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ADVERTISEMENT.

In connection with the system of meteorological observations established by
the Smithsonian Institution about 1850, a series of meteorological tables was

compiled by Dr. Arnold Guyot, at the request of Secretary Henry, and the

first edition was published in 1852. Though primarily designed for meteoro-

logical observers reporting to the Smithsonian Institution, the tables were so

widely used by physicists that it seemed desirable to recast the work entirely.

It was decided to publish three sets of tables, each representative of the latest

knowledge in its field, and independent of one another, but forming a homo-

geneous series. The first of the new series. Meteorological Tables, was

published in 1893, the second, Geographical Tables, in 1894, and the third,

Physical Tables, in 1896. In 1909 yet another volume was added, so that the

series now comprises: Smithsonian Meteorological Tables, Smithsonian

Geographical Tables, Smithsonian Physical Tables, and Smithsonian Mathe-

matical Tables.

The fourteen years which had elapsed in 1910 since the publication of the

first edition of the Physical Tables, prepared by Professor Thomas Gray,
had brought such changes in the material upon which the tables must be

based that it became necessary to make a radical revision for the fifth and

sixth revised editions published in 1910 and 1914. The latter edition was re-

printed thrice. For the present seventh revision extended changes have been

made with the inclusion of new data on old and new topics.

CHARLES D. WALCOTT,

Secretary of the Smithsonian Institution.

June,



PREFACE TO 7 REVISED EDITION.

The present edition of the Smithsonian Physical Tables entails a considerable

enlargement. Besides the insertion of new data in the older tables, about 170

new tables have been added. The scope of the tables has been broadened to

include tables on astrophysics, meteorology, geochemistry, atomic and molecu-

lar data, colloids, photography, etc. In the earlier revisions the insertion of

new matter in a way to avoid renumbering the pages resulted in a somewhat

illogical sequence of tables. This we have tried to remedy in the present edition

by radically rearranging the tables; the sequence is now, mathematical, me-

chanical, acoustical, thermal, optical, electrical, etc.

Many suggestions and data have been received: from the Bureau of Stand-

ards, including the revision of the magnetic, mechanical, and X-ray tables,

from the Coast and Geodetic Survey (magnetic data), the Naval Observ-

atory, the Geophysical Laboratory, Department of Terrestrial Magnetism, etc. ;

from Messrs. Adams of the Mount Wilson Observatory, Adams of the Geo-

physical Laboratory (compressibility tables), Anderson (mechanical tables),

Bellinger, Hackh, Humphreys, Mees and Lovejoy of the Eastman Kodak Co.

(photographic data), Miller (acoustical data), Van Orstrand, Russell of Prince-

ton (astronomical tables), Saunders, Wherry and Lassen (crystal indices of

refraction), White, Worthing and Forsythe and others of the Nela Research

Laboratory, Zahm (aeronautical tables). To all these and others we are in-

debted for valuable criticisms and data. We will ever be grateful for further

criticisms, the notification of errors, and new data.

FREDERICK E. FOWLE.

ASTROPHYSICAL OBSERVATORY,
SMITHSONIAN INSTITUTION,

May, 1919.

NOTE TO REPRINT OF ;TH REVISED EDITION.

Opportunity comes with this reprint to insert in the plates a number of correc-

tions as well as some newer data. Gratitude is especially due to Messrs. Wherry

and Smith of the Bureau of Chemistry, Department of Agriculture, for sugges-

tions.

FREDERICK E. FOWLE.

ASTROPHYSICAL OBSERVATORY,
SMITHSONIAN INSTITUTION,

March, 1921.
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possible of the complex relationships involving them. Further it seems desirable

that the units should be extensive in nature. It has been found possible to

express all measurable physical quantities in terms of five such units: ist, geo-

metrical considerations length, surface, etc., lead to the need of a length;

2nd, kinematical considerations velocity, acceleration, etc., introduce tune;

3rd, mechanics treating of masses instead of immaterial points intro-

duces matter with the need of a fundamental unit of mass; 4th, electrical, and

5th, thermal considerations require two more such quantities. The discovery

of new classes of phenomena may require further additions.

As to the first three fundamental quantities, simplicity and good use sanction

the choice of a length, L, a time interval, T, and a mass, M. For the measure-

ment of electrical quantities, good use has sanctioned two fundamental quan-

tities, the dielectric constant, K, the basis of the
"
electrostatic

"
system and

the magnetic permeability, JJL, the basis of the "electromagnetic" system. Besides

these two systems involving electrical considerations, there is in common use a

third one called the "international" system which will be referred to later. For

the fifth, or thermal fundamental unit, temperature is generally chosen. 1

Derived Units. Having selected the fundamental or basic units, namely,
a measure of length, of time, of mass, of permeability or of the dielectric

constant, and of temperature, it remains to express all other units for physi-

cal, quantities in terms of these. Units depending on powers greater than unity

of the basic units are called "derived units." Thus, the unit volume is the volume

of a cube having each edge a unit of length. Suppose that the capacity of some

volume is expressed in terms of the foot as fundamental unit and the volume

number is wished when the yard is taken as the unit. The yard is three times

as long as the foot and therefore the volume of a cube whose edge is a yard is

3X3X3 times as great as that whose edge is a foot. Thus the given volume

will contain only 1/27 as many units of volume when the yard is the unit of

length as it will contain when the foot is the unit. To transform from the foot

as old unit to the yard as new unit, the old volume number must be multiplied

by 1/27, or by the ratio of the magnitude of the old to that of the new unit of

volume. This is the same rule as already given, but it is usually more conven-

ient to express the transformations in terms of the fundamental units directly.

In the present case, since, with the method of measurement here adopted, a

volume number is the cube of a length-number, the ratio of two units of volume

is the cube of the ratio of the intrinsic values of the two units of length. Hence,

if / is the ratio of the magnitude of the old to that of the new unit of length, the

ratio of the corresponding units of volume is I
3

. Similarly the ratio of two units

of area would be /
2

,
and so on for other quantities.

1 Because of its greater psychological and physical simplicity, and the desirability that the

unit chosen should have extensive magnitude, it has been proposed to choose as the fourth fun-

damental quantity, a quantity of electrical charge, e. The standard unit of electrical charge

would then be the electronic charge. For thermal needs, entropy has been proposed. While

not generally so psychologically easy to grasp as temperature, entropy is of fundamental im-

portance in thermodynamics and has extensive magnitude. (R. C. Tolman, The Measurable

Quantities of Physics, Physical Review, 9, p. 237, 1917.)
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Conversion Factors and Dimensional Formulae. For the ratios of length,

mass, time, temperature, dielectric constant and permeability units the small

bracketed letters, [/], [>], p], [0], [>], and [>] will be adopted. These symbols
will always represent simple numbers, but the magnitude of the number will

depend on the relative magnitudes of the units the ratios of which they repre-

sent. When the values of the numbers represented by these small bracketed

letters as well as the powers of them involved in any particular unit are known,
the factor for the transformation is at once obtained. Thus, in the above ex-

ample, the value of / was 1/3, and the power involved in the expression for volume

was 3; hence the factor for transforming from cubic feet to cubic yards was /
3

or i/3
3 or 1/27. These factors will be called conversion factors.

To find the symbolic expression for the conversion factor for any physical

quantity, it is sufficient to determine the degree to which the quantities length,

mass, time, etc., are involved. Thus a velocity is expressed by the ratio of the

number representing a length to that representing an interval of time, or \_L/T~\,

and acceleration by a velocity number divided by an interval-of-time number,
or [L/r2

], and so on, and the corresponding ratios of units must therefore enter

in precisely the same degree. The factors would thus be for the just stated cases,

\_l/t} and p/J
2
]. Equations of the form above given for velocity and acceleration

which show the dimensions of the quantity in terms of the fundamental units

are called dimensional equations. Thus [_E~]
= [ML2 J"~2

] will be found to

be the dimensional equation for energy, and [MZ,
2r~2

] the dimensional formula

for it. These expressions will be distinguished from the conversion factors by
the use of bracketed capital letters.

In general, if we have an equation for a physical quantity,

Q = CLaMbTc
,

where C is a constant and L, M, T represent length, mass, and time in terms

of one set of units, and it is desired to transform to another set of units in terms

of which the length, mass, and time are Ln Mn Tn we have to find the value of

LJL, Mj/M, Tj/Tj which, in accordance with the convention adopted above,

will be /, m, t, or the ratios of the magnitudes of the old to those of the new units.

Thus L
t
=

LI, M, = Mm, T, = Tt, and if Q, be the new quantity number,

& = CLfMfT*,
= CLa

l
aMbmbTc

t
c = Ql

amb
t
c
,

or the conversion factor is pmfr

/
c

], a quantity precisely of the same form as the

dimension formula [_L
aMbTc

~\.

Dimensional equations are useful for checking the validity of physical equa-

tions. Since physical equations must be homogeneous, each term appearing in

them must be dimensionally equivalent. For example, the distance moved by
a uniformly accelerated body is 5 = vrf + %at

2
. The corresponding dimensional

equation is [L] = \_(L/T)T] + [(L/T
2)r2

], each term reducing to [L].

Dimensional considerations may often, give insight into the laws regulating

physical phenomena.
1 For instance Lord Rayleigh, in discussing the intensity

1 See "On Physically Similar Systems; Illustrations of the Use of Dimensional Equations."
E. Buckingham, Physical Review, (2) 4, p. 345, 1914.
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Absolute Force of a Center of Attraction, or
"
Strength of a Center," is the

intensity of force at unit distance from the center, and is the force per unit mass

at any point multiplied by the square of the distance from the center. The

dimensional formula is FL2!/- 1 or

Modulus of Elasticity is the ratio of stress intensity to percentage strain. The

dimensional of percentage strain, a length divided by a length, is unity. Hence

the dimensional formula of a modulus of elasticity is that of stress intensity

Work is done by a force when the point of application of the force, acting on

a body, moves in the direction of the force. It is measured by the product of

the force and the displacement. The dimensional formula is [_FL] or \_ML2 T~'r\.

Energy. The work done by the force produces either a change in the veloc-

ity of the body or a change of its shape or configuration, or both. In the first

case it produces a change of kinetic energy, in the second, of potential energy.

The dimensional formulae of energy and work, representing quantities of the same

kind, are identical [ML2r~2
].

Resilience is the work done per unit volume of a body in distorting it to the

elastic limit or in producing rupture. The dimensional formula is [IfL2 r~2L~3
]

or [ML- lT-2
~].

'

Power or Activity is the time rate of doing work, or if W represents work and

P power, P = dw/dt. The dimensional formula is [_WT~
l

~\
or \_ML?T-*~], or for

problems in gravitation units more conveniently \_FLT~
l

~],
where F stands for

the force factor.

Exs. Find the number of gram-cms in one ft.-pd. Here the units of force are the attrac-

tion of the earth on the pound and the gram of matter. (In problems like this the terms "grams"
and "pd." refer to force and not to mass.) The conversion factor is [_JT\, where/ is 453.59 and

I is 30.48. The.answer is 453-59 X 30-48 = 13825.

Find the number of ft.-poundals in 1000000 cm-dynes. Here m = 1/453.59, I = I/3-48,
/ = i; mPr* = 1/453-59 X 30.48*, and loWr2 = io6/453-59 X 30.48* = 2.373.

If gravity produces an acceleration of 32.2 ft./sec./sec., how many watts are required to make
one horse-power? One horse-power is 550 ft.-pds. per sec., or 550 x 32.2 = 17710 ft.-poundals

per second. One watt is io7 ergs per sec., that is, io7 dyne-cms per sec. The conversion factor

is [mPt~3
^\, where m is 453.59, I is 30.48, and Ms i, and the result has to be divided by io7

,
the

number of dyne-cms per sec. in the watt. 17710 ml2r3
/io

7 = 17710 x 453.59 X 3o.48
2
/io

7

= 746.3-

HEAT UNITS.

Quantity of Heat, measured in dynamical units, has the same dimensions as

energy \_ML?T~
2
~\. Ordinary measurements, however, are made in thermal

units, that is, in terms of the amount of heat required to raise the temperature

of a unit mass of water one degree of temperature at some stated temperature.

This involves the unit of mass and some unit of temperature. If we denote

temperature numbers by 6, the dimensional formula for quantity of heat, //,

will be QM0]. Unit volume is sometimes used instead of unit mass in the meas-

urement of heat, the units being called thermometric units. The dimensional

formula now changed by the substitution of volume for mass is
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Specific Heat is the relative amount of heat, compared with water as standard

substance, required to raise unit mass of different substances one degree in tem-

perature and is a simple number.

Coefficient of Thermal Expansion of a substance is the ratio of the change of

length per unit length (linear), or change of volume per unit volume (voluminal),

to the change of temperature. These ratios are simple numbers, and the change
of temperature varies inversely as the magnitude of the unit of temperature.

The dimensional formula is [0"
1

].

Thermal Conductivity, or Specific Conductance, is the quantity of heat, H,
transmitted per unit of time per unit of surface per unit of temperature gradient.

The equation for conductivity is therefore K = H/L2
TQ/L, and the dimen-

sional formula \_H/QLT~] = \_ML~
lT~ l

~]
in thermal units. In thermometric

units the formula becomes |~Z,
2r~ 1

], which properly represents diffusivity, and

in dynamical units [_MLT-*Qr
ir
\.

Thermal Capacity is mass times the specific heat. The dimensional formula

is

Latent Heat is the quantity of heat required to change the state of a body
divided by. the quantity of matter. The dimensional formula is [MQ/M~\ or

;
in dynamical units it is [L

2T~2
].

NOTE. When is given the dimensional formula [X
2J

1"2
^, the formulae in thermal and

dynamical units are identical.

Joule's Equivalent, /, is connected with the quantity of heat by the equation

ML2T~2 = JH or JMQ. The dimensional formula of / is [L
2^^- 1

]. In

dynamical units / is a simple number.

Entropy of a body is directly proportional to the quantity of heat it contains

and inversely proportional to its temperature. The dimensional formula is

[MO/0] or [Ml In dynamical units the formula is [ML2!^2 - 1

].

Exs. Find the relation between the British thermal unit, the large or kilogram-calorie

and the small or gram-calorie, sometimes called the "therm." Referring all the units to the

same temperature of the standard substance, the British thermal unit is the amount of heat

required to warm one pound of water i C, the large calorie, i kilogram of water, i C, the

small calorie or therm, i gram, i C. (i) To find the number of kg-cals. in one British thermal

unit, m = .45359, 9 = 5/9; m& = .45359 X 5/9 = .25199. (2) To find the number therms in one

kg-cal. m = 1000, and =
i; md = 1000. (3) Hence the number of small calories or therms in

one British thermal unit is 1000 x .25199 = 251.99.

ELECTRIC AND MAGNETIC UNITS.

A system of units of electric and magnetic quantities requires four funda-

mental quantities. A system in which length, mass, and time constitute three

of the fundamental quantities is known as an " absolute" system. There are

two absolute systems of electric and magnetic units. One is called the electro-

static, in which the fourth fundamental quantity is the dielectric constant, and

one is called the electromagnetic, in which the fourth fundamental quantity is

magnetic permeability. Besides these two systems there will be described a

third in common use called the "international" system.
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In the electrostatic system, unit quantity of electricity, Q, is the quantity
which exerts unit mechanical force upon an equal quantity a unit distance from

it in a vacuum. From this definition the dimensions and the units of all the

other electric and magnetic quantities follow through the equations of the mathe-

matical theory of electromagnetism. The mechanical force between two quan-
tities of electricity in any medium is

where K is the dielectric constant, characteristic of the medium, and r the dis-

tance between the two points at which the quantities Q and Q' are located. A'

is the fourth quantity entering into dimensional expressions in the electrostatic

system. Since the dimensional formula for force is [MLT~2
], that for Q is

The electromagnetic system is based upon the unit of the magnetic pole

strength. The dimensions and the units of the other quantities are built up
from this in the same manner as for the electrostatic system. The mechanical

force between two magnetic poles in any medium is

mm'
*

7T >^
in which /z is the permeability of the medium and r is the distance between two

poles having the strengths m and m' . p is the fourth quantity entering into

dimensional expressions in the electromagnetic system. It follows that the

dimensional expression for magnetic pole strength is [J^Z^T
1"1

/**].

The symbols K and
JJL

are sometimes omitted in the dimensional formulae so

that only three fundamental quantities appear. There are a number of objec-

tions to this. Such formulae give no information as to the relative magnitudes
of the units in the two systems. The omission is equivalent to assuming some

relation between mechanical and electrical quantities, or to a mechanical expla-

nation of electricity. Such a relation or explanation is not known.

The properties K and
ju,

are connected by the equation i/\/Kp =
v, where v

is the velocity of an electromagnetic wave. For empty space or for air, K and

IJL being measured in the same units, i/^/Kfi =
c, where c is the velocity of

light in vacuo, 3 x io 10 cm per sec. It is sometimes forgotten that the omission

of the dimensions of K or
JJL

is merely conventional. For instance, magnetic
field intensity and magnetic induction apparently have the same dimensions

when
jj,

is omitted. This results in confusion and difficulty in understanding the

theory of magnetism. The suppression of /z has also led to the use of the "centi-

meter" as a unit of capacity and of inductance; neither is physically the same

as length.

ELECTROSTATIC SYSTEM.

Quantity of Electricity has the dimensional formula \_M*L*T~
l

KY\, as shown

above.

Electric Surface Density of an electrical distribution at any point on a surface

is measured by the quantity per unit area. The dimensional formula is the ratio

of the formulae for quantity of electricity and for area or
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Electric Field Intensity is measured by the ratio of the force on a quantity

of electricity at a point to the quantity of electricity. The dimensional

formula is therefore the ratio of the formulae for force and electric quantity or

or

Electric Potential and Electromotive Force. Change of potential is propor-

tional to the work done per unit of electricity in producing the change. The

dimensional formula is the ratio of the formulae for work and electrical quantity

or MIST-iMiH^K* or

Capacity of an Insulated Conductor is proportional to the ratio of the quan-

tity of electricity in a charge to the potential of the charge. The dimensional

formula is the ratio of the two formulae for electric quantity and potential or

[M*L*T-
1K*/M*L*T-1

K-*1 or \_LK],

Specific Inductive Capacity is the ratio of the inductive capacity of the sub-

stance to that of a standard substance and therefore is a number.

Electric Current is quantity of electricity flowing past a point per unit of

time. The dimensional formula is the ratio of the formulae for electric quan-

tity and for time or {_M*HT- l

K*/r\ or \_M*L*T-*K?].

Electrical Conductivity, like the corresponding term for heat, is quantity per

unit area per unit potential gradient per unit of time. The dimensional formula

is fr&T-iKtVWT-iK-if or

Resistivity is the reciprocal of conductivity. The dimensional formula is

Conductance of any part of an electric circuit, not containing a source of

electromotive force, is the ratio of the current flowing through it to the difference

of potential between its ends. The dimensional formula is the ratio of the for-

mulae for current and potential or [M*I*T+J&/ii*&T-*&Q or [_LT~
l

fC\.

Resistance is the reciprocal of conductance. The dimensional formula is

\_L-ITK- I

~].

Exs. Find the factor for converting quantity of electricity expressed in ft.-grain-sec. units

to the same expressed in c.g.s. units. The formula is [mW*t~
l
k%~], in which m= 0.0648,.

/ = 30.48, / = i, k =
i; the factor is 0.0648* X 30.482, or 42.8.

Find the factor required to convert electric potential from mm-mg-sec. units to c.g.s. units.

The formula is [m*l%t~
l

k~%~\, in which m - o.ooi, / = o.i, / = i, k =
i; the factor Js o.ooii

X 0.12, or o.oi.

Find the factor required to convert electrostatic capacity from ft.-grain-sec. and specific-

inductive capacity 6 units to c.g.s. units. The formula is \_lk~\ in which I = 30.48, k = 6; the

factor is 30.48 x 6, or 182.88.

ELECTROMAGNETIC SYSTEM.

Many of the magnetic quantities are analogues of certain electric quantities.

The dimensions of such quantities in the electromagnetic system differ from

those of the corresponding electrostatic quantities in the electrostatic system

only in the substitution of permeability jit
for K.
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ence standards are accurately compared copies, not necessarily duplicates, of

the primaries for use in the work of standardizing laboratories and the produc-

tion of working standards for everyday use.

Standard of Length. The primary standard of length which now almost

universally serves as the basis for physical measurements is the meter. It is

defined as the distance between two lines at o C on a platinum-indium bar

deposited at the International Bureau of Weights and Measures. This bar is

known as the International Prototype Meter, and its length was derived from

the "metre des Archives," which was made by Borda. Borda, Delambre, Laplace,

and others, acting as a committee of the French Academy, recommended that

the standard unit of length should be the ten-millionth part of the length, from

the equator to the pole, of the meridian passing through Paris. In 1795 the

French Republic passed a decree making this the legal standard of length, and

an arc of the meridian extending from Dunkirk to Barcelona was measured by
Delambre and Mechain for the purpose of realizing the standard. From the

results of that measurement the meter bar was made by Borda. The meter is

now denned as above and not in terms of the meridian length; hence subsequent
measures of the length of the meridian have not affected the length of the meter.

Standard of Mass. The primary standard of mass now almost universally

used as the basis for physical measurements is the kilogram. It is defined as

the mass of a certain piece of platinum-indium deposited at the International

Bureau of Weights and Measures. This standard is known as the International

Prototype Kilogram. Its mass is equal to that of the older standard, the
"
kilo-

gram des Archives," made by Borda and intended to have the same mass as a

cubic decimeter of distilled water at the temperature of 4 C.

Copies of the International Prototype Meter and Kilogram are possessed by
the various governments and are called National Prototypes.

Standard of Time. The unit of time universally used is the second. It is

the mean solar second, or the 864ooth part of the mean solar day. It is founded

on the average time required for the earth to make one rotation on its axis rela-

tively to the sun as a fixed point of reference.

Standard of Temperature. The standard scale of temperature as adopted

by the International Committee of Weights and Measures (1887) depends on

the constant-volume hydrogen thermometer. The hydrogen is taken at an

initial pressure at o
c C of one meter of mercury, o C, sea-level at latitude 45.

The scale is defined by designating the temperature of melting ice as o and of

condensing steam as 100 under standard atmospheric pressure. This is known

as the Centigrade scale (abbreviated C).

A scale independent of the properties of any particular substance, and called

the thermodynamic, or absolute scale, was proposed in 1848 by Lord Kelvin.

In it the temperature is proportional to the average kinetic energy per molecule

of a perfect gas. The temperature of melting ice is taken as 273.13, that of

the boiling point, 373.13. The scale of the hydrogen thermometer varies from

it only in the sense that the behavior of hydrogen departs from that of a perfect

gas. It is customary to refer to this scale as the Kelvin scale (abbreviated K).
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NUMERICALLY DIFFERENT SYSTEMS OF UNITS.

The fundamental physical quantities which form the basis of a system for

measurements have been chosen and the fundamental standards selected and

made. Custom has not however generally used these standards for the meas-

urement of the magnitudes of quantities but rather multiples or submultiples of

them. For instance, for very small quantities the micron (JJL) or one-millionth

of a meter is often used. The following table 1

gives some of the systems pro-

posed, all built upon the fundamental standards already described. The centi-

meter-gram-second (cm-g-sec. or c.g.s.) system proposed by Kelvin is the only

one generally accepted.
TABLE I.

PROPOSED SYSTEMS OF UNITS-
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"Some writers l on the theory of electricity prefer to use what is called a Gaus-

sian system, a combination of electrostatic units for purely electrical quantities

and electromagnetic units for magnetic quantities. There are two such Gaus-

sian systems in vogue, one a combination of c.g.s. electrostatic and c.g.s elec-

tromagnetic systems, and the other a combination of the two corresponding

Heaviside systems.

"When a Gaussian system is used, caution is necessary when an equation

contains both electric and magnetic quantities. A factor expressing the ratio

between the electrostatic and electromagnetic units of one of the quantities

has to be introduced. This factor is the first or second power of c, the number

of electrostatic units of electric charge in one electromagnetic unit of the same.

There is sometimes a question as to whether electric current is to be expressed

in electrostatic or electromagnetic units, since it has both electric and magnetic

attributes. It is usually expressed in electrostatic units in the Gaussian system."

It may be observed from the dimensions of K given in Table i that [i/ KJJL]

= [_L?/T'
r
\ which has the dimensions of a square of a velocity. This velocity

was found experimentally to be equal to that of light, when K and
JJL were ex-

pressed in the same system of units. Maxwell proved theoretically that i/\/^M
is the velocity of any electromagnetic wave. This was subsequently proved

experimentally. When a Gaussian system is used, this equation becomes c/^KfjL
= v. For the ether K = i in electrostatic units and /i

= i in electromagnetic
units. Hence c = v for the ether, or the velocity of an electromagnetic wave in

the ether is equal to the ratio of the c.g.s. electromagnetic to the c.g.s. electro-

static unit of electric charge. This constant c is of primary importance in elec-

trical theory. Its most probable value is 2.9986 x io 10 centimeters per second.

"
Practical "

Electromagnetic System. This electromagnetic system is

based upon the units of io9 cm, io~u gram, the sec. and
jj,

of the ether. It is

never used as a complete system of units but is of interest as the historical basis

of the present International System. The principal quantities are the resistance

unit, the ohm = io9 c.g.s. units; the current unit, the ampere = io-1 c.g.s. units;

and the electromotive force unit, the volt = io8 c.g.s. units.

The International Electric Units. The units used in practical measurements,

however, are the "International Units." They were derived from the "practical
"

system just described, or as the latter is sometimes called, the "absolute" sys-

tem. These international units are based upon certain concrete standards pres-

ently to be defined and described. With such standards electrical comparisons
can be more accurately and readily made than could absolute measurements in

terms of the fundamental units. Two electric units, the international ohm and

the international ampere, were chosen and made as nearly equal as possible to

the ohm and ampere of the "practical" or "absolute" system.

1 For example, A. G. Webster, "Theory of Electricity and Magnetism," 1897; J. H. Jeans,

"Electricity and magnetism," 1911; H. A. Lorentz, "The Theory of Electrons," 1909; and

O. W. Richardson, "The Electron Theory of Matter," 1914.
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This system of units, sufficiently near to the "absolute" system for the pur-

pose of electrical measurements and as a basis for legislation, was defined as

follows :

"i. The International Ohm is the resistance offered to an unvarying electric

current by a column of mercury at the temperature of melting ice, 14.4521 grams
in mass, of a constant cross-sectional area and of a length of 106.300 centimeters.

"2. The International Ampere is the unvarying electric current which, when

passed through a solution of nitrate of silver in water, in accordance with speci-

fication II attached to these Resolutions, deposits silver at the rate of o.ooi 11800

of a gram per second.

"3. The International Volt is the electrical pressure which, when steadily

applied to a conductor the resistance of which is one international ohm' will pro-

.duce a current of one international ampere.

"4. The International Watt is the energy expended per second by an unvary-

ing electric current of one international ampere under the pressure of one inter-

national volt."

In accordance with these definitions, a value was established for the electro-

motive force of the recognized standard of electromotive force, the Weston

normal cell, as the result of international cooperative experiments in 1910. The

value was 1.0183 international volts at 20 C.

The definitions by the 1908 International Conference supersede certain defini-

tions adopted by the International Electrical Congress at Chicago in 1893. Cer-

tain of the units retain their Chicago definitions, however. They are as follows :

"Coulomb. As a unit of quantity, the International Coulomb, which is the

quantity of electricity transferred by a current of one international ampere
in one second.

"Farad. As a unit of capacity, the International Farad, which is the capacity

of a condenser, charged to be a potential of one international volt by one

international coulomb of electricity.

"Joule. As a unit of work, the Joule, which is equal to io7 units of work in

the c.g.s. system, and which is represented sufficiently well for practical use

by the energy expended in one second by an international ampere in an

international ohm.
"
Henry. As the unit of induction, the Henry, which is the induction in a

circuit when the electromotive force induced in this circuit is one interna-

tional volt, while the inducing current varies at the rate of one ampere per

second."

"The choice of the ohm and ampere as fundamental was purely arbitrary.

These are the two quantities directly measured in absolute electrical measure-

ments. The ohm and volt have been urged as more suitable for definition in

terms of arbitrary standards, because the primary standard of electromotive

force (standard cell) has greater simplicity than the primary standard of current

(silver voltameter). The standard cell is in fact used, together with resistance

standards, for the actual maintenance of the units, rather than the silver vol-

tameter and resistance standards. Again, the volt and ampere have some claim
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for consideration for fundamental definition, both being units of quantities

more fundamental in electrical theory than resistance."

For all practical purposes the "international" and the "practical" or "abso-

lute" units are the same. Experimental determination of the ratios of the corres-

ponding units in the two systems have been made and the mean results are

given in Table 382. These ratios represent the accuracy with which it was possible

to fix the values of the international ohm and ampere at the time they were

defined (London Conference of 1908). It is unlikely that the definitions of the

international units will be changed in the near future to make the agreement

any closer. An act approved July 12, 1894, makes the International units as

above defined the legal units in the United States of America.

THE STANDARDS OF THE INTERNATIONAL ELECTRICAL
UNITS.

RESISTANCE

Resistance. The definition of the international ohm adopted by the London

Conference in 1908 is accepted practically everywhere.

Mercury Standards. Mercury standards conforming to the definition were

constructed in England, France, Germany, Japan, Russia and the United States.

Their mean resistances agree to about two parts in 100,000. To attain this

accuracy, elaborate and painstaking experiments were necessary. Tubes are

never quite uniform in cross-section; the accurate measurement of the mass of

mercury filling the tube is difficult, partly because of a surface film on the walls

of the tube; the greatest refinements are necessary in determining the length of

the tube. In the electrical comparison of the resistance with wire standards,

the largest source of error is in the filling of the tube. These and other sources

of error necessitated a certain uniformity in the setting up of mercury standards

and at the London Conference the following specifications were drawn up:

SPECIFICATION RELATING TO MERCURY STANDARDS OF RESISTANCE.

The glass tubes used for mercury standards of resistance must be made of a glass such that

the dimensions may remain as constant as possible. The tubes must be well annealed and straight.

The bore must be as nearly as possible uniform and circular, and the area of cross-section of the

bore must be approximately one square millimeter. The mercury must have a resistance cf

approximately one ohm.

Each of the tubes must be accurately calibrated. The correction to be applied to allow for

the area of the cross-section of the bore not being exactly the same at all parts of the tube must

not exceed 5 parts in 10,000.

The mercury filling the tube must be considered as bounded by plane surfaces placed in

contact with the ends of the tube.

The length of the axis of the tube, the mass of mercury the tube contains, and the electrical

resistance of the mercury are to be determined at a temperature as near to o C as possible.

The measurements are to be corrected to o C.

For the purpose of the electrical measurements, end vessels carrying connections for the

current and potential terminals are to be fitted on to the tube. These end vessels are to be

spherical in shape (of a diameter of approximately four centimeters) and should have cylindrical

pieces attached to make connections with the tubes. The outside edge of each end of the tube
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is to be coincident with the inner surface of the corresponding end vessel. The leads which make
contact with the mercury are to be of thin platinum wire fused into glass. The point of entry
of the current lead and the end of the tube are to be at opposite ends of a diameter of the bulb;

the potential lead is to be midway between these two points. All the leads must be so thin

that no error in the resistance is introduced through conduction of heat to the mercury. The

filling of the tube with mercury for the purpose of the resistance measurements must be carried

out under the same conditions as the filling for the determination of the mass.

The resistance which has to be added to the resistance of the tube to allow for the effect of

the end vessels is to be calculated by the formula

0.80 /i i \ ,A = - - + -i
) ohm,

L r2 /

where r\ and r are the radii in millimeters of the end sections of the bore of the tube.

The mean of the calculated resistances of at least five tubes shall be taken to determine the

value of the unit of resistance.

For the purpose of the comparison of resistances with a mercury tube the measurements

shall be made with at least three separate fillings of the tube.

Secondary Standards. Secondary standards, derived from the mercury
standards and used to give values to working standards, are certain coils of

manganin wire kept in the national laboratories. Their resistances are adjusted

to correspond to the unit or its decimal multiples or submultiples. The values

assigned to these coils are checked from time to time with the similar coils of

the other countries. The value now in use is based on the comparison made

at the U. S. Bureau of Standards in 1910 and may be called the "1910 ohm."

Later measurements on various mercury standards checked the value then used

within 2 parts in 100,000. Thus the basis of resistance measurement is main-

tained not by the mercury standards of a single laboratory, but by all the mer-

cury standards of the various national laboratories; it is furthermore the same

in all countries, except for very slight outstanding discrepancies due to the

errors of measurement and variations of the standards with time.

Resistance Standards in Practice. In ordinary measurements, working
standards of resistance are usually coils of manganin wire (approximately 84

per cent Cu +12 per cent Mn + 4 per cent Ni). They are generally used in oil

which carries away the heat developed by the current and facilitates regulation

and measurement of the temperature. The best type is inclosed in a sealed case

for protection against atmospheric humidity. Varying humidity changes the

resistance of open coils often to several parts in 10,000 higher in summer than

in winter. While sealed i ohm and o.i ohm coils may remain constant to about

i part in 100,000.

Absolute Ohm. The absolute measurement of resistance involves the pre-

cise determination of a length and a time (usually an angular velocity) in a

medium of unit permeability. Since the dimensional formula of resistance in

the electromagnetic system is [Lju/T], such an absolute measurement gives R
not in cm/sec, but in cm x ^i/sec. The definitions of the ohm, ampere and

volt by the 1908 London conference tacitly assume a permeability equal to

unity. The relation of the international ohm to the absolute ohm has been

measured in different ways involving revolving coil, revolving disk, and alter-

nate current methods. Probably the most accurate determination was made
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in 1913 by F. E. Smith of the National Physical Laboratory of England, using

a modification of the Lorentz revolving disk method. His result was

i international ohm = 1.00052 0.00004 absolute ohms,

or, in other words, while one international ohm is represented by a mercury
column 106.300 cm long as specified above, one absolute ohm requires a similar

column 106.245 cm long. Table 305 of the 6th revised edition of these tables

contains data relative to the various determinations of the ohm.

CURRENT.

The Silver Voltameter. The silver voltameter is a concrete means of meas-

uring current in accordance with the definition of the international ampere. As

used for the realization of the international ampere "it consists of a platinum

cathode in the form of a cup holding the silver nitrate solution, a silver anode

partly or wholly immersed in the solution, and some means to prevent anode

slime and particles of silver mechanically detached from the anode from reach-

ing the cathode. As a standard representing the international ampere, the

silver voltameter includes also the chronometer used to measure time. The

degree of purity and the mode of preparation of the various parts of the vol-

tameter affect the mass of the deposit. There are numerous sources of error, and

the suitability of the silver voltameter as a primary standard of current has

been under investigation since 1893. Differences of as much as o.i per cent or

more may be obtained by different procedures, the larger differences being

mainly due to impurities produced in the electrolyte (by filter paper, for instance) .

Hence, in order that the definition of current be precise, it must be accompanied

by specifications for using the voltameter."

The original specifications were recognized to be inadequate and an inter-

national committee on electrical units and standards was appointed to com-

plete the specifications. It was also recognized that in practice standard cells

would replace secondary current standards so that a value must be fixed for the

electromotive force of the Weston normal cell. This was attempted in 1910 at

the Bureau of Standards by representatives of that institution together with

one delegate each from the Physikalische-Technische Reichanstalt, The National

Physical Laboratory and the Laboratoire Central d'Electricite. Voltameters

from all four institutions were put in series under a variety of experimental con-

ditions. Standard Weston cells and resistance standards of the four laboratories

were also intercompared. From the joint comparison of standard cells and

silver voltameters particular values were assigned to the standard cells from

each laboratory. The different countries thus have a common basis of measure-

ment maintained by the aid of standard cells and resistance standards derived

from the international voltameter investigation of 1910.

It was not found possible to draw up satisfactory and final specifications for

the silver voltameter. Provisional specifications were submitted by the U. S.

Bureau of Standards and more complete specifications have been proposed in

correspondence between the national laboratories and members of the inter-



INTRODUCTION'. xli

national committee since 1910, but no agreement upon final specifications has

yet been reached.

Resistance Standards Used in Current Measurements. Precise measure-

ments of currents require a potentiometer, a standard cell and a resistance

standard. The resistance must be so designed as to carry the maximum current

without undue heating and consequent change of resistance. Accordingly the

resistance metal must have a small temperature resistance coefficient and a

sufficient area in contact with the air, oil, or other cooling fluid. It must have

a small thermal electromotive force against copper. Manganin satisfies these

conditions and is usually used. The terminals of the standard must have suffi-

cient contact area so that there shall be no undue heating at contacts. 1 It must

be so designed that the current distribution does not depend upon the mode of

connection to the circuit.

Absolute Ampere. The absolute ampere (ro^c.g.s. electromagnetic units)

differs by a negligible amount from the international ampere. Since the dimen-

sional formula of the current in the electromagnetic system is \_IJM*/ Tp,^ which

is equivalent to \_F*/i^~\, the absolute measurement of current involves funda-

mentally the measurement of a force in a medium of unit permeability. In most

measurements of high precision an electrodynamometer has been used of the

form known as a current balance. A summary of the various determinations

will be found in Table 293 of the 6th Revised Edition of these tables.

The best value is probably the mean of the determinations made at the U. S.

Bureau of Standards, the National Physical Laboratory and at the University

of Groningen, which gives

i international ampere = 0.99991 absolute ampere.

The separate values were 0.99992, 0.99988 and 0.99994, respectively. "The

result may also be expressed in terms of the electrochemical equivalent of silver,

which, based on the '1910 mean voltameter,' thus equals 0.00111810 g per

absolute coulomb. By the definition of the international ampere, the value is

0.00111800 g per international coulomb."

ELECTROMOTIVE FORCE.

International Volt.
" The international volt is derived from the interna-

tional ohm and ampere by Ohm's law. Its value is maintained by the aid of the

Weston normal cell. The national standardizing laboratories have groups of

such cells, to which values in terms of the international ohm and ampere have

been assigned by international experiments, and thus form a basis of reference

for the standardization of the standard cells used in practical measurements."

Weston Normal Cell. The Weston normal cell is the standard used to

maintain the international volt and, in conjunction with resistance standards,

to maintain the international ampere. The cell is a simple voltaic combination

1 See "Report to the International Committee on Electrical Units and Standards," 1912, p.

199. For the Bureau of Standards investigations see Bull. Bureau of Standards, 9, pp. 209, 493;

10, P- 475* 1912-14; 13, P- 147, 1915; 9, P- iSi, 1912: 13, pp. 447. 479,
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difference which exists between the terminals of a resistance of one international

ohm when the latter carries a current of one absolute ampere. The emf of the

Weston normal cell may be taken as 1.01821 semi-absolute volts at 20 C.

QUANTITY OF ELECTRICITY.

The international unit of quantity of electricity is the coulomb. The faraday

is the quantity of electricity necessary to liberate i gram equivalent in electroly-

sis. It is equivalent to 96,500 coulombs.

Standards. There are no standards of electric quantity. The silver voltam-

eter may be used for its measurement since under ideal conditions the mass

of metal deposited is proportional to the amount of electricity which has flowed.

CAPACITY.

The unit generally used for capacity is the international microfarad or the

one-millionth of the international farad. Capacities are commonly measured

by comparison with standard capacities. The values of the standards are de-

termined by measurement in terms of resistance and time. The standard is

some form of condenser consisting of two sets of metal plates separated by a

dielectric. The condenser should be surrounded by a metal shield connected to

one set of plates rendering the capacity independent of the surroundings. An
ideal condenser would have a constant capacity under all circumstances, with zero

resistance in its leads and plates, and no absorption in the dielectric. Actual

condensers vary with the temperature, atmospheric pressure, and the voltage,

frequency, and time of charge and discharge. A well-constructed air condenser

with heavy metal plates and suitable insulating supports is practically free from

these effects and is used as a standard of capacity.

Practically air condenser plates must be separated by i mm or more and so

cannot be of great capacity. The more the capacity is increased by approach-

ing the plates, the less the mechanical stability and the less constant the capac-

ity. Condensers of great capacity use solid dielectrics, preferably mica sheets

with conducting plates of tinfoil. At constant temperature the best mica con-

densers are excellent standards. The dielectric absorption is small but not quite

zero, so that the capacity of these standards with different methods of measure-

ment must be carefully determined.

INDUCTANCE.

The henry, the unit of self-inductance, is also the unit of mutual inductance.

The henry has been known as the
"
quadrant" and the "secohm." The length

of a quadrant or quarter of the earth's circumference is approximately io9 cms.

and a henry is io9 cms. of inductance. Secohm is a contraction of second and

ohm; the dimensions of inductance are [TR] and this unit is based on the

second and ohm.

Inductance Standards. Inductance standards are measured in international

units in terms of resistance and time or resistance and capacity by alternate-
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current bridge methods. Inductances calculated from dimensions are in abso-

lute electromagnetic units. The ratio of the international to the absolute henry
is the same as the ratio of the corresponding ohms.

Since inductance is measured in terms of capacity and resistance by the bridge
method about as simply and as conveniently as by comparison with standard

inductances, it is not necessary to maintain standard inductances. They are

however of value in magnetic, alternating-current, and absolute electrical meas-

urements. A standard inductance is a circuit so wound that when used in a

circuit it adds a definite amount of inductance. It must have either such a

form or so great an inductance that the mutual inductance of the rest of the

circuit upon it may be negligible. It usually is a wire coil wound all in the same

direction to make self-induction a maximum. A standard, the inductance of

which may be calculated from its dimensions, should be a single layer coil of

very simple geometrical form. Standards of very small inductance, calculable

from their dimensions, are of some simple device, such as a pair of parallel wires

or a single turn of wire. With such standards great care must be used that the

mutual inductance upon them of the leads and other parts of the circuit is negli-

gible. Any inductance standard should be separated by long leads from the

measuring bridge or other apparatus. It must be wound so that the distributed

capacity between its turns is negligible; otherwise the apparent inductance will

vary with the frequency.

POWER AND ENERGY.

Power and energy, although mechanical and not primarily electrical quanti-

ties, are measurable with greater precision by electrical methods than in any
other way. The watt and the electric units were so chosen in terms of the c.g.s.

units that the product of the current in amperes by the electromotive force in

volts gives the power in watts (for continuous or instantaneous values). The
international watt, defined as "the energy expended per second by an unvarying
electric current of one international ampere under an electric pressure of one

international volt," differs but little from the absolute watt.

Standards and Measurements. No standard is maintained for power or

energy. Measurements are always made in electrical practice in terms of some
of the purely electrical quantities represented by standards.

MAGNETIC UNITS.

C.G.S. units are generally used for magnetic quantities. American practice

is fairly uniform in names for these units: the c.g.s. unit of magnetomotive force

is called the "gilbert," of reluctance, the "oersted," following the provisional

definitions of the American Institute of Electrical Engineers (1894). The c.g.s.

unit of flux is called the "maxwell" as defined by the 1900 Paris conference.

The name "gauss" is used unfortunately both for the unit of induction (A.I.E.E.

1894) and for the unit of magnetic field intensity or magnetizing force. "This

double usage, recently sanctioned by engineering societies, is based upon the

mathematical convenience of defining both induction and magnetizing force
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as the force on a unit magnetic pole in a narrow cavity in the material, the cavity

being in one case perpendicular, in the other parallel, to the direction of the

magnetization: this definition however applies only in the ordinary electro-

magnetic units. There are a number of reasons for considering induction and

magnetizing force as two physically distinct quantities, just as electromotive

force and current are physically different."

In the United States
"
gauss" has been used much more for the c.g.s. unit of

induction than for the unit of magnetizing force. The longer name of
" max-

well per cm2 "
is also sometimes used for this unit when it is desired to distin-

guish clearly between the two quantities. The c.g.s. unit of magnetizing force

is usually called the
"
gilbert per cm."

A unit frequently used is the ampere-turn. It is a convenient unit since it

eliminates 47T in certain calculations. It is derived from the "ampere turn per

cm." The following table shows the relations between a system built on the

ampere-turn and the ordinary magnetic units. 1

TABLE II.

THE ORDINARY AND THE AMPERE-TURN MAGNETIC UNITS-

Quantity
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2 TABLE 1.

SPELLING AND ABBREVIATIONS OF THE COMMON UNITS OF WEIGHT AND MEASURE.

The spelling of the metric units is that adopted by the International Committee on Weights
and Measures and given in the law legalizing the metric system in the United States (1866).
The period is omitted after the metric abbreviations but not after those of the customary system.
The exponents

" 2 " and
" 3 " are used to signify area and volume respectively in the metric units.

The use of the same abbreviation for singular and plural is recommended. It is also suggested
that only small letters be used for abbreviations except in the case of A. for acre, where the use

of the capital letter is general. The following list is taken from circular 87 of the U. S. Bureau
of Standards.

Unit.
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FUNDAMENTAL AND DERIVED UNITS-

Conversion Factors.

To change a quantity from one system of units to another: substitute in the corresponding
conversion factor from the following table the ratios of the magnitudes of the old units to the
new and multiply the old quantity by the resulting number. For example: to reduce velocity
in miles per hour to feet per second, the conversion factor is lr l

;
I = 5280/1, t= 3600/1, and

the factor is 5280/3600 or 1.467. Or \ve may proceed as follows: e. g., to find the equivalent of
I c.g.s. unit of angular momentum in the pel. ft.m. unit, from the Table t g cm~/sec.=jc Ib. ft.

2
/rnin,

where x is the factor sought. Solving, x=ig/\b. X cm'2/ft.'
2 X min./sec. = i X .002205 X .001076

X 6o=.oooi42c;.
The dimensional formulae lack one quality which is needed for completeness, an indication of

their vector characteristics; such characteristics distinguish plane and solid angle, torque and
energy, illumination and brightness.

(a) FUNDAMENTAL UNITS.

The fundamental units and conversion factors in the systems of units most commonly used

are: Length [/J; Mass \_m~\\ Time [f\\ Temperature {B~]\ and for the electrostatic system,
Dielectric Constant [&]; for the electromagnetic system, Permeability [ju]. The formulae
will also be given for the International System of electric and magnetic units based on the units

length, resistance [Y], current [f], and time.

(b) DERIVED UNITS.

Name of unit.

(Geometrical and
dynamical. )



TABLE 2 (continued).

FUNDAMENTAL AND DERIVED UNITS-

Conversion Factors.

(6) DERIVED UNITS.

NAME OF UNIT.

(Electric and magnetic.)



TABLES.

TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES.*

(1) CUSTOMARY TO METRIC.

LINEAR.



TABLE 3 (continual).

TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES.
(2) METRIC TO CUSTOMARV.

LINEAR.



TABLE 4.

MISCELLANEOUS EQUIVALENTS OF U. S- AND METRIC WEIGHTS AND MEASURES-*

(For other equivalents than those below, see Table 3.)

