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ADVERTISEMENT TO REVISED EDITION.

THE edition of the Smithsonian Physical Tables issued in 1896 having

become exhausted, a careful reexamination of the original work has been made

at my request by the author, Professor Gray, and the few changes found neces-

sary have been made in the plates.

S. P. LANGLEY,

Secretary,

SMITHSONIAN INSTITUTION,

WASHINGTON CITY, October jo, /<?97>

ADVERTISEMENT TO SECOND REVISED EDITION.

THE revised edition of the Smithsonian Physical Tables issued in 1897

having become exhausted, and the demand continuing, a second revised

edition is now issued. The author, Professor Gray, has again examined the

work and made a few corrections in the plates, table 283 in particular being

rewritten to agree with the recent report of the International Committee on

Atomic Weights.

S. P. LANGLEY,

Secretary.
SMITHSONIAN INSTITUTION,

WASHINGTON CITY, January^ 1903.

ADVERTISEMENT TO THIRD REVISED EDITION.

The second revised edition of the Smithsonian Physical Tables issued in

January, 1903, having become exhausted, and the demand for the work

continuing, a third revised edition is now published, in which the author

has made a few corrections to agree with the latest researches.

S. P. LANGLEY,

Secretary.
SMITHSONIAN INSTITUTION,

WASHINGTON CITY April, 1904.
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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 was pub-
lished in 1852. A second edition was issued in 1857, and a third edition, with

further amendments, in 1859. Though primarily designed for meteorological

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

used by physicists that, after twenty-five years of valuable service, the work was

again revised and a fourth edition was published in 1884. In a few years the

demand for the tables exhausted the edition, and it appeared to me desirable to

recast the work entirely, rather than to undertake its revision again. After care-

ful consideration I decided to publish a new work in three parts Meteorologi-

cal Tables, Geographical Tables, and Physical Tables each representative of

the latest knowledge in its field, and independent of the others, but the three

forming a homogeneous series. Although thus historically related to Dr. Guyot's

Tables, the present work is so entirely changed with respect to material, arrange-

ment, and presentation that it is not a fifth edition of the older tables, but essen-

tially a new publication.

The first volume of the new series of Smithsonian Tables (the Meteorological

Tables) appeared in 1893, and so great has been the demand for it that a second

edition has already become necessary. The second volume of the series (the

Geographical Tables), prepared by Prof. R. S. Woodward, was published in 1894.

The present volume (the Physical Tables), forming the third of the series, has

been prepared by Prof. Thomas Gray, of the Rose Polytechnic Institute, Terre

Haute, Indiana, who has given to the work the results of a wide experience.

S. P. LANGLEY, Secretary.



PREFACE.

IN the space assigned to this book it was impossible to include, even approxi-

mately, all the physical data available. The object has been to make the tables

easy of reference and to contain the data most frequently required. In the

subjects included it has been necessary in many cases to make brief selections

from a large number of more or less discordant results obtained by differ-

ent experimenters. I have endeavored, as far as possible, to compile the tables

from papers which are vouched for by well-known authorities, or which, from

the method of experiment and the apparent care taken in the investigation, seem

likely to give reliable results.

Such matter as is commonly found in books of mathematical tables has not

been included, as it seemed better to utilize the space for physical data. Some

tables of a mathematical character which are useful to the physicist, and which

are less easily found, have been given. Many of these have been calculated for

this book, and where they have not been so calculated their source is given.

The authorities from which the physical data have been derived are quoted on

the same page with the table, and this is the case also with regard to explanations

of the meaning or use of the tabular numbers. In many cases the actual numbers

given in the tables are not to be found in the memoirs quoted. In such cases

the tabular numbers have been obtained by interpolation or calculation from the

published results. The reason for this is the desirability of uniform change of

argument m the tables, in order to save space and to facilitate comparison of

results. Where it' seemed desirable the tables contain values both in metric and

in British units, but as a rule the centimetre, gramme, and second have been used

as fundamental units. In the comparison of British and metric units, and quan-

tities expressed in them, the metre has been taken as equal to 39.37 inches,

which is the "legal ratio in the United States. It is hardly possible that a series
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of tables, such as those here given, involving so much transcribing, interpolation,

and calculation, can be free from errors, but it is hoped that these are not so

numerous as to seriously detract from the use of the book.

I wish to acknowledge much active assistance and many valuable suggestions

during the preparation of the book from Professors S. P. Langley, Carl Barus,

F. W. Clarke, C. L. Mees, W. A. Noyes, and Mr. R,. E. Huthsteiner. I am also

under obligations to Professors Landolt and Bornstein, who kindly placed an

early copy of their
"
Physikalisch-Chemische Tabellen "

at my disposal.

THOMAS GRAY.

ROSE POLYTECHNIC INSTITUTE,

TERRE HAUTE, IND., July 13, 1896.
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INTRODUCTION.

UNITS OF MEASUREMENT AND CONVERSION FORMULAE.

Units. The quantitative measure of anything is a number which expresses the

ratio of the magnitude of the thing to the magnitude of some other thing of the

same kind. In order that the number expressing the measure may be intelligi-

ble, the magnitude of the thing used for comparison must be known. This leads

to the conventional choice of certain magnitudes as units of measurement, and

any other magnitude is then simply expressed by a number which tells how many
magnitudes equal to the unit of the same kind of magnitude it contains. For

example, the distance between two places may be stated as a certain number of

miles or of yards or of feet. In the first case, the mile is assumed as a known
distance ; in the second, the yard, and in the third, the foot. What is sought for

in the statement is to convey an idea of the distance by describing it in terms of

distances which are either familiar or easily referred to for comparison. Similarly

quantities of matter are referred to as so many tons or pounds or grains and so

forth, and intervals of time as a number of hours or minutes or seconds. Gen-

erally in ordinary affairs such statements appeal to experience ; but, whether this

be so or not, the statement must involve some magnitude as a fundamental quan-

tity, and this must be of such a character that, if it is not known, it can be readily
referred to. We become familiar with the length of a mile by walking over dis-

tances expressed in miles, with the length of a yard or a foot by examining a yard
or a foot measure and comparing it with something easily referred to, say our

own height, the length of our foot or step, and similarly for quantities of other

kinds. This leads us to be able to form a mental picture of such magnitudes
when the numbers expressing them are stated, and hence to follow intelligently

descriptions of the results of scientific work. The possession of copies of the

units enables us by proper comparisons to find the magnitude-numbers express-

ing physical quantities for ourselves. The numbers descriptive of any quan-

tity must depend on the intrinsic magnitude of the unit in terms of which it is

described. Thus a mile is 1760 yards, or 5280 feet, and hence when a mile is

taken as the unit the magnitude-number for the distance is i, when a yard is taken

as the unit the magnitude-number is 1760, and when afoot is taken it is 5280.

Thus, to obtain the magnitude-number for a quantity in terms of a new unit when
it is already known in terms of another we have to multiply the old magnitude-
number by the ratio of the intrinsic values of the old and new units

;
that is, by

the number of the new units required to make one of the old.
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Fundamental Units of Length and Mass. It is desirable that as few dif-

ferent kinds of unit quantities as possible should be introduced into our measure-

ments, and since it has been found possible and convenient to express a large
number of physical quantities in terms of length or mass or time units and com-
binations of these they have been very generally adopted as fundamental units.

Two systems of such units are used in this country for scientific measurements,

namely, the British and the French, or metric, systems. Tables of conversion

factors are given in the book for facilitating comparisons between quantities ex-

pressed in terms of one system with similar quantities expressed in the other. In

the British system the standard unit of length is the yard, and it is defined as fol-

lows : "The straight line or distance between the transverse lines in the two gold

plugs in the bronze bar deposited in the Office of the Exchequer shall be the gen-
uine Standard of Length at 62 F., and if lost it shall be replaced by means of its

copies." [The authorized copies here referred to are preserved at the Royal

Mint, the Royal Society of London, the Royal Observatory at Greenwich, and the

New Palace at Westminster.]
The British standard unit of mass is the pound avoirdupois, and is the mass of

a piece of platinum marked "
P. S. 1844, i lb.," which is preserved in the Exchequer

Office. Authorized copies of this standard are kept at the same places as those

of the standard of length.

In the metric system the standard of length is defined as the distance between

the ends of a certain platinum bar (the metre des Archives] when the whole bar is

at the temperature o Centigrade. The bar was made by Borda, and is preserved

in the national archives of France. A line-standard metre has been constructed

by the International Bureau of Weights and Measures, and is known as the Inter-

national Prototype Metre. This standard is of the same length as the Borda stand-

ard. A number of standard-metre bars which have been carefully compared with

the International Prototype have lately been made by the International Bureau of

Weights and Measures and furnished to the various governments who have con-

tributed to the support of that bureau. These copies are called National Proto-

types.

Borda, Delambre, Laplace, and others, acting as a committee cf the French

Academy, recommended that the standard unit of length should be the ten mil-

lionth 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 metre bar was made

by Borda. The metre is not now defined as stated above, but as the length of

Borda's rod, and hence subsequent measurements of the length of the meridian

have not affected the length of the metre. ^
The French, or metric, standard of mass, the kilogramme, is the mass of a

piece of platinum also made by Borda in accordance with the same decree of the

Republic. It was connected with the standard of length by being made as nearly

as possible of the same mass as that of a cubic decimetre of distilled water at

the temperature of 4 C., or nearly the temperature of maximum density.

As in the case of the metre, the International Bureau of Weights and Measures



INTRODUCTION. XV11

has made copies of the kilogramme. One of these is taken as standard, and is

called the International Prototype Kilogramme. The others were distributed in

the same manner as the metre standards, and are called National Prototypes.

Comparisons of the French and British standards are given in tabular form

in Table 2
;
and similarly Table 3, differing slightly from the British, gives the

legal ratios in the United States. In the metric system the decimal subdivi-

sion is used, and thus we have the decimetre, the centimetre, and the millimetre as

subdivisions, and the dekametre, hektometre, and kilometre as multiples. The

centimetre is most commonly used in scientific work.

Time. The unit of time in both the systems here referred to is the mean

solar second, or the 86,4ooth part of the mean solar day. The unit of time is

thus founded on the average time required for the earth to make one revolution

on its axis relatively to the sun as a fixed point of reference.

Derived Units. Units of quantities depending on powers greater than unity

of the fundamental length, mass, and time units, or on combinations of different

powers of these units, are called "derived units." Thus, the unit of area and of

volume are respectively the area of a square whose side is the unit of length and

the volume of a cube whose edge is the unit of length. Suppose that the area of

a surface is expressed in terms of the foot as fundamental unit, and we wish to

find the area-number when the yard is taken as fundamental unit. The yard is

3 times as long as the foot, and therefore the area of a square whose side is a

yard is 3 X 3 times as great as that whose side is a foot. Thus, the surface will

only make one ninth as many units of area when the yard is the unit of length as

it will make when the foot is that unit. To transform, then, from the foot as old

unit to the yard as new unit, we have to multiply the old area-number by 1/9, or by
the ratio of the magnitude of the old to that of the new unit of area. This is the

same rule as that given above, but it is usually more convenient to express the

transformations in terms of the fundamental units directly. In the above case,

since on the method of measurement here adopted an area-number is the product

of a length-number by a length-number the ratio of two units is the square of the

ratio of the intrinsic values of the two units of length. Hence, if / be the ratio

of the magnitude of the old to that of the new unit of length, the ratio of the cor-

responding units of area is P. Similarly the ratio of two units of volume will be

T
3

,
and so on for other quantities.

Dimensional Formulae. It is convenient to adopt symbols for the ratios

of length units, mass units, and time units, and adhere to their use throughout ;

and in what follows, the small letters, /, tn, /, will be used for these ratios. These

letters 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 /, #/, / are known, and the

powers of /, m, and / involved in any particular unit are also known, the factor for

transformation is. at once obtained. Thus, in the above example, the value of/

was 1/3 and the power of /involved in the expression for area is /
2

; hence, the

factor for transforming from square feet to square yards is 1/9. These factors
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have been called by Prof. James Thomson "change ratios," which seems an

appropriate term. The term " conversion factor
"

is perhaps more generally

known, and has been used throughout this book.

Conversion Factor. In order to determine the symbolic expression for the

conversion factor for any physical quantity, it is sufficient to determine the degree
to which the quantities length, mass, and time are involved in the quantity. Thus,
a velocity is expressed by the ratio of the number representing a length to that

representing an interval of time, or L/T, an acceleration by a velocity-number
divided by an interval of time-number, or L/T

2
,
and so On, and the correspond-

ing ratios of units must therefore enter to precisely the same degree. The fac-

tors would thus be for the above cases, ///and ///
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

is the dimensional equation for energy, and ML"T~ 2
is the dimensional formula

for energy.

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

Q= CL"M"T,

where C is a constant and LMT represents length, mass, and time in terms of one

set of units, and we wish to transform to another set of units in terms of which

the length, mass, and time are LyM/T
1

,,
we have to find the value of ' '' ' which

L M. i

in accordance with the convention adopted above will be l
tmft ,

or the ratios of

the magnitudes of the old to those of the new units.

Thus Ly= L/, M t
= Mm, T

y
= T/, and if Q y

be the new quantity-number

Qy^CL/'MyTy*

or the conversion factor is /WT, a quantity of precisely the same form as the

dimension formula LaM*Tc
.

We now proceed to form the dimensional and conversion factor formulas for

the more commonly occurring derived units.

1. Area. The unit of area is the square the side of which is measured by
the unit of length. The area of a surface is therefore expressed as

S = CLa
,

where C is a constant depending on the shape of the boundary of the surface

and L a linear dimension. For example, if the surface be square and L be the

length of a side C is unity. If the boundary be a circle and L be a diameter

C= 7r/4, and so on. The dimensional formula is thus L2
,
and the conversion

factor 7
2
.

2. Volume. The unit of volume is the volume of a cube the edge of which

is measured by the unit of length. The volume of a body is therefore expressed as
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V = CL3
,

where as before C is a constant depending on the shape of the boundary. The

dimensional formula is L3 and the conversion factor /*.

3. Density. The density of a substance is the quantity of matter in the unit

of volume. The dimension formula is therefore M/V or ML~8
,
and conversion

factor w/~3
.

Example. The density of a body is 150 in pounds per cubic foot: required

the density in grains per cubic inch.

Here m is the number of grains in a pound= 7000, and / is the number of

inches in a foot= 12
;

.'. w/~3= 7ooo/i2
3= 4.051. Hence the density is 150 X

4.051 =607.6 in grains per cubic inch.

NOTE. The specific gravity of a body is the ratio of its density to the density of a standard

substance. The dimension formula and conversion factor are therefore both unity.

4. Velocity. The velocity of a body at any instant is given by the equation

7'= Si or velocity is the ratio of a length-number to a time-number. The di-
aT

mension formula is LT"1
,
and the conversion factor lt~l

.

Example. A train has a velocity of 60 miles an hour : what is its velocity in

feet per second ?

Here /= =5280 and ^= 3600 ;
.-. /t~l = r .467. Hence the velo-

3600 30

city
= 60 X 1-467 = 88.0 in feet per second.

5. Angle. An angle is measured by the ratio of the length of an arc to the

length of the radius of the arc. The dimension formula and the conversion

factor are therefore both unity.

6. Angular Velocity. Angular velocity is the ratio of the magnitude of the

angle described in an interval of time to the length of the interval. The dimen-

sion formula is therefore T"1

,
and the conversion factor is t~*.

7. Linear Acceleration. Acceleration is the rate of change of velocity or

j = The dimension formula is therefore VT"1 or LT~8
,
and the conversion

dt

factor is //~
2

.

Example.' A body acquires velocity at a uniform rate, and at the end of one

minute is moving at the rate of 20 kilometres per hour : what is the acceleration

in centimetres per second per second ?

Since the velocity gained was 20 kilometres per hour in one minute, the accel-

eration was 1 200 kilometres per hour per hour.

Here/=iooooo and /= 36oo; /. //~'
2= 100 ooo/36oo

2= .00771, and there-

fore acceleration r=.007 7 1 X 1200= 9.26 centimetres per second.

8. Angular Acceleration. Angular acceleration is rate of change of angu
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lar velocity. The dimensional formula 13 thus
angular velocity Qr^ and thg

conversion factor /~2
.

9. Solid Angle. A solid angle is measured by the ratio of the surface of

the portion of a sphere enclosed by the conical surface forming the angle to the

square of radius of the spherical surface, the centre of the sphere being at the

vertex of the cone. The dimensional formula is therefore or i, and hence
it

the conversion factor is also i.

10. Curvature. Curvature is measured by the rate of change of direction of

the curve with reference to distance measured along the curve as independent

variable. The dimension formula is therefore
an^ e

or Lr 1

, and the conversion
length

factor is 7" 1
.

n. Tortuosity. Tortuosity is measured by the rate of rotation of the tan-

gent plane round the tangent to the curve of reference when length along the

curve is independent variable. The dimension formula is therefore ,

an^ e
or

length
L"1

,
and the conversion I actor is l~ l

.

12. Specific Curvature of a Surface. This was defined by Gauss to ber

at any point of the surface, the ratio of the solid angle enclosed by a surface

formed by moving a normal to the surface round the periphery of a small area

containing the point, to the magnitude of the area. The dimensional formula is

therefore- or L~2
,
and the conversion factor is thus /~2

.

surface

13. Momentum. This is quantity of motion in the Newtonian sense, and is,

at any instant, measured by the product of the mass-number and the velocity-

number for the body.
Thus the dimension formula is MV or MLT"1

,
and the conversion factor mll~ l

.

Example. A mass of 10 pounds is moving with a velocity of 30 feet per sec-

ond : what is its momentum when the centimetre, the gramme, and the second are

fundamental units ?

Here tn= 453-59* /=3-48, and /= i ; .-. mlt' 1

453.59 X 3-48= 13825.

The momentum is thus 13825 X 10 X 30 = 4147500.

14. Moment of Momentum. The moment of momentum of a body with

reference to a point is the product of its momentum-number and the number

expressing the distance of its line of motion from the point. The dimensional

formula is thus MI/T" 1

,
and hence the conversion factor is ni?*t~

l
.

15. Moment of Inertia. The moment of inertia of a body round any axis

is expressed by the formula 2/wr2

,
where m is the mass of any particle of the body
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and r its distance from the axis. The dimension formula for the sum is clearly

the same as for each element, and hence is ML2
. The conversion factor is there-

fore ml1
.

16. Angular Momentum. The angular momentum of a body round any
axis is the product of the numbers expressing the moment of inertia and the

angular velocity of the body. The dimensional formula and the conversion fac-

tor are therefore the same as for moment of momentum given above.

17. Force. A force is measured by the rate of change of momentum it is

capable of producing. The dimension formulae for force and " time rate of

change of momentum "
are therefore the same, and are expressed by the ratio

of momentum-number to time-number or MLT~2
. The conversion factor is thus

NOTE. When mass is expressed in pounds, length in feet, and time in seconds, the unit force

is called the poundal. When grammes, centimetres, and seconds are the corresponding units the

unit of force is called the dyne.

Example. Find the number of dynes in 25 poundals.

Here m = 453-59 l = 3-48, and /= i
; .'. m/r*= 453.59 X 30.48= 13825

nearly. The number of dynes is thus 13825 X 25 = 345625 approximately.

18. Moment of a Couple, Torque, or Twisting Motive. These are dif-

ferent names for a quantity which can be expressed as the product of two numbers

representing a force and a length. The dimension formula is therefore FL or

ML2T~2
,
and the conversion factor is

19. Intensity of a Stress. The intensity of a stress is the ratio of the num-
ber expressing the total stress to the number expressing the area over which the

stress is distributed. The dimensional formula is thus FL~2 or ML^T"2
,
and the

conversion factor is

20. Intensity of Attraction, or " Force at a Point." This is the force of

attraction per unit mass on a body placed at the point, and the dimensional for-

mula is therefore FM~* or LT~2
, the same as acceleration. The conversion fac-

tors for acceleration therefore apply.

21. Absolute Force of a Centre of Attraction, or "
Strength of a Cen-

tre." This is the intensity of force at unit distance from the centre, and is there-

fore the force per unit mass at any point multiplied by the square of the distance

from the centre. The dimensional formula thus becomes FL2M-1 or L8T~2
. The

conversion factor is therefore /
3/~2

.

