
Carbon bisulphide . It -20°C. 10 0 10 20 40 60 g0 100
(Regnault, 1862) . . .[p473mm. 794 128 198 298 618 1164 2033 3325
t
Ly
t

Carbon dioxide -

- 3

Chloroform, CHCl,. . . 20°C. 30 40 50 60 70 80 80 100
(Regnault, 1862). 160’5 mm. 248 360 535 755 Io4z 1405 1365 2429

Carbon tnmnhlond.u.LCJ. 20°C, -10 0 10 20 40 60 80 100

(R, 1862). . . . . .[plo8mm. 184y 329 56 g1 215 447 343 1467
Acetylene, C.H,. . . -90°C.(s)-85() -81 -70 -50 -238 0 202 865
(Villard, 1895) . . . “6g at. o0 125 222 53 132 2605 428 6r6(M.)
Bengene, C,H, . . =-10° C. 0 10 20 40 60 80 100 120
_{Yuung, 185g) 14 S mm. 26§ 454 746 18171 359 754 1344 2238
Aniline, C,I1, N1, 10°9 C. 1154 1387 1516 1611 1687 1750 1808 1839
{Kahlbaum, [b?ﬂ]l i 50 mm, 100 200 300 400 500 Goo 700 60
Bromnaphthalens . . t 2156°C. 220 230 240 250 280 270 275 2804
Cpll,Br(Ra. & Y., ihﬁs} 158 9mm. 181'8 2360 3o3g 3864 4874 6088 6779 760
Mo, :liﬂﬂhﬂ'i CH,OH . .Itf 410°C. 0 17 20 30 50 80 120 160
(R.,'62;Ra. & Y. ; Ri., "86) :4 E mm. 28§ 9783 887 150 3817 1238 4342 9361

n. propyl aleohol, ,C,H.OH 10 17 30 40 60 80 100 120
(Ra. & Y. 3 8.; Ri,, "86) . ! 3{; mm. 8 1224 282 514 187 389 By43 1663

Iso-butyl ﬂlﬂPhﬂlT . « =l 10° C. 17 20 40 60 80 100 108 120
C.H,0H (Ri., '86; S, "91) [} 4'1 mm, 68 81 303 o4z W 569 760 1195

‘Iso-amylaleohol ¥ . . .|| 17°C. 30 40 50 60 80 100 120 130
C.H, OH (Ri, '86 ; 5., 'g)pl 178 mm.  4'68 9'33 74 370 150 234 5 741
Formie acid,t CH,0, . .ft| 0°C. 10 17 20 30 40 70 80 101

(5., 1801 ; K., 1898) . .lp| 10°2 mm, 134 26*3 §I'E 5I°3 79'4 266 373 760
Acetic Hiﬂa‘[ GO, .t 17°C. 80 50 70 80 110 130 150 200
(Ra. & Y. ; Ri.,"86; S.,71) [p| o 3 mm. 2006 562 133 288 582 1058 1847 5005

Propionic acid,t C’”'D’!;I 17 20 30 40 60 70 80 140
E

(Ri., '86; S., '91 ; K., 'g8) I?mm. 2'0 2'45 49 g1 282 461 74’5 760

Batyric acid, t El.“nﬂg . 17 C. 20 30 50 70 20 110 130 150
(Ra.&Y.,'86;5.'91; K.'94)lp 52 mm.* “G6* 54 g’z 162 44'9 Il 245 497

Iso- bntrm acid,$ CH,0, [t 17°C. 80 50 170 90 110 180 150 1535
(Ru., '86; S., '91; K., '04) P88mm* 19 82 251 676 163 347 684 760
H'.at.hyl forzatet ., [t -20°C. -10 0 10 20 40 60 80 100

CHO,CH, (Y. & T.,'93) . [p 677 mm. 1176 105  1c9 476 1029 1990 3497 5782
Mothyl butyrstst . . .[t| 40°C. 0 10 20 40 60 80 100  —
C,H,0,.CH, (Y. & T, s 93]' 3'65 mm. 7°3 138 245 6oz 167'5 361 "ol —-_
Mothyl isobutyratet . . jt| -10° C. 0 10 20 40 60 80 100 120
CH,0,.CH, (V. & T., "03) 6z2mm. 12715 224 380 1047 244 505 osb 1660
Ethyl acetatet ., . - =20°C. -10 0 10 20 40 60 80 100
CH, O, G,H,{"f T 93} 6'smm. 129 24’3 4277 728 186 415 833 1515
Ethyl propionatet . . S0P 9. 100 20 40 B0c. B0 480 130
CH0,.C,H, (Y. &T.,"93) gocmm. 83 15§ =277 79 1380 4036 78g 1358
Propyl mcetatet. . . .|t -10°C. 0 10 20 40 60 80 100 120
C,H,0,C,H, (Y. &T., g;l 36 mm, 74 13’9 25°1 708 172 373 724 1288
Ethyl ether, (C,H,),0 . l -10° C. 0 10 20 40 G0 80 100 19381
(Young, 1910) . . . .jpirz'gmm. 1849 2908 4308 o021 1734 2974 4855 27,000

Interpolate logs of vapour pressure as explained on p. 49.

* Extrapolated.

+ The vapour pressures here given have been graphically interpolated from the observers' values. B.,
Bodenstein ; C., Callendar ; )., Dewar; F., Faraday; K., Kahlbaum ; M., Mackintesh ; R., Regnault;
Ra, and Y., Ramsay and Young; Ri., Richardson ; S., Schmidt ; Y. and T., Young and Thomas.

f Triple point. I Critical temp.
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THE INTERNATIONAL SCALE OF TEMPERATURE

The ideal scale of temperature is one that can be defined without reference to
the physical properties of any particular material, and in this connection Lord
Kelvin showed long ago the theoretical advantages of the thermodynamic (absolute)
scale. Accordingly the thermodynamic Centigrade scale is recognised as the
fu;ldamcntal scale to which all temperature measurements should ultimately be
referable.

The thermodynamic scale is, however, only susceptible of direct practical realisa-
tion throu‘ih the medium of the gas thermometer, and the experimental difficulties
are such that, on the joint proposals of the Reichsanstalt, the Bureau of Standards
and the National Physical Laboratory, the International Committee of Weights
and Measures adopted in 1927 a practical scale of temperature designated as the
International Temperature Scale. This scale conforms with the thermo-
dynamic scale as closely as is possible with present knowledge, and is designed to
be definite, conveniently and accurately reproducible, and to provide means for
uniquely determining any temperature within the range of the scale, thus promoting
untformity in numerical statements of temperature.

The necessity of repeating gas thermometer experiments for obtaining standard
temperatures is obviated by basing the International Temperature Scale on a
number of basic fixed and reproducible equilibrium temperatures (to which definite
numerical values are assigned on the thermodynamic scale through the medium
of gas thermometer observations), and upon the use of selected interpolating instru-
ments calibrated according to a specified procedure.

The basic fixed points, and the numerical values assigned to them for the
pressure of one standard atmosphere, are given in the following table, together
with formule which represent the temperature (4,) as a function of vapour
pressure (#) over the range 680 mm. to 780 mm. of mercury. Interpolation between
these fixed points is carried out (&) by platinum resistance thermometry from — 190”
to 0° and from o° to 660° C.; (&) by platinum platinum-rhodium thermocouples
from 660° to 1063° C.; and (¢) above 1063° C. by optical pyrometry.

Basic Fixed Points of the International Temperature Scale.

(#) Temperature of equilibrium between liquid and gaseous oxygen at the
pressure of one standard atmosphere. (Oxygen point) . . . . . —18207°C.

fp = frgp + 0'0126( p—T60)—oroonoobs| p—760)t

(8) Temperature of equilibrium between ice and air-saturated water at
normal atmospheric pressure, (Icepoint) . . . . . . . . . ooo00"C.

(¢) Temperature of equilibrium between liquid water and its vapour at
the pressure of one standard atmosphere. (Steam point) . . . . 1o0co0® C.

Iy = 760 -+ 0°0367( p—760)—0 000023 p—760)2

(¢) Temperature of equilibrium between liquid sulphur and its vapour at
the pressure of one standard atmosphere., (Sulphur point) . . . . 444°60° C.

#y = tzp0 + 0°0909( p—760)—0"000048( p—760)*

() Temperature of equilibrium between solid silver and liquid silver st
normal atmospheric pressure, (Silverpoint) . . . . . . . . g6o°5° C.

(f) Temperature of equilibrium between solid gold and liquid gold at
normal atmospheric pressure. (Geldpoint) . . . . . . . . . 1063° C.

Standard atmospheric pressure is defined as the pressure due to a column of
mercury 760 mm. high having a mass of 13'5951 grammes per cm.?, subject to a
gravitational acceleration of 9806635 em./sec.?, and is equal to 1,013,250 dynesfem.3,

A number of secondary fixed points are also specified ranging from the equili-
brium point of solid carbon dioxide to the melting point of tungsten. Cf. pp. 58
and 5g. (See N.P.L. Annual Report for 1928, p. 31.)
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GAS THERMOMETRY
The thermodynamic scale of temperature is realized by the aid of the gas-
thermometer, together with a knowledge of the equation of state of the gas used. In

particular, the position of the zero of the Centigrade scale on the absolute scale 1s
determined in this way.

THERMODYNAMIC TEMPERATURE OF THE

e e —— ~ il

ICE-POINT

Method. H. N, ! Air, | Co, l He Compnter.
o Lo} o 4] ‘ o
| Joule-Thomson effect . 27314 27309 — |z27305 — | Callendar, 1go3
Extrapolation to zero pressure . |27307 27300 — — — | Berthelot and Chap-
{ puis, Igo7
Joule-Themson effect 27305 — |273a9/275'10] — | Berthelot, 1907
ixtrapolation to zero pressure . —— — | - 273°16] Heuse & Otto, 1930
L 5 ! | 273-16| Rocbuck, 1936
i i — | = |27314] Keesom and Tuyn, |
| I | 1936 gy
. 59 5 et I IR KEinoshita and Oishi,
| i = 1937
o i | — - — 1273'16| Beattie, 1037
to |
253151

" Probable Mean 273'16°.

PLATINUM THERMOMETRY
TO REDUCE PT-SCALE TEMPS. (f,) TO INTERNATIONAL SCALE TEMPS. (1)

The mtr_rmLumn formula for use with the platinum resistance thermometer for tempera-
tures above 0” C. is Ry = Ry(1 4 At - ]'5;*]. For case in r;ﬂmi}utatmn, Callendar adopted |
the ff.:llﬂmug method. The temperature is first caleulated on the * platinum scale ™ (£,) |
by assuming the linear relation R, = Ry(1 + a¢.) between temperature and resistance. ]
The difference-coefficient, §, is then introduced to correct to the parabiolic relation by means |
of the formula ¢ — £, = &4 — 100)107%. TFor temperatures between o C. and — 100° C, |
[t]w mwrp-nlntin_n formula is R = Bg[1 4+ A7+ B2 4 Cli — 100)¢*] for which the corre-

sponding * difference ” formula  becomes 7 — 4 + 5. f# — 100)10™* + B2z — 100}1074,
The three constants of the quadratic law are determined by calibration at the ice, steam and
sulphur points. These values are also used in the low-temperature law, the additional
constant being obtained by calibration at the boiling point of liquid oxygen. Pure platinum
has a mean value of a over the range o° to 100° C. of about o-oo3g2, while § lics between
1-40 and 1-405. Impure platinum has vsually a high value of §. Platinum thermometers
are suitable for use at temperatures up to 1100° C.  See Ezer Griffiths’ ** Methods of
Measuring Temperature ™ {(Griffin). !

The use of the different formulse involves the use of a series of successive approximations.
The use of the following table for a first approximation will shorten the work when i:||:{h
accuracy is required, and, above —40° C,, will give sufficiently accurate results for most |
purposes without calculation.

ﬁl VALUES OF t FOR § =150
bt B 40 ‘ 60 ‘ so | 100 | 120 | 140 | 160 | 180
i g i | t ! L | !
- 200° — 171" I'H Iﬂ" 7 |=t15%0 f-o7™o0 R-ry"B4 |-58%59 |-39%18 -29"65
0 0~ 1570 | 30" Ifu | 5064 Fo-26) 100 12004 | T40'qg | 16I°5 1823
+200 |zo31) 2242 | 2454 | 266:7 | 2881 | 300-& | 331-5 | 3594 | 3755 | sonb
400 420°2 | 4428 | 4655 | 4855 | 511-6 | 53490 | 5584 | 582’1 | bobto | 6301
600 | 6344 f 6700 ‘ 7037 | 7287 | 7540 | 779'4 | Bos:2 | B3ra | 8574 | BBy0
800 o108 § 9370 | o653 | o030 1021 1050 1078 17 | (1237) | (1167)
1000 |(xzo7){ (1228} | (1250 |(x200) | (x323) | (1355) | — — - —

CHANGE At IN THE INTERMATIONAL SCALE TEMP, (f) FOR A CHANGE OF —0'01 IN &

t AT A [T L t Y i At £ Al
=407 C.| —o®ooi] 60°C : +o%oo2] 300°C. | —o®ob | 600" C. | —o0®30] B00°C.| —o®7
— 20 —o00z | 100 [ 400 —or1z | 700 —orgz | 1000 —

0 0 200 | —ooz | 500 —ozo | 800 —oe56 | 1100 —1°1
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HIGH TEMPERATURES

See Burgess and Le Chatelier’s * High Temperature Measurements, 1912, and
* Pyrometric Practice " (Technological Paper 170 of the Bureau of Standards, 1021).

For the measurement of high temperatures (sav above 1550° 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. Pt thermo-couples may be used with pre-

cautions up to 1700° C. At higher temperatures optical pyrometers afford the most reliable
MEans.

THERMO-ELECTRIC THERMOMETRY

The International Temperature Secale between 6607 and 1063° is defined by means of a
platinum, platinum 10%, rhodium thermo-couple, the relation between ean.f. and remperature
| being given by a quadratic law determined by observations at the melting points of antimony, |

silver, and gold. Thermo-couples of platinum, platinum 13%, rhodium are also in common
| use.  Among base metal thcrmu-cml}ﬂr_‘ﬁ standard wvalues have been Hi_\-un for the chromel,
| alumel couple up to temperatures as high as 1400 C., but the life of all thermo-couples is
| shortened and constancy impaired by exposure to the highest temperatures for considerable |
| periods. The figures given in the table below for the platinum couples and the chromel,
alumel couples are taken from the standard values given by the National Bureau of Standards
(U.8.A.), while those for copper-constantan ® and iron-constantan * are the averages of values |
| which have been determined from time to time at the National Physical Laboratory, Indi- |
vidual couples of the latter may show variations up to 1079, All values are given for a cold |
[ junection temperature of 0° C. TFor accurate work, an actual calibration of the batch of wire |
i in use should be made. :

E.M.F’S OF COMMON THERMO-COUPLES IN MILLIVOLTS (10— 3 vOLT) |

| 9 Pt. Pt Pt, Pt Chromel- Iron- Copper- |
. —10% Bh, | —13% RBh. | Alumel. | Constantan.* | Constantan.® |
100° C, o4 065 41 5 4 f
200 144 1-:40 Bl 11 0 |
. 370 235 2:39 122 16 15 |
| 400 325 3:40 1604 23 (21) {
| 500 422 4°45 2000 27 =
800 522 5:50 240 33 -
700 {r206 672 20°1 30 -
300 733 7°03 333 45 ==
800 543 13 374 = =
1000 957 10747 41-3 - =
1100 1074 11-81 45°1 = ——
1200 1192 1318 458 = -
1300 13:12 14:56 524 - —
1400 1431 1504 554 — —
[ 1500 15°50 I7-32 = — —
| 1600 1667 1868 - e =
1700 1783 20002 — = —
* Constantan (or Eurcka) : 62% Cu, 40%, Ni.

| THERMDE M.F.’S AGAINST PLATINUM IN MICRO VOLTS (10— 6 VOLT)
One junction at ¢® C. The current flows across the other junction from the metal with
the (algebraically) smaller value to the other metal.

Metal. —180* | -+100° | Meatal, | —190°( 4-100° Metal. —180° | 4-100°
Aluminium |4 390| < 380 Lead . |4 210|+4 410 Tantalum . + 330
| Antimony - J-g47cofl Magne- Tin . . |+4200 | 4+ 410
| Bismuth . |4-12300| —6500] sium . |4 330|+ 410f&dinc ., . |[—i120 | 4 750 |
Cadmium . | — 60| -+ goo ] Mercury — of Brass . . e e goo
| Cobalt : - —1520f Nickel . | 42220 —1640] Constantan®| — —3440
Copper . |— 200| 4 740QPalla- German sil-
Gold . . |=— 120 4 730] dium . | 590|— 560 vert . . — |e,— 1000
Iron . . |— 2000|c<41000]Silver . | — 140|4 710| Manganin I _ + 570
|

* Eureka, 6o Cu, 40 Ni. 1 60 Cu, 15 Ni, 25 Zn. I 84 Cu, 4 Ni, 12 Mn.
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RADIATION AND OPTICAL PYROMETRY

RADIATION AND OPTICAL PYROMETRY

Most total radiation thermometers depend upon the Stefan-Boltzmann law, E=o(#'—0,%),
where K is the total energy (all wave-lengths) radiated per see. by a black body at absolute
Ii}mL). # to surroundings at absolute temp. 8, and o is a const. (o = 57  10-1% watls per
em.? per 1°—see p. 128). Optical pyrometers using monochromatic light depend on Wien's
equation connecting the temperature with the intensity of some particolar wave-length of
light emitted (p. 128), The Wien equation is, Intensity T = ¢, A~% /A8 where A is the wave-
]ungth, & 15 the * black Imd}r i temp. on the absolute scale, £y and ¢y are constants, and ¢ 15
the base of the Napierianlogarithms. Both equations give results which agree very accurately
with the gas scale over the ealibrated range up to 1550" C.

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. An enclosure of
uniform temperature, viewed through a small aperture, acts as a black body., When black
body conditions are not realized, the observed temperature will be lower than the true tempera-
ture and a correction dependent on the emissivity () of the object on which the pyrometer
is sighted must be added to the observed temperature.  The relation between observed (8..)
and true temperature is given by the equation 8.* = €.6* for a total radiation pyrometer,
and by the equation 1/8 — 1/8.0s = A log €,/6219 for an optical pyrometer using light of
effective wave-length A.

EMISEIVITY CORRECTIONS FOR OPTICAL AND RADIATION PYROMETERS
Corrections (° C.).

Oba. Optical Pyrometer
Temp. (A = 0-85p, ¢, — 1-482 em, deg.). Total Radistion Pyrometer.

lﬁ ﬂ.j. = =

08 | 04| 05|06 |07 08 00| 03|04 050607 08|09

600 44| 34| 26| 18| 13 B| 4| 306|224 | 165|110 B2 | 49/ 23
800 Gy | 50| 37| 27| 9| 12| 6| 377 | =276 | 203 | 146 [ 100 | Ho | 29
1000 95 | 7| 53| 30| 27| 17| B | 447 | 328 | 24x | ¥y [ xig | 2] 34
1200 | 120 | o6 | 71| sz | 36| 22| 10| 517 | 370 | 270 | zo0 | 137 | B8z | 39
1400 | 169 | 125 | o3| 67| 46| 28 | 13 | 587 | 431 | 336 | 228 | 157 | o4 | 45
1600 zi4 | x50 ||ty | 85 | S8 | 35 | 17 | 657 | 482 | 354 | 236 | 174 | 105 | S0
1800 265 | 1060 | 145 | 505 | 72 | 44 | 20| 728 | 354 | 302 | 28z | 104 | 117 | 55
2000 |32z | 238 | 176 | 127 | 87| 53| 25| 798 | 586 | 430 | 300 | 212 | 128 | 63
2500 | 495 | 36z | =266 | 190 | 3z | 7B | 38 | o¥4 | 714 | 525 | 378 | 250 | 156 | 74
3000 713 | 516 | 377 | 269 | 183 | 110 | 53 |t149 | B42 | 628 | 445 | 305 | 183 | BO

AVERAGE EMISSIVITIES AT WAVE-LENGTH 0+85u

The emissivity at a given wave-length varies slightly with temperature. The values in the |
following table may be taken as accurate to within 20-03. . |

Emissivity (0-85u). Emissivity (0-85.).

Masipl. Bolid. | Liquid. AN Solid. | Liquid. |
Carben . . . . | o83 = W Npkal RO W o35 | —
EOTEEE o o et oe o'l oLg y (oxidized) . 00 | _—
w  loxidized) . | o £eia Palladiuvm . . . o35 i 035
W i S o | Wiy oz Plafioum. . . . o35 035
Ividimma . oo .. - | -2y —_— | Bhodivm . . . o3 o3
Iron A 035 o35 | Silwer . . o . ol —
4 (oxidized) . . | 005 e Slag (averape) . . — 068
Nichrome 7 0'g - Thoria o 5f Ll o o7
' Tungsten . . . 045 —

TEMPERATURE AND COLOUR OF HOT OBJECTS

|

Appearance . E:‘i‘m‘l:_'t | Dull Red. | Cherry Red. |  Orange. White.

Temperature . | <. 550° C. ‘ ¢. y00° . goo® €. 1100° | ¢, 1400 upwards
!

Temp. of positive crater of electric are 3400° C. ; under pressure 3600" C.
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Details of the technique of mercury in glass thermometry for work of high precision will
be found in Guillaume's “ Thermométrie de Précision® (Paris, 1889), Higgins's
* Thermometry " (Roy. Soc. Arts, 1926), and “ The Dictionary of Applied Physics ™ |
{(Macmillan). '

|
| CORRECTIONS TO REDUCE MERCURY-IN-GLASS SCALE TEMPS, TO GAS SCALE TEMPS. |

|

The values for verre dur are given by the Bureau International des Poids et Mesures, and !
| those for the Jena glasses by Griitzmacher. The French glass, verre dur, was used by Tonnelot
| of Paris for the manufacture of the original standard mercury thermometers of the International |
| Bureau. Later thermometers of this type were made by Baudin. Jena 16” may be identified |

| by the presence of a thin red line embedded in the ;;]uss. Jena 59" is a boro-silicate glass
(p. 85), and has now been superseded by Jena 2954™, which is identified by a thin black line.
Verre Dur. | Jena 16", | Jena 59" | verre Dur. | Jena 16", | Jena 59",
Temp. — Temp.
h=tvp, | In—te | ty—tsgrr by—tep, | ba—her | By—tsgn
Lot 2“# _I_ -ﬁ'.l ? | + ‘\?..Ig |. + g, 10 llﬂl} + P.m +§.D3 —ﬂ‘ﬂﬂ-
0 0 | o 0 120 < 06 + 05 - wg |
10 — 015 =g | = -02 130 4 o7 + 0F — 04
20 — 08 | — -0p — 04 140 + 07 + =09 =/ s0bs|
a0 — =70 -3z | ~ -4 150 4 -o0b 4+ 10 — 13
| 40 — 11 ~epr | = w0y 160 + 03 4 1o = 10 ||
&0 — I =gy | = 03 170 o + -ob — 2B
B0 = g — 10 — ‘02 180 — 04 4 06 — 38
70 — 07 — 08 — 0l 190 — g + oz — *52
80 — 0% — 0B — 00 200 - 13 — 04 — b7
a0 - 03 g ‘03 — 00 250 e — 03 i
100 e SRR e R B 300 — =191 | — 41

| DEPRESESION OF ZERO OF MERCURY THERMOMETERS

After a mercury thermometer has been heated the zero suffers a temporary depression.
When the thermometer has been calibrated as an absolute instrument, it is therefore necessary
to make an observation of the zero immediately after reading the temperature. If, however,
the thermometer has been calibrated by comparison with standard thermometers, as is done

| at the National Physical Laboratory and other standardising institutions, this procedure is
| not necessary. After heating to 100° C. the zero depression of a verre dur thermometer is
about o117 C., while the more modern plasses (Powell’s blue stripe, Tomey's double blue
stripe, Jena 16", 5g™, and 2954, and Fischer’s Gege-Ef) show a depression of about
o'04” C, after 100° C. Early samples of Jena 167, however, show a depression after 100° C.
of about o07® C. These mean values should not be utilised for accurate work. For other
| temperature rises, the consequential zero depressions may be taken as proportional to the
| depression after 100° C.

STEM EXPOSURE OR EMERGENT COLUMN CORRECTION

Whenever possible a mercury thermometer should be used so that the whole of the mercury
column is exposed to the ternperature to be measured. If this cannot be done, the thermo-
meter will read low by an amount depending on the length and temperature of the exposed |
column. The correction to be added (if the thermometer has been calibrated for total

{ immersion) is equal to
| malf — £)
|

where # is the length of exposed column in degrees, e is the coefficient of apparent expansion
i of mercury in glass, ¢ the temperature of the bulb, and £ the mean temperature of the exposed
| column. On the Centigrade scale, @ may be taken as 000016, and on the Fahrenlieit seale

as 000009, In general, this correction cannot be determined to a greater accuracy than
about 10%, owing to the difficulty of measuring the temperature of the exposed column., For
this purpose a * thread thermometer "' may be used, is thermometer has a long bulb of |
| capillary tubing, and is selected so that the length of the bulb is approximately equal to that |
| of the exposed column alongside which it is placed. Alternatively a series of auxiliary

thermometers of ordinary type may be used.  The lowest of these should be placed quite close to
the point at which the thermometer stem leaves the region of which the temperature is being
measured, and the others at intervals not exceeding 10 cm, along the stem, The mean of |
the readings of all the auxiliary thermometers should be taken. Thermometers which are |
graduated for use at a specified fixed immersion only need correction when the stem
temperature departs from the normal value, |

| e ——— - —- —— —
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MELTING AND BOILING POINTS OF THE ELEMENTS
For melting and boiling points of chemical compounds, see p. 130; of fats and waxes, see
p. 6o. The melting points of a number of elements are adopted as basic and secondary fixed
points in the International Temperature Scale (p. 53, where an account of temperature
measurements will be found).
Element. %ﬂ:ﬂx Observer. Bl-.vﬁ;ff Dbserver,
Aluminium . 66a® C. Edwards, 1925 = 2200 "C.| Wartenberg, 1908
1 B0 Greenwood, 111
Antimony . 63005 Roeser, Schofield and Moser, 1045 Kobhlmeyer, 132
1933
Argom. . . —18g-3 Simon, EKuhemann and —185-8 | Henning, 1915
Edwards, 1930
; e sublimes
Arsenic . . | wvolatilizes — 450 —
Barlum . . 204 Hoffman and Schulze, 1635 140 (f) =
| Beryllium . 1281 Sloman, 1932 1500 () —
| Bismuth . . 20 Awbery and Griffiths, 1926 1500 Leitgebel, 1931
| i sublimes
Iﬁnmu. « = [ 2000 t0 2500 Weintraub, 1909 { 3500 (?) —
Bromine . . o Baker, 1923 58-80 ) Bouzat and Leluan, 1924
Cadmium. . 3200 Day and Scsman, 1912 707 Leitgebel, 1931
Caesium . . 28-458 Rengade, 1914 Gro Ruff and Johanssen, 1ga5
Caleium . . Bsr Hoffmann and Schulze, 1935 II75 Euff and Hartmann, 124
Carbon . . 3500 Fajans, 1924 3927 Kohn and Guekel, 1924
Cerium . . B1g Hii]ly and Trombe, 1931 r4oo (#) —
Chlorine . . — 103 Graff, 1933 —3395| Harteck, 1928
Chromium . 1830 Adcock, 1931 2260 Baur and Brunner, 1934
Cobalt . . 1490 Day and Sosman, 1910 3467 Warmuth, 1928
Copper . . 10843 Holborn and Day, 1goo 2360 ERuff and Konschak, 1926
i T 1082-8 Day and Sosman, 1910
. .. 1083 Waidner and Burgess, 1910
Fluorine . . —233 Moissan and Dewar, 1903 — 188 Clanssen, 1934
Gallium . . 2q-78 Roeser and Hoffmann, 1934 2300 Harteck, 1928
Germanium . 0585 Dennis, Tressler and Hance, — —
1933
Gold . - . 10629 Holborn and Day, 18gg 2360 RFuff and Konschalk, 1926
W e 10028 Day and Sosman, 1911
A 10b6z-8 Wensel and Roeser, 1936
Hafnium . . 2337 ide Boer and Fast, 1930 = —_
Helium . . 272'0 Keesom, 1926 —268-98 | K. Onnes and Weber, 1915
Hydrogen . —2E0 Keesom and Lisman, 1932 —252'75| Keesom, van der Bijl and
| Horst, 1931
—z252:78 | Heuse and Otto, 1931
Heavy hydro- — 2k y-ef Brickwedde, Scott, Urey —z249°'7 | Brickwedde, Scott, Urey and
o Ty (121 Mm.) and Wahl, 1934 Wahl, 1934
Indivm . . 156-4 Roth, Mever & Zeumer, 1933 | == 1400 Thiel, 1904
Iodine . . 1137 Kracek, 1931 1844 | Drugmann and Ramsay, 1900
Iridiom . . 2454 Henning and Wensel, 1933 z550 (7) —
gt e 1527 Jenkins and Gavler, 1930 3235 Millar, 1925
Krypton . — [56-0 Allen and Moore, 1931 —1520 | Allen and Moore, 1931
Lanthanum . 31z Raolla, 1933 B —
Loead 5. o o 3274 Natl. Phys. Lab., 1931 1755 Fizcher, 1014
Lithium . . 186 Kahlbaum, 1goo T D400 Ruif and _?Dh.‘u!ﬁseu, 1905
Magnesium G50 Haughton and Payne, 1034 Lioy Hartmann and Schneider,
TO20
Manganese . 1242 Gavler, 1027 1900 Millar, 1925
Mercury . . —38-86 Matl. Phys. Lab., 1931 3567 | Callendar, 1899
Molvbdenum. 2622 Waorthing, 1925 ¢. 3500 van Liempt, 1920
Neodymium . g0 Muthmann and Weiss, 1904 _— —_
MNeon st — 2487 Simon, Ruhemann and Ed- —z246-3 | K. Onnes and Crommelin,
|  wards, 1930 | o016
Mickel . . 1455 | Wensel and Roeser, 1030 3o75 | Millar, 1925
Niobium : Ig50 | Bolton, 1907 — | —
Miton Rt —%1 1 Gray and Ramsay, 1q91o0 — a2 | Gray and Ramsay, 1910
* Deuterium,
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MELTING AND BOILING POINTS OF THE ELEMENTS (confd.)

Element.

Melting
Point.

Ohbserver.

Baoiling
Point.

Observer.

Nitrogen .
Osminm .
Oxygen

Czone
FPalladium

]

Phr:rr-il;hnru.-i
Platinum

LE
Potassium

Praesod ymium
Radinvm . .
Eheninm
Rhodium

L

Rubidinm
Eutheninm
Samarinm
Selenium
atlicon
Silver

Rl

¥

L E]

Sadium
Slrontium

IR T N

sulphur . .

Tantalum

Tellurinm
Thallium

Thorium .
Tin
Titanium
Tungsten

Uranium .
Vanadiuoi

Xenon
Zine

Lireaniim

—210.02” C.

o200 ()
—210°
—a218-8

— 2514
1549
13536
1554°5
15544

i1
S o |
17732
17738

636

G40
nbo (1)
3167
1566
1966
390
1900 (¥)
1350
220
1415
9b0°5
oho-h
G005
05

976
i

1140
(rhommbic)
I1g=120
{momecline)
2000

4520
Joz-5

1680 to 1730
23180
1500

3387
1hidng

1720

=JI11°8B
410°5

1857

Giaugue and Clavton, 1933

Clusius, 1929
Giangque and Johnston, 1929

Riesenfeld, 1nz23

Day and Sosman, 1910
Matl. Bur. Standards, 1929
Jaeger and Veenztra, 1934
Matl. Phys. Lab., 1036
Hulett, 1800

Matl. Bur. Standards, 1931
Matl. Phys. Lab., 1034
Phys.-Tech., Reichsanstalt,

1934

Edwardson and Egerton,
1927

Muthmann and Weiss, 1904

Agte, Hevne & Moers, 1030
Roezer and Wensel, 1034
Schofield, 1939

Rengade, 1913

Berger, 1914

Gavler, 1938

Holborn and Dav, 1899

Day and Sosman, 1grr

Roeser and Dahl, 1933

Roeser, Schofield and Moser,
1933

Ezer Grifiths, 1914

Hoffman and Schulze, 1935

Farr and McLeod, 1928

Malter and I}, Langmuir,

- 1550

Simek and Stehlick, 1930

Roth, Meyver and Zeumer,
L9335

Thompson, 1933

Matl. Phys. Lab., 10931

Burgess and Waltenberg,
1613

Pirani, 1923

Driggs and Liliendahl, rg30

Burgess and Waltenberg,
1913

Clusius and Ricedbani, 1937

Roezer, Schofield and Mozer,

I033
de Boer, 1930

|
- 13584 C. |

1320
— 13208

— III'5

270
4300 (2)

758

— 1080

913

Giaugue and Clayton, 1933

—

Heuse and Otto, 1931

Keesom, v.d. Horst and Jan-
seI, 1920

Briner and Biedermann, 1933

Jolibois, 1910

Ruff and Johanssen, 1905

Ruff and J::»h;ysen. 1905

de Selincourt, 1040
Ruff and Konschak, 1927
Fischer, 10934

———

Euff and Johanssen, 1905

Hartmann and Schneider,
1920

Day and Sosman, 1912

Chappuis, 1914

Deville and Troost, 1880
Leitgebel, 1931

Greenwood, 1900

van Liempt, 1920

Clusius and Riccobond, 1937

Fischer, 1934

—Drags, M.P. Boo-tooo® C.;

* Corrected by Berthelot to the thermodynamic scale.

Cast Iron, M.P, ¢ 11o0” C.: Duralumin, M. 1%, 650" C.; German

Silver, M.P. 1o00-1100° C.; Nichrome, M.I". ¢. 1500° C.; Phosphor Bronze, M.P. ¢. 1000” G
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EFFECT OF PRESSURE ON BOILING POINTS

5f/8f is given as mm. Hg per degree C. for pressures not very far removed from
760 mimn.
The boiling point in absolute degrees C. of a substance under 760 mm. = ¢
+ (760 = g){f + 273), where ¢ is a constant for the substance, and /£ is the B.P. in
degrees C, at the pressure # mm. The constant ¢ is the same for chemically similar
substances.
(See Young, * Fractional Distillation.” )

Bubstance. P LT £ Bubstanas, B8 £ Bubstanee. Bp & 3
X 10~ x 1079 x 1079
Hydrogen . .|230 - ICCL. . . .]|28 123 | Benzene . .| 235 | 121
Oxygen. . .| 77 146 | Pentane, n. .| 25°8 | 125 | Toluene. . .| 21’7 | 120
Carbon dioxide| 55 — | Alcohol, methyll 26 | 100 | Aniline . . .| 196 | 112
Watert . . .| 272 99 » ethyl.| 303 94 | Naphthalene .| 171 | 119
Mercury . .| 136 | 118 s amyl.| 28 g8 | Benzophenone | 15°8 | 109

Mitrogen . .| 02 — | Ether, ethyl .| 26'g | 121 | Acetone. . .| 264 | 1135
Sulphur* . .| 110 | 114

* fp=at, go+ 0010( p—760)—0,49( p—760)2, Mucller & Burgess, 1919. See also p. 53.
1 See also pp. 50, 53

MELTING, FREEZING, AND BOILING POINTS OF FATS AND WAXES

At 760 mm. pressure. (See Lewkowitsch's treatise,)

Buabstance, MP | F.F, Bubstanecs, MF | PP Bubstance, |III:.I'. B.P.

o, | cc o, | sc. Lot LT

Butter. . . |28-33|20-23| Beeswax . .|61-64 |60-63 | Paraffin wax,

Lard . . . |36-40|27-30| Spermaceti .|42-49 |42-47| Soft. . .|38-52|350-300

Tallow, beef. | 40-45|27-35]| Stearin . .| 716 70 Hard . .|g52-56|390-430
5 mutton | 44-45 | 36=41 | Naphthalene | 800 — | Oliveoil . ,| — ¢. 300

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, having a
temp.-gradient of 1° C. per cm., i.e. calorie cm.=! sec.—! temp.~!. To reduce to
pound-calories per sq. inch per sec. across a slab 1 inch thick with a temp.-gradient
of 1° C. per inch, the values below must be multiplied by o'co56. (See Callendar,
** Conduction of Heat,” Eneye. Brit.,; Schofield, ** Glazebrook’s Dictionary of Applied
Physics,” Vol. I.; and Geiger and Scheel’s “ Handbuch der Physik.")

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 £/(xfl) is very approximately a constant for pure metals. (See Hume-Rothery,

“ The Metallic State.””) The electrical conductivity of the same specimen of many
of the substances below will be found on p. 92.

. I

|

e —
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THERMAL CONDUCTIVITIES

METALS AND ALLOYS (cemid.)

Bubstance. Temp. |Cond. k.| Observer. Bubstance. Temp. |Cond. k| Observer.
[ (.

Hﬂtﬂ]ﬂ—— Nickﬂl W & 5 ® - Iﬂﬂ 1 zg L-EES,, Jﬂs
i ) e e (e BT Bl | e
. '504 dr o . 2

o | (28 4% )] &D, Palladium . .| 18 |468 [ ]J.&D,
& .| 100 | 492 1900 - . .| 100 | 182 1900
Antimony . 0 | o044 } Lorenz, Platinum . 5 18 | -166 } J. & D,
e 100 | ‘040 1881 e~ (. o 1900
Bismuth . - lgg ‘025 ?‘IEI%D}' Silver, pure . .| - lgg *9g8 } Lecs.a
o194 (1 J- . . 974 190
:: « « | 100 | ‘0161 } 1900 i :: . 18 |1ccb } 1i &H.,
Cadmium, pure | =160 | 239 Lecs,[;taﬂ i . }gg 992 | N 'uS
5 5 18 | 222 ] J. & D, JTin,pure. . .|- 12 ces.
bl ; 100 | 216 1500 Apm. 18 | 155 J- & D.
Copper, pure .| =160 |1'07 Lees, 'o8 :'., « -] 100 | 145 } I«t;m-ﬂr1I
& ; 18 | g1 J-& D, J Tungsten. . . 18 | *35 Coolidge
o 100 | -go8 } 1000 Zinc, pure . .|—=160 | 278 Lees, ‘o8
Gi.ﬂd & & # 133 '?w I} ‘T. & D"l "W #* & B Iég '225 } J. & D.:,
14 LI B B +?03 l";ﬂﬂ a4 L & = ‘202 igm
Iron, pure . 100 | ‘176 |j P}“;Z“ ‘ilu:jll:}r&
wrought .| =160 | ‘152 | Lees, ’ 70 | 36 Griffiths,
g f 18 | 14 |\ &D, | M8 Cuna{l 470 |35 |} "o
v castt e |t Lk [21 ?gé?'ﬂcuaﬁs.ﬁ gl Gfiﬁ;é’“*
5  CAS ‘114 no'g, on o 4
3 102 | ‘111 % Callendar § ‘4184’8 7n 135 70 | '34 || Griffiths,
» »§ 30 | ‘149 Hall {Cu 2'7 « « J] 170 | 38 1920
| Bteel {ﬁi} -160 | ‘113 Lees, Duralumin . . 18 | =51 —
& | ek 18 | ‘115 } 1908 Brass |. . =160 | 181 Lees,
fr ey = 18 | "108 J. & D,, - 17 | 260 1508
" e - 100 | ‘107 } 1900 Bronze, } 15 | ‘o099 } Griffiths,
Lead, pure . =160 | 092 Lees, 'o8 § Cu 89’4, Sn g6 205 | ‘131 1920
= S b 18 | o83 } J. & D., |J Constantan } 18 | ‘o54 } J. & D,
R ek 100 | oS82 1900 (Eureka) 9 100 | oby4 1900
Magnesium . 0t |1, 6 { Lorenz, German Silver . 0 | o70 Lorenz,
. 100 }3? 1881 S T 100 | ‘089 1881
Mercury . 0 | o148 } H. F, Manganin** .|-160 | o35 | Lees, o8
# . 50 | o189 |} Weber,"7 2 % 18 | ‘0353 } J. & D,
" 1586 | o201 | N, 1913 " -] 100 | 063 1900
e 17 | o197 | R. W.,%0z N Platinoid . 18 | ‘0bo Lees, '08
* 09 Al t 1% C Si, 19 Mn. 1 2% C., 3% Si, 1% Mn.
is*sgg{uu%ﬁl 5% Mn. ] 70 Cu, 30Zn. ¥ 60Cu, 4o Ni.  ** 84 Cu, 4 Ni, 12 Mn.

A., Angstmm : J. & D, Jaeger & Diesselhorst ;

L3 Phil,

Trans.

M., Macchia ; N., Nettleton; R. W.,

GASES

In the case of a gas the thermal conductivity & = 1'603n¢,, where n 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 em.

R. Weher ;

and -1 cm. - & increases with the temperature. f?ﬁ: Laby, P.R.5., 1934.)
Gas. | Temp. | ﬂnn{l &, | Gas. |Temp.| Comnd. #. | Gas. Temp.| Cond. & | Gas. iTemp.| I.Tnnd ;E
% 10-% C. ¥ 1078 C. | ¥ 108 C. X 10-%
1, f-1su<‘a|-~ E. |Air | 0lge* co| 0°s38 D. |N,0| 0°[361,KM.
| D |31-8, E, »  (LOO%|7-55* {ZU: 0 [343, K.M.] ., (100 [506, W.
e 1] 41°3, K.MJ|O, 0 |5:83, K.M| ,, 0 |3:51, D, |NO B8 .| fo, W.
He 1 0 (343, KM|A™ | © |580, S. |Z‘|.I‘.'.“::|I 5-00, Sc. | Hgy |203 |r 85, Sc.
N, -~ 0581, D. |CH,| Ble47, W. |NH,| O 522, D. |Ne O |11, K.M.
i CyHyl 0O (305, W. | | .

*Mean.

D., Dicking, 1034; E.,

Ickerlein, 1go0; K.M., Kannuluik and Martin, 1934; 5., Schwarze,
1903 ; Sec., Schleiermacher, 188¢; W., Winkelmann, 1875.
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MISCELLANEOUS BUBSTANCES
The wvalues below are at ordinary temperatures except where stated. They must be
regarded as rough average values in the case of indifferent conductors. Nearly all liquids
. have very approximately the same conductivity. Temperatures are in °C,
Bubstance, & Bubstance. | & Bubstanece, & Bubstancw, &
X1o-? * 10~8 ¥ 10— ® 10~?
Glagss— Charcoal . [13 Qunrtz,} | axis 22°2, K. | Slag wool, 0®. .| “10, G.
Crown; window .| 25, L. |Cement . .7,L.J 70* Ll , |129,K.|Slate . . . .l4y, L.
Flint . . . . .| 2 L. |Cotton. . .[sgg, L.}Silica, | 60° 330, K|Sulphur,
ena .« o o I=2, L. |Cotton wool .|'06 vitreousi240°| 364, K. Rhombie, 20® ‘6%, K.
oda. . . . .| 1'3=1'8 |Cork, 5'IELE'!;. ﬂ:!'ll,g, guh:;.tur, Para.| a5 L] . ::Mticl' 2, K
» Eran’ld, o® 10, ;. [ San R e | i onoclinic,
gﬂiﬂ.ﬂn{drﬂ v [ L Dia%mnm:c-n l'Ig G ISk . . . .| '23,L. 100% "4, K.
e M e ?uﬁtf‘!“h-c'ljf 5 i
o ; ] [ arth's crus '
Pine, walnut . .| ‘4, L. |Fhonite . 42, L.|Liquids— | x1o-¢ [@ils— X 104
Iliscellaneons Felt . . Jog [Alcohol, 25* .| 43, L. [Castor, 20" . .[|¢32 K.
Ashestos . . .| °3 Flannel . .23, L.] Aniline, 20* .| 412, K.} ,, 160 . .lgo02 ,,
Asbestos paper .| "6 Gascartbon | 10 |CCl, 15" . .| 27 Cylinder, 20®. .|366 ,,
Bricks— Graphite}. .| 300 |Glycerine, 20° | 680, K ,, . 41339 w
Diatoma- Ice . . . J| 5§ |Turpentine,13% 3 Olive, o*.. . .lgog
ceous, 100° .| '3, G. |Marble, white7 1, L.} Vaseline, 25* .| 44, L. | , 200°. JA3es o,
i 00° '4{5{}. Mica*. . .r'8, L.|Water, 10*. .|147, K. | Paraffin, 0® e s
Fireclay, 6c0® . 30|D.H | Paper . H et ol 1 = gg“. ey, K. o X200 L S
,. 1000° . 4'1:} & C.|Paraffin wax | 6, L.] ., ®. .\16'0, K, | Transformer, o®. (324 ,,
Cardboard . . .| *5 Porcelain ., Jz's, L. I o 100" . 304 5
* Perp. to cleavage plane. 1 Average for igneous and sedimentary rocks ; see Brit. Ass. Reports.
D. H. & C., Dougill, Hodsman and Cobb, 1915; G., Ezer Griffiths, 1916; L., Lees, 1892 & 1898 ;

i-‘ K., Kaye and Higgins, 192% and 1920. 1 Achcson graphite.
I 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 +ef) 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 = ja.

There is liule point in tabulating coefficients of higher-powered terms of 4, 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 detined above increases with the temperature. The
values of a subjoined are per degree C., and except when some temperature is specified, for
a range round and about 20° C. 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 Geiger and Scheel’s ““ Handbuch der Physik.”)

Element.- a. | Obs. Element. a Obs, Element. | a. | Obs.
~ 1078 x 1078 x 107"

Aluminium .| 255 | V.93 | Gold . . .| 139 | V.'g3 | Potassium .| 83 H. '82
Antimony .| 12 o Iridium . .| 65| B.'88 | Selenium, 40°| 36'8 | F.'%6g
Bismuth . .| 13’3 | Mean | Iron (cast) .| 102 | D.%z | Silver . . .| 1538 | V.%3
C. (diamond) | 12 | F.'69 » (wrought) | 11°9 | H.D.)/oo | Sedium . .| 75 G. 15
» (gas car- Steel, 10 to | 11°6 | N.P.L. | Sulphur . || €70 —

| bon) .| 54| F.%69|Lead . . .| 201 | Mean | Thallium, 40°| 30°2 | F.’6g
» (graphite) | 79| F."6g | Magnesium .| 25'4| V.'g93 | Tin. . . .| 214 | M.%6
Cadmium .| 288 | M."%66 | Nickel . . .| 128 | T.'99 | Tungsten,27°| 444| W.'17
Cobalt . . .| 123 | T.%9 | Palladium .| 117 | S. 03 w 2027%| 7%26| W.'1y
Copper. . .| 167 | V.'93 | Platinum . .| 8¢ | B.'88 | Zinc, 258 to| 263 | N.P.L.

] ;
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COEFFICIENTS OF LINEAR EXPANSION OF SOLIDS (m-n‘:i}
Substance. a. Obs, Bubstance. a. Obs,
X 1078 w 108
Alloys— i Miscellaneous (contd.)

Aluminium bronze . . 1770 | N.P.L. | Glass, flint, 45 5i0,,
Brass (ordy.) < 66 Cu, 34 Zn | 189 | N.P,L. 8 K,0,46 PbO| 78| Sec
Bronze, 32 Cu, 2Zn,5 Sn §| 1777 | B. '88 » Jena, 16" (seep.78)| 78 |\ T.5.S.
Constantan {Eurtka]. 6o . w 597 (see p.78)| 57 } ‘o6

Cu, go Ni . ., « | o | N.EBL. a  WEITE durésce p. ?SJ e | e
Duralumin . . .| 226 —_ » typical so 8 I
German silver, 6o Lu. 15 = o lead 9'5 =

Ni, 25 Zn, 50® . .| 184 | PL 72 pyrex . 3 s
Gunmetal {Admlmlt}r} .| 181 | N.P.L. Granite . . sbiae il mes =
Magnalium, 86 Al, 13 Mg 24 | St ol Gutta-Percha . . . . . 198 | Ru. 82 |
Nickel steel, * 10 % Ni. .| 130 [N.P.L.] Ice, =10°t0o0® . . . .| 507 | Vn.%02 |

» " 20% ,, . .| 105 | N.P.L.| Iceland spar, ||axis . .| 2¢'1 | B. 88 |

= i o AR | 1L ) B 3 »n Jaxis. . .|—=356 | B.'88

= i -l A Marble, white Carrara,

é[m-ar t)| o9 | N.P.L. 155, 1'4 to | 35 |N.P.L.
. - 0% o o (| BLPLL, » black. . . . o] 49 i
- - 0% ,» . -| o7 |NPL.] Masonry. . . . . 4t0| 7 e
; 12’5 | N.P.L.| Paraffin wax, 0®~40®* . .l 110| —
Phnsphcr bronze, gr;,rﬁ Cu Porcelain, Berlin . . .| 28| 8. ’.-::.3
g8n,2P. . . 168 | B.'88 » » ©%-l100° 31 |H.G.'or|
Platmum*lrldlum, gu Pt, " Bayeux . . .| 34 |Bd. ‘oo
io Iri . s 87 | B.'88 ) 1) e 35 | T.'o2
Plannurn-allver. 33. Pt 6;! Portland stone . . . .| &3 —
Ag 5 — Quartz (crystal, || axis . 7.5 | B, '88
Suldcr. 2 Pb., I Sn 5::- & Sm. RN SR i T B 88
Speculum metal, 68 Cu, 511|-::a (fused), —1:0 too® . 22| 5. ‘o7
el A P R (B i (S i i o®to 30°. 42| C. ‘o3
Stainless steel . . .10to| I1 — » » ﬂ" to 100° ‘50| S, ’0?
Type metal, & 138° . . .| 19 Dl " - 0°to 1000 34| R.
Sandstone . . . . 7to| 12
Miscellaneous— Slate, ., » . « « b6to] 10 —
Brick (Egyptian) . . . g5 | N.P.L. :
Cement and concrete, 10 to 14 — | Woods (1) along grain—
Ebonite . . . .b4t0]| 77 = Beech ; mahogany ; box .| &3 | VL2
Fluor spar, CaF SR F.'68 | Oak; pine , . .| &5 | VL%S
Glass, soft, 68 Slﬂ,. {2] a-:russ me—-
14 Na,0, 7 CaO | &g Sc. Beech ; | B 1.l [ B

» hard, 64 5i0,, Mahognn}r R S| W - R SR

o0, 13 Cal]l o7l Se. | Pime . - © - o, Llessl Vs
lad:

* See Guillaume’s ** Les Applications des Aciers au Nickel,” 1904. t Inwvar is obtainable
in three l}uﬂmu, with a range of coefficients of (—"3 to + = ﬂ ® 107* at ordinary temperatures,
3 Used for international prototype metre {see p {) sed for Imperial Standard Yard
(see p- 4). B. Benoit; Bd. Bedford; C. Chapp I.hl.lberp{e:, DI, Daniell; F. Fizeau ;
5, Ezer Griffiths; i, Hagen ; L. D. Hﬂlbum a.mi Day; H.. Holborn and Griineisen ;
M. Matthiessen ; N.P.L. National Physical Laboratory ; Pf. Pfaff; R, Randall ; Ru. Russner ;
5. Scheel ; Sc. Schott; Sm. Smeaton; >t. Stadibagen ; T. Tutton; T.5.5. Thiesen, Scheel,
and Sell; V. Voigt ; V1. Villari ; Vo. Vincent ; W. Worthing.

.J : : ecingara st
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R

COEFFICIENTS OF CUBICAL EXPANSION OF GASES

The volume coefficient, a, at constant pressure is defined by 7, = w(1 + af) ;
the pressure coefficient, B, at constant volume is defined by g, = 1 + Bt), where
v, and g are the volume and pressure res;:ectivelg corresponding to £°, the initial
volume and ﬁrertsqr_e (20, o) being measured at 0°C. The values of both a and 8
dep-:;d on the initial pressure of the gas. If a gas obeys Boyle's law exactly,
)| ==

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 write e = 8 = 7. For example, Berthelot finds from
Chappuis’ data—

il

For Hy, mean y = ‘00366207 = 1/275'07 (see p. 54)
Ny » 7= 00366182 = 1/273'09 (see p. 54)

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, 8 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.

Gas. | Temp. Por . Obas. Gas, | Temp., P B. Obs.
AT CONSTANT PRESSURE. AT CONSTANT VOLUME.
C. cm, Hg, C. cm, Hg,
Alr . fo®-100% | 1001 won3e728| C., 1914 JAIr.] — .58 |-0037666 | M., 1892
i o-loo | 56 367 | R., 1847 o - 132 i b s
H; . | 0-100 | 100 36600 | C., 1003 kX - 1070 36630 =
n - | o100 | 994 36580 | H. O., ‘20§ ,, - I7—24 36513 R., 1847
y - Jo-1oa | 76 36600 | B, M, o — L) 36650 o
H, . | o-100 | 110°5 36742 |H.H,,’21] ., [0°-100"| 1001 36744 | C., 1914
S —- 200 atm. 434 [|A., 1890 i -— 200 3600 |R., 1847
e — |1ooo 218 |A,, 1890 i — 2000 3857 i
0. . - co 486 | A., 1800 w  |o-1067 23 36643 7. P.
He . | o-100 | 994 36570 | H. O, "20f H.: .lo-100 0904 36621 | H. O., 1929
co.1 — iR q660 |R., 1847 | » lo-100 100 16630 | C., 1907
COy | 620 51-8 37128 | C., 1903 n jo-100 109 36627 O, In;p::uSr
y o+ | O-100 N 37073 s N, .fo-100 654 36606 | K. T.]., "22
5 + | 0—20 g0 37602 - . lo=100 g4 36740| H. O, 1929
| .+ « Jo-100 o 37410 o 0, .Jo-100 £ 36738 | M. N., 'o3
sy - | 020 | 1377 37a7z 2 o -jo-toby | 18-23 36652 J. P.
| 7 . ]o-too & 37703 2 He |o-100 a0 36612 | K., 1928
N.O — 76 3710 | R., 1847 W -lo=100 094 36604 | H. O., 1929
| NH; | o-50 | 76/15° 3854 |P.D.,'c6] A | — 517 36658 | K. R., 1306
S0, s =6 3003 |R., 1847 | CO fo-100 76 3667 | R., 1847
— -1 ., Io—mi'r}' 23 36648 | 1. P.
| A, Amagat;: C, Chappuis; H. H., | COgo-100 gi-8 3651 | C., 1903
Holborn & Henning ; H.O., Heuse & Otto; J ,, . |o-20 o958 37335 "
. P, Jacquerod & Perrot; K., Keesom:|] ,, . Jo-100 oo-B 37202 i
. R., Kuenen & Randall; K. T. J., Keves, [ ,, . 1067 24 36756 %P.
Townshend, & Joung; M., Melander; N.O] — w0 3676 - 1847
| M. N., Makower & Noble; P. D., Perman ] SOd — 76 3845 | R, 1847
& Davies; R., Regnault; R. M,, Richards
& Nlarks.
|
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MECHANICAL EQUIVALENT OF HEAT

COEFFICIENTS OF CUBICAL EXPANSION OF LIQUIDS

As with solids (see p. 62), if the temperature interval is not large, a linear
equation 2y==2,(14af) may be employed to show the relation between the volume
(#) of a liquid and its temperature (£). The mean coefficient (a) thus defined
increases in general with the temperature. The values of a subjoined are per ° C.,
and for a range round 18° C. unless otherwise specified.