LINEAR MEASURES.

mil (.001 in.)
= 25.4061 ju

in. = .000015783 mile

hand (4 in.)
= 10.16002 cm

link (.66 ft.)
= 20.11684 cm

span. (9 in.)
= 22.86005 cm

fathom (6 ft.)
= 1.828804 m

rod (25 links) = 5.029210 m
chain (4 rods) = 20.11684 m
light year (9.5 X io 12 km) =

5.9 X io12

miles

i par sec (31 X io12 km) = 19 X io 12 miles

fa in. = .397 mm ^ in. = .794 mm
& in. = 1.588 mm | in. = 3.175 mm
j in. = 6.350 mm \ in. = 12.700 mm
i Angstrom unit = .oooooooooi m
i micron (ju)

= .oooooi m = .00003937 in.

i millimicron (m/x) = .00000000 1 m
i m = 4.970960 links = 1.093611 yds.

= .198838 rod = .0497096 chain

SQUARE MEASURES.

sq. link (62.7264 sq. in.)
= 404.6873 cm2

sq. rod (625 sq. links) = 25.29295 m2

sq. chain (16 sq. rods) = 404.6873 m2

acre (io sq. chains) = 4046.873 m2

sq. mile (640 acres) = 2.589998 km2

km2 = .3861006 sq. mile
m2 = 24.7104 sq. links = 10.76387 sq. ft.

= -039537 sq. rod. = .00247104 sq.
chain

CUBIC MEASURES.

i board foot (144 cu. in) = 2359.8 cm3

i cord (128 cu. ft.)
= 3.625 m3

CAPACITY MEASURES.
i minim (TTJ.)

= .0616102 ml
i fl. dram (6oTTl) = 3.69661 ml
i fl. oz. (8 fl. dr.) = 1.80469 cu. in.

= 29.5729 ml
i gill (4 fl. oz.) =

7. 21875 cu. in. = 118.292
ml

i liq. pt. (28.875 cu. in.)
= .473167 1

i liq. qt. (57.75 cu. in.) = .946333 1

i gallon (4 qt, 231 cu. in.) = 3.785332 1

i dry pt. (33.6003125 cu. in.)
= .550599 1

i dry qt. (67.200625 cu. in.)
= 1.101198 1

i pk. (Sdryqt., 537.605 cu. in.)
= 8.80958 1

i bu. (4 pk., 2150.42 cu. in.) = 35.2383 1

i firkin (9 gallons) = 34.06799 1

i liter = .2641 78. gal. = 1.05671 liq. qt.
= 33.8147 fl. oz. = 270.518 fl. dr.

i ml = 16.2311 minims,
i dkl = 18.620 dry pt.

= 9.08102 dry qt.
= 1.13513 pk. = .28378 bu.

MASS MEASURES.

Avoirdupois weights.

i grain = .064798918 g
i dram av. (27.34375 gr.)

= 1.771845 g
i oz. av. (16 dr. av.) = 28.349527 g
i pd. av. (16 oz. av. or 7000 gr.)

= I4-S83333 oz. ap. (5) or oz. t.

= 1.2152778 or 7000/5760 pd. ap
ort.

= 453-5924277 g
i kg = 2.204622341 pd. av.

i g = 15.432356 gr.
= .5643833 av. dr.

= -03527396 av. oz.

i short hundred weight (100 pds.)
= 45-359 243 kg

i long hundred weight (112 pds.)
,

= 50.802352 kg
i short ton (2000 pds.)

= 907.18486 kg
i long ton (2240 pd.)

= 1016.04704 kg
i metric ton = 0.98420640 long ton

= 1.1023112 short tons

Troy weights.

i pennyweight (d\vt, 24 gr.) = 1.555174 g:

gr., oz., pd. are same as apothecary

Apothecaries
1

weights.

gr.
= 64.798918 mg

scruple O, 20 gr.)
= 1.2959784 g

dram (3, 3 9) = 3-8879351 g
oz. (5,83) = 31.103481 g
pd (125, 5760 gr.)

= 373.24177 g
g = 15.432356 gr.

= 0.771618 3
= 0.2572059 3 = .03215074 5

i kg = 32.150742 5 = 2.6792285 pd.

i metric carat = 200 mg = 3.0864712 gr.

U. S. \ dollar should weigh 12.5 g and the

smaller silver coins in proportion.

* Taken from Circular 47 of the U. S. Bureau of Standards, 1915, which see for more complete

tables.

SMITHSONIAN TABLES.



TABLE 5.

EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS
AND MEASURES.*

(1) METRIC TO IMPERIAL. (For U.S. Weights and Measures, see Table 3.)

LINEAR MEASURE.



TABLES.

EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS
AND MEASURES.

(2) METRIC TO IMPERIAL. (For U.S. Weights and Measures, see Table 3.)

LINEAR MEASURE.



IO TABLE 5.

EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS
AND MEASURES.

(3) IMPERIAL TO METRIC. (For U.S. Weights and Measures, see Table 3.)

LINEAR MEASURE.



(4)

TABLE 5-

EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS
AND MEASURES.

IMPERIAL TO METRIC.

1 I

(For U.S. Weights and Measures, see Table
3.)

1-



12 TABLE 6.

DERIVATIVES AND INTEGRALS/

J



TABLE 7.

SERIES.

= xn + 2. jn-i y + ^-J *n-2 y + . . .

(-!)... (n-m+i)
^n
_w

w !

(i x)
=

i * 4-
Mn~ Ia>"

rcfo-i) (M-2).y2 + _ _ + (d
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4
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1

+... = i_ versin .v

7T T^ T "7 >v5 T *? C A"7
. .

i i i

'

^5 **'
v5 *^~

2

"
6 2*4"5"

+ 2*4*6'7

tan~ ! x = - cot. 1 # = a: #3 H .r
5 - a-

7 4- ...

7T I I I

i
, x3 *5

Jc
7
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SMITHSONIAN TABLES.



TABLE 7 (continued).

SERIES.

I
,

X* X* X
cosh x = -

(e
x + -*) = i H , H : + zi +

2
v

2! 4! 6!



TABLES. 15

VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS, OF
NATURAL NUMBERS.

n



I 6 TABLE 9 (continued).

VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS,
OF NATURAL NUMBERS.

H



TABLE 9 (.continued). I 7

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS, OF
NATURAL NUMBERS.

n



18 TABLE 9 (contin

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS
OF NATURAL NUMBERS.

n



TABLE 9 (continued). I

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS
OF NATURAL NUMBERS.

n



2O TABLE 9 (continued}.

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS
OF NATURAL NUMBERS.

n



TABLE 9 (continued). 21

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS
OF NATURAL NUMBERS.

n



2 2 TABLE 9 (continued}.

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS
OF NATURAL NUMBERS.

n



TABLE 9 (continued'). 2

VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS
OF NATURAL NUMBERS.

n



TABLE 10.

LOGARITHMS.

N.



TABLE1O (continued)

LOGARITHMS.

N.



26 TABLE 11.

LOGARITHMS.

N



TABLE 11 (continued}.

LOGARITHMS.



28 TABLE 12.

ANTILOGARITHMS.



TABLE 12 (continued).

ANTILOGARITHMS.



TABLE 13.

ANTILOGARITHMS.



TABLE 13 (continued).

ANTILOGARITHMS.



TABLE 14.

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.
(Taken from B. O. Peirce's

" Short Table of Integrals," Ginn & Co.)

3^



TABLE 14 (.continued}.

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.
33

1



34 TABLE 14 (continued).

CIRCULAR (TRIGONOMETRIC) FUNCTIONS,

~g



TABLE 14 (continued).

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.
35

Q"3



TABLE 14 (continued).

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.

I



TABLE 15.

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.
37

C/3

*
<
s
<
Pti

o.oo

.01

.02

3
.04



TABLE 1 5 (continued).

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.

RADIANS.

II



TABLE 15 (.continued).

CIRCULAR (TRIGONOMETRIC) FUNCTIONS.
39

RADIANS.!



40 TABLES 15 (continued) AND 16.

CIRCULAR FUNCTIONS AND FACTORIALS.

TABLE 15 (continued). Circular (Trigonometric) Functions.

RADIANS.



TABLE 17.

HYPERBOLIC FUNCTIONS.

u



TABLE 17 (continued).

HYBERBOLIC FUNCTIONS.



TABLE 17 (continued).

HYPERBOLIC FUNCTIONS.
43

u



44 TABLE 17 (continued).

HYPERBOLIC FUNCTIONS,

u



TABLE 17 (continued).

HYPERBOLIC FUNCTIONS.
45

u



46
TABLE 17 (continued),

HYPERBOLIC FUNCTIONS.

a



TABLE 17 (continued).

HYPERBOLIC FUNCTIONS.
47

u



48 TABLE 19.

EXPONENTIAL FUNCTION.

X



TABLE 19 (continued}.

EXPONENTIAL FUNCTION.
49

X



TABLE 19 (continued).

EXPONENTIAL FUNCTION.

X



TABLE 19 (contimtecT).

EXPONENTIAL FUNCTION.

X



TABLE 19 (continued).

EXPONENTIAL FUNCTION

X



TABLE 19 (continued).

EXPONENTIAL FUNCTION.
53

X



54 TABLE 2O.

EXPONENTIAL FUNCTIONS.

Value of ** and ** and their logarithms.

X



TABLE 21.

EXPONENTIAL FUNCTIONS.
n _w

Values ol
"*

and 6 * and their logarithms.

55

X



TABLES 23 AND 24.

EXPONENTIAL FUNCTIONS AND LEAST SQUARES.
TABLE 23. Exponential Functions

Value of e* and d~* and their logarithms.

X



TABLE 25.

LEAST SQUARES.

57

This table gives the values of the probability P, as defined in last table, corresponding to different values of
x I r where r is the

"
probable error." The probable error r is equal to 0.476947 h.

T



58 TABLE 27.- LEAST SQUARES.

Values of the factor 0.6745A/
(><

1
_

1)

-

This factor occurs in the equation r =o.6745A/
'

- for the probable error of the arithmetic mean.

w =



TABLE 3O.

LEAST SQUARES.

Observation equations :

aizi + b!Z2 + . . . lizq
= Mb weight p t

a2zi + b2z2 + . . . I2zq
= M2 . weight p2

an z! + bnz2 + . . . lnzq
= Mn , weight pn .

Auxiliary equations :

[paa]
= piaf + P2af + pna^.

[pab]
=

Piaib! + p2a2b2 + . . . pnanbn .

[paM] = piaiMi -f p2a2M2 -f . . . pnanMn .

Normal equations :

fpaa]zi-f

[pab]z2 + . . . [pal]zq
= [paM]

pabJ Zl + [pbb]z2 + . . . [pbl]zq
= [pbM]

[pla] Zl + [plb]z2 + . . .' [plljzq
=

Solution of normal equations in the form,

Zl = AJpaM] + BifpbM] -f . . . I

z2
= A2[paM] + B2[pbM] + . . . I

zq
= A n[paM] + Bn [pbMJ + .'. . Ln [plM],

gives :

weight of zi
=

pzi
=

(Aj)
1

; probable error of zi = -

weight of z2
=

pz2
= (B2 )

-1
; probable error of z2 =

\/Pz2

weight of zq
= pZq

= (Ln)"
1

; probable error of zq
=

wherein
r = probable error of observation of weight unity

= 0.6745 -i/ (q unknowns.)

Arithmetical mean, n observations: _

r = 0.6745 A/ (approx.) =probable error of ob-
* n I \/n(n i)' servation of weight unity.

/
S V2 _ 0.8453 2 V--V _ 0.453 V

r = 0.6745\/ :
--

7==. (approx.) = probable error
\n(n-i) nVn-i of mean.

Weighted mean, n observations:

/Spv2
r

r = 0.6745 \ ~
;

r = -==o.

Probable error (R) of a function (Z) of several observed quantities zi, z2 , . . . whose

probable errors are respectively, i
-

i, r.>

Z'= f
("Zl , z2 , . . .)

Examples :

Z --=
zi z2 + . . . R2 = r\ + r\

Z = Az! Bza . . . R2 =A 2
r\ +

Z = zi z2 . R- = z
i

2
r!5-fj

SMITHSONIAN TABLES.



6o TABLE 31 .

DIFFUSION.

Inverse * values of < /c= i -77

log x = log (2y) + logx/Xtf. t expressed in seconds.

=
log 6 + logx/^A / expressed in days.

= log 7 + log \/kf.
"

years.

k = coefficient of diffusion.!

c= initial concentration.

v= concentration at distance x, time t.

v/c



TABLE 31 (continued).

DIFFUSION.

61

vie



62 TABLE 32.

GAMMA FUNCTION,

Value of log
JT-

^dx + 10.

Values of the logarithms+ 10 of the
" Second Eulerian Integral

" (Gamma function)

S.
log n)-|-ic

for values of between i and 2. When has values not lying between i and 2 the value of the ft nction can be
readily calculated from the equation T(w-f-i) = I\) = ( i) . . . ( r)T(n r).

n



TABLE &2 (continued).

GAMMA FUNCTION.

N



64 TABLE 33.

ZONAL SPHERICAL HARMONICS.

Degrees



TABLE ^ (continued).

ZONAL SPHERICAL HARMONICS.

I Degrees



66 TABLE 34.

CYLINDRICAL HARMONICS OF THE OTH AND 1ST ORDERS
Values when n = o and i of the Bessel function Jn (x)

Ji(x) /'(*) = dJo(x)

dx

X



TABLE 34 (continued).

CYLINDRICAL HARMONICS OF THE OTH AND IST ORDERS-

Ji(x) = J<S(x). Other orders may be obtained from the relation, Jn + i(x) = Jn(x) Jn-\(x).

J-nM = (-!)/(*).

67

X



68 TABLES 35-36.

CYLINDRICAL HARMONICS OF OTH AND 1ST ORDERS.

TABLE 35. 4-place Values for x
to 15.0.

4.0

X



TABLE 37.

ELLIPTIC INTEGRALS.
*JT IT

Values of I
2 (1 sin2 0sin2

4>)
2
"cty

This table gives the values of the integrals between o and n / 2 of the function (i sin 2 0sin 2 <)
ues of the modulus corresponding to each degree of 6 between o and 90.

d$ for different val-

e



7 TABLE 38.

MOMENTS OF INERTIA, RADII OF GYRATION, AND WEIGHTS.
In each case the axis is supposed to traverse the centre of gravity of the body. The axis is

/>ne of symmetry. The mass of a unit of volume is w.

Body.



TABLE 39.
yj

INTERNATIONAL ATOMIC WEIGHTS. VALENCIES.

The International Atomic Weights are quoted from the report of the International

Committee on Atomic Weights (Journal American Chemical Society, 39.42, p. 9, 1920).

Substance.



7'2 TABLE 40.

VOLUME OF A CLASS VESSEL FROM THE WEIGHT OF ITS EQUIVALENT
VOLUME OF MERCURY OR WATER.

If a glass vessel contains at / C, P grammes of mercury, weighed with brass weights in air at

760 mm. pressure, then its volume in c. cm.

at the same temperature, /, : V= PR =
P^>

at another temperature, /lf : V= PA\ = Ppjd 1
1 + 7 (*i /) }

p = the weight, reduced to vacuum, of the mass of mercury or water which, weighed with brass

weights, equals i gram ;

d = the density of mercury or water at /C,
and 7 = o.ooo 025, is the cubical expansion coefficient of glass.

Temper-
ature

t



TABLES 41-42.

REDUCTIONS OF WEIGHINGS IN AIR TO VACUO.
TABLE 41.

73

When the weight M in grams of a body is determined in air, a correction is necessary for the

buoyancy of the air equal to M S (i/d i/d,) where 5 = the density (vvt. of i ccm in grams= 0.0012) of the air during the weighing, d the density of the body, d
t
that of the weights.

5 for various barometric values and humidities may be determined from Tables 153 to 155. The
following table is computed for 8 = 0.0012. The corrected weight = M+ kM/iooo.

Density
of body
weighed

d.



J A TABLE 43.

MECHANICAL PROPERTIES.
*
Compiled from various sources by Harvey A. Anderson, C.E., Assistant Engineer Physicist, U. S. Bureau

of Standards.

The mechanical properties of most materials vary between wide limits; the following figures are given as

being representative rather than what may be expected from an individual sample. Figures denoting such

properties are commonly given either as specification or experimental values. Unless otherwise shown, the
values below are experimental. Credit for information included is due the U. S. Bureau of Standards; the
Am. Soc. for Testing Materials; theSoc. of Automotive Eng.; the Motor Transport Corps, U. S. War Dept.;
the Inst. of Mech. Eng.; the Inst. of Metals; Forest Products Lab.; Dept. of Agriculture (Bull. 556); Moore's
Materials of Engineering; Hatfield's Cast Iron; and various other American, English and French authorities.

The specified properties shown are indicated minimums as prescribed by the Am. Soc. for Testing Materials,
U. S. Navy Dept., Panama Canal, Soc. of Automotive Eng., or Intern. Aircraft Standards Board. In the

majority of cases, specifications show a range for chemical constituents and the average value only of this

range is quoted. Corresponding average values are in general given for mechanical properties. In gen-

eral, tensile test specimens were 12.8 mm (0.505 in.) diameter and 50.8 mm (2 in.) gage length. Sizes of

compressive and transverse specimens are generally shown accompanying the data.

All data shown in these tables are as determined at ordinary room temperature, averaging 20 C (68 F.).

The properties of most metals and alloys vary considerably from the values shown when the tests are con-

ducted at higher or lower temperatures.

The following definitions govern the more commonly confused terms shown in the tables. In all cases the

stress referred to in the definitions is equal to the total load at that stage of the test divided by the original

cross-sectional area of the specimen (or the corresponding stress in the extreme fiber as computed from the
flexure formula for transverse tests).

Proportional Limit (abbreviated P-limit). Stress at which the deformation (or deflection) ceases to be

proportional to the load (determined with extensometer for tension, compressometer for compression and
deflectometer for transverse tests).

Elastic Limit. Stress which produces a permanent elongation (or shortening) of o.ooi per cent of the

gage length, as shown by an instrument capable of this degree of precision (determined from set readings with
extensometer or compressometer). In transverse tests the extreme fiber stress at an appreciable permanent
deflection.

Yield Point. Stress at which marked increase in deformation (or deflection) of specimen occurs without in-

crease in load (determined usually by drop of beam or with dividers for tension, compression or transverse tests).

Ultimate Strength in Tension or Compression. Maximum stress developed in the material during test.

Modulus of Rupture. Maximum stress in the extreme fiber of a beam tested to rupture, as computed
by the empirical application of the flexure formula to stresses above the transverse proportional limit.

Modulus of Elasticity (Young's Modulus). Ratio of stress within the proportional limit to the corre-

sponding strain, as determined with an extensometer. Note: All moduli shown are obtained from tensile

tests of materials, unless otherwise stated.

Brinell Hardness Numeral (abbreviated B. h. n.). Ratio of pressure on a sphere used to indent the

material to be tested to the area of the spherical indentation produced. The standard sphere used is a 10-

mm diameter hardened steel ball. The pressures used are 3000 kg for steel and 500 kg for softer metals, and

the time of application of pressure is 30 seconds. Values shown in the tables are based on spherical areas

computed in the main from measurements of the diameters of the spherical indentations, by the following

formula:

B. h. n. = P -f- irtD = P -h irD(D/2 -
P = pressure in kg, / = depth of indentation, D = diameter of ball, and d = diameter of indentation, all

lengths being expressed in mm. Brinell hardness values have a direct relation to tensile strength, and hardness

determinations may be used to define tensile strengths by employing the proper conversion factor for the ma-

terial under consideration.

Shore Scleroscope Hardness. Height of rebound of diamond pointed hammer falling by its own weight

on the object. The hardness is measured on an empirical scale on which the average hardness of martensitic

high carbon steel equals 100. On very soft metals a
"
magnifier" hammer is used in place of the commonly

used "universal" hammer and values may be converted to the corresponding "universal" value by multi-

plying the reading by $. The scleroscope hardness, when accurately determined, is an index of the tensile

elastic limit of the metal tested.

Erichsen Value. Index of forming quality of sheet metal. The test is conducted by supporting the

sheet on a circular ring and deforming it at the center of the ring by a spherical pointed tool. The depth of

impression (or cup) in mm required to obtain fracture is the Erichsen value for the metal. Erichsen standard

values for trade qualities of soft metal sheets are furnished by the manufacturer of the machine corresponding

to various sheet thicknesses. (See Proc. A. S. T. M. 17, part 2, p. 200, 1917.)

Alloy steels are commonly used in the heat treated condition, as strength increases are not commensurate

with increases in production costs for annealed alloy steels. Corresponding strength values are accordingly

shown for annealed alloy steels and for such steels after having been given certain recommended heat treat-

ments of the Society of Automotive Engineers. The heat treatments followed in obtaining the properties

shown are outlined on the pages immediately following the tables on steel. It will be noted that considerable

latitude is allowed in the indicated drawing temperatures and corresponding wide variations in physical prop-

erties may be obtained with each heat treatment. The properties vary also with the size of the specimens

heat treated. The drawing temperature is shown with the letter denoting the heat treatment, wherever the

information is available.



TABLE 44.

MECHANICAL PROPERTIES.

TABLE 44. Ferrous Metals and Alloys Iron and Iron Alloys.

75

Metal. Grade.



jfo
TABLES 45-46.

MECHANICAL PROPERTIES OF MATERIALS-
TABLE 45. Carbon Steels

' Commercial Experimental Values.

S. A. E. (Soc. of Automotive Eng.. U. S. A.) classification scheme used as basis for steel groupings. First

two digits S. A. E. Spec. No. show steel group number, and last two (or three in case of five figures) show
carbon content in hundredths of one per cent.

The first lines of properties for each steel show values for the rolled or forged metal in the annealed or nor-

malized condition. Comparative heat-treated values show properties after receiving modified S. A. E. heat
treatment as shown below (Table 46). The P-limit and ductility of cast steel average slightly lower and the

ultimate strength 10 to 15 per cent higher than the values shown for the same composition steel in the annealed
condition. Tiie properties of rolled steel (raw) are approximately equal to those shown for the annealed con-

dition, which represents the normalized condition of the metal rather than the soft annealed state.

The data for heat-treated strengths are average values for specimens for heat treatment ranging in size

from to i in. diameter. The final drawing or quenching temperature for the properties shown is indicated

in degrees C with the heat treatment letter, wherever the information is available. In general, specimens
were drawn near the lower limit of the indicated temperature range.

Metal.



TABLE 47.

MECHANICAL PROPERTIES.

TABLE 47. Alloy Steels Commercial Experimental Values.

77

Metal.



78 TABLES 48-50.

MECHANICAL PROPERTIES.
TABLE 48. Steel Wire Specification Values.

(After I. A. S. B. Specification 3812, Sept., 1917, for High-strength Steel Wire.)
S. A. E. Carbon Steel, No. 1050 or higher number specified (see Carbon steels above). Steel used to be manufac-

tured by acid open-hearth process, to be rolled, drawn, and then uniformly coated with pure tin to solder readily.

American
or

B. and S.

wire gage.



TABLE 51. Steel-wire Rope Specification Values. 79
Cast steel wire to be of hard crucible steel with minimum tensile strength of 155 kg/mm 2 or 220,000 Ib/in*

and minimum elongation of 2 per cent in 254 mm (10 in.).

Plow steel wire to be of hard crucible steel with minimum tensile strength of 183 kg/mm 2 or 260,000
lb/in2 and minimum elongation of 2 per cent in 254 mm (io in.).

Annealed steel wire to be of crucible cast steel, annealed, with minimum tensile strength of 77 kg/mm 2 or

110,000 lb/in
2 and minimum elongation of 7 per cent in 254 mm (io in.).

Type A: 6 strands with hemp core and 19 wires to a strand (= 6 X 19), or 6 strands with hemp core and
18 wires to a strand with jute, cotton or hemp center.

Type B: 6 strands with hemp core, and 12 wires to a strand with hemp center.

Type C: 6 strands with hemp core, and 14 wires to a strand with hemp or jute center.

Type AA: 6 strands with hemp core, and 37 wires to a strand (= 6 X 37) or 6 strands with hemp core and
36 wires to a strand with jute, cotton or hemp center.

Description.



So TABLES 54-55.

TABLE 54. Aluminum.



TABLE 66.

ALUMINUM ALLOY.

8l



82 TABLES 57-59

MECHANICAL PROPERTIES.
TABLE 57. Copper.

Metal and
approx.

composition.
Per cent.



TABLES 60-63.

MECHANICAL PROPERTIES.
TABLE 60. Copper Wire Medium Hard-drawn.
(A. S. T. M. 62-15) Minimum and Maximum Strengths.



TABLE 64.

MECHANICAL PROPERTIES OF MATERIALS-

TABLE 64. Copper-zinc Alloys or Brasses; Tin Alloys or Bronzes.

Metal and



TABLE 65.

MECHANICAL PROPERTIES.
TABLE 65. Copper Alloys Three (or more) Components.



86 TABLE 65 (continued).

MECHANICAL PROPERTIES.
TABLE 65. Copper Alloys Three (or more) Components.

Alloy and approx.
composition
per cent.



TABLE 65 (continued).

MECHANICAL PROPERTIES.

TABLE 65. Copper Alloys Three (or morel Components.



88 TABLE 66.

MECHANICAL PROPERTIES-

TABLE 66. Miscellaneous Metals and Alloys.

Metal or alloy.

Approx. composition,
per cent.



TABLE 67.

MECHANICAL PROPERTIES.

TABLE 67. Miscellaneous Metals and Alloys.

(a) TUNGSTEN AND ZINC.

Metal or

alloy



TABLE 68.

MECHANICAL PROPERTIES.

TABLE 68. Cement and Concrete.



TABLE 68 (continued).

MECHANICAL PROPERTIES.

(c) CONCRETE .

CONCRETE: Compressive strengths. Experimental values for various mixtures. Results compiled by Joint
Committee on Concrete and Reinforced Concrete. Final Report adopted by the Committee July i, 1916.
Data are based on tests of cylinders 203.2 mm (8 in.) diameter and 406.4 mm (16 in.) long at 28 days age.

American Standard Concrete Compressive Strengths.

Aggregate. Units.

Mix.

1:4* 1:6

Granite, trap rock

Gravel, hard limestone and
hard sandstone . .

Soft limestone and soft

sandstone. .

Cinders.

kg/mm2

lb/in
2

kg/mm2

lb/in
2

kg/mm2

lb/in
2

kg/mm2

lb/in
2

2-3

2.1

3000

2 2OO
0.6
800

2.O
2800

1.8

2500

1800

700

2 2OO

1-4
200O

I.I

1500
0.4
600

1800

i.i

1600

0.8
1 200

0.4
500

i .o

1400

0.9
1300

0.7
1000

o-3
400

NOTE. Mix shows ratio of cement (Portland) to combined volume of fine and coarse aggregate (latter as

shown).
Committee recommends certain fractions of tabular values as safe working stresses in reinforced concrete

design, which may be summarized as follows:

Bearing, 35 per cent of Compressive strength;

Compression, extreme fiber, 32.5 per cent of Compressive strength;
Vertical shearing stress 2 to 6 per cent of Compressive strength, depending on reinforcing;
Bond stress, 4 and 5 per cent of Compressive strength, for plain and deformed bars, respectively.

Modulus of Elasticity to be assumed as follows:

For concrete with strength. Assume modulus of elasticity.

kg/mm2
lb/in

2 kg/mm2
lb/in8

up to 0.6
0.6 to 1.5

1-5 tO 2 .

over 2 . o

up to 800
8OO tO 2200
2200 tO 2900

over 2900

530
1400

2IOO

750,000

2,OOO,OOO

2,500,000

3,000,000

(See Joint Committee Report, Proc. A. S. T. M. v. XVII, 1917, p. 201.)

EDITOR'S NOTE. The values shown in the table above are probably fair values for the Compressive strengths
of concretes made with average commercial material, although higher results are usually obtained in laboratory
tests of specimens with high grade aggregates. Observed values on 1:2:4 gravel concrete show moduli of

elasticity up to 3160 kg/mm2 or 4,500,000 lb/in2 and Compressive strengths to 4.2 kg/mm2 or 6000 lb/in2

Tensile strengths average 10 per cent of values shown from Compressive strengths.
Shearing strengths average from 75 to 125 per cent of the Compressive strengths; the larger percentage

representing the shear of the leaner mixtures (for direct shear, Hatt gives 60 to 80 per cent of crushing strength) .

Compressive strengths of natural cement concrete average from 30 to 40 per cent of that of Portland
cement concrete of the same proportioned mix.

Transverse strength: modulus of rupture of i : 2\ : 5 concrete at i and 2 months,equal to one sixth crushing
strength at same age (Hatt).
Weight of granite, gravel and limestone, 1:2:4 concretes averages about 2.33 g/cm3 or 145 lb/ft

3
; that of

cinder concrete of same mix is about 1.85 g/cm3 or 115 lb/ft3

Concrete, 1:2:4 Mix, Compressive Strengths at Various Ages.

Experimental Values: one part cement, two parts Ohio River sand and four parts of coarse aggregate as
shown. Compressive tests made on 203.2 mm (8 in.) diameter cylinders, 406.4 mm (16 in.) long. (After Pitts-

burgh Testing Laboratory Results. See Rwy Age, vol. 64, Jan. 18, 1918, pp. 165-166.)

Coarse aggregate. Unit.
Age.

14 days. 30 days. 60 days. 180 days.

Gravel

Limestone

Trap rock

Granite

Slag No. i

SlasNo. 2..

kg/mm2

lb/in
2

kg/mm2

lb/in
2

kg/mm2

lb/in
2

kg/mm2

lb/in
2

kg/mm2

lb/in
2

kg/mm2

lb/in
2

i-3S
1921
1.24
1758
1-45
2063
1.49
2122

*-75
2484
i-37
1941

1.61

2294
i-53
2174
1.67
2386
1.61

2292
2.16

3075
1.78
2525

2.06

2925
2-35
3343
2.36

2.14
3043
2-37
3365
2.06

2930

2.67
3798
3-n
4426
3-39
4819
2.92

3-38
4803
2.64
3753

NOTE. Maximum and minimum test results varied about 5 percent above or below average values shown above.

SMITHSONIAN TABLES.
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TABLE 69.

MECHANICAL PROPERTIES.

TABLE 69. Stone and Clay Products.

(a) STRENGTH AND STIFFNESS OF AMERICAN BUILDING STONES.*



TABLE 69 (continued).

MECHANICAL PROPERTIES-

TABLE 69. Stone and Clay Products.

93

(c) STRENGTHS OF AMERICAN BUILDING BRICKS.*



94
TABLE 70.

MECHANICAL PROPERTIES.

TABLE 70. Rubber and Leather.

(a) RTJBBER, SHEET.*



TABLE 71.

MECHANICAL PROPERTIES.
95

TABLE 71. Manila Rope.

Manila Rope, Weight and Strength Specification Values. From U. S. Government Stand-

ard Specifications adopted April 4, 1918.

Rope to be made of manila or Abaca fiber with no fiber of grade lower than U. S. Govern-

ment Grade I, to be three-strand,* medium-laid, with maximum weights and minimum strengths
shown in the table below, lubricant content to be not less than 8 nor more than 12 per cent of

the weight of the rope as sold.

Approximate
diameter.



MECHANICAL PROPERTIES. TABLE 72. Hardwoods Grown in U. S. (Metric Units).

Common and botanical
name.



MECHANICAL PROPERTIES. TABLE 73. Conifers Grown in U. S. (Metric Units). 97

Common and botanical
name.



MECHANICAL PROPERTIES. TABLE 74. Hardwoods Grown in U. S. (English Units).

Common and botanical
name.



MECHANICAL PROPERTIES. TABLE 75. Conifers Grown in U. S. (English Units). 99

Common and botanical
name.
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TABLES 76-77.

ELASTIC MODULI-

TABLE 76. Rigidity Modulus

If to the four consecutive faces of a cube a tangential stress is applied, opposite in direction on

adjacent sides, the modulus of rigidity is obtained by dividing the numerical value of the tangential

stress per unit per sq. mm.) by the number representing the change of angles on the

non-stressed faces, measured in radians.

Substance.



TABLES 78-81 .

TABLE 78. Interior Friction at Low Temperatures.

IOI

C is the damping coefficient for infinitely small oscillations; T, the period of oscillation in sec-

onds; N, the second modulus of elasticity. Guye and Schapper, C. R. 150, p. 963, 1910.

Substance ... ...



102 TABLE 82.

ELASTICITY OF CRYSTALS.

The formulae were deduced from experiments made on rectangular prismatic bars cut from the crystal. These bars
were subjected to cross bending and twisting and the corresponding Elastic Moduli deduced. The symbols
a /3 y, o, /J, y, and cu /3 -y., represent the direction cosines of the length, the greater and the less transverse
dimensions of the

prism witn reference to the principal axis of the crystal. E is the modulus for extension or

compression, and 1 is the modulus for torsional rigidity. The moduli are in grams per square centimeter.

;te.

10*

-g-
= i6.i 3 + i8. 5 i0' + 10.427* 4- ;( 38.7<;0V 4 i 5-2i7-'

I0io

-^-
=

69. 52a* 4- 1 1 7.66)8' -f- 1 16.467' -f 2(20. 160V -f 85.297-^+ 1 27.350^)

Beryl (Emerald).
io^u

-g-
=

4.325 sin'9 4 4.619 cos4
? 4 13.328 sin2 cos-?)

io10

-Y-
= 1 5.00 3.675 cos4

4>2 1 7-536 cos-p cos-9i

Fluorite.

loio

-JT
= ^'OS 6-26 (a< 4 ! 4 7*)

~Y
=

58-04 5 -08 (/B V' + 7'- -f '-'-)

Pyrite.

Ig= 5.08
-

2.24 (a
1 4 0' 4- 7

1
)

io10

-^-
= 18.60 1 7.95 (0V 4 7'a- 4 0-0^)

Rock salt.

^-
= 33-48 9.66 (a

4 4 4 4 7
l

)

Ioio

-^-
= 1 54-58 77-28 (0V 4 7 '- 4 o-0 ')

Sylvite.

^p-
=

7S- 1 48-2 (o
4 + 0*4 74

)

io10
- = 306.0 192.8 (0V 4 7- a- 4 a-0')

where
<j> 0j <j>.2 are the angles which

the length, breadth, and thickness
of the specimen make with the

principal axis of the crystal.
'

Topaz.
io10

-^-
io10

=4-34' a4 4 3-46o0
4 4 3-77 17

4 4 2 (3.8790V+ 2.8567-^4 2.39^0-)

4.88a* 4 16.540* 4 I6-457
4 + 3O-890V 4 4O.8cy)rV 4 43-5i-0-

Quartz.

^ = 1 2.734 ( I yi)* 4 1 6.693 ( ' 7-)7
J 4 9-7057

4
8.46007 (3B

-'

0-^)

15_ :=
,9.665 + 9-060742 4 22.9847'-7i-

~
16.920 [(70H- 07i) (3a, - 00i) - 0,7,

These formulx are taken from Volt's papers (Wied. Ann. vols. 31, 34, and 35).

SMITHSONIAN TABLES.



TABLE 83.

ELASTICITY OF CRYSTALS.

I03

Some particular values of the Elastic Moduli are here given. Under E are given moduli for extension or compression
in the directions indicated by the subscripts and explained in the notes, and under T the moduli for torsional

rigidities round the axes similarly indicated. Moduli in grams per sq. cm.

(a) ISOMETRIC



TABLES 84-86.

COMPRESSIBILITY OF GASES.

TABLE 84. Relative Volumes at Various Pressures and Temperatures, the volumes at O
8 C and

at 1 atmosphere being taken as 1 000 000.



TABLES 87-89.

COMPRESSIBILITY OF GASES.
TABLE 87. Carton Dioxide.

10

Pressure in



100 TABLES 9O-91.

RELATION BETWEEN PRESSURE, TEMPERATURE AND
VOLUME OF SULPHUR DIOXIDE AND AMMONIA.*

TABLE 90.- Sulphur Dioxide.

Original volume 100000 under one atmosphere of pressure and the temperature of the experi-
ments as indicated at the top of the different columns.

Pressure

in

I

Atmos.



TABLE 92.

COMPRESSIBILITY OF LIQUIDS-

107

At the constant temperature /, the compressibility /3
= (i/Vo)(dV/dP). In general as P in-

creases, /3 decreases rapidly at first and then slowly; the change of /3 with / is large at low pressures
but very small at pressures above 1000 to 2000 megabars. i megabar = 0.987 atmosphere = io

dyne/cm
2

.

Substance.



loS
I ABLE 93.

COMPRESSIBILITY OF SOLIDS.

If I" is the volume of the material under a pressure P megabars and Vo is the volume at atmospheric pressure, then

the compressibility = (i/l'o) (dV/dP). Its unit is cmVmegadynes (reciprocal megabars). io6//3 is the bulk modu-

lus in absolute units (dynes/cm1). The following values of /8, arranged in order of increasing compressibility, are for

P = o and room temperature, i megabar = io dynes = 1.013 kg/cm2 = 0.987 atmosphere.

Substance.



TABLE 94.

SPECIFIC GRAVITIES CORRESPONDING TO THE BAUME SCALE.
The specific gravities are for i5.56C (6oF) referred to water at tLe same temperature as unity
For specific gravities less than unity the values are calculated from the formula :

Degrees Baume = 140

Specific Gravity
130.

For specific gravities greater than unity from:

Degrees Baume = 145
-

Specific Gravity

Specific Gravities less than i.



I10 TABLE 95,

DENSITY IN GRAMS PER CUBIC CENTIMETER OF THE ELEMENTS,
LIQUID OR SOLID.

N. B. The density of a specimen may depend considerably on its state and previous treatment.

Element.



TABLE P5 (continued).
Ill

DENSITY IN GRAMS PER CUBIC CENTIMETER OF THE ELEMENTS,
LIQUID OR SOLID.

Element.



H2 TABLES 95 AND 96. DENSITY OF VARIOUS SUBSTANCES.

TABLE 95 (co*ti**e.i\ - Density In grams per cubic centimeter and pounds per cubic foot of the elements,

liquid or solid.

Element.



TABLE 97.

DENSITY IN GRAMS PER CUBIC CENTIMETER AND POUNDS PER CUBIC
FOOT OF VARIOUS SOLIDS.

N. B. The density of a specimen depends considerably on its state and previous treatment ; especially is this the
case with porous materials.

Material.



TABLE 98.

DENSITY IN GRAMS PER CUBIC CENTIMETER AND POUNDS PER CUBIC
FOOT OF VARIOUS ALLOYS.

Alloy.

Brasses: Yellow, 7oCu + 3Zn, cast 8.44 527
rolled 8.56 534

" " drawn 8.70 542

Red, 9oCu + loZn 8.60 536

White, 5oCu+5oZn 8.20 511

Bronzes: goCu-fioSn 8.78 548

S5Cu+i5Sn 8.89 555

8oCu-p-2oSn 8.74 545

75Cu-j-25Sn 8.83 551

German Silver: Chinese, 26-3Cu-|- 36.6Zn-f- 36.8Ni . . . 8^30 518
Berlin (i) 52Cu + 26Zn-f22Ni .... 8.45 527

"
(2) 59Cu-f 3oZn -f uNi .... 8.34 520

"
(3) 63Cu + 3oZn -f 6Ni . . . . 8.30 518

Nickelin 8.77 547
Lead andTin: 87.sPb+ i2.5Sn . . . . . . . 10.60 661

i6Sn 10.33 644
10.05 627

9-43 588

J-3Sn 8-73 545

Bismuth, Lead, and Tin : 53Bi + 4oPb -f 7Cd .... 10.56 659
Wood's Metal: 5oBi+ 25Pb+ i2.5Cd+ i2.5Sn .... 9.70 605
Cadmium and Tin : 32Cd + 68Sn 7.70 480
Gold and Copper: 98Au + 2Cu 18.84 u?6

" " " o,6Au -j- 4Cu J 8-36 1145

94Au-f-6Cu 17.95 ll20

92Au-f-8Cu 17.52 1093
ox>Au 4- loCu 17.16 1071

88Au-j~ I2Cu 16.81 1049
86Au + 14^11 16.47 I027

Aluminum and Copper: ioAl-f-9oCu 7.69 480
" "

5A1 -j- 95^u 8.37 522

3Al-f 97Cu 8.69 542
Aluminum and Zinc : 91 Al -\-gZn 2.80 175
Platinum and Iridium : 9oPt+ioIr. ... . . 21.62 1348

8Pt+ i Sir 21.62 1348
66.67 Pt + 33-33lr 21.87 !3^4
5Pt + 95lr 22.38 1396

Constantmn : 6oCn 4- 4ONi 8.88 554
Nfagnalium: 7oAl -j- 3Mg 2.0 125
Manganin : 84Cu + i2Mn -|- 4Ni 8.5 530
Platinoid: German silver -j- little Tungsten 9.0 560

Grams
per cubic

centimeter.

Pounds
per cubic

toot.

SMITMSOM TABLES.



TABLES 99-100.

TABLE 99.-DENSITIES OF VARIOUS NATURAL AND ARTIFICIAL
MINERALS.

(See also Table 97.)

Name and Formula.



TABLES 101-102.

WEIGHT OF SHEET METAL.

TABLE 101. Weight ol Sheet Metal. (Metric Measure.)

This table gives the weight in grams of a plate one meter square and of the thickness stated in the

first column.

Thickness



TABLE 103.
117

DENSITY OF LIQUIDS.

Density or mass in grams per cubic centimeter and in pounds per cubic foot of various liquids.

Liquid.



Il8 TABLE 104.

DENSITY OF PURE WATER FREE FROM AIR. O TO 41 C.

[Under standard pressure (76 cm), at every tenth part of a degree of the international hydrogen scale from o to 41

C, in grams per milliliter J
]

De-
crees



TABLE 105. 1 19

VOLUME IN CUBIC CENTIMETERS AT VARIOUS TEMPERATURES OF A
CUBIC CENTIMETER OF WATER FREE FROM AIR AT THE
TEMPERATURE OF MAXIMUM DENSITY. TO 4O C.

Hydrogen Thermometer Scale.

Temp.



120
TABLE 106.

DENSITY AND VOLUME OF WATER.
10 TO +250 C.

The mass of one cubic centimeter at 4 C. is taken as unity.

Temp. C.



TABLE 1O7.
121

DENSITY OF MERCURY
Density or mass in grams per cubic centimeter, and the volume

in cubic centimeters of one gram of mercury.



122 TABLE 1O8.

DENSITY OF AQUEOUS SOLUTIONS,

The following table gives the density of solutions of various salts in water. The numbers give the weight in

grams per cubic centimeter. For brevity the substance is indicated by formula only.

Substance.



TABLE 108 (continued).

DENSITY OF AQUEOUS SOLUTIONS.
I23



124 TABLE 1O9.

DENSITIES OF MIXTURES OF ETHYL ALCOHOL AND WATER IN CRAMS
PER MILLILITER.

The densities in this table are numerically the same as specific gravities at the various temperatures in terms of water
at 4 C. as

unity.
Based upon work done at U. S. Bureau of Standards. See Bulletin Bur. Stds. vol. 9, no. 3 ; con-

tains extensive bibliography ; also Circular 1-9, 1913.

Per cent

C,H 8OH
by weight



TABLE 1O9 (">''"*) 125
DENSITY OF MIXTURES OF ETHYL ALCOHOL AND WATER IN CRAMS

PER MILLILITER.

Per cent

|C2HBOH
by weight



TABLE 110.

DENSITIES OF AQUEOUS MIXTURES OF METHYL ALCOHOL,
CANE SUGAR, OR SULPHURIC ACID.

1'er cent

by weight
of

substance.



TABLE 111.

DENSITY OF GASES
127

The following table gives the density as the weight in grams of a liter (normal liter) of the gas
at o C, 76 cm pressure and standard gravity (sea-level, 45 latitude), the specific gravity referred

to dry, carbon-dioxide-free air and to pure oxygen, and the weight in pounds per cubic foot. Dry,
carbon-dioxide-free air is of remarkably uniform density; Guye, Kovacs and Wourtzel found maxi-
mum variations in the density of only 7 to 8 parts in 10,000. For highest accuracy pure oxygen
should be used as the standard gas for specific gravities. Observed densities are closely propor-
tional to the molecular weights.

Gas.



128 TABLE 112.

VOLUME OF CASES,

Values ol 1 + .00367 *.

The quantity i + .00367 t gives for a gas the volume at < when the pressure is kept

constant, or the pressure at ( when the volume is kept constant, in terms of the

volume or the pressure at o.

(t) This part of the table gives the values of i -f .00367 1 for values of t between o

and 10 C. by tenths of a degree.

(1) This part gives the values of i + .00367 / for values of / between 90 and 4- 1990

C. by 10 steps.

These two parts serve to give any intermediate value to one tenth of a degree by a sim-

ple computation as follows : In the () table find the number corresponding to

the nearest lower temperature, and to, this number add the decimal part of the

number in the (a) table which corresponds to the difference between the nearest

temperature in the (*) table and the actual temperature. For example, let the

temperature be 682. 2 :

We have for 680 in table (6) the number .... 3-49560

And for 2.2 in table (a) the decimal .00807

Hence the number for 682.2 is 3-5367

(0) This part gives the logarithms of i + .00367 1 for values of t between 49 and

+ 399 C. by degrees.

(d) This part gives the logarithms of i -+-.00367 / for values of t between 400 and 1990

C. by 10 steps.

(a) Values of 1 + .00367 / for Values of / between and 10 G. by Tenths
of a Degree.

t



TABLE 112. {continued).

VOLUME OF GASES.
I29

(b) Values of 1 t .00367 1 lor Values of t between 90 and -f 1990 0. by
10 Steps.

t



1 3o TABLE 112 (continued).

VOLUME OF

(c) Logarithms of 1 + .00367 t lor Values

t



TABLE 112 (continued).

CASES.

of t between 49 and +399 0. by Degrees.

1



132 TABLE 112 (continued).

VOLUME OF GASES.

(d) Logarithms of 1 + .00367 / for Values of t between 400 and 1990 0. by 10 Steps.

t



TABLES 113-114.
133

RELATIVE DENSITY OF MOIST AIR FOR DIFFERENT PRESSURES
AND HUMIDITIES.

TABLE 113. Values of ^, from h = 1 to h = 9, for the Computation of Different Valuei

of the Ratio of Actual to Normal Barometric Pressure.

This gives the density of moist air at pressure h in terms of the same air at normal atmosphere pres-
sure. When air contains moisture, as is usually the case with the atmosphere, we have the
following equation for pressure term: h=B 0.378^, where e is the vapor pressure, and B the
corrected barometric pressure. When the necessary psychrometric observations are made the value
of e may be taken from Tabl* 189 and then 0.3782 from Table 115, or the dew-point may be found
and the value of 0.378* taken from Table 115.

h



34
TABLE 114 (contimud).

DENSITY OF AIR.