22. Modulus of Elasticity. A modulus of elasticity is the ratio of stress

intensity to percentage strain. The dimension of percentage strain is a length
divided by a length, and is therefore unity. Hence, the dimensional formula of a

modulus of elasticity is the same as that of stress intensity, or ML~JT~2
,
and the

conversion factor is thus also
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23. Work and Energy. When the point of application of a force, acting on

a body, moves in the direction of the force, work is done by the force, and the

amount is measured by the product of the force and displacement numbers. The
dimensional formula is therefore FL or ML2T~2

.

. The work done by the force either produces a change in the velocity of the body
or a change of shape or configuration of the body, or both. In the first case it

produces a change of kinetic energy, in the second a change of potential energy.
The dimension formulae of energy and work, representing quantities of the same

kind, are identical, and the conversion factor for both is m/'2t~*.

24. Resilience. This is the work done per unit volume of a body in distort-

ing it to the elastic limit or in producing rupture. The dimension formula is there-

fore ML2T~2L~ 3 01 ML~lrr~2
,
and the conversion factor mt~lr2

.

25. Power, or Activity. Power or, as it is now very commonly called, ac-

tivity is defined as the time rate of doing work, or if VV represent work and P power

P = - - . The dimensional formula is therefore WT" 1 or ML2T~8
,
and the con-

at

version factor *w/
2/~3

,
or for problems in gravitation units more conveniently flt~

l

,

wheref stands for the force factor.

Examples, (a) Find the number of gramme centimetres in one foot pound.
Here the units of force are the attraction of the earth on the pound

* and

the gramme of matter, and the conversion factor is./?, where/" is 453.59 and /is

30.48.

Hence the number is 453-59 X 30.48 = 13825.

(b} Find the number of foot poundals in i oooooo centimetre dynes.

Here m = i/453-59 /= I /3-48, and t= i
;

.'. w/V~2 = 1/453-59 X 3Q-48
2
,

and io*ml*r*= 107453.59 X 30.48*= 2.373.

(c) If gravity produces an acceleration of 32.2 feet per second per second, how

many watts are required to make one horse-power ?

One horse-power is 550 foot pounds per second, or 550 X 32.2 = 17710 foot

poundals per second. One watt is io7

ergs per second, that is, io7

dyne centi-

metres per second. The conversion factor is /w/
2/" 8

,
where m = 453.59, /= 30.48,

and /= i, and the result has to be divided by io7
;
the number of dyne centime-

tres per second in the watt.

Hence, 17710 */V7
8

/io
7= 17710 X 453-59 X 3o.48

2

/io
7= 746.3.

(//) How many gramme centimetres per second correspond to 33000 foot

pounds per minute ?

The conversion factor suitable for this case is/7/"
1

, where/" is 453-59, / is 30.48,

and / is 60.

Hence, 33000 lf~
l= 33000 X 453-59 X 30.48/60= 7604000 nearly.

* It is important to remember that in problems like that here given the term "pound" or
"
gramme

"
refers to force and not to mass.
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HEAT UNITS.

1. If heat be measured in dynamical units its dimensions are the same as those

of energy, namely ML'2T~2
. The most common measurements, however, are

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

the temperature of unit mass of water one degree of temperature at some stated

temperature. This method of measurement involves the unit of mass and some

unit of temperature, and hence if we denote temperature-numbers by and their

conversion factors by 6 the dimensional formula and conversion factor for quan-

tity of heat will be M0 and mO respectively. The relative amount of heat com-

pared with water as standard substance required to raise unit mass of different

substances one degree in temperature is called their specific heat, and is a simple

number.

Unit volume is sometimes used instead of unit mass in the measurement of

heat, the units being then called thermometric units. The dimensional formula

is in that case changed by the substitution of volume for mass, and becomes L3
,

and hence the conversion factor is to be calculated from the formula /80.

For other physical quantities involving heat we have :

2. Coefficient of Expansion. The coefficient of expansion of a substance

is equal to 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 is inversely as the mag-
nitude of the unit of temperature. Hence the dimensional and conversion-factor

formula; are -1 and 0" 1
.

3. Conductivity, or Specific Conductance. This is the quantity of heat

transmitted per unit of time per unit of surface per unit of temperature gradient.

The equation for conductivity is therefore, with H as quantity of heat,

_L2T
L

and the dimensional formula = -
,
which gives mt~

lt~ l
for conversion factor.

Li 1

In thermometric units the formula becomes L/'T" 1
,
which properly represents

diffusivity. In dynamical units H becomes ML'2T~2
,
and the formula changes to

MLT"8 " 1
. The conversion factors obtained from these are t*t~ l and mlt~*Q~l

respectively.

Similarly for emission and absorption we have

4. Emissivity and Immissivity. These are the quantities of heat given
off by or taken in by the body per unit of time per unit of surface per unit dif-

ference of temperature between the surface and the surrounding medium. We
thus get the equation

EL2 T= H = M.
The dimensional formula for E is therefore ML"2!'"1

,
and the conversion factor
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mf"2t~ l
. In thermometric units by substituting /

8 for m the factor becomes //""*,.

and in dynamical units int~a&~ 1
.

5. Thermal Capacity. This is the product of the number for mass and

the specific heat, and hence the dimensional formula and conversion factor are

simply M and m.

6. Latent Heat. Latent heat is the ratio of the number representing the

quantity of heat required to change the state of a body to the number represent-

ing the quantity of matter in the body. The dimensional formula is therefore

MG/M or
,
and hence the conversion factor is simply the ratio of the tempera-

ture units or H. In dynamical units the factor is T
2/"2

.*

7. Joule's Equivalent. Joule's dynamical equivalent is connected with

quantity of heat by the equation

ML2T-2=JH or JM.
This gives for the dimensional formula of J the expression L'^T"2 "1

. The conver-

sion factor is thus represented by f*t~
26~l

. When heat is measured in dynamical
units J is a simple number.

8. Entropy. The entropy of a body is directly proportional to the quantity

of heat it contains and inversely proportional to its temperature. The dimen-

sional formula is thus M/ or M, and the conversion factor is m. When heat is

measured in dynamical units the factor is w/2/"2^"1
.

Examples, (a) Find the relation between the British thermal unit, the calorie,,

and the therm.

Neglecting the variation of the specific heat of water with temperature, or de-

fining all the units for the same temperature of the standard substance, we have

the following definitions. The British thermal unit is the quantity of heat required

to raise the temperature of one pound of water i F. The calorie is the quan-

tity of heat required to raise the temperature of one kilogramme of water i C.

The therm is the quantity of heat required to raise the temperature of one gramme
of water i C. Hence :

(1) To find the number of calories in one British thermal unit, we have

^= 45399 and = $ J

' *0= -45399 X 5/9= -25199-

(2) To find the number of therms in one calorie, w 1000 and 0=i;
/. m6= 1000.

It follows at once that the number of therms in one British thermal unit is

1000 X .25199= 251.99.

(b) What is the relation between the foot grain second Fahrenheit-degree and

the centimetre gramme second Centigrade-degree units of conductivity ?

The number of the latter units in one of the former is given by the for-

* It will be noticed that when is given the dimension formula L2T-'2 the formulae in thermal

and dynamical units are always identical. The thermometric units practically suppress mass.
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mula ml~ lrl
b, where m = .064799, /= 30.48, and /= i, and is therefore^:

.064799/30.48 = 2.126 X io~ 8
.

(f) Find the relation between the units stated in (#) for emissivity.

In this case the conversion formula is ml~*t~ l

,
where ml and / have the

same value as before. Hence the number of the latter units in the former is

0.064 799/3-48
a= 6.975 X io~5

.

(d) Find the number of centimetre gramme second units in the inch grain

hour unit of emissivity.

Here the formula is w/"2/"1
,
where m= 0.064 799> /=2 -54, ar>d ^= 3600.

Therefore the required number is 0.064 799/2 -54
2 X 3600= 2.790 X io~b

.

(e) If Joule's equivalent be 776 foot pounds per pound of water per degree

Fahrenheit, what will be its value in gravitation units when the metre, the

kilogramme, and the degree Centigrade are units ?

The conversion factor in this case is .,_, or I0~~
l

,
where / .3048 and

0-1 = 1.8
;

.'. 776 X .3048 X 1.8 =425.7.

(/) If Joule's equivalent be 24832 foot poundals when the degree Fahren-

heit is unit of temperature, what will be its value when kilogramme metre

second and degree-Centigrade units are used ?

The conversion factor is /7~2

0~', where /= .3048, t = i, and 0~ l = 1.8
;

.-. 24832 x pr*ff-
l = 24832 x .3048' x 1.8 = 4152.5.

^

In gravitation units this would give 4152.5/9.81 =423.3.

ELECTRIC AND MAGNETIC UNITS.

There are two systems of these units, the electrostatic and the electromagnetic

systems, which differ from each other because of the different fundamental suppo-

sitions on which they are based. In the electrostatic system the repulsive force

between two quantities of static electricity is made the basis. This connects force,

quantity of electricity, and length by the equationf=a ^ft,
where f is force, a a

quantity depending on the units employed and on the nature of the medium, g and

q t quantities of electricity, and / the distance between q and q t
. The magnitude of

the force f for any particular values of ^, qt
and / depends on a property of the

medium across which the force takes place called its inductive capacity. The in-

ductive capacity of air has generally been assumed as unity, and the inductive

capacity of other media expressed as a number representing the ratio of the induc-

tive capacity of the medium to that of air. These numbers are known as the spe-

cific inductive capacities of the media. According to the ordinary assumption,

then, of air as the standard medium, we obtain unit quantity of electricity when

in the above equation q-=.qt , and/, a, and / are each unity. A formal definition

is given below.

In the electromagnetic system the repulsion between two magnetic poles or
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quantities of magnetism is taken as the basis. In this system the quantities force,

quantity of magnetism, and length are connected by an equation of the form

where m and m
t
are in this case quantities of magnetism, and the other symbols

have the same meaning as before. In this case it has been usual to assume the

magnetic inductive capacity of air to be unity, and to express the magnetic induc-

tive capacity of other media as a simple number representing the ratio of the in-

ductive capacity of the medium to that of air. These numbers, by analogy with

specific inductive capacity for electricity, might be called specific inductive capac-
ities for magnetism. They are usually called permeabilities. ( Vide Thomson,
"
Papers on Electrostatics and Magnetism," p. 484.) In this case, also, like that

for electricity, the unit quantity of magnetism is obtained by making m= m
t ,
and

f, a, and / each unity.

In both these cases the intrinsic inductive capacity of the standard medium is

suppressed, and hence also that of all other media. Whether this be done or not,

direct experiment has to be resorted to for the determination of the absolute val-

ues of the units and the relations of the units in the one system to those in the

other. The character of this relation can be directly inferred from the dimen-

sional formula:; of the different quantities, but these can give no information as to

the relative absolute values of the units in the two systems. Prof. Riicker has

suggested (Phil. Mag. vol. 27) the advisability of at least indicating the exist-

ence of the suppressed properties by putting symbols for them in the dimensional

formulae. This has the advantage of showing how the magnitudes of the different

units would be affected by a change in the standard medium, or by making the

standard medium different for the two systems. In accordance with this idea, the

symbols K and P have been introduced into the formulae given below to represent

inductive capacity in the electrostatic and the electromagnetic systems respectively.

In the conversion formulae k and/ are the ordinary specific inductive capacities

and permeabilities of the media when air is taken as the standard, or generally

those with reference to the first medium taken as standard. The ordinary for-

mulae may be obtained by putting K and P equal to unity.

ELECTROSTATIC UNITS.

i. Quantity of Electricity. The unit quantity of electricity is defined as

that quantity which if concentrated at a point and placed at unit distance from an

equal and similarly concentrated quantity repels it, or is repelled by it, with unit

force. The medium or dielectric is usually taken as air, and the other units in ac-

cordance with the centimetre gramme second system.

In this case we have the force of repulsion proportional directly to the square

of the quantity of electricity and inversely to the square of the distance between

the quantities and to the inductive capacity. The dimensional formula is there-

fore the same as that for [force X length
2 X inductive capacity]

1 or

and the conversion factor is
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2. Electric Surface Density and Electric Displacement. The density

of an electric distribution at any point on a surface is measured by the quantity

per unit of area, and the electric displacement at any point in a dielectric is mea-

sured by the quantity displaced per unit of area. These quantities have therefore

the same dimensional formula, namely, the ratio of the formulae for quantity of

electricity and for area or M iL~JT~ 1K 4

,
and the conversion factor /-/~-/~U'5

.

3. Electric Force at a Point, or Intensity of Electric Field. This is

measured by the ratio of the magnitude of the force on a quantity of electricity at

a point to the magnitude of the quantity of electricity. The dimensional formula

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

''

which gives the conversion factor //r/" 5/" 1
^"*.

4. Electric Potential and Electromotive Force. Change of potential

is proportional to the work done per unit of electricity in producing the change.

The dimensional formula is therefore the ratio of the formulae for work and elec-

tric quantity, or

M L'
21 - M 1J jrj^j J

M'UT-'K*
~

which gives the conversion factor m*Pf~ l
k~-.

5. Capacity of a Conductor. The capacity of an insulated conductor is

proportional to the ratio of the numbers representing the quantity of electricity in

a charge and the potential of the charge. The dimensional formula is thus the

ratio of the two formulae for electric quantity and potential, or

_ T v'-'-' ~

which gives tk for conversion factor. When K is taken as unity, as in the ordinary

units, the capacity of an insulated conductor is simply a length.

6. Specific Inductive Capacity. This is the ratio of the inductive cap?c-

ity of the substance to that of a standard substance, and hence the dimensional

formula is K/K or i.*

7. Electric Current. Current is quantity flowing past a point per unit of

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

tity and for time, or

and the conversion factor m*l*t~ z
k*.

*
According to the 'ordinary definition referred to air as standard medium, the specific inductive

capacity of a substance is K, or is identical in dimensions with what is here taken as inductive ca-

pacity. Hence in that case the conversion factor must be taken as I on the electrostatic and as

/"V2 on the electromagnetic system.
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8. Conductivity, or Specific* Conductance. This, like the corresponding
term for heat, is quantity per unit area per unit potential gradient per unit of time.

The dimensional formula is therefore

__ y-iK or_electric quantity
,., area X potential gradient X time

The conversion factor is t~l
k.

9. Specific* Resistance. This is the reciprocal of conductivity as above

defined, and hence the dimensional formula and conversion factor are respec-

tively TK" 1 and tk~ l
.

10. Conductance. The conductance of any part of an electric circuit, not

containing a source of electromotive force, is the ratio of the numbers represent-

ing the current flowing through it and the difference of potential between its ends.

The dimensional formula is thus the ratio of the formulae for current and poten-

tial, or

from which we get the conversion factor lt~ lk.

1 1 . Resistance. This is the reciprocal of conductance, and therefore the

dimensional formula and the conversion factor are respectively L/^TKT 1 and

EXAMPLES OF CONVERSION IN ELECTROSTATIC UNITS.

(a) Find the factor for converting quantity of electricity expressed in foot grain
second units to the same expressed in c. g. s. units.

By (i) the formula is m*flt~ l
fc, in which in this case ;//= 0.0648, /== 30.48, / =

i, and k= \ ; .'. the factor is o.o648
5 X 30.48* = 4.2836.

(b) Find the factor required to convert electric potential from millimetre milli-

gramme second units to c. g. s. units.

By (4) the formula is ///W" 1

^"-, and in this case m o.ooi, /= o. :, /= i, and

k-=.\\ .'. the factor =o.ooi i X o. i
5= o. 01.

(e) Find the factor required to convert from foot grain second and specific in-

ductive capacity 6 units to c. g. s. units.

By (5) the formula is Ik, and in this case / 30.48 and k= 6 .*. the factor

= 30.48 X 6= 182.88.

* The term "specific.," as used here and in 9. refers conductance and resistance to that between

the ends of a bar of unit section and unit length, and hence is different from the same term in

specific heat, specific inductivity, capacity, etc., which refer to a standard substance.
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ELECTROMAGNETIC UNITS.

As stated above, these units bear the same relation to unit quantity of magne-
tism that the electric units do to quantity of electricity. Thus, when inductive

capacity is suppressed, the dimensional formula for magnetic quantity on this sys-

tem is the same as that for electric quantity on the electrostatic system. All quan-

tities in this system which only differ from corresponding quantities defined above

by the substitution of magnetic for electric quantity may have their dimensional

formulae derived from those of the corresponding quantity by substituting P

for K.

i. Magnetic Pole, or Quantity of Magnetism. Two unit quantities of

magnetism concentrated at points unit distance apart repel each other with unit

force. The dimensional formula is thus the same as for [force X length
2 X in-

ductive capacity] or M^IJT" 1

?-, and the conversion factor is

2. Density of Surface Distribution of Magnetism. This is measured

by quantity of magnetism per unit area, and the dimension formula is therefore

the ratio of the expressions for magnetic quantity and for area, or M iL~JT~1Pi

,

which gives the conversion factor

3. Magnetic Force at a Point, or Intensity of Magnetic Field. The
number for this is the ratio of the numbers representing the magnitudes of the

force on a magnetic pole placed at the point and the magnitude of the magnetic

pole.

The dimensional formula is therefore the ratio of the expressions for force and

magnetic quantity, or

and the conversion factor m^l~^t~ l

p~^.

4. Magnetic Potential. The magnetic potential at a point is measured by
the work which is required to bring unit quantity of positive magnetism from zero

potential to the point. The dimensional formula is thus the ratio of the formula

for work and magnetic quantity, or

1UT 2^-2 M 4LJT

which gives the conversion factor

5. Magnetic Moment. This is the product of the numbers for pole

strength and length of a magnet. The dimensional formula is therefore the pro-
duct of the formulae for magnetic quantity and length, or M^UT"1

?', and the con-

version factor nfil*-t~
l

p
1

-.

6. Intensity of Magnetization. The intensity of magnetization of any por-
tion of a magnetized body is the ratio of the numbers representing the magni-
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tude of the magnetic moment of that portion and its volume. The dimensional

formula is therefore the ratio of the formula; for magnetic moment and volume, or

L8

The conversion factor is therefore i

7. Magnetic Permeability,* or Specific Magnetic Inductive Capacity.
This is the analogue in magnetism to specific inductive capacity in electricity.

It is the ratio of the magnetic induction in the substance to the magnetic induc-

tion in the field which produces the magnetization, and therefore its dimensional

formula and conversion factor are unity.

8. Magnetic Susceptibility. This is the ratio of the numbers which repre-

sent the values of the intensity of magnetization produced and the intensity of the

magnetic field producing it. The dimensional formula is therefore the ratio of

the formulae for intensity of magnetization and magnetic field or

or P.

The conversion factor is therefore/, and both the dimensional formula and con-

version factor are unity in the ordinary system.

9. Current Strength. A current of strength c flowing round a circle of

radius r produces a magnetic field at the centre of intensity 2-^cjr. The dimen-

sional formula is therefore the product of the formulae for magnetic field intensity

and length, or M-L-T-1P~-, which gives the conversion factor m*l't~ l

p~*.

10. Current Density, or Strength of Current at a Point. This is the

ratio of the numbers for current strength and area. The dimensional formula

and the conversion factor are therefore M*JLr*T~1P~~l and

11. Quantity of Electricity. This is the product of the numbers for cur-

rent and time. The dimensional formula is therefore M^L-T" 1?" 5 X T= M-L*P~^
and the conversion factor w 1/4

/"*.

12. Electric Potential, or Electromotive Force. As in the electrostatic

system, this is the ratio of the numbers for work and quantity of electricity. The

dimensional formula is therefore

ML2T~2

M*LP-

and the conversion factor

*
Permeability, as ordinarily taken with the standard medium as unity, has the same dimension

formula and conversion factor as that which is here taken as magnetic inductive capacity. Hence

for ordinary transformations the conversion factor should be taken as i in the electromagnetic and

in the electrostatic systems.
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13. Electrostatic Capacity. This is the ratio of the numbers for quantity

of electricity and difference of potential. The dimensional formula is therefore

I/-*!??-1.
s i c '' ni

and the conversion factor / V2
/"

1
.