Tt Liquid. | a. Liquid. | Liquid. a.
* 1078 ¥ 107% X 107® #1078
Aceticacid .| 107 | Ether,ethyl .| 163 | Pentane .| 159 Water,60-80 | g8-7
Alcohol, me. .| 122 | Ethyl bromide] 137 | Toluene .| 109 :

» ethyl | 110 | Glycerine .| 53 | Turpentine .| oy [Solutions-

. amyl 93 | Mercury (see |p. 31) | Xylol (m) .| 101 CaCly,5-8%| 250
Aniline . .| 25 |Methyliodide| 121 |Water,5°~10% 5-3 n 400% | 453
Benzene . .| 124 |Oil,olive. .| 7o s 10=20] 150 |NaCl, 269, .| 436
£S5y . J 12t . parafin .| oo n  20-40| 302 |H80,,100%| 57
thum:l'urm J o 126 33 20°=109° IIO w4000 458

MECHANICAL EQUIVALENT OF HEAT

If W erg of work is completely converted into H calorie of heat, W=7] . H,
where | erg per calorie is the mechanical equivalent of heat.
If electrical energy is completely converted into thermal energy, then one of the
relations
PR = Bl =] H; ENR =] . H;
applies, where | erg per calorie is the electrical equivalent of heat, and
I e.m.u. is the current, R e.m.u. is the resistance, E e.m.u. the e.m.f. If the electrical
units are the international ampere, ohm and volt ] 1s in international joule per calone
{1 international joule = 100020 joule).
For the variation of the specific heat of water with temperature see p. 66.
Birge (1929) proposed a new expression for | as a function of temperature ; it gives
for the ratio of the 20° C. to the 15° C. calone ] 54/] 15 = 0'99606.

Direct determinations of | have been made by Joule, Rowland, Laby and
Hercus from 15° to 20° C. and by Reynolds and Moorby for the mean calorie, 1+3°
to 100° C,

Indirect electrical determinations.—The value of the electrical units
used in the older of these determinations is uncertain. The electrical equivalent of
heat has been determined by Callendar and Barnes, by Jaeger and Steinwehr at
the Reichsanstalt, and by Osborne, Stimson, and Gmmn&,s at the National Bureau of
Standards jarrm. of Res. 1939) at the instance of the Third International Conference
on Steam Tables. The last and Eirgu (General Physical Constants, 1929) have
given critical discussions of the value of ]

Values of J;; are given in the following table. Mean value here adopted of
determinations (2), (4) and (5) is

Ji; = 41852 : 107 erg per 15° calorie.

Observer. Jy5e Observer. b
Direct measurements— Electrical meummants—
(1) Rowland . . o o | 4188 (3) Callendar and Barnes . . | 4-1834
{z) Laby and Hercus . . 418525 | (4) Jaeger and Steinwehr . 4 1541
(5) Osborne, Stimson and {_am
qings SR 4-1858

Direct measurement, Reynolds and Mul:-rb]r,
I mean calorie 1+3°-100° = 4+1832 . 107 erg.
International Steam Table calorie

1 I.T. calorie = 41860 int. joule = 4-1868 . 107 erg.
i 5 R
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SPECIFIC HEAT OF WATER

variation of the specifie heat of water,

Callendar and Barnes (P&, Trans., 1902) used an electrical method of lh‘h‘rl'nir!ing the temperature
The specilic heats below are reduced by Callendar (* Eneye. Brit.,”
Art, ** Calorimetry ') from their resulls; they are relative to the specibe heat at 20% C. on the C.P. nitrogen

scale. The specific heat has a minimum at 375" C,
Specific Specific Specifie Bpecific Specific
| Temp. lllmat. Temp. iﬁ“l Temp. ]]:a“t_ Temp. ﬂﬂt_ Temp. ]l:mt.
—5"C 10158 26°C.| -oooz B6* C. G2 B C.| 10043 1860°C.| 10238
0 1-00G4 30 o087 60 10000 90 1-oo53 | 180 1-0308
8 10054 35 83 65 10008 a5 r-oohy | 200 1°0384
10 10027 40 ‘iz T0 10010 100 10074 220 10407
15 10011 45 g8 3 75 1'0024 120 1'0121
20 10000 50 o8 80 1-0033 140 101576

Ckshorne, Stimson and f'ri:minp?; f_?' Res. Nat, Bur. 5S¢, I-!.}jg:l ||n_y' an electrical method obtain for C, for
water the following values in abs. joule gm.=?.

Temp. | C,. Temp. C,. Temp. | 0y Temp. C,. Temp. G
00 C. | gr2ry? 20°C.| 41819 40° C. | 41786 60°C.| 41848 80°C.| 41064
5 42022 25 41760 45 41705 65 4- 1568 86 4-2005
10 41922 30 41784 60 41807 T0 41806 90 42051
15 41858 35 41782 b5 4-1823 75 41928 a5 42103
] 100 42160
Heavy water in terms of ordinary water = 1-000 at 20” C. (Cockett and Ferguson, 1040).
Temperature : | e | e i 30° | 40° " | 50°
Bpecific heat . : | 1006, 100k [ 1004, i 1003, | 1004y
s * Minimum at 41° C.
SPECIFIC HEAT OF MERCURY

In terms of the gram calorie at 15™5 on the const. vol. H. scale. (Barnes and Cooke, Phys. Rep., 15,

(133 |

1902.) Mercury has a minimum specific heat at 140° C. (Barnes, Brip, Ass, Kep., 1000.)
Temp. LB I | 80° | 100° 200°
Specific heat 0335 | 0333 | -o33t ] 0329 0328 | (o327) (-032)
SPECIFIC HEATS OF THE ELEMENTS
For gascs, see p. 68,
Substance. §Temperatare. hﬁi::.- Obsérver. Substance, Tampnrature.!hiap%_i Observer,
:Izm-iniurn . — 240 Irmz Nernst, 1912 Bromine, ligd. | 18° to 45° 107 | Andrews, "48
" 0 2006 | Griffiths, ‘14 | Cadmium — 165 |'o4o1 | Griffiths, "14
G600 |28z Richards, ’gj =4 0 ,'054?| i
Antimony — 186 to —-'?Qi-nq,{}: Behn, 1900 Ceoesium 0to 26 |'-L'.|4H | E. & ., 1000
| 17t0 82 0508 Gaede, 1902 | Calcium . 18510 20 157 | N. & B., 1900
| Arsenic, cryst, 21 to 68 083 B. & W., 1368 0 to 100 ‘130 | Be., 1006
| _ amorphy 21to 85 070 ¥ Carbon— | ;
| Barium . 185 to 20 068 | N. & B., 1906 Gas carbon 241068 204 | B. & W, 1868
Beryllium 0to 100 425 | N. & P., 1880 Charcoal Oto 24 165 | H.F.Weber,"75
Bismuth . -~ 186 {284 | Giebe, 1903 ke 01to 224 238 | e
g 22 to 100 ‘o304 | W., 1500 Graphite — 188 {ozg | Magnus, 1923
Boron, amor. 01to 100 [-307 | M. & G., 1803 A4 11 160 | 5
| Bromine, solid |—T8 to —20 |-I.‘.~i4 | Regnault, 49 2717

EL ]
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SPECIFIO HEATS OF THE ELEMENTS (contd.)

Bubstance. |Temperature. h:li*h Observer. Bubstance. |Temperature, ;E't‘ Observer.
Carbon (contd.) Palladium . . |-186°to 18°/053 | Behn, 1893
Graphite .| 827° C. |-440 | Magnus,1923 18 to 100 |'059 »
Diamond . —186 |-0023 " Phos- }} ellow] —78 to 10 |17 |Regnault,1849
3 4 22 122 0 'ph{:urus 13036 |-202 | Kopp, 1864
i . 53 *136 ” liquid| 49to 98 |-205 |Person, 1847
3 827 42 » 2 red 15t0 98 |17 |Regnault,1853
Cerium. . 0 o 100 |045 H., 1876 |JPlatinum . .|—186to18 -0293 | Behn, 1898
Chlorine ]1:1-:1. D24 [226 Knietsch 18 to 100 0324 i
Chmmmm . - 200 ‘067 | Adler, 1903 1230 u461 Tilden, 1903
{1°4% Fe & Si) 0 ‘104 " Potassium. . —28 173 |C. & S, 1030
100 "II2 ¥ T *IQT “
400 "133 o Rhodium . .| 10t097 [|-058 |Regnault, 1862
Cobalt . . .|-182t015 [o82 | Tilden, 1903 [Ruthenium . 0 to 100 |-o61 | Bunsen, 1870
15 10100 |-103 » Selenium,cryst.] 22 to 62 [-084 |B.&W,, 1368
15 to 630|123 " » amorph.] 18t038 [-095 "
Copper. . . =250 o035 | Nernst, 1912 |Silicon, cryst. . | —185 to 20|-123 | N.&B., 1906
" BE) 0  |ogog| Griffiths, '14 7 182 |Magnus, 1923
e 97'5 'Qggz »” 727 224 | "
Didymium .| 0te100 [0} H., 1876 |Silver . . .| -9238 [|©146| Nernst, 1912
Gallium, solid | 121023 |o79 B., 1878 0 [©556| Griffiths, "14
» liquid | 1210119 |o80 427 [959 | Tilden, 1903
Germanium . 010100 |o74 |N. & P, , 1887 |Sodium . . . -150 ‘2406 | Griffiths, '14
Gold . . .[|—185t0 20 ‘035 N. & B 1906 0 ‘2829 ¥
1810 99 0303| Voigt, 1893 138  |3189 "
Indium. . . 00100 -o57 | Bunsen, 1870 |Sulphur—
Iodine . . . 91098 |os4 [Regnault, 1840] , rhombic| 17145 [163 | Kopp, 1865
Iridium . . |—186to18 ‘o282 Behn, 1898 » liquid .| 119 10147 [235 | Person, 1847
18 to 100 0323 s [Tantalum . . |—18510 20 [033 |N. & B, 1906
Tl 5 a4 -133  |o770| Griffiths, "14 58 ‘036 |v. Bolton, 1905
0 1045 i Tellurium, crys.] 1510100 048 | Fabre, 1887
976 1137 - Thallium . . |—192 to 20 0390 |Schmitz, 1903
0to 1100 153 | Harker, 1905 20 to 100 0326 "
Lanthanum .| O0to100 o35 H. 1876 ~ [Thorium . .| 010100 (928 | Nilson, 1883
Lead . . - =250 o143 | Griffiths,’14 fTin . . . . [|-186t0—790486| Behn, 1900
0 '0302 it 0 5536 G[ifﬁthﬂ, II..:I.
300 0338 [Naccari, 1888] ,, molten . 240 ‘'ob4 | Spring, 1386
Lithium . .| Oto19 [837 | Be, 1906 [Titanium . . |-1851to 20 082 |N. & B., 1906
0 to 100 |1°0g3 0tc100 [113 | N.&P., 1887
Magnesium . [=186to =79 189 Er:hn, 1goo 0 to 440 [162 "
18to 99 246 | Voigt, 1893 |Tungsten . . |—18510 20 [036 | N.& B, 1906
225 281 | Stiicker, 1905 20 to 100 o34 | Gin, 1908

Manganese .| 141097 fj22 Regnault, 1862]Uranium . .| 111098 [06z |Regnault, 1840

Mercury . .| See prcced| P lage. 0to 98 [o28 |Blumcke, 1885
Molybdenum. [—185 to 20 ogg N. & B., 1go6}Vanadium . . 0to100 [115 | Mache, 1897
15 to 81 1n;rz D. & G, 1g01jinc . : . . —238 [o0271| Nernst, 1912
Nickel . . 0 [106 | Moser, 1936 0 [o918| Griffiths, '14
500 125 - 300 ‘104 |Naccari, 1888
Osmium . .| 191098 031 |Regnault,18624Zirconium . .| Oto100 066 |M.& D., 1873

B., Berthelot; Be., Bernini; B. & 5., Bartoli & Stracciati; B. & W., Bettendorff & Wiillner ;
C. & 5., Carpenter & Steward; D. & G., Defacqz & Guichard; E. & G., Eckardt & Gracfe:
H., Hillebrand ;: M. & ., Mixter & Dana; M. & G., Moissan & Gautier; N. & B., Nordmever
& Bernouilli; N. & P., Nilson & Pettersson; W., Waterman. ;

Lo
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| 8 & G, Sherratt & Griffiths.

——

SPEGIFIC HEATS OF GASES AND VAPOURS

In calories per gram per degree C. The values at const. pressure are normally at atmospheric
pressure. See Partington & Shilling, * The Specific Heats of Gases.”

Gas. Temp. {Ep. ht.‘ Observer. I (Gas. Temp. |8p. ht.| Observer,
Ammonia, NH, . | 23-100 | -520 || Wiedemann,
AT CONETANT PRESSURE () Nitrous oxide, N,0 | 26-108 | -213 |/ 1876
—_ = -— Nitric oxide, NO . | 18-1T72 | -232 | Regnault, '62
Airfdey) . . .| 20°C. | -z417| Swann, 1000 M. peroxide, NO; | 27-87 |1-625 | B. & O., 1883
e AR 100 3490 s R HsS . . . . ]20-208 | -245 | Regnault, "6z
np 1] . " ' ED_HH ‘23{‘?{:’ I']. & ﬁ-' Ig{:s CS:- . = " v Eﬁ_igu L:m 1] 2
s oax o+ - - | 20-98 | -2372|) Witkowski, Methane, CH, . - 230 | 5. & H.; "I
s s+ s« 1—102-1T| 2372 o 1596 | Ethylene, C,H, . —_— 304 wowm
sy FOatmos. | —B0 | -312 4 ¥ Benzene, CgHy . | 34115 | 200 }Witdemunn.
Argon . . . . 15 12y |S. & H., '19 Chloroform, CHCl, | 27-118 | 144 1879
Hydrogem . . . 16 342 v - Me. alechol, CH O [101-223| -458 | Regnault, '62
Nitrogen . . . 0 -2350| * H. & H., "oy | Et. alcohol C,H,O [108-220| -453 o "
- (liqy .| —200 43 | Alt, 1904 o ether, (CaHg)lyOIB5-111 | -428 | W, 1876
Oxygen . . .| 20-440 | -2419| H. & A., 1905 [ Turpentine, C,qH,4|179-249| -506 | Regnault, "62
£l % . ¥ 2'}-30& i I 33 T
Fh]” (lig) . —180 :1?? Alt, 1904 AT CONSTANT VOLUME (¢}
“hlorine . . . 16 ‘114 | Partington, '14 : = q e
Carbon monoxide 18 | .250 S. & H., 1 ﬁ;iin:gzgqm" pal | - 53 2:;;;5 49, 1001
s hgmide . ‘lﬂg ,:;glru ‘E-wﬂmﬁ Ill" 97 | Carbon dioxide§ . | ¢ 55 | -1650| ,, 1804
Stemn . "l 100 lisges | PE & 1o, QArgon . . .7 . ]0-2000 | 0746 Pier, 1909
B Iﬂg & 3 H &I, o Nitrogen || - 0 | -175
1) CR R w578 | Brmkworth,. I5 Water vapour . . 100 -340 3
Carbon monoxide 1000 | -1715% }Shnrratt &
= o 1800 | -1765% Griffiths, "34

B. & O., Berthelot & Ogier; . & A., Holborn & Austin (Reichsanstalt); 8. & H., Scheel & Heuse ;
W., Wiedemann.

* IL & H,, Holboro [Kitrogen  (0-1400%), ¢4 = 2350 + "0O00IGF Mean specific
and Henning co, {0-1400%), €4 = 2010 + V000742 = ‘0,184 heats between
(Reichsanstalt). Steam (100-1400°), ¢4 = "4669 — '0000163f + ‘0;44/* ] o° and #° C.

b Air, cp = "1715 + "02788p where pis the d:nsi‘tg' {Fm,fc_c.}. § COy ew = °165 4 "2125p 4 '_:gq,.u*, p being density.
t H, ¢y diminishes with increasing density and faliing temp. 1 N, ¢w = 175 + ‘00016, £ 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. v is usually
determined directly by some method involving an adiabatic expansion, 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 po¥ = const., or 827~ ' = const.
(See Capstick, * Science Progress,” 1895 ; and Moody, Phys. Rev., Ap., 1912.)

Gas. Temp. ¥ L Ohzerver, Gas. Temp. oy Observer.
Monatomic gases| Air(dry) . . . .| ©0° |r4oz| Koch, 1907
Helium . . . .| 0°C|163 |B.&G 1907 » » - - + - 0 r4oz| F., 1908
Atpol: - o+ » ] D 1667 | Niemeyer, 02§ » 4 =« « « «f 800 jr390| ,
- | 1642 | Ramsay,1g912§ » » + + » -| 900 |1°39 | Kalihne, ‘o3
Krypton . . . .| 19 1689 = w w o+ - « =793 |1r405| Koch, 1907
Xenom. . . « .| 19 1666 R ik " on at’{:‘z& ] '?g - ;:hg " "
PRSEEULY YR .24 580 G b 2 H’;.rdr-;,gcn T 133‘; Brf;ukw‘l;h,:’z;
Diatomic gases— e . .« .| 16 |1'408|L. & P, 1808
Air(dry) . . . -] 5-14 |1-402|L. & P, 1898 ] Nitrogen . . .| — |1-41 !Cazin, 1862

A 0 |1'4o1 [Stevens, 1g9o5] Oxygen . . . .} b-14 1400 |L. & P, 1892
S D T 16 |1-401 | Makower, '03] Carbon monoxide . | 1800 [1-297|5.& G., 1934
AR R P R 17 |1-402 | Brinkw'th,’z5 § Nitric oxide, NO . — 1-364| Masson

B. & G., Behn & Geiger ; F., Firstenau; K. & W., Kundt & Warburg ; L. & P., Lummer & Pringsheim ;
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RATIO OF THE SPECIFIC HEATS FOR GASES AND VAPOURS (contd.)

H

—_—

Gas. Temp. ¥ l Observer, Gas. Temp. ¥ Observer.
Triatomic gases Acetylene, EEII-I, -— 1*:24 1:-:[ & FkI’EW
Ozone . : .1 — |1-20*|Jacobs, 190 Ethylene, C,F |2 apstick, 95
Water vapour . . {100° (?)|1-305 '!'annwe.r. ’053 Benzene, C Hl . gﬂgﬂ; :_‘:gs g?gjlear:;'? :?f

w T3
farbon dioxide . .} 411 |1:300| L.&P, 1805 § oy o 0 2442 | 1’110 Miiller, 1883
" o 900 |1260|D.&G., 1024 ’ 098 i
o 5 : 500 | 126 F., 1908 CHC, . . l.[5ﬂ Stephens, IDI
Ammonia, NH, .| — |1336| Leduc, 1898 J€CL . . . . — | 1130| Capstick, '95
Nitrous oxide, N,0 1324 4 o JMealcohol. . .} 897 |r256 Stevens,’oz
Nitrogen| N,O,. 2{; 1-172 | Natanson, 85 » bromide . = 1°274 | Capstick, '93
I[;emﬂdf}ﬂ'jn 160 | 131 7 o Fé:fl'??"d“ : 19-30 [*zgg o o
— 5 Bk g iodide . - 12
CEZL 71Nt e :i’:g Capstick, '95 | g% alcohol 58 |1133] Jaeger, 1889
Y e i - X ek 998 |1'134| Stevens, ‘o2
Sulphur dioxide. { 120%4 :iﬁ Mutm:,g;gs; : I::rt;lni{le : —_ 1"138 Capsticlé. 93
! ,» chloride . 227 | 11187 = 2
FPolyatomic gasasr s ether ., 12~2$ 1'oz4| Low, 1894
Methane, CH, . .| — 3 ick A el 997 | 1’112 | Stevens, ‘oz
[-'_l(ihm;::f&:;.]l' : <15 : ‘:‘;'; Cﬁiﬂltl :5-;93 Acetic BT . 136'6 | 1147 - -
Propane, C;H, . —_ 1°130 { Pierron, ‘g9

* Extrapolated ;

D. & G., Dixon & Greenwood ; F., Fiirstenau; L. & P., Lummer & Pringsheim ;

M. & F., Maneuvrier and Fournier.
SPECIFIC HEATS OF VARIOUS BODIES
In most cases, the specific heats given must only be regarded as average values.
Bubstance. Temp. |Sp. ht. Bubstance, Temp. |B8p. ht. Bubstance, Temp. |8p. ht.
DR,
Alloys— e Oil, linseed . 20 | 441 Ice(N& E) .|—260 |‘o242
Brass, redl e vacll g n%g » oOlive T 47 " " . -é?ﬂ 273
rellow . ‘O 51 to] — |y .
Eras 18 | -og8 | » Pparafn .| 20-60 { 5-54 " O i | &
(Constantan) rape 20 483 1 - “27 to
German silver . | 0-100 | 095 . sperm . 20 |-4931 Indiarubber 15-100 { 48
Solder * . . . o ‘042 | sea-water 17 ‘04 : 21 1o
e 18 10 Marble, white . 18 { o
Liguids - Turpentine . 18 ‘42 | NaCl (N & E) | —248 | 'cogg
Alcohol, amyl . 18 '35 = @ —38 |'197
- ethyl . 4] ‘247 | Miscel- vi o 10 2]
= = 40 648 laneons— KCl (N & E)| —250 | ‘o156
»  methyl 12 ‘6o1 | Asbestos 20-100| ‘20 | ., " - 18T |*117
Aniline . 15 | ‘514 20to] ; 277 | ‘177
Benzene . . 10 340 Basalt 20-100 l 24 | Paraffin w:a.x .| 0-20 | 69
3 . 40 | 423 | Ebonite . 20-100| ‘33 | Porcelain|] . . [15-1000| "255
Brine, il =20 ‘69 | Fluorspar, CaF 30 21 i . . |15-200| 18
density =1"2 0 71 Glass, crown 10-50 | -16 | Quartz, Si0, 0 ‘174
(Harker) 15 72 w fint . 10-50 [ ‘12 4 350 | 279
Ether, ethyl 18* ‘56 » Jena |G'”§ 18° ‘19 Sam;[ ; 20-100| ‘19
Glycerine 18-50 | "58 : n Jenaso™§ 18 ‘19 | Silica {fused} '1] 15-200 -200
0il, castor . 20 508 Granite . 90-100 { Ig Jo i i 16-800 | =248

® 5= 0g22 4 Soo03dn

& See p. 83,

Sn 547%, Ph 467,

I Harker,

kzer Grifiiths, 1o14.
I Ezer Griffiths & Williams, 1918. N. & E. Nernst & Eucken, 1912.

1905.

t Griffiths, Phil. Mag., 1893,

94 Greenwood, 1911,
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LATENT HEAT OF FUSION

liquid without change of temperature.
ICE

Temp. Lt. ht. Observer, ete.

| —
cals,

—6:5° C.| 76003 | Pettersson, 1881.

The quantity of energy required to convert 1 gram of substance from solid into |

0 79°59 | Regnault, 1843, corrected.
0 02 | Bunsen, 1870, with ice calorimeter.
(0] 70077 | Smith, Fhys. Rev., 1903 (in terms of 15° calorie == 4:184 joules,
taking Clark cell = 1-433 volts at 15° C.).
0 70:67 | (3335 joules) Osborne V. 5.5, 1939 (1. T. calorie = 4-186 joules).
VARIOUS SBUBSTANCES
Bubstance. 'Iamp.'l.t.ht. Bubstance. |Temp. Lt.ht| Substance, |'I'ump. Lt. ht.
Elements— | “C- | cals | Palladium .| 1550 |36 |Compounds— °C. | cals
Aluminium $. | 658 | 92'4] Phosphorus .| 44| 5 | NH, . . .| —=75]| 108
Antimony*®* .| 625 | 24'3| Platinum . .| 175027 | NaNO, . .| 333 | 453
Bismuth*. .| 206g | 13'0| Potassium . 62|16 | KNO,. . .| 308 | 25'g
Cadmium. .| 321 |14 | Silver . . .| 960l22 | H,80,. . .| 103 24
Copper. . .| — |43 | Sodium (G.)| 976 | 27'5] Aceticacid .| 4 44
Lead . . .| 327 | & | Sulphur . . 115| 9 | Benzene . . 54| 30
Magnesium®* | 644 [46'5) Tin* . . .| 232 |146] Glycerine. .| 13 42
Mercury . — | 3 | Zinc*. . .| 418|266] Naphthalene. | 8o 35

* Griffiths and Awbery, 1926, t+ Awbery, 1930. G., Ezer Griffiths, 1914.

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) is a
constant (C). C = 21 for substances of which both liquid and vapour are unassociated.
If the liquid is associated, C > 21 (eg. water, C = 26); if the vapour is associated,
C < 21 (gg. 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. 66). 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

an attributed value of 1-433 volts for the e.m.f. of the Clark cell at 15° C.

I. T. calorie = 4-186 joules (p. 65). Gniffiths’ and Smith’s results rest further on |

See also next page. [The critical temp. of water is about 374° C.]
i
Temp. range
Obsarver. of expts. Latent heat L, at £ C.

Regnault, 1847 . | 63°-194° C. | L= 6065 — -6g5¢
Gniffiths, 1895 .| 30° and 40° | L= 508-0 — -bos#
[ L; = so9-1 — -bod, to -394

Henning, .Aun. 0
d. Pj;}r;_’ Ig,c{,’ '{ -.3‘0 100 ar I‘! — 1:'.4-':-: I:Ahcl L lr;];l-l&:l._ t‘_-l .]-I:I':I

Bkt P 1oo"-180° Ly = 53871 — 0425(f — 100) — -04834(# — 100)*
nt L] - 1 ]
Ifg‘m., 1907 &l } L Lo 3O 0 = “5b0F
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LATENT HEAT OF STEAM (comfd.)

Oshorne, '

}?’#;ﬁiﬁi Regoault, | Griffiths, | Joly, Callendar, | Stimson & Jakob & gﬁﬁﬂ; Mathews, '
4186 j.) 1847, L 1895, I 1805, L 1| Glgﬁégjls. Fritz, 1935. 1917, 1917,
L, .| eo6t | so8t | — 55t | 5967 | 5963 = —

Lo - 537 | 5375 T1 s40f | 540 | s38s | 5387 | 53888 | 5392 ‘

* From sp. ht. of steam experiments and total heat formula.

t E:lrn.pﬂln.tcd

! O 1]iu1d.1r and Barnes' specific heat has been used (p. 66).

t By comparing Ly (by steam calorimeter) with the mean specific heat of water between 12° and 100°,

LATENT HEATS OF VAPORISATION OF VARIOUS SUBSTANCES
The values below are for pure substances, and are due to Young, Proc. Roy. Dublin Sec.,
1910. The precise calorie employed is not stated.
Methyl | Ethyl | Propyl Mathyl| Ethyl \l’mpﬂ
Pent- Ethyl Acetic| Ben-
Temp. | Bull,. | OCL. | yn (). other. | meid. | zene.
Aleohol. Acatate,
o
C. cals. cals, cals, eals, cals, | eals cals cals, cals. cals. cals. cals.
o] — - - 2802 | 22009 — 9252 — — - — -—
20 —_ — - 284'5 | 2206 — 8754 | — — -- 8405 —
40 — — B4'31 | 2778 | 2187 — 82-83 — - 8702 —
60 | — | — | Booy | 2604 | 2134| — | 7844 | oBs50| — —_ 89'6gl —
80 — | 4600 ?5 33 | 259'0 | 200°4| I73'0| 7350 gwr 8578 | 7980 | o159 9545
100 | 3176 44'15| 69'94 | 246'0 | 197°1| 164’0 68'42 | 5839 | Bz2us | 76°33 | 92'32| o141
120 | zo'54 42 64'48 | 232'0 | 184°2| 153'0| G224 | B287 | 7753 | 71'8a | o438 8658
140 | 29'12] 39'92] 5658 | 2161 | 171°1| 142°4| 5593 | 768 7224 | 6766 | orB3 8282
180 | 2760l 3795 47°42 | 198'3 | 156'9| 129'0| 4607 | Gogb | 6591 | 6z'80 | Bo'63 7894
180 | 26-29( 3590 35701 | 177°2 | 139'2| 116°3| 3187 | Groo| 5987 | §7°2 8771 462
200 | 2457 3261 24°68% 151'8 | 116°6| 1o2'z| 19'33% 50-35 5271 | 50°7 85'55| 6881
220 2232 2o 45' — 112'g | 88-z| Bgz| — 3487 | 4263 | 42'90 | 8202 6224
240 | 2086 2556 — 84°'5H 403 634| — 200§ 2717 | 3070 | 7818 sqnn
260 1850, zo07] — — 35| — — 12703l 11°73%| 7226 4382
280 | 1560 100 9 - - | =1 =] - — — = 6348 2743
tﬁﬁig}w-? |ﬂ$3"'1 197%2 | 240° |243%1|263%7 193%8 |233%7 lzso"‘r 2762 |321%°6 288%5
, :
|
| * At 190°, t At 230° 1 At 190°. § At 230° I At 245°. Y Atays° C.
| |
] Substance, Temp. | Lt. ht, Bubstance, Temp. | Lt. ht. Bubstance, Temp. | Lt. ht,
C, cals, LA mll’.'. cals, [ i cals.
Mercury . 358° 6% | Liquid N,O .| —20° 67 |Chloroform .| 61° 58
Sulphur . .| 316 362 o oHny G| — 341 | Et. bromide . 38 Go
Phosphorus .| 287 130 n. SBOy . o 57 » propionate | Ioco 79
Ligqmd H,. . — 123 5 " X 22 12 s lodide . 1 47
w Oy =138 58 w o0y | =10 gb ,» formate 50 93
n Ma. .| — 50 S 46 85 | Am. aleohol .| 131 120
w Aair. .| =— ¢. 50 | Me. formate . 3z°5| I1os]| Aniline . . .| — 104
LRl —22 i » odide. . 42 46 | Toluene . .| r11I 84
Bromine 58 46 | Chloroform . o 67 | Turpentine. .| 159 70 i
Iodine . . .| 174 24 '
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THERMOCHEMISTRY

In thermochemistry the conservation of energy is assumed in accordance with
experiment, and consequently (1) if a cycle 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, 7. the total heat of the reaction is zero; (2) the
heat of reaction only depends on the initial and final states of the rcactiug 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

The molecunlar 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. A minus sign before an
H.F. means that heat is absorbed in the building up of the compound.

Tnit—the gram calorie (at 15° to 2¢° C.) per gm. molecule of compound. Aq
= solution in a large amount of water. The reactions are at constant pressure.

Example.—H.F, of CuS0, = 183,000; of Cu50,.Aq = 198,800, .. the heat
of solution of CuSO, = 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;
N.P.L., Natl. Phys. Lab.; Rh., Roth; Ri., Rossini.) For organic compounds,
S€e P. 74

INORGANIC COMPOUNDS

Hol. H.F. in | Mol. HF. in Mol. H.F.in |
Compound. s Componnd, e e Compound., el
Non-Metals X 10 x10* | '|‘ X 10®
HClgas . . | 22063 Ri]CO,, from y NH,Cl.Aq . |724
HCl. Aq. . 3:} 3, T g?.'iphite. i 94:20, Rh' ;qu ) gg o 233351-']3'
HBr gas . . B:4, T. |CO; from lr 94'4e Rh (N H,)y q | 280
HEr. Aq. . 28-6, T.B.| diamond i NHIDH . ﬁq .| 9o, B.
Hlgas . .| —61,T.B.|B;Oy; amp. B. 2%3. E BaC}D.H T T
Elr S Q‘Hf’T'B i;onaq c?s. :55 T. E:En = i;;’ %
pp 1 = |30 z T g e s i L
HEG ]-“.-I. ¥ | 53‘313 R'E PI- 219! T"‘ E?l%ighq " = l";";“l, T..,
Fa b e C.:Ei,mif,ﬂ" } 76, B. |gt! | !|enT
: rom | e T A
[ hobic s 27, T. | sbCl, solid . | g1+, T. |Cd(OH)s . A 6.
1] § TR | 1104 Rh.] SbCl;lig. .| 105, T. |Cd+0O4H,0 ’
AsHy. . . |—367 C3; from CdCl, . . .| 93, T.
| ShE.. - . ||=87 11 B diamond &}|-19, B. CdSD . 222, T.
EIDH‘ S 25 r]:l-::nrnhln‘_'gf5 Cngulgﬂin:qﬂ} +2'66, T.
rom R
r$hct mbic 0 fmm diam. } 74 B Cd50,.Aq . |z3277, T.
S. H,S0, liq. 193, T. |]Cs:0. . « | 100
S04 lig. from H, SD LAq CaO M . } 131, T.
rhombic i 103 fmmrhombu: 210, T. C,,{ﬂﬂi;lssan : ;gg
5. i a EHET
N0, . . |=19 HN{} hq | as8,B. JCaG . . | =738
NO . . . |—216,T. |HNO;.Aq .| 49 : \t.'.‘s!.gll1 o :Ea, l:l‘
NOy. . . |—214, B HCN gas }_30.5 CaCl;. Aq. . |1 E*i" b
NOQgf22° . . | =17, B from diam. e R ] 5 e
¥ J'rlsF:'u . f —?‘E., .B'.. HCH lhq- . ""'2-1-‘5 E‘acmﬂd o 2?“] }[;‘
N,Og lig.. . 36, T. | HyPO, lig. .| 302 a% 2+ - [202, B:
igt}, sild | 369 Metal Ez{:l. S ?3'5 "
C?}D' ‘ f:':f:l:m : | e ALO; . . .|3%0, B. Casd 7HLO | 234, T.
smapb G| %% T el . 6 {:a(m,},,ﬁﬁ,o 119, T.
cO from | dic, HIE(SD‘},.ﬁq 880 CuD. . 372, T
diamonrj ﬂ' = NH,CI 763, T.B. CuCl AR (B _l
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INORGANIC COMPOUNDS (conid.)

Mol. H.F. in Mol. H.F. in Mol. H.F. in
EEPIE ealories. Gumponad. calories. oo, ealories,

Metals(conid) x10° x 108 ®10°
C“SE},‘ ® ' L] [ES. T- Mgm: - * ® :5:!1, Tl- Agcl L] L] L 29"‘2’ T-H-
CuSO,.Aq . |1988, T. |MgSO,. . . 302, T. Na, 0 . . .| 91to 100
CuS0,.5H.0 } = MgSO,.Aq . (322 NaHO . . . j102'3, T.B.
on sol. in Aq.J| ~ 73 MnO . . .| o1 NaHO.Aq . nz2 T.B.
AvBr, . . .| 88, T. |MnCl, . . . 112 NaCl . . .| o78, T.B.
AnCl, . . .| 23T Hg.O . . .| 249, T. |NaNO,. . . |n1 T.B
FeO . . . g 646 HgO . . .| 211 Na,50,. . . [32843, T.B.
Fe,0,/400°. .}l196 HeS0, - . 76 Na,CO, . . |27z, T.B.
Le Chatelier j HegCl . . .| 313 SrO . . . . |130, T.B.
I;'ES'D‘ ® ?Ht{jq 240 chll & # Ll 53‘2 ST{{] H}: ] L 2'?, B.
FeSO,.Aq . [236 NiD. . . .| 507 oy i s IIB;, T.B.
FEC’-; R T gﬁ, T. NI-CI., s o= | TAS, T S'I'le . Aq CI -]'l-]ﬁ, T,
PO i o« & o 803, T WSO, Aq . |z30,T. ThD. . . | 422, T
PbOs. » « .|| 523 PR . W ol B TIEL. - L 1aE T,
BBEL: = o il BT Bl - s ||ioy TLSO, . . . |21, T.
PhEO, . o . |216,T. EHO . . .| BT, [5a0. . . . |7
Pb(NO,), . . |105'5 KHO A, . it BT, ISnEL. » . 1B T
Pb{MNO,),. Aq 97'9 KLY . . = ol BT, |SnClk. & ¢ (128
Li;0 . . 140 KCl.Aq . . |fo16,T. |Z200. . . .| 854, T.
BT 7 O ) 1| KNO; . . .|t1g, BT. |ZnCl, . . .| 973, T.B.
Bl s & s iloa T K50, - . 343, T.B En{ND,}: H.q 132
LiCLAq. . . |1o24 Ag:0 . . .| 59, T. |Zn50, « .« |2303, T.B.
ERSU - o g T S S e 2!150 lj 2487
LN, . . i1z T ArpM0O,. . .| 28+, T.B. Ean .7 ,G}_‘ sl
MgO. . . . |43, B AgNO,.Aq . | 233, T. | on sol.in Aqf|~42

MOLECULAR HEAT OF NEUTRALISATION

Unit—the gram calorie (at 15° to 20°) per gram molecule of base. Thus
KOH.Aq + HCl.Aq = KCLA? + H,0 + 13,750 calories. Thomsen (= T.) ob-
served at 18° to 20° C., and the final dm]utmn was 3600 gms. (7200 for Na salts) per
gm. mol. of base. Berthelot (= B.) used at least 2000 gms. of H,O per 17 gms. of
hydroxyl ion, — HO,

Base. HOl HF | HNO, | HCN | jH, S0, | §H,CO, | 1H,PO, [10xalic.

% 10% x 107 X 107 | x1ot| xi108 X 107 x10° | x10°

iNaOH .|1374,T.;| 163, T 137,T.;| 278 1564, T. | 101, T.; | 148, T.|13-8,T.

13'7, B. 13°5, B 10z, B.

2NaOH .| — — — — |31'38%, T.| 202§, T.| 271%, T.| 28 3,'[‘

1LiOH .]1385, T.| 164 % 93 | 1564, T. — -
3

b b

1IKOH . rj';ré'll‘i; 16°1 138, T.[2°8,T. | 157, T.B.| 10'1, B. — |3SB
136, B.
iNH,OH .| 123, T.;| 152 123, T.| 13, B.| 14'3, T.B.| 84, T.;| 135, B.| 127
12’4, B. g
$Ca(OH), | 140, B. | 184% | 1379, B, 32 156, T, g‘jéti'll‘é,- —_ e
95,1 bB.
Sr(OH),.| 138, T. | 1778¢ | 139, B.3'15 | 154, T. |104,3T.B.] — —_—
Ba(OH), | 139, B. 161 41, T.; 3715 184, B.T.116,{T.B. —_— —
139, B.
Mg(OH),| 13’8, B. | 15°2 138, T.| 1§ 15'3, B.T, 8gs5,1 B.| — —_
Cu(OH), | 75, T. | 101 76 - 9'2 = - S

* 3NaOH gives 3470 x 1%, T. t Base in sclid state, 1 1H,50,. $ 1H,CO,. ;

s Dbt il i s s |
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HEATS OF COMBUSTION AND FORMATION OF CARBON COMPOUNDS, 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.; for the
liquid the H.C. and H.F. would be greater by the latent heat of evaporation.
T?'.umscn assumes H.F. of CD, from amorphous C as = g6,960 cal. ; of water as
68,360 cal. per gm. molecule. For H.F. 0 inorganic compounds, see p. 72

The Internavional Union of Pure and Applied Chemistry has adopted as
standard, the value 7712 % 10? for the H.C. of benzoic acid, with succinic acid (256-0)
as secondary standard.

Unit—the gram calorie (at 15° to 20%) per gram molecule. 1

Example.—16 gms. of methane, CH,, give out 212,000 gram calories of heat

when burnt at constant pressure, to water and CO, at 18° C. 3
(T., Thomsen, * Thermochemistry” ; B, Berthelot; R., Richards, 1915; Ri,

Rossini, 1934.)
Compound. HC. HF. Compound. | He H.F. l
¥ 10° % 109 x10® | x10° '
Methane, CH, . . . |21279, Ri| 217 Me. acetate, C,HOy . | 399, T.| ob7
| Ethane, C,H, . . . |372'81, Ri| 2806 Eiart‘?. l]:-rmu_lphu:(l:..el.{[ﬁ, : zﬁg, }\ — 26
- e B : ethylamine . | 258, T. :
impalnt:, LEHﬁ .. . |53057, Ri _35.1 Dir‘np]:h}.rlami:"-t’:, (::]-I,N 4.2.9: 3 13:5'
cetylene, C,H, . . |310T.314/—478 Aniline, C,H,N %28 T. =17
Ethylene, C.H, . . . [333 T. — 27| Pyridine c HaN: {‘;5’ T. |- l;: iJ
Benzene, CgH, . . . [780, R. [—I2'5} Sugar, c’,al-f“()“, e 1ol 1 35:: -
Naphthalene, C,;oHg . [ 1231 — | Coal gas per cub. {_ 4500 to
Toluene, C,Hy, . . . [956, T. —3'5 metre. . . . 6O00 i
|| M. alcohal, CH,0. . | 17361, Ri) sua) Cosl (Ruthracited =} 7o todiperin,
Me. chloride, CH,Cl1 . |177, T. 2264 4
| Chloroform, CHCl, . [107, T. 24'1 Egﬂ(hmwn} it B ) e
$5 slookiol, C.H,0 . . \5se6r, Rl gl Paragin sils . - |oas oo
Et. Ethﬂr, C‘ng{} . &[ﬁ:‘, il 70 Wood 3'g to PR
| Et. chloride, CgH,C1 . |334, T. S e s A {4'-1. } Mgt
| Acetic aldehyde, C,H 0 | 282, T. 48-7| _ Albumens—
Formic acid, CH,0, . | 694, T. 050 {I?,‘-?Sel;‘" el 5:85 R
Acetic acid, CgH,0, . |225, T. 105°3 Wil:ﬁte. R R e S,Eb e
Propionic acid, CyHg0, | 387, T. 1094 | Yolk of uggg %.Ii ke
Me. formate, C,H Oy . 241, T, 89'4| Hemoglobin . . . .| 59 : ,.:

i : MOLECULAR HEAT OF DILUTION

e heat set free or absorbed on diluting a gram molecule of liquid with water is the
molecular heat of dilution: thus on diluting HCI to (HCI, 300 Hggl), 17,300 calories per
365 grams of HCl are set free; diluting 2NaCl, #H,0(» = 20) to (2NaCl, 100H,0)
absorbs 1060 cal. per 2 X 5865 gm. of NaCl. Unit—the gram calorie (at 15° to 20°) ihr:r
gram molecule. (See Thomsen, * Thermochemistry.”)

HCl | HNO, | H,80, | NaHO | NH,* | 2NaCl | 2NaNO, | Nas80, | Z
a=0 n=0 n=10 n=3 n =20 1:1=l‘.'£1t nzﬂrl:i nn=m; Znn{:[{ﬁ.
(H3O | w2o® (HaOfw o't HyO | stze® I-I,O'xla'l{:ﬂ xw"Huﬂ wre* |H I sio* |HgO w10 [Ha o -
1 5371 " 128 1 638 8t 136 100 1o ﬁ%lr-fm Iflu-l Xt26s| 10185 15| ot
iu-;ﬁ bl6-6 E|13~| Tzg |8 | 385200 —1-31 mﬂl—j'ng,Eﬂﬂf-l'lJ 20/515) 20(113
514-96/ 10|73 -E-Bllﬁ*:r 3’1 | 58| -21 400 — 141 200 -3 86400 —1°38 | 50532 50120
50 171 | 20(7-4 199171 25|326 9°5 -::1‘-— — 400 —4-19800/—1-4% |1 ﬁ'gt 100111
3001!?-3 320(7-4 ﬁﬂﬂr?'g Eﬂuz-mlim ol | — | —| — | —| — 40 Is-mfaﬂl}lru;.-

|

* Heat developed on diluting NH,.#II'I,G to NH,.zooH,O (Berthelot).
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ENERGY AND WAVE-LENGTH OF FULL RADIATION

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 Stefun's law, E = ¢, where ¢ is Stefan’s constant and @ is the absolute
temperature %'see Optical Pyrometry, p. 50, and below). ] )

The dependence of the quality on the temperature is expressed by Wiew's displacement
law, A 8 = const., where A, is the length of the particular waves which have maximum
emissive power. Thus the emissive power E, of the waves of length A, varies as the 5th
power of the temperature (absolute) : E,.8°% = const.

The emissive power of some particular wave-length A is expressed accurately by

Eax=ca (™~ 1) . . . . . Planck's formula

where ¢; =371 X 107® erg.-cm.? sec.-l, cy=1"433 cm.-deg., and ¢ is the base of Napierian logs.
At low temperatures or for short wave-lengths (M<<3 cm.-deg.) Planck’s formula becomes
(to *8 %, at least

Ex=cA ™ | | Wienw's formula (see p. 57)
For long waves and high temperatures (A8 > 730 cm. deg.), we have (to 17} at least)—

Ex = r:,h_‘ﬂe""ms 8 . o« Rayleigh's formula
References: Roberts’ “ Heat and Thermodynamics,” Wensel, J. Res. Nat. Bur. St.,
1939.
WIEN'S DISPLACEMENT LAW STEFAN'S LAW
A0 =const. = A. (See above.) A is Total radiation from a full radiator
measured in ems. = ¢f' (see above). ¢ is in erg cm.™ sec,™?
deg™4.
: RN S TP L Ty
A Ohseryer, o Observer.
2808 Mendenhall, 1914, 1917 579X 1078 Mendenhall, 1929
2870 Michel, 1922 57 X107 ? Foote, 1918
SR— Lt 7 (e L Miiller, 1929
2892 mean of all observations 573X 1079 Hoare, 1932
579X 1078 Kussmann, 1924
576 X 1073 Hoffmann, 1923
575 10~% | mean of all observations

See Wensel, ¥. Res. Nat. Bur. 8¢, 22, p. 1189, 1930. Wensel gives 19 observations of .

¢ AND ¢,

The determination of the constant ¢, in Planck’s equation has received considerable
attention on account of its importance in optical pyrometry. A knowledge of ¢, is not, how-
ever, necessary for such work.

¢y is given below in micron-degrees, #.e. 10~% cm. degrees.

£3 Obsesver.

— — T ——— = e e —

e a e ——

14,320 micron-degrees . . . . . . . | Coblentz, i920
14,300 s « - =« =« <« « = | Rubens and Michel, 1921
14,300 T o wowoom wowoox kK Wensel, 1959
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THE UNIVERSAL CONSTANT h
Planck's radiation law (above) may also be written—
Ej = 2meliA-5/(¢AN0 — 1)

where ¢ is the velocity of light, £ is Boltzmann's constant, and % is Planck’s universal
constant. Planck’s constant on the quantum theory is the constant of proportionality

connecting the energy of a quantum with the frequency of vibration (v), Z.e. the energy of a
quantum = v,

& is intimately related with the several radiation constants, and may be determined by
use of either of the following relations—

S= En-ﬁfﬂ' ' = 15;2‘0‘3'::1:5;’3 = gz'ﬂ'fl:dﬂ'ﬂﬂiﬁc'}

where ¢ is the Stefan-Boltzmann constant (above).
See Planck’s constant, p. 128,
XaoHs T N

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 sq. ¢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.

Langley and Abbot (“Smithsonian Reports,” 1903 ¢f seg.) give the following relation
between atmospheric absorption and wave-length :

Wave-length {E,.U.:]u—‘ L) & o« & <} 4000 booo | Sooa 10,000 i 12,000

e e e | ——— (e

Fraction transmitted . . . . . . .| ‘49 oy | 85 | 89 f o1

If K is the energy radiated in unit time from a sq. em. of the sun’s surface, then
earth’s solar distance)? 928 x 107|2 ;
R= sun’s radius i' = {4—33 x 10"“} % 5 = 46,0005
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 = o (8 — T!), where ¢ is Stefan's
constant (see above) and T is the earth’s absolute temperature, or (2) Wien's displacement
law, 8, = const. (sce 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-length {E.U.}. e 4mf4smi5m‘55m|6omj?um'3muim.nm||=,moI:4,5on'::,mn

I |
Relative energy, E. . . .[152184| 19 | 16 141:1 B'E! 54 ‘ 3*z| 2 6

A for Emee = 4900 X 107" cm. Taking Wien's displacement law to be Amm = 29, and
assuming the sun to be a full radiator, its temperature @ = 5g20° absolute.

—— —— = —_ —
e ——
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SOLAR CONSTANT AND TEMPERATURE OF THE SUN (eontd.)

The values of S below are expressed in both g]} calories per min. per cm.?, and
(2) watts per cm.? (1 calorie per sec. = 4°18 watts). The sun's mean temp. @ is in
degrees C, absolute. Abbot and Fowle find the solar constant varies by about 8 %.
(See Poynting and Thomson's * Heat ;® Chree, Nafure, 82, 2090; Report (1910)
of the International Union for Solar Research ; and “ Smithsonian Reports.”)

Solar Const.

L]
watts -13-:;;_ Aceount, Observer.

cals.
min.=!
¢m. "2

— e e e ———

Abs.

‘ — | 5770° | Comparison with const. temp, Atmos. | Wilson, 1902

| absorp. taken as 29 %

— | — |s5920 | Using Wien’s displacement law (above) | Langley & Abbot, 'o3
228 | ‘154 | 7060 | Gorner Grat, Switzerland Scheiner, 1908

— | — |s610 | Natl. Phys. Lab, England. Atmos. | Harker & Blackie, 'o8

absorp. taken as 29 ¥

238 16l 5{130} Mt. Blanc. Comparison with const.temp. :’Fr.‘r;.r & Millochau

— — | 5360 Atmos. absorp., g % with zenith sun Féry, 1909
— — | 5630 | Mt, Blanc. Atmos. absorp., 34 % Millochau, 190G
2'1 ‘146 | 5860t | Washington (sea-level) and Mt. Wilson | Abbot & Fowle, 'og
(6ooo ft.)
21 ‘146 | 5860t | Review of previous work Bellia, 1910

1'9g25° | ‘134 | 57401 | Mt. Wilson (6ooo ft.) and Mt. Whitney | Abbot, 1910
(14,500 ft.)

* Mean value for period 1904-9 (Madure, 1o11).
¥ Calculated from 5, taking Stefan’s const. as 5°7 ¥ 167" watls cm, ™ sec,™ deg.™,

THE CRYOSCOPIC CONSTANT

The crysscopic constant, K, would be the depression of the freczing-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. 7), # the absolute freezing-point of the solvent, L its
latent heat of fusion in ergs. Ezample.—For 1 gram-molecule of solute in 100 gms. of
water—

K = 8315 x 10" X (273127967 x 4184 x 10") = 1860

(See Whetham’s * Theory of Solution.”)

K K
M, Lat. ht. M. Lat. ht.
Bolvent, e Bolvent, e e

pt. {eals.) Caled| Obed Pt (cals.) calcd! Obsd.

- ; ’ 1858, G. | Benzene .| 55 |301, F. [516 | 512, P,
Water . .lo°C| 796 |usefl [iEh= fpenmene ol 8% | m be. |37 | 8 R
H,S0,.H,0| 84| 317, B. |50 48, L. Phenol . . 4o | 249, P.W.| 786 | 727, E.
SbCl, . .|l732| 134, T. |174 [184, T. p- Xylol . 16 |39'3, C. [425 | 43 P.M.
Acetic acid |17 | 437, Pe. [ 385 | 309, R.

Anflines =8| "= — | 587, A.R. l

* Mean of six observers; A.R., Ampola and Rimatori, 1897 ; B., Berthelot; C., Colson ; E.,
Eykman, 1889 ; F., Fischer; G., Griffiths (who used 0'0005 to o0z normal sugar solutions); L.,
Lespicau, 1894 ; P., Paternd, 1889 ; Pe., Pettersson ; P.M., Paterno and Montemartini, 1894 ; P.W,,
Pettersson and Widman ; R., Raocult ; T., Toelloczko, 18g9

—_ - ———— e
——

——



78

VELOCITY OF SOUND

VELOCITY OF SOUND

The velocity of sound (longitudinal waves) in a body, V = V/EJp, E being the
elasticity, and L the density. In gases and I|q_mds E is the adiabatic volume
elasticity ; in isotropic solid rods or pipes E 1s Young's Modulus. For gases
V = 4/9F/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. 68,

For moderate temperature variations, the velocity of sound in gases is given by
V. = V(1 + 4af) = V, + 61£in cms. per sec. for dry air (a = "00367).

The velocity of sound decreases with decreasing intensity down to the normal
value and increases in the supersonic region. In gases in tubes the velocity increases
with the diameter up to a limiting value for free space (K. & S.). The values below
are for free space. Barton's *“ Sound " and Poynting and Thomson's ** Sound " may
be consulted. [1 foot = 3048 cms.]

Substance. Tamp, Yeloeity. Observer.
Gases— cms./sec,

Air (tiw} st o 0°C. (33133) X 10* Caled. (y = 1-401)

n et i 0 3308 o A & L., 1921

i e 0 3300 = Esclangon, 1919

e 3 0 320 . Hebb, 1905

o : — 468 | 3056 Greely, 1890

i R — 182-4 1-8B13 = Cook, 1906

- EE e 18 3424 i K. & 5, 1933

T = . = " = 1':"} 3LHF3 ad ai #i

» (Krakatoa wave) — 521 i 1883

»» Sound-waves from | sparks 0 3'50-4'45 ,, ¥ | Topler, 1008
Hydrogen 18 1301 = K. & S, 1933
Oxygen . ; 0 3-17 i Stewart, 1931

o | [ LT T 1°737 e Cook, 1906
Nitrous oxide, N,0O 0 2460 - Wullner, 1858
Ammeonia, NH, . 18 4282 0 K. & 5, 1933
Carbon monoxide 0 337 st Stewart, 1931

3 b 1000 710 i 5. & G., 1934
Carbon dioxide . 18 2+658 £ K. & 5., 1933
Cﬂ&]—gﬂﬁ .- . 0 40-5'15 e
Sulphur dioxide. 18 2-162 + | E. &5, re3s
Water-vapour (satd.) 110 413 w | Treitz, 1903

Liguids—

Water 20 410 ¥ Iot Bnllié, 1919

s L5ea) 20 1540 N Wood, 1922

(sea) I'.x-::[nsmn waves 18 17:3-20'1 ,, * | Threlfall& Adair, 1889

Alcohol (abs.), C,H,O 84 | 126 i Martini, 1888
Ether, (C,H ;)0 0 11-4 e o
Turpentilm, B 1 85 | 137 . i

* The range of speeds is given by varying intensities. A. & L., Angerer and Ladenberg;
K. & 5., Kaye and Sherratt; 8. & G., Sherratt and Griffiths.

