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3 ~  Mr. Faraday on the 

These formulae udlt be found of considerable use to the prac- 
tical engineer and architect. 

I am aware that the degree of flexure of the specimen wilt 
in a small measure affect the result, but too small to deserve 
attention in practice. Yours truly, 

B. BEVAN. 

LIII .  On the Existence era Limit to Vaporization. B~ M. FA- 
aADAY, ~'.R.S. Corresponding Member o f  the Ro#al Jlcadem~ 
of  Sciences at Paris, 8yc. 8yc.* 

IT is well known that within the limits recognised by expe- 
riment, the constitution ofvapour t in contact with the body 

from which it rises, is such, that its tension increases with 
increased temperature, and diminishes with diminished tem- 
perature; and, though in the latter case we can, with many 
substances, so far attenuate the vapour as soon to make its 
presence inappreciable to our tests, yet an opinion is very 
prevalent, and I believe general:~, that still small portions are 

reduced; the tension being correspondent to the compara- 
tively low temperature of the substance. Upon this view, it 
has been supposed that every substance in vacuo or surrounded 
by vapour or gas, having no chemical action upon it, has an 
atmosphere of its own around it; and that our atmosphere must 
contain, diffused through it, minute portions of the vapours 
of  all those substances with which it is in contact, even down 
to the earths ahd metals. I believe that a theory ofmeteorites 
has been formed upon this opinion. 

Perhaps the point has never been distinctly considered; 
and it may therefore not be uninteresting to urge two or three 
reasons, in part dependent upon experimental proof, why this 
should not be the case. The obiect , therefore, which I shall 
hold in view in the following pages, is to show that a limit ex- 
ists to the production ofvapour of any tension by bodies placed 
in vacuo, or in elastic media, beneath which limit they are 
perfectly fixed. 

Dr. Wollaston, by a beautifid train of argument and ob- 
servation, has gone far to prove that our atmosphere i s  of 
finite extent, its ..b°undary beint.g.dependent upon .the o p posen g 
powers of elastmlty and gravitation§. On passing upwards, 

From the Philosophical Trar~actions, for 1856. Part III. 
"I" By the term vapour, I mean throughout thi~ paper that state of" a 

body in which it is permanently and indefinitely elastic. 
See Sir H. Davy's paper O, Electrical Ph~enomena exhibited in vacuo. 

Phil. Trans. 185g, p. 70. § Thil. Trans. 18g~,p. 89. 
fi°om 
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Existence o f  a Limit  to Vaporization. $65 

from the earth's surface, the air becomes more and more at- 
tenuated, in consequence of the graduall.y diminishing pressure 
of the superincumbent part, and its tensmn or elasticity is prc~ 
portionally diminished ; when the diminution is such,-that the 
elasticity is a force, not more powerful than the attraction of 
gravity, then a limit to the atmosphere must occur. The par- 
tides of the atmosphere there tend to separate with a certain 
force; but this force is not greater than the attraction of 
gravity, which tends to make them approach the earth and 
each other; and as expansion would necessarily give rise to 
diminished tension, the force of gravity would, then. be strongest, 
and consequently would cause contracUon, until the powers 
were balanced as before. 

Assuming this state of things as proved, the air at the limit 
of the atmosphere has a certain degree of elasticity or tension; 
and, although it cannot there exist of smaller tension, yet, if 
portions of it were removed to a further distance from the 
earth, or if the force of. gravit~y over it could in. yan other way 
be diminished, then it wouldexpand, and exist of a lower 
tension ; upon the renewal of the gravitating force, either by 
approximation to the earth's surface or otherwise, the parti- 
cles would approach each other, until the elasticity of the whole 
was again equal to the force of gravity. 

Inasmuch as gases and vapours undergo no change by mere 
expansion or attenuation, which can at all disturb the analogy 
existing between them in their permanent state under ordinary 
circumstances, all the phamomena which have been assumed 
as occurring with the air at the limit of our atmosphere may, 
with equal propriety, be admitted with respect to vapour in 
general in similar circumstances; for we have no reason for 
supposing that the particles of one vapour more than another 
are free from the influence of gravity, although the force may, 
and without doubt does, vary, with the weight and elasticity 
of the particles of each particular substance. 