14. Resistance of a Conductor. The resistance of a conductor or elec-

trode is the ratio of the numbers for difference of potential between its ends and

the constant current it is capable of producing. The dimensional formula is

therefore the ratio of those for potential and current or

= LT-a
P.

The conversion factor thus becomes //"*/, and in the ordinary system resistance

has the same conversion factor as velocity.

15. Conductance. This is the reciprocal of resistance, and hence the dimen-

sional formula and conversion factor are respectively L^TP"
1 and l~l

tp~
l
.

16. Conductivity, or Specific Conductance. This is quantity of electric-

ity transmitted per unit of area per unit of potential gradient per unit of time.

The dimensional formula is therefore derived from those of the quantities men-

tioned as follows :

L

The conversion factor is therefore l~'
l

tp~\

17. Specific Resistance. This is the reciprocal of conductivity as defined

in 15, and hence the dimensional formula and conversion factor are respectively

L2T-'P and Pr l

p.

18. Coefficient of Self-induction, or Inductance, or Electro-kinetic In-

ertia. These are for any circuit the electromotive force produced in it by unit

rate of variation of the current through it. The dimensional formula is therefore

the product of the formulae for electromotive force and time divided by that for

current or

,, _ X T = LP.

The conversion factor is therefore Ip, and in the ordinary system is the same as

that for length.

19. Coefficient of Mutual Induction. The mutual induction of two cir-

cuits is the electromotive force produced in one per unit rate of variation of the

current in the other. The dimensional formula and the conversion factor are

therefore the same as those for self-induction.
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20. Electro-kinetic Momentum. The number for this is the product of

the numbers for current and for electro-kinetic inertia. The dimensional formula

is therefore the product of the formulae for these quantities, or M^UT"1?^ X LP
= M JL!T-1PJ

,
and the conversion factor is w 5/1/"1

/-.

21. Electromotive Force at a Point. The number for this quantity is

the ratio of the numbers for electric potential or electromotive force as given in

12, and for length. The dimensional formula is therefore M^UT"2
?*, and the

conversion factor wW~^J
.

22. Vector Potential. This is time integral of electromotive force at a

point, or the electro-kinetic momentum at a point. The dimensional formula

may therefore be derived from 21 by multiplying by T, or from 20 by dividing

by L. It is therefore M^T"1

?*, and the conversion factor m*fit~ l

fi.

23. Thermoelectric Height. This is measured by the ratio of the num-

bers for electromotive force and for temperature. The dimensional formula is

therefore the ratio of the formulae for these two quantities, or M-lJT"2?4
""1

,
and

the conversion factor *&flf~*jP$~
l
.

24. Specific Heat of Electricity. This quantity is measured in the same^

way as 23, and hence has the same formulae.

25. Coefficient of Peltier Effect. This is measured by the ratio of the

numbers for quantity of heat and for quantity of electricity. The dimensional

formula is therefore

and the conversion factor

EXAMPLES OF CONVERSION IN ELECTROMAGNETIC UNITS.

(a) Find the factor required to convert intensity of magnetic field from foot

grain minute units to c. g. s. units.

By (3) the formula is m^l~^~l

/>~\ and in this case m = 0.0648, /= 30.48, /=
60, and/ = i

;
.'. the factors = 0.0648* X 30.48^ X 6o~ l = 0.00076847.

Similarly to convert from foot grain second units to c. g. s. units the factor is

0.0648- X 30-48"-'
= 0.046 108.

() How many c. g. s. units of magnetic moment make one foot grain second

unit of the same quantity ?

By (5) the formula is 7/r/*/"
1

/*, and the values for this problem are m 0.0648,

/= 30.48, /= i, and/ = i
; .'. the number = 0.0648* X $o-4&*= i35-6 -

(f) If the intensity of magnetization of a steel bar be 700 in c. g. s. units, what

will it be in millimetre milligramme second units ?
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By (6) the formula is wV*/"1/4

,
and in this case m = 1000, /= 10, /= i, and

p = i .*. the intensity = 700 X 1000- X i- = 70000.

(//) Find the factor required to convert current strength from c. g. s. units to

earth quadrant io~n gramme and second units.

By (9) the formula is wV5/" 1

/"4
,
and the values of these quantities are here m =

ion
,
/= io~9

, /i, and/ = i
;

.'. the factor = io*i X io~= 10.

(<?)
Find the factor required to convert resistance expressed in c. g. s. units into

the same expressed in earth-quadrant io~u grammes and second units.

By (14) the formula is lt~
l

p, and for this case /= io~9
,
/= i, and / = i

;

.'. the factor = io~9
.

(/) Find the factor required to convert electromotive force from earth-quadrant

io~n gramme and second units to c. g. s. units.

By (12) the formula is #zV /~^% and for this case m = io~n
,
/= io9

,
t= i,

and/ i
;

.'. the factor = io8
.

PRACTICAL UNITS.

In practical electrical measurements the units adopted are either multiples or

submultiples of the units founded on the centimetre, the gramme, and the second

as fundamental units, and air is taken as the standard medium, for which K and P

are assumed unity. The following, quoted from the report to the Honorable the

Secretary of State, under date of November 6th, 1893, by the delegates repre-

senting the United States, gives the ordinary units with their names and values

as defined by the International Congress at Chicago in 1893 :

"
Resolved, That the several governments represented by the delegates of this

International Congress of Electricians be, and they are hereby, recommended to

formally adopt as legal units of electrical measure the following : As a unit of re-

sistance, the international ohm, which is based upon the ohm equal to io9 units of

resistance of the C. G. S. system of electro-magnetic units, and is represented

by the resistance offered to an unvarying electric current by a column of mercury
at the temperature of melting ice 14.4521 grammes in mass, of a constant cross-

sectional area and of the length of 106.3 centimetres.
" As a unit of 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 accom-

panying specifications,* deposits silver at the rate of 0.001118 of a gramme per
second.

* " In the following specification the term '

silver voltameter ' means the arrangement of appara-
tus by means of which an electric current is passed through a solution of nitrate of silver in water.

The silver voltameter measures the total electrical quantity which has passed during the time of

the experiment, and by noting this time the time average of the current, or, if the current has been

kept constant, the current itself can be deduced.
" In employing the silver voltameter to measure currents of about one ampere, the following

arrangements should be adopted :
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" As a unit of electromotive force, the international -volt, which is the electro-

motive force that, steadily applied to a conductor whose resistance is one interna-

tional ohm, will produce a current of one international ampere, and which is rep-

resented sufficiently well for practical use by ISSf f tne electromotive force

between the poles or electrodes of the voltaic cell known as Clark's cell, at a tem-

perature of 15 C., and prepared in the manner described in the accompanying

specification.*
" As a unit of quantity, the international coulomb, which is the quantity of elec-

tricity transferred by a current of one international ampere in one second.

"As a unit of capacity, the international farad, which is the capacity of a con-

denser charged to a potential of one international volt by one international cou-

lomb of electricity.t
" 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.
" As a unit of power, the watt, which is equal to io7 units of power in the c. g. s.

system, and which is represented sufficiently well for practical use by the work

done at the rate of one joule per second.
" As the unit of induction, the henry, which 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.

"The Chamber also voted that it was not wise to adopt or recommend a stand-

ard of light at the present time."

By an Act of Congress approved July i2th, 1894, the units recommended by
the Chicago Congress were adopted in this country with only some unimportant

verbal changes in the definitions.

By an Order in Council of date August 23d, 1894, the British Board of Trade

adopted the ohm, the ampere, and the volt, substantially as recommended by
the Chicago Congress. The other units were not legalized in Great Britain.

They are, however, in general use in that country and all over the world.

"The kathode on which the silver is to be deposited should take the form of a platinum bowl

not less than io centimetres in diameter and from 4 to 5 centimetres in depth.

"The anode should be a plate of pure silver some 30 square centimetres in area and 2 or
3,

millimetres in thickness.
" This is supported horizontally in the liquid near the top of the solution by a platinum wire

passed through holes in the plate at opposite corners. To prevent the disintegrated silver which

is formed on the anode from falling on to the kathode, the anode should be wrapped round with

pure filter paper, secured at the back with sealing wax.

"The liquid should consist of a neutral solution of pure silver nitrate, containing about 15 parts

by weight of the nitrate to 85 parts of water.
" The resistance of the voltameter changes somewhat as the current passes. To prevent these

changes having too great an efftct on the current, some resistance besides that of the voltameter

should be inserted in the circuit. The total metallic resistance of the circuit should not be less

than io ohms."
* " A committee, consisting of Messrs. Helmholtz, Ayrton, and Carhart, was appointed to pre-

pare specifications for the Clark's cell. Their report has not yet been received."

f The one millionth part of the farad is more commonly used in practical measurements, and is

called the microfarad.
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TABLE 1 .

FUNDAMENTAL AND DERIVED UNITS.

(a) FUNDAMENTAL UNITS.



FUNDAMENTAL AND DERIVED UNITS.
TABLE 1

//. Heat Units.

Name of Unit. Conversion Factor.

Quantity of heat (thermal units).
" "

(thermometric units).
" "

(dynamical units).

Coefficient of thermal expansion.

Conductivity (thermal units).
"

(thermometric units), or diffusivity,
"

(dynamical units).

Emissivity and imissivity (thermal units).
" "

(thermometric units).
" "

(dynamical units).

Thermal capacity.
Latent heat (thermal units).

" "
(dynamical units).

Joule's equivalent.

Entropy (heat measured in thermal units).
"

(
" "

dynamical units).

m l~ l r 1

m /r3 b~ l

m /~2 t~ l

6~lm
m
e

I 2

m
r r2 e-1

///. Magnetic and Electric Units.

Name of Unit.

Conversion factor

for electrostatic

system.

Conversion factor

for electromag-
netic system.

Magnetic pole, or quantity of mag- )

netism. >

Density of surface distribution of
(^

magnetism. j

Intensity of magnetic field.

Magnetic potential.

Magnetic moment.

Intensity of magnetisation.

Magnetic permeability.

Magnetic susceptibility and mag-)
netic inductive capacity. |

Quantity of electricity.

Electric surface density and electric )

displacement. )

Intensity of electric field.

Electric potential and e. m. f.

Capacity of a condenser.

Inductive capacity.

Specific inductive capacity.
Electric current.

I* r2 # ?*/*

w* /- r 1

m * / r 1
K

ik
k

SMITHSONIAN TABLES.



TABLE 1 .

FUNDAMENTAL AND DERIVED UNITS.

///. Magnetic and Electric Units.



TABLE 2.

EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS
AND MEASURES.*

(I) METRIC TO IMPERIAL

LINEAR MEASURE.



TABLE 2.

EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS
AND MEASURES.

(2) METRIC TO IMPERIAL

LINEAR MEASURE.



TABLE 2.

EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS
AND MEASURES.

(3) IMPERIAL TO METRIC.

LINEAR MEASURE.



TABLE 2.

EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS
AND MEASURES.

(4) IMPERIAL TO METRIC.

r
LINEAR MEASURE.



TABLE 3.

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

(I) CUSTOMARY TO METRIC.

LINEAR.



TABLE 3.

TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES.

(2) METRIC TO CUSTOMARY.

LINEAR.



CONVERSION FACTORS.
TABLES 4, 5.

IJ

II



TABLES 6, 7.

CONVERSION FACTORS.

1



CONVERSION FACTORS.
TABLES 8, 9.



TABLES 10, 11.

CONVERSION FACTORS.



CONVERSION FACTORS.

TABLES 12, 13.

Dimensions

=

L/

T.



TABLES 14, 15.



TABLES 16, 1 7.

CONVERSION FACTORS.



TABLES 18, 1 9.

CONVERSION FACTORS.

|



TABLES 2O, 21

CONVERSION FACTORS.

1



TABLES 22, 23.

CONVERSION FACTORS.

I
8

|

I

pi
s,.



CONVERSION FACTORS.

X



TABLES 26, 27.

CONVERSION FACTORS.

g



TABLES 28, 29.

CONVERSION FACTORS.



TABLES 3O, 31

CONVERSION FACTORS.

s

d



TABLES 32, 33,

CONVERSION FACTORS.

TABLE 32. Conversion Factors for Expression of Temperatures.
Dimension =

Centigrade.



TABLES 34, 35.

CONVERSION FACTORS.



CONVERSION FACTORS.

TABLES 36, 37.

s
'



TABLE 38.
HYPERBOLIC FUNCTIONS.*

Hyperbolic sines. Values of

1

X



HYPERBOLIC FUNCTIONS.

Hyperbolic cosines. Values of

TABLE 39.



TABLE 40.
HYPERBOLIC FUNCTIONS.

Common logarithms -j- 10 of the hyperbolic sines.

X
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HYPERBOLIC FUNCTIONS.

Common logarithms of the hyperbolic cosines.

TABLE 41

X



TABLE 42.
EXPONENTIAL FUNCTIONS.

Values of <* and ol e-* and their logarithms.

Values of e* and e~x for values of x intermediate to those here given may be found by adding or subtracting the

values of the hyperbolic cosine and sine given in Tables 38-39.

X



EXPONENTIAL FUNCTIONS.
TABLE 43.

Value oi e*
2
and e-*" and their logarithms.

The equation to the probability curve is y =:
,

negative, between zero and infinity.

', where x may have any value, positive or

ar



TABLE 44.
EXPONENTIAL FUNCTIONS.

TT _*ae

Values of 0**and * and their logarithms.



EXPONENTIAL FUNCTIONS.

Value of <' and e~* and their logarithms.

TABLE 46.

1

X



TABLE 48.
LEAST SQUARES.

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.

X
r



LEAST SQUARES.

Values of the factor 0.6745A/
*

,\ (n 1)

TABLE SO.

/'V
2

,
for the probable error of the arithmetic mean.

, ( i)

It



TABLE 53.
GAMMA FUNCTION.*

Value of log
/"

'.( e-**-1

Jo
tlx + 10.

Values of the logarithms -f 10 of the
" Second Eiilerian Integral

" (Gamma f
c

unction) I

Jo
or log r()

for values of n between i and 2. When has values not lying between i and 2 the value of the function can be
readily calculated from the equation T(+i) rr I\) = ( i) . . . (nr)T(nr).

n



GAMMA FUNCTION.
TABLE 53.



TABLE 54.

ZONAL HARMONICS.*

The values of the first seven zonal harmonics are here given for every degree between 6 = and 6 = go.

e



ZONAL HARMONICS.

TABLE 54.

1



TABLE 55.

MUTUAL INDUCTANCE.*

M
Values of log -T=-

M
Table of values of log y - for facilitating the calculation of the mutual inductance M of two coaxial circles of

radii a, a', at distance apart b. The table is calculated for intervals of & in the value of cos' { i
I \a a' )* + o* >

from 60 to 90.

1



ELLIPTIC INTEGRALS.

Values oft HU-!
Jo

This table gives the values of the integrals between o and ir/2 of the function (i sin'Osin2
^)

ues of the modulus corresponding to each degree of between o and 90.

TABLE 56.

for different val-

e



TABLE 57.
BRITISH UNITS.

Cross sections and weights of wires.

This table gives the cross section and weights in British units of copper, iron, and brass wires of the diameters
given in the first column. For one tenth the diameter divide section and weights by 100. For ten times the
diameter multiply by 100, and so on.

^c

il
5



TABLE 57,

BRITISH UNITS.

Cross sections and weights of wires.

c

E'l
.2^
Q



TABLE 58.
METRIC UNITS.

Cross sections and weights of wires.

This table gives the cross section and the weight in metric units of copper, iron, and brass wires of the diameters

given in the first column. For one tenth the diameter divide sections and weights by 100. For ten times the
diameter multiply by 100, and so on.

,
E



TABLE 58.
METRIC UNITS.

Cross sections and weights of wires.

3

J2



TABLE 59.

BRITISH AND METRIC UNITS.

Cross sections and weights of wires.

The cross section and the weight, in different units, of Aluminium wire of the diameters given in the first column.
For one tenth the diameter divide sections and weights by 100. For ten times the diameter multiply by 100,
and so on.

a

E5
23
Q



TABLE 59.

BRITISH AND METRIC UNITS.

Cross sections and weights of wires.

c

ll.E2
Q



TABLE 6O.

BRITISH AND METRIC UNITS.

Cross sections and weights of wires.

The cross section and the weight, in different units, of Platinum wire of the diameters given in the first column.
For one tenth the diameters divide sections and weights by 100. For ten times the diameter multiply by 100,
and so on.

c

II
Q



TABLE 6O.

BRITISH AND METRIC UNITS.

Cross sections and weights of wires.

I

a'"

I*
(5



TABLE 61 .

BRITISH AND METRIC UNITS.

Cross sections and weights of wires.

The cross section and the weight, in different units, of Gold wire of the diameters given in the first column.
For one tenth the diameters divide sections and weights by 100. For ten times the diameter multiply by 100
and so on.

Is
J5



TABLE 61
BRITISH AND METRIC UNITS.

Cross sections and weights of wires.

c

Eg
.2 ^
o



TABLE 62.
BRITISH AND METRIC UNITS.

Cross sections and weights of wires.

The cross section and the weight, in different units, of Silver wire of the diameters given in the first column. For
one tenth the diameters divide the section and weights by 100. For ten times the diameter muliply by 100, and
so on.

_c

is
Q



TABLE 62.

BRITISH AND METRIC UNITS.

Cross sections and weights of wires.

B
'"

E i
.2^5
O



TABLE 63.

WEIGHT OF SHEET METAL.

a



TABLE 64,

WEIGHT OF SHEET METAL.

&.



TABLE 65.

SIZE, WEIGHT, AND ELECTRICAL

Size, Weight, and Electrical Constants of pure hard drawn Copper Wire of different numbers

Size and Weight.

Gauge
Number.



TABLE 65.

CONSTANTS OF COPPER WIRE.

according to the American Brown and Sharp Gauge. British Measure. Temperature o C. Density 8.90.

Electrical Constants.

Resistance and Conductivity.



TABLE 66.

SIZE, WEIGHT, AND ELECTRICAL

Size, Weight, and Electrical Constants of pure hard drawn Copper Wire of different numbers

Size and Weight.

Gauge
Number.



TABLE 661

CONSTANTS OF COPPER WIRE.

according to the American Brown and Sharp Gauge. Metric Measure. Temperature o C. Density 8.90.

Electrical Constants.

Resistance and Conductivity.



TABLE 67.
SIZE, WEIGHT, AND ELECTRICAL

Size, Weight, and Electrical Constants of pure hard drawn Copper Wire of different numbers

Size and Weight.

Gauge
Number.



CONSTANTS OF COPPER WIRE.

according to the' British Standard Wire Gauge. British Measure. Temperature o C. Density 8.90.

Electrical Constants.

TABLE 67.

Resistance and Conductivity.



TABLE 68.
SIZE, WEIGHT, AND ELECTRICAL

Size, Weight, and Electrical Constants of pure hard drawn Copper Wire of different numbers

Size and Weight.

Gauge
Number.



CONSTANTS OF COPPER WIRE.

according to the British Standard Wire Gauge. Metric Measure. Temperature o C. Density 8.90.

Electrical Constants.

TABLE 68.

Resistance and Conductivity.



TABLE 69.

SIZE, WEIGHT, AND ELECTRICAL

Size, Weight, and Electrical Constants of pure hard drawn Copper Wire of different numbers

Size and Weight.

Gauge
Number.



TABLE 69.

CONSTANTS OF COPPER WIRE.

according to the Birmingham Wire Gauge. British Measure. Temperature o C. Density 8.90.

Electrical Constants.

Resistance and Conductivity.



TABLE 70.

SIZE, WEIGHT, AND ELECTRICAL

Size, Weight, and Electrical Constants of pure hard drawn Copper Wire of different numbers

Size and Weight.

Gauge
Number.



TABLE 70.

CONSTANTS OF COPPER WIRE.

according to the Birmingham Wire Gauge. Metric Measure. Temperature o C. Density 8.90.

Electrical Constants.

Resistance and Conductivity.



TABLE 71. STRENGTH OF MATERIALS.'

(a) METALS.



PHYSICAL PROPERTIES OF STEEL.* TABLE 72.

Percentages of



TABLE 73.

ELASTICITY AND STRENGTH OF IRON.*

Area of cross sec-



TABLES 75-77.