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

: Veloeit Velooit Veloeity
Saliy. m.,rlog. L um.j'ng. L ems. se0.
Aluminium. . _;;;m‘ Lead . + +|223x 108] Brass . . |6 36°5 x 104
Cadmium . .|231 ,, Mickel S e S Dieal {alcmg 49-50
Cobalt . . AT Platinum . .|26/8 ,, grain)
Copper . . 397 . Silver . - Fir R L R
Gold. . . .]2008 3k e B | o Mahogany ,, |41-46
Iron (wrought) | 49-51 ,, Zinc . . |ael Oak » | 40-84 o
ORI T 0 TRERA O Glass [wda} .| 50-53,, Pine SERE| g SR
Steel . . . .| 4752, w (fint) .|l 40 Indiarubber =7 »
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SOUND

Ii SOUND AND HEARING WAVE- L‘EH{ITH l'JF DH‘BAH PIPES |
I
|

i The bel (1o decibels) is a tenfold unit of (Length L)

intensity change, so that if two sounds Closed pipe 41., 4L/3, 4L/5, etc.
have intensities I, and I, they differ by Open pipe 2L, 21./2, 2L[3, etc.
I]ﬂﬂ‘ o(1:/15) bels, _ =D i

, IIiIL subjective quality known as the Jowd- | cyele l..,l'hu:
|m:'.l'_i‘ of a sound is measured by reference to | Lower linmt of audition . | about 20
{the intensity in free air of a pure tone of | Upper limit of audition . | 20,000 to

fmqueng 1000 cycles per sec., which is | 30,000
i

judged a normal observer fm:{ng the | Highest pitch in piano . | 3520
source, to be as loud as the sound. In the | Highest pitch in orchestra

| International scale, this intensity, expressed (piccolod®) . . . . 4752

lin decibels above a reference *zero™ of | Lowest pitch in organs

00002z dyne per sq. CI., eXpresses numeri- (64-foot pipe) . . . 8
|cally the equivalent loudness of the sound in |
| phons. '

|

The auditory semsation area, the assemblage of frequencies and intensities which |
give rise to the sensation of hearing, is bounded on the low intensity side by the
threshold of awdibility, and on the other by the threshold of feeling, above which the
sensation of sound gives place to pain. The table below, which gives the R.M.S.
pressure in dynes per sq. cm. at the ear drum for both thresholds, is based on curves
lgiven by Fletcher (1929), and by Sivian and White (1933).

:I':rHQHEnﬂy (cycles per sec.)| 20 32 64 128 256 512

{

Pressure at { audibility 12 2 0°15 o018 00040 ©00I0
ilhmslmld of feeling 12 6o 200 700 1260 2300 |

i!‘raq_ueucy (cycles per sec.)| 10324 2048 4096 319‘3 12, DDI} 20,700

| Pressure at { audibility | o-ocoso o'coo4o 000057 O mms 0020 10°0
!thrc:‘-lmkl of feeling | 2200 1000 400 00 300 100

TRANSVERSE VIBRATIONS OF RODS
L, length ; K, radius of gyration of cross-section ; E, Young's Modulus ; p, density

R S BT ARy, PRI e

: !'rnqnaney | e F uum:y |
No. of Distance of Nodes £ {Mo. of | Distance of Nodes o
Nodes.,  from one end. L-"\ Nodes.|  from one end. "\ -
! ——m————— - - —
2 | -224 L ; -776L I | 0 —
|Sothl 8 |-132] sL 8L 276 il t 2261 A
free { -094L; 35011 = fixed ‘1321 ; 5L 17°5
tee| 8 || 6a4L: wosL) | SO 3 |-004L;-356L; 6441 344

FREQUENCY RATIOS OF MUSICAL SCALE

H D E F G A B a
Doh  Ray Mo Fah Sch Lah Ta Dch

R A e VT R

I ] 'y ] 3 § A 2
Matural scale. . . . 24 27 30 32 16 40 45 48
I'oo0 I'I125 1'250 I1'333 I'soo 1667 1875 2000

Equally tempered scaiej I'ooo I'122 1260 1'335 1493 1682 1838 =zo00

3
Standard forks (Kdnig) { ¢’ d’ o r g a' b e
(marked ¢ =512 and 50 on) 256 288 320 34I'3 384 4267 4do RI2

ACOUSTICAL ABSORPTION AND TRANSMISSION

For data on acoustical absorption and transmission by materials, see
* Acoustics of Buildings,” by Davis & Kaye. (Bell.)
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INTERNATIONAL CONCERT PITCH

The long overdue question of the standardization of concert pitch has assumed a
new prominence in view of the requirements of international broadcasting. At an
IInturnatinn:ll Conference held in London in May 1939, it was agreed that the inter-
national standard of concert pitch should be based on a frequency of 440 cycles per
second for the note A in the treble clef. Of late years there had been a general up-
ward departure from the Vienna Standard of some 50 years ago, i.e. the French
Diapason Normal (A = 435 c/s at a working temperature of 15° C.).

In connection with the international standard, the British Standards Institution
makes the following recommendations :—

TEMPERATURE AND PITCH OF MUSICAL INSTRUMENTS
In view of the dependence of the pitch of nearly all musical instruments on tem-

conditioning " for concert halls is an important factor in this connection.
= In those cases where it is possible, instruments should be provided with adequate

variations as may occur during a concert. The following changes of pitch occur
when musical instruments, as at present constructed, are subjected to moderate
temperature changes :—

Flue Pipes of Wind Organs.—The flue pipes of wind organs have the largest
temperature co-efficient of any musical instrument, the pitch rising by about 1 part in
500 for 1° C. rise in the temperature of the air (7.e. 1 part in 9oo for 1° F. rise). For
example, the international standard pitch of A = 440 at 20° C,, corresponds to ap-
proximately 435 at 15° C. (50° F.)—which is the Diapason Normal.

Reed Pipes of Wind Organs and Orchestral Wind Instruments are,
on the average, subject to about half the rise of pitch experienced by the flue pipes of
the organ for the same temperature-rise of the surrounding air.

Pianos.—The pitch of pianos falls by about 1 part in 10,000 for 1° C. rise in
temperature (£.., 1 part in 18,000 for 1% F. rise).

Electro-Acoustic Organs and similar instruments have a negligible tem-
perature coefficient.

SUB-STANMDARDS OF PITCH

When the proposed broadcast standard is not available, the use of suitable tuning
forks as sub-standards of pitch is recommended on the score of reliability and con-
venience. Tuning forks, if of steel, drop in pitch by only about 1 part in g,000 for
1¢ C. rise in temperature (7.e. about 1 part in 16,000 for 1° F. nise). Elinvar forks
are to be preferred, in that they have a negligible temperature coefficient and are not
liable to rust. Tuning forks are demonstrably superior in respect of temperature to
the oboe, which is often used as an orchestral standard of pitch.

VELOCITY OF LIGHT
(See page B4)

pitch-adjustments to allow the player to correct for the effects of such temperature |

perature, such instruments should be constructed to be in accord with the inter-|
national standard of concert pitch at a temperature of 20° C, (68° F.). For rnm‘.;.ri
countries this may be taken to be a fair average figure for the temperature of the|
air of a concert hall during a performance. The increasing employment of * air/
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PHOTOMETRIC STANDARDS

The unit of luminous intensity now generally adopted, except in some central European countries,
is the International Candle (c), maintained by agreement between the national standardizing
laboratories of Great Britain, France and the U.S5. A, The candle-power (I) of a source in a
specified direction is its luminous intensity expressed in candles. The mean spherieal eandle-
power (1) (m.s.c.p.) is the mean of the candle-powers measured in all directions about the source as
origin. The mean horizontal eandle-power (I,) is the mean of the candle-power measured in
all directions in a horizontal plane, the source being in its normal burning position.

Light is radiant energy perceptible to the eye. A given amount of energy is differently evaluated
by the eye according to its wave-length., The value assigned bE the average human eye to a given
amount af energy at wave-length A is termed the relative visi il.i!‘ip’ factor, Ki, when the value
of Ka at the wave-length of maximum visibility is taken as unity. The values of Ka adopted inter-

nationally are as follows :(—
THE RELATIVE VISIBILITY FACTOR

A
_mp 0 10 20 30 40 50 60 70 | s | 80

400 oooo4 | o001z | 00040 | 00116 | 0023 | 0038 | oobo | 009t | o139 | o208
500 0323 | o503 | ovio | o862z | 0954 | oous | o995 | 0952 | o8jo | o757
(00 0631 o503 0:331 o265 0175 o107 o061 o032 ooIT 00082
700 | 00041 | 00021 | 000105 0°00052| 000025 0-00012] n-mmﬁl - -— —_—

The time rate of passage, or emission, of radiant energy (i.¢. radiant power), evaluated in accord-
ance with the visibility factor as described above, is termed luminous flux (F). Thus the total
luminous flux emitted by a source is a measure of its light-giving power without reference to
distribution. The unit of luminous flux is the lumen and 1s the flux emitted within the unit solid
angle by a uniform source of one candle-power. Since the total solid angle at a point is 4, the total
flux emission from a source of m.s.c.p. equal to I, is 471, lumens. Further it follows that the candle-

wer of a source in any direction is equal to the angular flux density in that direction expressed in
umens per unit solid angle, i.e, [=dFidw.

The mechanieal equfvalent of light is the ratio of the radiant flux (in watts) to the luminous
flux (in lumens) at the mvc-lenlgth for which K is a maximuem. It is equal to 00016 watt per
lumen, approximately (see H. E. Ives, ™ Opt. Soc. Am., J.,” Vol. g, 1924, p. 638).

The i]iFuminatmn (E) of a surface is equal to the luminous flux it receives per unit area. The
British unit is the foot-candle (f.c.), equal to 1 lumen per square foot. The metric unit is the Jux
or metre-candle (m.c.), which equals 1 lumen per square metre, Henee 1 f.c.=1076 lux or m.c,

The brightness (B) of a surface in a given r{: rection is the luminous intensity per unit projected
area in that direction. It is measured in candles per square inch, per sq. cm., ete, Alternatively
brightness may be expressed in terms of the brightness of a perfectly diffusing surface (f.¢. a surface
having the same brightness whatever the direction in which it is viewed) emitting I lumen per square
centimetre. This unit is termed the lambert, and its one-thousandth part, the millilambert, is
frequently used in America as a unit of brightness,

1 candle per sq. cm. = = lamberts, 1 candle per sq. inch == 487 millilamberts.

BRIGHTHNEBS AND TEMPERATURE OF COMMON LIGHT SOURCES

Bﬂfhtnuu ‘ Brighiness Colour
(e/mm?*) Temperaturs [*K]. || | Temperaturs [* K.
Candle: . & + + = & & 3 0005 — 1930
Paraffin flame ((ﬂar. wick) . .« . 00125 1500 2055
L »» (round wick). . . 0015 1530 1920

Acetylene (Kodak burner) . . . o108 1730 2360
Welsbach mantle (low pressure) . o-o48-0-058 —- ——

B 7] (.high P"’“mm} & 025 S T
Tungsten fil. lamp (vac. 7:0 jw)* . 1-25 2150 2400

" w » (gasf 129 1/w) 597 — 2740

Al P g-n 1/w) 772 = 2810

- T w181 l'w) 1000 — 2020

1 " " g 2002 ]ile 1325 == JO00
Mercury vapour (glass) . . . . 0023 — —_
Arc crater (solid plane carbon) . 172 3700 1 3780
Clearbluesky . « + « .+ 0004 — [2.000 tO 24,000
Zenith sun (at earth's surface) . . 1650 -— 5400

The brightness temperature is often termed the * black-body " temperature (see p. 57).

The colour temperature is the temperature of the hluck-hod; giving light of the same colour as
that emitted by the source under consideration. See Walsh, ' Photometry,” p. 270 (Constable).

It is to be noted that the Hefner candle = 0-go int. candle. The system of photometric units
used in Germany and some other countries is based on this unit (symbol HK). The units affected
are (a) the candle, (b) the lumen, and (c) the meter-candle (1 Meter-kerze == 0'g m.c.).

* lfw = lumens per watt; || A = oG65m; T A = oG5,
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GASEOUS REFRACTIVE INDICES AND DISPERSIONS

Dispersion.—Cauchy's equation is # — 1 = A(1 + B/a%), where # is the refractive
index for the wave-length A ; A and B are constants. B s the coefhicient of dispersion.
The refractivity (#—1)=A, when A = . The values of A and B are for
wave-lengths measured in cms. The refractive indices are mostly for the sodium
D line (A = 5893 x 10~* em.). The values of » are reduced to a standard density at
o® and 760 mms, by assuming that (#— 1)fp is a constant for each gas, p being the
density. Cauchy’s formula 1s in general inadequate over large dispersions. (See
Cuthbertson, Seience Progress, 1908 ; and FProc, & Trans. Roy. Sec, for 1905 ef seg.)
Refractive Caunchy's Constants.
Vs or | index » for 5 Observer.
Na D line. A |! B.
Air . . 1'0002918 [28°71 % 107% 567 x 1071 Scheel (Reichsanstalt), 1goy
Hydrogen . [1'oco1384 (1358 ,, | 752 ”
Helium . 1'occo3so | 348 ,, | 23 ,, |Burton; Cuthbertson & Metcalfe,1907
Neon . 10000671 | 666 ,, 24 C. & M. Cuthbertson, 1909
Argon 1'o002837 [27792 , |§6 Burton, 1907
Krypton .|1'ooo4273 (4189 ,, | 697 C. & M. Cuthbertson, 1908
Xenon . .|Iooojoz 6823 , (1014 i o
Fluorine . ]1'coo195 — — Cuthbertson & Prideaux, 1906
Chlorine . |1°000768 - _— Mascart, 1878
Bromine . |ioor1zj e — - iy
lodine . .|1ooigzt e — Hurion, 1877
Oxygen . 1ocoz7z | 2663 ,, | 507 Rentschler, 1908
Sulphur. 1001111 |log® 4, [ziz Cuthbertson & Metcalfe, 1908
Selenium 1'001565 —= | - ! -
Tellurium | 1'00240% — | —_ ih i
Nitrogen 1'0002Q7 29006 , | 77 = Scheel (Reichsanstalt), 1907
Phosphorus |1'oot212 |1162 ,, |15°3 % Cuthbertson & Metcalfe, 1908
Arsenic. .|1ooissz -— - - G
Zing . . .|1oo0zo50 — — - -
Cadmium . |1'002675 — — = .
Mercury .Jiooog33 | 878 , |2265 ” "
Befractive Hefractive
Gas or Vapour. |Indexsfor| Observer. Gas or Vapour., |Indexmfor| Observer.
Na DI line, Na D line,
Water-vapour . . |t"o00257 (Mascart,’y8 | Tellurium tetra-
5 w = «|rrooozso | Lorenz,'74 chloride . . . |1'oo2600 P. & M.
Ammonia - 1'000377 |Mascart, 78| Phosph. hydrogen |1"oco786% D, 1826
& « + . |l'ooo373 | Lorenz, '74 | Phosphorus  tri-
Nitrous oxide . . |i'ocos15 |Mascart,’78 chloride . . |I'oo1730 [Mascart, '78
Nitric oxide . . |I'ooo297 o » | Methane, CH, 1'000441 o e
Hydrochloric acid |1°000444 £y ys | Pentane, C;H,, . |1'oo1701 - L
Hydrobromie acid |1"oco570 - » | Acetylene, C,H, . |1*oo0bob . -
Hydriodic acid . |r° Hurion, 77 | Ethylene, C,H, . |i'ooco719 e =
Carbon monoxide 000334 (Masecart,’78 » .+ .« |rooob74 | Prytz, 8o
» dioxide . |1"0004498| Perreau, 'o6| Benzene, C,H, 1'oo1812 |Mascart, '78
» bisulphide |1'001476 |Mascart, '78 ) B 1'00176% Prytz, ‘g1
Sulph. hydrogen |iooo641®| D., 1826 | Methyl fluoride . |r'ooo449 Cuthbertson
5 T 1'ooobig |Mascart,’78 » Chloride . |1'ooo865 |Mascart,'78
Sulpfmr dioxide . |1'0oo6bo | Walker, 'o3 » alcohol 1'o00552 | Prytz, 8o
» trioxide . |r'oco737 |C.& M., 'o8 o s - |1'oooblg |Mascart, 78
y» hexafluorideli‘coo783 " Chloroform, CH Cl,|1"001455 o -
Selenium 1'000895 ~ Carbon tetra-
Tellurium 1'000gg1 . chloride , . ., |r'oo1768 - .1
®* White light. + Vielet light. = = 100208 for red light. Iadine shews anomalous
dispersion. C. & M., Cuthbertson & Metealle ; D, Dulong ; P. & M., Prideaux & Metcalfe.
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REFRACTIVE INDICES

Refractive indices, », (against air) at 15° C. for various wave-lengths. :

The temperature coefficient given below is the change of refractive index
per 1° C. rise of temperature for the case of the sodium D line.

The refractive indices are due chiefly to Gifford (Proc. Rey. Soc., 1902, 1904,
1910) ; Rubens and Paschen (for the infra-red) and Martens (1goz). The two Jena
glasses are selected as typical. Other glasses are dealt with on p. 85,

Calospar, 187, | Jena gl Flu- 2 Byl-
Wave-length in S < uri:a, bk e Fused ‘mk vin, |Water
£u. 0+ om). | ord. | ext. orowne|gine.¢| CoFy | ord. | ext. [silica| % | KOI fac 20,
Iay. | may. 'l 18% | ray, | ray. 18,
Infra-red. 1 I* 1 I I* 1* I 1" I I* I
223,000 — | — —_ | =] = =] =] - o3 |37124 —
94:290 — —_ e - la16r] — | — — 3433 4587 | —
4983
42,000 | — - o — | 4078 | 4569 — | — |5z213|4720 | —
21,720 | 6210 | 4746 | 4946 | 6153 | 4230 | 5180 | 5261 | — |26z (4750 | —

12,560 | 6388 | 4782 | 5042 | 6268 | 4275 | 5316 | 5402 5297 |4778 | 3210

Visible.
Li, (r) 6708 | 6537 | 4843 | 5140 | 6434 | 4323 | 5415 | 5505 | 4561 | 5400 4866 | 3308
H, (C) 6563 | 6544 | 4846 | 5145 | 6444 | 4325 | 5410 | 5500 | 4564 | 5407 |4872 [ 3311
Cd, (r) 6438 | 6550 | 4847 | 5149 | 6453 | 4327 | 5423 |5514 | 4568 | 5412 4877 | 3314
Na, (D) 5893 | 6584 | 4864 | 5170 | 6499 | 4339 | 5443 | 5534 | 4585 | 5443 | 4904 | 3330
Hg, (g) 5461 | 6616 | 4879 | 5191 | 6546 | 4350 | 5462 | 5553 | 4602 | 5475 [4931 | 3345
Cd, (¢) 5086 | 6653 | 4895 | 5213 | 6598 | 4362 | 5482 | 5575 | 4619 | 5509 [4961 | 3360
H, (F) 4861 | 6678 | 4907 | 5230 | 6637 | 4371 | 3407 | 3590 | 4632 | 5334 4983 [ 3371
Cd, () 4800 | 6686 | 4011 | 5235 | 6648 | 4369 | 5501 | 5504 | 4636 | 5541 |4990 | 3374
Hg, (v) 4047 | 6813 | 4969 | 5318 | 6852 | 4415 | 5572 | 5667 | 4697 | 5665 | 5097 | 3428
Ultra-violet.
Sn 3034 | 71 136 2
Cd 2144 34‘;‘2 Eﬁgg 23
Al 1900 | =

— | 4834 | 5770 | 5872 | 4869 | 6085 | 5440 | 3581
— | 4846 | 6305 | 6427 | 5330 | 7322 (6018 | 4032
— | 5099 | 6759 | 6901 | 5743 | 8933 |8270 | —

—
[,

m“"?:ggﬂ;} 055/ + "0, 14] =051 |+ 03| = 0, 1| = '055| — "0;6| = 03| — '0pd{ = 044 = "0, 8

* Light barium crown, t Dense silicate flint, I n=1"3602 for A = 225,000,

REFRACTIVE INDICES
Refractive indices »p (against air) at 15° C. for sodium D line (A = 5893 x 10~%
cm.).

Bubstanoe, o Bubstanca. #n Bubstanca. HD
Solids. Alcohol, ethyl . 1'362 | Monobrom benzene | 1°563
Alum (potash) . . | 1456 ,  amyl 1'41 w s naphtha-
Cyanin. . . . .| 171 | Aniline. ; 1590 lene. | 1660
Diamond . . . .| 2417 | Benzene . . . . 1’504 | Nitrobenzene . .| 1°553
Glass (see above Bromoform . . .| 1’591 | Oil, cedar. . . .| 1’516
and p. 85) Canada balsam. . | 1's3 o Cloves . . .| 1'532
I':? LE L e [ Carb. bisulphide . | 1632 » Cinnamon . . | 16or
Mica . . 1'56to | 160 » tetrachloride | 1°464 | ,, olive . . . .| 146
Ruby . . . . .| 176 | Chloroform . . .| 1'g49| , paraffin. . .| 144
Sugar . . . . .| 156 | Ether,ethyl . . .| 1354 Sulphuric acid . . | 1"43
Topaz e 1'63 | Ethylene dibromide | 1540 | Turpentine . . .| 1’47
Liquids. Glycerine . . . .| 1’47 | Water (see above). | 1'333
Alcohol, methyl .| 1’33 | Methylene iodide . | 1'744
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DISPERSIVE POWERS

The dispersion v given below = (np — 1)/(ne — ng) where nc, #p, 2¢ are the
refractive indices corresponding to the red (C) H line (6563), the vellow Na (D)
line (5893), and the green-blue (F) hydrogen line (4862).

i |
Substance. o Substance. v Substance. - |
Solids. Quartz, ord. . . 70 Iiiq\li-ﬂ.ﬂ
Calcite, ord. . .| 49 2 ext. . .| 6B Carb. bisulphide .| 183
» ext. . .| 80 |Fusedsilica . .| 69 J|Aleohol . . .| 58
| Fluorite . . .| 95 | Rocksalt . . .| 43 | Turpentine . .| 49
| Glass (see p. 85) Sylvin . . . .l 44 FWaber . . .Gl 56
G, W. C, K.

VELOCITY OF LIGHT

VELOCITY OF LIGHT IN VACUO

Methods.—T. W. toothed wheel ; R. M. rotating mirror.
For ratio of e.s. to e.m. units, see p. 15.
Weighted mean of last three observations ¢ = 299,774 + 11 km.sec.”!

Date.| Author. | Method.

Vel. km.sec.”. | Date. | Author. | Method. Vel km.sec.—,

1849 | Fizeau T.W. | 315,300 1902 | Perrotin | R.M. | 299,9014-84 |
1863 | Foucault R.M. | 208,1004-500 ] 1924 | Michelson | R.M. | 209802430
1875 | C—H T.W. | 299,990-L 200 | 1926 | Michelson | R.M. | 209,7064- 4

18709 | Michelson | R.M. | 2009,970-4 501928 | K and M R.M. | 299,7784-20
1883 | Newcomb | R.M. | 299.860-L 30] 1932 | M,Pand P| B.M. | 209,7744-11
1882 | Michelson | R.M. | 209,8534 60] 1937 | Anderson | R.M. | 200,764 415

C—H, Cornu—Helmert, K and M, Karclus and Mittelstzdt; M, P and P,
Michelson, Pease and Pearson.

VELOCITY OF HERTZIAN WAWVES
Mercier (1923) using stationary waves on Lecher wires found ¢ = 209,782 4 30 km.

sec.~1,

Y. DD, H.
VELOCITY OF LIGHT IN LIQUIDS
i Vel. in vacno Refractive index
Liquid. Vel, in liquid' | for Na D line. Method. Observer.
- = e R e e k]
Water . . 1-330 1-333/20° Rotating mirror | Michelson, 1883
1 CH% L " l'?SE ]'62?1{2':'“ 7] 1 e 1]

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,COy,, or K,CO,; (3) salts of
bases other than alkalies—red lead, limestone or chalk, BaCO, or BaS0,, MgCO,,
Zn0, MnO,, Al,O;, As, Oy etc.  In general, glasses rich in silica and lime are hard,
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while glasses in which alkali, lead, or barium preponderate are soft. Hardness is,
of course, also largely dr:pﬂulcnt on annealing. Ordinary * soft * (i.e. easily fusfhl'a)
German EIH‘EH is a soda-lime gla-‘ﬁ rather rich in alkali; * hard (rr*fractr:-ry) glass
is a potash-lime glass rather rich in lime. Jena combustion tubing is a borosilicate
containing some magnesia.

Thermometry Glasses.— Glasses which contain both soda and potash to any
extent gi*.re a large temporary zero depression (see p. 57). Data concerning Ferre
aur (71% SID,, 129, Na,O, 4% K.OQ, 14% CaO, 2%, Al,O; and MgQ), fena 16"
(ﬁ"‘% SIU.,, 14% o '\.L.C', =07 CdD 12‘5;{, ZnO, Al D, and B,0,), fena 50" (729, S10,,
12% B,0,, 119, Na,0, 5%, Al _,Dnj, will be found on p. 57.

Optical Glasses.—In building up achromatic lens systems a knowledge of the
dispersion (v) of each glass emploved is essential. This is defined as the ratio of
the deviation at a selected wave-length to the difference of deviations at two
neighbouring wave-lengths. It thus depends on the colours selected ; for visual work
they are usually the red (C) line of hydrogen (wave-length A: = 6563 % 107% cm.),
the yellow sodium (D) line (A; = 5803), and the green-blue (F) hydrogen line
(Ar = 4862). If n, n,, 2 are the mrrmpﬂnrhn;{ refractive indices, » = (n, — 1)/{(#nc
—# ) for the brightest part 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.

Optical Glasses.—For ordinary flints and crowns » and # are roughly pro-
portional, and this was true for all commercially available glasses prior to the
advances initiated in 1881 by Abbe and Schott at Jena. They succeeded (e.g. by
the addition of barium) in producing glasses which do not obey any such propor-
tionality ; e.g. the very valuable barium crown glasses (below) combine the high
refractive index of a flint glass with the low dispersive power of a crown. In more
recent years other manufacturers in this country and abroad have extended the
| variety of combinations possible. Such glasses have brought about the excellent
achromatism and flatness of field which now obtain in photographic lenses and large
telescopic objectives.  The relative dispersions at the two ends of the spectrum can
also be varied hulepcnrlcnﬂl}' by the addition of suitable constituents : such control
over the dispersion has made the modern microscope possible.

Some typical examples of British and Jena glasses are subjoined. For a complete
list, see the catalogue of Chance Bros. The U.V. glasses are markedly transparent
to ultra-violet light as far as about A = 2880,

See p. 83, and Zschimmer’s * History of the Jena Glass Works,” Hovestadt's
* Jena Glass,” and Rosenhain's “ Glass Manufacture  {with bibliography).

(After Zschimmer, Zest. fnst., 1908.)

(lazs. o Ve, D.F) Den.i.l Glass. Hp Vit 0. F) Dens.
grms, | gTms,
Crowns — “cc, |Flinta—contd. c.C.
Tre4782] 66 |z23] UV.flint . . .] f1'5320] 76 - -
(Silicate) crown . *1-5189| 6o | 260 Borosilicate flint .} t1-5753| 46 | 200
t1-5215| 50 |=248 *1-5670| 55 |[3'14
UV.crown . . .} ti'5035| 65 — | Barium flint 16226 40 | 363
Fluor crown . . . '|'I 4&.1: 66 | 228 *1-6683| 36 [ 398
Borosilicate crown .| *1'5006| 65 | 2:46 15149 57 | 250 |
Barinmerown . . " [-541'::& 60 | 2:87 | Telescope flint . # fl*jzﬁﬁr 52 | 250 |
'[-5336 61 | 331 "1:5302( &I | 256
Dense barium crown i} "1-6123| 53 | 355 *1-6224| 36 | 365
1163851 S5 1369 ponse fiint *1-6500| 34 | 389
Flints— i ;,zqo £2 | 2:56 " *1-7482| 28 |4°75
(Silicate) flint . *regr8al 41 326 tig229| 21 |603
t1-6480 | 34 | 387

* British Optical Glass. t Jena Glass,
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' SPECTROSCOPY

It is now agreed that the use of the diffraction-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 Paris).in dry air at 15° C. |:H scale) and 760 mms.
mercury pressure, are given below in tenth-metres (= 10-*cm. =1 .'fngstrﬁm unit),
(See Michelson's “ Light Waves and their Uses.”) [s = 10~% cm. ;mu = 10=7 cm.]

|
Observer. [ A Qd red. A Cd green. A Cd blua,

Michelson and Benoit, 1804 . . . . | 64384700 5085-8218 47999085
Benoit, Fabry, and Perot, 1907 . . . | 6438-4702 e —
Watanabe and Imaizumi, 1928 . . . | 6438:4682 | — —
Sears and Barrell, 1933 . . . . . | 6438-4708 — —_—
Kbsters, 1034 . - . . . .+ <« . |. 64384672 - —_

STANDARD LINES—IRON ARC SPECTRUM

value for the wave-length of the red line of cadmium, The wave-lengths below are
given in tenth-metres (10=® em.), measured in dry air at 15° (H-scale) and 760 mms.
mercury. (Buisson and Fabry, Compt, Rend., 1907 and 1909.)

Obtained by an interference method, and based on Benoit, Fabry, and Perot's |

2373'737 29387°293 | 3724379 | 4352741 4878226 | 5405780 5052°739
2413'310 3030°152 | 3753°615 | 4375'035 4903324 | 5434'530 6003'039
2435159 % | 3075'725 | 3305'346 | 4427314 4915'006 | 5455'616 6027'059
2500904 * | 3125660 | 3343260 | 4466°554 4906104 | 5497521 6065°493
2528:'516% | 3175447 | 3865 516 4494'572 soordlo | 5506'78 6137 700
2562°541 3225790 903 4531°'155 solzoyz | 553541 6191569
2588'016 3271°'003 3:;35'313 4547854 sog4g827 | 5§ 5&9 ﬁ;z 6230732
2628296 3323739 | 3977°745 | 4592658 5083343 sg 6205'147
2679065 33707 4021'872 4602044 EIIO"415 ghis 655 fi315'029
2714'419 3399°337 | 4076°641 | 4647°437 5127364 | 5658'833 6335°343
2739°550 3445°155 41155 §2 4678353 5167 492 5705306 6393612
2778225 3485'344 | 4134°685 | 4707287 §192°362 | §760'843% | 6430'859
2813290 3513520 414:-' 677 4?35 7585 5232938 | 5763013 6494'994
2851800 3550'879 4101°441 ga, o466+ | 5266568 gBog211 1 e
2874176 | 3606681 42437015 *65? 5302:316 | 58577603 Si.

2912157 | 3640°301 282°407 432.1 sa1t | 5324196 | 58028823 | 1 Mn.
2041347 3677'628 | 4315080 | 4850'756 5371°498 | 5934°683 § Ni.

CHIEF ABSORPTION (FRAUNHOFER) LINES IN SOLAR SPECTRUM
Rowland’s wave-lengths corrected approximately by the use of Fabry and Perot’s
results, measured in tenth-metres (10—% cm.) in air at 20° and 760 mms. Owing to
atmospheric absorption, the sun's spectrum extends only to about wave-length 3000,

Ral. ; Eeal. ba Rel.

Line. Bubst. Tt Lina. Bubat, Toieii, Line, Bubst, | Intens.
3047°5 Fe 20 L 382004 |Fe-C| 25 |[(Hy43404 H 20
3057°3 |Ti-Fe| =20 38258 Fe 20 FT 4861°37 | Hm| 30
30590 Fe 20 38382 |Mg-C| 25 by 51727 Mg 20
ﬂ{ 34406 Fe 20 38508 |Fe-C | 20 b, 517822 | Mg 3o
34410 Fe 15 K 39336 Ca | 1000 | E 5269'56 | Fe 8
35245 Ni 20 3961°5 Al 20 | (D,5875'62)| He —
N 35812 Fe 30 H 3968 q. Ca | 700 | D, 583997 | Na 30
36088 Fe 20 4045°8 Fe 3o | D, 589593 | Na 20
36187 Fe 20 40636 Fe 20 C 65628 Ha)| 40
M 37199 Fe 40 [(Hs)4101°8 H 40 B 63673 : [
37348 Fe 4o 422607 Ca 20 A 7661%* h e~
37371 Fe 30 G 43079 Fe 6 Z 8228* e —

* Langley, 1900, t+ Emission line in chromosphere alone,
3 Oxygen in earth’s atmos.
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“Atlas of Emission Spectra,” 1g0s.

EMISSION SPECTRA OF SOLIDS

For a fuller treatment of wave-lengths see Watts' “Index of Spectra”™ and
appendices, Kayser's “ Handbuch der Spectroscopie,” Hagenbach and Konen's

For recent work consult the Asfrophysical

Fournal. The wave-lengths below are measured in tenth-metres (107% cm.) in air

at 15° C. and 760 mms.

The visible spectrum colours are indicated—r, o, ¥, 7, 8, =

The brightest lines are emphasized and the approximate boundary of the ultra-

violet region is indicated thus

ALUMINILM
(are).
3083
3993

------

BARIUM
{BaCl, in
flama).

Full of bands,
somediffuse,

and some
resolvable,

......

BORON
(Borie aeid in
flama).
Diffuse
maxima at
4500 &
4700 &
4900 &
1504

£
5300 y
Booo o

cADMIUM
(are).
3261

||||||

CADMIUM
(contd.)
4413
4678

¢
e?
b
5085822 ¢
&
&
-

5379
6438470

QESIUM

36118
3617
3877
3889

‘‘‘‘‘‘

CALCIUM

(CaCl,; in
flame).

dominate ;
line at

4227

{Flama arg).

3362

3644
(K) 3934 7
(H) 2968 #
4227 ¢
4303 &
4426 &
44335 &
4455 &
4386 &
4878 &
5270 &
Essn.&*
589 y
5505 ¥
5858 y

(CsCl in flame).

Bands pre-

CALCIUM | MAGNESIUM RADIUM 80DIUM
(conid.) (contd.) (contd.) | Na@lin flame).
are | g0 | A

162 o 383 s
6440 0 5168 ¢ 5210 ¢ ﬁ:ml:’i II??;E:
64630  (8,) 5178 ¢ 5360 & Ll e
6500 r 5184 ¢ 5655 y  |(D;)5889°0650

5529y 268:y  |(D,)5895'9820

COPPER R0 P

{are in vacuo).! MERCURY 6216 o2 1:331-;?“1:;:.;]
Fabry and |(Mercurylamp)! 6228 ¢2 [~ :
PEMF"[ 5 | Stiles, Adstro.| 6247 0% |Bandspectr'm
s B9PE- ?’am-':l 1909. 6250 3 | with lines at
3243 e 6260 0* |  4607'5 &
3274 gm 6260 a: 6387 o
------ 6285 ¢
1;;3 v 3"3.'5?. 6329 o3 THALLIUM
5108'543 ¢ | 40468 @ EE 4 e
5153'2561 & 40?3:’ k. 53507
5218202 & | 4358343 # E-Tl}ﬂ o £
5700 | 49164 ‘ﬁ-'f 6653 » TIN
5782:090y | 49397 Z (enck)
5782159 ¥ E‘iﬂﬂ‘?ﬂ Bands. i
| 5769° 598_}' s | mueiDIUM 3233
IND 57906569 »*

it 1o G152 2 |®YbCl in flame)| 3175

fame). 62320 @ 1349 323‘*
44027 |*Fabryand| 3351 i
4511 v Perot, 1goz, | 3587 3506

s and Rayleigh, 3592 37

IRON 1906. kbl B

(see p. 76). 4525

R eorassum | 4216w 5533;
LITHIUM | (KO in flame). | 5048 5589 ¥
(Li0l in flame).| 3446 il 5799 y
4gs. . 3447 62087 0453 ¢

e S | A

4044 v ZING
i SILVER | (arc in vacuo).
6707-846 » <802 {arc in vacuo). 3036
! Fabry and 7668 » 3281 3072
Perot, 1902. | 7702 » |3383 3345
MAGNESIUM RADIUM 4';5.5. Ty 4630-13845“

(are). (RaBr, in 4212 T | 4722164 HE
3001 flame). 4669 & | 4810535 4%
3003 Runge and | 5209°081 ¢4 | 4012 &
3097 Precht, 19o3.| 5465'489 ¢4 | 4925 g
3330 3630 5472 £ | 6108 o
3332 3815 5623 £ 6302°345 ot
e e * Fabry and | ® Fabry and
3830 4341 o Perot, 1902. | Perot, 1902.
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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, », g, &, 7.

NITROGEMN
(conitd.)
5804 ¥
5854 ¥
5906 o
5050 ¢
6013 o
6obg e

With large cur-
rent densities,
N gives a line

spectrum.

OXYGEN
Elementary line
speotrum.

3919
3973

5208 &
Diffuse maxima
at

53358
5440 £
6IIo @
B170 o
There are three
other oxygen
spectra: con-
tinuous, band,
and series
spectra.

RADIUM EMANA-
TION
Royds, Phsl.
Mag., 150G,

@reen. | Blue. | Violet. \ Ultra-violet,

ARGON, CARBOMN HYDROGEN MNEOM (;p:;fd:}
Red spectrum | MONOXIOE or | Elementary spee- 5853 y
(small current i 5882 o
Aansik (of common oc-
ensity). currénce in 3750 5045 @
4159 v many vacuume- 3771 5076 o
4492 o tube spectra). 3%‘% 6ojo @
4198 v Numerous 335‘ 6oy g o
4201 v bands shaded 3889 E?Eg 4
4259 & towards violet T LR
3970 i 6143 0
4300 & edges at 2102 (3) v 5161 ¢
4334 £ 3590 (CN) 4340 (¢ | 61820
42035 3884 (CN) | (P) ﬂﬂ:‘a B g6 62170
5452 & 4.l‘.33‘ o {E:rﬁfnﬁrr Lﬁu:t E;g;f:
550?_: 4216 (CN) | wave-lengths 6383 0
%3132. = E‘%ii ﬂ (Iﬂ%lﬁﬁjts.ee G40z 0
6o59 0 A IRl Sy ok, |
4835 4 | gecondary spec- NITROGEN
5165 (C) & trum Band spectrum
5198 (see Watson, | from positive
5610 Y | Proc. Roy. Soc., column.
Eii:33 gr 6079 0 1909). T;'Ilﬂn}rdbaudsf
133 | all made up o
(large current um‘;;ggﬂnuu fine I*'.:ac}.].
S| weuum | Brit Ao Rep, | From3oete
i Rayleigh, 1908. 19095 occur at inter-
g el NEON vals of about 6o
4104 ¥ I | emy el A
4228 v 8880 v | Jrans,1903. | Otherbands
4331 & 4026 g | Very rich in have edges at
4348 & 4471°482 & red rays. 4648 &
4426 & 4713°144 & 3448 4666 &
4430 & 4921°930 gb 3473 4723 &
4431 4 so15'680 & 3521 4813 &
4610 & (D,) 5875625 ¥ 3594 53408
4806 & 66781507 | s ae 5614 ¥
7065200 r 5765 ¥ 5755 ¥
The following values (all in tenth-metres) are of course only approximate :—
Hertzian Waves, | Infra-red. | Bed. | Orange. | Yellow.
10t — 4 X 107 |31 X10* Y700 G470 5?30 §500 4920 4550

3600 600

ABSORPTION SPECTRA
Among the enormous literature on absorption spectra, reference may be made to
Kayser's * Handbuch der Spectroscopie,” Baly’s * Spectroscopy,” Vogel's “ Prak-
tische Spectralanalyse,” the writings of FProf. Hartley, Jones and Anderson's
“ Ahsorption Spectra of Solutions,” 1gog, Smiles’ “ Chemical Constitution and
Physical Properties,” and the British Association Reports of 1901 f seg.
Convenient substances which show good absorption spectra are—neodymium
and praseodymium salts and didymium glass (which yield some extremely narrow
absorption lines), iedine vapour, nitrogen peroxide, chlorine, chlorophyll, blood, and
potassium permanganate solution.

|
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OPTICAL ROTATIONS OF PURE LIQUIDS AND SOLUTIONS

A, = the rotation in degrees (for light of some given wave-length) of the plane of
polarization by a liquid when at the temperature ° C.
J, = the length of the column of liquid in decimetres (ie, 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.
# = the density in grams per c.c. of the liquid or solution at #°,
¢ = jpp = the concentration expressed as grams of active substance per 100
c.cs. of solution at #°.

[a], = the specific rotation (at #°) = rotation per decimetre of sol.

grams of active substance per c.c. of sol.

For a pure liquid [a], = %.
L

I00A, 100 -
= *——ii',mnr_'e

For an active substance in solution [a], = %, # i‘ ny "") e e
i i ]

(# + ¢) = 100 : !
The rotation depends on the wave-length of the light used ; it increases as the

wave-length (A) diminishes (”'CII‘ 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 lavo (/).
The molecular rotation is the specific rotation multiplied by the molecular
weight.

[] indicates that the specific rotation is measured at 20° C. using sodium (D)

light.
(See Lam;i’-:rlt’s % Optical Rotations of Organic Substances and their Practical
Application.”

Optically Active Substance. Bolvent. Conditions. |  Bpecific Rotation [a],
Cane Sugar or Candy (61}‘ water e=4t028 |[a], = + 6667 — ‘0Og5c
(Landolt, 1838 ; Pellat, ?=14°t030° C. |[a]} = [a]l, {1 — ‘00037(#
1901) - 20)}

InvertSugar(/),*C,H,,0,] water c=9to35 |[al,=—19%7 — -036¢
= 1 mol. of dextrose + 1

mol. of levulose ?=3°t0 30° C.|[e} = [a], + "304(¢ ~ 20}
{Gubbe, 1835) LA i __!_ + 001657 — 20)?
Dextrose (4 — glucose), waler E=9ql [“1; = 41052 after g5
C¢H,;,0, mins. (& modifica-

(Parcus and Tollens, tion)
18go ; Tollens, 1884) = +452%5 after 6 hrs.

(B mﬂd'tﬁcatiunl
water p=1to18 [ﬂl:= +52™5 + ‘o250

! - Glucose, C,H,,0, water =4 [«]}, = —94%4 after7 mins.
(Fischer, 18g0) = —51%4 after 7 hrs.
Levulose (/) {frmt sugar),| water £=10 [a]}, = — 104 after 6 mins.
® d CgH,,0, = —gz° after 33 mins.
arcus and Tollens,
18g9o; Ost, 1891) water =2 to 3I [::],',Lz —-Q1%'g = "110

* The molecular weight of cane-sugar is 342 ; which, after conversion to invert sugar, becomes
360. Hence the new concentration of the invert sugar solution is §§8<, where ¢ is the number
of grams of cane-sugar in 100 c.cs. of the original solution.
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ﬂptmally Active Bubstance. Solvent. Conditions, I Epeni.ﬁu Eotation [uL
Gnlantnne (), C,H,.0; water _,4: 4 to 16 [n}‘ = 48379 + ‘J?EP
(Meissl, 1850) £=10%to30° C. - 21
Erdy. Tartaric acid (4),] water —— [u}; = 41506 — "131¢
:C.H,0,
Potassinm tartrate (7) water ¢c=8tos50 |[a]l = + 2714 + ‘0992¢
K,C,H,0, S 000044
(Thomsen, 1886)
Rochelle salt () water - al, = +29'73 — ‘0o78¢
KNaC,H,0, (e
/= ']éurpan‘%na, Cﬂ;ﬂ e pure liquid — [a];, = —37°
I ¥ r, ——— |
{ le;;;;’ S SRRED vapour at 761°7 mms. ||_n_1f“ = —35™3 for mean
yellow
aleohol g=otogo [[a]] = —37° — "o0482¢
= *796) - ‘ooo13g?
benzene | g=otogr |[a], = —37°— -0265g
paraffin oil | Within wide limits [a] increases with the
percentage of paraffin.
Quinine sulphate (/) water | about 1'6 % of| Salt [e], = —214°
CaoHy N,0,.H,S0, alkaloid Alkaloid [o], = —278°
(Oudemans, 18?6} (calculated) U
Nicotine (N, C,,H, N e o |ra® _ _ce.0
(Landolt, 131;}" ;“ ffﬂin, itk ittt i 162
18g8) benzene P =28to 100 [u:!; = —164°
wﬂt;l_' o f=1to16 [a]; = =77°
Ethyl malate (/), .
(C H"}’C‘H'rﬂ:' pure liquid — [a], = —10%3 to —12%¢
{Purdie & W1lha.m5-:-n 96)
Camphor (), C,,H,,0 alcohol | g=45toor |[a], = +54%4 — "135¢
(Landolt, 1877; Rim- =
bach, 1892) benzene | ¢ =47togo [[a], = +56° — "166¢

OPTICAL ROTATION AND WAVE-LENGTH

Bpecific Botation at 20° Q. [:]: QUARTZ AT 20° C.
Wave-length (A) Catis- Tartaris Rotation
in 10-* e, sugar or Turpentinel aeid in | Nieotine | Wave-length (A} |for 1 mm.
Candy in ! (pureliq.). H.O (pure lig.). in 10~ em. thick-
H,0. (p = 41%). ness.
H (C)6563(r) | 529 | —20%5 | 7975 | —126° |Id 6708 (#) | 16%4
H (C) 6563 (r)| 17'3
Na (D) 5893 (o) 66g | =37 886 | —162 Na{D) 583 (0)| 21-72*
T1 5351 26'53
Tl 5351 (g)| B18 | —45 965 | —207'5 |E (F) 4861 ()| 327
' H (3) 4102 (9)| 4748
H (F)4361(g)| 1003 | —54'5 9°37 | =253'5

® For quartz at temperature #, rotation = 21%72 {1 + o°

o00147(¢f — 20)} for D line,
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FARADAY EFFECT

MAGNETIC ROTATION OF POLARIZED LIGHT

This effect was discovered by Faraday in 1845, The rotation per em. per unit
magnetic field—Verdet's constant, » = «/(H/{), where a 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. r varies with the temperature and is roughly inversely
proportional to the square of the wave-length of the light used. ﬁ-‘ilms of Fe,
Ni, and Co are exceptions to this rule.

If the light is travelling with the lines of force (e 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 is
reflected back on its path, the rotation is increased.

The Molecular rotation rm = #M/d, where M is the molecular weight of the
substance, and & is its density. 7w i5s an additive property in organic compounds
(Perkin, Fourn. Chem. Soc., 1884).

The rotations below are for the sodium D line (A = 539‘3 x 10~ cm.).

(For Voigt's theory of magneto-rotation, see Schusters, “ Optics,” 1909, See also
Becquerel’s papers in Compl. Kend., etc.)

| ! : Rotation
Substance. Temp, Botation rin Bubstance. Temp.| relative
| mins. of are,
|| | b to Water,
Water . . . . . . 0°C|{+01311,R.W] Ethyl alcohol . . .|16:8| 8637, P.
i e+« o« .20 |4-o1312,R.W n. propyl alcohol 156 | ‘g13g, P.
Carbon bisulphide . . 0 |4'04347,R.WJ] Amyl(iso) alcohol . I].E"B *-gﬁﬂg: P.
= = . .18 |4-04200, Ra. | Ethyl bromide . . .|19'7| 1395, P.
Quartz, | axis . . .20 |4+-01368* Bojy , chloride .| 50| 1035 P
x n o+ + -20 |4'01664, Bo.] , iodide. . . .|181|2251, P.
e o . « .20 |4-1587,1 Bo. | Formic acid . . - (208 7990, P.
]ena{ hosphate crown18 |+-0161, D.B. | Acetic ,, . . . .|21-0| -7976, P.
glass\heaviest flint . /18 |4°0888, D.B. | Propionic acid . . . 203| ‘8369, P.
FeCl, dens. = 1693 .15 |-—‘2026, B. Benzene . . . . .|15 |zo6z B.
o s 1oz3 .15 |4-o122, B.

* A=06439. T A=2194. B., Becquerel ; Bo., Borel, 1903 ; D.B., Du Bois, 1894 ; P.
Peskiti; Ru, Rayleigh, 1584 ; B.1W,, Radger and Watson, 1862, ; ARl Ay

METALLIC REFLECTION OF LIGHT

(The percentage of normally incident light reflected from different surfaces.)

The column of figures (below) in the case of speculum metal (7 Cu, 3 Sn
reads 30% (for A = 2510) ; 51%, 56%, 642, 67%, 71%, 89%, 94% (for A = 140,000). ;

Wave-length A Magns- Glass mirror.

in A.U. (10-* om.).| % | A% | WL | Pt | Ag, | Bteel |

Ag hc‘k.lﬂg back,

Ultra- { 2,510 ) 267 | 390 | 38W | 34% | 34% | 3% | 7% | — —-

violet | 3570] 27 | 28 | 49 | 43 :éas 45 a1 = e
- 4,200 | 33 29 57 2 2 8 86
Visible | 5,500 | 48 74 63 gt Qg .E:S Eg EE%* ﬁ%*
7.0001 83 | 92 | 60 | 69 | g5 | 5B 83 9o 73
10000 | 9o | 95 2 |73 |97 | 83 84 |— -
[ni'ra-md{ 40,000 | 97 97 91 g1 g3 88 8g * 69 Al, 31 Mg.
I140000| 98 | 98 | 97 |96 |99 |96 | 92 |ta=4s500

DIOPTER

In applied optics the * ower * of a lens or mirror is expressed in diopters. The
I number of diopters equals the reciprocal of the focal length expressed in metres.
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ELECTRICAL RESISTIVITIES

Electrical specific resistances or resistivities in ohm-cms. Conductivities
(in reciprocal ohms) are the reciprocals of resistivities. For a table of reciprocals,
s¢e p. 157.

P- 137 METALS AND ALLOYS

The resistivity depends to some extent on the state of the metal. In general,
l:?ld drawing inr:rglases, while annealing diminishes the resistance. The winding
of a wire into a coil increases its resistance,

For pure metals, the resistance is roughly proportional to the absolute tempera-
tun:ha;lld would apparcntlj; v?msllll not far from the absolute zero. This rule does
not hold even approximately for alloys.

For wire resistances, see p. 94 ; for temperature coefficients, next page. The
thermal conductivities of the same samples of many of the substances below will
be found on p. 61.

Bubstance. Temp. iﬂp Re. Uburﬂr. I Bubstance. Temp. (8p. Ra.] Observer.

Metals — e 100 Metals {;Mm') °C. |x 108
Aluminium* .|-160| o8| Lees, 'o8 § Platinum . -203| 24 |D.&F. 96
= | 18| 321]1 J. & D., g 18| 110 { J. & D,,

» : 100 4‘13} : ; 100| 140 } 1900
Antimony 15| 405 lierﬂet ‘gofl Potassium 0| 664 B.,'o4
Bismuth . 18 i11g0 }j & D., JRhodium . . . 18| 6o —-

w, = + | 1001603 Silver, 9o’ g j.f .|-160| o:6] Lees,
Cadmium,drawn]—160| 2'72| Lees. ::uE - s 18| 166 IP. 7. 1908

18 7s54{) J- & D, 18| 163l J. & D.

" ]

" 100| g8z f 1900 :: 100 =213 i 1900
Calcium . . 20| 105 |M.&C.,'058 Sodium 0| 474 B, 1004
Chromium . 20 | 131 |Adcock,’31} Strontium 20| 25 M., 1857
Cobalt . . 20 9-?1\ R., 1901 §Tantalum 18| 146 —_
Copper,drawn . |-160| o49| Lees, 'o8 § Tellurium 20| 21 M., 1853

% 18 l‘?E} J. & D., § Thallium, pure. 0| 176 | D.&F., 'g6
= 100 236 1goo0 §Thorium . . . 15| 401 | Bo., 'og
s annealed 18| 1'59) Mean Q¥Tin,drawn . .|—160| 35 | Lees, o8
Gold . . . .|-183] o063 D.&F.,'96) et 18| 11'3 || J- & D,
i * - # 13 2.41} J- & D-j. i L] L] # IDD js. 3 } ]WJ
w. o+ =« ] 00| 311 1900 R Tungsten. . 25| 55| Mean
Indium . . . 18| 53 — Zing, pure —160| 22 | Lees, o8
Iron, pure . . 50| 115 N P' L RS il it 18| 61! ] J: & D,
a5 {'Ix} B 18| 1z0 } G P ol 100| 79 1500
ET] Cr a & 10“ I&E -&unrﬂ_-‘
= wmugh e nlgg 54 I]CBE: ;-1:;3 Brass . . . .]—180| 41 } Lees,
" 139 1 17| o6 I
5 + .| 100/ 138 } R T e
= Eteel{ }3} 18| 199 } J- & D)., § Constantan } 18| 490 || J. & D.
% C.J.] 100| 256 {Eureka) § 100| 491 1900
Lead, drawn -160| 743 Lees1 '08 § German silver || 18 | 16-40, Mean
o P 18| 208 ) J. & D, o i 0| 2606 } Lorenz,
i .| 100 277 1900 " s 100 | 276 1881
Lithium i 0| 34| B.’o4 Manganin § —160| 4313 } Lees,
Moy ] falai w2 L i e e
: "0 e qzo5[| J. B

Rk 20| 0576/ p. 11. ! " | 100] sz 1alf 1900
Molybdenum . 25| 48| Mean [QPhosphor-bronze] 18 |s5-10 Mean
Nickel . . .]1-160| 5'9 | Lees, 08 JPlatinoid|| . .|—160| 325 Lees,

1 {9?&} 18| 118 ) ]v &D 3 t “ 18| 344 } I
: 100| 157 1 go Pt, 1o Rh Ol 211 ID.&F,,"96
5m1up: ST 20| o5 | Blair, 'o5 §67 Pt, 33 Ag 0| 242 S
Palladium . 18| 107 } J. & D., | Nichrome 20| 110 | N.PL. |

" . 100/( 138 1900 Invar*® . . 0| 75 =
® g9 %Al TS 28 % Mn. T yoCu, 30 Zn, = Steel Ni 16,
§ 60 Cu, a0 Ni, Il 62 Cu,?:s i, 2z Zn, . - Y 34 Cu, 4 Ni, 12 hﬁ’ =

B., Bernini; Bo., Bolton; D. & F.,

Dewar & Fleming ; J. & DD,

M., Malthimeu M. & C., Moissan & Chavanne ; ; R, Reichardt ;

Jaeger and Diesselhorst ;
P. T, Phil. Trans,
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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 frnbah!}r, in many cases, nothing more than the resistances

of the surfaces. For a discussion of some electrical insulators, see Kaye, Proc. Fhy.
Soc. Lond., 1911,

Bubstance, Bp. Re. Bubstance, 8p. Re. Bubstance. Bp. Re.
fooqto |

Gas ca‘rhun . 007 |Sulphur, 70° . .| 4.10" |Guttapercha . .| 2z.10°
Graphite . . .| o003 |Ebonite. . . 2. 10" IMica . . . . :| Q:10%
e amond {lu:‘.u12 to | Glass, soda-lime * 5.10" | Paraffin wax . .| 3.10"
i e | B »» Jena, com- } >z2. 104 Porcelain, 51:.-" | 2.10®
C. lamp filament .| o0y bustion * * . |Quarntz . .| rz.104
{Selenium f (1907) | 2.101% »  conductingt| 5-19° Fused 5.11-:5.* M e
| Silicon§ . . . -0b w  FPyrex . . [old !