Values of logarithms of
-J-

for values of h between 350 and 800.

/*



TABLES 115-116.

TABLE 115. - Values of 0.378e.*

This table gives the humidity term 0.3786, which occurs in the equation 5 = 6

135

760

= 8
-^-

for the calculation of the density of air containing aqueous vapor at pressure

e; do is the density of dry air at normal temperature and barometric pressure, B the ob-
served barometric pressure, and h = B 0.3 78^, the pressure corrected for humidity. For

values of ', see Table 113. Temperatures are in degrees Centigrade, and pressures in milli-

meters of mercury.

Dew
point.



136 TABLE 117.

PRESSURE OF COLUMNS OF MERCURY AND WATER,

British and metric measures. Correct at o C. for mercury and at 4 C. for water.

METRIC MEASURE.



TABLE 118.

REDUCTION OF BAROMETRIC HEIGHT TO STANDARD TEMPERATURE.'

Corrections for brass scale and
English measure.



138
TABLE 119.

REDUCTION OF BAROMETER TO STANDARD GRAVITY.

Free-air Altitude Term. Correction to be subtracted.

The correction to reduce the barometer to sea-level is (gi g)/g X B where B is the barometer reading and g and

|i
the value of gravity at sea-level and the place of observation respectively. The following values were computed for

free-air values of gravity gi (Table 565). It has been customary to assume for mountain stations that the value of

gi = say about J the free-air value, but a comparison of modern determinations of gi in this country shows that little

reliance can be placed on such an assumption. Where gi is known its value should be used in the above correction
term. (See Tables 566 and 567. Similarly for the latitude term, see succeeding tables, the true value of g should be
used if known; the succeeding tables are based on the theoretical values, Table 565.)

Height



TABLE 1 2O.

REDUCTION OF BAROMETER TO STANDARD GRAVITY.*
METRIC MEASURES.

From Latitude o
e
to 45, the Correction is to be Subtracted.

'39

Lati-
tude



140
TABLE 121.

REDUCTION OF BAROMETER TO STANDARD GRAVITY.*
METRIC MEASURES.

From Latitude 46* to 90", the Correction is to be Added.

Lati-
tude.



TABLE 122.

REDUCTION OF BAROMETER TO STANDARD GRAVITY. 41

ENGLISH MEASURES.
From Latitude o* to 45, the Correction is to be Subtracted.

Lati-
tude.



1 42 TABLE 123.

REDUCTION OF BAROMETER TO STANDARD GRAVITY.*
ENGLISH MEASURES.

From Latitude 46 to 90 the Correction is to be Added.

'Lati-
tude.



TABLES 124-125.

TABLE 124. Correction oi the Barometer for Capillarity.*

143

i. METRIC MEASURE.
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TABLE

BAROMETRIC PRESSURES CORRESPONDING TO THE TEMPERATURE
OF THE BOILING POINT OF WATER.

Useful when a boiling-point apparatus is used in the determination of heights. Copied from

the Smithsonian Meteorological Tables, 4th revised edition.

(A) METRIC UNITS.

Tem-
jeraturc.



TABLE 127. 145

DETERMINATION OF HEIGHTS BY THE BAROMETER.

Formula of Babinet : Z = C

C (in meters) = 16000 fi -f- iil+J)~j metric measures.
I- 1000 -I

In which Z = difference of height of two stations in feet or meters.

0) B barometric readings at the lower and upper stations respectively, corrected for all

sources of instrumental error.

t
,
t =r air temperatures at the lower and upper stations respectively.

Values of C.

ENGLISH MEASURES.
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TABLE 128.

VELOCITY OF SOUND IN SOLIDS.
The velocity of sounds in solids varies as VE/P, where E is Young's Modulus of elasticity and p the

density. These constants for most of the materials given in this table- vary through a somewhat
wide range, and hence the numbers can only be .taken as rough approximations to the velocity
which may be obtained in any particular case. When temperatures are not marked, between 10*
and 20 is to bo understood.

Substance.



TABLE 129.

VELOCITY OF SOUND IN LIQUIDS AND GASES.

For gases, the velocity of sound^V^r/P, where P is the pressure, p the density, and 7 the ratio of

specific heat at constant pressure to that at constant volume (see Table 253). For moderate tem-
perature changes Vt

= V d + at) where 0=0.00367. The velocity of sound in tubes increases with
the diameter up to the free-air value as a limit. The values from ammonia to methane inclusive are
for closed tubes.

Substance.



148 TABLES 13O-131.

MUSICAL SCALES,
The pitch relations between two notes may be expressed precisely (i) by the ratio of their vibra-

tion frequencies; (a) by the number of equally-tempered semitones between them (E- b.); also, les

conveniently, (3) by the common logarithm of the ratio in (i); (4) by the lengths of the two portions
of the tense string which will furnish the notes; and (5) in terms of the octave as unity. The ratio

in (4) is the reciprocal of that in (i); the number for (5) is 1/12 of that for (2); the number for

(a) is nearly 40 times that for (3).
Table 130 gives data for the middle octave, including vibration frequencies for three standards of

pitch: Aa=435 double vibrations per second, is the international standard and was adopted by the

American Piano Manufacturers' Association. The "just-diatonic scale" of C-major is usually
deduced, following Chladni, from the ratios of the three perfect major triads reduced to one
octave, thus: 4:5:64:5:6 4:5:6

F A C E (I B D
16 20 24 30 36 45 54

24 27 30 32 36 40 45 48

Other equivalent ratios and their values in E. S. are given in Table 131. By transferring D to the

left and using the ratio 10 : 12 : 15 the scale of A-minor is obtained, which agrees with that of C-major
except that D= 26 2/3. Nearly the same ratios are obtained from a series of harmonics beginning
with the eighth; also by taking 12 successive perfect or Pythagorean fifths or fourths and reducing
to one octave. Such calculations are most easily made by adding and subtracting intervals expressed
in E. S. The notes needed to furnish a just major scale in other keys may be found by successive

transpositions by fifths or fourths as shown in Table 131. Disregarding the usually negligible differ-

ence of 0.02 E. S., the table gives the 24 notes to the octave required in the simplest enharmonic
organ; the notes fall into pairs that differ by a comma, 0.22 E. S. The line

" mean tone
"

is based
on Dom Bedos* rule for tuning the organ (1746). The tables have been checked by the data in
Ellis' Helmholtz's "Sensations of Tone."

TABLE 130.



TABLES 132-135.

MISCELLANEOUS SOUND DATA.

TABLE 132. A Fundamental Tone, Its Harmonics (Overtones) and the Nearest
Tone of the Equal-tempered Scale.

I4Q

No. of partial



1 S TABLES 1 36-137.

TABLE 136. Aerodynamics.

KINETICS OF BODIES IN RESISTING MEDIUM.

The differential equation of a body falling in a resisting medium is diifdt = g ku*. The ve-

locity tends asymptotically to a certain terminal velocity, V'= \/g/&- Integration gives u =

V- tanh (gt/Y), x =
"

log cosh (gt/T) if w = x = / = o.

When body is projected upwards, du/df = g &u2
, and if u is velocity of projection, then

tan"1 u/V = tan"1
(uQ/Y) -gtlV, x = (V*/2g) log (V* + u *) (V* + 2

). The particle comes to

rest when / =
(V/g) tan"1

(u /V) and x = (P/2g) log (i
-

o
2/72

).

For small velocities the resistance is more nearly proportional to the velocity.

Stokes' Law for the rate of fall of a spherical drop of radius a under gravity g gives for the

velocity, t>,

where a and p are the densities of the drop and the medium, t] the viscosity of the medium.
This depends on five assumptions: (i) that the sphere is large compared to the inhomogeneities
of the medium; (2) that it falls as in a medium of unlimited extent; (3) that it is smooth and

rigid; (4) that there is no slipping of the medium over its surface; (5) that its velocity is so

small that the resistance is all due to the viscosity of the medium and not to the inertia of the

latter. Because of 5, the law does not hold unless the radius of the sphere is small compared
with rj/vp (critical radius). Arnold showed that a must be less than 0.6 this radius.

If the medium is contained in a circular cylinder of radius R and length Z,, Ladenburg showed
that the following formula is applicable (Ann. d. Phys. 22, 287, 1907, 23, 447, 1908):

2 ga
2
((7

-
p) __

9 i?(i + 2.40./R) (i -f- 3.*a/)

As the spheres diminish in size the medium behaves as if inhomogeneous because of its molec-
ular structure, and the velocity becomes a function of I/a, where / is the mean free path of the
molecules. Stokes' formula should then be modified by the addition of a factor, viz.:

2 trap ( . I
v\ = - -

(ff
-

p) < i + (0.864 + o.2ge-*-*S w*)) -

(See chapter V, Millikan, The Electron, 1917 ; also Physical Review 15, p. 545, 1920.)

TABLE 137. Flow of Gases through Tubes.*

When the dimensions of a tube are comparable with the mean free path (Z) of the molecules of
a gas, Knudsen (Ann. der Phys. 28, 75, 199, 1908) derives the following equation correct to 5%
even when D/L = 0.4: Q, the quantity of gas in terms of PV which flows in a second through a
tube of diameter Z>, length /, connecting two vessels at low pressure, difference of pressure

PI, equals (P% P\)/W\/p where p is the density of the gas at one bar (i dyne/cm
2

)
= (mo-

ular weight)/(83.i5 X io6 7") and IV' which is of the nature of a resistance, = 2-394I//Z?
3 +

3-I84/Z?
2

. The following table gives the cm3 of air and Hat i bar which would flow through dif-

ferent sized tubes, difference of pressure i bar, room temperature.
/ = icm. D = icm. W = 5.58 Q, cm8 of air, 5200. cm3 of J?2 , 19700.

10 i 27.1 1070. 4050.
i o.i 2710. 10.7 40.5
10 o.i 24300. i.20 3.60

Knudsen derives the following equation, equivalent to Poiseuille's at higher, and to the above at
lower pressures :

Q = (Pz -Pi) {aP + b (i + iP)/(i + fZP)} where a = irD4/i2Si)
S (Poiseuille's constant) ;

b =

i/^\/p, (coefficient of molecular flow) ; c^ =
\/~p Z)/i)-, and r2 = 1.24 \/p D!I\ ; T?

= viscosity coef-
ficient. The following are the volumes in cm3 at i bar, 2OC, that flow through tube, D = i cm,
/ = locm, /'.,- j\ = i bar, average pressure of /'bars:

P = io. Q = 13,000,000. P =
5. Q = 1026. P = i. Q = 1044. cm3

100. 2,227. 4- 1024. o.i 1065.
IO. 1,058. 3. 1025. O.QI IO7O.

When the velocity of flow is below a critical value, /^(density, viscosity, diameter of tube), the
stream lines are parallel to the axis of the tube. Above this critical velocity, Vc ,

the flow is tur-

bulent. Fe
= ki7 pr for small pipes up to about 5 cm diameter, where K is a constant, and r the

tube radius. \Vhcn these are in cgs units, k is io3 in round numbers. Below Fc the pressure drop
along the tube is proportional to the velocity of gas flow ; above it to the square of the velocity.

* See Dushman, The Production and Measurement of High Vacua, General Elec. Rev. 23, p. 493, 1920

SMITHSONIAN TABLES.



TABLES 138-139.

AERODYNAMICS.

TABLE 138. Air Pressures upon Large Square Normal Planes at Different Speeds
through the Air.

The resistance F of a body of fixed shape and presentation moving through a fluid may be written

F = pl?V*f(LV/v)

in which p denotes the fluid density, v the kinematic viscosity, L a linear dimension of the body F the speed of trans-
lation. In general / is not constant, even for constant conditions of the fluid, but is practically so for normal impact
on a plane of fixed size. In the following, p is taken as 1.230 g/l (.0768 lbs./ft

3
).

The mean pressure on thin square plates of i.i m2
(12 ft2), or over, moving normally through air of standard density

at ordinary transportation speeds may be written P =.oo6ov2 for P in kg per m2 and v in km per hour or P =
0032-11*

for P in Ibs. per ft2 and v in miles per hour. The following values are computed from this formula. For smaller areas
the correction factors as given in the succeeding table (Table 139) derived from experiments made at the British National
Physical Laboratory, may be applied.

Units: the first of each group of three columns gives the velocity; the second, the corresponding pressure inkg/m2

when the first column is taken as km per hour; the third in pds/ft2 when in miles per hour.

Veloc-

ity.
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TABLES 140-14J.

AERODYNAMICS.

TABLE 140. Effect of Aspect Ratio upon Normal Plane Pressure (Eiffel).

The mean pressure on a rectangular plane varies with the "aspect ratio," a name introduced

by Langley to denote the ratio of the length of the leading edge to the chord length. The effect

of aspect ratio on normally moving rectangular plates is given in the following table, derived

from Eiffel's experiments.

Aspect ratio.



TABLES 143-145.

AERODYNAMICS.
The following tables, based on Eiffel, show the variation of the resistance coefficient K, with

the angle of impact i, the aspect (ratio of leading edge to chord length), shape and velocity V
in the formula

tf(kg/m
2
)
= KS(m2

)fF(m/sec.)}
2

The value of K for km/hour would be 0.77 times greater.

TABLE 143. Variation of Air Resistance with Aspect and Angle.

Size of plane.



154 TABLES 146-148.

TABLE 146. -Friction.

The required force F necessary to just move an object along a horizontal plane =.fN where N is the normal pressure

on the plane and f the
"
coefficient of friction." The angle of repose * (tan * = F/N) is the angle at which the

plane must be tilted before the object will move from its own weight. The following table of coefficients was com-

piled by Rankine from the results of General Morin and other authorities and is sufficient for ordinary purposes.

Material.



TABLES 149-151.

VISCOSITY.

TABLE 149. Viscosity of Fluids and Solids.

155

The coefficient of viscosity of a substance is the tangential force required to move a unit area of a pkne surface
with unit speed relative to another parallel plane surface from which it is separated by a layer a unit thick of the sub-
stance. Viscosity measures the temporary rigidity it gives to the substance. The viscosity of fluids is generally meas-
ured by the rate of flow of the fluid through a capillary tube the length of which is great in comparison with its diameter.
The equation generally used is

, the viscosity,
Virgd*t

X28Q0 + X)

where y is the density (g/cm3
), d and / are the diameter and length in cm of the tube, Q the volume in cm* discharged

in / sec., X the Couette correction which corrects the measured to the effective length of the tube, h the average head
in cm, m the coefficient of kinetic energy correction, mf/g, necessary for the loss of energy due to turbulent in distinc-
tion from viscous flow, g being the acceleration of gravity (cm/sec/sec), v the mean velocity hi cm per sec. (See Tech-
nologic Paper of the Bureau of Standards, 100 and 112, Herschel^igi 7-1918, for discussion of this correction and X.)

The fluidity is the reciprocal of the absolute viscosity. The kinetic viscosity is the absolute viscosity divided by
the density. Specific viscosity is the viscosity relative to that of some standard substance, generally water, at some
definite temperature. The dimensions of viscosity are ML~lT~l

. It is generally expressed in cgs units as dyne-seconds
per cm2 or poises.

The viscosity of solids may be measured in relative terms by the damping of the oscillations of suspended wires
(see Table 78). Ladenburg (1006) gives the viscosity of Venice turpentine at 18.3 as 1300 poises; Trouton and
Andrews (1904) of pitch at o, 51 X io10

, at 15, 1.3 X to10 ; of shoemakers' wax at 8, 4.7 X io6
; of soda glass at 575,

ii X io12
; Deeley (1908) of glacier ice as 12 X io13

.

TABLE 150. Viscosity of Water in Centipoises. Temperature Variation.

Bingham and Jackson, Bulletin Bureau of Standards, 14, 75, 1917.
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TABLES 162-164.

VISCOSITY.

TABLE 152. Viscosity and Density of Sucrose in Aqueous Solution.

See Scientific Paper 298, Bingham and Jackson, Bureau of Standards, 1917, and Technologic

Paper 100, Herschel, Bureau of Standards, 1917.



TABLE 155.

VISCOSITY OF LIQUIDS-

Viscosities are given in cgs units, dyne-seconds per cm2
,
or poises.

157

Liquid.



j t-g TABLE 166.

VISCOSITY OF LIQUIDS-

Compiled from Landolt and Bornstein, 1912. Based principally on work of Thorpe and
Rogers, 1894-97. Viscosity given in centipoises. One centipoise = o.oi dyne-second per cm2

.

Liquid.



TABLE 157.

VISCOSITY OF SOLUTIONS.

159

This table is intended to show the effect of change of concentration and change of temperature on the viscosity of
solutions of salts in water. The specific viscosity X 100 is given for two or more densities and for several tem-
peratures in the case of each solution, /u.

stands for specific viscosity, and t for temperature Centigrade.

Salt.



i6o TABLE 157 (continued).

VISCOSITY OF SOLUTIONS,

Salt.



TABLE 157

VISCOSITY OF SOLUTIONS.

161

Salt.



162 TABLE 157 (continued).

VISCOSITY OF SOLUTIONS,

Salt.



TABLE 158.

SPECIFIC VISCOSITY.*

I63

Dissolved salt.
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TABLE 159.

VISCOSITY OF GASES AND VAPORS-

The values of /A given in the table are io6 times the coefficients of viscosity in C. G. S. units.

Substance.



TABLE 160.

VISCOSITY OF GASES-

Variation of Viscosity with Pressure and Temperature.

165

According to the kinetic theory of gases the coefficient of viscosity ju
=

i(pc/), p being the

density, c the average velocity of the molecules, / the average path. Since / varies inversely

as the number of molecules per unit volume, pi is a constant and
JJL should be independent of the

density and pressure of a gas (Maxwell's law). This has been found true for ordinary pressures;

below -fa atmosphere it may fail, and for certain gases it has been proved untrue for high pres-

sures, e.g., CO2 at 33 and above 50 atm. See Jeans,
"
Dynamical Theory of Gases."

c depends only on the temperature and the molecular weight; viscosity should, therefore,

increase with the pressures for gases, c varies as the Vr, but
fj,

has been found to increase much
more rapidly. Meyer's formula, juj

=
jUo(i + at), where a is a constant and /A> the viscosity at

o C, is a convenient approximate relation. Sutherland's formula (Phil. Mag. 31, 1893).

is the most accurate formula in use, taking in account the effect of molecular forces. It holds

for temperatures above the critical and for pressures following approximately Boyle's law. It

may be thrown into the form T = KT^/fj, C which is linear in terms of T and T^/JJL, with a

slope equal to K and the ordinate intercept equal to C. See Fisher, Phys. Rev. 24, 1907,

from which most of the following table is taken. Onnes (see Jeans) shows that this formula does

not represent Helium at low temperatures with anything like the accuracy of the simpler formula

The following table contains the constants for the above three formulae, T being always the

absolute temperature, Centigrade scale.

Gas.



1 66 TABLE 161.

DIFFUSION OF AN AQUEOUS SOLUTION INTO PURE WATER.
If k is the coefficient of diffusion, dS the amount of the substance which passes in the time dtt

at the place x, through q sq. cm. of a diffusion cylinder under the influence of a drop of concen-

tration del dx, then

gives the gram-molecules per liter.

-.
dx

k depends on the temperature and the concentration.

The unit of time is a day.

Substance.



TABLE 162.

DIFFUSION OF VAPORS.
167

Coefficients of diffusion of vapors in C. G. S. units. The coefficients are for the temperatures given in the table and
a pressure of 76 centimeters of mercury.*

Vapor.



T 68 TABLES 163-164.

DIFFUSION OF GASES, VAPORS, AND METALS.

TABLE 168. Coefficients of Diffusion for Various Oases and Vapors.*

Gas or Vapor diffusing. Gas or Vapor diffused into.



TABLE 165.

SOLUBILITY OF INORGANIC SALTS IN WATER; VARIATION WITH
THE TEMPERATURE.

The numbers give the number of grams of the anhydrous salt soluble in rooo grams of water at
the given temperatures.

Salt.



TABLES 165 &***)-167.

SOLUBILITY OF SALTS AND CASES IN WATER.
TABLE 165 (concluded)

-
Solubility ol Inorganic Salts In Water ; Variation with the Temperature.

The numbers give the number of grams of the anhydrous salt soluble in 1000 grams of water at

the given temperatures.

Salt.



TABLE 168.

CHANCE OF SOLUBILITY PRODUCED BY UNIFORM PRESSURE.

Pressure
in

atmos-

pheres.



172 TABLE 169.

ABSORPTION OF CASES BY LIQUIDS,



TABLES 17O-172.

CAPILLARITY. -SURFACE TENSION OF LIQUIDS/

173

TABLE 170. -Water and Alcohol In Contact with Air. TABLE 172. -Solutions of Salts In
Water, t



J 74 TABLES 173-176.

TENSION OF LIQUIDS.
TABLE 173. -Surface Tension of

r
Liquid.



VAPOR PRESSURE.
TABLE 176. Vapor Pressure of Elements. 175

Hydrogen.



1 76 TABLE 178.

VAPOR PRESSURES,

The vapor pressures here tabulated have been taken, with one exception, from Regnault's results

The vapor pressure of Pictefs fluid is given on his own authority. The pressures are in centimeters of

mercury.

Tem-
pera-
ture

Cent.



TABLE 178 (continued).

VAPOR PRESSURES.

177

Tem-
pera-
ture,
Centi-

grade.



i 78 TABLES 179-18O.

VAPOR PRESSURE,

TABLE 179. Vapor Pressure of Ethyl Alcohol.*

i



TABLE 181.

VAPOR PRESSURE.*

Carbon Bisulphide, Chlorobenzene, Bromobenzene, and Aniline.

179

Temp.



i8o TABLE 181 (continued).

VAPOR PRESSURE.

Methyl Salicylate, Bromonaphthalene. and Mercury.

Temp.



TABLE 182. jgf
VAPOR PRESSURE OF SOLUTIONS OF SALTS IN WATER.*

The first column gives the chemical formula of the salt. The headings of the other columns give the number of

gram-molecules of the salt in a liter of water. The numbers in these columns give the lowering of the vapor
pressure produced by the salt at the temperature of boiling water under 76 centimeters barometric pressure.

Substance.



TABLE 182 (continued).

VAPOR PRESSURE OF SOLUTIONS OF SALTS IN WATER.

Substance.



TABLES m-185. ^3
PRESSURE OF SATURATED AQUEOUS VAPOR.

The following tables for the pressure of saturated aqueous vapor are taken princi-

pally from the Fourth Revised Edition (1918) of the Smithsonian Meteorological Tables.

TABLE 183. At Low Temperatures, - 69 to C over Ice.

Temp.



184
TABLE 185 (continued).

PRESSURE OF SATURATED AQUEOUS VAPOR.

TABLE 185. For Temperatures to 374 C over Water.

Tempera-
ture.



TABLES 186-188.

TABLE 186. Weight in Grams of a Cubic Meter of Saturated Aqueous Vapor.
185

Temp.



i86 TABLE 189.

PRESSURE OF AQUEOUS VAPOR IN THE ATMOSPHERE.

This table gives the vapor pressure corresponding to various values of the difference / h between the readings of

dry and wet bulb thermometers and the temperature li of the wet bulb thermometer. The difference t t\ is given

by two-degree steps in the top line, and /i by degrees in the first column. Temperatures in Centigrade degrees, vapor
pressures in millimeters of mercury are used throughout the table. The table was calculated for barometric pressure
B equal to 76 centimeters. A correction is given for each centimeter at the top of the columns. Ventilating velocity
of wet thermometer about 3 meters per second.

/I



TABLE 190.

RELATIVE HUMIDITY.
i87

Vertical argument is the observed vapor pressure which may be computed from the wet and dry-
bulb readings through Table 188 or 189. The horizontal argument is the ebserved air temperature
(dry-bulb reading). Based upon Table 43, p. 142, Smithsonian Meteorological Tables, 3d Revised

Edition, 1907.

Vapor



1 88 TABLE 190 (continued).

RELATIVE HUMIDITY,

Vapor
Pressure

Air Temperatures, dry bulb, Centigrade.

80 21 82 23 24 26 26 27 28 29 30 31 32 33 34 35 36 37 38 3 39 40C

1
2
3
4

5
6

.
7
8
9

10
11
12
13
14

15
16
17
18
19

20
21
22
23
24

25
26
27
28
29

6 5
12 II

17 16

23 22

29 27

34
3J

40 38
46 43
5 2 49

69 65
75 ?o
So 76

55544443
10 10 9 8 8 8 7 7

15 14 14 13 12 ii ii 10

20 19 18 17 16 15 14 13

3333332222266655554444
10 9988776665
13 12 ii ii 10 10 9 9 8 8 7

25 24

31 29
36 34
41 38
46 43

5i 48
56 53
61 58
66 62

71 67

23 21 20

27 26 24

32 30 28

36 34 32

41 38 36

45 43 40

50 47 44

54 5i 48

63 60 56

19 18 17

23 21 20

26 25 24

3 29 27

34 32 30

38 36 34
42 39 37

45 43 40
49 46 44

53 50 47

16 15 14 13 13 12 ii ii

19 18 17 16 15 14 14 13
22 21 20 19 l8 17 l6 15

25 24 23 21 20 19 l8 17

29 27 25 24 23 22 20 19

86 8i 76 72 68 64 60 57

92 87 82 77 72 68 64 60

98 92 87 81 77 72 68 64
-

97 92 86 81 77 72 68
- -

97 91 86 81 76 72

- - - 96 90 85 80 76
-

95 89 84 79
- -- - - ioo 94 88 83----- 98 92 87------ 96 91

- ioo 94-------98

53 50
57 54
61 57

64 60
68 64

71 67

75 7i

78 74
82 77

85 81

89 84
93 87

96 91
ioo 94

32 30 28 27

35 33 3 1 29

38 36 34 32
4i 39 37 35
44 42 40 37

48 45 42 40
51 48 45 43
54 5 r 48 45
57 54 5 1 48
60 57 54 5 1

63 60 57 53
67 63 59 56
70 66 62 59
73 69 65 62

76 72 68 64

25 24 23 21

28 26 25 24

30 29 27 26

33 31 29 28

35 33 32 30

38 36 34 32
4i 38 36 34
43 41 38 36
46 43 4 1 39
48 45 43 4i

51 48 45 43
53 5 48 45

56 53 50 47

58 55 S 2 49
61 57 54 5 1

79 75 71 67 63 60 56 54

83 78 74 70 66 62 59 56
86 81 76 72 68 65 61 58

89 84 79 75 71 67 63 60

92 87 82 78 73 69 65 62

10 10 9
12 12 II

14 13 J 3
16 15 15
18 17 16

20 19 18

22 21 20

24 23 22

26 25 24
28 27 26

3 29 27

3 2 3 1 29

34 33 3 1

37 35 33
39 36 35

4i 38 36
43 40 38

45 42 40
47 44 42

49 46 44

51 48 46

53 50 47

55 52 49
57 54 5i

59 56 53

30 ---------
95 90 85 80 76 72 68 64 61 58 55

31 ---------- 98 93 88 83 78 74 70 66 63 60 56
32 ---------- -

96 91 86 81 77 72 69 65 62

33 -----_--__ -
99 93 88 84 79 75 71 67 63

34 __---__-__ - - Q6 91 86 81 77 73 69 65 62

35 ------
99 94 89 84 79 75 7* 67 64

36 __________ - - - 96 91 86 81 77 73 69 66
37 ---_----__ - - - 99 94 89 84 79 75 71 67
38 ---_----__ - - - -

96 91 86 81 77 73 69
39 --------__ ____ 99 93 88 83 79 75

40 -___--____ _____ 96 9o868i7773
41 _________ _____ 98 93 88 83 79 75
42 _________ _ _ _ _ _ I00 95 90 85 81 77
43 -------___ ______ 97 92 87 83 78--------- ______ 99 94 89 84 80

45 --_--__-__ _______ 96 91 86 82
46 -____________ 99 93 88 84
47 _---______ ________ 95 90 86
48 ---------- ________ 97 93 87__________ ________ 99 94 89

50 __----____ _________ 96 91
51 ---_____ __________ 98 93
52 - 95

54

55

MITHSONIAN TABLES.



TABLES 190 (concluded), jgj.
TABLE 190 (concluded). Relative Humidity.

(Data from 20 to 60 C. based upon Table 185).

189

Vapor



TABLES 192-193.

CORRECTION FOR TEMPERATURE OF EMERGENT MERCURIAL
THERMOMETER THREAD-

When the temperature of a portion of a thermometer stem with its mercury thread differs

much from that of the bulb, a correction is necessary to the observed temperature unless the

instrument has been calibrated for the experimental conditions. This stem correction is pro-

portional to nft(T
-

/), where n is the number of degrees in the exposed stem, ft the apparent

coefficient of expansion of mercury in the glass, T the measured temperature, and / the mean

temperature of the exposed stem. For temperatures up to 100 C, the value of is for Jena

i6i" or Greiner and Friedrich resistance glass, 0.000159, for Jena 59"', 0.000164, and when of

unknown composition it is best to use a value of about 0.000155. The formula requires a knowl-

edge of the temperature of the emergent stem. This may be approximated in one of three ways:

(1) by a "fadenthermometer" (see Buckingham, Bulletin Bureau of Standards, 8, p. 239, 1912);

(2) by exploring the temperature distribution of the stem and calculating its mean tempera-

ture; and (3) by suspending along the side of, or attaching to the stem, a single thermometer.

Table 192 is taken from the Smithsonian Meteorological Tables, Tables 193-195 from Rimbach,

Z. f. Instrumentenkunde, 10, p. 153, 1890, and apply to thermometers of Jena or resistance

glass.

TABLE 192. Stem Correction for Centigrade Thermometers.

Values of o.oooissn(T f).



TABLES 194, 195.

CORRECTION FOR TEMPERATURE OF MERCURY IN THERMOMETER
STEM (continued).

TABLE 194. - Stem Correction lor Thermometer of Jena Glass (0-360 0).

Degree length i to 1.6 mm.; /=the observed temperature; /= that of the surrounding air

one dm. away ;
;/= the length of the exposed thread.

CORRECTION TO BE ADDED TO THERMOMETER READING.*



IQ2 TABLES 196-199.

THERMOMETERS.
TABLE 196. Oas and Mercury Thermometers.

If /H, /M, 'cos, 'i6, 69, 'T, are temperatures measured with the hydrogen, nitrogen, carbonic acid,
lu

> 59
m

>
and " verre dur

"
(Tonnelot), respectively, then

,H _ /T =*~r^ E 0-61859+ 0.004735 1./ 0.00001 1 577-'
2
]*

[0.33386+ 0.0039910.^ 0.000016678.^]*.

[0.67039 -j- 0.0047351./ o.ooooi 1 577-'
2
]t

0.31089 + 0.0047351-'

* Chappuis ; Trav. et Mem. du Bur. internal, des Poids et Mes. 6, 1888.

t Thiesen, Scheel, Sell; Wiss. Abh. d. Phys. Techn.Reichanstalt,2, 1895; Scheel; Wied. Ann. 58, 1896; D. Mech.

Ztg. 1897.

TABLE 197. tH - tl6 (Hydrogen-16m ).



TABLES 2OO, 2O1 .

AIR AND MERCURY THERMOMETERS.

TABLE 200. IAIR t16 . (Air IB.)

00.



194 TABLES 202-2O4.

GAS, MERCURY, ALCOHOL, TOLUOL, PETROLETHER, PENTANE,
THERMOMETERS.

TABLE 202. t!i
tji (Hydrogen-Mercury).

Temper-
ature, C.



TABLES 2O5-2O7.

TABLE 205. Platinum Resistance Thermometers.

Callendar has shown that if we define the platinum temperature, pt, by pt = ioo<{ (R R )

/(Rioo Ro) } ,
where R is the observed resistance at t C., R that at O, R100 at 100, then the re-

lation between the platinum temperature and the temperature t on the scale of the gas thermo-
meter is represented by t pt= S-{ t/ 100 i }-t/ioo where 8 is a constant for any given sample
of platinum and about 1.50 for pure platinum (impure platinum having higher values). This holds

good between 23 and 450 when 5 has been determined by the boiling point of sulphur (445.)
See Waidner and Burgess, Bui. Bureau Standards, 6, p. 149, 1909. Also Bureau reprints 124,

143 and 149.

TABLE 206. Thermodynamic Temperature of the Ice Point, and Seduction to

Thermodynamic Scale.

Mean= 273.13 C. (ice point).

For a discussion of the various values and for the corrections of the various gas thermometers to

the thermodynamic scale see Buckingham, Bull. Bureau Standards, 3, p. 237, 1907.
Scale Corrections for Gas Thermometers.

Temp.
c.



196 TABLES 208-209.

TABLE 208. Standard Calibration Curve for Pt Pt. Rh. (10% Rh.) Thermo-Element.

Giving the temperature for every 100 microvolts. For use in conjunction with a deviation curve determined by cali-

bration of the particular element at some of the following fixed po
r

nts:

Water



TABLES 21O-213.

MECHANICAL EQUIVALENT OF HEAT.
TABLE 210. Summary of Older Work.

197

Taken from J. S. Ames, L'equivalent mecanique de la chaleur, Rapports presentes au congres
international du physique, Paris, 1900.

Reduced to Gram-calorie at 20 C. (Nitrogen thermometer).

Joule ....



ing TABLE 214.

MELTING POINTS OF THE CHEMICAL ELEMENTS-
The metals in heavier type are often used as standards.
The melting points are reduced as far as possible to a common (thermodynamic) temperature

scale. This scale is defined in terms of Wien's law, with Ca taken as 14,350, and on which the

melting point of platinum is 1755 C (Nernst and Wartenburg, 1751; Waidner and Burgess,
1753; Day and Sosman, 1755; Holborn and Valentiner, 1770; see C. R. 148, p. 1177, 1909).
Above 1100 C, the temperatures are expressed to the nearest 5 C. Temperatures above the

platinum point may be uncertain by over 50 C.

Element.



TABLE 215.

BOILING-POINTS OF THE CHEMICAL ELEMENTS.

I 99

Element.



200 TABLES 216-218.

TABLE 216. Effect of Pressure on Melting Point.

Substance.



TABLE 219. 2OT
DENSITIES AND MELTING AND BOILING POINTS OF INORGANIC COMPOUNDS-

Substance.



2O2 TABLE 219 (continued).

DENSITIES AND MELTING AND BOILING POINTS OF INORGANIC COMPOUNDS-

Substance.



TABLE 220. 2O3

DENSITIES, MELTING-POINTS, AND BOILING-POINTS OF SOME
ORGANIC COMPOUNDS.

N.B. The data in this table refer only to normal compounds.



2O4 TABLE 22O (continued).

DENSITIES, MELTING-POINTS, AND BOILING-POINTS OF SOME
ORGANIC COMPOUNDS.

Substance.



205
TABLE 220 (concluded).

DENSITIES AND MELTING AND BOILING POINTS OF SOME ORGANIC COMPOUNDS.

(g) MISCELLANEOUS.

Substance



206 TABLES 221-223. MELTING-POINTS,
TABLE 221. Melting-point of Mixtures.

Metals.



TABLE 224. 2.OJ

TRANSFORMATION AND MELTING TEMPERATURES OF LIME-ALUMINA-
SILICA COMPOUNDS AND EUTECTIC MIXTURES.

The majority of these determinations are by G. A. Rankin. (Part unpublished.)

Substance.

CaSi03 .

CaSiO3 .

Ca2Si04 .

Ca3Si2O7 .

Ca3SiO5 .

Ca3Al2 6 .

Ca5Al 6Oi4
CaAL04 .

Al2Si05 .

CaAl2 Si2O 8

Ca2 A]2SiO7
Ca3Al2SiO 8

CaO A12O3 SiO2

48.2

48.2

51.8

51.8

35-

35-

35-

41.8

73.6 26.4

62.2 37-8

47-8 52.2
-

354 64.6
2t8 Hi

36.620. i

40.8 37.2

5-9 3-9

37-i

43-3
22.0

18.2

Transformation.

Melting
a to ft and reverse

Melting
7 to )8 and reverse

& to a and reverse

Dissociation into Ca2SiO4 and

liquid
Dissociation into Ca2SiO4 and

CaO
Dissociation into CaO and liquid

Melting
Melting
Melting
Melting
Melting
Melting
Dissociation into Ca2SiO4+

Ca2Al2SiO 7 and liquid . .

Temp.

I 540 2

I2OO -\-2

2130 -4^10

675 5

I42O -j-2

1475 5

1335 5

EUTECTICS. EUTECTICS.

Crystalline Phases. %CaO A12 3 Si02
Melting
Temp.

Crystalline Phases. %CaO A12O3 SiO2
Meltin

Temp.

CaSiO3,SiO2

Ca,SiO3 j

3CaO,2SiO2 I

Ca,SiO4 j

CaO.
j

Al2Si0 5)SiO2

Al2SiO5,Al2O3

CaAl2Si 2O 8 1

CaSiO 3 ]

CaAl2 Si2O 8 1

Si02
j

CaAl2 Si2O 8 i

SiO2,CaSiO3 \

Ca2Al2SiO 7 i

Ca2Si04

A12 3

CaAl2Si2O 8
j

CaAl2Si 2O8 I

Al2Si0 5,SiO2 j

Ca2Al2SiO 7 i

Ca3AlioOi 8 J

CaoAl2SiO 7 j

CaAl2 4

Ca2Al 2SiO 7

CaAl2O4

Ca3Al 10 18

CaAl2Si2O 8 I

Ca2Al 2Si0 7 j

Ca2Al2SiO 7
;

Ca3Si2 7

CaSi03

Ca2Al 2Si07

CaSi03 j

37-

54-5

67.5
-

-
'3-

64.

34-i

10.5

23.2

49.6

!9-3

9.8

35-

37-8

37-5

30.2

47.2

45-7

18.6

19-5

14.8

23-7

39-3

19.8

50.8

5 2 -9

S3- 2

36.8

1 1.8

13.2

63-

45-5

32-5

87.

36.

47-3

70.

62.

26.7

41.4

70.4

14.2

9-3

9-3

33-

41.

41.1

1436

2065^
1610
1810

1299

1359

1165

'545

1547

1345

'55 2

1512

1505

1385

1310

1316

CaAl 2Si2O8

Ca2Al2SiO 7

CaSiO3

CaAl2Si2O 8

Ca2Al2SiO 7

A12 3

Ca2SiO4a2SiO4 )

aAl2O4

a5A! 6Oi4 )

38. 20. 42.

29-2 39- 3 1 -8

49-5 43-7 6.8

1265

1380

1335

QUINTUPLE POINTS.

Ca2 Al2Si0 7

Ca3Si0 7

Ca2SiO4

Ca2Al 2SiO 7

Ca2Si04

CaAl2O4

CaAl2Si2O8

A1 2 3

Al2SiO6

48.2 11.9 39.9

Ca2Al2SiO 7

A12 3

48.3 42. 9-7

15-6 36-5 47-9

31.2 44.5 24.3

1335

1512

1475

QUADRUPLE POINTS.

3CaO.2SiO2

2CaO.Si02
55-5 44-5 H75

The accuracy of the melting-points is 5 to 10 units. Geophysical Laboratory. See also Day and Sosman, Am. J.
of Sc. xxxi, p. 341, ign.

SMITHSONIAN TABLES.



2O8 TABLE 225.

LOWERING OF FREEZING-POINTS BY SALTS IN SOLUTION.
In the first column is given the number of gram-molecules (anhydrous) dissolved in 1000 grams

of water; the second contains the molecular lowering of the freezing-point ; the freezing-point
is therefore the product of these two columns. After the chemical formula is given the molecular

weight, then a reference number.



TABLE 225 (continued). 2O9
LOWERING OF FREEZING-POINTS BY SALTS IN SOLUTION (continued).



210 TABLE 226.

RISE OF BOILING-POINT PRODUCED BY SALTS DISSOLVED IN WATER.*

This table gives the number of grams of the salt which, when dissolved in 100 grams of water, will raise the boil-

ing-point by the amount stated in the headings of the different columns. The pressure is supposed to be 76
centimeters.

Salt.



TABLE 227. 211

FREEZING MIXTURES.*

Column i gives the name of the principal refrigerating substance, A the proportion of that substance, B the proper-
tion of a second substance named in the column, C the proportion of a third substance, D the temperature of the

substances before mixture, E the temperature of the mixture, /''the lowering of temperature, G the temperature
when all snow is melted, when snow is used, and H the amount of heat absorbed in heat units (small calories when
A is grams). Temperatures are in Centigrade degrees.

Substance.



212 TABLE 228.

CRITICAL TEMPERATURES, PRESSURES, VOLUMES, AND DENSITIES OF
GASES.*

6 = Critical temperature.

P= Critical pressure in atmospheres.

<f>
= Critical volume referred to volume at o and 76 centimeters pressure.

d = Critical density in grams per cubic centimeter.

a, b, Van der Waals constants in (p +
~^) ( v ~ b

)
= l + at '

Substance.



TABLE 229.

CONDUCTIVITY FOR HEAT, METALS AND ALLOYS-
213

The coefficient k is the quantity of heat in small calories which is transmitted per second through
a plate one centimeter thick per square centimeter of its surface when the difference of tempera-
ture between the two faces of the plate is one degree Centigrade. The coefficient k is found to

vary with the absolute temperature of the plate, and is expressed approximately by the equation
k t

= & [i + a.(t
-

Jo)]. o is the conductivity at tQ ,
the lower temperature of the bracketed pairs

in the table, kt that at temperature /, and a is a constant, kt in g-cal. per degree C per sec. across
cm cube = 0.239 x k t in watts per degree C per sec. across cm cube.

Substance



214
TABLES 230-231.

CONDUCTIVITY FOR HEAT.

TABLE 230. Thermal Conductivity at High Temperatures.

(See also Table 229 for metals; k in gram-calories per degree centigrade per second across a centimeter cube.)



TABLE 232. 215
THERMAL CONDUCTIVITIES OF INSULATING MATERIALS.

Conductivity in g-cal. flowing in i sec. through plate i cm thick per cm2 for i C difference
of temperature.

Material.



2l6 TABLES 233-234.

CONDUCTIVITY FOR HEAT.
TABLE 233. Various Substances.

kt is the heat in gram-calories flowing in i sec. through a plate I

drop in temperature.

cm. thick per sq. cm. for iC

Substance.

Asbestos fiber ....
85% magnesia asbestos .

Cotton . .

Eiderdown

Lampblack, Cabot number 5

Quartz, mesh 200 ....
Poplox, popped Na 2SiO 3 .

Wool fibers .

Density,

0.201

.216

.021

.IOI

.0021

.109

193

1.05

0.093

.015

.054

.192

500
100

500
100

500
500
200

500

.00019

.00016

.00017

.000111

.000071

.00015

.000046

.000074

.000107

.00024

.000091

.000160

.000118

.000085

.000054

Substance.

Asbestos paper . .

Blotting paper . . .

Portland cement . .

Cork, t,oC . . .

Chalk
Ebonite, t, 49 . . .

Glass, 'mean . . .

Ice. ......
Leather, cow-hide

" chamois . .

Linen
Silk .......
Caen stone, limestone
Free stone, sandstone

0.00043
.00015

.00071

.0007?

.0020

.00037

.002

.0057

.00042

.00015

.OOO2I

.000095

.0043

.0021

Authority.

Lees-Chorl-
ton.

Forbes.

\
H, L, D,

J see p. 205.
Various.
Neumann.

I Lees-Chorl-
ton.

[ H, L, D.

Left-hand half of table from Randolph, Tr. Am. Electroch. Soc. XXI ., p. 550, 1912 ; k
t (Randolph's values)

is mean conductivity between given temperature and about ioC. Note effect of compression (density). The

following are from Barratt Proc. Phys. Soc., London, 27, 81, 1914-

Substance.

Brick, fire .

Carbon, gas
Ebonite . .

Fiber, red

Glass, soda

Silica, fused .

Density.

'73
1.42

1.19

1.29

2.59

2.17

at 2oC. at iooC.

.00110

.0085

.00014

.00112

.00172

00237

.00109

.0095

.00013

.00119

.00182

.00255

Substance.

Boxwood .

Greenheart

Lignumvitae
Mahogany
Oak. . .

Whitewood

Density.

0.90
1.08

1.16

-55

0.65

0.58

at 2oC. at iooC.

.00036

.00112

.OOO6O

.00051

.00058

.00041

.00041

.00110

.00072

.00060

.00061

.00045

The following values are from unpublished data furnished by C. E. Skinner of the Westinghouse Co., Pitts-

burgh, Penn. They give the mean conductivity in gram-calories per sec. per cm. cube per C. when the mean

temperature of the cube is that stated in the table. Resistance in thermal ohms (watts/inch
2/inch/C.)=

10.6

conductivity.

Substance.
Grams,
per cm 3

.

Conductivity.

00 C. 200 C. 300 C. 400 C. 500 C

Safe

temp.

Air-cell asbestos

Cork, ground
Diatomit
Infusorial earth, natural .

" " h'd pressed blocks

Magnesium carbonate ....
Vitnbestos

0.232
.168

.326

.506

.321

450
.362

0.00034
.00015
.00028

.00034

.00030

.00023

.00049

0.00043
.00019

.00032

.00032

.00029

.00025

.00066

0.00050

.00037

.00040

.00033

.00025

.00079

0.00042

.00036

.00090

0.00046

320
i Ho

6cx)

400
300
600

TABLE 234. Water and Salt Solutions.

Substance.



TABLES 235-237.

TABLE 235. Thermal Conductivity of Organic Liquids.

Substance.



2l8 TABLE 238.

LINEAR EXPANSION OF THE ELEMENTS-

In the heading of the columns / is the temperature or range of temperature; C is the coefficient of linear expansion;

A\ is the authority forC; M is the mean coefficient of expansion between o and 100 C; a and are the coefficients

in the equation It = fc(i + at + /8t
2
), where lo is the length at o C and It the length at t C; At is the authority for

a, ft, and J/. See footnote for Molybdenum and Tungsten.

Substance.



TABLE 239.

LINEAR EXPANSION OF MISCELLANEOUS SUBSTANCES.
2IQ

The coefficient of cubical expansion may be taken as three times the linear coefficient. / is the temperature or range
of temperature, C the coefficient of expansion, and A. the authority.

Substance.



32O TABLE 24O.

CUBICAL EXPANSION OF SOLIDS,

If vz and v\ are the volumes at /2 and t\ respectively, then 7/2
= ^(1 + C&t), C being the

coefficient of cubical expansion and A/ the temperature interval. Where only a single temperature
is stated C represents the true coefficient of cubical expansion at that temperature.*

Substance.



TABLE 241. 221
CUBICAL EXPANSION OF LIQUIDS.