EFFECT OF RELATIVE COMPOSITION ON THE STRENGTH OF ALLOYS
OF COPPER, TIN, AND ZINC.*

TABLE 75. Copper-Tin Alloys. (Bronzes.) TABLE 76. Copper-Zinc Alloys. (Brasses.



TABLE 78.

ELASTIC MODULI.

Rigidity Modulus.*



ELASTIC MODULI.

Young's Modulus.-

TABLE 79.

Substance.



TABLES 80, 81 .

ELASTIC MODULI.

TABLE 80. Variation of the Rigidity oi Metals with Temperature.*

The modulus of rigidity at temperature / is given by the equation n
t
= (i -)- at + #2

-f- yf).

Metal.



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, a, j3, y, and o 0, V2 represent the direction cosines of the length, the greater and the less transverse

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

compression, and T is the modulus for torsional rigidity. The moduli are in grammes per square centimetre.

Harite.

io10

-p-
=

16.130* + 18.51/3'+ 10.427*+ 2(38.79/3V
2
-r 1 5-2i7-er + 8.88a-j8

2
)

lfj_ 6g.52a
4+ 1 17.66/8' +]i 16.467*+ 2(20.i6/3-V + 85-297

?a2+ i27.35a-0
2
)

Beryl (Emerald).
io10
-rr- =4.325 sin'0 -j- 4.619 cos4^ -j- 13.328 sin2^ cos2?rr

10io

-rp-
= I 5-00 3.67 5 COS*02 1 7- 536 COS2? COS2

9i

Fluor spar.

- = 13.05 6.26 (a* + j8
l + 7*)

^-
= 58.04 50.08 (/3V

2 + y-a- + a2)82)

Pyrites.

^-
=

5.08 2.24 (a
4 + 0'+ 7*)

^= 18.60 17.95 (fl'V + r'2 + '

2
)8

2
)

Rock salt.

^= 33.48
-

9.66 (a* + P + T4 )

^r-
= I 54.58 77.28 (0V2 + 7'

2 - +'2 2
)

Sylvine.

where
<j> <t>i fa are the angles which

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

principal axis of the crystal.

-^-
= 306.0 192.

Topaz.
io10

-^ 4.341 a
4+ 3 .46oj8* + 3.7717*+ 2 (3.879/3V+ 28. 567V+ 2.39a^2

)

io10-T = I 4.88a + 16.54)8* + i6.457
4 + 30.89j8V

2+ 4P&9ry*a*+ 43-5i
2
)8
2

Quartz.
io10

-g-
= 12.734 (i 7

2
)

2 + 16.693(1 72
)72 + 9.7057* 8.460/37 (3o

2
)8
2
)

io10-- = 19.665+ 9-06072
2 + 22-9847'V

2
16.920 [(7/3 + 07i) (3i ^3i) 27-2)]

* These formulae are taken from Voigt's papers (Wied. Ann. vols. 31, 34, and 35).

SMITHSONIAN TABLES.
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TABLE 83.

ELASTICITY OF CRYSTALS.

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.

(a) REGULAR SYSTEM.*

Substance. Authority.

Fluor spar
Pyrites . .

Rock salt .

Sylvine . .

Sodium chloride

Potash alum .

Chrome alum
Iron alum .

1473 X l
6

3530 X io6

416 X io6

403 X io6

401 X io6

372 X io6

405 X io6

181 X io6

161 X io6

186 X io6

1008 X io6

2530 X io6

346 X io6

339 X io6

209 X io6

196 X io6

319 X to6

199 X io6

177 X io6

910 X io6

2310 X io6

31 1 X io6

345 X io6

1075 X io6

129 X io6

655 X

Voigt.t

Koch.J

Voigt.
Koch.

Beckenkamp.

(b) RHOMBIC SYSTEM.||

Substance.

Barite

Topaz
620 X io6

2304 X io6
540 X io6

2890 X io6
959 X io6

2652 X io6
376 X io6

2670 X io6
702 X io6

2893 X io
740 X io6

3180 X io6

Authority.

Voigt.

Substance. T, . = T, Authority.

Barite

Topaz
283 X io6

I336X io6
293 X io6

I353X io6
121 X IO6

1104 X io6
Voigt.

In the MONOCLINIC SYSTEM, Coromilas (Zeit. fur Kryst. vol. i) gives

( =887 X io6 at 21.9 to the principal axis.
Lrypsum <

( Ena,,= 1X106 at 7.4313X
22I 3

1554 X io6 at 45 to the principal axis.

75.4

** j Emai= 22I 3 X Io6 i" tne principal axis.

( Enun =

In the HEXAGONAL SYSTEM, Voigt gives measurements on a beryl crystal (emerald).
The subscripts indicate inclination in degrees of the axis of stress to the principal axis of

the crystal.

= 2165X106, E45= 1 796 X io6
,
E90= 23i2X io6

,

TO= 667X106, To= 883X106. The smallest cross dimension of the

prism experimented on (see Table 82), was in the principal axis for this last case.

In the RHOMBOHEDRIC SYSTEM, Voigt has measured quartz. The subscripts have the

same meaning as in the hexagonal system.

0=1030X106, E_ 45= i305X io6
, +45 = 850 X io6, 90=785X106,

To= 508 X io6
,

T90= 348 X io6 .

Baumgarten IT gives for calcspar

0=501X106, E_45= 44i Xio6
, E+45= 772X io6, E90= 79 X io6.

* In this system the subscript ,T indicates that compression or extension takes place along the crystalline axis, and

distortion round the axis. The subscripts b and c correspond to directions equally inclined to two and normal to the

third and equally inclined to all. three axes respectively.

t Voigt,
" Wied. Ann." vol. 31, 34-35.

% Koch,
" Wied. Ann." vol. 18.

Beckenkamp, "Zeit. fur Kryst." vol. io.

|| The subscripts i, 2, 3 indicate that the three principal axes are the axes of stress; 4, 5, 6 that the axes of stress

are in the three principal planes at angles of 45 to the corresponding axes.

H Baumgarten,
"
Pogg. Ann." vol. 152.
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TABLES 84-87.

COMPRESSIBILITY OF CASES."

These tables give the relative values of the product pv for different pressures and temperatures, and hence show the

departure from Boyle's law. The pressures are in metres of mercury, or in atmospheres, the volume being
arbitrary. The temperatures are in centigrade degrees.

TABLE 84. Nitrogen. TABLE 85. Hydrogen.

Pressure in



TABLES 88-90.

COMPRESSIBILITY OF CASES.

TABLE 88. Carbon Dioxide.



TABLES 91 , 92.

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

TABLE 91. 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.

c

8



TABLE 93.

COMPRESSIBILITY AND BULK MODULI OF LIQUIDS.

Liquid.



TABLE 93.

COMPRESSIBILITY AND BULK MODULI OF LIQUIDS.

^



TABLE 95.

DENSITY OR MASS IN GRAMMES PER CUBIC CENTIMETRE AND POUNDS
PER CUBIC FOOT OF VARIOUS SOLIDS.*

Substance.



DENSITY OF VARIOUS SOLIDS.
TABLE 95.

Substance.



TABLE 97.

DENSITY OR MASS IN GRAMMES PER CUBIC CENTIMETRE AND
POUNDS PER CUBIC FOOT OF THE METALS.*

When the value is taken from a particular authority that authority is given, but in most cases the extremes or average
from a number of authorities are given.

r
Metal.



TABLE 97.

DENSITY OR MASS IN GRAMMES PER CUBIC CENTIMETRE AND
POUNDS PER CUBIC FOOT OF THE METALS.

Metal.



TABLE 99.

DENSITY OF LIQUIDS.

Density or mass in grammes per cubic centimetres and in pounds per cubic foot of various liquids.

Liquid.



TABLE IOO

DENSITY OF CASES.

The following table gives the specific gravity of gases at o C. and 76 centimetres pressure relative to air at o and

76 centimetres pressure, together with their mass in grammes per cubic centimetre and in pounds per cubic foot.

GM.



TABLE 1O1.
DENSITY OF AQUEOUS SOLUTIONS.*

The following table gives the density of solutions of various salts in water. The numbers give the weight in
grammes per cubic centimetre. For brevity the substance is indicated by formula only.

Substance.



DENSITY OF AQUEOUS SOLUTIONS.
TABLE 101

Substance.



TABLE 1O2.

DENSITY OF WATER AT DIFFERENT TEMPERATURES BETWEEN Oc

AND 32 C.*

The following table gives the relative density of water containing air in solution, the maximum density of water
free from air being taken as unity. The correction required to reduce to densities of water free from air are given
at the foot of the table. For all ordinary purposes the correction may be neglected. The temperatures are for the

hydrogen thermometer.

Temp. C.



TABLE 103.

VOLUME IN CUBIC CENTIMETRES AT VARIOUS TEMPERATURES OF A
CUBIC CENTIMETRE OF WATER AT THE TEMPERATURE OF MAXI-
MUM DENSITY.*

The water in this case is supposed to be free from air. The temperatures are by the hydrogen thermometer.

Temp. C.



TABLE 1O4.

DENSITY AND VOLUME OF WATER.*

The mass of one cubic centimetre at 4 C. is taken as unity.

Temp. C.



TABLE 105.

DENSITY OF MERCURY.

Density or mass in grammes per cubic centimetre, and the volume in cubic centimetres of one gramme
of mercury. The density at o is taken as 13.5956,* and the volume at temperature t is Vt =
V (i+ .000181792*+ 175 X lo-'^-f 35116 X jo- 1;i *3).t

Temp. C.



TABLE 1O6.

SPECIFIC GRAVITY OF AQUEOUS ETHYL ALCOHOL.

(a) The numbers here tabulated are the specific gravities at 60 F., in terms of water at the same tempera-
ture, of water containing the percentages by weight of alcohol of specific gravity .7938, with reference to the
same temperatures.*



DENSITY OF AQUEOUS METHYL ALCOHOL.
TABLE 1O7.

Densities of aqueous methyl alcohol at o and 15.56 C., water at 4 C. being taken as 100000. The numbers in the

columns a and b are the coefficients in the equation pt = p at 6C where pt is the density at temperature t.

This equation may be taken to hold between o and 20" C.

Percent-



TABLE 108.

VARIATION OF THE DENSITY OF ALCOHOL WITH TEMPERATURE.

(a) The density of alcohol at f-
1

in terms of water at 4 is given
*
by the following equation :

dt
=. 0.80025 0.0008340^ oooooo 2t)P.

From this formula the following table has been calculated.

Density or Mass in grammes per cubic centimetre.

10

20

3

.80625

.79788

78945
.78097

.80541

.79704

.78012

.80457

.79620

78775
.77927

.80374

79535
.78691

.77841

.80290

7945 1

.78606

77756

.80207

79367
.78522
.77671

.80123

.79283

78437
77585

.80039

.79198

78352
.77500

.79956

.79114

.78267

774H

.79872

.79029

.78182

77329

(b) Variations with temperature of the density of water containing different percentages of alcohol. Water
at 4 C. is taken as unity, t

Percent-

age of

alcohol by
weight.

Density at temp. C. Percent-

age of

alcohol by
weight.

Density at temp. C.

25
3

35
40
45

50

0.99988

99'35
.98493

97995
.97566

0.97115
.96540

.95784

94939
93977

0.92940

099975
99"3
.98409
.97816

.97263

0.96672
.95998

95'74
94255
93254

0.92182

0.99831

.98945

9752 7

.96877

0.96185
95403
945H
935H
92493

0.91400

0-99579
.98680
97892
.97142

.96413

0.95628

9475 1

.92787

.91710

0.90577

50

II

65
70

75
80

85
90
95

1OO

0.92940
.91848

.90742

89595
.88420

0.87245
.86035

.84789

.83482

.82119

0.80625

0.92182
.91074
89944
.88790

.87613

0.86427

.85215

.83967

.82665

.81291

0.79788

0.91400
90275
.891 29

.97961

.86781

0.85580
.84366

83U5
.81801

80433

0.78945

0.90577
.89456

.87125

85925

0.84719
83483
.82232

.80918

79553

0.78096

*
Mendelejeff,

"
Pogg. Ann." vol. 138.

t Quoted from Landolt and Bomstein,
"
Phys. Chem. Tab." p. 223.
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TABLE 109.

VELOCITY OF SOUND IN AIR.

Rowland has discussed (Proc. Am. Acad. vol. 15, p. 144) the principal determination of the velocity of sound in

atmospheric air. The following table, together with the footnotes and references, are quoted from his paper.
Some later determinations will be found in Table in, on the velocity of sound in gases.

IJ



TABLE 110.

VELOCITY OF SOUND IN SOLIDS.

The numbers given in this table refer to the velocity of sound along a bar of the substance, and hence depend on the

Young's Modulus of elasticity of the material. The elastic constants of 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 be understood.

Substance.



TABLE 1 1 1

VELOCITY OF SOUND IN LIQUIDS AND CASES.

Substance.



TABLE 112.
FORCE OF GRAVITY FOR SEA LEVEL AND DIFFERENT LATITUDES.

This table has been calculated from the formula ^,= ^45 [i .002662 cos2<],* where <t> is the latitude.

Lati-

tude <t>.



GRAVITY.
TABLE 1 13.

In this table the results of a number of the more recent gravity determinations are brought together. They serve to
show the degree of accuracy which may be assumed for the numbers in Table 112. In general, gravity is a little

lower than the calculated value.for stations far inland and slightly higher on the coast line.

Place.



TABLE 1 14.

SUMMARY OF RESULTS OF THE VALUE OF GRAVITY (</) AT STATIONS
IN THE UNITED STATES, OCCUPIED BY THE U. S. COAST AND
GEODETIC SURVEY DURING THE YEAR 1894.*

Station.



TABLE 116.

LENGTH OF THE SECONDS PENDULUM.*

Date of

determi-
nation.



TABLE 1 -?7.

MISCELLANEOUS DATA WITH REGARD TO THE EARTH AND PLANETS.*

Length of the seconds pendulum at sea
level = 7= 39.01 2540 + 0.208268 sin2 inches.= 3.251045 -f- 0.017356 sin2

<j>
feet.= 0.9909910 + 0.005290 sin-

<j>
metres.

Acceleration produced by gravity per sec-

ond per second mean solar time . . =^=32.086528 -{- 0.171293 sin2
<p feet.= 977.9886 + 5.2210 sin2

<j>
centimetres.

Equatorial semidiameter . . . . = = 20925293 -j- 409.4 feet.= 3963.124 -j- 0.078 miles.
= 6377972-!- 124.8 metres.

Polar semidiameter ..... = = 20855590-!- 325.1 feet.= 3949.922 -I- 0.062 miles.= 6356727 -j- 99.09 metres.

One earth quadrant =393775819-)- 4927 inches.= 32814652 -j- 410.6 feet.= 62 1 4.896 -J- 0.078 miles.= 10001816 -J- 125.1 metres.

Flattening = a t= l

a 300.205 -j- 2.964

Eccentricity = =
0.006651018.

Difference between geographical and geocentric latitude = 0'= 688.2242" sin 2 1. 1482" sin 4 <j> -f- 0.0026" sin 6 ty.

Mean density of the Earth = 5.576 ^ 0.016.

Surface density of the Earth = 2.56 -j- 0.16.

Moments of inertia of the Earth
; the principal moments being taken as A, B, and C,

and C the greater :

C A i

7:
= 0.00326521 = 7 ;

C 306.259
C A = 0.001064767 Ed1

;

A= B= 0.325029 Eaz
;

C= 0.326094 Ea* ;

where E is the mass of the Earth and a its equatorial semidiameter.

Length of sidereal year= 365.2563578 mean solar days ;= 365 days 6 hours 9 minutes 9.314 seconds.

Length of tropical year

= 365.242199870 0.0000062124 mean solar days ;

= 365 days 5 hours 48 minutes
( 46.069 0.53675 )

seconds.

Length of sidereal month

= 27.321661 162 0.00000026240 days ;

= 27 days 7 hours 43 minutes f 11.524 0.022671
-

j
seconds.

Length of synodical month

= 29.530588435 0.00000030696 days ;

= 29 days i? hours 44 minutes ( 2.841 0.026522 j
seconds.

Length of sidereal day= 86164.09965 mean solar seconds.

N. B. The factor containing t in the above equations (the epoch at which the values of
the quantities are required) may in all ordinary cases be neglected.

*
Harkness,

" Solar Parallax and Allied Constants."
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TABLE 117,

MISCELLANEOUS DATA WITH REGARD TO THE EARTH AND PLANETS.

MASSES OF THE PLANETS.

Reciprocals of the masses of the planets relative to the Sun and of the mass of the Moon
relative to the Earth :

Mercury =8374672-!- 1765762.
Venus = 408968 -[- 1874.
Earth* =327214-^-624.
Mars = 3093500 J- 3295.
Jupiter = 1047.55 zt -2a
Saturn = 3501.6^ 0.78.
Uranus = 22600 36.

Neptune= 18780 -J- 300.

Moon =81.068-1-0.238.

Mean distance from Earth to Sun= 92796950 -J- 59715 miles
;= 149340870^-96101 kilometres.

Eccentricity of Earth's orbit = e\

= 0.016771049 0.0000004245 (/ 1850) 0.000000001367 ( )
.

\ loo /

Solar parallax= 8.80905" -j- 0.00567".

Lunar parallax = 3422.54216" -J- 0.12533".

Mean distance from Earth to Moon = 60.2693 r 5 -J- 0.002502 terrestrial radii;= 238854.75 -J- 9.916 miles
;=

384396.01 ^- 15.958 kilometres.

Lunar inequality of the Earth = L = 6.52294" -[- 0.01854".

Parallactic inequality of the Moon = Q= 124.95126" J- 0.08197".

Mean motion of Moon's node in 365.25 days=/t= 19 21' 19.6191"+ 0.14136"
*

.

Eccentricity and inclination of the Moon's 0^1= ^2= 0.054899720.

Delaunay's y= sin \ I 0.044886793.
/ = 5 08' 43-3546".

Constant of nutation= 9.22054" -|- 0.00859" + 0.00000904" (t 1850).

Constant of aberration = 20.45451" J- 0.01258".

Time taken by light to traverse the mean radius of the Earth's orbit= 498.00595 -j- 0.30834 seconds.

Velocity of light
= 186337.00 -{- 49.722 miles per second.= 299877.64 -[- 80.019 kilometres per second.

* Earth + Moon.
SMITHSONIAN TABLES.
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TABLE 1 18.

AERODYNAMICS.

The pressure on a plane surface normal to the wind is for ordinary wind velocities expressed by

where k is a constant depending on the units employed, w the mass of unit volume of the air,

a the area of the surface and v the velocity of the wind.* Engineers generally use the table of

values of P given by Smeaton in 1759. This table was calculated from the formula

P==.00492 z/'
2

and gives the pressure in pounds per square foot when v is expressed in miles per hour. The

corresponding formula when v is expressed in feet per second is

/)=.OO228z/2.

Later determinations do not agree well together, but give on the average somewhat lower

values for the coefficient. The value of w depends, of course, on the temperature and the baro-

metric pressure. Langley'st experiments give kw=.00166 at ordinary barometric pressure and
10 C. temperature.

For planes inclined at an angle a less than 90 to the direction of the wind the pressure may
be expressed as Pa= FaPw

Table 118, founded on the experiments of Langley, gives the value of fa for different values of

a. The word aspect, in the headings, is used by him to define the position of the plane relative to

the direction of motion. The numerical value of the aspect is the ratio of the linear dimension

transverse to the direction of motion to the linear dimension, a vertical plane through which is

parallel to the direction of motion.

TABLE 118. Values of Fa In Equation Pa= PaP9o.

Plane 30 in. X 4.8 in.



TABLE 1 1 9.

AERODYNAMICS.

On the basis of the results given in Table 118 Langley states the following condition for the

soaring of an aeroplane 76.2 centimetres long and 12.2 centimetres broad, weighing 500 grammes,
that is, a plane one square foot in area, weighing i.i pounds. It is supposed to soar in a

horizontal direction, with aspect 6.

TABLE 119. - Data for the Soaring of Planes 76.2 X 12.2 cms. weighing 500 Grammes, Aspect 6.



TABLES 12O, 121.
TERRESTRIAL MAGNETISM.

TABLE 120. - Total Intensity of the Terrestrial Magnetic Field.