* National Physical Laboratory. t Fhillips. t 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 equation in 4 But if the temperature interval is not large, a linear
equation R, = Ry(1 + /) 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 a. The coefficients given
below are average ones.

Bubstance, Temp. a Bubstance, Temp. a
Metals— ® 107*| Metals {.raurr:' }-—— x 1074
Aluminium . . . .|18-100| 18 Silver . . . .| 0-100 40
Bismuth . . . . . 18 42 |Tantalum. . . . .| 0-100 13
Cadmiuvm . . . . .|18-100| 4o Tin . - « .| O-100 45
Copper® . . « . . 18 42'8 | Tungsten (zgm} . .| 0-170 51
Cobalt <« + . + « | 0-180| 33 [JZimnc. . . . .|18-100| 37
Gold. . . . . . .| 0-100 40
Iron, pure. . . - 18 62 Alloys—
Is,t:ﬂé. el P %g -4z [Brass . « « . o) 18 10}
2. v e s e b 43 —4 to
Mercury t . | 0-24 90 Constantan (Eureka) . 18 { +11
Nickel, Elﬁﬂtrﬂl}'tlﬂ .| 0-100 | 62 |Germansilver . . .| 18 2'3-6
s commercial . [0-1000| =27 Mapganing . . . . 20 ‘02-'5 1
Palladium . . . .|18-100| 37 Platinoid « .. « « 18 2°5
Platinum . . . . .|[-100-0| 35 |lgoPtiolr . . . . 16 I5
- « + « » .| 0-100 38 |ooPt,10oRh . . . 15
Molybdenum (1910) .| 0-170 50 Platmum-sllvcr [cmls) 16 2'4=3"3
Nichrome . . . .| 20 e,
* High conductivity annealed commercial, t Re= R,(1 + "0,88¢ 4 "0, 1/*}—S5mith

(M. P. L.), 1904. I N.P.L. § Most samples of manganin have a zero temp. coeff. at
from 30° C. to 40° C.
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WIRE RESISTANCES

STANDARD WIRE GAUGE

The 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 specified. The following are English Legal Standard
wire gauge values. (See Foster's “ Electrical Engineers’ Pocket Book.”)

_Bize. |  Diameter. Bize. Diameter, Bize. Diameter,
B.W.G.| Mm. Inch. |B.W.G| Mm. Inch., |8W.¢| Mm. | Inch.
6 488 192 20 ‘gl4 ‘036 34 234 | -ocogz
8 406 ‘160 22 “TII ‘028 36 193 “oo70
10 3'25 ‘128 a4 559 ‘022 38 ‘152 ‘0060
12 264 ‘104 26 457 018 40 ‘122 "oo48
14 2'03 ‘080 28 376 o148 | 42 102 0040
16 1'63 ‘ol 30 b 1 olz4 44 ‘081 o032
18 1'22 ‘048 32 274 ‘olod 48 abl "O02 4

WIRE RESISTANCES

Average values in ohms per metre at 15° C. The safe cnrrents for copper
(high conductivity annealed commercial) are calculated at the rate of about 270
amps./cm.? for No. 12 wire, 430 amps./cm.? for No. 22 wire, and sco amps./cm.?
for smaller diameters. Larger current densities than these are allowed in the
revised “ Wiring Rules” of the Institution of Electrical Engineers. Eureka is
practically identical with constantan.

The average temperature coefficient of resistance of copper is ‘00428 ; of
nickel, "0027 ; of manganin, "oocol ; of German silver, ‘ooo44 ; of Eureka, — o000z ;
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, 15Ni, 25Zn ; of Eureka, ¢. 60Cu, 4oNi. Platinoid i5 said to be German
silver with a little tungsten. For specific resistances, see p. 2.

QERMAN MANGA | GERMAN

coPPER.  |MANGA

NIN. | SILVER. CONTER NIN. | SILVER.
&w.a. Ohmsper| B8afs Ohms Ohms par 8.W.G.| Ohms Bafe Ohms Ohms per
metre, |current. mp:;a‘ metre. m‘:;‘rm | current., mP::'_ metre,
_;mps.._ A % | amp.
12 ‘0032 | I5'0 077 "041 30 2z | 4 5°45 2'go
14 ‘0054 98 ‘131 ‘070 32 2931 *3 718 383
16 | rool3 68 204 ‘109 34 | ‘404 2 90 527
18 ‘o148 42 361 193 36 500 15 14°5 774
20 "ozb0 26 ‘645 ‘345 38 'g50 I 21°2 12°4
22 0435 I'7 | 107 57 40 | 148 06 | 363 19°4
24 o7o I't | 1°73 92 42 | 210 05 £3°4 27'8
26 105 7 | 258 1-38 44 | 330 o3 | Brw 43°8
28 155 5 | 382 2’02 46 | 500 02 | 145°5 774
EUREKA or GOHET-&HTEL_ = _f_l-ﬁ'fllﬂﬂi E_*_i"i‘fha_'lh_
Ohms | 207 0. temp.- Ohms | 20° C. temp.- | Ohms Ohms
BW.G.| per rize cansed |8.W.G.| per rise caused |B.W.G.| per |B.W.G.| per
maetre. by metre. | by | metre, matre.
I-'I:I;'pl. ; nm|..1;..
12 | ‘086 122 20 723 1's5 20 622| 28 | 369
14 | ‘146 82 22 1'20 - 22 | 1703 30 525
18 | *228 4'0 24 193 '3 24 | 1’67 32 81
18 | “4o03 27 26 | 289 T 26 | 250 | 34 | 955
FUSES
The fusing currents are for wires mounted horizontally.
Fusing current. |lamp.| 3 5 | 10 | 20 | 30 | 40 | 50
Tin . . 8.W.G. 37 28 24 21 18 16 14 I3
Copper . 8.W.G. 47 41 38 33 28 25 23 22

e m—— —
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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 diclectric 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 g is the refractive index, then on Maxwell's theory of light, # = 2 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. 82. When such data are available
Maxwell's relation is found to hold fairly exactly in the case of a number of gases
and liquids, though there are many substances which provide marked exceptions.

In general, a rise of temperature diminishes the inductivity. The temperature
coefficient « between 7° and T°is defined by #y = &{t — o(T — #)}. In the case
of water Palmer (1903) finds that a increases slightly with the frequency of oscillation.
The Clausins-Mossotti relation P-———ﬁ_:'!ﬂ=cnnst. (p being the density) has been
5hgwr! by Tangl (dnn. 4. Phys., 1908) to hold from 1 to 100 atmos. in the case of H,, N,,
and air. -

Bubstance. k, Substance. k. Bubstance. k.
Solids— :
Calcite - & + | 75<7y |Bromme . . . 31 Oil, paraffin . ., | 4648
Ebonite . . . .| 2'7-2'g |Carb. bisulphide . 262 | Paraffin, medicinal | 2-2
Fluorite . . . . 68 y» tetrachloride |2:25/18°) Petroleum . . . | 2:0-2:2
Glass, crown . . 57 Chloroform, 18° . 5:0 | Toluene, a == ‘o001 24
»» heavycrown 7-9 Ethyl acetate . . 6 Turpentine . . | 2:2-2'3
FE | [T 7-10 ;s chloride . . | 109 Vaseline oil . . 10
5 mirror . . G&-7 .+ ether, a=="00j5 434 | Water, A=ew . . B1
Gypsum. . . . 63 Glycerine, A=200 . |39-1/15° s A=3000cms.,| 3-32%
Ice {—1'?' e 93'9 Nitrobenzene ., . | 37/17° i ASIZ000 5, | 270%
Indiarubber . .| 2'1-2'3 | Oil, castor . . . | 4-6-48 v G1e='0045. |
Marble: . . . . 33 w olive . . . | 31-32 | Xylene, m1, a=-0,5 2'37
Micar . & e 57=7 '
Paper, dry . .| 2-2'%
Paraffin wax . .| 2-2-3 Substance. Temp. k. Observer.
Pitch, . . . . 18 g
Porcelain . . .| 44-68 | shem Hg 1 A =m
Quarts .+ « . . 4'5 Gases — |
Resin, . . . .| v8-2%6 J&ir. . . . .| oC. 1:000504 C.& H., 1927
Rock salt P 56 R - 1-000525 Watson, 1934
Selenium (16°) .| &1 Hydrogen . . .| o 1-000265 | Zahn, 1026
5!"5‘-““‘3 AT Tt e =37 s R | =25 1'000252 Watson, 1931
Silica, fused . .| 35-36 |Helium e 1000007 v ABE
Spermaceti. . . ¢.22 |Nitrogen . . .| 25 1'000538 = 1934
Sulphur . . . .| 26-43 |Nitrous oxide, N JO | 25 1'00103 = 1934
Sylvin . , . . 49 |Carbon monoxide. | 23 1-000634 s LR
Vaseline. ., . . 272 . dioxide 25 1:000904 i 1931
5 +»»  bisulphide 29 100260 5. & W, 1030
Liquids— Ethylene . . .| 2% 1-001 32 Watson, 1934
Alcohol, methyl . | 35:4/13%4 | Sulphur dioxide 22 100818 Zahn, 1926
" ethyl. .| 26°8/14°7 | Ammonia . . 1 1'00713 . 1026
o amyl. . 116'0/20° | Alcohol, methyl 100 1'0057 Pohrt, 1913
Aniline, a = "coy , 721 % ethyl . 100 1-0078 Knowles, 1932
Benzene,a = '0,7.| 2'29/18° | Benzene 100 100327 Pohrt, 1913.

C. & H., Carman and Hubbard ; 5. and W,, Schwingel and Williams.
¥ Beaulard, 1go8.
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IONIC DISSOCIATION

IONIC DISSOCIATION THEORY

On the Dissociation Theory (Arrhenius, 1887), the solute is dissociated into
electrically positive cathions and negative anions. For example, KCl in water
exists as KCl, K*, Cl=; sulphuric acid as H,50,, H*, H-, S0,** H50,*. Pro-
bably, in many cases, these ions are attached to molecules of solvent, The d'.eg?aa
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) t‘mm 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
cnnductmty? 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 (As) for extreme dilutions, a state of things when, on this theory, the
solute is -:nmpletely dissociated. n,.,l’nm = a for the equivalent concentration .
The cathion and anion with their charges +# and —¢ (for monovalent ions) move
in unit electric field in opposite directions with speeds or mobilities w, and n_.
The electrolytic current also obeys Ohm's Law, so that Xk = (un, + #_)we
(Kohlrausch, 187g), where X is the potential gradient in volts per cm., # the
number of +ive or —=ive ions per cc., x the conductivity of the solution in
ohm~* cm.=% This becomes #, + u_ = 1037 x 1075 A cm./sec., since x/n = A/N,
and Ne = 96,740 coulombs per gm. equivalent of ions.

The mobility of electrolytic ions has been directly observed by Lodge (1386),
Whetham, Orme Masson, and D. B. Steele. The ratio #_{(#, + #_)=1# is for the
negative ion, the migration ratio or transport number of Humrf (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 a (Laby and
Carse). The existence of this relation of Ohm’'s Law and of a relation between
the viscosity (#) 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 (v = Ff6mya, where F is the driving force), with the numerical constant, 6w,
possibly changed.

In the theory of Debye and Hiickel complete dissociation is assumed, and the
variations in conductiv Itj.' and osmotic pressure are traced to the EIECE[’GE‘!EI‘.II’.‘. and
viscous forces acting on the cluster of molecules which surrounds each ion. (See
Davies’ * Conductivity of Solutions', Falkenhagen’s ** Electrolytes™ and New-

man’s “ Electrolytic Conduction.’”)

MIGRATION

Hittorf’'s migration ratio or transport number of the anion, m = a_f(r, + %_); m
= equivalent concentration per litre ; /° = temp. of observation.

RATIOS

I

folute. |¢°C.[Cone. ».| Batio n. | Solute. ;“ﬂ,!ﬂmc. m.| Ratio n, Boluta, ;"ﬂ.‘l.'.'anc.m. Batio ».
KCl .|—| 003 [505,5.D]JAgNO,|17° “4to'oz'526, H. 03 to}),
KBr .[18° 23 ') sos. B, [NHCI20 | o5 |07, Be. [150 1o oz 625 M-
3 o1 " ITICI .|88 | o1 |516, Be. HCl 10 1173 m}_ N.S.
Kl. .[25| 05 [505, Be. |CaCl,.[— | o5 [362,S.D. h { oz J[ 159N
KNO,.| 8| "1 4g97, H Sﬂr%l, 121 | oI 56, Be. |HNO,. .18 | 25 17
‘o toll, aCly .[18 | o1 55 H SD JI2L | o5 '17, Be.
NaCl . |18 { *mg} Gog, B. MgCi 21 | o5 '615, Be. KEIH N | '?4’
NaNO,18 | o5  |629, Be. |ZnSO, |— | o5 |64, H. |NaOH. .[35 | ‘o4 ';S,Be.
. ‘03 to]|. 12 to)]. N . .|31 | o5 ['56, Be,
LiCl .|18 {.mg} 67 CdBr,. |18 { .m;.} 57 AEC’.HlD,EE o1 |376, L.N,

B., Bogdan; Be, Bein; H., Hittorf; L.N,, Léb and Nernst; M., Metelka : N.5,
Nuy&s and Sammet ; : 5D, Steele and Denison.
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CONDUCTIVITY OF SOLUTIONS

ELECTRICAL CONDUCTIVITY OF SOLUTIONS

xa = specific electric conductivity (in chms=* cm.=") of the solution at 18° C.

£ = mass of anhydrous solute per 100 gms. of solution. :

% = the number of gm. equivalents in 1 cc. of solution. Gm. equiv. per
litre = 1000m. To find % note that /A = .

2 = volume in litres containing one gm. equivalent of solute = 1/1000m.

A = equivalent conductivity = /v, = the conductivity in reciprocal ohms of
I gm. equiv. in solution between electrodes 1 cm. apart. The chemical
equiv. fﬁ, for example, * 1/2CaCl, " is 111/2. .

Temp. coefficient = (de/dr)/n,e. (See léuhlmusch and Holborn, “Das Leitver-

maégen der Elektrolyten” (Teubner).) K = Kohlrausch; G = Grotrian.

CONCENTRATED SOLUTIONS

[

| B =* [ _ K| B _x =T
i Kyq J!-:;Jég i Kyy A"“].EE £ Ky 'ﬂ'-ﬂ‘gg % Kys ﬂis?'
1 EC1 (E.8.). | Eﬂ.ﬂl, (8.} (comed.). 1 HC1 (K.). & H.BO, (E.) (consd.).
i i i
= 0
i ‘0282] 65 |252 | o 216 6
5 [0690]999|201|30 ['02 3 | eyl 70 216 | g4 |25
1o ['1359|05°2| 188|350 |'9137| 1'49{353 IS gg;;fliﬂt:n ISg do 110 | 39 (349
15 [zoz20l91°5|179 Q 1'0302219°T |I50] g6 |10y 322 320
3 2 1 AgNO, (E.). 20 |'7615/126'2 |154 | o
20 |'2677|88'9|168| ———"—"=—" Iy 6620l 698 [152] 2 _I°157 - |=at
21 [2810|87°5|166 5 "—"352 834 |218]40 |'5152] 391 |— 1 KOH (K.).
1o |'0470| 74°3 (217 : :
1 NaCl (E.@.). . . 9
- }+ 3 ﬂ?g? 679 12151 1 HNoO, (K.8.). 42'1464 (188 187
0 Lo ['1505| 45'0 |205 84l272 |169 186
§ [067276 |217g, [2101| 31'1 |200 ‘0 1261376 |150 188
10 ['1211|66°2|214 6°2'312 (307 |147 1681456 [131 193
15 ['1642|57'8|212| 1 (NH),80,(R). [124542 [a57 |142| 1O°[450 (131 1193
20 |'1957/|49'9{216 ‘o lE'Ell"Elga 218|137 'E,q',:‘fi 39 283
25 ['2135|42'0[227] 5 |-0532| 710 |215|24'8768 (169 [137] 43942 3
26°42156|39'81233]10 |'1010| 631 |203|3T [782 [133 |139 1 NaOH (K.).
20 ['1779] 52'7 |193]|49°6/634 | 61 |157 =
'}E!m:{E-ﬁ} 30 |"2292| 43°1 | 191 62 "496 35'4 157 25109 170 [194
= Cuso, (K.). 5 [1o7 |149  |201
5 0643 6%‘6 z;g § Gud0, (E) - + H.B0, (K.). 10 312 |11z |217
10 ['1141]58°3|2 | . . 15 [346 |79  |249
s Frses i3 o 2sfotest sgo ansl LT o |35 B 138 1
e 1”@3 40'612001 5 |.5320| 231 |a18|10 391 [180 |128] 30 [202 | 20 450
25 179013211204} 1 .clogs8| 17°4 [236{15 |43 |161 [136] 40 [116 | &1 | 63
30 [1638|239|216 20 (653 |140 |145
35 ['1366|16°1|236 3C80, (). |35 |7i7 [119 [154 1 NH, (E.).
‘o |30 |'739 | 99 |162 0
# €acL, (8.). 1 |'oo42| 42'9 |210|35 |724 | 80 |170] ‘Ifocozs| 425 [246
0 |5 |o146| 290 |206)40 680 | 64 {178] 1'6l'00087| ‘93 |238
1 [oo55|50°1|222 [25 [0430| 138 |223]|50 [S40 | 38 (193] & |ocol04| 23 |202
1o [o241|202|217 |36 |‘o421| B25(255|60 ['373 | 20'3 |213] 30'5|'00019] or2| —

STANDARD BOLUTIONS FOR CALIBRATING CONDUCTIVITY VESSELS

x,, for the Fuusﬁ water in a vacuum = ‘o4 x 107 ohms-! em,™! (Kohlrausch
and Heydweiller) ; x,, for conductivity water in air is about 107® chms™! cm.™! ;
KCl 1 # = normal KCl = 7459 gm./litre at 18° C.; NaCl sat. = saturated NaCl at
temp. £ of experiment. Unit—ohm™ cm.”’. (See Kohlrausch, Holborn, and
Diesselhorst.)

Bolution. 0° 0. g8° 12° 16° 20° 24°
NaCl, sat.. | -1345 1688 ‘1872 2003 2260 2462
ECl,1n .| ‘06541 07954 ‘08639 "0g441 ‘10207 *10984
ECL 1/1on | -oo7Is ‘00888 00979 ‘010732 ‘01167 ‘01264
KCl, 1f/son | *®oIS52 ‘00190 ‘00209 ‘00229 '00250 ‘00271
EClL1/ioon]| ‘coord 00047 Q0107 Q01173 ool1278 ‘001386

H
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CONDUCTIVITY OF SOLUTIONS

|

EQUIVALENT ELECTRIC CONDUCTIVITY A OF DILUTE AQUEQUS SOLUTIONS

Extrapolated numbers are indicated by ( ).

under *0O."

A for infinite dilution i1s given
Observers: inorganic solutes, Kohlrausch ; organic, Bredig, Zeif.

Phys, Chem., 1804,
Gm. equiv. per litre = 10004y, Gm. equiv. per litre = 1000y.
Bolute Bolute at
at 18° Q. 18° @,
o ‘0001 ‘01 b 0001 0002 0l ‘B
KCl 1301 | 129°1 | 122 102 § CaCl, .| 1152 | 114’5 | 103 74'9
KbBr 1323 1311 | 124 105 § StNQO,.| 1ry | rrr 99 62
IEl 1310 | 12978 | 123 106 t BaCl, . [r17/0005] 107 77°3
KF ey | 1e's | o4 83 § MgCl, .| rog4 | 1089 | o871 | 695
KSCN | 1213 | 1202 | 114 957 § 4 ZnSO, .| 1095 | 10775 | 728 | —
KNOy.| 1265 | 1255 | 118 892 § 4 CANO,. Oﬁmf~m5] ob 639
NaCl .| 1090 | 1081 | 102 8o'g §} CuSO,.| 1099 | 1079 | 71'7 | —
NaF .| gors| 893 | 835 | 6oo f4 PoN,O,| 1207 | 1199 | 103" | 5372
NaNO,| 1053 1o4°5 | @82 740 .
LiCl .| ¢4y 931 | o9z 707 iy
AgNO,| 1158 | 1150 | 108 | 775 001 | 002 | 0L | B |
CsCl .| 13306 | 132'3 | 125
RhCl . 1323 | 125 — Acids e 3 R |
NH.Cl] — e Lol HCI (377) 376 | 370 | 327
TICl 131 | 13003 | 120 — QL HNO, 1375) 374 | 368 | 324
H,50, 161 351 308 | 208
H,PO, .| (106) 102 85 —
Alkalins
KOH (234) | (233) | 228 197
MaOH = zo4's | 2034 | 174
NH, . .|53/0002/38/0005] 06 1"35
Bolute at 256° C. Apari Agg Bolute at 25% C. Ao Aon
Ae = 4 ‘
Na formate 981 1004 | Hydrochloride of—
Na acetate . 857 875 -Propylamine . 107°5 110°3
Na propionate &1o 835 § (CH,)PCl. 107°4 109°8
Na butyrate 77'4 700 RCHLPCl . . 983 100°8
Na isobutyrate . a7°7 o1 (CH;),AsCl . . . 1035 1082
Hydrochlorides of— Hydtorkiosides ot
-Methylamine . 1251 127'8 FRELAGIRER B Asse
-Ethylamine 114'3 1170 =Aniline . 100°3 106'1
-Dimethylamine . | r17°5 120°3 -Methylaniline. 99'4 1052
-Allylamine . 1092 1y -0-Toluidine 974 1037
EQUIVALENT ELECTRIC CONDUCTIVITY OF NON-AQUEOUS SOLUTIONS
v = Ifm = volume in litres in which 1 gm. equivalent is dissolved. (See Tower,
“ Conductivity of Liquids,” 1908.)
vout,| Botate. [Pe| o | o] o | o [soivent| sommte. o v | A | v |a
NH, KEr —38° ;?40:31?f:134.m|329? POCl, [N(C,H,),1/25] 750 385li500044'3
o AgNO, |-15| 94188 192110 Formic { KCl |26 ] 256 58 | 51261
HCHN| Kl 0| 392208 | 1024 303 acid || HCI [25]586 32'8&246*933*:
& ISECH I 0| 512327 | 1024332 JAcetone Kl 18 1157|155 [2315(163
S0, . KI 0 10241125 2::4!i|134*5 " LiCl |18] 10 49'8] 138995
w_ [N(CHgI O s12157°1) 102416770 AgNO, |18 | 288 157] 576176
AsCLIN(C;H,),I| 26 Igu 63°2] ?59 597
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MOBILITIES OF IONS IN LIQUIDS
The mobility of the anion = #_ = 1'037 X 107 An. (2 = Hittorf's number.)
Example.—For KCl, Agp = 130°1, # =505, .. #-= 1'037 X 107% X '50§ X
130°1 = 68 x 1074 cm./sec. for Cl ions at 18°. Observers, Kohlrausch and Bredig ;
the latter’s values have been multiplied by 11 x 107 to bring them to cm./sec.
Unit—10-% cm./sec. * 4 Ca, etc. : the actual ionic velocity of the divalent ions is
half the value stated here ; these values, however, fit the equations given on p. 96.

Ion. «18°] Ton. |w18%] Iom. |w18°] Tom. |n 187 Lon. u 259 Ion. u 25°,

H .33 |NH,|663]Zn" .| 484]F .|483]HCO, . .|s563] C,HH,N |51
Li .| 346]Tl .|684]Cu®*.| 49 |Cl .|678]CH,CO, .|421|(C;H)P.]|337
Na .| 452 Ca*. |537]Ag .| 56 | Br .|70 |C;H,CO, .|377]C,HH,N X3
K .|67 |Sr*.|536]Cd*.| 492} 1. .|688]n. C,H,CO,|338| aniline }393
Rb .| yos] Ba*. |57:5] Pb*.| 635 NO, |64 |Iso- . 340|C,HHN .| 485
Cs .| yos| Mg* |477 GH.lrﬁn S0.*71 JCH,H,N .|534](CH,),As.|41'8

DIRECTLY OBSERVED MOBILITIES

Deduced from the observed movement of an ionic boundary. s = equivalent
concentration. WUnit—10™% cm.fsec. at 18°C. (See Denison and Steel, Phil.

Trans., 1906.)

Ion. |m | u

Ion. mi t fIom.| m| o | Ion. | u |lom.| | =2 Il:m.]m u

K 15]553 2

Na :\31-3 Ba|5|33|Mg| 2| 167|Cl|5|529]|50, 394

ELECTROMOTIVE FORCES AND RESISTANCES OF CELLS

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. The internal
resistances quoted are only typical; they vary very widely in practice. With many
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 Slingo and Brooker's “ Electrical Engineering.”)

Cell. Description. E.M.F. |Eesistance.
. Valts. Ohms.
Bichromate . . .|Zn and C in 1 vol. strong H,50, and € 20 very low
20 vols. sat. K,Cr,0, sol.
Bunsen . . . .|Zn in 1 vol. H,50, and 12 vols. HyO;| 138-179 —
C in strong HNO,
Clark (see p. 15) . | Zn amalgam and Hg in sat. ZnS0, sol. 1'433 ¢. 500

Daniell . . . .|Znin ZnSO, sol. or H;S0, (1 to 12);| 107-108 ¢ 4
Cu in sat. CuS0, sol.

Grove . . . . |Like Bunsen with Pt instead of C 1"8-19 ——

Leclanché . . .|Znand Cin NH,CI, C, and MnO, P 0"25-4

Secondary . . . |FPband PbO, (etc.) in H,SO, of density | 2'2-19 | neghgible
12

Tucker . . . . |*“Hygroscopic cell” Zn and C with 1'4 -

_ sat. CaCl, sol,
Weston (see p. 15) | Cd amalgam and Hg in sat. CdS0, sol. i'018 €. 500

o e - e —
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MAGNETIC INDUCTION

The magnetic induction B and intemsity of magnetization J, as well as the
magnetizing force H on which they depend, are vectors, and may be measured in lhines
per sq. cm., where the unit is so chosen that 4= lines start from unit magnetic pole. In
the case of H, I line per sq. cm. is called an Qersted, whilst for B it is a Gauss. On
division by H, the relation B = H + 4n] becomes p = 1 4 4nx, where p(= BfH) is the
permeability and «(= J/H} the susceptibility of the material.
| On taking a c.c. of the material through a cycle, the energy dissipated as heat (the
 hysteresis loss) is {441}—‘_[1-1 . @B, the induction remaining when H vanishes is the remanence

| By and the negative magnetizing force needed to reduce B to zero is the coercive force.
The coercive force for a cycle which proceeds to saturation is called the coercivity H..

The magnetic properties of a material depend on such factors as history, state of strain,

temperature, grain-size, and perfection of the erystals.

As high purity is approached, the properties of iron become very sensitive to the last traces

of impurity ; less than 0-01%;, of oxygen or carbon alters the permeability by a factor as large
{as two. The maximum permeability of iron has increased with each improvement in its
preparation, the highest value so far recorded being 280,000, (Cioffi, 1934.)

For materials which are not ferromagnetic, the susceptibility depends very much on the
| purity, and especially on the freedom from iron. For diamagnetic substances (x negative), it
15 in general independent of the temperature and of the field. For paramagnetic substances,
Curie's law is x = A/T where x is the mass susceptibility x/p, p being the density and T the
absolute temperature. Ferromagnetic substances become paramagnetic above their cntical
temperatures, and then follow the Weiss law ym = Cm/(T — To), which also applies more
| accurately than Curie's law to paramagnetics. In this formula, y, refers to one gm. molecule
| of the substance, and Cu 13 then known as Curie's constant. (References : Wilson, ** Modern
| Physics "' ; Stoner, ** Magnetism and Atomic Structure™ ; Spooner, * The Testing and
Properties of Magnetic Materials,")

CURIE POINTS OF FERROMAGNETIC MATERIALS

The Curie point is the temperature at which a substance ceases to be ferromagnetic, and
becomes paramagnetic. 1t is approximately equal to the constant T, in Weiss' law.

|
| Fure Metal. Curie Point. Alloy. | Caria Foint.
1 ey - B8 e B 770”> C. | Nickel-iron (Fe 709, Ni 30%%) . . | 70° C.
e e T S 1150 Permalloy (Fe 229, Ni 789;) . . . | 550
Whekel % L UG 360 Nickel-copper (Thermalloy, Thermo- |
PRETI B S | 10 to 70

PROPERTIES OF FERROMAGHNETIC MATERIALS

(Since the properties may vary considerably from specimen to specimen, the values below are only
to be regarded as typical of the materials mentioned.)

Hysteresis
H. B lozs
Material, Induction B (Gauss). (Oer- [ﬂau:ﬂ] Touls| ..
stad). | kgl at
Cyele Brax
H= 05 10 2 b 20 50
Electrolytic iron (an- .
nealed) . . . . - 7500 10,200 — 16,200 — 17,100/ 035 |10,800 o0z [10,000
Very pure iron (09999,
(Yensen). . . . . 14,500 15,100 15,400 — — —
Swedish iron . . l 2000 7000 10,500 13,000 15,200 — | O 13,000 004 (10,000
Armeoiron . . . . 400 4200 12,000 — @ — -
| H= 2-5 20 60 100 200 500
Cast iron (annealed) . .| goo 6500 Q000 10,500 12,200 14,200 5 5,500
Caststeel . . . . .| — 13,800 16,000 17,300 18,000 20,4
Constructional stecls— | H= 10 50 100 300
or3% C, 1% Ni . 12,400 16,300 17500 19,800 10,500
o2 C, 5% Ni, 1% Cr o000 16800 15,700 —
04% C, 3% Ni, 1-5% Cr 6500 16,200 17,400 13,000
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MAGNETISM
PROPERTIES QF_-I'.-;EFI.EUE.QGHETIE: HhTEH!ﬁlﬂ—«:FM i
Hysteresis
H; B, loss. :
Material, Induction B (Gauss). (Der- Jonle
sted). [(CRUEE) Ty | st |
{ Oyele. | Bmax |
'H= 20 50 100 200 500 l
Dypamo steel | 15,800 16,500 17,500 10,000 21,000 o8 11,000 004 | 20,000 |
Silicon steels— H= 06 10 20 10 50 100 |
- 5‘;{. : . o - 880 10,500 14,000 — — aigo i m,nm!
43% 9000 10,000 — 15,300 17,000 o8 %000 0015 | 10,000
Nl:llrkel |]1nn a!ln}rqf 7 il H= lﬂ 02 005 I[I' 10 040 1-0 |.
ermalloy (22% Fe, I
o S [ 500 1850 4200 0300 10,300 o1 8,000 0002 | 9,000
Hypernik *—{50% Fe, I
f b Ni) . n A 180 1800 5500 10,300 11,300 o4 8,000 001 |10,000
65% Fe, 35% Ni} . — —  1I00 — 2200 Y000 |
h{l?z*}{, Fie;: ﬂiﬁ"o ‘?: i) o Almost non-magnetic (u<1-01) |
umetal (73%; Ni, 229
Fe, 5% Cu) '}J ; m.l{l 1400 rg.gm 4400 6300 300 8400 003 — o001 | 5,000
Isnpfrm {l':d"-!-‘!fh 4E to| p (of the order 60) varies only 10% up to
50% Miand Al or Cu)| H=z200 L T B
- % H=0001 001 002 01 1.0 10
to4o alloy . 36 Boo 2000 4000 G000 o001l | 3,000 00002 5,000
P;‘rmm;r?réq,:,}% I‘\.a 3:: . B : |
e, 289 Co : 2100 11,000 1+ 3,500 [
| H= B 20 60 100 500 1000 |
Cobalt iron (65% Fe, | !
35% Co). e ol 15,000 18,000 21,000 23,300 25,200 26,000 048 — o017 | 10,000
Annealed carbon steel |
(1% G) . i 1800 10,600 — 15,500 19,000 — 1?‘5 10,000
Magnet steel (o9 C) . 200 900 — IIjoo 1hboo — ] 63 H to
11,000
Tupgsten steel (5 to 6% e = == = — ==l 163 g;:im
W. o0, C). . . | 180 |11,000
I ¥
. 500
Lll:ll;nnéaz steel (29, Cr, gt SRR LR R s e A S { gt‘i
n - - - - '. lﬂr-m
K. s a5 C 1= 100 500 1000 2000 ;
steel (35 0, 7Y%
W, 2% Cr, 0-6% J:‘| 1300 13,000 16,000 18,500 240 |10y000
New K.S. steel (25%, Co, {up to I
159, Mi, 60% Fe) . | —- — - -— oo | 6,000
MK steel 68% Feasty  _ o _ fup to ;{ e
'i, loﬂu ﬂ]) . X bm
7,000
IH= B 10 20 60 100
Hclé.-:.]cr a.llu:r}rlcr (1% Cu,
ol el IR ol gl e s
| H= o ; ;
Nickel , KA 3l 200 41:u:r 600 3500 G400 JODO 505 2,800 (007 4,000 |
Cobalt i e T | - - 500 9500 — | 1z | 3,400 | — -

——

* Also known as Invariant and Hyperm 5o.

BTEINM ETI 5 COEFFICIENT

Values of 5 in Steinmetz’s formula qﬁ

fur the hysteresis loss in ergs per c.c. per cycle.

Bmax, 15 the maximum value of the mductmn.

Bubstance, 7 Substance. | n
349, Silicon iron {‘-mld.”mj v Q027 Girey cast iron : ' 013
Good transformer iron 001 1 Nickel 2 ‘012 to 038
Dynamo cast steel . (0020 Cobalt : ‘012
High carbon steel, hardened ‘025
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MAGMNETIC SUSCEPTIBILITIES OF ELEMENTS AND COMPOUNDS
(For Elementary gases, the values are per c.c. ; for solids, per gm.)

Gas, K Observer. Bubstance. X Observar.
Argon . . . |—o75x107? | Hector, 1924 Cupric chloride gr10x 10°% | Ishiwara, "'14
Hydrogen . . | —0164 Wills, 1808 (anhydrous)

Helium. . . |—ow078 Hector, 1924 | Copper sulphate 86 Fetis, 1913
Nitrogen . . | —0'49 ko (anhydrous)
Neon . . . |—ozB - Manganese 76 Honda and
Oxygen . . |130 Soné, 1919 oxide MnO Soné, 1913
% | Il el - - Manganese 38 "
dioxide
Substance. X Observer. | Manganese 107 Ishiwara, '14
, i T e e e e BT O

5111;&1" o e E::r,»:; 10 Honda, 1912 Ferric hydroxide | 157 Mc},ﬂ: 18909
Aluminium . | 005 » Ferrous chloride | 101 Ishiwara, ‘14
o ARSI S " Ferric chloride . | 86 o
Bismuth . . |—1 ” Nickel oxide . | 54 Wilson, 1921
Carbon(Diamd.)| —0°49 ’ Sodium chloride | —o-50 Ishiwara, "14
Copper . . |—009 " Casium chloride | —o-36 Pascal, 1913
Mercury . . [—019 " Potassium 708 Ishiwara, "14
PDI:H.SﬁlIJm - = 0.52 ¥p fﬂr{icvﬂﬂidg
Platinum . . i i o] i KEFE""CNL;
Sulphur . . | —049 » Methane . . | —z-¢ Mean
e e Mean L i O e s

i el T e e e L Glycerine . . —0r Meslin, 1
H,50, . .| -—o044 Endo, 1925 | Ehonite . . . o-g'i Wills, 1338?6
?‘:Illa {gas) O Pascal, 1908 L~ ik T
CO, (gas) . . |—o42 Soné, 1919 | parafin. . . —0-0 —
Silica . . . |—049 Pascal, 1913
Nitric oxide 487 Soné, 1919

(gas)

TERRESTRIAL MAGNETIC CONSTANTS

Magnetic observatorics no longer remain in large cities owing to electric tram dis-
turbances, and thus many of the places for which reliable data exist are not generally known.
The general locality of the station is indicated in many cases below.

Magnetic constants obtained in most physical laboratories are usually abnormal 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-secking end of the magnetic needle points west of |
true north ; 2 N inclination means that the same end of the needle points downwards. H and
V' are the horizontal and vertical components of the earth’s magnetic field. The axis of the
doublet which best represents the earth’s field does not coincide with the line joining the
magnetic poles ; it intersects the surface at about 78° 32" and 69° 08, See Chree, ** Ter-
restrial Magnetism,” Encyc. Brt., 1ith edit.,, 1911; and *° Studies in Terrestrial Mag-
netism ' (Macmillan). Also the article in Glazebrook's “ Dictionary of Applied Physics.”

Place. Latitade. | Longitude. | Year.|Declination.| Inclination| H. v
: ' o i (] # . o ] Q r | C.E.E. C.g.ﬁ.
North magnetic pole 70 s N | ob4s W | — — g0 oN o -—
South magnetic pole* . | 72255 [154 E |1908 — g0 05 a0 —_—
British Isles—
Aberdeen (University) . | 57 o N 2 7Wlmog| 1634 W | 7039 N |-163 |-464
Eskdalemuir (Dumfries) | 55 19 N 312W |1920| 16 49 W | 69 40 N |-1671 | 4500
Falmouth (Cornwall) 50 g N 5§ SsW l1g12| 1724 W | 6627 N | 1880|4312
Abinger . . : g1 11 N 023 W |1933| 1152 W | 6639 N |-1852 |42

* Mawson and David (with Shackleton), 1908.
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e

TERRESTRIAL MAGNETIC CONSTANTS (contd.)
Place. Latitude. | Longitude. | Year. | Declination. | Inclination.| H. V.
nril = l Iﬂaﬂ'—fﬂ‘ﬂr{i, a1 # [ =] o (a1 I [+ ] F f..g.i. C.g.ﬁ.
L e RS sl orgW |1918| 1450 W | 6658 N |- 1843 | 4336
Leeds (University) . . 53 48 N 133Wligog| 18 2W*| 6835 N |-176 |-449
St. Helier (Jersey) . .| 49012 N 2 s Wligog| 1627 W | 6535 N | — -
Stonyhurst (Lancs.) . | 5351 N 228 W l1924| 1505 W | 68 42 N |-1728 | -4428
Valencia (S. W. Ireland) | 5156 N 101§ W 1920 1918 W | 685 N |-1784 | 4435
Africa— ! .
CapeTown . . . .| 33565 1829E |1885| 3015 W | 56 oS |-199 |-20%
Helvan (Cairo) . 2952 N | 3121 E |1913| 217 W | 4048 N |-3003 | -2592
Mauritiuvs . . . .| 20 65 5733 E |1023]| 1040 W | 52345 |-2298 | <3002
America—
Agincourt (Toronto) . | 4347 N | 7916 W | 1924 706 W | 7444 N | -1575 | 5773
Cheltenham (Maryland) | 38 44 N | 76 50 W | 1925 630 W | 71 00N |-1887 | 5480
Fairhaven (Mass.) . AT 37 N | 70 54 W |[1go8| 1227 W | 73 8N |-1736 | ‘5724
Goat Island (California) | 37 40 N |[12222 W |1000| 1753 E 62 11 N |-2525 | -4786
Ithaca (New York) . 4227 N | 76 28' W | 1925 850W | 7337 N |-1640 | 5580
Rio de Janeiro . 2255 5 43 11 W |1906| BssW | 13675 |-2477 |-0616
Santiago (Chili) 33275 | 7042 W |[1006] 1410 E 20 12 5 — —
Sitka (Alaska) . . 57 3N |135 20 W |1016| 3024 E 7426 N |+1550 | *5507
Waukegan (Chicago 4221 N | 8751 W [1g08 230W | 7246 N | 1830 | -5808
Asia-—
Alibag (Bombay) .| 1830 N 262E |1922] o013 E 2505 N | -3697 | *1730
Barrackpore (Calcutta). | 2246 N | 8822 E |1914| o032 E 3059 N |-3740 | -2246
| Hong Kong. . . 22 18N |11410E |1924| o024 E | 3043 N |'3729 | 22106
Anstralasia—
Christchurch (N.Z.) .| 43325 |17237 E |1923 1712 E] 68125 |-2221 |-5553
Honolulu (Hawaii) . . | 21 19 N [ 158 4 W | 1925 1002 E| 3626 N |-2871 | 2361
Melbourne . . . . 37505 14458 E |1916 8 7E 67 49 5 | -2300 | -5640
Sydney . . . .« .| 33525 15112 E |1BEj g30E | 62305 |-268 |-515
Europe—
Arctic {EN{)I'WH}":I .| 6056 N | 2258E |1903| o043W | 76021 N |-1258 | -5178
Regions |(Spitzbergen) | 77 41 N 1450E |1003| 1055 W | 8o 8N |-0042|-5417
Odessa . . . . .| 4626 N | 3046 E |1910f 336 W | 6227 N |-2171 | "4161
Pawlowsk (Petrograd) . | 5041 N | 3029 E |1024] 316E | 7108 N |-1532 | -4629
Potsdam . . . . .| szz3N 13 4E |1923] 657 W | 6630 N |-1850 | -4202
Rude Skov (Copenhagen)] 55 51 N 1227 E |1921 745W | 69go7 N |-1710 | "4482
Uccle (Brussels) . .| 5048 N 421E |igt6| 1228W | 66 3 N |-18g7 | 4270
Val Joyeux (Paris) . . | 48 49 N 2 1E |1922] 1231 W | 6440 N |-1g06 | *g152
* 1007.
SECULAR CHANGES AT GREENWICH ¢
Year, Decln. Ineln, Year. Decln. Incln. H,
I a F a r a r
1580 1ImHI17 E 72 o N 1875 19 21 W 67 42 N 01797
1660 o o 73 15 N 1907 16 oW 66 56 N o-1855%
1720 13 oW 74 40 N* 1919 14 18 W 66 53 N o-1845
1815 2427 W* | 7030 N 1925 13 10 W 66 51 N o 1841
1851 2218 W 68 g0 N 1925+ 1323 W 66 35 N o-1860
19331 | 1152W i 66 39 N o1852 I.
{
* Maximum. Tt Replaced since 1925 by Abinger Magnetic Station, near Dorking,

Surrey (51° 11° 5" N, 0 23" 12" W).

|
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r SPARKING POTENTIALS

The work of Peek and others has shown that a spark gap between spherical
electrodes of equal size is a convenient means of measuring ]Eli h voltages. The
spark between points is now generally discredited for high voltages on account
of its inconsistent dependency on atmospheric humidity and frequency of discharge.
By reason of its time-lag, its readings may be 300 or 400 per cent. in error, in the
case of high frequency steep impulses.

On the other hand, frequency and wave shape have no appreciable effect in
the case of the sphere gap, and the effects of variation in the atmospheric con-
ditions are well known, and can be readily corrected for.

The size of the spheres is important. A good rule is not to use a gap bigger
than the diameter of either of the balls, though some latitude may be permitted in
this direction. The main point is to avoid the break-down discharge being pre-
ceded by brush-discharge or corona, otherwise a pulsating discharge will, in general,
give gap readings much too high. y

With the above precaution, a sphere gap is capable of measuning (peak) voltages
from say, 10,000 volts to 500,000 to an accaracy of about 2 per cent.

The table below is based on Dr. A. Russell's formula, and incorporates the
latest results of the American Institute of Electrical Engineers (1918). It includes
also for convenience a column of figures for a needle point gap (No. 0o new sewing
needles), which furnish a rough notion of the voltages for an instrument which is
still much used. The A.L.LE.E. recommend that for voltages above Jo,000 (and
preferably above 40,000) a sphere gap should always be employed.

The gap should not be exposed to any extraneous ionizing influence, such as
an arc or an adjacent spark, nor should the gap be enclosed. The first spark is
the one for which the reading should be taken.

SPARK-GAP VOLTAGES AT 7680mm. PRESSURE AND 25° C,

Where any gap is being used outside its recommended limits, the figures are
shown in brackets, The blank spaces indicate that the gap is no longer suitable.
The gaps are given to 3 significant figures for interpolation purposes.

TABLE A.
DIAMETER OF SPHERES,
Eilo Volts
(peak).
Keedle Pointa 2'5 oms, 5 cms. 10 cms. 35 cms. 60 cma,
cms. inches, Cms. CIms, CIms, TS, CTE,
gap- gap. Eap. Eap. gap. Eap- Eap.
5 (0°42) (o*17) (o'13) (o15) (o°15) (o 16) (o°17)
10 (0°83) (0°33) 027 o2 0'30 032 033
156 1'30 051 0’42 o044 o046 o'48 0°50
20 ['7% oG9 0’58 obo oh2 oby oby
a5 2°20 a'87 o7h o'77 078 o'd1 o84
30 269 106 0'g5 094 005 og8 10l
35 1°20 126 'Ly 112 I'12 I'i5 iI‘18
40 381 I'50 141 1"30 1'29 1'32 1'3%
45 4749 1'77 1’68 1'50 1'47 1'49 1°52
B0 520 2'05 2°00 171 165 1°66 1°64
60 681 2'68 2'82 217 2'02 2'01 2'04
70 8-81 347 (4'05) 268 242 137 2°39
8O | (11°77) (4°36) == 3'26 284 2'74 275
20 (13°3) (5*23) - 3'94 328 311 3’10
100 | (15°5) (6°10) — 477 375 3'49 346
110 (17°7) (6°96) == 579 428 388 383
120 | (19'8) (7'81) — (707) 478 428 420
130 | (22°0) (8-65) - —= 535 469 4°57

IL{:MM.]
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DIAMETER OF SPHERES.
Kilo Volts
(peak).
Needle Points. 2-5 cms. 5 ems, 10 cms, 25 oma. 50 ems,

{contd.) cms. inches. £ing. Cims. cmi. £ms.

: Eap. BEAp EAp- ERp gap. gap. Eap.
140 (24'1) | (9°48) s - 5'2: 510 494
150 (26°1) | (10°3) - — 6 552 532
160 (281) | (rr°n) — — 7°37 5*95 g0
170 (s0°1) | (11°g) — - 816 ‘09
180 (3270) | (12°6) - — 903 E- 34 648
190 (3379) | (13°3! = —_ 100 7°30 688
200 (3577) | (14°0) b e s 776 728
210 (37°6) | (14°8) — - (12°3) 8:24 7'68
220 (395) | (15°5) = == (13'7) 873 8-og9
230 (41+4) | (16°3) — —— (15°3) 924 850
240 (43'3) | (17°0) == - - 976 892
250 (45°2) (17°8) —_ — — 10°3 9°34

AIR-DENSITY CORRECTION TO SPARKING POTENTIALS

Applicable only to sphere gaps. The following table gives the relative air
density under different conditions. The figures are relative to dry air at 25° C,
and 760 mm. pressure :

Temyp. Press. 720mm. Press. T40mm. Press. TG0mm. Press. TBOmm.
|
0%iC. 104 1:06 ' 1:09 1°12
10 1:00 1-02 10§ 1-08
20 ogh 099 102 104
30 093 ogh og8 1:01

i Within the limits of the above table, the correction factor for a sphere gap agrees
substantially with the relative air density and so is small for normal conditions.
Thus for a given length of spark gap, the tabulated kilovoltage in Table A must be
multiplied by the appropriate correction factor.

THE RONTGEN

The rintgen (#) is the quantity of X or gamma radiation such that the associated
cOr 'u‘-l."lll"'lt' El'.l'llE*_-nIL'll'l PET ﬂ"'mlﬁgﬁ gramine Uf alr IJIGI{IUCE'Er II'I ﬂll.', ]OHE f‘aﬂ'!.-lﬂg
1 electrostatic unit of quantity of efectnmt of either sign (0001293 gramme is the
mass of 1 c.c. of dry atmospheric air at 0® C. and 76 cm. of mercury pressure).

i LATTICE CONSTANTS OF CRYSTALS

A crystal may be considered as a lattice generated by the continued repetition in
three dimensions of a unit cell which in general contains enly a small number of
atoms or molecules. The crystal belongs to one or other of the seven classes—cubie,
tetragonal, hexagonal, rhombohedral, orthorhombie, monoclinic or triclinic—
:u:{‘nr{lmg as one or more of the ratios between the sides is unity or not, and the
angles are or are not right angles. A crystal face is denoted by a triad r.:-f integers
(4, &, 1), and is parallel to planes making intercepts ek, 5/&, ,/y on the three sides
a, 8, ¢ of the unit cell, The distance & between successive members of the family of
| plamﬁ (%, £, {) is given for the triclinic crystal by the formula

1 Z(A* . 8%c* sin® a) + 22[A] . bca®(cos B cos ¥ — cos a)]
= [@*833(1 — cos® a — cos? B — cos? y + 2 cos a cos B cos 7)
| wherr. a, fr ¢; a B, yare thﬁ 5IdL5 and angles of the unit pamllz-lupmed
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X-RAY SPECTRA

Among important values of & are 2-8140 ¢ 10-® cm, for the (200) planes of rock- E
salt and 3-02004 X 10% cm. for the cleavage face of calcite. Since comparative |
measurements of X-ray wave-lengths can be made with higher precision than that |
reached in determining 4, a new unit of length, the X unit (approx. 107! em.) has |
been defined, such that & for calcite is exactly 302904 X. U, (See W, H.and W. L. |
Bragg, * The Crystalline State ** (Bell).) |

|
CHARACTERISTIC X-RAY SPECTRA

The characteristic line spectrum of an element consists of several groups—the
K series, containing in general § main lines, the L. series with at least 16 lines asso-
ciated in three groups, the still more complicated M series, and finally the N and O
series, which only occur in elements of high atomic number. The wave-lengths of a
number of lines are given below in X.U,, and are mainly due to Siegbahn. (See his

book, “ The Spectroscopy of X-rays.”)

K AND L SERIES

K series. L series. !
At. | Ele- e =
No. | ment, [
ot | | B L | b | B 1
|
L | | i SL LA e | =
11 | Na 11885 11504 = - -
12 | Mg 9869 0 9539 - == —
13 | Al 83205 7065 — - -—
14 | 51 71098 | 71124 G754°5 = T =
15 | P 61425 57921 — i i
6 | S 5361°3 53013 50211 - — -
17 | C1 J4721'2 | 4718-2 43942 — - .-
19 | K 1373771 | 373368 | 34468 — — =
20 | Ca |335495 |3351°69 | 30834 == 5= =
21 | Si 3028-40 | 302503 | 27730 — — —_— i
zz | Ti |J2746-81 |274317 | 25090 — — —
23 |V 250213 | 2498-35 | 22797 24200 e —
24 | Cr |2288-91  |2285:03 | zo0806 21530 21190 —_ |
25 | Mn 210149 |2097'51 | 190620 19390 | 19040 =
26 | Fe |1936-012 | 1932-076 | 1753013 17580 | 17220
27 Co 1789-19 | 178529 | 1617:44 15040 | 15620 —
28 | Ni 1658-35 | 1654°50 | 149705 14530 14240 —
2g | Cu |r1541-232 | 1537:395 | 1380°35 13300 13030 e
30 | Zn | 143603 | 1432°17 | 129255 12230 11900
21 Ga | 134087 | 1337-1% 120520 11270 11010 e
2 | Ge 125521 |1251-30 | 1126:71 10415 10153 -
33 | As | 1177:43 | 1173:44 | 1055'10 9652 9395 —
34 | Se 1106'52 | 110248 go0-13 8g72 8718 e
35 | Br |r1o41:66 |1037-50 93087 8358 8109 —-
30 Kr 78 B75 — — —
37 | Rb 02776 | 923-64 82006 —— - -
38 | Sr 87761 873:45 781'30 6848-6 GH10:0 —
39 | Y 831-32 | 82712 | 73919 6435 62039 —
40 | Zr 788-51 78430 70028 60507 58236 |s53738
41 | Nb | 74889 | 74465 | 664-38 |s712°0 | 5718 54803 | 5024-8
z2 | Mo 712:805 | 707'831 | 630978]5395'0 | 5401 51065 —
44 | Ru | 64606 | 64174 §71-31 | 4835-7 |48437 | 40II'0 | 41728
45 | Rh | 616-37 | 612-02 544°49 | 45878 | 4595 43640 | 39357
46 | Pd | 58863 | 58427 | 51947 |4358'5 | 430606 | 41373 | 37104
47 | Ag | 56267 | 55828 | 49001 |41456 |41538 | 392000 | 35149
48 | Cd | 53832 | 53390 | 47408 |3947-8 | 39564 | 37301 | 33280
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K AND L SERIES (contd.)