If V is the volume at o then at t the expansion formula is Vt
= V (i + at + ftfl + 7/

8
).

The table gives values of a, and y and of C, the true coefficient of cubical expansion, at 20
for some liquids and solutions. A/ is the temperature range of the observation and A the

authority.

Liquid.



222 TABLE 242.

COEFFICIENTS OF THERMAL EXPANSION,

Coefficients of Expansion of Gases.

Pressures are given in centimeters of mercury.

Coefficient at Constant Volume.



TABLE 243.

SPECIFIC HEAT OF THE CHEMICAL ELEMENTS-
223

Element.



224
TABLE 243 (continued).

SPECIFIC HEAT OF THE CHEMICAL ELEMENTS-

Element.



TABLE 244.

HEAT CAPACITIES. TRUE AND MEAN SPECIFIC HEATS. AND

LATENT HEATS AT FUSION.

225

The following data are taken from a research and discussion entitled "Die Temperatuiv
Warmeinhaltskurven der technisch wichtigen Metalle," Wiist, Meuthen und Durrer, For-

schungsarbeiten herausgegeben vom Verein Deutscher Ingenieure, Springer, Heft 204, 1918.
(a) There follow the constants of the equation for the heat capacity: W = a + bt + cf2

;
for

the mean specific heat: 5 = at~l + b + ct; and for the true specific heat: s' - b + ict\ also the
latent heats at fusion. (See also Table 243, pp. 223-224.)

Ele-

ment.



226 TABLE 245.

ATOMIC HEATS (60 K). SPECIFIC HEATS (60 K). ATOMIC VOLUMES OF THE ELEMENTS.

The atomic and specific heats are due to Dewar, Pr. Roy. Soc. SgA, 168, 1913.

Ele-
ment.



TABLES 246-247.

TABLE 246. Specific Heat of Various Solids.

227

Solia.



228 TABLES 248-260.

TABLE 248. Specific Heat of Various Liquids.

Liquid.



TABLES 251-252.

SPECIFIC HEATS OF MINERALS AND ROCKS.
TABLE 251. Specific Heat of Minerals and Rocks,

229

Substance.



230 TABLE 253.

SPECIFIC HEATS OF GASES AND VAPORS.

Substance.



TABLE 254.

LATENT HEAT OF VAPORIZATION.

2 3 I

The temperature of vaporization in degrees Centigrade is indicated by /, the latent heat in

large calories per kilogram or in small calories or therms per gram by r; the total heat from o

C, in the same units by H. The pressure is that due to the vapor at the temperature t.

i

(

Substance.



232
TABLES 256-257.

LATENT HEAT OF VAPORIZATION-

TABLE 255. Formulae for Latent and Total Heats of Vapors.

r latent heat of vaporization at * C; B
scale. Same units as preceding table.

total heat from fluid at o to vapor at * C. T refers to Kelvin

Acetone, CHO



TABLE 258.

LATENT AND TOTAL HEATS OF VAPORIZATION OF THE ELEMENTS.
233

The following table of theoretical values is taken from J. W. Richards, Tr. Amer. Electrcch.

Soc. 13, p. 447, 1908. They are computed as follows: 8Tm (8 = mean value atomic specific

heat, Dulong-Petit constant, o to T K, Tm = melting point, Kelvin scale) plus 2Tm (latent

heat of fusion is approximately 2Tm , ]. Franklin Inst. 1897) plus io(Tb Tm ] (specific heat

of liquid metals is nearly constant and equal to that of the solid at Tm , Tj, = boiling point, Kelvin

scale) plus 23 Tb (23 = Trouton constant; latent heat of 'vaporization of molecular weight

in grams is approximately 23 times T&) = 33 T&. Total heat of vapor when raised from 273 K
(o C) equals 33^6 1700 (mean value of Dulong-Petit constant between o and 273K is

1700). Heats given in small calories per gram.

Ele-
ment.



234
TABLE 259.

PROPERTIES OF SATURATED STEAM.
Metric and Common Units.

Reprinted by permission of the author and publishers from " Tables of the Properties of Steam," Cecil H Peabody,

8th edition, rewritten in 1009. Calorie used is heat required to raise i Kg. water from 15 to 16 C. B 1 . U. is heat

required to raise i pd. water from 62 to 63 F. Mechanical Equiv. of heat used, 778 ft. pds. or 427 in. Kg. Specific

heats, see Barnes-Regnault-Peabodv results, p. 227. Heat of Liquid, q. heat required to raise i Kg. (i It) to corre-

sponding temperature from o C. Heat of vaporization, r- heat required to vaporize i

Kg^ (i Ib.) at corresponding tem-

perature to dry saturated vapor against corresponding pressure; see Hennmg, Ann. der Phys., 21, p. 849, 1906. lotal

grfl=
'i



TABLE 259 (continued}.

PROPERTIES OF SATURATED STEAM. 235

Metric and Common Units.

If a is the reciprocal of the Mechanical Equivalent of Heat, p the pressure, s and a the specific volumes of the
liquid and the saturated vapor, s .<r, the change of volume, then the heat equivalent of the external work is Apu =:
Ap(s <r). Heat equivalent of internal work, p r Apu. For experimental sp. vols. see Knoblauch l.inde and
Klebe, Mitt, iiber Forschungarbeiten, 21, p. 33, 1905. Entropy = S dQ/T, where dQ = amount of heat added at ab-
solute temperature T. For pressures of saturated steam see Holborn and Henning, Ann. der Phys. 26 p. 831 1008'
for temperatures above 205 C. corrected from Regnault.



236
TABLE 259 (continued).

PROPERTIES OF SATURATED STEAM
Metric and Common Units.

jilt



TABLE 259 (continued).

PROPERTIES OF SATURATED STEAM.
Metric and Common Units.

237

Temperature

r*

Decrees

Centigrade.



238
TABLE 259 (continued).

PROPERTIES OF SATURATED STEAM
Metric and Common Units.

ITTf



TABLE 253 (continued).

PROPERTIES OF SATURATED STEAM.
Metric and Common Units.

239

Temperature

r

Degrees

Centigrade.



240 TABLE 260.

LATENT HEAT OF FUSION,

This table contains the latent heat of fusion of a number of solid substances in large calories per

kilogram or small calories or therms per gram. It has been compiled principally from Landolt
and Bernstein's tables. C indicates the composition, 7" the temperature Centigrade, and H the

latent heat.

Substance.



TABLES 261-262.

TABLE 261. Heat of Combustion of Some Carbon Compounds.

241

Compound.



242
TABLE 263.

HEAT VALUES AND ANALYSES OF VARIOUS TYPES OF FUEL-

(a) COALS.

Coal.

.ignite
f Low grade.

\ High grade
b-bitu- Low jzrade.

minous i High grade
itu- f Low grade,
minous \ High gni.U-
emi-bitu- ( Low grade
minous \ Highgrade
mi-anthracite
thra- I Low grade,
cite 1 High grade
en I Low grade,
coke I High grade

38.81
33 38
22.71
15-54
11.44
3-42

I:

7

*
2.07
2.76
3-33
1. 92
1.14

I!

25-48
27-44
34.78
33-03
33-93
34.36
U.5
14-57
9.81
2.48

27.29
29.62
36.60
46.06
43.92
58.83
75.5
78.20
78.82
82.07
84.28
88.87
94-66

8.42
9-56
5-91
5-37

10.71
3-39
7-3
3-97
9-30
12.69
9.12
8.99
3-57

0.97
0-94
0.29
0.58
4-94
0:58
0.99
0.54
1-74
0-54
0.60
1.18
o. 69

7.09
6.77
6.14
5-89
5-39
5-25
4-58
4.76
3-62
2.23
3-08

37-45
4I-3I
52.54
60.08
60.06

77-98
80.65
84.62
80.28

79.22
8i.35

0.50
0.67
1-03
1-05
1.02

1.29
1.82
1.02

1.47
0.68
0.79

45-57
4-75
34-09
27-03
17.88
11.51
4.66
5-09
3-59
4-64
5.o6

s,

3526
3994
5"5
5865
6088

7852
7845
8166

7612
6987
7417
7946
8006

6347
7189
9207
10557
10958

14121
14699
13702
12577
I335I
14300
14410

PEATS AND WOOD (air dried).

Vol.

hydro-
carbon.

Fixed
carbon.

Ash.
Sul-

phur.
Hydro-
gen.

Carbon.
Nitro-

gen.
Oxygen.

Calories

per
gram.

B.T.U.'

per
pound.

Peats:
Franklin Co., N. Y.. .

Sawyer Co., Wis
Woods:

Oak, dry
Birch, dry
Pine, dry

67.10
56.54

28.99
27.92

3-Qi
15-54

0.37
0.29
0.37

0.15
0.29

5-93
4.71

6.02
6.06
6. 20

57-17
51.00

50.16
48.88
50.31

5726
4867

4620
4771
5085

10307
8761

8316
8588
9153

(c) LIQUID FUELS.

Fuel. Specific gravity
at 15 C.

Calories per gram.
British thermal units

per pound.

Petroleum ether
Gasoline
Kerosene
Fuel oils, heavy petroleum or refinery residue

Alcohol, fuel or denatured with 7 to 9 per
cent water and denaturing material

.684-. 694

.710-. 730

.790-. 800

.960-. 970

.8196-. 8202

I22IO-I2220
11100-11400
IIOOO-II200
I0200-I050O

6440-6470

21978-21996
19980-20520
I9800-20I60
18360-18900

II592-U646

(d) GASES.

Gas.

Natural gas, Cal
Natural gas, Pa
Natural gas, France
Coal gas, low grade
Coal gas, high grade
Water gas, low tfrade

Water gas, high grade

34-So
57-2
52.88
36.4

28.80
18.8
2.16

23.2

C2H2

45_8

9-50

"llumi-

i ants.

1.70
0.8

3-47
14.05

C02

0.58
O. 20
2.00

3-02

CO

10.40
3-20

36.8
19.1

O.I

0.40

1-15

N2

0.90
0.90
0.48

14. 20
18.0

4.69
3-08

Cal.

per
m"

8339
12635
9364
6151
3736
2642
6140

B.T.U
per

cu. ft.

937
1420
1052
657
399
283
657

CiH. Data from the Geological Survey, Poole's The Calorific Power of Fuels, and for natural gas from Snelline
(Van Nostrand s Chemical Annual).

SMITHSONIAN TABLES.



TABLE 264.

CHEMICAL AND PHYSICAL PROPERTIES OF FIVE DIFFERENT
CLASSES OF EXPLOSIVES.

243

Explosive.
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TABLES 265-268.

TABLE 265. - Additional Data on Explosives.

Explosive.
(Ref. Young, Nature, 102, 216, 1918.)



TABLE 269. 245
THERMO-CHEMISTRY. CHEMICAL ENERGY DATA.

The total heat generated in a chemical reaction is independent of the steps from initial to final
state. Heats of formation may therefore be calculated from steps chemically impracticable.
Chemical symbols now represent the chemical energy in a gram-molecule or mol{<?) ;

treat re-
action equations like algebraic equations : CO -f- O= CO 2 + 68 Kg-cal ; subtract C -j- 2 O= CO 2+ 97 Kg-cal, then C -f O= CO-|- 29 Kg-cal. We may substitute the negative values of the
formation heats in an energy equation and solve MgCl2 + 2 Na= 2 NaCl -f Mg-f x Kg-cal;

151= 196 + x; x= 45 Kg-cal. Heats of formation of organic compounds can be found
from the heats of combustion since burned to H 2O and CO 2 . When changes are at constant
volume, energy of external work is negligible ;

also generally for solid or liquid changes in vol-
ume. When a gas forms a solid or liquid at constant pressure, or vice versa, it must be allowed
for. For N mols of gas formed (disappearing) at TK the energy of the substance is decreased (in-

creased) by 0.002 N TK Kg-cal. H 2 -f O= H 2O -f 67.5 Kg-cal. at i8C. at constant volume ;

\(2 H 2+02 2 H 2
= 135.0+ 0.002 X 3 X 291 = 136.7) =68.4 Kg-cal.

The heat of solution is the heat, + or
,
liberated by the solution of i mol of substance in so

much water that the addition of more water will produce no additional heat effects. Aq. signifies
this amount of water; H 2O, one mol.

;
NH 3 -f Aq = NH 4OH Aq. -f-8 Kg-cal.

TABLE 269. (a). Heats of Formation from Elements In Kilogram Calories.

At ordinary temperatures.

Compound.



246 TABLES 270-272.

HEATS OF FORMATION OF IONS IN KILOGRAM-CALORIES.
+ and signs indicate signs of ions and the number of these signs the valency. For the ioni-

tation of each gram-molecule of an element divide the numbers in the table by the valency, e. g.,

9-3 8r - Al =9.03 gr. A1+ 4-40.3 Kg. cal. When a solution is of such dilution that further dilu-

tion does not increase its conductivity, then the heats of formation of substances in such solutions

may be found as follows : FeCljAq + 22.2 + 2 X 39.1
= 100.4 Kg. cal. CuSO4Aq = 15.8

-t- 214.0 = 198.2 Kg. cal.

Ag+ 25-3
A1 + + + +121.0
Co++ +170.0
Ca+ + + 133.?
Cd + + + 18.4
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TABLES 273-275.

RADIATION CONSTANTS.
TABLE 273. Radiation Formula and Constants for Perfect Radiator.

(exclusive of convection losses) at the tem

J= ff (
T /4) ( Stefan-Boltzmann) ;

where <r= I-374X io~ 12
gram-calories per second per sq. centimeter.= 8.26 X lo- 11 " " " minute " "

=
5.75 X io~12 watts per sq. centimeter.

The distribution of this energy in the spectrum is represented by Planck's formula :

where J\ is the intensity of the energy at the wave-length A (A, expressed in microns, /u) and e it

the base of the Napierian logarithms.

G= 9.226 X 10* for / in
gram ' Cal

2

'

=3.86 X 10' for / i

sec. cm.
C2= 14350 for \in ft

cm.~

watts/ = 3.ii X 10- 7* for / in.-- =1.30X10-" 7* tor / in
see. cm. cm.

Xmax 7=2910 for X in n
h Planck's unit= elementary "Wirkungs quantum "=6.83 X io~27

ergs. sec.
k= constant of entropy equation= 1.42 X IO~

16
ergs./degrees.

TABLE 274. Radiation In Gram-Calories per 24 Hours per sq. cm. from a Perfect Radiator at P C to

an absolutely Cold Space (273 0).

Computed from the Stefan-Boltzmann formula.
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TABLE 276.

BLACK-BODY SPECTRUM INTENSITIES (J\).

Values of J\ using for Ci, 0.23 X io, Ct, 14350., X in M- W the figures given for J\ are plotted in cms as ordi-

nates to a scale of abscissae of i cm to i M. then the area in cm' between the smooth curve through the resulting points

and the axis of abscissae is equivalent to the radiation in calories per sec. from i cm* of a black body at the correspond-

ing temperature, radiating to absolute zero. The intensities when radiating to a body at a lower temperature may be

obtained by subtracting the intensities corresponding to the lower temperature from those of the higher. Ihe nature

of the black-body formula is such that when \7' is small, a small change in Ct produces a great change in /A; e.g.,

when Ci/Xr is 100 or 10, the change is 100 and 10 fold respectively; as Xr increases, the change becomes proportional;

e.g., when Ct/ Xr is less than 0.05, the change in /* is proportional to the change in 62.

X



TABLES 277-278.

RADIATION EMISSIVITIES-

TABLE 277. Relative Emissive Powers for Total Radiation.

249

Emissive
600 + C. Ka

of black body = i. Receiving surface platinum black at 25 C; oxidized surfaces oxidized at1

and Overholzer, Phys. Review, 2, p. 144, 1913.
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TABLES 279-281.

RADIATION EMISSIVITIES.

TABLE 279. Relative Emissivities of Metals and Oxides.

Emissivity of black body taken as 100.

True temperature C.



TABLES 282, 283.

COOLING BY RADIATION AND CONVECTION.

251

TABLE 282. - At Ordinary Pressures.

According to McFarlane* the rate of loss of heat by a sphere

placed in the centre of a spherical enclosure which has a

blackened surface, and is kept at a constant temperature of

about 14 C, can be expressed by the equations

e .000238 + 3.06 X io6* _ 2.6 X io V,

when the surface of the sphere is blackened, or

e = .000168 -{- 1.98 X io 6t 1.7 X io s/2
,

when the surface is that of polished copper. In these equa-

tions, e is the amount of heat lost in c. g. s. units, that is,

the quantity of heat, small calories, radiated per second per

square centimeter of surface of the sphere, per degree differ-

ence of temperature t, and t is the difference of temperature
between the sphere and the enclosure. The medium through
which the heat passed was moist air. The following table

gives the results.

Differ-

ence of

tempera-
ture
t



252 TABLES 284, 285.

COOLING BY RADIATION AND CONVECTION.

TABLE 284. Cooling of Platinum Wire In Copper Envelope.

Bottomley gives for the radiation of a bright platinum wire to a copper envelope when the space between is at the

highest vacuum attainable the following numbers :

r= 4o8 C., et 378.8 X ID-*, temperature of enclosure 16 C.

^=505 C., ft= 726.1 X lo-4
,

" "
17 C.

It was found at this degree of exhaustion that considerable relative change of the vacuum produced very small

change of the radiating power. The curve of relation between degree of vacuum and radiation becomes asymp-

totic for high exhaustions. The following table illustrates the variation of radiation with pressure of air in

enclosure.

Temp, of enclosure 16 C., *= 4o8 C.



TABLES 286-287.

TABLE 286. Conduction of Heat across Air Spaces (Ordinary Temperatures).

253

Loss of heat by air from surfaces takes place by radiation (dependent upon radiating power of surface; for small
temperature differences proportional to temperature difference; follows Stefan-Boltzmann formula, see p. 247)
conduction, and convection. The two latter are generally inextricably mixed. For horizontal air spaces, upper surface'
warm, the loss is all radiation and conduction; with warm lower surface the loss is greater than for similar vertical
space.

Vertical spaces: The following table shows that for spaces of less than i cm width the loss is nearly proportional
to the space width, when the radiation is allowed for; for greater widths the increase is less rapid, then reaches a maxi-
mum, and for yet greater widths is slightly less. The following table is from Dickinson and van Dusen, A. S. Refrigerat-
ing Engineers J. 3, 1916.

HEAT CONDUCTION AND THERMAL RESISTANCES, RADIATION ELIMINATED,
AIR SPACE 20 CM HIGH.



254 TABLE 288.

CONVECTION AND CONDUCTION OF HEAT BY GASES AT HIGH TEMPERATURES-'

The loss of heat from wires at high temperatures occurs as if by conduction across a thin film of stationary gas

adhering to the wire (vertical and horizontal losses very similar). Thickness of film is apparently independent of

temperature of wire, but probably increases with the temperature of the gas nd vanes with the diameter of the wire

according to the formula b-logb/a = 28, where B = constant for any gas, b = diameter of film, a, of wire. The rate

of convection (conduction) of heat is the product of two factors, one the shape factor, s, involving only a and B, the

other a function d> of the heat conductivity of the gas. If W = the energy loss in watts/cm, then W = s(<i - </>i).

s may be found from the relation

kdt.

where A is the heat conductivity of the gas at temperature T in calories/cm C. <fc is taken at the temperature Tz
of the wire, <f>i at that of the atmosphere. The following may be taken as the conductivities of the corresponding

gases at high temperatures:

For hydrogen

air...

mercury vapor

k = 28 X
* = 4-6 X
* = 2.4 X iQ-V;r{i/(i

+ .ooo2T)/(i + 77^)}
+ .ooo2T)/(i +

To obtain the heat loss: B may be assumed proportional to the viscosity of the gas and inversely proportional to

the density. For air (see Table 289(6)) B may be taken as 0.43 cm; for Hz, 3.05 cm; for Hg vapor as 0.078. Obtain
s from section (a) below from a/B; then from section (b) obtain <fc and <f>i for the proper temperatures; the loss will

<i) in watts/cm.

(a) s AS FUNCTION OF a/B.

5



TABLE 289.

HEAT LOSSES FROM INCANDESCENT FILAMENTS-
(a) WIRES OF PLATINUM SPONGE SERVED AS RADIATORS (TO ROOM-TEMPERATURE SURROUND-

INGS). HARTMAN, PHYSICAL REVIEW, 7, p. 431, 1916.

Diameter
wire,
cm.
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TABLES 290-291.

THE EYE AND RADIATION-

Definitions: A meter-candle is the intensity of illumination due to a standard candle at a meter distance. The
millilambert (o.ooi lambert) measures the brightness of a perfectly diffusing (according to Lamberts cosine law)

surface diffusing i lumen per cmj
. A brightness of 10 meter-candles equals i millilambert. o.ooi ml corresponds

roughly to night exteriors, o.i, to night interiors, 10 ml to daylight interiors and 1000, to daylight exteriors. A bright-

ness of 100,000 meter-candles Is about that of a horizontal plane for summer day with sun in zenith, 500, on a cloudy

day, 4, ist magnitude stars just visible, 0.2, full moon in zenith, .001, by starlight; in winter the intensity at noon may
drop about $.

TABLE 290. Spectral Variation of Sensitiveness as a Function of Intensity.

Radiation is easily visible to most eyes from 0.330 ft (violet) to 0.770 M (red). At low intensities near threshold

values (gray, rod vision) the maximum of spectral sensibility lies near 0.503 /J. (green) for 90% of all persons. At higher

intensities after the establishment of cone vision, the max. shifts as far as 0.560 u. See Table 297 for more accurate

values of sensitiveness after this shift has been accomplished. The ratio of optical sensation to the intensity of energy
increases with increasing energy more rapidly for the red than for the shorter wave-lengths (Purkmje phenomenon);

i.e., a red light of equal intensity to the eye with a green one will appear darker as the intensities are equally lowered.

This phenomenon disappears above a certain intensity (above 10 millilamberts). Table due to Nutting, Bulletin

Bureau of Standards.

The intensity is given for the spectrum at 0.535/1 (green).

Intensity
(meter-candles) =

Ratio to preceding step =



TABLES 292-295.

THE EYE AND RADIATION.

TABLE 292. Heterochroma tic Threshold Sensibility.

257

The following table shows the decrease in sensitiveness of the eye for comparing intensities of different colors. The
numbers in the body of the table correspond to the line marked T/B of Table 291. The intensity of the field was
probably between 10 and 100 millilamberts (25 photons).

Comparison color.



2^8 TABLES 296-298.

THE EYE AND RADIATION.

TABLE 296. Apparent Diameter of Pupil and Flux Density at Retina.

Flashlight measures of the pupil (both eyes open) viewed through the eye lens and adapted to various field intensi-
ties. For eye accommodated to 25 cm, ratio apparent to true pupil, 1.02, for the unaccommodated eye, 1.14. The
pupil

size varies considerably with the individual. It is greater with one eye dosed; e.g., it was found to be for o.oi
miUilambert, 6.7 and 7.2 mm; for 0.6 ml, 5.3 and 6.5; for 6.3 ml, 4.1 and 5.7; for 12.6 ml, 4.1 and 5.7 mm for both
and one eye open respectively for a certain individual. At the extreme intensities the two values approach each other.
The ratio of the extreme pupil openings is about A, whereas the light intensities investigated vary over i ,ooo,ooo-fold.
(Blanchard and Reeves, partly unpublished data.)

FLM



TABLE 299.

PHOTOMETRIC DEFINITIONS AND UNITS.

Luminous flux, F = radiant power according to visibility, i.e., capacity to produce sensation

of light. Unit, the lumen = flux emitted in a unit solid angle (steradian) by point source of one

candle power.

Visibility, A\
,
of radiation of wave-length X = ratio luminous flux to radiant power (energy)

producing it. Mean visibility, K m ,
over any range of X or for whole visible spectrum of any

source = ratio total flux (lumens) to total radiant power (erg/sec, or watts).

Luminous intensity, 7, of (approximate) point source = solid angle density of luminous flux

in direction considered = dF/du or F/u if intensity is uniform. o> is the solid angle. Unit,

the candle.

Illumination on surface is the flux density on the surface = dF/dS or F/S when uniform.

5 is the area of the surface. Units, meter-candle, foot-candle, phot, lux.

(Lux = one lumen per m2
; phot => one lumen per cm2

.)

Brightness, b, of element of surface from a given point = dl/dS cos 0, where 6 is the angle

between normal to surface and line of sight. Unit, candles per cm2
. Normal brightness, 60

= dl/dS = brightness in direction normal to surface. Unit, the lambert.

Specific luminous radiation, E' = luminous flux density emitted by a surface, or the flux

emitted per unit of emissive area, expressed in lumens per cm2
. For surfaces obeying Lam-

bert's cosine law, E' = TT&O .

The lambert, the cgs unit of brightness, is the brightness of a perfectly diffusing surface radiat-

ing or reflecting one lumen per cm2
. Equivalent to a perfectly diffusing surface with illumina-

tion of one phot. A perfectly diffusing surface emitting one lumen per ft
2 has a brightness of

1.076 millilamberts. Brightness in candles per cm2
is reduced to lamberts by multiplying by ir.

A uniform point source of one candle emits 4?r lumens.

One lumen is emitted by .07958 spherical candle power.

One lumen emitted per ft
2 = 1.076 millilamberts (perfect diffusion).

One spherical candle power emits 12.57 lumens.

One lux = i lumen incident per m2 = .0001 phot = .1 milliphot.

One phot = i lumen incident per cm2 = 10,000 lux = 1000 milliphots.

One milliphot = .001 phot = .929 foot-candle.

One foot-candle = i lumen incident per ft
2 = 1.076 milliphots = 10.76 lux.

One lambert = i lumen emitted per cm
2 of a perfectly diffusing surface.

One millilambert = .929 lumen emitted per ft
2
(perfect diffusion).

One lambert = .3183 candle per cm
2 = 2.054 candles per in

2
.

One candle per cm2 = 3.1416 lamberts.

One candle per in2 = .4968 lambert = 486.8 millilamberts.

Adapted from 1916 Report of Committee on Nomenclature and Standards of Illuminating

Engineering Society. See Tr., Vol. u, 1916.

SMITHSONIAN TABLES.



26O TABLES 300-302.
TABLE 300. Photometric Standards.

No primary photometric standard has been generally adopted by the various governments. In

Germany the Heiner lamp is most used
;
in England the Pentane lamp and sperm candles are

used
;
in France the Carcel lamp is preferred; in America the Pentane and Hefner lamps are used

to some extent, but candles are more largely employed in gas photometry. For the photometry
of electric lamps, and generally in accurate photometric work, electric lamps, standardized at a

national standardizing institution, are commonly employed.
The "

International candle "
is the name recently employed to designate the value of the candle

as maintained by cooperative effort between the national laboratories of England, France, and

America; and the value of various photometric units in terms of this international candle is given

in the following table (taken from Circular No. 15 of the Bureau of Standards).

i International Candle = i Pentane Candle.

i International Candle= i Bougie Decimale.

i International Candle= i American Candle.

I International Candle= i.n Hefner Unit,

i International Candle= 0.104 Carcel Unit.

Therefore i Hefner Unit = 0.90 International Candle.

The values of the flame standards most commonly used are as follows :

1. Standard Pentane Lamp, burning pentane 10.0 candles.

2. Standard Hefner Lamp, burning amyl acetate 0.9 candles.

3. Standard Carcel Lamp, burning colza oil 9.6 candles.

4. Standard English Sperm Candle, approximately .... i.o candles.

TABLE 301. Intrinsic Brightness of Various Light Sources.



TABLES 303-305.
2OI

BRIGHTNESS OF BLACK BODY. CROVA WAVE-LENGTH. MECHANICAL EQUIVALENT
OF LIGHT. LUMINOUS INTENSITY AND EFFICIENCY OF BLACK BODY-

The values of L, the luminous intensity, are given in light watts/steroradian/cm2 of radiating surface

= (I/TT) J^ V^E^dX, where V^ is the visibility of radiation function.

Mechanical equivalent. The unit of power is the watt; of lumininous flux, the lumen. The ratio of these two quan-
tities for light of maximum visibility, X = 0.556 ,K the stimulus coefficient Vm; its reciprocal is the (least) mechanical
equivalent of light, i.e., least since applicable to radiation of maximum visibility. A better term is umi
lent of radiation o maximum visibility." One lumen =0.001496 watts (Hyde, Forsythe, Cady); or i w
tion of maximum visibility (X = 0.556 n) = 668 lumens.

White light has sometimes bee i denned as that emitted by a black body at 6000 K.
The Crova wave-length for a black body is that wave-length, X, at which the luminous intensity varies bv the

same fractional part that the total luminous intensity varies for the same change in temperature

TABLE 303. Brightness, Crova Wave-
length of Black Body, Mechanical
Equivalent of Light.*

TABLE 304. Luminous, Total Intensity and
Radiant Luminous Efficiency of Black Body.*

Tap



TABLE 306.

EFFICIENCY OF VARIOUS ELECTRIC LIGHTS.

Bryant and Hake, Eng. Exp. Station,

Univ. of 111.



TABLES 307-309.

PHOTOGRAPHIC DATA.

TABLE 307. Numerical Constants Characteristic of Photographic Plates.

263

Abscissae of figure are log E = leg // (meter-
candles-seconds);

Ordinates are densities, D = i/T ;

E exposure = / (illumination in meter-can-
dles) X t seconds;

D, the density of deposit = i/T, where T is the
ratio of the transmitted to incident intensity on de-

veloped plate.
* = inertia = intercept straight line portion of

curve on log E axis.

S = speed = (some constant)/ i; y gamma =
tangent of angle a.
L = latitude = projected straight line portion of

characteristic curve on log E axis, expressed in ex-

posure units = Anti log (b a).

The curve illustrates the characteristic curve of a
photographic plate.

2B-

24
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TABLES 310-311.

PHOTOGRAPHIC DATA-

TABLE 310. Photographic Efficiencies of Various Lights.

Source.



TABLE 312.

WAVE-LENGTHS OF FRAUNHOFER LINES.

265

For convenience of reference the values of the wave-lengths corresponding to the Fraunhofer
lines usually designated by the letters in the column headed " index letters," are here tabulated
separately. The values are in ten millionths of a millimeter, on the supposition that the D line
value is 5896.155. The table is for the most part taken from Rowland's table of standard wave-
lengths.

Index Letter.



266 TABLES 313-316.

STANDARD WAVE-LENGTHS.
TABLE 313. Absolute Wave-length * of Red Cadmium Line in Air, 760 mm. Pressure, 15* C.

6438.4722 Michelson, Travaux et Mem. du Bur. intern, des Poids et Mesures, 1 1, 1895.
6438.4700 Michelson, corrected by Benoit, Fabry, Perot, C. R. 144, 1082, 1907.

6438.4696 (accepted primary standard) Benoit, Fabry, Perot, C. R. 144, 1082, 1907.
* ID Angstroms. 10 Angstroms= i MM= io~* mm.

TABLE 314. International Secondary Standards. Iron Arc Lines in Angstrdms,

Adopted as secondary standards at the International Union for Cooperation in Solar Research

(transactions, 1910). Means of measures of Fabry-Buisson (i), Pfund (2), and Eversheim (3). Re-

ferred to primary standard = Cd. line, A. = 6438.4696 Angstroms (serving to define an Angstrom).
76o mm., I5C. Iron rods, 7 mm. diam. length of arc, 6 mm.; 6 amp. for \ greater than 4000

Angstroms, 4 amp. for lesser wave-lengths ;
continuous current, -{- pole above the

, 220 volts
;

source of light, 2 mm. at arc's center. Lines adopted in 1910.

Wave-length.



TABLE 317.

TERTIARY STANDARD WAVE-LENGTHS. IRON ARC LINES.
For arc conditions see Table 314, p. 266. For lines of group c class 5 for best

results the slit should be at right angles to the arc at its middle point and the current
should be reversed several times during the exposure.

Wave-lengths.



268 TABLE 318.

REDUCTION OF WAVE-LENGTH MEASURES TO STANDARD CONDITIONS-

The international wave-length standards are measured in dry air at 15 C, 76 cm pressure. Density variations of

the air appreciably affect the absolute wave-lengths when obtained at other temperatures and pressures. The follow-

ing tables give the corrections for reducing measures to standard conditions, viz.: o = Xo(no no') (d do)/do in

ten-thousandths of an Angstrom, when the temperature t C, the pressure B in cm of Hg, and the wave-length X in

Angstroms are given; n and d are the indices of refraction and densities, respectively; the subscript o refers to standard
conditions, none, to the observed; the prime

'
to the standard wave-length, none, to the new wave-length. The tables

were constructed for the correction of wave-length measures in terms of the fundamental standard 6438.4696 A of the
cadmium red radiation in dry air, 15 C, 76 cm pressure. The density factor is, therefore, zero for 15 C and
76 cm, and the correction always zero for A = 6438 A. As an example, find the correction required for X when meas-
ured as 3000.0000 A in air at 25 C and 72 cm. Section (a) of table gives (d do)/do = .085 and for this value of

the density factor section (b) gives the correction to X of .0038 A. Again, if X, under the same atmospheric condi-

tions, is measured as 8000.0000 A in terms of a standard X' of wave-length 4000.000 A, say, the measurement will

reauire a correction of (0.0020 + 0.0008) = +.0028 A. Taken from Meggers and Peters, Bulletin Bureau of Stand-

ards, 14, p. 728, 1918.

TABLE 318 (a). 1000 X (d-do)/do.

Bern



TABLE 319.

SPECTRA OF THE ELEMENTS-
269

The following figure gives graphically the positions of some of the more prominent lines in the spectra of some of
the elements. Flame spectra are indicated by lines in the lower parts of the panels, arc spectra in the upper parts, and
spark spectra by dotted lines.

Na
K

CS]
Rti

T1

In I I

Hg lamp

Co
Ni

Cu vacuo arc

Ag I I

Zn

M arc

Sn

H

He

violet X-blue*r8reen-*yellowX-,orange* red
i I i i i i I i i i i IV i i i I I i i i I i i ii I i i i i I i

The following wave-lengths are in Angstroms.

Na



270 TABLE 320.

SPECTRUM LINES OF THE ELEMENTS-

Table of brighter lines only abridged from more extensive table compiled from Kayser and containing 10,000 lines

(Kayser's Handbuch der Spectroscopie, Vol. 6, 1912).

Wave-
lengths,
inter-



TABLE 320 (continued).

SPECTRUM LINES OF THE ELEMENTS-

271

Wave-
lengths,



272 TABLE 321.

STANDARD SOLAR WAVE-LENGTHS. ROWLAND'S VALUES.

Wave-lengths are in Angstrom units (io~
7
mm.), in air at 20 C and 76 cm. of mercury pressure.

The intensities run from I, just clearly visible on the map, to 1000 for the H and K lines; below
I in order of faintness to oooo as the lines are more and more difficult to see. This table contains

only the lines above 5.

N indicates a line not clearly defined, probably an undissolved multiple line
; s, a faded appear-

ing line; d, a double. In the "substance" column, where two or more elements are given, the

line is compound ;
the order in which they are given indicates the portion of the line due to each

element ;
when the solar line is too strong to be due wholly to the element given, it is represented,

Fe, for example; when commas separate the elements instead of a dash, the metallic lines coin-

cide with the same part of the solar line, Fe, Cr, for example.

Capital letters next the wave-length numbers are the ordinary designations of the lines. A indi-

cates atmospheric lines, (wv), due to water vapor, (O), due to Oxygen.

Wave-
length.
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STANDARD SOLAR WAVE-LENGTHS. ROWLAND'S VALUES.

Wave-length.



274 TABLE 321 (continued).

STANDARD SOLAR WAVE-LENGTHS. ROWLAND'S VALUES.

Wave-length.



TABLE 322

SPECTRUM SERIES
275

In the spectra of many elements and compounds certain lines or groups of lines (doublets, triplets, etc.) occur in

orderly sequence, each series with definite order of intensity (generally decreasing with decreasing wave-length), pres-
sure effect, Zeeman effect, etc. Such series generally obey approximately a law of the form

I - / _ N=
X (m + RP

'

where v is the wave-number in vacuo (reciprocal of the wave-length X) generally expressed in waves per on; m is a
variable integer, each integer giving a line of the series; L is the wave number of the limit of the series (m =

); N,
the "Universal Series Constant"; and R is a function of m, or a constant in some simple cases.

Balmer's formula (1885) results if L = N/n*, where n is another variable integer and R = o. Rydberg's formula

(1889) makes R a constant, and L is not known to be connected with N. Other formulae have been used with more
success. Mogendorff (1906) requires R = constant/^, while Ritz (1003) has R = constant/wt*. Often no simple
formula fits the case; either R must be a more complex function of m, or the shape of the formula is incorrect.

Bohr's theory (see also Table 515) gives for Hydrogen

If = {2ir*me*(M + m)}/MA,

where e and m are the charge and mass of an electron, M the atomic weight, and h, Planck's constant. The best value

for N is 109678.7 international units (Curtis, Birge, Astrophys. J. 32, 1910). The theory has been elaborated by Som-
merfeld (Ann. der Phys. 1916), and the present indications are that N is a complex function varying somewhat from
element to element.

Among the series (of singles, doublets, etc.), there is apt to be one more prominent, its lines easily reversible, called

the principal series, P(m). With certain relationships to this there may be two subordinate series, the first generally

diffuse, D(m), and another, S(m). Related to these there is at times another, the Bergmann series B(m). m is the

variable integer first used above and indicates the order of the line.

The following laws are in general true among these series: (i) In the P(m) the components of the lines, if double,

triple, etc., are closer with increasing order; in the subordinate series the distance of the components (in vibration

number) remains constant. (2) Further, in two related D(m) and S(m), Av (vibration number difference) remains
the same. (3) The limits (L) of the subordinate series, D(m) and S(m), are the same. (4) Av of the subordinate series

is the same Av as for the first pair of the corresponding P(m). (5) The limits (L) of the components of the doublets

(triplets, etc.) of the P(m) are the same. (6) The difference between the vibration numbers of the end of the P(m)
and of the two corresponding subordinate series gives the vibration number of the first term of the P(m). The first

line of the S(m) coincides with the first line of the P(m) (Rydberg-Schuster law).

ther inform i

the following tables, based greatly upon L>unz's Die benengesetze der JLimenspeiura, IJiss., Tubingen, 1911, wmcn
has also appeared in book form, Hirzel, Leipzig. The following gives a schematic arrangement of the various series of

a family in accordance with some of the above laws:

Let {m, a, a}
= N/(m + a + a/m2

)
2
; VP(m) =

\m, p, IT); VD(m) =
\m, d, d)' VS(m) =

\mt s, ff) and

VB(m) =
{m, b, /3);

V originally referred to the variable part of the formula; when m takes a specific value,

it becomes a constant term, viz. FS(i).

Then a single line system is represented as follows:

P'(m) = FS'(i) - VP'(mY, Vfa) = FP'(i) - FZX(f);
S'(m) = FP'(i) - VS'(mY, [B'(m)

= VD'(i) - VB'(m)}.

A system of double lines would be represented as follows:

P\"(m) = VS"(i) VPi"(mY, Di"(m) = FP"(i) VD"(mY,
P2"(m) = F5"(i) - VP2"(mY, D2"(m) = FP"(i) - VD"(mY,
Si"(m) = FP!"(i) - VS"(mY, {Bi"(m)

= FZ>"(i) - VB"(m)};
S2"(m} = FP2"(i)

- VS"(mY, \B2"(m) = VD"(i) -
F-B"(m)).

And similarly for a series of triplets, etc.

Series Spectra of the Elements. The ordinary spectrum of H contains 3 series of the same kind: one in the; Schu-

mann region, v = N(*/i2 l
/n?),n, 2, 3 . . .; one in the visible, v = N( l

/2* V 2
), n, 3, 4, 5- ',

and one in the infra-

red, v = N^/Z? V 2
), n,4,s,6. . .He has three systems of series, one

"
enhanced," including the Pickering series

formerly supposed to be due to H. The next two tables give some of the data for other elements.

2,66

1
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TABLES 323-324.

SPECTRUM SERIES.

TABLE 323. Limits of Some of the Series.



TABLES 325-326.

TABLE 325. Index of Refraction of Glass.

Indices of refraction of optical glass made at the Bureau of Standards.

277

nces o reraction of optical glass made at the Bureau of Standards. Correct probably to o ooooi The com
position given refers to the raw material which went into the melts and does not therefore refer to the comoosition of
the finished glass.

Melt.



278 TABLES 327-329. INDEX OF REFRACTION FOR GLASS.

TABLE 327. - Glasses Made by Schott and Gen, Jena.

The following constants are for glasses made by Schott and Gen, Jena : A, c D, F, o, are

the indices of refraction in air for A=o.76S2/i, 0=0.6563/1, D=o.5S93, F=o.486i, G/=0.4341.

z/=( D I)/(F c). Ultra-violet indices: Simon, Wied. Ann. 53, 1894. Infra-red: Rubens,
Wied. Ann. 45, 1892. Table is revised from Landolt, Bornstein and Meyerhoffer, Kayser, Hand-
buch der Spectroscopie, and Schott and Gen's list No. 751, 1909. See also Hovestadt's "Jena
Glass."

Catalogue Type =



TABLES 330-332. INDEX OF REFRACTION,
TABLE 330. Index of Refraction of Rock Salt In Air.

279

44



280 TABLES 333-336.
INDEX OF REFRACTION.

TABLE 333. -Index of Refraction of Fluorite in Air.

MM)



TABLES 337-338.
INDEX OF REFRACTION.

TABLE 337. Index of Refraction of Quartz (S102 ).

281

Wave-
length.



282 TABLE 339.

INDEX OF REFRACTION.

Selected Monorefringent or Isotropic Minerals.

The values are for the sodium D line unless otherwise stated and are arranged in the order of increasing indices.
Selected by Dr. Edgar T. Wherry from a private compilation of Dr. E. S. Larsen of the U. S. Geological Survey.

Mineral.



TABLE 340.

INDEX OF REFRACTION.

Miscellaneous Monorefringent or Isotropic Solids.

283

Substance.
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TABLE 341.

INDEX OF REFRACTION.

Selected Uniaxial Minerals.

The values are arranged in the order of increasing indices for the ordinary ray and are for the sodium D line unless
otherwise indicated. Selected by Dr. Edgar T. Wherry from a private compilation of Dr. Esper S. Larsen of the U. S.

Geological Survey.

Mineral.



TABLES 341-342.

INDEX OF REFRACTION.

TABLE 341 (Continued). Selected Uniaxial Minerals.

285

Mineral.



286 TABLE SiS.

INDEX OF REFRACTION.

Selected Biaxial Minerals.

The values are arranged in the order of increasing /3 index of refraction and are for the sodium D line, except where

noted. Selected by Dr. Edga; T. Wherry from private compilation of Dr. Esper S. Larsen of the U. S. Geological

Survey.

1

Mineral.



TABLE 343 (continued).

INDEX OF REFRACTION.

Selected Biaxial Minerals.

287

Mineral.



288 TABLE 343 (continued).

INDEX OF REFRACTION.

Selected Biaxial Minerals.

Mineral.



TABLES 344-345.

INDEX OF REFRACTION.

TABLE 344. Miscellaneous Biaxial Crystals.

289

Crystal.



TABLE 346.

INDEX OF REFRACTION.

Indices of Refraction of Liquids Relative to Air.

Substance.



TABLE 347.

INDEX OF REFRACTION.

Indices of Refraction relative to Air lor Solutions of Salts and Adds.

291

Substance.
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TABLE 348.

INDEX OF REFRACTION.

Indices of Refraction of Gases and Vapors.

A formula was given by Biot and Arago expressing the dependence of the index of refraction of a gas on pressure and

0_! p
temperature. More recent experiments confirm their conclusions. The formula is n

t
i =

/"A"'
ere

n
t
is the index of refraction for temperature /, for temperature zero, a the coefficient of expansion of the gas

with temperature, and/ the pressure of the gas in millimeters of mercury. Fpr air see Table 349.

(a) Indices of refraction.
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INDEX OF REFRACTION.

TABLE 349. Index of Refraction of Air (15C, 76 cm).

Corrections for reducing -wave-lengths and frequencies in air (15 C, 76 cm) to vacua.

The indices were computed from the Cauchy formula (n i)io7 = 2726.43 + i2.288/(A*X io~8
) +0.35557

(A 4 X icr16
). For o C and 76 cm the constants of the equation become 2875.66, 13.412 and 0.3777 respectively, and

for 30 C and 76 cm, 2589.72, 12.259 and 0.2576. Sellmeier's formula for but one absorption band closely fits the
observations: n2 = i + 0.0005 7378A2/(X2 595260). If n i were strictly proportional to the density, then (n-iV
( i)t would equal i + at where a should be 0.00367. The following values of a were found to hold:

A o.Ss/i o.75/i 0.65/1 0.55/1 0.45/4 0.35/1 0.25;*
a 0.003672 0.003674 0.003678 0.003685 0.003700 0.003738 0.003872

The indices are for dry air (0.05 % CO2 ). Corrections to the indices for water vapor may be made for any wave-
length by Lorenz's formula, + 0.000041 (m/jfo), where m is the vapor pressure in mm. The corresponding frequencies
in waves per cm and the corrections to reduce wave-lengths and frequencies in air at 15 C and 76 cm pressure to vacuo
are given. E.g., a light wave of 5000 Angstroms in dry air at 15 C, 76 cm becomes 5001.391 A in vacuo; a frequency
of 20,000 waves per cm correspondingly becomes 19994.44. Meggers and Peters, Bui. Bureau of Standards, 14, p. 731,
1918.



294 TABLES 350-352.

MEDIA FOR DETERMINATIONS OF REFRACTIVE INDICES WITH
THE MICROSCOPE.

TABLE 350. -Liquids, nD (0.689,*) = 1.74 to 1.87.

In 100 parts of methylene iodide at 20 C. the number of parts of the various substances in-

dicated in the following table can be dissolved, forming saturated solutions having the permanent
refractive indices specified. When ready for use the liquids can be mixed by means of a dropper
to five intermediate refractions. Commercial iodoform (CHI 3 ) powder is not suitable, but crys-
tals from a solution of the powder in ether may be used, or the crystalized product may be

bought. A fragment of tin in the liquids containing the SnI 4 will prevent discoloration.

CHIS .
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TABLE 353.

OPTICAL CONSTANTS OF METALS.
TABLE 353.

Two constants are required to characterize a metal optically, the refractive index, n and the
absorption index, k, the latter of which has the following significance : the amplitude of a wave
after travelling one wave-length, A 1 measured in the metal, is reduced in the ratio 1

i :e 2** or for

any distance d, i : e - -jp. for the same wave-length measured in air this ratio becomes i : e ^~-
k

nk is sometimes called the extinction coefficient. Plane polarized light reflected from a polished
metal surface is in general elliptically polarized because of the relative change in phase between
the two rectangular components vibrating in and perpendicular to the plane of incidence. For a
certain angle, <;> (principal incidence) the change is 90 and if the plane polarized incident beam
has a certain azimuth ^ (Principal azimuth) circularly polarized light results. Approximately,
(Drude, Annalen der Physik, 36, p. 546, 1889),

k= tan 2$ (
i cot 2

<) and n =
For rougher approximations the factor in parentheses may be omitted. R= computed per-

centage reflection.