This table gives in the top line the total intensity of the terrestrial magnetic field for the longitudes given in the first

column and the latitudes given in the body of the table. Under the headings 13, 13.5, and 13.75 there are some-
times several entries for one longitude. This indicates that these lines of total force cut the same longitude line

more than once. The isodynamic lines are peculiarly curved and looped north of Lake Ontario. The values are
for the epoch January i, 1885, and the intensities are in British and C. G. S. units.

Longi-
tude*



TERRESTRIAL MAGNETISM.
TABLES 122, 123.

TABLE 122. Values of the Magnetic Dip.

This table gives for the epoch January i, 1885, the values of the magnetic dip, stated in first column, corresponding
to the longitudes given in the top line and the latitudes given in the body of the table. Thus, for longitude 95
and latitude 30 the dip was 59 on January i, 1885. The longitudes are west of Greenwich. For positions above
the division line in the table the dip was increasing, and for positions below that line decreasing, in 1885.

Dip.



TABLES 124, 125.

TERRESTRIAL MAGNETISM.

TABLE 124. Horizontal Intensity.

This table gives, for the epoch January i, 1885, the horizontal intensity, H, corresponding to the longitudes in the top
line and the latitudes in the body of the table. At epoch 1885 the force was increasing for positions above the
division line, and was decreasing for positions below the division line.

H
in British

units.



TERRESTRIAL MAGNETISM.
TABLE 126.

Secular Variation of Declination in the Form of a Function of the Time for a Number of Stations.

More extended tables will be found in App. 7 of the United States Coast and Geodetic Survey Report for 1888, from
which this table has been compiled. The variable m is reckoned from the epoch 1850 and thus t 1850.

Station.



TABLE 127.
TERRESTRIAL MAGNETISM.

Secular Variation of the Declination. Eastern Stations.*

Station.



TABLE 1 28.

TERRESTRIAL MAGNETISM.

Secular Variation of the Declination. Central Stations.*

Station.



TABLE 129.

TERRESTRIAL MAGNETISM.

Secular Variation of the Declination. Western Stations.

Station.



TABLE 13O.

TERRESTRIAL MAGNETISM.

Agonic Lines.*

The line of no declination is moving westward in the United States,

and east declination is decreasing west of, while west declination is

increasing east of the agonic line.

Lat. N.



TABLE 131 .

TERRESTRIAL MAGNETISM.

Date of Maximum East Declination.*

This table gives the date of maximum east declination for a number of

stations, beginning at the northeast of the United States and ex-

tending down the Atlantic coast to New York and west to the Pacific.

Station.



TABLE 132.

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 133.

REDUCTION OF BAROMETRIC HEIGHT TO STANDARD TEMPERATURE.*

Corrections for brass scale and
English measure.



TABLE 134.

CORRECTION OF BAROMETER TO STANDARD GRAVITY.

Height



TABLE 135.

REDUCTION OF BAROMETER TO STANDARD GRAVITY.*

Reduction to Latitude 45 . English Scale.

N. B. From latitude o" (o 44 the correction is to be subtracted.
From latitude 90 to 46 the correction is to be added.

Latitude.



TABLE 136.

REDUCTION OF BAROMETER TO STANDARD GRAVITY.*

Reduction to Latitude 45. Metric Scale.

N. B. From latitude o to 44 the correction is to be subtracted.

From latitude 90 to 46 the correction is to be added.

Latitude.



TABLE 137.

CORRECTION OF THE BAROMETER FOR CAPILLARITY.*

i. METRIC MEASURE.



TABLE 138.

ABSORPTION OF CASES BY LIQUIDS.*



TABLE 139.

VAPOR PRESSURES.

The vapor pressures here tabulated have been taken, with one exception, from Regnault's results.

The vapor pressure of Pictet's fluid is given on his own authority. The pressures are in centimetres o(

mercury.

Tem-
pera-
ture
Cent.



TABLE 139.

VAPOR PRESSURES.

Tem-
pera-
ture,
Centi-

grade.



TABLES 14O-142.

CAPILLARITY. -SURFACE TENSION OF LIQUIDS.*

TABLE 140. Water and Alcohol in Contact with Air. TABLE 142. Solutions ol Salts in
Water, t



TENSION OF LIQUIDS.
TABLE 143. Surface Tension of Liquids.

41

TABLES 143-145.

Liquid.



TABLE 146.
NEWTON'S RINGS.
Newton's Table of Colors.

The following table gives the thickness in millionths of an inch, according to Newton, of a plate of air, water, and
glass corresponding to the different colors in successive rings commonly called colors of the first, second, third.

'

etc., orders.



CONTRACTION PRODUCED BY SOLUTION.*
TABLE 147.

Across the top of the heading are given the formulas of the salt dissolved, its molecular weight (M. W. ), and the den-

sity of the salt, with the authority for that density.

Grammes of

the salt in

loo of water.



TABLE 147.
CONTRACTION PRODUCED BY SOLUTION.

Grammes of

the salt in

100 of water.



CONTRACTION PRODUCED BY SOLUTION.
TABLE 147.

Grammes of

the salt in

100 of water.



TABLE 147.
CONTRACTION PRODUCED BY SOLUTION.

Grammes of

the salt in

100 of water.



TABLE 149.

FRICTION.

The following table of coefficients of friction f and its reciprocal i/f, together with the angle of friction or angle of

repose <, is quoted from Rankine's "Applied Mechanics." It was compiled by Rankine from the results of

General Morin and other authorities, and is sufficient for all ordinary purposes.

Material.



TABLE 150.

VISCOSITY.

The coefficient of viscosity is the tangential force per unit area of one face of a plate of the
fluid which is required to keep up unit distortion between the faces. Viscosity is thus measured
in terms of the temporary rigidity which it gives to the fluid. Solids may be included in this

definition when only that part of the rigidity which is due to varying distortion is considered.

One of the most satisfactory methods of measuring the viscosity of fluids is by the observation
of the rate of flow of the fluid through a capillary tube, the length of which is great in compari-
son with its diameter. Poiseuille *

gave the following formula for calculating the viscosity coef-

ir/lf^s

ficient in this case : /*= .,, , , where h is the pressure height, r the radius of the tube, s the

density of the fluid, v the quantity flowing per unit time, and / the length of the capillary part of

the tube. The liquid is supposed to flow from an upper to a lower reservoir joined by the tube,
hence h and / are different. The product hs is the pressure under which the flow takes place.

Hagenbach t pointed out that this formula is in error if the velocity of flow is sensible, and sug-

gested a correction which was used in the calculation of his results. The amount to be sub-

z>2

tracted from h, according to Hagenbach, is -=
, where g is the acceleration due to gravity.

V--S
Gartenmeister \ points out an error in this to which his attention had been called by Finkener,

and states that the quantity to be subtracted from h should be simply ; and this formula is

S
used in the reduction of his observations. Gartenmeister's formula is the most accurate, but all

of them nearly agree if the tube be long enough to make the rate of flow very small. None of the

formulae take into account irregularities in the distortion of the fluid near the ends of the tube,
but this is probably negligible in all cases here quoted from, although it probably renders the

results obtained by the " viscosimeter "
commonly used for testing oils useless for our purpose.

The term "
specific viscosity

"
is sometimes used in the headings of the tables ; it means the

ratio of the viscosity of the fluid under consideration to the viscosity of water at a specified

temperature.

TABLE 150. Specific Viscosity of Water at different Temperatures relative to Water at C.



TABLES 151-153.

VISCOSITY.

TABLE 151. - Solution of Alcohol in Water.*

Coefficients of viscosity, in C. G. S. units, for solution of alcohol in water.



TABLE 154.

VISCOSITY.

This table gives some miscellaneous data as to the viscosity of liquids, mostly referring to oils and paraffins. The
viscosities are in C. G. S. units.

Liquid.



TABLE 1 55.

VISCOSITY.

This table gives the viscosity of a number of liquids together with their temperature variation. The headings are

temperatures in Centigrade degrees, and the numbers under them the coefficients of viscosity in C. G. S. units.*

Liquid.



TABLE 156.

VISCOSITY OF SOLUTIONS.

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, p stands for specific viscosity, and t for temperature Centigrade.

Salt.



VISCOSITY OF SOLUTIONS.

TABLE 156

Salt.



TABLE 1 56.

VISCOSITY OF SOLUTIONS.

Salt.



VISCOSITY OF SOLUTIONS.

TABLE 1 56.

Salt.



TABLE 157.

SPECIFIC VISCOSITY.*

Dissolved salt.



TABLE 158.

VISCOSITY OF CASES AND VAPORS.

The values of f* given in the table are ib6 times the coefficients of viscosity in C. G. S. units.

Substance.



TABLE 159.

COEFFICIENT OF VISCOSITY OF CASES.

The following are a few of the formulae that have been Riven for the calculation of the coefficient of viscosity of gases
for different temperatures.

Gas.



TABLE 160.

DIFFUSION OF LIQUIDS AND SOLUTIONS OF SALTS INTO WATER.
The coefficient of diffusion as tabulated below is the constant which multiplied by the rate of change of concentration

in any direction gives the rate of flow in that direction in C. G. S. units. Suppose two liquids diffusing into each

other, and let p be the quantity of one of them per unit volume at a point A , and p' the quantity per unit volume at

an adjacent point S, and x the distance from A to B. Then if jr is small the rate of flow from A towards B is

equal to k (p P')/JC, where k is the coefficient of diffusion. Similarly for solutions of salts diffusing into the sol-

vent medium, p and p' being taken as the quantities of the salt per unit volume. The results indicate that k depends
on ihe absolute density of the solution. Under c will be found the concentration in grammes of the salt per loo cu.
cms. of the solution ; under the number of gramme-molecules of water per gramme-molecule of salt or of acid or
other liquid.

Substance.



TABLE 161.

DIFFUSION OF CASES AND VAPORS.

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 centimetres of mercury.*

Vapor.



TABLE 162.

COEFFICIENTS OF DIFFUSION FOR VARIOUS CASES AND VAPORS.*

Gas or vapor diffusing.



TA3LE 163.

OSMOSE.

The following table given by H. de Vries* illustrates an apparent relation between the isotonic coefficient t of solu-
tions and the corresponding lowering of the freezing-point and the vapor pressure. The freezing-points are taken
on the authority of Raoult, and the vapor pressures on the authority of Tammann. t

Substance.



TABLE 165.

PRESSURE OF AQUEOUS VAPOR, ACCORDING TO RECNAULT.

The last four columns were calculated from the data given in the second column and the density of mercury.



TABLE 165.

PRESSURE OF AQUEOUS VAPOR, ACCORDING TO RECNAULT.



TABLE 165.

PRESSURE OF AQUEOUS VAPOR, ACCORDING TO RECNAULT.

c

U



TABLE 166.

PRESSURE OF AQUEOUS VAPOR, ACCORDING TO BROCH.*

Temp.
C.



TABLE 166.

PRESSURE OF AQUEOUS VAPOR, ACCORDING TO BROCH.

Temp.



TABLE 169.

PRESSURE OF AQUEOUS VAPOR AT LOW TEMPERATURE.*

Pressures are given in inches and millimetres of mercury, temperatures in degrees Fahrenheit and degrees Centigrade.

(a) Pressures in inches of mercury ; temperatures in degrees Fahrenheit.



TABLE 1 7O.

PRESSURE OF AQUEOUS VAPOR IN THE ATMOSPHERE.

This table gives the vapor pressure corresponding to various values of the difference t ^ between the readings of

dry and wet bulb thermometers and the temperature i
1

,
of the wet bulb thermometer. The differences / /t are

given by two-degree steps in the top line, and t^ by degrees in the first column. Temperatures in Centigrade

degrees and Regnault's vapor pressures in millimetres of mercury are used throughout the table. The table was

calculated for barometric pressure B equal to 76 centimetres, and a correction is given for each centimetre at the

top of the columns.*

1



TABLE 171.
DEW-

The first column of this table gives the temperatures of the wet bulb thermometer, and the top line the difference

the table. The dew-points were computed for a barometric pressure of 76 centimetres. When the barometer differs

and the resulting number added to or subtracted from the tabular number according as the barometer is below or

I



TABLE 171 .

POINTS.

between the dry and the wet bulb, when the dew-point has the values given at corresponding points in the body ol

from 76 centimetres the corresponding numbers in the lines marked &T/&B are to be multiplied by the difference;
or above 76. See examples.

*



TABLE 172.

VALUES OF 0.378e.*

This table gives the humidity term 0.3781?, which occurs in the equation fr=L = So~
' 3

for the calcu-
760 760

lation of the density of the dry air in a sample containing aqueous vapor at pressure e ; So is the density at normal
barometric pressure, B the. observed barometric pressure, and h the pressure corrected for humidity. For values

of see Table 174. Temperatures are in degrees Centigrade, and pressures in millimetres of mercury.

Dew-
point



TABLE 173.

RELATIVE HUMIDITY.*

This table gives the humidity of the air, for temperature t and dew-point d in Centigrade degrees, expressed
in percentages of the saturation value for the temperature t.

Depression of

the dew-point.
t d



TABLES 174, 175.

DENSITY OF AIR FOR DIFFERENT PRESSURES AND HUMIDITIES.

TABLE 174. Values of
h

, from h = l to h = 9, for the Computation of Different Values of the Ratio
760

of Actual to Normal Barometric Pressure.

Tl iis gives the density of air at pressure h in terms of the density at normal atmosphere pressure. When the air

contains moisture, as is usually the case with the atmosphere, we have the following equation for the dry air

ure : A= 0.378?, where e is the vapor pressure, and B the observed barometric pressure corrected for

erature. When the necessary observations are made the value of e may be taken from Table 1 70, and then
press
tempe
0.378? from Table 172, or the dew-point may be found and the value of 0.378^ taken from Table 172.

h



TABLE 175.

DENSITY OF Am.

Values oi logarithms of for values of h "between 350 and 800.
760

h



TABLE 176.

VOLUME OF PERFECT CASES.

Values of 1 + .00367 1.

The quantity i -f- -00367 i gives for a perfect gas the volume at t 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.

(a) This part of the table gives the values of i + .00367 1 for values of / between o

and 10 C. by tenths of a degree.

(b) This part gives the values of i +.00367; for values of t between 90 and + 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 (6) 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 (6) 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 3-50367

(0) This part gives the logarithms of i -f- .00367* for values of / between 49 and

+ 399 C. by degrees.

(fl) This part gives the logarithms of i -f- .00367 1 for values of / between 400 and 1990

C. by 10 steps.

(a) Values of 1+ .00367 / for Values of / between and 10 C. by Tenths
of a Degree.

t



TABLE 176.

VOLUME OF PERFECT CASES.

(b) Values of 1 -f .00367 1 for Values of t between 90 and + 1990 C. by
10 Steps.

t



TABLE 176

VOLUME OF

(c) Logarithms of 1 + .00367 ' for Values

t



TABLE 176.

PERFECT CASES.

of t between 49 and +399 C. by Degrees.

t



TABLE 176.

VOLUME OF PERFECT CASES.

d Logailtluns of l .00367' for Values of / between 400 and 1990 C. by 10 Steps.

*



TABLE 17',

DETERMINATION OF HEIGHTS BY THE BAROMETER.

Formula of Babinet : Z = C -~
B +B

C (in feet) = 52494 ft -\-
fQ~T~ *~ &4

| English measures.
l_ 900 -I

C (in metres) = 16000
\

i + 2 ^ " ~*~ '
I metric measures.

L 1000 J

In which Z rr difference of height of two stations in feet or metres.

S
,
B barometric readings at the lower and upper stations respectively, corrected for all

sources of instrumental error.

/, t := air temperatures at the lower and upper stations respectively.

Values of C.

ENGLISH MEASURES.



TABLE 178.

BAROMETRIC

Barometric pressures corresponding to different

This table is useful when a boiling-point apparatus is used

(a) British Measure.

Temp. F.



TABLE 178.

PRESSURES.

temperatures of the boiling-point of water.

in place of the barometer for the determination of heights.

(b) Metric Measure.*

Temp. C.



TABLE 179.

STANDARD WAVE-LENGTHS,

This table is an abridgment of the table published by Rowland (Phil. Mag. [5] vol. 36, pp 49-75). The first column

gives the number of the line reckoned from the beginning of Rowland's table, and thus indicates the number of

lines of the table that have been omitted. The second column gives the chemical symbol of the element repre-

sented by the line of the spectrum. The third column indicates approximately the relative intensity of the lines

recorded and also their appearance ; A" stands for reversed, d for double, ? for doubtful or difficult. The fourth

column gives tie relative
"
weights

"
to be attached to the values of the wave-lengths as standards. The last

column gives the values of the wave-lengths in Angstrom's units, i. e., in ten millionth* of a millimetre in ordinary

air at about 20-' C. and 760 millimetres pressure. When two or more elements are on the same line of the table

it indicates that they have apparently coincident lines in the spectrum for that wave-length. When two or more

lines are bracketed it means that the first one has a line coinciding with one side of the corresponding line in the

solar spectrum and so on in order. Lines marked A(o) and A(iw) denote lines due to absorption by the oxygen

or water vapor in the earth's atmosphere. The letters placed in front of some of the numbers in the first column

are the symbols of well-known lines in the spectrum. The footnotes are from Rowland's paper.

No. of

line.



STANDARD WAVE-LENGTHS.

TABLE 179.

No. of

Line.



TABLE 1 79.

STANDARD WAVE-LENGTHS.



TABLE 18O.

WAVE-LENGTHS OF FRAUNHOFER LINES.

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 mil-

lionths of a millimetre on the supposition that the D line value is 5896.156. The table is for the most part taken

from Rowland's table of standard wave-lengths, but when no corresponding wave-length is there given, the number

given by Kayser and Runge has been taken. These latter are to two places of decimals.

Index letter.



TABLE 181.

DETERMINATIONS OF THE VELOCITY OF LIGHT, BY DIFFERENT
OBSERVERS.*



TABLE 183.

SOLAR ENERGY AND ITS ABSORPTION BY THE EARTH ATMOSPHERE.

This -table gives some of the results of Langley's researches on the atmospheric absorption of solar energy.* The

first column gives the wave-length A, in microns, of the spectrum line, while the second and third columns give

the corresponding absorption, according to an arbitrary scale, for high and low solar attitudes. The fourth column,
'

, gives the relative values of the energy for the different wave-lengths which would be observed were there no

;
terrestrial atmosphere.

A



TABLE 185.

INDEX OF REFRACTION FOR CLASS.

The table gives the indices of refraction for the Fraunhofer lines indicated in the first column. The kind of glass,
the density, and, where known, the corresponding temperature of the glass are indicated at the top of the different

columns. When the temperature is not given, average atmospheric temperature may be assumed.

(a) FRAUNHOFER'S DETERMINATIONS. (Ber. Munch. Akad. Bd. 5.)

Density
Temp. C.

li

C
D

F
G
If

Flint glass.

18^.75

1.62775

.62965

.64202

.64826

.66029

.67106

1.60204

.60380

.60849

61453
.62004

.63077

.64037

Crown glass.

2.756

1-55477

55593
55908

.56674

57354
57947

2-535
'7-5

I-52583
.52685

52959
533!
53605
.54166

54657

52530
.52798

53*37
53434
53991

.54468

(b) BAILLE'S DETERMINATIONS. (Quoted from the Ann. du Bur. des Long. 193, p. 620.)

Flint glass.

Density
Temp. C.

B
C
1)

b,
K
G
H

1.5609

.5624

.5660

5715
5748
.5828

.5898

I-5659

5675
57 '5

5776

5902
5979

3-24
22.0

1.5766

5783
.5822

5887
5924
.60l8

1.5966

.5982

.6O27

.6098

.6246

.6338

3-54
23. 2

1.6045
.6062

.6109

.6183

.6225

6335
.6428

3-63

i3-7

1.6131

.6149

.6198

.6275

.6321

6435
6534

3-68
24 .o

1.6237

6255
.6304

.6384

.6429

6549
.6647

4.08
1 2.4

1.6771

6795
.6858

6959
.7019

.7171

.7306

5.00
22. S

I.78OI

7831
.7920
.8062

.8149

.8567

Crown glass. (Bailie, itiit.)

Density
Temp. C.