K series. L series,

oy iy By oy Ty B Y1

49 | In 51548 | s1r-o6 | 453-58 | 37637 |[3772°4 | 35478 | 31553
s0 | Sn 49402 | 489°57 | 43430 |3592+2 |3601-1 | 33779 |2004'9

st | Sb | 473:87 | 46931 — | 34318 |34408 | 32184 |2B45°1
52 | Te 45491 45037 — 32820 |3291-0 30700 | 27065
53 | 1 45703 432749 383°15 | 31417 | 3150'7 | 2930'Q 25775
54 | Xe 417 360 — — — —

55 | Cs 40411 | 39950 | 35362 |2886-1 |2895-6 | 26778 |2342'5
56 | Ba 388-09 184°43 340022 | 27696 | 27790 25622 | 22360
57 | La 37466 | 370704 327-26 | 20597 |[20689 | 24533 |2137-2
58 | Ce 36110 35647 31501 |2556-0 [25065°1 23510 | 204473
| 59 | Pr | 34805 | 34340 | 30360 |2457-7 |2467°6 | 22539 | 19568

60 | Nd | 33595 | 33125 | =202-75 |2365-3 |23756 | 21622 |18738
Gz | Sa 31302 308-33 272:50 | 21950 | 22057 19936 | 17231
63 | Eu 302:65 29790 26307 |z2116-3 | 21273 19163 | 1654°3
64 | Gd 202-61 28782 253-04 |z2041'9 |z2052:6 1842:5 | 15886
65 | Tb 282:86 | 27820 24551 | 19715 | 19823 17727 | 15266
66 | Dy 27375 26903 237°10 1304-6 19156 1706°6 | 14607
7 Ho 264090 260-30 — o | 18521 16435 | 14142
(it Er 25664 251°97 222-15 | 19804 | 17914 15834 | 13623
60 | Tm 248-61 24387 21487 | 17228 | 17339 1526:8 | 13127
70 | ¥b 24098 23628 208-34 | 16678 | 16789 14725 | 12648
7t | Lu 23358 228-8z2 zo1-71 | 1615-51 | 1626-36 | 14207 | 12203
72 | Hf 22653 22173 1g5:15 | 1566-07 | 157704 | 13711 |[1176°%
73 | Ia 21973 21488 18g-g 1518-85 | 1520°78 | 1324°23 | 1135°58
4 | W 21345 z208:62 1842 1473'36 | 148438 | 1279°17 | 1096°30
75 | Re - — —_ 1420'97 | 14410 123603 | 10587
76 | Os 210-31 196-45 1736 | 1388-50 | 1398-66 | 1194-90 | 1022:90
77 | Ir 19550 | 19065 | 1685 |1348:47 (13508 | 115540 | oBB:-76
28 | Pt 19004 182-23 16370 |1310°33 | 132155 | 1117°58 | 05599
79 | Au 18483 17996 159-02 | 127377 | 128502 | 1081:28 | g24:61
80

Hg s = = 1238:63 | 1249°51 | 1046°52 | 8046
81 Tl 17466 169-80 150011 | 120493 | 121626 | 1042'99 | 86571
82 | Pb 170'04 165°16 140006 | 1172'58 | 118408 98083 | 838-01

83 Bi 165-25 16041 14205 | 114150 | 115301 gsoe02 | Bri-43
9o | Th 1368 132:3 1169 95405 | 96585 76356 | 65176
ot | Pa e == = 03070 | 04277 740°7 | 0325

g2 U 13005 i 126-40 111-87 00874 | 02062 718-51 | 61350

X-RAY ABSORPTION SPECTRA

The absorption of a beam of X-rays by any substance varies in a complex manner
| with the wave-length or frequency, and in particular, a number of discontinuities
| characteristic of the chemical elements are found. One of these occurs at a wave-

length very slightly less than that of the Kg, emission line, and is known as the K
absorption edge. X-rays of shorter wave-length than the absorption edge are
strongly absorbed, whilst for those of longer wave-length, the absorption is onl

slight. Similarly, associated with the L emission spectrum, is a group of three E
absorption edges, and with the M series, a group of five edges. The fact that the |
absorption suddenly increases on the I:l:ig'her frequency side of the edge, is in harmony
with the explanation that the edges mark the points at which the quantum energy

of the rays 1s just sufficient to remove an electron from the K, L, or M shell as the |
case may be. !
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e [y—

K ABSORPTION EDGE

At. No.| El [MX.U.).] At. No.| El. | W X.U.). |At. No.| El. [A(X.U.). | At. No.| El. | \(X.T.)

12 |Mg|ogg496:2| 20 |Cu |1377°4 48 |Cd |46313] 67 |Ho| 222:64
13 |Al |70356] 30 |[Zn |12805 49 |In |[44298)] 69 |Tm| 2085
14 |51 |67310] 31 |[Ga |11g0-2 c0 |Sn |42394| 70 |Yb | 2016
15 [P |s57740] 32 [Ge |11146 51 |Sb |406009) 71 |Lu | 1951
16 |S |s0088)| 33 |As |1o4263| 52 |Te |38926| 72 |Hf | 10901
17 |Cl 143838 34 |Se | 97773| 53 |[I |37344] 73 |Ta | 1836
18 |A |38657] 35 |Br | gi8-00| 55 |Cs |34404| 74 |W | 178-22
19 |K |34310] 37 |Rb| 81410] 56 |Ba |330'70] 75 |Re | 1735
20 [Ca [3064:3] 38 |Sr | 768-37] 57 |La |318-14] 76 [Os | 16755
28 |S5c |z7517] 39 |Y 72575 58 |Ce |30026] 77 |Ir 16200
22 |T1 [24912] 40 |Zr | 687:38]| 5o Pr | 2951 78 |Pt | 15770
23 |Va |22600] 41 |Nb| 65168| 60 {Nd|[28458| 79 |Au| 15320
24 |Cr | 200659 2 |Mo| 61848 62 |Sa | 2644 80 |Hg| 148-03
25 |(Mn!1891:6] 44 [Ru | 558-4 63 |(Eu | 2548 81 |Tl | 144-31
26 |Fe |1730.4] 45 |Rh| 53303] 64 |[Gd|z246-2 8z |Pb | 14030
27 |Co |16040] 46 |Pd | 50795] 65 |Tb |237-0 83 |Bi 136-78
28 |Ni |148309] 47 |Ag| 48448] 66 |Dy | 2301 g0 |Th | 112'70
gz |U | (106°58)

B

L ABSORPTION EDGES |

| At. No.| EL I'l' I|”+ Ill". Observer.| At. No.| EL qu ‘ I|||+ I"HI' !ﬂhﬂl’?!r.
37 |Rb | 5985 | — | 6841 M. 63 |Eu 1533 1623 | 1772 [N. |
38 |Sr | 5571 | 6162 | 6362 |C.M. 64 |Gd 1559 | 1706 (C.N.W. |
39 |Y | 5222 | 5737 | 5044 |C.M. 65 |Tb | 1418 | 1408 | 1645 [N. |
40 |Zr | 4857 | 5366 | 5561 [C.M. 66 (Dy | 1365 | 1441 | 1587 |[C.N.W. |
41 |Nb| 457z | — | 5212 |[C.M. 67 |Ho| 1315 | 1387 | 1532 IN.
42 |Mo| 4290 | 4712 | 4904 |C.M. 68 {Er | 1260 | 1335 | 1480 |[C.N.W
44 |Ru| — | 4165 | 4358 |C.M. 60 |Tm| 1220 | 1285 | 1430 |C.N. W,
45 |Rh | 3621 | 3932 | 4118 |[C.M. 70 (Yb| 1176 | 1238 | 1383 E.
46 |Pd | 3421 | 3715 | 3901 |D.L. 71 |Lu | 1136 | 1194 | 1338 [E.
47 | Ag | 3245 | 3506 | 3693 |C.M. 7z | Hf | 1097 | 1152 | 1293 |C.
48 |Cd | 3071 | 3322 | 3405 |C.M. 73 |Ta | 1057 | 1110 | 1252 [N,

1212 |Cr. |
75 |Re | o87 | 1034 | 1174 |B.
=6 |Os 952 | 998 | 1138 Ck.
gzo | gb6s5 | 1104 |Ck.
78 | Pt 8g1 932 | 1971 |5,
79 |Au| 86z | o9o1 | 1038 5.
80 |Hg| 834 | 870 | 1007 |D.P.
8t |TL | 806 | 842 | 978 [ID.P. |
82 |Pb =81 813 | 949 [D.Sh.
58 (Ce | 1886 | 2007 | 2160 i 756 | 788 | g2z |S.
590 (Pr | 1807 | 1920 | 2073 |Ba | — 670 | Bo2 |B.
6o |Nd| 1732 | 1839 | 1991 | go |Th | 6os 629 | 760 |D.P.
62 |(Sm| 1595 | 1609 | 1841 |N. 2 |U 5609 | 592 22 |D.P

49 |In | 2919 | 3140 | 3316
50 |Smn | 2770 | 2972 | 3149
51 |Sb | 2632 | 2822 | 2901
£§2 |Te | 2504 | 2679 | 2846
53 |I | 2384 | 2548 | 2714
54 |Xe | 2272 | 2425 | 2587
55 |Cs | 2160 | 2307 | 2468
56 (Ba | 2002 | 2199 | 2357
57 |La | 1969 | 2009 | 2254
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B., de Broglie, 1919 ; C., Coster, 1922; Ck., Cork, 1923; C.L., Chamberlain
and Lindsay, 1927 ; C.M. {oatcr and Mulder, :q:ﬁ C.N.W., Cnf-ta Nishina, and
Werner, 1923; Cr, Lrufn:tt 1926; D.L., van I.}}Iu: and Llnds.u, 1{} T D. L
Duane and P:tttrrs-;un, 1920 ; ]_".I,:"Sh.+ Duane and Shimizu, 1919 ; E., Eddy, 1935;
L., Lindsay, 1922 ; L.D., Lepape and Deauvillier, 1923; N., Hiﬁhiu;l, 1925; 9.,
Sandstrém, 1930, :
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RECOMBINATION AND DIFFUSION

COEFFICIENTS OF RECOMEINATION a

a is given below in terms of 1000e, where ¢ is the numerical value nf the ionic
charge : 47 x 107 in electrostatic units. Forair, s = 3320¢ = 1'56 x 10~* cm.? sec™l,
Room temp. and pressure.

Gas. Air. 0, CO, H,

e |3'42,T.; 338, Mc.; 32, L.; 373, H.; 332 %, E.| 338, T. | 35, T. | 302, T; 2794, Mc.

E., Erikson, FP.M., 1gog; H., Hendren, £ K., 1g905; L., Langevin, A.C.P., 1902;
Me., MeClung, P.AM., 1902 ; T., Townsend, P T, 1899. * 17° C., 760 mm. Hg.

a IN AIR AND PRESSURE

H., Hendren, "o5.
a (relative values), L. . D'EIT.L)-_-;IT,II-WL. 1°11 L,Io-g';' L.:Ic:-ﬁj'L. T., Thirkill, '13.
i J |

Press. in atmos. . . . 2 l i 1 2 3 & |L., Langevin, "o2.

Prosa.inems. . . . .| 76 45 25 16 10 b 3'E| 2 | 1
a (absolute values), H. , | 33 265 | 207 | 1°75 | 1'§55 | 1'31 | 1"25 | 1"15 | 100
a IN AlR AND TEMPERATURE
Air at constant density. (E., Erikson ; P., Phillips, Electrician, 1909.)

Tomp. *C. . . .|-179 i--EB 64 |100 (1556 | Temp. ° 0. . . . ‘!ib'E 15511'1"5
a(in terms 10006),E.| 7°5 I;ﬁ{,nﬁ 2'31| 1°73| 1°38| a (relative values), P.| 1 |'50| 40 ['36

IONIC COEFFICIENTS OF DIFFUSION D

Rate of interdiffusion (in em.? sec™!) of gaseous ions in dry air: D4 for positive,
D - for negative ions, (Townsend, Pidl, Trans., 18gg, 1900.)

Iomigatiom . . . . . . |Rontgen Rn].m.!,ﬂ and % Rays. Ull]if:]:':_ulﬂ Point discharge.
PyatTem, . . . . . ‘028 032 ) — 0247, ‘0216
D_atTéem. . . . . . 043 043 | ‘043 037, "032

QASES IONIZED BY ROMNTGEN RAYS
Air, CO,, and hydrogen at 15° C. and 760 mm.

Dry Gas. |D+|D-| DryGas D [D- | Moist Gas. | D4 D- | Moist Gas. | D4 | D-
Air dréﬁd quE o43lCO, dg;d ‘o24l'026] Air iﬁtﬁll'ﬂjﬂ'ﬂjj co, I’:m:} ‘o24| "0325
0 |ca 1, ‘025104 |Hy | ooy, *li]ll'lg 2 |H,0 |W‘J'03 lH oll 12 | ‘142

AIR IDNIZED BY g AND ¥ RAYS

Press. p. in ems. |77:2| 66 | 40 Eﬂ|2l} Press. p. in oms, |7T7-2| 66 | 40 | 30 | 20

——

D4+ at 15° . r0317| ‘0420578 '078| *118] D- at 15°C. ‘o429]0542| 078 “103)1°
W+ 2°45| 2:31] 231 [ 2'34| 236} PD- 33 | 298| 312 37093"

- SN
Ly

A.C.P., dnn, de Chim. e de FPhys, ; P.M., Phil, Mag. ; P.R., Physical Review ;
P.T., Phl, Trans.
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IONIC MOEBILITIES

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, K4 = mohi]itg of positive ion, K- of negative.
For moist air (ie. saturated with HyO), K4 = 1’37, K- = 1'51.

For dry air (dried by CaCl), K4 =136, K- = 1'87. (Zeleny (air blast
method), Phil. Trans., 1900.)
For mobilities of natural ions in air, see p. 110. ® Mean = (K. + E_)/2
E: |E- | E+ K- .
By e e et Ionization and
Gas. |76 om. Hg Ionization and Observer. Dry Gas. 76 om. Hg Ohaarsss.
Air. |1-32|1-80| Point disch., Chattock,JCO; . . .lo-76 ;ﬂ'ﬂl X-rays, Zeleny, 1900.
PO, 1899, 1901, we « » 084010050 , Lattey &
s = [1°23|1'93 | X-rays, Wellisch, 1916. 0 ,, - : Tizard, '13.
|+ « |1°40|170 s+ Lanpgevin, JHCI o |1027" »» Rutherford.
| 1 | ACP,1903.150; . . .log4 g1 ,, Wellisch,’og.
» o+ |1°39|1:78 »» Phillips, PRSJCL . . . .J10* w  PRutherford.
i | 1506, N,O . 1082 lorgo| ,,  Wellisch, 'og.

L

1-36|1-87 » Zeleny, PHILINH, . . -:0‘?4 ordol
i _ Trans., 1900. f Me. acetate . 033 j0'36|
H,. |5-4 7:43 | Point disch., Chattock. | Me. bromide o029 jo28

. - LE] 15 ]
| & » 167 |79 | X-rays, Zeleny, 1900. | Me. iodide «jorat jorz2f =
‘ w o« (50 (B3 .. Rothgieser, 134 Et- alcohol o o 8 | "

He. [5:09/6:31| ,,  Franck and]Etacetate .jo31 jo28 "
; i Pohl, V".D.P.G., 'o7. | Et- aldehyde 031 lo30, "
Ng. [16*| — | X-rays, Rutherford, E: ziﬁ'i;'de t ;gg gg: " "
4 . e E) 1

‘ . . ‘D""tf" 1997 L gy, formate . 030 |31 ,: =

0, . |1-36|1:80 o Lchcn}, 1900. N Ey jodide .|o17 |o16] . 2
o . 103 |1:85 | Point disch., Chattock.Jcc1, . Jorzo lo3r| =
CO. |11 1'14 | X-rays, Wellisch, '09. | Pentane . .|o36 |o35| o
| CO, ia-ﬁ; im;: Point disch., Chattock. | Acetone . .|o'31 iu-zg 'k i

IONIC MOEILITY AND PRESBURE
Air ionized by Réntgen rays. (Langevin, 4.C.P., 1903.)

Press. em. | 75 | 20 (445 | 76 |143'5 J Press. em. 'i"*E| 20 |41'E 76 | 142
75

Ey |148| 55| 261|140 K. |2r9|735| 331] 17 | o9 |

IONIC MOBILITY AND TEMPERATURE
Air at 76 cm. press. ionized by Réntgen rays. (Phillips, P.R.S., 1906.)

Temp. ° €. 138% | 126° | 110° | 100° | 76° | 60° 12° -64° | ~179°

K4 zoo | 1os | 1’85 | 181 | 167 160 139 | o945 | 0235

K. 249 | 2240 | 230 | 221 | 2712 | 200 | 1785 | 123 | o235

IONIC MOBILITIEE IN LIQUIDS AND SOLIDS
lonized by radium rays. (Bohm-Wendt and v. Schweidler, Phys. Zedt., 1909 ;
Bialobjeski, Compt. KRend., 1009.)

Bubstanos. 1 (E+ +E-) Bubstance. I (E+ + E-)
Petroleum ether . . . .| 38 x 1o* | Ozokerite at 100° . . . g1 X 1074
Vaseline 53 % 107% o v BO® e sl 3EBx TOTA

A.C.P., Ann, de Chim. o de Phys. , P.M., Phil. Mag. ; P.R.S., Proc. Roy. Soc. ; V.D.P.(7.,
Verk. Deutsch. Phys, Gesell,

| ¥




CONDENSATION

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-
agree the best with existing theory, which makes K- = Xerfmu = 17,000 at
1800° C, (Gold). X is the electric field per cm., A is the mean free path, and » the

velocity of the corpuscle.

IONIC MOBILITIEE AT HIGH TEMPS

Balt. Temp. K4 E.

Cs, Rb, K, Na, Li . Flame, c.2000°C.| 62 |e 1000
1/20 normal KCl Flame 260 1400 }
b R R - 340 1800
1/256 normal K salt . |Flame, ¢ 2000° —— 1320
1/16 normal Na salt . o s — 1280
Concentrated sols. of

alkalies. . . . - = 8o —
Cs, Rb, K, Na, Li . Air at 1000° 72 2 }
Ba, Sr, Ca : - i 38 -—
K, Na . . « . Flame, ¢ 1800° — 8ooo l
E{I - = * - ¥ E FIamC. ' [Emﬂ Ia,mﬂ J
K, CO, . Bunsen burner - ghoo
1, [ e e A T Flame, ¢. 2000° — 1170

Observar.

H.A. Wilsﬁn, P..-J'",, :394;;
Marx. Amnn. der Phys.,
1900

Moreau, Fourn.de Phys.,
1903

H. A.Wilson, P.T.,1899
and P.AM., 1906

Gold, P.R.S, 1907, ratio
of potential grad. to
current

Poten. grad., and gas
velocity

H. A, Wilson, P.R.S,,

1909
Moreau, C.A., 1909

CONDENSATION OF VAPOURS

Expansion = v,/v,, where v, is the volume of the gas before, and v, the
volume after expansion. Supersaturation of the vapour (at end of cooling by
expansion) necessary for condensation = S = (density of vapour when drops are
formed)/(density of saturated vapour at the same temp.). (See ]. J. Thomson,

* Conduction of Electricity through Gases.”)

CONDENSATION ON NATURAL IONS AND MOLECULES
Dust-free gas saturated with water-vapour.

(C. T. R. Wilson, P.7T., '97, '99, '00.)

Rain-like Cloud-like Bain-like Cloud-likea
Gas Condensation. Condensation. Condensation. Condensation.
< T A 5 BT Gas. % _
v/, 8. vylv, 8. v,/7, ! 8 vyfv, 8.
Air . 1'252 42 1°38 779 JCO,. .| 1'365 4'2 | 1'53§ 73
0, L U BT 0 e e R o
N, 1262 | 44 1°38 79 | H, — - | 38 7°9

COMDENSATION IN AIR IONIZED BY RONTGEM AND RADIUM RAYS
{L.; Laby, P4l Trans., 1908; P., Przibram, H5en Fer., 1506.)

Vapour and Observer, Ion, | vfv, | B Vapour and Observer. Ion. | wyfw, | B.
Water (C. T. R. Wilson)] — | 1°25| 4°15 | n-Butyric acid, L.. . ? | 1*38| 150
Water (C. T. R. Wilson)]| + | 1°31 g'ﬁ iso-Butyric acid, L. . ? | 136] 133
Et. acetate, L. . . . .| + | 148| &9 ] iso-Valeric acid, L. . ? | 1'22| 60
Me. butyrate, L. . + | 1"33| 53 | Methyl alcohol, P. . + | 1’25 31
Me. iso-butyrate, L. . ? | 1r35] 5'2 j Ethyl alcohol, P. . + | 17| 23
Propyl acetate, L.. . + | 31| 5’0 | Propyl alcohol, P.. . ? | 1'18] 30
Et. propionate, L.. . ? | 41| 78 | iso-Butyl alcohol, P.. * Lz | 36|
Formic acid, L. . . P | 78251 §iso-Amyl alcohel, P. . + | 1'22| 5'§
Acetic acid, L. . . + | 1'44 | 93 - e L. + | 1'1B| 41
Propionic acid, L.. P | 134| 94 ] Chloroform, P.. . . .| + | 154 30

A.CLP, Ann. de Chim, o de Phys. ; C.R., Compt. Kend, ; P.M., Phil, Mag.; P.R.S.,
FProc. Koy, Sec. ; P.T., Phil. Tvans.




FARADAY NE

12

| charge, and for a bivalent jon E = 2¢. F = 2:8Bg224 4- -0003 X 10'* e.5.u. mole—?

—— - . —_—

THE FARADAY

The faraday, F, is the charge carried by 1 gm. molecule (mole) of electrolytic
ions: F = NE, where N is the number of molecules per gm. molecule and E is the
charge carried by an ion. For a monovalent ion E = ¢, where ¢ is the electronic

= 0494 int. coulomb mole—! = g648:0 e.m.u. mole-1.

Antecedent data:—1 int. coulomb deposits oo111800 gm. Ag. At.Wr.Ag
= 107-880.

Ne FOR GASEOUS IONS

o
N is the number of molecules per c.c. of air at room temp. and 76 cm. Hg; ¢ is |

the ionic charge in E.5.U., ¢_ for negative and £ for positive ions.

S il | |
| Air |1-52.10'%1°26.10'] H, .j1-50.10'%|1:23. 101" Mﬂ"{'x-ﬂ.m‘ﬂ 1-22.1010

Ionization. Ne— i, Ne Observer. |
| |
| T d, P.R.S ’

| :{ [a}rs : X I.ijrulﬂ | E.4r w IOII] UwﬂqEn ¥ = andag IWEr Img;
Rarays . . |1234x10% | 126 to 1437 % 1019 | Haselfoot, P.R.5., 1909. l
| | |
|

Ne CALCULATED

In ES.U., Ne = 304 % 10® ¥ K/D = 304 % 10® ¥ 1-40/0'028 = 1-52 % 1010
for positive air ions at 76 cm. and room temp. For D and K, see pp. 109, 110,

|
Gas.| Ne, Ne_ Gas. | Ne, Ne . | Ne, I Ne _

U IPE= s s R

O,. [1-62.10'%1-38. 101 CO, .| 1:07.10" | 1-02.101°

132,100
|

NUMBER OF MOLECULES IN A GAS

N = the number of molecules in a gram molecule of gas (Perrin, Compt. Rend.,
1908 ; Perrin and Dabrowski, C.R., 190G—by observations on colloidal particles).
The theoretical value is

N = NE/s = 289224 x 10M/4'805 x 10710 = {022 x 10%9,

! |
Method, | Gum mastie, Gamboge. Method. | Gum mastic. ! Gamboge.

Cu::u:::ting by =) '
ultra micmhﬁ N=7.10% | N=7-05.10% | Brownia "}i}{:?-}m“' N=7,10%

e ———— e —T

e —

Imovemen
scope ents

e/m FOR a-RAYS

efmin EM.U. gm.=Y. The calculated value of efm for a-ray is 2F(1 — g3i/(My,
—2m) = 4823 e.m.u. gm.~! where F is the faraday. The electrostatic and electro-
magnetic deflections of a-particles have been observed by Rutherford and Robinson
(1914), giving efm: 4820, 4830, 4824 for RaC, RaA and Rn respectively. Mean |

4825 e.m.u. gm.—1, ‘
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WORK FUNCTION

WORK (¢4} REQUIRED TO EXTRACT AN ELECTROM FROM A METAL

The work function y erg is the least energy which if added to that already possessed
by the fastest electrons in the metal at absolute zero would enable them to escape.
The thermionic work function, ¢, is found by determining Richardson’s equation

i = qThe T
for the thermionic current, 7, as a function of T the absolute temperature.

Calorimetric measurement also gives . _ gt S
Another expression for this current in agreement with observation is

{ = AT2~X*7, A being tabulated below.

It follows from these relations
X = ¢ — 24T,

where £ is Boltzmann's constant, 1-381 X 1071® erg deg.~%. In e-volt y,=¢.—T/7733.

' I e—V=¢. 10%r erg=1'6019.10712 erg=7733 deg. per molecule.

Einstein's expression for the photoelectric effect is Av = }me® — y, and
therefore the photoelectric work function is Awg, where vy is the minimum frequency
to eject an electron at the absolute zero of temperature. x = Av, = AcfA; and y.
= 12384:6/A,. Ay in A unit.

Reference: Reimann, * Thermionic Emission,” 1934, from which the following
table is abstracted,

A Work function x . A Work funetion x,.
Metal. T | . Ll Metal. FER] Ty
sz, Therm- | Photo- amp. | Therm- | Photo-
em.~*deg.*| “ionie, | electric. em.~*deg."%| Tignje, | electric.

1

Li —- = 2-28 volt Mo 55 418 415 volt

Na — e 2:46 W Go-100 454 4'54

K | e S - Fe = 477 | 477

Rb - | — 2:16~2-19 | Ni 1380 503 501

Cs 162 | 181 | 1'87-1.96 | Rh - 458 4'57

Ba [ | 2 — Pt 17,000 br27 630

Lr 330 | 4-12 e Apg — - 4'74

Th 70 3:38 — Au —— — | 490

Ta 60 412 | 4°11 |

. |

ToH. LG, VB H.

ELECTRONIC e/m AND YVELOCITY

mty is the electromagnetic mass of the negative electron for infinitely small
velocities, #n the transverse mass for a velocity #; #/c = B, where cis the velocity
of light. On the theory of Lorentz and the relativity theory of Einstein
(A.d.P., 1905), m = my1 —~p%-L

B |mimg) B |r-=."m. B |mimy] B |mjmg)l B |[mfmg] B [mfmg] B | mim,
001 [100,5 l]-EH| 1oy | 048 | o140 | 0-B2 | x-27q | O-T6 | 1538 | 090 | 2-294 | 097 4113
005 (1001 086 | r-o7z | 060 | 1-155 | O-B4 | 1301 | 0-7B | 1508 | 081 | 2-432 | 098 5:025
0-10 | 1-005 U-EE| poofn | 068 | 1171 | 086 | 10331 | 0B | 1-667 | 082 | 2-552 | 0-89 7-08g
020 (1-o2o] 040 | 1ogr | 054 | 1-183 | 088 | 1:364 | 088 | 1-747 | 088 | 2721 | 0089 |22-30
025 |1-o33] 048 | 1rz0z2 | 066 | 10207 | 070 | 1qoo | OB% | x-Hg3 | 084 | 2g31
080 |r-og8] 044 | r-x1g | 068 | 12281 072 | 1441 | 086 | 1-960 | 0:85 | 3-203
0-82 (r-o56) 048 | r-126 | 080 | 1250 ) 074 | 1487 | OB8 | 2:-105 | 0-B6 | 3571




14
MAGNETIC DEFLECTION

Hp AND v: MAGNETIC DEFLECTION

When negative rays of velocity  are deflected by a uniform magnetic field H
{at right angles to their direction) into a circular path of radius p, then pH = m o/fe
= vd(f)/(e/m,), where ${8) = (1 — g%~} on Lorentz’s theory {hﬂ{: above), and
efmg = 1-7589 X 107 emm. gm.~l, ¢ iz in 10®* cm. sec.”l. 1pl m gauss cm.
Example.—If pH = 211470 gams cm., then & = 2-3300 = 10! Jsec. Refer-
ence for Table: Miss N. C. B. Allen, Proec. Roy. Soc. of Victoria ( Ig-lﬂ:'j, recalculated
using latest value of efm,.

v % 10~ cm.fsec.

Hp 0 10 20 30 40 50 60 0 B0 80

|
o o 758 2518 5-3?6' o3l Sygo| ros46 12:302] 14055 15808
100 | 17°559) 19305 21-0§55 22:799 24°541) 26252 25019 20°753 31°515 32-2I5
200 | 3404 | 3005 | 38:37 | 4087 | 41079 | 4350 | 4520 | 4000 | 48-60 | 5028
300 | 5197 | 5364 | 5531 | 5698 | 5804 | G030 | 6195 | 6350 | 6523 | 66-86
400 | O8:40 | o100 | 72| 73:33 | 7403 | FO-52 | 7811 | yo-oH | Sp-25 | §2-82
so0 | 8537 | 85'92 | 8747 | 89000 | 9053 | 92°05 | 9350 | 9507 | 9655 | 9504
600 | 0053 | 1000g | 102:45 | 10301 | 10535 | 10670 | 108-22 mq-i:u; 111°05 |112-46
700 | 113:85 | 11524 | 11618 | 115-99 | 119-35 | 12070 |122-0% 123-3& 12471 |126-03
300 | 127:33 |128-63 | 12903 |131'20 | 13247 |133-74 |13500 137:47 | 13870
QOO0 | 130'01 | I41°13 | 142'33 |143°52 | 144°70 | 145°85 | 147-05 | 14821 | 140'36 | 15049
1000 | 15103 |152°74 | 15380 (15400 | 15000 |157-14 |158:23 | 15030 | 16037 | 16141
1100 | 10240 | 163-50 | 164-53 | 10455 | 10O-50 | 107-57 | 168-57 | 10054 |170°53 |17I-50
1200 | 172°40 | 173-42 | 174°36 | 175:30 | 176:24 | 175717 |178-08 |178-99 | 17980 [180:79
1300 | 181-68 | 132-55 | 13342 | 184:25 | 185-14 | 18500 | 1B0-84 | 18766 | 18849 |18g-31
1400 | 1013 | 190°93 | IQI*T3 | 102°52 | 19331 | 104°00 | [04-806 | 19562 | 1g6-38 |107°13
1500 | 10785 | 108-62 | 199°34 | 20007 | 200°70 |201°51 |202-22 | 20293 (20302 (20420
1600 | 20498 | 205-06 !206:33 | 207-00 | 207-66 | 20831 |208:96 | 20060 |210°24 |210°87
1700 | 21140 (21211 |212-72 | 21334 203094 |214-54 | 21514 |215'73 |216-32 |216-8p
1800 | 21744 |218-01 | 21857 | 210713 |219°6G | 22024 | 220-78 |221-32 [221-8B5 |z222-38
1000 | 222°90 (22342 | 22304 | 224°45 22406 | 22546 | 225:00 |226-45 | 22604 | 22743
2000 | 227-90 | 228-38 | 225-75 | 220:32 | 22978 (23024 |230'70 [231°15 | 23160 |232-05
2100 | 23247 | 23201 | 233-35 | 23378 |234°21 | 234°63 |235'04 |235°47 | 23538 | 236-29
2200 | 236-68 |237-18 | 23748 | 237-87 |238-27 |238-05 |239'04 |230-42 |239-80 |240717
2300 | 240°53 | 240°00 | 241°27 |241°64 |242°00 | 242:35 | 242:70 | 243°00 | 24340 | 24375
2400 | 244°08 | 24442 | 244°75 | 24500 | 24542 |245'75 |246'08 | 24642 | 246°72 |247:04
2500 | 247°35 | 247-70 | 247°07 | 245'27 | 24888 | 240°18 | 240:48 | 240°48 | 24078 | 25007
2600 | 250°36 | 25084 | 25042 | 251-21 (251'49 | 251-77 |252'0§ |252:33 |252'50 |252-87
2700 | 253°13 | 25340 | 25300 '253'92 254°18 | 254°43 | 254'09 | 254'05 | 255°19 | 25544
2800 | 255°08 | 255°03 | 25016 | 250-q1 | 256'65 | 250-8g | 25713 | 257 5; 257°00 | 257'83
2000 | 25800 |258-28 | 258-c1 |258-73 |258-0b Iz_-;g-:S 250:40 (25001 | 250'83 | 26004

el e —E e e = —

0 100 200 300 400 500 600 700

i — A wa e

3000 | 200024 | 20228 | 204°16 | 205-g2 |207-50 | 20007 |270°40 |271:32 |27300 |274'23
4000 | 275-31 |276-33 | 277-29 [(278-19 |279:05 |279-84 (28060 |281-32 |281-99 |282:63
000 |283-22 |283-80 |284-14 | 2B4-B6 | 285-34 | 285-81 |286-36 | 286-68 |287-18 | 28747
0000 | 25782 | 28817 |285-51 |2858-83 | 28g-13 | 28g9°42 | 280'70 |250rQF | 200023 | 20047
7000 | 200070 | 200°03 | 201°15 [261+36 2;1-56&29r-;5 20104 |202°I2 |202:30 | 20240
8000 | 292+02 (20278 | 292-03 | 20308 |293-22 |203°35 (20348 | 203'60 | 20372 | 20384
9000 | 20305 | 204°07 | 20418 | 204:28 | 20438 | 204°4% | 20457 | 204°66 | 20475 | 29484

| i

800 200

NUMBER OF Q-PARTICLES FROM Ra
Number of a-particles from Ra without its radioactive product = 362 x 101®
per gm. per sec,
Reference : Rutherford, Chadwick and Ellis (1935).
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ATOMIC STOPPING POWERS

RANGES OF ALPHA-FARTICLES IN VARIOUS GASES

Alpha-particles from Radium C’ in gases at atmospheric pressure. (Taylor,
FPhil. Mag., 1911 ; Bates, Proc. Koy. Soc., 1924.)

Gas. He.

Range (cm.) .| 397 119 75 697 620

Frd
-
b3

H.. Ne. A. Air, 0,. ‘ Kr. J Xe.
|

i STOPPING POWERS OF MATERIALS

If a layer of air of density p and thickness # decreases the range of an a particle
by the same amount as aluminium foil of density p, and thickness #,. then the|
atomic stopping power, S, of Al relative to air is given by 5 = 27/p/14-47.p,)
= (number of atoms per em.? in air layer)/(number of atoms per cm.? in Al foil)
(Bragg and Kleeman, Pkil. Mag., 1905 ; Bragpg, Phil. Mag., 1900).

Material. 8. Hatarial.l 8. | Material. | 8. latarinl.r 5. H’ntaria].f 8.
| |

(Air at 20°|1-00 | Ag . t

C., 76 cm.) Sn . g
4 (EE P 1 71 i & 5
Cu . . Gz Pe

Mi . .|246]0; . tl' 55| C:Hy .| 111
Au . .|445||NO .|1:46 | Ethylene | 1-35
Pb . .| 427 | COy 1 Benzene | 3:37
| 2
|

R
B = el
o D=l =]

7
H, . .|oz20]CS5,. 18 | Methane | 0-86
1

NUMBER OF 1ONS MADE BY AN @ PARTICLE

Total number of ions produced by the complete absorption of an a particle with
various initial velocities. Observer assumed ¢ = 465 x 1071? E.5.U. (Geiger, Proc.
| Koy, Soc., 1009).

| Ra ‘ RaEm EaA ‘ RaC ‘ RaF
|
| Range in air at 20° C., 76 em. . .| 35 cm. ‘ 483 ‘ 7106 I 3-86
- . I W | S . -
Mumber ofjons . . . . . .[I*53x10%|1" '4}«:105 1-87 X 108 2-37 X 10%| 162X 10®
| . !

IONS PRODUCED AT DIFFERENT VELOCITIES BY AN @ 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 = 2-20 x 10% (Rutherford, Chadwick,
Ellis {Cambridge), 1930.

Distance from RaCinem.. . . . . . . .11 ‘ 2 4 |5 |Eﬁ £
|

I
Ionz per mm. of path in air at 12°C, and 78 em. . |2450 12540 2680 (2880 | 1440 4htnﬁ|hm1u 4500|
| I . |
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RELATIVE IONIZATIONS

Gos. | g | 7 HardX.| SoftX. Gas, 8 | v |Hard X.| Soft X.
ir . . ./1-00 1-001-00 1-00 Me. alcohol .|1°69|1-75] — e
H, . . . o16lo16042 a1l Me. bromide | 3:73/3:81] — =71, C.
O, . . .|r17116{1-17,Mc.| 1-3, Mc. | Me. iodide .| 5-11|537| 135 72
NH, . . |oBglogol — Chloroform .| 494/ 493 40 319
N,O . .|l1:55 155 — — CCl, . . .|o28&33 49 453
CO, - .| 160 1-88{1-40, C. | 1'57, C. | Et. aldehyde .|2-12)2-17] —
| C.M, [ 1-8B6] 171 — —_— Et. bromide .| 4-41] 4-63/118 || =g,
50, . 2:25| 2:2712°3 7497 Et. chloride .| 3:24| 3:19| 17:3,C.| 18, C.
(o, . .1 3462 3066, — -- Et. ether . . 439/ 4'29] — -
Pentane | 455 453 — -— Et. iodide .|§oebq7) == || ==
Benzene 395|394 — s Ni. carbonyl .| — |5-98| 97, C. | 89, C.
Me. acetate | — | — |3'90, C. | 4-95, C. | Hg dimethyl | — | — — a5, C.

—_— S— S

RELATIVE VOLUME IONIZATIONS FOR §, ¥, AND X RAYS

Relative ionization = Ir = #P/Ip, where 7 is the amount of ionization per unit
volume for the gas at a press. #, and I that for air at press. P, the other experimental
conditions being the same. In the experiments with ¢ rays (column headed 3),
8 rays would also be present. Observers: for 8 and y rays, Kleeman, P.R.S., 1907 ;
X rays, C., Crowther, P.C.P.5.,, 1909; P.R.5., 1909; Mc., McClung, P.M., 1004.
I, for secondary y rays is much the same as for X rays (see Kleeman, P.R.S., 1909).

P.CLP.S., Proc. Camb. Phil. Soc. ; P.M., Phil. Mag. ; P.R.S., Proc. Roy. Sec.

RELATIVE IONIZATION PER UNIT VOLUME BY a RAYS
Relative ionization = (total ionization) x (stopping power), Metcalfe, 2.0, 1909. |

: | ’ I
Air .|100 |He .| +211]CO .|1r00| HCl . 1-4 |Propane| 3-05] Pentane|4-83 |

Hy .| *233]| Bry .'3~g NO .|128| Ethane |ﬂ-cr3 Btltnlle,!4-uz

For calculated total ionization when Rontgen Rays are completely absorbed
in various gases, sce Crowther, Proc. Koy. Sec., 19009,

HEATING EFFECT OF RADIUM

Heat liberated by metallic Ra, Rn, etc., in cal. sec.™® gm.”. The calculated
total energpy E of the radiations is E = iMQZE(1 4 M/m)e?® 4+ E;, where M is the
mass of the a-particles, s the mass of the radium atom, # the velocity of each group
present, ) the number of a-particles emitted per sec. by 1 gm. of radium and its
products. E; is the energy of 8- and y-rays absorbed. Heating effect is independent
of temperature and pressure.

encesg : Rutherford, Chadwick and Ellis, 1935. International Critical
Tables.

I 1-FAYE. P -FAYS. |

i [T obs. | 9ok T gele | =l & &

Ra .| 6o2x107?|700x 10" RaB
Rn . | 7ogzx10-?|R28xi10~2) RaC & i Sween) A
RaA . | 867 %107 |B-86X 107 Total (3468 < 10~ | 34-56 < 10~ [175X107% | 261 X 10~3

= V.. B, |

1 |
lt1r17 X107 | 1or42 X 1070 1175 X107 | 261 X107t |

HEAT EMISSIOM FROM RaEm, AND THORIUM
The 6 % 10~% c.c. of RaBm (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 c.c. of RaEm during its whole life = +75 x 0328 (AX6xX107%)
= 1-9 ¥ 107 calories.
For old (mineral) thorinm metal, the heat emitted is § X 107" calories per sec.
per gm. (Pegram and Webb, Phy. Rev., 1908).
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RADIUM EMANATION
RADIUM EMANATION

I is the period of decay (in days) to half initial activity. Taking r = 3-82
days, then the decay coefficient A = 2'10 X 107% sec.”™? (see p. 121).

I'in days. Observer, ete. I in days. Observer, ete.
377 Eutherford and Soddy, P44, 375 Riimelin, 2. AL, 1007,
1003. 358 For first 5 days.
| 388 Bumstead and Wheeler,] 3'75 During period 5 to 20 days.
| A J.S., 1904. 385 20 to 40 days’ old emanation.
3'8 to 4-1| Debierne, C.R., 1900. 44 One sample Rutherford and
3-B0 Sackur, Fer, C.G., 1905. Tuomikoski, P, 1904,

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 = 362 X 101%/2-688 x 101® X 2:097 X 107% =642 c.c. ¥ 1074,
(Rutherford, *“ Radioactivity *). The volume of the emanation changes anomalously

after it is first formed.

Observed vol. | Observer. Observed vol. | Observer.

——— e —— S

-58 cub. mm.| Rutherford, P.A1., 1908. -58 cub. mm. | Debierne, C.&., 1909,
Ho1 " ,, ! Gray & Ramsay, /.C.5.,1909. |

AJ.S., Amer. Journ. Seci. » C.R., Compt. Rend. ;} J.C.5., Journ. Chem. Sci., P.M.,
Phil. Mag.; C.G., Chem. Ges.

{

VAPOUR PRESSURE OF RADIUM EMANATION

Vapour pressure of liquid RaEm. in cm. Hg; melting-point,—71° C, (R., Ruther-
ford, Nature, February, tgog ; G. & R., Gray and Ramsay, 7.C.5., June, 1909.)

Temp. 20 et —B5° = B.P.

Bl e L
R. |
T

Vap. press. em. ﬁ-g NP 70

Temp. © C. lﬂ' ~70°4 —62°=B.P.|~60°6|— 55°8/— 88”5 —17°7| ~10°2 +104°5 crit.t.

e &
“‘F'?”“'} k| so 76 | g0 100

om. Hg || 00 | 400 800 [4745 cril. press,

IONIZATION DUE TO ELECTRONE AND X-RAYS

The number of ions produced when a beam of electrons or X-rays 15 absorbed
varies linearly with the energy of the beam. The mean energy (in electron-volts)
per ion-pair produced, tabulated below, is greater than the ionization potential of the
molecule, owing to other sources of energy loss.

Electrons in Air. X.rays in Air,
Mean enargy for Mean energy for
Anthor. ionization. Author. ionization,
Schmitz . . . 45 volts 2 T 1T ] . 28 volts
gl & e T MR Gaertner . . .. . |- -
Wilson. . . . 26 4, Crowther and Bond . . 428
Mean . . ;¥ Mean . . 35°5 1
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EQUILIERIUM ACTIVITIES IN MINERALS

Kelative activity of radioactive products in minerals. Boltwood (A4.7.5., April,
1908) found U 2'22 times as active as the Ra alone in minerals (see McCoy and
Ross, 4.7.5.).

Product. . . . . .1 ©

Relative activity. .| 1

HRaA | BaB | Bal |[RaF | Ac | Total.

‘34 | 45| 62 |54 | 047 | 91 | 46 | 2B | 4H4

34 x 10”7 gm. Ra is in equilibrium with 1 gm. U (Rutherford and Boltwood,
A.F.5, 1906). 7°3 % 16* gms. U equal in activity 1 gm. of Ra + its products to RaC.
i.e. Ra just over 30 days old (corrected by Boltwood, A.7.5., 1908).

RADIUM AND THORIUM IN ROCKS

Rutherford and Soddy (.., May, 1903) and W. E. Wilson (Nafure, July, 1903)
suggested that the heat liberated by radioactive changes is 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. Loss of heat from the Earth’s surface = tempera-
ture gradient % thermal conductivity of crust x area of Earth’s surface = (1/3200)
X '004 X 5'1 X 10" = 6 x 10" calories per sec. Now, elementary radium in radio-
active equilibrium (f.e. whole U family) gives out 6 x 10~? cal.fsec. gm. (Ruther-
ford §), and therefore 1’1 x 10" grms. of radium, or 10'%/109 = 10-¥® gm. per c.c,,
throughout the Earth's volume would maintain it at a steady temperature. Thorium
contributes § x 10~° cal. fsec. gm. The total heating effect in calories per gram
of rock per hour is for the lava indicated below by *, 30 x 1071; and for the rock
indicated by t, 2'9 x 107%; for average igneous rock, 11 x 107,

(See Strutt, Prec. Koy, Sec., 1906-7 ; Joly, ** Radicactivity and Geology,” 1909.)

In | Ba |EaEm.

BRa Th
Rock, ete. Obs.
gm. per gm. of rock.
o X 1078
Igoeous tocks » v o 5 s s oea St., 1906 Iy =
Sedimentaryrocks . . . . . . B I'I -—
Sandatone . . L e e e e E. M., 1907 ‘16 —
Elays oo » w o moa owom wsiw s : i 70 -
Davonian.  « & = 5 & = = = ,,: - 1104 —
BT e T b Dot S P S i o ] -
Lavas ejected since 1631% . . . ] 1909 12°3 2'3
Lava, Mount Erebus . . . . . F. ¥, 1909 2'4 —
tlﬁ 26igneousrocks . . . . . . jl., 19::13 ‘,:':;I -—3
4 " " . widon . other obs. . I
Italian igneous rocks . . . . . B., 1909 mean 5
Campbell and Auckland lslands,} F.F { 16 igneous
T gL e o, sl B S -5 sedimentary
St. Gothard Tunnel—
granie. . . « & 2 s o= o2 s ] 190G 7 1"g
schists and altered sedimemary} 34 to 479 € to I'2
XOCKE % 4 % e ow s w o e " 5
Simplon Tunnel . . . . . . . = 76 —
Transandine Tunnelt . . . . . Fl, 1910 "8 56
Calcareous and dolomitic European J., 1910 mean of 7 16
rﬂl’:ks & & @ N ¥ & @& ] { . 2 ? Sd4ll I]lﬂE <'ﬂ5
Deep-sea deposits—
Globigerinaooze! . . . . ., . & 7'2 —_
Radiclarianooze® . . . + . . i 367 —
Bl Bl Sy o e e e e s & 27 -

Extent :—* 50, * 2°5, * 51 million square miles. + 1oco teet below the surface. § Assum-
ing that the heat due 1o each member of the family is proportional to the ionization it produces.
| Preliminary result. B., Blane, 24, ; E.M.,, Eve and McIntosh, P.A4f. ; F.F., Farr and
Florance, 2. Af. ; Fl., Fletcher; |, Joly, £ ; 5., Strutt {above). A.FS., dmer. Fourn,
Sei. g P M., Phil, Mag.
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RADIUM IN BEA-WATER
In grams per gram of sea-water. Deduced from the observed amount of Ra

Em.

Amount. Place. Observer. I Amount, | Flace. Observer.
2'3 % 1o~ - Strutt, P.R.5.'06] 4 x 10718| Nile Joly, P.A 1908
*3—6 ,, |Mid. N. Atlantic| Eve, 2.4, 1907 |14 »» | Mediterranean| ,, w 1909
9 o, [Atlantic i n 1000] & » | Indian Ocean | ,, " i
16 » Joly, P.Af, 1908

radium with which it would be in equilibrium. The observers below absorbed the
emanation by charcoal.

RADIUM EMANATION IN ATMOSPHERE
RaEm. per cubic metre of air, expressed in terms of the number of grams of

EaEm, Place. | Observer. EaEm. | Place. Observer.

24~-27 X 10~ 12 Montreal| Eve, P.M., 1907 |35-350% m—l’-‘l} Cam- { Satterly, P..M.,_
6o
86-200 Chmagn |ﬁ5hman.4_?’.ﬁ ‘o8

bridge 1908 and 1910 |

LB

Mean 105 ,, |

E. 110). The ions are named from their velocities: the small ions are assumed to
a

MOBILITIES OF NATURAL IONS IN AIR |
Mnbilit}r or speed K is in cm.? sec.—! volt—! at room temperature and 76 cm. (see

ve the velocity of X-ray ions. (See Pollock, Science, 1909 ; Eve, Phil. Mag., 19,
1910 ; Lusby, Proc. Camb. Phil. Soc., 1910.)

Tom. ] Moan K, | Observer. Lom. | Ealm E. 1 Observer,
+l- I{-‘--]'-‘ Lﬂ_[’gﬂ mﬂj Lﬂ.n i CR j‘-.
= - e, gevin, C.A, ‘o5
Small . LS %I{_ - 1*;:!} Langevin, ‘o Large . .| 'oo03* [Pollock, ;gnE,
Intermediate| ¢ ot Mean Large . .| ‘ooo8t s i

Pollock, dusil Az Adw. S, 1908,

* Humidity, 19 grms. H,0 per cubic metre. t '5 grm. H,O per cubic metre of air.

ELECTRIC ARCS
¥ + L

Mrs. Ayrton’s formula for carbon arcs, E = a4 8/ + ~———, has been shown by

Guye and Zébrikoff (Compt. Rend., 1907) to hold for short slablr: arcs between metals.
E is the -.u;-ltage across the are, 7 is the current in amperes, and / the length in mms.
of the arc in air at atmusphen-.. pressure. Mrs. Ayrton's formula does not hold for

very long arcs, nor for cored carbons. For stability, an arc requires an external

{Eg = (a + B
~ oh
il + 30) ohms, where E, is the

total available voltage ; or E, must exceed = + 8/ + 2/R{y + 3). 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.”)

resistance R which must be less than

Metal, o B ¥ 3 Motal, a a ¥ ]
C. . . .|3883 | 2074 | 1166 | 1054 | PA . . .[2164]| 37| o 2178
Fe . . .| 1573 | 2552 044 | 1502 | Ag . . .| 1419 | 364 | 1136 | 1901
Ni.. .| l1r4| 38 o 1748 | Pt . . .| 2420 | 480 | © 2023
Co . . .| 2071 | 205 207 | 1012 | Amn . . 20082 | 462 | 12'17 | 2097
Cu . . 2138 | 3703 | 1069 | 1524

e

d.2.5., Awmer, Journ. Sci. ; C.R., Compt. Rend. ; P.M., Phil. Mag. ; P.R.S., Proc. Roy. Sec.
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below.

References: Birge, ““ General Physical Constants " (Rev. Mod. Phys., 1929), Birge's 1939
revision of his 1929 values, and Wensel (/. Kes. Nat. Bur. 51., 1939).

GENERAL AND ATOMIC CONSTANTS

The f{m!]c}wing table contains a number of the general constants of pll}'sics.
the values given below is explained on other pages of this book, referred to in the third column

e —————

The basis of

[
Symbol, |

e
e/m

M =ZQo

Fundamental

Specific Charge

Atomic Mass

Spectroscopy

Quantity.

Electron
Electron

Planck's action quantum
Velocity of light
Lrravitation constant
Number of molecules per

mole, Avogadro's number
Boltzmann’s constant
(Gas constant==gn|T
Volume perfect gas
Faraday=Ne¢ chem. sc.

s chem. sc.

Proton=IMp
Deuteron=F/Mp
Hydrogen in electrolysis
a-ray

H! atom : m. electron
Electron=:e/{e/m)

Unit atomic mass=1/N
Proton=Mpg/N
Chemical hydrogen

H?! atom

Meutron

Dieuterinm

Helium

Silver

Rydberg's number H?!
o 2 He
¥ ¥
Fine structure const.
Hoat, Radiation
Temperature Ice Pt.
First radiation const.
Second radiation const.
Wien's law const.
Stefan’s const.
Mech. equiv. heat
Elect. equiv. heat

X-Rays

(rating space calcite
Diensity calcite
Structure factor
Grating space calcite
quarts

gypsum
mica

rr (1]
¥ L)
r3 1
X unit in cm.
Wavelength equivalent to
I &V energy for X-rays

Page. |

127
128

128
84
17

12
7

7

11z
I1z

171
Iy

171
171
151
171

75
75
75
75
05

1257

127

126

Value.
| |
| 4-805++001 % 1071 es.u. 16029 % 1071 emou,
5272840015 % 10" esu, pm.=! 17589 x 107 B
lm__
66224 007 ¥ 107 erg. sec, le
2:007744 00011 X 10" cm. sec.™1
6'0594- 006 X 10™? gm.~' ¢m.? sec.~¥
frorgz<4 0or4 ¥ 10** mole,~! chemical scale
1381340002 X 10™18 erg. deg~'=R/N
831424 -0ot0X 107 erg, deg. ! mole.~! Chm. Se.
22415-24-8 em.? mole,~! (g=0q80-665)
2:89224 40003 X 10 e.5.u. (gm. equiv.)~} I
9648-0 e.m.u. (gm. equiv.)~1 |
2:8712 % 1o ez, gm. -1 95780 e.mau. gm.~t |
1-4359 ¥ 10" e.5.u, gm, ! 47000 e.m.u. gm.~t
2:8602 x 1o e.5.0. gm.”? §571-4 e.;m.u. gm.~t
I'4450> 1o™ es.u. gm. 482004 e.mou, gm.t |
Physical scale. | Chemical scale. |
183777 =e/(e]m) |
g I13-+-003 ¥ [0~ gm. 0005486 0005484
6613 X 10~ gm. 100027 1-00000 |
16734 > 10~ gm, | 100758 100731 |
16540 % 1o~ 100827 1-00800 .
. 1-00813 100786 |
1'6756 x 10~ 1°003g 1-:0086
| 201473 i 201418
| 4 00389 400281
| 107-880
10967775+ 01
109722 403+ 01 em. !
109737°43 R =2m%tm/h%*
73002 % 107; 1/a=136-08=(4mRe(e/m)/c}}
a” l'_'.‘.=2:ré-1[ii-ﬂ:° K.
| 377 % to~" erg. cm.? sec.~1 |
| 1'4361 cm. deg.=ch/é |
2802 cm. deg. AnT % 4-965=c, |
575 107-F erpg. em.~% deg. |
418520 % 107 erg, cal.~L at Ig“ . |
41850 % 107 erg, cal."! at 15" C.
dya=302045 X unit (I XU=1-00218 x 107" cm.)
2-71047 400003 gm. cm.~3?
1400594
3020'04 X unit Ist order spectrum
4244092 v ' s
?5?9'06 't ' 33
WE?. 54 rr Lk i
1 XU'=100218 X 1031 cm. Ag/Ae=1'00218
123846 % 107* cm. abs. volt=?
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RADIOACTIVITY
RADIOACTIVE ELEMENTS AND SERIES

Rate of Decay.—If N is the number of molecules of a radioactive element at
a time # sec., then N = Ng~M, where N, is the initial number of atoms when
f=o0. If T sec. is the period in which the number of atoms initially present
decreases to one half (i.e. N/Ngy = }), then AT = -69315. (When T is in minutes,
hours, days or years then AT = 1155 X 107%, 1'g25 X 107%, 8021 X 107 or
2:196 x 1079 respectively, where X is the disintegration constant in sec.™),

Change of Atomic Mass and Number.—In the radicactive disintegration of
an atom either an a- or g-particle is emitted from the nucleus. In the first case the
mass of the atom A relative to O = 16 decreases by approximately four units and
the nuclear charge 4+ Ze decreases by 2e, that is the atomic number Z decreases by 2.
In the second case the atomic mass A remains practically unchanged and the atomic
number Z increases by one unit.