It will be evident, also, that similar effects would be pro- 
duced by the force of gravity upon air or vapour of the ex- 
treme tenuity and feeble tension referred to, whatever be the 
means taken to bring it into that state; and it is not necessary 
to imagine theportion of air operated upon, as taken from 
the extremity or our atmosphere, for a portion of that at the 
earth's surface, if it could be expanded to the same degree by 
an air-pump, would undergo the same changes: when of a 
certain rarity it would just balance the attraction of gravitation 
and fill the receiver with vapour; but then, if half were taken 
out of the receiver, the remaining portion, in place of filling 
the vessel, would submit to the force of gravity, would con- 

Vol. 68. No. 84,8. Nov. 1826. ~ X trac 
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S¢6 Mr. Faraday on the 

tract into the lower half of the receiver, until, by the approxi- 
mation of their particles, the vapour there existing should 
have an elasticityequal to the force of gravity to which it was 
subject. This is a necessary consequence of Dr. Wollaston s 
argument. 

There is yet another method of diminishing the elasticity 
of vapour, namely, by' diminution of temperatare. With re- 
spect to the most elastic substances, as air, and many gases, 
the comparatively small range which we can command be- 
neath common temperatures, does nothing more at the earth's 
surface than diminish in a slight degree their elasticity, though 
two or three of them, as sulphurous acid and chlorine, have 
been in part condensed into liquids. But with respect to in- 
numerable bodies, their tendency to form vapour is so small, 
that at common temperatures the vapour produced approxi- 
mates in rarity to the air upon the limits of our atmosphere ; 
and with these, the power we possess of lessening tension by 
diminution of temperature, may be quite sufficient to render 
it a smaller force than its opponent, gravity; in which case it 
will be easy to comprehend that the vapour would give way to 
the latter, and be entirely condensed. The metal, silver, for 
instance, when violently heated, as on charcoal urged by a jet 
of oxygen, or by the oxy-hydrogen, or oxy-alcohol flame, is 
converted into vapour: lower the temperature, and before the 
metal falls beneath a white heat, the tension of the vapour is 
so far diminished, that its existence becomes inappreciable by 
the most delicate tests. Suppose, however, that portions are 
formed, and that vapour of a certain tension is produced at 
that temperature; it must be astonishingly diminished by the 
time the metal has sunk to a mere red heat;  and we can hardly 
conceive it possible, I think, that tile silver should have de- 
scended to common temperatures, beibre its accompanying 
vapour will, by its gradual diminution in tension, if uninflu- 
enced by other circumstances, have had an elastic force far 
inferior to the force of gravity ; in which case, that moment at 
which the two forces had become equal, would be the last 
moment in which vapour could exist around it; the metal at 
every lower temperature being perfectly fixed. 

I "have illustrated this case by silver, because, t¥om the 
high temperature required to make any vapour appreciable, 
there can be little doubt, that the eoualitv of the ~rravitatine 
and elastic forces, nmst take place much above common tem- 
peratures, and therefore within the range Which.we can com- 
mand. But there is, I think, reason to believe that the equa- 
lity in these, forces,, at or above ordinary temperatures, may 
take place w~th bodms far more volatile than silver; with sub- 

stances 
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Existence o f  a L imi t  to Vaporization. 84 7 

stances indeed which boil under common circumstances at 
600 ° or 700 ° F. 

IF, as I have formerly shown**, some clean mercury be put 
at the bottom of a clean dry bottle, a piece of gold leaf at- 
tached to the under part of the stopper by which it is closed, 
and the whole leti for some months at a temperature of from 
60 ° to 89 °, the gold leaf will be found whitened by amalga- 
mation, in consequence of the vapour which rises from the 
mercury beneath; but upon making the experiment in the 
winter of 18~4-5, I was unable to obtain the effect o however 
near the gold leaf was.. broug_~ht to the surface of the mercury; 
and I am now inchned to believe, because the elastic force of 
any vapour which the mercury could have produced at that 
temperature, was less than tile force of gravity upon it~ and 
that consequently the mercury was then perfectly fixed. 

Sir Humphry Davy, in his experiments on the electrical 
t~h~enomena exhibited in vacuo, found, that when the tempe- 
rature of the vacuum above mercury was lowered to ZO ° F. 
no further diminution, even down to --Z0 ° F. was able to 
effect any change, as to the power of transmitting electricity~ 
or in the luminous appearances; and that these-ph~enomena 
were then nearly of the same intensity as in the vacuum made 
over tinf. Hence, in conjunction with the preceding reason- 
ing, I am led to conclude, that they were then produced in- 
dependent of any vapour of the metals, and that under the 
circumstances described; no vapour of mercmT existed at 
temperatures beneath ZO ° F. 