(The points have been so selected that a smooth curve drawn through them very closely indicates the characteristics
of the metal.)

Metal.



296 TABLES 354-355.

OPTICAL CONSTANTS OF METALS.
TABLE 354.

Metal.



TABLES356-358.-THE REFLECTION OF LIGHT. 297
According to Fresnel the amount of light reflected by the surface of a transparent medium
i / A i D\ l

i
sin2 (/' r) - tan2 (/ r) )=

i (4 + }
= -

\ sin -2

(/

-

_|_ r)

+
tan2

(/-fr) 5
' 1S amount polarized in the plane of inci-

dence
;
B is that polarized perpendicular to this

;
i and r are the angles of incidence and refraction.

TABLE 356, Light reflected when i = or Incident Light is Normal to Surface.

.



TABLES 359-36O.

REFLECTING POWER OF METALS.
TABLE 359, Perpendicular Incidence and Reflection. (See also Tables 352-355.)

The numbers give the per cents of the incident radiation reflected.

i



TABLES 361-362.

REFLECTING POWER OF PIGMENTS-

TABLE 361. Percentage Reflecting Power of Dry Powdered Pigments.

299

Taken from "The Physical Basis of Color Technology," Luckiesh, J. Franklin Inst., 1917. The total reflecting
power depends on the distribution of energy in the illiuninant and is given in the last three columns for noon sun, blue

sky, and for a 7.9 lumens/watt tungsten filament.

Spectrum color.
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TABLES 363-365.

REFLECTING POWER.

TABLE 363. Reflecting Power of Powders (White Light).

Various pure chemicals, very finely powdered and surface formed by pressing down with glass plate. White (noon
light) light. Reflection in per cent. Nutting, Jones, Elliott, Tr. 111. Eng. Soc. 9, 593, 1914.

Aluminum oxide 83 . 6
Barium sulphate 81 . i

Borax . .

Magnesium carbonate 86 . 6

(block) 88.0
Sodium chloride 78.1
Sodium sulphate 77.
Starch. .Borax 81.6 Magnesium oxide 85.7 Starch 80.3

Boric acid 83.2 Rochelle salt 79-3 Sugar 87.8
Calcium carbonate 83 . 8 Salicylic acid 81.1 Tartaric acid 79 . i
Citric acid 81.5 Sodium carbonate 81

TABLE 364. Variation of Reflecting Power of Surfaces with Angle.

Illumination at normal incidence, i J watt tungsten lamp, reflection at angles indicated with normal. 111. Eng. Soc.,
Glare Committee, Tr. 111. Eng. Soc. n, p. 92, 1916.

Angle of observation.



TABLE 366.

TRANSMISSIBILITY OF RADIATION BY DYES-
301

Percentage transmissions of aqueous solutions taken from The Physical Basis of Color-Technology Luckiesh J
Franklin Inst. 184, 1917.

Spectrum color



3O2 TABLES 367-369.
TRANSMISSIBILITY OF RADIATION BY JENA GLASSES.

TABLE 367.

Coefficients, a, in the formula It = ha*, where h is the Intensity before, and It after,
transmission through the thickness t. Deduced from observations by Muller, Vogel,
and Rubens as quoted in Hovestadt's Jena Glass (English translation).



TABLE 370.

TRANSMISSIBILITY OF RADIATION BY GLASSES-
303

The following data giving the percentage transmission of radiation of various substances,

mostly glasses, are selected from Spectroradiometric Investigation of the Transmission of Vari-
ous substances, Coblentz, Emerson and Long, Bui. Bureau Standards, 14, p. 653, 1918.

Glass or substance, manufacturer.
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TABLE 371.

TABLE 371. Transmission of the Radiations from a Gas-filled Tungsten Lamp, the Sun, a
Magnetite Arc, and from a Quartz Mercury Vapor Lamp (no Globe) through Various

Substances, especially Colored Glasses.

Color.



TABLE 372.

TRANSMISSIBILITY OF RADIATION.
Transmissibility of the Various Substances of Tables 330 to 338.

305

Alum : Ordinary alum (crystal) absorbs the infra-red.

Metallic reflection at 9.05/1 and 30 to 40/4.

Rock-salt : Rubens and Trowbridge (Wied. Ann. 65, 1898) give the following transparencies for

a i cm. thick plate in % :

X

%
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TABLES 373-374.

TRANSMISSIBILITY OF RADIATION,

TABLE 373. - Color Screens.

The following light-filters are quoted from Landolt's " Das optische Drehungsvermogen, etc." 1898.

Although only the potassium salt does not keep well it is perhaps safer to use freshly prepared
solutions.



TABLES 375, 376.

TRANSMISSIBILITY OF RADIATION.
TABLE 375. -Color Screens. Jena Glasses.

307
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TABLE 877.

TRANSMISSION PERCENTAGES OF RADIATION THROUGH MOIST AIR.

(For bodies at laboratory temperatures; for transmission of shorter-wave energy, see Table 553.)

The values of this table will be of use for finding the transmission of energy through air containing a known amount
of water vapor. An approximate value for the transmission may be had if the amount of energy from the source be-
tween the wave-lengths of the first column is multiplied by the corresponding transmission coefficients of the subse-
quent columns. The values for the wave-lengths greater than i8ju are tentative and doubtful. Fowle, Water-vapor
Transparency, Smithsonian Misc. Collections, 68, No. 8, 1917; Fowle, The Transparency of Aqueous Vapor, Astro-
physical J. 42, p. 394, 1915.

Range of

wave-lengths.



39TABLES 378-379.

REFLECTION AND ABSORPTION OF LONG-WAVE RADIATIONS-
TABLE 378. Long-wave Absorption by Gases.

Unless otherwise noted, gases were contained in a 20 cm long tube. Rubens, Wartenberg, Verb. d. Phys. Ges.
13, P- 7Q6, IQU.



3IO TABLES 3ffO, 381. ROTATION OF PLPIME OF POLARIZED LIGHT.
TABLE 380. Tartaric Acid; Camphor; Santonin; Santonio Acid; Cane Sugar.

A few examples are here given showing the effect of wave-length on the rotation of the plane of polarization. The
rotations are for a thickness of one decimeter of the solution. The examples are quoted frc

stein's 'Phys. Chem. Tab." The following symbols are used :

/= number grams of the active substance in 100 grams of the solution.
c= solvent

9=. active
" "

cubic centimeter
"

Right-handed rotation is marked +, left-handed .

rom Landolt & Born-

Line of



TABLE 382. ELECTRICAL EQUIVALENTS. 311
Abbreviations: int'n'l, international; emu, electromagnetic units; esu, electrostatic units;

cgs, centimeter-gram-second units. (Taken from Circular 60 of U. S. Bureau of Standards,
1916, Electric Units and Standards.)

RESISTANCE :

i international ohm =

i . 00052 absolute ohms
i . oooi int'n'l ohms (France, before 191 1)

i. 00016 Board of Trade units (England,

1903)

1.01358 B. A. units

1.00283 "legal ohms" of 1884
i . 06300 Siemens units

i absolute ohm =

0. 99948 int'n'l ohms
i
"
practical

" emu
io9 cgs emu
1 . i T 24 x io~12

cgs esu

CURRENT:

i international ampere -

0. 99991 absolute ampere
1 . 00084 int'n'l amperes (U. S. before 1911)

1.00130 int'n'l amperes (England, before

1906)
i. 00106 int'n'l amperes (England, 1906-

08)
i.oooio int'n'l amperes (England, 1909-

10)

1.00032 int'n'l amperes (Germany, before

1911)
i . 0002 hit'n'lamperes (France,before 1911]

i absolute ampere -
i 00009 int'n'l amperes
i "practical" emu
o. i cgs emu
2.9982 X io9

cgs esu

ELECTROMOTIVE FORCE:

i international volt =
. 00043 absolute volts

.00084 int'n'l volts (U. S. before 1911)

.00130 int'n'l volts (England, before

1906)
.00106 int'n'l volts (England, 1906-08)
.00010 int'n'l volts (England, 1909-10)

.00032 int'n'l volts (Germany, before

1911)
i. 00032 int'n'l volts (France, before 1911

i absolute volt =

0.99957 int'n'l volt

i "practical
" emu

io8
cgs emu

o. 0033353 cgs esu

QUANTITY OF ELECTRICITY:

(Same as current equivalents.)
i international coulomb =

1/3600 ampere-hour
1/96500 faraday

CAPACITY:

i international farad -

0.99948 absolute farad

i absolute farad =

1.00052 int'n'l farads
i
"
practical

" emu
lo"9

cgs emu
8.9892 x iou cgs esu

INDUCTANCE:

i international henry =

1.00052 absolute henries

i absolute henry =
o. 99948 int'n'l henry
i

"
practical

" emu
io9 emu
1. 1124 x io~12

cgs esu

ENERGY AND POWER:

(standard gravity = 980. 665 cm/sec/sec.)
i international joule =

i . 00034 absolute joules

i absolute joule =

o. 99966 int'n'l joule
io7

ergs
o. 737560 standard foot-pound
o. 101972 standard kilogram-meter

0.277778x10"* kilowatt-hour

RESISTIVITY:

i ohm-cm = o. 393700 ohm-inch
= 10,000 ohm (meter, mm2

)

= 12,732.4 ohm (meter, mm)
= 393) 7 microhm-inch
= 1,000,000 microhm-cm
= 6,015,290 ohm (mil, foot)

i ohm (meter, gram)

pound)

5710.0 ohm (mile

MAGNETIC QUANTITIES:

i int'n'l gilbert
- o. 99991 absolute gilbert

i absolute gilbert
= i . 00009 int'n'l gilberts

i int'n'l maxwell = i . 00043 absolute maxwells

i absolute maxwell = o. 99957 int'n'l maxwell

i gilbert
= o. 7958 ampere-turn

i gilbert per cm =o. 7958 ampere-turn per
cm

- 2 . 021 ampere-turns per
inch

i maxwell = i line

= io~* volt-second

i maxwell per cm
2 = 6. 45 2 maxwells per in2

SMI-THSONIAN TABLES.



312 TABLE 3B3.

COMPOSITION AND ELECTROMOTIVE FORCE OF VOLTAIC CELLS.

The electromotive forces given in this table approximately represent what may be expected from a cell in good work-

ing order, but with the exception of the standard cells all of them are subject to considerable variation.

(a) DOUBLE FLUID CELLS.



TABLE 383 (continued}. 313
COMPOSITION AND ELECTROMOTIVE FORCE OF VOLTAIC CELLS.

Name of cell.



3'4 TABLE 384.

CONTACT DIFFERENCE OF

Solids with Liquids and

Temperature of substances



TABLE 384 (continued).

POTENTIAL IN VOLTS.

Liquids with Liquids in Air.*

during experiment about 16 C.



TABLE 385.

DIFFERENCE OF POTENTIAL BETWEEN METALS IN SOLUTIONS OF
SALTS.

The following numbers are given by G. Magnanini * for the difference of potential in hundredths of a volt between

zinc in a normal solution ot sulphuric acid and the nieials named at the head of the different columns when placed
in the solution named in the first column. The solutions were contained in a U-tube, and the sign of the differ-

ence of potential is such that the current will flow from the more positive to the less positive through the ex-

ternal circuit.

Strength of the solution in

gram molecules per
liter.



TABLE 386.

THERMOELECTRIC POWER.
317

The thermoelectric'power of a circuit of two metals is the electromotive force produced by one decree C difference
of temperature between the junctions. The thermoelectric power varies with the temperature, thus: thermoelectric
power = Q = dE/dt = A + Bt, where A is the thermoelectric power at o C, B is a constant, and / is the mean tem-
perature of the junctions. The neutral point is the temperature at which dE/dt = o, and its value is A/B. When
a current is caused to flow in a circuit of two metals originally at a uniform temperature, heat is liberated at one of
the junctions and absorbed at the other. The rate of production or liberation of heat at each junction, or Peltier effect,
is given in calories per second, by multiplying the current by the coefficient of the Peltier effect. This coefficient in
calories per coulomb = QT/y, in which Q is in volts per degree C, T is the absolute temperature of the junction, and
3F
= 4.19. Heat is also liberated or absorbed in each of the metals as the current flows through portions of varying

temperature. The rate of production or liberation of heat in each metal, or the Thomson effect, is given in calories

per second by multiplying the current by the coefficient of the Thomson effect. This coefficient, in calories per coulomb= BTd/3, in which B is in volts per degree C, T is the mean absolute temperature of the junctions, and 6 is the differ-

ence of temperature of the junctions. (BT) is Sir W. Thomson's "Specific Heat of Electricity." The algebraic signs
are so chosen in the following table that when A is positive, the current flows in the metal considered from the hot
junction to the cold. When B is positive, Q increases (algebraically) with the temperature. The values of A , B, and
thermoelectric power in the following table are with respect to lead as the other metal of the thermoelectric circuit.

The thermoelectric power of a couple composed of two metals, i and 2, is given by subtracting the value for 2 from
that for i; when this difference is positive, the current flows from the hot junction to the cold in i. In the following
table, A is given in microvolts per degree, B in microvolts per degree per degree, and the neutral point in degrees.

The table has been compiled from the results of Becquerel, Matthiessen and Tait; in reducing the results, the
electromotive force of the Grove and Daniell cells has been taken as 1.95 and 1.07 volts. The value for constantan
reduced from results given in Landolt-Bornstein's tables. The thermoelectric p
are given by Becquerel in the reference given below.

:tric powers of antimony and bismuth alloys

Substance.
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TABLES 386 (continued).-387.-THERMOELECTRIC POWER.

TABLE 386. Thermoelectric Power (continued).

Substance.



TABLE 388.

TABLES 388, 389.

Theimoelectrlc Power against Platinum.

One junction is supposed to be at oC; + indicates that the current flows from the o junction
into the platinum. The rhodium and indium were rolled, the other metals drawn.*

Tempera-
ture, C.
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TABLES 390-391.

THERMOELECTRIC PROPERTIES: PRESSURE EFFECTS-
TABLE 390. Thermoelectric Power; Pressure Effects.

The following values of the thermoelectric powers under various pressures are taken from Bridgman, Pr. Am. Acad.
Arts and Sc. 53, p. 269, 1018. A positive emf means that the current at the hot junction flows from the uncompressed
to the compressed metal. The cold junction is always at o C. The last two columns give the constants in the

equation E = thermoelectric force against lead (o to 100 C) = (At + BP) X io~ volts, at atmospheric pressure, a
positive emf meaning that the current flows from lead to the metal under consideration at the hot junction.

Metal.



-_TABLES 392-394.

TABLE 392. -Peltier Ettect.

The -coefficient of Peltier effect may be calculated from the constants A and B of Table 386 as
there shown. With Q (see Table 386) in microvolts per

'
C. and T= absolute temerature JC

the coefficient of Peltier effect
^

cal. per coulomb=o.ooo86 QT cal. per ampere-hour=Qr/iooo
millivolts (=millijoules per coulomb). Experimental results, expressed in slightly different units,are here given. The figures are for the heat production at a junction of copper and the metal
named, in calories per ampere-hour. The current flowing from copper to the metal named, a posi-
tive- sign indicates a warming of the junction. The temperature not being stated by either author,and Le Roux not giving the algebraic signs, these results arc not of great value,

Calories per ampere-hour.



I ABLES 3VO-39O.

TABLE 395.

THE TRIBO-ELECTRIC SERIES.
In the following table it is so arranged that any material in the list becomes positively electrified when,

rubbed by one lower in the list. The phenomenon depends upon surface conditions, and circum-

stances may alter the relative positions in the list.

i Asbestos (sheet).



TABLE 397.

RESISTIVITY OF METALS AND SOME ALLOYS-

323

The resistivities are the values of pin the equation R =
pl/s, where R is the resistance in microhms of a length

/ cm of uniform cross section s cm 1
. The temperature coefficient is a in the formula Rt =

R\i + M|- The
information of column 2 does not necessarily apply to the temperature coefficient. See also next table for tempera-
ture coefficients o to 100 C.

Substance.



324 TABLE 397 (continued).

RESISTIVITY OF METALS AND SOME ALLOYS-

Substance.



TABLE 397 (continued).

RESISTIVITY OF METALS AND SOME ALLOYS.

325

Substance



326 TABLES 398-399.

TABLE 398. Resistance of Metals under Pressure.

The average temperature coefficients are per C between o and 100 C. The instantaneous pressure coefficients

are the values of the derivative (i/r)\dr/dp\ t , where r is the observed resistance at the pressure /> and temperature /.

The average coefficient is the total change of resistance between o and 12,000 kg/cm1 divided by 12,000 and the resist-

ance at atmospheric pressure and -the temperature in question. Table taken from Proc. Nat. Acad. 3, p. n, 1917. For
coefficients at intermediate te.nperatures and pressures, see more detailed account in Proc. Amer. Acad. 52, p. 573,
1917. Sn, Cd, Zn, Kahlbaum's "K "

grade; Tl, Bi, electrolytic, high purity; Pb, Ag, Au, Cu, Fe, Pt, of exceptional
purity. Al better than ordinary, others only of high grade commercial purity.



TABLE 4OO.
327

CONDUCTIVITY AND RESISTIVITY OF MISCELLANEOUS ALLOYS.
TEMPERATURE COEFFICIENTS.

Conductivity in mhos or =7(=7o(l_fl/+ &/2) and resi ,tivity in microhma_cm

Metals and alloys.



328 TABLE 401.

CONDUCTING POWER OF ALLOYS.
This table shows the conducting power of alloys and the variation of the conducting power with temperature.* The

values of C were obtained from the original results by assuming silver =:
j-

mhos. The conductivity is taken

as C
t
= C (i at-^-At

2
), and the range of temperature was from o to 100 C.

The table is arranged in three groups to show (i) that certain metals when melted together produce a solution
which has a conductivity equal to the mean of the conductivities of the components, (2) the behavior of those
metals alloyed with others, and (3) the behavior of the other metals alloyed together.

It is pointed out that, with a few exceptions, the percentage variation between o"- and 100 can be calculated from tha

formula P=Pe -^ where/ is the observed and /' the calculated conducting power of the mixture at 100 C.,

and Pe is the calculated mean variation of the metals mixed.



TABLES 401 (continued) -402.

TABLE 401. Conducting Power ol Alloys.

329

GROUP 3.



33 TABLE 403.
RESISTIVITIES AT HIGH AND LOW TEMPERATURES.

The electrical resistivity (p, ohms per cm. cube) of good conductors depends greatly on chemical purity. Slight con-
tamination even with metals of lower p may greatly increase p. Solid solutions of good conductors generally have higher
p than components. Reverse is true of bad conductors. In solid state allotropic and crystalline forms greatly mod-
ify p. For liquid metals this last cause of variability disappears. The + temperature coefficients of pure metals is of
the same order as the coefficients of expansion of gases. For temperature resistance (t, p) plot at low temperatures the
graph is convex towards the axis of t and probably approaches tangency to it. However for extremely low temper.
atures (Junes finds very sudden and great drops in p. e.g. for Mercury, p, 5^ <C4XIO

~ 10
P and for Sn., p, K <io-'p

The t, p graph for an alloy may be nearly parallel to the t axis, cf. constantan ; for poor conductors p may decrease with
increasing t. At the melting-points there are three types of behavior of good conductors: those about doubling p and
then possessing nearly linear t, p graphs (Al., Cu., Sn., Au., Ag., Pb.) ; those where p suddenly increases and then the
-f- temp, coefficient is only approximately constant ; (Hg., Na., K.); those about doubling p then having a -, slowly
changing to a -f- temp. coef. (Zn., Cd.) ; those where p suddenly decreases and thereafter steadily increases (Sb., Bi.).The values from different authorities do not necessarily fit because of different samples of metals. The Shimank values
(t given to tenths of ) are for material of theoretical purity and are determined by the a rule (see his paper, also Nernst,
Ann. d Phys. 36, p. 403, 191 1 for temperature resistance thermometry). The Shimank and Pirrani values aie origi ally
given as ratios to p . (Ann. d. Phys. 45, p. 706, 1914, 46, p. 176, 1915.) Resistivities are in ohms per cm. cube unless stated.

Italicized figures indicate liquid state.

Gold.



TABLE 4O3 (continue^.

RESISTIVITIES AT HIGH AND LOW TEMPERATURES.
(Ohms per cm. cube unless stated otherwise.)

Platinum.



332 TABLES 4O5, 405A

TABLE 405. Variation of Electrical Kesistance of Glass and Porcelain with Temperature.

The following table gives the values of a, b, and c in the equation

log R = a + bt + cfl,

where R is the specific resistance expressed in ohms, that is, the resistance in ohms per centimeter of a rod ona

square centimeter in cross section.*

No.



TABLE 4O6.

TABULAR COMPARISON OF WIRE GAGES.
333

Gage
No.



334
TABLES 4-07-413.

WIRE TABLES.
TABLE 407 Introduction. Mass and Volume Resistivity of Copper and Aluminum.

The following wire tables are abridged from those prepared by the Bureau of Standards at the

request and with the cooperation of the Standards Committee of the American Institute of Elec-

trical Engineers (Circular No. 31 of the Bureau of Standards). The standard of copper resist-

ance used is
" The Internationa! Annealed Copper Standard "as adopted Sept. 5, 1913, by the

International Electrotechnical Commission and represents the average commercial high-conduc-
tivity copper for the purpose of electric conductors. This standard corresponds to a conductivity
of 58. Xio-

6
cgs. units, and a density of 8.89, at 20 C.

In the various units of mass resistivity and volume resistivity this may be stated as

0.15328 ohm (meter, gram) at 20 C.

875.20 ohms (mile, pound) at 20 C.

1.7241 microhm-cm, at 20 C.

0.67879 microhm-inch at 20 C.

10.371 ohms (mil, foot) at 20 C.

The temperature coefficient for this particular resistivity is 020 = 0.00393 or cto
= 0.00427.

The temperature coefficient of copper is proportional to the conductivity, so that where the con-

ductivity is known the temperature coefficient may be calculated, and vice-versa. Thus the next

table shows the temperature coefficients of copper having various percentages of the standard con-

ductivity. A consequence of this relation is that the change of resistivity per degree is constant,

independent of the sample of copper and independent of the temperature of reference. This re-

sistivity-temperature constant, for volume resistivity and Centigrade degrees, is 0.00681 michrom-
cm., and for mass resistivity is 0.000597 ohm (meter, gram).
The density of 8.89 grams per cubic centimeter at 20 C., is equivalent to 0.32117 pounds per

cubic inch.

The values in the following tables are for annealed copper of standard resistivity. The user of
the tables must apply the proper correction for copper of other resistivity. Hard-drawn copper
may be taken as about 2.7 per cent higher resistivity than annealed copper.
The following is a fair average of the chemical content of commercial high conductivity copper:

Copper 99.91% Sulphur 0.002%
Silver. . 03 Iron 002

Oxygen 052 Nickel Trace
Arsenic 002 Lead "

Antimony 002 Zinc "

The following values are consistent with the data above :

Conductivity at o C., in c.g.s. electromagnetic units 62.969 X io~&

Resistivity at o C., in michroms-cms 1.5881
Density at o C 8.90
Coefficient of linear expansion per degree C 0.000017
" Constant mass "

temperature coefficient of resistance at o C 0.00427

The aluminum tables are based on a figure for the conductivity published by the U.S. Bureau
of Standards, which is the result of many thousands of determinations by the Aluminum Company
of America. A volume resistivity of 2.828 michrom-cm., and a density of 2.70 may be considered
to be good average values for commercial hard-drawn aluminum. These values give:

Mass resistivity, in ohms (meter, gram) at 20 C 0.0764
" "

(mile, pound) at 20 C 436.
Mass per cent conductivity 200.7%
Volume resistivity, in michrom-cm. at 20 C 2.828

in microhm-inch at 20 C i.i 13
Volume per cent conductivity 61.0%
Density, in grams per cubic centimeter 2.70

Density, in pounds per cubic inch 0.0975

The average chemical content of commercial aluminum wire is

Aluminum 99-57%
Silicon 0.29
Iron 0.14

SMITHSONIAN TABLES.



TABLES 408, 409.
COPPER WIRE TABLES.

TABLE 408. -Temperature Coefficients of Copper for Different Initial Temperatures (Centtfrade)
and Different Conductivities.

335

Ohms
(meter, gram)

at 20 C.



336 TABLE 410.

WIRE TABLE, STANDARD ANNEALED COPPER,
American Wire Gage (B. A S.)- English Units.

ENGLISH.

Gage
No.



ENGLISH. TABLE 41O (continued}.

WIRE TABLE, STANDARD ANNEALED COPPER
American Wire Gage (B. & a.). English Units (confined).

337

%



33 O TABLE 410 (continued).

WIRE TABLE, STANDARD ANNEALED COPPER (continued).

American Wire Gage (B. A S. >. English Units (continued).

ENGLISH,

Gage
No.



METRIC. TABLE 411.

WIRE TABLE, STANDARD ANNEALED COPPER.
American Wire Gage (B. & S.) Metric Units.

339



340 TABLE 411 (continued).

WIRE TABLE, STANDARD ANNEALED COPPER (continued).

American Wire Gage (B. & S.) Metric Units (continued).

METRIC,

Gage
No.



METRIC. TABLE 411 {continued).

WIRE TABLE, STANDARD ANNEALED COPPER (continued).

American Wire Gage (B. & S.). Metric Units (continued).

Gage
No.



342 TABLE 412. -ALUMINUM WIRE TABLE,

Hard-Drawn Aluminum Wire at 20 C. (or, 68 F.).

American Wire Gage (B. & S.). English Units.

ENGLISH.

Gage
No.



METRIC. TABLE 413. -ALUMINUM WIRE TABLE.

Hard-Drawn Aluminum Wire at 20 0.

American Wire Gage (B. & S.) Metric Units.

343

Gage
No.



344 TABLES 414-415.

TABLE 414. Ratio of Alternating to Direct Current Resistances for Copper Wires.

This table gives the ratio of the resistance of straight copper wires with alternating currents of different frequencies
to the value of the resistance with direct currents.

Diameter of



TABLE 416.

ELECTROCHEMICAL EQUIVALENTS-
345

Every gram-ion involved in an electrolytic change requires the same number of coulombs or ampere-hours of elec-

tricity per unit change of valency. This constant is 96.404 coulombs or 26.804 ampere-hours per gram-hour (a Fara-
day) corresponding to an electrochemical equivalent for silver of o.ooi 11800 gram sec" 1 amp" 1

. It is to be noted that
the change of valence of the element from its state before to that after the electrolytic action should be considered.
The valence of a free, uncombined element is to be considered as o. The same current will electrolyze "chemically
equivalent" quantities per unit time. The valence is then included in the "chemically equivalent" quantity. The fol-

lowing table is based on the atomic weights of 1917.

Element.



346 TABLES 417, 418.

CONDUCTIVITY OF ELECTROLYTIC 'SOLUTIONS.

This subject has occupied the attention of a considerable number of eminent workers in

molecular physics, and a few results are here tabulated. It has seemed better to confine the

examples to the work of one experimenter, and the tables are quoted from a paper by F. Kohl-
rausch,* who has been one of the most reliable and successful workers in this field.

The study of electrolytic conductivity, especially in the case of very dilute solutions, has fur-

nished material for generalizations, which may to some extent help in the formation of a sound

theory of the mechanism of such conduction. If the solutions are made such that per unit
volume of the solvent medium there are contained amounts of the salt proportional to its electro-

chemical equivalent, some simple relations become apparent. The solutions used by Kohlrausch
were therefore made by taking numbers of grams of the pure salts proportional to their elec-

trochemical equivalent, and using a liter of water as the standard of quantity of the solvent. Tak-

ing the electrochemical equivalent number as the chemical equivalent or atomic weight divided

by the valence, and using this number of grams to the liter of water, we get what is called

the normal or gram molecule per liter solution. In the table, m is 'used to represent the
number of gram^ molecules to the liter of water in the solution for which the conductivities
are tabulated. The conductivities were obtained by measuring the resistance of a cell filled with
the solution by means of a Wheatstone bridge alternating current and telephone arrangement.
The results are for 18 C., and relative to mercury at o C., the cell having been standardized by
filling with mercury and measuring the resistance. They are supposed to be accurate to within
one per cent of the true value.

The tabular numbers were obtained from the measurements in the following manner :

Let KI 8
=

conductivity of the solution at 18 C. relative to mercury at o C.

A78
= conductivity of the solvent water at 18 C. relative to mercury at o C.

Then K^ J^= k
1(t
= conductivity of the electrolyte in the solution measured.

- = ^= conductivity of the electrolyte in the solution per molecule, or the "
specific

0V

molecular conductivity."

TABLE 417. Value of A- IH for a few Electrolytes.

This short table illustrates the apparent law that the conductivity in very dilute solutions is proportional to the
amount of salt dissolved.

l



TABLE 419.
347

SPECIFIC MOLECULAR CONDUCTIVITY /x : MERCURY = 1O8
.

Salt dissolved.



34-8 TABLES 420, 421.

LIMITING VALUES OF
JJL.

TEMPERATURE COEFFICIENTS.

TABLE 420.- Limiting Values of p.

This table shows limiting values of /* =: .10* for infinite dilution for neutral salts, calculated from Table 271.

Salt.



TABLE 422, 349
THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS AND BASES IN

AQUEOUS SOLUTIONS.
In the following table the equivalent conductance is expressed in reciprocal ohms. The con-

centration is expressed in milli-equivalents of solute per litre of solution at the temperature to which
the conductance refers. (In the cases of potassium hydrogen sulphate and phosphoric acid the
concentration is expressed in milli-formula-weights of solute, KHS( ) 4 or I I

:! l'( ) 4 , per liter of solu-

tion, and the values are correspondingly the modal, or "formal," conductances.) Except in the
cases of the strong acids the conductance of the water was subtracted, and for sodium acetate,
ammonium acetate and ammonium chloride the values have been corrected for the hydrolysis of
the salts. The atomic weights used were those of the International Commission for 1905, referred
to oxygen as 16.00. Temperatures are on the hydrogen gas scale.

Concentration in gram equivalents,
looo liter

reciprocal ohms per centimeter cube
Equivalent conductance in : ;

gram equivalents per cubic centimeter

Substance.



35 TABLE

THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS AND BASES IN

AQUEOUS SOLUTIONS.

Substance.



TABLE 423.
351

THE EQUIVALENT CONDUCTIVITY OF SOME ADDITIONAL SALTS IN
AQUEOUS SOLUTION.

Conditions similar to those of the preceding table except that the atomic weights for 1908 were used.

Substance.



35 2 TABLES 424, 425.

CONDUCTANCE OF IONS. - HYDROLYSIS OF AMMONIUM ACETATE.

TABLE 424. -The Equivalent Conductance of the Separate Ions.

Ion.



TABLES 426, 427. 353
DIELECTRIC STRENGTH.

TABLE 426. Steady Potential Difference in Volts required to produce a Spark In Air with Ball Electrodes.

Spark
length,
cm.



354 TABLES 428. 429.

DIELECTRIC STRENGTH.
TABLE 428. Potential Necessary to produce a Spark In Air between more widely Separated Electrodes.



TABLES 430, 431.

DIELECTRIC STRENGTH.

TABLE 430. Dielectric Strength of Materials.

Potential necessary for puncture expressed in kilovolts per centimeter thickness of the dielectric.

Substance.



356 TABLES 432, 433.

DIELECTRIC CONSTANTS.
TABLE 432. - Dielectric Constant (Specific Inductive Capacity) of Gases.

Atmospheric Pressure.

Wave-lengths of the measuring current greater than 10000 cm.

Gas.



TABLES 434, 435,
DIELECTRIC CONSTANTS (continued).

TABLE 434. Change of the Dielectric Constant of Oases with the Pressure.

357

Gas.



TABLE 435 (continued}.

DIELECTRIC CONSTANTS OF LIQUIDS.

A wave-length greater than 10000 centimeters is designated by oo

Substance.



TABLES 436, 437.

DIELECTRIC CONSTANTS OF LIQUIDS {continued).

TABLE 436. Temperature Coefficients of the Formula :

359

Substance.



360 TABLES438, 439- DIELECTRIC CONSTANTS (continued).

TABLE 438. -Standard Solutions for the Calibration of Apparatus for the Measuring of Dielectric Constants.

Turner.



TABLES 439, 440.

DIELECTRIC CONSTANTS (continued).

TABLE 439. Dielectric Constanta of Solids (continued).

36i

Substance.



3 2 TABLE 441.

WIRELESS TELEGRAPHY.

Wave-Length in Meters, Frequency in periods per second, and Oscillation Constant LG in

Microhenries and Microfarads.

The relation between ihe free wave-length in meters, the frequency in cycles per second, and
the capacity-inductance product in microfarads and microhenries are given for circuits between
1000 and 10,000 meters. For values between 100 and 1000 meters, multiply the columns for n

by 10 and move the decimal point of the corresponding LC column two places to the left (divid-

ing by 100); for values between 10,000 and 100,000, divide the n column by 10 and multiply the

LC column by 100. The relation between wave-length and capacity-inductance may be relied

upon throughout the table to within one part in 200.

Example i : What is the natural wave-length of a circuit containing a capacity of o.ooi micro-

farad, and an inductance of 454 microhenries ? The product of the inductance and capacity is

454 X o.ooi =0.454. Find 0.454 under LC
; opposite under meters is 1270 meters, the natural

wave-length of the circuit.

Example 2 : What capacity must be associated with an inductance of 880 microhenries in order
to tune the circuit to 3500 meters ? Find opposite 3500 meters the LC value 3.45 ;

divide this by
880, and the quotient, 0.00397, is the desired capacity in microfarads.

Example 3 : A condenser has the capacity of 0.004 microfarad. What inductance must be placed
in series with this condenser in order that the circuit shall have a wave-length of 600 meters ?

From the table, the LC value corresponding to 600 meters is o.ioi. Divide this by 0.004, the

capacity of the condenser, and the desired inductance is 25.2 microhenries.

Meters.



TABLE 441 (concluded).

WIRELESS TELEGRAPHY.
Wave Length, Frequency and Oscillation Constant.

363

Meters.
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TABLES 442-443.

TABLE 442.

WIRELESS TELEGRAPHY.

Radiation Resistances lor Various Wave-Lengths and Antenna Heights.

The radiation theory of Hertz shows that the radiated energy of an oscillator may be repre-

sented by E= constant (h'/A
2
) I2 , where h is the length of the oscillator, A, the wave-length and

I the current at its center. For a flat-top antenna E == 1600 (h
2
/ A2

)
I2 watts

;
1600 h2

/ A2 is called

the radiation resistance.

(h
= height to center of capacity of conducting system.)

\^=



TABLE 444.

MAGNETIC PROPERTIES.

Unit pole is a quantity of magnetism repelling another unit pole with a force of one dyne;
47T lines of force radiate from it. M, pole strength; ^irM lines of force radiate from pole of

strength M .

H, field strength, = no. of lines of force crossing unit area in normal direction; unit =- gauss
one line per unit area.

M, magnetic moment, = Ml, where / is length between poles of magnet.
/, intensity of magnetization or pole strength per unit area, = M/K = M/A where A is cross

section of uniformly magnetized pole face, and V is the volume of the magnet. ^irM/A - 4717 =
no. lines of force leaving unit area of pole.

/, specific intensity of magnetism, = //p where p = density, g/cm3
.

</>, magnetic flux,
= 4irM + HA for magnet placed in field of strength H (axis parallel to field).

Unit, the maxwell.

B, flux density (magnetic) induction, =
<f>/A

= 4?r/ + H; unit the gauss, maxwell per cm.
IA, magnetic permeability, = B/H. Strength of field in air-filled solenoid = H = UTT/IO) ni

in gausses, * in amperes, w, number of turns per cm length. If iron filled, induction increased,
i.e., no. of lines of force per unit area, B, passing through coil is greater than H; fj.

= B/H.
K, susceptibility; permeability relates to effect of iron core on magnetic field strength of coil;

if effect be considered on iron core, which becomes a magnet of pole strength M and intensity
of magnetism /, then the ratio I/H =

(fj. i)/4 iris the magnetic susceptibility per unit volume
and is a measure of the magnetizing effect of a magnetic field on the material placed in the field.

fj.
= 47TK +1.

X, specific susceptibility (per unit mass) = K/p = J/H.
XA >

atomic susceptibility,
= X X (atomic weight) ; XM = molecular susceptibility.

/A ,
/M , similarly atomic and molecular intensity of magnetization.

Hysteresis is work done in taking a cm3 of the magnetic material through a magnetic cycle
= flldl = (i/4ir)J*H dB. Steinmetz's empirical' formula gives a close approximation to the

hysteresis loss; it is aB 1 '6 where B is the max. induction and a is a constant (see Table 472). The
retentivity (B r) is the value of B when the magnetizing force is reduced to zero. The reversed
field necessary to reduce the magnetism to zero is called the coercive force (He).

Ferromagnetic substances, ju very large, K very large: Fe, Ni, Co, Heusler's alloy (Cu 62.5,
Mn 23.5, Al 14. See Stephenson, Phys. Rev. 1910), magnetite and a few alloys of Mn. n for

Heusler's alloy, 90 to 100 for B = 2200; for Si sheet steel 350 to 5300.

Paramagnetic substances, fJi>i, very small but positive, K = io~3 to io~*: oxygen, especially
at low temperatures, salts of Fe, Ni, Mn, many metallic elements. (See Table 474.)

Diamagnetic substances, ji<i, K negative. Most diamagnetic substance known is Bi, -14
X ic.-6 . (See Table 474.)

Paramagnetic substances show no retentivity or hysteresis effect. Susceptibility independent
of field strength. The specific susceptibility for both para- and diamagnetic substances is in-

dependent of field strength.
For Hall effect (galvanomagnetic difference of potential), Ettinghausen effect (galvanomagnetic

difference of temperature), Nernst effect (thermomagnetic difference of potential) and the Leduc
effect (thermomagnetic difference of temperature), see Tables 487 and 488.

Magneto-strictive phenomena:
Joule effect: Mechanical change in length when specimen is subjected to a magnetic field.

With increasing field strength, iron and some iron alloys show first a small increment A/// =

(7 to 35) X io~7
,
then a decrement, and for H = 1600, A/// may amount to -(6 to 8) x io~*.

Cast cobalt with increasing field first decreases, A/// = -8 Xio"6
,
H - 150, then increases in

length, A/// = + 5 X iQ"6
,
H = 2000; annealed cobalt steadily contracts, A/// = -25 X lo"6

,
H

= 2000. Ni rapidly then slowly contracts, A/// = -30 X lo"6
,
H = 100; -35 X 10"*, H = 300;

-36 X iQ-6
,
H = 2000 (Williams, Phys. Rev. 34, 44, 1912). A transverse field generally gives

a reciprocal effect.

Wiedemann effect: The lower end of a vertical wire, magnetized longitudinally, when a current

is passed through it, if free, twists in a certain direction, depending upon circumstances (see

Williams, Phys. Rev. 32, 281, 1911). A reciprocal effect is observed in that when a rod of soft

iron, exposed to longitudinal magnetizing force, is twisted, its magnetism is reduced.

Villari effect; really a reciprocal Joule effect. The susceptibility of an iron wire is increased

by stretching when the magnetism is below a certain value, but diminished when above that

value.

SMITHSONIAN TABLES.



366 TABLE 445.

COMPOSITION AND MAGNETIC

This table and Table 456 below are taken from a paper by Dr. Hopkinson * on the magnetic properties of iron and steel,

which is stated in the paper to have been 240. The maximum magnetization is not tabulated
; but as stated in the

by 4.
" Coercive force

"
is the magnetizing force required to reduce the magnetization to zero. The '"demag-

previous magnetization in the opposite direction to the " maximum induction " stated in the table. The "energy
which, however, was only found to agree roughly with the results of experiment.

No.
of

Test



TABLE 445 (continued").

PROPERTIES OF IRON AND STEEL.

367

The numbers in the columns headed "
magnetic properties

"
give the results for the highest magnetizing force used,

paper, it may be obtained by subtracting the magnetizing force (240) from the maximum induction and then dividing
netizing force "

is the magnetizing force which had to be applied in order to leave no residual magnetization after
dissipated" was calculated from the formula : Energy dissipated = coercive force X maximum induction w

No.
of

Test



368 TABLES 446-448. MAGNETIC PROPERTIES OF IRON,

TABLE 446. -Magnetic Properties of Iron and Steel.



TABLES 449-451.

MAGNETIC PROPERTIES OF IRONS AND STEELS-

TABLE 449. Magnetic Properties of Various Types of Iron and Steel.

From tests made at the Bureau of Standards. B and // are measured in cgs units.

Values of B.



370 TABLES 462-455.

MAGNETIC PROPERTIES OF IRONS AND STEELS-

TABLE 452. Magnetic Properties of Two Types of American Magnet Steel.

From tests at the Bureau of Standards. B and H are measured in cgs units.

Values of B



TABLES 456-458.
37'

PERMEABILITY OF SOME OF TKE SPECIMENS IN TABLE 445.

TABLE 456.

This table gives the induction and the permeability for different values of the magnetizing force of some of the spec*
mens in Table 445- The specimen numbers refer to the same table. The numbers in this table have been taken
from the curves given by Dr. Hopkinson, and may therefore be slightly in error; they are the mean values for

rising and falling magnetizations.

Magnetiz-
ing force.

H



372 TABLES 45^-462.

MAGNETISM AND TEMPERATURE.

TABLE 459. Magnetism and Temperature, Critical Temperature.

The magnetic moment of a magnet diminishes with increasing temperature. Different specimens vary widely.
In the formula Mt/Mo = (i at) the value of a may range from .0003 to .001 (see Tables 457-458). The effect on the

permeability with weak fields may at first be an increase. There is a critical temperature (Curie point) above which
the permeability is very small (paramagnetic?). Diamagnetk susceptibility does not change with the temperature.
Paramagnetic susceptibility decreases with increase in temperature. This and the succeeding two tables are taken
from Dushman. " Theories of Magnetism," General Electric Review, 1916.

Substance.



TABLES 463-469.

MAGNETIC PROPERTIES OF METALS.

TABLE 463.- Cobalt at 100 0. TABLE 464. -Nickel at 100 0.

373

H



374 TABLES 47O-471.

DEMAGNETIZING FACTORS FOR RODS.

TABLE 470.

ff= true intensity o* magnetizing field, H' = intensity of applied field, /= in-

tensity of magnetization, H=H' .AY.

Shuddemagen says : The demagnetizing factor is not a constant, falling for

highest values of /to about 1/7 the value when unsaturated; for values of B
(=^H~4ir/) less than 10000, N is approximately constant; using a solenoid
wound on an insulating tube, or a tube of split brass, the reversal method gives
values for TV which are considerably lower than those given by the step-by-step
method

;
if the solenoid is wound on a thick brass tube, the two methods prac-

tically agree.



TABLE 472. 375

DISSIPATION OF ENERGY IN THE CYCLIC MAGNETIZATION OF VARIOUS
SUBSTANCES.

C. P. Steinmetz concludes from his experiments* that the dissipation of energy due to

hysteresis in magnetic metals can be expressed by the formula e= aBlA
, where e is the energy

dissipated and a a constant. He also concludes that the dissipation is the same for the same
range of induction, no matter what the absolute value of the terminal inductions may be. His

experiments show this to be nearly true when the induction does not exceed j- 1 5000 c. g. 8.

units per sq. cm. It is possible that, if metallic induction
only be taken, this may be true up to

saturation ; but it is not likely to be found to hold for total inductions much above the satura-

tion value of the metal. The law of variation of dissipation with induction range in the cycle,
stated in the above formula, is also subject to verification.!

Values of Constant a.

The following table gives the values of the constant a as found by Steinmetz for a number of different specimens.
The data are taken from his second paper.

Number of

specimen.



376 TABLE 473.

ENERGY LOSSES IN TRANSFORMER STEELS.

Determined by the wattmeter method.
Loss per cycle per cc= AB*-\-lni B'J, where B = flux density in gausses and n = frequency in

cycles per second, x shows the variation of hysteresis with B between 5000 and 10000 gausses,
and^y the same for eddy currents.
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TABLE 474.

MAGNETIC SUSCEPTIBILITY.
If 31 is the intensity of magnetization produced in a substance by a field strength ft then the

magnetic susceptibility H = 3I/*. This is generally referred to the unit mass; italicized figuresrefer to the unit volume. The susceptibility depends greatly upon the purity of the substai:
pecially its freedom from iron. The mass susceptibility of a solution containing p per cent by weightof a water-free substance is, if H is the susceptibility of water, (p/ioo) H + (i p/ioo) HQ.

Substance.
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TABLE 4 75.

MAGNETO-OPTIC ROTATION.

Faraday discovered that, when a piece of heavy glass is placed in magnetic field and a beam
of plane polarized light passed through it in a direction parallel to the lines of magnetic force,
the plane of polarization of the beam is rotated. This was subsequently found to be the case
with a large number of substances, but the amount of the rotation was found to depend on the
kind of matter and its physical condition, and on the strength of the magnetic field and the

wave-length of the polarized light. Verdet's experiments agree fairly well with the formula

where c is a constant depending on the substance used, / the length of the path through the

substance, // the intensity of the component of the magnetic field in the direction of the path
of the beam, r the index of refraction, and A the wave-length of the light in air. If H be dif-

ferent, at different parts of the path, IH is to be taken as the integral of the variation of mag-
netic potential between the two ends of the medium. Calling this difference of potential z/, we
may write Q= Av, where A is constant for the same substance, kept under the same physical
conditions, when the one kind of light is used. The constant A has been called

" Verdet's con-

stant," * and a number of values of it are given in Tables 476-480. For variation with tempera-
ture the following formula is given by Bichat :

R = A'o (i 0.00104 / 0.000014/2),

which has been used to reduce some of the results given in the table to the temperature corre-

sponding to a given measured density. For change of wave-length the following approximate
formula, given by Verdet and Becquerel, may be used :

where p is index of refraction and A wave-length of light.
A large number of measurements of what has been called molecular rotation have been made,

particularly for organic substances. These numbers are not given in the table, but numbers
proportional to molecular rotation may be derived from Verdet's constant by multiplying in the
ratio of the molecular weight to the density. The densities and chemical formula are given in
the table. In the case of solutions, it has been usual to assume that the total rotation is simply
the algebraic sum of the rotations which would be given by the solvent and dissolved substance,
or substances, separately; and hence that determinations of the rotary power of the solvent
medium and of the solution enable the rotary power of the dissolved substance to be calculated.