Radioactive Series.— Three radioactive families of elements have been found
in nature ; they are known as the thorium (A = 4»), the uranium (A = 4n + 2)
and the actinium (A = 4n-+3) families, The uranium series was early recognized
to originate from Ul, and the thorium series from thorium. There was some doubt
as to the origin of the actinium series. Recently, however, the determination (by
Grosse 1935) of the atomic weight of protactinium as 231 and the observation of
the presence of an isotope of mass 235 (actino-uranium) in uranium (Dempster,
1935} have definitely proved the latter to be the parent element of the actinium

Chemical properties of the elements are the same as those of their isotopes
which are :

A AR LNE . R R TN TR WO, |0y R
Isotope . . U Pa Th Ac Ra (AcK) Rn Pa Bi Pb
[] 1 I
Element. | A | Z T | Ray. | Elemest. | A | Z| T | Ray
Uranium Actinium |
Series Bories (rouf.)
Tl . . |28 |92 | 46X10"'¥.| a AcK . .| 223 |88 |[1rzd a
Tl . | 234 | 90 | 24'5 d. | B An . .|215|8 | 3028 @
UX1l. .| 234 |9f | 1-14m. g AcA . . 2I5:H4| 2x10"%s a
UZ . 234 | or | 67 h. B AcB . .| 211 | 82 |360m B
o1 . 234 | 92 3 x 1% y. a Al . .| 211 'Sjl 216 m. a, B
In. . 230 [ go | S5xi10'y. a Acl” . .| z11 |84 |10, a
B . 220 | 88 | 1500 ¥. a AcC” . .| 207 | 81| 476m, B
Rn . 222 | 86 | 382d. a AcD . . | 207 | 82 | Stable
RaA . 218 | 84 | 305 m. a
EaB . 214 | B2 | 2008 m. A Thorium
RaC . 214 | 83 | 10°7 m. B, a Serles
Ral’ . 214 | B4 | 107" 5. o Thi- = 232 14X 10l I
RaQ"” . 210 | B1 | 1-32 m. a MsThl 228 | B8 | G7 ¥, g
RaD . . | 210 82 |22-3y. B MsThil . | 228 | 89 | 613 h B
RaE . . | 210 | 83 | sod. B RTh . .| 228 |90| 190y. a
RaF . .| 210 84 |139d. a ThX . .| 224 | 88| 364d. a
RaGd . | 206 | 82 | Stable Tn. . .| 22085 |545s. a
ThA . .| 216 |84 | o145 a
Actinium i ThB . .| 21z | 8z | toe5 h B
Serics ThC 212 | 83 | 605 m | a8
AcU . .| 235|902 | 7x10%Y. a ThE" . .| 212 | 84 | 10~ s, a
UY . .| 231 |0go|2¢46h B ThC” . . |208 |81 | 31m | B
Pa . . |z231 |91 | 3zX10°Y. a ThD . . | 208 | 82 | Stable - !
Ac . .| 227 | Bg (135 Y. BiaE . . .| 40| 19|10y | B
RAp 227 | go | 180 d. a Bh. . .| 8|37 ax1otly. B
(AcK) 223 | By | 21 m. B Sm s o | 148 | B2 | 101y, I
| | | | |

. 8., second ; m., minute ; h., hour : d., day ; y., year.
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series. The stable end product of each series is always an isotope of lead : Ph2v$
for the uranium series, Pb?®® for the thorium series, Ph*"7 for the actinium series.
These three i1sotopes are also the main constituents of ordinary lead. The three
series exhibit considerable similarity. The elements, RaC, ThC, AcC, exhibit a
branching effect, emitting either an a- or a S-particle. Another branching exists in
the case of UX1, which emits S-particles to form UXi1 or UZ. The scheme of
the transformations is then :

(004%) RaC"~.B f’{‘asﬂf}ThC”Hﬂ
Rac<{99%m RaC ,,f;R 20 T}'L;xfﬁs o) ThC’ ,,thD
&(997%) AcC"~8 B (99 ﬁ;%}ﬂ*{ux
At (03%) r‘icC’>uMD UX'}?a{ut %) UZ El o

The numbers in brackets give the percentage of the atoms which disintegrate in
the manner shown. Rewntly Perey, C. E. (1939) has slmwn a branching effect for
Ac and suggests AC—a (0-6%,) Ac.K and Ac—f (09-4%;,) R.Ac.

Three naturally m:curmlg radioactive elements, not members of radicactive
series, are K4, Rb®" and Sm8,  Their half periods are given in the above table.

V. D. H.

a-RAYS ENERGY AND RANGE

References :—Rutherford, Chadwick and Ellis, “ Radiations from Radio-|
active Substances,” Cambridge ; Gamow, *‘ Atomic Nuclei,” Oxford ; Briggs, Proc.
Roy. Sec.

Initial Velocity, Energy and Range.—The velocity, V cm. sec.”?, of the:
a-ray of RaC’ (and other elements) has been measured by Briggs by deflection of |
the ray in a magnetic field, H oersted. I

V = Hplefmg)(1 — B}

where p cm. is the curvature of the a-ray path, ¢/m, e.m.u. gm.~, is the ratio of |
the charge to the rest mass of the particle and 8 = V/e.  Hp (observed) = 3:99277.10%
em.u. cm. ¢/my is calculated from the I-':nr:vu:lsqr g648-0 em.u. (gm. equiv.)”},|
Mg = 4-c:?113 {chfmlcal scale), giving ¢/m, = 4823 eem.u. gm."tand V = 1-9215. m"
cm. sec.” 1,

The energy, Ty erg, of the a-ray is given by Ty = §(Hp)? (¢tfmy) (1-FY4—PYS). f
In the table T; is in £V, where 1 ¢V = 1-6019 X 107!% erg. Bnggs' c}hsenatmns
are given in it to five or six figures.

: :
R v 10° | TueV Tye R vx 10°| T,eV¥ TreV

Element. | on' | om,see. | x 10-2, | x10-s, [Element.| 75 om./see. X fo-s | « 1g-s.
T s | 268 | 1741 41 42 ThX . | 424 | 146533 | 5681 5785
Utr. .| 324 | 151 47 48 Tn .| 497 | 1-73bz | 6-2818 | 6:393
I « | 316 | 1:48 40 47 ThA . | 500 | 1-H048 | 677 Grgo2
Raay, .| 326 | 1°52 470 483 ThC a; | 468 | 1-7o53 | G044 G161
Rn . .| 401 | 16247 | 5436 5587 | Thi” a, 853 | 20535 | 8770 | 8-045
RaA . ' 462 | 16087 | 5008 Gri1o | Pa, 363 | 155 498 500
RaC a, 404 | 1°63 551 5bI Ra.ﬂhc 47 71 fras 014
RaC’'a, | 687 | 19215 | 7680 | 7-827 |AcX .| 428 | 1-66 572 582
RaF .| 381 | 1'60 531 540 Ana, . | 566 | 1-81 b33 603
Thi. o] 2257 4o 41 42 AcCay | 539 | 178 661 674
RaTha, | 390 | 1:61 542 552 AcC’ ag| B52 | 189 243 758

| I
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| etc. Thusif# =1, 2, 3, 4, 5, 6, 7 the shell is the K, L, M, N, O, P and respec-

a-RAYS ENERGY AND RANGE [confd.)

Total disintegration energy, T erg, of both a-ray and nucleus is given by
Tr = Ta(1 + m/M) = Tg(1 + 4/M),

where s/M is the ratio of the mass of the a-ray to that of the nucleus after dis-
Intngmhun It is approximately 4/M if M is the atomic mass of the latter.

Range.—R,; cm. is the range of the a-ray in air at 15° C. and 76 cm. Hg.

Geiger’'s relation. The decrease in velocity c-f an a-ray in air is approxi-
mately given by Geiger's relation V3 = a(R — x), where a is a constant = 1'011
x 109, B cm. is the range in air, V cm. sec.~! the velocity of the particle at a distance
£ cm. from the source. This holds fairly closely for velocities between the initial
velocity Vg, and 075 V.

Geiger-Nuttall Rule. There is an approximate relationship between the
disintegration constant, sec.”! of a radioactive atom and R c¢m. the range in air of
the a-ray which it emits, namely, log A = A + Blog R, A and B being constants,
A varying slightly for each radioactive series.

Magnetic spectra of a-rays. Several groups of a-rays having definite
energies from one disintegrating element were first observed by Rosenblum in
1930 for ThC and for RaC, AeC by Rutherford, Ward and Wynn Williams, 1930,
and later for ThC’, RaC’, RaAc and An. The main group for each element 1s
given in the foregmng table The following table gives the energy of the group of
a-ray and the y-ray energies from ThC’. It shows that, when an a-particle of less
energy than the maximum energy group is emitted, the nucleus is left in an excited
state, and its excess energy is emitted as a quantum (or as several quanta) whose
energy is the difference in energy of two a-rays.

Element, T, eV. Energy difference. | hy for p-ray eV = 10-%,
Mmoo 6200 x 10"

PR T AR ST 61160 % 108 ay—ay=0400x 10* 0°300 ¥y

R AR 5872 108 ay—ay=173278 ¥ 10® 3267 vy

A e 5728 » 1o® oy —n,=4724 ¥ 10°% 47700 v,

g s e 5-708 X 10 ay—ey=4'518 < 10" | 4511 7y
a,—ay=4'324 X 10° 4317 ¥a
ay—ny=2"378 X 10% 2-8060 ¥,

V. D H.

ARRANGEMENT OF ELECTRONS IN ATOMS

In the following table the electrons in an atom are shown as arranged in shells
and sub-shells. The number of electrons in an atom is equal to its atomic number
Z, 50 that the nucleus with a positive charge Z¢ is surrounded by electrons of total
negative charge Ze.

Bhells. The electrons with the same principal quantum number # are said
to form a shell. Proceeding from the nucleus outwards the shells are called K, L,

tively. This nomenclature had its origin in X-ray spectroscopy in which a K series
line 1s due to an clectron transition from an outer to a K shell.

Sub-Groups. The electrons in a shell are arranged (according to convenient
terminology) in sub-shells as shown below, where it is -.hnwn that L has 3, M has g,
N has 7, O has 5 and P has 5 sub-shells. The electrons in one sub-shell have the
same energy, and the differences inthe energy levels of the various sub-shells determine
the frequency of the X-ray lines emitted by an atom.

Quantum Numbers. Quantum numbers used in the specification of the
angular momentum of individual electrons and the assemblage of electrons in an
atom are a development of those introduced by Bohr.
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ARRANGEMENT OF ELECTRONS IN ATOMS (cowidl)

Principal quantum number » in Bohr's theory of the H atom is ma®m = u#h,
and this leads to @, = (A3(meZ)n? = const. n®, where a,, is the radius of the sth orbit,
and T, (Kinetic Energy) = (3metZ3/#%2) . 1/n?, where # = Af2n, & being Planck’s
constant.

Reduced quantum number /. /= & — 1, where £ is the azimuthal quantum
number and is introduced to quantize the angular momentum of the electron in the
elliptic orbit. &/# = minor axis/major axis of an orbit,

Spin quantum number 5. The angular momentum of the spin of the electron
1s expressed 5% = 14, and therefore 5 = }, and its contribution to the total angular

| momentum 15 § = §.

Inner gquantum number 7 = /- s is the angular momentum of a single

electron where / and s are vectors. 7i is the resultant angular momentum of the
electron,

Pauli Exclusion Principle states that no two electrons can have all their
four quantum numbers the same. i

From the chemical property of the elements as shown in the periodic law, from
interpretation of optical and X-ray spectra, and the vector theory of the hydrogen
type of atom the electron structure of atoms given below has been deduced. The
numerical distribution of electrons in shells of 2, 8, 18, 32, 18 which has been evident
for some time is now accounted for by the system of quantum numbers.

Symbols for electrons and spectral terms. The symbols s =0, # =1,
d=2f=3,r=4k=57i=64&=7 ... are used to denote the value of /.
This convention has its origin in Rydberg’'s formula for the sharp, principal, diffuse,
and fundamental series of the alkali spectra. The value of the principal quantum
number # is put in front of the symbol, ¢.g. 54 represents an electron where # = 3.
When several electrons have the same values of # and / their number is denoted by

| a superscript, ¢.g. 25 represents 3 electrons having # = 2, / = 1.

Spectral Terms. In several electron configurations, 5 is the vector sum of
their spin moments 5. L is the vector sum of their orbital angular momenta. Both
L and S couple together to form J. This form of coupling 1s called Russell-Saunders
coupling. As the spin for each electron is 5 = }, the resultant spin for x electrons
can have all values up to a/2, differing by unity. L is obtained by combining two
{'s and then combining their resultant with a third, etc.

T b P N - S R (R N
Symbol. . 8 Bl E G H LR

There are {25 4 1) values of | provided L >S5 and the number (25 4 1) is added
as a superscript to the left side of the symbol representing L. The values of | are
added as subscripts, e.g. 3D is a spectral term having § = 1, L. = 2. Possible values
of ] are 1, 2, 3. The symbol for the energy levels are *D;, *D,, Dy,

References :—Bohr, ©“ Application of Quantum Theory of Atomic Structure,”
Camb. Phil. Soc., 1924 ; Stoner, ** Distribution of Electrons among Atomic Levels,”
Phil. Mag., 1924 ; Main-Smith, * Chemistry and Atomic Structure,” 1924 ; Bacher
and Goudsmit, “ Atomic Energy States” (1932) ; White, * Introduction to Atomic
Spectra ” (1934) ; Richtmeyer, * Introduction to Modern Physics *' (1934).

. T.H.L, V.D.H.
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ARRANGEMENT OF ELECTRONS IN ATOMS (coedd).
POSBSIBLE STATES OF A ONE-ELECTROMN BYBTEM.

Principal quantum i

number » . . II 2 3 4

Orbital  angular

momentum f/ . | o o I | SRR AL IR L [N - N (R - e B R O
Tatal angular | | |

mypnentum ) o h oF okob - F & 0K B Y & & 8.8 % .3

Magnetic ql.lantum

amber m + .+ 4+ 41 |ﬂ SR A SO R L

% * * | } to to to | to to to to to
——4 —4 —§ |-} —4 =4 —F =} |~ —F —4 -4 —§ —f —}
Number of states 2 31 a2 iyt | 1’;| 2 2 ; i g 8
Total number -of

glates’ . . .| =z 8 18 32
Shell” T <. 0 ONEE L M N
Sub-groups ., . | T 1¢ 111} 1 11 11 IV V| I II 111 IV V VIVII

f |

THE DISTRIBUTION OF ELECTRONS IN ORBITS CHARACTERIZED BY TOTAL
QUANTUM HNUMBER »

=12 8 4 n=12 3 4 656 n=123 4 5§ 6 7
Feriod I Period IV (confd.) Paﬂnﬂﬂ:mnfﬂ]
r H i (im0 28 183 | 63 En 281824 o 2
z He 2 | 32Ge . 2818 4 g G 28 1825 g9 2
! 33 As 2818 & Bg Th 28182060 g 2
Period II [ 34 Se 2818 6 | 66 Dy 281827 g 2
3 Li I | ;35Hr z8 18 7 | 67 Ho 281828 9 2 |
4 Be 22 |36Kr 2818 8 | 68 Er 281829 9 2
5 B z23 6o Tu 25133 9 2
6 C 2 4 Period V 70 ¥h 281831 o0 2z
= M - 37Rb . 2818 81 *T I . 2818 32 o 2
80 26 38 Sr 28 18 B2 72 Hf 28 18 32 10 2
g F 27 39 Y 2 B 18 g2 731 Ta 2 8 18 32 11 2
10 Ne 2 8 g0 fr . 2818 102 24 W 2818 3212 2
41 Nb ., 2818121 | 75 Re 28183213 2
| Period IIL 42 Me . 2818131 2818 3214 1
I Na . 28 I 43Ma . 2818141 | 96 Os 28 18 32 14 2
1z Mg . 28 z 44 Bu , 2818151 | 238 18 32 15 1
13 Al 28 3 | 45 Bh . 288161 | 77 Ir 2818 3215 2
14 Si 28 4 46 Pd . 2 8 1B 18 2 B 18 32 16 1
15 P z8 & 47 Agp . 2z B 18 18 1 =8 Pt 28 18 32 17 1
TO: 28 6 a Cd . 2B 18 18 2 | 2 8 18 32 18
) iy L] B 28 7 40 In 2818183 | %9 Au 2 B8 3218 1
18 Ar 28 8§ 50 5n 28158 184 | 80 Hg z8 18 3218 =2
51 Sh 2 8 18 18 5 81 Tl 28 18 32 18 3
Period IV 52 Te 2818 186 82 Ph 2 818 32 18 4
K . 28 81| 531 . 2818187 83 Bi zﬂlﬁgzrﬁg
20 Ca . 28 82| 54Xe . 2818188 84 Po 2 8 18 32 138
21 Sc . 28 o2 8 — 28 18 32 18 7
23 T' = 2 K 10 2 | Period VI | X6 EBn 2 & 18 32 18 8
23V 2812 se0s . 2818138 1|
24Cr. 28131 56 Ba 2 8 18 18 8 2 Period VII
25 Mn . .2R132!51Lu 281818 g2| 85 — 28183218 §1
2b Fe . . 28B142| 5B Ce 283181592 85 Ra 28183218 82
27 Co 23[52|59Pr.2313m93,:¢9m- 2818 3218 9z
28 Ni 28162| 60oMd . 28182102| 0o Th 2 8 15 32 18 10 2
2q Cu 2 8 18 1 a1 Il 2 8 18 22 9 2 91 FPa 2818 32 18 11 2
30 Zn 2818 2| 62 3a 281823 02| 9 1J 2818 32 18 12 2

V.D.H., T.H. L.
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RESONANCE AND IONIZATION POTENTIALS

When an electron collides with an atom of gas for relative velocities below a
certain value, the collision is elastic and the electron rebounds from the atom, but
for higher velocities there is an absorption by the atom of the energy of the electron.
In general there are two types of inelastic collision, one in which an electron in the
atom undergoes an interorbital transition and the other in which an electron is
removed from the atom. The work done, measured in electron volts, to lonize the
atom 1s the fonization fofm&fm‘. and similarly the work to displace the electron is
the resonance potential. The first or principal ionizing potential is the energy
necessary to remove an electron from the lowest state of the atom so as to produce
the lowest state of the lon from which it 1s built, ¢.g. the energy required to remove
one of the electrons from the lowest state (1 52 15,) of the hellum atom is the first
ionizing potential of helium. The second fomizing potential is the work done in
removing the second electron in its lowest state from the atom. That is, for example,
the work done in removing the remaining 1 S *5; electron from the helium atom.
Ionizing potentials can be determined (1) by direct observation of the potential
required to produce ionization, and (2} indirectly by determining from the conver-
gcncc limit of the optical spectra the amount of energy given out when an electron

rops from infinity to the normal position of the valence electron. Ve = (¢24/10%)p
volt e.s.u., where v em.~! is the wave number of the spectral line, ie. V = 12385
® 1074 % v volt. Values given in the following table have been calculated by this
method.

The meaning of the symbols is given on p. 124, under “ Spectral Terms.”

References: , “ Introduction to Modern Physics”; Bacher and
Goudsmit, ** Atomic Energy States.”

FIRST IONIZATION POTENTIALS AND LOWEST SPECTRAL TERMS OF THE

ELEMENTS
I-:m+ !'nt.| Term. Ion. Pot. Term. Ion. Pot.| Term. Term. \Term.

H 13 584 | 353 | Ca 11 B | ¥ 65 My |Ce | *H, |Os | %D,
He | 24564 | 'S | Sc 67 Iy | Zr 604 |3, |Pr | ‘K |Os | °F,
Li 530 | %t T 683 | ?F5; | Ch Dy | Nd| 5L, |Ir | 'F;
Be g32 15, v fr7t i iF; Mo [ 7:37 [y |1 | *Lax | Pt (3D,
B | 83t |*Pk |Cr | 696 |7S; | Ma sDs | Sa | 'K, | Pt |25,

C 1r:27 | Py Mn| 743 || "S5 Ru 5Fs “u | *Hz | Au “qi
N 14°54 153 Fe w-fr D, | Rh 77 | *F; |Gd|*D, | Hg|15,
0 1360 | *P, | Co B3 F; §Pd 83 |1, |Th| e | TI | P}
F | 1867 |*P; INi | 763 |F, lae | 756 |s; |Dy| K, |Pb| 2R,
Ne | 2156 15 Cu o | 253 s | 808 15 |Ho| SLax | Bi | *Sa
Na| 514 |31 | Zn g3 |15, |In 578 | Py |Er | *L,o | Po | 2P,
Mg| 764 |5, |Ga | 5900 |*P} ISn | 732 |, |Tu|‘Ku|— %P

Al 08 | P} e Bert P, | Sb 83 53 |Yb| *Hy | En| 15,
Si 15 | B, | As | 10 B | Te Py |Lu| Dy | — | 54
r 155 | Se ag P 11 10 ®ps | Hf | °F, | Ra |1S,
s 103 p, | Br | 1 1185 | *P3 | Xe | 12127 |15, |Ta |*F3 |Ac|2Dy
Cl | 13°01 ‘I‘i Kr | 1400 | 15,, Cs 8% |3 |W | *Dy | Th |3,

A 1575 15, Rls 4196 | 253 Ba 521 15¢ JRe | ®S; |Pa | *‘l-g
K 434 =F~| Sr 5600 : 15, | La | Dy |Re |*Ds | U | D,

Y.D.H

ELECTRONIC CHARGE

Historical. —The electronic charge, ¢ e.s.u., was measured in 1897 by J. S.
Townsend, and in 1898 by J. J. Thomson by finding the average charge in a cloud
of drops. The total charge was found, and Stokes's law applied to obtain the
average size and total number of drops. H. A. Wilson (1903) pointed out that
if 2, is the velocity of a drop falling freely, and 2, its velocity when acted upon bya
vertu:a] electric field (X), then

imat(p — a)g = bmyena, and
neX = bmy(vy—vy)a = {162 aypvy(vy—2,)%(p — o)gP
where #¢ is the charge of the drop.

—_—_— —_ ~ - -
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ELECTRONIC CHARGE (comtd)

Rutherford and Geiger (1908) counted the number, and measured the charge
of a beam of a-rays. Kegener, counting scintillations of a-rays, found in a similar
experiment, ¢ = 479 x 10~ Perrin’s (1908) cobservations of colloid particles
verified Einstein’s expression for Brownian motion, and gave Avogadro’s number.
Millikan, in 1917, applying Wilson’s theory to single oil drops and correcting for the
departure from Stokes's law, found ¢ = 4774 x 10~ e.5.u., but Biicklin, in 1928,
using a ruled grating to measure the wavelength of X-rays, found ¢ = 4704 * 10719, |
This difference and other developments have given rise to much recent discussion
of the fundamental atomic constants.

References :—Birge, ** General Physical Constants,” 1920,

Precision Determinations—0il Drop Method.— The values of ¢ tabulated
below are calculated for 5gy = (1830 4+ 2+5) . 1077 gm. cm.! sec.”! for the viscosity
of air at 23 C. This is a weighted mean of nine recent determinations. The
uncertainty in 7 gives rise to the main uncertainty in ¢ measured by the il drop
method. The second entry below is found by a method in which the oil drop 1s
laterally deflected by a horizontal electric field. The probable errors given are
those of @y, in ¥ = a0 + ay; calculated by least square theory.

0Oil drop method : Mean value e — 4-804 < 10! e.s.u.

Observers. | €.10" esn. Observers. €. 10" e |
Millikan, 1017 . . . | 4790-k0004 | Ishida and others, 1037 . . | 4835

Laby and Hopper, 1040 II 4802 - 0n001 Bicklin and Flemberg, 1036 4781-L o018

X-ray Method.—The wavelength, A, . 10711 cm., of an X-ray line is measured
using a ruled grating. Its wavelength, A X unit, is also measured using a crystal
grating, where the X unit is defined to be 1/3029-45 of the (100) grating space of
calcite at 18° C. A.. 10~ cm. = A, . XU, therefore AfA, = [XU/10-1* cm.

The mass of unit rhombohedron cell of a crystal is @yg¢(f)p1e. It is also half
the mass of the molecule of the crystal = M/2N = Meg/2F, where p;;, 15 the density
and &4 the grating space of the crystal, N number of molecules per mole, F the

Faraday. Therefore
e = 2dys$(Blp1sF/M

If dyg = 3020:45 X 1071 cm., then 1 XU = 101! cm. and A/, = 1 and
€y = 477300 X 107 esu., and & = ey(AfA)0

Mean value e — (4804, -- 0-0007) . 10 ' e.5.1.

Ohserver. X-ray line. Ag. Ae. Agfne, € .51,
Soderman . . . Al K12 B340°0 8321°35 100225 | 4-8ogx 1019
Backlin . . . Al Keg gz 83305 B321-35 1rooztd | 4804 % 10710
Bearden, 1935 7 Cu K1 15400 1539°307 100208 | 4-803x 10710

b 1031 . | CoKE,CrE e - 100222 | 4-505

Mean of oil drop and X-ray methods e — 4804 210" e.5.1.
il 2 e [ Tl I L |

SPECIFIC CHARGE OF THE ELECTROMN

e/m for the electron. Methods: Magnetic and electrostatic deflection "
give relations of the form mwz/e = Hp and {me?le = XR, which are solved for ¢/m. |

Spectroscopic methods. Zeeman effect ¢/ = 4mc . ANHA, where AA
15 the separation of the components of a triplet in magnetic field H oersted.

Ryd constant of the atomic spectra can be found with high
accuracy. e/m =F . Ry(My. — My — ) {Rpyo — R} My — 22)( My — ) where
F em.u. (gm. equiv.)"!, R em.~!, Rydberg’s constants for H and He and M is the
mass of the H and He atoms, and s that of the electron relative to O = 16.
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SPECIFIC CHARGE CF THE ELECTROM (contd.)
Mean value of e/m — (1-7589, - -0005) . 10" e.m.u.

Author. | Date.| Method, |e/m > 10~%] Author. Date. | Method. | ¢/m > 10—,

Houston . | 1927 | He—H 1760 148 | Babcock . | 1923 | Zeeman 17605412

5. and 5. 1935 | H=D 1758144 | P. and Ch. | 1930 | Defn. 17610410
Williams . | 1038 | H—-D l 1757944 | Kirchner . | 1932 o | 17588+ -0
K.and H. | 1934 | Zeeman | 1756-9%7 | Dunnington| 1937 # 17507 4

'| Shaw . . | 1938 il 17571413

5. and 5., Shane and Spedding ; K. and H., Kinsler and Houston ; P. and Ch.,
Perry and Chaffee. T.H.L, V.D.H.

PLANCK'S CONSTANT #

Flanck's theory postulates that light of frequency, » sec.”?, is emitted in quanta
of energy Ay erg.

In experimental determinations of A the quantity measured A, . . . etc, is a
function of the natural constants, ¢, m and % Thus A, = &le, A, = Al(em)h,
Ay = hjm, Ay = e¥hm, A; = met[R3, Ay, = eY}®, A; = e*h. (See ]. Du Mond,
FPhys. Rev., 50, 1939.)

1. High Frequency Limit of X-ray S8pectrum //c,—The highest frequency
v of the continuous X-ray spectrum emitted by an X-ray tube to which a potential
V is applied is fiwv = Ve by Einstein’s photoelectric equation. Since

vA = c and #A = 24, 5in 8,
hfe = 2Vd, sin 8,/cn, where 8, is

the angle of diffraction of the X-rays by a crystal. A number of precision measure-
ments have been made by this method.

2. Photoelectric effect //e.—FEinstein's equation for the kinetic energy,
dme® erg, of a photoelectron ejected by light of frequency, v sec.”?, is Ve = fmo?®
= Av — wg, where m, is the work done by the electron in passing through the surface
of the metal from which it is ejected, and V e.s.u. is the retardation potential of the
ejected electron. Ve plotted against » gives a straight line of slope A.

3. Excitation Potential /i/s.—When an electron of energy, Ve, collides with
an atom (if the energy of the electron 1s sufficient) 1t may be absorbed by and excite
the atom, which emits a light quantum, Aw.

Ay = Ve and Afe = V/u.

Thermal Radiation Constants.—Planck’s law for the radiation (see p. 75)
may be written

Exr = cy-8/(ed?T — 1)
where ¢y = 2mc®h, and 5 = ch/# = chF/Re. R = gas constant, F = faraday.

4 Wien's Law /A/e. A.T = const,—Equating to zero the derivative with
respect to A of Planck’s expression

AeT = c3f5(1 — e=AaT),
The solution of this equation is ¢, = 40650, T. By observation A,T = :28g2 cm.
deg. and ¢4 = 1-4361. Therefore
hle = 14361 R/Fe.

5. Stefan-Boltzmann's Law «!//® —Integrating Planck’s equation with

respect to A, Stefan’s constant 1s
& o = (m415) . (e)fed) = 40803 R4 (Fih%?)

and therefore £4/4% = -02450c%F4/R4.

By observation ¢ = 5-75. 10~° erg. cm.~® sec.”l, (See Wensel, /. Res. Nav.
Bur. St., 1939).
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PLANCK'S CONSTANT & (coafd.) !
6. Compton Scattering of X-rays //m.—The change of wavelength of
X-rays when they are scattered in a direction making an angle 8 with their initial
direction by a free electron is
AX = A1 — cos @)/me.
AX and # are observed.

7. X-ray Photoelectrons ¢*/im.—X-rays of known energy Av, incident on
an atom eject photoelectrons from an electron shell in the atom of energy Av;. The
kinetic energy of the ejected electron 1s

et = hvy — Avy.
Its momentum is measured by magnetic deflection, and mzfe = Hp. Therefore
eXfhm = 2(vy — vy)[(Hp)*

8. Rydberg's Constant R, me!/i®.—Rydberg’s constant in Bohr's expression
for the frequency of the lines in a hydrogen type of spectrum of an atom of large
mass 15

R, = 2r%meljch®
and Ry for an atom of mass My is Ry = R /(1 -+ m/M,), where 2 is the mass of
the electron.

R for H! = 10967776, R, H®*=100707-39, R, He=100722-40, R, = 10973742
cm.~), The value of % calculated from R, is higher than that obtained by other
methods. The difference is unexpectedly large.

9. Electron Diffraction //(em)i.—Electrons of energy, Ve erg, produced by
the action of an accelerating potential, V, have a wavelength,
&V Yy
= = | ] |3 iie o
A = hjmo a/f{um.,m (; b }
which is measured by diffraction in a crystal. g is the rest mass, and mv the
momentum of the electron.

10. Electron Diffraction //m.—The velocity and wavelength of the electron
are measured. A = ji/me and #d = 2q sin 8,. ?
Omitting the value of & by Rydberg’s constant the weighted mean 15 6-615+--005
% 10~%7, The mean of this and 6630 4- ‘002 X 10~27 is taken as the value of A&, i.e.
k = 60622 4 -007 * 10~*7 erg. sec. In the following table, the value of ¢ is taken as
4808 ¥ 10719 es.u.

—

Method. | Observers. Date. i A, b x 1077,
'|
Xray . . . | Duane, Palmer and Yeh 1921 | Afe 13752 K017 | GrBo8-|--o0y
e el wo] Feder 1929 | Afe 1-3703 < 10717 601 34004
s =« « o« | Kirkpatrick and Ross 1934 | Afe 1-3756¢ 10717 66104 001
. =+ | Schaitherger 1035 | Ale 1-3777 % 10707 6620+ 004
i . . . | Bollman and Du Mond 1037 | Ale 1°3765 x 10717 0614002
Excitatn. Potl. — '26-"35 | Ale 1-375 x 10717 61007 -+ 007
Photo. Effect . = *28-"30 | Afe 1-374 % 10727 G-hoz-t012
Radiation . . | Wensel (summary) 1930 | A¥et 5430 X 10710 G617 4 003
i i i 3 1939 | Ale 1°377 X 10717 G617+ 003
Electron INff. . | Sten von Frieson 1935 Af(em)t 1:0006 % 107% | 6-621-4 007
- v . | Gnan 1934 | Afm 725 6-6074--03
Compton effect | Ross and Kirkpatrick 1934 | &/m 7-20 6616401
Photoelectron . | Robinson 1936 | e¥mh 3823 107 6627401
Rydberg const. | — 1040 | med[AY 16665 % 10% | 6630+ 002
References:—Du Mond, Phys. Rew., 1939; Birge, Rew. Mod. Phys., 1929 ;
Ladenburg, dan. d. Phys., 1036 ; Wensel, Journ. of Res. N.B.5. (1939).
T.H.L., V. D. H.

K
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PHYSICAL CONSTANTS OF CHEMICAL COMPOUNDS

For properties of the elements, see: density, p. 20; melung and beiling points,
p- 58 DMetallo-organic compounds are given under * Organic Compounds,” p. 139.

Formmle.—Hydrated forms (which are often crystalline) are indicated thus:
Caland+46H,0) ; the properties given are for the anhydrous substance,

Formula (Molecular) Weights aie calculated with atomic weights for
1920-21, except in the case of nitrogen where N = 14'01 is used.

Densgities.—When no temp. 1s given, grams. per c.c. at 15 may be assumed.
When preceded by “ A" the numbers in this column are molecular weights calculated
from observed densities relative to air of the substance in the vapour state, using the

relation : molecular wgt, = 28'95 density rel.to air. For those gaseous densities known
with accura-:y, see % Other densities on pp. 20-35.

Melting ufhng* Points are for anhydrous substances at 760 mms. mercury
unless snme nther conditions are specified. T = temp. of transition or pseudo-
“melting " point of hydrated substance.

Solubilities are given as grams of substance in 100 grams of water at the temp.
stated. “p* indicates grams per 100 grams of solution. “V* means volumes of
substance at 0® 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. 145, 146.)

For more complete tables, see Van Nostrand’s * Chemical Annual” and Bieder-
mann's * Chemiker-Kalender® for current year; Dammer's * Handbuch der Anor-
ganischen Chemie ;” Beilstein’s * Handbuch der D:rgnmschen Chemie ; * Wauts' |
“ Dictionary of Chemistry ;™ F. W, Clarke's “ Specific Gravities,”” and ** International
Critical Tables,”™ Vol. L.

INORGANIC COMPOUNDS
Formula Melting ili Bolubili
- Dansity, ! olubility

Bubstance and Formula. {n“'“_if:‘ﬂtj_ gms.[e.c. PE‘E_‘- Tf:"- in Water,
Alumininm— at. ftemp. at. /mms. at,/mms. at. ftemp.
bromide,Al,Br,(and 4 12H, 0} 53372 | 2'54; A. 539 97°5° 263°/747 | soluble
chloride,Al,Cl,(and + 12H,0){ 266'96 | A. 270/400° | 190°/1910 | 18277°(752 | 69/15°(4)
iodide, AL, (and + 12H,0) . 81572 | 398 ; AyBr'6 191 360° soluble
nitrate, AL{N{},},.QH,D . 375'3 _— T = '.13. dec. 134" | v. soluble
oxide, ALO, . v 1022 37 — 4 2200 — insoluble
phosphate, AII’D S | 1221 2°50 infusible — insoluble
sulphate, Al,(S0,)y.18H {! .| 6667 162 dec. 770° — 36/20°
Potassium alum, ; H.O 6/1e°

AL(S0,),K.S0, . 24H,0| 9490 | 1757/20° 84'5° {’5,: T f,';,;',gn.
Ammoninm— & e |

.) "6z

ammonia, NH, T {( E.}I?*zaélﬂ } - 755° | —33'5° |[seep.14s.
acetate, NH,C,H,0, . . .| 7708 == 8g° 148/4°
arsenate, (NH,),As0, . 3H,0.] 2471 2 3; e = - ;ﬁijrlublu

: il "33/1 . 10"
bromide, NH,Br. . . . .| 9796 { ﬂ‘4?.5;440¢} _dIEIS. £ {123;'1:)-0
carbonate, (WH,),CO, . H,O| 1141 7 diss. 85° — IT J15°

; : 1'62/17° : o == 35/1
chloride, NH,CI . 5350 | { A-zs"?} diss. 350 {m}f‘ o
chloroplatinate, (NH,),PtCl,.| 4440 3'0b decomp. - *67/20°
chromate, (N H,),CrO,. 152°2 1'88/11° decomp. — decomp.
iodide, I-IH R 1450 25 diss, — v. soluble
molybdate, {NH },Muﬂ T 2°4—2'g decomp. - decomp,
nitrate, N H,HN O, : So0§ 1'72/15° 152° dec. 210° | 200/18°

I

dee. or decomp. = decomposes ; diss. = dissociates; v, = very ; wh. = white.
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INORGANIC COMPOUNDS (consd.)
For general heading, see p. 130.

Formula,  Density Melting Boiling | golubility
Bubstanee and Formula. weight : Point, Point, 46T,
(0 ig 16). PRR/0E. °Q. © g, S
Ammoninm (confd.)— at./temp. at. fmms. at/mms. | at./temp.
nitrite, NH,NO, . . 6405 1'69 decomp, — soluble
nxalate, {NHJ,C,‘D,. H, E}. 142°1 1'502 —_ — 4/15°
persulphate, (NH,)s5,0, .| 2282 - decomp. -— 58/0°
phosph umo‘lyl:rdatc
(NH,),PO,. IzMoD, 3HsO0 | 19371 —_ —_ — ‘03/15°
sulphate, (NH »S50, . . .| 132°14| 1'77[20° 140° + | dec. 250 1| 76/20°
sulphocyanate, NH,CNS .| 76'12| 1'306/13° 159° dec. 17¢° | 162/20°
Antimony—
bromide, SbBry. . . . .| 3600 415/23° 942" 280° decomp
chloride, tri-, SbCly . . .| 22606 |306/26°A.234 73'2° 227° E.:fi;g'
A penta-, SbCl; . 2075 2'35/20° 2:8° 102°/68 | decomp
hydride, SbHy . . : 1232 | A.124 5;"05 - gln's" -18° 20 V.
oxide, tri-, SbyOy . » . .| 2884 5‘2-'5'? red heat 1550° ‘002/15°
p tetr-, SbeU, . . . .| 30474 4707 O/8co® — insoluble
» pent, Sby0y . .« .| 320 38 0f300° 04/800° | insoluble
potassium tartrate, /
K(SbO)C,H,O, " {H;0| 332'36 26 1H,0/100%| decomp. Eﬁ?m
sulphide tri-, SbyS, . 3366 4'65 546° volatilizes | insoluble
w  penta-, 5bsS, 400'7 4'12/0° fusible — insoluble
Argenic— £
bromide, AsBr, . . . . . 3147 {:’ﬂf;]s?:ﬂ } 31° 221° decomp.
chloride, AsCl, . . . . .| 1313 |2'17/0%; A.182| — 1B° 130°2° decomp.
fluoride, tri-, AsF,. . . .| 1320 | 27; A.132 - §5° 63° decomp.
& penta-, AsF, . . .] 1700 - - 8o° -53° soluble
hydride, AsH, . . . . .| 7708 A. 78 —1135° —54'8% |slgtly sol.
iodide, di-, Asly. . . . .| 3288 — — s -
w M Asly L. . 455’7 |44/13° A.482| 1407 394-414° | 30[100°
» pent-,Asl; . . . 700'6 3'03 70° -- decomp.
oxide, tri-, Asy0y . . . 197'9 |3'86/25° A. 413| subl. 218° —_ 1°7/16°
» pent-, AsgOp . 220'9 3'9-4'2 red heat | decomp. | 245/12°
Barinm—
bromide, BaBry.2H,0 3332 3'85/24° |anhy. 880° | 2H4O[100° | 103/15°
carbonate, BaCO, . . 197°4 43 1360° * | diss. 1450° | ‘0022/18°
chloride, BaCl,. 2H,0 244'3 3'1/24° anhy. g6o® — see p. 146.
hydride, BaH, . . . . 139°4 4+2/0° 1200° 1400° de.c.nm;}.
jodide, Baly « . « . . 3g1°2 5'150/25° 740° — 170/0
nitrate, Ba(NOg)s . . . 131'4 324/23 575° — 5/0°
oxide, BaO . . . . . .| 1534 | 47 -5 133,0.54 50° — 1'5/0°
w bper-,Ba0, . . . .| 1604 496 BaO/450" —_ insoluble
sulphate, BaSO, . « o) 2334 | 4476,4'33 1580 — '0,23/18°
Beryllinm —
bromide, BeBry, . . 1689 — 6o1® subl. soluble
chloride, BeCl, . . . foroz — 4oa® — v. soluble
sulphate, BeSO, . 4!—1,{} 177'2 1'7/10° dec. r. ht. [ 2H4Of100%| 44/30°

* basic ggo” C.

anhy. = anhydrous ; dec. or decomp. = decomposes ; r. ht. = red heat ; subl.= sublimes ;

v. == very ; o0 == goluble in all proportions.

t M.P. of NH JHSO,, 1 {I-c:c. without melting into NH I-ISO
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INORGANIC COMPOUNDS (comtd.)
For general heading, see p. 130.
Formuls . Melting Boiling
- Density, - Solubility
Babstance and Formula, Hlat] gs. 0.0, Pfi&" rfﬁt' in Water.
Bismnuth— ltghemp. at. fmima, at. fmma. at.ftemp.
bromide, BiBry . . ., . .|447'76 5 219° 453° decomp.
chlnrlde. tri-, BiCly, . . .|314'38 [46/11°% A. 328  227° 429° | decomp.
nitrate, Bi(NO,),. 51[,0 J4841r | 28 74° | 5Hs0/80° | decomp.
oxide, Bi 30 . . .| 4640 88 — 820-860° — insoluble
sulphide, Bi,S, . . . | 512118 7= decomp. — insoluble
Boron—
: 1'41/0®
chloride, BCI;, . . . . .jrryrad {ﬂ‘dgfh?ﬂ} - 107° 182* | decomp.
fluoride, BF, . . 67 A 666 -127° —101° | decomp.
oxide, B,L‘l. e ﬁg'g 1-83/4° §77° - 16/102°
Borax. .See Sodium 'I:mrate
Boric acid, H,BO, . . .] 619 1'43/15° 184-186° | H,O/100° | 4/18°
am—
bromide, CdBr, . | 27228 4'7-4'9/14° 571° 806-812° (489/18°p.
chloride, CdCl, . . . 18332 4'05/25° 568° ¢. goo® 140/20°
nitrate, Cd{ND,L4H,0 S 30848 2'4 59'5° T: 33" 127/18°
oxide, CdO . . .| 1284 6g9-81 —_ — insoluble
sulphate, anhy. CdSU . .|20846| &47/15° 1000° — §59/23°
w bydr. 3Ed5{}i.EH,D 769°51 305 — — see p.140.
Cesinm—
carbonate, Cs,CO,. . 32562 -— < red heat | dec. 610° |v.soluble
chloride, CsCl . . . . 16827 3'97/20° 646° sublimes | 174/10°
hydride, CsH . . . . .Ji13yé82 2'7 decomp. .- decomp.
hydroxide, CsOH . , . 14982 4oz <z72°3° — soluble |
nitrate, CsNOQ, . . 19482 3'636/22° 4o7° decomp, | 15/10°
 Calcinm—
bromide, CaBr, . . . . .|19991 3'34/20° 760 ¢ 8o0° 125[0°
carbonate, CaCO, . . .| 100707 Sy dec. 825° — ‘0018 cold
chloride, anhy. CaCl, . 1110 2°'3/20 780° {4H,G_.-‘3d’ 63f10®
5 hydr. CaCl,. 6H.1’) 219°1 165 29 6H,0f200% 960
hydride, CaH, . . . .| 4208 1'7 - — decomp.
hydroxide, Ca{DH}, <« ol 7aeg 2'08 H,0/580° — see p.140.|
iodide, Caly(and+6H,0) .| 29391 4'9f20° 740° ¢ 710° 192/a® I
nitrate, Ca{ND.}ﬂl—l,O . .]23615| 182 561° -- 54'8/18° |
oxide, CaO . . .| 5607 308 €. 2000° — "13/0°
phosphate, Ca,{‘f'ﬂl}, . .| 31029 32 1550° _— '003~"008
su]{m ate, CaSOQ, . . , .]13613 2'gb 1360° — ‘18/0°
Car : |
Chloride, tetra-, CCl, . . .]153'84 1'5835/25°% | —238° 2672 insoluble |
oxide, sub- (1906), 1'3'9 . .| 6801 = — 7°/761 .
» mon-, CO ik 28005 A. 28001 | —207%100| =1Q1'1° |s€e p.145.
w i, CO, . Hms lig.-772/20°t| —65° —782° |seep.145.
phosgene, COCL, . . . .| o893 | 1432/0° = 8'2%756 | —
sulphide, mono- CS < il Aner 1'6-1"83 - - insoluble
» bi-, CS, .| 7612 :'zngn" - 110° 46°2° *2/o0”
Cerinm—
chloride (cerous), CeCl, . .| 24663 3:88/15%§ 848° - _soluble
oxide (cerous), Ce,{), « « .|328% 6'9-7 - = insoluble
w (ceric), CeO,. . . .|172°25 674 - — insoluble
sulphate (cerous),
Cey(S0,),8H,0 | 712'80 322 8H,0/630" -~ 16°5/c"
Chlorine—
oxide, mon-, C1,O 8692 l liq. 3'8 P n:} —20° =8 200V /o®
* Forms malomc acid, t Behn, Arn, o, Phys., 1900, anhy. = anhydrous ;
dec. or decomp. = decomposes ; hydr. = hydrated ; lig. = liquid ; v. = very.

s 2,
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INORGANIC COMPOUNDS (contd.)
For general heading, see p. 130.

Formula Mealtin Boilin B,
: Density, g & | Solubility |
Bubstance and Formula, El?:ﬁg; gms.[c.c. I'ﬂ;ig?. Pgi;lt, in Water.
Chlorine I:Fﬂﬂqu}— at. [tem at. /mms. at. fmms. AL, temp.
oxide, di-, ClOg . . 67°46 |1'5; A ﬁp' 658 — 76° 99°f731 | 20V/4°
Chrominm—
chloride (chromous), CrCls. | 122792 2°75/ gd,‘ o — v. soluble
s  (chromic), CrCl, 158'38 { zﬁ?g‘{g:zm‘*} - € 130°° |slgtly sol.
oxide, CryOz. . . . 1520 504 ¢. 2060° — insoluble
T e 100°0 2'74 190° § decomp. [62:1/0°( #)
sulphate, Lr.{S{]JalsH-U « | 662:42 1'867/17° |15H,0/100° — 120/20"
Cobalt—
cobaltous chloride,
CoClg(and +6H,0) | 12979 2'04 subl. ¢. 87° - 29°'5/a®
e hydrate, Co{OH)s| 9302 3'6/15° — e insoluble
H oxide, CoO. 7498 57 2860° -— insoluble
i sulphate,
CoS0,.7H,0 | 281714 1'918/15° 6-8° - 26/3°
cobaltic chloride, CoCl, . 16535 2°04 sublimes - soluble
i oxide, Cog0, . 16595 48—56 895° - insoluble
s  sulphate, Lu,{‘:D,}a 4ob°12 — _ — soluble
Columbinm. JSee Niobium.
Copper—
cuprous chloride, Cu,yCly 19806 {i?tglhﬂqo“] 418° ¢. 1000° | insoluble
= oxide, Cu,0 . . 14314 5861 1210 insoluble
cupric chloride, CuCl, 13449 | 305 498° decomp. | 75/17°
,» Ditrate, Cu(NOg)a3H 40} 241764 217 114°5° {i.i?:t ht} 60/25°(#)
» oxide, Cul . -1 7957 6-30-6"43 1148° — insoluble
sulphate, CuS0,5H,0 | 24971 ~28/15° i{4H,D,{[m“ dec. r. ht. |see p.146
s Sulphate, CuSO,5H40 | 2497 = jﬁﬂmﬂ.] . . ht. | see p.146.
| Cyanogen, CaMy. . 5203 -{I"]‘:‘ 352‘5;'2? - 39° -22° 45V /20°
Deuterium oxide, *H,0 . 1803 | 11056/20° 38 101°42° )
| Erbinm—
oxide, ErsO; . . « . . 1834 B6 infusible — insoluble
sulphate, Ery(50,); . - 76771 3'18 dec. g50° —- 23/20°
Gadolininm —
sulphate, Gd4(50,); . . Goz278 4'14/15° — — 2'3/34°
Gallium—
chloride, tri-, GaCl, 176°48 353/240° 75'5° 220 decomp.
Germaninm—
chloride, tetra-, GeCl, 214°34 1"8g/18° —_ 86° decomp.
oxide, di-, GeQy : 1045 470/18° - — ‘4/20°
G-lumnum. See lier}flIaum
Gold—
chloride, AuCl, . . - 30358 — 288° # dec. 150° 68
H:,rdmzlne MNH,. i‘uH. . 32'05 1'o1f15° 1°4° LEA" v. soluble
= hydroxide,
NH,.H,0| soo7 1'03;:%21"{& < - 40° 11g° V. squPl:
o 2°157/-68°7 _ogo _ g ([221f0
Hydrobromic acid, HBr . 8093 [ A So77 86 66°8 ll‘j:}ﬁm’
Hydrochloric acid, HCI . 36747 ‘92g/o° t -112° — 841 | see p.lys.
Hydrecyanic acid, HCN . 2702 ‘697,/18° - 13'8° 26°1 oo
* Under chlorine at 1520 mms, 1 Rupert, 1909, dec. or decomp. = decomposes ;
§ Moissan, 170-172° ; w0 = soluble in all proportions.
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INORGANIC COMPOUNDS (comed.)
For general heading, see p. 130.

Formula : Melting Boiling
Demsity, Bolubility
Bubstance and Formula. {{Tﬂgﬁg | gms/oe. ?gi:ét, P:i&t, in Water.
at anp.q at. fmms. at.fmms, at.ftemp.
Hydrofluoric acid, HF . 20°01 [ ffélgd} —83° 19°4° 111/35°
i wmaal—geg? g
Hydriodic acid, HI . . . 127°93 {2 ffgﬁ 2%:53? } ~ 50'6° -135'6° {4%, f:n
Hydrogen—

{mm , HyOy . - 3402 1-458/0° -2° ¥0'2°[47 |v.soluble
selemde 'H A TR B 8r:22| A 8120 - 64° - 42° 331V{:3§
sulphide, HyS . . . . 3408 { E's'f_m} -838° - 50'4° { E:‘E;{"Eﬁ‘
telluride, HyTe . 129'52 |  A. 1271 —48° o soluble

Hydroxylamine, N H ,OH . 3303 | 1-227/14° 33° 70°/6o | soluble
Iodine—
trichloride, ICly . . . . 2333 311 5 dec. 25° | soluble
lodic acid, HIO,; . 17593 463/0° +H,0[170° _ 75(16° 2.
Iron—
. -] - &
carbonyl, Fe(CO)y . . & 19586 {I iﬁfglélf } =197* | 1027764 | —
ferrous chloride, FeCl, 126°8 2'99/18° i volatilizes | sof1g®
o oxide, FeO . . . .} 71'84 - 1419° = insoluble
»  sulphate, £ |
FeSO,.7H;30 | 27801 | 1'8988(14°4° LT 6Hy0/100° 20°8[10°
o amm.sulphate,Fe50, 3
(NH):S06H,0 | 30214 | 1-863/15° — - {'fé'}?sn
oxide (magnetic), Fe,O, . 231°52 5-;'4 1538° — insoluble
ferric chloride, FeCl, . 16222 { ;ﬁi;gfﬁ} 3o01° 218" 537/100°
s nitrate, Fe(NO,),9H,0| 40401 | 1683/20° 472" decomp. |v.soluble
25 nxlidﬁ, FegOy. . + .| 15068 52-5'3 - — insoluble
» sulphate,
Fea(S04)s(and +9H,0)| 399°86 | 3°097/18° — — v.slgt.sol.
Lead—
acetate, Pb(CaH,04),. SH,E‘ 17932 | 2'5 3H,0f75° 280° 46/15°
carbonate, PhCOy . . . 267'20| 643 — —— decomp,
chloride, PbCl, . 27812 | 5873/15" 447° £ 900 “7/0®
iodide, Pbly . . 46104 | 612 375° 861-954 ‘04/0°
oxide, mon- {Ilthargcj, PbO . 22320 937,874 Ba7° e ‘o0z/20°
» redlead, PbyO,. . 6856 | gogfrs’ de.500%-530° -— insoluble
w  per- {bruwn)f PhOy, 2392 B8'g1-g's decomp. -— insoluble
If::.ll hate, PbS0,. . . 30326 | 623 937° — ‘004/18°
inm—
carbonate, LiyCOy, . 7388 | 211 618-710 — see p. 146.
chloride, LiCl 42°40| 2-2'07 614° dec. w. ht. | 72[0®
nitrate, LiNO, 6895 | =z'3-274 ¢ 258° — 35/0”
oxide, Liy,0 . . o 2088 | 2°10/15° subl. 1000° -_ 5fo®
phosphate, LI.PU. H,0. 133°88| =2-4/15° 857° = ‘04
sulphate, LisS0,. - 109'94 | 221157 818-853° -— 26/0°
I&I;nnnm
carbonate, MgCO, . . . .| 8432| 304 dec. 350° — ‘01
chloride, MgCl; . 6H,0 . .| 20334 1'56/17° 2H40/100° | decomp. | 54/20°
nitrate, Mg(NDO,),6H,0 . 256°44 | 17404 go® sHyO[330° | 42/18° p.

oxide, MgO 4032 | 32=37 &, 2800° — 00l
phosphate, Mﬂ.fF’DJ. 4H.O 335°1 1'64/15° — —_ ‘02
sulphate, Mz50,.7H40. 24649 | 1678[16° sH3O/150" —_ 27fo”

aim. = atmospheres ; de., dec.,

or decomp. = decomposes ; liq. = liquid ; slgt. = slightly ;

v. = very ; w. ht. = white heat.

o -
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INORGANIC COMPOUNDS (contd.)
For general heading, see p. 130.