Concentrated sulphuric acid boils at about 600 ° F. ; but as 
the temperature is lowered the tension of its vapour is rapidly 
diminished. Signor Bellani:l: placed a thin plate of zinc at 
the upper part of a closed bottle, at the bottom of which was 
some concentrated sulphuric acid. No action had taken place 
at the end of two years, the zinc then remaining as bright as 
at first; and this fact is very properly adduced in illustration 
of the fixedness of sulphuric acid at common temperatures. 
Here I should again presume, that the elastic force which 
tended to form vapour, was surpassed by the force of gravity. 

Whether  it be admitted or not, that in these experiments 
the limit of volatilization, according to the principle of the 
balance of forces before stated had been obtained, I think, we 
can hardly doubt that such is the case at common tempera- 
tures, with respect to the silver, and with all bodies which 
bear a high temperature without appreciable loss by volatili- 

Quarterly Journal of Sciences, x. 354. 
"1" Phil. Trans. 18~r2, p. 71. :~ Giornale di Fisica, v. 197. 

X ~ zation, 
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848 Mr. Faraday on the 

zation~ as platina, gold, iron, nickel, silica, alumina~ charcoa|~ 
&c. ; and, consequently thatD at common temperatures, no 
portion of vapour rises from these bodies or surrounds them ; 
that they are really and truly fixed; and that none of them 
can exist in the atmosphere in the state of vapour. 

But there is another forced independent of that of gravity, 
at least of the general gravity of the earth, which appears to 
me sufficient t() overcome a certain degree of vaporous elas- 
ticity, and, consequently, competent to the condensation of 
vapour of inferior tension, even though gravity should be 
suspended; I mean the force of homogeneous attraction. 

Into a clean glass tubed about half an inch in diameterD in- 
troduce a piece of camphor; contract the tube at the lamp 
about four inches from the extremity; then exhaust it, and 
seal it hermetically at the contracted part; collect the cam- 
phor to one end of the tube; and then, having placed the tube 
in a convenient position, cool the other end slightly, as by 
covering it with a piece of bibulous paper preserved in a moist 
state by a basin of water and thread of cotton; in this way, 
a difference in temperature of a few degrees will be occa- 
sioned between the ends of the tube~ and after some daysD or 
a week or two~ crystals of camphor will be deposited in the 
cooled part ; there will not~ howeverD be more than three or 
four of themD and these will continue to increase in size as 
long as the experiment is undisturbedD without the formation 
of any new crystalsD unless the difference of temperature be 
considerable. 

A little consideration will, I think, satisfy us that, after the 
first formation of the crystals in the cooled part, they have 
the power of diminishing the tension of the vapour of cam- 
pho5 below that point at which it could have remained un- 
changed in contact with the glass, or in space" for the vapour 
of the camphor is ofa eertaintension in the cooled end o~the 
tube, which it can retain in contact with the glass, and there- 
fore it remains unchanged; but which it cannot retain in con- 
tact with the crystal of camphorD for there it is condensedD and 
continually adds to its mass. Now~ this can only be in con- 
sequence of a positive power in the crystal of camphor of at- 
tracting other particles to it ; and the ph~enomena of the ex- 
periment are such as to show, that the force is able to over- 
come a certain degree of elasticity in the surrounding vapour. 
There is therefore no difficulty in conceiving that, by dimi- 
nishing the temperature of a body and its atmosphere of va- 
pour, the tension of the latter may be so far decreasedD as at 
last to be inferior to the t'0rce with which the solid portion, 
by the attraction of aggregationD draws the particles to it; iu 

which 
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Existence of  a Limit to Vaporization. S40 

~which case it would immediately cause the entire condensation 
of the vapour. 

The preceding experiments may be made with iodine, and 
many other substances; and indeed there is no case of distluct 
crystallization by sublimation ~ which does not equally afford 
evidence of the power of the solid matter, to overcome a posi- 
tive degree of tension in the vapour from which the crystals 
are formed. The same power, or the force of aggregation, is 
also illustrated in crystaUizing solutions; where the solution 
has a tendency to deposit upon a crystal, when it has not the 
same tendency to deposit elsewhere. 