Experiments by Quincke and others do not support this view, as very different results are
obtained from different degrees of saturation and from different solvent media. No results thus
calculated have been given in the table, but the qualitative result, as to the sign of the rotation
produced by a salt, may be inferred from the table. For example, if a solution of a salt in water
gives Verdet's constant less than 0.0130 at 20 C., Verdet's constant for the salt is negative.
The table has been for the most part compiled from the experiments of Verdet,t H. Becque-

rcl,t Quincke, Koepsel,|| Arons,f Kundt,** Jahn.tt Schonrock.fJ Gordon, Rayleigh and
Sidgewick,l||| Perkin,lT1F Bichat.***
As a basis for calculation, Verdet's constant for carbon disulphide and the sodium line D has

been taken as 0.0420 and for water as 0.0130 at 20 C.

* The constancy of this quantity has been verified through a wide range of variation of magnetic field by
H. E. J. G. Du Bois (Wied. Ann. vol. ^ 5 ), p. 137, 1888.

t
' Ann. de Chim. et de Phys." [3] vol. 52, p. r2g, 1858.

$
' Ann. de Chim. et de Phys." [5] vol. 12;

"
C. R." vols. 90, p. 1407, 1880, and 100, p. 1374, 1885.

' Wied. Ann." vol. 24, p. 606, 1885.
' Wied. Ann." vol. 26, p. 456, 1885.
Wied. Ann." vol. 24, p. 161, 1885.

* ' Wied. Ann." vols. 23, p. 228, 1884, and 27, p. 191, 1886.
' Wied. Ann." vol. 43, p. 280, 1891.

$J 'Zeits. fur Phys. Chem." vol. n, p. 753, 1893.

&
'

Proc. Rov. Soc." 36, p. 4, 1883.
'

Phil. Trans. R. S." 176, p. 343, 1885.
* '

Jour. Chem. Soc."
*** '

Jour, de Phys." vols. 8, p. 204, 1879, and 9, p. 204 and p. 275, 1880.

SMITHSONIAN TABLES.



TABLE 476.

MAGNETO-OPTIC ROTATION.
Solids.

379

Substance.
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TABLE 477.

MAGNETO-OPTIC ROTATION.
Liquids : Verdet's Constant for A. 0.589/i.

Substance.



TABLE 478.

MAGNETO-OPTIC ROTATION.
Solutions of acids and salts In water. Verdet's constant lor A = 0.589/i.

381

Chemical
formula.



TABLES 479, 48O.

TABLE 479. -Magneto-Optic Rotation.

Gases.



TABLES 481 -483.

TABLE 481. - Values of Eerr's Constant.*

383

Du Bois has shown that the rotation of the major axis of vibration of radiations normally reflected from a magnet is

algebraically equal to the normal component of magnetization multiplied into a constant K. He calls this con-
stant K, Kerr's constant for the magnetized substance forming the magnet.

Color of light.



TABLES 484-486.

RESISTANCE OF METALS. MAGNETIC EFFECTS.

TABLE 484. Variation of Resistance of Bismuth, with Temperature, in a Transverse

Magnetic Field.

Proportional Values of Resistance.



TABLES 487, 488. 385
TABLE 487. Transverse Oalvanomagnetlc and Thermomagnetlc Effects.

Effects are considered positive when, the magnetic field being directed away from the observer,and the primary current of heat or electricity directed from left to right, the upper edge of the
specimen has the higher potential or higher temperature.
h'= difference of potential produced; T= difference of temperature produced; /= primary

current; ^ = primary temperature gradient; B= breadth, and D= thickness, of specimen
//= intensity of field. C. G. S. units.

Hall effect (Galvanomagnetic difference of Potential), E= A' D
Ettingshausen effect (

" "

Nernst effect (Thermomagnetic
"

Leduc effect (
" "

"
Temperature), T= TD

j*
"

Potential), E-

"
Temperature), T=Sf/B ĉ

Substance.



386 TABLES 489-491.

RONTGEN (X-RAYS) RAYS.

TABLE 489. Cathode and Canal Rays.

Cathode (negative) rays consist of negatively charged particles (charge 4.77 x io~10
esu,

1.591 x lo"90 emu, mass, 9 x lo"28 g or 1/1800 H atom, diam. 4 X 10 13 cm) emitted at low

pressures in an electric discharge tube perpendicularly to the cathode (.*. can be focused) with

velocities (io
9 to io10 cm/sec.) depending on the acting potential difference. When stopped by

suitable body they produce heat, ionization (inversely proportional to velocity squared), photo-

graphic action, X-rays, phosphorescence, pressure. The bulk of energyJs transformed into

heat (Pt, Ta, W may be fused). In an ordinary X-ray tube carrying io 3
ampere the energy

given up may be of the order of 100 cal/m. Maximum thickness of glass or Al for appreciable
transmission of high speed particles is .0015 cm. Maximum velocity Vd with which a cathode

ray of velocity F may pass through a material of thickness d is given by F 4 - F<*
4 = ad x io40

;

a = 2 for air, 732 for Al and 2540 for Au, cm-sec, units (Whiddington, 1912). Cathode rays
have a range of only a few millimeters in air.

Canal (positive) rays move from the anode with velocities about io8
cm/sec, in opposite

direction to the cathode rays, carry a positive charge, a mass of the order of magnitude of the

H molecule, cause strong ionization, fluorescence (LiCl fluoresces blue under cathode, red under

canal ray bombardment), photographic action, strong pulverizing or disintegrating power and

by bombardment of the cathode liberate the cathode rays.

TABLE 490. Speed of Cathode Rays.

The speed of the cathode particles in cm/sec, as dependent upon the drop of potential to

which they owe the speed, is given by the formula v = 5.95 VE-io7
. The following table gives

values of 5.95 VE.

Voltage



TABLES 492-493.

RONTGEN (X-RAYS) RAYS.
TABLE 492. X-rays, General Properties.

X-rays are produced whenever and wherever a cathode ray hits matter. They are invisible,
of the same nature as, and travel with the velocity of light, affect photographic plates, excite

phosphorescence, ionize gases and suffer deviation neither by magnetic nor electric fields as do
cathode rays. In an ordinary X-ray tube (vacuum order o.ooi to o.oi mm Hg) the cathode
(concave for focusing, generally of aluminum) rays are focused on an anticathode of high atomic
weight (W, Pt, high atomic weight, high melting point, low vapor pressure, to avoid sputtering,
high thermal conductivity to avoid heating). Depth to which cathode rays penetrate, order
of 0.2 x io~5 cm in Pb, 90,000 volts (Ham, 1910), 24 x io~5 cm in Al, 22,000 volts (Warburg,
1915). Note: High speed H and He molecules (2 x io8

cm/sec.) can penetrate o.ooi to 0.006
mm mica; He a particles (2 x io9

cm/sec.), 0.04 mm glass.
The X-rays from an ordinary bulb consist of two main classes:

Heterogeneous ("general," "independent") radiation, which depends solely on the speed of
the parent cathode rays. It is always present and its range of hardness (wave-lengths) depends
on the range of speeds of the cathode rays. Its energy is proportional to the 4th power of these

speeds.

Homogeneous ("characteristic," "monochromatic") radiation (K, L, M, etc. radiations,
see Table 498 for wave-lengths), characteristic of the metal of the anticathode. Generated only
when cathode rays are sufficiently fast. There is a critical velocity for each characteristic
radiation from each material, proportional to the atomic weight of the anticathode. The critical

velocity for the K radiation is VK = A x io8
,
when A is the atomic weight of the radiator (e.g.

anticathode); VL = i/2(A -48)io8
.

The following relation has been found to hold experimentally between the voltage V through
which the cathode particles fall and the maximum frequency v of the X-rays produced: eV
= hv, where e is the electronic charge and h, Planck's constant. Blake and Duane (Phys. Rev.
io, 624, 1917) found for h, 6.555 X lo"27

erg second.
As the speed of the cathode rays is increased, shorter and shorter wave-lengthed "independent"

X-rays are produced until the critical speed is reached for the "characteristic" rays; with faster

speeds, the cathode rays become at first increasingly effective for the characteristic radiation,
then less so as the independent radiation again predominates.
When cathode rays hit the anticathode some 75 per cent are reflected, the more the heavier

its atomic weight. The chances of the remainder hitting an atom so as to generate an X-ray
are slight; only i/iooo or 1/2000 of the original energy goes into X-rays. If z and Ee are the

energies of the X and the parent cathode rays, A the atomic weight of the anticathode, /3 the

velocity of the cathode rays as fraction of the light value (3 x io10
cm/sec.), Beatty showed

(Pr. R. S. 1913) that Ex = Ec (.51 X ioM/3
2
); this refers only to the independent radiations;

when characteristic radiations are excited their energy must be added and the tube becomes

considerably more efficient. No quantitative expression for the latter has been developed.
When an X-ray strikes a substance three types of radiation result: scattered (sometimes called

secondary) X-rays, characteristic X-rays and corpuscular rays (negatively charged particles).
The proportions of the rays depend on the substance and the quality of the primary rays. When
the substance is of low atomic weight, by far the greater portion of the X-rays, if of a penetrating
type, are scattered. With elements of the Cr-Zn group most of the resulting radiation is "charac-
teristic." With the Cu group the scattered radiation (1/200) is negligible. Heavier elements,
both scattered and characteristic X-rays. Corpuscular radiation greater, mass for mass, for

elements of high atomic weight and may mask and swamp the characteristic radiation. Hence
an X-ray tube beam, heterogeneous in quality, allowed to fall on different metals, Cu, Ag, Fe,

Pt, etc., excites characteristic X-rays of wide range of qualities. Exciting ray must be harder
than the characteristic radiation wished. The higher the atomic weight of the material struck

(radiator), the more penetrating the quality of the resulting radiation as shown by the following

table, which gives A, the reciprocal of the distance in cm in Al, through which the rays must pass
in order that their intensity will be reduced to 1/2.7 of their original intensity.

TABLE 493. Rontgen Secondary Rays.

Radiator.



TABLES 494-495.

RONTGEN (X-RAYS) RAYS-

TABLE 494. Corpuscular Rays.

Corpuscular rays are given off in greatest abundance when radiator emits its characteristic radiation. Intensity
increases with atomic weight Uth power, Moore, Pr. Phys. Soc.). Greater number emitted at right angles to incident

\ olocity runj,'e (6 to 8.5)10* cm/sec, ro = velocity when leaving radiator = icfl(A = Atomic weight) = critical

velocity necessary to excite characteristic radiation, therefore corpuscular rays have practically the same velocity as
the original generating cathode

rays.
Are of uniform quality when excited by characteristic rays and follow exponen-

tial law of absorption in gases. If A is the absorption coefficient and A the atomic weight, \A* = Xro4 = constant

(Whiddington, Beatty). X is defined by 7 = 7o *""* where 7 and 7o are the intensities after and before absorption and
d the thickness of the absorptive layer in cm. The following values for X in air for characteristic radiations from various
substances are due to Sadler. (At o C and 76 cm Hg.)

Metal emitting
corpuscles.



TABLES 496-497.

RONTGEN (X-RAYS) RAYS.

TABLE 496. Mass Absorption Coefficients, \/d.

The quality by which X-rays have been generally classified is their "hardness" or penetrating power. It is greater
the greater the exhaustion of the tube, but for a given tube depends solely upon the potential difference of the elec-

trodes. With extreme exhaustion the X-rays have an appreciable effect after passing through several millimeters of

brass or Al. The penetrability of the characteristic radiation is in general proportional to the sth power of the atomic
weight of the radiator. The absorption of any substance is equal to the sum of the absorptions of the individual atoms
and is independent of the chemical combination, its physical state and probably of the temperature. Most of the

following table is from the work of Barkla and Sadler, Phil. Mag. 17, 739, 1909. For starred radiators, L radiations

used; for others the K.
If 7o be the intensity of a parallel beam of homogeneous radiation incident normally on a plate of absorbing material

of thickness /, then I = I e~^x gives the intensity / at the depth x. Because of the greater homogeneity of the secondary
X-rays they were used in the determination of the following coefficients. The coefficients X have been divided by the

density d.

Radiator.



390 TABLE 498.

X-RAY SPECTRA AND ATOMIC NUMBERS-

Kaye has shown that an element excited by sufficiently rapid cathode rays emits Rontgen rays characteristic of

that substance. These were analyzed and the wave-lengths determined by Moseley (Phil. Mag. 27, 703, 1914), using
a crystal of potassium ferrocyanide as a grating. He noted the K series, showing two lines, and the L series with several.

He found that every element from Al to Au was characterized by integer N, which determines its X-ray spectrum;
N is identified with the number of positive units associated with its atomic nucleus. The order of these atomic num-
bers (AT) is that of the atomic weights, except where the latter disagrees with the order of the chemical properties.

Known elements now correspond with all the numbers between i and 92 except 6. There are here six possible elements
still to be discovered (atomic nos. 43, 61, 72, 75, 85).

The frequency of any line in an X-ray spectrum is approximately proportional to A (N ft)
2

, where A and ft are

constants. All X-ray spectra of each series are similar in structure, differing only in wave-lengths. QK = fr/fw);

Q^ =
(r/,ftto) where r is the frequency of the a line and vo the fundamental Rydberg frequency. The atomic number

for the K series = QK+ i and for the L series, QL + 7-4 approximately, vo = 3.29 X lo1*

Moseley's work has been extended, and the following tables indicate the present (1919) knowledge of the X-ray
spectra.

(a) K SERIES (WAVE-LENGTHS, X X io8 CM).

Element,



TABLE 498 (continued).

X-RAY SPECTRA AND ATOMIC NUMBERS-

(6) L SERIES (WAVE-LENGTHS, X X 10* CM).

391

Element,
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TABLE 498 (continued).

X-RAY SPECTRA AND ATOMIC NUMBERS.

(6) L SERIES (WAVE-LENGTHS, X X io CM).



TABLE 499.

X-RAY ABSORPTION SPECTRA AND ATOMIC NUMBERS-
393

A marked increase in the absorption of X-rays by a chemical element occurs at frequencies
close to those of the X-rays characteristic of that element. The absorption coefficient is much
greater on the short wave-length side. In the K series the a lines are much stronger than the

corresponding /3 and 7 lines, but the wave-lengths of the a lines are greater. There is a marked
increase in the absorption at wave-lengths considerably shorter than the a lines and near the

/3 lines. Bragg came to the conclusion that the critical absorption frequency lay at or above
the 7 of the K series. The 7 line has a frequency about i per cent higher than the corresponding

/3 line. For the L series there are 3 characteristic marked absorption changes (de Broglie).
The critical absorption wave-lengths of the following table are due to Blake and Duane,

Phys. Rev. 10, 697, 1917. The equation v = i> (N -
3.5)2 where v is Rydberg's fundamental

frequency (109,675 X the velocity of light) and N the atomic number, represents the data with

considerable accuracy. The nuclear charge is obtained by Q = 2e(N - 3.5).

Element.



394 TABLES 600-502. - RADIOACTIVITY.

Radioactivity is a property of certain elements of high atomic weight. It is an additive

property of the atom, dependent only on it and not on the chemical compound formed nor
affected by physical conditions controlling ordinary reactions, viz : temperature, whether solid or

liquid or gaseous, etc.

With the exception of actinium, radioactive bodies emit o, 0, or y rays, a rays are easily ab-

sorbed by thin metal foil or a few cms. of air and are positively charged atoms of helium emitted
with about 1/15 the velocity of light. They are deflected but very slightly by intense electric or

magnetic fields. The $ rays are on the average more penetrating, are negatively charged particles

projected with nearly the velocity of light, easily deflected by electric or magnetic fields and
identical in type with the cathode rays of a vacuum tube. The y rays are extremely penetrating
and non-deviable, analogous in many respects to the very penetrating Rontgen rays. These rays
produce ionization of gases, act on the photographic plate, excite phosphorescence, produce certain

chemical reactions such as the formation of ozone or the decomposition of water. All radio-

active compounds are luminous evert at the temperature of liquid air.

Table 506 is based very greatly on Rutherford's Radioactive Substances and their radiations

(Oct. 1912). To this and to Landolt-Bornstein Physikalisch-chemische Tabellen the reader is re-

ferred for references. In the three radioactive series each successive product (except Ur. Y, and
Ra. C2 ) results from the transformation of the preceding product and in turn produces the follow-

ing. When the change is accompanied by the ejection of an a particle (helium, atomic weight= 4.0)
the atomic weight decreases by 4. The italicized atomic weights are thus computed. Each pro-
duct with its radiation decays by an exponential law

;
the product and its radiation consequently

depend on the same law. I = Ioe~At where Io= radioactivity when t= O, I that at the time t,

and A. the transformation constant. Radioactive equilibrium of a body with its products exists

when that body is of such long period that its radiation may be considered constant and the

decay and growth of its products are balanced.
International radium standard : As many radioactivity measures depend upon the purity of the

radium used, in 1912 a committee appointed by the Congress of Radioactivity and Electricity,

Brussels, 1910, compared a standard of 21.99 mS- ^ Pure Ra - chloride sealed in a thin glass tube
and prepared by Mme. Curie with similar standards by Honigschmid and belonging to The
Academy of Sciences of Vienna. The comparison showed an agreement of i in 300. Mme.
Curie's standard was accepted and is preserved in the Bureau international des poids et mesures
at Sevres, near Paris. Arrangements have been made for the preparation of duplicate standards
for governments requiring them.

TABLE 500. Relative Phosphorescence Excited by Radium.

(Becquerel, C. R. 129, p. 912, 1899.)

Without screen,
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TABLES 603-505.

RADIOACTIVITY.
TABLE 503. Stopping Powers of Various Substances for a Rays.

s, the stopping power of a substance for the a rays is approximately proportional to the square
root of the atomic weight, w.

Substance
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TABLE 606.

RADIOACTIVITY.

P = 1/2 period = time when body is one half transformed. A = transformation constant (see previous page).
The initial velocity of the a particle is deduced from the formula of Geiger V3 = aR, where R = range and assuming
the velocity for RaC of range 7.06 cm. at 20 is 2.06 X io cm per sec., i.e., v = 1.077^.

1

, ,



TABLE 606 (continued).

RADIOACTIVITY.
397

fj.
= coefficient of absorption for ft rays in terms of cms. of aluminum; Mlf of the y rays in cms of Al so that if/o is the incident intensity, J that after passage through d cms, / = Joe dp.

URANIUM-RADIUM GROUP.
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TABLES 507-510.

RADIOACTIVITY.

TABLE 507. Total Number oi Ions produced by the a, 0. and 7 Rays.

The total number of ions per second due to the complete absorption in air of the /8 rays due to I

gram of radium is 9 Xio14
, to the y rays, i3Xio

14
.

The total number of ions due to the a rays from i gram of radium in equilibrium is 2-56XIO
16

.

If it be assumed that the ionization is proportional to the energy of the radiation, then the total

energy emitted by radium in equilibrium is divided as follows : 92.1 parts to the a, 3.2 to the )8, 47
to the 7 rays. (Rutherford, Moseley, Robinson.)

TABLE 508. Amount of Radium Emanation. Curie.

At the Radiology Congress in Brussels in 1910, it was decided to call the amount of emanation
in equilibrium with i gram of pure radium one Curie. [More convenient units are the millicurie

(io~
3
Curie) and the microcurie (io~

6
Curie)]. The rate of production of this emanation is 1.24X10 9

cu. cm. per second. The volume in equilibrium is 0.59 cu. mm. (760 cm., OC.) assuming the emana-
tion mon-atomic.

The Mache unit is the quantity of Radium emanation without disintegration products which

produces a saturation current of io~3 unit in a chamber of large dimensions, i curie = 2.5 Xio9

Mache units.

The amount of the radium emanation in the air varies from place to place ;
the amount per cubic

centimeter of air expressed in terms of the number of grams of radium with which it would be in

equilibrium varies from 24Xio~ 12 to 35oXio-
12

.

TABLE 509. Vapor Pressure of the Radium Emanation In cms. of Mercury.

(Rutherford and Ramsay, Phil. Mag. 17, p. 723, 1909, Gray and Ramsay, Trans.
Chem. Soc. 95, p. 1073, I99-)

Temperature C. 127 101 65 56 10 +17 +49 +73 +100 +104 (crit)

Vapor Pressure. 0.9 5 76 100 500 1000 2000 3000 4500 4745

TABLE 510. - References to Spectra of Radioactive Substances.

Radium spectrum: Dema^ay, C. R. 131, p. 258, 1900.
Radium emanation spectrum : Rutherford and Royds, Phil. Mag. 16, p. 313, 1908 ; Watson, Proc.

Roy. Soc. A 83, p. 50, 1909.
Polonium spectrum: Curie and Debierne, Rad. 7, p. 38, 1910, C. R. 150, p. 386, 1910*

SMITHSONIAN TABLES.



TABLES 511-512.

TABLE 511. - Molecular Velocities.
399

The probability of a molecular velocity * is (4/VTT)^*, the most probable velocity being taken as unity. The
number of molecules at any instant of speed greater than c is tlT(fa/*)i /jfrto*&+*** }

(see table),
where .V is the total number of molecules. The mean velocity G (sq. it. of mean'sq.) is proportional to the mean
kinetic energy and the pressure which the molecules exert on the walls of the vessel and Is equal to i s 800 VfTm cm/*
where T is the absolute temperature and m the molecular weight. The most probable velocity U denoted b
average arithmetical velocity by ft.

G = w V77^ = i . 225^; a = w V4/r

by W, the

1.I2&W; C - - I.086Q.

The number of molecules striking unit area of inclosing wall is (i/4)tfQ (Meyer's equation), where N is the number
of molecules per unit volume; the mass of gas striking is (i/4)pfi where p is the density of the gas. For air at normal
pressure and room temperature (20 C) this is about 14 g/cmVsec. See Langmuir, Phys. Rev. 2. 1913 (vapor pres-
sure of W) and J . Arner. Ch. Soc. 37, iQiS (Chemical Reactions at Low Pressures), for fertile applications of these latter
equations. The following table is based on Kinetic Theory of Gases, Dushman, Gen. Elec. Rev 18 xois and Jeans
Dynamical Theory of Gases, igi6.

Gas
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TABLES 513-514.

TABLE 513. Cross Sections and Lengths of Some Organic Molecules.

According to Langmuir (J. Am. Ch. Soc. 38, 2221, 1916) in solids and liquids every atom is chemically combined
to adjacent atoms. In most inorganic substances the identity oi the molecule is generally lost, but in organic com-
pounds a more permanent existence of the molecule probably occurs. When oil spreads over water evidence points
to a layer a molecule thick and that the molecules are not spheres. Were they spheres and an attraction existed be-
tween them and the water, they would be dissolved instead of spreading over the surface. The presence of the COOH,
CO or OH groups generally renders an organic substance soluble in water, whereas the hydrocarbon chain decreases

the solubility. When an oil is placed on water the COOH groups are attracted to the water and the hydrocarbon
chains repelled but attracted to each other. The process leads the oil over the surface antil all the COOH groups
are in contact if possible. Pure hydrocarbon oils will not spread over water. Benzene will not mix with water. When
a limited amount of oil is present the spreading ceases when all the water-attracted groups are in contact with water.
If weight w of oil spreads over water surface A , the area covered by each molecule is AM/wN where M is the molec-
ular weight of the oil (O = 16), N, Avogadro's constant. The vertical length of a molecule / = M/apN = W/pA
where p is the oil density and a the horizontal area of the molecule.

Substance.



TABLE 515.

4OI
ELECTRONS. RUTHERFORD ATOM. BOHR ATOM. MAGNETIC FIELD OF ATOM-

References: Millikan, The Electron, 1917; Science, 45, 421, 1917; Humphreys. Science. 46, 273, 1917; Lodge
Nature, 104, 15 and 82. 1919; Thomson, Conduction of Electricity through Gases; Campbell. Modern Electrical
Theory; Lorentz, The Theory of Electrons; Richardson, The Electron Theory of Matter, 1914.

Electron: an elementary + or unit of electricity.

Free negative electron: (corpuscle, J. J. Thomson); mass = 9.01 X io-g - 1/1845 H atom, probably all of
electrical origin due to inertia of self-induction.

Theory shows that when speed of electron = i/io velocity of light its mass should be appreciably dependent upon
that speed. If mo be mass for small velocity v, m be the transverse mass for v, v/( velocity of light) =

/8, then m -
mo(i /S

2
)^, Lorentz, Einstein;

for/3 =0.01 o.io 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
mlmo = 1.00005 1.005 1-02 1.048 1.091 1.155 1.250 1.400 1.667 2.2Q4

(Confirmed by Bucherer, Ann. d. Phys. 1909, Wolz, Ann. d. Phys. Radium ejects electrons with 3/10 to 98/100 velocity
of light.) m, due to charge = 2E2

/^a, E = charge, a = radius, whence radius of electron = 2 X io~13 cm = 1/50,000
atomic radius. Cf. (radius of earth)/ (radius of Neptune's orbit) = 1/360,000.

Positive electron: heavy, extraordinarily small, never found associated with mass less than that of H atom. If
mass all electrical (?) radius must be 1/2000 that of the electron. No experimental evidence as with electron,
since high enough speeds not available. Penetrability of atom by /3 particle (may penetrate 10,000 atomic systems
before it happens to detach an electron) and a particles (8000 times more massive than electron, pass through 500,000
atoms without apparent deflection by nucleus more than 2 or 3 times) shows extreme minuteness. Upper limit not
larger than icr" cm for Au (heavy atom) or 10'", H (light atom) (Rutherford). Cf. (radius sun)/(radms Neptune's
orbit) = 1/3000, but sun is larger than planets. (Hg atoms by billions may pass through thin-walled highly-evacuated
glass tubes without impairing vacuum, therefore massive parts of atoms must be extremely small compared to volume
of atom.)

Rutherford atom: number of free + charges on atomic nuclei of different elements = approximately \ atomic
weight (Rutherford, Phil. Mag. 21, 1911, deflection of a particles); Barkla concluded free electrons outside
nucleus same in number (Phil. Mag. 21, 191 1, X-ray scattering). If mass is electromagnetic, then lack of exact equiva-
lence may be due to overlapping fields in heavy crowded atoms, a sort of packing effect; the charge on U = 92, at. wt.= 238.5. Moseley (Phil. Mag. 26, 1912; 27, 1914) photographed and analyzed X-ray spectra, showing their exact
similarity in structure from element to element, differing only in frequencies, the square roots of these frequencies
forming an arithmetical progression from element to element. Moseley's series of increasing X-ray frequencies is with
one or two exceptions that of increasing atomic weights, and these exceptions are less anomalous for the X-ray series
than for the atomic-weight series. It seems plausible then that there are 92 elements (from H to U) built up by the
addition of some electrical element. Moseley assigned successive integers to this series (see Table 531) known now as
atomic numbers.

Moseley's discovery may be expressed in the form

i _ Ei A 2 i

n2

"
,

r
Xi

~
Et*

where E is the nuclear charge and A the wave-length. Substituting for the highest frequency line of W, \t = 0.167
X io~8 cm (Hull), 2 = 74 = Nw, and Ei =

i, then Xi = highest possible frequency by element which has one
+ electron; Ai = 91.4 wtju. Now the H ultra-violet series highest frequency line = 91.2 my. (Lyman); i.e.. this ultra-

violet line of H is nothing but its K X-ray line. Similarly, it seems equally certain that the ordinary Balmer series of

H (head at 365 mfj.) is its L X-ray series and Paschen's infra-red series its M X-ray series.

There may be other electrons on the nucleus (with corresponding -f- charges) since they seem to be shot out

by radioactive processes. They may serve to hold the + charges together. He, atomic no. = 2, has 2 free -f- charges,
at. wt. = 4; may imagine nucleus has 4 + electrons held together by 2 electrons, with 2 electrons outside nucleus.

H has one + and one electron.

The application of Newton's law to Moseley's law leads to Ei/Ez = ai/a\-, where the a's are the radii of the inmost
electronic orbits, i.e., the radii of these orbits are inversely proportional to the central charges or atomic numbers.

(Note: When an a particle (-f- charge = 2e) is emitted by a radioactive element, its atomic number decreases by
2, the emission of a charged particle increases its atomic number by i.)

Bohr atom: (Phil. Mag. 26, i, 476, 857, 1913; 29, 332, 1915; 30, 394, 1915). The experimental facts and the law

of circular electronic orbits limit the electrons to orbits of particular radii. \Vhen an electron is disturbed from its

orbit, e.g., struck out by a cathode ray, or returns from space to a particular orbit, energy must be radiated. Ii

gestive that the emission of a /3 ray requires a series of y ray radiations. H does not radiate unless ionized and then

gives out a spectrum represented by Balmer's formula v = N(i/m" i/n2
) where v is the frequency, N, a constant,

and i for all the lines in the visible spectrum has the value 2, ,
the successive integers, 3, 4. 5, . . .; if m = i and ,

2,3,4,. ..Lyman's ultra-violet series results; if m =3,n. 4,5,6 Paschen's infra-red series. These con

tions led Bohr to his atom and he assumed: (a) a series of circular non-radiating orbits governed as above; (b

tion taking place only when an electron jumps from one to another of these orbits, the amount radiated and its frequency

SMITHSONIAN TABLES.
(This Table supplements Table 514).

3 Li 3.00 13 Al 2.70 25 Mn a. 95 t 3& Kr 2.35* 54 Xe 2.70*

Gl
3
.o .4 Si .35 26 Fe 2.80 37 Rb 4-5 55 4-75

4 Gl 2.30 14 Si

6 C 1.54 16 S

7 N 1.30 .7 Cl.

8 O .30 18 A
9 F .35 19

'

20 r e 2.00 J/ rww ^O" f/J
27 Co 2.75 38 Sr 3.90 56 Ba 4.20

28 Ni 2.70 47 Ag 3-55 ' Tl 4.50.10 28 INI 2.70 47 "K -*-55

.05* 29 Cu 2.75 48 Cd 3.20 82 Pb 3-80

9 r ,.35 .v- .15 30 Zn 2.65

10 Ne 1.30*
'

20 Ca 3.40 33 As 2.52

11 Na 3.55 22 Ti 2.80 34 Se
2.3$ 52 2.65

12 Mg 2.85 24 Cr 2.8ot 35 Br 2.38 53 I 2.80

* Outer electron shell. t Cr, "electronegative," 2.35; Mn, ditto, 2.35.

Broughall (Phil. Mag. 41, p. 872, t 92i) computes in the same units from Van der Waal's constant
" b " the diame-

ters of He, N A, Kr, and^C as 2

7

3 , 2.6, 2.9, 3.1, and 3.4- These inert elements correspond toJW^g2
filled successive electron shells. The corresponding atomic numbers are 2, 10, 18, 36 and 54. for Langmu
filled successive electron shells. The corresponding at

see J. Am. Ch. Soc., p. 868, 1919, Science 54, p. 59, i921



4O2 TABLE 515 (continued).

BOHR ATOM. MAGNETIC FIELD OF ATOM-

being determined by kv = Ai At, h being Planck's constant and A\ and At. the energies in the two orbits; (c) the
various possible circular orbits, for the case of a single electron rotating around a single positive nucleus, to be deter-
mined by T = (i/2)rhn, in which r is a whole number, n is the orbital frequency, and T is the kinetic energy of rotation.

The remarkable test of this theory is not its agreement with the H series, which it was constructed to fit, but in the
value found for N. From (a), (b), and (c) it follows that N = (2T^e

tE2m)/h3 = 3-294 X lo15
, within i/io per cent of

the observed value (Science, 45, p. 327).
The radii of the stable orbits = TW/4ir*me*, or the radii bear the ratios i, 4, 9, 16, 25. If normal H be assumed to be

with its electron in the inmost orbit, then 20. = i.i X io~8
;

best determination gives 2.2 X io~ 8
. The fact that H

emits its characteristic radiations only when ionized favors the theory that the emission process is a settling down to
normal condition through a series of possible intermediate states, i.e., a change of orbit is necessary for radiation. That
in the stars there are 33 lines in the Balmer series, while in the laboratory we never get more than 12, is easily explica-
ble from the Bohr theory.

Bohr's theory leads to the relationship v% v% = VL (see x 'ray tables) , Rydberg-Schuster law.

/8 a a
For further development, see Sommerfeld, Ann. d. Phys. 51, i, 1916, Paschen, Ann. d. Phys., October, 1916;

Harkins, Recent work on the structure of the atom, J. Am. Ch. Soc. 37, p. 1396, 1915; 39, p. 856, 1916.

Magnetic field of atom : From the Zeeman effect due to the action of a magnetic field on the radiating electron the
strength of the atomic magnetic field comes out about ip

8
gauss, 2000 times the most intense field yet obtained by an

electromagnet. A similar result is given by the rotation of a number of electrons, Aio3
, where A is the atomic

weight; for Fe this gives io8 gauss. For other determinations, see Weiss (J. de Phys. 6, p. 661, 1907; 7, p. 249, 1908),
Ritz (Ann. d. phys. 25, p. 660, 1908), Oxley (change of magnetic susceptibility on crystallization, Phil. Tr. Roy. Soc.

215, p. 95, 1915) and Merritt (fluorescence, 1915); Humphreys, "The Magnetic Field of an Atom," Science, 46, p. 276,
1917-

SMITHSONIAN TABLES.



TABLES 516-518. 43
Note: The phenomena of Electron Emission, Photo-electric Effect and Contact (Volta) Potential treated in the

subsequent tables are extremely sensitive to surface conditions of the metal. The most consistent observations have
been made in high vacua with freshly cut metal surfaces.

TABLE 516. Electron Emission from Hot Metals.

Among the free electrons within a metal some may have velocities great enough to escape the surface attraction.

The number n reaching the surface with velocities above this critical velocity = N(RT/2irM)le~KT where N **

number of electrons in each cm3 of metal, R the gas constant (83.15 X io erg-dyne), T the absolute temperature, M
the atomic weight of electron (.000546, O = 16), v> the work done when a "gram-molecule" of electrons (6.06 X io
electrons or 96,500 coulombs) escape. It seems very probable that this work is done against the attraction of the
electron's own induced image in the surface of the conductor. When a sufficiently high + field is applied to escaping
electrons so that none return to the conductor, then the saturation current has been found to follow the equation

assuming N and w constant with the temperature; this is equivalent to the equation for n just given and is known as
Richardson's equation. In the following table due to Langmuir (Tr. Am. Electroch. Soc. 29, 125, 1916) 12000 = satura-
tion current per cm2 for T = 2000 K; < = w/F - Rb/F = work done when electrons escape from metal in terms of

equivalent potential difference in volts; F = Faraday constant = 96,500 coulombs.

Metal.



404 TABLE 519.

CONTACT ^VOLTA) POTENTIALS-

There has been considerable controversy over the reality and nature of the contact differences of potential between
two metals. At present, due to the studies of Lan^muir, there is a decided tendency to believe that this Volta differ-
ence of potential is an intrinsic property of metals closely allied to the phenomena just given in Tables 516 to 518 and
that the discrepancies among different observers have been caused by the same disturbing surface conditions. The
following values of the contact potentials with silver and the relative photo-sensitiveness of a few of the metals are
from Henning, Phys. Rev. 4, 228, 1914. The values are for freshly cut surfaces in vacuo. Freshly cut surfaces are
more electro-positive and grow more electro-negative with age. That the observed initial velocities of emission of
electrons from freshly cut surfaces are nearly the same for all metals suggests that the more electro-positive a metal is
the greater the actual velocity of emission of electrons from its surface.

Contact potential with Ag



TABLES 620-631.

IONIC MOBILITIES AND DIFFUSIONS.
405

The process of ionization is the removal of an electron from a neutral molecule, the molecule thus acquiring a result-
ant -f charge and becoming a + ion. The negative carriers in all gases at high pressures, except inert gases, consist
for the most part of carriers with approximately the same mobilities as the -f- ions. The negative electrons must,
therefore, change initially to ions by union with neutral molecules.

The mobility, U, of an ion is its velocity in cm/sec, for an electrical field of one volt per cm. The rates of diffusion,
D, are given in cm3

/sec. U = DP/Ne, where P is the pressure, N, the number of molecules per unit volume of a gas
and e the electronic charge.

Nature of the gas and the mobilities: (i) The mobilities are approximately proportional to the inverse sq. rts. of
the molecular weights of the permanent gases; better yet when the proportionality is divided by the 4th root of the
dielectric constant minus unity; (2) The ratio U + /U seems to be greater than unity in all the more electro-

negative gases.

Mobilities of Gaseous Mixtures: Three types: (i) Inert gases have high mobilities; small traces of electro-

negative gases make values normal. (2) Mixed gases: lowering of mobilities is greater than would be expected from
simple law of mixture. (3) Abnormal changes produced by addition of small quantities of electro-negative gases:

e.g.: normal mobility
6 mm CzHsBr gave
6 mm CzHsI
10 mm CjHsOH "

9 mm CsHsO "

U+ = 1.37
1-37
1-37
0.91
i IS

U -
Wellisch, Pr.

Roy. Soc. 8zA,
p. 500, 1009.

Temperature Coefficient of Mobility: There is no decided change with the temperature.
Pressure Coefficient of Mobility: Mobility varies inversely with the pressure in air from 100 to i/io atmosphere

for ion, to i/iooo, for + ion; below i/io atmosphere all observers agree that the negative ion in air increases

abnormally rapidly.
Free Electrons: In pure He, Ar, and N, the negative carriers have a high mobility and are, in part at any rate,

free electrons; electrons become appreciable in air at 10 cm pressure.

TABLE 520. Ionic Mobilities.

Dry gas.



4o6 TABLES 522-524.

COLLOIDS.

TABLE 522. General Properties of Colloids.

For methods of preparing colloids, see The Physical Properties of Colloidal Solutions, Burton, 1916; for general
properties, see Outlines of Colloidal Chemistry, J. Franklin Inst. 185, p. i, 1918 (contains bibliography).

The colloidal phase is conditioned by sufficiently fine division (i X icr4 to io~7 cm). Colloids are suspensions (in
gas, liquid, solid) of masses of small size capable of indefinite suspension; suspensions in water, alcohol, benzole, glyc-
erine, are called hydrosols, alcosols, benzosols, glycerosols, respectively. The suspended mass is called the disperse
phase, the medium the dispersion medium.

Coiioms tall into 3 quite definite classes: ist, those consisting of extremely finely divided particles (Cu, Au, Ag,
etc.) capable of more or less indefinite suspension against gravity, in equilibrium of somewhat the same aspect as the

pases of the atmosphere, depending as in the Brownian movement upon the bombardment of the molecules of the
medium: 2nd, those resisting precipitation (haemoglobin, etc.) probably because of charged nuclei and which maybe
coagulated and precipitated by the neutralization of the charges; 3rd, colloidal as distinguished from the crystalloidal
condition, the colloid being very slowly diffusible and incapable unlike crystalloids of penetrating membranes (gelatine,
silicic acid, caramel, glue, white of egg, gum, etc.).

Smallest particle of Au observed by Zsigmody (ultraraicroscope) i . 7 X lo""7 cm.
visible in ordinary microscope about 2.5 X io~6 cm.

"
ultramicroscope, with electric arc 15 X io~7 cm.

with direct sunlight i X io~7 cm.

TABLE 523. Molecular Weights of Colloids.

Determined from diffusion.



TABLES 525-527. 47
COLLOIDS.

TABLE 525. Adsorption of Gas by Finely Divided Particles. See also p. 439

Fine division means great surface per unit weight. All substanct- tcn.l t., adsorb gas at surface, the more the higher
the pressure and the lower the temperature. Since different gases vary in tin- adaption fractional separation n
possible. Pt black can absorb 100 vols. Hz, 800 vols. On, Pd 3000 vols. H. In I'd. heated to 100, is used
to remove Hz (higher temperature used for faster adsorption, will take more at lower temperature). Pt can dissolve
several vols. of Hz, Pd, nearly TOO at ordinary temperatures; but it seems probable that the bulk of the 100 vols. of
Hz taken by Pt and the 3000 by Pd must be adsorbed. In 1848 Rose found the density 21 to 22 for Pt foil but 26 for
precipitated Pt.

The film of adsorbed air entirely changes the behavior of very small particles. They flow like a liquid (cf. fog).
With substances like carbon black as little as 5 per cent of the bulk is C; a liter of C black may contain 2.5 liters of
air. Mitscherlich calculated that when CQz at atmospheric pressure, 12 C, is adsorbed by boxwood charcoal, it occu-
pies 1/56 original vol. Apparent densities of gases adsorbed at low temperatures by cocoanut charcoal are of the T^T
order (sometimes greater) as liquids.

Cm5 of Gas Adsorbed by a Cm3 of Synthetic Charcoal (corrected to o C, 76 cm?) (Hemperl and Vater).



408 TABLES 528-529.

TABLE 528. Miscellaneous Constants (Atomic, Molecular, etc.).

Elementary electrical charge, charge on electron, i charge on a particle t = 4-774 * I0~ 10 esu (M )= 1.591 X io- 2 emu
= i . 591 X io- coulomb

Mass of.an electron i* = 9 . 01 X io~28 g
Radius of an electron about 2 X io^ 13 cm
Ratio elm, small velocities e/m = i. 766 X io7 emu. g-1

Number of molecules per gram molecule or per gram molecular weight (Avogadro
constant) N = 6.062 X io (M)

Number of gas molecules per cm3
, 76 cm, o C (Loschmidt's number) n = 2.705 X io19 (M)

Number of gas molecules per cmj
, o C at i X io6 bars 2 . 670 X iolj

Kinetic energy of translation of a molecule at o C Eo 5 . 621 X io~14 erg (M)
Constant of molecular energy, Eo/T - change of translational energy per C. . . e = 2.058 X io~ 16 erg/

6 C (M!
Mass of hydrogen atom :

= i . 662 X to"24 g (M)
Radius of hydrogen molecule about : .

io~8 cm
Mean free path, ditto, 76 cm, o C, about Z, = i . 6 X io~6 cm/sec.
Sq. rt. mean sq. velocity, ditto. 76 cm. o C G = 1.84 X 10* cm/sec.

Arithmetical average velocity, ditto. 76 cm. o C 12 = i . 70 X io5 cm/sec.
Average distance apart of molecules. 76 cm, o C = 3 X io~6 cm
Boltzmann gas constant = constant of entropy equation = R/N = poVo/TN =

(}) k = i .372 X io-" erg/ C
Volume per mol(e) or gram-molecular weight of ideal gas, 76 cm, o C (i .01323 X

io6 bars) =22.412 liters

Ditto, i X io bars, o C (75 cm Hg) = 22 . 708 liters

Gas constant: PVm = RT. Vm = vol. molec. wt. in g when P in g/cm2
,
Vm in cm3 R = 84. 780 g-cm/ C

when P in atmospheres, Vm in liters R = o. 08204 /-atm/ C
when P in dynes, Vm in cm3 R =8.315 X io7

ergs/ C

Absolute zero = o Kelvin = 273.13 C
i Megabar (= Meteorological "bar") = io dynes/cm 2 = 1.013 kg/cm2 =0.987 atmosphere
Mechanical equivalent of heat, i g (20 C) cal = 4. 184 X io7

ergs
= 4. 184 Joules

Faraday constant F = 96494 coulombs

Velocity of light in vacuo c = 2. 99860 X io10 cm/sec.
Planck's element of action h = 6. 547 X xo""27 erg. sec. (M)
Rydberg's fundamental frequency Vo = 3 . 28880 X io15 sec."1

Rydberg's constant. Vo/c N = 109678 . 7
\Vien's constant of spectral radiation ct = i. 4312 for X in cm (M)
Stefan-Boltzmann constant of total radiation <r = 5 . 72 X io~12 watt/cm2 (M)
Grating space in calcite d = 3 . 030 A
Grating space in rock-salt (Uhler, Cooksey) = 2 . 814 X io~8 cm
Potential difference in volts for X-rays of wave-length X in cm = FX = hc/e = i. 241 X io~4 volt, cm

Reference: (M) Millikan, Phil. Mag. 34, i, 1917.

TABLE 529. Radiation Wave-length Limits.

Hertzen waves, longest 2 coo ooo. o cm
shortest 0.2 cm

Infra-red, longest, reststrahlung, focal-isolation 0.03 cm
Infra-red, spectroscopically studied 0.002 cm
Visible, longest

shortest

Ultra-violet, Lyman, shortest *

X-rays, longest
shortest

7 rays, longest
shortest

o . ooo 08 cm
o . ooo 04 cm
o . ooo 006 cm
o . ooo ooo 1 2 cm
o.ooo ooo ooi cm
o.ooo ooo 013 cm
o.ooo ooo ooo 7 cm

SMITHSONIAN TABLES.
*o.ooooo2o cm (Millikan-Sawyer, 1920)



TABLE 530.

TABLES 5SO-531.

Periodic System of the Elements.

409



4io TABLE 632.

PERODIC SYSTEM AND THE RADIOACTIVE ISOTOPES.'

4 sA 6A ?A



TABLES 533-535.

ASTRONOMICAL DATA.

TABLE 533. Stellar Spectra and Related Characteristics.

411

The spectra of almost all the stars can be arranged in a continuous sequence, the various types connected in a series
of imperceptible gradations. With one unimportant exception, the sequence is linear, the transition between two given

Harvard system of
. OB, ,dN. and

ween classes B and A is denoted 85, while those
8 or BQ. In Classes M and O the notation Ma,

Mb, Me, etc., is employed. Classes R and N apparently form a side chain branching from the main series near ( i

The colors of the stars, the degree to which they are concentrated into the region of the sky, including the Milky
Way, and the average magnitudes of their peculiar velocities in space, referred to the center of gravity of the naked-
eye stars as a whole, all show important correlations with the spectral type. In the case of colors, the correl.r
so close as to indicate that both spectrum and color depend almost entirely on the surface temperature of the stars.
The correlation in the other two cases, though statistically important, is by no means as close.

Examples of all classes from O to M are found among the bright stars. The brightest star of Class N is of magni-
tude 5.3; the brightest of Class R, 7.0.

TABLE 534. The Harvard Spectral Classification.

Class.



412 TABLES 536-537.

ASTRONOMICAL DATA.

TABLE 536. Motions of the Stars.

The individual stars are moving in all directions, but, for the average of considerable groups, there is evidence of a
drift away from the point in the heavens towards which the sun is moving (solar apex). The best determinations of
the solar motion, relative to the stars as a whole, are given in Table 535. In round numbers this motion of the sun
may be taken as 20 km/sec, towards the point R. A. 18 h. om., Dec +30.0.