Formula . Melting Boiling
p Denait p A Bolubilit
Bubstancs and Formula. | welght | el | Rolne | Relmt gl
Manganese— at. ftemp. at, /mms. at. /mms u temp.
carbonate, MnCO,. . . 11493 3'1-3'7 decomp. ik gt sol.
chloride, MnCl,.4H,0 . 197'9 1'g1 T. 876° | M.P. 650° 7[10"
nitrate, Mn({NO,)y. 6H.D 28705 1"82 T. 25°8° —_— 545 11®
oxide, -ous, MnO . . 70'93 51 1500° -_ insoluble
5 =ic, MngOg 15786 | 4'3-4'8 0, 1080° — insoluble
o tetr MnyOy. 22879 4'7=49 — — insoluble
o  di-, Mn[} i 8693 4'7-5'0 0, 538"* — insoluble
sulphate,® MnSDﬂH,{] 223°05 2°1 18° and 30°t| M.P. 700° | 111/54°
Mercury—
; - 648 and 7°2 : o 2
mercurous chloride, HgCl 23606 [ A. 2377 sublimes 3825 ‘0002/18
as nitrate,
HgNOg.2H,0 | 20864 | 478 decomp. — v. soluble
= sulphate, Hg, S0, | 497:26 | —7°06(25° melts. decomp. | -z cold
mercuric bromide, HgBr; .| 360'44 574 235° subl. . 322° Ifg‘u
»  chloride, HgCly .| 271°52 5 ﬂ 52%3] 287° 303-307° {get :ﬂlgﬂ
, iodide, red, Hgly .| 454'44 {61"1;2} 241-257° | 349° | vo03/17°
w  Yyellow, HgT. 454°44 59-6'1 241° 349° insoluble
,; oxuls HgO . . 2166 11'14 dec. r. ht. - '005(25°
= sulphatc, HgS0, .| 29666 | 647 dec. r. ht. —_ decomp.
Molybdenum—
chloride, MoCl, . 2733 | A. 275/350° 194° 268° decomp.
oxide, di-, MoOy . ST, 128'0 64/10° —- — insoluble
o e, Moly .. . 1440 4'696/26° 750° sublimes | "2 cold
Nickel—
carbonyl, Ni{(CO), 1707 1'318/17° -25° 43° insoluble
chlunde, Hitly « . . | 1206 2'56 sublimes —_ 35/0°® [gﬁ}
nitrate, Ni(NOy),.6H :0 « | 2008 2'06/14° 56°7° -— l48'5/18° 2.
sulphate, NiSO,.7H,0% 28083 1'g8 g8-100° |6H,0f103°| 31'5/9°
Niobinm—
chloride, penta-, NbCl,y . 2704 {'T :?E (360° } 194° 240'5® | decomp.
Nitrogen—
nitric H.Cid, I'ING' . ﬁj'ﬂ: !15 _4[,30- 86° 1‘? )
nitrous oxide, N0 . . . 44’02 irzi‘i# 82% ﬂ""} — Jo2® — 8gr8° J[zge 'p‘:,lii g.
se . 0. .| s Agonr | —ssow | —uy fEIVIE
nitrogen trioxide, N4O3 . .| 9602 1'447/-2° - 102° 42-7°[757 | soluble
- peroxide, N Oy to
NaOy| 4601 1'49/c® § - 108" 21'64° soluble
w  pentoxide, NyOg .| 10802 164/18° 30° dec. 45-50°| soluble
» oxychloride, NOCl. | 6547 | 1°367/—806" -50‘ —56°(751 | decomp.
Osminm—
oxide, tetr-, 0s0y . . . 254'Q A. 2573 20° 100° soluble
Chreme By e s e s 4800 {izﬁr‘a; dec. 270" =119° |v.slgt.sol.
Palladinm—
chloride, PdCly. 2H,0 21365 - so1° -— soluble

* The ordinary salt ; also six other hydrates,
§ Liensity, p. 35.

1 Also anhy. and 6H,0,

t Stable between temps. given,
I *GoBf23°7" ; r. ht. = red heat ;
slgt. == slightly ; subl. = sublimes ; v. = very ; @ == soluble in all proportions.

|
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INORGANIC COMPOUNDS (contd.)

For general heading, see p. 130.
F la Melti Boili -
Bubstance and Formula, ::':gn Density, Pginlzs Pui:ﬁ? Bolubility
(0 = 16). EMmS. .0, ° g, ° Q. in 'Water,
: : a, .|"|:'=il'lp at. fmms. at. fmms at/temp.
Perchloric acid, HCIO, .| 10047 1'76/22° - 33 19°/11 soluble
Phosphorus—
bromide, tri-, PBry. . z70'8 |z'gzfo® A.281| —415° 175° decomp.
chloride, tri-, PCl; . . 137°42 |1 612fc” A.141] —=112° 76° o
= penta-, PCl;. . .|z0834 | A. 1042/296° 148° 162° *
fluoride, tri-, PF, . . 8804 | A. 8744 - 160° -95° —
oxide, tri-, P,O, 2z0'2 | lig. 1°g4/28° 25" 173° soluble
n tetrs, P50, . s 126°1 2'54/23° >100° ¢ 180° ”
s pent-, P05 . . 142°1 239 8o0® subl. r. ht. | v, soluble
Phosphine, PHy . . 3406 | A. 34731 —-133° —-85° |[slgtly sol.
i llquu:l, P:”. ’ 66'tr | 1ooy-1016 | < —10° 57/735 | insoluble
Phosphonium chloride, PH, cif 70°53 -— 26° sublimes | decomp.
Platinnm-—
chloride, tetra-, PtCl,. 337°04 - decomp. - v. soluble
Potassinm—
bromide, KBr . 11902 2'76/20° 793" subl. w. ht, |see p. 146.
carbonate, K;CO, .| 1382 2'29 gog” + g5 | dec. 810° 8g/0°
chlorate, KC10y. «| 12256 2°34/17° 3579 dec. 4o00° 3/0"
chloride, KCl . . | 74756 1'99/15° 790° subl. w, ht. |see p. 146.
chromate, bi-, K,Cr.D - 2042 2'69/4° 4oo® dec. s00° cfo®
cyanide, KCH . | 6511 1'52[16° red heat red heat | 122/103°
fernc:,ramde K.FC{ENJ‘ -132923 1'8109/17°| decomp. — 33/4°
ferrocyanide, H,0/60°
K,Fe(CN),. 3Hy0 | 42238 | 1853317 |{3740%° 1 — 28/12°
hydroxide, KOH 5611 2" 360°4° subl. w. ht. [see p. 146,
iodate, K10, . " 214’02 397[18° 560° — E};o‘
. o a
iodide, KI ki 6602 |, 342 N 670 e, (L
nitrate, KNO, . . : 101°11 2'1f4° 137° dec. 400" |see p. 146.
permanganate, KMnD; . 15803 2-70/10® dec. 240° — 6415
sulphate, K,50, . 17426 2-66/20° 106065 | sublimes | gz/10°
E acid, KIIS'D' 136°17 | 224 %; 261 ¢ zo00° | decomp. 36/0°
sulphocyanate, KCNS' . 97718 1'g1 1738° == 217f20°
Radinm—
bromide, RaBry . 38584 —_ 723° - soluble
Rubidinm—
carbonate, RbyCO, . . 2309 837° dec. 740° | v. soluble
chloride, RbCl . . . . 1209 1;98;‘* 726° — 84/10°
Hsullzil;;l-:. RbyS0, . ; 266°g6 3*5!1}'31:- — — 43/10°
e nm—
chloride, Se,Cl,. . 220'32 2'g1f17° - dec. ¢. 145° | decomp.
oxide, SeOy . . s 3'95/15° 300° sub. ¢, 260° | v. soluble
Selenious acid, H.Se{}, 129'22 391/157° | decomp. — -
Selenic acid, H‘&:eﬂ 145°22 2°g5/15° 53° 260° %
Silicon—
chloride, tetra-, SiCl, . 170°14 | 1°520 A. 172 —8g° §7°5° decomp.
fluoride, SiF, 104°3 A. 1034 -77°§ | =65°[181§ "

* Monoclinic.

+ Rhombic.

L

§ Moissan, 1905.
amorph, = amorphous ; cryst. = crystalline ; dec. or decomp. = decomposes ; r. ht. = red
heat ; sub. or subl. = sublimes; v. =very; w. ht. = white heat.
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INORGANIC COMPOUNDS (comid.)
For general heading, see p. 130.
Formula : Melting Boiling | golnbilit
. Density, : : y
Substance and Formula. (Eu;g}gj. S fc:_';‘ Pgi'ét_* P:l{?,t' in Water.
= |
Silicon {'mufff.}— at.ftemp. at./mms. at. Smms 1 at. fremp.
oxide (silica), amorph, SiOs| 603 22[16° | indefinite — € ool
» ,  quartz,5i0, .| 603 2:6495/20° 17807 e inscluble
Silico chloroform, SiHCl, .| 13569 | 1'65 A- 133'2| =13 3 decomp.
Silver— '
bromide, AzBr . . . . .|1878 5'4?5?5' 398° dec. 700° | v0,8/20°
; j 5'561 co® ) a
chloride, AgCl . . . . 143°34 {ﬂ--lﬁsﬂ?ﬁn} 450 ‘0,!5}'2:::
jodide, Agl . . . . . .|a2348 5'67/25° €. 540 — "0,3/21
nitrate, AgNO, . . . . .]1698g 4'35/19° 218" dec. r. ht. [seep. riﬁ.
sulphate, Ag,50, . . . 31182 54 660 decomp. 77[17
Bodinm—
borate (borax), .
Na,B,0, . 10H,0 | 38176 | 1'694f17° | red heat — 52'3/100
bromide, Nalir . . « sjrozgz | i ?'5:'-: - 77/0
carbonate, Na,CO, . . 1060 2'4-2'5 852 1 decomp. |[see . 14&
i bi-, NaHCO,. 8401 | 22 COy/f270 — 8/10
chloride, NaCl . . . . §8'46 | 217/20° 3o1* w. heat |see p. 140.
hydroxide, NaOH . . . qoor | 2713 318 w. heat | 63'5/15°
iodide, MNal 5 : 149°g2 3'65/18° G50 _— 178 2t
nitrate, NaNO,. . . . 8501 | 227/20° ¢ 313° = 73
peroxide, Na,O, . K 7800 2 %0 decomp. - sol.; dec.
phosphate, di-, ! o
NasHPO,. 12H,0 | 3582 1°52/16° 33"n 3H,0/c160° 93/20
sulphate, anhy., Na,50,. .| 142706 267 [23° 8832 — see ;} :45.
@ o 0
w  Na,SO,.10H,0| 322122 | r1ag2f2c® | T.32383 |7HsO[150°{| 81200
sulphite, Na,SO, . 7H,0 25217 | 1'594/15° | 7H40[150°| decomp. | 25/15°
thiosulphate (hypo’),
NayS40y.5H,0 | 24820 | ¥73/17° 32-48° | dec.220° | 6of10°
Strontinm—
bromide, SrBrs . . . . {24746 | 4'2/24° 498-630° = 93/10°
carbonate, SrCOy . 147'64 36 —- CE.HII%.-;E" 'ﬂé:;lljz;a.'
. . ; £ 50 ]00" | |48/ 10
chloride, SrCls (and + 6H,0)| 15855 | 305 830" {|} I’:;,J,mnf{sﬂﬂ el
nitrate, SA(NOy)s . . . .l2:ir65 | 3/17° dec. 645° 55/10°
oxide Srd . . . . . 10363 | 4'45-46 3o00* — 35/0°
w pers 5y . . . 119 63 ‘640 decomp, - decomp.
sulphate, Sr50, . . . .|i8369| 374 1605 — ‘o11/18°
st 1'434/0° 4130 >
dioxide, SOy . . . . .| 6406 | {{RUY | 760 | -r08 [ 15hip.
A itx = o 143,
trioxide, SOy aform . . .| 8006 Aggg"?; } 16:79° 44°38° dcc:rmp.
Sulphuretted hydrogen. See |Hydroze/n sulphide.
Sulphuric acid, Hy50, . .| 98076 ;'&34;’[3“ 10°5° dec. 40° o
Tﬂhfiium_ﬂ'
chloride, TeCl, . . . 19842 | A. 1995 175° 327° decomp.
oxide, di-, TeOy. . . . .|159% 5'gjo® g dull r. ht. | > 700° ‘0007
n sTedy, o o o JfEres 5'07/15° decomp. — insoluble
* Practically same for ordinary table salt as for pure salt (Harker).
anhy. = anhydrous ; dec. or decomp. = decomposes; hydr. = hydrated; r. bt. = red heat ;
w. ht. = white heat ; oo = soluble in all proportions.

—
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INORGANIC COMPOUNDS (conidl)

For general heading, see p. 130,

FREEZING MIXTURES

Formula ; Melting Boiling
Density, : Bolubility
Substance and Formuls. { DWS%E s, /0. Pglg-l:, PEIE.I:' in Water.
Thallinm— at. [temp. at. fmms. at. fmms. at. _Irem'?..
carbonate, T14COy . . 4680 71 272" decomp, | 4/15
chloride, tri-, TICl, . 31038 S 25° i v suluhle
»  mono-, TICl . 239°46 702 426° 7c8°-719% | *2[0®
oxide (thallous), T1,0 . 4240 — >870° — v. soluble
sulphate, T1,50, . . 50406 67y 632° decomp. | 47/15°
Thm“}"i_:':m ) 0| 69638 lubl
nitrate, Th At - I:H. '3 _— - — v. soluble
oxide, ThO, . 204715 g'87/15° - — insoluble
Tin—
chloride Estannnus}, SnCly | 18962 — 249° 620° 270/15°
n stannic), SnCl, 260'54 |2°279/0° A 266 —33° 114'1° | soluble
oxide (stannous), SnO . .| 1347 63 dec. r. ht, — insoluble
..» (stannic), SnO, 150°7 6'6-6'9 1130° — -
am-—
chloride, tetra-, TiCl, . .| 189794 |176/0® A. 198 —25° 136'4® | decomp.
oxide, di-, Ti0y . . . Borr 3'7-4"2 1560° —_ insoluble
Tungsten—
chloride, hexa-, WCl, . 30676 | A. 379/350° 275" 347° "
oxide, tri-, WO, . . . 2320 7'2 red heat - o
Uraninm—
oxide, di-, UQy . . . .| 2702 10°9 2176° — 1.,
» (green), UgD, . .| 8426 7°3 decomp. — "
n (yellow), UO, . .| 2862 I decomp. — -
v (black), UsOs . 5564 8'4-9'2 e T
Uranyl chloride, UO,Cl, 341°12 — fusible decomp. | 320[18*
10 Ill'lI'.'E.T.Ef
UO;{D\D,), 6H,0 | 502°32 281 T. 59'5° <= 200
Vanadinom—
chloride, tetra-, VCl, . 19284 | 1'86 A. 1937 —18° 154" soluble
oxide, pent-, V A o p R 152'0 3-357/18° 658° S 0'8[20°
Zinc—
carbonate, ZnCO; . . .| 12537 44 COy, 300° - o'001/15°
chloride, ZnCl, 13629 2°91 f25° 262° 730° 33::}[4::“
- veew o [ | 17065 o|f7H40 at 42/’
sulphate, ZnS0, . 7H,0 287 ,4{ 3'623/15° anhy. ]6H.Df:m {red hmt.}{ 20'8/100°
sulphide, ZnS . 97°43 4'0 1050° subl, 1180° | insoluble
Zirconinm—
oxide. Zrl0y . . W . 1226 5'1-5"7 ¢ 2500° = "
anhy, = anhydrous ; dec. or decomp. == decomposes ; r. ht, = red heat ; v, = very,

Farts by weight. Temp. Parts by weight. Temp.
1 of NH,NO,, 1 of water . =152 C. | 2 of snow or crushed ice, 1 o ge
8 of Nag50,, s of water . .| —17° MNaCl: . . s : o
COy and ether. : —78-35° | 3 of snow, 4 of cr}rst. 'CaCla —48°
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ORGANIC COMPOUNDS
Formula (Molecular) Weight, Density, Melting and Boiling Points.
For general heading, see p. 130.
Formula ; ; o
: Density, Mealting Boiling
Substance and Formula. (uw ﬂgﬂj gms./e.0, Point, °C. | Point, °0.
at. SLemp. at. /mms. at. /mms,
Acetaldehyde, CHy. CHO . . 4404 =88/16°C. - 123°6° 20°8°
Acetic acl CH. aeDOH G Go'od 1o5/z20° 16°7° 1165°% Y.
Aceto- ar:-:tm ether, CH;CO .CH |CG¢
. CaHpg D TR W 1'o28/20° <~ Boe 181°
Accmne, Cl];CDCH. : s+ s &+ » +| 580 ';rgoolfls —-g5° 56°5°
- . = iy £ o -]
Acttylene, CoHy + o s & & & 26'03 { & 26‘34 } 815895 836
Acrylic acid, CHy : CHCO,H . ., .| 7208 1'o62/16° 1c® 140°
Alizarine, CoH ((CO)yCyH3(OH)y . .| 240°13 — 290" 4%0
Allyl alcohol, CHy : CH . CH4,OH . .| 58406 8525/20° -120 b7
s chloride, CHy : CHCH,C1 . . 76'52 'gj?ilg' —136°4 4
» thiocyanate, CH, : CHCH‘CE&S 9913 r'oijfioe liquid 161
Amyl acetate, CgHyq . CH3COy . . 130'15 *879/20° liquid 148
»w alcohol (nj CH4(CH ;];CIi.DH 8812 ‘812f20° —785 137'8
" " :ll'."t ], CH.C*H.;':H LHr 3
8312 825/0° liquid 129
" = fsm% C.H CH[{}H}CH. 8812 ‘B25/0" liquid |118'5/753
o (erE (CH.},C{DH}C H. 8812 Br4/15° —12° 102°5
Anlline, CeHg . 2 : 93’10 1'o23/1¢g° — 64" 1839
Anisol, CqH,OCH,; ., . . . « +f 1081 "g925/25° —37'2° 154
Anthraceue Cably s CiHLT, H; . o ] 17818 1°15 216 360
Antimony trlmf:thyl Sb(CHga)s . . .| 16529 I 53,f1§ liquid 806
Asparagine(.)CyH ,NH,CO,H. LDN H, 132'1 1'55/4 decomp. decomp.
Benzaldehyde, CuH,CHO . . . 10608 1'05/15° —5'0 179°5
Benzene, CeH, . . 7808 “87843/20° 5 4G 8oz, Y
Benzoic acid, CqHy . CGD H. . . .|12208 1-26/21° 121'% 249°2
Benzophenone (a), (CaH),CO . . .| 18215 | 1098/5c° 48 305°0
Benzoyl chloride, CgH L.CIE i 140°54 1"212/20° Y 197
Benzyl alcohol, C.H;CTI,DII 10810 1'043/20° —15°3 2005
Beryllium ethyl Be(C3H )4 67-20 - -—- 187
Bismuth t;iu::th;.rl, Bi{C.H,}. e 205°15 1-52 - 107/79
Borneol (i.}, C34H3yOH . . . . 15419 | 101 210 sublimes
Bromo benzene, CyaHgBr . . . . .| 1570 I 49434’*:3 —30'6 156, Y.
Butane (n.}, CHs . CH,y. CHy. CHy .| 58710 “6ofo —135 ‘3
Butyl alcohol (n.),CH(CH3)sCHy. OH | 7410 Elgfzu —89°3 117°§
5 + (sec.),CH,CHOH.CyH;| 7410 Slg,"zz e 99'8
s carbinol (tert.),(CH,),C. CH;DH 8812 Slz;':m 52 113
» Chloride, CHy(CH 4);Cl . ; 92'55 *887[20" —123 78
» ether, (E.H;],D e .| 130118 r7fa0° EEN 141
Butyric acid (n.), LH.{CI‘I,}.CD{JH .| 8807 ‘gtf19® —79 162°3
w (is0),(CH4)yCHCOOH 8807 950/20 — a7 154
ﬂacod:, lic acid, {CH.J,&E.G OH . 138'03 — 200 —
Catfeine, C, I-I"N.D. L 1 R 212718 1-23/19° 234 sublimes
Camphor, CieH:e0 . . . 152°19 992[10" 1764 2053
Camphoric acid (d.), Cs ll,.(COGH}. 200'18 119 200—2 |distin. CO,
Caproic acid, CH4(CH,),COOH . 116°13 '9220(20° —g'5 202
Carbolic acid. See Phenol. !
Carbon bisulphide,CSy . . . . 7613 1“292[0® —112, H. 452
» oxysulphide, COS . . v fio'oy 2104 —138 —47°
n tetrachloride, CCly . . . .| 15385 | 15936/20° | _a2:95 | 567, VY.
* Mackintosh, 1907 ; decomp. == decomposes ; . = levo-rotatory (see p. 80). Y., Young,
Jewrn. de P.-E_y.r .+ Jan., 19og. H, = Henning,
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ORGANIC COMPOUNDS (contd.)
For general heading, see p. 130.

Formula

: Density, Melting Boili
Bubstance and Formula. {{TEEIIII!E. gms. /c.c. Point, ° C. | Point, ° C.
at.ftemp. at. /mma. at. /mms.
Cellulose, (CeH1004)s . 16z 127 =161 — —
Chlor acetic acid, CCIH,. COOH . 9449 | I1°39/7%° 63° 186°
. benzene, C.I—I;CI s 112°53 1"1062[20° -45'5s H 132, Y
Chloral h}rdratn. CCly. CH{OH), . 16541 I 447 97°5
Chloroform, CHCl; . . : 1939 | 1°49887/15° | —63'3 612
Chrysene, CygHjya . St 228°'19 _— 250 448°[760
Cineol, eucalyptol, w s B R 15419 | "9275/16° -2 176
Clnnamlc acid, CyHzCH : CHCDDH 148711 I°247 133 300
# aldehyde, C.H;E]—l CHCHO | 132'11 1'o5/24° -7 129°%[z0
Citric acid, {LD.HCH. .c(m{}cu H
+HO . . zro'rr | r'542[18° 153 decomp.
Collidine, & CHj;. L 1];\4 'L Hrl . | I2I°'I4 "g53/22° — 180
Coniine (d.), 1:2, CgH N .CaHy . .| 127°19 *849/25° -2'5 170
Cresol (o0.), Cl'l,C.H JOH . - . . <] 1081 1052/15° 30 190°1
Cyanic acid, HCHO . . . . . .« .} 4302 1'14/0° liquid dec.
s > lig. -866/17 .
Cyanogen, CoMy « = + . . « o ] §2°0% {A 523 } -35 i |
Cymene (p.), CHs. CoH, . C3H, 13416 "852(257 =735 ol
Dextring CyaHeeOse « - - « + . 32422 1'04 = !
Dlacctyl CH,CO.COCH, . . .| 8607 ‘9734/22° -- 877 '
Dichlor acetic acid. CHCl,. CDDH -] 12893 ;.23,“5 -4 150
Diethyl amine, (CqH)yNH . . .| 7312 ~70b[20° - 40 555
= 'm]hne (CaHg)yNC, H -] 14918 g4/18° —34 216
s ketone, C,H LD i,HE : «| 8611 ‘823112°4° —42 101°5
Dimethyl amine, {El-f.‘_l. - .| 4508 *686[ - 6° — i 29
s tartrate, {CH.}.C‘H.E} 7R 1*341/rg® 48 280
Dinitrobenzene {m ;{‘HO, . .| 16808 1'546/17° gl jo2-8[770
Diphenyl, Cy¢Hg . C; o ik v = IR I'1h 70§ 25%
Diphenylamine, (CgH .},HN . « «] 160716 | 1159 54 302
Epichlorhydrine, C;H,CIO . . . .| 9252 1'203/0® =260 116
Erythrite, (CH,OH . CHOH),; . 12210 1°45/17° 1206 330 |
Ethane, CH,.CH, . . . . . 3oob |lig."446fc°A.z0] —172 —u48
Ether, C4H;0C,H; . . : 7410 213520° | —123'3 H| 346, Y.
Ethyl acetate, CH3CO, . 8807 'goos 20" —83°4 77°1
# acetu-al:el.ate, CH CDCH.CD:
. Cy - = 130°11 1'o28/20" < —80 181
" aIcuhuI C.H,OH " 467 *79360/15° — 1149 783, Y.
s amine, CHHMN . . . . .| 4508 60g/8° —&81 166
" benmatc, C,H,,CD;. CHy, . .| 15013 | I1°0§/16° —32'7"* z11°2
o bromide, C.H,.Br. . . . .| 10897 I'45/15* —1t6 384
» butyrate, C,H, . COOC,H, 116713 | 87920 —03°3 120'6
» chloride, C,H,Cl. . . . . .| 64’51 ['921/0°A.64722] — 14085 12'§
n Cyanide, C;H,.CN., . . . -] sso7 047" —0)2 97
s formate, HCOOC,H, .| 7406 ‘g226/20° —B80's 543 Y.
o 10dide, CHLT .0 156'0 1'944/14° —110°9 734
» Isobutyrate 1:1‘I_':H,jliv‘;‘I—Ill:vlf,h[:]n::,llﬂ 116'13 ‘8gofo” —88 110°1
» mercaptan, C,H,SH . . 6212 *839/20" —23 362
» Ditrate, {.‘]H,ND, g1'0b 1'116/15° —102 87

dec. or decomp, =
H., Henning.

decomposes,

Y., Young, Yourn. de Fhys., Jan.,, 1509,
* Oiher form — 40°.
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ORGANIC COMPOUNDS (contd.)
For general heading, see p. 130,

Formula :
; Density, Melting Boiling
SR WHIRAAOR SN (©0-516)| smafec. | Point,C. | Point,°C.
at. fiemp. at [mems. at. [mms.
Ethyl pmpmnatl: C,H,CO,C « «f 1O2'II Egrulfzn — 7425 g9'0°
» salicylate, C,H (H 3(‘:0 C,H, | 1661 1'138/1 5 I'3 231'§
" sulphide, (C,H,),S 90’1 ‘837 (20" - 99 926
., tartrate (d. }, C‘ H*,li}.,l:'l::,,H,,ji2 206'15 | 1°206[20] 17 280
y valeriate, CH,CO,C,;H, . . .| 130715 876{20° : G T44°5
Ethylene, CH, : CH, ; 2804 {Eﬁg{!};m 5 } —169 —102'7

B bromide, di-, CH,Br. Cl-l Br{ 187°88 | =2+1838[18° 9'g7 131°6

i chloride, di-, (.Il Cl.CH,Cl| 9890 1'28Jo - 353 837

i oxide, {[CH 2,0 44'04 Bg7/0® —III 13°5[746
Ethylidene chloride, C H . CH Cl, 9896 | 1186/12° — 467 59'9
Eucalyptol, C.,H,.f_} i .| 154'19 27(20° —2 176
Eugenol, C,H; . (OH). DL'H, - C,I-I, 164°15 Itﬂﬁiﬂj'zé liquid 247'%
Fluor benzene, CH,F . . . . . .| goo7 1'024/20 —41°2 852, Y.
Formic acid, H . COOH . 46'02 | 17218[20° 8:15° 1005
Fnrmatdehyde, B CE . o joroz [315/=20"A.48 —02 -2I
Fructose (d), CH,OH]| CH(J[—ILCD

CH,0H . . 180°13 1'55/0" 104 ——
Fumanc acid, {CDDH CH j2 ; 116085 1'623 286 290
Furfural, C H,D COH. . qﬁaé 1"159(20" — 36°5§ 1601
Galactose (d ) CHO[CHOH EH oH | 180" 13 —_— 170 —_—
Glucose (d.), CHO[CHOH LH DH

+ H,0O . 19814 I'54=1"57 146 —_
GIutaI:-: acui CDGH{CH J COOH . 13209 e 97°5 303
Glycerine, OHCH, . CHOH . CH,OH| 9208 1'26/20° 17 2go
Glycocoll, glycine, CH NH,EODH 75°07 1"161 £ 234 e
Glycol, CH,OH . CH,OH ., . 62cb | 1 128/28" —17°4 1974
Glycollic acid, CHyOH . COOH 7604 — 78 decomp.
Glyoxal, CHO.CHO . . . 5803 1'14/20° TE" so'g”
Glyoxalic acid, CHO . COOH + H.G 92°04 syrup — with steam
Grape sugar. ' See Glucose.

Heptane (n,), CH{CH4);CH, . . 100'16 '6816/20° —00"0 o84, Y
Hexane (n.), CHy(CH,4),CH, . . 8614 "6595/20" —04'3 69, Y

yw  di-isopropyl, I_{Lll.x,LH]. 8614 ‘6617 [20° — 135 581, Y

Hydrocyanic ac:d._ HCN 27'02 ‘6g7/18° —14 2601
! Iﬂdlgﬂ" C‘H {NH}C C{E[El}{”f'

. Y. o 1 el 262718 1'15 390—2 subl. 156°
Indol, C‘l-l,NHCH. - L‘ll : ; 1171 —_— 52 253 —4
lodoform, LHI, L F i 39377 408/17° 119 subl. & dec.
Isatine, C,H, { N ,".‘:CGH o 147°09 —_— 201 sublimes
Isoamyl acetate, CH, . COOC,H,;. .| 13015 ‘8708/20" s 140

" aleohal, {CH;}:CI—I{LH,} {JH 8312 ‘81/20° —134 131
Isobutane, (CH4)2.CHCH, . . 5810 — —145° =102
[sobutyl alcohol, (CH,},LH CH, IIJH 7410 *8o0/18° — 1084 1084

v amine, (CH.};CHCH NH. A 7312 *736/15° —85°5 63
Isobutyric acid, (CH,4),CH . COOH .| 888 '9516;’22' —47 1535
IEﬂPEﬂlﬂnE, {CH|}=CHC[IICEI. . . 7212 [ ,g?gg?jmﬁ } L. 153'5 279
[sopropyl acetate, CH,COOCH(CH,),| 10211 g17/o® — 734 Go-93

4 alcohol, (CH,),HC{OH) borol 789/20° —358 82-8

d., dextro-rotatory (see p. 8g) ; deec. or decomp. = decomposes ; subl.

Feurn. de FPhyr., Jan.,

1909,

= sublimes ; "E': Young,
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ORGANIC COMPOUNDS (comtd.)
For general heading, see p. 130,
Formula - s
Density, Keltin Boilin
Substance and Formala, r{ggs{g} gusfoa. | Poit, °C. | Point, S0
at. [tem at./mms, &t mms,
Isopropyl amine, (CH,),CHNH, . 5908 ﬁgc.;}’“a e b
i cyanide, (CH4),CHCN . 69'0g liquid 107-108
Isoquinoline, CaH CyllaN . . . 129°1 1 qu.fzu 24'6 240
Isovaleric acid, {CH,},CHCH,CGDH 102 11 gjl,fm —5I 176°3
Lactic acid (i.), CH,CHOH . COOH .| go0ob 1-248[15 1% 83/1 mm.
Lactose. See Milk sugar.
Maleic acid, (COOH . CH:)y . 11605 I'59 130 decomp.
Malic acid (i.), COOH.CHOH. EH.

.COOH . . 13407 1'6of20° 130-1 -
Malonic acid, CDDH CH: . CDD'H. 104'05 = 132 decomp.
Maltose, C1aH1404y + HaO . L . 3602 1'54/17° - T
Mercury methyl (CH)«Hg . . | 2306 o liguid gb
Mesitylene, 1: 3: 5, L.H-{CH.}; . ] 120714 *B6g[10° —54'4 164°5
Methane, CH, . . - . ] 1504 llig. "416/-164° = 184 =164
Methyl alcohol, CH.DH . . o] 3204 “7958/15° - 949 647, Y.

» acetate, CH,COO : CH, . 7406 *936;}'1:&-‘* —101°2 §7°1

» amine, CH:H,N . . . . jr-ob {qujfzr } —=92'5 —-67/756

» borate, (CH.),BO, . . . .| 10409 94/0® - 65

o Chloride, CH,Cl . . ., . .| 5047 [920/18°Ass01| =—9r1° —24'1

,» ether, (CHg);O . . . ] 4606 |1°617 A. 468 —1385 —-236

o  ethyl ether, LH. Q. C,H, .| bHoos 697 — 7'0

s formate, HCOO.CH, . . .| 6oo4 ‘9745f20° | —o0g'75 | 310, Y.

5 odide, CHal . . 14195 2°285/15° —66°1 42°3

» isobutyrate,(CH .l,CHCDDCH.. [02'11 *8800/20° - B47 g2'3

»  mercaptan, CH,.5H . . 4810 868 —130'§ 58752

o Mitrate, CH, .NO, . . . 77°04 I 21?}':5 liquid |65 explodes

5 nitrite, CH, . NO,. . . . 6104 grgtf:g = 26°§ —-12

= phusphme, {.H;H Seriindadh 4809 gas —14

»  propionate, CyH, C00.CH, .| 8808 ‘9151/20° | —87°g 797

» Salicylate, C H.(OH}ICDD CHq 1521 I |3:f1 —83 224

sulphide, (CH,}.S 2L 345,1'11 —832 & 38

Methvlcne bromide, CH 4Br, . 17386 2°493 —52°8 08’5
Milk sugm- C"H“Gu + H,0 . 36025 1'525/20° 203 dec. | decomp.
Morphine, C3,H, N0y 4+ H,O . 30326 1'32 243— 4 decomp.
Nap thalem, CaH,: C,H, 12841 1'152/15° fo 21y
Naphthol (a), C;sH;0H . 44711 | 12244 95 & 279
Maphthyl amine {a}, CieHeH .N 143'12 1'131 50 300 |
Nicotine (L), CyoH : 162°18 1'orfzo” dec. 250° | 246'7/745%
Nitro benzene, Cq I—I '\U, . Sir 12308 1'19868/25"° 567 21085

.+ ethane, C.H;ND. S 75'06 1'056 < —to 1144

»» methane, CH;NO, . . 6104 1'144f15° —209°'2 1017
Octane (n.), CH,{CH,‘l,LH. o 11418 062[15° —56'6 1258, Y.
Oleic acid, CH.{CH.},CH LH{{IH,‘I.,-

yEO0DH . 282°38 ‘Bo1/12° 14 286/100
Palmtuc acid, CH;{CH,}I;.CDDH 266734 846/7°6° 626 278100
Paraldehyde, {CH, HCO); - 13213 ‘g4 /20° 10°§ 124
Penta methylene, (CHy)s . . - 7011 *751f20° — 500

diamine (cadavcrmc]

NH,{CH,},NH, ; . .| 102716 ‘917/0° £ 15 178
Pentane (n.), CH,{CH.}.CH. 72'12 6263(20" | —131°5 a6-2% Y.
dec. or decomp. == decomposes ; 1., levo-rotatory (see p. 80); Y., Young, Jeurn. de Fhys.,
Jan., 1909.
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ORGANIC COMPOUNDS {:M.M‘)

For general heading, see p. 130.

|

Formula : . "
Demnsit Melting Boiling ||
e © :iﬁﬁ}_ gms.fox. | Point, °C. | Point, *C.
|

at. ftemp. at./mms, at./mms. |
Phenetol, C;H,OC,H; - . . . . .| 12212 "gh3 /25" - 34 171
Phenol, C.II. 51 [ o408 1'06/33 427 181°§
Phenyl acetic acid, C,H,,'LH .CDDH 136'1 1'23 76°5 265

»w cyanide, EALCH . . .| 103'09 I'oo8/17° -17 190

e h:,.rdr:mue C,H,HN . HH, .| 1081 1 098/20° 19°35 243'§
Phloroglucin, 1: 32 5.C4H ;(DH‘I.:H;G 162'11 — 218 anhy, | sublimes
Phthalic acid, 0. CqH(COOH); . .| 16609 I'59 180-z200 -—

" anhydride, C,H ,<{(CO);>0 | 14807 1'53f4° 128 284
Picoline (e), CH, . C;H N g3'1o 933122 =690 129
Picric acid, 1 2: 4: 6, C.H,DH(I\ E.‘r,j. 22908 1'767/19° 122'5 | explodes
Pinene. See Tur ntme
Propane, CH, . Cplfi CHy . . . .| 4408 '£35 —1878 - 44'1
Propionic acid, CH; CHy.COQOH .| 7406 ‘g&70/20° -19'3 140
Propyl acetate (n.}, CH,CO0.C;H,.| 102'11 *8884/20° —g2's 1016

»  alcohol (n.), CH,CH,CH,.OH ] 6008 “8o4/20" - 127 972

»  chloride (n.), CH,CH,CH,Cl .| 78%3 ‘8o1f18° | —122'8 46°5

» formate, H.COO.CyHs . .| B808 "go58/20° —-92'9 | 8o, Y.

» dodide, CHy.CH,.CH,I . .| 1700 1'745/20° —101"4 102
Propylene, CH. CH: CH, . . 4206 |A.43°36 — 185"z - 02
Pseudo-cumene, 1: 2: 4, C.H.{CH,}. .| 12014 "8748/20° —57°4 169°8
Pyridine, CsHyN . . 79'08 ‘985/15" —42 1154
Pyrogallol (—ic acid, or ¢ p}fm “},

1: 23 3, CoHO H]. 2 12608 1'46/40° 133 203
Pyrrol, (CH),>NH . . . 6707 ‘967 /[21° liquid 131
Quinoline, C, H.-:':CE EE,‘::- 129°11 1'094/20° =226 241
Quinine, CqoHa N0, . . 324°31 — anhy. 174'9 e

u sulphate, (CgH HN:G “

HaS0, + 7H,0 . . 87281 — 205, dry -
Racemic acid, {LDOH CH{DHJ},

+ H,O 16808 169[7° 205 -
Rﬂﬂht"& salt (d.‘_l- I{Naf.] ;D; ¢H.D 282-22 177 — g
Rosaniline (p.), (C,H,NH),COH . .] 30528 — 188-9 —_—
8accharin, C4H < COS0,> NH ., 18315 — 220 dec. =
Salicylic acid, OH . C4,H, . CDDH 13808 1'48/4° 158/760 | sublimes
Sodium eth}'] NaCyH; . . . 2 52°0% — 27 —
Stearic acid, LH,{CH;;HCGOH 28438 843/80° 693 291 /100
Stearine, {C,,HMDQ},E S 89116 ‘924/65° 71=1'% -
Succinic acid, COOH(CH,),CO0H 11807 1'564/15° 185 235
Sugar, cane-, C,,Hg,{]“ R 34224 1°5877/18° 189 —
Sulphnmhc acid (p.), NH.. C,H SO,H

. .| 20918 — chars —
qulphanal, (CH,),C(SO,CHy), . . .| 22822 — 125 300 dec.
Tartaric acid (i. or meso), CﬁD‘H-

E DHA ;COOH . H,0| 1688 167 142 anhy. —
. d. ), GH{CHGH’),. -
15007 1'76/7* P\, 170 —_—

- I 4 FDOH(CHOH],

COOH . 15007 1'76 170 -
Terephthalic acid (p.), C, H, (CDDI—I}, 16609 - sublimes —
Terpenol (y), C,,H,,0 : .| 154'19 — jo =
anhy. = anhydrous ; d == dextro-rotatory (see p. 89) ; P., Perkin; dec. == decomposes;

v lvo-rotatory {sce p. EI;S Ynung
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e it == —— —— 'i
ORGANIC COMPOUNDS (rentd.)
For general heading, see p. 130.
i
Formula ; ;
Density, Meltin Boiling
Substance and Formula. [?;Efﬂt}. m_‘rc_g_ Point, c%l Point, & 0.
e ,.-"l.ump &t I.r"mrn.'l- at. /mms.
Terpineol, a, Cy,H,;HO . . «| 154'19 g;ﬁ,fzo 35° 218°
Tetrabromethylene, CBry . Cl.‘.r, . +| 343°60 53 10of15
Theobromine, C,H,N,O0; . . . .| 18014 — 130 subl.
Thiocyanic amd (HCNS) . . . .| 5908 o 5 200 dec.
Thiophene, 1“:IEH}1 R . s el BAE 1'061/15° —40 84
Thiourea, NH,. o NH. i 7612 1'42 180 —
Thymol, 4:1:3,(CH,),: CH . II:,jH,I
(CH,)OH . . 150°16 ‘994 /o° 50 232
Tin tetramethyl, bn{CHJ}, ik N SaEbls 1'314/0° — 78
Toluene, C.H,.CH, . e 2'10 866/ 207 - 94’5 11t
Toluidine gn .), CH, C IL hH, s W ID712 gg9f20° @-2LB-15'Y 1997
£ i CH,,C,H MH; . . .} 10712 1’046/ = 45 2003
Trichloracetic acid, CCl,.COOH .| 16348 1'63/61° 57°5 195
Triethyl amine, (CaH,),N . . . .| 101716 '725/15° —1148 &g
»  arsing, (C4Hy)As . . . .| 162711 rig/iy® liquid {’45{‘1%:5
w  phosphine, (CaH )P . . .| 11819 ‘Brz2fis5° liquid 127744
Trimethyl amine, (CH),N. . . .| 5910 "073/0° —124 3'5

= arsine, (CH,);As. . . .] 120'05 1'124 — 52°8

i bismuth, (CH,)},Bi . . .| 25300 2'30/18° — 110

= carbinol, (CH,).C.0OH. .| 7410 *786/20° 25 829

& phosphine, (CH,'}I,P. s 4] Chbiag >l liquid 41

Trinitro benzene (s.), 1: 3: 5, C.H

(NOg)y . . . .] 21308 1688 121°2 decomp.
Turpentine {pmene}. CmH w -+ - | 136718 865 /15" - 159
Urea, NH,.CO.NH, Gorob 1°32 132 decomp.
Waleric acid (n. }JZZIPI,J['[:I-I.]:a CDU]] 10211 '94.3/20° -58°g 1864
Xylene (0.), C,H,(CH,)y . . 106°12 8811 /20" —28 1426

» (m), a5 i wl] 1o6t12 'Eﬁjﬂ.l'zc: —54 119°8

o olpy . b R TR L 8611/20° 135 138
Zinc ethyl, Zn(CyH Sy . . . . .| 12347 I iﬂzf:b“ —28 118

» methyl Zn(CH,)y . . . . .] 09543 1"386/10° - 40 46

dec. or decomp. = decomposes.
ELECTROCHEMICAL EQUIVALENTS

Faraday’s laws of electrolysis are expressed by m = 72/, where m is the mass in
| grammes of an ion liberated in # secs. by a current of # amperes ; s is the electro-

chemical equivalent of the ion, e the mass liberated by 1 ampere in I second.

The exactness of Faraday's 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. 11). Electrochemical equivalents are proportional
to chemical equivalents.
Gl binal iyl e atomic weight of element
E ~ valency of element for electrolyte used
Element. Chemical equivalent, K.

Silver . . . . . . 107881 . . . o'volri83 gm. sec.”! amp.~!

Coppet. + . + = « ©6357/3 » + « O0OOJI5 =

Hydrogen. . . . . 1I'008/I . . . ©CO00IO4E , o (see p. 112)

b
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SOLUBILITIES OF GASES IN WATER

AlR 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 o® and 760 mms. Winkler 19o4.

Temperature of Water,
0°*C.| B5° | 10° | 16 | 20° | 25° | 80°
.0 =
Oxygen . o e 1019 89| 79| 70| 64| 58| 53
Nitrogen, argon, etc. . . 190 | 168 | 1500 | 135 | 12°3 | 11°3 | 104
Sum of ahuvg. s v s oe o oa v s 2002 | 25.7 | 228 | 205 | 187 | 170 | 1577
7 of oxygen in dissolved air (by vol.) | 34'9%| 34'7 | 34'5 | 34'2 | 340 | 338 | 336

QABES IN WATER

S indicates the number of c.cs. of gas measured at o® 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 gas itself is at the uniform pressure of 760
mms. when in equilibrium with water. (For other values, see p. 130) See
Constantes Physiques, 1913.

Gas. 0°C. | 10° 20° 30° | 40° | 50° | 80°
[=3 =.

Ammonia, A. . .| 1300 glo | 802 | 710 [595/28° — | — | —
Argon, A. . . . .] o8B | ‘045 040 | 037 | o030 | ozp | — —
Carbon dioxide, A 1’713 | 1’194 | 1019 | ‘878 | '66 63 | 44 | *36
Carbon monoxide, A. .| ‘035 | 028 | o025 | '023| o020 | 018 | 016 | oI5
Chlorine, S . s — | 300 | 2263 26 | I°77 I*41 |1'z0 |I'o
Helium, A 2 -| to150| o144 o139 o138 ‘o138 0139 ‘o140 —
Hydrogen, A . . . 0215 -o198| ‘oigo| ‘o184 — = g e
Hydrochloric acid, 5. 506 | 474 | 458 | 442 | 411 | 386 | 362 | 339
Nitrogen, A . . . . '0239| o196l o179 ‘o164, ‘o138 ‘o118| "o106| ‘olo0
Nitrous oxide, A . . 1'o5/5° -8B 14 63 —_ — e
Nitric oxide, A . ‘074 | 057 | o3I | ‘047 | og4o | ‘035 | 03I | ‘oz9
Oxygen, A . . . . .| 49 ‘038 | 034 | ‘o031 ‘ozb | ‘o23 | 021 | 019
Sulphuretted hydrogen, A| 468 g:s: 305 | 267 — - e
Sulphur dioxide, 5 . .[7o8 [5646 [47'3 [30¢4 |27z [188 EL

in the first line in each case. The
Mumbers are grams per 100 grams o

Ne, ‘o147/20° ; Kr, "073/20° ; Xe, *1109/20° — Antropof, 1910,

MUTUAL SOLUBILITIES OF LIQUIDS

The data for the uppermost layer of the two solutions in equilibrium are given
Fressure in some cases exceeds one atmosphere.
solution. (From data in Seidell’s “Solubilities.”)

Liquids, 0°c.| 10 | 20 |30] 40'|50'60| 70 80| 00
Water in ether ; ethereal layer I'of 1'1 1‘2'1'3 1'5/1°7(1°8| 2°0f2'2| —
{Ether in water ; aqueous layer . - 12 |87 | 6'5l5°1] 4:514°1)3°7| 3°2(2°8| —
Aniline(C,H,NH,)in water ; aqueous layer| — | — | 3'2/—| 3'5—|38/ — |4'5| 6
{J‘mi]in: in water; aniline layer - = | — lessl—los [—los! — lo3| oz
Phenol (C,H,0H) in water ; aqueous layer| — | 75 | 8'38'8| 96|12 |17 334 “t"- cnt.
Phenol in water ; phenol layer A — b3 |72 (70167 163155 13374 E:!BTI;
Triethylamine in water ; amine layer . .|51°g| at |72 |97 |96 |96 |96
{Tﬁethy]amin:[N{C‘H.i,]in aqueous layer ;l'g 18°:6|14°2|5°8| 36|2°g|z'2
[CS, in methyl alcohol ; alcoholic layer — |45 [51 |58 [Bo's)at crit. temp.
CS, in CH,OH ; carbon bisulphide layer | — 98 |97 [g6 Bcrg} 405 'I
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SOLUBILITIES 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, 1916, where the most complete
and accurate data will be found for solubilities.) For other solutions, see p. 130,

Bubstance. 0°C. | 10° 15° 20° 40° 60° 80° | 100°

Am.chloride, NH,Cl| 5 | 204 | 333 | 352 |372 | 458 | 552 |656 | 773
Barium chloride,
BaCl,.2H,0 . .| s | 316 | 333 | 344 | 357 |407 |464 | 524 | 588
Barium hydrate,
Ba(OH);.8H,O .} s | 167 | 248 | 323 | 389 | B2z | 209 [101'§ —
Bromine (Jiguid), Br.} s | 422 | 34 325 | 320 — —_ — —
Cadmium sulphate,

CdS0,.8/3H,0 .1 5 | 765 | 760 | 763 | 766 | 785 | 837 | 697* | 6o77*
Ca.hydrate, Ca(OH),} 18g| 178 t170] 165|141 c116|  tog4| o7
Copper sulphate,

CuS0,.5H,O. .
Li.carbonate, Li,CO,

15

143 | 174 | 1838 (207 | 285 | 400 | 550 | 750
I'54 43| a8 | 133 | 1'17 1'ot Beal *72o
Merc.chloride, HeCl 350| 4'50| 500 | 540 | 930 | 140 | 231 380
Potass. chloride, KCl 2776 | 310 | 324 | 340 | 400 | 455 | 5I‘L 367
Potass. bromide, KBr 53'¢ | 59's | 625 | 652 | 755 | 855 | 050 |104
Potassium iodide, KI| s (1275 136 140 144 160 17 192 208
Potassium hydrate,
KOH.2H, 0 . .| s |9r0o |to3 |07 |[112 |[138§ — — (178§
Potass.nitrate, KNO,} r | 13'3 | 2009 | 2578 | 32 4 |10 |16  |246
Silv. nitrate, AgNO, | = |122 170 196 222 376 525 669 952
Sodium carbonate,
NaCOy.10H,O . J 5| 70 | 12’5 | 164 | 215 | 46'1 | 46'0 | 458 | 455
Sod. chloride, NaCl | s 357 | 358 [359 |360 |366 |37 3 390
Sodium sulphate, |
Na,50,.10H,0 .|l 5| 5o | 90 | 134 | 194 |49t |45t |44t | 42t
Strontium chloride,
SrCL.6H, O . .|l 5| 43 48 50 53 65 82 grt 1o}
Succinic acid,
(CH)(COOH),.| s| 28| 450 | 57 69 | 1602 | 358 | 708 125
Sugar ECane}, l . I
ey - « ] 5 I:?g 190 197 204 238 287 362 i48:r

A W

* Solid phase becomes CdSO, . H,O at 74°. t Becomes Na,50, at 3238,
I Becomes S5rCl,.2H,0 at 70°.  § Becomes KOH . {H,0 at 325 and KOH . H,0 at 50°,
§ Becomes Na,CO,.H,0 at 35°.

—

PERCENTAGE COMPOSITION OF DRY ATMOSPHERIC AIR
(Ramsay, Proc. Koy, Soc., 1908 ; G. Claude, Compt. Rend., 1909.)

N, 0, A co, | Kr ' Xe Ne Ho
By weight . | 75'5 23°2 13 [o4bto-4l ‘0,14 ‘0,26 | 0,86 ‘0,56
By volume. | 7805 | 210 '95 |03 t0°3 ‘05 | ‘0,59 | ‘03123 [ ‘Ou40

i

l Ledue, 1917, weight 3 Kr 14 10-%, Xe 3% 10-% Ne 8'4x10-¢, He 7% 10~%, H 7% 10-4,
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MINERALS
MOHS' SCALE OF MINERAL HARDMNESS
The numbers are not gquantitative, but merely indicate the sequence of hardness.
Hardness. |  Mineral, Hardness. Mineral. Hardness. Mineral.
1 Talc 5 Apatite 9 Corundum
2 Rock salt g gelspar 10 Diamond
3 Calcspar uartz o 25 Finger-nail
&4 Fluor spar 8 Topaz ¢. 6'6 Pen%mife
COMPOSITION, DENSITY, AND HARDNESS OF SOME MINERALS
See Dana’s ¥ Syﬁtem of Mineralogy” and "’*E’ endices, 1892, 1899, and 1909.
Radioactive minerals are indicated thus * ; see Szilard, Le fi‘m’mm, August, 1909,
Name and Formula. Density. E::f Name and Formula. Density. E“;:‘
Albite, Na,Al,5i,0, . .| ¢ 26 6-7 [Mica (common, Musco-|2'7-31| 2-2'§
Amber (fossil resin) . I'of | 2-2°g vite),
Anhydrite, CaS0, . .| z’8-2'9| 3-3'5 E{ 0.3A1,0,.65i0,.2H,0
Anorthite, Ca,AlLSi,0y.| ¢ 27 6=7 Mtc:a (Biotite, Magnesia |2'7-3'1 2'5-3
Apatite, 2'9-3'2 5 mica) -
Cay(CLF,0H)(PO,), Monazite,® (CeLaDi)PO! s | 52
A.ragumtc LaCD, 293 | 35-4 | (1-16% Th)
Augite, 3'2-3'5 | 5-6 | Nepheline, 2'5-26 5'5-6
Mg,Fe,Ca,A] silicate Na K Al Si;044
Barytes, Heavy spar, 4’5 | 3-3'5 |Olivine, Mg, Fe,510,. .}3'3-35 6-7
BaS0, Orthoclase, K,AlLSi0.12°4-26 6
Beryl, Be,Al;Si,0,y . .| 226-2'7 | 7-8 |Pitchblende,* U,0,with (] 64
Briiggerite,® a pitch-|(56-68%| (2-8%, ] oxides of Pb, and Ca, || (mas-
blende which contains] U) Th) Fe,Bi,Mn,Mg,Cu, 5i,{| sive) 55
thorium Al, ete, (25-80 % U ;|| 97
Calcite, Calcspar,Iceland 2°6-2'7 | & 3 1-6 % Th) {cryst.)
spar, CaCO, Pyrites (iron), FeS, . .|48-51| 6-65
Carnallite, 6 I n lcopper), CuFeS,[41-43] 3'5-4
KCl.MgCl, 6H,0 Pyrelusite, MnO, . . .)48-5 = 2-55
Carnohtc, (e 6.5% (yel- |Quartz, Si0, . . JJ252B| 2
E,0(U,0y) 31‘1 o ) | low) JRock salt, NaCl Jzi-22| 2-2'5
Celestme. 5r5€2' 39 3-3'5 | Rautile, TiO, . : 4'1—4‘3' 6-6'5
Cerussite, PbC{) ﬁ4 3-3'5 | Selenite—cryst. gypsum —
Chalcolite,* 36 | 2=2'5 | Serpentine, H Mg,Si,0,] ¢ 26 | 3-4
Cu(U “,}{Pﬂ,ji .8H,0; {48% U} Spinel, MgOALO, N kY 5-315 8
Cléveite *—pitchblende | (c. 60% | (e 4% | Sylvine, KCl . Jrgz2| 2
which contains Th& Y U) Th) jTalc, H M% +31,0 J2rs—28 1
Corundum, Al,O, . 3'9-4"2 9 ‘l‘hnnamte Th, T ox 8-97 | 7
Dolomite, CaMgC '.'J 2'8-29 | 354 | ides, etc.; {4-10}; | (black
Felspar, Alﬁl{,s_lﬁﬂ-,, 2°4-26 6 ¢. 607, Th) contains He cubes)
Flint ; agate, 510, 26 ¢ 6 [ Thorite,* ThSiO, (1-9%] 46 |(tetra-
Fluorspar, Fluorite,CaF | 3-3'3 4 U ; 40-60% Th) gonal)
Galtna, PbS . . . .| 774=76| 2-3 |Tourmaline, hydrated si-|2'9-3'3| 7-7'5
Gummite,* Pb,Ca,U,silic |ate(s50— 65% U licate and borate of Al,
Gypsum, CnED 2H {0 2'3 1's5-2 | Nawith Lior Feor Mg
Hamatite, Fc,Cl. ‘ 4'5-5'3 |5'5-0'5 | Tréigerite,® (53% | (yel-
Hornblende, X 2'g-3'4 | 56 (U0,),As,0,12H, 0} U) low)
Ca,Mg,Fe, Na,Alsilicate Uraninite * — crystalline| ( Black | octahe-
Kam!tt:,MgSD. KCI3H,0] 21 — pitchblende (g.z.) dra)
Kaolin, H,Al,S5i,0, . .| 275 I Uranite lime,* 3-3'2 | 2-2'5
Kieserite, MgSO,H,0 .| 255 3 CaO(UOQ,),(P0O,),8H,0
Lepidolite (Lithia mica),| 28-3 | 2'5—4 | (50% U
F,OH)y(Li,K,Na),Al,- Willemite, Zn,510, . .| 4 5
51,0, Wolfram, (Fe, Mn)WO, .| 71-7'9| 5-5'5
Limestone, CaCO, . .| 25-28| — |Wollastonite, CaSi0, 27-29| 45-5
Magnesite, MgCO, €3 |35-4'5|Zeunerite,* Cu,U arse-|(c 507 | (tetra-
Magnetite, Fe,0, . . .| 49-52 |5'5-6'5] nate 7 | gonal)
Meerscha ¢ 26 | 2-2'5 | Zircon,* ZrSiO 47 7'
2MgO . 35i0,.2H,0 . Zincblende, ZnS 39-4'2| 35-4




GRAVIMETR!C FACTORS

148

E:a.mple
equivalent to 1/
“ Chemical .*"Lnnu.tl

g2g1 Al,O,.