I
C
1)

in
F
G
H

1.5126

5'34
.5160

.5198

.5222

.5278

5323

2.50

17^.8

I-5244

5254
.5280

5320
5343
5397

5443

1.5226

5237

5265
5307

5332
5392
5442

2.80

1-5157

.5166
5192
5234
5256
5313
.5360

1-5554

.5568

.5604

5658
.5690

5769
5836

(c) HOPKINSON'S DETERMINATIONS. (Proc. Roy. Soc. vol. 26.)

Density=

Hard
crown.

2.486

Soft
crown.

Titani-

silicic

crown.
Flint glass.

2.866 3.206 3-659 3.889

A
B
C
D
E
b!
F
(G)
G
h

.5145

520331
.520967
523139
.527994
528353
.530902
532792

1.508956
.510916

.511904

.514591

.518010

.518686

.520996

.526207

526595
529359

I-539I55

540255
543249
.547088

.547852

55 47i

556386
556830
559999
562392

1.534067

536450
537673
.54101 i

545306
.546166
.549121

555863
556372
.560010

.562760

1.568558

.570011

574015
579223!
.580271

I

.583886)

.592190

.592824
597332
.600727

1.615701

.617484

.622414

.628895

.630204

.634748

.645267

.646068

.651840

.656219

1-639143
.642874
.644866

.650388

657653
.659122
.664226

.676111

.677019
683577
.688569

1.696531

.701060

.703478

.710201

.719114

.720924

727237
.742063
743204
.751464
757785

N. B. D is the more refrangible of the pair of sodium lines; (G) is the hydrogen line near G.

SMITHSONIAN TABLES.
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INDEX OF REFRACTION FOR GLASS.
TABLE 185.

(d) MASCART'S DETERMINATIONS. (Ann. Ch m. Phys.



TABLE 186.

INDEX OF REFRACTION.

Indices of Refraction for the various Alums.*



TABLE 187.

INDEX OF REFRACTION.

Index of Refraction of Metals and Metallic Oxides.

(a) Experiments of Kundt *
by transmission of light through metallic prisms of small angle.



TABLES 188, 189.
INDEX OF REFRACTION.

TABLE 188. Index of Refraction of Rock Salt.

Determined by Langlev.
Temp. 24 C.



TABLE 1 9O.

INDEX OF REFRACTION.

Index of Refraction of Fluor Spar.

Determined by
Rubens and Snow.



TABLE 191.

INDEX OF REFRACTION.

Various Monorefringent or Optically Isotropic Solids.

Substance.



TABLE 192.

INDEX OF REFRACTION.

Index of Refraction of Iceland Spar.

'.'he determinations of Carvallo, Mascart, and Sarasin cover a considerable range of wave-length, and are here given.

Many other determinations have been made, but they differ very little from those quoted.

Line of

spectrum.



TABLE 1 93.

INDEX OF REFRACTION.

Index of Refraction of Quartz.

Line or wave-

length in cms.
X io6.



INDEX OF REFRACTION.
TABLE 194. - Uniaxial Crystals.

TABLES 194, 195.

Substance.



TABLE 96.

INDEX OF REFRACTION.

Indices of Refraction relative to Air for Solutions of Salts and Acids.

Substance.



TABLE 197.

INDEX OF REFRACTION.

Indices of Refraction of Liquids relative to Air.

Substance.



TABLE 198.
INDEX OF REFRACTION.

Indices of Detraction 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

temperature. More recent experiments confirm their conclusions. The formula is n t i =r - - "- where
i + 0/760

nt is the index of refraction for temperature t, n a for temperature zero, a the coefficient of expansion of the gas

with temperature, and/ the pressure of the gas in millimetres of mercury. Taking the mean value, for air and

white light, of i as 0.0002936 and a as 0.00367 the formula becomes

.0002936 _
P .0002895 P_

i -j- .00367 t 1.0136 X io6 i + .00367 io'

where P is the pressure in dynes per square centimetre, and t the temperature in degrees Centigrade.

(a) The following table gives some of the values obtained for the different Fraunhofer lines for air.



ROTATION OF PLANE OF POLARIZED LIGHT.
TABLE 1 99.

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 decimetre of the solution. The examples are quoted from Landolt & Born-

stein's
"
Phys. Chem. Tab." The following symbols are used :

/=: number grammes of the active substance in 100 grammes of the solution.

c = " solvent
"

g
" active

" "
cubic centimetre

'

Right-handed rotation is marked + ,
left-handed.

Line of



TABLE 201.

LOWERING OF FREEZING-POINT BY SOLUTION OF SALTS.

Under P is the number of grammes of the substance dissolved in 100 cubic centimetres of water. Under C is the
amount of lowering of the freezing-point. The data have been obtained by interpolation from the results pub-
lished by the authorities quoted.

Substance and
observer.



TABLE 2O1

LOWERING OF FREEZING-POINT BY SOLUTION OF SALTS.

Substance and
observer.



TABLE 202.

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

gramme-molecules of the salt in a litre 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 centimetres barometnc pressure.

Substance.



TABLE 202.

VAPOR PRESSURE OF SOLUTIONS OF SALTS IN WATER.

Substance.



TABLE 2O3.

RISE OF BOILING-POINT PRODUCED BY SALTS DISSOLVED IN WATER.*

This table gives the number of grammes of the salt which, when dissolved in 100 grammes of water, will raise the

boiling-point by the amount stated in the headings of the different columns. The pressure is supposed to be 76
centimetres.

Salt.



TABLE 2O4.

CONDUCTIVITY FOR HEAT.

Metals and Alloys.

The coefficient k is the quantity of heat in therms which is transmitted per second through a plate one centimetre

thick per square centimetre of its surface when the difference of temperature 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 ex-

pressed approximately by the equation kt=^k (i -f- at). In the table k is the value of kt for o C., t the tempera-

ture Centigrade, and a a constant.

Substance.
,
t



TABLES 2O5-208.

CONDUCTIVITY FOR HEAT.

TABLE 205. Various Substances. TABLE 206. Water and Salt Solutions.



TABLE 209.

FREEZING MIXTURES.*

Column i gives the name of the principal refrigerating substance, A the proportion of that substance, B the propor-
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 tempera-
ture when all snow is melted, when snow is used, and // the amount of heat absorbed in heat units (therms when
A is grammes). Temperatures are in Centigrade degrees.

Substance.



TABLE 210.

CRITICAL TEMPERATURES, PRESSURES, VOLUMES, AND DENSITIES
OF CASES.*

6= Critical temperature.
/'= Pressure in atmospheres.

<t>= Volume referred to air at o and 76 centimetres pressure.
*/ Density in grammes per cubic centimetre.

Substance.



TABLE 21 1

HEAT OF COMBUSTION.

Heat of combustion of some common organic compounds.
Products of combustion, CO2 or SO2 and water, which is assumed to be in a state of vapor.

Substance.



TABLE 212.

HEAT OF

Heat of combination of elements and compounds expressed in units, such that when unit mass of the substance is

units, which will be raised in temperature

Substance.



TABLE 212.

COMBINATION.

caused to combine with oxygen or the negative radical, the numbers indicate the amount of water, in the same

from o^ to i C. by the addition of that heat.



TABLE 213.

LATENT HEAT OF VAPORIZATION,

The temperature of vaporization in degrees Centigrade is indicated by T ; the latent heat in calories per kilogramme
or in therms per gramme by H ; the total heat from o C. in the same units by H'. The pressure is that due to
the vapor at the temperature 7".

Substance.



TABLE 2 13.

LATENT HEAT OF VAPORIZATION.*

Substance, formula, and
temperature.



TABLE 214,

LATENT HEAT OF FUSION.

This table contains the latent heat of fusion of a number of solid substances. It has been compiled principally from
Landolt and Boernstem's tables. C indicates the composition, '!' the temperature Centigrade, and H -the latent

heat.

Substance.



MELTING-POINT OF CHEMICAL ELEMENTS.
TABLE 215.

The melting-points of the chemical elements are in many cases somewhat uncertain, owing to the very different

results obtained by different observers. This table gives the extreme values recorded except in a few cases where
one observation differed so mucji from all others as to make its accuracy extremely improbable. The column
headed " Mean "

gives a probable average value.



TABLI 217.

MELTING-POINTS OF VARIOUS INORGANIC COMPOUNDS.*



TABLE 217.

MELTING-POINTS OF VARIOUS INORGANIC COMPOUNDS.



TABLE 218.

BOILING-POINTS OF INORGANIC COMPOUNDS.



TABLE 219,
MELTING-POINTS OF MIXTURES.

Metals
and

observer.



TABLE 220.

DENSITIES, MELTING-POINTS, AND BOILING-POINTS OF SOME
ORGANIC COMPOUNDS.

N. B. The data in this table refer only to normal compounds.

Substance.



TAZCE 22O,

DENSITIES, MELTING-POINTS, AND BOILING-POINTS OF SOME
ORGANIC COMPOUNDS.

Substance.



'ABLE 221.

COEFFICIENTS OF THERMAL EXPANSION.

Coefficients of Linear Expansion of the Chemical Elements.

In the heading of the columns T is the temperature or range of temperature, C the coefficient of linear expansion,
!
A l the authority for C, JJ/the mean coefficient of expansion between o and ico C., a and /3 the coefficients in the

;
equation / = / (i + at-^-ftt-), where /<, is the length at o C. and It the length at / C., A, is the authority for a,
ft, and in.

Substance.



TABLE 222.

COEFFICIENT OF THERMAL EXPANSION.

Coefficient of Linear Expansion for Miscellaneous Substances.

N. B. The coefficient of cubical expansion may be taken as three times the linear coefficient. T is the temperature
or range of temperature, C the coefficient of expansion, and A the authority.

Substance.



TABLE 223.

COEFFICIENTS OF THERMAL EXPANSION.
Coefficients of Cubical Expansion of some Crystalline and other Solids.*

T= temperature or range of temperature, C= coefficient of cubical expansion, A = authority.

Substance.



TABLE 224.

COEFFICIENTS OF THERMAL EXPANSION.

Coefficients of Cubical Expansion of Liquids.

This table contains the coefficients of expansion of some liquids and solutions of salts. When not otherwise stated

atmospheric pressure is to be understood. 7* gives the temperature range, C the mean coefficient of expansion
for range T in decrees C., and AI the authority for C. a, ft, and y are the coefficients in the volume equation
z>t
= vu (i -j- aJ + fli

2 + y&), and / the mean coefficient for range o-ioo C., and AI is the authority for these.

Liquid.



TABLE 225.
COEFFICIENTS OF THERMAL EXPANSION.

Coefficients of Expansion of Gases.

The numbers obtained by direct experiment on the change of volume at constant pressure, EP , are separated in the

column of i atm. have been made for all pressures near to 76 centimetres of mercury. The other numbers in the
pressure columns are centimetres of mercury at o C. and approx. 45 latitude, unless otherwise marked.

constant pressure.

pressure coumns are centmetres o mercury at o . an approx. 45 lattude, unless otherwise marked.
Thomson has given (vide Kncyc. Brit. art. "Heat") the following equations for the calculation of the expan-

sion, , between o and 100 C. of the gases named. Expansion is to be understood as change of volume under

= .3662(1 .00049
J/r

)v
7'o

'

= .3662(1 + .0026 }
vo '

E = .3662 (i -f .0032 )
i> '

=
.3662(1 +.0031 *>)

o'

E .3662 (1 + .0164 \
v a

>

where V /va is the ratio of the actual density of the gas at o C. to the density it would have at o C. and one
atmosphere of pressure. The same experiments (Thomson & Joule, Trans. Roy. Soc. 1860), which, together
with Regnault's data, led to these equations, give for the absolute temperature of melting ice 2.731 times the
temperature interval between the melting-point of ice and the boiling-point of water under normal atmospheric
pressure.

Hydrogen .

Common air .

Oxygen . . .

Nitrogen

Carbon dioxide

Coefficient at constant volume.



TABLE 226.

DYNAMICAL EQUIVALENT OF THE THERMAL UNIT.

Rowland in his paper quoted in Table 227 has given an elaborate discussion of Joule's determinations and the cor-

rections required to reduce them to temperatures as measured by the air thermometer. The following table con-

tains the results obtained, together with the corresponding results obtained in Rowland's own experiments. The

variation for change of temperature in Rowland's result is due to the variation with temperature of the specific heat

of water.



TABLE 227.

MECHANICAL EQUIVALENT OF HEAT.

The following historical table of the principal experimental determinations of the mechanical equivalent of the unit of
heat has been, with the exception of the few determinations bearing dates later than 1879, taken from Rowland.*
The different determinations are divided into four groups, according to the method used. Calculations based on
the constants of gases and vapors as determined by others are not included in this table.

Method.



MECHANICAL EQUIVALENT OF HEAT.

TABLE 227.

Method.

Diminishing the heat contained in a battery
when the current produces work

Diminishing the heat contained in a battery
when the current produces work . . .

Heat due to electrical current, electro-chemical

equivalent of water = .009379, absolute resist-

ance, electro-motive force of Daniell cell, heat

developed by action of zinc on sulphate of

copper ........
Heat developed in Daniell cell ....
Electromotive force of Daniell cell

Combination of electrical heating and mechan-

ical action by stirring water ....

Observer.

Joule
7

Favre

Weber,
Boscha,
Favre,
and

Silbermann

Joule
Boscha 23

Griffiths -*

Date.

1843

1858

1857

1859

1893

Result.

499.0

443-

4I9-S

428.0

RKFERENCES.

1 Joule,
"
Phil. Mag." (3) vol. 26.

2 Him,
" Theorie Mec. de la Chaleur," ser. i, 3me ed.

3 Edlund,
"
Pogg. Ann." vol. 114.

4 Haga,
" Wied. Ann." vol. 15.

5 Perot,
"
Compt. Rend." vol. 102.

6 Rurnford,
" Phil. Trans. Roy. Soc." 1798; Favre,

"
Compt. Rend." it

7 Joule,
"

Phil. Mag." (3) vol. 23.

8 Joule,

9 Joule,

10 Favre,

37-

Phil. Mag." (4) vol. 15.

n Pulnj,

12 Joule,

Compt. Rend." 1858 ;

Pogg. Ann." vol. 157.

Proc. Roy. Soc." vol. 27.

13 Rowland,
" Proc. Am. Acad. Arts & Sci." vols. 15 & 16.

14 Sahulka,
" Wied. Ann." vol. 41.

15 Violle, "Ann. de Chim." (4) vol. 22.

16 Bartoli,
" Mem. Ace. Lincei," (3) vol. 8.

17 Quintus Icilius,
"
Pogg. Ann." vol. 101.

18 Joule,
"
Rep. Com. on Elec. Stand.,"

" B. A. Proc." 1867.

19 H. F. Weber,
"

Phil. Mag." (5) vol. ?.

20 Webster,
" Proc. Am. Acad. Arts & Sci." vol. 20.

21 Dieterici,
" Wied. Ann." vol. 33.

22 Favre,
"
Compt. Rend." vol. 47.

23 Boscha,
"
Pogg. Ann." vol. 108.

24 Griffiths,
"

Phil. Trans. Roy. Soc." 1893.
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TABLES 228, 229.

SPECIFIC HEAT.

Specific Heat of Water.

The specific heat of water is a matter of considerable importance in many physical measure-
ments, and it has been the subject of a number of experimental investigations, which unfortu-

nately have led to very discordant results. Kegnault's measurements, published in 1847,* show
an increase of specific heat with rise of temperature. His results are approximately expressed
by the equation

c= i -f- -0004 / -j- 0000009 f2
<

which makes the specific heat nearly constant within the atmospheric range. A different equa-
tion was found from Regnault's results by Boscha, who thought the temperatures required cor-

rection to the air-thermometer. Regnault, however, pointed out that the results had already
been corrected. Jamin and Amaury t found, for a range from 9 to' 76 C., the equation

c= i -f- .001 1 / -)- .000001 2 13,

which nearly all the evidence available shows to be very much too rapid a change. Wiillner

gives, for some experiments of Munchhausen,}: the equation

c= i -j- .00030102 /

in vol. i, changed to

c= i -f .000425 1

in vol. 10, for a range of temperature from 17 to 64. In 1879, experiments are recorded by
Stamo, by Henrichsen,|| and by Baumgarten,|| all of them giving large variation with temper-
ature.

In 1879, Rowland inferred from his experiments on the mechanical equivalent of heat that the

specific heat of water really passes through a minimum at about 30, and he attempted to verify
this by direct experiment. The results obtained by direct experiments were not by any means
so satisfactory as those obtained from the friction experiment; but they also indicated that the

specific heat passed through a minimum, but, in this case, at about 20 C. Further, direct

experiments were made in 1883, in Rowland's laboratory, by Liebig, using the same calorimetric

apparatus ;
and these experiments also show a minimum at about 20 C.1T Since the publica-

tion of Rowland's paper a number of new determinations have been made. Gerosa gave, in

1881, a series of equations which show a maximum at 4.4, then a minimum a little above 5 and
afterwards a rise to 24! Neesen ** found a minimum near 30, but got rather less variation than
Rowland. Rapp,tt taking the mean specific heat between o and 100 as unity, gives the equa-
tion

c= 1.039925 .007068 1-\- .0002 1 2 55/2 .000001584^,

which gives a minimum between 20 and 30 and a maximum about 70. Volten JJ gives an

equation which is even more extraordinary with regard to coefficients than the last, namely,

c= i .0014625512 / -|- .0000237981 f2 .000000 1 07 16 is,

which puts the minimum between 40 and 50, and gives a maximum at 100; which maximum
is, however, less than unity. Dieterici, in his paper on the mechanical equivalent of heat, dis-

cusses this subject ;
but his own results being in close agreement with Rowland's, his table prac-

tically only extends Rowland's results through a greater range of temperature, assuming straight-

line variation to the two sides of the minimum. Bartoli and Stracciati found a minimum at

about 30; while Johanson in the same year gives a minimum at about 4 and then a rise about

12 times as rapid as that of Regnault. Griffiths ||||
finds the equation

c= i .0002666
(/" 15)

to satisfy his experiments through the range from 15 to 26. This agrees fairly well with Row-
land through the same range, and indicates that the minimum is at a temperature higher than

26.
The following table gives the results of Rowland, Bartoli and Stracciati. and Griffiths. The

column headed " Rowland " has been calculated from Rowland's values of the mechanical equiv-
alent of heat at different temperatures, on the assumption that the specific heat at 1 5 is equal to

unity.

Me"m. de 1'Acad." vol. 21. t
"
Cqnipt. Rend.'' vol. 70, 1870.

' Wied. Ann." vols. i and 10.
" Wied. Reib." voi. 3.

' Wied. Ann." vol. 8.

Rowland,
" Proc. Am. Acad." vol. 15, and Liebig,

" Am. Jour, of Sci." vol. 26.
1 Wied. Ann." vol. 18, 1883.

tt
'

Diss. Zurich." n " Wied. Ann." vol. 21, 1884.

'Wied. Beib." vol. 15, 1891. Illl "Phil. Trans." 1893.
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SPECIFIC HEAT.

TABLES 22 229.

TABLE 228. Specific Heat of Water.

Temp.
C.



TABLE 23O.
SPECIFIC HEAT.

Specific Heat of Gases and Vapors.

Substance.



TABLES 231 , 232.

VAPOR PRESSURE.

TABLE 231. Vapor Pressure of Ethyl Alcohol.*

o



TABLE 233.
VAPOR PRESSURE.*

Carbon Bisulphide, Chlorobenzene, Bromobenzene, and Aniline.

Temp.



VAPOR PRESSURE.

Methyl Salicylate, Bromonaphthaline, and Mercury.

TABLE 233.

Temp.
C.



TABLE 234.

AIR AND MERCURY THERMOMETERS.

Rowland has shown (Proc. Am. Acad. Sci. vol. 15) that, when o and 100 are chosen for fixed points, the relation
between the readings of the air and the mercury in glass thermometers can be very nearly expressed by an equation
oftheform

t=r-at(ia -t)(6-t),
where t is the reading of the air thermometer and T that of the mercury one, a and b being constants. The smaller
a is, the more nearly will the thermometers agree at all points, and there will be absolute agreement for t o or
loo or />.