After allowance is made for the solar motion, the motions of the stars in space, relative to the general mean, present
marked peculiarities. If from an arbitrary origin a series of vectors are drawn, representing the velocities of the various
stars, the ends of these vectors do not form a spherical cluster (as would occur if the motions of the stars were at ran-
dom), but a decidedly elongated cluster, whose form can be approximately represented either by the superposition of
two intermingling spherical clusters with different centers (Kapteyn's two-stream hypothesis) or by a single ellipsoidal
cluster (Schwarzschild), the actual form, however, being more complicated than is indicated by either of these hy-
potheses. The direction of the longest axis of the cluster is known as that of preferential motion. The two opposite
points in the heavens at the extremities of this axis are called the vertices. The components of velocity of the stars
parallel to this axis average considerably larger than those parallel to any axis perpendicular to it.

The preferential motion varies greatly with
'

spectral type, being practically absent in Class B, very strong in Class
A, and somewhat less conspicuous in Classes F to M, on account of the greater mean velocities of these stars in all

directions. The positions of the vertices are nearly the same for all.

Numerous investigators, from the more distant naked-eye stars, find substantially the same position for the

vertex,
the mean being R. A. 6 h, 6 m., Dec. +9. The nearer stars, of large proper motion, give a mean of 6 h. i2m.,

+25. (See Stromberg's discussion, cited above.)
In addition to these general phenomena, there are numerous clusters of stars whose members possess almost exactly

equal and parallel motions, for example, the Pleiades, the Hyades, and certain large groups in Ursa Major, Scorpius,
and Orion. The vertices, and the directions toward which these clusters are moving, are all in the plane of the galaxy.

Several faint stars are known which have radial velocities between 300 and 350 km/sec, (e.g. A. G. Berlin 1366 R.A.
looo = 4*86, Dec. 1000 = +22.7, mag. 8.Q velocity of recession 339 km/sec.), and it is probable that the actual

velocity in space exceeds 500 km/sec, for some of these.
The gth magnitude star A. G. Berlin 1366 has a radial velocity of 404 km/sec.
The greatest known proper motion is that of Barnard's star of the ninth magnitude in Ophiuchus, 10.3" per year,

position angle 356. The parallax of this star is 0.52". and its radial velocity about 100 km/sec.
The average radial velocity of the globular clusters is 100 km/sec, and that of the spiral nebulae 400 km. The

globular clusters as a class are approaching the sun. The spiral nebulae, with a few exceptions, are receding. The
greatest individual values are 410 km for the cluster N. G. C. 6934 and 4- 1800 km ~for the nebula N. G. C. 584.

Average velocities with regard to center of gravity of the stellar system, according to Campbell (Stellar Motion,
IQI3):

Type B Stars:

A
6 . 6 km per sec.

10. 9
'

14.4
" " "

Type G Stars:

K
" M "

15.0 km. per sec.

16. 8
"

17.1
"

For radial velocities of 119 stars see Astrophysical Journal, 48, p. 261, 1918.

TABLE 537. Distances of the Stars.

Distances.



TABLES 538-639 * j ^
ASTRONOMICAL DATA-

TABLE 538. Brightness of the Stars.

Stellar magnitudes give the apparent brightness of the stars on a logarithmic scale, a numerical increase of one
magnitude corresponding to a decrease of the common logarithm of the light by 0.400, and a change of five magnitudes
to a factor of 100. The brightest objects have negative stellar magnitude ! magnitude of the
of the mean full Moon, 12.5; of Venus at her brightest, 4.3; of Jupiter, at opposition, rius, 1.6; of
Vega, +0.2; of Polaris, +2.1. (The stellar magnitude of a standard candle i m distant is -14.18.) The faintest stars
visible with the naked eye on a clear dark night are of about the sixth magnitude (though a single luminous point as
faint as the eighth magnitude can be seen on a perfectly black background). The faint- .Me with a telescope
of aperture A in. are approximately of magnitude 9 + 5 logic A. The faintest photographed with the 6o-inch reflector
at Mt. Wilson are of about the 2ist magnitude, A standard candle, of the same color as the stars, would appear of
magnitude +0.8 at a distance of one kilometer.

The actual luminosity of a star is expressed by means of its absolute magnitude, which (Kapteyn's definition) is

the stellar magnitude which the star would appear to have if placed at a distance of ten parsecs. The absolute mag-
nitude of the sun is +4.8 (equal to that of 0,2 Centauri); of Sirius is +1.3; of Arcturus, 0.4. The faintest star at
present known (Innes), a distant companion to a Centauri, has the (visual) absolute magnitude +15.4, and a luminosity
0.00006 that of the sun. The brightest so far definitely measured, ft Orionis, has (Kapteyn) the abs. mag. 5.5 and
a luminosity 13,000 times the sun's. Canopus, and some other stars, may be still brighter.

Intrinsic brightness of sun's surface = 57,000 candles per cm2 of surface. (Abbot-Fowle, 1920)
The absolute magnitudes of 6 planetary nebulae average 9. i; average diameter, 4000 astronomical units (Solar

system to Neptune = 60 astr. units), van Maanen, Pr. Nat. Acad. 4, p. 394, 1918.

Giant and Dwarf Stars.

The stars of Class B are all bright, and nearly all above the absolute magnitude zero. Stars of comparable bright-
ness occur in all the other spectral classes, but the inferior limit of brightness diminishes steadily for the "later or
redder types. The distribution of absolute magnitudes conforms to the superposition of two series, in each of which
the individual stars of each spectral class range through one or two magnitudes on each side of the mean absolute

magnitude. In one, the "giant stars," this mean brightness is nearly the same for all spectral classes, and not
far from absolute magnitude zero. In the other, the "dwarf stars," it diminishes steadily from about abs. mag.

2 for Class Bp to +10 for Class M. The two series overlap in Classes A and F, are fairly well separated in Class K,
and sharply so in Class M. Two very faint stars of Classes A and F fall into neither series.

The majority of the stars visible to the naked eye are giants, since these, being brighter, can be seen at much greater
distances. The greatest percentage of dwarf stars among those visible to the eye is found in Classes F and G. The
dwarf stars of Classes K and M are actually much more numerous per unit of volume, but are so faint that few of the

former, and none of the latter, are visible to the naked eye.
Adams and Stromberg have shown that the mean peculiar velocities of the giant stars are all small, increasing

only from about 6 km/sec, for Class B to 12 for Class M, while those of the dwarf stars are much greater, increas-

ing within each spectral class by about 1.5 km per unit of absolute magnitude, and reaching fully 30 km for stars of

Class M and abs. mag. 10. Both giant and dwarf stars show the phenomenon of preferential motion.

TABLE 539. Masses and Densities.

The stars differ much less in mass than in any other characteristic. The greatest definitely determined mass is

that of the brighter component of the spectroscopic binary /3 Scorpii, which is of 13 times the sun's mass, 400 times

its luminosity, and spectrum Bi. The smallest known mass is that of the faint component of the visual binary Krueger
60, whose mass is 0.15, and luminosity 0.0004 of the sun's, and spectrum M.

The giant stars are in general more massive than the dwarfs. According to Russell (Publ. Astron. Soc. America,

3, 327, 1917) the mean values are:

Spectrum. ^ m - Mass"

62 12 X Sun Fa dwarf 3.0 X Sun
Ao 6.5

" G2 "
1.2

FS giant 8 K8 "
0.9

"

KS
" 10

The densities of stars can be determined only if they are eclipsing variables. It appears that the stars of Classes

B and A have densities averaging about one tenth that of the sun and showing a relatively small range about this value,

while those of Classes F to K show a wide range in density, from 1.8 times that of the sun (W Urs. Maj.) to 0.000002

The surface brightness of the stars probably diminishes by at least one magnitude for each stop ;ilmg the Harvard

scale from B to M. It follows that the dwarf stars are, in general, closely comparable
with the s in in diameter, while

the stars of Classes B and A, though larger, rarely exceed ten times the sun's diameter. The rol.U-r k'hnt stars, how-

ever, must be much larger, and a few, such as Antares, may have diameters exceeding that of the earth's orbit. The
densities of these stars must be exceedingly low.

If arranged in order of increasing density, the giant and dwarf stars form a single sequence Stirling with the giant

stars of Class M, proceeding up that series to Class B, and then down the dwarf seri^ M It is belu

Russell and others that this sequence indicates the order of stellar evolution, a star at fir-t nperature as

it contracts and then cooling off again. The older theory, however, regards the evolutionary sequence as proceeding

in all cases from Class B to Class M.

SMITHSONIAN TABLES.



414 TABLE 540.

MISCELLANEOUS ASTRONOMICAL DATA-

Tropical (ordinary) year
Sidereal year
Anomalistic year
Eclipse year

Synodical (ordinary) month
Sidereal month

= {365.24219879 0.0000000614 (/ i9oo)}days
= {365.25636042 + 0.0000000011 (/

- 1900)} days
= {365.25964134 + 0.0000000304 (/

-
1900)} days

= {346.620000 +0.00000036 (/
- i90o)}days

{29.530588102 0.00000000294 (t i9oo)}days

{27.321660890 0.00000000252 (/ i9oo)}days

Sidereal day (ordinary, two successive transits

of vernal equinox, might be called equinoctial

day)

Sidereal day (two successive transits of same
fixed star)

1920, Julian Period = 6633
January i, 1920, Julian-day number = 2422325

86164.09054 mean solar seconds
= 23 h. 56 m. 4.09054 mean solar time

= 86164.09966 mean solar seconds

Solar parallax = 8. 7958" 0.002" (Weinberg)
8.807 0.0027 (Hincks, Eros)

8.799 (Sampson, Jupiter satellites; Harvard observations)
8.80 Paris conference

Lunar parallax = 3422.63" = 57' 2.63" (Newcomb)

Mean distance earth to sun = 149500000 kilometers = 92900000 miles
Mean distance earth to moon = 60. 2678 terrestrial radii

= 384411 kilometers = 238862 miles

Light traverses mean radius of earth's orbit in 498. 580 seconds

Velocity of light (mean value) in vacuo, 299860 kilometers/sec. (Michelson-Newcomb)
= 186324 statute miles/sec.
Constant of aberration = 20.4874" 0.005"

20.47 Paris conference (work of Doolittle and others

indicates value not less than 20.51)

Light year = 9.5 X io12 kilometers = 5.9 X io12 miles

Parsec, distance star whose parallax is i sec. = 31 X io12 km =
19. 2 X io12 m

General precession

Obliquity of ecliptic
Constant of nutation

Gravitation constant

Eccentricity earth's orbit

Eccentricity moon's orbit

Inclination moon's orbit

Delaunay's y = sin \I
Lunar inequality of earth

Parallactic inequality moon

50. 2564" + 0.000222 (t 1900)" (Newcomb)
= 23 27' 8. 26" - 0.4684 (t

-
1900)" (Newcomb)

= 9.21" (Paris conference)
= 666.07 X io~10 cm3

/g sec2 * o. 16 X io~ 10

= e = 0.01675104 0.0000004180 (t 1900)
0.0000000000126 (/ 1900)2

=
e-i
= 0.05490056 (Brown)

= /= 5 8'43.5"(Brown)
= 0.04488716 (Brown)
= L = 6.454"
= Q = 124. 785" (Brown)

Pole of Milky Way = R. A., 12 h. 48 m.; Dec., +27

SMITHSONIAN TABLES-



TABLES 641-542.

ASTRONOMICAL DATA.
415

TABLE 541. The First-magnitude Stars.

No.



416 TABLES 543-545.

GEODETICAL AND ASTRONOMICAL TABLES.
TABLE 543. Length, of Degrees on the Earth's Surface.



TABLES 646-648.

ASTRONOMICAL DATA.
417

TABLE 546. Numbers and Equivalent Light of the Stars.

The total of starlight is a sensible but very small amount. This table, taken from a paper by Chapman, shows
that up to the 2oth magnitude the total light emitted is equivalent to 687 ist-magnitude stars, equal to about the
hundredth rnrt of full moonlight. If all the remaining stars are included, following the formula, the equivalent addi-
tion would be only three more ist-magnitude stars. The summation leaves off at a point whfcre each additional magni-
tude is adding more stars than the last. But, according to the formula, between the 23d and 24th magnitudes there
is a turning point, after which each new magnitude adds less than before. The actual counts have been carried so
near this turning point that there is no reasonable doubt of its existence. Given its existence, the number of stars is

probably finite, a conclusion open to very little doubt. All the indications of the earlier terms must be misleading if

the margin between i and 2 thousand millions is not enough to cover the whole. (Census of the Sky, Sampson, Observ-
atory, 1915-)



TABLES 649-552.-SOLAR ENERGY.
TABLE 649. -The Solar Constant.

Solar constant (amount of energy falling at normal incidence on one square centimeter per
minute on body at earth's mean distance)= 1.932 calories==mean 696 determinations 190212.
Apparently subject to variations, usually within the range of 7 per cent, and occurring irregularly
in periods of a week qr ten days.

Computed effective temperature of the sun : from form of black-body curves, 6000 to 7000
Absolute ; from Amax.= 2930 and max.= 0.470/11, 6230 ;

from total radiation, J= 76.8xio-
ia X T4

,

5830 .

TABLE 650. Solar spectrum energy (arbitrary units) and its transmission by the earth's atmosphere.

Values computed from eni= e ain
, where em is the intensity of solar energy after transmission:

through a mass of air m
;
m is unity when the sun is in the zenith, and approximately= sec.

zenith distance for other positions (see table 5 5$) ',

e =the energy which would have been ob-

served had there been no absorbing atmosphere; a is the fractional amount observed when the

sun is in the zenith.



TABLES 553-556. 419
ATMOSPHERIC TRANSPARENCY AND SOLAR RADIATION.

TABLE 553. Transmission of Radiation Through Moist and Dry Air.

This table gives the wave-length, A; a the transmission of radiation by dry air above Mount
Wilson (altitude = 1730 m. barometer, 620 mm.) for a body in the zenith ; finally a correction fac-

tor, aw , due to such a quantity of aqueous vapor in the air that if condensed it would form a layer
i cm. thick. Except in the bands of selective absorption due to the air, a agrees very closely with
what would be expected from purely molecular scattering. a w is very much smaller than would be

correspondingly expected, due possibly to the formation of ions by the ultra-violet light from the
sun. The transmission varies from day to day. However, values for clear days computed as fol-

lows agree within a per cent or two of those observed when the altitude of the place is such that
the effect clue to dust may be neglected, e.g. for altitudes greater than 1000 meters. If B=s

the barometric pressure in mm., w, the amount of precipitable water in cm., then aB= a*20 a*, w is

best determined spectroscopically (Astrophysical Journal, 35, p. 149, 1912,37, p. 359, 1913) other-

wise by formula derived from Ilann, w= 2-3ew io
2200

, ew being the vapor pressure in cm. at the
station, h, the altitude in meters. See Table 377 for long-wave transmission.

A (/*)

a

a\v



420 TABLES 557-558.
RELATIVE INTENSITY OF SOLAR RADIATION,

TABLE 557. Mean Intensity ./ lor 24 hours of solar radiation on a horizontal surface at the top of the

atmosphere and the solar radiation A , In terms of the solar radiation, t
,

at earth's mean distance from the son.



TABLES 559-561.

THE EARTH'S ATMOSPHERE.

TABLE 559. - Miscellaneous Data. Variation with Latitude.

421

Optical ev.dence of atmosphere's extent: twilight 63 km, luminous clouds 83, meteors 200, aurora 44-360. Jeans
computes a density at 170 km of 2 X io13 molecules per cm3

, nearly all H (5% He); at 810 km, 3 X 10" molecule*

per cm
3 abnost all H. When in equilibrium, each gas forms an atmosphere whose density decrease with altitude is

independent of the other components (Dalton's law, HzO vapor does not). The lighter the gas, the smaller the decrease
rate. A homogeneous atmosphere, 76 cm pressure at sea-level, of sea-level density, would be 7091 m high. Average
sea-level barometer is 74 cm; corresponding homogeneous atmosphere (truncated cone) 7790 m, weighs (base, m)
10,120 kg; this times earth's area is 52 X io14 metric tons or io~6 of earth's mass. The percentage by vol. and the
partial pressures of the dry-air components at sea-level are: Nj, 78.03, 593.02 mm; Oi, 20.99, J59-52J A, 0.94, 7.144;
COj, 0.03, 0.228; H2, o.oi, 0.076; Ne, p.ooi2, 0.009; He, 0.0004, 0.003 (Hann). The following table gives the varia-
tion of the mean composition of moist air with the latitude (Hann).



422
TABLES 562 563.

TERRESTRIAL TEMPERATURES-

TABLE 562. Temperature Variation over Earth's Surface (Hann).



TABLE 564.

GEOCHEMICAL DATA.

423

Eighty-three chemical elements (86 including Po, Ac and UrX..,) are found on the earth. Besides the eight occur-

ring uncombined as gases, 23 may be found native, Sb, As, Bi, L, Cu, Au, Ir, Fe, Pb?, Hg, Ni, Os, Pd, Pt, Rh, Ru,
Se, Ag, S, Ta ?, Te, Sn ?, Zn ?. Combined the elements form about 1000 known mineral species. Rocks are in genera!
aggregates of these species. Some few (e. g., quartzite, limestone, etc.) consist of one specie. We have some knowl-
edge of the earth to a depth of 10 miles. This portion may be divided into three parts : the innermost of crystalline or

plutonic rocks, the middle, of sedimentary or fragmentary rocks, the outer of clays, gravels, etc. 93% of it is solid mat-
ter, f/,i liquid, and the atmosphere amounts by weight to 0.03% of it. Besides the 9 major constituents of igneous rock
(see 7th col. of table) 3 are notable by their almost universal occurrence, TiO2 , PaOg, and MnO. Bo, Gl, and Sc are also

widely distributed.

The density of the earth as a whole is 5.52 (Burgess); continental surface, 2.67 and outer 10 miles of crust, 2.40

(Harkness). Computed from average chernjcal composition: outer ten miles as a whole, 2.77; northern continents

rvey, 1916; Washington, J. Franklin. Inst. 190,

2.73; southern, 2.76 ;
Atlantic basin, 2.^3 ; Pacific basin, 2.88.

Data of Geochemistry, Clarke, Bui. 616, U. S. Geological Su

AVERAGE COMPOSITION OF KNOWN TERRESTRIAL MATTER.
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TABLE 666-

ACCELERATION OF GRAVITY-

For Sea Level and Different Altitudes.

Calculated from U. S. Coast and Geodetic Survey formula, p. 134 of Special Publication No. 40 of that Bureau.

g = 0.78039 (i + 0.005 294 sin2 - 0.000007 sin2 20)m
g = 32-08783 (i + 0.005294 sin*. < -o. 000007 sin* 20) ft.

Latitude



TABLE 566.

GRAVITY.
425

The following more recent gravity determinations (Potsdam System) serve to show the accuracy which may be
assumed for the values in Table 565, except for the three stations in the Arctic Ocean. The error in the observed gravity
is probably not greater than o.oio cm/sec2

, as the observations were made with the half-second invariable pendulum,
using modern methods.

In recent years the Coast and Geodetic Survey has corrected the computed value of gravity for the effect of ma-
terial above sea-level, the deficiency of matter in the oceans, the deficiency of density in the material below sea-level

under the continents and the excess of density in the earth's crust under the ocean, in addition to the reduction for

elevation. Such corrections make the computed values agree more closely with those observed. See special publica-
tion No. 40 of the U. S. Coast and Geodetic Survey entitled, "Investigations of Gravity and Isostasy," by William

Bowie, 1917; also Special Publication No. 10 of same bureau entitled, "Effect of Topography and Isostatic Compen-
sation upon the Intensity of Gravity," by J. F. Hayford and William Bowie, 1912.

Name. Latitude. Elevation,
meters.

Gravity, cm/sec2

Observed.
Reduced to
sea-level.

Refer-

Kodaikanal, India 10 14'
Ootacamund, India n 25
Madras, India 13 4
Jamestown, St. Helena 15 55
Cuttack, India 20 29
Amraoti, India 20 56

Sibbulpur,
India 23 9

aya, India 24 48
Siliguri, India 26 42
Kuhrja, India 28 14
Galveston, Texas 29 18

Rajpur, India 30 24
Alexandria, La 31 19
St. Georges, Bermuda 32 21

McCormick, S. C 33 55
Shamrock , Texas 35 13
Cloudland, Tenn 36 6

Mount Hamilton, Cal 37 20

Kala-i-Chumb, Turkestan 38 27

Denver, Col 39 41
Hachinohe, Japan 40 31
Chicago, 111 41 47
Albany, N. Y 42 39
Florence, Italy 43 45
Minneapolis, Minn 44 59
Simplon Hospice, Switzerland 46 15
Fort Kent, Me 47 15

Sandpoint, Idaho 48 16
Medicine Hat, Canada 50 2

Field, Canada 51 24
Magleby , Denmark 54 47
Copenhagen ,

Denmark 55 41
St. Paul Island, Alaska 57 7

Fredericksvarn , Norway 59 o

Christiania, Norway 59 55
Ashe Inlet, Hudson Strait 62 33
St. Michael, Alaska 63 28

Hatnarfjordr, Iceland 64 3

Niantilik, Cumberland Sound 64 54
Glaesibaer, Iceland 65 46
Sorvagen, Norway 67 54
Umanak, Greenland 70 40
Danes Island , Spitzbergen 79 46
Arctic Sea 84 12
Arctic Sea 84 52
Arctic Sea 85 55

2336
2254

6
10
28

342
447
no
118

198
3

1012

24
2

163
708

1890
1282

1345
1638

21

182
61

184
256

1998
1 60

637
664
1239

14
14
10
10
28

IS
i

4
7

10

19
10

3
o
o
o

977-645
977-735
978.279
978.712
978.659
978.609
978.719
978.884
978.887
979.082
979.272
979.002
979.429
979.806
979.624
979-577
979-383
979.660
979.462
979.609
980.359
980.278
980.344
980.491
980.597
980.202
980.765
980.680
980.865
980.745
981.502
98i.559
981.726
981.874
981.927
982.105
982. 192
982.266
982.273
982.342
982.622
982.590
983-078
983-109
983-174
983-155

978.366
978.427
978.281
978.715
978.668
978.714
978.856
978.918
978.923
979-143
979-273
979.313
979-436
979.807
979.674
979-795
979.966
980.056
979.877
980.114
980.365
980.334
980.363
980.548
980.676
980.819
980.814
980.877
981.070
981.127
981 . 506
981-563
981.729
981.877
981-936
982 . no
982.192
982. 267
982.275
982.345
982.628
982.593
983.079
983.109
983.174
983.155

References: (i) Report i6th General Conference International Geodetic Association, London and Cambridge,
1909. 3d Vol. by Dr. E. Borrass, 1911; (2) U. S. Coast and Geodetic Survey, Special Publ. No. 40;

*
(3) U. S. Coast

and Geodetic Survey, Report for 1897, Appendix 6.*

* For references (2) and (3), values were derived from comparative experiments with invariable pendulums, the
value for Washington being taken as 980.112. For the latter, Appendix 5 of the Coast and Geodetic Survey Report
for 1901, and pages 25 and 244 of the 3d vol. by Dr. E. Borrass in 1911 of the Report of the i6th General Conference
of the Intern. Geodetic Association, London and Cambridge, 1909. As a result of the adjustment of the net of gravity
base stations throughout the world by the Central Bureau of the Intern. Geodetic Association, the value of the Wash-
ington base station was changed to 980.112.

SMITHSONIAN TABLES.



426 TABLE 567.

ACCELERATION OF GRAVITY (0) IN THE UNITED STATES-

The following table is abridged from one for 219 stations given on pp. 50 to 52, Special Publication No. 40, U. S.

nirvey. The observed values depend on relative determinations and on adopted value of 980.112
for Washington (Toast and C.etxlctic Survey Office, see footnote, Table 566). There are also given terms necessary
in reducing the theoretical value (Table 565) to the proper elevation (free-air) and to allow for topography and isostatic

compensation by the Hayford method (see introductory note to Table 566).
To a certain extent, the greater the bulk of material below any station, the less its average density. This phenomenon

is knov. c compensation. The depth below sea-level to which this compensation extends is about 96 km.
Below this depth any mass element is subject to equal (fluid) pressure from all directions.

lion.



TABLES 668-569. 427

TABLE 568. Length of Seconds Pendulum at Sea Level and for Different Latitudes.
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TABLE 570.

TERRESTRIAL MAGNETISM.

Secular Change of Declination.

Changes in the magnetic declination between 1810, the date of the earliest available observations, and 1920. Based
on tables in "Distribution of the Magnetic Declination in Alaska and Adjacent Regions in 1910" and "Distribution
of the Magnetic Declination in tin- United States for January i, 1915," published by the United States Coast and
Geodetic Survey. For a somewhat different set of stations, see 6th Revised Edition of the Smithsonian Physical Tables.



TABLE 570.

TERRESTRIAL MAGNETISM (continued).

Secular Change of Declination (concluded').

429

State.



4.^0
TABLES 571 572.

TERRESTRIAL MAGNETISM (continued).

TABLE 571. Dip or Inclination.

This table gives for the epoch January i, 1915. the values of the magnetic dip, /, corresponding to the longitudes
Greenwich in the heading and the north latitudes in the first column.



TABLES 573-574.

TERRESTRIAL MAGNETISM (continued).

TABLE 673. Horizontal Intensity.

431

This table gives for the epoch January i, 1915, the horizontal intensity, H, expressed in cgs units, corresponding to

the longitudes in the heading and the latitudes in the first column.

X
4>



TABLES 575-576.

TERRESTRIAL MAGNETISM (.continued).

TABLE 575. Total Intensity.

This Uble rives for the epoch January i. HJI.S. tin- values of the total intensity, F, expressed in cgs units corre-

sponding to the longitudes in the heading ar.l tin- latitudes in the first column.

X



TABLES 577-578.

TERRESTRIAL MAGNETISM (continued).

TABLE 577. Agonic Line.

433

The line of no declination appears to be still moving westward in the United States, but, as the line of no annual

change is only a short distance to the west of it, it is probable that the extreme westerly position will soon be reached.

Lat
N.



434 TABLE 573 '

RECENT VALUES OF THE MAGNETIC ELEMENTS AT MAGNETIC OBSERVATORIES.

pilot l.y tin- Dop.irtmcnt of Terrestrial Magnetism, Carnegie Institution of Washington.)



APPENDIX.
DEFINITIONS OF UNITS.

ACTIVITY. Power or rate of doing work; unit, the watt.

AMPERE. Unit of electrical current. The international ampere, "which is one-tenth

of the unit of current of the C. G. S. system of electro-magnetic units, and which
is represented sufficiently well for practical use by the unvarying current which,
when passed through a solution of nitrate of silver in water, and in accordance

with accompanying specifications, deposits silver at the rate of o.ooi 11800 of a

gram per second."

The ampere = i coulomb per second= I volt through I ohm= IO-
1

E. M. U.= 3 X
10

'
E. S. U.*

Amperes = volts/ohms= watts/volts= (watts/ohms)*.
Amperes X volts= amperes

2 X ohms = watts.

ANGSTROM. Unit of wave-length= io-
10

meter.

ATMOSPHERE. Unit of pressure.

English normal =14.7 pounds per sq. in. ==29.929 in.= 760.18 mm Hg. 32 F.

French " =760 mm of Hg. o = 29.922 in.= 14.70 Ibs. per sq. in.

BAR. A pressure of one dyne per cm.
2

Meteorological
" bar "= iott

dynes/cm
2

.

BRITISH THERMAL UNIT. Heat required to raise one pound of water at its tem-

perature of maximum density, i F. = 252 gram-calories.
CALORIE. Small calorie= gram-calorie= therm = quantity of heat required to

raise one gram of water at its maximum density, one degree Centigrade.
Large calorie = kilogram-calorie= 1000 small calories= one kilogram of water rrised

one degree Centigrade at the temperature of maximum density.
For conversion factors see page 197.

CANDLE, INTERNATIONAL. The international unit of candlepower maintained

jointly by national laboratories of England, France and United States of America.
CARAT. The diamond carat standard in U.-S. = 200 milligrams. Old standard
= 205.3 milligrams = 3.168 grains.

The gold carat : pure gold is 24 carats
;
a carat is 1/24 part.

CIRCULAR AREA. The square of the diameter= 1.2733 X true area.
True area= 0.785398 X circular area.

COULOMB. Unit of quantity. The international coulomb is the quantity of electricity
transferred by a current of one international ampere in one second. = icr

1
E. M. U.= 3X io

9
E. S. U.

Coulombs= (volts-seconds) /ohms = amperes X seconds.
CUBIT = 18 inches.

DAY. Mean solar day =1440 minutes= 86400 seconds= 1.0027379 sidereal day.
Sidereal day= 86164.10 mean solar seconds.

DIGIT. 3/4 inch
; 1/12 the apparent diameter of the sun or moon.

DIOPTER. Unit of "power" of a lens. The number of diopters= the reciprocal of
the focal length in meters.

DYNE. C. G. S. unit of force= that force which acting for one second on one gram
produces a velocity of one cm per sec.= ig -4- gravity acceleration in cm/sec./sec.

Dynes= wt. in g X acceleration of gravity in cm/sec./sec.
ELECTROCHEMICAL EQUIVALENT is the ratio of the mass in grams deposited

in an electrolytic cell by an electrical current to the quantity of electricity.
ENERGY. Sec Erg.
ERG. C. G. S. unit of work and energy= one dyne acting through one centimeter.
For conversion factors see page 197.

FARAD. Unit of electrical capacity. The international farad is the capacity of a con-
denser charged to a potential of one international volt by one international coulomb
of electricity= io~* E. M. U.= 9 X io

u
E. S. U.

The one-millionth part of a farad (microfarad) is more commonly used.
Farads= coulombs/volts.

* E. M. U.=C. G. S. electromagnetic units. E. S. TJ.=C. G. S. electrostatic units.



APPENDIX.

FOOT-POUND. The work which will raise one pound one foot high.
For conversion factors see page 197.

FOOT-POUNDALS. The English unit of work= foot-pounds/g.
For conversion factors see page 197.

g. The acceleration produced by gravity.
GAUSS. A unit of intensity of magnetic field= I E. M. U.= J X i<r

10
E. S. U.

GRAM. See page 6.

GRAM-CENTIMETER. The gravitation unit of work= g. ergs.

GRAM-MOLECULE= x grams where x= molecular weight of substance.

GRAVITATION CONSTANT= G in formula G ^-p
8 = 666.07 X icr

10
cm.

3

/gr. sec,
1

HEAT OF THE ELECTRIC CURRENT generated in a metallic circuit without self-

induction is proportional to the quantity of electricity which has passed in coulombs

multiplied by the fall of potential in volts, or is equal to (coulombs X volts)/4.i8i in

small calories.

The heat in small or gram-calories per second= (amperes
2 X ohms) /4.i8i = volts

2

/

(ohms X 4-iSi) = (volts X amperes)/4.i8i = watts/4.i8i.

HEAT. Absolute zero of heat= 273.13 C, 459-6 Fahrenheit, 218.5 Reaumur
HEFNER UNIT. Photometric standard; see page 260.

HENRY. Unit of induction. It is
"
the induction in a circuit when the electromotive

force induced in this circuit is one international volt, while the inducing current
varies at the rate of one ampere per second."= io

9
E. M. U.= 1/9 X icr

11
E. S. U.

HORSEPOWER. The English and American horsepower is defined by some authorities
as 746 watts and by others as 550 foot-pounds per second. The continental horse-

power is defined by some authorities as 736 watts and by others as 75 kilogram-
meters per second. See page 197.

JOULE. Unit of work= io
7

ergs. For electrical Joule see p. xxxvii.

Joules= (volts
2 X seconds) /ohms= watts X seconds= amperes

2 X ohms X sec.

For conversion factors see page 197.

JOULE'S EQUIVALENT. The mechanical equivalent of heat= 4.i8s X IO
T

ergs.
See page 197.

KILODYNE. looo dynes. About I gram.
KINETIC ENERGY in ergs= gramsX (cm./sec.)

2

/2.
LITER. See page 6.

LUMEN. Unit of flux of light-candles divided by solid angles.
MEGABAR. Unit of pressure = 1000000 bars= 0.987 atmospheres.MEGADYNE. One million dynes. About one kilogram
METER. See page 6.

METER CANDLE. The intensity of lumination due to standard candle distant one
meter.

S'^The Unit of electrical conductivity. It is the reciprocal of the ohm.
11CRO. A prefix indicating the millionth part.
MICROFARAD. One-millionth of a farad, the ordinary measure of electrostatic

capacity.
MICRON, (ft) = one-millionth of a meter.
MIL. One-thousandth of an inch.
MILE. See pages 5, 6.

MILE, NAUTICAL or GEOGRAPHICAL= 6080.204 feet.
V1ILLI-. A prefix denoting the thousandth part.

'H. The anomalistic month= time of revolution of the moon from one perigee to
another= 27.55460 days.

The nodical month = draconitic month= time of revolution from a node to the same
node again= 27.2 1 222 days.

The sidereal month= the time of revolution referred to the stars =27.32166 days
value), but varies by about three hours on account of the eccentricity of the

orbit and perturbations."
The synodic month= the revolution from one new moon to another= 29.5306 days(mean value) =the ordinary month. It varies by about 13 hours.
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OHM. Unit of electrical resistance. The international ohm is based upon the ohm
equal to 10" units of resistance of the C. G. S. system of electromagnetic units, and
"

is represented by the resistance offered to an unvarying electric current by a

column of mercury, at the temperature of melting ice, 144521 grams in mass, of a
constant cross section and of the length of 106.3 centimeters."= 10* E. M. U.
= 1/9 X io-

u
E. S. U.

International ohm= 1.01367 B. A. ohms = 1.06292 Siemens' ohms.
B. A. ohm= 0.9865 1 international ohms.
Siemens' ohm= 0.94080 international ohms.

PENTANE CANDLE. Photometric standard. See page 260.

PI = TT= ratio of the circumference of a circle to the diameter= 3. 141 59265359.
POUNDAL. The British unit of force. The force which will in one second impart a

velocity of one foot per second to a mass of one pound.
RADIAN= i8oA = 57.29578 57 i/ 45"= 206265".
SECOHM. A unit of self-induction= I second X I ohm.
THERM= small calorie= (obsolete).
THERMAL UNIT, BRITISH = the quantity of heat required to warm one pound of

water at its temperature of maximum density one degree Fahrenheit= 252 gram-
calories.

VOLT. The unit of electromotive force (E. M. R). The international volt is "the
electromotive force that, steadily applied to a conductor whose resistance is one
international ohm, will produce a current of one international ampere. The value
of the E. M. F. of the Weston Normal cell is taken as 1.0183 international volts at

20 C. = io
8
E. M. U. = 1/300 E. S. U. See page 197.

VOLT-AMPERE. Equivalent to Watt/Power factor.

WATT. The unit of electrical power= io
7
units of power in the C. G. S. system. It is

represented sufficiently well for practical use by the work done at the rate of one

Joule per second.
Watts= volts X amperes = amperes

2 X ohms= volts'/ohms (direct current or alter-

nating current with no phase difference).

For conversion factors see page 197.

Watts X seconds = Joules.

WEBER. A name formerly given to the coulomb.

WORK in ergs = dynes X cm. Kinetic energy in ergs= grams X (cm./sec.) */2.

YEAR. See page 414.
Anomalistic year = 365 days, 6 hours, 13 minutes, 48 seconds.

Sidereal
"

=365 "6 9 9-314

Ordinary
"

=365
"

5
"

4
"

46+
Tropical

;

same as the ordinary year.
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TABLE 58O.

TEMPERATURE MEASUREMENTS.

The ideal standard temperature scale (Kelvin's thermodynamic scale, see introduction, p. xxxiv) is in-

dependent of the properties of ,nv substance, and would be indicated by a gas thermometer using a perfect

gaT?he scale indlaLl by any actual .as can be corrected if the departure of that gas from a perfect gas

be known (see Table 206, p. 195,- also Buckingham, Bull. Bur. Standards, 3, 237). The thermodynamic

omoto of the constant-pressure scale at any temperature is very nearly proportional to the constant pres-

STeT^h thegas is kept and that for the constant-volume scale is approximately proportional to the

fdUal pressure at the ice-point. The gas thermometer has been earned up to the melting point of palla-

dium 1822 K (1549 C) (Day and Sosman, Am. J. Sc., 29, p. 93. iQio).

A proposed international agreement divides the temperature scale into three intervals. The first inter-

val --40 to 450 C uses the platinum resistance thermometer calibrated at the melting point of ice, o C,

at saturated steam, 100 C, and sulphur vapor, 444-6 C, all under standard atmospheric pressure. Points

on the temperature scale are interpolated by the Callendar formula?:

where t is the temperature, R, the resistance, Pt, the platinum temperature, and 5, a constant.

Temperatures in the second interval are measured by a standard platinum-platinum-rhodium couple cal-

ibrated say at the freezing points of zinc, 419-4 C, cadmium, 320.9 C, antimony, 630 C, and copper free

from oxide, 1083 C. These points furnish constants for the formula, e =a+ bt + ct2 (see Sosman, Am. J. Sc.,

30, p. I, 1910).

For the region above 1100 C most experimenters base their results upon certain radiation laws.

laws all apply to a black body and the temperature of a non-black body cannot be determined directly with-

out correction for its emissive power. For standard points the melting- points of gold, 1336 K and palla-

dium 1822 K, are convenient,

Above 1336 K the optical pyrometer is generally used with a calibration based upon Wien's equation

By comparing the brightness of a black body at two temperatures and applying this equation, the following

formula results:

"-
where R is the ratio of the brightnesses, \, the wave-length used, TI and Ti, the two temperatures, and C2

= 14.250 n deg. Thus if R is measured and one temperature known, the other can be calculated.

A table of the standard fixed points is given in Table 207, p. 195. With these determined there comes the

difficulty of maintaining this temperature scale both from the standpoint of the standardizing laboratory

and the man using the temperature scale in the practical field. In the region of the platinum-resistance

thermometer and the thermocouple, standards of either can be obtained from the standardizing laboratories

and used in checking up the secondary instruments. It is not very difficult to actually check up a resist-

ance thermometer at any one of the standard points in the region 40 C to +450 C. It is a little more

difficult to check the thermocouple in the region 450 C to 1100 C. Most of the standard fixed points in

this region are given by melting points of metals that must be melted so as to avoid oxidation. This re-

quires a neutral atmosphere, or that the saTnple be covered with some flux that will protect it.

Both the gold and the palladium, used to calibrate the scale above 1300 K, can be successfully melted in

a platinum wound black-body furnace. The whole operation can be carried out in the open air, requiring

neither a vacuum nor neutral atmosphere within the furnacs. But because of the trouble necessitated by a

black-body comparison, much time can be saved if a tungsten lamp with filament of suitable size is stand-

ardized so as to have the same brightness for a particular part of the filament, when observed with the

optical pyrometer, as the standard black-body furnace for one or more definite temperatures. With such

lamps properly calibrated, any one may maintain his own temperature scale for years, if the calibration

does not extend higher than that of the palladium point and the standard lamp is not accidentally heated to

a higher temperature.

(See 1919 Report of Standards Committee on Pyrometry, Forsythe, J. Opt. Soc. of America, 4, p. 205,

i<)2o; The Measurement of High Temperatures, Burgess, Le Chatelier, 1912, The Disappearing Filament

Type of Optical Pyrometer, Forsythe, Tr. Faraday Soc., 1919.)

SMITHSONIAN TABLES.
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The following additional adsorptio- tables (see page 407, Table 525) may be of use in the "cleaning-up

of vacua." See Dushman, General Electric Review, 24, 58, 1921, Methods for the Production and Meas-

urement of High Vacua.

TABLE 581. Adsorption of H and He by Cocoanut Charcoal at the temperature of liquid air.

For the preparation of activated charcoal see Dushman, 1. c. 5 g of charcoal at the temperature of liquid

air will clean up the residual gases in a volume of 3000 cma from an initial pressure of i bar (bar = I dyne/cm3
)

to less than 0.0005 bars at the temperature of liquid air. 5 grams cleaned up 3000 cm8 of H from an initial

pressure at room temperature of o.oi bar to a final pressure at liquid air temperature of less than 0.0004 bar.

The clean-up is rapid at first but then slower taking about an hour to reach equilibrium. The figures

of the following table are from Firth, Z. Phys. Ch. 74, 129, 1910; 86, 294, 1913. p is in mm of Hg; v = vol-

ume adsorbed per g of charcoal reduced to o C and 76 cm Hg.

Hydrogen
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PAGE

particles: energy of 396
helium 394
ions produced 396, 398
production of 394
range 396
stopping powers of substances .... 395

velocities, initial 396
Abbreviations 2

Aberration constant 4 J 4
Absolute units xxxvi, 311
Absolute zero of temperature 195, 408
Absorption coefficients: see transmission coef.

jS-rays . 395
T-rays 395
X-rays 389

Acceleration of gravity 424-426
Accumulators, voltage 3^3
Actinium group of radioactive substances .... 396
Activity, definition 435
Adaptation, rate of eye 257
Adsorption, by charcoal 407

by fine particles 407
heat of 407

Aerodynamical tables 150-153
Agonic line 433
Air: composition of; variation with alt. and lat. . . 421

density of moist I33-I35
densities in air, reduction to vacuo .... 73
dielectric strength 353
humidity relative, via v. p. and dry .... 187

via wet and dry 189
index of refraction 292
masses 4*9
moist, transparency, short X 419

long A 308
transmission coefficients . . 308, 418, 419

resistance, fluid 151153
sparkling potentials for 353-354
thermal conductivity, high temperatures . . . 254
thermometer, comparison with 59111 .... 193
vapor pressure of water in 185-186
viscosity ^4
wave-lengths in air, reduction to vacuo . . . 293

Albedos 417
Altitudes by barometer 145

by boiling points of water 144
Alternating current resistances 344
Aluminum: mechanical properties ....... 79-80

resistivity constants 334
wire-tables, English units 342

Metric units 343
Ammonia, latent and specific heats 228, 232
Ampere equivalents 311
Ampere turns xlvi

Angstrom, wave-length unit 266
Antennae, resistances 364
Antilogarithms, std. 4-place, p. 28; .9 to i.o . . 30
Apothecaries weights 7,8
Arc, iron, lines . . . .

"

266-267
Astronomical data 411-420
Atmosphere: composition, alt. and lat. var 421

density, altitude variation 421
height of 421
homogeneous, height of 421
pressure, altitude variation 421"

Atmosphere ": value of pressure unit . . .421, 435
Atmospheric water vapor 185-186
Atom: Bohr 401
Atom, hydrogen: mass, mean free path 408

radius, mean velocity 408
Rutherford 401

PAGE

Atomic heats, elements at 50 K 226

magnetic field 401
magnitudes 401, 408
numbers 409
volumes, elements 226

weights, international 71

/3-rays, absorption coefficients 395
absorption of 397
ions produced by 398
velocity 397

Balmer series spectrum formula 275
Bar, definition 435
Barometer, altitude, variation with 421

heights, determination of by .... 145
reduction for capillarity 143

to std. gravity .... 138-143
to std. temperature . . . . 137

Batteries, composition, voltages 312-313
Baume scale, conversion to densities 109
Bessel functions, ist, 2d orders, roots 6668
Biaxial crystals, formulae,+ refractive indices . . 286

refractive indices . . 287
Black absorbers, long-\ transparencies 309
Black-body: brightness (photometric) of 261

luminosity of 261
luminous efficiency of 261
Planck's constant 247
radiation, total, for various temp. . . 247

by wave-lenths, var. temp. . 248
Stefan-Boltzmann constant 247
-temperature for C, Pt and W . . . . 250

Bohr atom 275,401
Boiling points: elements 199

pressure effect 200
inorganic compounds 201
organic compounds 203
rise of, salts in H2 210
water,- pressure variation .... 144

Boltzman gas-constant (entropy) 408
Bougie decimale 260
Break-down voltage, dielectrics 304, 355
Brightness of sky 419

of stars 413
of sun 260, 413
temperature of C, Pt and W 250
of various illuminations 256
of various light sources 260-262

Brinell hardness 74
British thermal unit 435
IMtish weights and measures 8-n
Brownian movement 406
Buoyancy correction: of densities 73

weighings 73
7-function 62
7-rays: absorption coefficients 395

absorption of 397
ions produced by 398

Cadmium line. red. X of intern, prim, std 266
Calcite grating space 408
Calibration points for temperatures 195

for thermoelements 196
Calorie, definition 435
Canal rays 386
Candle, energy from 260

international standard 260
meter-candle, foot-candle 259

Capacity of wires for electrical current 329
Capacity, specific inductive: crystals 361

eases. f(t, p) . . 356-357
liquids 357
liq. gases 359
solids 360
standard solutions . 360
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PAGE

lority 173-174
correction to barometer 143

Cwxel unit 260
Cathode rays: 386

energy of 386
.:ion depths 387

generative efficiency for . . 387
Cathodic sputtering 387

Is: standard, voltages 313
: normal xli

portable xliii

voltaic, composition, voltages .... 312-313
Contipoise 155
Cbaract eristic X-rays 387-392
Charcoal, adsorption by 407
Charge, elementary electrical 408
Chemical energy- data 241-246
Coals, heats of combustion 242
Collision frequencies, molecules 399
Colloids 406-407
Color: eye sensitiveness to 256-258

indices of various stars 411
lights, of various 261
screens 306-307

complimentary colors 307
temperature of (', I't and \V 250

Combination, heats of 245-246
Combustion, heats of: carbon and misc. cpdj . . .241

explosives 243-244
fuels 242

Compressibility: gases 104,128-132
liquids 107
solids 74 seq, 108

Conductivity, electrical: see resistivity . . . .322-332
alloys 327-328

electrolytic: 346-352
equivalent 349
ionic 352
sp. molecular 347

limiting values . . . 348
temp, coefs 348

Conductivity, thermal: alloys, metals 213
building materials . . . .215
earth 422
gases 217
high temp 254
insulators 214-216

high temp. ... 214
liquids 217
metals, high temp 213
salt solutions 216
water 216

Cones, number and distance apart in eye 258
Constants: mathematical 14

miscellaneous, atomic, etc 408
radiation, a, Qlt C2 247

Contact difference of potential . . . . 314 316 404
Contrast, eye sensitiveness to

Convection, cooling by 251-255
.

pressure effect . . . .251-252
sion factors: general formulae, see introduction.

Baumo to densities 109
horse-power IQ7
work-units . I0 -:

Cooling of bodies ....
'

2-1-2?!
Copper: mechanical properties . .'.'.'.'.'. 82-83

wire, alternating current resistance '. T.AA.
wire tables, Knglish units . . ,$

metric units .

Corpuscle (Thomson)
Corpuscular radiation (Z-rayi) .'

'

^87-188
Cosines, circular, natural, (",

(radians) . '. '. \ \ 37-40
logarithmic, ( ') ^-^

(vadians) . . . -57-40
hyperbolic, natural logarithmic .... 4 i-47

Cotangents, circular, natural, r ')

212
26l

Critical data f

Crova wave-length .