London.)

FA’GTGHE FOR GHEVJMETH’IG ANALYSIS
Calculated with atomic weights for 1938.

-1 gram Al,Oy is chemically equivalent to -5291 gram Al, or 1 gram Al i is |
A table of reciprocals is given on p. 157.

ES@{: Van Nostrand’s

1 part by weight of

is equivalent

Alnmininm,
Y i
Ammoninm.
N - - - - -
o E g O
Antimony.
Sh T
Sby0,
Sh,0,
Arsenic,
r{ll.ﬁzf_'}

| As;0;

LR}

i

Ba.riﬁm.
BaCO),

BaS0,

Beryllinm.
Ba() . .
Bismuth,

Bi :

Bi.0, .
BiQCl .
Boron.

e o = e

L ]

| Bromine.

| AgBr .
Cadminm.
CdO A e
Casium.

Cs s
(s,]’l(i,. i

ﬂa-lnium.
| (_:“. W " & s
CaCO,

CO,

MgMi 1:50,1 ;nz(:r'

2201 Al
*350 Al (S0,),

fad

F‘.Er; NH 'EI
058 NH Ul[

l;'Ln_JT—_

-

‘1971 Sha(l,
13285 Sbh,0g
11008 Hlmi}l,
7gig Sh

‘0480 Sh,0y
0520 Sb.0,

7574 As
1618 As,0O,
(516 As
"3037 As
5198 As,0,
'r.ﬂj";;' FWFEO;
4826 As
6373 Asg0y
7403 AsyU,

-Hoho Ba
7770 BaQ
5885 Ba
‘G570 BaO
«7256 BaO,

3605 Be

1148 Bi 0Oy
RBg70 B
Boz24 Bi
Bog6 Bi0,

-3107 B

[ J¥]

3
5
G
)

ot

T,

o
)
B
=
L

5603 Ca0

: . | 2:274 CaCOy,

{by weight) to

7387 Na,B,0,.
el

1 part by weight of

ﬂa.lmm {mm’af —

CagPO)y - + o

Mg,P,0,
17 T
Carbon.
CO. i
Chlorine,
AgCl
NaCl ;
Chrominm.
s

E'nl;'a.lt, :
[ B
Co,0,
Co(NO ) (KNOJ),
(CoS0,) (K 5S0,)s
Copper.
.

&

Fluorine.

Cal, N
Glucinnm. See

Beryllium.

Gold.

Au T by
Hydrogen.

L e
Iodine.

;\ [_‘{I - o -
Iron.

Fe

el o

1‘:{; 20‘3 . x :

CEL Loy
Yead, .

I 7] e Wi e, o (e

FPbSO, .
Lithinm.

Li -:CD: ] " . |

I_iaﬁﬂ‘ - " :-

EE] . C ®

s 5 = ' . . =
—— ey

is equivalent
{by weight) to

5422 Cald
1-3034 Cag(POy),
2-1844 Cay(PO,),

4'4847 BaCOy,
2:2743 CaCO,

w2474 Cl
“Ho6b Cl

‘0843 Cr
1-3158 CrOy

1-2715 CoQ
7342 Co
9336 CoO
1303 Co
1657 CoO
‘1416 Co

1-2517 Cul
4807 F

1°5394 AuCl,
‘1119 H
*5405 I

1-2865 FeO

1:4298 Fe 0,

70225 FeS0,
(NH,),50,.6H,0
7773 Fe

i'1i14 Fe Oy

1°4510 FelCOy,
gbbt FeyOy
16324 FeO

2-6324 FeCO,

10772 PbO
6832 Pb
7360 PbO
7888 PbO .
7536 Pby0,

1878 Li
‘4044 Lig0
1797 I
3860 Li, O

L]
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FACTORS FOR GRAVIMETRIC ANALYSIS (contd)

is equivalent is equivalent
1 part by weight of (by weight) to 1 part by weight of (by weight) to
Magnesinm. Potassinm (cond.)
MgO . . . . 6032 Mg ES0,. . « « .l1°1604 KNO,
Mg PO, . . . 2184 Mg K, PtCl, .| “1608 K
i AL 3621 MgO Rubidinm.
Manganese. Rb,PtCl, 2053 Rb
MnO . . . . 1-1128 MnyO, Silicon.
Mn©O,. . . . *7203 Mn Si0, 4672 Si
SR e S Ty 301 MnD Silver.
" 10350 Mny0, AgCl . . . . .| *»e26 Ag
1] & L I'IJ'_.]I:_} 31[102 AgEr 2 . .5?4_‘ .\Lg
Hﬂrﬂﬂry‘. : ﬁgl : 4505 _15_:_
Hg « « + | I'1508 HgSs Sodinm ;
Ilgs . 8066 Heg O AcCl A 4078 NaCl
. ‘g310 HgO o M R AT T
i ekel et NaHCO, . .| *3600 Na,O
Ni . .. .. .|l1:2726 NiO RO ae slessio || BRIEIAE
M 5 ELisat - — « | 4304 Na,l)
Hltrﬂﬂn' R 1 T NQDE L - L) ILSTE‘J :‘I-E..:\‘;U‘
rli S D 8555 N+Os Strontinm.
P .I::'}@ el . 4168 P SrCO, jo19 Sr0
.M? ut}{} 4';q P Sr50 5041 SrO
- ZT07 - i
Ba “i Ry _ngi PO, Sulphur.
w o+ o+ s -] 6379 PyOy Ba50, . . . . *:iﬁg S0
?{?ﬁ&m . .| 4016 Pt sy st g S0,
1 LR {3?33 I'.i':!l il - . . '114_10 ,:E;s
Potagsium " 4r15 ally
AgCl -5201 KCI Tin. :
Jﬁ-gBT * *ﬁ-’!.j? K Br &’“05 - = ‘FH?? ‘c:’“
Agl . ol crop1 Kl Uraninm.
AgCN .| 4863 KCN U,0, : 8480 U
KCl : 5244 K el _ 9620 U0,
KBr .| 3285 K vo, 8815 U
KOH | 12317 K OO Zine. ;
w. o ‘8304 K0 Zn . - {12447 ZnO
W50 - 5400 K0 Zn0 ‘Bo34 Zn [J: L.

SOME BOILING-POINT MIXTURES

Boiling-points under 760 mms. of mercury.
A large number of minimum boiling-point mixtures are known.
(Sidney Young, * Fractional Distillation,” 1903.)

Percentage compositions by weight.

Mixture. | Boiling Points. vota| on
ik ! B, A, B, Mixt, |10 MIXL.| server.
Maximum || Water Mitric acid 100° C. B6° -135“ 32% |Roscoe
boiling- - Hydrochloricacid| 100 le.—8o 110 fo i
point = Formic acid 100 100'8 | 107 23 i
mixtures. ||Me. ether | Hydrochloricacid{—236 le.—8%0 [—2 61 Friedel|
| Minimum || Water Ethyl alcohol 100 783 | 781 44 |Y.&F.
boiling- { Pyridine |Water 117 100 gz5| 59 |G.&C.
point Benzene | Methyl alcohol 8o'2 647 | 5831 60 |Y.&F.
mixtures, || Me.alcohol| Acetone 647 56'5 | 55'9| 13’5 |Pettit

G. & C., Goldschmidt and Constan ; Y. & F., Young and Fortey.
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e=x
THE EXPONENTIAL @™*
¢ = 271828, To derive ¢+ use reciprocals on p. 157, ¢~ %9315 = -5,
(Based on Newman, Trans. Camb, Phil. Soc, 13, 1883.)
For values of x from 0000 to -08898. Bubtract Differences.
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‘9305|9206 0287|9277 'gzﬁﬂl~gzsq-gz5a'gz4o I 2 3 4| s) 6 7 & B
'9213°9204'0194)'91851'61 769167 "01589148 1 2 3 4] 5} 6 7 7 8
‘9*24'9"2'9!:'3'9094‘90351'9015'9066,*%5? I 2 3 415|666 7 8
For values of x from *100 to 2-988. Subtract Differences
x| 0 |-041|-02|03|"04 |05 |06 |07 |08 |09 Jonr 2 3 4|56 7 8 9
| P —
!
*{ |'90451° 8958 ‘8860 -8781| B604|-B6o7| 8521|"B437 8353 8270 9 17 26 34]43|52 6o 69 77
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22 'llnﬂ'mg?'mﬂﬁ;-*m;s‘ ‘1054)" 1044/ 1033'10231'1013) 1 2 3 4] 5] 6 7 9|
2'8 |'1003} 0993|0083 0073 '00541'0944{'0035(0026'0916) 1 2 3 4| 5| 6 7 & o
2'4 ['ogo7| 0898 '0889| 0830 08720863} 0354/ 084608370829 1 2z 3 31 4] 5 6 7 B
2-5 |oBz1|0813'0805 ‘0797|0780 0781f'0773/°0765 '0758| 0750} ¥ 2 2 3| 4] 5 5 6 7
2'6 |'or43lor35 'n:.rzsl*o:rzl 'oyo7f0bo9|'0b93 0860610l 1 1 2 3| 4] 4 5 6 6
27 |'ob72]|obbs|obgg 0bs2|" '0639{"0633|'0b27|'0b20(0614] 1 1 2 3| 3] 4 4 5 O
2'8 l'o6o8loboz|'0596) 0590/ 0584L 0578} 0573/ '0567|'05611"0556) T 1 2 2| 31 3 4 5 5|
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L R ] i
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29 |3746 | 3762 | 3778 | 3705 | 3811 | 3827 | 3843 | 3850 | 3875 | 3Bor i3 5 B ir 13
28 |'3907 | 3923 | 3939 | 3955 | 3971 | 3987 | 4003 | 4019 | 4035 | 405103 § B 1113
24 |4967 | 4083 | 4099 | 4115 | 4131 | 4147 | 4163 | 4179 | 4195 | 4210} 3 5 8 i1 13
25 | 4326 | 4242 | 4258 | 4274 | 4289 | 4305 | 4321 | 4337 | 4352 | 4368 |3 § B 1113
26 |'43%4| 4399 | 4415 | 4431 | 4446 | 4462 | 4478 | 4493 | 4509 | 4524 |3 5 8 10 13
27 '43:: 4555 | 4571 | 4586 | 4602 | 4617 | 4633 4643 4664 | 467913 5 B 10 13
98 | 4695 | 4710 | 4726 | 4741 | 4756 | 4773 | 4787 | 4802 | 4818 | 4833|3 5 B 1013
20 | 4848 | 4863 | 4879 | 4894 | 4909 | 4924 | 4939 | 4955 | 4970 | 4985|3 5 B8 10 13
30 |'5000| 5015 | 5030 | 5045 | 5060 | 5075 5090 | sro§ | 51z0 | S5135|3 5 8 1013
81 |'si50| 5165 | 5180 | 5195 | 5aro | 5225 | 5240 | 5255 | 5270 | 5384}z 5 7 10 12
82 |'5299| 5314 | 5329 | 5344 | 5358 | 5373 5388 | 5402 | S417 | S432}12 § 7 10 12
83 |'5446 | 5461 | 5476 | 5490 | 5505 | 5519 5533 5548 | 5563 | 5577 |2 § 7 10 12
84 |'5592 | 5606 | 5621 | 5635 | 5650 | 5664 | 5678 | 5693 | 5707 | §721 |2 5 7 1012
85 |'5736| 5750 | 5764 | 5779 | 5793 | 5Boy | sBanr | sBig | 5850 | 586402 5 7 9 12
5878 | 5Boa | 5906 | 5920 | 5934 | 5048 | 5962 | 5076 | 5990 | Gooq |2 12

33 ‘-g-u:E gc;: 6046 | bobo ggu 6088 gml 6115 | 6129 | 6143 2 é ; Eu
88 | 6157 ] 6170 | 6184 | 6198 | 6211 | 6225 6239 | 6252 | 6266 | 6280{2 § 7 g I1I
39 |'6393| 6307 | 6320 | 6334 | 6347 | 6361 | 6374 | 6388 | G401 | H414f2 4 7 9 11
&0 |'6428 | 6441 | 6455 | 6468 | 6481 | 6494 | 6508 | 6521 | 6534 | 6547 (2 4 7 9 II
41 |6361 | 6574 | 6587 | 6600 | 6613 | 6626 | 6639 | 6652 | 6665 | 66782 4 7 9 11
42 -6291 6704 | 6717 6730 | 6743 | 6756 6760 | 6782 | 6794 | 6Bo7 |2 4 6 9 11
48 |'6820 ] 6833 | 6845 | 6858 | 6871 &HE4 68gh | Goog | Gg21 | 60342 4 6 B 11
44 | 6947 | 6959 | G972 4| 6997 | 7oog| 7022 | 7034 | Jo46 | Jo59 |3 4 6 B 10
o 18° | 24' | 30" | 36" | 42 | 48’ | B4’ |1' ¥ ¥ & ¥

i |




NATURAL SINES
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o 6 | 12 | 18 | 24 | 80 | 36" | 42 | 48 | b4 |1' ¥ ¥ 4 ¥

45° | 7071 | *7083 | *7096 | 7108 | ‘7120 | 7133 | ‘7145 | 7157 | 7169|7181 |2 4 6 B 1o
48 |-7193| 7206 | 7218 | 7230 | 7242 | 7254 | 7266 | 7278 | 7200 | 7302|2 4 6 8 10

47 |'7314| 7325 | 7337 | 7349 | 7361 | 7373 | 7385 | 7396 | 7408 | J420|2 4 & B 10

48 |°7431| 7443 | 7455 | 7466 | 7478 | 7490 | 7501 | 7513 | 7524 ?ﬁ; 2 4 6 Bro

| 49 | 7547 7559 | 7570 | 7581 | 7503 | 7604 | 7615 | 7627 | 7638 | 7 2 4 6 B g
BO |-7660| 7672 | 7683 | 7694 | 7705 | 7716 | 7727 | 7738 | 7749 | 7760|2 4 6 7 9

b1 |'7771| 7782 | 7793 | 7804 | 7815| 7826 | 7837 | 7848 | 7859 | 78692 4 5 7 9

62 |-7830 1 7891 | 7902 | jg12 ggzs 7934 | 7944 | 7955 | 7965 | 797612 4 5 7 9

53 |-7986 | 7997 | ooy | 8018 | Bo28 | Bo3g | Bogg | Bogso | dojo | Bofo|2z 3 5 7 9

B4 |‘Bogo| 8100 | Brrn | Brzr | 8131 | Brgxr | Brsr | 8161 | Bryr | BuBet|2 3 5 7 8

65 |'8192| 8202 | B21n | Bazr | B231 | B241 | 8251 | B261 | 8271 | B2B1 |2 3 5 7 B

| 56 |'8200| 8300 | 8310 | 8320 | 8329 | 8330 | 8348 | 8358 | 8368 | 837712 3 5 6 8
| 67 |'8387| 8396 | 8406 | 8415 | Be25 | 8434 | 8443 | 8453 | 8462 | 847102 3 5 6 8
| B8 |'B480| 8490 | B4go | Bsol | Bguy | 8526 | B536 | Bsqs | Bssg ggﬁa 2 3 56 8
59 |'Bs7z2| 8581 | 8590 | 8599 7| 8616 | Bozag | Bb34 | Su43 g3l 3 4 & 7

G0 |-8060 | 8669 | 8678 | B6B6 | 8695 | Byo4 | Byaz | Byz1 | By2g | By38)1 3 4 6 7

| 61 |'By46 | 8755 | 8763 | 8771 | 8980 | 8788 | 8796 | B80¢ | 8813 | B8ar |1 3 4 6 7
i Eg 'B824 38 SL% 8854 | 8362 8870 3;?3 B8 .‘:s!iqi L, 2o 4. B ¥
63 |-Bgio| 8918 | 8926 | B934 | Boqa | Boqg | Sg57 | Bobs | Boyy | BgBoli 3 4 5 6

64 | 8988 | 8996 | 9003 | gour | goI8 | go26 | go33 | goql 9045 gos6|t 3 4 5 6

65 |'9o63| 9070 | 9078 | goB5 | gog2 | 9100 | G107 | of14 | g121 | g128|1 2 4 § 6

| 66 |'9135| 9143 | 9150 | o157 | 9164 | 9171 | 9178 | 9184 | 9101 | 9198|1 2 3 5 6
| 67 |'9205| 9212 | 9219 | 9225 | 9232 | 9230 | 9245 | 9252 | 92509 | 9265|1 2 3 4 6
68 |-927z| 9278 | 9285 | 9201 | 9298 | 0304 | 0311 | 9317 | 9323 | 9330|1 2 3 4 5

69 |-9336| 9342 | 9 9354 | 9361 | 9367 | 9373 | 9379 | 9385 | 9391 [ 2 3 4 5

| 70 |'9397| 9403 | 9400 | 9415 | 9421 | 9426 | 9432 | 0438 | 9444 | 04401 2 2 4 5
! T1 1-9455 | 9461 | 9466 | 0472 | 9478 | 9483 | 9489 | 0494 | 9500 g5t 4.3 4 3
| 72 o511 9516 | 9521 | 9527 | 9532 | 9537 | 9542 | 9548 | 9553 | 9558 |1 2 3 3 4
73 |'9563 | 9568 9573 9578 32393993 9598 | gbo3 | gboB |1 2 2 3 4

T4 |'9613 | gb1y | gb22 | gbay | 9632 | 9636 | gbyr | 9646 | gbso | 9655 |1 2 2 3 4

75 |'9b59 | o664 | 9668 | o673 | 9677 | 9681 | 9686 | 9bgo | 9bg4 | 9bgg J1 1 2 3 4

76 |'9703 | 9707 | 9711 | 9715 | 9720 | 9724 | 9728 | 9732 | 9736 ( o740 |1 1 2 3 3

TT |'9744 | 9748 | 9751 | 9755 | 9759 | 9763 | 9767 | 9770 | 9774 | 9778 (v 1 2 3 3

78 | o781 3&35 9789 | 9792 | 9796 | 9799 33 9806 | 9810 | oB13l1 1 2 2 3

79 |-9816 | o820 | 823 | o826 | 9829 | 9B33| 9836 | 9839 | 9842 | 9845)1 1 2 2 3

80 |-9848 | 9851 | 9854 | 9857 | 9B6o | 9863 | 9866 | 9869 | o871 | 9874 )0 1 1 2 2

81 | 9877 | 9880 | o832 | oRB5 | oBBE | 9Bgo | 9893 | 0Bg5 | 9BgB | ggoo|o 1 1 2 2

82 |'9903 gg-;j 9907 | 9910 | 9912 | 9914 | 9917 | 9919 | 9921 | 99230 I I 2 2

B3 |-9925 9930 | 9932 | 9934 | 9936 | 9938 | 9940 | 9942 | 9943 0 1 1 1 2

84 |'9945| 9947 | 9949 | 9951 | 9952 | 9954 | 9956 | 9957 | 9959 o1 111

B85 |'9962 | 9963 | 9965 | 9966 | 9968 | 9969 | 9071 | 9972 | 9973 | 9974f0 @ I I I

86 |-9976 7| 9978 | 9979 | 9980 | 9981 | 9982 | 9983 | 9984 | 0985|0 o 1 1 1

ﬂ?'wﬁﬁ%wﬂﬁwwwml*?w!mmuﬁulr

B8 19994 | 9995 | 9995 | 9996 | 9996 9997 | 9997 | 9997 | 9995 | 9998 |0 © © o o

B9 [-999% | 9999 | 9999 | 9999 | 9999 | 1°000 | 1'000 (1000 |1'c00 (1'O0O |0 © O © O

O | 6 |12 | 18 | 24 | 300 | 36 | 42 | 48 | 64 |1’ ¥ ¥ &' ¥
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NATURAL COSINES

nsuhtmt.

o 8 12 18’ 24’ 30 38 49 48’ B4’ IMerences.
' yYraw
0° | 1000 | 1000 | 1°000 | 1°000 | 17000 | 17000 | “9999 | “9999 | ‘9999 ‘9599 |© © © © o
1 1'9998 | 9998 | 9998 | 0007 | 9997 | 9997 | 9996 | 9996 | 9995 | 9g05|© © o o o
2'999499933339992 1] 9990 | 9990 | 0980 | 9988 | ge87 |0 © o 1 1
8 | 9986 | 9985 9983 | 9982 | 9981 | 9980 | ogyg | 9978 | g977|0 © 1 1 1
4 | 9976 | 9974 | 9973 | 9972 | oo71| 9969 9966 | 9965 | 99630 © I § I
B | 9962 | 9960 | 9959 | 9957 | 9956 | 9954 | 9952 | 9951 | 9949 [ go47 |0 ¥ 1 I 1
6 | 9945 | 9943 | 9942 | 9040 | 9938 | 9036 | 0934 | 9932 | 9930 | 9028|o0 1 1 1 2
T | 9925 | 9923 | 9921 19 | 9917 | 9914 12| ggto | 9907 [ ggos|o 1 1 2 2
8 |'9903 gﬂ 9898 5| 9893 | 9%p0 | o888 | o885 | 9382 | g880|0 I 1 2 2
9 | 9377 | 9574 | 9871 9866 | 9863 | 9860 | 9857 | 9854 | 98510 T 1 2 2
10 | 9848 | 9845 | 9842 | 9839 | 0836 | 9833 | 9829 | 9826 | o823 | 98201 1 2 2 3
11 | 9816 9813 | o810 | 9806 | o803 | 9799 | 9796 | 9792 | 9789 9?33 roaa 23
12 | 9781 | 9778 | o774 | 9770 | 9767 | 9763 | 9759 | 9755 | 9751 | 9748 |1 1 2 3 3
18 |'9744 | 9740 | 9736 | 0732 | 0728 9724 | 9720 | g715 | o7tr | Qo7 | I 2 3 12
14 | 9703 | 9699 | 9694 | g6go | 9686 | 0681 | 9677 | 9673 | 9668 | 9664 |1 T 2z 3 4
15 | 9659 | 9655 | 9650 | 9646 | ofign | 9636 | 9632 | 9627 | ob2z | g1y |1 2 2 3 4
16 | ‘9613 | 9608 | 9603 | 9598 | 9593 | 9588 | 9583 | 9578 | 9573 | 95681 2 2 3 4
17 | '9563 | 9558 | 9553 | 9548 | 9542 | 9537 | 9532 | 9527 | 9521 | 951601 2 3 3 4
18 | '9511 | 9505 | 9500 | 9404 | 9489 | 0483 | 9478 | 0472 | 0466 | 9461 |1 2 3 4 5§
19 | '9455 | 9449 | 9444 | 9438 | 9432 | 9420 | 9421 | 9415 | 9400 | 94031 2 3 4 5
20 | '9397 | 9391 | 9385 | 9379 | 9373 | 9367 | 9361 | 9354 [ 9348 | 9342|1 2 3 4 5
21 |'9336 | 9330 | 9323 | 9317 | 9311 | 9304 | 9298 | 9291 | 9285 | 92781 2 3 4 5§
22 |'9272 | 9265 | 0350 | o252 | 9245 | 0239 | 9232 | 9225 | 9219 | Qz12)1 2 3 4 6
28 | ‘9205 | 9198 | 9191 | 9184 | 9178 | 9171 | 9164 | 0157 | 9150 | gig43|1 2 3 5 6
‘9135 | 9128 | gr21 | g114 | gro7 | 9100 | gogz gogs go78 | gojo|t 2 4 § 6
25 | 9063 | 9056 | go48 | goy1 | go33| 9026 | 9018 | gorr | goo3 | Bogb|1 3 4 5 6
26 | 8988 | BoBo | Bg73 | 8965 7| 8949 2| B934 | 8926 | B91Bl1 3 4 5 6
27 | ‘8g10| Bgoz | & 8886 gg;s 8870 ggg: BB54 | B846| 38381 3 4 g T
98 | 8829 | 8821 | 8813 | 8805 | 8706 8788 | 8780 | 8771 E;.rﬁg S755l: 3 4 7
29 | 8746 | B738 | By29 | 8721 | 8712 | 8704 | 8695 Eﬁ%ﬁ 8678 | B66g |1 3 4 6 7
30 | "8660 | 8652 | B643 | 8634 | 8625 | 8616 | 8607 | 8500 | 8500 | 8581 |1 3 4 6 7
31 | ‘8572 8563 | 8554 | 8545 | B536| 8526 | Bsuy | 8508 | B499  8490|2 3 5 6 8
82 | ‘8480 | 871 3431 345% 8443 | 8434 | B425| 8415 | 8406 | 8306 |2 3 5 6 B
83 |-8387 | 8377 | 8368 | 8358 | 8348 | 8339 | 8329 | 8320 | 8310| 83002 3 5 6 8
‘8200 | 8281 | 8271 | 8a61 | Baga| Baq1 | 8231 | S221 | 8211 | 82022 3 5 7 8
35 | ‘8192 | 8181 | Buyr | Bu6n | Sugn| Brg1 | 8131 | Sra2x | Br1r| Bwoof2 3 5 7 8
86 | ‘8ogo | 8080 | 8070 | Boso | Bogg | 8o3g | 8028 | Bor8 | Booy | 7907 |2 3 5 7 9
37 19 ?ggg?smig? :-93-;?9:373::?90:73“:45;9
38 |- 7 7859 [ 7848 | 7837 7826 | 7815 | 7 7793 | 7782 |2 4 g 7 9
89 |-7771| 7760 | 7749 | 7738 | 7727| 7716 | 7705 | 7694 | 7683 | 7672 |2 4 6 7 9
40 | 7660 | 7649 | 7638 | 7627 | 7615 7604 | 7503 | 7581 | 7570 | 7559 |2 4 6 8 9
41 | 7547 | 7536 | 7524 | 7513 | 7501 | 7490 | 7478 | 7466 | 7455 | 7443|2 4 6 8 10
42 17431 | 7430 | 7408 | 7306 | 7385) 7373 | 7361 | 7349 | 7337 | 7325|2 4 6 B w0
48 | 7314 | 7302 | 7290 | 7278 | 7266 | 7254 | 7242 | 7230 | 7218 | 7206 |2 4 6 8 10
44 | 7193 | 7181 | 7160 | 7157 | 7145| 7133 | 7120 | 7108 | 7096 | 7083 |2 4 6 8 o
I EET:

O | 6 |12 | 18 | 24 | 80' | 36' | 42 | 48' | 54 P
Differonses.




NATURAL COSINES
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Subtrast

o | o |12 |18 | 20 | 80 | 36 | 42 | 48 | 54 | Differences
' ¥ ¢ 4 F
45° | 7071 | 7059 | 7046 | 7034 | 7022 | 7000 | 6997 | ‘6984 | ‘6972 | 6950 |2 4 6 B8 10
48 63;5 6034 | 6921 | 6909 | 6806 | 6884 | 6871 | 6858 | 6845 | 6833|2 4 6 8 11
47 |6 6807 | G794 | 6782 | 6769 | 6756 | 6743 | 6730 | 6717 | 6704 |2 4 6 9 1I
48 |'6691 | 6678 | 6 6652 | 6639 | 6626 | 6613 | 66oo | G587 | 657412 4 7 9 I
49 |'6561 | 6547 | 6534 | 6521 | 6 6494 | 6481 | 6468 | 6455 | 6441 |2 4 7 9 1
50 |'6428 | 6414 | 6401 | 6388 | 6374 | 6361 | 6347 | 6334 | 6320 | 6307 |2 4 7 9 11
b1 |'6293 | 6280 | 6266 | 6252 | 6239 g:gg 6211 | 6198 | 6184 | 61702 § 7 9 11
b2 | 6157 | 6143 | 6129 | 6115 | G101 Gojy | Gobo | Gogb | Go32]2 § 7 9 12
53 | 6o13 5990 | 597 53&2 5048 | 5034 | 5920 | 5906 | 589212 § 7 g 12
'5878 | 5864 | 5850 | 5835 | s¥ar | sBoy | 5793 | 5779 | 5764 | 5750|2 5 7 9 13
65 |'5736 | 5721 | 5707 | 5693 | 5678 | 5664 | 5650 | 5635 | 5631 | 56062 § 7 1o 12
58 | 5502 | 5577 | 5563 | 5548 | 5534 | 5519 | 5505 | 5490 | 5476 | 546112 § 7 10 13
BT |'5446 | 5433 | 5417 | 5402 | 5388 | 5373 | 5358 | 5344 | 5329 | 5314 |2 5 7 10 12
b8 |'5209 | 5284 | 5270 | 5255 | 5240 | 5225 | 5210 | S195 | 5180 | s165|2 5 7 1o @2
69 |'s150 | 5135 | 5120 | 5105 | 5090 | 5075 | 5060 | 5045 | 5030 S5015|3 5 8 1013
B0 | 5000 | 4985 | 4970 | 4955 | 4930 | 4924 | 4909 | 4894 | 4879 | 4863 |3 5 B 10 13
61 |"4848 | 4833 | 4818 | 4802 | 4787 | 4772 | 4756 | 4741 | 4726 | 4710|3 5 B 1013
62 |°4695 | 4679 | 4664 | 4648 | 4633 | 4617 2| 4586 | 4571 | 4555|3 5 8 1013
63 |'4540 | 4524 | 4500 | 4493 | 4475 | 4462 | 4446 | 4437 | 4415 | 4399 |3 5 8 1013
64 |-4384 | 4368 | 4352 | 4337 | 4321 | 4305 | 4289 | 4274 | 4258 | 4242 |3 5 B 1113
65 |'4226 | 4210 | 4195 | 4179 | 4163 | 4147 | 4231 | 4115 | 4009 | 4083 |3 5 B 1113
66 | 4057 | 4051 | 4035 | 4019 | 4003 | 3087 | 3971 | 3055 | 3939 | 3923 |3 5 B un iy
67 |-3907 | 3801 | 3875 | 3859 | 3843 | 3827 3311 3795 | 3778 | 3762 |3 5 B 11 14
68 |'3746| 3730 | 3714 | 3607 | 3681 | 3665 | 3649 | 3633 | 3616 | 36c0|3 5 B 11 14
69 | 3584 | 3567 | 3551 | 3535 | 3518 3502 | 3456 | 3460 | 3453 | 3437|3 5 81114
70 |°3420| 3404 | 3387 | 3371 | 3355 3338 ] 3322 | 3305 3289 | 327213 5 Bur g
71 |-3256 | 3239 | 3223 | 3206 | 3190| 3173 | 3156 | 3140 | 3123 | 3107 (3 6 8 1114
72 |'3090 | 3074 | 3057 | 3040 | 3024 | 3007 | 2000 | 2074 | 2057 | 2040 |3 6 8 11 14
78 |'2924 | 2007 | 3890 | 2874 :357 2840 zﬂ:g 2807 | ay90 | 2773|3 6 B 11 14
T4 |-2756| 2740 | 2723 | 2706 | 2689 | 2672 | 2656 | 2639 | 2622 | 2605 |3 6 & 11 14
75 |'2588 | 2571 | 2554 | 2538 | 2521 | 2504 | 2487 | 2470 | 2453 | 2436 |3 6 B 11 14
76 |'2410| 2402 | 2385 | 2368 | 2351 | 2334 | 2317 | 2300 | 2284 | 2267 |3 6 8 11 14
T7 |'2250| 2233 | 2215 | 2198 | 2181 | 2164 | 2147 | 2130 | 2113 | 2096 |3 6 ¢ IT 14
T8 |'2079 | 2062 | 2045 | 2028 | 2011 Iggu 1977 | 1959 | 1942 | 1025|3 6 9 II 14
79 |'1908 | 18or | 1874 | 1857 | 1840 | 1822 1805 | 17 1771 | 1754 |3 6 9 11 14
80 |‘1736| 1719 | 1702 | 1685 | 1668 | 1650 | 1633 | 1616 | 1599 | 15823 6 o 11 14
Bi |'1564 | 1547 | 1530 | 1503 | 1405 | 1478 | 1461 | 1444 | 1426 | 1400 |3 6 9 12 I4
B2 |'1392| 1374 | 1357 | 1340 1323| 1305 | 1288 | 1271 !E 12316 |3 6 9 12 14
B3 |'1219| 1201 | 1184 | 1167 | 1140 ] D032 | 111G | 1097 | I 1063|3 6 9012 14
84 |‘1o45| 1028 | 1011 | 0993 | 0970 | 0958 | 0941 | 0924 | 0906 | 0389 |3 6 9 12 14
85 | o872 | o854 | o837 | oB1g | oBoz | o785 | o767 | o750 | o732 | o715 |3 6 o 12 14
BB |'ofigB | o6Bo nﬁgg 0645 | 0628 | ob1o | o593 | 0576 | 0§58 | o541 |3 6 9 12 1%
87 |'0523 | 0506 | 0488 | 0471 | 0454 | 0436 | 0419 | o401 | 0384 | 0366 |3 6 g 12 15
BB |'oi49 | o332 | 0314 | 0207 | 0279 | 0262 | 0244 | 0227 | 0200 | OIQ2 |3 6 9§ 12 1§
89 |-o175| o157 | o140 | o122 | oro5 | co87 | oojo | o052 | 0035 | co17 |3 6 g 12 1§
s 7 [ ¥ ries

i 6 12 18" | 24' | 30" | 86" | 42 | 48° | B4 Sul .
Diferences.
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NATURAL TANGENTS

o 6 |12 |18 | 24' | 30" | 86 | 42 | 48 | 54 |[VF ¥ & ¥
0° | ‘o000 ‘o017 | "0035 | "0052 | "oo7o | ‘coBY | ‘olog | ‘o122 | o140 | "OIST | 3 6 g 12 15
1 |'o175| o192 | 0200 | 0227 | 0244 | 0262 | 0279 | ozg97 | 0314 | 0332|3 6 9 12 I5
2 |-0349 | 0367 | 0384 | 0402 | 0419 | 0437 | 0454 | 0472 | o480 | 0507 |3 6 9 12 I5
8 |-o524] 0542 | 03559 | 0577 | 0594 | o612 | 0629 | obgy | obbg| 06B2|3 6 9 Iz 1§
4 '03‘5'9 o717 | 0734 | 0752 | 0769 | 0787 | o805 | o822z | 0840 | 0857|3 6 9 12 15
B |-0875| ofg2 | 0910 | 0928 | 0945 | 0963 | 0981 | ogg8 | 1016 | 1033|3 6 9 12 15
6 |-1051)] 1069 | 1086 | 1104 | WEz2 | 1139 | T157 | 1175 1192 | 121003 6 9 Iz IS
T |-1228)| 1246 | 1263 | 1281 | 1200 | 1317 1334 | 1352 | 1370 | 1388|3 6 9 1z 15
8 |-1405| 1423 I441 | 1459 | 1477 | 1495 | 1512 | 1530 1548 | 156613 6 9 1215
9 |ri584] 1692 | 1 1638 | 1655 | 1673 | 1691 | 1709 | 1727 | 1745|3 6 9 12 1§
10 |-1963| 1781 | 1799 | 1817 | 1835 1853 1871 | 1890 | 1908 | 1926 |3 6 9 12 1§
11 1944 ] 1962 | 1 1998 | 2016 | 2035 | 2053 | 2071 | 2080 | 2107 |3 6 g9 12 1§
12 |:2126 | 2144 | 2162 | 21 21 2217 | 2235 | 2254 | 2272 | 22003 6 9 12 1§
18 |-'2309 | 2327 | 2345 | 2364 | 2382 ]| 2401 | 2419 | 2438 | 2456 | 2475]3 6 9 12 Ij
14 |-2493 | 2512 | 2530 | 2549 | 2568 | 2586 | 2605 | 2623 | 2642 | 2661 |3 6 ¢ 12 10
15 |-2679 | 2698 | 2717 | 2736 | 2754 | 2773 | 2792 | 2811 | 2830 2849013 6 o9 13 16
18 |-2867 | 2886 zﬁ 2024 | 2043 | 2962 | 2081 | 3000| 3019| 30383 6 9 13 16
17 |-3057 | 3076 | 3 juns | 3134 | 3153 | 3172 3101 3211 | 3230|3 6 1o 13 16
18 |-3249 | 3269 | 3288 | 3307 | 3327 | 3346 | 3365 | 3385 | 3404 | 3424 }3 6 10 13 16
10 |'3443 | 3463 | 3482 | 3502 | 3522 | 3541 | 3561 | 3581 | 3600 | 362013 7 10 13 16
20 |'3640 | 3659 | 3679 | 3609 | 3719 3739 | 3759 | 3779 | 3799 | 3819 |3 7 10 13 17
21 |-3839 | 3859 | 3870 | 3890 | 3919 3939 | 3039 | 3979 | 4000 | 4020 |3 7 1013 17
22 |'4040 | 4061 | 4081 | g101 | 4122 | 4142 | 4163 | 4183 | 4204 | 4224 |3 7 10 14 17
23 |'4245| 4205 | 4286 | 4307 | 4327 | 4348 | 4360 | 4300 | 4411 | 4431 |3 7 10 14 17
24 1°3452 | 4473 | 4494 | 4515 | 4536 | 4557 | 4578 | 4599 | 4021 | 46424 7 11 14 18
2B |'4663 | 4684 | 4706 | 4727 | 4748 4770 | 4791 | 4813 | 4834 | 4856 |4 7 11 1418
26 |°4877| 4809 | 4021 | 4942 | 4964 | 4986 | 5008 | so29 | 5051 | 5073 |4 7 °vr A5 A8
27 |'soos| 5117 | 5139 5161 | 5184 5206 | 5228 | 5250 | 5272 | 52954 7 11 15 18
28 |°5317| 5340 | 5362 | 5384 | 5407 | 5430 5452 | 5475 5498 | 552004 8 11 15 19
29 |-5543| 5566 | 5580 | 5612 | 5635| 5658 | 5681 | 5708 | 5727 | 57504 8 12 15 19
30 |'s774 | s797 | 5820 | 5844 | 5867 | 5800 | 5014 | 5038 | 5961 | 5985 |4 8 12 16 20
31 |-6oog | 6o32 | 6o56 | 6oBo | 6104 | 6128 | 6152 | 6176 | 6200 | 6224 |4 & 12 16 20
82 |-6249| 6273 | 6297 | 6322 | 6346 | 6371 ] 6305 | G420 | G445 | G460 |4 B 12 16 20
33 |'64g4 | 6519 | 6544 | 6569 | 6304 | 6619 | 6644 | 6660 | 6604 | 672014 8 13 17 21
84 | 6745 | 6771 | 6796 | 6822 | 6847 | 6873 | 6899 | 6924 | 6950 | 6976 | 4 g9 13 17 21
35 |'7002 | 7028 | 70354 | 7080 | 7107 | 7133 | 7150 | 7186 | 7212 | 7239 |4 9 13 18 22
36 |-7265 | 7202 | 7319 | 7346 | 7373 | 7400 | 7427 | 7454 | 7481 | 7508 |5 9 14 18 23
37 '?gsﬁ 7563 | 7590 | 7618 | 7646 | 7673 | 7701 | 7729 | 7757 | 77855 9 14 18 23
38 I Bq1 | 7869 | 78 26| 7054 | 7083 | Borz | Soqo | Bofig |5 9 14 I9 24
30 }ogg 127 | 8156 | 8135 | 8214 | Bag3 | 8273 | 8302 | 8332 | 8361 |5 10 15 20 24
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ATOMIC MASS OF ISOTOPES !

The atomic masses given below are in terms of 0% = 16, i.e, they are on the
physical scale. (Chemical unit: physical unit = 16-00432 : 16 = I : 1'00027.)

The existence of elements with chemically identical properties but of different
atomic mass was discovered for the radioactive elements in 1910 by Soddy. The
existence of such atoms was independently shown by the mass spectrograph (Thom-
son, Aston). The mass and abundance of isotopes is measured by means of this
instrument and by the analysis of molecular spectra ; the mass of isotopes can also
be accurately calculated in a number of cases from the data of nuclear disintegrations.
Deuterium lines are observed in the Balmer spectrum of hydrogen and the difference

of their wavelengths from the corresponding hydrogen lines enables the mass of the
D atom to be calculated.

Mass ﬂpmtrngra.ph.——Pmitivt rays (and anode rays) deflected by an electric
and a magnetic field are focused to form a line spectrum, in which there 1s a line
for each value of ¢/m. The O atom which is the standard with which other lines
are compared has lines at 8 for O+ + (called a second order line), at 16 for O+, and
at 32 for OF. The methods used in precision determinations of atomic mass are
described by Aston * Mass Spectra and Isotopes,” London, 1933.

With the electric and the magnetic field constant positive rays of approximately
equal e/m can be compared, ¢.g.
CHT and Q18+; S3++ and Q%+ ; (O¥HY)+ and (NWH])+; N+ and (C12H3)+
and the three lines C13++, (HedH?)+, (H})+.

By changing the electric field in a known ratio (e.g. doubling it), the magnetic
field being kept constant, the ratio

H?*: He which is approximately 1 : 2 is compared
H!: H; which is exactly 1 : 2. Similarly the mass ratios
Het: 0% and H®* H! H!: He! are assured.
The following equations for the differences in atomic masses are given by Bainbridge
and Jordan and they include the estimated error :—
H} — H® = -0015§3 4- -00004 = a
Hi — 3C1% = 04219 4- -00005 = &
C1*H, — O1% = -03649 - 00008 = ¢
giving H! = #01% - $a 4 } 4 ¢ = 100813 4 000017
=30 — 1g + }4 4 §¢ = 2-01473 - -0OCCI19
Ci2 = O — §g — }b + §c = 12-00398 + -00009.
Similar groups of doublets allow the computation of the masses of several other
| light elements. (See Livingston and Bethe, Rev. Mod. Phys., 1937.)

Nuclear Disintegration Method.—Nuclear disintegrations are produced
by the collision of a-particles, protons, deuterons, neutrons or 4-radiation with the
nucleus, or by spontanecus disintegration as in the case of radioactive elements.

The collision of a positively charged deuterium ion with the nucleus of the
deuterium atom and the production of two isotopes of hydrogen (H! and H?®) and
the liberation of energy may be taken as an example of such a disintegration. The
following equation applies to it :—

H*4+ H:=H*4-H!+ 0O
(2-0147 + 2'0147 = H? 4 100813 + -00427) 1-6604 ¥ 10~3 gm.
The energy, Q ¢V, liberated is 3-98 x 10°® £V, and therefore H* = 3-0170 mass unit..
Conversion of Energy into Mass.—In nuclear disintegrations and integra-
tions mass is converted into energy and energy into mass.  Einstein's expression,
derived by relativity theory, gives E erg of energy to be equivalent to Ef¢* gm. of

mass. In calculations relating to nuclear changes the unit of atomic mass is 4
of the mass of the 0% atom.

Unit of Atomic Mass (physical scale) = 1:6599 % 10-%* gm.
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ATOMIC MASE OF ISOTOPES (rowed.)

Electron Volt.—The energy of X-rays and other radiations is expressed

in V.
1V =e.10%¢c erg = 1-6019 X 10712 erg = 1-0739 X 10~* mass unit.
9312 X 108V = 1-4917 X 10~® erg =1 mass unit.
Gzq4z X 1011 eV =1 erg = 070737 mass unit.

Disintegration data gave the first indication of error in earlier accepted nuclear
mass values (Oliphant, Kempton and Rutherford (19335)). Recent workers (Cockeroft
and Lewis (1936), Bonner and Brubaker (1936)) have given improved disintegration
masses and these agree with the accepted mass values. From disintegration data
can be deduced the masses of the neutron, of radioactive nuclei and of nuclei too
rare to be measured with accuracy by the mass spectrograph.

The mass of the neutron has been determined from the reaction: H? 4 3
= H! 4 #!. The energy of the gamma ray is known and that of the proton is
obtained from the ionization produced by the proton. Since the masses of the
neutron and proton are approximately equal their kinetic energies are assumed
equal. Using y-rays from ThC’ (energy of 2-623 x 10* £V), the energy of the
proton is <2186 % 10% ¢V, giving the binding energy of the deuteron as 2-18g < 10%V,
| equivalent to ‘00235 mass units, that is,

H? = H! 4 »* — 00235
or {(n* — HY) = —(H] — H?) + ‘00235, since 2H! = H!}
(Hf — Hj) == 00153, H! == 1-00813 from mass spectra observations.
Thus n' = 1-00895.

References :— Gamow, ** Structure of Atomic Nuclei,” Oxford, 1937 ; Feather,

“ Nuclear Physics,” Cambridge, 1936; Livingston and Bethe, Rev. Mod. Phys., 1937.

Awthorities for table :—O, Hahn, Ber. der Deuts. Chem. Ges., 1938 ; Third Report

of the Committee on Atoms, International Union of Chemistry, fowrn. Chem. Soc.,
1938 ; Gregoire, J. de Phys. ef le Rad. (1938).
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Z = Atomic number.

ISOTOPES

Atomic mass in terms 0% = 16.

Sym- z Abund- | Atomie
M]l x ‘nﬂi ml
n 0 1-008g
H 1) 9998 10081
D 002 20147
T 30171
He | 2 30151
He 100 40039
He 50037
Li 8| 7o 6ro1bg
Li g2+l mo1dz
Li 8-0251
Be 1 S-0079
Be 100 90150
Be 1070167
B 5| 20 10°0163
B 8o 110129
C 6| o093 120040
c o 130076
c 14°0077
N 7| 9962 |140075
N o318 | 150049
N 130100
N 1601
0 8 150078
0] 0076 | 16
0 004 | 170045
0 020 | 180037
F 9| 100 19°0045
F 170076
F 158-0063
Ne | 10| oo 19°9988
Ne o27 | 2000097
Ne 073 |21:9986
Na | 11 22°0002
Na 100 229061
Na 23'9974
Mg | 12| 774 |239024
Mg 15 | 24°9938
Mg I1-1 250858
Mg 26'9921
Al | 13 g 09029
M 100D
Al 27 9993
Al 28-9004
Bi | 14 25-993‘13
8i 896 | 2708
8i 6z 289866
Bi 42 26 g&gz
8i 3079862
P 15 29-g882
P 100 309843
P 319841
8 16 | o6 319823
8 1 33
8 3 33978

?????EE?EEE?EEEEQEEEE!9???E?EEﬂﬁﬂﬂﬁﬂﬂﬂiﬁ??ﬁ§ﬁnnrrpEEEE

Abund- | Atomic |Sym- Z. Abund- | Atomie
Z. | " ance. . | bol ance. Mass.
17 | 33081 | As | 83 100 74:934
76 33'9803 a 34| oo fg
24 309779 o5 7
37981 | Be 83 77
18| o331 | 35978 | Se 240 77:038
o 2'5 37974 E 480 gg-gq.l
0903 | 399750 o3 2
19| 934 |39 Br | 85| 506 | 78020
ool | 40 Br 4004 Bo-g26
on e Er | 38| o35 | 779456
20| gb76 |40 Er 201
o077 |42 Kr 153 | 8r-o3o08
oIy | 43 Kr 11'53
230 | 44 Kr 5711 839387
21| 100 45 Kr 15747 85:9390
22| &5 4 Rb | 37| 728 83
78 |47 Rb 272 | 87
71-.3 |48 8c (38| o3 84
55 |49 Sr o6 86
69 50 8r Figh | &=
23 | 100 51 Sr B24 B8
24 49 50 Y 88 | 100 o
816 sio48 | Zr | 40| 48 g0
104 |53 Zr 115 91
3t 54 Zr 22 gz
25| 100 |55 Zr 1y 04
28| 65 |54 Zr 1'5 a0
00°2 | 56 Nb | 41 | 100 62-926
28 | §7 Mo | 42| 142 92
o5 |58 Mo 100 04
87| o= 57 Mo 155 95
998 | 50 Mo 17-8 ob
28| 664 |57°042 | Mo 96 a7
267 | 60 Mo 230 | 97046
16 |6 Mo 98 | 09045
37 62 Mo 102
16 |64 Ru | 44| 50 ob
29 | 68 63 Ru of
12 65 BRu 12 a9
30| 504 3037 | Ru 14 10
- b6 Ru 22 1ot
42 67 Ru 30 102
1778 | 68 Ru 17 104
o4 "o Rh | 45 ol 101
31 G1-2 ﬁ‘.'_l nh gg 9 103
38-5 I Pd |46 | oS 1oz
73 Pd o3 |104
74 Pd 226 | 10§
?ﬁ P’d 272 Iﬂﬁ
32| 21°2 70 Pd 268 108
273 |72 Pd 135 |110
79 |73 Ag | 4T | 5225 | 107
3T |74 Ag 475 | 100
65 76
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Z = Atomic number.

ISOTOPES (cowtid.)

Atomic mass in terms 018 = 16.

Sym- Z Abund- | Atomic |Sym- z Abund- | Atomic |Sym- z Abund- | Atomic
bol. *| ance. Mass. | baol. * | ance. Maszs. | bal. * | ance. A58,
I

Cd | 48 15 106 La | 57| 100 130 |Hf |72 5 176
cd 10 108 Ce | BB 136 | Hf 19 177
Cd 156 110 Ce 138 | Hf 25 178
Cd 152 111 Ce Bg 140 | Hf 18 179
Cd 220 | 112 Ce 11 142 | Hf 30 150
Cd 14'7 113 Pr | 59| 100 141 Ta | 78 | 100 180028
cd 240 | 114 Nd | 60| =z5495 1432 |W |74 oz |[180
Cd oo | 116 Nd 130 143 | W 226 182
In | 49| 45 113 Nd 236 144 | W 73 183
In 055 115 Nd ] 145 | W 301 1540
8n | 50 11 112 Nd Jf:ig 146 |'W 208 I86
Sn o8 114 Nd & 145 |[Re |75 382 |185
8n 04 115 Nd 505 is0 | Re 61-8 | 186981
Sn 155 | 116 S8m (62| 3 144 |08 | 78| ooz |18
8n o1 | 117 Sm 17 147 | Os 1-58 | 186
Sn 22°5 118 Bm 14 14% | Os 164 | 187
Sn g8 |110 Sm 15 149 | Os 133 | 188
Sn 285 120 Sm 5 150 | Os 1602 | 189
8n 55 122 Sm 26 152 | Os 2604 13508
Sn ] 124 Sm | =20 154 | Os 4000 19198
Bb | 51| 56 121 Eun | 68| 506 st |Ir | 77| 385 191
8b 44 123 Eu 49°4 LEE L 61-5 | 103
Te | 52 I20 Gd | 64| =21 155 Pt ! T8 0" 1092
Te | 29 122 Gd 23 s | Pt | 30°2 I
Te 16 | 123 Gd 17 157 | Bt | 353 | 108
Te | 48 124 Gd 21 155 | Pt | 2600 | 196
Ta | &0 125 Gd 16 16ho Pt 72 108
Ta | 190 126 Th | 85| 100 150 | An | 79| 100 197
Te | 328 128 Dy | 66| 22 161 Hg 80| o115 |10
Te | | 331 130 Dy 25 16z | Hg 10°1L | 198
I | 58| 100 1260032 | Dy 2E 163 Hr | 17-03 | 109
Xe B4 ooo | 124 Dy a8 164 Hg 2326 | 200016
Xe oog | 126 Ho | 87 | 100 165 Hg 13717 | 201
Xe 190 | 128 Er (68| 36 | 166 |Hg 2956 | 202
Xe 2623 | 128046 | Er 24 | 167 |Hg | 672 | 204
Xe 407 | 130 Er 10 | 168 TN | 81| 204 203037
Xe 21+1% | 131 Er 1o 170 T | 76 205037
Xe 26006 | 131'945 | Tm | 68 | 100 169 | Pb | 82 1-5 204
Xp torsd | 134 Yb | T ] 151 Pb 23°5 206
Xe | | 895 |136 Yh 2 172 | Ph 229 207
Cs | 55 | 100 132:933 | Yb Ly 153 | Ph 523 208
Ba | 56| o016 |130 ¥h 38 174 | Bi | 88 | 100 200
Ba o0l | 132 ¥h 12 176 |Th | 90 | 100 2424070
Ba 172 | 134 Lu | 71 | 100 | 155 JU |92| o4 |[235083
Ba g7 | 135 Lu | | 177 J U 99'0 | 235-088
Ba 5 136
Ba 100 137 i |
Ba 731 137016

|

V.D.H, T.H.L.|
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