Regnault found that a mercury thermometer of ordinary glass gave too high a reading between o and 100, and too
low a reading between ioo j and about 245. As to some other thermometers experimented on by Regnault,
little is recorded of their performance between o and 100, but all of them gave too high readings above i<xr',

indicating that below loo1- the mercury thermometer probably reads too low. Regnault states this to be the
case for a thermometer of Choisy le.Roi crystal glass, and puts the maximum error at from one tenth to two tenths
of a degree. Regnault's comparisons of the air and mercury thermometers and a comparison by Recknagel of a
mercury thermometer of common glass with the air thermometer are compared with the above formula by Rowland.
The tables are interesting as showing approximately the error to be expected in the use of a mercury thermom-
eter and the magnitude of the constants a and b for different glasses. They are given in the following Table.

Regnault's results above 100 C. compared with the formula /rr T ai(ioo t)(6t), give for the constants a
and b the following values :

Cristal de Choisy Le Roi . r= 0.00000032, 0.
Verre ordinaire . . . a= 0.00000034, ^= 245.
Verre vert .... a 0.000000095, ^ 270.*
Verre de Suede . . . a= 0.000000 14, 6=10.
Common glass (Recknagel) a 0.00000033, ^= 290.

(a) TEMPERATURES BETWEEN o AND 100 C.



TABLES 235, 236.

COMPARISON OF THERMOMETERS.*

Chappius gives the following equations for comparing glass thermometers:

iooo(7V TH)-.00543 doc rm > ym + 1.412 x IO-HIOO rm*) rm 1.323 x K>- (loo*

1000 ( Tea,
- TU)= -03S9 (>oo

- Tm )
Tm- o. 234 X io- ( 100=

- r) 7V
-

0.5 u> X io~ (ioo
-

A^rr nitrogen ; //= hydrogen ; CO^ = carbon dioxide ; m = mercury.

TABLE 235. Hydrogen Thermometer compared with others.

This table gives the correction which added to the thermometer reading gives the temperature by the hydrogen
thermometer.



TABLE 237.

CHANCE OF THERMOMETER ZERO DUE TO HEATING.*

When a thermometer is used for measurements extending over a range of more than a few degrees, its indications are

generally in error due to the change of volume of the glass lagging behind the change of temperature. Some data

are here given to illustrate the magnitude of the change of zero after heating. This change is not permanent, but

the thermometer may take several days or even weeks to return to its i.ormal reading.



TABLE 239.

EFFECT OF COMPOSITION ON THERMOMETER ZERO.*

Jena Glasses.



TABLE 241.

CORRECTION FOR TEMPERATURE OF MERCURY IN THERMOMETER
STEM.*

/"= / 0.0000795 (P *0> >n Fahrenheit degrees; 7':=/ 0.000143 w (t
1

t), in Centigrade degrees. Where

7'= corrected temperature, *= observed temperature, /'= mean temperature of glass stem and mercury column,

n = the length of mercury in the stem in scale degrees.

(a) CORRECTION FOR FAHRENHEIT THERMOMETER



TABLE 241.

CORRECTION FOR TEMPERATURE OF MERCURY IN THERMOMETER
STEM.

(c) CORRECTION TO BE ADDED TO THERMOMETER READING.*



TABLES 242, 243.

EMISSIVITY.

TABLE 242. Emissivity 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 io-6/ 2.6 X io-V,

when the surface of the sphere is blackened, or

e .000168 + 1.98 X io-t 1.7 X IO-8/2
,

when the surface is that of polished copper. In these equa-

tions e is the emissivity in c. g. s. units, that is, the quantity
of heat, in therms, radiated per second per square centimetre

of surface of the sphere, per degree difference of tempera-

ture 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-

*



TABLES 244, 245.

EMISSIVITY.

TABLE 244. - Constants of Emissivity.

The constants of radiation into vacuum have been determined for a few substances. The
object of several of the investigations has been the determination of the law of variation with

temperature or the relative merits of Dulong and Petit's and of Stefan's law of cooling.

Dulong and Petit's law gives for the amount of heat radiated in a given time the equation

H=Asae
(a

t
i)

where A is a constant depending on the units employed and on the nature of the surface, s the

surface, a a constant determined by Dulong and Petit to be 1.0077, # the absolute temperature
of the enclosure, and t the difference of temperature between the hot surface and the enclosure.

The following values of A are taken from the experiments of W. Hopkins, the results being
reduced to centimetre second units, and the therm as unit of heat.

Glass . . .
;';-'

. . .,4 = .00001327

Dry chalk /4 = .00001195
Dry new red-sandstone A = .00001162
Sandstone (building) . ,<4 .00001232
Polished limestone . . A = .00001263
Unpolished limestone

(same block) . . . A = .0001777

Stefan's law is expressed by the equation

where //and s have the same meaning as above, a is a constant, called Stefan's radiation con-

stant, T\ is the absolute temperature of the radiating body and 7g the absolute temperature of

the enclosure. Stefan's constant would represent, if the law held to absolute zero, the amount
of heat which would be radiated per unit surface from the body at i absolute temperature to

space at absolute zero. The experiments of Schleiermacher, Bottomley, and others show that

this law approximates to the actual radiation only through a limited range of temperature.

Graetz * finds for glass

Schleiermacher f find for polished platinum wire

For copper oxide

7i= 400, T = o,tr = 1.0846 X IO"12

( 7\ = 1085, To= o, a-= o. 185 X io-12

7\ 1150, 7b= o, IT 0.177 X io~12

T\ = 850, TO o. <r= 0.600 X io-12

7\= 1080, TO= o, <r= 0.701 X JO'1
'2

TABLE 245. Effect of Absolute Temperature of Surface.

The following tabular results are given by Bottomley. t The results of Schleiermacher were calculated from data given
in the paper above quoted. The temperatures /, are in degrees centigrade, and e is the emissivity or amount of
heat in therms radiated per square centimetre of surface per degree difference of temperature between the hot body
and the enclosure. The results are all for high vacuum.

Schleiermacher's results. Temperature of enclosure, o C. ttti, t^e*, refer to

polished platinum wire, tge3 to blackened platinum wire.



TABLES 246, 247.

EMISSIVITY.

TABLE 246. Radiation of Platinum Wire to 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 :

/= 4oS C., /=:378.8 X io~4 , temperature of enclosure 16 C.

* =z 505 C., rf 726.1 X io-4
,

" "
17 C.

It was found at this degree of exhaustion that considerable relative change of the vacuum produced very small

chinge 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 iu

enclosure.

Temp, of enclosure 16 C., ^= 408-" C.



TABLE 248.

PROPERTIES OF STEAM.

Metric Measure.

The temperature Centigrade and the absolute temperature in degrees Centigrade, together with other data for steam

or water vapor stated in the headings of the columns, are here given. The quantities of heat are in therms or calo-

ries according as the gramme or the kilogramme is taken as the unit of mass.



TABLE 249.
PROPERTIES OF STEAM.

British Measure.

The quantities given in the different columns of this table are sufficiently explained by the headings. The abbrevia-
tion B. T. U. stands for British thermal units. With the exception of column 3, which was calculated for this

table, the data are taken from a table given by Dwelshauvers-Dery (Trans. Am. Sue. Mech. Eng. vol. xi.).

s. .



TABLE 249.

PROPERTIES OF STEAM.

British Measure.

Pressure

in

pounds

per

square

inch.



TABLE 249.

PROPERTIES OF STEAM.
British Measure.



TABLE 249.

PROPERTIES OF STEAM.
British Measure.



TABLE 249.

PROPERTIES OF STEAM.
British Measure.



TABLE 250.

RATIO OF THE ELECTROSTATIC TO THE ELECTROMAGNETIC UNIT OF
ELECTRICITY (v) IN RELATION TO THE VELOCITY OF LIGHT.

Ratio of electrical units.



TABLE 251.
DIELECTRIC STRENGTH.

Difference of Electric Potential required to produce a Spark in Air.

(a) MEDIUM, AIR. ELECTRODE TERMINALS, FLAT PLATES.

Spark length
in

centimetres.

O.O[

0.02

O.O4

O.O7
O.IO

O.I4
O.2O

0.30
O.4O

0.50
0.60

0.80

I.OO

Difference of potential in volts required to produce a spark according to

W. Thomson. 1 De la Rue.2 MacFarlane. 3 Bailie.4 Freyberg.
5

79
1340
1840

2940
4010
53

500
970
1900

4330
5740
762.0

10400

35_7

5715
7818
9879
11925
13956
18006

4401

7653
10603
I 343 I

16341
19146
2S458

3*647

4344

7539
10671

13665
16293
19059
24465
28800

1 "
Reprint of Papers on Elect, and Mag." p. 252.

- "
Proc. R. Soc." vol. 36, p. 151.

3 " Phil. Mag." vol. 10, 1880. 4 " Ann. de Chim. etde Phys." vol. 25, 1882.
5 " Wied. Ann." vol. 38, 1889.

(b) MEDIUM, AIR. ELECTRODE TERMINALS, BALLS OF DIAMETER d IN CENTIMETRES.

Experiments of Freyberg.

Spark length
in

centimetres.

d= o (points). = 6.o

O.I

0.2

0-3

0-4
0.6

0.8

I.O

2.O

3720
4700
5300
6000

6900
8100
8600
IOIOO

13100

5050
8600

18400
19500
24600
30700

4660
9500
11700
14000

19300
23200
25800
35400

4560
8700
11600

14400

19500
24600
29000

8400
II200

14200
2CTOO

25800
29900

4530
7900
10500

I92OO
26OOO

3I6CO

From the above table it appears, as remarked by Freyberg, that for each length of spark there is a par-
ticular size of ball which requires the greatest difference of potential to produce the spark.

(c) COMPARISON OF RESULTS OF DETERMINATIONS, THE TERMINALS BEING BALLS.

Spark
length
in cms.

Difference of potential required to produce a spark in air according to

Bailie.
Bichat and
Blondlot.'

Balls i centimetre diameter.

Paschen. Freyberg. Quincke. 2

Balls 2 cms. diameter.

Bailie. Freyberg.

Balls 6 cms. diam.

9
r.o

4590
8040
11190
13650
16410

19560
21690

23280
24030
24930

4200
8130
10860

14130
16800

19350
21030
23190
24540
25800

4860
8430
11670
14830
17760
20460
22640
24780

4660
9500
11670

13980
16800

19260
20970
23220
25110
25770

4830
8340
11670
14820

18030
20820

23670

4560
8700
"550
14400
17040
19470
22530
24630
27240
29040

4440
7920
11190
14010

16920
19980
22590
25770

4440
7680
10830
1350
16530
19560
22620

26400
29220
33870

4530
7860
10470

12750
16410
19200
22590
26010

28770
31620

1 "
Electricien," Aug. 1886. 2 " Wicd. Ann." vol. 19, 1883.
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TABLES 252, 253.

DIELECTRIC STRENGTH.

TABLE 252. Effect of Pressure of the Gas on the Dielectric Strength.*

Length of spark is indicated by 7 in centimetres. The pressure is in centimetres of mercury at o C.



TABLE 254.

COMPOSITION AND ELECTROMOTIVE FORCE OF BATTERY 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 BATTERIES.



TABLE 254.

COMPOSITION AND ELECTROMOTIVE FORCE OF BATTERY CELLS.

Name of cell.



TABLE 255.
THERMOELECTRIC POWER.

The thermoelectric power of a circuit of two metals at mean temperature t is the electromotive force in the circuit
for one degree difference of temperature between the junctions. It is expressed by dE j dt = A + Bt, when
dE / dt = o, t = A / JS, and this the neutral point or temperature at which the thermoelectric power vanishes.
The ratio of the specific heat of electricity to the absolute value of the temperature t is expressed by B for any
one metal when the oilier metal is lead. The thermoelectric power of different couples may be inferred from the

table, as it is the difference of the tabulated values with respect to lead, which is here taken as zero. The table
has been compiled from the results of Becquerel, Matthieson, and Tail. In reducing the results the electromotive
forces of the Grove's and the Daniell cells have been taken as 1.95 and 1.07 volts respectively.



TABLE 256.

THERMOELECTRIC POWER OF ALLOYS.
The thermoelectric powers of a number of alloys are given in this table, the authority being Ed. Becquerel. They are

relative to lead, and for a mean temperature of 50 C. In reducing the results from copper as a reference metal,
the thermoelectric power of lead to copper was taken as 1.9.

Substance.



TABLE 259.

THERMOELECTRIC POWER OF METALS AND SOLUTIONS.*

Thermoelectric power of circuits, the two parts of which are either a metal and a solution of a salt of that metal or

two solutions of salts. The concentration of the solution was such that in 1000 parts of the solution there was
one half gramme equivalent of the crystallized salt. The circuit is indicated symbolically ; for example, Cu and
CuSO4 indicates that the circuit was partly copper and partly a solution of copper sulphate.



TABLE 262.

CONDUCTIVITY OF THREE-METAL AND MISCELLANEOUS ALLOYS.

Conductivity Ct C (i + at+ bfl).

Metals and alloys.



TABLE 263.

CONDUCTING POWER OF ALLOYS.

This table shows the conducting power of alloys and the variation of the conducting power with temperature.*
10

The values of C were obtained from the original results by assuming silver= -
~- mhos. The conductivity is

taken as Ct C (i at -\- fit*), 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 the

formula /'= /'
c where/ is the observed and /' the calculated conducting power of the mixture at 100 C.,

and P, is the calculated mean variation of the metals mixed.



TABLE 263.

CONDUCTING POWER OF ALLOYS.

GROUP 3.



TABLE 264.

SPECIFIC RESISTANCE OF METALLIC WIRES.

This table is modified from the table compiled by Jenkin from Matthieson's results by taking the resistance of silver,

gold, and copper from the observed metre gramme value and assuming the densities found by Matthieson, namely,

10.468, 19.265, and 8.95.

Substance.



TABLE 265.

SPECIFIC RESISTANCE OF METALS.

The specific resistance is here given as the resistance, in microhms, per centimetre of a bar one square centimetre in

cross section.

Substance.



TABLE 266.

RESISTANCE OF METALS AND

The electrical resistance of some pure metals and of some alloys have been determined by Dewar and Fleming and

increases as the temperature is lowered. The resistance seems to approach zero for the pure metals, but not for

temperature tried. The following table gives the results of Dewar and Fleming.*

When the temperature is raised above o C. the coefficient decreases for the pure metals, as is shown by the experi-

experiments to be approximately true, namely, that the resistance of any pure metal is proportional to its absolute

is greater the lower the temperature, because the total resistance is smaller. This rule, however, does not even

zero Centigrade, as is shown in the tables of resistance of alloys. (Cf. Table 262.)

Temperature



TABLE 266.

ALLOYS AT LOW TEMPERATURES.

by Cailletet and Bouty at very low temperatures. The results show that the coefficient of change with temperature

the alloys. The resistance of carbon was found by Dewar and Fleming to increase continuously to the lowest

nients or Miiller, Benoit, and others. Probably the simplest rule is that suggested by Clausius, and shown by these

temperature. This gives the actual change of resistance per degree, a constant ; and hence the percentage of change

approximately hold for alloys, some of which have a negative temperature coefficient at temperatures not far from

Temperature =



TABLE 267.

EFFECT OF ELONGATION ON THE SPECIFIC RESISTANCE OF SOFT
METALLIC WIRES.*

Substance.



TABLES 269, 27O.

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 grammes of the pure salts proportional to their elec-

trochemical equivalent, and using a litre of water as the standard 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 grammes to the litre of water, we get what is called

the normal or gramme molecule per litre solution. In the table, m is used to represent the

number of gramme molecules to the litre 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 JCl 8 conductivity of the solution at 18 C. relative to mercury at o C.

K a
= conductivity of the solvent water at 18 C. relative to mercury at o C.

Then Jfia K^9
= &la conductivity of the electrolyte in the solution measured.

-is.= p= conductivity of the electrolyte in -the solution per molecule, or the "specificm
molecular conductivity."

TABLE 269. Value of /.-.. 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.

M



TABLE 271.

SPECIFIC MOLECULAR CONDUCTIVITY
/j.

: MERCURY^ 1 O.

Salt dissolved.



TABLE 272.

LIMITING VALUES OF u.

This table shows limiting values of yu.
= . ID* for infinite dilution for neutral salts, calculated from Table 271.

Salt.



TABLE 274.

VARIOUS DETERMINATIONS OF THE VALUE OF THE OHM, ETC.*



TABLE 275.

SPECIFIC INDUCTIVE CAPACITY OF CASES.

With the exception of the results given by Ayrton and Perry, for which no temperature record has been found,, the

values are for o C. and 760 mm. pressure.

Gas.



TABLE 276.

SPECIFIC INDUCTIVE CAPACITY OF SOLIDS (AIR^UNITY).

Substance.



TABLE 276.

SPECIFIC INDUCTIVE CAPACITY OF SOLIDS (AIR = UNITY).

Substance.



TABLE 278.

CONTACT DIFFERENCE OF

Solids with Liquids and

Temperature of substances



TABLE 278.

POTENTIAL IN VOLTS.

Liquids with Liquids In Air.*

during experiment about 16 C.



TABLE 279.

CONTACT DIFFERENCE OF POTENTIAL IN VOLTS.

Solids with Solids in Air.*

Temperature of substances during the experiment about 18 C.



TABLE 280.

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 of sulphuric acid and the metals 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

gramme molecules per
litre. x



TABLE 281 .

VARIATION OF ELECTRICAL RESISTANCE OF CLASS AND PORCELAIN
WITH TEMPERATURE.

The following table gives the values of a, b, and c in the equation

log R =. a + 6t + ct2,

where R is the specific resistance expressed in ohms, that is, the resistance in ohms per centimetre of a rod one
square centimetre in cross section.*

No.



TABLE 282.

RELATION BETWEEN THERMAL AND ELECTRICAL CONDUCTIVITIES.

That there is a close relation

between the thermal and the

electrical conductivities of

metal was shown experimen-
tally by Wiedemann and Franz
in 1853, and had been referred

to by Forbes, with whom a

difficulty arose with regard to

the direction of the variation

with temperature. The ex-

periments of Tail and his stu-

dents have shown that this

difficulty was largely, if not

entirely, due to experimental
error. The same relation has
been shown to hold for alloys

by Chandler Roberts and by
Neumann, This relation was

a. VALUKS IN ARBITKARY UNITS AT 15^ C.

Substance.



TABLE 283.

ELECTROCHEMICAL EQUIVALENTS AND INTERNATIONAL ATOMIC WEIGHTS.

With the exception of the value given for silver and that corresponding to valence 2 for copper, the electrochemical

equivalents given in this table have been calculated from the atomic weights and one or two of the more com-
mon apparent valences of the substance. The value given for silver is that which was adopted by the Inter-
national Congress of Electricians at Chicago in 1894. The number for silver is made the basis of the table ; the
other numbers, with the exception of copper, above referred to, are theoretical.

The International Atomic Weights are quoted from the report of the International Committee on Atomic Weights
(" Jour. Am. Chem. Soc.," vol. 25, p. 4).

Substance.



TABLE 283.

ELECTROCHEMICAL EQUIVALENTS AND INTERNATIONAL ATOMIC WEIGHTS.

Substance.



TABLES 284, 285.

PERMEABILITY OF IRON.

TABLE 284. Permeability of Iron Rings and Wire.

This table gives, for a few specimens of iron, the magnetic induction B, and permeability ft, corresponding to the

magneto-motive forces H recorded in the first column. The first specimen is taken from a paper by Rowland,*
and refers to a welded and annealed ring of

" Burden's Best" wrought iron. The ring was 6.77 cms. in mean
diameter, and the bar had a cross sectional area of 0.916 sq. cms. Specimens 2-4 are taken from a paper by
Bosanquet.t and also refers to soft iron rings. The mean diameters were 21.5, 22.1, and 22.725 cms., and the

thickness of the bars 2.535, 1.295, and .7544 cms. respectively. These experiments were intended to illustrate the

effect of thickness of bar on the induction. Specimen 5 is from Ewing's book,t and refers to one of his own
experiments on a soft iron wire .077 cms. diameter and 30.5 cms. long.



TABLE 285.

PERMEABILITY OF TRANSFORMER IRON.

(to) WESTINGHOUSE No



TABLE 286.

COMPOSITION AND MAGNETIC

This table and Table 289 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 4ir.
"
Coercive force" is the magnetizing force required to reduce the magnetization to zero. The ''demjig-

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.



TABLE 286.

PROPERTIES OF IRON AND STEEL.

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 ?1
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 -^ IT.