PAGE

Crystals: diffracting units, X-rays 400
elasticity 102-103
refraction indices: alums, quartz . . . .281

fluorite, spar .... 280
rock-salt, silvine . . . 279

refr. indices: minerals, isotropic .... 282
uniaxial

(+-) . 284,285
biaxial

( + -) . 286,287
miscel. uniaxial 285

biaxial 289
Cubes of numbers 15
Cubical expansion coefficients: gases 222

liquids 221
solids .... 222, 227

Current measures: absolute units xli

equivalents 311
Curie, radium standard 398

point and constant, magnetic .

Cutting-tool lubricants i 54
Cylindrical harmonics (Bessel) ist and 2nd deg. . 66

general formulae . 68
roots 68

Day, length of sidereal .414
Declination, magnetic: secular change 428
Degree on earth's surface, length of 416
Demagnetizing factors for rods 374
Densities in air, reduction to vacuo . . .

Densities: air moist, values of h/76o . . . .133-135
alcohol ethyl aqueous 124

methyl aqueous J26
alloys II4
aqueous solutions 122 159161
Baume equivalents I09
cane sugar, aqueous J26
castor oil ...
earth ..::::::;::::: is
elements chemical IIO

glycerol, aqueous ....... 156
inorganic compounds 2oi
insulators, thermal 215216
liquids ,,.
mercury, 10 to +360 C 121
minerals -

organic compounds . .

Planets , , \ ^
solids various .113
stars

]

'

[413
sucrose, aqueous ........ '.156
.sulphuric add, aqueous J26
tin, liquid; tin-lead eutectic 115
water, o to 41 C, 10 to 250 C.i 18, 120
woods 95-98, 112

Developers and resolving power of photo, plats . 263
Dtamagnetic properties 3 6 S
Diamagnetic susceptibility, temperature 'effect '. '. [372

399
Diameter molecules

^
some organic molecules .

, 400
Dielectric constant: (sp. inductive capacity) . 356-360

crystals 361
gasesi f(t,p) 356-357
liquids 357
liquefied gases 359
solids 36o
standard solutions ... .360

cctric strength (see sparking potentials) . 353-355
Dielectrics, volume and surface resistances . . 331
Differentials, formulae ...
Diffusion: aqueous solutions into water'. 166

,

Mscs
167, 168

"twal 60
>onic

40<;
metals

Dilution,' beat of '(H2S64 ) .' .*

'

246
Dimensional formulae ... '* *

Diopter . ?T.* .'

' '

'

n!
P
t "I?*

5"6
*;'

' '9 15 value, secular variation . 430
isK, distribution of brightness over sun's . 418

Distance earth to moon .

sim
: . ; : : : : 414
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Distance of the stars, nebulae and clusters . . . .412
Dyes, transparency of .? ()I

Dynamical equivalent of thermal unit 197

e (base of natural logarithms) *4

e (elementary electrical charge) 400
408e/rn

, and th"ir logarithms x=o to 10 .

.c fractional

7T

-o.i to 5.0

Xl to 20 55

,. ,

e ~^
x

, e
~~

4 x=i to 20 ... 55

e'+e-* e*~ e
~ x

and their logarithms 41
2 2

Earth: atmospheric data 421

conductivity, thermal 422

degrees on, length of 410

elements, percentage composition 423

geochemical data 423

geodetical 424-427
moments of inertia 42 7

moon, distance of 4*4

rigidity 427
size of, shape of 42 7

spheroid constants 427

sun, distance of 4*4

temperatures 420, 422
viscosity 427

Efficiency of various lights 262

Elastic limit (see mechanical properties) .... 74
Elastic modulus of rigidity, temp, variation . . 100

Elasticity (see mechanical data) 74

crystals 102, 103

Young's modulus (see mechanical prop.) 74

Electrical charge, elementary 408
Electrical equivalents 3".
Electrical units: international xxxyi

standards .... xxxvm

practical
xxxvi

Electric lights, efficiency of 262

Electric, triho-, series (frictional) 322
Electrochemical equivalents 345, 34

silver 345

Electrolytic conduction: ammonium acetate . . . .352
equivalent conductance 345~346
hydrolysis 352
ionic 352
ionization water . . . .352
solutions 345-346
spec, molecular . . . .347

limiting value (JL . . 348
temp, coef 348

Electro-motive force: accumulators 3*3
contact 314,316,404
Peltier 321
standard cells ...... 313
thermo-electric .... 317320

pres. effect . 320
voltaic cells 312-313
Weston normal xli

Weston portable xliii

Electromagnetic system of units xxxi

Electromagnetic/electrostatic units =v . . . xxx, xxxvi

Electrons:
, + 401

affinity of elements 404
e/m 404
elementary charge 404
emission from hot bodies 403
ionization potentials 403
mass 408
photo-electric effect 403
radius 408
resonance potentials 403
work required to remove 403

Elements: atomic heats at 50 K 226
atomic numbers 409
atomic volumes 226
atomic weights (international) .... 71
boiling points 199
compressibility 108

conductivity electrical ...... 323-326
thermal 213

densities no
earth's crust, occurrence in 423

PAGE

Elements: evaporation rate, Mo, W, Pt 175

expansion, cubical (gaseous) 222
linear (solid) 218

hardness 73, 101

isotopes 410
latent heat of evaporation 233
melting points 198
meteorites, occurrence in 423
Peltier effect 317, 320322
periodic system 409-410
resistance, electrical 323-326
specific heats 223, 225
spectra 266-270
thermal conductivities 213

expansion 128, 222
thermo-electric powers 317,319
Thomson effect 317, 320
valencies 71
vapor pressures 175

Elementary electric charge 408
Elements, magnetic, at various observatories . . . 434
Elliptic integrals 69
Emanation (radioactive) 398
Emissivities, radiation 249, 250
Energy kinetic, definition 428

of molecule 408
Energy, minimum visible to eye 261

solar, data relating to 418420
of candle radiation 260
of sound waves 149

Entropy constant (Boltzmann) 408
Entropy of steam 234-240
Equation of time 41.6

Equilibrium radioactive 394
Equivalent, electrochemical 345-346

mechanical, of heat 197
Erg 435
Erichson values 73
Errors, probable 57~59
Ettingshausen effect 385
Eutectic mixtures, melting points 206, 207
Evaporation rate of, Mo, Pt, VV 175
Expansion, cubical: gases 222

liquids 221
solids 220

linear: elements 218
miscellaneous 219

Explosives: decomposition, ignition temp 244
miscellaneous 243-244

Exponential functions : see index under e 4155
diffusion integral 60

gudermanians 41
hyperbolic functions (nat) . 41
hyperbolic functions (logs) . 41
probability integral . . . 56-57

Eye: adaptation rate 257
color sensitiveness 256-258
contrast sensibility 257
Fechner's law 258
glare sensibility 257
heterochromatic sensibility 257
minimum energy visible 261
miscellaneous data 258
persistence of vision 258
pupil size for various intensities 258
Purkinje phenomenon 256
sensitiveness to light 256-258
small dif. of color, sensitiveness to 258
threshold sensitiveness 256
visibility of radiation, relative 258

Factorials: y function, n=i to 2 62

n!, n=i to 20 47
logs, n=i to 100 40

Falling bodies (Stokes* law) 150
Farad 3 1 l

Faraday xliv, 311, 345
Faraday constant 408
Fechner's law 258
Ferromagnetism 365
Field, magnetic: earth's, components .... 428-434

metals, behavior of in . . . 365-377
resistance of metals in 384
rotation of plane of polarization . 378
thermo-galvanometric effects . . 385

Filaments, heat losses from 255
Flame temperatures 244
Fluidity 155
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Foot pound 436
Fork, tuning, temperature coefficient 149

:ution, heat of, for elements 245, 246
ule: conversion .?

dimensional, see introduction xxv

least squares 59
Kraunhofer lines, solar, wave-lengths jo?
Free path of molecules 399
Freezing mixtures 211

point, lowering of for salt solutions . . . 208
point of water, pressure effect 200

Frequencies, corresponding to wave-lengths .... 293
in air, reduction to vacuo 293

on, mechanical 154
internal of metals, temp, variation . . . 101
skin (air resistance) 152

Frictional electricity series 322
Functions: Bessel functions (roots, 68) ... 66-68

cylindrical harmonics 66-68
elliptic 69
exponential 48-56
gamma 62

hyperbolic 41
probability 56-58
trigonometric, circular ( ') 32
trigonometric, circular (radians) ... 37
zonal harmonics 64

Fundamental frequency (Rydberg) 408
Fundamental standards xxxiii

units xxiii

Fusion current for wires 329
Fusion, latent heat of 240

Gages, wire 333
Galvano-magnetic effects 385
Gamma function 62
Gas constant 408
Gas thermometry 192-194
Gases: absorption of by liquids 172

absorption of by water 170-171
absorption coef: long-wave radiation . . . 309

X-rays 389
compressibility 104
conductivity, thermal 217
critical data 212
densities 127
dielectric constants 356-361

strength 353~355
diffusion 168

ionic 405
expansion coefficients 222
expansion of 128-132
flow in tubes 150
ignition temperatures of mixtures 244
magnetic susceptibility 377
magnetic-optical rotation 382
refractive indices 292

Mnce (aerodynamical) 150153
solubility in water 170-171
sound, velocity of, in 147
specific heats (also cp /c,) 230
riscosity 164-165
volume, f (t, p) 104-106

f(t), 1+0.00367, logs . . . 128-132
x!v, 365

'm of units xxxv
Ceochemical d;ita

'

42 ^
MC *,. .::::::: : : : :

.;^
Clare sensibility of eye ."257
Chases: refraction indices, American 277

Orman, temp. var. . . 278
tance electric, temp, var 332

transparency of 302-304, 306-307
Glass vessels, volume of 72
(.'ram-molecule, definition 43 r,

of ralritc
'. 4og

in constant 427
. acceleration of, altitude variation . . ! . 424

latitude variation .... 424
. . 425-420

iipciftc, see densities.

Gudermanians ,,
Gyration, radii of ..'.'.'.' .' ." .' 70

Hall effect, temperature variation 3 g-

PAGE

Hardness: (sec mechanical properties) 74.
Hrinell test 74
elements 101
scleroscope test 74

Harmonics: cylindrical (Bessel) 66-68
roots, formulae . . 68

zonal 64
Heat: adsorption heats 407

atomic heats of elements 226
combination 245-246
combustion: explosives 243-244

fuels 242
gases 242
organic compounds 241

conductivity: metals (also high temp.) . . .213
gases 217,254
liquids 217

diffusivities 217
dilution, heat of, ILjSO* 246
formation 245-246
latent heat of fusion ". 240

vaporization, elements . . .233
Nil, 232
steam 234
various . . 232-233

pressure variation, NH3 liq. . . 232
losses from incandescent wires 255
mechanical equivalent of 197
neutralization, H2SO,t 246
solution 246
specific: alloys 227

ammonia, liq 228
electricity 317
elements 233
gases 230
liquids 227-228
mercury 227
minerals, rocks 229
silicates 229
solids 227
true [elements, f(t)] 225
vapors 230
water 227

total [elements, f(t)] 225
treatment of steels 76

Heating effect, radium and emanation . . 194
Hefner unit ,260
Heights, barometric determination of 145

boiling point of water determination of . . 144
Helium, production, relation to radium 394
Henry xxxvii, xliv, 311
Heterochromatic sensibility of eye 257
Hertzen wave-lengths 4O8
High-frequency electric resistance of wires .... 344
Horizontal intensity earth's field, 1915 . . . .431

secular var. . .431
Horse power 197
Humidity, relative: vapor-pressure and dry .... 187

wet and dry 189
Hydrogen: atomic data, mass, radius, etc 408

series spectra 275, 401
thermometer 192194

Hydrolysis of ammonium acetate 352
Hydrostatic pressures of Hg and HoO columns . .136
Hyperbolic functions, natural and logarithmic . . 41
Hysteresis 365 et seq, 3 75~376

Ice, allotropic modifications 200
freezing point, pressure effects 200

Ice-point, thermodynamic scale 195
Ignition temperatures gaseous mixtures 244
Incandescent filaments, heat losses 255
Inclination (dip) of magnetic needle, 1915 .... 430

secular var. . . 430
Index of refraction: air 293

alums 281
crystals, see minerals, etc. . 282-289
fats 289
fluorite, f(t) 280
gases and vapors 292
glass American 277

German f(t) 278
Iceland spar 280
liquefied gases 289
liquids 290
metals 296
minerals, isotropic 282

uniaxial 284
biaxial 286
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PAGE

Index of refraction: miscellaneous, isotropic . . 283
uniaxial . . . 285
biaxial . . . 289

nitroso-dimthyl -aniline . . . 280
quartz 280

rock-salt, f(t) 279
salt solutions 291
silvine 279
solids, biaxial .... 286, 289

isotropic .... 282, 283
uniaxial .... 284, 285

standard media for microscope. 294
vapors 292
waxes 289

Induction, self 376
Inductive capacity, specific: crystals 361

gases, f(t. i) . . 356-357
liquids 357
liq. gases 359
solids 360
standard solutions . .360

Inertia, moments of 70
Inorganic compounds: boiling points 201

densities 201
melting points 201
soluibilities 169

Insulators: break-down potentials 364
dielectric properties . 364
resistance, thermal 214-216

electrical "... 331
Integral: diffusion 60

elliptic 69
formula 12

gamma function 62
probability 56-57,60

Intensity, horizontal, earth field, 1915 431
secular var. . . . 43 1

Intensity, total, earth field, 1915 . . 432
secular var 432

International candle standard 260
electric units xxxvi

standards xxxvi ii

standard radium 394, 398
standard wave-lengths .... 266267

Intrinsic brightness of various lights . . .

Ionic charge
diffusion

mobilities

lonization potentials
Ions produced by a, /3, y rays

work required to detach

Ions, conductance of

heat of formation

Iron, magnetic properties (steels) . . .

standard wave-lengths, international

Isostacy

Isotopes

Joule

Joule magnetic effect

260

401, 408
405

. 405
. '. 403
. . 398
403-404
. . 352
. . 246
365-376
266-267
. . 426
. . 410

197
365

K X-ray spectrum series 390
Kerr's constant, magneto-optic 383
Kinetic energy 436

molecular 408
Kundt's constant, magneto-optic 383

L X-ray series 39 r

Lambert, definition 256, 259
Latent heat of fusion 240
Latent heat of pressure variation liq. ammonia . . . 232
Latent heat of vaporization: ammonia ..... 232

formulse 232
. 234steam tables .

various . . .

Latitude correction to barometer

of a few stations

Least squares: formulse

probability integral, arg, hx

x/r
inverse

Q.6745VV (ni)

0.845 3 [i/Wn

. . 231
139-142
420, 434

59
. . 56

57
. . 60

57
. . 58
. . 5S

58

Length, standards of xxxiv, 5

Light: eye, sensitiveness of to 256-258
flux, definition 259
intensities on various days 256
lambert, definition 256
least visible to eye 261
mechanical equivalent 261

photometric standards 260
units 259

polarized, reflection 295297
rotation of plane by substances . .310
rotation of plane, magnetic . 378383

reflection of: formulae 297
function of

" n "
297

reflecting power: metals 295-298
pigments 299
powders 300
rough surfaces . . . . . 299
scattered light 300
temperature variation . . .300

sensitiveness of eye to 256258
transparency to: crystals 305

dyes 301
glasses, American . . 303304

Jena 302
water 307

velocity of 408, 414
wave-lengths: cadmium std. line 266

elements 269-271
Fraunhofer lines 265
solar, Rowland 272
Std. iron lines .... 266-267

Lights, brightness of various 260
color of various 261
efficiency of various electric 262
photographic efficiency of 264
visibility of white lights 260

Light-year 414
Limits of spectrum series 276
Linear expansion coefficients 218219
Liquids: absorption of gases by 172

Baume density scale 109
capillarity of 173 174
combustion heat, fuels 242
compressibilities 107
conductivity, thermal 217
contact emf 314-316
densities 115-117

mercury, f(t) 121
water, f(t) 118-120

dielectric constant 357360
strength 355

diffusion, aqueous solutions 166
expansion coefficients 221
expansion coefficients 221
fuels, combustion heats 242
magnetic optic rotation 380
magnetic susceptibility 377
potential dif. with substances .... 314-316
refractive indices 289291
sound velocity in i47
specific heats 228
surface tensions 173174
thermal conductivity 217

expansion,, cubical 221
vapor pressures 175-187
viscosity, absolute 157-159

specific, solutions 163
Logarithms: standard 4-place : 26

1000 to 2000 24
anti-, standard 4-place 28

.9000 to i. oono
Logarithmic functions 40
Longitudes of a few stations 420, 434
Long-wave transmissions 309
Loschmidt's number 408
Lowering of freezing points by salts 208
Lubricants for cutting tools 154
Lumen 259
Luminosity of black-body, f(t) 261
Lunar parallax 414
Lux 259

0.45 3 in i ...... 5

Leduc thermomagnetic effect ......... 385
Legal electrical units ........... xxxvli

M X-ray spectrum . .

Mache radioactivity unit

Maclauren's theorem

' 39o
. 398
. 13
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ftic field: atomic
bismuth, resistance in ...
Ettinghausen effect ....
galvanometric effects . . .

Hall effect

Joule effect

Leduc effect

Nernst effect

nickel, resistance in ....
optical rotation polarization . 378
resistance (if metals in

thermo-magnctic effects

Villari effect

Wiedemann effect

Magnetic observatories, magnetic elements . . . .

Magnetic properties: cobalt, o to 100 C. . . .

Curie constant
Curie point
definitions

demagnetizing factor for rods .

diamagnctism, f(t) . . 365
ferro-cobalt alloy

ferromagnetism
hystersis 375
iron: 367

cast, intense fields

pure

soft, o and 100 C. . .

very weak fields ....
wrought

magnetite, o, 100 C. . .

magneto-strict ive effects . .

magnet steel

maxwell 311
nickel, o, 100 C
paramagnetism, f(t) . . 365
permeability 365
saturation values for steels .

steel: 367
energy losses . .

magnet steel . .

manganese steel

saturation values .

temperature effect .

tool steel ....
transformer steel . 371
weak fields

Steinmetz constant ....
susceptibility . . 365, 372
temperature effects . .371

Magnetism terrestrial: agonic line

declination . . .

dip
inclination

intensity, horizontal . . .

total

magnetic character yearly . .

observatories, elements at .

Magneto-optic rotation, gases
Kerr constant
Kundt constant

liquids

solids

solutions

Verdet's constant . . 378
Magnitudes, absolute stellar 415

stellar 415
sun

Mass:.electronic, f(velocity) 401
fundamental standard

hydrogen atom
absorption coefficient for X-rays '.

stellar

Mathematical constants . . .

physical
Maxwell

xlv, 311
Mean free path, H molecule ....

Telocity H molecule

Measures, weights: customary metric

English metric
'al equivalent of heat . . .

light ....
Mechanical properties: definitions

elastic limit . .

Krichson value .

hardness . . . .

moduli . .

VAGE

. 403

. 384
, 385
385

. 385
, 365
. 385
, 385
. 384
-383
384
385
365
365
434
373
37-2

372
365
374
3/2
370
365

-376
-376
368
369
37i
370
373
373
365
370

,365
373

. 372
, 37i
373

-376
376
370
373
373

-372
373

,376
370
375
377

-373
425
420
422
422
423
424
42 5

426
382
383
383
380
379
38i

-383
412
412
415
408
xxxiv

408
389
404
H

408
,365
408
408
-10
5-7
197
261

74
74
74
74
74

PAGE
il properties: definitions: modulus of rupture 74

proportional limit.
'

74
scleroscope . . .

ultimate strength,

eompr.
tension

yield point . . .

alloys: aluminum
brasses

bronzes

copper
iron

miscel.

steel

white metal .

74

74
74
74
8l

83-85
83-85
75-79
88-89

77
.89

aluminum: 80-8 1

alloys
brick and brick piers .... 93
cement go
cement mortars 90
clay products 93
concrete 91
copper: ..." 82

brasses and bronzes 8385
wire 82-83

heat treatment for steels . . 76
iron: 75

alloys 75
leather belting 94
p-ratio extension/contraction. 101
rigidity moduli f(t) . . . . 100
rope, manila 95

steel-wire 79
rubber, sheet . 94
steel: 76

alloys 77
heat treatment for . . 76
semi- 78
wire 78
wire-rope 79

stone products 92
terra-cotta piers 93
tungsten 89
white metal 89
woods: conifers: English unit 99

metric unit . 97
hard: English unit . 98

metric unit . . 96
Melting points: alloys 206

elements 198
eutectics 207
inorganic compounds 201
lime-alumina-silica compounds . . 207
organic compounds 203

paraffins 203
pressure effect 200
water-ice, pressure effect .... 200

Meniscus, volume of mercury 143
Mercury: density and volume, 10 to 360" C. . 121

conductivity thermal, high temp 254
electric resistance standard xxxviii

meniscus, volume of 143

pressure hydrostatic of columns 136

specific heat 227
thermometer 190-194
vapor pressure 180

Metals: conductivity, thermal 213
diffusion 168

potential differences, Volta .... 316,404
reflection of light by 295-296, 298
refraction indices 295-296
optical constants 295-298
resistivity, temperature coefficient .... 323

pressure effect 326
Volta emf 316,404
weight sheet metal 116

Metallic reflection 295-296, 298
Meteors, chemical composition 423
Meter-candle 256, 259
Metric weights and measures, equivalents . . . 5-10
Mho 436
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PAGE

Micron, fi 7, 436
Milky way, pole of 4'4
Minerals: densities 115

refractive indices: biaxial 286
isotropic 282
uniaxial 284

specific heats 229
Minimum energy for light sensation 261

Mixtures freezing 211

Mobilities, ionic 405

Moduli, see mechanical properties 74-i3
Mogendorf series formula 275
Moist air, density of I33-I35

maintenance of 135

transparency to radiation, .36 to 1.711. 411
to 2o/ti . . . 308

Molecular collision frequencies 399
conductivities: equivalent .... 349-352

specific 346-348
crystal units 400
diameters 399, 400
free paths 399
heats of adsorption 407

liquefaction 407
kinetic energy 408
magnitudes 399~4oo, 408
number in cm3

, 76 cm, o C 48
gram -molecule 408

velocities 399
weights of colloids 406

Moments of inertia: earth 427
formulae ......... 70

Month 4i4, 436
Moon: albedo 41 7

distance from earth, parallax 4 T 4
radiation compared with sun's 407

Musical scale 148
tone quality 149

Mutual induction 37&

Nernst thermomagnetic potential difference .... 385
Neutral points, thermoelectric 3*7

Neutralization, heat of 246
Nickel, Kerr's constants for 383

magnetic properties, o to 100 373
resistance in magnetic field 384

Nitrogen thermometer 192

Nitroso-dimethyl-aniline, refractive index 280

Nuclear charge, atomic 393, 4i
Number of stars 417
Numbers atomic 409

X-ray spectra and .... 390-393
Numbers: magnetic character 433

sun-spot '....415
Nutation 4*4

Observatories, magnetic elements at 434
Ohm: xxxvii, xxxviii, 311

electrical equivalents 311
Oersted xlvi

Oils, viscosity of 156, 157
Optical constants of metals 295
Optical rotation magnetic 378383
Optical thermometry 250
Organ pipes, pitch 149
Organic compounds: boiling points 203

densities 203
melting points 203

Organic salts, solubilities 170
Oscillation constants wireless telegraphy .... 362

times of wires, temperature variation . . 101
Overtones 149

Tf pi 14, 436
P-limit (proportional limit) 74 et seq.

Parsec 414
Parallax, solar, lunar 414

stellar 412, 415
Paramagnetism 365
Partials (sound) 149
Particle, smallest visible 406
Peltier effect: 317, 321

pressure effect 320

Pendulum, second: formula; latitude variation . . 42?
Penetration cathode rays 37

high speed molecules 387
Pentane candle 260

thermometer 194
Periodic system: Hackh 410

Mendelejeff 409
Permeability, magnetic 365 et seq.

Persistence of vision 258
Petrol-ether thermometer 194
Phosphorescence (radio-active excitation) .... 394
Phot 259
Photoelectricity 403
Photographic data: intensification 264

lights, efficiencies 264
plate characteristics 263
resolving power 263
speeds various materials . . . 263

Photometric definitions, units 259
standards 260

Physiological constants of the eye 258
Pi (ir) 14,436
Pigments, reflecting powers f(X) 299
Pipes, organ: pitch 149
Pitch: 148

organ pipes 149
voice, limits 149

Planck's " h" 408
radiation formulae, Ci Co 247

Plane, air resistance to 150-152
Planetary data 416
Platinum resistance thermometer 195

thermoelectric thermometer 196
thermoelectric powers against 319

Poisson's ratio 101
Polonium radioactive series 398
Polarized light: reflection by 295-296, 297

rotation of plane 310
magnetic 378-383

Porcelain, resistance, f(t) 332
Positive rays 386
Potential (emf ) : accumulators 313

cells voltaic 312-313
contact 314,316,404
ionizing 403
Peltier 321
sparking, kerosene 355

various . . . . 353-355
resonance 403
standard cells 313
thermo-electric 317-320

pressure effect . . 320
Weston normal xli

portable xliii

Poundal 436
Precession 414
Pressure: air, on moving surfaces 150-152

barometric, reductions, capillarity . . . 143
gravity . . 138-143
temperature . . 137

boiling water 144
critical, gases 212
mercury columns 136
volume relations, gases 104
water columns 136

Pressure effect on boiling points 200
melting points 200
resistance electrical 326
thermoelectric powers 320

Pressure vapor: alcohol, methyl and ethyl .... 178
aqueous (steam tables 234) . 183-186
elements 175
mercury 180
salt solutions 181
water vapor (steam tables 234) 183186
various 176-181

Probable errors 56-50
Probability integral 56-57

inverse 60
Proportional limit (P-limit) 74 et seq.

Pupil diameter 258
Purkinje phenomenon 256

Quality, tone

Quartz: refraction indices . . . .

transmission of radiation by

149
280
30$
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R, gas constant 408

p, I'oisson's ratio I0 '

.ui 430
circular functions in terms of 37

Radiation: black-hody. formula? 247

f(X,T) -'47,^48

total, f(t) 247
candle 26

constants, <r, Ci, (' 247

cooling by, across airspaces . ... 253

high temperatures .... 254
ordinary temperatures . . . 253

-

pressure effect . . . 251-252
emissivities 249,250
eye sensitiveness to 256-258

f(\) 256,258
moon's compared to sun's 4*5
Planck's formula 247

a, Stefan's formula 247
solar constant of 4i

variation with latitude 420
month 420

Stefan's formula 247
sun's to earth 4*8
sun's compared to moon 4*5

temperature as function of 250
transmissibility of by air, moist . 308, 419

alum 305
atmosphere . 308, 419
crystals, f(\) . . 305
dyes, f( ) . . . 301
fluorite, f(X) . . 305
glass, f(X) .302-304
ice-land spar . .305
lamp-black . . . 309
long-wave, f(\) . 309
quartz, f(X) . . 305
rock-salt, f(X) . 305
water, f(X) . . 307

visibility of by eye 256, 258
Radii of gyration 70
Radio-activity 394-39$

o rays: helium 394
ions produced 398
kinetic energy 396
number produced 396
production of 394
range 396
stopping powers for .... 395
velocity, initial 396

actinium group 396
/Jrays: absorption coefficients . 395,397

ions produced 398
velocities 397

7 rays: absorption coefficients . 395, 397
ions produced 398

constants, various 396397
Curie unit 398
emanation 398
general characteristics 394
heating effects 394
helium, Production of 394
ions produced by a, @ and y rays . 398
isotopes 410
Mache unit 398
phosphorescence 394
radium group 396
spectra 398
standard, international 394
thorium group 396
transformations 396,410
transformation constants 396
vapor pressure of emanation . . .398

ll*<flwm emanation, vapor-pressure 398
Kroup 396
spectra 398

Radius hydrogen atom 408
Reciprocals !j
Reflection of light: formulae .297

long-wave 309
metals 295-298
miscellaneous 298
f(n,i) 297
pigments dry, f(X) 299
polarization by 297
rough surfaces . . . 200
stelUte 296
variation with angle .... 300

temperature . .300

. PAGE

Refraction index, air, f(X) 293
alum 281

crystals, see minerals . . . 279-289
fats 289
fluorite, f(t) 280
gases 292
glasses, American, f(X) .... 277

Jena, f(X, t) 278
Iceland-spar 280
liquids 290
liquefied gases 289
microscopic determination media . 294
minerals, biaxial, positive . . . 286

negative ... 287
isotropic 282

uniaxial, positive . . . 284
negative . . . 284

miscellaneous, biaxial 289
isotropio .... 283
uniaxial .... 285

nitroso-dimethyl aniline .... 280
oils 289
quartz 280

rock-salt, f(t) 279
salt solutions 291
silvine 279
vapors 292
waxes 289

Relative humidity, vapor pressure and dry .... 187
wet and dry 189

Resistance, air (aerodynamical) 151-153
planes 151

angle factor 152
aspect factor 152

shape factor 153
size factor 153
skin friction 152
speed factor 153

Resistance, resistivity electrical (see conductivity).

alloys, f(t) 323, 327-328
aluminum 334

wire tables 342, 343
alternating current values 344
antenna? (wireless) 364
copper, f(t) 334, 335

reduction to standard temperature 335
wire-tables, English units . . . 336

metric units . . . 339
dielectrics, volume, surface 331
electrolytic, see conductivity . . . 345-352
equivalents 311
glass, f(t) 332
high frequency values 344
high temperature values 330
low temperature values 330
magnetic field, effect of 384
mercury resistance standards .... xxxvili

metals, f(t) 323
porcelain, f(t) 332
pressure effect 3-26

standards, mercury xxxviii

surface, of dielectrics 331
thermometer, platinum resistance . . . 195
volume, of dielectrics 331
wire, auxiliary table for computing . . 322
wire tables, aluminum, common units . 342

metric .... 343
copper, common units . . 336

metric 339
Resolving power photographic plate 263
Resonance potentials (spectra) 403
Retina, physiological data 258

sensitiveness to light and colors . . . 256-258
RlKidity of earth

"

. 427
Rigidity moduli, f(t) 100
Ritz spectrum series formula 275
Rocks, specific heats of 229
Rock-salt, index of refraction 279
Rods in retina of eye 258
Rontgen rays: 383-393

absorption 'coefficients (mass) . . . 389
atomic numbers and spectra . . 390-393
cathode efficiencies 387
corpuscular radiation 387-388
characteristic radiations 387
energy relations 387
general radiations 387
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Rontgen rays: heterogeneous radiations 387
homogeneous radiations 387
independent radiations 387
intensity 388
ionization 388
K series of radiations 39<>

L series of radiations 39 1

M series of radiations 392
monochromatic radiations 387
secondary radiations 387
spectra: absorption 393

K series 390
L series 391
M series 392
tungsten 392

wave-length and cathode fall .... 387
Roots of Bessel functions, ist and 2nd orders . . 68
Roots square 15

Rope, manilla, mechanical properties 95
steel wire, mechanical properties 79

Rotation of polarized light 310
magnetic .... 378-382

Rough surfaces, reflecting power 299
Rowland solar wave-lengths 272
Rupture, moduli of 74 et seq
Rutherford atom 401
Kydherg constant 408
Rydberg series formula (spectrum) 275

a, Stefan-Boltzmann 247
Salt solutions: boiling point raising 210

conductivity thermal 216
freezing point lowering 208

vapor pressure . . . 181

Scales, musical 148
Scleroscope (hardness test) 74
Screens, color 306307
Second pendulum, formula 419

sea-level values, f(0) 419
Secohm xliv

Secondary batteries 313
X-rays 387

Self induction 376
Sensation, Minimum energy of light for 261
Sensitiveness of eye to light and radiation . . 256-258
Series, mathematical 13
Series spectra: Balmer formula 401, 275

first terms 276
limits of 276
Morgendorff formula 275
Ritz formula 275
Rydberg formula 275
vibration differences 276

Sheet metal, weight of 116
Silver, electrochemical equivalent 345
Silver voltameter xl

Silvine, refractive index 279
Sines, natural and logarithmic, circular 32

hyperbolic .... 41
Sky brightness 419
Skin friction, air resistance 152
Soap films 174
Solids: compressibility 108

contact potentials 314,316,404
densities 113
dielectric constants 360
expansion coefficients, cubical 227

linear .... 218-220
hardness 74 et seq, 101
magneto-optic rotation 379
refractive indices 277-289
resistance, electrical 323-344
velocity of sound 146
Verdet's constant 379

Solubility: gases in water 170
pressure effect . ... 171

salts in water, inorganic, f(t) . . . . 169
organic, f(t) 170

Solutions: boiling point raise by salts in .... 210
conductivity electrolytic 346-352

thermal 216
densities of aqueous 122
diffusion of aqueous 166
dielectric constant, calibration stds. . . 360
freezing points lowering by salts in ... 208
magneto-optic rotation by 381

PAGE

Solutions: refractive indices 291
specific heats 228
surface tensions 173
vapor pressures 181

Verdet's constant 381
viscosities, specific 1 59, 163

Sound, velocity of: gases 147
liquids 147
solids 147

waves, energy of 149
Sparking potentials: air, alternating potentials . . 353

large spark-gaps, f(p) . . 354
steady potentials . . . .353

dielectrics 355
kerosene 355

Specific heat of electricity 317
Specific heats: ammonia, sat. liq 228

elements 223, 225, 226
gases, also cp /c r 230
liquids 228
mercury 227
minerals and rocks 229
rocks 229
silicates 229
solids 227
vapors 230
water 227

Specific gravities (see densities) 109135
conversion of Baume 109

Specific inductive capacities: crystals 361
gases, f(t,p) . . 356-357
liquids, f(t) . 357~359
solids 360
std. solutions . . . 360

Specific molecular conductivity 347-348
Specific resistance, see resistivity 323-326
Specific viscosity: 159, 163
Spectrum: black-body intensities 247, 248

elements, international units . . . 267, 270
eye sensitiveness, f(X) 256258
iron standards, international units . 266, 267
radium 398
series, limits, first terms, etc 276
solar: intensities of energy 418

Rowland wave-lengths 272
cor. to intern, scale . . 272

standard wave-lengths, intern, units. 266267
stellar 403
wave-lengths standards 266, 267

reduction to std. pressure. 268
X-ray: absorption 393

atomic numbers 390393
K series 390
L series 391
M series 392
tungsten 392

Speed of corpuscles 401
Spherical harmonics 64
Sputtering, cathodic ..." 386
Squares of numbers 15
Square roots of numbers 15
Squares, least, formulae and tables 56-59
Standard cells, emf of 313

radium, international 394
refractive media for microscope 294
resistance, mercury xxxviii

temperature calibration points 195
wave-lengths: primary (international) . 266

secondary (international) . 266
tertiary (international) . . 267
reduction to std. pressure . 268

Standards: electrical, international xxxviii

fundamental xxxiii

photometric 260
Stars: brightness 413

densities 413
distances 412
equivalent ist magnitude 4*7
first magnitude data (positions, etc.) . . .415
Harvard classification 4"
light, total 417
magnitudes, apparent and absolute 413
masses 413
motions 412
number of 417
parallax 415
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Stars: size 4'3

spectra 4"
temperatures, surface 4 11

velocities . . . .' 41*. 4*5
Steam tables *34
Steel: ma&netic properties 367-376

mechanical properties 7679
Stefan-Boltzmunn constant, and formula 247
Steinmetz magnetic constant 375

Stcllite. reflecting powers 150

Stem correction for thermometers 190-191
Stokes law for falling bodies 150

Stone, mechajiical properties 92

Storage batteries 3 '3

Strengths see mechanical properties 74~99
Sucrose, viscosities of solutions, f(t) 156

Sugar cane, densities aqueous solutions 126

Sulphuric acid, densities aqueous solutions .... 126

Sun: apex of solar motion 4"
brightness 260

disk brightness distribution 418
distance to earth 4*4
Fraunhofer lines 265

magnitude, stellar 4*3
motion 4"
numbers. Wolf's sun-spot 4*5

parallax 4*4
radiation compared to moon 4*4

constant (solar constant) 41
variation with month and latitude . . 420

spectrum: energy intensities 4 T ^

Fraunhofer lines 265
Rowland's wave-lengths 272

spot numbers, Wolf's 41 5

temperature 418
velocity 41 1

wave-lengths: Fraunhofer lines 265
Rowland's 272

Sunshine, duration of f (month, latitude) 417
Surface resistivities, solid dielectrics 331
Surface tensiens 173, 174
Susceptibility magnetic, definition 365

elements, etc 377

Tangents circular, nat. and log., f(, ') .... 32
f (radians) ... 37

hyperbolic, nat. and log 41
Taylor's series 13
Telegraphy, wireless: 362, 364
Temperature, black -body scale for W 250

brightness black body as function of. 261
brightness scale for C 250
color scale for W 250
critical gas constants 212
earth: f (altitude) 421

f(latitude) 422
monthly and yearly means . . 420
variation below surface . . . 422

flame temperatures 244
ignition, gaseous mixtures 244
standards xxxiv

stellar 411
sun's 418
thermodynamic 195
zero absolute 195

Tensile strengths, see mechanical properties . . . 74-99
Tension, surface 173, 174
Tensions, vapor, see vapor pressures 175-186
Terrestrial magnetism: agonic line 425

declination 420
dip 422
inclination 422
intensity, horizontal . . . 423

total 424
magnetic character, yearly . 425
observatories, elements at . 426

Thermal unit, British 435
standard calorie 435

Thermal conductivity: alloys, metals 213
building materials . 215
earth 422
gases 217

high temperature 254

PAGE

Thermal conductivity: insulators 214-216
high temp. 214

liquids 217
metals, high temper-
ature 213
salt solutions . . . 216
water 216

Thermal diffusivities 217
Thermal expansion: cubical: gases 222

liquids 221
solids 220

linear: elements 218
miscellaneous .... 219

Thermal unit: British 435
calorie 435
dynamical equivalents ... 197

Thermo-chemistry: heat of combustion: carbon cpds . 241
coals . . . 242
cokes . . . 242
gases . . . 242
liquid fuels .242
miscellaneous . 24 1

peats . . . 242
heat of dilution, H2S04 .... 246

formation 245
ions 246

neutralization .... 246
Thermodynamical scale of temperature, ice-point . . 195
Thermoelectrical properties: (emf) alloys .... 318

platinum 319
elements . . . 317
Peltier . . 317, 321
pressure effects . 320
Thomson . 317, 320

Thermoelements, calibration of ^96
Thermogalvanometric effect 385
Thermomagnetic effects 385
Thermometry: absolute zero 195

air i6Hl o to 300 C .... 193
59in > 100 to 200 C ... 193
59*11, high temperature ... 194

calibration points, standard . . . . 195
gas-mercury, formulae, comparisons 192-194
hydrogen 1 6Hi, o to 100 C . . 192

i6in, 59 _
5 to

35 C 192
various 194

ice point 195
Kelvin scale 193
mercury cf with gas 190-194
platinum resistance 195
resistance electrical 195
stem corrections 190-191
thermodynamic scale, ice-point ... 195
thermo-electric, Cu-Constantan ... 196

Pt-PtRh 196
Thomson thermo-electric effect 317,320
Thorium radio-active group, constants of 396
Threshold sensitiveness of eye ^ . . . 256
Timber, strength of 96-99
Timbre (sound) 149
Time, equation of 416
Time, solar, sidereal 414
Time standards xxxiv

Transformation constants of radio-active substances. 396
Transformation points of minerals 207
Transmissibility to radiation: air, moist . . . 308,419

atmospheric . . . .418
crystals, various . . . 306
dyes 301
glass, American . 303, 304

Jena .... 302
water 307
water-vapor . . 308, 419

Trigonometric functions : circular, ( ') nat., log. . 32
(radians), log . . 37

hyperbolic, nat., log. ... 41
Tribo-electric series 322
Tubes, flow of gas through 150
Tuning forks, temperature coefficients 149

Ultimate strengths of materials, see Mechanical.

properties 74~99
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Ynits of measurements, see Introduction ...
electrical, absolute . . .

international .

legal . . .

practical . .

fundamental

photometric
radioactive

work, transformation factors

Uranium group of radio-active substances ....

PAGE

. xxiii

. xxxv i

. xxxvi

xxxvii

. xxxvi

xxiii

. 260

. 394
197
396

T, ratio electro-magnetic to static units . . xxx, xxxvi

Vacuo, reduction of densities to 73

weighings to 73

Valencies of the elements 7 1

Van der Waal's constants 212

Vaporization, latent heat Of: 231
ammonia 232
elements, theoretical . 233
formula 232
steam tables . . . .234

Vapor pressure: alcohol ethyl 178
methyl 178

aqueous (see water below) . . 183, 234
carbon disulphide i79
elements *75

mercury 180

radium emanation ....... 398
salt solutions 181

various 179180
water: atmospheric via wet and dry

sea-level . . . 186
other altitudes . 185

saturated 183
steam tables 234

Vapor, water; weight per m3 and ft3 185

Vapors: densities 127, 234
diffusion of 167, 168

heats of vaporization 231-239
heats specific 230
pressures, see vapor pressures .... 175186
refractive indices 292
specific heats 230
viscosities 164
water, transparency to radiation . . . 308, 419

Velocity of light 408, 414
molecules 399
sound, in gases 147

liquids 147
solids 146

stars 4H 412
sun 411

Verdet's constant (magneto- optic) 378-382
gases 382
liquids 380
solids 379
solutions, aqueous 381

Vessels, volume of glass, via Hg 72
Villari magnetic effect 365
Viscosity: air 164

alcohol ethyl, f(t, dilution) 155
castor oil, f(t) 156
centipoise, definition 155
definition 155
earth 427
gases, temperature and pressure var. 164-165
glycerol, dilution variation 156
liquids, f(t) 157-158
specific: solutions, f(dens., t) .... 159

atom. cone. 25 C. . 163
sucrose solutions, f(t, dilution) .... 156
vapors, f (p, t) 164-165
water, f(t) 155

Visibility of radiation 256-258
relative of various colors 256-258
white lights 260

Vision, distinct 258
persistence of 258

Voice, pitch limits of 149
Voltages: accumulators 313

contact 314, 316, 404
Peltier 321
standard cells 313
thermoelectric 317-320

pressure effect 320
voltaic cells 312-313
Weston normal xli

Weston portable . xliii

PAGE

Voltaic cells; comp., emf: double fluid 312
secondary 313
single fluid 313
standard 313
storage 313

Voltameter, silver xl

Volts, electrical equivalents 311
Volts, legal, international xli, 3 1 1

Volume atomic, 50 K 226
critical for gases 212
glass vessels, determination of 72
gases, f (p) 104-106

f(t) 128-132
mercury, 10 to +360 C 121

resistance of dielectrics 331
specific of elements 225
water, o to 40 C 119

10 to 250 C 120

Vowels, tone characteristics 149

Waal's (van der) constants 212
Water: boiling point, f(p) 144

density,f (t) o to 4iC, 10 to 25oC 118-120
solutions, ethyl alcohol 124

glycerol 156
methyl alcohol 126
sucrose 156
sugar (cane) 126
sulphuric acid 126
various . . . 122, 159-163

freezing point, f( pressure) 200
ionization of 352
melting point, f(p) 200
pressure (hydrostatic) of columns of ... 136
solutions: boiling points 210

densities, see water, density solu-

tions . . 118-126, 156, 159-163
diffusion 166

electrolytic conduction . . 346-352
freezing points 208
viscosities 156, 159-163

specific heat 227
thermal conductivity : 216
transparency to radiation 307
vapor pressure 234239, 183184
vapor pressure of in atmosphere . . . 185189
viscosity, f(t) 155
volume, o to 40 C, 10 to 250 C. 119, 120

Water-vapor, determination in atmosphere, via wet
and dry sea-level 186

various altitudes . . . . 185
relative humidity via wet and dry . . 189

dry and v.p. . . 187
in atmosphere, f (altitude) 421
transparency 308, 419
weight saturated per m3 and ft3 . . . 185

Watt xxxvii, xlv, 311
Wave-lengths: Angstrom, definition 266

cadmium red line 266
Crova 261

elements, international scale . . 267, 270
Fraunhofer solar lines

'

265
iron arc standards 266267
neon, international scale . . . . . 266

pipes (sound) 149
limits. Hertz, X, visible, etc. ... 408
Rontgen 390-393
Rowland solar 272

corrections to Intern X 272
solar, Fraunhofer lines 265

Rowland 272
standard pressure, correction to ... 268
standards: international primary . . 266

secondary 266-267
tertiary . . 267

vacuo, reduction to 293
wireless 362-364
X-ray 390-393

Waves, energy of sound 149
Weighings, reduction to vacuo 73
Weight sheet metal 116

Weights, atomic 71
Weights and Measures: customary to metric ... 5

metric to customary ... 6

metric to imperial .... 8

imperial to metric .... 10

miscellaneous 7
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PAGE

Weston normal cell xli

Weston portable cell xlili

Wiedemaiui magnetic effect 365
Wind pressures 150-153
Wire gages, comparison 333

Wire, mechanical properties: copper 82-83
steel 78
sifi'l rope and cable . 79

Wire resistance, auxiliary table for computing . . . 322
Wire tables: aluminum, English measures .... 342

metric measures .... 343
see also 334

copper, English measures 336
metric measures 339
see also 334
temperature coefficients .334,335

reduc. to std. . .335
Wires, alternating-current resistance 344

carrying capacity of 329
high-frequency resistance 344

V.ires. .beat losses from incandescent, bright Pt. . 255
Pt sponge . 255

Wireless telegraphy: antennae resistances .... 364
wave-lengths, frequencies, oscil-

lation constants 362
Wolf sun-spot numbers, 1750 to 1917 415
Woods: densities 96-99, 112

mechanical properties: conifers, Eng. units. 99
metric units 97

hard wds, Eng. units 98
metric units 96

Work, conversion factors , , 197

PAGE

X-rays: 383-393
absorption coefficients (mass) 389
atomic numbers and spectra . .

"

. . 390-393
calcite grating space 408
cathode efficiencies 387
characteristic radiations 387
corpuscular radiation 387-388
crystals, diffraction with 401
energy relations 387
general radiations 387
heterogeneous radiations 387
homogeneous radiations 387
independent radiations 387
intensity 388
ionization 388
K series of radiations 390
L series of radiations 391
M series of radiations 392
monochromatic radiations 387
secondary radiations 387
spectra: absorption 393

K series 390
L series 391
M series 392
tungsten 392

wave-lengths 390-393
wave-lengths and cathode fall 387

Years 414, 437
\ early temperature means 420
Young's modulus, definition 74

values 74-103
Yield point (mechanical property) 74-103

Zero, absolute, thermodynamic scale 195
Zonal harmonics 64.
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