It  may be imagined that crystallization would scarcely go 
on from these attenuated vapours, as it does in the denser 
states of the vapours experimented upon. There is, however, 
no good reason for supposing any difference in the force of 
aggregation of a solid body, dependent upon changes in the 
tension of the yap our about it; and . . . .  indeed, generally.speakin.!g, 
the method I have assumed for dnmmshmg the tenston ot the 
vapour, namely, by diminishing temperature, would cause in- 
crease in the force of aggregation. 

Such are the principal reasons which have induced me to 
believe in the existence of a limit to the tension of vapour. 
I f  I am correct, then there are at least ~wo causes, each of 
which is sufficient to overcome and destroy vapour when re- 
duced to a certain tension; and both of which are acting ef- 
t~ectually with numerous substances upon the surface o t t h e  
earth, and retaining them in a state of perfect fixity. I have 
given reasons for supposing that the two bodies named, which 
boil at about 600 ° F. are perfectly fixed within limits of low 
temperature which we can command; and I have no doubt, 
that, nearly all the present recognised metals, the earths, car- 
bon, and many of the metallic oxides, besides the greater 
number of their compounds, are perfectly fixed bodies at com- 
mon temperatures. The smell emitted by various metals when 
rubbed may be objected to these conclusions, but the circum- 
stances under which these odours are produced, are such, as 
not to leave any serious objections on my mind to the opinions 
above advanced. 

I refrain from extending these views, as might easily be 
done, to the atomic theory,, being rather desirous that they 
should first obtain the sanctmn or correction of scientific men. 
I should have been glad to have quoted more experiments 
upon the subject, and especially relative to such bodies as ac- 
quire their fixed point at, or somewhat below, common tern- 

* Calomel, corrosive sublimate, oxide of antimony, naphthaline, oxalic 
acid, &c. &c. 

peratures. 
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850 1Kr. Ivory on M. de Freycinefs E.vIx, riraents 

pemtures. Captain F~ranklin has kindly undertaken to make 
certain experiments for me in the cold regions to which he 
has gone ; and probably when he returns from his arduous 
undertaking, he may have some contributions towards the 
subject. 

Royal Institution, May 4, ] 8~6. 

L'IV. Short Abstract of M. de FREYCINWf'S Experiments for  
determining the Length of  the Pendulum. B~ JAMES IVORY, 
.Esq. M.A. F.R.S.* 

S INCE my former communication in the beginning of the 
month, I have been favoured with the perusal of that part 

of M. de Freyoinet's work which treats of his experiments 
with the pendulum. In order to complete the view of the 

state of this subject, I have hastily drawn up the fol- 
wing abstract of the principal results obtained by the labours 

of M. de Freycinet. The thcts of the new experiments are 
contairted in the following table : 

Pendulum. 
Station. 

Falkland Islands . . 
Cape of Good Hope 
Port Jackson . . . .  
Rio Janeiro . . . . .  
Isle of France . . . .  
Rawak t . . . . . . .  
Guam:~ . . . . . . . .  
Mowi§ . . . . . . . .  
Paris . . . . . . . . .  

Latitude. 
51°35 t 18"S. 
33 55 15 
33 51 34 
22 55 13 
20 9 56 

0 1 34 
13 27 51N. 
20 52 7 
48 50 14 

Rel~ivelengths. 
1"00022319 
"99871582 
"99877424 
"99785588 
"99794215 
"99709575 
"99759381 
"99792816 

1"00002271 

Inches. 
39"13712 
39"07817 
59"08046 
39"04871 
39"04769 
39'01479 
39"0302S 
39"04737 
39"12929 

In this table the relative lengths are the pendulums beating 
seconds reduced to the level of the sea at the several stations, 
the seconds pendulum at the observatory at Paris being the 
unit. Taking 29"12929 in. for the length of the seconds pen- 
dulum at Paris at the level of the sea and at tile standard 
temperature of 62 ° Fahr. according to the determination of 
MM. Blot, Mathieu and Bouvard, the other column of the 
table contains the pendulums of the several stations in English 
inches at the standard temperature. 

Besides the relative lengths in the foregoiug table,, which 
are~those definitely obtained, p. 96 of M. de'Freycinet s book, 
thea'e is another set given in the equations of condition at 

l~oamaunlcated.by the Author. 
One of the Ladrones. 

"t" Island on the coast of N. Guinea. 
§ One of the Sandwich Islands. 

p. 28. 
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