No.
of

Test.



TABLE 287.

PERMEABILITY OF SOME OF THE SPECIMENS IN TABLE 286.
This table gives the induction and the permeability for different values of the magnetizing force of some of the speei-

mens in Table 286. 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



TABLES 29O-296.

MAGNETIC PROPERTIES OF METALS.

TABLE 290. Cobalt at 100 C. TABLE 291. Nickel at 100 0.

H S
i



TABLE 297.

MAGNETIC PROPERTIES OF IRON IN VERY WEAK FIELDS.

The effect of very small magnetizing forces has been studied by C. Baur* and by Lord Kayleigli.t The following
short table is taken from Baur's paper, and is taken by him to indicate that the susceptibility is finite for zero values

of H and for a finite range increases in simple proportion to H. He gives the formula X.'= 15 -f- too H
', or /r=

15 ff -\- 100 H-. The experiments were made on an annealed ring of round bar 1.013 cms. radius, the ring haying
a radius of 9.432 cms. Lord Rayleigh's results for an iron wire not annealed give k=. 6.4+ 5.1 H, or /= 6.4 H
-(-5.1 ff~. The forces were reduced as low as 0.00004 c - & s-> the relation of k to H remaining constant.

First experiment.



TABLE 30O.

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 i'= a 1 -6
, where c 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 -^ 1500x3 c. g. s.

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.t

Values of Constant </.

The followii 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.



TABLE 3O1 .

DISSIPATION OF ENERGY IN THE CYCLIC MAGNETIZATION OF TRANS-
FORMER CORES.*

This table gives, for the most part, results obtained for transformer cores. The electromagnet core formed a closed
iron circuit of about 320 sq. cms. section and was made up of sheets of Bessemer steel about 1-20 inch thick. The
No. 20 transformer had a core of soft steel sheets about 7-1000 inch thick insulated from each other by sheets of
ihin paper. The cores of the other transformers were formed of soft steel sheets 15-1000 inch thick insulated from
each other by their oxidized surfaces only. The following are the particulars of the data given in the different

columns :

Column i. Description of specimen.
2. The total energy, in joules per cycle, required to produce the magnetic induction given in column B
3. The energy, in joules per cycle, returned to the circuit on reversal of the magnetizing force.

4. The energy dissipaied, in joules per cycle, or the difference of columns 2 and 3.

5. 6, and 7. The quantities in columns 2, 3, and 4 reduced to ergs per cubic centimetre of the core.

B. The maximum induction in c. g. s. units per sq. cm.

1



TABLE 3O2.

DISSIPATION OF ENERGY DUE TO MAGNETIC HYSTERESIS IN IRON.*

The first column gives the maximum magnetic induction B per square centimetre in c. g. s. units. The other col-

umns give the dissipation of energy in ergs per cycle per cubic centimetre for the iron specified in the foot-note

B



TABLE 3O3.

MACNETO-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 ?', 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 303-310. For variation with tempera-

ture the following formula is given by Bichat :

R = A> (i 0.00104^ O.OOOOI4/'
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 :

0, Mj'W 0V
where /* 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 formulae 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-

rel,}: Quincke, KoepselJ Arons,1[ Kundt,** Jahn,tt Sch6nrock,Jf Gordon, Rayleigh and

Sidgevvick.lHI Perkin.llf 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

t



TABLE 3O3.

MAGNETO-OPTIC ROTATION.

Solids.

Substance.



TABLE 304.

MAGNETO-OPTIC ROTATION.

Liquids.

Substance.



TABLE 3O4.

MAGNETO-OPTIC ROTATION

Liquids.

Substance.



TABLE 305.

MAGNETO-OPTIC ROTATION.

Solutions of Acids and Salts In Water.

Substance.



TABLE 305.

MAGNETO-OPTIC ROTATION.

Solutions of Acids and Salts in Water.

Substance.



TABLES 305-3O7.

MAGNETO-OPTIC ROTATION.

TABLE 305. Solutions of Acids and Salts in Water.

Substance.



MAGNETO-OPTIC ROTATION.

Gases.

TABLE 308.



TABLE 310.

MAGNETIC SUSCEPTIBILITY OF LIQUIDS AND CASES.

The following table gives a comparison by Du Bois* of his own and some other determinations of the magnetic sus-

ceptibility of a few standard substances. Verdet's and Kundt's constants are in radians for the sodium line D.

Substance.



TABLES 312, 313.

EFFECT OF MAGNETIC FIELD ON THE ELECTRIC RE-
SISTANCE OF BISMUTH.*

TABLE 312. Resistance One Ohm for Zero Field and Various Temperatures.

This table gives the resistance to the flow of a steady electric current when conveyed
across a magnetic field of the strength in c. g. s. units given in the first column if

the wire has a resistance of one ohm at the temperature given at the top of the col-

umn when the field is of zero strength.

Temp. C.



TABLE 314.

SPECIFIC HEATS OF VARIOUS SOLIDS AND LIQUIDS. 4

SOLIDS.



TABLE 314.

SPECIFIC HEATS OF VARIOUS SOLIDS AND LIQUIDS.

Substance.



TABLE 315.

SPECIFIC HEAT OF METALS.'

Metal.



INDEX.

Al)sorption of gases by liquids 125
of solar energy by the atmosphere 177

Acceleration, angular and linear, conversion
factors for 17, 18

Activity, conversion factors for 19, 21

Aerodynamics ; data for the soaring of

planes 109
data for wind pressure 108

Agonic lines 117

Air, specific heat of 223
thermometer 228, 229

Alcohol, density of 96-98
vapor pressure of 126, 225

Alloys, electric conductivity of 251-253
electric resistance of 251-253, 256, 257

density of 85
specific heat of 294
strength of 73
thermal conductivity of 197
thermoelectric power of 248, 249

Alternating currents, resistance of wires for. 258
Alums, indices of refraction for 180

Angles, conversion factors for 14

Aqueous solutions, boiling-points of ....'... 196

vapor, density of 155

pressure of 151-154
Arc spectrum, wave-lengths in 172
Areas, conversion factors for 1 1

Atmosphere, pressure of vapor in 157
Atomic weights 272

Barometer, correction for capillarity 124
determination of heights by 169
reduction to latitude 45 122, 123
reduction to sea level 121

reduction to standard temperature 120

Battery cells, composition and electromotive
force of 246, 247

Bismuth, electric resistance of, in magnetic
field 293

Boiling-point, of chemical elements 207
of various inorganic compounds 210
of various organic compounds 212
of water, barometric height correspond-

ing to 171
of water, effect of dissolved salts on. ... 196

Brick, strength of 70
British weights and measures, equivalents in

metric 7

Capacities, conversion factors for 12

Capacity, specific inductive 263-265
Capillarity, of aqueous solutions 128

correction of barometer for 1 24
of liquids as solidifying-point 129
of soap films 1 29

Capillarity (continued).
surface-tension of water and alcohol ... 128

various liquids 1 27

Carat, definition of 18

Cells, battery 246, 247

secondary 247
standard 247

Chemical elements, boiling and melting

points of 207
Cobalt, Kerr's constants of 291

magnetic properties of 279
Coefficients, isotonic 150

of diffusion 147, 149
of friction 135
of thermal expansion 214218
of viscosity 137, 146

Color scale, Newton and Reinold and
Rucker 130

Combination, heat of 202

Combustion, heat of 201

Compressibility, of gases 79, 8 1

of liquids 82
of solids 83

Conducting power of alloys 251-253
Conductivities, molecular 260, 261

of electrolytes 259
thermal 197, 198

Contact, difference of potential 268

Conversion factor, definition of xviii

Conversion factors for acceleration, angular. . 18

acceleration, linear 17

activity 19, 21

angles 14
areas 1 1

capacities 12

densities 23
electric deposition 24
electric displacement 25
electric potential 27
electric resistance 23

energy 20, 2 1

film tension 20, 22

force 17

heat, quantities of 24

intensity of magnetization 26

length ii

masses 13
moment of inertia 13
moment of momentum 16

momentum 16

magnetic moment 27

magnetization, intensity of 26

magnetization, surface density of 26

power 19, 21

resistance, electric 23
stress 19, 22

temperatures 25
tension, film or surface 20
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Conversion (continued).
time, intervals of 14
velocities 15
volumes 12

work 20, 21

Critical temperature of gases 200

Crystals, cubic expansion of 216
elastic constants of 78
formulae for elasticity of 77
refractive indices of 187

Cubic expansion, gases 218

liquids 217
solids 216

Cyclic magnetization, dissipation of energy
in 280-283

Declination, magnetic 1 13-1 18

Densities, of air, values of /i/?6o 162

alcohol 96-98
alloys and other solids 85
aqueous solutions 90
gases -. 89
liquids 88

mercury 95
metals 86

organic compounds 212
water 92-94.
woods 87

Density, conversion factors for 23
Dew-points, table for calculating 158
Diamonds, unit of weight for 13
Dielectric strength 244, 245
Diffusion of gases and vapors 149

liquids and solutions 147
Dilution of solution, contraction due to ... .134
Dimension formulae (see also Units) xvii

Dip, magnetic 1 1 1

Dynamic units, dimension formulas of xvii

formula? for conversion of 2

Dynamical equivalent of thermal unit 219

Earth, miscellaneous data concerning 106

Elasticity, moduli of 74~?8
Electric conductivity of alloys 251, 252

of metals 255
relation to thermal 271

constants of wires 58-68, 254
displacement .25
potential, conversion factors for 27
resistance, conversion factors for 23
resistance, effect of elongation on 258
units, conversion factors for 3
units, dimension formulae xxv

Electrochemical equivalents and atomic

weights 272
of solutions 259

Electrolytes, conductivities of 259
Electrolytic deposition, conversion factors for 24

Electromagnetic system of units xxix
Electromotive force of battery cells. . . .246, 247
Electrostatic system of units xxvi
Electrostatic unit of electricity, ratio of, to

electromagnetic 243
Elliptic integrals 43
Elongation, effect on resistance of wires. . . .258
Emissivity 234, 235
Energy, conversion factors for 20, 21

Equivalent, electrochemical 272
electrochemical of solutions 259
mechanical, of heat 220

Expansion, thermal 214, 218

Factors, conversion 1 1 -27
formulae for conversion 2, ^j

Film-tension, conversion factors for 20, 22
constants for 1 28, 1 29

Fluor spar, refractive index of 183
Formulae for conversion factors, dynamic

units 2

electric and magnetic units 3
fundamental units 2

geometric units 2

heat units 3
Formulas, dimension (see also Uttils}. .xvii-xxix

Force, conversion factors for 17
Force de cheval, definition of 19
Fraunhofer lines, wave-lengths of 175
Freezing mixtures 199
Freezing-point, lowering of, by salts 192
Friction, coefficients of 135
Functions, hyperbolic 2S~35

gamma 38
Fundamental units .2

Fusion, latent heat of 206

Gamma functions 38
Gases, absorption by liquids 125

compressibility of 79~8i
critical temperatures of >. 200

density and specific gravity of 89
expansion of 218

magnetic susceptibility of 292
magneto-optic rotation in 291
refractive indices of 190
specific heat of 224
thermal conductivity of 198

viscosity of 145, 146
volume of perfect (values of i -|- .00367 1)

164-168
Gauges, wire 58-68
Geometric units, conversion formulae for 2

Glass, electric resistance of 270
indices of refraction for 178, 179

Gravity, force of 102-104

Harmonics, zonal 40
Heat, conversion factors for quantities of . . . .24

latent heat of fusion 206
latent heat of vaporization 204
mechanical equivalent of 220

units, conversion factors for 24
dimension formulae for xxiii

formulae for conversion factors of . . . .3
Heats of combustion and combination. . 201, 202

Heights, determination by barometer 169

Humidity, relative iCi

Hydrogen thermometer 233
Hyperbolic cosines 29~3 l

Hvperbolic functions . . 28-35
Hyperbolic sines 28-30
Hysteresis, magnetic 280-283

Iceland spar, refractive index of 185
Indices of refraction for alums 180

crystals 187
fluor spar i!" 5

gases and vapors 1 90

glass 17,", i/9
Iceland spar .' . . 185

liquids, various 189
metals and metallic oxides 181

monorefringent solids 184
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Indices of refraction for alums (continued).

quartz 186

rock salt 182

solutions of salts 188

sylvine 182

Inductance, mutual 42

Integrals, elliptic .43

Intensity, horizontal, of earth's magnetic field

112

total, of earth's magnetic field no
Iron, elasticity and strength of 72

hysteresis in 280-283

magnetic properties of 274-283, 292
Isotonic coefficients 1 50

Jewels, unit of weight for 13

Joule's equivalent 220

Kerr's constant, definition and table of 292

Kilogramme, definition of xvi

Kundt's constants 291
definition of 291

Latent heat 204, 206
Least squares, various tables for 35, 37

Legalization of practical electric units. . . .xxxiv

Length, conversion factors for 1 1

Light, velocity of 176-243
rotation of plane of polarized 191

Linear expansion of chemical elements 214
of various substances 215

Liquids, absorption of gases by 125

compressibility and bulk moduli of 82

density of 88

magneto-optic rotation in 286, 287

magnetic susceptibility 292
refractive indices of 189

specific heat of 295
thermal conductivity of 197, 198
thermal expansion of 217

Lowering of freezing-point by salts 192

Magnetic field, effect of, in resistance of bis-

muth 293
moment, conversion factors for 27

permeability 274-280
properties of cobalt, manganese steel,

magnetite and nickel 279
properties of iron and steel 276
saturation values for steel 279
susceptibility of liquids and gases 292
units, conversion formulae for 3

dimension formulae for xxv

Magnetism, conversion factors for surface

density 26
terrestrial 1 10-1 18

Magnetization, conversion factors for inten-

sity of 26

Magnetite, Kerr's constant for 292
magnetic properties of 279

Magneto-optic rotation, general reference to

284
tables of 285-291

Masses, conversion factors for 13
Materials, strength of 7~73
Measurement, units1 of xv
Mechanical equivalent of heat 220

Melting-points of chemical elements 207

Melting-points (continued).
of mixtures and alloys 211

of organic compounds 212

Mercury, density of 86
electric resistance of 255, 256
index of refraction 181

specific heat of 225
strength of 70

Metals, density of 86
electric resistance of 254-258
specific heat of 296
thermal conductivity of 197

Metals and metallic oxides, indices of refrac-

tion for 181

Metre, definition of xvi

Metric weights and measures

equivalents in British .....* 5

equivalents in United States 10

Mixtures, freezing 199
Moduli of elasticity 74-83
Molecular conductivities 261, 262
Moments of inertia, conversion factors for. . . 13
Moment of momentum, conversion factor

for 16

Momentum, conversion factors for 13
Mutual inductance, table for calculating 42

Neutral-points, thermoelectric 249
Newton's rings and scale of colors 130
Nickel, Kerr's constants for 292

magnetic properties of 279

Ohm, various determinations of 262

Osmose and osmotic pressure 1 50

Pearls, unit of weight for 13
Peltier effect ... 250
Pendulum, length of seconds 104, 105

Permeability, magnetic 274-280
Photometric standards 176
Planets, miscellaneous data concerning 106
Poisson's ratio 76
Polarized light, rotation of the plane of 191

Potential, contact difference of 268
difference of, between metals in solu-

tions 269
electric, conversion factors for 27

Pound, definition of xvi

Power, conversion factors for 19, 21

Practical electrical units xxxiii

Pressure, barometric, for different boiling-

points of water 170, 171
critical, of gases 200
effect on radiation 236
of aqueous vapor 151-154

at low temperatures 156
in the atmosphere 1 57

of mercury column 119
osmotic 1 50
of vapors 126, 225-227
of wind 108

Probability, table for calculating 36

Quartz, fibres, strength of 70
refractive index of . . 186

Radiation, effect of pressure on 236
of inorganic compounds 2c8 ! Relative humidity 161



300 INDEX.

Resistance (see also Conductivity), electric.

of alloys 251-253, 256, 257
of electrolytes 259
of glass and porcelain 270
of metals and metallic wires 254-257
of wires, effect of elongation on 258

Rigidity, modulus defined 74
of metals 74
variation of, with temperature 76

Rotation, magneto-optic 284-291

Saturation values, magnetic, for steel 279
Seconds pendulum, length of 104, 105

Secondary batteries 247
Sections of wires 44~54> 58-68
Sheet metal, weight of 56, 57

Soaring of planes, data for 109
Solar constant 177
Solar spectrum, wave-length in 172
Solids, compressibility and bulk moduli of . . .83

density of 85
magneto-optic rotation in 284

Solution, contraction produced by 131-134
Solutions, aqueous, boiling-points of 196

density of 90
magneto-optic rotation in 288-290
refractive indices for . '. 188

specific heat of 224
Sound, velocity of, in air 99

in gases and liquids 101

in solids 100

Specific electrical resistance, conversion fac-

tors for 23, 254-256
Specific gravity (see also Density).

of aqueous ethyl alcohol 96
methyl alcohol 97

of gases 89
Specific heat of air 223

of gases and vapors 224
of metals 296
of solids and liquids 294, 295
of water 223
of water, formulae for 222

Specific inductive capacity 263-265
viscosity, aqueous solutions 144

oils 137
water 1 36

Spectra, wave-lengths in arc and solar 172
Standard cells 247

wave-lengths of light 172

Standards, photometric 176

Steel, physical properties of 71

Steam, properties of saturated 237
Steinmetz, constants for hysteresis of 281

Stone, strength of 70
thermal conductivity of 197
dielectric 244

Strength of materials 70-73
Stress, conversion factors for 19, 22

Surface-tension, constants of 128, 129
conversion factors for 20, 22

Sylvine, refractive index of 182

Temperature, conversion factors for 25
critical, of gases 200

Terrestrial magnetism, agonic lines 117

declination, data for maximum east at

various stations 1 18

dip and its secular variation for differ-

ent latitudes and longitudes 1 1 1

Terrestrial magnetism (continued).
horizontal intensity and its secular varia-

tion for different latitudes and longi-
tudes 112

secular variation of declination . . . . 1 13-116
Thermal conductivities 197, 198

relation to electrical 271
expansion, coefficients of 214-218
units, dynamic equivalent of 219

Thermoelectricity .248-250
Thermometer 228-233

air 228, 231
correction of, for mercury in stem 232
hydrogen 231
mercury in glass 229
zero change due to heating 229
zero, change of, with time 230

Timber, strength of 70
Time, unit of, defined xvii

Times, conversion factors for 14
Transformers, permeability of

iron in 274, 275, 280, 282

Units of measurement xv
dimension formulae for dynamic xviii

electric and magnetic xxv

electromagnetic xxix
electrostatic xxvi
fundamental .2

heat xxiii

practical, legalization of electric xxxiii

ratio of electrostatic to electromagnetic

243
United States weights and measures in

metric 9

Vapor, density of aqueous 155
diffusion of 149
pressure of 1 26, 225-227
pressure of aqueous 151-154

values of 0.378 e 160

pressure of, for aqueous solutions 194
refractive indices for 190
specific heats of 224

Vaporization, latent heat of 204
Velocity, angular and linear, conversion fac-

tors for 15
of light 176, 243
of sound 99, 101

Verdet's constants for alcoholic solution of

salts 290
aqueous solutions of salts 287
gases 291

hydrochloric acid solutions of salts 290
liquids and solids 285-287

and Kundt's constants 292
Viscosity, coefficient, definition of 136

coefficient of, for aqueous alcohol 137
for gases 1 46
for liquids 1 38

temperature effect on, for liquids 139
specific, for oils 137

for water 1 36
Volumes, conversion factors for 12

critical, of gases 200

Water, boiling-point for various barometric

pressures 170, 171

density of 92~94
specific heat of 222, 223
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Water (continued).
thermal conductivity of 198

viscosity of 136

Wave-lengths of Fraunhofer lines 175
standard for arc and solar spectrum. . . . 172

Weights and measures
British Imperial to Metric 7, 8

Metric to British Imperial 5, 6

Metric to United States 10

United States to Metric 9
Weights of sheet metal 56, 57

Weights of wires 44-54

Wind, pressure of 108

Wire, gauges 58-67
Woods, densities of 88

Work, conversion factors for 20, 21

Yard, definition of ... .xvi

Young's moduli 75
modulus, definition of 75

Zonal harmonics 40
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